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Crystal Structure of the Compounds U2N2X and Th2(N,OhX, with X= P,S, As, and Se* 
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(Received 22 January 1968) 

The compounds Th2NOAs, Th2NOP, Th2N2S, Th2N2Se, U2N2As, U2N2P, U2N2S, and U2N2Se were 
prepared. From X-ray diffraction powder patterns, the compounds were found tO have the CeEOES-type 
crystal structure (space group P~ml) with the following lattice parameters: 

a (A) c (A) 
Th2(N, O)2As 4.041 +_ 0.001 6.979 q_-_ 0.002 
Th2N2Se 4.0287 +_ 0.0002 7.156 +_ 0.001 
Zh2(N, O)2P 4.0285 +_ 0.0003 6.835 _+ 0.001 
Th2NES 4.008 + 0.001 6'920 + 0.002 
U2N2As 3"833 +_ 0"001 6"737 + 0"001 
Se 3.8622 + 0.0005 6"856 + 0.001 
P 3.802 + 0.001 6.552___ 0.002 
S 3"828 ___ 0.001 6"587 + 0-002 

With the origin chosen at the X atom, where X = P, As, S or Se, the two metal atom (either Th or U) 
positions are + (~ ~k, ul) where ul = 0.293 +_ 0.005 for X = As or Se and ul = 0.278 + 0.005 for X = P or S. 
The probable locations of the two nitrogen (or nitrogen + oxygen) atoms are + (k, ~, u2) with uz ~ 0.63. 
Apparent anomalous interatomic distances between the metal and different nonmetal atoms occur and 
these are attributed to different bond strengths. 

Compounds  were prepared with the general formula 
M2Y2X, where  M is either thor ium or uranium. The 
symbol Y represents ni trogen which, however, to a 
considerable e x t e n t m a y  be replaced by oxygen. T h e  
symbol X denotes sulfur, selenium, phosphorus,  or 
arsenic. Al lbut t  & Dell (1967) recently reported com- 
pounds UzNzP and U2N2S with lattice parameters vir- 
tually equal to those below. We used two different 
methods of  preparat ion.  In the first, mixtures o f  binary 
compounds  as shown in column 1 of  Table 1 were cold 

* Work done under the auspices of the U.S. Atomic Energy 
Commission. 

pressed and reacted in a tungsten crucible .under  1 atm 
N2 at 1500 to 1700 °C for ½ to two hours. The tho r ium 
compounds  with X = phosphorus  and arsenic could not  
be obtained by heat ing the respective mixtures 
ThP + T h N  and ThAs + T h N  as had proved successful 
with the other analogous compounds,  but, as shown 
in column 1 o f  Table 1, they were obtained when oxy- 
gen, as ThO2, was added to the mixtures in amounts  
corresponding to tl~e O/Th ratio of  ½. The chemical com- 
positions of  f ou r  products as given in an analytical 
report  are listed in Table 1. Percentage weights unac- 
counted for by the chemical analyses range in value 
f rom 0.3 to 2.2 + 1% and are listed in column 8. Because 

Table 1. Preparations and chemical analyses of the compounds U2N2X and Th2(N, O)X, with X = As, S, P, and Se 

Reaction 
ThAs + ½ThN + ½ThO2 + ½N2 = Th2NOAs 
UAs + UN + ½N2 = U2N2As 
ThS + ThN + ½N2 = Th2N2S 
US + UN + ½N2 = U2N2S 
ThP + ½ThN + ½ThO2 + ½N2 = Th2NOP 
UP+ UN +½N2 = U2N2P 
ThSe + ThN + ½N2 = Th2N2Se 
USe + UN + ½N2 = U2N2Se 

