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a~j -~ --Ji jJj i  = aj~ and :  

Then  equat ions  (4) reduce to:  

a~t ---- ~ J~k. 
k = l  

~_~aijkj = 0, i = 1 to n .  
j=l 

As these n equat ions in n unknowns  are not  l inearly 
independent ,  one can arbi t rar i ly  specify the value of one 
variable and  reject  one equat ion  as redundan t .  Let  us 
define xj = kj/kn and  reject  the n th  equation.  Then the 
new set of n - -1  independent  equat ions  is: 

n- - i  
.,~ aiixt = --ain, i = 1 to n - - 1 .  (5) 
j= l  

These equat ions m a y  be solved by various s tandard  
methods ;  for our work this is done with  an existing 
Edsac I I  computer  subroutine.  

If  it is inconvenient  to solve the  s imultaneous equa- 
t ions direct ly  and  if tr ial  values of the  sealing constants  
are known,  then the constants  can be quickly refined 
using a var ian t  of equat ion (4): 

n 
.~  ]c] Jij J~i 

]ci = j=l (6) 

]=1 

where the pr imed ]c's are the trial values and  the new 
values are 'normalized '  after  each cycle by dividing 
th rough  by some kn. 

I t  is of interest  to compare  the functions minimized 
in the two methods .  K r a u t  uses as the  rat io between two 
planes the average value of the ratios between individual  
reflections, thus  emphasizing the contr ibut ions  of weak 
reflections. We use the  rat io of the sums of all corre- 
sponding reflections on the  two films, emphasizing the  
strong reflections. (This can be compensated for by some 
weight ing me thod  such as reject ing the strongest  inten- 
sities for scaling or using scat ter ing ampl i tudes  instead 
of intensities, thus  producing an effective weighting 
factor of I-½.) If  only med ium intensities are used the  
two types of rat io will be quite similar in value. If  one 
uses the la t ter  rat io in K r a u t ' s  equat ions (1) and  (2) 
above,  then :  

Ic~ = ~ (r~j/rnl)l/n (1') 
]=1 

and  the quan t i t y  minimized is: 

F(ki, Ji]) = ~ ~ (log k t J i l - l o g  kjJj~) 2 . (2') 
i = 1  ]=1 

Thus we minimize the difference between two quant i t ies  
and  K r a u t  effectively minimizes the difference between 
the logaritl~ms of these same quanti t ies .  
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Introduction 
The crystal  s t ructure  of Cs2CoC14 has been reported by  
Pora j -Koshi tz  (1956) and  Cs2ZnC14 has been shown to be 
isomorphous by Brehler  (1957). In  connect ion with  our 
s tudy  of the configurat ion of CuCl~-- in [N(CH3)4]2CuC14 
(Morosin & Lingafelter,  1959) it was considered of in- 
terest  to investigate the corresponding compounds  of 
other  bivalent  metals.  The present  report  includes the 
isomorphous pair, [N(CH3)4]2ZnC1 * and  [N(CH3)4]2CoC14. 

Experimental 
Crystals of both  compounds  were grown by  evaporat ion 
at  room tempera tu re  of aqueous solutions containing the 
stoicheiometric proport ions of N (CH3)4C1 and  MIIC12. The 
crystals of both  the colorless zinc compound  and the 
blue cobalt  compound were short  rod-like prisms bounded 
by (011) and  t e rmina ted  by (100). 

Precession and  Weissenberg photographs  t aken  wi th  
copper radia t ion (~t = 1.5418 l )  indicated the two 
compounds  to be isomorphous. The following cell dimen- 
sions were obtained;  for the zinc compound,  results were 
s tandardized by superimposing NaCI (a 0 = 5.6280 _~) 
photographs  on the same films. 

Zincate Cobaltate 
a 0 12.268±0.007 A 12.24-b0.03/~ 
b 0 8.964 ~= 0.007 8.92 =k 0.02 
c o 15.515+0.012 15.39~= 0.03 

Systemat ic  absences of (0kl) for k + l  odd and of (hk0) 
for h odd indicate the  space group to be Pnma or Pn21a. 
Number  of molecules per cell = 4. Calculated densi ty,  
1"38 g.cm.-3; observed, 1.34 g.cm. -3. 

