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Studies on the Decomposition of Aspirin in
Aqueous Cyclodextrin Solution

Jae Young Park*, Shin Keun Kim*,Chong Hak Woo*,

Joung Hoon Park**, and Se Ho Han***

1t was reported that cyclodextrin has a distinctive ability to
form inclusion compound with a wide variety of compounds.

The authors studied the stability of acetylsalicylic acid in cycl-
odextrin solution.

From the results of this experiment, the decomposition of Aspirin

in cyclodextrin solution was progressed according to the pseudo-

firt order reaction and its degradation rate constant was decreased
and the thermodynamic activation energy of the degradation of

aspirin was accetrated with the increase of cyclodextrin.
Conclusively, it was considered that cyclodextrin increased the

stability of aspirin in aqueous solution by its inclusion compound

formation.
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Table 1. Decomposition rate of Aspirin Cyclodextrin free at pH 2.
(Key: Rd: Decomposition rate).

25° 35°
Time(min.) | Rd (%) k (min") Time(min.) | Rd (%) k (min)
180 2.2 1,177 X 1074 120 3.4 2.897X107¢
360 4.6 1.311 240 7.3 3.157
540 6.4 1.224 360 9.9 2. 398
720 8.7 1.263 480 13.8 3.095
900 10.1 1.182 600 16.1 2.925
1.080 12.4 1.226 720 28.9 2,911
Mean 1.231% 1074 Mean 2,978 %1074
45° ] 65°
Time(min.)| Rd (%) k (min™) ] Time(min.) | Rd (%) k (min™)
60 4,1 6,986 X104 30 9.1 3.178x1073
120 8.1 7.042 60 17.7 3.247
© 180 12.1 7.165 90 25.0 3.197
240 15.6 7.120 120 31.9 3.204
300 19.0 7.023 150 38.5 3.241
360 22.2 6.971 180 44.1 3.232

Mean 7.051%10™4 Mean 3,217x1073
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Table 2. Decomposition rate of Aspirin Cyclodextrin 0.1% at pH6.
25° 35°
Time(min. ) Rd (%) k (min™) Time(min. ) Rd (%) k (min™t)
180 2.0 1.194x17¢ 120 3.3 2.802x107¢
360 4.0 1.132 240 7.0 3.023
540 5.8 1.088 360 9.8 2. 866
720 7.7 1.113 480 12.2 2.710
900 10.3 1..208 600 15.7 2.848
1080 11.2 1.098 720 18.9 2.910
Mean 1.139x107¢ Mean 2.850x107¢
45° 65°
Time(min.) Rd (%) k (min™?) Time(min. ) Rd (%) k (min~1)
60 3.9 6.640X107¢ 30 8.5 2.953%x1073
120 7.7 6. 679 60 16.5 3.001
180 11.3 6. 633 90 23.6 2.991
240 14.9 6.727 120 31.1 3.105
300 17.9 6.568 150 36.5 3.028
369 21.4 6. 6835 180 40.8 2.903
Mean 6.659x107¢ Mean 2.999%x1073
Table 8. Decomposition rate of Aspirin Cyclodextrin 0.5% at pH2.
25° 35°
Time(min.) Rd (%) k (min™%) Time(min.) Rd (%) k (min™%)
180 1.7 0.947% 1074 120 2.8 2.361% 1074
360 3.2 0.902 ' 240 5.9 2.533
540 6.5 0.988 600 13.5 2.418
720 6.5 0. 934 430 11.3 2.495
900 8.5 0.938 600 13.5 2.418
1,080 11.7 1.152 720 16.8 2,556
Mean 1.008x107¢ Mean 2.467X1074
45° 65°
Time(min.) |  Rd (%) k (min™t) Time(min.) Rd (%) { Kk (min™?)
60 3.4 5,758 X 1074 30 7.7 2.633%10"2
120 6.9 5.969 60 15.1 2,729
180 9.8 5.732 90 20.9 2. 605
240 13.2 5.901 120 28.6 2. 808
300 16.1 5. 850 150 32.7 2.640
360 18.6 5.720 180 39.8 2.820
Mean 5.822%x107¢ Mean

2.706X 1073
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Table 4. Decomposition‘rate of Aspirin Cyg[odextrin 1:0% at’pH2:

