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Nitromethaae •• Pola., Sol-weata Part V. Thermochemical 
•tudJe• Ia N:ltroa~etbaae 

Bam Ohand Paul, :Baj EaUJb&l, Ku14ip Rin~h Dhb;uiu, lafvi.Ddtr S:lqb Pabil ud 
hbbuh Ohande:r Ahluwalia 

~Audia ol the liOiutioa orvarlau• Lewi• uldl (SbCie. Sr.CI., AaCle) ADd pmtalic 
Kid• (HS01F,fl.S06 and HCOOH) in palar solvent niti'OIIItthane ba~ bfto carried. ow wiDf i~ 
pha~e dwlfe c:alorimr'tcr- From the IH:au orllDlution the onkr of relative IIIJ'eii8Ch• of Lhe abGft IICidl -
our. u SbCI.s> SaCI4> A.cl 3 and H50sF> H.s<>4 > HCOOH- Acid-bue M'DIDii ~a~ia:l re.:tiou• i.nvuk­
illll LhQC IIC.idt and bucii!U o(-picoli~. dimethylanilioc, pyridi.ne and quiDoliDC have bceu ~out, 
indlc:atins that bich heal effect ia dlle lo the c:om.bi.Dalion ol H+ and CH.NO.- aaul.Ling in the l'ormatic.:a ol 
niUQIIIetlaure- Jlcan ol"~latiou with protonic and Le,ri1 Kld1 in nlLI'U!IIoel.haDc arc •imli.qo j~ 

r..he ir idnuieal beha rillllll'. 

Baaed upoo t.he oooduot.anc:e of the BolutiODII of &eida and buee' in nitromethaae 
it.l autoioniution baa been pl'opoaed u: 

2CH1-N<: ~ [ CH 1-N~H J • + [ CJI.-N<: J -
Thia baa been further confirmed by oa.rryiiii oo.li acid-hue oeutrali•t.ion reactiou oooduo­
tametrie~&Uy, by iao1ating the neut.ra.li!&tion produota•, potentiometria.ll~ and Oil the 
baeie of aolvolyt.io ~ionr. 

In the present invellf,igationa, heatl!l of 110lution of protonic and Lelrie acid& in nitro· 
me t.hane have been determined and a.ttempta have been made to &BIIign. an order for their 
relative acid strengths. Heaf.tl ofneu,t.ralill&tion of the~m aeidB with various buee ban a lao 
beeD det-ermined to understand the nature of ~he neutrali.nion re.c:tiune. 

Ht.oJ of .801.tioa: Fluoroaulphurio &(lid diiiiiQlve~~ in nitromet.hane iu an exothermic 
reaction. Heat of solution of ftuorosulphuric acid in nitromcthane ranges between 21.26-
29.77 Kcal. ·mole in the ooncentratlon r&nge studied. BolutioDB of :fluoroaulphurio a.eid in 
nitromethane are higbly coDduoting and the c.atu.re of theee ~alutiOlUI ha.11a.he&dY beell 
propoled 1 &a: 

CH,NO. + HB03F --+ (CH,NO.. HBO,F) 

~ (OH,No.H)• +soar 
The cm:thalpy values are natura.lly due t;o this reaction and the IRI.beeqwwt ~ 

tiou and eolvation of the ioue formed. In other &olveutB heat of 10lution of fl.uoroalllphurio 
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a.oid ie ~~BHly c:oo.n.ant i:od.iQatiq ti1eir ahzloat; complete pl'otoaa,ion as it nident f.roin 
Table I. It mat tlua be~ that nrtromethalle ci«**DOt p ~IIIMeel .. eu1J:r 
and oompletely .. aome other proton.io ~vena 

A comparison of the heat of 110luti0 o in tile three solvmta havins almollt dle IIIIRI.8 

dieleotric ooo.sta.nt a:uggeata that nitrometh&De ia more acidic t.h&i,. dime&hyl f()I'DWDide 
and methanol. 

