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T h e  C r y s t a l  a n d  M o l e c u l a r  S t r u c t u r e  of N,N-Dimethyl-p-nitroaniline 
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Crystals of N, N-dimethyl-p-nitroaniline are monoclinic with two molecules in a unit cell of dimen- 
sions a=9.73,  b=10.56, c=3-964 A, fl=91 ° 28', space group P21. The structure was determined 
with scintillation-counter Cu Kc¢ data  from the three-dimensional Patterson function, and the posi- 
tional and anisotropic thermal parameters of the carbon, nitrogen, and oxygen atoms were refined 
by four cycles of differential syntheses and six cycles of least squares; approximate positions of the 
four aromatic hydrogen atoms were obtained by Fourier methods. The final R value was 0-116. 
The aromatic ring, nitro group, and dimethylamino group are each planar, but  not coplanar; the 
nitro group is rotated 2.8 ° and the Me2N group 7.3 ° out of the aromatic plane. The mean bond di- 
stances in the molecule are very similar to those in p-nitroaniline, but suggest that  there is a rather 
greater contribution of a quinonoid resonance form to the structure of the molecule. The thermal 
vibrations are similar to those in p-nitroaniline, the nitro and the dimethylamino groups showing 
pronounced torsional oscillation. The intermolecular contacts correspond to normal van der Waals 
interactions. 

Introduction 

The C-N bond distances in aromat ic  nitro and amino 
compounds are very  marked ly  different. S tudy  of 
a number  of nitro derivatives indicates t ha t  the 
C-N bond distances are all about  1.48 A (Trotter,  
1960), not  significantly different from the single-bond 
length;  this can be accounted for in terms of valence- 
bond theory  by assuming (plausibly) t ha t  'sacrificial' 
s t ructures (such as (II) for nitrobenzene, which is 
sacrificial relative to (I) since it has one less double 
bond) make  no, or relatively little, contribution to 
the  resonance hybrid  molecule (Sakurai,  Sundaralin- 
gam & Jeffrey,  1963). The carbon-carbon  bond length 
variat ions are then explicable in terms of differences 
in hybridizat ion of the carbon a orbitals (other ex- 
planat ions might  of course equally well be advanced).  

o\~/o-  o\_~/o- o\~/o- o\~/o- 
I PI 

0 o < 
OH +OH 

(i) (ii) (iii) (iv) 
None of the nitro derivatives considered by  Trot ter  

(1960) has electron-donating subst i tuents  in addit ion 
to the nitro groups;  when electron-donating groups 
are introduced, the C-N02 bond is shortened to about  
1-44--1-46 A. This again can be ra ther  readily accounted 
for in valence-bond terms;  for 4-nitrophenol for 
example (Coppens, 1960) the quinonoid s t ructure  (IV) 
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is, by  the  criterion described above, comparable in 
importance  to (III) ,  and the  measured C-N bond 
distance is 1-442 and 1-445/~ in the  two crystal  forms. 
Similar considerations apply  to p-nitroaniline, (V) and  
(VI) (Trueblood, Goldish & Donohue, 1961), where 
the C-N02 length is 1-460 A. I t  might  be added t h a t  
the shortenings even in this type  of molecule are 
quite minor in comparison with the values often 
quoted in textbooks as evidence for resonance inter- 
action between nitro groups and aromatic  ~z-electrons 
(see e.g. Wheland,  1955). The C-C bond distances in 
molecules of this type  are explicable in terms of 
contributions from structures such as (VI), hybridiza- 
tion differences in p-nitroaniline being quite minor  
(Trueblood, Goldish & Donohue, 1961). 

o\~/o- o\~/o- 
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NI-I~ +NH 2 

(v) (vi) 

+ 

NH2 NH 2 

(vi i )  (v i i i )  

The C-NH2 bond distances in amino compounds 
are very  significantly shorter t han  the  C-N02 lengths 
in nitro derivatives.  No compounds with only NH~ 
as subst i tuent  appear  to have been examined in detail  
crystallographically,  but  the C-NH2 length in 2,5- 
dichloroaniline (VII),  in which contributions f rom 
structures like (VIII )  are no doubt  of importance  in 
contrast  to nitro compounds where similar s t ructures  
are sacrificial, is 1.41 A_ (Sakurai,  Sundara l ingam & 
Jeffrey,  1963); in 2,2'-dichlorobenzidine the corre- 
sponding distance is 1.40/~ (Smare, 1948). I n  p-nitro- 
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aniline (V) and 2-amino-3-methylbenzoic acid (IX) 
where quinonoid forms (VI) and (X) make significant 
contributions the C--NH9 distances are still shorter, 
1.371 and 1.367 A (Brown & Marsh, 1963) respectively. 

i~o\ /O- HO\c/O C 
, 

/ / ~ j N H 2  NH~. 

(ix) (x) 

Me~ N / M e  Me\,, N / M e  

II 

O/+N\O 1~ O/+ \ 0  
(xI) (Xli) 

As a further contribution to these studies we have 
examined the structure of N,N-dimethyl-p-nitroanihne 
(XI). Another reason for investigating this structure 
in detail was to determine whether the bonds from 
the amino nitrogen atom are strictly coplanar; the 
NH2 group has been shown fairly conclusively to be 
planar in p-nitroaniline, but it was felt that  more 
definite information would be obtainable for the 
NMe2 group, since the methyl carbon atoms could be 
located more precisely than the hydrogen atoms in 
NH2. 

Experimental 

Crystals of N,N-dimethyl-p-nitroaniline grown from 
ethanol solution are yellow prisms elongated along c, 
with (100) and (010) well developed. The unit-cell 
dimensions and space group were determined from 
various rotation, Weissenberg and precession films. 

Crystal data (2, Cu K s  = 1.5418, Jl, MoKa=0.7107/1~) 
2V,N-Dimethyl-p-nitroaniline, CsH10N20e ; 
M.W. 166-2; m.p. 163 °C. 

Monoclinic, 
a--9.73 _+ 0.01, b -- 10.56 _+ 0.01, 

c=3.964+0.005/~;  fl=91 ° 28 '+5 ' .  
- U=407.2 j~8. 

Dm= 1"35 g.cm -3, Z = 2, D,  = 1.355 g.cm -8. 

Absorption coefficients for X-rays, 

2=1.5418/~, #=9 .4  cm -1. 
2'(000) = 176. 

Absent spectra: 0k0 when k is odd. 
Space group is P21 (C~) or P21/m (C~h). 

