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Understandingg Alfred Stieglitz*  Platinum and Palladium Prints 

2.. Understanding Alfred Stieglitz' Platinum and 
Palladiumm Prints: Examination by X-Ray Fluorescence 
Spectrometry y 

Abstract t 

ThisThis chapter describes the complex chemical nature and variety of physical 
appearancesappearances of platinum and palladium photographs. The exact process by which 
thesethese single-layered photographs were made cannot be determined by visual 
examinationexamination alone. The metallic elements that constitute the final image in a single-
layeredlayered photograph can be identified by x-ray fluorescence spectrometiy (XRF) if the 
photographphotograph is analyzed using standards made by known photographic processes. 

2.12.1 INTRODUCTION 

Alfredd Stieglitz (1864-1946) was one of the leading experimenters and innovators in 
photography,, known for his aesthetic vision and highly respected as a photographic 
chemist.. At the turn ofthe century, he published extensively on the platinum printing 
processs and its many variants. He used this process almost exclusively until the 
increasee in the price of platinum during World War I made platinum papers nearly 
unobtainable.. The unavailability of platinum gave rise to an alternative process, which 
substitutedd salts of palladium for salts of platinum, to produce the light-sensitive 
photographicc paper. 

Stieglitz'' technical publications describe many of his early approaches to the 
platinumm process, including generic recipes for sensitizers, developers, and toners and 
otherr variations in his darkroom techniques [ 1 -6]. Unfortunately, he published nothing 
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regardingg his use of the palladium process, and mentions of it in his personal writings 
aree ambiguous [7]. Despite his training as a scientist, it appears that Stieglitz did not 
systematicallyy record his photographic experiments or the specific methods by which 
hiss individual prints were made. 

Stieglitz'' published literature is a valuable aid for understanding the generic 
approachess he used to produce his platinum photographs. Howrever, that no other 
recordss exist regarding his extant platinum or palladium prints is unfortunate from the 
perspectivee of a photograph conservator who must deal with a physical object made of 
aa complex component structure. Unlike some other processes, platinum prints, 
palladiumm prints, and variants of these processes are frequently indistinguishable by 
theirr appearance alone; the chemical nature of Stieglitz' prints simply cannot be 
accuratelyy or completely described by visual examination. 

Thee National Gallery of Art, Washington, is fortunate to house the largest 
existingg collection of photographs by Alfred Stieglitz, selected from his estate by 
Georgiaa O'Keeffe as the "key set" of his finest finished work. Responsible approaches 
mustt be taken to preserve these artistically and historically important photographs by 
maximizingg their longevity and continued availability for viewing without 
significantlyy altering their physical characteristics. To accomplish this goal a 
conservatorr must be familiar with the artist's aesthetic intent. Equally important, 
however,, is an understanding of the physical and chemical nature of the photograph 
too be treated or displayed. A reasonable understanding of the chemical and physical 
naturee of any work of art or historical artifact is essential for making decisions 
regardingg its preservation and exhibition needs and for approaching conservation 
treatment.. Disastrous fading or darkening could result, for example, from the 
exhibitionn of a light-sensitive photograph that is misidentified as one that is stable to 
lightt [8,9]. 

Secondaryy emission energy-dispersive x-ray fluorescence spectrometry (XRF) 
hass been used with some success in the past to gain a better understanding of the 
chemicall  nature of the final image in photographs [10-12], The following are results 
off  new research further developing an analytical protocol designed specifically for the 
usee of XRK in studying photographic image materials. This new protocol has been 
successfullyy used to determine what metallic elements make up the final image in 
somee of the photographs in the collection of the National Gallery of Art. The resulting 
dataa have served to extrapolate methods of production that Stieglitz might have used 
too fabricate his platinum and palladium photographs. 

