#H(8) W (H)
Bk R RN 55

New Cluster Systems of Molybdenum(Tungsten)-
Copper(Silver)-Sulfur Compounds

I <
1
% BEHEHMRH
HIGHER EDUCATION PRESS



() () i

o 5

L, [ Jrmp—" EDUCATION FRESS




AR ERFELFHRIX.

AEMNEAESYERETRREYHAR.BL T HENTIRESR
MO,_,S /M (M=Mo,W;M =Cu,Ag; n =3, ) FHELEYH &, B
EXAFS HERETH UL EY . EHRT RIESUH” MoNMR, HER H
HArieEmm, -

BEEMAE CIP)¥IE

HEOEFE BOMBHEE R/ HBE.
b - HEHF 4L, 20021
ISBN 7 - 04 ~ 010315 - X

I.#... I.&% .. I #&ayw-Hmx
IV, 0611. 6

P E A E B CIP B F (20015 064835 S

B E GO R RER KPR
g

HWET REHHF R
£5 o EEHARNE YRS 555 BRI 4R AL 100009
H & 010—64054588 & H 010—64014048
] it http://www. hep. edu. cn
http://www. hep. com. cn

B4 15 Jb 3 R AT B
76 R AL PR R L
SNSRI

8501168 1/32 B & 20021 AH1K
8 B &k 20024 1 A% 1 KEDRY
190 000 E ft 13.10%

BT H ITER
SHEREN BFR

1

7045 207 R B T AR L 5 G B B R R B
BARFH WA



& ® N

KA, 1968 F4 AATIHEEBIE
1991 ¥4 T BAFH KK FiEKRF AR
FHEEE b, 1991—1996 F /£ F BHF 1548
B REMF LI SGE 45, $IF 2%
REtFp EHRE. AR A2 ESRBETHEN
SR AR P, i E T BRI A—H
AL BRBTOH TR, LR RS EE
RS B R Z A 86 X, K 1996 F 3% E
8 (b5 T k) BAI4EA S5 A ed R
F i LA N4, H# EHE F. A. Cotton H Iz
é%%%iﬂwiwﬁﬂ%%%i&ﬁ%J%ﬁkéﬁﬁﬁ%%ﬁi
AET v AP M KR M AN+ ZAx 694, (4) RELE S S T A
S =t AI4E (48) 4ABRIE S o) 2 8 A R T ok AR E R A4t
HRT, SRALEMFIET WA MR SRS, LRI EE
FRABPFLAT19BL, LY SCIHAA 175, AHE—tie
B0 J 5 HINER 6 Hit X AmE AL FRER, P HELEFRS
A EFRE . 7 98 F(ARBAR Q4R T4 B e 3 5 &)
B Rt X FR LB EAEA —F UL B A5 (iR 2 B
EF) ¥, 199 FRFHRAMT AR K LFLEMN L, 1998 £k
ARFELFAEL—F LR 1999 F4EKEFHEF bR, 0
A % B Clemson K F/F A5 L5,

= b &

PEHEE, B 19155 10 A4, #0454 F07, 1934 £ 28
TENRKFLFZR, 1939 FREDUBRKR L3135, %ALLE o
MBI R, MG R REEN RILF LT 2 s KN FLH
WFBA, 1945 FREE, LS AR ITRF AN K FFob DA 2558



S R EE BT P RAEAFT, d24E it # 4 @) 4
KA M PTPT ¥, 1981 F k2P B4 22 m
K, 1987 F B AL F LB A B K &) 3 JE Ao
PANBERAXELALNER K, SIEF LA
SERWE EF. A FESEHLFERLA L
—, MRTHEEHFER KRR LETE.
EAHARRBL300 55, EMFREZ 25 1
GE AL EE (R ¥ Y ReD: ) X
MR E EMICFFR, AR IE1991
FPEAFRORAFL—F L5 199345 7
%é%ﬂ#%i%%g%E%%%ﬁ%%ﬁﬁ*%%#%%?k%%
S RAA 1950 £ 1966 S 2+ H 8 /& 25 LHF R 4 ; 1978 44 5 #F
%iﬂ&u%nxﬁ%#%ﬁT1&Zﬁ&iﬁzoézm£iJUH§
ATHSEEERRZGYF 1M 5F, g F A Fash T, A S48
KAPEAHFREL, WX KL= Ban 2445

