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Figure 5. (Top) Visible image of the front of
plate T26; the green square depicts the area
of XRF mapping; (middle) the analyzed area;
(bottom) XRF mapping of the integrated counts
of the Au Ma line and Cu Ka lines
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Figure 4. (Left) Visible images of the front (top) and back (bottom) of plate T6; the violet and
green squares depict the area of XRF mapping; (middle) the analyzed areas; (right) XRF
mapping of the integrated counts of the Au Ma line

Experimental processes

Daguerreotype T26 stood out from the other plates in that it appeared to
be purely experimental. The plate displayed no image; the left side was
golden in hue and the right side was copper-colored. XRF analysis revealed
the elements Ag, CI, Hg, and Cu. It is unclear why Hg was detected on the
front side of T26, which had no apparent visible image. This study could
not clarify whether Steinheil’s own experiments and/or past conservation
treatments were the reason for this phenomenon. Au was detected on the
left side, in regions with (i) and without (ii) a golden appearance, while
Cu was detected on both halves (Figure 5).

A reddish substance, reminiscent of sealing wax, was stuck to the front of
the plate; and the back displayed a distinct irregular gloss. UV-A and UV-C
analysis showed weak fluorescence of two different organic substances
(Figure 6). The coating on the back (c) and a drop at the top left corner
of the front (a) were identified by ER—FTIR as shellac, and the reddish
material on the front (b) was a diterpenoid resin, such as that of the Pinus
species related to pitch/tar and colophony, based on matches with most
FTIR assignments in the IRUG database (Price et al. 2009) and the literature
(Colombini et al. 2005, Azémard et al. 2014, Martin-Ramos et al. 2018)
(Figure 7). Colophony has previously been identified on electrotype plates
made for printing purposes (Tobisch et al. 2020). Even though only these
two organic materials were identified, the authors cannot exclude the
contribution of cyanide to the UV-C fluorescence, either as a component
of a previous conservation treatment in 1942, a residue from electrolytic
gilding, or other post-processing (Daffner et al. 1996, Buzit-Tragni 2005,
Lough 2015).

The lump of colophony (Figure 6, area b) is split down the center and
appears as if it was originally applied to fix a wire to the surface of the
plate, which would have connected it to the electrical circuit, as it was
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Figure 6. Plate T26. (Left) visible light; (middle) UV-A image; (right) UV-C image. (Top) Front
of the plate. (Bottom) Back of the plate. The letters a, b, and ¢ indicate the areas analyzed by
ER-FTIR
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Figure 7. ER-FTIR spectra of the organic materials identified on plate T26 as shellac at area a
(top) and diterpenoid resin at area b (bottom). Infrared spectra of reference compounds from the
IRUG database are also shown for comparison: INRO0097 shellac, INR0O0147 pitch, INR00134

colophony

hanging vertically in the electrolytic bath. The coated back would have
been protected from Au deposition. It is not clear why plates T1, T3, TS,
and T6 did not have obvious connection wire points, even if they might
have been electrolytically gilded.

Electroplating daguerreotypes with copper

The organic substances on plate T26 remind us that Steinheil is said to
have electrolytically coated his plates with a thin layer of copper.* The
electroplating of the reconstructed daguerreotype M 11 rendered the image



1IN

I_Valencm 2023

20" Triennial Conference

PHOTOGRAPHIC MATERIALS

Carl August Steinheil's pioneering
daguerreotypes: Nondestructive
investigation of his production and
processing methods

17 !.0 288 29)

18 21 24| 27

Duration of the galvanic bath

Cu Normalized

4.5
35

2.5

1.5
i
. AERRRRAN

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Measured spot

Intensity (Counts ratio Cu Ka/Rh Ka)

Figure 8. (Top) Modern reconstruction daguerreotype M11 with measured XRF spots. (Bottom)
Histogram of the Cu counts (Ka line), normalized to the Rh Ka, for each spectra recorded

from the electroplated surface. The plating duration increases from right to left resulting in an
increasing copper layer thickness

rosy in tone (Figure 8), and a wipe test proved that even the thinnest
copper coating protected the fragile daguerreotype image from physical
abrasion. However, visual comparison of the 47 Steinheil plates with M 11
showed that none of the original plates look like the modern one in terms
of color and image quality.

CONCLUSION

In this study, the integration of information from historical sources, visual
examination, and material analysis of a selection of Steinheil’s daguerreotypes
shed light on their production and processing methods. Technical analysis
resulted in useful data, of which only the most representative results are
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presented here. There remain a number of unknowns, such as the nature of
the restoration treatment the plates may have undergone in 1942. However,
some conclusions can be made at this point.

