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On the basis of the direct visual observation of the meniscus disappearance and reappearance in an
optical cell, 17 saturated liquid densities and 8 saturated vapor densities of dimethyl ether were measured
in the temperature range from 301.816 K to the critical temperature, corresponding to a density range
from (66.75 to 654.54) kg‚m-3. The maximum uncertainties of the saturated liquid and vapor densities
are (0.15 kg‚m-3 and (0.10 kg‚m-3, respectively. The uncertainties of temperature were estimated to
be within (5 mK. The critical temperature Tc and density Fc were determined as (400.378 ( 0.005) K
and (272 ( 2) kg‚m-3 by taking into consideration the meniscus disappearance and reappearance as well
as the intensity of the critical opalescence. The critical pressure was (5356 ( 10) kPa extrapolated from
the vapor pressures data with the Wagner equation. We have also determined the critical exponent â
and the critical amplitude B on the basis of a correlation of the vapor-liquid coexistence curve.

Introduction

Recent investigations of clean alternative fuels have
shown that dimethyl ether and its mixtures have excellent
properties as diesel fuels1 and have a promising future as
a replacement for fuels obtained from fossil reserves.2,3

Especially in China, the government offers support and
funding for the synthesis of dimethyl ether and the
development of automobile using dimethyl ether. Up to
now, researchers have made considerable progress in the
automobile fueled by dimethyl ether. In addition, dimethyl
ether, as a chemical raw material, plays an important role
in the synthesis of chemicals and is often used as an aerosol
propellant, fuel additive, and liquefied petroleum gas
substitute. Hence, reliable experimental thermophysical
properties data of dimethyl ether are very urgent and
indispensable.

In previous publications, the liquid viscosities, surface
tensions, vapor pressures, and PVT data of dimethyl ether
were reported.4-7 This paper reports measurements of the
saturation densities in the near-critical region and the
critical temperature and density. In addition, the critical
exponent â and the critical amplitude B of dimethyl ether
were determined, and a vapor-liquid coexistence curve
correlation was developed.

Experimental Section

Materials. The sample of dimethyl ether was provided
by Zhongshan Fine Chemical Co., Ltd. The mass purity is
better than 99.95%, as indicated by analysis with gas
chromatography (made by Dongxi Instruments Corp. in
China, model GC-4000A). A thermal conductivity detector
(TCD) was used on analysis with the carrier nitrogen at
30 mL/s, and the column temperature and the oven
temperature are 383 K and 423 K, respectively. Hence, no
further purification was processed in this work.

Apparatus. The experimental apparatus used for the
measurements was originally developed by Wang et al.8
and is similar to the apparatus reported by Okazaki et al.9
To improve the accuracy, some modifications were made,
the mass of the cell was decreased, and the inner surface
was polished. The apparatus was remanufactured before
this experiment.

The experimental schematic diagram is shown in Figure
1. It consists of an optical cylindrical sample cell with two
quartz glass windows at both ends for observing the
meniscus, a thermostatic bath, and a temperature mea-
surement system. The cell was made of 304 stainless steel
and installed in the thermostat bath. The inner volume of
the cell was determined with pure water, and the process
was repeated three times. The final value was (11.6114 (
0.0005) cm3 at 290.9 K. The details of the thermostat bath
and temperature measurement have been described in refs
10 and 11. Thus, only a brief introduction will be given
here.

The temperature in the thermostat bath can be varied
from (220 to 550) K. The temperature stability and
uniformity depend on the anticipated temperature range
and the selected bath fluid. In the present work, the
temperature stabilities are better than (3 mK over an
hour, and the 201-10# methyl-silicon oil was used as bath
fluid. Temperature was measured with a high-precision
thermometry bridge F18 (made by ASL in UK) and a 25-Ω
standard platinum-resistance thermometer (No. 92822).
The thermometer was calibrated from (273.15 to 933.473)
K on the ITS-90 scale with an uncertainty of (0.65 mK in
the temperature range of this work at the National
Institute of Metrology of China. The measurement accuracy
of F18 is better than (0.1 ppm. The total uncertainty of
temperature measurement is better than (1 mK. During
the experiment, the standard platinum-resistance ther-
mometer was installed as near as possible to the optical
cell.