2,22,2 The Platinum and Palladium Printing Processes 

Thee platinum printing process was favored by many turn-of-the-cenlury 
photographers,, including Stieglitz. William Crawford's excellent description of the 
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processs in The Keepers of Light is indispensable in assisting modern practitioners to 
recreatee early photographic processes. His chapter on "Ferric Processes: Platinum and 
Palladium""  describes, in detail, the procedures used to produce the facsimiles used in 
thiss study [13]. The first step in producing a photographic paper is to coat it with a 
sensitizer.. Platinum printing paper is sensitized with an aqueous solution of one of the 
platinouss compounds, generally sodium tetrachloroplatinite tetrahydrate, 
Na:PtCl4*4HiO,, or potassium tetrachloroplatinite, ICPtCÎ  (sometimes referred to in 
thee literature as sodium or potassium chloroplatinite, or as sodium or potassium 
tetrachloroplatinate),, and ferric oxalate, Fe^CiO-tXvSH^O, which is allowed to dry. 
Thiss light-sensitive paper is then placed in contact with a negative and exposed to 
light.. The action of light converts the ferric salts to ferrous salts that gradually become 
visiblee as a weak printed-out image. The print is then placed in a potassium oxalate 
developerr that serves to dissolve the new ferrous salts, FeCSCVZHbO, thereby 
reducingg the potassium tetrachloroplatinite to metallic platinum. The action of 
developmentt completes the image- forming process. Any unexposed and soluble ferric 
saltss in the print are then eliminated by converting them to ferric chloride by clearing 
(orr fixing) the print in a dilute hydrochloric acid solution. These soluble iron salts are 
removedd in the final water wash. In other words, this process uses the light-sensitive 
propertiess of an iron (III ) compound, which, on exposure to light, is reduced to an iron 
(II)) compound, which in turn has the ability to reduce a compound of platinum to its 
metallicc state. When this procedure is properly carried out, the final image of a 
platinotypee consists of chemically stable, finely divided metallic platinum. 

Thee primary difference between palladium prints and platinum prints is that 
palladiumm salts replace the salts of platinum in the sensitizer. The palladium 
compoundss generally used to sensitize the paper are in the form of potassium 
tetrachloropalladite,, K^PdCL.*, or sodium tetrachloropalladite trihydrate, 
Na2PdCl4-3H20.. The chemical processing of palladium prints is similar to that of the 
platinumm process, but the resulting final image consists of metallic palladium. Much 
hass been published regarding the chemistry of platinum and palladium processes, yet 
thee precise chemical nature of the reactions involved is not fully understood. [ 14,15], 

Becausee of the similarity of the chemical processes used to produce platinum 
andd palladium prints, the variants of both processes are also virtually interchangeable. 
Thesee variants can include numerous chemical formulations of sensitizers, developers, 
andd toners; variations of the length of a print's exposure; or variations of the 
developingg solution temperature. The variants of both processes were used to 
manipulatee the image hue and tonal properties. Stieglitz continually experimented 
withh these chemical variants to achieve very specific aesthetic results. While he 
masteredd both processes, he considered the platinotype to be "that prince of all 
processes""  [1, p. 154], and it look years for him to accept the palladium process as a 
viablee substitute for platinum. 

Platinumm prints tend to have a neutral gray-black image hue, while palladium 
printss are generally slightly warmer in hue. However, depending on variations in 
processing,, such as temperature of the developer, the image hues of either process can 
bee manipulated to range from coof slightly purple-black to a very warm brown. 
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Modifyingg standard processing procedures, such as altering the formulation of the 
sensitizerr or developer or employing chemical toning or intensification, can result in a 
widee variety of hues. One possible modification of either process is toning the 
finishedfinished print with gold. Gold toning can change a warm image to black or purple-
black.. Intensifiers, such as a combination of gallic acid and silver nitrate, have been 
usedd to change the image color, increase the image contrast, and highlight the detail of 
aa finished print. In addition, any of these modifications can have an impact on the 
chemicall  stability of photographs and result in changes in the appearance of prints 
overr time. For example, toning with compounds such as uranium can change the color 
off  the image to red, green, or blue or can even result in split tones in a print. However, 
uraniumm toning is known to result in gradual changes in the appearance of a finished 
print.. By 1911 it was known that the use of uranium as a toner "does not give very 
permanentt results" [16]. 

