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Preface 
This is a compilation of my various writings on early silver-based 
photography which have been published over the last twenty-five years. 
The essays within divide themselves naturally into four distinct categories 
that define the sections of this book: pre-history, history, conservation, 
and photochemistry. They need not be read sequentially, but dipped into 
as a source of reference and – occasionally perhaps - amusement. How 
the various components of this work came about entails an indulgence 
into a brief personal history. 

In 1992, the year that I took early retirement from my chemistry 
lectureship at Manchester University, the National Museum of 
Photography, Film & Television1 in Bradford, Yorkshire, England, 
commissioned me to investigate the sensitivity to light of the earliest 
photographs on paper in their collection, including the celebrated "first 
negative" by William Henry Fox Talbot, dated 1835. This investigation was 
prompted by a curatorial desire to put on public exhibition some of the 
finest examples of early photographs in our national heritage. These 
pictures, made by Talbot and his circle during the first decade of 
photography, had never been exhibited before, so an essential early stage 
of the planning required the definition of a suitable display environment 
that would completely safeguard these unique items. However, my 
ensuing study finally arrived at the conclusion that no such environment 
could be defined for many of these objects, especially those that had only 
been "fixed" by halides rather than by thiosulphate (“hypo”). My research 
adopted a three-pronged attack: by theoretical calculations, destructive 
testing of simulacra, and case histories of authentic specimens; all three 
approaches indicated that even the most stringently controlled gallery 
illumination was likely to cause measurable changes in halide-fixed silver 
images within an unacceptably short duration of exposure. Planning for 
the proposed exhibition was therefore -with regret- discontinued. 

This unwelcome conclusion was originally embodied in a research 
report that I compiled in 1993 for the curators of this historical material; 
but they thought it appropriate at the time to open it to a wider 
readership. Consequently, the evidence for the vulnerability of this 
material became the subject of a small book entitled Mechanisms of 
Image Deterioration in Early Photographs, published in 1994 by the 
Science Museum, and the National Museum of Photography, Film & 
Television. My original remit was broadened to satisfy three intentions: 
first, to provide a caveat for curators elsewhere who hold examples of 
such early photographic images in their collections; second, to provide an 
account of the chemical science underpinning the study, and to expose it 
to professional criticism and informed debate by museum scientists and 
conservators; and third, by introducing quantitative concepts of ‘damage’ 
to such photographs, to assist curators in their ethical decision-making 
when confronted by the conflicting obligations of their profession: both 
to preserve such precious objects, and to make them accessible to 
scholars and the general public, whenevever possible. 
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The entire content of this 1994 publication - now long out of print - is 
incorporated here in Sections II and III of this text, but it has been 
extensively restructured, with a number of later additions and 
emendations, in the light of feedback from many colleagues. Section II 
outlines the technical history and modus operandi of the inventions by 
Talbot and his peers, and of their subsequent inheritors; Section III is 
concerned with the causes of deterioration in early silver prints, and with 
procedures for their conservation. As its title states, this book is confined 
to silver halide photosensitizers on paper; it does not extend to silver 
photographic processes on surfaces of metal or glass, such as the 
daguerreotype, ambrotype, or collodion wet-plate processes.  

Although the scientific study of Talbot’s early photographs would 
seem to arrive at a dishearteningly negative conclusion regarding their 
safe exhibition, it does offer a positive compensation: that a modern 
physico-chemical re-evaluation of these earliest photographic processes 
on paper can make a useful contribution to our appreciation and 
connoisseurship of the technical history and aesthetics of the medium. 

Subsequent to this initial historical research, it was sugggested that 
some further investigation of early photography from a scientific view-
point might throw more useful light on its pre-history; these studies were 
eventually published in the academic journal History of Photography, over 
the period 1997-2006. The content of these essays on pre- and proto-
photography forms the introductory Section I of this text, but the original 
writings have been extended and updated here; they are not an essential 
precursor to the rest, and are too diverse to be confined entirely to silver. 

Although this work on early photographs is rooted in chemical 
science, I hope that it will not be found unpalatable by readers with 
backgrounds in the humanities, whence the custodians and scholars of 
such material are mainly drawn. In the interests of not alienating the 
humane reader, I have tried to banish most of the more recondite 
chemical jargon to the appendices contained in Section IV of this book, 
which carries more technical accounts of the photochemistry and 
photophysics of silver images, wherein the scientifically inclined reader 
may find the quantitative arguments and background references to the 
chemical literature. The mechanistic interpretations put forward in these 
Appendices can make no claims to authority or completeness; but I hope 
that, by re-awakening this dormant aspect of early photographic science, 
they may stimulate others to further it and correct my shortcomings. 

The greatest reward for me on this personal journey has been the 
discovery that scientist and humanist can still communicate with one 
another today through a mutual interest and delight in the creative work 
of the 19th century polymaths who were supreme exponents of both 
disciplines. To epitomise photography as a meeting ground for such 
scholarship, I can do no better than quote the words of Henry Talbot 
himself: ‘...I feel confident that such an alliance of science and art will 
prove conducive to the improvement of both.’  

Mike Ware, Buxton, 2017 
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1  Luminescence and Photography 
Photography is made possible by a very specific interaction of light 
energy with matter. From a purely photochemical viewpoint, the 
photographic process is the reverse of the phenomenon of luminescence, 
as should be evident from the following schematic comparison of the 
steps involved in each: 

 
Photography Chemi-luminescence 

 
Light is absorbed Light is emitted 
â á 
Molecules are excited Excited molecules are formed 
â á 
A chemical reaction occurs A chemical reaction occurs 
â á 
Image substance is formed  Reactive chemicals are mixed 

 
Manifestations of luminescence have been known and recorded since 

the times of classical antiquity, at least – much longer than photography. 
The inverse relationship between these two phenomena therefore 
suggests that a review of the history of luminescence might throw some 
indirect light [!] on the circumstances of the invention of photography. 
This essay begins, therefore, by placing the investigation of ‘cold light’ 
into its historical context vis à vis photography, which leads on naturally 
to a re-examination of the obstacles that were lying in the path of that 
reluctant invention. 

Luminous phenomena were popular subjects of investigation for 18th 
and 19th century scientists. Many of the early pioneers of photography 
also showed interest in luminescence, including Johann Schulze in 1725, 
Thomas Wedgwood in 1792,3 Sir David Brewster,4 who published a paper 
on his extensive investigations of mineral luminescence in 1819, and 
Louis Daguerre himself, as will be recounted below. William Henry Fox 
Talbot, while engaged with inventing photography on paper in 1834-5, 
was also speculating on the origins of the emission of ‘cold light’; the 
complete entry in his notebook is:  

"I think the cause of insolation or Solar phosphorescence may 
be, that the solar light causes a vibration in the phosphorus 
which continues long after the exciting cause is withdrawn. In 
support of this I would cite the exp[erimen]t of paper washed 
with Nit. Silver w[hi]ch did not discolour in the sunshine but 
afterwards did so in diffused daylight. In consequence of the 
previous exposure to the sun; showing that a certain vibratory 
or spontaneous action had been induced – Perhaps the insects 
that spontaneously emit light do so by exciting an action in the 
nervous system insufficiently rapid to act on light as the 
apparatus of the torpedo is able to act on Electricity." 5 
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1.1  Types of Luminescence 
The history of artificial luminescence goes back to the alchemists of the 
early 17th century. Nowhere is the wonder of the phenomenon better 
portrayed than in Joseph Wright’s painting, The Alchymist in search of the 
philosophers’ stone (figure 1.1).6  The glow emanating from the distillate 
in the alchemist’s flask persuades us that what is depicted here - despite 
Wright’s title - must be the discovery of elemental phosphorus, by an 
awe-struck alchemist, probably Hennig Brandt of Hamburg.7  
 

 
Fig. 1.1  Joseph Wright of Derby, The Alchymist in search of the 

philosophers’ stone. 
 

By the 19th century, this new, non-metallic element had lent its name 
(which derives from the Greek for ‘light-bearer’) to the general 
phenomena of Phosphorescence.8 The significant Victorian innovator of 
photographic processes, Thomas L. Phipson, was also the author of a 
popular text, Phosphorescence.9  This term was used by the Victorians to 
cover the whole gamut of luminous manifestations, but today we 
distinguish these by a more scientific taxonomy,10 comprising several 
sub-categories which the reader may find it helpful to have summarised 
here: 

Phosphorescence and fluorescence now refer specifically to the re-
emission of absorbed light – they differ essentially in time scale; 
phosphorescence is perceptibly delayed, as in luminous paint, but 
fluorescence is effectively instantaneous, as seen in the strip lighting and 
‘optical brightening agents’ now so widely used in commerce. For the 
other categories, the meaning can be inferred from their prefixes: 

Chemi-luminescence is cold light emitted as a result of a 
spontaneous chemical reaction. It is employed today in the emergency 
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‘light stick’. It also arises in those rare phenomena, celebrated in folklore, 
where mysterious lights were reported hovering over marshy ground or 
graveyards, and which were variously referred to as Ignis Fatuus,  Jack o’ 
Lantern, Will-o’-the-Wisp, or Corpse Candles.11 

Bio-luminescence is a sub-category of chemiluminescence, occurring 
in living organisms. It has long been recognised: Aristotle and Pliny 
comment on glow worms, fireflies, cuttlefish, luminous decaying wood 
and putrefying meat, and early navigators reported mysterious 
‘noctilucent seas’, which are now known to be due to bioluminescent 
micro-organisms.12  With the recent growth in submarine exploration of 
ocean deeps, this phenomenon is now recognised to be widespread. 

Thermo-luminescence is a scintillation emitted when many minerals 
are gently heated, as described in the papers by Wedgwood and Brewster. 
It is generated by the release of the trapped excess energy of ions that  
have been displaced from their equilibrium positions by past irradiation, 
and is used today by archaeometrists for dating pottery.  

Radio-luminescence results when charged atomic particles, such as 
protons streaming from the sun, interact with the oxygen and nitrogen of 
the earth’s upper atmosphere near the poles, giving us the spectacular 
Aurorae, Borealis and Australis. 

Tribo-, sono- and crystallo-luminescence are, as their prefixes 
suggest, instances of light emission caused by grinding, sound waves, 
and the process of crystallization, respectively.  

Electro-luminescence serves us all, whenever we switch on the 
screens of our television sets, computers, or mobile phones. It is the 
emission of light in response to the impact of electrons, as in a cathode 
ray tube, or the passage of an electric current, as in a light-emitting 
diode. 

1.2  Early Phosphori 
Although bioluminescence had been recognised in the natural world since 
classical times, the discovery of artificial phosphorescence in the early 
17th century created a sensation. In 1602, a cobbler and amateur 
alchemist of Bologna, one Vincenzo Cascariolo,13 prepared the first 
synthetic phosphor by accident. In the neighbourhood of Monte Paterno, 
he had picked up a specimen of a dense mineral that he called Bolognian 
Stone, which we now know to be ‘heavy spar’ (Barytes, or barium 
sulphate). Hoping to extract gold from this encouragingly dense ore, he 
calcined the stone with charcoal in his alchemical furnace; but instead of 
gold he obtained a luminous powder (it was barium sulphide) which he 
called lapis solaris, the ‘solar stone’. Cascariolo’s phosphor excited 
enormous interest, especially in alchemical circles, because it provided a 
link between matter and sunlight, of which gold was considered to be the 
mineral embodiment. This discovery was eventually followed by Brandt’s 
spectacular, but accidental, isolation of elemental phosphorus in 1669, as 
mentioned above, although the method of its preparation was kept a 
close secret – for a while.14 

The preparation of other important phosphori  soon followed, each 
being named after its discoverer. In 1673 Christian Adolph Baldewein15 
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found that, after strong heating, calcium nitrate was converted into a 
phosphorescent substance, the Phosphorus Balduinus; which he 
published as ‘Phosphorus hermeticus, sive magnes luminaris’, - ‘The 
esoteric bearer of light, or the magnet of light’. A sample was sent to 
Henry Oldenburg, then Secretary of the Royal Society in 1676, and earned 
Baldewein a Fellowship. In 1693 Wilhelm Homberg discovered that 
calcium chloride behaved likewise. Friedrich Hoffmann in 1700 found that 
gypsum (calcium sulphate) when calcined with charcoal yielded a 
luminous  product (calcium sulphide), and in 1761 John Canton also 
prepared phosphorescent calcium sulphide by heating calcined oyster 
shells (impure calcium oxide) with sulphur.16 It is relevant to note that 
both Homberg and Hoffmann also feature among the early investigators 
of the blackening of silver salts in sunlight,17 and that Canton’s phosphor 
was later to attract the attention of Henry Talbot.18 

The discovery of phosphorescence introduced two new physical 
concepts to the scientific world: the decoupling of light from heat, which 
established that it was not essential that a body be heated to 
incandescence in order to emit light; and the fact that the sun’s light 
could be absorbed by certain substances, stored, and slowly re-emitted, 
after the manner of a ‘solar sponge’ - as Galileo picturesquely put it in 
1611, when he took a specimen of the Bolognian phosphor to display in 
Rome, along with his famous telescope. Thus the notion of insolation, or 
the practice of exposing a substance to the sun’s rays in order to bring 
about some effect, was established early in the 17th century. 

These marvels were widely reported and published. The work of Marco 
Antonio Cellio on the Bolognian phosphor, Il Fosforo O’vero la Pietra 
Bolognese,19 has as its frontispiece a strangely prescient illustration 
(figure 1.2) which is a composite of three sequential processes: firstly, the 
preparation of the phosphor in an alchemical furnace tended by two 
minimally-clad ‘putti-chemists’; then of an heraldic image, painted with 
the phosphor, being exposed to the sun’s rays borne by an angelic figure; 
and thirdly, the image re-emitting its own phosphorescent light in the 
dark. This illustration from 1680 is a metaphorical inversion of the - as 
yet unimagined - photographic effect. 

With the rise of experimental science in the 17th century, the scholarly 
world was set ablaze with studies of ‘cold light’ – but still with no sign of 
its converse, photography. As the historian Placidus Heinrich said in 1811 

 ‘One might well call the second half of the 17th century the 
phosphorus epoch of natural science’ 20  

reflecting the enthusiasm of the natural philosophers of the day for 
investigating luminescence, which was deemed by Robert Boyle in 1676 
to be: 

 ‘a subject worthy of study because God in his infinite wisdom 
had set aside the fifth day of Creation for the making of light’ 21  

Such remarks confirm for us that an historical awareness of the 
interplay between light and matter existed at least two centuries prior to 
the invention of photography. 
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Fig. 1.2 Marco Antonio Cellio, Il Fosforo O’vero la Pietra Bolognese 
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1.3  Schulze’s Serendipitous ‘Scotophorus’ 
The psychological factor inhibiting the invention of photography is well-
illustrated by the reaction of Johann Heinrich Schulze to his now-
celebrated photochemical discovery of 1725. His experiments are 
generally described in the following terms: Schulze had prepared, in a 
glass vessel, a suspension of chalk in an aqueous solution of silver 
nitrate. On exposing it to the sun’s rays, he observed a darkening of the 
surface of the chalk where the light fell. In subsequent experiments he 
showed that the phenomenon was indeed due to the light, not the heat, 
of the sun (once again demonstrating the decoupling of light from heat); 
and that the presence of silver salts was essential, whereas the chalk 
could be replaced by other white substances. By masking the vessel with 
cut-out stencils, he was able to project dark images of alphabetical 
letters, words, and even sentences upon the white surface. These 
demonstrations are now acknowledged as the first recorded instances of 
a primitive silver photography, and have been cited by J. M. Eder in 
support of the claim that Johann Heinrich Schulze should be honoured as 
its true inventor.22 

Yet Schulze’s own report of this experiment reveals that when he 
undertook it, nothing was further from his mind than a process like 
photography! His intention had clearly been the very converse: namely, to 
prepare Baldewein’s Phosphor, for which the necessary instructions would 
have been readily available to him because both men were members of 
the same learned society.23 The preparation called for calcium nitrate, so 
Schulze was making this salt by the obvious chemical procedure of 
dissolving chalk (calcium carbonate) in nitric acid. It just happened that 
his nitric acid was contaminated with dissolved silver - a common 
impurity at the time24 - and the silver carbonate so formed decomposed 
photochemically in the adventitious rays of sunlight. Schulze’s initial 
observation of a darkening was therefore a stroke of pure serendipity. 
But, true to his science, Schulze pursued this unexpected result until he 
arrived at an understanding of its cause. Then, having reached the very 
brink of inventing photography in 1725, he gave up the entire study. Why 
should he have discounted such a novel finding? His motive in so doing is 
apparent in the words that he used to describe his observations in his 
publication of 1727: 

"Scotophorus pro phosphoro inventus; seu, Experimentum 
curiosum de effectu radiorum solarium." 25 

Which may be translated as: ‘The discovery of the bearer of darkness 
instead of the bearer of light; or, a curious experiment concerning the 
effect of the solar rays’. There is a rueful, almost self-mocking tone in 
this description. Schulze had set out to prepare and investigate the light-
emitting substance, Baldewein’s phosphor, but his endeavours were 
rewarded with nothing but darkness. 

1.4  Light, Dark, and Alchemy 
Schulze’s negative reaction to his discovery exemplifies a polarization 
that is deeply embedded in the human psyche: both literally and 
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metaphorically, most of us avoid the dark, but seek the light. The reader 
will recall many instances where the antithesis between light and dark 
features in cultural histories,26 literature, and in the writings and practices 
of various world religions, especially Zoroastrianism. Light is always seen 
to represent the spiritual, the divine, the good.27  

Let us now examine the other side of this coin. Nowhere is human 
aversion to the dark more vividly expressed than in the traditions of 
alchemy. The Magnum Opus Alchymicum prescribes four stages for the 
Great Work, where each is accorded its symbolic colour: nigredo (black), 
albedo (white), citrinitas (yellow), and finally rubedo (red).28 The initial 
phase of nigredo, or blackening, entails the return of matter to a chaotic, 
primordial state; a transformation having connotations of death and 
putrefaction.29 This stage was deeply disturbing for the alchemist to 
contemplate. In the words of one: 

"Purge the horrible darkness of our mind, light a light for our 
senses." 30 

Concerning this quotation, Carl Gustav Jung writes: 
 "The author of this sentence must have been undergoing the 
experience of the nigredo, the first stage of the work, which 
was felt as “melancholia” in alchemy, and corresponds with the 
encounter with the shadow in psychology." 31  

The same alchemical author also makes an observation relating to the 
subsequent albedo, or whitening stage, which hints at a foreshadowing of 
the negative-positive process: 

"…he maketh all that is black white…" 32  

 
Fig. 1.3 Johann Daniel Mylius, Philosophia reformata, Frankfurt 1622 
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The terrible sinister nature of the nigredo experience, also known as 
tenebrositas, mortificatio, or putrefactio, is startlingly depicted in the 
iconography of alchemy (figure 1.3); where the figure of death can be 
seen surmounting an image of the sol niger or ‘black sun’.33 It is 
coincidental, of course, that the tonally transfigured sun-disc – which 
may simply be a representation of a total eclipse - should appear in this 
early woodcut just as it would in a photographic negative!  

1.5  Ontology of the Negative 
It is a commonplace observation that the most successful photographic 
processes are intrinsically negative-working. That is to say, they employ 
the absorption of actinic light to darken a pale substance, rather than to 
lighten a dark one. Although this is an obvious fact, its historiographical 
impact has not, perhaps, received sufficient stress. This is not, of course, 
to deny the existence of any positive-working processes, but the key 
word here is ‘successful’, implying that the process was sufficiently easy 
and efficient to gain acceptance into general use. As an historical 
justification, it will be appropriate here, very briefly, to review these 
counterexamples, the primary positive-working processes; where 
‘primary’ refers to the nature of the initial photochemical step, 
distinguishing them from the various ‘secondary’ means of deriving 
positive images,34 which have become standard practice. 

The invention of the first direct positive process can be credited to 
Hippolyte Bayard in 1839. The process stems from an earlier observation 
by Talbot that the use of potassium iodide to fix silver images could also 
promote their bleaching by light.35 Indeed, in 1840 Talbot himself 
devised a similar process which he called leucotype,36 (see §7.7) and 
Robert Hunt and others also prepared ‘positive papers’ around the same 
time.37 In all these cases, a black ground of finely-divided silver is first 
prepared by exposing and processing a conventional silver halide paper. 
The silver layer is then impregnated with a strong solution of potassium 
iodide, which renders it susceptible to bleaching by light. A number of 
Bayard’s direct positive photographs still survive in good condition, and 
Nancy Keeler has pointed out that their quality excited admiration at the 
time, and the process was thought to offer considerable promise, despite 
the unfair competition from Bayard’s fellow-countryman, Daguerre.38 

Leucotypes are, however, exceedingly rare objects because Talbot 
discontinued this study as soon as he discovered calotype. A completely 
different non-silver positive-working process was extensively employed 
by Sir John Herschel over the period 1840-5, in his attempts to devise a 
method of direct colour photography. This was the anthotype, §2.8: 
direct bleaching of plant dyes by sunlight, but the process was very slow, 
requiring contact exposures to sunlight of 2 or 3 days, and the images 
could never be properly fixed, although a few specimens have survived.39  

Having appreciated the rarity of direct positive-working processes, 
one can understand why any early experimenter, confronted with the 
experience of the almost inevitable negative-working effect, might have 
felt disinclined to pursue it.40  The realization of camera photography, 
which intrinsically yields a negative image, may have been inhibited by 
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our innate aversion to the dark. This ‘delay’ in the invention of 
photography, which is expressed in the Gernsheims’ historical question 
of §3.1, can therefore be attributed in part to the subconscious 
reluctance of investigators to examine ‘dark’ phenomena, which were 
instinctively felt to be unattractive, or even repellent, in contrast to the 
alluring glow of luminescence. 

1.6  Ambivalent Daguerreotypes 
Clearly, the foregoing observations on the tonalities of silver photography 
do not apply to the Daguerreotype which is neither positive nor negative, 
but tonally ambivalent. It offers the gleaming attraction of a mirror, the 
image transmuting between positive and negative aspects as it is turned 
in the hand, relative to the direction of the incident light.41 The 
Daguerreotype owes its exquisite appearance to a differential between 
the specular reflection of the polished silver metal surface and the diffuse 
scattering of light by the microscopic globules of lustrous silver amalgam 
that constitute the image. Virtually none of the light that falls upon a 
Daguerreotype is absorbed by the object itself. Unlike negative-working 
silver photography, which is based on a well-known effect, the 
Daguerreotype depends on such an extraordinary optical phenomenon 
that its invention could hardly have been foreseen, but its special 
characteristics also support my contention that our ‘preference for the 
light’ may have influenced the historical development of photography. 
The beguiling quality of the Daguerreotype impressed Herschel so deeply 
at first sight that he was impelled to report to Talbot that:  

"It is hardly saying too much to call them miraculous … they 
surpass anything I could have concieved [sic] as within the 
bounds of reasonable expectation." 42 

By the end of 1839, having adopted Herschel’s method of fixation with 
thiosulphate, the Daguerreotype process was enjoying a widespread 
initial success, despite its high cost, complex labour-intensive practice, 
and the serious toxic hazards occasioned by its materials. In the face of 
these disadvantages, therefore, its enormous public appeal, manifested 
humorously as ‘Daguerreotypomania’,  tends to support the notion that 
the human preference for light over darkness – ‘the lure of the shiny 
thing’ - was a significant factor in the evolution of photography. 
It is also relevant to recall here two footnotes to the history of the 
invention of Daguerreotype. In late August of 1827, Joseph Nicéphore 
Niépce and Louis Jacques Mandé Daguerre first met at the latter’s 
Diorama in Paris. That meeting was described later by Niépce in a letter to 
his son, Isidore, in part as follows: 

"M. Daguerre has arrived at the point of registering on his 
chemical substance some of the coloured rays of the prism … 
On the other hand, this fixation of the primary colours results in 
tints so fugitive and weak that one does not perceive them at all 
in daylight. They are only visible in darkness, and this is the 
reason: the substance in question is like the Bologna stone and 
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like Pyrophore;43 it absorbs the light eagerly, but cannot retain 
it long." 44 

Evidently, on this occasion all that Daguerre had to show to Niépce as 
the outcome of his researches on photography were common specimens 
of phosphor, luminescing in various colours. Likewise, when Daguerre 
and Niépce subsequently formed their partnership on 14th December 
1829, the only photochemical contribution that Daguerre could bring to 
the joint venture was, once again, merely a box containing the Bolognian 
phosphor. Isidore Niépce later wrote of this, dismissively: 

"After the signing of the agreement of association, Daguerre 
visited Niépce’s house … the inventor of the Diorama showed 
us a small pasteboard box containing a yellowish powder, which 
could not have been anything else than calcinated sulphur of 
Baryte; he let a ray of light fall on this powder that preserved for 
some time a phosphorescent property which was gradually 
destroyed and ended by disappearing entirely. This was simply 
what is called Bologna Phosphorus, on which the physicists have 
made numerous but fruitless experiments for a long time." 45 

Daguerre’s interest in phosphors, which no doubt arose from their 
possible use as luminous paints in his Diorama, is documented in a 
communication by D.F.J. Arago to the Académie des Sciences, but J.H. 
Pepper also describes Daguerre’s contribution to improving the 
preparative method for the Bolognian phosphor: 

"…or more amusingly by the process of Daguerre, who uses a 
marrow-bone for his crucible, and after it is freed from fat and 
thoroughly dried, fills it with heavy spar…" 46 

The irony in this history is that Nicéphore Niépce had at an early stage 
successfully obtained negative camera images using silver iodide on 
metal plates, but felt obliged to give up this path of investigation because 
he could see no way to rectify the inevitable reversal of tonality. In a letter 
to Daguerre of 24 June 1831, Niépce complained retrospectively of: 

"…the impossibility, or nearly so, of fixing permanently the 
images received on iodine, and of obtaining the lights and 
shades in their natural order." 47   

Historiographic opinion is divided on the point whether Niépce had 
actually obtained this result before entering upon his agreement with 
Daguerre: J. M. Eder states that the idea of light-sensitivity in iodized 
silvered plates originated solely with an observation by Daguerre,48 but H 
& A Gernsheim maintain that there is clear evidence in Niépce’s letters 
that he: 

 "…had tried to obtain images on it [silver iodide] prior to his 
association with Daguerre." 49  

Whatever the priority, following Niépce’s death in July, 1833, Daguerre 
returned to the investigation of iodized silvered plates, and was 
ultimately rewarded by his accidental discovery of the ability of mercury 
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vapour to develop a latent image in silver iodide. Thus he invented a 
process of sufficient ‘camera speed’ to guarantee the recognition by 
which he succeeded in immortalizing his name. It is curious to reflect 
that, during the unfolding of this historic ‘partnership’, one man had 
demonstrated his distaste for the dark, and the other his attraction to the 
light! 

1.7  Negative Inhibitions 
Returning to the negative-working processes, we may now look to the 
records left by other pioneers of photography for signs that they might 
have harboured thoughts symptomatic of the ‘inhibition of the negative’, 
even after the new invention had gained acceptance. We find evidence of 
just such an attitude, for example, in the writings of Sir John Herschel.50 
This eminent scientist did not initiate photography, but as soon as he 
heard that both Daguerre and his friend Henry Talbot had achieved the 
effect, Herschel seized upon the idea and enthusiastically devised his own 
versions of the silver process. Early in 1839, he was making negative 
silver images on salted paper by contact exposure of printed engravings.  
 

 
 

Fig. 1.4 J.F.W. Herschel Chrysotype of an engraving 
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His diary entry for 14th February reads: 
"Pursued without intermission the Photographic Transfer of 
Engravings … Figures have a strange effect – fair women are 
transformed into negresses…" 51 

While Herschel’s description must be deemed ‘politically incorrect’ today, 
one can still sympathise with his chagrin at discovering that the process 
ineluctably reversed the tonal scale of his diaphanes.52 The same 
sentiment is expressed again in his experimental memoranda of 1842, 
when he recorded his discovery of the cyanotype (blueprint) process: 

"Tried it for copying engravings. It does them very beautifully, 
but the copies are negative in the lights are blue the shades 
white…" 53 [The underlining here is Herschel’s.] 

Once again, we can detect a hint of dismay at the tonal outcome. 
There is abundant evidence (see §5) that Herschel was not content with 
the negative-working processes that he had so effortlessly devised; he 
was also indefatigable in his pursuit of their positive-working 
counterparts. For instance, he devoted many more experiments in the 
attempt to secure a positive-working cyanotype process, than he ever did 
to its negative-working version, and then with only limited success.54 He 
also performed more than a thousand tests on bleaching plant dyes by 
light – dubbed his anthotype or phytotype process – in the hope of 
devising a positive-working colour process, as mentioned above, but in 
the end to no avail. 

In addition to Schulze, Niépce, and Herschel, several other claimants 
to the invention of photography evinced an intolerance of the negative 
image, which was strong enough to discourage them entirely from 
pursuing it further. The recollections of the American inventor Samuel 
Morse concerning his early photographic experiments in the 1820s are 
contained in a letter to his brothers, quoted by Batchen, where he notes: 

"… but, finding that light produced dark, and dark light, I 
presumed the production of a true image to be impracticable, 
and gave up the attempt." 55 

Hercules Florence, in Brazil, was another independent pioneeer of 
photography who apparently regarded its negative-working characteristic 
as a failing. Professor Boris Kossoy has quoted transcripts from Florence’s 
notebook of 1833: 

"The action of the light drew for me the objects in the camera 
obscura, … but with the imperfection that the lighter parts 
become darker and vice-versa." 56 

1.8  Negative-Positive Processes 
The thought that had eluded all these men did, however, occur to Henry 
Talbot in 1835, as evidenced by his now famous quotation from 
Notebook ‘M’: 

"In the Photogenic or Sciagraphic process if the paper is 
transparent the first drawing may serve as an object to produce 
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a second drawing, in which the lights and shadows would be 
reversed." 57 

This marks the conception of the negative-positive idea, but five more 
years would elapse before Herschel proposed those convenient terms 
negative and positive to define it.58 In contrast to the antipathy of 
Herschel and others towards the appearance of the tonally negative 
image, it seems that Talbot was entirely at ease with the concept, because 
he knew how to transform it back to normality. It is a matter for 
conjecture whether there was also some attribute in Talbot’s personality 
that enabled him more comfortably to contemplate the negative, but it is 
appropriate to recall here that respected commentators on Talbot have 
drawn attention to his rather depressive manner, as expressed for 
example in the words of Mike Weaver: 

 "…as a photographer-poet he was highly responsive to the 
melancholic strain in the mid-eighteenth century sensibility." 59 

Talbot may therefore have experienced some echoes of the saturnine 
melancholia of the alchemical adepts.60 Even the derivation of the word 
melancholy, according to Burton, relates to blackness (of bile).61 
Examining any of the existing portraits of Talbot, we are struck by his 
consistently sad demeanour, which suggests the speculation: was Henry 
Talbot ultimately successful where others had failed, not only because he 
was a fine scientist, but also because of his preparedness to contemplate 
the dark side of things? While we can only guess at the psychological 
factors that may, or may not have inhibited the early investigation of the 
negative-working photographic process, there are some basic facts of 
geometrical optics and photochemistry that we can take into account – 
for they presented a substantial impediment to the initial accomplishment 
of camera photography, as will be described in §3.  

The differing significance of negative and positive to our perception is 
further illustrated by the recent history of the egregious ‘Shroud of Turin’, 
which will be considered more fully in §3.10. This artefact enjoyed little 
acclaim as a holy relic until it had been photographed for the first time 
(by Secondo Pia in 1898), when the resulting camera negatives disclosed 
the positive image of a man’s body bearing injuries.62 

In Camera Lucida, Roland Barthes asserts that “The photograph is 
literally an emanation of the referent.”63 This is true for the one-step 
nineteenth century photographs: daguerreotypes, ambrotypes, and 
tintypes; it is also true for a restricted range of modern photographs, 
diapositives and some ‘instant’ prints. But the general validity of Barthes’ 
statement is greatly diminished by the appreciation that most 
photographs were realised via a negative or today via a digital string of 
binary code. When Barthes speaks of his “...certainty that the 
photographed body touches me with its own rays and not with a 
superadded light.” he fails to acknowledge the manifold opportunities for 
luminous intervention that can arise under the enlarger in a photographic 
darkroom, or within the software operations of a personal computer. 
There is also a more subtle reason why the cumbersome two-step 
process is essential to most photography: the optics of a normal camera 
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necessarily perform a spatial reversal. The direct one-step photographic 
image is a mirror of reality. To restore the original chirality, or 
handedness, it must be re-printed. The daguerreotype is just such a 
direct process; if the true chirality is required, the daguerreotype must be 
taken via a mirror. 

Another obsolete direct process, the ambrotype, is actually an 
underexposed negative image on a glass plate, set in a case to contrast it 
with a black background of paper or cloth; in reflected light it acquires 
the semblance of a positive.64 The chirality appears correct, however, 
because it is viewed from the verso. A humbler version, the tintype, in 
which the silver image is formed on a black enamelled metal sheet, was 
practised by street photographers and comes closest to the ‘instant’ 
Polaroid photography of the recent past, but remains chirally reversed. 
None of these early direct processes finds application in contemporary 
practice, which uses a two-step process deriving entirely from the 
calotype invented by Talbot in 1840. 

According to Ansel Adams, who was both photographer and pianist, 
the negative-positive procedure of photography finds analogy with the 
realization of musical works. The negative is said to correspond to the 
musical score, which sets out immutably the content of the piece; the 
print represents a performance from that score, in which there is further 
scope for artistic interpretation.65 A negative may be ‘performed’ in 
various styles at differing times - and possibly, too, by different hands. 
Stieglitz was obsessed with the singularity of his prints. Adams, by 
contrast, has left his negatives to posterity, with permission for others to 
print from them. The negative provides the means by which the work may 
be multiplied indefinitely: its continuing existence raises questions about 
editioning, the uniqueness of a print as an artwork, its authenticity, and 
the dependence of its market value upon the identity of the printer. 

 

 
Fig. 1.5  John Hilliard, Dark Shadow (1984)  

 
The optical-chemical nature of the negative-working photographic 

process itself has been of longstanding interest to the contemporary 
photographic artist, John Hilliard.66 His Dark Shadow (1984), fig. 1.5, 
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discovers the ambiguous duality of negative and positive image: what at 
first sight we take as an explicit illustration of this relationship, on closer 
inspection turns out to be a mischievous trompe l’oeil in which the 
seeming ‘negative’ is actually a dark-skinned model wearing a white veil 
with pale makeup on lips and eyebrows; the ‘positive’ image - apparently 
the more plausibly realistic of the pair - turns out to be the photographic 
negative, without mirror-reversal. 

Hilliard has used a similar basis of construction for several other 
works: Totentanz (1984), Dawn (1984), I see a Black Light (1987), and 
Touch (1985) see fig. 1.6, but in these composites the negative 
component is printed with its ‘true’ reversed chirality, so that these 
images have the rare property, overall, of being their own negatives.  

 

 
 

Fig. 1.6  John Hilliard, Touch (1985) 
 

More recently the same optical manipulation has been employed by 
contemporary calotypist, Claudio Santambrogio, but using Talbot’s 
calotype and photogenic drawing processes to print the complementary 
negative and positive components, respectively, see fig. 1.7. Because of 
their bilateral symmetry he calls these images his “butterflies”.67 

 
Fig. 1.7  Claudio Santambrogio, A Butterfly for Firefoot (2014) 

 
Santambrogio explains:  
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“Firefoot is the rocking horse Fox Talbot bought for his 
daughters in 1840. It was called like that because it was so fast 
that its hoofs would make sparks…” 
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2  Proto-Photographic Substances 
It may assist our understanding of the early days of photographic 
invention to review the various common substances – either naturally 
occurring or very easily prepared - that are capable of spontaneously 
interacting with light (including near-UV wavelengths) to yield a 
photographic image sufficiently enduring to be perceived by an intelligent 
observer. Besides the obvious necessity for the substance to be 
photochemically sensitive, it must also provide a stable, visible 
photoproduct within a fixed surface layer of a suitable substrate in order 
to furnish a satisfactory photographic image. In view of the many 
naturally-occuring photographic sensitizers to be listed below, we might 
well ask why photography - as contact-printing, at least - was not 
discovered in Babylon, ancient Egypt, or classical Greece and Rome. That 
question however will be deferred until §3. 

2.1  Silver Salts  
Silver chloride occurs naturally as the mineral Chlorargyrite, or Horn 
Silver, known as luna cornua to alchemists such as Fabricius in the 16th 
century, who were also aware of the darkening of this mineral following 
its excavation.  

 
Fig. 2.1 Chlorargyrite 
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The view of photohistorian Josef Maria Eder is that all such early 
observers attributed the darkening effect to the action of heat, or the air, 
rather than that more subtle agent, sunlight.68 As we saw in §1.3, Eder 
awards the priority to Schulze in 1727 as the first investigator to 
recognise and demonstrate that the darkening of silver carbonate was 
specifically caused by the action of light alone.  

Silver nitrate, the lunar caustic of the alchemists, is not light-sensitive 
per se, but becomes so in the presence of organic matter, being reduced 
to black finely-divided silver metal by its light-induced oxidation of the 
organic substance, which can be paper or its incorporated sizing agent. It 
long found use as an indelible laundry-marker. A related phenomenon, 
the blackening of human skin where it has been touched with silver 
nitrate, was known to Albertus Magnus in the 13th century. Around 1797 
Thomas Wedgwood was the first to record contact images using silver 
nitrate coated on paper, but his preferred substrate was white kidskin 
leather which apparently offered a more light-sensitive coating. 
Photohistorian Michael Gray has explained this by pointing out that to 
achieve such a fine finish the leather would have been cured by the 
process of tawing, using a solution containing aluminium chloride among 
several other reagents, rather than tanning with tannic acid or chromium 
salts. The residual chloride ions in the leather would form the more light-
sensitive salt silver chloride with silver nitrate. 

If they are to endure, silver images also require fixation: the residual 
photosensitive substance must be prevented from darkening overall in 
the light, to the eventual point of obliterating the image. It is sometimes 
held up as a barrier to early achievement of silver photography that the 
substance used for the modern method of fixation (“hypo” or sodium 
thiosulphate) was not available to humanity until its first synthesis by 
Chaussier in 1799. However, thiosulphate is not an essential prerequisite, 
because some silver images can be preserved without thiosulphate fixer, 
as exemplified by Herschel’s silver nitrate prints, which were simply 
water-washed to remove excess soluble light sensitive salt, and by 
Talbot’s halide-stabilised photogenic drawings, §7.5, which also survive 
to the present day.  

2.2  Iron Compounds 
Substances containing ferric iron, such as its oxide ores, haematite, 
magnetite, limonite, Goethite, and siderite, are abundant in the natural 
world, and have been used since prehistoric times as pigments that are 
extremely light-stable and have endured to the present in examples of 
palaeolithic art. In contrast to these stable substances, there also exist 
some salts of iron that are photochemically active, and decompose readily 
in light; these can be prepared from commonly available organic natural 
plant acids, such as citric, oxalic, and tartaric acids. 

The first observation of organic ferric compounds being light-sensitive 
can be attributed to Count Bestuscheff (1693-1766), the Lord High 
Chancellor of Russia. In 1725 this worthy is reputed to have devised a 
nostrum for most ills, which rejoiced in the name of Tinctura tonico-
nervina. The formula was kept secret, but the medicine was reputed to 
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contain gold - presumably in order to justify an exorbitant price. To 
further enhance its virtues, Bestuscheff intimated that the agency of 
sunlight was employed in its production. In France, a similar secret 
preparation, known picturesquely as the Golden Drops of General De La 
Motte, also became extremely popular for its supposedly marvellous 
restorative properties. It was likewise reputed to contain gold.69  

The secret composition of Bestuscheff’s tincture was finally revealed 
by the Empress Catherine the Great, who purchased the formula from 
Bestuscheff’s heirs. It turned out to be no more precious than a solution 
of ferric chloride in alcohol, which had been decolourised by exposure to 
sunlight, thereby reducing the yellow iron(III) to colourless iron(II), and 
possibly rendering it more palatable.70 Gold was conspicuously absent 
from the formulation. Despite the unmasking of its commonplace nature, 
the tonic continued to enjoy a long-lived commercial success as 
Bestuscheff’s Nervine Tincture, although we cannot be sure whether it 
was the iron, or perhaps the alcohol, that contributed most to the 
patient’s sense of well-being. As late as 1853, the tincture can still be 
found listed in the pharmacopoeias as Spiritus Sulphurico Etherus 
Martiatus, or as Ferruginated Sulphuric Ether,71 having undergone in 1782 
a modification due to Martin Klaproth, who replaced the ethyl alcohol with 
diethyl ether - making an altogether headier elixir - but the tincture was 
still said to be “blended in light”. In 1813, a scientific investigation of the 
light-induced bleaching of ferric chloride in ether solution by Henri 
August Vogel, found it to be very sensitive.72  

The immediate visible consequence of the photosensitivity of these 
organic ferric compounds – a slight bleaching - is neither conspicuous 
nor lasting, and would not have readily captured the attention, because a 
second reaction step is required to provide permanent images from the 
ferrous photoproduct, involving some other, rarer substances. A degree 
of chemical sophistication, not achieved until the nineteenth century, had 
to be firmly in place before iron-based photographic processes could be 
devised such as the cyanotype (1842) and other Herschel siderotypes 
such as chrysotype and kelainotype, and later, Willis’s platinotype (1873). 
We can therefore understand why these did not serve as sensitizers for 
pre-photographic invention, although the ferrogallate process might be 
considered a possible candidate, because it functions on the same basis 
as iron-gall inks, which have been known since the Middle Ages. 

2.3  Salts of Other Metals 
A number of other metallic elements provide compounds that are found 
to be photosensitive and therefore offer potential imaging processes; 
however these elements were themselves only relatively late and rare 
discoveries in the history of chemistry, such as uranium (Klaproth 1789) 
and vanadium (del Rio 1801), so they do not enter into the pre-history of 
photography. 

The most ancient metal of all, gold, can claim some proto-
photographic significance in the observation by Robert Boyle in 1663 that 
gold chloride in contact with the skin produces a purple colour in the 
light; this may be the first recorded observation of colloidal gold (Purple 
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of Cassius) being generated photochemically. Gold chloride was later 
employed by Elizabeth Fulhame to dye fabrics by light exposure in the 
late 18th century. Our knowledge of Mrs Fulhame rests solely on one 
publication, her book of 1794, strikingly entitled: An Essay on 
Combustion with a view to a New Art of Dying [sic] and Painting. Wherein 
the Phlogistic and Antiphlogistic Hypotheses are Proved Erroneous.73 Of 
particular relevance to our present concern is her use of sunlight to form 
coatings of gold: 

“Chapter VIII. Reduction of Metals by Light. 
Exp.3. Gold. 
On the 24th of July a piece of silk was immersed in a solution of 
nitro-muriate of gold in water, and dried by a gentle heat; it 
was then suspended in a window, exposed to the sunbeams, as 
much as possible: no change was perceived on it until the 26th, 
when the margin of the silk began to assume a purple tinge, 
which increased gradually, and on the 29th exhibited a few 
obscure specks of reduced gold on the side of the silk opposed 
to the light. The purple tinge continued to increase…” 74 

Mrs Fulhame’s observation of the light-induced deposition of gold and 
silver also constitutes one of the earliest examples of photochemical 
imaging, because she describes one of her applications thus:  

“Some time after this period, I found the invention was 
applicable to painting, and would also contribute to facilitate 
the study of geography: for I have applied it to some maps, the 
rivers of which I represented in silver, and the cities in gold.” 75  

which earns Elizabeth Fulhame an accolade as the ‘mother of chrysotype’. 

2.4  Dichromated Colloids 
Since 1839 it has been well-known that many easily extracted natural 
colloids - gum, resin, gelatine, glue, albumen, and casein - are locally 
and proportionally photo-hardened by dichromate ion, thus providing a 
means of imaging when the soluble, unhardened residue is washed away, 
especially if a pigment is incorporated within the colloidal layer. The 
phenomenon provides the basis of the well-known carbon and gum-
bichromate contact-printing processes. The necessarily very lengthy 
exposure of such materials in a camera, however, would suffer from the 
problem that the ‘dark reaction’, which causes chemical fogging of the 
material within a few days, would overtake the image-forming reaction, 
so they are used only for printing by contact. 

The historical feasibility of this type of proto-photochemistry turns on 
the availability of soluble dichromate salts. These do not occur naturally, 
because their highly oxidising character towards organic matter would 
cause rapid decomposition. Soluble dichromates were first prepared from 
a scarce mineral, crocoisite,76 which occurs in Siberia. The mineral itself 
was first reported by Lehmann in 1762,77 but it was not until 1797 that 
Vauquelin and Klaproth independently recognised that it contained the 
‘acid’ of an unknown element, and first prepared soluble dichromates 
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from it, going on later to isolate the new element, chromium itself.78 The 
extraction of a soluble dichromate entails roasting the ore with potassium 
carbonate (potash), followed by water extraction, treatment with 
sulphuric acid, and crystallization. All chromates have vivid and 
distinctive colours, hence the name from the Greek chromos = colour. 
Vauquelin noticed that the carmine-red salt silver chromate turned purple 
when exposed to light. 

These dichromates soon became substances of commerce for 
preparing pigments and for their tanning and mordanting properties, but 
it was not until 1832 that German chemist Gustav Suckow in Jena noted 
the light-sensitivity of dichromates in the presence of organic substances 
such as sugar.79 They were first employed for photographic purposes by 
Mungo Ponton in 1839, who observed that a solution of orange 
potassium dichromate coated on paper turned dull greenish-brown where 
exposed to light. In this case it is the sizing agent or the paper itself, 
probably gelatin or starch, that provides the oxidisable component. 
Ponton produced contact prints by this means which could be fixed 
simply by washing in water to remove the soluble unexposed dichromate. 

 
Fig. 2.2  Mungo Ponton 
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Legal restrictions on the sale of dichromates, owing to their toxicity as 
listed human carcinogens, now seem to be presenting serious challenges 
to the alternative photographic process community. In view of this 
paranoia, concerned practitioners might benefit from a reminder of the 
time when a dichromated colloid was found to be an essential culinary 
ingredient. The following quotation is from Dr Hermann Vogel's The 
Chemistry of Light and Photography (1888) p.256: 

"The Chemical Action of Light and the Pea-Sausage. 
In the campaign of 1870, the well-known pea-sausage 
(German: Erbswurst) was one of the most important articles of 
food for the army, and was prepared daily by thousands. The 
fabrication of the interior portion caused little difficulty, but 
obtaining so many skins created much difficulty. As the supply 
fell short, a substitute was sought in vegetable parchment. This 
paper, which is produced by dipping blotting paper in sulphuric 
acid for about a second, then washing and drying, is 
distinguished by its skin-like properties of resistance. It is 
impenetrable to water, and difficult to tear. It is therefore used 
for the production of banknotes. It was attempted to make 
sausage skins of this paper by doubling a sheet cylindrically and 
pasting it together. No glue or gum can however resist the 
effect of the boiling water in which the sausage has to be 
cooked, and so the artificial sausage skin fell asunder. Dr. 
Jacobson solved the problem by producing an adhesive 
substance, with the help of the chemical action of light, which 
could resist boiling water. He mixed the glue intended for the 
sausage skin with bichromate of potash, and exposed the glued 
parts to the light. This made the glue insoluble, and now the 
artificial skin endured boiling water thoroughly well. The 
number of sausage skins prepared in this way, by the chemical 
action of light, amounted to many hundred thousands." 

If the presently-acknowledged toxicity of dichromates had been 
recognised then, one can only speculate on the effect this might have had 
on the outcome of the Franco-Prussian War. 

2.5  Sulphur 
The Slovenian priest and photographic innovator, Janez Puhar (1814-
1864), provides a serendipitous episode in proto-photography which 
remained little-known outside his native land until 2014, when the 
bicentenary of his birth was celebrated with an exhibition and a dedicated 
website.80 Puhar had learned at an early date how to make 
daguerreotypes, but he baulked at the cost of the silver, so simply tried 
substituting sulphur instead – a strangely counter-intuitive stroke of 
photographic chemistry. As the substrate for his sulphur coatings he 
chose glass plates, on which in 1841 he captured successful photographs 
in the camera, including landscapes and, later in the 1850s, portraits. 
Four of his photographs are in the National Musuem and two in private 
hands in Ljubljana. Puhar is nationally celebrated in Slovenia as “the 
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inventor of photography on glass”, but in this claim he was actually pre-
dated by both Niepce (1822) and Herschel (1839). However, Puhar’s true 
achievement, if properly recognised and corroborated, could be much 
more remarkable - and wholly novel: he may possibly have devised the 
only known non-silver process having camera-speed; but there have 
been no recorded attempts to repeat and confirm his process ever since! 
His coating procedure appears to generate a reactive allotrope of 
elemental sulphur, whose photosensitivity was unknown to chemical 
science at the time. The photochemistry of sulphur only began to be 
investigated ca. 1870, when Lallemand discovered that sunlight 
irradiation of a solution of sulphur in carbon disulphide caused the 
precipitation of “amorphous” sulphur as a fine powder. 

Puhar described coating his glass plates by condensing the vapour 
from burning “matches” prepared by dipping pieces of rush pith into 
molten sulphur bound with gum mastic. He then proceeded in a manner 
exactly mimicking daguerreotype: 'sensitising' the sulphurised plate with 
iodine vapour, then exposing to light in a camera while simultaneously 
exposing the plate to mercury vapour, and later processing by bromine 
vapour, and finally washing with alcohol. The key question is: what is the 
chemical composition of the image substance that results? 

  

 
Fig. 2.3  Janez Puhar self-portrait 

 
It is possible that the iodine, the mercury, and the bromine are 

chemical red herrings and some - or possibly all - of these are 
unnecessary. Indeed, one article by Puhar at the time admits that the 
mercury is “not absolutely necessary”. Moreover, sulphur iodide, S2I2 is 
very unstable and not known to form readily from the elements, so this 
sensitization step seems implausible. The image, on removal from the 
camera was said to be very faint, which makes it unlikely that it was 
composed of the black polymorph of mercury(II) sulphide, HgS, 
metacinnabar, or even cinnabar itself. 
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It is not certain what is trapped on the glass plates by ‘smoking’ them 
with burning sulphur: whether it is the common allotrope cyclo-
octasulphur, or a very photosensitive allotrope of sulphur, perhaps S2, or 
S6 or catena-S8, which are all present in sulphur vapour at 600-700 °C.  
This is presumably photolysed to a stable form of sulphur that is fairly 
insoluble in alcohol, while the more reactive form remains soluble. The 
key is the 'development' of the image in alcohol, which could dissolve 
away unexposed sensitizer in the shadow tones, leaving the insoluble 
stable sulphur in the pictorial high values. Some evidence for this comes 
from the structure of the photograph. “Puharotypes”, as they have been 
dubbed, appear to be mounted in the same manner as ambrotypes: 
viewed from the verso of the glass plate and backed by a black lacquered 
surface, which confers a positive pictorial tonality on the thin negative 
image on the glass plate, because 'dense' image areas of near-white 
image substance – sulphur - reflect the high values, leaving the clear 
glass to display the black backing for the shadow areas. 

The more one looks into the history of Janez Puhar's photography, the 
more tantalising it seems, but resolving the questions that it raises is 
made difficult by the inaccessibility for research of his historical pictures 
in Ljubljana. His few surviving glass plate images are so jealously guarded 
that we do not have a very clear idea of their structure, and only a little 
evidence for their composition, drawn from the spectrum obtained by 
Proton Induced X-ray Emission. 

Scholarly historical background, including Puhar's report, using his 
Germanised name of Johann Pucher, to the Viennese Academy of Sciences 
of 1842, can be found in Wolfgang Baier's Geschichte der Fotografie, 
1963, pp. 152-3. A TV film of "The Lost Formula of Janez Puhar" was 
made around 1999 by the Film Foundation of the Republic of Slovenia. 

2.6  Bitumen 
The pioneering experiments in contact printing by Joseph Nicéphore 
Niépce, as early as 1822, reproduced a drawing onto a glass plate coated 
with bitumen of Judea, by photohardening where the light fell and 
washing away the soluble asphalt in the shadows with lavender oil and 
petroleum.81  

 
Fig. 2.4  Nicephore Niepce ‘The courtyard at Gras’ 
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The process is obviously negative-working, and the exposure time 
needed to obtain a contact image using sunlight was 3 to 4 hours, 
because this process has much less than the maximum quantum 
efficiency. The same bitumen of Judea employed by Niépce for his 
Heliographic process was also widely employed in ancient Egypt for the 
process of mummification (‘mummia’ is Persian for bitumen); solvent oils 
derived from lavender and cloves were also known. Moreover, the 
characteristics and influence of the intense solar rays of that region (their 
rectilinear propagation and capacity for action at a distance) became a 
central feature of the new sun-worship - a religion imposed by the 
heretical 18th Dynasty pharaoh of the New Kingdom, Akhenaten 
(Amenophis IV), during his reign in 1377-1360 BC.82 Thus, photography 
could have been invented over three thousand years ago, and no trace of 
this achievement need have survived, owing to the destruction of the 
works of the heretic king at the hands of his orthodox successors!83 

2.7  Resins 
Jean Sénébier of Geneva observed in 1782 that light could bring about 
colour changes in resins. The exudations of certain pine trees, such as 
colophony resin which consists chiefly of abietic acid, may be light-
hardened without the agency of additional inorganic substances; after 
washing, images result that are visible by virtue of differential light-
scattering, rather in the same manner as the Daguerreotype. The 
researches of Marignier have recently shown this to have been the basis 
of Niépce and Daguerre’s early ‘physautotype’ process of 1832.84 

2.8  Plant Matter 
In his quest for new imaging photochemistry, in 1839 Sir John Herschel 
soon took leave of the brown pictures provided by silver, driven 
seemingly by a desire to devise a system of colour photography. To this 
end, he first employed the plants and flowers from his own garden, 
crushing their petals in alcohol to extract the dyestuffs (anthocyanins), 
which he then painted onto paper as a light-sensitive coating.85  
 

 
Fig. 2.5  J.F.W. Herschel Anthotype 
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In over a thousand experiments, lasting until 1845, Herschel 
demonstrated the feasibility of contact-printing direct positive images by 
photo-bleaching these dye coatings with sunlight; so exposure in contact 
with engravings yielded prints in various colours depending on the plant, 
which Herschel must have hoped would supply the primaries for a colour 
printing system. He referred to this process as anthotype or sometimes, 
phytotype. But the printing was very protracted, demanding exposures of 
days or even weeks to bright sun, and the products were ephemeral. 
There was – and still is – no good means to fix such images, because 
further exposure to light will slowly but inexorably bleach them owing to 
the fugitive nature of these plant dyes. It is remarkable that a few of 
Herschel’s anthotype or phytotype images have survived the 150 years to 
the present day.86 Herschel's researches were taken further by the 
redoubtable Scot, Mary Somerville,87 and there is still a lively constituency 
of practitioners today in this impermanent, but environmentally-friendly 
photographic medium.88 

The following two instances of proto-photography in vegetable matter 
were recorded by Charles Maybury Archer in 1860 in his Anecdote History 
of Photography: 89 

 “Mr. Septimus Piesse has called attention to the delicate 
shading or finishing of leaves produced by the photographic 
touch of the sun, in the case of geranium and other leaves, 
where one leaf produced a shade upon the other, the under leaf 
presenting a beautiful photograph of the upper one, its serrated 
edge and form being perfectly defined. Wherever the shade was 
cast, that part of the leaf was of a deep green, while the 
unshaded parts were of a pale sea-tint.”  
“The first principles of a peculiar photographic process were 
discovered in 1845 by M. Bayard, on the amber and purple 
surface of a peach. Proud of his peaches, M. Bayard, it is said, 
was accustomed to mark them with his initials. To effect this he 
was in the habit of gumming on to the surface his initials cut in 
small paper characters, and which, under the action of the 
autumn sun, left their impression on the ripening fruit.”  

A latter-day version of ‘photosynthetic photography’ has been devised 
since 1990 by contemporary artists, Heather Ackroyd and Dan Harvey, 
who project a photographic negative with a very powerful (2.5 kW) lamp 
onto a vertical ‘field’ of growing grass seedlings, which develop a richer 
green where the light falls due to a higher concentration of chlorophyll, 
so providing a positive image. Because the grass is grown on a vertical 
wall it tends to grow upwards, revealing the entire blade instead of just 
the tip, as a surface to collect light. The exposure usually takes about 
eight days. The pieces are quite ephemeral, sometimes lasting only a 
week, but the artists have recently found a type of grass that stays green 
much longer than most.90 

It is important not to confuse this genuine photosynthetic 
photographic process described above with the converse practice, which 
has come to be called ‘chlorophyll printing’. This is much easier to 
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perform: it is simply a bleaching by light (especially containing UV 
radiation) of the same ubiquitous plant pigment, chlorophyll, by a photo-
oxidative degradation. So this is a positive-working imaging process 
analogous to the anthotype, but with the difference that a large natural 
plant leaf itself provides the pigmented cellulose substrate for the image, 
rather than a sheet of coated man-made paper. The Vietnamese artist 
Binh Danh is the prime exponent of chlorophyll printing; he makes use of 
single large leaves, photo-bleached in contact with diapositives, and 
finally sealed into polymer resin blocks to improve their durability. 
Current research is seeking to improve methods of fixation of chlorophyll 
prints by de-oxygenation and the incorporation of copper(II).91 

 

 
Fig. 2.6  Chlorophyll print by Binh Danh 

 
Finally, this account would be incomplete without the following myth, 

which is taught at an early stage to most students of photochemistry: 
Alexander the Great was said to have exploited light-induced colour 
changes in a dye, in order to coordinate the battle-order of his army, 
which proved crucial to the succcessful outcome of his campaigns. The 
Macedonian troops supposedly wore around their wrists bands of rag 
impregnated with a photochromic dye. Their exposure to the light of the 
rising sun caused a colour change which signalled the moment of attack. 
This device has been referred to as Alexander's Rag Time Band.92 

2.9  Animal Matter 
The sun-tanning of living skin is a photosensitivity due to the formation 
of the protective pigment melanin under the action of ultraviolet light. 
Self-administered exposure to sunlight is commonplace and can produce 
photograms of swimwear, hats, sandals etc., imprinted on the human 
epidermis. However, the other obviously photosensitive component of the 
human body – the retina of the eye - has also been attributed with the 
capacity to retain an image; here is Charles Archer again: 
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“It has been concluded by doctors in America, that the last 
image formed on the retina of the eye of a dying person 
remains impressed upon it like the image on a photograph, and 
that if the last object seen by a murdered person was his 
murderer, the portrait drawn upon the eye would remain a 
fearful witness in death to detect him and lead to his conviction. 
Dr. Sandford, of New York, reports that he examined the eye of 
a murdered man at Auburn by means of the microscope, and 
found impressed on the retina the rude, worn away figure of a 
man, supposed to be the assassin!” 

