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Abstract: Densities (p) and viscosities () of the binary systems n-heptane with
alcohols (ethanol, propan-1-ol and propan-2-ol) were measured at temperatures
between 288.15 and 308.15 K and at atmospheric pressure, over the whole
composition range. The excess values of molar volume (/) and viscosity (")
were calculated from experimental measurements. The excess functions of the
binary systems were fitted to Redlich—Kister Equation. Comparison between
experimental excess molar volume and the one calculated from Flory and
Prigogine—Flory—Patterson theories, has also been done. The viscosity results
were fitted to the equations of Grunberg—Nissan, Heric—Brewer, Jouyban—
—Acree and McAllister. Also, the activation energies of viscous flow have been
obtained and their variations with compositions have been discussed.

Keywords: n-heptane; ethanol; propan-1-ol; propan-2-ol; Flory theory; Prigo-
gine—Flory—Patterson theory.

INTRODUCTION

Experimental liquid densities and viscosities of pure hydrocarbons and their
mixtures are useful in the design and the simulation of processes. The physico-
chemical properties play an important role in the understanding of several indus-
trial processes.' Therefore, experimental measurements are needed to understand
the fundamental behaviour of these properties and then to develop new models.?
The obtained properties (excess molar volumes and excess viscosities) in com-
binations with other mixing properties provide valuable information for the quali-
tative analysis of the interactions between molecules.?

In this work, the densities and viscosities of three binary systems of n-hep-
tane + ethanol or + propan-1-ol or propan-2-ol were measured at temperatures
between 288.15 and 308.15 K, over the entire composition range and at atmo-
spheric pressure. The investigations into the literature have shown that these
systems have been studied, but not quite in the same conditions.
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892 BUDEANU and DUMITRESCU

Jimenez et al.* reported the values of viscosities and densities for propan-1-
-ol + n-heptane at 293.15, 298.15, 303.15 and 308.15 K. Keller et al’ inves-
tigated the excess molar volumes of propan-1-ol + n-heptane at 298.15 K and
Tanaka et al.® studied excess molar volumes of propan-2-ol + n-heptane at the
temperature 298.15 K. Pereiro ef al.” reported densities for ethanol + n-heptane at
293.15, 298.15, 303.15 K and Orge et al.® studied densities and viscosities for
ethanol + n-heptane and propan-1-ol + n-heptane at 298.15 K. Papaioannou et
al’ presented densities for n-heptane + ethanol at 298.15 K and Zeberg-Mik-
kelsen et al.'® investigated dynamic viscosities for ethanol + n-heptane at 293.15,
313.15, 333.15 and 353.15 K. Zielkiewicz'' reported excess volumes of heptane
+ propan-2-ol at 313.15 K and Rajendran'’ studied density and viscosity of
binary liquid mixtures of n-heptane with propan-2-ol at 298.15 K.

From our experimental data, the excess molar volumes and the excess vis-
cosities were calculated and correlated by the Redlich—Kister Equation. The
experimental data of excess volumes of the binary mixtures were used to test to
applicability of Flory">'® and Prigogine—Flory—Patterson'"'® theories, which has
not previously been employed for the study of excess molar volume of binary
mixtures of ethanol, propan-1-ol and propan-2-ol with n-heptane. The thermo-
dynamic functions of activation of viscous flow have been estimated from the
experimental data. The purpose of this paper is also to test five semiempirical
equations with one to four parameters to correlate viscosity of binary mixtures.

EXPERIMENTAL
Materials

n-Heptane (mole fraction purity > 0.990) was supplied by Sigma—Aldrich, propan-1-ol
(mole fraction purity > 0.999) was obtained from Merck, ethanol (mole fraction purity
>0.993) and propan-2-ol (mole fraction purity > 0.997) were supplied by Chemical Company.
The chemicals were dried over molecular sieves (Fluka type 4 A). The purity was checked
through chromatographic analysis. Samples were determined by weighing at atmospheric
pressure and ambient temperature using a Adventurer Pro AV 264CM balance with an uncer-
tainty of and precision of £10™* g. The error in the final mole fraction is estimated to be less
than +£0.0001. Conversion to molar quantities was based on the relative atomic mass table of
2006 issued by [IUPAC."

