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Weissenberg and  precession diffraction da ta  from a single 
crystal  of Zr2Co were found to corroborate  the St ruktur-  
bericht  Type C16 (CuA12) s t ruc ture  (Pearson, 1958) re- 
por ted  by  Nev i t t  & Downey  (1961): 

Space group D~-I4 /mcm,  
4 Co at (0, 0, 0; ½, ½, ½) ± (0, 0, ¼), 
8 Z r  a t  ( 0 , 0 , 0 ;  1 £,½)-{-(X, ½+X,  0; I + X , X ,  0) ~' 2 -- 

Eighteen  (hOl) reflections were used with  a least-squares 
program to de termine  the single s t ructura l  pa rame te r  as 
x--0.1679 -+ 0.0019. Ext rapola t ion  of spacings obta ined 
from Debye-Scher re r  pa t te rns  against  the Nelson-Ri ley  
funct ion (1945) resul ted in the te t ragonal  lat t ice param- 
eters:  a 0 = 6-363 A and c o = 5.469/l..  

Table 1. Comparison of observed and calculated 
structure factors for Zr2Co 

h0~ IFol F~ h0Z IFoi ~ 
002 41.0 +43.2 402 40.8 --37.0 
004 60.6 + 61-6 404 4.8 -- 6.6 
006 22.8 + 24.4 406 20.6 -- 23.4 
200 12.8 -- I2.2 600 53-4 +51-4 
202 57-0 -- 48-2 602 27.0 + 26.0 
204 7.6 -- 9.0 604 37.6 +41-8 
206 26-2 -- 27.2 800 9-0 -- 8.0 
400 4.8 -- 8.2 802 20.6 -- 25.0 

The (hO1) intensit ies were visually es t imated  from a 
series of t imed exposures of precession pa t te rns  obta ined 
wi th  Mo Kc~ radiat ion.  Lorentz  and  polarizat ion correc- 
tions were made  in the m a n n e r  of Lu  (1943), and  absorp- 
t ion corrections were made  in the m a n n e r  of Bradley  
(1935) wi th  the approximat ion  of cylindrical  s y m m e t r y  
for the needle-shaped crystal .  The scat ter ing factors of 
Thomas  & U m e d a  (1957) were modified for dispersion 

* Contribution No. 1015. Work was performed in the Ames 
Laboratory of the U.S. Atomic Energy Commission. 

corrections in the  manne r  of Dauben  & Temple ton  (1955), 
and the s t ruc ture  was refined on an IBM-650 with  the  
least-squares program of Senko as modified by F i t zwate r  
(1958). A comparison of observed and  calculated s t ruc ture  
factors per  un i t  formula is shown in Table 1. The tabula ted  
values give rise to the discrepancy indices: 

and 
R I  = z l IFol - I F c I I I Z l F o l  = 0.089 
Re ---- ~(IFol  - IFcI)V~Fo ~ = 0 . 0 0 9 .  

Isotropic t empera tu re  factors, Bco--4-08 / ~  and Bzr = 
3"06 A ~, were obtained and are ra the r  large. On this 
basis one would expect  appreciable vibrat ional  ampli- 
tudes in the compound  wi th  a relat ively high value for 
the en t ropy  of formation.  No the rmodynamic  da ta  are 
available for corroborat ion.  However ,  it  m a y  be noted  
tha t  the t empera tu re  factors for the  isostructural  com- 
pound,  Zr~Ni, (Kirkpatr ick,  Bailey & Smith,  1961) are 
of comparable  magni tude .  

R e f e r e n c e s  

BRADLEY, A. J .  (1935). Proc. Phys. Soc. 47, 879. 
DAUBEN, C. H.  & TE~nETON, D. I-I. (1955). Acta Cryst. 

8,  841. 
FITZWATER, D. R.  (1958). Unpubl ished Ph.D.  Thesis. 

Iowa State Univers i ty ,  Ames, Iowa.  
K[aKeA~ICX,  M. E. ,  BAILEY, D. M. & S~r~TE, J .  F. (1961). 

Acta Cryst. To be published. 
Lu,  C. S. (1943). Rev. Sci. Instrum. 14, 331. 
NELson, J .  B. & RILEy, D. P. (1945). Proc. Phys. Soc. 

57, 160. 
N~,vrrT, M. V. & DOWNEY, J .  W. (1961). Trans. Amer. 

