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t i on  pa t t e rn s .  Because  t he  c rys ta l s  were  a t t a c k e d  to  some 
deg ree  b y  all of t h e  greases  a n d  adhes ives  c o m m o n l y  
used  for  m o u n t i n g ,  p o l y v i n y l  a lcohol  in aqueous  so lu t ion  
w a s  used  to  glue t h e  c rys ta l s  to  glass wool  fibers.  T h e  
m o u n t e d  c rys ta l s  were  enc losed  in th in -wal l  cap i l l a ry  
tubes  t h a t  c o n t a i n e d  an  a t m o s p h e r e  s a t u r a t e d  w i th  
benzene .  Precess ion  c a m e r a  d a t a  for two zones were  t h e n  
o b t a i n e d  in add i t i on  to p o w d e r  d i f f rac t ion  da t a .  

F r o m  the  single c rys ta l  da t a ,  i t  was  found  t h a t  d i p h e n y l  
p i c r y l h y d r a z i n e ,  as g r o w n  f rom benzene  solut ion,  is 
monoc l in ic .  The  p o w d e r  p a t t e r n s  were  i n d e x e d  on the  
basis of t he  cell o b t a i n e d  f rom the  single c rys ta l  d a t a  a n d  
were  used  in a leas t - squares  r e f i n e m e n t  of t he  cell size. 
P a t t e r n s  t a k e n  on a d i f f r a c t o m e t e r  w i th  Cu Ka r a d i a t i o n  
we re  used  in a p r e l i m i n a r y  r e f inemen t ,  t he  f inal  refine-  
m e n t  be ing  a leas t - squares  fi t  of the  cell p a r a m e t e r s  to  
d a t a  f rom a D e b y e - S c h e r r e r  p a t t e r n  t a k e n  wi th  Cr Ka 
r ad ia t ion .  Since all of t he  obse rvab le  lines are  in t he  
fo rwa rd  ref lec t ion  region,  a n d  because  no  cor rec t ions  
were  m a d e  for t he  d i s p l a c e m e n t  of lines b y  absorp t ion ,  
it  is felt  t h a t  t he  in t e rna l  cons i s t ency  of the  d a t a  set  is 

n o t  a fair  m e a s u r e  of a c c u r a c y ;  t he  l imits  of e r ror  g iven  
be low are  a p p r o x i m a t e l y  twice  t h a t  i n d i c a t e d  by  this  
in t e rna l  cons is tency .  T h e  cell d imens ions  a re :  

a = 9.37 _+ 0.02, b = 10.78 +_ 0.04, c = 11.87 _+ 0.02 A ,  
f l = l l l  ° 14' + 10'. 

The  obse rved  i n t e r p l a n a r  spacings  are  c o m p a r e d  w i th  
those  ca l cu la t ed  on the  basis  of this  cell in Tab le  1. 

T h e  sy s t ema t i c  absence  of t he  0k0 ref lec t ions  for odd  
va lues  of k, t o g e t h e r  w i th  a r ead i ly  observab le  pyro-  
electr ic  effect  ind ica tes  t he  n o n - c e n t r o s y m m e t r i c  space 
g roup  P21. 

T h e  benzene  of c rys ta l l i za t ion  was  d e t e r m i n e d  b y  
h e a t i n g  f reshly  c rys ta l l i zed  m a t e r i a l  in a v a c u u m  a t  60 °C. 
to  c o n s t a n t  we igh t .  A w e i g h t  loss of 16.7% was  found .  
T h e  va lue  ca l cu la t ed  for one benzene  pe r  d i p h e n y l  picryl-  
h y d r a z i n e  is 16.5%. T h e  dens i ty ,  ca l cu l a t ed  on the  basis 
of two  molecu les  of d i p h e n y l  p i c r y l h y d r a z i n e  plus two  
benzenes  of c rys ta l l i za t ion  pe r  un i t  cell, is 1.406 g .cm.  -3, 
in good  a g r e e m e n t  w i t h  p y c n o m e t r i e  dens i t y  measu re -  
m e n t s  of 1"40 g .cm.  -3. 
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A s t u d y  of t h e  p l u t o n i u m - b o r o n  s y s t e m  has  led  to t h e  
iden t i f i ca t ion  of four  p l u t o n i u m  borides ,  t he  s t ruc tu re s  
be ing  cons i s t en t  w i t h  c o m p o u n d s  of chemica l  fo rmulae  
P u B ,  P u B  2, P u B  4, a n d  PuB~. 

