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ABSTRACT

Studies on thermal properties of substances hageeat importance from both scientific and practigadint of
view. In industries stability of row materials/ émimediates /final product have become essentidkréai. In
pharmaceutical industries, as per the requiremdrnhe drug for the receptor site of the body dstapility counts
a lot, thus thermal properties play a very sigréfit role in day to day life. Thermal propertiessghthesized para -
Hydroxy - meta - nitro acetophenone compound 1, itmthree novel complexes 4-hydroxy-3-Nitro-acetsmne
Cu () di p - Chloro dichloro copper (II) compourg] 4-hydroxy-3-Nitro-acetopnenone Ni (1) di i kl@ro Nickel
(1) chloride trihydrate compound 3 and Aqua-Chletehydroxy-3-Nitro-acetopnenone Co (lll) di p Chdoaqua
tri Chloro Cobalt (Ill) compound 4 were assesselde Thermal kinetic parameters such as order of tieag;” and
energy of activation ‘Ea’ were established from poer programme of rising temperature expressioGaéts and
Redfern. This study signifies that metal complaxedess stable than ligand. This kinetic study besn performed
for the first time.

Key words: Thermal kinetic parameters, order of reaction vatibn energyp-hydroxy4m- nitro acetophenone.

INTRODUCTION

Interest in coordination chemistry is increasingitoauiously with the preparation of organic ligar@staining a
variety of donor groups[1-Z&nd it is multiplied many fold when the ligands &asiological importance[4,5]. The
coordination chemistry along with structure and ding of metal ions in their active sites can beleatd by
applying new analytical approaches[6].Metal ionsdhtio ligands that are strong and selective. Sdere selective
and stereo specific complexes are of importance.lifands impart their own functionality and candiproperties
of the overall complexes that are unique from thok¢he individual ligand or metal. Metal ions clgentheir
oxidation states which are investigated by cyclidtametry (CV). The thermodynamic and kinetic pntigs of
metal-ligand interactions influence ligand excharegctions[7].With this rationale the present worktbe metal
complexes of the synthesized bio- active ligand besn proposed. Structures have been determinetheby
appraisal of UV, IR, LC-MS, AAS, magnetic suscefitypand CV. The study of thermal properties sashorder of
reaction, energy of activation and kinetics is fsined with the help of thermo gravimetric analysisthe first time.
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4-hydroxy-3-Nitro-acetopnenone Ni (Il) di p-Chlaxickel (I1) chloride trinydrate
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Compound 4

Aqua-Chloro-4-hydroxy-3-Nitro-acetopnenone Co (tl)u-Chloro aqua tri Chloro Cobalt (lII)
MATERIALS AND METHODS

Reagents and solvents used were of commercialljfabl@ analytical gradeCompound 1 was synthesized by
nitration of para hydroxy acetophenone. This reaction mixture walixefl on oil bath at 56C for five minutes.
Yellow solid with gummy mass poured into boiling tesa Fine yellow product was obtained. The produast
recystallized from ethyl acetate: hexane. Shargingehature indicated purity. Formation of produets confirmed
by reported values. Structure was confirmed by modmalytical spectral techniques. The ethanoliatem of
compound 1(0.001 mol) was added slowly with constant stgrto the ethanolic solution of Copper (II) chloride
dihydrate,Nickel (1) chloride hexahydrate and dbiid) chloride hexahydrate (0.002 mol) separatédlfzge colour of
the resulting solution changes from bottle greeligtat green, fluroscent green and blue respegtif@i Cu (11), Ni
(I and Co (Il) complexes. The resulting mixturasvrefluxed for one and half hour. The solvent weamoved
under reduced pressure. The residue was trituveitbcchloroform. Chloroform soluble part was sepeda Residue
after washing with diethyl ether, ethanol yieldetnpounds2, 3and4 respectively.

