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Preparation of Surface Enhanced IR Active Cu Nanoparticles
by Wet-Chemical Deposition

Zhang Xiaojun,Yao Jie,Niu Yufang
(Analysis and Testing Center, Nanjing Normal University , Nanjing 210023, China)

Abstract: The copper nanoparticles were prepared on Ge disks by wet-chemical deposition. The influence factors on the
morphology of the prepared nanoparticles,such as the type of surfactant, concentration, deposition time , were studied. The
surface enhanced infrared absorption( SEIRA ) effect of the Cu nanoparticles were measured in attenuated total reflection
spectroscopy (ATR-FTIR ) and transmittance spectroscopy ( TR-FTIR ) using dimercaptosuccinic acid as the probe. The
nanostructure of the copper surface was characterized by scanning electron microscopy (SEM ). The results show that
copper nanoparticles prepared by adding surfactant triethanolamine ,a mean particle size of 100 nm, exhibit strong surface
enhanced infrared absorption( SEIRA ) effect in ATR but no SEIRA in TR. In contrast with this, the as-deposited Cu
nanoparticles (500 nm) adding surfactant polyethylene glycol 400 show less SEIRA in ATR and strong SEIRA in TR.
These active Cu nanoparticles can be used in biochemistry analysis. The optimized conditions for preparing copper
nanoparticles are as follows: (1)1x10™ mol/L CuSO, solution adding 1 ml. triethanolamine , depositing on Ge with 8 h
for ATR SEIRA material; (2)1x107* mol/L CuS0, solution adding 1 mL polyethylene glycol 400, depositing on Ge with
8 h for TR SEIRA material. Meanwhile the stability of the copper nanoparticles SEIRA has been studied, it showed that
the active Cu nanoparticles have good stability.

Key words : chemical deposition,SEIRA , copper nanoparticles, Ge , surfactant
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Fig.1 The infrared spectrum of(a)10~> mol/L dimercaptosuccinic acid
adsorbed on blank Ge substrate, (b) , (¢), (d) respectively is 10™5 mol/
L,10~* mol/L, 10~ mol/L dimercaptosuccinic acid adsorbed on copper

nanoparticles prepared by triethanolamine as surfactant
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Fig.3 SEIRA spectra of dimercapto-succinic acid adsorbed Fig.4 The infrared spectra of 10~ mol/L dimercaptosuccinic acid
on substrate prepared with different surfactants for 8h(a) absorbed on( a) blank germanium substrate in TR, ( b) copper nano-
PEG400, ( b) diethanolamine, ( ¢) triethanolamine particles in ATR, ( ¢) copper nanoparticles in TR
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Fig.5 SEIRA spectra of dimercapto-succinic acid Fig.6 SEIRA spectra of dimercapto-succinic acid
adsorbed on substrate prepared with different adsorbed on substrate prepared with different
concentrations of triethanolamine as surfactant concentrations of diethanolamine as surfactant
(a)0,(b)400 pL,(c)1 mL,(d)2 mL,(e)3 mL (a)400 pL,(b)1 mL,(c)2 mL
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Fig.7 SEIRA spectra of dimercapto-succinic acid
adsorbed on the different deposition time of substrate
prepared with triethanolamine as surfactant
(a)80 min, (b)140 min,(c)4 h,(d)6 h,(e)8 h,(f)12 h
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Fig.8 SEIRA spectra of dimercapto-succinic acid
adsorbed on the different deposition time of substrate
prepared with PEG400 as surfactant
(a)140 min, (b)5 h,(c¢)8 h
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Fig.9 The SEM of copper nanoparticles prepared by different surfactants

F b 3R ST R B AR AR 25 R ] UL SR TR R AR A RIS VR B A S A 2 IO AR B[] X e o 3 40 oK
R HIE SN SEIRA RURAG 5200 A SR 5 88 A0 bR 1 A P 3852 | R e 48 2 (sl A T RRUZE B R I 3%
7. SR R TR

2Cu™ +Ge(s)—2Cu(s)+Ge*, E=0.215V.

