00 O A
RRPG91020357( 3 } P

R A IR R B AT R AT
Nt —FEEAEENR T EMARE S

3t E 43 - IFMI1-F03

P XERBEIFRTFEEI RSO EHSILMBIRAREZBYH
+ £ 2 1% FRATFHEZTH R AT MR

33X A Research on the Fading Mechanism of Dyes in Writing

Inks And Ink Dating by the Revised Absolute Aging
Approach

I

PTG - PRERKRE

m

HEIHFA I REA E-MAIL 1245 -

£ EE 0 03-3285187 1% B8 558 1 03-3275907

pATEAMR Y 91 £ 2 A 1 82 91 £ 12 B 31 A



HELM D XTELTRFEE RO LS R BB Z B R

HEFEHREFGHEH R 2R

%

3
— - B4 267
—~#HEv e 268
=orERxRE 263
W Egdh - B 270
B~ BEEF ik 274
AR R 292
N 204

-267-



Z-HRGEPIREER

)
MeeF - R OH - RABBH - FAFRHAL - KHWLAE - £ EFAK - Victoria blue

AR RIAR TLC 695 M 7T X B R BEE R A ALy Bk o 2108 BAETLC 5
HEEAEHRSSER (band) HEHRERS AN - HEEILOHEE - Fordieg
el #) & o Bl 8k E o
A OTLC w# B e BARAMSIE THER > B HEETH > TUARE A 26T % - 5
RERBT WML RRPESOEHE T AFRIL BAFT L H LMY LE -
AR KB FEAFALARYETAT T TETUAMNE  CLFTEHEEEH/ATS

TEmG o ML B kX F A BT HTEETHT LA/‘%}’T&E& » AR EXR
TagT Pz ER T EME SR w0 Victoriablue éﬁiﬁk’\’\%z% 470 456
A2 F M F AR AE—EPA - LBLURHEN T FALEREET KRG A &Y B
SR T A G A R LA R -

RPLC 488 £ 5K & #5443 24 Photo dyode arvay &Rl Eiajeg 2 R80T » MR ELE AR
Satas AR 4L 580 nm MIRILBEF R A ER - 14 Peak Ratio (G S bddik) T4
AARREER  LRASAKRFRANEOBE LA T X -
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ZoHERXHR

Keywords: Thin-layer Chromatography, Liquid Chromatography, Ink dating,
Peak Ratiorng Method, Aged ink, Victoria Blue.

The results of this research show that the thin-tayer chromatography method is capable of]
distinguishing fresh from aged ink. Aged ink produces more bands of different colour and
fluorescence after TLC separation. However, this method does not provide specific information
for ink age determination.

Mass spectrometric analysis to the methanol extracts of the colour bands on the TLC plate after
separation provides specific information of motecular weights of ink components. Main dye
components of fresh and aged inks do not change with time, but slightly change in quantity.
Analysis by HPLC coupled with photo dvode array detection shows great intensity difference at
580 nm to dye components in fresh and aged inks. The Peak-ratio method shows even greater

