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Abstract: Different deep eutectic solvents (DESs) of triethanolamine (TEOA)
and oxalic acid (OA), glacial acetic acid (AA), L-(+)-lactic acid (LA), oleic
acid (OLA), glycerol (G), ethylene glycol (EG), propylene glycol (PEG), chol-
ine chloride (ChCl) or 1,3-dimethylurea (DMU) were prepared and character-
ized regarding their physicochemical (density, viscosity, electrical conduct-
ivity, refractive index, coefficient of volume expansion, molecular volume,
lattice energy and heat capacity) properties over the temperature range of
293.15-363.15 K at 101.325 kPa. For all tested DESs, the density, viscosity
and refractive index decreased with rising temperature, while the electrical
conductivity increased. The temperature dependence of viscosity and electrical
conductivity are described by the Vogel-Tamman—Fulcher equations. The vis-
cosity and molar conductivity, which exhibited a linear behaviour, were correl-
ated by the fractional Walden rule. Besides, the Fourier transform infrared
spectroscopy (FTIR) was used to study the functional groups of these DESs
while thermogravimetric analysis (TGA) and differential scanning calorimetry
(DSC) provided the information about their stability. The tested DESs of
TEOA possess desirable properties for use in various industrial processes, such
as extractions, separations, chemical technology and biotechnology.

Keywords: DESs; density; viscosity; conductivity; refractive index.

INTRODUCTION

Deep eutectic solvents (DESs) are a class of two-component or three-com-
ponent liquid solutions, able to dissolve many other organic and inorganic com-
pounds. Their advantages are low cost, easy preparation, biodegradability, non-
toxicity, wide liquid range, non-volatility, thermal stability and non-reactivity
with water. Many different chemicals are used for their preparation, mostly sub-
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1304 PORDEVIC et al.

stituted quaternary ammonium salts (usually choline chloride, ChCl) and hydro-
gen bond donors (HBDs) like alcohols, amides, carboxylic acids, esters, ethers
and hydrated metal salts of halides, nitrates and acetates, which provide mixtures
with a lower melting point than the constituents.!

Despite the recommendation for various chemical reactions?-3 and the uses
as a ,,green” solvent in cosmetic formulations, polishes, paints, inks, etc., tri-
ethanolamine (TEOA) has been rarely used in the preparation of DESs. For ins-
tance, Shekaari et al.4 used ChCl:TEOA, as well as ChCl:monoethanolamine,
ChCl:diethanolamine, for benzene and thiophene extraction from n-hexane/aro-
matic mixtures. The amine-based DESs, such as ChCl:monoethanolamine,
ChCl:diethanolamine and ChCl:methyldiethanolamine, have already been used in
CO, capture due to their high CO, dissolution capability>—8 and in the pretre-
atment of wheat straw for improving enzymatic hydrolysis.? Liquid solutions
based on organic solvents, particularly ionically conducting ones, have been
applied for the electrolytic capacitors and batteries and in electrolytic processes
of cathodic deposition of very electronegative metals.10-11.13 However, to the
best of the authors’ knowledge, the physicochemical and thermodynamic pro-
perties of TEOA-based DESs have not been studied yet, except the ChCI-TEOA
DES. 12,13

In order to involve the TEOA-based DESs in the future laboratory and ind-
ustrial processes, it is crucial for chemists and chemical engineers to know, or be
able to predict their physicochemical properties. The physical properties, such as
density, viscosity, electrical conductivity and refractive index, could provide
essential information on the purity of samples and the molecular interactions in
the liquid, which will be useful for the design of the contacting equipment and
modeling of the process.14

In this study, the physicochemical (density, viscosity, electrical conductivity,
refractive index, thermal expansion coefficient, molecular volume, lattice energy,
and heat capacity) properties of different DESs of TEOA as hydrogen bond
acceptor (HBA) and oxalic acid (OA), glacial acetic acid (AA), L-(+)-lactic acid
(LA), oleic acid (OLA), glycerol (G), ethylene glycol (EG), propylene glycol
(PEG), ChCl or 1,3-dimethylurea (DMU) as HBDs were measured in the tempe-
rature range of 293.15-363.15 K at 101.325 kPa for the first time. The study was
performed in the region of liquid state of binary systems (melting points of tested
DESs are in the range of 283.15-313.15 K, Table S-I, Supplementary material to
this paper). The fractional Walden rule was employed for understanding the rel-
ationship between molar conductivity and viscosity of the tested DESs. Addi-
tionally, the functional groups of these DESs were studied by the FTIR while the
TGA and DSC analyses were performed in order to get an insight into their sta-
bility in the temperature range interesting for their industrial point of view.
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EXPERIMENTAL
Materials

