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The react ion oi' C ICo., with 4-nitmhenzoic acid (4-nhaH ) result s in the I'ormatio n 01' a scve n coo rdi nated Carll ) 
complex ICa( I-I 20 )4(4-nbah J 1, (4-nba being 4-nitrobenzoate). The cOI11pound has been characteri zed by eleille ntal ana lys is. 
IR and UV-V is spectra and its structul'e deterill ined. The cOlllplex can be dehydrated to the corresponding anhydrou s Ca(ll )
bi s-4-nitrobenl.Oate Ca(4-nbG)2 2. and the anh ydrous cO lllpl ex thus i'ormed can he rehydrated as evidenced hy IR spectra. 
The structure or I ex hibits hoth lllonodenLatc and bident ate carboxylate li gat ion or th e 4-nitrobenzoate li gand. The 
coordinat ion hy the 0 at om i'rom rour water mo lecules completes the heptacoo rdinati on around Carll ). The rree 0 atoills 01' 
the monodentate 4-nha and one o r the coordinated 0 atom 01' the bidentate 4-nba in I are linked via H-bonding to one or the 
coordinated waters 01' a neighbouring Carll ) resulting in the rorm~l ti o n or psucdo dimers. The dilllers thus i'ormed are I'urther 
lin ked with th e aid 01' I I-honds. along ([ as we ll as b resulting: inthc rormation oi'an intricate supramoleculal· nctwork. 

The chemistry of metal-ca rboxy lates is an area of 
continuing research in ves ti gations for several years, in 
view of the diverse applicati ons of ca rbox ylates, 
which include their use as reage nts in organic 
synthesis, mode l compounds in bioinorganic 
chemi stry and prec ursors for oxide materials l

-
s. An 

important aspect of the structural chemistry of metal
carboxylates is the versat il e li gational beha viour of 
the carboxylate li gand , which can function as a 
monodentate, or bidentate or bridg ing type of li ga nd ('. 
Thi s property, combined with the fact that many 
metal-carboxylates are hydrated and contain both 
coordinated as well as crys tal water molecul es that 
ca n parti cipate in H-bonding interaction s7-R, are use ful 
components for the deve lopment of supramol ecular 
assembli es based on carboxy late li gand s. Benzene 
substituted carboxy li c acids are suitabl e reagents fo r 
the con struction of meta l-carboxylate supramol ec uJar 
asse mblies due to their ready availability in pure 
for m. The advantage of usin g benze ne based systems 
is that donor groups like -COOH , -NH2, -OH, -SH, 
etc. can be anchored onto a ri gid six-membered 
benzene ring and the res ulting supramolecu lar 
structures will depend on the pos iti oning of the donor 

1
1'Dedicated to pror. W Weis Weil er 

groups on the ring. The donor groups on the six
membered ring can al so parti cipate in weak H
bonding interactions in addition to the formation of a 
metal-ligand bond . Further, the posi tioning of the 
different donor moi eties with respect to eac h other on 
the benzene ring can be changed and thi s offers the 
poss ibility to in ves tigate the effec t of the subst ituent 
on the structure. In view of thi s. metal complexes 
derived from substituted benzene carboxylic ac id s 
have been in ves tigated by several resea rch groups, as 
ev idenced by the impress ive array of interesting 
metal-organic supramolecular architectures 

I' f . ') - I.! constructed rom these types 0 lI gands . 

Recent reports on the chemi stry of aminobenzo ic 
ac ids with the bio log icall y relevant alkali -earth metals 
ha ve show n that these compounds exh ibit a ri ch and 

. bl I I I . 15·1 (, I va rIa e supralllo ecu ar c leml stry' . n contrast. 
there arc very fe w reports on alkali-ea rth 
nitrobenzoate compl exes 17. Although the e lectron 
withdrawing nitro group lacks the donor 
characte ri stics of the amino functi onality, it can 
participate in H-bonding interac ti ons by formin g H
acceptor bonds, which can then lead to nove l 

I I I · 18 1') A f' I supralllo ecu ar arc lltectures '. survey 0 t le 
reported structures of 4-nitrobenzoate (4-nba) 
complexes indicates that 4-nba is a versatile li gand 



SRI NIVASAN (' I af. : STUDI ES ON IIYDRATED Ca(II )-p- NITROB ENZOATE COM PLEX 2393 

and can functi on as a monodentate I8-25 , bidentate26-28 

or bridging ligand 29-31 . Whil e some examples of metal 
carboxylates sllowing more than one mode of binding 

d6 1 - l~ I' f I are reporte .. - . , t lere IS no report 0 a 1l10nonuc ear 
4-nba compound , which ex hibits mono and bidentate 
carboxy late li gation . Herein, we describe the first 
example of a 4-nba compl ex show ing this behavi our. 

