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Abstract We employed Raman spectroscopy for the analysis of three samples of paper from the book entitled 

Treated of the True and False Prophecy printed in Segovia, Spain, during 1588. Fluorescence allowed studying only 

the 400-1600 cm
-1

 region for the moment. We were able to confirm the presence of gelatin and proline. Sulfate ion 

seems to be also present. The most important finding is a sharp band at about 735-736 cm
-1

 that is tentatively 

ascribed to the presence of adenine, perhaps from denaturalized DNA. 
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Introduction 

Recently, we have focused our interest in the analysis of the composition of postage stamps papers [1-4]. The 

interesting results obtained prompted us to analyze the components of papers from books printed in 1588 and during 

17
th

 and 18
th

 centuries [5, 6]. The experimental tools used were infrared spectroscopy (IR), scanning electron 

microscopy and X-ray fluorescence. On the other hand, Raman spectroscopy is a useful tool for the study of papers, 

inks, fillers, pigments, etc [7-22]. Molecules that cannot be detected with IR can be easily detected with Raman 

spectroscopy. Only recently we have gained access to the Raman technique. Here, we present the first results of the 

application of this technique to the analysis of three samples of paper from the book entitled Treated of the True and 

False Prophecy printed in Segovia, Spain, during 1588 [6, 23]. 

 

Experimental 

We employed three samples (named S1, S2 and S2) extracted from the same pages used our previous study. Raman 

spectra were recorded on a Raman Renishaw In Via Reflex apparatus, equipped with 532, 633, and 785 nm laser 

lines for excitation, a Leica microscope and an electrically cooled charge-coupled device detector. The instrument 

was calibrated using the 520 cm
-1

 line of a Si wafer and a 50x objective. Its resolution was set to 4 cm
-1

 and 1
-5

 scans 

of 10-50s each were averaged. Spectra were recorded in the 400-4000 cm
-1

 region. The power of the laser 785 nm 

was set between 10 to 100 mW. Spectral scanning conditions were chosen to avoid sample degradation and 

photodecomposition. Data was collected and plotted using the program WIRE 3.4, GRAMS 9.0 and Origin. The 785 

nm laser line was employed for obtaining the spectra. 

 

Results 

Figures 1-3 show, respectively, the original Raman spectra of S1-S3. They were not employed for the analysis and 

are presented to show the extent of the effect of fluorescence [24]. 
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Figure 1: Raman spectrum of sample 1 (S1) 

 
Figure 2: Raman spectrum of sample 1 (S2) 

 
Figure 3: Raman spectrum of sample 1 (S3) 

To carry out the analysis we have selected the 400-1600 cm
-1

 region. Figures 4 to 6 show the corresponding Raman 

spectra of the three samples. 
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Figure 4: Raman spectrum of sample S1 in the 400-1600 cm

-1
 region 

 
Figure 5: Raman spectrum of sample S2 in the 400-1600 cm

-1
 region 
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Figure 6: Raman spectrum of sample S3 in the 400-1600 cm

-1
 region 

Figures 7 to 9 show a comparison of each couple of spectra. 
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Figure 7: Raman spectra of samples S1 and S3 in the 400-1600 cm

-1
 region 
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Figure 8: Raman spectra of samples S1 and S2 in the 400-1600 cm

-1
 region 
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Figure 9: Raman spectra of samples S2 and S3 in the 400-1600 cm

-1
 region 

 

Discussion 

The analysis of Figs. 7-9 shows some differences in the spectra of the samples. This is due to the fact that the paper 

used for printing was not homogeneous [25-27]. The main purpose of this work is the characterization of cellulose 

and other possible components of the paper. We avoided commenting on the microscopic origin of the many bands 

because we are working on quantum chemical analyses of some cellulose models to get a better insight. We present 

in Tables 1 to 3 the Raman bands assigned to cellulose in the three samples [28-31]. 

 

 

 

Table 1: Proposed Raman bands for cellulose in S1 
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Sample S1 Literature 

Band (cm
-1

) Intensity Band (cm
-1

) Reference(s) 

382.2 s 380, 381 [29, 31] 

433.4 w 436, 437 [29-31] 

461.1 m 458, 459, 460, 462 [28, 29, 31] 

492.7 s 493, 496  [29, 30] 

578.6 w 577 [29] 

897.9 w 896 [29] 

1097.5 w 1096, 1097 [29-31] 

1123.8 w 1117, 1118, 1120, 1122 [28-31] 

1456.9 m 1454, 1455, 1456 [28, 31] 

1477.3 w 1475, 1477,1478, 1479 [30, 31] 

 

Table 2: Proposed Raman bands for cellulose in S2 

Sample S2 Literature 

Band (cm
-1

) Intensity Band (cm
-1

) References 

496.9 w 493, 496 [29, 30] 

