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Hermchel soon began to widen his investiganons 1n the
] 3 10 The priniary sOurces
tor other viable photographic svstems. The priman .
of Herschel's work are his handwritten

memoranda and test prints, and h}s
Herschel's

tor this account

expernmental  notes,
published scientitic papers that sprang _ﬁ'om tlu'l_n. sl
expennmental notebooks are n the ]_|hr:fr_\' of the Science
Museum, London, but there is a lacuna in the record over

the crucial period of 1841-45. Some original d.ocumt‘nts
spanning this period are held in the Herschel archive or the
Harn Ransom Humanities Research Center (HRHRC), at
the Ul)i\'crsin’ of Texas at Austin.'' For brevity, these will
be referred t(; henceforth as the ‘Memoranda’. Some of the

specumen  prints described in the Memoranda are at

HRHRC. but the majority are still in Britain, divided
berween the Museum of the History of Science at Oxford,"?
and the Naoonal Museum of Phorography, Film &
Television at Bradford.'? Herschel’s correspondence, together
with the drafts of his published papers and a few test prints,
are held i the library of the Royal Society, London.' There
15 a chronological list of ‘prepared papers’ in the Memoranda,
in which a sequental number is allocated to each preparation
of chemicals coated on paper, which might prove light
sensitive. It will be convenient to refer to this as the ‘prepared
paper number’. Herschel's Memoranda reveal that by
February of 1840 he had carried out nearly seven hundred
such photochemical experiments, using silver salts almost
exclusively, although many of these coated sheets were
divided up into smaller pieces, and each thereby sufficed for
several different tests.

To the enduring benefit of the embryonic science of
photography, the spring of 1840 was remarkably brilliant.
Herschel had already initiated a new serjes of exposure tests
of ‘vegetable colours’ using extracts of the juices of plants
and flowers, but th‘is work was interrupted in March by the
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In the carly spring of 1842, Herschel suspended his tests

olours in favour of further broadening his search

of plant ¢ ke - :
hotosensitive substances; his attention Bransferseg

for new p :
from these rather evanescent organic dyes (now Appropriately

called anthocyanins)  to deeply coloured inorganic -
He was later to explain this shift of interest i \

pounds. . : )
paper to the Roval Society, in the following chemically

picturesque terms:
The general instability of organic combinations might lead s
to expect the occurrence of nu_nlcrnuﬁ and rcrngrkablc cases
of this affection amang bodies of that class, but among metallic
and other elements mmorganically arranged, instances enough
have already appeared, and more are daily presenting thepm_
selves, to Justify its extension to all cases in which chemical
elements may be bl.lppu\t‘d combined with a certain ng‘me ot
laxity, and so to speak in a state of tottering equilibrium.'?

His awareness of these ‘lax’” inorganic compounds had been
heightened by ecarlier consultations with Dr Alfred Smee
(1818-77). Schaat has directed our attention to the important
role played by this talented young surgeon and scientist in
enabling the discoveries that were to follow.>” Smee’s interest
at the time lay in the exciting new sub-science of electro-
chemistry, which was then enjoying its golden era, following
the invention of the galvanic battery by Alessandro Volta
(1745-1827), and the thrilling use made of it in 1807 by Sir
Humphry Davy (1778-1829), who had harnessed its electric
power to ‘tear their elements asunder’ and for the first time
isolated the alkali metals, potassium and sodium.

By 1840, the Experimental Rescarches on Electricity by
Michael Faraday (1791-1867), Davy's assistant and successor
at the Royal Institution, had established the quantitative basis
for this new branch of science. The design of powerful
batteries had been improving steachly at the hands of
Wollaston, Daniell and Grove; and Sinee himself had intro-
duced a further improvement in the clectrode constructiojrll
of a large battery for his own electrochemical researches.”
The electrodeposition of metals, then called electrotyping
was becoming a craft industry, producing such curios as the
copper-plated cucumber prepared by Smee, which was
shown to Queen Victoria — whose enquiring ﬁn;—’F‘
promptly poked a hole in it. Like photography, electrotyping
could enable the duplication of art works — though from
moulds rather than negatives — which explains its designa-
tion at the time as ‘the siscer art of heliograph)".zz i

Smee also employed his battery as a mew means tor
Preparing chemicals that had previously been rather inacces”
ible. One such substance was then variously referred 0 ®
the Tcmses‘]'-'if)'anurct of potassium’ or ‘red ferrocyanal®
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Photography. Photochromy.