Too Stieglitz, an important feature of the basic, unmodified platinum process 
wass its permanence when compared, for example, to the silver processes, such as 
saltedd paper prints, albumen prints, or gelatin prints. In a 1902 article he said, "We 
hearr much of the permanence of the platinum print, and while it is undoubtedly true 
thatt a careful and conscientious technical handling of the process will insure a print 
practicallyy as permanent as its paper support, yet with modern sloppiness this is no 
longerr true" [5, p.30], He acknowledged, however, the value of other, less permanent 
processes:: "1 willingly grant that 99 per cent of the negatives produced by the 'camera 
artists'' ought to be printed on a most non- permanent process, for the sake of coming 
generations""  [ 1, p. 154]. 

2.3.2.3. Identification of Photographic Processes 

Itt is frequently possible to distinguish the process by which a photograph was made 
justt by looking at it. In general, an experienced observer can recognize the difference 
betweenn an albumen print and a gelatin print and can further differentiate between a 
printed-outt versus a developed-out gelatin print [ 17]. Some photographs, however, are 
difficultt or impossible to identify visually in terms of process. Single-layer 
photographss in which the final image exists in the upper surface of the paper support, 
suchh as platinum and palladium prints, can be particularly difficult to identify. 

Ass discussed, varying the chemical fonnulations used to produce platinum and 
palladiumm prints results in a variety of image appearances; therefore, visual 
identificationn is complicated. For example, platinum prints (considered cool or neutral 
inn hue) can be made warm by the addition of a mercury compound to the developer. 
Conversely,, a warm hue is usually associated with palladium prints. Cooler hues, 
however,, can be attained by developing or toning the print in various chemical 
solutionss or at different temperatures, as described above. Because of these variations. 
platinumm prints sometimes masquerade as palladium prints, and vice versa. In some 
cases,, a salted paper print might be confused with a platinum or palladium print. 
Furtherr complicating the issue, many silver gelatin prints were manufactured to mimic 
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thee appearance of platinum papers and other historic process types. In addition, visual 
examinationn alone cannot determine what chemical toner might have been used to 
alterr the original appearance of a print. 

Photographss that have an ambiguous appearance require more than visual 
examinationn to determine the components that make up the final image. The influence 
off  so many factors produces an almost infinite variety of nuances and subtleties in the 
appearancee of different types of photographs. It is this enormous variety of processes 
andd final appearances that has led even experienced observers to turn to chemical 
analysis,, such as examination by XRF, for objective information. This information is 
especiallyy useful for prints made by an unknown photographer or by an experimenter 
whoo kept no records, such as Alfred Stieglitz. XRF is a well-established analytical 
techniquee that provides rapid, simultaneous multi-element analyses in many 
applications.. Because of its noninvasive capabilities, it has proven valuable in the 
studyy of art objects. To use XRF for the study of photographs of unknown 
composition,, it is important first to determine if the very small traces of elements that 
makee up the photographic image can, in fact, be detected by the instrument. 

2.4.2.4. Fabrication of Photographic Facsimiles for Use as XRF 
Standards Standards 

Inn using XRF to analyze photographs, it is essential to maximize the sensitivity of the 
instrumentt to any relevant element that might occur in the final image material. For 
thiss reason, facsimile photographs of known composition were produced and analyzed 
byy XRF. and the detection of the known image materials was optimized. It was 
determinedd that the elements that made up the image in the known samples could, 
indeed,, be detected by XRF. As a result, a protocol was developed that used the 
facsimiless produced by known chemical processes as analytical standards. These 
standardss were compared with several Stieglitz photographs in the National Gallery of 
Art. . 

Too assist in producing analytical standards with which to compare Stieglitz 
prints,, photographic working methods of Stieglitz and his contemporaries were 
studied.. Stieglitz generally used a potassium oxalate solution as a developer for his 
platinotypes,, to which he sometimes added glycerin to delay the action of the 
developerr and a mercury compound applied locally to modify the image hue [2,3]. He 
wass also known to use uranium compounds to tone his platinum prints [4], Salts of 
goldd and even iridium and osmium were also mentioned in contemporary handbooks 
forr use as toners for platinum prints [18]. Therefore, the presence of any of these 
elementss could be attributed to the developer or to a postprocessing toning treatment. 

