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AXBEMET (1) [Et,N][Mo,FeS(SCH,CH,S);], (2) [Et,N],[W, FeS (SCH,CH,S),],
() {[Et,N],[Mo,FeS (SCH, — CH,S],}, - CH,CNfl (4) [Et,N],[Mo,Fe,S (SCH,CH,S),] V4 F#
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(1) [Et,NLIMo,FeS((SCH,CH,S),: # B M - B B Bm " P K K i A
[Et,N],MoS, (2mmol), FeCl; (lmmol) 1 HSCH,CH,SH (8mmol), ZEZEE T, #HH¥R
BE 24 /hiE, S, HBRBRAKES, REEHIRAGK. tXOWERERN
Mo,18.91%(18.74%); Fe,5.52%(5.76%); S, 31.60%(31.92%); C, 33.12%(32.80%); H,
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©6.70%(7.10%); N,4.14%(4.04%). FiES B RS+ EMAE.

(2) [EtNJ,[W,FeS«(SCH,CH,S),l: B¢ 0.9 TE[Et,N],WS, ¥ 7 BB F H(A), | 1.0
52 FeCl, 1 3ml HSCH,CH,SH 7£ F BZEAE W . BEHER N — /N (B), REHR(A)MAZBI(B)
HRARGEBE PR Y 24 /B, U8, KEBRIRE, Z4% 4%, BEREINREK. RN
H B W, 30.27%(30.89%); Fe, 4.52%(4.71%); S, 26.45%(26.93%); C, 28.75%(28.23%); H,
6.12%(5.71%); N, 3.85%(3.53%).

(3) {[Et,N];IMo,FeS(SCH,CH,S),]}, - CH,CN: H 0.5 35(NH,),MoS, f 0.9 5 Et,NBr
ELER RN, S8, BEZEREEN. REMARBER, BMAREH 13 FeCl, M
3ml HSCH,CH,SH FEE—HIEHEEY, BN 24 /pif, S8, BRE—EHNEET,
oL, RERBAFRBARE. TESWERFI Mo, 18.40%(18.72%); Fe,
5.74%(5.46%); S, 31.711%(31.29%); C, 32.97%(33.37%); H, 6.37%(6.711%); N,
4.09%(4.44%).

(4) [Et,N]IMoFeSo(SCH,CH,S),l: Bt 09 ¥ [Et,N,MoS,, 1 3 _ FeCl, #
3mi HSCH,CH,SH 7& i — i BEGA R P, BEFEROY 16 N, RO HAGREES, o
W, BEEE—ERFETESEEH, REBH—FFRRWBaARE. TRINTERN
Mo, 13.01%(13.62%); Fe, 15.52%(15.90%); S, 30.19%(29.59%); C, 29.71%(30.67%); H,
5.32%(6.25%); N, 3.28%(3.98%).
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B X-HRmHENETEEDO)-GON BEEH, BB mRERELE
Nicolet R; System M4 F B S5 E, F MoK, BETEM. ZHWEM SHELXTL &%, &
TR ERERER/ D REF B AEEHSE. WEREGW0) CcZRE, RESH,
a=14.003(6) A, b=18.397(T)A, c=16.796(6) A, B=96.46(3) ° ,V =4497.6(3)A% (2) P1 %[d
B, RIS a=10.58203)A, 5=12.112(5)A, c=17.714(11D A, 0 =95.47(4) ° , f=96.70(3) °
,7=104.85(3) ° , V=2161.0Q2)A°; (3) Pc AR MIMSE, a=14.072(4)A, b=35.7411DA
,e=17.820(5)A, f=99.58(2) ° ,V=8837.5(4)A%, (&) C,,c ZHEB. RSB, a=17.672(2)
Ab=33851(4)A, c=13.900(3)A, f=135.11(4) °, ¥=35868.8(1)A°. HESWIAEFLEHE
1-4 fiin. BEYHE FEERKNERITH 1 ik 2,

