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ABSTRACT

A new two dimensional coordination polymer of calcium-cesium benzene-1,3,5-tricarboxylate (BT C) was obtained
from aqueous solution. Structure was composed of zigzag chains constructed with Ca?* and Cs' ions with BTC.
[CaCs(BTC)(OH,),] crystallizesin monoclinic space group P 1 21/c 1 witha=7.105(6) A, b =22.405(20) A, ¢ =

12.032(0) A, V=1911.9 (30) A%

INTRODUCTION

Supramolecular framework structures of meta-or-
ganic coordination compounds have potentid applica
tionsasabsorbents, ion exchangers, protonic conduc-
torsand catalysts'. Open framework structures of
Benzene-1,3,5-tricarboxylicacid (BTC) withakaine
earthmetd iong® werereported earlier. BTC with three
fold symmetry makesit avery attractive choice for
obtaining a(6,3) type structure, the framework of a
kagomelattice®®. Controlled co-ordination networks
of BTC withtransition metd ionssuchasMn?*, Co?,
Ni%", Zn?*, Cd?* etc., were synthesi zed through hydro-
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Scheme 1 : Benzene-1,3,5-tricarboxylate molecules (a)
unidentateand (b) bidentate
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thermal technique®Y. Someof theguest moleculessuch
asCH,,C H, etc., aresdectively absorbed into com-
pounds, Cd(NH,),Ni(CN),.G (G=guests), Zn,(BTC)
NO,.(C,H,OH)..H,0**". Inasimilar way Ca-BTC
complex dsodlowing Cs" ionsintother coordination
gphereascounter cations. Ingenerd carboxylategroups
from Benzene-1,3,5-tricarboxylate mol ecules exhibits
two kindsof bonding modes such asunidentate (a) and
bidentate (b) (Scheme1).

EXPERIMENTAL

All chemicalsused for synthesiswere purchased
fromAldrich, Fluka, Merck and Lancaster chemicals
and used without further purification. 1.0mmol benzene-
1,3,5-tricarboxylic acid (0.210g) and 3.0mmol
CsOH.H,0 (0.504g) weretakenin 10 ml of distilled
water and stirred for few minutes. 0.5mmol
CaCl,.2H,0 (0.074g) was added to the above mixed
solution and stirred again for few minutes. Needle-
shaped colourless crystals of [CaCs(BTC)(OH,),]
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Figurel: Complex[CaCs(BTC) (OH.,),] (view alongwith c-
axis)

Figure2: Complex[CaCs(BTC) (OH,)] (view alongwith a-
axis)

Figure3: Thecoordination of Ca?* and Cs'by BT C carboxylate
groupsin bidentatefashion

were observed after one hour. After mixing the ben-
zene-1,3,5-tricarboxylic acid and CaCl .2H,Ointhe
presence of CsOH.H, O according to the above pro-
cedure, the solution was heated hydrothermally at
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TABLE 1: Crydtal datafor [CaCS(BTC)(OH,) ]

Formula CgH,,CaCsOy5
Formula weight 542.24
Crystal system monoclinic
Space group P121/c
a(d) 7.1045(6)
b (A) 22.4047(20)
c(A) 12.0314(10)
a(®) 90
B 93.27(0)
7 (®) 90
Cell volume (A3 1911.97(30)
Dca (g/cm®) 1.877
z
Diffractometer SMART Apex
u(Mo-K,) (mm™)
T(K) 200
Data measured 9159
Unique data 4130
Ringt 0.0274
WwR, 0.1816
S (all data) 1.056
Parameters/restraints 283/17
Peak/hole +3.94/1.15

TABLE 2: Sdected bond lengthsand anglesfor [CaCs(BTC)

(OH,) ]

Distance [A] Angles [deg]
Cal-0O1 2.481(2) Cal-Csl-Cal 103.05°
Cal-02 2.460(2) Csl-Cal-Csl 103.05°
Cal-O7(w) 2.378(1) Cal-07-Csl 105.22°
Cal-08(w) 2.422(1) Cal-08-Csl 98.46°
Cal-0O9(w) 2.390(1) Cal-09-Csl 100.66°
Cal-010(w) 3.340(1) Cal-010-Csl 102.03°
Cal-O11(w) 2.362(1)  Cal-O11-Csl 96.53°
Cs1-03 3.220(3)

Csl-04 3.321(2)
Csl- O12(w) 3.172(2)
Cs1-013(w) 3.532(3)
Cs1-014(w) 3.439(2)

180°C for 24hrsunder autogenous pressure. Similar
needle shaped colourless crystals of [CaCs
(BTC)(OH,) ] were found in the autoclave. Yield:
0.0869, 31.72%. Elemental analysis calculated for
C,H,,CaCsO,, (542.24): C 19.94, H 3.90. Found: C
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20.86, H 3.42. IR, v/cm; 3424br, 1614s, 1554m,
1433m, 1369m, 1104s, 763s, 732m, 521s. Theinfra-
red spectrawere measured using the K Br disk method
on aPerkin Elmer ‘spectrum one FTIR system.

Crystal structuredetermination

Dataweremeasured on SMART Apex diffractomer
using graphite- monochromated Mo-Karadiation (A =
0.71073 A°). The structures were solved by direct
methodsand refined by full-matrix least-squaresagainst
Ffor dl data, using the SHEL X TL software®. Crys-
tal dataand detail s of the datacoll ection and structura
refinement aresummarizedinTABLE 1.

RESULTSAND DISCUSSION

Figurel showsthesingle X-ray crysta structure of
[CaCs(BTC)(OH,),]. The absorption bands of the
asymmetric and symmetric vibrations of BTC appear
at 1554 cnrt and 1433 cmt inthe IR spectrum of the
compound. Thebroad band a 3424 cm* and the sharp
band at 1614 cm* arean indicative of the presence of
water inthe metal coordination sphere. Two dimen-
sional networks were constructed from Ca(ll) with
Benzene-1,3,5-tricarboxylate (BTC) in presence of
CsOH.A singlecrystd andysisperformed onthecom-
pound [CaCs(BTC)(OH,),] showsthat thestructureis
composed of zig-zag chains constructed with Ca?* and
Csionswith BTC asshowninfigure2. Thecarboxy-
lateunit (O1 and O2) of BTC bind with Ca2+ionina
bidentatefashion. Smilarly, the second carboxylate unit
bind with Cs'ionin bidentatemanner (Figure3). Third
carboxylategroup wasnot involvedinthebonding. Ca?*
ionsexhibits 7-fold coordination and bindswith five
water ligands (07, 08, 09, 010, O11) in addition to
BTC carboxylate group. Selected bond lengths and
anglesof [CaCs(BTC)(OH,) ] arepresentedin TABLE
2. Thelayersare held together by carboxylate unitsin
thestructuretoyield atightly held 2-D solid structure.
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SUMMARY

Thisstudy demonstratesthat multidentate linker,
BTC when polymerized with Ca*, produced two di-
mensiond zigzag frameworksin presenceof Cs'.
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