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ABSTRACT

Co(ll), Ni(I1) and Cu(Il) complexeswith novel heterocyclic ligands derived
from 4-acetyl pyridine with thiosemicarbazide were synthesized and charac-
terized by elemental analysis, molar conductivity, spectral methods (mid in-
frared, 'H-NMR, massand UV /vis spectra) and simultaneous thermal analy-
sis(TG and DTG) techniques. Themolar conductance measurements proved
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that all complexesare electrolytes compared with their ligands. The R spec-
tra of the two ligands and their complexes are used to identify the type of
bonding. The kinetic thermodynamic parameters such as: E*, AH*, AS* and
AG* are estimated from the DTG curves. The free ligands and their com-
plexes have been studied for their possible biological activity (antibacterial

and antifungal).

INTRODUCTION

Metd complexescontaining4-pyridinemoiety such
as 1-(pyridine-4-yl) ethylidene) hydrazinecarbothio-
amide and 1-(pyridine-4-yl) ethylidene amino) 2-
thioxoimidazolidin derivativeshave aroused consider-
ableinterestin view of their industrial and biol ogical
importance.

Many of these compounds possess awide spec-
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trum of medicind properties, including activity againgt
tuberculosis, leprosy, and bacterid and vird infections.
They have a so been found to be active against influ-
enza, protozoa, smallpox, psoriasis, rheumatism, try-
panosomiasis, coccidios's, maariaand certain kinds of
tumorsand have been suggested aspossible pesticides
andfungicides Their activity hasfrequently been thought
to bedueto their ability to chel ate trace metal §19.
The present study discussthe synthesis, spectro-
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scopi ¢ characterization and biologica screening of het-
erocyclicligandsderived from 4-acetylpyridinewith
thio- semicarbazidetowards Co(l1), Ni(ll) and Cu(ll)
ions.

EXPERIMENTAL

Materialsand instrumentation

All chemicalswerereagent grade and were used
without further purification. 4-acetylpyridine,
thiosemi carbazide and chloro acetic acid were pur-
chased from Fluka Chemical Co., CoCl..6H,O,
NiCl..6H,Oand CuCl,.2H,0 from (Merck Co.).

Carbon, hydrogen and nitrogen contentswere de-
termined using aPerkin-Elmer CHN 2400in the Mi-
cro-anaytica Unit at the Faculty of Science, CairoUni-
versty, Egypt. Themetd content wasfound gravimetri-
cdly by converting thecompoundsinto their correspond-
ingoxides,

IR spectrawererecorded on Bruker FTIR Spec-
trophotometer (4000-400cm?) in KBr pellets. TheUV—
vis, spectrawere determined in the DM SO solvent with
concentration (1.0 x 10-*M) for thefreeligandsand
their complexes using Jenway 6405 Spectrophotom-
eter with lcmquartz cdll, intherange 200-800nm. Molar
conductivitiesof freshly prepared 1.0 x 10-* mol/dm3
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Scheme?2: Fragmentation pattern of [CuL,(H,0),]CI (I11)
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DM SO solutions were measured using Jenway 4010
conductivity meter.

'H-NMR spectrum of thetwoligands (L, and L),
Ni-L, and Cu-L, complexeswererecorded on Varian
Gemini 200 MHz spectrometer using DMSO-d, as
solvent and TMSasaninternd reference. Thepurity of
thetwo ligands, L,-Cu and L -Co were checked from
mass spectraat 70eV by using AEI MS 30 Mass spec-
trometer. Thermogravimetricanayss(TGA and DTG)
werecarried out in dynamic nitrogen atmaosphere (30ml/
min) with aheeting rate of 10 C/minusingaSchimadzu
TGA-50H thermal anayzer.

Synthesisof L and L,

[(2-(1-pyridin-4-yl) ethylidene)-4-hydrazine-
carbothioamide] [L ]

A mixture of 4-acetylpyridine (12.1gm, 0.1
mole), thiosemicarbazide (12gm, 0.13 mole) and
methanol (100ml) was heated under reflux for 2 hr.
after cooling the precipitate wasfiltered off, washed
with methanol, crystallized from methanol to give
whitecrystals.

[(2-(2-(1-(pyridine-4-yl) ethylidene) hydrazine-
carbothioamido) aceticacid] [L ]

A mixtureof (L,) (0.1 mole), and chloroethylacetate
(0.1mole) was added to sol ution of sodium methoxide
(100ml) and heated under reflux for 2hr. after cooling
the precipitatewasfiltered off, crystalized from metha-
nol togiveyellow crystas.