The intensities of the hkO reflexions were recorded 
on multiple Weissenberg films and estimated visually; 

these data were used in a preliminary study of the 
c-axis projection. Later the intensities of all reflexions 
with 20 (Cu Ks) _< 102 ° (corresponding to a minimum 
interplanar spacing d=0.99 /~) were measured on a 
General Electric X R D 5  Spectrogoniometer with 
Single Crystal Orienter, using a scintillation counter 
and Cu Ks  radiation (nickel filter and pulse height 
analyser). The moving-crystal moving-counter tech- 
nique was used (Furnas, 1957). The intensities were 
corrected for background, Lorentz and polarization 
factors were applied, and the structure amplitudes 
were derived. No absorption corrections were con- 
sidered necessary. 383 reflexions were observed, 84% 
of the total number in the range examined; many of 
the reflexions had weak intensities, and the precision 
of measurement is probably not high for these planes. 
There are about 900 reflexions within the copper 
sphere, but all the higher-order ones were too weak 
to be observed. 

Structure analysis 
[001] projection 

A trial structure was derived from the c-axis 
Patterson projection, which could be interpreted on 
the basis of space group P21/m; assuming a sym- 
metrical model for the molecule at this stage, and 
using the scattering factors of International Tables ]'or 
X-ray Crystallography (1962) with B=5.0 A 2 for all 
atoms, R, the usual discrepancy index, was 0-38 for 
the hk0 reflexions. A Fourier series was computed 
and on the resulting electron-density map all the atoms 
(except hydrogen) were well resolved, although it was 
not yet possible to distinguish between the dimethyl- 
amino and nitro groups. A new set of positional 
parameters was derived with the assumption that  
two of the end atoms were oxygen and the other two 
methyl carbon atoms. For this structure R was 0.35, 
and there were several large differences between 
Fo and Fc, particularly for the 110 reflexion. On 
interchanging the methyl carbon and nitro oxygen 
atoms, R was reduced to 0.28 and all the gross 
anomalies were removed. Refinement of this projection 
was then completed by two difference syntheses, 
which reduced R to 0.18. At no stage was there any 
indication of deviations from space group P21/m; 
the only slight anomaly was that  atoms C(2), C(3) C(5), 
and C(6) seemed a little too close to the mirror plane 
(giving bond lengths for C(1)-C(2) etc. of about 1.35 J~). 

Three-dimensional analysis 
z Parameters were derived from a consideration of 

the tilt of the molecule from the plane of the [001] 
projection, and of the 001 structure factors. The 
resulting structure gave R(hkl)=0.49, and a cycle of 
differential synthesis reduced this to only 0.47. 
The three-dimensional Patterson function was there- 
fore computed, and this indicated at once that  the 
space group was P21, peaks corresponding to inter- 
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atomic vectors such as C(2)-C(6) for example being 
considerably displaced from the y axis. The previous 
structure was grossly correct, but when displacements 
of the atoms were made in accordance with the three- 
dimensional Patterson map, R was markedly reduced 
to 0.25. 

Refinement of positional and isotropic thermal 
parameters then proceeded by computing successive 
differential syntheses, with calculated syntheses for 
temperature factor corrections and for application of 
series-termination corrections by the 'back-shift' 
method. One cycle reduced R to 0.165; after a second 
cycle contributions from the four aromatic hydrogen 
atoms were introduced with B=6.0  A z (they had 
appeared as well-defined peaks on the c-axis dif- 
ference projections) and R was reduced to 0.150. 
A third cycle was carried out, in which the positional 
and isotropic thermal parameters of the C, N and 0 
atoms, and the positional parameters of the H atoms 
were refined. The hydrogen atom peak electron 
densities were in the range 0.46-0-78 e.J~ -3 and the 
shifts in the hydrogen positions were reasonably small, 
but the curvatures were unrealistic in some cases. 
R was reduced by these changes to 0.146. 

Examination of the observed and calculated cur- 
vatures of the atoms at this stage indicated that  there 
were significant anisotropic thermal vibrations, and 
refinement was continued by the least-squares method 
(block-diagonal approximation). In the first cycle 
the positional and isotropic temperature factors of 
all the atoms were refined. However the B values for 
two of the hydrogen atoms increased greatly (to 13 
and 26 /~2) and in subsequent cycles therefore the 
hydrogen atoms were not refined; the four aromatic 
hydrogens were included in all the structure factor 
calculations with the positional parameters of the third 
differential cycle and with B =  6.0 Ae; and no effort 
was made to locate the methyl hydrogen atoms. 
Two further cycles of least squares using anisotropic 
thermal parameters did not improve the structure 
factor agreement, but indicated that fudge factors 
were required to ensure convcrgence, of 0-5 for 
positional parameters and scale factor and 0.2 for 
anisotropic thermal parameters. From this stage third, 
fourth and fifth least-squares cycle reduced R smoothly 
to 0-125, 0.117, 0.116. Throughout the least-squares 
refinement Xw(IFol-IFcl)2 was minimized with Vw= 
JFoJ/6 when JFol<6, and ~/w=6/[FoJ when [FoJ >_ 6. 

A sixth least-squares cycle was computed, but none 
of the shifts in this cycle (or in the fourth and fifth 
cycles) was greater than one-quarter of a standard 
deviation, and refinement was considered to be 
complete. A fourth set of observed and calculated 
differential syntheses was then computed; the changes 
in positional parameters from the least-squares results 
were all less than one standard deviation (mean 
differences in x, y and z were 0.005, 0.003 and 0.004/~, 
and maximum changes 0.017, 0.009 and 0.011 ~). 
The observed and calculated peak electron-densities 

and curvatures are listed in Table 1 (the numbering 
of the atoms being shown in Fig. l(a)). 

Table 1. Peak electron densities (e.A -3) and curvatures 
(e.A -5) in the 4th differential cycle 

Atom Obs. Calc. Obs. Calc. 0bs .  Calc. Obs. Calc. 

