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Abstract: Graphene supported Pd-Cu bimetallic nanoparticle (Pd-Cu/G) as a highly active catalyst was prepared. The
composition of resulting Pd-Cu material was analyzed and discussed with the characterization of X-ray diffraction,
X-ray photoelectron spectroscopy, transmission electron microscopy. Compared with the traditional homogeneous cata-
lysts, the as-prepared Pd-Cu/G not only exerted satisfied catalytic activity but also revealed recycle stability, which has
a wide range of applications.

Keywords: Pd-Cu Bimetallic Nanoparticles; Graphene; Suzuki Coupling Reaction

B AL Suzuki 1BEK K LA HE L7
—ABHEHHINK Pd-Cu S EHKRE AR

Wik#, B, AEH

BRI RFUFE TR, &K
Email: 530706640@qq.com

WREHE: 2013 4E 11 A 1 H; BRIBEM: 201344 11 A 25 H; FAHM: 2013411 A 30 H
B OE: &t T ARG Pd-Cu &4 (Pd-Cu/G)EAL I 4 18 42 o XF Pd-Cu/G 4L 7I3E4T T XRD.
XPS. TEM [FZRAE, FERTEERAT 7 fntit. A 17— PIRE Pd-Cu/G LRI AL IRV, R4 FI7E R
YA T M T Suzuki BB . A TAEG AR, Pd-Cw/G AMEA AT A R R 7T LS
HIRPEIME R, AR N H A E .

XKHiF: Pd-Cu K EE: A8M; Suzuki I

il

L. 5l AL B NL IR o (H 2 TX S A 4t HT AN DO e A

Suzuki {1 N2 A LA RS E AL T8 FHB A TOKER, I8N 7 AR E )
RPN ) 2 KRN —, AEBR L RSARAL AR MERE o ARSI I AR ALTUA DO AT LAE G by B
FHEGURAT EE AN HE. 7E Pd AL Suzuki 22X A AT SR AP e L, 34 W] AR AL R A A A A
RIBE SN, 8 A BRRC AR S I, R Pd 1Y B IEERBHAFATE L TRE Pd PR,

Open Access 5



1o AL Suzuki ABIER SR (AT ——A7 8265 11 2R ANK Pd-Cu & 40K E S48

Fean s OaREER, GeREfies, QrKEEE 4.
YKAEH 4255 . Thathagar!'45 A LL Cu 1E NFEMR,
43l #& T Pd Pt Ru 555 & 9K R0k, 3R] A Suzuki
SO T BT N RE . 4R K, Cu-Pd HI&
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A5 FR) R DR PR L 2 T AR AR R 1 2 i e e G i Oy PR AR
FIEAL 734K . Scheuermannl®2% A\ 7E 2009 4F F D]
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RNSER G, RS 10 mL 288 2883 = s i
PE o PR R NN E B R FEAE . FEFERTIR
100~200 H RS, 285 H A 28 CBR(10:1)
e BT R EAT 70 B BT P TR e 4 'H
NMR. "C NMR #4745 %5

3. &R 5VHE
3.1, EFIFTRIES

XRD: WIE 1 . 25494 8898 By St i o
LEFE AR, AU A B AT 16(20 = 43.2°, 50.4°),
WA EACATE 30.1° AT 16 . 75 42°, 48 AL & 4
FIRTSHIEDS), 52 fiRid i i ss A U0, g RE
W, ZE BTSN A S8 73R Pd-Cu LR
BEYKMRL, difE s, SRR, JLTPAEIR.

Open Access



e R HEAL Suzuki ABIEE SN AT —— A7 S0 7B AN K Pd-Cu & &R E AR

TEM: Wil 2 frzx, HAE(A) M B REAR A,
ME ERTDLE Y, geRRF RN —3 R BRI, s
. DRI, B GERAE A B b MR
BT THIE S0, RICEYIRIAE )N 4.72 nm, FHFL
BAE 53 nm AR ZE . E(B) KB
HRTEM 455, @ds R4 0.217 nm.

XPS: Wil 3 fion, MEIA)FTLAEH, FEiHA
N&HE Co 0, /A Pd. Cutk. EB)NHEH
C 1s BEERAL A BRI C 1s B, 3 08 I s B
TS I AIT N W P SR B I i, 2 S e AT 1 e e it e
BREAIG, U A S0 R PR OUBE 8 4 0 Do g e e e
5 5 BB I 25 SRt i, WTRERE N E &R
[ (A LA R 52 . B1(C) 9 Cu 2p Ry, X LAY
PrfEgE A fE, Hd931.5 eV, 951.3 eV NI A 411
SEARE, 933.5eV A1 953.6 eV N ML A RE, 5
SRR IE A AL (D) Pd 3d RERER], 335.8 eV
1 341.6 eV REMLMLEERE, 336.9eV. 3419 eV

NOERISEERE, X AR R RR T LT A S REA
AL HS, TR IR AT REE T R R AR & <o AL A RE T
XPS 4R 5 XRD Mg Bl 4R —2, FHXIEY] T
P2 A BRGSO AR K A i AT

3.2 4k Suzuki BB R KA RPIFR R

£ Suzuki [ K1 2 AR I BRI, X 2t
TV, ARIE 1. NRBETUUE H Suzuki 3
AR BGS, Pd-Cu/G HEAL IR I B e s
RAFHE RE R e AV . (HRXT T A Bk i, C-Br
SEOUTEL C-1 B EAEWTZRL,  Fr AR B A IE A AL IR
fem C-Br BELE C-Cl AR AKSS IHTT
Al o

