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OBBEMHBIE CBOMICTBA CMECH AKPUJIOHUTPUJI+3TAHO.I
B UHTEPBAJIE TEMIIEPATYP (293,15-323,15) K 1P BHEIIHEM JIABJIEHUU
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Ernne AmaskoBHa Ka3zosta

Kadenpa ¢pmudeckoii n koutonaHOW XUMKH, EpeBaHCKHI TOCYIapCTBEHHBI YHUBEPCUTET, Anleka MaHyksHa, 1,
Epesan, Apmenns, 0025
E-mail: heghine@ysu.an

H3zmepenvl nnomnocmu GUHAPHOI cMecu GKpUIOHUMPUIA 8 IMAHOJIE 80 8CeM KOHUEH-
mMpauyuoHHOM ouanazone u 6 memnepamyprom unmepeane 293,15-323,15 K npu enewnem oasnenuu
(87,9 klla). Ilnomnocmu pacmeopos usmepeHvt ¢ NOMOULbIO KO1eOameibHO-Pe3OHAHCHO20 0eHCU-
mempa Anton Paar DMA 4500 ¢ mounocmuio uzmepenus njiomHOCMU U meMnepanmypsl COOneem-
cmeenno £5:10° 2/em® u +0,03 K. Paccuumanst o6bemuble napamempul: u3ooimounsie MoNApHble
00veMbl, Kadcyujueca MoaapHole 00bembl, NAPUUATbHBIE U NAPYUATbHbIE U30bIMOYHbLE MOJIAPHbLE
o00vemul. H30b1mounvie monapusie 00vemuvl onucanst ypasuenuem Peonuxa-Kucmepa. Illapamempor
ypasnenus Peonuxa-Kucmepa u cmanoapmule OMKIOHEHUA UObIMOUHBIX MOAAPHBIX 00bEMO8
makorce paccuumansl. Benuuunvl uzoptmounsix Moaaprvix 00vemoe ompuyamenbHovl 60 6Ccem KOH-
UEeHMPAYUOHHOM OUAnAa3oHne 6 0071ee HUIKUX MEMREPamypax, HO C POCHOM MemMnepamypovt om
293,15 K 00 323,15 K ompuyamenvuvie omKionenus ymenvmaiomces. Pezyiomamol unmepnpemu-
PYIOMICA HA OCHO6€E CUIbHO20 63AUMOO0CICMEUA MeHCcOy HUMPUIbHOU ZPYRNOIl AKPUIOHUMPUNA U
OH-zpynnoit smanona nocpedcmeom 6000poonoii céasu. OOHAKO CUZMOUOAILHAA POPMA 3A8UCUMO-
cmeli u30bIMOUHBIX MOTAPHBIX 00BEMOE OM MONbHBIX 00J1€ll IMAHOIA OM NOJIOHCUMETbHBIX 00 OM-
puyamenvHvlX 3HAYEHUT YKA3bleaem HA PA3IUUHbIE 63AUMOOCHCIMEUS 6 3A8UCUMOCIU O COCMAsa
ounapnuvix cmeceii. bonee mozo, maxasa ¢popma 3as6ucumocmu u30bIMOUHBLIX MOJIAPHBIX 00HEMOE OM
MONBbHOI 001U NPU HUSKUX KOHUEHMPAWUAX IMAHOA YKAZbIGAEH HA €20 CAMOoaccoyuupyloujue oeii-
cmeus, 8 pe3yibmame KOMOPIX 6 IMUX HCe KOHUCHMPAYUAX NPe0dIA0aAom 20MOACCOUUAMbL AKPU-
JIOHUMPUIIA C OUNOJIb-OUNOTIbHBIM 63AUMOOCHCIMEUEM, A MAKMHCE 20MOACCOUUAMbL IMAHONA C 8000~
POOHBIMU céa3amu. B pabome npueedennvt HoGble OAHHbBIE RO MEMNEPAMYPHOLL 3A6UCUMOCHU NIOM-
HOCmell U 00beMHbBIX C8OIICIE DUHAPHO20 PACMEOPA AKPUIOHUMPUTL-IMAHO 8 MeMnepamypHom
unmepeane 293,15-323,15 K. Ioayuennvie pe3yiomamsl COROCHAGIEHBL C TUMEPAMYPHLIMU OAH-
HbIMU.
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Densities of binary mixture of acrylonitrile in ethanol have been measured over the full
range of compositions at temperatures from 293.15K to 323.15 K at the ambient pressure (87.9 kPa). The
volumetric properties such as excess molar volumes, apparent molar volumes, partial molar vol-
umes, excess partial molar volumes, standard partial molar volumes for binary mixture were cal-
culated. Excess molar volumes were described by the Redlich—Kister polynomial equation. The
Redlich—Kister coefficients and the standard deviations were calculated as well. The excess molar
volumes exhibit mainly negative deviations from the ideal behavior over the whole range of com-
position for acrylonitrile+ethanol binary mixtures at low temperatures and become less negative
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with increasing temperature from 293.15 to 323.15 K. The results are interpreted on the basis of
strong interaction between group of acrylonitrile and OH group of ethanol by hydrogen bonding.
However, the sigmoid shape of plots of excess molar volumes versus molar fraction of ethanol from
positive to negative values indicates to the varying interactions depending upon the composition of
binary mixtures. Moreover, it is also attributed to the self-associating effect of ethanol therefore
the self-associates of acrylonitrile by dipole-dipole interactions and the self-associates of ethanol
by hydrogen bonding between same molecules at low concentrations predominate too.

