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Abstract—Using the treatment of Smith er al. charge distributions in and consequently the dipole
moments of some aliphatic nitro compounds and oximes have been evaluated. The mesomeric
moment derived as a difference between the calculated and the observed values gives a clear picture as
to how the positive (+ M) and the negative (—M) mesomeric effects operate in such systems.

INTRODUCTION
THOUGH electric moment'~* and other studies®7? have given satisfactory proof of
mesomerism in nitro compounds and oximes, no attempt has so far been made to
evaluate this effect with any degree of accuracy after allowing for induction in these
compounds. In this paper the treatment of Smith ez al.® has been used for calculating
the electric moments of a number of aliphatic nitro compounds and oximes so as to
evaluate the extent of mesomerism in these compounds (Tables 1-5).

TABLE |. PARAMETERS USED IN CALCULATING THE CHARGE DISTRIBUTION BY THE SRME METHOD

Bond | fu - Basic molecule Moment used to
derive yap
H—C 0-130 000 — —
Cl—C 0-710 —1-49 Methyl chloride 1-86D
O,N—C 0-243 —2-65 Nitromethane 3-54D
HON= 0-583 --0-758 Acetaldoxime 075D
H,N—C 0-243 1-100 Methylamine 1-28D
c—C 8.5 =0T18 %= 0 — —
DISCUSSION

Nitro compounds. In nitro compounds, the C—N and N—O valence bonds are
coplanar the ONO angle being near 120°. The partial double bond character of the
NO links is due to the electrons that are fed into the delocalized NO bonding molecular
orbitals. Though the = electrons are fed also into an O «—», O antibonding =* type
M.O., this does not significantly affect the = bonding effect which is shown by the

' L. G. Wesson, Tables of Electric Dipole Moments. The Technology Press (1948).

2 K. E. Calderbank and R. J. W. LeFevre, J. Chem. Soc. 1462 (1949).

2 A. Audsley and F. R. Goss, J. Chem. Soc. Supp. Issue No. 1, 5228 (1949).

* R. Raman and 8. Soundararajan, Proc. Ind. Acad. Sci. 47, 357 (1958).

* N. V. Sidgewick, The Chemical Elements and Their Compounds, Vol. I, p- 696. Oxford (1949).
¢ J. Donohue, J. Amer. Chem. Soc. 18, 4172 (1956).

? B. Jerslov, Nature, Lond. 180, 1410 (1957).

* R. P. Smith, T. Ree, L. Magee and H. Eyring, J. Amer. Chem. Soc. 73, 2263 (1951).
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TABLE 4. BOND ANGLES AND BOND DISTANCES USED FOR CALCULATING MOMENT

Molecule Bond angle in degrees Bond distance in A
N
Chloronitromethane | Cl—C—N 110° C—H 1-09A
N
H—C—H 109-5° C—Cl 1-77
C—N 1-49
) P
Chloropicrin Cl—C—-Cl 110-8° CcC—Cl 1-75
C—N 1-59
. /\
Glyomme C—C=N 120° C—H 1-073
N
H—-C-C 120° C=N 1-27
N
H—C=N 120°
N
Formamidoxime H—C=N 130° C—N 1-47
N
N-—-—C—H 110° C—H 1-07
N
N—C=N 120° C=N 1-29
N
Acetoxime C—-C=N 120° C=N 1-29
N
c—C-C 120° C—H 1-07

TABLE 5. CALCULATED AND OBSERVED ELECTRIC MOMENTS OF ALIPHATIC

NITRO COMPOUNDS AND OXIMES

Dipole moment in Difference
Molecule Debyes in
Calculated Observed Debyes

Nitro Compounds
Chloropicrin 341 1-80(B) —1-61

1-88(G)
Nitroform 3:01 27 —0-30

2-61 —0-40
Chloronitromethane 339 2:91(G) —0-48 X
Nitroethane 3-61 3-58(G) —0-03
1-Chloro-2-nitroethane 2-:02(Z) 3-33(G) —

4-92(U)
1-Nitropropane 3-58(2) 3-57(G) —0-01* —0-07*
3-64(U)) 3-7(G) 0-12* 0-06*

3-72(G) 0-14* 0-08»
2-Nitropropane 363 3-73(G) 0-10
Nitro t-butane 4.07 371 —036
Oximes
Glyoxime 1:21 1-22(D) 0-01
Methylglyoxime 1-22 0-88(D) —0-34
Dimethylglyoxime 123 1-38(D) 0-17
Acetoxime 077 0-88(D) 011
Formamidoxime 227 2-24(D) —0-03

The geometry of the carbon skeleton assumed to arrive at the alternative values of calculated
moments is indicated by capital letters in brackets thus: (U) conforms to structure '\/’ and (Z) to

structure

* Difference from the calculated value of 3-58.

* Difference from the calculated value of 3-64.
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experimental data on bond lengths and vibrational frequencies of nitro compounds.
In valence bond terms the groups may be represented by two equally stable resonating
structures

/O o)y
- ITJ 7 and — ﬁ/
- AN

\O \O

the nitro group moment lying along the axis of the group bond which bisects the ONO
angle.

The close accord between the values of resultant moment using the method of
Smith et al® and the observed moments, in the cases of nitroethane and 1 and 2 nitro-
propanes shows that the effects other than that of induction in these compounds are
negligible. In nitro-butane, the calculated value is slightly higher than the observed
value, a trend which is significant when the substituent is an electronegative halogen
as in the cases of chloronitro methane and chloropicrin, of which the latter has the
lowest observed moment. The presence of three nitro groups has a similar effect in
nitro form. It has recently been shown that the high negative potentials of lone pairs
of first row elements are reduced by delocalization towards nearby nuclei, e.g.,
double bonding.*'® Thus in a molecule like chloropicrin since the carbon chlorine
bond is unequally shared, an increase occurs in the numerical coefficient of the local
electron denuded carbon atom with the result the local antibonding orbitals at the
carbon atom are greatly stabilized by electron withdrawal from nitrogen, owing to
increased effective nuclear charge, i.e., the reactive lone pair on nitrogen then over-
laps with the electron deficient antibonding orbital of another C—Cl bond, the ability
of utilizing the antibonding orbitals being maximum in the case of carbon, whereas the
tendency to release electrons being maximum in the case of nitrogen. Such a M.O. de-
scription explains the net mesomeric moments which decrease in the order chloropicrin
> chloronitromethane > nitroform > nitrotertbutane. In the case of 1 chloro 2 nitro
ethane the possibility of rotation of groups precludes the assessment of the mesomeric
moment,

Oximes. The structure of oximes corresponds closely with the classical formula®

AN
C=NOH.

The agreement between the calculated value using Smith et al. scheme and the
observed value for acetoxime clearly reveals its covalent structure which is confirmed
by X-ray,"! infrared'® and Raman spectrum'® studies. From the planar structure
of formamidoxime as shown by precise structure analysis,® it was indicated that it
is best represented as a resonance hybrid, the predominant forms being

+ .
H,N —CH=NOH and H,N=CH—NOH
| I
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It is clear however from the close accord between the calculated and the observed
values that formamidoxime is best represented by structure I. The same is true of
glyoxime and a negative mesomeric moment in the case of methyl glyoxime is anomal-
ous though stabilization of antibonding orbitals by double bonding is not ruled out
as in the case of halonitromethanes.
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