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I t  is n o w  well  es tab l i shed  t h a t  s t r u c t u r a l  i n f o r m a t i o n  
m a y  be de r ived  f rom nuc l ea r  m a g n e t i c  r e sonance  absorp-  
t i on  spec t ra .  (As a genera l  re fe rence  we  give A n d r e w  
(1955).) F o r  v e r y  s imple  sys t ems  of r igid nuc le i  t h e  shape  
of t h e  abso rp t i on  curve  m a y  be ca l cu l a t ed  as a func t ion  
of t h e  a t o m i c  a r r a n g e m e n t  a n d  m a y  be c o m p a r e d  w i t h  
t h e  obse rved  shape.  :For m o r e  compl i ca t ed  sys t ems  th is  
ca lcu la t ion  is b o t h  diff icul t  a n d  u n r e w a r d i n g .  :However,  
V a n  Vleck  (1948) has  shown t h a t  t h e  m o m e n t s  of t he  
abso rp t i on  s p e c t r u m  m a y  be r ead i ly  ca lcu la ted ,  even  for 
compl i ca t ed  sys tems .  F o r  t he  case of r igid nucle i  t h e  
fo l lowing express ion  m a y  be de r ived  f rom V a n  Vleck ' s  
resu l t s :  

Sj = ~ I i ( I j +  1)(vih/Ho) ~ Z (3 cos 2 0#.,-  1)~r~], 6 
i '#J 

+ ½ 2.' Ik (Ik + 1) (vkh/H0)" (3 eos~ 0jk-- 1 ) ~r~ 8 . ( 1 ) 
k 

:Here S) is t h e  second  m o m e n t  of t he  abso rp t ion  s p e c t r u m  
for nuc le i  j .  The  first  s u m m a t i o n  rep resen t s  t he  con t r ibu-  
t i on  to  t he  second  m o m e n t  of nuc le i  j of spin I j  = ½"; 
t h e  second  s u m m a t i o n  rep resen t s  t h e  c o n t r i b u t i o n  of 
o t h e r  nuc le i  k of sp in  Ik. v] a n d  Vk are  t h e  r e sonance  
f requenc ies  co r r e spond ing  to  nuc le i  j a n d / c  a t  an  appl ied  
u n i f o r m  field H of m a g n i t u d e  H 0. T h e  i n t e rnuc l ea r  
d i s t ance  b e t w e e n  nuc le i  m a n d  n is rmn. Omn is t h e  angle  
b e t w e e n  rmn a n d  H.  A va lue  of the  second  m o m e n t ,  a n d  
h e n c e  i n f o r m a t i o n  a b o u t  t h e  sums  of t h e  inverse  s ix th  
powers  of t he  i n t e rnuc l ea r  d is tances ,  is t hus  ob ta ined  for 
each  o r i en t a t i on  of t he  single c rys ta l  r e la t ive  to t he  field 
d i rec t ion .  I n  o rder  to  solve t h e  s t r u c t u r e  it  is useful ,  if 
n o t  essent ial ,  to  have  a m o d e l  in m i n d ,  for  a series of 
e q u a t i o n s  of t he  fo rm of (I) has  no u n i q u e  so lu t ion  in 
genera l .  F o r  th is  reason  the  s e c o n d - m o m e n t  t e c h n i q u e  
m a y  be cons ide red  m o s t  va luab l e  w h e n  f rom o the r  m e t h -  
ods t h e  a t o m i c  a r r a n g e m e n t  is k n o w n  excep t  for precise  
i n f o r m a t i o n  on t h e  loca t ion  of a few nuc l ea r  species. 
Since of t he  m o r e  c o m m o n  nucle i  h y d r o g e n  a n d  f luor ine  
h a v e  the  la rges t  nuc l ea r  m a g n e t i c  r e sonance  f requenc ies  
a t  a g iven  field, th is  t e c h n i q u e  is p a r t i c u l a r l y  va luab le  for 
t h e  loca t ion  of these  a t o m s  in o the rwise  wel l -def ined  
s t ruc tu res .  The  d e t e r m i n a t i o n  of t he  h y d r o g e n  posi t ions  
in NH4C1 b y  Be r sohn  & G u t o w s k y  (1954) f rom the  p r o t o n  
abso rp t i on  s p e c t r u m  a n d  e q u a t i o n  (1) is an  example  of 
such  a n  app l i ca t ion  of t he  s e c o n d - m o m e n t  t echn ique .  

