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Anionic conductivity of poly(vinyl chloride)-tetrabutylammonium
iodide composite film has been remarkably increased by the addition
of organotin compounds. At a high content of tributyltin iodide, the

conductivity has been enhanced up to the order of 10—4 S/cm at 25 °C.

Polymeric solid electrolytes are now the topic in the area of electro-
chemistry for applications to batteries, sensors, or electrochromic devices.l)
Cation conductors such as poly(ethylene oxide) complexes of lithium salts have
been attracted much attention for use in all-solid-state batteries. Polymeric
quaternary ammonium salts are familiar polyelectrolytes but their anionic
conductivities in solid state are very low. It has been reported that ionic

2)

We wish report here the high

conductivities of polymeric ammonium chlorides depend on humidity and are

increased by addition of poly(ethylene glycol).3)
anionic conductivities of films composed of poly(vinyl chloride) (PVC),
tetrabutylammonium iodide (TBAI), and organotin compounds.

Transparent films were obtained by casting from the THF/methanol (4/1)
solutions of PVC, TBAI, and organotin compounds, and their ionic conductivities
(0) were determined by AC impedance measurements under dry nitrogen atmosphere
at 25 °C. Results are summarized in Table 1, TBAI-PVC film has a very low
ionic conductivity presumably due to tight ion pairing in TBAI and restricted
mobility of iodide ion in the rigid film. Plasticizers are well known to
increase the segmental motion of polymer chain, but the addition of a
plasticizer, dioctyl phthalate (DOP), to TBAI-PVC film resulted in a slight
increase of the conductivity at room temperature. We found that the addition
of organotin compounds significantly increased the anionic conductivity of
TBAI-PVC film, and the degree of the increase was dependent on the chemical
structures of organotin additives.

Organotin halides are Lewis acids whose acidities decrease in order of

4)

is able to interact with iodide ion to form a five- or six-coordinated stannate

increase of alkyl groups attached to a tin atom. The Lewis acidic tin atom
complex. Therefore, the organotin compounds would be expected to reduce the ion
pairing in TBAI salts and promote the anion transport in polymeric films.

BuASn is a very weak acid and can not interact with the anion satisfactory.
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Table 1. Ionic conductivities of

TBAI-organotimr compound-PVC
composite films at 25 °Ca) =
2
Organotin compound log 6 (S/cm) <
none -11 (—9.7)b) o
Me28n12 - 7.7 =4
BuZSnI2 - 5.9 -
Bu3SnI - 4.9
BuASn - 9.6
(n—C8H17)2SnI2 - 5.1 \ ) \ |
(n—C8H17)3SnI - 8.1 0 1 2 3 4
(Eijizzijg ) ::: Bu Sn,_ /TBAL (mol/mol)
Fig. 1. Relationships between
a) Weight ratio of TBAI / PVC is 1 / 2 log § and content of organotin
and the ratio of Sn / Nt is 2 / 1. compounds in TBAI-PVC film
b) TBAI-DOP-PVC film (weight ratio 1 / (weight ratio 1 / 2) at 25 °C.
0.7 / 2). (@) Bu3SnI, (C )] Bu2SnI2
Even more acidic Me28n12 and Bu28n12 are less operative than Bu3SnI. As

expected, trioctyltin iodide is less effective than dioctyltin diiodide because
of too large alkyl substituents. Since the bis(organotin) compounds are
bidentate Lewis acids and tightly coordinated by iodide ion, they would tend to
trap the mobile anion and were caused of lower conductivities than mono(organo-
tin) iodides. These results demonstrate that loose binding of iodide ion to a
tin atom with moderate Lewis acidity is favorable for the anion conduction which
appears to be induced by migration of iodide ion from one to another tin atom
through the coordination.

The ionic conductivity is improved as the content of organotin compounds
(Fig. 1). In the wide range of the content, Bu3SnI was more effective than
Bu2Sn12. At the higheit content of Bu3SnI in Fig. 1, the conductivity increased
up to the order of 107 S/cm at 25 °C.
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