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Reaction of p-Chloronitrobenzene Adsorbed on Silver Nanoparticles
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Abstract: Surface-enhanced Raman spectroscopy (SERS) on silver nanoparticles is highly sensitive
because of surface plasmon resonance. We have studied the structures and photoinduced chemical
reactions of p-chloronitrobenzene (PCNB) molecules adsorbed on silver nanoparticles using a combination
of SERS and density functional theory (DFT) calculations. When the PCNB molecules are adsorbed to the
surface of silver nanoparticles in alkaline solution, the SERS spectra are very different from the normal
Raman spectra of PCNB. Comparison of the DFT simulated Raman spectra of PCNB and p,p'-
dichloroazobenzene (DCAB) indicates that the new peaks in the SERS spectrum of PCNB adsorbed on
silver nanoparticles arise from the azo (C—N=N—C) group of DCAB.

(State Key Laboratory for Physical Chemistry of Solid Surfaces, Department of Chemistry, College of Chemistry and Chemical

Key Words: Surface-enhanced Raman spectroscopy; Density functional theory;
p-Chloronitrobenzene; p,p’-Dichloroazobenzene; Silver nanoparticle
1 IF FAEE A KR T 3R A 2 U T

MY 5P 2 1% (SERS) H A A w1 1) 2 T A
TR, 737 WP AERLRE (K Ag R 1T B I, 3 1fi 1
SR 2 B DR AT LIS 2 10° 4" 24 551~ W B A <8
e A RL 7 3R I, H T AR R T A RSB A
FH W B B 1 A2 A 13— A 2 T8I PIT Ak 1) 67 A 7,

A FTANIR]L PR, 2 i i 2 0l i S T DU T
TfF U TR W B 5 2 A0 48 ) 28 1 W B 0 . 25 B
R S AR U SRR R, AR 2 R e A T
HE W B 1 2 11, I R AT AR W 0 2 3 v AR R
(LT I, gy 2 o B m] 45 Bk — b 1 o, /e &

Received: July 25, 2012; Revised: September 5, 2012; Published on Web: September 5, 2012.

“Corresponding author. Email: dywu@xmu.edu.cn; Tel: +86-592-2189023.

The project was supported by the National Natural Science Foundation of China (20973143, 91027009, 21021002), National Key Basic Research

Program of China (973) (2009CB930703), and Xiamen University, China (2010121020).

K EREEIE4:(20973143, 91027009, 21021002), ElZ T LA 70K BRI H (973)(2009CB930703) 1 E 1K 2%(2010121020) %% B
© Editorial office of Acta Physico-Chimica Sinica



2768 Acta Phys. -Chim. Sin. 2012

Vol.28

THT PR BFF 2 11 i 2 S R A 48 4 9 1) oz 2 155000 8 i
LS 29 £5.° £ AL 22 S 1HT, Weaver 25 “BF 5%
TR A G AR b R SR SR, AR FE B 4
RIS T I P A R A SR R R A
BOR. Osawa 25 ° 108 X i ik A 1y 3 Ji Ay %) 30k
Jie (1) 2% T 189 5 vy 2 e 1% IS, Ak R 48 9 1Y) SERS
T U SR [ S i A AR R R . DR R AL B A
R, KA IR I ] SR I SR AL RN RN, X
350 R A R B A < R R e e A K 5
Fo 2 T 1, W] 45 241 7] ) SERS D6 PRI, ik ) i E
JUH LA R A 5 0 MR RS K o S o O e 11 7 2B Bl
BAT I T Iz R BRI B, A A X S 2R (1) 3%
[f] SER'S 1% rv S5 5 5i 1) 15 06 s >k 1 - 10 A1 e AR TG
SN [y 2 i e T RROB A 2 S A B BATT B
FSCABBIF UL 08 25 0 SRR