TEOA (99.0 %), ChCl, EG and DMU (all > 98.0 %) were obtained from Sigma Aldrich.
PEG and G (both Ph. Eur. grade) were provided from MeiLab (Belgrade, Serbia). AA was
from Zorka (Sabac, Serbia). OLA (99.0 %) was obtained from Sigma Aldrich. OA and LA
(both 99.0 %) were purchased from MosLab (Belgrade, Serbia). All chemicals were used as
purchased. Information on the used chemicals is presented in Table S-I.

Preparation of DESs

DESs were prepared by combining TEOA with the selected compound at the desired
molar ratio (Table S-II of the Supplementary material) on a rotary evaporator at 70 °C, as
described elsewhere.!> All weight measurements were performed by a digital balance (Adam
Equipment, model NBL 214¢) having an accuracy of +1x10* g. The prepared DESs were
kept in the well-closed glass bottles and stored in a desiccator containing CaCl, before char-
acterization to prevent moisture absorption. The water content of the dried DESs was deter-
mined by the Karl-Fischer method (Metrohm 73KF coulometer). A summary of the compo-
sitions, molar mass and water content (mass fraction), for the investigated DESs, has been
presented in Table S-II while their FTIR spectra are shown in Fig. S-1 of the Supplementary
material.

Physicochemical properties of DESs

All measurements were conducted at 101.325 kPa in the temperature range between
293.15 and 363.15 K after 15 min of thermostatting. Density was measured using a DMA
4500 Anton Paar densitometer with the temperature measurement standard uncertainty of
+0.005 K. Viscosity was measured by a rotational viscometer (Visco Basic Plus, ver. 0.8,
Fungilab S.A., Barcelona, Spain) while a B250 ProLine conductivity meter was used for the
electrical conductivity measurements. An automatic Atago refractometer A100 was applied to
measure the refractive index. The densitometer was calibrated by measuring the density of
double-distilled water and the results were compared to the reference values indicated in the
calibration certificate of the standards. The rotational viscometer was calibrated measuring the
viscosity of standard silicon oils (Fungilab) certified for each used spindle. The refractometer
was calibrated measuring the certified refractive index liquids (Cargille Laboratories) and the
refractive index of distilled water. The conductivity meter was calibrated by using the 0.001
M standard solution of KCI (Hach). Three replicates were carried out for each measurement of
density, viscosity, conductivity and refractive index with the estimated standard uncertainty
(1) of £0.5 kg'm3, 5 % of the measured value, = 0.0001 S-m! and + 0.00005, respectively.

TGA and DSC analyses

The TGA and DSC analyses were done in the temperature range of 298.15-273.15 K
only for the liquid DESs, namely TEOA:G, TEOA:EG, TEOA:PEG, ChCL:TEOA, as well as
the ChCl-based DESs with the same hydrogen bond donors for comparison. These analyses
were performed using a STA449F5 Jupiter®, NETZSCH TGA-DSC instrument in an argon
atmosphere with a total gas flow of 140 mL/min and a heating rate of 3 K/min. The calibration
of the temperature and the enthalpy of the TGA-DSC instrument were carried out using the
indium standard (purity > 99.999 %, Sigma Aldrich) following the instrument supplier ins-
tructions.
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1306 PORDEVIC et al.

RESULTS AND DISCUSSIONS
Effect of temperature on density of DESSs

The dependence of the density of the studied DESs on temperature is shown
in Fig. 1. The experimental density values are given in Tables S-III-S-XI of the
Supplementary material.
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For the temperature range of 293.15-363.15 K, the density of the tested
DESs were within the range of 1362.6-1042.1 kg'-m—3. At 313.15 K, the densities
of the tested DESs follow the order: TEOA:PEG < TEOA:OLA < TEOA:EG <
TEOA:DMU < ChCL:-TEOA < TEOA:AA < TEOA:G < TEOA:LA < TEOA:OA.