—= Fyll Poper
Synthesis of the complexes

A genera method is: thedesired weight of thefree
ligandswas dissolved in 30 ml methanol and the solu-
tionwas adjusted to pH 7.0 by addition of methanolic
solution of anmonium hydroxide. Themeta sdtswere
dissolved in 20 ml of methanol and then the prepared
solutionswered owly added to thesolution of theligand
under magnetic stirring. After heating for about 1 h, the
obtai ned precipitateswerefiltered off, wash with hot
methanol and dried at 60°C.

Microbiological screening

For theseinvestigationsthe holewe | method was
applied. The investigated isolates of bacteria were
seeded in tubes with nutrient broth (NB). The seeded
NB (1cm?®) washomogenized in the tubeswith 9cm? of
melted (45°C) nutrient agar (NA). The homogeneous
suspensionswere poured into Petri dishes. The holes
(diameter 4 mm) weredonein thecool medium. After
coolingintheseholes, 2 x 10 dm? of theinvestigated
compounds were applied using amicropipette. After
incubation for 24 h in athermostat at 25-27°C, the
inhibition (sterile) zonediameters (including disc) were
measured and expressed mm. Aninhibition zonediam-
eter over 7mm indicatesthat thetested compoundis
active against thebacteriaunder investigation.

Theantibacterid activitiesof theinvestigated com-
poundsweretested against Bacillus Qubtilis, Srepto-
coccus Penumonia, Saphyl ococcus aureus (as Gram
Positive Bacteria), Escherichia Coli and Pesudomonas
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TABLE 1: Elemental analysesand physical data of thetwoligandsand their complexes(I-VI)

Content ((calculated) found)

compounds Mut. mp/®C - color %C  %H %N %M 1::
L 1(CsHioNsS) 19400 230  Colorless (jg:g? (i:ég) (gg:gg) 39.21
L o(CaoH1oNLO,S) 25200 215 valow Q10D Q70 (2220 22.33
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WSO e o om G (3 dD dE g
O ey wess0 >0 f GRG0 (R Glep
(v, P o.SCIC was >x0  eon  Gred QO (R0Y (R5) 11450
(V: Cutiei0n50IN) 315 >30  eren  Godd G2 (P0G 10620
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. (as Gram Negative Bacteria) and aswell assome
kindsof fungi; AspergillusNigaer and PenicilliumSp..
Inthe sametimewith the antibacteria and antifungal
investigationsof the complexes, thetwo ligandswere
asotested, aswell asthe pure solvent. The concentra-
tion of each solutionwas 1.010°* mol dm?. Commercid
DM SO was empl oyed to dissol ve the tested samples.

RESULTSAND DISCUSSION

Theresultsof thed ementd andysisand somephys-
cd characteristicsof the obtained compoundsaregiven
iINTABLE 1.

The complexesareair-stable, hygroscopic, with
higher melting points, insolubleinH,O and most of or-
ganic solvents, but solublein DM SO and DMF.

Condensation of 4-acetyl pyridinewith thiosemi-
carbazidereadily givesrisetothecorresponding L, and
L., whichwaseasily identified by itsIR, 'H-NMR and
mass spectra. Bidentate complexeswere obtained upon
reaction between metal ionsof and L, and L, ligandsat
1:1molar ratio. TheligandsL, and L ,onreactionwith
CoCl,.6H,0, NiCl..6H,Oand CuCl,.2H,O sdits, yield
complexes corresponding to the general formula
[CoL,(H,0),]CL, (1), [NiL,(H,0),]Cl..2H.0O (l1),
[CuL (H,0),]CI, (I11), [CoL,(H,0),ICI (IV),
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TABLE 2: IR frequencies(cm™) of theL , and L, and their
metal complexes

—= Fyll Poper

TABLE 3: Theelectronic spectral dateof thel, and L ,and
their metal complexes(1-VI)

. Compound
Assignments

L, Ly |1 I wv v Vi
vas(OH); H,O 3345 3308 3360 3333 3360 3314
v(N-H) 3456 3296
v(C-H) aromatic 3170 3076
v(COOH) 1711 - - -
va(COO) - 1500 1509 1542
v(C=N) 1630 1632 1612 1602 1611 1609 1611 1611
v(M-N) 430 451 458 432 450 493

[NiL,(H,0),]CI.2H,0 (V),[CuL(H,0),ICI (VI). The
newly synthesized ligands and itscomplexesarevery
stable at room temperatureinthe solid state. Theana-
Iytical dataarein agood agreement with the proposed
stoi chiometry of the complexes. The meta-to-ligand
ratio in the Co(I1), Ni(I1) and Cu(ll) complexes was
foundtobel1:1.

