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ABSTRACT
The daguerreotype, introduced by Louis-Jacques-Mandé Daguerre in 1839, marked the beginning of photography. This early 
photographic process, based on halide-sensitized silver-coated copper plates developed with mercury vapor, produces highly re-
flective, image-bearing surfaces that are both visually unique and chemically complex. As part of the interdisciplinary Heritage 
Science project PHELETYPIA, this study investigates the surface morphology and elemental composition of two historical 
daguerreotypes from the Varaždin City Museum (Croatia) using monochromatic micro-x-ray fluorescence (μXRF), scanning 
electron microscopy with energy-dispersive x-ray spectrometry (SEM/EDS), and optical microscopy. By comparing elemental 
distribution maps based on Hg-L and Au-L lines, we assess the relationship between image particle composition, visual contrast, 
and degradation patterns. Our results suggest that differences in image formation and preservation are linked to original manu-
facturing processes, including uneven thermal development and subsequent environmental exposure. High-resolution elemental 
imaging reveals how visual information is distributed across tonal zones and how it may be affected by previous conservation 
interventions. These findings highlight the potential of non-invasive analytical imaging to enhance our understanding of da-
guerreotype image structure, support condition assessment, and inform long-term digital preservation strategies.

1   |   Introduction

The publication of the photographic process, based on the method 
developed by Louis-Jacques-Mandé Daguerre [1], on August 19, 
1839, is regarded as the birth of photography [2, 3]. The daguerre-
otype process relied on the photosensitivity of halides Br, Cl, and 
I, which were applied to a silver-plated copper plate  [4–7]. The 
plate was first polished to a mirror-like finish and then exposed 
to halogen vapors in a fumigation box. After the exposure was 
judged to be complete, the image was developed through the 

application of heated Hg vapors, after which the plate was fixed 
with a solution of sodium thiosulfate Na2S2O3·(H2O)x to remove 
any unexposed halides and stop further darkening of the plate [8]. 
To enhance the image, many daguerreotypes were gilded using 
gold chloride (AuCl), a treatment that not only increased mechan-
ical stability but also improved visual contrast [9]. Over time, the 
practice of hand-coloring daguerreotypes also emerged, where 
powdered pigments were applied manually to the image, provid-
ing a vibrant, personalized touch to each daguerreotype [10]. The 
advancements in photographic chemistry, especially the use of 
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more sensitive halogens such as Br and Cl, allowed for substantial 
reductions in exposure time. This breakthrough enabled the cap-
turing of the first portraits and contributed to the rapid expansion 
of photographic practices in the 19th century [11–15].

The Heritage Science project PHELETYPIA [16], funded by the 
Austrian Academy of Sciences, investigates the surface morphol-
ogy and elemental composition of historical daguerreotypes from 
museum collections in Austria and other regions of the former 
Austrian Empire. As part of this project, two 19th-century da-
guerreotypes (Figure 1) from the Varaždin City Museum, Croatia, 
were analyzed to examine the spatial distribution of key elements 
Au, Ag, and Hg using a monochromatic Mo tube-excited micro-
x-ray fluorescence spectrometer (μXRF) along with optical mi-
croscopy and Scanning Electron Microscopy (SEM) coupled with 
Energy Dispersive x-ray Spectrometry (EDS). Au, Ag, and Hg play 
a crucial role in the formation and development of the image on 
the daguerreotype plate, and understanding their distribution 
can offer valuable insights into the photographic process as well 
as the subsequent degradation of the image [17–20]. While ap-
plications of microbeam imaging techniques on daguerreotypes 
have been previously tested using synchrotron radiation, this 
work compares two different sets of results, with Hg-L and Au-L 
as the main imaging sources [21]. By comparing these two imag-
ing modalities, we aim to better understand how elemental distri-
butions contribute to image formation and how these are shaped 
by variations in the original manufacturing process.

In addition to investigating degradation phenomena, this study 
aims to identify where exactly the visual information is pre-
served on the daguerreotype surface and whether differences in 
image particle distribution may be linked to the specific man-
ufacturing technique used. Within the museum sector as well 
as among private collectors, there is growing caution toward 
cleaning methods due to the risk of irreversible damage to these 
sensitive photographic objects [4, 22].

