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THE SYNTHESIS, STRUCTURE AND INTERCALATION PROPERTIES OF 
FLUORMICA CLAYS 

S.A. SOLIN, D .  HINES AND R .  HAUSHALTER 
NEC Research I n s t i t u t e ,  4 Independence Way, P r ince ton ,  
N e w  J e r s e y  08540, U.S.A. 

Abstract W e  show t h a t  f l uo rmica  c l a y s  with compositions 
c l o s e  t o  S r o .  75Mg2.75 ( A l S i 3 )  010F2 may p o s s e s s  a nove l  
two d i m e n s i o n a l  kagome magne t i c  s t r u c t u r e  when S r  i s  
exchanged f o r  magne t i c  i o n s  and w e  r e p o r t  t h e  f i r s t  
s y n t h e s i s  o f  s u c h  a h o s t  c l a y  and  i t s  m a g n e t i c  
i n t e r c a l a t i o n  compounds. The s y n t h e s i s ,  s t r u c t u r a l  and 
i n t e r c a l a t i o n  p r o p e r t i e s  of  t h e s e  compounds w i l l  be 
d e s c r i b e d .  

INTRODUC TION 

One of  t h e  most important  problems i n  magnetism concerns 

t h e  form of t h e  m a g n e t i c  g round  s t a t e  i n  f r u s t r a t e d  
a n t i f e r r o m a g n e t i c a l l y  c o u p l e d  s y s t e m s .  One such system 

which h a s  been t h e  s u b j e c t  o f  c o n s i d e r a b l e  t h e o r e t i c a l  

i n t e r e s t  i s  t h e  o r d e r e d  two d i m e n s i o n a l  (2D) kagome 

a n t i f e r r o m a g n e t .  To d a t e  t h e  c l o s e s t  p h y s i c a l  r e a l i z a t i o n  
of a 2 D  kagome a n t i f e r r o m a g n e t  i s  S r x C r 8 - x G a 4 + x 0 1 g ,  

SCGO ( x )  . However, t h i s  mater ia l  a l w a y s  c o n t a i n s  randomly 

s u b s t i t u t e d  non magnet ic  g a l l i u m  i o n s  on t h e  chromium s i t e s .  
Thus, a l t h o u g h  SCGO(x) does e x h i b i t  i n t e r e s t i n g  magne t i c  
p r o p e r t i e s 2  it i s  no t  a n  o r d e r e d  2 D  kagome a n t i f e r r o m a g n e t .  
W e  show t h a t  l a y e r e d  s i l i c a t e  c l a y s  of  t h e  f l u o r m i c a  t y p e  

may e x h i b i t  t h i s  nove l  magnet ic  s t r u c t u r e  and r e p o r t  h e r e  
t h e  f i r s t  r e s u l t s  on t h e  s y n t h e s i s ,  s t r u c t u r e  a n d  
i n t e r c a l a t i o n  p r o p e r t i e s  o f  t h i s  new c l a s s  o f  l a y e r e d  
magnetic compounds . 

B e a l l 3  h a s  s y n t h e s i z e d  f l u o r m i c a s  w i t h  a p p r o x i m a t e  
compos i t ion  SrxMg3. 5-x (AlS i3 )010F2 ,  x = 1 / 2 , 1  u s i n g  h i g h  

t empera tu re  s y n t h e s i s  methods. The r e s u l t a n t  compounds are  
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144 S.A. SOLIN ET AL. 

