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ABSTRACT

The thermal decomposition study of copper(Il) complexes [a series of
copper(l1) complexeswith 4-amino-5-benzyl-4H-1,2 4-triazole-3-thione (ABT),
5-benzyl-4-(benzylideneamino)-4H-1,2,4-triazole-3-thione(BBT), 5-benzyl-4-
[(2-hydroxybenzylidene)amino]-4H-1,2,4-triazol e-3-thione (HBHT) and 5-
benzyl-4-[ (4-mehtoxybenzylidene)amino]-4H-1,2,4-triazole-3-thione (BMT)]
was monitored by TG, DTG and DTA analysis in dynamic atmosphere of
nitrogen. TG, DTG and DTA studies confirmed the chemical formulations of
these complexesand showed that their thermal degradation take placeintwo
to four steps depending on the type of ligand present. The kinetic param-
eterswere determined from the thermal decomposition datausing the graphical
methods of Coats-Redfern and Horowitz-Metzger. Thermodynamic
parameters were calculated using standard relations. Negative values of the
entropy indicate amore ordered activated state that may be possible through
the chemisorption of oxygen and other decomposition products. In most
cases the values of the activation energy for the second decomposition
stage were found to be higher than that of the first stage, this may be
attributed to the structural rigidity of the ligands. The decomposition
stability order of the complexes depends on the structural feature of ligand,
copper(I1) complex containing the ABT ligand being the most stable one.
The activation energies of the thermal degradation steps lie in the range
9.83-70.86 kJmol ™. © 2009 Trade Sciencelnc. - INDIA
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1.INTRODUCTION

Triazole-3-thiones and their complexeshave been
reported to bebiologicaly versatile compoundshaving
bactericidal properties. Amineand thione-substituted
triazoles have been studied as anti-inflammatory and
antimicrobial agentd*3. Assuch, they arepart of the
larger family of sulfur and nitrogen containing organic
compoundswhich display abroad range of biologica
activity, finding applicationsasantitumor, antibacterid,

antifungd and antivird agents®9. Thechemistry of tran-
stionmetal complexeswith heterocyclic thionescon-
tinuesto be of interest, because of their striking struc-
turd festuresaswell astheir biological importance®8.
However, information on complexesderived from sub-
stituted 1,2,4-triazolesis scanty!®1Y.

To the best of our knowledge very littlework has
been doneonthetherma behaviour of triazole-3-thiones-
metal complexesof transition e ements>23, Hencethe
present paper reportsthetherma andysisstudiesof some
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copper(ll) triazole-3-thionescomplexes. Theassociated
therma decomposition mechanismsare proposed. The
kinetic parameters: order of the decompositionreaction
(n), corrdaion coefficient (r), activation energy (E¥) and
pre-exponentia factor (collisonfactor) (Z2) weredeter-
mined from thetherma decomposition datausing the
graphica methods of Coats-Redfern and Horowitz-
Metzger?21, Thermodynamic parameters. entropy
(ASY), entha py (AH*) and Gibbsfree energy (AG¥) of
activation, werecd culated usingastandard relationg?.
Structural representation of theligandsand abbrevia-
tionsaregiveninFigurel.

2.EXPERIMENTAL

All chemicasused inthe preparativework were of
A.R. or equivalent grade, they includethefollowing:
carbon disulfide, potassum hydroxide, absolute etha
nol, phenylacetic acid, hydrazine, diethyl ether, hydro-
chloric acid, benzylaldehyde, salicyladehyde, p-
methoxybenzyla dehyde and piperidine. Themetd sat
CuCl,..2H,0 used was of general reagent grade.

2.1Ligand preparationABT,BBT,HBHT,BMT

They wereprepared following theliterature proce-
durel27-30,
ABT: m.p.180°C, yield 63%. The purity of the prod-
uct ABT was checked by elemental analysis
[Calcd.(Found)% for CH,N,S (ABT)
M.W1t.=206.27; C 52.41(52.13); H 4.89(4.71); N
27.16(27.50); S15.55(15.73).
BBT: m.p. 182°C, yield 65%. Thepurity of BBT was
checked by elementa analysis[Calcd.(Found)%o for
C,H,.N,S(BBT) M.Wt.=294.38; C 65.28 (64.98),
H 4.79 (4.71); N 19.03 (18.93); S10.89 (10.71)].
HBHT: m.p. 200°C, yiled 61%. The purity of HBHT
was checked by elemental analysis[Cal cd.(Found)%
for C ,H,,N,SO(HBHT) M.Wt.=310.38; C
61.92(61.75); H 4.55(4.64); N 18.05(17.99); S10.33
(9.89)].
BMT: m.p.191-192°C, yield 59%. The purity of BMT
was checked by elemental analysis[Ca cd.(Found)%
for C,H, N, SO(BMT) M.Wt.=324.408; C
62.94(62.58); H 4.97(4.69); N 17.27(17.05); S
9.88(10.02)].

