
VE)LUME 51, NUMBER 19 PHYSICAL REVIEW LETTERS 7 NOVEMBER 1983

Wetting Transitions near Bulk Triple Points
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The effect of a bulk triple point between phases ~, p, and y on the wetting, by films of
p or y, of an a(w interface (between a wall &u and bulk o) is discussed phenomenologically.
Various additional wetting and surface transitions are induced by the triple point and may
be pinned by it, and a compound () film may appear. The results are relevant to re-
cent adsorption experiments and simulations.

PACS numbers: 68.45.-v, 05.70.I h, 64.60.Fr, 82.65.Dp

In this note we show that wetting transitions' on
a substrate can be induced and pinned by a bulk
triple point. This observation is relevant to re-
cent experiments and simulations, and, although
fairly straightforward, does not seem to have
been stressed before. ' ' For orientation, we
first review normal wetting and prewetting transi-
tions, "then show how they can be driven by bulk
triple points, and finally make a few remarks on
experiments. ' ' We shall use the language of ad-
sorption from a vapor phase and thus plot phase
diagrams in the (T, p), or temperature and chemi-
cal potential, plane. However, the arguments ap-
ply equally to adsorption of a liquid or solid
phase and to any type of triple point.

Consider two phases ~ (say, vapor) and P (say,
liquid or solid) and a planar substrate or wall,

"
, which we regard as ine&t, but having a new
relative attraction for phase P. Suppose, initial-
ly, that the system is on' the bulk first-order
phase boundary along which & and P coexist: see
bold lines in Fig. 1. If 0&, =—0, & denotes the sur-
face tension of an interface, +I v, between phases
~ and v, the inequalities

60„=—0 &+0~ —v„&0 and ~og &0

imply that tc is not wetted by either o.'or P; i.e. ,
the substrate is nonwet or incompletely wet, " al-
though there may be a thin adsorbed, P-like film
of microscopic thickness ~q. On the other hand
the equality ~v„=0, or (J =~ 8+(JB, impliesg

that a macroscopically thick (&s =~) layer of P

completely wets" the interface o.'~ u', as indicated
by the dots in Fig. 1. Now a surface wetting
transition' ' in the & phase' occurs when, as 1'

varies along a phase boundary, ' the substrate
goes from incompletely wetted by P to completely
wetted by P. The transition may be continuous,
with /s- ™at a critical wetting point, '" denoted
&~' [Fig. 1(a)], or it may be of first order, as
at IV in Fig. 1(b), where lz jumps from a finite
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FIG. 1. Phase diagrams illustrating (a) critical
wetting, (b) first-order wetting, and (c), (d), layering
transitions and wetting (when o (p is smooth for T
& 7R). The dots indicate wet regions of the bulk phase
boundary; R denotes the roughening point.

value.
In both cases one has a thick film, denoted (P),

near the wet part of the phase boundary. In the
latter case a first-order, (P)u prewe&ting bound-
ary" (across which /s is discontinuous) emanates
from W, moves away targenfially from the bulk
&P phase boundary, and terminates at a prewet-
ting critical point, C~„,' in Fig. 1(b). If, as we
will suppose, the (net) potential of attraction
Vs (&) between P and co decays with distance & as
Us/z ~ (where one expects p =8),"' the tangency
is described by &p z„-&T with P* =P/(P —1);
this behavior goes over to 6T/1nAT when the bulk
correlation length becomes large. '

This scheme of surface transitions is anticipat-
ed if the interface & ~P is rough If it .is smooth,
wetting is expected to proceed via an unbounded
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FIG. 2. Wetting and surface transitions near a bulk
triple point, (a) when neither p nor y wets the sub-
strate, ~, and (b) —(d) when p wets n

~ cu but y does not.

sequence of /aye~ing transitions yielding a variety
of phase diagrams, two of which are illustrated
in Figs. 1(c) and 1(d). It is generally argued"'
that T, „, the critical temperature at which the
nth layering-transition boundary terminates,
should approach TR, the roughening temperature'
of the n

~ 0 interface, when n- ~ (as in Fig. 1).
Now in Fig. 2 the bold lines represent hulk

phase boundaries for a system with three bulk
phases, a.', (i, and y, which coexist at a triple
point T „s~. To study surface transitions in the
phase & we compute and compare the free ener-
gies of possible adsorption structures, &u( A. . .)a,
including the wall interactions and interfacial con-
tributions. As customary in thermodynamics, the
o ~, and bulk free-energy densities are assumed
to vary smoothly with 2' and p and to extrapolate
into metastable' regions where, strictly, the
phase structure in question might not exist. The
physics is simply that the bulk phases, P and y,
may have markedly different substrate interac-
tions so that, as T passes through T 8 z, new
surface transitions are to be expected. There are
four cases as follows:

(i) No wetting. —If one has 5a„„&0and 5a„~
&0 the substrate is nonwetted both above and be-
low T 8 &

and there is no wetting transition at the
triple point. One may, however, anticipate a
(possible weak) nonanalyticity in the a. &u surface
free energy' at T „sy, reflecting the bulk Py tran-

sition, as suggested by the solid dot in Fig. 2(a).
(ii) Wet no-nwet. —When 5a„=0 but 5a' „y& 0

the substrate is completely wetted by P above

q~ but it is not wetted by y below T 8&. In the
simplest situation, Fig. 2(b), a critical wetting
point of new type appears precisely at the triple
point with l&- ~ as T- T && along the nybound-
ary. Note that a thick film, (P), persists some
way below T s~ because the P ~ attractions stabil-
ize such a film even when the bulk P phase is un
stable to both n and y: thus "triple-point critical
wetting arises" when the wetting of & by 0, that
would have occurred on the o. P boundary continued
below 1"„8&, is truncated by the intervening ny
boundary. The prewetting line shown in Fig. 2(b)
is similarly truncated, at I', and, indeed, may
be absent altogether.

