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ABSTRACT

KEYWORDS

Five new metal coordination polymers of the general formula
{[IM(DPP)(H,0), X].xH,0} ., (M =Mn(ll), Co(ll), Cu(ll), Cd(l1) and Pb(l1), m
=0o0r2,X=ClorNO,, x=2or5, DPP=1,3-di(4-pyridyl) propane have
been prepared by the thin film surface layer-by-layer chemical deposition
reaction. The coordination polymers have been characterized based on
elemental analysis, FT-IR and electronic spectral studies, thermal analysis,
X-ray powder diffraction and biological activity. Thermogravimetry(TG),
derivative thermogravimetry (DTG) and differential thermal analysis(DTA)
have been used to study the thermal decomposition steps. The kinetic
parameters have been calculated making use of the Coats-Redfern and
Horowitz-Metzger equations. The scanning electron microscope (SEM)
measurements and the calculations on the powder XRD data indicate the
nano-sized nature of the prepared supramolecular coordination polymers.
The oxides CuO and PbO nano-particles were characterized by X-ray
diffraction (XRD), (SEM) and (TEM) (average particlesize 19-36 nm).
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INTRODUCTION

Supramolecular coordination polymers have at-
tracted much attentionin recent yearsdueto their com-
plicated topologica structuresand intriguing magnetic,
catalytic, luminescent and optical properties¥. They
represent an important interface between synthetic
chemistry and material science. Nanometer-sized par-
ticlesof meta coordination polymersareof interest to
explore, sincether unique propertiesare controlled by
thelarge number of surface molecules, leadingto an
entirdy different environment than thoseinabulk crys-
tall®. Therefore, they are of potential useas materials

for nanotechnol ogica applications. However, their use
as precursors for the preparation of inorganic
nanomaterial shasnot been thoroughly investigated®.
Currently, more research efforts have been devoted to
the beneficia applicationsof the layer-by-layer depo-
sition technique. Thismethodol ogy has emerged and
been found amore economic dternativefor thedirect
preparation of thin filmg™9. Synthesis of avariety of
important compoundswassuccessfully achieved viathe
layer-by-layer thin film deposition approachi*?, In ad-
dition, itisknownthat theflexiblenitrogen donor ligand
1,3-di(4-pyridyl) propane (DPP) isused in the con-
struction of coordination polymersthat can show awide
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rangeof interesting topol ogiesaschains, ladders, grids
and adamantoid networks™. Theligandisabipyridyl
analog with a-CH,CH_,CH, - spacer whichimportsto
itacongderableflexibility. Furthermore, thelonger ni-
trogen to nitrogen span enhances|arger cavatiesfor-
mation intheresulting networks and the variable con-
formationsof DPP may |lead to different extended struc-
tures*?. Reaction of Co(NO,), or Cd(NO,), with DPP
inamixtureof benzene and methanol generatesone
dimensional coordination polymers of theformulas
{[Co(DPP),(NO,),].2C H.} and
{[Cd(DPP),(NO,),].2CH} . Athreedimensional
coordination polymer comprising Cd(l1), NO, and DPP
was also synthesized with the formula [Cd(p-
DPP),(NO,) ] I*3. Plater et al. reported a number of
coordination polymersof Co(ll), Ni(I1) and Cd(1I1) with
different topologies. These polymers which were
synthesised in agueous sol utions have the formulas
{[Cd,(NO,),(DPP),(H,0)].NO.} | and
{[M(DPP)(H,0).](CIO,),.DPP.H,0} . (M= Co(ll),
Ni(I)*, Theligandisalso involved in anumber of
mixed ligand coordination polymers*>*1. Inview of the
aboveimportanceof thisligand anditscomplexes, we
report inthiswork on the synthesisand characteriza-
tion of manganese(ll), cobalt(ll), copper(Il),
cadmium(ll) and lead(l1) coordination polymerswith
DPP. Preparation and characterization of nano metal-
oxidesareal so described.