Multivariate analysis was suitable in highlighting the broad variety of
daguerreotype plates used by Steinheil. XRF easily detected copper,
silver, and gold but could not help in determining whether Steinheil
used accelerating halogen mixtures for sensitizing his plates. For the
first time, this study examined electrolytic gilding of daguerreotypes
as an alternative to Fizeau’s chemical gilding method. XRF revealed
that the Au signals found on the surface of the daguerreotypes varied
significantly. While the warm-toned plates may have been chemically
gilded, the plates with a more intense color, either on one or both sides,
were probably electrolytically gilded. An extension of this study would
involve reconstructing the processes and then expanding XRF analysis
to a larger number of plates. This could help to determine discriminatory
Au amounts specific to both methods.

Sources on Steinheil’s practice hint at his experiments with electroplating
daguerreotypes with copper, and the modern plate M11 gives an indication
of the appearance and the resistance to physical abrasion that a copper-
electroplated daguerreotype would have. However, neither visual nor
instrumental analysis confirmed the presence of copper electroplating
within the Steinheil collection.

Daguerreotypes are typically produced and processed without the use
of organic substances. However, shellac and diterpenoid resin were
identified in this study. Therefore, varnishes and waxes involved in the
electrolytic processing call for more study, including the preparation of
tailored reconstructions. This would result in more systematic research
on the role of organic substances on daguerreotypes.

In general, it was found that the reconstruction of Steinheil’s processes
greatly helped in understanding the original objects, since the modern
plates served well for visual and analytic comparison. However, since
Steinheil’s work was experimental, the reconstructions may not be accurate.

While this is the first time that Steinheil’s daguerreotypes have been
examined scientifically, only seven of the 47 daguerreotypes were discussed
in this study, highlighting some aspects of Steinheil’s work. The data
collected from all of the plates will be used in ongoing research, in which
multivariate analysis will combine different sources of information (elemental
composition, subject, plate provenance, thickness, cut edges, etc.) to
better understand the collection as a whole. Future work will also consider
whether Steinheil was experimenting with electrotyping, as suggested by
Trnkova 2021. In particular, the seven matte plates are unusual and require
scanning electron microscopy (SEM) (Pilko 2017) to better understand
their morphology and elemental composition. As such, this study offers
a beginning point for future investigation of Steinheil’s unique work at
the dawn of photography in Germany, and it also helped in the planning
of new conservation enclosures that will preserve this rare collection of
daguerreotypes.
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NOTES

' Kemp, Cornelia. Licht — Bild — Experiment. Franz von Kobell, Carl August Steinheil

und die Erfindung der Fotografie in Miinchen. Deutsches Museum Abhandlungen und
Berichte. Munich: Deutsches Museum (forthcoming 2023).

Steinheil referred in 1841 to the use of mixtures made of “chlorine and bromine [...],
iodine and bromine” (“Chlor u. Brom [...], Jod u. Brom”) by three Austrian photographers:
Franz Kratochwila, Johan August, and Joseph Natterer (Deutsches Museum, Archive,
FA005/504, 12.1.1841-15.6.1842, lines 263-265).

In a lecture at the Bavarian Academy of Sciences in Munich, Steinheil mentioned his
“method of gilding by means of galvanic currents, which he first carried out here”
(“Methode der Vergoldung mittels galvanischer Strome, die er hier zuerst ausgefiihrt™)
on daguerreotypes (Archiv der Bayerischen Akademie der Wissenschaften (ABAdW),
Protokolle, Vol. 58, 13.05.1842, p. 103).

Steinheil reported in 1840 both at the Bavarian Academy of Sciences and Polytechnical
Association on “an improvement in the representation of Daguerre’s light images, and
on the copper plating of the plated silver plates” (“eine Verbesserung in der Darstellung
Daguerre‘scher Licht-Bilder, und iiber das Verkupfern der platierten Silberplatten”)
(ABAdW, Protokolle, Vol. 55, 14.03.1840, p. 232).
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APPENDIX

Stereomicroscope images were taken with a StemiS08 (Zeiss) microscope
coupled with an Axiocam105 color digital camera.

UV-A (366 nm) and UV-C (254 nm) examinations were made with
a Bresemann+Schorpp UV-lamp following the protocol proposed by
Barcella (2009) and Warda (2011).

ER-FTIR measurements were carried out using an ALPHA spectrometer
(Bruker Optics). The spectral range investigated was 4000—400 cm ™, with
4 cm™! resolution and co-added 64 scans. The software was Opus 8.1.

Scanning macro (MA)-XRF analysis was performed with an ELIO
spectrometer (Bruker) equipped with an Rh source operating at 50 kV
and 80 pA. The focal spot size was 1 mm, with an acquisition time of 180
s for punctual analysis and 5 s/px for mapping. The spatial distributions
of the elements were obtained using Bruker software. Neither helium
flow nor filters were used.

Semi-quantitative data evaluation was performed with ArtTAX-Ctrl
software (Intax). PCA was applied using a PLS Toolbox (Eigenvecton
Research) running on MATLAB R2022a. The data were mean-centered
and pretreated by applying a standard normal variate (SNV) algorithm
(Burns and Ciurczak 2007).



