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Composition of critical clusters in ternary nucleation
of water— n-nonane— n-butanol

Y. Viisanen® and R. Strey®
Max-Planck-Institut fu Biophysikalische Chemie, Postfach 2841, D-37018ti@gen, Germany

(Received 25 June 1996; accepted 6 August 1996

In previous papers the determination of the molecular contents of critical clusters has been
performed. Both unary and binary vapor mixtures have been examined. This paper describes the first
study of a ternary system. Using a nucleation pulse chamber accurate measurements of
homogeneous nucleation rai@€’<J/cm 3 s 1<10% of mixed droplets in supersaturated, ternary
mixtures of watern-nonane and-butanol vapor have been performed. The examined gas phase
activities,a;, a,, andas, respectively, covered the whole ternary composition spade=&40 K.

The observed variations of the cluster compositions with vapor phase composition differ
substantially from that of ideal mixtures. The experiments seem to indicate phase separation within
the critical clusters. The arrangement of the molecules in the cluster remains to be clarified.
© 1996 American Institute of Physids$0021-960806)51642-9

I. INTRODUCTION performed-®~8In particular, watem-alcohols aff =260 k>8
and water—nonane at=230 K have been reportédPres-

In atmospheric as well as technological settings multi-ently we are studying the binamy-nonane-a-alcohol sys-
component condensation occurs. In technical processes oftgéims. In recent papér€ we have extracted from nucleation
mixtures are encountered which form two or more con-rate measurements the molecular content of nuclei in binary
densed phases. For instance, in the liquid state water and &j{stems. In the theoretical section we recall the theoretical
do not mix. By adding a suitable third component, a surfacprocedur and extend it to ternary systems. From the analy-
tant, one achieves mixing. In emulsion and microemulsiorsjs of the measurements we obtain the composition of nuclei
research such systems are of growing importance. In the van some cases containing all three components. Towards the

por phase there are no limitations to mutual m|X|ng FOI’end of the paper we discuss how the molecules m|ght be
example, water and oil vapor form a homogeneous vapogistributed.

phase. If such a vapor mixture is supersaturated, e.g., by an

adiabatic expansion, water and oil droplets will form by ho-

mogeneous nucleation. Interestingly, water and oil nucleatq. THEORY

independently. Adding a third component the situation may

change. As Kashchie¥ pointed out, the number of molecules in
The seemingly difficult task to studgrnary nucleation critical clusters is obtained from the steep dependence of

can be performed using a nucleation pulse eXpansioﬁucleation rates on supersaturation without having to assume

Chamber?-_ The idea of a nucleation pu|se is to generate Su_anything about the distribution of the matter within the clus-

persaturation for a short period of tintef order of a milli-  ter. While he suggested this first for unary systems, we later

second. Only during that period nucleation occurs. By con- generalized it for binary systerfisRecently, Oxtoby, and

densational growth the nuclei are then developed intd<ashchieV showed that

droplets, the number density of which can then be deter- jAG*

mined by some optical technique. The knowledge of the time - =-ny, 1)

interval of nucleation and the number density of nuclei per- Hil gy et

mits calculating a nucleation rate. As mentioned above, iR,5iid for any number of components, where theefers to
the vapor phase one can mix any number of component$ne critical cluster.AG* is the work of formation of the

Therefore, also systems forming immiscible liquids can beytical cluster, and\y; the chemical potential difference of

studied. . . . moleculei in the vapor and condensed phase. Obtaining the
ThepreUcaI work of Kashchlévpreqms that isothermal . mbers of molecules? in the nucleus independent of a

nucleation rates versus supersaturation curves allow deteﬁarticular model is useful for formulating and testing im-

mining the number of molecules in the critical cluster. USingproved nucleation theories.

a nucleation pulse chamber we have constructed over the last _

year$*investigations on the binary homogeneous nucleatiorft- Nucleation theory

of a variety of partially miscible liquid pairs have been  Generally, experimental nucleation rates follow the rela-

tion
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which allows, in view of Eq.(1), to obtain the number of da, b
molecules in the critical cluster from — = . (10)
n dal, \1+b?
dlIn
Tha =n}, (3) Inserting Eq.(5) into Eq.(8) and rearranging, we find
i ki
B! of | of| [da,] oa,| day| 171
becayse the kinetic prefactfbf is a c_omparatively weak Taz ~sa | a _Tal fE ' (11)
function of vapor phase activitg;, which is taken as the a b b b
ratio of the actual vapor pressure divided by the equilibrium of of | oa,
vapor pressure of the pure component — == — . (12
porp P P dayl, e, daul;

B. Unary nucleation Inserting further Eqgs(9), (10), and (7) we can calculate

a;df/da; (i=1,2), which is the desired In J/dIna ~ n*.
This is because we could relaté/ 9a; to the experimentally
Mecessible quantitiesIn J/dal,, b=a,/a, and day/da,|;.