X AU B A (PCNB)EAG AL T A A 2
(g, R8T Y rp 40 B T SR R FE A 1
G DU T A At A B SCHR b AR S USSR
A AR TRAW (5 At AR | O A YN E VA e 18
KB 1T Ag WA 1T, B HiAL 4 B8, T B
(IR 3 2 A A W mT LUK AR 3 S 8 241 AR AT 3
1 B AR TR BRI R A7 AE T, PCNB 1] L W AR
W pp'- - SABE K (DCAB). " SERS it HL A7 #% #5 1)
Ry A8, AT F T PCNB BRRS LFI R B IF 5, AELAT)
A DL HC A AR 4 K &5 48 2 1 W Bt 1) SERS A ST i 1A
DAL A il 2R Ak B W AE O G IR 1 R T R AR I
S22 ] BAF SERS Y6 A 5Y PCNB 7E 40 KR 13
THT P R B g 7 22

AL SCHIE PCNB WY 72 Ag 4K b+ 2R 11 1)
SERS Yt ith. il i 45 4 SERS )t i S 46 Ml DFT i 41,
X PCNB 7F 4 3% [H1 W% B} [ 7 Ff SERS S i 3547 4>
e, RIAESCARSE I T, PCNB ol fEAR 4Kk 1 |
B2 T SR G S N, A U R Rk A, TR
2555 ) SERS i K i 5],

2 KIGES

SEA0 BT AR 4 BE(299.7% ) A A A (>
96.0%), [ 25 48 A Ak 2% 50 7 B A )5 6] SR 25 R
(98%) PR H2(99.98%), = Hi Ak s TR 24t &
1E41(99.98%) K LIk s e i (PVP) (43 #r 4)  1-5-
I (97%) 0 T Sigma 2 H].
21 SRPKKFRIFIEZ

K FH Yang 55 32 tH 1 07 2 4 AR g Kok 1. 1

5653 I PO I, — 00 A2 R IR AR (0.50 g) A
1 H7(0.86 pg) ¥ fif T 1,5- 5 ¥ (12.5 mL) [ %5 W,
AB A 3 hy — 1 AR K R L I B B (PVP) (M=
9.13x107 kg, 0.25 g)%ifif 1~ 1,5- 1%~ (12.5 mL)
VAW, B 1 he PR 1,5-0% (20 mL) IR s
B INH 10 min, ¥R LI 193 °C. SR J5 FEEC 4 Al
PR ALV RN PVP R Iy N B 1,5- 1 R
WrR, B2 B S 500 pl A FR AR VAT, B 30 s TEST
250 pL PVP ¥, >4 SN HOAS 192 W IR 45 by N
R (CRZ) 6 min). 28 J5 A2 I FH A H b 7 BB (H
V7. S-4800, HAN)EKALE.

2.2 FREIEEASNIETE
B85 U 1) Ag W BT N B P, B E 12 h

B i FH i 00 B 85 K B 4055 o R 4 10 A Y T T
L FE B S S 4 mmol - L AR SRS 3L 2R A
LT, B 10 h, 310 SN FE AR SE L B A
BE IR Ag AK K1 K65 Ag 9 KL 1 FUGT Uil
R BMEE T 1 mol- L™ ) NaOH ¥, Bifi Bl
JH Renishaw $37 2 Y6 A (1 28 O 25 InVia, H A)3E
AT W 3 2 1D 189 5 oy =2 T AT I, R R R 532

nm.

3 ZRER

B La J2 il S AR 9B T I HE B I, 208
SEJTRAR GO R, oK 4 137 nm. K] 1b &7
E49 LEERI 1 mol - L™ NaOH %5 4 PVP (&4 1)
YK obr 1) SERS Ve i Ik S g 3= oK 1 £ i
RIPVP {377, Hoik 1046 cm™ H)E T L FE ) C—
O M55, ” 15 1086 cm™ )& T+ CH, (I FE 2 4R 5,2
I 1455 cm™ 2K [ PVP [{] CH, 1 89 U35 > 5 4/ 1)
CH. (125 4R =) .

