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Abstract Wi th in  the  framework o f  an e f f e c t i v e  f i e l d  theory w i t h  co r re -  
l a t i ons ,  we have i nves t i ga ted  the e f f e c t s  o f  sur face s i n g l e  ion an i -  
sotropy on the sur face phase t r a n s i t i o n  o f  a s e m i - i n f i n i t e  I s i n g  model  
w i t h  a spin-one f r e e  surface.  Behavior c h a r a c t e r i s t i c  o f  s u r f a c e  mag- 
net ism i s  found, and comparison i s  made wi  t h  standard mo1 e c u l a r  f i e l d  
resu 1 t s  . 

1. INTRODUCTION 

The magnetic behavior o f  s e m i - i n f i n i t e  so l  ids  has been  e x t e n -  

s i v e l y  inves t iga ted f o r  many years. I n  p a r t i c u l a r  surface e f f e c t s  o n  

phase t r a n s i t i o n s  have received much a t t e n t i o n  and have been s tud ied by 

using a v a r i e t y  o f  approximations and mathematical techniques, such as 
1 mean-f i e l d  approximation , var ious  e f f e c t i v e- f  i e l d  theor ies"  3 ,  se r i es  

expansions4, Monte Car lo  t e c h n i q u e s 5 ,  a n d  r e n o r m a l  i z a t  i o n - g r o u p  

methods6. For de ta i  l s ,  the reader i s  r e f e r r e d  t o  recent  reviews: t h a t  o f  

~ i n d e r '  f o r  a general i n t r o d u c t i o n  and t h a t  o f  ~ i e h l '  f o r  r e c  i p r o c a l  

space renormal i za t i on  group treatments. The standard example i s  the semi 

- i n f i n i t e  s imple cubic ferromagnet ic I s i n g  model w i t h  S = 1/2 (S i s  the  

sp in  magnitude), i n  which the spins on the  sur face i n t e r a c t  wi t h  an ex- 

change parameter J d i f f e r e n t  from the b u l k  exchange J .  I t e x h i b i t s d i f -  
S 

f e ren t  types o f  phase t r a n s i  t i o n s  associated w i  t h  the  surface; i f  the 

r a t i o  A = (Js/J)-I i s  g rea te r  than a c r i t i c a l  va lue  Ac, the  system may 
i 

order  on the  sur face before  i t  orders  i n  t he  bu lk .  The system exh ib i  t s  

two successive t r a n s i  t i ons ,  namely the surface and bu I k p h a s e  t ran- 

s i t i o n s ,  as the temperature i s  lowered. If 6. < ac, the  system becomes 
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ordered a t  the  bul  k t r a n s i  t i o n  temperature. 

I n  I s i n g  models, on the  o the r  hand, there  e x i s t  many systems 

exhibi t i n g  t h e t r i c r i  t i c a l  p o i n t  a t  which the  phase t rans i t i o n  changes  

from second order  t o  f i r s t  order. .  The i r  c r i  t i c a l  behavior has been the 
9 - 1 1  

s u b j e c t o f n u m e r o u s s t u d i e s .  I n t h i s w a y  someworks h a v e s t u d i e d  

s a i - i n f i n i t e  systems which undergo f i r s t - o r d e r  and t r i c r i t i c a l  phase 

t rans  i t ions. 

The purpose o f  t h i s  work i s  t o  study a s e m i - i n f i n i t e  ferromag- 

n e t i c  s imple cub ic  I s i n g  system w i t h  a spin-one f r e e  sur face ( S  = 1 1, 
d i f f e r e n t  f rom S = 1/2 o f  the  b u l k  spins.  The spin-one atoms have a 

s ing le- ion  c r y s t a l - f i e l d  i n te rac t i on .  I n  p a r t i c u l a r ,  i t  i s  known t h a t  

the  two-dimensional spin-one I s i n g  model w i t h  a c r y s t a l - f i e l d  in terac-  

t i o n  e x h i b i t s  a t r i c r i t i c a l  behavior. Therefore, the  main aim i s  t o  in' 

v e s t i g a t e  the  e f f e c t s  o f  sur face s ing le- ion  an iso t ropy  on the sur face 

t r a n s i  t i o n  temperature, and under what condi t i ons  the system can exhi- 

b i t  t r i c r i t i c a l  behavior on the surface.  

