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Nitromethane as Polar Solvent: Part V. Thermochemical
studies in Nitromethane

Ram Ohand Paul, Raj Kawhal, Kuldip Singh Dhindea, Barvinder Singb Pahil and
Suphash Qhander Ahluwalia

Thermochemical siudies of the solution of various Lewis acide (SbCly, SnCl,, AsCl,) and protesic
acids (HSO4F, HgSO, and HCOOH) in polar solvent nitromethane have been carried our using isothermal
phase change calorimeter. From the heats ol solution the order of relative sirengths of the above acida comes
out a3 SbCIy> SnCly> AsCly and HSO4F> H,80,> HCOOH. Acid-base ncutralistion reactions involv.
ing these acids and bascs like of -picoline, dimethylaniline, pyridine and quinoline have been carried out,
indicating that high heat effect iadue (0 the combination of H* and CHNO,~ resulLing in the formation of
nitramethane. Heau of nentralisation with protonic and Lewis acids in nitromethane are similar jpdicating
their identical behaviour,

Based upon the conductance of the sphutions of acids and bases' in nitromethane
ita autoionieation has been proposed as:

2cH,-N(z= [ cn,-N{zH ] T4 I: CH.—N(Z:] )

This has been further confirmed by carrying ont acid-bese neutralisation reactions conduo-
tometrieally, by isclating the neutralisstion produots®, potentiometrieslly? and on the
basis of solvolytic resctionss.

In the present investigations, heats of solution of protonic and Lewis acids in nitro-
methane have been determined and attempts have besn made to sssign an order for their
relative acid strengths. Heats of neutralisation of these acids with various bases bave also
been determined to understand the nature of the neutralistion reactions.

Heat of solution: Fluorgsulphurio acid dissolves in nitromethane in an exothermic
reaction. Heat of solution of fluorosulphuric acid in nitromethane ranges betwesn 21.26—
20.77 Keal. ‘mole in the concentration range studied. SBolutions of fluorosulphurio acid in

nitromethane arehighly conducting snd the nature of these solutione has already been
proposed® as:

CH,NO, + HSO,F ——» (CH,NO,. HSO,F)
== (CH,NO,H)* + 50,7

The enthalpy valuee are naturally due to this reaction and the subsequent ionise-
tion and solvation of the ions formed. In other solvents heat of solution of flugrosulphurie
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acid ia noerly covstant indicating their almost comrplete protondtion as is evident from
Table I. It may thus be suggusted that nitromethans doss not ot protonated as éesily
and completely s8 some other protonic solvents.

A comparison of the heat of solution in the three solvents having almost the same
dielsotrio constant suggests that nitromethane is more acidic than dimsthyl formamide
end methanol.

TABLE 1
Solvent Heat of solution of HSO4 F Ref.
= AH Keal/mole

Nitramethape 21.26—29.77
Dimeihylformamide 31.77—32.18 s
Acctic acid 74.3—29.05 s
Acetic anhydride 29.1—24.6 y
Ethyl acetate 29.34--2403 [
Ethanol 29.66—31.66 o
Methanol 24.79—27.13% 0

The heat of solation of sulphurio acid in nitromethane ranges from 2.13 to 11.12
Koal./mole (Table 1I). This suggests that the reaction is eoncemtration depemdent. The
heat effect may be attributed to the following reastions:

CH,NO, + H,80, —» CH,NO, H,80, === (CH,NO,H)* + HSO,~ .. (i)
OH,NO, + H80,” — . (CH,NO,H)* 1 80, -~ . (i)

The second ionisation step seems to be far from complete as much lees heat i8 evolved
in reaotions at higher eoncontrations. The heat evolved ismuch lower as compared fo that
evolved in dimethyl formamide (13.79—16.69 Kcal/moles) suggesting that nitromethane
is more acidio than dimethyl formamide.

Antimony (V) chloride dissolves in nitromethane in an exothermic reaction with
the evolution of 16.932—40.31 Kealfmole in the concentration range studied. Antimony(V)
chloride 18 known to react with nitromethane to form a monosolvate. The enthalpy
change may be due to the solvate formation, its ionigation and subsequent solvation of the
ions. The reaction may be Wwritten as:

- solvgt-o {
Cc O, + 8bCl,
N0, — 8101,

form.a,tzon
Ionisation

H* + (CH,NO,8bCl,)~
solvation 1L CH,NO,
(CH,NOH)* + (CH,N©,SbCl,)-
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Fluorosulphuric acid is known tobe the strongest acid in various solvents. In nitromethane
dissolution of luorosulphuric acid is acoompanied by the evolution of 21.26—29.77 Kceal|
mole as compared to 16.32—40.31Kecal/mole (Table I1) in the case of antimony(V) chloride
in the same solvent, the concentration ranges studied in the two being almost the same.
Apparently antimony(V) chloride seemhs to be stronger than fluorosulphuric acid in its
reaction with nitromethane which ococurs in an entirely different way and involves
formation of & dative bond (O—8b) between the soivent and the solute apart from the
ionisation of the complex to give off & hydrogen ion and ita subsequent solvation.