25° ' 35°
Time(min. ) Rd (%) k (min ) | Time(min. ) RA* (%) k (min 1y
240 2.0 0.844%x 1074 120 2.3 1.938X10™¢
480 3.5 0. 744 240° 5.0 2.130
720 6.0 0. 860 360° 7.0 2.002
950 7.2 0. 780 480° 8.2 1.909
1,200 10.2 0.879 600 11.9 2,107
1,440 12:0 0. 888 720 13.3 1,980
Mean 0.836%x1074 Mean 2.011Xx10"¢
45° 65°
Time(min.) Rd (%) k (min %) Time(min.) Rd (%) k (min-1t)
60 2.8 4.683%x1074 30 7.0 2.403X10°3
120 5.5 4,721 60 13.1 2. 341
180 7.9 4.567 90 19.6 2.423
240 10.8 4.808 120 24.8 2.376
300 12,9 4.598 150 30.6 2.438
360 15.7 4.748 180 25.3 2.419
Mean 4,676%1074 Mean 2.400%x1072
Table 5. Decomposition rate of Aspirin Cyclodextrin free at pH6.
25° 35°
Time(min.) Rd (%) k- (min~?) Time(min.) Rd (%) k (min™1)
180 2.9 1.638xX1074 120 5.6 4.625% 10"
360 5:9 1.721 240 10.3 4.529
540 8.3 1.634 360 15.4 4.644
720 12:2 1.807 430 19.7 4,572
900 13.8 1,651 600 23.4 4.445
1,080 17.3 1.759 720 28.1 4.584
Mean 1.702% 1074 Mean 4.567%1074
45° 650
Time(min.) Rd (%) k (min™1) Time(min.) Rd (%) k' (min-1)
60 7.0 1.209% 1073 330 173 6.333x10"3
120 12.8 1.136 60 31.9 6. 406
180 19.4 1.199 90 43:3 6.305
240 26,5 1.230 . 120- 53:7 6:418
300 29:1 1. 147 150" 61.6 6.381
360" 32.8 1.104 180 68.7 6. 455
Mean 1..171X1073 Mean 6.383%x1073
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Table 6. Decomposition rate of Aspirin Cyclodextrin 0.1%at pH6.

25° 35°
Time(min.) Rd (%) k (min™*) Time(min.) Rd (%) k (min™?)
180 2.7 1.522%X107¢ 120 4.7 4.011x107!
360 5.1 1.452 240 9.1 3.973
540 7.7 1.484 350 13.4 3.998
720 10.5 1.478 480 17.9 4,111
900 12.1 1.433 600 20.9 3.907
1.080 15.2 1.527 720 25.9 4,165
Mean 1.483X1074 Mean 4.028%x10°4
45° 65°
Time(min.) | Rd (%) k (min™?) Time(min.) | Rd (%) k (min™1)
60 5.6 0.960% 103 30 15.8 5.735X1073
120 12.2 1.084 60 28.8 5.662
180 16.1 0.981 150 57.5 5.739
240 23.6 1.122 120 49.5 5. 694
300 25.5 0.981 150 57.5 5.705
360 31.7 1.059 130 64.4 5.739
Mean 1.030% 1073 Mean 5.693 %1073
Table 7. Decomposition rate of Aspirin Cyclodextrin 0.5% at pH6.
25° 35°
Time(min.) Rd (%) k (min=t) Time(min. ) Rd (%) k (min™?)
360 3.6 1.017x10™% 120 3.7 3.148x 1074
720 7.7 1,115 240 7.5 3.253
1.080 11.1 1.088 350 10.7 3.141
1.440 15.6 1.179 430 14.7 3.315
1.800 17.5 1.068 600 17.8 3.265
2,160 21.5 1.121 720 21.1 3.291
Mean 1.098x 1074 Mean 3.236x107¢
45°C 65°C
Time(min.) | Rd (%) | k (min™) Time(mie.) Rd (%) k (min)
60 4.7 8.022Xx1074 30 12.2 4.337x1073
120 9.0 7.869 60 22.7 4.417
180 13.6 8.124 90 32.8 4,417
240 17.2 7. 869 120 41.6 4.483
300 21.8 8.199 150 48.2 4.385
360 25.3 8.105 180 54.0 4.314
Mean 8.031x107¢ Mean 4,371 X107
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Table 8. Decomposition rate of Aspirin Cyclodextrin 1.0% at pHS6.
25° 35°
Time(min. ) \ Rd (%) k (min-3) Time(min. ) Rd (%) k (min™1)
360 2.9 0.819%x107¢ 120 2.8 2.361X10™¢
729 5.5 0.787 240 5.6 2,399
1,080 8.8 0.853 360 7.8 2. 245
1,440 11.0 0.809 480 10.5 2.312
1, 800 12.0 0.838 600 13.2 2.361
2,160 16.3 0.825 720 15.6 2,357
Mean 0.8218%x107¢ Mean 2.339%x107¢
45° 65°
Time(min.) Rd (%) k (min™Y) Time(min.) Rd (%) k (min™1)
60 3.5 5.949X1074¢ 30 10.3 3.623x1073
120 7.1 6.141 60 19.4 3.597
180 10.0 5. 860 90 27.5 3.575
240 13.4 5.997 120 35.6 3. 067
300 16.8 6.134 150 42.5 3. 689
360 19.6 6.458 130 48.0 2.634
Mean 0.8128x107¢ Mean 2.33
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o] 2Bl Aspirin®] KFERAAY R ERHER vrebl =], First Order Re
actions] wehA S@EIL Q& & F Aok oW SMHEEERE Cyclodextrin free
ol RS A, FAd, BE LR 2] pH 240 A& 25°¢1 A 1.23X107*min™Y, 35° o A
= 2.98%107* min~?, 45° o] A= 7.05%x107* min~' W 65°6] Al 3.22x 107 min~'o
10° Lfel wheh 2f% LIRS SFEEEES] BnE Rola, pH 6dA= JRE 25° A& 1.70
X107 min™, 35°¢A¥& 4.57%x107* min~!, 45°] A& 1.17X1072 min™! & 65°¢] Al &=
6.38x107° minTE EmAZ golA HES dF& a4 dn &3 AR, -2 Data
A pH 201 A% pH 661 A8] A& & EE H= Hiksl 2w pH 204 2k pH 66] 4
Sfpgel met 24 Jgua gl olAe Edwardd wl Garrettdd] 4ksl A el pH
Profiles} —gs o] —fiyoz pH2 fiifel 2th &EHe vehl 33 gloh