ZHARE, B ,1930 F 4 Ak A AR,
A FIF, 1960 F L FHEITKFZE
1966 F 20k T4 M K FF 10 T A #F 5 4 3
1983 F £ 1985 F LG AEER B FERE A F Ik
FRARAHYN IR FHE ZiptEiz o 3%, 0
EYE&HARFLFESEE LAAAPDER. L
KN FLEMICFHF R, £itR4ERTF ElF
BAHACF R BAR S A AR, HERE TR S
BARE) TEFRE RS ET, AR AL AR

L 120 3K, ABARERERAN 15K, KRR
RAAARELI 12, 3o vl 5§ — %A 48 (45) 41 (42)
EXKEWARASRALEEMILE” 1996 £ FAH LR G KA
FR-FE 1997 FARARKMNFLwWER 2AhM+E Hd 15 4,
ﬁ?%%%#i&%#ﬂﬁkﬁﬁwAK&ﬁ%ﬁ%ﬁﬁmf%ﬁ
M BB A RS E i, 1996 S5 3 b B A AL B2 OF A
TR 2000 FFEHFRTE LKA,




w E

Mo(W)-Cu(Ag)-S EAWE=ZMIEXEAEM M I EHAE
ER AR, BRSNS AMNSHEFZMEERAE L ¥ M-M’
L-S(M=Mo,W;M' = Cu, Ag) K RZHT T EZ WA ;WX T XL
BEi&E M-M-SESYREMNNHBR ., ALCES T HMEHER
A B MO, , 2 -M' (M= Mo, W;M’' =Cu,Ag;n =3,4) H#Elk
AYNFE. MAX—FE, R T 4 MHFMSLHE ) H
REAY BIMEREABERALEY IR 2 27 MOS; -Cu #
BAEBRMTRENTHESY. WIH EXAFS FERET -1
FHRNEREAREEY

FW AR T RZINESPH” Mo NMR, FHIER H Hig ¥
MEN. AHRRBERSYNHRE S ERERREWHRLET
R FRRAERELEY. BABIRTHE NS, KIE
MEWTHHRFHERRYNOY W, EAHARETERE THREA
BEXHER, WARERARTEEXNERESHENAREHR
FHREANREYRS, AR W-Ag-S KRR A HEIMER,

AR XEFBETUTHBFHHAE:

g8 HBARBLSUNGEHLELFRE

REWEET HRSIMEX - R TBHFHRN—FE AR
BREW, I 3B MEHRR, AP RINFARATFROF R L
14, R CHFMBH 6 f, 44 1/6.



2 B B

g-#4 RAEIMCYS,}(M=Mo, W) EFHEHBTH
HSAMESHFERNTR

1. &

ERTAIMXEHELY:

(1) [E4,N],[W,Cu,S,,0,]

(2) [Et,N1,[Mo,Cu,S,,0,]

(3) [W,Cu,S,,0, (CuTMEN), ]

(4) [Mo,Cu,S,,0, (CuTMEN), ]

(5) [Et,N],[Mo;Cu,;, S5O, ]-DMF

(6) [Et,N1,[W,Cu,;,S,5,0, ]-DMF
RFAME—FPET A BT 2SS S S0 2 BaE R =K
SWMREA; B —MRARE TR, A MS, M MS,0;” AR THh
A¥1.2.5.6. ABRUKAYIGRATHE_MIE  ASBRHRA
th WOS;” fi[Mo,0,S ) BEBH T _MEHR THH— M
B, RN, 55 80 354 (D Rk N B 2 TR S AR SMEL

2. BHNiE

BEAW1~6 LA X AR R/MELRNUET EH,

ABHESW 1M 2 MIABETEUTLUBERA(MOS, 1" #
PR T B B A~ M8 8% JE 39 [ CuMOS, Cu ] B
H. HPHABEFHIHAINERBIRFIEL g4
WEFEHR, RAFEBEFS+=  wk—>
PR T R— AR Cu, M, S, 254, & |/

+oBHEAEW T4 ME—ANERE
[M,Cu,S,0, ) (BREW 1712 AETF)
MEIMTHBEFLEER -4
Cu(TMEN) " ZHEFT# i, Cu(TMEN)"
P EFHEAR A IE M, Cu, S, O, 1 Octanuclear




H B

B AT S E(M=Mo,W),

E-HRESY s M6 b, AN
() R T o A, + =
MR FHREL T ARE(E)ZE
gL HEWATUBEEI LT HR
N IEF T I M, Cu,S,, | 38 13 o i8] B
P A~ 4 B ER 82 T B A S

