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AbstracL A theoretical investigation of a binary mixture of hard sphères confirms that 
stable superlattice structures, with a complex long-range order of the AB13 type, can 
form in thèse simple Systems for intermediate values of the diameter ratio, in agreement 
with récent computer simulations and expérimental studies of colloïdal suspensions. It 
is shown that the larger entropy of mixing of the AB13 structure relative to that of the 
competing structures is responsible for its thermodynamic stability. 

In r é c e n t years , co l lo ïda l s u s p e n s i o n s wi th a well d e f i n e d smal l d e g r e e o f po lyd i spers i ty 
a n d a wel l c h a r a c t e r i z e d i n t e r a c t i o n po t en t i a l have b e c o m e cu r r en t ly ava i l ab le [1]. 
B e c a u s e t h e p e r i o d i c i t i e s of t h e o r d e r e d s t r u c t u r e s w h i ch can a p p e a r in s u c h 
s u s p e n s i o n s a r e c o m p a r a b l e t o t h e w a v e l e n g t h of visible l ight , t h è s e s t r u c t u r e s a r e 
i r i de scen t and c a n b e a n a l y s e d by m e a n s of s t a n d a r d l ight s c a t t e r i n g t e c h n i q u e s [2]. 
T h e d e t a i l e d ana lys i s o f t h è s e s t r u c t u r e s has r evea led a n a s ton i sh ing ly r ich p h a s e 
b e h a v i o u r [3] w h i c h p r o v i d e s a cha l l enge t o t h e c u r r e n t t h é o r i e s of f r e e z i n g [4]. I n 
t h e p r é s e n t i nves t i ga t i on w e will be c o n c e r n e d wi th a p a r t i c u l a r t ype o f s u s p e n s i o n , 
n a m e l y , a b ina ry m i x t u r e of ' h a r d - s p h e r e ' col loids, i.e. co l lo ids f o r w h i c h t h e s h o r t -
r a n g e d r é p u l s i o n b e t w e e n t h e co l lo ïda l par t ic les has b e e n a r r a n g e d s o as t o m i m i c a 
h a r d - s p h e r e (HS) i n t e r a c t i o n by m e a n s of a su i tab le c o a t i n g o f t h e co l lo ïda l pa r t i c l e s 
[5]. E x p é r i m e n t a l s t u d i e s of s u c h b ina ry mix tures h a v e r e v e a l e d t h e f o r m a t i o n of 
c o m p l e x s u p e r l a t t i c e s t r u c t u r e s [6] s imi la r to those of s o m e i n t e r - m e t a l l i c al loys a n d 
of s o m e u n u s u a l g e m o p a l s [7]. B e c a u s e t h e unde r ly ing HS p o t e n t i a l c a n on ly d r ive 
p h a s e t r a n s i t i o n s w h e r e t h e c o n f i g u r a t i o n a l e n t r o p y is b a l a n c e d by g é o m é t r i e p a c k i n g 
e f fec t s [8], t he a p p e a r a n c e of s u c h c o m p l e x p h a s e s is q u i t e u n e x p e c t e d . In v iew of t h e 
poss ib le p r é s e n c e in t h e e x p é r i m e n t a l Systems of a small a m o u n t of po lyd i spe r s i ty a n d 
a w e a k d e p a r t u r e f r o m p e r f e c t HS b e h a v i o u r , as well as t h e ve ry long n u c l e a t i o n t i m e s 
involved , any a l t e r n a t i v e c o n f i r m a t i o n of t hè se findings s h o u l d b e c o n s i d e r e d w e l c o m e . 
It is t h e r e f o r e c o m f o r t i n g t h a t r é c e n t M o n t e Car lo (MC) c o m p u t e r s i m u l a t i o n s of 
b ina ry m i x t u r e s of A a n d B h a r d s p h è r e s have c o n f i r m e d t h e s tabi l i ty of t h e A B , 3 
s t r u c t u r e [9]. T h e e f f i c i en t e x p l o r a t i o n of t h e p h a s e s p a c e of HS m i x t u r e s by MC 
s i m u l a t i o n s is h o w e v e r n o t a s i m p l e p r o b l e m e i t h e r [10], w h i l e t he finite-size eflfects 
in m i x t u r e s c o n t a i n i n g o n l y 64 s p h è r e s of type A a r e equa l ly diff icul t t o a s sess leaving 
s o m e d o u b t as t o w h e t h e r t h e t r u e ( inf in i té System) equ i l i b r i um c o n d i t i o n s h a v e 
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b e e n m e t . Fo r t h è s e r e a s o n s w e repor t h e r e a theore t ica l s tudy, ba sed o n a dens i ty 
func t iona l a p p r o a c h which has p roven [11] to p rov ide a very a c c u r a t e descr ip t ion 
of o n e - c o m p o n e n t HS sol ids , wh ich a d d s f u r t h e r év idence f o r t h e ex i s t ence of the 
supe r l a t t i ce s t ruc tu re s f o u n d in t h e a b o v e expe r imen t s [6] a n d s imu la t ions [9]. 

