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ABSTRACT: Various crosslinked poly(4-vinylpyridines) (CHP4VP) having different degrees
of crosslinking were synthesized by radical copolymerization of 4-vinylpyridine with NN' -1,
6-hexamethylenebisacrylamide, and CHP4VP-Cu(1l) complexes were prepared by the meth-
od of adsorption equilibrium. The catalytic activitly of the complexes for the oxidation of
ascorbic acid (AA) was investigated. The oxidation of AA by these complexes showed a ki-
netic behavior of the Michaelis-Menten type. The catalytic activity of CHP4VP-Cu(Il) cata-
lytic system was increased with increasing the degree of crosslinking of CHP4VP, and its
activity was scarcely decreased even after repeated use. However, the tendency of the cata-
lytic activitly of CHP4VP-Cu(ll) complexes was decreased for the oxidation of AA when
compared with that of the previously reported catalytic system containing crosslinked poly(4-
vinylpyridine) prepared using N, N’ -methylenebisacrylamide as a crosslinker. These results
indicate that the degree of crosslinking of CHP4VP and the hydrophobicity of the crosslinker
play an important role in the catalytic system of the oxidation of AA.

Keywords: crosslinked poly(4-vinylpyridine), degree of crosslinking, ascorbic acid, catalytic
activity, hydrophobicity.
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Table 1. Crosslinking Degree of Crosslinked Poly
(4-vinylpyridines)®

feed composition elemental

code of & . yield

olvmer (mole%) analysis )
POVMEr TTiUP] (HMBA]  C(%) N(%)
HP4AVP 100 0 0 - - 97
CP4VP-1 95 5 26 7735 1298 %4
CP4vVP-I 85 15 167 7435 12.85 95
CP4vP- 75 25 266 73.06 1281 94

“ Radically copolymerized in methyl alcohol at 65 °C.
® Degree of crosslinking in copolymer. e=[HMBA1/[4VP]x
100.

HlZ2RE Taled Table 1o Vehkllxz, CHP4VP
9] [R ~®E] Ay ohg7 2ot

IR (KBr, cm™):3300, 1540 (N-H), 3050
(aromatic C-H), 2920 (aliphatic C-H), 1670 (C=
0), 1600, 1415, 800 (pyridine).

HP4VP-Cu(1l) &= 3 CHPAVP-Cu(ll} ZHE
2 MZE. AA Adapuhge] Fu) 2 Agg nEA-TE
(I FEL o)d d7AXNYT $L3A 100mesh
sieve® AE Buate] 1Ez} 1.5 g3 0.1 Mo CHs
COOH-CH,COONaz & pH 5.0 &% £9& A}
gl AxE 1x107Me () £ 500 mL
9 2o A 242 Bt wEkste] Az e
ZE 4% pH 509 €% fYoz ABE A
AFE og o9 FE(O) s=& UV-VIS
spectrophotpmeter®] &3 =2FE &3] 1A}
o F3d p(I)e ¥& 243k

AA 213 elgel ZofgN £ Y MARE AY.
REA-FE (1) F2d) 93 AA i AR
9}17 o] pH 5.09 FFEAE ARG-sle] L&A}
39 ()Y 257 5.0x107* M2 A A

gl

CH,=CH + CH,CH £ CHy—CHI = CH,—CH—F—
| |
€=0 _ amNn ¢=0
I\llH MeQH, 65 C NH
|
avp (Ol (?H’)‘i
NH NH
o (oo
CH,=CH —{CH,=CH—7
HMBA CHP4VP-1, 11, M

Scheme 1. Synthesis of crosslinked poly(4-vinyl-

pyridines).
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Figure 1. Reaction time and oxidation reaction of AA
at 20 C. [Cul=5.0%x10" (O): HP4VP-Cu(ll), (@):
CP4VP-I-Cu(1l), (V): CP4VP-II-Cu(1l), and (V¥):
CP4VP-1II-Cu(1I).
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Figure 2. Rate of oxidation reaction as a function of
AA concentration at 20 C. [Cul=50 x 107, (O)
HP4VP-Cu(1l), (@): CPAVP-I-Cu(1l), (V). CP4VP-
[I-Cu(11), and (¥): CP4VP-1I-Cu(1l).

M2 (2 (4)& ol&, 1/v¥ 1/[S]E =AM o
o] 71 &ve} HHez BE K, D VoaE 78

o ek 2Ela 7P e S AT ko Vi
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1 1 K, 1

v Vmax Vmax x I:S,] (4)

Figure 3& 20 Cox HP4VP-Cu(@) %
CHP4VP-Cu(II) #&& 23302 AH8atis o
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A8 Lineweaver-Burk plot& tleld ot} o]
ade A ®E bl o] AM #AE T YE
3, 0] ANozRE AA A3} HH3-9) £% parame-
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Figure 3. Lineweaver-Burk plots of the oxidation re-
action of AA at 20 °C: [Cul=5.0x10"% (O): HP4VP-
Cu(11), (@): CPAVP-1-Cu(1l), (V): CP4AVP-II-Cu(11),
and (¥): CP4VP-1I-Cu(II).

Table 2. Kinetic Parameters for Oxidation of
Ascorbic Acid Catalyzed by Polymer-Cu(Il) Com-
plexes® at 20°C

di f catal ‘/max>< 105 Kmx 104 kcatx 102 ’
code of catalyst (. 11 min) (mol/L)  (min™)

HP4VP-Cu(11) 0.70 10.10 1.35
CHP4VP-I-Cu(11) 0.93 8.28 1.79
CHP4VP-II-Cu(11) 1.33 6.30 2.56

CHP4VP-1II-Cu(1I) 2.37 5.01 4.56

4[Cu(Tl) in complex]=5.0x10"*M. Measured in 0.1M CHj
COOH-CH3COONa buffer of pH 5.0.
b keqy=moles of substrate/mole of copperx min~'.
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Figure 4. Catalytic activity of polymer-Cu(ll) com-
plexes for the oxidation of AA after repeated use at
20 C. (O): HP4VP-Cu(ll), (@): CP4VP-I-Cu(Il),
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