C(1) 5.77 5-81 35.9 34.6 35-9 35-9 32.6 31.2 
C(2) 5.53 5.63 30.0 30-6 35.6 35.9 30.3 30-2 
C(3) 5.58 5.55 31.1 30.3 34-3 34-6 30.2 29.4 
C(4) 5-92 6-05 38-5 39.3 34.2 34.6 32.6 33-] 
C(5) 5.73 5.83 32.7 32-4 35-8 36-4 32.3 32.0 
C(6) 5.62 5-70 31-5 32-5 33-9 34-0 31.7 31.] 
C(7) 4.54 4-51 23.5 24-4 25-9 26-8 20.9 21-7 
C(8) 4.71 4-89 25.2 27.8 24-7 26-5 24.4 26.3 
N(9) 6.83 6.87 41.3 42.2 37.8 38-8 35-4 35.6 
N(10) 6.21 6.37 35.6 36.3 29.9 30.6 31-8 32-6 
O( l l )  6.62 6-67 36.4 36-1 32.9 33.7 31.3 32-4 
O(12) 6.21 6.21 32-3 31.7 29.0 28-6 27-2 28.3 

The measured structure amplitudes are compared 
in Table 2 with the values calculated from the final 
parameters (R=0.116 for the observed reflexions). 

C(7) C(2) 1"37s C(3) ~' ~// ~S "~" ~Z0(11) 
/ ', 1.35s / \ , , 1-4os , ' ~  118"2 N(9)-7------t--C(1 ) 117"1 121"0 C(4), , N(10) 121-4 

y--121"0 121"5_'~ _ ~/~.119"6 119 -3~  

/ ~ - 1 2 1 . 2  119-8 7 0(12)  C(8) C(6) ~ I C(5) 
(a) 

C(2) 1-375 C(3) 
0(1) 

H2N(1) 1"3~71 t C(1) 118"9 y_119.4 118.4_"~ 120.5_..,'~,_ 121-2 C ( 4 ) ~ N  (~)~23. 3 

\'~ 20.5 119'5"~'/ 0(2) 
(::(6) ~ ~ C(5) 

(b) 

Fig. 1. Mean bond distances (A) and  valency angles (°) in 
(a) N,N-dimethyl-p-nitroaniline, and (b) p-nitroanfline. 

Atomic parameters and molecular dimensions 
The final positional parameters are given in Table 3, 

x, y, and z being coordinates referred to the monoclinic 
crystal axes and expressed as fractions of the unit cell 
edges. The carbon, nitrogen and oxygen parameters 
are those of the fifth least-squares cycle, and those 
of the hydrogen atoms (which are not considered to 
be particularly accurate) are from the third differential 
synthesis. The anisotropic thermal parameters of the 
fifth least-squares cycle are given in Table 4, the B~ 
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H K L F 085 F CALC 

1 0 0 2 7 . 9  2 9 , 0  
2 0 0 1702 1801 
3 0 0 2 1 , 9  2206 
4 0 0 4 . 7  2 .8  
5 0 0 9 . 9  8 . 8  
6 0 0 2 .1  3 .7  
7 0 0 4 . 0  300 
8 0 0 000  0 ,9  
9 0 g 1 . 5  0 . 8  

1 . 5  3.1  
1 0 6 . 8  5 . 7  

3 1 g 2 1 . 1  2 1 . 5  
4 18 ,3  1702 
5 I 0 1 8 . 8  1 8 , 4  
6 1 0 109 1.5 
7 I 0 I . I  2 .1  
8 I 0 0 , 0  1 .2  
9 1 0 2 ,1  105  

0 2 0 59 .7  6 3 . 4  
1 2 0 7 .8  8 . 7  

22 ° o 19.8 2o.8 
7 . 5  7 . 8  

4 2 0 6 , 3  5 , 9  
6 ~ 22 0 8 . 4  7 . 9  

0 1 . 5  1.3 
7 2 0 6 . 3  6 . 3  

: 22 o 4.5 4. 
1 ,8  2 , ~  

I 3 0 3 . 8  302 
2 3 0 4 . 9  7 .8  
3 3 0 12 ,8  12 ,5  
~, 3 0 5.1 4 .8  
5 3 0 3 , 4  3 ,0  
6 3 0 1,9 1.6  
7 3 0 11 .8  11 .3  
g 3 0 4 . 5  401 

3 0 1,5  0 .9  
0 4 0 20 .1  18 .2  
i 4 0 i * I  2 . 4  
2 4 0 16 ,0  16=3  
3 4 0 13 .1  14.4 
; : o 3.4 ~.1 

0 , 0  0 , 8  
6 4 0 200 2 , 9  
7 4 0 7 , 4  6 , 8  

4 0 4 *6  4 . 2  
4 0 3 , 0  2 , 8  

1 5 0 4 , 9  5 .1  
2 5 0 10.3 10o6 
3 5 0 17 ,3  18 .2  
4. 5 0 10 .0  9 .9  
5 5 0 108 0 , 6  
6 5 0 1 .2  1.4 
7 ~ o 7.~ 12. ,  
8 5 . 9  5 ,2  
0 6 0 4 . 4  5 . 6  
1 6 0 0 .0  1.8 
2 6 0 8 . 4  7 . 6  
3 6 0 802 8 , 3  
4 6 0 1 .8  1.3  
5 6 0 2 . 6  2 . 9  
6 6 0 1 .8  1,5 
7 6 0 6o6, 6 . 0  
8 6 0 2 , 5  1 ,8  
I 7 0 4.4 5 . 4  

~ o 6.5 , . 8  
3 , 3  2 , 7  

4 7 0 1 .5  3 .1  
5 7 0 3 , 8  4 . 2  
6 7 0 1 ,3  0 , 6  
7 7 0 5.7 5,4 
0 8 0 15 ,0  18 .3  
1 8 0 3 , 6  ~*1 
2 8 0 0 , 0  2 , 2  
3 8 0 1 .5  1 .0  
4 8 0 1 . 5  2 , 5  
5 8 0 0 .0  1 .6  
6 8 0 0 , 0  2 , 3  
I 9 0 2 , 4  2 , 3  
2 9 0 0 , 0  1 .5  
3 9 0 3 . 6  4 . 1  
4 9 0 2 . 4  2 , 7  
5 9 0 4 . 5  5 .5  
0 10 0 14.,9 76,1  
I 10 0 4 . 9  5.5 
2 10 0 0 , 0  006 
g 10 10 0 , 0  1 .3  

- 0 0.0  0 . 8  
- 8 0 I 3 .8  ~ . *1  
- 7 0 I 3 , 3  b .7  

6 0 1 6 . 4  5 .2  
- 5 0 I 11 .6  1003 
- 4 0 1 13 ,6  10 .3  

3 0 I 304 1 ,3  
- 2 0 I 13 ,6  10 ,0  
- 1 0 1 15 .6  1400 

0 G 1 2 . 2  0 . 7  
I 0 I 8 . 7  6 . 5  
2 0 1 16 .9  18 ,4  
3 0 1 6 , 1  6 . 3  
4 0 1 26 ,3  2 8 . 8  
I 0 1 1.2  007 