Key words: acrylonitrile, ethanol, densitometry, volumetric properties
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INTRODUCTION

Acrylonitrile (AN) as a polar solvent serves as
a monomer to synthesize polyacrylonitrile (PAN). A
fundamental understanding of the mixing behavior of
AN with different solvents is therefore important from
a technical and engineering viewpoint. On the other
hand, the study of solutions of nitrile-containing com-
pounds, such as AN, acetonitrile, etc is of great interest
due to form both homo- and heteromolecular associ-
ates conditioned with their structure. Obviously, elec-
tronic effects (inductive and mesomeric) of alkyl
groups in nitriles are responsible for the polarity of ni-
trile group and hence significant intermolecular inter-
action between —C=N and other polar groups occur. To
explain these phenomena, it should be mentioned that
when groups such as C=N are adjacent to a multiple
bond, they withdraw = electrons from multiple bond
through resonance or mesomeric effect. Obviously,
such a type interaction occurs between C=C and C=N
groups in AN molecule (CH,=CH-C=N). As a result
the polarity of C=N group in AN molecule is increas-
ing and hence more strong interaction between C=N
groups of AN and other polar groups takes place too.

It should be noted that the interaction of some
solvent molecules with both PAN and AN takes place
due to dipole-dipole interaction between nitrile groups
and polar groups of solvents [1-9]. Moreover, accord-
ing to [10] the dipole-dipole interaction between —-C=N
group with other polar groups mainly leads to the for-
mation of the intermolecular associate as the antiparal-
lel dipolar conformation. It should be also noted that
such interaction between C=N group and other polar
groups leads to the negative values of excess molar
volumes of solutions as well [5-13]. On the other hand,
there are several studies [14-20] for capability of a ni-
trile group formed heteromolecular associates by hy-
drogen bonding.

In this work, a detailed study of volumetric
properties for AN in ethanol (EtOH) has been done
through densitometry to elucidate the effect of the me-
dium and particularly the role of temperature on the
specific interactions between unlike molecules. This
work also reports new data of densities and volumetric
properties of AN+EtOH mixture over the full range of
compositions at temperatures from 293.15K to 323.15
K. The excess molar volumes, VinF, apparent molar vol-
umes, V,;, partial molar volumes, v;, excess partial

—E .
molar volumes, V  standard partial molar volumes,

V°, and thermal expansion coefficients, op, have been
calculated as a function of composition. A Redlich-
Kister type equation correlates the excess molar volumes.

