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ABSTRACT

A number of new nano-sized supramolecular coordination polymers of
Mn (11), Co (1), Ni (11), Cu(1l) and Cd (I1) derived from 1,2-bis (2-pyridyl)
ethene (BPE) and benzimidazole (BIMZ) has been prepared and
characterized. The compounds have been characterized based on elemental
analysis, FT-IR and electronic spectral studies and thermal analysis.
Thermogravimetry (TG), derivative thermogravimetry (DTG) and
differential thermal analysis (DTA) have been used to study the thermal
decomposition steps and to calculate the thermodynamic parameters of
the metal coordination polymers. The kinetic parameters have been
cal culated from the Coats-Redfern and Horowitz-M etzger equations. From
SEM and TEM photographs as well as from the powder XRD data the
particle size of the complexes was determined which indicates the nano-
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sized nature of the prepared compounds (average size 24-28 nm).

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Supramolecular Coordination polymershavere-
ceived much attention dueto their potential applica-
tionsasfunctiona materiasranging from gasstoragi*Z,
ion-exchange®®l, magnetism'®, catalysis” and mo-
lecular sensing®¥, The continuinginterestinthisarea
isalso dueto their intriguing variety of architectures
and topol ogiesthrough the variation of building blocks
and reaction conditiong’®, Bidentatebridgingligands
such as 1,2-bis (4-pyridyl)ethane and 1,2-bis (2-
pyridyl)ethene arewidely used to construct stable su-
pramolecular complexes of well designed self-assem-
bly!*®, These complexesare of potential application
in catalysig®®. Inthelast decade coordination com-

poundswith infiniteone-, two-, and three-dimensional
network structures have been intensively studied”
Y. Inlast decades, heterocyclic benzimidazol es, their
derivatives and transition metal complexeshavere-
ceived cons derabl e attention in coordination chemis-
try, because of their well-documented biological ac-
tivities. It was found that such complexes showed
larger antimicrobia activitiesthanthefreeligandg?,
Theaim of thisarticleisthereforeto synthesizeand
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Figurel: Sructuresof theligands.
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characterizeanumber of new nano-sized of metal su-
pramolecular coordination polymersderived from 1,2-
bis (2-pyridyl)ethene and benzimidazoleto exploretheir
structuresand properties. Thestructures of theligands
arepresentedin Figure 1.

EXPERIMENTAL

Material

High purity 1,2-bis(2-pyridyl)ethene (BPE) and ben-
zimidazole(BIMZ) werepurchased from SgmaAldrich
andMerck grade. All other chemica swereof AR grade.

Physical measurements

Thegoichiometricanayses(C,H,N) wereperformed
using Analyischer Funktionstest Vario El Fab-
Nr.11982027 e ementd andyzer. Theconductancewas
measured using a conductivity Meter model 4310
JENWAY. Thei.r spectrawererecorded on aShimadzu
IR-470 spectrophotometer and the electronic spectra
were obtained using a Shimadzu UV-2101 PC spectro-
photometer. Therma studieswerecarried outindynamic
aronaShimadzu DTG 60-H thermd andyzer at aheet-
ingrate10°C min™. Thex-ray diffractometer wasaPhilips
1700 version with H. T. PW 1730/ 104 KVA. The
anodewas CuKa4 (8= 1.54180 A). The scanning elec-
tron microscopewasaJEOL JFC-1100E ION SPUT-
TERING DEVICE, JEOL JSM-5400LV SEM. SEM
specimenswere coated with gold toincreasethe con-
ductivity. Transmission dectron microscope (JEOL JEM-
100CX 1l ELECTRON MICROSCOFPE).