Thedtructureof theligandsisgiveninFigure 1.

N—NH
Q-Q/QN/&S
H> |
NR

where: R = H,; 4-amino-5-benzyl-4H-1,2,4-triazole-3-thione

(ABT),
R i :C_Q
|
H
5-benzyl-4-(benzylideneamino)-4H-1,2,4-triazole-3-thione

(BBT)

HO,
i ::C@
|
H

5-benzyl-4-[(2-hydr oxybenzylidene)amino]-4H-1,2,4-triazole-
3-thione (HBHT)

=)o
H

5-benzyl-4-[(4-methoxybenzylidene)amino]-4H-1,2,4-triazole-
3-thione (BMT)

Figurel: Sructural representation of theligands

2.2 Preparation and char acterization of theCu(l )
complexes

Cu(l1) complexes prepared according to the lit-
erature procedure?l, Elementa analysesof thesolid
complexeswere performed in an Elementar anal yser
system Gmbh Vario El. Electronic spectrawererunon
aPerkin Elmer UV/VIS spectrophotometer Lambda
40 using 1-cm matched silicacells. IR spectrawere
obtained in KBr discs using 470 Shimadzu infrared
spectrophotometer (4000-400 cmrt). Conductivity
measurements were carried out using CDM216
Meterlab conductivity meter in DMF solutionsat 10
M concentrations at room temperature (~25°C). Mag-
netic susceptibility measurementswere carried out at
room temperature using amagnetic susceptibility bal-
anceof thetypeM SB-Auto. Molar susceptibilitieswere
corrected for diamagnetism of the component atoms
by the use of Pascal’s constants. The calibrant used
wasHg[Co(SCN),].

2.3. Thermal measurements

Thermogravimetric analyses of the various com-
plexeswas carried out using aShimadzu DTG 60-H
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thermal analyzer, at heating rate 10 °C mint, sample
weight 5-6 mg and in adynamic nitrogen atmosphere.
Themeasured curvesobtained during TGA scanning
were analysed to give the percentage masslossasa
function of temperature. The different kinetic param-
eterswere computed from thermal decomposition data
using Coats-Redfern and Horowitz-Metzger meth-
odg#:

Coats-Redfern equation

1-(l-a)™" | M

|n|:(1(_+_r)2:|=?+8 forn#1 (1)
—In(1- M

In[¥]=?+8 forn=1 @)

where «isthe fraction of material decomposed, n isthe order
of the decomposition reaction and M = Ef/Rand B = ZR/¢E#;
E* R, Z and ¢ are the activation energy, molar gas constant,
pre-exponential factor (collision factor) and heating rate, re-
spectively.

Horowitz-M etzger equation

1-(1-af"| , ZRT? E*  E'

! =In——"—>~

n{ R = A
E’e

In[~In(l-a)= 12 forn=1 (4

S

where 6= T-T, T isthetemperature at the DTG peak.

—= Fyl] Paper

The correlation coefficient r, wascomputed using
theleast squares method for different valuesof n, by
plotting theleft hand side of equation (1) and (2) against
/T and against #for equations(3) and (4). Linear re-
lationshipswereobtained for different valuesof nrang-
ingfrom Oto 2. Thevalueof n, which gavethebest fit
(r ~ 1) was chosen asthe order parameter for the de-
composition stage of interest. From theintercept and
linear slope of such stage, the kinetic parameters E*
and Z were cal culated.

Thermodynamic parameters. entropy (AS?), en-
thal py (AH*) and free energy (AG?) of activation were
calculated using thefollowing standard rel ationg?®!:

Zh
KT,

AH” = AE” + AnRT,

AS#=R(|I’1 (5)

(6)
()

where: h, Planck’s constant; k, Boltzmann constant; R, Molar
gas constant; T, Temperature at the DTG peak.

AG"=AH” -T,AS"

3.RESULTSAND DISCUSSION

3.1. Thermal decomposition studies

Theanalytical and IR datafor thecomplexesare
resumed in TABLE 1 and 2 respectively. The spectral
datawith the magnetic moment valuesconfirmthere-

TABLE 1: Analytical and physical datafor thecomplexes

Complex Yield

Analysis Data, Found(Calcd.) %

No. Empirical Formula(F.Wt.) Color (%) C H N S Anm Heff

1 [CU(ABT).2H,0]Cl, Greenish 48 2870 351 1515 823 13170 221
CoH14Cl,CUN ,SO,(376.75) brown (28.69) (3.75) (14.87) (851)

2 [CU(ABT),.2H,0]Cl, Greenish 45  37.43 404 1960 1091 13480 223
C1sH2:Cl,CUNGS,0,(583.02)  brown (37.08) (4.15) (19.22) (10.99)

3 [Cu(BBT),Cl,] Green 47 5280 383 1560 874  36.70
CaoH25Cl,CUNS,(723.20) (53.14) (3.90) (15.49) (8.87)

