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T a b l e  3. Agreements of observed and calculated values of Qh~ = 1/d~ 

L a - e o m p o u m d  C e - c o m p o u n d  P r - e o m p o u n d  N d - e o m p o u n d  S m - e o m p o u n d  

hkl Qo Qc 
001 ~ 0 .00263 
010 - -  0-00313 
100 - -  0-00387 
020 0-0126 0-0125 
120 - -  0 .0164 
202 0.0263 0 .0260 
131 0 .0349 0.0347 
301 0 .0379 0.0375 
004 0 .0420 0.0421 
320 ~ 0.0473 
231 - -  0 .0483 
040 0.0503 0.0501 
024 0.0551 0.0546 
204 ~ 0.0576 
124 ~ 0.0585 
400 0.0622 0.0620 
241 - -  0.0682 
015 ~ 0.0689 
050 - -  0 .0782 
341 0"0884 0.0875 
432 0.1010 0.1006 
305 0-1010 0.1006 
060 0.1127 0.1127 
054 0-1211 0.1203 
107 0.1316 0.1317 
236 0.1385 0.1383 
620 0.1523 0-1518 
307 0.1632 0.1637 
056 0.1732 0.1729 
454 0.1822 0.1823 
256 0-1887 0.1884 
080 0.1998 0.2003 
009 0.2131 0-2130 
029 0.2261 0.2255 
527 0 .2394 0.2381 
660 0.2523 0.2520 
149 0-2668 0-2670 

0,3,10 0 .2912 0.2912 
567 0"3390 0"3383 

10,0,0 0.3875 0"3870 

Qo Qc Qo Qc Qo Qc Qo Qc 
- -  0"00266 0.00289 0.00267 0"00245 0.00268 - -  0-00270 
- -  0"00319 0 .00344 0"00317 0-00309 0"00317 - -  0"00324 

0.00388 0.00427 0"00399 0"00411 0"00400 - -  0-00398 
0.0127 0"0128 0.0129 0"0127 0"0128 0.0127 0-0130 0"0130 

0"0166 ~ 0"0167 0"0166 0.0167 0.0172 0"0169 
0"0262 - -  0"0266 ~ 0"0267 0.0259 0-0267 

0-0348 0"0353 - -  0-0352 0"0349 0-0352 0.0349 0.0358 
0.0380 0"0376 0"0384 0"0386 0"0388 0-0387 0"0384 0-0385 
0.0425 0"0426 0"0420 0.0427 0.0425 0.0429 0.0425 0"0432 

0 '0477  - -  0 .0486 0.0481 0"0487 - -  0"0488 
- -  0"0469 ~ 0.0472 0.0481 0-0472 - -  0-0478 

0-0512 0"0510 0"0514 0"0507 0"0512 0-0507 0"0514 0"0518 
0.0556 0.0553 - -  0"0554 0"0554 0-0556 0-0564 0.0562 

0"0581 - -  0 '0587  0.0592 0.0589 - -  0"0591 
- -  0-0586 ~ 0"0594 0"0592 0-0596 - -  0-0614 

0.0622 0"0621 0"0638 0"0638 0"0638 0"0640 0-0647 0"0637 
0"0695 0.0692 ~ 0.0693 - -  0 .0694 - -  0 .0705 
0"0695 0"0697 - -  0"0699 ~ 0.0702 - -  0"0707 

0-0798 0"0795 0"0793 0-0790 0"0792 0.0802 0"0810 
0"0891 0"0886 0"0903 0"0893 0-0901 0"0894 0"0909 0"0904 
0.1000 0.1014 0.1029 0.1031 0-1029 0.1033 0.1035 0"1036 
0"1000 0.1014 0"1029 0.1027 0"1029 0"1030 0"1035 0"1033 
0.1138 0"1148 0"1150 0.1141 0-1141 0-1141 0-1166 0-1166 
0"1222 0"1223 - -  0"1220 q 0"1221 - -  0-1242 
0"1345 0"1342 - -  0-1348 - -  0"1353 - -  0-1363 
0"1396 0"1400 0"1406 0"1406 0"1410 0"1410 0"1417 0"1423 
0"1513 0"1524 0"1538 0"1563 0"1557 0"1567 0"1560 0-1562 
0"1650 0"1653 0"1665 0"1667 0"1670 0"1673 0"1685 0-1681 
0-1767 0.1755 - -  0 .1754 q 0.1757 - -  0 .1782 

0.1844 - -  0 .1858 ~ 0.1861 - -  0-1879 
0.1895 0.1900 0.1915 0.1913 0.1920 0.1917 0.1946 0.1941 

