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ABSTRACT

A seriesof coordination polymersof thegenerd formula{[M (DPP)(MIMZ)X
(H,0)].xH,C} , (M =Mn(ll), Co(Il), Cu(I1), Cd(11) and Po(11), DPP= 1,3-di (4-
pyridyl)propane and MIMZ = 1-methylimidazole, X= chlorideor nitrate, has
been prepared and characterized. The structure of the coordination polymers
has been assigned based on elemental analysis, FT-IR and electronic
spectral studies, thermal analysis, scanning electron microscope (SEM) and
X-ray powder diffraction. Thermogravimetric analysis (TGA) wasalso used
to follow up the possible thermal decomposition steps and to calculate the
thermodynamic parameters of the nano-sized metal complexes. Thekinetic
parameters have been calculated making use of the Coats-Redfern and
Horowitz-Metzger equations. The antimicrobial activity of the synthesized
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compounds was tested against six fungal and five bacterial species.
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INTRODUCTION

Coordination polymers span scientific fieldssuch
asorganic andinorganic chemistry, biology, materials
science, e ectrochemistry, and pharmacol ogy, having
many potential applications™®. They represent anim-
portant interface between synthetic chemistry and
materia science. Nanometer-sized particles of metal
coordination polymersareof interest to explore, since
their unique propertiesare controlled by thelarge num-
ber of surfacemolecules, leadingto an entirely differ-
ent environment than thosein abulk crystal®®. The
flexible nitrogen donor ligand 1,3-di (4-
pyridyl)propaneisused in the construction of coordi-
nation polymersthat can show awiderange of inter-
esting topologies as chains, ladders, grids and

adamantoid networks”8. 1-Methylimidazoleand its
derivatives have been used to mimic aspects of these
biomolecules. MIMZ isalso the precursor for the syn-
thesisof themethylimidazole monomer of pyrrole-imi-
dazole polyamides. These polymers can selectively
bind specific sequences of double-stranded DNA by
intercal ating in asequence dependent mannert. Imi-
dazoleand itsderivativesrepresent avery interesting
class of compounds because of their pharmaceutical,
analytical, most common binding sites in various
metalloenzymes and industrial applicationg®d, We
report inthiswork on the synthesisand characteriza-
tion of manganese(ll), cobalt(Il), copper(ll),
cadmium(ll) and lead(11) coordination polymerswith
DPP and MIMZ. The structures of the ligands are
presented in Figure 1.
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Figurel: Chemical structureof DPPand MIMZ

EXPERIMENTAL

M aterialsand methods

All chemicalsused wereof analytica grade. High
purity 1,3-di (4-pyridyl)propaneand 1-methylimidazole
weresupplied from SigmaAldrichand E. Merck grad
respectively. All other metal sdtschemicadswereof AR
grade. They were purchased and used without purifi-
cetion.

Prepar ation of thecoor dination polymers

Preparation of Mn(l1), Co(ll), Cu(ll), Cd(ll) and
Po(11) mixed ligand coordination polymersof 1,3-di (4-
pyridyl)propaneand 1-methylimidazolefoll ows essen-
tidly thesameprocedure. [ Cu (DPP)(MIMZ)CL(H,O)]
synthesisistypica. An ethanolic solution 15 mL of DPP
(2.5 mmol) wasd owly added into ahot ethanolic solu-
tion (15mL) of CuCl..2H,0 (1.5mmol) and toan aque-
oussolutionof MIMZ (1.5 mmol) wasadded dropwise.
Theresultant mixturewasstirred for 1 handfiltered. The
Light-green precipitatewas separated, washed with dis-
tilled water and EtOH and then dried over CaCl, ina
vacuumed desi ccator.

Physical measurements

The stoichiometric analyses (C,H,N) were per-
formed usngAnalyischer Funktionstest Vario El Fab-
Nr.11982027 d ementd andyzer. Theconductancewas
measured using a conductivity Meter model 4310
JENWAY. Thel.r spectrawererecorded on aShimadzu
IR-470 spectrophotometer and the el ectronic spectra
were obtained using a Shimadzu UV-2101 PC spec-
trophotometer. Thermal studieswerecarried out indy-
namic air onaShimadzu DTG 60-H therma andyzer
a aheatingrate 10 °C min™. The X-ray diffractometer
wasaPhilips1700 versonwithH. T. PW 1730/ 104
KVA and theanodewas Cu Ko, (A = 1.54180 A). The
scanning € ectron microscopewasaJEOL JFC-1100E
ION SPUTTERING DEVICE, JEOL JSM-5400LV.
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SEM specimenswere coated with gold to increasethe
conductivity.