It is true that vision is dependent on the chemical transformation of the 
visual pigment, retinal, but this reaction is quickly reversible and this 
instance of ‘persistence of vision’ is experimentally implausible. However, 
it not nearly so implausible optically as Archer’s next offering: 

“No case is one-half so difficult of belief as that alleged 
marvellous discovery by Dr. Conyers, who, it is said, on 
anatomising a gentleman who died for love, found an 
impression of the lady's face upon his heart.” 

Clearly an early example of cardiography. 
Archer also records two instances of keraunography, a supposed 
generation of "photographic" images on living skin by lightning flashes or 
strikes (from Gr. keraunos = thunderbolt): 

 “On August 26th, 1823, a little girl was standing at a window, 
before which was a young maple tree. After a brilliant flash of 
lightning a complete image of the tree was found imprinted on 
her body. 
M. Raspail records that in 1855 a boy climbed a tree to rob a 
bird's-nest. The tree was struck and the boy thrown to the 
ground, and on his breast the image of the tree, with the bird 
and nest on one of its branches, appeared very plainly.” 

The BJP of 1888 records more examples of keraunotype: 
“In 1812 Mr Shaw communicated to the Metereological Society a 
most peculiar case. Six sheep lying in an open pasture 
surrounded by woods were killed by lightning; the surrounding 
landscape was pictured so clearly on the inner surface of each 
skin that the view was immediately recognisable by those who 
were acquainted with the district. These skins were actually 
exhibited publicly at Bath for some time.” 93 
“Jonesville, Michigan, 1887: farmer Amos J. Briggs is shooing 
cats away from his woodpile when it is struck by lightning. The 
cats die instantly. Briggs' watch explodes and his clothes are 
shredded. Returning inside, his wife is horrified to find the 
silhouette of a startled cat imprinted on his bald pate. The 
image fades after two days.” 94 
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Fig. 2.7  Example of keraunography 

 
These graphic figures traced out by the scorching passage of electrical 

discharges over the living skin of animals or humans are variously called 
“arborescent burns, ferning, or keraunographic marking”, although the 
burn damage is often fairly superficial. Their appearance has given rise to 
a fanciful conjecture: the notion that these are actual photographic 
images; but in the absence of any plausible optical explanation, we are 
now inclined to call them ‘pareidolia’ or ‘eidetic images’ generated by the 
human imaginative ability to see invented shapes in random markings.  

In physics they are known as Lichtenberg figures: when a very high 
voltage is discharged through, or over the surface of an insulating object 
the branching passage of the electric current may trace out beautiful 
fractal patterns resembling trees or ferns.95 Such Lichtenberg figures in 
blocks of Perspex are sold as novelties. 

 

 
 



©Mike Ware 2019  Argyronomicon 

 

 

41 

Georg Christoph Lichtenberg (1742-1799) was born in Darmstadt, 
Germany, the youngest of 17 children sired by a polyphiloprogenitive 
pastor. He built a considerable reputation as an aphorist and critical 
thinker, and was acquainted with Kant, Goethe, Volta, and Gauss, 
becoming ‘extraordinary professor of physics’ at Göttingen in 1769. 
Lichtenberg figures is also the name given to patterns of powdered 
sulphur or red lead adhering by electrostatic attraction onto regions of an 
insulating plaque of resin bearing an electric charge. This principle is 
used in xerographic photocopying, so Lichtenberg also deserves to be 
hailed as "the father of the Xerox machine". 

2.10  Molluscan Dyes 
If the Mediterranean predatory sea snail, Murex Brandaris, (family 
muricidae) is broken open close to the gills, its mucus gland yields a 
yellow slime that is transformed by air and sunlight into the superb 
dyestuff known as Tyrian Purple. In his History, Pliny attributes this 
discovery to the Phoenicians, whose island city of Tyre (now in modern 
Lebanon) was a major commercial centre for the extraction of the 
colorant, as evidenced by hills of millions of gastropod shells, precisely 
broken open. Tyrian Purple was prized for dyeing the robes of Imperial 
Rome; recent archaeological evidence however points to the Minoans of 
Crete making use of the product several centuries earlier. It has also been 
identified with the biblical dye, Argaman, used on the fabric of ritual 
vestments in the Judaic tradition.96 

At least twelve species of Mediterranean sea snails are known to yield  
photosensitive extracts that are transformed by sunlight into purple or 
blue dyes of the indigo family; other species of mollusc such as the dog 
whelk (Nucella Lapillus) are common around the coasts of the North 
Atlantic.97 In Ireland, on the island of Inishkea North, Co. Mayo, 
archaeologists in 1952 found a whelk-dyeing workshop, dated to the 7th 
century AD, complete with a small dyeing vat and a pile of broken dog 
whelk shells.98 Evidence for the residual survival of this cottage industry 
to more recent times was reported by naturalist William Cole of Bristol in 
1684: he was collecting mollusc shells on the Somerset coast when, in a 
chance encounter, he was informed about their current use in Ireland for 
dyeing, and one of his specimens was identified as the “purpuriferous 
mollusc”. Cole tested live specimens of all his sea snails and thus sought 
out his “Purple fish”, probably Nucella Lapillus, and proved its mucus to 
be photosensitive. 

 
Fig. 2.8 Dog whelk shells. Nucella lapillus 
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He extracted the viscous slime containing the dye-precursor using a 
horsehair brush to paint letters and names with it onto linens, which 
when exposed to the sun turned first green, then blue, and finally deep 
purplish-red. If only Cole had also formed permanent photograms of 
some objects by this means, he would have gone down in history as the 
earliest inventor of a photographic process - in 1685; but his account in a 
letter to the Philosophical Society of Oxford gives no indication of his 
having projected – rather than painted – an image. 

Following Cole’s comunication of his ‘rediscovery’ of Tyrian purple, 
which was reprinted in the Transactions of  the Royal Society,99 the 
phenomenon captured the interest of the distinguished French naturalist 
René Antoine Ferchault de Réaumur (1683-1757), who located suitable 
molluscs on the beaches of Poitou in 1711. In a fascinating essay entitled  
On Purple and the Genesis of Photography, or the Natural History of an 
Exposure,100 historian Edward Eigen has inferred that Réaumur’s 
experiments must have led him to inadvertantly making outline images of 
the stones that he used to weight down sensitized linens exposed in the 
open. We can therefore be fairly certain that the very first photograms 
were in fact made in 1711 with Tyrian purple! Unfortunately Réaumur 
failed to recognise that the physical cause of the coloration was sunlight: 
his investigations misled him into attributing the colour to the action of 
currents of air, and so he, like Cole, forfeited the opportunity to be 
counted among the very first inventors of photography. 

As naturally available products, these gastropod slimes are perfect, 
ready-made protophotographic sensitizers, and in classical times they 
were highly prized articles of commerce whose sensitivity to light was 
common knowledge. It is therefore disappointing that the history of their 
use to make photographs cannot be found to predate the orthodox 
invention of silver photography itself. Thus, it was not until 1859 that 
their photographic suitability was finally demonstrated unambiguously by 
the French biologist Henri de Lacaze-Duthiers, who contact-printed 
images on silk using an extract of Purpura Lapillus.101 The images are 
easily fixed by washing, and examples exist today in the collection of the 
Royal Society.102 Aspiring practitioners of “Purpurotype” should take note 
that the photochemical reaction also involves the evolution of methyl 
mercaptan which has a strong foetid smell, resembling garlic. 

Tyrian purple has now been identified by modern chemistry as 
dibromo-indigo, and the photochemistry of its formation is well 
understood.103 The shellfish purples have a very long history and a 
correspondingly extensive bibliography; fortunately for the enquirer, this 
literature survey has been thoroughly compiled in a scholarly form by Dr 
Chris Cooksey, who is one of the leading contemporary researchers in 
this delightful archaeophotochemical field.104 
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Fig. 2.9 Purple dyes from sea snails by Henri de Lacaze-Duthiers 
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3  Invention of Photography 
3.1  The ‘Gernsheim Question’ 
It seems generally agreed by historians of science and technology that 
photography is a procedure that could have been invented long before 
the period when - to the best of our knowledge - it actually was.105 To 
capture his first photographs in 1834, Talbot brought together two 
resources that had already been well-known for over 200 years: the 
camera obscura fitted with a convex lens,106 and silver chloride, a 
substance that is darkened by sunlight.107 Aware of the availability of 
both these items since the late renaissance, historians of photography, 
most notably Helmut and Alison Gernsheim, have persistently enquired: 
why was photography not invented much earlier? 108 The paradox implicit 
in this question is sharpened by the history of luminescence as outlined 
in §1, where we saw that there was widespread investigation of the 
absorption and emission of light by matter from 1600 onwards. The 
essential prerequisites, both photochemical and optical, for a primitive 
accomplishment of the photographic effect were available at least three 
hundred years (some claim six hundred years) before the early nineteenth 
century, when the orthodox, documented history of photographic 
practice finds its beginnings.109 If magically transported back to the 
sixteenth century, many readers would be able to find the resources to 
set up then as photographers – or at least photogrammers - of a sort. It 
is not surprising, therefore, that anachronistic claims are occasionally put 
forward for the ‘pre-invention’ of photography. 

The question posed by the Gernsheims has recently been re-examined 
in depth by Geoffrey Batchen in his book Burning with Desire, where he 
identifies the emergence of a ‘will to photograph’ on the part of 
experimenters – a will that was evidently not manifested in society until 
the end of the 18th century.110 My question is: what could have sapped 
that ‘will’ for so long? I have suggested two contributing factors: one is 
the psychological inhibition intrinsic to the negative image, which was 
addressed in §1.7; the other has its origins in physics and chemistry: the 
very long duration of exposures, which I will consider now in this essay. 

The quantitative laws of photochemistry and geometrical optics place 
certain constraints upon the parameters that must govern any primitive 
photographic system - constraints that may be chemically evaluated ab 
initio, but which the proponents of pre-invention scenarios have failed to 
acknowledge. The purpose of this chapter is to provide a quantifiable 
account of the technical criteria by which such proposals can be judged, 
in order to determine if they are contrary to physical science. 

3.2  Proto-photography 
The earliest photography, whenever it was first observed, must 
necessarily have been of the type we now loosely call ‘printing-out’; viz. a 
process in which the image is more-or-less entirely generated by the 
action of light during the exposure. Regardless of the detailed 
photochemistry, the term ‘proto-photography’ is convenient for this 
general class of photographic process, in which there is no chemical 
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amplification of the effect of the light (although there may be chemical 
transformation of the resulting image to render it more visible or 
permanent).111 Such processes stand in sharp contrast to the 
sophisticated, and vastly more sensitive ‘development’ processes of later 
practice, in which the effect of light exposure is totally invisible to the 
naked eye, and is amplified more than a million-fold by the specific 
process of chemical development.112 

The assumption that proto-photographic processes must have been 
discovered before development processes is justified by the uniquely 
improbable nature of the latter. Development - in the very specific 
meaning that is given to the word here - consists in the chemical 
formation of a silver photograph from a latent image in crystals of silver 
halide, as first discovered by Louis Daguerre,113 using mercury vapour in 
1837, and Henry Talbot, using gallic acid in 1840.114  Chemical 
development results in an enormous enhancement of the effect of light 
alone, thus providing light-sensitive materials that have practically useful 
‘camera-speed’. It is not widely appreciated what an extraordinary fluke 
this whole process is: it stems from a combination of ‘finely-tuned’ 
physico-chemical properties of the material which makes it a highly 
improbable phenomenon and, apparently, unique to silver halides.115 So, 
to claim that it could have ‘sprung forth, fully armed with 100 ISO’, and 
with no tradition of prior art, would be akin to positing a history of 
aviation in which Concorde preceded the Wright brothers. It is a matter of 
record that both Daguerre and Talbot pursued printing-out proto-
photography for several years before they independently stumbled across 
different rudimentary manifestations of the development effect. These 
discoveries were serendipitous, but they befell receptive minds, and so 
were then exploited and improved by innumerable experiments.116 

3.3  Photographic Sensitivity 
The constraint governing every proto-photographic process is predicated 
on an elementary principle of quantum theory, as it applies to 
photochemical interactions.117 This principle, usually called the Stark-
Einstein Law, is easily appreciated without invoking much obscure jargon, 
and the non-technical reader should readily see that it amounts to 
nothing more than a statement of ‘good book-keeping’ at the atomic 
level of things. The Stark-Einstein Law effectively requires one photon 
(the fundamental, indivisible particle or ‘quantum’ of light) to be 
absorbed for each molecule of the substance that is transformed.118 

From this basis, a calculation assuming the most favourable conditions 
(see §21.5), leads to an approximate estimate for the maximum light 
sensitivity of any typical proto-photographic material - no matter what its 
detailed photochemistry. This limiting sensitivity is a maximum in the 
near ultraviolet and blue regions of the spectrum, over a wavelength 
range of about 300-400 nm (known as UVA). Unsurprisingly, the 
sensitivity turns out to be very low, requiring a radiant energy density of 
about 34 J/m2 (Joules per square meter) to form an image that is just 
perceptible. On a scale familiar to photographers, the ‘speed’ of such a 
material can be rated approximately at 10-5 ISO (arithmetic);119 that is, 
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one ten-millionth of the speed of an ordinary camera film (or digital 
camera setting) of 100 ISO (arithmetic). 

3.4  Sunlight 
To estimate the practical exposure needed to impress an image on such a 
material, we must evaluate the illumination delivered by the only light 
source that need be considered from an historical point of view: the sun. 
Taking the most optimistic circumstances, the tropical sun at its zenith 
delivers a total energy flux (or power) of about 900 W/m2 (Watts per 
square meter) at the earth’s surface.120  
 

 
Fig. 3.1 Spectrum of the sun’s light from the UV to near IR 

 
However, in view of the spectral sensitivity described above, it is more 
appropriate to make use of the sun’s irradiance only within the UVA 
waveband of 320-420 nm, which is about 7% of the total, i.e. 63 W/m2. 
Many of the exposures calculated are of long duration, or are not carried 
out in the Tropics, so it is also appropriate in most cases to average the 
effect of the sun’s angle of elevation over a day, leading to a figure of 
about 38 W/m2 for the average ‘actinic’ irradiance falling upon a typical 
surface. This figure agrees with Thompson’s estimate for the noon sun at 
English latitudes,121 which implies an average irradiance of 40 W/m2.  

Given the maximum sensitivity of proto-photographic sensitizers as 
~34 J/m2 and the average UVA irradiance of the sun as ~38 W/m2, the 
shortest effective exposure to sunlight follows simply as the quotient of 
the two. Because 1 Watt = 1 Joule/second, therefore, a just-perceptible 
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image should be produced in a proto-photographic material within about 
one second; a mid-tone will be reached in about ten seconds, and a full 
maximum density within about two minutes.122 This rough theoretical 
result may be confirmed practically by anyone who exposes a piece of 
sensitive blueprint paper, for example, to bright sunlight.123 The solar 
exposures needed to fully contact-print negatives124 onto proto-
photographic materials, such as palladiotype, are about two minutes.125 

 
Fig. 3.2 Portion of solar spectrum responsible for protophotography 

3.5  Contact Prints and Photograms 
Records of contact-printing from early photographic history bear out this 
generalization for a variety of media. Wedgwood and Davy’s photograms, 
made ca. 1800 on leather impregnated with silver salts, were described 
thus: 

“In the direct beams of the sun, two or three minutes are 
sufficient to produce the full effect.” 

It is significant, in view of the discussion below, that Wedgwood and Davy 
also went on to observe that: 

“The images formed by means of a camera obscura, have been 
found to be too faint to produce, in any moderate time, an 
effect upon the nitrate of silver.”126 

The first successful partially-fixed silver images were Henry Talbot’s 
‘skiagraphs’ and ‘photogenic drawings’ made in 1834-5.127 Lace, 
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engravings, feathers, botanical specimens, etc., were employed to make 
photograms on silver salted papers: 

“...the time necessary for obtaining the picture of an object, so 
as to have pretty distinct outlines, when I employed the full 
sunshine, was half a second.” 128 

although Talbot’s exposure times were generally rather longer than this, 
and he states that making contact prints from engravings on thick paper 
could take: “...half an hour for the formation of a good copy.” 

The proto-photographic processes, argentotype, cyanotype, 
chrysotype, and amphitype, invented in 1842 by Sir John Herschel, were 
based on photoactive salts of ferric iron with vegetable acids, producing 
images in silver, Prussian blue, gold and mercury, respectively. Herschel 
describes the darkening of his most sensitive cyanotype papers in the 
sunlight within ‘seconds’.129 

The making of contact prints or photograms clearly qualifies as a valid 
part of photographic practice; it provides the simplest and most easily-
achieved method of photographic imaging, and was, indeed, almost the 
only way of making prints during the first fifty years of photographic 
history, until enlarging-speed papers were developed. Some of the 
‘alternative’ proto-photographic contact-printing processes, such as the 
platinotype, still find a minority following today, owing to their special 
qualities for fine print-making. But when claims are put forward for 
photographs that are supposed to have been formed by real images 
projected in a camera obscura, our assessment of their feasibility must 
bring in two additional factors: the geometrical optics of image formation 
and the limitations of lens design.  

3.6  Development of the Lens 
The history of the camera obscura using a pinhole can be traced back at 
least to Alhazen in the 10th Century AD, and possibly to classical 
times.130 However, this instrument can be discounted as a means of 
making proto-photographs. Table 3.1, §3.7, will show that, assuming a 
nominal f/192 for the aperture of the pinhole,131 a minimum exposure in 
the order of one year is calculated. In fact, reciprocity failure would see to 
it that no image would ever be imparted to a proto-photographic material 
under these conditions. Even claimants for the pre-invention of 
photography have been prepared to admit the failure of modern attempts 
to produce an image in this way.132 The best that might be hoped for is a 
direct image of the sun's disc itself, which has sufficient luminosity to 
leave a trace as it tracks across the sky.  

The issue therefore resolves into the question: when was a lens first 
incorporated in a camera obscura, and what aperture might it have had? 
The availability of small convex glass lenses probably dates from ca. 
1286, when eyeglasses or ‘spectacles’ to correct defective vision were 
introduced in Italy, largely made possible by the Venetian glass and 
crystal industry. The invention was made public by Alessandro della Spina 
of Pisa, and by the beginning of the fourteenth century the use of 
spectacles had become quite common.133 
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However, there appears to have been a long induction period before 
the quality of such lenses improved sufficiently to employ them in optical 
instruments. The generally-accepted view on the history of the lens has 
been summed up by A. D. Coleman in his essay Lentil Soup: 

“I would propose that it is within this three year period, from 
1550 to 1553, that we became a lens culture.” 134 

The histories of the camera obscura compiled by James Waterhouse135 
and John H Hammond136 also provide answers to this question. They 
attribute the earliest known report of a camera obscura with a lens to a 
somewhat unclear account by Girolamo Cardano of Milan in 1550; but the 
first unambiguous description comes from Daniele Barbaro of Venice in 
1568, who proposed that a spectacle glass intended for correcting the 
sight of an old man (i.e. a biconvex lens) should be used.137 A modern 
optometrist would probably prescribe a lens with a power of around 3 
dioptres, typically, for such a person, i.e. a focal length of about 330 mm. 
Assuming a diameter limited to 21 mm for these primitive ‘pebble’ 
glasses made of crystal, we arrive at an aperture of f/16. As can be seen 
from Table 3.1, §3.7, the resulting minimum exposure for any proto-
photographic material would be about 17 hours, requiring two or three 
days of bright sunshine to produce a small photograph. However, this 
optimistic estimate will be greatly worsened by the effect of reciprocity 
failure.138 It seems most improbable, but not totally impossible, that a 
photographic image could ever have been recorded by this means, 
without prior knowledge of the result on the part of the experimenter. 

3.7  Criteria for Camera Photography 
The transmission of image-forming light through a camera is constrained 
by the aperture of the lens. The sufficiency of this illumination to yield a 
discernable proto-photograph within a practicable exposure time 
therefore hangs on the prevailing state of lens technology at the 
appropriate point in history. The brightness of an image formed via a lens 
can be quantified by an equation due to Jones and Condit (see Appendix 
II),139 which expresses the illuminance at the focal plane of a camera in 
terms of the luminosity of the subject, the aperture, A, (or f/number)140 
of the lens, and several other parameters. Effectively, the sun’s 
illumination of an object is attenuated, first by the reflectivity of the 
object being less than 100%, and second in the camera, by a factor 
depending largely on the square of the f/number, A. 

Calculation a priori of the minimum exposure needed to make camera 
images of brightly sunlit subjects on proto-photographic materials, yields 
the simple approximate formula derived in §21.8 (assuming the lens is 
focussed on infinity): 

Exposure time in minutes = 4A2 

The focal length for a standard modern camera lens is customarily 
taken as the diameter or diagonal of the image format, implying an angle 
of view of 53°. However, the angle of view achievable with a single 
element bi- or plano-convex lens of the type used on early camerae 
obscurae was only about half this, at best, - say 26° - for which the focal 
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length is more than twice the diameter.141 The size of the image thus 
determines an approximate value for the appropriate focal length, and if 
the likely diameter of the lens can be estimated, the lens aperture may 
then be inferred. Table 3.1 gives exposure times that have been 
calculated by the equation above for f/number values arising from 
various formats and simple lenses of the type that were available before 
the nineteenth century, together with the results of some contemporary 
experiments in proto-photography that will be discussed below. 

 
Lens 
f/no. 
A 

Minimum 
exposure 
time 4A2 

(minutes) 
 

Minimum 
exposure 
time 
(hours) 

Lens 
focal 
length 
f (mm) 

Lens 
diam
-eter 
(mm) 

Approximate 
Format 
Lens Type and 
Experimenter 

3 36 One half 75 25 Talbot’s cameras 
‘Mousetraps’  

4 64 One 325 81 Niepce’s camera 
Whole Plate size 

8 256 4  160 20 Head size image 
Prince & Picknett  

12 598 10 2200 180 Full body image 
Allen’s quartz lens 

16 1024 17 330 21 C16th spectacle lens 
camera obscura 

22 1936 32 
(1 week) 

550 25 Head size image 
small C16th lens 

64 16384 273 
(1 month) 

2200 35 Full body image 
‘large’ C16th lens 

96 36864 614 
(1 season) 

2200 23 Full body image 
small C16th lens 

192 147456 2458 
(1 year) 

50 0.26 Pinhole camera 
‘wide angle’ format 

Notes on adjustments to the Table: 
1) The lens focus is assumed set to infinity. 

For cases where a 1:1 reproduction ratio is appropriate, multiply the 
exposure times by 4 (the ‘bellows extension factor’). 

2) For a mid-grey subject (Zone V) having reflectivity, R = 0.18. 
For a white subject (R = 0.9) divide the exposure times by 5. 

3) The image formed is assumed to have a mid-density, with an 
exposure range of about seven stops (arithmetic factor 128x). 
For a just-perceptible image, divide exposure times by 11. 
For a maximum density image, multiply exposure times by 11. 

4) No attempt has been made to correct for reciprocity failure. 
 

 Table 3.1. Aperture and Exposure Time for Proto-photographs 
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3.8  Historical Proto-photographs 
The first manifestations of the photographic effect must necessarily have 
been observed in ‘proto-photographic’ substances – that is, those in 
which the action of light alone suffices to produce a visible image by 
‘printing-out’. There is no question of a subsequent ‘development’ of an 
invisible latent image which, for its realization, demands an altogether 
more subtle and complex procedure.142 It is likely that the first photo-
sensitizer was a salt of silver, probably the chloride;143 although other 
substances cannot be ruled out, they would have had similar, or even 
lower, sensitivities to light.144 In practical terms, to obtain an outline 
photogram by contact-printing an object onto a proto-photographic 
material, requires an exposure to bright sunlight of a few seconds to 
produce a perceptible image, and of about two minutes for full darkening 
of the ground. This practice – to make photograms of botanical 
specimens or fabrics, for instance – was quite widely and successfully 
employed from the very earliest days of photography, and could, indeed, 
have been discovered at a much earlier period in history; although there 
is no evidence that it was.145 

However, when we consider photography in the camera obscura, it 
becomes apparent that geometrical-optical factors will attenuate the 
image brightness to a great extent, because the aperture of the lens only 
accepts a small fraction of the total light scattered by the subject. One 
can estimate that it is about a thousand times more difficult to make a 
camera negative than to make a contact photogram of comparable 
density, given the same illumination and sensitive recording material.146 
To secure even a weak camera image, at an aperture of f/4, with a proto-
photographic sensitizer, such as photogenic drawing paper, demands a 
typical exposure of about one hour in bright sunlight, but in duller light it 
may take a day, making this a marginal camera technology. Empirical 
evidence from the documented history of camera photography is in 
harmony with the theoretical calculations in Table 3.1. Henry Talbot’s 
photogenic drawing negatives of 1835, §7.3, produced in his so-called 
‘mousetrap’ cameras, were less than 50 mm on the side; he used lenses 
of focal length typically 75mm, having apertures of f/3 to f/4.147 To 
produce an image at this aperture the calculated exposure is about half 
an hour, which agrees with Talbot’s own reported experience with his 
print-out silver halide sensitizers: 

“After the lapse of half an hour I gathered them all up [Talbot’s 
‘mousetraps’]... When opened, there was found in each a 
miniature picture...”.148 

 We see from Table 3.1 that there is good reason why the first successful 
camera negatives were so small, as exemplified by Talbot’s famous ‘first 
negative’ of 1835,149 (of dimensions 36x28 mm) and another recently 
illustrated ‘mousetrap’ negative (45x45 mm) from the collection of Hans 
Kraus Jr.150 

The Heliographic process of Joseph Nicéphore Niépce (1765-1833) 
was, however, the first to provide a camera negative that survives to the 
present day, from 1827. Its dimensions are 165x205 mm - 
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approximately ‘whole plate’. Jean-Louis Marignier has recently 
investigated and repeated Niépce’s work and found that before 1828 he 
employed a lens of focal length 325 mm, and diameter 81 mm, giving an 
aperture of f/4.151 The bitumen process is very insensitive, however, with 
an estimated ‘speed’ of less than 10-6 ISO, and so requires a practical 
exposure of about five days - much longer than the hour, or so, 
calculated in Table 3.1 for an optimum proto-photographic sensitizer. 
However, the Physautotype process of Niépce and Daguerre (1830), based 
on the light-hardening of colophony resin, requires only about three 
hours exposure in such a camera according to Marignier,152 and comes 
closer to the calculated minimum exposure. 

3.9  Niépce in England 1827 
During 13-14 October 2010 the National Media Museum (NMeM) at 
Bradford provided the meeting-ground for a photohistorical encounter 
between science, in the guise of a team from the Getty Conservation 
Institute (GCI), and the humanities and arts, represented by a side of 
leading scholars, curators, and conservators.153 At the focus of such 
attention, for the first time in their history, were three photographic 
artefacts on metal plates made by Joseph Nicéphore Niépce in 1826-7, 
thought to be the oldest photographic images inherited by the NMeM 
with its acquisition of the Royal Photographic Society (RPS) collection in 
2002. All three images are copies of engravings, and were catalogued as 
heliographs, made by Niépce's process of light rendering bitumen 
insoluble in oil of lavender (§2.6, §3.8). They came from a gift of six such 
objects by Niépce to his host, Franz Bauer, on his visit to England in 
1827. The fourth plate, a heliograph exposed in a camera obscura, has 
found its way to the Gernsheim Collection of the Harry Ransom Center 
(HRC), University of Texas at Austin, and is now universally celebrated as 
"The First Photograph". The whereabouts of the missing two remain 
unknown. 

The papers in this special issue of The Photohistorian, the journal of 
the RPS Historical Group, concern the provenance, histories and 
significance of all four objects. They begin with the conference convenor, 
Philippa Wright, curator of photographs at NMeM, describing the 
Museum's annual visits by the GCI's 'Portable Analytical Laboratory', and 
their involvement in the GCI's mission "to analyse and record the 
signature of every photographic process in the history of photography". 
Identification is essential for planning conservation treatments, and fine 
details of elemental composition can authenticate original objects, rectify 
misattributions of process, and – occasionally – expose forgeries. 

In France, following Niépce's premature death in 1833, his 
contribution to photography was marginalised by François Arago, the 
unremitting champion of Daguerre. But Niépce's visit to England in 1827 
had the consequences that, in the telling words of photohistorian Dr. 
Larry J. Schaaf: 

"His English friendships and the gifts he left behind would not 
only serve to preserve his most significant photographic 
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examples, but indeed they salvaged the very memory of his 
accomplishments."  

The journey of the trio of plates is traced, via various private hands 
into the RPS collection in 1924, by independent researcher, Pamela G. 
Roberts, whose longstanding experience as librarian and curator of the 
RPS collection uniquely qualifies her to explain how they were caught up 
in the ebb and flow of the Society's fortunes and internal politics. The 
separated "First Photograph" was acquired in 1963 by the HRC as 
described by Senior Research Curator, Roy Flukinger, following the 5-year 
quest for this lost iconic artefact by legendary photohistorians, Helmut 
and Alison Gernsheim. 

Leading conservator Susie Clark describes her responsibility to de-
frame the plates and supervise their handling for research. One frame, 
never before opened, yielded lining papers that are identified by forensic 
paper historian, Peter Bower, thus authenticating the date and provenance 
of framing. Fingerprints found on all three plates are scrutinised by 
fingerprint expert Philip Gilhooley, who concludes that they could all be 
from the same author, possibly Niépce himself. The construction and 
characteristics of the frames, and their painstaking restoration, is 
described by National Gallery conservator, Isabella Kocum, who clarifies 
the differing styles of traditional early 19th century French, and later 
industrial English frames. 

The question whether the copy image of Un Clair de Lune  was made 
by contact printing or by the camera obscura is tackled by NMeM curator 
of photographic technology, Colin Harding, who provides some historical 
evidence regarding the relative durations of contact and camera 
exposures. Niépce used varnished engraving prints on paper to make the 
three copy plates, and Grant Romer, resident scholar at George Eastman 
House, raises questions concerning the origin and significance, 
particularly, of Un Clair de Lune. Finally, Colin Ford, retired Head of 
Museum, concludes the proceedings with a warm appreciation of the 
pioneer photohistorian, Helmut Gernsheim. 

The parallel publications in The Imaging Science Journal  report the 
results of recent scientific investigations, including the "First Photograph" 
in 2002, by spectroscopic techniques and stereomicroscopy. The research 
findings of Dr. Dusan Stulik, senior scientist at the GCI, and his 
associates, Art Kaplan and H. Khanjian are barely outlined as follows. 

X-Ray Fluorescence spectrometry (XRF) is a non-destructive, non-
contact probe to identify the heavier, 'inorganic' elements present. It 
confirms that the substrate of all four plates is 'fine pewter', an alloy of 
composition roughly 97% tin, 2% lead, and 1% copper. Infrared 
spectroscopy, also non-destructive, serves to identify the 'organic' nature 
of colloidal binders, coatings, and image substances in the surface layer. 
Although the molecular structure of bitumen is so complex and variable 
as to constitute a chemist's worst nightmare, it does display characteristic 
infrared absorption bands, which are compared with standards, and 
confirm that the "First Photograph", properly known as Paysage á Saint-
Loup-de-Varennes, or View from the Window at Le Gras, is composed of 



©Mike Ware 2019  Argyronomicon 

 

 

54 

hardened bitumen as image substance. While Le Cardinal d'Amboise 
image is also bitumen, it was used here as a photoresist, because 
stereomicroscopy reveals a deeply acid-etched metal surface, clearly 
intended for photomechanical printing. Photogravure 'ink pulls' on paper 
are known from a nearly identical plate. However, Le Christ Portant Sa 
Croix, (Christ Carrying His Cross) reveals only a very lightly etched plate, 
with little residual bitumen, and not printable - could Niépce have 
intended it as an engraved image in its own right? Finally, the beautiful 
romantic landscape of a ruined abbey, Un Clair de Lune, (Moonlight) 
provides the biggest surprise in this project: it is not, as previously 
thought, composed of bitumen, but a photohardened resinous gum, 
having an infrared spectrum quite different from bitumen, but strongly 
resembling that of the physautotype process (§3.8), which was only 
rediscovered in the 1990s by the French photoscientist Jean-Louis 
Marignier, using the residue from distilling oil of lavender. Received 
history attributes the invention of physautotype jointly to Niépce and 
Daguerre in 1832, but this conflicts with the 1827 date of this plate, 
which appears to be the same process. In the light of further research, 
this episode may yet be rewritten. 

This complementary pair of publications from the RPS constitutes 
essential reading for anyone interested in our currently unfolding 
knowledge of what happened in photography before 1839. 

3.10  Sindonography 
The religious relic known as the Shroud of Turin has received such wide 
publicity that its description need not be repeated here.154 The analytical 
investigations by the Shroud of Turin Research Project Inc., in 1978, 
showed the image to be substantially due to a straw-yellow discoloration 
of the surface cellulose fibres of the linen sheet, but no mechanism was 
suggested for its formation.155  

Joe Nickell demonstrated in 1978 that similar negative images may be 
obtained quite readily by moulding a linen sheet to the contours of a bas-
relief and then applying a mixture of myrrh and aloes using a cotton 
dauber, in a technique not unlike the practice of ‘brass-rubbing’.156 On 
the other hand, evidence has been advanced by Dr. Walter C. McCrone 
that the image characteristics are consistent with a painting technique 
known as grisaille, based on a collagen tempera medium.157 Set against 
these views are the arguments of art-historian Dr. Thomas de Wesselow 
that the image cannot be an artwork of any kind, but is the authentic 
burial shroud of Christ and its image originated naturalistically.158 

The independent carbon-dating results of 1988 appeared to establish 
firmly that the linen fabric was made in the later mediaeval period, ca. 
1325 ± 65.159 However, even this proof that the artefact is indeed a fake 
has been challenged on the grounds that the cloth was mis-sampled and 
the scientists were provided only with pieces from later mediaeval repairs, 
so the Shroud could therefore originate from the early 1st century after 
all. Until the date is settled unequivocally, this debate will not progress. 

The relevance of the Shroud to the present chapter is that two 
independent claims have been put forward that the negative image upon 
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it must have been originated photographically. Dr. Nicholas Allen160 
agrees that the Shroud was probably made between 1260 and 1320. He 
argues strongly that the characteristics of the image could not have been 
produced by painting, or by a sculpture- or body-imprint of any kind, but 
that they suggest an effect of radiant energy. He concludes that the total 
inadequacy of all other explanations to satisfy him ‘proves’ that the 
negative image on the Shroud must be a photograph.161  

To support his thesis, Allen constructed a camera obscura with which 
he obtained life-size, full-body images of a white statue, on a linen sheet 
treated with a proto-photographic sensitizer of silver sulphate or silver 
nitrate, which required about three days exposure to bright sunlight. To 
achieve this result, he focussed the image with a quartz lens of diameter 
180 mm and focal length 2200 mm, providing an aperture of f/12. His 
exposures are broadly consistent with the minimum of ten hours 
calculated in Table 3.1, §3.7, for this parameter, in view of the fact that 
silver nitrate and sulphate have somewhat lower than maximum quantum 
efficiency. A quartz (or ‘rock crystal’) lens is said to be essential so as not 
to absorb the ultraviolet content of the light. Allen states that rock-crystal 
was available in the thirteenth century “as a substance” - which is 
certainly true - but it is disingenuous of him to imply that this 
“substance” could at that time have taken the form of a very large, 
accurately ground high-quality biconvex lens of long focal length. He 
implicitly assumes, without evidence or justification, the existence of a 
lens technology that was unknown until several centuries later. 

For a more plausible assessment of what could have been achieved 
with a typical lens of the fourteenth century, see Table 3.1. §3.7, for a 
lens of focal length 2200mm to provide a human life-size image with a 
more realistic aperture of f/96. Such a proto-photograph would require 
an exposure in the order of months, and is therefore effectively 
impossible to accomplish, especially in view of the diminishing returns 
guaranteed by reciprocity failure. 

There is also a photochemical difficulty with Allen’s proposal in that 
the Shroud itself contains no detectable silver. In an attempt to ensure 
that the metal was likewise absent from his simulacra, Allen describes 
how his print-out images of purplish-brown nanoparticle silver were 
decolourised by washing in dilute ammonia (or possibly urine), and he 
claims that this demonstrates the removal of all the silver, both exposed 
and unexposed, leaving a fixed image of a faint straw-yellow colour like 
that of the Shroud, which he supposes to be due to oxycellulose in one of 
its various forms. However, decolorization of the silver does not prove its 
complete removal, because some silver could remain in the fibres as a 
colourless complex salt.162 Surprisingly, Allen cites analytical results that 
actually confirm this, and contradict his own assertion that the silver has 
been totally removed. His analyses find residual silver at a level of 0.4 
mg/g in his linen substrates - which corresponds to a coating weight of 
silver exactly like that of any typical salted-paper silver print.163  

The scientific examination of the Shroud itself suggested that the 
image is due to discoloration arising from chromophoric groups formed 
by oxidative degradation of the cellulose. A number of mechanisms could 
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be responsible for this, some of them well-known to conservation science 
as the causes of staining on paper and other cellulosic materials.164 The 
possible effects of aging the artefact for seven hundred years – or more - 
have not been fully discussed. Allen states that to obtain his proto-
photographs, quartz is essential as the lens material, so there may well 
be a component in his replica images that results, as he claims, from the 
photochemical decomposition of cellulose itself by ultraviolet light. 
However, his emphasis on the importance of radiation in the spectral 
band 195-240 nm (UVC) is puzzling, because no radiation of these 
wavelengths actually reaches the surface of the earth, owing to its total 
absorption in the upper atmosphere (see §3.4).165 

The theory put forward by Lynn Picknett and Clive Prince166 differs 
from Nicholas Allen’s in claiming that the Shroud image is a photographic 
self-portrait made by Leonardo da Vinci (1452-1519) in 1492. They 
adopt the view that only the image of the head was photographically 
originated. The more modest format achieved by this decapitation, and 
the shorter focal length lens needed to produce it, require photographic 
parameters that are less implausible than Allen’s, but the date is still 
unacceptably early with regard to the history of lens technology. Although 
Leonardo investigated the formation of images via small holes, and 
suggested that the human eye functioned as a camera obscura via the 
aperture in the iris, there is no evidence that he ever put a lens on a 
camera obscura.167 

Again, the authors’ hypothesis is supported by an experimental ‘proof’ 
of simulating the proto-photographic process, this time using a box 
camera with an image format of ca. 300 mm on the side, and a linen 
sheet sensitized with dichromated egg albumen, possibly supplemented 
with urine. Details of the lens type, focal length and aperture are not 
disclosed, but from the illustrations in their book it would appear to be a 
20th century compound lens, possibly of focal length around 150 mm, 
used in a ‘wide angle’ mode,168 with a probable maximum aperture of 
about f/5.6 to f/8. The exposures, which were made to ultra-violet lamps 
enhanced by reflectors, were in the order of six to ten hours. The 
exposed cloth was processed by washing in water, and then the insoluble 
albumen of the image was scorched before a fire to obtain a yellowed 
image, before finally washing again. To answer the mundane problem of 
sitting motionless for eight hours under UV-rich light without incurring 
excessive sunburn, the authors used a white plaster bust for their test 
object, and they suggest that Leonardo did likewise. 

The exposures are broadly consistent with the theoretical results in 
Table 3.1.169 But neither the lens nor the photochemistry (see below) 
employed in this experiment could have existed in the fifteenth- or 
sixteenth-century. Taking the parameters for a typical sixteenth-century 
lens for a head-sized image, we see from Table 3.1 that the solar 
exposure would run to a week or so. The authors admit that there is no 
historical evidence for their photographic suppositions, but circumvent 
the objection with the remark: 
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“We were more concerned to find a method that worked, chiefly 
because there are so many possible substances that might fit 
the bill, that finding and testing them all would take far more 
time than we had available.” 170  

That the issue is not substance-specific is also a conclusion of the 
present author, but, contrary to Picknett and Prince’s belief, I assert that 
none of these ‘many possible substances’ can ‘fit the bill’, in view of the 
chemical histories reviewed in §2. We are being asked to believe that the 
following scenario could have taken place in the late fifteenth century:  

Leonardo, or the would-be inventor of photography, entered upon a 
series of chemical transformations of a previously unknown rare mineral 
(crocoisite from Siberia), with no guiding chemical principles, in order to 
extract and prepare a previously unknown substance (a dichromate), with 
the specific intention of mixing it with egg albumen in order to bring 
about the previously unknown phenomenon of colloid photohardening, 
which entailed many days of exposure to bright sunlight and subsequent 
wet processing, before it yielded any perceptible image. He then kept this 
stunning achievement so secret that no whisper of it ever escaped into 
recorded history. 

The proto-photographic camera demonstrations by Allen, and Picknett 
and Prince, are consistent with the predictions of elementary 
photographic science, but they do nothing to verify the hypothesis that 
the Shroud of Turin itself is a mediaeval camera photograph. Indeed, 
when this proposal is quantified, it encounters serious obstacles with 
regard to the technical history of the lens. Such claimants tend to draw 
upon the wisdom of hindsight to project a distorted historical 
perspective, wherein their cases rest upon a particular concatenation of 
procedures which is exceedingly improbable; and their ‘proofs’ amount 
only to demonstrating (none too faithfully) that it was not totally 
impossible. The greatest objection to all such experimental ‘proofs’ of 
pre-invention is that latter-day proto-photographers have the benefit of 
knowing that they must endure a long, uneventful exposure before any 
visible result can possibly emerge from their experiments - and this 
knowledge has been provided by photographic science. So the 
unanswered question remains: what prior knowledge was there in the 
Middle Ages to persuade the aspiring observer of this unknown 
phenomenon to wait so patiently for a positive outcome? 

Genuine scientific advances have rarely stemmed from unobserved 
imaginings, but rather from obvious phenomena that have thrust 
themselves upon the receptive enquirer. Science progresses by 
experimentally-tested hypotheses, openly disseminated among peers 
(more-or-less, in an imperfect world!), in a cumulative, written tradition 
that continually revises and enhances our shared understanding of what 
may be possible within the physical world. The assertion that 
photography was the secret production of an isolated artistic genius may 
offer a compelling drama to those eager for sensation, but it belittles the 
practice of science and demeans the community of scientists, especially 
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those whom we know to be responsible, during the eighteenth and 
nineteenth centuries, for this superb invention. 

It is very probable that the nature of the image on the Shroud of Turin 
has been identified; our only difficulty remains in deciding which of the 
many conflicting sindonologists has done so correctly. My purpose here is 
not to add to the welter of speculation, religious mystification, and 
counter-argument surrounding this unique artefact,171 but simply to 
subtract from the debate the possibility that it may be a photograph. It is 
regrettable that the only recent evidence offered for the remarkable pre-
invention of photography should be this venerated relic which is seldom 
made accessible for scientific examination. We can only live in hope that 
another surviving “vestige of a lost medieval technology”,172 may 
eventually come to light. 
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4 Optics of Shadows  
Since this essay was first written in 2004, the word ‘skiology’, (Greek: 
skia = shadow) which defines its subject matter,173 has suffered a 
regrettable misappropriation: it has been reinvented by devotees of the 
piste, who seem to have scant regard for etymological niceties. Readers 
are warned that Google and other Web searches on ‘skiology’ may now 
prove irrelevant –except to winter-sports enthusiasts. 

4.1  Skiology or Sciagraphy 
It was not named thus originally, but the sub-science of ‘skiology’ has 
existed since the early Renaissance. It might be defined, retrospectively, 
as the application of geometrical-optical principles to determining the 
appearance of light, shade, and shadow forms in pictures. This study 
finds its origins in the discovery by Filippo Brunelleschi, about 1413, of 
the principles of geometrical perspective,174 which are taken up in later 
manuals of ‘sciography’,175 and applied to the drawing of shadows in 
projection, mainly for the purposes of architectural illustration. In these 
treatments, however, the assumptions are made that the sun is a static, 
‘point source’ of light. Skiology has a broader relevance, because it can 
also bring in the dimension of time, as well as space, to explain the 
appearances of those historic photographs that were recorded with the 
lengthy exposures required by early proto-photographic processes176 – 
either in the camera obscura, or as cameraless images masked by 
‘contact’. These effects will be illustrated here by some notable images 
from the early photographic canon: photogenic drawing negatives by 
Henry Talbot, and cyanotype photograms by Anna Atkins and later 
botanographers.  

This account aims to identify the relevant parameters that determine 
whether shadows are recorded and perceived as ‘soft’ or ‘harsh’, and so 
influence the aesthetics of photographic imaging. The following notes 
derive their subject headings from the delightfully apposite verse from 
Cantiones Profanae: Carmina Burana (Codex from the Monastery at 
Benediktbeuern, ca 1230) 177 

 
Tui lucent oculi   Your eyes with light are shining  
Sicut solis radii,   Just like the rays of the sun, 
Sicut splendor fulguris  As the splendour of lightning 
Lucem donat tenebris  Illuminates the shadows. 

 
 I shall consider in turn: the human eye, the sun’s radiance, the sky’s 

light, and the manner in which all three combine to determine the 
illumination of shadows: viz.  skiology. We recall that the metaphor of 
‘shining eyes’, celebrated in this verse from the Carmina, derives from an 
era when some philosophers still held that the human eye actually 
emitted rays of light that enabled the faculty of vision. This hypothesis 
acknowledged Plato’s theory of ‘extramission’ which derived from 
Empedocles,178 and was widely taught and believed for 1500 years, 
upheld by Euclid and Ptolemy, until it was rightly discounted by the Arab 
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optical physicist, Alhazen (965-1040), who was also the first scholar fully 
to document the camera obscura. ‘The world is bright, the eye dark’.179 

4.2  Angular measure 
As a technical preliminary, the geometry of shadow projection is most 
conveniently treated by angular measure. Now, the traditional definition 
of angles invokes those familiar units of degrees, minutes, and seconds – 
a confusing system that finds its origins in Babylonian astronomy over 
4000 years ago; a system of units that operates, most inconveniently, to 
base 60, and which is by no means conducive to easy mental calculation. 
To facilitate our arguments, one mathematical concept is needed that will 
greatly ease our mental arithmetic, but which may not enjoy everyday 
familiarity: namely, the concept of radian angular measure. An angle is 
defined in radians as the ratio of the length of the subtended arc of a 
circle to its radius 180 

Since the circumference of a circle is, by definition, 2p times its radius, 
it follows that the conversion between these two systems of angular 
measurement is given by: 

2p radians = 360 degrees   
or 1 radian = 180/p = 57.296°… (degrees of arc) 
When angles are small (in the order of 25° or less), the length of the 

short arc of the circle’s circumference is closely approximated (with a 
precision better than 1%) by the (slightly shorter) straight line spanning 
the same arc (called in geometry, the ‘chord’), and we shall make 
frequent use of this approximation to determine small angular measures 
easily.181 

4.3  The Eye's Resolution 
Leonardo da Vinci was the first to suggest, in the 15th century, that the 
eye functions as a camera obscura. The fundamentals of human visual 
optics can now be found in standard texts.182 The characteristic most 
relevant to skiology is the spatial resolution of which the healthy eye is 
capable. Under optimum conditions,183 human vision can resolve objects 
separated by an angle subtended at the eye of 1/3000 rad,184 and 
average vision can usually resolve 1/2000 rad;185 but the criterion 
normally accepted for photographic purposes is less stringent than this: 
an outline is deemed to be acceptably sharp when subtending an angle at 
the eye of  1/1000 rad (0.05° or 3' minutes of arc). This figure is taken as 
the limiting diameter of the ‘circle of confusion’, when a disc is just 
perceived as a point, and it is the figure customarily employed in the 
calculation of the effective depth-of-field of lenses.186 A viewing distance 
of 250 mm is the usual nearpoint for normal vision, and is also the 
natural, comfortable distance for viewing a print of about ‘whole plate’ 
size; at this distance, an angular resolution of 1/1000 rad obviously 
corresponds to a linear resolution of two points separated by a distance 
of 0.25 mm.187 

4.4  The Sun's Aspect 
The angular diameter of the sun viewed from the the earth’s surface is 
nearly 1/100 rad, or ca. 0.5°.188 The sun’s disc is therefore not exactly a 
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‘point source’ of light, as assumed by sciography, and any shadow that it 
casts displays two distinct regions: the umbra and the penumbra (fig. 
4.1).189 The umbra is defined as the region of ‘totality’ where the sun’s 
disc (or other light source) is completely obscured by the shadowing 
object,190 and it is the dominant feature of most shadows. The penumbra 
is the region at the edges of the umbra where the illumination is partial, 
the tones graduating from full shade to full light as a greater portion of 
the sun’s disc appears uncovered; so the penumbra confers a blurred or 
‘fuzzy’ edge to any shadow cast by a light source of finite size. Any solar 
penumbra subtends an angle of 1/100 rad at the edge of the object 
casting it; i.e. the width of a penumbra is approximately 1/100th the 
distance of the object from its shadow. A virtual ‘point source’, such as a 
star, casts shadows that consist only of umbrae.191  
 

               angle = 1/100 radian  
                                                                           penumbra 
 
       sun                                          object           umbra 
 
                                                                            
                                                                           penumbra 
                                                                                
 
                                                                 shadow plane 

Fig. 4.1. The structure of a solar shadow (not to scale!). 
 

The apparent diurnal motion of the sun is, thanks to the earth’s 
rotation about its axis, a full orbit of 360° over 24 hours; that is, an 
angular displacement of 15°/hour, as any sundial will attest.Therefore in 
a time interval of about 2 minutes, the sun travels through an arc in the 
sky equal to its own apparent diameter. When ‘accumulated’ over a 
lengthy exposure, the sun may be regarded as a ‘line source’ of light – 
rather like that emitted by a slightly curved strip-light – which has 
pictorial consequences in photography  to be worked out below. 

4.5  The Sky's Luminance 
The light from a clear, cloudless sky is due to the scattering of the sun’s 
rays by the gaseous molecules of the atmosphere – chiefly oxygen and 
nitrogen. The contribution of the total scattered light summed over the 
whole hemisphere of unobscured sky is about 1/8 of that received 
directly from the sun itself; i.e. only 3 stops less – as may be confirmed 
by measurements made in reflectance with a simple photographic 
lightmeter. A portion of this sky-light will penetrate any shadow area of a 
scene that has ‘sight’ of some part of the sky; for this reason it 
constitutes an effective ‘fill-in’ light, as the studio photographer would 
term it, and it therefore diminishes the contrast between shadows and 
highlights in photographs made outdoors.192 The effect is obviously 
absent indoors, in space, or on the moon, where the lack of atmospheric 
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scattering characterises photographs by extremely contrasty shadows, 
having inky-black depths. 

The sky, unocculted by dust or cloud, also appears blue because light 
of shorter wavelengths is scattered more strongly – according to the 
theory first put forward in 1871 by Lord Rayleigh,193 the intensity 
depends, among other things, on the inverse fourth power of the 
wavelength. So blue light (wavelength ca. 400 nm194) is scattered nearly 
ten times more efficiently than red light (wavelength ca. 700 nm).195 Since 
the shorter wavelengths are also highly actinic – that is, more potent 
photochemically than the longer wavelengths – they contribute 
predominantly to early photographs, whose materials were sensitive only 
to blue and ultraviolet radiation.  

4.6  Sharpness of Shadows 
Taking account of the sun’s disc of 1/100 rad and of the angular 
resolution of the eye as 1/1000 rad, we can immediately see that a sun-
cast shadow will appear subjectively ‘sharp-edged’ when it is viewed from 
a distance 10 times, or greater, the distance of the object casting it. (This 
self-evident approximation might be proposed as ‘The First Law of 
Skiology’!)  

The relative width of the gradual penumbra defines the harshness or 
softness of  shadows – the quality of chiaroscuro.  Natural sun-cast 
shadows become perceptibly soft-edged when viewed or photographed 
at distances less than 10 times the distance of the object casting them. 
This has an obvious effect on the aesthetics of portraiture, and the choice 
of light sources employed in studio photography.196 

Further softening of shadow edges in photographs can be caused by 
the sun’s  apparent motion – a photographic exposure of two minutes 
duration will therefore cause the edges of solar shadows in an image to 
blur by an additional extent, roughly equal to that caused by the finite 
size of the sun’s disc in an ‘instantaneous’ exposure. (This observation 
might be elevated to the status of ‘The Second Law of Skiology’!) But this 
effect of widening the penumbra is directional, due to the locus of the 
sun’s path through the sky, and shadows will generally tend to blur more 
in a horizontal direction than in a vertical one, assuming the sun is not 
too far from its zenith.197 Exposures much longer than two minutes cause 
softening of the shadow edges to a proportionally greater degree, 
expanding the penumbra at the expense of the umbra. If the object 
casting the shadow is small, the record of its umbra may disappear 
altogether during a photographic time exposure, as will now be 
demonstrated.  

Let the sun travel through an arc, of angle a radians, in time t hours: 

a = 2pt/24 = 0.2618 t 

or as a useful approximation: 

a »  t/4  rad 
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Now consider a narrow object of horizontal width, w, distant, d, from a 
surface normal to the solar direction, casting a shadow, with an umbra 
also of width w, in unoccluded sunlight, as shown in fig. 4.2. The 
condition that, after time, t, there should be no overlap of the umbrae is 
approximately w/d 198 

During an exposure of duration, t hours, the approximate geometrical 
condition for totally expunging a narrow umbra from the photographic 
record is then seen to be: 

t » 4w/d hours 

 (The Third Law of Skiology)199  
 

 
 
Sun 2 

umbra 1 
 
t hours                                                  w 
                                                                           d         
 Sun 1                                                                                      umbra 2 
 
 
                                                                                  Plane of shadow 
 

Figure 4.2  Idealised geometrical condition for the umbra to 
‘disappear’ in a photographic time exposure; for clarity the 

penumbrae are not drawn. 

4.7  Duration of Exposure  
Many early photographs acquaint us with the fact that a dark object in 
motion against a light ground does not record on a negative made with a 
time exposure: photographs come to mind like Daguerre’s View of the 
Boulevard du Temple, Paris, ca. 1838, totally empty of people except the 
stationary boot-black and his customer; or the ghostlike wraiths in other 
images where people have paused in their passing. These phenomena are 
typical of Daguerreotypes and Talbotypes, where the duration of the 
exposure may have been a minute or so.200 But the exposure times for 
the earliest camera negatives, made by Talbot’s photogenic drawing 
process, were much longer than this, running to an hour,201  so that living 
beings are not to be seen in them at all, and photographs containing 
clocks fail to record their minute hands. Thus, the effects of a moving 
object are familiar; but here we are concerned rather with the effect of 
moving the light source, and the best-known, indeed iconic, example of 
this is the famous ‘first photograph’ by Nicéphore Niépce, which shows 
oppositely-facing walls in a courtyard, both illuminated by the sun, 
presumably over an exposure of eight hours or more.202 
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4.8  Laws of Skiology 
It may be useful to summarise here the proposed "Laws" of Skiology: 

1. Solar shadows look blurred (with a perceptible penumbra) when 
viewed from less than ten times the distance of the object casting 
them, due to the apparent size of the sun’s disc: ~0.01 radians. 

2. A photographic exposure to the clear sun of two minutes duration 
shows shadow edges blurred additionally by an amount 
approximately equal to the limiting value in Law I, due to the sun’s 
apparent motion of 15º (p/12 radians) of arc per hour. 

3. The umbra cast by a narrow object of width, w, distance, d, from its 
shadow, will vanish entirely within a photographic exposure to the 
sun of duration ca. 4w/d hours. 

4. The light scattered from a clear hemispherical sky can ‘fill-in’ an 
umbra to the extent of 3 stops (8x) less exposure than the direct 
illuminance of the sun. The extent of ‘fill-in’ is proportional to the 
solid angle of irradiating sky.  

Skiological reasoning may be applied to Talbot’s early camera 
negatives, made by his photogenic drawing process.203 For instance, he 
photographed part of the vegetable garden in his estate at Lacock on 2 
May 1840 (fig. 4.3).204  

 

  
Fig 4.3 William Henry Fox Talbot,Wall in Melon Ground, Lacock Abbey 
May 2, 1840, Photogenic drawing negative The J. Paul Getty Museum 
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This image should be compared with the calotype made in the same 
location on 18 March 1843 (fig. 4.4), 205 when Talbot re-photographed 
the scene, using his recent and much more sensitive process. 

 

 
Fig 4.4 W.H.F. Talbot, Stone wall with Spade Basket and Broom 
Calotype negative 18 March 1843, Science Museum Collection 

 
We can estimate the exposures Talbot must have used for these subtly 

different images, from the geometry of the shadows visible in these 
negatives. On both occasions, there was evidently bright sunlight, and in 
the calotype the shadows are sharp, especially those of the gardening 
implements against the dry stone wall, suggesting an exposure of a 
minute or less. But in the photogenic drawing negative, most of the 
shadows have vanished – yet we know that they must have been there, 
because of the bright reflections of sunlight from the metal of the spade 
and the tines of the fork. Take the broomstave as providing an ideal 
geometrical test: near where it touches the wall, a shadow is still just 
visible, but as its distance increases, due to the leaning angle, the shadow 
disappears, as predicted by the Third Law of Skiology. Taking for the 
width of the broomstave, w = 1.5 inches (38 mm), and estimating the 
distance for the disappearance of its shadow, d = 12 inches (305 mm), 
say, from the wall, the Third Law equation predicts an exposure time, t = 
0.5 hour,  for the complete disappearance of the umbra. This value of half 
an hour is consistent with Talbot’s records of the exposures he was using 
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for similar photogenic drawing negatives at the time.206 Another curious 
feature of this negative is also readily accounted for: the small area of 
deepest shadow to the right of the watering can is the remains of its 
umbra –– because the shadow has been substantially invaded by the 
probing rays of the traversing sun. 

