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ABSTRACT

The complexation of urea (U) with manganese(llpadtgll), iron(lll) and copper(ll) ions at differertemperatures
has been studied by many methods namely elemraratiykis, magnetic susceptibility, conductivity meaments,
infrared and thermal analysis (TG/DTG), scannintecgon microscopy (SEM), Energy-dispersive X-ray
spectroscopy (EDX), and x-ray powder diffractioRD). The high values of molar conductivity of tlesulting
urea complexes show them to be electrolytes inr@allne physical and spectral data were well exgdiin terms
of the formation of CuGRU.4HO (1), CuCh2U.2HO (2) CO(NQ)..6U (3), CO(NQ),.2U.4H0 (4),
FeChL.6U.3H,0 (5), FeCh.3U.5H,0 (6) MnCL.3U.3H,0 (7), MnChL.6U. ). Complexes of ured (3, 5 and7), and

(2, 4, 6 and8) were synthesized at room temperature an8060respectively. On the basis of the infrared faéc
data and the values of stretching vibrational banfifoth —C=0 and —Nklgroups, the complexation of metal ions
toward urea was distinguished. The enhancementefticrobial treatments against bacteria (Eschedecgoli,
Staphylococcus Aureus, Bacillus subtilis and Psewalas aeruginosa) and fungi (Aspergillus Flavus @adidida
Albicans) was assessed and a remarkable effigiszzas recorded.

Keywords: Urea, Transition metals, Biological activity, Ghrttance, Spectroscopic studies, Thermal analysis.

INTRODUCTION
Carbamide, carbonyldiamide or the most famous names, (Scheme 1), GN,O, was first prepared by Wéhler [1]

by evaporating a solution containing a mixture otgssium isocyanate and ammonium sulphate. Ammonium
isocyanate, which is formed first, undergoes mdhacuearrangement to give urea, as shown by thewoig

reaction;
NH,NCO CO(NH.),
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Scheme 1: Structure of urea

Urea may by prepared in the laboratory by the actid ammonia with carbonyl chloride, alkyl carbarsmt
chloroformates or urethans. Industrially [2-4], ares prepared by allowing liquid carbon dioxide aiglid
ammonia to interact, and heating the formed amnmmniarbamate at 130-15@ under about 35 atmospheric
pressure. The carbamate is decomposed to formanckavater according to the following reaction;

2NH; + CO, — NH, COONH, — CO(NH,); + H,O

Urea is physiologically very important. It is th&ief nitrogenous product of protein metabolism. Aslexcrete
about 30g of urea per day in the urine, from whiakan be extracted by evaporating the urine tollsmséume and
adding nitric acid, to give the slightly solubleearnitrate, CO(Nk,.HNOs. Urea has a melting point of 132
soluble in water and ethanol, but insoluble in etlh#ea is used for preparing formaldehyde-Urednr§sastics)
[5], barbiturates [6], and fertilizers [7-10]. Uresaalso extensively used in the paper industrgofiten cellulose and
has been used to promote healing in infected woandsmany other applications in the field of meaukc]11-13].
Recently, urea is used for the manufacture of lideain which urea is treated with alkaline sodibppochlorite

[6] e.g.,
NH,CONH, + NaOCI + 2NaOH-> N,H,; + NaCl + NaCO; + H,O

Urea is used in reactive dyeing [14] which has féeceon the formation and cleavage of covalentdbbatween the
reactive dye and cellulose. The overall effect fauon reactive dyeing depends on the solvolytibikty of the
dye-fiber bond under specific dyeing conditions.

Complexes of urea with some metal ions are usddrtizers [15-18]. Complexes of urea with zindghate and
nitrate, [Zn(CONH,)e]SO,.H,0 and [Zn(CONH,)4(NO3),.2H,0O have very important application in this field J19
These complexes were found to increase the yielitefmore than a dry mixture of urea-zinc saltsid@alcium
nitrate-urea complex, [Ca(urgNOs),, [20,21] was used also as an adduct fertilizem&metal-urea complexes
have pharmaceutical application, e.g., the plathuea complex which is used as antitumor [22].

Crystal structure studies have shown that in sami@h, both nitrogen atoms are identical. Bond lemngtasurements
[6] in urea give the C-N distance as 1.37#hile, in aliphatic amines the C-N bond lengti i7A’. This indicates
that the C-N bond in urea has some double bondacter(about 28%).

Urea usually coordinates as a monodentate liganodidih the oxygen atom, forming a C=0M angle considerably
smaller than 180 in accordance with thep? hybridization of the O atonA(in Scheme 2). The rare N,O-bidentate
coordination modeH in Scheme 2) has been found in a very limited nunobeases [23, 24], while in [HEI,U,]
each U molecule bridges the two 'Hgtoms through the oxygen atom [2} {n Scheme 2). Of particular
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chemical/biological interest is the ability of U t;mdergo metal-promoted deprotonation [26]; the @amionic
ligand HNCONH- adopts the:2 (D in Scheme 2) angd3 (E in Scheme 2) coordination modes. The urea and its
derivatives such as the N,N’-dimethylurea and Ndidthylurea (Scheme 2) have only been found todinate as
monodentate ligands through the oxygen atBrim (Scheme 2).
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Scheme 2: The coordination modes of urea towards g ions

