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=¥EESY HH.0]:[Mo,O(OAc)L.CL| 89 & R,
ATFERRLHNABIEARNGR

HEET K o

FEMNKRFLER, FBHD

AR MoCls-SHL0 5 ZMefe i A M = 4% 55 & W HIH01:[Mo;0(0OAc)(Cle 1R Y, 3+
X B REMSTTRNETHRGWNREREN, BRFEEH: 0=17.468(4), b=9.948(2),
c=13.035(2)A_ B8=148.83(2)°, V=1172(1)A3, Z=2, D,=2.109g/cm3, ZsjABE)y Pe, JEHE
REETRE B=0.057, SHSNERRBEVAYABTFARAESI=ARZREAEENR
¥, Mo—Mo F# 8575 2.569A 358 50 [ MosO(u—ClsCle]?* #ATRIEAARSHT, MBI B3
THIEEHHTTIRE, 10 & IR FHFEOMNA T HMROTEERER 1.16%. AXTie TR
E i (EESES)WABMAE RS EE.

AR, XATERERESYNERSEWOTHRE-ESIAER™S®, ATZBHEAYH
AR, G EEMLEZRREHESY, TAEHMER —ERBNSHFEN AT EE
AR IBIE R X A0k Ll MoCls- 8H,0 S 5ok A R T %A 9 HH,01:[Mos0(0A0):Cle],
W H B A GEH, Ot IR B BT BT T WIEARBR AT, BRI T B4 T 4544,

5z L

H[H,0];[Mo0;0(0Ac)Cls] 89 &M 0.5gMoCls-3H,0 jm 7mL ZRR¥#M)a, 7EKEL
o4 20min [FYe PEER, M 10 ZBE, ki ERELHE, HmMA 10mL XKL
BREEAGEA LA, BEPERARBERE, JEBELERAHBITRS S TR,

£1 ETRREASH(RERE)

K F z Yy 2 By | B F z y 2 By
Mo (1) 0.20476(0)) 0.48284(10)| 0.07759(0){2.40(2)[ O (81)| 0.4060 (5)| 0.2765 (9| 0.4290 (7)|2.9(2)
Mo (2) |—0.03693(6)| 0.38268 (9){—0.13000(8){2.19(2)} O (82) | 0.1281 (5)] 0.1591 (8) 0.1892 (7)|3.1(2)
Mo (8) 0.19809(6)] 0.23846 (9)| 0.13136(8)|2.49(2)| O 0.1560 (5)| 0.4074 (73] 0.1570 (6)}2.3(1)
Cl (1) 0.3123 (2)} 0.6362 (4) 0.0782 (3)|4.13(7)|| O(100) | 0.6264(11)] 0.3049(15)| 0.0484(16)|7.3(6)
Cl (2) |-0.3062 (2)| 0.8775 (3)|—0.4552 (3)[3.39(7){ O(101) | 0.6574(12)|—0.0901(18)| 0.1190(18)| 7.9(5)
al @) | 0.2031 (3)] 0.013¢ (3| 0.2117 (®)|4.49®| 0(102) | 0.6549(13)| 0.0901(21)|—0.0171(18){9.4(5)
C1(12) {—0.0229 (2)| 0.4872 (3){—0.2814 (2)[3.15(6)|| C (12) 0.0248 (7)| 0.666 (1)| 0.0006 (9)|2.8(2)
€1(13) 0.2853 (2)] 0.3000 (4)| 0.0626 (2){3.57(6)(| C (13) 0.4638 ()] 0.393 (1) 0.4958 (9)|2.7(2)
C1(23) {—0.0326 (2)] 0.1671 (3)|—0.2103 (2)[3.38(6)| C (23) 0.0150 (M) 0.20% ()| 0.1071 (9)]2.9(2)
0@12) | 0.1396 )| 0.6551 (8)| 0.0788 (M2.9 @] C @1) |-0.0102 @] 0.792 ()| o0.0162(12)|¢.3(3)
0 (13) | 0.4091 (5] 0.4907 (9| 0.3828 ®)3.0 @} C B1) | 0.6026(10)| 0.414 (@] 0.7140(13)|¢.1(0)
0 @) |-0.0712 (5)] 0.5713 ®]-0.1038 M|2.9 @|C (32) |~0.0229 @] 0.143 (@] 0.1659(12)|4.7(3)
O (23) |—0.0743 (5)] 0.2871 (9)|—0.0351 (6)[3.0 (2)

