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Synthesis and Photovoltaic Effect Study for
Fullerene Complexe CoPd( PhPCHPPhy *

Wu Zhenyi** ,  Yang Sengen, Lin Yongsheng, Liu Jianyong,
Tian Ling, Pang Zhaoyong, Cheng Dadian, Zhan Mengxiong
(Department of Chemistry, Xiamen University, Xiamen 361005)

Abstract Fulerene complexe CsoPd( Ph2PCH2PPh2) was perpared by the method of ligand substitution via the
reaction of Cgo with Pd(PhoPCH2PPhy) > under condition of a nitrogen atmosphere and refluxing, and the title
compound was appraised and characterized by methods of elemental analysis, FI-1R, UV-vis, XPS and XRD.
T he results show ed that the structure of purposeful product was that the PhoPCH 2PPh; took up two coordination
sites of the central metal, and Ceo took up another two sites in @ feeback pattern. T he porperties on photoelee-
tricity, redox and thermostability of the title complexe were studied. The results of studying on photoelectricity
showed that the photovoltaic effect of (n+ n) heterojunction electrode formed by CeoPd( PhoPCH2PPhy)/ GaAs
was supper, especially in the BQ/H2Q redox couple, and the greatest value of photovoltaic potential was up to
174 mV. T he photovoltaic performance of CeoPd( PhoPCH 2PPhy) / GaAss electrode at 1 Hm for thickness of CePd
(PhoPCH2PPh3) film was the best.
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CePd( Ph,PCH,P Phy) ,

2

2.1 GsoPd( Ph,PCH:PPh,)
Pd( Ph,PCH,PPhy),
PPhs+ 2Li ~ Ph2PLi+ PhLi
PhLi+ (CH3)3CCl ~ LiCl+ ( CH3)3CPPh
PhyPLi+ CICH,Cl = PhyPCH2PPhy+ 2LiCl
4Ph,P CH,PPhy+ 2PdCh+ SNHoNHy* H,0
~ 2 Pd(PhaPCH,PPhy)
+ 4NH>NH»* HCl N>+ 5H,0
Ph,P CH,PPh, [8] ,

1. 12 g PePCH2PPh2 0. 2

¢ PACL.  12mL 140°C,

B

30 min,

?

0. 3 mL(0.226 ¢)
R 125C
5 mL

2

5 mL
) ) , 81. 2%,
: : C 68. 65%, H 5. 03%, : C
69.01%, H 4.88% .
CeoPd( PhoPCHP Phy)

2 2

A
C6o+ Pd( thP CHzPth) —
CeoP d( PhoPCH,PPhy) + Ph,PCH,PPh;
120. 8 mg Pd(Ph,PCH,PPh;),

?

88.7 mg Ceo 30

mL S )

3L, 10mL

108. I mg( Ce 72.
5%),
2.2
, U V=240
KBr
Nicolet AVATAR FT-1R360
Carlo Erba-1110
VG ESCA
LABMK II .XRD
Rigaku Rotaflex D/MaxC X
, X Cu Ka( A= 0.15406 nm),
40 kV, 30 mA, 6°/min.
2.3
2.3.1

: XHDB-II ; LYZ240

B

(TBABFs, A.R.

Pt
Pt (1 sz) ,
1h,
CH2Ck ,
(S.C.E.), :
0.1 mol/L.  TBABF,
/ ( ,
15 min ,
200 mV/s. ,
s 15 min
2.3.2 PCT-1 (
) TG-DTA ,
DTA: £100 UV; TG: 10 mg ;
10 mg.

= 31)

10°C/ min ;

2.3.3 :
0. 1 mol/L Ip/15”
1 mol/ L KCl 0. 1mol/LFe(CN)s /Fe( CN)6"
0. 1 mol/ L BQ( )/ HaQ( )
: GaAs
: “311” (
H,80.H,0,H,0= 3L1)
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GaAs ) GaAs
( ) .
(PEC): ( )/
( 1 cm2),
( 4 em’),
[9]. PZ-8
, CarHA ,
FI-35 ,
\ 0.05 W/em?.
Vd
L]ay A LZZ L]ar— ‘/d.
Id Ioo, AI: Ioo— [d.
3
3.1

. C83.8%, H1.75%,
(C 84.3%, H 1.82%) :
CeoPd( Ph2PCH2PPh2) ( 1

, 526 577 1182 1433 em™ ' Ceo
, Cs0 , 1433 cm™!
5 em . , Pd
(Ph2PCH2PPh2)2 434 540 692 841 2320
em” ! 429 538
687 835 2315 em™ ', Ce Pd
(PhoPCH2PPh») , Pd(Ph,PCH,PPh>)
—_——
4000 3000 2000 1000 500
V/em- !