The o u t l  i ne  o f  t h i s  paper i s  as fo l l ows .  I n  s e c t  i o n  2, we 

b r i e f  l y  review the bas ic  po in t s  o f  the  e f fec t ive- f  i e l d  theory w i th  cor-  

r e l a t i o n s  (EFT), when appl ied t o  the  present model. I n  sec t i on  3, ex- 

press ions f o r  eva luat ing  the  t r a n s i  t i o n  temperature o f  s u  r f  a c e  o r -  

der ing ,  surface t r i c r i  t i c a l  p o i n t  and phase diagram a r e  de r i ved  w i  t h i n  

the  framework o f  the  EFT. I n  s e c t i o n  4, analogous expressions a r e  ob- 

ta ined f o r  the standard molecular f i e l d  theory (MFT). I n  s e c t i o n  5, 

the numerical resu l  t s  a r e  s tud ied w i  t h i n  the  two frameworks o f  EFT and 

MFT. 

2. FORMULATION 

We consider a s e m i - i n f i n i t e  s imple  cub ic  S = 1/2 system w i t h  

a spin-one f r e e  sur face which i s  descr ibed by the mixed I s i n g  Hamilto- 

n ian,  as f o l  lows 



Revista Brasileira de Física, Vol. 18, no 3, 1988 

z z 
where the sp in  v a r i a b l e  Si takes the values +1 and 0, um can be 21, and 

the summations a r e  c a r r i e d  ou t  on l y  over nearest-neighbor p a i r s o f  sp ins .  

Jij i s  the exchange i n t e r a c t i o n  between spins one a t  s i  tes i and j on 

the surface,  which i s  assurned t o  be J s .  Jh i s  t he  e x c h a n g e  pararneter 

between spins one a t  the  sur face and i t s  nearest-neighbor spin-1/2 i n  

the f i r s t  layer  denoted by Jl, and Jmn= J i s  the bu l k  f e r r o m a g n e t i c  

i n te rac t i on ,  between spins 1/2 otherwise.  D i s  the  s i n g l  e- ion c r y s t a l  s 
f i e l d  i n t e r a c t i o n  parameter. F ig.1 shows a  two-dimensional c r o s s  s e c -  

t i o n  o f  t h i s  system. 

Fig.1 - Par t  o f  two-dimensional c ross  sec- 
t i o n  through a  semi- inf  i n i t e  Ising l a t t i c e .  
Black po in t s  denote l a t t i c e  po in t s  which 
a r e  occupied by spins h = + l .  On the (1,0,0) 
sur face l a t t i c e  po in t s  a-re o c c u p i  ed b y  
S. = '1 and 0. 

Z 

The problem i s  now the eva luat ion  o f  the  mean values <s?> and 
Z 

Z 
<um>. As discussed by ~ a n e ~ o s h i ' ~ ,  .the formal i d e n t i t i e s  f o r  t h e  sp in  

c o r r e l a t i o n  func t ions  f o r  the I s i n g  models can be used. The s t a r t i n g  
z z p o i n t  f o r  the  eva luat ion  o f  the  mean values o f  <Si> and <v,> a r e  the 

sp in  c o r r e l a t i o n  exact i d e n t i t i e s ,  

2 s i n h  (B C J s?) 
i i j  J 

mi = <s?> < 
Z 

2 cos h  ( 6 E J s?) + exp(DiB) 
j 
ii J 
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where B = l / k  T .  As discussed i n  a ser ies  o f  works, f o r  example r e f .  14, 
B 

by i n t rodyc ing  ,the d i f f e r e n t i a l  opera tor  D = a/ax i n t o  eqs. (2) and ( 3 1 ,  
one may r e w r i t e  them i n  the  f o l l o w i n g  forms 

where 
2 s i n h k x )  

F . ( x )  = 
Z 

( 6 )  
2 cosh (82) + exp(BD) 

The eqs. (4) and (5) c o n s t i  t u t e  a s e t  o f  exact  re la t i ons  accord- 

ing t o  which we can study the present system. However, i f  we t r y  t o  

t r e a t  exac t l y  a11 the sp in- sp in  c o r r e l a t i o n s  f o r  t h a t  s e t  of equations, 

the problem q u i c k l y  becomes i n t r a c t a b l e .  A  f i r s t  obuious at tempt t odea l  

w i t h  i t  i s  t o  ignore co r re la t i ons ;  the  decoupling approxirnations 

Z z Z Z 2 <um " . . . .p = ',.I > 'V e' . . . '"e' m n 

w i t h  i# j#  ... #k and m#n# ... #R have been introduced w i t h i n  the e f f e c t i v e -  

f i e l d  theory w i t h  c o r r e l a t i o n s  (EFT). I n  f a c t ,  the approximation cor-  

responds essent ia1  l y  t o  the Zern ike  approxirnat i o n I 2  i n  the  bu l  k problem 

and has been successfu l ly  app l ied  t o  a  g rea t  nurnber o f  rnagnetic systems 

inc lud  ing the sur face problems ( r e f s .  15, 16 and references the re in ) .  

