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ABSTRACT

Thermal study of some biologically active aryl estef bisphenol-C derivatives have been investijatsing TG
and DSC techniques under nitrogen atmosphere ahéaging rate of 10°C mih The nature and position of the
substituents affected DSC transitions, thermal iBtgband kinetic parameters. DSC curves of all gounds
showed endothermic transitions in the range 120°@5ahd corresponding enthalpy changeHj in the range 18-
58 kJmot. Aryl esters are thermally stable up to about BI%C and followed either a single or two steps
degradation kinetics due to structural dissimilgrifThey followed either fractional or integral ordéegradation
kinetics. Different magnitudes of n, &d A suggested different degradation mechanismarge and negative
magnitudes ofAS confirmed highly ordered transition states, whie large and positive magnitudes of
AS confirmed less ordered transition states.
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INTRODUCTION

Aryl esters are commonly found in a varietyof bgitally active and natural compounds [1-5].Suitaflypstituted
aryl esters of aromatic acids provide a convensenirce of fairly readily prepared nematogenic conmals [6].
Thermal analysis is used as a quick and reliabtenigue for studying crystallinity, purity, thermatability,
polymorphism, and glass transition evaluation [J-Before final testing of the potentially bioaaixcompounds
thermal analysis is very important. Thermodynanmd &inetic study of solid-state reactions is a lgmging and
difficult task because of complexity resulting frothe great variety of factors with diverse effesisch as
reconstruction of solid-state crystal lattice, fation and growth of new crystallization nuclei,fdgion of gaseous
reagents or reaction products, etc [12,13]. Theramallysis of the materials provides reliable infation on the
physico-chemical parameters characterizing the gases of isothermal and non-isothermal decomposjtid].
Kinetic parameters such as activation energy, ppmeential factor and reaction order provide insigfh
degradation mechanism [15,16].

To the best of our knowledge no work has been tedaon thermal analysis of biologically active asters of
bisphenol-C derivatives, which prompted us to tagepresent investigation. In present work we haported the
effect of substituent on thermal behaviour of @sfers of bisphenol-C (Scheme I). In this paperhase reported
the effect of substituents on the thermal behaviduaryl esters of bisphenol-C.
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EXPERIMENTAL SECTION

Materials
Biologically active aryl esters of bisphenol-C wessthesized according to our recent work [17].

Measurements

Differential scanning calorimetric (DSC) measuretsemere carried out on a Shimadzu DSC60 at thertgeedte

of 1°C min'in nitrogen atmosphere with flow rate 50 mL fhimMbout 2-3 mg of the sample was accurately
weighed in an aluminium crucible and sealed usingraper, and immediately subjected to a tempeeatoan from

25 to 300°C with an empty aluminium crucible as the referenBieermogravimetric (TG) measurements were
carried out on a Shimadzu DTG-60H at the heatitigy 08 10C minin nitrogen atmosphere with flow rate 50 mL
min®. About 3-6 mg sample was weighed accurately impen alumina pan and subjected to a temperature sca
from room temperature to SD.

RESULTS AND DISCUSSION
DSC thermograms dfa-6aand 1b-6bat 10Cmin™ heating rate under nitrogen atmosphere are presémtrigs. 1
and 2, respectively. The melting transitioiig)( along with heat of fusiom@{) and entropy of transitiona§) are

listed in Table 1.From Table 1, it is observed thatashowed considerably high&, than those oib-6b but no
systematic trends is observed fdid andAS due to different packing densities of aryl est&gnmetric molecules
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(1a-6a)showed highef,than those of asymmetric molecu({@b-6b). Substituted phenyl rings caused considerable
lowering in T,, except4a and 4b due to different nature of substituents and tlpeisitions (o, m, p). Methoxy
substituent showed slightly lowdr, than methyl substituent, which may be due to nftmebility of methoxy
group.4a and4b showed higheT,,, than5a and5b due to different position of nitro group. Consialely highT,, of

4a andib are due to high packing density as compared terathyl esters. Similarly substituted olefinic gooaiso
caused lowering i, Similar trends are also observed AdandAS values. Thus nature, size and position of the
substituents affectet},,AH andASvalues.

TGA thermograms ofa-6aandLb-6b at 10°C min* heating rate in nitrogen atmosphere are presenteigs 3 and

4, respectively. It is observed thk, 3a, 5a, 6a, 1b, 4land6bfollowed single step decomposition, whila, 4a,
2b, 3band5b followed two step decomposition reactions. Théiahidecomposition temperaturé,), temperature

of 10 % weight loss, temperature of maximum weighs Ty, decomposition range, the % weight loss involved
and residue remained at 3Q0are reported in Table 2a-6aand1b-6b are thermally stable upto about 225-290 and
135-305°C, respectively. Thermal stability and decompogitinehaviour of aryl esters are affected by their
structure, nature, size and position of the sulestits.