EXPERIMENTAL METHOD

AN (vinyl cyanide; IUPAC name Prop-2-ene-
nitrile) was purchased from Aldrich Chemical Co. with
> 99% purity and content of 35-45ppm monomethyl
ether hydroquinone as inhibitor (CAS No 107-13-1;
CsHsN; MW 53.06 g/mol; mp:-83 °C; bp: 77 °C).

EtOH was purchased from Aldrich Chemical
Co (CAS No 64-17-5; C;HsO; MW 46.07 g/mol; mp: -
114 °C; bp: 78 °C; assay: > 99.8%) and was used with-
out further drying or purification.

The densities of solutions were measured on an
Anton Paar DMA 4500 vibrating-tube densitometer in
the temperature range of (293.15-323.15) K and at am-
bient pressure (87.9 kPa). The accuracy of the density
and temperature measurements was +5-107° g/cm?3 and
+0.03 K, respectively. The densitometer was calibrated
with dry air and double-distilled water. All solutions
were prepared gravimetrically using a Sartorius
CPA6235 balance with uncertainty of £1-102 g.
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RESULTS AND DISCUSSION

From the experimental values of the densities
volumetric properties: excess molar volume, VnF, ap-

parent molar volume, V, ,, partial molar volume, V;,

excess partial molar volume, v standard partial molar

volume, V{°, and thermal expansion coefficient, o,
were estimated.

Densities and Excess Molar Volumes

The experimental values of densities of the bi-
nary solution of AN in EtOH at the temperature range
from (293.15 to 323.15) K and at ambient pressure
(87.9 kPa) are presented in Table 1.

Table 1

Densities of AN(1)+EtOH(2) binary solution at T = (293.15-323.15) K
Tadauya 1. llnorHocTn GuHapHoro pacteopa AN(1)+EtOH(2) mpu temneparypax T = (293,15-323,15) K

X P> g'Cl’l’l-B

293.15K 298.15K 303.15K 308.15K 313.15K 318.15K 323.15K
0.000 0.80643 0.80079 0.79516 0.78949 0.78379 0.77806 0.77228
0.103 0.80471 0.79923 0.79366 0.78805 0.78240 0.77671 0.77097
0.202 0.80347 0.79807 0.79257 0.78703 0.78145 0.77583 0.77015
0.303 0.80221 0.79690 0.79150 0.78606 0.78057 0.77503 0.76944
0.399 0.80095 0.79569 0.79040 0.78505 0.77967 0.77423 0.76874
0.502 0.79961 0.79453 0.78936 0.78415 0.77889 0.77357 0.76820
0.601 0.79833 0.79339 0.78836 0.78328 0.77815 0.77297 0.76773
0.701 0.79682 0.79203 0.78715 0.78223 0.77725 0.77222 0.76714
0.800 0.79516 0.79052 0.78579 0.78101 0.77619 0.77132 0.76639
0.900 0.79301 0.78856 0.78402 0.77944 0.77481 0.77014 0.76541
1.000 0.78968 0.78543 0.78111 0.77676 0.77238 0.76794 0.76346

The expanded uncertainties do not exceed U(p) = 11074 g-em™ ,U(T) = 0.03 K, and U(p) = 0.5 kPa (level of confidence = 0.95)
PacumpenHble HeonpeaeneHHocty He npesbimait U(p) = 1-1074 r-em™ ,U(T) = 0.03 K, and U(p) = 0.5 KITa (1oBeputenbHas Bepo-

sitHocTh = 0.95)

Excess molar volumes, VE, of the above men-
tioned mixtures were calculated from the experimen-
tally measured densities at each temperature using the
following equation

Vnr|1E = (X1M1 + XZMZ)/p_(XiMllpl +X,M, /pz) 1)
where M; and M; represent the molar masses of AN
and EtOH respectively. The x; and x; are molar frac-
tions of AN and EtOH having densities p; and p», re-
spectively.