Inst. Min. (Metall.) Engrs. To be published. 
P~.~a~SON, W. B. (1958). Handbook of Lattice Spacings and 

Structures of Metals and Alloys, p. 99. New York :  
Pergamon.  

TI~OyIAS, L. H.  & UlVI:EDA, K. (1957). J. Chem. Phys. 20, 
293. 

Acta Cryst. (1961). 14, 1084 

T h e  c r y s t a l  s t r u c t u r e  o f  CeTNia .*  By R. B. ROOF, Jr . ,  ALLEN C. LARSO~ and  DON T. CROMER, University 
of California, Los Alamos Scientific Laboratory, Los Alamos, New Mexico, U . S . A .  

(Received 25 

Vogel (1947), in a s tudy  of the  Ce-Ni phase diagram, 
repor ted the existence of six b inary  compounds  in this 
system. Of these, CeNi 3 and  CeNi 4 were listed as having 
uncer ta in  compositions. The existence of CeNi 3 has been 
verified (Cromer & Olsen, 1959), and  wha t  was though t  
to be CeNi 4 has been shown to be Ce2Ni ~ (Cromer & 
Larson,  1959). The most  Ce-rich compound  was repor ted  

January 1961) 

Table 1. Final least-squares parameters for CeTNi 3 

Position x z B (A 2) 
Ce 1 2(b) 1/3 0.7888_+ 0-0024 1-87_+ 0-24 
C% 6 ( c )  0.1250__ 0.0005 0-0 1-52--+0.14 
C% 6 ( c )  0"5391_+0.0005 0.8011±0-0012 1-85±0.14 
Ni 6 ( c )  0.8118_+0.0011 0-0496±0-0026 1.76-+0.32 

* Work performed under the auspices of the United States by Vogel to be C%Ni. We find this compound to be CeTNi 3. 
Atomic Energy Commission. In  a t t empt ing  to prepare C%Ni, Coffinberry (1960) was 
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hOl 

h 2'o 2"c 
l= 0 

2 25 17 
3 216 216 
4 106 98 
5 176 156 
6 -- 31 15 
7 -- 34 15 
8 36 36 
9 98 103 

10 73 70 
l l  37 32 

l =  1 

2 79 87 
3 299 300 
4 139 140 
5 328 317 
6 144 141 
7 88 91 
8 74 71 
9 47 54 

10 122 130 
11 51 65 

l =  2 

0 167 162 
1 282 269 
2 309 291 
3 120 130 
4 121 111 
5 139 126 
6 41 48 
7 79 92 
8 177 183 
9 38 48 

10 47 47 
11 49 57 

l= 3 
1 35 35 
2 187 176 
3 324 331 
4 113 115 
5 118 113 
6 184 183 
7 36 51 
8 54 62 
9 47 51 

10 45 53 
11 51 75 

/ = 4  

0 416 448 
1 104 106 
2 105 9I 
3 107 100 
4 69 66 

T a b l e  2. Observed and calculated structure factors for  CevNia 

If  Fo is nega t ive  the  minus  sign should  be i n t e r p r e t e d  as "less  t h a n "  

h Fo Fc 
5 112 94 
6 36 34 
7 84 68 
8 120 107 
9 84 68 

10 41 45 

/ = 5  

1 50 44 
2 95 78 
3 - -36 28 
4 63 72 
5 212 236 
6 --37 15 
7 65 61 
8 37 49 
9 -- 33 23 

l= 6 
0 187 192 
1 92 79 
2 106 89 
3 92 76 
4 --37 31 
5 124 120 
6 46 49 
7 36 44 
8 85 79 

l =  7 

1 - -37 20 
2 129 115 
3 138 140 
4 51 53 
5 35 45 
6 81 90 

/ = 8  

0 84 84 
1 76 72 
2 75 62 

hll 

l= 0 
2 121 159 
3 - -24  9 
4 40 51 
5 -- 31 18 
6 56 58 
7 ]82 201 
8 41 46 
9 31 26 

10 - 4 5  20 

l =  1 

2 267 284 
3 115 106 

h Po Pc 
4 149 123 
5 90 86 
6 44 52 
7 - -38 10 
8 --41 20 
9 44 45 

10 46 46 

/ = 2  

0 259 269 
1 129 116 
2 108 95 
3 21 22 
4 89 78 
5 111 103 
6 26 29 
7 40 53 
8 85 85 
9 - -44  27 

10 32 31 

l =  3 

0 31 35 
2 128 105 
3 94 86 
4 161 132 
5 134 121 
6 40 41 
7 --41 26 
8 - -43 7 
9 45 40 

