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Table 2. Effects of various factors on the intensities 
relative to 1010" 

Change in 
One - 

dimensional Grinding, 
disorder after 

produced by Frey 
hkil grinding (1948) 
lOiO - -  ~ - -  
0 0 0 2  I I I 
lOi l  D D - -  
lOi2 D D - -  
11~0 I I I 
10i3 D D - -  
2 o ~ o  ~-- } 
1122 D I I 
20~1 

sulphur parameter 
on calculated 

Presence values 
of cubic - " 

ZnS u=0.36 u----0.39" 
100 100 
55 73 

I22 98 
32 42 
73 73 
79 65 
11 11 
41 55 
17 14 

* - - represents  no change, I an increase from normal hex- 
agonal ZnS, and D a decrease from normal hexagonal ZnS. 

and  calculated intensit ies,  i t  appears  l ikely t h a t  the  ob- 
served intensi t ies  referred to above are in error. The 
discrepancies m a y  originate from a number  of different 
factors some of which will now be briefly discussed. 

The occurrence of one-dimensional disorder in the 
hexagonal  (wurtzite) s t ructure  (Frondel & Palache,  1950; 
Strock & Brophy,  1955) is observed, for example, in 
crystals  which have been cooled a t  a ra te  in termediate  
between the  quenching necessary for the preservat ion of 
the  hexagonal  form and  the slow cooling necessary for the 
fornaation of the cubic form (Kremheller,  1955). Par t i a l  
disorder of this  type  results  in changes in the relat ive 
intensities.  

Any par t icular  sample m a y  also include some mater ia l  
of pure ly  cubic structure,  which is the  stable form at  
room tempera ture  and m a y  well be formed in the course 
of preparat ion.  I n  addit ion,  i t  is known t h a t  gr inding can 
result  in the t ransformat ion  from hexagonal  to cubic 
(Schleede & Gan tzckow 1923 ; Prey,  1948). In  prepar ing 
the da ta  in the second column of Table 2, X- ray  powder 
photographs  were t aken  of hexagonal mater ia l  submi t ted  
to successively severe grinding, and it was observed tha t  
the gradual  appearance of cubic mater ia l  appeared to be 
associated wi th  progressive one-dimensional disordering 
of the  paren t  wurtzi te  structure.  

The effects on relat ive intensit ies of (1) hexagonal  

zinc sulphide having  a disordered s t ructure  and  (2) the  
presence of cubic zinc sulphide, are shown in Table 2. 
Comparison of Tables 1 and  2 shows t h a t  the  presence 
bo th  of par t ia l ly  disordered mater ia l  and  of cubic mater ia l  
would explain the discrepancy between Swanson & 
F u y a t ' s  results and  our values. 

Rela t ive  theoret ical  intensi t ies  depend upon an  as- 
sumed sulphur parameter ,  and  the  effects due to bo th  
increase and  decrease in this  parameter  are included in 
Table 2. I t  can be seen t h a t  an  incorrect value would not  
alone account  for the differences between the  observed 
values of, for example,  Swanson & F u y a t  and  the cal- 
culated values. 

Non-equiaxed crystals  can lead to preferred orienta- 
t ion in the specimen used in the X- ray  examinat ion,  and  
this  would, of course, affect, the relat ive intensities.  This 
factor m a y  be par t icular ly  significant in measurements  
made b y  counter diffractometer  methods.  In  the photo- 
graphic method  used by  the authors ,  the  crystals  com- 
prising the powder were approximate ly  uniform in size 
in all directions and  no or ientat ion effects should have 
been introduced.  
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The P phase is one of several t e rna ry  alloys of t ransi t ion- 
group metals  discovered by  Rideout ,  Manly,  Kamen,  
Lement  & Beck (1951). I n  the sys tem Mo-Ni-Cr  it. 
occupies a t  1200 ° C. a region in the t e rna ry  diagram in 
the neighborhood of a tom ratio 42:40:18,  between a 
t e rna ry  a-phase region around 27:28:45  and  a b inary  
5-phase region, Mo-Ni,  wi th  a tom ratio close to 50: 50. 
The crystal  s t ructure  of the a phase in some b inary  

* Sponsored by the Office of Ordnance Research. 

systems has  been previously described (Shoemaker & 
Bergman,  1950; Bergman & Shoemaker,  1954; Dickins.  
Douglas & Taylor,  1951a, b; Kasper,  Decker & Belanger.  
1951), and is closely related to the fl-uranium structure  
(Tucker, 1950; Tucker & Senio, 1953). The crystal  struc- 
ture of the ~ phase has not  ye t  been fLtlly solved (Shoe- 
maker,  Br ink  & Fox,  work in progress), but ,  like the  
P phase, i t  apparen t ly  has strong structural  relat ionships 
to the a phase. 