As it follows from these data (Fig. 1) the ex-
cess molar volumes are mainly negative over the whole
range of composition for AN + EtOH mixtures at low
temperatures. These results are in agreement with
those obtained earlier for AN in EtOH at 298.15 K
[14]. To explain this observation it should be men-
tioned that the polarity of C=N group in AN molecule
is increasing due to mesomeric effect and hence more
strong interaction between C=N group of AN and OH
group of EtOH by hydrogen bonding takes place. How-
ever the values of excess molar volumes become less
negative with increasing temperature from 293.15 to
323.15 K. Moreover, those become even positive in
concentration range richer by AN implying that the in-
termolecular forces between different molecules in
those systems with increasing temperature become less
strong. On other hand the S-shaped plots of VE versus
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molar fraction of EtOH from positive to negative val-
ues are observed indicating the varying interactions de-
pending upon the composition of binary mixtures.
Moreover, it is also attributed to the self-associating ef-
fect of EtOH at low concentrations, therefore the self-
associates of AN by dipole-dipole interactions between
molecules predominate too.

0,06 -

0,04

V&, ecm® mol™®
o
o
B
1

0,0 0,2 04 0,6 0,8 1,0
X(EtOH)

Fig. 1. Excess molar volumes of AN+EtOH binary solutions at
293.15K (1), 298.15K (2), 303.15K (3), 308.15K (4), 313.15K
(5), 318.15K (6), 323.15K (7)

Puc. 1. U36bITOUHBIC MOJISIPHBIC 00LEMBI OMHAPHOTO PacTBOpa
AN-+EtOH npu temnepatypax 293,15 K (1), 298,15 K (2),
303,15 K (3), 308,15 K (4), 313,15 K (5), 318,15 K (6), 323,15 K (7)

Excess molar volumes were described by the
Redlich—Kister polynomial equation [11, 21]:
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The Redlich—Kister coefficients, A; and stand-
ard deviations, o, are summarized in Table 2. The
standard deviations, o, are evaluated from the equation:

o= [Z(Velipt _VcEaIc)Z/(m - n)] 12 (3)

E.A. Kazosu

Table 4

Apparent molar volumes, Vy,i, and partial molar vol-
umes, V, , of AN(1)+EtOH(2) binary solution at

T=(293.15-323.15) K
Tabnuya 4. Kaxymmuecs: 1 napuuajibHbie MOJISPHbIE
o0bembl OnHapHoii cmecu AN(1)+EtOH(2) B Temnepa-

