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ABslR.4cr 

Heats of mixing aniline, u-toluidine, and N,N-dimethyl aniline with chloroform 
have been determined by an adiabatic calorimeter. The results have been examined 
for molecular interactions between them, and they indicate that anihne and o-toiuidine 
are associated through hydrogen bonds. Entbalpy of bond formation in a 1:l complex 
has also been determined. 

Association in liquid aniline has been a subject of exha-ative IRIms and N_MR 
studies6-’ . The purpose of the present study is to examine this problem from the point 
of view of thermodynamics of weak interactions and to report heats of mixing chloro- 
form with aniline, o-toluidine, and N,N-dimethyl aniline at 308-15 K. 

Aniline, o-toluidine and chloroform were purified and their purities were 
checked as described earher’.’ ‘. N,N-dimethyl aniline was purified as suggested by 
Vogel ’ ’ and its purity at 298.15 K agreed within O.oooO5 g cm-’ with that in the 
literature’ ‘_ 

Measurements of heats of mixing as a function of composition were made in an 
adiabatic calorimeter described earlier’ 3. 

RESULTS 

The results of the measurements of heats of mixing are recorded in Table I. 
The data were fitted to thy expression 

HE/XI{1 -xX) J mol-’ = A +B(2x, - i)+C(2x, - I)* (1) 

where x, is the mole fraction of component 1. The constants A, B and C were evalu- 
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together with the standard deviations G(H~) are recorded in Table 2. 

TABLE I 

MEJrSURED HEATS OF MIXING AND COMPARISON OF VALUES CALCULATED 
ACCORDING TO BARKER’S THEORY WI-i-‘H VALUES INTERPOLATED FROM 
THE MEASURED VALUES AT MOLE FRACTIONS x, OF FOMPONENT I 
A-r 305.15 K 

Xl HE (J mol- ‘) Xl HE (J moi- ‘) 

fiP- Barker 

Chloroform (r) + aniline (2) 

O-1621 89.05 
0.2098 114.50 
0.23 16 X24-70 

(0.3000) I5LOO 166.36 
0.3093 I55_50 
0.3562 166.72 
0.3826 174.90 

(O-4900) 179.00 184.01 
0.4519 187.65 

(0.5000) 190.00 181.83 
OS109 I SQ_02 

Cidofoform (I) t o-roluidne (2) 

0.1423 - 141.89 
0.2166 - 205.92 

(0.3ooo) - 272.00 -304.13 
0.3002 - 273.02 
0.3692 -315.20 
O-3815 -317-60 

(O-4000) - 324.00 - 339.79 
a_4432 - 337-34 
O&55 -%%_I0 

(Qs)oO) - 347.00 - 35239 
029 - 347-90 

Chloroform (I) -I- N.N-dimethyl aniline (2) 

0?2015 - 476.70 
&2962 - 790.02 

(OL3000) - 804.00 - 1097.97 
0.3312 -900900.11 
0.3498 - 950.97 

(0.4ooo) - 1079.00 - 1268.04 
0.4157 --II13_12 
0.4739 - 1210.42 

(QJOOO) - 1236.00 - 1270_00 

0.5366 187.26 
0.5472 189.04 
0.5927 184.10 

(0.6000) X82.00 156.19 
0.6329 176.14 

(oo.mOO) 157.00 140.73 
0.701 I 156.90 

O-7782 126-12 
0.8291 99.80 
0.8920 66.70 

OS200 
OS458 

(0.6Ow 
0.6102 
0.6892 

(0.7Ooo) 
0.7269 
0.7662 
0.8196 
0.852t? 

