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Multiple scattering becomes a problem close to the critical point, especially in systems with a large
difference in the refractive index and large correlation length amplitudes as for the case of
polystyrene/cyclohexane. In this work we demonstrate the application of the one-beam cross
correlation technique and show that in the reduced temperature ratgg-af.66x 10 °—0.03 the
multiple scattering is successfully suppressed. Furthermore, we measured the angular dependent
static scattering intensity. By using the amplitude of the cross correlation function we obtained the
correct singly scattered intensities. Those corrected intensities can be analyzed in the framework of
the Ornstein—Zernike plot to obtain the correlation lengjtiihe analysis of the obtained static data

is in good agreement with the dynamic data. Limitations for temperature and angular dependent
measurements in the Ornstein—Zernike plot closé& tare discussed in detail. @003 American
Institute of Physics.[DOI: 10.1063/1.1574799

I. INTRODUCTION polystyrene in cyclohexane and methylcyclohexane have
Dynamic and static light scattering are commonl usecPeen reportetiwhich, however, could only be analyzed for
y g 9 y reduced temperaturégs=3.4x 10~ “ due to the presence of

methods to study structural and dynamic properties of poly- """ . . .
y y brop P ymult|ple scattering closer to the critical point.

mer solutions, colloidal suspensions or more general multi- S | att s h b de to determine th
component systems. Also the critical behavior of static and everal attempts have been made 1o determing the
mount of multiply scattered light theoretic&y} or by

transport properties in fluids and fluid mixtures has beerf* ) iong i
studied frequently. The critical slowing down of the order MOnte Carlo simulationS.The theoretical method by Shanks

parameter fluctuations can be detected by measuring the tinf&'d _S_engePscaIcuIates the double-scattering contributions
dependent correlation function of the scattered photond! Critically opalescent samples for which the angle depen-
while an increase of the concentration fluctuations manifestdent scattering cross section is given by the Ornstein—
itself by an increase of the scattering intensity. However, the/€Mike equation. An extension of the theory to higher orders
analysis of these experiments is restricted to transpare@ Multiple scattering becomes very complicated due to
samples in order to avoid multiple scattering. This limits themanifold integrals. Under the conditions of multiple scatter-
accessible temperature range in critical solutions by convering @ direct simulation of the scattering intensity by Monte
tional light scattering methods. Carlo simulations seems to be a more promising apprdach.
In the past three decades these order parameter fluctuinfortunately, the theoretical and simulation approaches re-
tions which result in the so-called critical opalescence havéuire a precise knowledge of the experimental constraints
been studied in binary mixtures and polymer solutibihe ~ Which are often not accessible in the necessary accuracy or
divergence of the correlation length is described by theare result of the measurement.
asymptotic power lawe= £t o, With the reduced tempera- In recent years several experimental techniques such as
ture t,oq= (T—T.)/T. and the critical exponent=0.63 of  the two-color set-up®** the 3D set-ug?**and lately also
the three-dimensionaBD) Ising model. It is generally ac- the one-beam set-up,have been used to suppress multiple
cepted that all fluid systems belong to the same universalitgcattering contributions in dynamic light scattering experi-
class of the 3D-Ising model characterized by a set of criticaments. The geometries of the different set-ups are chosen in
exponentg. For some ionic liquid mixtures, deviations from such a way, that the only singly scattered light contributes to
the Ising behavior result in the manifestation of in a crossthe recorded cross correlation function. Lately it was demon-
over theory’* strated that all three techniques can be used to obtain the
Close to the critical point the interpretation of the light correct static light scattering information in highly concen-
scattering results is complicated by multiple scattering. Retrated suspensions of latex sphete¥” The basic idea of
cent measurements on polydisperse polymer solutions ahe so-called two-color coding experiment and the three-
dimensional set-up is simild?.In 3D and two-color set-up
JElectronic mail: s.wiegand@fz-juelich.de; http:/mww.fz-juelich.desifty the Scattering experiment is done twice in the same scattering
personen/S.Wiegand/ volume with identical resulting scattering vectoig »
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=(4mny /g 5)sin(fy J2) with n and\ denoting the refrac- way the intensity of the singly scattered ligfit) can be

tive index and the wavelength, respectively. An excellent re-obtained from the totally scattered light intens{iy,,)

view on the different experimental approaches and results . .