10 72 69 

/ = 4  

0 115 106 
I -- 36 8 
2 102 86 
3 - -38  11 
4 28 36 
5 5O 69 
6 30 37 
7 137 127 

/ - - 5  

0 50 44 
2 195 185 
3 29 43 
4 --41 20 
5 - -42 17 
6 31 35 
7 - -44  9 

l=6 
0 87 79 
1 31 43 
2 93 87 
3 - -43 14 
4 31 40 
5 - -44  31 

h Fo Pc 
6 -- 44 7 
7 83 71 

/ = 7  

0 -- 44 20 
2 32 38 
3 45 42 
4 55 56 
5 63 69 

/ = 8  

0 55 72 
1 - -44  12 
2 - 44 22 
3 - -43 8 
4 - -42  16 
5 41 49 

hhl 

l= 0 
1 28 31 
2 327 371 
3 366 387 
4 20 32 
5 273 271 
6 60 65 

l =  2 

0 182 162 
1 127 116 
2 33 43 
3 102 102 
4 51 43 
5 64 59 
6 22 23 

l = 4  

0 472 448 
1 - 27 8 
2 201 203 
3 259 224 
4 - 3 1  27 
5 158 172 
6 49 44 

/ = 6  

0 221 192 
1 3I 43 
2 50 60 
3 131 141 
4 37 45 
5 93 92 

/ = 8  

0 86 84 
1 - 2 8  12 
2 82 53 

u n a b l e  t o  o b t a i n  a s ing le  p h a s e  a t  25 a t .  % Ni .  A s ing le  
p h a s e  w a s  n o t  o b t a i n e d  u n t i l  t h e  a l l o y  c o n t a i n e d  ca .  
30 a t .  % Ni .  

S ing le  c r y s t a l s  o f  t h e  p h a s e  in  q u e s t i o n  w e r e  o b t a i n e d  

f r o m  a n  a l l o y  c o n t a i n i n g  30.8 a t . %  Ni . *  T h i s  a l l o y  w a s  

* At  the  t ime  this  a h o y  was m a d e  the  c o m p o u n d  was 
t h o u g h t  to  be CegNi4; hence  the  compos i t ion  30.8 a t ,% Ni. 
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Fig. 1. (a) The s t ruc ture  in project ion down the  c axis showing the  po lyhedron  about  Ce 1. (b) The s t ruc ture  in project ion down 
the  b axis showing, f rom left  to r ight,  the  po lyhedra  abou t  Ni, Ce 2 and Ce a. 

The large open circles are Ce 1, the  do t t ed  circles are Ce~, the  l ined circles are Ces and  the  small open circles are Ni a toms.  
The z and  y coordinates are given. 
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are mel ted  and  then  hea t  t rea ted  in an evacua ted  quar tz  
tube  for about  two months  at  450 °C. Because the  alloy 
is slowly oxidized by  air, f ragments  were sealed in th in  
pyrex  capillaries for X- ray  examinat ion.  Using Me Ka 
X-rays  (4=0.7107 A) and  a precession camera,  the 
crystals were found to be hexagonal  wi th  a = 9.92 + 0-02 
and  c = 6.33 _+ 0.02 /~. Wi th  two C%Ni z per  uni t  cell the 
calcula ted densi ty  is 7.12 g.cm. -3, and the  measured 
densi ty  of the gross alloy was 7-12 g.cm. -3. Reflections 
of type  hhl with  l =2n ÷ 1 were sys temat ical ly  absent.  
Thus the space group is P6amC, P-62c or P6s/mmc. For  
in tensi ty  data ,  sets of t imed  exposures for each of the 
levels hO1, hhl and  hll  were made  wi th  a precession camera  
and  Me Ka radiat ion.  Intensi t ies  were es t imated  visually 
by comparison with  a series of spots of known relat ive 
intensi ty .  Lp corrections (Waser, 1951) were computed  
wi th  an IBM 704. :No absorpt ion corrections were made.  

Considerations of a tomic volumes had  indicated  t ha t  
the  most  likely formula  of the  compound  was CeTNi 3. 
An hO1 Pat te r son  project ion was computed .  Inspect ion  
of this Pa t te r son  quickly showed tha t  the  space group 
could no t  be P63/mmc, and a t en ta t ive  s t ruc ture  was 
deduced by using space group P6amc. I t  was then  realized 
tha t  the  compound  is isostructural  wi th  the TheM s 
compounds  described by Florio et al. (1956). 