B 1 [Mo,FeS(SCH,CH,S),] % B2 [W,FeSSCH,CH,S),I" ty5H
Fig.1 Structure of [Mo,FeS((SCH,CH,S),]* Fig2 Structure of [W,FeS{SCH,CH,S),]*"
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Table 1 Main Bond Lengths of Cluster Anions(A)
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Ragle 229 w,—Fe 2.72(1) Mo, ~Fe, 2.73(1) S’ F‘ o
= —Krc =
Mo,—S, 2.32(1) W8, 20900 Mou-Si 2200)_, | 87 ] 2 e
— —re .
St o WS, 2.26(1) Moy —S,, 215(1% s7 4 e Sk
= o SR

Mo S A8 WS, 2.26(1) Mo,~S,, 2.39(1) gy

Mo,—S, 2.41(1) Mo-S, 2.37(1)
s WS, 2.39(1) Moy—S;s 2.47(1) s
e 0 5

o R WS, 2.43(1) Mo, ~S,¢ 2.18(1) 4 S’ kL
= 2 O A

e ETach W,-Fe 2.75(1) Mo,,~Fe, 2.60(1) 3

Mo,—S, 2.34(1) Mo-S, 2.27(1)
Bl W,-S, 2.27(1) Mo,,-S;; 2.28(1) b
L (© jeng %

Mayrhy 24l WS, 2.29(1) Moy,—S,, 2.18(1) :

Mo,—Ss 2.31(i) . Fe,—Fe, 2.65(1)
i W,-S, 2.45(1) Mo,,~S,, 2.39(1)

Mo,—S, 2.43(1) ? Fe—8,  2.24(1)
757 W,-S, 2.42(1) Mc~S;; 2.43(1)

Mo,~S,, 2.41(1) < Fe—S; 2.26(1)
710 W,-S, 1.85(1) Moy=S;s 2.17(1) S oo
= | St S

g F T Fe-S, 2.20(1) Fe,~S,, 2.25(1) F’ S‘ T
< €y 5

i B el Fe-S, 2.18(1) Fe,~S,, 2.15(1) F’ S’ .
2 < %

BTl el Fe-S, 2.24(1) Fei=Sy; 2.12(1) M’F‘ e
L o—re z

FerSe . 2881 Fe-S, 2.23(1) Fe=S,, 2.28(1) :

Mo—Fe, 2.70(1)

cu cae rn

FT f
\ 4 B ACGS
cc<!<‘/\{\w e c27 ce2 sw{/ S ?
e " Love 7. c1e
¥E rn e
¥ o 045 C2E o
@ \ \,,f;s é] sz, ﬁ cre) L»)/mc /“%/ \2/"
C/ C\J o 3
5

i
e 1 P ” ) / r‘:, =
cas cn Lcw j \*’_(7/-‘ L F12 ot
/ R 5
i cr:tu "‘cw?/\"
g2 % 521 522 oc3s S
. r
e ¥ A/C~J7 Mozt L ~Os20
e / a5
N \ess s26
ci3 17
€25 26

3 {[Et,N),IMo,FeS{(SCH,CH,S),]}, - CH,CN W%
Fig.3 Structure of {[Et,N];[Mo,FeS,(SCH,CH,S),]}, - CH,CN
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Table 2 Main Bond Angles of Cluster Anions{ ° )