RESULTS AND DISCUSSION

The TG of compound (Fig 1) demonstrates the mass loss as a function of tetopenahich is seen in one step.
The decomposition of the molecule starts at nestri000C and completed at 5110C with removal afl totganic
molecule to get nearly 100% weight loss. Kinetiaggpaeters are presentedaple 1).Kinetic parameters are
calculated by Coats-Redfern method where correlatimefficient ‘r' may be positive or negative whiateets to
0.999. The kinetic data such as order of reactih activation energy for the molecule have beeonted {Table
2). Kinetic plots are depictedFig 2).
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Compound 2

The TG ofcompound 2 (Fig 3)demonstrates the mass loss as a function of tetopenrahich is seen in two steps.
In the first step the decomposition of the molecufeto temperature 11 occurs with % weight loss 23.83
(observed) and 23.65(calculated) with removahode chlorine atoms. The second step of deconmposhows %
weight loss 64.80(observed) and 64.80(calculatéd)the temperature range 110-860corresponding to the
removal of one chlorine atom and the organic lig@gdsNO,.Residue at 65C is 35.85% (observed) and 35.43
% (calculated) as 2CuO gives composition of medahglex M,LCI, was observed. The complete decomposition of
the complex is confirmed by constant platue aft&’6.The kinetic data for step | & step Il given(ifiable 3& 4)

and their kinetic plots are presentedfiig 4 & 5).The kinetic parameters are reportedTiable 5).

Compound 3

TG of compound 3displays in(Fig 6) the mass loss as a function of temperature wisigeén in two steps. In the
first step the decomposition of the molecule uperoperature 217C occurs with % weight loss 39.7 (observed) &
39.69(calculated) with removal of four chlorine ra and loss of three water molecules. The secosl oft
decomposition confirms % weight loss 72.75 (obsépand 72.96(calculated) in the temperature r@ige536C
corresponding to the loss of one organic ligangH{8O,.Residue at 53 is 30.41% (observed) and 30.28
%(calculated) as 2NiO gives composition of metamplex [M,LCI,] 3 H,O was observed that complete
decomposition of the complex is confirmed by constalatue after 53tC. The kinetic data for step | & step I
given in(Table 6 & 7) and their kinetic plots are presentedfig 7 & 8) respectively. The kinetic parameters are
reported in(Table 8).

Compound 4

TG of compound 4 show in (Fig 9) exhibits the mass loss as a function of tempesatihich is seen in three
steps. In the first step the decomposition of tleule up to temperature 180 occurs with % weight loss 19.2
(observed) & 19.45(calculated) with removal afeth chlorine atoms. The second step of decompogitiafirms
% weight loss 36.13 (observed) and 35.72 (calcd)dtethe temperature range 100-20%orresponding to the loss
of two chlorine atoms and one water molecule. Thiedtstep of decomposition confirms % weight lo$s07
(observed) and 72.58 (calculated) in the tempegatange 205-52& corresponding to the loss of one chlorine
atom, one water molecule and a part of organimtigas GHgNO,. Residue after 53C is 26.91% (observed) and
27.59 % (calculated) as 2Q gives composition of metal complex {MCIg2H,O]. The kinetic data for step | ,Il &
Il are given in(Table 9,10& 11)and their kinetic plots of steps | ,Il & Il aregwented in(Fig 10,11& 12).The
kinetic parameters are reportedirable 12)

Table 1 Data from Dynamic TGA for compound 1 (Air amosphere)

0,
Step Temp. % wt. fg’:st Loss of Order of Ea
range {C) | Loss Observed calculated probable moiety| reaction (n)| (KJ/mol)
| 100-511 100 100 CsHz N Oy 2.8 64.06