Biological activity

Theantimicrobial activity of thecomplexeswas
tested against 5 bacterial and 6 fungal strains. These
strainsarecommon contaminantsof theenvironmentin
Egypt and some of which areinvolvedin human and
animal diseases (Candida albicans, Geotrichum
candidum, Scopulariopsis brevicaulis, Aspergillus
flavus, T. rubrum, Saphylococcus aureus), plant dis-
eases (Fusarium oxysporum) or frequently reported
from contaminated soil, water and food substances (Es-
cherichia coli, Bacillus cereus, Pseudomonas
aeruginosa and Serratia marcescens). To prepare
inoculafor bioassay, bacterid strainswereindividualy
cultured for 48hin 100 ml conical flaskscontaining 30
ml nutrient broth medium. Fungi weregrownfor 7 days
in 200 ml conicascontaining 30 ml Sabouraud’s dex-
trosebroth. Bioassay wasdonein 10 cm stevile plastic
Petri platesinwhich microbia suspension (1ml/plate)
and 15 ml appropriateagar medium (15 mi/plate) were
poured. Nutrient agar and Sabouraud’s dextrose agar
wererespectively used for bacteriaand fungi. After so-
lidification of themedia, 5 mm diameter cavitieswere
cutinthesolidified agar (4 cavitied/plate) using serile
cork borer. The chemica compoundsdissolvedindim-
ethyl sulfuxide (DM SO) a 2%w/v (=20 mg/ml) were
pipetted in the cavities (20 ul /cavity). Cultureswere
thenincubated at 28°C for 48 h in case of bacteria and
upto 7 daysin caseof fungi. Theresultswereread as
thediameter (inmm) of inhibition zonearound cavities.

RESULTSAND DISCUSSION

The coordination polymerswere prepared by the
reaction of DPP, metd chloridesor nitrate, and MIMZ
(dissolved in EtOH). The prepared compoundswere
foundtoreactinthemolar ratio 1: 1: 1 metal : DPP:
MIMZ. Thecomplexesareair stable, insolublein com-
mon organic solventsbut partially solublein DM SO.
The corresponding complexesare obtained according
totheequations:

MCI, + DPP + MiMz—EfOH
H,0

{[M(DPP)(MIMZ)Cl,(H,0)] xH,0},,

1)

M = Mn(II), Co (II), Cu (IT) or Cd(IT), x = 0 or 2.
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Pb(NO), + DPP + MIMZ%»

Theresultsarelistedin TABLE 1together with the
color and melting points of the complexes.

IR spectra

Theinfrared spectraof compounds (Figure2) show
a number of bands at 1610, 1611, 1616, 1608 and
1606 cm corresponding to v (C=N) 1,3-(4-
pyridyl)propane for manganeas(ll), cobalt(ll),
copper(11), cadmium(l1) and lead(11) compl exesrespec-
tivelyi*3, Thei.r. spectrafor the complexesshow ase-
riesof bandsat 803, 807, 822, 825 and 812 cmr cor-
responding to the coordination of v (C-N) 1-
methylimidazolemoieties™. A band wasfoundinthe

[PO(DPPYMIMZ)(NO:),(H:0)l,  (2)

1355 cm* region corresponding tothev (NO,) of Ph(11)
compound™, The M-O and M-N bonding are mani-
fested by the appearance of two bands at 430-454 cmr
1 and 512-530 cm? regions, respectively*®. The
stretching vibration of vOH of coordinated water islo-
cated intheregion 3125-3356 cni* for all the com-
plexes. For the Cd(I1) compound, vOH stretching vi-
bration of |attice water was observed in the 3430 cnr
118, Theresultsaregivenin TABLE 2.