). () (3) @
SeMo,—S, 82.9(3) | Fe-W,-S, 105.8(3) | Fe,~Mo,~S;, 99.9(4) | Fe,~S,~Fe, 69.5(1)
S,—Mo,—-S;, 99.44) %w,—sz 100.2(4) | Fe,~Mo,;~S,;, 53.7(4) | Fe,~Mo—Fe, 58.6(1)
Fe-Mo,~S, 51.7(3) S,~W,—S, 82.5(3) |S,~Mo,~S,, 113.8(5) | Fe,~Mo—S, 115.8(1)
Fe-Mo,—S; 51.003) | S+W,-S; 78.53) |S,~Mo,~S;, 102.1(5) | Fe,~Mo—S, 101.7(1)
Mo,—Fe-Mo, 1554(1) | Fe~W,~S; 51.8(2) | S;;—Mo,~S,, 98.9(5) | Fe,~Mo—S, 147.7(1)
S,~Fe-S, 105.3(2) S,~W,~S, 80.4(3) |Fe,~Mo,~S;; 125.0(5)| S,~Mo-S, 81.8(1)
S;~Mo,~S, 99.3(3) S,-W,~S; 789(3) | S,~Mo,~S,s 75.6(6) | S,~Mo-S, 95.5(1)
S—Mo,~S;p 79.0(3) | S&W,—S, 101.5(4) | S,s~Mo,=S;s 85.1(7) | Fe,~Mo—S, 52.2(1)
ScMo,—S,, 81.5(3) | W,~Fe-W, 165.8(4) |Fe,—Mo,,~S,, 123.8(4)| S,~Mo-S, 131.8(1)
SMo,~S, 774(3) | W,~Fe-S, 136.8(4) |S,~Mo,,~S,, 137.3(5) | S,~Mo-S, 110.0(1)
SMo,~S, 111.5(4) | §,~Fe-S, 10443) |Fe,~Mo;,~S;s 132.0(4)| Fe,~Mo—S, 52.5(1)
S—Mo,~Fe 101.0(3) | S,~Fe-S, 112.3(3) | S,~Mo;;=S;s 82.0(5) | S,—Mo—Ss; 80.1(1)
Fe-Mo,~S, 512(3) | W,~S,~Fe 75.0(2) | S;;~Mo,~S;z 77.5(5) | S,-Mo-S; 102.4(1)
Fe—Mo—S; 52.43) W,~S,~Fe 75.1(2) |Fe;~Moy;,—S;s 110.6(4) | S;~Mo-S; 158.7(1)
S,~Fe-S;  110.4(2) W,~SCs 97.1(3) | S,~Mo;,~S;s 113.4(6) | S,~Fe,~Mo 101.7(1)
S;—Fe-S; 109.9(4) W,—S;—-C; 110.0(3) |S,7Mo,,~S;y 106.9(5) | S,~Fe,—Fe, 52.2(1)
S-Mo;—S,, 1063(4) | W,=SC, 112.7(3) |Mo,~Fe,~Mo,, 156.3(3)| Mo—Fe,~Fe, 60.7(1)

B4 [Mo,Fe,S{(SCH,CH,S),]* i %#
Fig.4 Structure of [Mo,Fe,S8(SCH,CH,S),]*
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Table 3 Maximum Absorption Wavelengths of Cluster
cluster solvent maximum absorption wavelengths (nm)
(1) DMF 360, 520, (sh)
2) DMF 295, 355, 488, 620
3) DMF 310, 355, 565, 700
4) DMF 285, 3657525 575
Q5P LSMGIEMME, RA PE-783 RIS, DA KBr A ki, #%

Y FERIERIARIIT R 4. 7£ 450~ 505cm™ FEEIE Mo(W)—S 3 ZL42 1 4¢4E 35 30, 17
£ 410~ 455cm ™ FEHHE Mo(W)-S Frér 3", TZE 310~ 360cm™ FEESF Fe-S

Bris IR

F4  EEWLSDHBRRHERDIAE (Cm ™)

Table 4 Characteristic Vibration Fregencies of Infrared Spectroscopy
v(Mo—S) v(Mo-S),
cluster o (W—S;b o WW=5), v(Fe—S),
(1) 410 495, 450 310
2) 415 495, 482 335,320
3) 420 500, 458 335, 320
4) 455 505 360, 315

M. BETE/RERELEAME

EERT. FHHURELLE 7 Fo HMIRNEESY (1) — (4) WBIFR/FRE 0
RIOAXFREREF R (AE) AN o—Fe MRERWMHE (0) URARBIE (1) 5T

5.
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Table 5  Mossbauer Spectroscopy Parameters and Effective Magnetic Moments
cluster é(mm / s) AE (mm / s) lg

(1) 0.053 0.850 5.01

2) 0.260 0 4.13
0.196 1.05

@) 0.115 3.13 s
0.059 . 1.02

5 0.135 3.14 o

T, REWHTEFRRR LR /YRIE

B JTH2C BRI (Y, XFD-8 BIKH{5 S & LA [ —204 B R B A RAMTEIHFR %
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RE, WAV E MRS, PIRERMEE R ENAER, SRR 222 #ifl
MHEFK WS, ELEHNESENEHEK, EHEMKBHE DMF h, ESHMKREN
0.001moH™, X KCIO, 1B iR, IWKBEE N 0.1mol - I EZRTFTUEHESY (1) -
(4) A REMLR, BHIEFREHE[IESYHBRIENSETTEE.
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Table 6 Electrochemical Parameters of Cluster

