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Synthesis and Crystal Structure of a Novel Cobalt∞  

Coordination Polymer with M olecular Ladder Structure 
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Co(N03)2， N-earbazolyaeetie acid and 4，4'-bipyridyl can give rise to a novel coordination polymer 

【Co2(Cabo)2(N03)2(4，4'-bipy)2】 using a fritted U—tube． Single crystal X-ray diffraction displays in the complex， 

each Co(Ⅱ)is six-coordinated by two N atoms from different 4，4'-bipyridyl ligands，two O atoms of the bridge from 

two N-earbazolyaeetie acid an d two O atoms of one nitrate an ion to form a distorted oetahedra1．Two 0 atoms of the 

earboxyl group act as bridge to link two Co(Ⅱ)atoms．The resulting structure is a ladder polym er．CCDC：21 1713． 

Keywords： cobalt complex molecular ladder N-carbazolyacelie add 4'4-bipyridyl 

0 Introduction 

In recent years，there has been increasing interest 

in the areas of the crystal engineering an d the design of 

solid-state architecture【”．Inorgan ic-organic supramole． 

cular architectures derived from building blocks that are 

linked by coordinate covalent bond【 ． hydrogen bon— 

ds[’】aromatic 7／"⋯ 7／"stacking constitute an active field 

in the synthesis of interesting topo logical structures an d 

po tential functional materials． Self-assembly is cur- 

rently the most efficient approach toward the design  of 

one一， two一， an d three-dimensional organ ic-inorganic 

hybrid frameworks． However， the factors influencing 
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the information of COOrdination polymers are still not 

