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ABSTRACT

Coordination polymers derived from 1,2,4,5-benzenetetracarboxylate (H,btec” or btec™ ), Fe(ll),
Mn(ll), Co(ll), Ni(ll), Cu(ll), Cd(ll) or UOx(ll) metal ions, 1,10-phenanthroline(1,10-phen) or 2,2-
bipyridine(2,2-bipy) were prepared. The polymers were characterized by elemental analysis, IR
and electronic spectra, electrical conductance, magnetic susceptibility measurements and thermal
behavior. The electronic spectra, magnetic susceptibility measurements and X-ray structure
determination revealed octahedral and tetrahedral geometries around the metal ions. Kinetic and
thermodynamic parameters of the thermal decomposition were computed from the thermal data
using the Coats-Redfern equation. From the X-ray powder diffraction the particle sizes (6.4-25.4
nm) of the coordination polymers could be calculated using the Scherrer s equation.
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1. INTRODUCTION

Coordination polymeric networks have been a
field of rapid growth due to their intriguing variety
of architectures and topologies as well as their
special physical properties and potential
application in many functional materials [1,2].
The coordination chemistry of aromatic
polycarboxylate metal complexes has received
considerable attention owing to the variety of
bridging abilities of polycarboxylates in the
formation of coordination polymers of different
coordination modes [3,4]. 1,2,4,5-
Benzenetetracarboxylic acid (Hsbtec) possesses
several interesting characteristics: (a) it contains
four carboxyl groups which are subjected to be
completely or only partially deprotonated, thus
leading to interesting structures with higher
dimensions and (b) the acid can act as a
hydrogen-bond acceptor as well as hydrogen
bond donor, according to the number of the
deprotonated carboxyl groups. Hence, Hjbtec is
a good candidate for the construction of
coordination polymers of different motifs. Mixed
ligand coordination polymers with transition and
non-transition metals incorporating 1,2,4,5-
benzenetetracarboxylate, 1,10-o-phenanthroline
or 2,2°-bipyridine were reported in the literature
[5a-5c]. However, these coordination polymers
lack detailed thermogravimetric analysis and
biological screening. We embarked, therefore on
the preparation of a series of coordination
polymers comprising the ligands illustrated in Fig.
1 using preparation procedures differing from
those reported earlier, which gave coordination
polymers containing variable coordinated water
or water of crystallization.

2. EXPERIMENTAL

All chemicals were of analytical grade. 1,2,4,5-
Benzenetetracarboxylic acid (Hbtec) and 2,2'-
bipyridine were purchased as E. Merck grade.
1,10-Phenanthroline was a Fluka grade. They
were used without further purification.

2.1 Preparation of the Complexes
The compounds were prepared by mixing

different molar ratios of the neutralized 1,2,4,5-
benzenetetracarboxylic acid (Hsbtec),o-

phenanthroline (phen) or 2,2'-bipyridine (2,2'-
bipy) and the metal ions in aqueous methanolic
solutions under continuous stirring for 2 h. The
precipitated complexes were filtered off and
washed with ethanol and dried in a desiccator
over P,Os.

2.2 Physical Measurements

Stoichiometric analysis (C, H, N, S) was
performed using Analyischer Funktionstest Vario
El Fab-Nr.11982027 elemental analyzer. The I.R
spectra were recorded on a Shimadzu IR-470
spectrophotometer and the electronic spectra
were obtained using a Shimadzu UV-2101 PC
spectrophotometer. The thermal studies were
carried out on a Shimadzu corporation 60H
thermogravimetric analyses at a heating rate of
10°C min™". Magnetic moments were measured
at room  temperature using magnetic
susceptibility balance of type MSB-Auto. Molar
susceptibilities were corrected for diamagnetism
of the component atoms by the use of the
Pascal's constants. The calibrant used was
Hg[Co(SCN),]. The x-ray powder diffractometer
was a Philips 1700 version with H. TPw 1370/10,
4 KVA CuKoA=1.54180 A. The conductivity of the
complexes (10°M solutions) was measured
using a conductivity meter model 4310 JENWAY.

