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Solid State Synthesis, Characterization and Physical Properties
of Charge — transfer Complexes Based on Ferrocene and
H,XW;,04  mH,0(X=P, Si, Ge)at Room Temperature
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MEI Yu- Hua  XIN Xin - Quan
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Nanjing University, Nanjing ., 210093)

Abstract The charge transfer complexes, [ Fe( CsHs);H13PW,00( I ), [Fe(CsH;);H],SiWz00( [) and
[Fe{ CsH; )2H 14GeW 3 0y (T ), have been synthesized from organic donor ferrocene [ Fe{ CsHs), ] and
inorganic acceptor Keggin structure H,XW ;04 mH;0(X = P,Si, Ge )by one step solid state reaction at room
temperature and characterized by elemental analysis, reflectance spectroscopy, FT - IR, XRD, ESR
measurements, Misshauer spectra and CV. The results indicate that the anions of the heteropoly acids remain
unchanged in the charge transfer complexes formation. The nonlinear optical property measurements indicate the
second harmonic generation intensity of the three charge transfer complexes; 712 =0.27 lyp, 72 =0.06
Iyop, 1™ =0.10 Ixpp, and the third - order susceptibility is 7, =2.4 x 10" P esu, y5 ™ =3.1x10-1
esu, X]]Im =6.5%x107" esu.
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HLREFORETHEFET AN BRERERT
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1.1 {ZEFRA

Perkin — Elmer 240C ST ¥ 4 #71% . Lecmao Plasma
Spec 1 ICP. Perkin — Elmer Spectrum 1 FT - IR J6:3%1% ,
KBr B k. Shimadzu UV - 240 %5 — o] 0GB 1%,
MgO H3. HAERE D/max - TIC X - FERFTHAL,
#HK, BE 35 kV, B H 20 mA. JEOL - FE — 3AX ¥
WAL X 3 B2 4E . OXFORD MS - 500 3B =B 8
BRI . Q - Switched Nd - YNG 4R B 3% 38 . i 7]
B0 58, HyPW1, 00 rH,0, HSiW ;04 nH,0 A
HyGeW,, 05" nH,0 XRS5 HE#E .
1.2 ESPHERERSH

TEZ iR T # 180 ~ 200 mesh M — % & 5 H;PW,,-
O EYRNRZW 1 HERESHY , TREDR
AYHE A BN KE 6 HHE A G BH
MESEN, EZRTHRERME 48 h, TREARES

BeXEEE. EE-ERANESXKESRE. B
SHAZHEMNZBERMKE AETRIERALE -
KRESHEAESR, BREARED ). UMIRALRM
FEWME. ENHBAIKERRE.
1.3  Misshauer M 7E

[Fe{ CsHs },H];PW1; 04 - CH;CN B9 Misshauer 3§
EZHRTHME, A7 Co(Pd), BE 50 mCi, A
25 pym BEARHE o - Fe AT EAER, RAHERE
RER D _REHG— RS b8 CHBE R
& . BBl 4 BBy MOSFUN.
1.4 degfEkPHRaE

BN R AR RES IE R
(EFSH)YMEL R ER FE L o, KR FRE AN
300 MPa, Z 4 H B — 2 (KDP); = ir k& 4t
HFHEAT Z - FREARME, W mE Y
Y. BOEk A B— M Q- FF KA Nd - YNG %
BRI E , THEEK 1064 om, kb T BE 250 ps,
"M== Rk RN E AR
11.9 5 14.3 MW/cn.
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2.1 RERBESPHLFAR
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P,Si,Ge, W.Fe SRR ICPEST.ESRAE 1.
2.2 XRD

Fe(CsHs ), F1 HySiWp 0 Z R EH =9 M XRD
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Table 1 Elemental analysis data of title compounds {Caled. , %)

Campounds C H K P Si Ge W Fe
[Fel CsHs V3 H ] :PW 5 0yy - CHyCN 1n.m 0.98 0.3 0,97 — - 63.61 4.81
(16,97  (L.03) (0.40})  {0.89) (63.66)  (4.78)
[Fet CsH, ), H14SiW3, 04 CH;CN 13.71 1.26 0.35 — 0.89 - 60.39 6.01
(13.68)  (1.28)  (0.38) (0.76) (60.48)  (6.06)
[Fe CsHs ), H 1, GoWip0, « CHACN 13.60 1.24 0.35 — — 1.87 59.68 6.13

(13.57) (L

(0.38) — -

(59.76) {5.99)
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Table 2 The daia of X - Ray diffraction

Compounds
HLSiW 304 Fe[CsHy ), [Fel C;Hs 2 H1,5W a0y
28 d Ir 24 Iy 24 d I
7.80 11.334 2 15.15 5.8480 100 §.00 11.051 100
9.15 9.665 100 17.40 5.0965 L B.65 9.2220 78
18.40 48016 47 18.95 41,6830 3 9.05 4.7715 46
27.95 3.1621 30 19.65 4.5177 9 20.05 4.42%4 k]
37.40 2.4044 15 2280 39002 10 2%.35 3.1480 53
36.40 2. 3441 » 35.90 2.5014 2R
I A HMB(em!)
Table 3 IR dais of the compounds{em ')
Compounds »{%—0,} W =0} W{(W—0—W) W W—0—w}
H,PW 04 1081 9k4 849 BLD
[Fe(CsHs );H]1:PWia Oy CH; CN 10805 9831.03 892,15 803.19
H,SiW;304 9226.1 980.13 §78.2 779.1
[ Fel CsHs )i H1L5iW 5 0, - CHRCN 1017.1 978.0 924.0 791 .1
H,GeWi 0y 320.1 980.1 903.2 7604
[Fe(CsHs }aH]11GeW 30 CHCN 260, 0 885.0 £2.0 4.0

