
Journal of Cultural Heritage 71 (2025) 217–224 

Contents lists available at ScienceDirect 

Journal of Cultural Heritage 

journal homepage: www.elsevier.com/locate/culher 

Original article 

Investigation of cellulose nitrate film-based photographic materials 

(1902–1917) using a portable Raman spectrometer and chemometric 

methods 

Anastasia Povolotckaia 

a , b , ∗, Maria Dynnikova 

a , Valeria Lipovskaya (Kaputkina) a , 
Irina Grigorieva 

a , c , Svetlana Kaputkina 

a , b , Evgenii Borisov 

a , b , Anna Vasileva 

a , b , 
Dmitrii Pankin 

b 

a State Museum and Exhibition Center ROSPHOTO, 35 Bolshaya Morskaya St., St. Petersburg, 190 0 0 0, Russia 
b St Petersburg State University, 7/9 Universitetskaya Emb., St. Petersburg, 199034, Russia 
c The Stage Hermitage Museum, 190 0 0 0, St. Petersburg, 34 Dvortsovay Emb, Russia 

a r t i c l e i n f o 

Article history: 

Received 9 April 2024 

Accepted 5 December 2024 

Keywords: 

Cellulose nitrate 

Raman 

PCA 

Degradation 

Kosse 

a b s t r a c t 

The study is devoted to the development of a safe and reliable methodology for investigation of photo- 

graphic stereo negative films by methods of molecular spectroscopy using portable devices. The investiga- 

tion of 200 photographic stereo negative films of the early XXth century that belonged to the Karl Kosse 

family photographic archive was performed. This archive was donated to the collection of the State Rus- 

sian Museum and Exhibition Centre ROSPHOTO (St. Petersburg, Russia) in 2013. Due to the presence of 

artifacts with a different state of preservation, the study of the artifacts contributes to the understanding 

of the degradation processes and methods of the state control, approaches of restorations and conserva- 

tions, as well as the historical development of the photographic industry and amateur photography of the 

late XIX - early XXth centuries. 

The portable Raman spectroscopy was selected as the informative technique, giving highly repro- 

ducible results. The film base was attributed to cellulose nitrate with the camphor addition for all studied 

artifacts. It was demonstrated that the safe and reliable results can be obtained with the help of portable 

Raman spectrometer BRAVO Bruker. Combination of principle component analysis with conjunction of hi- 

erarchical cluster analysis made it possible to divide the studied photographic materials into groups on 

the basis of relative contribution of inorganic compounds detected by Raman spectroscopy. 

© 2024 Elsevier Masson SAS. All rights are reserved, including those for text and data mining, AI 

training, and similar technologies. 
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. Introduction 

Karl Kosse (1851–1936, St. Petersburg, Russia) was a successful 

ilitary veterinary, wealthy public official and a classic represen- 

ative of the amateur photographer of the early XXth century. The 

mages in the photographic collection are inextricably related to 

he history of the family of Karl Kosse and depict family mem- 

ers, relatives and landscapes. The archive of negative and positive 

hotographic materials created in 1902–1917 years by Karl Kosse 

rouse great interest from a historical perspective of photography 
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296-2074/© 2024 Elsevier Masson SAS. All rights are reserved, including those for text a
evelopment as popular art. The artistic value of the archive is de- 

ermined by careful framing of stereo photographs performed with 

lose adherence to conventional theory of perspective construc- 

ion in three-dimensional stereo images. The archive originally be- 

onged to Kosse family, and in 2013 it was donated to the State 

useum and Exhibition Center ROSPHOTO (St. Petersburg, Russia). 

The collection under investigation is a unique example of early 

lm-based photographic materials [ 1–3 ]. To avoid their destruc- 

ion, such objects require special storage conditions (relative low 

emperatures), and, like all museum collections, could only be ex- 

mined directly in the museum. Owing to its non-destructive and 

on-invasive approach as well as high sensitivity, the optical meth- 

ds are promising for the study of valuable museum objects. 

Nowadays, the determination of cellulose nitrate base preser- 

ation state is performed by optical methods including methods 

f vibrational spectroscopy, specifically by Raman spectroscopy 

 3–6 ], IR spectroscopy [ 5–12 ] and, much less often, by such op-
nd data mining, AI training, and similar technologies. 
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ical methods as luminescence spectroscopy [ 13 ] and short-wave 

nfrared (SWIR) reflectance [ 14 ]. 