Syntheses of the complexes

Synthesisof the mixed ligand supramol ecular co-
ordination polymersof BPE and BIMZ withMn (11),

Co (1), Ni (1), Cu (1) and Cd (I1) follows essentialy
thesame procedure. [Co (BPE)(BIMZ)CL(H,0O)]  syn-
thesisistypica. Anethanolic solution (15 ml) of BPE
(0.2g, 1.1 mmol) wasd owly added into ahot ethanolic
solution (15ml) of cobalt (I1)chloride 1.1 mmol and
then aethanolic solution (15ml) of BIMZ (0.13g, 1.1
mmol) wasadded dropwise. Theresultant mixturewas
stirred for 1 h and filtered and then cooled to room
temperature. The blue precipitate was separated,
washed with distilled water and EtOH and then dried
over CaCl, inadesiccator.

RESULTSAND DISCUSSION

The supramol ecul ar coordination polymerswere
prepared by the reaction of BPE, metal chloridesand
BIMZ in stoichiometric proportionstoyield thecorre-
sponding compounds according to thefollowing equa-
tion:

MCl;+ BPE+BIMZ ETOH/H,0

{[M(BPE)(BIMZ)CL(H,0)].xH;0}, @)

These components were found to react in the molar
ratiol: 1. 1 meta : BPE: BIMZ. Thecomplexesareair
stable, insolublein common organic solventsbut par-
tidly solublein DM SO or DMFE. Themolar conductiv-
ity valuesEM of the complexes in 10 M DM SO solu-
tionsvary from 11.49 to 48.36 S cm? mol %, thusre-
vedling their non-e ectrolytic character??. The compo-
sitions of the complexesare supported by the elemen-
tal analysisrecorded inTABLE 1.

IR spectra

Themost relevant infrared spectral bands of the
ternary complexesaregivenin TABLE 2. The bands

TABLE 1: Colors, elemental analysisand melting pointsof thecompounds.

Found (Calcd.%) m.p.°C A

Compound M.F (M.Wt) Color c H N (Decom.) Som? rrnnol'l
{[Mn (BPE)(BIMZ)Cl,(H,0)].3H;0} , 1 CIQHZEA%%;‘N“O“ Light-brown jg:gg i:gi ﬂ:gg 238 24,56
[Co (BPE)(BIMZ)Cl5(H,0)], 2 Clg?zgfg)"\“‘o Blue giég g:gg ﬂgé 209 48.36
[Ni (BPE)(BIMZ)Cl(H,0)], 3 Clg'*(i%g'\g)'\“‘o Light-green oot 3111190 518 2082
{[Cu (BPE)(BIMZ)Cl»(H;0)] 4H,0} , 4 ClgH(Zg%fgg)N“OS Liant e 90 24 1289
{[Cd (BPE)(BIMZ)Cl»(H,0)].2H,0} » 5 ClgH(Zégg%?ZQ White e a2 A 20 11.49
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observedinthe 1611-1618 cm™ regionsare assigned
tothed (C=N) stretching vibration of the 1,2-bis (2-
pyridyl)ethene523, Furthermore, BIMZ exhibitsthe
bandsintheregion 1426-1437 cm* which can beas-
signedto 6 (C-N) ring?4. A band with medium inten-
sity located in the range 3180-3200 cmr! may be as-
signedtoi (OH) for the coordinated H,Oindl com-
pounds?. For complexes 1, 4 and 5theiOH stretch-
ing vibration of lattice H,O appears at the 3420-3490
e, Metal-oxygen and metal-nitrogen bonding are
manifested by the appearance of aband in the 518-
528 cm* and 419-438 cn regions, respectivel yi?9l,

TABLE 2: Infrared spectral data of the complexes.

