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Abstract

The combination of advanced techniques with multivariate analysis methods are being used with great confidence by 
forensics experts due to their high precision and accuracy. The prime objective of present work was to explore the potential 
of chemometric tools in discriminating and predicting the blue pen inks when applied on Attenuated total reflectance Fourier 
transform infrared (ATR-FTIR) data of pen strokes of different brands and models commercially available in Pakistani 
markets. The pen strokes on fine A4 paper and recycled A4 paper were obtained from 86 samples including ballpoints, gel, 
oil- gel and roller ball pens. ATR-FTIR spectra were first characterized for different functional groups present in ink pigments 
however, they were apparently indistinguishable having some common functional groups. After spectra preprocessing the 
principal component analysis (PCA) and agglomerative hierarchical cluster analysis (AHC) showed that pen strokes could be 
distinguished. Both PCA and AHC analyses showed that ballpoints and gel pen could be discriminated and grouped separately. 
PCA analyses also showed the discrimination between local and foreign brands of ballpoints. Finally, classification method 
partial least squares-discriminant analysis (PLS-DA) was successfully applied for the classification and subsequently for 
the identification of type of pen used in personnel’s signature to mimic a forensic case. To evaluate PLS-DA classification 
performance, the classification parameters such as sensitivity, specificity, accuracy and precision were also derived from 
confusion matrix. Overall, this work emphasized the worth of multivariate analysis in classification and prediction of type of 
writing pen in a document as a forensic study.          
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Introduction

The relationship between ink and paper has a long 
history, as this is used to communicate messages and 
knowledge. The physical form of this relation, ‘a document’, 
is a source of information which could be an ordinary or a 
legal [1]. Sometime, a valuable document for example a letter, 
contract, bank cheque, will or a deed may be forged to get 
benefit. Subsequently, a criminal investigation is needed and 
forensics analyses (physical and chemical) are required to 
examine authenticity of suspected document. Alteration or 
forging in a document may be investigated in the primary and 
secondary materials of a document. Primary materials are 
ink deposits and its support i.e., paper, polymers, cardboards 
while secondary materials are correcting materials, erasure 
residue, stain etc. [2]. An investigation could be focused in 
identifying, distinguishing, discriminating and classifying 
the pen/ballpoint inks used in a questioned document. In 
addition to this, determining the source of inks, backdating 
of inks and ink interaction with different type of papers 
are also key parameters which contributes in checking the 
authenticity of document.

Among modern writing instruments, ballpoint pens 
are frequently used which usually contain oil based inks 
having major components dyes, pigments, resin, additives 
and solvents and each one of these has its own function 
as described by Ezcurra, et al. [3]. The chemistry of ink 
changes when it is applied to the paper [4,5] and of course it 
depends on the ink’s composition which is hardly known to 
investigators. However, presence of dyes, pigments, additives 
and solvents in an ink spot certainly helps in classification 
and discrimination of ballpoint pens ink of different brands.

In past few years, literature survey shows the analysis of 
questioned documents; the studies were focused on ballpoint 
pens analysis, differentiation of the ink and ink dating [6]. The 
analytical techniques used in the investigation of ballpoint 
ink involve destructive and non-destructive approaches. 
The separation techniques like ion pair chromatography 
[7], high performance liquid chromatography (HPLC), gas 
chromatography (GC) coupled with mass spectrometry (MS), 
capillary electrophoresis and thin layer chromatography 
(TLC) [2,8,9] with prior sample extraction methodologies in 
appropriate solvents are being applied in ink identification, 
ageing studies, pigments separation and degradation studies 
[5,10-15]. HPLC of pen inks coupled with chemometrics can be 
a more powerful discriminating tool for the forensic chemist 
than using non-destructive techniques alone [16]. In several 
articles, GC-MS with various sample extractions techniques 
is used for identification and quantitative analysis of solvents 
used in inks for ink dating studies [3,5,12,17,18]. Attenuated 
total reflectance Fourier transform infrared (ATR-FTIR), 
near-infrared diffuse reflectance and Raman spectroscopy 

