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Abstract take pictures of Saxorswitzerland®. With his excellent
) ] photographs of Dresden, Saxony and various parGeofn-
The wet collodion process was the first successful photoyny taken on wet collodion plates Krone became the first and

graphic negative process. The tone and detail reproduction gfost prominent landscape photographer in Germany.
both negativesind prints areremarkably goodThere are a

lot of collodion platesstill in existence, but thealetailed
knowledge how the excellent image quality was achieved has
been lost. The Institute of Applied PhotophysicsDiresden
harbors the photographic work of terman pioneeHer-
mann Krone (1827-1916). Heecameprominentafter start-
ing to use the wet collodiomethod forlandscapephoto-
graphy in1853. It is extremely difficult to makesati-fac-
tory reproductions from those historic negativescontem-
porary photographic materials or to digitize the old pictures.

In order to gain aleeperknowledge ofthe process, wet
collodion layers have beepoured andthen investigated
using tools of modern imaging science. Sensitometric
curvesand relative spectrakensitivities have been inves-
tigated for a range of emulsions with varyiiogide-bromide
ratios. Granularity noisandresolutionhave beermeasured
by means of a high-resolution CCD-microdensitometer.

The aim of the work is to be able to satisfactorily
reproduce the tonanddetail of wet collodion negatives and  Figure 1. Hermann Krone, Dresden in 1857, wet collection.
prints on modern materials.

Hermann Krone continued to be interested in all the new
Introduction photographic proceduremdtechniques. He testatiem and
explored their limitations, making improvementsvhen
Long beforethe use of gelatin in photographémulsions, appropriate. Heshowed that photographyhad various
collodion was the first substance to Wmed as a carrier and scientific applicationsand laid particular value on its
protective colloid for the silverhalide grains. In 1851 teaching. As a result of his lifelongfforts to establish
Frederick Scott Archer introduced gphotographicprocess photography as a branch of teaching and scientific research at
with wet collodion, a solution of pyroxylin in alcohol and the Technical College dbresdenthe Institute of Scientific
ether. The original process of the 18%6guiredthe freshly =~ Photography wagounded in 1908. Havingcompiled his
sen-sitized collodion layer to betill wet during exposure work into a "Historical Museum of Photographyjerhaps
and processing to allow the diffusion of chemicals from théhe first attempt to document photography from its
aqueoussolution into thelayer containing the silvesalts.  beginnings to the industrial age, hionated it to the
As soon as the collodiodries it becomes impervious to Technical College of Dresden in 1907.
water. The main part of the collection is 137 postersich
Hermann Kronethe son of a lithographer iBreslau, Krone used to demonstrate all the photograjphicesses to
had made his first photographic experiments at the age of és students. Thegre assembledrom about 1,100prints,
andwas the first to successfully photograph shootitgrs ~ many of which are from wet collodion negatives, o¥g00
through a telescope. This work brought him to the attentioef which are still preserved.
of Humboldt. In 1853, shortlyafter having moved to For many years the posters were used for teaching. After
Dresden, Hermann Kronlearnedabout the newcollodion  years of neglectheir historical value wasecognized and
method: “I did not hesitate to geinformed by the best first safety copieswere made inthe 1950s. After
experts... and | introduced the noveltyDresden orAugust  improvement of the storage conditions in 1991, the focus of
27, 1853. Now it was possible to fulfill mgld wish to  the work now lies in preservation, assessment, cataloging,
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safety copyingand publication. Preservatiomand copying

onto photographic or digitalmedia require detailed

knowledge of the historical photographic processattheir

capabilities. It is important to know imagingarameters
like density rangegradient orgranularity to correctichose

modern photographic techniques whate able to catch the
impressive tonenddetail reproduction othe original wet
collodion negatives.

The wet collodion process

In the beginning mosphotographersised collodion with

Further investigation of the coatirapdimage structure can
be done by electron and light microscopy.

A scientific approach tothe wet collodion process is
interesting because terms such as "photographic sensitivity"
and"Selwyn granularity"were defined scientifically a long
time after the wet collodion process became history.

Experimental

Wet collodion layers on glass platesth varying coating
parameters wergroduced,then exposed in asensitometer
(daylight) and spectrosensitometer. After processing and

pure silver iodide, sensitive only to ultraviolet and blue lightintensification, characteristiccurves, spectrakensitivities

up to 440 nm. Theontrast was so high that llecame an
effective way to reproduce line wodndwasused up to the
1930s. Its usefulnestor finely detailed technical repro-

and granularitieswere measured. Unexposadd processed
layers were investigated by electroand light microscopy
respectively.

ductions could also be attributed to the extremely fine §rain(i) Variation of halide concentration

From the 1870sbromide was added to the iodized
collodion. Improving the spectrakensitivity gave improved
color reproduction, while the lowegradient of the
sensitometric curve gave better tone reproduction.

