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(a) Optimal structure of sudan red I[ , (b) sudan red IV
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Fig. 3 a DFI-NR, b NRS, ¢ DFT-IR, d IR of sudan red [
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em ' (DFT-IR); 1591, 1491, 1 462, 1 418, 1 385 cm '
(NRS); 1602, 1504, 1462, 14 00 cm™ ' (DFT-NRS) , &
BRI FNFR 7y C=C M4k sh. 1 068, 837 cm™' (IR) I
1075, 837 cm ' (DFT-IR) J& Z5 35 W W % 21, 721 0 491
em (IR), 715 F1 487 em ™' (DFT-IR) 2 Z5 B FI 28 31 I 1% 4
B, 1449, 1257, 1230, 1207, 1 174 11 132 cm™' (IR);
1435, 1268, 1224, 1207, 1172 F11 137 cm " (DFT-IR) ;
1439, 1256, 1 231, 1 179 A1 1 133 em ' (NRS); 1 436,
1268, 1224 F11 189 cm ' (DFT-NRS) & O—H [ N 242,
M 3 77 %1 DET-IR fl DET-NRS 5325 IR fl NRS 34
A REMERA 14 em™', JETE 1 462 e ' S84 AH[A] .

Table 1

BFHIARET K, BiETF CHCL . EEAPIAER . A3
F CHCly %fi S5 PH TR - ML NRS F1 SERS, R
7+ CHCL, RIS SERS, £ 1HFR CHCL 1 SERS
SO, RSBS54 SERSEY g5 BLANIE 4, @i SR A A
CHCls ¥ AE N7 R0 5 7+ 20 1 SERS 8 & A 52 .
C—H P&l B A PSRRI Fh B0 AR 555 . B AAE
B 4 %H %% . SERS 5 am i HBAE 1 134 cm ™ 2285
B C—H M O—H mMN#EERZ: O—H mMAEIEIRSNE H
PIAE 1 441, 1 258, 1 229, 1 208 F1 1 182 cm™'; 1 464,
1339, 1229 f11 208 em ' & C—OH {h4E4Rzh, TEIHE
BT 1,

Theoretical and experimental vibrational frequencies (cm™') and assignments of sudan red I

IR DFT-IR NRS DFT-NRS SERS Assignments
1594 1611, 1593 1591 1602 1628, 1595 y( C=C )phv( N=N)
1502 1505 1491 1504 v( N=N ) v( 1(=2C 3C=4C 14C=15C 16C=17C )
1462 1462 1 464 v( N=N 15C=16C 43C=3C )u(C—OH) p(C—H)
1449 1435 1439 1436 1441 v( 23N=24N  28C=37C ) p(O—H) p(16C—H 35C—H 36C—H 37C—H)
1415 1418 v( N=N 16C=17C 13C=14C
1 388 1391 1385 1 400 1416, 1 380 o(C—H)pn1 p(37C—H 38C—H)
1 350 1339 1335 1322 1339 v( G—=0OH ) v( C=C ) p(O—H) p(C—H)
1257 1268 1256 1268 1258 v( 27C=32C C=O0H 32C—24N)p(O—H) po(C—H),
1230 o(C—H O—H)bry (na)
1207 1224, 1207 1231 1224 1229, 1208 y(18C—12N 43C—11N C=OH )
1174 1172 1179 1189 1182 y(18C—12N 43C 1IN) o(C—H) i p(O—H) br, (ph)
1147 1154 o(C—H) a1 bras(na)
1132 1137 1133 1134 o(C—H)pa p(O—H)
1111 1102 1112 y(C—N) p(C—H) w1 bre (phl)

1 068 1075 1075 bras (na) p(C—H) »(32C—24N)

985 996 984 987 999 bri(na) p(O—H)w(16C—H 17C—H) o(C—H)
837 855 br(na) w(C—H)ym

721 715 br(na-+ph)

622 619 7( (=C ) brs(na+ph2)

521 539 w(O—H) «(C—H)

491 487 br(na2-+ph)

v: Stretch; §: Deformation vibration; w: Out-of-plane rocking; p: In-plane rocking; r: Torsion vibration; ¢: Scissoring; br: Ring breath;

s: Symmetric; as: Antisymmetric; na; Naphthalene ring; ph: benzene ring(the same below)
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Fig. 4 a SERS of sudan red [[in CHCl; , b SERS of pure
sudan red T, ¢ NRS of sudan red [[ in solid state
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22N—H pyhgadzsh. I3 IV 5957040 [ X 5102 42CH,
1 A7CH; , FrhE SiHe HARS#E:0, DFT-IR A1 DFT-NRS
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Fig.5 a DFT-IR, b IR, ¢ DFT-NRS and d NRS of sudan red [V

Table 2 Theoretical and experimental vibrational frequencies (cm™') and assignments of sudan red IV