Non Argentine, Mineral substances (F3/2CP)* -

Smee’s Red Ferrocyanate of Potash washed on paper gives it
a fine pale green colour, Apnl 23. 1842, The spcctrmln thrown
on this paper acts slowly but about as fast. as on Gt11;11'111!1
When the paper is thrown onto water the impression bccmrlws
stronger, loses its Violet rudclme_ss & turms to a fine prussian
blue. ... a wash of very dilute acid ... immediately dwchlal_w.d
a strong blue impression, having the above character. |hl.‘i‘_
paper will prove valuable. Try other metallo-cyanates of
Bases.

This is the first recorded observation of Prussian blue being
formed for a photographic purpose by the action of light on
potassium ferricyanide, so it represents the moment of
discovery of the first cyanotype process, although this name
still lay in the future. The significance of this Obh't“l'\"éllli‘}.ﬂ
impressed Herschel sufficiently to mention it also in his
general diary entry for 23 April 1842: ‘Discovered Lhc_
Photographic property of the Red Ferro sesquicyanuret of
Potassium’ »

Discovery’ certainly seems a more appropriate wor_d
than “invention’ to describe this moment of phi)tﬂgf'fll’_lll"
novation.* But the next day Herschel was already seeking
Yays to improve this non-silver photographic process, and
he began making images by its means, as is evident from the
OH{’Wi“g entry in the Memoranda:
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The “list of prepared papers’ in the Memoranda shows
that Herschel received a further sumple of potasstum fer-
ricyanide from Smee on 27 April,* and promptly employed
it to make more Prussian blue negative “copies’ from engrav-
ings, one of which he sent to Smee. This brought an
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Figure 3. Sir John Herschel, Lady and Lue,

from an engraving by John Cochran ited by Hepschel
on 13 October 1839 Made on ‘thin plye Wove post’,
internegative’ has been rendered highly ¢
Museum of the History of Science. Oxford
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Het inve .'.'\F}HE]L{ ;"-'.1!1(-(‘?‘13:
} 0 2 1L - i Herschel on 17 -'\ugust
fixed with mer 5""|| ' ng shown in Figure 1. This is one
842, di || I| .IIII nt to Reobert Hunt on 2 Oectober 1842
of 15 varied Specin \. raphy, Film & Television:

National Museum ot Photography

Figure 4. Sir John Herschel, Lf-uf;,- and I:thi’.(i E:
cyanotype (using the ‘standard’ tunn.uiu) pnnt:ued.-. :
the internegative shown in Figure 3, -‘{nd ¢ 5
transfer’. Museum of the History of Scwntfc-:-. _
Simcock, Pﬁmrugmphy 150: Images from the mei ¢
Museum of the History of Science, 1989, 22.
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202, A _ba:.'mtit'ul example of such deoxadising action on 1
Non-argentine compound has lately occurred to me n the
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203, Pa
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per simply washed with a solution of this salt is highly
sensitive to the action of light. Prussian blue is deposited .

After half an hour or an hour's exposure to sunshine, a very
beautiful negarive photograph 1s the result

5

The relatively lengthy exposure needed here should be noted
(indeed, Herschel's “half an hour” tends towards an opumistic
underestimate); it contrasts with the very short exposures, of
a few minutes only, which are all that is required when
ammonium ferric citrate is emploved.

It 1s clear from the 1842 Paper that, by June, Herschel
had also made cvanotypes (but not vet named them thus)
by exposing a mixture of ammonium ferric cirate and
potassitm ferricvanide — the recipe that has endured as the
standard practice unul the present day:
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note of Herschel’s next sentence.
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«t. however, saw Herschel's

prudent to take
unfortunately, they cannot

The following week m Augu
return to printing in Prussian blue, with fresh endeavours to
refine and perfect the processes. His chemical logic suggested
that a complementary, positive-working system could be
achieved by employing not the ferricyanide but the com-
monplace ferrocyanide of potassium, in conjunction with
ammonium ferric citrate. On 16 August 1842 he wrote the
name ‘cyanotype’ in his Memoranda for the first time, to
describe such a positive-working process, but the results that
it vielded. as he later admitted in his paper of 1843, usually
fell far short of giving satisfaction:

232. The positive cyanotype process described in Arts. 219,
220 of my papers, though beautiful in its effect (especially
during the first few minutes of the appearance of the picture),
is very precarious in its ultimate success .. this process, though
exceedingly casy m its manipulations, could not be recom-
mended as practically useful *!

