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The space groups and  unit-cell dimensions of ni t rogen 
t r iphenyl  and  phosphorus t r iphenyl  were first s tudied by  
Howells (1950), bu t  his results have  been criticized by  
Kitajgorodskij  (1951) and  by  Iveronova  & Ro j tbu rd  
(1952). Kitajgorodskij  suggested tha t  phosphorus tri- 
phenyl  should be assigned to P a  instead of _P2/a, while 
Iveronova  & Ro j tbu rd  indicated tha t  the  space group 
of ni t rogen t r iphenyl  should be Co or C2/c ra ther  t han  Pro. 

A re-examinat ion of these substances has been under-  
t aken  to ascertain whether  these differences are the  result 
of polymorphism or are duo to errors of interpretat ion.  
Bo th  HoweUs's original specimens and  new supplies have  
been used. The space groups and  uni t  cells have been 
rede termined  b y  X-ray  studies, and  the  monoelinic angle 
of ni t rogen t r iphenyl  has been rede termined  by optical 
goniometry.  The new results are set out  in Table 1, 

lamellae. By  means  of polarized light it  was also observed 
t h a t  t rue single crystals are very  rare. The lamellae 

Table 2. Nitrogen triphenyl: optical goniometry 

Present work Arzruni (1877) 
(001) : (111) 62 ° 48' 62 ° 43' 
(O01) : ( i l l )  64 ° 11' 64 ° 5' 
(111) : (111) 77 ° 24' 77 ° 28' 
(111) : (1-~1) 78 ° 53' 78 ° 56' 

Monoclinic angle ~ 91 ° 16' 91 ° 22' 
Axial ratios: optical 0-988 : 1 : 1-410 0.9913 : 1 : 1-4119 
Axial ratios: X-ray 0"993 : 1 : 1.406 

appeared to be superimposed in several different orienta- 
t ions so t ha t  when  the  crystals were viewed in parallel 

Table 1 

Nitrogen triphenyl 

a (A) b (A) c (A) ~ z 

Howells 22.6 11-2 11.2 90 ° 8 
Iveronova & Rojtburd 15.6 15.8 22.1 91 ° 22'* 16 
Present work 15.7 s 15.86 22.3 91 ° 16't 16 
[Present work, Howells's axes 22.3 11.1 s 11. Is] 

Phosphorus triphenyl 

a (A) b (A) c (A) 

Howells 11.6 15.1 8.57 93 ° 
Iveronova & Rojtburd 8.6 14-9 11.5 93 ° 6' 5 
Kitajgorodskij . . . .  
Present work 11"5 14-8 8.55 93:k ½° 

• * Arzruni (1877). 
Optical determiuation (see Table 2). 
Axzruni (1885). 

where t h e y  m a y  be compared wi th  those published by  
Howells, Iveronova  & Roj tburd ,  and  Kitajgorodskij .  I t  
appears t ha t  polymorphism is not  responsible for the  
discrepancies. 

N i t r o g e n  t r i p h e n y l ,  N ( C 6 H s )  3 

The crystals were grown from solutions in methanol ,  
e thanol  or e thyl  acetate.  The habit ,  interfacial angles 
(see Table 2) and  the  crystal optics agree wi th  those 
recorded by  Groth (1906-19). The crystals were plates or 
tablets  wi th  a roughly square outline and  wi th  the  (001) 
face always conspicuous. The {111) and  {111} faces were 
never  large and  rarely appeared smooth,  but  under  the  
microscope exhibi ted ragged terracing of the  (001) 

d (g.cm. -s) 
Space group obs. calc. 

Pm 1.16 1.15 
Co or C2/c ~ 1"19 
Co [or 02/c] 1"18 1-170 

d (g.cm. -3) 
Z Space group obs. calc. 