Raman and infrared spectra of urea have been @abény several investigators [27-32]. The normatations of
the urea molecule were calculated by Kellner [38]tlle assumption of the non-planar model. Howeorrthe
basis of the dichronic measurement of the infrdradd arising from the N-H stretching vibration byaMfon and
Badger [34] and the proton magnetic resonance ptisormeasurement made by Andrew and Hyndman [BH],
concluded that urea molecule has a planar strucamaguchi et al. [36] calculated the normal vilmras of the
C,, model of urea molecule as an eight-body probleimgua potential function of the Urey-Bradley forfield and
obtained the force constants which have been finethe least-squares method. Based on the reftittese
calculations, Yamaguchi [36], assigned all of theayved frequencies in the spectra of urea anddiréa the two
vibrations of the frequencies 1686 and 1603cthere are considerable contributions of both @®tching and
NH, bending motions, whereas Stewart [37] assigned 886cni band to CO stretching vibration and the 1603cm
! band to NH bending motion. The calculations studied by Yanchgshowed that for the band at 1686%5rthe
contribution of the NH bending motion is greater than that of CO streighinotion. The band at 1629¢m
corresponds to almost pure Bblending vibration. The Nfbending motion of Atype is equal to that of Bype.
The A type band should have a frequency of about 1630drthere is no coupling between MHending and CO
stretching motions. On the other hand, the obsefregliency of 1610cthof urea-d is assigned to almost pure
skeletal vibration. Therefore, the interaction bestw the 1630 and 1610¢miibration gives rise to the two observed
bands at 1686 and 1603¢mThe infrared bands of urea-bserved at 1245 and 1154tnare assigned,
respectively, to Atype and B type, ND, bending vibrations. This assignment is consisteitlh the observed
depolarization degrees of the Raman lines. Thesl&ngguency difference between the aad B vibrations is due
to the fact that in the Avibration, the cross term related to the CN shieig vibration is large.

The 1464cnt frequency of urea is assigned to the CN stretchibgation of B type. The corresponding frequency
of urea-d is observed at 1490¢mThe 1150ci band is assigned to NHocking vibrations of both Aand B
types. The normal vibration calculation yields afinthe same values for these frequencies.

Urea possesses two types of potential donor attrasgarbonyl oxygen and amide nitrogens. Penlaral. ¢88]
studied the infrared spectra of urea complexe®terthine whether coordination occurs through oxygremnitrogen
atoms. The electronic structure of urea may beessprted by a resonance hybrid of structéxds as shown in
scheme 1 with each contributing roughly an equadam If coordination occurs through nitrogen, cimitions of
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structureB will decrease. This results in an increase ofGestretching frequency with a decrease of CNdtisy
frequency. The N-H stretching frequency in thisecamy fall in the same range as those of the anvdwplexes. If
coordination occurs through oxygen, the contributid structure &) will decreases. This may result in a decrease
of the CO stretching frequency but no apprecialiiange in NH stretching frequency. Since the vibretl
spectrum of urea itself has been analyzed complé88], band shifts caused by coordination can becked
immediately. For example, the effect of the cooatlom on the spectra of the complexes of urea wifH) and
Cr(Ill) in which the coordination occurs throughtrogen and oxygen atoms, respectively [38]. The enodl
coordination of urea with metal ions seems to h@eddent upon the type and nature of metal. Pd¢ibydinates to
the nitrogen, whereas Fe(lll), Zn(ll), and Cu(lfozdinate to the oxygen of urea [38].

In urea-metal complexes, if a nitrogen-to-metal s present, the vibrational spectrum of this clempiffers
significantly from that of the free urea moleculde N-H stretching frequencies would be shiftedoteer values,
and the C=0 bond stretching vibration(G¢=0)) would be shifted to higher frequency at adsi00cn [39].

Recently, urea represents not only an importantecud¢ in biology [40] but also an important raw eral in
chemical industry [41]. The aim of this publicatiemto report the synthesis, characterization, aotahce and
biological studies of the resulting compounds fadnfeom the reactions of urea with AgNOCrCk.6H,0,
CdChL.H,O and ZnC{ at room, elevated and ignition temperatures.

MATERIALS AND METHODS

2-1- Materials

Urea, CuC).2H,0, Co(NQ),.6H20, Fed.6H,O, MnCL and methanol solvent were obtained from Aldrich
Company. Urea was received from Fluka chemical @ypAll chemicals used in this study were of atiedy
grade and they were used without further purifaati

2-2- Synthesis of Cu(l1), Co(ll), Fe(I1) and Mn(l1) urea complexes

2-2-1- Synthesis of urea complexes at room temperature

The complexes, CugPU.4H,0 (1), Co(NG;).6U (3), FeC}.6U.3H,0 (5) and MnC}.3U.3H,0 (7) were prepared by
mixing equal methanolic solutions of Cy@H,0 (1.70 g, 0.01 mole), Co(NR.6H,O (2.91 g, 0.01 mole),
FeCk.6H,0 (2.70 g, 0.01 mole) or Mng(1.98 g, 0.01 mole ) in 25 mL methanol with a 50 wolume of urea
solution (2.40 g,.04 mole) in methanol solvent. Thigtures were stirred for about 12 hours unddureid system
at room temperatur€a. 25°C. In all cases, the amount of the formed preaipitvas increased with increasing the
time of standing. The colored precipitated comgfiesmed in each case was filtered off, dried undecuoover
anhydrous calcium chloride.

