PHYSICAL REVIEW E VOLUME 58, NUMBER 6 DECEMBER 1998

Generalized kinetic potential in binary nucleation
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By introducing a coordinate transformation, we investigate the feature of a generalized kinetic potential for
binary nucleation that governs the pathway of the major nucleation flux. The general conditions under which
the major nucleation flux bypasses the thermodynamic saddle point are clarified, and both the discrepancy in
the attachment rates of the two species and the nonuniformity of the direction of the nucleation flux are found
to be the major causes of the bypassing. The ridge crossing phenomenon is explained on the basis of the
present theory. Binary nucleation reduces consistently to single component nucleation when the attachment
rate for one of the species tends to vanish. The present theory agrees with the results of numerical simulations.
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. INTRODUCTION work W' of forming a clustefwe call it a thermodynamic
saddle poin{TSP], keeping a constant direction of the flux
The problem of nucleation flux trajectories has recentlyin the TSP region and following the path of the steepest
attracted much attention in the physics community. A gendescent of\V"®". Other theorie$2,8—10, proposed later, are
eral approach to a feasible solution for multicomponentalso based on the assumption that the major nucleation flux
nucleation was outlined first by Langét]. His approach goes through the TSP with a constant direction, although
was based on the concept of the lowest intervening saddigtauffer realized that the direction of growth will be affected
point of the system’s multidimensional free energy throughpy the asymmetry of the kinetic coefficierits0]. However,
which the major nucleation flux passes, thus driving the sySnymerical results obtained by solving the kinetic governing
tem from a metastable state to a state of greater Stab'“%quations showed that in some cases the major nucleation
This concept was shown to be very fruitful. Since then many bypasses the TSPL1-13. This phenomenon, referred
attempts have peen made in ordgr to demonstra}te the kinetflﬁ as ridge crossing, seems to be a possible phenomenon
pathway in a wide class of physical a_nd chemical SYSteM{hen the two condensation rates differ significantly. The
(see, e.g., Ref2] and references therginThe relevance of nucleation across a ridge was studied by Trinkii&, Shi
the binary nucleation ﬂu_x topo_logy with_regard to acid rainand Seinfeld 15], Wu [16], and Berezhkovskii and 1Zitser-
phenomena was extensively discussed in a recent r@gw @an[l?], and they ascribed the ridge crossing phenomenon

Recently this approach was discussed in connection with tht ina betw the sh fthe f ¢ d
kinetic pathway problem in the segregation procgs$], 0 coupling between the shape ot the ree energy surlace an
a large disparity in the impingement rates. However, in their

with the location of the real saddle point for nucleation dur- ; o )
ing Martensitic transformatiof6]. However, despite obvious treatment§14—17 the expansion ofV"*' at the TSP is em-
progress in this direction, our comprehension of a techniqu@loyed, so that their theories may be valid for only the vicin-
for |ocating the pathways of the major nucleation flux in alty of the TSP. EXperimental observations also showed |arge
specific multicomponent system is still lacking. In the discrepancy from the classical nucleation theory at low con-
present paper we make an attempt to answer this question féentration of one of the specigs8].
the case of binary nucleation. Basically, theorie$2,7—1(0, despite their many successes,
Multicomponent nucleation is a very wide area of sciencenave been concerned with only the vicinity of the TSP.
and technology, with applications ranging from atmospheridVloreover, these theories are not able to judge by themselves
science to materials scienéfor a review see Ref3], and  whether the major nucleation flux passes through the TSP
references therejn The kinetics of binary nucleation was region or not, sinceN™ is determined by thermodynamic
first considered by Reisg], who assumed that nucleation parameters only. Consequently, the kinetic potemiflwas
goes through the saddle point of the surface of the reversiblimtroduced instead oiV"®" as the relevant potential to deter-
mine the kinetic pathway of the nucleation flux. The kinetic
potential includes both the thermodynamic and kinetic pa-
*Deceased on 20 May 1998. rameters, and the expression for th& reads[10,14,19
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WK=WrevV+ W, (1)  where® , denotes the Lothe-Pound fact®0] andc; the
number density of species monomers in the vapor. We do
W, =—kT In K}, 2) not discuss here the value @f p, because it is not directly

related to the main purpose of the present paper. We neglect
the cluster size dependence®f in the following. No ex-

temperature, ankl the Boltzmann constant. However, it was pIi+cit form of W' is' needed in the follow?ng Freatment.

