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Abstract: In the present study, polymer-supported metal complexes were synthesized
by chelating chitosan with Cu(ll) and Fe([ll) ions and were investigated as catz;.lysts for
the oxidation of L-ascorbic acid. The results obtained from this study can be summarized
as follows: 1) The chitosan-Cu([[) and -Fe(lll) complex catalysts exhibited relatively
high catalytic effect and good catalyst recovery when compared to the cases of free Cu
(II) and Fe([ll) ions in the oxidation of L~-ascorbic acid and the kinetic behavior followed
enzymatic kinetics of Michaelis-Menten type. 2) The chitosan-Cu([l) complex catalyst
showed higher catalytic activity than the chitosan-Fe([ll) system. 3) The catalytic reac-
tion rate constants (kca:) of this oxidation at 25C were estimated to be 1.19 min™' and
0.10 min™' for the chitosan-Cu{ll) and -Fe(ll) catalyst systems, respectively. 4) The
calculated parameters at 25C obtained with the Arrhenius and Eyring rate expressions
for the chitosan-Cu(Il) and -Fe(lll) catalytic systems were as follows: Ea, 4.32 and
5.28 Kcal/mole; AG* 7.34 and 18.81Kcal/mole; A H*, 3.73 and 4.69 Kcal/mole; A S*,
-0.046 and -0.047 cal/moleC, respectively.
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Table 1. Dissociation Constants of L-As-
corbic Acid
Temp. (C) K, x10° K. x 10"
25 9.16 4.75
15 5.82 -
5 3.55 -
1 =0.10M KNO;
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Fig. 3. The titration curves at 25C for the chi-
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Table 2. Rate of Oxidation Reaction of L.-

Ascorbic Acid at Various Tem-
perature by Chitosan-Cu(]]) Ca-

talyst
5C 15C 25T
(HA ) x| wxl0*  [(HAT)x10' | wx10* [(HA)x10 {(vx 10
10° | (mole/ (mole/ (mole/
(mole/L.) l.min) | (mole/l.) Lomin.}) | (mole/l.) I min.)
1 2.53 1 3.60 1 4.75
2 3.85 2 5.40 2 7.10
3 4.65 3 6. 50 3 8.35
4 5.19 4 7.20 4 9.10
5 5.56 5 7.60 5 9.60
6 5.70 6 7.91 6 9.90
7 5.88 7 8.13 7 10. 10
8 5.95 8 8.25 8 10. 30
9 6. 05 9 8.32 9 10. 45
10 6. 15 10 8.40 10 10. 60

Catalyst;chitosan-Cu (I} 0.00lmole/liter.
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Fig. 6. Rate of oxidation as a function of ascor-
bate concentration. pH=>5.0 chitosan -

Cu (1) =0. 001mole/l.
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Fig. 7. Rate of oxidation as a function of ascor-
bate concentration. pH=5.0 Chitosan-
Fe () =0. 001 mole/L.

Table 3. Rate of Oxidation Reaction of L-
Ascorbic Acid at Various Teme-
perature by Chitosan-Fe([ll) Ca-

~Fe (M) &l Zojel

talyst
5T 15C 25C
(HA") x vx10° | (HA) X0 vXI6F | (HA)x10°)  vx10°
10° | {mole/ {mole/ {mole/
{mole/1.) Lmin.) | ({mole/L.) Lmin.) | (mole/l.} . min.)
1] 210 1 3.18 1 4.52
2 | 3.15 2 4.52 2 6.53
3| 370 0 3 5.13 3 7.61
4 | 400 | 4 5. 59 4 8.16
5] 410 5 | 588 5 | 8.42
6 | 420 . 6 | 6.06 6 | 8.65
7 143 | 7 |62 7 | 8.8
8 | 4.35 8 | 6.40 8 | 89
9 | 4.50 9 | 6.48 9 9.03
10 | 4.60 10 | 6.55 10 9.12

Catalyst;chitosan-Fe (I) 0.001 mole/liter.
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Fig. 8. The Lineweaver-Burk plot for the oxidation

of L-ascorbic acid by using chitosan- Cu
(H) as catalyst at various temperature.
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Table 4, The Summarized Data from the
Lineweaver-Burk Plot for the

Chitosan-Cu(]l) System
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Table 6. The Summarized Thermodynamic

Data at 25C from the Oxidation
of L - Ascorbic Acid by using

Temp. | Vmar X 10° Kmx 100 | kea %I}I‘Ii)“’san’ccu(ln) and Chitosan- Fe
() (mole/1. min) (mole/l.) (minT?) as Latalysts.
5 7.02 .69 0.72 —
cat a
15 9.75 1.53 0.98 Catalyst (Keal/  (Keal/ (Keal/ { cal/
25 12.12 1. 36 0.20 (minc") mol) mol) mol) mil®)

Catalyst conc. =0.001 M Chitosan-Cu(1Il)

Table 5. The Summarized Data from the
Lineweaver-Burk Plot

Chitosan-Fe([) System

for the

Temp. Vmax X 10° Kmn x10° Kear
() (mole/1. min.) (mole/1. ) {min:')

5 5.41 1.38 0.05

15 7.41 1.28 0.07

25 10.03 1.17 0.10

Catalyst conc. =0.001 M Chitosan-Fe(]l).
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Fig. 9. The Arrhenius plot for the oxidation of

L-ascorbic acid by using chitosan-Cu(II)
(4) and chitosan-Fe(ll[) (O) as cata-

lyst.
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2P afel] 225l AJo]F& &l (1) Chitosan-Cu(ll) ¥ -Fe (M) A#alZefol 2/§ L-Ascorbic Acide] Aks}

—-
~
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& Agoll =gl

ii) Chitosan-Cu(J]) #%Zna]+= Chitosan-
Fe(ll) 2-&&oicl Eojid4do] zich
25C ol A %54+ kear = Chitsoan-Cu

iii) &5 AR
(I} &+ Chitosan-Fe (I} oA 27]
1. 198min~' 2} 0. 101min~" o] v},

iv) 25Co]4 943 Parameter+ Chito -

san-Cu(Il) ¢} Chitosan-Fe ()¢ Eaz}
2+ 7+ 4, 320Kcal/mol 2 5. 277 Kcal/mol
olx AH*+ 3.728Kcal/mol ¥  4.685
Kcal/mol, AS*+—0.0457cal/deg. mol
2l —0.0474cal/deg.mol AG*+ 17.335
Kcal/mol % 18.807 Kcal/mol o]giE}.
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