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Although numerous works on the viscosity of liquids have been 
published, very few of these researches are extended over a wide temperature 
range.(1) It was with the object of making up this deficiency that the 
writer undertook a series of determinations of viscosities of pure liquids 
above their boiling points. These experimental researches were followed by 
a study on the relation between viscosity of liquids and their volume and 
temperature. 

Experimentals. 

Preparation of Material. The materials used in this experiment are 
methyl-acetate, carbon-tetrachloride, fluorobenzene, chlorobenzene, and 
ethyl alcohol, of which the first four are usually regarded as normal liquids. 

Methyl-acetate. A specimen from Merck was treated repeatedly with

phosphorus pentoxide and finally Fractionated. B.P.=57,0±0.01.

Carbon-tetrachloride. Apure specimen was obtained from Kahlbaum,

which, being dehydrated over phosphorus pentoxide, boiled quite constantly.

B.P.=76.75±0.00.

Fluorobenzetze. This compound was prepared as described by 

Holleman and Beekman(2) by the action of concentrated hydrofluoric acid 

on benzenediazofluoride (C6H6.N.N.F.). Having been dried over calcium

chloride, i七was purified by fractional distillation. B.P.=84°.8±0.05.

Chlorobenzene. A specimen from Kahlbaum was dehydrated over

phosphorus pentoxide and purified by fractional distillation, until a product

of quite constant boiling point WAS obtained. B.P.=131°.74±0.01.

(1) Stoel, Diss. Leiden, (1891); Comm. Plays. Lab. Univ. Leiden, 2 (1891); de Haas. ibid., 12 
(1894); Warburg and v. Babo, Wied. Ann., 17 (1882), 390; A. Heydweiller, Wied. Ann., 
55 (1893), 561; ibid., 59 (1896), 198; P. Phillips, Proc. Roy. Soc. (London), (A) 87 (1912), 48 

(2) Holleman and Beekman, Rec. tray. chim., 23 (1905), 231; ibid., 24 (1905), 26.
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Ethyl alcohol. Pure absolute alcohol from Merck was purified as 

described by Thorpe and Rodger(1) by distilling several times over freshly

burnt quicklime. B.P.=78°.27±0.02.

Description of Apparatus. At first several observations were made 

with methyl-acetate and fluorobenzene after the mercury-method described 

by A. Heydweiller.(2) But as this method contains several difficulties and

inaccuracy, a new apparatus was devised, by means of 

which the viscosities of the other three liquids were 
determined above their boiling points. 

The appearance of the viscosimeter is shown in 

Fig. 1. Two parallel capillaries which have exactly 

equal inner diameter of 0.326mm. and almost equal 

length (33mm. and 32mm.) are connected with each 

other by two U-tubes having uniform diameter of 

4mm. The total length of the upper U-part is 20cm. 

and the lower 6cm. The viscosimeter is cleaned by 

sucking successively hydrochloric acid, chromic acid, 

distilled water, alcohol and benzene and finally dry 

air through the annexed tube A or B (shown by 

dotted lines in the figure). Both limbs of the viscosi-
meter are so made as to exert equal resistance to the 

passing fluids. 
It is then filled in the following manner: 

Having sealed the tube B, proper quantity of 

liquid is poured or distilled in through the other 

tube A. Both menisca of the liquid are gently heated 

with a little flame and brought to boiling, to expel all 
air in the tube, and, while still boiling, the neck of 

the tube A is sealed up. 

To determine the viscosity of liquid thus filled, 

the viscosimeter is turned at an angle over 90 degrees, 

say, to the left side, so that most part of the liquid is 

collected in one of its limbs. Bringing it again in 

the vertical position, the left meniscus begins to
Fig. 1.

descend, and the differences ofthe both menisca (2H1 and 2H2) are determined

at two different times (θ1 andθ2). Then the viscosity(η) of the liquid is

calculated by the following formula:

(1) Thorpe and Rodger, Phil. Trans., (A) 185 (1894), 532. 
(2) loc. cit.
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… …(1)

The deduction of this formula will be given later. The coefficient k is 

a viscosimeter-constant and independent of the temperature and the nature of

the liquid employed.⊿1 and ⊿2 are correctiolls due to kinetic energy, Dl and

Dg are respectively the density of the liquid and vapour, a the linear expan-

sion coefficient of glass and t the temperature of the liquid.

In order to use the same part of the viscosimeter tube in a series of 
observations, a pair of marks (M1 and M2) was etched on one of the limbs. 
The time of passage of the meniscus through these marks was recorded by 
means of a stop-watch and, at the same time, the hights of marks M1 and M2 
and also that of the level of equilibrium were measured by a cathetometer. 
The values of H1 and H2 in the equation (1) are known from these readings. 

As the apparatus is closed completely, the measurement can be done 
under moderately high pressure above the normal boiling point. The one 
and the same viscosimeter tube can repeatedly be used by opening the side 
tubes and filling with other substances. 

With this viscosimeter several difficulties, which arise from the use of 
Heydweiller's, can be overcome. Above all, the viscosity of many substances 
such as acids and halogen or sulphur compounds, which attack mercury at 
all temperatures or when heated, can safely be determined by this method. 

The viscosimeter was kept in a constant known temperature by heating 
itt in a vapour jacket, (Fig. 2). The lower end of the jacket tube G is bent 
and blown in a pear shaped bulb as is shown in the figure, while the upper 
end of which is closed by a stopper perforated with two holes. A metal rod 
R passes through one of the holes and is centered by two sets of small 
metallic pieces of the star shape. The viscosimeter V is fixed to the metal 
rod by a hook and a spring. Through the other hole in the stopper passes 
a small glass tubing T. This is connected to the pump and a big air 
reservoir for damping the fluctuation of pressure. Thus the liquid L in the 
bottom boils under reduced pressure at constant temperature. The uniform-
ity of the temperature along the viscosimeter is secured by a wider cylindri-
cal glass tube M placed outside the jacket tube. The temperatures are 
measured by a normal thermometer hanged just behind the viscosimeter. 