shown recently[19] that the kinetic potentiaWX by itself ~ Ki (Na.Ne) may be given, under the approximation that the

cannot determine unambiguously the pathway of the majofffective area for condensation ist®?, whereR denotes

nucleation flux. In the present paper, we provide a generaihe radius of a cluster characterized by, (ng), by

ized kinetic potential that contains sufficient information to o

determine thrt)e pathway of the major nucleation flux. Ka(naing) =4mR*(Na,ng) PR/ (27mak DM (7)
The outline of the paper is as follows. First, we introduce

a coordinate transformation where the nonuniformity of the

direction of the nucleation flux is taken into account. By, herem: denotes the molecular massicfpecies. Note that
virtue of this transformation, the generalized kinetic poten-i, o ratic; betweerK (na,ng) and K; (na.Nng) is constant
tial, which governs the pathway of the major nucleation flux, "5 ‘civen state of a p/;'reﬁt vapor ?)hag,e Ei’e

can be separated into several terms that are subject to direct

where K, denotes the attachment rate Afspecies,T the

K§ (na Ng) = 47R2(Na Ng) PR/ (27mgk D2, (8)

physical interpretations. Then we discuss the contribution of Kg(na,Ng) Pg [my)| Y2
these terms to the generalized kinetic potential, and show Ko oe m—) =const. 9
their roles in determining the pathway of the major nucle- A(Na.Mg)  Pa | Mg

ation flux. Thus the general conditions for ridge crossing ar
clarified. Finally, a numerical example of the ridge crossin
is explained in light of the present theory.

& quation(3) represents the conservation of the number den-
Ysities of clusters, and it holds when the cluster coalescence is
negligible. This will be the case in the nucleation stage be-
fore the growth stage starts. Equatidas and(5) show that

Il. GENERALIZED KINETIC POTENTIAL the “mobility coefficient” matrix is not a unit matrix multi-
lied by a scalar. This “anisotropy” plays an important role
determining the pathway of the major nucleation flux.
Now we introduce a force vector fied=(V,,Vg) de-
rived from the potentiall =f/c, [10] as

Consider the process of homogeneous nucleation of liqui
clusters in a binary vapor, which we denote as ¢hphase,
of speciesA and B at temperaturd, pressurgp® and com-
position xg of the speciedB. Suppose that the vapor is in
metastable equilibrium and the driving force exists toward V=-VV. (10)
the stable liquid phasg. The basic equation governing the
time dependent cluster concentratibn,,ng,t) may be From Egs.(4) and(5), V is related taJ by
written as[7]

Va(na,ng,t)= Ialfa Ne 1) (11
df(na,ng,t) dda(np,ng,t)  3Jg(np,ng,t) ATATE Co(Na,NB)KA (Na,NB)
= - - 1 (3)
at ETN ang
JB(nA,nB,t)
Vg(Na,ng,t)= (12

wheren; (i=A,B) denotes the nhumber @fmolecules in a Co(Na,Ng)Kg (Na,Ng)

cluster. The componenty, andJg of the nucleation flux] o _ )
are given by{7] We represent the direction &f in the size space by an angle

6 with respect to then, axis, i.e.,

d
JA(nA,nB,t)=—CO(nA,I’IB)KX(nA,nB) WA tan a(nAvnBat)ZVB(nAvnBvt)/VA(nAvnth)' (13)
f(NaNg 1) By employing Eqs(11) and(12), the relation betweef and
X ((A—B)) (4)  the directiong of nucleation flux is obtained by
ColNa,Ng
tan 8(na,ng,t)=tan ¢(np,ng,t)/r, (14
J
Jg(Na,Ng )= —Co(Na,NE)Kg (Na,NE) Ne where
(f(nA,nB,t)) - tan ¢(na,ng,t)=Jg(na,Ng,t)/Ia(Na,Ng,t). (15
Co(Na,ng) /' Figure 1 shows the relation betweehand ¢ for various

values ofr. Whenr=1, 6= ¢; whenr<1, 6> ¢, with the
where K denotes the attachment rate Bf species, and exception that= ¢ at ¢=0° and 90°; whem— 0, the curve
Co(na,ng) the metastable equilibrium concentration of clus-approaches the ordinate axis.
ters specified byr{, ,ng) in the systemcy(na,ng) is given We introduce time-dependent orthogonal curvilinear co-
by ordinatest and », in which ¢ is chosen to be the lines of flow
of the vector fieldv and » the contours ofV. 6¢ and 67 are
Co(Na,Ng) =@ p(Catcg)exd —W(na,ng)/kT], (6) related tosn, and dng by [21]