In the current study, the method of Raman spectroscopy was 

sed for investigation of cellulose nitrate base. This method was 

hosen due to several advantages. First of all, Raman spectroscopy 

llows studying laminated objects [ 3 , 9 ] without their mechanical 

estruction. That is why in case of study of polymeric film base, it 

s more powerful than IR or luminescence spectroscopes. For ex- 

mple, for infrared (IR) measurements it might be necessary to re- 

ove other layers to study the polymeric base [ 9 ] which is un-

cceptable to gelatin-containing photographic artifacts. Thus, stud- 

es of the object by Raman spectroscopy are more non-destructive 

han IR sepctroscopy or luminescence spectroscopy with UV exci- 

ation. Secondly, in application to photographic objects, the meth- 

ds of vibration spectroscopy are more informative than methods 

f UV–Vis or luminescence spectroscopy. At the same time, unlike 

WIR reflectance spectroscopy where there is the contribution of 

vertones, in mid-IR and far-IR parts of vibrational spectrum the 

undamental vibrations are appeared. The former is more stud- 

ed and greater correlation structure-spectrum was investigated. 

hirdly, Raman spectroscopy may provide more information com- 

ared to IR spectroscopy about inorganic compounds including 

inerals in composition of artifact under study because charac- 

eristic vibrational spectra peaks for inorganic compounds appears 

ncluding in the region of 100 – 650 cm−1 wavenumbers. 

It should be noted, that accurate localization of the area of mea- 

urement may be realized in case of con-focal mode of measure- 

ent [ 15 ] which is available using stationary equipment. However, 

n case of numerous collections which cannot be transported to 

 laboratory and should be investigated in the place of storage, 

he application of portable spectrometers is the only one avail- 

ble alternative way. But it should be taken in mind, that tech- 

ical parameters of portable setups are usually less precise than 

or stationary equipment (including laser source power, detector 

ensitivity, spectral resolution, etc.) that is why the approaches of 

ata proceeding applicable in case of measurements on station- 

ry equipment may be not applicable in case of measurements on 

ortable equipment. All this testifies to the need to study the pos- 

ibility of using the portable Raman spectrometer for composition 

dentification of museum collections. 

Nowadays, handheld Raman spectrometer was used to investi- 

ate different nitrate cellulose-based volume objects, namely den- 

al prostheses and billiard balls [ 4 , 16 ]. At the best of our knowl-

dge, the thin-film nitrate cellulose-based objects are mainly in- 

estigated using stationary equipment [ 3 ]. Thus, it is necessary 

o study thin-film nitrate cellulose-based objects using handheld 

portable) Raman spectroscopy. 

As a result of the investigation of numerous museum collections 

t is possible to obtain a big massive of data. Also, due to techni- 

al features of handled setups, the obtained data may have rela- 

ively high signal/noise ratio. These two factors lead to the need of 

pecific data proceeding which realize maximum possible percent- 

ge of variance allowing finding hidden correlations. The principal 

omponent analysis approach could be used as a method of data 

roceeding [ 17 ]. Unlike previous works [ 3 ], in current study it is

uggested to use this method not only for investigation of nitro- 

ellulose base state but also for detection of additional inclusions 

nd their nature. Thus, the results of the study of loadings in the 

rincipal component analysis approach can allow tracking not only 

hanges in the ratio of peaks of one substance (e.g. polymer base), 

ut also the correlation of peaks with each other (e.g., belonging 

o one substance), drawing a conclusion about the statistical sig- 

ificance of such a correlation. 

Taking into account all the listed aspects, the main goal of 

he current research was the development of the approach to 

he study of thin-film photographic materials by handheld Raman 
218
pectroscopy and further data analysis using principal component 

ethod. To reach the goal of the research and investigate the Karl 

osse collection it is necessary to answer several questions: 

1) Is the method of handheld Raman spectroscopy applicable to 

study of thin-film photographic artifacts? 

2) What type of polymeric base (cellulose nitrate, cellulose acetate 

or polyester) do these artifacts have? 

3) Is it possible to determine other compounds in the structures of 

photographic artifacts using principal component analysis ap- 

proach? 

In this regard, within the framework of this work, the task 

as set to clarify the stereo negative base, as well as to identify 

he composition and development of a methodological approach 

nd recommendations for storage of the early XXth century photo- 

raphic materials. 