Product chemical composition 
^ 

U or Th N As or S 
anal anal anal Mat. Formula 
+ 1% calc + 0.5 % calc + 0.1% calc bal.* by analyses 
81.4 81.6 3.3 2.5 14.0 13.2 1.3 Th2N1.300.sASl.lt 
82.5 82.2 4.12 4.8 13.1 12.9 0.3 U2N1.7ASl.0 
87.7 88.5 4-7 5.3 5-38 6.1 2.2 Th2N1.sS0.9 
87.5 88.8 4.76 5.3 5.53 6.0 2-2 U2N~ .950.9 

* Percentage weight required for material balance as calculated from the difference, 100 minus the percentage by analysis. 
t The oxygen was added in the preparation (see column 1) and, therefore, the material balance was assumed to be oxygen. 
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oxygen had  been added,  the unana lyzed  weight  in the 
T h z N O A s  p r e p a r a t i o n  as listed in row 1 of  Table  1 is 
a t t r ibu ted  to oxygen and  is wri t ten  explicitly in the for- h k 
mula  given in the last  co lumn  of  Table  1. The  weight  0 0 
requi red  for mater ia l  ba lance  in the r emain ing  three ana-  1 l 
lyzed p repara t ions  may  be dissolved oxygen too.  Apa r t  3 0 
f rom the oxygen contents  which,  as inferred above,  have 2 1 3 0 
a large uncer ta in ty ,  the chemical  analyses are in fair  1 0 
agreement  wi th  the assumed fo rmulas  as listed in 2 0 
co lumn  1 of  Table  1 if  a l lowances  are made  for  the 3 0 

2 1 
uncer ta in t ies  in the chemical  analyses and  in puri ty  as 3 0 
based u p o n  absence o f  fore ign lines in X-ray diffrac- 1 1 
t i on  powder  pa t terns .  The  second m e t h o d  of  prepara-  0 0 
t ion  was inves t iga ted  as a check on  chemical  composi -  2 2 
t ions.  In  this me thod ,  weighed quant i t ies  o f  b inary  2 2 2 0 
c o m p o u n d s  and  the e lements  X, as required to give the 1 0 
fo rmulas  listed i n c o l u m n  1 of  Table  1, were reacted for  3 0 
30 days at  1000°C in a sealed evacuated  silica tube.  2 1 
In  all e ight  cases the p roduc t s  were found  by X-ray dif- 2 2 3 1 
f rac t ion  powder  pa t terns ,  to  be pure  c o m p o u n d s  al- 3 1 
t h o u g h  the diff ract ion lines were less sharp  t h a n  those 3 
ob ta ined  wi th  the m e t h o d - o n e  prepara t ions .  2 

1 
The  X-ray diff ract ion pa t te rns  of  the var ious  prep- 3 

a ra t ions  are all s imilar .  As i l lustrated in Table  2, 3 
which gives the  diff ract ion da ta  for  U2N2Se, the pat-  0 
terns  co r re spond  to hexagona l  symmetry .  The  cell 2 
d imens ions  ob t a ined  for  the var ious  p repara t ions  are 2 2 
listed in Table  3. The  ca lcula ted  and  pycnomet r i c  4 
densit ies (as de te rmined  by immers ion  of  samples in 1 
b romobenzene )  are listed in co lumns  4 and  5 respec- 4 

3 t ively of  Table  3. The  densit ies require one s toichio-  4 
metr ic  molecule  per  uni t  cell. The  pycnomet r i c  values 3 
are somewha t  lower  t h a n  the calcula ted ones presum- 2 
ably due to the porous  na ture  of  the prepara t ions .  4 

1 
2 

Table  2. X - r a y  d i f f rac t ion  da ta  f o r  U2N2Se (Cu, Kct; 
2 =  1.54050 A) 