0 1 1 0 3  2 , 9  
7 0 1 3 . 3  3o7  

: 0 1 2 . 2  2 . 2  
0 2 . 0  1 .9  

- 9 1 1 2 , 6  200 
- 8 I 1 4 .9  407  
- 7 I 1 1.5 2 .1  
- 6 1 1 6 .1  3 .4  

- 5 1 1 9 .6  9 .8  
4 8 . 5  8 . 2  

- 3 i I 1 ] . 2  10 .7  
2 I I 10 .6  8 0 3  

T a b l e  2 Measured and calculated structure amplitudes 

H K L F OB$ F CALC H K L F OB$ F CALC 

1 1 1 6 2 , 5  67,~', 
1 1 3407 3704 

21 1 i 2 8 . 4  Z406 
i 1606 14 ,7  

3 1 1 3 . 8  40d 

4 1 1 12 .7  l,.b 
5 3 , 4  4,.~ 
6 1 1 3*2 2 , 5  
l 1 1 1.2 1.~ 

I 1,5  0 , 4  
9 i I 4 . 7  503 

- 1 000 0 , 9  
9 22 I 7 ,4  7 ,3  

- 7 2 1 1 .7  2 , 3  
- 6  2 1 2 , 8  6 , 3  

1 308 4 , 6  
- 4 2 1 5 ,1  5 . 4  

~ ~ 1 ,o .4  9.5 
6 , 0  5 . 4  

- 1 2 I 4 1 . 9  4 0 , 9  
1 2 2 , 7  2 3 , 0  

0 22 1 7 . 7  5 . 0  
2 2 i 1 4 . 9  12 .8  
3 22 1 4 , 2  2 ,2  
4 i007 i 0 . 9  
5 2 1 3 . 3  3 . 5  

2 , 4  3.1  
8 2 1 2 , 4  1 .7  
9 Z I 0 , 0  0 , 7  

- 9 3 I 000 2 ,1  
- 8 3 1 7 , 3  607 

7 3 1 2 , 3  2 , 4  
-- ~ ~ 1 2 , 4  2 . 4  

1 11 ,2  11 .6  
- 4 3 1 806 8 .6  

3 3 I 16 .0  14 .9  
- 2 3 1 5 . 0  5 .2  
- 1 3 1 14,1  13 ,9  

0 3 i 8 .1  9 , 0  
I 3 1 12 ,7  12 .2  
2 3 1 19 ,0  16 ,6  
3 3 1 5.3 5,0 
4 3 1 6 , 2  602 
fi 3 1 1 ,7  1 , 4  
6 3 1 2 , 4  1 .7  
7 3 1 5 , 5  5 ,6  
8 3 I 2,3  1,8 

- 8 4 1 6 . 3  5 . 6  
- 7 4 1 2 .5  I . I  

- 6 4 1 501 5.5 
5 4 1 3 . 4  3 ,8  

- 4 4 1 6 . 3  7 ,3  
3 4 i 13.9 10.7  

- 2 4 1 3 ,8  2 , 7  
I 1 4 I 14.0  12 .8  

0 4 1 6 .3  5.9 
4 3.1  3.8 

2 6 1 21 ,0  17.4 
3 4 I 4.I 3 ,5  
4 4 I 609 6 . 5  
5 4 I 6 . 6  5.8 

4 I 13 .7  14 .4  
1 1202 11 ,4  

8 4 1 1 .8  0,.5 
- 8 5 1 304 3,3 
- 7 5 1 0 . 0  0 . 8  
I 6 5 1 0 . 0  1 .5  
5 ~ 1 o .o  0 .6  

4 3 .1  3.1 
- 3 5 1 9.1  8 ,1  

2 5 I 3 , 4  2 , 6  
I 5 I 5 , 6  505 
0 5 I 4.5 3.8 
I 5 1 7 , 7  6 , 5  
2 5 i 17 .6  17 .0  
3 5 I 2 ,5  2 . 4  
4 5 1 2 , 9  202 
5 5 1 2 . 1  2 . 1  
6 5 I 4 , 3  3 . 7  
7 ~ 1 3 , 2  5 .5  
8 2 . 2  2 . 1  

- 7 b 1 2 , 9  1 .5  
6 6 I 3 . 2  3o6 
5 i, I 2 . 3  1 . 9  

- 4 6 I 2 . 6  2 . 7  
- 23 6 1 10 ,2  904 

3 , 4  2 , 3  
- 1 6 1 10 ,6  9 . 9  

0 6 1 7 . 8  7 , 5  
1 6 1 4 , 5  3 ,7  
2 6 1 12*b 11 .1  
3 6 1 4 . 2  4 , 6  
4 0 , 0  1 .2  
5 6 I 3*8 3 .4  
6 6 1 10 .9  10o5 
7 6 1 8 . 7  7 . 8  

- 6 7 1 1 0 8  203 
- 5 77 1 605 4 . 9  

4 404 4 .1  
- 3 7 1 5 .0  4 .9  

f I 1 o.o 13 
8 , 2  8 , 3  

0 7 1 5 . 1  4 . 9  

J I I 4 , 5  4 , 7  
I 5 . 6  5 .3  

3 7 1 0*0  1 .6  

; I 1 2.2 0 
1 . 8  0 , 3  

6 7 1 3 . 2  3 . 1  
- 5 e 1 207 200 

; : 1 3.o 3.o 
3 . 2  3 . 8  

- 2 8 1 1 . 5  1 . 9  

-01 : ~ . . 4  9.4  
5 , 3  6 0 4  

~ 1 204 2.2 
3 , 0  2 , 2  

3 8 1 0 . 0  1 .7  
4 8 1 5 , 3  5 , 9  
5 8 1 2 , 4  1 ,8  

- 4 9 1 0 , 0  0 ,1  
- 3 9 1 1 .8  2 , 4  

2 1 0 . 0  0 , 5  
- I 1 12 ,0  12 ,8  

~ 1 8.7 ~.2 
3 , 2  2 . 0  

2 9 1 2 , 3  2 , 7  
3 9 1 0 . 0  1 ,2  
4 9 1 1 .5  1 .5  

- 2 1 0  1 0 , 0  0 . 8  
1 10 1 2 , 2  1 .9  
0 10 1 1 .3  1 ,5  
I 10 1 0 , 0  1 ,0  
2 10 1 0 , 0  2 ,1  

- 8 0 2 2 . 6  2 . 3  
- 7 0 2 0 , 0  0 ,1  
- 6 0 2 0 , 0  0 , 8  

5 0 2 000 0 , 2  
- 4 0 2 4 , 6  4 , 0  
- 3 0 2 8 , 4  8 , 6  
- 2 0 2 8 , 2  807 
- 1 g 22 13 ,6  13 .4  