é_ 28 - T Z % z 9
E° Sg 28 & < 2 = 2
S =T =T = =
1 3490 3190 3136 1436 1613 428 519
2 - 3196 3110 1437 1612 432 518
3 - 3200 3090 1430 1618 436 518
4 3420 3190 3130 1432 1616 438 528
5 3450 3180 3123 1426 1611 419 520

Electronic spectraand magnetic moments

The UV-Vis spectraof the complexes have been
recorded in DM SO. Theresultsareshownin TABLE
3. For al the complexesaband appearing in therange
23,809-35,716 cm* which can be attributed to the
n’! 0* transition. The band occurring in the range
33,670-40,322 cnt isassigned, however,toad’! o *
transtion. The metal complexesexcept Cd (I1) show
broad bands with very low intensity in the range
25,000-12,000 cm?, which are assigned to the d-d
transitions. That no transitionswere observed inthe
visibleregion for complex 5isconsistent with the d*
configuration of Cd?*. For Mn (1), the magnetic mo-
ment valueof 5.60 B.M isin agreement withthevaue
reported for those of Mn (I1) octahedral complexes?.
The magnetic moment value of 4.36 B.M for the Co
(1) complex indicates an octacoordination around Co
(1N, However, the magnetic moment valueof 2.70
B.M. confirmsthe paramagnetic nature of the Ni (I1)
complex and the octahedral geometry around Ni (11)
ion?, The observed magnetic moment valueof 1.91
B.M. for the Cu (1) complex signifiesthe octahedral
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environment around Cu (1) ion®®. (TABLE 3). From
the above datathe structure of the complexescan be
postul ated asfollows:

w
N= H
\ _
Figure2: Sructureof {{M (BPE)(BIMZ)Cl (H,0)] xH,0} M
=Mn(l1), Co(®),Ni (II), Cu (II) and Cd (IT), x=2,3 or 4.

Figure3: View of thecomplete coor dination around themetal
ionsin thecoordination polymers.

TABLE 3: Electronic spectral dataand magnetic momentsof
thecompounds.

Compounds (Z%%) Assignment Buel\f;l
18,115 d-d transition
1 23,809 n— 7 trangition 5.60
40,322 n— m* transition
21,367 d-d transition
2 29,761 n— 7 trangition 4.36
37,037 n— 7 transition
18,248 d-d transition
3 24,752 n— 7 trangition 2.70
36,496 n— m* transition
15,230 d-d transition
4 27,777 n — m* transition 101
33,670 n— T* transition '
5 35716  n— 7* transition )
36,630 n—> * transition
flano Science and flano Technology
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Thermal propertiesof thecomplexes

ThecomplexesweresubjectedtoaTG andysisin
dynamicair from50to 750 °C. Thethermal decompo-
sition dataof thecompoundsarecollectedin TABLE
4. Thecomplexesarereatively thermally stable. They
decompose in multistage processes. Asarepresenta
tiveexampl ethethermogram of the manganease com-
plex Lindynamicairisshownin Figure4. They show
that the therma decomposition processes of the com-
plexinvolvefivestages. Thefirst and second stagesisa
dehydration process occurringinthetemperaturerange
from 35t0232°C. Themassloss(cac. 14.49 %, found
13.53 %) indicates theloss of 4H,0 moleculeswater
(coordinated andthree crystalline) and formation of the
anhydrous complex [Mn (BPE)(BIMZ)CL,]. For this
steps (DTG minimum at 108, 213 °C) an endothermic
broad peaksisobservedinthe DTA at 109, 214°Cin
thecurve.

{[Mn(BPE)(BIMZ)CL(I11,0)].3,01,
354935 °C
[Mn(BPE)(BIMZ)Cl ], + 4H,0

The observed mass|osses of thethird step (233-418
°C) inthe TG curve agree with the decomposition of
the benzimidazole(ca c. 23.75 %, found 23.06 %). This
stepismarked onthe DTG curveapeaks at (382 °C)
corresponding to thebroad exothermic pesk inthe DTA
curveat 383°C.

[Mn(BPE)(BIMZ)CL], 233-418°C [Mn(BPE)CL], + BIMZ
E—

Theforth and fifth stages (419-502°C) and (503-750
°C) inthe TG curve corresponding to decomposition
product with corresponding two DTG peaks at 494
and 521 °C and two exothermic peaks at 495 and 522
°C in the DTA trace, respectively. The ultimate product
at 750°C iscons stent with theformation of MnO (calc.
14.26 %, found 14.21 %).

