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Dielectric Constant, Dipole Moment, and Solubility Parameters of Some Cyclic
Acid Esters

Yury Chernyak*
Huntsman Corporation, 8600 Gosling Road, The Woodlands, Texas 77381

Dielectric constant, dipole moment, and solubility parameters are reported for ethylene carbonate (EC), propylene
carbonate (PC), butylene carbonate (BC), and glycerin carbonate (GC). Dielectric constants have been determined
from capacitance measurements using an auto-balancing bridge at 20, 25,°@d/&0ues of permanent dipole
moment of carbonates have been obtained from dielectric constant measurements on dilute solutions of carbonates
in benzene and 1,4-dioxane. Hildebrand and Hansen solubility parameters of carbonates have been calculated
using several different techniques.

Introduction 0 0 o] 0
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Cyclic acid esters or alkylene carbonates (Figure 1) are long- QPP Q 0o Q0
term commercially available solvents used in many industrial '\ \_K, \_K_OH
application§~2 such as cleaning/degreasing, paint stripping, gas (@ (b) © @

treating, textile dyeing, etc. Electrochemical stability of carbon-
ates made them the solvent of choice for electrolytes of lithium-
ion batteries. Recently, alkylene carbonates found utility as Table 1. Dielectric Constant of Alkylene Carbonates

Figure 1. Chemical structures: a, EC; b, PC; ¢, BC; d, GC.

“safe” solvent substitutes in agricultdrand as carrier solvents TrC EC PC BC GC
in therapeutic and cosmetic preparatiéihe aim of this work

. . . : . : 20 66.6 57.5 1115
is to develop new information on dielectric constants and dipole o5 655 56.1 109.7
moments of alkylene carbonates. These are very critical quanti- 40 90.5

ties in determining the extent of molecular interactions and hence

responsible for solubility characteristics of the materials. The description of the method is given by Smytim our experiment,
dissolution of ions is typically enhanced by the high dielectric the cell with the liquid under investigation was thermostated in
constant of the solvent, while dipole moment helps to determine the NESLAB 201 liquid temperature-controlled bath. The
the solvent-solute molecules orientation. A product of dipole temperature of the bath was measured using a Minco RTB8078
moment and dielectric constant, also known as electrostatic resistance thermometer bridge with 1Q0platinum RTD to
factor/ is also a useful parameter in analysis of solvent power an accuracy of 0.02C. Measurements of dielectric constant
of materials. Although electrostatic properties of EC and PC were performed at 40C for EC and at 20 and 2%5C for PC,
have been previously reported, very few data are available for BC, and GC with uncertainties less than 1.5 %. Experimental
BC, and no data exist for GC. The present study is focused onvalues of dielectric constant obtained in the present study are
experimental determination of dielectric constant and dipole summarized in Table 1. The agreement between our data and
moment of alkylene carbonates and on calculation of their literaturé® 1> data for EC, PC, and BC is better than 0.7 %.
Hildebrand and Hansen solubility parameters, which are com- Dielectric constant of GC was determined in this work for the

monly used in various solvent selection methods. first time.
_ _ . Determination of permanent dipole moment from dielectric
Dielectric Constant and Dipole Moment constant measurements on dilute solutions of a polar compound

The purity of alkylene carbonates used in this study was abovein @ nonpolar solvent is a well-known technigtiemployed in
99.9 mass % for EC and PC, 99.7 mass % for BC, and 98.9 this study. Two different solvents were used in this work.
mass % for GC. Details on sample preparation are given in our Benzene was used for dipole moment measurements of EC, PC,
previous work® Solvents used in dipole moment measurements ar_1d BC. 1,4-dioxane was used as a solvent for measurements
were benzene (purity 99.1 mass %, used as received fromW'th_ GC. o ] )
Fischer) and 1,4-dioxane (HPLC grade, purity 99.9 mass %, First, molar polarizations of dilute solutions of carbonates,

used as received from Aldrich). P, were determined from the MosctClausius equation:
Measurements of dielectric constant of carbonates were

performed using an auto-balancing bridge (Agilent 4284A =) =w (1)

precision LCR meter) and parallel plate cell (Agilent 16452A (e+2)d

liquid test fixture) with 0.3 mm spacer. A static dielectric ) ) )
constant was determined from the capacitance measurementéheree, M, andd are dielectric constant, molecular weight,

of the tested liquid and air at 1 MHz frequency. Detailed and density, respectively. Dielectric constantp ¢f several
dilute solutions (concentrations from 0.5 to 5 mol % of