s t r u c t u r a l l y  very  s i m i l a r  t o  t h e  2 : l  l aye red  alumino- 
s i l i c a t e  vermicul i te .  The 2 : 1 nota t ion  s i g n i f i e s  t h a t  t h e  

h o s t  l a y e r s  c o n s i s t  of two t e t r a h e d r a l  s i l i c a t e  s h e e t s  
sandwiching one o c t a h e d r a l  s h e e t .  C e n t r a l  t o  t h e  

t e t r a h e d r a l  l a y e r s  a r e  s i l i c o n  o r  aluminum atoms,  

t e t r a h e d r a l l y  bonded t o  oxygens. Those oxygens which form 
t h e  t e t r a h e d r a l  bases  border t h e  i n t e r l a m e l l a r  g a l l e r y  and 
a r e  arranged i n  hexagonal r ings  which form a kagome l a t t i c e .  
A t  t h e  geometric mid plane of each a lumino-s i l ica te  l a y e r  

r e s ide  atoms oc tahedra l ly  coordinated t o  these  oxygens which 
comprise the  te t rahedron  t i p s .  In t r i o c t a h e d r a l  s i l i c a t e s ,  

a l l  o c t a h e d r a l  s i t e s  a r e  f i l l e d ,  p r i m a r i l y  wi th  Mg2+. 
Dioctahedral mater ia l s  have only 2 / 3  of t he  octahedral  s i t e s  
f i l l e d ,  u sua l ly  with A 1 3 + .  The vacant octahedral  s i tes  of 
t h e  d ioc t ahedra l  l a y e r  a r e  s i t u a t e d  above ( o r  below) t h e  

hexagonal pocket i n  t h e  basa l  kagome l a t t i c e .  The oxygen 

s i t u a t e d  above t h e  hexagonal r i n g  (both s t r u c t u r a l  types)  i s  
not shared with t h e  t e t r a h e d r a l  l a y e r .  In vermicul i te  t h i s  

oxygen i s  terminated with a proton, r e s u l t i n g  i n  a hydroxyl 
group above t h e  kagome r i n g  whereas i n  f luormicas  t h e  
hydroxyl group i s  rep laced  by a f l u o r i n e  ion .  The n e t  
negat ive charge on t h e  host  l aye r  i s  balanced by the  charge 

on t h e  g a l l e r y  c a t i o n s  which must  be p re sen t  t o  ensure  
o v e r a l l  charge n e u t r a l i t y .  In  t h e  s implest  p i c t u r e ,  t h i s  
ca t ion  nes t s  i n  the  hexagonal c a v i t i e s  and i s  surrounded by 
t h e  twelve basa l  oxygens of t he  bounding host l aye r s .  

To i l l u s t r a t e  t h e  s a l i e n t  s t r u c t u r a l  f e a t u r e s  of t h e  

f luormicas  of  i n t e r e s t  he re  w e  r e f e r  t o  t h e  i d e a l i z e d  

s t r u c t u r e 4 r 5  depicted i n  Fig 1. The v e r t i c e s  of the  l a t t i c e  
shown i n  F ig .  1 rep resen t  t h e  oxygen atoms on t h e  basa l  

s u r f a c e  of t h e  f luormica l a y e r .  This  kagome l a t t i c e  i s  
unmodifiable i n  layered  s i l i c a t e s .  The s o l i d  and hatched 
d isks  i n  Fig 1 represent  exchangeable ga l l e ry  ca t ions .  

I n  t h e  S r f2  fluormica with x=l a l l  hexagonal pockets a r e  
f i l l e d  and t h e  host l ayer  has a net  u n i t  c e l l  charge of -2 
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PROPERTIES OF FLUORMICA CLAYS 145 

F I G U R E  1 A 
p l a n e  of 
u n i t  cel l  

chematic r e p r e s e n t a t i o n  of  t h  b a s a l  oxygen 
The kagome hos t  and supe r  l a t t i c e  a f luo rmica .  

.s are shown as heavy s o l i d  l i n e s  (see t e x t ) .  