Molar conductivitiesof themetal chelates

Themolar conductivity valuesfor thecomplexesin
DMSO solvent (1.0 x 10° mol) were in the range
(114.30-311.60)us. Themolar conductivity measure-
mentsintherange of electrolytic nature (TABLE 1).
Conductivity measurementshavefrequently been used
instructural of metal chelates (mode of coordination)
withinthelimitsof ther solubility. They provideamethod
of testing the degree of ioni zation of the complexes, the
molecular ionsthat acomplex liberatesinsolution (incase
of presence anions outside the coordination sphere),
thehigher will beitsmolar conductivity and viceversd®.
Itisclear from the conductivity data, compared with
thevalues of freeligandsthat the complexes present
seem to be el ectrolytes. Also themolar conductance
vauesindicatethat the anionsmay beexhibitsoutside
or absent or inside the coordination sphere. Thisresult
was strongly supported with thechemical analysis(d-
emental analysisdata) where Cl-ionsare detected by
addition of AgNO, solution. Also the conductivity val-
uesfor L, complexesaregreater thanthat for L, where
they havetwo chlorineatoms.

Infrared spectra

Themain IR dataof thetwoligandsL ., L,andtheir
complexesaresummarized in TABLE 2 and IR spec-
traareshownin Figure 1. The presence of the broad

Amax  €(mole™ .
Compound (nm) cm) Assignment
220 234 n-* trans.
L, 235 1788 - trans.
325 1945 n-t* trans.
210 407 n-m* trans.
L 220 270 n-m* trans.
2 240 676  m-m* trans
330 1516 n-n* trans.
220 3000 n-m* trans.
[CoL1(H,0)](C), 235 1431 n-* trans.
345 1861 n-mt* trans.
205 3000 - trans.
215 3000 - trans.
NiL;(H»0),](Cl),.2H,0
[NIL,(H-0)el(C22H0 1426  m-n* trans,
335 2656 n-tt* trans.
210 3000 n-m* trans.
220 595 n-* trans.
245 2196 - trans.
CuL4(H,O)](Cl
[ 1(HO)](C1): 285 2377 n-tt* trans.
330 2977 n-tt* trans.
350 2905 n-t* trans.
235 1539 - trans.
[CoL,(H0),]Cl 340 2855 n-7* trans.
350 2719 n-mt* trans.
215 1054 n-m* trans.
240 1054 n-m* trans.
250 1054 - trans.
[NiL2(H20),]Cl.2H,0 260 802 - trans.
285 541 n-tt* trans.
385 1412 n-tt* trans.
448 440 L—Ni C.T.
210 1854 - trans.
[CuL,(H0O)4Cl 235 785 - trans.
335 1091 n-n* trans.

water bandsin the 3308-3360cm™* zone confirmsthe
presence of water moleculesin all complexes. The
sretchingvibration, v(NH), which gppearsat 3456 cm'?
inthespectrumof L, isshifted inthespectraof itscom-
plexes, whichindicatethesharing of NH, groupinthe
formation of the complexes. However, the absence of
theabsorptionband at 1711cm'?, arising from the car-
boxylic group (COOH) for under investigation L, com-
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TABLE 4: Thermal dataof theL,and L ,complexes(1-V1)