was recently published by Pusk. (i) Biton)- 2)
In this work we use a one-beam setttff*?*which op-

erates on a different principle. The method uses the fact that

the singly scattered light results in a larger coherence are®: Scattering behavior of critical binary mixture

compared to the multiple scattered light. By optimizing the  The single scattering intensitys ,) of a critical binary
distance between the two detectors so that they are stifhixture can be analyzed in the frame work of the Ornstein—
within the coherence area of the singly scattered light but nogernike theory?* According to this theoryis ,) can be writ-
within the coherence area of the multiply scattered light. Thisen in the form '

way the singly scattered light is correlated, while the multi-
ply scattered light due to a smaller coherence area is no (e )= AL+ ted tred 3)
longer correlated. This allows the correct determination of s.6. Y1+ (qéotreq )2

the static and dynamic scattering properties. Lately the one-

i - —(2=mv —&gv
beam cross correlation technique was successfully applied t e used t'he scallng !g\/\;& Xolred : and &= Eoleg for
e osmotic susceptibility and correlation lengtly, respec-

depolarized scattering experiments, which are very sensitivt . The critical denotes the Fish ;
to effects of multiple scatteringf. ively. The critical exponent; denotes the Fisher exponent.

Recently, we used the 3D cross correlation method téNe limited our measurement_s 0 the_s_tr(_)ng SC&“?F'”Q regime
o test the one-beam set-up in the vicinity of a critical point.

study the temperature dependent critical fluctuations of th X )
he investigated temperature range was so small, that we

local composition of a solution of polystyrene in | 4 the simol ling | h Thi h
cyclohexané® We investigate a temperature range of 20 KONy use € simple scaling 'aw approach. This approac
ignores the noncritical scattering contributions by the rela-

down to 2x10 3 K aboveT, which corresponds to reduced '3 .
tively large polymer which have been treated as a constant

temperature range df.q of 6.8x10 ¢ to 0.067 with T, : . . o5
=293.492 K. We determined the intensity of the singly Scat_ba_ckgrounEF In & previous work or later by Jacobsat al._ .
using the more sophisticated crossover approach which in-

tered light at a scattering angte=90° and showed that it is . .
perfectly described by the Ornstein—Zernike function in thecorporates a crossover from the asymptotic Ising behavior to
he critical mean-field behavior. The scattering vectorar-

entire temperature range. Even very close to the criticaj .

— — 3 — 2 -1
point, where the turbidity reaches a value of 2.4 ¢mno les in the range ofj=9.70x10""-2.67<10"* nm"". The

deviations are noticeable. In addition, we compared thgonstantA depends on the properties of the sample and the

amount of singly and multiply scattered light with Monte geoTitncatl constr?mts_ Odf the dopntcal set-up, and can be
Carlo simulation of the multiple scattering processes andreated as tempera ure independent. . . .
found a good agreement. In order to obtain the singly scattered light intensity,

In this paper we apply the one-beam cross correlatio?(vhiCh can be described by E¢3), the count rate(l )

technique to the same polystyrene/cyclohexane sample irpjeasured by the photomultiplier has been corrected for the

vestigated in the previous paper. Additionally to the measurel-OSS due to turbidityr and for multiple scattering,

—(2=n)v

ments at scattering angle 6f=90° we perform also angular (Y (ot B
dependent measurements in the rang@e#0°—140°. Us- (is,0)= ?’H—sin( 0)= ?’ﬂ—. (4

ing the amplitude of the cross correlation function we deter-

mine the singly scattered light intensity which we analyzed  The turbidity 7= —In(7)/l was calculated from the mea-

using the Ornstein—Zernike function. We compare the resultsured transmissioff and the path length. The term sing)

determined with the one-beam set-up with those obtainedccounts for the change in the size of the scattering volume.