Procedure. The saturation densities in the vicinity of
the critical point were measured by direct observation of
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the meniscus (vapor-liquid coexistence interface) disap-
pearance (or reappearance) and critical opalescence. The
critical opalescence is observed when fluids become colored
dark brown or black in the critical region (including critical
point).

The density of the sample in the optical cell was
calculated from the mass of the sample, which was weighted
on a precision standard balance (0.5 mg, Shanghai, TG31B)
and the known volume of the cell. To maintain the accuracy
of results, the apparatus was cleaned carefully and weighed
more than three times at intervals of 10 min before or after
each measurement. When the meniscus disappears at the
top of the cell, or disappears in the cell and critical
opalescence of the vapor phase is more intense than of the
liquid phase, the average sample density in the optical cell
was the saturated-liquid density and is greater than the
critical density. When the meniscus disappears at the
bottom of the cell or disappears in the cell and critical
opalescence of the liquid phase is more intense than of the
vapor phase, the average sample density in the optical cell
was the saturated-vapor density and is lower than the
critical density.

The saturation temperature along the vapor-liquid
coexistence curve for a specified density was determined
by observing the meniscus disappearance, when the me-
niscus disappears at the top or bottom of the cell. If the
meniscus disappears in the optical cell, the saturation
temperature has to be determined by observing the me-
niscus reappearance from the supercritical state to the
subcritical state, otherwise the value of saturation tem-
perature will be little larger than the true value. The detail
explanation was given in ref 11.

After each saturation temperature measurement, the
sample in the cell was discharged and refilled to change
the sample density, and then the saturation temperature
was measured again. In addition, special attention was
paid to establish a uniform temperature for a certain period
of time in order to maintain a well-established thermal
equilibrium condition.

Results

Seventeen saturated liquid densities and eight saturated
vapor densities of dimethyl ether were determined in the
vicinity of the critical point, and the results were given in
Table 1. The range of densities is from (66.75 and 654.54)
kg‚m-3, and the maximum uncertainties of the saturated

liquid and vapor are (0.15 kg‚m-3 and (0.10 kg‚m-3,
respectively. The uncertainties of the temperature depend
on the temperature stability of the thermostat bath, the
uncertainty of the temperature measurement, and the
individual error with respect to the determination of the
meniscus-disappearing or meniscus-reappearing temper-
ature. The total standard uncertainty of the temperature
is estimated to be within (5 mK.

The critical opalescence was observed at 7 measurements
for the densities between (253.84 and 299.12) kg‚m-3.
These measurements are given with an asterisk for the
measured density values in Table 1. For 13 saturated liquid
densities above 334.06 kg‚m-3, the meniscus ascended with
increasing temperature and disappeared at the top of the
optical cell. For 5 saturated vapor densities below 203.55
kg‚m-3, the meniscus descended with increasing temper-
ature and disappeared at the bottom of the optical cell. At
measurements near the critical density, the meniscus
disappeared without reaching either the top or bottom of
the optical cell. From the critical opalescence, it was
determined if the density of the cell belongs to saturated
liquid density or vapor density.

Critical Parameters. The critical state is characterized
by critical opalescence at an overall density close to the
critical density. By increasing the temperature very slowly
from the subcritical state to supercritical state, the me-
niscus disappears at the center of the optical cell. At the

Figure 1. Schematic diagram of experimental apparatus. 1, 25 Ω SPRT; 2, auxiliary-heater; 3, controlled heater; 4, stirrer motor; 5,
apparatus.

Table 1. Saturation Liquid and Vapor Densities of
Dimethyl Ether

T/K Fexp/kg‚m-3 T/K Fexp/kg‚m-3

301.816 654.54 400.323 299.12a

320.083 623.90 400.349 285.01a

330.634 604.34 400.362 278.92a

339.469 585.82 400.377 276.19a

347.338 567.13 400.378 272.05a

358.996 540.45 400.361 264.02a

365.688 522.25 400.349 253.84a

372.151 503.13 399.344 203.55
378.807 479.19 396.059 161.30
384.495 454.66 390.864 130.05
393.654 405.87 380.954 96.42
398.210 361.58 366.695 66.75
399.662 334.06

a Density values obtained when the critical opalescence was
observed.
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critical point, the critical opalescence is most intense and
equal in both the vapor and liquid phase. By decreasing
the temperature very slowly from the supercritical state
to subcritical state, the appearance of the fluid changes
from colorless to yellowish, reddish, completely black,
reddish, yellowish, and colorless. At the critical point, we
think the fluid should be completely black.