The stereo negative film base varies in the type of material used 

 cellulose nitrate, lately cellulose acetate [ 7 , 8 ]. Forming stereo 

egative, one side of the base (matte) is covered by outer emulsion 

ayer (photoemulsion) - a colloidal mixture of silver microcrystals 

n gelatin, making a photosensitive layer. Beneath it a sublayer con- 

isting of hardened gelatin is located, inert with respect to all com- 

onents of the emulsion layer and necessary to ensure good adhe- 

ion of the emulsion to the substrate. The opposite (glossy) side is 

overed with an anti-curl gelatin layer (counterlayer) [ 3 ]. 

It’s worth noting that clear cellulose nitrate plastic film was 

sed by photographers and filmmakers from its invention in the 

880s through the 1950s. Preservation of this material is a prob- 

em due to its instability and danger, since pure cellulose nitrate 

s highly flammable at relatively low ambient temperatures [ 18 ]. 

owever, research is still ongoing in this direction with the aim of 

stablishing the exact conditions, decompositions and deflagrations 

emperatures (which can be higher than indicated up to approxi- 

ately 180 °C) in real samples depending on the ageing method 

heat-humidity ageing and UV irradiation) [ 18 ], as well as the com- 

osition (e.g. presence and percentage of camphor). Consequently, 

he identification of the polymer film base and other additives are 

ighly necessary in order to separate and safely store film-based 

hotographic materials. Cellulose nitrate is widely represented in 

ibrary storage, archives and museum photographic collections. 

In this article, samples from the ROSPHOTO collection were 

xamined using a portable Raman spectrometer (BRAVO Bruker), 

hich shows great potential for the rapid and non-invasive iden- 

ification of film base. A total of 200 film-based stereo negatives 

ere selected for the study, which date back to the period between 

903 and 1917 years. 

. Research aim 

The work is aimed at the study of the possibility of studying 

tereo negatives using portable Raman spectroscopy, establishing 

he polymer base, and studying the similarities and differences 

n the composition of the film-based photographic materials from 

he early XXth century from the collection of Karl Kosse. The re- 

earch and justification of practically important spectral features 

or the artifacts was provided via portable Raman spectroscopy and 

hemometric analysis methods. Studying of this approach is crucial 

or huge amounts of data obtained for large collections analysis, 

eading to the identification of hidden patterns in the composition 

nd process of aging. 

. Materials and methods 

.1. Materials 

The collection under investigation is a unique example of early 

lm-based photographic materials. The archive consists of 588 ex- 
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Table 1 

Main identified Raman bands of cellulose nitrate. 

Raman peak frequency, cm−1 Assignment [ 4 , 18 , 19 ] 1 

1283 vs (NO2 ) 

851 v (NO) 

748 w(NO2 ) 

690 δ(NO2 ) 

625 ρ(NO2 ) 

561 complex vibrations in Pyranose 

1 here and after v , δ, ρ and ω corresponds to the stretching, bend- 

ing, rocking and wagging vibrations. s subscript letter corresponds to 

the symmetric vibrations. 
ibits, including film-based negatives (242 items) and stereo neg- 

tives (201 items) with a single frame size of 8.0 × 7.8 cm. Ink 

nscriptions were found on the backside of most negatives, includ- 

ng a number of the item, place and year of its creation and, in

ome cases, an indication of portrayed people. 

A statistically significant amount of 200 stereo negatives was 

elected for the study, which date back to the period between 1903 

nd 1917 years. The choice of the set of stereo negatives for the 

ollection made during the 15 years was made in order to identify 

he general trends in spectral data dealt with structure and com- 

osition. 

Visual examination of the stereo negatives condition, according 

o the classification given in [ 3 ] are levels 1–3. There were 113

tereo negatives corresponding to level 1 and 87 stereo negatives 

or levels 2 and 3. 

