
S H O R T  C O M M U N I C A T I O N S  595 

Acta Cryst. (1954). 7, 595 

T h e  c r y s t a l  s t r u c t u r e  o f  t r i p h e n y l e n e . *  B y  V. VAND and  R.  PEP~SKY, X-Ray and Crystal Analysis 
Laboratory, The Pennsylvania State University, State College, Pa., U . S . A .  

(Received 12 May 1954) 

Tr iphenylene,  C18Hl~, is or thorhombic ,  wi th  a = 13.20/~, 
b ---- 16.84 A, c ~- 5.28 /~, space group P212121. A struc- 
tu re  has been repor ted  by  Klug  (1950), who obta ined his 
solution by  the  use of the  Four ier  t ransform method .  K lug  
publ ished two-dimensional  Four ier  project ions on the  
(001) and  (100) planes. His results  give abnormal ly  close 
in termolecular  dis tances  (as low as to 2.58 /~). These 
dis tances th row doubt  on the  correctness of Klug ' s  
solution. 

We  have re inves t iga ted  the  s t ructure ,  using the  com- 
puters  X-RAC and  S-FAC, and  wi th  Klug ' s  observed 
values of s t ruc ture  factors. I t  appeared  t ha t  there  exist 
a n u m b e r  of near -homomet r ic  solutions, in which  the  
molecule  re ta ins  its or ienta t ion  bu t  is t r ans la ted  in two 
different  direct ions corresponding to a l te rna te  changes 
of signs of cer ta in  groups of s t rong high-order  reflections. 

After  some pre l iminary  explorat ion of several such 
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solutions, the  physical ly  correct  solution has been ob ta ined  
b y  forming a sys tem of s imul taneous  quadra t ic  equat ions  
for the  impor t an t  in termolecular  approaches,  and  solving 
these b y  successive i terat ions,  unt i l  all the  d is tances  
became ~ 3.60/~.  This solution proved a t  once to be the  
correct  one when  the  map  was observed on X-RAC,  as 
judged  by  the  roundness  and  equivalent  heights  of peaks,  
and  absence of negat ive  background.  I t  is therefore to 
be concluded t h a t  in t r iphenylene  all the  in termoleeular  
dis tances are normal ,  and  there  are no powerful  bonding  
forces be tween  the  molecules  as repor ted  by  Klug.  The 
app rox ima te  coordinates  of the  center  of the  molecule 
are x/a = 0.20, y/b = 0.08, whereas  Klug 's  coordinates  
were  x/a = 0.18, y/b ---- 0.14. The shift amoun t s  to more  
t h a n  1 /~. 

We  are grateful  to Dr  Pe te r  F r i ed lander  of the  Johnson  
Founda t ion ,  Univers i ty  of Pennsylvania ,  for po in t ing  out  
to us the  anomalies  of Klug 's  solution. 
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The use of smaller precession angles, 10 °, 15 ° and  21 °, 
is r e commended  for poorly def ined crystals  which  show 
high background  scat tering,  and  for exper imenta l  ar- 
r angements  which  m a y  restr ic t  the  precession angle to 
less t h a n  30 °. The rat io of L a u e - B r a g g  reflections to the  
general  background  is considerably improved  by  the use 
of smaller  precession angles, and  we have  used this 
m e t h o d  to improve the  accuracy  of in tens i ty  measure-  ~/p 5 ° 10 ° 15 ° 21 ° 
men t s  as well as to ob ta in  addi t ional  weak  reflections. 0.05 0.40 0.84 1.31 1.91 
I n  addit ion,  the  presence of a cooling or hea t ing  system, 0.10 0.67 1.64 2.60 3.82 
the  presence of a ve ry  large un i t  cell, or the  demands  0-15 0.62 2.33 3.83 5.68 
placed upon the  accuracy  of the  precession mechan i sm 0.20 - -  2.84 4.97 7.51 
by  an ex t remely  small crystal  are all s i tuat ions for which 0.25 - -  3.05 5-96 9.27 
smaller  precess ion  angles are sometimes useful. 0.30 - -  2.69 6-76 10.93 

0.35 - -  - -  7.24 12.45 
The ma thema t i ca l  expression is t ha t  derived* by  Waser  0.40 - -  ~ 7.26 13.79 

(1951), and  the results are p lo t ted  in the  form given by  0.45 ~ - -  6.50 14.85 
B u r b a n k  (1952). For  the sake of completeness the  reader  0.50 - -  - -  3.87 15.56 
is also referred to the  replot t ing of Burbank ' s  results by  0.55 - -  - -  - -  15-72 
Grenvil le-Wells  & Abrahams  (1952), and  to the  zero- 0.60 - -  - -  - -  15.04 
level values for angles be tween  21 ° and  30 ° by  Dulmage  0.65 ~ - -  - -  12.94 

0.70 - -  - -  - -  7.34 

* Corrected for typographical errors. 

& Lipscomb (International Tables, vol. 2, to be published).  
Values of 1/(LP) are expressed in te rms of the  cylin- 

drical  reciprocal- la t t ice  coordinates,  ~ (radial), ~ (axial) 
and  ~ (angular).  Only values for ~ ~-45  ° are given in 

Table  1. Values of (LP) -1 for zero level precession photo- 
graphs at p----5 °, 10 °, 15 ° and 21 ° at T-~ ~5 ° 

~max. (0-174) ( 0 " 3 4 7 )  ( 0 " 5 1 8 )  (0"717) 

38* 



596 S H O R T  C O M M U N I C A T I O N S  

0-30-- 

0"20 - -  

0-10--- 

o= 
0 

(a) 

, 
0"1 0"2 0"3 0"4 0"5 0"6 0-7 

4 

0-40 

17":30- 

g - 
0-20-- 

O.lO- _ _ _: ~ ~  

0 l l l l , l , , , , i  , , ,  
0 0"1 0-2 0"3 0-4 0"5 0"6 0-7 

0-40 

o-3o- 
-~ (c) 

~20--: 

o-lo- ~ , . , ~ 1 ~  1 

o '"'1'"'1""1'"'1'"'1""1'"'1""1'"' 
0 0-1 0-2 0-3 0.4. E 

' " 1 " " 1 ' " ' 1 " " 1 ' " ' 1 ' "  
0"5 0-6 0.7 

~14 

%o 

Fig. l. Values of (LP) - l f o r ( a )  p =  1 0 % T =  45 ° ,(b) p =  15 ° , • = 4 5  ° , (c) p =  21 ° , T = 4 5  ° . 

Fig.  1 a n d  in  Tab le  1. These  va lues  a p p l y  to  all va lues  
of • w i t h i n  m a x i m u m  er rors  of :E6% for  p = 21 °, -~3% 
for  p = 15 ° a n d  ± 2 %  for  p = 10 °. Prec ise  va lues  for  
va lues  of T = n~/12 for  n in t eg ra l  a re  ava i lab le  f r o m  t h e  
a u t h o r s  u p o n  reques t .  Values  for  t h e  zero level  (~ = 0) 
a re  l i s ted  in Tab le  1. 
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