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W'e cons ide r  t h e  f la t  b a c k  re f l ec t ion  c a m e r a  in  F ig .  1 
a n d  f ind ,  

cos ¢~ = - c o s  20~ = 2  sin ~" 0~ - 1 =s/[s 2 + (ln~)2]½. (1) 

F o r  t w o  d i f f e r en t  l ines we  h a v e  

(h~+lc~2+l~2)),~=(2a) 2 sin 2 0~ ( i = 1 ,  2) (2) 

w h i c h  t o g e t h e r  y i e ld  

[((hi ~ + ~  + l ~ ) ~ / 2 a  2) - l ]  - 2 -  1 
R - -  (n~ /n~)2  = [ ( ( h ~  + ~  + 1 ~ ) ~ 2 ~ / 2 ~  ~) - 1]-2 - 1 

I f  we  n o w  le t  m~=(h~+Ic~2+l~2)~2/2 a n d  x = l / a  2 we 
o b t a i n  

x ~ + p x  ~ +qx  + r  = 0 ,  (4) 
w h e r e  

a n d  

(ml + m2) 
p = - 2  - -  - -  ( 5 )  

mira2 

(m 1 +me) 2 2 m22 - R m l  2 
+ - -  + (6) 

q -  (mlm2) ~ m l m  2 m i 2 m 2 2 ( R -  1) 

r = _ 2 I ( m l + m 2 )  ( m 2 - R m l )  ] 
(mlm2) 2 + m ~ - - l )  " (7) 

Th i s  cub ic  e q u a t i o n  can  r ead i l y  be  so lved  for  a. 
W e  can  n o w  i n v e s t i g a t e  t h e  e r ro r  in x = 1/a ~ i n t r o d u c e d  

b y  a n  e r ro r  in  R = (nl/n~) ~. 

A x = A R ( ~ x / ~ R )  -- A R . Z "  (8) 

Z" = (~x/~q) (dq/dR) + (ax/dr) (dr~dR) 

2(m, - m2) - -  x ( m l  2 - -  m~ 2) 
(9) 

(R - 1)2mlm~ [3x2mlm2 - 4 x ( m  1 + m2) + 4 
+ (Rm2 ~ - m12)/mlm~(R - 1)] 

More  c o n v e n t i o n a l l y ,  we can  i n t r o d u c e  Z b y  

Ax/x  -= Z ( A R / R )  = Z ' ( R / x ) .  (AR/R)  

or  Aa/a = Z.zJ(nl /n2)  
(nl/n2) 

- - .  (10)  

As a specif ic  e x a m p l e  of th i s  resu l t ,  le t  us  c o n s i d e r  t h e  
~1, a2 d o u b l e t  of t h e  (7, 5, 2) l ine p r o d u c e d  b y  Mo rad ia -  
t i on  i n c i d e n t  on  t u n g s t e n .  H e r e  

hi  2 + ]cl ~ + 112 -- h22 +/c22 + 122 -- 78, )~1 -- 0 .70926 A , 

2 2 = 0 . 7 1 3 5 4  A, a_~ 3-165 A, a n d  R _ ~ 2 . 3 9 .  

Th i s  impl ies  if nl /n  2 is k n o w n  to  one  p a r t  in 102, a w o u l d  
be  k n o w n  to  1.6 p a r t s  in  104 . 

Of course ,  in  an  a t t e m p t  t o  d e t e r m i n e  t h e  a c c u r a c y  of 
a p a r t i c u l a r  m e a s u r e m e n t  of a, we  m u s t  i n c l u d e  all 
s y s t e m a t i c  a n d  r a n d o m  er rors  in  ou r  e s t i m a t e  of 

A (nl/n~)/(nl/n2).  

F o r t u n a t e l y ,  t h e  t w o  l ines  a re  fa i r ly  close t o g e t h e r ,  h e n c e  
t he i r  s p e c t r a l  prof i les  a re  s imi lar .  T h u s ,  m o s t  of t h e  
s y s t e m a t i c  e r rors  in m e a s u r i n g  t h e  t w o  l ines  are  in t h e  
s a m e  d i r e c t i o n  a n d  of n e a r l y  t h e  s a m e  m a g n i t u d e .  F r o m  
th i s  i t  c an  eas i ly  be  s h o w n  t h a t  t a k i n g  t h e  r a t i o  cance ls  
t h e  i n d i v i d u a l  e r rors  in n 1 a n d  n 2 to  f i rs t  o rde r .  

