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ABSTRACT: Isotherms for absorption of iodine by various polymers have been measured at 
25°C in aqueous media. Poly(3-vinyl-10-methylphenothiazine) (PVMP), poly(4-vinylpyridine), and 
poly(tetramethylene ether glycol) absorb 3.0 g, 2.3 g, and 1.8 g of iodine, respectively, per 1.0 g of 
the polymer when dipped in a 0.05 M aqueous solution of 12 containing KI at 25°C. 6-Nylon, 
poly(vinyl alcohol), poly(acrylonitrile), poly(acrylamide) absorb 1.7 g, 1.5 g, 1.2 g, and 0.82 g of 
iodine, respectively, per 1.0 g of the polymer when dipped in a 0.10 M aqueous solution of 12 under 
the same conditions. Except for 6-nylon, the dependence of the amount of absorbed iodine on [12] 

K 

obeys a Langmuir-type equation obtained assuming the equilibrium, 12 +polymer=='" 12.-polymer 
complex. The equilibrium constant K ranges from 13 M- 1 (for poly(vinyl alcohol)) through 53 M- 1 

(for PVMP). Cyclic voltammograms obtained using a polymer electrode coated on a Pt wire show 
the occurrence of smooth oxidation and reduction of 1- and 12 , respectively, on the surface of the 
polymer electrode and inside of the polymer electrode. 

KEY WORDS Absorption/ Iodine/ Poly(3-vinyl-10-methylphenothiazine) 
/ Polymer Electrode/ 

It is well known that iodine forms complexes 

with various polymers including poly(vinyl 

alcohol), poly(acrylamide), poly( 4-vinylpyri

dine ), and nylon-6. 1 - io However, a systematic 

study on the absorption equilibrium of io

dine by various polymers has not been report

ed. 

formed is absorbed into the polymer-based 

electrode to form the polymer-iodine complex. 

Recently, it has been shown that the 

polymer-iodine complex is useful as an active 

material of a Zn-12 rechargeable battery. 11 - 13 

In the charging stage of the battery using the 

polymer electrode and a Znl2 aqueous solution 

as the electrolytic solution, molecular iodine 

t To whom correspondence should be addressed. 

Charging reaction at positive electrode: 

21--+ I2 +2e- (1) 

12 + polymer iodine complex (2) 

(active material of the battery) 

In the discharging stage, reverse reactions take 

place. 

In order to reveal the role of the polymer

based electrode of the battery, we investigated 

1) the absorption . equilibrium of iodine by 
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various polymers in aqueous media and 2) 
electrochemical response of polymer film elec
trodes in aqueous solutions containing iodine. 
We now report the results. 

EXPERIMENT AL 

Poly(3-vinyl-10-methylphenothiazine) 1 was 
prepared by the radical polymerization of 3-
vinyl-10-methylphenothiazine according to the 
method described in literature. 14 Poly( 4-
vinylpyridine), nylon-6, poly(vinyl alcohol), 
poly(acrylonitrile), and poly(acrylamide) were 
purchased from Polysciences Co., Ltd. Poly
(tetramethylene ether glycol) with M w of 2900 
was produced by Mitsui Toatsu Chemicals 
Inc. 

The polymer (powder) was added to an 
aqueous solution containing KI (0.2 moll -i) 
and 12 • The solution was thermostated (25°C). 
After stirring for 12 h, the polymer-iodine 
adduct was separated by filtration. Poly(vinyl 
alcohol) and poly(acrylamide) are soluble in 
water, but their iodine adducts obtained under 
the experimental conditions were not soluble 
in the aqueous solution. The concentration of 
iodine in the remaining solution was deter
mined by titration with an aqueous solution of 
Na2S20 3 . The amount of iodine absorbed by 
the polymer was calculated from the difference 
in the initial concentration of iodine and its 
final concentration after absorption by the 
polymer. Iodine was smoothly absorbed by the 
polymer and equilibrium was attained after 
12 h. The concentration of iodine in the aque
ous solution after 12 h was taken as its equili
brated concentration. 

Cyclic voltammetry was carried out using a 
Hokuto-denko potentiostat/galvanostat HA-
301 and function generator HB- 104. A plati
num wire (¢=0.30mm) was dipped (length= 
1.0 cm) into a polymer solution containing dis
persed carbon powder (30 wt% per the poly
mer, Ketjen black EC (commercial code of 
Akzo Co., Ltd.). After taking out the platinum 
wire from the polymer solution, the polymer 
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on the platinum wire was dried at room tem
perature under vacuum. The polymer-coated 
platinum wire thus prepared was used for the 
cyclic voltammetry. 