Earlyy in his career. Stieglitz experimented with sensitizing his own platinum 
paper.. For most of his platinum work, however, he used commercially produced. 
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presensitizedd photographic papers. He carried out his chemical processing 
experimentss using commercial papers, including those made by Eastman Company 
(Americann Platinum Paper) [19], the Platinotype Company, and Willi s and Clements 
[6].. While Stieglitz described the inclusion of "lead chloride or a mercury salt to the 
sensitizer""  in a patent by W. Willi s as an improvement of the process [3], very littl e is 
knownn about what papers were used to produce specific prints. Because commercially 
manufacturedd papers were made with a variety of chemical sensitizer formulations, it 
iss possible that along with metallic platinum or palladium, lead or mercury might be 
presentt as part of the final image. 

Hydrochloricc acid was generally used for the clearing or "fixing" baths, 
followedd by a running water wash. If fresh baths of hydrochloric acid were used until 
thee print was thoroughly cleared, followed by a water wash that thoroughly removed 
residuall  processing chemicals, the image in the final print should consist of metallic 
platinumm and/or palladium possibly in combination with traces of mercury, uranium, 
orr other elements that were deposited on the primary image due to chemical reactions 
off  the sensitizer, along with the developer and possible toners. 

Theree are many ways to produce platinum and palladium prints and their 
variants.. However, the basic recipes used for sensitizers, developers, and toners are 
similarr in many handbooks and journals of Stieglitz time. For this reason, facsimiles 
off  processes that may have been used by Stieglitz were produced by photographic 
conservator,, Connie McCabe, (Plate VII ) according to recipes given by Crawford in 
Thee Keepers of Light [5]. These recipes were selected because they are chemically 
similarr to those given in early descriptions by Stieglitz [2]. Although Sliegitz did not 
includee sodium sulfite in his 1893 recipe for uranium toner [4]. Crawford's recipe is 
virtuallyy identical to one described in 1902 by James McCorkle in Camera Notes [20]. 
bothh of which refer to the crystal of sodium sulfite to be used as the size of a "pea.' 
Thee photographic facsimiles were employed as XRF standards for comparison with 
thee Gallery's Stieglitz Collection photographs. They are: 

platinumm print palladium print 
combinationn platinum/palladium 
printt (50:50 ratio) 
palladiumm print, mercury developed 
combinationn platinum/palladium print, mercury developed 
palladiumm print, gold toned 
palladiumm print, silver intensified 
platinumm print, uranium toned 
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2.5.2.5. X-ray Fluorescence Spectrometry and Photographs 

XRFF analyses of photographs are difficult to interpret, due primarily to the low signal-
to-noisee ratio, which is due to the extremely low physical density of the paper support 
off  the photograph as well as the small amount of metal actually present in a print. 
Whenn the spectrum for a photograph is compared, for example, to a bronze sculpture, 
whichh has a high density, interpretation of the distinct peaks found in the spectral data 
off  the high-density bronze is relatively straight forward. Figure I is an XRF spectrum 
off  a bronze standard. Note the clear peaks indicating the presence of copper, lead, and 
tinn and the low amount of background "noise". Also note the very small inelastic 
scatterr peaks related to the rhodium and the barium chloride secondary target. 
However,, the low density of photographs results in a large amount of inelastic scatter 
inn the spectrum when compared to the small amount of metal actually being analyzed. 
Thiss scatter (figures 2a & b) is seen as a high level of background "noise" that 

Spedium:: STD52 Raiigc:4U kcV 
,, , , , , loLldfunls^g^lll iy . Ilnra, VS-'f(]HII 

