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172. The Existence of Aromatic Bisnitroso-compounds of the Type
R'N,O,R".

By Darzier Li. Hammick, WiLLiaMm A. M. EDwWARDS, WALTER S. ILLINGWORTH,
and FREDERICK R. SNELL.

THERE is no a priori reason why mixed bimolecular aromatic nitroso-compounds of the
type R'N,O,R”" should not exist with a stability at least of the same order as that of the
ordinary bimolecular forms. The present investigation was therefore undertaken in the
expectation that such mixed forms would readily be obtained, and in the hope that, by
varying the polar nature of the substituents in the aryl groups R’ and R", unsymmetrical
bisnitroso-compounds might be obtained of sufficient stability for their individual chemical
properties to be studied in the absence of their dissociation products. We have, however,
found only two examples of solid mixed bisnitroso-compounds capable of existence in solid-
liquid equilibrium; but evidence has been obtained from cryoscopic measurements in
benzene of the presence of mixed bimolecular nitroso-molecules in some cases where the

solid compounds apparently do not exist.

EXPERIMENTAL.

Solid-liquid equilibria were investigated in a number of two-component mixtures of aromatic
nitroso-compounds. The usual methods for determining equil. temps. were unsuitable. The
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@ = o-Nitronitrosobenzene (A)-nitrosomesitylene.

O = 4-Nityroso-m-xylene (A)-nitrosomesitylene.
construction of heating and cooling curves, or the observation of the temps. at which small
particles of solid phase are just in equilibrium with liquids of known composition, involves
the maintenance of the nitroso-compounds for considerable periods of time at temps. at which
decomp. takes place. A modification of the latter method was therefore adopted, whereby
very small quantities of solid could be heated comparatively rapidly to the temp. of solid-
liquid equilibrium. Mixtures of known composition of the two components were fused to ensure
complete mixing and rapidly chilled. The solid mixture was then powdered and introduced
into capillary tubes; these were fixed to a thermometer and heated in an oil-bath. The solid
was observed with a lens, the ‘‘ eutectic softening®’ being usually easily detected (4- 1-0°)
owing to the distinctive green colour of the first trace of liquid nitroso-compound formed. The
temp. of disappearance of the last crystal of solid phase wasreproducible, with different specimens
of the same mixture, to within at most 4 0:5°, and in all cases a mean of at least three deter-
minations was taken.

The nitroso-compounds examined were prepared by standard methods. The data obtained
are given in Table L The temps. T, and T, are those of solid-liquid equilibrium and of incipient
fusion {eutectic softening) respectively. Points on the solidus curve (7,) are given only where
there is clear evidence of solid solution.