0 14 .5  13 ,0  
i 0 2 3 .6  304 
2 0 2 4 , 6  4 . 3  
3 4 g 22 5 , 3  5 .6  

3 , 2  301 
5 0 2 0 . 0  0 . 0  
6 0 2 0 , 0  0 , 8  
7 0 2 2 .1  0 . 8  
8 0 2 2 , 7  3 ,7  

- 8 1 2 4 , 7  4 , 2  
7 I 2 1 .8  1 .3  

- 6 1 2 0 , 0  0 . 9  
1 22 0.0  1.1 
I 5 . 5  6 , 1  

- 3 1 2 3 . 6  5 ,6  
2 1 2 1201 12 .2  

- 1 1 2 14 ,0  15 .3  
0 1 2 0 , 0  2 . 6  

1 2 8 , 2  8 , 2  
2 3*0  4 *0  

3 1 2 9 , 6  9 , 3  
4 5 1 22 6 .0  3.9 

2 . 8  2 , 3  
6 1 2 1 ,9  2 , 6  
7 1 2 1 , 3  0 , 7  
8 1 2 0 , 0  2 , 5  

- 8 2 2 302 2 , 6  
- 7 22 22 0 . 0  005 

6 2 , 8  6 0 5  
- 5 2 2 000 108 
- 4 2 2 10 .3  10 ,3  
- 3 2 2 5 , 4  5 , 9  
- 2 2 2 I I . 6  12,0 
- I 2 2 13 .8  15 .1  

0 2 2 4 . 7  6 . 3  
1 2 2 1 0 . 1  10 ,2  
2 2 2 6 . 1  3 . 3  
3 2 2 1 3 , 8  13,2  

2 2 3 . ~  3.O 
5 2 2 4 , 2  3 . 9  
6 2 2 8 , 3  808 
7 2 2 1 .8  I.I 

~ 22 1 .3  2 , 9  
- 2 , 0  1 .5  
- 7 3 2 3 , 0  3 ,5  

6 3 2 3 , 5  2 , 7  
- 5 3 0 . 0  1 .3  
- 4 3 6 . 1  5 .2  
- 3 3 2 109  1 ,4  

- 2 3 2 1 5 . 6  1 6 . 2  
i 3 2 18,7 19 .0  

~ 22 o0o 2 .5  
11 .4  11 .6  

2 3 2 6 , 1  6 . 6  
3 ~ 22 605 6 , 3  
4 6 . 1  6 , 3  
5 3 2 4 , 4  4 . 5  

~ 22 9 .1  8 . 9  
2 . 1  0 , 8  

- 7 4 2 0 , 0  0 , 7  
- ~ 4 22 3 . 8  3 .1  

4 0 , 0  0 . 5  
- 4 6 2 4 . 9  5 , 2  
I 3 ~ 2 1 "8  1 "6  

2 4 2 9 . 1  8 . 9  
- 1 4 2 10 .5  11 .3  

4 2 1 . 0  0 , 7  
4 2 9 . 7  9 , 7  

2 6 2 202 1.4 
3 4 2 4 . 9  5 .1  
4 4 2 1 . 5  2 . 2  
5 4 2 2 . 6  2 , 6  

4 2 5 . 9  503 
4 2 0 . 0  O.S 

- 7 5 2 3 , 2  3 . 4  
6 5 2 3 . 0  3 .0  

- 5 S 2 0 . 0  0 . 9  
- 6 5 2 2 , 9  2 , 8  
- 3 5 2 0 . 0  0 , 5  
- 2 5 2 3 . 6  3 . 2  
- I 5 2 0 .0  1 .8  

0 5 2 0 . 0  0 , 4  
1 5 2 ~ . 4  4 *4  
2 5 2 0 . 0  0 . 8  
3 5 2 l * 5  1*9  

H ~ L F OBS F CALC 

4 5 2 409 5 ,1  
5 5 2 6 , 3  6 , 1  
6 5 2 10 ,4  9 . 6  

- 6 6 2 2 .8  2 .5  
6 2 0 . 0  1 .6  

4 6 2 4 , 3  3 . 3  
3 6 2 0 , 0  1 ,2  

- 2 6 2 6 .8  7 ,5  
- 1 6 2 7 . 2  7 . 3  

0 6 2 1 ,7  1 .5  
1 6 2 6 . 1  f i , 5  

6 ~ 3 . 5  3 . 9  
6 3 , 7  4 , 2  

4 6 2 2 , 2  1 , 6  
6 g 2.4 i . ,  
6 4 . 5  4 , 5  

- 5 7 2 0 . 0  0 . 7  
- 4 7 2 3 . 8  3 , 3  

3 7 2 2 , 3  1 .8  
- 2 7 2 8 .~  7 , 9  
- 01 7 22 10 .6  9 , 6  

7 1 .3  0 . 6  
1 7 2 6 , 7  5 . 9  
2 7 2 2 . 6  1 .8  
3 7 2 3 . 6  3 . 0  

7 2 3 , 0  2 , 8  

1 ~ ~'~ 3 . ,  - 4 3 , 7  3 .~  
-~  ~ 22 g.~ 2.1 

* 4 , 3  
- 1 8 2 4 . 0  5 , 2  

0 8 2 le f t  209 
1 8 2 4 . 2  3 . 7  
2 8 2 000 0 , 7  
3 8 2 3 , 4  400 
4 ~ ~ 0 . 0  008 

- 1 2 , 0  208 
0 9 2 0 , 0  0 , 2  
1 9 2 105 009 

g ~ o .o  1.o 
4 0 9  4 . 9  

- 4 0 3 308 3 . 6  
3 0 3 0 . 0  0 . 3  

- 2 0 3 0 , 0  0 , 9  
1 0 3 2 , 7  0 , 4  
0 0 3 3 , 0  2 . 6  
1 0 3 2 , 1  1 ,3  
2 0 3 000 1 , 0  
3 0 3 1 . 5  1 ,1  
4 0 3 3 , 0  2 , 2  
5 ~ ~ 509 6 . 5  
6 2 , 2  2 , 2  