Measurements

The densities were determined by the hydrostatic weighing method of Kohlrausch® with
the precision of £0.05 kg m”. The estimated uncertainty for density was +0.15 kg m~. The
experimental technique has been previously described,”' an ultra-thermostat type U10 (Freital)
has been used to maintain a constant temperature (+£0.05 K). The uncertainty in the excess
molar volume was estimated to be £5.5x10"* m*mol™. Viscosities of the pure compounds and
of the binary mixtures were determined with an Ubbelohde kinematic viscometer,” viscosity
measuring unit ViscoClock (Schott-Gerate GmbH), that was kept in a vertical position in a
water thermostat. A thermostatically controlled bath (U10 constant to +0.05 K) was used. The
kinematic viscosity was calculated using the relation (1):
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v=At— B/t @)
where ¢, in s, is the flowing time of a constant volume liquid through the viscometer capillary.
Accuracy of time measurement for the viscosity measuring unit ViscoClock is £0.01 s. 4 and B
are characteristic constants of the used viscometer, which were determined by taking bidistilled
water and benzene (Merck, mole fraction purity > 0.995) as the calibrating liquids for correction
of kinetic energy deviations. The dynamic viscosity was determined from the Eq. (2):
n=p 2
where p is the density of the liquid. The precision of the viscosity was estimated to be +0.001
mPas. In all determinations, triplicate experiments were performed at each composition and
temperature, and the arithmetic mean was taken for the calculations of the viscosity. The
uncertainty in the excess viscosity is estimated to be +4x10~ mPas.

RESULTS AND DISCUSSION

The measured densities and viscosities of the pure component liquids present
good agreement with the literature values, as seen in Table S-I of the Supple-
mentary material to this paper. Densities and viscosities of the binary mixtures of
n-heptane + ethanol, n-heptane + propan-1-ol and n-heptane + propan-2-ol are
reported in Table S-1I of the Supplementary material. The results of this study are
in close agreement with the values reported in the literature.

n-Heptane and ethanol densities values reported in the literature differ from
our experimental data with a maximum of 0.09 %. For propan-1-ol, densities
values published in the literature differ by less than 0.08 % and for propan-2-ol
differ by less than 0.2 %.

Viscosity values reported in the literature differ than our results with a max-
imum 0.8 % for n-heptane, with maximum 2 % for ethanol, with maximum 1.5 %
for propan-1-ol and with 0.6 % for propan-2-ol.

The excess molar volumes were calculated from the densities of the pure
liquids and their mixtures using the following Eq. (3):

VE = M +H(1=x)Mo)/p — (xMi/p +H(1=x)Molps) 3)
where x is the mole fraction of a component 1, M, and M, are the molar masses
of the components 1 and 2, and p, p, and p, are the respective densities of the
solution and of the pure components.

The experimental values of the dynamic viscosity are used to calculate the
excess viscosity (") defined by the Eq. (4):

7" =n—Gm+(1-x)) @)
where 7, and #, are the viscosities of pure components.

The results of ¥ and " are reported in Tables S-III and S-IV of the Sup-
plementary material. The values of the excess molar volumes and the excess
viscosities for the investigated binary mixtures in this work at 298.15 K show
good agreement with the literature data.*®
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For the solution n-heptane + ethanol with x = 0.4, the deviation between
calculated excess molar volume value and literature value® is 1.8 %, while for
excess viscosity the corresponding deviation is 0.4 %. For the solution n-heptane
+ propan-1-olwith x = 0.5, the excess molar volume value reported in the lite-
rature’ differs from our experimental data with 2.2 % and the excess viscosity
value differs with 0.7 %.