are highly utilized techniques in forensics analyses when 
integrity of sample is required. Raman spectroscopy being 
a chemically selective and non-destructive technique, 
found to be promising in inks examinations [19-22]. FTIR 
spectroscopy is a nondestructive, quick analytical tool for 
molecular composition and structure analysis of desired 
material. FTIR spectroscopy with combination of attenuated 
total reflection (ATR) offers more advantages over the IR 
spectroscopy of solid and liquid samples. In literature, 
there are number of research studies reported the use of 
ATR-FTIR spectroscopy followed by chemometrics for the 
authentication and discrimination, classification of variety of 
ballpoint inks of different brands [16,23-27], XRF [23], UV-
VIS [24], laser desorption ionization mass spectrometry (LDI-
MS) [28]. Since, separation and spectrometric techniques 
in forensics analysis generate a lot of data which is quite 
difficult to analyze by ordinary methods. Chemometric 
methods on the other hand, not only extract most useful and 
relevant information from the raw data generated by above 
discussed techniques in short time but also help researcher 
in classification, discrimination and models development 
[29]. The chemometric methods such as principal component 
analysis (PCA), cluster analysis (CA), discriminant analysis 
(DA) and partial least square-discriminant analysis (PLS-
DA) are frequently used by scientist in classifying and 
discriminating the ballpoint inks. Data preprocessing of 
before application of any chemometric methods produces 
excellent results especially when classification is required as 
compared to raw data of generated by ATR-FTIR [30].

In the present study, the chemometric methods combined 
with ATR-FTIR technique was explored to discriminate blue 
ink pens available at Pakistani stationery shops. Although, as 
per authors knowledge only one study found in the literature 
regarding the classification of red, blue and black pen inks 
used in Pakistan [8] however, this study was related to 
fountain pen inks. Therefore, the present study is novel in a 
sense that in it we have not only classified the blue ballpoint 
and gel pens by applying chemometric tools PCA, AHC and 
PLS-DA model but also discriminate local and foreign brands. 
Moreover, this study also illustrates the capability of a non-
destructive technique FTIR and chemometrics to predict the 
class of pen used in a document to mimic a forensic case. 

Materials and Methods

Sampling

In this study, eighty-six samples (blue pens) were 
purchased from local stationary shops. The collected samples 
with their codes, description and origin are listed in Table 1. 
The types of pens include:
1. Ballpoints 48
2. Gel pens 24
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3. Oil-gel pens 9
4. Roller-ball pens 5

No. Samples Sample 
Codes

Number of 
samples Origin

1 Ballpoints P1 to P48 48

Pakistan (n = 27)
China (n = 11)

Germany (n = 06)
Netherlands (n = 02)

Japan (n = 01)
India (n = 01)

2 Gel P49 to 
P72 24

China (n = 12)
Pakistan (n = 10)

India (n = 01)
Japan (n = 01)

3 Oil Gel P73 to 
P81 09

USA (n = 05)
China (n = 02)

Pakistan (n = 02)

4 Rollerball P82 to 
P86 05

Japan (n = 03)
Germany (n = 01)

UK (n = 01)

Table 1: Samples blue ink ballpoints with their codes, nature, 
company and origin.

Ten ink strokes of each pen were uniformly applied on a 
paper in a circular areas of 1 cm diameter. The ink spots were 
dried at room temperature and carefully handled during 
ATR-FTIR analysis particularly finger marks contamination 
was avoided. Two different types of paper were selected 
on which the pen inks were applied. The types of papers 
included:
i. Paper 1: A4 brand paper (80 g, 210×297 mm, white)

ii. Paper 2: recycled A4 paper (210×297 mm, pale yellow)

Furthermore, in order to discriminate ink strokes of local 
and foreign brand ballpoints, thirty ballpoints of Schneider 
Germany, ten ballpoints of M&G China and twenty ballpoints 
PIANO and Mercury Pakistan were also subjected to analysis. 

