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THERMODYNAMIC lNVE!iiTiGATION OF AB AND A& 
MOLECULAR SPECIES IN BINARY LIQUID SYSTEMS 

EXCESS- -PIES OF 1,4-DIOXANE WlTH CHLOROFORM 
AND BROMOFORM 

P. P. SlNGW 

E.xazss en&alp& have been mtzasured at 308.15 K for I &dioxane (A) + chloro- 
form (B) and I &dioxane (A) + bromoform (B). The data have been examined on the 
basis of Barker’s theory- Interaction energies between the components have been 
determined and the study suggests that these mixtures contain both AB and AB, 
molecular species. 

Complex formation eq@iiria in dilute non-&ctroIyte solutions involving 
reactions of the type 

A+B “AB (1) 

in some more oi less “inert” soIvents have been investigated by various spectroscopic 
methods as also by such classical thermodynamic methods as distribution between 
immisciile solvents etc. H&pler and Fenby’ have recentIy shown that it is possible to 
anaIyse molar exazss enthaipies for a bin&y liquid mixture in terms of equilibrium 
constant and the moIar enthalpy .of reaction, AEJf, for the complex formation 
represented by reacticin (1). In a subsequent-paper’ these workers have extended this 
method to anaIyse HE for mixtures assumed to have AB and AB, complexes_ In 
another realis& approach McGlashan and Rastogi’ have -shown that Ki and K2 
for.the reaction 

A+2B-- --%2 

evaha&d from v&our p&sure-m ca&nrements can he combined with HE Cata to 
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yield AH,” and m. Whiie the most compelling evidence for the presence of AB and 
A& type molecuIar species in these Gxtures is usually sp&roScopic, this is often 

supplemented by thermodynamic excess functions and their temperature dependence. 
Excess enthaIpies are potentiaUy rich sources of information about complex formation 

in sohltionc7. The work described here shows that Barker’s theory’ can be utilized 
to analyse HE data for a bii non-electrolyte mixture to decide whether it cdntains 
AB or XB and AB, molecular species. 

Dioxane, chloroform and bromoform were purified as suggested by Vogel’ and 
the purities of the final samples were checked by measuring their densities as described 
polo."_ 

Heats of mixing measurements were made in an adiabatic calorimeterr2. 

Heats of mixing data for various systems are recorded in Table 1. The resuits 
were fitted to the expression 

P/x1(1-x,) J mol-’ =lia i-h,(2x,-l)+h2(2x1-1)’ (2) 

where x1 is the .mole fraction of component 1. The_ constants ho; h, and h2 were 
eva3uated by fitting HE/xl (1 -x1) to expression (2) by the method of least squares, 

They are recorded in Table 2 together with the standard deviations o(HE)_ 

DISCUSSIOX 

Excess enthalpies for l&dioxane (l)+chloroform (2) have been measured at 

303.15 and 318.15 K by Van Ness and Abbott I3 . The heats of mixing values for this 
: 

mxxture at 308.15 K interpolated from their data’ 3 gave values that have a maximum 

at x2 = 0.6, (Hz = -208OJ mol-‘) while our UE values have a .maximum of 

-2100 J mol-l at x2 = 0.55. Further, while their HE val~es’~ are considerably more 
endothermic-than ours in the composition range x, = 0,25 to xt = 0.45, a constant 

substraction of &Ml J moi-’ from their data well reproduces (within 10 J mol- *) our 
HE values in this concentration range. Their HE values * 3 are also more exothermic 
thanoursintherange~2- - 0.6 to x2 = 0.9-a constant addition of- 120 J mol- r to 

their data also reproduces well within 10 J mol” our HE vaIu& in this concentration 
range. We are unaware of any data at 308.15 K with which to compare our resuhs 
for 1,4-dioxaue+bromofonn- 

