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Flgure 4. Modified mole fraction plot for water. 

be used to correlate the three sets of data in the 0.1-1.0 mole 
fraction range. 
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balance H20T, placed upon the thermoregulated furnace, was 
used. The height of the furnace was changed by means of an 
elevator. From the pan of the balance a gold chain joined to 
a steel double cone bob by means of a steel wire (0.05 mm 
diameter and 1 cm length) allows the measurements to be 

The experimental values of denslty and the calculated 
values of molar volumes and expanslblllty are given for 
the binary system dodecanoic (laurlc) acld-hexanedlolc 
(adipic) add. 

Introduction 

As a part of a wider research on the physicochemical 
properties of pure and mixed organic melts (2-4, 6), the results 
of measurements of density in the binary system dodecanoic 
(lauric) acid-hexanedioic (adipic) acid are reported in this paper 
for temperature ranging from 326.8 to 479.2 K. As used herein, 
components 1 and 2 are hexanedioic acid and dodecanoic acid, 
respectively. 

Experlmentai Sectlon 

The density measurements were performed by means of the 
Archimedian method described in the literature ( 5 ) .  A Mettier 

performed. The melt was placed in a Pyrex container dipped 
in the central zone of the furnace, that was raised as long as 
the bob and the half of the steel wire was dipped. This condtion 
was observed by means of a set of mirrors. The furnace was 
thermoregulated by means of a chromel-alumel thermocouple 
connected to a Leeds & Northrup CAT system and the tem- 
perature of the melt was read by means of a second thermo- 
couple, dipped in the melt, checked against a Pt-resistance 
thermometer certified by NBS and connected to a Leeds & 
Northrup K-3 potentiometer. The system was calibrated by 
means of H,O, KCNS, LiNO,, and NaNO, ( 5 ,  7 )  and the following 
equation was obtained for the volume (cm3) of the bob until 350 
'C: V =  1.1720 + (8.71 X 10-5)t. In order to minimize the 
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Subscripts 

arbitary constants in eq 2 for liquid component i 
saturation vapor pressure of pure liquid component, 

partial vapor pressure of liquid component in mixture 
temperature, OC 
mole fraction of ethanol in the liquid phase, calculated 

modified mole fraction (6) defined for ethanol: 

mole fraction of ethanol in the vapor phase 
temperature correction, OC 
atmospheric pressure, mmHg 

mmHg 

on a salt-free basis 

= x I t x ( P E o I P E )  + (1 - X ) ( P W 0 / P W )  

E ethanol 
i either liquid component 
w water 
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Table I. Densitv of Different Mixtures at Various Temperatures - 
x , = o  x,  = 0.1022 x1 = 0.2990 x, = 0.4957 x,  = 0.6685 x, = 0.7999 x l=  1 

T, K p ,  g/mL T, K p,g/mL T, K P, g/mL T, K P ,  g/mL T, K ~ , g / m L  T, K P ,  g/mL T, K P,g/mL 

326.8 0.8692 410.0 0.8180 425.1 0.8448 424.7 
--- 

332.2 
338.1 
346.4 
362.9 
384.5 
408.6 
408.8 
433.6 
434.1 

0.8642 
0.8598 
0.8541 
0.8414 
0.8256 
0.808 1 
0.8081 
0.7879 
0.7866 

417.3 0.8122 428.4 0.8396 436.8 
426.0 0.8055 435.1 0.8329 444.9 
433.6 0.7982 443.3 0.8242 456.5 
450.1 0.7824 450.6 0.8178 456.8 
463.8 0.7701 457.4 0.8119 466.5 

466.4 0.8041 479.0 
479.2 
479.2 

0.8932 
0.8824 
0.8728 
0.8605 
0.8599 
0.8481 
0.8307 
0.8309 
0.8307 

421.3 
427.4 
435.5 
444.5 
456.0 
463.9 
464.9 
464.9 

0.9217 434.6 0.9905 434.5 1.0916 
0.9113 436.4 0.9889 436.8 1.0893 
0.9001 437.3 0.9874 459.8 1.0710 
0.8868 444.0 0.9782 461.1 1.0700 
0.8763 445.0 0.9761 476.2 1.0582 
0.8694 453.5 0.9637 
0.8688 469.6 0.9453 
0.8686 

error due to the differences of the level of the furnace in the 
different measurements, we used a very thin wire (joining the 
bob to the gold chain); the following precision is obtained: on 
 io-^ g, on Vbob f 3  X it4 cm3. 

Merck chemicals (purity 99 % , tested by gas chromatography) 
were employed after a recrystallization from ethanol. These 
were dried at -60 O C  under dynamic vacuum. The mixtures 
showed thermal stability for a time of 2-3 h as pointed out by 
the constancy of the weight of the bob. The temperature was 
constant within 0.2 K. 

Results and Dlscusslon 

The experimental values of density are given in Table I for 
the different mixtures investigated as a function of the tem- 
perature. The values of density concerning lauric acid are in 
agreement with pycnometric data (measured in the temperature 
range 323-345 K) previously published ( 7). In fact the equation 
V = 243.7 - 0.2290T + 0.000586T' (a = 0.4) (that fits the 
molar volume of lauric acid) gives the values 230.9 and 234.5 
cm3/mol at 323.2 and 345.1 K, respectively. These values agree 
satisfactorily with the experimental values previously published 
( 7 ) ,  229.9 and 234.0 cm3/mol. No other measurements con- 
cerning this binary system are reported in the literature. 

The mean volume V, = V/(n, + n,) as function of com- 
position and also the,partial molar volumes PI and P2 obtained 
by following the thermodynamic relation 

PI = v, - x,(aV,/ax,) 
are calculated at 434 K. The trend of V,, V I ,  and 9, vs. the 
composition, shown in Figure 1, points out a AV,,, = 0. 

The expansibility a = -( l/p)(a p la  T),, shown in Figure 1 (at 
the temperature of 434 K), exhibits a positive deviation from the 
additivity, probably due to the breaking of the hydrogen bonds 
in the structure of hexanedioic acid. 
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Figure 1. Expansibility a vs. x p  (top) arid mean volume and partial d r  
volumes vs. x p  (bottom). 

t centigrade temperature 
V volume 
Vm mean volume 
PI 
XI 
W weight 
U standard deviation 
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