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1. Introduction 

 
According to section 465 of Nigeria’s criminal code Act 

states that “A person who makes a false document or 

writing knowing it to be false and with intent that it may 

in any way be used or acted upon as genuine, whether 

in the state or elsewhere, to the prejudice of any person 

or with intent that any person in the belief that it is 

genuine be induced to do or refrain from doing any act 

whether in the state or elsewhere is said to forge the 

document or writing” [1-3]. Forgery has been prevalent 

in all institution in Nigeria and beyond, which has made 

various institutions to create further authenticating 

measure that has been further made forgers 

sophisticated in their misdeeds. Forgery can be in 

various forms such as imitation someone signature, 

forging letters or certificates, altering government issued 

passport or identity cards or driver’s license, 

counterfeiting financial instruments (currencies, 

cheques, stock and shares certificates) and duplicating 

other documents (patents, medical prescription, wills). 

Although there are punishments for forgery or forging 

documents in Nigeria and beyond, this has not mitigated 

these menace as it is perpetrated using inks [2, 4]. The 

evaluation of inks used in issued document has potential 

to establish connection between authentic and forged 

documents using forensic tools, which determines the 

chemical composition of inks [5-7]. Different forensic 

methods have been developed and adopted to evaluate 

documents that is divided into destructive and non-

destructive. Destructive methods include thin layer 

chromatography [5,8-11], capillary electrophoresis 

[8,12], mass spectrometry [13-15], ultra violet – visible 
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The evaluation of pen inks used in written document has created enormous 

financial threats and other issues over the decade due to lack of forensic databank 

to examine fraudulent activities perpetrated with pen ink in Nigeria. In this study, 

twenty (20) blue pens composed of 10 ballpoint pens, 9 rollerball pens and 1 

fountain pen were extracted to conduct forensic examination and comparison 

using Ultraviolet–visible spectroscopy (UV-Vis), Thin layer chromatography 

(TLC) and Fourier transformed infrared spectroscopy (FTIR) as the analytical 

results were assessed for deviation or comparison using discrimination power 

(DP) and principal component analysis (PCA). The DP results of UV-Vis., TLC 

and FTIR were significant at 93.33%, 97.77% and 77.77% for blue ballpoint pens, 

as blue rollerball pens were significant at 100%, 97.22% and 86.11% respectively. 

The PCA results of UV-Vis., TLC and FTIR formed 6, 10 and 6 clusters for blue 

ballpoint pens, as blue roller pens had 9, 3 and 6 clusters. DP and PCA were not 

conducted due to limited sample size but it will serve as a reference guide for 

forensic evaluation and comparison. Overall, UV-Vis., TLC and FTIR results 

were similar and vice versa, across samples, which gives absorption band, 

composition and colour spectra. The study has confirmed that pen ink 

examination remains an interesting area to mitigate forgery in Nigeria.. 
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spectroscopy [16-19], while non-destructive methods 

are luminescence spectrometry [20, 21], Fourier 

transformed infrared spectroscopy [22, 23] Raman 

spectroscopy [23], X-ray fluorescence [24, 25], image 

processing using software tools (digital microscope, 

Adobe Photoshop and Picasa) [13, 26-28].  

Inks are made from a variety of materials such as dyes, 

resins, pigments, lubricants, emulsifiers and other 

additives as the composition and manufacturing 

processing are useful in production of different type of 

pens, which include water based pens and oil soluble 

pens [8, 29-31]. The type of pen applied on a written 

document possesses potential in detecting deviation and 

discrepancy as literature reviews has shown that crime 

and forgery has strong correlation with pen utilization 

[30, 32-35]. The purpose of this study it to carryout 

forensic discrimination of ballpoint pens, rollerball pens 

and fountain pens used in Nigeria as data are limited to 

the best of our knowledge using analytical tools such as 

ultraviolet visible spectroscopy, Fourier transformed 

infrared spectroscopy and thin layer chromatography. In 

addition, carry out statistical assessment such as 

discrimination potential and principal component 

analysis, which will assist relevant government and 

private stakeholders involved in forensic studies. 

 

Materials and Methods 

Samples Collection 
A total of twenty blue pen inks of different brands of 

ballpoint pens and rollerball pens and fountain pens, 

commercially used in Nigeria were acquired from 

Onitsha main market of Anambra state, Nigeria, which 

were assigned sample code as presented in Table 1. 

Sample Preparation 

Ballpoint and Roller ball ink samples were prepared by 

shading the ink onto an area of 1cm x 5 cm on a white 

A4 writing paper [13, 16]. The paper was then soaked in 

100 mL of methanol in a test tube, which were extracted 

totally as blank paper were treated with methanol with 

sample procedure to quantify the matric effect [37, 38]. 

Fountain inks were applied on a white A4 writing paper 

of same dimension (1cm x 5 cm) and allowed to dry for 

25 minutes, which were extracted using distilled water 

as solvent in a test tube; same procedure were done 

using blank paper as control to compare effect of the 

matrix [34]. 

Instrumentation 
The discrimination of pen ink sample was carried out 

using UV-Visible Genisys spectrometer, thin layer 

chromatography equipped with developing tank and 

Agilent FTIR spectrometer as the procedures for each 

instrument differ from others.  

Samples for ultraviolet visible spectroscopy were 

prepared by transferring 10 �L ink extracts into separate 

sample vial and thereafter diluted with 3.5mL diluted 

water. The results were recorded in the spectral range of 

200 – 800nm with quartz cell having path length of 1cm 

used to measure absorbance of all samples [10, 18]. 

