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Structure and Properties of a One-Dimensional Chain Cobalt Coordination Polymer， 

{【Co(H2O)4(3，3 -azpy)】(3，3 -azpy)3(PF6)2} 

LI Bao—Long ·‘ LANG Jian—Ping XU Zheng YU Kai—Bei’ 
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( Coordination Chemistry Institute，State y Laboratory of Coordirmtion Chemistry，Nanjing Universit)"，Nanjing 2 1 0093) 

( Chengdu Centre of Armlysis and Measurernent，Academia Sinica，Chengdu 6 1 004 1) 

The complex ([Co(H2O)4(3，3 一azpy)】(3，3 一azpy)3(PF6)2}， (3，3 一azpy=3，3 一azobispyridine)has been 

synthesized and characterized．The crystal (C4oH4oF,2CoNi604P2，M =l 157．75)belongs to the triclinic system， 

space group P1 with the following crystallographic parameters：0：10．759(2)，6=II．012(2)，c=23 207(4)A： 

：85．330(10)， =83．470(10)， ：69．770(10)。； V=2560．6(8)A ，D =1．502g·cm-3 ／x(Mo Ka)= 

0．498mm～，F(O00)=1178，Z=2，and final Rl=0．0469，WR2：0．1053 for obse~ed reflections 5549 (，> 

2．00 (，))．The X—ray analysis reveals that cobalt(11)cation coordination environment is a distorted octahedral 

geometry，the Co“ ion is coordinated by four oxygen atoms of water in the equatorial plane，while the two nitrogen 

atoms of 3，3 azpy occupy the axial positions．The complex forms a one—dimensional chain structure via 3，3 一azpy 

bridging ligand．The one—dimensional chain forms three—dimensional network by hydrogen bonds and 7r一7r inter— 

actions． 

Keywords： crystal structure one-dimensional chain cobalt complex az0bispy ridine 

O IntrOductjOn 

The development of inorganic supramolecular ar一 

收稿 日期 ：2001．12-01。收修改稿 日期：2002．01 07。 

江苏省有机合成重点实验室基金资助项目(No．KJS01018)。 

★通讯联 系人。E．mail：1ib11965@263．net 

第一作者：李宝龙，男，36岁，博士．副教授；研究方向：配位化学。 

chitectures is a rapidly developing area of research that 

has implications for the rational design of functional 

materials ．A convenient path to obtain a polymeric 
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structure is to use a bifunctional ligand such as 

pyrazine，4， 4'-bipyridine or 4， 4'-azobispyridine，to 

link metal ions to form an infinite structure[ ·4。
．
The 

unique directionality，strength，and complementary of 

non—covalent hydrogen and coordinated bonding play an 

important role in the construction of a variety of motifs 

for molecular self-assembly and recognition ' ．How— 

ever networks constructed by incorporation of metal ions 

within ordered hydrogen··bonded systems by the con·r 

current action of both extended coordination and hy— 

drogen bonds have not yet attracted great attention．In 

an attempt to prepare supramolecular architectures by 

using ligand 3，3 一azobispyri(tine (3，3 一azpy)，we 

obtained a one—di mensional chain cobalt complex and 

for which the three—dimensional network is constructed 

by hydrogen bonds and 7r一7r interactions Here we 

report the structure and properties of 3， 3 一azpy com— 

plex{[Co(H20) (3，3 一azpy)】(3，3'-azpy)3(PF。) ) 

(1) 

1 Experimental 

1．1 M aterial and Instruments 

All reagents were of A R grade and were used 

without further purification．3，3 一azobispyridine(3，3 

一 azpy)was prepared following the literature method‘ ． 

Elemental analyses for C．H and N were performed on 

a Perkin—Elmer 240C analyser． IR spectra were ob— 

rained for KBr pellets on a Nicolet 1 70SX F1、一IR 

spectrophotometer in the 4000～400cm～ region． 

Magnetic susceptibilities were measured in the 

solid state using a CAHN一2000 Faraday balance with 

[Ni(en)2]S203 as a standard at 6000(；magnetic field． 

1．2 Synthesis of(【Co(H20)4(3，Y-azpy)】(3，3 - 

azpy)s(PF6)2} (1) 