Furthermore, historical daguerreotypes often exhibit traces of 
earlier polishing or cleaning interventions which, although 
sometimes intended as preservation measures, may have un-
intentionally affected the image layer. While mechanical pol-
ishing is discouraged under modern conservation ethics, past 
treatments may have changed the surface microstructure. Non-
professional or unmonitored cleaning procedures or handling 
are known to initiate uncontrolled surface corrosion and can 

result in a loss of image particles—both in highlight and shadow 
regions [23–29]. While image particles are also characterized in 
scientific literature through their distribution across tonal areas 
[4, 5, 21], such evaluations are not feasible during routine con-
servation treatments. In practice, cleaning outcomes are typically 
judged based on surface brightness [22], making potential losses 
of image information difficult to detect with the naked eye. Yet 
these particles are essential for both visual perception and ana-
lytical interpretation of daguerreotypes. Losses that go unnoticed 
during cleaning can still significantly affect the long-term read-
ability and authenticity of the image.

As a result, non-invasive imaging techniques such as elemental 
mapping offer a promising alternative for gaining insights into 
both the chemical and morphological structure of daguerreotype 
images. High-resolution surface analyses not only deepen our 
understanding of image formation and degradation processes 
but also provide a foundation for the development of digital pres-
ervation strategies. These approaches are entirely contactless and 
do not alter the original object, while enabling the long-term re-
tention of image-related information—even as the visual clarity 
of the plate continues to diminish due to ongoing tarnishing and 
corrosion [30–32].

To better understand how a daguerreotype image forms and 
evolves over time, it is essential to consider both its microstruc-
ture and chemical composition. The visual impression of the 
daguerreotype arises from the interplay between specular and 
diffuse reflectance across the image surface. Highlight areas 
consistently appear bright due to their high reflectivity, while 
the appearance of shadow regions can change depending on the 
viewing angle and lighting conditions.

The final appearance of the image is influenced not only by the 
original processing techniques but also by subsequent aging pro-
cesses. The alteration of daguerreotypes upon unframing is often 
characterized by the emergence of previously concealed degrada-
tion patterns, such as tarnish, corrosion, or fading [18, 24, 33–36]. 
These changes are typically a result of differential exposure to 
environmental conditions such as humidity or pollutants, caused 
by the protective, yet microclimate-altering effects of the original 
framing materials. However, it is important to note that some of 
the peripheral tarnish layers commonly observed after unframing 
may not solely result from environmental exposure but may also 
originate from manufacturing-related factors, such as uneven ha-
lide sensitization or incomplete development near the edges. In 
such cases, these early-process-induced vulnerabilities can serve 
as initiation sites for corrosion, which are then progressively ex-
acerbated by long-term environmental influences [4, 20]. This 
phenomenon is clearly observable on two unframed daguerre-
otypes from the Varaždin City Museum, Croatia (Figure  3). In 
both cases, edge-related corrosion and discoloration patterns re-
veal the extent of environmental impact previously masked by 
the frame. Additionally, a significant difference in contrast and 
tonal range between the two images is visible, particularly in the 
facial areas. These visual discrepancies are likely related to differ-
ences in original processing, image particle morphology, and/or 
degradation phenomena. Therefore, the characterization using 
optical microscopy, SEM/EDS, and μXRF is essential to better 
understand the underlying chemical and morphological features 
contributing to the observed variations.

FIGURE 1    |    Framed daguerreotypes, Varaždin City Museum, 
Croatia. (a) Felix Jaccomini with his parents, around 1845, (GMV 
77403); (b) Portrait of a boy, around 1850 (GMV 77405). [Colour figure 
can be viewed at wileyonlinelibrary.com]
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Recent work by Kozachuk et al. has demonstrated the potential 
of synchrotron-based μ-XRF mapping, particularly of the Hg L 
lines, for visualizing heavily tarnished 19th-century daguerreo-
types [21]. This approach enables high-resolution chemical im-
aging, revealing even fine structural details of the original image, 
such as textile folds or ornamental furniture, based solely on the 
distribution of Hg residues. The use of L-line emission is pre-
ferred due to the greater energy separation between Hg and Au 
lines, facilitating spectral deconvolution and reducing interfer-
ence from the Cu bulk material. Additionally, synchrotron anal-
yses were shown to induce no observable changes to the optical 
appearance or chemical stability of the daguerreotypes, which is 
a critical consideration for conservation applications.