The resnits were examined on the basis of Barker’s theory which allows a 
molecule .bf type A occupying r,, ,site+ on a Z-coordir+ed lattice to have & = 
rZ,-2r,+2 neighhouring contact sites; each site having an interaction energy with the 

neighbouring part of the surface of another moIecule_ The-contact types arefurther 
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sub-divided into cJ.asses; the number in the pth class of the molecule A denoted by 
Q&_ As l&iioxane has almost the same molar volume as that of the various solvents 
used here rA=rs = 2 and 2=4 has been used throughout this paper. Further 
chloroform and bromoform are assumed to have 2 classes of contact sites, the 
hydrogen atom is assumed to have one cuntact QH of one class while the residual part 

TABLE 1 

MEASURED HEATS OF MIXING, HE AND COMPARZSON OF 
VALUE!5 CALCULATED ACCORDING TO BARKER’S THEORY AT 
MOLE FRACTIONS xl OF COMPONENT 1 

Xl HE (3 mot- 3 Xl HE (3 mol- ‘1 

Erprl. BarzaT ExpIL Borker 

I,~Diimcvze (Z) f ahloroform (2) 

0.2069 - 1438.47 
02583 - 167685 
OS76 -1B3d6 

(O-=w (- 1850) <- 1830.56) 
0.3200 - 189091 
0.3693 -2010.67 
0.4129 -2073.10 
O-4326 -208637 
0.4894 -2082-99 

0.1608 - 105237 
0.2314 - 1368.98 

gz) 
-i551.05 

<- 1590) (- 1609.20) 
0.3240 -1660.00 

03823 - 1769-88 
0.4008 - 1799.02 
0.4536 - 1834-13 
0.4987 -1829.60 

m-1 
OS504 
O-975 
O-6717 

(0.7ooo) 
0.7141 
0.7458 
O-8087 
0.8412 

to--m 
OJI82 
0.5549 
0.6030 

0.6&7 
(0.7ooo) 
0_722r4 
0.7761 
08535 

<--2ofw (-2084.74) 
-2015.84 

-_ 

-19f l-71 
- 1678-13 

(-1580) <- 1573.67) 
-x%&80 
- 1360.36 
- 10509? 
-876.01 

(-1830) (- 1839.78) 
- 1816.04 
-178202 
- 1710.05 

- 1550.10 
<--1345) <- 1422.93) 
- 1383.67 
- 1178.89 
-8X72 .- 

TABLE2 

PhWETERS OF EQN (2) TOGETHER WITH 
THE STANDARD DEVIATIONS a(* AND INTERACXION ENERGIES 

1.4-Dioxane+ 
r~orof~rm -8313.47 1588.31 1421.26 1.54 230.29 -4903.43 -588994 

1,4-Dioxane+ 
bromoform .. -7320.18 -848.41 213.29 2.19 230.29 -4617.98 -5319.15 
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has 5 contact point Qx of another class. Again l&dioxane is assumed to have_ two 
cIasses of contact sites, the two oxygen atoms having contacts of one class while the 
residual part having contact sites of another class. The interactions considered were a 
specific (0-H) interaetio.~ between the oxygen atoms of l#l-dioxane and the proton of 
the haloforms and of strength U..; all the non-spezific interactious, for the sake of 
simplicity, are assnmed to have the same strength VI. Interactions between contact 
sites of the same class are taken to have zero intiraction energy. 

For l&dioxane+chloroform, the two oxygen atoms of dioxaue were Crst 
assnmedtohave4contactsitesQ oA of one class and the residual part R has 2 contact 
sites-of another class. Excess energy of mixing at constant volume UyE value were 
then evaluated from the expression 

UL. 
V --2meox,+mi+vh hl ?I1 +t12 hl rlz@o%J1 -: (3) 

where the various parameters x depend upon the nnmber of interactions of various 
~ntactsitsofdiff~t~in~ol~~AandBofthebinarymixtureinthe 
manner descrii in r&I. 8. These meters were evaluated by solving the following 
simI,dtalleonsqnadraticeqns(4)-cI)withccrtain assumed values of U, and U,. 

