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Fig 1 Numbering of the atoms and molecular structure t-BPE-Ag
(a): Agt-BPE; (b).: Ag;-t-BPE; (o). Ag,~t-BPE; (d) . Agst-BPE
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Table 1 Calculated Raman spectra and assignments of t-BPE-Ag
- SERS Calculated®
Ctj nym Calculated® 1064 nm PED Agt-BPE  Ags-t-BPE Ag,-t-BPE Agg-t-BPE Assguments
56A, 1690 1635 m 41815 1697vs 1676m 1 696vs 1 696s Ve e=C),
54A, 1631 1 600vs 22S5 4956 51087 ,18Ss 49836 1637s 1 608vs 1650, 1637s 1648,1637vs uCe—0) s dc—n
524, 1587 1533m 198 111851430, 121 1592w 1388m 1 588w 1590w ve o, +Ring in-plane deformation
50A¢ 1525 1496m  13S3,10S10 410834 +17S35 111836 48850 1 526w 1524w 1527w 1528w dcc R
18Ag 1446 1425w 13S5 41585 420834 447855 1 449w 1450w 1450w 1450w 3((‘,71—[)13 RICON
16A, 1371 1378w 15S52 516835 51354 412856 18530, 1840 1 369m 1 364m 1370m 1370m dcmsdc, ¢
154, 1350 1329m 15852 416835 ,20S58 s 11839 410841 1350w 1347w 1351w 1351w dc—m+dc,—c
1344 1296 2081416524855 ,7S5 4986 4115746852 1 304w 1309w 1303w 1303w UCN) 1 UC0) e ¢
10A4 1251 1268w 19S55 524834 414855 1249w 1249w 1251w 1251w 5((?711)[) e,
384, 1219 1205s 2181349814 414856 ,9S42 1221s 1213s 12225 1222m VRing—C_ + (5(071-1)p
37A, 1116 1092w 8S5 1785 ,19S35 ,11S36 1082 we o, Wc—c -5((‘,7H>p
3244 1009 101lm 26826 +26S29 1015m 1017, 1008m 1026,1 010w 1024,1010w  Ring in-piane deformation(Ring breathing)
2B, 916 13815 464555 413557 Ko He,~c, Ring
254, 892 879w 43S64 417865 +17Sg6 893w 894w 894w Co=Cy s Corring rorsion
23B, 875 852w 30S47 411845433850 871w Yo H
164, 681 684w 27S05 128550 678w 654w 678w 656w Ring in-plane deformation
207 223 222 216 UN-—Ag
68 173 179 150 IN_Ag

“ unscaled/6-31++G(d,p) (C, Hy N)/Lanj2dz (Ag); * v: Stretch; o: In-Plane bend; y: Out-of plane bend; v Vinyl; p: Pyridyl ring
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Fig 2 Calculated SERS spectra of t-BPE by using DFT ’ ’
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Fig 3 Calculated energy level chart of Ag-t-BPE(a)., Ag;-t-BPE(b) ,

Ag,~t-BPE(c¢) and Ags-t-BPE (d) complexes with DFT

References

(1]
[2]
[3]
[4]
[5]
[6]
(7]
[8]
(9]
(10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

Ward M D. Chem. Soc. Rev., 1995, 24, 121.

Balzani V, Scandola F. Supramolecular Photochemistry. Ellis Horwood: Chichester, 1991.
Zhu L N, Liang M, Wang Q L. J. Mole. Struct., 2003, 657 157.

Khan M A, Hogan T P, Shanker B. J. Raman Spectrosc. , 2008, 39: 893.

Gu R A, Shen X Y, Cui Y, et al. Spectroscopy and Spectral Analysis, 2006, 26 452.
Suzuki M, Niidome Y, Yamada S. Thin Solid Films, 2006, 496 740.

Seney C S, Gutzman B M, Goddard R H. J. Phys. Chem. C, 2009, 113: 74.

Wang X, Zhao B, Wang Y. Mater. Sci. Engine. C, 1999, 10. 3.

Wang Y F, Zhang J H, Jia HY, et al. J. Phys. Chem. C, 2008, 112. 996.

Sun Z H, Zhao B, Lombardi J] R. Appl. Phys. Lett., 2007, 91: 221106.

Zhuang Z P, Cheng J B, Jia H Y. Vibrational Spectroscopy. 2007, 43: 306.

Mata E, Quintana M J, Sorensen G O. J. Struct. , 1997, 42. 1.

Frisch M J, Trucks G W, Schlegel H B, et al. Gaussian03, RevisionB. 03, Pittsburgh PA, Gaussian, Inc. , 2003.
LiSJ], WuDY, XuX Y. J. Raman Spectrosc. , 2007, 38: 1436.

Wu D Y, Ren B, Tian Z Q, Israel J. Chem., 2006, 46 317.

Krishnakumar V, Keresztury G, Sundius T, et al. Spectrochim Acta A, 2007, 68. 845.
Shman R, Schlegel H B, Pople J] A. J. Chem. Phys., 1980, 72.: 4654.

Creighton J A. Surf. Sci., 1983, 124. 209.

Pulay P, Fogarasi G, Pang F, et al. J. Am. Chem. Soc., 1979, 101.: 2550.



2126 31

[20] Brown F R, Miller F A, Sourisseau C. Spectrochim. Acta A, 1976, 32 125.

Density Functional Theory Calculation of SERS Spectra of
Trans-1,2-Bis(4-Pyridyl)-Ethylene on Silver

ZHUANG Zhi-ping' , ZHAO Bing’, CHEN Yu-feng', ZUO Ming-hui'
1. College of Chemistry and Chemical Engineering, Mudanjiang Normal University, Mudanjiang 157012, China
2. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China

Abstract It has been found that trans-1,2-bis(4-pyridyl)-ethylene has the best SERS signal and can be employed as a kind of
self-assembly  Im for the exploration of the SERS-active on the silver foil substrate. The shifts in the experiment surface
enhanced Raman scattering of trans-1,2-bis(4-pyridyl)-ethylene were simulated by density functional theory calculation with the
BP86, BPw91, B3LYP method. The basis set of 6-31++G(d,p) and Lanl2dz was used by H, C, N atoms and Ag atom for the
t-BPE-Ag complex. The Raman spectra and surface enhanced Raman scattering of trans-1, 2-bis (4-pyridyl)-ethylene were
assigned by the calculated results of potential energy distribution. The density functional theory calculated results explain that
the angles between pyridyl rings for +BPE-Ag complex holding 0o. Thus, the calculated Raman spectra of trans-1,2-bis(4-pyri-
dyD-ethylene and Ag complex accord with observed SERS results of t+-BPE. The energy level space between the high occupied
molecular orbital and lowest unoccupied molecular orbital is estimated to arise between 415 and 912 nm for trans-1,2-bis(4-pyri-

dyD-ethylene and Ag complex.
Keywords t-BPE-Ag complex; PED; SERS; DFT
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