Thin layer chromatography was done by applying ink 

extract on a TLC plate (silica gel) using a capillary tube 

of 0.5mm with dimension (5cm × 20cm). Diverse 

solvent solution was tried for the experiment to achieve 

better elution using ethyl acetate: ethanol: ammonia 

(70:35:30 v/v); butanol: acetic acid: distilled water 

(60:15:25 v/v); butanol: ammonia: distilled water (60: 

15: 25 v/v) and n-butanol: ethanol: distilled water: 

acetic acid (18:2:2:1 v/v). The samples were placed in a 

developing tank with the different solvents and closed 

tightly for 30 minutes as the procedure were repeated 

five times to obtain better colour separation and 

retention factor (Rf). The chromatograms were removed 

from the developing tank and allowed to dry, then 

examined under incident daylight [34, 39-41]. The Rf 

value were calculated using the formula: 

 

Rf =
Distance travelled by solute 

Distance travelled by the solvent front
            (1) 

 

Infrared analysis was conducted on ink extracts within 

spectral range of 4000cm
-1

 – 650cm
-1

. 10 �L methanolic 

ink extracts (ballpoint and rollerball pens) were added to 

100mg of potassium bromide (KBr) powder, which 

were ground and allowed to dry, thereafter, pressed into 

KBr disc with 5 tonnes pressure and allowed to run [10, 

32, 42]. Similar quantity (10 �L) of water ink extract 

(fountain pen) were directly spotted on diamond crystal 

area (Attenuated Total Reflectance, ATR accessory) and 

allowed to run [34, 43]. 

Statistical Analysis 
Two statistical tools were used to analyse instrumental 

results such as discriminating power (DP) and principal 

component analysis (PCA).  

Discriminating power (DP) were calculated according to 

Lee et al. equation [44]:  

 DP

=
Number of samples (n) 

Total number of possible samples
            (2) 

Where: 

n =    number of samples 

Total number of possible sample pairs =
"("#$) 

%
      

Discriminating power (DP) is significant if the result is 

greater than 0.9 or 90% and vice versa (rejected) if less 

than 0.9 or 90%. 
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S/N Name of pen Sample Code Type of Pen 

1 Papilon S1 Ballpoint 

2 Crystal original S2 Ballpoint 

3 Normal biro S3 Ballpoint 

4 Avanti Magna S4 Ballpoint 

5 Lucky Corer S5 Ballpoint 

6 Eezee S6 Ballpoint 

7 Premium S7 Ballpoint 

8 Crystal S14 Ballpoint 

9 Ash S17 Ballpoint 

10 White S19 Ballpoint 

11 Slip biro S8 Roller-ball 

12 Beifa R2via S9 Roller-ball 

13 GP-2839 S10 Roller-ball 

14 JC 368 S11 Roller-ball 

15 Roller-tip S12 Roller-ball 

16 Roller-ball blue S13 Roller-ball 

17 Vip 908 S15 Roller-ball 

18 Gp 2898 S16 Roller-ball 

19 Gp 732 S18 Roller-ball 

20 Yuan chang S20 Fountain 

 

Table 2: Ultraviolet – visible spectra results for ballpoint pen samples 

Peaks S1 

(nm) 

S2 

(nm) 

S3 

(nm) 

S4 

(nm) 

S5 

(nm) 

S6 

(nm) 

S7 

(nm) 

S14 

(nm) 

S17 

(nm) 

S19 

(nm) 

1 216.00 216.00 216.00 0.00 0.00 216.00 0.00 216.00 216.00 216.00 

2 0.00 0.00 0.00 218.00 218.00 0.00 0.00 0.00 0.00 0.00 

3 0.00 0.00 0.00 0.00 0.00 220.00 220.00 0.00 0.00 0.00 

4 0.00 0.00 0.00 0.00 0.00 302.41 0.00 0.00 0.00 0.00 

5 0.00 0.00 0.00 0.00 0.00 576.00 0.00 0.00 0.00 579.22 

6 581.84 587.44 580.69 580.00 582.39 0.00 582.35 581.78 581.11 0.00 

7 0.00 665.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Table 3: Discriminating Power of ballpoint pen using Ultraviolet – visible spectroscopy 

n = total 

number 

of 

samples 

Total number 

of sample pairs 

= n(n-1)/2 

Discriminating Pairs = total number  Non 

Discriminating 

pairs = total 

number 

 DP 

10 (10×9)/2 = 45 S1,S2; S1,S3; S1,S4; S1,S5; S1,S6; S1,S7; 

S1,S19; S2,S3; S2,S4; S2,S5; S2,S6; S2,S7; 

S2,S14; S2,S17; S2,S19; S3,S4; S3,S5; S3,S6; 

S3,S7; S3,S14; S3,S17; S3,S19; S4,S5; S4,S6; 

S4,S7; S4,S14; S4,S17; S4,S19; S5,S6; S5,S7; 

S5,S14; S5,S17; S5;S19; S6,S7; S6,S14; 

S6,S17; S6,S19; S7,S14; S7,S17; S7,S19; 

S14,S19; S17,S19 = 42 

S1,S14; S1,S17; 

S14,S17; =3 

42/45 = 

0.9333 

 DP: Discriminating Power 

 

 

 



 
 

Principal Component Analysis (PCA) is a multivariate 

tool for large number of sample data, which loading plot 

of first principal component (PC1) and second principal 

component (PC2) is assessed to form clusters [45, 46]. 

PCA were applied on instrumentation results using 

Minitab version 18 statistical software to distinguish pen 

inks according to brand. 

 

Results and Discussion 
The instrumental result of blue ink of ballpoint pen, 

roller ball pen and fountain pens were analyzed to 

provide forensic information. 

 

Ultraviolet visible spectroscopy 
Table 2 shows the result of ultraviolet-visible spectra 

analyzed for blue ballpoint pens presented in nanometer 

(nm). Sample S1, S14 and S17, a prominent absorption 

band appears at 581nm with a small shoulder at 216nm. 

However, this shoulder does not appear in sa

S5, S6, and S7. Another band at 587 nm and 665nm 

seen in sample S2 with small shoulder at 216nm. 