At the density of 276.19 kg‚m-3, the critical opalescence
in the vapor phase was observed more intensely than that
in the liquid phase. At the density of 264.02 kg‚m-3, the
critical opalescence in the liquid phase was observed more
intensely than that in the vapor phase. At the density of
272.05 kg‚m-3, the intensity of the critical opalescence in
both the liquid and vapor phase are very close. On the basis
of these observations, the critical density value was deter-
mined to be

The critical temperature was determined as the satura-
tion temperature that corresponds to the critical density.
Here, the critical temperature was determined by decreas-
ing the temperature very slowly from the supercritical
state, at the density of 272.05 kg‚m-3. The temperature
that corresponds to when the fluid appears completely
black is considered as the critical temperature, as shown
in Table 1

In this work, the critical pressure pc was extrapolated
from the Wagner vapor pressure equation covering the
temperature range 233 to 398 K6 with the critical temper-
ature Tc given at above. The uncertainty of the critical
pressure depends on the uncertainty of the critical tem-
perature and the accuracy and extrapolability of the vapor
pressure equation. The critical pressure of dimethyl ether
was determined to be

The previously published critical parameters of dimethyl
ether were already reviewed in the refs 12 and 13. Most of
the data were obtained before the 1940s and have large
differences. The results of Zawisza and Glowka13 (1970) are
close to those of the present values and within the
uncertainty of their results. The limited instruments and
the purity of sample are the major reasons for deviations.
The results of this work should be more reliable than
previous measurements.

Correlations. The experimental results listed in Table
1 were correlated as a function of temperature using the
following equation

where Fr ) F/Fc, Fc is the critical density (272 kg‚m-3), τ )
1.0 - T/Tc, where Tc is the critical temperature (400.378
K), â is critical exponent (0.334, determined in the follow-
ing), and b1, b2, and b3 are fitting parameters, and the
values for saturated liquid and saturated vapor of dimethyl

ether are listed in Table 2. The deviations of the saturated
liquid densities from eq 4 by using the parameters of
saturated liquid are shown in Figure 2, and the average
absolute deviation and maximal deviation are 0.13% and
0.35%, respectively. The average absolute deviation and
maximal deviation of the saturated vapor densities from
eq 4 are 1.4% and 4.8%, respectively.

Maass et al.14 have measured a few saturated liquid
density data of dimethyl ether in the temperature range
from (232 to 261) K. We have extrapolated the saturated
densities from eq 4 by using the parameters of saturated
liquid 1. The deviations are shown in Figure 2. The
maximum deviation between the calculated value and
published experimental value is less than 0.9%. The
comparisons indicated that the present measurements and
the measurements of Maass et al. agreed within the
estimated uncertainty. Finally, the coefficients of eq 4 were
fitted with all the available saturated liquid densities of
dimethyl ether, as shown in Table 2 (saturated liquid 2).
The deviations of the saturated liquid densities from eq 4
by using the parameters of saturated liquid 2 are shown
in Figure 3, and the average absolute deviation and
maximal deviation are 0.14% and 0.45%, respectively.
Equation 4 with the saturated liquid 2 parameters was
recommended to calculate the liquid density of dimethyl
ether for it has more applicable temperature range than
eq 4 with the saturated liquid 1 parameters.

Table 2. Coefficients of the Equation 4

b1 b2 b3 source

saturated liquid 1 1.506780 1.065007 -0.173841 this work
saturated liquid 2 1.523689 1.023972 0.270555 this work,

ref 14
saturated vapor -1.793180 0.134222 42.730198 this work

Fc ) (272 ( 2) kg‚m-3 (1)

Tc ) (400.378 ( 0.005) K (2)

pc ) (5356 ( 10) kPa (3)

Fr ) 1.0 + b1τâ + b2τ2â + b3τ1/â (4)

Figure 2. Deviations of the saturated liquid densities from eq 4
using the coefficients of saturated liquid 1. O, this work; 4, Maass
and Boomer.