The deviation between our excess molar volume value and the literature'”
value for the solution n-heptane + propan-2-ol with x = 0.5 is 10 % and for the
excess viscosity is 5.0 %. These differences may be due to different purity of the
components used and the differences in concentrations of solutions.

Figures S-1-S-6 of the Supplementary material present comparisons of our
experimental excess molar volume and excess viscosity of n-heptane + ethanol,
n-heptane + propan-1-ol and n-heptane + propan-2-ol at 298.15 K with data
available in the literature.

The excess functions of the binary systems can be represented by a Redlich—
—Kister type equation:

k
XE =xx, 300 A (23 1) (5)

where X* represents any of the following properties: V¥, #° and x; and x; are the
mole fractions of the components i and j, respectively, and & is the number of the
polynomial coefficient, 4.

The values of these coefficients are indicated in Tables S-V and S-VI along
with the standard deviation, o, defined by relation:

12
O-:|:Z(Xexp_Xcalc)2/(m_k)} (6)

where X, is the experimental excess function, X is the calculated excess
function with Eq. (5), m is the number of data points and & is the number of the
polynomial coefficient.

Several effects may contribute to the values of excess molar volumes, such
as breaking of liquid order on mixing, unfavourable interactions between groups,
differences in molecular volumes and differences in free volumes between
liquids components.”

Fig. 1 shows experimental (Eq. (3)) and calculated values (Eq. (5)) of V" at
298.15 K constant temperature.

The experimental excess molar volumes for all the binary mixtures studied
in this work are positive in the whole composition range and at all temperatures.
The positive values are due to the expansion of solution volume due to the mix-
ing caused by the hydrogen bond rupture and the dispersive interactions between
unlike molecules. In this sense, the addition of non-polar solvent causes the dis-
ruption of alcohol aggregates through the breaking of hydrogen bonds, making
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V¥ positive, since aggregates have higher volumes than the sum of their com-
ponents.24

L]
0.4
[J
A
. 034 ®
g £ N
g
£
0.2
A A
S
0.1
0.0 . ; . ; . ; . ; . i
0.0 02 04 0.6 038 1.0

X

Fig. 1. Experimental excess molar volumes versus n-heptane mole fraction, x, at 298.15 K for
the mixtures: m) n-heptane + ethanol; A) n-heptane + propan-1-ol; ) n-heptane +
propan-2-ol. Continuous curve was calculated from Eq. (5) for experimental data.

The curves for n-heptane + propan-1-ol and n-heptane + propan-2-ol systems
are asymmetric, with its maximum shift toward a high mole fraction of n-hep-
tane; this behaviour agrees with the literature.”> >’ The excess molar volumes
decreases with the increasing alkyl chain length of the alcohol. The excess molar
volumes of n-heptane + propan-2-ol solutions is greater than the excess molar
volumes of n-heptane + propan-1-ol mixtures. These behaviour is in accordance
with the results of Ortega et al.” that showed that V" values are greater when
alkanes are mixed with secondary or tertiary alcohols than when they are mixed
with primary alcohols. Breaking the hydrogen bonds by adding a non-polar sol-
vent is more pronounced for propan-2-ol compared with propan-1-ol. This may
explain the higher values of the excess molar volumes in propan-2-ol solutions
than in propan-1-ol solutions. The effect of temperature on the /* shows a sys-
tematic decrease with temperature for all the mixtures.

The excess viscosities values may be generally explained by considering the
difference in size and shape of the component molecules and specific interactions
between unlike molecules, such as H-bond formation and charge transfer com-
plexes. These interactions may cause an increase in viscosity in mixtures, rather
than in a pure component.”’ Positive values of excess viscosities indicate strong
interactions, while negative values indicate weaker interactions.*

Fig. 2 shows experimental (Eq. (4)) and calculated values (Eq. (5)) of #" at
303.15 K constant temperature.
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Fig. 2. Experimental excess viscosities versus n-heptane mole fraction, x, at 303.15 K for the
mixtures: m) n-heptane + ethanol; A) n-heptane + propan-1-ol; ) n-heptane + propan-2-ol.
Continuous curve was calculated from Eq. (5) for experimental data.