2.3 Antimicrobial Activity Test

In vitro antimicrobial activities of two of the
complexes were tested against a number of
bacteria and fungi using the paper disc diffusion
method [6].The nutrient agar and nutrient broth
media were autoclaved for 20 min. at 121°C and
15 1b pressure before inoculation. Then a
suspension of the bacterial or fungal strains in
nutrient broth medium was prepared after cooling
in a test tube. From that suspension 0.3 ml were
taken in petri dishes where the nutrient agar was
poured onto the plate and the petri dishes were
shaked well and allowed to solidify. The test
complexes dissolved in DMF were added drop
wise to a 6 mm diameter filter paper disc placed
at the center of each agar plate. The plates were
then kept in an incubator at 37°C. The width of
the growth inhibition zone around the disc was
measured after 24 h incubation.

145



OH O
@] & LOH
HO \\” |/O
@] OH
Hibtec

Aly et al.; ACSj, 6(3): 144-157, 2015; Article no.ACS}.2015.046

Fig. 1. Structure of the primary and secondary ligands

3. RESULTS AND DISCUSSION

Preparation of the complexes proceeds according to the following equations 1-5

2MCl,.2H,0+H, btec+4NaOH+2diamin

medium

aq./methanolic

{[M,(btec)(diamine),(H,0),].H,0},+ 4NaCl (1)

where M= Mn(ll) or Cu(ll), diamine=1,10-phenanthroline or 2,2-bipyridine

2FeCl3.6H20+2H4btec+6NaoH+2diamineailﬁ/emifrﬁlnolic

where x =4 or 8.

{[Fe,(btec)(H,btec)(diamine),(H,0),].xH,0} ,+6NaCl (2)

2MCl,.6H,0+H btec +4NaOH-+2pher: ittt (M (bitec) (phen)s(H,0),] XHy0} + 4NaCl (3)

where M= Co(ll) or Ni(ll), x = 8or 6.

2CA(NO;), 4H,0+H jbtec+4NaOH+2diamine BG4 (o btec)(diamine),(H,0),]2H,0} , +4NaNO (4)

2U02(CH3C00)2.2H20+H4btec+4NaOH+2diaminean'l/e

where x =4 or 2.

The conductivity was measured using 10° M in
DMSO solutions. From Table 1 it could be
concluded that all complexes are non-conductive
as indicated by the low molar conductivity values
varied in the range 22-56 Q'cm? mol™.

3.1 IR Spectra

The main absorption peaks in the infrared
spectra of the complexes are listed in Table 2
and Fig. 2. The absence of any bands around
1720 cm™' for complexes 1, 4, 5, 6,7, 8, 9, 10
and 11 indicates that all carboxylic groups are
deprotonated. For the two iron(lll) complexes 2
and 3, the protonated and deprotonated
carboxylates are involved in coordination. The
two complexes display for the free carboxylate

ethanole {
ium

[(UO,),(btec)(diamine), [xH,0} ,+4CH;COONa (5)

group a band at 1700 and 1690 cm'1,
respectively. All the coordination polymers exhibit
a band in the regions1580-1530 and 1415-1365
cm” indicating coordination of the unprotonated
carboxlate groups [7] and corresponding to their
asymmetric and symmetric stretching vibration.
The Av difference (asymmetric-symmetric) in the
complexes (1-9) occurs in the range 150-200 cm’
' and the value proved that the carboxylate
group is coordinated to the metal ions in a
monodentate fashion [8,9]. In complexes 10 and
11 the carboxylates are bonded in the bidentate
mode as the Av lies in the range 210-215 cm’ for
both complexes. All complexes exhibit a band in
the range 3300 -3500 cm” attributed to the
lattice water molecules [10], whereas the
stretching vibration of the coordinated water
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Table 1. Color, molar conductance, elemental analysis and melting points of the complexes