Samples S3 and S4 show bands at 580nm but different 

shoulders at 216nm and 218nm respectively. Sample 

S19 has band at 579 nm and a small shoulder at 

In samples S5 and S7, absorbance band is seen at 

582nm but had different shoulders at 218nm and 220nm 

respectively. Another band at 576nm and 302nm is seen 

in sample S6 with small shoulder at 220nm. Samples 

S1, S2, S3, S14, S17 and S19 show a minor 

nm while this peak is less significant in samples S4, S5, 

S6 and S7 have not shown that peak. 

Discriminating power (DP) analyzed as shown in 

3, produced 42 discriminating pairs and 3 non

discriminating pairs (S1,S14; S1,S17 and S14,S17) a

DP value were significant at 0.93 (93.33%). Similar 

ballpoint pen assessment by Lee et al. [16] produced 

lower DP value of 72. 12% after assessing 48 blue 

ballpoint pens of 12 different brands accordingly.

Principal Component Analysis were applied to 

ultraviolet-visible absorption spectra obtained from all 

blue ballpoint pen as shown in Figure 1 

distinguish between the pen inks according to their 

brands. The interpretation of the PCA were achieved 

using the loading plot of the first two princi

components (PC1 versus PC2). As is evident in the 

loading plot, the ballpoint pen inks were successfully 

grouped into six (6) distinctive clusters corresponding to 

the ten (10) different ballpoint pen brands considered in 

this study. Cluster A constitute blue ballpoint

of S1, S3, S14 and S17. This suggests that these pen 

inks are from the same brand. Cluster B, D, E and F 
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Principal Component Analysis (PCA) is a multivariate 

tool for large number of sample data, which loading plot 

of first principal component (PC1) and second principal 

component (PC2) is assessed to form clusters [45, 46]. 

on instrumentation results using 

Minitab version 18 statistical software to distinguish pen 

The instrumental result of blue ink of ballpoint pen, 

roller ball pen and fountain pens were analyzed to 

visible spectra 

analyzed for blue ballpoint pens presented in nanometer 

(nm). Sample S1, S14 and S17, a prominent absorption 

band appears at 581nm with a small shoulder at 216nm. 

However, this shoulder does not appear in samples S4, 

S5, S6, and S7. Another band at 587 nm and 665nm 

seen in sample S2 with small shoulder at 216nm. 

Samples S3 and S4 show bands at 580nm but different 

shoulders at 216nm and 218nm respectively. Sample 

S19 has band at 579 nm and a small shoulder at 216nm. 

In samples S5 and S7, absorbance band is seen at 

582nm but had different shoulders at 218nm and 220nm 

respectively. Another band at 576nm and 302nm is seen 

in sample S6 with small shoulder at 220nm. Samples 

S1, S2, S3, S14, S17 and S19 show a minor peak at 216 

nm while this peak is less significant in samples S4, S5, 

Discriminating power (DP) analyzed as shown in Table 

, produced 42 discriminating pairs and 3 non-

discriminating pairs (S1,S14; S1,S17 and S14,S17) as 

DP value were significant at 0.93 (93.33%). Similar 

[16] produced 

lower DP value of 72. 12% after assessing 48 blue 

ballpoint pens of 12 different brands accordingly. 

Principal Component Analysis were applied to 

visible absorption spectra obtained from all 

Figure 1 in order to 

distinguish between the pen inks according to their 

brands. The interpretation of the PCA were achieved 

using the loading plot of the first two principal 

As is evident in the 

loading plot, the ballpoint pen inks were successfully 

corresponding to 

considered in 

te blue ballpoint pen inks 

of S1, S3, S14 and S17. This suggests that these pen 

inks are from the same brand. Cluster B, D, E and F 

constitute blue ballpoint pen ink of S7, S2, S6 and 19 

respectively. Cluster C constitute blue ballpoint

of S4 and S5. The six distinctive clusters suggest that 

the blue ballpoint pen inks considered in this study are 

of different formulations except the cluster A and 

cluster C. 

Table 4 shows the result of ultraviolet

analyzed for blue rollerball pens. 

large band at 574nm and at 216nm. Sample S9 had 

absorption band at 590nm, 353nm, 305nm and at 

216nm, which does not appear in the UV spectrum of 

the rest of the samples except the band at 216nm. 

Samples S10 had band at 208nm, 329nm and 

sample S11 gave spectra band at 214nm, 330nm, 609nm 

and 704nm. Sample S12 has band at 216nm, 558nm and 

593nm. Sample S13 shows bands at 202nm, 266nm and 

602nm. Sample S15 has bands at 216nm, 264nm, 

330nm, 608nm and 704nm. Sample S16 has bands at 

267nm, 328nm and 607nm. Sample S18 has bands at 

216nm and 608nm. 

 

 

Fig. 1. Principal component analysis of UV

 

Discriminating power (DP) evaluated as shown in 

Table 5, depict that all sample pairs of rollerball

pen inks were completely discriminated as non

discriminating pairs were absent. Therefore, the DP 

were significant at 100%, as Laser induced 

breakdown spectroscopy of blue rollerball pens by 

Kula et al. [29] showed that DP were 83%.

Figure 2 displays principal component analysis 

(PCA) of blue roller ball pens, which produced nine 

(9) clusters. Cluster A, B, C, D, E, F, G, H and I 

constitute blue roller-ball 

S13, S18 S16 S10, S8, S12 and S9 respectively. 

pen ink of S7, S2, S6 and 19 

respectively. Cluster C constitute blue ballpoint pen inks 

S5. The six distinctive clusters suggest that 

pen inks considered in this study are 

of different formulations except the cluster A and 

shows the result of ultraviolet-visible spectra 

analyzed for blue rollerball pens. Sample S8 depicts a 

large band at 574nm and at 216nm. Sample S9 had 

absorption band at 590nm, 353nm, 305nm and at 

216nm, which does not appear in the UV spectrum of 

the rest of the samples except the band at 216nm. 