FTIR-ATR

FTIR spectra of each sample were obtained using FTIR-
ATR (ThermoScientific Nicolet iS50) Spectrometer. All spectra 
were scanned for range 400 to 4000 cm-1 with scan rate 12 
cm-1 s-1. OMNIC 9.7.43 software of (ThermoScientific) was 
used to acquire the spectra and for background correction 
and baseline normalization.

Chemometrics

All chemometric analysis including PCA, agglomerative 
hierarchical clustering analysis (AHC) and PLS-DA were 

performed using XLSTAT version 2014.5.03 (Addinsoft) and 
Origin Pro 2015 (OriginLab Corporation) software. Prior to 
chemometric analyses all the spectral data was normalized 
using XLSTAT 2014.

PCA is one of the most frequently used multivariate data 
analysis tool. It is used to study and visualize correlations 
between variables. PCA has been applied in the present study 
to visualize separation /classification of pens of different 
brands with the help of scores and loadings plots. 

CA is an unsupervised classification technique, in which 
samples having similar characteristics are grouped together. 
In the first step of AHC, similarity between the samples is 
calculated using a similarity method. In the second step, 
similar samples are joined together using a joining method. 
In this study, the proximity type was similarity and Pearson’s 
correlation coefficient was used to calculate proximity and 
unweighted pair-group method was used for agglomeration. 
The result of AHC analysis is presented in the form of a tree 
like structure known as dendrogram. 

PLS-DA is being effectively used to model the spectral 
data. PLS-DA not only reduces dimensions of high 
dimensional data but also performs discriminant analysis 
[31]. PLS-DA offers an interesting alternative to classical 
linear discriminant analysis. Through PLS-DA, a model is 
built utilizing spectral data and the information regarding 
classes of samples is collected. Subsequently, the model is 
used to predict the unknown sample class. Herein, PLS2-
DA algorithm was used to construct PLS-DA prediction 
model using XLSTAT software. The whole spectral data of 86 
samples was divided randomly into two groups, a calibration 
set (n = 58) and a validation set (n = 28). The calibration set of 
samples was used to build the PLS-DA model and validation 
set of samples was used to validate the model. Later the 
validated PLS-DA model was applied to predict the class of 
pen used in signatures of one the authors.

Results and Discussion

Oil-based ink is usually used in ballpoint pens while 
water-based ink is used in rollerball pens [32]. Water-
based ink is more easily absorbed in paper than oil-based. 
Moreover, viscous ink such as gel-ink is also used in these 
pens which produces different results on paper and move 
easily on paper. The different nature of inks makes them 
distinguishable. However, the difference between oil-based 
and water-based is not easy to judge by naked eye.

Discrimination by ATR- FTIR Spectra

Depending upon the nature of ink the functional groups 
such as hydroxyl, carbonyl, amino, nitro, ester or ether groups 
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are expected in FTIR spectra. In addition to these, bands 
from paper cellulose such as C–H, C–O, O–H stretching, –C–H 
bending are present [26]. The ATR-FTIR spectra of all sample 
are shown in Figure 1 of four representative pens from each 
class. The representative pens were selected randomly. All 
spectra are apparently indistinguishable and show some 
common signals. The band around 2920 cm−1, 1420 cm−1 are 
due to CH stretching and CH2 bending and signals at 1160 
and 1104 cm−1 are due to C-O and C-C stretching, which 
are known to be characteristic peaks of cellulose [33]. 
Furthermore, bands at 1070-1025 cm−1 show secondary 
alcohols and peaks at 870 and 712 cm−1 indicates presence 
of carbonate (calcium) which is used as a filler in paper 
industry [34]. Apart from signals from paper constituents, all 
other signals correspond to either organic dyes or additives 
used in ink. It was difficult to identify and assign each and 
every peak in the spectra of all pens. However, almost in all 
spectra, there is a large signal around 3330 cm−1 that may be 
attributed to OH group present in the ink.

Figure 1: ATR-FTIR averaged spectra of four representative 
blue ink pens; a) ballpoint P10, b) Gel pen P 58, c) Oil Gel 
pen P76, d) Roller ball pen P84.