Taking account o f  the  decoupl i ng approxirnat ions (7), eqs. (4) 

and (5) can be wr i t t e n  i n a  compact f 

mi = bi + ms + 
i 

arn = + un SJ 
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where ei = c o s h ( ~  .D), si= sinh(JiD) (i = S ,  I ) ,  and 2 i s  t he  number o f  
Z 

nearest-neighbors.  I n  o rde r  t o  o b t a i n  m, i t  i s  necessary to c a l c u l a t e  

t he  parameter q.  I n  t h e  sameway as f o r  t h e  e v a l u a t i o n  o f  m, we c a n  

e a s i l y  o b t a i n  

2 cosh(8x)  
G . ( x )  = z 2 cosh (8x11) -t exp(SDi) 

Now, l e t  us app l y  eqs. (8 ) ,  (9) and (10) t o  ou r  layered  s i m p l e  

c u b i c  mixed system w i t h  a  (1,0,0) su r face .  For  t h e  s u r f a c e  m a g n e t i z -  

a t i o n ,  eqs. (8) and (10) y i e l d  

The f i r s t  l a y e r  magne t i za t i on  i s  g i v e n  by 

where 

and 

and f o r  t h e  n - t h  l a y e r  ( n  > 2) we have 

where a and Gn+, a r e  t h e  magnet i za t ions  i n  t he  ( n - l ) t h  and ( n +  1 1 t h  
n- l 

laye rs ,  r e s p e c t i v e l  y .  

I n  t h i s  s e c t i o n  we have d iscussed the  e f f e c t i v e - f i e l d  t h e o r y  

w i  t h  c o r r e l a t i o n s  (EFT) i n  t he  semi - in f  i n i  t e  fe r romagnet ic  I s i n g  model 
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w i t h  a spin-one f r e e  surface.  We a re  now i n  a p o s i t i o n  t o  examine the 

t r a n s i t i o n  temperature and the  t r i c r i t i c a l  behavior on the surface. I n  

the f o l l o w i n g  sect ions,  w i t h i n  t h i s  framework, we s h a l l  study t h e  cor-  

respondi ng phys ica  l prope r t  ies.  

3. SURFACE TRANSITION TEMPERATURE AND TRICRITICAL POINT 

We a r e  now concerned w i t h  the  c a l c u l a t i o n  o f  the  c r i t i c a 1  tem- 

pera ture  and the  t r i c r i  t i c a l  p o i n t  f o r  sur face o rde r i ng  (and the  re-  

spec t i ve  phase d iagrams) . Expand ing  the  r ight-hand s ides o f  eqs. ( 1  2), 

(131, (14) and (161, we ob ta ins  

and 

where the  c o e f f i c i e n t s  A B C .  and K a r e  g iven i n  the Appendix, and 
j' i' J 

a r e  e a s i l y  ca l cu la ted  by the  use o f  the  mathematical r e l a t i o n  

A. Trans i t ion  Tempera t u r e  

The b u l k  t r a n s i t i o n  temperature can be determined by p u t t i n g  
- 

On = On-i - = O i n t o  eq. (201, which y i e l d s  

which has been obtained by zernike12 by the  use o f  another method. The 

bu l  k t r a n s i  t i o n  temperature i s  g iven by 
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This  i s  an improvement on the standard HFT, which provides ks</, ~6.0. 