IR DFT-IR NRS  DFT-NRS SERS Assignments
3 636 3 636 v(O—HD)
3442 3478 3478, 3443 y(10N—H) v(22N—H)
3 030 3 030 vas (42CH3)
2 925 2 925 vs (42CH3)
1631 1625 1634 v( 12C=13C 15C=16C )
1593 1589 1592 1607 1599, 1580 v( C=C natph2 p(O—H N—H)
1 546 1563 1551 v( 12C=13C 15C=16C 16C—17C)p(N—H) 0.s(47CH3) v( 17C—=11N )
1506 1491 1493 1489 o(N—H) v( =N ) p(C—H) pr2
1449 1475 1462 1476 0as (47CH3) p(22N—HD)
1 440 1439 1 440 1443 Oas (42CH3) p(1ON—HD)
1408 1416 1405 1391 0s(CH3) p(N-—H) o(C—H)pp vs( 16CG—17C=12C 13C—14C—150)
1384 1387 1385 p(C—H) p(O—H)
1361 1361 05 (47CH3) p(22N—H) p(16C—H) p(C—H)a v( C—=C )1
1350 1343 1335 1339 p(O—H) w( C=C )y p(22N—H)
1300 1308 8s(42CH3) v(13C—14C 16C—17C) p(1C—H 2CG—H 12CG—H 13C—H)
1279 1264 1282 1279 o(C—H) 2 0(42CH3) v(41C—10N)
1254 1247 1256 1247 1259 br(ph2) y(41C—10N 13C—14C)y(4C—H 13C—H 16C—H 10N—H)
1229 1229 1229 o(C—H O—H) w(C—0)
1 207 1212 1213 1212 1198 v(30C—22N C—0) p(C—H) nap(O—H)
1177 1177 1177 1179 br.s (ph2) v(3C—42C 10N—11N)p(2C—H 5C—H 12C—H 13C—H)
1153 1159 1155 o(C—H) patph v(15C—47C 10N—11N)
1136 1133 1133 bras (ph1) w(15C—47C) p(C—H)pp
1085 1 089 1 089 1098 w(42C—H 47C—H 22N—H)v(2IN—22N) o(C—H) natph
1054 1045 1053 w(22N—H) bry,(na) w(47C—H)y(O—H) v(C—H)na
1035 1010 1 000 1010 999 w(47C—H) br, (phl)
985 975 986 986 w(42C—H) br, (ph2)
951 957 957 bras (na) v(O—H) w(12C—H 13C—H)
870, 896 896 brus (na) w(22N—H) «(47C—H)
827 834 834 w(C—H) jn
808, 790 790 brs(na+ph) W(C—CH;) z(C—H)u,
725 737 737 w(C—H) a1 4+-na2
641 641 bri(na) w(22N—H)
571 562 w(C—H) 1 w(N—H O—H)
518 527 527 7(C—H) p, br(phD) 0 (22N—H O—H)
491 500 w(22N—H O—H) o(C—H)

454 148 465 p(C—CHy) w(C—H),,
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em '(IR); 1546 cm ' (DFT-NR); 1 491 em ' (NRS) Fi
1563, 1528, 1493 em ' (DFT-NR); C—C By 45 ¥ sh 7%
1408, 1254, 1 153F11 136 ecm ' (IR); 1 300, 1 247, 1177
1159 em ' (DFT-NR); 1416, 1256, 1177 11 133 cm™!
(NRS); 1405, 1 308, 1 247, 1 177 #1 1 133 em ' (DFT-
NR), $R3EIH RT3 2,

SIS K SERS &b 5 ik —#F, RBEIBFAON K
SERS, ¥l 6(2) 5 (W AH N, W& AR s AR, I B4
70 FHEL IV (1) SERS 3 I M T 47 Y 35 T 3 % 1G5 L L AnAE
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Fig. 6 a NRS of sudan red [V in solid state, b SERS of pure
sudan red [V, ¢ SERS of sudan red [V in CHCL
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IR. Raman and DFT Studies of Sudan Red ] and [V

DOU Wen-hu'?, HE Qiang'* , ZHOU Guang-ming® , KANG Qian-qian’, YANG Yuan-gao’ , CHEN Jun?

1. Key Laboratory of Three Gorges Reservoir Region’ s Eco-Environment, Ministry of Education, Chongqging University,
Chongqging 400045, China

2. Key Laboratory on Luminescence and Real-Time Analysis, Ministry of Education, School of Chemistry and Chemical

Engineering, Southwest University, Chongqing 400715, China

Abstract Infrared spectroscopy (IR) and normal Raman spectroscopy (NRS) of Sudan red([l[ ) and Sudan red(]V), and surface
—enhanced Raman spectroscopy (SERS) of them on Cu—Ag nanocomposite material were reported in the present paper. The
density functional theory (DFT) calculation was applied to calculate IR and NRS on a B3LYP/6—311+G (d,p) level, and the
theoretically calculated spectra were carefully compared with the obtained experimental spectra. The vibrational peaks were
assigned by the software of Gauss view 5. 0. Rapid identification of Sudan red was realized. which provided profitable basis for

characteristics and quick test of Sudan dyes, and reliable detection method of food security.
Keywords SERS; IR; Nanocomposite material; DFT; Sudan red [[[ ; Sudan red [V
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