TABLE 11

Heat of solution of various protonic and Lewis atidi in nitromethane (26 ml.) ol varying
concenirations af 26.9°,

Wt. of acid Heat of solution
Acid (g.moles x 109) (- AH Kcal/mole)
0.442 29.77
0.646 27.45
HSO,F 0.708 27.21
1.29 23.02
2.05 21.26
0.496 11.12
0.616 6.11
H.SO, 0.698 6.00
1.286 4.33
1.939 2.13
0.172 40.31
0.333 36.35
SbCly 0.596 24.71
0.663 20.5%
D.885 16.32
0.197 27.99
0.323 19.85
Sn Cl, 0.33 16.56
0.411 11.3Q
0.628 10.55
0.848 8.539
4.151 1.14
ArCly 4,618 0.82
5.276 0.79
B8.350 0.78

It is of interest to compare the heat of solution of antimony(V)chloride in different
solvents. A perusal of Table III eugges s that the heat evolved in all the cases is
nearly the same at lower concentrations of the solution. Bmall differences may be due to
increass or decrease in the basic character of the solvent and the subsequent ionisation
of the sglvate and sglvation of ions formed, but the oversll reaction of the formation of
dative bond (O-8b) is the same in all the cases. .
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TABLE III
Solvent Heat of solution of SbCl, Rel.
(— A H Kcal/molc)
Nitramethane 20.55—40.3
Dimethyl formamide 49.40—44 24 .
Ethyl acetate 37.10—538.40 ™
Accric acid 20.54—37.70 Is
Aceryl chloride 95.10—44.9 .

Thermochemiosl studies have shown that heat of solution of tin (IV) chloride in
nitromethane varies from 8.69to 28.00 Kcal/mole in the oconcentration range atudied
(Table II). These values are also low a8 compured to the values obtained in other solvents.
The heat effect may be attributed to the following reaction as has elready been proposed
on the basis of the conductance of the solutions:

2CH,NO,
8nCl, + 2CH,NO, —— 8nC1,.20H,NO, ==

[SaCl,(CHNOY,]" -+ (20H,NO H)*

Heat of solution of the same Lewis acid in acetio acid where a similar bond js formed
varies between 19.55—42.73 Kcal/mole.'?

Comparatively much less heat is evolved on the dissolution of arsenic(III) chloride
in nitromethane indicating that it is an extremely weak Lewis acid. The enthalpy value
has been found to be 0.78—1.14 Keal/mole (Fabls I1). The heat of solution of these Lewis
aoids in nitromethane thus suggests the following order of the strength of these acida:

8bCl, > 8uCl, > AaQl,

This isin agreement with the results of similar studies in other solvents reported in
literature!19,13,:8 and also egrees with conductance work carried out by Paul and
coworkers® in these laboratories.

Heat of neutralisation: It is well known that almost constant values of the heat of
neutralisation of various strong acids against strong bases in water is due to the fact that
the heat effect is largely due to the combination of H*and QH iouns, resulting in the for-
mation of feebly ionised water molecules.

In order to study the nature of the reactions and to understand the influence of the
solvent on the course of the reaction, heats of nentralisation of flucrosulpheric, sulphurio
and formic acids with the organio bases piperidine, <-picoline, and dimethylaniline have
been determined and the results are given in Table 1V.

Fiugrosulphuric acid has been reported to be the strongest acid. Its reaction with
piperidine, «-picoline and dimethylaniline (taking both the components in nitromethane)

I1. R. C. Paul, S. C. Ahluwalia and S. S. Pahil, Indien 7. Chem., 1965, 3, 300.

12. R.G. Paul, S. C. Ahluwalia and S. $. Pahil, (privatec communication).
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14. R. C.'Paul, P. S. Gill and J- Singh, infian 7. Chem., 1964, 2, 219,
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reaults in the evolution of 40.97—4£2.30; 33.12—34.8¢ and 20.06 —30.414 Kcal/mole
reepectively. The enthalpy change may be due to the following reaction:

HSO,F + CH,NO, ——— CH,NO, HSO,¥F ===
(CH,NOH)* + BOJf— - (i)
B + CH,NO, —— B.CH,NO, == BHt + (CH,NO,)~ - - (i)
(CHNO,H)* + B0,¥ + BH! + (CH,NO,)~ ————>
CH,NO, + (BH)*BO,F~.