All  t he  bor ides  were  p r e p a r e d  b y  h e a t i n g  powder -  
m i x t u r e s  of e l emen ta l  bo ron  a n d  p l u t o n i u m  in a rgon  a t  
0.25 a tmosphe re s .  P r e p a r a t i o n s  were  car r ied  ou t  a t  
1200 °C. us ing  a r ange  of P u : B  ra t ios  e q u i v a l e n t  to  
40-95  a t . %  bo ron ;  a n d  also a t  800 °C. in t h e  m o r e  
l im i t ed  r ange  60-65 a t . %  boron.  X - r a y  powder -pho to -  
g r aphs  showed  t h a t  the  p r o d u c t s  of r eac t ion  c o n t a i n e d  
un iden t i f i ed  phases ,  in add i t i on  to  the  bor ides  a l r e a d y  
m e n t i o n e d .  

P l u t o n i u m  m o n o b o r i d e  was  fo rmed  a t  1200 °C. a n d  
in t h e  compos i t ion  r ange  40-70 at .  % boron .  T h e  a m o u n t  
of m o n o b o r i d e  fo rmed  dec reased  as t he  p e r c e n t a g e  of 
b o r o n  increased .  This  phase  has  a cubic  N a C l - t y p e  s t ruc-  

t u r e  (s imilar  to t h a t  of TiB,  ZrB a n d  HfB)  w i th  l a t t i ce  
p a r a m e t e r  4.92 A;  t h e  P u - B  d i s t ance  is 2"46 /~. The  
ex is tence  of u r a n i u m  a n d  t h o r i u m  m o n o b o r i d e s  has  n o t  
been  r epo r t ed .  

P l u t o n i u m  d ibor ide  was  f o r m e d  in p r e p a r a t i o n s  a t  
800 °C., b u t  n o t  a t  1200 °C. A t  800 °C. t he  effect  of changes  
in P u : B  ra t io  has  n o t  y e t  been  ful ly  inves t iga ted ,  b u t  in 
t he  l imi ted  compos i t ion  r ange  s tud i ed  (60-65 a t . %  B), 
P u B s  was  t h e  only  bor ide  p h a s e  fo rmed .  I t  is s imple  
hexagona l  a n d  is i somorphous  w i th  u r a n i u m  dibor ide .  
L a t t i c e  p a r a m e t e r s  are  a = 3 . 1 8  and  c = 3 . 9 0  A, w i t h  P u  
a t o m s  a t  (0, 0, 0) a n d  b o r o n  a t o m s  a t  (1/3, 2/3, 1/2) a n d  
(2/3, 1/3, 1/2). T h e  s t r u c t u r e  is t he  A1Bs-type,  in w h i c h  
boron  a t o m s  fo rm two-d imens iona l  h e x a g o n a l  n e t w o r k s  
w i th  p l a n a r  layers  of m e t a l  a t o m s  in te rposed .  T h u s  
p l u t o n i u m ,  u r a n i u m  a n d  severa l  t r ans i t i on  me ta l s  (Post ,  
Glaser  & Moskowi tz ,  1954) fo rm  a series of i socrys ta l l ine  

Metal atomic 
Compound radius 

CrB~ 1.27 
VB 2 1.34 
TiB 2 1.47 
MoB s 1.39 
TaB s 1.46 
NbB s 1.46 
HfB 2 1.59 
ZrB s 1.60 
UB s 1.52 
PuB 2 1.60 

Tab le  1. Interatomic distances.for some diborides (A) 

Boron-boron 
Lattice Metal-boron Metal-boron distance in 

parameters  dist. expl. dist. contact  Expl.-contact  planes expl. 
c 

2.97 3"07 2.30 2-23 0.07 1.73 
3.00 3-06 2.31 2-24 0"07 1.73 
3.03 3-23 2.38 2.32 0.06 1.75 
3.05 3.08 2.32 2.28 0"04 1.76 
3.08 3.27 2.41 2"35 0.06 1.78 
3.09 3.30 2.43 2"35 0.08 1.78 
3.14 3.47 2.51 2"44 0.07 1"81 
3.17 3.53 2.54 2.46 0-08 1.83 
3.14 4.00 2.70 2.36 0"34 1.81 
3"18 3.90 2-68 2.47 0"21 1.83 

Expl.-contact  
(B diam.) 