@ Cyclodextrin WMmel K JFL =2 FMES WINE WEEHCL pH 2, 65°] 4
Cyclodextrin free® 3.22x107® min~!, 0.1%o]A% 3.00x10°° min™!, 0.5%4 AE 2.7
1x107® min™ W 1.0%e A+ 2.40%107* min—2 Fo|E3x 9ov] pH6, 65°%]A=
free §REEST A 6.38% 1072 min™Yy 0.1%e] A 5.69% 107" min~?!, 0.5%0] Al 4.37%10"° min™?

s

" 1% 4= 3.63x107® min~'2 Cyclodextrin freew] Rt} 1% Hind st & 282 2%
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Table 9. The Activation Energy & Frequency Factor at pH?2

Cycldextrin Balt Life(min) e

Concn. (%) Ea (KeaD) A (sec™ 25°C 65°C
A (iree) 16.98 3.5%1078 5.631 ’ 216
B (0.1) 71.01 3.5x1075 6. 086 231
C (0.5) 17.13 2,7x1075 6.877 T 256
D (1.0) 17.48 5.4X1078 8.327 289

Table 10. The Activation Energy & Frequency Factor at pH6

. Half Life (min)

Cyclodextrin -

Concn. (%) Ea (Keal) A (sec™ 25°C 65°C
A (free) 18.87 1,06X1077 4,073 109
B (0.1) 18.98 1.10x1077 4,674 122
C (0.5) 19.17 1.11Xx1077 6.313 159
D (1.0) 19,70 1.97X1077 8.435 191

key : Ea; Activation Energy
A; Frequency Factor

ol XE o 4 ¢ AL Cyclodextring] 482 #ine] wlels Activation Energyz}
fl— pHAl A= A7tz 9l=] o] A& Cyclodextrine 2 [HI W L&) Wil Activ-
ation Energy®] 3gfne] EHo R =, oA #HEHEMoR KEkd FIFE £ o=
fREEE o}

PH 29} pH 6¢ 412] Activation Energy] MRffftR= pH Hei= R W KEKE
FiEd HE RAo®, 2o wh2 Frequency Factor: o$ Az 9188 ¢4 rh

Entropye] ##{k¢l Activation Free EnergyZE ks ==l Table 11~128} 2t}

Table 11. The Entropy Change & Activation Free Energy at pH2

Cyclodextrin 65° 2
Concn. (%) AS (e.u.) A Fa(kcal/md) | A'S (e.u.) | AFa(Kcal/mole)

A (free) -8.0 ) 19.7 -7.7 19.3
B (0.1) ~8.0 19.7 —7.8 19.3
C (0.5) -8.0 19.8 -7.6 C 194

D (1.0) L7 19.9 -6.9 19.5
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" Table 12. The Entropy & Activation Free Energy at pHS:

Cyclodextrin® | 65° el
Conen. (%) AS (ecu.) | A Fa(Keal/mole) | A S (e.u.) [A*Fa (Kal/iole)

A (free) —0.97 19.2 ~0.71 191
B (0.1) ~0.90 19.3 ~0.68 19:2
C (0.5) -0.88 19.5 ~0.62 194
D (1.0) +0.31 19.6 +0.58 1955

Key: A S; Entropy A Fa; Activaion Free Energy.

o] #Rell A Cyclodextrin Finge] Bz [N Entropyd #Le iz 2 ERE] o
oA 9SS 4% glon] Activation Free Energys} #Ax]E AL fEHAL RG] #
ol F#dS Brkslnz 2 g KEtH Afe A& Wi F& Aoz A pH2
ol A2l zho] pH 6 Bt} 2 data 7} & AL 28T REES) ol Avte ByE MESh
o] & Edwards? 4 Garrett®2] Hiay —H 32 o 4 9l on], =3 pH 2] Cyclodextrin
0.1%2] #=FEs] HEe Bz ¢, & pHelA Cyclodextring] &fto] @mgtel =t
Activation Free Energy7} @ik AL 9l AL 293 Wik ZEtd L A+ 29 E0h

1. Aspirin®] R SREBN A9 4 2 Cyclodextrin it R 4 BiRE: Pseudo-
First Order Reactions]] uhe} £ k).

2. Cyclodextrin®] Z&in &ES #ind] w=bA Aspirin®] Dagradation' Velocity Constant’
X @A S K Aspiring] Activation Energy @ Activation Free Energy: i@hnslglch

3. o2 Cyclodextine] @zaEel ksl A Aspirine] fibEY S MRkt KER
ol A gEEfbd & o 4 Aok
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