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The unit cell of di~p-anisyl nitric oxide is orthorhombic, with a : 7.33±0.04, b = 26.8±0.1, 
c ---- 6.254-0.03 A. The space group is Aba2, and in the unit cell there are four molecules, each 
lying on a twofold axis. The structure was solved by Fourier-transform methods, and the atomic 
positions, with bond lengths and angles, were found from the (100) and (001) Fourier projections. 

Introduct ion 

Di-p-anisyl nitric oxide is believed to be the first of 
the class of substances known as free radicals to be 
investigated by X-ray methods. This compound is 
quite stable, and the investigation, which depended 
largely on Fourier-transform methods, has presented 
no unusual difficulties. 

Unit  cell  and space group 

The sample supplied consisted of a mass of lath-like, 
red transRarent crystals, from which it was not difficult 
to select single crystals suitable for X-ray examination. 
The unit  cell was shown by oscillation photographs to 
be orthorhombic, and the unit-cell dimensions were 
found by considering the higher order h00, 0/c0 and 
001 reflexions on a- and c-axis Weissenberg photo- 
graphs. The results were: 

a = 7-33±0-04, b = 26.8±0.1, c = 6.25±0.03 A .  

A higher degree of accuracy is not claimed, since no 
allowance was made for film shrinkage. 

The measured density of the sample was 1-33±0.01 
g.cm. -a, and the calculated density, corresponding to 
four molecules in the unit  cell, was 1.32±0.02 g.cm. -a. 

The systematic absences were found to be' hkl for 
k+l  odd, Okl for b odd or 1 odd, hOl for h odd or 1 odd. 
These indicated the space group Aba2 or Abam; 
packing considerations soon showed that  the second 
of these, was improbable, and the space group was 
asst~me~ l~) be Aba2. 

Determinat ion  :of the s tructure  

The X-ray intensities of the hk0 and 0kl zones were 
estimated by visual comparison of each Weissenberg 

spot with a density wedge on similar film. The structure 
amplitudes were derived by using the usual trigono- 
metrical factor; since the absorption coefficient of the 
substance was small, it was felt tha t  further corrections 
were unnecessary. 

The (100) projection, which showed the molecule 
roughly in plan, was solved by the Fourier-transform 
methods of Lipson & Taylor (1951). The problem was 
simplified by the fact that  the space group Aba2 has 
eight general positions, so that  the four molecules were 
known to lie on twofold axes. In  this projection, more- 
over, only one molecule had to be considered. 

The projection was non-centrosymmetrical, and 
approximate phase angles were determined in a way 
which will be described in a subsequent paper on 
optical diffraction methods. The Fourier plot corre- 
sponding to these phase angles resolved every atom, 
and the projection was refined in the usual way by 
means of successive Fourier syntheses. This process 
was carried only as far as the fifth synthesis, as it then 
appeared that  the suggested changes were becoming 
aimless. The (001) projection, which was centro- 
symmetrical, was then solved almost immediately by  
conventional methods. 

Discuss ion  of the s tructure  

In  Table 1 are given the atomic positions consistent 
with both projections, while in Tables 2 and 3 are 
compared the observed and calculated structure 
factors for the 01d and hkO zones. All the structure- 
factor calculations were carried out by the method of 
Beevers & Lipson (1952), using Fourier strips. The 
factor of agreement R : ZI[FoI-IFc[I+2:[Fo[ is 0"15 
for the 0kl zone, and 0.19 for the h/c0 zone, although, 
if accidental absences in the zone are not considered, 
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Table  1. Atomic co-ordinates 

Atom x (A) y (/~) z (A) 
O 1 0 0 --0.73 
N 0 0 1-17 
C 1 0.07 1-27 0.49 
C., 0.59 2.35 1.19 
C a 0.55 3.62 0-62 
C 4 --0.06 3.82 --0.58 
C 5 --0.61 2.74 -- 1.25 
C 6 --0.54 1-45 --0-70 
O 2 --0.06 5.10 -- 1.16 
C~ --0.76 5.45 0.75 

Table  2. Comparison of observed and calculated 
F(0kl ) ' s  corresponding to one molecule 

Okl Fo Fc a (o) 

020 10.8 16.1 0 
040 8.9 8.8 180 
060 8.1 9.9 0 
080 7.1 5.8 180 

0,10,0 12.5 11.6 0 
0,12,0 4.5 4.5 180 
0,14,0 3.8 5"8 0 
0,16,0 8.4 7.5 0 
0,18,0 4.8 2-3 180 
0,20,0 10.8 10.3 0 
0,22,0 7-1 6.7 0 

