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The Crystal Structure of Ti2Ni 
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The crystal structure of Ti2Ni has been determined from powder specimens. The unit cell is face- 
centered cubic with 96 atoms and dimension a=11.278+_0.001 /I at  21 °C. The space group is 
O~z-Fd3m. 64 t i tanium atoms are in positions 48f and 16c, and 32 nickel atoms are in positions 32e. 
The atomic parameters, X_~i =0 .215_  0.001 and Xwi=0.810 ___ 0.002, were determined by trial and 
error. 

Introduct ion 

Laves & Wal lbaum (1939) s ta ted  t h a t  the Ti2Ni phase 
had  a complex face-centered cubic s t ruc ture  with 96 
a toms per  uni t  cell. No value of cell constant  was given. 
Duwez & Taylor  (1950) invest igated several Ti2X 
phases and  found Ti2Ni to be face-centered cubic with 
a densi ty  of 5.77 g.cm. -8 and lat t ice constant  of 
11.310 kX.  un i t s - -g iv ing  96 a toms per unit  cell. 
Rostoker  (1952) repor ted the  s t ruc ture  for Ti2Ni to 
be face-centered cubic (FeaW3C type) and the cell side 
to be 11.29 A. Yurko  et al. (1958) found the  cell side 
to be 11.278 / l  a t  21 ° C. The purpose of the  present  
invest igat ion was to obtain  the complete crystal  struc- 
ture  of the phase. 

E x p e r i m e n t a l  

The stoiehiometrie alloy (33.33 at. % Ni) was prepared  
from iodide t i t an ium and spectrographic s t anda rd  
nickel by  levi tat ion melt ing (Yurko et al., 1958). The 
ingots were crushed and - 2 0 0  mesh particles were 
annealed a t  700 °C. and  examined by  both powder  
camera and Geiger di f f ractometer  techniques using 
Co K s  radiat ion.  The densi ty  was determined by the 

pycnometer  method  on a 25 g. sample of the  crushed 
and annealed powder,  making  the  usual corrections. 
The cell constant  was determined by  methods  pre- 
viously described (Yurko et al., 1958). 

In tens i ty  d a t a  were obtained by  measur ing with a 
p lanimeter  the  areas under  reflection peaks  on two 
dif f ractometer  charts.  Values obtained for the two 
charts  general ly agreed within 5 %. An average figure 
was taken.  The intensities of reflections too weak to 
be measured  in this way  were es t imated from a powder  
photograph,  t aken  with a Philips 11.483 cm. d iameter  
camera of the  S t raumanis  type.  The es t imat ion was 
made  visually, by  comparing the  weak lines with 
slightly s tronger  reflections whose intensities had  been 
measured on the dif f ractometer  chart .  

Unit  cell  and space group 

From the cell constant  of 11.278 _+ 0-001 /l  and  the  
measured  densi ty  of 5.723 _+ 0.001 g.cm. -3, the number  
of a toms per  uni t  cell is evaluated  a t  96.0. 

The sys temat ic  absences were found to obey the  
following rules" 
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hkl: absent  for hkl mixed  odd and  even, 
hhl: absent  for h + l = 2n + 1, 
01d: absent  for/c + 1 ~: 4n. 

Hence the most  probable  space group is O~-Fd3m. 

Determination of structure 
The International Tables (1952) show the O~ space 
group to have  several  possible a r rangements  of 96 
atoms. The 96g and  96h positions were rejected since 
a p re l iminary  examina t ion  showed t ha t  s tructures 
giving line intensi t ies  approaching those observed 
would contain unreasonably  small  in tera tomic  dis- 
tances. There remained  several possible combinat ions  
of 48f, 32e, 16d, 16c, 8b and  8a. In  order t ha t  the 
distances between pairs  of a toms should be approxi- 
ma te ly  the same as the  sum of the atomic radii  of the 
const i tuent  atoms, the  most  probable  coordinates m a y  
be shown to be those of 48f, 32e and  16c. The 32 nickel 
a toms are most  l ikely to occupy the 32e positions and  
the 64 t i t an ium atoms the 48f and  16c positions. 