Samples S10 had band at 208nm, 329nm and 607nm, as 

sample S11 gave spectra band at 214nm, 330nm, 609nm 

and 704nm. Sample S12 has band at 216nm, 558nm and 

593nm. Sample S13 shows bands at 202nm, 266nm and 

602nm. Sample S15 has bands at 216nm, 264nm, 

330nm, 608nm and 704nm. Sample S16 has bands at 

267nm, 328nm and 607nm. Sample S18 has bands at 

 
. Principal component analysis of UV-Vis. ballpoint pen 

Discriminating power (DP) evaluated as shown in 

, depict that all sample pairs of rollerball 

pen inks were completely discriminated as non-

discriminating pairs were absent. Therefore, the DP 

were significant at 100%, as Laser induced 

breakdown spectroscopy of blue rollerball pens by 

[29] showed that DP were 83%. 

cipal component analysis 

(PCA) of blue roller ball pens, which produced nine 

. Cluster A, B, C, D, E, F, G, H and I 

 pen inks of S11, S15, 

S13, S18 S16 S10, S8, S12 and S9 respectively.  
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Table 4: ultra violet- visible spectra results for rollerball pen samples 
Peak S8 (nm) S9 (nm) S10 (nm) S11 (nm) S12 (nm) S13 (nm) S15 (nm) S16 (nm) S18 (nm) 

1 216.00 216.00 208.00 214.00 216.00 202.00 216.00 0.00 216.00 

2 0.00 0.00 0.00 0.00 0.00 266.00 264.88 267.44 0.00 

3 0.00 305.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

4 0.00 353.50 329.18 330.35 0.00 0.00 330.03 328.81 0.00 

5 574.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

6 0.00 0.00 0.00 0.00 558.57 0.00 0.00 0.00 0.00 

7 0.00 590.00 0.00 0.00 593.73 0.00 0.00 0.00 0.00 

8 0.00 0.00 607.67 609.40 0.00 602.50 608.33 607.80 608.00 

 
 

Table 5: Discriminating Power for rollerball pen using Ultraviolet – visible spectroscopy 

n = total 

number 

of 

samples 

Total 

number of 

sample 

pairs = 

n(n-1)/2 

Discriminating Pairs = total number  Non 

Discriminating 

pairs = total 

number 

 DP 

9 (9×8)/2 = 

36 

S8,S9; S8,S10; S8,S11; S8,S12; S8,S13; 

S8,S15; S8,S16; S8,S18; S9,S10; S9,S11; 

S9.S12; S9.S13; S9,S15; S9,S16; S9,S18; 

S10,S11; S10,S12; S10,S13; S10,S15; 

S10,S16; S10,S18; S11,S12; S11,S13; 

S11,S15; S11,S16; S11,S18; S12,S13; 

S12,S15; S12,S16; S12,S18; S13,S15; 

S13,S16; S13,S18; S15,S16; S15, S18; 

S16,S18 =  36 

0 36/36 = 

1.0000 

      DP: Discriminating Power 

 

 



 

Figure 2: Principal component analysis of UV

 
 

Table 6: Ultraviolet 

Peaks

1

2                                  

3              

 
 

Table 7: TLC Rf results for ballpoint pen samples

Sample ID 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

S14 

S17 

S19 
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: Principal component analysis of UV-Vis. rollerball pen

: Ultraviolet – visible spectra results for fountain pen samples

Peaks S20 (nm) 

1 276.00 

2                                  369.54   

3               592.00                                                                                    

: TLC Rf results for ballpoint pen samples 

Blue (Rf) Light blue (Rf) Violet (Rf) 

- 0.7 0.85 

- 0.08 0.75 

- 0.16 0.44 

0.52 - 0.53 

0.46 - 0.60 

0.45 - 0.63 

- 0.88 0.688 

- - 0.682  

- 0.67 0.73 

0.82 0.86 0.93  

 
Vis. rollerball pen 

visible spectra results for fountain pen samples 
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The nine distinctive clusters suggest that the blue 

roller-ball pen inks considered in this study are of 

different formulations. 

Table 6 shows results of ultraviolet-visible spectra 

of blue fountain pen analyzed. The spectra band 

were 276nm, 369nm and 592nm. Since only one 

type of ink was available, discrimination power 

cannot be done as it can serve as a database for 

examination of document written with fountain 

pens. 
 

Thin layer chromatography  

TLC has been comprehensively used for regular 

forensic assessment due to its ease of use and low 

cost [8, 47]. TLC is used to discover ink extract 

differences, as it has proved to aid comparison of 

ink. 

Table 7 shows the TLC results of blue ballpoint 

pen. Thin Layer Chromatogram of blue ballpoint 

pen ink samples developed by ethyl 

acetate/ethanol/distilled water (70:35:30 v/v) 

solvent resolved better compared to other solvents 

producing bands of blue, sky blue, and violet colors 

with different Rf values. All samples had violet 

colour band with varying Rf values. Sample S19 

showed the three colours which are blue, sky blue 

and violet as compared to other samples which had 

minimum of two colours respectively.  

Discrimination power (DP) results produced 

discriminating pairs of 44, while non-

discriminating pair of one (1) were prevalent for 

S5, S6 as shown in Table 8, which was significant 

at 97.77%. TLC values were higher than Lee et al. 

[48] having 89.90% in 12 blue ballpoint of various 

brands. 

Figure 3 displays PCA conducted on TLC, Rf 

results obtained for ballpoint pen produced 10 

clusters suggesting that the pen inks were of 

different formulations. Cluster A, B, C, D, E, F, G, 

H, I and J constitute blue ballpoint pen ink of S7 

S17, S1, S14, S3, S19, S2, S6, S5 and S4 

respectively. 

Table 9 depicts TLC analyzed on rollerball pen. 

The chromatogram of blue rollerball pen showed 

that ethyl acetate/ethanol/distilled water (70:35:30 

v/v) solvent produced good colour bands of blue, 

sky blue, and violet colors with different Rf values. 