002 9.2 10.1 203 
022 2.6 2.0 340 
042 2.8 2-2 0 
062 6.7 6.3 290 
082 2.4 2.8 157 

0,10,2 13.5 13.5 183 
0,12,2 6.4 6.6 211 
0,14,2 2.9 3.6 34 
0,16,2 2.9 3.6 264 
0,18,2 < 1.9 2.3 296 
0,20,2 < 2.0 1.9 249 
0,22,2 <~ 2.0 0.4 243 
0,24,2 4.6 3.5 80 

004 10.9 10-3 163 
024 3.7 4-2 255 
044 1.7 1.6 230 
064 2.6 3.2 171 
084 4.2 3"9 273 

0,10,4 2.5 1.6 27 
0,12,4 6.2 5" 1 305 
0,14,4 5.9 5-7 230 
0,16,4 2.3 2.4 150 
0,18,4 < 2-0 0-3 315 

006 ~ 2.0 1.1 175 
026 3.0 2.8 106 
046 ~ 2.0 1.3 67 
066 < 2.0 0.7 106 
086 ~ 2.0 0.9 130 

0,10,6 2.9 2.6 13 
0,12,6 2.2 1.7 21 
0,14,6 2.1 0.9 144 

t h e  l a t t e r  f igure drops  to  0.17. Also, t he  ca lcu la ted  
s t ruc tu re  a m p l i t u d e  of t he  020 ref lexion is nea r ly  

I< 

k: b/~ >4 

Fig. 1. Electron density maps of asymmetric unit. :Contours 
are drawn at intervals of 1 e.A -2, the lowest being ~ e..~ --~. 
(a) (100) projection. (b) (001) projection. 

and  (001) pro jec t ions ,  cor responding  to  phase  angles 
d e t e r m i n e d  f rom the  a tomic  pos i t ions  of Table  1. 
Fig. 2 shows the  a r r a n g e m e n t ,  for each pro jec t ion ,  of 
four molecules  in a un i t  cell. I t  should  be n o t e d  t h a t  in 
Fig. 2(b) t he  supe r imposed  oxygen  and  n i t rogen  a t o m s  
lie on twofo ld  axes, t he  symbols  of which  h a v e  been 
o m i t t e d  for clari ty.  

Fig. 3 is t he  d i a g r a m m a t i c  r ep re sen t a t i on  of t he  
molecule,  g iv ing  the  b o n d  leng ths  and  angles,  a l t h o u g h  

t 

(a) 

t 

I 

50 % larger  t h a n  the  obse rved  value,  and  th is  discre- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p a n c y  canno t  be m u c h  r educed  by  any  smal l  changes  ~ i ~ 
of a tomic  posi t ion.  I f  th is  t e r m  is r e m o v e d  f rom I 
cons idera t ion ,  however ,  a long wi th  any  acc iden ta l  
absences  w i th in  t he  two  zones,  t he  re l iab i l i ty  factors  (b) o=¢ .=N 0=0  

become 0.13 for 0kl and 0.15 for Mc0. Fig. 2. Diagrammatic representations of four molecules in the 
Fig.  1 shows t he  e l ec t ron-dens i ty  maps  of t he  (100) unit cell. (a) (100) projection. (b) (001) projection. 
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Table  3. Comparison of observed and calculated F(hkO)'s 

hkO -Fo Fc 
020 10.9 16.1 
040 9-3 --8.8 
060 8.6 9-9 
080 7.3 --5-7 

0,10,0 10.9 11.4 
0,12,0 4.9 --4.5 
0,14,0 4-3 5.8 
0,16,0 8-0 7.5 
0,18,0 4.9 --2-3 
0,20,0 10.3 10.3 
0,22,0 7.3 6.5 

120 < 0"9 --2.5 
140 < 0'9 2.5 
160 8.7 --8.0 
180 2.3 2.9 

1,10,0 < 1.5 --0.2 
1,12,0 3"0 --2.3 
!,14,0 2.9 2.7 
1,16,0 2.4 1.7 
1,18,0 < 2-2 1-7 
1,20,0 2.8 --2.3 
1,22,0 < 2.5 --1.9 

200 52.0 54.2 

hkO Fo F~ 
220 7.8 10.0 
24O < 1.3 --0.2 
260 9.2 11-7 
280 3.0 --2.1 

2,10,0 5-0 5.4 
2,12,0 2.8 --0.9 
2,14,0 3-4 3.7 
2,16,0 7.7 6.6 
2,18,0 < 2.2 --0.9 
2,20,0 8.8 6-8 
2,22,0 6.4 4.3 