I w o u l d  l ike to  t h a n k  D r  J .  K a r l e  a n d  D r  H .  H a u p t -  
m a n  for  c o n t i n u e d  i n t e r e s t  a n d  he lp fu l  d i scuss ions .  
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W e  h a v e  p r e p a r e d  t h e  c o m p o u n d  Li2MgPb,  d e t e r m i n e d  
i ts  s t r u c t u r e  a n d  m e l t i n g  p o i n t .  S a m p l e s  were  p r e p a r e d  
b y  m e l t i n g  t o g e t h e r  m e t a l l i c  e l e m e n t s  of g r e a t e r  t h a n  
99-5% p u r i t y .  Me l t i ng  a n d  t h e r m a l  ana lys i s  we re  d o n e  
on  s a m p l e s  in  a p u r e  i ron  c ruc ib le  in  a n  a r g o n  a t m o s -  
phe re .  Crys ta l s ,  a c e n t i m e t e r  on  a n  edge,  g r e w  eas i ly  in 
a 300 g. s a m p l e  w h i c h  r e q u i r e d  a b o u t  t h i r t y  m i n u t e s  to  
freeze.  T h e  c o m p o u n d  is b r i t t l e ,  h a s  a m e t a l l i c  b lue  color,  
a n d  t a r n i s h e s  in  a m a t t e r  of m i n u t e s  in l a b o r a t o r y  air.  

T h e  m e a s u r e d  a n d  c a l c u l a t e d  w e i g h t  p e r c e n t a g e s  of 
t h e  e l e m e n t s  are,  r e s p e c t i v e l y :  Li,  5.71_+0.06, 5.66;  
Mg, 9.99_+0.02, 9.91;  Pb ,  84.1 _+0.3, 84-43. A c o n g r u e n t  
m e l t i n g  p o i n t  of 859 °C. was  m e a s u r e d  for  t h e  c o m p o u n d .  
T h e  t r u e  m e l t i n g  p o i n t  of t h e  p u r e  c o m p o u n d  is p r o b a b l y  
w i t h i n  10 °C. of th i s  va lue .  

X - r a y  d i f f r ac t i on  p o w d e r  p a t t e r n s  s h o w e d  th i s  com-  
p o u n d  to  h a v e  a f a ce - cen t e r ed  cub ic  s t r u c t u r e .  W e  com-  
p a r e  ou r  p r o p o s e d  s t r u c t u r e  for  th is  c o m p o u n d  w i t h  Li3Pb 

* This work was performed under  the  auspices of the U.S.  
Atomic Energy  Commission. 

December 1960) 

(Za lk in  & R a m s e y ,  1956) a n d  Mg2Pb ( B r a u e r  & Ties ler ,  
1950a) : 

a 0 (A) 
Positions* 

0, 0, 0, 
½, ½, ½, 

Li3Pb Mg2Pb Li2MgPb 

6-687 6.813 6.781 

Pb  Pb Pb  
Li Vacant  Mg 

2 Li 2 Mg 2 Li 

* To all positions is added face-centering. 

S ince  X - r a y  d i f f r ac t i on  does  n o t  r e ad i l y  r evea l  l i gh t  
a t o m  pos i t i ons  in th i s  s t r u c t u r e ,  we  p r o p o s e  soon  to  c a r r y  
o u t  n e u t r o n  d i f f r ac t ion .  I f  t h e  s t r u c t u r e  is as o r d e r e d  
as we  suppose ,  we m a y  look  for  d i s o r d e r i n g  a m o n g  t h e  
l igh t  e l e m e n t  p o s i t i o n s  b y  e lec t r ica l  r e s i s t i v i t y  m e a s u r e -  
m e n t s .  (The  n u c l e a r  m a g n e t i c  r e s o n a n c e  a d s o r p t i o n  l ine 
of t h e  Li  in t h e  c o m p o u n d  is s h a r p  as i t  is in semi-  
c o n d u c t i n g  LisBi,  w h e r e a s  t h e  l ine is b r o a d  in c o n d u c t i n g  
l i t h i u m  i n t e r m e t a l l i c  c o m p o u n d s  (Holder ,  1960).) 

T h e  c o m p o u n d  sat isf ies  t h e  c r i t e r i a  of Moose r  & Pea r -  
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son, 1957, for semiconduct ivi ty ,  and is seemingly iso- 
s t ruc tura l  wi th  Li2MgSn invest igated by Laves (cited in 
Mooser & Pearson,  1957). The only other  work on the 
L i - M g - P b  sys tem of which we are aware  is t ha t  of 
Brauer  & Tiesler (1950b) who showed tha t  Mg2Pb can 
take  as much  as 9.8 mole per  cent  Li4Pb into solid 
solution. 