RESULTS AND DISCUSSION 

Absorption of Iodine 
Figure 1 shows the dependence of the 

amount of iodine absorbed by the polymer on 
the concentration of iodine, which mainly ex
isted as 13 - (12 + 1- ~1 3 -) in the aqueous so
lution of Kl. The amount of iodine absorbed 
by 6-nylon at [12)=0.l mo11- 1 was comparable 
to a reported amount obtained using an ace
tone solution of iodine. 12 

If iodine is absorbed as molecular 12 , the 
number of 12 molecules absorbed by each 
monomer unit of the polymer is calculat
ed as shown in Figure 2. As shown in Fig
ure 2, poly(acrylonitrile) (PAN), poly(vinyl 
alcohol) (PVA), poly(acrylamide) (PAM) ab-
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Figure 1. Dependence of the amount of iodine absorb
ed by polymers on the equilibrated concentration of 
iodine in aqueous solution at 25uc. Polymer: (a) poly(3-
vinyl-10-methylphenothiazine) (PVMP); (b) poly(4-
vinylpyridine) (P4VP); (c) poly(tetramethylene ether 
glycol) (PTMEG); (d) 6-nylon; (e) poly(vinyl alco
hol) (PVA); (f) poly(acrylonitrile) (PAN); (g) poly
(acrylamide) (PAM). [Kl]=0.20 mo11- 1 . 
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Figure 2. Dependence of the number of 12 molecules 
absorbed by each monomer unit of the polymer. As for 
(a)-(g), see the caption of Figure I. Curves (e) and (f) 
roughly are superimposable on each other. 

sorb about 0.25 of 12 per each monomer unit 
at [1 2] = 0.1 mo11- 1• Poly( 4-vinylpyridine) 
(P4VP), poly(tetramethylene ether glycol) 
(HO-f(-CH2) 4 O+,,H, PTMEG, (Mw=2,900), 
and 6-nylon absorb more than 0.5 mol of 12 

per each monomer unit. Poly(3-vinyl-10-
methylphenothiazine) (PVMP), 

which has both an electron donating nitrogen 
atom and aromatic ring and therefore con
sidered to have strong electron donating abili
ty, absorbs a very large amount of iodine per 
the monomer unit. 

Assumption of the following equilibrium, 

K 
Absorption site+ 12 

A-X 
12-polymer complex (3) 

X 
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Figure 3. Plot of 1/x against l/[12). As for (a)-(g), see 
the captions of Figure I. 

gives 

or 

K = [1 2-polymer complex] 
[Absorption site] [1 2] 

X X 

(A-X)[I2] (a-x)[I 2] 

1 1 1 1 -=~·~+
x Ka [1 2] a 

(4) 

(5) 

where A and X represent concentrations of the 
initial absorption site of the polymer and 12-

polymer complex, respectively, and a and x 

represent the number of the absorption sites 
per the monomer unit and number of the 12-

polymer complexes formed per the monomer 
unit, respectively. The absorption of iodine by 
the polymer as 13 - -adduct, which is sometimes 
proposed,7 gives essentially the same equation 
as eq 5. 

Plot of 1/x in Figure 2 against 1/[l2] affords 
a linear line when 1, poly(4-vinylpyridine), 
poly(tetramethylene ether glycol), poly(vinyl 
alcohol), poly(acrylonitrile), or poly(acrylam
ide) is used. In the case of 6-nylon, how
ever, the amount of iodine absorbed increas
ed roughly linearly with increase in [12 ] as 
shown in Figures 1 and 2, and consequent
ly the plot of 1/x against 1/[l2] considerably 
deviated from the linear line. This may be 
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Table I. Parameters for the formation of the 
iodine-polymer adduct at 25°C 

Polymer a-Value K-Value (l mol - 1) 

Poly(3-vinyl- I 0-methyl-
ca. 3.6 53 

phenothiazine) (PVMP) 
Poly(4-vinylpyridine) 

l.8 22 
(P4VP) 