Materials and Methods 
Doubl y di stilled water was used as the solvent. All 

the chemi cal s used were of reage nt grade and used as 
received. The starting material s and reacti on products 
we re stabl e in air and hence prepared under normal 
laboratory conditions. 

IR spec tra we re recorded on a Shi madzu 
(fR Prest ige-21 ) FTIR spectrometer in the range 
4000-400 cm-I. The sa mples for the IR were prepared 
as KBr diluted pellets in the solid state and the signal s 
referenced to polys tyrene bands. Electron ic spectra 
were recorded using matched quartz ce lls on a 
Shi madzu (UV -2450) spectrophotometer. Single 
crys tal X-ray diffracti on stud y was performed at the 
single crystal X-ray facility at School of Chemi stry, 
Uni versity of Hyderabad. Isothermal weight loss 
studi es were performed in an electric furn ace fitted 
with a temperature controll er. TG-DT A 
meas urements were performed in a Netzsc h ST A 409 
simultaneous thermal anal yzer using a heating rate of 
4°Clmin in fl ow in g air. 

l't'cparation of [Ca(II10).(4-nha)J 1 
Method 1 

A mi xture of calcium carbonate (1.00 g) and 4-
nitrobenzo ic acid (4-nbaH) (3.34 g) was taken in 
water (50 mL) and heated on a steam bath . The 
in soluble starting material s slowly started di sso lving 
accompanied with bri sk e ffervesce nce. The heating of 
the reaction mi xture was stopped when there was no 
more evolution of COe. At thi s stage, the reacti on 
mi xture was almost clear and the pH was c lose to 
neutral. The hot so lution was filtered and left 
und isturbed for 3-4 days. The colourl ess crys tall i ne 
bl ocks that separated were filtered, washed 
thoroughl y with ether and dri ed ;/1 VO CII O . Yi eld : 
3.109 g (70 cYr;). The crystal s obtained in this method 
were suitabl e fo r X-ray studies. 

Method 2 

The sodium salt of 4-n ba was fir st generated ;/1 .1';/11 

by reacting 4-nbaH (3 .34 g, 20 mmol) with NaHC03 
( 1.68 g, 20 mmol ) in wate r. Into this , an aqueous 

soluti on of anhydrous CaCi c (1.11 g) was added and 
the reaction mi xture was filtered and le ft as ide for 
crystalli zati on. The crystal s that separated after a few 
days were isolated as above [86% (3.820 g)J. The IR 
spectrum of the product obtained in thi s method was 
identical to that of the spectrum of the product 
obtained using CaCO, as the Ca source. 

An al. Calcd for C I-lHI (,CaN20 12 (444.24): Ca. 9.0 I; 
4-nbaH, 74.32; C, 37 .78; H, 63 ; N, 6.3 Found : C. 
37.93 ; H, 3.58, N, 6.24; . IR (KBr cm-I): 3667(s) . 
3559(s), 3512-2570(bs), 2442(w) , 2247(w), 2208(w). 
1954(w), 18 15(w), 1620(s), 1572(s), 1504(s), 141 6(s) . 
139 1(s), 1344(s), 132 1(s), 128 1(m). 1248( m). 
1169(m), 1140(w), 1107(s), 1011 (m), 982(m), 88 1(s). 
845(s), 799(s), 727(s), 683(m), 644(s), 5 15(s). UV
vis: 274 nm (c: =23775 L.mol' l.cm-\ 