1986 4£ 7 A 31 Huk#l.
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£2 RRGrEf2)

g K A ¢ g A g K A

Mo (1)—Mo (2) 2.571 (1) Mo (2)—Mo(8) 2.566 (1) Mo (3)—C1(3) 2.427 (2)
Mo (1)—Mo(3) 2.570 (1) Mo (2)—C1(2) 2.445 (2) Mo (s)—Cl(18) 2.415 (2)
Mo(1)—C1(1) 2,408 (2) Mo (2)—C1(12) 2.421 (2) Mo (3) —C1(23) 2.422 (2)
Mo(1)—C1(12) 2.4923 (2) Mo (2)—C1(23) 2.416 (2) Mo (3)—0(81) 2.068 (6)
Mo (1)—CI(13) 2.415 (2) Mo (2)~—0(21) 2.085 (6) Mo (3)—0(32) 2.066 (6)
Mo(1)—0(12) 2.057 (6) Mo (2)—0(23) 2.061 (6) Mo (3)—0 1.974 (5)
Mo (1)—0(13) 2,067 (6) Mo (2)—0 1.959 (6)

Mo(1)—O0 1.970 (6)

0(12)—C(12) 1.253(10) 0(13)—C(13) 1.272(11) 0(23)—C(23) 1.272(11)

0(21)—C(12) 1.283(11) 0(81)—C(18) 1.271(10) 0(32)—C(23) 1.272(11)

C(12)—C(2L) 1.488(12) C(13)—C(31) 1.487(12) 0(23)—C(32) 1.502(13)
0(100) ---0(102) 2.504(19) 0O(101) ---O(102) 2.496 (21)

*3 RARERE)
% g " o A " 2 b *)

