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Recent Development on Synthesis and Application of Metal Nanocomposite Catalyst

XU Xing-Liang LI Li-Ping ZHANG Dan WANG Yan LI Guang-She*
(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry,
College of Chemistry, Jilin University, Changchun 130012, China)

Abstract: With the development of nanotechnology, metal nanocomposite materials have received extensive
attention due to their unique physiochemical properties and potential catalytic applications. In this article, the
latest development of metal nanocomposite catalysts is systematically introduced. First, we present some
important synthetic approaches to the metal nanocomposite catalyst. Secondly,in order to better optimize the
structure-catalytic activity correlations and understand the catalytic mechanisms, we discuss the influence of
some critical factors (e.g. particle size, shape, composition and support or ligand) of metal nanocomposite catalyst
on catalytic activity and selectivity. Finally, we pay special attention to metal nanocomposite catalyst for the
reduction of unsaturated bonds (N=0, N=C and C=0), and the research trends of metal nanocomposite catalyst

are prospected.

Keywords: metal nanocomposite catalyst; synthetic approaches; catalytic performance; unsaturated bonds

0 3] = A B2 I AN T HAT 4 78 ST 1 R 38 P A A A

N, BEAE DR FL = FGOK BRI KR, 9K b RER

HEAL I A2 bl AR BB BRZG R A A R/NIRLAR R 22 0 R NS MR AL, BEE TR AR 1Y

PR AR SAEBOR ) I TR e SRR R O S r et b 4

A2 EAR A A H AU TR R B YUK TR — A R A O LA R A b A
Wk H 3% .2017-07-31, WefB Bk H i .2017-09-22,

5 1 AR R 42 (N0.21025104, 2127 117 1) BE BN IUH |
“HEK R A, E-mail ; guangshe@jlu.edu.cn




R

TR R AR B R 5 AL TR 5 0015 N T A BT i 1971

FPRL, BRI O0 R A R OSE W B AR, 2R
IS A i | WA N T B N S|P SEE & I P
TE 4 R AL S He

FEREAL S | B — 1) 4 T 9K KL -1 Sy 2L
AL P b | R T R R O R TH R 7E I
It AR A Ak B T AT BE & AR AT SR AN G | 5 Ak
PR R PP | BRARAE ] A7 iSO 1 42 i 42 s 40
KA T AL PR BE | BROR R 2 (R 3 O TAE S
| S R b R A NG W 12 o R g R B S
AR —Jr T it H AR s 5 A T
AETE L 2800, i 2 RO 55 A B T4 o 42 s 4 oK R
TR E PR B O — O, IR AR A
PEAL AR b & 4 Z 8] (0 4 )@ 5 3R S5 FF 12 4 38
S ELAE T, T LB I A N 9 R R
PEOOI 5 A IR SRR IR 2 Y 4 R AN oK 2
AT LA 5 4 JE 9 KR T IR e o L Az e gh
¥Rl LAA Bl F 4 40 oK ORE - 1 43 10 BHL 1k 3 1A
R0 RI AR T S RE N S B AR E S
AR ER I 2 B R APk

AR, NATTEE 2 0 S TS T 5 6 4 s
AR I AL 121 G KA RL BT Y BT 1 AR
(K R AT LLTE AT 0 48 5 3R AT A BUEL A AR E 25 0 R
TE S 42 8 A0 K A AR TR, HE sh 40 oKk A4 RHR 40 K
Bz e 5380 i T 4 I8 40K 526 i A0 7 i) 4
b1 B L1 32 BRLAR K/ TR A0, 25 4 Fn 4 45 4%
il DR 2 5 0 | BRI 2R 6 1) 408 9 A A 391 o ) 45 ol
F 5L ERE Z M OC R AT LAk B A i 2 i R
AR T 1) 5 48 5 A 305 A 11 56 R LA R F 9 i Ak
PUERSR BE 2B MBE S Re ) BT DL B AR SCE
JERGA IR T JLAF oK 4 J8 9K & 6 bR
AT G AN 25 08 e T HE R 5 SRS TR A R A B A
KA G AT T RS B, DL K45 21 43 22 [6] (1 A
AR S SHEEREM W S N AT &R
KE A MBI TR L2258 (i85 N=O,N=C
i C=0y R IF X H AT R GRS T, [
B % SO AR A 4 8 991 oK 524 4 Ak 300 1) F 5 IR 4
H 2 SRS T I 4 1] AR R R

1 ERAKREGHHNEN

490K 1 45 L1 2 00 B 2 R K £
R I ML A T A i L A Rl 1 4R 44
KA A bR AR IR 3T B I Lo 4441 43
f R A 255, TR, ML TR0, WP B 45 i