By the end of August he had accumulated sufficient new
results to justify adding a substantial postscript to his 1842
Paper, which was still awaiting publication by the Royal
Society. It is in this postscript, dated 29 August 1842, that
the name ‘cyanotype’ appears in print for the first time, but
by then Herschel expressed a preference for it to be under-
stood as a name embracing all the processes, both positive-

and negative-working, which resulted in an

Prussian blue: image of
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16 of cyanotype process. Herschel then goes on
usable overstatement: “The varieties of eyano-
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From the observations in the < Paper together with
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o g ] [erschel had devised for making images
Jue. Smee provides an luminating postscript o
Jovative episode, in a letter dated 29 September
s evidently his reply to a letter from Herschel

the notes 1t
fifteen metl
mn Prussian b
this highly 1
1842, whi h w
which 15 lost:
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the sales
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L 34
oured salts.

This response imphes that Herschel, ever scrupulous in
acknowledging the prionty of fellow scientists’ discoveries,
must have enquired whether Smee was the discoverer of
nium ferric citrate and ammonium ferric tartrate, to
determine if he should be accorded a ‘proprictorial acknow-
ledgement’ or wished to make use of them photographically
himself, Smee’s disavowal of any prionty has a self-effacing
tone, but he deserves great credit for directing Herschel's
footsteps down such a fruitful path. Herschel's onginal search
for ‘dark coloured salts” had been founded. of course, on his
hope that some of them might be susceptible to bleaching
by light, and thus provide direct positive processes. In the
event, the successtul photochemistry proved to be quite the
converse, but it is a mark of Herschel's great qualities as a
scientist that he was able to turn these serendipitous discover-

4mMinio

ies into good inventions.

To take a contrary view, for a moment, from our
present vantage point of chemical hindsight, we might have
expected a man of Herschel’s knowledge to have anticipated
the photographic value of ‘salts of iron with the vegetable
acids’, like ammonium ferric citrate, long before Smee
pressed them upon him. Ten years earlier, while in Hamburg,
Herschel became aware of the aforementioned researches
Jjust published by Débereiner in 1831 on the decomposition
by light of ferric oxalate (a compound similar to the citrate).”
It is a remarkable omission on Herschel's part never to have
made use of, nor ever referred to, the plmtosensitivitY of
this substance, or to its discoverer, DDoberciner. Very much
later, in 1864, on an occasion when Herschel was obliged
to defend his priority over the invention of cyanotype, he
showed by his retrospective comments on ‘these ferruginous
combinations with vegetable acids’, that he was well acquain-
ted with the ferric oxalate possibility, but contented himself
with the dismissive observation that it ‘differs only from the
processes described in §218 of the paper above cited ... bY
thc.SUbstimtion of the oxalic for the citric and tartaric acids.
T S

cted’,

It is nevertheless surprising that an avid experimentalist
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gtrcularly nto the action of the sun’s ravs on the sales of
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jron, that lietle can be added to his published information. It

e not, however, be umnteresting to add a few bref remarks
on wotiic of the aalts of ron, ta which Sir John Herschel has
not extended his observations, or at least which have not been

T{-mll1l11\-‘"‘k“‘] by him as photographic agents.™’

