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Abstract . - The thermal and electri.c properties 
of a synthetic zeolite  A modified by sal t inclusion are 
shown. The inclusion increases the electric conductivity 
of the zeol ite , and the relatively low values of activa­
tion energy are indicative of properties of good ionic 
conductors . In a two- and three-electrode system with a 
Pt counter clP.ctrode a high double layer capacitance has 
bef3n found. 

1. Introduction
In recent years solid ionic conductors have been

exten�ively studied and a large number of conductors was 
made with a high conductivity , mainly based on silver 
salts , prevailingly Ag!. However , it is still a problem 
to obtain a solid electrolyte stable  over a wide temperatu­
re range . Zeolites , in the classification of sol ir electro­
lyte s ,  arr: arong sol id ionic conductors and in the group 
of non-ideal ionic crystals , the subgroup of a structure 
with in tersti tions�>. 

On the properties of zeolites and their structu­
re there is a vast literature in the form of monographs2 ) 

and )ollected papers from scientific conferences  on zeoli­
tes3 . 

The system of channels and cages in zeoli te lat­
tice makes it possible to modify the zeolite by 1.ntrodu­
cing new molec�lar species4 ) . We have paid spec ial attan­
t ion to the modification of zeolites by inclusion of mol­
ten sal ts , whereby inclusion complexes of zeolites are ob­
tained which exhibit a number of a new charac teristics as 

514 



regards the thermal , electric and electrochemical beha­
viour. 

2 . Experiment 
The preparation of inclusion complexes with ni­

trates of univalent and divalent metals is desvribed else­
where4 >. Thermal analyses were carried out on a R.L. Stone 
differential thermal analyzer and on a Du Pon� 990 thermal 
analysis system. 

For electric measurements the polycrystaline 
powder of zeolite was pressed into pellets. The measure­
ments of conuctivity were made with a llV ac of a frequ­
ency of l kHz and with Keithly 610 C electrometer. Alter­
nating current polarography , by means of which it  was pos� 
sible to measure faradaic and capacitive current , was car­
ried out by a PAR-170 electrochemical system. 

J. Results an� Discussion
The definition of inclusion complexes was made

by IR and R6 analyses. On IR spectra we distinctly see new 
interactions of the included component with the alumosili­
cate framework : changes on the fundamental band at about 
1000 cm-1 which originates from Si-0-Al- (O )  vibrations and
especially on the band of the double four-ring at 550 _ cm-1

which is more or less split , which again indicates tqe in­
tensity of the interacion <•1g.l ) .  

1 - NaA 
2- NaA·NaNOJ 
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Fig. 1 Infrared spectra : 1 )  NaA zeolite , 
2 )  NaA• NaNo3 inclusion complex
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The inclusion complex itself , if a nitrate one 
is in question, is identified by new bands in the spectrum 
in the region of about 1400 cm-1 and at 820 cm-1 which
are due to the vibrations of the NOj group . fhe nitrate 
band at about 1400 cm-1 also may have a complex structure ,
which indicates changes undergone by the ni trate ion in­
side zeolite cage , as well as definite  interactions and 
existance of ion pairs M-ON02 or complex ions of the type
M-ONo; ( M is a monovalent or divalent cation respectively ,
with a pronounced metal-nitrate  interac tion5 , 6 ) . In IR
spectra of inclusion complexes we see the decrease of the
intensity of the water band at about 3400 cm-1 , because
water molecules are replaced by salt molecules.

Thermal properties. - The thermal properties of 
inclusion complexes depend on the nature of included com­
ponent , and in nitrate inclusion complexes the stability 
limit is 400-450°c .  Above this 1'emperature the denitration 
gradually occurs , and t··.e 11rr.:f. t of structural stabili ty of 
zeolite lattice is again d�fferent in d�fferent forms , but 
·in the principle it lies within the range 600-700°c.  It
depends on whether a monovalent or divalent nitr�+.e ton pair
is present , i.e . it is associated with the presence of com­
plex nitrate ions in the cage . Divalent cations give a sta­
ble metal-nitrate complex ion , so that ni trate bands are
retained in some inclusion complexes even up to 750°c
( Fig. 2 ,  curve 2 ) .

The identification / of peaks in DTA diagrams was
made on the basis nf the. li terature aata. for pure zeolite
and pur� included component and by the so-called exclusion
method ; peaks associated with phase changes of the nitrate
component were de termined by denitration . �bile peaks due
to the present water were d etermined by dehydration � The
peak at 130°c ( Fig . 2 , curve 1 ) and the peaks at 105

° and
140°c ( Fig . 2 ,  curve 2 )  originate from water , whereas the
peaks at 285° and 505

° ( Fig . 2 ,  curve 1 )  and the r�aks at
466

° and 750°c ( Fig . 2 ,  curve 2 )  are associated with phase·

changes of the nitrate component.
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Fig. 2 DTA curves for:  1 )  NaA• NaN03 inclusion complex,
2 ) CdNo3 , NaA• NaN03 inclusion complex.