Due to the lack of data for most of the tested TEOA-based DESs, their den-
sity was compared with the density of the DESs based on the same or similar
donors. The density of DESs depends directly on the binding ability between
their constitutional components. TEOA:G has a higher density than N, N-diethyl-
ethanol ammonium chloride:G (1:2),16 tetrapropylammonium bromide:G (1:3),17
ChCI:G (1:2)18 because TEOA has the highest number of ~OH groups and makes
the stronger intermolecular H-bonds network than the other DESs with G.!° For
the same reason the density of TEOA:EG is higher than the density of the N,N-
-diethylethanol ammonium chloride:EG DES!¢ and ChCL:EG in the mole ratios
of 1:1 and 1:213:18.20 but lower than the density of the ChCl:triethylene glycol
DES in the 1:3 mole ratio?! and the density of TEOA:OA is higher than that of
ChCIL:0A (1:1)!2.13 and N,N-diethylethanol ammonium chloride:OA (3:2).22

Although TEOA has a higher number of —OH groups than ChCl, the density
of TEOA:PEG is lower than the density for ChC1:PEG (1:2).18 This phenomenon
may be explained by the different molecular organization or packing of the DES
according to the ,,hole theory”, which assumes that, after melting, the ionic mat-
erial contains empty spaces arising from thermally generated local density fluc-
tuations. !9
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PROPERTIES OF THE DEEP EUTECTIC SOLVENTS 1 307

The density of ChCI:TEOA is almost the same as those of some ChCl-based
DESs.12,18,.21.23.24 The present density values for ChCI: TEOA are lower than the
values reported for ChCL:TEOA (1:2)!2 but higher than that reported for
ChCIL:TEOA (1:1),13 ChCl:monoethanolamine (1:5-8)¢ and ChCl:diethanolamine
(1:4-6).25 For ChCL:TEOA, with the same mole ratio, the difference in the den-
sity values could be due to the experimental error. A decrease of the ChCL:TEOA
mole ratio reduces the DES density because TEOA has a strong cohesive energy
due to the presence of an important intermolecular H-bonds network and addition
of ChCl was attributed to the partial rupture of this H-bonds network.1?

Density was used for calculating the molecular volume (Vy,), the lattice
energy (Upot) and the heat capacity (Cp) using the already-published equations
(see Supplementary material);13:26 their values at 313.15 K are listed in Table
S-XIII. The lattice energy of the DESs was like those of the molten salts27 which
explained their liquid state at this temperature. The molar volume of the
TEOA:OLA (1:1) DES was the highest due to the highest molecular size of
OLA. The greatest influence of the molecular size of the HBD/HBA on the molar
volume was previously reported for different DESs.28 Hence, the TEOA:OLA
(1:1) and ChCL:-TEOA (1:2) DESs had the highest heat capacity values among all
tested TEOA-based DESs.

Effect of temperature on viscosity of DESs

The viscosity of DESs depends strictly on their molecular size and the
strength of the hydrogen bonding in their structures. The increased hydrocarbon
chain size of a DES causes an increase in the viscosity.30 Also, the temperature,
nature of HBD (alkyl chain length) and salt/HBD mole ratio greatly influence the
viscosity of the tested DESs. The experimental viscosity values are presented in
Tables S-111-S-XI.

The temperature dependence of the viscosity for the tested DESs, described
by the Vogel-Tamman—Fulcher (VTF) equation, is shown in Fig. 2.

The VTF equations describing the viscosity—temperature relationship for the
analyzed DESs are shown in Supplementary material. As can be seen, the vis-
cosity decreased with increasing the temperature, probably due to the diminution
of the intermolecular forces between the molecules as a result of diminishing of
the hydrogen bonds in DESs.

For the temperature range of 293.15-363.15 K, the viscosity of the tested
DESs lies in the range of 39.76-0.001 Pa-s. At 313.15 K, the viscosity of the
tested DESs follow the order: TEOA:EG < TEOA:PEG < TEOA:G < TEOA:OA
<TEOA:AA < ChCl:TEOA < TEOA:LA < TEOA:DMU < TEOA:OLA.