Hunt offers no explanation _r'nr tjhc‘ lacuna in Herschel’s
rescarch, but goes on to describe his own experiments with
forric oxalate, which was to prove a very popular photosensit-
ive salt, destined to be used successfully by several other
photog'r;l}-"hif innovators in the years to come.”™ Herschel's
total silence on : . :
highly developed code of scientihc_ ethics being offended by
much earlier actions on the part of Dobereiner. In the ‘pre-
Phgmgraphic’ year of 1831, Herschel had discovered that a
particular platinum salt solution was sensitive to light, and
threw down a white precipitate of ‘platinate of lime’ when
irradiated.” Upon hearing about Débereiner’s paralle] rese-
arches on iron salts, Herschel hastily had his platinum work
published, to establish his priority in having observed these
photochemical phenomena nearly two years previously, and
to announce his intention of continuing with a chemical
analysis to identify the products.®’
quickly confirmed in Germany by repeating the experiment,
and acknowledged with a published declaration that there
was no intention of further trespassing on Herschel’s field.”’
Despite this disavowal, Déberciner subsequently initiated
and supervised a research project into the analysis of
Herschel's ‘platinate of lime’, in order to determine a formula
for the photoproduct, which Débereiner published in 1835,
during Herschel’s sojourn in the Cape of Good Hope from
1834 1o 1838.2 While it was not in Herschel’s nature to
harbour resentment, this action may have left him with a
natural antipathy that he expressed only by completely
shunning the work of his rival in photochemistry.

Without a close examination of Herschel’s experimental
fecords in the Memoranda, no one can fully appreciate the
multiP]iCitY of intertwining threads of investigation that he
s following simultaneously in 1842-43. Multitudes :_:.f
domestic plants had been pressed into service for Ehflr
c‘,)loumd Juices, and even dog’s urine and an ‘extract’ from
" Pet boa-constrictor! Salts of platinum, iridium,lgold,
thfcuw} iron, lead, silver and chromium all ftflll within th

t of his experiments. Many of these led him up blin
w;v:»{,} fc;; ins_tince, thrt,te pages of his f:yanotypt; :Azg;;:::lif
Promis scribe experiments fo!lmlwn.g up ; notype

ng results of adding ferric iodide to the cya
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Herschel’s result was
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this thme, and in 4 letter 1o Talbor we can hear a hint of

CNASPET A ¢ 1 :
: peration an hys complaint about their evanescence: ‘It
s led me such 4 dance
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F('TI[tl‘T

! s I never before was led by any
wsical enquiry and T have not :

| _ vet succeeded in reducing
1t to a detinie

and certainly successful process’."
. HC“L'}"JI directed more endeavour towards perfecting a

positive-working Cyanotype process than to the negative-

“-(‘rkm?‘. counterpart. The latter had simply fallen into his

hands with 2 minimum of experimentation, but the former

WS always his preferred objective, probably because he saw

It as pr{:t'lldmg 1 blue primary for a direct colour photographic

process.”™ Yet it proved so variable in quality, and so difficult

to fix. that he pronounced it “‘could not be recommended

""‘_Pr'“"fi('ﬂ“}' useful’. In an attempt to inhibit the spreading
of the image substance, Herschel tried adding gum Arabic

to his potassium ferrocvanide developer. Had he added 1t to

the sensitizer, he might have met with greater success.”

Later. in order to achieve fixation without degrading the
image, he enlisted the dangerous poison ‘corrosive sublimate’
(mercuric chlonde), but both toxicity and cost mulitate
against this as a practical process. [t is remarkable that some
surprisingly fine specimens of Herschel's positve cyanorype
still survive from 1842, especially in the collection of the
National Museum of Photographv Film & Television.

It seems approprate to end this tale of discovery and
invention with a sobering reflection on the fickle nature of
Herschel's scientific muse. By the autumn of 1842, he had
performed more than one thousand photographic expen-
ments, most of which proved ultimately fruitless. Herschel's
greatest and most enduring success, which was to give nse
to a major industry lasting a century after his death, was the
negative-working cvanotype process — and this he actually
accomplished with just three test-papers.”™

Cvanotype has always been an undervalued process
\.\'hik‘hltht standard texts on photography usually disnuss 1n
a paragraph, or less. Despite 1ts marginalized SEaES this
medium deserves to be more widely apprec tated for rht‘_
added light that 1t sheds upon the early l.ls:\'riupmcnf ot
photography — a light which s reflected 1n J”I-‘t one T“'_“[
of the researches of a great polymath. I-!ur_-wlwi $ Cyanotype
a paradigm for the extraordinary mieractions
as they