No Sample showed the three colours bands which 

are blue, sky blue and violet, as light blue was 

prevalent across all samples except for S9 and S12. 

DP conducted on TLC results as reproduced in 

Table 10 showed that discriminating pairs and non-

discriminating pairs were 35 and 1 pairs that is 

significant at 97.22%. 

Figure 4 shows PCA applied to thin layer 

chromatographic, Rf results attained rollerball pen, 

which gave three clusters. Cluster A constitutes 

blue rollerball pen ink of S10, S11, S13, S15, S16 

and S18, as cluster B for S8 and cluster C gave S9 

and S12. The three distinctive clusters suggest that 

the blue roller-ball pen inks considered in this study 

are of different formulations except cluster A, 

which had similar homogeneous clusters 

respectively. 

Table 11 shows TLC analyzed on fountain pen. 

Chromatogram of blue fountain pen sample showed 

that butanol/acetic acid/distilled water (60:25:25 

v/v) solvent combination produced two colour band 

(blue and sky blue). Discrimination power and 

principal component analysis cannot be conducted 

due to limited sample size, but will serve as a 

database for forensic investigation. 

 

Fourier Transform Infrared Spectroscopy  

Fourier Transform Infrared (FTIR) Spectroscopy is 

the instrument used to characterize the functional 

group of the extracted inks, which forms 

discrimination due to position, number and 

intensities of peaks [41, 49]. The IR spectrum of 

inks give an entire composition of the mixture that 

makes it easy for compound identification through 

fingerprint region (less than 1500 cm
-1

) and 

functional group (greater than 1500 cm
-1

) [32, 34, 

50].  
 

 

 

 

 



 
 

Table 8: Discrimination Power of ballpoint pen using TLC

n = total 

number 

of 

samples 

Total 

number of 

sample 

pairs = n(n-

1)/2 

Discriminating Pairs = total number 

10 (10×9)/2 = 

45 

S1,S2; S1,S3; S1,S4; S1,S5; S1,S6; S1,S7; 

S1,S14; S1,S17;  S1,S19; S2,S3; S2,S4; 

S2,S5; S2,S6; S2,S7; S2,S14; S2,S17; 

S2,S19; S3,S4; S3,S5; S3,S6; S3,S7; 

S3,S14; S3,S17; S3,S19; S4,S5; S4,S6; 

S4,S7; S4,S14; S4,S17; S4,S19; S5,S7; 

S5,S14; S5,S17; 

S6,S17; S6,S19; S7,S14; S7,S17; S7,S19; 

S14,S17; S14,S19;  S17,S19 = 44

     DP: Discriminating Power 

 

Figure 3: Principal component analysis of TLC ballpoint pen
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: Discrimination Power of ballpoint pen using TLC 

Discriminating Pairs = total number  Non 

Discriminating 

pairs = total 

number 

S1,S2; S1,S3; S1,S4; S1,S5; S1,S6; S1,S7; 

S1,S14; S1,S17;  S1,S19; S2,S3; S2,S4; 

S2,S5; S2,S6; S2,S7; S2,S14; S2,S17; 

S2,S19; S3,S4; S3,S5; S3,S6; S3,S7; 

S3,S14; S3,S17; S3,S19; S4,S5; S4,S6; 

S4,S7; S4,S14; S4,S17; S4,S19; S5,S7; 

S5,S14; S5,S17; S5;S19; S6,S7; S6,S14; 

S6,S17; S6,S19; S7,S14; S7,S17; S7,S19; 

S14,S17; S14,S19;  S17,S19 = 44 

S5,S6 = 1 

: Principal component analysis of TLC ballpoint pen 

 

Discriminating 

pairs = total 

 DP 

44/45 = 

0.9777 

 
 



 

Table 9: TLC Rf results for rollerball

Sample ID Blue (Rf)

S8 -

S9 0.6

S10 -

S11 -

S12 0.48

S13 -

S15 -

S16 -

S18 -

 

Table 10: Discrimination Power of rollerball pen using TLC

n = total 

number 

of 

samples 

Total 

number of 

sample 

pairs = n(n-

1)/2 

Discriminating Pairs = total number 

9 (9×8)/2 = 36 S8,S9; S8,S10; S8,S11; S8,S12; S8,S13; 

S8,S15; S8,S16; S8,S18; S9,S10; S9,S11; 

S9.S12;  S9.S13; 

S10,S11; S10,S12; S10,S13; S10,S15; 

S10,S16; S10,S18;

S11,S12; S11,S13;  S11,S15; S11,S16; 

S11,S18; S12,S13; S12,S15; S12,S16; 

S12,S18; S13,S15; S13,S18; S15,S16; S15, 

S18; S16,S18 =  35

     DP: Discriminating Power 
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: TLC Rf results for rollerball pen samples 

Blue (Rf) Light blue (Rf) Violet (Rf) 

- 0.25 0.42 

0.6 - - 

- 0.1 - 

- 0.2 - 

0.48 - - 

- 0.29 - 

- 0.44 - 

- 0.25 - 

- 0.33 - 

: Discrimination Power of rollerball pen using TLC 

Discriminating Pairs = total number  Non 

Discriminating 

pairs = total 

number 

S8,S9; S8,S10; S8,S11; S8,S12; S8,S13; 

S8,S15; S8,S16; S8,S18; S9,S10; S9,S11; 

S9.S12;  S9.S13; S9,S15; S9,S16; S9,S18; 

S10,S11; S10,S12; S10,S13; S10,S15; 

S10,S16; S10,S18; 

S11,S12; S11,S13;  S11,S15; S11,S16; 

S11,S18; S12,S13; S12,S15; S12,S16; 

S12,S18; S13,S15; S13,S18; S15,S16; S15, 

S18; S16,S18 =  35 

S13,S16  = 1

Discriminating 

pairs = total 

 DP 

S13,S16  = 1 35/36 = 

0.9722 

 



 

Figure 4: Principal component analysis of TLC rollerball pen

Table 11: TLC 

Sample ID 

S20 

 