TypHom untepBagae T = (293,15-323,15) K

where m is the number of results and n is the number Vv Vv
of parameters retained in equation (3). X g1 #.2 Vi Vv,
Table 2 1 2 3 4 >
Redlich-Kister fitting coefficients, Ai, and standard de- 0103 6581 T _525‘1715 K 65.89 5844
viations, 6(Vm®/ cm?® mol=3), of the excess molar volumes : : : : :
for the AN solutions in EtOH at temperatures from 0.202 65.79 58.30 65.86 58.22
(293.15 to 323.15) K 0.303 65.75 58.22 65.77 58.12
Tabnuya 2. Ilapametpsl ypapHeHus: Pennuxa-Kucrepa 0.399 65.70 58.20 65.67 58.09
n CTaH,ZlapTHble OTKJIOHEHHS M30BITOYHBIX MOJIﬂprIX 0502 6563 5817 6554 5809
o0bemoB pacteopa AN B EtOH B reMneparypHom HH- 0.601 65.51 8.15 65.41 58.12
e s gl R mm am aE
TIK Ao A A; (Vi) : : : : .
293.15 | -0.3419 | -0.6645 | -0.2929 0.008 0.900 64.70 58.22 64.67 58.29
298.15 -0.3081 -0.6555 -0.3419 0.007 T =298.15K
303.15 -0.2625 -0.6587 -0.3217 0.007 0.103 66.27 58.77 66.35 58.75
308.15 -0.2096 -0.6617 -0.3132 0.007 0.202 66.25 58.62 66.31 58.56
313.15 -0.1521 -0.6650 -0.2892 0.007 0.303 66.22 58.56 66.23 58.46
318.15 -0.0884 -0.6687 -0.2778 0.007 0.399 66.18 58.54 66.14 58.43
323.15 -0.0217 -0.6752 -0.2504 0.055 0.502 66.10 58.50 66.02 58.42
. 0.601 65.99 58.48 65.89 58.44
Appar_ent an_d P_artla_l Molar Volumes 0.701 65.85 58.48 65.76 58.49
In a binary liquid mixture, the apparent molar 0.800 6561 53.49 65.55 5856
volumes V,, and v, of components 1 (AN) and 2 0.900 65.19 5854 65.17 5861
(EtOH) are calculated by following equations [5, 11, 21]: T=303.15K
_\* E 0.103 66.75 59.14 66.82 59.11
Vs _V1*+V'“ % (4) 0.202 66.73 58.99 66.79 58.92
V,, =V, +V %, (5) 0.303 66.70 58.92 66.70 58.81
where Vi* and V.* are the molar volumes of pure AN 0.399 66.67 58.89 66.62 58.77
and EtOH, respectively (Table 3) which calculate from 0.502 66.60 58.85 66.50 58.75
corresponding values of density. It should be noted that 0.601 66.49 58.82 66.37 58.77
the apparent molar volumes are not constants (even at 0.701 66.35 58.82 66.24 | 5882
a given temperature), but are functions of the compo- 0800 | 6612 | 5883 | 6605 | 58.88
sition. The data of apparent molar volumes for the | 0200 | 6571 | 5887 | 6568 | 58.94
above mentioned binary solution at temperature from T=30815K
293.15 K t0 323.15 K are presented in Table 4. 0.103 67.23 59.53 67.30 59.49
0.202 67.22 59.37 67.27 59.28
Table 3 0.303 67.20 59.28 67.19 59.16
Molar volumes, Vm, of AN and EtOH at different tem- 0.399 67.17 59.26 67.11 59.12
peratures 0.502 67.10 59.21 66.99 59.09
Tabnuya 3. Moasipabie 00beMbl AN u EtOH npu pas- 0.601 67.00 59.17 66.87 59.11
HBIX TeMIlepaTypax 0.701 66.86 59.16 66.74 59.16
TK Vi 0.800 66.65 59.17 66.56 59.22
' AN EtOH 0.900 66.24 59.20 66.20 59.27
293.15 65.80 58.34 T=313.15 K
298.15 66.26 58.66 0.103 67.73 59.93 67.79 59.87
303.15 66.73 58.98 0202 | 67.72 | 59.76 | 67.76 | 59.65
gggig 2;-% gggé 0303 | 6770 | 5966 | 6769 | 5952
318.15 68.20 59'99 0.399 67.68 59.63 67.61 59.48
323:15 68:71 60:34 0.502 67.62 59.57 67.49 59.44
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1 2 3 4 5
0.601 67.52 59.53 67.37 59.45
0.701 67.39 59.52 67.25 59.50
0.800 67.19 59.52 67.08 59.56
0.900 66.80 59.55 66.75 59.60

T=318.15K
0.103 68.24 60.34 68.29 60.28
0.202 68.24 60.16 68.27 60.04
0.303 68.22 60.06 68.19 59.90
0.399 68.21 60.01 68.11 59.84
0.502 68.15 59.95 68.00 59.80
0.601 68.06 59.90 67.89 59.81
0.701 67.93 59.88 67.77 59.85
0.800 67.74 59.88 67.62 59.91
0.900 67.35 59.90 67.29 59.95
T=323.15K
0.103 68.75 60.77 68.80 60.69
0.202 68.76 60.57 68.78 60.43
0.303 68.76 60.46 68.71 60.27
0.399 68.75 60.40 68.64 60.21
0.502 68.69 60.33 68.53 60.17
0.601 68.61 60.28 68.42 60.17
0.701 68.49 60.25 68.30 60.21
0.800 68.31 60.24 68.17 60.27
0.900 67.94 60.26 67.86 60.30