Earlier works by Davis et al. utilized μ-XRF imaging and high-
resolution x-ray absorption near-edge structure (HR-XANES) 
to investigate the distribution of Hg and Au in 19th-century 
daguerreotypes [17, 19]. Their study employed a laboratory sys-
tem to collect M-line fluorescence and succeeded in producing 
elemental images of plates that were largely intact and exhib-
ited minimal tarnish. However, the limited energy separation 
between the Au and Hg M-lines posed challenges for signal dif-
ferentiation, particularly in the presence of strong background 
signals from the Cu bulk material. In contrast, the use of L-line 
emission offers better spectral resolution and is more suitable for 
imaging highly corroded daguerreotypes.

While the advantages of synchrotron radiation in terms of spatial 
resolution, signal quality, and tunability are well recognized, ac-
cess to such facilities remains limited, particularly for museum-
held cultural heritage objects. In the context of the Heritage 
Science project PHELETYPIA [16], which focuses on the non-
destructive analysis of daguerreotypes from museum collections, 
several practical constraints must be considered. These include 
legal limitations on the international transport of heritage items, 
institutional loan policies, and the requirement for continuous 
oversight by museum staff or conservators during handling and 
analysis. Furthermore, loan durations are typically restricted, 
and interventions such as test cleaning cannot be carried out.

Consequently, this study explores the potential of laboratory-
based μ-XRF system, in combination with SEM/EDS and optical 
microscopy, as accessible, non-invasive alternatives for in  situ 
analysis of daguerreotypes. Although these systems may not 
achieve the same level of resolution as synchrotron, they offer 
a viable solution for heritage institutions aiming to investigate 
and preserve these delicate photographic materials within the 
constraints of conservation practice.

2   |   Materials and Methods

2.1   |   Historical Daguerreotypes

For this study, two daguerreotypes from the collection of the 
Varaždin City Museum in Croatia were examined (Figure 1). The 
first daguerreotype, dating to around 1845, depicts Felix Jaccomini 
with his parents and measures 65 × 85 mm (Figure  1a). The un-
known photographer captured a young man in a dark suit with a 
light waistcoat, seated beside a woman in a light-colored dress with 
a Biedermeier frieze hairstyle. Next to her is a mustachioed man 

in a dark suit. The daguerreotype is mounted on yellowish card-
board and housed in a pressed brass frame. The second daguerreo-
type, from around 1850, features a portrait of a young boy dressed 
in a coat and striped trousers, with a plate size of 80 × 70 mm 
(Figure 1b). He is seated sideways in a chair with a decorative back-
rest. The image is framed with decorated vignettes and a cardboard 
mount, indicating a common mid-19th-century framing practice.

2.2   |   Optical Microscopy

The optical properties of the daguerreotypes were examined 
using a Keyence VHX-7000 digital microscope.

2.3   |   SEM/EDS

Further surface characterization was performed using Scanning 
Electron Microscopy (SEM) coupled with Energy Dispersive x-
ray Spectrometry (EDS). EDS is an analytical technique used 
to identify the elemental composition of materials. It works 
by detecting the x-rays emitted from a sample when it is bom-
barded with high-energy electrons in an SEM. These electrons 
interact with the atoms in the sample, exciting them and causing 
the emission of characteristic x-rays. Each element emits x-rays 
at specific energy levels, allowing for qualitative and semi-
quantitative analysis of the sample's elemental composition.

The EDS system captures these x-rays and produces a spectrum, 
where the peaks correspond to the elements in the sample, and 
the intensity of the peaks reflects the concentration of each 
element in the excited measuring volume. While the elemen-
tal identification is normally easy to perform, problems arise 
during quantification, especially when there is a severe overlap 
of peaks of major constituents, with minor constituents close to 
the detection limit of the method.

The SEM used was a Thermo Fisher Quanta FEG 250, while the 
EDS measurements were performed using an AMETEK EDAX 
Octane Elite Super detector with a DDP4 analyser. All measure-
ments were performed with an electron beam current of 1 nA and 
a beam energy of 10–20 keV. The recording time of the spectra 
was 30 live seconds. Different acceleration voltages were used for 
SEM imaging: 10 kV to achieve high-resolution, surface-sensitive 
imaging of the fragile image layer, and higher voltages of 20 kV 
for EDX analysis to enable reliable excitation of the characteristic 
x-rays of heavier elements such as Ag, Au, and Hg [37].