Electronic spectraand magnetic moments

The band observed in the electronic spectra (in
DM SO0) of the Mn (11), Co (I1), Cu (1), Cd (I1) and
Pb (I1) ternary coordination polymersof 1,3-(4-pyridyl)

TABLE 1: Colors, elemental analysisand melting pointsof the compounds

M E Found mp.°C Am
Compound ' (Calcd. %) N Scm?
(M.Wh) Color C H N (Decom.) molt
1 (424.27) brown 48.12 5.23 13.20 '
2 (428.26) Blue 47675181308 234 462
3 (432.88) green 47.16 5.13 12.94 '
{[CA(DPP)(MIMZ)Cl»(H,0)].2H,0} C17H26C1,CANLO3 s .. 40.19 5.35 9.87
4 (517.78) White 943507 1082 227 3986
[Pb(DPP)(MIMZ)(NO3)»(H,0)] Ci7H2PoN6O; : 33.34 4.08 12.90
5 (629.65) White 55 49 352 1335 220 55.12

propane and 1-methylimidazolewhich located inthe
region 38,322-39,215 cmr assigned to an—rt* tran-
gtion dueto molecular orbital energy levelsoriginating
inthe DPPmoiety. For al the complexesanother band
isrecorded in the region 28,248-35,714 cm! isas-
cribed to anintraligand transition for the MIMZ. For
manganese compl ex the el ectronic spectraexhibit a
band in the 20,181 cm* reflecting the octahedral ar-
rangement around the Mn(I1) ion which isconfirmed
by the value of the magnetic moment (5.40 BM)%9,
Cobalt(l1) compound a d-d band observed in the

TABLE 2: Infrared spectral data of thecoordination poly-
mers

Compounds v(C=N) v(C-N) v(OH)coord. v(M-N) v(M-O)

1 1610 803 3344 430 512
2 1611 807 3305 436 516
3 1616 822 3320 442 518
4 1608 825 3125 448 522
5 1606 812 3356 454 530

22,123 cm™, The corresponding magnetic moment value
for thiscompound wasfound to be 4.33BM, whichis
in agreement with the octahedra environment around
Co(ll) ion®, Themagnetic moment va ueof 1.80 B.M
for the Cu(ll) complex indicates a octacoordination
around copper(ll) and a d-d band showed in the
19,920 cm %2, The el ectronic spectral dataand mag-
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Figure2: FT-IR of compound Co(l1) coor dination polymer

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 8(3) 2013

Aref AM.Aly et al. 77

netic moment valuesareshownin TABLE 3.

TABLE 3: Electronic spectral dataand magnetic momentsof
thecompounds

Compound (an]a_xl) Assignment El: e,\f/fl
d-d trangtion
20,181 n——> w*transition
1 30,125 . 5.40
38,322 T —> T*transition '
d-d trangtion
22123 n ——> w*trangtion
2 28,409 . 433
38,910 T — T*transition '
d-d trangtion
19,920 n —— w*trangtion
3 28,248 . 1.80
39,062 n—> m*trangition '
N -
. 35714 n—.)rr trangition
38,759 1 —> m¥*trangtion
N -
i 35460 n—.)rr trangition
39,215 1 —> m¥trangtion

The suggested structuresfor DPPmixed ligand co-
ordination polymersareshowninFigures(3-4). Itisto
benoted that in al the published resultsof 1,3-di (4-
pyridyl)propanethetwo pyridyl moieties stand almost
cisto each other with different conformationsand cer-
tainangle?,

Figure3: a) Sructureof {{M(DPP)(MIMZ) Cl,(H,0)].xH,0} ,
(M =Mn(l1),Co(ll), Cu(ll) and Cd(I1),x =0o0r 2); b) A per spec-
tive view of the complete coordination around Cd(l1)

Figure4: Sructureof [Pb(DPP)(MIMZ)(NO,),(H,0)],
Thermal analysis
Thetherma decomposition of compounds (2) and
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(3) hasbeeninvestigated in dynamicair from ambient
temperatureto 750 °C and the thermal data are cited in
TABLE 4. Asarepresentative, thethermogram of the
Co (I1) coordination polymer 2 isdepictedin Figure5.
It showsfour decomposition stepsoccurringinthetem-
perature ranges 39-144, 145-283, 284-442 and 443-
750°C. Thefirst one corresponds to the loss of the
coordinated water molecule(calc. 4.20 %, found 3.32
%) (DTG pesk at 76 °C), for which abroad endother-
mic peak appearsintheDTA curveat 79°C. The sec-
ond masslossisrelated to the free ligand of MIMZ
(calc.19.17 %, found 20.69 %) (DTG peak at 245
°C). Thisstepismarked onthe DTA curve by abroad
an exothermic effect at 247 °C. The subsequent third
and forth steps are decomposition products of there-
mainder of theligand. For these stepsthe DTG peaks
appear at 320, 525 °C and two exothermic effectsare
recorded inthe DTA trace at 322, 528 °C, respectively
(calc. 62.85 %, found 59.77 %). Theresidueis as-
signed to be CoO as indicated from the mass loss
(calc.17.49 %, found 16.22 %).

