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BSA3KOCTbh BOJHBIX PACTBOPOB MOHO-, TA- U TPUITUJIEHI IMKOJIEN
IIPU TEMIIEPATYPE 298,15 K
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Kadempa dusuku 1 MaTepuanopeieHus, Mapuiickuii rocy1apcTBeHHbIi yHuBepenTeT, . Jlennna, 1, Momkap-Ona,
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Llenvio 0anno2o uccned08anusa A6AAEMCA AHAAU3 UBMEHERUA CIMPYKMYPbl KOMNIEKCO8 8
BO0OHBIX PACMEOPAX HUIKOMONEKYAPHBIX 2NUKOAEH 6 3asucumocmu om cocmaega cmecu. bovinu npo-
6€0€Hbl UIMEPEHUS OUHAMUYUECKOU 6A3KOCHU GOOHBIX PACHEOPOE HUZKOMONECKYIAPHBIX 2/IUKOJIEll
(MOHO-, OU- U MPUIMUTIEH2TTUKOA) 60 6CeM KOHUEHMPAYUOHHOM Ouana3one npu memnepamype 25 °C
u ammocehepruom oaenenuu. Ilpeonosrcena Hoeas KOHYEHMPAYUOHHAA WIKALA 0151 0OULE20 ONUCAHUA
KOHUeHmpayuonnulx 3agucumocmeii eazkocmu. Ha ocnose sxkcnepumenmanbHvlx OGHHBIX paccuu-
mana u3oblMouHan 6A3K0Cmy. /14 600H020 PACHEOPA MOHOIMUNEHLAUKOIA U3OLIMOYUHAA A3KOCID
ompuyamenvHa 60 6cem KOHUEHMPAYUOHHOM Ouana3one. Ilokazano, umo 0nsa 600H020 pacmeopa
OUIMUNIEHSTIUKOIA U30BIMOYHAA 8A3KOCMb ompuyamensvHa ¢ ouanazone om 0 00 20 mon.% u cmano-
8UMCA NONOIHCUMENbHOU 6 001acmu, 6ozamoil Judmunenziukoaem. B cayuae pacmeopa mpusmu-
JIEH2IUKOb-600a U30BIMOUHAA 8A3KOCMb ompuyamensha ¢ unmepeane om 0 00 10 mon.%. bvin paccuu-
man napamemp I pronbepza-Huccana. bvino ycmanoseneno coomeemcmeue medxncoy Xapakmepom u3s-
menenun napamempa I pronoepea-Huccana u OuHamukoii KOMnaeKkcooopa3oeanus 6 3aeUcUMocmu
Om KOHUEHmPAuuu pacmeopa Ha OCHOGAHUU ONYOIUKOGAHHBIX 8 TUmMepamype napamempos 6000-
poonvix ceaszeii. llokazano, umo u3 KoHuenmpayuonHou 3agucumocmu napamempa Ipionéepza-
Huccana mosucno evioenums 001acmu KOHYyeHmpayuu, Ha 2panuye KoOmopuix nPoucxooum uzmene-
Hue xapakmepa 63aumooeicmeus mexicoy 60008 U MOAEKYAAMU AUKOIA.

KiroueBble ci10Ba: BSA3KOCTh, BOJAHBIN PacTBOP TJIMKOJIS, M30BITOYHAS BA3KOCTh, apaMmeTp ['prondepra-
Huccana
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The aim of this study was to analyze the change in the complex structure formed in water-
glycols mixture under mixture composition. The dynamic viscosity for various glycol (mono-, di-
and triethylene glycol) agueous solutions have been measured over wide range of concentration at
temperature 25 °C and atmospheric pressure. The new scale of viscosity concentration dependences
of various glycols for common description in range of low glycol composition was suggested. From
experimental data, the excess viscosity (deviation in viscosity) was calculated. Excess viscosity was
negative for monoethylene glycol — water mixture over the entire range of composition. In the case
diethylene glycol —water mixture excess viscosity values were found to be negative between 0 and
20 mol %, then became positive in the diethylene glycol rich region. In the case triethylene glycol
— water mixture excess viscosity values were negative between 0 and 10 mol %. The Grunberg-
Nissan parameter was calculated. By comparing the monoethylene glycol — water hydrogen bond-
ing, reported in literature and Grunberg-Nissan parameter variation versus glycol molar fraction,
a correspondence between Grunberg-Nissan parameter and the complex varieties was established.
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It was shown, that concentration dependence of the Grunberg-Nissan parameter separates the dif-
ferent concentration regions. The variation of the Grunberg-Nissan parameter with glycol molar
fraction deals with the interaction variation between water and glycol molecules, the Grunberg-

Nissan parameter slop varies.
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INTRODUCTION

Glycols or diols are chemical compounds con-
taining two hydroxyl groups. They described with the
general formula HO-CH,-CH,-(O-CH,-CH,),-OH,
where n defines various glycols. For n = 0 it is mo-
noethylene glycol (MEG) or simply ethylene glycol;
for n =1 it is diethylene glycol (DEG) and for n = 2 it
is triethylene glycol and so on.