Poly(tetramethylene ether 
I.I 19 

glycol) (PTMEG) 
Poly(acrylonitrile) (PAN) 0.5 13 
Poly(vinyl alcohol) (PVA) 0.4 14 
Poly(acrylamide) (PAM) 0.3 40 

due to (a) the large a value in eq 5 with rela
tively small K value or (b) change of a and K 
values with increase of the amount of iodine 
absorbed (e.g., a and K values may increase 
with the amount of iodine absorbed due to 
change of chain structure of the iodine-6-
nylon adduct). The absorption of iodine by 6-
nylon in acetone solutions12 roughly agrees 
with eq 5, and a K value of about 30 I mo1- 1 

was estimated from the absorption curve. 
Table I summarizes a and K values calcu

lated from the plot shown in Figure 3. As 
shown in Table I, poly(vinyl alcohol) (PV A), 
poly(acrylonitrile), and poly(acrylamide) can 
potentially take 0.4 ± 0.1 12 per the monomer 
unit. If, as proposed previously,3 •15 PVA ab
sorbs iodine as 15 - , the results (absorption of 
0.5 moll - 1 of 12 per the monomer unit) in
dicate that PV A can absorb 0.25 molecule of 
15 - per monomer unit probably in a helical 
cage of PVA. 3 ·8 •15 ·16 

Poly(tetramethylene ether glycol) and 
poly(4-vinylpyridine) seem to have the poten
tial ability to absorb about one and two 12 

molecules per monomer unit, respectively. 
The absorption of a large amount of 12 per 
the monomer unit of poly(3-vinyl-!O-methyl
phenothiazine) is attributed to presence of 
two donor centers (S and N) and aromatic 
rings. The large amount of 12 absorbed may be 
attributed to the partial participation of 15 -

formed from I - and 12 in the complex for
mation with PVMP. It is reported that some 
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polymer-iodine complexes contain 15 - besides 
13 - . 17 The formation constant of the 12-

complexes ranges from 13 through 53 M - l at 
25°C, the value being considerably smaller 
than the formation constant of 12----complex of 
amylose (ca. l.0 x 104 M- 1).7 

Electrochemical Response of Polymer Electrode 
in Zn/2 Solution 
Figures 4a---c show cyclic voltammograms 

of polymer electrodes in an aqueous solution 
of Znl2 • As shown in the figures, the oxidation 
of 1- to 12 starts at 0.3-0.4 V vs. Ag/ AgCI, 
which corresponds to the standard oxidation 
potential of 1- (0.314 V vs. Ag/AgCl). 18 ·19 12 

( or 13 -) thus formed on the surface of the 
polymer electrode and/or inside of the polymer 
electrode is absorbed by the polymer electrode 
(this may be called "doping"), and it is reduced 
in cathodic scanning and I - thus regenerated 
is liberated from the polymer electrode 
("undoping"). 

anodic scanning 
21 - +polymer====== 

cathodic scanning 

12-polymer complex+2e- (6) 

The flow of a large electric current observed 
for poly(tetramethylene ether glycol) and 6-
nylon (Figures 4a and b) electrodes indicates 
that smooth oxidation of I - and reduction of 
12 , respectively, takes place on the surface of 
the polymer electrode (and also probably in
side the polymer electrode). The change of the 
cyclic voltammograms with cycle number in 
early cycles is attributed to the change of state 
of the polymer electrode in the aqueous so
lution with time (e.g., increase in the amount 
of absorbed aqueous solution inside of the 
polymer electrode). After about IO cycles, the 
electrodes give a stable cyclic voltammogram. 

Compared with the PTMEG and 6-nylon 
electrodes, poly(acrylonitrile) electrode (Fig
ure 4c) gives a considerably smaller elec
tric current. The difference in electric current 
between the PTMEG and 6-nylon electrodes 
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Figure 4. Cyclic voltammograms obtained using polymer electrodes in an aqueous solution containing 

I M of Znl2 and 2 M of NH4 Cl at 25°C. Scanning rate= 100 m Vs - •. Polymer: (a) poly(tetramethylene 

ether glycol); (b) 6-nylon; (c) poly(acrylonitrile). The number indicates the scanning number. After 10th 

8th, and 4th scannings in Figures 4a, 4b, and 4c, respectively, the profile of the cyclic voltammogram did 

not vary with the number of scannings. In the reaction equation in Figure 4a, 12 means the 12-polymer 
complex. The numbers in the figures are scanning numbers. 

and poly(acrylonitrile) electrode seems due to 
the difference in ease ( or rate) of absorption of 
iodine by the polymers. 

Charge-discharge behavior of Zn I Znl2 112-

polymer complex secondary cell 11 - 13 reflects 
the difference in the cyclic voltammograms 
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observed for the polymers; the secondary cell 
using PTMEG or 6-nylon electrode gave 
much better charge-discharge behavior than 
that using poly(acrylonitrile). Due to strong 
absorption ability of poly(3-vinyl-10-methyl
phenothiazine), it served as an excellent elec
trode for the secondary cell, too. The charge
discharge behavior of the Zn I Znl2 I l 2~poly
mer complex secondary cell using various 
polymer electrodes will be reported elsewhere. 
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