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Abstract

®

® brand.
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Introduction
inks, is an important aspect in forensic documents 

[1].

ink samples. 

nine different models of Papermate® pens.



Experimental
Sampling

A total of 37 Papermate® black ballpoint pens from 

3 was 

Micro-ATR-FTIR Analysis
All experimental spectroscopy was carried out on a 

Software

Statistical Pretreatment
Normalization of selected IR region

Table 1 ® black ballpoint pens.
Quantity

25 4
26 4
27 4
28 4
29 KV 2 Fine 4
30 KV 2 S/F 4
31 4
32 5
33 4
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Discriminant analysis 

unknown [10].

Results and Discussion

manufacturer (brand).

brand or between-model of black ballpoint Papermate®

®

brand (intra-brand variability). 

4000 and 2000 cm-1 were mainly due to water vapor and 

broad bands attributable to ink [2]. 
nine different models of black ballpoint Papermate® pen inks 

675 cm-1.

Transformation of raw data to new set of variables

1178, 1360, 1362, 1363, 1367, 1581, 1583, 1587 and 

data points. 



Fig. 1   ® pen inks (-) and blank 
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observed at approximately 1584 and 1360 cm-1 but 

concern as it contains peaks mostly from paper substrate 

principal component analysis (PCA) and discriminant 

forensic samples included soil [6], document paper [13], 

important step as discriminant analysis (DA) is restrictive 

of input variables also means results can be obtained 

et al. [14] used K-means cluster analysis to assist in 

into a new set of variables. 

principal component is a linear combination of several 

number of data points would result in a more stable 

to 37 principal components. Stepwise DA selected 13 
components from 37 components as predictor variables. 

found to be responsible for separation of models 31, 

26 and 27; model 28, 29 and 30; model 31, 32 and 33, 



100% correct classification would be expected if DA 

Fig. 2  
different models of Papermate® pen inks.

Conclusions

® , non-destructively. 
® pen, models differed only point 

well as brands.
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