Serves us as
berween chance, indu
blended within an outstanding scientific

intuition and inducuve logic,
mind of the nine-

teenth century.
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. The extraordinary account ot this nostrum, which wag Bleiidad ”

light' may be found in Eder, History of Ph:rrqqr.iph}a_ 139,

Grear Bratam, Edimburgh: Adam and Charles Black 1848, 9?;0;109:“ of
Shirota, H. Okamarsu, v, Fujii, M.
Toba, and F. Hashimoto, ‘Improvement in Iron-f)uﬁqg«ncy Anermiz
through Therapy with Ferric Ammomum (Tmimtv and Vitamin-¢ and
the Effects of Acrobic Exerase’. Journal of Nutritiona Science ang
Vitaminelogy 37: 2 (1991), 16171,

Smee’s biography by his daughter, which 15 otherwise fulsome in
cataloguing his achievements, (which were indeed considerable) makes
no menton of this correspondence and collaboration with Sir John
Herschel. See: Elizabeth Mary Smee Odling, Memoir of the Late Alfred
Smee, FRS, London: George Bell and Sons 1878, :
Drafe of a letter, Herschel to Smee, 15 June 1842, Royal Society Library.
See, for example: | M. Eder, Awstiibrliches Handbuch der ﬁ“’h‘gmph;:c.
Part 13, "Die Lichtpausverfahren, die Plannotypie und verschiedene
Copirverfahren ohne Silbersalze’, Halle: Wilhelin Knapp 1899, 203-04,
G. Pizzighelll, and Baron A. von Hubl, Pluinorype, mans I. F. lselin,
Londen: Harrison and Sons 1886, 35: Capt. W. de W, Abney and L.
Clark, Platinotype, its Preparation and \lanipulation, London: Sampson
Low, Marston & Co. 1895, 156; Chapmuan Jones, The Sdene and
Practice of Photography, London: lhiffe & Sons 1904,

The application of some modem chenustry, 150 years on, has enabled
me to devise a latter-day chrysotype process that is less profligate in its
consumption ot gold, and provides nmaces as fine and permanent even
as platinotypes, but of a greatly extended range of colours. See: M.
J. Ware, *Prints of Gold: The Chrvsorvpe Process Re-invented', Scottish
Photography Bulletin 1 (1991), 6-8. oo, ‘Photographic Prinang
Collowdal Gold', Journal of Phorograpli. S 4205 (1994), 157-61.
Herschel wrote four papers on photoor Lo processes, of which three
were published in the Philosophical 1. - ons of the Royal Sedety, n
1840, 1842, and 1843, His firse pape 211 1839, was withdrawn
before publication, and was long thoo st until the MS copy was
discovered by Schaaf, See: L. J. Schaat 1 john Herschel's 1839 R‘:Y“i
Society paper on photography’, Fl. " Photography 3:1 (14 “q):
47-60. For ease of furure reference, . . liel numbered his '3.mclr_s
throughout these three published pape+ (i 1840 paper comprises §1
to §148; the 1842 paper comprises |14 to §216, and 1t postscript
§217 to §230); the 1843 paper comprises §231 to §241.

Sir ). F. W. Herschel, *On the Action of the Rays of the Solar Specuum
on Vegeuble Colours, and on some new Photographic Processes:
Philosophical Transactions of the Royal Socery (1842), 181-215.

; iect of his
- The other solution referred to here by Herschel is the subject ok