I f  a p o w d e r  spec imen  is u sed  all  t e r m s  of t he  t y p e  
(3 cos 9 Omn--1) ~ in  (1) ave rage  to ~, a n d  the  ca lcu la t ions  
a re  s impli f ied s o m e w h a t .  A t  t h e  same  t ime  t h e  com- 
p l ex i ty  of t he  s t ruc tu re s  w h i c h  can  be s tud i ed  is severe ly  
l imi ted ,  for in pr inc ip le  t he  single va lue  of t he  second 
m o m e n t  w h i c h  is now o b t a i n e d  will y ie ld  on ly  one s t ruc-  
t u r e  p a r a m e t e r .  I n  ac tua l  p rac t ice ,  however ,  th is  need  
n o t  be t he  case.  Thus ,  we will  show below thaC ti le second  
m o m e n t  o b t a i n e d  f rom the  F ~9 resonance  absorp t ion  

* Equat ion (1) is valid for nuclei of spin greater than ½, 
bu t  quadrupole effects, which are most difficult to take into 
account, also contribute to the absorption spectra obtained 
from such nuclei. 
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s p e c t r u m  of K2TiF6 p o w d e r  can be m a d e  to y ie ld  a 
r e a sonab ly  a c c u r a t e  va lue  for t he  T i - F  d is tance ,  even  
t h o u g h  a comple te  desc r ip t ion  of t he  s t r u c t u r e  of K~TiF~ 
requi res  t h e  d e t e r m i n a t i o n  of t h r ee  p a r a m e t e r s .  

KzTiF6 was  p r e p a r e d  b y  the  add i t i on  of K F  to  an  
aqueous  so lu t ion  of H F  con ta in ing  dissolved Tie2 .  T h e  
t h i n  hexagona l  p la tes  of K~TiF6 wh ich  c rys ta l l i zed  ou t  
u p o n  cooling the  solu t ion  were  dr ied  in a v a c u u m  desic-  
ca te r .  The  Flg m a g n e t i c  r e sonance  abso rp t ion  s p e c t r u m  
was  o b t a i n e d  us ing  a Va r i an  V-4200A nuc lea r  m a g n e t i c  re- 
sonance  s p e c t r o m e t e r  a t  a f r equency  of a b o u t  14 mc.sec .  - t  
a n d  an  assoc ia ted  V-4012A e l e c t r o m a g n e t  a t  a field of 
a b o u t  3500 gauss.  The  s p e c t r u m  was  obse rved  a t  t w o  
t e m p e r a t u r e s ,  20 ° C. a n d  - -94 ° C. I f  K2TiF  6 exh ib i t s  
s igni f icant  t h e r m a l  v ib ra t ions  a t  r o o m  t e m p e r a t u r e ,  t h e n  
we w o u l d  expec t  t he  s p e c t r u m  a t  - -94 ° C. to  be b r o a d e r  
t h a n  t h a t  a t  20 ° C., a n d  hence  t he  second  m o m e n t  to  be 
h igher .  A c t u a l l y  t h e  second  m o m e n t  is a b o u t  5 % h igher  
a t  - -94 ° C. A b o u t  2 % of th is  increase  m a y  be a c c o u n t e d  
for  b y  the  e x p e c t e d  decrease  in la t t i ce  cons t an t s ;  t h e  
r e m a i n i n g  3 % dif ference  is no t  s igni f icant  w h e n  one con- 
siders t h e  er rors  of m e a s u r e m e n t .  W e  are  the re fo re  
jus t i f ied  in a s s u m i n g  t h a t  K2TiF6 is essent ia l ly  r ig id  a t  
r o o m  t e m p e r a t u r e ,  a n d  we m a y  t h e n  use  e q u a t i o n  (1), 
w h i c h  is s t r i c t ly  va l id  on ly  for r igid solids. I n c i d e n t a l l y ,  
t he  close a g r e e m e n t  b e t w e e n  the  second m o m e n t s  a t  
- -94  ° C. a n d  20 ° C. is r easonab le  ev idence  t h a t  K2TiF  6 
unde rgoes  no  t r ans i t ions  w i t h i n  t h a t  t e m p e r a t u r e  range .  
The  second m o m e n t  o b t a i n e d  f rom a w e i g h t e d  ave rage  
of t en  m e a s u r e m e n t s  is 6 .39±0-13 gauss  2. 

