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ABSTRACT 

Dur i ng the dehydrati on of Ag-exchanged type-A z eol i te at dif­
f erent temperatures a metal c l usters Ag"oc+ are formed . The d i f f use
ref l ectance spectroscopy and i mpedance measurements were used to 
i nvest i gate thi s process. 

INTRODUCT I ON 

The autoreducti on of si l ver i ons by i ntrazeol i ti c  water and 
l atti ce ox ygen occurs dur i ng the vacuum thermal dehydrati on / 1 , 2/ .• 
So pr oduced Ag0 atoms mi grate and i nteract wit h  other Ag0 atoms
or Ag• i ons.  As the resul t of th i s  process si l ver metal clusters 
appear- entrappe� in the cages of zeol i te ' s structure.  The col our 
(Jf zeol i te changes from yel l ow to bri ck red , depf:tndi ng on the de·­
gree of dehydr at i on and c l uster f ormat i on/2/ . 

The usual methods of metal c l usters i nvesti gati on are ref l ec­
tance spec troscopy , f ar - I R  spectroscopy and X - ray d i ffracti on 
12 , :3 ; . Recentl y ,  the i mpedance measurements have been widel y used 
i n  i nvest i gat i on of both el ectr i c  condut ivi ty of sol d el ectrol ytes 
and pol ar i z at i on phenomena at the el ectrode/electrol yte boundari es 
/4 , 5/ .  E>: pec t. i ng that the formati on of metal cl usters has an i n­
f l Ltence to the zeol i tes condut i vi ty we used the method ' of el ectro­
chemi cal  impedance ac comp anied wi th ref l ectance 9pectroscopy i n  
order t o  i nvest i gate the process of cl uster f ormation .  

EXPER I MENTAL 

The Ag-ex changed type-A zeol i te was prepared by the process 
of i on ex change wi th the sol uti on of 0 . 1 M  AgNOs. The sampl es were 
washed and dr i ed i n  the dar k .  

Ref l ectance spectra i n  the range 350 - 650 n m  were recorded 
af ter gradual evacuati on at d i fferent temperatures by Cary 17D 
equi ped wi th ref l ectance un i t . Ag-A zeol i te was embeded i n  a quartz 
ref l ectance cel l and a ref l ectance reference was MgO. Al l spectra 
were converted to the l<ubel ka - Munck functi on F < Ra, > vs. the
wavel ength . Ra, i s  the r at i o  of l i ght beam i ntensi ty ref l ected from
samp l e  to l i ght beam i ntensi ty ref l ected �from standard . F <Ra, > = 
( · 1 - Ra, ) 2/2Rco and represents the rat i o  of apsorption to the 
scatter i ng coef f i c i ent supposi ng that the i nvesti gated system repre­
sents a randoml y d i str i buted parti cl es whose dimensi ons are much 
smal l er than the system at al l .

For i mpedance measurements Ag-A powder < 100 mg) was pressed 
i nto pel l ets (di ameter 8 mm) . A good el etri cal contact was provi ­
ded by an addi ti onal pressi ng of si l ver powder as an t i ght l y  ad ja­
cent l ayer on both si des of pel l ets. The measuri ng cel l was pl aced 
i nto a thermostated vacuum tube. Measuri ng devi ce consi sted of a 
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potenti ostat /gal vanostat , l oc k  - i n  anal yz er and computer coup l ed 
together . Usi ng the AC I mpedanc� Sof tware System V2 al l ex per i ments 
were control l ed by the computer . By thi s experi mental  techni que the 
i nvest i gated sampl e  was perturbed by al ternat i ng vol tage E.c of 
smal l amp l i tude and d i f f erent f requenci es.  The m�asured response 
i s  al ternat i ng current of the same f requency as Eac but wi th d i f f e­
rent pha9e angl e wi th respect to Eac • Exper i mental resul ts are pre­
sented i n  a- comp l ex p l ane , i mag inary part of i mpedance bei ng the 
functi on of real pa�t of i mpedance /5/ . The frequency range used , 
1 0� � 1 0� Hz , doesn ' t  cover the range i n  whi ch pol ar i zati on el ec­
trode/el ectrol yte boundary appears .  Thus , · equi val ent c i rcui t repre­
senti ng our system contai ns on l y  the el ements rel ati ng to the bul k 
eff ects i . e . geometr i c  and i ntergranul ar capaci tances and bul k and 
i nterQranul ar resi stances . 