The excess viscosities are negative over the entire range of mole fractions at
all the temperatures. The negative excess viscosity was explained by many
authors through different forms.*' * The negative values support the main factor
of breaking of the self-associated alcohols and weak interactions between unlike
molecules.” The minimum of #*—x curves occurs at low mole fractions of n-hep-
tane. This behaviour is characteristic of binary mixtures formed by a component
that presents a molecular association and the other component does not have this
characteristic.* If the temperature increases the negative values of excess vis-
cosity decrease. This can be explained by breaking the hydrogen bonds and inc-
reasing mobility of molecules due to the increase of thermal energy.*

Flory and Prigogine—Flory—Patterson (PFP) theories

Experimental results of the molar excess volume have been used to test the
applicability of the Flory'>'® and PFP theories.'”'®

In the Flory theory, the excess molar volume is related to the reduced vol-
ume, v , the reduced temperature, 7 , and the adjustable interactional parameter
x12. The PFP theory includes three contributions in order to explain the thermo-
dynamic behaviour of the liquid mixtures: an interactional contribution (ViEt ),
which is proportional to the interactional parameter y;,, the free volume contri-
bution (Vgy ), which arises from the dependence of the reduced volume, upon the
reduced temperature, as a result of the difference between the degree of exp-
ansion of the two components and the internal pressure contribution (Vl]:; ),

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS. All rights reserved.



DENSITIES AND VISCOSITIES OF n-HEPTANE + ALCOHOLS BINARY MIXTURES 897

which depends on both the difference of characteristic pressures and the reduced
volumes of the components.
The excess molar volume given by the Flory theory is:

(lel* +X2V2*)(¢1‘71 +g,7,) " (f_fo)

E= (7)
(4/3)~ (a7 +¢2‘72)1/3

The PFP Equation is:

JE i (‘71/3 _1)‘;2/3 " Zl*z )

= L4
i +x0 [(4/3)17_1/3 —1} n

(7 =7y)? | (1419)773 -1

- iy, +
(473773 -1y
(8)
(7 -72)(pi - 2 v
m W E—— =t

vip2 Vo p XN +x0;
E
E V=
VEv p

- -

* * % %
i +x0, xi +x0,

where V is the reduced volume:

3
- T
p=| %41 )
3(1+aT)
J* — characteristic volume; p” — characteristic pressure; T — reduced temperature:
* ~ * ~
o anTi+éh
* *
hp +6r2 - %60
70— “ideal” reduced temperature for the mixture; y; — contact energy fraction:

(10)

vi=1-v2 =01 /(a1 + 0205 ) (1)
@; — hard core volume fraction:
b =1-0 =273 (W +x:77 (12)
0; — surface site fraction:
6y =1-6 =003 (o + 0,077 (13)
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The coefficient of thermal expansion, o, was obtained from the following
equation:®’

a=(1/V)(oVieT), (14)
where V is the molar volume of the solution; 7 — temperature.

The various parameters involved in Egs. (7) and (8) for the pure components
and the mixture are obtained from Flory’s theory'*'* and are shown in Tables
S-VII and S-VIII of the Supplementary material.

The values of the interaction parameter j;,, were derived by fitting the
theory to experimental values of the excess molar volume for equimolar sol-
utions. The results of * calculated from Eqs. (7) and (8) are reported in Table
S-IX of the Supplementary material. These results were compared by means of
the percentage absolute average deviation (4DD), with the following equation:

ADD =—
n

100 Zn: ‘Qexp —Qcalc (15)

i=1 Qexp

where 7 is the number of experimental data and Q represents F*.