7582 JIN-SONG LI, KAZUMI NISHIOKA, AND IGOR L. MAKSIMOV PRE 58

kT
W= — —- In(cos'6+ r?sir’6) = — KT In(cos 6/cos ¢).
(28)

To obtain the last expression fo¥; Eq. (14) is employed.
As seen from Eq(25) WCK consists of the force tert,,
the kinetic termW,, the scaling ternW,, and the anisotropy
termWj; as well as the thermodynamic reversible wivi€".

Up to now, we do not make any approximation, so that
Eqgs.(22)—(24) are exact results that are valid for the whole
size space and for transient nucleation. Since Etf).and
(17) are a curvilinear transformation, the nonuniformity of
the direction of nucleation flux is taken into account. In the
theories of Reis§7] and Stauffef10], the uniformity of the
direction of nucleation in the TSP region is assumed, and a

Direction of force V, 6 (deg)

Direction of nucleation flux, @ (deg)

FIG. 1. The relation betweefi and ¢ for various values of. linear coordinate transformation is employed in which one
axis is chosen along the direction of the flux. This assump-
ona=h,6¢ cos—h,567 sin 4, (16)  tion precludes the variations o, and W5, of theseW,
turns out to be the major cause of ridge crossenyexample
ong=h,56¢ sin 6+h,67n cosé, (17 will be given latey.

whereh; andh, denote the scale factors. By employing EQs. ;; MAJOR NUCLEATION FLUX AND THE STRUCTURE
(16) and (17), the force componentd¥/dn, and d¥/dng OF WEK

may be expressed as
It follows from Eq. (24) thatJ is governed bywCX. The

pathway of the major nucleation flux is given by the valley
of WCK, since this corresponds to the ridge of the profile of
J. Obviously, it does not pass through the TSP in general due
dV/ong=(sin 8/h,)dV/9&é+ (cos bhy)aW/dn. (19 to Wy, Wy, W,, andWs.

When the major nucleation flux bypasses the TSP, it has

dWIana=(cos B/hy) oW/ a&—(sin 8/hy)aW/dn, (18)

From Egs.(13), (18), and(19), we obtain been called the ridge crossing 0¥ [13,14]. The physical
origin of the ridge crossing phenomenon can be ascertained
aV/an=0, (200 by analyzing the topology of the surfa®é*“(n,,ng). Since

. o _ the major nucleation flux goes along the valleyWwfX, it
i.e., ¥ is independent ofp, henceW =W ({,t). This auto-  jnevitably goes across the ridge of the surface of
matically leads to a simple relation between the magnitude ofyeY(n, ,ng). In the conventional picture this is interpreted

V(V=|V]) andVo=— V¥ (£,t)/a¢: as ridge crossing. Now let us discuss the contributions of
Wy, Wy, W,, andWj to the pathway of the major nucle-
V=(1/h)Vy(&b). (21)  ation flux.

following expressions fod, andJg:
9 A B The force term\W, is a function that is independent af

. i.e., along any line it is constant. If the scale for the coor-
Ja(Na.ng, 1) =(1/h1)VocoK 4 cOS 6, (220 dinate ¢ is properly choseny, can be a constant. For ex-
ample, if we assign

Jg(Na,Ng, )= (1/h;)VocoKg sin 6. (23 E=1- (29)

The magnitude of the nucleation flux can be expressed as it follows that

J(np,Ng,t)=® p(Ca+Cglexp—WEKIKT). (24 Vo=1. (30)

We callWCK as the generalized kinetic potential that is given!n the following treatment we employ this choice férso
by that W, is zero.