The uncertainties are U(p)=1-10"* g-cm™, U(V) = 0.5 cm3-mol ' or
less, U(T) =0.03 K, U(p) = 0.5 kPa (level of confidence = 0.95)
Morpemmnoctu U(p) = 1-107* r-em3, U(V) = 0.5 cm® moms ! or
less, U(T) = 0.03 K, U(p) = 0.5 kIla (noBeputenbHast BEpOsIT-
Hocth = 0.95)

The partial molar volumes, Vi, can be deter-
mined from excess molar volumes using following
equation:

Vi=V +VEIx +x0-x)@OVEIx)ox),,  (6)
where (8(VmE/x)/oxi)rp is calculated using Redlich—
Kister polynomial equation (2) and Vi represent the
molar volumes of the component 1 (AN) or 2 (EtOH).
As it follows from presenting data, with the increasing
of one's own mole fraction and temperature, the appar-
ent molar volumes of AN in EtOH increase. The same
behavior is mainly observed for partial molar volumes
as well (Table 4).

At infinite dilution, an apparent molar volume
and the corresponding partial molar volume coincide
numerically becoming to be the standard quantity [22, 23].
Hence, the standard partial molar volumes, VP, are
considered of particular interest because of their use-
fulness in examining solute-solvent interactions, as so-
lute-solute interactions can be assumed to be elimi-
nated at infinite dilution.

The standard partial molar volumes, Vi, were
estimated by extrapolating the apparent molar volumes
to infinite dilution. The standard partial molar volumes
of both components in binary mixture at temperatures
from 293.15 K to 323.15 K are given in Fig. 2.
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Fig. 2. The standard partial molar volumes, Vi°, of components of
AN-+EtOH binary mixture at temperatures from 293.15 to 323.15 K:
AN (1); EtOH (2)

Puc. 2. CrangapTHbIe mapuuaibHbIEe MOJISIPHBIE 0OBEMBI KOMITO-
HeHTOB cMecu AN+EtOH B remneparyprom unrepsaie 293,15K-
323,15 K: AN (1); EtOH (2)

As seen from data the infinite dilution values
increase with increasing temperature. Noteworthy is
the item that at infinite dilution the partial molar vol-
umes and apparent molar volumes of both AN and
EtOH are mainly smaller than for the corresponding
pure solvents (Table 3 and 4). This also indicates the
existence of interaction between these molecules.

The partial excess molar volume, \7F, of a

component in a AN+EtOH mixture has a physically
justified, meaning of the "volume effect of dissolution"
[24]. The values of v© can be determined from the re-
lation (7) and given in Fig. 3:

Vi =Vi-V, @)
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Fig. 3. Partial excess molar volumes, Vi , of components of AN-EtOH
binary solution at temperatures from (293.15 to 323.15) K: AN —
293.15K (1) and 323.15 K (2); EtOH —293.15 K (3) and 323.15 K (4)
Puc. 3. [apupanbHbie n30bITOYHBIE MOJIIPHBIE 00bEMbI KOMITOHEHTOB
6unapHoit cvecu AN-EtOH npu temmieparypax (293,15 —323,15) K:
AN —293,15 K (1) u 323,15 K (2); EtOH - 293,15 K (3) u
323,15 K (4)
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As seen from data, the values of partial excess
molar volumes of individual components of this mix-
ture increase with increasing temperature. Noteworthy
is the item that in mixture apparent and partial volu-
metric properties of EtOH have weakly expressed ex-
ponential dependence from own molar fraction.

CONCLUSIONS

The excess molar volumes exhibit mainly neg-
ative deviations from the ideal behavior over the whole
range of composition for AN+EtOH mixtures at low
temperatures and become less negative with increasing
temperature from 293.15 to 323.15K. The results are
interpreted on the basis of strong interaction between
C=N group of AN and OH group of EtOH by hydrogen
bonding. However the sigmoid shape of plots excess
molar volumes of versus molar fraction of EtOH from
positive to negative values indicates to the varying in-
teractions depending upon the composition of binary
mixtures. Moreover, it is also attributed to the self-as-
sociating effect of EtOH, therefore the self-associates
of AN by dipole-dipole interactions between mole-
cules at low concentrations predominate too.
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