2.4   |   Micro XRF

Elemental imaging of the sample surface was further conducted 
using micro-x-ray fluorescence (μXRF). This non-destructive, 
2D elemental imaging analytical technique is based on the emis-
sion of element characteristic x-rays after irradiation by x-rays 
from specific points. The fluorescence radiation is measured 
by an energy dispersive detector, allowing for the simultaneous 
measurement of the fluorescence radiation from a large number 
of elements in a sample. Monochromatic excitation was used as 
it provides better background conditions, especially in the en-
ergy range of Au and Hg-L lines. Details can be found in ref [38].
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In comparison to standard XRF, μXRF is based on a micro beam 
scanning the sample and allows elemental imaging. The spatial 
resolution is given by the size of the x-ray beam (μm range).

The micro-XRF spectrometer used for the analysis of the 
Daguerreotypes was a custom-made monochromatic setup [38] 
(Figure 2). The source assembly consists of a water-cooled fine-
focus x-ray diffraction tube and a parallel beam mirror, which 
produces a quasi-parallel, monochromatic beam. The presented 
results were obtained using a 2 kW molybdenum tube and a mir-
ror for Mo-Kα. The setup itself consists of a polycapillary half 
lens with a focus size of ∼15 μm for Mo-Kα. A 50 mm [2] silicon 
drift detector is mounted. Detection limits for e.g., As (10.5 keV) 
in a glass-certified reference material NIST 621 are in the range 
of 1 μg/g. Details of the specifications of the setup and detection 
limits can be found in ref [38]. For this specific task, the focal 
spot was too small, so the scans have been performed out of the 
focus to provide a spot size of about 50 μm. The tube was oper-
ated with 50 kV and 40 mA, 50 μm spot/step size, 10 s per point 

measuring time. All spectra were fitted with the deconvolution 
software PyMCA [39].

A special holder pressing the metal plate only from the side with 
an adjustable distance of the plugs was designed and realized 
by a 3D printer. The size of the μXRF images can be seen in 
Figures 9 and 12, 30 × 12 mm and 20 × 20 mm respectively. The 
total scan time was 14 days per image (Figure 3).

3   |   Results and Discussion

3.1   |   Two Case Studies: Felix Jaccomini With His 
Parents & Portrait of a Boy

The daguerreotype image resides at the very surface of the 
plate, forming a delicate relief composed of image particles 
distributed across a highly polished silver surface. These 
nanostructures vary in size, shape, and spatial distribution 

FIGURE 2    |    Setup of the micro-XRF spectrometer including the daguerreotype sample in position. [Colour figure can be viewed at wileyonlineli-
brary.com]

FIGURE 3    |    Unframed daguerreotypes, Varaždin City Museum. (a) Croatia Felix Jaccomini with his parents, around 1845, (GMV 77403), (b) 
portrait of a boy, around 1850 (GMV 77405). Edge-related corrosion and discoloration patterns are clearly visible following removal from the frame. 
[Colour figure can be viewed at wileyonlinelibrary.com]
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depending on their location within the image. In the highlight 
areas, the particle concentration is highest. Here, the parti-
cles are often small and may appear nearly spherical, although 
irregular shapes resembling “potato-like” forms are also ob-
served. In midtone areas, the particles are generally larger, 
more irregular in shape, and less densely distributed. Shadow 
areas contain few or no image particles; those present tend to 
be larger and form irregular agglomerates, sometimes referred 
to—following Barger's terminology as—“shadow-particle 
agglomerates” [5]. The structural characteristics of image 
particles in various tonal regions of the daguerreotype are il-
lustrated in Figure 4, which shows SEM analyses of the por-
trait Felix Jaccomini with his parents (ca. 1845, GMV 77403), 
including particle size distributions in shadow, midtone, and 
highlight areas. Particle size distributions vary systematically 
across tonal zones: in the shadow region, particles range from 
560 to 2250 nm in diameter; in the midtone region, from 340 
to 1900 nm; and in the highlight region, from 240 to 600 nm. 
All SEM images were acquired at 10 keV in high vacuum mode 
at 80,000× magnification. These results are consistent with 
previous literature, which also reports a correlation between 
tonal regions and particle size distributions, with smaller, 
more densely packed particles in highlight areas and larger, 
more irregular agglomerates in shadow zones.