1 CgoPd( PhoPCH,PPhy)
Fig. 1 IR Spectrum of CeoPd( Pho,PCH,PPh;)

, Ceo Pd
(PhyPCH ,PPhy) , Pd Co0
,  Ceo ,
aT , I Ceo
d Ph,PCH,PPh» P p
, Ceoo i
Ph,PCH,P Ph, \ Ph,P CH,PPh,
., Geo .
, Cso thPCHzPth ,
. Ceo Pd
(Ph,PCH,PPhy). 413 517 em™ '
Pd- P Pd- C Lo, Coo
Pd ( Ph,PCH,PPh; ) ,
Pd(PhePCH2PPh2)2 450 469 903 em '
\ 1353 1457 cm™ !
R C60 P thCH 2PPh2 R
. Pd(Ph,PCH2PPhy),
, , Ceo
257 329 nm 260 335 nm,
Pd(Ph2PCH2PPh2)2 282 nm
280.7 nm, Ceo Pd( PhoPCH,PPhy)
s I Ceo Pd
446 485 nm \
Co T
am (12

CsoPd( PnaPCH,PPhy) (- 2)
Pd( thPCHzPth) 2 Pd3d5/ 2 XPS

335.37  336. 19 €V.
, Pd
T T T T
350 REN) 340 335
E/eV
2 CeoPd(Ph,PCH,PPhy)  Pd3dy, XPS

Fig. 2 XPS of Pd3ds/; for CoPd( Pho,PCH ,PPhy)
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Pd( Ph2PCH,PPhy) » Pd , Ce Pd( PhoPCH,PPhy) ( 3)
Ce0 I , XRD 35°~ 80° , 10°~ 35° Ceo
Pd( Ph,PCH2PPhy) 2 Ph,PCH,PPh, , Ce (20 10. 83° 17.68° 20.77°
i 21.71° 27.43" 28.19° 30. 88" ) . Pd
, Cs0 T Pd (Ph,PCH,PPhy),  12. 16° 21.44° 21.90°
, ax , s » CeoPd
Ceo Ph,PCH,PPh, , (PhPCH,PPhy)  Pd( PhoPCH,PPhy)
CeoPd( PhoPCH2PPhy)  Pd3ds 2 XPS 20=
, 0~ + 1 ( Pd 17.14° s Scherrer :d=
335.1,+ 2 PdCL(PPh), 337.8). 0. 85N B1/2c0s0 ( B2 » 0 ),
15.5 nm.
1 CgoPd(Ph,PCH,PPhy)  Pd(Ph,PCH,PPh,),
X
Table 1 XRD data of CoPd( Ph,PCH,PPh,)
and Pd( Ph,PCH,PPh,),
20/ (°) d/nm /1, Byl ()
CeoPd( PhyPCH,PPh,)
14. 339 0.61719 19 0. 344 JJU“N
17. 140 0.51691 100 0. 489 —
18. 847 0. 47044 3 0.035 020 30 40 S0 60 70 80
18. 984 0.46710 3 0.021 26/(%)
20.335 0.43635 2 0. 040 3 CuPd(Ph,PCH,PPh,)
21141 0.41989 3 0.032 Fig.3 XRD pattern of CgoPd( PhyPCH,PPh,)
21.853 0. 40637 2 0.035
23.037 0.38576 1 0.043 , 4,
25.799 0. 34504 13 0.213 Pd 4 s Ph,PCH ,PPh> P
28. 480 0.31314 2 0. 090 2 . Pd T Ceo
Pd(Ph,PCH PPhy) 2 , Cop C=¢C ( 6
12. 162 0.72713 6 0.122 ) Pd o= ,C=C
17. 100 0.51811 100 0.430 2 2 , Doy,
18.619 0.47617 6 0.076
20.233 0.43853 2 0.026
21.520 0.41258 3 0.048
21.958 0. 40445 2 0.045
23.299 0. 38148 1 0. 134
23.999 0. 37050 2 0.099
25.820 0.34477 13 0.105
28. 651 0.31131 3 0. 060 4 CgPd(Ph,PCH,PPhy)
30. 393 0. 29386 ) 0.027 Fig.4 Diagram for structure of CogPd( Ph,PCH,PPh,)
35.622 0.25183 1 0.083 3.2
37.323 0. 24073 2 0.029 3.2.1 : Go  CeoPd(PhoPCHPPhy)
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5 , Ca 0~ ; 271~ 302°C
- 1.5V , , 302°C )
-0.37 - 0.83 , .
-1.38V, Ceo (- 0.41 - 0. : 302°C , Ph,PCH,PPh,
86 - 1.39V) 0.04 0. , , 405TC
03 0.01V), CsoPd(PhoPCH 2PPh,) s Ceo O - , 508
, Ceo Pd ~ 617C s Ceo
(PhaP CH,PPh») . Ceo m co €O, , , 617°C
Pd(Ph,PCH,PPh,) , X , 18% .
Pd( Ph2PCH 2PPh2) , Ceo , 100