0.2042 ~ 0-2029 - -  0 .2029 - -  0 .2074 
0.2149 0.2155 0"2161 0"2163 0.2167 0.2171 0.2184 0.2187 
0.2276 0.2282 - -  0 .2289 - -  0 .2298 0-2272 0.2317 
0.2398 0.2401 0-2434 0-2433 0-2417 0.2440 0.2451 0.2447 
0.2540 0.2545 0.2574 0.2578 0-2611 0.2581 ~ 0-2599 

0.2704 ~ 0 .2710 - -  0 .2718 0-2704 0.2745 
0.2938 0.2947 - -  0 .2955 ~ 0 .2965 - -  0 .2991 
0.3429 0.3422 0.3432 0.3447 - -  0"3454 0.3444 0"3484 

0.3880 - -  0 .3990 ~ 0 .4000 0.3981 0 .3980 

B r a z i l  (C. N .  P q . )  t h e y  a r e  i n d e b t e d  f o r  t h e  f i n a n c i a l  
s u p p o r t .  
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a r e c e n t  p u b l i c a t i o n  A u s t i n  (1959)  d e t e r m i n e d  t h e  
c a r b o n  p o s i t i o n a l  p a r a m e t e r s  i n  t h e  u r a n i u m  c a r b i d e s  
U C ,  U~Ca,  a n d  U C 2  u s i n g  n e u t r o n  d i f f r a c t i o n  t e c h n i q u e .  
I n  t h i s  n o t e  a t r e a t m e n t  o f  t h e  r e s u l t s  o b t a i n e d  b y  

* P r e s e n t  a d d r e s s :  G a t e s  a n d  Crel l in  L a b o r a t o r i e s  of  
C h e m i s t r y ,  Ca l i fo rn i a  I n s t i t u t e  of  T e c h n o l o g y ,  P a s a d e n a ,  
Cal i forn ia .  

A u s t i n  is  p r e s e n t e d  w h i c h  is  d i f f e r e n t  f r o m  t h a t  o f  A u s t i n .  
I n  h i s  T a b l e  5 A u s t i n  c o m p a r e d  t w o  s e t s  o f  v a l u e s  o f  

o b s e r v e d  u r a n i u m  r a d i i  i n  U C ,  UeCa ,  a n d  U C 2  w i t h  
' P a u l i n g  r a d i i '  c a l c u l a t e d  o n  t h e  b a s i s  o f  t h e  w e l l  k n o w n  
e q u a t i o n  o f  P a u l i n g  (1947)  a n d  a l l o w i n g  f o r  c a r b o n  
d o u b l e - b o n d  c h a r a c t e r  i n  U C  e a n d  U ~ C  3. O n e  s e t  o f  
v a l u e s  c o r r e s p o n d s  t o  t h e  o b s e r v e d  ( U - U ) / 2  d i s t a n c e s .  
T h e  s e c o n d  s e t  is  o b t a i n e d  b y  s u b t r a c t i n g  a c a r b o n  
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double-bond radius of 0"67 A from U-C  distances 
observed in UeC 3 and  UCe, and  a carbon single bond  
radius  of 0.77 /~ f rom U-C dis tance observed in UC. 

The la t te r  procedure  of obtaining the  radius of u r an ium 
is unjust i f ied as one does no t  know the  effective radius 
of carbon in the direct ion of the  U-C  bond wi thou t  the  
prior  knowledge of the  bond  order. Fur the rmore ,  the  
apparen t  assumpt ion of a valence of 5.78 for u r an ium 
for the calculat ion of 'Paul ing radii '  can itself cause the  
discrepancy observed by  Aust in  in compar ing observed 
(U-U)/2 distances and  the  calculated radfi. 

Table  1. Bond numbers and valences of uranium and carbon 

UC 

Bond number 
n ̂ 

Interatomic ~x(U) = ~I(U) ~ 
Bond distance* 1.421 /k 1.45/k 

C-12 C 3"51/~ 0"0005 0.0005 
C-6 U 2.48 0"33 0"37 
U-12 U 3"51 0.08 0.096 
15-6 C 2"48 0"33 0"37 

~nl.4e 1 for carbon = 1.99 2:ni.45 for carbon = 2"23 
~:ni.4~ 1 for uranium = 2.94 ~n1.45 for uranium = 3-37 