Figure 5a shows an SEM image of a highlight region, the white 
shirt region from the father of Felix Jaccomini. A large number 
of image particles of different sizes can be recognized. EDS anal-
ysis revealed that Hg is concentrated in the larger or agglomer-
ated image particles (Selected Area 2). No increased Hg content 
was detected in areas with separated small image particles 
(Selected Area 1). The measured areas contain approximately 
the same amount of Au (Figure 5b).

In a shadow region, the black suit waistcoat region from the fa-
ther of Felix Jaccomini, in addition to the few small image par-
ticles, individual large ones can be recognized, see Figure  6a. 

Hg is enriched in the large image particles (Selected Area 1 and 
Selected Area 2) as in the exposed region; again, the amount of 
Au is approximately the same in the measured areas.

Figure  7a shows an SEM image of a highlighted region, the 
shirt collar, from the boy's portrait. Numerous image particles 
are recognizable, compared to the shadow region (Figure  7b), 
the chair back, where only a few image particles are visible. The 
color-framed areas in the images correspond to the measure-
ment regions. The names of the measuring regions, the resulting 
spectra, and the results of the corresponding quantitative analy-
sis are shown in the same colors.

The chemical analysis of the two large areas, Selected Area 1 
in the exposed region and Selected Area 2 in the unexposed re-
gion, shows little difference; the amount of Au is the same, and 
a small amount of Hg is present in the highlight region. A spot 
measurement (EDS point 1) on a conglomerate of image parti-
cles in the highlight region indicates higher amounts of Hg and 
Au. The chemical analysis shows that especially Hg used for de-
velopment and, to a smaller extent, Au used for image enhance-
ment, preferentially accumulate on the image particles. Na is 
measured in both regions, which is indicative of cover glass cor-
rosion, most likely resulting from ion exchange processes asso-
ciated with long-term environmental exposure (Figure 7c) [39].

Due to the strong overlap of the peaks with Ag and Hg, the ele-
ments Cl and S cannot be verified with certainty. This problem 
occurs in all EDS measurements done on these samples.

The main difference between μXRF and SEM/EDS is the exci-
tation with monochromatic Mo-Ka leading to a penetration depth 
for Mo-Ka in Ag ~30–35 μm, which is much deeper than with 
electrons. Therefore, the Cu-K lines from the Cu bulk material 
below the Ag layer are visible in the spectrum. The advantage of 
excitation with Mo-Ka (17.4 keV) lies in a better excitation of Au-L 
and Hg-L lines, which are better separable than the corresponding 

FIGURE 4    |    SEM analysis of different tonal areas of the daguerreotype Felix Jaccomini with his parents, ca. 1845, (GMV 77403), Varaždin City 
Museum, Croatia. (a) Unframed daguerreotype with marked positions for SEM imaging: Green = shadow area (b), yellow = midtone (c), blue = high-
light (d); (b) Shadow region: Particle diameters 560–2250 nm; (c) Midtone region: 340–1900 nm; (d) Highlight region: 240–600 nm. All SEM images 
acquired at 10 keV in HV mode and 80,000× magnification. [Colour figure can be viewed at wileyonlinelibrary.com]
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M-lines used for the SEM/EDS. Figure 8 shows the summed spec-
trum of GMV77403, obtained by integrating data from all individ-
ual spectra recorded during the scan. The elements Cu, Ag, Au, 
Hg, and Pb were detected. The signal intensities of Au and Hg ap-
pear to be of comparable magnitude.

