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Synthesis and Crystal Structure of【1-(4 -fluorobenzy1)pyridinium]2[Ni(dto)2] 

Complex(dto 一=dithiooxalate dianion 1 
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The complex【l一(4'-fluorobenzy1)pyridinium]2【Ni(dto)2](dto 一means dithiooxalate diarlion)has bee r,pre— 

pared by reaction of Na2【Ni($2C202)2]and the l一(4 一fluorobenzy1)pyridinium chloride salt．The Cl’ystallographic 

data f0r the title complex：triclinic P1，0=8 5698(8)A，b=9．3461(9)A，c：10．5361(10)A， =67．177 

(2)O7 =67．398(2)O 7=79．61 l(2)O V=717．59(12)A ，Z=1．The【Ni(dto)2] 一anion with the Ni atonl 

lying on an invm’sion center and exhibits a quasi—planar structure An extensive hydrogen bond netwm k of C—H⋯ 

0 is clearly observed．The nature and size of cation seems to play an important factor in the type of intm。molecular 

interactions as well as the crystal packing in this kind of complexes． 

Keywords： 1．2-dithiooxalato ligand nickelate【Ⅱ)complex pyridinium cation crystal structure 

O Intr0ducti0n 

In the past two decades，efforts have been focused 

on the coordination chemistry of metal complexes with 

sulphur donor ligands for its application in analytical 

chemistry， catalysis and its relevance to bioinorganic 

systems⋯
． One of these sulphur donor ligands is the 

dithiooxalate dianion(dto 一)with unique coordination 

properties for it have four donor atoms and the possi— 

bilities of charge delocalization on its atoms【 ． Solne 

groups have investigated this kind of complexes in de— 

tail because they show some interesting properties such 

as magnetic， conductivity and optical properties ． 

Previous studies have shown that the nature an(1 size(Jf 

the counterions play an important role in the c【_
．

vstal 
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packing of this kind of complexes【 ．We present in this 