Figure 2 presents the comparison of ATR-FTIR signals 
of main classes of ballpoint and gel pen on paper-1. It can 
be seen that band of carbonyl group (C = O) is present 
at 1720 cm−1 in case of ballpoint pen. Peak around 1165 
cm−1 showed presence of C-O-C bond asymmetric bending 
vibration. The band at 940 cm−1 is observed in Gel and roller 
ball pen is related to symmetric vibrations of C-O-C which 
probably indicates the presence of saturated ethers in ink. 
Furthermore, peak at 1286 cm−1 was found in gel and roller 
ball pen indicating the presence of aromatic ethers which was 

not visible in ballpoint and oil gel pens. Similarly, presence 
of amino groups was found in ballpoint and oil gel samples 
by signal around 1585 cm−1. Sharp signals of aromatic amino 
groups (C-N stretching) at 1334 cm−1 was recorded in gel 
and roller ball pen while signals at 1360 cm−1 was seen in 
ballpoint and oil gel pen indicating the same C-N stretching 
for aromatic tertiary amines [35].

Figure 2: ATR-FTIR averaged spectra of blue ballpoint 
(P10) and Gel pen (P58) on paper 1.

As reported in the literature, crystal violet dye is used 
as coloring agent in blue ink and shows characteristic 
absorption peaks at wavenumber 1581 cm–1, 1358 cm–1, 
1170 cm–1 and 2917 cm–1 [27], also found in the spectra of 
ballpoint and oil gel pen more prominently than of gel and 
roller pen. In case of gel pen peaks at 700 cm–1 and around 
750 cm–1 was prominent which indicated the possibility of 
presence of phenoxyethanol as a solvent used in gel ink. 
Moreover, substituted aromatic bending vibrations at 695 
cm–1 reflected the used of benzyl alcohol as solvent in almost 
all samples. Band around 1050 cm−1 was also appeared in all 
samples showed glycols used as solvent. Figure 3 shows the 
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difference of ballpoint ink interaction on two type of papers 
paper 1 and paper 2. It was obvious that more sharp and 
strong signals was recorded ballpoint strokes on paper 1 as 
compared to paper 2. Similar behavior was also observed 
with other pen samples which are not shown.

Figure 3: ATR-FTIR spectra comparison of blue ballpoint 
on paper 1 and on paper 2.

Briefly, based on FTIR spectra of all samples, there 
exist differentiation between ballpoint and gel pen. And, oil 
gen pen samples exhibited similar spectra to ballpoint and 
rollerball sample’s spectra matched with gel pen samples. 
This is probably due similar ink composition present in 
different brands. Although, it is quite difficult to recognize 
the exact dye / pigment used in the samples under study 
only by using FTIR spectrum analysis but it is possible to 
differentiate and classify the sample pens with chemometric 
tools.

Principal Component Analysis

In PCA, the selected range was from 400 to 2500 cm−1 
and the data from 2500 to 4000 cm−1 was ignored as this 
region was not contributing significantly. The spectrum data 
was normalized in which lowest Y-axis value is shifted to 
zero absorbance unit regardless of whether the lowest value 
is above or below zero and subsequently software (OMNIC) 
multiplies the spectrum by a scaling factor to make the 
highest value 1 absorbance unit. To get better classification, 
the data was further processed by taking second order 
derivative Savitsky-Golay derivative (7-point window, third 
polynomial order). 

(a) (b)
Figure 4: Score plots of principal components PC1 and PC2 of pens based on their averaged data with pre-processing on paper 
1 (a) and paper 2 (b).

