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ABSTRACT

t'v means of measurements on O we show that
dvnamic  light  scattering supplies reliabtide thermal
diffusivity data. Dynamic light scattering s then used
to measure the decay rate of fluctuations along the
saturation line and on the critical isochore for COg,
S and CHEP 3 as well as for bhinary mixtures SMg- COy
and SF - U 7,

In addition, measurements of refractive index and
concentration of saturated hiquid and gas phase are
presented.

INTRODUCTION
fto now dyvnamice light scattering  /1,2/ mainly was
used to investinate the decay of density fluctuations in
pure fluids near the critical point and the decay of
concentration  fluctuations  in binary  liquid-liquid
mintures near the consolute critical paint. In the first
case thermal diffusivity a = "‘/q2 can be determined
from the decay rate M (q is the scattering vector), while
0 the seconi case we get mass diffusivity D = r/q*.

We used these methods to measure order parameter
dynamics in binary  liquid-gas mixtures, where -in
principle- fluctuations of density (g ) and concentration
oY are both important. However, the contribution of
concentration fluctuations to the scattered light was
very small, as the components of our mixtures show
only small variations in refractive index. We also could
not  seeany  deviation from a single  exponential
behaviour of the measured correlation functions. So we
believe  that  what  we could observe in  our
measurements  was only the decay of density
fluctuations, and the transport coefficient is thermal
diffusivitv.

Ffor all of the pure fluids and mixtures investigated, we
find that the data for the gas phase and the critical
isochore are described by a single power law

i~ ¥
a=ag|l - T/Te] ()

ffor our nmeasurements of refractive indices and
concentrations of the saturated liquid and qas phase,
the density and concentration may be described by

91 - 9g = 9eB(1-T/To)8 (2)

and

xq - x| = B -T/T8 (3

EXPERIMENTAL METHOD

For our measurements we used a hormodyne dynamic
light scattering apparatus (Fig.1) as described in
/1,2/e.qg., with scattering angles of 3° to 20° and a long
sample cell (110 mm) to reduce stray light from the
high quality windows.
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Fig. 1: Schematic of the light scattering apparatus

Measurements of refractive index are done by a simple
refractometeL according to Fig.2. The accuracy of n is

about 3. 10,

\\
Fig. 2: Schematic of refractive index measurements

Concentration in the case of binary mixtures are
measured by gas-chromatography after all light-
scattering and refractive index measurements, so that
these data are all taken at the same mean density and
concentration. The number of concentration



measurements is limited by the decrease in mean
density taking more and more samples.
Refractive indices and concentrations are used to

calculate densities via the Lorentz-l.orenz relation 13/

2
n-lM @)
X

where we used linear mixing rules for molar mass M and
Lorentz-Lorenz function LL according to Heller /4/.

My=x M1 4 (1-x) My (5)

Lly=xLLy +(1-x) 1Ly (6)

CHOICE OF PURE FIL.UIDS AND MIXTURES

QOur investigations are concerned with three pure fluids,
S5Fgy CO2 and CHF 3.

5F¢ is a nearly spherical non-polar molecule white
CHF3 shows a strong dipole moment (4 = 1.65 D). CO2
is used for test measurements on our light scattering
apparatus, because reliable literature data are available
for thermal diffusivity of CO).

For all of our mixtures SFg¢ is chosen as one component
and CO2 ar CHF 3 as the other one. So we hoped to find
a pnssible influence of polarity on the results of our
measurements. The essential data of all pure fluids and
mixtures are compiled in Table 1. The critical
temperatures  are  determined by observing  the
reappearance of the meniscus with an accurancy of
about 0.02 K.

Table 1: Data of pure fluids and binary mixtures
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[t 00,0 | 26,00 | 48.77 | 0.527 | 10304 | 7e.01 | 7.0174

I | 84.8 | 23,06 | 46.31 | 0.572 | 1.0830 | 81.57 | 7.6750

¢ 01 70,0 | 23.01 | 44.99 | 0.620 | 1.0847 | 92,82  8.315

Pl a9.7 27,00 | 43,56 | 0.673 |l [ 108.26 | 9.193%
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| o ¢ 0.0 45.57 | 37.45 ; 0.741 | 1.0878 | 146.05 | 11.3437

i | 32.0 1 35,06 | 45.50 | 0.696 | 1.092) | 113.39 = 9.8282

Pob ] 42,001 31,63 | 4910 | 0,673 1 10932 | 10319 | 9.3546

| [ 67.9 | 23.51 | 57.78 | 0.609 | 1.0986 | 76.76 | 8.1280

(OO, [100.01 31,07 £ 73,76 | 0.468 | 11078 | 44.00 | 6607

LIGHT SCATTERING MEASUREMENTS

To test our light scattering apparatus, we measured
thermal diffusivity of 0O on 3 isotherms, along the
saturation line and on the critical isochore. We found
very good agreement between our data /S/ and
measurements of Becker /6/ as shown in Fig. 3. The
mean  deviation for measurements along the 2590
isotherm is about 1% only.
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Fig. 3: Thermal diffusivity of T

All our following measurements are restricted to the
liquid and aas phase along the saturation line and the
critical isorhore.

