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Cation-Exchange Characteristics of K,W,0,; in Molten Nitrate Salts
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The cation-exchange characteristics of K,W,0;, with its tunnel framework structure, for univalent
cations in molten nitrate salts just above their melting points have been investigated. From the results,
K™ ions in the tunnels were found be topotactically exchanged for Li*, Na*, Rb*, and Ag™, and the
exchange ratios were found to follow the order; Rb* < Li* < Na* < Ag™. It was found that the
host—guest reactions on K,W,0,; produce new materials with this tunnel structure that cannot be

prepared by the ordinary synthetic method.

Introduction

Alkali-metal polytungstates form crystals
with various three-dimensional framework
or layer structures, dependent on alkali-
metal ions and the polymarization of W,
0%, anions. Alkali-metal ions are located
in framework or interlayer tunnels.
K,W,0,;, which is one of the stable phases
in the K,WO,~WO; system (1), crystallizes
in the trigonal space group P3, with lattice
constants of ¢ = 15.526 and ¢ = 3.840 A,
and has two kinds of framework tunnels run-
ning along the ¢ axis, as is seen in Fig. 1
(2). One is a hexagonal tunnel formed by
stacking six-membered rings of WO, octa-
hedra, and the other is a pentagonal tunnel
formed by strings of WO, octahedra con-
necting the hexagonal tunnels. Potassium
ions are located in both tunnels and weakly
bonded to the host lattice. Potassium ions
were, therefore, expectied to be topotacti-
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cally exchangeable with external guest cat-
ions. The host-guest reaction can create
isomorphic or polymorphic forms that can-
not be prepared by the ordinary synthetic
methods, i.e., solid state reaction, fusion,
and hydrothermal techniques.

In this paper, we report the cation-ex-
change charateristics of K,W,0,; for Li*,
Na*, Rb*, and Ag™ ions in molten nitrates
just above melting points.

Experimental

K,W,0,; was prepared by a solid state
reaction at 750°C for 72 hr, using fully mixed
K,CO; and WO, with a molar ratio of 1: 4 as
starting materials. The obtained specimens,
which are pale yellow needles, were ground,
washed with distilled water to remove the
impurities, and then dried at 80°C under vac-
uum. They were characterized by powder
X-ray diffraction (XRD), using a Shimazu
X-ray diffractometer XD-3 with CuKa radi-
ation.

A total of 0.5 g synthetic K,W,0,, was
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Fi1G. 1. Crystal structure of K,W,0,; viewed along
the ¢ axia (2).

allowed.to react with 1 g molten RNO; (R
= Li, Na, Rb, and Ag) just above melting
point. The reaction temperatures were 270,
350, 330, and 220°C for LiNO,, NaNO;,
RbNO,, and AgNO;, respectively. After
the treatment within fixed times, the nitrate
salts were dissoved in deionized water. The
solid and solution phases were separated by
centrifugation, and an aliquot of supernatant
was collected for chemical analyses. The
solids were dried at 80°C under vacuum and
then characterized by XRD and by thermal
gravimetric analytical techniques (TG-
DTA), using a Rigaku TG-DTA instrument.
The solutions were analyzed for K by
atomic absorption spectroscopy, using a Hi-
tachi 180-30 instrument, and also for W by
inductively coupled plasma emission spec-
troscopy (ICP), using a Shimazu ICPS-500
instrument. The ionic conductivity of origi-
nal and some treated samples were mea-
sured up to 400°C by the complex imped-
ance method in the frequency region from 5
Hz to 13 MHz, using Yokogawa Hew-

lett—-Packard LCZ meters. The samples em- - -

ployed for the measurements were prepared
by coating Ag paste on the surfaces of
pressed disks.

Results and Discussion

XRD showed that the samples treated
with molten RNO, were single phases and
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isostructural with the original K,W,0;, as
shown in Fig. 2. The positions of XRD peaks
shifted toward higher diffraction angle sides
in the reaction with NaNO; and AgNO;,
while they shifted toward lower diffraction
angle sides in the reaction with LINO, and

- RbNO;. The W atoms in the aqueous nitrate

solutions could not be detected by ICP. The
results mean that K* ions in the tunnel along
the ¢ axis were exchanged with Li*, Na™,
Rb*, and Ag* ions without destroying the
skeletal structure; R, K, _,W,0,; with tunnel
framework structures were produced. The
structure of K,W,0,; was, however, de-
stroyed by the reaction with molten CsNQO,.
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Fi1G. 2. X-ray diffractograms of K,W,0,; and its reac-
tion products. (a) Original; (b) treatment with molten
LiNO;; (c) treatment with molten NaNQ;; (d) treatment
with molten RbNO;; and (e) treatment with molten
AgNO;.
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FiG. 3. Time dependence of cation-exchange reac-
tions on K,W,0,; with molten LiNO; (O), NaNO; (A),
RbNO, (0O), and AgNO; (V).

