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Excess molar enthalpies, H e, at atmospheric pressure and 303.15 K are reported for binary 
mixtures of 1-chlorohexane with diethyl oxalate, diethyl malonate, diethyl succinate, diethyl 
glutarate, diethyl adipate, diethyl pimelate and diethyl sebacate. These experimental results, 
together with those obtained previously on the excess enthalpies of aliphatic diester + n-hexane 
mixtures, are interpreted in terms of molecular surface intera,'~ons between aliphatic, 
chlorinated and carboxylate groups. Comparison of the enthalpy in :-~ =iaange parameters reveals 
a decrease of the intermolecular interactions with decreasing intramolecular C O ( ~ S O O  
distance in the diester molecule. 

One of the most apparent intramolecular effects in non-electrolyte solutions is the 
"proximity effect", consisting of the mutual interaction between groups in the same 
molecule, which may considerably alter the values of the interchange parameters in 
organic mixtures. This has already been well established in acetals, aromatic 
chlorides, aromatic ethers, disulphides and dichloroalkanes [1-3]. 

Our aim now is to establish it in aliphatic diesters, by studying the calorimetric 
behaviour of mixtures containing an aliphatic diester and either n-hexane or 1- 
chlorohexane. The diesters used were diethyl oxalate, diethyl malonate, diethyl 
succinate, diethyl glutarate, diethyl adipate, diethyl pimelate and diethyl sebacate. 

As far as we know, the only previous calorimetric measurements on these 
mixtures are those of Monz6n et al. on aliphatic diester + n-hexane [4], and those of 
Manzini et al. on mixtures containing dialcohol esters isomeric with our diesters [5]. 

Materials 

The liquids used were Merck-Schuchardt and Fluka products with better than 99 
mole per cent purity. Refractive indices, used as purity criterion, agreed 
satisfactorily with those found in the literature. The liquids were also subjected to 
g.l.c, analysis, and in all cases but diethyl pimelate and diethyl sebacate the purity 
was better than 99.5 mole per cent; no purification was attempted, because of the 
difficulty of distilling the liquids. 
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Methods 

Calorimetric measurements 

The calorimeter was isobaric and quasi-isothermic [6]. The mixing cell was an 
anchor-shaped glass receptacle filled under vacuum with Hg to isolate weighed 
quantities of the two liquids in the limbs of  the cell. Electric energy was measured to 
better than 0.5%, and the temperature of  the water was controlled to within 
0.002 K. Test measurements on hexane+cyclohexane were carried out and 
agreement with the data reported earlier [7] was better than 0.5% over the central 
range of concentration. 

Results 

The values obtained for the excess enthalpies were fitted by the least squares 
procedure to the equation 

H e, J mo1-1 = x(l  - x )  ~ A . ( I  - 2 x ) "  (1) 
n 

where x is the mole fraction of 1-chlorohexane, and the standard deviation s (H  e) 
was obtained in each case. Coefficients A. and standard deviations are given in 
Table 1. All the H E results are plotted in Fig. 1, where the solid lines are those 
calculated from the smoothing equations. 

Discussion 

The excess enthalpies of the 1-chlorohexane + diester systems are positive and 
decrease as the separation between the - - -COO--  groups increases (internal 
"dilution" effect of  carboxylate groups in the diester molecule). Comparison of  the 
H e values, at the maximum, for these mixtures with those of  the corresponding n- 
hexane + diesters shows that the introduction of  a chlorine atom into the n-hexane 
molecule causes a decrease in the values of  H e for the 1-chlorohexane mixtures, 
ranging from 900 to 950 Jmo1-1 at the maximum (a little less for mixtures 
containing diethyl oxalate and diethyl malonate). 

In order to establish the proximity effect, we chose a "reference state" in which 
the two carboxylate groups showed practically no mutual interaction. Definition of  
such a system comes through an interaction parameter obtained from monoester + 
n-hexane and monoester+ 1-chlorohexane mixtures according to a molecular 
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Table 1 Coefficients A, and standard deviations s(H E) for the representation of the excess molar 

enthalpies at 303.15 K by equation (I)  

