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Abstract

:

Chromotope, the 19th Century Chromatic Turn, is a multidisciplinary ERC research programme that focuses on the “chromatic turn” of the 1860s in France and England, following the invention of the first synthetic dyes. This project, based on a partnership between Sorbonne University (PI: Charlotte Ribeyrol), Oxford University, and the Conservatoire national des arts et métiers (Cnam), investigates how this turn led to new ways of thinking about colour in art, literature, history, and science throughout the second half of the 19th century. One of the key aims of this research is to reappraise the role played by the Cnam in the dissemination of knowledge about synthetic dyes, from the creation in 1852 of the first chair in dyeing and printing until the Interwar period, when a collection of dyes including more than 2500 references, obtained from major European firms, was formed. A full inventory based on the description of each container has just been made together with a bibliographical research. Nevertheless, 2% of the containers are unlabeled and the reattribution of their composition is the main goal of our study. In order to set an appropriate analysis protocol to identify these orphan containers, a preliminary work was conducted on a random selection of identified dyes. For this purpose, electrospray ionization mass spectrometry and Fourier-transform infrared spectroscopy were used on 13 samples from different dye classes. The relevance of this protocol will be discussed for the identification of unknown compounds.
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1. Introduction


The Conservatoire national des arts et métiers (Cnam) in Paris was founded in 1794 by Abbé Grégoire to support the new processes and technical innovations in the field of industry. Until today, it has been a major teaching center based on the practice and experience of skills acquired through application, and renowned for its defence of education for all. The musée des Arts et Métiers, which is part of the Cnam, has been involved in the preservation of technical and industrial heritage since its creation. Thus, the museum is particularly interested in objects or material testimonies that have enabled or represent major technological developments in various fields. Both institutions are participating in the ERC’s Chromotope, the 19th Century Chromatic Turn [1], held by Sorbonne University in Paris, which aims to better understand the cultural impact of the emergence of synthetic dyes in Europe in the second half of the 19th century. Indeed, the discovery of these new materials in Europe at the end of the 1850s transformed the way of thinking about colour. Synthetic dyes revolutionized the European textile dyeing and printing industry, radically modifying technical processes and diversifying the range of accessible colours. In this context, together, the musée des Arts et Métiers along with the molecular chemistry team of the GBCM laboratory from the Conservatoire have conducted a study on a synthetic dyes collection from the 20th century related to the teaching of dyeing and printing techniques at the Cnam, introduced in Figure 1.



Indeed, the Conservatoire took part in the history of this upheaval by creating in 1852, as a result of the Paris Chamber of Commerce funding, the first chair dedicated to the “Dyeing, Printing, and Finishing of Textiles”. This chair, whose creation was almost synchronous with the discovery of the first synthetic dye in 1856 by Sir William Henry Perkin in England [2], aimed to meet the labour needs of Parisian textile printing companies. Jean-François Persoz (1805–1868), a Swiss practitioner and academic who trained with Louis Thénard at the Collège de France and wrote a famous Handbook [3], was appointed as the first professor. Four other professors succeeded him, but the content of the chair has evolved over time and has changed its name several times. The history of this chair and its evolution are well-known [4,5], and the period of interest here is that of André Wahl (1872–1944) [6], appointed in 1918 to the chair renamed chair of “Dyeing Chemistry”. The chair kept this name until 1941, when it was renamed “Organic Chemistry for applications”.



These dyes, collected as early as 1918 and until the 1970s, were probably used for educational purposes. However, there is no mention of their use in the rare documents relating to this chair, but its link is attested by the dye directory, a handwritten notebook that was retrieved at the same time as the collection, listing all the dyes and whose label on the front cover mentions the Cnam and the Dyeing Chemistry laboratory. Moreover, some objects of this collection have replacement labels, which also confirms their link with the chair. Both labels are presented in Figure 2. Moreover, in the dye directory, a number has been assigned to each container manufacture per manufacture, that allows us to identify each item. It brings also a dating element, as for the first dyes listed; Colour Index numbers are given, which refer to the first edition of the Colour Index of 1924 [7]. These data are consistent with the period of the chair of André Wahl.



