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Fig.4 Mechanism of hydrosilylation reaction of chloropropene with trichlorosilane catalyzed by Pt/AC™!
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Fig.6 Hydrogen addition reaction of 1-hexyne and triethylsilane catalyzed by gold nanoparticles loaded"*"
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Table 1  Hydrogen addition reaction of 1-hexyne with triethylsilane catalyzed by gold nanoparticles on different supports

Reaction time

Product selectivity/ %

No. Catalyst

/min (E)-3 (2)-3 4
1 15 Aw/AC(LC) 98 0 2
2 60 Aw/AC(HC) - - -
3 15 Aw/ALO,(LC) 93 3 4
4 15 Au/Ce0,(1.C) 98 0 2
5 15 Au/Fe,0,(LC) 92 0 8
6 15 AwTiO,(LC) 95 2 3
7 15 Aw'Zr0,(LC) 9 0 4

FH DA AT O B A8 B 4 R e AR R E A

TR S R e 4 0 8 S B TP LA R G A et R
GBI AL o3 TR PR e b R AR N A O Y
A, MEAEFIIE LR, (BR R4 5T MKk
Z IR ER I B, B 55 S S R R 22
TIAGE 5 B BC AR R BCAAR - 5 4 )@ 16 4153 2 (1 A
AR E R I AR e . R, R
W R ZE 8T 1 eSO T i 4 Je 5 e R 2 e I L
BE 75 L 1 1 2 R SR R AT T 5 ).
1.1.2 AHE5A 864 A A R A0 PR HOph R Y
SERE RIS B BB T R A TR ZE 40Uk > )
FHSAAL S A A7 88 BB A R 15 3 Sk 1
SOV A B B TR b T AR S R AR
BREMI DR BHE TR AJZ ], S 03 R A el
kB TR R AR S ek, R &
5 | EE B A BRI T, A TR v sk A 2 A
ML R e

Rao 257 ¥ 2 M A1 88 (GO) 43T N-H JEmk g
BB, i e R s O =
fERE (VTEO ) 5 & 1 W2 K 1 il 15 ffE 1k 5F GO-

Karstedt, & B FE UL 7. AL 12645 0 R
SN IR B AR, 40~70 CHEEIN
BETRE OEH, M RZ VIEO B Y GO H %
TR BIHEAL ] (rGO-P) TE IR I . BB FIFE E
P B R BERS, (BYIKY 55 F IR, B-
IR 40 V0 35 36 A BE T B M W B R [ (3R
2) . RIS PR R M AR Sy I 1 L TE R R )
I, WETHEF VTEO iy 20534 RE A2 HEH, PLCl,
WIEH PLO) IR &8, M5 R & A 48,
Ul R W R TR AL RE AN B, FHAT TS
I A4 ) 4 k.

X5 2% ZE A8 ) e 3-8 3k = 2 SR A e
(APTS) &b B4 AT 35, SRIGHE APTS W AR v ekl —
I RS 4SE PG RMELF GO-P-PL( &l
8). KI GO-P-Pt [F] A BEAR & 1) i 1k 15 85 4 48 S
IO7, AELXFA 205 45 55 7 J 110 IX el 3ok 48 4 ) B S
fik, £ 100 C T Lh = &5 FE e 0 JIE ¥ = B 90
min, J2 P A0 R A AL R BUIE L, ZR G
AR RE A AT RS N FH 3 28 5 mmol B, A
eI A 1 0.0426 ¢



%3 FOKREE BRI SR AR L S B 277

GO-VETO

GO-Karstdet

[ 7 GO-Karstedt fE Ak 714 1t 22 17

Fig.7 Synthesis scheme of GO-Karstedt catalyst'*’

%+ 2 GO-Karstedt 1 rGO-Pt L7 L R E) MG & HERERI L3

Table 2 Comparison of properties of different olefins catalyzed by GO-Karstedt and rGO-Pt catalysts

Conversion Conversion Conversion
Reaction ~ Conversion  Selectivity
No. Catalyst Olefin rate after rate after rate after
time/ min rate/ % /%
1 time/ % 4 times/ % 7 times/ %
1 GO-Karstedt 1-octene 60 97.8 90.4 97.4 97.3 97.3
2 GO-Karstedt Styrene 100 94.9 63.8 - - -
3 rGO-Pt 1-octene 180 79.1 74.9 21.9 ~( ~(0

