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Edge wetting of an Ising three-dimensional system
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The effect of edge on wetting and layering transitions of a three-dimensional spin-1/2 Ising model is
investigated, in the presence of longitudinal and surface magnetic fields, using mean field theory and Monte
Carlo simulations. FoiT=0, the ground state phase diagram shows that there exist only three allowed
transitions, namely, surface and bulk transition, surface transition, and bulk transition. However, there exist a
surface intralayering temperatufg@ , above which the surface and the intralayering surface transitions occur.
While the bulk layering and intralayering transitions appear above another finite tempé’@t&r@f). These
surface and bulk intralayering transitions are not seen in the perfect surfaces case. Numerical vigleeslof
TE, computed by Monte Carlo method are found to be smaller than those obtained using mean field theory.
However, the results predicted by the two methods become similar, and are exactly those given by the ground
state phase diagram, for very low temperatures. On the other hand, the behavior of the local magnetizations as
a function of the external magnetic field, shows that the transitions are of the first ordefTfyjpad TP
decrease when increasing the system size and/or the surface magnetic field. In pailtfcmmches the
wetting temperaturd,, for sufficiently large system sizes.
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[. INTRODUCTION surface magnetic fields. We showed, in our previous work
[15], the existence of the layering transitions for a film, with

Recently, much attention has been directed to study thénite thickness and infinite surfaces. We have found that the
layering transitions of magnetic solid films. Several modelswetting temperaturd,, depends weakly on the surface cor-

have been proposed to study such physical systems. A variugation degree for fixed values of the surface magnetic field.
ety of possible phase transitions has been reviewed by de In addition, by applying a suitable effective interface

Oliveira and Griffithg 1], Pandit and Worti$2], Panditet al. ~ model at liquid-vapor coexistence, Rejnetral.[16] found a

[3], and Ebneet al.[4]. Such transitions have been observedsiliing transition at which the height of the meniscus becomes
in a variety of systems including for exampféde [5] and  macroscopically large while the planar walls of the wedge
ethylene adsorbed on graphi. Hankeet al.[7] show that  far away from its remain nonwet up to the wetting transition
symmetry breaking fields give rise to nontrivial and 1ong- 5ceyrring atT,,. They also showed that the discontinuous
ranged order parameter profiles for critical systems such agjjing transition is accompanied by a prefilling line extend-

fluids, alloys, or magnets confined to wedges. Benyousse g into the vapor phase of the bulk phase diagram and de-

and Ez-Zahraou}8] have studied the layering transitions of scribing a transition from a small to a large, but finite, me-

a spin-1/2 Ising film using transfer matrix and the real SPace. s height. Lona-ranaed order parameter orofiles. for
renormalization group methof®]. By using Monte Carlo gnt. g-rang P b ’

simulations on thin Ising films with competing walls, Binder critical systems such as ﬂ.UidS’ alloys, or magnets confined to
et al. [10], found that occurring phase transitions belong towedges, have beef‘ studied by Haréteall. [7]. They also .
the universality class of the two-dimensional Ising modeldiSCuss the properties of the corresponding universal scaling
and found that the transition is shifted to a temperature jusgnctions of the order parameter profile and the two-point
below the wetting transition of a semi-infinite fluid. correlation functl_o_n, and determine the critical exponents for
On the other hand, a variation of phase diagrams with th&® normal transition.

strength of the substrate potential in a lattice gas model for The aim of this work is to study the effect of edge sur-
multilayer adsorption is studied by Patrykiejeatal. [11]  faces on the wetting and layering transitions of a three-
using Monte Carlo simulations and molecular field approxi-dimensional spin-1/2 Ising model in the presence of external
mation. Therefore, the effect of finite size on such transitiong@nd surface magnetic fields, using mean field thedA¥)
has been studied, in thin film confined between paralleand Monte Carlo(MC) simulations. It is found that there
plates or walls, by Nakanishi and Fishglr2] using mean exist a surface intralayering temperaturg, above which
field theory and by Brunet al.[13] taking into account the the surface and the intralayering surface transitions occur.
capillary condensation effect. In the framework of the meanWhile the bulk layering and intralayering transitions appear
field theory, we found in a previous wofii4], the wetting above another finite temperatuf®(=T$). Such results
and layering transitions of three-dimensional spin-1/2 Isingvere not seen neither in the perfect surfaces case
transverse model in the presence of both an external an@,3,8,9,11,14,1bnor in the continuous model ca$&,16].