Moreover, as this collection of synthetic dyes was given to the museum at the time of the removal of the laboratory which sheltered it, at the beginning of the years 2000, this study aims to carry out the necessary research to register its heritage status [8], while contributing the maximum information. A particular approach has been taken for the containers that no longer have their labels. Our final aim is to give the orphan vials the status of heritage object and thus to determine which compounds they contain. For this purpose, we have chosen to analyse a small selection of labeled dyes in order to establish a suitable analytical protocol that will allow the identification of unknown dyes in the near future.



Many different techniques have been successfully used in the past to characterize natural and synthetic dyes in heritage objects, beyond the multi-technique approach that seems to be the most suitable protocol to characterize dyes [9,10,11]. On the one hand, analytical separation methods such as high-performance liquid chromatography (HPLC) combined with mass spectrometry [12,13,14,15,16] have been successfully performed and can provide a lot of information about the dyes’ structure and their degradation products. In addition, non-invasive techniques are usually employed and their advantages and disadvantages have been highlighted in the literature [17]. Among these techniques, UV-Vis-NIR spectroscopy [18] and Raman spectroscopy [19,20,21,22,23,24,25] are mainly used. In the field of heritage conservation, often the dyes that are being examined have been used to dye textile fibres and so an extraction process is usually needed to get them off the fibre [26,27,28,29]; in addition, in the case of dyes with a high tinting strength, very little dye is actually present. Moreover, the frequent presence of dye mixtures further complicates the identification work and requires extensive reference work [30]. In addition, often the small amount of dye used to colour the fiber makes analysis difficult in the case of dyes with high dyeing strength [31,32]. In our study, these issues did not concern us because we had the advantage of working on powders, and assumed that the raw materials of the collection were free of mixtures insofar as these dyes were generally mixed later directly in the dye baths.



In our particular aim to identify the dyes in the unlabeled vials, we decided to combine two proven techniques: electrospray ionization mass spectrometry (ESI-MS) and Fourier-transform infrared spectroscopy (FTIR) [33,34,35,36]. ESI-MS as well as FTIR spectroscopy have been successfully used with other techniques by Longoni et al. [33] for the analysis of dyes very similar to those in the museum collection.




2. Materials and Methods


2.1. Inventory Work and Bibliographical Research on Dyes


The inventory work on the dye collection consisted of weighing, measuring, and giving detailed descriptions of each container. Photographs were also taken to assess a state of conservation at the time of the inventory. This work was carried out by first meeting the museum’s inventory criteria and by relying on the pre-inventory work carried out in 2018 by the museum’s inventory department. At that time, the containers were classified by manufacture and lists were drawn up of the containers present or absent in relation to the dye directory. The heritage we had at our disposal was therefore made up of containers from various factories, labelled or not, and some labels removed from the flasks. The classification work made it possible to locate them and to assign them an inventory number in the museum’s database with one record per object.



In parallel, we have carried out a bibliographical work [37,38,39,40] on the dyes present and well-named in the collection with the research of historical data on the one hand and chemical characteristics on the other hand to better define these dyes. Similarly, a great deal of work had to be done on containers that had very degraded and illegible labels or that had lost their labels, in order to attribute them to a manufacture and sometimes even to identify the dye from visual observations. These attributions are based on the typologies of the containers or flasks, sometimes on fragments of labels or on detached labels to re-attribute a flask.




2.2. The Collection and the Analysed Samples


About 2% of the collection involves gaps of attribution, as the concerned containers have lost their labels. Thus, we chose to perform chemical analyses on a selection of labeled vials containing dyes referenced in the literature [41]. These analyses performed on known products should be good indicators in terms of purity and chemical stability of the collection and should allow us to control the efficiency of the techniques chosen to analyse the different families of molecules and to evaluate the interest or the need of additional analyses. The first step in this work was to test the possibility of opening the containers as some of them cannot be opened because they kept their original corking, but also because these ancient stoppers present a certain resistance. It was a criterion included in the inventory work to know, before any sampling or analysis is considered and without further manipulation, the possibility of sampling each dye. For this purpose, 13 flasks were selected from 4 manufacturers. Before analysing the dyes, we were interested in the chemical properties of these compounds. Some parameters such as dye formula, molecular weight, dye class, and CAS number were collected. The dyes selected belong to different dye classes, taking into account that, for instance, azo dyes are much more represented in our collection (26% against 6% for anthraquinone dyes, for example). The compounds chosen were: Rhodamine B 1, Naphthol yellow S extra 2, Chrysamine G 3, Chrysophenine G 4, Naphthol black 6B 5, Victoria black B 6, Tartrazine 7, Naphthylamine black 4B 8, Alkali blue 4B 9, and Victoria blue B 10. Some of this data are summarized in Table 1 and supplemented in Section 3.