Prints made from other photogenic drawing negatives by Talbot show 
the same phenomenon in an entrancing way – breakfast tables, the 
library, a dressing table – in which sunlight streams into the scene, 
illuminating the high values and making multiple gleaming reflections 
from metal and glass, while the harsh, hard-edged shadows that would 
normally accompany them have had their penumbrae extended and their 
umbrae suffused with light (fig. 4.5).207  

 

 
Fig 4.5 W.H.F. Talbot, Breakfast table with two candlesticks, taken 

with a Camera Obscura. French Academy of Beaux Arts 
 

This smoothing-out of contrasts by lengthy time exposures confers an 
almost ethereal luminosity on these near-shadowless images. Chiaro 
senza oscuro. The invention in 1840 of the calotype shortened camera 
exposure times by a factor of about a hundred, and put an abrupt end to 
the camera use of photogenic drawing paper – a kind of photography 
which recorded the illumination of scenes in an almost magical way that 
cannot be perceived either by the ‘instantaneous vision’ of the human 
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eye, or by the modern photographic emulsion (without neutral density 
filters).208 

4.9  Photograms 
A photogram is a camera-less negative image of the shadow cast by an 
object onto sensitized paper. If the object is at all translucent, it may 
modulate the transmitted light, and the photogram then ceases to be a 
mere silhouette, but acquires some internal structure (fig. 4.6). 
 

 
Fig. 4.6 Mike Ware, Palmaria Palmata, Traditional cyanotype 

photogram of algae, sun-printed à la Anna Atkins 
 

It is usually thought that, to obtain a sharp image, the object and 
paper must be in close contact – but this is not so. The criterion for 
sharpness in a projected photogram is easily determined: if we assume 
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that the finished image will be viewed at a minimum comfortable distance 
of 10 inches (254 mm), then by the First Law of Skiology, a sun-printed 
image will appear sharp to the eye if the object that made it was distant 
from the sensitized paper by no more than 1/10th of this – i.e. 1 inch (25 
mm). Moreover, the exposure for such a projected image must be 
relatively short (less than 2 minutes by the Second Law of Skiology) if the 
sun’s apparent motion is not to blur the edges significantly.209 Many 
cyanotype and photogenic drawing photograms (using the old, insensitive 
processes) were probably made with exposures substantially longer than 
two minutes, which would have extended the depth of the penumbra and 
caused considerable blurring if the objects were not in contact. This 
explains the early photographers’ preference, in their choice of subject 
matter, for objects that were already substantially two-dimensional, 
flattened into close contact with the paper under a sheet of glass or mica: 
eg. leaves, algae, feathers, silks, and lace. 

However, the criterion does suggest that, provided sun exposures can 
be kept short, there is no need for an object to be in overall contact, and 
it explains why three-dimensional objects can also produce spatially 
interesting photograms with apparently fairly sharp outlines (fig. 4.7).210  

 

 
Fig 4.7 Mike Ware Dandelion clock, Tilos 2000  

New Cyanotype photogram, uncompressed objects, exposure 1 
minute to sun. 
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That an object can project a sharp photogram without being in overall 
contact leads to a further interesting effect on the ‘modelling’ of such 
images. While totally opaque objects in close contact always yield simple 
silhouettes, even incomplete contact can still maintain a sharp outline 
with little or no penumbra, provided the object remains no more than an 
inch or so away from the sensitized surface. Now, if there is a convexity 
of shape, the skylight can penetrate exposed regions of the umbra, 
causing a gradation of ‘fill-in’ light within the umbra, that appears in the 
image as a ‘false shading’ for the shapes of curved objects (Fourth Law of 
Skiology). This phenomenon imbues the photogram with a 3-dimensional 
quality,211 which is well-exemplified in the botanical studies of Bertha 
Evelyn Jacques,212 where the ‘modelling’ caused by the thickness and 
curvature of the plant stems and florets, should be compared with the 
‘flat’ photograms by Anna Atkins (fig. 4.9). 

 

 
Fig 4.9 Anna Atkins 
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 To achieve this ‘modelling’ effect in a photogram, three conditions 
must be met: a bright sun, a clear hemisphere of sky with a low 
unobstructed horizon which is ‘seen’ by the paper, and a short exposure, 
if the outline is to remain sharp.213 Obviously the specimen should not be 
flattened onto the paper, but simply allowed to rest upon it – no printing 
frame is required. Thus, a photogram of an apple can actually look 
spherical, not just circular, (fig. 4.10) and an egg can look ovoid, rather 
than simply oval.  

 

 
 

 
Fig. 4.10   
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In conclusion, it should be admitted that these notes are offered only 
as a beginning attempt to rationalise the close study of those modest 
pictorial elements that receive so little acknowlegement: the shadows.  

Rerum Natura tenebris obvoluta.214 
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 5. Herschel’s Photographic Prints from Engravings 
This chapter is based on a paper originally presented at the 2007 
Symposium, Literature and Photography: New Perspectives, celebrating 
Professor Graham Smith's tenure of the Chair at the School of Art History, 
University of St. Andrews.215 

5.1  Exposure Duration in Early Photography  
It may seem contrary that so much of the early photographic canon owes 
nothing to the camera obscura, which was, after all, the ‘philosophical 
instrument’ that became photography’s primary tool. But in 1839 it was 
remarkably difficult to make photographs in a camera. The daguerreotype 
process was sensitive enough to capture a photograph in the camera 
within a few minutes, but it used mercury vapour to develop a latent 
image on an iodized, highly polished silver plate, so was technically 
demanding and very neurotoxic. The slower alternative was Henry 
Talbot's ‘photogenic drawing paper’, based on a coating of silver 
chloride, a print-out process of much lower sensitivity that entailed 
camera exposures of at least an hour, even for well-lit scenes, as will be 
described in §6.1. It was not until the autumn of 1840 that Talbot 
discovered his process – the calotype – for the development by gallic acid 
of a latent image in silver iodide on paper (§6.2), with a camera speed to 
compete with the daguerreotype. 

Of all the sun's light received and scattered by a photographic subject, 
only a small fraction (ca. one hundredth to one thousandth) can be 
captured by the lens of a nearby camera, as it projects the subject's 
image through a restrictive aperture onto a photographically sensitized 
surface – paper, film, or glass plate –  at its focal plane. It follows from 
the law of reciprocity that direct exposure of the same sensitized surface 
to the incident rays of the sun will take only about one hundredth to one 
thousandth of the camera exposure time, in order to provide a clear 
outline of any object placed upon it. Such 'photograms', as they are now 
called, obtained by direct contact were therefore much easier to achieve 
than camera photographs.216 

5.2  Sciagraphs or Photogenic Drawings 
It is small wonder, then, that most of Talbot’s earliest photographic 
images were not made in the camera, but were examples of ‘sciagraphy’ – 
as he initially named his contact printing process in 1835 (skia-grafein = 
‘shadow-drawing’)217. These sciagraphs were silhouettes of objects 
directly intercepting the light; and only if there were some translucency in 
the object would the passage of light be modulated, so providing a 
modicum of continuous tonality and structure within the image. 

Talbot soon re-named these same-sized outlines in silver ‘photogenic 
drawings’,218 (fotoV-gennao = ’light-generated’) and he made many of 
them from 1835 on, using conveniently flat objects such as pressed 
flowers and other botanical specimens, either freshly plucked or as 
exsiccati, also feathers, samples of lace, clichés verres, and other images 
on glass. He further discovered that fine pictorial detail could be achieved 
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by contact printing small works of art on paper, such as woodcuts, 
engravings, etchings, or mezzotints - media which were gaining 
popularity at the time as means of book illustration. These are all known 
as ‘line images’, signifying that they are constituted of lines or dots of 
printer's ink, usually black, with a varying spatial frequency and width 
that convey an illusion of continuous tonality when viewed from a 
sufficient distance. These images actually comprise only two tones - ink, 
or nothing – so they were in a sense the very first ‘binary’ images, 
although they cannot be described as 'digital'! 

In practice, the engraving, or similar work, was placed face down in 
contact with the sensitized surface of the photogenic drawing paper, and 
exposed directly to the sun from the verso for as long as was needed to 
secure a vigorous image. Depending on the opacity of the paper stock 
used for the engraving print, the solar exposure could require some tens 
of minutes.219 This contact procedure yielded a photographic print that 
was, ineluctably, a mirror image of the original; it also usually involved an 
inversion of the tonal scale of optical density, because the most 
successful photographic processes respond to light by the darkening of a 
pale substance, rather than the bleaching of a dark substance,220 hence 
Herschel’s terminology of the ‘negative’.221 However, Talbot discovered in 
1835 that a further printing from the negative simultaneously rectified 
both the mirror reversal and the tonal inversion.222 

The relative difficulty in accomplishing early camera photography is 
evident from Talbot’s first exhibition of his photographic work at the 
meeting of the British Association for the Advancement of Science in 
Birmingham during August 1839: of the 93 specimens he then exhibited, 
only 22 were "views taken with the camera obscura".223 One was an actual 
camera negative on paper, and 21 were described by Talbot as ‘transfers’ 
– his term for positive prints from camera negatives; the other 71 pieces 
were ‘photogenic drawings’ or photograms of objects.224 

5.3  Herschel's Versions of Photography  
The announcement at the Royal Institution on the 25th January 1839 of 
Talbot’s invention of photography on paper did not disclose any technical 
details of the process, but within a week Sir John Herschel had re-
invented a method of silver photography for himself. He and Talbot then 
began a long collaboration over this mutual pursuit, to which Herschel's 
first contribution was the major discovery of thiosulphate fixation, which 
is still in use today. While Talbot was shaping his personal artistic vision 
through his adopted instrument, the camera obscura, his colleague in 
photography, Herschel, evinced little interest in making original pictures. 
As pointed out by Dr. Larry Schaaf, Talbot was a dunce at drawing, and 
nursed this personal motive for inventing photography to compensate for 
his lack of graphic skill, whereas Herschel evidently felt no compulsion to 
prove his competence, having already demonstrated a facility with the 
camera lucida.225 Herschel's uses for the new discovery sprang from what 
he then called "actinochemistry": the embryonic sub-science now known 
as photochemistry. He sought to employ the photographic phenomena as 
a probe for those regions of the electromagnetic spectrum that lay just 
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beyond the limits of human vision, to see the chemical effects of 
ultraviolet and near-infrared radiations, the latter having been discovered 
by his own father. As a secondary aim, he was also clearly interested in 
developing photographic processes for reprographic purposes, preferably 
in colour. 

5.4  Herschel’s Use of Engravings 
To Herschel, therefore, the gathering of new pictorial subject matter was 
of little interest; he was content to use printed engravings from recent 
literary publications as source images for his experiments. This 
employment has had a curious consequence for the historiography of 
photography: some of the most technically innovative specimens, images 
which demonstrate entirely new photographic printing processes, did not 
originate in the camera, but in publishing, where they were originally 
included as illustrations to accompany literary anthologies of prose and 
verse. 

The earliest known dated photographic print by Herschel has 
connotations both literary and Scottish: this interior view of the 
Advocate’s Library in Edinburgh, (Figure 5.1) is a silver negative print 
which Herschel made from an engraving first published in Thomas 
Shepherd’s Modern Athens, a copiously illustrated volume of 1831 
celebrating the city of Edinburgh.226  
 

 
Fig. 5.1. Facsimile of Herschel's argentotype of 1839 of an engraving 

of the Advocate's Library, Edinburgh.227 
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The negative print is dated 7th February 1839, just two weeks after 
Talbot’s announcement.228 Herschel submitted it, and 22 other 
photographic specimens, to the Royal Society with the manuscript of his 
first paper on photography, which he read before the Society at its 
meeting on 14th March 1839; but he subsequently withdrew it from full 
publication in the Philosophical Transactions, so only a summary account 
appeared in the Society's Proceedings.229 (Herschel’s original complete 
manuscript of this paper was rediscovered by Dr. Larry Schaaf in 1979.230) 
The Advocate’s Library print, like many of Herschel’s early experimental 
photographic productions, is signed, dated and annotated in ink, on the 
recto, suggesting it was intended for others to view, thus: ‘J.F.W.H. 
Photogr. Feb. 7/39’. The abbreviation ‘Photogr.’ was commonly applied 
by Herschel to his productions at this time. A.V. Simcock of the Museum 
of the History of Science at Oxford has speculated on the precise meaning 
he intended here: photogr-aph? -aphy? -apher? or even photographsit?231 
Herschel coined his new word ‘photography’ probably in late January 
1839,232 so this was a very early use; it is perhaps surprising that he 
should consider the word had already acquired such currency that it could 
be thus abbreviated so soon. 
 

 
Fig. 5.2. Interior of the Advocate's Library, Edinburgh. 

(Engraving from Modern Athens by Thomas H. Shepherd, 1831.) 
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Herschel also reprinted this image as a positive,233 by carrying out 
what he called a ‘re-transfer’ or ‘re-reversal’, in order to restore his 
reversed negative, to a correct positive image.234 It might be noted, in 
passing, that Herschel was the first to apply the words negative and 
positive in the photographic context.235 

Herschel expressed a particular concern to achieve a high degree of 
definition and translucency in his ‘first transfers’ (which today we would 
call inter-negatives) so that positive prints made from them should not 
be too deficient in detail. In his unpublished paper of 1839 he observed: 

‘To operate a second transfer, or, by a double inversion to 
reproduce the original effect, is a matter of infinitely greater 
difficulty, and one in which I have only recently ascertained the 
cause of former failures and the remedy to be applied. In 
consequence, the specimens produced will be found somewhat 
inferior in points of sharpness, and are by no means to be taken 
as favourable instances.’236 

In his 1840 paper, Herschel set out the criteria that must be observed 
for achieving a good result in this respect; foremost among them was the 
application of sufficient pressure to ensure extremely close contact of the 
sensitized paper with the original, but the quality of the paper itself was 
also important, and he found that a double negative, carefully aligned, 
resulted in a better print.237 

The alternative to this procedure of ‘re-transfer’ was to devise direct 
positive-working processes, but these had the disadvantage of producing 
a spatially reversed, positive image, unless the chirality was corrected by 
printing through the verso of the original. From a paper diaphane this 
results in such a severe loss of definition that it was generally 
unworkable. 

The art of fine steel-plate engraving had been developing through the 
1820s, and could provide images with a high resolution which constituted 
a good test of the optical quality of the printing method;238 however, the 
‘binary’ nature of the engraved image, as described above, did not 
constitute a very critical test of the ability of the process to render subtle 
tonal gradations. Herschel’s use of engravings may have imposed some 
limitations on the technical assessment of a process’s quality, which he 
did not fully appreciate in those early days of photography.239 It is true 
that ‘line’ originals provide a good test of spatial resolution but, having 
effectively only two densities, of ‘black’ and ‘white’, they are not capable 
of disclosing the ability of a process to reproduce continuous tonal 
gradation, because they lack the subtly-modulated optical densities of a 
high-resolution photographic negative. A well-printed steel engraving 
provides a suitable source for making striking and attractive 
photographic copies, even via processes of very high contrast with no 
capability for rendering intermediate tones. This may be one reason why 
the cyanotype process, as developed by Herschel, later acquired a 
reputation for rather poor tonal separation, and was not regarded by 
most photographers of the day as a satisfactory pictorial medium. 
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5.5  Identification of the Engravings 
We know that most, if not all, of the loose engravings employed by 
Herschel for his photographic printing experiments were supplied by one, 
P. Stewart. The entry from Herschel’s diary for 14th  February 1839 reads: 

Pursued without intermission the Photographic transfer of 
Engravings. Prepared and set going a lot sent me by P. Stewt.240 

Moreover, we learn the address of Stewart's workplace from a note in 
Herschel’s hand on a packet of prints, ca. 1842, in the Oxford archive:  

1 Cyanotype. 2 Amphitypes. Dr. Sir, when done with … sent to 
care of Mr. Stewart, 65 Cornhill. They will come safe to hand.241 

"65 Cornhill, London" was the address of the prominent and successful 
publishing house of Smith, Elder and Co.,242 and "Peter" Stewart had 
joined the firm as a partner in 1827, also working as a printer. He was 
one of Herschel’s six brothers–in-law, who also included the better-
known John Stewart, subsequently celebrated for his photography in the 
Pyrenees. It appears that P. Stewart had been christened "Patrick".243 He 
would soon be deeply involved in the publication in 1847 by Smith, Elder 
and Co., of an account of Herschel's Cape Results,244 but the history of 
this involvement proved unhappily scandalous, involving illicit financial 
dealings; as a consequence of which P. Stewart was obliged to leave 
Britain. He died in Calcutta in 1852.245 

Many of the actual engravings supplied to Herschel by Stewart are in 
the Oxford archive, but all are cropped to their borders, lacking titles or 
authorship, so are not instantly identifiable. In his Memoranda,246 
however, Herschel’s ‘List of Engravings, & how rendered Transparent’ 
names the titles of 24 such engravings and describes the treatments he 
applied to them; additionally, scattered throughout his Memoranda, there 
are passing references to seven more engravings that he used for printing 
experiments. These 31 titles are identified, as far as possible, in Table 
5.1. Since the choice of these engravings had, presumably, been decided 
arbitrarily by P. Stewart, their selection cannot be considered as a mirror 
for Herschel’s own pictorial aesthetic, but he did comment on their 
technical qualities: 

‘Good Subjects for Negative Photographs. No 2 Miss in her 
teens. 4. Mrs L. Stanhope’. 

Numbers 1 to 24 in Table 1 constitute Herschel’s numbered list from 
his Memoranda in the HRHRC. The seven additional titles, numbered 25-
31, occur elsewhere in Herschel’s Memoranda, especially in the ‘Lists of 
Specimens’ sent to various people (e.g. see Table 5.2). Where the original 
engraving also exists in the Oxford Herschel archive it is denoted by *, 
which assists the attribution despite the changes that Herschel made to 
some of the titles. The references in Table 5.1 refer to the year, plate 
number, and opposite page of the volume of the annual, Friendship’s 
Offering, where the engraving was originally published, with the 
exception of no. 29, which may be from Heath’s Book of Beauty, and no. 
27 which is by John Cochran ca. 1830. 
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No Title in Herschel 
Memoranda 

Title in Friendship’s 
Offering, etc 

Year Pl p. 

1 Wise Men. Rembrandt Halt of the Caravan* ? 1831 11 305 
2 Mrs L. Stanhope The Hon. Mrs Leicester 

Stanhope 
1836 3 36 

3 Bridal Morn The Bridal Morn 1837 7 181 
4 Still in my teens Still in my Teens 1838  8 217 
5 Early Morning Early Morning* 1837 8 217 
6 Orpheus [unidentified]    
7 Infant Lyra Lyra* 1830 2  
8 Lady with flowers Mine Own* ? 1830 8 181 
9 The Countess The Countess* 1836 7 181 
10 Royal Prisoner / Royal 

Captive 
The Royal Prisoner* 1839 9 325 

11 Old barns &c. [unidentified]    
12 Mrs. Sheridan Miss Louisa H. Sheridan 1838 4 73 
13 Opening the Chest The Co-heiresses 1840 5 157 
14 Scene in Italy / 

Landscape 
A Scene in Italy* 1839 8 289 

15 Torceleo Torcello 1838 5 121 
16 Burghersh Family The Children of Lady 

Burghersh 
1840 7 252 

17 Frescatura  / Pompeii The Festival* ? 1836 4 73 
18 Youth & Beauty Youth and Beauty 1838 7 181 
19 Amazons Basso relievo [unidentified]    
20 Hercules & Lion [unidentified]    
21 Schooner [unidentified]    
22 Roman Lady [may be no. 26 Donna 

Elena* ?] 
1837 3 28 

23 Poetry Poesie* ? 1831 13 373 
24 Boy & Lyre [unidentified]    
25 Rosolia Rosolia 1837 8 217 
26 Helena Donna Elena* 1837 3 28 
27 Lady & Lute The Lady of the Palace*    
28 (Reading) Letter of Bad 

News 
Reading the News 1830  57 

29 Biancha Bianca Vanezzi ?  1834   
30 Italian Lady The Gondola* ? 1834 11 325 
31 Square-rigged ship [unidentified]    

 
Table 5.1. Engravings named by Herschel for his photographic 

experiments, and their published sources, where known.  
(Transcript courtesy of the Manuscript Library, HRHRC, University of 

Texas at Austin.) 
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In his Memoranda, see for example Table 5.2, Herschel refers to these 
picture titles, and indicates his photographic processes, which include 
anthotypes, cyanotypes, chrysotypes, kelainotypes and calotypes.  
 
1 Burghersh Fam + Red Stock 2 
2 Royal Prisoner + Do. 1 
3 Pompeii + Do. 1 
4 Mrs. L. Stanhope + Do. 2 
5 In my teens + Papaver Hybridana  

No. 1216 
2 

6 Helena + No. 1182 2 
7 Do. + No. 1202. Violet  2 
8 Do.                               Pos + Sparaxis Alk. 1153 3 
9 Pompeii                        Neg – Cyanotype (a) F3/2 2 
10 Mrs. Sheridan – Do.            (a) 1 
11 Rosolia + Do. Deep blue vary (b) 1 
12 Ships – Do.  (a) light blue 2 
13 In my teens – Do.  (a) dark blue 1 
14 Rosolia + Do.  (c) before fixing 2 
15 In my teens + Do.  (c) purple half fixed 2 
16 Ships + Guiacum green 2 
17 Helena – Chrysotype (thin) 1 
18 Burghersh fam – Do.   Bwpon 1 
19 Mrs. L. Stanhope  725. Mercury 2 
20 My Teens  750. Do. 1 
21 Scene.....  721. fixed 1/2 by Chrom 2 
22 
23 
24 

Specimens of Mr Collen’s 
portraits 
Calotype. 

 Talbot’s Calotype  

 
Table 5.2. ‘List of Photographs sent to Mrs. Cameron. Aug 22/42.’ 
(Transcript courtesy of the Manuscript Library, HRHRC, Austin, Texas.) 
 
All the experimental print specimens that have survived lack any titles 

inscribed by Herschel, and all the original engravings are cropped to their 
borders. To correlate actual specimens with his photochemical notes, it 
was clearly necessary to identify the engravings used by Herschel. As can 
be seen from Tables 5.1 and 5.2, most of their titles are vaguely and 
uninformatively romantic, such as: Poetry; Youth & Beauty; Rosolia; 
Helena; Juliana; The Countess; and Still in my Teens, but among them 
may be seen the names of two identifiable ladies of the time: Miss Louise 
Sheridan and Mrs L. Stanhope. The Catalogue of Engraved British Portraits 
lists ‘Miss Sheridan standing, playing the harp’, (although under her 
married name of Lady Louisa Henrietta Wyatt) and the Catalogue further 
states that this engraving of her portrait was published in the 1838 issue 
of Friendship’s Offering.247 One of Herschel’s best known cyanotypes, 
Figure 5.3, is an exact match for the Sheridan engraving, mirror reversed, 
tonally inverted, and rendered in blue.248 
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Fig. 5.3. Herschel cyanotype of the engraving of 'Miss Sheridan' 1842. 

(Courtesy of the Museum of the History of Science, Oxford.249) 
 

Likewise, the Honourable Mrs Leicester Stanhope (née Elizabeth Green) 
was found in the Art Libraries Association Portrait Index to have had her 
engraved likeness published in the Friendship’s Offering volume for 
1836, see Figure 5.4. Following up these essential clues kindly provided 
by Dr Sara Stevenson, my examination of a complete run of this annual 
publication revealed that most of the engravings provided by Peter 
Stewart and used by Herschel for his experiments had been published in 
Friendship’s Offering – a Literary Album and Annual Remembrancer,250 
one of Smith, Elder and Company’s most successful titles over the period 
1824 to 1844. 

5.6  Literary Annuals and Gift-books 
The ready availability of such conveniently-sized high-quality engravings 
was the consequence of a Georgian publishing phenomenon attributable 
to the printseller, Rudolph Ackermann (1764-1834) of 96 The Strand, 
London, who in 1823 undertook a new annual publishing venture by 
launching Forget-Me-Not, based on the German Taschenbuch (= 
‘pocketbook’), comprising a diary and almanac of useful information, 
accompanied by an anthology of prose and verse; but the former features 
were soon dropped in favour of an exclusively literary content. Each 
volume was furnished with an elegant and elaborate binding, and was 
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also lavishly illustrated, offering a ‘chaste selection of embellishments’ in 
the form of a dozen fine steel-plate engravings.251 This process of art 
reproduction had been invented around 1810 and patented in 1819; it 
provided much finer prints than the coarse-grained woodcuts used 
hitherto for book illustration. The steel plate was capable of delivering 
long print runs without showing wear, unlike plates of copper, from 
which only one or two hundred engravings could be pulled before the 
plate deteriorated. Engraving was labour-intensive, however: it could take 
three years to complete a plate, for which a payment of 100 guineas was 
not unusual. The process of mezzotint was less time-consuming because 
the ground could be prepared by apprentices. 
 

 
Fig. 5.4. Herschel cyanotype of the engraving of the Honourable Mrs 

Leicester Stanhope, 1842. 
(Courtesy of the HRHRC, Austin, Texas.) 

 
Outside the privileged circles of art ownership, very few had access in 

1820 to original paintings; there were no civic art galleries or public 
collections.252 The steel-plate engraving was the first fine-art 
reprographic medium to convey some impression of the quality of easel 
painting to a mass audience at low cost. Ackermann was a well-
established purveyor of engravings, and probably saw the annual 
giftbook, intended for Christmas, as a means of increasing the public sale 
of small but exquisite commissioned works of art on paper.253 His literary 
annual, Forget-Me-Not, was the first to be published: it ran from 1823 
until 1847, but soon attracted imitators from other publishers with 
competing titles, notably: Friendship’s Offering (1824-44), Literary 
Souvenir (1825-37), Amulet (1826-36), and Keepsake (1828-57), so that 
by 1831 there were about twenty such titles on the booksellers’ 
shelves.254 
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Fig. 5.5  Friendships Offering 1835: Frontispiece and dedication page 
 

These literary and artistic giftbooks soon established a vogue, 
reflecting the popular culture and tastes of the British upper middle 
classes for the next three decades of the mid-nineteenth century. During 
this time, nearly two million such volumes were sold at a cost of over a 
million pounds sterling.255 Print runs of the most popular annuals in their 
hey-day could exceed 10,000.256 The annuals were largely bought by 
ladies as gifts for their friends at Christmas. During the 1840s they 
became increasingly significant as vehicles for the female poetic voice 
and womens’ writing, which found little outlet elsewhere.257 For instance, 
a number of female authors, Mary Howitt, Amelia Opie, Mary Russell 
Mitford, and Letitia Landon, wrote frequently for Friendship’s Offering. 
Other notable contributors were John Ruskin, late works by Coleridge, 
and early works by Tennyson. Although the giftbooks provided the 
primary publication media for post-Romantic and early Victorian poetry, 
there were authors – among them the Poet Laureate, Robert Southey – 
who despised the commerciality of gift books for the same reasons that 
some painters were indignant at the indefinite proliferation of their 
pictures as engravings.258  

The phenomenon of the illustrated giftbook raises two questions 
concerning the historical role of the steel-plate engraving. Did the 
growing public familiarity with this relatively inexpensive but 
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sophisticated art-medium help prepare the popular taste during the 
period 1823-1844 for the eventual acceptance of the monochrome 
photograph, that was to follow as the newly-invented art-form? It has 
been observed that the fad for giftbooks proved sadly short-lived, leaving 
a number of skilled engravers high and dry by the 1850s. Is it possible 
that the increasing production of the photographic print on paper had, by 
then, diminished the commercial viability of the engraved reproduction, 
eclipsing it in the same manner that the exquisite daguerreotype process 
on metal is said to have put paid to the art of the painted miniature 
portrait? 

5.7  The Evanescent Anthotype 
In his quest for new imaging photochemistry, Herschel soon took leave of 
the brown pictures provided by silver, driven seemingly by a desire to 
devise a system of colour photography. To this end, in 1839, he first 
employed the flowers from his own garden, crushing their petals in 
alcohol to extract the dyestuffs (anthocyanins), which he then painted 
onto paper.259 These dyed coatings would slowly bleach in sunlight, so 
exposure in contact with engravings yielded direct positive prints in 
various colours depending on the plant, which Herschel must have hoped 
would supply the primaries for a colour printing system. He referred to 
this process as anthotype or sometimes, phytotype. But the printing was 
very protracted, demanding exposures of days or even weeks to bright 
sun, and the products were ephemeral. There was – and still is – no 
means to fix such images, because further exposure to light will slowly 
but inexorably bleach them. Herschel's researches were taken further by 
the redoubtable Mary Somerville,260 and it is remarkable that some of 
Herschel’s specimens still survive today,261 and that there is still a lively 
constituency of practitioners in this impermanent, but environmentally-
friendly medium.262 

5.8  Invention of Siderotype 
Herschel’s dissatisfaction with using vegetable dyes for what he called 
‘non argentine photography’, led him in 1842 to consider ‘mineral 
substances’ as possibly providing more stable sources of coloured 
images. Seeking advice on highly coloured inorganic compounds, he 
turned to a young, newly-elected Fellow of the Royal Society, Dr Alfred 
Smee, who was 22 at the time and had recently been appointed by the 
Bank of England as ‘surgeon’. Smee was well-grounded in chemistry, for 
which he had already established a reputation in the Royal Society, and he 
willingly responded to Herschel’s enquiry with suggestions for possible 
chemicals that might fulfil his intended purpose. 

In April 1842 Smee supplied Herschel with a sample of the bright red 
substance, potassium ferricyanide; this was a rare chemical at the time, 
difficult to prepare in a pure state by oxidation of the commonplace 
potassium ferrocyanide,263 but Smee had discovered an expedient 
electrolytic method of doing so, making use of a powerful electric battery 
of his own design.264 Herschel’s Experimental Memoranda record the first 
test of this substance, which proved to be light-sensitive: 
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“Photography.  Photochromy. Non Argentine. 
Mineral substances (F3/2CP) 265 
Smee’s Red Ferrocyanate of Potash washed on paper gives it a 
fine pale green colour. 
April 23. 1842. 
… When the paper is thrown onto water the impression 
becomes stronger, loses  its Violet ruddiness & turns to a fine 
prussian blue. 
… a wash of very dilute acid…immediately developed a strong 
blue impression. 
This paper will prove valuable." 266 

This is the moment of discovery of the process that he later named 
‘cyanotype’, and which, subsequent to his death in 1871, became 
commercially prominent as the ‘ferroprussiate’ or ‘blueprint’ process.267 
The next day his Experimental Memoranda  record: 

“Photography Non Argentine. Sesqui Ferrocyanate of Potash 
F3/2CP 
April 24/42 
Tried it for copying engravings. It does them very beautifully, 
but the copies are negative in the lights are blue and the shades 
white.” 

In a letter dated 10 May 1842, Smee made a further chemical suggestion: 
“There are two salts which of late have been used in Medicine 
having been vamped up by the Chemists and Druggists. The 
Ammonio Citrate and Ammonio Tartrate of Iron which are 
perfectly soluble and give very dark solutions. I mention them 
thinking it just barely possible that they may not have found 
their way into your laboratory and should my anticipation be 
correct it will afford me much pleasure to send some of 
each."268 

Non-silver photography owes much to Smee: his suggestion of 
ammonium iron citrate provided Herschel with the chemical key to a 
photographic treasure trove; this iron salt, which was beginning to appear 
on the pharmacy shelves as a tonic, was successfully used by Herschel in 
variety of photographic ways, as indicated by the draft of his reply to 
Smee dated 15 June 1842: 

"I cannot help thanking you for your mention in one of your late 
notes to me of the Ammonio citrate and Ammonio tartrate of 
Iron as highly coloured salts. The former of these salts I have 
procured and examined, and it has furnished me with an infinity 
of beautiful photographic processes, both in conjunction with 
your Ferrosesquicyanate and with other ingredients."269 
[Herschel's underlining] 
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Clearly Herschel had no previous knowledge of these substances but, 
thanks to Smee, he could now devise a more effective cyanotype recipe - 
one that has survived essentially unchanged to the present day. 
Astute chemical reasoning also quickly led him to devising several other 
iron-based processes for making images in noble metals, such as silver, 
gold, and mercury.270 So in 1842, just three years after the first public 
announcements from Paris and London of the independent inventions of 
silver photography, Herschel made a major innovation with a quite 
different photographic process based on light-sensitive salts of iron, 
rather than silver. His collective name for this was siderotype, (sidhroV = 
iron).271 
 

 
Fig. 5.6. Sheet of Herschel specimens sent to the Royal Society 1842. 

(Courtesy of the HRC, University of Texas at Austin.) 
 

Herschel published details of these iron-based processes which 
yielded images in silver, gold, Prussian blue and mercury in a major paper 
to the Royal Society in 1842.272 This was accompanied by 43 specimen 
prints, all taken from engravings, mounted on seven sheets of card, 
which are now in the photographic collection of the Harry Ransom Center 
of the University of Texas at Austin, see Figure 5.6273 A later verse by 
Rudyard Kipling, while no doubt coincidental, might almost have been 
intended as a metaphor for this discovery: 

Gold is for the Mistress, 
Silver for the maid, 
Copper for the craftsman 
Cunning at his trade. 
“Good,” said the Baron, sitting in his hall, 
“But Iron, cold Iron, is master of them all.” 
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5.9  Herschel’s Photo-etymology 
Herschel’s education, like that of every English gentleman of his time, 
naturally embraced the classical languages. To characterise his 
photographic discoveries he apparently took a delight in devising 
neologisms, and his linguistic invention made several contributions to the 
developing language of photography. Besides the word photography 
itself, as mentioned earlier, he also gave us negative and positive (used as 
nouns, as well as adjectives, to describe the image tonal scale), the 
snapshot, and possibly the verb to solarize, although John Draper also 
used the word in 1840. All the names he accorded to his new processes 
are summarised in Table 5.3. 
 

Process name Greek Root Meaning Image substance 
Anthotype anqoV plant plant dye 
Phytotype futoV plant plant dye 
Argentotype argentum (Latin) silver silver 
Argyrotype arguroV silver silver 
Chrysotype crusoV gold gold 
Cyanotype kuaneoV blue Prussian blue 
Kelainotype  kelainoV dark mercury 
Amphitype aµfi both mercury 
Sidero- sidhroV iron all iron-based 
–type tupoV wrought  

Table 5.3. Herschel’s etymology for new photographic processes. 
 

Excepting the rather obscure Herschel Effect, none of Herschel’s many 
photographic discoveries was named eponymously – a reflection of the 
innate modesty of the man. Moreover, he never sought protection by 
patent for any of these inventions, which left considerable elbow-room 
for plagiarists to make several attempts to usurp his processes. 

5.10 Siderotype Processes 
The light-sensitivity of all the siderotype processes proved to be low, 
however, and no higher than that of Talbot's first silver process of 
photogenic drawing, so they were not seriously entertained as means for 
securing images in the camera, once the much faster calotype process 
discovered by Talbot in 1840 was in general use. Herschel’s siderotype 
processes were therefore employed for making photograms and for 
contact printing from engravings and from camera negatives; there is no 
evidence that he actually used any of the siderotype processes for 
capturing images in the camera, although he mentioned the possibility in 
passing. 
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Fig. 5.7.  Marion & Co's "Ferro-prussiate" paper advert 1885. 

 
Out of the rich legacy of unpatented processes left by Herschel on his 

death in 1871, cyanotype was to prove of enormous commercial 
importance: it was rapidly seized upon by Marion & Co., who marketed 
papers, promoted as "ferroprussiate" printing, Figure 5.7, which became 
the standard method for copying the plans in every drawing-office. 

 ‘Blueprint’ took its place as the dominant method of reprography for 
the next eighty years, and even in obsolescence it has endowed our 
language with this new word, in its now expanded meaning. Cyanotype 
also has the bibliographic distinction of having been used for the first 
photographically-illustrated book: Anna Atkins’ British Algae: Cyanotype 
Impressions, (1843-53). This simple, inexpensive, safe process still 
enjoys a wide following of artistic and hobbyist practitioners today. 

Towards the end of the nineteenth century, Herschel's argentotype 
process, which had long since fallen into desuetude, suddenly fathered a 
whole family of derivative iron-silver processes: Van Dyke Brown; 
Kallitype (kalli = beautiful); Sepiaprint; and Brownprint are the self-
descriptive names for these essentially similar processes. Unfortunately 
they did not enjoy a high reputation for permanence, unless toned with 
gold or platinum, but some are still practised today by the devotees of 
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the hand-made photographic print.274 Herschel’s chrysotype, in contrast, 
furnished permanent, deep purplish-red images made of nanoparticle 
gold (the ‘Purple of Cassius’ already widely used by ceramicists and 
stained glass artists), see Figure 5.8. 

  

 
Fig. 5.8. Chrysotypes by Sir J.F.W. Herschel 1842. 

(Courtesy of the Library of the Royal Society.) 
 
Nonetheless chrysotype failed to gain acceptance into the photographic 
repertoire – partly owing to its obvious expense, but partly also on 
account of chemical difficulties over controlling the colour, tonality and 
contrast of the image. Only in the last two decades of the 20th century 
have the photochemical problems of chrysotype been resolved.275 

5.11 The Exasperating Kelainotype 
Of all Herschel’s siderotype investigations, the most tantalizing proved to 
be the kelainotype. He took the name from the Greek word for ‘dark’ 
(kelainoV), but there are also several creatures bearing this proper name 
in Greek mythology, so Herschel might have had in mind – for reasons 
that will become apparent – the creature Kelaino (or Celaeno) who was 
one of the Harpies: malign female winged creatures who abducted and 
tormented men. This process furnished images in metallic mercury which 
could display visual qualities so rich and unique that Herschel was 
completely seduced: 
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"[Kelainotype]… affords pictures of such force and depth of 
colour, such velvety richness of material, and such perfection of 
detail and preservation of the relative intensities of the light, as 
infinitely to surpass any photographic production I have yet 
seen, and which indeed it seems impossible to go beyond." 276 

But there is a problem with this sumptuous process: mercury is volatile 
at room temperature and evaporates. To his chagrin, all of Herschel’s 
kelainotypes faded within a few days, provoking his frustrated comment: 

"Most unfortunately, they cannot be preserved." 277 
Herschel expended much time and effort in endeavouring to improve 

the procedure for the mercury print, but ultimately without success. His 
exasperation as a scientist is evident in a letter to Talbot: 

"It has led me such a dance as I never before was led by any 
physical enquiry…" 278 

The problems that Herschel enountered with his evanescent 
kelainotypes remain unsolved to this day. 

5.12 A Neologism: the Diaphane 
Throughout the first fifty years of photography, prints, as distinct from 
camera negatives, were generally made without the aid of any optical 
device employing lenses.279 A negative, or some other object, was simply 
contacted with the sensitised surface, and the light source at that time 
was, faute de mieux, the sun or a bright sky.  

In writing about the practices of early photography, I have become 
increasingly aware that the English language lacks any word to 
encompass the whole class of objects, such as those described above, 
which have been used to imprint their likenesses by interposing them in 
the path of the light falling upon a photographically sensitised surface.280 
To serve this semantic purpose, I propose a revival and re-definition of 
the obsolete noun diaphane, in the hope that it may find acceptance 
among photohistorians and possibly even lexicographers. The word has 
completely fallen out of use in its original meaning.281 The Greek roots 
(dia- fanhV = ‘through-showing’) seem appropriate,282 and there are 
precedents for employing them in a photographic context, as evidenced 
by Thomas Sutton’s quite obsolete diaphanotype process of 1856, and 
the diaphanoscope, one of the many names contrived for an optical 
device that could display transparent positive photographs, which are 
themselves known today as diapositives.283 A diaphanometer was a 
nineteenth-century instrument for measuring transparency, especially of 
the atmosphere. The words photophane and lithophane are similarly 
derived. Among the genteel Victorian pastimes described in volumes such 
as Elegant Arts for Ladies is the art of Diaphanie: The decoration of glass 
to the resemblance of stained windows and painted transparencies.284 

Even if it can plead no other recommendation, the adoption of 
diaphane would at least enable us to avoid the solecism of having to refer 
to an engraving or a plant, used photographically, as a ‘negative’. 
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Section II  
 

History of Silver Photography on Paper 
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6  Talbot's Achievements and Legacy 
6.1  Invention of Photogenic Drawing 
We have already seen in §3.7, that simply combining a camera obscura 
with a silver salted paper at its focal plane does not inevitably guarantee a 
photograph, as Thomas Wedgwood and Humphry Davy were disappointed 
to discover, ca. 1800: 

"The images formed by means of a camera obscura have been 
found too faint to produce, in any moderate time, an effect 
upon the nitrate of silver." 285  

Quoting this earlier admission of failure in his 1839 paper, Talbot follows 
it with the remark: 

"I have been informed by a scientific friend that this 
unfavourable result of Mr. Wedgwood’s and Sir Humphry Davy’s 
experiments, was the chief cause which discouraged him from 
following up with perseverance, the idea, which he had also 
entertained of fixing the beautiful images of the camera 
obscura." 286 

It is tantalising to speculate which of Talbot’s (mostly eminent) ‘scientific 
friends’ this might have been. If we are to appreciate why proto-
photography in a camera should turn out to be barely feasible in practice, 
the ‘Gernsheim question’ raised in §3.1: 

“…the circumstance that photography was not invented earlier 
remains the greatest mystery in its history” 

deserves rephrasing as a direct challenge: if cameras and silver chloride 
were already well-known by 1834, just what did Henry Talbot contribute 
to the invention of photography?  The following paragraphs will attempt 
to answer that question. 

Chemistry describes the preparation of silver chloride by mixing 
solutions of silver nitrate and sodium chloride (common table salt) in 
water, whereupon the insoluble silver chloride is precipitated as a white 
solid by a chemical reaction of metathesis: “exchanging partners”. To 
make the pure product most economically, the silver nitrate will require 
just over one third (actually 34.4%) of its weight of salt. But any attempt 
to record a photograph on a paper prepared with these proportions will 
fail dismally! Exposure to light will turn the surface a lilac colour at first, 
but soon this action ceases, leaving behind only a feeble impression. A 
permanent, robust silver image will not ‘print-out’ in this way. It was only 
a serendipitous observation in 1834 that led Talbot to the first of his key 
photographic discoveries: an effective silver sensitizer that prints out a 
vigorous image must contain a deficiency of salt or - viewing the other 
side of the coin - a large excess of silver nitrate. Talbot’s chosen 
proportion of salt to silver nitrate reads like chemical heresy: he soaks a 
sheet of fine writing paper in a solution of salt that he only describes as 
“weak” (data from his Notebook ‘P’ imply 1%), dries it, then sensitizes one 
surface by brushing over a solution of silver nitrate said to be “not 
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saturated, but six or eight times diluted with water”, which implies a 
strength around 20% (since saturated silver nitrate solution is around 
150% w/v). So the silver nitrate encounters only about one twentieth of its 
weight of salt when it precipitates silver chloride within the surface fibres 
of the paper sheet. This is quite at odds with the theoretical ratio of one 
third prescribed by orthodox chemistry. But this recipe works: a few 
minutes exposure to direct sunlight turns this paper a rich dark brown. 
Talbot named this successful sensitized paper Photogenic Drawing 
Paper. 

This counter-intuitive chemistry is the first of at least six physico-
chemical requirements that Talbot satisfied in order to entertain some 
reasonable expectation of success: 

• A silver chloride sensitizer must be prepared with excess silver 
nitrate, without which the image formed is very weak. 

• A small camera format is desirable (Talbot’s were referred to by his 
wife, Constance, as "mousetraps") to concentrate the available light 
on a small area at the focal plane. Talbot’s famous ‘first negative’ 
has dimensions 36 x 28 mm. 

• A large aperture lens increases the illumination; Talbot’s widest 
were ca. f/4. 

• Talbot exercised considerable patience, in the awareness that long 
exposures, ca. one hour to one day, may be needed. 

• For his earliest camera photographs, Talbot chose very bright, 
contrasty subjects, rich in blue and UV light, such as the roofline of 
Lacock Abbey or trees set against the sky, or the sky itself viewed 
through the latticed panes of the ‘Oriel window’. 

• A method of fixation was essential for enduring proof of the 
achievement. Talbot reasoned that if a deficiency of salt induces 
sensitivity, then an excess of salt should confer stability; he found 
that treatment of an exposed print with strong salt solution (near 
saturated, 36%) is indeed one way to fix the printed-out image 
successfully.287 

Unless every one of these pre-conditions is reasonably observed, the 
attempt to make a photograph will probably fail. Moreover, to carry the 
investigation forward Talbot also possessed an aesthetic tolerance of the 
resulting negative image, as discussed in §1.7, and saw its potential for 
reversal printing. We can now better appreciate the measure of Talbot’s 
technical achievement in 1835, with his counter-intuitive photochemistry, 
his ‘mousetrap’ cameras, wide aperture lenses, patience, and his choice 
of the most luminous and contrasty subject matter to ensure success with 
this marginal technology. But even so, he only just succeeded. It is 
evident from Talbot’s extant photogenic drawing negatives of this period, 
that severe under-exposure is still typical of those made in the camera; 
all are more-or-less outlines, as seen in Figure 6.1. Talbot admits as 
much retrospectively in his Introduction to the Pencil of Nature: 

"But when the sensitive paper was placed in the focus of a 
Camera Obscura and directed to any object, as a building for 
instance, during a moderate space of time, as an hour or two, 
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the effect produced upon the paper was not strong enough to 
exhibit such a satisfactory picture of the building as had been 
hoped for. The outline of the roof and of the chimneys, &c. 
against the sky was marked enough; but the details of the 
architecture were feeble, and the parts in shade were left either 
blank or nearly so." 288  

 

 
Fig. 6.1 W.H.F. Talbot photogenic drawing camera negative 

 
An entry in Talbot’s Notebook ‘M’ also implies that, although this was 

all he could yet achieve, he yearned for more detail. To continue the 
passage quoted earlier: 

"If an object, as a flower, be strongly illuminated, & formed in a 
camera obscura, perhaps a drawing might be effected of it, in 
which case not its outline merely would be obtained, but other 
details of it." 289 

Thus we see that Talbot’s initial success was achieved against the 
odds. Camera photography on photogenic drawing paper remained a 
barely marginal procedure, a privately shared curiosity of little practical 
value, for a further four years. Talbot’s reluctance to publish his discovery 
may also be a consequence of the difficulty that he experienced in 
making camera negatives with sufficient optical density and stability to 
allow the printing of positives. For this purpose, his method of fixation by 
excess salt was inadequate. His text in The Pencil  accompanying Plate XX 
makes this admission in retrospect: 

"In the commencement of the photographic art, it was a matter 
of great difficulty to obtain good positive images, because the 



©Mike Ware 2019  Argyronomicon 

 

 

94 

original or negative pictures, when exposed to the sunshine, 
speedily grew opaque in their interior, and consequently would 
not yield any positive copies, or only a very few of them." 290 

His Introduction to The Pencil  also indicates that, at this early stage, 
he had regarded both the process, and his scientific understanding of it, 
as far from satisfactory: 

"However curious the results which I had met with, yet I felt 
convinced that much more important things must remain 
behind, and that the clue was still wanting to this labyrinth of 
facts. But as there seemed no immediate prospect of further 
success, I thought of drawing up a short account of what had 
been done, and presenting it to the Royal Society." 291  

But, to his eternal regret, he did not do so, until obliged to by 
Daguerre’s surprise announcement of January, 1839. The continuing 
difficulties and limitations inherent in Talbot’s early camera photography 
were reflected in the content of his exhibition of photogenic drawings at 
the meeting of the British Association for the Advancement of Science in 
August 1839: out of a total of 93 pieces, the great majority he chose to 
show were photograms – same-sized images of botanical specimens, 
textiles, facsimiles of printed pages, or painted glass, all obtained by the 
relatively easy procedure of contact-printing in direct sunlight.292 Only 
one camera negative was displayed, with the following explanatory note:  

"Views taken with the camera obscura. The pictures, when taken 
out of the instrument, represent the scene reversed with respect 
to right and left, and also with respect to light and shade. This 
is exemplified in No. 65. Both these defects are remedied at the 
same time, by exposing the picture first made to the renewed 
action of light, and thus obtaining from it a transfer or reversed 
image." 293 

Talbot exhibited 21 such positive transfers from camera negatives - 
Nos 66 to 86 - but again their subject matter was only of the highest 
contrast and luminosity, drawing from his pre-existing stock of prints: 
outlines of Lacock Abbey against the sky, and views of the sky through its 
latticed windows, taken from the interior.  

By 1840, however, the challenge of Daguerre’s achievement appears to 
have spurred Talbot into attempting a wider range of photographic 
subjects. With the arrival of the excellent spring weather, he was able to 
progress his negative-making both technically and aesthetically, by 
studies of brightly sunlit scenes in the landscape, architecture, and still-
life. The relative motion of the sun during these hour-long exposures 
caused both a multiplication of the highlights and a diffusion of the hard-
edged shadows, as explained in §4, which softened the contrast of these 
beautiful images, embuing them with an almost surreal luminosity. 
Talbot’s photogenic drawing negatives recorded the illumination of 
scenes in a way that no human eye or, indeed, modern camera with its 
‘instantaneous’ vision, can now perceive. 
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This widening of the scope of Talbot’s pictorial work brought much 
encouragement from Herschel, and may have been enabled by some 
improvements in the sensitivity of his photographic papers, which 
included the application of multiple coatings; the adoption of Alfred 
Taylor’s ‘ammonio-nitrate of silver’ solution (§7.4); and the addition of 
gallic acid to his sensitizer.294 Most significantly, in 1839, Talbot made 
the first photographic use of silver bromide, in his mischievously-named 
‘Waterloo paper’; but he rarely receives proper acknowledgement for the 
importance of this innovation; the credit usually goes to John Frederick 
Goddard who, late in 1840, introduced the accelerator, bromine, into the 
halogenation step of daguerreotypy.295 Although, at the time, silver 
bromide provided Talbot with a modest speed increase over the chloride, 
the true value of the former was temporarily eclipsed by his discovery of 
the calotype, which employed silver iodide. By 1853, however, silver 
bromide was beginning to be recognised as the most effective of the 
halides for camera recording, and it now provides the major constituent 
of all modern silver emulsions. 

6.2  Development of the Calotype  
It took five years of sporadic experimentation on Talbot’s part, struggling 
with the difficulties of camera negative-making, before he finally 
stumbled upon that wonderful phenomenon, so rare in photochemistry, 
and so peculiarly well-developed in silver halides – the latent image. This 
invisible trace of the passage of light is laid down at an exceedingly 
‘dilute’ atomic level,296 and is only rendered visible by development of the 
affected silver halide grains with a suitable chemical reducing agent, so 
that a light-struck crystal containing only a few atoms of silver is 
converted entirely to a solid grain of silver metal. In Talbot’s case, this 
developer proved to be gallic acid, which had already been noted for its 
sensitizing effect on the print-out process by Sir John Herschel, the 
Reverend Joseph Bancroft Reade, and others.297 On a number of occasions 
in 1839 Talbot had tried the inclusion of gallic acid in his sensitizer, but 
in 1840 a stroke of serendipity combined with Talbot’s powers of 
observation and inference led him to a new discovery - the existence of 
the latent image in silver halides and the method for its physical 
development. Thus armed with a greatly enhanced light senstivity, Talbot 
was able to use his Calotype Paper in the camera to make negatives with 
exposure times as short as ten seconds, although a few minutes was 
more usual. 

Talbot’s discovery of photographic development, dating from the days 
following 20 September 1840,298 immediately enhanced the speed of his 
camera recording by a factor of about a hundred, compared with the 
proto-photographic process employing photogenic drawing paper. Talbot 
suddenly enjoyed the liberty of turning his camera upon any static subject 
he pleased, confident in the knowledge that the details of the mid-tones, 
and even the shadows could now be recorded and, most importantly, that 
a stable and printable negative would result. Initially, an exposure in 
bright sunlight of about half a minute at f/4 (or 2 minutes at f/8) was 
required to make a calotype negative in the camera, but Talbot soon 
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reduced this substantially in favourable cases. These short exposures no 
longer entailed blurring of the shadows by the sun’s apparent motion; 
accordingly, they yielded strong chiaroscuro effects that impart a sense of 
drama to some of these early calotypes, in contrast to their mellow 
precursors in photogenic drawing. Moreover, the speed of the calotype 
also enabled Talbot to make negatives ‘without sun’, as he described 
them in his notes, and of a larger format than hitherto, using exposures 
of only a few minutes. Paper photography at last became a viable 
practice, even for portraiture, promising a commercial potential that 
would eventually compete with, and displace, the well-established 
Daguerreotype, which for several years had had the advantage of the 
earlier discovery of a development process. 

Also known as Talbotypes, the honorific name suggested for them by 
Claudet, calotypes are the forerunners of modern photographic negatives. 
Because the development process yields silver particles relatively much 
larger than those of the print-out process, calotypes have a neutral grey 
appearance and tend to be less susceptible to deterioration. Talbot used 
his calotype process for the production of camera negatives only; there is 
no evidence that he ever used the development process for making any 
significant number of positive prints, although entries in Notebook Q 
regarding his ‘New Copying299 show that he had explored the possibility 
of doing so. He seems to have preferred the more highly coloured 
appearance of his Photogenic Drawing paper ‘transfers’ for aesthetic 
reasons, and this in spite of the fact that calotypes were easier to fix. For 
completeness, it is worth observing that other photographers did 
subsequently employ the calotype process for making positive prints; Sir 
William Newton300 was a strong proponent of this method and appears to 
have commenced using it in 1850. For the purposes of nomenclature, 
when the distinction is important, the term Calotype Print seems 
appropriate for this type of photograph. 

The Calotype or Talbotype process was patented in 1841. Thus, Henry 
Talbot set negative-positive silver photography on the road towards 
steady technical refinement and commercial exploitation for the next 150 
years, to arrive finally at a point when our camera exposures were 
typically ten million times less than those that Talbot had found 
necessary in 1835.301 Although he was not the first pioneer to make 
actual photographs, issues of antecedence pale rather into insignificance 
when the meagre legacies of all the other claimants to photographic 
invention are set beside Talbot’s visionary oeuvre, which has been so 
justly celebrated in many wonderful exhibitions. 

6.3  Collections of Talbot's Photographs 
The Talbot Collection held by the National Museum of Photography, Film 
and Television at Bradford, England, now the National Science and Media 
Museum, comprises over six thousand silver photographs on paper 
dating from the earliest days of the art; about half of these images were 
made by William Henry Fox Talbot himself, the inventor of the process. As 
such the Talbot Collection is the most important archive of early 
photographs and associated manuscripts in the world, and represents: 
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 "...the largest, richest and most varied testimony to Henry 
Talbot’s vision.’ 302  

Since the celebration of Photography’s Sesquicentenary in 1989, public 
awareness of the beauty of early photographs was fostered and enhanced 
by the curatorship’s endeavours to find ways of making these treasures 
more accessible. The obstacle to displaying this material lies in the 
considerable uncertainty concerning its ability to withstand the rigors of 
exhibition without suffering damage. The following pages describe an 
investigation aimed at reaching a more accurate assessment of that 
vulnerability, but such an investigation must itself satisfy the criterion of 
causing no damage. The methodology did not, therefore, entail any direct 
experimental work upon original material. The evidence for instability in 
Talbot’s early photographs has been acquired in three ways: by 
theoretical calculations based on a chemical model of his processes, 
which is described in §16 and §21; by destructive experimentation upon 
modern replica material, described in §18; and from the reported 
findings of others who have observed deterioration induced accidentally 
in original Talbot photographs elsewhere, which is recounted in the ‘Case 
Histories’ of §17. 

In 1834 Talbot first succeeded in making photographic images on 
paper, and by 1844 his newly-founded Establishment at Reading, 
Berkshire, began to produce the first editions of prints to illustrate his 
commercial publication The Pencil of Nature.303 These ten years span a 
highly experimental period in the technical history of photography, 
before usages had become standardised, and before communication on 
the subject was publicly widespread. The principal vehicle of debate in 
Britain, the Journal of the Photographic Society, was not to appear until 
1853; until then the general periodical Notes and Questions had to serve. 
A detailed description of Talbot’s procedures for preparing his 
photographic materials is given in §7, insofar as these can be inferred 
from his writings. §7 also addresses the problem of identifying process, 
which confronts most workers with this material, whether cataloguer, 
curator or conservator; the explanation of colour in §9 and §22 and the 
technical chronology in §8 are intended to supplement this.  

The recommendations of this study, which are summarised in §20, 
have had the regrettable consequence that the opportunity to view certain 
sensitive objects in the Talbot Collection – such as the “first negative” – is 
now accorded to few and then only with good justification. It is hoped 
that this limitation may be offset by making available accurate 
photographic replicas of the more important items. 

There seem to be no grounds a priori for regarding all original 
photographs as sacrosanct. It is therefore appropriate to examine the 
feasibility of directly investigating historical photographic material, in the 
interests of its own preservation, by so-called ‘non-invasive’ or ‘non-
destructive’ methods. If the risk of such investigations can be objectively 
assessed, it may help to establish criteria among the conservatorial 
community as to what practices are ethically acceptable. The further work 
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needed to pilot a research program on the topic of interactive testing is 
outlined in §19. 

6.4  Correspondence 
A comprehensive edition of nearly 10,000 letters to and from Talbot 
(1800-1877) has been prepared by The Correspondence of William Henry 
Fox Talbot Project. The conception and editorial foundations of the 
project took place at the University of Glasgow between 1999 and 
2004.304 The Correspondence editor and project director is the eminent 
photohistorian Dr Larry J. Schaaf, based in Baltimore, USA, and the 
present project builds on thirty years of his endeavours. These included 
extensive tracing of archives, cataloguing of visual productions, and 
selective transcription of Talbot's research notes and letters. In 1989, 
Schaaf was commissioned to catalogue the Talbot family's 1934 bequest 
to the Science Museum, then housed at the NMPFT in Bradford. This 
archive is by far the largest collection of Talbot's early photographs, and 
it also preserves significant scientific correspondence and Talbot's 
personal research notes. The immediate foundations of the present 
project were established in 1992 by a National Endowment for the 
Humanities (USA) grant to Schaaf.  