0 
0 
0.01 
0.02 
0.04 
0.04 
0.07 
0-09 
0.07 
0.09 
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diborides. Lat t ice parameters  and interatomic distances 
of this series are listed in Table 1. A notable feature of 
the  series is the unusually large meta l -boron  separation 
in both  PuB~ and UB 2. For  the  t ransi t ion-metal  di- 
bet ides  the  exper imental  me ta l -boron  distance exceeds 
the  'contact '  distance (i.e. the sum of the close packed 
radii) by only 0.06-0.08 /1, whereas in UB 2 and PUB2, 
the  measured meta l -boron  distances exceed the calculated 
distances by  0.34, and  0.21 /~ respectively. 

A te t rabor ide  phase was formed at  1200 °C. when the 
atomic percentage of boron was greater  than  70. The 
proport ion of this phase formed increased rapidly with 
boron content  up to 85 at .% boron, but  thereafter  
decreased wi th  increasing boron content .  The PuB 4 
phase is isomorphous with UB 4 and is tetragonal,  with 
a =7.10 and c =4.014 A. The structure of UB 4 is given by 
Zalkin & Temple ton  (1950) who showed the space group 
to be P4/mbm and the atomic positions: 

Metal in ± (0.31, 0.81, 0; 0-21, 0.31, 0). 
4 B I in ± (0, 0, 0.2; 0.5, 0.5, 0.2). 
4 B  I I  ±(0.1, 0.6, 0.5; 0.4, 0.1, 0.5). 
8 B I I I  in ±(0.2,0.04,0.5; 0.7,0.46,0.5; 0.04,0.2,0.5; 

0.54, 0.7, 0.5). 

Using the lattice parameters  found for p lu tonium 
tetraboride,  the meta l -boron  distances are P u - B  I 2.77, 
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P u - B  I I  2"84, P u - B  I I I  2"47 A i.e. the  p lu ton ium and 
the  B I I I  boron atoms are in contact.  

P lu ton ium hexaboride was also formed at 1200 °C. 
when the amoun t  of boron present  exceeded 70 a t .%.  
The proport ion of the hexaboride formed increased 
steadily with increasing boron content .  The s tructure is 
simple-cubic CaB6-type and is isomorphous wi th  ThB6. 
With  meta l  a toms at  (0, 0, 0) and boron atoms at 
± [(½, ½, 0.21), (½, 0.21, -lo), (0-21, ½, ½)], the  p lu ton ium-  

boron distance is 2.92 A, whereas the contact  dis tance 
is 2.47 A. The boron atoms are in close contact  since 
the boron-boron distance is 1.75 A. The lattice para- 
mete r  varies from 4-115 ±0.001 to 4.140 ±0.001 A, sug- 
gesting tha t  the  hexaboride phase is not  stoichiometric,  
and tha t  excess boron is present  in the structure. 

We should like to t hank  Mrs G. Tyson for her  help 
with this work and the  Managing Director, Product ion 
Group, U . K . A . E . A .  for permission to publish this paper.  
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The structure analysis of evaporated carbon films de- 
posited at  room temperature  was reported in the previous 
paper (Kakinoki  et al., 1960). In  this note, we will 
report  the structural  change of these films when subjected 
to heat  t rea tment .  

Carbon films deposited at room tempera ture  are at- 
tached on specimen holders made  of thin carbon plates 
and heated to desired temperatures  in a vacuum furnace. 
The film tempera ture  is es t imated by a small thermo- 
couple placed near the specimen. The specimens used are 
t aken  from the same lot deposited at the same time, 
and they have a thickness of 240 A. The highest tem- 
peratures attained in each treatment are 500, 700, 800, 
900, I000, and 1200 °C., respectively. The rate of tem- 
perature raise is about 100 °C. per rain. Each specimen 

i~ kept at the highest temperature for 1 rain., and then 
allowed to cool to room temperature, the rate of tem- 
perature decrease being very rapid. 

Electron-diffraction diagrams show gradual change in 
the structure with increase of the tempera ture  in heat  
t rea tment .  These behaviours are shown in Figs. 1 and 2. 
Photographs in Fig. 1 are taken  with s2-sector under  
normal  incidence, their  intensi ty curves being represented 
in Fig. 2. At  about  1200 °C., the diffraction pa t te rn  

0 changes into sharp Debye-Scherrer  rings with asym- 
metr ic  line profiles, and they  are all indexed with (hk0) 
of graphite having a lattice constant  of a=2"456 A, 
their  spacings being listed in Table 1. No (h/el)(l:~ O) 

d(~ 
4"03"0 2"0 1"5 1"00.9 0-8 0-7 
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Fig. 2. Intensity curves of the photographs in Fig. 1 

(s = 2n/d = 4nsin 0/;~). 


