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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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Crystallographic evidence for the existence of B70*. By R. A. PASTERNhK, Stanford Be.search Institute, 
Menlo Park, California, U . S . A .  

(Received 19 March 1959) 

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 
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Tab le  1. Observed and  calculated spacings  o f  B~O 

:Philips powder camera ( r=5.74 era.) Cu K a  radiation 
Inten- 

Line sity* dobs. dcalc, hkl 
1 m 4"343 4"349 101 
2 s 4.114 4"102 200 
3 m 3.715 3.704 011 
4 w 2.679 2.677 020 
5 vs 2.571 2.565 002 
6 vs 2.284 2.280 121 
7 w 2.251 2.242 220 
8 w 2.178 2.175 202 
9 vw 2.049 2.051 400 

10 w 1.855 1.852 022 
11 vw 1.737 1.744 130 
12 w 1-691 1.688 222 
13 w 1.649 1.651 131 
14 vw 1.640 1.637 230 
15 s 1.464 1.465 032 
16 m 1.448 1.450 303 
17 s 1.430 1"435 331 
18 vw 1.403 1.400 1.399 313, 
19 m 1.340 1.339 040 
20 m 1.282 1-282 004 
21 vw 1.274 1.272 240 
22 w 1.261 1.267 104 
23 w 1.244 1.247 014 
26 vw 1.189 1.187 042 
27 w 1.158 1.157 024 
28 w 1.142 1.I42 1.I40 701, 
29 vw 1-121 1.121 440 
30 vw 1.090 1.087 404 
31 m 1.026 1.025 1.027 800, 
32 m 1.007 1.007 1.007 424, 
33 vvw 0.9916 0.9903 0-9929 722, 
34 vvw 0.9277 0.9259 044 
35 vw 0.9098 0.9092 723 
36 w 0.8917 0.8923 060 
37 m 0.8776 0.8791 0.8794 061, 
38 w 0.8691 0.8699 505 
39 vw 0.8558 0.8550 006 
40 w 0-8450 0-8440 444 
41 vvw 0-8350 0.8368 206 
42 vw 0.8253 0.8255 262 
43 vw 0.8153 0.8160 0"8143 306, 
44 vw 0.8068 0.8067 316 

520 

242 

442 
810 
514 

803 

026 

* s = strong, m = medium, w---- weak, v = very. 

wh ich  were  b a c k  ref lect ions ,  an  ind ica t ion  of h igh  degree  
of o rde r  in t h e  s t r u c t u r e .  The  obse rved  ref lec t ions  could  
be i n d e x e d  on t h e  basis of an  o r t h o r h o m b i c  u n i t  cell. 
T h e  d imensions ,  o b t a i n e d  b y  t r ia l  a n d  error ,  a re  
(~t(Cu K a )  = 1.5418/~) 

a = 8 . 2 0 ( 4 ) ,  b--5.35(4) ,  c=5.13(0) A. 

The  d e n s i t y  of t h e  ma te r i a l ,  d e t e r m i n e d  e x p e r i m e n t a l l y  
b y  f lo ta t ion ,  is d = 2 . 6 4 ( 4 )  g .cm.  -a. T h e  obse rved  a n d  
the  ca l cu l a t ed  spacings,  g iven  in Tab le  1 agree  to  b e t t e r  
t h a n  0.5%. T h e  d i f ferences  a re  w i t h i n  t h e  l imi t  of ac- 
c u r a c y  of the measurements. Thus, the X-ray pattern 
arises from one homogeneous phase only. 

From the unit-cell dimensions and the density, the 
mass of one mole of unit-cells is calculated to be 358.8. 
A s s u m i n g  4 e q u i v a l e n t  un i t s  pe r  trai t  cell, wh ich  is reason-  
able  for  an  o r t h o r h o m b i e  cell, t h e  e q u i v a l e n t  w e i g h t  for  
t he  s t r u c t u r a l  u n i t  is 89.7. This  agrees  sa t i s fac to r i ly  w i t h  
the  theore t i ca l  f o r m u l a  we igh t  of BTO, 91.7, especia l ly  
if one  considers  possible e x p e r i m e n t a l  errors .  T h e  ex- 
p e r i m e n t a l  d e n s i t y  is l ikely  to  be  lower  t h a n  the  t r u e  
density of a material, because of air inclusion in the grains 
of the samples, and thus the observed formula weight 
tends to be low also. Compound B6.50 (or)2-B1302) 
would have the formula weight of 86.3, about 4% smaller 
than the observed value; therefore, the material studied 
is less likely to be this oxide. Thus, the existence of the 
boron suboxide 270 appears to be established. 

The structure of BTO is probably closely related to that 
of elemental boron, in particular its tetragonal modifica- 
tion (Hoard et al., 1958). This is indicated by the close 
similarity of the c-axes of the two structures (for tetra- 
gonal boron c o = 5"06 A). The relative densities of BTO and 
B also suggest this. Their ratio (2.64/2-31) is nearly 
equal to the mass ratio BT0/BT; the oxygen atoms are 
accommodated in the boron lattice without expanding 
it significantly. To establish the structure of B~O un- 
equivocally, single crystal data will be needed. Such work 
is not planned in this laboratory. 

The author is indebted to the American Potash & 
Chemical Corporation, Los Angeles, for the sample of 
BTO. Credit is due to Dr Dale Coulson and Dr Harold 
Eding for the analytical and the preliminary X-ray studi- 
es, and to Mrs H. Johnson for the experimental measure- 
ments. 
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Kompendium der Kristallkunde. By W. F. D E  

J o ~ G .  Pp .  viii  + 258, w i t h  227 figs. a n d  41 tab les .  
V i e n n a :  Sp r inge r .  1959. P r i c e  S. 264, DM.  44, $10 .50 .  
758. 

This  w o r k  is a t r a n s l a t i o n  into  G e r m a n  of t he  a u t h o r ' s  
C o m p e n d i u m  der K r i s t a l k u n d e  a l r e a d y  r ev i ewed  in this  
j ou rna l  (Aura Cryst .  (1952), 5, 858). A few d i ag rams  h a v e  
b e e n  added ,  a few h a v e  been  r e d r a w n ,  a n d  some m a t e r i a l  

has been rearranged and slightly expanded, but in the 
main the translation follows the original very closely and 
therefore shares its merits and shortcomings. Among the 
merits is to be reckoned the ambitious coverage, ranging 
over morphological crystallography, structure analysis, 
crystal chemistry, and solid-state physics; among the 
inevitable shortcomings is the extremely superfieial 
treatment which most of these topics receive. Thus 
piezoelectricity, the classical tensor theory of elasticity, 


