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The Structure  of YNi* 
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The structure of the intermediate phase YNi was determined by X-ray diffraction with single- 
crystal techniques. YNi crystallizes with monoclinic symmetry in space group P21/b (C~h). The 
lattice parameters are a =4-114, b = 7.14, and c = 5.501 A with ~ = 90.0 __ 0.5 °. The atomic arrange- 
ment is pseudo-orthorhombic and differs from the B27 type structure only in a displacement of 
atomic coordinates along the short crystallographic axis. 

Introduction 

The phase relationships in the y t t r ium-n icke l  system 
have been investigated independent ly  by  Beaudry  & 
Daane (1960) and by  Domagala,  Rausch & Levinson 
(1961). While these two investigations show some 
dispar i ty  in the nickel-rich portion of the system, 
they  are otherwise in good agreement and both indicate 
tha t  one of the in termediate  phases is a congruently 
melt ing compound with stoichiometry YNi. On the 
basis of Weissenberg pat terns  taken of single crystals 
with C u K a  radiation,  Beaudry  & Daane have 
reported tha t  YNi appears to be orthorhombic with 
mmm (D2h) diffraction symmetry .  Their values for 
the latt ice parameters  are 

a=4-10_+0.02, b=5.51_+0.02, c = 7 . 1 2 + 0 . 0 2  A 

which with their  measured densi ty of 6.1 g.cm -a 
indicate tha t  there should be four atoms of each 
species per uni t  cell. Beaudry  & Daane made no 
a t t empt  to determine the atomic coordinates wi th in  
the un i t  cell. However, these investigators were kind 
enough to furnish crystals for the present investiga- 
tion. The chemical analyses of the consti tuent elements 
which were used to prepare the crystals are quoted in 
the original paper. A subsequent  electron probe 
microanalysis  of one of the crystals indicates a nickel 
content of 50 -+ 3 a t .% in agreement  wi th  the stoi- 
chiometry YNi. 

S y m m e t r y  and unit cell d imensions  

The available crystals of the compound were all 
i rregularly shaped. Examina t ion  of Weissenberg 
pat terns  taken  with Cu K s  radiat ion showed tha t  the 
positions of the diffraction max ima  were in accord 
with the symmet ry  mmm (D2h) reported by Beaudry  
& Daane;  however, the intensit ies of symmetry-  
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related reflections showed marked inconsistencies 
with this diffraction symmetry .  The irregular shapes 
of the crystals combined with the high absorption of 
Cu Kc~ radiat ion by YNi made the significance of 
these intensi ty  violations highly questionable. Addi- 
t ional pat terns were then taken with Ag K a  radiat ion 
since the absorption problem with this  radiat ion is 
not severe. The definit ive pat terns  were the 0/el and 
hkO precession patterns.  The Okl precession pa t te rn  
exhibi ted C2z symmet ry  in both the position and 
in tens i ty  of symmetry-re la ted  reflections while the 
h/c0 precession pat tern  showed intensi ty  violations of 
the mirror relations of C2z symmet ry  even though 
the positions of the diffraction max ima  were con- 

sistent with this symmetry. Thus the true symmetry 
around the c axis was indicated to be C2 ra ther  
t han  C2z, and on this basis i t  was concluded tha t  the 
actual  symmet ry  of the atomic ar rangement  was 
monoclinic 2/m (C2h), the symmet ry  mmm (D2h) being 
a pseudosymmetry.  

The following latt ice parameters  were obtained:  

a0=4.114_+0-004, b0=7.14_+0-01 , 
co = 5.501 _+ 0.008 A; )' = 90-0 _+ 0-5 °. 

The monoclinic angle was determined from measure- 
ments  of the interaxial  angle on an h/c0 precession 
pat tern.  The parameter  bo was determined from the 
layer line spacings on a rotat ion film. The parameters  

Co and a0 sin )' were determined with somewhat better 
precision from a back-reflection Weissenberg pa t te rn  
with 21 observed reflections in the range 42°<  0 < 72 °. 
These lat ter  da ta  were fit  by  the method of least 
squares to the Nelson & Ri ley  (1945) function to 
evaluate  Co and a0 sin),. Since ) '=90.0_+0.5 °, then  
s in) ' - - I_+0-00004 and a0s in ) '  is within the un- 
cer ta inty  equal to a0. I t  m a y  be noted tha t  these 
latt ice parameters  with appropriate  interchange of 
notat ion are in accord with those reported by  Beaudry  
& Daane. 

Examina t ion  of the diffraction da ta  for char- 
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ac te r i s t ic  ex t inc t ions  showed t h a t  ref lect ions occurred 
as follows : 

hkl no condi t ions  
h/c0 k = 2n 
00l 1-- 2 n .  

These  condi t ions  combined  wi th  the  d i f f rac t ion  sym-  
m e t r y  i m p l y  t h a t  the  space g roup  s y m m e t r y  is 
P2,/b (C~h). 