Fo r  K2TiF6 powder ,  e q u a t i o n  (1) reduces  to :  

S F = 317.136 ~a~ r~_6F,+ 3-910 ~ r¥i6_F+ 1"649 ~ r~6_F (2) 
F' Ti K 

Because  t he  T i - F  a n d  K - F  con t r ibu t ions  to t he  second  
m o m e n t  a re  v e r y  small  a n d  because  t he  s t r u c t u r e  b y  
ana logy  w i th  I£2GeF6 (Hoa rd  & Vincen t ,  1939) m a y  be  
a s sumed  to  be qu i te  s imple,  i t  w o u l d  be possible f r om 
geomet r i ca l  cons idera t ions  a n d  the  observed  second 
m o m e n t  a lone to  de r ive  a r ea sonab ly  a c c u r a t e  T i - F  
d is tance .  This  a p p r o a c h  has  no t  been  used  since X - r a y  
d a t a  are  avai lable .  The  fol lowing in fo rma t ion  is g iven  by  
Siegel (1952) or  m a y  be de r ived  f rom his X - r a y  resu l t s :  

K2TiF  6 : t r igonal .  H e x a g o n a l  axes a - -  5-715, c=- 4.656 A. 
Z ~- 1. D]d-P3ml .  

Ti in (a) ; 
K in (d) w i t h  z' = 0.700J:0.004;  
F in (i) w i th  x = 0-156±0.003,  z - 0-244±0.004.  
T i - F  = 1.917±0-026 A;  in t r a  F - F  in t he  TiFf- g roup  

2 .747±0.038,  2 .675±0.038 /ix. 

K~TiF  6 has  the  K2GcF 6 s t r uc tu r e  (Hoa rd  & Vincen t ,  
1939), a n d  m a y  be descr ibed  rough ly  as a d i s to r t ed  cubic  
a m m o n i u m  ch lo rop la t ina t e  a r r a n g e m e n t  of K + a n d  
T iF  F ions. 

I n  order  to  d e t e r m i n e  t h e  T i - F  d is tance  we assume  the  
po ta s s ium posi t ions  g iven by  Siegel, and  we f u r t h e r  
assume t h a t  the  TiFf- o c t a h e d r o n  is pe r fec t ly  s y m m e -  
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tric. This la t ter  assumption requires tha t  z = (3/2)½ (a/c)x, 
and  reduces the  de terminat ion  of the T i -F  distance to 
the de te rmina t ion  of the  single parameter  x. For  the  
calculat ion of the second m o m e n t  all F - F  internuclear  
distances out  to 10 _~ and all K - F  and  T i - F  distances 
out  to 5 /~  as a funct ion of x were calculated for the sym- 
metr ic  model ;  the  sums in equat ion (2) over distances 
longer than  these were obtained by integrat ion.  The fol- 
lowing value of x and the distances corresponding to it 
were calculated from the  observed second m o m e n t :  

x ---- 0"15804-0.0016 (z = 0.2376+0.0024); 
T i -F  ---- 1.9164-0.020/~, F - F  = 2.709+0.028 /~.  

The contr ibut ions of the various terms in (2) to the  mo- 
men t  are F - F  98.5%, T i -F  1.3%, and K - F  0.2%. 