A specimen of P phase of Mo-Ni-Cr  of the above 
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composit ion was kindly furnished by Prof. Paul  A. Beck 
of the Univers i ty  of Illinois. By trial and  error wi th  Laue 
photography  a single crystal about, 50 microns in size 
was isolated from the crushed mater ia l  and  oriented, 
and  shown to have D ~  Laue symmetry .  By Weissenberg 
photography  wi th  Ni-fil tered Cu K a  radiation, and  preces- 
sion photography  wi th  Zr-filtered Me K~ radiation, the  
following lattice constants  were obta ined:  

a 0 =: 9-07-}-0.05, b 0 ---- 17-01~0-10, c o -- 4.74~=0.05 ~ .  

Spacings calculated from these lattice constants  check 
satisfactorily with powder lines over the  low-angle region 
investigated.  F rom a densi ty  value of 9.06 g.cm. -3 the  
number  of a toms in the  uni t  cell is calculated to be 
approximate ly  54.6. Reflections (Okl) with  k odd and 
reflections (hO1) with (h-~l) odd are absent,  l ead ingto  
D~-Pbnm or C~v-Pbn21 as the  space group. 

The uni t  cell resembles a a-phase cell wi th  a nearly 
doubled b axis and nearly doubled number  of atoms. 
As in the  o phase, the in tensi ty  distr ibut ion in the  recip- 
rocal latt ice is, aside from normal  decline, essentially 
invar iant  to translations A1----4n, showing tha t  the  
a toms are closely confined to layers ~c 0 apar t  and  sug- 
gesting strongly t ha t  the  first space group given (having 
a mirror plane) is the  correct one. The intensit ies of (h/c0) 
reflections correspond roughly to those in the  a phase, 
wi th  k values t h a t  are twice, or at  high values a little 
less than  twice, those in the  a phase. Similar correspon- 
dence, not  as strong, exists in (Mcl) and  (hk2) intensities. 
Ev iden t ly  the  structure is very closely related to t ha t  of 
the  a phase, which contains two pseudo-hexagonal  layers 
per cell wi th  axial orientations differing by  90 ° , bu t  the  
presence of the b glide in the  P-phase  structure requires 
tha t  both  orientat ions be present  in every main  layer. 
These considerations have led to the  trial s tructure shown 
in project ion in Fig. 1, wi th  atomic positions and  para- 
meters  given in Table 1. The uni t  cell contains 56 atoms. 

Agreement  between calculated and observed s t ructure  

), i o - , . . 

I 

Fig. 1. Projection of P-phase structure on (001). Light open 
circles indicate atoms at z ---- ~, heavy open circles indicate 
atoms at z ---- ~, lying in both cases on mirror planes. Filled 
circles indicate atoms at approximately 0.00 and also atoms 
at approximately 0.50 (coinciding in projection). 

Table 1. Approximate atomic parameters in P-phase 
structure 

Analogue 
Posi- in Coor- 

Atom tions x y z a phase* dination 

I 4(c) 0.063 0.118 ¼ A 12t 
II  4(c) 0.150 0.248 ¼ D 12t 

I I I  4(c) 0.340 0.158 ~ D 12t 
IV 4(c) 0.590 0.190 ~ C 14 
V 4(c) 0.673 0-337 ¼ B 15 

v~ 4(c) 0.443 0.447 ~ (B) 16 
VII 4(c) 0.190 0.412 ¼ C 14 

VIII  4(c) 0.807 0-082 ¼ D 12t 
IX 4(c) 0.943 0.368 ¼ C 14 

X 4(c) 0.513 0.027 ¼ (C) (D) 15 
XI 8(d) 0.250 0.535 0.00 (E) 12t 

XII  8(d) 0.380 0.288 0.00 E 14 

* Bergman & Shoemaker (1954). 
"- Distorted regular icosahedron. 

factors for (hkO), (hbl) and (h/c2) is rough but  reasonably 
satisfactory for a trial structure,  especially considering 
the  fact tha t  differences in atomic scattering factor are 
necessarily ignored at  this stage. Ref inement  operations 
are in progress. 

While no main layer const i tutes  an infinite continuous 
pseudo-hexagonal  ne t  wi th  a single orientation,  such nets, 
somewhat  imperfect,  m a y  be said to exist if t hey  may  be 
though t  of as 's tepping'  from layer to layer. Wi th in  any  
given main layer it will be no ted  tha t  half of the  hexagonal  
holes present  in the  a phase have become distor ted 
pentagons  in the P phase. This results in the  reduct ion 
of the  coordination numbers  of half of the a toms in the 
subsidiary layers from 14 to 12. An interest ing difference 
be tween this structure and  the  a-phase structure is the 
fact t ha t  in this s tructure a larger proport ion (7 a as 
compared to ½) of the  a toms have the  12-fold coordina- 
t ion represented by a regular icosahedron, somewhat  
distorted.  

We wish to thank  ~ F rank  C. Wilson for making  
densi ty  determinat ions  and  chemical analyses of the  
alloy. 
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