320 < 1.5 --2.0 
340 < 1.6 1.8 
360 8.4 8.4 
380 < 1.7 2.4 

3,10,0 < 1.8 0.2 
3,12,0 < 2.0 --2.8 
3,14,0 2.6 3"9 
3,16,0 4.5 2-9 
3,18,0 2.4 2.4 
3,20,0 4.3 --3"3 
3,22,0 3.6 --2.9 

400 7.3 8-9 

corresponding to one molecule 

hkO Fo F¢ 
420 < 1-8 3-4 
440 6-5 5.0 
460 10.6 9-8 
480 < 2-0 0-7 

4,10,0 < 2-1 --0-2 
4,12,0 < 2.2 1.5 
4,14,0 < 2-3 1-3 
4,16,0 4.9 4-4 
4,18,0 < 2.5 0.4 
4,20,0 < 2-5 1.8 
4,22,0 5.4 2.6 

520 < 2-2 o. 1 
540 < 2.2 1.6 
560 < 2.3 - 1.4 
580 < 2.3 0-7 

5,10,0 < 2.4 0.7 
5,12,0 < 2.4 - 0 . 5  
5,14,0 < 2.5 0.8 

600 < 2.4 0.3 
620 < 2-4 0.3 
640 4.3 3.8 
660 5.7 5.1 

in space the  groups  C6H40CH 3 are t i l t ed  t h r o u g h  
a p p r o x i m a t e l y  33 ° abou t  t he  l ine C1C ~. I t  is p e r h a p s  
wor th  r e m a r k i n g  t h a t  none  of t he  a toms  01, N, C1, C4 

C7 C7 

C6 C4 --C4. 

C 3 ~ c 2 , ~  "~L N ,~.~ "~'~C2,~'~ 

I 1 "23 
01 

Fig. 3. Diagrammatic representation of molecule, showing 
bond lengths (in .~ngstr6m units) and angles (in degrees). 

and  O~ lies more  t h a n  0.07 /~ ou t  of the  p lane  of 
projec t ion.  

I t  is fel t  t h a t  t he  bond  l eng ths  should  be in  error  
b y  no more  t h a n  0.05 /~, a n d  the  bond  angles b y  no 
more  t h a n  5 ° . The  on ly  q u a n t i t y  cal l ing for c o m m e n t  
is the  angle  C4-O9-C ~ (C-O-CH3),  for which  the  ob- 
served  va lue  of 124 ° is m u c h  h igher  t h a n  the  t e t ra -  
hedra l  angle  of abou t  109 °. W h i l e  i t  is no t  c la imed t h a t  

t he  X - r a y  d a t a  are p a r t i c u l a r l y  accura te ,  or even t h a t  
t h e  process of r e f inemen t  has  been carr ied  to  t h e  
l imit ,  i t  is di f f icul t  to  bel ieve t h a t  t he  e x p e r i m e n t a l  
error  is suff ic ient  to  accoun t  for such a difference.  
The  pro jec t ions  ava i lab le  are no t ,  however ,  idea l  for  
d e t e r m i n i n g  th i s  angle  and  i t  is fel t  t h a t  three-  
d imens iona l  m e t h o d s  would be necessa ry  to  se t t le  t h e  
poin t .  

The  X - r a y  inves t iga t ion  was g r e a t l y  f ac i l i t a t ed  b y  
the  h igh  q u a l i t y  of t he  sample  of d i -p-anisy l  n i t r i c  
oxide. The  a u t h o r  wishes  to  t h a n k  Mr F.  Liversedge,  
of the  C h e m i s t r y  D e p a r t m e n t ,  College of Technology ,  
who p r e p a r e d  the  sample ,  a n d  Dr  A. B u r a w o y ,  of 
t he  same d e p a r t m e n t ,  who a l lowed i ts  use, a n d  who 
con t r i bu t ed  m u c h  helpful  discussion.  T h a n k s  are also 
due  to  Drs  H.  L ipson  and  C. A. Taylor ,  of t h e  P h y s i c s  
D e p a r t m e n t ,  College of Technology ,  for va luab l e  
advice  a n d  encouragemen t ,  a n d  to  t he  C a n a d i a n  De- 
p a r t m e n t  of Ve te rans '  Affairs  for a m a i n t e n a n c e  g ran t .  
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