4 rGO-Pt Styrene 180 51.9 40.4 - - -




278 1k o534 %

Si(CH,),NH,

OH OH OH
|1 | 1 |
(Et0), Si(CH,);NH
>
DMF, 100 C, 48h
OH OH OH OH (lm OH
GO
g
£ F
5|3
3|z
S| g
I
_—Fph, —PPh,
Si(CH, )N /PtClz Si(CHz)3N
PPh, S INC N—ppn,
o 0o o o 0o o
|1 |1
B K:PtCl,
I " CH, COCH, reflux,72h I
OH OH OH OH OH OH
Pt-P/GO P/GO

] 8 GO-P-Pr AT i 45 itk 2k
Fig.8 Synthesis scheme of GO-P-Pt catalet'ssl

Caleb %538 2o 3 i FRL IR BT A, 6 o 6 M 1)
I EWIEE T A S 9K i (GNP) R, il 1546
67 Pt-GNP. SCH 45K W], 75 80 C . pH=3.25,
EATCHE R RN 2 h BHZAE LRI e i, 76 1,

1,1,3,5,5,5- bR =mEbe 5 1R a0 fb o 72
i Pt-GNP #H# T Karstedt L5722 B0 S04 = 10
b IGPE R EYE, Hh R R m ik 95% , HAKIL
& 9.

Pt-GNP
(0.00125%)

(Me,Si0),MeSi

(Me,Si0), MeSiH + AN
h

MD'M (1)

ex
40 °C, neat, 30 min

hex
(2) 3)

TOF =4.8 x10° hr™'
TON=9.4 x10°

Karstedt's catalyst
(0.00125%)

(Me;Si0), MeSi

(Me;Si0),MeSiH + N\
hex

MD'M (1)

40 °C, neat, 30 min

N

hex
(2) (3)

TOF=5.2 x10° hr™
TON=0.9 x 10°

€l 9 Pt-GNP LI Karstedt” s fHEAGFIPERERY L

Fig.9 Comparison of performance between Pt-GNP catalyst and Karstedt’ scatalyst'>”’

Zhu 55158 18 Na, CO, S B —HR AR 0K Pr-&
T SR A WL IO AR, AR B
SIGARA TR F R T HC A, P PN, S
TeE WA T A1 S0 0H, H1753 Pr-ISA/NG Z A
A3, AR AT RO S h ke 5 Tk A 5%

REGE A RE SN AR S N , HL3A LA BT 1) e 5 1 AR
FETE. TE 1200 5 = B AE B 1Y 0 s sz v (&
10) , JBIHIIIHALR R 95% , FEAR A=A Bl P-4
PEALTE P AT BT 24 H, PrCl AR5, b aicR
RS R R PUAC BEALFIY 4 45, EEH



%3

FOKREE BRI SR AR L S B 279

5 W, PN GEMEL AT SR E B A7 1E. Beatriz 551
M UATHREARAE M 0 R 230 R S N TR L A A 880

n-C¢H 3

x + HSi(OEy, _PUISANG

PR 45 J BB P A 2504 - NHC-5E 5 LAk =0
IR A A, R BLFRE A KA AL RCR .

n-C¢Hy;

n—-C¢Hy;

\/\
i )3 1( )3
Si(OEt Si(OEt),

target product by-product

Bl 10 P-ISA/NG ik S0 B S 1z =t
Fig.10 Pt-ISA/NG catalyzed hydrosilylation reaction"*"

Juan 252 SR FF VAT 5 R 40 Bk 12 DA TR 6 184 R 1Y
A b R B 2 A 8 (G) , FINTES —
FE BIR AN G, IFAJE NiCL & @ s+,
H & HUTRAE G _EIE R Ni/G AL 7). BFoE %0,
Ni/G 28 I 2 ke 20 a7 1) 3 A7), 7E
120 °C . Ni g4 0.06% (FE/R /340 TRV 3 h,
Ho By Wy i M R R N ) e A R I BT 100%
TON 1] 35 10° H R AR TELRE, iZm T Cu/G
WEAIZE N, HEALTEYE T 5 Pd/G AT SE, XM
T4 R WM Bl R R A 1 3 U 4 U BRI T — A
B HLAR, Ni/G b n] RAEHE 25 A EUAR i) &k e A
55 B SR i HRIEE A Jn , BRSR TR I N e R A Ni/
G RAEWEARE, (HIFRA WL Ni 2 sk Ni ki
T il TEM FRAE EMG & BRI I E 2R 6
A TEPr B AR 2D MR IR T 3D MR R IR AL,
SEHL AR AR