.2. Portable sequentially shifted excitation (SSE) Raman 

pectrometer Bravo 

The portable Raman spectrometer BRAVO (Bruker Corporation, 

illerica, MA, USA) was used for the Raman spectroscopic investi- 

ation of photographic material composition. It is equipped with 

he SSE (SSETM ) technology [ 19 ], which in total allows one to ob-

ain spectra in the 30 0–320 0 cm−1 by combining two spectral re- 

ions. The spectra in 30 0–220 0 cm−1 region were recorded with 

30 nm laser diode excitation and the spectra in 120 0–320 0 cm−1 

ith 785 nm laser diode excitation using the DuoLaserTM tech- 

ology [ 20 ]. In each region the three spectra are measured with 

lightly shifted excitation energy. The mathematical algorithm al- 

ows to obtain the peaks which shifts simultaneously along with 

xcitation wavelength change (the Raman peaks) and strongly re- 

uce the luminescence contribution, stray light and environmen- 

al artifacts in the spectral region [ 20–23 ]. In order to reduce the

esidual luminescence background, the additional baseline correc- 

ion was performed in OriginPro2021b (OriginLab Co.; Northamp- 

on, MA, USA). Spectra were recorded with a 30 0 0 ms acquisi- 

ion time and 10 repetitions. For all the measurements OPUS 8.5 

as used to select the appropriate acquisition parameters in or- 

er to perform safe spectra measurements. The laser power was 

 100 mW with laser spot diameter about 3 mm. The actual reso- 

ution was about 10 cm−1 . The device was used for measurements 

ia a tripod and additional mounts which fix the spectrometer po- 

ition for stable and reproducible spectra. The film-based stereo 

egatives were placed in a horizontal plane on the table surface. 

.3. Data analysis 

.3.1. Principle component analysis (PCA) 

The PCA is one of the oldest (about 40 years) and widely used 

hemometric technique for data analysis in various fields includ- 

ng natural, technical, social, humanitarian and various multidis- 

iplinary sciences [ 24 ]. This method is successfully applicable in 

hemistry, medicine, biology, economics, agronomy and cultural 

eritage sciences [ 17 , 25 , 26 ]. In the cultural heritage, this method

as been used to analyze various spectral data, such as XRF, FTIR, 

aman, NIR reflectance and LIB spectroscopies data [ 17 ], analyz- 

ng various substances, e.g. glass, metals and metal oxides, organic 

atters. In general, the PCA is a multivariate technique that allows 

he implicit dependences identification during high-dimensional 

ata examination. Additionally, this method allows obtaining the 

ew orthogonal coordinates, accumulating most of the informa- 

ion using significantly smaller number of independent variables, 

.e. data dimension reduction [ 17 , 24 ]. The main idea of the PCA is

o perform transformations to a new basis of mutually orthogo- 

al vectors (the so-called principal component loadings) which are 

inear combinations of the original basis vectors. In this case, the 
219
election of PCs is carried out gradually in order to maximize pos- 

ible data variance. Thus, the PCs are ordered by the percentage 

f data explained, with the PC1 describing the maximum possi- 

le data variance [ 24 , 27–29 ]. In this study, the usage of the PCA to

nalyze spectra was limited to the 30 0–180 0 cm−1 fingerprint re- 

ion. The reason of excluding hydrogen stretching vibrations region 

s explained in Results and discussion section. Before performing 

CA, the spectra were normalized. Data analysis using the prin- 

ipal component method was carried out in the program Principal 

omponent Analysis for Spectroscopy v1.3 which is incorporated in 

riginPro2021b software (OriginLab Co.; Northampton, MA, USA). 

.3.2. Hierarchical cluster analysis (HCA) 

HCA was carried out in order to analyze the data common fea- 

ures and differences. Ward’s method was chosen as the approach 

hat allows making decisions at each step of clusterization proce- 

ure [ 30 ]. The main idea of this method is the following: at each

tep of agglomeration the so-called Ward criterion is applied. This 

riterion consists of joining the two clusters obtained at the pre- 

ious stage so that the minimum of variance between elements 

ithin the new formed cluster is achieved [ 31 ]. The first 10 PCs 

cores were selected as the data in order to perform clusterization 

rocedure. The Euclidean metrics is used to calculate distance be- 

ween elements. HCA was performed via OriginPro2021b (Origin- 

ab Co.; Northampton, MA, USA). 

. Results and discussion 

At the first stage the identification of the film base was per- 

ormed via a portable Raman spectrometer BRAVO (Bruker). This 

pproach is promising during museum objects study directly at 

he place of their storage, and photographic film-based stereo neg- 

tives made by Karl Kosse represents a good example. The typ- 

cal obtained spectra from film-based photographic materials are 

hown in Fig. 1 . The presence of peaks at 850 and 1283 cm−1 at-

ributed to the stretching vibrational modes v(N–O) and vs (NO2 ) of 

ellulose nitrate [ 6 , 32 , 33 ], was noted in all obtained spectra from

he 200 studied artifacts. In addition, the spectra showed a stably 

eproducing peak around 649 cm−1 , assigned to the camphor. It 

as added to cellulose nitrate to form celluloid [ 6 ]. Other bands 

rom the nitrate groups are also observed at 625 and 690 cm−1 . 

ttribution of identified strong to medium intensive peaks of cel- 

ulose nitrate is listed in the Table 1 . 