specific difference, therefore it could be regarded as a potential to ink dating.
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Triaryimethane $#ME ~BRELHEGREH  BREK 4L STHEABLLTH - &
#% &8 (chromatographic system) 845 % ¢ 2 —@w B F - £ 544 F =83 518 (aronatic
rings)- e R LM T #ALR R RiEer &8 (autochromes) #9348 RAHAT - 01 6 F
A-OH > —NH:> —SOH % > AT ENIRET BET bk LA KEHEHR
c W) Bt F o (fastness) Atk LEA# M (light fastness) s Skl ¥ B4R
Rsh 1 85k $HXA BFE£EK%E2 E - Rhodamine 6G - Rhodamine B - Methyl
violet » Victoria blue ~ Crystal blue $#EANE ~ 2 Bk - e AfEHE -
fa TR ARE &40 (hue) MR LEM > HorAM st EM > 45— bty st
(Pigment) m@ & A kF2% % [1,2])-
BAFRELAMNFERFBALALN RN - BF L5 > CHFERLEHB S — bk
(3~14) ~ARESTHAHMME - — Al 5R (relative aging) HE ik B —
Bl B et (absolute aging) # & Fik o — A~ %4 International Journal of
Forensic Document Examiners e5#i#istst b - £ B %% %% Brunelle - Cantu ~ Lyter %
AR Aginsky EHERO T A TERMTHEHAGFH - LB MR LN
ERGEFT ey FIAE (Reliability of extracting rate of dyves) [15—20)- Brunelle
B Cantu ey At B 2ok 2 Re) 2468 5 ¢ B 55 240 & & 4 4738 Cross-linking -
polymerization ¥R M8 4% 430 o 8 30 OB B S8R R o AT OL ST BUR B SR L 3R
HEERRARABAERFMOLY HERNH MO TSI T b Bk R HROK
U o 12 & Aginsky A RHAME EERELHMRAD  BASAKEELEEER
AL RAURBILEBCRE B E B ekri ey ik LA B AR o
Frefta 4t ashl (Relative aging) WA U —MBE KO EREN — o F R 2L
AGERFBELBAAE - AFMAR SR L2 MBEARABRE OED CRTREN
ARG BHRERRIGPYEREMAEAGER) ¥ FUER-AEmEn 258 EA A
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(Tt 8 69k 5008 ) - Aol SLIB B3 % FIRR 27}’\&%5‘&????;@%/\ — 42382 % 5 H)
BAER-EBEHE] FRR L2 2R T USERY - b2 EMEAB- A P=A/ (A
+B) AIMPI R E 2 R ERBR AP AR R UEE ST URIERI TS — P -
AP #1 Ps ARt EpT F X MM ERFEH AN - WA EFARARS (1) B
RMXELOEERAL BRLBERR B Bl —h & T~ Bl —hbk - Bl - a e
(2) MAXELMPAHALHERLATE AARMERE (3) MAXE LHEEG
ALOTEARCAMGLEAABRGFEELT - 2HOEERERTe Y  BHFRTEHE o
SRR (Absolute aging) e H M A LB AN E L 2 B EA HE B SO
Aok 540 (&4 > artificial aging) ﬁiﬁiﬁ“‘it P R AR R K R R B B AR
2} A ﬁ%ﬂh$»+ﬁ$iﬁﬁi&%%ﬂ&ia
EEBHMAR L —MARAE YL —BAEGEMNERF FUER-—BEMeH &
BEMEAE N REWEHESMEAEL RS R A RBZEERAEHAER-BE
Brf] o AR L AT RS o 2R AR E A B A P=A/ (A+B) » LR
MXEZHEREDS Pio Atz RE R > BARERUIBEG TR T AR
Bl[43 5 — Poe RIAPI=P.Poblp T K - MBaRAFHE R — AR —HELOMBLE R
KA B H e F ok R B R T AT R AP=PPo c MEAP BAP BB b B H T sb =PI AR
XERREERM AR - POLEETEMHEER (relative aging) HikH S @E4ES - (1)
AR EREFAHA (D) ALk 2L EABRARTE LS A0 AT L kAR
BOR LB RESRAH éf}f!%#i#%éﬁ] P RmBEEERBRELEMR
MESBELRLEHIGR I AT 2 LA ER § 2885 - MEER Aginsky F— @ F
FRAREE)  WA®MBABIRERKARE » BABASCRB AR ERRERE S8
FTERNERHNERE (FRAZDAFEH > THREROEM S FEHER SR EX
NERFRRFREGMG) AL ET R AR R T E R A B H SR R R o
@ B Aginsky AR B PMIR H — L@ e o fEAR SR AR el r kb r 3k
—E&TH e ARBAK D EIAF MBI AR S ERE R ik B R LT
By e
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~RERTEEIAARTITEERZMERNS - (] ) FoM A (dyes or pigments)

(2) BE#  (vehicles)  (3) Hhodh (additives)s FABPITHEHBLEE T ¥ L

s [21]-
Bl —HasRTESARATESY
Components Content in%
(w/w)
Oleic acid 4.5
Diethylene glycol 7.0
Phenyl methyl carbinol 1.9
Glyceryl 4.1
mono-ricinoleate
Hexylene glycol 222
50% santolite 14. 6
MPH/cel lubego
Spirit sol. Fast red G ——
Spirit sol. Fast red 3 R 14.5
Rhodamine B base 5 9
Azosol Fast Red 3 BA 1.31
Ink red G 17.7

EPREMBARKEEHER LSRN €HEHIE 0 AF - MG HE Y TR « Hiodh
GREAL R — BB o EHE RN ENARBBR XA - BAERETH  REX
BREVIE » RS FRDBHAINY «c —BRMBOHYIL 2R A% XA
FBIT AR R G HAE RS0 T E R s AR EHMERAHEA
FROGEEZEFET -

REHFH > o RMLEZLFEHAERY - ERGBMENETEL > LI RE - 4o id
triphenytmethane violet dye (# % % methyl violet &% crystal violet) &4 » &£

REMTHRREAT !
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Cii;
101 ’ N@\ g
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1 10 h
n:__ o on
1

MR LMW R EmE o RTEIAIALEH —EHARBITETREL B M &
triphenylmethane » FlBF b @ Ao A — S8t A48 X M R K & iR & #9284 phthalocyanine
%n%%&$?’%Aﬁuﬁ’&ﬁ%%%ﬁﬂﬁﬁiﬁ’ﬁﬁ%%%%ﬂ%%%%@%
HARE R ELEH —HodBRit LB A e M EamAEMMIE c Bt 3R
T AT APHRE KRRy -