Co(C10 )2·6H2O (0．366g，lmmo1)and KPF 

(0．368g，2mmo1)were dissolved in 20mL water，then 

an ethanol solution (20mL)of 3，3 一azpy (0．184g， 

l mmo1)was added． The result solution was continu— 

ously stirred for 30 min and then filtered， the filtrate 

was placed on the bench top for about one month at 

room temperature．The red single crystals suitable for 

X—ray diffraction were obtained． Yield： 0．1 83g 

(63．3％ based()n 3，3 一azpy)．Found：C，41．37；H． 

3．42； N． 19．14 for C40It4l】Fi 2CoNl 6O4P2 calc(1．： C， 

41．50；H．3．48；N． 19．36％ ． 

1．3 X-ray Single Crystal Structure Determination 

A single crystal with approximate dimensions of 

0．54mm ×0．36ram ×0．16ram was selected f()r X—ray 

diffraction analysis．All intensity data wet’e collected on 

SIEMENS P4 four—circle diffraetometer with a graphite 

monochromate(1 Mo Ka radiation (A=0．7 l 073A)Ll — 

ing w／2 0 scan type at 290(2)K．A【(J【al of 9852 r — 

flections were collected in the range 1．77。< 0 < 

25．0l。．of which 90l4 were independent．5549 o1)一 

servable reflections with ，>2 o-(，) Wel-e used in 

structure solution and refinements．The correcti()ns fo1一 

Lp factors and empirical absorption were applied to the 

intensity data． The structure was solved by (1irect 

methods．The position of hydrogen atoms Wel’e calcu— 

lated using idealized geometry except the hydrogen 

atoms of coordination water which wel-e obtained fronl 

successive Fourier syntheses．The structure was 1．efined 

on P by full—matrix least—squares method using the 

SHELXTL一97 program package Oil a 586 computeI‘．All 

non—hydrogen atoms were refined anisotropically．The 

final refinements convel。ged at R =0．0469． w R= 

0．1053 with埘=l／[ (F )+(0．0590P) ]，where 

P：(F() +2Fc )／3．The Inaxinlunl shift(A／o-) ．．、is 

0．00l and the goodness ot’fit S=0．909．The maxi— 

mum and minimmn peaks on the final fliffel’ence 

Fourier map corresponded to 0．586 e A一 aud 

一 0．356 e·A一3．respectively． 

CCDC：l 75864 

2 Results and Discussion 

2．1 Crystal Structure 

Selected bond lengths and bond angles are showii 

in Table 1．The molecular structure of the complex(1) 

is shown in Fig．1．The X—ray structure analysis shows 

that complex(1)consists of coordination [Co(H2O)4 

(3，3 一azpy)] cation，disorder PF6一anions and Ull— 

coordinated 3。 3 azpy ligand．The cobah(II)cation 

coordination environment is a distorted octahedral ge— 

ometry．Co ion is coordinated by four oxygen atoms(if 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


第 7期 李宝 龙等：一维链钴配 位聚合物 {【Co(H：()) (3，3 一azpy)】(3，3'-azpy)3一(PF ) 】 的结构和性质的研究 ‘71 1‘ 

Table 1 Selected Bond lengths(A)and Angles(。) 

Fig．1 Molecular structure of the complex 1 

Displacement ellipsoids are shown at 30％ probability 

coordination water (Co．O(1)2．036(3)；Co—O(2) 

2．113(3)；Co．O(3)2．117(3)；Co—O(4)2．042(3) 

A)in the equatorial plane and mean deviation from 

plane is 0．0284h，while the two nitrogen atoms of 3， 

3 一azpy (Co—N(1)2．163(2)；Co—N(3)2．161(2)A) 

occupy the axial positions．3，3 ·azpy ligand exhibits a 

trans—form isomer．The complex forms a one—dimensi— 

onal chain structure via 3，3 azpy bridging ligand．The 

distances of two cobalt atoms separated by bridging 

ligand 3． 3 ·azpy for the Co⋯ CoA and the Co⋯ CoB 

are 1 1．931 and 1 1．863h，respectively(Fig．2)． 

Hydrogen bonds O—H⋯N (O(4)⋯N(5)=2．809 

(4)A，O(1)⋯N(8)(～ +1，一Y，一z)=2．824(4) 

