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The composition 7 ZnO.Sb205 has been synthesized in 
single crystal  form by the flux growth technique.  This 
compound  as repor ted  by Bayer  (1961) from u s tudy of 
ceramic compositions, has a spinel s t ructure.  

To prepare the  crystals, 22 g. ZnO, 3.9 g. Sb203 and 
200 g. 1)bFe are mel ted  together  in a 100 ml. p la t inum 
crucible at  1150 °C. After  holding this t empera tu re  for 
a period of five hr.,  the t empera tu re  is cooled slowly 
(1 to 5°/hr.) to 800 °C. Next ,  the crucible is removed from 
the furnace and  air cooled to room tempera ture .  The 
crystals thus formed are then mechanical ly  broken from 
the frozen melt .  Octahedral  shaped crystals up to ~;" 
on an edge have  been grown in this manner .  The crystals 
are colored pale yellow and exhibit  no birefringence. 

In  the P b F  e solvent  ZnO to Sb203 ratios of 2.5:1 to 
8.5:1 will yield the spinel. Higher  amounts  of ZnO will 
cause crystall ization of ZnO and  lesser amounts  cause 
crystall ization of a lead an t imony  compound identified 
as bindheimite  (Mason & Vitaliano, 1953). The spinel 
can also be grown from mol ten  sodium te t rabora te  or 
mol ten  zinc or thophosphate .  These two solvents offer 
the  ~dvantage over P b F  2 tha t  they  can be leached away  
from the crystals wi th  ho t  water  or ho t  a m m o n i u m  
hydroxide.  

The lat t ice constant  of 7 ZnO.Sb205 was de termined 
by  X- ray  powder  diffraction using a Straumanis  type 
Norelco camera  (114.6 ram. diameter)  and Cr K a  radia- 
t ion for a two hr. exposure. The d spacings for crystals 
grown from lead fluoride are given in Table 1. These 
spacings measured  were identical on samples from three 
separate runs made  with  varied an t imony  contents.  
Other  than  having two addi t ional  spacings, these d 
spacings show only slight deviations from those deter- 
mined  by Bayer .  The lat t ice constant  of the single crystals 
was found to be 8"594 A (_+0.003) as compared to 
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8.585 A (_+ 0.005) for the ceramic. This small difference 
in lattice constant  between the crystals and the  ceramic 
m a y  be due to a slight loss of an t imony  by  evaporat ion 
in the ceramic. Spectrochemical  analysis of the single 
crystals showed no impurit ies present  in high enough 
concentrat ions to effect the lattice constant .  

Table 1. X-ray  data 

hkl do Into hkl do Into 
111 4"92 w 440 1"519 ms 
220 3"027 mw 531 1"452 vw 
311 2"585 s 620 1"358 vw 
222 2"475 raw 533 1"310 m 
400 2"145 m 622 1"295 mw 
331 1'969 vvw 444 1"240 w 
422 1"752 w 551 1"203 w 
511 1"653 m 642 1"1486 ms 

At tempts  have  been made  to grow single crystals 
having substi tut ions of chromium and rare earths.  
Chromium does subst i tu te  up to at  least 1% giving a 
green crystal,  bu t  rare earths apparen t ly  do not  sub- 
st i tute.  A t t empts  were also made  to grow analogous 
compounds subst i tut ing beryll ium, magnesium, calcium, 
and bar ium for zinc, and subst i tut ing niobium, molyb- 
denum,  tungsten,  and vanad ium for an t imony.  These 
a t t empts  were all unsuccessful. 

The authors  would like to thank  L. G. Van Ui te r t  
and  K.  Knox  for helpful discussions on this s tudy.  
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Ma~kovich (1961a) reported the uni t  cell, space group 
and  composit ion of B13P 2. I n  the  course of studies on 
boron phosphide in this laboratory,  addi t ional  da ta  on 
B13P 2 have  been determined.  BlaP 2 was prepared by  
heat ing BP,  prepared by  the reaction of BCla and  AlP 
a t  1000 °C., in a new porcelain boat  to 1100-1400 °C. 
in vacuum or under  an argon a tmosphere  unti l  de- 
composit ion was apparen t ly  complete.  The decomposit ion 
product  is a grayish whi te  crystall ine powder,  inert  to 
concent ra ted  HC1, NHO3, tI2SO4 and  to aqua regia. 
The produc t  composit ion was proved to be BI3P2 by a 
s tudy  of weight  losses dur ing decomposition, chemical 
analysis, densi ty  and  X- ray  diffraction pat terns .  

* Present address: Dept. of Chemistry, University of Mis- 
souri, Columbia, Missouri, U.S.A. 

t Present address: Dept. of Chemistry, University of 
Kansas. Lawrence, Kansas, U.S.A. 