WhenW, is added tow™", it is called the kinetic poten-
tial WK [19,22,23. The main feature of the surface @<

GK _ rev
WER= WA Wo+ Wi + W+ W, (25 can be described by the kinetic critical nuclgu®,22,23,
for which the probabilities of its decay and growth balance,
Woz - kT |n Vo, (26) |e,

W,=KT In hy, (27) Ka=Ka, (31
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Kg =Kz . (32) 10
r=10" »”
. ~ 8- r =10
The saddle point and extremum on the surfac®fcorre- =
spond to the kinetic critical nucleus®. In Ref.[19], the =
kinetic critical nucleus was extensively discussed for binary ; r=10"
systems, and it was shown there tiiat the sizen® of the 5
kinetic critical nucleus is in general smaller than the size ~ —10-2
S i . r=10
of the thermodynamic critical nucleu$2) there exist two -
valuesn®® and nk(@ for nX; and (3) beyond the critical = 107
state,n does not exist, and it is called the runaway instabil- r=
ity. In this case, there is no saddle point or extremum on the e
surface ofWX. In the present paper, we do not consider the 75 90

case of the runaway instability. Note that the kinetic t&kin
varies strongly with size for small clusters, but varies weakly
for larger ones. When the driving force for nucleation is not
very large n“® will be large, andV,; may be approximately
treated as a slightly tilted plane added to the surfac&/6f  wherea, anda, denote the unit vectors aloriggand 7 coor-

for not small size, so that“(") will be a saddle point oMV dinates, respectively. The transformation fromy (ng) to
which we call the kinetic saddle poifiKSP). The numerical (a,,a,) can be expressed by
results[19] show that the difference in size between the TSP

Direction of nucleation flux, ¢ (deg)

FIG. 2. The values ofV; with ¢ for various values of.

and KSP is negligibly small for the systems treated by Wys- Np=a;,Ccos §—a,sin 6, (35
louzil and Wilemski[13], so thatW; is not the major cause _

of the ridge crossing that is found by Wyslouzil and Wilem- Ng=2;SIN 6+ a,cos 0, (36)
ski.

wheren, and ng denote the unit vectors along, and ng

B. Scaling term effect on the pathway of the coordinates. From Eq$34), (35), and(36), we can obtain

major nucleation flux ahy1dn=—h,a0lI¢. (37)
Since the scale factor can be obtained only when the gov- o ) )

erning equation is solved, in the present ciégis an un- 1 nen, the variation oWV, with 7 can be rewritten as
known term. However, in determining the pathway of the _
major nucleation flux, only the variation &%, is needed, so IWz/9n==kT(hz/hy)d6l5¢. (38)
that we may make an approximation for the variatioWMéf.
Let us consider contour lines ®°K in the size space, then
the valley corresponds to the trajectory of the extrema of th?l/hl)M/&f%O, (1h,) W, /37 will be small. It is interest-

H K
curvature along the contour lines &/°K. However, the ing that Wyslouzil and WilemsKi24] found that they lines

equatlpn lto d%terrprhne Itis t'glo complicated to .be usleflél N &orm a set of approximately straight and parallel lines for the
numerical study. The possible way to approximately deteryy, nq1 hexanol system, and this qualitative behavior does

mir_1e the valley is to select a coprdinate SyStem’_th”S th?lot seem to depend on the specific values of the impinge-
trajectory of the extrema along grids of one coordinate aPrent rates. These numerical results imply thats approxi-

. . GK
proximately gives the valley o#V=". It becomes the exact mately constant along each line, hencedW,/dy can be

GK ; i
result V.Vhe“.’V along the valley is constant, and it is a good neglected for these cases. It should be noted that almost con-
approximation when the valley is sharp. In the present PapeLiant g along any line does not necessarily mean this

we chose the curve of also almost constant, which can be seen in Fig. 1.

Since 6 represents the direction of the tangenttbnes (»
=const), when ¢ lines are relatively straight, i.e.,

AWK ap=0 (33
C. Anisotropy term and the ridge crossing phenomenon
as an approximation to the valley W°K, since the numeri- It follows from Egs.(12) and(27) that
cal resultg12,13 showed that the magnitude of nucleation
flux dominates within a narrow region along the pathway of kT r?(1+tarf¢)
the major nucleation flux and changes very slowly along it; Wa=— > n r2ttarfg (39