4 [CU(BHT)CI.2H,0] Green 49 4336 407 1280 743 2550
C16H1,CICUN ,SO5(444.40) (4324) (3.86) (1261) (7.22)

5 [CU(BHT),]4H,0 Green 45 5105 476 1497 831 2940
CasH34CUNS,04(754.34) (50.95) (454) (14.85) (8.50)

6 [CU(BMT)CI,]0.5H,0 Green 47 4363 394 1214 698 3720 186
C17H1:C1,CUN,SO, 5(467.86) (43.64) (366) (11.98) (6.85)

7 [Cu(BMT),Cl,] White 45 5205 384 1409 796  27.20
CasHa,Cl,CUNS,0,(783.25) (52.14) (412) (1431) (8.19)

*Measured in DMF (Ohm cm? mal?),

**p.eﬁin Bohr magneton, - : diamagnetic
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ported structure for these complexes?. Thetherma  TABLE 3), thekinetic and thermodynamic parameters
andysisof theCu(ll) complexesinnitrogenamosphere  areindicatedin TABLE 4.
show 2-4 decomposition steps (Figure 2-16 and

TABLE 2: Relevant IR spectral datafor ligandsand their complexes(cm™)

Thioamide bands

v(O-H) v(C=N) | I 1 v
Compound (H,0) v(NH) Azq- S(C-H)+ v(C=9)+ v(C-N)+ v(C=S)
methine  §(N-H) v(C-N)+ v(C-S)
3(C-H)
Free ABT - 3282 - 1565 1290 1040 793
[Cu(ABT).2H,Q]CI, 3427 3260 - 1545 1305 979 737
[Cu(ABT),.2H,0]Cl, 3427 3260 - 1549 1300 1020 737
Free BBT - 3100 1619 1588 1290 1008 794
[Cu(BBT),Cl,] - 3040 1596 1578 1350 960 754
Free BHT 3400 3102 1621 1582 1290 1008 814
[Cu(BHT)CI.2H,Q] 3408 3061 1600 1572 1343 968 745
[Cu(BHT),]4H0 3408 3030 1600 1576 1355 980 758
FreeBMT - 3101 1623 1580 1282 1022 780
[Cu(BMT)CI;]0.5H,0 3450 3080 1592 1560 1304 976 726
[Cu(BMT).Cly] - 3080 1592 1564 1317 968 714
*Phenolic v(O-H) of the hydroxyl group
TABLE 3: Thermal analytical datafor thecomplexes
Tem Steos Weight loss % Residue
No. Complex e, ep L oss of moiety Process Calcd.
range’C  No.  Caled. Found Nature
(Found) %
1 [Cu(ABT).2H,O]Cl,  100-220 I 956  9.72 2H,0 Dehydration ~ 29.61(29.73)  CuS—NH,
223-629 Il +11lI 4299 4299 C;H, + 2Cl Decomposition
630-750 [\ 17.78 17.56 C,HN3 Decomposition
2 [Cu(ABT),.2H,Q]Cl, 83-213 I 617 601 2H,0 Dehydration  38.86(38.78) CuS—C,HsNsS
221-425 I 27.79 2893 C/H, + 2Cl Decomposition
426-750 11 27.1 27.28 C;H; . C,HN; Decomposition
3 [Cu(BBT),Cl,] 114-495 | 59.9 59.75 2C;Hg + 2C;H, + 2Cl Decomposition 17.64 (17.69) CuS—S
496-701 1] 224 22.56 C,H,Ng Decomposition
4 [Cu(BHT)CI.2H,0] 140-235 | 8.1 7.92 2H,0 Dehydration 30.72(30.83) CuS—CHN,
255-750 I +111 6109 6125 C;H;+C;HsO+CN,+Cl Decomposition
5 [Cu(BHT),]4H,0 57-171 I 954  9.69 4H,0 Dehydration  16.91(16.86) Cus—s
205-483 I 51.97 5213 2C;HeO + 2C;H; Decomposition
487-750 11 2148 21.32 C,H,Ng Decomposition
6 [Cu(BMT)CI,JO.5H,O  49-148 | 1.93 22 0.5H,0 Dehydration  23.42 (23.38) CuS—N
183-436 1] 38.05 37.87 C,H,0 + 2Cl Decomposition
437-750 11 36.55 36.55 CioHgN3 Decomposition
7 [Cu(BMT).Cl,] 216-348 | 62.98 63.12 2CgHgO + 2C,H; + 2Cl Decomposition  10.16 (10.12) CuO
349-623 1] 27.32 27.2 C3H,NgS, Decomposition

3.1.1. Thermal analysisof [Cu(ABT).2H,O]CI,

The TGA of the square planar complex
[Cu(ABT).2H,O] Cl,, gavefour steps(Figure 2). Coas-
Redfern plotsfor thefour decomposition steps of the
complex aredisplayedin Figure 3. Thefirst step (T =