Table 12

Peak S1 

(cm
-1

) 

S2 (cm
-

1
) 

S3 (cm
-

1
) 

S4 (cm
1
) 

1 3313.6 3313.6 3317.3 3328.5

2 2940.9 2940.9 2940.9 2940.9

3 2829.0 2829.0 2829.0 2829.0

4 0.0 2516.0 2527.1 0.0

5 0.0 1736.9 0.0 0.0

6 1654.9 1654.9 0.0 0.0

7 1446.2 1446.2 1446.2 1446.2

8 1408.9 1408.9 1416.4 1416.4

9 0.0 1215.1 0.0 0.0

10 1110.7 1110.7 1114.5 1114.5

11 1021.3 1021.3 1021.3 1021.3

 

Table 13: Discrimination Power of ballpoint pen using FTIR

n = total 

number 

of 

samples 

Total number 

of sample 

pairs = n(n-

1)/2 

Discriminating Pairs = total number 

10  (10×9)/2 = 45 S1,S2; S1,S3; S1,S4; S1,S5; S1,S6; 

S1,S7; S1,S14; S1,S17; S1,S19; 

S2,S3; S2,S4; S2,S5; S2,S6; S2,S7; 

S2,S14; S2,S17; S2,S19; S3,S4; 

S3,S5; S3,S6; S3,S7; S3,S14; S3,S17; 

S3,S19; S4,S7; S4,S19; S5,S7; 

S5;S19; S6,S7; S6,S19; S7,S14; 

S7,S17; S7,S19; S14,S19; S17,S19 = 

35 

     DP: Discriminating Power 
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: Principal component analysis of TLC rollerball pen 

: TLC Rf results for rollerball pen samples 

Blue (Rf) Light blue (Rf) Violet (Rf) 

0.69 0.92 - 

Table 12: FTIR results for ballpoint pen samples 

S4 (cm
-

 

S5 (cm
-

1
) 

S6 (cm
-

1
) 

S7 (cm
-

1
) 

S14 (cm
1
) 

3328.5 3317.3 3313.6 3317.3 3317.3 

2940.9 2940.9 2937.1 2940.9 2937.1 

2829.0 2829.0 2825.3 2829.0 2829.0 

0.0 0.0 0.0 2005.3 0.0 

0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 1654.9 0.0 

1446.2 1446.2 1446.2 1446.2 1446.2 

1416.4 1416.4 1408.9 1416.4 1416.4 

0.0 0.0 0.0 0.0 0.0 

1114.5 1114.5 1110.7 1114.5 1114.5 

1021.3 1021.3 1021.3 1021.3 1021.3 

: Discrimination Power of ballpoint pen using FTIR 

Discriminating Pairs = total number  Non 

Discriminating 

pairs = total 

number 

S1,S2; S1,S3; S1,S4; S1,S5; S1,S6; 

S1,S7; S1,S14; S1,S17; S1,S19; 

S2,S3; S2,S4; S2,S5; S2,S6; S2,S7; 

S2,S14; S2,S17; S2,S19; S3,S4; 

S3,S5; S3,S6; S3,S7; S3,S14; S3,S17; 

S3,S19; S4,S7; S4,S19; S5,S7; 

S5;S19; S6,S7; S6,S19; S7,S14; 

S7,S17; S7,S19; S14,S19; S17,S19 = 

 

S4,S5; S4,S14; 

S4,S17; S4,S6; 

S5,S6; S5,S14; 

S5,S17; S6,S14; 

S6,S17; S14,S17; = 

10 

 

-
S17 (cm

-

1
) 

S19 (cm
-

1
) 

3313.6 3328.5 

2940.9 2940.9 

2829.0 2829.0 

0.0 2523.4 

0.0 0.0 

0.0 1654.9 

1446.2 1446.2 

1416.4 1412.7 

0.0 0.0 

1114.5 1110.7 

1021.3 1021.3 

 

Discriminating 

 DP 

S4,S5; S4,S14; 

S4,S17; S4,S6; 

S5,S6; S5,S14; 

S5,S17; S6,S14; 

S6,S17; S14,S17; = 

35/45 = 

0.7777 
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Figure 5: Principal component analysis of FTIR ballpoint pen 
 

FTIR absorption peak for blue ballpoint pen inks 

shown in Table 12 were compared with infrared 

standard [51, 52]. Peak 1 produced medium broad 

band attributed to N-H group in amines [52]. Peak 

2 and 3 is due to C–H stretch around range of (2829 

– 2825.3 cm
-1

) and (2940.9 – 2937.1 cm
-1

) across 

all samples [51]. Peak 4 were noticeable in S2, S3, 

S7 and S19 having 2516.0 cm
-1

, 2527.1 cm
-1

, 

2005.3 cm
-1

 and 2523.4 cm
-1

, due to presence of 

weak –OH stretch in carboxylic acid and its 

derivatives or C≡N in inorganic form of cyanide, 

thiocyanates and cyanates [51, 52]. S2 in Peak 5 

showed =C=O stretch at 1736.9 cm
-1

 due to 

carbonyl group in aldehydes, ketones and 

carboxylic acid [51] Peak 6 (S1, S2, S7, S19) is due 

to N-H group or carboxylic acid derivatives [51]. 

Peak 7 for all samples were similar at 1446.2 cm
-1

 

and dissimilar in Peak 8 can be associated to C-C 

stretch or C-H bending or =CO stretch in 

carbonates (CO3
2-

), esters (RCOO
-
) and secondary 

alcohol (R2–COH) [51]. Peak 10 and 11 can be 

attributed to Carbonyl compounds (alcohol, 

aldehydes, ketones, carboxylic, ester) or Sulphur 

compounds (sulphoxides, sulphones, sulphites, 

sulphates, sulphonamides) or organophosphates or 

organosilicates [51]. 