with the 3D cross correlation technique. The data where fitted to Eq3) using the Marquardt-
Levenberg algorithiA? weighting the intensities by their un-
certainty. The uncertainty of the intensity is propagated from

the uncertainties of the directly measured quantities as fol-
Il. THEORY AND DATA ANALYSIS

lows:
A. One-beam cross correlation technique
. . . Olis g Nisgy 6T \2 [Kisg OT¢ )\
The normalized cross correlation function of the scat- — = a_l’_ - aT] -
tered light intensityg(®)(t) is given by (is0 (is.0) c (isw
o) \* [ 0B)? 2
O 1 Bl I e s ®
gt =1+plg™M(1)|?, (1) (lot,0) B

Equation (5) includes temperature fluctuations &fT
wheregM(t) is the normalized field correlation function of =2 mK and uncertainties of the critical temperatus&,
the singly scattered light angél denotes the amplitude of the =2 mK. (1,44 is the uncertainty of the total scattering in-
cross correlation function, which is proportional to the inten-tensity at the scattering angbeat constant temperaturés is
sity ratio of the singly scattered light to the totally scatteredthe uncertainty of the amplitude of the cross correlation func-
light including the multiple scattering contributions. In this tion calculated as one standard deviation of three measure-
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ments. The calculated error of the turbididy= 677(17) de-
pends on the uncertainty of the transmissiod. The
uncertainty of the path length was neglected. The uncertainty
of the transmissiori/ was calculated as difference of the
maximal and minimal transmission measurement over the
entire measurement time. For comparison we performed alsc
the analysis using one standard deviation of the mean, whict
was calculated from 120 single measurements. Using this
error in the transmission seem to underestimate the real error
due to the high number of data points resulting in a system-
atically to high y? around 8. Nevertheless, that change is
weighting changed the adjusted parameters only within their
error bars.
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z

FIG. 2. A sketch of the temperature cell.

tude of cross correlation functiofB) in dependence of the
IIl. EXPERIMENT displacement of the fibera\fy). If the distance between the
two fibers vanishes the cross correlation function is equal to
the autocorrelation function and contains contributions stem-

We used polystyrene with a molecular weight,,  ming from multiple scattered light and resulting in a particle

=1.11x10° gmol™* andM,,/M,=1.061, whereM,, is the  diameter which is too small. With increasing distance be-
weight-average molecular weight aMi, /M, is the ratio of  yyeen the two fibers the multiple scattered light is not longer
weight-to-number-averaged molecular weights. The mixture,,rejated and the correct particle diameter is obtained.

of ponstyrene/cycIoheggne hgs a critical ‘mass fraction of To achieve a temperature stability 6T =2 mK we de-
0.118 and an upper critical point at the critical temperature ;

T.=293.3210.002 K. Our scattering cell used, has an in- §|gned a cell which is presented in Fig. 2. The sample is

ner diameter of =1cm. In this paper we used the Same|mr.nersed in a glass_cylind(_ar with a diameter of 119.2 mm.
sample, which was already investigated in Ref. 23. Details of S Path cell was filled with water, which was stirred to
sample preparation are described there. avoid temperature gradients. To heat the water bath we use a
CuNi-wire. For temperature measurement there is a ther-
mistor (Pewatron, MBT 1.Bwith an absolute accuracy of
B. Set-up and temperature control 0.05 K and a differentially precision better than 1 mK. The
The optical set-up of the one-beam technique is Verybath ceII.is surrounded by a copper cyliqder vyhich is mod-
o . . . . erated with a thermostdtauda, RC®. For isolation we use
similar to a conventional light scattering experiment, onlyStyrodur with a thickness of 1.5 cm. To make a measurement
the detection part is modified. A detailed description of the ' '

set-up can be found in Refs. 17 and 22. The scattered light %t a certain temperature, the copper cylinder is kept at a

divided into two beams by a beamsplitter. Two monomode€mperature which |2 K under the required temperature.

fibers each with an integrated gradient-index lens are used th€ €lectrical heating is regulated by a computer to achieve

detect the scattered light. The two fibers can be moved tthe temperature. The measurement of the correlation function
find the optimal edge of the coherence area. was repeated three times, whereby each correlation function

For the optimal alignment of the fibers we used a conWas averaged for 60 min and analyzed separately. The aver-
centrated latex suspensioo<0.1 wt. %) with a particle di- age amplitudes is the mean of the three measurements was
ameter of 132 nm. In Fig. 1 we show the particle diametemused to determine the singly scattered intenity listed in
(d) determined by dynamic light scattering and the ampli-Table |I.