Assuming tha t  the decomposit ion reaction to be 

13 BP  -> B13P 2 + 11/2 P2 

the calculated ratio of original sample weight to product 

weight is 2.68 which compares to an experimentally 
observed ratio of 2.62 ± 0.05. 

The product  was decomposed by sodium peroxide 
fusion. The phosphorus was precipi ta ted from aqueous 
solution as ammon ium phosphomolybdate ,  dissolved in 
ammonium hydroxide, reprecipitated as magnesium 
ammonium phosphate, dried and weighed. The boron 
was determined volumetrically by titration of the boric 
acid with sodium hydroxide to a pH of 1 I. These chemical 
analyses gave a B to P atom ratio of 6.3. 

The pycnometric density, using dinonyl phthalate as 
the fluid, was found to be 2.72_+0.02 g.cm. -3 which 
compares with a density of 2.76 g.cm. -B calculated from 
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the X-ray data based on one B~aP~ pe r  unit cell. Matko- 
rich (1961a) reported a density of 2.74 g.cm. -3. 

X-ray powder diffraction studies were carried out using 
CuKa (2=1.5418 A) radiation in a General Electric 
XRD-5 unit with spectrogoniometer. A rhombohedral 
(trigonal) unit cell for B13P9 was deduced from the wide 
angle extrapolation of the data in Table 1. The lattice 
parameters of a =5.231 ~ and a = 69.50 ° were calculated 
from the standard rhombohedral crystal geometry 
equation. 

Table  1. X-ray diffraction powder data for BlaP 2 
Cu K a  radiation, ~ = 1"5418 A 

d hkl Io Ic a 
3-897 A 110 35 32 5.242 A 
2.976 10T 40 60 5.222 
2.533 111 100 100 5-253 
2.154 221 16 13 5.240 
1.932 201 18 12 5.249 
1.641 321 25 54 5.221 
1"507 320 30 61 5.237 
1.428 332/212 14 20 5.255 
1.397 311/30T 12 10 5.246 
1-297 411 10 6 5.233 
1.225 410 7 2 .5.231 

On t h e  basis  of t h e  a g r e e m e n t  b e t w e e n  ca l cu la t ed  and  
obse rved  in tens i t ies ,  t he  space g roup  for  BlaP 2 was  
f o u n d  to  be  R3m, w h i c h  is t he  same  space g roup  r e p o r t e d  
for B4C, B13C 2, BlaAs2, a n d  B13Si ~. T h e  a t o m i c  posi t ions  
were  d e t e r m i n e d  us ing  the  I B M  1620 c o m p u t e r  b y  
ca lcu la t ing  t he  re la t ive  i n t e g r a t e d  in tens i t ies  resu l t ing  
f rom severa l  t r ia l  comb ina t i ons  of a tomic  coord ina tes .  
The  set  of a tomic  posi t ions  w h i c h  gave  in tens i t ies  t h a t  
we re  of the  same  re la t ive  o rder ing  as t he  obse rved  in ten-  
sities as shown  in Tab le  1, h a v e  t he  fo l lowing coord ina te s  
expressed  in t e rms  of t he  r e l a t e d - h e x a g o n a l  axes :  

B(1):  (b) 0 , 0 , ½ ;  
P(2) :  (c) 0 , 0 ,  u ;  0 , 0 , ~ ,  

w h e r e  u = 0-342; 
]3(1): (h) v , v , w ;  v, 2v, w; 2 ~ , ~ , w ;  ~ , v , ~ ;  

v, 2~, w; 2v, v, w, 
w h e r e  v = 1/6 a n d  w = 0.253; 

B(2):  (h) v ' , V , w ' ;  v ' , 2 v ' , w ' ;  2 V , ~ ' , w ' ;  ~ ' , v ' , w ' ;  
V, 2V, @'; 2v', v', w', 
w h e r e  v' =0 .106  a n d  w'  =0 .113 .  

A s imi lar  set  of po in t s  a re  a r o u n d  (1/3, 2/3, 1/3) a n d  
(2/3, 1/3, 2/3). 

The  obse rved  re la t ive  i n t e g r a t e d  in tens i t ies  of t he  lines, 
Io, were  m e a s u r e d  w i th  t he  s p e c t r o g o n i o m c t e r  a n d  inte-  
g r a t e d  b y  use of a p l an ime te r .  T h e  ca l cu la t ed  re la t ive  
i n t e g r a t e d  in tens i ty ,  Ic, depends  p r i m a r i l y  u p o n  Lo ren t z  
po la r i za t ion  factor ,  t he  ]3ragg angle ,  t he  Miller  indices,  
t he  a tomic  coord ina te s  a n d  the  a tomic  sca t t e r ing  factors .  