TABIJ!. I 

Solvent Heal of10lution o( HSOs P llcf. 
- 6 H IU:alfmole 

Ni tnJmcthaoc 21.26-29.77 
DimethylformaDJ.idc !1.77-32-IB s 
Aceti.c add 2f.3-2!.05 " Acetic anhydride 23.1-2+.17 ' Ethyl acetate 23.34-24.03 I 
~ 29.66-31.66 D 
Methanol 24.79-27.15 10 

The heat of sohttion of BUlphurio acid in nitromethane raDI'es from 2.13 to 11.12 
K.oal.jmole (Table II). This auggelta that the reaction is oonoe~~.tratioo depedea,, The 
heat effeot may be e.t.t~:ibuted to the following reaot.ione: 

OKaNO. + :S.SO. - CH1NO •. H.S0t ~ (Cll.N'O.H)+ + BS04- (i) 

~0. + HSot- ..... (CH1NO,.B)• + 804 -- (ii) 

Tbs second ioniaation step seem.a to be far from complete as much lees heat is evolved 
i.o reaotio.os at higbm- eonoeotratiODB. '1'116 heat evolved is .much lower lUI oompared. to that 
evolved in dimethyl forma.rnide (13.79-16.69 Kcaljmoles) mggesting that Jrit.romet.h•ne 
i11 more a.cidio than dimethyl formamide. 

Antimony (V) okloride diii801Yell in nitromethaoe in an e:zothermic reaAJtion with 
the evolution of 16.32-40.31 Kcalfmole in the ooncentration range aud.ied. Antimony(V) 
ohlorid.e ia known to react with nit.romethane to form a mollQIIOlvate. The en.thalp7 
ohange may be due to the 110Ivate formation, it.a ionisation and mbaequent 110lvat.ion of the 
ion11. The reaction ma.y be written as: 

aolvate -<: 
CH,N01 +BbCI5 ---- 0HaN 

fo~tion - SbC1 11 

1~ Ioniaa.tion 

H• -t (CH.NO.SbCl,J-

BOlvation 1 cH.NO,~ 
tCH,NO.,H)• + (Cli.NO.SbCI,.)-
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Fluororulphlll'ie acid is known to be the ttrongeet acid in varioua110lvents. In oitrometh&De 
diiiiJOlution of ftuorOIIUiphuric acid i1 &OOOmp&nied by the evolution of 21.26--29.77 Kcal/ 
mole aB compatod to 18.32---40.31 Kcalfmole (Table II) in the ooae of o.ntimony(V) chloride 
in the aa.me llolvent. the concent.ra.t.ion rangee at.ndied in the two being a.lmoat the aa.me.. 
Apparently antimony(V) chloride &eelb.B to be Bt.rongor tha.n flnoroB111phudo acid in ite 
rea.ction wit.h nitrometha.ne which oocurl in a.n entirely diftenmt wr~.y a.nd. involvea 
forDia.tion of & da-tive bond lD-+Sb) between the 110ivent and the BOiute apart from the 
ioni~~ation of the complex to give. oJI a. hydrogen ion and it.a mbaequent Bolvation. 

TABLE II 

Bra& of solvtioft. of va,..&otu profo7tie aftd ,Le1Di8 oeid-1 in nitrom.ethatte {26 ml.) at mJlli"-9 
COftC!mtratioM aS 26.9°. 

Wt. or :aeid Heat or IOI1.1tion 
(l.moln ][ lOS) (· 6-H Kcalfmole) 

0.+1-2 29.77 
0.646 27.4-~ 

0.708 27-~.U 

1.29 23.02 
2.0S 21.26 

0.4!16 11.12 
0.616 6.11 
0.698 6.00 
1.286 4-.33 
1.939 2.13 

0.172 40.31 
O.:JSS SG.~ 
0.596 24-.71 
0.66S 20.5S 
0.885 16.32 

0.197 27.99 
0.323 19-~ 

Sn CI4 0.3!13 16.56 
0.4-11 1 1.!10 
0.628 10.55 
0.848 8.~ 

4.151 1.!4 
4.618 0.82 
!1.276 0.79 
8.350 0.78 

It is of interOBt to compare the heat of solution of antimony(V) chloride in di:flerent. 
&olventa. A peiusal of Table. Ill rugge~J B that t.he beat evolved in all the cases i11 

ne&:rly the 8&1D.e a.t lower concentra.tionl of the aolation. Small dif!eTen088 may be due to 
increase or decTease ln the basic chara.oter of the 11olvent and the BU.baeqnent ioni~~~ation 
of the aolvate a.nd 110lvation of ioD.A formed, but the over~~oll :reaction of the formation of a 
dative bond (0-Bb) i1 the sa.me in e.ll the OHel. 
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TABLE III 

Heat of solution of SbCI5 
(-6 H Kc:aljrDDIC) 

20. 55--40.3 
43.40-44.24 

37.10-38.40 

20.51--37.70 
35.10---44.9 

R.o:r. 