TG
Compound Steps Temperature peak (°C) Weight loss (%) Assignments
range (°C)
Calc. Found
1 25-250 150 22.82 21.85 CsHuN (pyridinering)
CoL,(H,0)](ClI . . [ [
[CoL1(H20)](Cl)2 ond 250-400 300 39.19 39.28 C3H8N30§ (organic moiety)
37.99 38.87 CoCl, (residue)
1% 25-100 75 18.19 17.83 4H,0
[NIL 1(H,0)2] (C1)5.2H,0 2" 100-225 175 19.72  19.86 CsH,;N (pyridinering)
1\F12V)2 2: 2 . .
g 295400 315 29.32  29.52 C:.;HGN:;S (.orgam C moiety)
32.77 3279 NiCl; (residue)
1 25-200 125 2252 2253 CsHuN (pyridinering)
CuL,(H,0)](Cl . . [ [
[CuL1(H,0O)](Cl)2 ond 200-400 250 38.67 39.29 C3H8N30§ (organic moiety)
38.81 38.18 CuCl, (residue)
1% 25-100 65 943 951 2H,0
CoL »(H,0),]Cl . . [ i
[CoL,(H,0),] ond 100-400 250 61.61 60.05 C10H11N4.OS(organ|c moiety)
28.96 30.44 CoO (residue)
1% 25-225 65 23.83 2351 6H,0
NiL»(H,0)4]Cl.2H,0 . . i i
[NiL,(H0)4] 2 ond 295400 250 61.61 60.05 C?oHlle;OS(orgamc moi ety)
28.96 30.44 NiO (residue)
1% 25-150 115 12,79 1252 3H,0
[CuL,(H0),4]Cl ond 150-400 300 59.95 59.79 C10H13N4.OZS (organic moiety)
27.26  27.69 CuO (residue)

TABLE5: Kinetic parameter susing the Coats-Redfern (CR) and Horowitz—Metzger (HM) operated for the L and L,
complexes(I-V1)

Par ameter
Complex Stage Method E 4 AS AH AG r

(3 molY) AG)  GmotkYy  @mdY) (I mo?

CR 6.82 x 10" 387 x 10° -1.22 x 10> 6.48 x 10 1.16 x 10° 0.9954

| 1% HM 7.39x 10  2.14x 10’ -1.07 x 10 7.04 x 10 1.15x10°  0.9994
average  7.10x10*  1.26 x 10’ -1.14 x 10 6.76 x 10  1.15x 10°

CR 546 x 10  7.09 x 10° -1.75 x 10 5.08 x 10°* 1.32x10°  0.9998

[l 2 HM 6.50 x 10" 1.94 x 10° -1.47 x 10 6.11 x 10* 1.79x 10°  0.9995
average  5.98x 10"  1.01x 10° -1.61x 107  559x10°  1.55x10°

CR 2.04x10* 456 x 10 -2.35 x 10 1.69 x 10* 1.15x10°  0.9923

1 1% HM 3.78x 10  3.46x 10° -1.99 x 10° 3.44 x 10° 1.18x10°  0.9997
average  2.91x10°  1.95x 107 -2.17 x 10° 256x 10  1.16 x 10°

CR 2.84x10°  1.93x 107 2.73 x 10° 2.79 x 10 1.42 x10°  0.9992

Y, 2 HM 3.02x10°  7.26 x 10° 3.22 x 10 2.97 x 10 1.35x10°  0.9999
average  2.93x10°  3.63x 10% 2.97 x 10° 2.88x10°  1.38x10°

CR 3.96 x 10 2.83 x 10 -2.01 x 10 3.61 x 10 1.21x10°  0.9630

\% 1% HM 4.74x10* 562 x10° -1.76 x 10 4.39 x 10* 1.18x 10°  0.9975
average  4.35x 10"  1.69x 10° -1.90x 10°  4.00x 10  1.19x 10°

CR 1.94x10° 2.73x10% 2.01 x 10° 1.91 x 10° 1.10x 10°  0.9956

\ 1% HM 201x10°  4.16 x 10* 2.24 x 107 1.98 x 10° 1.07 x 10°  0.9947
average  1.97x10°  2.21x 10* 2.12 x 107 1.94x10°  1.08 x 10°
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plexes, statesthat the hydrogenionintheligand mol-
eculeissubgtituted by the metal iong™. Thestretching
asymmetric (v, ) of carboxylategroup between 1500
and 1542cm* and of the symmetric vibrations (v ) at
1409-1403cm' confirm these hypotheses. The shifting
of v(C=N) inthe spectraof the complexesindicate
the sharing of thisgroup in theformation of the com-
plexesd. The coordination of themetal ionsvianitro-
gen atom is confirmed by presencethe v(M-N) bands
at range 430-493cm',

Electronicabsor ption spectra
Thespectraof thetwo ligandsand their complexes

in DM SO are showninfigure 2 and the spectral data
arelistedin TABLE 3.