This  w o r k  conf i rms  the  sugges t ion  b y  M a t k o v i c h  
(1961b) t h a t  B13P ~ is an  in te r s t i t i a l  c o m p o u n d  consis t ing 
of B12 i cosahedra  w i t h  l inear  ]3P2 un i t s  as t he  inter-  
s t i t ia l i tes .  

T h e  b o n d  leng ths  ca l cu la t ed  f rom t h e  a t o m i c  posi t ions  
a re :  i cosahedra l  B - B :  1.75 /~, P - i c o s a h e d r a l  ] 3 : 2 . 0 3  J~ 
a n d  P - i n t e r s t i t i a l  B :  1.87 J~. The  in te rs t i t i a l  axis  l eng th  
is 11.85 _~ a n d  t h e  u n i t  cell vo lume ,  121.8 A 3. 

A compar i son  of t he  X - r a y  d i f f rac t ion  d a t a  in Tab le  1 
a n d  t h a t  r e p o r t e d  b y  M a t k o v i c h  (1961a) shows good 
a g r e e m e n t  for  the  d va lues  of t he  s t ronger  lines. The  

w e a k e r  l ines r e p o r t e d  b y  M a t k o v i c h  are  n o t  d e t e c t a b l e  
in this  work .  Two s t rong  lines a t  2.569 /~ a n d  1-495 /~ 
were  n o t  observed  in our  p a t t e r n s  a l t h o u g h  t h e y  h a v e  
been  obse rved  in t he  i sos t ruc tu ra l  compounds ,  B4C, 
BlaO 2, B4Si a n d  BI~S. The  absence  of these  l ines in our  
p a t t e r n s  is due  to t he  h igher  p u r i t y  of our  samples .  
Singlets  in t he  p a t t e r n  for  t he  h ighe r  p u r i t y  m a t e r i a l  
b e c o m e  doub le t s  in t he  lower  p u r i t y  ma te r i a l .  This  
effect  for  a s l ight  change  in uni t -cel l  size has  been  ob- 

Tab le  2. Comparison of X-ray powder diffraction lines 
observed in this work with d values calculated from corrected 

hexagonal parameters. (Matkovich)  

Hexagonal parameters a=6.01 ,  c =  11.72 2k 

Hexagonal 

hkl d 
OO3 3.90 A 
012 3.89 
110 3"00 
104 2.55 
021 2.54 
015 2.14 
211 1.936 
116 1.639 
214 1.634 
125 1"506 
220 1-502 
131 1-431 
223 1-401 
312 1.400 
306 1.297 
315 1.227 

Observed in this work 

d hkl 
3.90 A 110 

2.98 10T 
2.53 l i t  

2"15 221 
1"932 201 
1"641 321 

1.507 320 

1.428 332/212_- 
1"397 331/301 

1"297 411 
1"225 410 

se rved  b y  L a p l a c a  & Pos t  (1961) for  B13As 2. Spec t ro-  
g raph ic  analys is  of the  m a t e r i a l  used in this  w o r k  showed  
the  m a j o r  impur i t i e s  to be :  

Si 50-500 p .p .m.  Cu 5-50 p .p .m.  
F e  10-100 p .p .m.  A1 5-50 p .p .m.  

A d i rec t  compar i son  of t h e  l ine in tens i t ies  in  these  
two  pape r s  is diff icul t  because  Cu K a  r a d i a t i o n  was  
used  in this  w o r k  whi le  Cr K a  r ad i a t i on  was  used  in t he  
p rev ious  work .  T h e  di f ference  in hkl ass ignmen t s  in t he  
two  papers  is due  to  t he  fac t  t h a t  this  w o r k  is based  on 
a r h o m b o h e d r a l  u n i t  cell whi le  t he  p rev ious  w o r k  was  
based  on a r e l a t ed  h e x a g o n a l  cell. 

M a t k o v i c h  (1962) has  shown  t h a t  an  increase  of t he  
a axis  to  6.01 /~ a n d  a decrease  of t he  c axis  to  11.72 A 
in t he  h e x a g o n a l  d imens ion  of his un i t  cell lead  to b e t t e r  
a g r e e m e n t  b e t w e e n  the  two  papers  as shown in Tab le  2. 

Gra te fu l  a c k n o w l e d g e m e n t  is m a d e  of t he  f inancia l  
suppo r t  of Texas  I n s t r u m e n t s  I n c o r p o r a t e d ,  Dal las ,  
Texas ,  a n d  of t he  ass is tance  of Mr P .  S. Chu a n d  of 
Mr  M. L.  Po t t s .  Special  app rec i a t ion  is expressed  to  D r  
M a t k o v i c h  for t he  d a t a  in Tab le  2 a n d  for his  suggest ions  
wh ich  a ided  in r each ing  the  final conclusions.  
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