II 

•• 

•• 
Thermocb6'"ioeJ llt.ndiea have shown that boat of &Olution of tin (IV) chloride in 

nitrometha.oe variea from 8.69 to 28-00 Kcal{mole in the ooncentra.tion range studied 
(Ta.ble II). These va.lueB a.re a1so low aa compo.red lio the valllell obtained in other solvent&. 
The hea.t effeot may be attributed to the following reaction u ha11 already been propoBDd 
on the buill of the conduot.&nce of the aolutions: 

2CJ1.3NO. 
SnCl4. + 2CH,N01 ---- SnC14..20H~N08 ~ 

[SnCl_.(Cli.NOJ.].- + (2CilaNOaH)"' 

Heat of solution of the same Lewis acid in acetic acid where a similar bond i1 formed 
varies between 19.fi0--....f2.73 Kcaljmole.' 1 

Comparatively much leu heat ia evolved on the diuolution of arsenic(Ill) chloride 
in nitrorneLhane indica.Ling that it is an e:rlnJmely weak Lewis acid. The enthalp,.- value 
hall been found to be0.78-Ll4- Kcaljmole (Table II). The heat ofaolutionof these Lewis 
aoid.B in nitromethana thus suggests the following order of the lltnmgth of theee aoida: 

SbCI5 > SnOI, > AsOl 5 

This is in agreement with the reaulta of 11imilar atud.ieB in other aolventl reported in 
literature"•'•··~.· 8 and also agrees with conduotan.oe work carried out bT Paul and 
oowor:k:e:rs1 in t.be~~e labora.torieB. 

HUJl of utaraluatioll: It ia well known that a.lmoet constant vaJnes of the heat of 
neutraliBBtion of various strong ~ids againat strong baaeB in water ia due to the fact that 
the heat effect i.e 1arge1y due to the combination of H• and OH- ioDa, reaulting in the for· 
ma.tion of feebly ionised water- moleoules. 

In order to study the nature of the Ie&otiom and lio UDdersta.nd the in1l.uenca of the 
II()]. vent on the oollille of the reaoliion. heata of nsutralis.a.tion offlnorOiiulphl:'rio. snlphurio 
and formic aoidB with the organiu buea piperidine, oC-piooline, and dimethyla.niline have 
been determined and the results are given in To.ble IV. 

F1uorosulphurio acid baa been reported to be the atroDgeat acid. Ita reaction wit;h 
piperidine, < -picoline and dimeth,.-lanil.in.e {ta.ki.og both the oomponeDta in nitromethane) 

II. R.. C. Paul, S.C. Ahluwalia and S. S. Pahil, l,_it111j. C,_,., 196~, 3. 300. 
12. R. C. Paul, S. a. Ahluw&iia and S. S. Pahil, (private GOm.lllWlicatio~:~.). 
13. R. C. Paul, S. a. Ahluwalia, S. K. Reh.a,qi =d S. S. P&hil, llllii•J· C,..,.. 1965,1.207. 
1+. R. C. ·Paul, P. S. Gill and J. Sillgb,/rtdia ]. car.., 1964, 2, 219. 
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r.Wta in the evoluUon of 40.97-42.30; 33.1!-M.Btt and 29.08 -30.4.14 Kcaljmole 
r.pectively. The enthalpy change may be due to the followiog reaction: 

HSOsP' + CB,N01 CH1NO •. HSO,"ll' ~ 

(~O.H)+ + BOJ!'""" (i) 

B + CHaNO. B.Cli,NO. ~ BHt + (C~OJ- (ii) 

(CH~O_.H)• + SO,F""" + BBt + (CB1 NO.)- ----+ 

CH_.NO. + (BH)• BO,F-. 