Tnorganic CHEMISTRY
A Tndian ﬂoawﬂ/

100-220°C, E* = 28.46 kJ/mol) is assignable to the

removad of thetwo water moleculesexigtingintheinner
coordination sphere (Calcd. 9.56%, Found 9.72%).
Thesecond (T =223-273°C, Ef =62.91 kJ/moal) and
third (T = 274-629°C, E* = 35.61 kJ/mol) steps are
assignableto the dissociation of theABT ligand with
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theremoval of C.H_ moiety and two chlorineatoms  17.56%), leadingtothefina residue CuS—NH, (Cacd.
(Cdcd. 42.99%, Found 42.99%). Thefourthstep (T 29.61%, Found 29.73%).

=630-750°C, E* = 25.58 kJ/moal) correspondsto the The suggested mechanism for thethermal pyroly-
progressof thedissociation of theABT ligand, withthe  sis of this complex can therefore be represented as
remova of C,HN, moiety (Calcd. 17.78%, Found follws

TABLE 4 : Kinetic and thermodynamic parameters for the thermal decomposition of copper(I1) complexes using
non-mechanigtic equation in nitrogen flow

Coats-Redern equation Ther modynamic Horowitz-M etzger equation Thermodynamic
Complex St n (Kinetic parameters) parameters (Kinetic parameters) parameters
(No) e AS  AHT AG’ AS  AH* AG”

' E* z x10% x10° x10° ' E* z x10% x10° x10°
1% 100 09984 2846 9.15x10* -154 390 075 09992 3205 230x10° -1.27 390 063
2™ 200 09907 6291 805x10" -022 430 015 09920 67.61 7.88x10% -0.02 431 006
3¢ 200 09995 3561 362x10° -1.83 507 116 009980 41.34 3.01x10* -165 508 1.05
4" 033 09997 2558 260x10° -1.32 7.87 132 10000 37.61 7.99x10° -256 7.88 250
1% 066 09920 9.83 116x10° -1.70 373 080 0991 1292 226x10° -222 373 103
2™ 200 09992 6041 6.14x10° -043 442 027 09995 64.03 3.78x10" -028 442 019
39 200 09990 2511 1.28x10° -1.37 7.19 125 009997 3467 1.22x10° -252 720 224
1% 033 09997 2172 111x10° -1.91 442 106 10000 2663 133x10° -1.90 443 0.04
2™ 033 09553 47.07 151x10° -1.73 686 149 09969 5383 211x10° -2.09 6.86 178
1 100 09989 1505 378x10° -1.80 391 088 09998 1830 312x10° -201 391 098
2™ 200 09963 5075 325x10° -1.26 482 077 09937 5661 374x10° -1.05 482 065
3¢ 200 09979 3861 7.83x10* -159 651 1.30 009988 47.91 563x10° -219 652 177
1 200 09983 3212 651x10° -060 354 029 09998 3506 7.54x10° -040 354 020
2™ 200 09951 2955 151x10° -1.69 426 091 09921 3347 110x10° -153 427 082
39 200 09977 6041 4.88x10° -1.84 7.80 1.79 009997 68.88 1.03x10° -1.97 7.81 191
1% 100 09990 1259 1.12x10° -1.90 361 086 09979 1522 7.21x10° -1.93 361 087
2™ 033 09993 1525 128x10° -1.71 423 091 09999 1910 416x10' -218 424 115
3¢ 100 0999 70.86 572x10° -1.82 7.01 159 009999 8115 1.27x10° -156 7.02 1.37
1% 100 09999 3467 352x10° -1.63 444 091 09997 3912 7.87x10° -1.37 445 077
2™ 050 09892 3669 7.44x10° -160 674 136 09999 4693 626x10° -219 675 1.83
E* in kdJmol?, Z in st, AH? and AG* in kJmol* & AS in kJmol*K*

[CU(ABT).2H,0]Cl, (1)

[CU(ABT),.2H,0]Cl»(2)

[Cu(BBT).Cl3] (3)

[Cu(BHT)CI.2H,0] (4)

[CU(BHT),]4H.0 (5)

[Cu(BMT)CI;]0.5H,0 (6)

[CUu(BMT).Cl3] (7)

| &l v
[Cu(ABT).2H,0]CI _ 210 [CU(ABT)Cl, — C7H; & 2C1 [CUC,HaN,S] —— C2HNs C?u:-zNyéw
u . ——— 3 [Cu — —_— . 29.61%,
2772 " (caled. 9.56%, ? (Calcd. 42.99%, 2R T caled. 17.78%, (Fo%ﬁd 29.73%)
Found 9.72%) Found 42.99%) Found 17.56%)
6.0
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Tine K1 Figure3: Coats-Redfern plotsfor thefour decomposition
Figure2: TG-DTG curvesof [Cu(ABT).2H,0O]ClI, steps: a) first step b) second step o)third step d) fourth step
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3.1.2. Thermal analysisof [Cu(ABT),.2H.0O]CI,