- 6 1 3 0 . 0  0 . 8  

- 5 4  1 ~ 2 , 7  2 . 6  
4 , 5  3 , 5  

- 3 I 3 0 , 0  0 , 9  
- 2 1 1 ~ 0.0  2.2 

2 . 6  2 . 7  
0 1 3 6 . 1  6 *6  
1 1 3 3 , 0  3 ,1  
2 1 3 1 , 7  2 , 9  
3 1 ~ 0 , 0  1 ,7  
4 0 , 0  0 . 1  
5 1 3 4 . 7  4 , 7  
6 1 3 1 . 8  1 , 4  

- 6 2 3 0 . 0  0 . 3  
- 5 2 3 2 . 6  2 . 4  

" 2 3 2 , 6  2 . 6  
- 3 2 3 308 206 

2 2 3 b * 6  7 , 4  
I 1 2 3 0 , 0  1 .3  

4 . 8  5 , 6  
2 2 3 4 . 0  4 . 1  
3 2 3 3 , 8  3 , 2  
4 2 3 2 .1  1 ,4  
5 2 3 507 5 .6  

- 5 3 3 2 , 0  2 , 6  
- 4 3 3 1 , 3  1 .1  
- 3 3 3 4 , 0  3 , 4  
- 2 3 3 8 .6  9 .3  
- 1 3 3 2 .1  1 . 5  

0 3 3 2 , 6  3 , 4  
1 3 3 2 . 0  2 , 0  
2 3 3 4 . 5  4 . 9  
3 3 3 3 . 4  2 .S  
4 3 3 2 . 4  0 . 7  
5 3 3 6 *6  6 . 7  

- 5 4 3 0 .0  0 .6  
- 4 4 3 0 .0  1 .1  
- 3 4 3 3 . 9  3 , 6  
- 2 4 3 5 .3  5 .0  
- 1 4 3 0 . 0  0 . 5  

0 4 3 0 *0  1 . 7  
4 3 2 . 4  2 .1  
4 3 3 , 2  1 ,8  

3 6 3 4 . 7  4 . 5  
4 6 3 1 . 5  0 . 2  
5 4 3 3 . 8  3 ,7  

- 6 5 3 0 *0  0 .6  
3 5 3 5 . 3  5 , 3  

- f ~ 1 10 .5  10 .6  
3 . 4  2 , 9  

0 ~ 3 0 . 0  1 . 5  
I 5 3 1 , 5  2 . 3  
2 5 3 1 . 5  1 ,3  
3 5 3 2 , 3  3 . 0  
4 5 3 0 . 0  0 . 6  

* 3 6 3 0 * 0  1 . 1  
- 2 6 3 4 . 1  6 . 3  

"01 : 1 o.o o.3 
2 . 3  1 .3  

I 6 3 1 .5  2*I 
2 6 3 1 . 8  2 , 5  
3 6 3 3 . 2  Z , l  
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be ing  t he  coefficients  in  the  t e m p e r a t u r e  factor  
express ion :  

exp  - {Bllh 2 + B22k ~" + B~s12 + B2skl + B~ahl + Bl~hlc} , 

Table  3. Final positional parameters 

Atom x y z 
C(1) 0-3159 0.2490 0.1321 
C(2) 0-3744 0.1463 0.3106 
C(3) 0.5095 0.1466 0.4127 
C(4) 0.5944 0.2473 0.3351 
C(5) 0-5429 0.3535 0.1580 
C(6) 0.4056 0.3558 0.0625 
C(7) 0.0944 0.1354 0.0886 
C(8) 0.1153 0.3644 --0.1057 
N(9) 0.1815 0.2527 0.0369 
N(10) 0.7324 0.2517 0.4429 
O(I1) 0.7827 0.1562 0"5924 
O(12) 0-8014 0.3431 0.3853 
H(13) 0.302 0.054 0.332 
H(14) 0.541 0.053 0.563 
H(15) 0.584 0-428 0.060 
H(16) 0-368 0.447 -- 0.070 

Table  4. A nisotropic thermal parameters 

Bit X 104 

Atom Bll B22 Ba3 B2a Bla B12 
C(1) 145 79 852 -- 63 48 28 
C(2) 153 95 904 9 - 61 - 24 
C ( 3 )  172 91 746 - 37 99 12 
C(4) 103 92 745 - 89 - 68 10 
C(5) 157 71 773 -- 92 53 -- 33 
C(6) 154 60 902 20 37 10 
C(7) 189 134 1168 -131 - 2 0  -119  
C(8) 170 126 886 87 - 131 81 
N(9) 130 110 785 50 - 3  - 2 3  
N(10) 160 98 984 -- 17 -- 15 10 
O(11) 172 146 1307 169 -- 73 74 
O(12) 192 164 1394 158 -- 68 -- 114 

Uij x i02 (A 2) 

Atom Vii U22 U33 U23 U13 ~7"12 
C(1) 6.93 4.46 6.82 --0.67 0.13 0"75 
C(2) 7.35 5.37 7.23 0.10 --0.96 --0.63 
C(3) 8.21 5.14 5"97 --0.39 0.67 0.32 
C(4) 4.95 5.20 5-96 --0.94 --0.96 0.29 
C(5) 7.50 4-01 6-18 --0.98 0.21 -0 .83 
C(6) 7-37 3"39 7.22 0.21 0.00 0.25 
C(7) 9.06 7.57 9.34 -- 1.39 - 0-66 -- 3.05 
C(8) 8.18 7.12 7.09 0.92 -- 1.64 2.08 
N(9) 6.23 6.22 6.28 0.53 -- 0.34 -- 0.49 
N(10) 7.67 5.54 7.87 --0.18 -0 .54 0.27 
0(11) 8.26 8.25 10.46 1.79 - 1'24 1'87 
0(12) 9.22 9.27 11.15 1.67 --1.22 --3.01 

a n d  U~ the  c o m p o n e n t s  of t he  v ib ra t i on  tensors  wi th  
respect  to  o r thogona l  axes a, b, and  c*. 

The  b o n d  dis tances  a n d  va l ency  angles in t he  
molecule ,  before correct ing for ro ta t iona l  osci l la t ion 
errors (Cruickshank,  1956), are g iven  in  Table  5, 
t oge the r  w i th  the i r  s t a n d a r d  dev ia t ions  ca lcula ted  
f rom the  leas t -squares  residuals.  