The data for the systems of nitrosomesitylene with 4-nitroso-m-xylene and with o-nitro-
nitrosobenzene are plotted in the fig., where the curves show in each case the existence of an
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TABLE 1.
A, mols. 9%, T,. T,. A, mols. %. T,. T,. A, mols. %,. T,. T,.
p-Nitrosotoluene (A) and o-Nitrosoanisole (A) and m-Nitronitrosobenzene (A) and
nitrosobenzene. p-bromonitrosobenzene. p-nitrosodimethylaniline.
0-0 68-0° — 0 92-8° — 00 85-0° —
27-8 539 31-0° 58 90-2 70-0° 6-0 80-0 71-0°
336 504 320 14-0 878 695 16-8 71-0 590
41-1 460 31-0 254 845 690 240 64-1 545
447 455 320 331 803 70-0 335 558 515
533 405 31-0 407 782 70-0 46-2 555 51-0
58:1 382 280 499 739 720 572 66°5 515
632 335 290 590 782 700 645 730 60-0
670 320 315 68-1 846 71-0 727 800 695
78:0 360 335 774 900 700 886 87-1 805
895 420 395 91-2 96-4 720 934 885 81-0
100-0 470 — 100-0 101-7 — 1000 900 —
o-Nitrosotoluene and o-Nitrosotoluene (A) and p-Bromonitrosobenzene (A)
nitrosobenzene (A). p-nitrosotoluene. and m-nitronitrosobenzene.
00 720 — 0-0 47-0 — 00 900 —
79 63-0 570 76 41-6 340 55 885 80-0
215 579 500 18-5 377 32:0 7-8 875 78:0
274 552 450 236 357 330 14-2 850 700
331 530 460 269 34-2 330 21-5 82-5 670
41-1 50-2 42-0 29-8 350 330 306 79'5 67-0
47-0 488 440 39'6 420 305 449 71-0 67-0
51-0 489 440 451 465 330 517 76-1 67-0
53-2 498 450 523 509 — 60°5 820 67-0
557 519 440 697 61-5 — 73-3 86-9 700
69-2 60-4 440 795 65-4 350 794 880 755
84-8 67-0 460 89-0 676 450 898 91-0 820
100-0 680 — 100-0 720 — 100-0 93-0 —
o-Nitronitrosobenzene (A) and Nitrosomesitylene (A) and 4-Nitroso-m-xylene (A) and
nitrosomesitylene. o-nitrosotoluene. nitrosomesitylene.
00 122-0 — 00 72:0 — A, mols. %. T,
165 112:3 90-0 13:0 66-2 530 00 122-0
227 1085 92-0 238 61-2 550 26-0 114-0
337 101-0 — 29'5 587 540 390 103-0
348 100-2 900 325 57-0 53-0 41-8 100°5
365 99-0 — 348 552 540 440 95-1
39-8 99-0 91-0 397 804 56:0 46-0 910
482 1040 990 435 850 540 47-2 93-0
54-2 104-2 990 476 895 56-0 500 94-5
599 102-1 101-0 50-8 930 560 54-9 92-0
64-5 1035 99:0 549 96-0 550 59-1 890
69-7 107-0 — 64-2 101-9 540 66-0 80-0
73-6 109-1 101-0 705 106-1 560 75°1 663
825 1150 101-0 100-0 122-0 — 89-2 362
100-0 126:0 — 96-0 351
100-0 425
o-Nitrosoanisole (A) and s-Tribromonitroso- 4-Nitroso-m-xylene m-Nitronitroso-
nitrosomesitylene. benzene (A) and (A) and o-nitroso- benzene (A) and
0-0 122:0 — nitrosomesitylene. toluene. nitrosomesitylene
30°1 108-0 69-0 A, mols. %,. T,. A,mols. %. T,. A, mols. 9%. T,.
s e 700 00 122:0° 00 72:0° 00 122:0°
. 0 00 10-0 1175 19:0 651 200 110-0
P - S 278 1080 29-9 605 26-2 1061
) e EE 39-8 982 39:2 565 348 98-2
100+0 1017 e 460 97-1 480 51-0 500 86-0
533 100-6 51-2 47-3 590 745
62-9 105:0 593 385 66-2 66-2
790 112-2 69-1 27-0 788 750
1000 1200 780 355 91-3 850
100-0 425 1000 900

equimol. bisnitroso-compound with congruent m. p. The plots for the remainder of the systems
show no indication of compound formation. In several cases evidence has been obtained of
partial miscibility in the solid phases.

Evidence for the existence of certain mixed bisnitroso-molecules in solution has been obtained
from measurements of the depressions of the f. p. of C¢gHg by two nitroso-compounds separately
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and in the presence of each other. If no interaction occurred, the depression produced by the
mixture would be the sum of those caused by each nitroso-compound separately; but if inter-
action took place, the resulting diminution in the total number of solute molecules would lead
to a calc. mol. wt. greater than the mean mol. wt. of the mixed solute. The data for the four
pairs of nitroso-compounds given in Table II were obtained by first finding the f. p. of a solution
containing a fixed quantity of the first component and then determining the f. p.’s after suc-
cessive additions of small quantities of the second component. The depressions thus caused,
when plotted against the wts. of the second component, give satisfactory straight lines passing
through the origin, from the slope of which mean apparent mol. wts. were calculated.

The cryoscopic constants K of the two different specimens of C¢Hg used were found from
preliminary expts. with pure C,;Hg. The f. p. depressions given in Table II refer to 20 g. of
CgH, containing the wts. of solute recorded. AT, is the depression produced by the addition
of the first component (A); the values of AT are the subsequent depressions caused by successive
additions of the second solute (B). M} is the formula weight of unimolecular B.

TasLe II
o-Nitrosotoluene (A); p-bromonitrosobenzene (B). p-Bromonitrosobenzene (A); o-nitrosotoluene (B).
K = 51'2; A= 01487 g.; AT, = 0:304°. K =512; A=02362g.; AT, = 0-322°.
B, g. AT. B, g. AT. B, g. AT. B, g. AT.
00261 0-042° 0-1942 0-272° 0:0741 0-149° 0-1500 0-290°
0-0703 0-109 03044 0414 0-1140 0222 0'1678 0-338

0'1410 0-202

(Mean) My = 186; M} = 186.

o-Nitrosotoluene (A); nitrosomesitylene (B).
K =512; A= 01518g.; AT, = 0-312°.
0-0192 0-024 0-1116 0121
0-0441 0-044 0-1848 0°186

(Mean) My = 251; My = 149,

o-Nitrosoanisole (A); nitrosomesitylene (B).
K =522; A= 00994 g.; AT, = 0'250°.