0.5128 - 1243.84 
0.5871 - 1252-02 

(06000) - 1243.00 - 1229.89 
0.6355 - 1207.10 

(0.7QOO) -1091.00 - 1108.76 
0.7022 - 1087.12 
0.7532 -951.70 
0.7954 -814.90 
0.8428 - 640.70 

fiP. Barker 

- 346.67 
-347-04 
- 339.00 - 329.39 
-334.10 
- 302.98 
- 295.00 -296.12 
- 282.48 
- 25998 
- 206.70 
- 174.60 
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Heats of mixing for chloroform -f-o-toluidine and chloroform tN,N-dimethyI- 
aniline are all negative; exothermicity varies in the order N,N-dimethyl aniline 
>o-toluidine and is indicative of their interaction with chloroform. The results, 
however, indicate endothermic mixing for chloroform+aniline. The curves of HE 
against the mole fraction of chloroform are almost symmetrical indicatinglS that we 
are dealing with 1:I complexes in solution_ We are unaware of any data of HE at 
308-15 K with which to compare our results. 

The exothermic mixing cf chloroform with N,N-dimethyl aniline and o-toluidine 
indicates that there should also be some interaction between aniline and chloroform, 
which the heats of mixing data do not substantiate. The endothermic mixing for 
chloroform +-aniline may be accounted for, if we suppose that aniline is selfassociated. 
The observed heat is then made up of an asymmetric endothermic term due to breaking 
up of this association and a symmetric exothermic term if a 1:l complex is envisaged 
in solution, This would mean lesser association in &toltidine as compared with 
aniline because of tte close proximity of the -CH, substituent and as such the asym- 
metric endothermic contribution to HE will be less in the former as compared to the 
latter. However, the symmetric exothermic contribution would be larger for o-tolui- 
dine fchloroform than for aniline ichloroform and so H&, values for the o-toluidine 
+-chloroform mixture would be Iess endothermic than for the aniline+chloroform 
mixture. The greater interaction in the former as compared to the latter gets further 
support if it is supposed ” that the experimental HE values are made up of: (i) contri- 
butions arising due to size; and (ii) contributions arising from molecular interactions. 
Since HE vahes are not influenced by slight differences in the size of moiccuics and as 
cyclohexene has almost the same size #as o-toluidine and aniiine, HS:, values were 
taken to be Hfi, for the cyclohexane fchloroform mixture* 6_ H~l,~clion values at an 
equimolar composition are 

System 

C%loamform i- aniline 

Chloroform i o-toluidinc 

fGcrncr~~ (J mot ‘1 

-434.34 

- 975.24 

x-he HLrJaion values thus support our conjecture that o-toluidine interacts strongly 
with chloroform. 

In an alternate attempt to understand the nature of interactions between the 
components of these mixtures, we examined our results for Barker’s” theory. This 
~neralized lattice model theory allows a molecule to have contact points of several 
types: each type having a definite interaction energy. Further the total number of 
contacts which a molecule, occupying r, sites on a Z-coordinated lattice, is capable 
of making is given by 

q,z = r,z-zr*i-2 (2) 
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It is further supposed that chloroform has one I-l contact point and (Q& = qsZ- 1) 

chlorine contact points while aniline and o-toluidine have one N contact point, 21 

contacts for the 2 hydrogens on N in -NH2 and 5 contact points for the residual 

molecule. N,N-dimethyl aniline is assumed to have one N contact, 21 contacts for the 

2 CH3 substituents on -N <‘“’ and 51’ contact points for the residual molecule. 

CH3 
The interactions considered are for aniline (A) fchloroform (S) and o-toluidine (A) + 
chloroform (S): hydrogen bond (N ___ ;I) of strength u2; non-specific interaction of 

strength u,, for ah the remaining contact points; and self association interaction of 

strengths z13 for aniline and o-toluidine. Heats of mixing values were then calculated 
from 

HE = -2RT[ql In rll(X,X,fXIXcl+X1.X,;iX,.X,fXN~)+ 

+XNXHqZ In ~L+GGX~--~~XE(X;) ‘13 In t131 (3) 

where Xn , XI, &, Xx and XI. can be solved from: 

and Xk and Xi are solutions of the corresponding equations for the pure aniline and 
o-toluidine. 