A. Sample
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TABLE |. Scattering intensities and corrected scattering intensities for different temperatures and differené aaflés60°, 80°, 90°, 100°, 120°, 140°.
The critical temperature i$,=293.321 K.

T/K (lota0 (i1ot,a0 (is.40) TIK (Mot (ior00 (iso0
303.150 8.1 8.1 7.9 293565 160.5 268.3 254.2
299.526 12.1 12.3 11.4 293.473 169.0 347.1 301.7
297.238 19.4 19.5 18.1 293.415 165.7 428.7 342.1
295.792 31.9 32.2 30.5 293.379 155.6 516.8 363.8
294.880 52.6 54.9 52.1 293.356 144.4 624.4 365.7
294.303 85.8 95.1 90.0 293.341 130.2 738.8 342.6
293.940 134.1 163.9 154.3 293.332 128.6 967.8 362.9
293.710 196.9 276.1 259.5 293.326 117.4 1162.0 328.7
293.565 267.8 446.3 422.7 . .
293.473 333.9 682.1 5743 K (Hot100 (01200 (is200
293.415 378.2 968.9 702.1  303.150 6.7 6.7 6.3
293.379 394.7 1289.7 1025.4 599526 10.9 11.1 10.0
293.356 389.2 1637.6 1086.0 597.238 18.0 18.1 16.3
293.341 375.7 2041.6 1192.7 595792 205 29.8 28.1
293.332 362.1 2542.3 1243.3 594.880 47.0 49.0 47.2
293.326 361.0 3242.9 1563.4 594.303 71.8 795 77.7

; : 293.940 101.0 1235 120.3

T (lore0 (e (sed 593710 128.7 180.4 170.5
303.150 7.2 7.2 6.4  293.565 146.3 243.8 223.5
299.526 11.6 11.8 11.0 293.473 151.3 309.0 264.3
297.238 19.1 19.3 18.0 293.415 145.3 372.3 292.0
295.792 31.8 32.1 30.1 293.379 133.6 436.5 310.3
294.880 52.0 54.3 50.6 293.356 121.2 509.8 304.2
294.303 83.3 92.3 85.5 293.341 110.3 599.7 291.6
293.940 125.6 153.5 140.6 293.332 103.5 726.4 291.4
293.710 175.5 246.0 222.1 293.326 100.8 905.3 270.1
293.565 2215 369.2 333.6 . .
203.473 254.0 518.9 4415 T/K (lot120 (itor,120 (is120
293.415 263.6 675.4 552.4  3p3.150 6.7 6.7 6.2
293.379 256.4 838.0 587.8 299526 10.9 11.1 9.9
293.356 241.0 1013.9 642.0 997.238 17.9 18.0 16.6
293.341 224.3 1219.1 498.4 595792 20.1 20.3 28.1
293.332 212.4 1491.3 623.0 294.880 45.8 47.8 46.6
293.326 207.6 1864.9 417.6  294.303 68.7 76.1 73.9