I n  order  t o  evaluate the t r a n s i t i o n  temperature f o r  sur face o r -  

der ing,  l e t  us assume t h a t  

O = a o  f o r  n 2 2 . n n- 1 

Upon using eq. 1201, the  parameter a i s  g iven by: 

Eqs. (17) t o  (20) then y i e l d  the f o l l o w i n g  secu lar  equat ion 

Thus, the c r i  t i c a l  ferromagnetic f r o n t  i e r s  can be der ived f rom the con- 

d i  t i o n  det  fi = 0, namely 

where the parameter q i n  the  c o e f f  i c i e n t s  A , ,  A , ,  C,, C ,  and K i s  de- 
S 

termined from 

4 = Bl  S 

= cl  + 1 - qs14 lPO 
From the formal  so lu t i ons  o f  eq. (24) we choose t h o s e  c o r r e -  

s 
sponding t o  the h ighest  posçi b l  e t rans i t i o n  temperature T e ,  which i s  t he  

temperature f o r  sur face order ing .  

B. T r i c r i t i c a l  Po in t  

I n  order  t o  examine the  t r i c r i t i c a l  behavior o f  the surface, as 

discussed by ~ a n e ~ o s h i ' ~ ,  i t i s  necessary t o  r e t a i n  terms up t o  t h i r d  

order  i n  rn i n  eq. ( 1 7 ) .  For t h i s  purpose, l e t  us subs t i  t u t e  
S 
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i n t o  expression (182, which y i e l d s  

and 

where 

w i t h  the  assurnption t h a t  

61 = h, . 

The parameter A i s  found from eq. (19) using 

Then, we ob ta in  

X = 
D2 

I -4D,-aD, 

where 

o D, = sc4[ys c ,  + 1 - qB] fk )  

Thus, we o b t a i n  i n  general an equation form8 of the form 

- 3 m  s = u m s  + E m s  + ... (32)  
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where the  c o e f f i c i e n t s  Ii (i = 1 t o  6) a re  given i n  the appendix. 

The second order surface phase t r a n s i t i o n  i s  then determined - 
by a =  I, o r  

which i s  equivalente t o  eq. ( 2 4 ) .  I n  the v i c i n i  ty o f  the second-order 

surface phaçe t rans i t i o n  l ine, the  magnet izat ion i s  g iven by 

The r.h.s. must be pos i t i ve .  I f  t h i s  i s  not  the  case, the  t r a n s i t i o n  

i s  f i r s t  order, and hence the p o i n t  a t  which ã = 1 and b = O i s  the  

surface t r i c r i t i c a l  po in t ,  i f  i t  e x i s t s  above the bu lk  t r a n s i t i o n  tem- 

perature c. 

We a re  now i n  a p o s i t i o n  t o  examine the e f f e c t s  o f  s ing le- ion 

an isot rop ies  on the second-order phase t rans i  t i o n  and t r i c r i  t i c a l  p o i n t  

o f  the sur face by the use of  eqs. ( 2 4 )  and ( 3 4 ) .  Before d iscuss ing the 

resu l t s ,  i t  i s  worth i nves t i ga t i ng  these q u a n t i t i e s  w i t h i n  the frame- 

work o f  the  standard molecular f i e l d  

t h i s  approach i s  fo l lowed. 

4. MEAN FIELD THEORY 

I n  the MFT the sur face magnet 

heory (MFT). I n  the next  sect ion,  

za t i on  m i s  g iven by 
S 

= 4 J s  "s + J ,  0, 

The f i r s t  and n- th  layer  magnetizations a re  

Gl = f($J 

un = f ($,I 
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w i  t h  

The func 

A. Trans i t i o n  Temperature 

The t r a n s i  t i o n  temperature f o r  sur face o rde r i ng  can be obtained 

by 1 i n e a r i z i n g  eqs. (371, (39) and (401, as discussed i n  sec t i on  3. We 

have, f o r  m  and. 0 1 ,  s 

m  = W  F m + J I F s a l  
S s s s  

0, = 4J B 0,  + J I B m s  + B a a ,  

where 

F  = D F S b 1  = B gs S 

B = D f(x) 

9 s  = 2/ (2+exp ( B D s ) )  

where 

a  = a an-, , (n 2 2) n  

was used. The parameter a i s  determined frorn 

o = B J ( U ~ - ~  + 40 + a  ) n n n+i 

as 

Upon us ing eqs. (43) and (441, the  c r i  t i c a l  ferromagnet ic f r o n t i e s  o f  the  

MFT can be der ived f rom: 
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8 .  T r i c r i t i c a l  Po in t  

I n  order  t o  determine the  sur face t r i c r i t i c a l  p o i n t  f o r  theMFT, 

l e t  us expand eq. (37) t o  t h i r d  order  i n  $,, s ince @ i s  p ropo r t i ona l  t o  
S 

m Ue then o b t a i n  s '  

Thus, the  p o i n t  a t  which eq. (501 and 1 = 3gs a r e  simul taneously s a t i s -  

f ied i s  the  t r i c r i t i c a l  p o i n t  o f  the MFT. 

