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Liquid-Phase Enthalpy of Mixing for the System 
1,3-Dioxolane-Chlorobenzene in the Temperature Range 
288.15-313.15 K 

Romolo Francesconl * 

Istituto Chimico "G. Ciamician 'I, UniversitG degli Stud!, 40 726 Bologna, Italy 

Fablo Comelll 

Centro di Studio per la Fisica delle Macromolecole del C.N.R., 40 726 Bologna, Italy 

The molar heat of mlxlng AH,,, for the system 
1,tdloxolane (1)-chlorobenzene (2) was determlned wlth 
an LKB flow mlcrocalorlmeter as a functfon of composltlon 
In the temperature range T = 288.15-313.15 K. AH,,, vs. 
molar fractlon x ,  data were correlated by means of the 
Redllch-Klster emplrlcal expresdon AH ,,, = 
x 1 x , ~ ~ , & k ( x l  - x2), and the adJustable parameters 
were evaluated by the least-squares method. At about T 
= 298.15 K the mlxture Is athermlc, whereas small 
hexothermal and endothermal effects are measured at 
temperatures below and above T = 298.15 K. A 
comparlson wlth the results of vapor-llquld experiments 
on the same system Is glven. 

Introductlon 

The present work concerns a study on the calorimetric be- 
havior of the binary liquid mixtures of 1,3dioxolane and chlo- 
robenzene aiming at collecting further information on this sys- 
tem which the vapor-liquid equilibrium (VLE) data have revealed 
to be very complex, with possible association between the 
components ( 7 ) .  

The enthalpy of mixing of several binary systems containing 
1,3diixolane was obtained by Inglese et al. (2). The mixture 
1,3dioxolane-water is noteworthy for the characteristic curve 
of the enthalpy of mixing showing a sign Inversion with com- 
position (3, 4). 

Experlmental Sectlon 

ChemlceLs W. The source and the purification procedure 
of 1,3dioxolane and chlorobenzene are quoted in ref 7 .  1,3- 
Dioxolane is component 1. 

Calorimetrlc Measurements. The molar llquibphase en- 
thalpy of mixing AH,,, for the system 1,3dioxolane-chloro- 
benzene was determined by means of a flow microcalorimeter 
(Model 2107, LKB-Produkter AB.Bromme, Sweden). For a de- 
tailed description of this apparatus, see ref 5. 

Fully automatic burets (ABU, from Radiometer, Copenhagen) 
were used to pump the liquids into the LKB unit; volume of 
cylinder = 2.5 mL. 

Table I and Figure I show the values of AH,,, at T = 288.15, 
298.15, 298.65, 303.15, and 313.15 K, for increasing molar 
fractions of 1,3dioxolane. 

The accuracy of the LKB bath temperature is 0.1 K; the 
ambient was kept at 294.15 K over 24 h. Calibration of the 
equipment was achieved with reference to the very accurate 
heat of dilution AHd of HCI in water (6). 

For this system one also has the extensive tabulation of 
density vs. composition data (6), which is necessary to evaluate 

the mole fraction of the sample In the calorimetric measure- 
ment (see eq 1 and 2). HCI 1 N at T = 293.15 K (molalii 
0.9871 1) was brought, by increasing dilution with bidistilled water 

are mean values taken from two experiments and are in 
agreement to within 1 % with the above-mentioned literature 
data. 

All measured calorimetric data refer to 1 M unit of HCI and 
of 1 ,Wixolane-chlorobenzene mixture, for dilution and mixing 
heats, respectively. 