. - 293.940 94.1 115.1 110.4

T {orao {ltors0 (sed 593710 116.3 163.0 153.1
303.150 6.8 6.8 6.4  293.565 128.2 213.7 195.9
299.526 11.0 11.2 10.2  293.473 128.9 263.2 224.3
297.238 18.1 18.3 17.1  293.415 121.1 310.3 239.7
295.792 30.0 30.3 29.8 293.379 109.1 356.4 237.3
294.880 48.7 50.8 50.5 293.356 97.5 410.1 239.7
294.303 76.5 84.8 84.8 293.341 87.5 475.3 220.8
293.940 111.5 136.2 134.3 293.332 81.7 573.4 246.6
293.710 148.5 208.1 201.9 293.326 79.1 710.6 237.3
293.565 177.0 295.0 272.2 . .
203.473 190.9 390.0 aaq1 K (hotaao (ior100 (is100
293.415 189.2 484.7 412.6  303.150 6.8 6.8 6.1
293.379 177.9 5813 384.2 299526 10.7 10.9 10.0
293.356 163.8 689.1 389.7 297.238 175 17.6 16.4
293.341 150.8 819.4 385.8 995792 285 28.8 27.1
293.332 141.4 993.0 366.4  294.880 44.7 46.6 44.2
293.326 138.1 1240.5 435.7  294.303 66.2 73.4 69.4

: : 293.940 89.3 109.2 101.8

T {lore0 {ltoc0 fs0d 593710 107.7 150.9 137.0
303.150 6.7 6.7 6.2  293.565 116.1 193.6 170.3
299.526 10.9 11.1 10.3  293.473 114.4 233.7 193.5
297.238 17.8 18.0 17.1  293.415 105.6 270.5 205.2
295.792 29.4 29.7 28.8 293.379 93.4 305.3 206.2
294.880 475 49.5 48.8 293.356 81.9 344.5 199.9
294.303 73.4 81.4 81.0 293.341 72.7 395.1 198.1
293.940 104.4 127.7 127.7 293.332 66.7 468.6 197.4
293.710 137.6 193.3 186.4 293.326 64.1 576.2 193.4
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tering(isgp (O) in dependence on the reduced temperaturg=e80°. The
) solid line refers to fit No. 4 in Table II.
C. Influence of temperature changes to the alignment

First we tested the set-up for temperature dependent . _ . .
measurements with standard polystyrene latex spheres. It @ulnple scattering we perform the latter analysis of the criti-

known that the refractive index changes with temperaturé‘:al data including the small spattgring qn_gle and negle_cting
and therefore the position of the focus of the incident Iasef"hem.btlo S?e wr:lether ?t ppssmle I|nsuff|C|ent suppression 1s
beam will change with the temperature. This will also changé)OSSI € at smaller scattering angles.

the size of the speckles on the detector and might make a
realignment was necessary. In order to check whether a rdV. EXPERIMENTAL RESULTS AND DISCUSSION

alignment would .be necessary we did some preliminary mea- |, Taple | we summarize the dependence of the scatter-
surements. In Fig. 3 we show the angular dependence gfq intensities(l o »), intensities corrected for turbidity loss
particle diameterd) determined by dynamic light scattering <it0t10>:<|tow>/e—ﬂ and intensities corrected for turbidity loss

and the amplitude of cross correlation functigs) for dif- and multiple scatteringis ;)= (l,,)8/e " on the tempera-
ferent temperatures. Neither the particle diameter nor the amg e T for seven different angle§=40° 60°. 80°. 90°

plitude of the cross correlation function show a temperature gge  120° 140°.

dependence in the investigated temperature range of Tpe scattering intensity a8=90° as a function of re-
20-30°C. Therefore, we conclude that the temperaturgy,ced temperature is shown in Fig(ather angles in Fig.)s
v_ar|at|on of the refraptlve index in this region Causes N0 NOThe three curves show the total scattering intenéity o0
.tlceable change qf size and position of the scattering volumgA)’ the intensity corrected for turbidity l0&§;e0 (CJ) and

in our set-up. This fact enables us to compare the data §hensity corrected for turbidity loss and multiple scattering
different temperatures. _ (isoo (O). The solid line refers to a fit according to E@)