TABLE IV 

Heat of An&lrfllwaliott of t'a~l lrdHa IMtA prolotlic tJfld /_,.N aeitU i• ~ 
(2~ ml.) at 26.9a 

Acid Our: Heatof~tion 

(· D,.H !teal/mole) 

Pipc:ridiae 41.~ 

lf.SOsF .C-pimline !4.!16 
D.M...A. 29.59 

Pi peri dille 4a..52 
H.SO,. oC ·picoline 28.78 

D. M.A. 26.30 

PiperidiDt!! 21.29 
HCOOH oC -pkxlliDe 10.18 

D.M.A 2.71 

Piperidine 36.!9 
SbCI~ o( -picoline "-~ 

D. M.A. 20.!5 

Pi perid.iDe 99.34 
SnCI, a( -picolinc 30.61 

D. M.A. 2fi.~ 

Piperidine 22.38 
Aiel, a<-picolioe 20.55 

D.MA. 17.52 

(D.M. A. h dim.etb.yl &t~.i!i.De) 

where Bill a b&8e (uiperidine, .C-piooline or d.imethylaniline). Thill re&at.ion is more highly 
emthermia a.s compared to simil&r reaation11 in the other IIQlventl. This may be doe to the 
fact that combina.tion of (CH.NO.)- a.nd (CH~O,H)+ may be more exothermio. The 
p.roduot of neutralisat.ion i.e. BH"~'.(BOT may be much 1eu 110luble, thu the he&t of 
precipitation a.Jso.may be involved. In a few caBel!l tbe neutralisat.ion prodact aeparatel!l 
out a.s a solid and thu111 involves the heat of precipita.t.ion. Heat evolved at higher ooncen­
tr&tioDII of the hUie hall been found to be a lightly lower than that. at lower eonaentratiooa. 
As the heat of !Kllu.tion of tbe acid ahoWII a marked oonoentration effect, it is possible that 
a.t highs- ooncentrationa of the acid BODle heat i11 abaorbed &II the aoid ioniBeBa! & remit of 
tbe consumption of the ioniHed part of the acid doe to neu.tral.isa.tion. Ba.a.icity of o<.pioo­
Une is enhanced due to the inductive etfeot of methyl group in the a<·poaition wh.ereaa 
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in dimetbylaniline, eterio hindrance !baY weaken its b&aio character. Tbua enthe.lpy 
values for the neutralisation reaotioll 'llrith the ame Mid in nitromethane a.re higher for 
-c. pioo line the for dim.ethylanmne. Heat of neutralisation of mJphudo acid and formic 

a,ojd in nitrometh&De with piperidine, -<-picoline and dimethylaniline are lower u oom· 
pared to those with :O.uoroaulphmio a.oid as is evident from the Ta.ble V. 

Baae 

TABLE V 

Beat of Nt&traZUut;oa ( -l:!.H KcalJ'IfiOk) of baM.a toitl difftn.w.l prolm&ic. ~idl i• 
~ 

HS03 F H.so, HCOOH 

Piperidine 40.97-42.!1 47.9-48.7 20.6-22.0 
II( -Pic:olinc 33.12-94.89 28.3~29.1 9.86-10.69 

Dimethyhanilinc 79.0~30.+ 26.1 -26.4 2.4-2.9 

Except in the c.ase of .neutralisation of piperidine with au)ph.uric a.Clid, the higher 
heat of neutralisation may be due to BOlDa turbidity whlch appeare in the aolution on ne'D.­

traliaation, indicating the Jower aolubiHty of the neotraJiB&tion products, thereby 
int-roducing heat of precipitation elPo. 

Lower hea.t.a of neutnli11ation in the case of formic acid are due l;o ita being lA very 
weak acid and abeorhlllargu a.moUAt of heat for ita own ioniMtion u the neutralisation 
proceed& to completion. The general order of buio 'lt:reogth aa observed in the 
neutralisation enthalpiea with protonic acida ia u: 

Piperidine > 11(-piooliue > dimethyla.niline 

The reaction& with aulpburio acid .re aim.ilar to thole of fiuor()811lphuric s.oid and since 
aulphorio acid wa11 t&ken in e:J:CeU only one of the protons may take part in 
neutralisation. 