Figure 4a & 4b shows the score plots of PC1 and PC2 
of samples strokes on paper 1 and paper 2. A prominent 
clustering exists between ballpoint pen and gel pen in case of 
strokes on paper 1, Figure 4a. The PC1 and PC2 components 
explained 31.93 % cumulative variance. This low explained 
variance is probably due to large number of peeks in each 
spectrum. Gel pen were 83.3% correctly grouped with 
overlapping of roller ball pens (P83, P84). While all ballpoint 

samples were grouped together and all oil gel along with 
two roller ball pens (P85 and P86) were clustered in it. The 
correctness of grouping was calculated by taking percent 
of true samples clustered together over total samples of 
respective type. It was obvious in case of paper 1, the gel and 
ballpoint pen were prominently discriminated from each 
other and all oil gel pen could not be differentiated from 
ballpoint probably the similar chemical composition of ink 
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(oil based). Similar grouping was observed in case of paper 
2. The first two component explained 38.74 % of variability 
of total data. After excluding the samples (P66, P68 and 
P13), the separation between ballpoints and gel pen could 
be seen in Figure 4b. The behavior of ink strokes on different 
paper types may not be same and therefore, it is possible to 
distinguish pen strokes of same brands on different type of 
papers. Figure 5 shows the distribution of ballpoints samples 
(n = 48) on paper 1 and 2. Two groups were separated with 
some overlapping at center of score plot which indicated 
differentiation of papers. Similar distribution in case of 
gel and oil gel pens was also observed. The separation was 
clearer in case of oil gel pen Figure 6.

Figure 5: Score plot showing separation of ballpoints on 
paper 1 (FP) and paper 2 (RP).

Figure 6: Score plot showing separation of oil gel pens on 
paper 1 (FP) and paper 2 (RP).

Furthermore, PCA was also carried out to study the 
discrimination of local brand ballpoints (n=20) with that of 
foreign (n=40). The ATR-FTIR spectral data was pretreated as 
explained above and same range of wavenumber was chosen. 
The scatter plot as shown in Figure 7 explains cumulative 
variance of 97% of first two principal components. The 
figure 7 demonstrates the distribution of local and foreign 
brands into two distinct groups. Interestingly, PCA shows 
that foreign brands (German and Chinese) were grouped 
together indicating that their inks might have similar 
chemical composition. While the local (Pakistani) brands 
are well separated from those of foreign however, they 
themselves were distinguishable. 

Figure 7: Score plot showing ballpoint separation of local 
(Pakistan) and foreign brands on paper 1 (FP).

Agglomerative Hierarchical Clustering 

AHC analysis was performed on pens stroke data of both 
papers 1 and 2. In case of pen strokes on paper 1; the data 
was distributed in seven classes having two major classes 
1 and 6 with 57 and 21 samples respectively. In class 1 out 
of 57 samples, 42 ballpoint pens were grouped and showed 
87.5 % correct classification. In this cluster, 5 gel, 7 oil gel 
and 3 rollerball pens were also grouped. Three rollerball 
samples i.e., P82, P85 and P86 which are grouped in class 1, 
were also clustered with ballpoints as shown in Figure 5a in 
the PCA study. Similarly, the presence of 5 gel pens (P51, P53, 
P54, P56 and P70) in class 1 verified the PCA findings which 
showed matching cluster formation except for sample P56. 
In class 6, 19 gel and two rollerball pens (P83, P84) were 
clustered together, indicated 79.1 % correct classification 
for gel pens. An identical clustering was also found in PCA. 
It was noted that 7 oil gel pens were grouped in the class 1 
and remaining two in class 7. The dendrogram (Figure 8) of 
AHC shows both classes 1 and 7 are similar and lies closer. 
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It can be inferred from it that all 9 oil gel pens are similar 
to ballpoint pens, this could be due to similar nature of ink 
in pens. While ungrouped samples (P29, P33 and P41) of 

ballpoint category were classified individually in class 3, 4 
and 5 respectively.

(a)
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(b)
Figure 8: (a) AHC dendrogram obtained by using similarity method on FTIR-ATR preprocessed spectra of ink samples and (b) 
Dendrogram showing classes of pen samples strokes on paper 1.