The results in Table S-IX reveal that ADD values in the predictions of the
excess molar volume for n-heptane + ethanol mixtures are less than 0.9 % using
the Flory theory and less than 1.2 % using PFP theory. For n-heptane + propan-1-
-ol system the ADD value is 0.7 % using the Flory theory and less than 2.2 %
using PFP theory. For n-heptane + propan-2-ol system the ADD values are less
than 0.7 % for Flory theory and less than 1.4 % using PFP theory. These low
values of percentage absolute average deviation obtained, suggest the validity of
these theories. An analysis of each of the three contributions to excess molar
volume shows that the interaction contribution is positive, being the most import-
ant contribution. The volume contribution is positive, while the internal pressure
contribution is negative.

The viscosity data correlation

Several empirical and semiempirical relations have been used to represent
the dependence of viscosity on the concentration of components in binary sys-
tems. These relations are classified according to the number of the adjustable
parameters used to account for the deviation from some average.”®*

Grunberg-Nissan*’ proposed the following equation based on one parameter:

Iny = x(Inytxolnms+x i xd (16)
Heric-Brewer*' expression with two parameters is:
Iny = xInyHxIngy+x InM o InMo-In(ey M+ Mo ) +xx0[ agtan  (-x2) | (17)
The three-body McAllister” Equation with two parameters is:

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS. All rights reserved.



DENSITIES AND VISCOSITIES OF n-HEPTANE + ALCOHOLS BINARY MIXTURES 899

Innp= x13 Inn + 3x12x2 Inn, + 3x1x§ Inn,; + x% Inn, -
—In[xy + My | My ]+ 3370y In[ (24 My / M) /3 ]+ (18)
+3x,3 In[ (1+2M, / M) /3] +x3 In[M, / M, ]
We tested also the four-body McAllister Equation with three parameters:
In77 = xi* In7py + 407 3 In7 1 + 63733 Indfy 123 + 43133 In7pyg) +
xg Inn, —In[x +x,M, /M1]+4x13x2 ln[(3+M2 /Ml)/4]+ 19)
6xpxy In[ (14 My / M)/ 2]+ 4xx In[ (143M, / M)/ 4]+
+x3 In[M, / M, ]

43,44
and Jouyban Acree*”

Iy =x In7; +x, In77 +x1x22’;:O(Aj (5 —x,) /T) =3 (0)

Equation with four parameters:

In the Egs. (16)—(20) the dynamic viscosity of the liquid mixture is des-
ignated by # and 7, and #, are the dynamic viscosities, x; and x, are the mole
fractions of the pure components 1 and 2 constituting the liquid mixture, M, and
M, are the molecular masses, 7 is the temperature; d, a;», o and A4;j are inter-
action parameters (viscosity coefficients) and reflect the non-ideality of the sys-
tem and the McAllister model adjustable parameters are given by #12, #21, #1112,
N1122 and 7p71. The parameters that appear in Eqgs. (16)—(20) were estimated using
the experimental viscosity data and a non-linear regression analysis employing
the Levenberg—Marquardt algorithm.*

Table S-X of the Supplementary material shows the parameters calculated,
the standard deviations (o) and the 4DD values between experimental values and
those obtained using the semiempirical relations. The standard deviation was
calculated using the Eq. (6), were X, is the experimental viscosity, X, is the
calculated viscosity with Egs. (16)~(20) and k£ is the number of adjustable
parameters. The 4ADD values were determined for all equations with the Eq. (15),
were Q represents the values of viscosity.