Eh BEATORHHEERREHEREF - FELIUSHGELNBEOR A EH
AT poig il RELBMAALE LR EAT R REZNOLR - TRANBER
# L1t A thin-layer chromatography @ high performance liquid chromatography @ s A
ESI Mass spectrometry o TLC & HPLC Tl sa B R T R ey f /R fh ey ik - Hig
REIT B ko B E &R s FE @M T LA ER T FEELERSTFRE
Ay B -

Rk o sharrmithiBey ¥ ed i (absolute aging) FIE F R UH TR AT Eayueshd -
A ERRBEHFR (absolute aging) #E I A A BHBE RO R E MmEE L EREH
B PRAK T B AR R TR G BRSO BRI AR AR LA ERT R
R ERBUREH S FHEZARN > FrEROREDAFTHLME - SRUAT LS
FARPZEHRTFHREN G FrREORAMGTHELABELGNES P TR
MEIBAEZAmmiaR e m@ForA & B> LAR Mo 38 K ik T 43 R fRth (& P& Poe B} 83T
TitEHAP =Po—Pr> AP=Pi—Pr o WBRAPRAP @SR EPTHEER 0k -
REOBREAT FETURREI LR AT HREAEHMT HREGMMZ I LR

FERBMAKOHT -
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EeRTFE:

(1) BU-1: S.K.B. SB-1000

(2) BU-2: PILOT BPS-GP-EF-L

(3) BU-3: Class-mate 615

(4) BU-4: Pentel BK83F-C

{5) BU-5: G.B.office ball #100
LeRF%E

(1yBK-1: S.K.B. SB-1000

(2) BK-2: PILOT BPS-GP-F-B

(3) BK-3: Class-mate 820

(4) BK~4: Pentel BK83F-A

(5)BK~5: 0.B. Sieek Line #1500

A Ethyl acetate, ethanol, n_butanol, methanol, Victoria Blue, Pic B~7 %, %8
& Taiwan Alps Chem. Co., Ltd.
3 Ty M2 water ¥4 Milli-Q-Plus @8 B 8 71t o
4 FW b riE A2 A4 k2 TLC (thin-layer chromatography)42358% & Taiwan Merck
&) e
5~ HPLC % % % Waters 600 pump » 717 autosampier - Waters Novapak C-18 Column ( 150
x 3.9 mm, 1.d.) & Waters 996 photodvode array #kh % -
6~ Bk A Agilent 1100 Mass Spectrometer -
== RRBER

1. EsraTdae

(‘-v

Ll Fresh ink: M EPGE - LB TE50Rn e BWE L gEd— lemx3en
ZERER  HAHE KA -
1.2 Accelerated aging ink:

MEsletE ~ BERFEFHPNOEHFMEN G EH— lonxden 2 KB H
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BRAREEE EXAA TRARE s BAMEIL BS54 36+
91215 R I8 B eF AR A hehag 3 o2 1 SR & Bk A CBK-1(A3) -
HUETRZEANKENESZ BT UG R FFTHELTE -
BITRIVHER FH IR EE - AMAME BB RG22 £33
ETRAR -GG ERIPRE - SRS INF MR ENF R LT
TEEHAMCANBYHESLE  SRRERBEMNME RSB TAE HEE
2. BAESGEHE ;
2.1 Fresh ink:
P RAREESHEINER(lanx3cn)FF - EA eppendorf +# - foA
0. bml = methanol sA ZEHC4RGE ol £7K - 34 eppendorf £ 5342w 5 BU-1-2
3 4 5(REBTEIR BK-1-2-3-4-5(LERTE)  nEFBEN VAL
S AVECE N L
2.2 Accelerated aging ink:
LB AR FMBEBENHELEFER(Tom*3cm) ¥ T - EA eppendorf & » oA
0. 5mL % methanol A EBEKR Loy Bk « £ eppendorf LARRBEFM o HE T A
BU-1(A3) ~ BU-1(AB) ~ BU-1(AD ¥ F btk - T F FENBARG R URB £ 1
ChABEZHE -
3 TLC B #
3.1 TLC Am 2 mr i 2 -
R Sem x Tem = TLC plate > JABEMIESREA 4 N5 £ AT G B #— R solvent
system BB #E x> BEATICKHA PrhERM AR L& Ky AT
EY 3 ANEARSH -
3.2 AN TLC B &) solvent system
B4 6x bem ) TLC 4R > BEERE SR lem B - A48 %% — B 4h - TLC 947 57 AL 45 & 1A 1 15)

NEH AR E S0 s R R AR ARBER T b RTRELEN TLC AR L
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4.

10.