* E-mail: yury_chernyak@huntsman.com. carbonate) were measured at Z0D. M andd were calculated
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Table 2. Experimental Dielectric Constant and Molar Polarization Table 3. Total Polarization, [P2]o, and Dipole Moment, u, of
of Dilute Solutions of Alkylene Carbonates in a Nonpolar Solvent at Alkylene Carbonates
20°C property EC PC BC GC
i .m| —1
Xo(mole fraction) _ d/grml € P(al) P:(eq2) total polarizationPJo  498.0 6204 5667 5533
Ethylene Carbonaterff]p = 1.4255; dipole momentu/D 4.81 5.36 5.10 5.05
M= 78.11;M2= 8806)
0 0.8793 2.227 26.52 - Table 4. Hildebrand Solubility Parameters (MPa2) of Alkylene
0.0050 0.8810 2.432 28.67 454.83 Carbonates at 25°C
0.0075 0.8818 2.505 29.62 439.21
0.0100 08827 2578 3054 42817 EC PC BC 6C source
0.0125 0.8836 2.657 31.50 424.98 31.3and 34.3 27.6 24.8 34.1 this work
0.0150 0.8844 2.737 32.45 421.36 30. 27.2 ref 22

Propylene Carbonatertf]p = 1.4203;

M, = 78.11:M, = 102.09) aCohesion parameterAH — RT)/V]¥2 b AH in eq 4 is enthalpy of

0 0.8793 2264 26.34 B vaporization® AH in Eq 4 is enthalpy of sublimation.

0.0050 0.8808 2471 29.22 602.57 solvent are summarized in Table 2. Values of total polarization,
0.0075 0.8816 2.569 30.50 580.46 . . . .
0.0100 0.8824 2 689 31.98 590.78 [P2]o, and dipole moments are given in Table 3. The uncertainty
0.0150 0.8839 2.864 34.02 538.38 of dipole moment determination in this work was estimated to
0.0200 0.8855 3.097 36.51 535.10 be less than 5 %.

0.0250 0.8870 3.297 38.48 511.89

There is a very good agreement (within 0.1 D) between EC
dipole moment values determined in this work and reported in
the literaturét”*®However, our data on PC (5.36 D) and known

0.0300 0.8886 3.498 40.31 491.90

Butylene Carbonaterfp]p = 1.4271;
M= 78.11;M, = 116.12)

0 0.8793 2297 26.81 i literature values (4.94 and 4.55%) are in disagreement with
0.0050 0.8808 2.485 29.44 552.71 each other. It appears that dipole moment value of PC obtained
0.0075 0.8815 2.572 30.57 529.17 in this work is slightly higher than it was expected. Dipole
0.0100 0.8823 2.686 32.01 547.47 moment value reported by Kepma and ¥gé.94 D) is deemed
8'8%88 g'gggg 3'223 ig'ig E%S'i’g to be more realistic and is recommended until more literature
0.0500 0.8943 4.221 46.32 41714 data are reported. Dipole moments of BC and GC were

Glycerin Carbonate (] — 1.4587: measured for the first time.

M; = 88.11;M, = 118.09)

0 1.0340 2.215 24.57 - SO'UbI'Ity Parameters

0.0053 1.0359 2421 2739 556.62 Hildebrand solubility parameters of alkylene carbonates were
0.0053 1.0359 2.399 27.10 502.06 : ; ;

0.0076 10368 5 545 28.96 603.05 determined at 25C directly from Hildebrand and Scétt
0.0079 1.0369 2.463 27.93 450.28 equation:

0.0103 1.0377 2.608 29.73 525.97

0.0108 1.0379 2.608 29.73 502.74 _[-u\"?_ [AH g, — RT\12

0.0129 1.0387 2.718 31.02 525.09 o=\~ =\—v — (4)
0.0133 1.0388 2.718 31.02 510.02

