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Relative Permittivity of I ,2-Ethanedioi + 1,P-Dimethoxyethane from 
-10 to +30 O C  

Glannl Gddonl, Enrlco Maffel, Lubl Marchewlll, and Loronzo T a d ’  
Depatfmnt of Chemktty, University of W n a ,  vle 0. Camp1 183, 4 1100 Modene, I&& 

Tho rolaUvo pormlttlvttk, (e) of 1,24hanodlol, 
1,2dImothxyothano, and nlno M a r y  “8 wore 
moasurod at flve tomparatwos from -10 to +30 O C .  Tho 
o x p o r l ” M  data wwo VI COmpQdtkn of tho 
mMwo (x,) In ordor to Invostlgaio tho oxktonco of 
rolv.nt/coodv.nt compkxoa, tho& stolcMonnMc ratkr, 
and thob uI.rmoet.#l#y. Tho formation of thmo oompkx 
rp.ckr may bo lntorprotod on tho bark of rp.c#lc 
lntorrotlon8 bdw..n tho components of tho mhrod 
rdV.ntS. 

Intraductlon 

Some recent papers from our laboratory have been con- 
cerned with the chemical, physical, and thermodynamic prop- 
erties of a chosen “guide solute” picric acid in some binary 
liquid mixtures of solvents of practical and electroanalytical 
interest. 

At first, we have investigated the binary solvent systems 
composed of 1 ,2-ethanedioi, 2-methoxyethanoi, N,N’di- 
methylformamlde, and water, crossing the components with 
each other, and in a wide temperature range ( 1-5). In  this 
way, it ls possible to eluc&Jate some pecukba of the selected 
solute/solvent systems because the chosen binary mixtures 
make possible the varlatbn “in continuum” of the extrather- 
modynamic parameters such as density, viscosity, relatlve 
PermmMty, and any other intensive chemicophyslcei properties 
of liquids that influence the real behavior. 

Now, continuing our interest in thls field, we have extended 
these investigations to 1,2+thanedbi+ 1,24lmethoxyethane. 

In  order to evaluate the experimental dissociation constant 
( 6 )  of a solute in a solvent system by a conductometric tech- 
nique, it is necessary to know the extrathermodynamic func- 
tions. In this paper we report the results of the studies about 
the relatlve permmMty (e) of the selected solvent system in the 
-10 I tl°C I +30 range, with thermal scanning of 10 O C .  

The excess dielectric property cE was calculated in order to 
assess the deviations from ideality as a functbn of blnary 
composition. Furthermore, the trend of this functbn is a very 
powerful tool to investigate the possibility of forming different 
complex solvenVcosolvent adducts, as far as their stoichio- 
metrical composition and their thermostability. 

Exporknontai M k n  

Matdab. The solvents 1,2-ethanedid and 1,2dimethoxy- 
ethane (both containing water <0.10% by mass, found by 
KarKischer titrations) were high purity grade reagents from 
Carlo Erba (Milan). The 1,2dimethoxyethane was further pu- 
rified by doubb fractional &tillation over UAH, to eliminate the 
traces of acids and peroxkles and to reduce the water amount, 
keeping the mkldle fraction only (bp 83 OC) for the measure- 
ments. The 1.24hmedbi was used wlthout Mhec putflcatkn. 
The final purity of both solvents was checked by gas chroma- 
tography (99.5% diol, 99.7% ether). 

Apparatw and P“8. The mixtures were prepared 
by mass just before use by uslng a Mettier PM 4800 A-range 
balance, operating In a drybox to avoid the atmospheric mds- 
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twe. Samples were maintained dry by 3A mdecular sieves. 
The probable mor in the 1,2+thanediol mole fraction ( x , )  is 
estimated to be <1.5 X lo4. 