Kl 2a /& PCNB (1 [l 4 # oK (1) 7 2 O 1%, 76
800-1600 cm™ Z [A], 1A = AN 7 = 1% 6. 711X
il ] e g i ) 7 2 1R DA SR A — NOL IR0 R A 4
PR BNv(NOy) I, HAT T 1341 em™. iZIF B HAL T
Medhi" 3% ] Hg 287 90 °C %} PCNB ¥ 14 [ 17 = 4
(1347 em™). 76 B 2a mhiZ i 0 1) v e A — )8
U, 291356 em™, g G A, 5 AF 38 2 (16 R 4
P 20 1334 om™ AH bb, PRSI 7 76 R BR A HAR,
T U PCNB [P Fo6) B A 4 e s il e W5 4% . frdr =2
i 2a Hh, TR PR AN B 1) B U 4y ) 2 1107 A
1577 cm™. Medhi %& T~ Wilson X K P 32 sh A5 45,
X AN 15 0 9 8 TR R K C— C i 4 dik 20y, FHorp



No.12

B SO A8 o Sl A HE AR B A B AP KORE b PR A BB e 1 2769

r 880 b

1455

Intensity / (a.u.)

800 1000 1200 1400 1600 1800
Raman shift / cm-!

1 (2) HEBAg LA KRR EBRECEM)B A (b) 532 nm & K T &4 ZEERI 1 mol- L™ NaOH &K P # PVP {RIFHY
SRENKRAL T RO REE SRR 2 1%
Fig.1 (a) Scanning electron microscopy (SEM) image of silver nanoparticles; (b) SERS of silver colloid protected by PVP in

1 mol- L' NaOH solution containing ethanol with the excitation wavelength of 532 nm
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Fig.2 (a) Raman spectrum of PCNB solid; (b) and (c)
SERS spectra of PCNB adsorbed on the surface of silver
nanoparticles at different areas in 1 mol-L™" NaOH solution
The excitation wavelength of 532 nm is used.
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Fig.3 Molecular and crystal structural parameters calculated by B3LYP, PW91PWO91 of DFT method
The units are nm for bond distances and degree (°) for bond angles. The data from the top to the bottom are listed in an order of PW91PW91, B3LYP,
and crystal structural data.
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(a, ¢) B3LYP; (b, d) PW91PWOI1. The basis set used is 6-311+G**. excitation wavelength: 532 nm
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Table 1 Comparison of vibrational frequencies (w/cm™) and Raman scattering factors (S;) from experiment and theoretical
calculations by the B3LYP and PW91PW91 methods

Solid * SERS°® B3LYP PWII1PWII . )
Assignment °
; ; or 6.022x10*S/(nm*- g™) ; 6.022x10*S/(nm*-g™")
1008 1004 143 993 151 Ring deformation(52)
1075 1076 471 1072 434 ve-c(54), ve-al(21)
1141 1137 4898 1126 4802 ven(21), fe-u(51)
1190 1184 1444 1179 2258 ve—~(27), Be-u(38)
1331 1313 440 1344 800 ve-c(87)
1397 1392 1402 1514 1391 3678 ve-n(31), w-(20)
1454 1439 1466 4311 1432 6468 Ww—x(32), fc-u(33)
1483 1474 1508 6682 1468 1785 Ww—x(30), fc-u(36)
1576 1602 805 1587 1723 ve-c(68)

* from Ref. 30; * this work; ° potential energy distribution listed in the parenthese
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Fig.5 Pre-resonance Raman spectra of DCAB by theories
excitation wavelength/nm: (a) 633; (b) 532
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— 2SN BF A Bl ) SERS . JE 11 U) 85 BT BR TE A
X 3R Bl 1 W PRI HR R 23 AT, A4 PCNB 7 532 nm ¥
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[H4)Fl DCAB. %45 115 A] WOt X A7 Wi, £t SERS
S8 H, SERS il f5 7 1R o, H = 22 5 48 AU (4]
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