In December 2005 the British Academy provided further funding to De 
Montfort University, Leicester, to create an additional interface that 
enabled uploading of new content and editorial changes to be carried out 
remotely via the Web through an access controlled account. It is now a 
totally web-based project, hosted by De Montfort University with further 
development undertaken by Knowledge Media Design. Directed by Schaaf, 
this resource is widely used in both academia and by the general public 
and is a highly successful completed project.305 

6.5  Catalogue Raisonné 
By the time he ceased taking photographs in 1846, Talbot and his close 
associates had created more than 4,500 distinct images. Miraculously, 
much of this prodigious output still survives. Collectively, it maps out the 
technical and aesthetic progress of the new art from the first days of its 
infancy to the eve of its maturity. Equally, it documents the emergence of 
Talbot himself as the first photographic artist. Immortalised in silver are 
cities that have changed, people long since dead, objets de vertu and 
those of everyday utility. 

Over a span of four decades, Professor Schaaf has examined more 
than 25,000 original Talbot negatives and prints in collections worldwide. 
He introduced his own organisational system, the Schaaf numbers, that 
allowed him to catalogue negatives and images in public and private 
collections worldwide. 

Today, digital images, vast amounts of storage, sophisticated database 
and web designs and high speed broadband connections make the 
technological aspects of the online Catalogue Raisonné feasible. The 
alliance of the William Talbott Hillman Foundation and the Bodleian 
Libraries of the University of Oxford is finally turning that feasibility into a 
reality.306 The	Catalogue Raisonné	project seeks to make this corpus of 
material freely available to scholars and to the general public.307 The 
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Catalogue will be the image-based cousin to	The Correspondence of 
William Henry Fox Talbot, described above in §6.4. 

6.6  Publications 
The primary sources of information on the photochemical nature of the 
items in the Talbot Collection must be Talbot's own writings, but these 
can display a paucity of detail and occasional ambiguity that frustrate a 
reader intent on extracting the maximum of chemical information. 
Talbot’s publications on his photographic processes are mainly based on 
the four papers that were read before the Royal Society. These were 
published as summaries in the Proceedings of that body, but also re-
printed, sometimes at greater length, elsewhere. The dates of these four 
Talbot papers and their essential contents are as follows: 

31 January 1839.308 This first publication was precipitated by the 
announcement in France of Daguerre’s success in recording permanent 
images in the camera obscura. Talbot gives a circumlocutory account of 
the potential uses of his invention, more poetic than chemical, with no 
details of the process, apart from a mention of the use of silver nitrate. 

21 February 1839.309 This is a letter addressed to the Secretary of the 
Royal Society, S. Hunter Christie, in response to requests from the Fellows 
for details of the process. Talbot provides an outline description of his 
method for making silver chloride sensitized paper containing excess 
silver nitrate, called ‘Photogenic Drawing paper’, and of the methods for 
fixing the image with sodium chloride or potassium iodide. There is no 
mention of the use of Herschel's 'hyposulphite of soda' as a fixer. 

21 March 1839.310 Talbot makes a very brief announcement of his 
observation of the high light sensitivity of paper sensitized with silver 
bromide. In his Notebooks, but not publicly, he rather mischievously 
refers to this as his ‘Waterloo paper’ (presumably with reference to the 
nationality of his arch-rival). 

10 June 1841.311 This describes in detail his use of gallic acid to 
develop a latent image formed in paper sensitized with silver iodide, thus 
providing for the first time a viable ‘camera-speed’ medium: ‘Calotype 
paper’. The recommended fixer is potassium bromide.; there is still no 
mention of thiosulphate. 

The nomenclature for photographs made by these and other early 
processes is further discussed in §7.1. The comprehensive Talbot 
bibliography recently compiled by Dr. Mike Weaver312 is a most valuable 
source of references to periodicals, such as The Philosophical Magazine, 
The Literary Gazette and The Athenaeum, in which Talbot’s papers were 
reprinted. It is a matter for some regret that we only have outlines and 
summaries of all his photographic work: Talbot never published a 
substantive account of his researches in the Transactions of the Royal 
Society; the personal and political reasons for this omission are vividly 
disclosed in Dr. Larry Schaaf’s history.313 

Talbot’s Notebooks P and Q314 provide valuable supplementary data 
on his working methods, especially the concentrations of his sensitizing 
and fixing solutions. It is fortunate indeed that these Notebooks, held in 
the Talbot Collection at the NMPFT, have recently been transcribed, 
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indexed and edited by Schaaf,315 so that readers will be able more readily 
to consult these important and fascinating records of mid-nineteenth 
century scientific endeavour. 

The Notebooks P and Q contain a few references to Images having an 
identifiable subject matter: 

14 July 1839 ‘...figure of a soldier with a red stripe on his dress...’ 

23 July 1839 ‘Four photphs intended for transfers.’316 

23 Sept 1839 ‘Some good camera views obtained thus...’ 

23 Sept 1839 ‘View of Lacock Cloisters...’ 

3 May 1840 ‘...impressions of leaves, &c.’ 
Identified by Schaaf in the Getty collection 
(85.XM.150.9). 

30 Aug 1840 ‘...photograph of the old Charter at Lacock...’ 

30 Aug 1840 ‘...representing a currant leaf...’ 

6 Sept 1840 ‘...the old Charter at Lacock...’ 

23 Sept 1840 ‘...objects placed on the floor of the gallery.’ 

24 Sept 1840 ‘...the outline of a house in cloudy weather.’ 

3 Oct 1840 ‘...the chimneypiece in the S. Gallery...’ 

11 Oct 1840 ‘...the picture of the Archway, iodized and faded’ 

15 Nov 1840 ‘...a view of houses in Sackville St...’ 

13 Sept 1842 ‘A picture of Patroclus...’ 

3 March 1843 ‘N. and the ladder’ 
If photographs of these subjects with corresponding dates can be 

found in the NMPFT Talbot Collection (as some have been in the J. Paul 
Getty Museum) they could prove useful examples of process. 

Based on the foregoing sources, the manipulative details of the most 
important of Talbot’s procedures are summarised in modern terms in §7. 
It should not be inferred, however, that these were the only procedures 
he used for the production of his images. Talbot was a prolific 
experimentalist with a fertile imagination; in his Notebooks he leaves us 
indications of having tested at least two dozen chemically distinct recipes 
for producing silver photographs on paper. Such diversity in Talbot’s 
working methods greatly increases our uncertainty when we are 
confronted with the problem of inferring the method he employed to 
produce any particular photograph, because he rarely identified specific 
images in his research notes, nor did he usually record on his 
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photographs any annotations indicating the chemistry he had used. A few 
instances where such clues do exist are considered in §6.6. 

There are a few later published writings by Talbot himself to guide our 
inferences: there is some evidence in his preface to The Pencil of 
Nature317 and in his retrospective account of his early researches, written 
near the end of his life, and published as an Appendix to Tissandier’s 
monograph.318 Talbot makes some observations on the historical 
development of photography in a paper in the Philosophical Magazine319 
and his letters to the Editor of the Literary Gazette reprinted in the 
Philosophical Magazine of 1841320 also contain points of interest. The 
most revealing insights into Talbot’s thinking, however, come from his 
correspondence, especially with Herschel, which has been compiled and 
edited by Schaaf.321 

6.7  Patents 
In the ten years following the invention of his Calotype process, Talbot 
took out four patents on his photographic innovations: 322  
No. 8,842 (8 February 1841). 'Improvements in obtaining Pictures or 
Representations of Objects.' 
No. 9,753 (1 June 1843). 'Improvements in Photography'. 
No. 12,906 (19 December 1849).  
No. 13,664 (12 June 1851). 'Photography - Improvements in'. 
These were later to become the subject of much ill-feeling among the 
photographic fraternity, leading on some occasions to litigation. The 
history of this unhappy episode has been well described in the standard 
histories and will not be entered into here. Only the technical information 
contained in the patent specifications is of concern to the present study, 
although Talbot’s own responses to cross-questioning during the action 
brought by him against Laroche for violation of patent rights in 1854 are 
also of interest.323 

6.8  Talbot’s Contemporaries in Photography 
Additional light is thrown on photographic practice in 1839-40 by the 
publications of Talbot's contemporaries, some of them probably 
plagiarising his work. Ackermann324, Cooper325, Fyfe326 and Whittock327 
all describe methods of preparing Photogenic Drawing paper, though 
some of these modifications do depart significantly from Talbot's own 
methods, so the considerations in this study may not always apply to 
photographs (supposing any to have survived) produced by the methods 
of these contemporaries. 

Undoubtedly the most important independent scientific publication on 
photography, apart from Talbot’s, is the great paper by Sir John Herschel 
in the Philosophical Transactions of 1840; 328 the paper that Herschel 
read to the Royal Society in 1839 is of equal interest, but he subsequently 
withdrew this from publication, in Talbot’s favour, so it was only reported 
in summary form in the Proceedings.329 Herschel’s original manuscript 
was lost for many years until it was re-discovered by Schaaf in 1979.330 

The cataloguing of the NMPFT Talbot Collection at the item level has 
brought to light the remarkable fact that about half of the photographs 
are attributable to Talbot’s circle: George Bridges, Antoine Claudet, Henry 
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Collen, Thomas Damant Eaton,331 Nicolaas Henneman and the Reverend 
Calvert Jones. 332 Technical accounts by these gentlemen of the 
photographic methods they employed would be of great interest, but the 
writer has not come across any. 

The history of the development of the Calotype process has been 
researched in depth by R. D. Wood,333 who has drawn attention to the 
unpublished work of J. B. Reade which contributed to this discovery. 
Among the contemporary experimenters who published articles on 
photography in 1839, Wood singles out the contributions of Alfred 
Smee334 and Alexander Petzholdt.335 

6.9  Texts on Photographic Chemistry  
Having extracted as much information as possible from the writings of 
Talbot and his contemporaries, I next sought to interpret his practices 
within the context of a modern chemical understanding of the processes 
he invented. The procedures by which the very first silver photographs on 
paper were made in 1834, now long obsolete, have been neglected by 
photochemical science in recent times. Talbot's Photogenic Drawings 
were obtained by a print-out process which is phenomenologically quite 
different from his later Calotype development process, the forerunner of 
present-day photography. The print-out process therefore requires a 
chemical model for its explanation which is rather different from that 
used by modern photographic science in dealing with contemporary 
materials. Explanations of the mechanism of print-out offered by the 
early textbooks are mostly founded on erroneous chemistry, which 
postulated the involvement of sub-halides of silver; but according to 
Meldola, no evidence for the existence of these has subsequently been 
found.336 

It is not surprising that modern sourcebooks on the theory of the 
photographic process337 evince a dearth of contemporary photochemical 
research into the 'obsolete' print-out methods. This lack quite reasonably 
reflects the fact that, for the last seventy years at least, the main thrust of 
research into the photographic process has been directed at 
understanding the nature of the latent image in silver halide crystals and 
the mechanisms of its development. 

A description of an up-to-date chemical model to account for Talbot's 
Photogenic Drawing process has been outlined by Beaumont Newhall,338 
and other present-day writers have made reference339 340 to the 
mechanisms of printing-out, but none of these sources offers a full 
discussion of all the factors involved in the phenomena associated with 
Photogenic Drawings and salted paper prints. Since an account of the 
chemical mechanism of Salted Paper Printing is substantially absent from 
the modern literature, §23 attempts to fill this lacuna with a detailed 
consideration of the photochemistry of the silver print-out processes. 
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7  Talbot's Materials and Modus Operandi 
7.1  Classification and Nomenclature 
The terminology applied to early photographs is often non-specific; in 
endeavours to diminish the ambiguities of description, some 
rationalizations have recently been put forward by Gray341 and by 
Jacobsen.342 The following considerations are offered to this debate. 

A fairly complete designation of the optical-chemical history of a 
photograph might define at least the following descriptors: 

1 Substrate (including sizing agent or pre-waxing) 
2 Vehicle for the sensitizer – colloidal binder (if any) 
3 Sensitizer chemistry 
4 Exposure intensity and duration 
5 Developer, if any, or print-out image 
6 Wet process (fixer, toner, washing procedure) 
7 Finishing treatments (ferrotyping, post-waxing, etc) 
8 Optical process (contact printed or projected image) 
9 Generation (First or later - determines if spatially reversed) 
10 Positive or negative (tonally reversed, or not) 
The current physico-chemical composition of a photograph is, in 

varying measures, a consequence of the foregoing characteristics 1 to 7, 
taken together with the consequences of the storage history of the 
photograph. Characteristics 8, 9 and 10 are not relevant to the chemical 
composition. Which of these descriptors are considered important will 
depend on whether the photograph is being viewed by a photohistorian, 
curator, conservator, photographer, chemist or lay person. However, a 
system of nomenclature embodying all these points would be intolerably 
cumbersome, and it is convenient, as well as humanistic, to retain for 
everyday use, as far as possible, the original apellation bestowed on a 
process by its inventor. What is needed is not so much new names, but 
rather a concensus on what the old names should precisely signify. 

The points listed above will now be considered in relation to the 
photographs produced by Talbot during the period 1834-1854 as 
described in §6.1 and §6.2. The chemistry of Talbot’s sensitizers 
provides a clear primary classification for his photographic artefacts into 
two categories: The first category comprises Photogenic Drawings and 
Salted Paper Prints which both refer to images printed out from silver 
chloride - or less commonly silver bromide - sensitizers without 
development; whereas the second category of Calotypes results from the 
physical development by silver nitrate and gallic acid of a latent image in 
silver iodide. 

The term Photogenic Drawing is Talbot’s name for an image, most 
often tonally a negative, made on Photogenic Drawing Paper usually by 
exposure in contact with an object - what is often called a ‘photogram’ 
today. This category can also include images of objects made by 
projection, either through the ‘solar microscope’ or in a camera, in which 
case they may be referred to as Photogenic Drawing Negatives, although 
Gray prefers the term Silver Salt Paper Negative. Photogenic Drawings 
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were usually halide-fixed, but the use of thiosulphate is known in later 
examples. 

The term Salted Paper Print or more briefly Salt Print is generally 
employed today to denote a tonally positive image printed on Talbot’s 
Photogenic Drawing Paper by contact exposure with a photographic 
negative, of whatever type. Talbot personally preferred to fix these with 
halide during the early years, but the 10,000, or more, prints produced 
under his direction at the Reading Establishment were fixed with 
thiosulphate, and this became the preferred method. 

Talbot himself did not use the term Salted Paper Print, because there 
was then no other photographic printing process, but referred instead to 
his ‘Copies’ or ‘Transfers’; they were later to be called ‘Positives’ or 
‘Proofs’ by his photographic successors such as Sutton and Hardwich. 

Although objects in both these sub-categories share a common 
photochemistry, they may vary widely in colour, contrast and vulnerability 
owing to the very different conditions of exposure which apply to the 
printing of images by contact compared with those prevailing in the 
camera; these characteristics are in part consequent on the size of the 
image silver particles, which is in turn governed by the conditions of the 
original exposure, and the method of fixation, as is discussed below. 

The term “calotype” has been used by some writers to denote all silver 
photographs on plain paper, without discriminating between camera 
negatives and the positive prints made from them. This loose usage leads 
to a confusion of processes which are in principle different. 

The chemical parameters for Talbot material provide an unambiguous 
criterion for classification which cuts across the usual categories 
employed for photohistorical discussion. For the purposes of conserving 
a photograph, the important characteristic is its present chemical 
composition and structure, not how it was achieved optically nor whether 
it is a positive or negative of whatever subject matter. The composition of 
a ‘plain paper’ silver photograph is determined largely by the substances 
employed for its sensitization and the reagent used for its fixation, but 
the morphology of the image silver particles is at least partly dependent 
on the conditions of exposure. 

The salted paper sensitizers employed by Talbot were silver chloride, 
and bromide, invariably (after 1834) with excess silver nitrate present; he 
also tried using mixtures of these silver halides. In May 1839 he started 
to use ‘Ammonio-Nitrate of Silver’ or ‘ANS’ paper, which performed 
advantageously; the invention of this variant is attributed to Dr. A.S. 
Taylor.343 For his Calotypes, Talbot usually employed a silver iodide 
sensitizer with the additional component, gallic acid, and developed the 
latent image with a solution of silver nitrate and gallic acid. 

Talbot’s fixing agents were sodium chloride, potassium bromide, 
potassium iodide and sodium thiosulphate (‘Hypo’ - short for 
'hyposulphite of soda'). These are the only reagents that receive 
significant mention in his publications, although Schaaf’s syntopical index 
to Talbot’s Notebooks lists twenty-four other reagents that he also tested 
for their fixing ability! 344 
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Fixer:  Sodium 
Chloride 

Potassium 
Bromide 

Potassium 
Iodide 

Sodium 
Thiosulfate 

Unspecified 

Sensitizer      
      
Silver  18-2-39 13-4-39 18-2-39 18-2-39 10-6-39 
Chloride 3-3-39 18-6-39 3-3-39 27-2-39  
{Common 13-4-39  15-4-39 15-7-39  
Photogenic 8-7-39   23-7-39  
Paper}    20-9-42  
    7-10-42  
    3-3-43  
      
      
Silver  3-3-39 15-3-39 25-11-39  15-4-39 
Bromide 13-4-39 14-8-39 8-1-40  29-4-39 
{Waterloo 20-10-39  23-9-40  8-7-39 
Paper}     20-11-39 
     3-4-40 
     30-8-40 
      
      
AgCl/AgBr  10-6-39 14-5-39  14-5-39 
  15-7-39 15-7-39   
      
      
AgCl/AgI 3-3-39    18-2-39 
      
      
AgCl/NH3 26-5-39 26-5-39 26-5-39? 23-7-39 31-5-39 
{ANS Paper}     10-6-39 
     14-7-39 
      
      
AgBr/NH3  26-5-39 15-7-39 20-7-39 2-6-39 
  2-6-39 6-8-39 20-11-39 15-7-39 
  10-6-39 8-1-40 8-1-40 26-7-39 
  6-8-39 3-5-40  28-2-40 
  10-8-39   1-10-40 
  16-8-39    
  23-9-39    
  17-11-39    
      
      
AgCl/AgBr/N
H3 

    15-7-39 

      
      
Ag/KI    fixed in 31-5-39 
Leucotype    hot water 17-9-40 
{positive      18-9-40 
photogenic     5-3-41 
drawing}     5-5-41 
     3-4-43 
 

Table 7.1 Dates of Talbot’s experiments on print-out processes  
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Fixer: Sodium 
Chloride 

Potassium 
Bromide 

Potassium 
Iodide 

Sodium 
Thiosulfate 

Unspecified 

      
Sensitizer      
      
AgCl/Gallic  2-3-43    
acid      
      
      
AgBr/Gallic 13-4-39? 5-4-39?   23-7-39? 
acid  13-4-39?   20-9-40 
     21-9-40 
      
      
AgI/Gallic  22-9-40 22-9-40  21-9-40 
acid  12-9-42 23-9-40  24-9-40 
{Calotype  14-9-42 17-9-42  26-9-40 
Paper}  17-9-42 20-9-42  1-10-40 
  3-4-43 25-9-42  2-10-40 
     3-10-40 
     23-10-40 
     21-11-40 
     19-1-41 
     16-2-41 
     20-4-41 
     5-9-41 
     7-9-41 
     4-9-42 
     7-9-42 
     8-9-42 
     9-9-42 
     12-9-42 
     13-9-42 
     16-1-43 
     26-2-43 
 

Table 7.2 Dates of Talbot’s experiments on development processes 
In the Tables 7.1 and 7.2, the row headings define the chemical nature of 
the senstizer and the column headings define the fixing agent.  
Dates refer to entries in Talbot's Notebooks P and Q. 
N.B. Readers in the USA: for compactness, the dates are given in 
‘numerical English-style’ i.e. in the order: day-month-year. 
  



©Mike Ware 2019  Argyronomicon 

 

 

107 

Given these options for sensitizer and fixer, at least thirty-two 
possible combinations of them may be chosen; Talbot appears to have 
explored most of these experimentally at one time or another, as can be 
seen from Table 7.1 and 7.2 which list all the Notebook entry dates on 
which he records an experiment with a particular combination of 
sensitizer and fixer. The frequency of these entries gives us an indication 
of useage and the relative importance to him of a particular choice of 
sensitizer/fixer chemistry during the period covered by Notebooks P and 
Q. On the basis of this survey, it is suggested that the bulk of his 
photographic output was achieved by six chemically distinct procedures 
using four types of sensitized paper: 

• Iodide-fixed Photogenic Drawing paper 
• Chloride-fixed Photogenic Drawing paper 
• Thiosulphate-fixed Photogenic Drawing paper 
• Bromide-fixed ‘Waterloo’ paper 
• Water-fixed Leucotype paper 
• Bromide-fixed Calotype paper 

Of these, the first three were used predominantly for photograms or 
contact prints, because of their low sensitivity. Waterloo paper, if 
prepared with multiple washes, could give sufficient sensitivity to enable 
camera images, but it demanded long exposures. The rare Leucotype 
process could provide a direct positive image in the camera. Calotype 
paper was used extensively for making negatives in the camera. 

In order to facilitate the replication of Talbot’s methods, this Chapter 
summarises the known details of his procedures for preparing the six 
main categories of his photographs which have been distinguished. 
Modern units and chemical nomenclature are used, where appropriate, to 
re-interpret the original descriptions provided by Talbot in the references 
cited. Any points of doubt or debate are noted. Quotation marks denote 
Talbot verbatim. The concentrations of solutions are given as a 
percentage weight per volume,345 and for the benefit of any chemically-
minded readers, as molarities.346 

7.2  Silver Print-out Processes 
The ‘printing-out’ of a photographic image on silver chloride paper 
differs significantly from the development processes of modern 
photographic practice; it therefore seems appropriate to preface this 
chapter with a brief account intended to familiarise the reader with the 
main features of this largely obsolete practice. 

The absence of any developing agent to further reduce the activated 
silver chloride grains to silver metal, means that all the chemical work in 
forming the image must be supplied by the printing light; in 
consequence, the exposures needed for print-out are about a million 
times greater than those needed to form a latent image for a modern 
development process. This in turn means that photographic enlargers 
cannot generally be used, because their throughput of light is too weak; a 
contact-printing process is necessary, employing an intense light source 
(the sun was the only effective source in Talbot’s day). The exception to 
this is the ‘solar microscope’, which focussed the direct rays of the sun to 
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project a magnified image of a small object with an intensity so great that 
Talbot was able to employ this instrument successfully to make the first 
photomicrographs by projection onto his photogenic drawing paper. 

The effect of UV light on silver chloride is to release silver metal as 
very small particles (chemically: the reduction of silver(I) cations to silver); 
at the same time, free chlorine molecules are liberated (every chemical 
reduction must be accompanied by an oxidation - in this case, of chloride 
anion to chlorine). 

UV Light  +  2AgCl  ⇌  2Ag  +  Cl2 

It should be stressed that this is a reversible reaction - if there is 
nothing to remove the chlorine, the process of printing-out soon comes 
to a standstill, due to the reverse reaction of chlorine, a powerful 
oxidising agent, with silver re-forming silver chloride. The process only 
goes to completion in the presence of a chemical absorber of chlorine, 
which prevents it from re-oxidising the silver image. In the salted paper 
printing process, the main chlorine absorber is a combination of water, 
which is present in the paper fibres, and excess silver nitrate, which 
together react with chlorine to form more silver chloride. The chemistry 
of this process is considered in more detail in §23. 

The albumen print, which superceded the salted paper print in the mid 
1850s, was also a print-out process, and here the albumen itself acts as a 
scavenger for the chlorine. Much later, around the turn of the century, 
commercial gelatine/silver chloride printing-out papers (P.O.P.) were 
devised in which a halogen absorber such as citrate was deliberately 
added to the emulsion. 

The distinctive colours of printed-out silver images are due to the very 
small silver particles that are formed, with sizes less than the wavelength 
of visible light, (§22 provides some of the physical background to this 
phenomenon). In contrast, a developed paper image, such as a calotype, 
simply appears neutral-toned, owing to the much larger silver filaments 
that are produced by the development process. The small particle size of 
the print-out image also implies that it has, proportional to its mass, a 
very high surface area exposed to attack, making it much more 
vulnerable than the developed image. 

7.3  Photogenic Drawing Paper 
All of Talbot’s photographs on paper were prepared by modifications of a 
procedure that remained essentially the same: plain paper was first 
soaked in a dilute solution of a halide (a chloride, bromide or iodide), 
dried, then coated with strong silver nitrate solution in order to 
precipitate the corresponding silver halide within the paper fibres. 
Talbot’s first significant photographic discovery, in 1834, was that a 
strong response to light depended on the amount of halide present being 
substantially less than that required for chemical equivalence to the 
amount of silver nitrate.347 His shrewd exploitation of this chance 
observation, which even today seems on the surface to be counter-
intuitive, is the key both to the sensitivity of his Photogenic Drawing 
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paper, and to the successful fixing of the printed-out image. This paper 
served well for contact printing of objects in direct sunlight, requiring an 
exposure of about ten minutes to make such a photogram, and Talbot 
continued to use it much later to make positive contact prints from his 
Calotype negatives. But the exposure needed to obtain even an 
inadequate negative in the camera with this early Photogenic Drawing 
paper was in the order of hours under the most favourable lighting 
conditions. 

Talbot achieved somewhat increased sensitivity in his Photogenic 
Drawing papers by applying multiple alternate coatings of the reagents, 
and also used them in a moist condition in the camera, thereby reducing 
exposure times to thirty minutes or so.348 

Talbot’s substrate was ‘superfine writing paper’. It is evident from 
watermarks that he commonly preferred J. Whatman’s Turkey Mill, a 
gelatin-sized rag paper, but it appears from his letters that he deemed 
the product of some years (1840) better than others for his purpose.349 

The sheet was dipped into ‘weak’ sodium chloride solution of 
unspecified concentration. Notebook P implies that this could range from 
0.6 to 2.3% w/v (0.1 to 0.4 M); 350 he describes his customary salting 
‘trough’ as containing a 1.1% w/v (0.2 M) solution of domestic culinary 
salt. 351 Malone’s description of the practices at the Reading 
Establishment imply that a concentration of 0.7 to 1.4% w/v (0.12 to 0.24 
M) was used there, 352 depending on the paper, presumably with Talbot’s 
approval. After an unspecified time of immersion in the salting solution 
(Malone states about two minutes), the sheet was wiped or blotted dry. 

On one surface of the salted paper Talbot then spread, presumably 
with a brush, a silver nitrate solution of concentration between 23 and 
18% w/v (1.4 to 1.1 M).353 Notebook P describes values of 20%354 and 
11%355 w/v (1.2 to 0.67 M). 

The paper was dried by radiant heat from a fire. 
Paper prepared thus was called by Talbot 'photogenic drawing paper'. The 
treatment effectively precipitated the insoluble silver chloride within the 
surface cellulose fibres of the paper:  

Ag+  +  Cl–  →  AgCl↓ 

Upon exposure to sunlight for about ten minutes it turned a rich 
brownish-black colour. The other product, sodium nitrate, does not enter 
into the photochemistry and is soluble, so washes out in the subsequent 
wet processing. 

7.4  Ammonio-Nitrate of Silver Paper 
A significant improvement on the simple 'photogenic drawing paper' 
formulation was developed by Alfred Swaine Taylor early in 1839,356 and 
Talbot was quick to test it, with evident approval. He subsequently made 
extensive use of this sensitizer, with both bromide and chloride, and it 
appears from Malone’s comments to have become standard practice at 
the Reading Establishment for making positive prints. 

The solution of 'ammonio-nitrate of silver' is prepared by adding 
‘caustic ammonia’357 to a silver nitrate solution of strength ca. 20% w/v, 
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until the brown precipitate of silver oxide formed initially just re-
dissolves to give a colourless solution of the diammine silver complex:  

2Ag+  +  2OH–  →  Ag2O↓  +  H2O 

Ag2O (s)  +  4NH4OH  →  2Ag(NH3)2+ (aq)  +  2OH–  +  3H2O 

Paper salted with 2% w/v sodium chloride solution was treated with 
this in the usual way, to give a paper that was more sensitive and yielded 
a colder image colour than conventional 'photogenic drawing paper'. 
Talbot records that the pictures made with this sensitizer were also more 
resistant to fading. 

Cautionary note: solutions of diammine silver can, with time, deposit 
a black solid precipitate of silver nitride – also called “fulminating silver” – 
which, as its name suggests, is a highly sensitive contact explosive, 
detonating at a touch, and sometimes even when wet. Storing such 
solutions is not recommended. 

7.5  Fixation: Chemistry and Etymology 
The definition of the word ‘fixing’ or ‘fixation’ in the photographic 
context is, of course, ‘to render the image insensitive to further change 
by light’. This can be achieved in two distinct ways as exemplified in 
Talbot’s work:  

Method (A) amounts to treatment with solutions of excess chloride, 
bromide or iodide anions to modify the nature of the residual unexposed 
silver halide so that, although still present, it no longer responds readily 
to light. The mechanism of this is explained in §23. 

Method (B) is to remove the residual unexposed silver halide 
altogether by chemical dissolution, employing a strong aqueous solution 
of sodium thiosulphate which renders the silver halide highly soluble by 
complexation. 

Before each of the above procedures is considered in detail, it is 
relevant to digress on the change in meaning over the years of the word 
‘fixation’. Method (A) was discovered first by Talbot and was initially 
called ‘the preserving process’ by him: it entailed treatment of the 
exposed print-out image with a concentrated solution of sodium chloride 
or a more dilute one of potassium iodide. Talbot and Herschel, both 
precise in their use of language, referred to this as ‘fixing’. Method (B), 
was discovered by Herschel, resulting from his earlier studies of the 
chemistry of ‘hyposulphites’, as thiosulphates were then called, and he 
distinguished it clearly from method (A) by calling it descriptively 
‘washing out’. The standard photographic practice today is, of course, 
Method (B), using sodium or ammonium thiosulphate, but it has in the 
meantime acquired the name of ‘fixing’, while method (A) is now referred 
to as ‘stabilisation processing’ by many contemporary writers. Schaaf has 
pointed out that this semantic shift has caused a regrettable blurring of 
the clear meaning that Talbot and Herschel originally intended.358 In the 
present work, the word ‘fixing’ will simply be used to cover both 
methods. 
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Since the inception of the silver salted paper print, its problems have 
always lain in the fixing – rather than the recording – of the image. The 
light-sensitive material is ‘photogenic drawing paper’, so-named by 
William Henry Fox Talbot, who discovered in June of 1834 that the 
sensitivity to light was higher when the ratio for combining silver nitrate 
and sodium chloride (common salt) was deficient in the halide. The 
corollary to this observation, mutatis mutandis, was that excess halide 
should greatly suppress the sensitivity. This proved so, providing Talbot 
with the first methods of fixing silver photographs by means of strong 
solutions of sodium chloride or potassium iodide. Neither fixing 
treatment, however, secured a completely stable result: in daylight, the 
palest tones of chloride-fixed silver images tended to acquire a purplish-
grey or lavender-coloured fog of photolytic silver, which could eventually 
obliterate details of the image; conversely, in iodide-fixed photographs 
the mid-tone details tended to fade to the uniform primrose-yellow 
colour of silver iodide. These disadvantages were overcome in January 
1839 by Sir John Herschel’s invention of ‘hypo’ fixation, using a solution 
of sodium thiosulphate (then called ‘hyposulphite of soda’) which is 
capable of completely dissolving the unreacted, water-insoluble silver 
chloride. In presenting this solution, Herschel was drawing on his pre-
photographic chemical discoveries of 1819, published in the Edinburgh 
Philosophical Journal. 

Regrettably, the adoption of hypo- instead of halide-fixation only 
replaced one problem with another, which threatened the longevity of the 
print in a different way: residual thiosulphate, left in the paper after 
washing, could slowly attack the image silver and convert it to silver 
sulphide. The colour was thereby drastically weakened, from a rich brown 
to a pale buff. Talbot therefore had reasons, both technical and aesthetic, 
for persisting with chloride-fixation, which provided colours that he 
found more satisfying, so he continued to halide-fix many of his prints 
and photogenic drawings for three or four years following Herschel’s 
disclosure of fixation with sodium thiosulphate, which at first suffered 
from the disadvantages of high cost and limited availability. Prints made 
on Talbot’s photogenic drawing paper and hypo-fixed are generally 
called ‘salted paper prints’ or simply ‘salt prints’.  

The same photogenic drawing paper was also employed by Talbot to 
make negatives in the camera as early as 1835 but, with exposures 
running to an hour or more, it proved impractically slow. Camera 
photography by this means was barely viable and very limited in its 
application. All this changed in September 1840, when Talbot discovered 
his ‘calotype’ process which is more complex, but far more sensitive, 
than photogenic drawing paper. The chemicals are reacted so as to 
deposit silver iodide within the paper fibres, which is then sensitized with 
gallic acid and excess acidified silver nitrate solution. Only a short 
exposure is needed to impart an invisible latent image to the silver 
iodide, which is subsequently developed by reduction with more gallic 
acid and silver nitrate solution to a grey negative image in silver metal. 
The effect of light is thus chemically amplified, increasing the speed of 
negative-making by a factor of about one hundred. Instead of an hour or 
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more, Talbot’s exposures were consequently reduced to about a minute 
or so. Talbot recommended dilute potassium bromide to halide-fix his 
calotypes. The process was patented on 8 February 1841, and published 
in the Proceedings of the Royal Society in June 1841.  

Readers should take heed that the terminology used by Talbot in his 
Notebooks and letters, if read in a strict chemical sense, is potentially 
misleading: he often refers to ‘bromine’ or ‘iodine’ when, from the 
chemical context, it is certain that he must have meant potassium 
bromide or potassium iodide respectively, and not the elemental halogen. 
This looseness of expression, which is anathema to a modern chemist, 
seems to have been common practice; Herschel is also guilty of it, but 
most of the time both men appear to have understood one another 
correctly. However, there was at least one occasion, evident from their 
correspondence,359 when the inexactitude led to misunderstanding: on 10 
April 1839 Talbot sent Herschel a photograph: 

 "...as a specimen of fixation by Iodine." 
 by which he must have meant potassium iodide. Herschel’s reply on 22 
April is revealing: 

 "...many thanks for your photograph fixed by Iodine. It is 
curious that I had tried alcoholic solutions of Iodine without 
success."  

From this it is clear that Herschel was indeed referring to elemental iodine 
(which is soluble in alcohol, but not in water) rather than potassium 
iodide (which is soluble in water but not in alcohol) as the fixing agent. 
His lack of success is no longer ‘curious’: iodine will, in fact, bleach a 
silver image. 

So far, within the entire Talbot oeuvre, insufficient photographs have 
been confidently identified to provide archetypal specimens of the 
methods of fixation. It is true that we do have Talbot's own (very sketchy) 
descriptions360 of the appearance of his chloride and iodide fixed 
photographs, which accord with the contemporary view, but there is no 
guarantee that the appearance of his works has remained unchanged 
since they were made. The annotation ‘h’ appears on the verso of some 
prints, and may be indicative of a 'hypo' fixed specimen. 
Fixation was accomplished in one of four ways: with potassium iodide, 
sodium chloride, potassium bromide or sodium thiosulphate, of 
concentrations described below. 
7.5.1 Iodide fixation 
The paper was ‘washed over’ with dilute potassium iodide solution of 
concentration unspecified except to observe that if it is too strong the 
image is prone to fade. It may be deduced from Notebook P that Talbot 
used a concentration of 1 to 2% w/v (0.06 to 0.12 M). 361 A probable 
interpretation of the word ‘wash’ in this context is that Talbot employs it 
in the same sense as a watercolourist, i.e. to apply liberally with broad 
strokes of a brush. No mention is made of any final wash or rinse in 
water. 
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There are clear indications in Talbot’s writings362 that this was the first 
method of fixation that he discovered, in 1834. Its method of action is as 
follows. It is apparent from the recipe above that Talbot’s sensitized 
Photogenic Drawing Paper contained excess silver nitrate. On fixation 
with sufficient potassium iodide, all the excess silver cations are 
converted into highly insoluble silver iodide: 

Ag+  +  I–  →  AgI↓ 

which is responsible for the characteristic ‘pale primrose yellow’ 
colour of the highlights. In addition, some, and possibly all, of the 
unexposed silver chloride will also be converted into silver iodide by this 
treatment, as a consequence of the insolubility of the iodide being 
relatively greater than that of the chloride: 

AgCl  +  I–  →  AgI↓ +  Cl– 

Some of the silver iodide will also be dissolved by complexation if the 
iodide solution is not too dilute: 

AgI  +  2I–  →  AgI32– 

Silver iodide is quite insensitive to light in the absence of halogen 
acceptors, so photographs fixed in this way do not tend to fog, which 
may explain why Talbot particularly favoured iodide fixation of 
photographs at the outset of his work.  

They are vulnerable, however, in the converse sense: the image tends 
to fade, even in the dark, especially if the solution of potassium iodide 
was too concentrated. In the presence of excess iodide ions, the 
nanoparticle silver metal of the image is easily oxidised to the pale silver 
iodide by the oxygen of the air, especially under humid conditions. (The 
chemical background to this reaction is described in §23). Interestingly, 
this oxidation reaction is also accelerated by light; the observation of 
such light-induced fading was shrewdly exploited by Talbot in his early 
attempts to devise a direct positive process which he called ‘Leucotype’, 
and which is described below. 

This vulnerability to light makes iodide fixation rather unsuitable for 
negatives - which necessarily had to withstand much sunshine when used 
for printing - in addition, the yellow silver iodide present in the low 
density regions absorbs strongly the actinic blue and ultraviolet 
components of the printing light, making it difficult to print good shadow 
densities. 
7.5.2 Chloride fixation 
From his early observations, Talbot reasoned that if a deficiency of salt 
enhances sensitivity, then an excess of the same substance should 
diminish it. He therefore fixed some of his photographs by immersion in 
a ‘strong’ solution of sodium chloride. If we assume that this means a 
saturated solution at room temperature, it would have a concentration of 
31.7% w/v (5.4 M). The excess was wiped off and the paper dried. There 
was no final water wash or rinse. 
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In this case the excess silver ions are converted into insoluble silver 
chloride. 

Ag+  +  Cl–  →  AgCl↓ 

It should be noted that this treatment will also dissolve out a small 
proportion of the residual silver halide by the complexation reaction: 

AgCl + Cl–  →  AgCl2–  →  AgCl32– 

but not sufficiently to be useful in its own right. The high tonal values of 
such a photograph therefore still contain large amounts of silver chloride 
which, being now in the presence of excess chloride anions, is much less 
light-sensitive than in its initial state, when it was in the presence of 
excess silver cations. Under the action of strong light with some 
ultraviolet content the residual silver chloride can still be partially reduced 
to metallic silver, however. The initial effect of exposing such prints to 
the sun or daylight is to cause a rapid, but slight deposition of 
nanoparticle silver within the silver chloride crystals, conferring a 
characteristic colour on the highlights, variously described as ‘pale lilac’ 
(by Talbot) and dull purple, violet or mauve by others. It seems that this 
coloured veiling of the highlights was not thought unpleasing, 
aesthetically. Further fogging then seemed much slower, giving the 
impression of a light-fast image by comparison with the original 
sensitized paper. (For a discussion of the physical chemistry of these 
phenomena, see §16.5 and §23). 

 

 
 

W.HF. Talbot Sherrington’s Tower, Lacock. Photogenic drawing 
negative, chloride fixed. 
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7.5.3 Bromide fixation 
Potassium bromide was also later tried by Talbot as a fixer for Photogenic 
Drawing Paper. Its effect is similar to that brought about by sodium 
chloride, converting the excess silver ions, and possibly some of the 
excess silver chloride, to silver bromide. The resultant appearance of the 
print may differ somewhat: the veiling of 'sunned' highlights is said to be 
a different colour, grey rather than lilac, but writings on this topic have so 
far been less than explicit. More firm evidence on the appearance of this 
class of photograph is very desirable. Bromide fixation does not seem to 
have been extensively used by Talbot on chloride-sensitized papers, but 
is of much more importance for fixing his bromide-sensitized ‘Waterloo’ 
paper, and his Calotypes, as described below. 
7.5.4 Thiosulphate fixation 
Sodium thiosulphate (‘hypo’) is the only one of these early fixing agents 
whose use has survived to the present day. The substance, then known as 
‘hyposulphite of soda’, was first prepared by Chaussier in 1799, 363 and in 
the ‘pre-photographic’ year of 1819 Herschel reported the ability of a 
solution of sodium thiosulphate to dissolve silver halides.364 Twenty years 
later, on 29 January 1839, Herschel recalled his discovery of this chemical 
property, seeing its relevance to the problem of photographic fixation, 
and immediately confirmed experimentally the effectiveness of hypo as a 
fixer; this result was made public in a paper to the Royal Society365 on 14 
March. The action of thiosulphate is quite different from that of Talbot’s 
halide fixation: excess thiosulphate dissolves the unexposed silver 
chloride by forming a soluble complex, which can be ‘washed out’ of the 
image with water: 

AgCl  +  2S2O32-  →  Ag(S2O3)23- 

There should therefore be no residual silver chloride in a properly 
thiosulphate-fixed photograph, and consequently it should show no 
susceptibility to fogging and no lilac colour in the high values. 

There are three pitfalls to be avoided in the application of thiosulphate 
fixation to print-out papers. First, the excess silver nitrate present must 
be washed out with water, in which it is highly soluble, before applying 
the thiosulphate, otherwise the image will be seriously stained with brown 
silver sulphide resulting from the reaction of thiosulphate with silver 
nitrate.366 Herschel recognised the importance of this, and Talbot makes 
a corresponding observation367 in Notebook P at an early stage, but it is 
possible that he did not always devote enough care to this step, which 
may have been responsible for some of his evident difficulties and 
dissatisfaction with hypo fixing. 

The second problem arises from the fact that the colloidal silver 
constituting the print-out image is easily oxidised by air in the presence 
of thiosulphate ions (for chemical details see Appendix IV). Over-long 
immersion in the fixer bath, or the use of too concentrated a solution of 
thiosulphate, or the presence of oxidising impurities in the water, can 
cause serious loss of image density if the print has access to the air. In 
addition, the print suffers a colour shift on thiosulphate fixation which is 
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visually and aesthetically most disappointing: it rapidly transforms from 
the rich black of the initial print-out to a rather weak dull brown. These 
may be additional factors that prompted Talbot’s aversion to thiosulphate 
fixation. 

The third problem arises from insufficiently washing the photograph in 
water after fixation by thiosulphate. Indeed, there is evidence that on 
occasion Talbot chose not to wash the photograph at all - on the grounds 
that he thought that he already had a stable result.368 Many early 
thiosulphate-fixed photographs must have suffered extensive fading by 
sulphiding because of this incomplete removal of the fixing agent. As will 
be described in §9.5, thiosulphate was later to be seriously implicated as 
a cause of the longer-term impermanence which dogged the productions 
of the Reading Establishment after 1844, although some of the 
degradation may be due to other causes, such as the adhesive used to 
secure the prints in the Pencil of Nature, as has been claimed by 
Hendriks369, or the quality of the mounting board, as suggested by 
Gray370. 

In appearance, thiosulphate-fixed photographs on Photogenic 
Drawing paper should have clear white highlights, and a reddish-brown 
image colour, in comparison with the lilac highlights and deep maroon 
shadows of the chloride-fixed varieties. 

7.6  Waterloo Paper 
The published description of the method of preparing this silver bromide 
sensitized paper is absolutely minimal,371 but we have a little more 
information372 from Notebook P concerning the most senstiive variety: 
Talbot used a potassium bromide solution of strength 10% w/v to ‘wash’ 
his ‘Common Photogenic Paper’; thus he converted the silver chloride 
substantially to bromide, which is the more insoluble of the two; a 
subsequent ‘wash’ of 20% silver nitrate or ammonio-nitrate was applied 
to achieve the high sensitivity arising from the presence of excess silver 
ions. Further sensitivity was conferred on this paper by multiple alternate 
coatings of silver and bromide; it appears from the Notebooks that Talbot 
considered the higher sensitivity of this paper chiefly as a promising 
means of making camera negatives - until it was eclipsed by his discovery 
of the Calotype. As fixing agent for it, he particularly favoured the use of 
10% potassium bromide solution.  

A few of the items in the NMPFT Talbot collection bear abbreviated 
annotations, believed to be in Talbot’s hand, which might be taken to 
imply some detail of process. For example, items with the following 
inventory numbers have these annotations: 

1937 n 1386  ‘ww’ 
1937 n 1391  ‘w’ 
1937 - 1395  ‘w18’ 
It is possible that these are examples printed on ‘Waterloo’ or ‘double 

Waterloo’ paper. 

7.7  Leucotype Paper 
This ‘positive Photogenic Drawing paper’, as Talbot termed it,373 was 
developed by him just days before he invented the Calotype process: had 
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he not chanced upon the phenomenon of the latent image, it is likely that 
he would have taken his research further with Leucotypes, and they would 
not, in consequence, be such rare items. There was already considerable 
precedent for the making of direct positives, see §1.5, which can be 
attributed largely to Hippolyte Bayard in March 1839, but the details of 
his process were not published until much later. His process has recently 
been researched and successfully re-created by Canadian conservator, 
Tanya Passafiume.374 

Talbot’s Leucotype method stems from his observation of the 
disadvantage with iodide fixation - the fading mentioned above in §7.5.1. 
A sheet of his Waterloo paper was blackened by exposure to sunlight, 
then washed over with a very strong solution of potassium iodide.375 This 
paper was then exposed in a moist condition, whereupon the light caused 
a proportional bleaching of the blackened background, enabling a 
positive image to be directly recorded. The Leucotype was then fixed by 
washing in hot water. 

The highlight areas of such an image are likely to contain substantial 
amounts of residual silver iodide, which should be insensitive to light. 
From a conservation point of view they should be treated as having a 
vulnerability similar to salt prints fixed with iodide. 

7.8  Calotype Paper 
Talbot’s discovery of the phenomenon of the latent image in silver iodide 
on paper finally set photography on the highroad to success,376 although 
it can be argued that he is antedated by Daguerre, using silver iodide on 
metal substrates. The full history of this is vividly recounted by Schaaf.377 
The technology of the calotype process is summarised here on the basis 
of Talbot’s paper to the Royal Society and his patent specifications.  

In the days immediately following 20 September 1840 Talbot 
discovered how to impress a latent image on light-sensitive paper, and to 
develop it as a photographic negative. This was achieved in the three 
separate stages that Talbot called ‘iodizing’, ‘exciting’, and ‘bringing-
out’. We shall retain the first two names, but substitute the modern term 
‘developing’ for the third. Just four chemicals were used: silver nitrate 
and potassium iodide (to make silver iodide), acetic acid, and gallic acid. 
These four were both necessary and sufficient, and form the core of the 
calotype process, the only variations in later years being the order of their 
application and the manner in which they were combined.378  

The disclosure of the working details of Talbot’s calotype process to a 
meeting of the Royal Society, London on 10 June 1841, enshrining both 
the chemistry and steps of preparation, formed the basis for all 
subsequent re-formulations, elaborations, and improvements, even those 
of Louis-Désiré Blanquart-Evrard (§11.1) and Gustave Le Gray (§11.3). To 
provide a point of reference it is important to describe Talbot’s steps here 
in sufficient detail, as follows. 
7.8.1 Iodizing  
A fine writing paper (John Whatman’s ‘Turkey Mill’379) having a smooth 
surface and a close and even texture was used as the substrate for 
coating by brush with a 3.8% w/v (0.224 M) solution of silver nitrate; it 
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was then allowed to dry in the dark, or cautiously at a distant fire.380 The 
paper was then immersed in a 5.7% w/v (0.343 M) solution of potassium 
iodide for 2 to 3 minutes, which ensured that the iodide was in chemical 
excess and precipitated silver iodide within the paper fibres. The sheet 
was then immersed briefly in water to rinse off excess chemicals, and 
lightly dried with blotting paper. The timing of these two stages was 
critical: too long an immersion in potassium iodide tended to re-dissolve 
the silver iodide, and prolonged rinsing in water caused the silver iodide 
to ‘fall off’. Either misjudgement could result in poor negatives. Final 
drying could take place at a fire or under low (candle) light. This 'iodized 
paper', as Talbot called it,381 was quite stable to light and could be stored 
for long periods because of its insensitivity. 
7.8.2 Exciting 
Shortly before the sensitized paper was required for exposure, a sheet of 
iodized paper was ‘excited’, under candlelight, by brushing over the 
prepared surface with a solution that contained 4.9% w/v (0.288 M) silver 
nitrate, 7% v/v acetic acid, and 0.5% w/v gallic acid. This solution was 
called by Talbot ‘gallo-nitrate of silver’. Because this solution was 
unstable, it had to be made when required by mixing equal volumes of 
Talbot’s stock solution of ‘aceto-nitrate of silver’ and a saturated solution 
of gallic acid, which is approximately 1% w/v.382 Talbot’s ‘aceto-nitrate of 
silver solution’ contained 9.8% w/v (0.577 M) silver nitrate and 14% v/v of 
'strong' acetic acid.383 After resting for a half minute, the treated paper 
was dipped into water, then lightly blotted and dried cautiously at the 
fire. If the paper was to be used immediately, it could be left moist. 

The silver iodide already existing in the paper was made sensitive to 
light at this stage by the excess silver ions introduced in the ‘exciting’ 
solution.384  The inclusion of gallic acid increased this sensitivity still 
further, but its presence was not essential, as Talbot recognised. The role 
of the acetic acid was to inhibit the spontaneous decomposition and 
spoiling of the excited paper; but even so, it remained critically unstable, 
and had to be exposed within an hour or two of preparation, before it 
fogged. 
7.8.3 Exposing 
Such was the nature of Talbot’s 'calotype paper'; its sensitivity was more 
than a hundred times that of any photographic paper hitherto described, 
provided that it was developed after exposure by repeating the ‘wash’ 
with the solution of 'gallo-nitrate of silver'. The excited paper could be 
exposed moist or dry, the former state being preferred for its greater 
sensitivity to light. In hot weather the negative was often held in the dark 
slide by a sheet of glass to prevent it drying out, and the same technique 
was used to keep large negatives stable, flat, and in register during 
exposure.  For a normal subject in bright sunlight, Talbot claimed that an 
exposure of one minute at f/15 sufficed, or when the object was white, 
the exposure could be as brief as one second at f/3.385  
7.8.4 Developing 
Following exposure, the invisible latent image was, in Talbot’s words, 
‘brought out’ by development with more ‘gallo-nitrate of silver’ solution. 
Talbot knew that gallic acid alone could develop an image, so the 
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additional presence of silver nitrate and acetic acid was not essential, but 
their action strengthened the image by selectively depositing more silver 
upon it, to build up greater density. This procedure is now known as 
‘physical development’, and it became a crucially important means by 
which Talbot ‘revived’ under-exposed or faded negatives, deficient in 
silver. By contrast, the use of gallic acid alone relies entirely on the silver 
pre-existing in the sensitized paper to constitute the final image – a 
process now called ‘chemical development’. 
7.8.5 Fixing 
The fixing agent used for calotypes is rarely specified or even considered 
by cataloguers, and there may be misconceptions prevalent about its 
nature: Talbot’s original preference, unambiguously expressed in his 
1841 publications, was for potassium bromide as the fixing agent. Harold 
White cites evidence from a Talbot letter that he was still recommending 
bromide fixation of calotypes in August 1843.386 However, a patent 
granted to Talbot in the same year describes the use of hot or boiling 
thiosulphate solution to remove the yellow tint of silver iodide from the 
low density regions of a calotype, thus making the negatives easier to 
print from.387 We cannot be sure of the extent to which the latter process 
replaced the former in Talbot’s practice. Even ten years later, Roger 
Fenton was pointing out that removal of the silver iodide from a calotype 
by means of thiosulphate was by no means essential for stability. 388 
The fixing procedure recommended by Talbot to stabilize the image was 
to dip the photograph into water, lightly dry with blotting paper, then 
brush it over with potassium bromide solution of concentration 2.3% to 
2.9% w/v (0.19 to 0.24 M) which converted any residual free silver ions to 
insoluble silver bromide. The remaining unchanged silver iodide imparted 
a yellow background tinge, but as the negative was quite ‘fixed’ there was 
no urgency about its removal. The yellow tinge of the silver iodide was 
not always welcomed, however, because it significantly extended the 
duration of printing by absorbing the actinic blue and UV light. As Talbot 
pointed out in 1843, the residual silver iodide could be removed (with 
some difficulty) by lengthy treatment in a bath of hot, strong sodium 
thiosulphate solution – the ‘hypo’ fixer first introduced by Sir John 
Herschel in 1839 389 - but this remained an entirely optional step as can 
be inferred from the appearance of surviving calotypes. After a final wash 
with water the calotype was dried. 

Talbot also discovered that iodide- or bromide-fixed calotype 
negatives which had faded through repeated printing exposures to strong 
sunlight could be ‘revived’ by treatment with his 'gallo-nitrate of silver' 
solution. This may be the reason why he does not appear to have used 
thiosulphate to fix calotypes, even when he had reluctantly adopted it for 
his ‘copies’.390 He clearly considered it a considerable advantage of the 
iodide-fixed negative, remarking that he could even correct for imperfect 
development on the first occasion, or reveal new detail in the negative. 391 
In recent times, this ‘restoration’ of faded Talbot negatives, using modern 
developers and intensifiers, was continued by Harold White at Lacock 
Abbey. 392 
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In retrospect, it is easy to understand why calotypes were much easier 
to fix than salted paper prints, and why there is a concensus today among 
curators and conservators that calotypes are more stable. The only halide 
present is silver iodide, which is quite stable to light in the absence of 
halogen acceptors. A wash in water to remove the excess silver nitrate 
developing solution plus treatment with excess bromide or iodide would 
ensure this stability. Thiosulphate is not essential (and indeed not very 
effective: silver iodide is only soluble with difficulty in thiosulphate 
solution, which needs to be heated, in consequence.) The larger size of 
the image silver particles resulting from the physical development 
process diminishes the exposed surface area, which confers a greater 
resistance to attack by oxidising agents. 
7.8.6 Publication and Response 
This, then, is the calotype process invented in 1840 and announced and 
patented in 1841.393 Its rather complex formulation probably arose from 
Talbot’s quest to maximise the sensitivity in order to minimise exposure 
times in the camera - an important factor if the process was to gain wide 
acceptance. In effect he was prepared to sacrifice a degree of chemical 
stability for the advantages of shorter exposures. It is clear from his 
notebook ‘Q’ that he also tested simpler, somewhat slower versions, in 
which the ‘exciting solution’ was ‘aceto-nitrate of silver’ without added 
gallic acid, and the developing solution was gallic acid alone, but these 
procedures did not see publication.394 Talbot seems to have been 
singularly unfortunate in the timing and circumstances surrounding his 
disclosures to the public. Following his elaborate, but thwarted attempts 
to establish his priority in 1839, he did not fare much better in 1841, 
when the Royal Society refused to publish the working details of the 
calotype process in its Philosophical Transactions on the grounds that 
Talbot had already made these public in his patent specification of 
February 1841. Talbot was rightly furious, but could do little to reverse a 
decision that was to seriously impede the wider dissemination of the 
calotype process. After weeks of irate correspondence, and the 
intervention of Herschel on Talbot’s behalf, the Royal Society 
compromised and agreed to publish Talbot’s paper in its less prestigious 
Proceedings.395 Faced with this outcome, Talbot decided to issue his 
Royal Society text privately as a pamphlet, The Process of Calotype 
Photogenic Drawing.396 This was a very unsatisfactory outcome, and for 
the next three years the calotype process stagnated, transfixed by the 
patent, which worked to inhibit the publication of any improvements that 
might have been made. The patent did not hold sway in Scotland, 
however, where Talbot had not registered his claim, so it was from here 
that the first, tentative chemical advances were made, as we shall see in 
§10.  

7.9  Albumenised and Waxed Papers 
The Albumen paper printing process is attributed to Blanquart-Evrard in 
the late 1840’s, who announced it on 27 May 1850.397 Talbot’s 
Notebooks show that in 1842 he was actively experimenting with 
albumen as a binder vehicle for negatives, using a Calotype sensitizer 
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both on substrates of glass,398 for which he took out a patent in 1851,399 
and on waxed paper400 In notebook ‘Q’ he recorded:  

"Proposed new method of preparing the paper. First, wax the 
paper, then spread on it white of egg, or isinglass, then begin 
the usual preparation with nitrate silver, etc, etc. Or else, mix 
nitrate silver with white of egg or isinglass, and spread the 
mixture on waxed paper; then dip in iodide potassium, etc. etc.’ 
A few days later he noted that: ‘When washed with gallo nitrate 
of silver it is sensitive."  

With these observations he anticipated Le Gray’s waxed paper process, 
§11.3, by some nine years.401 But having undertaken the experiment and 
noted the outcome, Talbot shifted his attention to the photographic 
benefits of albumen, and the idea of pre-waxing paper was not 
developed into a practical working process at that time. The counter-
intuitive notion of persuading the aqueous photographic chemistry to 
adhere to a fully waxed sheet of paper was perhaps a sufficient deterrent 
in itself.  
In this regard, his work anticipates both the Albumen on Glass negative 
Process of Niepce de Saint-Victor (1847), and the Waxed Paper Process of 
Gustave le Gray (1851).402 There seems to be no evidence that Talbot ever 
albumenised his positive prints, and the practice only gained in popularity 
after 1850. However, the subject is an intricate one,403 and practices at 
the time were very varied so it would be unwise to exclude the possibility 
of the presence of albumen in earlier material. 
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8  Chronology of Talbot’s Developments 
Insofar as a significant number of Talbot’s photographs are dated, it may 
be useful to summarise any inferences that can be made from his records 
concerning the technical evolution of his photographic procedures. The 
period from 6 February 1839 to 5 April 1843 is well-documented in 
Notebooks P and Q but the earlier phases of his work are only sketchily 
reported in Notebook M.404  Most valuable insights and information come 
from Schaaf's study405 of Talbot's correspondence, especially with 
Herschel. The standard biographies by Arnold406 and Buckland407 provide 
useful background and the investigations carried out at Lacock Abbey by 
Harold White, whose short biography was later published by Hans 
Kraus,408 are also of interest in relation to this material. 