The application of Eq(3) to the case of nucleation of a
single component has been demonstrated recently for a nu

,10,11 ]
ber of system&1%11The activity for one component systems We note that Eqs(11) and (12) are equivalent to Eq$35)

is usually called the supersaturati&n The number of mol- and (36) of Strey and Viisanéhderived somewhat differ-
ecules in the critical cluster are then obtained from the SIOp%ntly

of the isothermal nucleation ratrve
dinJ

dinS In a ternary system one has three binary side systems.
Interestingly, the molecular content of unary nuclei calcu-The experimental nucleation rate curves in each of the three
lated from the Gibbs—Thomson equation using macroscopibinary systems shape nucleation rate surfaces irthiese
surface tension and density agreed very well with the experidimensionalJ-a,-a,, J-a,-a;, and J-a,-a; spaces, from
mentaln* values? which lines of onset activities are obtained. Emanating from
the three binary sides, fiour-dimensional-a;-a,-a; space
a nucleation rate hypersurface is formed, from whicsue
face of onset activities is obtained. Such a surface for the

As it has been explained in detail by Strey and Viisénen present system has experimentally been determined and is
in 1993, from the experiments on binary systems a nucleshown below. The individual numbers of the molecules in
ation ratesurfaceis obtained. The quantitative analysis of the nuclei can directly be determined from the slopes of the
the slopes of this surface permits determining the individuakxperimental nucleation rate hypersurface. In the case of ter-
numbers of both species in the binary nuclei. To recall thenary nucleation the problem arises that one seeks the nucle-
arguments, consider the nucleation rate surfacetion rate as function of the activity of one component at a
InJ=f(a;,a,). At constantf, that is fixing InJ=InJ,,  time, while keeping the other two activities constant. This is
where J, denotes a reference or onset nucleation rate, wexperimentally not feasible. Nevertheless, an analogous pro-
have a onset activity line on the 2-dimensiofi@; ,a,) sur-  cedure as for binary nucleation is possible. Consider the
face, so that nucleation ratéhypersurfacdn J=1f(a;,a,,az) At constant
f, that is InJ=InJ, we have an onset activity surface in

n* (4) D. Ternary nucleation

C. Binary nucleation

_ ot} o2 5 3-dimensionahb;-a,-a; space, so that
S day|, 0y, day|,” ® 18283 Space,
2 ! of of dag
Experimentally, one obtain§a,b) with O:&Tll o Jas . Ja, ot (13
293 192 20
2 2
a=+ajta 6
R © SN N Y ”
and a constant ratib =a, 72y 72, (14
a a;,ag a;,a, aq,f
b= a—i. (7) Experimentally, we measurga,b,c) with
— 2 2 2
For any point on the surface we may write a=vyajtaztas, (15
of of| oa of | oda a
-2 gy ) r2 (8) b=a—, (16)
Jda b 03.1 a, Jda b 3a2 a Jda b 1
with c= ﬁ, (17)
a;
da, 1 . . o .
— = >, (99  which permit us to write in analogy with Ed8) for any
Jal, yi+b point on the hypersurface
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of of day of da, 50 mN/m are drastically reduced to a very low levf
Ja . _Tal Ja . Taz Ja . orc.ier'of 0.1 mN/m or legsby the presence Qf the am-
€ ap.83 C ap.ag € phiphile. As can be estimated from data given in the quoted
papers®~18a balanced amphiphile at=240 K for nonane as
of Jdas o e :
+(9_ Zal (18  oil is n-butanol. Fixing the nucleation temperaturelte 240
a3 a;.a, Alpe K is suggested by considering the experimental window for
with n-nonane. Homogeneously nucleatednonane droplets
grow rather rapidly at higher temperatures than240 K}
day 1 1 while the nucleation of waté} andn-butanot* can still well
oa b,c_ m’ (19 be studied.
@ _ b (20) B. The nucleation pulse experiment
/ 2 2’
Plpe V1+bo+c The homogeneous nucleation rate measurements were
Ja c performed using the nucleation pulse expansion chamber.
i (21)  The vapors are premixed with the carrier gas in a separate
Ja be V1t b*+c? receptacle from where a gas volume of selectable total pres-

sure is filled into the chamber. For studying three compo-

Inserting Egs(13) and(14) into Eq.(18) and rearranging we : ] < -
nents a third vaporizer was added to our vapor mixing unit.