The molar thermal effect AH is evaluated from the formula 

at T =  298.15 K, t0 mOhw 0.333. The VabS Of A ! f d  Obtahed 

AH = I*R(E/E,)/n (1) 

where I and R are the electric current intensity and resistance 
in the electrical calibration experiment, E and E, are the in- 
strumental readings for measurement and electrical calibration 
and n is the number of moles of the reference sustance. The 
moles n, of component k pumped per second into the mixing 
cell is given by 

P k  2.5F 
hfk 6000 

n, = -v, - 

where &. and Mk are density and molecular weight, vk is the 
actual percent of the buret flow rate selected between two 
reference values (F = 1 and F = 0.1, corresponding to 2.5 and 
0.25 mL/mln). 

The mole fraction of 1,3dioxolane, x ,  = n l / n ,  calculated 
from eq 2 has been compared with the one measured directly 
with an Abbe refractometer (7),  taking the outlet mixed solution 
coming from the calorimetric cells, after prolonged rinsing of 
tubing to expel prevkw Hquids. As an example, the results over 
at least 10 successive refractometer measurements were, for 
1,3dioxolane-chlorobenzene mixture at T = 298.15 K, ,V = 
0.5246 and s = 0.0028, I and s being the average value and 
root-mean-square deviation, whereas the molar fraction cal- 
culated through eq 2 is 0.5231. A slightly higher discrepancy, 
about 0.5%' between the two I's is found for the extreme 
values of the molar fractions. Hence, only three significant 
figures were retained for x1 in Table I. The experimental un- 
certainty on the AH values can be evaluated from eq 1 con- 
sidering the contribution of all terms (assumed as Independent 
random variables) to the sample variance s2(AH) (8); that is 

where 

= I ~ R / E ,  (4) 
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Table I. Molar Liquid-Phase Enthalpy of Mixing AHm (J mol-') for  the System 1,3-Dioxolane (1)-Chlorobenzene (2), as a 
Function of the Molar Fraction x 

T = 288.15 K T = 298.15 K T = 298.65 K T = 303.15 K T = 313.15 K 
X l  -AHm X I  - m m  X I  m m  x1 " X l  m m  

0.044 
0.109 
0.196 
0.328 
0.423 
0.523 
0.595 
0.746 
0.815 
0.898 
0.959 

2.7 
8.2 
17.3 
26.9 
29.4 
28.3 
26.5 
17.0 
12.8 
5.5 
2.8 

0.109 
0.109 
0.196 
0.328 
0.422 
0.523 
0.523 
0.594 
0.745 
0.814 
0.898 
0.959 

2.7 
3.0 
5.2 

12.8 
11.8 
12.0 
9.4 
5.1 
2.0 
0.1 
0.1 

l0.b 

0.109 1.6 0.109 
0.459 3.7 0.109 
0.594 4.2 0.328 
0.898 1.1 0.422 

0.422 
0.513 
0.594 
0.745 
0.898 
0.959 

11.1 
16.1 
19.2 
19.7 
20.1 
20.3 
19.7 
18.7 
11.4 
4.6 

0.044 
0.108 
0.195 
0.327 
0.421 
0.522 
0.522 
0.594 
0.745 
0.814 
0.897 
0.959 

11.8 
23.7 
33.6 
37.8 
39.9 
38.9 
38.5 
37.7 
29.9 
26.7 
16.2 
6.4 

CO = -118.1 f 0.6 co = -47.4 f 0.2 CO = 15.9 f 0.2 co 80.9 f 0.4 CO = 156.5 f 0.8 
c1 = 37.0 f 1.8 ~1 = 27.8 f 0.8 ~1 -1.4 f 0.4 c1 = 1.2 0.9 ~1 = -12.0 f 3.0 
C Z  = 66.2 f 1.2 cp = 84.8 f 2.4 
~3 = -42.6 f 2.7 ~3 = -60.5 f 5.1 