The identification of cellulose nitrate (and celluloid) agrees with 

he historical period of its production. The main disadvantage of 

his material is low temperature inflammation of cellulose nitrate 

s well as instability with the tendency to gaseous nitric acid for- 

ation [ 3 , 18 ]. The former can not only influence the photographic

ayers near the base but also possibly interact with material in 

hich artifact is kept. The identification of the polymer film base 

s necessary in order to separate and safely store film-based pho- 

ographic materials. 
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Fig. 1. Examples of Raman spectra for the studied samples obtained from photographic materials 381/115 ( а ), 381/150 (b) and 381/257 ( с ). The green vertical dotted line 

highlights the peak 649 cm−1 , orange vertical dashed lines highlight peaks 851 and 1283 cm−1 . (For interpretation of the references to colour in this figure legend, the reader 

is referred to the web version of this article.) 

Fig. 2. Dependence of the eigenvalue and cumulative percent of explained variance 

on number of PC. 
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Once the film base has been determined, the contribution of 

ther substances was studied. In many spectra the normalization 

y maximum leads to the normalization by 1283 cm−1 peak of cel- 

ulose nitrate. The correlated intensity changes in groups of non- 

olymer peaks was noted for individual photographic stereo nega- 

ives. 

In order to identify implicit dependencies, the spectra were an- 

lyzed using the PCA method. Fig. 2 shows the dependence of the 

igenvalues and the percentage of explained variation in the data. 

he sharp drop when moving from the 3rd to the 4th PC takes 

lace. At the same time, the cumulative percent of explained vari- 

nce for the first 3 PCs is about 63 %. A cumulative percentage 

f explained variance and influence of noise in loadings spectra 

hich becomes significantly greater starting with the sixth PC and 
220
o maintain balance between number of components, first 5 PCs 

ere chosen for the following study. With such a cutoff, the eigen- 

alue for the 6th and subsequent components is < 10 % of the first, 

nd the total percentage of explained variation in the data is about 

0 %. 

At the next stage, the possibility of grouping the spectra in PCs 

ased on the similarity of the observed spectral features was stud- 

ed. HCA was chosen as a clustering method with a decision on 

rouping based on Ward’s criterion. The results of cluster analysis 

re shown in Fig. 3 . It can be noted, that as the number of clus-

ers increases, the greatest difference in decision-making distances 

ccurs precisely for the first four clusters. In this regard, it was de- 

ided to divide all obtained spectra into four main groups. 

Within this approach, the localization of groups in two- 

imensional space, which is represented by pairwise combinations 

f the main components, was noted. The most significant separa- 

ion of different groups occurred for the case of combinations (PC1, 

C2) and (PC2, PC3) shown in Fig. 4 . The importance of the first 

hree PCs correlates with their highest eigenvalues and the per- 

entage of data variation they explain, presented in Fig. 2 . 

In order to understand the physical meaning of the grouping 

he obtained loadings plot was studied ( Fig. 5 ). As it can be seen

or the loading spectrum of PC1, the main weights are in the region 

p to 740 cm−1 , namely 338, 530 and 688 cm−1 . This region of 

he Raman spectrum is typical for inorganic oxide substances [ 34 ]. 

lthough an exact match couldn’t be found, the frequency ranges 

f the largest weights for the first component are quite close to 

he regions where the peaks for bending vibrations in SiO4 tetra- 

edra (338 cm−1 ), bending vibrations in SiO4 -AlO4 (530 cm−1 ), as 

ell as symmetrical bridging vibrations in Si-Ob -Si (688 cm−1 ) in 

arious aluminosilicate and/or magnesium aluminosilicate miner- 

ls including clay minerals are located [ 35 , 36 ]. Thus, it can be con-

luded that the spectra of the 4th group in Fig. 4 show the high-
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Fig. 3. The dendrogram obtained by HCA. The 1st, 2nd, 3rd and 4th groups have 