In this chapter the key dates for recorded developments in Talbot’s 
photographic techniques are listed, thereby suggesting the earliest likely 
dates for the use of some procedures. For instance, there is no mention 
of the use of potassium bromide for fixation before 15 March 1839. 
Additionally, dates are also noted for the communication between Talbot 
and others, both public and private, of certain key pieces of information. 
For example, Talbot was unaware of thiosulphate fixation before 1 
February 1839, when Herschel demonstrated it to him. It should be 
recognised, however, that such developments did not displace one 
another in a linear fashion in his photographic works. Thus, for several 
years after Herschel’s disclosure, Talbot displayed an abiding reluctance 
to employ thiosulphate fixer; his letters and notebooks record several 
unsatisfactory experiences with its use, and only much later does he 
admit the superiority of thiosulphate to halide for the fixation of prints.409 
With the founding of the Reading Establishment in 1844, his practices 
became more standardised, and thiosulphate fixation of prints became 
the norm.410 Another example of non-linearity that has already been 
alluded to, is Talbot’s continuing preference for the slow Photogenic 
Drawing paper to make his ‘transfers’ or ‘copies’,411 rather than the much 
faster Calotype paper, which was later favoured by others such as Sir 
William Newton. The subject of the following comments is understood to 
be Talbot, unless otherwise stated. 

20 June 1834 Discovers secret of sensitive Photogenic Drawing 
paper: use of excess silver nitrate. 
Finds silver iodide insensitive to light, hence uses 
potassium iodide as first successful fixer. 

8 Feb 1835 Uses sodium chloride as fixer.  

28 Feb 1835 Records idea of making positive print from negative. 

August 1835 Makes first camera negatives. Also makes images from 
solar microscope (17x magnified). 

25 Jan 1839 Exhibits Photogenic Drawings at the Royal Institution. 
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31 Jan 1839 Reads first paper on photography to Royal Society. 

1 Feb 1839 Herschel reveals thiosulphate ‘washing out’ to Talbot. 

6 Feb 1839 Starts Notebook P. 

19 Feb 1839 Discloses fixing methods to Herschel in letter: 
potassium iodide solution and sodium chloride 
solution. 

21 Feb 1839 Reads paper on Photogenic Drawing paper to Royal 
Society. 

3 March 1839 Notes silver bromide paper very sensitive. 

4 March 1839 Biot reveals Herschel’s thiosulphate fixer to the 
Academie des Sciences, via a letter from Talbot. 

14 March 1839 Herschel reads his first paper on photography to the 
Royal Society, mentioning use of thiosulphate fixer. 

15 March 1839 Uses potassium bromide solution as fixer. 

21 March 1839 Reads note to the Royal Society on silver bromide 
paper. 

10 April 1839 Sends Herschel example of potassium iodide fixed 
print. 

13 April 1839 Fixes silver bromide paper with sodium chloride. 

27 April 1839 Provisionally discontinues use of Hypo; prints from 
camera negatives still relatively novel, becoming more 
common by May. 

26 May 1839 First mentions ammonio-nitrate of silver (ANS. 

10 June 1839 Fixes ANS bromide paper with potassium bromide. 

 8 July 1839 First uses term ‘Waterloo’ to describe silver bromide 
paper. 

7 Dec 1839 Continues to have trouble with thiosulphate fixer. 

20 Feb 1840 Herschel publishes in Transactions of the Royal Society. 

17 Sept 1840 Starts Notebook Q. 
Invents Leucotype: light bleaching of fogged silver 
substrate in presence of iodide. 
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23 Sept 1840 Invents Calotype: silver nitrate plus gallic acid as 
physical developer for latent image in silver iodide; 
fixed by potassium bromide. 

8 Feb 1841 Patents Calotype process. 

10 June 1841 Reads paper to Royal Society describing Calotype. 

20 Sept 1842 Using thiosulphate with sodium carbonate to fix 
‘copies’; potassium iodide fixer for Calotype negatives. 

2 March 1843 Uses copying paper developed by gallic acid. 
Enlargements. 

1 June 1843 Patents hot thiosulphate fixation of Calotypes 

1 August 1843 Continues to recommend bromide fixation for 
Calotypes. 

January 1844 Founds the Reading Establishment. 

June 1844 Publishes first fasicle of The Pencil of Nature all prints 
thiosulphate fixed.  
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9  Properties of Early Silver Images 
9.1  Exposure Considerations 
It will be useful to summarise here some quantitative aspects of the 
widely varying light exposures that were used to make early photographs, 
and to introduce the non-technical reader to the essential units for 
measuring illumination and exposure, which will be much used later in 
this work. 

The SI unit generally accepted for measuring illumination is the lux 
(abbreviated to lx), also called the metre candle. (In the USA, the foot 
candle is still used by some and is equal to 10.76 lx.) To provide the 
reader with a practical appreciation of this unit of illumination (but not its 
formal physical definition): a 100 watt incandescent tungsten bulb, one 
metre away from a surface, illuminates it with approximately 100 lux; the 
summer sun, at midday in English latitudes, striking a surface with 
normal incidence, illuminates it with about 100,000 lux. 

Exposure is the product of illumination and duration. The basic unit of 
exposure, therefore, is the lux second (lx s), but for some purposes this 
is inconveniently small; conservators especially prefer to employ a more 
practical unit, the kilolux hour (klx h) which equals 3.6 million lux 
seconds (3.6 Mlx s). 

It is important to be aware of the very different levels of illumination 
that photographic materials receive when they are in the camera, 
compared with when they are contact-printed by incident sunlight. The 
illumination at the focal plane of a camera such as Talbot used can be 
estimated (see §21.8),412 assuming a typical subject luminance and lens 
aperture, as about 36 lux (i.e. within the range 10 to 100 lx). In contrast, 
the illumination of the direct summer sun, which was used for contact 
printing, is at least one thousand times this, i.e. approaching 100 klx. 
Even allowing for the attenuation of light by a paper negative, it is clear 
that contact printing by sunlight involves light levels a thousand times 
brighter, and exposures proportionally shorter. These widely differing 
light exposures have an effect on the size of the silver particles 
constituting the image which is considered below. 

9.2  Reciprocity Law and its Failure 
Since exposure is the product of illumination and time, the same 
exposure may be represented by very different combinations of the two 
quantities: for instance, the exposure provided by 100 lx for one second 
is the same as that from 100 klx for one thousandth of a second. As long 
as a photographic material responds consistently to the same exposure 
brought about in different ways, then the Law of Reciprocity, due to  
Bunsen and Roscoe in 1862,413 is valid. But there are combinations of 
illumination and time for which a real photographic sensitizer does not 
respond to the exposure as fully as it should, and the Law of Reciprocity 
no longer holds. This reciprocity failure occurs at the extremes of the 
exposure relationship;414 for instance, in the case cited above of 100 lx 
for one second, an equal exposure of one lux for 100 seconds would 
most likely produce a lesser response in the photograph. This is an 
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instance of ‘low intensity’ reciprocity failure, and will be familiar to 
practising silver-gelatin photographers (supposing there still to be any!), 
who are accustomed to making compensation for it. It is less widely 
appreciated that there is also a region of ‘high intensity’ reciprocity 
failure; to return to our convenient numerical example of a 100 lx s 
exposure: another equal exposure would be provided by one million lux 
for one ten thousandth of a second, but this too is likely to produce a 
lesser response in the photographic material. Although high intensity 
reciprocity failure is only rarely of consequence in silver film 
photography, it does play a significant part in early photographic 
practices where the direct light of the sun was used for printing. It will 
also be very important in interpreting the results of experimental work in 
§19.4. The photochemical origins of the effect are discussed in §23, but 
for practical purposes it is only necessary to appreciate how the 
phenomenon, although it was not named or even explicitly recognised at 
the time, could influence the practice of printing-out in two important 
ways. 

High intensity reciprocity failure provides a means of controlling the 
contrast of the printed-out image: exposure to bright sunlight brings 
about less photographic action than a proportionally longer exposure to a 
clear North sky; the shadow areas of a picture will not print as dark under 
an exposure to bright sunlight, as they will under the same exposure to a 
lesser illumination for a proportionally longer time, to produce the same 
highlight values. Several early photographers, including Burton415 and 
Towler416, have recommended this choice of illumination as a method of 
contrast control, although the concepts needed to explain it lay far in the 
future; latterday exponents of silver printing-out processes such as 
Crawford417 and Reilly418 are also quite explicit in describing the 
phenomenon. 

The region of low intensity reciprocity failure is of crucial importance 
to printing-out on salted papers. It was observed from the earliest days 
that printing under dull light cannot be compensated by extending the 
time of the exposure: inadequate light levels produced weak prints after 
wet processing, regardless of the duration of the exposure. Indeed, since 
the sun was then the only practicable light source for this purpose, a 
meteorological limitation was set on the days, and even seasons, when 
photographers could expect to produce good results from printing, and 
even their geographical locations -in the country or the smoky city- could 
have a bearing on their success. It was general advice at the time (ca. 
1855) that such prints should be much overexposed to compensate for 
the inevitable loss in thiosulphate fixer. 

For this phenomenon, Schaaf offers the explanation419 that lower light 
intensities, and consequently slower printing, produce smaller silver 
particles which are therefore more susceptible to subsequent attack and 
dissolution in the thiosulphate fixer than the larger particles formed more 
rapidly by brighter light. These observations seem phenomenologically 
correct, and suggest that the size of the precipitated silver particle is 
directly related to the rapidity of the exposure, but this inference 
presents a problem for physical chemistry, where experience with simple 
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precipitation reactions is exactly the converse:420 the relationship which is 
observed to hold, is that slower reactions tend to promote the growth of 
larger particles. That this is evidently not the case with the printing-out 
of silver, implies a more complex reaction system. In §26.7 an hypothesis 
is put forward to account for this behaviour in terms of back-reactions in 
the sensitizer which tend to redissolve the precipitated silver. 

9.3  Coating Weight and Particle Size 
To fully appreciate the vulnerable nature of silver prints on plain paper, it 
is helpful to have a quantitative view of the amount and state of the 
image silver. From analyses conducted on contemporary salt prints in 
1855, 421 whose reliability there is no reason to doubt, it was found that, 
of the total silver taken up originally by the sensitized paper, only about 
2% remained in the final image, corresponding to an image Coating 
Weight of about 0.1 g/m2. (Coating Weight and related parameters are 
defined in §21.1.) Taking, as example, a typical small salted paper print 
of dimensions, say, 10 cm on a side, the image would be constituted of a 
total of one milligram of silver, which is in the order of one tenth of the 
silver in a print on modern material! It takes very little hostile impurity to 
completely react with this tiny amount of silver and thus cause the print 
to fade; moreover, the colloidal silver of a salt print is very finely divided: 
with a particle size perhaps one hundredth of that in a modern image, the 
surface area of a comparable amount of silver is one hundred times 
larger, so greatly increasing its susceptibility to attack. From a chemical 
point of view, it is remarkable that any images of this kind have survived 
for as long as one hundred and fifty years. 

The coating weight of silver can be estimated from the average optical 
density of the image, which consists of spheres of nanoparticle silver 
approximately 10 nanometers (one millionth of a centimeter) in radius. A 
simple calculation (using the theoretical Nutting equation §21.2) arrives 
at the result that the coating weight of silver is in the order of 0.1 g/m2 – 
a value that is confirmed by chemical analyses of actual prints. In terms 
that can be readily appreciated, this means that a print of ‘whole plate’ 
size (6.5 x 8.5 inches) contains typically 3.3 mg of silver in toto. Now, a 
piece of silver metal the size of a small pinhead weighs about 10 mg, so 
it would take three typical prints to supply even this much! In contrast, 
modern silver-gelatin prints contain about ten times this amount of 
silver. 

This result should bring home the fact that the salted paper print is an 
art object of extreme tenuity: it is remarkable that anything so delicate 
should have survived. Their low silver content makes photogenic 
drawings and salted paper prints much more vulnerable to traces of 
reactive impurities than are modern papers. Moreover, the absence of any 
organic binder layer, such as albumen, collodion, or gelatin, allows the 
image silver much readier access to the air, and any pollutants it may 
contain. Of the chemicals avid to attack silver, the most destructive are 
those containing sulphur, which form the highly insoluble, stable 
substance, silver sulphide. But, for many years now, darkroom workers 
have known and used ‘sulphide’ as an effective brown-toner for modern 
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silver-gelatin prints, so it is natural to ask why the same substance 
should cause the drastic fading observed in salted paper prints. The 
answer lies in the ‘covering power’ of the respective pigments, which can 
be quantified photometrically: complete conversion of nanoparticle silver 
to silver sulphide causes a drop in the optical density by a factor of about 
30. In modern papers, the higher concentration of silver and its larger 
particle size make their loss of density on sulphiding far less apparent. 

Silver sulphide can form directly by the reaction of thiosulphate ions 
with nanoparticle silver, especially under acidic conditions. The minute 
spheres of silver metal initially acquire only a surface-coating of the 
sulphide – like the skin of an apple – but the colour of such particles – 
again just like the apple – is very sensitive to the condition of the surface. 
Pure nanoparticle silver, with a diameter of about 10 nm, appears yellow-
orange; interestingly, this colour can be seen in a few experimental salt 
prints by John Adamson that were fixed only with ammonia, and therefore 
contain no sulphur. Treatment in a hypo fixing bath imparts a thin layer 
of silver sulphide which deepens the colour of nanoparticle silver to a 
more satisfying brown, but prolonged contact with thiosulphate causes 
complete conversion to silver sulphide, which weakens the colour again 
to a drab buff. Here we have the paradox: a little sulphiding can protect 
nanoparticle silver images and greatly enrich their colour, but complete 
sulphiding destroys them. The ‘old hypo fixing and colouring bath’, much 
favoured in the 1840s and 50s for the production of richly-toned salted 
paper prints, is an uncontrolled sulphiding agent, and the outcome of its 
use can be unpredictable, as we shall now see.  

9.4  Colours of Talbot’s Prints 
Talbot’s Photogenic Drawings are remarkable for the range and intensity 
of colour that they display, in contrast to the uniform, and rather dull, 
brown tones of salted paper prints produced later, when methods had 
become more standardised. The origin of this colour was certainly 
misunderstood at the time; Talbot himself was convinced422 that the 
different colours were due to different chemical compounds of silver, 
previously unrecognised by chemists; even today some writers appeal to 
‘organic complexes’ of silver as the cause. Yet it is most probable that the 
images owe their widely differing colours purely to nanoparticles of silver 
of various shapes and sizes; although I should add that this is an opinion, 
as yet lacking full experimental confirmation. There appears to be only 
one scientific thesis which broaches the subject of the colours of 
nineteenth century photographic prints,423 making this an area ripe for 
further research. 

The theoretical groundwork needed to understand the colours of 
nanoparticle metals was laid during the first decade of the 20th century 
by Gustav Mie;424 but this study has only recently acquired much scientific 
topicality, for reasons quite unconnected with photography. There is 
therefore, in the current research literature of chemical physics, a 
growing body of knowledge that is, fortuitously, relevant to 
understanding the appearance of historic photographs; an attempt to 
summarise and explain some of this recent science is presented in §22. 
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9.5  Old Hypo Colouring Baths 
The unsatisfying colour of a freshly hypo-fixed salt print has already 
been alluded to. There are also contemporary observations of 
unaccountable variations in the colour of such prints. These observations 
were not rationalised until about 1850, when Blanquart-Evrard pointed 
out that ‘old hypo’ fixing baths, i.e. those that had already been much 
used for fixation, had the power to produce a satisfyingly rich brown 
colour in the print. Thereafter, many photographers enthusiastically 
espoused the ‘old hypo colouring bath’, (having failed to take heed that 
Blanquart-Evrard had almost immediately abandoned it in favour of gold 
toning). Their enthusiasm extended even to the point of devising 
methods of artificially ‘ageing’ the hypo bath by adding to it acid, silver 
nitrate, and sundry oxidising agents, to improve its colouring power. 

Thomas Malone, in an 1857 account of the practices at the Reading 
Establishment425 describes the addition of nitric acid to the process, in 
order to achieve a “rich mulberry tint”; this ephemeral benefit was 
probably one of the causes of the ultimate fading to which the products 
of the Reading Establishment were so prone. Malone also describes the 
practice of deliberately leaving traces of fixer within the print in order to 
facilitate heat toning, which conferred a purple tinge on the finished 
picture; he claims that such prints had remained good since 1844. Clearly 
the balance between success and failure with these toning procedures lay 
on a knife-edge. 

It was not until about 1858 that it was widely acknowledged that all 
was not well with the ‘old hypo’ toning bath, and by this time many (but 
not all) prints that had been so treated were drastically faded. The 
following comments by Joseph Sidebotham of Manchester reflect the 
discovery: 

“ …of those toned with hyposulphite of soda, or, as it was 
called, “old hypo,” few are in existence and none are in their 
original state. Unfortunately the latter process was used 
extensively from 1852 to 1858 being cheaper and easier to 
work than the other – consequently a large proportion of the 
prints produced between these periods have already faded, or 
will sooner or later do so.” 426 

The detailed history of this interesting episode of the ‘old hypo colouring 
bath’ and its subsequent abandonment in favour of gold toning, which 
stemmed from the setting up by the Photographic Society of its so-called 
‘Fading Committee’,427 can be gleaned largely from the papers of 
Hardwich and Sutton in the Photographic Journal of 1855, and from 
Hardwich’s recommendations on the avoidance of fading, which show  a 
striking change of view between the first and second editions of his text 
book, both of which appeared in the same year.428 the phenomenon of 
sulphiding, the chemistry of which is explained in §23.10, must account 
for much of the variation in colour and durability that is observed in early 
thiosulphate-fixed prints. 
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9.6  Sparling’s Iron Toner 
‘Sparling’s iron toner’ is essentially a variant on the ‘old hypo colouring 
bath’. The iron salt used (‘perchloride of iron’ = ferric chloride = iron(III) 
chloride) does not itself enter into the toning process, but simply serves 
as an oxidant of the hypo (thiosulphate), forming tetrathionate ion which 
is a sulphiding toner of silver. Oxidation of thiosulphate with almost any 
oxidising agent first produces tetrathionate by removing two electrons: 

2S2O32– – 2e–   →   S4O62– 

Thus ‘old hypo’ can be artificially generated by oxidising ‘fresh hypo’ with 
ferric chloride, which is known as Sparling’s iron toner,429 silver 
nitrate, or iodine, or nitric acid, etc. Tetrathionate ion is an effective 
sulphide toner of silver metal: 

 4Ag + S4O62– + H2O  →  2Ag2S + HSO3– + HSO4–  

9.7  Gold Toning 
From their early history, the favoured method of stabilising silver images 
was to coat the silver particles with metallic gold, which is much more 
inert. Several different chemical means were devised for carrying this out. 
 
9.7.1  Sel d’Or, aka Fordos & Gélis’ Salt 
The earliest method of gold-toning was due to Himly in 1839 but is more 
often attributed to Fizeau in 1840. It used sel d'or  which, as its name 
implies, is a salt of gold otherwise known as "Fordos and Gélis Salt", after 
the two French chemists who first isolated it in 1843 as a colourless 
crystalline solid with formula Na3[Au(S2O3)2].2H2O.430 It was also known as 
sodium aurothiosulphate.431 There are two distinct ways of carrying out 
sel d'or  toning in practice; both are described in the Calotype Handbook 
of 1855 by Thomas Sutton: 
I. (p.71) Using an aqueous solution (ca. 0.1% w/v) of the pure salt, which 
was obtainable from pharmacists as a solid (at considerable cost – even 
for a gold compound – because of the chemical manipulations needed to 
prepare it.) Sutton describes this as producing "The French violet tints" 
(p.67).432 A significant feature of this process is that the image was only 
fixed in thiosulphate after toning. 
The toning reaction is a displacement of gold by silver in the complex: 

[Au(S2O3)2]3– + Ag  →  [Ag(S2O3)2]3– + Au 

II. (p.62) Using the original method of gold toning attributed to Hippolyte 
Fizeau in 1840 for 'gilding' daguerreotypes.433 The toning bath is 
prepared by slowly adding an aqueous solution of the readily obtainable 
commercial salt "chloride of gold" 434 to a solution of "hyposulphite of 
soda" 435 the well-known photographic fixing agent. The chemical 
reaction between these two substances does indeed form sel d'or in 
solution, but it also produces a by-product of tetrathionate ion:436 

2AuCl4– + 6S2O32–  →  2[Au(S2O3)2]3– + S4O62– + 4Cl– 
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As described above, the tetrathionate is – as pointed out by Thomas 
Hardwich in 1855437 - an effective sulphiding toner for silver images by 
forming silver sulphide.438  

4Ag + S4O62– + H2O  →  2Ag2S + HSO3– + HSO4–  

So this method of gold toning yields a 'mixed' result which can be 
somewhat variable in its composition of silver/gold/sulphide, depending 
on the relative concentrations of the original ingredients. The image 
colour is said to be more reddish-purple than that of the pure sel d'or 
toning. The process is further complicated by the fact that "gold chloride" 
as then sold was sometimes neutralised439 and in this case it was 
recommended to acidify the mixture with varying amounts of 
hydrochloric acid. 
The only publication by Linnaeus Tripe,440 in the 1857 Madras Journal 
describes his modus operandi for print-making using the 'mixed' 
formulation, 2 above. In this method the print was overexposed, washed 
and thiosulphate-fixed before gold-toning. An inspection of Tripe's 
stocktaking of his "Fittings, Materials and Equipment on Hand, 7 April 
1857" 441 reveals that, as well as listing 71 grams of "chloride of gold" 442 
he also possessed 4 grams of sel d'or,443 so it may be presumed that he 
could also have made some use of the 'pure' gold toning formulation. 
These variations in the toning process provide a basis for understanding 
why Tripe's prints vary so widely in colour. Further rationalisation would 
require analytical knowledge of the gold and, especially, the sulphur 
content of the individual images themselves, obtained by XRF and SEM-
EDX. 
 
9.7.2  Acidic ‘Gold Chloride’ (Le Gray) 
As advocated by Gustave Le Grey, this toner solution contains the 
tetrachloroaurate(III) anion in an acidic environment: 

[AuCl4]– + 3Ag  →  Au + 3AgCl + Cl–  

Note the ratio of the two metals, Au:Ag = 1:3 – so its use dissolves three 
atoms of the silver image for each atom of gold deposited; it 
consequently causes a substantial weakening of the density of the image, 
which needs to be overexposed. The toning is performed before fixation, 
so the insoluble silver chloride, AgCl, must be subsequently removed by 
the hypo fixer. 
 
9.7.3  Alkaline ‘Gold Chloride’ (Molard 1851; Waterhouse 1855) 
Preferable to the acidic tetrachloroaurate(III) toner, is this solution, in 
which the alkali can be: any carbonate of potassium, sodium, or calcium; 
trisodium phosphate; sodium tetraborate (‘borax’); sodium bicarbonate 
or acetate. The effect of the alkali is to provide hydroxide ions which 
coordinate with the gold(III), displacing chloride ions, in a pH-dependent 
equilibrium: 
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[AuCl4]– + OH–  →  [AuCl3(OH)]– →  [AuCl2(OH)2]– 

                     pH 2-6                   pH 6-8.5          pH 8.5-11 
 
It is possible that some Au(I) species like [AuCl(OH)]– are also formed in 
the toner bath on long standing, making it more efficient in replacing one 
silver atom, rather than three, by one gold atom. 
 
9.7.4  ‘Silver solvent’ (Meynier 1863)  e.g. thiocyanate 
The advantage of employing a complex of gold(I) rather than gold(III) is 
made fully possible by using thiocyanate anion, which also acts as a 
reducing agent. The preparation of the toner bath is the reaction between 
‘gold chloride’ and an alkali metal or ammonium thiocyanate: 

[AuCl4]– + 4SCN–  →  [Au(SCN)2]– + (SCN)2 + 4Cl– 

In which we see that Au(III) is reduced to Au(I), which is more efficient at 
replacing silver with gold in the toning reaction: 

[Au(SCN)2]– + Ag  →  [Ag(SCN)2]– + Au 

Where the ratio Au:Ag = 1:1.  Moreover the silver product is soluble, so 
does not require a hypo bath for its removal, and the toning can therefore 
be done after fixation. 
A similar reaction occurs with thiourea, SC(NH2)2, which is widely used for 
a blue gold toner. 
 
9.7.5  ‘Hypo Alum’ Sulphiding toner (Baekeland 1888) 
Alum (potassium aluminium sulphate) is acidic because of the hydrolysis: 

[Al(H2O)6]3+  →  [Al(H2O)5(OH)]2+ + H+  etc. 

The acid liberated can convert thiosulphate to colloidal sulphur: 

H+ + S2O32–  →  S + HSO3– 

Which is a reactive form of sulphur that can oxidise silver image metal 
and form silver sulphide: 

2Ag + S  →  Ag2S 

Gold chloride added to this solution (Nelson 1932) gives Kodak Gold 
Toner T-21. 
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10 Photography in Scotland 1842-1846 
The aim of the ensuing six chapters, §10-§15, is to tease out the threads 
that connect the early progenitor of silver photography on paper, Henry 
Talbot, with the later history of the process. We shall see how these 
threads meander in a surprisingly convoluted path via the practices of the 
pioneer calotypists in Britain, France, Rome, and India. The story begins 
in the Kingdom of Fife, Scotland, at the ancient University of St Andrews. 

10.1  Innovations at Saint Andrews 
The arrival of the calotype and salted paper processes in Scotland in 1841 
has been extensively documented by the Scottish curators, Dr. Alison 
Morrison-Low,444 and Dr. Sara Stevenson,445 describing how the pioneers 
formed a group at St Andrews: Dr John Adamson, and the Professor of 
Chemistry, Arthur Connell, his assistant, William Holland Furlong, and Sir 
Hugh Lyon Playfair; all centred on the figure of the eminent physicist Sir 
David Brewster, who mediated the group’s contact with his old friend 
Talbot, and persuaded him to part with information prior to publication. 
Significantly, the major difficulty experienced by the Scottish group 
seems not to have been with the more complicated calotype process, but 
simply with fixing the positive salted paper prints; letters from Brewster 
to Talbot reveal that John Adamson had been using potassium bromide as 
fixing agent, but he preferred salt.446 Halide-fixing was also still being 
employed by Captain Henry Craigie Brewster, Sir David’s youngest son, 
for his salt prints made from calotype negatives in 1842-3, which have 
been fully documented by Prof. Graham Smith.447 In regard to the method 
of fixation employed by the St Andrews photographers, Talbot’s 
preferences evidently held more sway than those of Herschel – at least 
initially. It seems that the St Andrews group did not encounter much 
success until they gave up Talbot’s method of halide-fixation and 
adopted Herschel’s hypo (§7.5). Having overcome these early difficulties, 
John Adamson succeeded in making the first photographic portrait in 
Scotland in 1842. At this time, John was also instructing his younger 
brother, Robert, who, according to Brewster’s letter to Talbot in August 
1842, was: 

"…well-drilled in the new art by his brother." 448 
Robert mastered the processes to become the first successful 

professional photographer in Scotland and by May 1843 was established 
in Edinburgh and introduced by Sir David Brewster to David Octavius Hill, 
which resulted in the astonishingly fruitful partnership which is fully 
documented elsewhere. David Octavius Hill was always generous in 
acknowledging Robert Adamson for providing the technical skills that 
gave actuality to his artistic vision. In an important letter to the painter 
David Roberts, Hill stated: 

"I believe Dr. Adamson & his brother to be the fathers of many 
of these parts of the process which make it a valuable and 
practical art." Later in the same letter, Hill also wrote 
significantly: "Adamson says the manipulation is very liable to 
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go wrong in the hands of most people…", and he follows this 
with a tantalizing remark: "…it cannot be called secret - tho 
Adamson thinks he knows some things others do not." Hill 
finally admits: "I know not the process though it is done under 
my nose continually and I believe I never will." 449 

These remarks have left photohistorians speculating if Robert Adamson, 
assisted by the 

"…thrice worthy Miss Mann that most skillfull and zealous of 
asistants."450 

had introduced some beneficial modification to Talbot’s process. Was 
there, perhaps, a novel ingredient? Among the conjectures is the 
presence of iron in the Edinburgh water (one spring was famous for its 
‘chalybeate waters’ and their dramatic effect on malt whisky).451  The 
photographic use of an iron toner was later established in the mid-
1850s, devised by Marcus Sparling for processing Roger Fenton’s 
prints.452 Another possibility was toning the image with gold, which had 
been used for daguerreotypes since 1840, but the first recorded 
application of gold toning to silver prints on paper appears to have been 
made by P. F. Mathieu in 1847, and subsequently became standard 
practice. Other likely noble metals were platinum or palladium – also later 
to be employed as toners of paper prints by the 1850s.453 The presence 
of any of these heavy metals in the prints should be readily detected by 
X-ray fluorescence spectrometry (XRF), or the scanning electron 
microprobe (SEM). To seek direct evidence on this point, the National 
Museums and Galleries of Scotland have initiated an on-going 
investigation of prints by Hill and Adamson and other Scottish 
photographers, using non-destructive analytical techniques such as XRF 
and SEM. The Science Department team of Drs Katherine Eremin, James 
Tate, and James Berry report their findings in a companion paper to 
this.454 They will help us to infer some details of Robert Adamson’s actual 
modus operandi, which remains unknown because he left no records. The 
purpose of the present paper is therefore simply to set the context for the 
scientific analytical investigation, and to examine the published 
procedures of other Scottish photographers connected with Adamson, 
from which it may be possible to guess his likely working methods. 

Between 1843 and 1846, Hill and Adamson made more than 3,000 
images that survive well today; their salt prints are notable for their rich 
colour, high density, and good stability (figure 1). The best of them are 
comparable with the best made by Talbot himself at Lacock Abbey. To 
appreciate this achievement fully, we need to understand the problems 
inherent in the salted paper print. It is instructive to determine its average 
silver content, considered purely as a physico-chemical object. To draw 
an analogy with another famous Scottish national product, porridge: the 
amount of salt ideally required is, as Goldilocks discovered while 
sampling the Three Bears’ breakfast: 

"Not too little…not too much…but just right."  
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So it is with the salts in the hypo fixer bath: too little will not remove the 
excess silver halide or improve the image colour; too much may leave 
within the print the seeds of slow destruction. 

This understanding of the processes of fixation and sulphide-fading 
enables us to identify two factors that may have enhanced the long-term 
stability of Adamson’s prints. Both are evident in an early paper on the 
calotype process, which also contains details of the salted paper printing 
process, published by the Scot, George S. Cundell in 1844 in the London, 
Edinburgh and Dublin Philosophical Magazine and Journal of Science. It is 
very probable that the Adamsons would have been aware of this 
publication. Cundell begins by reproaching Talbot for not publishing 
sufficient details: 

"Had Mr. Talbot thought fit to publish directions for the details 
and refinements of his process, as minute and explicit as those 
given by M. Daguerre, his invention, it is probable, would now 
have stood in a very different position; there can be little doubt 
that it also, would by this time have been greatly improved 
upon; and it is with the hope of promoting its improvement, by 
removing some of the difficulties left at the threshold, and 
opening the way for the entrance of labourers into the vineyard, 
that I have been tempted to offer this little treatise to the 
public."455 

Among the details published by Cundell is the concentration 
recommended for the hypo fixer. Neither Talbot nor Herschel were 
explicit on this point in any of their publications, but by the mid-1850s 
most manuals were specifying a range of hypo bath concentrations 
between 10% and 30% for fixing salted paper prints, 25% being typical.456 
Cundell, on the other hand, recommended a surprisingly dilute hypo 
fixer: only 2.5%.457 It is possible, then, that this may have been 
Adamson’s practice too, although this suggestion is by no means a new 
idea. Dr Larry Schaaf has recently brought to light a letter of 1892 from 
G. Chrystal (a professor of mathematics at Edinburgh University) to 
Alexander Inglis of Rock House, for forwarding to James Craig Annan, 
among whose papers, now in the ownership of his descendent Douglas 
Annan, it was found.458 At the time, Chrystal was attempting to replicate 
Adamson’s printing process, and in his letter he reflects: 

"By the way, it occurs to me that the secret of the rich tone of 
the old prints may lie partly in the weakness of the fixing bath 
used. In all probability the fixing bath commonly used for 
Albumen or Gelatine prints (1 in 5) is much too strong & quite 
unnecessary when no size is used in the salting solution. This 
together with the well known vigour of the ammonio-nitrate 
sensitizer may explain the whole matter."459 

(The ‘ammonio-nitrate of silver’, see §7.4, was a popular variation of 
Talbot’s original formulation, first suggested by Alfred Swaine Taylor in 
1839, and was easier to fix owing to its higher solubility.) Chrystal also 
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makes reference to Robert Hunt’s Manual of Photography, where 
Cundell’s method of calotype is accorded pride of place.460 
The second significant recommendation contained in Cundell’s paper of 
1844 is a duration of washing the print that must seem inordinately long 
to any darkroom worker today: 

"…soaking in water alone will have the effect in twelve or 
twenty-four hours." 

That this day-long wash was the customary ‘Scottish practice’ also 
emerges from two later publications. One, attributed to Dr John Adamson, 
is the entry on Photography in Chamber’s Information for the People of 
1857:  

‘When fixed, the prints are to be subjected to a most thorough 
and careful washing, in as many as twenty changes of water, 
over a period from eight to twelve hours, so as to remove if 
possible, all trace of the soluble compounds produced during 
the process. Imperfect washing is sure to cause the fading of 
the prints in a longer or shorter time, according to the 
treatment they receive.’461 

The practice published by John Adamson is very likely the same practice 
he earlier inculcated upon his brother Robert. Further, John Adamson’s 
pupil in photography, Thomas Rodger, paid similar attention to the 
washing of the print; his description to the meeting of the British 
Association for the Advancement of  Science in Glasgow in 1855 is drastic 
in its recommendations:  

"The washing process is for every picture at least 30 hours 
incesssant change of water and in two of those changes the 
water is made hot." 462 

Now, no one goes to these lengths of trouble without good reason – 
probably born of bitter experience. The tendency of many photographers, 
in their eagerness to reach a finished print, is to cut corners in the 
processing by a minimal washing; in Scotland clearly, this temptation was 
firmly resisted. 

10.2  David Octavius Hill and Robert Adamson 
The role of Scottish photographers in perfecting the calotype process has 
been thoroughly documented, especially in relation to the unique pictorial 
legacy of David Octavius Hill and Robert Adamson - a partnership that 
produced an exceptional and unparalleled body of work.463 During their 
brief collaboration from 1843 to1847, it is estimated that they made 
some three thousand calotype negatives – a quite remarkable 
achievement, given the inclemency of Scottish weather and the 
comparative infrequency of sunlight. What was it that set Robert Adamson 
apart from other photographers struggling to control the skittish 
behaviour of the calotype? To have produced such an oeuvre suggests 
that he was very much in control of the chemistry and procedures of the 
process, which he had learned under the tutelage of his brother, Dr John 
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Adamson.464  Hill acknowledged the Adamsons’ technical contributions to 
photography when he wrote: 

"I believe Dr Adamson & his brother to be the fathers of many of 
these parts of the process which make it a valuable and 
practical art. I believe also that Robert Adamson is the most 
successful manipulator the art has yet seen’ and that ‘Adamson 
thinks he knows some things that others do not." 465   

10.3  Robert Adamson’s Salted Paper Prints 
The process used to fix all the photographic prints in the Hill and 
Adamson oeuvre appears to be thiosulphate, although identification of 
the fixation method solely by inspection of the colour must always be 
subject to uncertainty. The analytical studies described in the paper by 
Eremin, Tate and Berry will provide a long-awaited scientific test of the 
validity of these purely visual inferences. 

This seems an appropriate point to insert a caveat concerning the 
nomenclature used for these historical photographic processes: the word 
‘calotype’ is loosely used by many authors today to denote early positive 
prints - especially those of Hill and Adamson. But, in the interests of 
clarity, it is important to remember that these are simply salted paper 
prints – almost invariably hypo-fixed – and were not made by the 
calotype process. Strictly, ‘calotype’ should be reserved for Talbot’s 
development process, which Hill and Adamson used only for their camera 
negatives. The calotype process, with its neutral grey image (figure 5), 
was very little employed at the time for print-making, where speed was 
not essential and where such cold tones would then have been 
considered undesirable. 

10.4  William Holland Furlong 
The name of William Holland Furlong is less widely known, but his 
contribution to the chemical advance of the calotype was significant. 
Furlong appeared in St Andrews sometime during 1841, as an assistant to 
Arthur Connell, the Professor of Chemistry at the university.466 Furlong 
became well known to Sir David Brewster, perhaps through his prior 
interest in photography, and by October 1841 he was mentioned by 
Brewster as one of the ‘three ardent disciples’ of photography in St 
Andrews: five months later Furlong was in touch with Talbot directly, 
asking how he might obtain ‘the beautiful lilac of your positive 
pictures.’467 

In common with other intellectually thriving towns and cities 
throughout Britain, St Andrews boasted a Literary and Philosophical 
Society, where topics such as photography would have been discussed. 
On 3 April 1843, John Adamson read a letter from Furlong relating to “a 
new mode of preparing iodized paper for the Calotype”.468  What Furlong 
proposed was replacing Talbot’s two separate solutions of the iodizing 
stage with a single solution of silver iodide dissolved in strong potassium 
iodide. This contained a soluble ‘double iodide’ of potassium and 
silver.469 It was prepared by adding an eight-fold excess, by weight, of 
potassium iodide to silver nitrate in solution, whereupon the initial 
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precipitate of silver iodide re-dissolved to a clear solution which could be 
imbibed into the paper sheet. 

AgI (s) + 2I– = [AgI3]2– (aq) 

When this solution was diluted with an excess of water, the reverse 
reaction took place and silver iodide was re-precipitated in the surface 
fibres of the paper. Despite the complexity of its preparation, this was a 
chemically elegant method that, at a stroke, overcame the two iodizing 
problems inherent in Talbot’s method. With this method, calotypists 
could now iodize their papers with a degree of certainty that previously 
came only through trial and error.  

With the benefit of hindsight, we can now see that the announcement 
of Furlong’s method was fortunate because it preceded by a matter of 
weeks the signing of the Deed of Demission and the Establishment of the 
Free Church of Scotland on 18 May 1843, which in turn led to the 
partnership between Hill and Adamson. Without Furlong’s formulation 
and the certainties it brought, would Robert Adamson’s calotypes have 
impressed Hill? Or would he have still thought that Adamson was 
struggling with a process that: 

"...was chemically and artistically speaking a very miserable 
affair?" 470  

Perhaps Furlong’s method of iodizing was one of the things that 
Adamson ‘knew and others did not’. It is easy to imagine how such a 
‘secret’ formulation would have been confined to the select handful of 
individuals who made up the photographic circles of St Andrews and 
Edinburgh.471 

In 1843 the difficulties of most calotypists stemmed from an almost 
complete absence of clear, detailed directions, and no accessible 
authority to turn to for advice. For the most part, etiquette and a formal 
social structure isolated one aspiring photographer from another. Without 
benefit of the interchange that was to be fostered later by the 
Photographic Society of London (one of the principal stimuli underpinning 
its foundation in 1853), anyone wishing to take up paper photography 
could only turn to Talbot’s patent specification or any of the subsequent 
accounts in which he elaborated upon it.472 Manuals of the period 
typically quoted Talbot’s own words for the procedures.473 Little wonder 
then that calotype photography, the domain of the gentleman-amateur, 
tended to languish in the rural fastness of the mid-Victorian countryside. 
Even if the interest in taking up photography had been widespread, the 
means of putting it into effect were seriously wanting. 

10.5  George Smith Cundell   
This sorry and wearisome situation changed in 1844 with the publication 
of a paper in The London, Edinburgh and Dublin Philosophical Magazine 
and Journal of Science by George Smith Cundell entitled ‘On the practice 
of the Calotype Process of Photography’. This is now widely regarded as a 
key text on the process.474 Little is known of Cundell, other than he was a 
Scot living in London, where he was employed as an agent for a family 
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with commercial interests in the West Indies. A friend and associate was 
the Scottish engineer, James Nasmyth, who recalled that: 

"...he had the most happy faculty of treating complex subjects, 
both in science and politics, in a thoroughly common-sense 
manner’ - an ability he clearly demonstrated when writing 
about the calotype." 475  

At the very outset of his paper Cundell offered this insight: 
"Had Mr. Talbot thought fit to publish directions for the details 
and refinements of his process, as minute and explicit as those 
given by Daguerre, his invention, it is probable would now have 
stood in a very different position". 

This was a view doubtless shared by those photographers frustrated by 
wayward chemistry and obscure instruction.476 Some years later, in 1857, 
Lady Elizabeth Eastlake, writing on the early history of photography in 
The Quarterly Review, claimed that Talbot’s: 

"directions, though sufficient for his own pre-instructed hand, 
were too vague’ to be helpful, and that anyone joining the 
‘Pilgrims of the Sun’ was bound to meet with disappointment." 
477 

In Lady Eastlake’s opinion the "fresh stimulus that was needed" came 
from Cundell’s advocacy of the calotype process, which offered a set of 
clear directions, based on first-hand experience, allowing even the most 
cautious individual to obtain satisfactory results.  In addition to his 
‘happy faculty’ of explaining things clearly, Cundell’s other contribution 
to the advance of the calotype came with his recommendations for 
‘exciting’ the iodized paper with the solution of ‘gallo-nitrate of silver’. 
He drew attention to the fact that the concentrations specified in Talbot’s 
writings were: 

"...unnecessarily strong, and unless skilfully handled they are 
apt to stain, or embrown the paper." 

which was spoilt in the process. Cundell went on to suggest that when: 
"...extreme sensitiveness is not required the solutions may be 
diluted to half the recommended strength, when they are more 
manageable and nearly as effective." 478  

In effect, by trading off sensitivity against more certain results, Cundell 
recommended the very opposite of what Talbot had sought to achieve. 
There is evidence that this procedure of diluting had already been in use 
by the St Andrews photographers since 1842,479 and once established, it 
seemed the most obvious way to progress. In August 1846, Cundell 
further refined his thoughts on dilution in a brief paper to the 
Philosophical Magazine, where he suggested that the ‘gallo-nitrate’ 
solution could be diluted anywhere between ten and forty times.480  

In addition to advocating dilution, John Adamson also pointed out that 
stability was greatly increased by excluding the gallic acid from the 
exciting solution.481 The recognition that gallic acid caused so much 
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mischief increasingly persuaded most photographers after 1846 to adopt 
Talbot’s simple solution of ‘aceto-nitrate of silver’ as their preferred 
method for exciting iodized paper. Unlike the technical improvement in 
photographic ‘speed’ in recent times, the historical evolution of the 
calotype did not see a steady increase in sensitivity: the duration of 
exposures, rather than diminishing with its progress, were just as lengthy 
– or even lengthier – at the end of the calotype era as they were at the 
beginning, but the stability of the sensitized paper was greatly improved. 
Many of the formulations that were proposed, both published and 
unpublished, are summarized for comparison in their approximate 
chronological order in Table 2, at the end of this paper. 

If one were able to plot a five-year graph showing the numbers of 
photographers successfully taking up the calotype process following 
Talbot’s 1841 announcement, it is easy to imagine that the line would run 
at a shallow angle for the first three years. Given the inherent difficulties 
with the chemistry of iodizing and exciting, and a tendency for the paper 
to spontaneously ‘embrown’, or fog, one wonders how success was 
achieved at all. Even Furlong’s chemical wizardry was unlikely to have 
been widely adopted, either because it was confined to St Andrews and 
Edinburgh, or on the grounds of expense, for though it was an elegant 
answer to a specific problem, it came at a high price.482 (So expensive 
was it, that Furlong gave up his own iodizing method in 1856, in favour 
of a cheaper but much less satisfactory method of spreading silver iodide 
upon the paper.483) 

The steepest rise in the graph would have occurred after May 1844, 
when Cundell offered readers of the Philosophical Magazine the first clear 
and unambiguous working details for the calotype process. Apart from 
general instructions, he was also the first publicly to recommend diluting 
Talbot’s formula for the exciting solution in order to achieve greater 
stability and success. In August 1846 the graph could well have risen still 
further with Cundell’s additional recommendations on dilution and 
Adamson’s advice about restricting the use of gallic acid.484 These 
proposals were refinements of the existing recipe rather than significant 
changes to the underlying practice. For the latter we must transfer our 
gaze to France, where the next phase in the development of the calotype 
took place.  
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11  French Calotypists 1847-1852 
As we have seen, Talbot’s method for sensitizing calotype paper involved 
two distinct steps: iodizing and exciting, both of which entailed 
depositing silver salts into the fibres of the paper, in readiness for 
exposure. We have also seen the complications that ensued from this 
approach, and how some of these difficulties were alleviated. One cannot 
say with any degree of certainty what recipes and adaptations were used 
by the handful of French photographers who had adopted the process by 
1846, because little documentary evidence seems to have survived. But it 
is easy to imagine that they shared the same frustrations and 
disappointments, and were as deeply involved as their British 
counterparts in finding answers to chemical problems. One senses that, 
on both sides of the Channel, interests ran in parallel, even though in 
France there were comparatively fewer photographers using the calotype 
process. 

The terms ‘calotype’ and ‘talbotype’ did not enter the French language 
with the same readiness that the term ‘daguerreotype’ was accepted into 
English. Even though Talbot had patented the process in France in 
1841,485 his name was not widely associated with the calotype; in some 
cases even his priority as the inventor of the process was completely 
ignored.486 This is not the place to discuss the history of Talbot’s 
relationship with France and the French (two quite different things in his 
case) because it would touch on issues outside the immediate focus of 
this book.487  

The research of Taylor and Ware has revealed another aspect of the 
interpretation of Talbot’s calotype patent in France.488 There is a whole 
series of errors that originated in 1857 with the article ‘Mr Fox Talbot’s 
Calotype Patent’ in the Liverpool and Manchester Photographic Journal 
(LMPJ);489 and these errors were perpetuated in the French literature even 
up to the present day. Although the LMPJ stated that their version of the 
patent was carefully transcribed from a “chancery copy”, its author made 
the serious mistake of omitting potassium iodide from the iodizing bath, 
without which the process could not have worked at all! Regrettably, it 
was this article in the LMPJ that was translated into French and published 
in the Bulletin de la Société française de Photographie,490 and later cited 
in Captain Colson's Mémoires originaux des créatures de la 
photographie.491 However, the French translator had the wit to alter the 
erroneous formulation by replacing the original silver nitrate with 
potassium iodide, in the manner of Guillot-Saguez (see §11.2). This 
unfortunate sequence of errors has led to the misinterpretation of 
Talbot’s calotype formulation by some French scholars. 

11.1  Louis-Désiré Blanquart-Evrard 
When Louis-Désiré Blanquart-Evrard, an amateur photographer and cloth 
merchant from Lille, published his Procédés employés pour obtenir les 
Épreuves de Photographie sur Papier in 1847, he conspicuously failed to 
mention the name of Talbot anywhere in his text, but instead claimed the 
chemistry and entire working procedure for the process as his own.492 
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The real issue, however, was not this spurious claim of Blanquart-Evrard, 
but the legitimacy it had been accorded by the Académie des Sciences 
when published in their proceedings, Comptes Rendus, the premier 
scientific periodical of France. Talbot felt so aggrieved by the brazen-
faced plagiarism of Blanquart-Evrard and the behaviour of the Académie 
des Sciences that he laid his case before the annual meeting of the British 
Association for the Advancement of Science, held in Oxford in July 1847. 
Having examined the evidence, his fellow scientists and colleagues 
concluded that Blanquart-Evrard’s process:  

"...appears to be identical with Mr Talbot’s process, from 
beginning to end. More than twenty different operations are 
detailed, but they are all the same, both as to their nature, and 
as to the order in which they follow each other, with those long 
ago published by Mr Talbot. … It is apparent that the process 
here detailed is neither more nor less than the well-known 
English process, which has been called the Calotype or 
Talbotype; agreeing with it in every particular." 493 

This statement accords with a modern re-reading of Blanquart-Evrard’s 
published procedure, in which the only qualitative difference from 
Talbot’s (Table 2) was the inclusion in the iodizing bath of an 
insignificant amount (0.18%) of potassium bromide – a substance that 
had been introduced into photography by Talbot anyway, as early as 
1839.  The effect of this amount of ‘additive’ would have been negligible. 
Much has been claimed for Blanquart-Evrard’s omission of gallic acid 
from the exciting bath, and for its use alone as the developer, as 
‘improvements’. But, as we have seen, neither of these minor variations 
was novel. (Table 2). When Blanquart-Evrard added insult to injury by 
claiming that: 

"...many persons have endeavoured to obtain photographic 
images on paper, but how is it that no one has succeeded?" 

he revealed himself to be either utterly naïve or very knowing. 494 With the 
benefit of hindsight, it appears that Blanquart-Evrard’s publication was 
used by the Académie des Sciences as a device to overturn Talbot’s 
patent rights in France.495   
 Faced with such a towering injustice, Talbot was prepared to take 
Blanquart-Evrard to court over the matter, and as early as January 1847 
he had employed a French advocate based in London, Alfred François 
Bouard, to act on his behalf. Before them stood his old adversary of 1839, 
François Arago, the champion of Daguerre and figurehead of the French 
scientific establishment. Perhaps sensing difficulties, Arago kept his 
distance and, despite repeated visits, Bouard was never granted a 
meeting. Only when the matter was placed in the hands of a ‘very clever 
and distinguished’ (but unidentified) intermediary was indirect contact 
made. Arago’s position then became transparently clear when he stated 
that: 
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 "...there were marked differences between the English system 
and the French system..." and that he "...remained convinced 
there was no plagiarism."  

He added that, if the case went to law, then he would oppose Talbot 
on the grounds that: 

 "...the processes used …are not identical." 496  
Faced with such prejudicial opposition, Talbot wisely withdrew, leaving 

Blanquart-Evrard’s 1847 treatise to gain widespread popularity in France, 
where it became the foundation from which the great flowering of French 
calotype photography first sprang. 497  

11.2  Dr A. Guillot-Saguez  
The first genuine improvement on calotype to emerge from France 
actually came later that year, in the work of a little-known amateur 
photographer and Doctor of Medicine at the Faculté de Paris, Dr Guillot-
Saguez, who does not receive his just due in the history of photography 
for this important contribution, published in 1847, because it was 
eclipsed by the self-promoting - and largely bogus - claims of Blanquart-
Evrard. In the introduction to his Méthode Théorique et Practique de 
Photographie sur Papier,498 Guillot-Saguez acknowledged Talbot’s role as 
the inventor of ‘photography on paper’, as it was commonly called in 
France.  

Whereas Talbot’s method of iodizing employed two separate 
treatments, Guillot-Saguez discarded the use of silver nitrate solution at 
this first stage, and iodized the paper using only a single solution of 4.1% 
potassium iodide. This was a bold and significant modification, because it 
entirely deferred the addition of the essential silver salt from the iodizing 
stage to the exciting stage, where it was more controllable. All the silver 
was therefore introduced at the exciting stage by a strong (7.1%) solution 
of ‘aceto-nitrate of silver’ which deposited sufficient silver ions into the 
paper, and the stability was greatly improved by withholding any addition 
of gallic acid. Diluting the exciting solution, as recommended by Cundell 
and Adamson, was not an option here because it would have resulted in 
extremely poor negatives, lacking in silver density. Development was 
carried out with Talbot’s usual ‘gallo-nitrate of silver’ solution.  

The iodizing method of Guillot-Saguez also had a visible consequence 
that did not arise with the earlier methods which formed silver iodide in 
the paper: on exposure to moist air over a period of days, the coating of 
potassium iodide became very slightly oxidised, producing a small 
quantity of free iodine, with its characteristic violet or purple colour. On 
French papers, due to the presence of starch sizing, this turned blue. 
Guillot-Saguez pointed out that this strong colour was a useful indicator, 
because it was discharged when the exciting solution had completely 
penetrated the paper.  

By proposing this simplified method of a single-solution iodizing bath, 
with a tell-tale colour change on exciting, Guillot-Saguez unwittingly 
paved the way for the radical and much-celebrated calotype variation 
using pre-waxed paper, that his contemporary fellow-countryman, 
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Gustave Le Gray, was to develop in 1851, some four years later, as 
recounted below in §11.3. 

However, Guillot-Saguez's process also continued to be used on plain 
paper, and we shall see that it was the true forerunner of ‘Flacheron’s 
process’, to be described in §13.1, and therefore of ‘Greenlaw’s process’ 
also, in §14.6. Guillot-Saguez made a good number of very successful 
negatives in Rome in the late 1840s, and prints from these were collected 
in an album assembled by Henri Victor Regnault, one of France's most 
distinguished physical chemists, and donated by him to the Société 
française de photographie, of which he was then president.499 We shall 
see that it was through the endeavours of the circle of photographers in 
the ‘Eternal City’, §13.1, that the ‘tropical’ method of calotype evolved, 
and was propagated among the photographic fraternity of the world. 

11.3  Gustave Le Gray 
Gustave Le Gray was one of the most important photographers to emerge 
after 1847: an artist, amateur chemist, and photographer, his premises 
on the Barrière de Clichy became known as a ‘university’ of 
photography.500 Here Le Gray taught photography, experimented with its 
chemistry, and published a number of treatises on photographic 
processes, the most significant of which, in terms of the evolution of the 
calotype, was his Nouveau Traité de Photographie of 1851, which set out 
the working procedures for his innovative use of pre-waxed paper.501 The 
rudiments of this procedure had already been noted by Talbot as early as 
September 1842, when he experimented with pre-waxing photographic 
paper for making negatives, §7.9.  
 It seems likely that Le Gray’s experiments with pre-waxing arose 
from the need to strengthen the light-weight papers of Canson and 
Lacroix, preferred by French photographers. Lacking gelatin size, these 
thin papers were difficult to handle when wet, and readily tore when 
soaked for long periods. Saturating with wax gave the fibres of the paper 
additional strength and stability, allowing almost unlimited immersion in 
the various baths and solutions. This was a novel inversion of the normal 
procedure of waxing calotype negatives after processing, to improve their 
characteristics for printing. Le Gray’s waxed paper process was otherwise 
a photochemical derivative of the calotype, but took full advantage of 
Guillot-Saguez’s simplification of the iodizing bath, without which it 
would not have been practical. The hydrophobic nature of pre-waxed 
paper made it reluctant to absorb aqueous solutions, and iodizing was a 
very slow and tedious procedure (at least an hour or two – and some 
specified twelve), for which the earlier ‘two bath’ method would have 
been inconvenient and uncertain.  
 Perhaps in an attempt to distance his process photochemically from 
the calotype, Le Gray chose to include several minor ingredients in his 
iodizing bath: potassium cyanide, potassium fluoride and lactose. Some 
photographers adopted these without question, but others – including 
Richard Thomas, William Crookes, Dr John Percy, Frederick Townshend, 
and Thomas Sutton – subsequently rejected them as unnecessary and 
ineffectual. However, it must be admitted there is a possibility that recent 
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re-testing of Le Gray’s formula offers evidence that these additional 
ingredients may somewhat enhance the sensitivity. Two recent, 
independent, experimental studies of paper negative processes suggest 
that the addition of potassium cyanide and potassium fluoride and 
isinglass may increase sensitivity.502 It is never going to be possible to 
discuss, with any confidence, the precise causes of the relative 
sensitivities of the historic variants on the calotype process. We now know 
that photographic “speed” under development depends critically on the 
particle size of the silver halide, which is very carefully controlled in the 
manufacture of modern emulsions, but was not controlled or understood 
in those early recipes. Also of particular importance to the speed is the 
presence of certain ‘extraneous’ sensitizing substances at the trace level 
(a few parts per million).503 Given the impurity of nineteenth-century 
chemicals and papers, and the uncertainty of the procedures, the 
sensitivity could have been profoundly influenced by unobserved factors 
that were unknown to the practitioners of the time, and will remain 
forever hidden from us today. 

 In the summer of 1851 Le Gray, accompanied by “the ingenious 
amateur” Mestral, made several hundred negatives during an extended 
photographic tour of France for the Mission Héliographique, which 
demonstrated the practical advantages of the waxed paper process over 
the plain paper calotype and the wet collodion process, both of which 
required chemical preparation immediately prior to exposure.504  The 
waxed paper process proved ideal for the traveller, distant from his 
chemicals and darkroom.505 The prewaxed paper could be ‘iodized’ and 
‘excited’ prior to departure, and carried without difficulty or fear of 
breakage. Batches of sensitized paper could be kept for several weeks 
without loss of speed; and once exposed their development could be 
deferred until convenient. This improvement in stability can be attributed 
to the wax inhibiting the oxidation of the sensitizer chemicals, for once 
the interstices between the fibres of a paper sheet had been completely 
filled with wax, the air was excluded. Moreover the scattering of light was 
also greatly diminished,506 and as a result, the fibrous appearance of the 
paper base was masked and the transparency and spatial resolution of 
the image greatly improved. In terms of the clarity of the results, the 
waxed paper process fell between the unwaxed calotype and wet 
collodion processes. 