3. g%

() Ak as TR E
EHRWELE BB, X M-S
(M—S, ,M— 1, -S,M— ;- S Fl M—
wa-S) R RSBBAE 5 EMNH
K & Mulliken 54 2 8] # £ R i#
7Tt

(i) A IKE HEEW1EH
4 (2SN ET IR OGS R E BRI
[MOS, 1> (M=Mo, W)X HAHHH
R, Mo THEERSY 5 BN

Eicosanuclear

A RO S T IMOS, P MIMS, ) BEBA AN B

B i) T BRI

(iii) "Mo BRLIE HEEW 2.4 M SHITT Mo KREIL IR
fF. 55248 HTHE, BHUTEL: £ MoS,™ (3
MoOS: YR E S in— MR 1)EF .5 Mo LB
fi£ 200 ~400; 1L 4h, BDfF MoS; ™ (BiMoOS; ) ERRBERHEH (1 )&
FREME, XEH ()BT A5 B35 i 2 Mo 1k
2 F 60 ~ 200, X5 HAEETF MoO,_, S, -Culn =3,4)H

Mo NMRH#F 5T &5 R AH—3o



F=ZBS REBAWESUFERHHR

1. B

BY TREACHEBESYFHER AT B ESRBRE
Y. RTESY LA B, REAAYEURRERENHER
BANREBRMNES, EEAY LA BHNERT . EHERES
HAY 10 719 3 RIER T R KN,

EAFEREEBEAMERLT , RITLHA WS, 1 Ag' #
HAEZRMNFEFREREE S RHEBTFHRS KM, &
REPMAELSH/NMEERMNEREFRIES FRESBE FHE
BHERE WS, WA WHAERN, HTHENFITEIERMNE
FFURHANERE FRFER(E)HEM, T M8 TR
FTIARRS , REEABF HAEFTFREFURBHSFZHE
BRI ANATEREHFHRESAEFRHBEMNER, BB E
XEHABETHRBEEASE S FERMEFEHBR NI TEE, B &
BWHP W-AgSHUAEYBEABEEHBILER BANESY
VP EEHFHNRESEVNHEFEAH - HHR,

(7) [(W,Ag,S;)*(TMENH, ) (TMEN): (H,0)],

(8) [WAgS,*NH, ]

(9) {[WS,Ag-HNEt, -DMF],

(10) [WS,Ag*NH,C(CH,0OH), -2DMF],

(11) [WS,Ag*NH,C(CH,0H),-H,0],

e 5 WG R TN

S BT g

R T

(12) [W,S,,Ag,
(13) [W,S,Ag,
(14) [W,Ag;S;
(15) [W,Ag;S;
(16) [W,Ag;S;,
(17) [W,AgS,

*Nd(DMSO0), 1,
-2Ca(DMS0), ],
-Nd(DMF), ],
‘La(DMF), ],
‘Pr(DMF)g ],
‘Eu(DMF), ],

- T B LR B R DTN S



5 2 5

(18) [W,Ag,S,*Ce(DMF), 1,

(19) [(CH;),N(CH),(CH),N(CH,),],[S, WS, Ag],

2. e

AT~ UREAEY 19, A X L RmHERMNET
BN,

BAEYW T~10 THU[AgWS, [ TEH BT ERT EN
[AgWS, ], ABERAHBE T,

Linear-chain

FREXKBERREASY P8, [AgWS, 18 B 1E A XU
EYNHERRTERENMBREF AR TEXRYEESY
M, WEEAY 11 BB F 0l LUE VE 5 &-SWSAg- il fr 858 of
po-S RF B, S {AgWS, | BITHEM p,-S KT UKL
o ENHEREY 11 PHEAZHEMREBES THE T4H,E
SERMEETRZIEHGTENERGEAE T,

Double-chain



Helical-chain

BAY 12 NESY 13 WREENE FHHRE S5 R etk
e, MESY 14 HRAEAB FHORBRTLEERNNAKIE
ﬁ%EEWﬁEWAtAgaSm ]4_ ﬁi‘i Ag+ ﬁﬂ%i@ﬂéo

One-dimensional chain



B Z 7

EEYWIRNSEENHEEFES4[(CH),N(CH),
(CH),N(CH,), ], fMiXHLAE FRES#(S, WS, Agl, -
3.