hence the curve determined by E§3) is close to the valley
of WeK in these cases. In the following discussion we limit Figure 2 shows variation of the anisotropy teWf with ¢
our consideration to the cases where the curve determined bigr various values of. In generalW; increases withp from
Eq. (33) approximately gives the valley af/°K. the minimum value of zero fop=0 to the maximum value
As we see from Eq19), the scale facton, represents the —kT Inr for ¢— w/2. Whenr is small,W; increases rapidly
relative magnitude of forc¥ along anz line, and the mini-  with ¢ for small ¢ and gradually for largep. Whenr ap-
mum of h; corresponds to the largest value ¥fon this  proaches zero, the curve W5 approaches the ordinate axis
curve. The variation oh; with 7 can be expressed B21] for small ¢. From the first expression fal/; in Eq. (28) we
can obtain the variation oiV5 with 6 for various values of
dayl9é=(a;/hy)ohi/dn, (39 as shown in Fig. 3. The variations &f/; depend onr
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12 TSP or not. When the variation #¥; can be neglected com-
r=107 P pared with that oW, the conventional Reiss assumption
10 1 that the major nucleation flux passes through the TSP may be
—~ —_10-2 a good approximation. It may be valid under the following
&~ 1 r =10 S~ ) - . ;
< 8 cases: (1) smooth variation of the anisotropy term:
3 § (W3 /W3 ma/dp<1, which is relevant for >0.1 (see Fig. 2
2 r=107 A e .
= 67 - of the present paper and Figa2in Ref.[13]); (2) the varia-
= tion of W' with 7 is sharp in comparison to the variation of
I o r=107 W3, i.e., W takes a sharp extremum at the T&RBe Fig. 5
=

in Ref.[12]); and (3) ¢ is approximately constant along
(ddpldn=0), e.g., flux trajectories are parallel and straight
(see Fig. 3 in Ref[13)).
0 ==ttt The ridge crossing oV will be observed only when

0 15 30 45 60 75 90 is small enough. For small enoughhe pathway of the ma-
jor nucleation flux may be shifted far away from the TSP.
When this happens, the flux trajectories inevitably go across

FIG. 3. The values ofV; with ¢ for various values of. the ridge lines of the surface O*(na . ng) as well as of

W'®(np,ng). If the region around the TSP is relatively flat

strongly whend is close to 90°, but weakly onfor smaller  and the direction of the nucleation flux varies strongly in the
values ofd. When 6 is small, coé9 dominates and,; be- TSP region, the ridge crossing may also be observed even for
comes independent aof However, whend is close to 90°, not very smallr (r~0.01). The ridge crossing found by
r2sirf9 dominates, and hend&/; depends strongly on Greeret al.[11] and Wyslouzil and WilemsKi13] are likely

Consider the cases in whiehdecreasefi.e., # decreases to correspond to this case.
monotonically alongn lines, wherez is chosen to increase The ridge crossing found by McGray2] in the water—
from the ng axis toward then, axis. Then,W; decreases sulfuric-acid system may be an example of the highly aniso-
monotonously along am line. Figure 4 shows a schematic tropic case. Sinc&/®" is very sharp on the TSP, the major
variation of WCX along anz line by neglecting the variations nucleation flux passes through the TSP and follows the nar-
of W, andW,. The minimum ofW™"is denoted byC. When  row valley of W®" even for highly supersaturate@00%
W; is added tonV™', the minimum is shifted t®. Note that  relative humidity water vapor condition, i.e., for small val-
the value ofz corresponding td is larger than that corre- ues ofr [12]. However, wherr is further decrease@n the
sponding toC. That is, the curve determined yWC®X/9»  order of 10 1%, ridge crossing is observed.
=0 is shifted away from theg axis and is bent toward the
n, axis compared with the curve determined &/ d#n
=0; hence it does not pass through either the KSP or TSP.

It should be emphasized again that the above discussion is The anisotropy ternw; also plays the central role in the
based on the variation of the direction of the nucleation fluxtransition from binary to unary nucleation. When the concen-
along any line. Once the direction of the nucleation flux is trationcg of B species in a binary parent phase decreases, the
assumed to be constant in the TSP regi@i—-1d, the TSP moves toward the, axis, and whercg/c,—0, the
variations of W, and W5 are entirely excluded, so that the TSP approaches thg, axis. Whercg/c,=0, i.e.,cg=0, the
major cause of ridge crossing is omitted. TSP is located on the, axis. This is the thermodynamic

Thus, the anisotropy terridVs plays the central role in process of transition to unary nucleation and it is controlled
judging whether the major nucleation flux passes through thby the thermodynamic parameigg/c,. On the other hand,
when r decreases, Jg/J, decreases and ultimately
Ja(na,ng>0t) as well asJg(na,ng>0t) become negli-
gible compared withJ5(n4,0t) on then, axis. This is the
kinetic process of the transition to unary nucleation, and it is
controlled by the kinetic parameterAlthoughcg/cy,—0 as
well whenr — 0, the physical roles of these two parameters
in the transition are different. The theorigs7-1Q of binary
nucleation based on the assumption that the major nucleation
flux passes through the TSP are not consistent in dealing
with the transition to unary nucleation, since the thermody-
namic parameter alone is assumed to determine the pathway
of the major nucleation flux.