Theoctahedra complex [Cu(ABT),.2H,0]Cl, has
aTGA displaysthree decomposition steps (Figure 4).
Coats-Redfern and Horowitz-Metzger plots for the
three decomposition arerepresented in Figure5and 6
respectively. Thefirst step (T =83-213°C, E¥=9.83
kJmoal) isassignableto theremoval of two water mol-
ecules, exigtingintheinner coordination sphere (Cacd.
6.17%, Found 6.01%). The second step (T = 221-

2H,0

T
(Calcd. 6.17%,
Found 6.01%)

[Cu(ABT),.2H,0]Cl, [Cu(ABT),]Cl>

Il (Calcd. 27.79%,
- CyH, & 2Cl Found 27.93%)
]
- C2HN3& C7H7

(Calcd. 27.10%,
Found 27.28%)

CUS-C2H5N5S

(Calcd. 38.86%,
Found 38.78%)

[CUABTC2H3N4S]

6.0
6.8
6.6
5.4

Y g2
5.0
4.8 b
4.6

4.4+
0.0010

0.0020 0.0025
1T

Figure5: Coats-Redfern plotsfor thethr eedecomposition
steps: a) first step b) second step c) third step

0.0015

3.1.3. Thermal analysisof [Cu(BBT),Cl]

The thermogram of the octahedral complex
[Cu(BBT),Cl,] exhibited two decomposition steps
(Figure 7). Horowitz-Metzger plotsfor thetwo de-
composition steps are shown in Figure 8. Thefirst
step (T =114-495°C, E# = 21.72 kJ/mol) isassign-
ableto thedissociation of the BBT ligandswith the

425 °C, E*=60.41 kJ/moal) isassignableto the disso-
ciationof theABT ligand withtheremoval of oneC H,
moiety and two chlorineatoms (Cal cd. 27.79%, Found
27.93%). Thethird step (T =426-750°C, E# = 25.11
kJmol) correspondsto further dissociation of theABT
ligandsthroughthelossof C.H, and C,HN, moieties
(Calcd. 27.10%, Found 27.28%), leading to the final
residue CuS—C,H.N.S (Calcd. 38.86%, Found
38.78%). Thetherma decomposition chemistry of this
complex may beexpressed asfollows:

—
B
ul DT
T % '},;‘:'

"\ ikod
~
b
" s b

—&

il - .y ..._\_M.‘ Ve e ‘-._ = o

Figure4: TG-DTG curvesof [Cu(ABT),.2H,O]Cl,

1,80+
1.354
0.604
‘D.FIE:
v ~n.uu5
-0.454 b
-D.Eﬂ:
1.354
-1.804
.2.25]

15 -10 -5 0 5 10 15
@

Figure6: Horowitz-M etzger plotsfor thethree decomposi-
tion steps: a) first step b) second step ¢) third step

remova of two C H_andtwo C H, moieties, onefrom
each BBT moleculeand two chlorine atoms (Cal cd.
59.90%, Found 59.75%). The second step (T = 496-
701 °C, Ef = 47.07 kJ/mol) is assignable to the
progress of the dissociation of theBBT ligands, with
the removal of C,H.,N, (Calcd. 22.40%, Found
22.56%), leading to thefinal residue CuS—S (Calcd.

Tnorganic CHEMISTRY
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17.64%, Found 17.69%). Thefollowing diagram rep-

resents adetailed description of the mechanism and

— 2CsHg, 2C7H;
& 2Cl
[Cu(BBT),Cl5] >
(Calcd. 59.90%,
Found 59.75%)

gy )
7] A - |5
.

L -

1=
E)

(4=}

—_— L]

nm " L

bt

e = R sl
P 1]

Figure7: TG-DTG curvesof [Cu(BBT),Cl,]

3.1.4. Thermal analysisof [Cu(BHT)CI.2H.O]

TGA of thecomplex [Cu(BHT)CI.2H,O] displays
three decomposition steps. Thefirst step (T = 140-235
°C, E#=15.05kJmol) isassignableto theremoval of
two water molecules, existing intheinner coordination
sphere (Calcd. 8.10%, Found 7.92%). The second (T
=255-431°C, E*=50.75kJmol) and third steps (T =

|
- 2H20
[Cu(BHT)CI.2H,0] >

(Calcd. 8.10%,
Found 7.92%)

3.1.5. Thermal analysisof [Cu(BHT),]4H,O

Thermogravimetric analysis of the octahedral
complex [Cu(BHT),]4H,0 shows three decompo-
sition steps (Figure 9). Horowitz-Metzger plotsfor
the three decomposition steps are displayedin Fig-
ure 10. Thefirst step (T =57-171°C, E* = 32.12
kJ/mol) isassignableto theremoval of four lattice
water molecules (Calcd. 9.54%, Found 9.69%).

