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The new viscosity theory is applied to the abnormal behavior of the viscosity near the critical point. This theory suggests that
the viscosity is equal to the product of the absolute pressure(kinetic pressure + internal pressure) and the collision time. We
can find this abnormal behavior to be due to the large collision time near the critical point. The agreements between theori-
ticals and experimentals of the critical enhancement are satisfactory.

Introduction

Since Maxwell proposed a theory of viscosity of gas based
on the idea of a mean free path at 1860, various expressions
for the viscosity of fluids have been presented. Represen-
tative examples are the expressions based on the kinetic
theory of Chapman-Enskong!, the model theory of Frenkel?.
Eyring® and Andrade*, the corresponding state theory
of Helfand and Rice®, the hard sphere theory of Longuet-
Higgins and Pople® and so forth. At the present time the ap-
proximate theory of Enskog is the most usable for describing
the viscosity of real gases. The viscosity of liquids, on the
other hand, are best described by the Eyring theory of ab-
solute reaction rates. None of these expressions, however,
provide satisfactory results in dense gas regions including
the critical point.

Many thermophysical properties exhibit an anomalous-
behavior in the vicinity of the critical point. For instance, the
isothermal compressibility, the thermal expansion coefficient
and the specific heat of fluids all diverge at the critical point.
Anomalous effects are also encountered when one studies
the behavior of the viscosity of fluids near the critical point.
Neverthless, the experimental evidence indicates that the
shear viscosity diverges at the critical point’. The explana-
tion for this phenomenon is not clear. Some decoupled
theories®® had been applied to the critical viscosity with
little success. In this paper we apply our viscosity equation
(10) to fluids near the gas-liquid critical point by adapting the
van der Waals equation of state.

Theory

According to our previous theory' the viscosity of fluid,
through which a phonon propagates with a velocity V,,
and a free path A,, can be given as follows

n= (Pk+Pt) Aph/ ‘/ph (1)

where P, and P; are the kinetic and the internal pressures of
the molecules. To find out these pressures we have to have
the equation of state of the fluid. For the dense gas region in-
cluding the critical point, however, it is not easy to find the
appropriate equation of state. In this paper we adapt the van
der Waals equation of state as follows;

RT a

P= AR (2)

where ¢ and b are the van der Waals constants and # is a
parameter which is equal to 2 for the van der Waals gas.
These parameters can be found by applying the critical
boundary conditions as follows,
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b= Wl Ve (5)

where Z, P, and V, are the compressibility factor, the
critical pressure and the critical volume, respectively. By us-
ing equation(2), we have

RT

P= YA (6)
P= %,, (7)
In conjunction with the phonon, we have
Aon=(nd"N,n) ™' (8)
Vo= (7/Plgz) 2 (9)

where N, is the phonon number density, p is the fluid densi-
ty and gris the isothermal compressibility. By using egs (1)
through (9) we can find the reduced viscosity equation as
follows
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where 7,, V,, T, and ¢ are the reduced viscosity, reduced

n-1 .
volume, reduced temperature, and PESE respectively.
Result and Discussion

In the critical region we found that the heat capacity ratio »
for nitrogen, carbon dioxide and ethane is expressed as

Yy '=3.8x107*+0.39| T,—- 1| +0.28|1 - p,|*' 1



Abnormal Behavior of Viscosity

Table 1. Parameters used in Calculation

ax 10-%atm-cm3 b/cm3 n
Nitrogen 3.03 24.05 1.74
Carbon
dioxide 6.09 24.05 1.69
Ethane 9.85 61.96 1.72
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Figure 1. Viscosity of nitrogen as a function of density near the
critical point (T, = 126.20K). Calculated; solid line, Observed; cir-
cles (T = 126.42K), triangles (T = 135.00K), and quadrangles (T =
126.58K) (Ref. 7).
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Figure 2. Viscosity of ethane as a function of density near the
critical point (T, = 305.40K). Calculated ; broken line, Observed; cir-

cles (Ref. 11).

where 2, is the reduced density. The parametric values a, b
and 7 used for nitrogen, carbon dioxide and ethane are listed
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Figure 3. Viscosity of carbon dioxide as a function of density near
the critical points (T, = 304.20K). Calculated ; broken line, Obser-
ved; circles (Ref. 11).

Viscosity/«poise
g
i

304.25K
308.15K
323.18K

2001~

Presaure/atm

Figure 4. Viscosity of carbon dioxide as a function of pressure near
the critical point. Calculated; solid line, Observed; circles (T =
304.25K), triangles (T = 308.15K), and quadrangles (T = 323.15K)
(Ref. 11).

in Table 1. The calculated values of viscosity near the critical
point are in good agreements with those of the experimental
data as shown in Figure 1 through 3. We can find much more
anomalous enhancement in viscosity according as the tem-
perature is approached to the critical temperature as shown
in Figure 1. We can also predict that the calculated viscosity
diverges at the critical point as the experimental evidence
proposed. In Figure 2 and 3, the experimental values of
viscosity11 of ethane and carbon dioxide indicate a slow
enhancement near the critical point, but is not sensitive com-
paring with the viscosity of nitrogen. It is because that the
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Figure 5. Viscosity of ethane as a function of pressure near the
critical point. Calculated; solid line, Observed; circles (T = 305.65

K), triangles (T = 323.15K) (Ref. 11).

experimental methods, such as the capillary flow method for
measuring the viscosity, become inaccurate in the critical
region due to the large compressibility. Figure 4 shows a plot
of the viscosity of carbon dioxide against the pressure at
304.25K 308.15K, and 323.15K. Both the calculated and
observed values indicate the rapid increase near the critical
point. Figure 5 shows a plot of the viscosity of ethane against
the pressure near the critical point. The agreements between
theory and experiment are good as those for carbon dioxide.

For the phenomenon of anomalous enhancement in vis-
cosity near the critical point, we can explain as follows. The
viscosity of fluids can be considered to be equal to the pro-
duct of the absolute pressure(kinetic pressure + internal

M.S. Platz and Bung Lee

pressure) of fluids and the collision time. Accordingly the
magnitude of viscosity depends on the value of the kinetic
pressure, internal pressure and the collision time. The vis-
cosity of fluids depends only on the collision time when the
fluid has the same kinetic and internal pressure. Near the
critical point the phonon velocity is so slow that the viscosity
can be seen to present the abnormal behavior because of the
large collision time. At the critical point the phonon velocity
is zero, so we can see the viscosity of fluids diverge due to
the infinitely large collision time. This new methodology of
the viscosity interpretation is not the same as the previous
theories. We hope this equation is useful to explain the true
nature of viscosity of fluids including the critical region.
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Photolysis of dichlorodiphenylmethane in glassy 2-Me THF at 77K results in the formation of diphenylcarbene and the di-
phenylchloromethyl radical, which were detected by their fluorescence emission and excitation spectra. The relative yield of
the carbene to radical is shown to vary dramatically as a function of irradiation time. The photolability of the radical is also
demonstrated. These results were interpreted in terms of a two step mechanism, where the diphenylchloromethy! radical is

an intermediate in the formation of diphenylcarbene.

Introduction

The photodissociation of benzylic halides to produce aryl-
methyl radicals is a well known process. By photolysis of ap-

propriate arylmethyl halides, various arylmethyl radicals in-
cluding benzyl!, naphthylmethyl® and diphenylmethyl® have
been produced and spectroscopically characterized. The
photodissociation is believed to be initiated by promotion to