2-2-2- Synthesis of urea complexes at 60°C temperature

The urea complexes, CydU.2H,0 (2), Co(NG,).2U.4H,0 (4), FeC}h.3U.5H,0 (6) and MnC}.6U (8), were
prepared by a method similar to that describedHempreparation of urea complexes at room temperafu25 mL
volume of urea solution (2.4g, .04 mole) was mixdgth an equal volume of Cu€2H,O (1.70 g, 0.01 mole),
Co(NG,),.6H,0 (2.91 g, 0.01 mole), Fef®BH,O (2.70 g, 0.01 mole) or Mngl(1.98 g, 0.01 mole ) 25 mL
methanol. The mixtures were stirred for about 2redhen heated to 6WC for 6 hours on a water bath under
refluxed system. The precipitated products weteréid , dried at 60C in an oven for 3 hours .

2-3- Measurements

The elemental analyses of carbon, hydrogen andgaitr contents were performed by the microanalysit at
Cairo University, Egypt, using a Perkin ElImer CHMOR (USA). The molar conductivities of freshly paepd
1.0x10° mol/cn? dimethylsulfoxide (DMSO) solutions were measuredthe soluble urea complexes using Jenway
4010 conductivity meter. Magnetic measurements wmeeformed on the Magnetic Susceptibility Balance,
Sherwood Scientific, and Cambridge Science Parknl€&lge-England. The infrared spectra with KBr diseere
recorded on a Bruker FT-IR Spectrophotometer (4800-cm"). The thermal studies TG/DTG-50H were carried
out on a Shimadzu thermogravimetric analyzer ursdatic air till 800°C. Scanning electron microscopy (SEM)
images and Energy Dispersive X-ray Detection (ED¥gre taken inJoel JSM-6390 equipment, with an
accelerating voltage of 20 KV. The X-ray diffractipatterns for the urea complexes were recorded ‘Bert PRO
PANanalytical X-ray powder diffraction, target cappvith secondary monochromate.

2-4- Antibacterial and antifungal activities

Antimicrobial activity of the tested samples wagsedmined using a modified Kirby-Bauer disc diffusimmethod
[42]. Briefly, 100 ul of the best bacteria/fungi were grown in 10 mLfregflsh media until they reached a count of
approximately108 cells/mL for bacteria and 105szgiL for fungi [43]. 10Qul of microbial suspension was spread
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onto agar plates corresponding to the broth in kvithey were maintained. Isolated colonies of eagamism that
might be playing a pathogenic role should be setbftom primary agar plates and tested for sudaitiptiby disc
diffusion method [44, 45].

Of the many media available, National Committee @mical Laboratory Standards (NCCLS) recommends
Mueller-Hinton agar due to: it results in good Iato-batch reproducibility. Disc diffusion methoar fiilamentous
fungi tested by using approved standard method (KB8eveloped by the NCCLS [46] for evaluating the
susceptibility of filamentous fungi to antifungajemts. Disc diffusion method for yeast developesiadard method
(M44-P) by the NCCLS [47]. Plates inoculated willarhentous fungi agspergillus Flavusat 25°C for 48hours;
Gram (+) bacteria aStaphylococcus AureuBacillus subtilis Gram (-) bacteria aSscherichia ColiPseudomonas
aeruginosathey were incubated at 35-3C for 24-48 hours and yeast @andida Albicansncubated at 36C for
24-48 hours and, then the diameters of the inhiadnitaones were measured in millimeters [42]. Staddliscs of
Tetracycline (Antibacterial agent), Amphotericin(Bntifungal agent) served as positive controlsdatimicrobial
activity but filter disc impregnated with 10 of solvent (distilled water, chloroform, DMSO) weeused as a
negative control.

The agar used is Meuller-Hinton agar that is rigstp tested for composition and pH. Further thetlle the agar
in the plate is a factor to be considered in ttee diiffusion method. This method is well documerded standard
zones of inhabitation have been determined foreptize values. Blank paper disks (Schleicher &Ug&th Spain)
with a diameter of 8.0 mm were impregnated.lL6f tested concentration of the stock solutionfi@ a filter paper
disc impregnated with a tested chemical is placedgar the chemical will diffuse from the disc itih@ agar. This
diffusion will place the chemical in the agar omlyound the disc. The solubility of the chemical désdmolecular
size will determine the size of the area of chehiidfdtration around the disc. If an organism isged on the agar it
will not grow in the area around the disc if isigsceptible to the chemical. This area of no grawttund the disc is
known as a “Zone of inhibition" or "Clear zone".rRbe disc diffusion, the zone diameters were measwith
slipping calipers of the National for Clinical Latadory Standers [44]. Agar-based methods such ast Hisk
diffusion can be good alternatives because thegiarpler and faster than broth methods [48, 49].