A1 bl Y =13 5
[Mn(BPE)CL], 419-750°C

» Decomposition products + MnO

Kineticanalysis
Nor+isothermd kingticandysisof thecomplexeswas

carried out gpplying two different procedures. the Coats-
Redferni® and the Horowitz-M etzger methods.

Coats-redfern equation

In[1-(2-)*" (1-N)T]=M/T+B forn=1 2

flano Soienoe and flano Teohnology

In[-In(1-)/ T9=M/T+B forn=1 3

wherea is the fraction of material decomposed, n is the
order of thedecomposition reactionand M =-E/Rand
B =ZR/OE; E, R, Z and O are the activation energy,
gas constant, pre-exponential factor and heating rate,

respectively.

TABLE 4: Thermal decomposition data of thecompoundsin
dynamicair.

Compounds  Step _TG/DTG Mass
Ti Tm Tf Loss(%)

¥ 35 108 130 5.15

oM 131 213 232 8.38

1 39 233 382 418 23.06
4" 419 494 502 3291

5 503 521 750 16.29

1 30 99 141 4.01

2™ 142 205 294 26.02

2 39 205 537 550 26.62
4" 551 578 750 27.81

¥ 32 60 152 3.23

2™ 153 200 263 12.75

4 39 264 364 385 50.36
4" 386 603 750 19.18

Ti=Initial temperature, Tm=Maximum temperature, Tf=Final
temper ature.

Horowitz-metzger equation

In[1-(1-0)*"1-n] = INZRT Y®E - E/RT +

EO/RT? forn=1l 4
In[-In (1-a)] =EO/RT *forn=1 (5)
where6 =T-Ts, Tsisthetemperatureat the DTG pesk.
Thecorrelation coefficient r iscomputed using theleast
sguares method for equations (2), (3), (4) and (5). Lin-
ear curvesweredrawn for different valuesof nranging
from 0to 2. Thevaueof n, which gavethebest fit, was
chosen asthe order parameter for the decomposition
stage of interest. Thekinetic parameterswere calcu-
lated from the plots of theleft hand side of equations
(2), (3), against /T and against ¢ for equations (4) and
(5). The kinetic parameters for the compounds 1, 2
and 4 areca culated for thefirst step according to the
above two methods and are cited in TABLE 5. The
Thermodynamic parametersentropy (AS*), enthal py
(AH*) and freeenergy (AG*) of activation werecal cu-
lated using thefollowing standard rel ations:

AS* =R[In Zh /KTy 6)
AH* = AE* —RTs @
AG* = AH* — TSAS* ®)
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where: h, Planck’s constant, k, Boltzmann constant, R,
gascongant, Ts, Temperatureat the DTG peak. Nega
tiveAS* vduefor thedifferent Sagesof decompostion
of thecomplexessuggest that the activated complex is
more ordered than thereactants and that the reactions
are dower than norma®*%*1, Themoreordered nature
may bedueto the polarization of bondsintheactivated
state, which might happen through chargetransfer elec-
tronic transition®d. The different values of AH* and
AG* of the complexesrefer to the effect of the struc-

—= Ful] Paper

tureof themetd ionsonthethermd sability of thecom-
plexed®. Thepositivevaluesof AG* indicatethat the
decomposition reaction isnot spontaneous (TABLE 6).

X-ray powder diffraction of thecomplexes

The X-ray powder diffraction patterns were re-
corded for thefollowing coordination polymers 1 and
5. Thediffraction paternsindicatethat the compounds
arecryddline Thecrystd lattice parameterswerecom-
puted with the aid of the computer program TREOR.

TABLE5: Kinetic parameter sfor thether mal decomposition of thecoor dination polymers(1,2and 4) in dynamicair.