y i e l d i n g  o v e r a l l  c h a r g e  n e u t r a l i t y .  With x=1/2,  t h e  
f luo rmica  l a y e r  cha rge  i s  -1 and o n l y  1 / 2  of  t h e  hexagonal 

pocke t s  are occup ied .  Note t h a t  f o r  x = 3/4,  o n l y  3/4 of 
t h e  a v a i l a b l e  hexagonal  s i tes  i n  F i g  1 ( t h o s e  deno ted  by 

s o l i d  d i s k s )  w i l l  b e  f i l l e d .  T h i s  i s  e x a c t l y  what is 
r e q u i r e d  f o r  t h e  g a l l e r y  c a t i o n s  t o  form a ( 2 X 2 ) R 0 °  kagome 

s u p e r l a t t i c e  of  t h e  h o s t  l ayer  oxygen kagome l a t t i c e .  Thus 
o u r  e x p e r i m e n t a l  s t r a t e g y  i s  t o  s y n t h e s i z e  S r  f l u o r m i c a s  
w i t h  x = 3/4 and t h e n  exchange t h e  S r 2 +  i o n s  w i t h  magnet ic  
i o n s  such  a s  N i 2 + .  Direct  s y n t h e s i s  o f  t h e  magne t i c  

f luo rmicas  i s  not  p o s s i b l e  because t h e  much smaller magnetic 

i o n s  select  t h e  o c t a h e d r a l  i n t r a l a y e r  s i tes  and reject  t h e  
g a l l e r y  s i t e s  i n  d i r e c t  s y n t h e s i s .  

SYNTHKS I S  AN D STRUCTURE 

Using h i g h  t e m p e r a t u r e  (>14OO0C) p r e p a r a t i o n  methods 

s imi la r  t o  t h o s e  d e s c r i b e d  by B e a l 1 3  w e  have c a r r i e d  o u t  t h e  
f i r s t  s y n t h e s i s  of  t h e  S r3 /4  f l u o r m i c a .  Chemical a n a l y s i s  

r e v e a l s  a l a y e r e d  a l u m i n o - s i l i c a t e  w i t h  t h e  compos i t ion  
S ro .  71M92.45 (AlSi2.51)  08.7F2 (0  and F c a l c u l a t e d  from 
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FIGURE 2 X-ray powder p a t t e r n  o f  Sr3/4 f luo rmica  wi th  1 
water  l a y e r  e x c i t e d  wi th  Cu ka r a d i a t i o n .  

s t o i c h i o m e t r y )  . The X-ray powder p a t t e r n  of t h i s  mater ia l  
i n d i c a t e s  a l a y e r e d  c l a y  s t r u c t u r e  wi th  a b a s a l  spac ing  of  

9.708A. Th i s  material r e a d i l y  i n g e s t s  one l aye r  of water a t  
room t e m p e r a t u r e .  The p r e c e s s i o n  ( s i n g l e  c r y s t a l )  and  
powder (see F I G U R E  2 . )  X-ray p a t t e r n s  of t h e  hydra t ed  form 
i n d i c a t e  a t r i c l i n i c  s t r u c t u r e  w i t h  a=5.295Af b=9.212A, 
c = 1 2 . 3 1 2 A f  a=93', p=94.5 'and y=90°. A f u l l  s t r u c t u r a l  

ref inement  t o  determine atomic p o s i t i o n s  i s  imminent. - 
T o  promote complete  exchange of S r  i o n s  f o r  d i v a l e n t  

m a g n e t i c  i o n s  w e  employed aqueous s o l u t i o n s  o f  e i t h e r  
ethylenediaminetetraacetate (EDTA) or n-butyl ammonium (nBA) 
t o  " p r y  open" t h e  s i l i c a t e  ga l l e r i e s .  The former when 
combined wi th  L i f  r e a c t e d  wi th  t h e  h o s t  layers b u t  immersion 
o f  t h e  p r i s t i n e  S r 3 / 4  c l a y  i n  an nBA/HCl s o l u t i o n  a t  pH7 

caused r a p i d  s w e l l i n g  of t h e  h o s t  l a y e r  spac ing  t o  c=18.43A. 
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PROPERTIES OF FLUORMICA CLAYS 147 