In Figure  9, the Au map reveals certain features of the origi-
nal image more clearly than the Hg map. Notably, in the central 
area, the intricate lace collar worn by the mother becomes visi-
ble in the Au distribution, while it is barely discernible in the Hg 
map. Additionally, the folds and ripples in the fabric background 

FIGURE 5    |    SEM/EDS analysis of a highlight region (father's white shirt) in GMV 77403. (a) SEM image showing large and agglomerated image 
particles (Selected Area 1) as well as smaller dispersed particles (Selected Area 2); (b) corresponding EDS spectra with the concentration of Hg, and 
Au in weight %, for the respective measurements. [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 6    |    SEM/EDS analysis of a shadow region (father's dark waistcoat) in GMV 77403. (a) SEM image showing scattered small particles and 
individual large particles; (b) EDS spectra with the concentration of Hg, and Au in weight %, for the respective measurements. [Colour figure can be 
viewed at wileyonlinelibrary.com]

FIGURE 7    |    SEM/EDS analysis of highlight and shadow regions in GMV 77405. (a) Boy's shirt collar with numerous image particles; (b) Chair 
back showing fewer particles; (c) EDS spectra for Selected Areas 1 and 2, revealing higher Hg and Au content in image particle conglomerates. 
[Colour figure can be viewed at wileyonlinelibrary.com]
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are more distinctly resolved in the Au map. In contrast, facial 
features such as eyes and mouths appear strongly faded in both 
elemental maps and show very little contrast. The Hg signal 

intensity increases toward the father's collar and downward, 
suggesting a lower concentration of Hg in the facial regions. 
This variation could be attributed either to a reduced amount 

FIGURE 8    |    Summed μXRF spectrum of GMV 77403. Peak deconvolution performed using PyMCA [38]. [Colour figure can be viewed at wileyon-
linelibrary.com]

FIGURE 9    |    Felix Jaccomini with his parents, GMV 77403. (a) Optical micrograph of the central area, highlighting the faded region in the middle 
of the plate; (b) μXRF elemental distribution map of mercury (Hg Lα and Lβ lines); (c) μXRF elemental distribution map of gold (Au Lα and Lβ lines). 
[Colour figure can be viewed at wileyonlinelibrary.com]
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of Hg or to an incomplete development process in these areas. 
Another possible explanation is local overheating of the plate 
during development, which may have led to insufficient Hg con-
densation on the exposed Ag surface. While standard Hg boxes 
ensured relatively even heating, typically using a spirit lamp at 
a controlled distance, some daguerreotypists may have used im-
provised or self-built development setups, potentially introduc-
ing local thermal variations across the plate [4].

To investigate potential differences in the Au/Hg ratio between 
light and dark image areas, 1400 spectra were summed from the 
dark hair region and another 1400 from the light shirt area of 
Felix Jaccomini in GMV 77403. The resulting spectra are shown 
in Figure 10. While the signal intensities of Ag and Cu remain 
consistent across both regions, a clear difference is observed in 
the distribution of Au and Hg: the dark area exhibits a higher 
concentration of Hg and a lower concentration of Au, whereas 
in the light area, Au dominates over Hg. This variation is par-
ticularly evident in the extracted L-line regions of the summed 

spectra and may reflect localized differences in the development 
process or material deposition.

Figure 11 shows the summed spectrum of GMV 77405 (Portrait 
of a boy), obtained by integrating all individual spectra recorded 
during the μXRF scan. The detected elements include Cu, Ag, 
Au, Hg, and Pb. In this spectrum, the signal intensity of Au is 
approximately 50% higher than that of Hg. This contrasts with 
the summed spectrum of GMV 77403 (Felix Jaccomini with his 
parents), shown in Figure 8, where the signal intensities of Au 
and Hg are comparable.

The elemental distribution maps of Au-L and Hg-L for GMV 
77405 (Portrait of a boy) are shown in Figure 12. In this case, 
the Hg map reveals significantly more image detail than the 
Au map. Notably, the ripples in the boy's hair—barely visible 
in the optical micrograph—are distinctly resolved in the Hg 
distribution. In addition, the overall contrast of facial con-
tours, including fine facial features such as the boy's intense 

FIGURE 10    |    μXRF scan of GMV 77403 indicating the regions analyzed for spectral comparison: dark hair area and light shirt area (left); overlap 
of the sum spectra of the dark(red) and the light (blue) area with an extraction of the area of the Au and Hg La, Lb and Lg lines (right). [Colour figure 
can be viewed at wileyonlinelibrary.com]

FIGURE 11    |    Summed μXRF spectrum of GMV 77405. Peak deconvolution performed using PyMCA [38]. Au signal is ~50% higher than Hg, con-
trasting with the spectrum of GMV 77403. [Colour figure can be viewed at wileyonlinelibrary.com]
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gaze and the details of his clothing in the lower part of the 
image, are more clearly rendered in the Hg scan. This stands 
in contrast to the findings for GMV 77403, where the Au map 
provided better visual definition. Interestingly, the prominent 
corrosion spots visible on the daguerreotype plate are not ap-
parent in either the Au or Hg elemental maps, suggesting that 
these surface defects do not significantly affect the distribu-
tion of image-forming elements or their detectability through 
μXRF imaging.