Glycols are very important chemicals widely
used in various industrial fields, such as aviation, ex-
plosives, food, pharmaceuticals, cosmetics, house hold
etc. They are completely soluble in liquid water, alco-
hols and ethers due to hydrogen-oxygen bonds. The
volumetric properties of the aqueous mixtures are sci-
entifically important because their link with the size
and shape of the molecules, the intermolecular forces,
geometrical packing, free volume and their associa-
tions [1].

Study of physical properties and thermody-
namics excess properties of glycols-water binary mix-
tures is extremely important for experimental and the-
oretical research [2, 3] and in industrial process for pro-
cess design and optimization [4]. For example, viscos-
ities of binary mixtures are important for processes,
such as mass transfers, fluid flow etc. These properties
include interactions of ethylene oxide chains in aque-
ous solutions, the ability to absorb on surface and in-
terfaces and proton conductivity in polymer electro-
lytes [5-7].

The prediction of the viscosity of liquid mix-
tures is a goal of long standing with both theoretical
and practical importance. A truly fundamental theory
would predict the viscosity, along with other thermo-
dynamics and transport properties from knowledge of
the intermolecular forces and radial distribution func-
tion alone. Such a program has appreciable success in
application to pure, simple liquids such as the liquefied
rare gases. For solutions, however, although the gen-
eral theory has been formulated, it has not yet been re-
duced successfully to numerical results.
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One is thus forced to approximate approaches,
of which two general types may be distinguished. The
first is that of continuum hydrodynamics, whose appli-
cation to molecular problems is identified with the
names of Einstein and Stokes. This approach, in which
the discrete molecular structure of the solvent is ne-
glected, has been remarkably successful in explaining
the viscosity of dilute solution of high polymers. Its ap-
plication to solution in which both components are
comparable size is less appropriate.

The second general approach is to correlate the
viscosity of mixture with the properties of the pure
components and with thermodynamics characteristics
of the interaction between components. Properties like
density, viscosity and conductivity of solutions provide
great information about various molecular interactions
in solution and this study enable to understand the
structural fitting of one solvent into the other. Many
researchers [8-13] have studied different binary liquid
systems of unlike solvents to understand molecular in-
teraction and structural fitting.

Molecular interactions in solution are our area
of interest. Present work is about understanding molec-
ular interactions and structural fitting in three binary
liquid systems viz. ethylene glycol - water (EGW), di-
ethylene glycol - water (DGW) and triethylene gly-
col - water (TGW) of different compositions through
measurements of viscosity at 298.15 K.

EXPERIMENTAL

Reagent grade ethylene glycol, diethylene gly-
col and triethylene glycol purchased from ZAO
“AKOS-1” were used in the experiments without fur-
ther purification.

Binary mixtures of EGW, DGW and TGW of
different compositions were prepared by mass using
electronic balance (precision £0.0001 g) in stoppered
bottles. Bidistilled water was used for preparation of
binary mixtures. The uncertainty in experimental mole
fractions of each solvent is not greater than £0.0001.
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Viscosities of pure solvents and different bi-
nary systems were determined using vibro-viscousim-
eter SV-10 (AND, Japan). The sine-wave vibro-vis-
cometer SV-10 has a unit to detect the viscosity of a
sample, which is composed of two thin sensor plates.
It drives the sensor plates to vibrate at a uniform sine-
wave vibration rate in a reverse phase like a tuning
fork. The sensor plates are driven with the electromag-
netic force of the same frequency as resonance, which
is the characteristic of each structure, in order to reso-
nate the measuring system. When the detection unit vi-
brates, it produces a sizable magnitude of reaction
force on the supporting unit of the sensor plates via the
spring plates. However, since each sensor plate is
driven in reverse phase against each other at the same
vibration frequency/amplitude in order to cancel the re-
action force, it enables the user to obtain stable sine-
wave vibration. The electromagnetic drive unit con-
trols the vibration of the sensor plates in a sample at
uniform amplitude, utilizing the resonance of the de-
tection unit. The driving electric current as an exciting
force will be detected as the magnitude of the viscidity,
which is present between the sensor plates and the sample.

RESULTS AND DISCUSSION

Experimental viscosities of pure solvents and
binary systems of different compositions (mole frac-
tion of solvents) are shown in Fig. 1.