paper the synthesis and crystal structure of 【l一(4 

一fluorobenzy1)pyridinium]![Ni(dto)2]with the aim of 

obtaining more information about the cation effects on 

the crystal packing and the strength of the intermolec— 

ular interactions i11 this type of complexes． 

1 Experimental 

1．1 M aterials and M ethods 

4．fluorobenzyl chloride was purchased fi‘om 

Aldrich Chemical Co． and used as received． 1．(4 

． fluo~·obenzy1)pyridinium chloridet ，and the sodium 

salt of dithiooxalate (Na2dto)【 {were synthesized by a 

literature procedure． Elemental analyses were per— 

formed with a Perkin—Elmer 240 analytical instrument． 

1R spectrum was recorded on a 1 70SX Fourier Trans— 

form Infrared Spectrometer(KBr pellet)． 

1．2 Synthesis of 【1-(4 -fluorobenzy1)pyridiniu- 

m】2【Ni(dto)2】 

The title complex was prepared by the direct 

combination of one molar equivalent of NiC12·6H20 

two molar equivalent of 1一(4'-fluorobenzy1)pyridinium 

chloride and of Na2dto in water at room temperature．A 

red precipitate was obtained by filtration，then washed 

1)v water and dried under vacuum． Good shaped red 

single crystals suita1)le for X—ray ana1)rsjs Wel’e obtaine~J 

by dispersing ethyl ether into acetonitrile solution of 

complex and stood fi)r about a week． Yield： 86％ ． 

Elemental analysis found(talc。)：C，49。28(49．79)： 

H，3．29(3．28)；N，4．22(4．15)．Setecte(1IR data 

(Clll )：1592vs，1447m【 (C=0)J；1052vs[ (C—C J 

+ (C—S)]；948s【6(C一0)+ (C—S)]；563w．543w 

[／1, (C—S)]． 

1．3 Data Collection，Structure Solution，and 

Refinement 

The red single crystal of the title,complex． has 

approximate dimensions 0．52×0。30×0。10111111 W[IS 

selected for X—ray structm’e measurement． Data wel’e 

collected on a Siemens Smart CCD area tliffractomete r 

using gl’aphite—monochl‘onmte(1 Mo Ka l adiation f A= 

0。7 1073A)by( scans lIlode within the angulm‘l’ange 

2。24。 < 0 <25．05。．Space group．1attice par‘allle— 

ters．and other relevant information are liste(1 in Table 

1．The structure was solved by direct methods and re— 

fined on by full—matrix least—square using the 

SHELXL一97【 ． A1l nonhydrogen atoms were refiner1 

with anisotropic thermal parameters．All H atoms were 

placed in calculated positions (c—H 0．93，0．97A)． 

assigned fixed isotropic displacement parameters 1．2 

times the equivalent isotropic U value of the attached 

Table 1 Crystal Data and Structure Refinement 

color／shape 

chemical formula 

formula weight 

temperature，K 

wavelength 

crystal system 

space group 

afl t eell dimensions 

v0lume／A 

Z 

density(calculated) 

absorption coefficient 

F(000) 

reflections collected 

independent reflections 

data／restraints／parameters 

goodness offit on F 

final R indices【，>2 (，)】 

R indices(all data) 

largest diffraction peak and hole 

red／1)lock 

C 3#H! F2N 2NiO4S4 

675 43 

293(2) 

0 7l073足 

tl·ic̈ nit： 

，Jl 

“=8 5698(8)A n=67．177(2 Ĵ 

b=9．3461(9)A 口=67．398【2)A 

= 10 5361(1O)A Y=79．611(2)A 

717．59(12) 

1 

1．563mg m 

1．Ol 8him 

346 

3752 

2520(R ．=0 01 71) 

252O／0／187 

1．090 

R ：0 0399． wR =0．0970 

Rl=0 0539， w尺2=0 1104 

0．339 äd 一0．271 e·A 
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atom， and allowed to ride on their respective parent 

atom s． 

CCDC：l81525 

2 Results and Discussion 

As for the title complex．it crystallizes in the tri— 

clinic space group P 1．The atom arrangements and the 

numbering system for it are shown in Fig．1．Fractional 

atolnic coordinates and equivalent isotropic displace— 

ment parameters of the complex al。e listed in Table 2． 

Selected bond lengths， angles and the hydrogen con— 

Fig．1 ORTEP plot(30％ probability ellipsoids)showing the 

molecular structure of【1一(4'-fluorobenzy1)pyridinium】2 

【Ni(dto)2】 

tacts are listed 1n。l able 3． 

The[Ni(dto)2] 一anion has a center of symmett
．

w 

at the nickel atom and two [1一(4'-fluorobenzy1)pyri— 

dinium ions are related to each othel‘b
．

v the S
．

Vlll— 

metry center． The nickel atom is coordinated to finir 

sulfur atonls， and exhibits square—planar coordination 

geometry
．

． The average S—Ni—S bond angle within the 

five—membered 1．ing is 92．2。． and the average Ni—S 

bond distance is 2．1 8A．these values are in agreement 

with that of[Ni(dto)2] 一complexes reported “。．Tile 

average C—S bond distances of 1．72A and the average 

C=O Ix)n(1(1istance 0f 1．22A are(1ue t【)the exists 

the delocalization throughout S—C—O units in the dim1一 

ion，and the average single C—C bond is 1．53A．The 

complex[Ni(dto)2]卜 dianion，is not completely pla— 

nar with the deviation of O(1)atom from NiS4 plane is 

0．289(3)A，O(2)atom from NiS plane is 0．232(3) 

A．There exists a dihedral angle of 5．77。between the 

planar NiS4 group and the O(1)C(1)S(1)O(2)C(2)S 

(2) (dto 一)mean plane so as to show a chair confor— 

Table 2 Atomic Coordinates(×10 )and Equivalent Isotropic Displacement Parameters(A ×10 )for Title Complex 

atom x y U(eq) atom x Y U(eq) 