(hO1) in tensi ty  da ta  were collected for [N(CH3)4]2ZnCI 4 
wi th  an in tegra t ing precession camera  (Stewart,  1958) 
using Mo radia t ion and part ial  three-dimensional  da ta  
(i.e., Okl th rough 6kl) were collected by means  of a non- 
integrat ing Weissenberg camera.  The number  of observed 
reflections was 540. Intensi t ies  were scanned by means  
of a pho tomete r  and relative peak heights  were obta ined 
and  used as intensities, being placed on an absolute scale 
by comparison with  calculated values at  a later  stage of 
the  s t ruc ture  de te rmina t ion .  

Lorentz  and  polarizat ion factors were applied and 
s t ructure  factors calculated using Thomas  & U m e d a  
(1957) scat ter ing factors. Calculations were carried out  
on an IBM type  650 computer .  

Determination of the structure 
The similar i ty  of the axial ratios of the [N(CH3)4]2ZnC14 
(1"368:1.000:1.731) and  Cs2ZnC14 (1"317:1.000:1.755; 
Brehler,  1957) and the iden t i ty  of their  space-group 
extinct ions suggest t ha t  the s t ructures  are probably  
similar. Therefore the space group Pnma was init ially 
assumed and later verified by the final s t ructure.  

A Marker Section P(x, ½, z) established the positions 
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of  t h e  z inc  a n d  ch lo r ine  a t o m s .  A t h r e e - d i m e n s i o n a l  
F o u r i e r  s y n t h e s i s  u s i n g  p h a s e s  d e t e r m i n e d  b y  t he se  
a t o m s  t h e n  e s t a b l i s h e d  t h e  pos i t i ons  of t h e  n i t r o g e n  a n d  
c a r b o n  a t o m s ,  l :~ef inement  of b o t h  p o s i t i o n s  a n d  t e m -  
p e r a t u r e  f a c to r s  p r o c e e d e d  b y  a few F o u r i e r  sec t ions  a n d  
seve ra l  d i f fe rence  s y n t h e s e s .  A f ina l  over -a l l  R e l i a b i l i t y  
I n d e x  of 15.5 was  o b t a i n e d . *  F o r  specia l  classes of reflec- 
t i ons  t h e  ind ices  we re :  

h + l  ---- 2n ;  /c = 2n 14-9 
h + l  = 2n ;  ]c = 2 n + l  16.7 
h + l  = 2 n + l ;  /c = 2n 15.8 
h + l  = 2 n + l ;  /c ---- 2 n + l  15.0 

T h e  s t r u c t u r e  e x h i b i t e d  a h i g h  t e m p e r a t u r e  f ac to r  for  
t h e  l i gh t e r  e l e m e n t s  a n d  h y d r o g e n  a t o m  c o n t r i b u t i o n s  
w e r e  n o t  c a l cu l a t ed .  A t o m i c  pos i t i ons  a n d  i n d i v i d u a l  
i so t rop ic  t e m p e r a t u r e  f ac to r s  a re  l i s ted  in Tab le  1. All  
a t o m s  are  in  pos i t i ons  4c e x c e p t  Cl(2), C(3), a n d  C(6), 
w h i c h  are  in  8d. 

Tab l e  1. Atomic positional parameters and temperature 
factors for [N(CH3)4]2ZnC1 ~ 

x y z B 
Zn 0-2460 0.2500 0.4075 4-000 
C11 0.0630 0.2500 0-4070 7-400 
Cl~ 0.3060 0.0445 0.3400 7.400 
C1 a 0.3130 0.2500 0.5418 8.300 
N~ 0.1530 0-2500 0.0975 5.000 
N 2 0.4945 0.2500 0.8240 5-500 
C1 0.2770 0.2500 0.0970 8.000 
C~ 0.1085 0.2500 0.0020 8.500 
C a 0-1115 0"3910 0-1450 9.000 
C a 0"4405 0"2500 0"7345 8"500 
C 5 0-4030 0-2500 0.8935 9.500 
C e 0.5660 0.3910 0.8340 9.000 

D i s c u s s i o n  

T h e  r e f i n e m e n t  of t h e  t h r e e - d i m e n s i o n a l  d a t a  y i e lded  t h e  

* The table of calculated and  observed s t ructure  factors 
m a y  be obta ined from E. C. Lingafelter.  

e x p e c t e d  t e t r a h e d r a l  c o n f i g u r a t i o n  for  t h e  ZnCl~--  ion.  
B o n d  l e n g t h s  a n d  b o n d  ang les  are  g i v e n  in  T a b l e  2. 