U~C 3 C-C 1.294 ~_ 2.59 2.59 
G-2 U 2.46 0.36 0.40 
C-2 U 2.59 0.22 0.24 
C-2 U 2.76 0.11 0.13 
U-3 U 3-34 0.15 0.19 
U-3 C 2.46 0.36 0.40 
U-3 C 2.59 0-22 0.24 
U-3 C 2-76 0.11 0.13 
U-6 U 3.68 0.04 0.05 
U-2 U 3.50 0.08 0.10 

Zni.42 ~ for carbon =3-97 ~nl.45 for carbon =4.13 
~nl.421 for uranium = 2.92 ~nl.45 for uranium = 3.38 

UC9 C-C 1.34 A 2.17 2.17 
G-U 2"320 0.61 0"68 
0-4 U 2.57 0"24 0.26 
U-4 U 3"51 0"08 0.096 
U-2 C 2"320 0"61 0"68 
U - 8  G 2.57 0"24 0"26 
U - 8  U 3"89 0"018 0.022 

~nl .4e  1 for carbon =3.74 Znl.45 for carbon =3.89 
~nl.4e 1 for uranium= 3.50 ~nx.4a for uranium = 4"00 

* These interatomie distances are calculated from the 
positional parameters of Austin (1959). In places they differ 
significantly from the values of Austin, the maximum dif- 
ference being 0"06 A for U-3 C in U~C a. 

We  here present an al ternat ive,  well known,  calculat ion 
of bond  numbers  associated wi th  each in tera tomic  
dis tance observed, and  the valences of both  u ran ium 
and  carbon in the  three  carbides (Pauling, 1960). The 
calculations were made  using two values of /~I(U), 
name ly  1.421/~ as originally suggested by  Paul ing (1947), 
and  1.45 J( as suggested by  Aust in  (1959). The results 

The most recent values of the valence of uranium and 
/~I(U) are 6.0 and 1-426 A (Pauling, 1960). 

are summar ized  in Table 1. The valence of u r a n i u m  found 
by  this procedure  is well below the  expected  value of 6"0t 
in all the  three  carbides. The valence of u r an ium in UC 
and  UeCa is 3 and  t ha t  for UCz is near ly  4. 

An interest ing observat ion is the  valence of carbon 
in UC, being only 2 instead of the  expected  value of 4 
as in UeC a and UC2. A possible explanat ion  lies in the  
earlier suggestion of Rund le  (1948). If  one assumes carbon 
to have  the  electronic configurat ion,  

ls  e, 2s ~, 2p 2 

and  by  dis t r ibut ing the  two (2p) electrons in the  six 
lobes of p(x), p(y), and  p(z) orbitals, by  synchronized 
resonance,  the necessary six bonds carbon forms wi th  
u r an ium are achieved.  This would give rise to ½ bond 
charac ter  to the  U-C  bond,  as is observed. One excess 
electron, the  result  of the  valence of 3 for u r a n i u m  in UC, 
can be visualized to be in the  conduct ion band  to explain 
the  electrical conduct iv i ty  of the  carbide UC. 

The observed values of valences of u r an ium in UeC a 
and  UC2 can be in te rpre ted  on the  lines presented  by 
Atoji  et al. (1958) for LaCe and  LaeC3. The essential 
feature  is the  formula t ion  of these carbides as M +n and  
C~ -~ groups. The excess electrons, ( n -  2), are visualized 
in the  conduct ion  band  wi th  the  possible sharing by  
the  overlapping an t ibonding  orbital  of the  C~ e group. 
The ex ten t  to wh ich  this an t ibonding  orbital  of the  C~ -~ 
group par takes  of the  excess electrons affects the  C-G 
bond length  in the  C~ -~ group.  The correspondence of 
UCe and  LaeC 3 in t h a t  the  rat io of excess electrons to 
the n u m b e r  of C~ -e groups is the  same, name ly  2, and  the  
observed C-C bond length  in the  C~ 2 group is 1.34/~ has 
a l ready been presented  by Atoj i  et al. (1959). Similarly 
the  observed C-C distances in UeC a and  LaCe, 1.29 /~ 
and  1.28 A respectively,  suggest a similar behavlour  of 
the  overlapping an t ibonding  orbital  of the  C~ -e group.  
However ,  the  rat ios of excess electrons to the  n u m b e r  
of C~ -e groups are 2 and  1 for UeCa and  LaCe. This would  
imply  t h a t  UeC 3 is a be t t e r  electrical conductor  com- 
pared  to LaC~. 

The au thor  is grateful  to Prof. J .  Donohue  for intro- 
ducing h im to this subject ,  and  for encouragement ,  and  
to Dr  R.  E.  Marsh for helpful  discussions. This work  was 
suppor ted  by  the  Nat iona l  Science Founda t ion ,  U.S.A. 
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