E E AE, E, i i Sl
cluster P.C p.a P pa reversibilit
) 1% V) V) (A) (A) -
(1) —0.100 | +0.210 | +0.310 +0.055 | 8.6x107° non—reversible
®) —0.355 —0.160 | +0.195 —0.258 | 3.8x10° non-reversible
3) —0.365 9.5x 1073 non-—reversible
4) —0.050 +0.220 +0.270 +0.085 14x107* | 9.4x107° non—reversible

m o it K
MEEY (1) — (4) PIEF, RAAMN ¢ EHMO BF#fr T RFA¥IHE. RIE
R. Hoffmann EHMO K5k 4 ICON8 B4R 7E IBM—PC il . 3 kst M ousk A
L IlASs W
H;= K(S,-,-/ 2)[(1+A)Hﬁ+(1-'A)Hi-
HpA=(H+H)/ (H~Hp; K=1.75. ;
ERIEFH dYUER A E OB RGN UHNRTIITER7.

g R M it ©

EESYO-@O)FHHE)EFLHES 2 _REERE LB RAL,. MEESYWO)-3)F
BEFET LEAH S FHFRIERAL, THREEN 2.14A,1.98A 71 2.19A. Fe LA
AR S $740 B S A GUR FOBIRTMIE. HR MoW) 23> Fe {3> Mo(W)RFzs
. Mo(W)—Fe T4 KN 2724, 2.74AM 2.67A BMBIH & RS, Mo(W)-S T4k N
232A. 2.27AF 2.25A, Fe-S PH#K N 2224, 221AF 220A. ZEESYW@FHEF
[Mo,Fe,Sy(SCH,CH,S),I* i [Mo,Fe,S;] ° £ 4 AEIETM Fe,S, Fl 4 MELETT Y MoFeS,
ZILHBK, FiA B Fe J-F# 2L LAY HE KR AL FeS,, Mo—Fe T-H¥4#K K 2.70A
Fe—Fe T3@K N 2694, EH FHHELEXELZHMHFR, H 1S, u-S A u-s".
Fe—(u,~S) P34 KN 2.20A, Fe—(u,—S)T- ¥4 KK 226 A, Fe—(u~S)T-HigK N 2324,
Mo—(u,—S) T K Ky 2.25A, Mo—(u;—S) - K Jy 2.36 A X RIFDR G H K5 (MBS
YR B W

AR EHMO Jrtk, BIRTHEEY (1) - (4) WBTFER, WEREIN o-S gk
M S HEREEFHOZEAASR, LREW: Fe- (u—S)>Fe—(u;—S)>Fe—(u,~S);
Mo—(u;=S)>Mo—(u,~S)If) 4 & % fk M # 5  Fe—(u~8)<Fo—(u;~S)< Fe—(u;~S);
Mo—(u;—8) < Mo—(u,~S) B P LA AL R e 2 — 5.
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Table 7  Electric Charge and Bond Order from EHMO for Cluster Anion (1)—(4)

