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Synthesis of Shape Controlled Pd Nanoparticles and

Surface-Induced Photoreduction of 4-Nitrobenzenethiol on Pd
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Abstract: The facile synthesis of shape-controlled Pd nanoparticles (PdNPs) with ascorbic acid as a reducing agent and

cetyltrimethylammonium bromide (CTAB) as a capping agent is presented in this study. The synthesized PdNPs were

characterized by UV-vis spectroscopy, transmission electron microscopy (TEM), scanning electron microscopy (SEM),

X-ray diffraction (XRD), and Raman Spectroscopy. The prepared PdNPs show efficient surface-enhanced Raman

scattering (SERS) properties. SERS studies on the adsorption characteristics of 1,4-phenylene diisocyanide (1,4-PDI) on
colloidal PANPs have revealed that the relative peak intensity of the (NC)gee and (NC)youna modes distinctly depends on
the 1,4-PDI concentration as well as the shape of the PdNPs. Furthermore, we found that the PANPs are also efficient
photoelectron emitters such that the SERS spectrum of 4-nitrobenzenethiol (4-NBT) on PdNPs is readily converted to that

of 4-aminobenzenethiol (4-ABT) under 632.8 nm radiation.

Keywords: Photoreduction, SERS, Shape control, Pd nanoparticles

1. M E
UrdAts A=A, /715, AN, FAAL AAL
gioj e, o Fof of2f Zofof S&HL Ut ol2et

U AAISL woroju} 37]o) et =ES EHE I
2of, UrQXte] noFrSs A5}y st 917
T ook [17], 59] ZotE LRt $oIY
o, g 2A%], SERS (EW 2}ut =7}, 24 &A So

4 Young Wook Lee; lyw9978@kicet.re.kr,
Tae Ho Shin; ths@kicet.re.kr

Copyright ©2019 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial ~ License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

o2 Zofol &% A [8-11]. ofHA o]&H=

Ui A= 2ofolyt 27]o] mhef B o ofyA|
S Qo] ¥hg/do] thEA YERdt. T2]1 o] UR=
HAIQIHF L X (face-centered cublc) HEl2 LAAEY
A, Bofo] wt o AHE A Hed, AR
A7%dH(low index facet) Zt=t ”é’%xﬂo B3eY Al
dole (111) 29U 21 ZAFHAQD F-% (100)
oz o[zoldq 9lon], (110)) F9L 0}Ew Ao
Ay ZdAlolHA] Bofs ZHAIAL Qltt. oA o]foj%l

AR o] we} ouAl A7) 111<100<1100]0, o]
g olgE oUAY AL 245w A¥At A
obA ofuixlo] A7|7t Bkt Ztolct [12). oleigt
vt B AAe 41e Uo| obych Lheelxtel A

AL L olst YAl 4 wesss AY



A71AR A 2 etel == Al, Ai32d Al6= pp. 458461, 2019\ 114: °|Y= & 459

Qojof 7hs3ict o] ATIANE Aol ok
I gdeti, Rl whe AYRo] we} SERSO)
ol ol X-gatislol thal Yobwsct.

oo b m

0|

2. M8 W

21 4

o

Ale}
K;PdCly, Ascorbic acid (B]E}Q1 C), 3x} 554
AW &49A): CTAB (Centyltrimethylammonium bromide)
IH 2Rt &7 24 4-NBT (4-nitrobenzenethiol), 14-
PO (1,4-phenylene diisocyanide) 4-ABT (4-amminoberzenethiol)

AloF o] dEA]
2.2 B UHY

A5UA TE W=UdRHPd NCs) 47 Z2t23
of 3AF S/ 47 mL & FARsto] ZsHA AHEA
AYefloll Al 5 mM K,PdCly ©] 8912 1 mL ZARstch.

& A" Z28AIYA 30 mM CTAB 1 mL FAfStL &
A9l 100 mM ofAF 28] AFS 1 mL FAEE S0

w ¢ e AR
HE] 4= ThE H=ARHPd MANPs) H7h Eet
30 3AF &4 47 mL & FARsto] FstA AE
Kl 5 mM K;PdCly o] €8S 1 mL F
ARgte) o2 AW 2/gA1%1 30 mM CTAB 1 mL o}
SAAI] 100 mM ofAZ =Y AF 1 mLE gAl 8
=) of FARGE o 5 Fo ¥hg-& AlZIct.

7l Z2hE W:=UAHPd NDs) 47 Z2t23

of 3AF /4 47 mL & ARt FsHA AHEAR

AYefloll A 5 mM K,PdCly ] &S 1 mL FARSH of

S FHAAQ 100 mM ofAF =24l AFS 1 mL FAS
1

5% FO Wge AT AVLYAL AARAS B

2.3 A2 7171

ARg 7]7]= Uv-vis absorption spectrometer (SINCO
S-3100)& AHEsHITH TEM (FuhRARI0]14)2 JEOL
JEM-2010 & A8t o0, EM (FAF0]74)2 Phillips
Model XL30 S FEG AR5ttt XRD (X-ray diffraction)
= AXS D8 DISCOVER CuKa (0.1542 nm)S Ap8-st

act. 2ok 7]7]= Jobin Yvon/HORIBA Lab RAM <
Arggion, go]x 9] 2 He/Ne 633 nm S A&

stk

Uegrbe S48 5 Lhegrio
M @] M L Uvvisg AAshs wolrh
Uv-vis G]o]E& d o iy
F g A2 4 4 o, ojidE dxuie thE o
UAIE 7HR L &= 593 % =
Alg 7HRAL 171, =of
b

[ , Pd MANPs+= 18

. & 2(b)], Pd NDs+= 54+7.6 nm [
F 2(0)lelet. o] WAt ddHE 22 AW 2
‘JRIE ARl el £fof ofsiA ARdn. CTAB2}
A FGAE A FARSHE, Zebs ol 2ol &
A o]F7] W20, TehEo] AL HosH
Hoj, 2712 AW J4o L2 £ B, LA
S UA FARBEAY AlE A S0 FARE 8

rlr

=2
A%E7} gt 2 Pol 9L FA 9ot
of WA Blgoe MY AW MY *HE &7
sfof 4 o} (13 2).
oFol cf o]
olrt.
Pd NCs 7% 100 23] @x wo| sk
1} RFSH

Absorbance

0.0

300 400 500 600
Wavelength (nm)

Fig. 1. Uv-vis spectroscopy of Pd NCs, Pd MANPs and Pd NDs.
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Fig. 3. (a) XRD patterns and (b) (111) and (100) diffraction peak
positions of the PANCs, PAPNCs and PAMNPs on silicon wafer.
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Fig. 4. SERS spectra of 1,4-PDI on (a) Pd NCs, (b) Pd MANPs,
and (c) Pd NSDs. All spectra were normalized with 8a mode peak

at 1,600 cm™” for convenience.
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Fg. 5. (a) SERS spectra of (A) Normal Raman spectrum of 4-NBT in
the neat solid state and 4-NBT adsorbed on (B) Pd NCs, (C) Pd
MANPs, (D) Pd NDs and (E) PAMNPs on 4-ABT. (b) SERS intensity
of the reactant and product band located 1,335 and 1,445 cm’. All
spectra were obtained usig a He/Ne laser at 632.8 nm as the excitation
source and normalized with NO, peak at 1,335 cmi! for convenience.
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