In case of paper 2; the data was clustered in five classes 
with two major classes 1 and 4 having 59 and 22 samples 
respectively. In this case, the classification of oil gel and 
rollerball pens was somehow similar to what was observed 
in case of paper 1 and 95.5% of ballpoint pens were grouped 
in class 1. The prominent difference from paper 1 which 
was observed in this case was, the 4 gel pens clustered with 
ballpoint pens in class 1 found to be different from those 
clustered in paper 1. While rollerball pens were similar. In 
total 20 gel pens were clustered in class 4 showing 83.3% 
correct grouping. Moreover, AHC was able to correctly 
differentiate only ballpoint pens strokes of paper 1 from 
paper 2. Eight hierarchical classes with two major classes 
1 and 2 having 41 and 46 samples respectively. The results 
revealed that 83.3% of ballpoints strokes of paper 1 were 
correctly grouped in class 1 and 93.1% pens of paper 2. 

Partial Least Squares-discriminant Analysis

The purpose of PLS-DA was to discriminate the pen 
samples of various brands and to predict the types of 
pen used in the signatures to mimic a forensics case. The 
number of samples in the calibration and validation set are 
summarized in Table 2. The calibration set was comprised by 
32, 18, 4 and 4 (n = 58) samples from ballpoint, gel, oil-gel and 
rollerball categories, respectively. The validation set (n=28) 
was having frequencies 16, 6, 5 and 1of respective categories. 
Table 3 shows the performance of the PLS-DA model in term 
of confusion matrix for calibration /estimation samples and 
validation samples on both papers. Moreover, to evaluate 
classification performance, the classification parameters 
such as sensitivity, specificity, accuracy and precision were 
also derived from confusion matrix. The sensitivity can be 
calculated as:

.    
.    .    )

no of true positive samplessensitivity
no of true positive samples no of falsenegative samples

=
+

It explains the percentage or proportion of true samples 
correctly classified. Sensitivity calculation showed that 
in case of both papers, the major class i.e., ballpoint was 
100% correctly classified in calibration and validation 
set of samples. However, the second major class i.e., gel 
pen was 88.89% for paper 1 and 84.21% for paper 2 
correctly classified in the calibration sets. In validation set, 
sensitivities values were low as 67% for paper 1 and 60% 
for paper 2. The PLS-DA model did not classify oil gel and 
rollerball pen as separate classes both in calibration and 
validation sets for both papers. This analysis verified the 
HCA and PCA conclusion as described earlier where oil gel 
pens were grouped with ballpoints and rollerball pens with 
gel pens. The class specificity on the other hand shows the 
ability of the model to reject all other classes. The specificity 
was calculated by using equation, 

( )
.    

.    .    
no of truenegative samplesspecificity

no of truenegative samples no of false positive samples
=

+

The class specificity values were obviously 100% for oil 
gel and rollerball pens and was around 70% for ballpoints 
in calibration set for both paper and further decreased to 
33.33% for paper 1 and 28.5% for paper 2 in validation set. 
The model accuracy for ballpoint classification was more than 
85% in calibration set for both papers and dropped to 71% 
for paper 1 in validation set. Similarly, for paper 2 it was 64% 
in validation set. While for Gel pen, model classification was 
found more than 90% both in calibration and validation sets 
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for both papers. Accuracy and precision of the model were 
also tabulated in the Table 2, which show that accuracy of the 
modal was more than 90% for gel pen class and above 85% 
for ballpoints in the calibration sets. However, the ballpoint 

accuracy was found to71% and 64 % in paper 1 and paper 
2 respectively. Similarly, precision of the model was high for 
calibration set and were low in validation sets of samples.

Ballpoints Gel pen Oil Gel pen Rollerball Total
Calibration Set 32 18 4 4 58
Validation Set 16 6 5 1 28

Total 48 24 9 5 86

Table 2: Samples distribution with respect to their nature as: Calibration and Validation sets.

