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Coexistence curve exponent of a binary mixture with a high molecular weight polymer
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We studied the effects of a high molecular weight polyrtgalyacrylic acid, PAAM,,=7.5x 10°) on the
coexistence curve of a binary liquid mixtu¢®,6-lutidine + water, LW). A high precision refractometer was
built to measure the temperature dependence of the refractive indexes of the two coexisting phases of phase
separated LW samples containing less than 1 mg/cc of PAA. From the refractive indexes we mapped out the
coexistence curve and obtained the refractive index differehnebetween the two coexisting phases. At
temperaturd close to the critical temperatufig, the critical exponeng such thatAn«(T—T.)# was found
to be 0.41-0.02 which is higher than (0.310.01) that of pure LW.
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Binary liquid mixture at its critical point has been one of centration was prepared using deionized water from a Barn-
the model systems for studying critical phenomena in whictstead NANOpure Il purification system. We added appropri-
composition fluctuation plays an important role. When aate amount of pure water and 2,6-lutidine to the aqueous
third component is added, the ternary mixture may be treateBAA solution to obtain a near critical LW/PAA sample in
as a binary mixture if the amount of the third component iswhich the PAA concentration was 0.70 mg/cc. Then a sec-
small. However, the third component, which can be considond LW/PAA sample of 0.35 mg/cc PAA was obtained by
ered as impurity, may couple to the composition fluctuationdiluting the first sample using pure LW mixture.
and may affect the critical behavior of the binary mixture. We put 2 cc of the LW/PAA sample together with a small
For example, quenched impurities such as a gel network in teflon coated magnetic bar in a quartz couette (@IT) of
binary mixture may act like a random field] to the binary 1 cn? square cross section. The cell was then sealed and
mixture. In this case, frozen dynamics and suppression afecured in a sample holder with a water submersible mag-
phase transition have been obsery2d]. If the impurities  netic stirrer (MS) installed right below the quartz cell as
are small molecules, the local fluctuations of the impurityshown in Fig. 1a). The sample holder was placed in a tem-
concentration may shift the critical temperature as well as th@erature controlled water battwB) made of 2 cm thick
critical concentration, and may even modify the critical ex-transparent plexiglass with internal dimension of
ponents[4,5]. For mobile impurities consist of macromol- 36 cmx36 cmx36 cm. We mounted the sample holder
ecules that dissolve in a binary solvent approaching its critisuch that it could be rotated about the vertical axis through
cal point, when the size of the macromolecules isthe center of the couette cell. The bath temperature was
comparable to the correlation length of the solvisit the  sensed by a quartz prold®) of a precision thermometer
correlation length critical exponenishas been found to be (HP2804A with an IEEE488 bus connected to a personal
0.44 which is smaller than the three-dimensio(@D) Ising  computer(PC). The PC read the temperature and sent back
value(0.60 measured in the pure binary solvent. So far therethe appropriate heat to the water bath through a computer
is no theoretical explanation for the measuredvhich is  controlled power supplyPS and an electric heateiH(). A
even smaller than the mean-field vali@e5) observed in bi- stirrer (S) was used to circulate the water in the bath to re-
nary mixture of polymer blends’]. Hence, it is possible that duce the temperature gradient. With this setup the tempera-
a binary liquid mixture with dissolved macromolecules mayture of the water bath could be set as a designated value
belong to a new universality class with a different set ofwithin =0.0005 °C.
critical exponents from those predicted by 3D Ising model or Note that LW has a lower critical temperaturg,
mean-field model. ~33.7°C. Hence our experiments were performed at tem-