Consider highly anisotropic cases, i.e., small values. of
.. The anisotropy ternW; reflects the role of the kinetic pa-
f 6 and 4: small 2 rameterr, and it prevents the major nucleation flux from
going toward theng axis. As we see in Fig. 2, whenbe-
comes smallW; increases steeply witkh for small ¢. Ac-

FIG. 4. Schematic changes W®’, W, andW®K with ». The  cordingly, pointD in Fig. 4 shifts toward the point corre-
direction of 5 is chosen so tha# and ¢ tend to decrease with. sponding to a small value o, since even very small

Direction of force V, 8 (deg)

D. Transition to unary nucleation

7
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along the line corresponding tal =0.6.
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Number of A molecules per cluster, n,

FIG. 5. Contours of and the pathway of the major nucleation Ed- (33), we determine the pathway of the major nucleation
flux. The light solid lines are in the step of 0.1. The heavy contour{lUX that is superimposed in Fig. 5 as well as the valley of
lines below the light solid lines correspond to the increase in théV"®'- In the region with¥>0.9, the variation ofV"*" domi-
value of 1- ¥ by a ratio of 10, and the heavy solid lines above the Nates so that the pathway of the major nucleation flux prac-
light solid lines to the decrease in the valuewfby a ratio of 10 tically coincides with the valley ofV*®"; in the region with
from 107 to 1075, 0.1<¥=0.9, the variation ofV; is comparable with that of

W', so that the pathway of the major nucleation flux is bent
deviation from this angle results in a rapid increas&Mfi.  towards then, axis; in the region with¥ <0.1, the pathway
Whenr is small enoughW; dominates in locating the mini- Of the major nucleation flux approaches again the valley of
mum of W®K along 7 lines and it occurs ath=~0. In this ~W™". Along 7 lines, we do find that the variations @f; and
case, the valley ofV®X coincides with then, axis, i.e., the W, are negligibly small compared with that &’ andW;.
transition from binary nucleation to unary nucleation occursA typical case correspondirf =0.6 is shown in Fig. 6.

IV. A NUMERICAL EXAMPLE OF RIDGE CROSSING VI. SUMMARY

Let us consider as an example the ridge crossing reported Binary nucleation from vapor to liquid phase was studied,
by Wyslouzil and Wilemsk{13]. Figure &b) in their paper and the following results obtained.
[13] shows that the major nucleation flux bypasses the TSP (1) Introducing a curvilinear coordinate system, we inves-
for one specific vapor-liquid systef®D2 whenr is about tigated the feature of a generalized kinetic potential that gov-
& . We repeat their calculation with the same conditions inerns the pathway of the major nucleation flux.
order to obtain the contours df and the exact values a. (2) The major nucleation flux does not in general pass
Our numerical results are similar to that reported by Wys-through either the thermodynamic or the kinetic saddle point,
louzil and Wilemski, i.e., the major nucleation flux bypassesbut it may not easy to be observed for most vapor-liquid
the TSP, as shown in Fig(H of their pape{13]. Figure 5 systemgsee Ref[13]). General conditions under which ma-
shows the contours o¥ obtained from our numerical re- jor nucleation flux bypasses the thermodynamic saddle point
sults. As illustrated in Fig. 5, the contours form a set ofwere clarified, and both the discrepancy in the attachment
nearly parallel buturvedlines, which are different from that rates of two species and the nonuniformity of the direction of
for the ideal ethanol-hexanol system where the contoursucleation flux were found to be the major causes of the
show a set of nearly parallel astraightlines and the major ridge crossing.
nucleation flux passes through the TER!]. For the ideal (3) Binary nucleation reduces kinetically to a single com-
ethanol-hexanol case, the features of the contours imply thagonent nucleation when the attachment rate for one of two
the variations of bothW, and W5 along an# line can be species tends to vanish.
neglected, so that the major nucleation flux passes through (4) The ridge crossing reported by Wyslouzil and Wilem-
the TSP. However, for the PD2 case, the variationyf  ski [13] was well explained on the basis of the present
cannot be neglected, since the curvature of the contourheory.
means the variation of. By employing[21]
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