*lxo+‘IIxP+lJrxH+tl~~ = QOA~~2 (9 

Mmo++x~+~l~x~+wJ = Qnn+z (5) 

x?&2Xof91%.f~~+~1X;j E QHBXB,2 (6) 

XrhxO+tlxX~~+~~~~~ = QXBXB~ 0 

where qr = exp (- UJK!‘) (i = 1 or 2), U, and U, are the interac tioti knergks (per 
mole), x,, is the moIe Caction of A and R is the gas constant It was fonnd that no 
values of U, and U, gave Ug values in this case that came auy &se to the experi- 
mental, HE X&ES for this mixtnre. 

The two oxygen atoms of l&dioxaue in dioLme+chioroform were then 
assmued to haye 2 contact sites Q&* of one class and the residnal part R has 4 contact 
sites QM of another class. Ue value& were then caladated from expression (3) in the 
manner debed eve. Ut values~at x1 =0.3, q.5 a+ 0-T for._the l+zst U, tid U, 
vahes of 230.29 and -5084.98 J mol-’ were - 1546.27, -2038.14 and - 1033.05 J 
mol-‘, reslx&~ly. Negkxtiug the contxi%utious of vofume change of m&g YE, to 
u$ we tak;e UC% HE +d so that these:U~ values z$ xl = O-3,0:5 auq ~,?~o~ make 
-a bet&r reproduction- of HE data for l,&iio&ne+chlo~ofo& The .theoreticaI 
reprodnction of the kxperimentaI -RE data for this mixture is not good in- either of 
~~~cases,thelattubeingabe~ont.Thefailure~thelatttrcasemaybedue 
tothe assumption ‘hat the oxygen atoms of l+dioxane have contacr of one type 
only. 

_ . We now sappoSe that the two oxygen a&s of I&di&an~ in dioxa+-chloro- 
for+ .$axrCZ contact sites of &, same class but of twb different subcIass& EjEer one 
of I&h of *eke siks on the two oxygen atoms of di~~e may .be invol+i in its . .- 
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interaction with chloroform. The interaction, when only one oxygen atom of 1,4- 
dioxane is involved with chloroform, i.e., Qo,, = 1, is assumed to have an interaction 
enew of U, while that when both of the contact sites on the two oxygen atoms of 
l&dioxane are involved, i.e., Qol,, = 2, is taken to have an interaction energy of U, _ 
The proton interacting with QoA is designated ak H while that interacting with Qo,* is 

IabelIed at HI. If 1,44oxane+chloroform contains both AB and AB2 CompIex 
species in soiution, UC would be expressed by 

where the various pa&meters were evaluated by solving the following simultaneous 
quadratic eqns (9)-(14) for certain assumed values of U, , U2 and Us - 

UC values evaluated in this manner for x1 = 0.3,O.S and 0.7 are recorded in Table 1 
and they well reproduce the experimental UE curve for @is mixture_ The analysis of 
HE data for clioxane-tcbloroform in terms of the Barker’s theory thus suggests that 
this mixture contains both AB and AB, molecular species in solution. These species 
would persist even to great dilution as Matsui et aL 14 have maintained in their analysis 
of their infinite dilution partial molar enthaIpy of a binary soIution czu&king di- 
methyl sulphoxide (A) and chloroform (E3). 

~. 
Ut values for 1 +d.ioxane+ bromoform were also analysed in the manner as 

descrii for 1,44ioxane+cbloroform. It was again observed that the assurgption- 
that this migure also contains AB and AB2 molecular species in solution yielded UE 
values that reproduke pretty well XJ$ data for this mixture_ 

Examination of U, values for 1 +dioxane+ chloroform and Qkiioxane-f- 
bromoform shows that compared to bromoform, chIoroform forms a stronger H- 
bond with l+dioxane. The bromincs in bromoform due to their size are not able to 
displace the charge! on the C-H bond to such an extent as the chlorines in chloroform 
and consequently bromoform would form .a weaker I-I-bond with dioxane. This 
should also be evident in H-bond formation in AB, species in these mixtures and the 

U, interaction energies support this conjecture. 
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