To check if the other critical exponents are indeed af-peratures above 33°C when our samples had completely
fected by the presence of the macromolecules, we built @hase separated. At the beginning of an experiment, the mag-
precision refractometer to measure the coexistence curve oietic stirrer was turned on for at least 30 minutes to thor-
the binary liquid mixture(2,6-lutidinetwater, LW with  oughly mix the two coexisting phases inside the quartz cell.
minute amountless than 1 mg/gmf dissolved high molecu- Then the magnetic stirrer was turned off and the sample was
lar weight polymer(polyacrylic acid, PAA [6]. We found let undisturbed until the two coexisting phases completely
that when we approached the critical point of LW, the criti- separated before the refractive indexes were measured.
cal exponeniB was indeed changed from the Ising value of In order to measure simultaneousely the refractive in-
0.31 to 0.41 due to the presence of PAA. dexes of both the water-rich phase and the lutidine-rich

Polyacrylic acid (PAA) of molecular weight M,,  phase in the phase separated sample, a vertical laser sheet,
=7.5x10° with polydispersity 1.4 and 2,6-lutidine of 99 obtained by a He—Ne laser beam passing through a line gen-
+ %purity were purchased from Aldrich. They were used aserator(LG), was directed to the sample cell as shown sche-
received. LW sample of critical compositid80% lutidine  matically in Fig. 1. Because of the difference in refractive
volume fraction and aqueous PAA solution in 1 mg/cc con- index between the sample in the cell and the water in the
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FIG. 2. The refractive index for LW/PAA samples(approx-
®) mately 1 mg/cc PAA with different lutidine volume fractiorc at
T=33.19°C (), 34.19°C (+), 34.69°C (x), and 35.19°C
(A). For clarity,nfor 34.19 °C, 34.69 °C, and 35.19 °C are shifted

up by 0.002, 0.004, and 0.006, respectively. The inset shows the
temperature dependence for samples with0.06 (J); ¢=0.09
| (V); ¢=0.17 (O). The lines in this figure are guide to the eyes
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Laser and the undeviated laser emerge from the bath as illustrated

Beam hets " L, in Fig. 1(b). Then the refractive index of the sample is
d

LG
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n=.2n, sin( $m +45°

When the sample phase separated, the laser sheet passed
through the coexisting phases of the sample so that the re-
fractive indexes 1f; and n,) of both the coexisting phases
. o ~ (water-rich and lutidine-rich, respectivelycould be mea-

FIG. 1. Experimental setugga) schematic diagram of the preci- g red simultaneously. Since part of the laser sheet did not
sion refractometer anth) schematic diagram showing the geom- a4 through the sample cell at all, the reference point where
eterical relations of the setup. the undeviated laser beam hit the screen could also be mea-

) ) sured at the same time. Such arrangement reduced the sys-
bath, the laser sheet was deviated by an anrfglehen it tomatic error due to the fact that the cross section of the

emerged from the sample cell. The laser sheet was furthgiyette may not be perfectly squégd. We checked that the
; . ;

deviated tog" after refraction at the wall of the water bath. sensitivity of the refractometer on the change in refractive

Finally it was intercepted by a screen placed at a distancg,gex was+5x 10~ 4.

L,=36.5 cm from the water bath. We rotated the sample Note that the refractive index is a function of tempera-

holder until the deviation of the laser sheet was minimal at ;e T the volume fraction of lutidine and the concentra-

which ¢=¢p and then measured the locatiob,J where o of PAA in the sample. Nevertheless, we found that the

the laser striked the screen. With a known value of the disthange im due to increasing the concentration of PAA by 1

tance {=9 cm) between the cell and the wall of the water mg/cc is smaller than the sensitivity of our refractometer.

bath, we can obtain the minumum angle of deviatith by  Therefore we may considerto be independent of the poly-

solving the following geometrical relations numerically:  mer concentration in our experiments. On the other hand,
depends oif also. Hence, the variation imcan be written as