104x sin2 0 Relative intensities 
h k l Calculated Observed Calculated* Observed 
0 0 1 126 127 2"9 vw 
0 0 2 505 509 14"6 m -  
1 0 0 530 536 11-1 m -  
1 0 1 657 661 100 vvs 
1 0 2 1035 1040 37"2 s 
0 0 3 1136 1142 9"2 w+ 
1 1 0 1591 1600 27"5 m+ 
1 0 3 1666 1674 14"8 m 
1 1 1 1717 1720 0"6 v v w -  
0 0 4 2019 2026 1"4 vvw 
1 1 2 2096 2103 10"9 w+ 
2 0 0 2121 2124 1"4 vvw 
2 0 1 2248 2254 15-2 m 
1 0 4 2550 2554 9"4 w+ 
2 0 2 2626 2633 8"0 vw 
1 1 3 2727 2731 12"3 m -  
0 0 5 3155 3163 1.1 vvw 
2 0 3 3257 3263 4"4 vw 
1 1 4 3610 3618 3.0 vw-- 
1 0 5 3686 3695 3.8 vw 
2 1 0 3712 3720 1.0 vvw 
2 1 1 3839 3845 11-5 m 
2 0 4 4141 4148 3"9 vw 
2 1 2 4217 4226 6.8 vw4- 

Table  2 (cont . )  

104x sin 2 0 
l Calculated Observed 
6 4544 - -  0.0 
5 4746 4747 3"3 
0 4773 4778 3"8 
3 4848 4852 4"4 
1 4899t 0.1 
6 5074 5075 4.0 
5 5277 5276 2.1 
2 5278t 2"2 
4 5732 5730 4-9 
3 5909 5906 3.4 
6 6135 6133 0.2 
7 6185 6182 0"8 
0 6364 6362 2.8 
1 6490 - -  0-1 
6 6665 6665 3"1 
7 6715 6715 0"7 
4 6792 6789 1"3 

3"4 5 6868 6866 
2 6869 1.9 
0 6894~ 0"5 
1 7021 7019 5.7 

1 2 7399 7395 4.0 
2 3 7500 7500 3"2 
1 7 7776 7774 4-6 
0 5 7928 7926 2.6 
1 3 8030 8030 3.5 
0 8 8078~ 0.1 
1 6 8256 8254 7.0 
0 7 8306t 0"8 
2 4 8383 8379 1"5 
0 0 8485 8481 0-3 

3-2 0 8 8608 8609 
0 1 8611 3"5 
1 4 8914 8912 6-0 
0 2 8990 8988 2-7 
0 6 9317 - -  0.3 
2 5 9519 9519 4-8 
0 3 9621 9620 3.6 
1 8 9669 9669 1.2 
1 7 9897 9896 5.7 

a0=3.8622±0"0002 A; c0=6"8560 

Relative intensities 
Calculated* Observed 
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14- cos 2 20 
* (1.65 x 10-5) sin2OcosoPlFI2 where p=multiplicity and 

F= structure factor. 
t Coincident with the K~2 component of the preceding line. 

If  the or ig in  is chosen  at  the X a tom,  the meta l  a toms 
are at  + (3, J- za, ul) wi th  u~ ~ 0.28. The  Y a toms  have too  
small  a scat ter ing effect to  be located  by in tens i ty  con-  
s iderat ions.  However ,  the only  pos i t ions  which can 

2 a c c o m m o d a t e  the  Y a toms  are + (½, 7, u2) wi th  u2 ~ 0-63. 
Thus  it is conc luded  t ha t  the  c o m p o u n d s  have  the  

Ce202S type o f  s t ruc ture :  

Space group"  P 3 m l  (DIs )  
2M in + (½,-~-, u~) 
2Y in + (½, 3, u2) 
1X in (000) 

The  observed intensit ies give the same value, 
u~=0 .293+0 .005 ,  for  each of  the arsenic  and  sele- 
n ium compounds ,  and  u1=0"278 +0.005 for  each of  
the p h o s p h o r u s  and  sulfur compounds .  I t  is reason-  
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Th2(N, O)2As 
Th2N2Se 
Th2(N, O)2P 
Th2N2S 
U2N2As 
Se 
P 
S 

Table 3: Densities and crystal structure data for the M z Y 2 X  compounds. 