Preparation of Ca(4-nhah 2 

A powdered sa mple of ICa(HeOM 4-nbah ll (0.488 
g) was heated in a temperature controlled furnace at 
250°C fo r -20 min. Thi s resulted in the formati on of 
the anhydrous compound 2. The observed mass loss 
of 16.4% is in very good agreement with the ex pected 
value ( 16.2%) for the loss of four mol es of water. IR 
(KBr cm-I): 3109(s), 3084( m), 2845(w), 2766(\V) . 
2739(w), 2702(w), 2519(w), 2446(m), 2278(vv) . 
22 14(w), 1950(m), 1850(m), 18 11 (m), 1705(m). 
1620(s), 1585(s), 151 8(s), 1422(s) , 139 1(s), 1350(s) . 
13 19(s), 1248(m), 1169(m), 1144( m), 11 07(s). 
1090(m), 1015(s) , 984(w), 968(w) , 864(s). 827(s) . 
802(s), 727(s), 708(s) 627(w). 559(m), 511 (s). 
440(m). 

Rehydration studies 

A powdered sa mple of 2 (0.451 g) was equilibrated 
ove r water in a des iccator. Thi s res ulted in the 
fo rmati on of 1 in near quantitati ve yield in a day. The 
IR spectrum of the rehydrated product is identi ca l to 
that of 1. 

X-ray crystallography 
Intensity data for 1 were coll ected on a BrUker 

Smart Apex CCD diffractometer using graphite

monoc hromated Mo-KC!. radi at ion (/...=0. 7 1069 A). The 
data integrat ion and red uction were processed with 
SAINT software's . An empiri ca l absorption correct ion 
was applied to the coll ected refl ections with 
SADABS}('. The structure was sol ved with di rec t 
methods usin[!, SHELXS-97'7 and re finement 'vvas 
done aga il~s t F2 uSlllg SHELXL-97'7 
All non-hydrogen atoms were refined ani sotropicall y. 
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Tab le I - Crystal 
ICa( 1I 20 )A4-nhah IJ 

dal:1 and structure n.: Jincmcnt i"or Aromatic hydrogens were introduced on ca lcul ated 
positi ons and included in the re fi neme nt riding on 
their res pec tive parent atoms. The H atoms attached 
to 024 could not be located, wh ile the hyd roge n 
atoms of all the other coordin ated water mo lec ul es 
were located in the difference map. The O-H bond 
length s were set to idea l va lues (0 840 A) and 
afterwards refined isotropic usin g a riding model. 
The tec hni ca l detail s of data acqui sition and so me 
se lected crys tal refineme nt res ul ts for 1 arc 
summari zed in Table I . 

Em pirica l i"ormula 
Fmmul a we i gill 
Temperature 
Wavelength 
O'ystal system 
Space group 
Unit ce ll di Illcnsions 

Vo lume 

/. 
Dens ity (calcu lated) 

Ahsmption cocri"icie nt 

nOOO) 
Crys ta l size 

Theta ran ge I'or d:lla co ll ection 
Index ranges 

Re ll ections collected 
Indepcnden t rcilcct ions 
Co mpl eteness 1.0 the ta = 26.0 I ° 
Rei"incmcnt mcthod 

Datairest rai nts/paramctcrs 

Good ness-oi"-fit on ,..2 
Fi nal R ind ices 11 >2sig ma( I)1 
R indi ces (all data) 
Exti nction cocrficien t 
LII'ges t di IT peak and hole 

C I4 11 1u Cai N2 0 12 

444.24 g mo l·1 

293(2) K 
0.7 1073 A 
Monocl inic 
P2 ( I )/c 
II = 13.4766(8) A 
/; = 9975 8(6) A 0= 
104 9820( 10)" 
c = 14 3936(9) A 
fl= I 0-+.9820( J 0°) 

1869 3(2) P 
4 

1.579 mg/ m3 

0.404 Ill m- I 

920 

0.4 1 xO.40x0.40 mm3 

1. 56 to 26.0 I ° 
- J 6<=11<= 16. -1 2<="-<= 12. 
- 17<=1<= 17 
18934 
368 1 IR(i nt) = 00252 1 
99.9% 
Full-matri x least-squares on 
,..2 
368 1/01263 
1064 

R I = 0.035 I. II'H2 = 0.095 J 
HI = 0.0387. IIR2 = 0.0978 
0.01 11 ( 11 ) 

0.355 and -0 .28 1 e. A-3 

4 000 3000 2000 1000 

Wavenumber (em-' ) 

Fig I - IR spectra of: (a) ICa(HzO)4(4-nba)cl 1: (b) J heated at 
250°C : and (e ) reh yd rated product. 