The parameters  for nickel and  t i t an ium atoms were 
de te rmined  by  tr ial  and  error. The intensit ies of re- 
flections tha t  do not  depend on the positions of the 48f 

Table 1. Observed and calculated intensities 

I¢=P(1 +cos 2 20)/(sin 2 0 cos 0). {.Fhkl} 2 

hkl Io Ic hkl Io Ic 
111 16 18"4 842 13 13-8 
200 nd 0 664 nd 0.03 
220 2* 2.6 931 4 2.3 
311 nd 0-08 844 nd 0.02 
222 9 11.8 933 } { 27.2 
400 3* 4.2 771 45 1.2 
331 6 7-7 755 13.7 
422 49 44.8 10,0,0 nd 0 

8o ) ,o 

, o . ,  000) {0 °°°1 {00 
442 15.4 10,2,2 10 8.8 
620 nd 0.06 775} 9 { 6.7 
533 2* 0.9 11,1,1 0.5 
622 2* 0-9 955 } { 0.3 
444 6 5.6 971 6 5.0 

) { 5.6 11,3,1 0.2 711 7 
551 1.8 882 } 18 { 2.8 
642 3* 3.2 10,4,4 11.5 
731} 10 { 5-9 866 } 2" { 0.02 
553 4.1 10,6,0 0.20 
800 2* 2.9 10,6,2 12 10.5 
733 2" 1-2 12,0,0 ~ 35 , 12.8 
644 nd 0.4 884 [ ~( 24.0 +, {,,,.,, ) { 4+,, 
660 30.4 777 0.7 
751 } 14 { 0"7 12,2,2 } ' } 2"4 
555 11"9 10,6,4 57 60.0 
662 2* 1"6 11,5,3 ~ 8 2.8 
840 nd 0-2 9,7,5 2.8 
9 1 1 } 1 0 { 3 " 4  
753 4-2 

nd = not detected. 
* Intensity estimated from powder photograph. 

t i t an ium atoms depend only on the value of the nickel 
parameter ,  since the  16c t i t an ium atoms are invar iant .  
These reflections are 222; 442 ; 622 ; 662; 644; 842 ; 
882 and  10, 4, 4; and  10, 6, 2. A comparison of observed 
and  calculated intensit ies of these reflections gives a 
best value of 0.215 _+ 0.001 for the paramete r  of the 
nickel atoms. For these reflections, the discrepancy 
factor (R=X]Io- Ic[ / • Io)  is 0-19. (It should be noted 
tha t  this  d iscrepancy factor is calculated from in- 
tens i ty  values ra ther  t han  from structure-factor values, 
in order t ha t  more reflections m a y  be included. The 
discrepancy based upon structure-factor values would 
be smaller.) The change in discrepancy factor with 
pa ramete r  justif ies the accuracy quoted. Using this 
value for the  nickel atoms, the parameter  of the 48f  
t i t an ium atoms was found by  tr ial  and  error to be 
0.810 _+ 0-002. 

The comparison of observed and  calculated inten- 
sities is recorded in Table  1. No correction is made for 
absorpt ion or t empera ture  factors. The discrepancy 
factor for all 43 reflections is 0.10. 

Discussion of structure 
In  the structure,  as in the parent  metals,  the coor- 
d ina t ion  number  of all a toms is 12. The nickel a toms 
(32e) form regular  t e t rahedra  and the t i t an ium atoms 
(48f) regular octahedra.  This is indicated in Fig. 1, 
which shows a representat ive portion of the  cell. 
Each  nickel a tom has 3 nickel a toms and 9 t i t an ium 
atoms as nearest  neighbours,  while the  t i t an ium atoms 
have  ei ther  2 nickel and  10 t i t an ium,  4 nickel and  
8 t i t an ium,  or 6 nickel and  6 t i t an ium atoms as 
nearest  neighbours.  These results, together  with the 
in tera tomic  distances, are summar ized  in Table 2. 