We are indebted  to Mr D. H.  Wood for preparing one 
of the samples of the compound,  to Mr V. G. Silveira 
for the powder  photography,  and  to the Analyt ical  group 
for chemical  analysis. 
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Atomic coordinates obtained from Four ier  or least- 
squares calculations, in which the s t ruc ture  factors are 
calculated for a toms assumed to be undergoing linear 
anisotropic vibrations,  will be in error if a molecule is 
undergoing angular oscillations (Cox, Cruickshank & 
Smith,  1955; Cruickshank,  1956a, 1961). In  the simplest  
case an a tom will appear  too close to the axis of angular  
oscillation by roughly lrA~ where r is its distance from 
the axis and  02 is the m.s. ampl i tude  of angular  oscilla- 
tion. At t empera tures  above the characterist ic  tem- 
pera ture  OE, which is often about  50-100 °K. for the 
librations in molecular  crystals (Cruickshank, 1956b), 
0 ~ will be roughly proport ional  to the absolute tem- 
perature .  Thus, as the t empera tu re  falls below room 
tempera ture ,  the apparen t  displacement  ½rO ~" should 
decrease appreciably.  Consequently the uncorrected  bond 
lengths in a molecule such as benzene ought  ac tual ly  to 
increase as the t empera tu re  falls, provided tha t  the 
intermolecular forces are too small to cause any ap- 
preciable change in the 'true' bond lengths. 

Table 1. The CN bond length in (CH2)6N 4 

Tern- Cell Un- Rota- Cor- 
per- dimen- Radia- corrected tional rected 

ature sion tion length correction length 
(°K.) ( i )  used (A) (A) ( i )  
298 7.021 _+ 9 Cu 1.464 + 5 0-014 1-478 

Me 1-465 ± 2 1.479 
100 6.931 ± 8 Cu 1.474 ± 7 0.005 1.479 

Me 1.467 ± 2 1.472 
34 6.910 ± 8 Cu 1.474 ± 4 0.002 1.476 

Me 1-475 ± 12 1.477 

We have recent ly  unde r t aken  single crystal  X- ray  
studies of (CH2)6N4 at 298, 100 and 34 °K. in order to 
invest igate  the var ia t ion of v ibra t ion ampl i tudes  wi th  
t empera tu re  and  to in terpre t  t hem by a la t t ice-vibrat ion 
spectrum. The main  results will be repor ted elsewhere, 
bu t  the values found for the CN bond lengths at  different 
t empera tures  are re levant  here. The bond lengths and 

* Present address: Neutron Physics Section, Atomic Energy 
of Canada Ltd., Chalk River, Ontario, Canada. 

t The proper e.s.d.'s for the corrected lengths will be a 
little greater than those assigned to the uncorrected lengths, 
because these did not allow for the e.s.d.'s of the cell dimen- 
sions or for any error in the rotational corrections. 

their  e.s.d.'s der ived from full-matrix least-squares 
calculations for the three tempera tures  and from the  
independent  observations made  with  Cu and Me radia- 
t ion are shown in Table 1. These show fairly clearly tha t  
the uncorrected  CN bond length does increase as the 
temperature decreases. 

At 298 °K. the angular oscillation 02 about any molec- 
ular axis is found to be 43-1 ± 2.0 deg. 2, which corresponds 
to a characteristic temperature Oz = 64-5 °K. The angular 
oscillations at the lower temperatures are 11.2 ± 1-1 deg. 2 
at 100 °K. and 6.0_+ 0.8 deg. 2 at 34 °K.; these are close 
to those predicted with the above OE. After application 
of the rotational corrections (Cruickshank, 1956a), the 
CN lengths given in the last column of Table 1 are 
obtained, t The results show that the corrected CN length 
is the same at all temperatures within experimental error 

and so provide direct evidence for the validity of this type 
of correction. Similar evidence from other crystals is of 
course desirable for further confirmation. 

It may be added that the uncorrected C-N lengths 
obtained in the present work for 298 °K. are in satis- 
factory agreement with those obtained from new least- 
squares refinements of the previous X-ray (Brill et al., 
1939) and neutron data (Andreson, 1957), which are 
1.457 ± 5 A and 1.457 ± 4 A. The weighted mean estimate 
of the corrected CN length derived from the various 
crystal-diffraction results is 1-476_+0-002 ~ ,  where  the  
e.s.d, has been set ra ther  conservat ively.  This is in satis- 
factory agreement  wi th  the gas-phase electron-diffraction 
value of 1.48 ±0.01 A (Schomaker  & Schaffer, 1947). 

We are indebted  to Prof. Dame  Ka th l een  Lonsdale  
for some s t imulat ing correspondence on this topic. 
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