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Rapidly detection of alizarin and purpurin in textile relics by
surface-enhanced Raman spectroscopy

CHEN Lei' PEI Kemei' KANG Xiaojing® LI Wenying" ZHAO Feng’ LIU Jian’
(1. Department of Chemistry Zhejiang Sci-Tech University Hangzhou Zhejiang 310018 China;
2. Xinjiang Institute of Relics and Archaeology Urumqi Xinjiang 830011 China;

3. China National Silk Museum Hangzhou Zhejiang 310002 China)

Abstract In order to quickly detect natural pigments in ancient relics and achieve non-destructive
analysis surface-enhanced Raman spectroscopy( SERS) was adopted to rapidly identify natural dyes of
alizarin and purpurin in textile relic samples. Silver colliod was adopted a substrate to detect alizarin and
purpurin standard. The SERS spectra of alizarin and purpurin were identified detailed by the density
functional theory. The difference of SERS spectra of alizarin and purpurin at three excitation wavelengths
was analyzed and the characteristic peaks for judging the presence of alizarin and purpurin were found.
Based on the SERS of alizarin and purpurin standard extracting a fiber about 2 mm long in the textile
relics. After pretreatment of cultural fiber by in situ non—extraction hydrolysis method SERS technology
was used for the detection. The results shows that the red dye components in the textile relics which are
unearthed in Xinjiang’s Yingpan plate are alizarin and purpurin.

Keywords surface-enhanced Raman spectroscopy; alizarin; purpurin; textile relic; density

function theory

( SERS) . . .

:2018-03-23 :2018-12-13
(21673208) ; (2017002) ;
( LY16B070009)
(1992—) . .

( 1981—) o o E-mail: koyojohnson @

126.com.



3 77 o
o 1h
o 1.3
2 uL
( HPLC) . - (UV- 10 10 kV
Vis) . ( FTAR) .
( NIR) i 2 ul 3 ml,
( 0.2~1 mg)
1.4
6 —
; 0.1 pg
’ 2 pL
8-9
( NN )
SERS "
10710 2l HF YPO158 1
1 SERS 2 ( HF) ( )
2 mm
15 mi 2 pL
( Madder) i R
3 (532.633.785 nm)
SERS SERS o
1.5
( DFT) .
1 B3LYP 6-311G(d p)
1.1
. 13
: Cary50 Varian Gaussian09 .
( ) ; Horiba
Jobin—Yvon ; Sigma300 2
ZEISS( )
: ( 99. 80%) . 2.1
( 99.99%) . ( 36%) .
( 65%) . ( 37%) ; (
) . ( ) Sigma-Aldrich ( ) ( LSPR) -
; ( YPO158 SERS
)
1.2 . " SERS
(
3:1) Lee— .
Meisel = R
0 : 90 mg 500 mL
10 mL 1% . 15



.78 40
1 2 uL
( FESEM) o 3.4
20~80 nm N N 2 3
o SERS o 3
(532.633.785 nm)
o 4 532,785 nm
SERS 633 nm
1
Fig.1 FESEM image of silver colloids
2 - o
425 nm
3 3 SERS
Fig.3 SERS spectra of alizarin standard
at three wavelengthes
2 -
Fig.2 UV-Vis spectrum of silver colloids
2.2 SERS

( Rubia tinctorium L.)

SERS

4 3 SERS
Fig.4 SERS spectra of purpurin standard

at three wavelength



SERS 5 o
( DFT) B3LYP
6311G(d p) 633 nm SERS
1.2 o
5 DFT

Fig.5 Optimized structure of alizarin ( a) and purpurin ( b) by density functional theory
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Tab.1 Calculated and experimental waven umbers of Alizarin

/em™
v, 343( w) C19C;CoCq 24% 025Cy; Cay oy 30% 340
v, 479( w) CsCoCyy 20% CyyCyyCy 23% 476
Vs 581( vw) 01y Cy, Coy 14% C,CsCq 26% 585
v, 633( vw) CoCp Cyy 14% 0,5C,Cy, 15% 624
Vs 662( vw) C,C5Cq 13% C,CsCq 20% 674
Vs 681( sh) C4C,C,Cq 11% 045Cy1Coy Cyy 14% 676
v, 819( w) H,,C,CeCs 17% 0,5C4C,Cpr 17% 812
Vg 900( w) C,CeCs 13% 02C1oCy 18% 909
Vo 1 016( m) H,sCoCsC, 23% H,,C,CeCs 28% 1015
Vi 1049(m) CoCs 13% C,C 15% 1037
' 1 161( m) CoCyy 17% HyCp Co 21% 1179
Vi, 1 189( w) H,C,Cq 12% H,5C,C, 29% 1192
Vis 1 206( w) C,Cpy 10% Hy,CoCyy 15% 1216
Vi 1291(s) H,C,C, 11% H,CsC, 18% 1 298
Vis 1324(s) C,C, 12% CoCy 26% 1324
Vie 1419( 5) CyC, 10% H,,0,,Cy; 34% 1399
Vi 1457(w) CsCy 24% Hy60,5Chy 35% 1459
Vis 1552(w) 05Cpy 14% Hy,CoCpy 16% 1 530
Vio 1 601( w) C;C,C, 15% C,Cq 29% 1627
LVw W ©m TS . sh o
2.3
. . ( .
SRES o
343 479 681 900 .
1016 cm™

609 970 1 064 1 391 em™

o
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Tab.2 Calculated and experimental wave numbers of Purpurin

/cm /em
v, 423(w) C;Cy6Cy 12% 055CoCyy 20% 43
v, 452( w) Cp3CooCy 24% C4CoCyp 27% 457
v, 609( m) C,CsCq 13% CoCroCys 19% 607
v, 650( m) Hy5C10Cas oy 10% 036C5C1oCo 38% 644
Vs 905( w) C5CsCo 11% 0,0C1sCs 17% 914
Vo 970( 5) CsCs 11% CsCy 13% 986
v, 1 064( m) CoCs 16% C,Cq 32% 1057
Vg 1 154( m) H;;CsCq 10% CyCyy 10% 1177
Vo 1 211( m) 05Co 13% H,5CoCoy 46% 1219
V]o 1 290( S) C16C4 13% 1 291
Vi 1321(’s) Hys5054Cp3 13% 1317
Vi 1391(s br) CiCy 12% C,Ci 13% 1393
Vi 1 471( m) H,,C,Cq 10% H,,CoCs 11% 1 499
:br o
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Fig.6  Characterization of textile relics. ( a) SEM image ( x50) ;
( b) SERS spectra of fiber sample
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