TABLE IV

Heut of neutralisation of various bases with prolonic and Lewis acids in nilromethons
(25 ml.) st 26.0°

Acid Base Heat of reaction
(- AR Kcal/mole)

Piperidine 41.54
HSOF o -picoline 34.36

D.M_A. 29.59

Piperidine 48.32
HgS0, of -picoline 28.78

D. M. A. 26.30

Piperidine 21.29
HCOOH « -picoline 10.18

D MA 271

Piperidine 86.39
SbCl, o -picoline 33.65

D. M. A. 20.35

Piperidine 99.34
SnCl, of -picoline 30.61

D.M.A. 26.95

Plperidine 22.38
AsCly o, -picoline 20.53

D.M A. 17.52

{D.M. A. is dimethyl aniline)

whare B is a base (piperidine, «.picoline or dimethylaniling). This reastion is more highly
exothermio a8 compared to similar reactions in the other solvents. This may be due to the
fact that combination of (CH,NO,)~ and (CH,NO H)* may be mgre exothermic. The
product of neutralisation i.e. BH*.(80,F~ may be much lesa soluble, thus the heat of
precipitation alsc.may be invelved. In & fow cases the neutralisation product separates
out as a eolid and thus involves the heat of precipitation. Heat evolved at higher ooncen-
trations of the base has been found to be alightly lower than that at lower eoncentrationa.
Ag the heat of solution of the acid shows a marked concentration effect, it is possible that
at higher conoentrations of the acid some heat is absorbed as the acid ioniees as a reqult of
the consumption of the ionised part of the acid due to neutraliration. Basicity of «-pico-
line is enhanced due tothe inductive effect of methyl group in the «-position whersas
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in dimethylaniline, eteric hindrance may weaken its basio cheracter. Thus enthalpy
values for the neutralisation reaction with the same acid in nitromethane are higher for
«-picoline then for dimethylaniline. Heat of neutralisation of sulphurie acid snd formio
acid in nitromethane with piperidine, «-picoline and dimethylaniline ate lower as com-
pered to those with fluorosulphuric aoid as is evident from the Table V.

TABLE V
Heat of neuiralisation (— AH Kcal/mole) of bases with different protonic acids in
nilromethane

Baze HSO4F H,sSO, HCOOH
Piperidine 40.97-42.8 47.9—48.7 20.6—22.0
« -Picoline 33.12—34.89 208.35—-29.1 9.86—10.69
Dimethylaniline 29.05-30.4 26.1 —26.4 2.4—29

Except in the case of neutralisation of piperidine with sulphuric acid, the higher
heat of neutralisation may be due to some turbidity which appears in the solution on neu-
tralisation, indicating the lower solubility of the nentralieation products, thereby

introducing heat of precipitation alro.

Lower heats of neutraliration in the case of formic acid are due to its being a very
weak acid and absorbe large amount of heat for its own ionisation as the neutraliration
Proceeds to completion. The general order of basic strength as observed in the
neutralisation enthalpies with protonie acids is as:

Piperidine > <-picoline > dimethylaniline
The reactions with sulphurio acid are similar to those of fluorosulphuric acid and since
sulphorio scid was tsaken in eXcess only one of the protons msy take part in
neutralisation.
(CH,NO H)* 4 (CH NO,})” + H8Q,~ + BH* —
BH*. HSO,~ + 2CH,NO,

Neutralisation of Lewis acids like antimony{V) ch]oride,tin(IV) chloride and arsenic
(III) chloride with bases like piperidine, <-picoline and dimethylaniline has been carried
out in nitromethane and the results are given in Table I'V.

Antimony (V) chloride which i the strongest acid among the Lewis acids used,
reaots with piperidine, <.picoline and dimethylaniline with an evolution of 35.87—387.23;
32.97—34.00 and 10.97—20.83 Kcal/mole respectively. The heat effect may be attributed
to the following reactions:

B + CH,NO, ——= (BH)* + (CH,NO,)~
cH,N<O+ 8bCl, — ~ CH,NO, 8bCl,
0 + CH,NO,
(CH,NO,H) *+ + (CH,NO,-8bCL,)~
BH* + (CH,NO,)~ + (CH,NO.H)* + (CH,NO,8bCl,)~ ——
2CH,NO, + BH* (CH,NO,.8bC1,)~
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The heat evolved it higher in nitromsthane as compared to that obtained in other
solvents for the same acid-base pair. This may partislly be due to high heat of combi-
nation of H* and (CH,NO,)™ ions and the heat of formation of the insoluble neutrali-
mtion product. The order of the strength of bases is as:

Piperidine > «-picoline > dimethylaniline
Dimethylaniline is a weaker base as compared to the other two bases which is most pro-
bebly due to sterio hindrance as has already been stated.