Screen

L,—d ,
L, =tang¢’, 5 _‘9”5 anm__ ondc dn

=5t T T\ acat TaT) ot
d=htand,,

We found that when no phase transition occurred, ¢.ee-
mained constant, the temperature dependenceveds very
sing’=n,, sinéy, weak anddn/dT<10 3°C as shown in the inset of Fig. 2.
On the other hand, the refractive index measurement in
Heren,,= 1.330 is the refractive of water in the bath ahis ~ Fig. 2 gives dn/dc~0.2. Furthermore, the temperature
the distance between the locations where the refracted beaiependence of composition @c/dTe(T—T.)#~1 which
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FIG. 4. Change of refractive index differenden between the

FIG. 3. Temperature dependence of the refraction indexes of th&evo coexisting phases with respect to the distance from the critical
coexisting phases for pure LWX); LW/PAA with 0.35 mg/cc  temperatureAT for pure LW (O); LW/PAA with 0.35 mg/cc PAA
PAA (x); and LW/PAA with 0.70 mg/cc ¢ ). The inset shows the of M, =7.5x10° (X); LW/PAA with 0.70 mg/cc PAA ofM,,
data close to the critical point in a finer scale. The lines in the inset=7.5x10° (+); and LW/PAA with 0.70 mg/cc PAA ofM,,
are guide to the eyes only. =2x10% (A). The slopes of the straight lines in the plot are 0.31

) . and 0.41, respectively. The insédata obtained from Ref.6])
diverges towards the critical temperature becagBsel<0.  ghows the correlation length measured in LW with 0.7 mglcc