Mo (2)—Mo(1)—Mo(3) | 59.89 (2) | Mo(1)~Mo(2)~—Mo(3) | 60.03 (2) || Mo (1)—Mo(3)—Mo(2) | 60.08 (2)
Mo (2)—Mo(1)—Cl(1)  [145.44 (7) | Mo(1)—Mo(2)—C1(2) [145.48 (6) || Mo(1)—Mo(3)—C1(3) |145.10 (8)
Mo (2)—Mo(1)—C1(12) | 57.91 (5) || Mo(1)—Mo(2)—C1(12) | 57.97 (5) | Mo(1)—Mo (3)—C1(13) | 57.85 (6)
Mo (2)-~Mo(1)—CL(13) | 99.43 (8) | Mo(1)—Mo(2)—C1(23) | 99.87 (6) || Mo (1)—Mo(3)—C1(23) | 99.74 (6)
Mo (2)-—Mo(1)—O0(12) 84.88(17) | Mo (1)—Mo (2)—0(21) | 85.33(18) || Mo (1) —Mo(2)—O0(31) | 85.47(18)
Mo (2)—Mo (1)—O(13) |127.96(30) || Mo(1)—Mo(2)—0(23) [128.87(18) || Mo(1)—Mo(3)—0(32) [129.92(16)
Mo (2)—Mo(1)—0 48.95(17) || Mo (1)—Mo (2)—0 49.32(17) | Mo(1)—Mo (8)—0 49.28(17)
Mo(8)—Mo(1)—Cl1(1) |144.51 (7) | Mo (3)—Mo(2)—01(2) |144.02 (6) || Mo(2)—Mo(3)—C1(8) |144.61 (7)
Mo(8)—Mo(1)—CI(12) | 99.05 (6) [ Mo (8)—Mo (2)—C1(12) | 99.19 (6) | Mo (2)—Mo(3)—~C1(13) | 99.55 (6)
Mo (8)—Mo(1)—C1(18) | 57.87 (6) | Mo (3)—Mo(2)—C1(23) | 58.08 (6) || Mo(2)—Mo(3)—C1(23) | 57.85 (6)
Mo (3)—Mo(1)—0(12)  |129.05(17) || Mo (8) —Mo (2)—0(21) {130,04(17) | Mo(2)—Mo(3)—O(31) |129.44(17T)
Mo (3) —Mo (1)—0(13) 85.02(18) | Mo(3)—Mo(2)—0(23) | 85.05(18) || Mo(2)—Mo(3)—0(32) | 85.64(17)
Mo (3) —Mo(1)—O 49.41(15) || Mo (3) —Mo (2)—O 49.53(16) || Mo (2) —Mo (3)—O 49.08(17)
Cl(1)—Mo(1)—C1(12) 89.11 (8) || C1(2)—Mo(2)—C1(12) | 88.97 (8) || C1(3)—Mo(3)—CI(13) | 88.76(10)
Ci(1)—Mo(1)—C1(13) 88.30 (9) || Cl(2)—Mo(2)—C1(23) | 87.54 ) || C1(3)—Mo(3)—(1(23) { 88.32 (D
01(1)-—~Mo (1) —0(12) 85.08(19) | C1(2)—Mo(2)—0(21) | 84.65(18) | Cl(3)—Mo(3)—O(31) | 84.52(18)
C1(1)—Mo (1) —O(13) 85.14(20) || C1(2)—Mo(2)—0(23) | 84.45(19) | (1(3)—Mo(3)—0(32) | 83.69(18)
Cl(1)—Mo (1)—0 158.05(17) | C1(2)—Mo(2)—0 158.10(18) || C1(3)—Mo (3)—O 158.24(18)
C1(12)—Mo(1)—C1(18) | 87.79 (8) || C1(12)—Mo(2)—C1(23)| 88.03 (8) || CI(13)—Mo(3)—C1(33)| 88.68 (8)
C1(12)—Mo(1)—0(12) | 89.93(18) | C1(12)—Mo(2)—O(21) | 89.45(18) | (1(13)—Mo(3)—O(31) | 8Y.82(20)
C1(19) —Mo(1)—O(13)  |174.13(20) | (1(12)—Mo(2)—0(23) |173.11(18) | C1(18)—Mo(3)—0(32) | 172.22(17)
C1(12)—Mo(1)—O 106.66(18) || C1(12)—Mo (2)—0 107.09(18) || C1(18)—Mo(8)—O 106.92(18)
C1(12)—Mo(1)—0(12) |178.03(18) || C1(28)—Mo (2)—O(31) |171.84(17) | C1(23)—Mo (3)—O(31) | 172.71(18)
C1(13)—Mo()—0(13) | 90.85(18) | C1(23)—Mo(2)—0(23) | 89.67(17) | C1(23)—Mo(3)—0(33) | 89.22(19)
C1(13)—Mo(1)—O0 107.08(16) | (1(23)—Mo(2)—0 107.35(17) | C1(23)—Mo(3)—O0 106.63(17)
0(12)—Mo (1)—0(13) 90.77(25) | O(21)—-Mo(2)—0(23) | 91.95(84) || O(31)—Mo(8)—0(82) | 91.32(86)
0(12)~—Mo(1)—0 79.89(33) | 0(21)—Mo(2)—0 80.81(23) | O(81)—Mo (8)—0O 80.63(23)
0(13)—Mo(1)—O 79.20(26) | 0(23)—Mo(2)—0 79.79(24) || 0(82)—Mo(8)—0 80.86(23)
Mo(1)—01(12)—Mo (2) 64.12 (5) | Mo(1)—C1(13)-—Mo(3) | 64.29 (5) || Mo (2)—C1(23)—Mo (3) | 64.08 (5)
Mo(1)—0(12)—T(12) 195.12(53) | Mo(2)—0(21)—C(12) |122.39(54) | Mo(3)—0(31)—C(13) [122.86(50)
Mo(1)—0@13)—C(18)  |123.54(532) || Mo (2)—0(23)—C(23) [123.57(52) | Mo (3)—0(32)—C(23) |122.58(52)
Mo (1) —O—Mo(2) 81.73(22) || Mo (1) —0—Mo(3) 81.32(22) || Mo (2)—0—Mo(3) 81.45(21)
0(12)—C(12)—0(21)  |122.00(74) || O(18)—C(13)—0(81) |[122.28(72) | O(23)—0(23)—0(32) |122.61(72)
0(12)—C(12)—C(21) 121.34(82) || 0(18)—C(13)—C(31) [119.19(80) || O(23)—0(23)—C(82) |118.54(80)
0(81)—C(12)—C(21) 116.60(81) || O(81)—C(13)—C(31) |118.51(80) || O(32)—C(23)—C(32) |118.54(79)
0(100) ---0(102) ---O(101) | 104.97 (74} | .
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B Sk S BT AR E—EE SR, ETRESPRE,