03 

Fig. 2 - The asymme tric unit of 1, showing th e ato m-labelling schcme. Di splacemcnt ell ipso ids arc drawn at the 50% prohahil ity level 
except I'm the II atoms_ whi ch arc shown as circl es 01' arbitrary rad ius. 
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Results and Discussion 
The aqueous reaction of CaCO, with 4-nbaH 

res ulted in the formation of the seven coordinated 
[Ca(H20).j(4-nba)2J 1, which can also be crystallized 
from an aqueous solutio n containing CaCb and 
sodium 4-nitrobenzoa te generated ill situ. Crystals of 
1 were characterized by e lemental analysis, IR, UV
Vis spectra, thermogravimetry, weight loss studies 
and single crystal X-ray structure studies . Treatment 
of 1 with dil HCI resulted in the formation of the 
in solubl e 4-nbaH. The insoluble 4-nitrobe nzoic acid 
(4-nbaH) obtai ned on acid trea tment of complex 1 
was weighed and analyzed as described earlier l7

. The 
filtrate obtained from this procedure was analyzed 
titrimetrically for Ca(II) content following a standard 
procedure. Heating the complex 1 at around 800°C 
resulted in the formati o n of the oxide product as 
ev idenced by weight loss. IR spectrum of the residue 
was featureless indicating complete removal of 
organ ic compounds. The formula of the complex 1 
was arrived at based on these data . 

IR spectrum of 1 exhibits several sharp bands in 
the mid-infrared region, clearly indicating the 
presence of the organic moiety. The strong signal in 
the region 3670-2570 cm-I centered at 3285 cm· l

, can 
be assigned to the O-H stretching vibration. The 
signals for the carboxylate and the nitro 
functionalities were observed as expected,8. For the 
anhydrous complex 2, no band due to -OH vibration 
is observed, while the signal s due to the organic 
ligand are seen 2 on exposure to moi sture resulted in 
the formation of 1 and the IR spectrum of the 
rehydrated product is identical to that of the pristine 
material (Fig. 1). Complex 1 absorbs strongly at 274 
nm in the UV region , which can be assigned to the 
intramolecul ar charge transfer transition of the 
aromatic acid and the observed absorption maximum 
is comparable to the value observed for other 
. b I 17·19 l1Itro e nzoate comp exes . 

1 crystallizes in the monoclinic space g roup P2/c 
and all atoms are located in general pos itions. The 
central meta l is seven coordinated and linked to the 0 
atoms of the four water ligand s. One carboxylate 0 
atom from a monodentate 4-nba and two carboxylate 
o atoms from a bidentate 4-nba ligand complete the 
heptacoordination around Ca(H) (Fig. 2). 
Interest ingly, in the related 4-aminobenzoate (4-aba) 
complex [Ca(H20H 4-abahJ 15, the metal is e ight 
coordinated with the 4-aba li gand , and is coordinated 
in bidentate mode with one of the bidentate 0 atoms 

functionin g as a bridge to the next Ca . The Ca-O 
distances fo r the bidentate 4-nba li gand at 2.4846(13) 
and 2.5202(12) A · are nea rl y equal indicating a 
symmetric bidentate mode while the Ca-O di stance 
for the monodentate 4-nba is shorte r at 2.34 18(12) A. 
The o bserved Ca-O (water) scatter in a small range 
from 2.3162(14) to 2.4323(15) A and all Ca-O bond 
distances in 1 are in good agreement with those 
observed in Ca(II) compl exes''!-.!I. Selected bond 
lengths and bond angles are collected in Table 2 . 