EXPERIMENTAL

M aterialsand methods

The chemicalsused were of analytical grade. 1,3-
Di(4-pyridyl)propane (E. Aldrich) was purchased and
used without purification.

L ayer-by-layer thin film formation of 1,3-di(4-
pyridyl)propanemetal coordination polymers

Theformation of the 1,3-di (4-pyridyl ) propanemeta
coordination polymerswas carried out by achemical
dipping method according to thefollowing procedure.
Inthismethod, aclean glassmicro-dideof thesze 76.2
mm by 25.4 mm by 1 mm was used asthe solid sub-
strate. {[Cu(DPP)CL(H,0),].4H.0}  synthesisistypi-
cal. A methanolic solution (15 mL) of DPPligand (0.2
0, 1 mmol) was prepared and the copper(I1) chloride
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wasdissolved in 15 mL methanol (0.171g, 1 mmoal).
Theclean substrate wasvertically immersedinto the
copper (1) chloride solution for 40 s period to adher
the alayer of CuCl,.2H,O on the substrate surface.
The substrate was then immersed in the 1,3-di(4-
pyridyl)propane solution for another 40 s, wherethe
pre-adsorbed metal ion on the glass substrate reacts
withthe DPPligand. Repeating thisdipping cyclefor a
few times produced acolored and uniformthin film of
the copper coordination polymer. Thereaction substrate
was carefully rinsed with distilled water and EtOH and
lefttodryinair.

Calcination of thecoor dination polymers

Two of theprepared polymers, namely 3and 5are
subjected to calcination at 550 °C to afford CuO and
PbO oxides, respectively.

Physical measurements

The stoichiometric analyses(C,H,N) were per-
formed usngAnalyischer 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 el ectronic spectra
were obtai ned using a Shimadzu UV-2101 PC spec-
trophotometer. Thermal studieswerecarried out indy-
namic ar onaShimadzu DTG 60-H therma analyzer
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 e ectron microscopewasaJEOL JFC-1100E
ION SPUTTERING DEVICE, JEOL JSM-5400LV.
SEM specimenswere coated with gold to increasethe
conductivity. Transmission e ectron microscopewas of
thetype JEOL JEM-100CX || ELECTRON MICRO-
SCOPE.

Biological activity

Theantimicrobial activity of thecomplexeswas
tested against 5 bacterial and 5fungal strains. These
strainsarecommon contaminantsof theenvironmentin
Egypt and some of which areinvolvedin human and
animal diseases (Candida albicans, Geotrichum
candidum, Scopulariopsis brevicaulis, Aspergillus
flavus, Saphylococcus aureus), plant diseases
(Fusarium oxysporum) or frequently reported from
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contaminated soil, water and food substances (Escheri-
chia cali, Bacillus cereus, Pseudomonas aeruginosa
and Serratia marcescens). To prepareinoculafor bio-
assay, becterid srainswereindividudly culturedfor 48h
in 100 ml conicd flaskscontaining 30 ml nutrient broth
medium. Fungi weregrownfor 7 daysin100ml conicas
containing 30 ml Sabouraud’s dextrose broth. Bioas-
say was donein 10 cm sterile plastic Petri platesin
which microbia suspension (1ml/plate) and 15ml ap-
propriate agar medium (15 ml/plate) were poured.
Nutrient agar and Sabouraud’s dextrose agar were re-
spectively used for bacteriaand fungi. After solidifica
tion of themedia, 5 mm diameter cavitieswerecut in
the solidified agar (4 cavities/plate) using sterile cork
borer. The chemical compoundsdissolved in dimethyl
sulfuxide (DM SO) at 2%w/v (=20 mg/ml) were
pipetted inthe cavities (20 ul /cavity). Cultureswere
thenincubated at 28°C for 48 h in case of bacteria and
upto 7 daysincaseof fungi. Theresultswereread as
thediameter (in mm) of inhibition zonearound cavities.