RESULTS AND DISCUSSION
The color, physical characteristic, micro-analytidata, molar conductance measurements of Cu(ajil}c Fe(ll)
and Mn(Il) urea complexes are given in Table 1. €lmnental analysis data of some prepared comptlexesled
1:4 molar ratio (M:U) (where M= Cu(ll), Co(ll), A& and Mn(Il) and U= urea) are in a good agreemeith the
general formulas CugPU.4H,0 (1), Co(NG,).6U (3), FeC}h.6U.3H0 (5) and MnC}.3U.3H,0 (7), on one hand
and CuC).2U.2HO0 (2), Co(NG).2U.4H,0 @), FeC}h.3U.5H0 (6) and MnC}.6U (8), complexes, on the other

hand, prepared at room temperature antCo@spectively .The reactions can be representetidogtoichiometric
equations:

0
CuChL.2H,0 + 4U + CHOH [ P - CuCh.2U.4H,0 (1)
0
CUChL.2H,0 + 4U + HO/CH,OH (50/50% v/v)] . CuCh.2U.2H0 (2)
0

Co(NOy),.6H,0 + 4U + CHOH [ P - Co(NOy).6U (3)

0
Co(NOy),.6H,0 + 4U + HO/CH,OH (50/50% v/v)[] P Co(NGy).2U.4H,0 (4)

0
FeCh.6H,O + 4U + CHOH [ P - FeCbh.3U.3H,0 (5)
0
FeCh.6H,0 + 4U + HO/CH;OH (50/50% viv)(] . FeCbh.3U.5H,0 (6)
0

MnCl, + 4U + CHOH [ P - MNCl,.3U.3H,0 (7)

O
MnCl, + 4U + HO/CH;OH (50/50% vi/v)] EOIIE — MnCl,.6U (8)

The complexes are air-stable, hygroscopic, with ipglting points, soluble in # and dimethylformamide, DMF.
The molar conductivities of( 0.01g per 5 ml) thegared complexes in DMF (Table 2) indicate thatddwaplexes
have an electrolytic nature.
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3-1- Molar conductance measurements

The molar conductivity values for the urea compseire DMF solvent are exhibited in the range of (8%t0)Q*
cn’ mol?, suggesting them to be electrolytes (Table 2).dDotivity measurements have frequently been used in
structural of metal complexes (mode of coordingtiithin the limits of their solubility. They progdé a method of
testing the degree of ionization of the complexhe, molar ions that a complex liberates in solutfoncase of
presence anions outside the coordination sphérehigher will be its molar conductivity and vicersa. It is clear
from the conductivity data that the complexes preseem to be electrolytes. Also the molar condwetavalues
indicate that the anions present outside the cpatidin sphere. This result was confirmed from tlemental
analysis data where Qir NO; ions are precipitated with colored solution by iaddbf AQNG; or FeSQ solutions,
respectively, this experimental test is a good hedcwith CHN data. All these complexes have elégim
properties. This fact elucidated that thé @l NO; are present. These results establish the stoigtigrof these
complexes, which are in agreement with the gerieraiulas were suggested.

3-2- Magnetic measurements electron spin resonance
Magnetic measurements were carried out on a Sher8ontific magnetic balance according to the Gaethod.
The calculations were evaluated by applying thio¥dhg equations:

cl(R-R, )

Xe =
109
Xm = X MWL

lueff = 282 /YmT

where y is mass susceptibility per gm sample

cis the calibration constant of the instrument aqdal to 0.0816
R is the balance reading for the sample and tube

R, is the balance reading for the empty tube

M is the weight of the sample in gm

T is the absolute temperature

The magnetic moments of the Cu@U.4H,0 (1) and CuCl.2U.2H,0 (2) complexes at T= 300 K and their
corresponding hybrid orbitals were calculated. Tdieserved values of the effective magnetic momenis
measured for these complexes equal to 2.38 B.MLa@®irespectively this is convenient with experitat values
of 1.96 B.M. [50] obtained for octahedral Cu(ll)nsplex with spd? hyperdization for both Cu(ll) complexes.

The ESR tool of analysis is useful in discuss teengetry and state of electrons in metal ion ofdbmplexes. In
this paper, the ESR spectrum of the Cu(ll) comples analyzed. The solid-state ESR spectra of sdimbeo
complexes exhibit axially symmetric g-tensor partrgewith g> g.> 2.0023, indicating that the copper site has a
dxz-y2 ground-state characteristic of tetrahedral, sgptaear, or octahedral stereochemistry. The g. for
synthesized Cu(ll) urea complextand2, indicates a distorted octahedral geometry. ESRtspm show splitting,
this interpretive according to the interaction betw two electrons (copper metal) and urea ligamdse of the
location of electrons on different sites.

3-3- Infrared spectra

The infrared spectra of the Cu(ll), Co(ll), Fe(@hd Mn(ll) urea complexes at room temperature &0C are
shown in Figs. 1land 2 respectively. The band lonatwere measured for the mentioned urea compléxgsther
with the proposed assignments for the most charatitevibrations are presented in Tables 3, 4pé @& In order to
facilitate the spectroscopic analysis and to put lland on the proper structure of the prepared tomp, the
spectra of the urea complexes were accurately cadpaith those of the urea and similar complexeliénature.
The discussion of the spectra will be addressetth®ibasis of the most characteristic vibrations.

The assignments of full vibrational analysis ofstafline urea have been published [38]. Tables fBotn 6 give
diagnostic infrared peaks of the free urea liggndlished work and Cu(ll), Co(ll), Fe(ll) and Mr)Iitomplexes.
Assignments have been given in comparison withdtdta obtained for the free urea, that is, uncoatdih, U [38]
and its [Pt(ureall,] and [Cr(urea)Cl; complexes [38]. The effect of the coordination the spectra of the
complexes of urea with [Pt(ure&),] and [Cr(urea]Cl; complexes in which the coordination occurs through
nitrogen and oxygen atoms, respectively [38]. Thedenof coordination of urea with metal ions seemdbé
dependent upon the type and nature of metal. Rofi§ in [Pt(uregll,] coordinate to the nitrogen, whereas Fe(lll),
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Zn(ll), and Cu(ll) coordinate to the oxygen of uf88]. For all the prepared complexes, the cootihnamode take
placevia oxygen of amide group, the positively charged métal stabilizes the negative charge on the oxygen
atom; the NCO group now occurs in its polar resceaform and the double bond character of the CNdbon
increases or still not affected, while the doubdad character of the CO bond decreases, resuttiag increase of
the CN stretching frequency with a simultaneousetese in the CO stretching frequency [52, 53]. TIReactive
v(M-0) vibration of all prepared urea complexesliserved at the range (546- 452) tf52, 53].