There are two detected absorption bandsin the
spectraof thefreeligandsand their complexes, thefirst
onewhich gppearsat range 205-260nm was assigned
to n- w*1¥, and the second which appears at range
285-385nm was assigned to n- * intraligand transi-
tiond’1, Thesetransitionsalso found inthe spectraof
the complexes, but they are shifted. Thereare evident
that theincreasing in the absorbance (hyperchromic ef-
fect) clarifiedinall of the spectraof the complexesat-
tributed to the complexation behavior of two ligands
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Figure5: TheTG and DTG curvesof the(l-VI) complexes

towardsmetal ions, confirming the coordination of the
ligandsto the metallicions. The absorption bands at
448nminthespectrumof [NiL(H,0),]Cl.2H,Owhich
can beattributed to ligand to metd charge-transfer.

'H-NMR spectra

The proton magnetic resonance spectraof theL
L,, [NiL (H,0),]CL,.2H,O (Il) and [CuL (H,0) ] Cl
(V1) complexeswereandyzed (Figure 3).

Thesignalsexhibited by thefreeligand L, dueto
the NH group and NH, group protons at 9.57ppm and
11.25ppm, respectively, have been disappeared and
only one signal is appeared in the spectrum of the
[NiL,(H,0),](Cl),.2H,0(Il) complex at 2.11 ppmin-
dicating the coordination of thetwo nitrogen atomswith
themetal ion. Also, the signals exhibited by thefree

ligand L, dueto the NH group and carboxylate group
protonsat 9.57ppm and 12.42ppm, respectively, dis-
appearsin the spectrum of the [CuL ,(H,0),]CI (V1)
complex indi cating the coordination of nitrogen atom of
NH group and oxygen atom (carboxylateion) with the
metal ion*>*3, Thearomatic signasof pyridinering do
not shift significantly, thus showing that the magnetic
environment of thearomatic ring hasnot changed Sig-
nificantly with coordination.
Mass spectra

The purity of L, L, [CuL,(H,0),]Cl, (lll) and
[CoL (H,0),]Cl (IV) waschecked from mass spectra
(Figure4), wherethe spectrashowed that aclearly base

peaks (m/e) molecular weightsand theintensity (%).
Thefragmentationsof them are presented in Schemes
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TABLE 6: Antibacterial and antifungal activity dataof L and L, and their complexes(I-VI)

Antibacterial activity data

Antifungal activity data

Compd. Gram positive bacteria Gram negative bacteria
No. Baci I_IL_Js Streptococgus Staphylococcus E.Coli  Pesudomonas Sp Asp_ergillus Penicillium

Subtilis Penumonia Aureas ' ) Nigaer Sp.

L1 +++ + + ++ ++

L2 + + +++ +++ +

| +++ ++ ++ ++ +++

1] +++ +++ + ++ ++ +++ +++

I +++ + + + ++ ++

v +++ + +++ + ++ +++ +

\Y ++ +++ +++ +++ ++ +++ +++

VI + +++ +++ + + +++ +

1-4. Their isdifference between thefragmentation path
way of thetwo ligand rather than the two complexes
resulted according to the place of complexation, the
formation of the complexesviaNH and NH,, groups
incaseof L, andviaNH and COOH groupsinL,,.

Thermogravimetricanalysis

Therma andysiscurves(TG and DTG) of thestud-
iescomplexesareshowninfigure5. Thethermoandytica
resultsaresummarizedin TABLE 4.

[CoL(H,0),]CL (1)

Thethermal decompaosition of thiscomplex occurs
at two steps. Thefirst degradation step take placein
therange of 25-250°C and it correspondsto the elimi-
nated of the pyridinering dueto aweight lossof 21.85%
inagood matchingwith theoretical value 22.82%. The
second step fall in the range of 250-400°C whichis
assigned to loss of C;H,N,OS (organic rest) with a
weight 10ss 39.28% and the cal culated valueis 39.19%.

[NiL (H,0),]CI,2H,0 (I1)

Thethermal decomposition of [NiL,(H,0),]CL,.
2H,0 complex completely inthreesteps. Thefirst deg-
radation step take placein therange of 25-100°C and
itiscorrespondsto the eliminated of four water mol-
eculedueto aweight lossof 17.83%inagood match-
ingwiththeoretical value 18.19%. Thesecond stepfal
intherange of 100-225°C whichisassignedtolossof
the pyridine ring with aweight 10ss 19.86% and the
calculated valueis 19.72%. Thethird step fall inthe
range of 225-400°C which is assigned to loss of
CH/N_S(organicrest) withaweight 10ss29.52% and
the calculated valueis 29.32%.