Each molecule of 1 is linked to five other 
mol ecules with the aid of O-H···O interact ions 

Fig. 3 - H-bonding situation around compound 1 showing th e 
linking of each Ca complex with five other complexes via 
intermolecular O-H" 'O interactions. H atoms attached to C arc not 
shown for clarity. Blaek=C. Pink=H. Blue=N. 
Orange=O=Brown=Ca 

Fig. 4 - Linking of two adjacent molecul es of 1 wi th the aid or 
022-H40···0 I. 022-H30···0 12 interactions resulting in the 
formation of pseudo dimers. Blaek=<:;:. Pink=H . I3luc=N. 
Orange=O=Brown=Ca 
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Tab le 2 - Se lected bond distances and bond angles fill' rCa( 11 20)~(4-nba)2 11 

Hand leng!lIs 
Ca( I )-0 (2 1) 2.3 162( 14) 
Ca( I )-0(22) 23257(12) 
Ca( I )-O( II ) 2.3418(12) 
Ca( I )-0(23) 24 130( 14) 

. Ca( I )-0 (24) 2.4323( I 'i ) 
Ca( I )-0 (2) 2.4846( 13) 
Ca(I)-O(I) 2.5202( 12) 
Ca( I )-C(7) 28'i64( 16) 
0(1)-C(7) 1 2'16(2) 
0(2)-C(7) 1.249(2) 
0 (3)-N( I ) 1.214(2) 
0 (4)-N( I ) 1.2 11 (2) 
N(I)-C(4) 1.472(2) 
C( I )-C(6) 1.385(2) 
C( I )-C(2) 1.386(2) 
C(I)-C(7) 1.'108(2) 

/Jond angles 

0 (2 1 )-Ca( I )-0(22) 177.09('1) 
0(2 I )-Ca( I )-O( I I ) 92. 14('1) 
0 (22)-Ca( I )-O( I I ) 89.89(5) 
0 (21 )-Ca( I )-0(23) 94.80(6) 
0(22) -Ca( I )-0(23) / 8768(6) 
O( I I )-Ca( I )-0(23) 76.89(S) 
0 (21 )-Ca( I )-0(24) .8 1.27(7) 
0 (22)-Ca( I )-0(24) 98.09(7) 
O( I I )-Ca( I )-0(24) 147.64(6) 
0 (23 )-Ca( I )-0(24) 72. 19(6) 
0 (2 1 )-Ca( I )-0(2) 9S.14('i ) 
0 (22)-Ca( I )-0(2) 8 1.95(5) 
O( I I )-Ca( I )-0(2) 136.46('1) 
O(23)-Ca( I )-0(2) 144.57('1) 
0 (24 )-CJ( I )-0(2) 7S86('i) 
0 (2 I )-Ca( I )-O( I ) 8'1.38(5) 
0 (22 )-Ca( I )-O( I ) 92.68(4) 
O( II )-Ca( I )-O( I ) 86.24(4) 
0(23 )-Ca( I )-O( I ) . 163. 13('i) 
0(24 )-Ca( I )-O( I ) 124 33(S) 
0 (2)-Ca( I )-O( I ) '1 1. 84(4) 
0 (2 1 )-Ca( I )-C(7) 91.67('1) 
0 (21)-Ca( I )-C(7) 8'1 .6'1 (5) 
O( I I )-Ca( I )-C(7) I I 1.27(5) 
0(23)-Ca( I )-C(7) 169.4 1 (S) 
0(24 )-Ca( I )-C(7) 10662('1) 
O(2)-Ca( I )-C(7) 2\8'1(4) . 

~r . 
O( I )-Ca( I )-(:(7) 2606(4) 
C(7),O( ~ )-Ca( I ) ~. 92.09(10) 
CO)-O(2)-C';)! I) 93.9'i ( I 0) .; 
0 (4)-N( I )-0 (3) : . '!" 121,40( 17) 
0 (4)-N( I )-C(4) . 11 8.42( 17) .' 

t... ,_" . 