S t r u c t u r e  d e t e r m i n a t i o n  

I n t e n s i t y  d a t a  were a c c u m u l a t e d  for 31 i n d e p e n d e n t  
ref lect ions of the  t y p e  hkO and  27 i n d e p e n d e n t  re- 
f lect ions of the  t y p e  Okl. The i n t e n s i t y  d a t a  were 
ob t a ined  b y  v isual  e s t ima t ion  of t i m e d  exposures  
t a k e n  w i th  a precession camera  a n d  Ag K a  rad ia t ion .  
S t a n d a r d  correct ions  were made  for Loren tz  a n d  
po la r i za t ion  factors ,  b u t  no add i t iona l  correct ions 
were appl ied.  These  d a t a  were used to syn thes ize  
P(x, y) a n d  P(y ,  z) P a t t e r s o n  funct ions .  Since there  

was no ind ica t ion  t h a t  ref lect ions w i th  / c + / = 2 n  
were especia l ly  s t rong  as requ i red  b y  occupancy  of 
the  special  pos i t ions  in  space g roup  P21/b (C~h), i t  
was pos tu l a t ed  t h a t  b o t h  a tomic  species should  be 
p laced  in  fourfold genera l  sets of the  t y p e  4(e)- 
+_ (xyz), +_ (x, ½ + y ,  ½ - z ) .  I n t e r p r e t a t i o n  of the  Pa t -  

t e r son  func t ions  in t e rms  of these  pos i t iona l  con- 
s idera t ions  led to  the  pos tu l a t ion  of the  fol lowing 
t r ia l  s t ruc ture"  x~i ~-- xy -~ ¼ ; y~i --- ~0 ; yY --- } ; zNi --- s ~ ; 
and  zy ~ ~.  This  t r ia l  s t ruc tu re  was ref ined b y  the  
m e t h o d  of leas t  squares  on an  I B M  7074 c o m p u t e r  
w i th  the  p r o g r a m  of Bus ing ,  Mar t i n  & L e v y  (1960). 
In  order  to  check the  cons i s tency  of t he  da ta ,  va lues  
for the  y p a r a m e t e r s  were ob t a ined  b y  ref in ing each  
of the  two sets  of d a t a  i n d e p e n d e n t l y ;  the  resu l t ing  
values  were yNi ---- 0"037 + 0"001 and  yy  ---- 0.181 _+ 0"001 
f rom hkO d a t a  and  yni  = 0"035_+0.002 and  y ~ - -  
0.179_+0.001 from Okl da ta .  Subsequen t  r e f i n e m e n t  
of the  composi te  d a t a  led to  the  pos i t iona l  coordina tes  
and  isotropic  t e m p e r a t u r e  fac tors  shown in Table  1 
w i th  a residual ,  R=ZI]FoI-IFol]/_~IFo], of 8-1%. 

Tab le  1. Refined structural parameters for YNi  

Ni in 4(e) Y in 4(e) 

x = 0.245 _ 0"006 x = 0.249 +- 0.004 
y ---- 0.037+-0.001 y = 0.181__0.001 
z = 0.622+_0-002 z = 0.132_+0.001 

B/A 2 = 0.653 +- 0-215 B/% 2 = 0.075 +- 0.106 

Table  2. Observed and calculated structure factors 
for Y N i  

Ok£ I Fobs ; Fcalc hkO ; Fob s ] Fcalc 

040 11.5 12.0 040 11.7 12.0 
060 41.3 42.1 060 39.1 42.1 
080 36.8 -38.2 080 38.1 -38.2 
004 76.9 -75.4 400 59.0 62.2 
013 5.8 4.9 320 42.0 45.0 
014 6.6 7.0 520 37.3 -30.9 
015 8.5 9.0 140 22.4 2405 
016 40.6 35.9 240 12.8 -10,5 
023 9.7 -12o7 340 23.5 -22.1 
025 21.0 19.0 440 8.2 6.8 
031 58.7 -59.0 540 21,0 19.2 
032 8.9 - 8.5 160 46.6 -45.3 
033 55.9 52.7 260 52.3 -39.8 
035 32.3 32.9 360 45.1 36.1 
037 33.6 -33.8 460 40,5 33.2 
041 52.2 56.4 180 32.0 -30.6 
043 47.0 43.2 280 38.7 34.4 
045 43.3 -41.1 380 37.3 26.6 
047 21.9 -22.4 320 46.5 -48.6 
051 15o7 17.i 520 32.3 34°4 

053 20.7 -20ol 140 17.1 -23.2 
064 38.3 -34,0 240 10.3 - 8.8 
072 51.9 -58.0 340 20.6 19.5 
084 32.6 32.4 540 17.8 -16.5 
091 6.1 - 9.5 160 33.0 46.0 
093 10.2 12.0 260 30.2 -36.4 
0,i0,i 25.3 27.8 360 34.1 -38.2 

~60 34.1 28.0 
~80 26.2 29.8 
280 28,8 36.8 
380 28.0 -24.6 

Table  3. Interatomic distances and coordination in YNi  

Atom 

Ni 

Number of 
Neighbor neighbors Distance 

Ni 1 2-48 A 
Ni 1 2.55 
Y l 2.87 
Y 2 2.89 
Y 2 2.9O 
Y 1 2.93 
Y 1 2.99 

Ni 1 2.87 
Ni 2 2.89 
Ni 2 2.90 
Ni 1 2-93 
Ni 1 2.99 
Y 1 3.57 
Y 1 3-58 
Y 1 3.60 
Y 1 3.61 
Y 2 3 .80  

A compar i son  of observed  a n d  ca lcu la ted  s t ruc tu re  
fac tors  is shown in Tab le  2. I n t e r a t o m i c  d i s tances  a n d  
coord ina t ion  are shown in Table  3. 