(i) £o5hoti A EFHERERBGELRE AR,

cnc

izt e M

Coexistence of organic and inorganic chains

Gi) hr8kif HREXEFHNFIERKRIERECARE. &
229.7~259.0 cn ' EEAMIEH S Ag—S M H B %R
v(Ag—S)H %, M 169.3~197.2 em ' BE AW IEH 5
S(WS)X R ARSI MK . i T X FRH: BT 2580 , 28 40 40 ki
HEBREHK DMF 0 F 9 C=0 MERIIEN S RIEPHK,

(i) AT RAE RESEREABESYUHEST LR
e o 38 BT LA B X S SR A M TE TS R BT BB A R M T K B4R
FHEF,

ENBS —IMEWMFAOFTREESWE EXAFS HR

1. &YW (Et,N),[ (PPh,),CuS, MoS, FeCl, ] #4148 1T 48 45
WS E

%% &Y (Et,N), [ (PPh; ), CuS,MoS, Cu(PPh, ) JE Jy 5 #E#F
ME THRE Y (ELN), [ (PPh;),CuS, MoS, FeCl, J## #1480 K &
Wi, M EXAFSHBF BN WS RS8R 2B



8 B €

HIZ5 RAR S, IFBI T EXAFS &R S R m .

2. BB E S W (PPh; )Cul,Fe, S, (NO), 1# 2 Fi 4 3 48
S S B E

KBtk (Et,N), [ (NO),FeS,Fe(NO), 15 Cu(PPh,),Cl &
R (BE/R EE 2 1:2)48 B & W [ { (PPh;)Cul,Fe, S, (NO), Jo

FAFRREAL & W (Et,N), [ (NO),FeS,Fe(NO), 11l & i &k 4 5
B4 W[ (PPh, )Cul,Fe,S, (NO), 8% K R Wiy, 55 —bn ek
49 (Et,N), [ (PPh, ),CuS, MoS, Cu(PPh, ) Il & X H S WM K
Wi, EHME, BT RFES YN PPh,
FRTHECEURBMAEK, BRiE EXAFSON 4
MR NIRRT, BETXIMHE N 1Y Mo
&9 [1(PPh,) Cul,Fe,S, (NO), | 7T § 2 #g ‘;e\ﬁ\pe/

on~ S N

(REHE). “cu NO

Wk RER PPh |

1. BERX 9B, 2R EREEIEABH L, K9HF 17
BRTSCIB ¥ HERSIMEZEREAREE R, UIEANRE—1E
EZHWEXE 108 . Kb REFELE SCIEEFEZ LB Al XE Inorg.
Chem.3 & . #E Angew.Chem.Int. Ed. Engl. 1 H; 5 H 6 %
SCI & ZE FH fr % AR #1 T Polyhedron.Angew. Chem. & Acta Cryst.
Sect. C K%, F_MEHEMNIBRXTH 1 HAERLE SCI HFF# L
F] J. Chem. Soc. ,Dalton Trans. o

2. BMER¥REURX IR . HPAREHERE. S
HEHERSUGEX 3R KPP —BRRERE.

3. XEA¥ESER— AN B(IESBIMALF), F 54 Prof.
K. Matsumoto fl Prof . E.I. Stiefel B iFRI1EE — B B4 RIT8H
RAX:TSHBREBESYHF FE PR LENFRXE,
EANRBE_NEE,



Abstract

The M-M’ L-S complexes (M = Mo, W; M’ = Cu, Ag) with
many kinds of ligands have been extensively researched by many
home and foreign research groups, however, only several M-M'-S
complexes without ligands have been reported. Recently, some com-
plexes of this kind have been demonstrated to have larger non-linear
third-order optical properties. In this thesis, the preparative methods
of MO,_,S."-M’ complexes (M= Mo, W;M = Cu,Ag;n =3,4)
without ligands have been established and adopted. Using these
methods, four novel isolated M-Cu-S clusters and thirteen polymeric
W-Ag-S complexes as well as two clusters with ligands bonding to
the MOS;™ -Cu cluster cores from outside have been achieved. In ad-
dition,a novel Fe-Cu-S complex has been characterized by the EX-
AFS measurement.

This thesis covers the four following parts:

Part 1 Review on the Structural Chemistry of the M-M’-S
Complexes(M = Mo, W; M’ = Cu, Ag)

One hundred forty-six complexes in this area have been system-
atically summarized. These complexes show thirty-eight structural
types,of which, our research group contributes nearly one quarter,

and this thesis covers six new structural types (nearly one-sixth).

