BugFE2H N A # Vol. 24 No.?2
2007 £ 2 A CHINESE JOURNAL OF APPLIED CHEMISTRY Feb. 2007

EREREERESWRN AR RIER LB MEE

Ak B9 B #H XEKZE HERT AxE EFE
(EMKRELERE HIT361005)

B OE RANEMEE(CH,NHCH,COOMe) 5 Cq, YoAb¥ SN 18 B 814G M I AW (C Pyr) , %R
67% (HEFERRM Cy) UL NERE ZZN, SAATHARKRREER T EHRAUBERRLEY
(PyrCq ) -Pd(dppe) , 724 51% (BT Co MM HTAEY) , RATTE ST I 5h-m] WIRMOL L0516
X SR TREIE B IR (' P NMR) R B AR X 18 B =9l AT T RAE, RIS 7E L s i it
1 F GaAs B4R LR T L& (PyrCy, ) -Pd( dppe) FIEAR UL ( PVE) , BER T A B s Xt (BT & Yy W AR R 3t
S BER R, BFSTEE R EH , (PyrC,, ) -Pd( dppe ) /GaAs HLER A H BA Al GaAs BLER A9 AV FT AT #E 5 {H
KBE XALSYRARBHEEERE, THAE 0,/H,0 A EBERTH Jak B EE KA X 230 mV, YA
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Co ( RBUKZ=HMBEMBARAR)  NERPERERE (LEERELERLAR)  ER(ER
#7,0.049 ~0. 037 mm) ,fHFATT 105 CTIEL 1 h, KEH(50% ) , HERMEI A8, BN, K,

¥ E VG ESCAB MK-I1 ZVEEIEAL A AR ; B 74 5 UV2501PC RUZEHh-7] WAL E i, R
kMR VEE ) ; 2 Nicolet Avatar FT-IR 360 B8 57 i AR #e 4T AKX, KBr JE A ; Cubic 11 24 POAR E X ;
% Varian /A & Unity 500 MHz 88 A% RESLHRIL , TMS H AR, CHCL, A,
1.2 REYMHER

& AR AT R B #AT .
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(PyrC,,)-Pd(dppe) + dppe

dppe & CHK[ 10] LA B, Co Pyr #XEA[ 11 ) H A R,

Pd(dppe), B4 B 7E N, ST, % 100 mg(0. 56 mmol ) PACL, ,562 mg( 1. 40 mmol) dppe 17 mL
DMSO( —H ) IR S TEHIEH A E 140 €, YERT A EFE AT, & ik, BIZIBEHE 10 min, BE
T 0. 22 mL 50% BIK & B, R BEISAT A N, SPEE RIS MR, B A Bk 7N,
SAFATHIE, 3 H S5 mL K ZEEM S mL K ZEBSHER 2 WK, B NSHEZT, 85434 mg &
o ik, %% 86% , ESI-MS:863.0(M* —H"*),720.5(Cg) o

(PyrCq, ) -Pd(dppe) BIE B : N, KT, % 30 mg(0. 033 mmol) Pd(dppe), MAZI 3 mL & 28 mg
(0.033 mmol) CgPyr FIBKIEE I ARBR S BB BNEIREE, TR THREERN 2 h, iIA 30 mL
IECk, BTN, VUM VIR E):V(IECHK) =1:1 BIEAWBER 2 K HECKER 1 K, #
N, BB, KRR T RS TERPE, QBB EREZ DR, MAECS 5
BHUIE £, TR N, ST, 5821 mg BREME, mFHN51%,

1.3 =HMatEnmER

At B WAL LA IR ZRIRK S5 a0 Fr i R 4 BIBCH] 0. 1 mol/L KCI( 0,/H,0) ,0. 001 mol/L 1,/
0.1 mol/L 1" (I;/1,) .0. [ mol/L Fe(CN). /Fe(CN);~ #10.01 mol/L BQ( MR )/H,Q( EER) HiEH

BAR K& CaAs BB EUE RAIERBEM, EiEwm A 311" REmbBE®E (V(H,50,):
V(H,0,):V(H,0) =3:1:1) BT ¥ 38, B EeiERT, REUEASHERIERLTE GaAs 2
WMERAR-EYONESESREC AW ERE EEER T d=cV/pS itEB3], P, c WEBKE
(g/L);V HEBREF (mL) P ﬁm%%mgg(g/cmS) JBU4E 1. 65 g/ch ;S K GaAs BEARE A (em?)

et 2EE M (PEC) : LA( PyrCy, ) -Pd( dppe ) /GaAs BLAR ( ELERFEAR 1 cm’) IBFSTELAR 40 45 b B
AR (AR em®) EHH KRB S LR,

W ESHE AW E R CH12], ] FL35 BGATHERE, 2N EEHFET Gads iR E
I, R RBOCRELA R 0.05 Wem® , LUEERIBF T AZNELRIE, L C,,-pA & E BT,