In addition, we have also compared samples with the same compound, produced by different companies: two vials for Rhodamine B 1 (one from Bayer and the other from Manufacture lyonnaise) and three vials for Alkali blue 4B 9 (two different from Bayer and one from Saint-Denis), in order to confirm and compare their composition, giving a total of 13 vials together. Indeed, the nomenclature of the dyes is an essential point which remains to be explored since, for certain products, several commercial names can correspond to the same molecule. It was decided to take samples only from unsealed vials (Figure 3). A very small quantity of powder was taken from the heart of the vial, excluding samples from areas exposed to light, as degradation could be observed in the case of photosensitive dyes. In the time available, the analysis strategy was to limit itself to one or two analytical techniques in order to obtain a quick response. For this purpose, ESI-MS and FTIR spectroscopy were chosen for this selection of dyes [42].



2.2.1. ESI-Mass Spectrometry


A Shimadzu LCMS-2030 instrument was used, equipped with an automatic injector, electrospray ionization (ESI), and a quadrupole analyzer. The compounds were dissolved in methanol with a concentration of 0.1 mg/mL and no preliminary separation by liquid chromatography was carried out before direct injection into the mass spectrometer. Operation of the system and data analysis were performed using the LabSolutions software, and molecular detection was carried out in both the negative and positive ionization modes. The ESI experimental conditions were: interface voltage 4.5 kV, interface temperature 450 °C, desolvation line temperature 250 °C, nebulizing gas flow 0.5 mL/min, and heat block temperature 200 °C. MS data were acquired in the range 300–1000 m/z at scan speed 1500 u/s, and with Q-array RF voltage 60 V.




2.2.2. FTIR Spectroscopy


Infrared spectra were recorded over the 400–4000 cm−1 range with an Agilent Technologies Cary 630 FTIR/ATR/ZnSe spectrometer. All the samples were examined between 4000 and 650 cm−1, at a resolution of 8 cm−1, representing an average of 16 scans. The software used to acquire the spectra was MicroLab PC. The spectra were registered in transmission mode. The dyes, originally in a powder state, did not need additional sample preparation. These analyses were only carried out for compounds whose purity was attested by mass spectrometry.






3. Analytical Results


3.1. The Collection


First of all, the museum’s collection includes about 2630 containers from 25 European manufacturers from France, Germany, Switzerland, and England. In the early 20th century, many manufacturers worked with subsidiaries in foreign countries [43], as shown in the graph with the German and Swiss subsidiaries in France (Figure 4). This is the case, for instance, with the German manufacturer Farbenfabriken vormals Fried. Bayer & Co, which opened in 1863 a subsidiary under the same name in the north of France, or with Meister Lucius & Brüning, which opened a subsidiary in France, the Compagnie parisienne des couleurs d’aniline in 1888. In fact, since the second half of the nineteenth century, Germany has had a monopoly on the dye market, which is confirmed in our collection, since German production, whether in Germany or in France, is the most represented [44,45]. Other collections of dyes for educational purposes of this type exist in Europe, such as the German collections of Dresden and Cologne studied in the framework of the Weltbunt project [46,47]. These collections provide a better understanding of the circulation of dyeing materials in the late 19th and early 20th centuries.



The vast majority is stored in glass containers, but the museum also owns 65 metal and 15 plastic containers. Among the glass bottles, there are different types of stoppers, mainly depending on the manufacturer, and almost 17% of the flasks keep the original glass stopper covered with paper, leather, or wax, and have never been opened (Figure 5). The dyes are mostly in powder form and this is particularly interesting in terms of analysis and sampling, in contrast to the analysis of textile samples which are more commonly studied [48,49]. The vials contain, on average, around 140 g of dye, and sampling does not denature the object.