The outline of this paper is as follows. In the following sec-

tion we describe the model and the formulations used. Sec-

*Corresponding author. Email address: ezahamid@fsr.ac.ma  tion Ill is devoted to results and discussions.
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X Using the mean field theory, we compute the magnetiza-
, tions and the free energy of such a system. However, the
z magnetizations can be expressed as

m(x,z)=tanK g[2m(x,z)+m(x,z+1) +m(x,z—1)

l +m(x+1z)+m(x—1,2)+H(x,2)]}, 3)
Hy

where B=1/(kgT), kg denotes the Boltzmann constant and
T the absolute temperature.

l L /./ Eq. (3) of the magnetizations is the Callen identity with

an external fieldH(x,z) so that the total free energy of the

system can be derived as

In(1—m(x,z))

T[l—m(x,z)

®

]

) FIm(x2)]=2, 5
*

1+m(x,z)

5 In(1+m(x,z))

FIG. 1. Geometry of the system formed with two surfaces
(x,y,z=1) and &k=1y,z) with N spins in both thex andz direc-
tions. The system is infinite in the direction. A uniform surface
magnetic fieldHg is applied on the planesz&1x,y) and (x
=1y,2). An external magnetic fiel is applied to the global +m(x,z=1)+m(x+1z)+m(x—12)]
system.

— %m(x,z)[Zm(x,z) +m(x,z+1)

—m(x,z)H(x,z)). (4)
II. MODEL AND METHOD

The system we are studying, Fig. 1, is formed with The system is with free boundary conditions.
layers. Each layek (k=1,2,...N), is formed with two
perpendicular perfect planes and containdl2k) +1 spin
chains which are infinite in thedirection. A uniform surface
magnetic fieldH, is applied on the planes(y,z=1), (x The notation (21,) with p=0,12...,N and q
=1y,z) of the layerk=1. However, the system is invariant =0,1,3,5...,2(N—p)—1, will be used to denote that the
by translation, in the direction, so the coordinatewill be  first p layers and the first spin chain of the layep+1 are
dropped in the following. An external field is applied on in a magnetic state “up”; while the remaininy—(p+1)
the global system. The Hamiltonian governing the systemiayers are in the state “down.” In particular, the notatioN 1
can be written as (respectivelyON) will be used to denote a configuration with

positive magnetization for all layer spiiespectively, nega-
tive magnetization for all layer spinsf the system. Figure 2
H=— E ‘]ijSiSj_Z HS, (1) illustrates an example of these nqtationslfpr4. o
ih i The ground state energy of a given configuration is calcu-
lated exactly from the Hamiltoniafi). The transition from a

configuration (£1,) to another configuration (’ilq,) is ob-
tained by the equality of their energies. It is found that the
rQ)Iround state transitions, illustrated by Fig. 3, occur according
to linear formsH/J=a+b(H¢/J). We found three ground
state transitions:

Ill. RESULTS AND DISCUSSION

where,S;=*1 are spin-1/2 Ising random variables, ahd
=J are the exchange interactions assumed to be consta
The system is assumed to be infinite in the directioso the
variabley will be cancelled in all the followingH; is the

total magnetic field _applied on a spin located on a Bité (i) The surface transitio®N< (1%1,) located atH/J=
coordinates X,z) defined by —H/J+2(N—1)/(2N—1)

s .

(i) The bulk transition (11,)«1N occurring atH/J

1 =2/(1—N).
H+Hs for x=1z=1,...N (iii) The bulk and surface transitid@"« 1N localized at
Hi=H(x,z)=y H+Hs for z=1x=1,...N (2  H/J=[(1-2N)/(N?)]H¢/J. Itis clear that for large values
H elsewhere. of the system siz&l, (N— ), the bulk and surface, and the
bulk transitions are shifted tBl/J=0. Whereas the surface
transition is located aH/J=—H./J+1. This is in good
H andH are, respectively, the external and surface magnetiagreement with the results we have established in our previ-
fields both applied in the direction. ous works[13,15, for the infinite perfect surfaces case.
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0 H/J=[(1-2N)/N2](HS/J) H/J=-2/(N-1)
o d ™ l
§ $ § $ ‘. % $ P N
ot 1011 1013
. 5 o 11,
I
E; :; (I)— % $ ?_ ; ; ?_ 4] H/J=-(H /J)+[2(N-1)]/(2N-1)
1015 1110 1111
-5 T T T T T
0 1 2 3 4 5

