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A b s t r a c t 
EXAFS and near edge spectroscopy were used to monitor changes i n Ni coo r d i n a t i o n 
as a f u n c t i o n of treatment conditions a f t e r aqueous exchange i n t o z e o l i t e Y. Our 
r e s u l t s suggest t h a t a f t e r c a l c i n a t i o n and dehydration under the c o n d i t i o n s of 
t h i s study, major s i t e occupancy for Ni appears to be i n the t r i - c o o r d i n a t e 
exchange s i t e s , and not i n the hexagonal prisms as suggested by prev i o u s x-ray 
d i f f r a c t i o n r e s u l t s . 

I n t r o d u c t i o n 

C a t i o n exchange s i t e s f o r z e o l i t e Y a r e w e l l documented (1) and 
i n c l u d e the hexa-coordinate S I s i t e i n the c e n t e r of the hexagonal 
p r i s m a s w e l l as a number of t r i - c o o r d i n a t e s i t e s ( S I 7 , S i l , S i l and 
o t h e r s ) p r i m a r i l y a s s o c i a t e d w i t h s i n g l e s i x r i n g s of the s o d a l i t e 
cage. P r e v i o u s s t u d i e s u s i n g x-ray d i f f r a c t i o n (2,3) have 
demonstrated t h a t s i t e p opulation i s dependent on t h e type of c a t i o n 
exchanged and the c o n d i t i o n s of treatment f o l l o w i n g t h e exchange. 
C a t i o n c o o r d i n a t i o n and bond d i s t a n c e were determined by a v e r a g i n g 
over a l l exchange s i t e s , both occupied and uno c c u p i e d . I n t h i s work 
we examined the l o c a l environment of Ni""2 exchanged i n t o z e o l i t e Y as 
a f u n c t i o n of v a r i o u s thermal t r e a t m e n t s u s i n g EXAFS. 

E x p e r i m e n t a l 

Ni exchanged z e o l i t e Y (Si/Al=2.65) was pr e p a r e d by e q u i l i b r a t i o n of 
NaY w i t h 0.1 Ν N i ( N 0 3 ) ^ a t room temperature, t o a l o a d i n g of 6.7 wt%, 
f o l l o w e d by water washing and d r y i n g i n a i r a t 
25*C (NiYh) . T h i s sample was then a i r c a l c i n e d a t 400*C f o l l o w e d by 
back-exchange w i t h Ca , r e d u c i n g the Ni l e v e l t o 2.1 wtÄ (NiYch) . 
Two o t h e r samples were prepared by 550*C vacuum d e h y d r a t i o n f o r 10 
h r s . of the i n i t i a l Ni exchanged m a t e r i a l and of t h e c a l c i n e d , Ca* 2 

back-exchanged m a t e r i a l (NiYd, and N i Y c d ) . The d e h y d r a t e d samples 
were kept a i r and m o i s t u r e f r e e p r i o r t o and d u r i n g d a t a c o l l e c t i o n . 
EXAFS d a t a were o b t a i n e d a t —175*C a t the NSLS a t a r i n g energy of 
2.4 GeV w i t h e l e c t r o n c u r r e n t s of 40-70 mA. A n a l y s i s of t h e d a t a was 
performed f o l l o w i n g p u b l i s h e d procedures ( 4 ) . 
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R e s u l t s and D i s c u s s i o n 

i s h e x a - c o o r d i n a t e w i t h 
bond d i s t a n c e of oxygen from water m o l e c u l e s , w i t h an a v e r a g e Ni-0 

No o u t e r s h e l l s c a t t e r i n g due t o o t h e r Ni atoms or the 

Upon i n i t i a l exchange of the z e o l i t e , N i * 2 

2.04 5L _ 
z e o l i t e framework i s o b s e r v e d i n d i c a t i n g a nonuniform o r i e n t a t i o n of 
t h e c a t i o n w i t h i n t h e z e o l i t e s u p e r c a g e . The Ni Κ edge spectrum of 
t h e i n i t i a l exchanged m a t e r i a l i s i d e n t i c a l t o t h a t of N i ( H 2 0 ) e * a s 
a r e the F o u r i e r t r a n s f o r m e d EXAFS m o d u l a t i o n s ( F t ) , as shown i n 
F i g u r e s l a , b . 
300 2.2r 

150 1.1 

A eV 
Figure 1. Comparison of Fourier transformed, k* weighted EXAFS modulations 
and Κ edge spectra for the reference compound Ni (B 0) (NO ) (s o l i d l i n e ) 
i.nd Ni exchanged s e o l i t e after RT drying (NiYh, dashed l i n e s ) . 