Among the conservation issues encountered, we noticed on some bottles of this collection that the papers labels were degraded. Almost all the flasks from A.G.F.A. (Aktiengesellschaft für Anilinfabrikation), B.A.S.F. (Badische Anilin & Soda-Fabrik), and Société chimique des usines du Rhône have powdery labels on their entire surface (Figure 6). This very poor state of preservation was probably aggravated by the poor storage conditions. However, as all labels are damaged, the quality of the paper is certainly an aggravating factor. On the other hand, the labels of the Bayer factory are partly damaged because of an old pressure-sensitive adhesive tape, often on the name of the dye, that has become hard and highly discoloured. In this area, the yellowish-brown adhesive appears to have penetrated the paper, which is quite common on archives, books, and paper artworks [50]. It was beyond the scope of the current work to carry out analysis of the adhesive of the deteriorated pressure-sensitive tape. Unfortunately, half of Bayer’s labels are degraded, detached, or lost. We have been led to ask ourselves how to approach these objects of unknown composition in order to give them heritage status. We have therefore made hypotheses about their composition not only based on the fragments of labels still visible and the colours of the dyes, but also by referring to the dye directory. However, these hypotheses, which are often based on a limited number of elements, are not satisfactory for identifying them. Our objective is to identify the structures of the dyes contained in these flasks, by carrying out a series of chemical analyses, and to reassign their labels when they become available.




3.2. The Analytical Data


3.2.1. Xanthene Dyes


One xanthene dye was analysed, Rhodamine B 1 [CAS 81-88-9, C.I. 45170], a red dye discovered in 1887 by M. Ceresole and marketed one year later by the Farbenfabriken vormals Fried. Bayer & Co. and by the Société pour l’Industrie Chimique in Basel. Its generic name is “basic violet 10”. Here, two samples from two different factories, one German and one French, Bayer and Manufacture lyonnaise de matières colorantes, were analysed. The data presented here are from the analysis of the French manufacturer container. The results of the mass spectrometry and infrared spectroscopy analyses show that they are the same molecule, illustrating a good correspondence of the nomenclature between two dyes from two different European factories. Negative ionization ESI-MS analysis confirmed the presence of the expected dye with a base peak at m/z = 443 attributed to [M-Cl]+ and a second peak at m/z = 444 attributed to [M+H-Cl] (Figure 7). Although a photo-degradation process of several rhodamines, including Rhodamine B 1, has been reported in the literature [51], in the case of our vial, the product did not undergo degradation and remained pure.



The infrared spectrum of Rhodamine B 1 is reported in the literature [52]. It shows a broad band at 3267 cm−1, characteristic of stretching vibrations of the O-H group, and the band at 1691 cm−1 has been attributed to the stretching vibration of the C=O bond, both related to the carboxylic acid (Figure 8). The conjugated C=C double bonds of the xanthene ring give three bands of varying intensities at 1469, 1587, and 1644 cm−1, attributed to the stretching-type vibration. The bending of the C-H bond of the diethylamine group is visible at 1409 cm−1 and the band at 1341 cm−1 is here attributed to the stretching vibration of the Ar-N bond of the same group. Finally, the band at 1074 cm−1 is attributed to the stretching vibration of C-O-H and the very intense band at 1002 cm−1 to the stretching of the C-O bond.




3.2.2. Nitro Dyes


Naphthol yellow S extra 2 [CAS 846-70-8, C.I. 10316], a bright yellow dye belonging to the nitro dyes, was discovered in 1879 by Heinrich Caro from B.A.S.F., and was taken from a flask belonging to the Compagnie de produits chimiques et matières colorantes de Saint-Clair-du-Rhône. Its generic name is “acid yellow 1” and the extra mention refers to a product of great purity. The negative ionization spectrum for this compound gives a base peak at m/z = 313 attributed to [M+H-2Na]−, resulting from the ionization of Naphthol yellow S 2 (Figure 9).



Concerning the IR spectrum, as in the case of Rhodamine B 1, the conjugated C=C bonds give three peaks of diverse intensity at 1458, 1583, and 1620 cm−1 (Figure 10). Concerning the two nitro groups, they should give a response for the N-O asymmetric stretch vibration in the range 1550–1475 cm−1 and the N-O symmetric stretch vibration around 1360–1290 cm−1. In our spectrum, two bands at 1502 and 1323 cm−1 are attributed to the N-O asymmetric and symmetric stretching-type vibrations, respectively [53]. The band at 1323 cm−1 is here attributed to the S=O stretching-type vibrations of the sulfonate group and the strongest one at 1194 cm−1 can be assigned to the Ar-O stretching vibration on the naphthol ring.




