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We present the results of experimental studies of the temperature
dependence of the dynamical viscosity 7(t) for a wide class of liquid
systems near the critical temperature (CT) of stratification. The
analysis of those data is performed on the basis of the equation
of viscosity of the dynamical theory of critical phenomena and
a semiempiric equation which accounts the spatial dispersion of
the system near CT. By the data on n(¢), we have calculated a
number of parameters which characterize the fluctuation part of
the viscosity of various liquid systems near CT: the amplitudes
and the critical indices of correlation length and viscosity, and a
finite value of viscosity at the critical point.

The experimental and theoretical studies of individual
liquids and double solutions near their critical states,
especially the kinetic properties of liquid systems,
continue to be actual in the physics of condensed matter
1, 2].

According to the modern dynamical theory of critical
phenomena [3-5], the general equation of viscosity near
CT, which accounts both the regular part of the viscosity
and the fluctuation one, can be presented in the form

n(T) = nr(T) + s (T)

W) = 0 (T)aR)? = Aexp 2 (roa) 0751, (1)

where 7, (T) = A exp% — the regular part of the viscosity
which does not account fluctuations of the density or
concentration in a liquid system; 1y — the singular or
fluctuation part of the viscosity [3-5]; R. = rot™" — the
correlation length of fluctuations of the concentration;
v — the critical index of correlation length; z, — the
critical index of viscosity; ¢ — the parameter which has
the dimension of a wave vector; t = (T'—T,)/T,, and T,
— the critical temperature.

According to [3-5] and (1), the viscosity of a
substance grows infinitely, while approaching CT. At
the same time, as seen from (1), the temperature region,

ISSN 0503-1265. Ukr. J. Phys. 2007. V. 52, N 8

where this equation is valid, is bounded: the equation
cannot be used in the hydrodynamical region, where
qR. < 1; in addition, the temperature region of its
validity is not specifically determined as t —0. As
distinct from those theoretical calculations, the analysis
of many up-to-date experimental data [6-16] testifies,
nevertheless, to the finiteness of the viscosity at the
critical point.

The same conclusion can be also drawn from the
Fixman'’s integral equation of critical viscosity [17] which
accounts the spatial dispersion of the system near the
critical point. Unfortunately, the complicated integral
form of this equation hampers its practical application
to the analysis of available experimental data on n(T).

At the same time, it was shown in [17] on the
simplified solution of the equation, by taking the wave
vector ¢ —0, that the viscosity of the system 7(t) is
related to the compressibility ((¢) and the correlation
length of the system (ns(t) ~ /2 ~ R, ~ t71/2 =
00). That is, the shear viscosity 7¢(t) tends to infinity,
according to [17], only as ¢ =-0.

Unfortunately, this old work [17] has not been
considered and analyzed in the modern analysis of the
equations of critical viscosity [3-5].

In view of this fact, we propose here, by basing on
the Fixman’s scientific position, a semiempiric equation
for the critical part of viscosity which accounts, in a
simplified manner, the spatial dispersion of the system:

1/2

(AR.)?
1+ (ch)2

= (2)

1/2
(Angt™)?
1+ (qrot*")2 ’

where Amng — the amplitude of the singular part of
viscosity. This formula agrees qualitatively with the
Fixman’s equation [17] and ensures the finiteness of
viscosity at the critical point.

Then, in addition to the up-to-date equation of
critical viscosity (1), we propose one more equation on
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Fig. 1. Temperature dependence of the fluctuation part of viscosity, a — literature data [10, 11] and b — our experimental data. Solid

lines describe the form of Eq. (7), whose parameters a; and b; are given in Table 2

the basis of (2):
n(T) = ne(T) +np(T) =

B (Anot=")? 2
= Aexp ()—i— 77072 . (3)
T 1+ (grot™)
We will use these equations (1) and (3)

simultaneously in the analysis of the experimental data
on the temperature dependence of the viscosity 7n(T")
of a number of various double liquid systems near CT
of stratification: methanol-hexane, methanol-heptane,
nitromethane-n—pentanol [13, 14], trimethylpyridine—
heavy water (3MP-D50), and trimethylpyridine-+heavy
water+sodium chloride (3MP-D2O+NaCl) [10, 11].

In this case, it is worth noting that the use of only
one formula (1) in calculations does not allow one to
determine the critical index of viscosity z;, which appears
in this formula in the form of a product (n; ~ t=%7").
In order to determine it, we need to find separately
the critical index of correlation length of the system v
(R. ~t7Y).