MEARSERACH 2y D BRUBFTEAT - RS L2 B Rk REEAT- 51 TLC
MABEH - B REBEBRE BN P ESAN  LERGEZRMER - g
& band # Retention factor (Rf) 34itik= - df8hdad > B o4 366nm 4 #h 4 B2 8¢
THERBAE o g et Hm g o

AKEHE R B REIE  EE T4 2 solvent system £ 55 > 54T :
solvent system | : ethyl acetate: ethanol: water = 70:35:30

solvent system 11 ‘ n-butanol: ethanol: water = 50: 10: 15

TLC o047 -

TLC o417 A7 St Ad B Bl i g A R P A8 79 43 B 30 THRAEREE N A RARER P

ag

AEHRGRENTCR LGB ABSEELA 20 BABETEAH —2% L2 2
KCREAL - R TICHRNEM - 204 PRUEBSEAEEARMM T EHEM
VAT RAEZERHER - M4 ) band & Retention factor (Rf) itk - sl ik
Ry QOB  a

SRR TERAKMAMMOILYH | BB ARLHOR! B RERER -

EST e dn o ¥ 8E4R & 3B 0. 48pL/min sEA BST LO/MS & » T 2R B8 E 100

% 2000 Da -

HPLC R 4umd : BT 2B RO DSO BB EBRFERAMAREEE S g R

#AFEE R 15 —}’L (0. Imm ) 5 AHAREF « B—FpoN 200l FHLTETA

FHEERS 5 - ERBETIHRALFHEKETT -

RHREFM e R4 B EKIRS P AITILES - B4 15 I S HBRARE S - &0

AEhoAN 20n] FEHER - ZRSEMEE555 1369 & 12 548 - RIREHH

EAHPLC 34 F sl it « 45 %0 9 sk 2 -

WHEARENREL D BERESHITLEE  SmiTalea s 2-5-10-15 &

2090 EHAFBIGRAE - AT BLoPB+— - BEH3iF2

HPLC s # 2 e AL © A E o S8 A - 4 404 peak resolution s E S &%

695%) ~ AKtaey PH % - $avaktt 448 A ACN > THF & 5Mm Pic B-7 kg - pHl 38
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11.

12.

13.

14.

15.

16.

—

1.

2 4-8 B : RGN EEN A2 EE 5% » 2K E Peak Resolution -

IPLC ## & Photodicde array 8] @ HPLC oraftcsmet 2408 C-18 4 (1503, 9mm
1.d) e HPLC 5 28 % 4% .45 Waters Pump © & 667autosampler.

ASHEEHE  BRAFEHE S HPLC 58 & pda 188 - 4 photodiode array B &
EH B EUR YA v BE LA OB ARG EARTH A GE
peakl/peak? - peak2/peak3 ~ peak3/peak.

REERZEY

AT EALFBARERBER BT R - B8 AT £4bey £k HPLC 58+ pda 13
BoPda BHRLE-RSALEZGLES TR E - o Z @5 - DILE S
peakl/peak? - peakl/peakd ' peak2/peakd » B A LM AT ELBE L LEFHFA XL
o FREPLEBEASZ A FEE SRRk -

FhanEAPZ pda THHZFE 0 U 10p] FEFRISAZ TG > EIREA
HPLC T opdtit G pda bl - RRBERXFH L NFLHE e FHEME R

TH RN (aging) $H T

L

v T pdrz R

MAREZLEAGETIC S HAL LT BAB LR A LEMER

&M solvent system 1 (ethyl acetate: ethanol: water = 70:35:30) = TLC
TR IR RAFZ 5 8R4 A 32 4% 518 band 2 RE & - £1E 15 B B
B RAR G MBS BIEE &R AR TLC 540 45 15 ude - AT TIC 4R
A A 366mm Z RIS AABTHRELZBARE-EBARZRLARI A2 B Rbok —
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o MHAREMT B BRMERES BB AL T

WA F KA 1 2 3 4 5

Rf=0.63 + - +. - + EFxert
RE=0. 77 + + + + + L e Rk
Rf=0. 99 + + — + . BEEBE
4+ b B

th2 BRI ! ‘ ’ ! >

Rf=0.63 - —~ — - — EXEeE L
RE=0.77 -+ + 4 -+ 4 FHE AL
Rf=0. 49 + + — de + AR

L2 RATBERGHE, +E5THEARE . — AFBLSARAE

MBEALARESH 063 RS LIS ZHERFEYe B LM Bt + 5
NHALmRELE WEEEHBAHL - ENPRIAA0TTRZHFLESARRI A
B RZ\FEEL  MBRELZBARERFEES -

£ M solvent system Il (n-butanol: ethanol: water = 50: 10: 15) z S #EaFit
solvent system | Aff - 2d a4 15 MBI B E KRBT > LA M%) band &
FREMBETI - HAIRBEI § D oregtkeh (BEPEEEK) WAk S (B8
Ao B & EK) K TLC sarehrb st - RAETLe TLC k& 3606 2 b AR THRELS
KRAE - FRGHZ band 9% FE A ML EALE  RA A band 1 -~ band 2 - band 3--- »
MG~ R KL SR Mo FAE - MEHRIESEZREZTHRE > RELY G