As for the density, due to the lack of the published data, the viscosity of the
tested TEOA-based DESs was compared with the viscosity of the DESs based on
the same or similar donors. The viscosity of TEOA:G is lower than those rep-
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orted for N,N-diethylethanol ammonium chloride:G,!¢ tetrapropyl ammonium
bromide:G (1:2)!7 and ChCI:G (1:2).18 The viscosity of TEOA:EG is almost the
same to those of N,N-diethylethanol ammonium chloride:EG!6 and ChCI:EG in
mole ratios of 1:113 and 1:2!8 while lower than that for ChCl:triethylene glycol
(1:3).2! The change transfer via H-bonds between PEG and chloride anion from
ChCl is the main reason for the larger viscosity of ChCl:PEG (1:2) relative to
TEOA:PEG.!8 Although the TEOA:G has a higher density than N,N-diethyl-
ethanol ammonium chloride:G (1:2),16 tetrapropylammonium bromide:G (1:3),17
ChCL:G (1:2)!8 it has lower value for viscosity than above cited DESs. This
might be due to a different molecular organization of the DESs. The viscosity of
the DES depends on the chemical structure of the HBD. TEOA has a higher
number of —OH groups than the other HBDs, but the factors like the alkyl chain
length, the ion size and the electrostatic interactions may have a greater impact on
the viscosity. At TEOA:EG the influence of these factors is smaller, so that this
DES has almost the same viscosity as the DESs compared above.!?

In(n/Pas)
N
1

Fig. 2. VTF plot of the viscosity (#)
for the following DESs:
TEOA:OA — O, TEOA:AA — <,
TEOA:LA — >, TEOA:OLA - <,
: : T - . - — TEOA:G - 1, TEOA:EG - A,
2 4 e 8 10 TEOA:PEG — V, ChCL:TEOA — X
(T-Toy' /103K and TEOA:DMU — *.

'
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The viscosity of TEOA:OA is higher than those of ChCl:OA (1:1)12:13 and
almost the same to those for N,N-diethylthanol ammonium chloride:OA (3:2).22
The viscosity of ChCI:TEOA is almost the same to that of ChCI:TEOA (1:2)12
and ChCl:diethanolamine (1:4-6)25 but higher than those of ChCI:TEOA (1:1)13
and ChCl:monoethanolamine (1:5-8).6 The ChCL:TEOA viscosity is almost the
same to those reported for some ChCl-based DESs2!:23 while the viscosities of
TEOA:DMU and ChCI:DMU (1:2) are similar.!8 The larger viscosities of the
DESs with DMU or ChCl, compared to the DESs with polyols, are the result of
the differences in the strengths of hydrogen bonds. Two methyl groups in DMU
also show a major effect on the viscosity of its DESs, as seen with ChCl:DMU
(1:2).18 Similarly, TEOA:OLA is the most viscous DES among all the DESs with
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carboxylic acids due to the largest number of methyl groups. DESs with longer
alkyl chain and with carboxylic groups (TEOA:OLA; TEOA:DMU; TEOA:LA;
TEOA:AA; TEOA:OA) have larger viscosities than DESs with polyols (TEOA:G;
TEOA:PEG; TEOA:EG) with —OH groups. Obviously the presence of one extra
carboxylic or longer alkyl chain leads to an increase in the viscosity.!® Among
the polyol-based DESs, TEOA:G has the highest viscosity since G forms stronger
H-bonds than the other polyol-based DESs because it has one more —OH group
in the molecule than EG and PEG.19

In order to get a more detailed insight into the viscous flow and the thermo-
dynamic functions of activation, the following expression for the viscosity of
liquid mixtures is applied:!3

1V _AHAS "
ANy, RT R

where 7 is the viscosity, V is the molar volume of the eutectic mixture (calculated
as the ratio of average Mpgg and density of the mixture at desired temperature), /
is the Planck’s constant, N is the Avogadro’s number, R is the universal gas
constant, T is the absolute temperature, AH" is the activation enthalpy change of
the viscous flow and AS™ is the entropy change of the viscous flow. In Fig. 3, In
(nV/hNp) is shown as a function of 71, Eq. (1), for each of the tested DESs. The
AH" and AS™ values were calculated from the slope and the intercept of the
straight lines, respectively. Table S-XV of the Supplementary material contains
the values of the thermodynamic functions of activation at 313.15 K (all tested
DESs are liquid at this temperature).

