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Table 1 Different brands of Black Signature Pens
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1% UNI UM-100 (Japan) 9% deli NO. 33234 (China)
2% PILOTG-1 (Japan) 10#%  deli S63NO. 33286 (China)
37 Pentel KL (Japan) 11% M&.G K-35 (China)
4% Lema K121 (China) 12¢# M&G AGPA4801 (China)
5% W. B K-36-2 (China) 13*#  M&G VGP-301 (China)
6% dominic DP-007A (China) 14%  HERO 0233A (China)
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8% Genvana G-109 (China) 16% PARKEA 0. 5F (USA)
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Table 2 Handwriting samples of Black Signature Pen

under different conditions
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p-view graphs of handwriting samples

under different laser powers
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Fig. 2 Raman spectra of 2% samples with

different confocal types
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Fig. 3 Raman spectra of handwriting samples under different

storage conditions and different paper background

2.2 AEARMSESHEREFEFITNMELEESN

FE AT KR — Iy 17 —16% AR [W] g R sl i 5
1 2 40 2 2 B Il FE A AT IR, A8 4 R R R BT
B8 R AN A ) — I 8] 9 2 8 56 3% (B 40 o AT AL B
W] R R 1 R F A IR LB AR (R 3, X 5
KB O S A AR B A AR SRR R R
U AL — B LR AR W7 AR ] . il dn, 147, 157 0 167 (R4
BFERARLE 1586 em I BRI — B RRAE UG, X =
o 2B A0 25 2 28 0 A M TR A BB K O 43, HLSX RO 43 7€ 780 nm
PR IBOCHR IR TAH BoR, 27 BEEFERARL 1586,
1340, 1 140 1 493 em™ ' & H B 4 4~ W] 5 A FRAE 0 . 378 43
e L AR A W N W S, L R 8 o B W R E I 0 S AL
R EL R,

30000 1

20 000 A

10 000 A

Raman intensity

-10

000 T T T T T
3000 2500 2000 1500 1000 500
Raman shift/cm™

B4 MEABEZFEFEHAHNSHIEE
Fig. 4 Raman spectra of four types of Black Signature Pen
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v 12 1 085(s)

Vv 9 undetectable
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Fig. 5 Raman spectra of 2% samples at different times
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Identification of the Types and Writing Time of Black Signature Pen
Handwriting Based on Raman Spectroscopy
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Abstract The identification of the type and the writing time of black signature pen handwriting has always been a hot topic in
the field of forensic science at home and abroad. Based on the advantages of Raman spectroscopy, such as high resolution, good
stability, high efficiency and nondestructive testing, 16 brands of black signature pen handwriting samples were tested. The
samples of the same brand at the same time with different storage conditions (darkroom and lighting) and different paper back-
ground (copy paper and notebook) handwriting samples were completed. The handwriting samples were clipped and fixed on the
glass slide with the double-sided adhesive, and stored in the storage box to protect them from light, and then the samples were
tested at intervals. The test lasted for one year to form a Raman spectrum database. The optimum conditions were selected based
on the investigation of the influence of experimental conditions, such as measuring point, laser power and confocal type. Based
on the optimum conditions, the handwriting samples of black signature pen were determined under different writing time, stor-
age environment and paper background. The experimental results indicated that; (1) Under different conditions of storage condi-
tions (darkroom and lighting) and paper background (copy paper and notebook), the same kind of black signature pen handwrit-
ing had the same Raman shift, and the repeatability was good, indicating the less disturbance by the background of water and pa-
per. (2) According to the Raman shift, 16 types of black signature pen could be classified into five categories. (3) Taking 27
sample as example, a characteristic peak of Raman spectrum at 1 140 cm™' was assigned to the C—O stretching vibration y(CO)

of the ester compound, the content of which decreasing over time. Therefore, the relative intensity of the characteristic peak was
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increased with the writing time (8—1). The relative area value I was calculated by the fitting method, and it indicated that the I
value was increased with the writing time of the sample. Our strategy can be applied in quick and nondestructive determination of
the types and relative writing times of the black signature pen handwriting.

Keywords Black signature pen; Writing time; Raman spectroscopy; Type; Non-destructive detection
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