Table 2 Kinetic data from TG of compound 1 in air atmosphere

Initial % Wt loss = 0 Final % Wt loss = 100

T ( Kelvin) Wt 1T F ()
312 9.44 0.00225 -14.4Q
350 15.42 0.00219 -13.93
390 22.25 0.00214 -13.59
412 29.09 0.00211 -13.3(
460 35.92 0.00209 -13.08
484 41.89 0.00207 -12.91
530 49.56 0.00204 -12.772
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Table 3 Kinetic data from TG of compound 2 in air amosphere (Step 1)

Table 4 Kinetic data from TG of compound 2 in air @mosphere (Step Il)

Initial % Wt loss =0 Final % Wt loss = 83.
T ( Kelvin) Wt 1T F@

313 4.69 0.0032 -12.99

323 7.34 0.0030 -12.60
334 9.9¢ 0.002¢ -12.31

356 16.60 0.0028 -11.74

368 19.25 0.0027 -11.55)

379 20.57 0.0026 -11.47|

380 23.20 0.0025 -11.13

Initial % Wt loss = 23.83 Final % Wt loss = 84@.
T ( Kelvin) Wt 1T F @)
389 2.04 0.0025 -14.85
522 4.69 0.0019 -14.50
562 6.01 0.0017 -14.34
662 8.66 0.0015 -14.19
761 11.31 0.0013 -14.07
864 13.96 0.0011 -13.97
920 15.28 0.0010 -13.91

Table 5 Data from Dynamic TGA for compound 2 (Air amosphere)

0,
Step Temp. % wit. fc}lsv; Loss of Order of Ea
range {C) | Loss Observed Calculated probable moiety| reaction (n)| (KJ/mol)
| 40-11C 23.8¢ 23.6¢ 3Cl 0.7 21.72
Il 11C-65C 64.8( 64.5¢ 1CH CgHsNO» 2.€ 5.3C
Table 6 Kinetic data from TG of compound 3 in air amosphere (Step I)
Initial % Wtloss=0  Final % Wt loss = 30.7
T ( Kelvin) Wt 1T F @)
320 4.81 0.0030 -13.62
345 7.45 0.0029 -13.23
362 11.42 0.0028 -12.81
390 18.03 0.0026 -12.34
442 21.99 0.0024 -12.13
465 29.93 0.0022 -11.64
489 33.90 0.0022 -11.31
Table 7 Kinetic data from TG of compound 3 in air atmosphere (Step I1)
Initial % Wt loss = 39.70 Final % Wt loss =73
T ( Kelvin) Wt 1T F ()
490 1.60 0.0019 -15.51
566 2.70 0.0018 -15.06
58€ 4.2( 0.001" -14.62
612 6.60 0.0016 -14.13
655 9.90 0.0015 -13.66
742 15.50 0.0014 -12.94
789 19.50 0.0013 -12.43
Table 8 Data from Dynamic TGA for compound 3 (Airatmosphere)
0,
Step Temp. % wt. f!sv; Loss of Order of Ea
range {C) | Loss Observed Calculated probable moiety| reaction (n)| (KJ/mol)
| 45 - 217 39.70 39.69 4 Cl+ 38 1.3 20.92
Il 217 - 530 72.75 72.96 HsNO, 2.8 48.78
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Table 9 Kinetic data from TG of compound 4 in air amosphere (Step 1)

Initial % Wt loss =0.0 Final % Wt loss = 10.2
T ( Kelvin) Wt 1T F@
320 1.48 0.0031 -14.05
334 3.72 0.0030 -13.08
34E 5.9¢ 0.002¢ -12.5¢
351 7.64 0.0028 -12.22
356 9.88 0.0028 -11.81
362 11.56 0.0028 -11.53

Table 10 Kinetic data from TG of compound 4 in airatmosphere (Step Il)

Initial % Wt loss =19.20 Final % Wt loss 6.33
T ( Kelvin) Wt UT F@
390 21.07 0.002564 -13.9587%
401 22.19 0.002494 -13.4254
412 24.99 0.002427 -12.4654
423 26.67 0.002364 -11.9987%
440 28.91 0.002273 -11.363
445 30.03 0.002247 -10.986§
468 32.27 0.002137 -10.0679