A，O(3)⋯N(9)=2．749(4)A，O(4)⋯N(12)(一． + 

1，一Y，一z一1)=2．756(4) A)of intra—chain． in— 

volving the water lnolecules COOl dinated to cobah at()Ills 

and the uncoordinated 3， 3 一azpy bases (acting as 

spaces)form Co—H20⋯3，3 一azpy⋯H20一Co一3，3 一azpy 

rings [Co—O(4)⋯3，3 一azpy⋯O(1)(一 +1．一)． 

一 z)一Co一3，3 一azpy and Co—O(3)⋯3，3 一azpy⋯O(4) 

(一 +1，一Y，一z一1)一Co一3，3 一azpy]．Hydl‘ogen 

bonds O．H⋯N(O(1)⋯N(15)=2．726(4)A，Ol2卜 · 

N(13)=2．726(4)A)of adjacent chains．involving the 

water molecules coordinate({ to cobalt atonis all(1 

the uncoordinated 3，3 一azpy bases(acting as spaces J 

form long Co—H20⋯ 3． 3 一azpy⋯ H20一Co bridges．The 

hydrogen bonds are also formed between hydl、ogen 

atoms of coordination H2O and F atoms of dis()rder PF6一 

anions(O(3)⋯F(9)，2．846h；O(4)⋯F(9 )．3．016 

(19)A)．The hydrogen bonds are presented in Table 2． 

N(9)and N(15)pyridyl rings of 3，3 一azpy stack 

with a face—to—face separation of ca．3．5～3．7h．ill— 

dicating a significant 7r一7r interaction ’ ．N(5)an(1 N 

(13)( 一1，Y， )(separation ca．3．4～3．7h)，N(8) 

and N(13)(1一 ，一Y，一z)pyridyl rings(separation 

co,． 3．4～3．7A)， N(9)and N(15)pyridyl rings 

(separation co,．3．5～3．7h)，N(9)and N(12)(1一 

， 一 1一Y，一1一z)pyridyl I’ings (separation c “． 

3．5～3．8h)and N(12)and N(15)(2一 ，一1一 

一 1一z)pyridyl rings (separation c“．3．5～3．9Aj 

also involve 7r 77"interactions． The one—dimensional 

chain complex forms three··dimensional network struc-- 

ture via hydrogen bonds and 7r一7r interactions in the 

crystal packing as illustrated in Fig．3． 

2．2 Infrared Spectrum and M agnetic 

M easurement 

IR spectra shown the bands al’e as follows：3607~ ． 

2900～3300v， 1667m， 1601v， 143l、rs， 1 323w． 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


· 712· 无 饥 化 学 学 报 第 1 8 

Table 2 Distance(．&)and Angles(。)in Hydrogen Bonds 

Symmetry transformations used generate equivalent atoms：a：一 + 1
，

一 Y，一 。： j)：一 + 1．一 ．一 ：一 

Fig．3 Molecular packing in the crystal structure of the 

complex 1 

ll92vs， ll l5v，l026s，857vs，698vs，633m，559vs 

and 521wcm～．The strong peaks at 1431cm一 belong 

to the N =N stretch vibration of azo groupt ‘”
． The 

strong peaks at 857 and 559cm～ belong to PF6一 

stretch vibration． 

The magnetic moment of the complex 1 is 4．82 

B．M．at 300K．The value is greater than the spin—only 

value 3．87B．M．for one local S=3／2，suggesting an 

orbital contribution of the high spin Co(Ⅱ)to the mag— 

netic moment．The magnetic moment exhibits continu— 

OUS decrease upon cooling to 4．79B．M． at 75K． 

110 
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：  
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二 6O 

5O 

4O 

3O 

20 

50 l00 l50 200 250 300 
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Fig．4 Plot of 1／X versus Tfor the complex 1 

Variable—tempm’ature magnetic susceptibility studies ill 

the temperature range 75～300K， showed that the 

compound 1 obey the Curie—Weiss law， =C／(7 一 

0)，with values of 0=5．586K． C=2．877emu·K · 

mol (Fig．4)．There is a weak anti—fen‘omagnetic in— 

teraction between the cobalt(Ⅱ)ions via 3． 3 -azpv 

bridging in the complex 1． 
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