In((nV/hNA)/1)

Fig. 3. Plots of In (5V/hNy) versus 1/T for
the tested DESs: TEOA:OA — O,
TEOA:AA — <], TEOA:LA - [>,
TEOA:OLA - <, TEOA:G - [,
2 27 28 2 30 a a2 as a a  TEOAEG-A, TEOAPEG -V,

T1 /104K ChCL:TEOA — X and TEOA:DMU — .

Because the DESs with TEOA have the properties like the DESs with
ChCl,12.13.18,21.23 they can serve as their suitable replacement in the possible
industrial applications and various chemical reactions. However, due to the high
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density and viscosity of several DESs with TEOA at room temperature, it is
advisable to apply these DESs in the technological processes at temperatures
higher than 313.15 K.

Effect of temperature on the electrical conductivity of DESSs

The experimental electrical conductivity values, as well as the additional
considerations, are presented in Tables S-III-S-XI. The electrical conductivity
values for the tested DESs in the temperature range of 293.15-363.15 K lie in the
range of 0.00015-9.003 S-m~1. At 313.15 K, the electrical conductivities of the
tested DESs are in the following order: TEOA:PEG < TEOA:G < TEOA:DMU <
TEOA:EG < TEOA:OLA < TEOA:LA < TEOA:AA < TEOA:OA < ChCL:TEOA.

TEOA:G has less electrical conductivity compared to the literature values
for the ChCIL:G (1:2).13:24 The same case is for the TEOA:EG, which electrical
conductivity is lower than those reported for ChCl:EG, in the mole ratios of 1:113
and 1:220 but higher than that of the ChCl:triethylene glycol (1:3) DES.2! The
electrical conductivity of TEOA:PEG is lower than that of ChCI:PEG (1:2).18
The TEOA:OA electrical conductivity is lower than that of ChCI:OA (1:1)12 and
almost the same to that of N,N-diethylethanol ammonium chloride:0A (3:2).22
The electrical conductivity of ChCL:TEOA is higher than the values reported for
ChCL:TEOA (1:2)!2 and ChCL:TEOA (1:1).13 The electrical conductivity of
TEOA:DMU is lower than that of ChCI:DMU (1:2).18

The conductivity of DESs is affected by both the mobility and number of
charged species. DESs with relatively high viscosities exhibit poor ionic conduc-
tivities. In relation to all tested DESs TEOA:G and TEOA:PEG had the lowest
viscosity, so it is logical that they have the highest conductivity.!9 Generally, all
TEOA-based DESs have lower conductivity compared to the ChCl-based DESs
because high weight ratio of the salt in ChCl contributes to the higher number of
charge carriers of the ChCl relative to the TEOA. Also, the larger size of the
TEOA compared to the ChCl results in both reduced ion mobility and lower con-
ductivity.!9

The temperature dependence of the electrical conductivity of the tested
DESs described by the VTF equation is shown in Fig. 4.

Molar conductivity and viscosity relationship

The temperature dependence of the molar conductivity of the tested DESs
described by the VTF equation is shown in Fig. 5 (additional considerations are
given in Supplementary material).

The Walden rule is very useful for the DES categorization. Data for the
dilute aqueous 0.01 M KCI solution is used for drawing the ,,ideal” reference
line,3! which is representative for the independent ions with no interionic inter-
actions.2? Solvents with the ability to form ions are located very close to the
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reference line, while the solvents with this lower ability are further away.2!-30 As
it can be seen in Fig. 6, the tested DESs belong to the category of the ,,subionic
liquids”, indicating the non-ionic structure of the DESs.

In(k/S m-1)

%ﬁ?\g\ﬁ\g Fig. 4. VTF plot of the electrical

conductivity () for the DESs:

TEOA:OA — O, TEOA:AA - <,

TEOA:LA — [>, TEOA:OLA — O,

——r—+—+—+— TEOA:G- [, TEOA:EG - A,

§ 10 12 14 16 1820 TEOA:PEG - V, ChCL:TEOA — X
(T-Toyt /102K and TEOA:DMU - .

In(A/S m2mol-')

Fig. 5. VTF plot for the molar conduct-
ivity (k) of the tested DESs:
TEOA:OA — O, TEOA:AA - <,
TEOA:LA — >, TEOA:OLA — O,
TEOA:G - [, TEOA:EG — A,
2 4 6 8 1 12 1 1 18 TEOA:PEG- V,ChCLTEOA - X
(T-Toy' /103 K" and TEOA:DMU - .