Another research question addressed in this study was the detec-
tion of halogens, particularly Cl and Br, as their presence could 
offer insights into the original photographic processing tech-
niques. However, significant limitations arise when attempting 
to analyze halogens using energy-dispersive x-ray fluorescence 
(EDXRF) in the presence of Ag, Au, and Hg.

In the case of chlorine, the Cl Kα line at 2.62 keV overlaps with 
the Ag Lℓ line at 2.63 keV. This spectral interference makes it 
impossible to reliably resolve the Cl signal, even with advanced 
deconvolution software, when Ag is present in significantly 
higher concentrations. A comparable problem occurs with 
bromine: the Br K-L2 (11.88 keV) and Br K-L3 (11.92 keV) lines 
overlap with the Hg L2-M4 (11.82 keV) and Au L3-O1 (11.91 keV) 
lines, respectively.

We therefore conclude that, under these conditions, the detec-
tion of Cl and Br using energy-dispersive XRF is not feasible 
due to fundamental spectral overlaps with major constituent 
elements.

4   |   Conclusions

This study provides new insights into the complex surface chem-
istry and image structure of historical daguerreotypes through 
the application of non-invasive, high-resolution analytical tech-
niques. By combining monochromatic micro-XRF, SEM/EDS, 
and optical microscopy, the image-forming particles were char-
acterized with respect to their size, distribution, and elemental 

composition in various tonal zones of two 19th-century da-
guerreotypes from the Varaždin City Museum, Croatia.

The findings indicate that the visual appearance of daguerreo-
types is not only shaped by the original photographic chemistry, 
but also by the thermal conditions during the development pro-
cess. Uneven heating during mercury vapor development likely 
contributed to heterogeneities in particle formation, particularly 
the presence of larger, Hg-rich agglomerates in otherwise fine-
grained highlight regions. These inconsistencies are associated 
with reduced image contrast, localized fading, and a loss of fine 
detail—phenomena that were clearly observable in both visual 
inspection and elemental distribution maps.

Moreover, the study reveals that Hg and Au are not evenly dis-
tributed across the image surface, and their relative intensi-
ties vary significantly between light and dark image areas. In 
some cases, the Au-L maps provided better visual definition of 
textile features and ornamental structures, while Hg-L maps 
highlighted facial details or hair textures, underscoring the 
complementary nature of these imaging modalities. This nu-
anced behavior of elemental contrast provides valuable diag-
nostic information for understanding both image formation and 
degradation mechanisms.

This study emphasizes the importance of non-invasive imaging 
techniques in the assessment of daguerreotypes, both for scien-
tific research and for the development of conservation protocols. 
By documenting the distribution of image-forming elements 
and correlating them with visual and structural changes, these 
methods allow for more informed decisions regarding treat-
ment, handling, and digital preservation. Given the fragility and 
historical value of daguerreotypes, such approaches offer a crit-
ical means of safeguarding both material integrity and visual 
information for future generations.

Finally, the findings highlight methodological limitations in de-
tecting halogen residues (Cl, Br, I) due to spectral overlaps in 
energy-dispersive XRF analysis. This calls for further refinement 
of detection strategies, possibly involving synchrotron-based or 

FIGURE 12    |    Portrait of a boy, GMV 77405. (a) Optical micrograph; (b) μXRF elemental distribution map of Hg (Hg Lα and Lβ); (c) elemental 
distribution map of Au (Au Lα and Lβ). The Hg map provides higher image detail, especially in hair texture, than the Au or optical image. [Colour 
figure can be viewed at wileyonlinelibrary.com]
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wavelength-dispersive techniques, particularly in studies seek-
ing to reconstruct original photographic recipes or investigate 
regional production methods in early photography.
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