have The three vapors watdf), n-nonane(2) and n-butanol(3)
of o _off loag  dag  day are admitted one at a time to the receptacle and the carrier
dag|, ~Ja bol 92l daul,, dal, . gas(usually argonis added in excess. After the vapors and
e ' ' i ' the carrier gas have mixed in the receptacle the expansion
daz| day -1 chamber is flushed and filled with the vapor/carrier gas mix-
_(9_32 9a (220 ture. The details of the expansion chamber, experimental
f.ay b,c

setup and the experimental procedure can be found in the
The task is thus to determirdn J/al,, . and the orthogonal quoted referencéThe total pressure and the pressure in the
sslopesaaa/aaﬂazJ and 07a3/(9a2|31’J of the onset activity —expansion volume are adjusted such that the subsequent ex-

surface. Equatiof22) can then be used in EqeL3) and(14) ~ Pansion always leads to the same temperaflire240 K)
calculated by adiabatic law. Since the total pressure is re-

i _ _‘9_f dag 23) corded as function of time over the nucleation pulse the par-
day 8, .8 dag al’az&az al]f’ tial pressure9,, p,, and p; at nucleation temperature are
precisely known. Using the known equilibrium partial pres-
of of Jaz surespyg, P2g, andps, of the pure components the activities
Ja, o T as o Ja, ey (24 aj, 8, andag are calculated. The expanded state is main-
273 172 2 tained for about 1 ms during which nucleation can occur.
to obtain the other two slopes. Then a small recompression is carried out to quench the
nucleation process. In this fashion nuclei formed during the
Il EXPERIMENT nucleation pulse can still grow and develop into droplets of
micrometer size, where their number densitys determined
A. Choice of the substances by light scattering. Typical scattering curves are contained in

The nucleation behavior of the unary system witbas ~ Previous publication$™° Assuming the nucleation process
been studied in our chamber befoié-nonane is an often t0 be stationary the nucleation rate is given by
studied nonpolar substance in homogeneous nucleation C
researchf:*#!3 With water and oil, two immiscible sub- Jexp=FEXp. (25)
stances, as third substance the choice of an amphiphile seems exp
to be interesting, because an amphiphile may link water an
oil due to its molecular build up. Alcohols are simple am-
phiphiles, and the nucleation behavior of thelcohols is The sources of experimental errors have been discussed
also well studied™** The choice of the alcohol for the by previously*® The experimental error of the nucleation
present study rests on the following considerations. In genrateJ is estimated to be a factor of 2. The temperature cal-
eral, the miscibility between water and an oil can be en-<ulated is accurate to within a few tenth of a degree and
hanced by the addition of a suitable amphiphile, but it isscatters less than a tenth of a degree. The slopes of the nucle-
strongly temperature dependéfit!® From systematic inves- ation rates have a reproducibility of 4%. The determination
tigations of the phase behavior water, oil amphiphile systemsf the onset activities leading to Fig. 1 is rather accurate,
it is known that the efficiency of an amphiphile is most ex- because they are supported by a whole nucleation rate curve.
pressed at the so-called hydrophilic—lipophilic balance.They carry an error of less than 3%. Connectingahegsa,,
There the interfacial tension between water andafilorder  data points one obtains polygones. Determining the slopes

g. Accuracy of the results

J. Chem. Phys., Vol. 105, No. 18, 8 November 1996
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known. This is fully analogous to the binary sysfewhere
in 3-dimensional InJ-a,-a, space a nucleation rate surface
intersects with ara;-a, plane of constant onset nucleation
rate ofJ,=10" cm 3 s to yield ana,-a, line (the conven-

]
i
[ 1]