For N,N-dimethyl aniline (A)+chloroform (S) there is the hydrogen bond 

K . . . H of strength uz and non-specific interactions for all the remaining contact 

points. For the sake of simplicity these non-specific interactions for all the remaining 

contact points are assumed to have the strength ur. HE values were then calculated 
from the expression 

HE = -2RT~(X,XH+XIXa+X~XHiX~XC,+~XS)t71 Inql+ 

+X~Xntl~ ln a23 

where X, , Xn , Xc,, X, and X,. can be solved from : 

(9) 
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A value of 2 = 4, rs = 2 for chloroform and r, = 2 for aniline and 3 for N,N- 
dimethy! anihne and u-tohridine have been used throughout this paper. 

Interaction energies and NE values calculated according to this model for ali the 

systems at xs = 0.3, 0.4, OS, 0.6 and 0.7 are recorded in Table 1 and these reproduce 
well the experimental curves of n’ against the mole fraction xi of chloroform_ A 

consideration of the 11s interaction energies thus cIearIy indicates that aniIine and 
PtoIuidine are seIf associated through hydrogen atoms on the -NH, group and that 
o_toIuicIine is Iess associated than aniline- 

Further the present study su=ests that it is the N atom in the -NH2 group of ani- 

Hine and o-toIuidine that is involved in hydrogen bond formation with chloroform. Such 

a hypothesis is fully substantiated by the interaction of N,N-dimethyI aniline, in which 

the two hydrogen atoms of the -NH2 group in anifine are replaced by two ekctron 
nepeIIing -CH3 substituents, with chloroform. Aniline and o-toluidine are thus associ- 
ated in such a way that one of the two hydrogen atoms of the -NH, group is linked to 

the N atom of another aniline or o-toluidine molecule through a hydrogen bond while 

the second hydrogen atom is Iinked by weak specific interactions with the 5c eIectrons 

of the adjacent aniline or o-toluidine mofecule having their nitrogen atom to form 

Ihydrogen bonds with chIoroform_ This modifies our earlier scheme9 of association in 

aniiir-e. Wolff and Math&” have also arrived at a similar conclusion about the 

association in aniline from their IR spectral studies of pure aniline and its adducts 

with proton acceptors of varying basicity. The large exothermic N ___ H interaction 

ener_e (uz in Table 2) in N,N-dimethyI aniIine+chIoroform as compared to o-tolui- 

dine ichloroform and aniiine ichIoroform indicates that the lone pair of eiectron on 

the N atom of N,N-dimethyI aniline is more easily avaiIabIe due to the electron 

repelling effect of the two -CH3 substituents, to form hydrogen bonds with chloro- 

form. In o-toluidine-kchloroform the -CH3 substituent increases the 3~ electron den- 
sity of the benzene ring thereby allowing the Ione pair of electron on the N atom of 
o-toluidine to interact strongIy, as compared to that of aniline, with chloroform. 

It would now be instructive to determine the enthalpy of formation at 308.15 K 

of the bond in a 1~1 complex between the components of these mixtures. The desired 

quantity AHf_z was calcuiated as described earlier9 and these are recorded in Table 2. 

The data indicated that compared to aniline, o-toluidine and N,N-dimethy aniline 

form stronger hydrogen bonds with chloroform. Nevertheless the enthaIpy of bond 

formation in N,N-dimethyI aniline +chIoroform is Iess than that in o-tohridine tchlo- 

roform which suggests that the hydrogen bond is stronger in the latter than that in the 

fo.rmer_ This may well be explained by taking into account steric hindrance_ 
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In its attempt to form a hydrogen bond with the N-atom of N,N-dimethyl 
aniline, the chloroform proton experiences an appreciable steric repulsion because of 
the two buiky-CH, groups on its N-atom whereas no such steric hindrance is encoun- 
tered in o-toluidine. This consequently does not allow the chloroform proton to 
come appreciably nearer to the N-atom in N,N-dimethyl anilinetchloroform than 
to that in o-toluidine +-chloroform_ 
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