TN £ @ I ey Rus B A

EeRFTEERGTIC AMAEASHERINE ZE&N -

FES I REARTIC BRI @AS A2 E
BU-1: S.K.B. SB-1000

F R %I Band 1 Band 2 Band 3 Band 4 Band 5

BU-1 (F) 0. 596 0. 656 0.719 - -

BU-1 (A®) 0.570 0. 641 0.726 0.819 0.926
i 3x FEEL

(M AMEEA T ADBAT LA S EA S BUI-I(F)ayBand 4 BE KT Eak &
& - AR AR -

-278-



R EEZREIARUTIC RMZEFRI RELGHER
BU-2: PILOT BPS-GP-EF-L
FREE Band 1 Band 2 Band 3 Band 4 Band 5
Bu-2 (F) 0.578 0. 644 0. 71 0. 781 -
BU-2 (A9) N.619 0. 683 0.758 0. 808 0. 939
3t wE A

(F)B¥MEEK (ADBH AL DEGHEK

£ EEIREAUTIC B2 aF2 Rl GRAZLOBRE
BU-3: Class-mate 615
- BRI Band 1 Band 2 Band 3 Band 4 Band 5
BU-3 (F) 0.544 0. 630 0.733 0.811 -
BU-3 (A9) 0. 589 0. 652 0. 730 G.830 0. 937
flasx w B e R

(F)&MEEK (ADB A LA FSELBU-3(F)eY Band 4 2 5 &5 8 &
B B #5585k -

_ B CEEAIFEEARTC BEHMzZERRI RE LR
BU-4: Pentel BK83F-C
FK 5 Band 1 Band 2 Band 3 Band 4
BU-4 (F) 0. 600 0. 667 0. 747 0. 825
BU-4 (A9} 0. 608 0.692 0.739 0. 817
3t £ 4Li% hoiR

(D B#MEFEAAD B AL EIA NG Z5K BU-4 (F)eh Band 4 ARL e b &,

#2482 BU-4 (A9)e¢y Band 4 Bl A& E MA@ -

N COEESRBARAUTLC AR ZaHRI BERAELHER

BU-5: 0.B.office ball #10

BB Band 1 Band 2 Band 3 Band 4 Band 5

BU-5 (F) 0. 594 0. 664 0. 744 - 0.833 ~

BU-5 (AD) 0. 604 0.670 0. 748 0. 848 0. 937
fhix FEBE

(P A#EREA ADNBALELA ST RK  BU-5(F)ey Band 4 B33 AL -
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B & — 3Bk 4 A AL AL IS A 45 R b 0 £4bad TLC 58 band M IEF & S B

BoRfEA0.82 092 E& -8 % @ RFEALM  EE=EFh—M@ RI@&

B0 9 EemfHBHEE BB FE @ RIEAHD 0 Rt 24 TLC 48

Be Bk 2R RSB NHHERAE 0T A L5 6 band -

FER V- R BV

FAE B PR E RS T 2 — -

SZeERTEEXRGTCRERAEATHERIINALERFT— -

F2E B TREAMTC Rz &R HAEARBOSE R
BK-1: S.K.B. S§B-1000

F KGR Band 1 Band 2 Band 3 Band 4

BK-1 (F» 0.593 0. 667 0. 759 -

BK-1 (A9) 0.589 0.663 0. 759 0. 837
i

(F) B 2 (ADB AT LI eFE ER o

AN EE2BEAMTIC RM2 65 Rl GALSEAMGER
BK-2: PILOT BPS-GP-F-B

F R %I Band 1 Band 2 Band 3 Band 4 Band 5
BK-2 (F) 0.478 0.526 0.611 0.708 0.919
BK-2 (A9) 0. 489 0.537 0. 641 0. 744 0. 922
i HEEL AR

(FYamaix s (ADBATELA T EA BK-2 (F)do BK-Z2 (AS)4 Band 1 #E &
ML EasEs - REAANEEE A HRandd wE s 2t Band | 698 L E
A E e

FHAEEIEEAUTIC ARz % R ARAEARBEGER
BK-3: Class-mate 820

F R Band 1 Band 2 Band 3 Band 4 Band 5

BK-3 (F) 0.570 0. 667 0. 767 - -

BK-3 (A9) (. 496 (. 585 0. 663 0. 758 0. 830
1 ix

(F)A 378 2k 0 (A B AT EEAF BRI BK-3 (ADay Band | ARG E
é o
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AT T EE4HREBARUATLC BRMZEFRI ARAELRABHERX
BK-4: Pentel BK83F-A