JUE, & @9k & MR & s T 1R K i it
&, V2B RO A L A RO A R T B
R E 25 R R 30 00 & T8 AR A bRt Ok e — s
DR B N
1.1 HEREZE

b 23 J ik 2 A Bl 4 i AN oK A Ak ) iR L
W, A )m RV AR T K SO LI R e AE 2 0 T T R
I FERIAE T | Zead — @ RV 2 T 15 31 42 )|
YUK IBURL v B S B A S — T A 5 ) R 8 TR
A 5 4 8 B R 2 B A A A PR A B
L JBGIKRL A Gu SFUILL PVP A AR 7 B A
AN A R | BRAT T I AAR 4 0 KR 1 v BE A3 BT
AALER AN KRR I S 90K KT R 3R AR N 1.9
nm , SR, 583 J5 50 (04 1 FH 25 3 BUR B R R 4
JB KRS L, A SR, T HhF
B ) B I R — BRI R AR R R thanZ =
P08 PR R /N0 BT IR IR K A ke H iR 4
B T B4 Jm g OK B2 A MR TR AT LR T
UL ST EE A 1 4 JB 9K E A OB, Gupta SFPILUT
IR Sy 30 T 0 | A T Ak A G & TR ol IR | 7 &
AT AT Fe@Au KK T, 1 Fe@Au 41K
BT R A A B S F IR S
I A A v R R v AT

FEAL AR SR rh 3 R S B T T 4 TR AN
KE A MATI LSRR ERE . bR T iR g nyif )i
R, el — S A IR JE AT B T Y
Wang 55 P FH a7 01K 70 0 b B ot 7 A 38 5L 551 6 B
T HAT AT IE SRR T R L AR R G A Aok
LT X LT PR T N B o A 3 A Ao R R
SRS DU 4G 8 B DA, R T R O o 43 i ot
R rp 7 A Ak 2 1 o (R ) A )T g ) 1
YRR I 36 43 M W B 7 4 8 98 KR 19 (110) & T
e Tk e T S T I SRR R A e 1)
HEH 20 mg B MA] 40 mg, FECHI T HZH(110)
s AT, 16 (A B 5 4 1 8 30 I /T AR 5% 46 A ST
T 1), T35k, G4 T E R B AT DL ) G 4R
B JF PR 5 R & o — 20, ik A
KRB R TAEX R AL 228 Rk 3 A
BCAL 5 IR 50 0T 45 04 Al Bt 4 g oK M R AL T —
ANBIT

H AT, 76 R A2 30 SR A i 4 s 9Ok & 6
AL R | 28 R A3 A TE A e R A J
TR0 A MR 3R G T vk T I 2 340 ) N



1972 kMl otk

#o% 4R

%33 8

TR 46 A 70 ok 25 020 B A0 TR) R Oy 1 e At P A0S i
Ji 300 £ T 0, FR AT PR 2 AE K SR R A2
SR AR B N B — ZR B Y Sn 1946 T 8] 4k 5 )
(Sn-Cu,Sn-Ni, Sn-Co)™!, LA Sn-Cu M6, 5 i HL 3 41
K2 B (1) MR HT, T Sn® e v i b
JELL SnO I XAFTE, HATBGR B30 U | Cu 8
W JFEA Cuy0 5 (2) FEAK IS 7 rh | Hy T 1 B8 A s

8288

eage

.
Ll

1 (A) CuxNig IE/\HIA, (B) CugNig IE /T,
(C) CugNig F1K 7. F7 R FI(D) CugNiy, 41K
ST VR IR S e A

Fig.1 TEM images of (A) CussNigs octahedra,
(B) CugNis;octahedra, (C) CusNig
241

nanocubes and (D) CugNis, nanocubes!

mwéf « Atom Sn

Cu,Sn, ©®Atom Cu
2 a Sn-Cu bond formed directly
s Ly
> °*2
DT ) \ S o
) 00$ — [Sn0. %°o$ — (800 .. \c}\oh " ‘;OJ I3
e Oy G o 0000 < S oilen
A5h0, 10, " S oy 1 atigh 000 SN = e
B S S W W e Ca‘.
Cu,0 Cpg—Cu Cu,Sn
\ a e I
»
9
°Cu  eCuo e 0.{..
esn  @omw Metal $n Cun

@ CugSn; = [SnO,]*
@ CuSn * [SnO,]*

23 7R B DA SR £ B Sn-Cu < B I AL 53 90,
A LN CusSn T RERYIE L A2
Fig.2 Depiction of the synthesis of Sn-Cu intermetallic
compounds through a simple in situ strategy;
Inset in the upper-right corner illustrates the

possible specific formation process of Cu;Sn™®!

