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Abstract: The reactive substances and mechanism of physical developer (PD) for developing aged fingerprints
on porous surfaces have not yet been clearly identified. This study investigated the role of lipid components
in the PD development process using various amino acid and lipid components presumed to be reactive. PD
reacted with lipid components alone, but a stronger reaction was observed when a mixture of amino acids and
lipid components was used. Among these, the most pronounced reaction occurred when the concentration of
an amino acid with a positively charged side chain was fixed, and the concentration of lipid components was
varied. As a result, it was observed that the reaction of PD gradually increased with higher concentrations of
lipids that protect amino acid components, and the degree of the reaction varied depending on the type of lipid.
In water-based PD solutions, lipid components are known to protect amino acids, promoting stronger reactions.
However, this experiment confirmed that the extent to which lipid components protect amino acids can influence
the outcome of the PD reaction. The PD reaction was not exclusively attributable to specific reactive substances
but could be explained as a phenomenon in which lipid components adequately protect amino acids, facilitating
the precipitation of silver particles in the PD reaction. Furthermore, it was observed that the reaction intensity
and stability of lipid components with PD differed depending on the type of lipid, and these characteristics
were found to affect the results of the PD reaction.
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the A 5 A el B Tk Ths 540 Atk
Ee ukg BAT e Qel7h welAA Qelvhe
Aol AH Bgo) ol & ZHo] gk,

BISIChS Wright BEEF ofu] i} Aio] BEOR EAT
wm} obv]iedt st A8 o] EFEol PDSH

ol 3t thakst Ao B1E3 PDO WM E
oJA3] B AR gkorom, Bof k& o] ofn

A stATh WA XA AJE 55 (cholesterol, oleic acid,

palmitic acid, squalene, stearic acid)2 ™42 PD%}
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G2 Aol A ARl ol ate BB el
Beel wel ppoje] whe Azie] mAE G Uo
w1} AL, o8 93 DA PDe] W AL F
A e ojuledt ARS ol A st
2 sk ot o] 718 HAL olgste] A
we WEele PD WHe AT Bz, HalE HE

o}w| =4t 5%(arginine, aspartic acid, glutamic acid,
histidine, lysine)2 PDoll WFS-AA 73}A whS-&t=
obp =gt RS RIS riRIRte R XA AR
AgS FH] Ast] A JE9 v WSk o
2} PD7} oG A| WH-g-sh=A] Gotr st sheich

2. M3 W gk

21 AlgF & 7|17

2 AFolA AR A FES {718l 5o
A 23} T}k, Cholesterol (Alfa Aesar, USA)< acetone
(Daejung, Korea)ll, oleic acid (Samchun chemicals,
Korea), palmitic acid (Samchun chemicals, Korea)~
isopropyl alcohol (Daejung, Korea)®ll, squalene (Sigma
aldrich, USA)-2 ethanol (Daejung, Korea)l|, stearic acid
(Samchun chemicals, Korea)= dichloromethane (Daejung,
Korea)oll &4 AR8-3F3A T

2 AFolA AREE olm At AEQl arginine
(Samchun, Korea), aspartic acid (Samchun, Korea),
glutamic acid (DeJong, Korea), histidine (Samchun, Korea),
lysine (Sigma aldrich, USA)-2 &o] 2ol Zo] AlLE

st

PD 24 842 iron (1) nitrate nonhydrate (Daejung,
Korea), ammonium iron (I) sulfate hexahydrate (Daejung,
Korea), citric acid anhydrous (Daejung, Korea), n-
dodecylamine acetate (Tokyo chemical industry, Japan),
decaethylene glycol monododecyl ether (Sigma aldrich,
USA)E AH&-3H3ith.

AT A D ololgt AR 57 9
5% °|(CHMLAB, F1002, Spain)& AH&-3}31th.

7} 2= Nikon D5600 (Nikon, Japan), A&l &=
LAOWA 60 mm /2.8 2X ultramacro (LAOWA, Korea)
2 AHgsigich

22 AE Wy

221 PD & M Mz & Xz

Thomas-Wilson 52 ¢1+12& #3135} DGME 7]
W] PD A &5 Azxsiinh Azt gl
Ero] 242 900 mLol iron (III) nitrate nonhydrate 30 g,
ammonium iron (II) sulfate hexahydrate 80 g, citric acid
20 g& %ol Az ARLYA SN ol
1 Lol n-dodecylamine acetate 1.5 g, decaethylene glycol
monododecyl ether 1.25 g =] A5 th. Zike
SN o] 24 50 mLo silver nitrate 10 g2 =
Azsksdeh. A4 gofe Abskeke g2 900 mL, AW
29A & 50 mL, B4 89 50 mLE E3Heted
Az

AAE ol F2 F 5% &< AFsi

=

=
a2]aL Al gelle swES A7 F PD 24

Table 1. Types and concentrations of amino acid components and lipid components used in Section 3.1,3.2 and 3.3

Section Amino acid Concentration (mM) Lipid Concentration (mM)

Cholesterol 30
Oleic acid 100
Section 3.1 - - Palmitic acid 100
Squalene 100
Stearic acid 50
Arginine Cholesterol 30
Aspartic acid Oleic acid 100
Section 3.2 Glutamic acid 100 Palmitic acid 100
Histidine Squalene 100
Lysine Stearic acid 50

Oleic acid 10-30-50-100-200-300

Section 3.3 Arginine 50 Palmitic acid 10-30-50-100-200-300

Stearic acid 10-30-50
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golo] AAE Hol 15% B AT F Yol 5w