Complex Color Am (Q"cm® Found (Calcd.%) M.p., °C
mol'1) C H N (Decomp.)
{IMny(btec)(phen),(H,0),].H,0}, 1 Gray 30 51.08 (52.73) 3.00 (3.12) 5.99 (7.23) >360
{[Fes(btec)(H,btec)(phen),(H,0),].4H,0}, 2 Dark-brown 25 47.11 (48.82) 3.72 (3.16) 4.50 (5.17) 296
{[Fes(btec)(H,btec)(2,2"-bipy),(H,0),].8H,0}, 3 Dark-brown 45 42.10 (43.42) 3.70 (3.82) 4.30 (5.06) 300
{[Co,(btec)(phen),(H,0),].8H,0}, 4 Pink 26 43.50 (44.95) 4.10 (4.21) 5.13 (6.16) >360
{[Niy(btec)(phen),(H20),].6H,0}, 5 Sky-blue 22 45.30 (46.83) 3.80 (3.92) 5.00 (6.42) >360
{[Cuy(btec)(phen),(H,0),].H,0}, 6 Light -blue 43 51.52 (51.58) 4.30 (3.05) 5.8 (7.07) 260
{[Cu,(btec)(2,2"-bipy),].H.O}, 7 Dark -blue 45 48.48 (50.92) 3.08 (2.85) 5.24 (7.92) 269
{[Cdy(btec)(phen),(H,0),4].H20}, 8 White 28 42.94 (44.13) 3.32 (3.05) 5.43 (6.05) >360
{[Cda(btec)(2,2"-bipy).(H,0),4].H20},, 9 White 37 41.79 (41.07) 2.63 (3.21) 5.43 (6.38) >360
{[(UO,)2(btec)(phen),].4H,0}, 10 Yellow 56 32.51 (33.40) 2.19 (2.14) 3.69 (4.58) >360
{[(UO,)(btec)(2,2'-bipy),].2H,0 }, 1 Yellow 46 33.70 (31.59) 2.40 (2.20) 4.90 (4.91) >360
Table 2. IR spectral data of the complexes
Complex Uas(coo) Us(coo) AU Um-n) Um-o0) UHzo UHzo
coord- Latttice
{[Mny(btec)(phen),(H,0),].H,0}, 1 1565 1370 195 475 440 3050 3400
{[Fex(btec)(H.btec)(phen),(H,0),].4H,0}, 2 1580 1380 200 470 438 2900 3430
{[Fey(btec)(H,btec)(2,2'-bipy),(H,0),].8H,0}, 3 1580 1380 200 460 418 2800 3450
{[Coy(btec)(phen),(H,0),].8H,0}, 4 1560 1380 180 464 440 2800 3400
{[Ni,(btec)(phen),(H,0),].6H,0}, 5 1550 1365 185 455 422 3100 3450
{[Cu,(btec)(phen),(H,0),].H,0}, 6 1545 1395 150 458 430 3100 3450
{[Cuy(btec)(2,2'-bipy),].H.0}, 7 1570 1415 155 470 430 2800 3500
{[Cd2(btec)(phen)2(H20)4].H20}n 8 1570 1375 195 483 442 3050 3300
{[Cd,(btec)(2,2'-bipy).(H,0),].H,0}, 9 1560 1375 185 475 435 2800 3450
{[(UO,),(btec)(phen),].4H,0}, 10 1580 1370 210 490 438 - 3450
{[(UO,),(btec)(2,2"-bipy),].2H,0}, 11 1585 1370 215 490 438 - 3500
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Fig. 2. IR spectrum of{[Fe,(btec)(H.btec)(phen),(H20),].4H,0},

molecules are located in the range 2800-3100
cm” [11]. Metal-nitrogen and metal-oxygen
bonding are manifested by the appearance of
two bands in the 455-490 and 418-442 cm’
'regions, respectively [11]. The v(U=0) vibration
in the uranyl complexes 10 and 11 are observed
as expected as a medium strong band at 900
and 920 cm”, respectively. They are in a good
agreement  with those known formany
dioxouranium (VI) complexes [12,13].

The IR spectra of the all the prepared complexes
show characteristic vibrations of the aromatic
nucleus [v(C=C), v(C=N)] for 1,10-phenanthroline

and 2,2'-bipyridyl complexes near 700-900,
1420-1490 and 1610-1680 cm” [14].
3.2 UV-Vis Spectra and Magnetic

Susceptibility Measurement

The electronic spectral data of the complexes
have been recorded in DMSO. The results are
shown in Table 3. The electronic spectra of the
complexes present two absorption maxima
located in the regions 39,215-35,714 and
35,714-31,250 cm™ due to T—T* and the n—Tr*
transitions within the organic ligands. The band
observed in the region 27,777-20,408 cm’ is
correlated with an intra ligand charge transfer (IL-
charge transfer).

The electronic spectrum of the Mn(ll) complex 1
is being due to a d® ion and therefore it does not
show any d-d transitions and no transfer of
electrons from the metal to the ligand can occur
as well [15]. The complex is probably tetrahedral
in structure.