The mean value of the diameter B=126=4nm, with »=0.63 fixed to its theoretical value with the parameter
whereas it was determined by averaging over all angles angket listed in row 4 in Table II. The Fisher exponent is fixed to
temperatures. If one compares the average diametets theoretical value ofp=0.032. At reduced temperatures
d300_s0=120=2 nm for the three angles below 60° and theup to 10 ? where the turbidity level and multiple scattering
average diametd—(}.m—lso; 128+ 2 nm for the angles above contributions are small, all curves agree. The datd gfo
60°, one finds a systematic decrease of the diameter by 6.5@@sses through a pronounced maximum and cannot be de-
at the lower scattering angles. This might be an indication foscribed by the Ornstein—Zernike equatitsee Eq.(3)]. A
an incomplete suppression of the multiply scattered light aglescription of the turbidity corrected data by the Ornstein—
low scattering angles or the presence of interactions at highefernike equation leads to systematic deviations close to the
concentrations. Comparison with measurements of aqueow@sitical point. Applying both the turbidity correction and the
solutions of latex particles with a diameter @80 nm do  Mmultiple scattering correction obtained from the amplitudes
not show this systematic decrease of the determined diametef the cross correlation function, the data can be described by
at small angles. A comparison with larger particles reveals athe Ornstein—Zernike equation over the entire temperature
higher concentration a clear influence of interactions, whictfange. Treatingr as an adjustable parameter does not im-
has also been demonstrated with the 3D cross correlatioprove the result significantlyTable 11, set #11
techniquet? Analyzing the static properties of Latex particles ~ The parameters obtained for all angles with the critical
with a diameter ofi=453 nm(Ref. 17 we observed a good €xponentv both fixed and as adjustable parameter are listed
agreement between the different concentrations over the ef? Table II. Allowing » to be an adjustable parameter leads in
tire investigated concentration and angle range. Due to thaverage of all angles to a mean critical exponentvof
fact that it is difficult to separate the influence on the decay=0.63+0.01 which agrees well with the theoretically ex-
constant due to interaction or insufficient suppression opected value. The average correlation length amplituégdes
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(O) in dependence on the reduced temperature for six different afigld9°,60°,80°,100°,120°,140°. The solid lines represent the fits according {8)Eq.
with »=0.63 fixed to its theoretical value.

=0.69+0.04 nm(v fixed) and?0= 0.70+=0.07 nm(v adjust- TABLE Il. Experimental results of the Ornstein—Zernike fits for different
able agree within their error bars. The simultaneous fit of allangles

angles at fixed by minimizing the sum of thg?leadstoa g g B & /nm A/10-2 2
correlation length amplitude of,=0.68 nm which agrees
well will the average value of,. It is obvious, that the two

40 0.630 0.7620.017 8.430.09 2.5
60 0.630 0.7480.010 8.62:0.07 4.3

1

2
lower angles lead to systematically higher valueségf 3 80 0.630 0.6850.008  8.4%0.06 3.4
" = ) 4 90 0.630 0.6580.007  8.4%0.06 1.8
Omitting those results iFy;=0.67+0.01 nm (v fixed) and 5 100 0630 06640007 826006 38
£0=0.66+0.01 nm(» adjustable Ritzl and Woermann de- 6 120 0.630 0.6660.007  8.3%0.06 2.7
rived a power lawéy=&5(M,/Mg)" for the correlation 7 140 0.630 0.6680.006 ~ 8.2%0.06 23
length amplitude of a critical polystyrene/cyclohexane mix- 8 40 0.612:0.007 081%0.026  10.0£0.71 2.2
gth amp polystyrene/cy ! 9 60 06180005 07780017 9.60:0.44 4.2
ture in dependence of the number-weighted molar ass. 10 80 0.6430.005 0.6540014 7.500.35 3.1

M is the mass of the repeat unit agfl=0.149 nm anch 11 90 0.63%+0.005 0.65%0.012  83%037 2.0
=0.218 are two empirical scaling parameters. For our sys-12 ~ 100 0.62¢0.005  0.666:0.013  8.31:0.37 4.0

his lead B hich I with th 13 120 0.63%30.005 0.65&0.013 813037 29
tem this leads t&,=0.67 nm, which agrees well with the 1, 140 06240005 06840014 876042 o4

above values. Nevertheless, in our previous work we obtain &
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FIG. 6. Angular dependence of scattered intensity for two different reduce¢|G. 7. Correlation lengthé determined by angular dependent measure-
temperaturegopen symbolste=2.11x10"3%; solid symbols,t=3.63  ments of static scattering intensity. The squares represent intensities cor-
X107°). The squares represent intensities corrected for turbidity(iags  rected for turbidity losgi,,) and the circles represent intensities corrected
and the circles represent intensities corrected for turbidity loss and multiplgor turbidity loss and multiple scatterings). The solid line represents a
scattering(is). critical exponenty=0.63 whilev=0.5 for the dashed line.