Viscosities of EGW, DGW and TGW binary
mixtures increased with increase in the mole fraction
of glycols. This can be assigned to the dipole-dipole
attractive interactions between unlike solvents. As
mole fraction of glycols increases, solution becomes
more Viscous.
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Fig. 1. Viscosity n versus glycol mole fraction for various glycol
aqueous solutions at 298.15 K: monoethylene glycol - filled
square, diethylene glycol —filled triangle, triethylene glycol —
filled circle
Puc. 1. BA3KkocTh 1) Kak QYHKINSI MOJIBHOM JOJIU TIIAKOIIS VErsus
JUIsl BOOHBIX PACTBOPOB Pa3JIMUYHBIX IIMKOJIEH IPU TEMIIEpaType
298,15 K: MOHOATHIICHTJIUKOIT - KBAIPAThI, TUITUIICHTIIHKONb —
TPEYrOJIbHUKHU, TPUITUICHIIIMKOIb — KPYTH
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In the framework of preliminary analysis we
defined a new scale of concentration dependence for
normalized viscosity, which is the viscosity concentra-
tion dependence of the solution normalized to the vis-
cosity of the corresponding pure glycol. The normal-
ized viscosity

e Y

/
of various glycols as function on normalized molar ra-
tio avw/ves are presented in Fig. 2. Here #C is the ex-
perimental viscosity, #05¢ and 70" are viscosities of
pure glycol and water (EG = MEG, DEG, TEG), Xw is
the water molar fraction

Xy =—""—"_ —
Vw +VEG
of the solution containing vw moles of water and vec
moles of glycol, that is
* W
n* versus , Vw

n

Yw

VEG
where o is the some coefficient.
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Fig. 2. Normalized concentration dependence of glycol-water mix-
tures viscosity: EGW —filled square, DGW - triangle, TGW — circle
Puc. 2. HopmupoBaHHast KOHICHTPAIMOHHAs 3aBUCHMOCTD BSI3KO-
CTH BOJHBIX pacTBOpoB rimkoieit: I'B — ksanpatsl, JII'B — tpe-
yroasHuky, TI'B — kpyru

In fact, it is clearly shown in Fig. 2, all concen-
trations can be describe by general dependence at least
in the water-rich region. Moreover, the values of coef-
ficient o correspond to the ratio of glycol molar
masses, as it shown in Table.

Table
Correspondence between the normalizing coefficient a
and the molar mass ratio
Tabnuya. CooTBeTCTBHE MKy HOPMHPOBOYHBIX KO-
3¢ puLHEeHTOM 0. M OTHOLIEHHEM MOJISIPHBIX Mace

MEG DEG TEG

Molar mass, uec 62.07 106.12 | 150.17
UMEG/UEG 1 1.7 2.4
a 1 1.7 2.3
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However, we note that for glycol-rich region
the concentration dependences deviate from general
description. On our opinion, this fact requires addi-
tional consideration of interactions between molecules
of glycols.

Deviation in physical properties of all mixtures
from the ideal system can be estimate in terms of ex-
cess properties. The molecular interactions present in
binary mixtures can be interpreted from excess proper-
ties of solutions [14, 15]. The sign and magnitude of
excess functions depends on strength of molecular in-
teractions between solvent molecules in binary mix-
tures [16]. Deviations (negative or positive) of physical
properties from ideal values are a result of molecular
interactions between unlike components of mixture
and these deviations reflect extend of molecular inter-
actions [3]. Excess viscosity Ay of presented binary
systems were calculated using equation [13]

An=n _(XEG77<)EG - Xw77§’)

where Xec and xw are mole fractions of glycols and water.

The calculated values of An for different mole
fractions of glycols in binary mixtures are presented in
Fig. 3.
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Fig. 3. Excess viscosity An versus glycol mole fraction for various
glycol aqueous solutions at 298.15 K: monoethylene glycol -
filled circle, diethylene glycol — filled triangle, triethylene glycol
—filled square. The solid line shown only for the best view
Puc. 3. M30bIT0uHas BA3KOCTH AT| BOJHBIX PACTBOPOB PAa3IMIHBIX
TIIMKOJIEH KaK (YHKIHS MOJBHOW JIOJH TIIMKOJISI IIPU TeMIepa-
Type 298,15 K: MOHOSTHIICHTIIMKOJD - KPYTH, TUITHIICHTIINKOIh
— TPEYTOJbHUKH, TPUSTUIICHIJTIMKOJIb — KBaApAaThI. JInHMUA moka-
3aHa TOJIBKO JJIs1 YA00CTBa MPEICTABICHHUS JAHHBIX

Excess viscosity of EGW mixture is negative
over entire range of composition. According to [17],
analysis of O-H and O-O distances of two participating
hydroxyl groups indicates, that at Xmec = 0.4 MEG (ac-
ceptor) — MEG (donor) H-bonds are strongest and H.O
(acceptor) — H,O (donor) bonds are weakest. That is,
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the minimum of excess viscosity divides the concen-
tration range on two parts: for xves > 0.46 water mixed
bonds (MEG — Water) dominate over like bonds
(H20-H20), for Xmec < 0.46 MEG mixed bonds domi-
nate over like bonds.