(x)C6H13Cl+ Ao A 1 A 2 s(HE), J mo1-1 

(1 - x)C2HsOzCCO2C2Hs 3571 - 232.0 - 913.9 10.7 

(1 - x)C2HsO2CCH2CO2C2Hs 3334 - 185.5 - 710.8 10.3 

(1 - x)C2H~O2C(CH2)2CO2C2Hs 2807 - 124.9 -314.7 7.0 

(1 - x)CzH~O2C(CH2)3CO2C2Hs 1886 -215.9 -237.0 5.3 

(1 - x)C2HsOzC(CH2)4CO2C2Hs 1370 68.0 - 197.5 2.6 

(1 - x)C2HsO2C(CH2)sCO2C2Hs 976 - 274.2 196.5 2.6 

(1 - x)C2HsO2C(CHz)sCO2C2H5 1.41 2.86 6.7 1.9 
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Fig. 1 Excess molar enthalpies H e at 303.15 K for xC6H13C]+.C), (1 -x)C2H502CCO2C2H ~ 
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Fig. 2 (a) Aliphat ic-  carboxylate enthalpy of interchange parameter Car = hac (T)/RT,  in the mixtures 

C6Hx4 + HsC zO 2C (C H z) ,C O 2C 2H s  vs. n, the number  of  CH 2 groups 

(b) Chlorine-carboxylate enthalpy of  interchange parameter in the mixtures containing 

CIC6H13. Symbols as in Fig. 1 
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surface interaction treatment [2] in its "zero-order" and "quasi-chemical" 
approximations. 

In Fig. 2(a), the reference a l ipha t ic -carboxyla te  parameters obtained from the 
monoester + n-hexane mixtures is compared with those obtained from the various 
diester+n-hexane mixtures. The close agreement from n = 5 up to n = 8 
(n = number of  intermediate CH z groups between the two C O 0  groups) is 
consistent with the mutually independent behaviour of  the two carboxylate groups 
in the same molecule. 

In Fig. 2(b), the values of  the chlorine - carboxylate parameter  obtained from the 
diester + 1-chlorohexane mixtures are compared with the "reference" value. The 
results are similar to the latter, and there is close agreement between both types of  

parameters for diethyl pimelate + 1-chlorohexane. 
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Z u s a m m e n f a s s u n g -  Bei Atmosphfirendruck und 303,15 K gemessene molare IJberschul3enthalpien 

(H L) werden for biniire Gemische von i-Chlorhexan mit Di~ithyloxalat, Di~ithylmalonat, Di'/ithylsucci- 
nat, Diiithylglutarat, Di/ithyladipat, Difithylpimelat bzw. Difithylsebacat angegeben. Diese experimen- 
tellen Ergebnisse werden zusammen mit den frfiher for Gemische von aliphatischen Diestern und n- 
Hexan erhaltenen Resultaten als molekulare Oberflachenwechselwirkungen zwischen aliphatischen, 

chlorierten und Carboxylatgruppen interpretiert. Ein Vergleich der Enthalpieaustauschparameter 1/il3t 

eine Verminderung der intermolekularen Wechselwirkungen mit abnehmendem intramolekularem 

Abstand zwischen den COO-Gruppen erkennen. 

Pe3roMe --- Hp!4BeJxenbl rt36blTOnHble MO31apnble 3HTa31bnYItt (H E) npn aXMOOd~epHOM ~laB~enrln ~/ 

TeMnepaxype 303,15 K ~as  ~SOfinblX cMecefi 1-xaoprercaHa c anaTnaOab~ran 3qbnpaMn tuaaeaeao~, 
ua~onoao~,  cyrttnHoaofi, r~yTapoao~, a~214Ill4HOnO~, m4MeJII4HOBO~ H ce6attnHOBOfi rUC~OT. FIoayqeH- 

able 3rcnepnMenTaabnble pe3y~bTaTbI, Hapa~y c paHee U3MepeHHbIMn a3an cMece~ a3nqbaTnnecrnh 
~riadprip + u-rercan,  nHTepnpeTnpoBaHbl na OCHOBe MO~eKy3zpnb~x noaepxnocTnblx a3ariMO~le~CTBri~ 
Me~ly  a_anqbaTaqecroh, xsiop3aMetuennofi n C:IOX~nOadpnpHO~ rpynnaMn. ConocTaB:lenne 3nxa3bHnfi- 
HbIX B3a~IMOO6MeHHblX napaMeTpoB nOKfl3bIBaeT yMeHbll/eHl,le MeTrMO~qeKy~l~lpl-lblX B3aI4MO~eHCTBI.IH C 

O,/InoBpeMeltnblM yMeHbllleltl.ieM BHyTpltMO.TIeKyYDIpHblX C O O - - C O O  B3a/4MO~e,qCTB'~fi. 
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