HMREME AW Perkin-Elmer 983G B4 4h 43 6 BT LIER. B4 4 )6 %
#¢ BIO-RAD Digilib FTS-20(E/D)-V Bz & Fourier ZF# 46X ik, HMX A
Osl ER .

X e BEkE ®ER T %0.66x0.65%x0.18 mm { ¥ § 7£ Enraf-Noniug
OAD4 JUR A5 SHY L, Bl Mo Ko 514%, AR ARE, 0o-20 AR, 7 1<0<26° fiH, E
2561 ARG5S BE, BB BRARE, ERESE. M, =T44.69,0=17.468(4), b=9.948(2),
©0=13.035(2) &, B3=148.83(2)°,V =1172(1) A8, Z=2, D =2.109g/em®, Z[AREHN Pe. %
1, 2, SARFIH THAYRTFHARTNLNAERERT, 8K, @AKEREINRER
=,

SEENMST THRESY Iy IZRREKE, 3 SDP B, i E# Ik fil Fourier
SREERREARPESREFHBEMSIRERER T, SWBEMNT H KA 2263 4
(I=>30(I)), %7 PDP-11/84 HEHL LER, BLMWBETF R=0.057, i k& H F
Rw=0.071,

WELFENHE RAMEAEEWAZRSMHERE, MESYHRT MosO(u-Cls:
Olg]2* $E47 W IE AR AT, HEPW R @ %, HH /e PDP-11/70 3+ 8L L52
)i

g R 5 i

REENR S HE H(EO)T HE TR MoO(0A0)Old] - HHIBTFHR. HE&Y
BENEESERRARS Y hPIRTE, HiL, BB SENBT, %A A T 5 K Mo—Mo,
Mo—O(us) B E R H MRS HE =L HBESYH [Mos] K +10 4y, HEBZELTSHTH
BHE™. RHBEEY Mo—Mo BE MK T 1, BEVHHBTREN -1 4. HELNS HiE
Wi TREIEE H WENE S BHEENKSF, B
B R H.O-—H---O(H*)--H---OH,, M HBELRH
#0(100), 0(102), O(101)BPJRX=AK4F i WEE
T.

CERERTHWARE L EARTHEER=EEE

ot C(31)

FRREN= /T, Mo—Mo i@ 2.569A [2.571(1), Wo® 0(82)
2.566(1), 2.570(1)A], R E=AMARETFHENLIER \ )
JEF, Mo—O(us) 8443 8% 1.970(6), 1.959(6), 1.974 CT3)
BA, EAMFARTHISHEEETHE, Mo,O0L # o)

DI RB TS R, =4 2B E R BER, 3 1l EEETHE
i OAc™ AR T AR EBETHAHET, Mo,O0 BRETIF, B, 46 K 7E
H—AREETHE, BEMETEEHRANARME. =4 OAc™ M1 O(us)ibTF Mos F H
I —, EMFERSAWEN LT Mo, FEH H—0, 4HETREWEA: K 0;Mo0l,
M\ . B A 85 BB T A % oo X3 BR #E. Mo—Ol,, Mo—OL, 3 34 & 4 45 5 % 2.420,
2.427A, R g T, X UL IR SR AR R R TR R