The s t ruc ture  was refined by  least-squares using an 
IBM-704. Separate  scale factors for each of the three 
reciprocal latt ice levels and individual  isotropic tem- 
pera ture  factors were used as parameters  in addi t ion 
to the position parameters .  The full mat r ix  was used to 
de termine  pa ramete r  shifts and s t andard  deviations.  
F o r m  factors were used in funct ional  form with  the 
parameters  given by  For sy th  & Wells (1959). P6amc is 
a polar space group, thus the value of one z pa rame te r  
is arbi t rary .  The z of Ce 2 was, therefore,  held fixed a t  
zero. The results of the least-squares calculations are 
given in Table 1. These values m a y  be compared  wi th  
those of Florio et al. by adding ¼ to the  present  z param-  
eters. The list of observed and calculated s t ruc ture  factors 
is given in Table 2. Wi th  unobserved reflections omit ted ,  
the overall  value of R is 9.1%. For  the levels hO1, hhl and 
hll, R is respect ively 7.7, 9.1 and  11.7%. 

The in tera tomic  distances are given in Table 3. The 
a toms listed are those which satisfy the defini t ion of a 
neighbor given by F r a n k  & Kasper  (1958). The Iqi a tom 
has nine Ce neighbors forming a polyhedron wi th  14 
three-sided faces. The six closest a toms are a t  the corners 
of a dis tor ted tr igonal  prism, and  the other  three a toms 
lie ou tward  from the rec tangular  faces of this prism. 
Each  Ce a tom has 15 neighbors.  Ce 1 has three Ni and 12 Ce 
neighbors which form a po lyhedron  with  26 three-sided 

Table 3. Interatomic distances in Ce~Nia 
The numerals in parentheses denote the number of crystallo- 
graphically equivalent distances. The standard deviation of 

these distances is about 0.025 A. 

Cel-Ni (3) 2-92 /~ C%-Ni (2) 2.83 A 
-C% (3) 3-82 -Ni (2) 3-53 
-Ce 3 (3) 3.54 -Ce 1 3.54 
-Ce 3 (3) 3.79 -C% 3.79 
-Ce 3 (3) 3-91 -Ce 1 3.91 

-C% (2) 3-66 
-Ce 2 (2) 3-77 

C%-Ni (2) 2.87 -Ce s (2) 3.44 
-Ni 3.05 -C% (2) 3"80 
-Ni 3" 64 
-Ce I 3.82 Ni-C% 2-92 
-C% (2) 3.72 -C% (2) 2.87 
-C% (4) 3.82 -C% 3-05 
-Ce 3 (2) 3.66 -C% 3.64 
-Ce 3 (2) 3.77 -Ce a (2) 2.83 

-C% (2) 3"53 

faces. Ce a has four Ni and  11 Ce neighbors also forming 
a polyhedron with  26 three-sided faces bu t  different from 
tha t  about  Ce I. Ce~ has four Ni and 11 Ce neighbors which 
form a polyhedron having  22 three-sided faces and two 
four-sided faces. These po lyhedra  are outl ined in Fig. 1. 
All of the edges of the  convex polyhedra  about  the  Ni 
a tom and  Ce 2 join common neighbors bu t  this is no t  the  
case for Ce 1 and C%. 

I n  the  paper  by  Florio et al. (1956), Table 1, which  
lists the in tera tomic  distances in ThTFez, is in error wi th  
respect to both  the  dis tance given and  the identif icat ion 
of the neighbors.  The neighbors in ThTFe 3 correspond wi th  
those given in our Table 3, and the  actual  distances,  
in mos t  cases, differ by about  0.05 J~. 

We wish to t h a n k  V. O. Struebing and  A. S. Coffin- 
ber ry  for prepar ing and  hea t  t rea t ing  the  specimen. 
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There was a t ime when  the crystal  s t ruc ture  of the  omega Spachner,  1958), bu t  it has now been established (Bagar- 
phase in t i t an ium alloys was the  subject  of some doubt  jatskij  & Nosova,  1958; Silcock, 1958). The omega phase  
(Silcoek, Davies & Hardy ,  1955; Bagarja tski j ,  Tagunova  has a hexagonal  lat t ice wi th  c/a = 0.612-0.613 in Ti-base 
& Nosova,  1955; Yoshida, 1956; Aust in & Doig, 1957; alloys (Silcock et al., 1955; Bagarja tski j  et al., 1955; 