well understood in spite of the fact the self-assembly of 

these architectures has been documented to be highly 

influenced by various factors such as the nature of 

metal ions【41，templates【51，counterions【61，and experi— 

mental conditions[ ·引．much work is required to extend 

the knowledge of the relevant structural 

tablish proper synthetic strategies leading 

species． 

types and es— 

to the desired 

There are particular interests in the carbazole 

compounds due to their variety applications such as 

photoconductivity[ · 01．second[ o· 】an d third order[ 】 

nonlinear optical responses an d rich luminescen— 

ce[ ·13一 引
． At present work we introduce the carbazole 

group into metal complexes using N—carbazolylacetic 

acid an d have obtained a cobalt coo rdination po lymer 

th a novel ladder structure in ethanol solution． 

1．1 M aterials 

l chemicals and solvents were dried and purified 

by usual methods． Th e N—carbazolylacetic acid was 

syn thesized accord ing to the literature method【 引．Ele— 

mental an alyses were performed with a Perkin—Elmer 

240 instrument． IR spectra were recorded with a 

Nicolet Fr—IR 170SX instrument in the D00 ～40O 

cm～ region． 

1．2 Synthesis of the 

【Co2(Cab0)2(NO3)2(4，4'．bipy)2】． 

111e complex was prepared by self-assembly of 

cobalt nitrate with 4， 4'-bipyridyl an d N—carbazolylac— 

etic acid in ethano1．Crystals were obtained by using a 

U—tube．4，4'-bipyridyl solution was placed on one side 

of the U—tube， and on the other side cobalt nitrate and 

N—carbazolylacetic acid were added (approximately a 

stoichiometric amount)，followed by enough ethanol to 

equalized the sanle pressure on bo出 sides． After 5-6 

days，well—form ed red crystals were obtained within the 

solutions  of bo th sides．Ana1．Calc．for C24Coil19N4O5： 

C， 57．38； H， 3．81； N， 1 1．15％ ． Foun d： C， 

57．26；H，3．92；N，11．08％ ．IR (KBrpettet，cm )： 

1600 (vs)，1488 (vs)，1456 (s)，1388(s)，1355 

(m)， 

1114 

(m)． 

1．3 

1355(m)， 1318(s)， 

(vs)，1008(vs)，81 1(s)， 

1265(m)， 121 1(m)， 

757(s)，723(m)，629 

X-ray Crystallography 

A single crystal wi th dimensions 0．26 mm x0．20 

mm x 0．14 mm of the title compound was selected an d 

sealed in a capillary containing the mother liquor．In— 

tensity data collections were perform ed using a Siemens 

SMART CCD area detector diffractometer with Mo Ka 

radiation (A=0．071073 am) ．The structure was 

solved with direct methods using the program  SHELXTL 

(Sheldrick，1997) "】and refined anisotropically with 

SHELXTL using full·-matrix least·-squares procedure 

giving for the complex a final R1 value of 0．0495 for 

308 param eters an d 5212 unique reflections with I ≥ 

2 (I)and wRz of 0．1041 for all 12911 reflections． 

All the non—hydrogen atoms were located from the trial 

structure an d then refined anisotropically th 

SHELXTL using full—matrix least—squares procedure． 

Th e hydrogen atom positions were geometrically ideal— 

ized and allowed to ride on their parent atoms and fixed 

displacement parameters． Th e crystal data an d refine— 

ment details are listed in Table 1，selected bond dis— 

tan ces and angles in Table 2． 

CCDC：21 1713． 

2 ResllltS and Discussion 

Th e IR data offree nitrate anion is about 1400～ 

1300 cm～， 820 cm一，690 cm 一1[18] the IR spectral 

data of nitrate an ion after coord ination is 1488 cm ～， 

1318 cm一1,3 1211 cm ～， 1114 cm ～，which aIe higher 

than that of its free state．Obviously，Co(II)atom is 

bonded by two O atoms from nitrate anion and gives rise 

to great influence toward the free nitrate an ion． Th e 

stretching vibration of the carbo xyl group in N·-carbazol·- 

yacetic ligan d IR spectral was observed at 1600 cm 一 

and 1456 cm一 ，respectively，where △ (1,tmrⅢ一 。ym) 

is 144 cm 一1．Th e ban d of 。：。at 1720 cm一 is ab sent 

in the IR spe ctrum of the complex．Th e facts show that 

the carbo xyl group of the N·-carbazolyacetic ligan d ex．- 

hibits the typical bridging coo rdination mode 引． 

Th e molecular structure of the complex consists of 
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Table I Crystallographic Data for I 

R。=∑II I—I II／∑ I I； 

wR2=【∑∞(F,2一 ) ／∑∞(， ) 】 ． 

Table 2 Selected Bond h (nm)and Ang]~ (。)for I 

Co(I)．0(I) 

Co(1)．0(2) 

co(1)．N(1) 

Co(1)．N(2) 

Co(I)．0(3) 

Co(1)．0(4) 

O(1)．Co(I)．0(2) 

O(1)．Co(1)．N(1) 

0(2)．co (1)．N(1) 

0(2)．co(1)．N(2) 

N(1)．Co(I)．N(2) 

O(1)．Co(1)．O(3) 

O(2)．Co(I)．O(3) 

N(I)．Co(I)．O(3) 

N(2)．co (1)．O(3) 

O(1)．co(1)．O(4) 

O(2)．Co(I)．0(4) 

N(1)．Co(1)．O(4) 

N(2)．co (1)．O(4) 

O(3)．co (I)．O(4) 

C(24)．0(1)．co (1) 

C(24)．0(2)．Co(1) 

N(3)．O(3)．Co(1) 

N(3)．0(4)．Co(1) 

0．20185(19) 

0．20265(19) 

0．2138(2) 

0．2153(2) 

0．2186(2) 

0．2222(2) 

123．13(8) 

92．82(8) 

92．01(8) 

89．53(8) 

178．39(8) 

91．oo(9) 

145．56(9) 

90．59(8) 

87．87(8) 

149．07(9) 

87．73(8) 

87．51(9) 

92．08(9) 

58．07(9) 

141．41(19) 

132．56(18) 

93．96(18) 

92．39(18) 

infinite 【Co2(Cabo)2(NO3)2(4，4'-bipy)2]molecular 

ladders as shown in Fig．2．In the【Co~(Cabo)2]frag— 

ments，the O atoms of two carboxylate bridges and the 

Fig．1 Molecule structure of fCo2(Cabo)2(NO,)2(4，4'-bipy)2】． 

Fig．2 Crystal ladder structure of 

fCo2(Cabo)2(NO,)2(4，4'-bipy)2】 

two cobalt atoms are almost coplanar (the mean devi— 

ation：0．0200 nlT1)．Two N atoms from different 4，4 

一bipyridyl ligan ds，two O atoms of the bridge from two 

N—carbazolyacetic acid an d two O atoms of one nitrate 

anion form a distorted octahedral CoN204．Two nearest 

Co(Ⅱ)atoms with a distance of 0．3934 nIn are con— 

nected by two N—carbazolyacetic acid resulting in a 

dinulear framework (Fig．1) The carbazole rings are 

almost parallel to each other and the pyridyl rings of 

each 4，4'-bipyridyl in the complex are virtually copla— 

Bar with each other,only with a smaller average twisted 

angle of 15．8 O． 

In nitrate anion of the complex，the N(3)一O(3)， 

N(3)一O(4)and N(3)一O(5)bond lengths are 0．1266 

(3)nnl，0．1263(3)nm and 0．1224(3)nIn，respec— 

tively．Th e band lengths of N(3)一O(3)，N(3)一0(4)is 

same and△ ( 扯ym— 。y吐1)is 170 cm of the nitrate 

anion IR spectral above． Th e facts show that nitrate 
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anion behaves as a bidentate ligand in the prepared 

complex．The atoms of 0(3)，0(4)，0(5)，N(3)and 

Co(1)is nearly planar．Fig．2 displays a ladder struc· 

ture of the polymer． 

As state above， the report gives all example that 

organ ic functional group can  be introduced into inor· 

ganic fram ework by the formation of coordination poly· 

m er． 
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