Effect of temperature on the refractive index of DESs

The linear dependence of the refractive index of the studied DESs on tem-
perature is shown in Fig. 7 (additional considerations are given in Supplementary
material).

As expected, the refractive index of the pure DESs decreases linearly with
the increase of temperature depending on the structure and the nature of their
components that are combined with TEOA. When they are heated, the molecules
are moving faster, which results in the density and refractive index reduction.
The refractive index of the tested DESs in the temperature range of 293.15-
—363.15 K lies within the range of 1.4991-1.4137. At 313.15 K, the refractive
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index of the tested DESs follows the order: TEOA:OLA < TEOA:PEG <
TEOA:EG < TEOA:G < TEOA:AA < TEOA:OA < TEOA:LA < ChCL:TEOA <
TEOA:DMU. The refractive index values of these DESs agrees to those of the
other DESs with ChCL.!14 The experimental refractive index values are repre-
sented in Tables S-III-S-XI as well as additional considerations in the Supple-
mentary material.

Good ionic liquids

04 Superionic liquids Subionic liquids

log(A /S m2mol-)

Fig. 6. Walden plots for the tested

o] ey DESs: TEOA:OA — O, TEOA:AA — <,
TEOA:LA — >, TEOA:OLA - <,

A s S TEOA:G — [, TEOA:EG — A,

4 7 6 5 4 3 2 4 0 1 2 3 TEOA:PEG - V, ChCI:TEOA — X

and TEOA:DMU - k.

1.50 4

W Fig. 7. Temperature dependence of the
1.44 refractive index (np) of the tested DESs:
TEOA:OA — O, TEOA:AA — <,
TEOA:LA — >, TEOA:OLA - <,
TEOA:G - [J, TEOAEG — A,
200 300 3to 30 a0 ss0 30 a0 - TEOA:PEG -V, ChCL:TEOA — X
TIK and TEOA:DMU - *

1.42 4

The refractive index of TEOA:G is almost the same to those of N,N-diethyl-
ethanol ammonium chloride:G,!¢ tetrapropylammoniumbromide:G (1:2)!7 and
ChCL:G (1:2).18 Almost the same values of the refractive index of TEOA:PEG
and ChCI:PEG (1:2),!8 and ChCI:TEOA, ChCl:monoethanolamine® and ChCl:di-
ethanolamine (1:4-6)25 are related to their similar molecular structures. The ref-
ractive index of TEOA:DMU and ChCl:DMU (1:2) are almost the same.!8
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TGA and DSC analyses

The TGA and DSC curves of the selected TEOA- and ChCl-based DESs
with the same donors are shown in Fig. S-2 of the Supplementary material. The
TGA and DSC analysis were performed over the temperature range of 298.15—
—373.15 K. Since the investigated systems are liquids, it is understandable that no
melting temperature have been observed in the DSC traces. Furthermore, even
though the first derivatives of DSC and TGA curves show some peaks at certain
temperatures, they cannot be related neither to some special changes in the mole-
cular structure of the mixtures, nor to the phase transition. They indicate the sta-
bility of the DESs within the tested temperature range, which is favourable for
their potential application in the industry.

CONCLUSIONS

The physicochemical properties (density, viscosity, electrical conductivity
and refractive index) of several TEOA-based DESs were measured in the tempe-
rature range of 293.15-363.15 K at 101.325 kPa. The thermal expansion coef-
ficient, the molecular volume, the lattice energy and the heat capacity of these
DESs were calculated using the density and the viscosity data. The Vogel-Tam-
man—Fulcher equations were used to characterize the temperature dependence of
the viscosity and the electrical conductivity for the investigated DESs. While the
density, the viscosity the and refractive index of the tested DESs decrease with
the increasing temperature, their electrical conductivity rises. According to the
Walden rule, these DESs are classified as ,,subionic liquids”. Among these DESs,
those with polyols and lower carboxylic acids exhibit low viscosities at lower
temperatures, so they can serve as solvents in possible industrial applications and
various chemical reactions, while it is recommended to heat up DESs with oleic
acid and DMU before use and apply them at temperatures higher than 313.15 K.
The FTIR analysis showed no chemical changes occurred during their prepar-
ation, while TGA and DSC analyses confirmed the stability of the DESs within
the tested temperature range, which is favourable for their potential application in
the industrial processes, such as extractions of different compounds, separations,
chemical and biochemical technology.