TABLE 4: Ther mal decomposition data of thecompounds (2-
3) indynamicair

c 4 s TG/IDTG M ass
ompoun T Tm  Tf Loss(%)
1t 39 77 144 3.32

2nd 145 245 283 20.69

2 3rd 284 320 442 30.32
4h 443 526 750 28.45

1t 43 77 145 5.66

3 2nd 146 294496 393 20.93
3rd 3% 750 56.90

Ti=Initial temperature, Tm=Maximum temperature, Tf=Final
temperature

DrTG/ TGA
%

mg/mit
1000 ~—~o
k>
1% |
\
\
N
800F 5
z

100
001 BT Rl e e
e S X
) Y \ {10001

60.0+

\\'I‘(
,—Wj ~—  — ox

—— DTG DTA
uv

420001

L y , I
0.00 200.00 400.00 600.0¢0
Temy [C

Figure5: TG, DTG and DTA thermograms of [Co (DPP)
(MIMZ) Cl(H,0)] indynamicair

==  [H01jANIC CHEMISTRY

Au Tudian Journal



78

Synthesis and biological studies of nanostructured metal coordination polymers

ICAIJ, 8(3) 2013

FPull Paper
KineticAnalysis

Non-isothermal kinetic andysisof the coordination
polymerswas carried out applying two different pro-
cedures: the Coats-Redferni?! and the Horowitz-
Metzger'® methods (Figure6-7). Thekineticand ther-
modynamic parametersfor compounds2 and 3arecal-
culated for thefirst step according to the above two
methodsand arecitedin TABLE 5and 6. The Ther-

modynamic parameters, namdy entropy (AS), enthdpy
(AH") and freeenergy (AG") of activation were calcu-
lated using thefollowing stlandard rel ations:
AS =R[InZh/KkT]

AH =AE_ART (4
AG =AH AT AS (5)
whereh, Planck’s constant, k, Boltzmann constant, R,
gasconstant and T, temperature at the DTG peak.

3

TABLE5: Kinetic parameter sfor thethermal decomposition of the coor dination polymer s(2-3) in dynamic air

Coats-Redfern equation

Horowitz-Metzger equation

Compound Step
r n E Z r n E Z
0.9990 000 288 5.81x 10° 0.9993 0.00 379 1.12 x 10
0.9996 0.33 36.7 7.40 x 10? 09998 0.33  46.2 14.6 x 10°
) 18 09998 050 415 8.35 x 10? 09999 050 509 3.11x 10°
09999 066  46.6 9.37 x 107 09993 0.66  39.7 8.13x 10°
1.0000 1.00 57.6 11.56 x 10? 1.0000 1.00 63.5 11.38 x 10°
09993 200 989 19.63 x 10? 1.0000 2.00 109.7 17.40 x 10°
09921 000 129.9 2.55 x 10° 09930 0.00 1378 3.71x 10°
1.0000 033 1465 2.95x 10° 0.9954 0.33 15538 2.67x 10°
3 1 0.9960 050 159.8 3.19x 10° 0.9965 050 165.9 8.11x 10°
0.9970 066 167.1 3.34x 10° 0.9972 066 175.6 2.36 x 10°
0.9984 1.00 1289 3.57x 10° 0.9946 1.00 1375 2.14x 10°
1.0000 2.00 2338 4.66 x 10° 1.0000 2.00 241.8 9.23x 10°
E in KJ mol?, underlined r in all tables represents the best fit values of n and E
TABLE 6: Activation parameter sof thecompounds(2-3) in vy
dynamicair
Compound  Step AS AH’ AG = ]
2 18 -196.48 2454  100.56 06
3 1% -184.95 12523  103.88 Y
AH" and AG™ in kJmol* & AS'in kJmol?K* 054 b
0.8
] a 0.4+
0.7 b
il 0.3
Y T i T . T b T . T
-8 -4 0 4 8
0.5 3]
Figure7: Horowitz-M etzger plotsfor a) Co(l1) complex and
L b) Cu (11) complexfirst step in dynamic air; whereY=In[1-(1-
i a)1-n /(1-n)] for n=1 or Y=In[-In (1- a)] for n=1
—— Negative AS* values for the first stage of de-
0.00175 0.00180 0.00185 0.00190 0.00195 0.00200