Part 2 Studies on the New System of the M-Cu-S Cluster-
Complexes with a Square-like Unit{M,Cu,S,, | (M= Mo, W)

1. Synthesis



2 Abstract

The six following complexes of this kind have been synthe-
sized. The first adopted preparative method was the use of KBH, and
Et,NBH, to reduce Cu(NQO,), * 3H,0, and then to the resulting
Cu(1) ions were added MS;  and MS,0; , leading to the achieve-
ment of complexes 1,2,5 and 6. The second method was used to
synthesize complexes 3 and 4; the thiometallatess WOS;  and
[Mo,0,S; ]*~ were employed to reduce Cu (Il ) ions in the solu-
tion;in the meantime, weakly copper( I )-philic ligand N, N, N’,
N’ -tetramethylethylenediamine (TMEN) was introduced.

(1) (Et,N],[W,Cu,S,,0,]

2) [Et4N]4[M04Cu4SIZO4]

(3) [W,Cu,S,,0, (CuTMEN), ]

(4) [Mo,Cu,S,,0, (CuTMEN), ]

(5) [Et,N1,[MosCu,, S, O, ] *DMF

(6) [Et,N1,[W,Cu,S;0, ] - DMF

2. Structural determination

The structures of complexes 1 ~6 were determined by the X-
ray single-crystal diffraction analysis.

The anions of the octanuclear complexes 1 and 2 may be viewed
as consisting of two butterfly-type
[CuMOS,Cu] fragments bridged by two
[MOS, ]*~ groups. Eight metal atoms in
the anions are arranged in an approximate
square configuration, with a Cu,M,S,

ring structure (M= Mo, W).

The dodecanuclear complexes 3 and 4

can be considered to consist of one
[M,Cu,S,,0,]*" (the anions of 1 and 2) Octanuclear



Abstract

unit capped by Cu( TMEN)" groups
on each M atom; the Cu (TMEN)"
groups extend alternately up and down
around the Cu,M, square (M = Mo,
W).

The eicosanuclear complexes §
and 6 consist of eight M atoms in an
approximate cubane array and twelve

Cu atoms nearly lying along the edges

Dodecanuclear

of this cubane between the M atoms (M = Mo, W) ; their structure

can be viewed as a cubane with one upper and one lower square-type

fragments {Cu,M,S,,! linked by four in-between Cu atoms.

3. Spectra

(i) IR spectra The main
absorption bands in the IR spectra
were attributed, and the relationship
between the M—S(M—S,,M—y,-S,
M—pu;-S and M—py,-S) stretching
absorption frequencies and their bond

lengths and Mulliken bond orders was
discussed(M = Mo, W).

Eicosanuclear

(ii) UV —Vis spectra The principal features of complexes 1~

4 were attributed to the charge-transfer transitions within the

[MOS, ]*” moiety (M =Mo, W) ,and that of the eicosanuclear com-

plex 5 to the charge-transfer transitions within [ MoOS, 7* and

[MoS, I~ moieties.

(iii) ®*Mo NMR Complexes 2,4 and 5 were characterized by

* Mo NMR spectra. Comparing with the references, it is concluded



4 Abstract

that the * Mo chemical shift decreases by 200~ 400 upon addition of
each Cu( I ) cation to the MoS;” (or MoOS;™ ) core. Additionally,
even though the number of copper atoms around a MoS, (or
MoOS; ™) group is identical, the outside coordination environments
of these copper atoms can also influence the * Mo NMR chemical

shift by 60 ~200. These are consistent with the reported *> Mo
NMR results on MoO,_,S%™ -Cu complexes(n =3,4).

Part 3 Studics on the New System of the W-Ag-S Polymeric

Complexes

1. Synthesis

The system of the polymeric W-Ag-S complexes were estab-
lished, and thirteen polymeric W-Ag-S complexes have been ob-
tained. Ammonium tetrathiotungstate and silver nitrate were em-
ployed as the starting materials for syntheses of the W-Ag-S poly-
meric complexes except for 11 and 13. In the syntheses of the later
two complexes, the linear chain complexes 10 and 9 were used, re-
spectively.

Without existing other soft-base ligands, the self-assembly of
WS2™ and Ag® was found flexible and subject to the valence states
and the dimensions of the cations. Appropriate small complementary
molecules containing N and O atoms or metallic ions added into the
reaction can induce self-assembly of WS}~ and Ag' . Since comple-
mentary small molecules contain N and O atoms,and complementary
metallic cations are oxygen-and nitrogen-philic, the synergy between
polymeric cluster anion, these complementary small molecules (or
cations) and solvent not only may urge the formation of new poly-

meric configuration , but also makes it possible that hydrogenbond su-