The interactional parameter, d, is negative for binary systems. Nigam and
Mahl*® concluded from the study of binary mixtures that if #° < 0, d < 0 and
magnitude of both are large then the dispersion force would be dominant. Apply-
ing the model with one parameter (Grunberg—Nissan model) gives the highest
values of standard deviation. Models with two parameters (Heric—Brewer and
three body McAllister model) lead to the identical result of standard deviation
and their application leads to a poor estimate of viscosities solutions. These
models are not suitable to estimate viscosities of the systems studied in this work.
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Use of three and four parameter equations reduces the o values. The data show
that the Jouyban—Acree model is suitable for 288.15, 298.15 and 303.15 K, while
the four body McAllister model is adequate at 293.15 and 308.15 K for n-heptane
and ethanol system. The Jouyban—Acree model shows the best agreement with
experimental data for n-heptane + propan-1-ol system at all temperatures. A com-
parison of the calculated and the experimental viscosities for the n-heptane +
propan-2-ol mixtures shows that the Jouyban—Acree model produces accurate
results for 288.15, 293.15, 303.15 and 308.15 K, while for 298.15 K the four-
-body McAllister model is able to describe viscosities. It can be concluded from
this study that the correlating ability significantly improves for these non-ideal
systems, as the number of adjustable parameters is increased.

Thermodynamic functions of activation

The energies of activation of viscous flow for the binaries studied were cal-
culated using the following Eq. (21):*’

n=”—Nexp(AG¢] @1)

V

where # is viscosity of a liquid mixtures, /4 is Planck’s constant, N is Avogadro’s
number, V is the molar volume of the solution, R is universal gas constant, 7' is
temperature and AG” is Gibbs energy change of activation for viscous flow
process. The combination yields the equation:

# #
In(ﬂjzAH _AS 22)
hN) RT R

where AH” and AS” are enthalpy and entropy changes of activation of viscous flow.

The plots of In(nyV/hN) vs. 1/T were found to be linear in the temperature
range 288.15 to 308.15 K, as such the values of AH” and AS™ were obtained by
the corresponding slopes and the intercepts. With AH” and AS™ values as input in
Eq. (22), the corresponding values of AG” were also calculated. The values of
thermodynamic functions of activation of viscous flow and of correlation coef-
ficient (r) are listed in Table S-XI of the Supplementary material as a function of
composition. The experimental values of AG” against mole fraction are presented
in Figs. S-7-S-9 of the Supplementary material.

The values of AH” are more than two times higher for ethanol and propan-1-
-ol than for n-heptane, while for propan-2-ol the values are more than three times
higher than that for n-heptane, indicating that the association and the dipole—
—dipole interactions increase the value of AH".

The value of AS™ is negative for n-heptane and positive for ethanol, propan-
-1-ol and propan-2-ol and shows that the overall molecular order increases for
n-heptane (non-associating component) due to activated complex formation, but
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decreases in the case of ethanol, propan-1-ol and propan-2-ol. The positive AS”
for all alcohols indicated that probably the rupturing of hydrogen bonds formed
through OH groups of alcohols in the activation process for viscous flow occurs,
resulting in the structural disorder.* The values of AH* and AG™ are positive for
all the binary mixtures and at all temperatures used. These values of Gibbs
energy and enthalpy change of activation of viscous flow increase with the alco-
hol concentration of solution at constant temperature. The values of AG™ at
constant concentration decrease if the temperature increases, in accord with the
viscosity variation, except for the mixtures concentrated in alcohols. The values
of AS™ are negative for all binary mixtures except for the mixtures concentrated
in alcohols. These values show that overall molecular order due to activated com-
plex formation increases for all binary mixtures except for the mixtures concen-
trated in alcohols.”

The excess Gibbs energy change of activation of viscous flow, AG™", were
obtained from following equation:

AG™ = RTTInyV — (xInng, Vi+(1=x)lng, Vs)) (23)
where V' is the molar volume of the mixture and V; and V, are the respective
molar volumes of the pure components. The AG*™" parameter may be considered
as a valid measure to detect the presence of an interaction between molecules.”™!
Negative values were observed for the excess Gibbs energy change of activation
of viscous flow of the all the binary mixtures and at all temperatures studied.
These values lead us to conclude that dispersion forces are the predominant in
these systems. The experimental values of AG™" against mole fraction are pre-
sented in Figs. S-10-S-12 of the Supplementary material.