. WAy o oflo-10 e .
«ij . L] EE;’E tional activity plot in binary nucleation
—6 w.,.
§ ]
2 *'s ',. B. The onset activity surface
& 4 . W .y 4" ek : . . .
) /'4'.’.....'@ 42 Accordingly, the intersection between the nucleation rate
0 '.‘4'...".. o hypersurface and tha;-a,-a; hyperplane results in a sur-
5 QQ. 10 m&" face in three-dimensional;-a,-az space. This surface we
o, R have determined experimentally. Thg(a;,a,) data points
ane 80 . .. .
s a, shaping the onset activity surface ép-a,-a; space(refer-

ring to a constantJ=J,) are shown in Fig. 1 in a
FIG. 1. The data pointas(a;,a,) in a;-a,-a; space(referring to a con-  3-dimensional representation. Due to the experimental pro-
stant nucleation ratd,=10" cm~>s™%) are shown in a 3-dimensional repre- cedure of fixing theb=a,/a; ratio and changing the

sentation. The data are measured along lines of conlstaat/a; ratios by _ ; ; ;
varying then-butanol content. Full lines are aids to guide the eye. Each datan butanol content the data points in Fig. 1 follow Smoagh

point is obtained from a full nucleation rate curve. The data shape the ons&fS a12 curves, where we define

activity surface discussed in the text. 5 >
a12: \ al+ a2, (26)

for eacha, data point introduces some error. Also the inter-from which the slopeas/da; |, is obtained. Using the in-
polation to obtain thea, vs a, curves has a similar uncer- terpolations the between t(a,;) data points for a given
tainty. Both slopes appear in a multiplicative fashion in Eqs2s Of interest aa;—a, curve is constructedines of equal
(29) and (30). Overall, we estimate the error in the to be “altitude” so to speak, each containing six data points, one

smaller than+0.05. The definitions of the quantities and  for eachb-ratio investigatel Although we have not drawn
a,, follow below. these curves into Fig. 1 for clarity, it is conceivable that the

a;—a, curves permit determining the slorﬁazlﬁaﬂaa for
eachas(a;,a,) data point shown in Fig. 1. Since

IV. RESULTS
A. The nucleation rate hypersurface da, 1 27
The experiment yields the nucleation rates function dagl, 1+b?
of the vapor phase activities , a,, andas. Since the vapors
are mixed in the receptacle, the ratiosand c between the and
three activities stay constant as the total pressure is changed.
; ; ; : da, b
Therefore, one may combine them into the single variable %2 _ (29)
defined above in Eq(15). The InJ—a curves determine a dag, J1+b?’

nucleation ratesurfacein the InJ—a;—a; spaces of théi-
nary systems. For discussion and a picture of a schematie have from Eqgs.(11) and (12) [applied here to the
nucleation rate surface see Ref. 6. For thmary system  as(2;,8,) surfacd
studied here, the three binary nucleation rate surfaces bound

a nucleation rat@ypersurfacewhich is difficult to visualize @ _@ b _@ 1 ' 29
in 3 dimensions. But we do not have to actually see the Ja, ay dary | 1+b? day ay Ji+p?|
hypersurface, because it suffices to determine the slopes of

that surface. Experimentally, measuringJia curves for das das| o,

the ternary waterr-nonane-n-butanol system at constant 2l = 7l 7al (30
temperaturg240 K) is no more difficult than for a binary Ua, 2la, “91la,

system. As for the binary systems theJlra representation ) i ) o
of the datapoints is quite linear, so that least squares fits dtS IS S€en from Eqe22) to (24) in the theoretical section in

straight lines to the data provide the numerical values for th@rder to determine the number of molecules of each compo-
slopes In J/f?a|b,c and the corresponding onset activities nent in the critical n'ucleus,' one nee(s the slopes 'of the
As mentioned, the Id—a curves shape a hypersurface in the/n J—a curves (obtained directly from the experimental
four-dimensional Inl-a,-a,-a; space. Formally, this hyper- nucleation rateJ versus a), ii) the orthogonal slopes
surface may be thought to intersect with @n-a,,-as hy- ~ 93s/9aila, anddas/dayl,, of theas(ay ,a,) surface{calcu-
perplane, if one fixes an onset nucleation rateJat10’ lated from Eqgs.(29) and (30) using the das/da;j, and
cm 3s7%, which represents the center of our experimentalf@;/da,|,, obtained from the experimental surface as de-
nucleation rate window, and is therefore rather preciselyscribed.