3.2.3. Azo Dyes


Chrysamine G 3 [CAS 6472-91-9, C.I. 22250] is a diazo yellow dye that was discovered in 1884 by E. Franck. Its generic name is “direct yellow 1”. An analysis by negative ionization mass spectrometry identified the peak at m/z = 503 attributed to the monosodium salt [M-Na]− and the base peak at m/z = 481 is assigned to [M+H-2Na]− (Figure 11). Moreover, the peak at m/z = 317 corresponds to an α-cutoff of the diazo bond.



The broad band at 3318 cm−1 is here attributed to the stretching vibration of the O-H band of both carboxylic acid and phenol (Figure 12). FTIR analyses on azo dyes are reported in the literature [54,55]. In our study, the band at 1583 cm−1 is assigned to the cumulative signal of the stretching vibration of the C=C and N=N bonds. Indeed, the 1400–1600 cm−1 region corresponds to the aromatic ring region, but between 1500–1600 cm−1, we also have the signal of the azo bond, and usually the main band for this bond is around 1500 cm−1. At 1457 cm−1, the band is attributed to the C=C stretching vibration and the one at 1486 cm−1 to the azo bond. The very intense band at 828 cm−1 may correspond to a bending vibration on the Ar-H bond in trisubstituted aromatic rings.



Victoria black B 6 [CAS 6226-94-4, C.I. 27510] was discovered in 1889 by M. Ulrich and C. Duisberg, and its generic name is “acid black 5”. It was correctly identified in the negative ionization mode with a base peak at m/z = 599 which corresponds to the monosodium salt [M-Na]−, but also with a secondary peak at m/z = 577 assigned to [M+H-2Na]− (Figure 13). The peak at m/z = 392 corresponds to an α-cutoff of the diazo bond. The three fragments assigned to this dye resulting from the ionization are very consistent with the composition expected. The mixing of compounds was a common practice in dyeing with natural or synthetic dyes, as has been pointed out in the literature [9,56,57]. It seems that mixing an orange dye with a black-based dye was a common practice to avoid purplish hues on black dyes. In [41], a textile sample theoretically dyed with Victoria black B contained orange I (m/z = 327). The peak we obtained at m/z = 327 could confirm this statement, even if it is very weak.



The infrared spectrum of Victoria black B 6 shows a broad band at 3381 cm−1 assigned to the stretching vibration of an O-H bond and the azo bond gives a response at 1497 cm−1 (Figure 14). Morever, the Ar-OH that is usually between 1000 and 1400 cm−1 is observed at 1000 cm−1. This lower position is probably related to the sulfonate in para position as the substituent in the same benzenic ring. In addition, the sulfonate group should give a band between 1145–1200 cm−1. Thus, in our sample the bands in the range 1145–1200 correspond to the stretching vibration in O-H and S=O. Moreover, the band at 1457 cm−1 is attributed to the stretching vibration of the C=C bond.



Naphthylamine black 4B 8 [CAS 1064-48-8, C.I. 20470] is a diazo dye whose family was discovered in 1888 by the German manufacture Leopold Cassella. Its generic name is “acid black 1”. Negative ionization mode mass spectrometry analyses show a base peak at m/z = 690 and a secondary signal, very intense, at m/z = 610, which we have not attributed (Figure 15). A secondary peak at m/z = 571 is attributed to the ion [M+H-2Na]−. Due to the numerous major bands we obtain, we assume a mixture of different dyes, perhaps with the same intention on black dyes mentioned above.



Among the azo dyes that were analysed, three could not be identified by mass spectrometry. First, the yellow-orange monoazo dye Tartrazine 7 [CAS 1934-21-0, C.I. 19140], whose spectrum in both ionization modes shows too many peaks and none can be assigned to the expected dye. These statements suggest that this sample has probably degraded. This dye was not successfully identified on the fiber either, as reported by Baker in 2011 [26]. Secondly, Naphthol black 6B 5 [CAS 8004-66-8, C.I. 27240] was analysed and the mass spectrum shows numerous peaks throughout the spectrum range and the expected compound could not be identified, suggesting degradation as with the dye mentioned above. Thirdly, the analysis of the yellow dye Chrysophenine G 4 [CAS 2870-32-8, C.I. 24895] also provided attribution difficulties. In the negative ionization mode, we obtained a base peak at m/z = 303 that did not correspond to the dye expected or to an ion resulting from its fragmentation (Figure 16). Moreover, we observed a peak at m/z = 629, which does not correspond to this dye either. We conclude that we have found the presence of several unidentified compounds as the MS analysis gave a spectrum with three distinct peaks, which rather suggests a mixture of dyes than a degradation.