SUPPLEMENTARY MATERIAL

Additional data and considerations are available electronically from http://
//www.shd.org.rs/JSCS/, or from corresponding author on request.
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U3BO[
O®U3NYKO-XEMUICKE U TEPMOOWMHAMHUWYKE OCOBMHE EYTEKTUUKHX
PACTBAPAYA CA TPUETAHOJIAMHUHOM
BUbAHA C. BOPBEBUR', IPATAH 3. TPOTEP', BJIALIA B. BEJbKOBUR'’, MUPJAHA Jb. KUJEBYAHUH?,
HWBOHA P. PAIJOBHUR® 1 30PAH b. TOLOPOBUR'
"Texnomowxu Qaxynitein, Ynueep3uiteini y Huuy, Bynesap ocnodohewa 124, 16000 Jleckosay,
ZTexnonowxo—Mewwlypwxu axyniteii, Ynugep3uitieil y Beoipagy, Kapneiujesa 4, 11000 Beoipag u
SCpﬂcxa axagemuja nayxe u ymemnociiu, Knez Muxajnoea 35, 11000 Beoipag

Y oBOM pajly HallpaB/beHU Cy €yTEeKTMYKH pacTBapayd TpPHETaHOJIAMHHA Sa OKCAaJTHOM
KHUCEJIMHOM, IVIalidjaTHOM CUPheTHOM KHCEMHOM, MJIEYHOM KHUCEJIMHOM, OJIEMHCKOM KHCe-
JIMHOM, TJIULIEPOJIOM, €THJIEH ITIUKOJIOM, IPOIMJIEH [JTHKOJIOM, XOJMHUH-XJIOPHIOM U 1,3-mume-
TuiypeoM. CBUM eyTeKTHYKMM pacTBapauMma onpeheHe cy (dH3HIKO—XEMHjCKe OCODMHE
(rycTvHa, BUCKO3MTET, €JeKTpPHYHAa IPOBO/BUBOCT M HHAEKC pedpakuuje) X HU3pauyHaTe
TepMOJUHaMUYKe ocoduHe (koedULHjeHT 3alMpPeMHHCKOr IIHpema, MOJapHa 3alpeMHHa,
€HEpIYja pelleTke U TOIUIOTHU KalalMTeT) Y (QYHKUUjU off TemnepaType y omcery 293,15—
—363,15 K na 101,325 xPa. Kop CBUX NpUNIPEM/BEHUX EYTEKTHUKUX pacTBapaya IyCTHHA, BUC-
KO3UTET U MHJEKC pedpaKklyje onafajy ca IopacToM TeMIIEpPAType AOK eleKTPUYHa ITPOBO-
/pUBOCT pacTe. OBe TeMIepaTypHe 3aBUCHOCTH BUCKO3HOCTHU U €JIEKTPUYHE IPOBOABHBOCTHU CY
onucaHe Vogel-Tamman—Fulcher jenHaunHOM. BuckosuTer u MonapHa MpOBOIJBUBOCT, KOjH
N0Ka3yjy JIMHEeapHO IOHalllake, OWIM Cy Y Kopenauuju ca ¢pakuuoHuM Walden mpaBHIoM.
Hndpaupsena cnekrpockonuja ca dypujeosom (Fourier) Tpanchopmaunjom kopuurheHa je
3a npoyyaBame (YHKIHMOHAJIHUX Ipyla €yTEKTMUKHUX pacTBapaya, IOK Cy TEPMOIpaBUMET-
pHjcka aHanu3a U gudepeHHjanHa ckeHupajyha kamopumeTpyja kopuurhese 3a ogpehusame
IBUXOBUX CTaOUIHOCTH. YTBphHEHO je fa aHalnu3upaHHU eyTEKTUUKK pacTBapayH Mocemyjy CBOj-
CTBa koja UM oMoryhaBajy IpUMeHY Y Pa3IHuuTe UHAYCTPUjCKe Ipoliece MOMyT eKCTpakuuje,
cemapanuje, XeMHjCke TEXHOJIOTHje U DHOTEeXHOJIOTHje.

(ITpummeno 25. anpunia, pesusupaso 16. jyna, mpuxsaheno 27. asrycra 2020)
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