There is no wetting in the immediate vicinity
of this prewetting line. However, if &a„g~-=o
+ o g&-0„8 is sufficiently small relative to"
Ds ", the strength with which/ wets a.'~ u&, a
compound film, (I3y), with structure ~(py)n,
should be stabilized: ~q remains finite but l&- ~
at the &y boundary. Thus wetting by y is media-
ted by a thin 0 film even when y cannot wet a.'I ~
directlyI Then as in Fig. 2(c), both an ordinary,
or lower, and an upper wetting transition appear
near, but below, T„s [with T s —T~ varying
as'o (5o„s&)~']. Finally, if 5a„san=0, so that y
wets a. (l) at the triple point, a line of continuous
transitions (probably not actually singular in a
full theory) emanates from a new wetting multi-
critical point at T =T sy and separates the (P)
and (Py) films as indicated in Fig. 2(d).

(iii) Nonwet wet. If y wets -a.'~ ~—below T sy
but P does not wet n

l
& above T „sy, we simply

have the reverse of the previous case with the
roles of )3 and y interchanged.

(iv) Wet wet. —When 5-a „=5a ~=0 the sub-
strate may be wet both above and below T q&. If
the phases t) and y are symmetrically related,
with T replaced by, say, a magnetic field, one
should obtain a diagram like Fig. 3(a) with a wet-
ting transition pinned at the triple point; but the
associated critcial point, ~~„', may be replaced
by a prewetting triple point with (y)a. and (P)u
premetting boundaries. In general, however, one
phase, say 0, will wet ~

~
& more strongly, i.e„

& 0. Note that &8& measures the
drop in the observed tension a (T) in passing
through T s from the y-wet to P-wet regions
(although no actual discontinuity arises). Figure
3(b) illustrates the simplest situation: a critical
P-wetting point occurs at the triple point, as in
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FIG. 3. Wetting transitions near a bulk triple point
when both p and y may wet ~: In (b)-(d) p wets more
strongly.

FIG. 4. Some possible multilayering phase diagrams
for n~~ smooth. In (a) and (b) p wets c. ~~ but y does
not; in (c) p wets a (w more strongly than y; vice
versa in (d).

(ii), but an associated wetting transition, repre-
senting the yP transition in the adsorbed film,
occurs below T„sz with T s&

—T~ ~(&sz) . As
in Fig. 3(c), the prewetting critical point may be
replaced by a triple point and, if » s~/&

s~
is

small enough, "W moves closer to the triple
point and a compound film (Py) again appears.
The new prewetting line (y)(py) is, for small & zs,

parallel to the bulk yP boundary. Lastly, again
as in (ii), if y wets ~IP («s =0), a critical
line emanates from a wetting multicritical point
at the triple point as in Fig. 3(d) [where, once
more, (P)& and (y)o.'prewetting lines may ap-
pear].

The triple-point-driven phase diagrams dis-
played in Figs. 2 and 3 apply only if the interfac-
es & I P and o.

~ y are rough. As in Fig. 1, smooth
interfaces should lead to layering transitions. '
Thus if both interfaces are smooth (below some
T„) the wet-nonwet case, (ii), can give rise to
Fig. 4(a). On the other hand, if n

~ y is smooth
but o.'~ P rough, T sz acts as a roughening temper-
ature for y layering transitions; see Fig. 4(b).
In the same circumstances (n ~P rough, a ~y

smooth) the wet-wet case, (iv), can yield a dia-
gram like Fig. 4(c) in which P wets ~ preferen-
tially (i.e., &sz&0). Conversely, Fig. 4(d) repre-
sents a possible phase diagram in the wet-wet
case with && && 0 and both interfaces smooth.

Many other possibilities for layering transitions
exist and may well occur."

Most current experiments on multilayer ad-
sorption" have been performed on systems
where & is a fluid phase (usually a gas), P liquid
or solid, and y a solid phase. We believe that
the schematic phase diagrams we have presented
here should be relevant to these and other experi-
ments. Indeed, ethylene on graphite' may well
have a phase diagram similar to that in Fig. 4(b).
Likewise the study by Awschalom, Lewis, and
Gregory' of oxygen on graphite has provided
some evidence for a phase diagram like Fig. 4(d)
in the vicinity of the P-oxygen (our y), y-oxygen
(our P), and gas triple point. The two crystalline
phases differ strongly in their magnetic proper-
ties so that marked changes in substrate interac-
tions are expected. Finally, Ebner' has recently
simulated wetting in a six-state Potts model,
finding phase diagrams like Fig. 4(c), although
with the extra feature that 1'~ may fall below I'&

so that high-order layering critical points appear
before the (y)(P) boundary is reached.
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