In these three cases, we can conclude that these products were not pure or have degraded. The protocol based on ESI-MS and FTIR spectroscopy analysis did not allow us to correctly identify these samples and other techniques should be used to confirm the presence of these compounds.




3.2.4. Triarylmethine Dyes


Alkali blue 4B 9 [CAS 62152-67-4, C.I. 42750] was discovered in 1862 by E.C. Nicholson and is identified in the Colour Index by the generic name “acid blue 110”. Three samples of this dye, two different vials from Bayer and one from the Société des matières colorantes et produits chimiques de Saint-Denis, were analysed. Again, as in the case of Rhodamine B 1, the ESI-MS and FTIR spectroscopy results give the same spectra, with minor differences in intensity in infrared spectroscopy. In the positive ionization spectrum, three peaks at m/z = 532, m/z = 531 and m/z = 530 can be observed. The peak at m/z = 532 is here attributed to [M-Na]− (Figure 17).



In infrared spectroscopy, the band at 3347 cm−1 is attributed to the imine group and the Ar=N bond, as with the one at 1592 cm−1 (Figure 18). The band at 1495 cm−1 corresponds to the C=C bond stretching vibration in the aromatic ring but also to the azo bond, expected at approximately 1500 cm−1. At 1312 cm−1, we have a cumulative signal attributed to the Ar2-N, Ar-NH2, and S=O stretching vibration. The sulfonate group vibration is also present in the band at 1167 cm−1. At 1120 cm−1, the signal corresponds to the stretching vibration of the Ar-N bond and finally, at 1033 cm−1 we have a C-H bending vibration.



Victoria Blue B 10 [CAS 2580-56-5, C.I. 44045] is the second triarylmethine dye analysed. This blue dye was discovered in 1883 by Heinrich Caro and Adolf Kern. Its generic name is “basic blue 26”. Mass spectrometry analysis allowed us to identify the peak at m/z = 471 to [M-Cl]+, which proves the presence of the expected dye (Figure 19).



The FTIR spectrum of Victoria blue B 10 has been reported in the literature [58]. In our study, three distinct regions were identified between 1000 and 1600 cm−1 (Figure 20). Firstly, the band at 1582 cm−1 is here attributed to the bending vibration of the C=C of Ar=N+ [59], or the stretching vibration of the aromatic C=C para-disubstituted ring (C-Ph-N). The one at 1490 cm−1 is related to the stretching vibration of C=C. The band at 1288 cm−1 is assigned to the stretching vibration of the C-N bond and the one at 1357 cm−1 to the bending vibration of two bonds: CH3 and N-H. Those at 1027 and 1162 cm−1 are here attributed to the Ar-H bond.






4. Conclusions


Analyses of the 13 samples corresponding to ten different dyes have helped to clarify some of the attribution issues. Nine samples corresponding to six different dyes were correctly identified by mass spectrometry and gave very consistent FTIR spectra. For the four remaining dyes, two cases were presented. Regarding the hypothesis of a mixture of a black dye with orange dyes, the analysis of Naphthylamine black 4B 8 could indicate that the mixing with dyes was done before the preparation of the dyebath, and before the marketing of the vials. To confirm this, it would be necessary to analyse a wider range of black samples. Moreover, mass spectrometry analyses of Chrysophenine G 4, Naphthol black 6B 5, and Tartrazine 7 did not allow us to identify these dyes. Moreover, the comparison of results for the same dye taken from vials of different manufactures was very conclusive, as the signals obtained attest to the same composition.



The analytical work carried out on a random selection of dyes has also allowed us to have a brief overview of the state of conservation of these compounds, which completes the visual observations made beforehand. Moreover, working on powdered dyes directly and without prior treatment of the samples represents a great advantage. Even if the dyes of the musée des Arts et Métiers collection are less pure than expected, these results are encouraging and the protocol could probably be applied to a particularly interesting part of the collection, the Bayer vials. Among the 288 dyes from this company, 47 containers have lost their labels. The next step will be to continue testing this group to identify the composition of these dyes, while referring to the dye directory and the currently missing dyes. ESI-MS and FTIR spectroscopy analysis seem appropriate for the identification of undegraded, unmixed compounds, as long as we know the molecular weights of the absent compounds. We plan to complete the characterization by other techniques such as UV-Vis spectroscopy when MS and FTIR spectroscopy do not provide sufficient identification arguments.