11.4  Arsene Pelegry’s Process 
Richard Cynan has discovered an account of this well-known painter’s 
calotype process published in the French literature,507 and has kindly 
provided us with a Google translation, as follows: 
The Method of Arsene Pelegry: 
The choice of paper was once very important, because its production was 
uneven and generally poor. Today it is easy to find, especially at the 
premises of Mr. Marion, 10, cite Bergere, for his excellent selection 
negative papers. Mr. Blanquart-Evrard also gives a very simple method to 
get a well-defined proof from the texture of the paper: 
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“It is enough to take a piece of each type of paper to try, to 
apply them to a positively sensitized sheet of paper and to 
expose them to the light as if you were going to make a print. 
The shade that the paper will take will be more or less striped, 
grainy or clear, due to the homogeneity of the papers being 
tested; by doing this you will know, and in advance, one of the 
essential parts of the good effect which you can expect on the 
paper you will use and you will be able to choose the one which 
will be the best with confidence, that's to say the one which will 
give a more even and clear tint” 

The selected paper will be submitted to an iodide bath that consists of 
the following two formulas: 
 
Rice water. . . . . . . . . . . . . . . . . 1000 ml 
Iodide of potassium . . . . . . . . . . . 15 g 
Bromide of potassium. . . . . . . . . . . 4 g 
Iodine. . . . . . . . . . . . . . . . . . . . .   0.5 g  
Sugar of milk. . . . . . . . . . . . . . . . . 40 g 
 
A second option would be: 
 
Serum of milk (clarified) . . . . . . . 1000 ml 
Sugar of milk . . . . . . . . . . . . . . . . . 30 g 
Iodide of potassium . . . . . . . . . . . . 15 g 
Bromide of potassium . . . . . . . . . . . .4 g  
lodine . . . . . . . . . . . . . . . . . . . . . . 0.5 g 
 
After mixing either formula filter it carefully into a scrupulously clean 
porcelain dish, large enough to receive the papers previously cut to the 
desired size. We then immerse the sheets one after the other, while 
avoiding air bubbles. 
The paper is left to soak for fifteen to twenty minutes in the dish, then 
each sheet is removed, and air dried by suspension. The iodized paper, if 
pressed flat, and kept away from heat and moisture, keeps indefinitely 
and will take on a pink or sometimes almost blue tint, depending on the 
nature of the size. 
Sensitize with the following formula: 
 
Distilled water . . . . . . . . . . . . . . . . 1000 ml 
Nitrate of silver . . . . . . . . . . . . . . . . 100 g 
Glacial acetic acid . . . . . . . . . . . . . . . 40 ml 
 
The paper is then washed in water just as with the dry tannin collodion 
process, then immersed into a solution of tannin, thus composed: 
 
Distilled water . . . . . . . . . . . . . . . . 1000 ml 
Tannin . . . . . . . . . . . . . . . . . . . . . . . . 50 g 
Sugar of milk . . . . . . . . . . . . . . . . . . . 50 g 
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Heat and filter with care. After the bath, the sheets are pressed between 
fresh sheets of blotting paper, then dried by suspension. The paper is 
gummed onto a sheet of cardboard , with a sheet of glass pressed 
behind, and exposed in a special frame. Exposure times are still slow. 
Development is performed by separately immersing each sheet into the 
following solution: 
 
Distilled water . . . . . . 250 ml 
Pyrogallic acid . . . . . . . . 1 g 
 
To which is added a small quantity of: 
 
Distilled water . . . . . . 100 ml 
Nitrate of silver . . . . . . . 3 g 
Citric acid . . . . . . . . . . . 1 g 
 
The image forms rapidly, and once at the desired point, it is washed 
carefully. The developed proof is fixed with thiosulphate and washed 
abundantly. 
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12 British Photographic Practices in the 1850s 
12.1  Roger Fenton 
The publication in Britain of Le Gray’s waxed paper process in 1851 came 
at the moment when photography was transforming itself from an era of 
independent experimentation into one characterised by the formation of 
photographic societies, exhibitions, and journals – all of which were 
dedicated to advancing the medium through the philosophy of 
interchange. A key figure in this activity was Roger Fenton, who became 
aware of the waxed paper process during a visit to Paris in October 1852 
when Le Gray showed him the negatives made for the Mission 
Héliographique. As a result, Fenton became convinced that this new 
process: 

 "...superseded in practical employment all other kinds of 
prepared paper." 508  

Perhaps knowing that his British colleagues were encountering 
difficulties with Le Gray’s published procedures (reminiscent of Talbot 
and ‘his own pre-instructed hand’), Fenton published an account of his 
experiences with the process that gave clear and encouraging instruction 
to the aspiring amateur.509 Fenton went on to use the waxed paper 
process with great effect when he accompanied the engineer, Charles 
Blacker Vignoles, on a photographic visit to Russia during the autumn of 
1852. His choice of the waxed paper process for this trip was doubtless 
influenced by the success of Le Gray and Mestral, and its obvious 
practicalities for the traveller in remote parts. Given the extent of these 
advantages, one can appreciate why the waxed paper process found 
ready favour among photographers worldwide during the 1850’s. With 
hindsight we see that, in a number of practical ways, it represented the 
apogee of the calotype process. 

12.2  Calotype Variations 
One might suppose that successful photographers by that time would 
have been content to apply themselves solely to the rigours of picture-
making, and to have refrained from tinkering with tried and tested 
formulae; but the underlying ethos of the period to ‘advance’ and 
‘improve’ everything offered too great a temptation. In the case of the 
waxed paper process, these ‘improvements’ went in two opposing 
directions.  

The dabblers, following Le Gray’s precedent, set out to create ever 
more elaborate recipes by incorporating up to twelve ingredients in the 
iodizing bath, including potassium cyanide, potassium fluoride, sodium 
chloride, iodine, whey or sugar of milk (lactose), isinglass, rice water 
(starch), honey, gum arabic, sugar candy (sucrose), and egg white 
(albumen), few of which had any proven merit.510  At the hands of some 
British photographers, formulae were devised which aspired to Byzantine 
heights of complexity. One practitioner suggested that some recipes 
would lead a photographer into thinking he was ‘preparing a plum 
pudding instead of a photographic solution’.511  
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Contrary to this "eye of newt and toe of frog" school of 
photochemistry, the scientifically-trained practitioners, true to the 
‘principle of parsimony’,512 were striving to simplify the photographic 
chemistry to a minimum of ingredients. Foremost among the simplifiers 
was the celebrated scientist William Crookes, who adopted Guillot-
Saguez’s iodizing bath of potassium iodide, §11.2, with the addition only 
of ‘as much free iodine as will give it a sherry colour’.513 The deliberate 
inclusion of elemental iodine in the bath has given rise to the hypothesis 
that this ingredient in some way enabled the chemistry to ‘adhere’ to the 
wax coating.514  Counter to this view is the experience that the iodizing 
solution took hours to soak into the paper anyway, and by no means 
everyone, including Le Gray and Fenton, found the iodine to be necessary. 
Its role was likely more prosaic: as pointed out by Crookes, it acted to 
destroy particles of brass and iron left within the paper; a common 
annoyance for photographers when fragments of shirt buttons and rust 
tended to come as standard features of rag paper. More importantly, the 
iodine acted as an ‘indicator’ (as originally discovered by Guillot-Saguez) 
by turning colourless when the iodized paper was ‘excited’, a process 
which also revealed any air bubbles trapped under the paper (another 
common annoyance).   

Potassium bromide was another popular additive, for which two 
benefits were claimed: the first was that it enhanced the photographic 
rendition of foliage and other green subject-matter. The second claim for 
the bromide was that it acted as a ‘restrainer’ in the development, which 
could therefore be extended to higher levels of contrast and density 
without fogging. This improvement in negative gradation was largely 
responsible for the better tonality of foliage, but it is also true that silver 
bromide has a relatively higher response to light of longer wavelengths 
than silver iodide.515 It was generally acknowledged, however, that the 
addition of potassium bromide tended to diminish the sensitivity of the 
paper, and lengthen exposures. 

12.3  Societies and Journals 
The opportunities for publishing ‘improvements’ and ‘advances’ 
increased markedly after 1853, when the Photographic Society (of 
London) was established, with the launching of journals dedicated to 
photography. In addition to reprinting papers given at society meetings 
up and down the country, the journals also encouraged lively 
correspondence between photographers, most frequently outlining their 
successes and disappointments with published formulae. Photographers 
everywhere found an outlet for their theories and opinions, and one 
senses that they used the journal as the means of self-promotion - the 
nineteenth century equivalent of a ‘newsgroup’ for photographers. 
Recipes proliferated at a bewildering rate – so much so that, during the 
first three months of 1854, there were almost thirty articles and letters 
giving advice on working procedures for calotype in the Journal of the 
Photographic Society alone. Prominent among these was a paper by the 
Leeds photographer, Washington Teasdale, who tabulated eight variations 
on the waxed paper process, including naturally, a formulation of his 
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own.516 These are included in Table 2, for comparison. The early 1850’s 
also witnessed a similar growth in the publication of photographic 
handbooks and manuals, with some, like those of Horne and 
Thornthwaite, running into numerous editions. Elsewhere, magazine 
articles appeared, even in journals of domestic economy. Every taste and 
photographic predilection was catered for, from the sublimely scientific to 
the ridiculously ephemeral.  
 Faced with such a wealth of advice, our potential photographer in 
1854 would have had little difficulty in finding information to match his 
education and ambition, but his way forward was not solely conditioned 
by access to the literature.  

12.4  Photographic Materials Suppliers 
There were other factors to consider, the most important being the 
availability of photographic supplies. In major urban centres throughout 
Britain, chemists and philosophical instrument makers expanded their 
stocks to supply photographers. Other entrepreneurs dedicated 
themselves to photography by specialising in paper, glass, collodion, or 
apparatus, and remain known to us today through their advertisements, 
which began to appear increasingly during the 1850’s. A central concern 
for every photographer was finding a good supply of high quality paper 
suitable for negatives and printing. Apart from ensuring that each sheet 
was free from blemishes, brass particles, and rust, choice was further 
dictated by the country of manufacture. French papers were sized with an 
alkaline solution of starch and resin; British papers were treated with 
gelatin size hardened by an acidic solution of alum. Not surprisingly, 
these differences affected the way in which the photographic chemistry 
responded, and it was soon found that French papers suited the waxed 
paper process, whilst British papers worked best with the standard 
calotype recipes.517 In 1854, when our photographer was scanning the 
advertisements in the Journal of the Photographic Society John Sanford of 
London was offering a range of British and French papers, for making 
negatives and positives. Some of these were plain papers, but others were 
prewaxed, or iodized, or even sensitized ‘ready for use in the camera’.518 
Although we may now wonder at how well such paper worked in practice, 
Sanford’s advertisement reveals a new-found confidence in the chemistry 
of the calotype process, and tells us that the decade of improvements 
that took place between 1842 and 1852 had by then reached their logical 
and final outcome.   

12.5  Pre-waxed Paper: John Percy  
Guillot Saguez’s method, §11.2, which only required a single iodizing 
bath, proved particularly appropriate for sensitizing paper that had 
previously been impregnated with beeswax. Following the publication by 
Gustave Le Gray in 1851 of his ‘waxed-paper process’, §11.3, there was 
some division of opinion as to the relative advantages of plain or pre-
waxed paper for hot climates. The preparation of the latter was 
undoubtedly more tedious, and could present problems with the wax 
softening at high temperatures; on the other hand, the prepared and 
excited waxed paper could be kept much longer before exposure, 
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because the wax substantially protected the sensitizer chemicals from 
oxidation by the atmosphere. 

At the first ‘ordinary’ meeting of the newly-launched Photographic 
Society of London, on 3 February 1853, see §12, the proceedings began 
with general addresses from the Vice-President, Sir William Newton, and 
the Honorary Secretary, Roger Fenton. Immediately following these, the 
members heard a paper “On the Waxed-paper Process as applicable to 
Hot Climates” was read to the meeting by Dr John Percy FRS.519 The early 
priority accorded to this technique is significant, but its importance to the 
London Society may not then have owed so much to the problems 
experienced by photographers in the tropics, as to the exceptional 
summer weather in England of 1852, which frequently reached 90°F 
(32°C) in the shade. There was therefore an immediate appreciation at 
home that Talbot’s original calotype method, whilst well-enough suited 
to the normally cool climate of the British Isles, became unmanageably 
destabilized in a hot environment. Percy’s variation on Gustave Le Gray’s 
pre-waxed paper process was unusual in employing Furlong’s iodizing 
method, §10.4, rather than Guillot-Saguez’s, §11.2, but he seems to 
have been alone in this practice. 
  



©Mike Ware 2019  Argyronomicon 

 

 

152 

13 Developments in Europe 
13.1  Frédéric Flacheron and the Rome Circle  
Richard Williams Thomas was a well-known photographer and owner of a 
successful business as a photographic supplier, with his premises at 10 
Pall Mall, London, frequently advertised in the Photographic Journal.520 In 
1852 he published in the Art-Journal an account of his visit to Rome in 
1850,521 which he had undertaken with the intention of making the 
acquaintance of the ‘Rome circle’ or 'Roman clique' of photographers. 
This coterie included: Count Frédéric Flacheron, Giacomo Caneva, Eugène 
Constant, and a cooperative Englishman named Robinson. Thomas makes 
it clear in his account of the visit that he found Talbot’s calotype method 
quite unusable under the climatic conditions prevailing in Rome, and he 
did not meet with any pictorial success until he had adopted the practice 
advocated by the Roman circle, which Caneva taught him in 1850. This 
was almost certainly the same method that became ascribed principally to 
Flacheron,522 whose architectural studies of Rome were widely admired 
and sold in London for relatively high prices,523 although their author 
never published personally any description of how they were made. 
Robert Hunt recounts that Flacheron also showed his work at the Great 
Exhibition of 1851.524 Flacheron received further acclaim in The Art-
Journal's review of the first exhibition in Britain devoted solely to 
photographs, held in 1852-3 under the aegis of the Society of Arts: 

"The works of F. Flacheron - who works by a modification of the 
Roman process, described in a former number of the Art-
Journal by Mr. Thomas... possess many beauties." 525 

It is evident from Thomas’s rather convoluted technical details that 
Flacheron and his colleagues had adopted the Guillot-Saguez method of 
iodizing the paper (§11.2), but with a 7.4% solution of potassium iodide 
to which was added a small amount of potassium bromide (0.2%) and 
elemental iodine (0.17%). The former was said to stabilise the sensitizer 
and inhibit fogging in the development; the claret colour of the iodine 
acted as an indicator, for its decolorization signalled completion of the 
subsequent exciting stage, which was carried out with a solution of 
‘aceto-nitrate of silver’ similar to that employed by Guillot-Saguez. The 
developer was simply a saturated (1%) solution of gallic acid. The 
prepared paper was usually exposed moist, so this method also became 
popularly known as the “wet paper” process, and elaborate procedures 
were evolved to keep the papers damp until exposure, by rather 
inconveniently sandwiching them between glass plates. That this 
troublesome procedure was actually unnecessary, was revealed in a later 
anonymous publication of 1865,526 which also purported to describe 
“Flacheron’s process”, and clearly derives from the formulae published by 
Thomas, but with the only significant difference that the correspondent 
preferred to expose his paper dry, at the price of sacrificing some 
sensitivity. Later users of Flacheron’s putative “wet paper” process also 
found it more convenient and perfectly successful, if a little slower, when 
used “dry”, so dispensing with the need for carrying many glass sheets. 
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13.2  John Stewart in the Pyrenees 
In 1852 the Athenaeum published a letter from Sir John Herschel which 
conveyed a method of paper photography adopted by his brother-in-law,  
the Scotsman John Stewart, who was practising very successfully in Pau in 
the Basse-Pyrenées, a department of South-West France.527 Stewart had 
found the method well-suited to the warm climate of that region: his 
formulation was based on Guillot-Saguez’s simple iodizing method with a 
solution containing 5% potassium iodide, occasionally adding a little 
potassium bromide. For his knowledge of this method, Stewart fulsomely 
acknowleged the guidance of Professor Henri Victor Regnault, with whom 
he was evidently in close touch and who in turn had collected the 
successful photographs of Guillot-Saguez (§11.2). Stewart's novel 
contribution to the procedure was to recommend the use of a vacuum 
pump to ensure thoroughness and uniformity of imbibing the iodizing 
solution into the paper fibres. In addition, following the 'principle of 
parsimony', he achieved the maximum simplification by omitting all the 
ingredients he deemed unnecessary; Stewart also stated that his paper 
could be exposed either wet or dry. 

At the very first British exhibition of photography in 1852, John 
Stewart's prints caused a sensation: his Scene in the Pyrenees was judged 
"the finest in the exhibition" by the reviewer for the Art-Journal,528 which 
also devoted considerable space to reprinting the details of "Mr. Stewart's 
Process" that had originally appeared in the Athenaeum. In response to 
the consequent pleas from enthusiastic would-be practitioners,529 Stewart 
was later persuaded to publish a full account of  his method in 1854 in 
the newly-launched Journal of the Photographic Society.530  

There is no doubt that Stewart's version of the calotype process soon 
became known in India to Alexander Greenlaw (§14.6), whose 
recommendation of Stewart's writings strongly suggests that they must 
have informed his own practice. Greenlaw was a corresponding member 
of the Bombay Photographic Society, which published in its Journal of 
1855 a transcript of Stewart's method provided by a "W.R." (possibly Dr. 
W. Reynolds) who admitted: 531 

"Who the author (Mr. John Stewart) is I know not, but its 
extreme simplicity, uniformity, and the certainty of the results 
vouched for, seem to me to render it well worthy of attention."  

In a subsequent letter to the Bombay Society's Journal, Greenlaw 
himself drew the members' attention to the fact that the full article by 
Stewart could be found in the "London Photographic Journal" (as he then 
called the Journal of the Photographic Society), to which he strongly 
recommended his fellow-amateurs to subscribe, along with that useful 
publication Notes and Queries, as we shall see in the next chapter. 

Stewart's other notable contribution to early photography was a 
description in 1853 of his method of printing negatives by projection in a 
prototypical 'enlarger' attributed to a Mr Heilmann; this early employment 
of enlarging was also described by his brother-in-law, Herschel, as a 
"Photographic Pantograph" in the The Journal of the Photographic Society. 
532  
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14 Photography in India 1855-1870 
14.1  Photography in the Tropics 
It requires imagination today to appreciate just how difficult it was, in the 
India of 1855, to make a successful photograph. The process of camera 
photography on paper had been invented in Britain only 15 years 
previously, and for most of the time since then its dissemination and 
improvement had been inhibited by the patent taken out in 1841 by the 
inventor, Henry Talbot. The leading societies devoted to photography 
were not founded until 1853, and the first journals and periodicals 
dedicated exclusively to its practice were also launched that year. 
Allowing for the delays in the transport of equipment, materials, and 
information to India from Britain at this era, it is remarkable that a 
substantial number of competent photographers were already practising 
in the sub-continent by the mid-1850s, and had founded photographic 
societies in all three presidencies: of Bombay (1854), Madras (1856), and 
Calcutta (1856).  The editor of the proceedings of the Madras 
Photographic Society, which were regularly reported in the Madras Journal 
of Literature and Science, was moved to reflect in 1859: 

“Many circumstances conspire in this country to render the 
pursuit of Photographic Art more difficult and less satisfactory 
than in the more temperate climate of Europe. The intense heat, 
light, and frequently too in some parts of the country, an 
atmosphere overloaded with moisture, form formidable 
obstacles to the operations of the Photographer in the Tropics.” 

At that time, there were two other processes in competition with silver 
photography on paper: daguerreotype and wet collodion on glass. The 
difficult and hazardous daguerreotype was made on silver-plated copper 
sheets, halogenated with the aggressively corrosive vapours of elemental 
iodine and bromine, and developed over hot mercury, whose vapour is 
notorious for its insidious neurotoxicity. Owing to the ‘miniature’ scale of 
the daguerreotype – very large formats were impossible with this process 
– it was used chiefly for portraiture. Around 1851, Frederick Scott Archer 
introduced the wet collodion process, which involved coating glass plates 
with a solution of nitrocellulose (guncotton) in the highly volatile and 
flammable solvent, diethyl ether mixed with ethanol. This presented a 
different set of hazards, for collodion is not an easy material to preserve 
safely in warm climates: it decomposes rapidly, and sometimes violently, 
at temperatures above 90°F. 

14.2  Paper: the Negative Substrate of Choice 
The advantages of paper, compared with metal or glass, as a substrate 
for the photographic image are obvious: its portability, durability, ease of 
manipulation, re-touching and other hand-working. But collodion on 
glass could claim the advantages of higher photographic sensitivity, 
requiring shorter exposures, and a superior resolution which provided 
extremely sharp images; ultimately it was this aesthetic that made wet 
collodion the dominant practice in Europe and the USA by the mid 1850s. 
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Calotype therefore suffered an early demise in the West but, by contrast, 
in India it resisted the total displacement by wet collodion for much 
longer, where it endured until the late 1860s. The reasons for this have 
been succinctly articulated by Roger Taylor: 

“By selecting paper negatives these photographers were able to 
make large format views with far less trouble and inconvenience 
than their brethren using the collodion process which 
demanded a mobile dark-tent and sufficient chemicals, water 
and glass to furnish a small greenhouse.” 533 

Sensitized photographic paper did not take kindly to transportation 
from England - there are accounts, for example, of it being drenched by 
sea water and eaten by white ants534 - so most photographers in India 
were obliged to sensitize plain paper themselves, by hand-coating it with 
solutions they had made up from the raw chemicals. This was a labour-
intensive pursuit for the busy administrators and soldiers of the East India 
Company, frequently working under canvas in the field.  

14.3  Tropical Cameras  
Photography then was still a contact printing process (despite John 
Stewart's endeavours, enlarging did not become an established part of 
the technology until the end of the century) so cameras had to produce a 
negative the same size as that desired for the positive print. A format as 
large as 10 x 8 inches was then considered only modest in size, and more 
appropriate for the amateur, whereas the ‘professional’ government 
photographers more commonly employed cameras producing negatives 
of dimensions at least 16 x 12 inches, which required beasts of burden 
for their transportation. These huge wooden cameras were also highly 
vulnerable to the extreme fluctuations of humidity and temperature 
characteristic of the Indian climate, which caused many to distort to a 
state of uselessness under the strain, obliging their owners to have them 
redesigned and rebuilt. Within a few years, more robust purpose-built 
"tropical models" became commercially available, using brass-bound 
hardwoods such as teak, mahogany and lignum vitae. Richard Thomas of 
London, mentioned in §14.1, is known to have supplied Captain 
Alexander Greenlaw in India with a specialist camera in 1855, from the 
latter’s own account in a letter to the Photographic Society of Bombay: 

“It is a failing often in India, owing to the heat acting on the 
cameras, which, made at home, are generally very slight and 
very apt to warp. I have one now coming out from home, made 
very strong and brass bound throughout, expressly for India. 
The maker is R. Thomas, 10 Pall-Mall, who states that with fair 
usage it cannot warp or get out of order even in our hottest 
weather, and this is what all Indian amateurs should attend to 
when getting cameras out from home.” 535 

14.4  Calotyping in India 
The photographic fraternity in Britain was made aware of the activities of 
their expatriated brethren in India by an 1859 communication from W. H. 
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Stanley Crawford, Secretary of the Bombay Photographic Society, to the 
Photographic News; this described a waxed paper process which 

 “is practised with great success in that climate, where other 
processes which have been found to succeed perfectly in 
England, entirely failed.” 536 

Crawford stated that his method followed the procedures of Frederick 
Townshend and James How, published in 1853-4,537 who were both 
working within the elaborated tradition established by Le Gray (§11.3) 
and popularized in Britain by Roger Fenton (§12.1). Besides the essential 
potassium iodide, this procedure included many additional (and probably 
superfluous) components in the iodizing solution, such as potassium 
cyanide, potassium fluoride, sodium chloride, iodine, whey or sugar of 
milk (lactose), isinglass, rice water (starch), honey, gum arabic, sugar 
candy (sucrose), and egg white (albumen). It was found that sensitized 
waxed paper could be kept in India for as long as two weeks before 
exposure, and did not need to be developed until several days afterwards. 

Waxed paper was normally exposed dry, but even this practice was 
changed by one photographer who ventured into hot climates: Captain 
Champlouis, during his expedition into Syria in the early 1860s, had 
found that the “quickest and simplest process” was to keep the sensitized 
waxed paper wet, for as much as ten or twelve days, sandwiched between 
glass sheets.538 He claimed that this method of operating economised 
both in preparation time, and in the consumption of that commodity so 
vital in the desert - water. However, the added burden of all the glass was 
not apparently a concern to a man who was served by numerous 'bearers'. 

14.5  Jesse Mitchell’s Procedure 
The first detailed account of a calotype process to be published in India 
can probably be ascribed to Adjutant Jesse Mitchell of the 1st Native 
Veteran Battalion in 1856.539 Mitchell described his method to the Madras 
photographic Society as: 

 “… a modification of the original waxed-paper process of Le 
Gray, but it is equally suited to unwaxed papers.”  

Mitchell favoured the latter, and did indeed follow Le Gray in using a 
rather dilute (1.7%) potassium iodide solution, augmented by potassium 
bromide (0.57%), and several other additives of more questionable worth, 
including: 

"...crystallised honey from the bottom of a jar."  
His iodising procedure smacks more of the kitchen than the darkroom: 

"Let pure milk from the cow stand until it is sour, for each quart 
of milk beat up the white of three eggs..." 

Mitchell excited his iodized papers with a standard (5.4%) aceto-
nitrate of silver solution, and kept them wet before exposure, finding that 
they were good for up to 18 hours. He developed his images with gallic 
acid containing dilute (0.3%) aceto-nitrate of silver. After the usual fixing 
in "hypo" and drying, the negatives were carefully waxed before printing, 
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avoiding superfluous wax that might be melted by the sun and 
transferred to the contact print.  

This description very likely reflected the common practice among the 
members of the Bombay Photographic Society; Mitchell observed in his 
article that the process was also essentially the same as that employed by 
the official Bombay government photographer, Captain Linnaeus Tripe,540 
and his assistant Dr. Neill. Greenlaw was also a corresponding member, 
but it was due to him that the process received considerable 
simplification, as we shall shortly see. 

14.6  Alexander Greenlaw 
It is a reasonable conjecture that, besides purchasing a suitable bespoke 
camera from Richard Thomas (§14.3), Greenlaw may also have obtained 
from him some of his knowledge of the calotype adapted to hot climates, 
recently acquired from Flacheron, as described earlier in §13.1. But 
Thomas was not the only proponent of this variation of the practice, as 
we have seen from the contribution of another British photographer 
abroad, John Stewart (§13.2), whose work was also known to Greenlaw. 
As to Greenlaw's photographic practice, we are provided with our leading 
clue by the published revue of the very first exhibition of photography in 
Bombay in 1856:  

“Flacheron’s process was exemplified by Capt. A.J. Greenlaw” 541 
We can assume that this statement is accurately based on Greenlaw’s 

own admission of his methods of negative-making, for there would have 
been no way for any observer to infer it from the appearance of the 
exhibited positive prints.  

The details of “Greenlaw’s process” bear some similarities to the 
account published by Mitchell thirteen years earlier (§14.5), including 
some unusual and characteristic features that were not widely employed 
by others – for instance, the use of potassium cyanide to clean the 
processing dishes, and the use of camphor as a preservative to stabilize 
the gallic acid solution. Both men also recommended exactly the same 
French paper, from Canson Frères. However, Greenlaw’s was by far the 
simpler process, having omitted all the superfluous ingredients of 
Mitchell and Le Gray that he deemed unnecessary. In this he was echoing 
the method adopted by the more scientifically-minded British 
photographers such as John Stewart, Frederick Townshend, William 
Crookes, Thomas Keith, and Thomas Sutton, who also reacted against the 
"eye of newt and toe of frog" school of photochemistry by observing the 
'principle of parsimony' (Occam's razor) which, in one of its many forms, 
states that: 

"It is futile to do with more what can be done with fewer." 
Greenlaw’s formulation was essentially that of Guillot-Saguez (§11.2) 

or Flacheron (§13.1): it used a strong solution of potassium iodide (5.2%), 
modified with a higher concentration of potassium bromide (1.6%), that 
would have further stabilized the sensitizer, plus a little free iodine as 
indicator. Excitation was by the usual aceto-nitrate of silver solution 



©Mike Ware 2019  Argyronomicon 

 

 

158 

(6.3%) and the developer was gallic acid (1%) with dilute (0.2%) aceto-
nitrate of silver. 

Greenlaw practised photography successfully in India for at least 14 
years before publishing a concise description of his calotype method in 
The Photographic News in 1869, almost as an afterthought, and largely 
for the benefit of photographers in Britain.542 The authority of this work 
was reinforced at the time by an accolade from the editor, in the form of 
a footnote which reads: 

“We learn from Col. Greenlaw that the following method of 
working the calotype process, which could not be surpassed for 
simplicity, is found perfectly efficient in the climate of India, 
where photographic difficulties are much greater than they are 
in this country… The 18 by 16 pictures of Col. Greenlaw, by this 
process, took the first prize at a recent Madras exhibition.” 

Greenlaw's tardy entry into print suggests that he did not entertain any 
conviction that his method was novel. Nowhere in his text does he claim 
to be an innovator – simply a long-term, successful user of a process that 
was well-known, and probably common to most of the photographic 
fraternity in India.  

14.7  The Legacy of Greenlaw's Process 
In view of the rich legacy of calotype negatives left by Alexander 
Greenlaw, it is remarkable that not one of his original salt prints appears 
to have survived. The cause of their disappearance may lie in the 
potential instability caused by ‘hypo’ fixer: if the print were not 
scrupulously washed, residual 'hypo' could eventually transform the deep 
brown silver image into silver sulphide, which is much paler in colour. 
Deterioration by this type of fading had been noted at an early stage by 
reviewers of exhibitions: 

"Captain Grenlaw exhibits a great variety of head size portraits, 
half lengths, and groups,... but several have been spoilt by 
being left too long in the hyposulphite solution..." 543 

This problem seems to have been quite widespread among the 
photographic fraternity in India - to the extent that negatives processed 
there were sometimes sent back home to England for professional salt 
printing and gold toning.544 The latter was a stabilising treatment 
strongly advocated by the Bombay government photographer, Captain 
Linneus Tripe,545 with whose work Greenlaw's was favourably compared:  

"...the best Indian photographs in the Exhibition, those by Capt. 
Tripe and Capt. Greenlaw... The views by Capt. Tripe excel in 
finish and delicacy - those by Greenlaw in boldness, freedom 
and effect, the former are perhaps the best photographs, but 
the latter are the best pictures." 546 

For many years, Greenlaw’s calotype negatives remained exclusively in 
the hands of his family, and his oeuvre did not become known to 
photohistorians until 1910, when his daughter, Mrs Armitage, lent to the 
Art Library of the South Kensington Museum some seventy negatives, 
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from which ‘modern’ prints were made.547 Greenlaw's negatives of 
Vijayanagara in the Alkazi Collection and the National Media Museum are 
astonishing for their sheer size - 15 x 12 and 18 x 16 inches - formats 
that, for sharpness, demanded relatively small lens apertures and 
consequently lengthy exposures. Evidently his struggles with the primitive 
technology of the calotype must have been considerable: the negatives 
themselves are very dark, unlike the smaller productions of other 
practitioners. They were waxed after processing but still cannot be read 
at all by reflected light; only under transmitted light do they spring to life, 
revealing the full depth of their detail. Their high density of base fog may 
have resulted from the process of "physical development" adopted by 
Greenlaw which deposited excess silver in the shadow values. As a 
consequence of this compression of the density range of his negatives, 
Greenlaw evidently found it necessary frequently to apply an opaque paint 
(gouache?) to reinforce the high densities, without which his skies would 
have printed out in a depressing grey. 

By the end of the 19th century, the calotype process was deemed long 
dead and gone; but whenever an enquirer sought historical information 
on it, one name was recurrently cited – besides that of its inventor, Talbot 
– the name of Alexander Greenlaw. It is evident that “Greenlaw’s process” 
was taken as synonymous with the best of calotype practice, even into the 
20th century. Thus, the editor of Amateur Photographer, F. J. Mortimer, 
responded to an enquirer in the correspondence of 14 June 1912: 548 

“In reply to your enquiry re Calotype process, this is a late and 
simplified form of the Talbotype process, it having been found 
by Colonel Greenlaw to be of special use in the Indian climate.”  

Mortimer goes on to recount Greenlaw’s success at exhibition in 
Madras as reported in the Photographic News of 1869. Likewise, on 
consulting the leading encyclopaedia of photography of 1911, one finds 
the following entry under “Greenlaw’s process”: 

“A modification of the calotype process for obtaining paper 
negatives. Thin paper was immersed for about an hour in a 
solution of potassium iodide and potassium bromide, 
containing sufficient iodine to give it a dark claret colour. It was 
then dried, sensitized as required in an acidified silver nitrate 
bath, rinsed, and again dried. After exposure in the camera, the 
paper was developed with gallo-nitrate of silver, rinsed well, 
fixed with “hypo” and washed.” 549 

What then could have given rise to Greenlaw’s subsequent reputation, 
and on what basis was it sustained? How could the widely acclaimed 
“Greenlaw’s Process”, as it became known, have gained its name from an 
obscure, substantially forgotten, photographer of India whose work - 
albeit prizewinning at the time in India - was unseen at home? 

These attributions probably stemmed from the fact that the calotype 
process had been effectively re-branded as “Greenlaw’s” in at least three 
authoritative manuals of the late 19th century: by William Abney,550 John 
Towler,551 and Walter Woodbury,552 all of whom credited Greenlaw’s late 
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published calotype version of 1869 as the apogee of the process. In the 
7th edition of Captain Abney’s Instruction in Photography, in 1886, the 
chapter on Paper Negative Processes opens with the words: 

“The following is a modification of the original calotype process 
which has yielded excellent results in many hands. It is known 
as Greenlaw’s process.”  

The description that then follows is Greenlaw’s original account of 
1869, verbatim. By 1900, in the 10th edition of his treatise, Sir William de 
Wiveleslie Abney, as he had then become, was moderating his views in 
the light of the recent ascendancy of celluloid film and the gelatin dry 
plate. The chapter on Paper processes opens somewhat equivocally: 

“It might seem too retrograde to describe one of the old paper 
processes, but it remains yet to be seen whether they may not 
again come to the fore for prints, or even for negatives under 
certain circumstances, so we give two processes, both of which 
yield excellent results, and the last is very fairly rapid. The first 
is known as Greenlaw’s process.” 553 

The single publication by Greenlaw probably constituted the last 
historically significant account of calotype by an actual practitioner of this 
dying process, and it remained fresh in the minds of the encyclopaedists 
of the 19th century - even without the evidence of Greenlaw’s magnificent 
photographs, which they were unlikely ever to have seen. Once enshrined 
in the seminal textbooks by Abney, Towler, and Woodbury, Greenlaw’s 
name was set to echo down the years, repeatedly cited as representing 
the zenith of paper photography. Our contemporary photohistorical 
perspective may no longer credit Colonel Alexander Greenlaw as an 
important innovator of photographic process, but we can at least 
acknowledge that he was one of the most accomplished photographers to 
practise calotype in very large formats under the most difficult of 
circumstances. 
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15  Summary of Calotype Variations 
How can this narrative inform our understanding of paper negatives 
today? First, and perhaps most importantly, no matter how elaborate the 
recipe, or how it was named, or whether the paper was pre-waxed or not, 
the underlying photochemistry of all paper negatives was essentially that 
of Talbot’s calotype process (Table 2). For sure, the chemicals could be 
variously prepared, or given greater dilutions, or essential components 
could even be transferred from one stage to another, but nothing overall 
was chemically different. At its heart, the calotype process functioned 
simply by precipitating silver iodide in paper; by sensitizing it with excess 
silver ions; by impressing a latent image upon it with light; and by 
developing that image with gallic acid.  
 We are now in a position to enumerate all the significant variations 
that are possible with the calotype process, as follows: there were 
essentially two choices for the paper – pre-waxed or plain; there were 
three distinguishable methods of iodizing – due to Talbot, Furlong, and 
Guillot-Saguez; there were two broad categories of exciting – Talbot’s 
concentrated solution, with or without gallic acid, or Cundell’s dilute one; 
and there were two means of development - ‘physical’ or ‘chemical’- 
using ‘gallo-nitrate of silver’ or gallic acid alone, respectively.554 Thus, it 
might appear that the total number of permutations for the calotype 
process is given by:  
2 x 3 x 2 x 2 = 24. 
 However, not all these combinations are feasible, as we have seen, 
and when we take account of the constraints and pre-conditions applying 
to certain choices, we are left with about 12 viable and distinct 
procedures. When all unnecessary embellishments are stripped away, 
what appeared as a veritable minefield of processes exemplified in Table 
2 becomes greatly simplified into a dozen or less variations on the single 
theme of calotype, as summarized in Table 1.  
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Stage I 
Iodizing 
method 

Stage II 
Exciting 
solution 

Stage III 
Developer 

 
Practitioners: dates of 
publication  

Plain Paper 

Talbot Strong Gallo-Nitrate of Silver Talbot 1841; Sutton 1855; 
Thornthwaite 1843 

Gallic Acid Talbot 1842; Llewelyn 1846; 
Blanquart-Evrard 1847; 
Baldus 1852 

Dilute Gallo-Nitrate of Silver Cundell 1846; Llewelyn 
1854, Sutton 1855; Playfair 
et al 1842 

Furlong Strong Gallo-Nitrate of Silver Furlong 1843 

Dilute Gallo-Nitrate of Silver Adamson 1849; Diamond 
1853; Eaton 1854 

Gallic Acid Newton 1853 

Guillot-
Saguez 

Strong Gallo-Nitrate of Silver Guillot-Saguez 1847; Sutton 
1856, Greenlaw 1869 

Gallic Acid Le  Gray 1850; Blanquart-
Evrard 1851, Stewart 1852 

Pre-waxed paper 

Guillot-
Saguez 

Strong Gallic Acid Le Gray 1851, Fabre 1851; 
Vigier 1851, Fenton 1851; 
Thomas 1852, How 1853, 
Delamotte 1853; Ramsden 
1853, Townshend 1854; 
Teasdale 1854; Keith 1856; 
Sidebotham 1856; Sisson 
1858 

Gallo-Nitrate of Silver Crookes 1852; Sutton 1856 
Furlong Strong Gallo-Nitrate of Silver Percy 1853   

 
Table 1: Calotype Variations 

 
 Given the evolution of the calotype process and our analysis of the 
photochemistry, one can view surviving paper negatives in a fresh light, 
and understand that the way they look does not stem from fundamentally 
different processes, but is the likely outcome of variations in procedure, 
manipulation, and standards of photographic hygiene that must have 
differed between individual photographers. The most obvious difference 
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can be explained by alternative methods of applying the chemical 
solutions: surface coating (by whatever method)555 always confined the 
image to one side of the paper only, whereas immersing the paper 
completely in all the baths, often for extended periods, impregnated the 
sheet to such an extent that it is hard to distinguish the side on which the 
image was made. The appearance of some waxed negatives poses other 
problems, because it is difficult to determine whether the paper was pre- 
or post- waxed, especially if the negative has not been surface coated. In 
truth, there seems to be no way of reliably detecting when the wax was 
applied. Indicators like paper thickness, and whether the paper is of 
British or French manufacturer, can offer clues, but they do not offer 
certain proof. Finally, there are those puzzling negatives which appear so 
densely black that they can only be read by bright transmitted light. 
These were most likely formed at the stage of physical development, 
when high temperatures or prolonged immersion would have deposited 
correspondingly high levels of base fog on both sides of the negative. Far 
from being spoilt, these negatives seemed to have printed as well as 
others, though more slowly.556  All other variations in appearance, 
ranging from differences in colour, granularity, variable density, and 
unevenness, are the likely outcome of circumstance, and not some pre-
ordained procedure.  
 This account of calotype has drawn heavily on primary sources and 
published formulae in an attempt to elucidate the chemical evolution of 
the process, but it does not embody any new experimental results from 
scientific investigations or reconstructions of the process. For further 
information as to how and where the image was formed within the fibres 
of the paper, waxed or unwaxed, we must await the results of analyses by 
infrared and X-ray spectroscopy  and optical microscopy currently being 
undertaken in several institutions by our colleagues, the photograph 
conservators and museum scientists.557 
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Table 2. Chronological evolution of chemical variations on the calotype process 

All figures are approximate final concentrations of the solutes in the solutions actually 
used to treat the paper (any dilutions resulting from mixing of intermediate stock 
solutions have been taken into account). The concentrations are all expressed as 
percentages (%) i.e. the weight in grams of the solute dissolved in 100 cubic centimetres 
of water, so all figures are comparable and independent of the various archaic units of 
measurement used by the original authors. 
Key to formulae: KBr = potassium bromide, KCN = potassium cyanide,  
       KF = potassium fluoride, NaCl = sodium chloride 

 
YEAR 

 
AUTHOR 

 
I : IODIZING 

 
II : EXCITING 

 
III : DEVELOPING 

 
NOTES 

 Silver 
nitr. 

Pot 
iod. 

Minor 
adds 

Silver 
nitr. 

Acetic 
acid 

Gallic 
acid 

Silver 
nitr 

Acetic 
acid 

Gallic 
acid 

 

1841 Talbot558 3.8 5.7 - 4.9 7.0 0.5 4.9 7.0 0.5 British patent  

1841 Talbot559 3.5 3.5 - 4.5 7.2 0.5 4.5 7.2 0.5 French patent  

1842 Talbot560 3.8 5.7 - 9.8 14 - - - 1 Notebook Q experiment 

1842 Playfair561 3.8 5.7 - 1.7 10 0.25 3.4 20 0.5 Practice of the ‘St Andrews circle’  

1843 Thornthwaite562 4.6 1.7 - 5.5 10 0.5 5.5 10 0.5 First published text on calotype 

1843 Furlong563 5.0 42 - ? ? ? 3 5 0.7 Exciting solution not specified 

1844 Cundell564 6.8 2.3 NaCl 2.5 3.5 0.25 4.9 7.0 0.5 Exciting solution 2x diluted 

1846 Cundell565 6.8 2.3 - <0.5 <0.7 <0.05 4.9 7.0 0.5 Exciting solution 10-40x diluted 

1846 Llewelyn566 7.6 9.5 - 7.6 30 - - - 1 Notebook recipe 

1847 Blanquart-
Evrard567 

3.3 4.5 KBr 
0.18 

8 15 - - - 1  

1847 Guillot-
Saguez568 

- 4.1 - 7.1 14.3 - 5 7.5 0.5 First use of KI alone for iodizing stage 

1849 Adamson569 5.0 42 - 1.0 2.2 trace 3 5 0.7 Furlong’s iodizing method 

1850 Le Gray570 - 3.5 KBr 1.1  9.1 20 - - - 1 +NaCl  

1851 Le Gray571 - 1.5 KCN.08 6.8 7 - 0.25 - 1 Prewaxed paper + KF, lactose, starch  

1851 Blanquart-
Evrard572 

- 5.0 KCN 
0.1 

10 20 - - 2 1 Used for positives 

1851 Fabre573 - 3? - 6.6 8 - - - 1 Prewaxed paper 

1851 Fenton574 - 4.0 7 more 6.8 7 - - - 1 Prewaxed paper 

1852 Thomas575 - 7.4 KBr 0.2 8.2 15 - - - 1 Practice of the ‘Roman circle’ 

1852 Crookes576 - 5.5 Iodine 3.4 3.4 - 0.7 0.7 0.8 Prewaxed paper 

1852 Baldus577 0.27 1.0 acetic  5.4 11.0 - - - 1 Double iodizing 

1852  Stewart578 - 5 KBr 8.8 13.3 - - - 1 Use of the vacuum pump 

1853 How579 - 2.5 7 more 6.4 7 - - - 1 Prewaxed as Fenton & Le Gray 

1853 Delamotte580 - 1.3 Le Gray 6.6 8 - trace trace 1 Prewaxed paper 

1853  Newton581 5.0 42 - <1 1 trace trace trace 0.3 Furlong’s iodizing method 

1853 Percy582 5.0 42 - 0.1 0.2 trace 2 3 0.2 Prewaxed paper, Furlong’s method 

1853 Ramsden583 - 1.0 Iodine 8 8 - - - 1 Prewaxed paper + gum + lactose 

1853 Diamond584 5.0 42 - 0.5 0.75 0.05 5 7.5 0.5 Furlong’s iodizing method 

1854 Teasdale585 - 2.7 8 more 3.4 7 - - - 1 Prewaxed paper 

1854 Llewelyn586 3.8 5.7 - 0.5 0.75 0.05 5 7.5 0.5  

1854 Townshend587 - 3.4 KBr 1 6 8 - trace trace 1 Prewaxed paper+ iodine 

1855 Sutton588 4.6 5.7 - 0.7 1 - 6 9 0.3 + sodium citrate 

1856 Sidebotham589 - 6.1 KBr0.54  6.1 7.3 - trace trace 1 Prewaxed paper, iodine, 7 others  

1856 Keith590 - 4.3 KBr 1.4  6.8 7.5 - trace trace 1 Prewaxed paper+ lactose +iodine 

1856 Sutton591 - 4.6 - 6.6 8 - 6 9 0.3 Prewaxed paper 

1856 Fitt592 - 2.7 KBr 0.6 4.6 3.4 - 1.2 0.9 0.75 + KCN + KF 

1858 Sisson593 - 2.5 KBr 0.2 6.1 11.1 - trace trace 0.5 Prewaxed paper + iodine 

1869 Greenlaw594 - 5.2 KBr 1.6 6.3 8 - 2 3 0.8  
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Section III  
 

Deterioration and Conservation 
of Silver Photographs 
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16 Light Sensitivity of Photogenic Drawings 
The first object of this chapter is to describe the results of a theoretical 
investigation into the sensitivity to light that may be expected in a typical 
choride-fixed Photogenic Drawing. The results of calculation will be 
expressed in practical terms, useful to the community of curators and 
conservators: namely, what exposure will bring about a change in the 
object that is just perceptible to the unaided human eye. This will involve 
bringing together considerations from the physics of perception, the 
optical properties of photographic images and from quantitative 
photochemistry. 

16.1  Threshold of Perceptibility 
The analysis of visual response has its origins in the nineteenth century 
with Weber and Fechner, who introduced the concept of the Just 
Noticeable Difference (JND which, in the context of visual perception, may 
be defined as ‘The smallest visual difference between adjacent areas 
which is descernible by the observer under specified conditions of 
illumination and observation’. The determination of JND values for 
various luminances and reflectance density ranges has been much 
studied; the texts by Mees595 and Henry596 should be consulted for 
further details. Referring to the mid-density range and large adjacent 
neutral-density areas under relatively bright lighting, one JND, according 
to Henry corresponds to a reflectance density difference of approximately 
0.01. This is a more stringent figure than the values of 0.015 to 0.02 
arrived at previously by other workers, and is considerably less than the 
values of 0.03 to 0.04 which are accepted597 as the limits for colour print 
deterioration. The JND for different colours will, of course, vary with the 
wavelength sensitivity of the eye. 

The step tablet above provides an impressionistic visual reference for 
what is implied by 1 JND, and it may assist curatorial decision-making 
over how much – or how little - change can be tolerated. The steps 
between horizontally adjacent squares are approximately separated by 
one JND, and those between vertically adjacent squares by ten JNDs. 

The use of optical density as the measurable unit of image change 
presupposes a monochrome object – which is often the case with 19th 
century photographs. However, if a colour shift in the object is a 
significant factor, the criterion for a JND is more properly expressed 
according to the measurements of colour science, and the change of 
coordinates in a colour space, such as the CIE L*a*b* system, as 
measured with a colour meter (chromameter) or spectrometer. In this 
system, a colour change in the region of ∆E = 1 to 2 is generally held to 
be approximately one JND.598 If there is no colour shift, ∆E = ∆L*, where 
the lightness scale L* in the CIELAB system runs from 0 (black) to 100 
(white). 
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Fig. 17 Digital step tablet of opacities %. Horizontally adjacent 

squares represent approximately 1 JND. Vertically adjacent, 10 JNDs 
 

16.2  Threshold Exposure 
A curatorial definition of the sensitivity to light of an object might be 
conveniently quantified as the light exposure in units of kilolux hours (klx 
hr) that causes a change of one Just Noticeable Difference (JND) in any 
significant area of the object. The JND is simply a convenient benchmark 
for the onset of notional ‘perceptible change’ to an object – it is not 
intended as a prescriptive or advisory level of tolerable damage. 

The JND for human visual perception has been found experimentally, 
on average, to be a difference in optical density ∆D ~ 0.01.599 Differences 
less than one JND are generally imperceptible to the unaided human eye 
for areas of smooth mid-tone grey, placed side-by-side under good 
lighting, but they can be measured with sufficiently sensitive 
instrumentation (optical densitometers or spectrophotometers reading to 
a precision of 0.001). A convenient measure of the light sensitivity of an 
object is required for curatorial purposes; I propose that a quantity called 
the Threshold  Exposure may be defined as follows: 

The Threshold Exposure for an object is that exposure to light 
which results in a just noticeable density change (0.01) in any 
significant area of it. 
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The notion of ‘significant area’ is somewhat subjective, but could be 
taken to be in the region of 1 mm2 upwards. The Threshold Exposure 
defines the exposure to light at which ‘perceptible damage’ begins to 
result. It is measured in the conventional units of exposure (see Chapter 
3) - lux seconds or kilolux hours. The significance of a measurement in 
these units is not readily appreciated, however, so I propose to use as a 
more convenient parameter, the duration of an exposure at a specified 
illumination, as follows. 

It will be useful to call the light exposure causing a change of one JND 
in any significant area of an image, the Threshold Exposure – implying 
that the threshold of just-perceptible change – or ‘damage’ – is being 
crossed. Information on these Threshold Exposures for various types of 
photographic object is as yet rather sparse.600 Often we only have an 
upper limit of exposure, at which no significant change has yet been 
measured, rather than the true Threshold Exposure, whose determination 
experimentally would usually entail notional damage to the object, and 
may therefore be deemed unethical to attempt. The recent development 
of microfader instrumentation, see below, is beginning to enable 
Threshold Exposures of more precious historical specimens to be 
determined without arousing serious curatorial qualms, to the ultimate 
benefit of our knowledge of how best to protect these sensitive objects. 
Definition of the Threshold Exposure Time 
In the UK, the Museums Commission has recommended601, for the 
illumination of ‘sensitive’ exhibits, conditions which are widely accepted 
and put into practice in gallery and museum exhibition spaces. These 
conditions are referred to as Class 1 Gallery Illumination and define an 
illuminance at the object of 50 lux (ca. 5 footcandles) of incandescent 
tungsten radiation containing no more than 75 µW/lumen of ultra-violet 
radiation (of wavelengths 400 nm and lower) and having a colour 
rendition factor Ra not less than 90%. This ‘50 lux criterion’, although 
arbitrary to a degree, is also widely employed elsewhere in the world. 
Taking this illuminance for the exposure, we may then define a more 
useful parameter, the Threshold Exposure Time as follows: 

The Threshold Exposure Time (TET) for an object is the duration 
of exposure to Class 1 Gallery Illumination which results in a just 
noticeable density change (0.01) in any significant area of it. 

 The TET may conveniently be regarded as the maximum length of 
time that an object can be exposed to the most stringent normal gallery 
illumination before it can be considered to have crossed the threshold of 
damage that is, in principle, perceptible to the unaided human eye. It is 
hoped that the introduction of this parameter will commend it for use by 
conservators and curators; the discussions which follow will be expressed 
in terms of the TET. 
Estimation of the light sensitivity  
Talbot’s prints divide into two very different categories: 
1) Halide-stabilised photogenic drawings and salt prints  
For chloride-stabilized photogenic drawings and salt prints, estimates of 
the light-sensitivity have been obtained from three sources:  

i) The known photochemical response of pure silver chloride 
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ii) Destructive experiments on simulacra made by Talbot’s methods 
iii) “Case Histories” of a few actual Talbot specimens that have been 
inadvertantly exposed and deteriorated.  

All three approaches agree in estimating the Threshold Exposure to be 
in the order of 200 lux hours, so the duration of exposure at 50 lux to 
inflict 1 JND is only ca. 4 hours. 

For iodide-fixed prints the only quantitative information so far comes 
from a specimen by Talbot’s cousin, C.R.M. Talbot, which measurements 
showed to have faded during exhibition, with a Threshold Exposure 
estimated at 4 kilolux hours, so the threshold exposure time is 80 
hours.602 

The general applicability of these figures is quite uncertain because of 
the vagaries of processing early photographs, but they serve as a warning 
that such material must not be exhibited until better object-specific 
measurements have been made by microfader instruments. 
2) Thiosulphate-fixed photogenic drawings and salt prints  
Monitoring of thiosulphate-fixed salt prints on exhibition in 1992 by 
conservator John McElhone found no significant change within the limits 
of instrumental error, after exposure of 30 klx hr, suggesting that this 
could be taken as the minimum value for the Threshold Exposure.603 It 
probably represents a ‘worst case scenario’. Many salt prints are known 
to have withstood, without change, much greater exposure on 
exhibition,604 so the Threshold Exposure for this type of image may 
generally exceed that value: the recommendations described below 
suggest 100 klx hr is an acceptable risk. Very recently, there have been 
two tests by microfader, one of which indicates an even higher threshold 
exposure value for thiosulphate-fixed Talbots – see below. 
The first objective in assessing the photosensitivity of halide-fixed silver 
photographs, is to calculate ab initio a value of the TEL for such an 
object. As a starting point, the basic precepts of photochemistry605 may 
be used to make an order-of-magnitude calculation of the darkening of 
silver chloride by light in the absence of any developing agents; i.e. the 
formation of ‘print-out’, or photolytic silver. This is the process that 
occurs in chloride-fixed photogenic drawings where the higher tonal 
values contain excess unremoved silver chloride. Details of the theory are 
set out in Appendix II, where an general equation is derived for the 
exposure in lux seconds needed to produce a small density change. 

The calculation requires numerical data about the wavelength 
response of the sensitive material and the power spectrum of the 
illumination. Initially the following two assumptions were made 
concerning these: 

(1) that the spectral sensitivity of the object was that shown by pure 
silver chloride606 in the absence of halogen acceptor (i.e. sensitive to the 
ultra-violet (UV) and violet only and dropping to a negligible value above 
a wavelength of 420 nm), and 

(2) that the incident light had the normal ultraviolet content for  
illumination607 by an incandescent tungsten source of colour temperature 
2854 K. 
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Under these assumptions, the Threshold Exposure to produce a JND of 
0.01 is found to be 660,000 lux seconds or 0.18 kilolux hours. To find 
the Threshold Exposure Time, the value for the illuminance of the object 
is taken to be 50 lux, the provision of Class 1 Gallery Illumination. The 
duration of the above exposure is then equal to the TET, which is 13,200 
seconds or approximately 3.7 hours. 

The result of this rough calculation alone should suffice to sound a 
warning about the danger of handling Photogenic Drawings under 
‘normal’ illumination. 

16.3  Protection by Ultraviolet Filtration 
At this stage of the investigation, it was still hoped that a form of 
illumination might be found which would allow exhibition of Photogenic 
Drawings. If the assumption 1) above, concerning the spectral sensitivity 
of silver chloride was correct, then an adequate means of protecting such 
photographs containing residual silver chloride might be provided by very 
careful filtration of the light to remove all the ‘actinic’ wavelengths: the 
UV and some blue radiation. 

In essence, this proposal was no more than an extension to longer 
wavelengths of the recommendations put forward several years ago by 
Dr. David Saunders of the National Gallery, for the improved protection of 
all exhibited museum objects.608  Saunders pointed out that the Class 1 
Gallery Illumination criterion of an ultra-violet content not exceeding 
75µW/lumen was a compromise conditioned by the fact that this happens 
to be the normal UV content of incandescent tungsten sources! He goes 
on to show that, with the recent availability of thin film dielectric 
interference filters, effectively all the UV in museum gallery illumination 
can be cut off sharply without degrading the accuracy of its colour 
rendering. Following his recommendations, the use of such UV filters609 
has since become standard practice in many museums and galleries. 

If the assumption 1) is valid for Photogenic Drawings, a suitable choice 
of pale yellow filter for the illumination should prevent significant 
photolysis in the silver chloride they contain. The question was, would the 
appearance of the subtle and beautiful colours of these images -one of 
the chief reasons for wanting to exhibit them- be distorted by this 
filtration of the light? 

In response to my request, Dr. Saunders kindly calculated610 the colour 
rendering index for a set of hypothetical yellow interference filters. He 
found that it should be possible to manufacture a pale yellow filter that 
would reduce the ‘actinic’ content by at least a factor of 1000 while still 
providing a colour rendition well within the Class 1 Museum Illumination 
standard. With an improved protection factor in excess of one thousand 
times, the possibility of defining acceptable exhibition conditions looked 
promising. 

Just as this direction of research was about to be pursued further, 
however, it came to light611 that a chloride-fixed Photogenic Drawing had 
been observed to have fogged significantly under 50 lux illumination 
from which effectively all the UV had been removed by filtration. Evidently 
there were additional factors, previously unrecognised, that invalidated 
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the assumption that I had made so far, concerning the spectral sensitivity 
of silver chloride in such photographs. Research on the use of optical 
filters was therefore suspended while this aspect was investigated. 

16.4  Becquerel Effect 
Pure silver chloride (or that which has been 'stabilised' with excess 
chloride ion), when exposed to light with some UV content, rapidly 
acquires a dull violet colour, due to the photolytic formation of colloidal 
silver in the interior of the crystals (see Appendices III and IV). This 
photolysis tends to fall off rapidly to a low limiting density,612 after which 
further change is much slower. It is this initial fogging that confers the 
characteristic lilac tints on the high tonal values of a 'sunned' photogenic 
drawing. But the presence of this internal colloidal silver represents a 
‘Trojan Horse’ within the citadel of a chloride-fixed photograph, for the 
following reason: it provides a means of absorbing light in the middle of 
the visible spectrum613 thereby sensitizing the host lattice of silver 
chloride to light of longer wavelengths. Further exposure to visible light 
can therefore cause continuing photolysis, even without any UV or blue 
component. 

This phenomenon of panchromatic sensitization614 is known as the 
Becquerel Effect,615 after its discoverer616 in 1841. It was observed by 
Talbot himself,617 and was subsequently made use of by Abney618 and 
others619 to record the red, and even infra-red, end of the spectrum 
photographically before the invention of panchromatic emulsions 
sensitized by organic dyes. The Becquerel Effect seems not to have 
attracted much attention from photoscientists during the last half 
century, the most recent work probably being that of Meidinger;620 the 
possible mechanisms were earlier reviewed by Sheppard621 on the basis 
of the quantitative work of Eggert and Noddack.622 The measurements of 
Arens et al.,623 show that the Becquerel Effect is capable of enhancing the 
long-wavelength sensitivity of silver halides by large factors. 

16.5  Implications for Conservation 
A nineteenth century chloride-fixed photogenic drawing will, almost 
inevitably in the course of its 150 year history, acquire a characteristic 
lilac ‘veil’ of colloidal silver, because only a brief exposure to daylight 
suffices to impart this. The susceptibility of Photogenic Drawings to 
fogging, even under completely UV-free illumination, becomes 
comprehensible through the operation of the Becquerel Effect.. 

