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Figure S1. UV-Vis absorption spectra of cellulose nitrate films (ca. 1µm), irradiated at 20h, 50h, 130 and 225 (irr  ≥ 

280nm, 60ºC). 
 



 

Figure S2. Emission spectra (exc = 290nm) of artificially aged references irradiated during 50h, 100h and 150h 

(irr≥ 280nm, 60ºC), using a spectrofluorometer, in A) cellulose nitrate and B) celluloid (70% cellulose nitrate 
and 30% camphor w/w).  

 

 

Figure S3. A)  Emission spectra (exc = 290nm) of artificially aged cellulose nitrate irradiated during 50h, 100h 

and 150h. B) The ratio I425nm/I510nm was plotted over irradiation time and a linear regression was calculated. C) 

I425nm and I510nm were calculated as exemplified for t100h, the intensities were corrected for each spectrum by 

applying a baseline between 360 nm and 550 nm.  

 

 

 

 



 

Figure S4. POLYPHEME raster scan mapping of cinematographic films S4, S5, S6 and 50509. The maps 
show the intensity variation of the emission band between 500 and 550 nm. Emission spectra collected at the 
interfaces (green) and the interior (black) of the cross-sections are shown.  



 

 

Figure S5. Normalized emission spectra of DIF 50 500 cellulose nitrate support at t0 (black line) and 150h of 
irradiation (red line). The spectra are compared with the emission spectrum of cellulose nitrate artificial aged 
reference irradiated during 150h (blue line).  

 
 

 
 
 
 
 
 
 
 
 



 

Figure S6. Infrared spectra of unaged and aged (150 hours, irr ≥ 280nm, 40°C) cellulose nitrate references 
and cinematographic film DIF 50 500 samples. Using Bussiere et al (2014) calibration curve for the 
quantification of camphor (A1730/A1655 = 0.013 x %camphor, in a rough approximation without considering the 

degree of substitution), in DIF 50 500 we found 6% camphor w/w.  

 
 
 



 

Figure S7. a) Emission spectra of zinc oxide from the American Flag Pin (black line) and of a 150h artificial 

aged cellulose nitrate reference sample (orange line). The ZnO1 band is the band edge emission of ZnO 
particles (380-385nm); the ZnO2 band/region is due to the ZnO crystal defect emissions between 400 and 450 
nm; the ZnO3 broad band is the green emission from ZnO particles; the CN1 band (422nm) is the band that 
characterizes cellulose nitrate; the CN2 broad band (with max between 500-520 nm) is the band which intensity 

correlates with cellulose nitrate degradation. b) Emission spectra of a ZnO1 band with very high intensity 

obtained from the holy bible pin microsample. c) Emission spectra of a high intensity ZnO2 band in comparison 

to ZnO1, obtained from the 1899 calendar microsample analysis. d)  Emission spectra of a ZnO3 band with 
very high relative intensity in comparison with ZnO1, obtained from the 1901 postcard analysis.  



 

 

Fig. S8. A) Raster scanning map by POLYPHEME (15 x 15 m2, 5s, 2 accumulations, exc = 290 nm) of the 

American flag celluloid advertisement pin. Three spectral regions were used to map the emission spatial 

distribution, shown in B). Colors were designated as follows: blue for the band edge emission at 385 nm, green 

for the spectral region between 400-450 nm; red for the region between 510-550 nm. B) Average spectra, 

calculated from the selection of 10 spectra from A), were used as reference component spectra (loadings) to 

quantify the emission contributions of these spectral regions for each pixel in a direct classical least squares 

(DCLS) model. For more details, please see text. As an example of the output given by the model for one pixel, 

the emission spectrum of the marked pixel (X) in map A) is shown (black spectrum). For this spectrum, the 

model gave a match of 42.8% for the green loading, 28.9% for the blue loading and 28,5% for the red loading. 

 



 

Figura S9. TELEMOS, full-field luminescence imaging of the American flag celluloid advertisement pin (exc = 290 nm, 40x objective). Emission bandpass filters used: 

352-388 nm (blue); 412-438 nm (green); 535-607 nm (red). The white-square marks indicate the POLYPHEME map area; POLYPHEME, emission distribution profiles 

for each reference component spectra used in the direct classical least squares (DCLS) modeling of the spectral array. For more details, please see text. It is interesting 

to observe that the area marked by the green ellipse on the TELEMOS mapping correlates with the POLYPHEME which shows a higher score of the green loading in 

comparison to blue loading; Reference component spectra used in the model, each one obtained for the average of 10 selected POLYPHEME emission spectra. 

The brighter the pixel on the distribution profile, the higher the correlation with the reference component spectra. The spectral regions viewed using TELEMOS full-

field luminescence imaging setup are highlighted, with colors corresponding to the bandpass filters used.



Table S1. µRaman main results for the celluloid object micro samples analysed. The degree of substitution 
(DS) was calculated with μFTIR using the calibration curve described in Nunes et al. (2020).  