Table 13 shows discrimination power conducted 

on ballpoint pen ink. Discrimination pairs and non-

discrimination pairs formed 35 and 10 pairs, which 

was significant at 77.77%. Similar FTIR study by 

Lee et al. [49] produced higher DP value of 86.67% 

in black ballpoint pen ink.  

Principal Component Analysis applied to FTIR 

results were distinguish between the pen inks 

according to their brands as shown in Figure 5. 

PCA were grouped into 6 clusters; cluster A 

produced homogeneous group of S4, S5, S6, S14 

and S17, which were similar [53]. Cluster B, C, D, 

E and F constitute blue ballpoint pen ink of S1, S3, 

S7, S19 and S2 that were heterogeneous in form 

[53]. 

Table 14 shows FTIR results of rollerball pens in 9 

brands using literature standard [51, 52]. Peak 1 

formed very broad band with range of 3257.7 – 

3332.2 cm
-1

 that is ascribed to –OH group 

(carboxylic acid) for S8, S10, S11, S13, S15, S16 

and S17 only, while S9 and S12 were due to N-H 

group (amines and imines) [52]. Peak 2 were 

associated to carboxylic acid (OH stretch) or imines 

(N-H stretch) [52]. Peak 3 band were noticeable in 

S9, S12 and S18 only as Peak 4 were evident in S8, 

S9, S10 and S18 that can be associated to the 

presence of C-H stretch [51]. Peak 5 were visible in 

all samples except S9 and S12, which is connected 

to N-H bend or C=N stretch [51]. Peak 6 ranged 

between 1423.8 – 1449.9 cm
-1

in S8, S9, S10, S12 

and S18 due to C=O stretch, which is in close 

connection to Peak 7 [51]. Peak 8, 9 and 10 showed 

absorption peaks at S8 and S10 only due to N-O 

stretch, N≡N stretch or C=S stretch [52]. Peak 11 

were evident in S8, S9, S10, S12 and S18 due to 

fluoroalkanes (C-F stretch) [51]. Peak 12 is 

associated to aliphatic amines (≡C-N≡ vibration) in 

S8 and S12 at 1051.1 cm
-1

 [51]. Peak 13 were 

present in S8, S9, S11, S12, S13 and S18 due to 

S=O stretch (sulphoxides, sulphonic acid). Peak 14 

were visible in S8 and S12 is associated to aromatic 

compound via –CH deformation of 1 free hydrogen 

atom [51]. Peak 15 were present in S8 (872.2 cm
-1

), 

which is due to aromatic compound (-CH 

deformation of 2 adjacent free hydrogen atoms) or 

carbonyl group (carboxylic acid) or alkene (-CH 

deformation out –of–phase) [51]. 

Discrimination power (DP) were applied on IR 

spectra for rollerball pen inks as shown in Table 

15. DP produced discriminating pairs and non-

discriminating pair having 31 and 5 pairs, which 

were significant at 86.11%. 

Principal Component Analysis (PCA) conducted on 

FTIR results of rollerball pen ink as shown in 

Figure 6 to distinguish between the pen inks 

according to their brands. PCA were successfully 

aggregated into six (6) clusters, having two 

homogeneous clusters (A and B) and four 

heterogeneous clusters (C, D, E and F). Cluster A 

constitute were similar to S8 and S10, as cluster B 

were similar to S11, S15 and S16, which suggest 

that pen inks formulation is of similar composition. 

Cluster C, D, E and F constitute blue roller-ball pen 

inks of S13, S12, S18 and S9, which mean that pen 

inks formulations were of different composition 

respectively [41, 54]. 
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Table 14: FTIR results for rollerball pen samples 

Peak S8 (cm
-

1
) 

S9 (cm
-

1
) 

S10 

(cm
-1

) 

S11 

(cm
-1

) 

S12 

(cm
-1

) 

S13 

(cm
-1

) 

S15 

(cm
-1

) 

S16 

(cm
-1

) 

S18 

(cm
-1

) 

1 3328.5 3317.3 3332.2 3261.4 3313.6 3265.1 3283.8 3287.5 3257.7 

2 3283.8 0.0 3291.2 0.0 2940.9 0.0 0.0 0.0 0.0 

3 0.0 2937.1 0.0 0.0 2829.0 0.0 0.0 0.0 2948.3 

4 2899.9 2829.0 2896.1 0.0 0.0 0.0 0.0 0.0 2840.2 

5 1636.3 0.0 1636.3 1636.3 0.0 1632.6 1632.6 1636.3 1640.0 

6 1423.8 1446.2 1423.8 0.0 1446.2 0.0 0.0 0.0 1449.9 

7 0.0 1416.4 0.0 0.0 1416.4 0.0 0.0 0.0 1405.2 

8 1367.9 0.0 1371.7 0.0 0.0 0.0 0.0 0.0 0.0 

9 1244.9 0.0 1200.2 0.0 0.0 0.0 0.0 0.0 0.0 

10 1159.2 0.0 1159.2 0.0 0.0 0.0 0.0 0.0 0.0 

11 1107.0 1114.5 1103.3 0.0 1114.5 0.0 0.0 0.0 1110.7 

12 1051.1 0.0 1051.1 0.0 0.0 0.0 0.0 0.0 0.0 

13 1025.0 1021.3 0.0 1013.8 1021.3 1031.8 0.0 0.0 1013.8 

14 894.6 0.0 898.2 0.0 0.0 0.0 0.0 0.0 0.0 

15 872.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 

Table 15: Discrimination Power of rollerball pen using FTIR 

n = total 

number of 

samples 

Total number 

of sample 

pairs = n(n-

1)/2 

Discriminating Pairs = total number  Non Discriminating 

pairs = total 

number 

 DP 

9  (9×8)/2 = 36 S8,S9; S8,S11; S8,S12; S8,S13; S8,S15; 

S8,S16; S8,S18; S9,S10; S9,S11; S9.S13; 

S9,S15; S9,S16; S9,S18; S10,S11; 