5. NUMERICAL RESULTS 

I n  t h i s  sec t ion ,  we examine numer ica l ly  the  e f f e c t s  o f  the sur -  

face an iso t ropy  parameter D on the t r a n s i  t i o n  temperature, t r i c r i  t i c a l  
S 

po in t  and phase diagram for- sur face order ing  by so l v i ng  equations d i s -  

cussed i n  sec t i on  3  and 4.  

I n  f ig .2 ,  by s o l v i n g  eqs. (24) and (50) f o r  t h e  sys te rn ,  t he  

phase diagrams a r e  obtained w i t h i n  the  two frameworks o f  EFT and MFT by 

changing the  va lue o f  D . I n  the f igure ,  s o l i d  l i n e s  a re  the r e s u l t s  o f  
s  

the EFT and dashed l ines a r e  f o r  the MFT. We denote the paramagnetic, 

b u l k  ferrornagnetic, and surface- ferromagnet ic phases by P, BF, and SF, 

respec t i ve l y .  When Ds = -w, the surface behaves 1 i ke a  bu l  k two-dimen- 

s iona l  I s i n g  model (or M i l l ' s  model') f o r  J la rge r  than 
s  J : ~ ~  = 1.25 

(wi t h i n  the  frarnework o f  the  MFT). On the o ther  hand, the  EFT resu l  t 

g ives  the c r i t i c a 1  va lue o f  5 as Jsc = 1.30 J, which va lue i s  a l so ,  

wi t h i n  the  numerical e r r o r ,  equ iva lent  t o  t ha t  obtained by Kaneyoshi e t  

a12 ( J ~ ~  = 1.3068). 

For Ds=O.O, the c r i t i c a l  va lue  o f  J i s  determined as Jsc=2.0 J 
S 

f o r  both MFT and EFT. For Ds=l. 0 J, on the  o ther  hand, t h e  c r i  t i c a  1 

values o f  Js a r e  g iven by ~ ~ ~ = 2 . 2 4  J f o r  the MFT and Jsc=2. 1 1 J  f o r  the  

EFT, respec t i ve l y .  Thus, f o r  a p o s i t i v e  va lue o f  D l ess  than a  c r i t i c a l  
s  

va lue  a t  which the  sur face phase t r a n s i  t i o n  changes frorn second or-der 

t o  f i r s t  order, the MFT overest imates the  c r i t i c a l  va lue  o f  Js i n  com- 
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Fig.2 - Phase diagram i n  the @,Js) space f o r  the  simple cub ic  
I s i ng  l a t t i c e  w i t h  Ji=J. The dashed l i n e s  a r e  the r e s u l t s  o f  
the MFT. The s o l i d  l i n e s  a re  the r e s u l t s  o f  the  EFT. The curves 
(a) a r e  obtained f o r  Ds=-m. The curves (6) a r e  f o r  Ds=O. The 
curves (c) a re  f o r  Ds=l.OJ. The paramagnetic, bu l k - fe r romag-  
n e t i c  and surface- ferromagnet ic phases a r e  ind ica ted by P, BF, 
and SF, r espec t i ve l y .  
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par ison w i t h  t h a t  g iven by EFT, a l though f o r  Ds=-a the MFT underes t i -  

mates the c r i t i c a l  va lue  o f  Js, as cornpared w i t h  t h a t  g iven by EFT. 

I n  f ig.3,  by so l v i ng  eq. (24) and F=o simul taneously f o r  the EFT 

(o r  (50) and 3gs=1 f o r  the MFT) , t r a n s i  t i o n  temperatures c f o r  surface 

order ing  o f  the  system wi t h  J,= J a re  p l o t t e d  as a f u n c t i o n  o f  the  sur- 

face s i n g l  e- ion an iso t ropy  parameter D . The curves (a) ,  (b) , (c) and 
S 

(d) a re  the MFT resu l  ts ,  when J i s  se lec ted respec t i ve l y  as J = 3.5 J, 
s  s  