(CH5NO.HJ+ + (CH_No.}- + HS04- + BHt -

BH+. HSO.- + 2CH~O. 
Neutrs1i11s.tion ofl.Alwis acids like antimony(V) chloride, tin(IV) chloride and arsenio 

(III) chloride with ba~~e~~like :piperidine, -<-piooline and dimethyliW.iline h.a.s been oarried 
out in nitromethane and the results are given in Ta.ble IV. 

Antimony (V) chloride which is the strongest a.cid among the Lewis s.cidtJ WleCi, 
reacts with piperidine, «-picoline a.nd dimethylanilinewith an evolution of 35.87--37.23; 
32.97--34.00 and 19.97-2-0.83 Ke&l/mol6 reepeotively. The heat e:ffeot ma.y be attributed 
to the following re&octiou: 

B + C~NOa _,. (BH)+ + (CH.NO,J-
0 

CH8N<
0 

+ SbC16 - .. CH1N01 SbCl5 

1~ + CH_sNO. 

(CB.NO.H) + + (CH.NO.-Sb<Jl,)-

BH• t (CH.No.)- + (CB.NO~)• + (CHJiO.BbCI.J- --

2CHaN0• + BH• (C:fiaNO •. SbCirr 
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The he&t eTolved iE- high& in nitrometha.ne a1 oompared to that obtained in other 
~a1ventll for the same acid-b&le po.ir. 'Ihia may partially be due to high heat of combi­
nation of H+ and (CH.NO.)- iou and the heat of formation of the iDBOluble neut.ra.Ji­
llltion product. The ordel' of the Btrength of ba.ae8 ia as: 

Piperidine > <·piooline > dimeth.y\&niline 

Dimet.hylaniline ia a. wea.ker ba.Ae as compared to the other two baBel which ia most pro­
bably due to aterio hint:h&noe &I h&a a.lrea.dy been stated. 

Tin(fil chloride reacts wit.h the organic hues, piperidine, <-pioo1ine and dimethy). 
a.niline in nitrometh&ne with the evolution of 39.10-fO.IO; 30.40 -30.7':; 26.00-
Z'l-27 Koa.llmole respeotively. Tho re&Gtion• may be reprBiellt.ed u: 

CHsNOo 
2CH.N'O. + SnCI 4 ---+ 8nCI,.2CH .N01 ~ 

(CH1NO.H)• + (SoCl..,CH1NO.CH.NO.)­

B + CH,NO. ~ BH• + cu.:r-.-o. ~ 
BH• + CHftO.- + CH,N"O.H• + (BnCI.CH,NO.CH,NO.)- --~" 

BH+.(CH,.NO.CH,NO,.SnCIJ- + 20B,NO. 

The order of~ic alirength remaine the aa.me IWI obtained with other acids i.e., 

Piperidine> a(-picoline > dimethyla.niliae 

Neutraliution enthalpies in the caae of arsenic (III} chlo[ide (a \\"e&k. Lewia acid) 
with UII'Ual balel mentioned earlier have been found to vary betweenl7.28-22.83Kcalfmole. 
The Ol"deJ" of the &trangtb of baaeaia tho same as ]n other oaaeB. Binoo it ha11 been preaumed 
that di.fferencee in the hs.at of neutralisation of different acids a.re due to t-he energy needed 
to ioniae more of the acid, and in thia cue, the aoid ia lees ioniaed even at low ooncen­
trat-ion thia factor afieots the enthalpy oauaing mllehloea varia~Oil8 in the reBD.Ita. 

Since the heat of neutralieation of the BolutiollS of Lewie and protonic acida 
with ore;a.nic b&ses in uitzomethane i1 of the same order, it may be aiiSWDed that the 
behaviour of the BolDtiODB ofLewia acida ieaimila.r to that of the aolution o{ protonic acids 
and the course ofMutraliB&tion reaction is t.herefore aimilar. 

BH+ + CH.No.- + (CH,NO.H)+ + B01F- _..____ 

BH.BO~ + 2CH.NO. 