CONCLUSIONS

The densities and viscosities of binary mixtures of n-heptane with alcohols
(ethanol, propan-1-ol and propan-2-ol) were measured experimentally at tempe-
ratures between 288.15 and 308.15 K over the entire composition range. From
these results, the excess values of molar volume and viscosity have been deter-
mined and fitted into the Redlich—Kister equation. Positive deviations were obs-
erved for the excess molar volumes and negative deviations for the excess dyn-
amic viscosity, at all of the temperatures and in the whole concentration range.
The experimental results of the molar excess volume have been used to test the
applicability of the Flory and Prigogine—Flory—Patterson theories. The values of
the percentage absolute average deviation obtained suggest the validity of these
theories. Grunberg—Nissan, Heric—Brewer, Jouyban—Acree, three-body and four-
-body McAlister models have been used to calculate viscosity coefficients and
these were compared with the experimental data for the mixtures. The results of
these correlations showed that Jouyban—Acree and four-body McAllister models
are suitable to describe viscosities of the binary mixtures studied in this work.
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The energies of activation of viscous flow and the excess molar Gibbs ener-
gies of activation of viscous for these binary mixtures were also calculated. The
values of AH” and AG™ are positive for all the binary mixtures at all of the tem-
peratures and in the whole concentration range. The values of AS™ are negative
for all binary mixtures, except for the mixtures concentrated in alcohols. The
negative deviations were observed for AG™ of the all systems and at all of the
temperatures.

U3BOJ
I'YCTUHE ¥ BUCKO3HOCTH BMHAPHHUX CMEIIA n-XEIITAHA CA AJIKOXOJIMMA HA
PA3JIMYUTUM TEMITEPATYPAMA

MARIA MAGDALENA BUDEANU u VASILE DUMITRESCU
Chemistry Department, Petroleum and Gas University of Ploiesti, Ploiesti, Romania

I'yctuHe (p) ¥ BUCKO3HOCTH (1) SMHApPHUX CHCTEMa n-XeNTaHa ca aJlKkoXojauMa (eTaHol,
nponaH-1-o1 ¥ mpomnaH-2-0i1) cy u3MepeHe Ha Temneparypama usmehy 288,15 u 308,15 K u
Ha aTMocdepcKoM NPUTUCKY. [Ipu Mepemwy je MOKPUBEH 11e0 KOHLIEHTPalMOHH OIICer UCIIUTH-
BaHHX cMela. JIONyHCKe BPeJHOCTH MonMapHe 3ampemune (V°) u Buckossoctu (") uapauy-
HaTe Cy U3 eKCllepUMeHTalHUX Mojartaka. JlonyHcke GyHKLUUje SMHApHUX CUCTeMa KOpEelH-
cae cy Redlich—Kister jenHaunHoM. YpaheHo je nopehemwe nsmely excrieppumeHTaNHUX JI0-
nyHckux GyHKUWja OMHApHHUX cHcTeMa W u3pauyHaTux nomohy Flory u Prigogine—Flory—
—Patterson Teopuja. EkcnepuMeHTanIHy pe3yaTaTé BUCKO3HOCTH KOPEIUCaHU Cy NoMohy jen-
HauuHa Grunberg—Nissan, Heric—Brewer, Jouyban—Acree u McAllister. Takohe, uspauyHare
Cy aKkTHBALIMOHE eHepruje BUCKO3HOT TOKAa OMHApPHUX CHCTEMAa W JUCKYTOBAH je yTHULAj cac-
TaBa CMeIle Ha HUX.

(ITpummeno 24. Hosemdpa 2016, pesuaupano 23. mapTa, npuxsaheno 28. anpuna 2017)
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