Density, g.cm-3 
a (A) c (A) Calc 

4.041 + 0.001 6.979 + 0.002 9.58 
4.0287 + 0.0002 • 7.156 + 0.001 9.43 
4.0285 + 0.0003 6.835 _ 0.001 9.08 
4.008 + 0.001 6-920 + 0.002 9.04 
3.833 + 0.001 6.737 + 0.001 11.22 
3.8622 + 0-0005 6.856 + 0.001 10.94 
3.802 + 0.001 6.552 + 0.002 10.84 
3.828 + 0.001 6.587+0.002 10.65 

M-4Y 
Th2(N, O)zAs 2.39 _+ 0.02/~ 
ThzNzSe 2.39 
Th2(N, O)2P 2.41 
ThzN2S 2-41 
UzN2As 2.27 
Se 2.29 
P 2-29 
S 2.28 

Pycn 
9.3 
7.9 
8 . 5  
8.1 

9.0 
8.7 
9.83 

M-3X 
3.10+0.03 A 
3.13 
3.00 
3.01 
2-97 
3.00 
2.85 
2.87 

U l  U 2  

0-293 + 0.005 0"635 
0"293 0.628 
0"278 0"630 
0-278 0-626 
0.293 0"630 
0"293 0"628 
0-278 0-626 
0"278 0"627 

able to adjust t he  uz value such that the Y atom is 
placed equidistantly from the four nearest M atoms. 

Table 3 gives the parameter values and the bond 
lengths M -  4Y and M - 3X for the various compounds. 
As reported in the paper describing the Ce2028 struc- 
ture (Zachariasen, 1949), the M - 4 Y  distances are 
shorter, and the M - 3 X  distances longer, than would 
be anticipated i from the atomic radii. This apparent 
anomaly can be attributed to the fact t h a t  the M - Y  
and M - X  bonds do not  have the same strength 
(Pauling, 1929; Zachariasen, 1963). Thus, in Ce/O/S 

the bond strengths are 0"50 for the Ce-O and 0-33 for 
the Ce-S bonds. - 

Chemical analyses were done by R. D. Gardner in the 
Analytical Group of the Los Alamos Scientific Labo- 
ratory. • 
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• 

The crystal structure of OL-valine has been determined by the use of the symbolic addition phase deter- 
mination method of  Karle & Karle. oe-val ine  crystallizes in the space group P21/e with cell 
dimensions a = 5"21 + 0.02; b = 22.10 + 0.04; e = 5.41 + 0.02 J~ and/~ = 109.2 o with Z =  4. The molecules  
are held  together bY a series of  hydrogen bonds in a three-dimensional network. The conformation 
of  the Valine molecule  is found to be similar to •that found in the hydrohalide derivatives of  valine. 
A comparative account of  the molecular features of  the valine molecule  as found here and in the other 
structures is briefly given at the end. 

..: 

Inh'oduct ion 

Valine is an essential amino acid whose chemical for- 
mula is 

N H z - - C H - - C O O H  • 
I 

C H  
/ \ 

C H 3  CH3 
: .  

• Cont r ibut ion  No. 243 f rom the Centre of Advanced Study 
in Physics, University of Madras,  Madras-25;  India. 

The crystal structures of Livaline hydrochloride mono- 
hydrate (Rao, 4967) and L-valine hydrochloride (Par-  
thasarathy, 1966; Ando, Ashida, Sasada & Kakudo, 
1967) have been recently determined. In these two struc- 
tures the conformation of the valine molecule is similar 
except for the orientation of the methyl pair at the 
terminal end of the valine residue. Three different ori- 
entations are possible for the methyl pair and two of 
these have been found to occur, one in each of the 
above two structures. Recent conformational studies 
on poly-L-valine have indicated (C. M. Venkatachalam, 