Tab le  2. Bond lengths and angles in [N(CI-Ia)4]2ZnC14, 
with standard deviations 

Zn-CI I 2 .245+ 0.006 /~ Cll-Zn-C12 109.1 -t- 0-22 ° 
Zn-C12 2.243 ± 0.006 Cll-Zn-CI a 111.7 ± 0.22 
Zn-C1 a 2.240=t= 0.006 CI2-Zn-C1 s 108-3± 0-22 
lgl-C 1 1.521±0.019 C12-Zn-CI~ 110-4±0-22 
N1-C 2 1.579± 0-019 C1-N1-C e 109.9=t= 0-97 
N1-C 3 1-549=t=0-019 C1-NI-C a 109-3-I-0-97 
N2-C a 1.539-t-0.019 C2-N1-C 3 109.4±0-97 
N2-C 5 1-557±0.019 Ca-N1-C ~ 109.4-t-0.97 
N2-C 6 1.546±0.019 Ca-N2-C 5 108.3±0.97 

C4-N2-C 6 109.6-t-0.97 
Cs-N~-C 6 109.8~ 0-97 
C6-N2-C ~ 109.7±0.97 

Shorter  interionic distances:  
C1. • • C1 5.293, 5.523 A 
CH a • • • CH 3 3.515, 3.562 
CH a • • • CI 3.374, 3.509 

Th i s  s t r u c t u r e  is v e r y  s imi la r  to  t h a t  of Cs2ZnC14 (Brehler ,  
1957) w i t h  t h e  Cs + ions  b e i n g  r e p l a c e d  b y  N(CI.I3)+ ions  
a n d  w i t h  each  un i t - ce l l  edge  e x p a n d e d  b y  a l i t t le  ove r  
20%. 

Thi s  i n v e s t i g a t i o n  was  s u p p o r t e d  in p a r t  b y  t h e  Office 
of O r d n a n c e  R e s e a r c h  (U.S. A r m y )  u n d e r  c o n t r a c t  No .  
D A - 0 4 - 2 0 0 - O R D - 6 6 8  a n d  in p a r t  b y  t h e  U.S .  P u b l i c  
H e a l t h  Service  u n d e r  G r a n t  A-2241.  
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B o r o n  can  c o m b i n e  w i t h  o x y g e n  in d i f f e r en t  a t o m i c  
p r o p o r t i o n s .  I n  a d d i t i o n  to  t h e  f ami l i a r  B203, b o r o n  
oxides containing less oxygen h a v e  b e e n  r e p o r t e d  in t h e  

l i t e r a tu re .  T h e  ex i s t ence  of t h e  gaseous  B 0  ha s  b e e n  
p r o v e n  c o n v i n c i n g l y  (Alb rech t  & Mal le t t ,  1954), w h e r e a s  
t h e  c h a r a c t e r i z a t i o n  of a s u b o x i d e  BaO ( K a h l e n b e r g ,  1925) 
has  b e e n  less t h a n  sa t i s f ac to ry .  Th i s  n o t e  p r e s e n t s  crys-  
t a l l o g r a p h i c  e v i d e n c e  of t h e  occu r r ence  of t h e  subox ide ,  
B70 .  

I n  a p r e l i m i n a r y  s t u d y  (Eding ,  1956), t h e  b r o w n  mic ro -  
c rys t a l l ine  m a t e r i a l  w h i c h  h a d  been  o b t a i n e d  f r o m  t h e  

* This research was suppor ted  in par t  by  the  Uni ted  States 
Air Force under  Contract  No. AF  33(616)-5940, monitorect by  
the  Materials Laboratory,  Wright  Air Development  Center, 
Wr igh t -Pa t t e r son  Air Force Base, Ohio. 

American Potash & Chemical Corporation was found to 
contain only traces of nitrogen and magnesium, besides 
boron and oxygen; its analytical formula was B6.60. 

Its X-ray pattern did not agree with that of any of the 
known boron modifications or of boron oxide, or with 
any of their combinations. The material appeared to be 
homogeneous, because partial chemical dissolution did not 
change the X-ray pattern. These results could be reason- 
ably explained by assuming that the sample was BTO , 
contaminated by about 2% of B20 a. IIowever, it could 
also be the suboxides B130 e or B60 contaminated with 
boron, or even a new modification of B containing 
amorphous B20 a. 

To establish the identity of the material, a quantitative 
X-ray powder-study was undertaken. With Cu Ka radia- 
tion, forty-four fairly sharp lines were obtained, some of 