RESULTS 

Ref l ectance spectra show changes i n  zeol i te behavi our upon 
thermal vacuum dehydrati on at d i f f erent temperatures ( f i gure - 1 > . 
Thermal treatment at 523 K ( 3  hours >  l ed to appear ance of an ab­
sorpt i on b and at 450 nm , and z eol i te got yel l ow col our . Th i s  band 
ex i st �l so at 623 and 723 K and i ts i ntensi ty i ncreases . But there 
are some other changes at 623 and 723 t< . At 623 and 723 K the new 
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Fi gure 1 .  Ref l ectance spectra of vacuum dehydrated 
Ag-A at d i f ferent temperatures 

absorpt i on band became evi dent appea� i ng between 350 and 400 nm .  
The  col our of  Ag-A z eol i te turned to  orange - yel l ow .  F i nal l y  
at 723 K a  new b and at 500 nm appeared and �he col our of samp l e  
changed t o  br i c k  red < Th i s  band appears beyond 673 K > . 

Al umi nosi l i cates are ,  essent i al l y ,  cat i onic  condutors /6 , 7/ ,  
so format i on of si l ver part i c l es dur i ng vacuum thermal dehydrat i on 
must have the i nf l uence on thei r conduct i vi ty .  

The i mpedance measurements were perf ormed at the si mi l ar tem­
peratures 54 1 ,  6 1 9  and 688 K. Starti ng at 54 1 K we observed change 
of ohm i c  resi stance wi th t i me .  T i me dependence of resi stance was 
observed at two other temperatures too. In the f i gure 2 t i me de­
pendence at 688 K i s  presented . 

420 



1 .5 
IIJ o+ o 

E +o 
IJA + -a 1 .0 "l:, A 

� X X 0 + ... X 0 •o • X 
,:/' A

0 0 -
)C * X a + O
� 0.5 X A 4) .. a+ • X x • a A 

0
0 1 

Z' x 10
5 2

( ohms ) 
F i gur e 2 .  T i me dependence of the i mpedance at 688 V • 

x - Omi n ( the moment of ach i evi ng 688 K ) ,
c -- 1 30mi n ,  A - 250mi n ,  o - 370mi n ,  
+ - 495mi n
Low frequency Z '  ax i s  i ntercepts represent
the sum of bul k and i ntergranul ar resi stance
of a samp l e

Ohmi c resi stance i ncreases at al l temperatures wi th ti me ,  but 
the r ate of resi 5tance change decreases at h i gher temperatures 
( f i gure 3 ) . The h i gher rate of r es i stanc e  i ncrease at l ower tem­
peratures 1 s  atr i buted to metal c l uster f ormat i on ,  and i ts l ower 
val ues at h i gher temper atures . where the cl uster f ormati on shoul d 
be f avoured , poi nts out to the process of agg l omerat i on .  Such an 
i nterpretat i on i s  i n  accordance wi th ref l ectance stud i es where 
appearance of a new bands at 623 K and beyond 673 K poi nts out to 
the process of aggl omer at i on too . 
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Fi gure 3 .  The r ate of overal l resi gtance i ncrease 
pl  oted versus temperatur e· 
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CONCLUS ION 

Thermal treatment of Ag - exchanged A - type z eol i te causes 
the ineduct i on of Ag• cat i ons and further agg l omer at i on of Ag atoms. 
Thi s process i s  accompani ed by the change i n  ref l ectance spectra 
consi st i ng in an i ncrease of the i ntensi ty of al l ways present 450 
n� band as wel l as i n  appearance of new bands at 375 and 500 nm.  

Temperat�re i nduced i mpedance" changes one can consi der to be 
i n  accordance wi th the changes i n  ref l ectance spectra .  

The i mpedance at  constant temperature shows the  t i me depen­
dence , what means that the process of c l uster f ormati on appears 
to be k i neti ca l y  control l ed .  
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