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Abstract: The shelf life of 1,2-indandione/zinc (1,2-IND/Zn) solution and polyvinylpyrrolidone (PVP) solution,
which are known as reagents for developing latent fingermarks deposited on the surface of thermal paper, was
studied. The standard latent fingermarks used for comparisons were artificial latent fingermarks printed on
thermally sensitive and non-sensitive surfaces with the same intensity. Upon treatment of standard latent
fingermarks with the pre-mixed 1,2-IND/Zn and PVP solutions, the fingermarks could be successfully developed
until 3 days after the preparation of the mixture. However, from the third day after mixing the reagents,
blackening was observed on the surface of the thermal paper, indicating deterioration of the reagent performance.
The 1,2-IND/Zn and PVP solutions separately stored without mixing in advance were mixed immediately before
use, and the development efficiency of the latent fingermarks deposited on the surface of thermal paper was
observed. The performance of the PVP solution decreased after 20 days from the preparation of the reagent.
It was also found that the shelf life of 1,2-IND/Zn and PVP mixture was determined by the PVP solution.
The effect of oxygen and moisture on the degradation of PVP was investigated. It was found that the performance

of the PVP solution deteriorated because of the influence of moisture, though it was not affected by oxygen.
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1,2-IND= Sirchie (USA) A|&<, ZnCLE Merck
(Germany) A&, PVP (MW=40,000 g/mol)= ™% 3}
= (Korea) A&+ AFE-3IATh L-serine, glycine, DL-
alanine, L-leucine, L-threonine, L-histidine, L-valine, L-
(+)-asparagin, L-lysine, sodium chloride, calcium chloride,
magnesium chloride, zinc chloride= Sigma-Aldrich (UK)
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Korea)s A3t
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Table 1. Formulation of artificial sweat solution®!

Constituents Concentration (mM)
Serine 9.3
Glycine 7.8
Alanine 33
Lysine 2.7
Threonine 1.2
Asparagin acid 1.1
Histidine 0.9
Valine 0.8
Leucine 0.7
Sodium chloride 113
Magnesium chloride 0.4
Calcium chloride 1.4
Zinc chloride 0.14

60 mL, dichloromethane 20 mL<} acetic acid 10 mL
o 8841712 92X A 23S ZnCl, €9 4 mLE 7}
3t 3 petroleum ether 900 mLE & 7}l 1,2-IND/
Zn &S A z3t9 . Ethanol 500 mLoll PVP &%
31.56 g& o] 8% PVP &9& Al xsAT AF
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Z3AUTE BE Al Az F 2ol He F7k
H3AsolTt.
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Table 2. Grading scheme for assessment of developed
fingermarks

Grade Level of contrast

0  Marks cannot be seen against background.

1 Poor contrast between mark and background.
2 Reasonable contrast between mark and background.
3 Good contrast between mark and background.
4 Excellent contrast between mark and background.
25. ME4d &4
2 AYE 7Y A AP BaeEe 24 °C

ot

Fig. 1. Digital image of inked fingermark used for the (FA 23 °C, 2L 26 °C), BFFUNFE=E 68.8% (F

artificial latent fingermark creation. The empty 2] 64 %, H 3 86 %)= A= ATH
spaces between the ridges of the scanned image ’ ’

were pre-converted into a transparent format using
Adobe Photoshop. 26. Ao I}
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A A= heating pressE ©] &3l 180 °CZ 10 % &
¢ A stk dFE AES 505 nm FLL ¥ 3. &zt ¥ 1n#
FH F4A JEHE Sl AEST FE AT
ol 505 nm FHS HFH T34 dEE AR 3.1. 12-ND/zn2t PVP Eg}8%o| BEJ|8
sle] 23ttt 71| 2E aperture-priority mode (A Hong ES7IA P 52 AFSA47E o] &
EX), F/IL IS0 200, =&% 2 222 A3t st EX o] 2 oy A T4 S
BE AIFL 2 3] vEARs A vzrERolA Akl ZHETF ThEA e

Days after mixing

Surfaces

0 3 6 10 13 14
Thermally
sensitive
Thermally
non-
sensitive

Fig. 2. Development results of artificial latent fingermarks printed on thermal papers using the mixture of with 1,2-IND/Zn
solution and 8 % PVP solution (1.0 : 0.4) mixed 1 ~ 16 days ago.
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Table 3. Grading results of artificial latent fingermarks printed A o] X Eo] ggo] x| uferH o] tjxH] 7}
R e M O A 259 se el 19
mixed 1 ~ 16 days ago o] A3k g NS ALE-SH IR 7} 4AF] W
Days after mixing 3} FEHI v EE BRFAA Ao
Surfaces 0 3 6 10 1 14 B #ds] YEOM, 14 Lol B34
Thermally sensitive 40 40 34 24 14 00 i AR Agdls Awe] 42 9
Thermally non-sensitive 3.8 2.6 1.8 14 0.6 0.0 2 slolnh ol JoR Mo} 12-IND/Zn &%
8% PVP &S vg] E¢d A5l 3 & ol
ARgSloF dtkE A & AT
ol A A G v oy, w2 AgellM = EE
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1,2-IND/Zn &4 7 8% PVP 3842 1.0 : 049 8% PVP & Az F EF38A FaL 0 ~ 354
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Days before mixing

Surfaces
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non-

sensitive

0 20 29 32
Thermally
sensitive

Fig. 3. Development results of artificial latent fingermarks printed on thermal papers using the mixture of 1,2-IND/Zn and

8 % PVP solutions (1.0 : 0.4) mixed immediately before use.
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Table 4. Grading results of artificial latent fingermarks printed
on thermal papers using the mixture of 1,2-IND/Zn
and 8 % PVP solutions (1.0 : 0.4) mixed immediately

before use.
Days before mixing
Surfaces
0 20 23 26 29 32
Thermally sensitive 40 26 22 18 12 04

Thermally non-sensitive 4.0 4.0 38 22 1.6 04
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Fig. 4. Development results of artificial latent fingermarks
printed on thermal papers with mixture of 1,2-IND/

Zn and 8% PVP solutions (1.0 : 0.4) stored at
various conditions.
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