4 P2/a i-10 1-15 
4 P,2/c or Pc - -  1.18 

4 P2x/a 1.18 1.19 

polarized l ight passing normal ly  through the  plates no 
ext inct ion occurred, though  slight pa tchy  'shading'  effects 
were observed on ro ta t ing  the  plane of polarization. Some 
very th in  flakes, showing only a flrst-order grey, did 
extinguish fairly sharply parallel to a diagonal, bu t  were 
much  too small for X-ray  work and  were too th in  to give 
a dist inctive pa t t e rn  in convergent  polarized light. Many 
of these, too, had  twinning blemishes. The thicker  plates 
under  convergent  polarized l ight showed a single 'eye '  
of a biaxial pat tern ,  indicat ive of an optic axis emerging 
close to the  axis of the  microscope. I t  moved  by  small 
a m o u n t s  and  in an abrupt  fashion as the  block was 
t raversed under  the  objective. The other  optic axis 
always lay on a diagonal of the  (001) face well outside 
the  field of view. The plane of the  optic axes proved to be 
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(010). The macroscopic appearance of these crystals  was 
indis t inguishable  from the t rue  single crystals,  and  it  was 
also obvious t h a t  the  lamellar  twinning  occurred on both  
a macroscopic and  a submicroscopic scale. Apar t  from this  
lamellar  twinning,  the optics suggested t h a t  other  modes 
occurred, and  this  was confirmed b y  the  ve ry  confused 
form of the reciprocal lat t ice obta ined for some specimens. 
The best  crystals  still showed twinning,  bu t  this  was 
confined to a l imited type  and  was often such as to give 
unequal  port ions of the two twins.  The present  work was 
performed ei ther  on these or on two crystals  which seemed 
to be a lmost  ent i re ly  free from twinning.  

Fixed. f i lm and  Weissenberg X - r a y  photographs  showed 
,them to be monoclinic (Laue s y m m e t r y  2/m), the  b axis 
being parallel  to a diagonal  of the  plate.  This choice of 
axes coincides wi th  Groth 's ,  and  wi th  t h a t  adopted  b y  
Iveronova  & Roj tburd .  The sys temat ic  absences can then  
be expressed as:  

(hk, l) absent  for (hq-b) odd, (hOl) absent  for 1 odd, 

which indicate  the space groups Cc or C2/c. This list of 
absences confirms the  results  published b y  Iveronova  & 
Roj tburd ,  bu t  the  new cell d imensions  differ s l ight ly  
from theirs. Table 1 contains a comparison of the observed 
and calculated densit ies and  also compares the cell 
dimensions (A, B, C) g i v e n b y  tIowells  wi th  those cal- 
culated from the  present  axes (a, b, c) using the trans-  
formations : N  

A -- c, B = (aq-b), C = ( a - - b ) .  

The vectorial  t rans la t ion  c is s l ight ly  inclined to A as a 
result  of the reor ientat ion of axes and  the re-est imation of 
fi as 91.0 16'. 

The s imply  twinned  specimens had  b* and  c* in common 
but  two orientat ions of a*. The result  was readi ly  observ- 
able on both  fixed-film and  Weissenberg photographs,  
from which a value of 91 ° 4 ' ! 2 0 '  was es t imated for ft. 