The collection of dyes will be accessible on the museum’s database with limited scientific data, with each one signaled with a photograph and the commercial name of the product. This will allow a better knowledge of these chemicals and a broader perspective on the issues of the conservation of European chemical heritage.
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Figure 1. Some dyes from the Cnam’s collection. Copyright © 2022 Photo by Irene Bilbao Zubiri, musée des Arts et Métiers, Cnam. 
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Figure 2. (a) Front cover of the dye directory. (b) Replacement label from Durand et Huguenin’s manufacture. Copyright © 2022 Photo by Irene Bilbao Zubiri, musée des Arts et Métiers, Cnam. 
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Figure 3. Tartrazine from Compagnie française de produits chimiques et matières colorantes de Saint-Clair-du-Rhône. Copyright © 2022 Photo by Irene Bilbao Zubiri, musée des Arts et Métiers, Cnam. 
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Figure 4. Distribution of the collection by country. 
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Figure 5. Sealed flask from B.A.S.F.: Fuscaline orange GN powder. Copyright © 2022 Photo by Irene Bilbao Zubiri, musée des Arts et Métiers, Cnam. 
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Figure 6. Pulverulent label from Société chimique des usines du Rhône: Phloxine TA extra. Copyright © 2022 Photo by Irene Bilbao Zubiri, musée des Arts et Métiers, Cnam. 
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Figure 7. ESI-MS spectrum of Rhodamine B 1. 
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Figure 8. FTIR spectrum of Rhodamine B 1. 
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Figure 9. ESI-MS spectrum of Naphthol yellow S extra 2. 
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Figure 10. FTIR spectrum of Naphthol yellow S extra 2. 
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Figure 11. ESI-MS spectrum of Chrysamine G 3. 
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Figure 12. FTIR spectrum of Chrysamine G 3. 
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Figure 13. ESI-MS spectrum of Victoria black B 6. 
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Figure 14. FTIR spectrum of Victoria black B 6. 
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Figure 15. ESI-MS spectrum of Naphthylamine black 4B 8. 
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Figure 16. ESI-MS spectrum of Chrysophenine G 4. 
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Figure 17. ESI-MS spectrum of Alkali blue 4B 9. 
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Figure 18. FTIR spectrum of Alkali blue 4B 9. 
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Figure 19. ESI-MS spectrum of Victoria Blue B 10. 
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Figure 20. FTIR spectrum of Victoria Blue B 10. 
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Table 1. Analysed samples, chemical information, and factories which have produced them.
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	Sample

Number
	Name
	Class of the Dye
	Molecular Weight
	Molecule
	Manufacture





	1
	Rhodamine B
	xanthene
	478.0
	[image: Heritage 06 00117 i001]
	Bayer 1

M. lyonnaise 2



	2
	Naphthol yellow S extra
	nitro
	358.2
	[image: Heritage 06 00117 i002]
	Saint-Clair 3



	3
	Chrysamine G
	diazo
	526.4
	[image: Heritage 06 00117 i003]
	Bayer 1



	4
	Chrysophenine G
	diazo
	680.7
	[image: Heritage 06 00117 i004]
	Bayer 1



	5
	Naphthol black 6B
	diazo
	860.7
	[image: Heritage 06 00117 i005]
	M. lyonnaise 2



	6
	Victoria black B
	diazo
	622.5
	[image: Heritage 06 00117 i006]
	Bayer 1



	7
	Tartrazine
	monoazo
	534.4
	[image: Heritage 06 00117 i007]
	Saint-Clair 3



	8
	Naphthylamine black 4B
	diazo
	616.5
	[image: Heritage 06 00117 i008]
	Saint-Clair 3



	9
	Alkali blue 4B
	triarylmethine
	555.6
	[image: Heritage 06 00117 i009]
	Bayer 1

Saint-Denis 4



	10
	Victoria Blue B
	triarylmethine
	506.1
	[image: Heritage 06 00117 i010]
	Bayer 1







1 Farbenfabriken vormals Fried. Bayer & Co. 2 Manufacture lyonnaise de matières colorantes. 3 Compagnie française de produits chimiques et matières colorantes de Saint-Clair-du-Rhône. 4 Société des matières colorantes et produits chimiques de Saint-Denis.
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