The t i t an ium atoms are approx imate ly  the same 
distance apar t  as in pure t i t an ium (2.93/~), while the 
dis tance between nickel a toms is greater t han  tha t  in 
pure nickel (2.49 •). On the basis of atomic radii,  
one would expect  the T i -Ni  distance to be 2.71 ~,  

/ 
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\ 

Fig. 1. Representative portion of cell. 
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Tab le  2. Interatomic distances in Ti2Ni 

Atom 

Ni 

Ti 

Number 
Bond of bonds Distance 

iNi-Ni 3 2.87 ± 0.04 A 
Ni-Ti 3 2-49 ± 0.02 
Ni-Ti 3 2.57 ± 0.05 
Ni-Ti 3 2.91 ± 0-05 

12 

Ti-Ni 2 2.57 ± 0.05 
Ti-Ti 2 2.93 ± 0.02 
Ti-Ti 8 2.95 _+ 0.05 

12 

(1947) a n d  H u m e - R o t h e r y  & Coles (1954) h a v e  dis- 
cussed th i s  b e h a v i o u r  w i t h  pa r t i cu l a r  reference to  t h e  
t r a n s i t i o n  meta ls .  The  s t r e n g t h  of t h e  T i - N i  bond  is 
cons i s t en t  w i th  t he  la rge  N i - N i  d i s tance ,  since each 
group  of 4 n ickel  a t o m s  is comple t e ly  s u r r o u n d e d  b y  
t i t a n i u m  a toms .  

This  work  forms p a r t  of a p ro jec t  t h a t  is s u p p o r t e d  
b y  the  Defence  R e s e a r c h  B o a r d  of C a n a d a  (7510-27),  
a n d  b y  the  I n t e r n a t i o n a l  Nicke l  C o m p a n y  of Canada ,  
L imi ted .  

Ti Ti-Ni 2 2.57 ± 0.05 
Ti-Ni 2 2.91 ± 0.05 
Ti-Ti 2 2.93 ± 0-02 
Ti-Ti 6 2.95 ± 0.05 

12 

Ti Ti-Ni 6 2.49 i 0.02 
Ti-Ti 6 2.93 ± 0.00 

12 

whereas  the  ac tua l  d i s tances  are 2.49 _+ 0.02, 2.57 _+ 0.05 
a n d  2.91 _+ 0.05 /~, w i t h  an  ave rage  of 2.6(6) /~, since 
there  are equa l  n u m b e r s  of each type .  The  close ap- 
p roach  ind ica tes  an  increased  t e n d e n c y  towards  cova- 
l ency  be tween  t i t a n i u m  a n d  nickel  a toms .  P a u l i n g  
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Structure Cristalline du Cyano-9-Anthrac@ne 

PAI~ MLLE H. t~ABAUD ET J. CLASTt{E 

Laboratoire de Mindralogie et de Rayons X,  Facultd des Sciences, Universitd de Bordeaux, France 

(Regu le 21 mars 1959) 

The s t ructure  of 9-cyano-anthracene has been determined from rota t ion and ret igraph diagrams. 
Space group P212121, axial  lengths a = 17.1, b = 15.1, c = 3.93 A ; four molecules per  cell, X- ray  dens i ty  
1-30 g.cm. -a. All carbon and ni t rogen positions have been determined.  The anthracene  port ion of the 
molecule is found deformed from regular i ty  in a very  similar way  as in anthracene.  The CN group 
has normal internal  CN distance (1.15/~) and lies ra ther  close to the central C of the anthracene group 
(CC = 1.43 /~_). The isomorphous Br-9-methyl-10 anthracene  is under  s tudy.  

In troduc t ion  

Le Cyano-9 -an th rac~ne  C6H4. C H C  (CN).  C6H4 fair  par-  
t ie  d ' u n e  s@rie de d6riv6s an th rac~n iques  substitu@s en 
9-10,  pr@par6s au  Labo ra to i r e  de Chimie  Organ ique  
du  Professeur  R.  Calas de la Facu l t6  des Sciences de 
Bordeaux .  

Nous  avons  r e m a r q u 6  que le Cyano-9 -an th rac~ne  
pr6sente la m@me maflle  e t  le m@me groupe  spa t ia l  que 
le Bromo-9-me thy l -  10 -an th racene :  

Cyano- 9-anthrac@ne Bromo- 9- m@thyl- I 0-anthracene 

a---- 17,1 /~ a---- 17,6 /~ 
b= 15,1 b = 16,2 
c---- 3,93 c= 3,98 
P212121 P212121 

Cet te  iden t i t6  f a i s an t  prdvoir  une  s imi l i tude  de 
s t ruc tu re ,  et  pa r  l£-m@me une  s imi l i tude  des c h a m p s  
de forces de V a n  der  W a a l s  qui un i s sen t  les moldcules  
les unes  a u x  au t res  dans  le cristal ,  nous  avons  pens@ 