CZ = 52.7 f 0.6 
~3 = -19.9 f 1.5 

C Z  = -3.2 f 0.6 c2 = 56.1 f 1.8 

u = 0.51 u = 0.42 u = 0.41 u = 0.49 u = 0.58 

"The ck's are the calculated parameters of the Redlich-Kister correlating expression. u is the root-mean-square deviation. ck ( k  = 0, 1,2, 
3) in J mol-'; u in J mol-l. 
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Flgure 1. Moiar heat of mixing AH, (J mol-') for the system 1,3di- 
oxdane (l)-chlorobenzene (2) as a function of the molar fraction xl, 
in the temperature range T = 288.15-313.15 K. Fitted curves are 
calculated wlth the parameters of Table I. a, b, c, d, e: curves at 
T =  288.15, 298.15, 298.65, 303.15, and 313.15 K. 

and @k is obtained from the buret specification as 

0.7 - 0.6l l ( l  - F )  

Ykt 
1030, = 3 + 2.222(1 - F) + (5) 

with 

v k  = 2.5Fv,/6000 (6) 

and t the time (s) during which a constant rate of heat evolved 
or adsorbed is recorded. From the technical specifications of 
the LKB apparatus we have for the flrst term of eq 3 s2(2)/Z2 
rr, lo-', and the second term of eq 3, after analysis of several 

repeated measurements, rewlted in the order of 
Following the same procedure, the sample variance of the 

mole fraction of 1,3dioxolane, when evaluated from eq 2, is 
glven by 

(7) 

Calculation of estimated uncertainties on AH,,, and x through 
eq 3 and 7 gave for 1,3di~xolane-chlorobenzene mixtures 
these results: s(AH) N 0.1 and sfx,) N 

oenelly Meesuramente of Pure C o " n & .  The densities 
of pure liquid components p1 and p2 appearhg In eq 2 and 3 
were determined as functions of temperature with a glass 
two-capillary pycnometer calibrated with distilled mercury 
(pycnometer volume = 31.41 mL at T = 297.45 K). 

The following empirical straight lines fit the experlmehai data 
for 1,3doxolane and chlorobenzene in the temperature range 

(8 )  

s2(x1) = x 1 2 ( l  - x,)2(@,2 + @22)  

288.15-313.15 K 

p1 (kg m-3) = 1089.83 - 1.23358T(K) 

p2 (kg m-3) = 1126.64 - 1.06560T(K) (9) 

with correlation coefficients -0.99971 and -0.99996 and a 
maximum deviatkm between calculated and experimental values 
of density given by 0.43 and 0.12, respectively. 
Cu" d Mossr Heat d hlixtng mta. The data of Table 

I were correlated by means of the Redlich-Kister empirical 
expression 

m 

AH, = x 1 x 2 c c k ( x 1  - x2Y (10) 
k=l 

where the ck's are the adjustable parameters given in Table 
I ,  together with their estimated errors, and obtained by a 
least-squares analysis. The objective function, which is mini- 
mized for each set of isothermal data, is chosen as 

The root-mean-square deviation Q, reported in Table I, is de- 
fined as (@,,,,,,/@ - n,))0.5, with n, the number of adjustable 
parameters and aMn the value of @ at its minimum. W is the 
weight of each experimental AH,# ,x2)  calculated from the 
sample variance s2(AH) of eq 3. 

The use of unit weight in eq 11, however, leads only to small 
variations in u and slight differences in the parameters and in 
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the calcualted values of the heat of mixing respect to the case 
of w # 1 ( 7 ) .  

Four parameters afforded the best correlation of the data at 
T = 288.35 and 313.15 K, whereas three parameters were 
sufficient at T = 298.15 K and the same number of parameters 
was chosen for the mixture at T = 298.65 K for which only four 
experimental data were available. 

Conclusions 

From Table I and Figure 1 we note the following: 
The sign of AH,,, is changed as a function of the tempera- 

ture, the mixture being athermic near T = 298 K, whereas 
exothermal and endothermal effects are measured below and 
above this temperature. 