Since the  x p a r a m e t e r s  are bo th  qui te  near  ¼, 
convergence  of t he  r e f i nemen t  p r o g r a m  was checked 
b y  a r b i t r a r i l y  d isp lac ing  the  y t t r i u m  a n d  nickel  
coord ina tes  in  the  var ious  possible combina t ions  of 
¼+ a n d  ¼-. I n  all cases the  x p a r a m e t e r s  ref ined back  
to  the  t a b u l a t e d  values.  F u r t h e r ,  i t  m a y  be no t ed  
t h a t  even  t h o u g h  the  unce r t a in t i e s  ind ica te  t h a t  b o t h  
x coord ina tes  could be a t  ¼ such pos i t ion ing  would  
place t he  s t ruc tu re  in  mmm (D2h) s y m m e t r y  a n d  
would  requi re  t h a t  h + 1- -2n  in hOl da ta .  E x a m i n a t i o n  
of hOl ref lect ions showed t h a t  403 a n d  304 were weak  
b u t  de f in i t e ly  observable .  Thus  a t  leas t  one of t he  
x coord ina tes  is o ther  t h a n  I .  

Because  of the  l imi ted  n u m b e r  of observed  reflec- 
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tions, particularly of the type 00l, there existed the 
possibility that  the observed characteristic extinctions 
were fortuitous. Therefore refinements were also 
performed in space groups P21 and Pb. In both cases 
the refinement converged to the same positional 
parameters and temperature factors as for P21/b. 
In addition the general set in both these non-centric 
space groups is twofold, two such sets being oc- 
cupied by nickel and two by yttrium. The Busing, 
Martin & Levy program generates a correlation 
matrix during the refinement procedure. In both 
space groups this correlation matrix indicated correla- 
tion probabilities of 90-99% between twofold sets 
containing the same atomic species, and thus the 
correlation indicates a relationship which generates 
the fourfold sets of P21/b. 

D i s c u s s i o n  

The YNi structure is closely related to the ortho- 
rhombic ThNi structure (Florio, Baenziger & Rundle, 
1956). The structural relationship can be shown by 
choosing a double unit cell for YNi with a = 14.28, 
b =4.11, and c=5.50 A. Then in comparison the ThNi 
lattice parameters are a=14.15, b=4.31, and c= 
5.73 A. The atoms are arranged in this large YNi 
unit cell in two sets of the type _+ (xyz; 1+ x, y, ½ - z ;  
½+x, y, z; ~+x,  y, ½-z) with xNi=0"019, ym=0.245, 
ZNi=0"622 and x~=0.090, yy=0-249, zy=0.132. Again 
in comparison the atoms in the ThNi structure are 
in two sets of the type _+ (xyz ; ~ + x, y, z ; 1+ x, y, { - z ; 

+ x, y, ½ - z) with xNj = 0.018, ym = 0"250, zNi = 0"630 
and XT~=0"094, yw~=0"250, ZTh=0"140. Thus a defi- 
nite structural relationship is evident, the primary 
difference being in the sequence of the z parameters. 
A second significant difference is in symmetry with 
the lower symmetry of YNi resulting from the failure 
of the atoms to occupy the y=¼ positions. 

This failure of the yttrium and nickel atoms to 
occupy the ¼ and ~ positions along the short axis 
is the only structural feature which differentiates the 
YNi structure from the B27 type structure (Pearson, 
1958) typified by FeB (BjurstrSm & Arnfelt, 1929; 
BjurstrSm, 1933). Otherwise, the positional parameters 
and axial ratios of YNi are quite comparable to known 
B27 structures, and for classification purposes YNi 
should be included with this latter group. 
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The crystal  s t ructure  of the a modif icat ion of p-ni t rophenol  near  90 °K has been de termined by the  
use of par t ia l  three-dimensional  data .  The cell dimensions are a = 11.66, b = 8.78, c = 6.098 A, 
fl= 107 ° 32'. The space group is P21/n and Z =4.  The crystals contain  chains of hydrogen-bonded  
molecules. The benzene r ing is planar  but  the ni t rogen and  oxygen a toms are displaced from the 
benzene-ring plane by  amounts  vary ing  from 0-03-0-07 /~. 

In troduct ion  

The structure analysis of the c~ modification of 
p-nitrophenol (I), started in 1957 and reported in this 
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