RESULTSAND DISCUSSION

The coordination polymerswere prepared by the
reection of 1,3-di(4-pyridyl)propaneandthemetad sdts.
The prepared compounds were found to react inthe
molar ratio 1: 1 metal : DPP. The coordination poly-
mersareair stable, insolublein common organic sol-
ventsbut partialy solublein DM SO. The conductivity
wasmeasured in DM SO using 10 M solutions of the
complexes. Although the conductivities of these com-
plexesarelower than reported for 1:1 electrolytes®,
but their va uesrefer to an extensivedissociation of the
complexesin DM SO. Thecompositionsof the coordi-
nation polymersare supported by theelementa analy-
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sisand arerecorded together with color and molar con-
ductancevauesin TABLE 1. Thestructureof theligand
DPPispresentedin Figure 1.

IR spectra

Themost relevant infrared spectral bands of the
coordination polymersaregiveninTABLE 2. ThelR
spectraof the prepared compounds show abandinthe
range 1606-1618 cm* characteristic of the vC=N
dretching vibrationsof the DPP coordinated tothemeta
centert™, A band wasfound at 1385 cm'* correspond-
ing to the v(NO,) of compound 5. The bands at
3420-3440 cm* in the spectraof compounds 3, 4 and
5areassigned to vOH of crystallinewater molecules?!,
whereasthevOH stretching vibrations of coordinated
water moleculesarelocated in therange 3020-3122
cm'* for these complexes?. Metd - oxygen and metal -
nitrogen bonding are manifested by the existence of
bandsin the 505-529 cm* and 416-434 cnmr regions,
respectively?Y. Figure 2 illustratestheinfrared spec-
trum of compound 3.

Electronic spectraand magnetic moments
The UV-Vis spectraof the coordination polymers

Figurel: Sructureof DPP.
TABLE 1: Physical propertiesand elemental analysisof thecompounds

Compound M .F(M.Wt) Color Fcc:)und (C;alcd. OA;\]) (lrjnégc';g_) Scmlz\nrhol'l
IMN(DPRACIL, CuHuClMN,(32413)  LightBrown o0 >3 557 28 60.6
[ZCO(DPP)C'Z]H C1sH14Cl,CoN, (328.12) Dark Blue jg:g j:gg 2:(5)3 212 57.8
{[CUDPPICAHOML AHObn ¢, 1,eC1,CUN,05 (44086)  Greenishblue 3o 203 >89 206 442
LCAOPPICAROI A ¢, ,0c1,CaN,05 (43566 White P 36.8
g[Pb(DPP)(NO@Z]-ZHp}“ C.13H 15PN, (565.55) White 0oL 38 St a6 485
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Figure2: FT-IR of compound 3
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have been recorded in DM SO. Theresultsare shown
inTABLE 3. For all thecompoundsaband appearsin
therange 33,557-34,722 cm* which can be correlated
withan— n* transition. However, the band occurring
intherange 36,496-39,370 cm? isassigned toan—n*
trangtion. Thecompounds, except 4 and 5 show broad
bands with very low intensity in the range 25,000-
12,000 cmt, which are assigned to the d-d transitions.
For Mn(11), themagneticmoment valueof 5.72B.M is
inagreement with the valuereported for those of Mn(l1)
tetrahedral compounds?. Themagnetic moment vaue
of 4.12 B.M for the Co(ll) complex indicates a
tetracoordination around Co(11)i?4. In addition, the
magnetic moment valueof 1.85B.M. confirmsthepara:
magnetic nature of the Cu(l1) complex and the octahe-
dral geometry around Cu(ll) ioni®28, From the above

TABLE 2: Infrared spectral data of thecompounds

0] 0] 0] V) V)
Compounds  4,0)  (NOy)  (C=N) (M-N) (M-O)
1 - - 1610 420 -
2 - - 1616 416
3 3280,3020 - 1618 432 520
4 3420,3122 - 1614 434 505
5 3440 1385 1606 426 529