80F

60

w%

10}

20

I 1pA 0 "
100 300 500 700

t/ C
6 CeoPd(PhoPCH2PPh;) -
Fig.6 DTA-T G Curve of C¢Pd(Ph,PCH,PPh,)

0 0.5 -1.0 -1.5
EIV 3.2.3 : 2 CeoPd( PhoPCH2PPh3)/
5 CeoPd( PhyPCH,PPh ) GaAs s GaAs
Fig. 5 Cyclic Voltammogram of CgoPd( PhoPCH,PPhy) Cso Pd( thPCHzPth) R
3.2.2 , Coo . Ceo Pd( PhaPCH 2PPhy)
6, 73~302C , s GaAs n+ n s
73~ 2717C ) ( 1.5€V),
2 CooPd( PhaPCH,PPhy) (PVE)

Table 2 Photovoltaic effect data of CgoPd( PhoPCH,PPhy)-GaAs in various couples and in varbus thickness of CgoPd( PhoPCH,P Ph,)

Fim thickness 6/Hm

Redox couples PVE

0.0 0.5 1.0 1.5 2.0 3.0 4.0

0,/ H,0 AV/mV 5 63 84 85 52 43 3
ATJUA 11 8.2 14.5 28.5 22 2.4 2.4

Fe(CN) 3~ /Fe(CN) = AV/mV 40 141 91 24 7 11 8
AT/VA 22 28 55 75 46 6.5 6.2

BQ/ HaQ AV/mV 97 139 174 26 19 10 6
ATJBA 37 140 147 33 15 11.2 6.5

/1 AV/mV 63 94 103 40 46 14 6

AI/RA 27 73 99 23.5 19 7.1 3.7
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, HA, 8 , AV Al ., 6 1.0
, Hm , 174 mV 147
W N HA, , 6 , AV AT
CooPd PhaPCH, PPhy) ——C P PhoP (H PPh) R —
—(CeoPd( Ph2PCH2PPh2) + € 0
Gads ( Ldey), CePd( Ph2PCH2PPh2) ,
. ., XRD ' 7
, CeoPd( PhoPCH2PPhy) |
15.5 nm, , , , ' ’
GaAs Ceo Pd( Ph2P CH2PPh2) ’
’ 1 Hm , ,
s ; 1 dm
CooPd( Ph2PCH2PPh2)/ GaAs
, BQ/ ’
H2Q )
174 mV, 147 BA; I/
| E . 103 mV [ 1] Francis M D, Bolldina O V, Nixon J F, et al. Fullerenes
99 DA, Fe(CN)63_ / Fe( CN)64_ LAV Nanotubes and Carbon Nanostructures, 2003, 11: 115
AT 84 mV 28.5 LA, , [2] Maruyama Y, Motohashi S, Sakai N, et al. Synihetic
CooPd( PhaPCH,P Phy) , BQ/H20 Metal, 2003, 135: 737
[3] Chirvase D, Chiguvare Z, Knipper A, et al. Synthetic
' Ceo Pd Metal, 2003, 138: 299
(thPCHzPth)/GaAS [4] Matsuwo Y, Nakamura E. Organometallics, 2003, 22:
Ceo 2554
Pd( Ph,PCH,P Phy) [5] Wu Zhenyi ( ), Yang Sengen ( ), Lin
R Erorr) Y ongsheng ( ). et al. Chin. J. Chem. Phys. (
, EF(O/R)* ), 2003, 16: 303
AV i BQ/HZQ [6] Konarev D V, Khasanov S'S, Saito G, et al. Chemisiry-A
EF( o) E1<'(()/R)* European Journal, 2003, 9: 3837
[7] LeiHong ( ), Luo Jianbin ( ), Yang Wenyan
’ BQ/H2Q ( ), et al. Chin. J. Chem. Phys.( R
P 2002, 15: 471
5 . , [8] Yang Ruina ( ), Xie Wengang ( ), Lin
BQ/H»Q BQ H>Q n Kunhua ( ), et al. Henan Science ( ),
, H2Q Cs0 1994, 12: 99
Ceo [13]7 Ceo Pd [9] Chen Zaihong ( ), Zheng Biaoliang ( ),
(PhyP CH2PPhs) Ceo 0 Zhan Mengxiong ( ). Journal of Xiamen Univer st
ty (Natural Science) ( ),
, Cs0Pd( Ph2PCH 2PPh2) 1987, 26: 599
’ ’ BQ/H2Q [10] Gong Yugiu ( ), Shen Liang ( ). Journal of
Hangzhou Unwersity ( Natural Science ) (
2 , CeoPd( Ph2PCH2PPh2) ), 1996, 23: 187
, AV [11] Roseblein M. Chemistry of the Iron Group Metalocences,
AT s BQ/HzQ R ) New York: Willey Interscience, 1965.
0 AV AT , 97 mV 37 [ 12] Ishii Y, HoshiH, Hidai M. Chem. Lett. , 1994, 4: 801

[13] Ermer O. Helv. Chim. Acta, 1991, 74: 1339