(1) [Mo,FeS,(SCH,CH,S),]*” 2) [WlFeSG(SCHZCst),]z‘
e net electric Bafid tspe bond S net electric e e bond
charge order charge order
Mo, 213 Mo,—S; 0.64 W, 1.84 WS, . 1.09
Mo, 2.12 Mo,—S, 0.99 W, 1.71 W,-S, 0.68
Fe +=1.03 Mo,—S, 0.67 Fe —0.25 WS, 0.69
S, =073 Mo,-S§, 0.54 S, —0.92 W,-S; 0.55
S, —0.98 Mo,—S; - 0.53 S; —0.54 W,—S¢ 0.56
S, —0.59 Fe—S, 0.49 S, -0.46 Fe—§, 0.51
S, -1.00 Fe-S§, 0.46 S, —0.61 Fe-S, 0.56
S =071 Fe—S; 0.45 S =0.52 Fe-S, 0.47
Se -0.59 Fe—S; 0.47 Ss -0.23 Fe-S, 0.53
S, =017 Mo,—S, 1.60 S¢ —0.12 W,—S, 0.68
S —0.14 Mo,—§, 0.65 S, —0.14 W,—S, 0.65
Sy =021 Mo,—S, 0.62 Sg —0.24 W,-S, 0.54
Sio —0.18 Mo,—S, 0.57 S, —0.69 W,—S; 0.56
€ 021 Mo,—S§,, 1 0.52 C, —0.08 W,—S, 1.30
Caz =025 S;—Cas 0.83 Cs —0.57 S,—C, 0.92
Csai ~0.23 Cai—Cas 1.20 C, —0.52 C,—C,q 0.99
Csp, —0.25 Sg—Cat 0.79 Cq —0.84 Cs—S, 0.79
(3) [Mo,FeS«(SCH,CH,S),i* (4) [Mo,Fe,S«(SCH,CH,S),]*
L net electric bénd'tvse bond s net electric IR bond
charge order charge order
Moy, 2.19 Mo;—S;, 0.92 Mo 2.20 Mo—S§, 0.64
Mo,, 1.98 Mo, =S, 0.71 Mo, 2.20 Mo—S§, 0.52
Fe 1.00 Mo,—S,, 0.52 Fe, —0.86 Mo-S§, 0.78
St -1.06 Mo;—S;s 0.52 Fe, —0.68 Mo-S§, 0.71
Su —0.22 Mo =S 0.81 Feqa —0.86 Mo—S; 0.51
S, —0.35 Fe—Sq; 0.56 Fe,, —0.68 Fe,-S, 0.44
Si; —0.24 Fe—S§,, 0.69 S, 0.25 Fe,—-S; 0.43
S —0.41 Fe-S,, 0.71 S, —0.65 Fe,—S, 0.39
Sis -0.35 Fe—S,, 0.48 S, —0.63 Fei—S;. 0.54
Sie —0.48 W=S,; 0.97 Ss -0.63 Ee,—S, 0.47
Sy =0:51 W,—S,5 0.59 Sea —0.63 Fe,—S; 0.44
Sis =032 W.—S,, 0.74 Soa -0.65 Fe,—S, 0.55
Sio ~1:02 WSy, 0.58 Sia -0.63 Fe,—S, 0.39
Cys |° —043 W,—S5 0.53 Ss —0.14 ' Fe ,—$S, 0.39
Cis -1.01 S1s—Cis 0.71 Ssa —0.14 Fe,,—S¢ 0.54
(&0 -1.03 Ciu—Cis 1.06 S, —0.43 Fe,=S;, 0.44
Ciy —0.76 Ci1—57 0.47 S, —0.49 Fes—Ssa 0.43
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STUDY ON SYNTHESIS, STRUCTURE AND
PROPERTIES OF A SERIES OF
M—-Fe-S CLUSTER COMPOUNDS

CONTAINING CHELATE GROUP

Zhang Zhigui Sun Wentao Niu Shuyun Li Shuqin
(Department of Chemistry, Jilin University, Changchun)
Ye Ling Fan Yuquo Guo Chunxiao
(Institute of Theoretical Chemistry, Jilin University, Changchun)

In this paper, the synthesis, structure and properties of four type cluster compounds,
(1) [Et,NL[Mo,FeS(SCH,CH,S),]  (2) [Et,N][W,FeS¢(SCH,CH,S),],

(3) {[Et,N];[Mo,FeS((SCH,CH,S),]},+ CH,CN and (4) [Et,N][Mo,Fe,S«(SCH,CH,S),]
are reported. The crystal structure of these cluster compounds had been determined by X—ray
method. The data of diffractional intensities of single crystals were obtained on a four—circle
auto—diffractomer with MoK, radiation (Nicolet R;system) and the structure was worked out
by the method of heavy atom using SHELXTL programme. The physical properties of these
cluster compounds had been determined with IR, UV—Visible and Mossbauer spectra,
simultaneously, the redox characteristics of these cluster componds had been studied with cyclic
voltammetric method and the problem of electronic structure of these cluster compounds was
discussed in combination with quantum—chemical calculations.

keywords: cluster molybdenum tungsten iron sulphur