A ca lcula t ion  of t he  d i sp lacements  of t he  a toms  
f rom the  bes t  p lane  t h r o u g h  all t he  carbon,  n i t rogen  
a n d  oxygen  a toms  ind i ca t ed  t h a t  t he  molecule  is 

Table  5. Bond distances (J~) and valency angles (o), 
before and after correcting for thermal oscillation effects, 

and their standard deviations 
l 

Bond Uncorr. Corr. (r(l) 

C(1)-C(2) 1.407 1.410 0.023 
C(2)-C(3) 1-365 1.368 0-022 
C(3)-C(4) 1.386 1-389 0-023 
C(4)-C(5) 1.408 1-411 0.022 
C(5)-C(6) 1.379 1-382 0.019 
C(6)-C(1) 1.457 1.460 0.022 
C(1)-N(9) 1-352 1.358 0-016 
C(4)-N(10) 1.400 1-405 0-016 
N(9)-C(7) 1.518 1.531 0.022 
N(9)-C(8) 1.451 1-464 0.021 
N(10)-O(11) 1.262 1.280 0-019 
N(10)-O(12) 1.201 1-219 0.019 
C(2)-H(I 3) 1.20 
C(3)-H(14) 1-18 
C(5)-H(15) 0.97 
C(6)-H(16) I. 15 

Angle 0 (x(0) 

C(6)-C(I)-C(2) I17.1 1-2 
C(I)-C(2)-C(3) 121-4 1-4 
c(2)-c(3)-c(4) 120.8 1.4 
C(3)-C(4)-C(5) 121-0 1-2 
C(4)-C(5)-C(6) 118-8 1.3 
C(5)-C(6)-C(1) 121.0 1.3 
C(2)-C(1)-N(9) 122.6 1.5 
C(6)-C(1)-N(9) 120.3 1-5 
C(3)-C(4)-N(10) 122-1 1.5 
C(5)-C(4)-N(10) 117.1 1-4 
C(1)-N(9)-C(7) 118.6 1-5 
C(1)-N(9)-C(8) 123.3 1-4 
C(7)-N(9)-C(8) 118.2 1.4 
C(4)-N(10)-O(11) 118-3 1.4 
C(4)-N(10)-0(12) 120.3 1.4 
O(11)-N(10)-O(12) 121.4 1-2 

s igni f icant ly  non-p lanar ,  t he  n i t ro  group and,  m o r e  
par t icular ly ,  t he  d i m e t h y l a m i n o  group be ing  tw i s t ed  
out  of t he  p lane  of t he  a romat ic  ring. Mean p lanes  
were  therefore  ca lcula ted  separa te ly  for t he  a romat i c  
ring, for C(1) and  the  d i m e t h y l a m i n o  group,  and  for 
C(4) and  t he  n i t ro  g roup;  t he  equa t ions  of t hese  
p lanes  are g iven  in Table  6, X ' ,  Y, and  Z '  be ing  
coordina tes  in _~ referred to  o r thogona l  axes a, b, 
and  c*. The  dev ia t ions  of t he  a toms  f rom the  planes,  
and  t he  angles b e t w e e n  t h e  p lanes  are inc luded  in  
Table  6. 

The  w l u e ~  of/?~j in  T~ble 4 were  conve r t ed  to  U~j 

referred to  t he  o r thogona l  axes a, b, and  c*; these  
Uit were t h e n  used wi th  t he  d i rec t ion  cosines of t h e  
m e a n  p lane  normals  and  of o the r  molecular  axes  
to  compu te  the  mean - squa re  d i sp lacements  of t he  
a toms  in  var ious  d i rec t ions :  no rma l  to  t he  molecu la r  
p lane  for all t he  a toms,  radia l  and  t angen t i a l  in -p lane  
d i sp lacement s  for t he  a romat ic  ca rbon  a toms,  a n d  
paral lel  and  no rma l  to  t he  bonds  for t he  a t o m s  of t h e  
subs t i t uen t  groups.  These  resul ts  are s u m m a r i z e d  in  
Table  7. The  v ibra t ions  are ve ry  s imilar  to  those  in  
p -n i t roan i l ine ;  t he  a romat ic  r ing can be cons idered  as 
a r igid body,  bu t  t he re  are considerable  to rs iona l  
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Table  6. Mean planes, displacements of atoms from the 
planes ( li ), and angles between the normals 

1. Aromatic ring: 0.2546X'-O.4314Y-O.8655Z'+0"8171 =0 
2. C1-NMe2 : 0.2484X'--O.3145Y--O.9162Z'+0"5430=O 
3. C4-NO9.: 0.2838X'-- 0.3926 Y -  0.8748Z' + 0.5581 = 0 

Atom /I 1 A2 13 
C(1) +0.009 --0.003 
C(2) 4- 0.006 
C(3) --0.013 
c(4) + 0.006 + 0.004 
c(5) +0.006 
C(6) -0.014 
C(7) +0.128 --0.002 
C(8) -0.192 --0.003 
N(9) -0.012 +0.008 
N(10) --0"044 --0"009 
O(11) 0 +0.003 
0(12) -0.090 +0.003 
H(13) +0.17 
H(14) --0.03 
• I(15) +0.II 
It(16) --0.07 

Angle 1 2 = 7"3 ° 

Angle 1 3 = 2"8 ° 

oscillations of both  the ni t ro  group and the  dimethyl-  
amino group about  the C-N bonds, with in addi t ion 
quite large in-plane vibrat ions  of the methy l  groups 
and  of the  oxygen atoms normal  to the  N-Me and 
N-O bonds respectively. The d imethy lamino  ni trogen 
atom, N(9), does not  have a large v ibra t ion  normal  
to the  plane as does the  corresponding a tom in 
p-ni t roani l ine;  this is to be expected since the  methy l  
groups in the  d imethyl  compound are of course much 
heavier  t han  the  hydrogen atoms of the NH2 group 
in p-nitroanil ine.  The corrections to the bond distances 
for errors due to ro ta t iona l  oscillations (Cruickshank, 
1956) were est imated approximate ly  from the  atomic 
displacements of Table 7, and from comparison with 
the  corresponding displacements in p-nitroanil ine.  
These corrections increased all the bond distances, 
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by 0-003 J~ for C-C bonds, 0.006 ~ for C-N bonds, 
0.013 /~ for N-Me bonds and 0.018/~ for N-O bonds. 

All the intermolecular  separations less t h a n  3.9 J~ 
were calculated and the  more significant distances 
are given in Table 8; all these contacts  correspond 
to normal  van  der Waal ' s  interactions.  The per- 
pendicular  distance between the  aromatic  planes of 
molecules related by t rans la t ion  c is 3.43 _~ (and only 
distances _< 3-6 J~ between these molecules are listed 

in Table 8). 