The band related to the stretching vibratig®-H) of uncoordinated 0 is observed as expected in the range of
(3420-3450) cil, while the corresponding bending motion of theasrdinated waterd(H,0), is observed in the
range of (1630-1638) cf

In both cobalt complexes, the characteristic diatg vibrations of the nitrato group, NQis observed at around
(1385 and 1159 cihattributed tov,{NO,) andv{(NO,), respectively [54]. The stretching motion ®{=0)) is

observed at 1477 c¢has a strong band, while the bending motion otype 5(NO,) are well resolved and observed
at 784 as a medium band.

3-4- Thermal analysis

The CuC}.2U.4H,0 (1) and CuC.2U.2H,0 (2) Co(NG;),.6U(3) and Co(NQ),.2U.4H,0 (4) FeC}.6U.3H0 (5)
and FeG.3U.5H0 (6) MnChL.3U.3H0 (7) and MnC}.6U.(@8) complexes were studied by thermogravimetric
analysis from ambient temperature to 8G0in oxygen atmosphere. Figures 3 and 4 and T4Blasd 8) illustrate
TG curves and decomposition stages obtained feetbemplexes with a temperature rat€Gnin.

Thermal analysis of CugPU.4H,0 (1) complex ,Fig. 3(1), shows that copper (lI) complarepared at room
temperature is thermally stable up to £89 Its thermal decomposition occurs in three stagfeweight loss of
different intermediates followed by three endothiernmaximum temperatures D= 235, 364, and 608C,
respectively. From the TG-DTG curves it is cleantthhe first decomposition stage from 139 to Z&
correspondind to the loss of four moles of wa2.90% experimental loss; 22.05% theoretically )lo3he
continued loss in the second step correspondingtwo moles of urea after trapping ¥%®om air, the
experimental loss of this step is 41.893% whike tteoretical loss is 41.656%.The last step showdilberation of
one mol of CJ (experimental loss; 21.541% ,theoretical loss 21%) leaving copper as a residue. The most
probable thermal decomposition of the complex naydpresented as:

CuCb.2U.4H,0 — CuCh.2U — CuCh — Cu

The TG curve of CuGl2U.2H,0 (2) complex is shown in Fig. 4(2). Three stages ssatiation of the complex are
indicated in TG and DTG curve. The first decomgositstarts at 98C and ends at 24%C, with an experimental
mass loss of 22.977% against a theoretical l023ef10%, corresponding to the release of 2 madiegater and
one hydrazine molecule forming unstable Cu.CO.JaBmplex. The second stage takes place betweeb ar2d
399 °C, with with maximum peak at 328 and experimental mass loss of 8.593% againkearétical loss of
9.639%, corresponding to the release CO. The thiedje is from 468 to 63& with maximum peak at 548, the
experimental mass loss is 19.904% against a thealr@tass loss of 20.655%, due to the dissociatioh mol of
urea, leaving anhydrous CyCIThe mechanism of the thermal decompositiomefdomplex is proposed as:

CuCh.2U.2H,0 — Cu.CO.U.C} — Cu.U.CL, — CuC}

The TG curve of Co(Ng),.6U(3) complex is shown in Fig. 3(3). The TG-DTG curweicates the dissociation of
the complex in two stages. The first transition ngfes from 172 to 288C, with an experimental mass loss of
78.187% against a theoretical mass loss of 78.08@¥esponding to the release of five urea molecaled tow
moles nitrate groups. The second transformatidroim 428 to 477C, with an experimental and theoretical mass
losses of 6.991%, and 8.103% respectively dubdaelease of one mol of carbon dioxide, leav@m as a
residue, the mechanism of the thermal decompositithe complex is proposed as:

Co(NO)k.6U. — CoCQ, — CoO

The TG-DTG curve of Co(Nghb.2U.4H0O (4) complex is shown in Fig. 4(4). Two stages ohsition are
observed in the TG-DTG curve. The first transitisnfrom 40°C to 218°C with DTG,,= 126 °C, with an
experimental mass loss of 5.145% against a thealdbss of 4.799%, corresponding to the reledsg mol of
water . The second transition stage started froB°@8o 462°C, with DTG at 273,°C, the experimental mass
loss this stage 75.30% against a theoretical hoassof 74.66%, this is due to the release of 2 ofialrea, 3 mol
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water, 2 nitrate ions and trapping of %f@m air forming CoO . The sequential thermal disation process of the
complex can be shown as follows:

Co(NOy),.2U.4H,0 — Co(NO),.2U.3H,0 — CoO

The TG-DTG curve of FegbU.3H,0 (5) complex is shown in Fig. 3(5). Four stages afsitions are observed in
the TG-DTG curve. The first transition changes fréafC to 159°C with DTG, .= 54 °C, with an experimental
mass loss of 4.135% against a theoretical loss3@8%, corresponding to the release of 1 mol okwdathe second
transition changes from 15@ to 290°C with DTG .= 243°C, with an experimental mass loss of 45.382% agjain
a theoretical loss of 46.9708%, corresponding ¢orétease of 2 mol of water, 2 mol of ammonium ddiy 3 mol

of ammonia, 1 mol of hydrazine and 1 mol of Nrhe third transition is from 29C to 397°C with DTGy.= 351
°C and an experimental mass loss of 32.033% agaithgtoretical loss of 32.00%, corresponding toréhease of 1
mol cyanuric acid and 1 mol carbon dioxide. In fimal transition 1 mol carbon monoxide is releasied takes
place between 39T and 642°C with DTG, at 417°C (3.60% experimental loss; 5.18% theoreticallys)o3 he
thermal decomposition of the above complex canessprted

FeCh.6U.3H,0 — FeCh.6U.2H0 — FeCQ.CsHsN:0; — FeO

The TG curve of FeGRBU.5H,0 (6) complex is shown in Fig. 4(6). Three stages @fsatiation of the complex are
indicated in TG and DTG curve. The first decomgositstarts at 40C and ends at 17{C, with an experimental
mass loss of 6.856% against a theoretical lo8114%, corresponds to the release of 1.5 molegatdr . The
second decomposition takes place between 170288dC, with with maximum peak at 238 and experimental
mass loss of 46.491% against a theoretical log6df19%, corresponding to the release of 3.5 mulater and 2
mol Urea. The third stage is from 285 to 425with maximum peak at 378, the experimental mass loss is
27.955% against a theoretical mass loss of 28.@8¥esponding to the dissociation of 1 mol of H@xol HCI,

% mol N, %2 mol H. The mechanism of the thermal decomposition efctbmplex is proposed as:

FeCh.3U.5H,0 — FeCh.3U.3.5H0 — FeCh.U— FeO

The TG curve for MnGI3U.3H,0(7) complex,Fig. 3(7), has three stages of mass losses within the ratype
range 156-624 °C at 267, 387 and 480DTG maximum peaks. The first stage is between3ZH°C an with
experimental mass loss of 39.858% against a theak@bass loss of 40.286%, corresponding to the ¢ds8 moles
water and 1 mol of urea. The second stage is betv@s-432 °C with an experimental and theorktiwss losses
of 11.929% and 12.387%, respectively, is due toltiss of 1 mol of ammonium chloride. The third stagf
decomposition at the temperature range 432-624 #Ssigned to the loss of %2, @hd 1 CN with an experimental
mass loss of 13.534% and a theoretical mass fak4.839%, leaving Mn@as a result of trapping ¥2,&om air .
The proposed thermal decomposition mechanism afdh@plex can given as:

MnCl,.3U.3H,0 — MnCl,.2U — MANCOCI— MnO,

The MnC}.6U(8) complex Fig. 4(8) shows two main stages of decomposition as eviftent DTG maximum
peaks at 26 and 466°C), The first stage of decomposition with an ekpental mass loss of 41.272% and a
theoretical mass loss 41.405% is assigned to tbendgosition of 7 mol Nkl 3mol CQ and 1 mol N. The second
stage, which has an experimental mass loss of 287 in good agreement with theoretical mass ¢d£%.989%

, is attributed to the loss of,lB;N303; leaving MnC} and residual carbon. The proposed thermal decatigpos
mechanism of the complex can given as:

MnC|26U — MnC|2. CsH3N305 — MnC|2+ C

3-6- X- ray powder diffraction studies

The x-ray powder diffraction patterns for the Cu(ICo(ll), Fe(lll) and Mn(ll) urea complexes at féifent
temperatures with formulas; CyU.4H,0 (1) and CuCl.2U.2H,0 (2) Co(NG;),.6U(3) and Co(NQ),.2U.4H,0
(4) FeC}.6U.3H,0 (5) and FeG.3U.5H,0 (6) MnCl,.3U.3H,0 (7) and MnC}.6U.(8) are depicted in Figs. 5 and
6. Inspecting these patterns, we notice that allesys are well crystalline. The crystallite sizettedse complexes
could be estimated from XRD patterns by applyingHiWof the characteristic peaks using Deby-Schezggration

1 [55]. Where D is the particle size of the crygjain, K is a constant (0.94 for Cu grid)is the x-ray wavelength
(1.5406 A), 6 is the Bragg diffraction angle arflis the integral peak width. The particle size veasimated
according to the highest value of intensity comganéth the other peaks. These data gave an impreskat the
particle size located within nano scale range.
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D= KWBCo® (1)

3-7- SEM and EDX studies

Scanning electron microscopy is a simple tool usedive an impression about the microscopic aspetthe

physical behavior of urea as a chelating agent (Fagd8). Although this tool is not a qualified med to confirm
complex formation but it can be a reference toptesence of a single component in the syntheticpbexas. The
pictures of the Ag(l), Cr(lll), Cd(Il) and Zn(Il)anplexes show a small particle size with an namatufe products.
The chemical analysis results by EDX for the forngedhplexes show a homogenous distribution in betwaetal

ions and chelating agent. SEM examinations werekgtethe morphology of the surfaces of these coxagl¢hat
show small particles which tendency to agglomeréesiation with different shapes comparison witle ttart
materials. The peaks of EDX profile of these comete(Fig. 9and10) refer to all elements which dturtst the

molecules of urea complexék- 8) that clearly identified confirming the progalsstructures.