The wet collodion procesdescribed inoriginal publi-
cations*® works as follows: Toreparethe platesyariable
portions of salts ofodide andbromide were dissolved in
collodion, a solution of pyroxylin in alcohaindether. The
collodion was therpouredonto cleanglass platesand the
set coatingssensitized bybeing bathed insilver nitrate

By dissolving varying proportions of a mixture of
cadmiumand ammoniumiodides(Cdl, NH,l) in collodion
(4% nitrocellulosesolution), variouspure iodide collodion
solutionswere producedwith iodide concentrations ofl.0,
1.2 and1.4 % by weight respectively, iorder to find the
optimum halide concentration for use in later experiments.
(i) Variation of bromide to iodide ratio

Cdl, and NHI plus ammoniumbromide NHBr were
dissolved in collodion at varying bromide/iodide molar ratios
(0/100, 17/83, 40/6@nd58/42). The amount ofialide in

solution. After exposure the plates were developed in an irotine collodion was kept constant.

developer and fixed. In contrast to a photogragnmilsion,
silver halide microcrystalsare locatedvery close to the

(iii) Variation of intensification
A solution containing silver nitrate AgNCand metol

surface of the coating. To achieve sufficiently high densitiesyas used as a physical intensifier. Two ratios of AgO

physical intensification was regularly used.

Depending onthe recipe, coatingwith varied speed,
spectral sensitivity and gradient were obtained. The
sensitivity alsovaried widely depending ornthe purity and
age ofthe collodionand of the silver nitratesolution.
According to the original publications the following
parameters should be controlled:

e For collodion containing onlyodide it was found that
the sensitivity increased with the concentrationoadfde,
but reached a maximuafter which a furtherincrease of
iodide resulted in lower sensitivity and higher gradient

e An addition of bromide lowered the gradient ancleased
the spectrakensitivity. It was alsatatedthat collodion
containing both iodide and bromide togethad ahigher
speed than collodion containing only iodide

e The high densities of historic collodion negatiwesre
obtained by intensification. The maximumdensity
obtained depended orthe initial density, theconcen-
tration of the intensifier and the intensification time.

To produce wet collodion platescording to guidelines
from historic literatureand to attempt to characterize the
process with the methods pnfodernimaging sciencewas a
challenge. Inorder to characterizéhe image quality of the
coatings, theircharacteristic curves, spectralsensitivity
distributionsand Selwyn granularityhave to bemeasured.
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metol were tested: 1 + 5 and 1 + 10 by volume. The time of
intensification wasvaried between Oand 180 s for both
solutions. Thecollodion waspouredonto 4 x 5" glass
plates. Special attention had to be given to the cleanliness of
the platesand the technique of hancpouring in order to
achieve uniform coatings withoetoudsand artifacts. After

the coatingshad set, the platesvere then sensitized in a
silver nitrate solution.

A sensitometer with simulated dayligland a step
wedge was usefibr the sensitometric exposures.drder to
ascertain the spectraénsitivity, aspectrosensitometevith
a gratingspectrograph was used. Théate, located behind
the exit slit of the monochromator, and a step wedge traveled
synchronously with thewavelength adjustment of the
monochromator in steps of 1Gm. To calibrate the
spectrosensitometer, the relative magnitude of rdgiant
exposure as a function of wavelength wasasured. The
exposuretimes were then varied with the wavelength to
achieve constant exposures for each wavelength.

The exposed plategere developed in aimon developer
and fixed. The image densities could then be intensified.

After drying, the densitiesvere measureavith a Mac-
beth TR 924 densitometer. For the granularity measurement,
the extremely fine grain of collodion layergquires a
microdensitometer with a very high signal-to-noise ratio. In
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a previous publicatidrit was demonstratedhat microdensi-

tometers with solid-state imagganners have an excellent

spatial frequency and noise performance when Wispectra
or granularitiesvere measured. Buysing high-performance
CCD or photodiode arraysogether withmethods of digital

image processing, the signal-to-noise ratio of scanning

microdensitometers was improved by 3 t@rBers of mag-
nitude to be sufficiently high to measure the Igmanularity
of collodion layers. The microdensitometeedworks with

diffuse illumination, image scanning with 1024 pixel of a

photodiode line and automatic focusing. Wiener spegtia
measured with an area 0ofxL 100 um2 at 16,384 sampling
points. Thescale value N(0) ofhe Wiener spectra atero
spatial frequency was used to calculatethe Selwyn
granularity G:

G =4,/N(0) .

Results and Discussion

Values of iodide up to 1.0 % by weigimcreasesensitivity.
In agreementvith the literature experiment (izhowedthat

beyondthis optimum concentration, higher concentrations

of iodide result in lower sensitivity and higher gradient
(Figure 1).
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Figure 2. Characteristic curves of the waillodion process for
varying iodide concentrations.