TEA2E TRV Y S A v SR TE PR S5 v i 0 42 B B 1, Bl IS L S B SR A A AR B PR T, AT
FEE 5 4 R B Y SC G SO R T R S22 2 T DT 52 e i AR R 44 KL 1 T A AR S
TEHUAY R S PR = ke | = ORI & — BB 5 A —OH , BN 5 5 48 B 18 Jie & Wy sl e kT
S JE AT, TR < S b ¥ A A% 5 AR BRI 52 ) 1 SR 94 KR T B S, 55 Anuba Fasasi 58 AR
FUTEREFLIR 1T i 45 A AR 90RO 7B SR L, — 2 22 AR K i Rl sl g B mT L 43 7 rh R AN B0
2 0N = SN , FCTE B R A AR A A DN TR Esf ) 3R T 1 700 ) e J3E L 52 il 25 T 1) ) 4 K FE 1) SEIRA
RO R JE i /NS R B 342 1 ) A KR 5T B A T, R B i R 2 o 22 i 339 R W B T8 2 36 1T, A 5
B LR PR RN 25MEET43 B W . Ak 2 DTRR I ] i 4 ) JHE SEIRA 2800 A i il 55 , 3 AT B S i T
FERIICER T C IO TR T i 2 1 O A ) B & Jm , LY 238 T W B 1 2 1 3% PR 0], Sc 0 AR A 1]

— 7



FRAMR , 55 A SA ORI il 2 AT 3R 1T 58 £ SN0 14 51 24 Ak

FEA  H AR KT 1Y) SEIRA Z5CRAA I R .
ARG 7 WA B AR R i T X = SR A 3R £ 183 400 JIT i A9 3% A1 26 R - AS R B
N5 2GS T — R B AR < 2 SR 5 DI B4 25 e R Al SR i R D0 FL A5 5 B 583, T AR S0 6 s AL B3 D' )
Je DL — 7 M1 B BRA R AR it 3R T, LA 5 58 58 S2 OB I A S BCIR RS A 5200 SEIRA {55 5 G R AR ML T
IR HEA 7 LR G R TS AT 5. = LT e o o PO < T AR K 7 12 B HE S I i — R B 1Y
WSS A REZET (19 (a) ) , AR FHLL AN E i3 I & N 350 SEIRA {55 {EE A9 AORL 1~ S 4 T I ) 1
SUAEMET SN ATR PRI HAT SEIRA RUR. 5 4 il 78 O SR 28 KA T8 70, IR B (1 9 () ),
A DR i, e AE TR U i, BAZL/MESRCR . (HE RGBT RS (8] 70 AT AN BEW AL ATR
NI 2150 2 T 9 2K OB A SEIRA ZCR. 2= T
BRI U B R 55 S HE A D7 BB A SEIRA 9 20K

A T T — P MR AN 25 T B R
2.4 EMERREIERIIIR S wiT

ORI 40 B B ELAT 5 10 26 T TR LT SN b
SRTITATIFIE 2 B TR i 0 A RORE T 75 < "’JH“\\U/’“\,MMN
GENBARAL, o T A 48 HCT I, TR0 94 P £ i ‘

(B 1X10° mol/ L WERAAICR A L nk 280 [N\

SRR OB 8 ) T 6 3
T TR 10 d, FERURRE ) TR A

(4 10). 10 (a) 10(b) .10 (¢) 235142 107 mol/LL 1800 1500 1300
TRER 431 W BFHAE B £ ) £ 0 B | 78 23 RORT R 28 vk =

10 d OSHBRIIZI AN, B T AR RO B0 102 movL — T —Ee R E R A

P 55 0 et o] 5 178 ] S EL A AR B 2 s R SR (H R AR (a)#itE, (b) =SB 10 d,(c) FREHHE10d
lﬂ%ﬁ?}ﬁi/]\ s ji;E'E EE] ﬂ:ﬂéﬁﬁﬁi/ﬁ/ﬂj E]’\] "f[ﬁ] 2]7\] }K*ﬁ? E{/\J % ﬁgl . Fig.10 SEIRA spectra of dimercaptosuccinic acid on
%} ll['ﬁJ Ti 9%%(% @?Ei%ﬁjﬁﬁ ;:F] , ﬁ%”ﬁ{t}%’ﬁ L) (a)freshly prepared copper, (b) copper exposed to air

ﬁ%%ﬁ)ﬁ%%u{l@% i 1@%@?2“@?; SEIRA ﬁl%ﬁﬁ for 10 days, (c¢)in a desiccator for 10 days
it — .
3 5k