3-8- Biological evaluation

Biological evaluations were checked in term of mitrobial activities of target compounds againstngipositive
(Bacillus subtilisand Staphylococcus aureuand gram-negativeE€cherichia coliand Pseudomonas aerugingsa
and tow strains of fungus\épergillus flavusand Candida albicang Result from the agar disc diffusion tests for
antimicrobial activities of target compounds aresaented in Table @nd illustrated in Fig. 11. The diameters of
zone of inhibition (in mm) of the standard drugdeycline against gram positive bacteria B. subtld S. aureus
and gram negative bacteria E. coli and P. aerugimese found to be 36, 30, 31 and 35 mm, respégtiwdile the
standard drug amphotericin B against Aspergillasdsand Candida albicans gave 18 and 19, respectively. inde
identical conditions, Table 9 shows that, complehas (12, 12, 12, 11, 10 and 10 mm), com@dras (22, 22, 24,
20, 14 and 19 mm), compléxhas (14, 12, 14, 18, 10 and 14 mm), and compleas (10, 10, 10, 0.0, 0.0 and 0.0
mm), respectively, for Bacillus subtilis, Escherachcoli, Pseudomonas aeruginosa, Staphylococcususur
Aspergillus flavus and Candida albicans. All compke were found to be efficient antimicrobial ageetscept for
complexe? which has no efficiency against StaphylococcusagiAspergillus flavus and Candida albicans fungus.

Table 1: Physical characterization, micro-analytichdata of urea complexes

Complexes Elemental analysis (%)
Molecular formula Color Molar ratio Found (Calcd.)
Empirical formula (MW.) C H
CuCh.2U.4H0 () ) ) 0730 0414
326.48 g/mol Light green 14 (07.35)  (04.90)
CuCh.2U.2HO (2) _ 0850  04.40
290.48 g/mol Green 14 (08.26)  (04.13)
, 1350  04.20
CO(NG;)2.6U (3), Dark red 1:4 (13.26) (04.42)
543.03 g/mol
CO(NG;)2.2U.4H0 (@) Red purple 1:4 (8233) (82;%
375.03 g/mol ’ ’
FeCL.6U.3HO (5), _ 1240  02.40
540.8 g/mol Yellow L4 (13.33)  (04.81)
FeCb.3U.5HO0 (6) _ 08.84 0470
396.8 g/mol Broun L4 (09.08)  (04.54)
MnCl2.3U.3H0 (7) . , 0750  04.30
431.91 g/mol White creamy L4 (08:34)  (04.18)
MnCl,.6U. @) . _ 11,70 04.60
557.91 g/mol White L4 (12.90)  (04.30)

Table 2: Molar conductance and magnetic moment datof urea complexes

Am
Complex (@ cnPmol?) Heft
CuCh.2U.4H0 (1) 340 2.38
CuCbh.2U.2H0 (2) - 1.69
CO(NGy)..6U (3), 3910 243
CO(NGy),.2U.4H0 4) - 2.42
FeCb.6U.3H0 (5), 946 2.95
FeCb.3U.5H0 (6) - 291
MnCl,.3U.3H0 (7) 95 2.73
MnCl,.6U. @) - 6.17
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Table 3: Characteristic infrared frequencies (cr?) and tentative assignments of urea (U), [Pt(ureall,] (A), [Cr(urea)¢|Cls (B),

CuCl,.2U.4H,0 (1) and CuCk.2U.2H,0 (2) complexes

UJAT[B] 1] 2 |Assignment®
2450 3390344034503446 v o0 (NH,)
3200333033473354 v(OH): H,0
3350 gégg 319023623316  Vvo(NH;)
16891725150516291622  5(C=0)
1471/1395150514641403  v(C—N)

Table 4: Characteristic infrared frequencies (cr?) and tentative assignments of urea (U), [Pt(ureall,] (A), [Cr(urea)¢|Cls (B),

Co(NOs)..6U(3) and Co(NQ)..2U.4H,O (4) complexes

UJAT[B] 3] 4 [Assignment®

3450 339034403459345(0 v(OH); H,O
3290333033463353 v, (NHy)
3130

3350 3030 319023623212 v{(NH,)

8(H-0)
16831725150515611564 5(C=0)
147111395150514771477] v(C-N)

Table 5: Characteristic infrared frequencies (cr?) and tentative assignments of urea (U), [Pt(ureall,] (A), [Cr(urea)¢|Cls (B),

FeCl,.6U.3H:0 (5) and FeC}.U.HO (6) complexes

UJA][B] 5] 6 |Assignment®
2450 33903440(34503448 v(OH); HO
3200333033463359 v .. (NH;)
3350 305]319032023198  v.(NHy)
16831725150516301630 _ 5(C=0)
1471]1395150514951402  v(C—N)

Table 6: Characteristic infrared frequencies (cm") and tentative assignments of urea (U), [Pt(ureall,] (A), [Cr(urea)¢]Cls (B),

MnCl ,.3U.3H,0 (7) and MnCl,.6U. (8) complexes

U[A]B] 7] 8 |Assignment®

3450 3390344034643437 v(OH); H,O
3290333033543350 v, (NHy)
3130

3350 3030 31903219 --- V{(NH,)

3(C=0)
16831725150516581656 &(H,0)
147111395150514961473 v(C-N)