Table 11 Kinetic data from TG of compound 4 in airatmosphere (Step I1I)

Initial % Wt loss =36.13 Final % Wt loss 3.07
T ( Kelvin) Wt 1T F (o)
485 37.32 0.002062 -15.756
540 38.44 0.001852 -15.2611
589 40.12 0.001698 -14.81572
622 41.24 0.001608 -14.6257
679 42.92 0.001473 -14.4361
742 45.16 0.001385 -14.1579
770 46.84 0.001316 -13.9956

Table 12 Data from Dynamic TGA for compound 4 (4 atmosphere)

0,
Ste Temp. % wit. f(}’svst Loss of Order of Ea
P range {C) | Loss Observed Calculated probable moiety | reaction (n)| (KJ/mol)
| 45-100 19.20 19.45 3Cl 1.7 62.37
Il 110 - 205 36.13 35.72 2Cl+,8 3.0 75.76
1] 205 - 525 73.07 72.58 Cl + @+ GHsNO, 2.9 19.32
Fig 1 Dynamic TGA in Air atmosphere compound 1
Trf; Thermal Analysis Result are
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Fig 2 Kinetic plot of 1/T Vs f (@) from TG of compound 1
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Fig 3 Dynamic TGA in Air atmosphere compound 2
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Fig 4 Kinetic plot of 1/T Vs f (a) from TG of compound 2 (Step I)
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Fig 5 Kinetic plot of 1/T Vs f (@) from TG of compound 2 (Step II)
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Fig 6 Dynamic TGA in Air atmosphere compound 3
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Fig 7 Kinetic plot of 1/T Vs f (a) from TG of compound 3 (Step I)

In[1-(1-a)"/(1-n)T?]

-10 -
-10.5 -
11 -
-11.5 -
12
-12.5

-13.5 A

Coats-Redfern plot

y =-2517.x - 5.931
Rz =0.994

-14
0.0015

0.002 0.0025 0.003 0.0035
UT K1

www.scholarsresearchlibrary.com

424



Swati M. Devareet al Der Pharma Chemica, 2014, 6 (1):418-426

Fig 8 Kinetic plot of 1/T Vs f (@) from TG of compound 3 (Step II)
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Fig 9 Dynamic TGA in Air atmosphere compound 4
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Fig 10 Kinetic plot of 1/T Vs f (@) from TG of compound 4 (Step I)

-10 - -
Coats-Redfern plot y = 7502 + 9.237
11 R2=0.994

12

14 -

-15 . . .
0.0015 0.002 0.0025 0.003 0.0035
UT K1

In[1-(1-a)*"/(1-n)T?

www.scholarsresearchlibrary.com

425



Swati M. Devareet al Der Pharma Chemica, 2014, 6 (1):418-426

Fig 11 Kinetic plot of 1/T Vs f (@) from TG of compound 4 (Step II)
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Fig 12 Kinetic plot of 1/T Vs f () from TG of compound 4 (Step Ill)
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CONCLUSION

All the observed values for decomposition of edep sre in superior conformity with the calculatedues. The
final decomposition products of all complex@®mpound 2 - 4)are in accordance with calculated percentage
reside. Decomposition of metal complexes startpptoximately 4%C where as that of ligand starts at £@0This
data suggests that metal complexes are less stabidigand. Copper complegpmpound 2have less activation
energy than ligand and Nickel and Cobalt compleXémrefore copper complex is more active than Nickel
Cobalt complex, which is in accordance with theabtovity results. Presence of water molecules egsphere or
outside the co-ordination sphere has been studi¢debactivation energy of complexes. Thereforeewmolecules

in Nickel complex are adsorbed water moleculestheg are outside the coordinated sphere while watdecules

in cobalt complexcompound 4are coordinated to cobalt.
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