For the two iron(lll) complexes 2 and 3 the
electronic spectra exhibit a band at 19,230 and
18,691 cm'1, respectivelg, which may be
attributed to the transition A1g<—2ng, reflecting
the octahedral arrangement around the Fe(lll)
[16-18]. The values of their magnetic moments
of 3.02 and 3.16 B.M, respectivelg/ show an
intermediate spin state (°T, and °A;), which
means that the Fe(lll) ion in the complexes
exhibits an equilibrium between low and high
spin states [19-21].

The cobalt(ll) coordination polymer 4 displays a
magnetic moment values of 4.06 B.M,
consistent with an octahedral environment
around Co(ll) [5b,22]. Correspondingly a band
appears at 15,748 cm'1, which can be attributed
to the transition “Tg—"Ay,.

The spectrum of the nickel(ll) complex 5
displays a band at 15,037cm’” assigned to the
transition 3Azg<—3T1g [23,24]. The octahedral
geometry around the Ni(ll) ion in this complex is
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in agreement with its magnetic moment value of
2.56 B.M.

In case of the two copper(ll) coordination
polymers 6 and 7 only one broad band appears
at 16,333 and 17,356 cm’, respectively,
assigned to the 2B1g<—2E1g transition [25],
indicating the octahedral geometry around Cu(ll).
This is supported by their magnetic moment
values of 1.10 and 1.09 B.M, respectively. These
low values may suggest a binuclear structure
for the two Cu(ll) complexes.

Aly et al.; ACSj, 6(3): 144-157, 2015; Article no.ACS}.2015.046

The electronic spectra of the UO,(ll) complexes
10 and 11 exhibit the f-f transition around
12,000 cm1. A band appears at 27,027 and
27,397 cm™, respectively is assigned to a charge
transfer (IL-charge transfer) transition.
Furthermore, two bands were recorded in the
range 32,000-39,215 correspond to the n—om*
and m—oT* transitions. A six coordination is
assumed around UOy(Il) ion [26]. The suggested
structures for the ternary complexes are shown
in Figs. 3-5.

Table 3. Electronic spectral data of the complexes

Complex Vmax (cm”)  Assignment Hett (B.M)
{[Mn,(btec)(phen),(H,0),].H,0}, 1 31,746 n—Tr* -

39,215 mo
{[Fe,(btec)(Habtec)(phen),(H,0),].4H,0}, 2 19,230 °Aig—"T.g 3.02

25,000 IL-charge transfer

32,258 n -1

39,215 ™o
{[Fe,(btec)(Habtec)(2,2'-bipy)2(H20),].8H,0}, 3 18,691 *Ag—"T.g 3.16

20,408 IL-charge transfer

34,482 n —*

38,461 m—T*
{[Co,(btec)(phen),(H20),].8H,0}, 4 15,748 “T1g<—4A2g 4.06

26,315 IL-charge transfer

35,714 n —*

38,461 ™o
{[Nix(btec)(phen),(H20),].6H,0}, 5 15,037 *Ag—"Tig 2.56

35,714 n—T*

38,461 m—oTT
{[Cuy(btec)(phen),(H20),].H,O0}, 6 16,333 By Exg 1.10

26,666 IL-charge transfer

34,482 n—1*

36,363 m—T*
{[Cu,(btec)(2,2'-bipy),].H,0}, 7 17,356 “Bige— E 1g 1.09

27,777 IL-charge transfer

34,482 n —»m*

38,461 m—TT*
{[Cda(btec)(phen),(H,0),4].H20}, 8 33,333 n —-1* -

38,461 m—TmT*
{[Cdy(btec)(2,2"-bipy)>(H.0)4].H,0}, 9 33333 n —* -

38,461 T—TT*
{[(UO,),(btec)(phen),].4H,0}, 10 12,820 f-f transition -

27,027 IL-charge transfer

32,000 n —*

39,215 ™o
{[(UO,),(btec)(2,2'-bipy),].2H,0 }, 11 12,987 f-f transition -

27,397 IL-charge transfer

33333 n —*

39,215 m—T*

149



Aly et al.; ACSj, 6(3): 144-157, 2015; Article no.ACS}.2015.046

n

Fig. 3. Suggested structure of {{M,(btec)(phen),(H,0),] H,0},
M= Mn(ll) or Cu(ll)
(Complexes 1, 6)
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Fig. 4. Suggested structure of {[Fe,(btec)(H,btec)(diamine),(H,0),].xH,0},
wherediamine=1,10-phenanthroline or 2,2-bipyridin (N-N), x=4 or 8
(Complexes 2, 3)
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Fig. 5. Suggested structure of{[(UO,),(btec)(N-N).].xH,0 },
where x=4 or 2.
(Complexes 10, 11)
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3.3 Thermal Decomposition of the
Complexes in Dynamic Air
Two illustrative examples for the thermal

decomposition of the complexes are described
as follows. The thermal data of the complexes
are listed in Table 4.

