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Interaction of Quaternized Poly(4-vinylpyridine) with
Methyl Orange.Il. Hydrophobic Effect of the Polymer

Woo-Sik Kim and Kwan-Ho Seo
Department of Polymer Science, Kyungpook National University, Taegu 635, Korea
(Received April 8, 1986)

Abstract: The interactions of poly(4-vinyl-N-alkylpyridinium iodides) with methyl orange were
studided to compare the hydrophobic effect of alkyl group of the polymers with that of alkyl group of
the homologs of methyl orange. The extents of binding between the polymers and methyl orange
were measured by an equilibrium dialysis method at various temperatures. The first binding con-
stants (K1) and the thermodynamic parameters for the binding systems were calculated. It was found
that the free energy change (4G) and the enthalpy change (4 H) were all negative and the entropy
change (4S) was largely positive. The longer the alkyl chain of the polymers, the more positive were
K; and 4H and the larger was 4S. This result can be explained by the hydrophobic effect of alkyl
group of the polymers. The values of K; and 4S for the polymers-methyl orange systems were much
higher than those for the poly(4-vinyl-N-methylpyridinium iodide)-the homologs of methyl orange
systems. This result can be attributed to the cooperative aggregation of alkyl group of the polymers.
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Table 1. Reaction Conditions and Degree of Quaternization

Code of Polymer Solvent T(:ecm)p. R)((};I;;me P4VP : RI* %) (S]/o) Degree of Quaternization**
C,P4VPpP13 CH,NO, rt 24 1:2 37.64 5.50 98
C.P4VP DMF rt 72 1:1.4 40.92 5.44 89
C,P4VP DMF 50 120 1:3.0 40.31 4.99 82
C,P4VP DMF 60 240 1:4.0 44.33 4.82 96

* Mole ratio

(b)

6 (PPM)

Fig.1. a) NMR spectrum of C,P4VP in trifluoro-

acetic acid; b) NMR spectrum of C,P4VP
in DMF-d;; ¢) NMR spectrum of C,P4VP
in DMF-d,.
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Relation between 1/r and 1/C for the bin-
ding of methyl orange by poly (4-vinyl-N-
alkylpyridinium iodides) at 10 : ((O)C,P4VP
() C,P4VP; (©)CP4VP; (@) C P4VP.
0.1M NaHCO, —KH,PO, buffer solution,
pH 7.

Fig. 2.
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Fig.3. Relation between 1/r and 1/C for the bin-
ding of methyl orange by poly (4-vinyl-N-al-
kylpyridinium iodides) at 20T :(())C,P4VP
:((P)C,P4VP; (©)C,P4VP; (@) C,P4VP.
0.1M NaHCO,—-KH, PO, buffer solution,
pH7.
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Fig.4. Relation between 1/r and 1/C for the bin-
ding of methyl orange by poly (4-vinyl-N-al-
kylpyridinium iodides)at 30C: ((0)C,P4VP;
(»)C,P4VP; (©)C,P4VP; (@) C,P4VP.
0.1M NaHCO, - KH,PO, buffer solution,

pH 7.
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Fig.5. Relation between 1/r and 1/C for the bin-
ding of methyl orange by poly (4-vinyl-N-al-
kylpyridinium iodides) at 40°C: (1)) C,P4VP
; ((D)C,PAVP; (©)C,P4VP; (@) C,P4VP.
0.1M NaHCO,—-KH,PO, buffer solution,pH7.
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Fig.6. Relation between In nK and reciprocal abso-
lute temperatures for the binding: ((O) MO
+C,P4VP; ((p) MO+C,P4VP; (©) MO
+C,P4VP; (@) MO-+C,P4VP.

dA 77 S 75 nKe L Aok olF 3
E2be A s] =719 Ape] dbell glrl well of
Aok miael Zae £4d ¢ 45
Aol 7]elsl= Aer A=l Fig.2, Fig.3,
Fig.4, Fig.5¢] A4 7| &7lal4 73 nKE 1

Fig. 6 o]t} Fig.
Goll 4 mi A LA o
A7t Sl wel 7717k Aopxa CP4
VP& 71271 gtel A2 0 7t7bgieh ol A<

2 olgol % o ofwAs a4l ofF 23
chd odZAalYo] TdHog AP £ Yot A

Zch A# Eel (L-2l4) 3k 4

5315 o

—{N
0\1

g o=l IRPQI
1402 AgHcks LIE

|8 T3l o] 7|-&713E 4}
of wlwl o g 4H, 4S @ 4GZ T3

N
N{O&
N

4 =
A% RASIA Ysteh. Figbos 4el 4 2%
| =

13

et olE ddsAslelu| gty 2E0k2 A
2 Zz2E3} Aol 722 Fig7, Fig.8 ¥ Fig.9 o|c},
olf LHdlA4 M= A MY mgzte] ¢St
Ao wel dH % A4S+ AF T 4G opH

1
oh. olAL mEAe FAA B4E 2EA

T
9 Felan ot B T 44 o TAA

2|0 #1104 2l 62 19861 104

6F

-4H (Kcal/mol)
F-9
T T T
(o]
(o]

Temperature (C)

Fig.7. Temperature dependence of enthalpy chan-
ge for the binding of methyl orange by poly
(4-vinyl-N-alkylpyridinium iodides) : ()
C,P4VP; (D) C,P4VP; (©)C;P4VP; (@)
C.,P4VP.
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Fig.8. Temperature dependence of entropy change
for the binding of methyl orange by poly (4-
vinyl-N-alkylpyridinium iodides): () C,P4VP
; (D) C,P4VP; (©)C;P4VP; (@) C,P4VP..
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Fig.9. Temperature dependence of free energy
change for the binding of methyl orange by

poly (4-vinyl-N-alkylpyridinium iodides) : (O)
C,P4VP; (J)C,P4VP; (©)C,P4VP; (@)
C.P4VP.
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Table 2. Thermodynamic Parameters for the Binding of Methyl Orange by Poly (4-vinyl-N-alkylpyridinium

iodides)
Code of Polymer nK x 107 4c* aH* 4s*
10C  20C 30T 40T (Kcal/mol) (Kcal/mol) (eu)
C,P4vPB 530 4.43 3.50 2.55 —6.28 —4.75 5.05
C,P4VP 8.17 17.61 6.00 5.53 —6. 60 —2.04 15.05
C;P4VP 14.13 13.00 11.66 11.00 —7.00 —0.97 19. 90
C.P4VP 20.11 19.88 19.26 19.00 —7.31 —0.23 23.36

* Calculated at 30TC.
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