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A REFINEMENT OF 'ME InF3.jH20 STRUCTURE BY 'ME USE OF NMR DATA 
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Bokij and Khodashova' der ived  from X-ray d i f f r a c t i o n  s tudy  and 

coord ina t ion  c o n s i d e r a t i o n s  t h a t  InF .3H 0 i s  pseudote t ragonal  w i t h  

a=7.90, c=4.14 8,  2=2, space group PI I2 /n .  

each indium atom i s  surrounded by s i x  l i g a n d s  (F  and H 0 )  t o  form n e a r l y  

a r e g u l a r  octahedron.  The a d j a c e n t  oc tahedra  have common a p i c e s  forming 

i n f i n i t e  cha ins  a l o n g  t h e  c - a x i s .  S i n c e  t h e  F and 0 s c a t t e r i n g  f a c t o r s  

3 2  
I n  t h e  InF .3H 0 s t r u c t u r e  

3 2  

2 

a r e  much t h e  same, the  i d e n t i f i c a t i o n  of F atoms and H 0 molecules w a s  

performed on t h e  b a s i s  of c o o r d i n a t i o n  c o n s i d e r a t i o n s .  The b r i d g e s  

between In  atoms were unambiguously i d e n t i f i e d  a s  f l u o r i n e  atoms (F ). 

The f o u r  o t h e r  l i g a n d s  of each octahedron are two f l u o r i n e  atoms ( F  ) 

and two water molecules (H 0 

e q u a t o r i a l  plane of the  oc tahedra  ( f l u o r i n e s  under f l u o r i n e s  i n  o r d e r  t o  

r e t a i n  2=2). 

es t imated  as oxygens of H 0 molecules due t o  t h e i r  s p e c i f i c  t e t r a h e d r a l  

surrounding by FII and H 0 I n  such a 

l a m e l l a r  s t r u c t u r e ,  t h e  l a y e r s  of H 0 and H 0 molecules in te rchange  

w i t h  t h e  l a y e r s  of F atoms. The e x i s t e n c e  of H 0 l a y e r s  i n  t h e  InF .3H 0 

2 

I 

I1 

) l o c a t e d  i n  o p p o s i t e  apices of t h e  2 I1 

The atoms which do not  c o o r d i n a t e  wi th  indium atoms were 

2 1  

of four  neighbouring oc tahedra .  
2 1  

2 1  2 I1 

2 3 2  
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S. P. GABUDA ET AL. 

s t r u c t u r e ,  claimed by B. and K . ,  i s  n o t  i n  agreement wi th  t h e  f a c t  t h a t  

t h e  c r y s t a l s  of  t h i s  f l u o r i d e  have n e e d l e - l i k e  h a b i t u s  and do not  e x h i b i t  

e x c e l l e n t  c leavage i n  t h e  p lane  (110). I n  o r d e r  t o  r e s o l v e  t h i s  cont ra -  

d i c t i o n  and f i n d  o u t  t h e  pro ton  p o s i t i o n s  i n  t h e  InF .3H 0 s t r u c t u r e ,  w e  

have a p p l i e d  t h e  NMR method. 

3 2  

f ie  NMR s p e c t r a  of 5 and l9F i n  p o l y c r y s t a l l i n e  InF .3H 0 were 

recorded by J N M - ~ H - ~ O  and JNM-4H-100 spec t rometers  w i t h  broad l i n e  attach- 

ments BL-2 i n  t h e  f i e l d s  6 .2 ,  9 . 2  and 23.4 kOe. 

marked asymmetry, i n d i c a t i n g  t h e  absence of a d i s p e r s i o n  admixture  and 

t h a t  of chemical s h i f t  anysotropy.  The c o r r e c t n e s s  of exper imenta l  

second moments (S ) was v e r i f i e d  i n  comparison w i t h  t h e  S value  f o r  w e l l  
2 2 

s tudied  f l u o r i d e  CaF The mean experimental  second moments f o r  InF .3H 0 

were : 

and -130°C r e s p e c t i v e l y .  

3 2  

A l l  the  s p e c t r a  had no 

2' 3 2  
F 2 S2 = 19.5 and SH = 33.9 Oe ( s t a n d a r d  mean d e v i a t i o n  53$) a t  -95OC 2 

Inasmuch as SF was f i e l d  independent ,  i t  was suggested t h a t  d ipole-  
2 

dipole  i n t e r a c t i o n s  a l o n e  determined t h e  second moments. 