J =4.25 J, J =5.0 J, and Js=5.5 J. For the  values o f  S sma 1 1 e r  than 
S S 

J =4.25  J ,  the p o i n t  s a t i s f y i n g  the  r e l a t i o n s  (24) and 3gs = 1 s  i rnul  - 
S 

taneously does no t  appear abave the  bu l k  t r a n s i t i o n  t e m p e r a t u r e  fl. 
C 

When J =4.25 J, as shown i n  the curve (b) ,  the  MFT g ives  the  t r i c r i t i -  
s  

cal  p o i n t  a t  f, which i s  denoted as the whi t e  c i r c l e  i n  the  curve. The 
C 

curves ( a 1) ,  ( c 1)  and ( d ' )  a r e  the resu l  t s  o f  the  EFT, when the values 

o f  J a re  se lec ted i n  the  same values as f o r  curves (a) ,  (c) and (d) o f  
s  

theMFT. The dashed l i n e s  i n  f i g . 3  a r e  simply e x t r a p o l a t i o n s  o f  the 

s o l u t i o n  I-; =O and do no t  have any physical  meaning, s ince w i t h i n  our 

theory we a r e  d iscuss ing the second-order phase t r a n s i t i o n  l i n e  andthe 

t r i c r i t i c a l  po in t .  The f i r s t  o rder  phase t r a n s i t i o n  l i n e  i s  impossib le 

t o  o b t a i n  w i t h i n  our  fo rmula t ion .  

6. CONCLUSIONS 

We have discussed the e f f e c t s  o f  surface s ing le- ion  an iso t ropy  

on the t r a n s i t i o n  temperacure fo rsu r faceo rde r i ng , the  s u r f a c e t r i c r i t i -  

ca l  point, and the phased iagramwi th in  the two frameworks o f  MFT and EFT. 

Our d iscuss ion has revealed behavior c h a r a c t e r i s t i c  i n  the  I s i ng  rnodel. 

As shown i n  f i g .2 ,  f o r  a  p o s i t i v e  va lue o f  D the MFT overestimates 
s  

the c r i t i c a 1  value o f  J f o r  sur face order ing  i n  comparison w i t h  t h a t  
s 

given by EFT, a l though f o r  D =-rn (or  M i l  I ' s  model) the MFT underest i-  
s  

mates the c r i t i c a 1  'value J as cornpared w i t h  t h a t  g iven by EFT. I n  
se' 

f a c t ,  a  number o f  soph is t ica ted theo re t i ca l  works on M i l l ' s  model have 

revealed t h a t  the  c r i  t i c a l  va lue  J~~~ = 1.25 J i s  an underest imat ion 
S e 

f o r  the vs lue  o f  J ~ ~ .  TO our knowledge, t he  e f f e c t  o f  a  posi  t i v e  D on 
S 

Jsc 
has no t  been invest iga ted prev ious ly .  
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-. JI= J ---- MFT 
EFT a: JS = 3.5 J  '. b: Js  = 4.25 J 

c: J _  = 5.0 J 

F ig .3  - Surface t r a n s i t i o n  temperatures o f  the system w i t h  
Jl=J, p l o t t e d  as a f u n c t i o n  o f  sur face s ing le- ion  an i so t ro -  
py parameter Ds f o r  selected values o f  Js; (a) ,  ( b ) ,  ( c )  and 
(d) a r e  obtained from the MFT fo r  Js=3.5 J, Js=4.25 J ,  Js= 
5.0 J, and Js=5.5 J, respec t i ve l y .  ( a ' ) ,  ( c ' )  and ( d ' )  a re  
the  r e s u l t s  o f  the EFT f o r  the sarne values o f J s a s  the  cor-  
responding (a) ,  (c) and (d) .  Whi t e  c i r c l e s  d e n o t e  sur face 
t r i c r i t i c a l  po in t s .  
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Resumo 

Dentro de um modelo de t e o r i a  de campo e f e t i v o  com correlações, 
investigamos os e f e i t o s  de uma an i so t rop ia  u n i a x i a l  de s u p e r f  i c i e  na 
t rans ição de fase de superf i c i e  de um meio semi- inf  i n i  to  ( l s i n g )  comuma 
s u p e r f í c i e  l i v r e  de spins-1. Algumas c a r a c t e r í s t i c a s  de magnetismo d e  
superf  i c i e  são encontradas e os resu l  tados são comparados com aqueles 
fo rnec idos  pe la  t e o r i a  de campo médio. 