Relatlve permmhrlty “ e n b  were made by the het- 
erodyne beat mahod with a WTW DM 01 dipobneter, worWng 
at a radiofrequency of 2.0 MHz, equipped with two thermo- 
stated stalnlms steel cywnarcal calk MFL2 type (7 < e < 21) 
calibrated with dlchloromethane, pyridine, l-butanol, and ace- 
tone, and MFL3 type (21 < c < 90) calibrated with ethanol, 
methenol, ghmrol, and water. All these caykethg nonaqueous 
-~~Mespecboqedequa9ty,thdrpvltybdng 
checked by gas chromatography, and were used as supplied. 
Water for the calibration cell was deionized by a MiHIQ-pius 
epparatucl (Mlpore) and hre a SpOClfk COndLIctBrlce 11.35 pS 
at 25 O C .  AH the refer- diekcMc constants were taken 
from the batwe (7). A very good overlap of c was obscwved 
attheborderllr#oftheoperativbMtsofthecells. TheovereH 
e x p d ” W  uIc6ctahty, e x p ” d  as scendard deviation, was 
f0.2%, wlth a confkhx intervat of 95% for at kast 10 runs 
at each selected temperature. Temperature control was pro- 
vided by a Lauda K2R thennoetetlc bath malntalned to f0.02 
O C .  

KartFbcher tlbatbns w o  pertcmned for the water content 
of solvats wlth an a u t o m e t i c ~ t b n  sy8tem (Won Model KF 
431) equipped with a dlgttai buret (Crison Model 738). 

Rosult8andDkcunbn 

The relative PCmnmMty of the two pure liquids and their nine 
binary sdutkns at the flve temperatures are given in Table I. 
The t9mpOram Of C WaS fftted to the eqUetkn (7) 

I 

0 
In c = car, (T/K)’ 

whose al coefticients (for I = 1) are summarized in Table I1 
along with the standard deviations u(ln e) for each binary mix- 
ture. 

The polynomlal expansion in the reduced form at the flrst 
power term (eq 1) appears to be completely adequate to rep- 
resent the experimental data, and allows us to calculate the 
reletbe PermmMty wlth an a m c y  close to the experknentei 
accuracy. The average uncertelnty A(€) evaluated by means 
of the equatlon 

~ l ~ ~ l c d l  - I~exptll 
(2) 

where N is the number of experimental points, Is A0.02 units 
of c over the set of 55 values of fable I .  

I n  order to carry out predictive calculations for this binary 
solvent system at different mole fractbns than those reported, 
the folbwing equation was used: 

N 
A(€) = 

(3) 

to fit each isothermal set of experimental data. The results, for 
j = 3, obtained by a muitillnear regression package TSP (8), 
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Table I. Experimental Relative Permittivity Values for 1.2-Ethanediol (1) + 1,2-Dimethoxyethane (2) at Various 
Temperatures 

eE at various x1 

t loC 1.oooO 0.9435 0.8813 0.8126 0.7355 0.6501 0.5516 0.4511 0.3170 0.1710 0.oooO 
-10 49.23 41.53 39.36 35.40 30.64 26.16 22.10 18.60 15.05 11.82 8.69 
0 46.65 39.30 37.40 33.57 28.87 
10 44.49 37.40 35.56 32.07 27.22 

30 39.95 33.80 32.14 28.83 24.42 
20 42515 35.58 33.85 30.41 25.81 

Table 11. Coefficients ai and Standard Deviations o(ln e) of 
Equation 1 for l$-Ethanediol(l) + 1.2-Dimethoxyethane 
(2) 

XI  Qn a, x io3 u(ln e) x io3 
1.oooO 
0.9435 
0.8813 
0.8126 
0.7355 
0.6501 
0.5516 
0.4511 
0.3170 
0.1710 
O.oo00 

5.251 20 
5.071 06 
5.000 98 
4.906 05 
4.908 93 
4.590 05 
4.360 79 
4.170 39 
3.903 87 
3.549 23 
3.21741 

-5.154 16 
-5.116 62 
-5.048 50 
-5.08990 
-5.657 21 
-5.039 22 
-4.809 12 
-4.743 83 
-4.532 33 
-4.101 95 
-4.010 37 

1.1 
1.8 
0.6 
2.3 
2.5 
0.6 
0.5 
1.1 
0.9 
2.3 
0.6 

Table 111. Coefficients 8, and Standard Deviations o(ln t) 
of Equation 3 for If-Ethanediol ( 1 )  + 1.2-Dimethoxyethane 
(2) at Various Temperatures 

t l °C i30 o1 p2 x 10 fi3 x 10 u(ln e) x IO2 
-10 2.16541 1.756 11 -1.747 83 1.275 19 2.3 
0 2.12563 1.73650 -1.84023 1.42307 2.3 
10 2.087 22 1.754 52 -3.043 26 2.36858 2.4 
20 2.046 02 1.740 58 -3.079 89 2.434 32 2.3 
30 2.005 70 1.735 18 -3.431 76 2.719 59 2.3 