2 The experimental  SF were compared t o  those  c a l c u l a t e d  by Van Vleck 's  

formula f o r  t h e  B. and K. model of  t h e  InF .3H 0 s t r u c t u r e .  During t h e s e  

c a l c u l a t i o n s  t h e  i n t e r a c t i o n s  F-F, F-H and F- In ,  as wel l  as H-H,  H-F and 

H-In, were taken i n t o  account ,  t h e  pro tons  be ing  p laced  a long  t h e  0-H...O 

and 0 - H . .  .F bonds 

1.60 8. The c a l c u l a t e d  second moments were: SF = 11.9 and S: = 41.0 O e  . 
These do not  a g r e e  w i t h  t h e  experimental  S Thus t h e  c a l c u l a t e d  S 

accounts  only f o r  about  h a l f  of t h e  experimental .  The main reason  f o r  

such a discrepancy i s  t h e  a p p r e c i a b l e  d isconnec t ion  of f l u o r i n e s  and 

water  molecules i n  t h e  B. and K. s t r u c t u r e  model. The disagreement  w i l l  

d i sappear  i f  every  o t h e r  octahedron i n  t h i s  model is turned about  t h e  

c - a x i s  by 90'. 

2 

3 2  

I w i t h  i n t e r p r o t o n  d i s t a n c e  i n  water  molecules3 of 

2 
2 

F 
2 2' 

I1 I n  such a s t r u c t u r e  t h e  H 0 l a y e r s  a r e  des t royed  and F 
2 
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REFINEMENT OF THE I ~ F ~ . ~ H ~ o  STRUCTURE 

atoms a r e  no longer  under each o t h e r ,  which l i k e w i s e  r e f e r s  t o  H 0 

molecules. 

Near each F t h e  new pro ton  of H 0 appears  a t  a s h o r t  d i s t a n c e  of 
I1 2 I1 

1.56 1, i n c r e a s i n g  SF by about  8 Oe . 

2 I1 
Each FII i s  p laced  under H 0 and v i c e  v e r s a  (see f i g u r e ) .  2 I1 

2 
2 

W 

FIG. 1 

3 2  TWO p r o j e c t i o n s  of  t h e  r e f i n e d  InF .3H 0 s t r u c t u r e .  

For such a s t r u c t u r e  t h e  c a l c u l a t e d  second moments - S; = 20.1 and 

SE = 35.4 Oe2 are i n  good agreement w i t h  t h e  exper imenta l .  A s  can be 

seen ,  the  proposed s t r u c t u r e  a l t e r a t i o n  i s  the  only  p o s s i b l e  one com- 

p a t i b l e  wi th  t h e  X - r a y  and NMR evidence.  

This modified InF .3H 0 s t r u c t u r e  i s  t e t r a g o n a l ,  space group P4 / n ,  3 2  2 

w i t h  parameters c and 2 twice as l a r g e  a s  f o r  t h e  B. and K. model. The 

atomic c o o r d i n a t e s ,  i n c l u d i n g  p r o t o n s ,  a r e  l i s t e d  i n  Table  1. 
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TABLE 1 

Atomic c o o r d i n a t e s  i n  t h e  In?? .3H 0 s t r u c t u r e  3 2  

2 Y - 
a b C 
X - Atom P o s i t i o n  

I n  

FI 

FII 

OI 

HI 

O I I  

HII 

0 

0 

0.113 

0 

0.040 

0.113 

0.220 

0.081 

0.500 

0.500 

0.261 

0 

0.094 

0.261 

0.241 

0.155 

0.082 

- 0.168 

o .082 

0.250 

0.182 

0.582 

0.522 

0.642 

I n  t h e  proposed s t r u c t u r e  t h e  bond l e n g t h  H 0 - F is  2.56 2, and 2 1  

t h e  H2011 - H 0 

bonds between neighbouring H 0 molecules. The ref inement  of the 

InF .3H 0 s t r u c t u r e ,  made i n  t h i s  work, a l lowed f o r  a s a t i s f a c t o r y  ex- 

p l a n a t i o n  of t h e  needle-shaped form of t h e  c r y s t a l s  s t u d i e d .  

d i s t a n c e  i s  3.58 61, i n d i c a t i n g  t h e  absence of hydrogen 
2 I1 

2 I1 

3 2  

REFERENCES 

1. 

2. 

3 .  

G.B.Bokij and T.S.Khodashova, D r i s t a l l o g r a f i j a ,  2,197 (1956). 

J.H.Van Vleck, Phys.Rev., &, 1168 (1948). 

A.A.Si lvidi  and T.W.McGrate, J.Chem.Phys., &, 1028 (1959). 

Retyped a t  p r i n t e r s .  

Received October 18, 1968 

3’66 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