The reciprocal lat t ice for single crystals  is not  only 
highly  pseudosymmetr ie  in its geometry  (note how closely 
a:  b: c approximates  to 1 : 1 : ~/2 and  A : B : C to 2 : 1 : 1) bu t  
oscillation photographs  t aken  about  the B, [101], and  
C, [105], axes show t h a t  i t  possesses r emarkab ly  good 
approximat ions  to t ransverse  s y m m e t r y  planes. For  the 
mul t ip ly  twinned  specimen the  illusion is complete;  in 
fact,  according to the mode of twinning,  s y m m e t r y  planes 
have  been observed normal  to a, b, B, G and  also normal  
to c(A) when the X - r a y  beam is parallel  to a. No detai led 
s tudy  of these more complex modes of twinn ing  was 
under taken ,  nor have we a t t empted  to reindex the powder  
pa t te rn ,  because the indexing would no t  be unique.  The 
value of fl obta ined by  optical  goniometry  is to be pre- 
ferred to t h a t  obta ined from the  X- r ay  photographs,  and  
was obta ined from a single crystal  f ragment ,  bu t  as i ts  
faces were not  of the best  qua l i ty  i t  is possibly not  so 
reliable as Groth 's  value. The agreement  is good and  
suggests t h a t  Arzruni  (1877), whom Groth quotes, also 
used a t rue single crystal .  Weissenberg photographs  
appear  from a visual inspection to have the low dispersion 
of in tens i ty  and  ra r i ty  of accidental  absences t h a t  
characterize non-cent rosymmetr ic  space groups. Cc is, 
therefore, somewhat  more probable for this  substance.  

P h o s p h o r u s  t r i p h e n y l ,  P(C6I-Is)a 

No diff iculty was experienced in ge t t ing  single crystals  
by  reerystal l izat ion from ethanol.  However,  the  crystals,  

299 " 
, I  

like those used b y  Arzruni  (1885), had  faces of poor 
qua l i ty  and  were unsui table  for optical  goniometry.  
Arzruni  was, in fact,  able to determine only fl and  the 
rat io  a:b (0.7955; the present  X- r ay  value is 0.777)~ as 
no faces involving the  rat io c: b were developed. X- ray  
photographs  indicated t h a t  the  crystals  were monoclinic 
(Laue s y m m e t r y  2/m). The sys temat ic  absences were:  

(hOl) absent  for h odd, t(0k0) absent  for /c  odd. 

The 'halving '  of the  (0/~0) axis was checked as far as 
k = 14. The space group is, therefore, un ique ly  deter- 
mined as P21/a. 

Wilson (1952) drew a t t en t ion  to the fact  t h a t  Howells 
(1949) had  ac tua l ly  observed the  screw absences, but ,  
misled by  a wrong in terpre ta t ion  of a Pa t t e r son  map,  
had  regarded the axis as a pseudo-screw, t towells 's  
space-group ass ignment  was, therefore, P a  or P2/a, and  
a s tat is t ical  t r ea tmen t  (Howe!Is, Phill ips & Rogers,  1950) 
had  favoured P2/a, the  centrosymmetr ic  group. This 
la t te r  choice was challenged by  Kitajgorodski j  (1951), 
who has  shown (Kitajgorodskij ,  1946, 1947), b y  a con- 
siderat ion of op t imum packing of ellipsoids, t h a t  screws 
and  glides are very  much  more l ikely to occur than  planes 
of s y m m e t r y  or ro ta t ion  axes. Accordingly he favoured 
P a  and  had  to postula te  t h a t  the  structure,  though  
s t r ic t ly  non-centrosynunetr ic ,  approximated  sufficiently 
closely to cen t rosymmet ry  to give rise to a misleading 
stat is t ical  result.  The revision of the  space group to 
P21/a removes Ki ta jgorodski j ' s  original objection and  also 
obviates the need for the proposal t h a t  pseudo-centre-  
s y m m e t r y  occurs in this  s tructure.  The s tat is t ical  in- 
dicat ion was therefore correct. Al though Ki ta jgorodski j ' s  
crit icism is no longer re levant  to this  problem it  still 
remains a val id crit icism of s tat is t ical  inferences of centre- 
symmet ry .  

The work of Iveronova  ~ Ro j tbu rd  contains no ment ion  
of screw absences, bu t  there can be nO doubt  from a 
comparison of all three sets of lat t ice vectors t h a t  the  
mater ia l  t hey  examined was the same as ours. 

This work has  been carried out  using appara tus  pur- 
chased wi th  a Roya l  Society grant .  One of us (F.M.L.) 
is indebted to the Depa r tmen t  of Scientific and  Indus t r ia l  
Research for f inancial  assistance. 
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