FEAR SR B 5E . 72 G 2506 BE 2 14 F 43 1) 000 s PR 9 Wb AR RV H e AR 22 1] B9 FF B S B 45 V, FNI TR K
ALV, BRI SR MG B AR 2 () S B R e O [ RO 1, SRR AV =V, -V, %4
M al=1_-1,,
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2.1 TESH.IR R UV-Vis i

Pd(dppe), FITERIHIEIR K. Pd:P =1:4. 12 SIRBE Pd: P = 1:4 AW, (PyrC,) -Pd( dppe)
SHRTES RN PAP:O:N =1:2.13:1. 98:0. 97 5FIS{H Pd: P: O: N =1:2:2: 1 hEAY S,

RIE LI G R R IR B, X =4 P (8 9 40 30 20 40 SN i i #9336 1T T80, 5 F# 1,
F AR, =R BT Cq, C—N Al C=0 $FAE MYl , M7 1 102 #1553 em ' 4b BT P—Ph MRk
i, RPER T EESBECAY , (HEREAFE RS A7 B (1 733 Al 1 752 em ") AR5, M AT LA 005
&R Pd AR SERBEIALA AR, TR BT S CoBiE LRI 6,6 WBEMATMER BN EHELE
FC2¥, 5 CePyr 1 Pd(dppe) , ML, =L AR BB T AT A A IE SR B 0 ie, B — B B BE RO oL
¥, AINH) C—H WUNE B2 C=C MBEIRENIIH 3 ~ 10 om ' WIRIE, oAb, FE 7 I 0 7 5 F g1
XELE R T, C M2 BE SRR,
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Table 1 Some infrared spectral data of Pd(dppe),, C,Pyr and (PyrC, }-Pd(dppe) (KBr,o/cm™")

Pd( dppe), Cgo Pyr (PyrCq ) -Pd( dppe) Assignment
3 049m 3053m v[ C—H( bezenel) ]
2 936w 2 922s 2 923m y[ C—H{aryl) ]
2 954m 2951w y[ C—H{anyl) ]
2 904w 2 8528 2 851m v[C—H(anyl) ]
2 782w 2 787w v[ C—H(N—CH,) ]
1 752s 1 752s v( C==0)
1 735s 1 733s v( C==0)
1 481s 1482w v[ C=C ( bezenel) ]
1 435vs 1 435vs v( P—Ph)
1176s 1 185s y(C—0)
1 125m 1 122m v(C—N)
1 091s 1 102s v(P—Ph)
574m 574w 8(Cep)
532,523s 553m »(P—Ph)
526vs 527s 8(Cq)

M2 PEIERT I, a4 Pd(dppe ), 5 Co, WMEAT A MBL AL )G, 7= H B0 T BUR 535 B9 F74F TR MK
WBW " (r-m" YME W (mm"), HRKEERE - BEOME, B HREEHRETY 2 &
255 nmib A Cy, BIFFAE M0 TR 7E 600 nm &b H 30 7 06 7Y 552 95 49 b 5558 FF A B0, 309,430 # 700 nm
Ab B IR UST I R 5 BT K, X AR R B T PRI, Co ROXTRR M & A U 1S AR

®2 hEmIF YR M- R DR B A 4R (A/nm)
Table 2 UV-Vis absorption data of Pd{dppe),, C,Pyr and (PyrC, )-Pd(dppe)

Compounds E band B band R band
Pd( dppe), 238 271 ~294 345
Ceo Pyr 254 328 430 696
(PyrCq, ) -Pd( dppe) 238 255 290,293 600

2.2 XPS i##1*'P NMR i#

XPS 18 Pd (dppe ), Fl (PyrCy )-Pd (dppe) K .0&J& Pd,,, , B XPS HEi% 14 {5 53 514 336.8 A
335.6 eV, =W H O &R Pd,, BT A RELLPEIY) Pd(dppe) F#E T 1.2 eV, XM T FHBH
YAE A YA Pd(dppe) , K3 LM 7 88 Fillat P A p HLIERETERY 4 Uil A R FHM Cy
BB, R FHRaEEFEPMPdMEFEEAS, SBEEANZRFHRBIERYR HAZB T4
EHHERRR, BT~ Pd EMLSATF O~ +1 WA 0, MixtT O A N WA FEGRERMAE
JUERAE, U N.O R TFRAESYS Pd JEFRIRLNL,

SYHT' P NMR 288 i P ECHE T 0, IR AL 22 B AR AR T A B 0 R+ 8 26. 5(m, 2P, (PyrCe, ) -
Pd(dppe) ) ,27. 4(m 2P, (PyrCq, )-Pd(dppe) ) , Pd(dppe), 5 Co,MM& I EMIBNL I , =0 2K A BB F
it P Pd [ Co 558, B FHRsIBPMH P LMEFEEAS, BRI R, B WHES 8
BB, EMHLEN B REEE 6 26.5.27. 4, I FEMKTAAR, =T 6ELA RRIMR
&, BT T 2 MEEA B A E AR,