BH+ + (CH.~W.)- + (CH.NO.H)• + (C:ij.NO •. L)- ----+ 
2CH,NO. + :BH+_ (CH,.N01.L)-

In both the oe.lleB the major pa.:rt of hea.t of reaction may be due to the combination of 
(CH,N().Ji)+ and (CJI.NO.)-. 

In OIWiel where the neutrali•tion product is iuoluble, heat of pt'eaipit.tion is alao 
involved. 
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B XPERIMBNTAL 

971 

Nitrometh&ne, Lewis and protonic acids and organic tertiary h&Bell were purifled as 
reported earlier•. Diphenyl ether uaed as the dilatametrio fluid in the i~thermal pb~~o~~e­
ohange oa.lorimeter, was purified by repeated oryatallisation. It waa finally distilled 
onder va.ou.u.m into the oa.lorimeter and WB.!I Be&led with meroory. 

Caloriffl.eter: An jaothermal phase-cba~ oa.lorimeter. dewribed by DIWnton d a~•, 
was used. Diph.enyl ether waa u.aed aa the dila.tometrio fluid so that all determiua­
tions were oonduoted at its freezing point (26.9°). The ca.Jorimeter was plaoed in a water 
thermostat whioh was itself kept in an air thermoatat. Both the water and air 
thermostat-a were ma.intain·ed at 26.11". It wu th1111 po&Bible to oont.rol the temperature 
of the water thermostat to ± 0.00l) 0

• The va.cuom jacket of the calorimeter 
further reduced the temperature .Huctuationa. In t.hia wa.y, a drift. rate of t.he mercury 
meniscus in the calibrated eapiUary wa.a COD trolled within ±0.UOI crn..fmm. for a few 
hOlU'II. Tbe calibration faotor of the calorimeter defined aa the B..ID.OUDt of mercury 
displaced when I cal. of the heat ia evolved or absorbed, wae found to be 0.04864 g. 
shift in the mercury meniscus in the capillary by I em. corrEI&pOnded to 3.16 cals. 
The reaotion vessel of the calorimeter waa thoroughly oleaned and drjed, A con-ent of 
dry nitrogen waa paued through it fot: 10-15 min. before use, to e~l traces of moisture. 
The :reaction veBSel wa11 fitted wHh a. merCl1lry aea.l atirrer. 

H~atd of .rolutioa; Freshly distilled solvent (26ml.) waa tranaferred to the reaction 
vessel and a. known amount of the lolnte, taken in a fragile glal1 bulb, 1V88 then tra.n.sf'Kred 
to the rea.otio~~: vesacl. The thermQitatB were then operated for 4 h.ra. du.riDg which the 
content.! of the vessel attained the temperature of the thermostat u indicated by tmifo1'ln 
drift rate of mercury meniacUB in the calibrated capillary which W&8 invariably lei'O. The 
dii!BOlnt.ion of the solute was then initiated by bnl&kiug the bu.ll:l with the aharp end of 
the glass rod wb ich alao a.cl;ed as the stirrer. The heat change could be found &om the 
displa.oement oft.he mei'Ollry meniac1111 of the calibrated oapillary. Varioua a.monnta of 
solute were triod, keepi~~g tho a.moliDt (25 mJ.) of the aolveD.t same every time. 

Beat of .ltetd~iow.: For nentniliB&tion reactioWI, l!!t.a..ndard solu.ti.ona of 
the aoid and hue were prepared- Aoid aolntion (2~ mi.) was tnmaferred to the 
reaction veMOI and a known amount of the baee solution taken in a seaJed fr&g.ile 
glau bulb, Willi then tra.md"erred to the rea.otion VeiiBOI. In aome 0&8eB 26 ml, of the 
base aolu.tion was tra.nsf'erred to the reaction veasel and a lmown. am.ou.nt. of the 
acid solution was aeaJed in a &agile gla.as buJb and trall!lferred to the reaction 
vessel. The heat of neutraliaation waa oa.loulated &I the heat evolved on the nent.raliaa­
tion of oDe mole of the base or aoid whichever W&8 taken in the aoaled bulb in the 
preaenceo of an excess of the oth51' component. 
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