«on n 

Figuree 1 XRF spectrum of a bronze standard 

disguisess the actual spectral peaks (figures 2a and b). Because these peaks cannot be 
positivelyy distinguished from the noise, an XRF protocol was developed to minimize 
thiss noise and enhance the spectral lines oi' specific elements relevant to the 
photographicc materials in question. The detection of either of the two major K 
transitionn lines (alpha and beta), or the three major L transition lines (alpha, beta, and 
gamma)) was required in order to confirm the presence of the specific final image 
constituents.. The metals palladium (Pd) and silver (Ag), and impurities such as 
calciumm (Ca), iron (Fe). copper (Cu) and zinc (Zn). are determined by the presence of 
theirr series of K transition lines. Platinum (Pt)and traces of elements that might have 
beenn used in the toner or developer formulation are identified by the presence of their 
seriess of L transition lines. These elements could include mercury (Fig), gold(Au). or 
uraniumm (U). 
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Spectrum:: DB3D RgngeMD keV 
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Figuree 2a XRF spectrum of Alfred St ieglitz, "Self-Portrait, Cortina". 1890 using a 
bariumbarium chloride .secondary targe! 

Spectrum:: 1)631) H,inge:?H IceV 
II taMn|i,,7»m6 

N „ „ r***.^.^ .. T^J^ I  t < i f ^ ' - i f c 
V ""  M - ' - r . ' ; - - - '  I  ,: - - -

Figuree 2b XRF spectrum of Alfred Stieglitz, "Self-Portrait. Cortina. " 1890 platinum 
print,print, probably processed with a mercury developer, using a molybdenum secondary 
targettarget revealing the mercury transition lines 

2.6.2.6. Developing an XRF Protocol for Analyzing the Elemental 
ContentContent of Photographic Images 

Too interpret the XRFF spectrum of a photograph and determine the image material, the 
elementss present in the paper support as well as those in the mounting board must be 
eliminatedd from the spectrum so that analysis can be based on the contribution from 
thee image components alone. As previously discussed in Chapter 1. a protocol was 
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developedd that acquired a spectrum from a dark region (maximum image density) of 
thee photograph and one from a light region (minimum image density). When possible, 
aa spectrum from the mounting board was also obtained. Once the elemental 
contributionss of the photograph's light region and its mount are from the spectrum of 
itss dark region, the resulting spectrum will characterize those elements used in the 
finalfinal image material of the printing process. 

Thee spectra obtained by analyzing the National Gallery of Art's Stieglitz 
photographss were compared to the spectra of the facsimile photographs (standards) 
producedd according to methodology likely to have been employed by Stieglitz. Note 
thatt in some of Stieglitz' prints there is no image area that has a very low-density 
imagee (that is, very light). In these cases, the data from the lightest area were 
acquired,, but generally these spectra were not subtracted from the spectra of the 
maximumm density area. The XRF analyses were performed using a Kevex 0750A 
spectrometer,, which is a freestanding instrument with the x-ray tube and detector 
mountedd on a steel column that allows for vertical and horizontal movement of the 
spectrometer.. The photograph is placed on an easel in front of the XRF where a laser 
andd incandescent lamp are used to focus on the desired sample area. Since the Kevex 
0750AA is an air path instrument, it was not equipped with a light-element detector. 
Therefore,, elements lighter than potassium were not detected with this setup and are 
nott included in these analyses. The XRF was equipped with 6 mm collimators and 
eitherr a barium chloride (BaCh) or molybdenum (Mo) secondary target. Secondary 
targetss provide nearly monochromatic x-rays to excite the sample and enhance the 
spectrall  lines of the elements analyzed. When the element's spectral lines are close to 
thee absorption edge of the secondary target, the enhancement of those lines improves 
significantly.. After considerable experimentation with a variety of XRF conditions 
andd secondary targets, two sets of conditions were found to be the most useful for 
detectingg the metallic elements relevant to platinum and palladium photographs. A 
bariumm chloride target was initially used in order to differentiate the primary metallic 
elementss of the final imaging material, that is, platinum or palladium. A molybdenum 
target,, which improves the detection of platinum and other relevant metallic elements, 
wass then used to detect the presence of any elements that might be attributable to the 
usee of special developers or toners. The palladium K transition lines are higher in 
energyy than the molybdenum lines of the secondary target and will not be excited and, 
therefore,, cannot be seen with the molybdenum target. However, the L transition lines 
off  mercury, gold, and uranium become enhanced and are readily detected when using 
thee molybdenum target. The conditions under which the analysis was conducted were: 
Thee anode voltage and current were 60 keV and 0.4 inA, respectively, for the barium 
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Specimen:: STDPTD nnngc:?0 keV 

Figuree 3 XRF .spectrum of a dark area of a standard platinum photographic 
facsimile,facsimile, with lite background subtracted, using a molybdenum target 

bariumm chloride target, and 40keV and 0.2mA. respectively, for the molybdenum 
target.. Live accumulation time was 300 seconds. The lower limit of detection (LLD) 
hass not yet been established for the metallic elements that may be contained in the 
finalfinal image material of a photograph. 