3.3 LI TEERFI A

R 2 MEAHITE Suzuki SN H PRI ] =X
PRI G R . DR R R N R R R,

Graphene

%

Cu(l11)
* CuPd
% Cu O
A Cu(200) l

T
40

20

T
60

Figrue 1. X-ray diffraction patterns of Pd-Cu/G
& 1. Pd-Cu/G EA4¥IH XRD 75 EiE

Figure 2. (A) TEM image and the particle size distribution of Pd-Cu/G catalyst, (B) HRTEM image of a single Pd-Cu/G nanoparticle
& 2. (A) Pd-Cu/G E&#HRIH TEM IEEMZESHMRIRZSHE; (B)E Pd-Cu ASHKATH HRTEM EEMEEREE

Open Access



e R HEAL Suzuki ABIEE SN AT —— A7 S0 7B AN K Pd-Cu & &R E AR

—PdCu/rGO
(A) Cls n (B)
e - A 84.87 eV
01s 0-C=0 |
" Backgrand I Ay
——Simulation /
Cu 2p | 1
Pd 3d A 985. 43 eV 3
v f‘*v* \\
‘ 287.86 eV )AL
) 7 /I\
I e /Y
R W\N@/ / \
P " — > \\-‘_;‘;
0 200 400 600 800 1000 296 294 292 290 288 286 284 282
B.E(eV) B.E(eV)
Pd3d
Cl;2p3/2 (C) (D) Pq3d5/2
| 9315 o
[P

——

Cu2p, ,

’, 951.3 eV f | i
| 933.5 eV \/\ 953.6 eV n |
: towley !
. j,_,,,’s.wm ,’ \\ A
N VR f \ N ]

i

“
:
1
»

-~ %
|
5
'
'

- S
_——’—W
et
' T L DAL et PO Ak /M e Mo Ry ygees faaen e bt N B TR e )
930 940 950 960 330 332 334 336 338 340 342 344 346
B.E(eV)

B.E(eV)

Figure 3. XPS of Pd-Cu /G . (A) The survey XPS spectra of the Pd-Cu /G; (B)C 1s XPS spectra of Pd-Cu /G ; XPS spectra showing the (D) Pd
3d and (C) Cu 2p peaks
3. (A)Pd-Cu/G E{f@y XPS BiE; (B)Pd-Cu/G t C1s iy XPS Eit; (C) Cu B 2p A XPS E; (D) Pd Y 3d 3138 XPS

Table 1. Pd-Cu/ G catalyzed Suzuki coupling reactions Table 2.The yield of Pd-Cu/ G catalyzed three times
£ 1. Pd-Cu/G E &¥ME Suzuki IBERRIEMIHRR & 2. Pd-Cu/ G 13 3 R0/ =%

©/B(OH)2 Rox PdCu/rGO TRV 220
+ < >—R

. Conversion  Selectivity 1 96
Entry R X  Time/h %) o X .
1 Ph- 1 2 96 100
3 64
2 4-NO,-ph- 1 2 97 100
P AMesh b2 . 100 5 LRSI IE, TR 2 A T 52 A
fo Ve L2 o 100 RER ) B SRR T Z RN, 2 e B A o
S pwdime L2 845 100 BT U 98 eh, LSRR T L7 B 76 B £
¥ Pho Bro 4 76 100 %y SR 2 A% R I3 3.2 ik, G
T ANOwph-  Br 4 82 100 F = YR B R T LASAR 60%bA F 7K.
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4. BRE5TTE ~7.36 (m, 2H), 7.34 — 7.27 (m, 1H), 7.26 — 7.19 (m, 2H),

2.39 (s, 3H); *C NMR (101 MHz, CDCl;) & 141.21,
DU BARKFHRL AR, SR DAY (s, 3H) ( % CDEL)

. . 138.40, 137.07, 129.53, 128.77, 127.04 (d, J = 2.1 Hz),
HIH 50 A BRE 2 4 PA-Cu SR URLE: k. ) S 4 ( )
77.40, 77.08, 76.76, 21.16.

433347 T XRD. TEM Fll XPS Z5R4E, JEXfFRAELE
FHAT T 400, ST RE: #IENKkEEEL <:>—<i>
PRI B AT, SRR NS, HEsI N

2-phenylpyridine: 'H NMR (400 MHz, CDCl;) &
8.78 — 8.62 (m, 1H), 8.09 — 7.91 (m, 2H), 7.83 — 7.66 (m,
2H), 7.58 — 7.44 (m, 2H), 7.44 — 7.37 (m, 1H), 7.22 (ddd,
J=6.1,4.8, 2.4 Hz, 1H); >C NMR (101 MHz, CDCl;) &
157.48, 149.69, 139.41, 136.79, 128.98, 128.78, 126.94,
122.13, 120.60, 77.40, 77.08, 76.76.
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F Pd-Cu/G AL T 1Y R R 2 BT, fE A RO L
AT B8 A =R BUJE . = 288 m BLIA 3
60%. & ITVEN R 5 AT, IE AT LAR] T 2% A s A
R AR & S AR, 72 TN - BAE
TER Tl S AN E -
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