Table 8. Shortest intermolecular contacts 

Molecule 1 at x y z 
2 x y l + z  
3 1 - - x  ½ + y  - z  
4 1 - - x  ½ + y  1 - z  
5 --x ½+y - z  
9 1+x y z 

10 l + x  y l + z  

Atom to in 
(in molecule 1) Atom molecule d 

2 1 2 3.49 A 
3 6 2 3.56 
4 5 2 3.49 

10 5 2 3.58 
11 10 2 3.56 
5 2 3 3.71 
5 3 4 3.57 
6 3 3 3.71 
6 3 4 3.79 
8 7 5 3.52 
8 11 3 3-78 

12 7 3 3.77 
11 7 9 3.68 
11 7 10 3-58 
12 8 9 3.67 
12 8 10 3.62 

H-H Contacts 
15 13 3 2"35 
15 14 4 2"35 
16 14 3 2"44 
16 14 4 2"44 

Table 7. Mean-square displacements (A ~) 
In plane 

Normal to r 
molecular Tangen- 

Atom plane RadiM tim 

C(1) 0.06 0.07 0.06 
C(2) 0.08 0.06 0.07 
C(3) 0-05 0.06 0.08 
C(4) O.O6 O.O5 O.O6 
C(5) 0.05 0.05 0-08 
C(6) 0.07 0.05 0.07 
C(7) 0.09 
c(8) 0.08 
N(9) 0.07 

N(10) 0.08 

O(Ii) 0.II 
O(12) 0.13 

Parallel Normal 
to bond to bond 

0.06 0.11 
0.05 0.10 
o.o6(c1) 
o.o6(c7) 
o.o6(c8) 
o.o7(c4) 
o.o6(o11) 
o.o7(o12) 
0.06 o. lO 
0.06 O.lO 

D i s c u s s i o n  

I n  describing the  various aspects of the  s t ructure  of 
N, ~V- d imethyl -  p -n i t roan i l ine  i t  is of considerable 
interest  to make  comparisons with corresponding 
features in p-ni t roani l ine (Trueblood, Goldish & 
Donohue,  1961). Examina t ion  of the  s tandard  devia- 
t ions of the  bond distance measurements  (~  0.02 _~ 
for /~ ,N.d imethyl -p-n i t roani l ine  (Table 5) and  about  
0.007 /~ for p-nitroanil ine) indicates t h a t  the results 
for N,N-dimethyl -p-n i t roani l ine  are less accurate.  
There are several possible reasons for this :  the  space 
group of ~V,N.dimethyl-p-nitroaniline is non-centro- 
symmetr ic ;  the  the rmal  parameters  for the  hr,N - 
d imethyl  der ivat ive are somewhat  higher, so t h a t  the  
a toms can be located less precisely; the  range of 
reciprocal space explored, and the  number  of reflexions 
observed are bo th  less t h a n  in p-ni t roani l ine;  there  
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are in the case of N,N-dimethyl-p-nitroaniline a 
larger number of weak reflexions for which the 
intensity measurements are probably not too accurate, 
and the final structure factor agreement is not quite 
as good as in p-nitroaniline. 

The aromatic ring in N,N-dimethyl-p-nitroaniline 
is planar within the limits of experimental error, 
but both the dimethylamino group and the nitro group 
are twisted out of the aromatic plane about the 
C-N bonds by 7.3 ° and 2.8 ° respectively; viewed 
from outside the molecule, these twists are in the 
same direction. The substituent groups and their 
attached carbon atoms are each planar (the displace- 
ments of Table 6 suggest that  each group is slightly 
pyramidal, but none of these deviations is significant); 
both of the nitrogen atoms are slightly out of the 
aromatic plane (in the same direction), but the devia- 
tions are barely significant. There are further small 
deviations from a regular model involving slight in- 
plane displacements of the nitrogen atoms : for example 
C(2)-C(1)-N(9) = 122-6 ° and C(6)-C(1)-N(9)= 120.3°; 
C(3)-C(4)-N(10) --= 122.1 ° and C(5)-C(4)-N(10) = 
117.1 °. All of these deviations from a regular model 
are very similar to the corresponding displacements 
in p-nitroaniline; in the latter molecule the amino 
and nitro groups are twisted 16 ° and 1.9 ° respectively 
out of the plane of the aromatic ring. 

Although there are some fairly large differences 
between chemically equivalent bonds and angles, 
none of these is significant on the basis of the standard 
deviations given in Table 5. The mean lengths and 
angles (standard deviations about 0.011-0.016 A, and 
0'8°-1.1 °) are shown in Fig. 1, where they are com- 
pared with the corresponding values in p-nitroaniline 
(the values in both molecules have been corrected 
for rotational oscillation errors). On the basis of the 
estimated standard deviations most of the bond length 
variations in the six-membered ring of _hT,N-dimethyl- 
p-nitroaniline cannot really be considered significant, 
but the variations do suggest that the quinonoid 
structure (XII) makes a slightly larger contribution 
to the hybrid molecule than does the corresponding 
structure (VI) in p-nitroaniline. Bonds C(2)-C(3) 
and C(5)-C(6) are the same length (1.375 A) in both 
molecules, the reduction below the length in benzene 
indicating contributions from the quinonoid forms. 
In p-nitroaniline the two C-C bonds near the nitro 
group are about the same length as in benzene, while 

those near the amino group are significantly longer; 
this trend is even greater in the N,N-dimethyl 
derivative. Further the C-NMe2 distance (1.35s /~) 
appears to be shorter than the C-NH2 length (1-371 /~) 
in p-nitroaniline (the difference is not however 
statistically significant; it may be noted that  the 
uncorrected lengths were almost identical); the C-NO2 
distance in N,hT-dimethyl-p-nitroaniline is also con- 
siderably shorter than the corresponding distance in 
p-nitroaniline (1.405 ~ as against 1-460 A, and here 
the difference is statistically significant). All of these 
comparisons suggest greater contribution from a 
quinonoid form in the _~,N-dimethyl compound, and 
this can be correlated with the greater electron 
releasing properties of NMe2 in comparison with NH2. 
The N-Me bond lengths do not differ significantly 
from the single bond distance. 

The bond angle variations in the two molecules 
are quite similar; the C(2)-C(1)-C(6) angle is less than 
120 ° in each case, and the O-N-O angle is greater 
than 120 °. 

None of the intermolecular distances needs special 
comment, all corresponding to van der Waal's contacts. 
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