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Study on thermal stability, decomposition Kinetics, and shelflife of chlorogenic
acid by thermogravimetry method

GUO Man-man, XIAO Zhuo-bing, YU Hua-zhong, PENG Mi-jun
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Abstract: Objective To study the thermal stability, decomposition kinetics, and shelflife of chlorogenic acid under the heat
condition. Methods Thermal decomposing curves of chlorogenic acid in different heating speeds were obtained in the nitrogen
atmosphere by TG-DTG techniques. Four thermal analysis kinetic methods (Achar, Coats-Redfern, Kissinger, and Ozawa) were used
to speculate the probable mechanism of thermal decomposing reaction and the kinetic parameters. The shelflife of chlorogenic acid at
room temperature (25 ‘C) was calculated by the kinetic parameters of the first stage. Results With the improvement of the heating
rate, thermal decomposing tempreture of chlorogenic acid rose. The most probable kinetic mechanisms of the three-stage thermal
decomposition were three-dimensional diffusion, two-dimensional diffusion, and chemical reaction, and the corresponding
mechanisms followed Zhuralev-Lesokin-Tempelman Equation, Jander Equation, and Reaction Order, respectively. The shelflife of
chlorogenic acid at room temperature was about 1.5—2 years. Conclusion With deducing the equation of decomposition kinetics,
four thermal analysis kinetic methods verified each other. The shelflife of chlorogenic acid could be used as evaluation method, in
order to provide reference for the quality control of the related drug contained chlorogenic acid.

Key words: chlorogenic acid; thermal analysis; non-isothermal method; thermal decomposition kinetics; shelflife

SRR AL — P AT )2 AR B R 2 B TR
Yo, BATORATS AIH. $UREE. PUm . P, 15
A S A Th AR R G, B ERR E
SLAEZ BB TE, XHHL RS MRS
RGP W7 SRR BRI IR B % 77 T
FAT R B, AR BB w3 (1 G

Yk HEA: 2011-08-05

WEY . DILER R BRAE DS 245 177 1K W Aok ™
2, RHBEEE AN “HEe” Mo ER s
2P, PRIy Al S A I AE A KR AT
G AHR IS FERI it S FLB) Iy 243 AT 9 . DAk,
AR NHA] TG-DTG BB I AT, P
[R5 4 FhA bl g 2 5 Rkt 5 e dme T RE KB4

E&MB: ERRHEHEH (2009D20110440); WM HAARM RS R BIH (10JJ6024); WIHARH T H (2009FJ3045): M4 mifL “ bk
PRI A A TR RGN FIBA SR LRI GRZGE (20100 212 5)

EHEI: T (1987—), U5, WILwITUAE, FEMNFRARW 5 HT. E-mail: guozhenhua.ok@163.com

*BWAEE HEW (1961—), %, ¥, wil, FZAFMAMEFRAITF. E-mail: xiaoyddd@163.com



“¥#isda % Drug Evaluation Research 534 % S5 2011410 B

-349 -

IIERLEL, IR G BN 2. A BN
S BHORFER IR R I A, TR H K& & ax
JRR 24 it (1) o e i A P A AR

2 A A W TR RS PR RN I A i D R A
PR B HAE A S YR, W5 HIEUr)
TEBURAMRK KR BT, SR RSP G
S RN ARG AR 7 it RS PRI IO R A A
K= A e ) i e B R . AT
FARSEWF SO A P E v i F T B AR 4E
WA Sl 5 TR AR E M 2 TR R
DY SRR U SN [R5
J1%, HEro AR R k. feddiiid, o
T Z I U TR e — 4 #Hr ith Sl v]
DRI RIB) 1% S8, (R Tk dar e
BN N B J o7 P Al b, T SR b oK 22 A
SN BESE 0AF 22, S v B PR A S N IR
D]t FH 3 g 0 P 15 1) ) — 2 S 36 25040 v i
JURIHLEI R 2 5 2 DU, SR 0 RIS R 4 (1)
LN D R UE TN LRI S EE . HarfiiH
B 14 Achar V. Coats-Redfern 2. Agrawal
. Madhudanan-Krishnan-Ninan %20, % 15
TRARVEAR BN 727 B SRR AN B s N AL R 28 1)
&, IF Hor UG AR s A 2SI RE (B, HIE
IRMEFIAF BT 2 (5 1405 B TRz EITIER
Ji AR R, AN I R k. Herp DL
Flynn-Wall-Ozawa 7% . Kissinger 71 Friedman %
H AR XD, A Starink vE . Malek 32U AN
Domllimore™ "5t # J& T % FFAFhd K%, B
DL, K B AR VE N 2 T A5 45 LU E S NI AN
B 1SR R A T,
1 FENRSRF
1.1 {428