Object  Date  FTIR DS Type of sample μRaman main results 

Postcard 

 

 

Possibly 
from 
1901 

2.06 
micro-sample 
embedded in 
polyester resin 

Cellulose nitrate: 856, 1286, 
1650, 2932 and 2970 cm-1 

Camphor: 654 and 1730 cm-1 

Zinc stearate: 1065, 1131, 1297, 
1441,1458, 2851 and 2884 cm-1. 

Massicot and litharge (PbO): 89, 
108, 125 and 141 cm-1 

American flag Pin

  

 

N.A.  2.01 
micro-sample 
embedded in 
polyester resin 

Cellulose nitrate: 864, 1286, 
1652, 2932 and 2970 cm-1 

Camphor: 650 and 1730 cm-1 

Zinc Oxide (ZnO): 330 and 475 
cm-1 

Cerussite (PbCO3): 1054 cm-1 

Zinc stearate: 1062, 1094, 1127, 
1296 and 1445 cm-1 

Holy Bible Pin 

 

 

N.A.  2.00 
Micro-sample 
embedded in 
polyester resin 

Anatase (TiO2): 257, 547, 583, 
808, 1093 cm-1 

Azurite: 141, 394, 512, 637 cm-1 

Calendar 

 

 

1899 1.88 
Micro-sample 
embedded in 
polyester resin 

Cellulose nitrate: 862, 1284, 
1653 cm-1  

Camphor: 650 and 1733 cm-1 

Zinc Oxide (ZnO): 475 cm-1 

Lead chromate (PbCrO4):  145, 
321, 341, 379, 824, 837 and 846 
cm-1 

 
 



 

 
Figure S10. A) Raman spectra of a whitish particle in the American flag pin sample (633 nm laser) and 

references of zinc oxide, cerussite (PbCO3) and celluloid (cellulose nitrate and camphor). B) Raman spectrum 

in the spectral region between 1000 and 1400 cm-1. Peaks attributed to zinc stearate are emphasized in bold. 

C) FTIR-ATR spectra of the American flag pin (black) and of a zin stearate reference (blue) 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 



 

Figure S11. Infrared spectra of Perlov´s celluloid objects analysed. Bands at 2918, 2849 and 1539 cm-1 
observed in the American flag pin are due to zinc stearate. Using Bussiere et al (2014) calibration curve for 
the quantification of camphor (A1730/A1655 = 0.013 x %camphor, in a rough approximation without considering 
the degree of substitution), in the calendar we found 18% w/w camphor, in the American flag pin 20%, in the 

holy bible pin 16% and in the 1901 postcard 15%.  

 
 
 
 
 



 

 

Figure S12. A) POLYPHEME raster scan mapping of the 1901 postcard (3 x 3 m2, 5s, 2 accumulation, exc = 

290 nm). Colors are associated to the following spectral regions: blue for the band edge emission at 385 nm, 

green for the spectral region between 400-450 nm; red for the region between 510-550 nm (these regions are 

highlighted in B). B) Emission spectra of the pixels marked with a cross in the maps showed in A). C) 1901 

postcard sample spatially registered false-colour RGB image of the emission at excitations of 365 (blue), 385 

(green) and 405 nm (red) with emission bandpass filter 514 nm (30 nm FWHM) The white rectangle marks the 

POLYPHEME map area.  

 

 

 

 



 

Figure S13. A) POLYPHEME raster scan mapping of the holy bible pin (2 x 2 m2, 10s, 1 accumulation, exc = 

290 nm). Colors are associated to the following spectral regions: blue for the band edge emission at 385 nm, 

green for the spectral region between 400-450 nm; red for the region between 510-550 nm (these regions are 

highlighted in B). B) Emission spectra of the pixels marked with a cross in the maps showed in A). C) Holy 

bible pin sample spatially registered false-colour RGB image of the emission at excitations of 365 (blue), 385 

(green) and 405 nm (red) with emission bandpass filter 514 nm (30 nm FWHM) The white rectangle marks the 

POLYPHEME map area.  

 

 



 

Figure S14. A) POLYPHEME raster scan mapping of the 1899 calendar (6 x 6 m2, 2s, 2 accumulations, exc = 

290 nm). Colors are associated to the following spectral regions: blue for the band edge emission at 385 nm, 

green for the spectral region between 400-450 nm; red for the region between 510-550 nm (these regions are 

highlighted in B). B) Emission spectra of the pixels marked with a cross in the maps showed in A). C) 1899 

calendar sample spatially registered false-colour RGB image of the emission at excitations of 365 (blue), 385 

(green) and 405 nm (red) with emission bandpass filter 514 nm (30 nm FWHM) The white rectangle marks the 

POLYPHEME map area.  

 
 
 
 

 

Figure S15. Error map of the DCLS modelling performed to the map of the American flag pin sample. Regions 
of high error (bright intensity) indicate a bad fit. Essentially, this map shows the resin surrounding the sample, 

which does not fit well with the reference component spectra used. 

 
 
 
 
 



 

 

Figure S16. Emission spectrum of the polyester resin used for embedding the celluloid micro samples.  