In the absence of quantitative data concerning the spectral response of 
‘autosensitised’ silver chloride, the Threshold Exposure Lifetime of a 
‘sunned’ chloride-fixed photogenic drawing under UV-free illumination 
cannot at present be reliably predicted, but is likely to be even shorter 
than the value previously calculated. A TEL value of about 3 hours would 
require only about 1.5% of the light between 450 and 650 nm to be 
actively absorbed. The ultimate extent of fogging would also depend 
critically on the presence of suitable halogen acceptors in the print (see 
Appendix IV). 

These considerations effectively destroy the hope that chloride-fixed 
Photogenic Drawings could be safely displayed under carefully filtered 



©Mike Ware 2019  Argyronomicon 

 

 

172 

illumination, while maintaining good colour rendition. They may even be 
at risk by prolonged exposure under yellow or red photographic 
‘safelights’. The only safe course of protection until more is known about 
the photochemical response is to keep overall levels of illumination at all 
wavelengths as low as possible, and to strictly limit the duration of any 
exposures. 

In spite of statements to the contrary,624 it appears that the Becquerel 
Effect does also occur in silver bromide,625 probably with an even greater 
long-wavelength sensitivity than that of the chloride, so similar strictures 
should apply to bromide-stabilised prints. 

In silver iodide the occurrence of photolysis is totally dependent on the 
presence of sufficient halogen acceptor, and it is not likely to proceed in 
the presence of excess iodide ions. The conspicuous stability to light of 
the yellow high values of an iodide-fixed photogenic drawing or Calotype 
tends to confirm this view, so these objects may well prove to be more 
resistant to fogging by light. However, there is the converse risk with 
iodide fixation that the shadow tones of such photographs may be 
bleached by light, as has been alluded to already.626 Experimental tests 
on simulacra need to be made before any original photographs are put at 
risk. 
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17 Case Histories 
17.1  Identification of Processes 
There are curators and conservators who claim that experience enables 
them to identify, by visual inspection alone, the process used by Talbot to 
make a particular photograph. My acquaintance with the original material 
has been too brief and selective to allow me to comment critically on this 
ability; certainly there seem to be distinctive colour differences between 
modern replicas of Photogenic Drawings fixed by chloride, iodide and 
thiosulphate, as noted earlier. Bromide fixation is also said to yield 
results distinguishable from chloride, but the differences appear to be 
subtle rather than distinctive, and no precise descriptions have yet been 
published. 

Calotypes are usually distinguished from Photogenic Drawing 
Negatives by colour and other evidence of a chronological or 
circumstantial nature, relating to the subject, the conditions of the 
exposure or the size of the camera. They may have been fixed with 
thiosulphate or halide and there should be a distinctive visible difference 
betweeen the two cases, the latter still showing yellow high values 
indicative of the presence of silver iodide. 

Whatever the claims of identification by the unaided eye, the 
methodology of this procedure seems flawed: in no case (to my 
knowledge) has the method of fixation of an actual Talbot photograph 
ever been analytically determined. Identifications of process rest entirely 
on a visual comparison with photographs made 150 years later in a 
manner which, it is hoped, is analogous to the originals. Little seems to 
have been done to explore the variability in appearance of this material, 
or the effect of ageing upon it. The rational way forward with this 
problem would be to subject original material to non-destructive 
spectroscopic analysis; in particular, air-path X-Ray Fluorescence 
Spectrometry, which is commonly used upon museum objects, could 
detect the presence of bromide or iodide, and relative measurements of 
silver concentration in highlight areas could provide evidence for the 
effectiveness of fixation. 

From the point of view of practical conservation, the most important 
purpose of identification is to distinguish between thiosulphate-fixed and 
halide-fixed photographs. Because there should be no residual silver 
halide in properly thiosulphate-fixed photographs, they are generally 
expected to tolerate more exposure to light than those that have been 
halide fixed, and there is greater liklihood that they may be subjected to 
the rigors of exhibition. Mis-identification of a halide-fixed photograph 
as thiosulphate-fixed could thus lead to a disaster. Even if visual 
identification by analogy frequently yields the correct conclusion, curators 
should ask whether the degree of confidence that they can invest in it is 
high enough to warrant putting an object in jeopardy. 

In the absence of firm analytical evidence for the composition of any 
photograph by Talbot, it is natural to turn to his records in the hope of 
finding references to identifiable photographs, which will then serve us as 
models for making such assignments. Unfortunately, Talbot rarely 
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referred to specific photographs in his research notes;  Schaaf has 
observed that: 

 ‘Notebook entries that correlate directly to surviving 
photographs are the exception...’ 627 

nonetheless he has succeeded in identifying some examples in the 
collection of the J. Paul Getty Museum, and there may be more in the 
Talbot Collection at Bradford, which if correlated could prove useful for 
comparative identification purposes. 

17.2  Photogenic Drawings by Talbot 
In 1989 the 150th Anniversary of Talbot’s first announcement of his 
Photogenic Drawing process was celebrated with numerous exhibitions 
worldwide, in which a number of his early photographs were displayed, 
some for the first time.628 Among these was a Photogenic Drawing which 
was displayed under impeccable environmental conditions, but which 
nevertheless suffered severe fogging during the exhibition. It was the 
belated news of this mishap that altered the direction of the present 
work, as described in the last Chapter. The details of this unfortunate 
occurence have now been published629 and provide important 
‘experimental evidence’ -which shows that valuable results can accrue 
from even the most regrettable of accidents. 

The Photogenic Drawing, entitled Linen Textile Fragment, is believed 
to originate ca. 1835 and was thought, on the basis of its colour and 
tonality, to be chloride-fixed. The gallery was illuminated by tungsten 
lighting at approximately 5 footcandles (ca. 50 lux) with the UV removed 
by filtration so that it was undetectable with a Crawford meter; 
additionally, the object was glazed with UV absorbing Plexiglass type UF4. 
After 35 days of exhibition, illuminated for about 8 hours per day, the 
photograph was observed to have darkened considerably, especially in 
the highlight areas, losing much of its detail, with the image obscured in 
some places. 

In the absence of any densitometric measurements on the print before 
and after its exposure, only an approximate estimate can be made of its 
light sensitivity, but as a (hopefully) unique result for a genuine object, 
even a rough estimate carries much significance. 

The total exposure time was about 280 hours, corresponding to a total 
exposure received by the object of about 14 kilolux hours. From the 
qualitative description provided and the illustrations that accompany the 
report, a rough inference of the largest change in reflectance density 
would be in the order of 1 unit. Making reasonable assumptions about 
the characteristic response to light, the Threshold Exposure Lifetime of 
this object is estimated630 to be about three hours. 

A second instance631 of observable light sensitivity in an exhibited 
Talbot photogenic drawing (ca. 1838) was, thanks to good conservatorial 
judgement, closely monitored and the outcome did not therefore prove 
grievous. The densitometric measurements furnish valuable quantitative 
data: the illumination was similar to the above and no doubt conformed 
to Class 1 Gallery standards. Density changes between 0.04 and 0.1 were 
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detected within a week, whereupon the photograph was removed from 
exhibition to dark storage and suffered no further change. Taking the 
higher figure, a TEL of about 4 hours is calculated,632 but the difference in 
this case is that the density changes were negative, i.e. the object was 
fading in the light, the opposite of the behaviour previously remarked for 
chloride-fixed photogenic drawings. It would be very interesting to know 
if this photograph was iodide-fixed, for which fading rather than fogging 
is expected. 

17.3  Deterioration by Environment 
Many of the prints made by Nicolaas Henneman at Talbot’s Reading 
Establishment in 1844-46 for his publication The Pencil of Nature have 
suffered severe sulphide-fading. The possible causes of this deterioration 
have been carefully reviewed by Schaaf, who attributes it mainly to 
residual thiosulphate in the prints and the dreadful quality and minimal 
quantity of the water supply at Reading. The problem would have been 
compounded if the hypo fixer used by Henneman was unnecessarily 
strong, too aged or oxidised (the ‘old hypo colouring bath’), or 
insufficiently washed out, due to the exigencies of commercial production 
on a large scale. Schaaf points out that the practice at Reading, according 
to Henneman and Malone, was to wash each batch of 25 prints for ten 
minutes in each of three baths of hot water. This total of thirty minutes 
washing would not have satisfied the Scottish school! So – in the event 
that no evidence is found for the use of special toning agents – the 
answer to the question posed by the contrastingly healthy survival of 
Adamson’s prints may be as mundane as this: the ‘secret’ of the early 
Scottish method was to use dilute hypo, and to wash the print 
scrupulously. 

There remains the question whether external sources of sulphur could 
also have contributed to fading. Examination of salt prints kept in albums 
(e.g. Talbot’s Sun Pictures in Scotland of 1844) strongly suggests that the 
ingress of the atmosphere has promoted their deterioration. Faded areas 
correlate with air channels in cockled mount boards, whereas fading is 
suppressed where the close contact of adjacent pages helps to exclude 
the air. In the archive of Adamson prints, the main central area of nearly 
all the images is undeteriorated, but ‘edge fading’ is an endemic feature 
(figure 12), which suggests that atmospheric diffusion was an important 
factor. It has been shown experimentally that oxidation by air promotes 
the sulphiding action of residual thiosulphate, but it is also possible that 
the atmosphere itself may have born sulphurous impurities. We do not 
have far to look for the likely origin. The polluted air of ‘Auld Reekie’, as 
Edinburgh Old Town was affectionately known, was an abundant source 
of sulphur compounds, especially sulphur dioxide from the burning of 
coal and gas. The analytical studies now being carried out at the National 
Museums of Scotland may help us to understand the edge-fading 
phenomenon: how far the sulphiding may be attributed to residual 
thiosulphate, and how far it was caused by sulphur compounds 
atmospherically imported. In the interests of conservation, we need to 
know if this deterioration is now over and done – or otherwise. 
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17.4  Salted Paper Prints 
The greater stability to light of thiosulphate-fixed salted paper prints, has 
permitted a number of them to be exhibited under Class 1 Gallery 
Illumination, without apparent deterioration; in the case of work by Talbot 
of this type, the prints were monitored by densitometry, and no 
significant changes were observed633 in the measurements over an 
extended period of exhibition. 

McElhone634 has presented a quantitative study of the effects of 
exhibition on a wide range of prints by many different processes, among 
which there are two which are relevant to this study: a salted paper print 
by Benjamin Turner (undated) and a lightly albumenised print by Edouard 
Baldus dating from 1855. After a total exposure of 30 kilolux hours under 
Plexiglass G (UF-1 filtration rating) to tungsten illumination below 100 
lux, the densities of both prints were found to have decreased very 
slightly, by about 0.02, but these changes were not deemed to be 
significant because they are similar in magnitude to the precision of the 
densitometer used. If any significance may be read into them, these 
figures imply635 a TEL value for the prints of nearly 300 hours. 

Thiosulphate-fixed photographs are understandably much more 
stable to light than those that have been halide-fixed, and the former 
tend to fade in light, possibly by photoinduced oxidation of image silver, 
rather than to fog. It should  be kept in mind, however, that Talbot did 
not always wash his prints after fixation with thiosulphate,636 so residual 
silver levels in some of them may still be high. 

17.5  Albumen Prints 
For a thiosulphate-fixed print in which the colloidal silver is protected by 
a vehicle such as albumen, the oxygen of the air has much more 
restricted access to the image silver than in a salt print, which is quite 
permeable to gases; much longer values of the TEL might therefore be 
expected. 637 The measurement of changes in more stable photographs 
requires a rather different methodology from that previously described in 
this study, and the much smaller observable changes demand the use of 
statistical methods of analysis. A recent investigation by Pretzel and 
Martin638 of albumen prints by Lady Hawarden (1822-1865) stands as a 
model for conducting such studies: these thiosulphate-fixed colloidal 
silver images were found to have average TEL values in the order of one 
or two years (ca. 10,000 hours), and nearly as much change was observed 
to occur in dark-stored as in exhibited material, implying that the 
influence of light exposure alone was not significant. 

The seeds of self-destruction of an albumen print are largely in-built: 
sulphur-containing molecules in the egg protein639 tend to bind silver 
ions very strongly, retaining some silver in the highlights despite the 
action of the fixer; the eventual appearance of this silver as silver 
sulphide can contribute to the familiar yellowing of the high values. J M 
Reilly and his co-workers have made extensive investigations of image 
deterioration in albumen prints by incubating test specimens at high 
temperature and various relative humidities:640 their results show that the 
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Maillard, or ‘protein-sugar’ reaction is also an important factor 
contributing to highlight yellowing.641 

By the same token, the presence of sulphur-containing protein 
compounds also greatly facilitates the oxidation of colloidal silver metal 
in the shadow areas, which consequently fade with time, probably 
regressing also to yellow colloidal silver sulphide. Reilly’s studies 
demonstrate that the instability of albumen prints is inherent, rather than 
due to inadequate processing, and that it is greatly accelerated at high 
relative humidities. 

The permanence of albumen prints was usually greatly improved by 
gold toning as recommended by the ‘Fading Committee’ of the 
Photographic Society; it also has the effect of shifting the image colour to 
a satisfyingly rich purplish-brown. Although gold toning was first 
recommended by H L Fizeau as early as 1841 for treating 
Daguerreotypes, it did not come into wide use for toning prints until the 
mid 1850s, and there does not seem to be any evidence that it was ever 
used by Talbot. 

A full discussion of the structure and morphology of albumen prints 
and their changes on image deterioration falls outside the remit of this 
book; interested readers should consult the publications by Reilly and his 
co-workers cited in the references.642 This work has had an important 
influence on the recommendations and practices for the conservation of 
this type of photograph, which will be examined later. It might be hoped 
that an equally thoroughgoing study will soon be made of salted paper 
prints also. 
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18 Experiments on Simulacra 
By attempting to mimic Talbot’s working methods and materials - 
notwithstanding the uncertainties concerning these and their likely 
differences from modern materials - one can prepare specimens which 
may be subjected to destructive testing without ethical qualms. I prefer 
the word simulacra for such specimens rather than replicas or facsimiles, 
because it does not imply the duplication of an actual Talbot image. 

18.1  Previous Work 
There seems to be only one published account of this approach to the 
assessment of the light instability of Photogenic Drawings, which 
describes the work of I.L. Moor and A.H. Moor during the late 1980’s. 643 
Measurements of reflectance density were made on chloride- iodide- and 
thiosulphate-fixed simulacra of Photogenic Drawings, before and after 26 
days of Gallery exposure.644 Half of the area of each specimen was 
masked from the light, so that a visual comparison could also be made at 
the end of the test. 

Unfortunately the authors do not report their observed densities, only 
the percentage changes in them, so TEL values can only be calculated by 
making assumptions about the likely density values in their shadow, 
midtone and highlight regions. When this is done, minimum TEL values 
are calculated of 40 hours for chloride-fixed, 16 hours for iodide-fixed, 
and 155 hours for thiosulphate-fixed specimens,645 though these 
numbers are subject to considerable uncertainty due to the assumptions. 
This demonstrates the relative sensitivity of the material, but the TEL 
values are rather larger than those from theoretical predictions and the 
results of case studies. 

Since this method of investigation was designed as a ‘destructive’ test, 
it does not contribute to the problem of how original material might be 
probed. In the present work an experimental method was sought that 
could be conducted more rapidly and would cause a minimal change in 
the object. 

18.2  Time-resolved Densitometry 
For the present study, an experiment was devised to see if a very small 
degree of fogging of chloride-fixed material could be recorded as a 
function of time, during a short exposure to an intense light source. 
Accordingly, simulacra were prepared by salting and sensitizing paper by 
methods similar to Talbot's.646 Specimens of this paper, exposed and 
chloride-fixed, were examined by reflectance densitometry in a spectral 
array densitometer 647 at Kodak Research Laboratories, Harrow.648 The 
instrument can make 100 density readings in 33 seconds, recording the 
density values to three decimal places; thus very sensitive density/time 
curves can be plotted. Several experiments were performed with differing 
incident illumination and sampling conditions. 

18.3  Results 
A typical result is shown in Figure 1: the plot of density versus time 649 
displays a rapid initial rise, falling back to an almost linear rate of 
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increase after the initial density change of about 0.03. The timespan of 
this experiment was approximately ten minutes, but in another 
experiment it was found possible to measure the rate of fogging in such 
material within half a minute, thereby only causing in it a total density 
change of 0.02 during the entire experiment, which is not much greater 
than the JND. The experimental price to be paid for such ‘practically non-
destructive’ testing is, of course, a worsened signal-to-noise ratio, but 
high experimental precision is not required when the ultimate objective 
of evaluating the TEL need only be within an order of magnitude for the 
purposes of curatorial decision-making. 

18.4  High Intensity Reciprocity Failure 
Such an experimental system incurs a very substantial reciprocity failure 
due to the high intensity of the illumination650. Although the problem of 
high intensity reciprocity failure could be avoided by the use of a much 
lower illuminance, this would increase the data acquisition time for a 
small density change to about ten hours, which would be very undesirable 
practically. 

In the present experiments the reciprocity failure effect was 
demonstrated by taking measurements at different, known illuminance 
values, resulting from the insertion of neutral density filters in the  optical 
path of the incident light. Each experiment yielded a nearly constant 
limiting value651 of the rate of fogging for small density changes. The 
high intensity reciprocity failure could then be corrected for 
graphically.652 

18.5  Evaluating the Threshold Exposure 
The extrapolated value of the rate of change of density with time at an 
illuminance of 60 lux, where reciprocity failure is negligible, was found to 
be approximately 10-6 s-1. Assuming a linear density/time dependence 
for small changes, it follows from this figure that the TEL =3.3 hours. 
This experimental result is in good agreement both with theoretical 
estimates (§16) and the observations from Case Histories (§17). 

18.6  Demonstrating the Becquerel Effect 
An experiment to test whether the Becquerel Effect was operating in this 
material was carried out by inserting a yellow filter (Wratten #4) in the 
path of the incident light. Despite the removal of all the short-wavelength 
light below 470 nm, the rate of fogging only dropped to one half of its 
previous value - a clear demonstration of long wavelength response in 
the silver chloride, which in the pure state is only sensitive to wavelengths 
below 420 nm. 

18.7  Thiosulphate-fixed paper 
A specimen of the same sensitized paper that had been fixed with 
thiosulphate was also tested under the same experimental conditions as 
those specified above. With the instrument sensitivity at maximum, no 
significant change (<0.001) could be discerned in thirty seconds, thus 
demonstrating the much greater light stability of this image. With the 
availability of more experimental time, and improved signal-to-noise 
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ratio, it is possible that this much slower rate of change might also be 
measured. 

18.8  Conclusions 
It must be stressed that this was only a very limited excursion into 
experiment, intended to demonstrate the feasibility of this method of 
study by a few pilot experiments, and to obtain from them an 
approximate value for the rate of fogging. While the numerical result is in 
agreement with other observations, it would be unscientific to accord it 
undue weight without further corroborative evidence from a wider range 
of samples and a proper statistical analysis. These pilot experiments 
demonstrate the feasibility of a program of research using this method, 
which could be applied to all the variations of sensitizer and fixer, but it 
should be remembered that results obtained from simulacra can never be 
transferred with total confidence to ‘original’ material, because of 
uncertainties as to its origins and the influences which it may have 
suffered during its long history. Direct experimentation on original prints 
only became possible some years subsequent to this initial investigation, 
when the science of ‘fadeometry’ had advanced sufficiently to mitigate 
the consequences to a level that was deemed ethically accpetable, as will 
be recounted in the next chapter. 
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19 Feasibility of Interactive Testing 
In earlier Chapters it has been shown that Talbot’s photographic silver 
chemistry was varied and that our knowledge of it – albeit extensive – is 
nonetheless incomplete. The generalizations that have been put forward 
in this study cannot be assumed to have validity for every item in the 
Talbot collection and similar archives elsewhere, because these 
conclusions were reached without any experimentation whatsoever on 
original Talbot photographs. The confidence with which scientific 
conclusions can be stated is necessarily low when science is deprived of 
its primary tool of direct experimentation. It is natural, therefore, for the 
investigator to speculate on the possibility of making direct observations 
of the behaviour of the original material. Responses to such a proposal 
must not be clouded by events from the recent past of photohistorical 
research, when there have been instances of physical intervention with 
original material which are now deemed unethical. Any experiment 
designed today must justify its necessity and demonstrate, to the 
satisfaction of curators and conservators alike, that it will not result in 
‘unacceptable damage’ to the precious photograph. 

19.1  The Ethical Dilemma 
There is a view prevalent among some conservators that ‘any change 
connotes damage’: experiments causing change are therefore deemed 
unacceptable. But no experiment can be performed without in some way 
affecting its object, however slightly. The reductio ad absurdum is that no 
interactive tests whatever are to be made, and we must therefore remain 
in ignorance of the vulnerability of the material that we are trying to 
protect. One purpose of this Chapter is to plead a case for adopting a 
more quantitative approach to the definition of ‘damage’, which could 
replace the sacerdotal attitude of proscribing all experimentation. 

 The primary justification for experimenting on a precious photograph 
must be to provide information that enables informed decisions to be 
made concerning the balance between the conflicting interests of 
protecting it and making it accessible. It is not my intention to enter here 
into the debate concerning the secondary justification of providing 
information for photohistorical scholarship. 

If a curator wishes to know with complete confidence what is the 
sensitivity to light of a particular early photograph, there is no alternative 
to directly probing the object in question. Such probing would of course 
cause ‘damage’, which is the price to be paid for the information. It is the 
task of the conservation scientist to find ways of minimising this price. 
The situation ethically is not unlike that of using the technique of biopsy 
in medicine.  

Armed with quantitative knowledge, the curator is better equipped to 
reach a decision regarding exposure of a photograph for the purposes of 
scholarship or exhibition, which would result in further ‘damage’ to it. 
The decision-making may be assisted by introducing the concept of the 
Threshold Exposure Lifetime. 
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19.2  Tolerable Damage 
The process of measuring the light sensitivity of an object is inevitably 
accompanied by a change in the optical density of at least some small 
part of it. The aim of this feasibility study is to determine what is the least  
density change, over the smallest area, that it is possible to measure with 
modern technology, in order to obtain a sufficiently meaningful result. It 
is then a curatorial decision as to whether the infliction of such an ‘ever-
so-slightly-destructive-test’653 on the object is ethically permissible in 
the best interests of conserving it. 

As a starting point, we may take the threshold of perceptibility as an 
absolute upper limit for the optical density change that might be 
tolerated: more than this could justly be argued to constitute perceptible 
damage. To obtain such a measurement with a precision of about 10% 
(quite sufficient for curatorial purposes) an instrument is required that 
can record density changes with a relative precision of 0.001 over a 
relatively short time span.654 As was shown in Chapter 9 this can be 
achieved with modern instrumentation. 

The ability of the eye to discriminate small density differences 
decreases with the area under observation. A test area of radius, say, 0.5 
mm would have to acquire a density change substantially greater than 
0.01 before it became perceptible to most people. There are good 
reasons for believing that such ‘latent damage’ would for ever remain 
below the threshold of perceptibility, but it is prudent to envisage the 
‘worst case scenario’: in the highly unlikely event of the irradiated area 
eventually fogging totally, a minute dark spot of these dimensions, 
although perceptible, might not be thought totally intolerable. As a 
physically realistic initial specification, I propose a maximum sampling 
area of radius ca. 0.5 mm, although it would be most welcome if the 
technology proves able to monitor an area smaller even than this. 

19.3  Sampling and Image Granularity 
Because of variation in the composition of Talbot’s photographs across 
their surface, it is likely that more than one measurement would have to 
be taken for the result to have statistical significance. Moreover, with 
such a small sampling area it is essential to consider the possible effect 
of image granularity on the statistical uncertainty of the measurement. I 
am indebted to Arthur Saunders655 of Kodak Ltd., for drawing my 
attention to this point; the details of his theoretical treatment are set out 
in Appendix I, and used in a calculation showing that the probable grain 
size in Talbot’s photographs is so small that the proposed sampling area 
would not introduce problems of statistical error. 

19.4  Time-resolved Microdensitometry 
A specification now follows for an instrument to fulfil these requirements: 
namely, a microscope operating in reflected light, of known spectral 
energy distribution and known illuminance, sufficient to cause a 
maximum density change of 0.01 in a typical sensitive object within 
minutes. The microscope should be equipped with a detection system 
comprising a photomultiplier head, feeding an analogue-to-digital 
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convertor and the time-resolved densitometric data so acquired should 
be stored in a computer terminal. Fail-safe instructions could be 
incorporated to switch off the illumination automatically if the density 
change rises above 0.01. 

Preliminary enquiries along these lines have brought a favourable 
response from Leica (UK) Ltd. The next phase of this project would 
require pilot experiments on simulacra with one of their existing 
instruments to assess the feasibility and cost of an instrument to meet 
the specifications. Details of the method of safe-handling the object 
would also have to be worked out, in order that the risk to original 
material can be assessed and minimised. The area of irradiation could be 
masked by the use of pinhole foils, but it remains to be determined 
experimentally what the extent of light diffusion within a typical object 
might be. An advantage of continuous time-resolved microdensitometry 
of this type over the periodic densitometry that has been employed so 
far, is that there would be no need to register and re-locate the sampling 
area under the densitometer head by means of templates, thus 
eliminating a source of error. 

Such an instrument, operated within the Museum by a technician, 
could ultimately enable some thousands of objects - most of the 
collection - to be tested within a year or two. 

19.5  Microfadeometry 
Recent development of interactive testing by ‘microfader’ instruments 
All the foregoing observations are based on indirect inference and were 
therefore subject to considerable uncertainty, as long as the direct testing 
of original historic photographs was embargoed, as was the case 20 years 
ago. The generalised recommendations in the table may well be 
conservative, anticipating ‘worst cases’. There is no good substitute for 
direct scientific measurement on the specific object. In my 1994 book, I 
proposed the construction of an interactive test instrument in the form of 
a time-resolved microdensitometer that could measure the fading or 
fogging of a precious photograph without inflicting any damage that 
would be visible or any change that was deemed ethically unacceptable. 
In the circumstances at the time, this envisioned instrument was not 
achievable. 

With some advances in opto-electronics, this objective was realised 
practically in 1999 by Paul Whitmore and co-workers at the Carnegie 
Mellon University Art Conservation Research Center,656 who developed an 
instrument which was marketed commercially by the Newport 
Corporation under the name of the Oriel Fading Test System.657 This was 
taken up and modified in 2008 by Andrew Lerwill and his group at the 
Tate Gallery, London, with an instrument that can determine the light-
fading of an object over an area 0.25 mm in diameter; it has been mainly 
applied to detecting fugitive colorants in paintings and fabrics.658 Within 
the last few years, similar instruments have been developed at the 
Museum of Modern Art, New York, the National Gallery of Art, 
Washington, and the Getty Conservation Institute in the USA, at the 
Canadian Conservation Institute659 and the Netherlands Institute for 
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Cultural Heritage. The practice of microfader testing as a screening for 
exhibition risk-management has now been applied to a very wide variety 
of light-sensitive objects in the museums and galleries of several 
countries, most notably by Bruce Ford of the National Museum of 
Australia.660 His facilities are offered as a commercial service to museums 
and galleries, and generally called “microfader testing”.  

The useful interpretation of microfader results obtained in such a 
highly ‘accelerated’ manner is, however, subject to certain assumptions. 
Chief among these is the assumption of exposure reciprocity; e.g. that a 
typical instrument exposure to 10 megalux for 1½ minutes (exposure = ¼ 
Mlx hr = 250 klx hr) is equivalent in its effects to an identical exposure to 
50 lux for 5,000 hours (i.e. exhibition for 17 months). This is almost 
certainly untrue. 

A further limitation is that the behaviour is only observed while the 
light is on – there is always a possibility that, left in the dark, the sample 
may revert or regress. Such behaviour has been observed in certain types 
of image (cyanotype and iron-gall ink) but not (yet) in silver prints. 

19.6  Microfader testing of Talbot prints 
So far, I have only discovered records of two original Talbot photographs 
having been examined by microfader testing: 

Around 2005 a thiosulphate-fixed salt print by Talbot (made by 
Henneman at the Reading Establishment) and published in The Art Union 
1843-6 was proposed for exhibition at the National Gallery of Art in 
Washington DC. Since the print was already observably faded, it was 
checked by microfader testing prior to exhibition, and found to be 
sufficiently stable that 3 months exhibition at 50 lux would cause no 
measurable change – a total exposure of ca. 50 klx hr.661  

In March 2013 a Talbot salted paper print was examined at the 
National Gallery of Victoria in Australia.662 It is worth quoting Ford’s 
summary of his findings in extenso because they are significantly at 
variance with the previous suppositions concerning thiosulphate-fixed 
salted paper prints: 663  

 
“The light fastness of the silver image – which is at or exceeds 
the detection limit for the microfade technique – is consistent 
with that of replica salted prints produced by the National 
Galleries of Scotland and which I microfade tested last October 
(2012). It is also similar to the un-toned portion of the NGV’s Le 
Secq print (1995.575) microfade tested at the same time as this 
one.  
The above recommendation which is based on its measured 
lightfastness is at odds with the AIC PMG recommendations for 
salted prints (AIC 2004) in which they are assumed to be very 
light sensitive, presumably because without testing it is not 
possible to identify poorly fixed examples.  
Even though the image itself appears to be completely stable to 
light, I would recommend careful monitoring on display and 
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subsequently, particularly if it were exposed for an extended 
period.  
The silver image is much more lightfast than BW3 (CIE2000) 
under the test conditions (Endnotes 1 & 2). This is outside the 
range of lightfastness (BW1 or worse to BW3) for colourants 
described in the CIE standard for museum lighting as having 
“high responsivity to light” for museum purposes (CIE 2004). 
According to the NGV lighting guideline it is at least within the 
“medium sensitivity” available for display for 166 days/year at 
150 lux (presumably pro-rata at lower lux levels).  
While the colour change for paper has been recorded ((BW 2.7) 
it is probably not relevant to setting display restrictions because 
the long term significance of its response under accelerated 
light ageing conditions is unclear (Endnote 3).  
The NMA would restrict display of this photograph to 5 
years/decade, not because of the lightfastness of image itself, 
but as a general (and perhaps conservative?) precaution against 
post-actinic yellowing of the paper and photo-degradation of 
the paper support.” 

The ISO Blue Wool Fading Standards (BWS 1 to 8) are based on a 
geometric scale, increasing in lightfastness by a factor of ~3 for each 
step. The approximate Threshold Exposures are tabulated below: 

 
Blue Wool Standard No.    1     2     3     4    etc. 
Threshold Exposure       0.3    1     3     9    Mlx hrs for 1 JND ∆E=1.6 
 
Thus, Ford’s direct measurement of a thiosulphate-fixed salted paper 

print by Talbot has shown - in this instance - that its stability to light 
exposure is better than 3 megalux hours for a change of one JND, making 
possible its extended exhibition with a high level of confidence.  

The application of this valuable technique of conservation science to 
photographs is still in its earliest stages in the UK: besides the instrument 
at the Tate Gallery, the only microfader instrument known to me that has 
been employed on photographs was installed in 2012 in the National 
Galleries of Scotland; the conservation staff there have the most 
experience in the UK of operating this facility and are currently working 
on models for how they could offer this as a service to other institutions 
and interested parties, and I would suggest making contact with the NGS 
if it is decided to pursue this approach.664  

Direct interactive testing is the only procedure that can provide near 
certainty about the actual risk, because chosen objects can be tested 
prior to exhibition and the consequences of their extended light exposure 
predicted. Such measurements will provide valuable data on the 
Threshold Exposures. I would recommend that this protocol be adopted, 
if possible, for any items in the Oxford Talbot collection which are 
proposed for exhibition.  
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20 Conservation Issues 
There are a number of excellent publications providing advice on the 
conservation of photographs,665 and it is not proposed to repeat their 
general recommendations here. Only the special conservation 
requirements of the earliest photographs will be discussed in this 
Chapter, with an emphasis on points that may be at variance with 
previous practice. 

The conclusions reached independently in the previous three Chapters 
are unanimous in suggesting that the Threshold Exposure Lifetime for 
chloride-fixed Photogenic Drawings is in the order of three hours, i.e. 
given the likely errors in the estimates, it probably lies between one and 
thirty hours. A similar value may apply for the other halides, but still 
requires confirmation. Moreover, this vulnerability to light may well be 
panchromatic, that is, sensitive in some measure to all wavelengths of the 
visible spectrum. It has been shown that this sensitivity can only be 
slightly mitigated by filtration of the incident illumination, to the extent 
of a factor of two or so, without totally vitiating the rendition of colour. 

20.1  Minimising Exposure to Light on Exhibition 
Obviously material of this potentially vulnerable type should be exposed 
to light as little as possible. Efficient removal of all ultra-violet by 
filtration of the light sources in the strongroom is essential, of course, 
but the benefit of such a precaution should not be overestimated: most 
of the damage is likely to be done by visible light. Archive handling 
should be conducted in as low a light level as possible for as short a time 
as posssible, consistent with the demands of health, safety and 
scholarship. All non-essential exposure of this material should be 
embargoed. Curators can readily estimate from the TEL value how much a 
given exposure will contribute to the accumulation of ‘latent damage’ 
within an item before the threshold of perceptibility is in principle 
crossed. It should be kept in mind that the total exposure life of an item, 
to the point where it is completely fogged, is only about 100 TEL. 
Exhibition under the customary 50 lux would appear to be out of the 
question; display under very low (10 lux) carefully filtered light, with 
proximity switching or a viewer-operated curtain, would only allow about 
thirty hours of exhibition before the Threshold Exposure was reached. 

Because of the variability of the material, these strictures will not apply 
equally to all the photographs in the Talbot collection and analogous 
objects elsewhere, but it would be prudent to assume that they do so 
until proved otherwise. If thiosulphate-fixed photographs can be 
identified with confidence, they may be accorded a much longer TEL, of 
the order of several hundred hours for salted paper prints. This is not to 
give licence to their unrestricted display: the factor causing deterioration 
in such material is less likely to be the illumination and more likely to be 
the contact with an oxidising humid atmosphere. 
Recent developments in Solid State Lighting (SSL) technology have 
reached the point where it should be seriously considered for specialist 
gallery illumination. White-light Light Emitting Diodes (LEDs) have no 
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measurable ultraviolet (UV) in their spectra and have now reached a 
Colour Rendition Index >90% fulfilling gallery lighting standards – there 
is no longer any need for compromise with optical filtration of tungsten 
or fluorescent lights to remove UV.666 

The total light dose resulting from an approved Grade 1 gallery light 
exposure level of 50 lux for the duration of one month for 10 hours per 
day is 50 x 30 x 10 = 15,000 lux hours i.e. 15 klx hr per month. The 
lowest estimated value of the ‘Threshold Exposure’ for thiosulphate-fixed 
salt prints is ca. 50 klx hr, so three month’s exhibition could lead to a 
‘just-perceptible change’ in such an object in an unfavourable case. 
However, there are several ways in which this relatively small risk could 
be further mitigated by the usual methods of protection of exhibits with a 
viewer-operated curtain or proximity-switched lighting, which could 
diminish the total exposure by a significant factor. The cover would also 
protect the object ‘out of hours’, when more intense ‘cleaners’ lighting’ 
might be employed. 

During exhibition, a protocol could be adopted of regular monitoring 
of the condition of an item, say, weekly: this need amount to no more 
than a brief visual side-by-side comparison with an accurately-printed 
facsimile of the photograph in its original condition. The human eye is 
quite a sensitive detector of comparative optical density differences (1 
JND), but the eye/brain combination is not very good at remembering 
‘absolute’ optical densities over a period of time. The use of monitoring 
instruments such as optical densitometers or chromameters, with their 
powerful light sources, is not recommended because it can carry its own 
risks of causing deterioration in the image over a significant area of the 
object. In the event that any further change becomes apparent, the 
original would be pulled from the exhibition and the facsimile be 
substituted in its place. 

Three experienced American photograph conservators, Sarah S. 
Wagner, Constance McCabe, and Barbara Lemmen, now at the National 
Gallery of Art in Washington DC, have proposed that different types of 
photograph may be assigned to four broad categories to indicate their 
likely susceptibility to damage by light exposure: these recommendations 
were originally intended as in-house guidelines for institutions such as 
the US Library of Congress and the National Gallery of Art in Washington 
DC.667 Their recommendations for processes relevant to Talbot material 
are summarised in the first three columns of the table below, together 
with estimated values of the Threshold Exposures and durations of 
exposure and exhibition at 50 lux. 
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Category of 
Light-
Sensitivity 

Processes 
Relevant to 
Talbot archive 
 

Exhibition advice 
from NGA 
conservators 

Estimated 
Threshold 
Exposure 
klx hr 

Time at 50 
lux to 
cross the 
Threshold 
of one JND 

#1 
Extraordinarily 
Light-Sensitive 

Salt prints and 
photogenic 
drawings only 
halide-stabilised 

Not to be exhibited 
at all 
Only facsimiles 
should be displayed 

~ 0.2 (Cl fix) 
~ 4    (I fix) 

4 hours 
80 hours 

#2 
Very 
Light-Sensitive 

Salt prints with 
questionable 
process history 
or deterioration. 
Early colour 
prints 

Rest for 3 years 
minimum between 
display cycles. 
Cannot assume that 
resting time is 
regenerative 

50 1000 hours 
(3 months) 

#3 
Moderately 
Light-Sensitive 

Salt prints well-
fixed with 
thiosulphate. 
Abumen prints  

Rest for 2 years 
minimum between 
display cycles 

100 to 1000 2000 hours 
(6 months) 

#4 
Less 
Light-Sensitive 

Developed-out 
silver-gelatin,  
thiosulphate-
fixed well,  
black & white  
on fibre-based 
paper 

Rest for 1 year 
minimum between 
display cycles 

300 to 3000 
Blue Wool 1   
to BW 3 

6000 hours 
(18 months 

 
Table 20.1  Categories of light sensitivity of processed photographs  

20.2  Dangers of Densitometry 
Monitoring the condition of particularly vulnerable items by periodic 
densitometry might appear to be a desirable practice, but this too holds 
dangers: the light sources in commercial reflectance densitometers are 
very intense (in the order of 100 to 500 klux) and may cause a significant 
darkening of the small, but visible area of illumination (usually about 5 
mm in diameter) during the time of taking a measurement. An 
experimental test of a simulacrum of chloride-fixed Photogenic Drawing 
paper in a standard commercial reflectance densitometer (made by X-rite) 
showed that as little as 10 seconds exposure in the densitometer could 
bring about a density change of 0.01, which is equivalent to the entire 
Threshold Exposure. Within two or three minutes of exposure, a very 
distinct dark spot was formed on the paper. In view of the recent call by 
leading photographic conservators668 for a ‘monitoring programme’ -by 
which, presumably, is meant the keeping of densitometric records- I 
would recommend that such measurements should be carried out with 
discretion. 

An inexpensive and safe alternative to densitometric monitoring of the 
condition of items potentially at risk might be provided by the use of 
finely graduated stepped grey scales (or other appropriate colour) on 
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which are recorded the steps corresponding to key areas of the images; 
the estimate would be made simply by visual comparison - the eye is 
quite a fine judge of small relative density differences. Such a record 
would, of course, only give warning when the change in an object had 
passed the threshold of perceptibility, but that is better than nothing. If 
such a reference scale had been available beside the exhibited print 
described in Chapter 17, the impending damage might have been noted 
at an early stage. 

Although our visual perception is sensitive to comparative differences, 
it is a very poor judge of absolute changes over time, when relying on the 
visual memory; which may explain why the deterioration of the exhibited 
print (§17.2) went so long unnoticed. This point was amply demonstrated 
by the tests of exhibited facsimiles in 1989 by I. and A. Moor669 who have 
stressed the dangers of the poor discrimination of human memory and 
eye in this respect. 

20.3  Photographing Light-Sensitive Objects 
The photographing of items in the Talbot collection, and others like 
them, is clearly a very important activity, both for publications and to 
enable facsimiles to be offered for study as a substitute for the sensitive 
originals, whenever possible. This section is intended to assist curators in 
assessing the likely damage caused by photographic copying procedures. 

There are two distinct methods of illumination for photographic 
copying and the relative exposure to light occasioned by them may be 
compared thus: an exposure by electronic flash only illuminates the 
object for the length of time strictly needed for the exposure of the 
photographic copying film. It is essential, of course, that the setting-up 
of the object for copying is carried out quickly, in very subdued light and 
not subjected to prolonged illumination by the modelling lights 
commonly provided in flash heads. It is essential too that the flash light 
source must be scrupulously filtered so that it has a negligible UV 
content. Assuming that these precautions are observed, the illumination 
by flash must be less deleterious than that by photoflood bulbs which will 
inevitably irradiate the o bject for a period of time much longer than is 
simply required for the actual photographic exposure. In addition, the 
high-intensity reciprocity failure observed in chloride-fixed paper 
(Chapter 9) will also favour the flash exposure as causing less damage 
overall. 

To enable museum photographers to assess the likely effect of 
photographic copying in contributing to the ‘latent damage’, this 
conclusion can be put on a quantitative basis by the following simple 
calculations:  

1) Exposure under photoflood illumination: A standard greycard is 
metered in the usual way under the illumination conditions used for 
copying. For example, an exposure meter reading which yields a 
calculated camera exposure of 1/60th second at f8 for 100 ISO film, 
represents an illuminance of the object at the copying easel of 10,000 
lux.670 (This corresponds to an Exposure Value of 12 on a Pentax 
Spotmeter V). By comparing these reference conditions with their own 
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particular measurements of exposure for a given film speed, museum 
photographers should have no difficulty in calculating the approximate 
illuminance provided by their own copying lights. The effect of these can 
then be estimated by comparison with the Museum Standard of 50 lux. 

 For instance, under a copying illuminance of 10,000 lux, the 
threshold lifetime would be 50/10,000 = 1/200th of the TEL of about 
three hours for halide-fixed material, i.e. the threshold of perceptible 
damage would be crossed in about one minute. Obviously, if this type of 
lighting is to be used, it should only be switched on for the shortest 
possible length of time. 

2) Exposure by Flash: The total light exposure to the object being 
photographed by flash is simply calculated from the film speed, S, in ISO 
(ASA) units, and the camera lens aperture, A, expressed as the f number 
setting, using the formula671 

Exposure = 200A2/S   lux seconds 

It is of course assumed that the photographer will set up the flash unit 
to deliver the correct illumination. For example, if 100 ISO film is used 
with a lens aperture of f8, the exposure to the object is calculated to be 
200x8x8÷100 = 128 lux seconds. This may be compared with the 
Threshold Exposure for halide-fixed material (three hours at 50 lux) of 
about 50x10,800 = 540,000 lux seconds. 

The reader may be surprised to see what a small contribution the flash 
exposure makes. If these estimates are correct, a sensitive photograph 
could be photographed by properly filtered flash about 4,000 times 
before the damage threshold was crossed. By comparison, it would only 
be possible to photograph the object about 30 times under tungsten 
photoflood lighting, assuming that an illumination time of about two 
seconds on each occasion was the practicable minimum for switching this 
type of lighting on and off. 

20.4  Illumination of Light-Sensitive Photographs 
The types of light source used to illuminate photographs for copying and 
study are reviewed, and it is noted that the recent development of UV-
free solid state light sources offers a valuable new option for particularly 
light-sensitive photographs. In order to inform curatorial decision-
making, it is shown how the risk of light-damage to a photograph can be 
assessed from the total dose of light and the sensitivity of the object, 
expressed in terms of the ‘Just Noticeable Difference’, to quantify the 
‘cost’ of copying in terms of perceptible change. Controlled photo-flash 
is shown to be preferable to continuous illumination, and the minimized 
dose of light is calculated for typical photographic camera parameters to 
recommend standards of practice for copying such objects. 

Light, the very agency for creating photographs, can also destroy 
them. The problem of ‘fixing’  photographic images was not fully solved 
by the pioneers of the art-science for some years following its invention 
in the late 1830s. Consequently, early images were not robust; there exist 
today in some photograph collections a number of precious and 
historically significant specimens that are still vulnerable to light.672 The 
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purpose of this paper is to suggest a means of assessing quantitatively 
the risk to such an object caused by exposing it to light, for various 
purposes: private study, photographic copying, scanning, photocopying, 
conservation work, and public exhibition. It is generally acknowledged 
that the more energetic radiation of shorter wavelengths is intrinsically 
more damaging,673 so the attenuation, or preferably complete removal, of 
the ultraviolet (UV) content of any illumination is a primary objective, and 
a sine qua non. The spectral region of concern is the UVA, having 
wavelengths from 315 nm, where glass begins to transmit, up to about 
400 nm, at the deep blue edge of the visible. However, as a potential 
cause of damage, there still remains the visible light – and this we cannot 
do without, if the photograph is ever to be viewed by human eyes. The 
principal focus of this paper is to assess the effects of visible light on 
historic photographs. 

20.5  Review of Light Sources 
The nominal Class I Museum Gallery Standard of illumination permits a 
maximum UV content of 75 microwatts per lumen (µW/lm). The reason 
for these rather complex units is that the lumen is a measure of the 
intensity of visible light, and therefore cannot be used to quantify the 
invisible UV. The UV radiation does however possess energy, so is 
measured by its energy flux per second, as watts (or, more conveniently, 
microwatts) and expressed as a proportion of the visible light intensity. In 
the past, the figure of 75 µW/lm was deemed tolerable because it 
happens to be the natural UV content of the unfiltered emission from an 
ordinary incandescent tungsten lightbulb, with a colour temperature of 
2860 K. A light intensity of 50 lux ( = 4.65 foot-candles in US units) is 
widely accepted as the most stringent Class 1 Gallery Standard for 
exhibition and viewing of sensitive works.674 Since one lux = one lumen 
per square meter (lm/m2), at 50 lux this level of UV content corresponds 
to a UV irradiance of 3.75 milliwatts per square meter (mW/m2), which is 
about 5% of the visible light energy flux (1 lumen at 555 nm has an 
energy flux of 1.47 mW, so 50 lux provides a visible irradiance of ca. 74 
mW/m2) but it is still needlessly high and can now be substantially 
reduced by careful filtration, or even totally eliminated by a more 
appropriate choice of light source, as seen below. 

Five main types of artificial lighting are used for the purposes of 
copying, study and exhibition: 

Incandescent tungsten filament bulbs. These usually emit 60-80 
µW/lm. Tungsten-halogen lamps also fall in this category but have higher 
UV emission, ca. 165 µW/lm. Saunders has shown that steep-cut 
interference filters can reduce these UV emissions to less than 1 µW/lm 
without prejudicing the colour rendition.675 The infrared (IR) emission of 
tungsten bulbs can also cause undesirable heating of illuminated objects, 
by radiation and convection. 

Photo-flash units (commonly, but inappropriately, called “strobe 
units” in the USA) are xenon gas discharge tubes; these are rich in UV, 
emitting around 300 µW/lm, so must be fitted with efficient UV-
absorbing filters, which are usually supplied by the manufacturer. Data on 
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the absorption spectra of these filters are not widely published, however, 
and the extent of their attenuation of the UV is often taken on trust. 
Photo-flash has the advantage that it only delivers the minimal light dose 
to the object needed to record its image in the camera, in contrast to 
copying methods that employ continuous illumination.676  

Fluorescent light sources are mercury gas discharge tubes, 
internally-coated with phosphors, and can emit substantial UV, present in 
the mercury atomic emission spectrum, in the order of 200 µW/lm. When 
used for copying illumination they must be filtered; sheets of UV-
absorbing Plexiglass™ (UK: Perspex™) Type UF-4 provide good 
attenuation. This is often the type of built-in light source of commercial 
scanners and photocopiers; before such machines are used on sensitive 
material it is important to seek information from the manufacturer on 
their UV emission and filtration – if any. 

High Intensity Discharge (HID) lamps use a plasma discharge in a 
vapourized metal halide; they include the alchemically-named 
“Hydrargyrum Medium-arc Iodide” (HMI) lamp, presumably a mercury 
discharge. They often contain xenon as a starter gas, so are sometimes 
inaccurately called “xenon lamps”. All emit large amounts of UV, in the 
order of 275-300 µW/lm. Their high colour temperature and efficiency 
make them very popular for studio photography, but they should not be 
used to illuminate sensitive objects. 

Light Emitting Diode (LED) sources represent the most recent solid 
state lighting (SSL) technology, which can claim several advantages: it is 
safe and fully controllable electronically, economic in energy-efficiency, 
enjoys a very long lifespan and great robustness. From the published 
emission spectra, and recent measurements, ‘white’ LEDs appear to 
contain no UV wavelengths whatsoever, and no IR radiation either, which 
can cause undesirable radiant heating (Noll 2008).677 The emission 
spectrum does not have the ‘blackbody’ distribution of sunlight or 
incandescent tungsten, but the Colour Rendition Index (CRI) of the 
‘daylight balanced’ variety of LED has now been improved to a value of 
90% or greater, which fulfills the Museum standard. As this technology 
develops, it seems set on course to offer the best option of a controllable 
UV-free light source for photographic copying, object conservation tasks, 
and possibly even gallery exhibition illumination. A commercial LED unit 
is now available, emitting 100 watts of daylight-balanced white light of 
Colour Temperature (CT) 4400 K with a CRI = 91%, specifically designed 
for both viewing and photographic copying of sensitive objects. The 
output is precisely controllable down to low levels for setting-up, with no 
colour shift, and the unit can be synchronized with a camera shutter to 
ensure that the object only receives the minimum dose of UV-free light 
necessary to record its image. Thus, the LED unit has the virtue of photo-
flash illumination with none of its disadvantages.678 

20.6  Risk Assessment of Illumination 
The safe copying and exposure of photographs, and other objects 

potentially sensitive to light, is assisted by the knowledge of the following 
two parameters:  
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(a) the total light exposure inflicted on the object by the copying 
process, or period of exposure, and  

(b) the object’s sensitivity to light, measured by the change it suffers 
per unit of light exposure.679 The purpose of this document is to show 
that a comparison of these two figures (expressed in the same units) can 
provide: 

(c) an assessment of the ‘potential damage’ to the object, i.e. the 
notional ‘cost’ of making one copy, and thus inform curatorial decision-
making in a semi-quantitative manner. These factors will now be 
quantified as far as current knowledge allows. 

(a) The total dose of light to the object 
This is the exposure sustained by the object during the entire process 

of acquiring a copy image, or digital image file, by a specified procedure – 
whether by analogue or digital photography with appropriate external 
lighting or photo-flash illumination, or by a scanner, or a photocopier, 
with their built-in light sources. Light exposure is the product of light 
intensity (illuminance) and duration; to quantify this the preferred 
Système Internationale (SI) units are lux seconds (lx s). It is convenient to 
build in a factor of one thousand, so kilolux seconds (klx s) will be used 
here as the appropriate units for camera exposures, but lux hours (lx hr) 
may be more convenient for measuring light exposure through exhibition 
or study: 1 lx hr = 3.6 klx s. 

A number of workers have previously assessed the total exposure for 
many typical copying set-ups and systems, see Table 1 below for values 
and references. However, it is essential that individual photographers 
should evaluate the light dose for their own copying procedures: if the 
illumination at the copying easel is continuous (and checked to be UV-
free) its illuminance should be measured with a lux-meter, and then 
multiplied by the total estimated time in seconds that the object is 
irradiated while setting up and making one copy, to give the overall light 
dose in klx s. 

However, as observed above, employing photo-flash illumination can 
minimise the light dose to the object. The flash exposure for a given 
distance, as expressed in the Guide Number of the photo-flash unit, 
determines the camera parameters that must be set by the photographer: 
an effective arithmetic speed, S, in ISO (ASA), and a lens aperture setting 
expressed as an f/stop number, A. These two parameters are all that is 
needed to calculate the light dose to the object, a formula for which is 
derived in the Appendix. From this it may be seen that, for example, a 
camera set to a lens aperture of f/11 and an effective speed of 100 ISO, 
(e.g. for ‘fine grain’ film or ‘low noise’ digital imaging), the minimum light 
exposure of the object is calculated to be 0.36 klx s or 0.1 lx hr, if the 
camera image is about 1/4 the size of the original object (e.g. an object 
ca. 10x8 in. photographed on medium format ‘120’ roll film). 

For comparability these calculations all assume a common, nominal 
camera exposure setting. If the film speed is not 100 ISO (ASA) or the 
lens aperture number A differs from f/11, the figure should be adjusted 
accordingly. With flash, the light exposure of the object is just sufficient 
for the correct exposure of the camera film, so it depends only on the 
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camera parameters, and not the model of flashgun, which is assumed to 
be set correctly by the photographer. 

 
Typical 
Equipment 

Reference Light Level 
(klx) 

Exposure 
Time 

Light Dose 
(klx s) 

     
Scanning 
CCD camera 

Blackwell680 
2000 

2 15 minutes 1800 

Flat bed 
scanner 

Vitale681  
1998 

various  3.6 - 54 

Photocopier Neevel682  
1994 

various  7.2 - 36 

35 mm SLR 
camera 

 0.6  (a) ~3 s  (b) 1.8 

35 mm with 
photo-flash 

Appendix f/11 @100 
ISO mag. 1/8 

0.3  

120 Roll 
film camera 

 1.5 ~3 s 4.5 

120 Roll 
film with 
photo-flash  

Appendix f/11 @100 
ISO mag. 1/4 

0.4  

5x4 in. 
studio 
camera 

 6 ~3 s 18 

5x4 in. with 
photo-flash 

Appendix f/11 @100 
ISO mag. 1/2 

0.5  

     
Exhibition 
Class 1 

 0.05 10 hrs/day 1800/day 

 
Table 20.2. Typical light doses for various copying systems 

compared with exhibition 
(a) assuming a very basic illumination system of two 100 watt tungsten 

bulbs at 60 cm distance.  
(b) 3 seconds is about the minimum total time for the lights to be 

switched on and become thermally stable, and for the camera 
exposure, which is generally in the order of one second, to be 
made. 

 
Some of the figures in Table 20.2 remain highly machine-dependent, 

and are likely to change with advancing technology, so the guidelines for 
scanners and photocopiers, which were typical of the 1990s, may require 
updating and re-calculating. 

The setting-up exposure: ‘modelling lights’ 
The light exposure inflicted by the actual photography is only part of 

the total dose sustained by the object being copied: the exposure when 
setting-up, framing and focussing the image can be even greater. For 
instance, even if the setting-up is conducted under a low light level of 50 
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lux, one minute spent doing this will incur an exposure of 3 klx s, which 
in some cases is greater than that of the actual photographic exposure. It 
is important that the operating protocols for copying should minimise 
unnecessary additional exposure of this kind, either by using very low 
level modelling lights, or preferably by setting-up on a ‘dummy’ or 
surrogate object of the same size, and only substituting the precious 
object at the last moment when ready. It is important to assess, and 
include in the evaluation, any exposure incurred in this way. On past 
occasions, more damage has been done to precious sensitive 
photographs by neglectful and unnecessary exposure to the full 
illumination at the copying easel, than has been caused by the 
photographic exposure itself. 

(b) The sensitivity of the object to light 
This is conveniently expressed as the light exposure (also in klx s) 

which causes a Just Noticeable Difference (JND) in the object. The 
condition of the object before and after exposure cannot be directly 
compared, so either identical reference specimens or ‘controls’ are 
required, or precise densitometer readings must be taken, of accurately-
located image regions, before and after exposure. A caveat here: 
densitometers generally have very intense light sources (ca. 500 klx) and 
can cause perceptible damage to very sensitive objects over the sample 
area within a short time. The readout from a densitometer is in optical 
density, which is defined as log10(opacity), where the opacity is defined 
as: incident light intensity/ transmitted or reflected light intensity, 
depending on the mode. The optical density has no units – it is a pure 
number. 

The JND for human visual perception has been found experimentally, 
on average, to be a difference in optical density ∆D = 0.01.683 Differences 
less than one JND are generally imperceptible to the unaided human eye 
for areas of smooth mid-tone grey, placed side-by-side under good 
lighting, but they can be measured with sufficiently sensitive 
instrumentation (densitometers reading to 0.001). 

The use of optical density as the measurable unit of change 
presupposes a monochrome object – which is usually the case with C19th 
photographs. However, if a colour shift in the object is a significant 
possibility, the criterion for a JND is more properly expressed according 
to the measurements of colour science, and the change of coordinates in 
a colour space, such as the CIE L*a*b* system, as measured with a colour 
meter (chromameter). In this system, a colour change of ∆E = 1 or 2 is 
approximately one JND. If there is no colour shift, ∆E = ∆L*, where the 
lightness scale L* in the CIELAB system runs from 0 (black) to 100 (white). 
A practical JND of ∆E = 1.5 is widely quoted for coloured objects. 

The JND is a convenient benchmark for the onset of ‘perceptible 
damage’ to an object. It will be useful to call the exposure causing a 
change of one JND in any significant area of an object, the Threshold 
Exposure. Information on these Threshold Exposures for various types of 
photographic object is as yet rather sparse.684 Often we only have an 
upper limit of exposure, at which no change has yet been observed or 
measured,685 rather than the true Threshold Exposure, whose 
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determination experimentally would entail notional damage to the object, 
and may therefore be deemed unethical to attempt. If the Threshold 
Exposures of precious historical specimens could be determined without 
arousing serious conservatorial qualms, it would ultimately benefit our 
knowledge of how best to protect these sensitive objects. 

The invention ten years ago of the ‘micro-fading tester’ has brought 
this hope much closer.686 These instruments have so far been used 
mainly for painted artworks, which are much more robust than 
photographic specimens, so they have powerful light sources (ca. 10 Mlx) 
which can fade a Blue Wool #1 specimen by one JND in about 2 minutes. 
Based on this instrument, a ‘micro-fading spectrometer’ has recently 
been developed which irradiates a disc of the object only 0.25 mm in 
diameter, and is substantially portable.687 With an attenuated light source 
it would be well-suited to the investigation of sensitive photographs. 

The exposure of photographs on exhibition is an issue closely-related 
to that of exposure for copying purposes, and requires similar reasoning 
but generally involves much longer exposures.688 As a qualitative guide to 
lighting policy, it has been suggested that photographs can be placed in 
four broad categories of sensitivity:689 (1) Extra- (2) Very- (3) Moderately- 
and (4) Less- sensitive. The reader is referred to the conservation 
experience of these authors, with a wide range of photographic objects, 
to find recommendations for the total exposure per year for exhibiting 
these various types of photograph. Their proposed categories are 
adopted in Table 20.3, below. 