Figure 3. Deviations of the saturated liquid densities from eq 4
using the coefficients of saturated liquid 2. O, this work; 4, Maass
and Boomer.
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Discussion

The critical exponent â is essential for modeling the
vapor-liquid coexistence curve in the critical region by
means of the following power law representation

where ∆T* ) (Tc - T)/Tc, F′ is the saturated liquid density,
F′′ is the saturated vapor density, and B is the critical
amplitude. Equation 5 requires isothermal pairs of liquid
and vapor densities. Therefore, the following correlation
for the calculation of a pair of saturated liquid and vapor
densities was used

where ∆F* ) (F - Fc)/Fc, ∆T* ) (Tc - T)/Tc, and R and â
are critical exponents. The exponent ∆1 stands for the first
symmetric correction-to-scaling exponent of the Wegner
expansion. From the theoretical background of eq 6, these
exponents are R ) 0.1085, â ) 0.325, and ∆1 ) 0.50. The
critical parameters in eq 6 are those determined in this
work, being Tc ) 400.378 K and Fc ) 272 kg‚m-3. On the
basis of the present measurements, the coefficients D0, D1,
D2, B0, and B1 were determined by the least-squares fitting,
as shown in Table 3. In this least-squares fitting, 13 data
points were used as a set of input data, by excluding 6
measurements (densities from (253.84 to 285.01) kg‚m-3)
in the close vicinity of the critical point corresponding to
|∆T*| < 7.5 × 10-5. The upper sign “+” and the lower sign
“-” of the fourth and fifth terms in eq 6 correspond to the
saturated liquid and vapor phases, respectively. Equation
6 is effective for the range of densities between (66.75 and
522.25) kg‚m-3. The vapor-liquid coexistence curve cal-
culated from eq 6 is shown in Figure 4. The deviations of
the density measurements from eq 6 are illustrated in
Figure 5. The average absolute deviation and maximum
deviation are 0.15% and 0.53%, respectively. The results
indicated that eq 6 could reproduce the input data well.

Figure 6 shows a logarithmic plot between (F′ - F′′)/2Fc

and |∆T*| in terms of the present measurements and
calculated results from eq 6. The power-law representation,
eq 5, suggests that the experimental results can be
satisfactorily fitted by a straight line, and the slope of the
straight line is equivalent to the critical exponent â. To
determine the critical exponent â and the critical amplitude
B, the data utilized for determination of the coefficients in
eq 6 were used. As a result of the least-squares fitting, the
values â ) 0.334 and B ) 1.884 were obtained. The â value
is little greater than the theoretical value 0.325 calculated
from the three-dimensional n-vector model (n ) 1) via the
renormalization group theory.15,16

Conclusions

By means of visual observation of the meniscus in the
optical cell, 25 saturated vapor and liquid densities of
dimethyl ether in the critical region were measured and
the critical parameters, the critical exponent â, and critical
amplitude were determined. The correlations of saturated
liquid and vapor densities for dimethyl ether were devel-
oped on the basis of the present measurements and other
available results. The correlations are able to represent the
experimental results within (0.5% in the temperature 230
K to the critical temperature for saturated-liquid density.

Figure 4. Vapor-liquid coexistence curve of dimethyl ether. b,
critical point; O, coexistence point; 3, saturated-liquid density; 4,
saturated-vapor density.

Table 3. Numerical Constants in Equation 6

D0 D1 D2 B0 B1

-1.194332 2.625134 -0.360594 1.761741 0.345415

(F′ - F′′)
2Fc

) B|∆T*|â (5)

∆F* ) D0|∆T*|1-R + D1|∆T*|1.0 + D2|∆T*|1-R+∆1 (

B0|∆T*|â ( B1|∆T*|â + ∆1 (6)

Figure 5. Deviations of the saturated liquid and vapor densities
from eq 6. O, saturated vapor density; 4, saturated liquid density.

Figure 6. Critical exponent and amplitude of dimethyl ether. O,
saturated vapor density; 4, saturated liquid density.
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