The TGA curve of
{IMny(btec)(phen),(H,0),].H.0}, exhibits three
mass loss stages (Fig.6). The first mass loss
occurs in the range 118-151°C corresponding to
the loss of a lattice water molecule (calc. 2.3%,
found 2.1 %). For this step the DTG curve shows
a peak at 131°C and an endothermic DTA peak
at 135°C was recorded. The second step at 152-
193°C is associated with the loss of the two
coordinated water molecules (calc. 4.6%, found
4.1%). The mass loss in percent, due to the
release of lattice and coordinated water
molecules as calculated from the TG curve, is in
agreement with the elemental analysis results
within +3%. After that a plateau extends from 220
to 352°C indicating the stability of the anhydrous
compound up to 352°C. A DTG midpoint at
166°C and an endothermic effect at 169°C in the
DTA curve were recorded. The third step at 400-
459°C is assigned to decomposition of the two
phen and btec* ligands (calc. 78.8%, found
75.8%). A DTG peak shows this thermal event at
423°C and an exothermic DTA peak occurs at
444°C. The mass left after the final
decomposition is in agreement with the formation
of Mn,O3 (calc. 20.3 %, found 19.0 %).

The pyrolysis TG  curve  (Fig.7) of
{[Cuy(btec)(phen),(H,0),].H,O} is characterized
by three steps in the temperature ranges at 65-
118, 120- 180 and 196-479°C. The first mass
loss is commensurate with the expulsion of the
lattice water molecule (calc. 2.2%, found 2.5%).
The DTG curve shows a peak at 93°C and the
DTA curve gives an endothermic peak at 91°C.
The second step mass loss is related to the loss
of the two coordinated water molecules (calc.
4.5%, found 4.0%). For this step a DTG peak at
145°C and an endothermic peak in the DTA
curve at 147°C are observed. The third stage is
composed of overlapping steps and shows a
mass loss indicating decomposition of two phen
and a btec™® ligands (calc. 77.0%, found 75.4%).
This step is marked on the DTG curve as three
peaks at 223, 257 and 450°C with associated
exothermic peaks in the DTA curve at 229, 266
and 452°C. The final product indicates that the
residue is2CuO (calc. 19.1%, found 18.1%).

Aly et al.; ACSj, 6(3): 144-157, 2015; Article no.ACS}.2015.046

3.4 A Comment

Comparing the TG curves of the above two
complexes one can observe that the two
complexes are of the same composition but differ
in the coordinated metal ion. It is clear from the
initial decomposition of the three steps in each of
the two TG curves that the copper(ll) complex
steps occur at lower temperatures than those of
the manganese (lI) complex, indicating the
autocatalytic effect of the Cu(ll) on the
decomposition of its complex.

3.5 Kinetic Analysis Parameters

The kineticparameters such as activation energy
(E*) and pre-exponential factor (Z) and order of
the decomposition reactions were evaluated
graphically by employing the Coats—Redfern [27]
(equations 6 & 7).

The Coats-Redfern equation:
In[1-(1-0)"™ (1-n)T?|=M / T + B forn# 1 (6)

(7)

where a is the fraction of material decomposed,
n is the order of the decomposition reaction and
M=E/R and B=ZR/®E*; E*, R, Z and ® are the
activation energy, gas constant, pre-exponential
factor and heating rate, respectively.

In[-In(1-a)/ T?=M /T + B for n=1

The correlation coefficient is computed using the
least squares method for equations (6) and (7).
Linear curves were drawn for different values of
n ranging from 0 to 2. The value of n, which gave
the best fit, was chosen as the order parameter
for the decomposition stage of interest. The
kinetic parameters were calculated from the plots
of the left hand side of equations (6), (7), against
1/T.