In the present work, we calculated the parameters
A and B of the regular part of viscosity 7, with
the purpose to determine the fluctuation part of the
viscosity ny (2) for the objects under study [13, 14]
and to describe the literature data [10, 11] firstly
in the supercritical region of temperatures (¢t >
1072), where 7, > ns (the results are given in
Table 1).

T able 1. Parameters of Eq. (3) which characterize the viscosity of the liquids under study near CT

Name of a system ‘ A, mPa-s ‘ B, K ‘ Ano, mPa-s ‘ n~v Nfc, mPa-s ‘ (gro)
Methanol-hexane 0.2x10~1 878 0.19%x10~2 0.614+0.05 9.5x10~2 0.02
Methanol-heptane 0.2x10~1 900 0.18x102 0.6340.05 6.4x1072 0.028
Nitromethane—n—pentanol 0.65x1073 2180 0.45%x10~2 0.64£0.05 0.26 0.017
3MP-D>0O 0.49%x103 2520 0.75%10~2 0.60+0.05 0.50 0.015
3MP-D>0+NaCl 0.51x103 2530 0.6x1072 0.62+0.05 1.11 0.009

T a b le 2. Parameters which define the equation of asymptotics of the fluctuation part of the viscosity of the liquid

systems under study

Name of a system agp, mPa-s bo, mPa-s a1, mPa-s b1, mPa-s v ‘ (gro)
Methanol-hexane 12 500 12000 0.05 0.61 0.024
Methanol-heptane 15 650 15000 0.2 0.63 0.023
Nitromethane—n—pentanol 3 144 7936 0.015 0.6 0.020
3MP-D20O 2 150 5000 0.05 0.64 0.013
3MP-D30+NaClaO+NaCl 2 190 6000 0.0080 0.62 0.010
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Then, by using the values of the parameters A
and B, we separated and analyzed the temperature
dependence of the fluctuation part of viscosity (2)
ng(T) =n(T) — nr(T). These data are presented in Fig.
1,a,b. As seen from this figure, while approaching CT
(t —0), the reciprocal quantities 77]71 tend to a constant
value 77]71(25 =0 = 77]701 (see Figs. 1,a,b and 2,a,b),
which confirms the form of Eq. (2) at ¢ = 0 (7]]?01 =
KL"O). Its values for the studied objects are presented in
Table 1. In order to determine the temperature behavior
of the fluctuation part of viscosity, we analyzed the
temperature dependence of the difference (77}?1 — 77]?61) =

An?l ~ t™ on the double logarithmic scale. It is
established that, for all the studied objects, the index
n = 0.61 &£ 0.03 and is close, in the limits of the
experimental error, to the critical index of correlation
length v=0.63 [1].

The values of the index n, amplitude Angy, and
product (grg) for all the studied objects are presented
in Table 1.

Thus, this experimental result, (n = v), confirms
both the conclusion made in [17] on the linear connection
of the fluctuation part of viscosity with the correlation
length of the system (ns(t, ¢ = 0) ~ R.(t)) and the
proposed form of the equation of critical viscosity (2).

In what follows, these data (Fig. 1) are used for
the determination of the critical index of viscosity z,
(n(t) ~ tZ77) [3,4]. To this end, by analyzing the
temperature dependence of the ratio 7;1’3(8) ~ t%n" for all
the systems [10, 11, 13, 14], we will determine, at first,
the product z,v = 0.04£0.005. Then, with regard for the
value of the index n = v = 0.6240.03 obtained earlier,
we found the critical index of viscosity z, = 0.065+0.01
(Table 1). This result is corroborated by the analysis of
the data of other experimental studies of the viscosity
near CT [6-9, 15, 16].

Our experimental results on 7y(¢) [13, 14] and the
literature data [10, 11] (Fig. 1) allow us to verify the
form of the asymptotics of the above-proposed equation
(2) in various limiting cases.

In the critical region (¢ —0, ¢R. — o0), Eq. (2) yields

qro 1 t¥ 2

1 2v
N — T - 1 _ _ =a a t
le A”O [ 2 ((ﬁ 0 ) ‘| 0 ! ’

_ 9" ap = # (4)
Ang’ 2(gro)Amno

It is seen from (4) that, at the critical temperature (¢
= 0), the viscosity takes a finite value 1. = A”;. While

ao

To
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Fig. 2. Behavior of the viscosity n(t);l of the systems under
study in the close vicinity of the critical temperature (qR. > 1):
'ryjfl = ag + a1t?’: a — our experimental data; b and c¢ — the
literature data [10, 11]
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of the systems under study in the hydrodynamical region of temperatures (qR. < 1): 77(15);1 =

bot” + b1t~Y, a) our experimental data; b) the literature data [10, 11]

moving off CT, the reciprocal quantity 77]?1 varies by the

square law 77]?1 = const + ay (t¥)2.
In the opposite limiting case in the hydrodynamical
region (¢R. <1), Eq. (2) yields