Netzsch STA 409 PC/TG—DTG A HFE /3 H%
([ Netzsch A ), w8 g4 LC—9A (H
A By, SPD—6A FEA-F] WA IIE:, CR—4A L
PEAbFHL, SIL—6A HZhHEFERS . SCL—6B 4%l 4%,
UV—160A ZAh-1] WG RE v, A Ok A ds
(13. 26 80 kHz), PH—5 W% T4l (H A Yamato
AT AE—3200 LR (HARHED.
1.2 iiF

Ol 1R CEERAFIT, SRR
25 R e BE R, A R b all, B K
VI EEAliK . SRIGRRFE A AL AR CR A R

SEREIE Y 15 AEAR IR AR D TRAREL, FER A R
FHEE A I S A
2 HE
2.1 RIFERAVIREX

A T2 AR A A i v 2 SRR A5 ) o IR AL 2
Ji, LK ¥, 8 I A B AT s A AR I,
PEEUHR NP HILE 50 °C, BRI R ERIIR N 26
kHz, $2HL2 ¥, FHK 45 min AA7, IR
(pH 3), ER@ A 1:6; pH 4, 30 C, 0.15 MPa
TRV 2 BRIE IO T I H S Ry AR AR
JG 4TS Diyo A1 Doy MR B4R 5, IR T (pH
3) 1 10% SEEUE, S ikdn, [RIfos )13
PR AT, %R H R OMRAN 3 )5,
IKIATE G5 A 2 I, B RS 19 20 IR ™ it 1 € i A
22 #HENE

FEAIISE R HPLC 3, (il 6 E Al K
326 nm, (AR YWG-C s AEHNFE (150 mmX 6
mm, 10 um), AFE 1 mL/min, 325 C,
WA R CIE-K-4 8 (10 288 2 2),

WA AFESR RS 10 mg, LTI
35~680 ‘C (110 CHIBEAK, ML 208 C); A
ERPR, FARBUR SRS 20 mL/min; FHEER
J35. 10, 15 C/min.
23 RO hELIESE
23.1 ZHETHRE L

(1) Kissinger 7%:

E
— a +1Hﬁ (1)
RT, E,

lniz:
TP

Kef T, DTG MLk IR AL, E, W FMITALAE,
A kI/mol, A JFRATIA T, 474 min”', R SR EL
Hfy N J/(mol K), B TR,

SRSHTZA TG-DTG #hek, T g XN
Tpo SKIEA WB/T,> 1 1UT,e FIFH np/T,> % 1T,
YR, S/ iR G TR 218 ) =S5
Eqv Ind FIACRE ().

(2) Ozawa ¥£:

lg 8 =1g—E 53150456 L (2
Rg(a) RT

K g(o) R IRMRHLEI R BB B, TRk
J, HARAT S SR

FIH 1gB X 1T VEE, Wi e/ — 3Rk A 9
FEP A SEAS A AT ME N E, 33 )1% 548 E,
More




-350 -

“¥#isda % Drug Evaluation Research 534 % S5 2011410 B

232 TR ARV

(1) Coats-Redfern ¥::

In g(tj{) = ln(A—R) _ L.

T BE,” RT 3)

LA In [g(o)/T] X T 1EIE, SRA /s — ikt
ATERNERNA T 13 28— 45 H 4k, MHRIE In (AR/BE,)
RFE (—EJ/R) TREH E, M 4.

(2) Achar %

1 da E

In[—— 2% =1In 4 -2 @
f(a) dt RT

K T HAHEE, £ (o) B HRANHIR L, oAb
BAF 5 (07 A E

PL In[(dov/dd)/fte)] Xt UT VEE, KA &N
LA EE, MEZEE Ind FIRER (—EJ/R) AR
B E A A,

PSS K s T o dovde FHFR 7375 Coats-Redfern
JiFERAY I Achar J7 RS A4 I 40 FRALHTER
U, W EL Ind F e SYERPEARSCMERSLE (r
FEAET 1, HRITIES E M Ind S0, 1
HiEb e 5 2 R E A B EE J—8UN,  Jrs
FRIATL A B 5 R A 1% 5 B 5 mT e R S B ML Bk 48, AH
IR Eq R A RIR R N IR TE A e A BT DR 7

PSRN E BN AL S ) T BT R S LY g AR
OHE Eqr TN FH S —THEGE R (456 2 BT
PSR ED HE H 5] B8 1 FA i S N AL .
3 #£R
3.1 RFEBRHRNELSR

KRG EREN e, SAMRETE, PR
Tk SRR IR A 98.0%.

3.2 ZBEREBRHMBSBEITH

K1 SR IEIR AR 5 °C/min RN SE IR
ek CHLAbTHE R T 5 HAEED .

WEI IRy =0 58 M 35 C
2190 C, Mo RRTZN 5.04%; 5 2 M 190 C
F] 250 C, KEFHEN 588%, 4itr DTG HhZk ALk
JRER 144 55 (208 C), nfnt:l DTG W g I fil e o
AN 250 CH 4475 C, RIVERIN, SZEk

HAN 54.99%, WP RIEEEKRIR > T HI2# .