TABLE 3: Electronic spectral data and magnetic momentsof
thecompounds

Compounds v (cm™) Assignment et B.M

1 36,496  n— m* transition 572

2 21,978 d-d transition 4.12
36,630 n— ©* transition

3 22,831 d-d transition 1.85
33,557 n— m* transition
38,022 n— 7* trangition

4 37,735 n—> T transition -

5 34,722 n — * trangtion -
39,370 n— ©* trangition
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datathestructure of the coordination polymerscan be
postulated asin Figure 3 and 4:

Arnny | = N/M\\N/ ’ = |N.r'-f
S Sy | N N
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Figure3(c) : View of the complete coor dination around the
copper ionsinthecoordination polymers

NQB\Ph/NDJ
My b

Sy oy
Figure4: Sructureof {[Pb(DPP)(NO,),].2H.,0}
Thermal studies

Thetherma decomposition of compounds3and 4
hasbeeninvestigated in dynamic air from ambient tem-
perature to 750 °C and the thermal data are cited in
TABLE 4. Asarepresentative example, the thermo-
gram of the cadmium coordination polymer 4 isde-
pictedin Figure5. It showsfour decomposition steps

TABLE 4: Thermal decompostion dataof compounds3and 4
indynamicair

TG/IDTG

Mass

Compound St
i T Tm Tf Loss%)

st
([cupPP)Cl, L, 42 116 1™ 174
(H,0),] 4H,01, 2, 180 263 319 2176
2 3 2 n 3rd 320 337 393 577
4" 394 559 750 5251

st
{[Cd(DPP)CI, 1n p 48 240 282  11.92
(H,0),].H,0} 2 283 370 388  10.25
AUm AN 39 389 431 490 1694
4" 491 620 750  33.39

Ti=Initial temperature, Tm=Maximum temperature, Tf=Final
temperature
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Figure5: TG, DTG and DTA thermogramsof compound 4in
dynamicair
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occurring inthetemperature ranges 48-282, 283-388,
389-490 and 491-750 °C. In the first step the two
coordinated water moleculesand onecrysta linewater
moleculearerel eased (calc. 12.40 %, found 11.92 %)).
The corresponding DTG peak occurs at 242 °C and
an endothermic peak appears at 244 °C in the DTA
trace. Thesecond, third and forth steps are correl ated
with the decomposition products of theligand (calc.
61.78 %, found 60.58 %) with corresponding three
DTG pesks at 370, 431 and 622 °C and three exo-
thermic peaks at 372, 433 and 625 °C in the DTA
trace, respectively. Thefinal product isassignedtothe
CdO(calc. 29.47 %, found 27.50%) (scheme 1).

[Cd(DPP)(H,0),Cl,].H,0 48-282 °C [Cd(DPP)Cl,] +3H,0
—_—

283-750 1C

Decomposition products + CdO

Scheme 1

Kineticanalysis

Non-isothermal kinetic andysisof the coordination
polymerswas carried out applying two different pro-
cedures: the Coats-Redferni?? and the Horowitz-
Metzger?® methods.
a) Coats-Redfern equation
IN[1-(1-a)*"/ (1-n)T?] =M /T + Bfor n#1 D
In[-In(L-a)/ T =M /T +Bforn=1 2
wherea is the fraction of material decomposed, n is the
order of thedecomposition reaction and M =-E/Rand

B =ZR/®E; E, R, Z and @ are the activation energy,
gas constant, pre-exponential factor and heating rate,
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respectively.

b) Hor owitz-M etzger equation

In[1-(1-a)*1-n] =InZRT J®E - E/RT_+

EO/RT *forn#1 3
In[-In(1-0)] =E6/RT *for n=1 4
where0="T-Ts, Ts is the temperature at the DTG peak.
Thecorrelation coefficient r iscomputed using theleast
sguares method for equations (1), (2), (3) and (4). 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 cal cu-
lated from the plots of theleft hand side of equations
(1), (2), against /T and against 6 for equations (3) and
(4). Thekinetic and thermodynamic parameters for
compounds 3 and 4 are calculated for the first step
according to the above two methodsand are cited in
TABLES5 and 6. The Thermodynamic parameters,
namely entropy (AS), enthal py (AH") and freeenergy
(AG") of activation werecd culated using thefollowing
sandardrelations:

AS =R[InZh/KT ] )
AH" =AE_—RT, 6)
AG =AH -T_ AS 7)

whereh, Planck’s constant, k, Boltzmann constant, R,
gasconstant and T, temperature at the DTG pesk.