[CuC4H,NgS,] >

[Cu(BHT)CI] >

—= Fyl] Paper

the speciesresulted in the thermal decomposition of
thiscomplex:

CuS-S

(Calcd. 17.64%,
Found 17.69%)

— C4H2Ng

(Calcd. 22.40%,
Found 22.56%)

.=

1.0

¥ -
4 ]

L+
By
=
e

-6

Figure8: Horowitz-M etzger plotsfor thetwo decomposition
steps: a) first step b) second step

433-750°C, E* = 38.61 kJJmol) are assignableto the
dissociation of BHT ligand through theremova of CH.,
C,H.OandCN, moietiesand onechlorineatom (Cacd.
61.09%, Found 61.25%), leading to thefinal residue
CuS—CHN,, (Calcd. 30.72%, Found 30.83%). The
different decompaosition stepsfor thiscomplex could be
given according to thefollowing proposed mechanism:

&l

CN2& Cl CUS'CHN2

(Calcd. 30.72%,
Found 30.83%)

(Calcd. 61.09%,
Found 61.25%)

The second step (T = 205-483 °C, E# = 29.55 kJ/
mol) isassignableto thedissociation of thetwo BHT
mol ecul es through the removal of two C_.H.O and
two C_H, moieties (Calcd. 51.97%, Found
52.13%). The third step (T = 487-750 °C, E* =
60.41 kJ/mol) is corresponding to further decom-
position of the BHT ligand with the removal of
C,H,N_moiety (Calcd. 21.48%, Found 21.32%)),
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leading to the final residue CuS—S (Calcd.

16.91%, Found 16.86%).

~ 4H,0 ~ 2CH50 & 2C7Hy

Themechanism of the effect of temperatureonthis
complex isrepresentedin thefollowing scheme:

— CaHoNg CuS-S

[Cu(BHT),]4H,0 [Cu(BHT),]

—»
(Calcd. 9.54%,
Found 9.69%)

DT, L TR O
Lo L] [
L —_—
- |
1] ft
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&
Al o | |
|
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| \
] "._l I|_ b )
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Figure9: TG-DTG curvesof [Cu(BHT),]4H,0

3.1.6. Thermal analysisof [Cu(BMT)CI_]0.5H,0

Thesquareplanar [Cu(BMT)CI,]0.5H,0 complex
display three decomposition steps (Figure 11). Coats-
Redfern and Horowitz-Metzger plotsfor thethree de-
composition are represented in Figure 12 and 13 re-
spectively. Thefirs step (T =49-148°C, B =12.50kJ
mol) isassgnabletotheremova of haf water molecule,
existing outer the coordination sphere (Calcd. 1.93%,
Found 2.20%). The second step (T = 183-436°C, E# =

0.5H,0
[Cu(BMT)Cl,]0.5H,0 —— [Cu(BMT)Cl;]
(Calcd. 1.93%,
Found 2.20%)

I (Calcd. 38.05%,
" — C7H7O& 2Cl Found 3787%)

(Calcd. 51.97%,
Found 52.13%)

CuS-N

(Calcd. 23.42%, < ————

Found 23.38%)

— CyoHgN3

(Calcd. 36.55%,

Found 36.55%)
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[CuCyoHgN,S]

[CU C4H ZNBSZ]

(Calcd. 16.91%,

S ' o
(Caled. 21.48%," =080 Okt

Found 21.32%)
1.5+
1.0+
0.5+
0.0
¥ .54
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Figure10: Horowitz-M etzger plotsfor thethr eedecomposi-
tion steps: a) first step b) second step ¢) third step

15.25kJmoal) isassignableto thedissociation of BMT
ligand withtheremoval of C.H.O moiety andtwo chlo-
rineatoms(Cal cd. 38.05%, Found 37.87%). Thethird
step (T =437-750°C, E# = 70.86 kJ/mol) corresponds
tothelossof C ;H /N, moiety (Caled. 36.55%, Found
36.55%), leading to thefina residue CuS—N (Calcd.
23.42%, Found 23.38%). Thedifferent decomposition
stepsfor thiscomplex could be given according to the
following proposed mechaniam:

ToTR
-7 TG

Drie, TG =7 DGR oTe
g & '
U e -—— - ll.'\
\
| ||! um
I
LI | |
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Figure1l: TG-DTG curvesof [Cu(BMT)CI,]0.5H,0
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Figure12: Coats-Redfern plotsfor thethreedecompostion
steps: a) first step b) second step c) third step
3.1.7. Thermal analysisof [Cu(BMT),Cl]

Ontheother hand thethermogram of theoctahedrd
complex [Cu(BMT),Cl,] exhibited two decomposition
seps(Fgure14). Coats-Redfern and Horowitz-Metzger
plotsfor thetwo decomposition aregppearedin Figure
15 and 16 respectively. Thefirst step (T =216-348°C,
E* =34.67 kdJmol) isassignableto the dissociation of
theBMT ligandswiththeremova of two C,H,O and

|
— 2CgHgO, 2C7H7 &

0.0015

—= Fyll Poper
1.8

0.4
Y 0.0

«[.94

.8 .