In fact, the excess viscosity is the signature of
the non-ideality of glycol-water mixtures. This non-
ideality due to complex formation between molecules
of water and glycols caused by hydrogen bonding. Sev-
eral authors confirm the presence of clusters in water-
glycol mixture by different experimental techniques,
usually supported by computational investigations [12,
18-21]. So, for mole fraction of MEG mixture with
Xmec = 0.46 at t = 25 °C the complex formula take the
form (H20)m(H2C202)n with m/n = 4/3.

But for DGW and TGW mixtures excess vis-
cosity has negative values in composition range 0 <
Xpec < 0.19 and 0 < xtec < 0.09, respectively, that cor-
responds to molar ratio vw/voec = 4 and vw/vies = 9,
and complex formulas (H20)m(DEG), with m/n = 4:1
for DGW and (H:0)n(TEG), m/n = 9:1 for TGW.
However, the excess viscosity behavior and influence
of oxygen atoms on complex formation requires addi-
tional theoretical analysis and additional experiments.

There are several correlation equations for lig-
uid mixtures viscosity [22-25]. A simple one is the
Grunberg-Nissan model, which for a binary mixtures
is given by

Innp=xInn, +X,Inn, + xx,G
where G is an interaction parameter depend on the
components and temperature and x is mole fraction,
subscripts 1 and 2 denote the mixture components. We
report in Fig.4 the variation of the Grunberg-Nissan
constant G versus glycol molar fraction on 25 °C ac-
cording to equation

G= N7 —Xgq In77oEG — Xw |n772JN
Xec X

We distinct three different regions, where
Grunberg-Nissan parameter G varies linearly with dif-
ferent slopes. The MEG molar fraction separating the
different regions with Xyec1 = 0.46 and Xwmecz = 0.11
are very close to those reported by [17] (0.4 and 0.1,
the x resolution is limited by the small number of data
points), these molar fraction delimit the composition
range of MGW mixture where complexes have differ-
ent formula.

As mentioned in [17], for low MEG concentra-
tions, unexpectedly large value nyg intermolecular H-
bonds per MEG molecule were obtained in the Xyec =
0.1 mixture. Then, we can conclude, that a correspond-
ence between complex varieties and the variation of the
Grunberg-Nissan parameter is evident. Moreover, we
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must note, that specific conductivity measurements of
EGW binary mixture shown maximum at concentra-
tion Xmea2 = 0.11.
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Fig. 4. Variation of the Grunberg-Nissan parameter G for the sys-
tem of EG-water mixtures versus mole fraction in glycol: EGW -
filled square, DGW — filled circle, TGW — filled triangle
Puc. 4. 3aBucumocts napamerpa I'pron6epra-Huccana G ot

MOJIBHOM JOJIN TJIMKOJIS T BOJHBIX pacTBOPOB riuKoieii: OI'B
kBagpatsl, II'B — kpyru, TI'B — tpeyronsHuku

The variation of the Grunberg-Nissan parame-
ter G with glycol molar fraction deals with the interac-
tion variation between water and glycol molecules.
Since the glycol molar fraction changes, the complex
formula changes and so Grunberg-Nissan constant G
slope varies.

CONCLUTION

Viscosimetry is a powerful technique to study
liquid mixture. This technique permit is one part to de-
termine the rheological nature of mixture. The dy-
namic viscosity variation versus glycol molar fraction
shows a non ideality of the solutions and suggests the
formation of complexes between water and glycol mol-
ecules. The complex is in dynamical equilibrium with
free water and glycol molecules. A correspondence be-
tween complex varieties in MEG-water mixture and
the Grunberg-Nissan parameter detected at 25 °C. Ac-
cording to this hypothesis, there are concentration
ranges of water-glycol solutions, where the form of the
complex has a different structure. In particular, in
MEG-water mixture existence of three concentration
ranges separated by concentration values Xvec = 0.1
and 0.4 determined. Although some of our findings are
obviously of qualitative nature, the results provide a
useful insight into the complex dynamics of glycol-wa-
ter mixtures.
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