W e r c a l a t i o n  Of 

When the  r e s u l t a n t  nBA i n t e r c a l a t e d  c l ay  i s  immersed i n  

t h e  ch lor ide  s a l t  so lu t ions  of Mn, Co, or  N i ,  and is  heated 
i n  sea led  p res su re  ves se l s ,  t h e  nBA and remaining S r  ions 
a r e  exchanged with t h e  magnetic spec ie s .  This exchange i s  
e s s e n t i a l l y  complete with t h e  r e s idua l  nBA a t  o r  below t h e  

range of accuracy of t h e  chemical ana lys i s  and t h e  remaining 
S r  a t  < 5 % .  The above descr ibed hydrothermal ion exchange 

process  a l s o  promotes r e c r y s t a l l i z a t i o n  of t h e  f luormica 

p l a t e l e t s  so t h a t  t h e  c r y s t a l l i t e  s i z e  and q u a l i t y  depend 
somewhat on t h e  i n t e r c a l a t i o n  temperature and t h e  r eac t ion  
t i m e .  For N i  exchange, t h e  optimum parameters were found t o  
be 125OC f o r  2 4  hours  wi th  a 4 5  m l  r e a c t i o n  v e s s e l  
conta in ing  1 molar N i C 1 2  and 100 mg of t h e  nBA f luormica.  

This yielded some hexagonal p l a t e l e t s  a s  la rge  a s  100pm. 

F I G U R E  3 The (001) X-ray d i f f r a c t i o n  p a t t e r n s  of 
hydra t ed ,  dehydra t ed  and r e h y d r a t e d  N i  f l uo rmica  
containing two water l aye r s  i n  t h e  g a l l e r y .  The c-axis 
basa l  spacings a r e  shown. 
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148 S.A.  SOLIN ET AL. 

Zhou e t  . a l .  have  shown t h a t  t h e  h y d r a t i o n  o f  magne t i c  
v e r m i c u l i t e  i n t e r c a l a t i o n  compounds d r a m a t i c a l l y  a f f e c t s  

t h e i r  m a g n e t i c  propert ies .  T h e r e f o r e ,  i n  p r e p a r a t i o n  f o r  

magne t i c  measurements  o f  t h e  f l u o r m i c a s  w e  have  examined t h e  

h o s t  l a y e r  i n t e g r i t y  and  basa l  s p a c i n g  changes  i n d u c e d  by  

s e q u e n t i a l  d e h y d r a t i o n  a n d  r e h y d r a t i o n  o f  t h o s e  compounds. 

The r e s u l t s  €or t h e  N i  g u e s t  are shown i n  FIG. 3 .  The c - a x i s  

s t a c k i n g  d i s o r d e r  i n c r e a s e s  s i g n i f i c a n t l y  on d e h y d r a t i o n  b u t  
t h e  l a y e r  i n t e g r i t y  i s  preserved s i n c e  t h e  h y d r a t e d  and  
r e h y d r a t e d  samples y i e l d  s i m i l a r  d i f f r a c t i o n  p a t t e r n s .  

While  t h e  (2X2)R0° kagome s u p e r l a t t i c e  a p p e a r s  t o  be t h e  
most symmet r i c  ( l o w e s t  e n e r g y )  s t r u c t u r e  a v a i l a b l e  i n  t h e  

3 / 4  f i l l e d  m a g n e t i c  f l u o r m i c a s ,  it may be k i n e t i c a l l y  

i n h i b i t e d .  T h e r e f o r e  w e  are a c t i v e l y  s t u d y i n g  t h e  i n p l a n e  

d i f f r a c t i o n  p r o p e r t i e s  t o  c o n f i r m  t h e  p r e s e n c e  o f  t h i s  

s t r u c t u r e .  I n  p a r a l l e l  w i t h  t h e s e  s t r u c t u r a l  s t u d i e s ,  w e  
have  c a r r i e d  o u t  t e m p e r a t u r e  a n d  f i e l d  dependen t  m a g n e t i c  

s u s c e p t i b i l i t y  m e a s u r e m e n t s .  Our p r e l i m i n a r y  r e s u l t s  
i n d i c a t e  t h a t  h y d r a t e d  N i 3 / 4  f l u o r m i c a  i s  f e r r o m a g n e t i c  ( T c  

-24K) while t h e  d e h y d r a t e d  form i s  a s p i n - g l a s s  ( T c  - 4 K ) .  
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