FIR BN, SnO2 W IR JERE T G0 | 4RS00 Cu,0 i
J5 R 42 )& Cu; (3) Cu,0/Cu B I8 5 HL #4(-0.360 V)%
15 T [SnO,*/Sn 34 J5 HL $5(=0.909 V), Sn0,> %K A I
Ak S AE B Sn BB RN [SnO, -, Heh Sn i R A 5
i PR S5 A I I CuySn B R &9, FE SR AL A AR
TGl ATEAL F AR R R R 3 T R I A At 4 T
A MRH G SR A — > 2B 0 SR
1.2 #SEE

L I A LA TR A )iz
T 6 A 8 AR A e 0y TA R
FEME P2 R AT, A E T AL D7 3k % T L
AR o 18 92 1 9N KL T B RE AR | BICAR 45 b AL 40 1 E
i), eSS AT B ZE AR 5 T Rk & R &9k =2
G K,

RO T R R G YR 2
— 7T 0 ) NH, 22 10T LS 42 J8 3 I8 il
454 1, I A B Jot 4 3 P | B A5 AR G 1) 42 11 4
Ja& AR KRL A RN B s R M 8 AT DA R g4 0K
AR T 3 e IS Byl TR €8 =T B ol S
Jiie A — Tl 555 (R 38 S50 | T LA 5 4 4 oK R
T &R E ALY, Yu S50 o v B i AE | 7E 300
CHA i £ L TR B A AN 2 BE TS B & B T CoPt 44
KALF, TE A FE b e R B T R S R
FIFNIE JFR AR FH . CoPt 48 K KL 1 B s 42 FE S )
PAAR B 1) 1 4% i (] 3), I H. Co A1 Pr (%) EL 3 AT L3
o F SRR A A R ] A% T IR BR B AR A Y 45
il 29 KL 1) A AN AR K S AR AT AP Ak 4 KR T
MIZ5FFIZR IEPERE . Niu SFPIRL SRS EER , S e TN
T 1 0 7S B B 8 (W (C O ) A JERE , 5 T T R il B
M R AW, RIS EAR MR N E T,
EEAERT BT W(C0), = A — A AR <Ak, Al
DA T TR VR R AN T 1 T B, TR AARAE Ry — A TN )
“J N HE” R Pe-Ni N HEMR B B S5 A K S P-Ni
JNTHT A P R A AT LA Ao A 258 il 7 R S e 1 2 o]
2, Ak Pe-Ni /AT 9 1 0 Pe-Ni L] BB %3l 4 &
Tk P T 2K ) 5 e A

FA Gl T st T A B 4 R 4 oK R
GAREAE S 4 B 2 A A R A R, L FPILL 4T
TR B R S 4 T Sy Dk | el Mg R 2D R 1 A
TR BT ORLAR R AL 4 BT AR Y B BLE NiAu &
YRR ZITIEAURBR T Nidu G 4 98K kL
FIE R, Wrl Y JEE] FeAu Al CuAu & & 490K
B FEA L R rp 3 2 kAR 4 R AR N B



T B 4 8 K S 2 A0 5 o D 9 7 30 1973

Position / nm
B3 (A) 9.5 nm CosPlsy NPs (35 5 L L (B) W% 7 (A) P ILIE H0 9 K B2 T 075 5 9448 34 HL B 11, (C) CouPrs NPs F
FAEIEE K, (D~F) Co(ZL (0)/Pr(% () TT R 315 (G) CopnPtss NPs i £ BE BRI 1 37 [ FIAR IV 1) 78 3R 43 A1
(H) CoxsPts; NP 1 EDS [E[120
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magnification TEM image, (c) HAADF image,

(d) HRTEM image™
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(a) Possible products of the quinoline hydrogenation; (b) Plots of conversion of quinoline and selectivity toward

1,2,3,4-tetrahydroquinoline against reaction time with Pt-x as the catalyst; (¢) Plot of TOF (per surface Pt atom)

against diameter of the PtINPs. The TOF for activation of H, and D, to form HD is listed for comparison. Inset:

Size-dependent mass activity (per unit mass of Pt) of the PtNPs in hydrogenation of quinoline; (d) Change

of conversion and selectivity in 5 cycles of the catalysis with Pt-1.2 as the catalyst; (e) TEM images of the

catalyst before and after cycling™

F 4.5 nm, LELER W T BEE KRR /N, R
(143 i e 0 b 2 1 s (1 10), HidoRiAR R 2.1 nm 1Y
HGRAIURE B A AR Y TOF /& 4.5 nm 19 3.6 fi5,
AN TRUST B9 408 8 K 7 1 s 0 e Ak T P R T 4 0 40
FCRE R R BB A A I LR A AR R e K
JOL I L B A R 5 R P Y FE TR R R 1Y
SE4 e SR T A2 a0 BN A HEA T

B 1 AR TR 0 R A% 6 Ak 2 S N AT 2 T R
M Reske S5 SIF 58 T 4 94 K bL 7 (1 KL 42 5 HL b 2

I CO, Z A Y5 FR i 40 KORL KL AR 14 B 52 i)
T ARSI CO, B oA, Bl 57 40 Kok 1
KLAR B REAR R0 2R A /N T 5 nm B X5 H, #l
CO PREFEVE I 3 5k e AL 290 (T ot 11 2 ) 14
Ve REMERRAR i 98 K ORL R AR A AR 2 5 ) 0 )
B THTPC S 50, AT 52 e 55 90 b % C O, FiL AL 25 38 i i
T A () A R R B S RE D, SRR/ T 2
nm , 57 ) b F) 2 TRTE 057 B0 T 8, ik SR C 1o B Y
YRR T OH, M T Co, 2 Co,



#o% 4R %33 %

1978 I Mtk

160-

1201
g
g

S g0-
()
g
2
o
>

40

HCOOHLYC. o, + 1,
0 -
0 40 80 120 160
Time / min
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Fig.11 (a) Turnover rates of cyclohexane (C¢H,,) and
cyclohexene (C¢H,g) formation on TTAB-
stabilized cubic and cuboctahedral Pt
nanoparticles (NPs) for 1.3x10* Pa C¢Hs, 1.3x
10° Pa H,, and 8.5x10° Pa Ar, and (b)
corresponding Arrhenius plots; Dotted lines are

drawn as visual aides®
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Fig.13  (A) TEM image of the as-prepared CusNig NPs;
(B) HRTEM image of a single CusNig NP;
(C) HAADF-STEM image of the CusNig NPs
(scale bar: 10 nm) and STEM-EELS elemental
mapping of a selected NP to show Ni (green)
and Cu (red) distribution within the NP;
(D) TEM image of the ammonia borane-treated
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2.4 BB H RN

T 453 Ja 9 KL T B i A P iy T ROk T
14 6 PR D AR 2 5 g AL, S EUE LT PR R E R
W o 4 B A KOk T B A G A oI A LS A
ANASCRT A 5 4 Ja8 4 KR 1~ B A P | TR R iy T TG
R 5 45 T =2 18] 114 25 T 288007 AL T LA o G S oy i 4
Wu SFOG T AP LB 9 PiCo BIAK N, % T
VEBESE T AN TRV BE K B0 A LI X AP RE B2, A



1980

I A

%33 8

Bl 14a T LAE H | Bl 25 B 00 06 /0N | PR B2 110 o 56 1k
BHREAIL L PtCo MK 8% CyNH,,0Am, C,(NH, F
CoNH, L5 B | 78 R 1 5% AL 30 10090 A
(1) P PR VE Y BEIR 2] 909% LA I ML Z T, CNH, 2
B PtCo BN A & 0f AR B S Pl 78% , 4
H CNH, G2 B | R RE B i 2 B 1R 23%, Dk
SIS0 e BH 2 A A 7R 2 1T AF AE A K HE Y A LG
AW, BT SO ARBBRZON, , AR T C=C M, 42
T C=0 Mkl i, A ML 1 PrCo
P 4R K fi AT Bl T PR AR T A A A0 R0 3R 1T 1 A A B
TInE e 1 (Kl 14b), WAEBERE U8 3F — D90 i | B

s P L T S T 3R T A AL B 9 K, R
1N S R = A VAT S N S W - I e e
PEREME

T ) 2 A4 X A b R AR A T T A T A
SR I Fe = 1 R & YA 1 i O S 3 1
S BARS 4 22 18] 0 AR AR AT LA e A Ak R
TR R B L O T B A I Y 4R 5 AR 1 A
AR HIXS AR B B 520 Griffin Z£MLL PYTiO, Fl
Pv/Si0, A Ak | 38 i UM AR T i JE B o
AL RO T 5 B AR B 5T AN () 344 0 3 i 1 1
FISZM , PYTIO, MIAEAL TS M2 PYSIO, 1Y 4 1% X