[CuL (H,0),]CL, (1)

The Cu(ll) complex decomposed like Co(ll) com-
plex only intwo steps. Thefirst extended from 25°Cto
200°C and can beassigned to thelossof pyridinering,
representing aweight lossof 22.53% and itscal culated
valueis 22.52%. The second step occurring at 200-
400°C corresponding to the loss of C,H,N.OS (or-
ganic moiety), representing aweight loss of 39.29%
anditscalculated valueis 38.67%.

[CoL (H,0),]CI (IV)

Thiscomplex decomposed a so intwo steps, the
first oneoccurring at 25-100°C and corresponding to
theevolution of dl two coordination water molecules,
representing aweight loss of 9.51% and its cal culated
value is 9.43%. The second step occurring at 100-
400°C is corresponding to the loss of C H,,N,0OS

(organicrest), representing aweight loss of 60.05%
anditscalculated valueis61.61%.

[NiL (H,0),]C1.2H,0 (V)

To make sure about the proposed formula and
structure for the new Ni(ll) complex, [NiL,(H,0),]
Cl.2H,0(V), thermo gravimetric (TG) and differential
thermo gravimetricanaysis (DTG) wascarried out for
thiscomplex under N,, flow. DTG thermogramisshown
infigure4. Thetherma decomposition of the (V) com-
plex proceeds approximately with main two degrada-
tion steps. Thefirst stage occursat maximum tempera-
tureof 65°C. Theweight lossassociated withthisstage
23.51% whichisvery closeto thetheoretical vaue of
23.83% corresponding to the loss of six water mol-
eculesaswill bedescribed in TABLE 4. The second
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step occurring at 225-400°C iscorresponding to the
lossof C, H,,N,OS (organic moiety), representing a

weight lossof 10.07% anditsca culated vaueis9.87%.
Thefina product resulted at 400°C wasNiO.

[CuL (H,0),JCI (V1)

Asmentioned aboveinthe Co(ll) and Ni(Il) com-
plexes, [CuL(H,0),]CI (V1) complex, also hastwo
decomposition steps. Thefirst seplocated intherange
between 25-150°C at maximumtemperature DTG,
=115°Cand theweight lossat thisstepis 12.52% due
to thelossof threewater molecules, in agreement with
thetheoretical weight lossvalue of 12.79%. The sec-
ond step occurring at 150-400°C iscorresponding to
the loss of the last water moleculeand C H,,N,OS
(organic moiety), representing aweight lossof 59.79%
and itscalculated valueis59.95%. Thefinal formed

product at 400°CisCuO.
Kineticstudies

Inrecent yearstherehasbeenincreasinginterestin
determining the rate-dependent parameters of solid-
state non-isotherma decomposition reactionsby andy-
sisof TG curves. Severd equationg®?! have been pro-
posed asmeansof analyzingaTG curveand obtaining
valuesfor kinetic parameters. Many authors+*9 have
discussed the advantages of thismethod over the con-
ventiona isotherma method. Therate of adecompos -
tion process can be described as the product of two
separate functions of temperature and conversion™,
usng
dovdt = k(T)f(cx) )
wherea isthefraction decomposed at timet, k(T) is
thetemperature dependent function and f(o) isthe con-
version function dependent on the mechanism of de-
composition. It has been established that thetempera

ture dependent function k(T) isof theArrheniustype
and can be considered astherate constant k.

k :A e-E*lRT (2)
where R isthegascongtant in (Jmol1K2). Substituting
equation (2) into equation (1), we get,

do/dT = (Alp e R )f(a)

where ¢ isthelinear heating rate dT/dt. Onintegration
and gpproximation, thisequation can beobtained inthe
folowingform

Ing(a) =-E'/RT +In[AR/$E’]

whereg(o) isafunction of o. dependent on the mecha-
nismof thereaction. Theintegra ontheright hand side
iIsknown astemperatureintegral and hasno closed for
solution. So, severd techniqueshave been used for the
eva udtion of temperatureintegrd . Most commonly used
methodsfor thispurposearethedifferentia method of
Freeman and Carrol ™ integral method of Coat and
Redferni*, the approximation method of Horowitz and
Metzger(d,

Inthepresent investigation, thegenerd thermal be-
haviorsof theL, and L, complexesintermsof stability
ranges, peak temperatures and val ues of kinetic pa-
rameters, are shown in figure 6 and TABLE 5. The
kinetic parameters have been eva uated using thefol -
lowing methods and the results obtai ned by these meth-
odsarewe | agreement with each other. Thefollowing
two methodsarediscussedin brief.