For estimation/calibration samples:
Paper 1 Paper 2

BP GP OG RP BP GP OG RP
BP 32 2 4 2 32 3 3 1
GP 0 16 0 2 0 16 0 1
OG 0 0 0 0 0 0 0 0
RP 0 0 0 0 0 0 0 0

Total 32 18 4 4 32 19 3 2
Sensitivity 100.00 88.89 0.00 0.00 100.0 84.21 0.00 0.00
Specificity 69.23 95.24 100.0 100.00 70.83 97.30 100.0 100.0
Accuracy 86.21 93.33 92.59 93.10 87.50 92.86 94.64 96.43
Precision 100.00 88.89 -- -- 82.05 94.12 -- --

For validation samples:
BP 16 2 5 1 14 2 6 2
GP 0 4 0 0 0 3 0 1
OG 0 0 0 0 0 0 0 0
RP 0 0 0 0 0 0 0 0

Total 16 6 5 1 14 5 6 3
Sensitivity 100.00 66.67 0.00 0.00 100.00 60.00 -- --
Specificity 33.33 100.0 100.0 96.43 28.57 95.65 100.0 100.0
Accuracy 71.43 92.86 82.14 93.10 64.29 89.29 78.57 89.29
Precision 66.67 100 -- 0.00 58.33 75.00 0.00 0.00

Table 3: Confusion matrices obtained after applying PLS-DA model and classification parameters.

Furthermore, after the validation of PLS-DA model, its 
capability was tested to predict the class of pens used in the 
signatures to mimic a real forensic case. For this purpose, 
two pens from major classes i.e., from ballpoint and gel pen 
were selected and signature on paper of type 1 (fine page) as 
shown in Figure 9. The encircled area (in Figure 9) of both 
signatures was subjected to ATR-FTIR spectra collection. 
The spectra were preprocessed as mentioned above and 

data was used to predict the class of pen used. As shown 
in Figure 8, the predicted scores values by PLS-DA model. 
In first case, the highest predicted score value was 0.758 of 
gel pen and for second case, it was 0.531 of ballpoint class. 
The predicted classes were true. Therefore, this correct 
prediction performance capability of PLS-DA model allows to 
identify the nature/class if any of the pen included in model 
in the questioned writing.

https://medwinpublishers.com/IJFSC/
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X1 X2
Predicted class Pr(Ball point) Pr(Gel) Pr(Oil gel) Pr(Roller ball)

X1 Gel 0.072 0.758 0.065 0.105
X2 Ball point 0.531 0.279 0.122 0.068

Figure 9: Images of the signatures with two different pens. Sampling spots are encircled for ATR-FTIR spectra collection.

Conclusion

In this study, the potential use of chemometric tools 
such as PCA, HCA and PLS-DA were explored to classify and 
discriminate the nature of blue ink pens. It was difficult to 
distinguish and classify the nature of ink only by ATR-FTIR 
spectra. However, it was possible to identify the functional 
groups originating from different ink’s ingredients of 
sample pens and paper constituents appearing at different 
wavenumber bands. Ballpoints and oil gel pens were having 
similar spectra and gel pen spectra were similar to rollerball 
spectra. This was probability due to similar nature of ink. The 
combination of ATR-FTIR data and chemometrics enabled to 
classify the ballpoints and gel pens as two major classes. PCA 
and AHC study showed that samples were grouped into two 
major groups. While oil gel pens grouped into ballpoint class 
and rollerball pens were clustered with gel pens. AHC analysis 
showed 87.5 % correct classification for ballpoints and 
indicated 79.1 % correct classification for gel pens for paper 
1. However, an improved clustering was observed in case of 
paper 2 with 95.5% for ball points and 83.3% for gel pen. 
PCA study was also depicted that local and foreign branded 
ballpoint can also be discriminated. Lastly, PLS-DA model 
results showed that pen strokes of ballpoint and gel pen on 
both type of paper with great accuracy. Both in calibration 
and validation sets, ballpoints were 100% correctly classified 
while the sensitivity of the model was above 84% for gel 
pens in calibration sets and for validation it was above 60%. 
Furthermore, same PLS-DA model correctly predicted and 
discriminated ballpoint and gel pen used in signatures to 
illustrate a forensic case. Therefore, this demonstrated study 
is non-destructive, highly effective, fast and accurate in the 
forensics analysis of suspected documents in the societies 
where frequencies of forging documents are high.
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