This was considered to be the result of the
far larger radius of the Cs* ion compared
with that of the K* ion, and the melting
point of CsNO,, which was higher than
those of the others (i.e., mp = 414°C for
CsNO,).

The time dependence of the ratio of K*
ions released from K,W,0;; in the cation-
exchange reactions is shown in Fig. 3. Na™*
and Ag® ions are very reactive with
K,W,0,;, and the order of the exchange ra-
tios for univalent cations in molten nitrate
salts was found to be Rb* < Li* < Na* <
Ag*. From the results, the exchange behav-
ior for univalent cations was considered to
be promoted by the conditions in which the
ionic radius of the exchanging ion is smaller
than that of K* ion; moreover, the differ-
ence between ionic radii is small, 1.e., 0.60
A for Li*, 0.95 A for Na*, 1.33 A for K+,
1.48 A for Rb*, and 1.26 A for Ag* (3).
Although all the cation-exchange reactions
that occurred attained steady states within
12 hr, they remained incomplete.
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The lattice constants of cation-exchanged
R.K,_,W,0,; as a function of x are shown
in Fig. 4. In the exchange reactions with
Na* and Ag*, the a axis drastically de-
creased with an increasing amount of ex-
changing ions, while the ¢ axis slightly de-
creased. This corresponds to the fact that
the tunnel framework structure is parallel to
the ¢ axis. K* ions of 68 and 75% were
exchanged with Na* and Ag™ ions in the
reaction for 24 hr; Na, ,K, W,0,; witha =
15.3012) and ¢ = 3.786(1) A and
Ag, K, sW, 03 with a = 15.289(5) and ¢
= 3.819(4) A were produced, respectively.
The structure of Na,W,0,,, synthesized by
a solid state reaction at high temperature, is
quite different from that of K,W,0;;;
namely, the former structure consists of the
layers formed by (W,0%;).. anion groups (4).
Ag, K, sW,0,; showed a different XRD pat-
tern from that of Ag,W,0,,, as reported by
Faurie (5). On the other hand, Gatehouse
and Leverett reported that Ag,W,0,, did not
appear in the Ag,WO,~WO, system (6). Ei-
ther way, the results obtained here suggest
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Fig. 4. Lattice constants of cation-exchanged

R.K,_ W, 0;;[R = Li(0O), Na(A),Rb(0), and Ag (V)]
as a function of x.
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the possibility of syntheses of new
Na,W,0,; and Ag,W,0,; with tunnel frame-
work structures by using the cation-ex-
change reactions.

K* ions of 49 and 37% in K,W,0,; were
exchanged with Li* and Rb* ions in the
reaction for 24 hr; LiIKW,O,; with a =
15.585(5) and ¢ = 3.848(2) A and
Rb,-K, 3;W,0,, with a = 15.576(3) and ¢ =
3.849(1) A were produced, respectively. In
spite of the smaller radius of the Li* ion
compared with that of the K* ion, the a axis
increased with an increase in the exchange
ratio in the reaction with Li* ions, as is
seen in Fig. 4. The result was against our
expectations. Moreover, TG-DTA showed
no weight loss due to leakage of water mole-
cules up to 600°C. Li* ions were, therefore,
guessed to deviate from the centers of pen-
tagonal and hexagonal tunnels to a location
in the vicinity of the WO, octahedra, be-
cause of the small radius of the Li* ion.

A significant difference between the ionic
conductivities of the cation-exchange and
the original samples could not be observed;
e.g.,logo = —-4.0, -54, —4.8,and —-4.9
Q! ecm™' at 400°C for Na, K, W,0;,
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Ag, Ko sW,0y;, LIKW,0y;, and K,W,0,3,
respectively. This was considered to be a
result of K* ions surviving in the tunnels
which disturbed the conductivity of the ex-
changed cations.

The ion-exchange soft reaction of
K,W,0,; was concluded to be available for
creating new materials with the tunnel
framework structure that cannot be pre-
pared by the ordinary synthetic method.
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