Negative AS* valuesfor thefirst stage of decom-
position of the complexessuggest thet the activated com-
plex is more ordered than the reactants and that the
reactions are slower than normal?*34, The more or-
dered nature may be dueto the pol arization of bondsin
theactivated state, which might happen through charge
transfer eectronictrangition’®. Thedifferent val uesof
AH* and AG* of the complexesrefer to the effect of
thetypeof themetal ion onthetherma stability of the
complexed®, Thelower activation energy of compound
3 compared to that of compound 4 indicatesthe auto-
catayti c effect of copper on thethermal decomposition
of theformer.

X-ray powder diffraction of thecoor dination poly-
mers

The X-ray powder diffraction patterns were re-
corded for the coordination polymers 1, 3, 4 and 5.
Thediffraction patternsindicate that the compounds

flano Science and flano Technology
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TABLE5: Kinetic parameter sfor thethermal decomposition of the coor dination polymers3and 4in dynamic air

Coats-Redfern equation

Horowitz-M etzger equation

Compound Step

r n E Z r n E Z
09926 000 335 6.74 x 10° 0.9929 000 319 6.48 x 10°
0.9930 0.33 347 6.99x 10° 0.9935 0.33 33.1 8.86x 10?
3 1 09931 050 353 7.11x 10? 0.9937 050 336 10.57x 10°
09935 066 361 7.27x 10° 0.9941  0.66 34.2 12.36x 10°
0.9940  1.00 37.3 7.51x 10? 0.9946  1.00 35.4 1.68 x 10°
0.9950 2.00 41.4 8.34x 10° 0.9957 2.00 392 5.14x 10°
09961 000 1112 2.24x 10° 0.9967 0.00 126.6 3.38x 10°
0.9972 033 1255 2.54x 10° 0.9977 033 1415 8.67x 10°
4 1 0.9977 050 1336 2.71x 10° 0.9982 050 149.2 1.82x 10*
0.9984 066 1412 2.87x 10° 0.9985 066 157.4 4.02x 10*
0.9990 1.00 158.8 3.23x 10° 09991 1.00 1753 2.29x 10°
10000 200 2168  4.36x10° 0.9992 2,00 2239 3.86 x 10’
AEa in kJ mol*

TABLE 6: Activation parameter sAH*, AS* and AG* of com-
pounds3and 4indynamicair

* * *

Compound Step AS AH AG
( H{ [g)uzﬂzp)g}' 2, 1% 19772 3430 16869
2 . 2 n
{[Cd(DPP)Cl, 1% -18157 21148 11631

(H20)5] H-0}, 4
AH" and AG" in kdmol* & AS in Jmol*K*

1000

800 o

600

Intensity

400

200 o

%

10 20

T T i
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Figure6: An XRD pattern of PbO prepared after thermolysis
of compound 5

arecrydadline. Thecrystd |attice parameterswerecom-
puted with the aid of the computer program TREOR.
Thecrysta datafor the compoundsbelongtothecrys-
tal systemtriclinic whereastheresiduesof compound 3

and 5 belong to the crystal system monoclinic and
orthorhombic respectively. Thesignificant broadening
of the peaksindicatesthat the particlesare of nanom-
eter dimensions (XRD of compound 5isdepictedin
Figure6). Scherrer’s equation (8) was applied to esti-
matethe particlesize of the coordination polymers:

D =K./ Bcos0 (8)

whereK istheshapefactor, A isthe X-ray wavelength
typically 1.54 A, B istheline broadening at half the
maximum intensity inradiansand 6 isBragg angleand
D isthemean sizeof theordered (crystaline) domains,
which may be smaller or equal tothegrainsize. The
crystal datatogether with particlesizearerecordedin
TABLE 7. Theaverage size of theparticlesliesinthe
range 19-27 nm for the compounds and in therange
22-36 nm for the residues which arein close agree-
ment with that cal culated from SEM and TEM photo-

graphs.
Scanning electron micrographs (SEM)

The scanning € ectron micrographs of compounds
3,4 and 5 asrepresentativesaregivenin Figures 7-11.