The jacket tube is provided with a Liebig's condenser C and kept in a 
vertical position by the large stand P and clamps A1 and A2 as is shown in 
the figure. The stand is fixed to the table F by two steel hinges H, so that
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the whole apparatus may be turned about one of the edges of the stand-plate 
S. By this means the liquid in the viscosimeter can easily be collected in 
one (left one in the figure) of its limbs without allowing the liquid in the 
bulb to flow out nor stop boiling. 

The Theory of Measurement.(1) If the difference of menisca at the time
θ be 2H and the radius of the wider tube of the viscosimeter be R

, the amount

of decrease of the potential energy dEp in the

time dθ will be

in which Dl and Dg are respectively the density

of the liquid and vapour, g the acceleration of

gravity.

The increase of kinetic energy dEk of this

syetein in the time dθ is mainly due to that of

the liquid in both capillaries. Denoting their

common radius by γ, this will be

The difference of the above two quantities 

will be the amount of energy dW which is 
converted into heat in the capillaries by internal 

friction. If the lengthes of the two capillaries 

are l1 and 12, this energy due to viscosity will 

amount to:

Since the algebraic sum of the above three 

quantities will be equal to zero, we obtain the 
following equation:

Fig. 2.

For the sake of simplicity, putting

… …(3), ……(4)

(1) The method of calculation used by Heydweiller was adopted. For details, seethe original 
paper already cited.
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the equation (2) becomes

As a solution of this differential equation, under suitable neglection we 

obtain:

If H1 and H2 correspond respectively to θ1 and θ2, from the above we

have:

… …(5)

In this relation

the second term of which is evidently a correction due to the loss of the 
kinetic energy and can be computed by means of a successive approximation. 

(see equations (3) and (4)).
Let the quantities without index be refered to t° and those with index 0 to

O°, and the linear expansion coefficient of glass be α, from equations (3) and

(5) we have:

……(1)

in which

This equation is identical with that which has already been given 

above. 

Results. For the measurements of heights an accurate cathetometer 

made by Societe Genevoise was used and times were recorded by a stop-watch 

provided with a stripping-index so as to eliminate errors due to inertia. 

For example, the result obtained with carbon-tetrachloride will be cited 

below.
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TABLE 1. 

Carbon-tetrachloride.

The values oft and H are means of several observations. It will be seen 

that the time of flow decreases slowly up to 120•‹ and then increases. Such 

were also seen in the other observations and will be ascribed to the combined 

effect of the diminution of viscosity and density of the liquid with tempe-

rature. Therefore the values of ‡™1 and ‡™2, the corrections due to the loss of 

kinetic energy, have maxima at high temperatures. 

To calculate the absolute values of the viscosities by the equation (1), 

the value of the viscosimeter-constant k must be determined. For this 

purpose the results obtained below the boiling point (76.75•‹) were compared 

with those of Thorpe and Rodger:(1)

(1) T.E. Thorpe and J.W. Rodger, Phil. Trans., (A), 185, (1894), 397; ibid., 189, (1897), 71.
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TABLE 2.

In the case of ethyl alcohol, a similar comparison with the same authors'

values gave log k=0.3936, the average of the two being log k=0.3926,
which value was used in the case of chlorobenzene, where no reliable

standard data below the boiling point were found. The values of viscosity
of the above three substances expressed in dyne per square centimeter are
summarised below, together with-those of methyl-acetate and fluorobenzene

which were formerly determined by Heydweiller's method. The values of

density necessary for the determination of viscosity were all obtained from
the data of S. Young.(1) The viscosities in the second column are the values
directly observed and those in the third (or fourth) are the values inter-

polated (or slightly extrapolated) from curves. In the fourth (or fifth)
column are given the results obtained by other observers for the purpose
of comparison.

TABLE 3.

Methyl-acetate. B.P.=57°.0.

(1) S: Young, Sci. Proc. Roy. Dublin Soc., [New Series] 12 (1909-1910), 374. 
(2) loc. cit. These values were used to compute the viscosimeter-constant.
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TABLE 3. 

Methyl-acetate.

Continued.

TABLE 4.

Carbon-tetrachloride. B.P.=76°.75.

* Extrapolated value.
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TABLE 5.

Fluorobenzene. B.P.=84.°8.

* Recalculated from the values 1/η given by Meyer and Mylius .

TABLE 6.

Chlorobenzene. B.P.=131.°74.

* Interpolated from the curve drawn with the data given by Meyer and Mylius (loc. cit.).

(1) J. Meyer and B. Mylius, Z. physik. Chem., 95 (1920), 349. These values were used to 
compute the viscosimeter-constant.
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TABLE 6.

Chlorobenzene. B.P.=131°.74.

Continued.

TABLE 7.

Ethyl alcohol. B.P.=78°.27.

* Extrapolated value.

Summary.

1. The viscosities of methyl-acetate and fluorobenzene were determined 

above their boiling points after the method described by A. Heydweiller. 

2. To overcome several difficulties which arise from the use of his 

apparatus, a new viscosimeter was devised. 

3. By means of this apparatus, the viscosities of carbon-tetrachloride, 

chlorobenzene and ethyl alcohol were determined above their boiling points.
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In conclusion, the author wishes to express his cordial thanks to Prof. 

M. Katayama for his kind guidance. 
The Institute of Physical and Chemical Research, 

January, 1927. Hongo, Tokyo.