Table IV. Coefficients yi j  of the Model Equation e = e(T,xl)  
for 1J-Ethanediol (1) + 1.2-Dimethoxyethane ( 2 ) O  

variable 
u quantity Y 

00 9.076 44 
01 X1 11.021 05 
02 X I 2  10.664 45 
03 x13 -5.656 22 
10 T -1.66753 X loF2 
11 Tx 1 -1.28157 X lo-' 
12 TxI2 -3.33181 X lo-' 
13 TxI3 2.43868 X lo-' 

a(ln2 c )  = 0.14. 

are listed on Table 111 along with the standard deviations a(ln 
E) at each investigated temperature. Equation 3 provides a set 
of calculated values within A(€) = 10.35. 

In  order to improve the analysis of experimental values and 
to quicken the procedures, a single function E = c(T,x, )  has 
been derived by combining eqs 1 and 3 in the form 

(4) 

which allows us to calculate the relatlve permlttivky for these 
binaries for any palr of independent variable quantities T and 
x 1. This fitting equation, whose coefficients yl are reported in 

24.88 21.05 17.70 14.36 11.32 8.35 
23.63 20.07 16.88 13.76 10.92 8.03 
22.48 19.11 16.13 13.13 10.45 7.70 
21.39 18.23 15.37 12.55 10.02 7.40 

I 

~ ~~ 
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xa 
Flguo 1. Isothermel best-fit curves of the excess relative PermmMty 
for the 1,24hanedtd (1) + 1,2dlmethoxyethane (2) binary mlxhrres 
calculated by eq 8 at various temperatures. 

Table IV, provides a set of calculated values that match very 
well the experimental ones, with an average uncertainty A(E) 
= f0.37 units. 

llw EXMW Functbn. According to Pajne and Theodorou 
(O), the following equation 

E = zlxl + z2x2 = EE + E1X1 + E 9 2  (5) 

was used to evaluate the shiftness of these binary mixtures 
from the Meal behavior of nonlnteracting components. In  eq 
5, z, and z2 are the relative permittivities of the two solvents, 

Is the excess function of the mixture, and el and c p  are the 
values for the pure species at each temperature. 

The 8 values summarized in Table V, are large and negative 
at all temperatures. In  order to take into account also the 
variations of values for these poiar-polar mixed soivents 0.c 
= 2.28 D (70) and 1.71 D ( 7 7 )  for 1,2-ethanediol and 1,2dC 
methoxyethane, respectively) with composition, the data were 
isothermally fitted by a smoothing equation of the type (72) 

(6) 
4 

€E = x,x,Cc,(x,  - xl)/ 
/=0 

whose c, coeffkients are listed In Table VI, along with the 
standard deviations 

In  Flgue 1, the 8 is shown as a function of the mole fractkn 
of ether. This plot exhibits a pronounced minimum at each 
selected temperature, generally centered at x 2  N 0.5, that 
becomes more negative at iower temperature (maximum eE = 
-8.95 at -10 "C). 

The excess relative permittivity gives an estimate of specific 
interactions between unlke molecules and the relative strength. 

Table V. Excers Relative Permittivity 8 for 1.2-Ethanediol ( I )  + 1,2-Dimethoxyethane (2) at Various Temperatures 
cE at various x, 

t l"C 0.9435 0.8813 0.8126 0.7355 0.6501 0.5516 0.4511 0.3170 0.1710 
~ ~~ ~~ 

-10 -5.41 -5.06 -6.24 -7.86 -8.89 -8.95 -8.38 -6.49 -3.79 
0 -5.19 -4.71 -5.91 -7.65 -8.37 -8.43 -7.93 -6.13 -3.58 
10 -5.03 -4.61 -5.59 -7.63 -8.10 -8.07 -7.59 -5.83 -3.34 
20 -4.62 -4.21 -5.28 -7.22 -7.62 -7.59 -7.11 -5.49 -3.14 
30 -4.31 -3.94 -5.02 -6.92 -7.17 -7.12 -6.71 -5.17 -2.94 
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Table VI. Coefficients ci o f  Equation 6 for  1,Z-Ethanediol 
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Lltrature mod 
(1) + 1.2-Dimethoxvethane (2) 
~~ ~ ~~ ~ 