Table 7: The maximum temperature, T../°C, and weight loss values of the decomposition segfor the CuCh.2U.4H,0 (1),
Co(NOs)2.6U(3), FeC}.6U.3H,0 (5), and MnCl,.3U.3H,O (7) complexes

Complexes Decomposition Tma/°C Lost % Weight loss
Species Found Calc.
First step 235 450 22.903 22.053
1 Second step 364 2NHH,0+N,+2CG, 41.983 41.656
Third step 607 Gl 21.541 21.747
Residue Cu metal 19.450 14.547
First step 270 5CO+2NA6N;H,4 78.187 78.080
3 Second step 477 GO 6.991 8.102
Residue CoO 13.793 13.818
First step 54 48] 4.135 3.328
Second step 243 28+2NH,CI+3NH:+N,H,+N,  45.382 46.970
5 Third step 351 €H3N3;05+CO, 32.00 32.033
Forth step 417 co 3.600 5.180
Residue FeO 13.314 12.489
First step 267 ANEH2CO+H,0 39.585 40.286
7 Second step 387 NBI 11.929 12.387
Third step 480 ¥2GHCN 13.534 14.239
Residue MnQ@ 20.129
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Table 8: The maximum temperature, Ta/°C, and weight loss values of the decomposition segfor the CuCh.2U.2H0(2),
Co(NOs)2.2U.4H,0(4), FeChL.3U.5H,0 (6) and MnCl,.6U. (8) complexes

Complexes Decomposition Tma/°C Lost % Weight loss
Species Found Calc.
First step 154 2D +N;H,4 22.977 2341
2 Second step 323 CcO 8.593 9.639
Third step 548 Urea 19.904 20.655
Residue CuGl 46.303  46.296
First step 126 28] 5.145  4.799
4 Second step 293  B+4NH+2CO+ 2NG+%%0,  75.305  75.194
Residue CoO 19.981 20.541
First step 26D 6.856 6.804
Second step 238 3.58+2Urea 46.491 46.119
6 Third step 370 HCN+2HCI+Y2NY2H, 27.955 28.981
Residue FeO 18.145 18.096
First step 260 7NEH3CO+N, 41.276  41.405
8 Second step 466  ,03N30; 20.778 20.989
Residue MnGCH Carbon 22.573

Table 9: Inhibition zone diameter (mm) of the targé compounds against tested microorganisms for Cu@RU.4H,0 (1), Co(NG;),.6U(3),
FeCl,.6U.3H,0 (5), and MnCl,.3U.3H,0O complexes

Inhibition zone diameter (mm / mg sample)

Bacillus Escherichia Pseudomonas Staphylococcus  Aspergillus  Candida
Sample subtilis coli aeruginosa aureus flavus albicans
(GH ()] G) (GH (Fungus)  (Fungus)
Control: DMSO 0.0 0.0 0.0 0.0 0.0 0.0
Antlbacter_lal agent 36 31 35 30 _ _
(Tetracycline)
Standard -
Antifungal agent _ _ _ _ 18 19
(Amphotericin B)
1 12 12 12 11 10 10
3 22 22 24 20 14 19
5 14 12 14 18 10 14
7 10 10 10 0.0 0.0 0.0
- G: Gram reaction. Solvent: DMSO.
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Fig. 1: Infrared spectra of urea complexes at roontemperature: CuCl,.2U.4H,0 (1), Co(NG;),.6U(3), FeC}.6U.3H,0 (5) and
MnCl,.3U.3H,0(7) complexes
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Fig. 2: Infrared spectra of urea complexes at 6¥C: CuCl,.2U.2H,0 (2), Co(NG;),.2U.4H,0(4), FeCh.3U.5H0 (6) and MnCl,.6U(8)
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Fig. 3: TG curves of CuC}.2U.2H,0 (2), Co(NG),.2U.4H,0(4), FeCb.3U.5H,0 (6) and MnCl,.6U(8) complexes
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Fig. 4: TG curves of CuC}.2U.2H,0 (2), Co(NGs),.2U.4H,0(4), FeCL.3U.5H,0 (6) and MnCl,.6U(8) complexes
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Fig. 5: XRD spectra of urea complexes at room tempature: CuCl ,.2U.4H,0 (1), Co(NG),.6U(3), FeC}.6U.3H0O (5) and

Fig.

MnCI,.3U.3H,0(7) complexes
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6: XRD spectra of urea complexes at room tempature: CuCl ,.2U.4H,0 (1), Co(NG),.6U(3), FeC}.6U.3H,0 (5) and
MnCl ,.3U.3H,0(7) complexes
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Fig. 8: SEM image of CuC}.2U.2H,0 (2), Co(NGy),.2U.4H,0(4), FeCh.3U.5H,0 (6) and MnCl,.6U(8) complexes
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3

Fig. 9: EDX diagram of CuCl.2U.4H,0 (1), Co(NG;),.6U(3), FeC}.6U.3H,0 (5) and MnCl,.3U.3H,0(7) complexes
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Fig. 10:EDX diagram of CuCh.2U.2H,0 (2), Co(NG;),.2U.4H,0(4), FeC}.3U.5H,0 (6) and MnCl,.6U(8) complexes
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Fig.11: Biological evaluation of CuC}.2U.4H,0 (1), Co(NGs)..6U(3), FeC}.6U.3H,0 (5), and MnCl,.3U.3H,O complexes
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