Above these temperatures new phases occur in 
the struct�re . The identification of these phases was for 
the present made on tha basis  of changes in the low-frequ­
ency part of the IR spectrum of inclusion complexes . There 
appear sodalite , nepheline and ol' -carnegieite , wh ich is at 
room tempearture id�ntified as /J -carnegieite , because on 
cooling it undergoes  an � ---� transition at 670°C. This 
transition is  distinctly seen in the sodium-ni trate in clu­
s ion complex (Fig. 2 ,  curve 1 ) ,  althougA the Wlsimme tricity 
of the peak indicates the presence of one more _endo thermal 
change . The common new phase of all the inclusion compleces 
in the struc tural transfonnation is sodalite ; some complexes 
such as lead inclusion complex make transition to pure soda­
lite7 > , whereas in others e . g. cadmium inclusion complex 
there appears nepheline- .. exothermal peak at a50°c ( Fig. 2 ,  
curve 2 ) . In sodium-nitrate inclusion complex there appear 
all the thrr.e phases and their identification was made also 

8 )  by X-ray s tructural analysis •
These thermal changes are of significance , 

since the inclusion complexes of zeolites , as was noted in 
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the introduc tion, turned out to be good ionic conductors 
at elevated temperatures .  

Elec tric  properties . - Zeolite in its  composi­
tion and �truct-:.1:!'e has a number of properties characteristic 
of the class of good ionic conductors : a large n':'Dlber of 
mobile io�s , a rigid struc tural lattice through mobile ions 
may migrate in three dimensions , and a highly polarizable 
anion . By salt inclusion the number of cations is increased 
by a factor of about two4 >  and a new polarizable nitrate 
anion is introduced . However ,  the elec tric conductivity in­
creases much more than was predic ted by the relation on the 
basis of the increase in the number of carriers� cations9 ) . 
For the effect of inclusion on the· increase of zeolite con­
ductivity two factors are essential which are no ticed in in­
clusion complexes: the interaction of included component 
with zeol ite matrix and the metal-nitrate interact ion of 
the inclv.ded ion pair. Both the phenomena lead to an incre­
ase in mobility of cations and thereby to an increase in 
conductivity. The values of activation energy and diffusion 
coefficients (Table I ) , which may be calculated from condu­
ctivity by means of the Nernst-Einstein relation , indicate 
that inclusion complexes of zeolites are in the class of 
good ionic conductors ,wi t� a low energy barrier O.l � EA�l eV.

Table I 
Some characteristics of zeolite inclusion complP.xes 
and other material s as solid ionic conduc tors . 

Sample ef 473 D4 73 EA remark.& 
(Jl.-lm-1 ) (in2sec-1 } t eV}

NaA 7 . 0xlo-4 5 . Jxlo-14 0 . 49 

NaA · NaNOJ l . 4xlo-2 1 . 1x10-12 o . 69
LiA• LiN03

J . 9xl0-2 2 . 9xlo-12 0 . 79 

AgA • AgNOJ l . 2xl0-l
9 . 5xlo-11 0 . 29 

CdN03NaA• NaN031 . 0xlo-7 7 . 5x10-16  1 . 22 
RbAg4r5 0 . 07• superj.ontc cond . 

,:x -AgI 0 . 05• tl " 
/3 -alumina 0. 15• " " 
Na3zr

2Psi2o
12 0 . 30• good ionic cond . 

Zro2 1C% Se2 0� l . O  • solid elec trolyte 
• from ref.  (10 )
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O�e more property of these zeol i tes is· very si­
gnificant and places them in the group of solid m�t�rial s 
with special purpose.  We are dealing with the capacitance 
of the double lectric layer at the electrode-solid elec tro­
lyte interface.  Measurement of capaci tative current shows 
a considerable capacitance of double elec tric layer ,  the 
effect being especially pronouced when the counter electro­
de in a three-electrode system is a Pt elec trode . Th� Pt 
elec trode as the counter elec trode exerts a blocking ef­
fec t and leads to a high capacitance of the double layer� 
We not iced the d ependence of the capaci tance on the fre­
quency and ampl i turte of al ternating current . Calculated 
values of the double elctric layer capacitance are given 
in Fig . J .  It is seen that as the frequency d�creases , espe­
cially -at a fre q11-:'ncy lower than 100 Hz , "  the capaci ta.nee 
suddenly . increases (Fig. 3b ) .  Also the effect of ampl itud e 
is  notic�n (Fig . Ja ) .  

60 a b 

100 150 f (Hzl 200

• 0o 500 1000 f (Hz) 
Fig. 3 Electric double leyer capacitance of CdN03NaA NaNO;

inclusion complex et o.o volt d .c .  as a function or
.frequency,j ;a) at 360°c,  currve 1 AE=lO mV, currve 2 

i1 �=l rnV; 3b ) at :;07°
� LlE::: 5 mV (amplitude peak to

J?eak . a .c . )  

519 



The obtained values for the capacitance of the double 
layer in cadmium inclusion complex,  at frequencies below 
100 Hz, are higher than presently known values of capacitace, 
i . e .  0.2 Fm-2 in an electrochemical cell witb RbAg4I5

(lo) .
From these results one distinctly notices  the electric 

properties of _inclusion complexes  pnd possibility of using
them at elevated tempeartures .The establishment· of the double 
electric layer capaci tance promisse s  that · capacitors of high 
specific cepacit0nce for low potentials may be obtained 
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