The limits of error given above are those which arise 
from the errors in the  measurement  of the second mo- 
ment ,  and do not  reflect the errors due to the assumption 
of a symmetr ic  model.  I t  is reasonable to ask how large 
these la t ter  errors might  be. Siegel's s t ructure  corresponds 
to a calculated second m o m e n t  of 6.48 gauss% The 
symmetr ic  model  which corresponds to this m o m e n t  has 
T i - F  = 1.904 A, some 0.013 /~ shorter  t han  Siegel's 
value.  I t  should be noted,  however,  t ha t  the  two F - F  
distances der ived by  Siegel are not  significantly different 
on the basis of the usual  statist ical  tests (Cruickshank & 
Robertson,  1953); hence, the symmetr ic  model  cannot  
be e l iminated on the  basis of Siegel's results. I t  is thus  
unreasonable to require tha t  the T i - F  distance der ived 
above should be corrected because it is based on the sym- 

metr ic  model.  Moreover, the  T i -F  distances of 1.917+ 
0.026 /~ (X-ray) and 1.916=~0.020 A (n.m.r.) are in 
excellent agreement .  

The value of the T i -F  distance der ived above from the  
nuclear  magnet ic  resonance da ta  is believed to be 
reasonably accura te  and  precise. W h a t  is perhaps more  
impor tan t ,  it was obtained with  considerably less t ime 
and  effort t han  would be required to obtain  similar 
precision from X- ray  methods.  Thus,  nuclear  magnet ic  
resonance techniques  are powerful ones for the elucida- 
t ion of certain,  ra ther  specific, s t ructural  information.  
The case of K2TiFe is perhaps atypical ,  for the  s t ruc ture  
is so simple tha t  the  T i - F  dis tance could have been de- 
r ived from the second m o m e n t  wi thout  the  aid of the  
X- ray  information.  In  general,  however,  this is not  the  
case, and  it mus t  be emphasized tha t  nuclear  magnet ic  
resonance techniques  are essentially complementa ry  wi th  
X- ray  techniques.  
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The unit cell and space ~,roup of the compound TiNb20~.* By P. DYsoN, t Research Laboratories of 
The General Electric Company Limited, Wembley, England 

(Received 4 

The compound  T i l ~ 2 0  ~ was first recorded by  R o t h  & 
Coughanour  (1955) in a paper  dealing wi th  phase equi- 
l ibr ium in the system TiO2-Nb~O 5. I ts  existence has been 
confirmed in the course of a similar invest igat ion in these 
Laboratories.  

When  fired a t  1350 ° C., pressed blocks of the mixed  
oxides, of appropr ia te  composition, yield a somewhat  
porous, pale yellow mass of crystals of the compound,  
up to ¼ ram. in size. 

The ease of crushing indicates a hardness  of about  4 on 
Mobs scale. 

There are two good cleavages which make  a large angle 

wi th  one another .  On account  of this, crushed f ragments  
often show an elongated prismatic form parallel to the 
edge common to the cleavage traces. Between crossed 
nicols the ext inct ion is parallel to this edge. The refrac- 
t ive indices are much  higher than  1.74 (methylene iodide) 
and  the birefringence, in sections parallel to a cleavage 
direction,  is low. 

* Communication No. 710 from the Staff of the Research 
Laboratories of The General Electric Company Limited, 
Wembley, England. 

t Present address: A.O. Nigeria Limited, P.O. Bukuru, 
Northern Nigeria. 
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The above observations indicate  t ha t  the  s y m m e t r y  is 
at  least monoclinic,  wi th  the b axis parallel  to the  cleavage 
traces.  

Single-crystal ro ta t ion  and zero- and  first-layer Weis- 
senberg photographs  of a cleavage f ragment  ro ta ted  
about  the  b axis give the  following dimensions for the  
uni t  cell : 

a 0 ---- 11.9, b 0 -- 3.77, c o = 10.1 /~, fl = 120 ° . 

The Weissenberg photographs  show no systemat ic  
absences of reflexions. The space group is thus  one of 
three, namely P2, Pm or P2/m. 

An approximate  densi ty  measuremen t  suggested 4.38 
(TiNb20~) per uni t  cell. I f  the  t rue  value is assumed 
to be 4 (TiNb2OT), the  calculated densi ty  is 5.89 g.cm. -3. 

The dielectric constant  shows no anomalies wi th  change 
of t empera tu re  and  does not  establish the presence or 
absence of a centre of symmet ry .  
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