Coats- redfern equation
The Coats-Redfern equation, whichisatypicd in-
tegral method, can be represented as:
o da
0 (1- OL)n
For convenienceof integrationthelower limit T, is

_A (T2

A _E_
o1 PR
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Figure6: Horowitz—Metzger (HM), Coats—Redfern (CR) of the first step of the L:and L .complexes

usudly tekenaszero. Thisequaiononintegration gives,

*

In(1-a)
_T] = _%+ |n[:?§]

A plot of left-hand side (LHS) against 1/T was
drawn. E" istheenergy of activationinJmol* and cd-
culated fromthedop andA in (st) fromtheintercept
value. Theentropy of activation AS' in (JK*mol*) was
calculated by using the equation:

AS =RIn(Ah/k,T) ©)
wherek; isthe Boltzmann constant, histhe Plank’s
constant and T_isthe DTG peak temperature®,

Horowitz-M etzger equation

In[

TheHorowitz-Metzger equationisanilludtrative of
the approximation methods. Theseauthorsderived the
reldion:
log[{1-(1-a)""}/(1-n)] = E'6/2.303RT *for n=1 4

Whenn=1, theLHS of equation 4 wouldbelog[-
log (1-a))]. For a first-order kinetic process the
Horowitz-Metzger equation may bewrittenintheform:
log[log(w,/w,)] = E'6/2.303RT ?-log2.303
where0 =T-T_, W =W, —wW, W, = mass loss at the
compl etion of thereaction; w = masslossup totimet.
Theplot of log[log(w_/ wy)] vs6O wasdrawnandfound
to belinear fromthe dope of which E" wascal culated.
Thepre-exponentia factor, A, wascal culated fromthe
equation:

E'/RT 2=A/[ ¢ exp(-E'/RT))]

Theentropy of activation, AS', wasca culated from
equation 3. The enthalpy activation, AH", and Gibbs
free energy, AG', were calculated from; AH = E" —
RT and AG = AH'—TAS', respectively.

Thereaction for which AG ispositiveand ASis
negative considered asunfavorable or non spontane-

ousreactions.

Resactionsareclassified aseither exothermic (AH
< 0) or endothermic (AH > 0) on the basisof whether
they giveoff or absorb hest. Reactionscandsobecdlas-
sified asexergonic (AG < 0) or endergonic (AG > 0)
on the basis of whether thefree energy of the system
decreasesor increasesduring thereaction.

The thermodynamic data obtained with the two
methods arein harmony with each other. Thecorrdla
tion coefficients of theArheniusplots of thethermd de-
composition sepswerefoundto lieintherange0.9630
t00.9999, showingagood fit withlinear function. Itis
clear that the therma decomposition processof al L,
and L, complexesis non-spontaneous, i.e, the com-
plexesarethermdlly stable.

Microbiological screening

Theresultsof antibacterial activitiesinvitro of the
two ligandsand their complexesaregivenin TABLE6.
From the resultswe can seethat all the effect onthe
sel ected bacteriacan be ordered as, Bacillus Subtilis
> Sreptococcus Penumonia > Saphylococcus
aureus> Escherichia Coli > Pesudomonas Sp.

Alsothetwoligandsand their complexeshavebeen
evauated for their antifungd activity. Theminimal in-
hibitory concentration valueslisted in TABLE 6 show
that all the test compounds have more effect on As-
pergillusNigaer than Penicillium Sp.

Sructureof thel, and L ,and their complexes

The fact that these compounds wereisolated as
powdersand not assingle crystalsmeansthat no com-
plete structure determination can bemade. Accordingly,
theabove mentioned discuss onsusing € ementd analy-
sis, molar conductance, (infrared,"H-NMR and mass)
spectraaswell asthermogravimetric anadysis; thesug-
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gested structures of theL, and L, and their complexes  [10] R.H.Holm, F.A.Cotton; J.Am.Chem.Soc., 80, 5658

can berepresented in Scheme5.
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