PD 2 golo] wob 94 ek W7kA) AlF st

222 K& MEo| T spot test

7 AR e SHEE weistel £718vhel g
st E4E& AEF ol BeJER T Cholesterol 30 mM,
oleic acid 100 mM, palmitic acid 100 mM, squalene
100 mM, stearic acid 50 mMZ YFEo] AL&35}Sth
(Table 1). 2L 3 A& S 242+ 20 LB AEF0]
o] HolEg 3 24A17F F Xt 2 § PD g
golg Ae)akich,

223 ZAS0| ME we= o=ttt JFEn XE
gE2| =8 spot test

opm| =it XA EPE F ofn=Ake] st
w2 PDY WhE-& AW E7] 98 AFFoll ofv]i=
A AET A RS 717 20 pLA HolER T 2
AtEo] YA stE ws olu| At arginine, histidine,
lysineZ} %185 = o}v] At aspartic acid, glutamic
acidZ ZHz} 100 mM =2 9HEo] zhzt 20 uL¥ 7
FFold "olExt a8 2 9o 2L sk
oleic acid, palmitic acid, squaleneS 20 uL% ZHo]E
23l 24A17F Bt xSt AF 4R A &
3| =S 73} cholesterol-S 30 mM, stearic acid:
50 mME o] opu|iAt AR 9)o] Wol EthTuble 1).
2 5 PD 2] g2 Aesieln)

&

St
=

224, ofolcit MEN s2E XEH M9
spot  test

opr At B A 7o EFEC] NF AR
Fxol| Wl PDYF YA WHSEHEA] Yolr gkt
A olmi=ak AJECl arginine 50 mM< 20 LA
AgFolo] olERT. 283 2 9ol A A&

rioe

oleic acid, palmitic acidE 712} 10 mM, 30 mM, 50 mM,
100 mM, 200 mM, 300 mME 0], stearic acidZ
10mM, 30mM, 50 mM=Z 5o 20uLY BolEg L
24 N7+ 5 ARSI THTable 1). 2 F PD &
| At

225 ARl EA

MEIAYE /522 A4 ste] 2935t}
3. &3 ¥ E9|

3.1 X&E 20 w2 PD S

Cholesterol, oleic acid, palmitic acid, squalene, stearic
acidE& 77} PDE A 2] gk A3}, cholesterol# palmitic
acid7} 7aHAl WHE-sloltt. ol A Aol dxehe
Afoln 27 A& T3 pDE| WEEAYS FAHT

+ AtkFig. 1).°

32. ZAE0| MSIHE = oto|cdt OIS XH
ME Egh=0 T PD BkE

ofm| At o] 7= st 5439l wEh PD7F Rk
S A=ol A7t e =R ER1517] Sl3 AAL
Zo| ¢AsE u= oln| =4t L (arginine, histidine,
lysine)s} 73S W obv| =4t ZE(aspartic acid,
glutamic acid)y= 22t A& &3 &3t Z4H7te
&0l PDS} wHE AFE s o,
cholesterol-> T 2 PDe} WH&-3F A7} ofm]iat 5
F o] E3HE0] W3 AT ZA DA A
o} ofm=Ake] Hate] wE o]yt At vX=
FFE & F vt A o2 olE A9
A A JE 4% (oleic acid, palmitic acid, squalene, stearic

Spot of lipid components

Oleic acid
100 mM

Cholesterol
30 mM

Palmitic acid
100 mM

Stearic acid
50 mM

Squalene
100 mM

Fig. 1. Results of PD treatment of a single spot of lipid components.
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Amino Positively charged side chains Negatively charged side chains
acid
Arginine Histidine Lysine Aspartic acid Glutamic acid
Lipid
Oleic acid

Palmitic acid

Squalene

Stearic acid

Fig. 2. Results of PD treatment of mixed spots of charged amino acids and lipid components.
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3-8 Ay A d Adio] B2 PDol| whg-gh
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W oln|ieat 25 Rt PDO] o kAl whgE A
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Aot AdS 21Tt

Ay A, AE A8 s=7 HolEdFE PD7}
t ZsHA Wrgshe AS ERlskAth(Fig 3). °ole F
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Amino Concentration of lipid components

acid

Arginine
50 mM

50 mM

100 mM 200 mM

Fig. 3. Results of PD treatment of mixed spots with a fixed concentration of arginine and varying concentrations of lipid

components.
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A= PD7} RESah= el Ad e
stz shalvk A3 A AE AR
PDS} vl oFstAl RE-g-skltt. ol= A& Aol
@502 ® PD| REE 240] E F e HolF
Atk B3 AskE w= oprieit AR 55E tide s
& AyoM e Fdete] ZAES 7H arginine,
histidine, lysine®] PD ¥F-g-oll © 7a}A #oiste A
o2 Yeh o™ 2 F arginine}e] &3 spot®] PD
o} 7P ZFstA mbgsksitt. ol& S8l ofv=Ate] A
714 A&o] PD whgo] =83 AL 3= AMNS
1 = AU

ofpliAt AES AE AR HIHA B8 AF
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Adrk. AF Aol o] AE HE2 222 PDY
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Precipitation of No precipitation of
silver particles silver particles

! When lipid components properly |1 When lipid components do not |
1_protect amino acid components !} protect amino acid components |

v@{.;).}a |

[ Substrate |

Fig. 4. Fingerprint development process in PD working
solution according to the protective state of lipid
components for amino acid components.
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