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Thermal decomposition mechanism, kinetics and shelflife of quinine

XTAO Zhuo-bing® ,SONG Ke, LIU Jian-lan, TIAN Chun-lian
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Abstract : Thermal decomposition curves of quinine were measured by thermo-gravimetric and Fourier-transform infrared spec-
troscopy coupled technology,and the experimental data of TG were synergistically processed by Achar method and Coats-Red-
fern method to infer the thermal decomposition ' mechanism and the kinetics parameters ( apparent activation energy E, and
pre-exponential factor A) ,which were also used to calculate the shelflife of quinine. Based on TG data and FT-IR spectra a-
nalysis , thermal decomposition of the first stagestarted from 219.93 °C to 389.93 °C ,chemical bonds between oxygen atoms
and quinolone ring cracked and released ROH, CO, CO,, R-O-R, R-NH,, etc. , which was followed by Chemical Reaction
mechanism and corresponding-with Reaction Order equation ( the order of reaction n = 2). At the second stage, residual mo-
lecular skeleton ( quinolone ring) was thermally cracked deeply from 389.93 °C to 800 °C and the gases such as CO,,H,0
and NH; were released. According to the kinetic parameters of thermolysis at the first stage ,the shelflives of quinine were in-
ferred , which were4-5 years at room temperature (25 C).
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Fig. 1 'Molecular structure of quinine
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spectrum of evolved gases from the thermal decomposition
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Table 1  Characteristic parameters in the every-stage thermal decomposition of quinine
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Inference for the thermal decomposition mechanism of quinine at various temperatures
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Table 2 Weightlessness data by Achar and Coats-Redfern methods (8 =10 “C/min)
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13 590.58 0.6937 0.1357

14 595.58 0.7635 0.1154

15 598. 08 0.7929 0.1028

16 605.58 0.8535 0.0651

17 615.58 0.8960 0.0380

3 2 B T .o dardi G A 40 Bl FHALTEI
PRECSRASRE R S o) g (o) B, PR AR
531 Coats-Redfern J7FE Ml 7375 Achar J7 2, 4 i
N B LMERIE VA E, InA R r, B0E DL R

3o YN MR (FE3E 1), IR 7 4 E,
F InA F5 R 4230 B, TR 0 Gt 5 () AL 1) o 45 BRI Sk %
SN f5e ] BE Y SR AL pRES, AN B, FTA B
VL T AL RE AR FT TR o

£3 R Coats-Redfem, Achar ERBHAGBRIFLIELNHALESH (8210 C/min)
Table 3 | Linearly dependent kinetic parameters by Achar and Coats-Redfern methods (8 = 10 C/min)
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9 236.41 46.37 0.9908 262.76 51.87 0.9964
18 192.33 38.96 0.9774 232.28 47.29 0.9919
19 313.27 64.10 0.9844 353.23 72.45 0.9921
20 434.22 89.12 0.9871 474.18 97.48 0.9923
36 157.91 32.41 0.9929 161.79 33.18 0.9990
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Table 4  Kinetic datas for the thermal decomposition of quinine

H i

Pre-exponential factor InA

RIS R A

Linear correlation coefficient r

Tk AL RE

Method Apparent activation energy £, (kJ/mol)
Achar method 157.91
Coats-Redfern method 161.79
Average 159.85

32.41 0.9929
33.18 0.9990
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