At A o & 18

]
Figure13: Horowitz-M etzger plotsfor thethr ee decomposi-
tion steps: a) first step b) second step ¢) third step

twoC H_ moietiesaswel| astwo chlorineatoms(Calcd.
62.98%, Found 63.12%). The second step (T = 349-
623°C, E* = 36.69 kJmol) isassignableto the progress
of thedissociation of BMT ligandswiththeremova of
C,H,N.S, moiety (Calcd. 27.32%, Found 27.20%),
leadingtothefina residue CuO (Cacd. 10.16%, Found
10.12%). Thetherma decomposition chemistry of this
complex may beexpressed asfollows:

2Cl - C3H2N882 CuO
[CU(BMT)2C|2] . [CUC4H2N882] ’ o
(Calcd. 62.98%, (Calcd. 27.32%, e 1019
Found 63.12%) Found 27.20%) '
—T
= = [0
D TGA TaA = B TOA (E1E
g ran L] N
M —————————— s
s TR
v { \
o [ |
1} I'I '
| | |
N | ‘\
\ | 000
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Figure14: TG-DTG curvesof [Cu(BMT),CL]
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Figure15: Coats-Redfern plotsfor thetwo decomposition
steps: a) first step b) second step

3.3. Thermal stability

Comparingthevauesof theinitia decomposition
temperatures (T, .. ) of theorganic part or the activa-
tion energy datafor theisostructural copper(ll) com-
plexes[Cu(ABT),.2H,Q]Cl, (2), [Cu(BBT),CL,] (3),
[Cu(BHT),]4H,0O (5) and[Cu(BMT),Cl.] (7) indicates

complex (7)
(Ti dec. = 216 °C)
(E¥ = 34.67 kJ/mol)

complex (2)
(Tigec. = 221 °C)
(E¥ = 60.41 kJ/mol)

225- 2 .
E l\-s__._.-""-'-r'—.
200+
& 1764
1
]
=
= 150+
125+
3
1nﬂ r L n L]
EEBT ABT BHT BMT
Ligand

The thermal stability decrease

1.5+

0.0+

¥ oo

0.54
-1.0 T T T ¥
=10 -5 0 5 10

A
Figure16: Horowitz-M etzger plotsfor thetwo decomposi-
tion steps: a) first step b) second step

that the complex (2) isthe most thermally stable one
whilethe complex (3) istheleast stable one as appear
inFigure17 and TABLE 3. Theinitia decomposition
temperaturesand the activation energiesfor the begin-
ning of the dissociation of the organic moiety indicate
that the obtained complexes could bearranged inthe
following stability order:

complex (3)
(Ti dec. = 114 °C)
(E¥ = 21.72 kJ/mol)

complex (5)
(Ti dec. = 205 °C)
(E* = 29.55 kJ/mol)

66
60+

60 -

E* (kJimol)

J0+

3

20 n
BET

ABT BHT BMT

Ligand

Figure17: Relationshipsbetween theinitial decomposition temperatureor activation ener gy and ligand type of copper (11)

complexes

Thethermd stability order of copper(Il) complexes

could bedisplayed by thefollowing graph (Figure 17).

Inview of theseresults, ABT complexesarethe
most stable ones, this may attributed to the structural

Tnorganic CHEMISTRY
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featuresof theABT ligand. Whiletheweakest coordi-
nation bonds are formed between the copper(l1) ion
and BBT ligand.

3.4. Conclusion remarkson thether moanalytical
data

The studied complexes have some common fea-
turesintheir therma decomposition. Thesecanbesum-
marized asfollows:

3.41TGAand DTA curves

Studying the TGA and DTA curvesfor the com-
plexesindicatesthat thereisaseriesof therma changes
ontheDTA curvesassociatetheweight lossinthe TGA
curves. Thisstudy leadsto thefollowing conclusions:
(1) Thepresenceof morethan oneexothermic peak

inthe DTA curvesof all complexesrevealsthat

thepyrolysisoccursin severa steps®y.
(i) Thedifferenceinthe shapeof the DTA curvesof
the binary compl exeswith respect to each other
may dtributed tothestructura festuresof theligand
or thestrength of the chelation between the metal
ionandtheligand, thisdsoledtothevarietyinthe
therma behaviour of the complexed®.
On heeting the compl exes contai ning water mol-
eculesfrom room temperature, thelossin weight
indicated by the TGA curvesisaccompaniedin
some cases by endothermic peaksin the DTA
curves. Thisweight loss may correspond to the
evolution of water molecules®,
Thethermd behaviour of the complexesdisplays
an observable difference with respect to each
other. Thisdifferenceindicatesthat the thermal
behaviour of these complexesdependsmainly on
thetype of theligandsrather than thetype of the
meta ion.
(v) SomeDTA curvesof theanhydrous binary com-
plexesstart with an endothermic peaks. Theseen-
dothermic DTA peaks are accompanied by a
weight lossinthe TGA curveswhich may attrib-
uted to phasechange or structural rearrangement.
M ost complexes having DTA curves character-
ized by the presence of main sharp and strong exo-
thermic peaksintheir ends. Thesepesksare as-
sociated with aweight loss on the TGA curves
corresponding to the decomposition of thestable