2.3 4rShikii

HRBR . AEBIAEBRERRS - REBEN
B ERESYMA, RIS T RN RN 3. 44
HERREN, e BESY. IRAEE5EE
BRI Keggin Z5 R E, WA REHRE T
BERARAPHEL, EEEMFERWESHE A
AREMIBNER  ZHEERATEBRRESYE,
ETEOEREARMEENES . E 1 P, X—0,,
W=—0,/ W—0. BREOIB , W—0, BLELE®:
#I4,.X—0,, V0O, R WV—0. BELER, W—
O, BELEOB;ENP . X—0, M W—0, BREK
B.W=0,f1 W—o, BEEOB REEHNTH?.
2.4 [BEkBEFriE

£ [ Fe (CH; )2 H 1 GeW,3 04 - CHLON HY R 44 18 L
HETFRHE LA 1), AT IWERH N T S8
Oy, ~WHEBKRTIETSREOH , KB TEAA
BMAERESYEREHB TATBRTIRRRE
1% ; 5 M TE 650 nm &b B ) BE— 7 09 o i g, TS
HERM W(V)=W(HK NCTRT . B2 B
HE AT, ROIE ML 3 B AL Fe(CsHs); 71 Keggin
SRR EETANER, AR TRESMHE
ﬂ:%%[z]_

2.5 EFURRE iR

[ Fe{ CsHs )2H 1,8iW;304 - CHsCN 19 ESR i 2
iR EERTEAMED W 55, R 3 M
MES . IEBTEEHPEEE LR M Ms
Y. hEE SRETT RS ¢ =1.934, 2, = 1.916.
ERB (77 K)ESR b B W+ 55,2 =
1.827, g, =1L.TI2. BB (77 KOIFSHAE(N )T H
HEBRHEN, g =2.177,2.152,2.107, 2.084 Fl
2017 W[ HR FH YR T FeCp, ] * W5 S5 SR
EEREURARAFERBRATFR -T2 W
(I=5/D)F—1T8N Ve B(I=5/2)BE/EH . €EH
HERNENABESHPREFEETLT 2T
BB

FHRFHEMN DMF PBFRERH LR —
CRBRIRE T SR B, KRB A N 0.46
V.Fe(ll) MU BB SREZEMEETH
THB, X5 ESREL—.
2.6 BATRIRHK

IRTHRB(EI- DA -RES Keggin 51
BREEREHZN YA I -2) B & RS,
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Table 4 Missbauer parameters
Samples &/ {mmes™') @,/ (mmea!) F/(nmes")
Fe({CsHs )y 0. 2660 2.421 0.1289
£ Fe{ CoHs 111 PW 50y CHCN 0.2441 0.1135 0.1563
. TRANGUHHBESY.
100.15;
1
g 98.92f
5 0.5 97.69¢
< o 96,46:
9523}
I 100.15

1 1
300 4400 500 600 T 00
A.'nm

M1 EERR TN
Fig.1 Reflectance spectra
I —H,GeW130,0: 1T —[Fe(CsHy ) H]4GeW 00

M2 & TRt

Fig.2 ESR specira
T —[Fet CsHs)3H ] 5iW12 0« CHLCNE 298 K )5
Il —(Fet CoHs ), H L&W,04* CHLCNE 77 K

LREREVEMNESEELMAEREET ¥
RIS & 4 2 R LA & R R AT LB
HEF(INS=DEAFE.MREG=DHAEL
R(S=5/1)Fe{ )M AW, AT RAE HBIELT £
EE—F Fe(chs)z 5 Hanlemﬁéﬁﬁm,iﬁE

SO88T

‘Transmission (%)

90.611
90.341

93,07

az.80L
-4 -2 [i] 2 4
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B3 BEERE

Fig. 3 Moushauer specira
I—Fermcene; 2—¢ FeCp HLPW 204y

FERREBRET s HFEBLKHILHEE.
EEAWMILETEER D AAREBRB K. E
[Fe(CsHs), | S HsPW 00 R I R A BE &Y
[ Fe( CsH; );H]sPW2000/F , Fe( 11 )>Fe( 1) ,d B T 3K
HEB AL STBEETFRLE s B EENT S H#
mHEAEF(IDUEXRBRAY LB+ A K
Fe( [ RFMMEMEERER. LI hPHEN
HEEREENESBH S AT =R ay,
H3dZRFRAFHRARRE, B EE LA EX
HepHEREHR, URSH BB/, FXT 0.9
mm-s” ', T A RET A4, 0B S T i
EFAR,IIEXHUESH, -BEL1.7~3.6
mm-g~’ :T,

X ZREMES of, (&), ed,(d,, ,d2_2), T
MBI — KRR 8 B, 48 4 B8 K B R
CRERE TR, REANE SN, XK E—
A ey TR,
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