Tin(IV) ohloride reacts with the organioc bases, piperidine, «-piooline and dimethyl-
aniline in nitromethane with the evalution of 39.10—40.10; 30.40 —30.7';; 26.00—
27.27 Kcal/mole reapectively. The reactions may be represented as:

GH’NOI
2CH,NO, + 8nCl, ———— 8a(l1,.2CH NO, ==

(CH,NO,H)* + (8aC1,CH,NO,CH,NO,)~
B + CH,NO, = BH* 4 CH,NO,"
BH* + CH.NO,” + CH,NO,H* 4 (8nC1,CH,NO,CHNO,)~ ——»
BH'.(CHNO,CH,NO,ScCL)~ 4+ 2CH,NO,
The order of baeic strength remains the same a8 obtained with otheracidsi.e.,
Piperidine > «-picoline > dimethylaniline
Noutralisation enthalpies in the case of arsenic (IIT) chloride (a weak Lewis acid)
with usual bases mentioned earlier bave been found to vary between 17.28-22.83 Kcal /mole.
The order of the strangth of beses is the sama as in other cases. Bince it has been presumed
that differences in the heat of neutralisation of different acids are due to the energy nseded

to ionise more of the acid, and in this case, the acid is less ionised even at 10w concen-
tration this factor affects the enthalpy causing much less variations i the results.

Bince the heat of neutralisation of the solutions of Lewie and protonic scids
with organie bases in nitromethane is of the same order, it may be assumed that the
behaviour of the solutions of Lewin acida is similar to that of the solution of protonic acide
and the course of neutralisation reaction is therefore similar.

BH+ 4 CHNO,” + (CH,NOH)+ + BO,F-
BHRBO,F + 2CH,NO,
BH* + (CH,NO,)- + (CH,NO,H)* + (CHNO,.L)~
2CH,NO, 4 BH* (CH,NO, L)~
In both the cased the major part of heat of reaction may be due to the combination of
(CH,NO,H)* snd (CH,NO)~.

In cases Where the neutralisation product is insoluble, heat of precipitetion is slso
involved.
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EXPERIMENTAL

Nitromethans, Lewis and protonic acids and oxganic tertiary bases were purified as
reported earlier’. Diphenyl ether used as the dilatametric fluid in the isothermal pbase-
change ocalorimeter, was purified by repeated orystallisation. It waa finally distilled
under vacuum into the calorimeter and was sealed with mercury.

Calorimeter: An jsotherma! phase-change calorimeter described by Dainton et al*?
was used. Diphenyl ether was used ma the dilatometric fluid so that all determina-
tions were conduoted at its freezing point (26.9°). The calorimeter was placed in & water
thermostat which was itself kept in an air thermostet. Both the water and air
thermostata were maintained at 26.8°. Tt wWas thus possible to control the temperature
of the water thermostat to + 0.005°. The vacunmn jacket of the calorimeter
farther reduced the temperature Auctuations. In this way, a drift rate of the mercury
meniecus in the calibrated capillary was controlled within £0.001 cm./min. for a fow
hours. The calibration factor of the calorimeter defined a8 the amount of mereury
diaplaced when 1 cal. of the heat is evolved or abagrbed, was found to be 0.04854 g
shift in the mercury meniscus in the capillary by 1 cm. corresponded to 3.15 cals.
The reaction vessel of the calorimeter was thoroughly cleaned and dried. A current of
dry nitrogen was passed through it for 10-15 min. before use, to expel traces of moisture.
The reaction vessel was fitted With a mercury eeal stirrer.

Heats of soiution: Freshly distilled solvent (25ml.) was trangferred to the reaction
veasel and & known amount of the sglute, taken in a fragile glass bulb, was then transferred
to the reaotion vessel. The thermostats were then operated for 4 hrs. during which the
contents of the vessel attained the temperature of the thermostat as indicated by uniform
drift rate of mercury meniscus in the calibrated capillary which was invariably zero. The
diesolution of the sglute was then initiated by breaking the bulb with the sharp end of
the glass rod which also acted as the stirrer. The heat change could be found from the
displacement of the meroury meniscus of the calibrated capillary. Various amcounts of
solute were tried, keeping the amount (25 ml.) of the solvent same every time.

Heat of Neuiralisabion: For neutralisation reactions, etandard solutions of
the acid and base were prepared. Aoid Bolution (25 ml.) was transferred to the
reaction vessel and a known amount of the base solution taken in a sealed fragile
glass bulb, was then transferred to the reaction vessel. In some ocaseca 25 ml, of the
base solution was transferred to the reaction veesel and & known amount of the
acid solution was sealed in a fragile glass bulb and transferred tc the reaction
vessel. The heat of neutralisation was caloulated as the heat evolved on the neutraliea-
tion of one mole of the base or acid whichever was taken in the sealed bulb in the

presence of an excess of the other component,
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