FAA2E TR AR B8 SR L 35 AR AN K WF 5 1 R THI TG PR 7R R SIE v JBE DA R o) 8 i T X637 1 1
TESRARE R T I BRI A 2. RIS DL 33 T R MR ET 407, F AT A el 4 I 55 8k ( ATR ) Fl4L
AMEFHE (TR) 55T Bl 28 10306 1 LIS (1) 21 /1 38 T A i 3R 45 SR B 0 1x 107 mol/ L 1 Bt iR il ¥ ik vh
AT mL = CBERER TG VR, TURRES E] 2 8 h i il 48 (03 PR BE I TE ATR D £ BF 21 A3 i s8R S i, H:
RIARTE 100 nm ZE4751x107° mol/L FYBRIRHIE R A 1 mL 2R Z & 400 2 G L), UIEETE]h 8 h
J ] £ T P BRI AR TR I A B 21 A i s8OR S i, HORIARTE 500 nm A2 A7 43 i S i) 2 T 3 5 21 AP A5
PR 58 52 A SRR S A BRI IR | 4 JE ) R BE DL R & R A R W B e, — LR
B P B SRR AT LIAR G- b 10 FH T ATR 752X, B IR 350 H A E AN T3 5 D 6 111 2R & 1 400 o
il 28 (R A AN KL - 2L 402 538 7 X i A B 5 A5 518 K T H ATR Wi (35155, R e FEAE A i
FAAGE I S5 EL A — 2 B AL, 5 53 LA A X B 135 R i JiC e T, O g L3 AT 8 L 37 L
il A4 2E AL 2L [ A 45 2R TRl 25 28 1 T il 45 v 3 P R G P T 2, 45 SR 3R B T ) % %) 4 490 DK T L
AT IR E .

[ %30k ]

[1] Hartstein A, Kirtley J] R, Tsang J C. Enhancement of the infrared-absorption from molceular monolayers with thin metal

overlayers[ J ]. Phys Rev Lett,1980,45(3) :201-204.
— 73 —



R K224 ( A SRBHARR) 9537 B 2 W1(2014 4F)

(2]

(3]

(4]
[5]

Merklin G T, Griffith P R. Influence of chemical interactions on the surface enhanced infrared absorption spectrometry of nitro-
phenols on copper and silver films[ J]. Langmuir,1997,13 .6 159-6 163.

Priebe A ,Fahsold G,Pucci A. Surface enhanced infrared absorption of CO on smooth iron ultrathin films[ J]. Surf Seci, 2001,
482:90-95.

Aroca R,Bujalski R. Surface enhanced vibrational spectra of thymine[ J]. Vib Spectrosc,1999,19(1) :11-21.

Yoshidome T, Kamata S. Surface enhanced infrared spectra with the use of the Pb film and its application to the microanalyses
[J]. Anal Sci,1997,13.:351-354.

Nakao Y, Yamada H. Enhanced infrared ATR spectra of surface layers using metal films[ J]. Surf Sci, 1986,176:578-592.
Kunimatus K, Senzaki T, Tsushima M, et al. A combined surface enhanced infrared and electrochemical kinetics study of
hydrogen adsorption and evolution on a Pt electrode[ J]. Chem Phys Lett,2005,401 :451-454.

Miyake H,Hosono E,Osawa M. Surface enhanced infrared absorption spectroscopy using chemically deposited Pd thin film e-
lectrodes[ J]. Chem Phys Lett,2006,428(4/5/6) :451-456.

Lu G Q,Sun S G,Cai L R, et al. In situ FTIR spectroscopic studies of absorption of CO,SCN-, and poly ( o-phenylenediamine )
on electrodes of nanometer thin films of Pt,Pd and Rh:abnormal infrared effects( AIREs) [ J]. Langmuir,2000,16:778-786.
Zou S,Gomez R, Weaver M J. Nitric oxide and carbon monoxide adsorption on polycrystalline iridium electrodes:a combined
Raman and infrared spectroscopic stuffy[ J]. Langmuir,1997,13 .6 713-6 721.

Zheng M S,Sun S G,Chen S P. Abnormal infrared effects and electrocatalytic properties of nanometer scale thin film Pt-Ru
alloys for CO adsorption and oxidation[ J]. Appl Electrochrm,2001,31:749-757.

Watanabe M,Zhu Y, Uchida H. Oxidation of CO on a Pt-Fe alloy electrode studied by surface enhanced infrared reflection-ab-
sorption specetroscopy[ J].J Phys Chem,2000,104(8) ;1 762—1 768.

Fasasi A, Griffiths P R, Scudier L. Surface-enhanced infrared absorption ( SEIRA) of adsorbates on copper nanoparticles
synthesized by galvanic displacement[J]. Appl Spect,2011,65:750-755.

Kazuo Nakamoto. Infrared and Raman Spectra of Inorganic and Coordination Compounds[ M ]. 3rd Edition. London : John Wiley

and Sons, Inc,1977.

[ RELHRE: BRX |