2.2.77 Results of XRF Analysis of Photographic Facsimiles 

Thee results of XRF analyses clearly show that platinum and palladium photographs 
cann be easily distinguished from one another. Figure 3 is an XRF spectrum of a 
platinumm photographic facsimile using a molybdenum secondary target. Here the 
platinumm peaks are readily evident. Note the presence of the three major L transition 
liness for platinum. Figure 4 is an XRF spectrum of a palladium photographic 
facsimilee using a barium chloride secondary target for the analysis. This spectrum 
revealss not only the higher-energy K lines for palladium, but also the lower-energy L 
liness of palladium. 

Thee usefulness of varying the secondary target to optimize the elemental 
informationn can be demonstrated with the XRF analysis of a mercury-developed 
combinationn platinum and palladium print. Figure 5a is the XRF spectrum using a 
bariumm chloride secondary target. The platinum and palladium peaks are easily 
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Spectrum:: S1DPD0 Hinyr:4U keV 
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Figuree 4 XRF spectrum of a dark area of a standard palladium photographic 
facsimile,facsimile, with background subtracted, using a barium secondary target 

Spectiiun:: SICU'lTOIir.D flangc^ll keV 
IwUI'.aunaa ÜHS5A Una» HSi 

*A A i/L/t̂ , ^ ^ ,-->-f.-i-f-ii. , , 
322 o; 36 o : 

Figuree 5a XRF spectrum of a dark area of a standard mercury-developed 
combinationcombination platinum and palladium photographic facsimile, with background 
subtracted,subtracted, using a barium secondary target 
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Figuree 5b A7£F spectrum of same, with the background subtracted, using a 
molybdenummolybdenum secondary target revealing the mercury transition lines 
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observed:: however, the traces of mercury are barely visible. By using a molybdenum 
secondaryy target, as depicted in Figure 5b. the mercury lines become enhanced and 
fullyy resolved from the platinum lines. The palladium K lines are higher in energy 
thann the molybdenum lines of the secondary target and cannot be excited and. 
therefore,, are not detected on this spectrum. Enhancement of the spectral lines by 
changingg target is again illustrated by analyzing the standard gold-toned palladium 
photographicc facsimile. The palladium K and L lines are discernible when the barium 
chloridee target is used. However, only the L alpha line for gold is detected above 
background.. Repealing the analysis with the molybdenum secondary target increases 
thee excitation of the small amount of gold present, causing all three L lines to be 
clearlyy visible as illustrated in Figure 6. Figure 7 is an XRF spectrum of a standard 
silver-intensifiedd palladium photographic facsimile revealing well-defined peaks for 
bothh silver and palladium. In the event that uranium toning was used, uranium can be 
detected.. Figure 8 is an XRF spectrum of a standard uranium-toned platinum 
photographicc facsimile showing peaks for both platinum and uranium. It was 
determinedd that to detect all the elements that might make up the final image, and thus 
too characterize fully each unknown collection photograph, both excitation conditions 
(usingg the barium chloride and the molybdenum secondary' targets) must be used. 