The molar enthalpies of mixing AH,,, of the system 1,3-di- 
oxolane-chlorobenzene are small, with a maximum value of 
about 40 J mol-' in the temperature range 288.15-313.15 K. 
For comparison, the corresponding maximun value of AH,,, for 
the system 1,3dioxolane-water at T = 318 K is about 900 J 
mol-'. However, these low values of AH,,, are coupled with 
liquid-phase activity coefficients up to 1.9 and 1.5 for 1,3-di- 
oxolane and chlorobenzene, as evaluated by VLE measure- 

ments in the previous work ( 7 ) .  
Thus, we must think in terms of a balance between interac- 

tion and free volume contribution to AH,,, rather than feeble 
interactions between molecules in a nearly ideal solution. 

Registry No. PhCI, 108-90-7; 1,3dioxolane, 646-06-0. 
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Organic DisuWZdes and Related Substances. 45. Synthesis and 
Properties of Some Disulfide Sulflnate Salts Containing No Nitrogen 

Pramod K. Srivastava and Lamar Field" 
DepaHment of Chemistry and Center in Molecular Toxicology, 

Disulfide sutflnates of the structure RSS( CH,),SO,Na were 
synthesized by reaction of 1,2dlthiane 1,l-dioxide ( 1 ), 
thiols, and sodium methoxlde In methanol. 
Dlsproportlonation was minimized by precipitatlng and 
reprecipitating the products with ether as quickly as 
posstble; where R = aryl, protection from ilght Is 
advisable. The groups R typlfy large IIpophHlc ones 
( n  -decyl, 1-adamantyl), small hydrophliic ones 
(P-carboxyethyl, 2,3-dlhydroxypropyl), dlsulflde sulflnates 
[(CH,), SS(CH,),SO,Na], and aryl groups substituted by 
electron-donating or electron-wlthdrawlng groups. The 
products usually were quite hygroscopic and were isolated 
as hydrates. They dirproportlonated with varying ease In 
aqueous solution either to 1 or to the two symmetrical 
disulfides, RSSR and NaO,S( CH,),SS(CH,),SO,Na. 

I ntroductlon 

Several disulfide sulfinate salts of the general structure 
RSS(CH2),S02Na afford promising mammalian protection 
against ionizing radiation (7-6). This paper reports new types 
of disulfide sulfinates obtained by reaction of 1,2dithiane 1,l- 
dioxide (1) with heretofore unexplored types of thiols, in a 
search for radioprotective agents that lack the nitrogen func- 
tions believed to cause adverse effects (Scheme I); once op- 
timum thiols are known, the model dioxide 1 can be replaced 
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Scheme I 

+ RSHa NaoMe'MeoH + NaOS(CH 2 )  SSR 
0 

R= A 
z, !-Decy1 1 a I (C+$ S W H 2  i4 SOp N 
2, 1-Adamantyl 8. pMeOPh 

5s (CH2 ) 2 C O 2  H ?, p-CIPh 

2, CH CH(0H)CH OH \$ Z4-CI 2Ph 

e a 1  (CH2 )4 SS(CH ) 4  SO2 Na ?!, 2 , K I  pPh 

a 
For 5. R of RSH=HS(CH 2 ) 4 . For Z, R of RSH=HS(CH 2 )  
RSH has the  same structure R shown for the product 

For other thiols, R of 

by other dioxides. Stability of 2-1 1 in solution was examined, 
since this property is clearly important in biological administra- 
tion, is probably so in biological activity (cf. ref 6), and is 
chemically significant for clarification of factors involved in 
disproportionation to symmetrical disulfides. 

Results and Dlscusslon 

Apparent advantages of high lipophilicity for antiradiation 
activity (7) made the n-decyl and l-adamantyl groups attractive 
(Scheme I ,  2 and 3). To assess the effect of small hydrophilic 
groups, 4 and 5 were synthesized; only 1 equiv of base was 
used for 4 (cf. ref 4), since the carboxylate ion first engenders 

002 1-9568/86/ 1731-0252$01.50/0 0 1986 American Chemical Society 