0 (3)-N( I )-C(4) 119.1 8(16) 

ranging from 1.880 to 2.511 A (Fig. 3), and all these 
O '''H contacts are shorter than the sum of their van 
del' Waal s radii.)2. The geometric parameters of these 
interactions are summari zed in Tab le 3. A careful 
analysis of the structure reveals that 1 is in volved in 
H-bonding interactions with three of the four waters 

,~ 

C(2)-C(3) 1.384(2) 
C(3)-C(4) 1.373(3 ) 
C(4)-C(5) 1.37'1(3) 
C('i )-C(6) 1379(2) 
O( I I )-C( 17) 1.247(2) 
O( 12)-C( 17) 1 2'14(2) 
0 ( 13 )-N( II ) 1. 2 16(2) 
0(14)-N( II ) 1.223(2) 
N( II )-C( 14) 1.473(2) 
C(II)-C( 12) 1 386(2) 
C(II )-C( 16) 1.389(2) 
C(II )-C( 17) 1. '1 15(2) 
C(12)-C( 13) 1 383(2) 
C(13)-C( 14) 1.37'1(3) 
C( 14)-C( I 'i) 1.374(2) 
C(I'i )-C(16) 1.379(2) 

C(6)-C( I )-C(2) 11 9'i3( 1'1) 
C(6)-C( I )-C(7) 120 12( 1'1) 
C(2)-C( I )-C(7) 12034( 14) 
C(3)-C(2)-C( I ) 12064( 16) 
C(4)-C(3)-C(2) 11 7.97( 16) 
C(3)-C(4)-C(5) 12300( 16) 
C(3)-C(4)-N( I ) 11 864( 16) 
C('i )-C(4)-N( I ) 11 8.35( 16) 
C(4)-C('i)-C(6) 11 8 19( 16) 
C(5)-C(6)-C( I ) 110.67( 16) 
0 (2)-C(7 )-0 ( I ) 111.79( 15 ) 
0(2)-C(7)-C( I ) 11 9'i'i( i4) 
O( I )-C(7)-C( I ) 11 8 66( 14) 
O(2)-C(7)-Ca( I ) 60.20(8) 
O( I )-C(7)-Ca( I ) 61 8'1(8) 
C( I )-C(7)-Ca( I ) 174'12( 11 ) 
C( 17)-0( I I )-CJ( I ) I 'i4.42( 12) 
0(13)-N( II )-0( 14) 123.26( 17) 
0(13)-N(II)-C( 14) I I 8.37( 17) 
0(14)-N(II)-C(14) 11 8.36( 16) 
C( 12)-C( I I )-C(l6) 119.22( 15) 
C( 12)-C( II )-C( 17 12091(1'i) 
C( 16)-C( I I )-C( 17) 119.86( 14) 
C( 13)-C( 12)-C( II -) 1.2064( 16) 
C( 14)-C( 13)-C( 12) 1183 1 ( 16) 
C( IS)-C( 14 )-C( 13) 12268( 16) 
C(IS)-C(14)-N( II ) 11 8.5'i( 16) 
C( 13)-C( 14)-N( II ) 11 876( 16) 
C( 14 )-C( I S)-C( 16) 11 8.24( 16) 
C(1'i)-C( 16)-C( II ) 120 89( I 'i) 
O( I I )-C( 17)-0( 12) 12'1.63( 1'1) 
0 ( 11 )-C( 17)-C( II ) 117.74( 1'1) 
0(12)-C(17)-C( II ) 11 662( 14) 

021, 022 and 023 functioning as H donors while the 
carboxy late and nitro oxygens function as H
acceptors. The free uncoordinated 0 atom of the 
1l10noden tate 4-nba li gand (012) and one of the 
coordinated o.;:ttom of the bidentate 4-nba (0 I) in 1 
are linked to the coordinated water 022 of a 
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Tab lc 3 - Ilydrogen-bond ing gcoillctry CA) I'or rCa(l-12O).j(4-nha)11 1 

D-H ·A d(D-H) d(l-j ··A) d(D·A) <DHA Symmctry codc 

02 1-1-11 0· 01 2 0.840 1.933 2745 162.29 [-x. y+1I2. -z+ 1/2 1 

02 1-1120 ··02 0.840 1.866 2.680 162.73 [-x. y- 1/2. -z+ 1/2] 

022-H30 ··· 0 12 0.840 1.880 2.695 163 .1 8 I-x. -y+2. -z I 
022-H40 01 0.840 1. 882 2.700 164.04 [-x. -y+2. -z I 