Hs/J

FIG. 3. The ground state phase diagram in th&/J,H/J)
$ ?— $ ?— ; ?— plane. There exist only three transitions, namely: the surface layer-
ing transitionON«— (1'1,), the surface to bulk layering transition
1114 121, 121, (1'15) 1N and the bulk layering transitio@N« 1N,

Although the established equations are valid for an arbi-

trary system siz&\, numerical results are given for two sys-
tem sizesN=4 (thin film) and N=20 (thick film) spins in
; . ; & both directionsx and z. In order to examine the effect of
temperature on wetting and layering transitions, we plot in
14 Fig. 4 the corresponding phase diagram, for a fixed value of
. . i . the surface magnetic fields, by using the MF theory. Fig-
_ FIG. 2. Sketch of d!fferent possible configurations for asystemure 4 is plotted forH./J=1.0 and a small system si2é
with N=4. The notation (I1,) wherep=0,12...N and g =4. From the ground state phase diagréesee Fig. 3, the
=0135...,20~p)~1, will be used to denote that the first ., =~ .0 ) corresponding to Fig. 4 is located in the region:

layers are with positive magnetizations, and thiérst spins of the bulk . Indeed. f I |
layerp+1 are also with positive magnetizations; while the remain- u tranSItlon._ _n eed, qr Zery ASma _temperature Va ues,
the only transition seen i©%—1% While the increasing

ing N—(p+1) layers are with negative magnetizations. In particu- . . e
lar, the notation Y (respectivelyON) will denote a configuration in ~ temperature leads to the intralayering surface transitions and

the state “up” for all layer spingrespectively state “down” for all ~ the intralayering bulk transitions, as well as the interlayering
layer sping of the system. Symbols{) and (@) correspond to transitions. In the case =4, Flg 2 shows an example of

131,

spin “down” and spin “up,” respectively. the intralayering transitions, which correspond to the change
-0.28
030 ..
-0.32 9 on
0344
-0.36 FIG. 4. Layer-by-layer and in-
2 4 o] tralayering transitions, in the
I 038 o= plane H/J,T/J), using the mean
' field method for a system withi
1 ol =4 andH//J=1.0.
0404 | 1
-0.42
-0.44 4
v l L) ' v l L) l L) I 1
0 1 2 3 4 5
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FIG. 6. Phase diagram of the intralayering and layer-by-layer
transitions, in the planeH/J,T/J), using the Monte Carlo simula-
tions for a system wittN=4, n,=100, andH¢/J=1.0.
N temperature, MF and the MC are in good agreement with the
r ground state phase diagram.
In order to outline the above results, we plot the local
magnetizationsn(1,1), m(1,2), m(2,2), andm(2,3) in Figs.
7(a) and 1b), as a function of the reduced bulk fiekd/J.
oe When increasing the external field/J the corners transits
’ 040 -0 03  -025  -020 [Figs. 1a) and 7b)] before the other intralayering transi-
(b) HA
FIG. 5. Magnetization profiles as a function of the reduced bulk ~ **7] o
magnetic fieldH/J for N=4 andHg/J=1.0, ofm(1,1) andm(1,2) 0.3 m“’”/./r"': oo
atT/J=3.95(a), m(2,2), andm(2,3) atT/J=4.75(b), by the mean 1 /-/'/' /o/°/°
. 0.2 4 [} _O m(1,2)
field method. ] o
0.14
of the spin chains from “down” to “up” state inside the & o 1. o
layer (in surface and bulk One can note that these transi- £ |
tions are due to the geometry of the surfaces, independentl™ '
on the system sizbl. Indeed, the intralayering surface tran-  -0:2- <:/°/O
sitions are0*— (1°1;), (1°1;)« (1°15), (1°15)«(1°15), 0] . =
(1°15)«—(1%1,), and (11,)«1% while the intralayering N _f_‘f’_‘f.'f; ol
bulk transitions are O%*-(1%1;), (1'1,)<(1'1y), 4]
(1113)<—>(1210), (1210)<—>(1211), (1211)<—>(1310), and 075 070  -065  -060 055 050 045 040
(131p)«1* (see Fig. 2 (a) HIJ
The profile of the magnetizationsn(1,1), m(1,2), 06_'
m(2,2), m(2,3) are given in Figs.(®) and 8b). From these o
figures, it is clear that the configuration(ty;) is seenFig. 04+ m(2,2) .J-;:};;;;;
5(a)] before the configuration {13). The same argument is 1 sl
valid for the configurations (11,) and (13): Fig. 5b). 2] -/'/./::::m(&&
On the other hand, the Monte Carlo calculations areg ]
performed on a system with a total number of spins& | T / """"""""""""""""""""""""""""""""""""""
4X4x100=1600 N=4 andn,=100 spins in they direc- 02+
tion). The phase diagram obtained using the MC method is T ‘,-/'/.:,o
illustrated by Fig. 6 for the same surface magnetic field value ] o ans""500°°
used in the mean field methddl/J=1.0 (Fig. 4). Compar- sl 0O°°
ing these figuregFigs. 4 and § plotted for the same surface ———————————7———————
magnetic field value, it is seen that the layering transitions,, 088 0% 048 :JJ" 085 0% 0%