AR BRI D LR S FLAR 254, A i
PRBRARE LT R F— ZR G0k S s s vz . {H
T 805 THERA RS, HAnlok LRl 2#
FR FHBCARAB M 10 7 o e A 380 5 4 Jm i A
SYBLARE ST, WAL TT R B A T Bl A AR oy
TN S I m L e Re, iA=L
WCRE T A B804 B T 3R RV 1 700 B e e A 2 1Y ) R
A BEEIC R N H S BT R AR ELRF 45/ A
Rl FAE B AOLER, HEA KE kB e
(R R P A6 11 3 AR A AR 79 DRI/ N T i A el 2 T P s
1117 EL A O e A AL P BB RN O G A R T, R,
AWt & e R s H A = ot R B 2 el 1 24 Aok
AR 2K 4 TR e b 700 2 R SR e S0 8 S I ) — K
J5 1.
1.1.3 BR4KEE 1991 AP & 1A B A Ae i I
FRIT R R 4L A o8 S DA AR i
JEMTERIB KA, H R R, A5 2N 2%

A B R M, R VR S 22 R A AL R 2
14:[45—46] .

HAE R T GRS (CNT) BB TR O
g, 3@ PEG 5 &1 MR B W 44 i Ak ) PL-PEG/
CNT, 30 C TR C 05 3 A be & 4 B-I
AR, Herp ok 2 R R 83.33% , ik
FIPEFRFIE 3 AR RERRE , AR T R 45 1 P 1Y
PIHA Speier” s AL, PL-PEG/CNT Hy X 8 6 3 1
A I 4 . L R A] BB J& PL-PEG/CNT 4k 7]
PEG 5 Pt A 5 7= A B 28 A BHAL B 58K, K 2
§i5 FL R0 LU/ M BRI B-1k S - 45 30 TR MR 21 4 P,
=8 B-hn = 8. IS I €S 5 Pt
B AT H AL P -CS/CNT, AL FIFE 130 CF
REE BV OIS T SR 4 K H it 5 = 2 kb e
RE SN R L, 7= 34k B-In i ¥, AH LT
Speier” s fEALF, Pt -CS/CNT 1579y il e £ - B
TR R KU T A g 4 AR AR

S ) 51 I - s e AR AR/ N L
JE MK BRI & 4 i, AR S 48 )
(182 [ o7 BELER A, #6105 10 A 0 6 7= 0 1 3 26
i, DR T LA A A 4 e T A 2 4 v A 5
PEREI T 22—, (2Rl TR A BB R4 K
AH— | MR 2 AT RS E, AR
Tl A F= A B L 32 B BELAS, anar itk — 25 etk
WA KA (R 55 T B, A5 EPERE T & 19 e A BT 2
—ANERMPRER. H F0— KAF5 5 R 4ok
R B TS R A R A Rk o A A A B
MWEHAERS G, Wl-mZ Ak, g 3D
WIZg 2, SRR L Em R, e eRS
M BH L3, FRIE A MR R i 1 25 Bid
AU ME B F7, $E— 24 N R
1L1L4 B#iE B (Cy) —Fh LR BB IR
M AERR AR R, LA 4 8 HLA B



280 a4 F  fiE

o534 %

fRiEE, Tolk b8 A X — e S 2R DL
I B AT A 0 o B AR B 67 3R 4 R ) 0
TG, BRIEH AR AR E IR DL Cy AR AR T
# P LIRS = A IR B A RE SIS N I
N5t 1 (EDA ) X Hab A7 84, 4 2 i 1k 51
m@muawﬁﬁﬁﬂ,%%%m%NKZ%ﬁﬂ
SHNGERI R -SRI =), % At I A 1)
ﬁmmﬂﬁﬁ?ﬁm%ﬁ@ 2R B-J =
A EARAE FIE A S WG RE E A AR, il i X
FAA R BC AR B FE R IR, Co BC LI T - A 2 0 5
AR, 2 & A ARG P rh oo B i i PR s 5 25
[ ZE R ARk, INTTTEE i B4 P RE. 285 XPS %
AT TEs R nT A, AR P, SS A BE
T Pt (0 & T PeCl,, HASMILHH N TEW
SEARE R T S5REUAR N 1s 25, B K
PR — 2R TR N R R i Ak
FH Coiid 5 EDA Fit &, Hor—#Ro 1 EDA #1FF
FsE, J—srh ey N WS e g AR TR, JF
DI TE R EE S N T R T C e, HLAAR
MEHLELATEE 11 PR, IR X Co 5 LG I