TABLE 7: X-ray powder diffraction crystal data of thecompoundsand their particlesize

Compound a b c a B v Volume of3Unit Crystal Rarticle
(A) (A) (A) Cel(A® System Size(nm)
1 4740 16.651 18410 39.260 78.469 106.191 644.15 Triclinic 27
3 6.903 9.033 15241 65961 113.750 69.890 631.10 Triclinic 19
4 4289 9.836 22.879 67.058 76.913 95.385 847.97 Triclinic 24
5 8927 9.042 10431 85363 75.002 129.454 593.09 Triclinic 23
[CuO] 4662 3416 5118 90.00 99.49 90.00 - Monoclinic 22
[PbO] 5612 5.608 4.992 90.00 90.00 90.00 - Orthorhombic 36

flano Soienoe and flano Teohnology

e Tntian fnal, e —



NSNTAIJ, 8(7) 2014 Aref AM.Aly et al. 271

= Full Paper

15kV X16.8808 l1pm B0GO868G85

PR PN
i

Figure10: SEM photographsof PbO nanospher es(produced
by calcination of compound 5)
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Figurell: TEM photographsof PbO nanospher es(produced
by calcination of compound 5)

Figure9: SEM photographsof [Pb(DPP)(NO,),(H,0),],

15kV X18,.08808 ilpm BBBB48

Thefiguresshow thedifferent morphologiesof theco-  Figure12: SEM photographsof CuO nanor odes (produced by
ordination polymers. Thepacking of thestructuresona  calcination of compound 3)

molecular level might have affected themorphol ogy of shaped nanoparticles. These compoundsfunction then

the nano-structure of the compounds. Itisclear from as precursorsfor nanooxides (Figures 10, 11 and 12).

the SEM figures of the coordination polymersthat the The SEM phot hof CuO <h herod shoted
prepared thin films produce compounds of regular © photograph of LUL showstherod shap
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TABLE 8: Microbiological screening of the compounds

B. S. S. . P.
E.coli ; A. C. F. G. S.
Compound Cereus aureus  Marc S (G-ve) aerugINosa  ~vus albicans ox rm candidum brevicaulis
(G+ve) (G+ve) (G-ve) (G-ve) o
2 16 13 12 15 14 0 14 0 22 0
4 17 11 10 11 11 15 12 0 20 18
5 0 0 0 0 0 0 0 0 12 0

nanoparticles. The SEM and TEM photographsof PbO
indicatetheregular shape of the nanoparticles.

Microbiological screening

Theantimicrobid activity of compounds2,4and 5
wastested againgt 5 bacterid and 5fungd strain (TABLE
8). Asshownin thetablecompounds2 and 4 exhibited
abroad spectrum of the antibacterial actionwiththe
highest activity observed againgt Bacilluscereus (Gram
+ve) and the lowest towards Serratia marcescens

Figure13: Microbiological screenning of compounds2and
4 against Bacillus cereus

- ———

Figurel4: Microbiological screenning of compounds2 and
4 against Serratia marcescens

flano Soienoe and flano Teohnology

Figure15: Microbiological screening of compounds2, 4 and
5against Geotrichum Candidum

(Gram—ve). On the other hand, all bacterial strains were
resistant to compound 5. Concerning theantifungal ac-
tivity, these compounds were effective against
Geotrichum Candidum (ayeast like human pathogen
fungus) with the highest inhibitory activity exerted by
compound 2 and thelowest by compound 5. Candida
albicans(alsoayeast like human pathogen fungus) was
inhibited by compounds2 and 4, but it wasresistant to
compound 5. Compound 4 inhibited also thegrowth of
Scopulariopsis brevicaulis and Aspergillus flavus.
(Figures13-15).
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