correlation length amplitude af,=0.62+0.01 nm which is

slightly lower”® Recent measurements of the angular depenbars is not very pronounced, which easily leads to a falsifi-
dent scattering intensity on the same sample in the 3D set-Ugation of the results. Close to the critical point strong devia-
lead also to a slightly higher correlation length amplitude oftions from the asymptotic power law behavior are observed
§0=0.66 nm(Ref. 28 which agrees well with the present in both the uncorrected and the corrected data. Similar de-
work. The discrepancy of the lower correlation length ampli-viations were not observed in the analysis of the scattering
tude in previous and actual measurement might be caused ytensities dependent on the reduced temperature for a fixed
aging of the sample which did not influence the critical scattering angle. So it is possible that the deviations are
temperatur& but the turbidity. A change in the turbidity caused by numerical instabilities due to the small intercept
level due to aging of the sample has also been observeghich leads to large uncertainties close to the critical point.
before?® The turbidity change resulted in an increase of therurthermore the deviations could stem from insufficient sup-
correlation length amplitude, while the critical temperaturepression of the multiple scattered light in the one-beam
remained almost unchangdtess than 2.5 mK/wegk In set-up as might also indicated by the low scattering angles in
conclusion, one can state, that all measurements are conste angular dependence of the diametef. Sec. 111 Q.
tent over the entire temperature and angle range and can i erefore, we perform the analysis also without the 60° scat-
analyzed using the Ornstein—Zernike equatioh Eq. (3)]  tering angle, but the result remained the same. Additional
and it seems to be reasonable to exclude the two lowemeasurements on the same sample in a 3D Sétalwed
angles and give an average value of the correlation lengthiso systematic deviations from the scaling law behavior at a
amplitude of¢,=0.66=0.02 nm. reduced temperature just beloyy,=10"4. The multiple

In Fig. 6 we show the inverse scattering light intensity assuppression principles are quite different in both set-ups and
a function of squared wave vectay® (Ornstein—Zernike both methods work successfully at higher turbidity levels as
plot) at two different temperatures. The squares representas shown by the investigation of highly turbid Latex
intensities corrected for turbidity losS,,) and the circles suspension¥!’ Therefore, it is unlikely that the deviations
represent intensities corrected for turbidity loss and multiplestem from a breakdown of the one-beam set-up. To resolve
scattering{is). All data show a linear dependence of thethis open guestion measurements with the two-color set-up
square of the scattering vectgf as it is expected according would also be desirable. Deviations from the asymptotic be-
to Eqg. (3). In the vicinity of the critical point the slope and havior of the isothermic compressibility were also reported
the intercept of the uncorrected dataquares change by Wagner and co-worket$®! in pure sulfur hexafluoride
strongly compared to the corrected data. and pure carbon dioxide very close to the critical point. The

Figure 7 shows the correlations lengildetermined by  exponents found were slightly smaller than the classical ex-
the Ornstein—Zernike plot in dependence of the reduced tenponents. They discussed the possibility that due to the gravi-
perature. The solid line corresponds to an asymptotic powetational field deviations from the 3D-Ising renormalization
law &= &t g, With £,=0.61+0.02 nm andv=0.63. There value could be expected, which has not been proven yet by
slight systematic deviations from the power law behavior farenormalization theories. The dashed line in Fig. 7 shows
away from the critical point, which might be an indication that our data agree also with a classical exponent within the
for crossover behavior, which is not visible in the depen-error bars, but a similar explanation as in the one-component
dence of the scattering intensity of the reduced temperaturenixtures is unlikely because binary fluid mixtures are less
Far away from the critical point the angular dependence obensitive to gravity effects. Due to the fact that all experi-
the scattering intensity as indicated also by the large erromental data points close to the critical point have been influ-
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