The samples with varyindgpromide to iodide ratios
(experiment ii) were investigated with respectstmnsitivity,
spectral sensitivity and granularity.

The characteristic curves showetiat an addition of
bromide lowers not only thgradientand maximum density
but surprisingly also sensitivity (Figure 2).

As expected,adding bromide extended the spectral
sensitivity beyond 440nm up to 500nm (Figure 3.).

The mostbalanceddistribution of spectrakensitivity
without a sharp edge was achieweith the highestbromide
portion (58/42), but thgradient ofthe characteristiccurve
was then too low. Therefore collodion with a 40/60
bromide/iodide ratio which still had sufficient spectral
sensitivity was chosen for the further experiments.
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Figure 3. Characteristic curves forcollodion with varied
bromide/iodide molar ratios.
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Figure 4. Distributions of relative spectral sensitivity for
varying bromide/iodide molar ratios.

In order to assess granularity\Wiener spectrawere
measured at differentdensities D and the Selwyn
granularities G(D) were calculated from them. All
granularities (excepthe intensified image)vere very low
and comparable to very fine grain black-and-wiiteulsions
(Figure 4).
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Figure 5. Selwyn granularity G as a function of density.

For thelayer containing 40% bromide, thgranularity
increasedwith density as known from gelatiblack-and-
white emulsions. In contrast to that, the granularity of the
collodion containing onlyiodide stayectonstant at avalue
which wasequal tothe granularity of theiodide-bromide
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collodion at density 1.0. Experiment iii showed that only the higher

In order tofind a reason fothe different behavior, the concentration of silver nitrate (1+5) was sufficient to provide
shapes of theWiener spectrawere analyzed.Unlike  the required degree ahtensification. Inorder to achieve a
comparable fine grain black-and-white emulsions\Whener  satisfactory long linear relationshipetween exposure and

spectra were not white (Figure 5.a and b). density, 180s intensification time was needed (Figure 6).
The spectra havawo regions with distinctlydifferent As seen in Figure 4, intensificationncreases

slopes. For the collodion containing onbdide the low  granularity.

frequency portion of the Wiener spectra (up to 20 nare Summary

comparable forthe different densities (Figure 5. a).

Correspondingly there is niacrease ofSelwyn granularity A halide concentration ofl.0 % by weight with a

with density (Figure4). At higher spatiafrequencies, the bromide/iodidemolar ratio of 40/60gavethe collodion an

spectra slope more steeply with increasing density. optimum balance between spects#@nsitivity and gradient.
The Wiener spectra othe collodion Containing also Without intensification the densiﬂ;angewas limited to 2,

bromide showed a reverse behavior (Figure 5. b): In the loRut physical intensification allowed the high densities up to

frequencyregion below 20 mnh the valuesincreasewith 5 known from historical plates to be achieved.

density corresponding téhe increase ofgranularity with 5 —
density (Figure 4). intensification A
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10 100 Figure 7. Characteristic curves of the wet collodion process with
R [mm-1] varying intensification times.
______________ — The statement in historical literature that tuglition of
_ M e=q 77 bromidefiodide 40/60 ] bromide enhanceboth color reproduction(due to spectral
P sensitivity) and sensitivity was not confirmed. Rather,
% increasing the proportion of bromide decreased sensitivity. A
x possible explanation might be that the term "sensitivity"
= had not been yet defined as aphysical measure. The
sensitivity of a photographiayer depends orthe spectral
characteristic ofthe availablelight. lodized collodion is
0011 o 1.80 mainly sensitive to ultra-violet light. It was part of the

10 100 photographers experienteat yellow evening light olight
R [mm-1] reflected from a yellow wall had little effect on iodized
plates. When little UV light was present, thaddition of
Figure 6. Wiener spectra atarying densitiesfor collodion  bromide made the plates more sensitive to the available light
containing only iodide (a) and bromide/iodide (b). and therefore increased the perceived sensitivity.
) The collodion layers have vetgw granularityand are

Only the Wiener spectra &bg level are of comparable  comparable tanicrofiim emulsions. Intensification results
shape for the samples without and with bromide. in higher granularity.

The analysis ofWiener spectrasuggest thathere are The study of the collodion procebelped tounderstand
two different mechanisms causing densitycrease during  the qualityandvalue of the historic originals. Thgreater
physical development: For collodion containing oftlide  ynderstanding othe image qualityparametersalso gives
the number of smaller graindecreaseswith increasing yajuable guidelines fooptimum materialsfor copying the
density because larggrains grow at theexpense of the gyiginals without loss of detail.
smaller ones. For the collodion containing als@mmide,
only a portion of grains grow with increasing density, while
the number of grains remains constant.
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