t pc  cg C1 c2 c3 c, u x 10 
-10 -36.73 11.47 44.27 5.49 -102.93 7.2 

0 -34.64 11.18 39.80 5.12 -93.96 7.4 
10 -33.22 11.82 36.87 4.69 -87.21 7.7 
20 -31.11 11.37 31.78 3.57 -75.53 7.2 
30 -29.20 10.91 27.36 3.58 -66.00 6.9 

I t  has been postulated that small negative deviations on this 
excess nonthermodynamic property (8 5 5) are a conse- 
quence either of weak dlpole-dipole associatbn phenomena or 
of hybogen-bonded complexes (9). In this case, the presence 
of the minimum appears strictly related to the complex forma- 
tion either by strong hydrogen bonds or by dipolar interactions 
(8 < -5 at 30 OC). 

Furthermore, the position of the minimum In Figure 1 indi- 
cates the formation of a stable complex adduct, consisting of 
one molecule of 1,2-ethanedlol and one molecule of 1,2di- 
methoxyethane at all the temperatures. 
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High-pressure Vapor-Liquid Equilibrium Data for Binary Mixtures 
Containing N2, COP, H2S, and an Aromatic Hydrocarbon or 
Propyicyclohexane in the Range 313-473 K 

Domlnlque Rlchon, Serge Laugler, and Henrl Renon' 

Centre Rhcteurs et Processus Cerep, Ecole des Mines de Pa&, 60 Boulevard Saint-Michel, 75006 Paris, France 

Expohantal blnary vapor-HquM oqulwklm data were 
obtalnod for mlxturos of on0 Nght compornnt, among 
nltrogon, carbon dkxld., and hydrogon rumd., and ona 
hoavy -, among tdwno, m-xykno, mdtybm, 
n-propylcycbhoxano, and n-propybonzono. Thr- statk 
analytkal mat- dmrlng by tho rcrmplng tochnlqw and 
ona statk synthotk method were used at about 313, 393, 
and 473 K. 

Introductlon 

The data were tested according to the consistency test of 
Prausnitz-Keeler (2) in the range of low pressures and tem- 
peratures where it can be applied. AIthough soma data had to 
be checked against other experimental methods (3) and re- 
jected, all the other points ghren here were found consistent. 

The experimental data reported here are part of a large data 
base cdlected by Gas Processors Associatbn (GPA) and used 
to determine interaction parameters for equation of state 
models. Other relevant measurements from Ecole des Mines 
were presented in a previous paper ( 7). 

Exporkmntal Soctlon 

w h r r .  Equipment and procedwe for each experimental 
method are described in previous publlcations: Legret et al. (4) 
for apparatus 1, Flguike et al. ( 5 )  for apparatus 2, Fontalba 
et al. (6) for apparatus 3, and Laugier and Richon ( 7 )  for ap- 
paratus 4. 
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Flgwo 1. Static apparatus with variable volume cell, flow diagram: 
(1) equilibrium cell; (2) assembly for plston-level measurements; (3) 
assembly for Interface level measurements; (4) pressurizing liquid 
reservdr; (5) " m e t e r ;  (6) highpressure pump; (7) ak thermostat; 
(8) solenoids; (9) flttlng to vacuum pump; (V,-V,) shutoff valves. 

Figures 1 and 2 refer to apparatus 3 based on a static syn- 
thetic method. The variable-volume cell (Figure 2) allows 
pressure P determinations as a function of the volume V up to 
45 MPa and 423 K. Below the mixture critical pressure, the 
P- V curves display a break point at the bubble pressure and 
a volume corresponding to the saturated liquid molar volume. 
The composition of the saturated liquid at the break point Is 
known by weighing the components Into the systems durlng the 
loading procedure. 
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