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Study on Raman Spectra of Several Conformations of
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Abstract The optimized geometries of the clusters C¢HsSH, CsHsSAu, CsHsS -Au and C¢HsSHAuU were
calculated using the B3LYP density functional method with the 6-3114+G** basis set for C, S, H and
LANL2DZ for gold. All the calculations were carried out with the Gaussian 98 program package. Through
PEDs (Potential Energy Distributions) analysis, comprehensive frequency assignments of thiophenol were
performed and the scaling factors of the thiophenol were found. The calculated Raman spectra of several
conformations of the thiophenol adsorbed on gold were obtained. The calculated Raman spectrum of
Ce¢HsSAu is in good agreement with the experimental one. Therefore, C¢HsSAu is the conformation which is
closest to the reality.
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Figure 1 Structure and atomic numbering of thiophenol
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Figure 2 Optimized structure of C4HsSAu, C¢HsSH-Au and
Ce¢HsS " -Au at B3LYP/6-311 + G**(C, H, S)/LANL2DZ(Au)
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Figure 3 Experimental and calculated Raman spectra of thio-
phenol with Au at 1064 nm
(a) Experimental Raman spectrum in Au colloids; (b) calculated Raman spec-
trum of CsHsSAu (1), CsHsSH-Au (2) and C¢HsS -Au (3)
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Table 1 Calculated and experimental frequencies, PEDs analysis and frequency assignments of thiophenol

Reference assignments >

Calcd. freq. Exptl. freq.” PEDs Assignment )
c
3072 3150 53811, 388 C—H str. a
3060 3086 59810, 3855 C—H nonsym. str. b,
3055 3056 58S, C—H sym. str. 2(ay), reu a,
3046 3048 5985, 3651 C—H nonsym. str. b;
3041 3037 498, 335, C—H sym. str. a,
2579 2566 10083 S—H str. rsH S—H str.
1580 1581 5483, 168;s C—C sym. str. 8a(ay), rcc a; and b,
1568 1576 408, 275, C—C nonsym. str.
1482 1481 2187, 1985, C—H in-plane bending 19a(a,), rcc a
1445 1441 2789, 248, C—=C nonsym. str. and C—H in-plane bending 19b(by), rcc b;
1336 1328 3651, 32517 C—H in-plane bending 14(by), rcc b;
1275 1272 6255, 318, C—C nonsym. str. 3(by), Bcn b;
1186 1180 17850, 16817, 16813 C—H in-plane bending 9a(ay), fcu a
1163 1157 29819, 18815, 178,90 C—H in-plane bending 15(b,), fcn b;
1086 1092 328,258}, C—C sym. str. and C—S str. 1(ay), fccctres a;
1076 1070 308,, 1184 C—C nonsym. str 18b(by), fcn b,
1018 1024 3984, 3385 Ring in-plane deformation and C—C sym. str. 18a(a;), fcn a,
990 1000 33830, 3385 ifioz;(_’iﬁzzzedgfr’z?jgon and 12(a)), fece a
989 991 30814, 295 Ring in-plane deformation and C—C sym. str. 5(bl), ycn b,
T o
919 914 8782 S—H bending Psu C—S—H bending
893 904 30854, 28555 C—H out-of-plane bending 17b(by), ycn b,
831 836 28855, 23554 C—H out-of-plane bending 10a(a,), ycn a
736 737 3185, 1855 C—H out-of-plane bending 11(by), ycu
696 697 6185 Ring in-plane deformation 6a(a)), feccctres by
693 689 4883 Ring out-of-plane deformation 4(by), yece b,
624 615 8656 Ring in-plane deformation 6b(b,), fecctres by
471 462 53859 C—S out-of-plane bending 16b(by), ycce b,
405 412 66556 C—H out-of-plane deformation
404 412 438,, 3085 C—S str. and ring in-plane deformation 7a(ay), restfcce  ap and a,
274 278 9255, C—S in-plane bending 9b(b,), Bcs b;
182 185 4985, Ring out-of-plane deformation 10b(by), ycs b,

 JBITEAK 2% SCIR23); SR IR K F 5% Sik[24), Horh oy, B, S BRI IS . P 1IT Pa s iR 43R a2 © SR I ok 1 232 S0k [23).
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Table 2

Definition of local internal coordinates of thiophenol

C—C, C—H symmetry stretching

C—C, C—H non-symmetry stretching

SI:%(R&RZ)

53:% (Rst+Ry)

+Rs)

D P
S27ﬁ(Rl Ry)

542% (Rs—Ry)

S6:% (Rs—Rs)

Ss—T(R7 Ry)

1
S10=

ﬁ(R‘)_RIO)

C—H, C—S, S—H stretching

Sii=Ru
Sp=Rp
Si3=Ry;

Ring in-plane bending

S14:L[a(3, 2, —a(2,3,H)+aB3,4,5)—a(4,5,6)+ a(5,6,7)—a(6,7, 2)]

J6

M =%[2a(3,2, N—a(2,3,4)—a(3,4,5)+2a(4,5,6)—a(5,6,7)— a(6,7,2)]

Sm:%[a(z,3,4)— a(3,4,5)+ a(5,6,7)— a(6,7,2)]

C—H, C—S, S—H in-plane bending

_ 1 _

Si7= ﬁ[ﬂ(2,3,8) B(4,3.8)]
_ 1 _

Si9= ﬁ[ﬁ(4,5,10) B(6,5,10)]

_ L
Sy= ﬁ[ﬁ(6,7,12)+ﬂ(2,7,12)]

S =p(2,1,13)

S18 T
j‘

Sp=—=[—B(7,2)+(3,2,1
\/—[ B(1.2.1)+ 53,2,

[—B(3,4,9+5(5,4,9)]

[—B(5,6,11)+B(7,6,11)]

C—H, C—S out-of-plane bending

$24=0(8,3,2,4)
S>6=0(10,5,4,6)
Szg == (5(12,7,2,6)

S»5=03(9,4,3,5)
S5,=6(11,6,5,7)
Sr=0(1,2,3,7)

Ring out-of-deformation

Ss= e [£(2,3,4,5)— 13,4567+ 7(4,5.6,7)— 7(5.6,7, 24 7(6,7,2.3)— 7(7,2,3,4)]

NG

531:%[* 7(2,3,4,5)+ 7(4,5,6,7)— 7(5,6,7,2)+ 7(7,2,3,4)]

snzfl [—7(2,3,4,5)+27(3,4,5,6)— 7(4,5,6,7)— 7(5,6,7,2)+27(6,7,2,3)— 7(7,2,3,4)]

Jiz
S3=113,1,2,3)
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