J. Chem. Phys., Vol. 105, No. 18, 8 November 1996
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TABLE 1. For each experimental nucleation rate curve the stbpel/dal;
and the onset activities; are given. The numbens; of molecules in the

clusters are obtained from the theoretical analysis of the nucleation rate
hypersurface. Note that the negative numbers which occur are due the finite 23
experimental error. c

Q
dInJ/da a a, a, n, n, Ng 'g

Q.
2.6435 11.614 0 0 30.7 0 0 3
3.1502 88773 0 0.9596  22.3 0 5.9 3
4.1072 72303 0 1.8011  20.9 0 9.7 b
4.4848 59657 0 25145 175 0 11.5 ‘g’
4.9490 49413 0 3.2622  16.2 0 13.1 5
5.3886 40899 0 40453 158 0 15.2
5.0263 33291 0 49134 146 0 15.3
45782 26234 0 6.1102  14.0 0 16.4 0.1 . w : .
4.5193 19352 0 7.6921  13.9 0 22.0 0.0 0.2 0.4 0.6 0.8 1.0
. 11016 O e S A e normalized activity fraction, a,'
3.3551 0 0 11.724 0 0 39.3
iggjg 15132235 i;;gg (1)0310 320102 :gg 22 FIG. 2. The composition of the clusters in the binary watenenane sys-
2'227 7' 12 1 ’ 1 1' 4 5 '4 '2 ' tems versus the normalized onset activities. As can be seen either water or
2278 -3126 0.63 -8340 0.4 —0. 8.8 oil droplets nucleate abruptly changing from one type to the other,at
I S (2656 Saa1s 16.5=0.2 . = 0.5. Note that the negative numbers are within experimental error equal to
4.1573 3.3254 4.8638 5.0208 15.1-0.0 17.1 zero, numbers larger than unity are within experimental error equal to unity.
4.1124 1.8978  2.7884  7.4401 115 02 219
3.8848 1.0903  1.5828  9.6811 75 0.3 306
3.3551 0 0 11.724 0 0 39.4
0.5486 12.464 48.933 0 27.7 0.0 0 C. Measurement of molecular content of the nuclei
0.7965 9.2525  35.902 1.0705  20.7 1.6 7.3
1.0413 7.3386 28.665 1.8486 21.9-0.8 9.7 The Ny, Ny, and N3, that are the measured nUmberS. of
1.4080 5.0076  19.532 3.3686 16.2-0.8 13.4 water,n-nonane anah-butanol molecules for each data point
2.2193 3.3129  12.903 49865 156-0.7  16.7 in Fig. 1 have been determined and are given in Table I. In
3.0862 18782 73452 7.5527  119-05 216  Taple | we give the slope of the nucleation rate curve ahe
3.4456 1.0788  4.2130  9.6933 7.6-04 294 and then; with more than significant digits in order for the
3.3551 0 0 11.724 0 0 39.4 der to be abl ‘ lculati ithout limiti
0.3260 80071 69742 0 _9 238 0 reader to be able perform calculations without limiting
0.3065 7.8130 68.415 0.8899 7.4 13.4 0.3 roundlng errors. The actual numbers for the 0ne-comp0nent
0.4254 7.7784  67.515 1.9547 119 108 5.6 Systems are for water 31, fornonane 23, and fan-butanol
0.6832 5.2525  46.030 35218 125 44 149 39 molecules in the critical clusters. The numbers of mol-
i-gigi ig;gi ig-;gg 3-;228 Ei 081-1 ’ 27-1 ecules of the binary and ternary systems vary smoothly
2 0924 11168 96871 98846 83-06 329 W|t|h||j ther.?e I|m:tsfand.are most instructively plotted by cal-
33551 0 0 11724 0 0 393 culating the mole fractions
0.3223 2.8822 68.670 0 -02 223 0
0.2507 29136  69.073 0.3071 -0.1 176 -0.2 X =n; E n (i=1,23. (31
0.3221 3.0447 70.961 0.7566 0.0 228 0.1 [
0.2995 2.8951  68.620 1.9788 0.2 198 0.6 . . . .
0.9717 28718  67.291 43338 35 116 32 In Fig. 2 the composition of the clusters in thg binary water—
0.6877 20458 47.965 8.2667 8.4 65 186 N-Nonane systems are shown. The excursions Qf the data
1.3161 1.1027 25.981  10.044 3.9 1.8 30.9 pointsx; to valuesx;<0 and >1 are within experimental
3.3551 0 0 11.724 0 0 39.3 error consistent with being;=0 or=1, respectively. The
0.3297 0 68.365 0 0 225 0 normalization of the abscissa by the onset activiBgs (i
0.3705 0 69.152 29452 0 256 00 _1 9 of the respective pure systems permits representing
0.3453 0 68.146 7.7952 0 21.6 2.1 the dat | d. We theref defi lized
0.4253 0 63.901 9.1895 0 172 103 e data evenly spaced. We therefore define a normalize
0.3681 0 59.100 99766 0 101 119 activity fraction
0.4215 0 52.423  10.834 0 6.8 157 a./a
0.6722 0 43.194  11.407 0 28 273 ay=—— (32)
1.2589 0 24330  11.589 0 05 334 aylajgtas/ay
3.3551 0 0 11.724 0 0 39.3 . . ,
26435 11.614 0 o 307 0 0 As can be seen glther We}ter or oil dropl'ets nucleateaAt
1.3645 11.923 17.735 0 30.0 —0.8 0 : 0.5 Fhe nucle_atlr!g SpeCI_ES abruptly SWItC_heS from Wate_r to
0.5486 12.464  48.933 0 27.7 0.0 o oil. This behavior is consistent with the direct observation
0.3354 11.917  70.084 0 141 9.7 0  considering the bottom plane of Fig. 1, where the onset ac-
0.3274 9.8773  71.022 0 —-03 238 0 tivity for nucleation is observed to be either that of water or
0.3260 8.0071  69.742 0 -09 238 0 oil
0.3223 2.8822 68.670 0 -02 223 0 ' . .
0.3297 0 68.365 0 0 295 0 In Figs. 3a)—3(f) the full ternary system is presented