Coats-Redfern eguati

on Horowitz-Metzger equation

Compound Step

r n E z r n E Z
1 1st 1 0.33 56.1 11.29x10° 1 0.33 715 4.43x10°
2 1st 0.9984 200 1087 29.80x10° 0.9997 200 1185 28.83x10"
4 1st 1 0.66 3.7 6.40x10° 1 0.66 415 5.22x10"
E in kJ mol*?

TABLE 6 : Thermodynamic parameters for the thermal
decomposition of thecompounds(1, 2 and 4) in dynamicair.

Compound Step ?2G* ?H* 7S
1 1% -196.59 30.68  128.0
2 1% -192.73 3541 127.92
4 1% -202.23 11.28  140.50

DH*, DG* arein kJ mol* and DS* in kJ mol* K

— DTA
— —TGA
ITGA

TGA
g/min %

i DTG

Thecrystal datafor al meta mixed-ligand complexes
belongtothecrystal systemtriclinic. The significant
broadening of the peaksindicatesthat theparticlesare
of nanometer dimensons(RD of compoundsland5is
depicted in Figures 5 and 6). Scherrer’s equation (6)
was applied to estimate the particle size of the coordi-

nation polymers:

DTA
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0.00
60.00
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-0.50¢

20.00

50.00

0.00
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=

Figure4: TG, DTG and DTA thermogramsof {{[Mn (BPE)(BIM Z)CI.(H,0)].3H,0}  indynamicair.

D =KA/ Bcosd 9)

whereK istheshapefactor, A isthe X-ray wavelength
typically 1.54 A, B istheline broadening at half the
maximumintengity inradiansand 6 isBraggangle, D is

themean 9zeof theordered (crystdline) domains, which
may besmaller or equd tothegrainsize. The Scherrer’s
equationislimited to nano scaleparticles. Thecrysta
datatogether with particlesizearerecorded in TABLE

flano Science and flano Technology
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TABLE 7: X-ray diffraction crystal dataof thecompounds1,  Cd (I1) mixed ligand complexes asrepresentativesare

Sand their particlesize. givenin Figures 7 and 8. Thefiguresshow thedifferent
Parameters 1 5 morphologies of the complexes.
Empirical formula C1oH2sMNN4O4Cl,  CigH2:CdN4O5Cl
Formula weight 497.30 536.75
Crystal system triclinic triclinic
a(d) 6.198 4.678
b (A) 9.156 9.416
N 9.073 14.746
a(°) 80.763 52.742
B (° 82.613 88.774
¥ (©) 103.157 72.732
Volume of unit cell (A3) 487.66 482.96
Particle size (nm) 28 24
800
> 600
.E
= 4004
i UM . . \f/\ " /\/wl\ A g\
10 20 30 40 50 60
20

Figure5: XRD of {[Mn (BPE)(BIMZ)Cl.(H,0)].3H,0} 1.
750

600 -

ity

450

Intens

300+

150 -

%5 30 45 60
20

Figure6: XRD of {[Cd (BPE)(BIMZ)CI(H,0)] 2H,0} 5.

7. Theaveragesizeof the particlesliesin therange 24-
28 nmwhichisinagreement with that observed by scan- '
ning el ectron microscope. o : —

Print Mag: 120000x @ 7.0 in
0:45 122811 HV=80.0kV

Electron micr oscopys (SEM & TEM) :
Thescanning eectron micrographsof Mn(ll)and ~ Figure9: TEM of {[Cd (BPE)(BIM 2)Cl(H,0)].2H,0},

flano Soienoe and flano Teohnology
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Figure 9 shows TEM nanographs of as-prepared
nanocrystalineby cacined a 500 °C. The particle sizes
of Cd (I1) compound areintherange 18-27 nm. These
resultsarein agood agreement with the sizes deter-
mined from XRD anaysisby the Scherrer’s equation
(TABLE?7).
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