black, red, green and blue colors correspondingly (here and after). (For interpreta- 

tion of the references to colour in this figure legend, the reader is referred to the 

web version of this article.) 
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Fig. 5. Loadings for the first 4 PCs: PC1(a), PC2(b), PC3(c), PC4(d). 
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s
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F
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st relative content of the mineral component. As an example of 

elatively high mineral component contribution the spectrum in 

ig. 1 b is presented. At the same time this component is much less 

or groups 1 and 2 ( Fig. 1 a,c), for group 3 intermediate values are

oted. Aluminosilicates could appear in the composition of cellu- 

ose nitrate films at the moment of the gelatin layer hardening. 

Considering the second and third PCs, the significant weights 

re much more delocalized and are located in the spectral range 

ypical for organic compounds. So, for PC2, the greatest weight is 

t 1460 cm−1 located in the region of bending vibrations in CH2 

roups [ 32 , 37 , 38 ] ( Fig. 5 b). For PC3, one of the significant weights

as in the region of stretching vibrations νNO of cellulose ni- 

rate (856 cm−1 ), and the second one (1676 cm−1 ) is in the re- 

ion typical for antisymmetric stretching vibrations in NO2 group 

 33 ]. Another hypothesis could be linked with stretching vibrations 

n C = O bond (v(C = O)) in the protein based media [ 32 , 37 , 38 ]

hich may originate from outer gelatin layers ( Fig. 5 c). However, 

t is worth mentioning that the v(C = O) in degraded cellulose 

itrate has higher frequency 1700–1730 cm−1 [ 33 ]. The correlated 

hanges of 856 and 1676 cm−1 weights allows supposing the rela- 

ion with nitrate group. Greater contribution of antisymmetric vi- 

ration when normalized by 1286 cm−1 (vs (NO2 )) could be a sign 

f cellulose nitrate degradation. 
ig. 4. Scores in (PC1,PC2) (a) and (PC2,PC3) (b) coordinates. The 1st, 2nd, 3rd and 4th g

he references to colour in this figure legend, the reader is referred to the web version of

221
At the same time, for PC2 correlated with the peak at 1460 

m−1 , and for PC3 anticorrelated with the peaks at 852 and 1676 

m−1 , the presence of a set of smaller weights (positively and neg- 

tively defined peaks in the spectrum) with similar frequencies 

as noted ( Fig. 6 a,b). These weights are in good agreement with 

he most intense peaks of the polypropylene ( Fig. 6 c), namely 397; 

09 and 838; 974; 1151; 1328; 1461 cm−1 . These maxima are as- 

igned to bending vibrations in CCC (397 cm−1 ); ρ(CH2 ), v(CCb ), 

(C–CH3 ) (808 cm−1 ); ρ(CH2 ), v(CCb ), v(C–CH3 ), ρ(CH3 ) (841 

m−1 ); ρ(CH3 ), v(CCb ) (974 cm−1 ); v(CCb ), v(CCH3 ), δ(CH), ρ(CH3 ) 

1151 cm−1 ); δ(CH), τ (CH2 ) (1329 cm−1 ); δasym 

(CH3 ), δ(CH2 ) (1461 

m−1 ) where v, δ, ρ and τ correspond to the stretching, bend- 
roups have black, red, green and blue colors correspondingly. (For interpretation of 

 this article.) 
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Fig. 6. Loading graphs for PC2 (a) and PC3 (b), and the reference polypropylene spectrum (c). 
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ng, rocking and twisting vibrations ( asym subscpript corresponds 

o the antisymmetric vibrations) [ 39–41 ]. 

Thus, a group of film-based photographic materials was iden- 

ified, which spectra contain a contribution from a fairly modern 

olymer – polypropylene (Figure S1). It was invented in the early 

950s [ 42 ], much later than the dated period of the stereo nega-

ives. The appearance of this polymer may be associated with the 

torage conditions of photographic stereo negatives, as well as with 

he release of nitric acid, leading to possible destruction of the 

ackaging in which the stereo negatives are stored. The top gelatin 

ayer also becomes tacky and/or softens over time. 