ranging from the pure binary waten-butanol system &;

J. Chem. Phys., Vol. 105, No. 18, 8 November 1996
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FIG. 3. Compositions of the ternary cluster versus the normalized activity fractinrbatanola; . (a) pure water--butanol,a; = 0, (b) a;, = 0.2,(c) a3
= 0.4,(d)a; = 0.6,(e) a; = 0.8,(f) a; = 1. Note that at intermedia&g, all three components are simultaneously nucleating in significant amounts. The error
in x; is smaller thant0.05. For the individual numbers of molecules refer to Table I.

= 0) to the pure binaryn-butanol-n-nonane systemaf _ or th _
= 1). Here, the data are plotted versus the normalized activstarts at a point on the bottom plane in Fig(far a given

ity fraction of n-butanol, where we define

a

’
3

as/asg

a,lajgtas/astazl/as

(33

Considering once more Fig. 1, each of the plots in Fig. 3

a, ratio ranging from 0 to landaj increases until one ends
up at the pure butanol corner wheag is unity, per defin-
tionem Let us consider the individual plots one by one.
Starting in Fig. 8a) with pure water-s-butanol @, = 0), one
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can see that water nucleates at lay. Also it can be seen V. CONCLUSIONS

thatn-butanol enhances water nucleation and vice versa, SO \ye have demonstrated how simultaneous nucleation of
that at intermediate vapor compositions the cluster composinree components can experimentally be examined. Further-
tions are quite similar. Far, = 0.2in Fig. 3b) notmuch has  more, we have given the mathematical treatment of the ex-
changed. We note that in the evaluation procedure the nunyerimental measurables from which we extracted the indi-
ber of oil molecules are measured to be effectively zeroy;igyal numbers of molecules, that is, the cluster composition.
Rgmarkaply, within experimental error no pil molecules par-the procedure, as described, can be applied to any kind of
ticipates in the nucleation process. Negative numbers are @fynary mixture. Specifically, one might think of atmospheri-
course the consequence of the finite experimental accuracyy)ly relevant mixtures of water and trace gases. Experiments
Fora; = 0.4 in Fig. 3c) there is again not much change, on sych systems are planned for the future. We have studied
except for the little glitch of thex, which may in fact a pere the condensation of the immiscible pair water—
precursor of what happens for the next highgin Fig. 3(d).  nonane and examined how the addition of an amphiphile
Here, fora, = 0.6, the situation has qualitatively changed: jinks the two incompatible liquids in a cluster. It is remark-
the nucleation starts with pune-nonane, so that,=1 for  gpje that at intermediate vapor compositions the critical clus-
a3=0. However, as soon as somebutanol is present in the ey contain significant amounts of each component. The
critical cluster a rapid entering of water is observed Wh”equantitative numbers we have determined may constitute a
n-nonane becomes less. In FigeB for a; = 0.8, the situa-  pasis for theoretical modeling of théresumably inho-

tion is qualitatively similar although quantitatively now mogeous distribution of the molecules in such clusters.
n-nonane and butanol dominate. However, at some interme-
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