Ni(1) 0 0 0 43(I) S(1) 257(1) 2289(1) 一1 715【1) 54l1 J 

S(2) 2727(1) 一412(1) 一627(1) 60(I) F(1) 6695(3) 一1639(3) 一3974(3) 89(1) 

0(1) 2980(3) 3568(3) 一3845(3) 64(I) O(2) 5104(3) 1 278(3) 一2872(3) 79(1 J 

N(1) 1 3407(3) 一3802(3) 一2384(3) 43(1) C(1) 2384(4) 2464(4) 一2727(4) 48(1) 

C(2) 3593(4) 1 1 54(4) 一21 86(4) 52(I) C(3) 14756(4) 一4728(4) 一274I(4) 51(1) 

C(4) 1 5074(5) 一6046(4) 一1676(4) 62(I) C(5) 1 3990(5) 一6424(4) 一266(4) 64(1 J 

C(6) 12605(5) 一5465(5) 84(4) 61(I) C(7) 12338(4) 一4153(4) 一987(4) 53(1) 

C(8) 13102(4) 一2330(4) 一3530(4) 55(1) C(9) 1 1 350(4) 一2197(4) 一3584(3) 44(1) 

C(10) 10949(4) 一3050(4) 一4226(4) 53(I) C(11) 9365(5) 一2885(4) 一4340(4) 58(1 J 

C(12) 8235(4) 一1835(4) 一3817(4) 54(1) C(13) 8571(4) 一985(4) 一3167(4) 52(1 J 

C(14) 10146(4) 一1 172(4) 一3056(3) 47(I) 

U(eq)is defined as one third of the trace of the orihogonalized U,i tensor 

Table 3 Selected Bond Lengths(A)．Bond Angles(。)and Hydrogen Contacts 

Sy／nmetry codes： i= 2 一 x， 一 ，， 一 一 1： + 1， Y一 1， 
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mation．This angle is lnuch larger than those observed 

in analogous 【Ni(dto)2] complexes containing aro— 

matic cationsl lJI．Some factors have effect on the value 

of angle， among them， one factor is the hydrogen 

contacts between the hydrogen atoms of cations and the 

oxygen atoms of dto 一which will be known belowI8】_In 

the l一(4-fluorobenzy1)pyridinium cation，the dihedral 

angles with the N(1)一C(8)一C(9)reference plane are 

74．4(2)。for phenyl ring，53．1(2)。for pyridine ring， 

respectively． 

The view of the unit cell of the title complex to— 

gether with the hydrogen bond interactions between the 

cations and anions are shown in Fig．2(dotted lines)． 

One hydrogen bond pair is between C(3)atom on 

pyridine ring and O(1 )atom on 【Ni(dto)2] 一anion 

(i=2一 ，一Y，一z—1)，C(10)atom on phenyl ring 

and O(1 )atom(j= +l，Y—l，z)；another hydrogen 

bond pair between C(8)atom on methylene and O(2’) 

atom on【Ni(dto)2] 。anion(i=2一 ，一Y，一z—1)， 

as well as C(13)atom on phenyl ring and O(2)atom． 

The corresponding hydrogen bond contacts and angles 

are given in Table 3． As could be noted， the neigh— 

bouring cations and anions form channels by means of 

these hydrogen bond pairs (Fig．3)．In the title con— 

plex．there is no evidence of 7r一7r interaction between 

dithiooxalate groups belonging to neighbor anions， 

which have been found previously ． 

We have observed a complex of nickel dithioox— 

alate described above． The topology and size of the 

aromatjc catjon has re】ated t0 its m0】ecLkl】ar nnforma— 

Fig．2 Packing of the title complex together with network 

of hydrogen bond 

Fig．3 Channel formed by hydrogen bond in title complex 

tion． Furthermore，the crystal packing of this kind of 

complexes could be influenced． 
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