 
 Process Reference Threshold 

Exposure 
Comments Category 

   (klx s)    
Photogenic 
Drawing 

Ware 1994 
(a) 

600 Talbot salt-
stabilized 

1)   

Cyanotype 
@ 4 klx 

Ware 1999 
(b) 

720 
@ 4000 lx 

Herschel’s 
process 

1)   

Cyanotype 
@ 50 lx 

McElhone 
1993 

>36,000 
@ 50 lx  

NB non-
reciprocity 

2)   

Salted Paper 
Print 

McElhone 
1993 

54,000 Thiosulphate 
fixed 

3) 

Albumen 
Print 

Pretzel690 
1991 (c) 

80,000–
2,880,000 

Highly 
variable 

3)   

Silver-
gelatin print 

 >1,800,000 Modern 
processing 

4)   

LightCheck® 
dosimeter 

LightCheck 
Co.691 

18,000  Ultrasensitive 
version 

 

LightCheck® 
dosimeter 

LightCheck 
Co. 

216,000 
 

Sensitive 
version 

 

Blue Wool 
Standard  
 

Colby692  
1992 

 1,440,000 
 

 Fade ISO 
#1   
B.S. 1006 

 

  

Table 20.3 Guide to the categories of sensitive photographs 
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 What little information on Threshold Exposures that has so far been 
gleaned for photographs falling in these categories is summarized in 
Table 20.3. It is to be hoped that more additions will soon be made to 
this table. Nearly all treatments of photographic fading published to date 
tend to assume that the Law of Reciprocity holds; e.g. the change (which 
may be fading or fogging) caused by exposure to a light source of 5000 
lux for one hour, will be the same as the change caused by a source of 50 
lux in 100 hours. While this may be generally true for silver images, it 
certainly is not valid for cyanotypes, which recover from fading by aerial 
reoxidation.693 

Most Talbot prints were stabilised with sodium chloride, but some 
images were stabilised with potassium iodide – it is thought the 
sensitivity of the latter may be comparable, but they tend to fade rather 
than fog. 

Note the failure of the reciprocity law in this case. 
The conspicuously wide range of values cited here for the threshold 

exposure of albumen prints is an indication that less stable ‘mavericks’ 
can lurk in any population of historic photographs, because of 
uncertainties concerning the quality of processing. 

The British Standard Blue Wool Scale #1 is too insensitive for the 
purpose of monitoring the exposure of photographs, but the recent 
European Commission sponsored project (Light Dosimeter Project) has 
developed a more sensitive colorimetric photochemical dosimeter on 
paper strips which offers a useful monitor of light dose, when used as a 
comparator with a standard colour chart calibration.694 

 (c) The ‘cost’ of making one copy 
This is expressed in terms of the ‘potential damage’ to the object as 

the quotient of light dose (Table 1) and the Threshold Exposure (Table 2): 
c = a/b 
so c is the number of JNDs inflicted on the object by the copying 

procedure. 
Curators and conservators are thus assisted in formulating their own 

criteria as to what may constitute an acceptable value of c, as a 
compromise between the conflicting demands of conservation ethics, 
commercial factors, and scholarship. An acceptable value of c will usually 
be fractional, i.e. smaller than 1 – probably much smaller – so a more 
convenient way of expressing the ‘cost’ is: 

1/c = b/a 
where 1/c can be usefully regarded as the number of times that the 

object could be copied with the specified method before it begins to 
sustain a ‘perceptible change’ i.e. the accumulated exposure reaches 
the Threshold Exposure. This assumes, of course, a ‘worst case scenario’ 
that the potential damage is arithmetically cumulative, which may not 
always be the case; for example the assumption of exposure reciprocity is 
not valid for the fading of cyanotypes, which recover their densities on 
exposure to air in the dark. 
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20.7  Examples of Potential Damage by Copying Lights 
A halide-stabilized Photogenic Drawing copied by a commercial 

scanning CCD camera: 
The total light dose (a) would be ca. 1800 klx s (Table 20.2). 
The sensitivity (b) as indicated by the Threshold Exposure in Table 20.3 is 
ca. 600 klx s. 
The ‘cost’ (c) of 1800/600 ≈ 3 JND’s is calculated for copying by this 
means. 
This is a measurable and perceptible density change, and in most 
judgments would be deemed unacceptable damage, and copying 
therefore not attempted by this means. 

 
A halide-stabilized Photogenic Drawing copied by a large format (e.g. 

4x5 in.) studio camera using filtered photo-flash, a speed S = 100 ISO, 
and an aperture of f/22, (two stops, or 4 times, smaller than our 
standard, f/11): 
The typical exposure light dose (see Table 20.2) would therefore be 4 x 
0.5 = 2 klx s. To this must be added the light dose entailed in the 
setting-up – perhaps a minute at 50 lux = 3 klx s – to give a total light 
dose (a) = 5 klx s. 
The sensitivity is as in (1) (b) = 600 klx s. So the ‘cost’ (c) is 5/600 = 
0.0083 JNDs only. In other words, the object could be copied 1/(c) = 
1/0.0083 = 120 times by this means, before the Threshold Exposure for 
one JND was reached in theory. 

 
A cyanotype photographed by photo-flash illumination, using a 35 

mm camera set to a speed of 25 ISO (arithmetic) and an aperture of f/16: 
The light dose (a) is calculated from the value 0.3 klx s (Table 20.2) for 
100 ISO at f/11 (assuming a magnification of 1/8) modified thus: there 
are two ‘stops’ less film speed, and one stop smaller aperture, meaning 
three stops more light exposure is needed in all, arithmetically: 2x2x2 = 
8 times, so the light exposure = 8 x 0.3 = 2.4 klx s. 
Again, we must add the setting-up exposure, say 3 klx s, to give a total 
(a) = 5.4 klx s. 
The sensitivity (b) of cyanotype under high intensity illumination is ca. 
720 klx s. 
So the cost (c) is 5.4/720 = 0.0075 JNDs, which is perfectly ‘safe’. The 
cyanotype could be photographed in this way 1/0.0075 = 133 times 
before reaching the theoretical Threshold of perceptible damage. 

 
One of the most treasured items in the photograph collection of the 

Metropolitan Museum of Art, New York, is a unique album containing 36 
photogenic drawings sent by W. H. F. Talbot to fellow botanist Antonio 
Bertoloni in 1839-40. It was decided by the Museum’s curatorial and 
conservation staff to make its contents accessible to the public, so the 
Bertoloni album was photographed ‘in house’ with all appropriate 
precautions. It was illuminated by two CDI LED units (light source 5 
above) delivering ca. 500 lx at the baseboard with undetectable UV 
content, a CRI of 91% and a CT of 4400K. Exposures were 2 seconds at 
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f/16 with a medium format digital camera set to 100 ISO. 
Setting-up was under very low light, so the light dose (a) was little more 
than 1 klx s. 
The highest sensitivity (b) of this material is likely to be 600 klx s. 
It follows that (c) = 1/600, so the object could be copied 600 times by 
this means before reaching the Threshold Exposure. This large safety 
margin was deemed acceptable curatorially to justify photographing this 
precious and very sensitive item, with the excellent outcome which may 
be now viewed on the Museum’s website.695 

20.8  Light Exposure by Photo-flash 
The following theory demonstrates that the light dose to an object 
exposed by photo-flash is determined only by the setting of the camera 
lens aperture and the effective speed (of film or digital sensor) used to 
photograph it. Assuming that the photographer operates correctly, the 
sensor calculator of the flash unit (or Guide Number) ensures that the 
correct illumination is delivered for the camera exposure. The benefit of 
this is that the light dose to the object is minimized and it is unnecessary 
to know any technical details of the photoflash output. The starting point 
for this calculation is the equation derived by Jones and Condit to connect 
the illumination of an object with the illuminance at the focal plane of a 
camera photographing it.696 When typical parameters are assumed for 
various features of the camera optics, we are left with the simplified 
Jones-Condit Equation (see §21.8): 

L = 5A2E    lx 

Where: 
L = object luminance in apostilbs 
   = illuminance in lux for a diffuse white object of Reflectivity = 100% 
A = lens aperture expressed as f/stop number 
E = illuminance in lux at the camera film plane 
 
 

We need the Object Exposure = illuminance x duration: 

Lt = 5A2Et    lx s 

Where: 
t = exposure duration in seconds 
This connects the object exposure, Lt, with the film exposure, Et. 

To evaluate the latter, we make use of the definition of ISO Film Speed, S : 

S = 0.8/Hm 

Where: 
S = film speed on the ISO (arithmetic or ASA) scale 
Hm = exposure of film in lux seconds to yield a film density of 0.1 

above the filmbase+fog, for specified conditions of development, so: 
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Hm = 0.8/S    lx s 

Now for a frontally-lit scene, a white highlight is ~50 x brighter than 
the darkest shadow exposure Hm,697 so the correct film exposure for the 
diffuse white highlight is: 

Et = 50 x Hm = 50 x 0.8/S = 40/S   lx s 

and since the object exposure: 

Lt = 5A2Et    lx s 

we can now substitute for Et to get the approximate relationship: 

      Lt = 200 A2/S    lx s 

e.g. inserting values of A = 11 and S = 100 for our ‘standard’ 
exposure of f/11 at 100 ISO gives: 

Lt = 200 x 112/100 

    = 242    lx s 

The foregoing is a simplified derivation, for the camera lens focused 
nearly at infinity. To take account of the magnification, due to near-focus 
used in copying, we need a more accurate version of the Jones-Condit 
equation: 

Lt = 189 (1+m)2 A2/S    lx s 

Where:   m = magnification = image size/object size 
 
Table 20.4 shows the effect of magnification on the light dose. These 

figures all assume an aperture f/stop, A = 11 and a camera speed, S = 
100 ISO (ASA). The figure for any other aperture or speed setting can be 
calculated by scaling appropriately, as illustrated in the numerical 
examples. 

There are, admittedly, approximations and assumptions involved in 
reaching these theoretical values for object exposure, but their essential 
correctness can be independently checked by accepted practice. For 
instance, that widely-used photographic light-meter, the Pentax 
Spotmeter V, is supplied with a manufacturer’s conversion (Asahi Optical 
Co.) for obtaining luminance values from the Exposure Value (EV) 
readings taken from an illuminated standard greycard.698 When the units 
of Luminance B (cd/m2) are converted to those of Illumination L (lx) by 
the relation L = πB/R, where R = 0.18 is the reflectivity of the standard 
greycard, the working calibration equation for the meter is found to give: 

Lt = 244 A2/S     lx s 

which agrees well with the values derived above. 
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Magnification Factor Light Dose Lt 
for A=11 and 
S=100 

 

 m 189(1+m)2 lx s lx hr 
    
1/� 189 229 0.0636 
1/10 229 277 0.0769 
1/8 239 289 0.0803 
1/6 257 311 0.0864 
1/5 272 329 0.0914 
1/4 295 357 0.0992 
1/3 336 407 0.1131 
1/2 425 514 0.1428 
1/1 756 915 0.2542 

 
Table 20.4. Minimum copying light dose versus magnification. 

 

20.9  The Collection Environment 
Regarding other aspects of a collection environment, especially the 
ambient temperature and relative humidity, the optimum values are 
probably a compromise determined by the wide variety of material usually 
held in museum strongrooms. It is probable that the best conditions for 
keeping ‘plain paper’ photographs, such as constitute the Talbot 
collection at the NMPFT, are not identical with the best conditions for 
keeping photographs that have a binder layer. If deterioration of the 
image silver were the only consideration, the colder and drier the 
conditions of storage, the slower would be the oxidation reactions; but 
very low temperatures and relative humidities may lead to an increased 
danger of embrittling the paper substrate, and they also necessitate 
lengthy procedures of acclimatization when material is removed to a 
‘normal’ environment, so a compromise is necessary. The storage 
conditions recommended by Reilly for albumen prints on the basis of his 
extensive study,699 would seem to hold good for salted paper prints also; 
namely, a relative humidity in the range 30-40% and a temperature not to 
exceed 18°C. 

20.10 Wrapping Materials and Enclosures 
It has long been recognised that an acidic environment causes 
embrittlement of paper artefacts by dimishing the cellulose chain length. 
Paper conservation materials for repair, wrapping and mounting are 
therefore generally required to be non-acidic; as a further precaution, 
many of these materials are now manufactured with an additional 
‘alkaline reserve’ of calcium carbonate (chalk) buffer, to neutralise the 
effect of any future ingress of acid from the environment or even the 
object itself. Such alkaline-buffered papers and boards exhibit a pH 
typically in the region 8-9, and are widely employed by paper 
conservators.  
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Notwithstanding the logic of this practice, a concensus has arisen in 
recent years among photograph conservators that wrapping materials for 
photographs should be unbuffered, having a neutral reaction close to pH 
7. In publications that set out to specify the currently recommended 
practice,700 the use of alkaline-buffered papers and enclosures is 
explicitly disapproved of. Moreover, this view has led to the development 
of an unbuffered wrapping paper especially for photograph 
conservation.701 This paper -Atlantis Silversafe Photostore- has been 
widely adopted for the purpose since its introduction in 1982: it has 
excellent specifications of purity, especially in regard to the low level of 
sulphur, the absence of lignin and the use of a neutral sizing agent. 

It seems important to define clearly the chemical reasons for rejecting 
the benefits of buffering enclosures for photographs, lest this doctrine 
should simply pass into the mythology of conservation.702 The view 
appears to stem from a statement in 1980 that “Papers with a pH of over 
8 are detrimental to photos, both black and white and color ...”,703 but no 
references to experimental evidence are cited. This blanket statement has 
been reiterated704, but was probably never intended to apply to all 
photographs, including the wide variety of nineteenth century processes, 
so it deserves careful review with particular regard to the nature of the 
photograph which it is intended to protect. In albumen prints, as was 
mentioned earlier, Reilly has indeed shown that degradation of the 
protein binder layer by the Maillard reaction is accelerated by alkali,705 
and this observation gave rise to the tentative recommendation in 1982 
against the use of buffered enclosures with albumen prints. However, 
subsequent experiments by Reilly on albumen prints incubated in contact 
with calcium carbonate buffered paper, yielded no detectable 
deterioration within the duration of the experiment; as the author 
remarks, ‘More work should be done, but it seems clear that calcium 
carbonate buffering is not by itself a major threat to albumen prints’.706 

The other early photographic image that is sensitive to alkali is the 
cyanotype. The imaging substance, Prussian Blue, is hydrolysed by strong 
alkali yielding only very weakly coloured iron compounds, and so 
cyanotypes are readily ‘bleached’ by solutions of high pH. The use of 
unbuffered paper for wrapping and mounting cyanotypes would seem the 
prudent choice until proper experimental work has been performed. 
Calcium carbonate is not a strong alkali -its saturated solution has a pH 
of only 9.4 owing to the low solubility. 

In contrast to albumen prints and cyanotypes, platinotypes can only 
benefit from an alkaline-buffered enclosure because their besetting 
problem is acid embrittlement of the paper substrate; there is no protein 
binder layer to decompose, and the imaging substance is quite inert.707 

Also unlike albumen prints, salted paper prints and photogenic 
drawings are silver photographs on plain paper and do not possess the 
protein layer, so the argument for unbuffered paper concerned with 
suppressing the Maillard reaction is not relevant to them. It is chemically 
certain, however, that molecular oxygen of the air is a more potent 
oxidising agent under acidic, than under alkaline conditions708 (see the 
redox potentials explained in §23.8). Image silver will be less susceptible 
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to aerial oxidation under the alkaline conditions imparted by enclosures 
buffered with calcium carbonate, which helps to neutralise the long-term 
build-up of acid from environmental pollutants. The use here of 
traditional alkaline-buffered paper should not be lightly rejected. There 
seems to be a case for asking the manufacturers of the excellent 
conservation paper, Atlantis Silversafe Photostore, to produce a calcium 
carbonate buffered form, as well as the unbuffered type, in order to serve 
the full range of needs of the photograph conservator. 

The susceptibility of image silver in plain paper photographs to aerial 
oxidation is aggravated by an increased physical access to the 
atmosphere. A close study of Talbot prints that have been stored in 
albums or mounted in books, leaves no doubt that the ingress of air has 
been an essential factor contributing to their fading.709 There is therefore 
a good case for using a non-porous wrapping material, namely uncoated 
and unplasticised polyester sheet710 such as Mylar or Melinex, which 
effectively excludes the atmosphere. There is no risk of adhesion to the 
print surface in the absence of a binder layer; it is important to use ‘clear’ 
polyester because varieties with a matt finish can contain a physical 
abrasive. The Talbot collection at the NMPFT is sleeved in an appropriate 
clear archival polyester, which also facilitates visual inspection while 
diminishing the likelyhood of damage during handling. 
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Section IV  
 

Photochemical Appendices 
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21  Proto-photographic Sensitivity 
This appendix provides some of the quantitative relationships between 
silver nanoparticles, the optical densities of silver images and the 
parameters of their coating and exposure. 

21.1  Coating Weight, Covering Power and Photometric 
Equivalent 
The total mass of a substance contained within a sheet of (e.g.) paper, 
per unit projected area of its surface is called the Coating Weight, W, and 
is conveniently expressed in units of g/m2. Molar units may also be used. 

W = Acd/A = cd 

Where c is the concentration of the substance (weight per unit volume)  
d is the thickness of the layer and A its area. 

The Covering Power, P, is defined as the optical density, D, divided by 
the coating weight, W, and can be expressed in m2/g 

P = D/W 

The reciprocal of the Covering Power is called the Photometric Equivalent. 

21.2  Nutting Density Equation 
This is founded on the ‘Opaque Disc Model’ of the coating layer.711 If n is 
the mean number of image grains per unit projected area and a is the 
mean projected area of an image grain, then the Nutting equation gives 
the optical density as 

D = κna 

where κ is a constant depending on the geometry of the grains, which 
for approximate purposes may be taken as unity. 

If ρ is the density of the image substance and v is the average volume 
of the image grains 

W = ρnv 

whence                                       P  = κa/ρv 
 

which implies that covering power is inversely proportional to the 
linear dimension of the grain. More specifically, if we assume that the 
grains are spherical, with radius, r 

a/v = 3/4r 

so                                                 P = 3κ/4ρr 

and                                              W = 4ρrD/3κ 

which is the usual form of the Nutting density equation. 
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21.3  Extinction Coefficients of Photolytic Silver 
We may apply these last two equations approximately to the nanoparticle 
silver typical of a salted paper image; ρ is assumed to be the same as 
bulk silver metal, 10.5 g/cm3, r is taken as a median value of 10 nm, and 
κ as unity. The results are 

P ≈ 7 m2/g 

and                                          W ≈ 0.14D g/m2 

The value for the covering power is in the middle of the range of values 
measured by Berry and Skillman for silver deposits, so represents a 
typical median value.712 
If we take a mid-tone density of D = 0.75, then W ≈ 0.11 g/m2, or ~10-3 
mol/m2 (silver has RAM = 107.9). There is independent experimental 
evidence that the silver coating weight of salted paper prints is indeed 
this small. Davanne in 1855 carried out chemical analyses of the silver in 
typical contemporary salted paper prints,713 and found average coating 
weights in the range W = 0.076 to 0.107 g/m2; even a totally blackened 
paper only yielded W = 0.247 g/m2. Davanne also determined the original 
coating weight of silver on sensitized paper (as the nitrate, before 
processing) and found W = 5.06 g/m2. Thus 98% of the silver in a 
sensitized salted paper is lost on processing, and only 2% remains to 
constitute the image! Modern silver-gelatin enlarging papers have silver 
coating weights in the region of W = 1 to 1.6 g/m2, and are much more 
efficient in their use of the silver.  
It is useful to relate the covering power, P, as measured by densitometry 
of coatings, to the molar extinction coefficient, ε, as measured by 
transmission spectrophotometry of aqueous suspensions. In the latter 
case, the optical density; is defined by 

D = log10(Io/It) = εcd 

where Io and It are the incident and transmitted light intensities, 
respectively; c is the concentration in moles/dm3 and d is the optical path 
length in cm. In consequence, ε is customarily quoted in units of  
mol–1dm3cm–1, and to convert values of ε to SI units (mol–1m2) they must 
be divided by 10. The relationship between covering power and molar 
extinction coefficient is therefore 

P = ε/10R 

where R is the relative atomic or molecular mass. 
For silver, R = 107.9, and transmittance measurements on yellow 
nanoparticle silver hydrosols yield ε ≈ 1.6x104, whence P ≈ 15, 
comparable with the maximum value of the range found by Berry and 
Skillman. 
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21.4  Grain Size and Uncertainty in Density Measurement  
The following treatment, due to Dr. A.E. Saunders, is important in relation 
to the specification of a microdensitometer put forward in the feasibility 
study, §19.714 

If the area sampled by the densitometer is denoted by A, then the 
mean number, N, of image grains within it will be N = nA, where n is 
defined above in §21.2. 

The actual number of grains in any area A will be randomly distributed 
about the mean, N. The magnitude of the fluctuation in this grain number 
may be taken to be the standard deviation of the statistical distribution, 
σN = √N. 

The measured optical density will fluctuate from area to area with a 
standard deviation, σD, on account of the granularity. By simple 
proportionality: 

σD = σN D/N 

   = D/√N 

The Nutting Equation in §21.2 may be written 

D = κNa/A 

So                                           √N = √(DA/κa) 

Whence                                    σD = √(κaD/A) 

Taking κ as unity, the mean grain area, a, is given by 

a = A σD2/D 

Under the conditions proposed in §19, the sampling area, A, has a 
diameter of 0.5 mm and the uncertainty in the measurement of the 
density, σD, may be taken as 0.001 (to give a 10% precision on measured 
density changes of 0.01) at a mean density, D = 0.2, say, for a typical 
highlight value. Substitution of these values in Saunder’s equation above 
yields a mean grain area, a ≈ 10–6 mm2, corresponding to a grain 
diameter of 1.1mm. Provided the grain size in the image is smaller than 
this, the proposed sampling area will yield an adequate precision in the 
measurement of density. From the data on nanoparticle silver in §21.3, 
and the colours of Talbot’s photographs, it is highly likely that the grain 
size in his Photogenic Drawings is in the order of 0.1 to 0.01 mm. Further 
evidence in support of this comes from the experiments of Jenkyn-
Jones:715 on the removal of silver particles from salted paper prints by 
ultrasonic treatment, coupled with microscopy; no particles larger than 
0.03 mm were observed. 
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21.5  Calculation of Exposure Times 
The exposure, It, needed to bring about photochemical change in m 
moles of substance is given by: 

It = mNhc/Alff 

Where: 
I is the irradiance in W/m2 
t is the exposure time in s 
m is the number of moles of substance transformed 
N is Avogadro’s number = 6.023 x 1023 mol-1 
h is Planck’s constant     = 6.626 x 10-34 J s 
c is the speed of light     = 2.998 x 108 m s-1 
A is the area of normal surface irradiated in m2 

 l is the wavelength of radiation in m (assumed monochromatic) 
 f is the quantum efficiency at wavelength l 
 f is the fraction of incident radiation absorbed at l  
    (assumed independent of t) 

If the waveband of actinic sunlight at the earth’s surface is taken as 300-
400 nm, a median value is l = 350 nm, and we assume the optimum 
conditions for the photochemistry, that f = f = 1. 

Then, inserting values for the physical constants: 

Nhc/lff = 3.42 x 105 J/mol 

The ‘coating weight’, W = m/A, of photo-product needed for a just-
perceptible optical density is found experimentally to be in the order of: 

W = m/A = 10-4 mol/m2 

(Or ca. 10-3 mol/m2 for a mid-tone density, which agrees with the 
predictions of the Nutting Equation calculated in §21.2.) 

Whence the exposure for a just-perceptible image is: 

It = 34 J/m2 

Hence we have the approximate practical figures quoted in §3.4, that a 
just-perceptible image should result from an average solar exposure of 
about one second, a mid-tone from ten seconds, and a full density from 
about two minutes exposure. 

It is interesting to compare this result with a completely independent 
assessment of exposure using experimental thermochemistry and the 
First Law of Thermodynamics: 
The Heat of Formation, ∆Hf, of silver chloride is found calorimetrically 
from the reaction: 

Ag(s) + 1/2Cl2  →  AgCl(s)        ∆Hf = -127 kJ/mol 

        silver metal + chlorine → silver chloride 
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The reverse of this reaction is the ‘equation of proto-photography’:                          

                           UV 
               AgCl(s)  →  Ag(s) + 1/2Cl2      ∆H = +127 kJ/mole 

The coating weight  of silver for a just-perceptible image is ca. 10-4 mol 
Ag/m2 so conversion of 10-4 mol of AgCl to Ag should theoretically 
require 10-4  of -∆Hf  i.e. 12.7 J/m2. This is about a third of the observed 
value needed in practice, implying that the photochemical conversion is 
only about 33% efficient. 

21.6  Quantum Yields from Silver Halide Photolysis 
If monochromatic light of wavelength l falls normally for a time t seconds 
onto a flat sensitized surface with a constant irradiance I watts/m2, the 
number of moles, dM, of silver halide photolysed/unit area is given by: 

 

where: 
j = the quantum efficiency of the process 
f = the fraction of incident light absorbed by the photoactive 

substance. We are concerned only with density changes dM which are 
small compared with the total coating weight, so it may be assumed that f 
does not vary significantly with time. 

N = Avogadro’s number 
h = Planck’s constant 
c = speed of light 
If the radiation is not monochromatic, the expression must be 

integrated over the spectral bandwidth for all the wavelength-dependent 
variables: 

 

In practice, it is convenient to replace the integration with a 
summation over small increments of spectral bandwidth, e.g. every 10 
nm, for which the wavelength-dependent variables have been tabulated: 

 

In order to convert from radiometric units of Irradiance to photometric 
units of Illuminance, we may write: 

 

where E is the illuminance in lux and Vl is the spectral power 
distribution for the light source in watts/lumen as a function of l, which 
has been tabulated for a number of sources. 

The exposure, H, needed to produce dM moles of silver is Et lux 
seconds. For the purposes of approximate calculation, it will be assumed 
that j  and f are effectively constant over the wavelength range of the 
summation, so we may write 

δM =
ϕfIλt
Nhc

δM =
t

Nhc
ϕfIλ dλ∫

δM =
t

Nhc
ϕfIλ

λ
∑

δM =
Et
Nhc

ϕfVλλ
λ
∑
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The wavelength range which bounds the summation will be 
determined by assumptions concerning the wavelength dependence of 
the photochemical response of the sensitizer. It will be convenient to 
abbreviate this summation to S, thus: 

 

The number of moles of photolytic silver produced may be related to 
the change in optical density, dD by the covering power C (Appendix I): 

 

The exposure, H, producing a density change, dD, is therefore given by 
the general equation: 

 lux seconds 

Inserting values for the physical constants: 
Nhc = 0.1196 J m/mol and R, the relative atomic mass of silver, is 

107.9 g/mol; the parameter C for colloidal silver images we will take as 
about 7 m2/g (Appendix I). 

For H = HT , the Threshold Exposure, we define dD = 0.01 so the 
expression becomes: 

 lx s 

where the units of S are SI: metre watts/lumen. But S is more 
conveniently tabulated as units of nm µW/lm, in which case: 

 lx s 

21.7  Evaluation of the Threshold Exposure  
The quantum yield, j for silver halides in the presence of halogen 
acceptor is generally thought to be approximately unity over the range of 
‘actinic’ wavelengths,716 but in the absence of halogen acceptors it can be 
much lower. The fraction, f, of light absorbed by the sensitizer depends 
on the optical path length, x, and the absorption coefficient, a: 
f = 1 – exp(-ax) 
values of a in cm-1 for the silver halides have been plotted against 
wavelength.717 For a realistic path length of 10µm or more, the fraction of 
light absorbed in the UV region is nearly unity. 

The summation S is made over the range of wavelengths appropriate 
to the photosensitivity of pure silver chloride namely from 300 to 400 
nm, taking the values718 of Vl for a tungsten source with a colour 
temperature of 2854K; the result of the summation is S = 2.4x104 nm 
µW/lm. It follows by substitution in the equation above that : 

HT  ≈ 6.6x105 lx s. Under the standard museum illuminance of 50 lux, 
the Threshold Exposure is therefore 13,200 s, or 3.7 hours. 

δM =
Etϕf
Nhc

Vλλ
λ
∑

δM =
EtϕfΣ
Nhc

δM =
δD
CR

H = Et =
NhcδD
CRϕfΣ

HT =
1.584 ×10−5

ϕfΣ

HT =
1.584 ×1010

ϕfΣ
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21.8  Jones-Condit Equation 
The standard camera-image equation connecting subject luminance with 
image-forming illumination at the focal plane is: 

E = L (1-f/u)2 (cosq)4 V T F/4A2 

Where: 
E is the illumination at the focal plane in lux 
L is the subject luminance in apostilbs 
f is the lens focal length in m 
u is the subject distance in m 
q  is the ‘off-axis’ angle (assumed to be 12°) 
V is the vignetting factor (assumed to be 1.0) 
T is the lens transmittance (assumed to be 0.9) 
F is the flare factor (assumed to be 1.03) 
A is the lens aperture f/d 
 

Taking the case where the subject is focussed at infinity, and inserting 
approximate values for the other parameters we get: 

E = 0.212 L/A2  lux 

Which is the usual numerical form of the Jones-Condit equation. 
Now, converting from illuminance, E, to actinic irradiance, I, and taking 
the subject to be mid-grey, reflectivity 0.18, and irradiated at an average 
actinic solar value of 38 W/m2 we get: 

I = 1.45/A2  W/m2 

Using the value of It = 340 J/m2 from §21.5, we find the exposure 
time, t, to produce a mid-density image is given by: 

t = 258 A2  seconds 

or                                       t = 4 A2  minutes 
as a convenient approximation for the ‘order of magnitude’ calculations 
of camera exposure times in the Table 3.1, §3.7.  
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22  Colours of Silver Images 
The image silver formed by print-out processes, which is known as 
photolytic silver, has a particle size in the 10-100 nanometer region, i.e. 
it has nanoparticle dimensions, in contrast to the micron-sized bundles 
of filamentary metallic silver that are formed in most chemically 
developed silver-gelatin emulsions. With particle sizes less than the 
wavelengths of visible light, nanoparticle silver displays interesting 
optical characteristics due to the excitation by light of collective 
oscillations in the electrons of the conduction band, which are known in 
quantum-mechanical language as plasmons. 

22.1  Surface Plasma Resonance Absorption 
For most metals, such surface plasma resonances generally give rise to 
absorption maxima in the ultra-violet region of the spectrum but in a few 
cases, notably copper, silver and gold, the variation of the dielectric 
function of the metal with frequency of radiation causes quite sharp 
absorption bands in the visible region, giving rise to striking colours that 
first attracted investigation by Michael Faraday719 in 1857. 

A theoretical treatment of plasma resonance was first carried out by 
Gustav Mie720 in 1908, using Maxwell’s electromagnetic theory applied to 
spherical metal particles; this was subsequently extended to ellipsoidal 
particles by Gans.721 When the particles are much smaller than the 
wavelength of light, a dipolar approximation is valid and absorption of 
light predominates but, at larger radii, multipolar terms become 
important and light scattering takes on more significance. This topic has 
been reviewed and greatly extended by Milton Kerker.722 Most recently, 
Creighton and Eadon723 have calculated absorption spectra for 10 nm 
diameter particles of most of the metallic elements; their results show 
that colour is a relatively rare characteristic among nanoparticle metals:  
copper, silver and gold are likely to remain the only metals providing 
distinctive colours for decorative or image-making purposes, other 
unreactive metals being grey or brown in the nanoparticle state. 

The colours in transmitted and scattered light shown by silver 
hydrosols of various spherical particle sizes have been calculated by 
Wiegel724 and confirmed by experiment, as summarised in the Table. 

22.2  Size and Colour of Nanoparticle Silver 
Colour transmitted Colour scattered Particle diameter 

/nm 
Yellow Blue 10-20 
Red Dark Green 25-35 
Purplish-red Green 35-45 
Violet Yellow-green 50-60 
Dark blue Yellow ochre 70-80 
Light blue Red-brown   90-100 
Grey-green - 120-130 
 
Departure from spherical shape has a strong effect on the optical 

absorption; with elongation of the particle to a prolate spheriod the main 
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absorption band shifts to shorter wavelengths, but a new longer 
wavelength absorption band also appears which greatly influences the 
perceived colour. Skillman and Berry725 have investigated this effect 
experimentally in silver emulsions and found good agreement with the 
theory of Gans. 

22.3  Refractive Index of the Environment 
The colours of nanoparticle silver are dependent on several other factors 
besides the particle size and departure from sphericity mentioned above. 
If the refractive index, n, of the host matrix is increased, the maximum of 
the silver absorption band moves to longer wavelengths; this may 
account for the violet appearance726 of ‘sunned’ silver chloride, the colour 
arising from an absorption band centred at 550 nm, due to particles ca. 
10 nm in diameter occluded within the crystal lattice; the effect of the 
higher refractive index of the silver chloride matrix (n = 2.071) is to shift 
the absorption band characteristically found at ca. 390-400 nm in silver 
hydrosols (n = 1.0) to this longer wavelength. 

22.4  Re-fixing Photogenic Drawings 
The last section has a great practical relevance to the treatment of  
chloride-fixed photographs: the lilac colour of the highlights of a 
Photogenic Drawing is attributed to nanoparticle silver of the type 
described; if such a print were treated with thiosulphate, the silver 
chloride matrix would be dissolved away, leaving the silver nanoparticles 
in an environment of much lower refractive index; there would therefore 
be a profound change in the colour from lilac to very pale yellow - 
because the absorption band returns from 550 nm, where the sensitivity 
of the eye is a maximum, to 400 nm, where it is very low. ‘Re-fixing’ of 
original Photogenic Drawings in thiosulphate as a means of improving 
their light stability cannot be recommended because it would cause a 
drastic change in colour and loss of density. 

22.5  Effect of Aggregation 
Linear aggregation of spherical particles causes the appearance727 of a 
long wavelength absorption band due to the splitting of the degenerate 
surface dipolar plasma mode into lateral and longitudinal components, 
similar to the situation in prolate spheroids, where as the axial ratio goes 
from 1 to 2 to 3, the colour shifts from yellow to red to blue. On 
aggregation, a yellow 10-20 nm silver hydrosol acquires a longer 
wavelength absorption, so becoming red-brown. 

22.6  Effects of Surface Adsorption 
The discussion so far has assumed the absence of impurities surrounding 
the silver colloid, but this is never the case in a real photograph. The 
effects of such impurities may be varied and complex, and are not yet 
fully understood. In recent years, growing evidence has accumulated that 
ligands adsorbed on the surface of a metal colloid, where the metal 
atoms are coordinatively unsaturated, can profoundly affect the plasmon 
absorption band.728 Studies of such changes in optical absorption are 
usually coupled with spectroscopic observations729 of the ligand 
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vibrations by means of the Surface Enhanced Raman Effect. To cite three 
examples: Liu et al.,730 have noted a red shift of the 390 nm band of a 
silver sol to 510-550 nm brought about by the surface adsorption of 
thiolic ligands; Herne and co-workers731 have observed that the 
adsorption of aromatic aminoacids and dipeptides turn a yellow silver sol 
pink, but aliphatic aminoacids turn it orange; Suh and colleagues732 
report a change in colour from yellow to blue on addition of p-
aminobenzoic acid to a silver sol. 

Henglein733 has demonstrated that colloidal silver particles can act as 
an electron pool towards redox active species, and that the stored charge 
influences the plasma resonance absorption. Modification of the 
electronic properties of the particles by adsorbed ligands, rather than 
their state of agglomeration, may be responsible for some of the striking 
changes in the colours of colloidal silver images during their wet-
processing. The current state of knowledge is far from complete; to quote 
Henglein (1991):734 ‘As far as we know, a quantitative theoretical model 
for the effects of chemisorption of molecules on the electronic properties 
of the metal particles has not yet been developed.’ 
22.7  Problem of Photolytic Silver 
Photolytic silver which has been printed out from sensitizers of the Talbot 
type presents, initially at least, a rich, dense purplish- or brownish-black 
appearance. The subsequent wet processing always causes a shift to 
yellowish-brown, which disappoints everyone who has ever made such a 
print. The final colour of the image is comprehensible in terms of a 
partially aggregated sol as described above; what is much harder to 
understand is the initial rich black tonality. 

Berry and Skillman,735 have shown that neutral density can result in 
nanoparticle silver, arising from a wide range of particle size and shape 
distributions: the optical absorption across the visible spectrum is then 
the resultant envelope of a whole family of peaks with various lmax values 
corresponding to particles of different axial ratios. Berry and Skillman 
obtained their polydisperse colloid by the development of a fine grain 
emulsion and were able to obtain good agreement between the Gans 
theory and observation by electron microscopy. 

The difficulty with applying this explanation to the black photolytic 
silver of a Talbot sensitizer lies in finding a reason why the colloid should 
apparently become less polydisperse, favouring a 10-20 nm particle size, 
upon wet processing. Any Ostwald ripening effect, especially in the 
presence of silver ‘solvents’ such as the thiosulphate ion, would be 
expected to cause larger particles to grow at the expense of smaller, and 
a shift of colour to colder tones. It is possible that there may be another 
explanation for the black colour of print-out silver, connected with an 
untypical structure for the initial product, quite unlike the bulk metal, and 
possibly even amorphous owing to the mechanism of its formation (see 
Appendix IV). This would account for its great sensitivity to wet 
treatment, but until high resolution electron microscopy can be 
performed on this material in situ, suc an explanation remains entirely 
conjectural. 
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On drying, the colour of silver print-out images enriches somewhat 
towards brown; this may be the result of coalescence ripening as the 
particles tend to aggregate. The colour change is promoted by heat, and 
was used to tone some early salt prints. 

22.8  Effect of Ammonia 
It has long been known that alkaline sensitizers, using ammonia, such as 
Talbot’s ANS paper, tend to produce colder tones. Jenkyn-Jones found736 
by electron microscopy that particle sizes were on average larger in prints 
from such sensitizers. The higher pH of such sensitizers will tend to 
inhibit the back-reaction responsible for dissolution of the particles as 
explained in Appendix IV. 

22.9  Effect of Sulphiding on the Colour of Silver 
A number of phenomena associated with the degradation of silver images 
by sulphide require explanation. First, anyone acquainted with silver 
sulphide, Ag2S, in the bulk state knows that it appears black. How then 
can its formation cause a fading to yellow? The answer is twofold: if the 
optical path is small enough, as in a thin film or nanoparticle, we see the 
attenuated absorption spectrum of silver sulphide, whose broad 
absorption band is centred in the ultraviolet, only tailing into the visible 
spectrum from the blue end, and therefore appearing yellow. (The initial 
colours of tarnishing silver plate originate similarly). The second factor is 
the relative values of the optical extinction coefficients of nanoparticle 
silver and nanoparticle silver sulphide; from many recorded spectra of 
silver sols, the former is known to be ca. 16,000 dm3mol–1cm–1 at the 
absorption maximum; whereas the latter has been experimentally 
estimated737 to be 560 dm3mol–1cm–1, so complete sulphiding of 
nanoparticle silver causes a drop in maximum optical density by a factor 
of nearly thirty times. The visual effect will not be quite as strong as this 
because the eye is not very sensitive at the absorption maximum around 
400 nm, and will respond more to changes in the tail of the absorption 
band in the green region, where the factor is smaller. Silver sulphide, in 
sufficient concentration, is a good, stable pigment (as the sulphide toning 
of modern silver-gelatin papers attests); but the quantities of silver in 
early salt prints are so small that conversion to silver sulphide greatly 
weakens the density. 

Some recent work by Henglein738 also gives us a clue to understanding 
the phenomena surrounding the ‘Old Hypo’ toning bath. The absorption 
spectrum of a silver sol is greatly affected by treatment with dilute 
aqueous sulphide (HS–) in the absence of air: the 390 nm absorption peak 
decreases, but broadens greatly towards the green region of the 
spectrum, corresponding to a visual change from yellow to brown. It is 
likely that this is due to the surface adsorption of a monolayer of sulphide 
ions modifying the plasma resonance. Exposure of this colloid to the air 
results in an almost immediate disappearance of the absorption band, 
which is replaced by the more feeble spectrum of colloidal silver sulphide. 
By this mechanism, we can understand how small amounts of sulphide 
ion can first enrich an image, but an excess of the same ion can finally 
destroy it. 
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23  Chemical Models for Silver Photography 
23.1  Explanation of the Phenomena 
The phenomenology of salted paper printing has been described in §7 
with regard especially to the practices of Henry Talbot, and the 
formulations he used. These differ from modern development sensitizers 
principally in containing a large excess of free silver nitrate in addition to 
the silver halide; much of the following discussion will centre on the role 
played by these free silver(I) ions. 

Pure silver nitrate in isolation is not photosensitive, because the 
reduction half-reaction of the silver ion to metal 

Ag+ + e– = Ag 

 has no possible accompanying oxidation half-reaction to provide the 
necessary electron: nitrate ions, NO3–, are ‘fully oxidised’ and water, 
which is likely to be present, requires a larger redox potential for its 
oxidation than is provided by the Ag+/Ag couple. (The use of redox 
potentials is further described below). Silver nitrate does become 
photosensitive, however, in the presence of readily oxidisable substances. 
Paper impregnated with silver nitrate solution alone has been used to 
make prints, notably by Herschel,739 the oxidisible component here must 
be supplied by the organic matter - cellulose of the paper, or the starch 
or gelatin sizing agent. Such papers are easy to fix, because the excess 
silver(I) nitrate is soluble in water, but they have never enjoyed popularity 
because of their low sensitivity compared with silver halide papers. 

23.2  Photolytic Silver 
To form visible photolytic silver the exposure must be increased by an 
enormous factor - in the order of a million - over that needed to form a 
latent image, in order to build the silver atom cluster, and many others 
like it, to the size of a colloidal particle of the metal containing tens of 
thousands of atoms. If this particle is formed in the interior of the crystal 
rather than at the surface, there is a limit to the size that it can attain, 
imposed by the constraints of the crystal lattice and the presence of 
defects therein. This limiting behaviour is observed in the irradiation of 
pure crystals of silver halide, where the quantum efficiency falls off 
rapidly with exposure to a limiting value, and the particles of photolytic 
silver do not grow larger than about 10 nm.The total limiting yield of 
photolytic silver per unit projected area in this system has been 
measured740 as 1.2x1019 atoms/m2, which would correspond741 to an 
optical density in the order of 0.02, a barely perceptible darkening. 

23.3  Significance of Halogen Acceptors 
To achieve a sufficient density of silver to make an acceptable print-out 
image, the photolytic generation of silver must continue beyond what is 
possible in the interior of a pure silver halide crystal. If significant 
amounts of silver are to be formed at the surface of the crystals, the 
environment surrounding them must contain a halogen acceptor.742 In the 
case of a Talbot sensitizer, this environment consists of excess silver(I) 
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ions, water molecules, the cellulose substrate and, probably, an organic 
sizing agent, gelatine or starch. Of these potential halogen acceptors, it is 
proposed that the combined action of water and silver(I) ions constitutes 
the major halogen acceptor and ultimately contributes to the greater part 
of the image silver, as is explained below. 

Although gelatin may be the important halogen acceptor in 
development emulsions, where it surrounds every silver halide crystal and 
where the amount of halogen yielded by latent image formation is 
exceedingly minute, it is known743 that gelatin is not an effective 
scavenger of halogen at print-out levels of exposure. The paper sizing 
agent is therefore not essential to the photochemistry of print-out, which 
may be demonstrated experimentally; but it does, of course, serve the 
useful purposes of retaining the sensitizer (and therefore the image) in 
the surface fibres of the paper, and possibly also of ‘protecting’ the 
hydrophobic particles of colloidal silver by surface adsorption; in this way 
it can influence the colour and stability of the final image. 

23.4  Impurity Adsorption onto Silver Halide Crystals 
It is a well-known fact of analytical chemistry744 that precipitated silver 
halides may be non-stoicheiometric, the adsorbed impurity ion 
depending on the composition of the aqueous solution with which the 
precipitate is in contact. Two cases are important to the present 
discussion, which we shall call ‘sensitized’ silver halide, where silver(I) 
ions are in excess, and ‘fixed’ silver halide, where the halide ion is in 
excess. Representations of these two forms of silver halide are in Figures 
26.1 and 26.2. The two cases will now be considered in turn. 

23.5  ‘Sensitized’ Silver Halide 
When the silver ion is in excess, as is the case in Talbot's sensitizer, the 
silver halide carries excess silver ions adsorbed on its surface, Fig. 26.1. 
  
     NO3–    NO3–    NO3-    NO3–    NO3–     NO3– 
 
      Ag+      Ag+     Ag+     Ag+      Ag+      Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+    NO3– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ 
 

Fig. 23.1 ‘Sensitized’ Silver Chloride 
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These modify the photochemical behaviour in favour of sustained 
‘printing-out’: the excess positive charge tends to attract the 
photoelectrons to the surfaces of such crystals and silver specks can form 
and grow there free from the constraint of the lattice. The positive holes 
also diffuse to the surface to form halogen atoms, and  then diatomic 
halogen molecules which are released from the crystal. 

Light + 2AgX ® 2Ag + X2 

The fate of the halogen molecules is of central importance to the 
print-out process. The following are some of the possibilities: 

1) In the absence of a halogen acceptor, the halogen will react with the 
surface photolytic silver, reversing the reaction above and re-forming the 
halide. This accounts for the limited extent of photolysis in pure crystals 
of silver halide, and the absence of silver metal at their surfaces.745 

2) The halogen may be trapped by reaction with the substrate or some 
other organic component of the sensitizer. Several types of reaction could 
fulfil this role: addition to unsaturated compounds; substitution in 
saturated aliphatic compounds; oxidation of functional groups such as 
alcohols. Such halogen acceptors might promote the completion of the 
photolysis of the silver halide crystal, but since the halide is ‘taken out of 
circulation’ they do not promote the photolysis of the excess silver ions 
in the medium. 

3) The halogen may react with water746 normally present in the 
sensitized paper (cellulose paper contains ca. 8% w/w  water at ambient 
Relative Humidity of 60-70%) undergoing disproportionation with the 
initial formation of halide ion and hypohalous acid: 

X2 + H2O = X– + HOX + H+…Equation (1), where X = Cl, Br, or I. 

In the case of chlorine, further decomposition of the hypochlorous 
acid is slow at room temperature, but for bromine and iodine further 
disproportionation of the hypohalous acid is very rapid: 

3HOX = 2X–+ XO3– + 3H+ 

so for these two halogens the overall equilibrium is effectively: 

3X2 + 3H2O = 5X– + XO3– + 6H+…Equation (2), where X = Br or I 

In conditions of neutral pH, in pure water, the disproportionation 
equilibrium is extensive for chlorine, the Equilibrium Constant 
calculated747 for Equation (1) being about K1 = 500; the 
disproportionation is very slight for bromine, K1 = 0.01, and it is quite 
negligible for iodine, K1 = 10–9. (This explains why ‘fixed’ silver iodide is 
so stable to light, because the halogen cannot be efficiently removed 
through disproportionation.) However, the presence of free silver(I) ions 
in the sensitizer environment will profoundly modify these equilibria in 
favour of the products on the right hand sides of Equations (1) and (2), 
owing to the high insolubility of the corresponding silver halides. A 
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calculation748 using the solubility products of the halides in the Nernst 
Equation shows that all three halogens are totally disproportionated by 
water in the presence of Ag+: 

Cl2 + H2O + Ag+ ® AgCl¯ + HOCl + H+ 

or    3Br2 + 3H2O + 5Ag+ ® 5AgBr¯ + BrO3–+ 6H+ 

and similarly for iodine. The halide ions react rapidly with the excess 
silver ions to form more solid silver halide. Thus the halogen is partially 
re-cycled, providing a renewed source of silver halide and thereby 
extending the photolysis to the silver(I) ions in the environment. The 
generation of hydrogen ions by these disproportionation reactions is also 
significant: it could assist re-oxidation and dissolution of the silver image 
by the excess nitrate ions as the pH decreases, if the ionic mobility is 
sufficient. This is one of the possible diffusion controlled ‘back-reactions’ 
tending to destroy the print-out image over prolonged time; the subject 
is further discussed below. The tendency of acidity to increase during 
exposure may explain why the use of the diammine silver complex, 
[Ag(NH3)2]+, in Talbot’s ANS paper, has been favoured as a means of 
obtaining a stronger image - the ammonia acting as a buffer to neutralise 
the acid produced. The more neutral image colour is also consistent with 
a larger particle size for the silver colloid formed in such a sensitizer. 

23.6  ‘Fixed’ Silver Halide 
When the halide ion is in excess, as is the case after fixation by Talbot’s 
early methods, the remaining silver halide crystals adsorb excess halide 
ions on their surface. 
 
Na+      Na+     Na+      Na+      Na+     Na+ 
 
 Cl-       Cl-       Cl-       Cl-       Cl-       Cl- 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– 
 Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl– Ag+ Cl-    Na+ 
 

Figure 23.2 ‘Fixed’ Silver Chloride 
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The residual silver halide now has only a limited response to light, for 
the following two reasons: the excess negative charge on the surface 
repels the photoelectrons which tend only to reduce silver ions in the 
interior of the crystal, and when free halogen is released by photolysis it 
no longer encounters free silver ions in the environment to assist its 
aqueous disproportionation; it is therefore not scavenged so efficiently, 
and remains available to re-oxidise the photolytic silver, which 
consequently cannot survive at the surface of the grains. Only silver 
formed in the interior of the crystals by the further action of light is 
protected. The visible result varies with the particular halide: 

‘Fixed’ silver chloride on exposure to light changes from colourless to 
dull violet due to the colloidal silver formed within it as described in 
Appendix III. 

‘Fixed’ silver bromide responds less to light, becoming pale grey, 
because the bromine disproportionation is very slight in the absence of 
excess Ag+. 

‘Fixed’ silver iodide is completely insensitive even to direct sunlight, 
remaining a pale yellow colour. In this case any iodine released would not 
be at all disproportionated, so the back-reaction is most efficient, either 
via recombination of photoelectrons and positive holes within the crystal 
or by the re-oxidation of silver metal by molecular iodine at the surface 
as described above. 

23.7  Back-reactions Destroying Print-out Silver 
It was noted in §7.2, when discussing the low intensity reciprocity failure 
of salted paper printing, that very lengthy prolongation of the exposure 
can never compensate for a weak printing light source. In these 
circumstances, the colour and vulnerability of the image silver both 
suggest a very small particle size, which is contrary to the usual results of 
‘slow’ precipitation reactions. It is suggested that the small particle size 
must be due to re-oxidation and dissolution of the image silver brought 
about by slow, diffusion-controlled back-reactions with other 
components of the sensitizer. There are several possible candidates for 
such back-reactions, the first of which was mentioned above - the 
oxidation of silver by nitrate ions in acid conditions: 

3Ag + 4H+ + NO3– ® 3Ag+ + 2H2O + NO 

but there is also the possibility that the products of halogen-water 
disproportionation may ultimately redissolve the silver also; to take 
chlorine, for instance, the resultant hypochlorous acid is a sufficiently 
strong oxidising agent to attack silver: 

HOCl + 2Ag ® AgCl¯ + Ag+ + OH– 

indeed, if this equation is added to the two equations defining the 
initial photolysis and halogen acceptance: 

Light + 2AgCl ® 2Ag + Cl2 
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Cl2 + H2O + Ag+ ® AgCl¯ + HOCl + H+ 

the overall outcome is zero! The formation of silver product is entirely 
dependent on the relative rates of these reactions, not the ultimate 
position of their equilibria, which bar any product at all. 

23.8  Significance of Redox Potentials 
Much of the chemistry pertinent to silver print-out in plain papers takes 
place in an aqueous environment, or at least in the ‘quasi-solution’ 
environment of a humid cellulose substrate where ionic mobilities may be 
locally high. To this extent it should be valid to employ the Standard 
Redox Potentials derived from aqueous solution as a guide to the likely 
reaction equilibria in the sensitized layer and during wet processing. The 
following values for the standard potentials, which refer of course to unit 
activity of hydrogen ion, may be  modified, where appropriate, to take 
account of any dependence on pH in the less acid conditions of the 
photographic sensitizer. 

 
Couple Eo/volts 
  
Ag+/Ag +0.7991 
AgCl/Ag,Cl– +0.2223 
AgBr/Ag,Br– +0.073 
AgI/Ag,I– –0.151 
[Ag(NH3)2]+/Ag,2NH3 +0.373 
[Ag(S2O3)2]3–/Ag,2S2O32– +0.01 
Ag2S/2Ag,S2– –0.71 
  
Cl2/2Cl– +1.3595 
Br2/2Br– +1.0652 
I2/2I– +0.5355 
  
O2,4H+/2H2O +1.229 – 0.059pH 
2H+/H2 –0.059pH 
NO3–,4H+/NO,2H2O +0.96 – 0.07867pH 
S,2H+/H2S +0.141 – 0.059pH 
 
The important feature to recognise in the silver potentials is that any 

involvement of highly insoluble products or complex ions in the redox 
equilibrium, greatly increases the ease of oxidising metallic silver, as the 
diminution in the redox potentials shows. These potentials provide 
explanations for two of the most important mechanisms of image 
degradation in early photographs, as discussed below. 

23.9  Fading of Iodide-fixed Prints 
The effect on E is so great for silver iodide, the least soluble of the 
halides, that the potential actually becomes negative with respect to the 
reference zero of the hydrogen couple. Thus silver metal in the presence 
of iodide ion is a reducing agent (i.e. it has been transformed from a 
‘noble’ metal to an electropositive one), and is easily oxidised in an 
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aqueous environment, because even at pH 7 the oxygen potential is 
+0.83 v. 

4Ag + 4I– + O2 + 4H+ ® 4AgI + 2H2O 

Of all the halides, iodide also forms the strongest complexes with 
silver(I), so silver iodide is fairly soluble in concentrated potassium iodide 
solution due to the equilibrium 

AgI + 2I– = [AgI3]2– 

This complexation does not however greatly influence the redox 
potential, E([AgI3]2–/Ag,3I–) = –0.02 v. On dilution with water, the 
equilibrium above shifts to the left and silver iodide is re-precipitated. 
This effect was made use of in the Calotype process as a modified means 
of preparing the iodised paper by treatment with a single solution of the 
iodo- complex, followed by washing in water. 

The light-induced bleaching of silver in the presence of iodide, which 
Talbot made use of in his Leucotype process, has not been explained. 
Free iodide ion only absorbs in the UV (at 226 and 193 nm), quite beyond 
the spectrum of the incident light, so this cannot be the direct cause. It is 
certain that the silver metal will have a surface layer of chemisorbed silver 
iodide, and it may be a photoelectric effect within this semiconductor 
surface layer that provides the mobile electron/hole pair needed to 
promote the redox reaction above. 

Because the redox potential of the silver/iodide couple is not too 
negative, iodide-bleached silver images can be re-developed by the 
action of conventional photographic developers, which are mild organic 
reducing agents. Talbot himself made use of this to ‘revive’ faded 
Calotypes using his ‘gallo-nitrate of silver’ solution. 

23.10 Sulphiding of Silver Images 
The optical consequences of sulphiding have been described in §23.10. It 
only remains here to explain by chemical equilibria why sulphide should 
be such a potent agent for the degradation of silver images. 

Silver sulphide has one of the smallest solubility products (6x10–50) 
known for any binary salt, and the effect of this on ionic equilibria is 
evident in the negative redox potential of –0.71 v, which tells the chemist 
that, in the presence of sulphide ions, metallic silver is quite a powerful 
reducing agent (comparable with metallic zinc). Under these 
circumstances, it will be easily oxidised by air: 

4Ag + 2SH– + O2 ® 2Ag2S + 2OH– 

But air is not essential for the formation of silver sulphide if some 
other mild oxidant is available. It is no surprise that easily reducible 
sulphur-containing compounds, such as thiosulphate, should ultimately 
yield silver sulphide because the thiosulphate ion under acid conditions 
readily disproportionates either into sulphur and tetrathionate: 
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5S2O32– + 6H+ ® 2S + 2S4O62– + 3H2O 

or into sulphur and sulphite: 

2S2O32– ® 2S + 2SO32– 

depending on the pH. The elemental sulphur is usually formed in the 
colloidal state and may also be involved in a complex series of labile 
equilibria with polythionates, [SO3(S)xSO3]2–. To simplify the chemistry, 
the essential feature is that the sulphur is a mild oxidant towards silver, 
once again readily forming the sulphide: 

2Ag + S ® Ag2S 

Sulphide-faded silver images - unlike iodide-faded images - cannot 
be restored by re-development with conventional photographic 
developers, whose redox potentials are insufficiently negative; but it is 
possible to reduce the sulphided image back to silver with very powerful 
reducing agents such as the borohydride ion, BH4–.749 

23.11 Gurney-Mott Model of the Latent Image 
There can be little doubt, therefore, that in the more sensitive early 
printout papers, the photolysis is initiated within a solid silver halide, 
where electron transfer is most facile. Initially we share the same model 
as explains the formation of the latent image in a modern silver halide 
emulsion; this can be summarised in outline according to the mechanism, 
first proposed by Gurney and Mott,750 as follows:  

1. Absorption of a photon by the silver halide excites an electron from 
the valence band to the conduction band of the crystal, and this 
photoelectron migrates to a trap in the lattice, either a defect or an 
impurity centre, where it reduces a silver ion to an atom of the 
metal. 

2. Subsequent photoelectrons and mobile interstitial silver ions 
migrate alternately to the same trap to enhance the cluster of silver 
atoms or ‘sensitivity speck’. 

3. The positive hole also generated by the electron transfer can 
migrate to the surface of the crystal where it reduces a halide ion to 
a halogen atom, which can subsequently be removed if some kind 
of halogen acceptor is in the environment. If not removed, the free 
halogen may reverse the process by re-oxidising the silver atoms. 

4. To form a latent image development centre, only a small cluster of 
silver atoms (thought to be a minimum of four) is required; this 
subsequently provides the point of attack for the developing agent, 
which converts the entire sensitized crystal into metallic silver. 

The process is represented schematically in Fig. 23.3. 
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Fig. 23.3 Gurney-Mott model of latent image formation and development.  
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