The thermodynamic parameters AS*(J K'1mol'1),
AH*( kJmol™") and AG*( kJmol™) were calculated
using the following equations:

AS* = 2.303R log (Zh/KT) (8)
9)

(10)

AH*= E* - RT
AG* = AH* - TAS

Where Z, k, and h are the pre-exponential factor,
Boltzmann, and Plank constants, respectively.
The kinetic and thermodynamic parameters of
compounds 1 and 4 are summarized in Table 5.
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Table 4. Thermal decomposition data of the complexes in dynamic air

Complex Step TG/DTG Mass
Ti°C Tm/°C  Tfl°C loss (%)
{IMn,(btec)(phen),(H,0),].H,O}, 1 " 118 131 151 2.1
2n 152 166 193 4.1
3" 400 423 459 75.8
{[Fe,(btec)(H,btec)(phen),(H,0),].4H,0}, 2 1% 24 61 94 6.1
2 96 234 241 33
3" 242 359 434 76.5
{[Co,(btec)(phen),(H,0),].8H,0}, 4 17 61 108 112 8.00
2 113 119 147 10.0
3" 336 389 434 64.6
{INi,(btec)(phen),(H,0),].6H,0}, 5 1% 65 107 123 3.00
2 124 148 164 11.0
3" 180 410 455 69.6
{[Cu,(btec)(phen),(H,0),].H,O}, 6 1% 65 93 118 2.50
2 120 145 180 4.00
3" 196 257 479 75.4
{[Cu,(btec)(2,2-bipy),].H,0}, 7 1" 47 70 131 2.30
2 132 271 311 44.7
3 312 418 459 33.0
{[Cda(btec)(phen),(H,0)4].H,0}, 8 1% 30 51 83 1.2
2n 137 148 192 6.0
3 193 456 380 64.5
{[Cd.(btec)(2,2-bipy)»(H,0)].H,0}, 9 1 75 95 124 2.1
2n 125 143 160 7.5
3" 290 369 523 60.4
{[(UO,),(btec)(phen),].4H,0}, 10 1% 50 57 74 6.0
2 395 477 492 45.9
{[(UO,)(btec)(2,2-bipy),].2H,O}, THER 25 76 114 37
2n 374 436 463 46.6
Ti=Initial temperature & T,=Maximum temperature & T=Final temperature
DrTn?i;ii TCAY IZ:EA
o0} 100007 “---— { 300,00
B0.00 |
000 | e {20000
o0.00 +
-l.00f 4 100.00
40,00}
2.00 | s 1000
0.0+

0.00 0000

. mn'.m
Temp. ("C)

Fig. 6. TG-DTG-DTA curves of [Mn,(btec)(phen),(H,0),],H.O
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Fig. 7. TG-DTG-DTA curves of {[Cu,(btec)(phen),(H20),].H,0},

Table 5. Kinetic and thermodynamic parameters of the complexes 1 and 6 in dynamic air

Complex Step r n E* 4 AH* AS* AG*

1 1% 0.9824 0.00 70.09 3.2 x10° 66.67 -0.22712  160.24
0.9897 0.33 84.81 4.5x10" 81.39 -0.26251 189.54
0.9926 0.50 93.37 3.8x10" 89.95 -0.28318  206.62
0.9948 0.66 102.1  2.9x10"” 98.65 -0.30423  223.99
0.9981 1.00 1226  7.3x10"°  119.26 -0.35427  265.22
0.9995 2.00 199.9 9.9x10* 196.5 -0.5431 420.32

4 1 0.9867 0.00 3580 1.6x10° 32.54 -0.15611 93.94
0.9974 0.33 52.02 1.3x10° 48.75 -0.19603  125.85
0.9996 0.50 62.71 5.2x10° 59.44 -0.22271 147.03
0.9999 0.66 7446 15x10"  71.19 -0.25224  170.41
0.9969 1.00 1055 1.2x10" 102.24 -0.33086 232.38
0.9805 2.00 243.8 3.5x10® 24058 -0.68545 510.19

Order (n), Z (s”), E*(kd mol”"), A H*(kJ mol”"), AS*(JK mol"), AG*(kJ mol"")

3.6 X-ray Powder Diffraction

The X-ray powder diffraction patterns of the six
complexes 2,5, 7,9 and 11 were recorded. The
crystal lattice parameters were computed with
the aid of the computer program TREOR. The
observed 26 with relative intensity more than 10
% are indexed and have been used for
evaluation. The crystal data of all the complexes
fit well with the ftriclinic crystal system (Table 6).
The crystal lattice parameters show variations in
their values with the coordinated metal ions of
different sizes indicating the effect of the metal
nature on the metal- oxygen or metal-nitrogen
bond strength. These parameters point also to
the distorted octahedral environment around the
metal ions in the complexes.