Hence  ¢n/dc)(dc/dT)>(dn/dT)  so  that on  pAA. The slopes of the straight lines in this inset are 0.44 and 0.60,
=(anl/ac)(dc/dT)6T. Therefore, the refractive indaxcan  respectively.
be taken as a direct measure of the compositiaand the
coexistence curve of our samples can be obtained by me#ake part in the phase separation of LW and hence, would
suring the refractive indexes of the coexisting phases. explain the shift inc. towards higher water fraction. Never-
Let ny,n,, andc,,c, be the refractive indexes and the theless, the shift i, by adding 0.35 mg/cc PAA was only
lutidine volume fractions of the Iutidine-rich phase and theof the order én(dn/dc)~*~0.002/0.2-0.01. Such small
water-rich phase, respectively. Then the composition conshiftinc. andT,. was an indirect evidence that the amount of
strastc; — ¢, will be proportional to the refractive index con- PAA added to LW was only small perturbation so that the
trastn;—n,. To check the validity of the above argument, LW/PAA samples in our experiments can be regarded as
we used the refractometer to measure the coexistence cur#ary mixtures instead of a ternary mixtures.
of a pure LW sample. From the temperature variation of the When we plotted the refractive index differencen=n,
refractive index contrast between the coexisting phases we N, between the two coexisting phases with respect to the
found the coexistence curve exponghtto be 0.310.01 distance from the critical temperatur& T=T—T., we
which is consistent to the 3D Ising value. Hence, the refracfound Anx AT# with 8=0.31+0.01 for pure LW as men-
tometer indeed measures the temperature dependence of figned before. On the other hand, when PAA is added, one
composition for our samples. sees a crossover atT~1 °C whereg changes from 0.31 to
Figure 3 summarizes the results of our experiments foP.41+0.02 as shown in Fig. 4. Note that when the salt ga-
the LW samples with 0.70 mg/cc and 0.35 mg/cc PAA. Thisdolinium nitrate is added to the binary mixture isobutyric
figure shows the refractive indexes of the two coexistingacid+water, not only the critical temperature and the critical
phases of the LW/PAA sample. The data for the pure Lwcomposition are shifted, the critical exponeft is also
sample(i.e., 0 mg/cc PAA measured by the same apparatuschanged to 0.365]. This is consistent with the Fisher renor-
were also included for comparison. To see the differences ohalization[4] which predictsB to be increased by the factor
refractive indexes among samples of different PAA concend/(1—«a). Herea=0.11 is the specific heat exponent. How-
trations, we plotted the same data in a finer scale as shown &wver, in our sample the increasegrdue to Fisher renormal-
the inset of Fig. 3. From this figure, one can clearly see thaization is not large enough to explain the 33% increase in the
the critical temperature of LW was shifted down approxi- critical exponentB of our high molecular weight LW/PAA
mately by 0.03°C and 0.1 °C by adding 0.35 mg/cc and 0.7Gample. In order to confirm that the changesiiis really due
mg/cc PAA, respectively. In addition, the critical composi- to the large molecular size of PAA, we repeated our experi-
tion ¢, of LW was changed as indicated by the shift of thement using LW/PAA sample containing the same amount
minima of the coexistence curves toward smallewhen (0.7 mg/c¢ of PAA of smaller molecular weight M,
PAA was added. Since the refractive index of wateB830 =2000). The results are also plotted in Fig. 4 for compari-
is smaller than that1.497 of 2,6-lutidine, the addition of son. We found thaB for this sample with smaller molecular
PAA causesc, to shift towards higher water fraction. Pre- weight PAA is the same as that for the pure LW sample.
sumably, a water-rich wetting layer is formed close to the The crossover temperature AfT~1°C can be under-
PAA molecules because water is a better solvent of PAAstood if we consider the PAA molecules as fluctuations to
than lutidine. This would reduce the amount of water thatthe composition of LW. Then the length scale of such com-
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position fluctuation should be the same order of the molecumension so that a molecule can interact with a large number
lar size (the hydrodynamic radiusR;,) of the PAA mol- of other molecules even with nearest neighbor interaction.
_equles. In fac_t. To and Chgb] ha_v_e already pqi_nted out that On the other hand, the large PAA molecules in our LW/PAA
itis the coupling between the critical composition fluctuationsample may induce an indirect interaction between the water
(with correlation lengttt) of LW to the PAA molecules that  molecules and the lutidine molecules. Because of the large
lead to the change in the critical exponenas shown in the  spatial extend of the macromolecules, such an indirect inter-
inset of Fig. 4. Therefore, the effect will be most significant action will enable a water or a lutidine molecule to interact
when¢ is comparable t&, . Their work on the same system yjith a large number of other water and lutidine molecules.
revealed thaf~R, whenT.—T~1°C. Thisis consistentto Hence g increases towards the mean-field value when mac-
our observation that a different value of the critical eXponemromolecules(PAA) are added to the binary mixtu@W).
B for the LW/PAA samples was obtained from data mea-gjnce 5 yniversality class in critical phenomenon is charac-
sured at temperature less than 1 °C from the critical tempergy i eq by a set of critcal exponents, different valuesgof
ture. qu temperatures farther away frarg, the refractive and v implies that the binary mixture LW with dissolved
:cnd?_>§/\/ci|fferer:ces %Ltheéwqtﬁoei('sw phars]es are tI?_e SZ‘mr‘f‘]acromolecuIes PAA may belong to a different universality
or LYV sampies with and withou as shown IN FIg. 2. ¢1a55 than that3D Ising of the pure LW. Hence, further

It is worth comparing the phase separation of OUNyorks should be done towards this direction.
LW/PAA sample to that of polymer blends. In a study of the

. To summarize, we report our experimental studies on the
coexistence curve of polystyrene/ p@ychllorostyren)a critical exponentB of the coexistence curve for a binary
b_Iends, Chiet aI: [7] found .that,8=0.5 which s the mean- liquid mixture (2,6-lutidine and water, LWin the presence
field value. Intuitively a high molecular weight molecule, of dissolved macromoleculeolyacrylic acid, PAA. We

b?—‘cause_ Of. @ts large spatial extent, may be a_ble to intera%und that the critical exponent of LW changes from 0.31
with a significant number of o_ther m(_)lecules ina polymerto 0.41 when PAA oM, =7.5x 10° was added.

blend. Such a mean-field-type interaction may be expected to

give rise to the mean-field-type critical exponents. In the The authors thank Dr. C. K. Chan and Dr. K. T. Leung for
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