MESRN T SRERTRASVRLILEEEBERE T AERNS, BAYK
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Eit R 2y, B, R Z, 4 AR 60Jom™ L T 331 K AL 2. %¢ [MosO (u—01) g+
@ Clal™ HITLHINIESAARIA7 AT L R S it

B R ATENERLE 2. S4AWRE R ZY
BB BT b OAc™ FUR % R 40 B T R MR r, %45 8%
OO0 Mos(us-0) (u-CL)s BIARKI 245 T 3¢ [Mog( oy~
B2 [MosO(us-CDaClal* MIZMIMA  0) (u—Ol) ] MM N, XEWHERET RS,
BHWBHBE RSN TSR, HEEWRTHR O A, BERD Y Tan—64,+
24,+8E, Ay, B NI FBWEYE, A BELH BEFEM, MBI ERNEE, Fuo 2%
SCHR(6). Fyo-a, Fro-wo RALKRRHBEY. BAMMFRSHEH R EHME Y 1.15%,
BIER A HEIITE 4. WX HEEE . BN RBL BT # 5,

4 [MoO(u—CCls]* Rl A% K

R4 1 % ¥ (mdyn- A1) M (mdyn-A-1-rad?) FfF1 %8 (mdyn - A-1.rad-3)
Mo—~—O 2.919 Mo—O—Mo 0.5232 Mo—Cly—Mo  0.2000%
Mo—Cl, 1.604 Cly—Mo—Cly, 0.2383 Mo—Mo—0 0.2400%
Mo—Cl, 1.408 Mo—Mo—Cl; 0.2921 Mo—Mo—Cl,  0.1500*
Mo—Mo 1.331 Cly—Mo—0 0.4040 Mo—Mo—Mo  0.1000*

Clb—Mo—0O 0.2028 Cly—Mo—Cl,  0.1500%
* RKEMBENER.
£O6 [MosO(u-ChHsCls]® RTLBHE HEAF FEQGIGAERAE
Yoba Veal < g |
A (om-1) (em-1) F E O OB 4 fi (%) 5| -
732.0 739.2 | Mo—O(83) Mo—O—Mo(9) v:Mo—0
387.8 384.3 | Mo—C1,(47) Mo—Cly(10) Mo—Mo(32) vsMo—Cl,
y 351.1 356.1 | Mo—ClL(9) Mo—Cly,(84) vsMo—Cly,
! 937.6 9295.1 | Mo—Cl,(44) Mo—Mo(38) veMo—Mo
—_ 85.2 | CL,—Mo—Cly(26) Mo—Mo—ClL,(14) Cli—Mo—0(43) | 8,Cl—Mo—0
— 80.4 | Cly—Mo—Clp(68) Mo—Mo—Ch,(18) 8Cly—Mo—Cl,
271.9 Mo—Cl,(84) vagMo—Cl,
42 106.2 | CLMo—Cly(43) Mo—Mo—Cl,(57) B,sMo—Mo—Cl;
618.0 603.8 | Mo—O(86) asM0—O
372.3 365.2 | Mo—Cl,(85) s Mo—Cly,
324.0 327.3 | Mo—CL(82) PasMo—Cl,
273.0 275.6 | Mo—Cl,(82) vasMo—Cl;,
B 102.3 192.2 Mo—C1;(11) Mo—Mo(51) Mo—O0—Mo(9) | visMo—Mo
127.0 126.4 | Cli—Mo—ClL(30) Mo—Mo—C1L(13) Cli—Mo—0(44)| 3,Cly—Mo—0
— 73.2 Cl;—Mo—Ch,(41) Mo—Mo—Cl,(45) SgeMo—Mo—Cly
— 52.8 | Cl—Mo—Cly,(39) Mo—Mo—Cl,(38) Mo—Mo—C1, (12) 8,Ch—Mo—0ly

#: 7F 900—100cm1 3% [X, # 686.0, 587.0, 564.0, 243.1, 216.1, 167.8, 146.6, 140.8cm- 13 8 K% H ¥ H B
E.