1T
Figure6: Coats-Redfernplotsfor a) Co(l1) complex and b)
Cu (I1) complex first step in dynamic air; where Y=In[1-(1-
a)1-n /(1-a) T2] for n=1 or Y=In[-In (1- @) / T2] for n=1

composition of the Co (I1) and Cu (I1) coordination
polymers suggest that the activated complex ismore
ordered than the reactants and that the reactions are
sower than norma(?27, The more ordered nature may
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be dueto the polarization of bondsin the activated
gtate, which might happen through chargetransfer eec-
tronic transition®!, The different values of AH* and
AG* of thecomplexesrefer to the effect of the type
of the metal ion on thethermal stability of the com-
plexes?,

X-ray powder diffraction of thecoordination poly-
mers

The X-ray powder diffraction patterns were re-
corded for the coordination polymers(3) and (4). The
diffraction patternsindicatethat the compoundsarecrys-
taline. Thecrystal | attice parameterswere computed
with the aid of the computer program TREOR. The
crystal datafor the compounds belong to the crystal
systemtriclinic. Theggnificant broadening of the pesks
indicatesthat the particlesare of nanometer dimensions
(XRD of compound (4) is depicted in Figure 8).
Scherrer’s equation (6) was applied to estimate the
particlesizeof the coordination polymers:

D =K,/ pcosH (6)
where K is the shape factor, A is the X-ray wave-
lengthtypically 1.54 A, B istheline broadening at half
themaximumintensity inradiansand 6 isBragg angle
and D isthe mean size of the ordered (crystalline)
domains, which may be smaller or equal tothegrain
size. Thecrystal datatogether with particlesizeare
recorded in TABLE 7. The average size of the par-
ticles liesin the range 20-34 nm for the two com-
poundswhich arein close agreement with that cal cu-
lated from SEM photographs.

TABLE 7: X-ray powder diffraction crystal data of the
compounds(3-4) and their particlesize

Parameters Compound 3 Compound 4
Empirical formula Ci7HCuN,OCl,  Ci7H56CdAN,O5Cl,
Formula weight 432.88 517.78
Crystal system triclinic triclinic
a(A) 7.787 7.086
b (A) 11.042 10.131
c(A) 13.527 14.890
a () 62.172 58.187
B(°) 95.871 64.297
v(°) 117.698 74.690
Ve e of unit 901.03 898.66
Particle size(nm) 20 34

= Fyll Paper
Scanning electron micrographs (SEM)

The scanning e ectron micrographs of copper(11)
and cadmium(11) coordination polymersasrepresenta
tivesaregivenin Figures 9-10. Thefigures show the
different morphologies of the coordination polymers.
The packing of thestructuresonamol ecular level might
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Figure8: X-ray of {{Cd(DPP)(MIMZ)CI(H,0)].2H,O},
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Figure10: S.E.M of Cd(l1) coordination polymer
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have affected the morphol ogy of the nano-structure of
the compounds.

Microbiological screening

Theantimicrobid activity of compounds(2),(3) and
(4) wastested against 5 bacterial and 6 fungal strain
TABLE 8. Asshownin thetablecompounds(2) and (4)
exhibited abroad spectrum of the antibacteria action
withthehighest activity observed againgt Bacilluscereus

Figure 11 : Microbiological screenning of compound 4
against S.mar cescens(-ve)

(Gram+ve). Concerningtheantifungd activity, thesecom-
poundswere effective against GeotrichumCandidum
(ayesast like human pathogen fungus) with the highest
inhibitory activity exerted by compound (2). Candida
albicans(dsoayeast like human pathogen fungus) was
inhibited by compounds (2), (3) and (4) (Figures 11-
12). Itisassumed that the complexesinteract mainly with
bacteriaand fungi through the 1-methiimidazole moity
which possesseshigh antibacteria andfungd effect.

Figure 12 : Microbiological screenning of compound 3
againg G.candidum

TABLE 8: Microbiological screening of thecompounds

Compound CeBré aurséus Marczscens cI(EJii .aerugi nosa T.rubrum Aflavus C.albicans F.oxysporm G.candidum Sbrevicaulis
(G+ve)  (+ve) (G-ve) (G-ve) (G-ve)
2 14 4 0 0 14 12 0 14 0 19 16
3 13 12 14 15 11 10 0 11 0 11 13
4 20 15 18 18 16 12 27 14 10 18 12
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