545.7 w 542 [30] 

909.6 w 910, 913 [28, 31] 

969 m 968, 969, 971, 972 [28-31] 

1031.4 m 1034, 1035 [28, 31] 

1099 w 1095, 1096, 1097 [29-31] 

1115.5 w 1117, 1118 [31] 

1330.9 s 1335, 1337, 1338 [28-30] 

1371.4 m 1377, 1378, 1379 [28, 29, 31] 

1451.3 m 1454, 1455, 1456, 1459 [28, 29, 31] 

 

Table 3: Proposed Raman bands for cellulose in S3 

Sample S3 Literature 

Band (cm
-1

) Intensity Band (cm
-1

) References 

435.1 s 436, 437, 438 [28, 29, 31] 

457.1 m 458, 459, 460 [29-31] 

518.5 w 519, 520 [29-31] 

580.5 w 577 [29] 

971.2 w 968, 969 [29, 31] 

1031.9 vs 1034, 1035, 1037, 1038 [28, 30, 31] 

1096.6 s 1095, 1096, 1097 [29-31] 

1125.1 s 1120, 1122 [29] 

1151.6 w 1151, 1153 [30, 31] 

1458.1 m 1455, 1456 [28, 31] 
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The use of gelatin in the manufacture of paper was important, since it gives rigidity and consolidation to paper[32]. 

Gelatin is a substance that is obtained when the collagen present in cartilage, bones and connective tissue is 

dissolved in water and subjected to a cooking process (i.e., gelatin is the thermal denaturation product of collagen). 

At the end of the process, a gel is produced which, in its pure state, is insipid, odorless and colorless. Glycine is 

found at almost every third residue and proline constitutes about 17% of collagen. Based on bibliography, we show 

in Table 4 the proposed Raman bands assigned to gelatin and collagen in the three samples[33, 34]. 

Table 4: Proposed Raman bands assigned to gelatin and collagen. 

Raman band (cm
-1

) Raman 

Literature  S1 S2 S3 

----- 622.6 621.7 
622 Collagen 

   

  
818.6 818-821 Collagen and gelatin 

859 
  

856 Collagen 

  
887 890 Collagen and gelatin 

941 
  

942 Gelatin 

963.5 
  

966 Collagen 

 
969 

 969 Gelatin 

  
971.2 

 
1031.4 

 1037 Collagen and gelatin 

  
1031.9 

1123.8 
  1128 collagen and gelatin 

  
1125.1 

 
1182.1 

 
1182 gelatin 

1241.8 
  1248 collagen and gelatin 

 
1243.4 

 

1389.3 
  

1389 gelatin 

 
1397.4 

 1399 gelatin 

  
1399.2 

 
1451.3 

 
1451 collagen and gelatin 

 

 Also, when comparing our results with the proline bands reported by Zhu et al. we can identify the following bands: 

560.3, 1097.5, 1171.2 and 1241.8 cm
-1

 for S1; 909.6, 1031.4, 1243.4 cm
-1

 for S2 and 781.5, 818.6 and 989.9 cm
-1

 for 

S3. 

The three samples show a strong sharp band around 735-736 cm
-1

 (see Figs. 4-6). Several assignments of this band 

have been proposed for the 730 cm
-1

 line the in SERS spectra of bacteria [35]. In this case, Ivleva et al. assign this 

band to adenine-related compounds. In our case the presence of this adenine band and the absence of bands of other 

nucleobases suggest that we are in presence of denaturized DNA coming from gelatin, but more analysis of the data 

and more experimental results on other paper samples of the same book seems to be needed for the sake of clarity. A 

new analysis of the data using software to deal with fluorescence is underway. Finally the sulfate ion seems to be 

present as shown in Table 5.  

Table 5: Raman bands that could correspond to sulfate ion 
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Sample Raman band (cm
-1

) 
 

S1 

941 

sulfate 963.5 

1023.8 

1097.5 cellulose 

S2 

969 
 

1031.4 cellulose 

1078.1 sulfate 

1099 cellulose 

S3 

971.2 cellulose 

989.9 sulfate 

1031.9 
cellulose 

1096.6 

We can see in the Table that because of the complex constitution of the samples some sulfate bands can overlap with 

cellulose ones: this could be the case of bands at 969-971, 1031 and 1097-99 cm
-1

. 

In summary, using Raman spectroscopy and analyzing the 400-1600 cm
-1

 region we were able to obtain new 

information about the components of paper samples of a Spanish book printed in 1588. The presence of gelatin and 

proline is confirmed. The sulfate ion seems to be present also. The most important finding is a sharp band at about 

735-736 cm
-1

 that is tentatively ascribed to the presence of adenine, perhaps from denaturalized DNA. 
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