HH LR B 789 om™ Fl 604 cm™ )R 2 Mo—O () X3 BRANSL X 5 0 4 3 30,
789cm? HXR™ W AR HR —B, M 604om™ W 5LSKIHRM ~060om ™ HERK, BT
HERAHN=HKAKAYE ~610em™ HA L&, FHit, NE ~610om™ g H R K
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Mo—O(jus) R 34 BR M 45 R 3 A 4 B0, T ~B50 om™ i T AR IS B 2 Mo—O: iy 8 45 % 3
(O % OAc™ i 0), Mo—O(ua)iIBHEN ¥ B ERRATDH VB RRAELRA
20 T 5 ST RS R AR

A 290200 om~* 5 Bl % Mo—O1 3R S35 i 1R 7 LATE 2 3 4% H Mo—Ol, il Mo—Ol,
BRI, Mo—OL, #1457 % $e{8 e Mo—Ol, RYk, BT Mo—OCl, ity 3h & gy kA 1
BB FRRE A, TS M MM R AR SE T Mo—Ol, Al Mo—OL, FREE R 3R HINE 1 36 .
3 B Mo—C1 Sy % 018 5 3CHR™ 5 o B SO 3 X LA Mo—O1 % ety £ B b8 31 3%
i,

Mo—Mo 4 J& 5 1 S BRAUS X 0 18 48 3R ST 3R 40 91 1B O 227 .6 om™ 1 192.8 em ™2, ¢
W [8] 3 [MosSys12~ i 8L 2 BRAR 7 ¥ U 78 5 Mo—Mo S ARAIS M AR 45 SR s 9 2 B &
197 om ™ Fl 151 om™, B b4 R R UK B = B4 A R ) Mo—Mo 84 . [MosS1:]%
Wiy Mo—Mo g4 B35 — 5™, B, T4 R i [MosO(~01)0L]* sy Mo—Mo 331
3 1Y [MogSis]2" H3 iy Mo—Mo $Rsh3 R R & 4 8. Mo—Mo 9% #fti 1.831 mdyn/A 55
4 P9 & Mo—Mo gy h %14 5.10mdyn/A KUY, B540FEM 1/4, TR, XBEHHES
BINOL SRR AT TR,

2127 om™ LI FHB MRS E S, ROEIBLFRROBAE, XERSERTRRE
SR B bk i 25 M 3R AR B K,

TEAFEERYREHTIRT RHBE. B ERSHEBRTHEE, KIkER &R EE
ZLhh b, E B L,

$ £ X W
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Synthesis, Molecular Structure Investigation and IR Spectra Assignment
of Trinuclear Molybdenum Cluster H[H20]3s[Mo:0 (OAc) 3sCls]

Lin Chi-Chang* Chen Gong
(Department of Chemistry, Fushou University, Fushou)

Abstract

The synthesis of trinuclear molybdenum oluster H[H,0]3;[MosO(0A0)sCls] by
reacting of MoCly:8H,0 with acetio acid is reported. The crystal structure of cluster has
been determined by X-ray single crystal structure analysis. Crystallographic parameters
are ag following a=17.468(4), b=9.948(2), ¢=13.035(2) A, B=148.83(2)°, V =1172
(A3, Z=2, D,~2.109g/om? space group is Pe. Unweighted factor R=0.057. Result
of structure defermination reveals that anion of title compound is an anion cluster of
oxygen monocapped equilateral triangle irinuclear molybdenum, average distance of
Mo—DMo is 2.569A. The assignment of vibrational spectra has been carried out using
normal coordinate analysis of cluster unit [MosO(u—Cl1);013]%*, The average error
between observed and calculated frequencies of ten IR bands is 1.15%. The rationality
of assignment of feature bands (including metal bond) and force constants has been

disoussed,