The PC4 is characterized by the presence of broad bands where 

he highest weights are achieved, for example, 400–460, 1086–

140, 1246 and 1282 cm−1 , along with anticorrelating localized 

eights at 806 and 1460 cm−1 . In terms of frequency, the given 

pectral ranges are typical for the cellulose base of the polymer 

nd cellulose derivatives [ 6 , 38 , 43–46 ]. The following attribution 

akes place: 400–460 cm−1 ( δ(CCC), δ(OCC), δ(COC) and δ(OCO) 

ibrations in ring), 1086–1140 cm−1 (stretching vibrations in gly- 

osidic COC), and 1246 cm−1 (various bending vibrations with hy- 

rogen δ(COH), δ(HOC), δ(HCC)). To sum up, it is possible that PC4 

s related to the condition of the substrate of the film-based pho- 

ographic stereo negatives. The appearance of wider bands may in- 

icate a greater degree of structural disorder in the material. On 

he other hand, a smaller manifestation of a given PC for spectra 

ormalized to the maximum may indicate a smaller relative con- 

ribution from the base. 

It should be noted that the greatest extent of the 95 % prob- 

bility ellipsoid (variability of data) occurs precisely for the sec- 

nd group. In addition, almost all film-based photographic mate- 

ials from the 2nd group have a positive projection value on PC4 

Figure S2), which indicates a significant contribution to the spec- 
222
rum from polypropylene. The presence of a polypropylene is a 

lear marker indicating a high degree of degradation of cellulose 

itrate, resulting in top gelatin layer softening and HNO3 release, 

roup 2 should be separated and isolated. 

. Conclusion 

In order to preserve and monitor the condition of museum 

bjects, it is extremely important to develop non-destructive and 

on-contact methods for studying their structure using portable 

nstruments. The example of such technique is Raman spectroscopy 

sing a portable spectrometer. As a part of such investigation, the 

omposition of photographic materials in this article was stud- 

ed by Raman spectroscopy using handheld Raman spectrometer 

ravo (Bruker). The 200 photographic stereo negatives were se- 

ected from the collection of the photographic archive of the Kosse 

amily as research objects, located in the collection of the State 

useum and Exhibition Center ROSPHOTO (St. Petersburg, Russia). 

The portable Raman spectroscopy allowed the identification of 

olymer base even for relatively thin films of stereo negatives as 

ompared to bulk cellulose nitrate-based materials artefacts inves- 

igated earlier by other authors. Thus, the portable Raman spec- 

roscopy could be recommended for further polymer base inves- 

igation in similar artifacts. The gelatin layers have no significant 

ontribution in obtained Raman spectra. It was found that all the 

tudied stereo negatives have a cellulose nitrate base, identified by 

eaks at 850 and 1283 cm−1 , and there is also a camphor additive, 

dentified by a peak at 649 cm−1 . The possibility of safe identi- 

cation of cellulose nitrate using this approach has been demon- 

trated. 

The application of chemometric analysis methods to the 200 

tudied spectra from stereo negatives made it possible to divide 



A. Povolotckaia, M. Dynnikova, V. Lipovskaya (Kaputkina) et al. Journal of Cultural Heritage 71 (2025) 217–224

t

l

p

w

r

t

n

(

c

o

t

o

r

t

I

b

t

s

A

(

i

L

S

f

R

 

[

 

[

[

[

[

[

[

[

[

[

[

[

[  

[

[

[

 

[

he spectra into 4 groups. The division is interpreted based on the 

argest weights in the loading graphs. 

Applying this approach, a variable amount of an inorganic com- 

onent, presumably originating from an aluminosilicate compound 

ith the most intense peaks in the Raman spectra localized in the 

egion below 740 cm−1 , was found. Based on this criterion, pho- 

ographs were divided according to the degree of inorganic compo- 

ent content into a group with the highest (4th group), the lowest 

1st and 2nd groups) and intermediate (3rd group) amount. 

Greater contribution of antisymmetric vibration 1676 cm−1 

ould be the sign of cellulose nitrate degradation. 

The study of PC2 and PC3 made it possible to identify a group 

f materials that contain peaks in their spectra from a modern 

ype of industrial plastic - polypropylene. Its appearance is a sign 

f contamination of the photographic stereo negative surface as a 

esult of either short-term or gradual softening and interaction of 

he upper layer of the stereo negative with the storage material. 

t is known that polypropylene is a chemically resistant material, 

ut it interacts with HNO3 . Thus, the importance of periodic moni- 

oring of the top layer condition in the cellulose nitrate film-based 

tereo negatives, which are prone to degradation, was shown. 
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