The dependance of thermal diffisivity on temperature
is shown for ST ¢ in Fig. 4, where it is plotted against © =
I-T/Te on a loqarithmic scale.
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Fig. 4: Thermal diffusivity of SFg

rom this fiqure we can see that
thermal diffusivities of liquid and qas phase are nearly
identical closer to the critical point thant = 0.01

thermal diffusivities of the gas phase and on the
critical isochore can be described by a simple power
law according to equation (1) in a temperature range
310-%z<0-!

for temperaturest > 0.01 the liquid thermal
diffusivity shows a strong deviation from the simple
power law. This behaviour can be described by a linear
dependence of the exponent ¥ = Fo +T Py

'

All of our dynamic light scattering experiments are
shown in Fin. 5 - 7 for the critical isochore, the
saturated qas and the saturated liguid. All pure fluids
and binary mixtures show the same temperature
dependence. The exponent ¢ of the power law (1) lies in
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Fig. 5: Thermal diffusivity of critical isochore
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Fig. 7: Thermal diffusivity of saturated liquid

465

the range of = 0.8540.02 for the gas phases,
¢=0.87+_0.03 for the critical isochores and y. = 0.87¢
0.06,9) = 4.9 0.4 for the liquid phases. For both types
of mixtures - SFg - COy and SFg - CHF3 - we find a
decrease of the coefficient agin (1) below the value for
linear mixing of the pure fluid coefficients.

The essential result of these measurements is that no
influence of composition and molecular properties on
the exponenl could be found out.

CONCENTRATION ML ASUREMENTS

Our concentration measurements of the liquid and qas
phase should answer the question whether the
difference xq - x) of the saturated concentrations can
be described” according to equation (3) and whether
similar exponents 6' would occur, for the density
coexistence, in pure liquids or binary liquid-liquid

mixtures.
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Fig. 8: Saturated concentrations of mixture
30% SFg - T0% CHIF 3

In Fig.8 the result of our measurement is shown for a
mixture 30% SFg - 70% CHF3. Here the molar
concentration of CHF 3 is plotted, which is accumulated
in the gas phase (upper branch). The lower branch shows
concentration of CHF 3 in the liquid phase. If we assume
a linear variation of the rectilinear diameter

(xg +x)/2 = x + A(1-T/T¢) o)

we find parameters A', B', B' as listed in Table II. All of
the exponents B'lie in a range of 0.39 + 0.02.The real
uncertainty of (' is determined to about ¢ 0.04 because
of the larger scatter of measurements near the critical
point. This fact can be seen from a plot of all data in
Fig. 9, where B' (equ.3) is used to reduce measurements
to a common scale.



Table 11 : Parameters of concentration measurements

Mixture
30% SF, - 70X CHF 4
50% SF6 - 50X (;HF3
75% SF6 - 25% cnr3
70% SFg = 30% CO,
58% SF, - 42% CO,
32% SFé - 68% co,
23% SF6 - 77% CO2
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fige 9: Peduced concentration measurements

REFRACTIVE INDEX AND DENSITY

from refractive
density according to equations {4) - (0).Fitting this data
to equations (2} and (8)

index

(gy - Qq)/(290>

meastrement s

we

Xin X A I
{ °’o) B 1%} [%)] [%]
70.0 70.1 16.9 10.2
49.7 50.3 36.2 26.5
25.5 25.3 37.0 60.9
29.5 29.8 52.6 34.3
41.1 41.5 50.0 34.0
67.9 68.3 36.8 24.2
76.5 | 76.7 | 14.2 | 9.7
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0.404
0.389
0.821]
0.383
0.390
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0.379
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we find the parameters listed in Table ITLFor all fluids

investigated the exponent
curve lies in a range of 0338 < 0 <

0 of the density coexistence
0.3%0. Ohviously

there is no influence of concentration o maolecalar

Tatle N Paramneters of density

Mixture A I N
100% CHF 0.796 4.060 0.3462
85K CHF, 0.935 3.919 0.3413
70% CHF 0.908 3.916 0.3447
50% CHF 0.786 3.809 0.3469
25% CHF} 0.758 3.729 0.3399
100% SF 0.796 3.831 0.3403
32% co® 0.816 3.692 0.3375
42% Co? 0.776 3.843 0.3505
68% Co2 0.778 3.878 0.3486
100% cog 0.800 3.921 0.3504
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properties on the parameters of equations (4) - (6). Fig.
10 shows behaviour for =11 10 pure fluids and
mixtures.
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OISCUSSION
In this work used  dynamic light  seattering to
investigate the decay rate of fluctuations in pure fluids
and binary liquid gas mixtures. As far the components
of our mixtures the differences in refractive index are
very smaltl we are sure that we really imeasure thermal

we

diffusivity  even  in the  case  of  the  mixtures
mvestignted.
Simultanecoushh - we measured refractive indices  and

concentratinrs along the saturatinn line te calculate
density datiovia the Lorentz-l orens eelation.

What we  found out is  that thermal diffusivity,
concentratinn and density can be described by a simple
power law in o range of temperatures AT/ T | < (L1 The
exponents af these power laws do not any
dependence on molecutar propertics
concentration.
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