preceding articles §202 o §205, namely Smee’s potassium ter}'u-?;;:l:' .
Herschel, ‘On the Action of the Rays of the Solar Spectrum . - ';“d
The first use of ammonium ferric citrate (coated, by itselt. on p:P: the
Paper number 724) is recorded in the Memoranda on 22 "“hl‘b{-:'lwﬂ"-
entry also carries Herschel's parenthetical remark '(""mmd. -
moreover, a later note on 26 August states that paper 724 Was B
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HRHIE ;r-l perschel, "On certam improvements on Photographic
b\ ped m a former Communication, and on the Parathernue
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e Salar 31,‘.‘-[-‘-\.111‘, Phitosephical - Transactions of the Royal
axs O h
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: ol «m the Action of the Rays of the Solar Spectrum’, 210,
Herschel. Eneyclopedia of Pranting, Photographic, and  Photomechanical
a N'Idmlilr-vd:-1-|ctn11: Atehier Luis Nadeau 1989, 80,
“; - Herschel, 29 September 1842, Roval Sociery Library.
e T;:anr_ ‘Chemische Thiitigkeit des Lichts und Erzeugung
W !‘K‘.L]ﬂﬂ Humboldnts auf Chemischem Wege™. Sehveigger's
m:?(‘lﬁjl)- 86, 90—26. An abstract of this paper was published
" ishes Cenmal Blatt 2 (August 1831), 383-83. It was
ot panslated into French as 'Influence chimique de la lumiére
it on de 12 humboldote neutre par un moyen photométrique’
'[ﬂ_ ;nl’j::’:‘;dj de Pharmade et des Sciences Acessoires 18 3 (March,
L
;frj‘?l ;'II?W1,2§-]r:rsche]‘ The Photographic News 8:278 (12 February

1864}, 82.

des {1
#,nnhurh
o Phamacert

<7 Robert Hunt Researches on Light, London: Longman, Brown, Green &

. 1844, 147.

:c::f T::;omnd} it formed the basis for Willis's Platinotype (1873)
| ;nd-N{co]"s Kallitype (1889) processes. o

The circumstances of this discovery and 1its potential significance have
" been de;crihed bv Schaaf, Our of the Shadotes, 33-34. The substance is
oW moTe comrectly described as calcium hexahydroxyplatinate(IV).
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Herschel's Cyanotype

Herschel < w

1 copy i
Hamburg, i Py of Dihe

Gl reiner's paper while he Was visiting
whes agreed o : ed him 1o write on |2 June 1832 tq Daubeny
‘ Tead Hersehel's Paper on the photsensitiviry O‘F

p].mnum{IVJ rhlorule
Rttty s © i solution o the Cheford meeting of the Hritish
o 1w Advancement of S 9 Tt Thi
Wi ~l|h\('||l!l'llt!\.‘ published DIRE e s il AR, Ty
! ol ag * 3 .
the Preg IPItAtOn  of !\.‘Iu.:l r“ rr‘l;-:.h! Atiop ol Lghtin esertoiitig
Extract frony a Letrer F\.. t N annum by Lime-water: being an
L er af : s i o
to I Dagkeny Lonel I;'Jl'mlln i K S
I {July 1832), £ r.fi“”I AMivheirgh, and Dublin: Philosophical Magazine
Herschel . .
6hu ¢ paper (note 60} was translated and published 1 German:
ahn W. Hernschel, ‘Usher die Wirkung des Lich J
Bisciitition 4 : : ang cdes Liches als Urmache der
o : Aes salzauren Plauns durch Kalkwasser'. Annalen der
utmitacie, 3: 3 (1832), 337-41. T}
gy d co Al This ranseopt carnes a long editonial
lote (Signe only “Br’j descnbing Daberemer's work, part of
which can be cransliced from the Cerman thus: ‘Followang this
mrmtuutucaunn from Diihereiner we further note that we have repeated
Herschel's experiment and found it to be confirmed ... Thus a
compound of platnum oxide with calerum axide has been formed
through the action of light. We have not made any analysis of this
compound, however, in order not to anocpate Herr Herschel, and
content aurselves by confirming the facts.’
I W Disberemer, *Chemische Exgenschaften und phvsische Natur des
auf nassem Wege reducirten Platns', Anwalen der Phammacie 14 (1833),
10-21.
Letter, Herschel to Talbor, 31 March 1843, Natonal Museum of
Photography, Film & Television.
This application was finally accomplished in 1898 in 2 tri-colour
printing process due to Brewerton.
The postive-working process using gum  Arabic was eventually
exploited by Pellet’s patent in 1877,
The “prepared paper numbers' 1 the Memoranda that refer o the
standard negative-workmg cvanotype process are 780, 784, and TY3 —
three out of a total of twenty-six prcp.lmd papers devored o cyanotype
processes of all kinds, It1s estimated that Herschel probably made from
these three papers no more than thirmy-four specimens i toro of
negative-working cyanotype prints; see Ware, Cyanotype.
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