(Anet”) ™' =

2
77;1 _ (Anot—u)*l + (qg))

-2
= (Aot ™)+ TS Ayt = bot” - brt (5)

where

b=, b, = oS _ Wolarof

A’ 2Am0 2

Using (4) and (5), we get

0
- 20 6
aro =74 (6)

Then, on the basis of (6), Eq.
represented as

(2) can be also

1/2
(bg'e)”
2
1+ ()
The proposed equations of critical viscosity (2), (7)
and the form of their asymptotics (4), (5) were verified

by the data on the temperature dependence of the
viscosity of the objects under study [13,14] and [10, 11]

(7)

ng =

796

near CT in two limiting cases: (¢R.)? > 1 (Fig. 2) and
(qR.)* < 1 (Fig. 3).

In these figures, the solid lines show asymptotics (4)
and (5), whose parameters ag, ai, by, bg, v, and the
product (grg) (6) are presented in Table 2

Using these parameters, we calculated such an
important parameter of the fluctuation part of viscosity
as (gro) with the help of formula (6) (Table 2). As seen,
its value coincides, in the limits of the experimental
error, with the experimental value (Fig. 1, Table 1).

It is clear that the experimental data on 7(t) (Fig.
1) represented in the general form and the behavior of
7(t) in the asymptotics ¢R > 1 and ¢R < 1 (Figs. 2
and 3) well correspond to the form of Egs. (2), (7) and
asymptotics (4), (5) with the parameters given in Tables
1 and 2.

A similar analysis of the other literature data [6-9,
15, 16] performed by us also corroborates the conclusions
drawn above.

In the case, the simultaneous application of the
equation of viscosity (1) of the modern dynamical theory
of critical phenomena [3, 5] and Eq. (2), which agrees
qualitatively with the Fixman’s theoretical calculations
[17], turns out to be fruitful. This allows us to calculate,
by using the data on n(t), a number of parameters
which characterize the fluctuation part of the viscosity of
various liquid systems near CT (the amplitudes and the
critical values of correlation length and viscosity) and to
determine a finite value of viscosity at the critical point.

Thus, we may conclude on the basis of the performed
experimental studies of the temperature dependence of
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the shear viscosity of liquid systems of different nature
such as dielectric liquids [13, 14], liquid and ionic systems
[10, 11], solutions of polymers [9], metal melts [15, 16],
and liquid crystals [12] that the proposed equation for
the fluctuation part of viscosity is in agreement with
the Fixman’s equation [17] and describes adequately
the available experimental data on the temperature
dependence of the viscosity near the critical point.
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IIOBEAIHKA B’A3KOCTI PIAVMHHUX CUCTEM ITOBJIN3Y
KPUTUYHOI TEMIIEPATYPU PO3IIAPYBAHHA

0./]. Aavozxin, O.1. Binoyc
PesowMme

B pobori npeacraBiieHo pe3ysbTaTH €KCHEPUMEHTAJIBHIX JOCi-
2KEeHb TeMIIepaTyPHOI 3aJI€2KHOCT] JUHAMIYHOI B’SI3KOCTI IIUPOKOrO
KJIaCy PIAWHHUX CHCTEM MOO/IM3Yy KPHUTHYHOI TEMIEPaTypuU pPO3-
mapyBaHHs. AHaJI3 IUX JaHUX IPOBEJCHO HA OCHOBI DIBHIHHS
B’SI3KOCTI AUHAMIYHOI Teopil KPUTHUYIHUX SIBUIL 1 HAIIIBEMIIIPUIHO-
ro piBHSIHHSI, II[0 BPAXOBY€ IPOCTOPOBY JHCIEPCII0O CUCTEMU II0-
6sIn3y KPUTHYHOI TeMneparyph. 3a manumu 7)(t) po3paxyBaju Iiji-
JIH psiJi mapaMeTpiB, 10 XapaKTepUu3yIoTh (DIYKTYyaI[iiiHy 4acTu-
HY B’$I3KOCTI PI3HOMaHITHUX PIJUHHHUX CHUCTEM I00JIN3Yy KPUTHUIHOT
rouku (KT): ammiTy/ (i i KpUTHYHI IOKA3HUKN pajiiyca KOpeJIsiil
Ta B’A3KOCTI; BUBHAYMUJIN KiHIIEBE 3HAUEHHS B SI3KOCTI B KPUTUYIHINK
TOYII.
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