Associated kinetic parameters such as energy iasicn (E,), frequency factorA) and order of the reaction)(for
all the aryl esters were derived according to AadesFreeman method [18].

dW_ Ea 1
Alna—nAan-(RTjA(?j (1)
Ea
_(Eaf) ar
=4t @
 — Rin[ AN
AS = R|n(ij 3

Where dv/dt is the rate of decompositioW is the active masg, is the heating rateR is the gas constart,is the
Planck's constanf is temperature anll is the Boltzmann constant. The least square vabfiebove mentioned
parameters along with regression coefficieR® are reported in Table 3. The entropy chard§ewas determined
at correspondingia. It is observed from Table 3 that aryl estersdietd either integral or fractional order
degradation kineticslaapparently followed one half order (0.56), while followed apparently zero order (0.28)
kinetics. Both2a and2b followed apparently first ordeR& 1.17 and 0.722b: 1.2).3a and3b followed fractional
order (0.53 and 0.70) kinetics. Both andib followed fractional order4a: 0.71 and 0.4%4b: 0.74)5a apparently
followed second order (2.36), whitb followed apparently first ordesb: 0.8 and 1.06)6a apparently followed
second order (1.81), whigb apparently followed first order (1.20). Thus, di#nt nature, size and positions of the
substituents caused different order degradatioatiis. No systematic trends for E,, A andAS are observed due
to above mentioned reasons. In accordance to thegiy is the structure higher are the kineticgmaeterss, and
A. A large and negative magnitudesAS suggested that transition state is more in orde®ye than that of aryl
ester, while a large and positive magnitudea $6uggested that transition state is more in disbyrdeate [19,20].
Degradation of the compound is a complex process iamolves a variety of relations such as cleavage,
rearrangement, branching, cross-linking, etc. Ttie substituents and ester linkages are weak |lekagaryl esters
so selective degradation starts from such weaktpoiith the evolution of carbon dioxide and othgdiocarbon
gases with formation of free radicals, which furthmdergo secondary reactions to form new compouams
degrade at elevated temperature. A considerableianuf residue left at 508C for 4a (47.8%),5a (37.5%)6a
(15.4%),3b (11.4%),5b (44.6%) andb (16.8%) suggested formation of highly thermallgtdeé compounds. Other
compounds practically decomposed into low molecoiass hydrocarbons. Thus, different molecular tires of
aryl esters with different nature showed differrgrmal behaviour and degradation kinetics.
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Fig. 1 DSC curves of aryl esters 1a-6a at £C heating rate in nitrogen atmosphere
L e seetataekasiaas = geacine ',:“——'
0 —— — = e — e
i . \\ /
/
= )
=2 218.36°C
=
E L
= L
= Sb i
. 4 119.79 °C " : 1526_%5"C
2 3
@) i
= i 2 Vo 3b
E _6 136.11 °C 152.33 °C
5]
am
b
-8 - 16918 °C
L L L i " i L i i+ 1 i 1 i L L 1 | L L i L 1 I L 1 L
50 100 150 200 250 300
Temperature/ °C

Fig 2. DSC curves of aryl esters 1b-6b at 1T heating rate in nitrogen atmosphere
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Fig 4. TG curves of aryl esters 1b-6bat 18C heating rate in nitrogen atmosphere

24




Parsotam H. Parsaniaet al J. Chem. Pharm. Res,, 2015, 7(3):20-26

Table 1 DSC data of aryl esters

Melting transition  AH, Entropy of transitiol\S,

Arylester " yoc (Endo)  kdmol® JKmol™
la 195.59 38.96 83.11
2a 152.93 20.55 48.24
3a 154.67 29.78 69.60
4a 257.34 58.03 109.39
5a 159.% 32.1( 74.1%
6a 156.97 41.92 97.46
1b 169.18 33.90 76.64
2b 136.1: 36.3¢ 88.8¢
3b 152.33 32.34 76.00
4b 218.36 18.22 37.07
5b 119.8: 29.5¢ 75.1¢
6b 152.85 45.62 107.09
Table 2 TGA data of aryl esters
Aryl ester DTCO To’“cax Decom. RangeC Weig;)ﬁt loss (yaot%%%'()dcue
la 258 363.¢ 25E-40F 89.¢ 4.6
2a 225 268.9 225-290 6.9 3.3
330 4118 330-430 82.2 -
3a 28C 384.7 28C-41C 87.2 7.1
4a 285 346.1 285-380 28.5 47.8
380 4595 380-510 215 -
5a 270 301.6 270-325 43.6 375
470 - 470-600 315 -
6a 290 366.2 290-450 82.1 154
1b 24C 361.¢ 24C-38C 96.7 0.7
2b 135 - 135-185 4.82 4.8
330 4189 330-485 85.2 -
3b 255 3741 255-405 78.4 11.4
4b 195 3125 195-365 94.2 2.5
5b 255 295.0 255-315 35.6 44.6
370 4141 370-470 11.2 -
6b 305 398 305-480 80.1 16.8

Table 3 The kinetic parameters of aryl esters deried according to Anderson-Freeman method

Ea, A, AS,
Arylester  n kdmol* St JK?! mor? R
la 0.56 115.<  1.66x1( -113.(  0.99¢

2a 117 791 2.29xTf0  -147.3 0.975

0.72 1844 9.11xtH  -22.9 0.984
3a 053 148.82 4.51xf0  -66.7 0.979
4a 071 107.3 6.25xf0 -120.9 0.978

0.49 70.00 256xf0 -206.3  0.999
5a 236 295.3 1.24x16° 230.0 0.988
6a 1.81 218 6.88x16 51.9 0.987
1b 0.28 1004 9.14xP0  -137.1  0.987

2b 120 1965 56x10°  -7.8  0.983
3b 070 1265 987x{0 -983  0.998
ab 074 881 373xFf0  -1439 0991

5b 0.8 169.9 4.42x19 11.00 0.975

1.06 89.3 1.24xf0  -153.6  0.977

6b 1.13 1202 1.22x70 -116.03 0.981
CONCLUSION

From DSC and TG study it is observed that thermediabiour of aryl esters are affected by their mdkec
structure, nature, size and position of the sulestits.
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