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Abstract. C,H,,N,0, M, = 198-08, monoclinic, C2/c,
a=16-283 (20), b = 8-827 (10), c = 16-508 (20) A,
B=117.53 (15)°, V=2104-03 A%, D, =1.25, D .=
1.251 Mg m=3, Z =8, A(CuKa)=1-5418 A, F(000) =
832, R=0-067 for 807 observed reflexions. The
structure comprises discrete molecules with no inter-
molecular interactions other than van der Waals forces.

Introduction. N-Nitrosodiphenylamine is a brown
crystalline solid readily obtainable by reacting di-
phenylamine with nitrous acid, and is used industri-
ally as an anti-oxidant to slow the curing of rubber. Our
sample was supplied by Imperial Chemical Industries
Limited (trade name ‘Vulcatard A’) and the commerical
material was purified by recrystallization from absolute
ethanol. Unit-cell dimensions were obtained first from
layer-line measurements on rotation photographs about

0567-7408/82/102744-02801.00

several axes, but as the crystals were equi-dimensional
with very similar a, ¢ and [101]-axis lengths, their
identification was difficult. No reflexions were observ-
able in the high-angle region of Weissenberg
photographs so the best values of the lattice parameters
were calculated from the 26 measurements of specific
indexed reflexions.

Intensities were obtained from visual estimations of
multiple-film Weissenberg photographs of layers A0/
h51 and hkO which was also used for inter-layer scaling.
The data were corrected for Lp effects but not for
absorption, which was small. The structure was
determined with MULTAN (Main, Lessinger,
Woolfson, Germain & Declercq, 1978) and refined
using the NRC suite of programs (Ahmed, Hall, Pippy
& Huber, 1973). There were 1067 reflexions within the
region examined, of which 260 were < 1.0 on the scale
used.
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Table 1. Final atomic coordinates and isotropic ther-

mal parameters

X y 4 Biso(AZ)
c(1) 0-2986 (3) 0-1977 (4) 0-3424 (2)  4.55(18)
cQ 0-2366 (3) 0-1377 (4) 03718 (3)  5-52(22)
c@3) 0-1493 (3) 0-1037 (4) 0-3071(4) 622 (25)
Cc) 0-1233 (3) 0-1121(5) 0-2133(3)  4-89 (20)
c(5) 0-1814 (3) 0-1754 (5) 0-1788 (4) 665 (25)
C(6) 0-2724 (3) 0-2114 (5) 02529 (3)  4.73(20)
c(m 0-4720 (3) 0-1769 (5) 0-4070 (3)  5-20 (22)
c(®) 0-5433 (3) 0-2725 (5) 0.4159(3)  5-38(22)
c(9) 0-6206 (3) 0-2028 (6) 0-4153(3)  4-78 (20)
C(10) 0-6199 (3) 0-0573 (6) 03902 (4)  5-34(22)
cy 0-5449 (4)  —0.0405 (6) 0.3742(4)  6.77(28)
C(12) 0-4665 (3) 0-0329 (6) 03774 (3)  7.05(29)
N(1) 0-3920 (2) 0-2401 (3) 04108 (2)  4-51(14)
N(2) 0-4110 (3) 0-3442 (4) 0-4765(3)  5-96 (19)
o(1) 0-3441 (2) 0-3973 (3) 0-4793(2)  8-18(22)

The positions of the H atoms were calculated
(C—H=1-08A) and used in the structure-factor cal-
culations with B;, = 8-0 A? but were not refined. After
a number of cycles of least-squares calculations, using
initially isotropic and finally anisotropic temperature
factors, the shifts indicated were all less than 0-5¢. The
final positional and isotropic thermal parameters are
listed in Table 1.*

Discussion. The numbering of the atoms is shown in
Fig. 1, and a list of bond lengths and bond angles is in
Table 2. The molecules in the crystal are discrete with
no strong intermolecular bonds; the nearest approach
of the O atom is to C(2) at 3.293 (7), and to C(3) at
3.477(6) A. The mean C-C distance in the benzene
rings is 1-397 A, and the N=O bond of the nitroso
group is 1-206 A. Pauling (1944) predicted the N=O
bond length at 1.18 A, but the majority of values which
have been determined are greater than this, probably
because of ionization or hybridization; e.g. 1.26 A in
N-nitrosodimethylamine (Krebs & Mandt, 1975)
and 1.234 A in S-nitrososalicyclic acid (Talberg,
1977). The best agreement with our value is 1-199 A in
S-nitroso-N-acetyl-pL-penicillamine (Carnahan, Len-
hert & Ravichandran, 1978).
The molecule lies in three planes defined by:

(@ C(1), C(2), C(3), C(4), C(5), C(6) 0-3743X —
0-9271Y — 0-0199Z = —0-8719 from which the per-
pendicular distances of the atoms are, respectively,

—0-003 (4), +0.017(4), —0-033(4), +0.035 (5),
—0-020 (5), and +0-005 (5) A.
®) C(), C(7), N(1), N(), O(l) 0-3044X +

0-7335Y — 0.6077Z = — 1.0887 and the out-of-plane

* Lists of structures factors, anisotropic thermal parameters and
H-atom coordinates have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 36858 (8
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Fig. 1. Chemical formula showing numbering of atoms.
Table 2. Bond lengths (A) and angles (°)
C(1)-C(2) 1.411 (7) C(7}-C(8) 1.387 (7)
C(2)-C(3) 1.360 (7) C(8)%-C(9) 1.405 (8)
C(3-C4) 1.406 (7) C(9)-C(10) 1.349 (7)
C(4)-C(5) 1.425 (8) C(10}-C(11) 1-418 (8)
C(5)-C(6) 1456 (7) C(11)-C(12) 1.454 (8)
C(6)-C(1) 1.341 (5) C(12-C(D) 1.350 (7)
C(1-N(1) 1.462 (6) N(1)-N(2) 1-344 (5)
C(7-N(1) 1.445 (6) N(2-0(1) 1.206 (7)
C(1»C(2-C(3) 117-8 (4) C(7)-C(8)-C(9) 116-2 (5)
C(2)}-C(3)-C(4) 121.8 (4) C(8)-C(9)»-C(10) 122.6 (5)
C(3-C(4)-C(5) 122.9 (5) C(9)-C(10-C(11) 121.4(5)
C(4)-C(5)-C(6) 110-9 (4) C(10-C(11)-C(12) 114.7(5)
C(5-C(6)-C(1) 126-0 (4) C(11)-C(12-C(7) 121.3(5)
C(6)-C(1-C(2) 120-0 (4) C(12)-C(7-C(8) 121.6 (5)
N(I)-C(1)-C(2) 118.9 (4) C(1)-N(1)-C(7) 120-2 (3)
N(1)-C(1)-C(6) 121-1 (4) C(1»N(1)N(2) 124-6 (3)
N(1)-C(7)-C(8) 119:2 (4) C(T-N(1}-N(2) 115-0 (3)
N(1)}-C(7)}-C(12) 117-9 (4) N(1I)-N(2)-0(1) 114.9 (4)

distances are, respectively, +0-007 (4), +0-007 (4),
—0-023 (3), +0-008 (4) and —0-010 (3) A.

(¢) C(7), C(8), C(9), C(10), C(11), C(12) 0-0400X +
0-2463Y — 0-9684Z = —5-1355 and the atom
deviations are, respectively, —0-066 (4), +0-058 (5),
—0-033 (5), +0-013 (6), —0-016 (5) and +0-045 (5) A.
The angle between planes (a) and (b) is 123-64 (5),
between (b) and (c¢) 38-62 (5), and between (a) and (¢)
101-19 (5)°.
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