S10,S12; S10,S13; S10,S15; S10,S16; 

S10,S18; S11,S12; S11,S15; S11,S16; 

S11,S18; S12,S13; S12,S15; S12,S16;  

S13,S15; S13,S16; S13,S18; S15, S18; 

S16,S18 =  31 

S8,S10; S9.S12; 

S11,S13; S12,S18; 

S15,S16  = 5 

31/36 = 

0.8611 

  DP: Discriminating Power 

Table 16: FTIR results for fountain pen sample 

Peak S20 (cm
-1

) 

1 3313.6 

2 2940.9 

3 2829.4 

4 1662.4 

5 1446.2 



 

Figure 6: Principal component analysis of FTIR rollerball pen

 

 

 

Table 16 shows FTIR results of fountain pen 

analyzed that produced 7 peaks. Peak 1 showed 

medium broad band of N-H stretch (amines) at 

3313.6 cm
-1

, as peak 2 and 3 gave medium C

stretch (alkyl group) and weak C-H stretch (CH

CH2 and CH) respectively [51]. Peak 4 displayed 

weak amino acid (NH3
+
 deformation) or 

unsaturated nitrogen compounds (-O-NO

[51]. Peak 5 and 6 revealed medium C

(CH) [51]. Peak 7 produced weak alkyl group 

(CH3, CH2 and CH) or ester (C-O stretch) as peak 8 

displayed sharp band attributed to 

organophosphates or organosilicates at 1021.3 cm

[51, 52].  

Discrimination power and principal component 

analysis were not conducted due to low sample size 

as these can serve as reference in forensic 

examination of fountain pens. 
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6 1416.0 

7 1114.5 

8 1021.3 

 

: Principal component analysis of FTIR rollerball pen 

shows FTIR results of fountain pen 

analyzed that produced 7 peaks. Peak 1 showed 

H stretch (amines) at 

gave medium C-H 

H stretch (CH3, 

and CH) respectively [51]. Peak 4 displayed 

deformation) or 

NO2, nitrates) 

[51]. Peak 5 and 6 revealed medium C-H stretch 

[51]. Peak 7 produced weak alkyl group 

O stretch) as peak 8 

displayed sharp band attributed to 

organophosphates or organosilicates at 1021.3 cm
-1

 

Discrimination power and principal component 

ted due to low sample size 

as these can serve as reference in forensic 

Blue colored ballpoint, rollerball and fountain ink 

extracts were analyzed using ultraviolet 

spectroscopy (UV-Vis), thin layer chroma

(TLC) and Fourier transformed infrared 

spectroscopy (FTIR). The results were evaluated 

for relationship and deviations using discrimination 

power (DP) and principal component analysis 

(PCA). UV-Vis results showed that DP were 

significant at 93.33% and 100% for blue ballpoint 

and rollerball pens, as PCA produced 6 and 9 

clusters. For TLC, DP were significant at 97.77% 

and 97.22% with PCA having 10 and 3 clusters for 

blue ballpoint and roller ball pens. For FTIR, DP 

were 77.77% and 86.11%, while PCA 

clusters for both blue ballpoint and roller ball pens. 

Three pairs of blue ballpoint pen inks S1, S4; S1, 

S14; and S14, S17 were not discriminated by 

UV/Vis. and FTIR, but by applying TLC it was 

discriminated accordingly. Five pairs of blue roller

ball pen inks S8, S10; S9, S12; S11, S13; S12, S18; 

and S15, S16 were not discriminated by FTIR but 

 
 

Blue colored ballpoint, rollerball and fountain ink 

extracts were analyzed using ultraviolet – visible 

Vis), thin layer chromatography 

(TLC) and Fourier transformed infrared 

spectroscopy (FTIR). The results were evaluated 

for relationship and deviations using discrimination 

power (DP) and principal component analysis 

Vis results showed that DP were 

and 100% for blue ballpoint 

and rollerball pens, as PCA produced 6 and 9 

clusters. For TLC, DP were significant at 97.77% 

and 97.22% with PCA having 10 and 3 clusters for 

blue ballpoint and roller ball pens. For FTIR, DP 

were 77.77% and 86.11%, while PCA had 6 

clusters for both blue ballpoint and roller ball pens. 

Three pairs of blue ballpoint pen inks S1, S4; S1, 

S14; and S14, S17 were not discriminated by 

UV/Vis. and FTIR, but by applying TLC it was 

discriminated accordingly. Five pairs of blue roller-

ll pen inks S8, S10; S9, S12; S11, S13; S12, S18; 

and S15, S16 were not discriminated by FTIR but 
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was discriminated by applying UV/Vis. and TLC. 

PCA conducted showed that UV/Vis. spectra for 

blue ballpoint pen inks, S1, S14 and S17 had 

similar formulation that while the UV/Vis. spectra 

for roller-ball pen inks showed no similarity in 

formulation. TLC for ballpoint had no similar 

formulation as compared to rollerball, which had 

higher similarity between S10, S11, S15, S16, and 

S18, and little similarity with S9 and S12. The 

FTIR spectra for ballpoint pens revealed similarity 

between S4, S5, S6, S14 and S17, while rollerball 

pens were similar for S11, S15 and S16. Due to 

limited sample size of fountain pen, DP and PCA 

were not conducted but will serve as a reference 

guide for forensic evaluation. Having assessed 

these analytical methods, one can draw salient 

points: 

1. The chemical composition of any pen can 

be attained through functional group  

2. The colour spectra can be determined using 

TLC, an inexpensive and efficient tool in 

the absence of spectroscopic tools 

3. Discrepancies and deviations can be 

determined using discrimination power and 

principal component analysis to get pen 

significance and cluster arrangement 

4. Scientific database can be created to 

accelerate forensic audits and examinations. 

We recommend that future research should be 

conducted on black, red and green colored pens 

sold in Nigeria, and evaluate ink dating and 

degradation, as it will aid better forensic evaluation 

of any scenario. 
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