(i)

)

(i)

—= Fyll Poper

Intermedi ate compoundsinto the corresponding
find residue(metal oxideor meta sulfide depend-
ing onthetypeof ligand used)2.

3.4.2. Thermodynamic parameters

The entropy (AS"), enthalpy (AH*) and free en-
ergy (AG") of activation were calcul ated for the com-
plexes using standard equations?® and thevaluesare
givenin TABLE 4. The obtained data could be dis-
cussed asfollow:

() Theentropyvauesfor al degradation stepsof dl
complexeswerefound to benegative, whichindi-
catesamore ordered activated state that may be
possiblethrough the chemi sorption of oxygenand
other decomposition productg 41733,

(i) Therelatively low values of AH*for copper(ll)
complexes confirm the M—S or M—N bond
rupture®+3,
Thehigh values of thefree energy of activation
(AG) for most of the stepsin thedecomposition
reactions of the complexes mean that the decom-
position reactionsare slower than that of the nor-
mal ones?®!.
In general thereareno obvioustrendsintheval-
ues of AH” and AS? for the studied complexes.
Thismay attributed to thefact that the therma de-
compasition of thecomplexesiscontrolled not only
by the structure of theligandsbut a so by the con-
figuration of the coordination sphere. Thestudied
complexescomprisedifferent typesof ligandswith
bidentate or tridentate character; different struc-
turesaround themeta ionswereassumed (square
planer or octahedral environments)!®6=7,
(v) Thevauesof thefreeenergy of activation (AG)
of agivencomplex, generaly increasesignificantly
for the subsequent decomposition stages. Thisis
duetoincreasing thevauesof TAS significantly
from one step to another which overridestheval-
ues of AH#261,

Increasing the values of AG*for the subsequent

stepsof agiven complex reflectsthat therate of

remova of agiven specieswill belower than that
of the precedent one?. Thismay attributed tothe
sructurerigidity of theremaining complex.

Thesimilar values of AG*for the decomposition

stepsinvolving the same decomposition species

(i)

)

(i)

(vii)
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andtosomeextentingructuraly smilar complexes
reveal that the effect of the ligandsis more pro-
nounced thanthat of thedivalent meta iong?!.

(viii) There is much closenessin the enthal py (AH?)
values obtained by Coats-Redfern equation and
Horowitz-Metzger equation, indicating that the
thermal degradation of these complexesfollow the
standard methods.

3.4.3. Kinetic parameter sand ther mal behaviour

(i) Thethermal decomposition of the complexesis
not S mpleandtheprocessesgenerdly involveover-
lapping stepswhich together with thegreat diver-
Sity of possibleintermediate products precludes
exhaustiveinterpretations. Although we success-
ful in predictingand interpretation thetherma de-
composition patternsfor many complexes.

(i) Theprocedurefor thethermal decomposition of
the complexesresemblesthe thermal decompos-
tion: Ay By *Cy which can be studied ki-
neticaly.
All the complexeshaving auniform decomposi-
tion pattern.
Inal complexesdehydration being thefirst step,
whenever they containingwater molecules, lossof
thesidechain of theligandsbeing the second step
andthelossof theligandsfragmentsarethethird
or later stepswith the ultimate productsbeingthe
metal oxideor metd sulfide.

(v) Generdly, for copper(ll) complexesthereareva

rietiesin the strength of the coordination bond

formed and thermal stability dependingmainly on
thetypeof ligands used.

Inmost casestheva ues of thekinetic parameters

obtained from Horowitz-Metzger equation are

higher than the values obtained from Coats-

Redfern equation. Thisisduetotheinherent error

involved in the approximation method employed

inthederivation of the Horowitz-Metzger equa
tion.

In genera, thereisadirect relation between E*

and Z for the obtained complexes. Thereatively

low values of Z indicate the slow nature of the
pyrolysisreaction.

(viii) In most casesthe values of the activation energy
for the second stage of decomposition werefound

(i)
)

(i)

(vii)

tobehigher thanthat of thefirst stage, whichindi-
catesthat the decomposition rate of the second
sageislower thanthefirst. Thismay beattributed
to the structural rigidity of the remaining com-
pl ex(17.1938]

Theorder nof the decomposition reactionsdoes
not provideany meaningful information about the
decomposition mechanismsof thecomplexes®.

(%)
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