are found by the MC method, when increasing the tempera-
ture, before these same transitions can be seen by the MF FIG. 7. Magnetization profiles as a function of the reduced bulk
method. But the global transitions are found by the twomagnetic fieldH/J for N=4 andHg/J=1.0, ofm(1,1) andm(1,2)
methods, and qualitatively the phase diagrams obtained ext T/J=0.75 (a); m(2,2) andm(2,3) at T/J=1.0 (b), using the
hibit similar topologies. It is worth noting that for very low Monte Carlo method.
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FIG. 8. Phase diagram of the

- oy, intralayering and layer-by-layer
¥ 0154 +++++++r- '''''''''''''''''''''''''''''''''''''''''''''''''' transitons, in  the  plane
i T, 5 (H/J,T/J), using the mean field
0304 1 : +++++*¢g+* ; method for a system wittN=20
0307 L : i, : andH¢/J=1.0.
- "—\ **1-& : s
] 4:35- g II+++ i
0454 . A
1 ===
'0.60 T T T T T T T T T T T T 1
0 1 2 3 4 5 6

T

tions. Such behavior was not obtained in the perfect surfacwithin the mean field theory and Monte Carlo simulations.
case model. However, the other layer-by-layer transitions ocAt T=0, the only layering transitions, occurring under the
cur when increasing the external field at specific temperatureffect of an external and a surface magnetic field, are: sur-
values. As one can expect, the external field values needed face transition, bulk transition, and surface to bulk transition.
make arising the intralayering and interlayering transitions
increase with increasing the order of the layer counted from 450+
the surfacek=1. This is qualitatively in a good agreement
with our previous work$13-15.

The phase diagram of the intralayering and layer-by-layer
transitions, in the planeH/J,T/J) for a larger system size
with N=20 andH¢/J= 1.0, is plotted in Fig. 8, by using the =« _
mean field method. Comparing this figure with Fig. 4, it is
seen that the increasing system size effect is to decrease tt
intralayering and interlayering temperature values. The bulk
layering transitions are shifted to higher external magnetic =~ 350
field values, for a fixed surface magnetic field value.

To complete this study, we have investigated in Fig. 9 the —
surface, T}, and bquT'L’ intralayering temperature profiles

. . . (a) N

as a function of the system si2&for two surface magnetic
field valuesHg/J=1.0 andHg/J=0.9. It is found thafT} as ]
[Fig. 9@][as well asT?, Fig. 9b)] decreases when increas-
ing the system size. For a fixed system diethese intra-

layering temperatures decrease when increasing the surfac 44
magnetic field values. Moreovéff reaches the wetting tem- 22
perature for sufficiently large values of the system size. =

To conclude this study, we note that the presence of ar
edge (angle 7/2) decreases the wetting temperature com- 3.8

4.26 o

4.00 4

3.76 4

H/J=1.0

pared with the perfect cadangle ), see Ref[14]. This 26
finding is in a good agreement the results obtained by 1
Rejmeret al. [16]. %4 . . . . . .
0 5 10 15 20 25 30
(b) N

IV. CONCLUSION
FIG. 9. Surfacda) and bulk(b) layering temperature profiles as

The intralayering and interlayering transitions of a three-a function of the system sizié for two surface magnetic field val-
dimensional spins Ising model with edge surfaces are studiegesHg/J=1.0 andHg/J=0.9, by using the mean field method.
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When increasing the temperature, a succession of intralayeWe have analyzed the effect of the system size on the surface
ing transitions, absent in the case of perfect surfat8sly  and bulk layering temperatures, as well as on the wetting
and the continuous modé¢l,16], are found. The layering temperature.

temperatures obtained by the mean field theory are higher

thar_1 those predicted by MC method. The two methods lead ACKNOWLEDGMENT
to similar results for very low temperatures. The effect of the
edge on the behavior of the local magnetization(x,z), as The authors would like to thank Professor Dr. S. Dietrich

a function of the reduced bulk field/J, is also investigated. for helpful discussions.
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