0-0217 0024 0-1030 0-094
0:0425 0039 0-1552 0-142
0-0729 0068

{Mean) Mp = 280; M} = 149.

w-Nitrosotoluene (A); nitrosomesitylene (B).
K =512; A= 01026g.; ATy = 0-292°.

0-0235 0024 0-1023 0-106
0-0548 0°056 0-1195 0-120
0-0822 0-081

(Mean) My = 256; M% = 149.

(Mean) My = 126; Mg = 121.

Nitrosomesitylene (A); o-nitrosotoluene (B).
K =512; A= 03286g.; aT, = 0'158°.

0-0710 0-123 0-1807 0:319
0-1196 0-209 0-2170 0:375
0-1541 0270

(Mean) Mp = 148; Mj = 121,

Nitrosomesitylene (A); o-nitrosoanisole (B).
K = 522; A= 01862 g.; AT, = 0°152°.
00530 0-078 0-1307 0-199
00895 0136 0-1667 0263

(Mean) Mg = 161; M% = 137.

Nitrosomesitylene (A); w-nitrosotoluene (B).
K=512; A=01783 g.; aT, = 0-155°,

0-0280 0030 01251 0135

01087 0116 0-1537 0163

(Mean) Mg = 237; My = 121.

The apparent mol. wts. in C¢H¢ of the components of the above mixtures of nitroso-compounds,
with the exception of w-nitrosotoluene, have already been reported (Hammick, J., 1931, 3105).
The mol. wt. of the latter substance [M = 242 for (CH,Ph-NO),] in HOAc has been determined
by Behrend and Konig (Annalen, 1891, 263, 212); they found values of 257 and 263, which
point to association of the nitroso-compound above bimolecular and are probably not accurate.
In benzene (K = 51-2) we find the following depressions of {. p. for 20 g. of C,;H,.

Wt. solute, 8. ..ooovvininiiieniaenna, 00321 0:0686 0-1026 0-1492
AT e 0-037° 0-081° 0-120° 0°-175°

From the slope of the AT-concn. line, we find M, = 220, which indicates that the association
is # = 100 (Mope — MY /MO = 829, (where MO refers to the simple molecule).

In Table III are given (1) the apparent mol. wts. in C¢Hg of each of the components of the
mixed solutes taken separately, (2) the apparent mol. wts. of each solute in the presence of
the other, (3) the formula weight of the simple molecule, M%. Examination of the results
shows no appreciable compound formation for the first pair. For the second and third pairs
the data show definite indications of intermolecular compound formation, which is not revealed
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Tasre IIL
Mg (in presence

1st Solute (A). 2nd Solute (B). M. of A). Mg
o-Nitrosotoluene p-Bromonitrosobenzene 189 186 186
p-Bromonitrosobenzene  o-Nitrosotoluene 131 126 121
Nitrosomesitylene o-Nitrosotoluene 131 148 121
o-Nitrosotoluene Nitrosomesitylene 234 251 149
Nitrosomesitylene o-Nitrosoanisole 145 161 137
o-Nitrosoanisole Nitrosomesitylene 234 280 149
w-Nitrosotoluene Nitrosomesitylene 234 256 149
Nitrosomesitylene w-Nitrosotoluene 224 237 121

by the solid-liquid equilibria data. The results for the w-nitrosotoluene-nitrosomesitylene
system, where interaction is again found, are of special interest in that they appear to show
that true w-nitrosotoluene molecules, CH,Ph-NO, exist as such in C¢Hg solution, and that
transformation into the isomeric aldoxime is at any rate not complete. It was not possible
to investigate solid-liquid equilibria in this system owing to the instability of w-nitrosotoluene
above its m. p.

SUMMARY.

Solid-liquid equilibria have been investigated in a number of two-component mixtures
of aromatic nitroso-compounds. Congruent-melting mixed bisnitroso-compounds of the
type R'N,O,R” have been found in the systems 4-nitroso-m-xylene-nitrosomesitylene
and o-nitronitrosobenzene-nitrosomesitylene.

Cryoscopic measurements in benzene solution show the presence of unsymmetrical
bisnitroso-molecules in mixtures of nitrosomesitylene with o-nitrosotoluene, o-nitrosoanisole,
or w-nitrosotoluene.
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