@L

RCH=CH, l

Pt— Cl

RCH=CH,

RCH,CH, Si(OE), /

'—Pt —Si(EtO),

RCH, CH

WEtO)

Si(EtO),
@ <

(a)

RIS Co B O BN PREAL TR, S UH A AL
RCR T & e A8 i vy A A 7R AR R 3%

(N N)  Ca N,

N S

PtCl,
11 Cop & AR SRz v O iy P
Fig.11 Coordination center structure of Cg,

ethylene diamine platinum complex"*

DM CAEDY HIE R (MNPA) 1814 Cy, PR
S5 AH R A AR BC A IS 15 3 Pr/ Rh -MNPA /
Coo AL, 7E 1-3805 5 = R IRk I, LA
YIRS A i, 2558000 = A SERE e 5 1
EFNRA 55008 1-2808 5 AL RITR A 00 S s R
KBS TG 43 A PR, T SN RN
PEL 7 R Rh B, FiisE BOR Wg . scih g Rk
B, /B AR A i R BRI S 5 IR = &
SEREBEON , HE— 2 HE LGSR E 12 (a) F1
(b) Fi7R.

Rh—Cl

HSIi(EtO), l

HSI(EtO), Si(EtO),

RCH=CH,
RCH,CH, Si(OEt),

c
T' Si(Et0),

D psm @1,

RCH,CH, [
R
(b)

Pl 12 () SAECA P AR IRk UM BTG R S RILEE ™ (b) %%HEA%%%J@?k*h’ﬁﬂ[lﬁiﬂﬁﬂfif“ﬂl%“‘”

Fig.12 (a) Catalytic mechanism of platinum complex catalyzed olefin hydrosilylation cycle!™"

(b) Catalytic mechanism of ruthenium complex catalyzed olefin hydrosilylation cycle**!
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Table 3 Summary of the catalytic properties of silicon hydrogen-combined reaction catalysts
made of catalysts made of five carbon materials under optimal conditions
Carbon Catalyst Optimal reaction Catalytic
Reactants References
material structure condition performance
403 NN
o 0.02% ~ 0.2% ( Mass frac- Conversion rate is 95% ,
Activated
P/AC | tion) Pt, 120 °C, 8 h, substantially no isomers [19]
carbon O P
SiH—O without solvent are produced.
0/
|
/\/\ ’ 0.1% ( Mass fraction) Pt, Conversion  rate is
Pv/AC a 25 C, 2 h, Mesitylene as 100%, B-addition prod- [20]
HJSi_< solvent uct selectivity is 95%
Cl
~ o
The reaction is substan-
> pH=8.5, 15% (Mass frac- tially completely conver-
Pt/AC \ tion) HNO;, 0.1% (Mass ted at 40 min, the selec- [27]
O;SiH_OA fraction) Pt, 60 °C, 5h  tivity of the B-addition
)0 product is 95%.
NN Rapid reaction, no obvi-
) ous induction period,
N 0.01 g Pt, 70 °C, 30 min, _
Pv/AC 0 93. 8% of conversion [28]
NSiH—-07 without solvent
o rate, nearly 100% B-ad-
) dition product
/v\ 0.1% ( Mass fraction) Au,
Conversion rate is 71% ,
\| the substrate to gold molar o )
Au/AC 0 the selectivity of B-addi- [31]
SSiH—0"" ratio=2000:1, 90 C, 15 .
o i ) tion product is 98%
) min, without solvent
NN
Graphite 0.83 x 10 mmol Pt, 70 , i
\| Conversion rate is above
and GO-Karstedt 0 °C, 120 min, without sol- [37]
SSiH=0" 90%
graphene o’ vent
NN
Catalyst: 0.0426 g, 110 Conversion rate is above
GO-P-Pt [38]