Band 3

B KGHE Band | Band 2 Band 4 Band 5

Bh-4 (F) 0, 575 0, 642 0.722 0. 806 0.919

BE-4 (A9) 0. 583 0. 650 0.719 0.803 0.919
st £ ik

(D) AMEEA . ADBAT TG EK S BK-4 (F)ey Band 4 AR EeHaé

otk 2 BE-4 (A9)e¢y Band 4 R ARG H 4 & -

Ft+— Za5HEAUTI. Rz Ea® R BARBAREGER

PK-5: 0.B.Sleek Line #1500

FK&HIE | Band 1 Band 2 Band 3 Band 4 Band 5

BK-5 (F) 0.530 0.604 0. 681 0. 767 -

BK-5 (A9) 0. 496 0. 600 0. 659 0. 752 0.822
Hix

(M AMHEEIK (ADBHATEILRFeEK S BK-D (FegBand 1 &40 Band 2 &
gk - W BK-5 (AD)eh Band | Bl A B AE & -

B — W B AR LA e 6 Rk - AL e TLC 408 band 8% 8 e) 5 o —
8 REE%0.83; B -1k aiaR LEZHSHAE REBA0.76 4083 Lew
REEARF : LAERS 0o RIA 082 hEREEARAFANLLEEAEE
(L1.7 % 2 band .8 & % SR » SAILEA & 50 TLC 28R & BoASH + #1069 Bk 1R

MG FKAEBSH B band e BMUFTFTURARELLEERHNERH T E2— -

T LT ERZI RTRTEH T E AT FH BB A2 Victoria Blue(VB) 4
AWLHOEA R - 45 Victoria Blue ir A B EFAEMEM 9L AL G ESIH L >
&)

HEafo g LlmiaBR T B B kS gn S AT st i+

&+ = Victoria Blue sA TLC BRI Z &% R ARS AR EHUY R .

FoR%GE Band | Band 2 Band 3 Band 4

VB (F) 0. 607 0.719 0. 826 0. 930

VB (A9) 0.617 0. 717 0.839 0.936 7
B Eest | Fedx

(F)R#F LM (ADAALEILI N Fey 44 2 VB (F)ay Band 3 v Band 4 #ui e &
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ERHEAEEREMNBEL  BLEIz VB (AD)e) Band 384588 -
Victoria Blue #t# 2 MM LA N2 TIC B EH 2 BB e R L AR Bt
HERGRE  BRAARLRAMELALALEARC o
2~ = ¥ Electro-spray Mass Spectrometer (B8 %) # TLC B2 &8 26 55
THT R
BANBEERRER AR B MAL2 TLC BRRV kot e s AN HIETH S HIHA
mmMmfz¢°%%mm%?ﬁmA%w@WMWf#ﬁﬁﬁ%ﬁ%ﬁi%ﬁﬂﬁi
ﬁkﬁﬂwWMNfz¢=ﬁummg%%ﬁ’&iﬁﬁuﬁﬁgﬁﬁﬁﬂ%ﬁ$°%

EERBTHHERAGERINESZ - BEB KRG TN GE RN E @
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Atz BeRARTIC gz gy R E S E R
Fresh ink Aged ink
Bu-1 Band M.W. Band M.W
! 372 | 372
2 358 Bu-i 2 358
3 456 3 344
4 478 4 330
5 5
Bu-2 Band M.W. Band M.W.
1 372 ! 372
2 358 Bu.d 2 358
3 456 3 456
4 478 4 478
5 241
Bu-3 Band M.W. Band M.W.
1 372 1 372
2 470 2 470
Bu-3
3 456 3 456
4 429 4 429
5 -
Bu-4 Band MW, Band MW,
] 372 i 372
2 358 Bu.d 2 358
3 344 3 344
4 330 4 330
5 —
Bu-5 Band M.W. Band M.W.
! 372 ] 372
2 358 Bus 2 358
3 344 3 344
4 127 4 127
5 241

M. W. =Motecular weight + -~ & 7 & &8
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-+t Bé ERTLC iz s H L

Bk Anon et R

Fresh ink Aged 1nk

Bk-1 Band M. W Band M. W,
] 3172 1 372
2 358 Bl-1 2 358
3 344 3 344
4 330 4 330
5 5

Bk-2 Band MW Band M. W.
1 274 ] 274
2 372 RE-0 2 372
3 358 3 358
4 429 4 429
5 241 H —==

Bk-3 Band M. W Band M. W
1 372 } 372
2 372 Rk-3 2 372
3 358 3 358
4 e 4 344
5 5 484

Bk—-4 Banad M. W, Band M. W
] 372 i 372
2 358 Bk -4 2 358
3 244 3 -
4 127 4 -
5 345 5 ~