IR 7 AR R PR, XA T PtCo K ELEERYIESEMN 50% L0 E o 1 S AF Y B TiO, X
100
""" 1" """~ el — ... 0.41 )
80- T
L 703 ,
°; 601 E '
5 £ 02 /l
§ 40- ; ,
3 20 2 01 I
oLl b L b | e d- o | e o B -~ LLLTH PR g '
C,NH, OAm C,NH, C,NH, CNH, CNH, C,NH, OAm CNH, C,NH, CNH, CNH

Conditions: Pt;Co nanocatalysts (11 mg), n-butanol (10 mL), CAL (3 mmol), nonane (I mmol), H, (1.5x10° Pa), 25 °C**!
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Fig.14 Histograms of (a) Selectivity for COL (white), HCAL (crosshatch), and HCOL (gray) at nearly 100% conversion in the

hydrogenation of CAL with different amine-capped Pt;Co catalysts; (b) Rates of HCOL production after complete

conversion of CAL with different amine-capped Pt;Co nanocatalysts!®!
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text, yields the accompanying surface intermediates™
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Table 1 Summary of the reduction of aromatic nitro-compounds catalyzed by metal catalysts

Metal catalyst Stabilizer/Support Reductant Substrate Solvent Reaction condition Ref.
Aromatic

Au Graphene oxide NaBH, . Water Room temperature [72]
nitro-compounds
Aromatic

Au Resin NaBH, ) Water-methanol 40 C 73]
nitro-compounds
Chloronitrobenzene

Au Carbon H, 140 C [74]
p-Nitrophenol
Aromatic

Au Rutile TiO, Formic acid ) Methylbenzene 60 C [75]
nitro-compounds

Fe@Au Graphene oxide NaBH, p-Nitrophenol Water 25~50 C [23]

Au Polyaniline NaBH, p-Nitrophenol Water Room temperature [76]

Au Si0, NaBH, p-Nitrophenol Water Room temperature [77]

Au Fe,05 NaBH, p-Nitrophenol Water Room temperature [78]
Aromatic

Pd MIL-101 Ammonia borane Water Room temperature [79]

nitro-compounds




1982 b | R A S S 4 55 33 &
k1
Aromatic
Pd AIO(OH) NaBH, ) Water-methanol Room temperature [80]
nitro-compounds
Reduced Aromatic
Pd NaBH, . Water-ethanol 50 C [81]
graphene oxide nitro-compounds
Aromatic
Pd CsN, Hydrazine . Ethanol 70 C [82]
nitro-compounds
Dopamine .
Pt-Au NaBH, p-Nitrophenol Water Room temperature [83]
graphene
Cu SBA-15 NaBH, p-Nitrophenol Water Room temperature [84]
Aromatic
Ni Si0, Hydrazine ] Ethanol Room temperature [47]
nitro-compounds
Aromatic Water-TPGS-750-
Fe/ppm Pd TPGS-750-M NaBH, . Room temperature [85]
nitro-compounds M
Porous conjugated Aromatic
Ag NaBH, . Ethanol Room temperature [86]
polymers nitro-compounds
Ag NaBH, p-Nitrophenol Water Room temperature |87]
Aromatic
Ni-Sn NaBH, ) Water Room temperature [88]
nitro-compounds
. Reduced graphene Aromatic
AgNi NaBH, ) Water Room temperature [89]
oxide nitro-compounds
Aromatic
CuPd Carbon NaBH, . Water-ethanol 60 C [90]
nitro-compounds
Aromatic
Pt CeO, H, . Water-ethanol 25 C [91]
nitro-compounds
Aromatic
CuNi Graphene NaBH, . Water Room temperature [92]
nitro-compounds
Silicon nanowire )
Cu NaBH, p-Nitrophenol Water Room temperature [93]
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(A~C) HRTEM images of gold nanorods after coating with a layer of porous silica of varying shell thickness:

(A) Au NRs@Si0»-10, (B) Au NRs@Si0-12, (C) Au NRs@SiO,-14; (D) EDX elemental mapping of Au
NRs@Si0,-10; (E) Kinetic data for the catalysis of 4-nitrophenol using various silica-coated gold nanorods
(Au NRs@Si0,-10, AuNRs@Si0,-12, and Au NRs@SiO,-14); Inset shows the linear fitting of kinetic data

with CTAB-capped Au NRs!”"
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Fig.17  (A) Mechanism for the fabrication of the graphene/CuNi nanocomposite, (B) lllustration of the catalysis mechanism

for the reduction of p-nitrophenol by the graphene/CuNi nanocomposite catalyst™
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