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Synthesis and Crystal Structure of Dimeric Silver(I)Complex：Hexaethylene 

Thiourea Bispercholate Disilver(I)．【Ag2(ETU)6】。(CIO4)2 

JIAN Fang—Fang SUN Ping—Ping XIAO Hai—Lian JIAO Kui 

(New Materials& Function Coordination Chemistry Laboratory，Qingdao University of Science and Technology,Qingdao 266042) 

The crystal and molecular structure of【Ag2(ETU)6】．(C10,)2 has been determined by X—ray crystallography、 

It crystallizes in the monoclinic，space group／~21／C，with lattice parameters口=0．63270(9)nm，b=2．4264(2) 

nm，c=1、2128(1)nm， =92．721(9)O V：1．8597(3)nm ，Z=4，D =1、835Mg。m一3 F(000)=1032， 

1．59 1 mm一1．The molecule is built up of centro—symmetric dimeric entities，in which the four—membered Ag2S2 

ring is planar and the angle of S(3)一Ag(1)一S(3A)is 107．70(2)。for symmetry requirements、The silver atoms have 

slightly distorted tetrahedral coordination environment，and the sulfur atoms of the ETU group occupy four coordi— 

nation sites．The two percholate anions in general position balance the charge．In the solid state，the title compound 

form s three dimensional network structures through hydrogen bonds、The intermolecular hydrogen bonds and ex— 

tensive intermolecular interaction connect the【Ag2(ETU)6] ion and two CIO,一anions to contribute to the stability 

0f the structure．CCDC：20873 1、 
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0 Introduction 

Fungicides of the ethylenebisdithiocarbamate 

(EBDC)group have been widely used in the cultivation 

of potatoes， vegetables an d berries．Ethylene thiourea 

(ETU)is present as an impurity (up to 10％ )in 

fungicides of the EBDC group⋯ ，and it is also an im— 

portant metabolite from the biotic degradation of the 

fungicides． It has been proved that ETU have 

thyreotoxic， teratogenic， and carcinogenic effects on 

test animalsf ． Recently， ETU was found to induce 

DNA damage to liver， kidney， lung， and spleen in 

mice ． Industrially， ETU is commonly used as an 

additive in the production of rubber． ETU iS a po lar 

compound with a high water solubility and it is known 

to be mutagenic and teratogenic in rats⋯， for which 
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reason most studies on degradation of EBDC fungicides 

focus on the formation of ETU【 ， ．However
． the chem． 

istry of metal complexes with ETU ligands has scarcely 

been explored． ETU can coordinate to metal easily 

because of its muhifunctional coordination modes 

(unidentate．N，unidentate．S or bidentate．N：S) ．For 

these reasons， our group began to synthesize various 

metal coordination compounds with ETU and study their 

chemical properties．Ag(I)systems were selected for 

our studies because of evidence that Ag(I)has a dis． 

tinct preference for bonding to S atom．W hen we chose 

ETU reacted with AgC104 in EtOH，[Ag2(ETU)6】。 

(ClOa)2 was obtained．Herein we report the crystal str- 

ucture of hexa(ethylene thiourea)bispercholate disilver 

(I)，[Ag2(ETU) ]．(C10 )z． 

1 Experimental 

All chemicals were of reagent grade quality ob- 

tained from commercial sources and used without fur． 

ther purification． 

1．1 Synthesis 

To a hot EtOH solution of ETU (C3H6N2S 8．2g， 

0．08mo1)．an EtOH solution of silver(I)perchlorate 

hydrate (AgC104·H20 2．25g，0．01mo1)was added 

and refluxed for 5h．The colorless solution was filtered 

and the filtrate was left to stand undisturbed．The col- 

orless prisms of the title complex were obtained by slow 

evaporation of EtOH at room temperature for one week． 

The C．H and N contents were determ ined by elemental 

analysis(Found(％ )：C，20．93；H，3．48；N，16．08． 

Calc．(％)for C9H18AgC1N60aS3：C，21．04；H，3．53； 

N，16．36)．Yield(％ )： ～94． 

1．2 Crystallographic Data Collection and 

Structure Determination 

A summary of the key crystallographic inform ation 

is given in Table 1．The selected crystal of the complex 

with suitable dimensions was mounted on a SMART 

CCD diffractometer．The data collection was perform ed 

at room temperature (20℃)by to／2 0 scan technique 

with graphite．monochromated M0 radiation (A= 

0．07 1 073nm)．Intensities were corrected for Lorentz 

and polarization effects and empirical ab sorption， and 

the data reduction was carried out by using SADABS【 

program．The structure were solved by direct methods 

using SHELXS-97【引 ．All the nonhydrogen atoms were 

refined on P anistropically by full—matrix least squares 

method【 ．Hydrogen atoms were located from the dif- 

ference Fourier map and added to the stru cture calcu- 

lations，but their positions were not refined．The con- 

tributions of these hydrogen atoms were included in 

structure-factor calculations． The final least-square 

cycle gave R =0．0343． wR =0．0990 for 3669 re- 

flections with，>2or(，)；the weighting scheme，w= 

1／[(2( )+(0．0570 P) +1．1003 P】，where P= 

(F。 +2 F。 )／3．Atomic scattering factors and anoma- 

lous dispersion corrections were taken from Interna- 

tional Table for X-ray Crystallography⋯ ． 

CCDC：208731． 

Table 1 Crystal Data and Structure Refinement for the 

，riUe Compound 

2 Result and Discussion 

The crystal structure of the title complex， 

[Ag2(ETU)6】·(CIO4)2，consists of discrete [A 

(ETU)6】 dication and two CIOa anions．The silver 
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Table 3 Intermolecular Interaction Distances(nm)of the Title Compound 

D： Donor； A： Acceptor； symm： Symmetry applied in acceptor 

hydrogen bonds in the structure． The donor and ac- 

ceptor distances are N(2)⋯0(3)(一1+ ，1／2一Y， 

1／2+z)0．29596(4)nm，N(5)⋯O(1) (一1+ ， 

1／2一Y， 一1／2+z)0．30195(5)nm and N(4)⋯S 

(3) (1一 ， 一Y， 一z)0．34439(4)nm，respective- 

ly．The 0(4)and s(3)with C atoms in alkyl form 

potentially weak C—H⋯Y (Y=O，S)intermolecular 

interactions，the donor and acceptor distances are C(3) 

⋯ 0(4)0．34069nm [symmetry code： ，Y，z】and 

C(9)⋯s(3)o．37557nm [symmetry code： 一1+ ， 

Y，z】，respectively(See Table 3)． 

There are some 7r-7r stacking interactions be- 

tween the molecules in the crysta1．There are two types 

of strong 7r-7r stacking interactions； Ag2S2 ring-ethy- 

lene thiourea ring(一 ， 一Y，一z)and ethylene thio- 

urea ring-ethylene thiourea ring (一 ， 一Y， 一 )． 

The center-to．center distances are 0．4045nm and 

0．4279nm，respectively．Th e shortest interplanar dis- 

tances above are 0．2744nm and 0．32 1 3nm， respec- 

tively．It is obvious that they form  the slightly stronger 

7r一7r stacking interaction[ 161．A1l above intermolec． 

ular hydrogen bonds and extensive intermolecular in- 

teraction link the[Ag2(ETU)6]̈ and perchlorate an— 

ions form ing three—dimensional network which stabilizes 

the structure． 
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