H 1 AT, BEE THE R IR, SRR
POMR SR K. TR = 2 R0 it
e, AJE A I iR R, B M i D,
T LUK =20 2 i R N EAT Bl ) 2 o0 B

100 [ 00
L-0.5
80 1 F-1.0
- F-1.5
X 60 1
= L —
: 0 &
Iz 40 7 L-25 &
\i—:\\/
F-3.0
20 1
35

(; 1(;0 2(l)0 3(;0 460 5(')0 660 7IOO
wEc
1 ZREBRBAES C/min THUER TG-DTG #hk
Fig. 1 TG-DTG curve at =5 C/min
£ 1 FH Kissinger. Ozawa kit E=SHMEAE
E, 70 A ¥R
Table 1 Kinetic data for three-stage thermal weightlessness

by Kissinge and Ozawa methods
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B B B
5 82.5 212.5 3475
10 90 2225 365
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Table 2 Kinetic parameters obtained by Kissinger and Ozawa methods

S E i Hob H=4
E/(kJ-mol ") In4 r o E/(kI'mol™) In4 r Ej/(kI'mol™) 1n4 r
Kissinger ¥ 97.10 32.06 09994  138.46 3324 09987 13292 24.17 0.991 5
Ozawa 2 98.20 — 09995  139.68 — 0.998 8 136.61 — 0.996 3
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Table 3 Three-stage weightlessness data by Achar and Coats-Redfern methods (=5 °C/min)

s B4 B =
T/K o (da/df)/(min ") T/K o (da/df)/(min”") T/K o (da/df)/(min ")
1 340.65 0.231 0.062 9 488.15 0.262 0.180 6 590.65 0.263 0.0433
2 345.65 0.299 0.072 4 493.15 0.408 0.146 0 600.65 0.348 0.044 9
3 350.65 0.378 0.0815 498.15 0.528 0.1229 610.65 0.442 0.0513
4 355.65 0.460 0.088 7 503.15 0.637 0.109 3 620.65 0.548 0.056 0
5 360.65 0.543 0.081 2 508.15 0.737 0.099 5 630.65 0.655 0.0514
6 368.15 0.645 0.059 4 513.15 0.829 0.094 6 640.65 0.744 0.039 8
7 518.15 0914 0.094 2 650.65 0.808 0.0270
8 660.65 0.854 0.0199
9 668.15 0.881 0.016 7
Fz 4 ZH Coats-Redfern. Achar ;ZKERMEBRIFEMEHEENZNNFESE =5 C/min)
Table 4 Linearcorrelation kinetic parameters obtained by Achar and Coats-Redfern methods (8 =5 “C/min)
5 m o _ Achar 7% - Coats-Redfern 72
E /(kJ-mol ") In4 r E/(kJ-mol ") In4 r
B 9 96.91 29.13 0.989 0 99.46 25.95 0.995 6
18 81.98 25.95 0.980 8 98.95 31.67 0.997 2
19 134.40 43.56 0.989 2 151.36 49.30 0.997 3
20 186.82 61.06 0.992 2 203.78 66.81 0.997 5
35 59.07 18.68 0.987 8 23.62 6.46 0.986 7
36 59.07 18.68 0.987 8 62.83 19.87 0.999 7
Bw 4 132.96 29.22 0.990 6 136.73 36.70 0.983 4
6 166.45 35.70 0.988 6 226.27 50.82 0.988 0
9 308.84 71.92 0.9823 226.27 50.82 0.988 0
18 235.95 56.10 0.9852 270.34 64.11 0.994 1
19 375.30 89.78 0.994 6 409.68 97.80 0.994 2
20 514.65 123.34 0.996 6 549.03 131.37 0.994 3
32 —188.16 —47.61 0.993 4 41.81 7.44 0.890 2
B 9 162.31 27.85 0.988 4 131.55 20.85 0.9879
19 204.85 37.95 0.982 4 240.05 44.69 0.994 0
20 288.35 54.13 0.986 7 323.55 60.89 0.994 1
35 118.05 21.51 0.994 1 69.76 12.22 0.9852
36 138.05 21.51 0.994 1 130.74 21.96 0.999 4
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Table 5 Kinetic datas for the three-stage weightlessness
S s g iy
E,/(kJ-mol ™" In4 r EJ(klmol™) In4 r E /(klmol™) In4 r

Achar 96.91 29.13 0.989 0 132.96 29.22 0.990 6 138.05 21.51 0.994 1

Coats-Redfern 99.46 25.95 0.995 6 136.73 36.70 0.983 4 130.74 21.96 0.999 4

Ozawa 97.10 32.06 0.999 4 138.46 33.24 0.998 7 132.92 24.17 0.9915

Kissinger 98.20 - 0.999 5 139.68 - 0.998 8 136.61 - 0.996 3

SEHME 97.92 29.05 - 136.96 35.05 — 134.58 22.55 -
M7E 2 RV EE T, F ORI R R k= 1459-1462.
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