Spectrum:: STDt'DAUD f!an.jr:20 IxV 

Figuree 6 XRF spectrum of a dark area of a standard gold-toned palladium 
photographicphotographic facsimile, with the background subtracted, using a molybdenum 
secondarysecondary target 
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:: STDPOAGO Hsnge:40 kcV 

Figuree 7 XRF spectrum of a dark area of a standard silver-intensified palladium 
photographicphotographic facsimile, with the background subtracted, using a barium chloride 
secondarysecondary target 

Spedrum:: STDPTUD nanc|c:40 kcV 
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Figuree 8 XRF spectrum of a dark area of a standard uranium-toned platinum 
photographicphotographic facsimile, with the background subtracted, using a barium chloride 
secondarysecondary target 

2.8.2.8. Results of XRF Analysis of Stieglitz Photographs 

Severall  photographs in the National Gallery of Art's collection of Alfred Stieglitz 
photographss were selected for examination by XRF. Some of these were chosen 
becausee of their unusual appearance and others because of skepticism expressed 
regardingg earlier records of process identification from unknown sources. Therefore, 
selectedd photographs were analyzed to establish or verify the identification of the 
processess by which they were made. Two portraits of Katherine N. Rhoades. printed 
fromm the same negative had been previously identified by unknown sources as 
platinumm prints (Plates XI & XII) . One has the archetypal appearance of a platinum 
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print,, with a ver)' neutral image hue accompanied by off-white highlights. The other 
hass a very different appearance; both its image hue and highlights are quite warm. 
Afterr completion of analysis of these photographs using the XRF protocol described 
above,, platinum was found to be present in both the neutral-hued and the warm-hued 
portraits.. However, a trace of palladium was also detected in both portraits. Figures 9 

Spectrum:: 03HMD 

Figuree 9 XRF spectrum of a dark area of Alfred Stieglitz. "{Catherine N. Rhodes". 
1915/1916,1915/1916, platinum print with a trace of palladium, with the background subtracted 
usingusing a barium chloride secondary target 

Spectrum:: D3/9I) Hangc:<in kcV 

't't fr Pi 
'^^^ffjj'^.'^^^ffjj'^.  •' ^-nSM^^^  , .̂ LLĴ A 

Figuree 10 XRF spectrum of a dark area of Alfred Stieglitz. "KatherineN. Rhoadesat 
291291 ". 1915/1916. platinum print with a trace of palladium, with the background 
subtractedsubtracted using a barium chloride secondary target 

andd 10 are the XRF spectra of the two prints showing the two spectra are nearly 
identical.. It is possible that the presence of palladium contributes significantly to the 
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differencee in appearance. However, variations in the temperature of the developer may 
havee caused the differences in image hue. Despite the newly revealed information 
regardingg the final image materials of these prints, what plays the primary role in the 
appearancee of these two photographs remains unclear. 

AA circa 1906 portrait of Stieglitz' daughter, Kitty , had been identified by an 
unknownn source as a palladium print (Plate IX). For various reasons, including the 
datee of the print and its unusually neutral image, this process attribution was 
questioned.. Indeed, analysis by XRF shown in Figures 1 la and b revealed that the 
imagee consisted of platinum and mercury, no palladium was detected in this image. It 
iss likely that this platinum print was processed with a mercury developer, which 
Stieglitzz commonly used. 
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Figuree 11a XRF spectrum of a dark area of Alfred Stieglitz, "Kitty", c. 1906, 
platinumplatinum print, probably processed with a mercury developer, with the background 
subtractedsubtracted using a barium chloride secondary target 

Figuree l i b XRF spectrum of same, with the background subtracted, using a 
molybdenummolybdenum secondary target revealing the mercury transition lines 
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Figuree 12a XRF spectrum of a dark area of Alfred Stieglitz, "Reflections". J 894, 
platinumplatinum print, with the background subtracted, using a barium chloride secondary 
target target 
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Figuree 12b XRF spectrum of same, with the background subtracted, using a 
molybdenummolybdenum secondary target 

Anotherr photograph, a portrait of Georgia O'Keeffe, had been identified by an 
unknownn source as 'black palladium or platinum." Analysis by XRF detected no 
palladium,, but confirmed the presence of only platinum. The photograph can now, 
therefore,, be identified as a platinum print, thus clarifying the dubious process 
attribution. . 