Bk-5 Band M. Y. Band MW

| | 372 ! 372
2 372 BL 5 2 372
3 358 3 358
4 - 4 344
5 5 ——=
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M. W. =Molecular weight ; ———1X & B B A& E4GE] -
HRFTZMERARLRMTFREGECRRABANBEARRAL LN RN ERZH X
%o MAELHEERNALGERH N RRELKBRREZRM > 7T AR 002 &
BAETwr BARMAERAS > FRME HEAE R -
FALZEEKABHAEE I AME > RiRAWHS AL T E2AAPERA LY -
FasEARILYRERMALGE T AT RREERA®EXER > TRAGHR> L
BhiBRBAPHARMRT  FHRRALFRTAEE-

AN PR EH Victoria blue T o4 HEREFNE+H -

2+ 75 ¥ Victoria blue #& TLC 9#&z A m R & ma 4 2

Fresch VB |Band M. W Aged VB Band M. W.
! 470 1 470
2 456 2 ‘ 458
3 142 3 ez
4 4 241

M. ¥. =Molecular weight

44 Victoria blue MR LG A 2R F %1t > band 4 sR A L1665 =18 band %
AR > AT LSRR F M RIBAB AR ST U9 o

AHAEZE RN E LA T AT L ROASERAPIL - LERXGH
Victoria blue #& TLC 4488584 v9{8 band * AR FHE S X SR EARB @G> T 8 - AR
TUEBEEMPEAERSY - BhEaors T4 470 456 - 442 Ri&R - B@MRE
140 pF R —{8 Ch FREELR o THROMEL LGB P EERAHR 5E

H THhosbeh £ H o
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=~ = 2L HPLC 4088 > 3t o2 Photo dyode array #slegs £

FLEHEE B K HSRMITILRIT T 150 @ E 43 0. 8mm 65 B 7L » #2A eppenndorf tube
oA HPLC &9 F 85 100w L Ps RN 5 48% » MA L F R UL E B 2units - B T8
Aot 2units a9k AE ML 0.03100.062-0.125-0.25-0.5 & 1.0 =:5% - B photo dyode
array o S0 &5k 2 peak 4 49580 nm AR T L ISR o TSR AL

AA0.031 £2.0 units 58 E M r>0. 999 -

=

MAEEILMHE ZEITARREH Victoria blue s HPLC 44 28R C-18 i@ %4 v 58
% % % tetrahydrofuran @ acetonitril: water+0.005M Pic B-7 (11:79:10)- i % 3

Photo dyode array > #8824 200 — 800 nme A Y RPN E+ LEE 4+ -

Rt Be 3 (#EaEi) pda aihpie £

Fresh 0ld
No. of Peak|Retention |Peak HeightiNo. of PeaklRetention [Peak Height
Time Time
1 4. 093 25317 ] 3. 525 12444
2 4.793 109304 2 4. 108 172217
3 5. 710 87203 3 4. 858 13566
4 6. 667 53286 4 5. 732 9526
5 6. 758 4397

-286-



oA Ba o (MataEi) pda e R

Fresh 01d
No. of Peak{Retention [Peak Height{No. of PeaklRetention [Peak Height
Time Time
! 0.893 87590 1 0. 893 54185
2 4. 760 10185 2 4.742 8481
3 5. 667 6156 3 6. 758 16358
4 10. 943 94707 4 8. 025 20011
5 14. 227 7337 5 10. 975 82494
6 14. 225 6136
fth BE 3 (HRE4L) pda AR R
Fresh 0ld
No. of Peak|Retention {Peak HeightNo. of Peak{Retention |[Peak Height
Time Time
1 4,056 24672 1 3. 005 8594
2 4.753 68407 2 3. 538 9752
3 5. 653 74508 3 4.122 12481
4 6. 603 21553 4 4. 888 8327
5 5. 822 6084
6 6. 788 2211
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F=4

gt (MeEsEd) pda syl R

Fresh Old
No. of PeakiRetention [Peak Height|No. of PeakjRetention [Peak Height
Time Time
1 4.178 39583 1 3.078 24815
2 4. 826 193190 2 3. 612 33464
J 2.795 122046 3 4.178 53563
4 4.912 54391
5 5. 845 18374
Fob— BEEIR (MHMER) pda eBmE R
Fresh 01d
No. of PeakjRetention [Peak Height{No. of PeakjRetention [Peak Height
Time Time
1 4. 190 22388 1 3. 068 14898
2 4.873 98080 2 3. 585 22362
3 5. 740 148716 3 4,152 39930
4 6. 690 84449 4 4. 855 44836
5 5. 802 38539
6 6.718 18618
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Aot Be -5k (M#aE) pda ehiRMER
Fresh 01d
No. of Peak|Retention |[Peak HeightiVo. of Peak|Retention [Peak Height
Time Time
! 0. 953 615350 1 3.118 30820
2 4.937 49524 2 3. 635 43028
3 5. 687 324675 3 4.20? 72187
4 4. 902 103613
5 5. 785 106493
Rtz Be 5% (MEEdxi) pda e9RAER
Fresh 0ld
No. of PeakjRetention [Peak HeightiNo. of Peak|Retention |Peak Height
Time Time
I 0.910 1138867 1 0.923 479665
2 4.110 148963 2 4. 207 61336
3 4. 427 220828 3 4.523 89723
4 4. 760 250917 4 4. 890 90622
5 5. 593 143208 5 5. 757 50295
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Rt BE I (MESLEL) pda g R