2.3 FYaiRiEse

% 3 }(PyrCq ) -Pd( dppe) /GaAs FER [8) /v B b X of B9 S AR B 18, 7E GaAs AR DT L (PyrCy) ) -
Pd(dppe) J5 ,4 BN AT ACHR BB B K . HPTE 0,/H,0 HHERBOP E B A, % 3 8L £
B B AAE AL 230 mV, AR BRI IA 8.7 pA; HIROM L/1; . AR E AL R A R X ( PyrCy, ) -Pd ( dppe) /
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GaAs B EIRBUM MR Ma £ B i At S X ) K BE R AR R B 52K, 24 (PyrCe, ) -Pd (dppe) 5
IR B K BELR B A VA WL A ik B - BB 9 SRR BB LR £, (O/R) FE AR R BB Xt o e B A, i
TELRERHESORBER £ Z AW E B AR, HEERA, WREH AV HESBA, BREBRE
0,/H,0 X E (O/R) 5HEFRRE E,(O/R) " KEE AR E 3 M B+, SHE
0,/H,0f. Xt & & R R A B KA I, AR A B e %ot 4 P B el REL A ], BT ARG AE i ALK

%3 (PyrC,)-Pd(dppe)/GaAs M A& HBRAIN R
Table 3 Photovoltaic effect data of { PyrCy, ) -Pd( dppe)/GaAs in various couples and
in various thickness of ( PyrC,, )-Pd(dppe)

Film thickness §/pm
Redox couples PVE

0.0 0.5 1.0 2.0 3.0 4.0

17 /1, AV/mY 145 190 205 155 158 145

Al/pA 4.0 7.5 7.5 6.0 6.0 5.0

0,/H,0 AV/mV 162 230 214 186 178 159
Al/pA 4.5 8.7 7.7 6.5 6.5 5.6

Fe(CN)3~/Fe(CN)¢~ AV/mV 130 176 211 180 159 137
Al/yA 3.0 4.9 6.0 5.8 3.7 3.6

BQ/H,Q AV/mV 112 135 167 151 126 120
Al/pA 2.8 3.9 6.3 4.2 3.1 3.1

MR 3 AL, S B Z RN R B ERN R, SRR 0 716 22878 KA, YRR
REREE K, RESWERER 0.5 ~ 1 pm WHEEE /N, TS & WHEERESSEH M,
RS B S Z EN

XATHER N NBEE GaAs ik FECEMMRBENMM, =ENRERR THERSY S FHRES &
73 (B i 1oy X L SV R T A BB (0 T2 70 40 B, R TR AR ML B 18 K (L B o B R F i — 2
K, WL e B L B, TR N A LR K, 0K T BOL B T REFER 208 9
FrLL, SRR 0 BHHE RSN 0.5 ~ 1 pwm B, 5 FORRBON # H EE FEIER, SR B Z it
K 22 R BE R N, AN BRI 2R AR, A3 AR S0 R S 2 A 1 R T R T
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Synthesis, Characterization and Photovoltaic Property
of Pyrrolidine Ring-fused Metallo-fullerenes

LIN Yong-Sheng, CHEN Xin, TIAN Ling, WU Zhen-Yi,
YANG Sen-Gen™ , FAN Su-Hua, ZHAN Meng-Xiong
( Department of Chemistry , Xiamen University , Xiamen 361005 )

Abstract Pyrrolidine ring-fused fullerene derivative ( Cy,Pyr) was prepared by photolysis via the reaction of
Cg with CH,NHCH,COOMe in 67% yield( based on consumed Cg ). The product (PyrC,,)-Pd(dppe) was
obtained by the method of ligand substitution via the reaction of Cg,Pyr with Pd( dppe ), in nitrogen atmosphere
at room temperature in 51% yield(relative to C,Pyr). The products were characterized by means of elemental
analysis, IR, UV-Vis, X-ray photoelectron spectroscopy and *'P NMR. The photovoltaic effect( PVE) of the
compound on GaAs electrode in electrochemical photovoltaic cell were measured. Influences of various redox
couples and the thickness of the complex film were observed. The results show that the values of AV and Af for
(PyrCq, ) -Pd( dppe ) -GaAs electrode are much greater than those for pure GaAs electrode. So that the photo-
electric properities for the compound are excellent, especially in the O,/H,0 redox couple, the greatest value
of photovoltaic potential was 230 mV, and the greatest value of photovoltaic current was 8. 7 pA. The results
showed that ( PyrCg,)-Pd(dppe)/GaAs electrode at 0.5 ~1 pm for thinckness of ( PyrCq, )-Pd(dppe) film
was the best .
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