Analysiss using XRF of images with very similar warm hues. Reflections and 
Self-Portrait,, Cortina (Plates XI11 and XIV ) demonstrated a different point. The 
primaryy image material in both prints was found to consist of platinum. However, 
mercuryy was detected in Self-Portrait, Cortina but not in Reflections (compare figures 
2aa and b to 12a and b). While it is evident that Reflections is a simple platinum print, 
itt is probable that Self-Portrait, Cortina is a mercury-developed platinum print. 
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Perhapss the difference in appearance is related to the temperature of the developer. 
However,, it is impossible to draw categorical conclusions regarding the exact 
proceduress used to produce these very similar-hued prints. The two mercury-
developedd platinum prints. Self-Portrait. Cortina and Kitty are strikingly dissimilar in 
appearance,, another indication that a positive identification of process cannot be made 
byy visual examination alone. 
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Figuree 13a XRFspectrum of a dark area of Alfred Stieglitz, "Georgia O 'Keeffe: A 
PortraitPortrait - Feel", 1918, palladium print, processed with a mercury developer, with the 
backgroundbackground subtracted, using a barium chloride secondary target 
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Figuree 13b XRF spectrum of same, with the background subtracted, using a 
molybdenummolybdenum secondary target revealing mercury transition lines 

Anotherr example of the usefulness of analysis of a photograph by XRF to establish its 
processs attribution is found in Georgia O'Keeffe: A Portrait-Feet. The XRF spectrum 
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showss the presence of palladium and mercury (figures 13a and b). The presence of 
mercuryy indicates that this palladium print was probably processed in a mercury 
developer.. This specific analysis is interesting in that, while it is often possible 
throughh visual examination to segregate Stieglitz' platinum prints from his palladium 
prints,, it is impossible to ascertain whether mercury is present without the aid of 
chemicall  analysis. 

2.9.2.9. Conclusion 

Ass this study illustrates, the exact nature of photographs made by the platinum and 
palladiumm processes is difficult to determine by visual observation alone. Photograph 
conservators,, historians, curators, and practitioners of the early processes with a 
trainedd eye may be able to narrow the possibilities concerning the process by which an 
individuall  print was made. The virtually unlimited variations of processes available to 
andd used by photographers over the past 150 years, however, are manifested by a 
practicallyy infinite assortment of photographic image appearances. The variety of 
subtletiess and nuances displayed by platinum and palladium prints can be explained 
nott only by their original exposure and processing but often by chemical and physical 
changess (such as fading, staining, and modification of surface characteristics) that 
havee occurred over time. 

Examinationn of the physical characteristics of photographic prints is essential 
too collections' care. XRF analyses can add important information regarding the 
chemicall  nature of photographs. The present study demonstrates that the materials that 
constitutee the final image in a single-layered photograph can be confirmed using XRF. 
Thiss analytical protocol requires that photographic standards are fabricated using 
knownn processes and are analyzed by XRF. Then XRF spectra of collection 
photographss made by unknown processes are compared to the standards' spectra. XRF 
iss useful in reassessing previous assumptions about a specific photograph; analysis by 
XRFF may uncover information that exposes commonly held assumptions as 
misleadingg or inaccurate. 

Thee primary concern of this study was to evaluate the characteristics exhibited 
inn platinum and palladium prints by Stieglitz. Therefore, facsimiles of other 
photographicc processes were not fabricated for inclusion in this study. Suggestions for 
furtherr investigation into the use of XRF on other photographic processes may include 
thee production of additional facsimiles. These facsimiles should include sample prints 
withh a number of different ratios of platinum to palladium and the addition of 
compoundss of lead and other elements to the facsimile photographs. In addition, the 
studyy could be expanded to include a variety of silver imaging systems with one or 
moree component layers. All these variants of photographic processes influence the 
appearancee and the preservation of photographic materials. 
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Itt is clear from this study that visual observation combined with XRF analysis 
wil ll  not necessarily reveal why a print has certain visual characteristics. Other 
informationn may be required (for example, known chemical method of production, 
previouss conservation treatment, storage and exhibitions history) for a complete 
understandingg of a print's appearance. While XRF is, in fact, useful in determining 
whatt metallic components are present in a photograph, it does not reveal the precise 
chemicall  structure of the final image materials or the manner by which a photograph 
wass created. Other analyses, including transmission scanning electron microscopy, 
mayy reveal useful information such as metallic particle size. This information may 
helpp explain what makes a particular photograph appear the way it does. 
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