3.7 Nano-sized Metal Coordination

Polymers

The average particle size could be calculated
from the powder X-ray diffraction of the above
complexes and by application of the Scherrer’
sequation:

D= 0.94A /B cosB (11)
Where A is the wavelength of the X-ray used, B is
the Full Width at Half Maximum (FWHM), D is
the particle size and 8 is the angle between the
incident and the scattered X-ray. Table 7
includes the average particle size of the
complexes. X-ray powder diffraction pattern of
compound 7 is illustrated in Fig. 8.
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Table 6. The crystal data of the complexes

Complex 2 5 7 9 11

a(A) 5.824 8.557 5.859 10.589 5.641
b(A) 8.528 8.851 10.824 9.609 10.027
c(A) 24.837 13.851 11.494 12.423 8.418
a(d) 59.842 80.521 91.516 94.269 92.161
B(d) 69.217 86.106 95.620 120.71 73.789
y(d) 61.563 86.547 95.781 67.13 135.91
Volume unit cell (A%) 989.38 1000 721.40 998.40 308.59
Crystal system Triclinic Triclinic Triclinic Triclinic Triclinic

Table 7. The average particle size of the complexes (nm)

Complex 2

5 7 9 11

Average particle size 6.4

194 254 12.6 13.5

Intinsty (au)

W

Fig. 8. X-ray powder diffraction pattern of complex 7

3.8 Microbiological Screening

The following bacterial and fungal strains were
used to test the antimicrobial activity of
compounds 6 and 7: Bacillus cereus (G™°),
Staphylococcus aureus (G™°), Escherichia coli
(G™®), Pseudomonas aeruginosa (G®), Serratia
marescens (G°), Aspergillus flavus, Candida
albicans, Fusarium oxysporum, Geotrichum
candidum, Scopulariopsis brevicaulis,
Trichophton rubrum. The screening revealed that
compounds 6 and 7 exhibit only high
antibacterial activity against both Escherichia coli

(-ve) and Bacillus cereus (+ve), otherwise the
two compounds display no noticeable activity
(Table 8). It is to be noted that these two
complexes are complexes of Cu(ll) which is
known for its antimicrobial activity. According to
the chelation theory, chelation of Cu(ll) to btec
and phen or 2, 2'-bipy enhances its activity. That
these two compounds are active may be
attributed to their better lipophilicity than the
other compounds and consequently the ability to
penetrate the cell membrane.
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Table 8. Antimicrobial activity of the
complexes (inhibition zones in cm)

Samples no 6 7
Organisms
Serratia marescens (-ve) 0 0
Pseudomonas aeruginosa (-ve) 0 0
Escherichia coli (-ve) 12 22
Staphylococcus aureus (+ve) 0 0
Bacillus cereus(+ve) 16 18
amples no 6 7
Organisms
Candida albicans 0 0
Geotrichum candidum 0 0
Fusarium oxysporum 0 0
Scopulariopsis brevicaulis 0 0
Trichophton rubrum 0 0
Aspergillus flavus 0 0

where S.M=Serratia marcescens, E.C=Escherichia
coli, S.A= Staphylococcus aureus, B.C = Bacillus
cereus.

4. CONCLUSION

The above mentioned mixed ligand coordination
polymers were prepared by a procedure which is
different from those reported in the literature,
thus leading to isolation of compounds of
variable contents of coordinated and crystal
water. Moreover, in this article investigated
thermal behavior, particle size calculation and
biological screening (not reported in the
literature) provide new properties of these
coordination polymers. The structural aspects
which can be concluded from this work involve
the existence of two types of coordinated
carboxylates in the iron(lll) complexes and in the
same molecule one is abidentate and the other is
a bridging monodentate. For the Mn(ll), Co(ll),
Ni(ll), Cu(ll) and Cd(ll) complexes, the
carboxylate is a bridging monodentate, while for
the uranyl complexes it is a bidentate.
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