°C, 5 h, without solvent

94%
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Carbon Catalyst Optimal reaction Catalytic
) Reactants . References
material structure condition performance
NN R
N\ 0.5% ( Mass fraction) Pt, ) )
—8i—0 . Conversion rate is above
Pt-GNP 80 °C, 2 h, without sol- [39]
SiH, 95%
vent
—Si—O0
NN
Z 2 Conversion rate is 95% ,
\| 2.5%x10” mmol Pt, 60 °C, the selectivity of B-addi-
PL-ISA/NG 0 , . [40]
;SiH—OA 2 h, paraxylene as solvent  tion product is 99%,
)" TOF is 190 h’!
x
Conversion rate is 83.
s 2.1 g Pi-PEG/CNT, 30
Carbon 3%, the target product
Pt-PEG/CNT Cl C, 195 min, without sol- [47]
nanotube selectivity is close to
H.Si vent
? 100%
Cl
O,
/ N\ /\0/\/ Conversion rate is 70.
b
Pt- | 130 °C, 3 h, without sol- 4%, the selectivity of B- 48]
CS/CNT (ONQ Ve vent addition product is close
SiH—O
o to 100%
R, R,
Nea”
/ AN .
H H 8510 | Pr. 100 °C Other olefins other than
X mmo. t. N
Fullerenes Pt-EDA /Cy, ﬁ styrene are [-addition [53]
0, 1 h. without solvent
NGiH—0""~ products
/
J
NN » .
’ 5.72 x 107 mmol Pt or Only styrene hasa-addi-
. o duct, other al-
PU/Rh -MNPA/C,, 7) 1.37x 10 1.93 x 10 ion product, other a [54]
;SiH—OA mmol Rh, 100 °C, without kenes all have B-addition
)O solvent product
— (o]
_O The yield of target prod-
Carbene NHC-Pt(0) -dvtms 72°C, toluene as solvent uct is higher than 95% [56]

and the stability is better
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Table 4 Advantages, disadvantages and improvement methods of hydrogen addition reaction catalyzed
by different carbon materials supported metals
Material Advantages Disadvantages Improvement methods

Activated car-

bon

Graphite oxide

and graphene

Carbon nano-

tube

Fullerenes

Carbene

Large specific surface area, de-
veloped pore structure and good

thermal stability

Two-dimensional carbon nano-
materials, rich surface functional
groups, high catalyst selectivity,

high recyclability

One-dimensional carbon nano-
materials, large surface area,
good stability, unique adsorption
properties andelectronic proper-
ties

Zero-dimensional carbon nano-
materials,  unique  spherical
structure , excellent catalytic per-

formance andelectrophilicity

Excellent  thermal  stability,

goodphysical and chemical prop-

Major of physical adsorption,
small adhesion, and the catalytic
performance greatly affected by

the outside

Easily to accumulate and ag-

glomerate

Grow unevenly, difficult to re-
move impurities after modifica-
tion, easy agglomeration, diffi-

cult to scale production

Soluble in organic matter, cau-
sing loss and high preparation

cost

Highcost of preparation and diffi-
cult hydrosilylation of ketones

Introducing suitable ligands to
modify its surface and coordinate
with metal ions to enhance cata-

lyst stability

Improving properties of graphene
by loading or doping other ele-

ments

Exploring  material ~ generation
conditions and improving the

preparation process

Surface modification of fullerenes
and seeking a cheaper prepara-

tion process

Adding appropriate ligand to im-

prove catalytic activity orcombi-

erties

nation with other carbon materials
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Development of Carbon-supported Metal Catalysts Applied
in Hydrosilylation Reaction

WANG Rong"?*, HUANG Fen', WANG Peng-bo', LI Dong-hui'
(1. School of Resources, Environment and Chemical Engineering, Nanchang University ,
Nanchang 330031, China;
2. Key Laboratory of Poyang Lake Environment and Resource Utilization, Ministry of Education ,
Nanchang University, Nanchang 330047, China)

Abstract: Carbon material with advantages in large specific surface area, adjustable pore size, and wide extrac-
tion, has great prospects to prepare hydrosilylation catalysts as supporter of metal active components. In this paper,
the preparation methods, catalytic properties and possible catalytic mechanisms of metal-supported catalysts for
hydrosilylation over different carbon in the past 20 years have been summarized and compared in detail. The new
kinds of carbon materials that are expected to be used as carriers of hydrosilylation catalysts are also compared and
prospected. Based on the above analysis, it is believed that the research of carbon supported catalysts for hydrosily-
lation should be focus on (1) exploring new bimetallic active components to further improve catalytic activity; (2)
developing more advantageous metal ligands, clarifying the interacting relationship between the ligand and the carri-
er, the ligand and the metal to improve the catalytic selectivity and stability; (3) combining the scientific and reli-
able catalytic mechanism research, in order to develop a carbon-supported hydrosilylation metal catalyst which is
more in line with sustainable development requirements, which makes the hydrosilylation reaction achieve atomic e-
conomy basically.

Key words: carbon material ; supporter of catalyst; heterogeneous metal catalyst; hydrosilylation reaction; struc-

ture-activity relationships