023-H50 ·04 0.840 2.282 3.043 150.80 Lx+ I. -y+5/2. 7.+ I 12 I 
023- H60 0 13 0.840 2.5 11 3 104 128.47 [-x+1. y+ l l2. -z+ 1/2 J 

fig. 5 - Mixed nrg~l ni c-in() rgan ic zigzag I-I-bonded chain rormed by hydrogcn acceptors bonds or the ni tro group (023- 1-150 ' 04 and 
023~ H 60"'0 1 3) with coordi nated watcr (023). Black=C, Pink=H. Bluc=N. Orangc=O=Brown=Ca 

fig. 6 --,- Thrct-diJi1ensional H1jboridcd network showing 0-1-1"'0 interactions in the urystallatt ice viewed along c-axis. H atoms all ached 
to C are oillitte~ [oJ"clar ity. l3lack=C. P i nk=I1 . B lue~N. Orange=O=Brown=Ca ' .' 
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Fig 7 - A view of the cxtcndcd suprallloleeular architecture or Istabili zcd by J1-JI stacking intcractions along c. I3lack=C. Pink=H. 
I3luc=N.Orangc=O=l3ro wll=Ca 

neighbouring Ca(II) with the aid of short H-bonds at 
around 1.88 A (Fig. 4). The same contacts are 
observed between the second Ca(H) and the first due 
to the linking of the carboxylate 0 atoms with the 
coordinated water 022 of the first ea(H) in a head to 
tail fashion, leading to the formation of H-bonded 
dimers. The psuedo dimers, thus formed, are further 
linked along {l with the aid of H-acceptor bonds 
formed by the nitro oxygens 04 and 013 in two 
different complex molecules on either side of 1 with 
the coordinated water 023 of 1 resulting in the 
formation of a mixed organic-inorganic zigzag H
bonded chain along ([ (Fig. 5). The H-donor bonds of 
the third water 021 further extend the network along, 
b completing the supramolecular architecture of 1 
(Fig. 6) . An analysi s of the ring interactions reveals 
that the structure of 1 is further stabilized by 7r-7r 

stacking interactions (Fig. 7). The DTA thermogram 
of 1 exhibits three signals at 1l3°C (endo), 266°C 
(exo) and 427°C(exo) corresponding to removal of 
three moles of water, phase change and 
decomposition process, respectively. Based on TG
DT A studies, isothermal weight loss studies were 
performed ina temperature-controlled oven at various 
steps in the temperature range lOO-260°C. Initially, it 
was observed that heating the compound at lOO°C on 
a water bath resulted in mass loss corresponding to 

three moles of water. The IR spectrum of 1 recorded , 

after further heating it to 150°C is very similar to that 
of 1 and the presence of water can be evidenced by 
the strong O-H signal. However, the profile of thi s 
signal is different as compared to 1. No further mass 
loss was observed, on heating (-15 min) the complex 

1 at several temperatures till 240°C. When 1 was 

heated at 250°C, a mass loss of 16.4% equivalent to 
the removal of four moles of water was observed , 
resulting in the formation of the anhydrous compound 
[Ca(4-nbahJ clearly indicating that the last water 
molecule is held tightly and its removal requires 
higher temperature. It is likely that the coordinated 
water 022, which is involved in the formation of 
dimers is held strongly and this is probably 
responsible for the high temperature required for its 
removal. Equilibration of 2 over water results in the 
formation of 1 as evidenced by IR spectra. Thi s 
phenomenon of de- and rehydration has also been 
observed for hydrated 4-nitro as well as 4-
aminobenzoate complexes of Mg(II) in previous 
work I7

- 19A:1. 

Conclusions 
In the present work, we have described the 

synthesis, thermal behaviour, de- and rehydration 
characteristics and supramolecular structure of a 
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seven-coordinated CaO!) complex, which exhibits 
both mono and bidentate carboxylate ligation. 

Supplementary Material 
Crystallographi c data (excluding structure factors) 

for the reported structures have been deposited with 
the Cambridge Crystallographic Data Centre as 
supplementary publication no. CCDC 6159 J 5 (l). 
Copies of the data can be obtained , free of charge, on 
application to CCDC, 12 Union Road, Cambridge 
CB2 I EZ, UK. (fax: +44-(0)1223-336033 or email: 
deposi t@ccdc.cam.ac. uk). 
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