0.0150 1.0395 2.765 31.56 490.59 i i /i .mol-1)-
0.0150 10395 5 708 3157 491 34 whereU is cohesive energyV is molar volume (mkmol™Y);

AH,4p is enthalpy of vaporization {thol™1); and R is gas
. . . = ~1.k-1) Liqui
at different compositions as mole fraction average of pure cOnstantR = 8.314 (Imol™!-K™). Liquid molar volumes )
components, which was a valid simplification, confirmed of alkylene carbonates at 2& used in our calculations were
experimentally using limited mixture density measurements. reported earliet.Enthalpy of vaporization values were estimated
Then, molar polarization of the solute (carbonaf),as a  [fOM vapor pressure datasing the Watson methGd.

function of the concentration was calculated from Ethylene carbonate unlike the other carbonates is a solid at
25°C. Hildebrand parameter has a liquid-state basis. Therefore,
P—P,(1—x) eq 4 does not yield a Hildebrand parameter but rather cohesion

2T T (2) paramete?? Two values of cohesion parameter were calculated

for EC in this work. The first value was obtained with the use
wherex is the mole fraction of the solute in the solution éid ~ Of extrapolated enthalpy of vaporizatiohHvay(25 °C). The
is the molar polarization of the solvent. second one was determined via enthalpy of sublimation
The value of the molar polarization of the solute in infinite - AHsu25 °C), which was_assumeg to be a sumAfflyay(25
dilution or the total polarization, Fp]o was determined by ~ °C) and enthalpy of fusiom\Hrs=* Calculated Hildebrand
graphical extrapolation d?, to zero concentration. Permanent Parameters of alkylene carbonates are summarized in Table 4.
dipole moment of the solute was calculated using Debye Our values of Hildebrand solubility parameters for EC and PC

equation: agree very well with those reported in the literattfrelildebrand
parameters for BC and GC have not been previously reported.
_ _ Hansen partitioned the cohesive energy density/) for
=0.0128/T([P R 3 en p  the nergy. :
“ ([Pzlo ~ [Relo) ®) a species into contributions from dispersion forces, dipolar
whereu is dipole momentT is absolute temperature]o — interactions, and hydrogen bonding:
[Rz]p) is orientational polarization; andRf]p is solute molar u U, Up U, , , ) )
refraction, Ro]o = ([n2]3 — 1)/([n2]3 + 2) (Ma/dy). My, dp, and vov Ty Ty oror=0op +0p + 0y (5)
[n2]p are solute’s molecular weight, density, and refractive index,

respectively. wheredr is the total solubility parameter; anibh, op, anddy
Experimental data on dielectric constant and molar polariza- are partial solubility parameters, namely, dispersion, polar, and
tion of dilute solutions of alkylene carbonates in a nonpolar hydrogen bonding components, respectively.
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Table 5. Hansen Solubility Parameters (MP&?) of Alkylene
Carbonates at 25°C

preferred
method EC PC BC GC method
Hansen Dispersive Componedg
group-contribution method 184 17.0 16.9 179 +
homograph method 180 17.3 169 179

Hansen Polar Componerit;
group-contribution method 9.5 7.4 6.2 9.6

modified Bdtcher (eq 7) 23.1 198 157 195 +
modified Beerbower (eq8) 222 21.7 189 20.6
Karim and Bonner (eq 9) 213 196 16.3 18.6

Hansen Hydrogen Bonding Componedy;,
group-contribution method  12.3  10.8 9.9
eq 10 (from Hildebrand 10.4 9.0 9.1

6, 6D, andép)

18.9
21.5 +

All Hansen partial solubility parameters were estimated using

van Krevelen and Hoftyzer group contribution metiéd/an

modified eq 5 was used with total solubility parametér)(
substituted to Hildebrand parameté):(

Op =402 — 0 — 0p° (10)

Even thoughdt and 6 are not identical, such substitution is
common and valid for practical purpos&sThe summary on
Hansen solubility parameters developed using different theoreti-
cal approaches is given in Table 5. Preferred methods of Hansen
solubility parameters calculations of carbonates were found to
be (i) Van Krevelen and Hoftyzer group-contribution for
dispersion componendy (eq 6), (i) modified Batcher (eq 7)

for polar componentdp), and (iii) eq 10 for hydrogen bonding
component §y).
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