Fresh 0ld
No. of PeakiRetention {[Peak Height|{No. of Peak|Retention {Peak Height
Time Time
! 0. 938 787815 | 0. 953 692471
2 4,222 8461 2 3. 120 34260
3 4. 905 64445 3 3. 637 42187
4 5. 638 408332 4 4.203 14236
5 4. 887 1153(1
6 2. 770 128274

ot n o Eawik (##dE4) pda e9ikB i R

Fresh 01d
No. of PeakiRetention {Peak HeightiNo. of Peak|Retention {Peak Height
Time Time
1 0. 922 270832 1 0. 910 329452
2 3. 322 36747 2 1.410 116869
3 4. 188 47764 3 3.293 36769
4 4. 855 181841 4 4.127 121283
5 5. 738 101049 5 4. 793 202970
6 5. 693 86350
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k=t RERW (MESE) pda e94RIEBR

Fresh _ 0ld
No. of Peak{Retention {Peak HeightNo. of PeakiRetention [Peak Height
Time Tine
! 0.937 803592 1 (.938 917359
2 4.203 9312 2 2.772 17668
3 4. 853 72205 3 3.638 34839
4 5. 070 419044 4 4. 205 80722
3 4. 905 74933
6 5.772 73768

F o+t 4 Victoria blue (#r##8124L) pda 9B R

Fresh 0id
No. of PeakjRetention [Peak Heighti{No. of Peak|Retention [Peak Height
Time Time
1 5. 700 83388 i 4.123 21060
2 6. 400 388591 2 4.948 48803
3 5. 628 148510
4 6. 548 202398

BEATEE T LB RFILONBSEELHERRENALE THIL - S gLty
peak ¥ F 4938 4o - peak height #9% A K% ) - o R oL peak ratio 9F XK FH & £ 4o
B MBS B KAG - HEE peak Aoslibdl RALEPURE - R4 Rk
ZF e
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Rt EE~EREK (AR EIL) S peak ME LI HER

Ee—-RBk Ratio
Fresh Aged

Peak 1/Peak 2 0. 231 1. 269
Peak 1/Peak 3 0.290 1. 808
Peak 1/peak 4 0. 400 3. 917
Peak 2/Peak 3 1.253 1. 423
Peak 2/Peak 4 1727 3. 085
Peak 3/Peak 4 1. 377 2. 166

Peak 1: Retention time 4.093 min : Peak 2, R.T. 4.793 min: Peak 3, R.T. 5. 710min ;
Peak 4, R.T. 6.677 min
BRTEEREAS  Biah BKREHE 6 Peak ratio &) tbi s £ 4204 48 Bl &4 444

R LA H R B K P 6 ] AT AL Peak Ratio #hrb#aqid S4E4B R 695 % o

W g

BANFRAT-ER—~BAXTET L AGMI - &N B KT A Ao Ay B A -
RMBEEHRAL A BBAOBRE MRS EHER H S - M uUA BRI AMER AR
MR AR RGN R BITHER - RARERTIRA L B 00 46— 94 > B R —
MBS

AREGORRBATLC 4y sF 5T B A MER ZIe R K o 21089 BRETLC 8
CAERSES (band) BREHBEN S AP - HABILEE > T 2SN

R Rl miEsE -

HERIT o M RECHERY 2 RO EHRSEAF I BETLALMALE -

EMRERRHMHEKG AL A RGET RSP TFETUNE R FARELEHANS
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e #mid  BMLBAEMESEHAM BT HTEETHTUSHRAEDR - AATE L
FoaT AMI2EA TGS TEMET R doVictoriablue 9 E A 55 F &4 470456 -
2% LB PRE-BY R BB AN P HAZLBEE ARG R B
AR TRTERBEL LRS-

HPLC &2 27K R %44 3t 14 Photo dyode array # 8 Bplag i £867 0 i8R 282K A
G R4 580 nm &IRALIEE K R A E R o 1 Peak Ratio (k&%) ET884%

ATEMOLE  WEAEKRFRHEGYBA SN H k-
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