C a l c i n a t i o n and Ca* 2 back exchange c a u s e s the average Ni-0 
c o o r d i n a t i o n to d e c r e a s e t o f o u r , a t a d i s t a n c e of 2.07 Ä, 
concomitant w i t h the appearance of s i g n i f i c a n t o u t e r s h e l l s c a t t e r i n g 
from S i ( A l ) and 0 atoms of t h e z e o l i t e framework ( F i g . 2 a ) . The 
d i s t a n c e s and c o o r d i n a t i o n numbers a r e c o n s i s t e n t w i t h Ni* 2 l i g a t e d 
t o t h r e e framework oxygens and one water m o l e c u l e . The decrease i n Κ 
edge i n t e n s i t y ( F i g . 2b) i s c o n s i s t e n t w i t h Ni* 2 b i n d i n g a t a low 
symmetry ( C 3 y ) s i t e . The a n c h o r i n g of Ni t o the framework g i v e s r i s e 
t o the outer s h e l l s c a t t e r i n g i n the 3-4 A r e g i o n . 

300 2.2 

150 -

Figure 2. Comparison of Fourier transformed, k* w e i g h t e d EXAFS 
modulations and Κ edge s p e c t r a f o r t h e Ni exchanged z e o l i t e 
a f t e r d r y i n g (NiYh, e o l i d l i n e s ) v s . sample a f t e r c a l c i n a t i o n 
and Ca* 2 back-exchange (NiYch, dashed l i n e s ) . 
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D e h y d r a t i o n of t h i s m a t e r i a l c a u s e s l o s s of one oxygen atom from the 
f i r s t c o o r d i n a t i o n s p h e r e , presumably due t o t h e removal of l i g a t e d 
w a t e r , and a s l i g h t c o n t r a c t i o n of the a v e r a g e Ni-0 bond l e n g t h t o 
2.02 A. L i t t l e change o c c u r s i n t h e Κ edge i n t e n s i t y due t o 
d e h y d r a t i o n . The F t and edge spectrum f o r the c a l c i n e d , dehydrated 
m a t e r i a l a r e shown i n F i g u r e s 3a,b. 
300 2.2 

A eV 
F i g u r e 3. Comparison of F o u r i e r t r a n s f o r m e d , k 3 weighted EXAFS 
modulations and Κ edge s p e c t r a f o r t h e c a l c i n e d , Ca* 2 back-
exchanged NiY samples b e f o r e ( s o l i d l i n e s ) and a f t e r (dashed 
l i n e s ) d e h y d r a t i o n . 

D i r e c t d e h y d r a t i o n of the N i * 2 exchanged s t a r t i n g m a t e r i a l a l s o g i v e s 
r i s e t o a Ni s p e c i e s w i t h an average f i r s t s h e l l oxygen c o o r d i n a t i o n 
number of t h r e e , though c o n s i d e r a b l y s t r o n g e r o u t e r s h e l l s c a t t e r i n g 
i s o b s e r v e d f o r t h i s m a t e r i a l . I n a d d i t i o n , t h e average Ni-0 bond 
l e n g t h i n c r e a s e s t o 2.10 A, and a c o n s i d e r a b l y more i n t e n s e edge 
spectrum i s observed, as i l l u s t r a t e d i n F i g u r e s 4a,b. Though the edge 
spectrum would suggest o c c u p a t i o n of a h i g h symmetry s i t e such a s S I , 
s i g n i f i c a n t o c c u p a t i o n of t h i s s i t e i s i n c o n s i s t e n t w i t h the number 
of c o o r d i n a t e d oxygens. 

A eV 

F i g u r e 4. Comparison o f F o u r i e r t r a n s f o r m e d , k 3 weighted EXAFS 
mod u l a t i o n s and Κ edge s p e c t r a f o r t h e Ni exchanged s t a r t i n g 
m a t e r i a l b e f o r e (NiYh, s o l i d l i n e s ) and a f t e r (NiYd, dashed 
l i n e s ) d i r e c t d e h y d r a t i o n . 
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EXAFS r e s u l t s on t h i s s e r i e s of NiY samples sugg e s t s t h a t a f t e r 
i n i t i a l exchange Ni"**2 i s l o c a t e d i n nonuniform p o s i t i o n s w i t h i n the 
z e o l i t e supercage as a hexa-aquo s p e c i e s . C a l c i n a t i o n f o l l o w e d by 
Ca* 2 back-exchange l e a v e s o n l y Ni* 2 atoms t h a t are anchored t o the 
z e o l i t e framework. Deh y d r a t i o n d r i v e s o f f l i g a t e d water m o l e c u l e s 
r e s u l t i n g i n Ni* 2 c a t i o n s l i g a t e d e x c l u s i v e l y to framework oxygens. 
Ma^or c a t i o n occupancy appears to be i n the t h r e e c o o r d i n a t e s i t e s , 
S I , S i l and S i l , and not i n the hexa-coordinate S I s i t e . 
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