W e cons ide r a System c o m p o s e d of 7V^ large s p h è r e s of d i a m e t e r o-^ and 
iVg smal l e r s p h è r e s of d i a m e t e r o-^ w i th t h e TV = Â ^̂  + s p h è r e s enclosed 
at t e m p é r a t u r e T in a v o l u m e V and in te rac t ing only t h r o u g h t h e HS poten t ia l 
which is inf ini té w h e n t w o s p h è r e s ove r l ap a n d z é r o o the rwise . T h e a p p r o p r i a t e 
t h e r m o d y n a m i c po t en t i a l is t h e ( H e l m h o l t z ) f r e e energy, F = F{T,V; N^, N^), 
which f o r spatial ly o r d e r e d p h a s e s desc r ibed by t h e par t ia l local dens i t i e s a t r, p , ( r ) 
with Nf = / d r p , ( r ) f o r i = A , B , b e c o m e s a func t iona l ( ind ica ted by s q u a r e 
b racke t s ) of t h e p , ( r ) g iven by 

F ( T , V ; [ P A , P B ] ) = k^T (drp,(r) ( l n ( A > , ( r ) ) - l ) + F „ (1) 
. = A , B ' ' 

w h e r e fcg d é n o t e s B o l t z m a n n ' s cons t an t , A , t h e t h e r m a l d e Brogl ie w a v e l e n g t h of 
species i, whi le f o r n o t a t i o n a l c o n v e n i e n c e the implicit d e p e n d e n c e o n T a n d V has 
no t b e e n ind ica ted explicitly in t h e RHS of (1). T h e excess f r e e ene rgy , F^, of (1), can 
in tu rn b e expressed in t e r m s of the O r n s t e i n - Z e r n i k e d i r ec t c o r r é l a t i o n func t ions 
( D C F ) , c , j ( r , r ' ) a s 

/ 3 F „ ( T , V ; [ P A , P B ] ) = - j û r j âr' j \ \ ( 1 - A ) 

A , B 

X E c , . ( r , r ' ; [ A p A , A p B ] ) p . ( r ) p ^ . ( r ' ) (2) 
».i 

w h e r e A is a ' charg ing ' p a r a m e t e r and /? = l/k^T. F o r a spatial ly u n i f o r m fluid 
phase ( supe r sc r ip t z é r o ) of dens i t i e s p, = NJV, é q u a t i o n (2) r e d u c e s t o 

, ,1 A^B 

/ 3 F » ( T , V ; P A , P B ) =-V dr dA ( 1 - A) ^ p . p ^ ^ d r l ; Ap^, A p g ) (3) 

as d iscussed in m o r e dé t a i l in [11,12]. Foi lowing t h e p r e sc r i p t i on of [11] we n o w 
tu rn t h e exact r e l a t ion (2 ) i n to a m a n a g e a b l e o n e by r ep lac ing t h e exac t DCF c^j 
of (2) by the i r a p p r o x i m a t e analyt ic Pe rçus -Yev ick (PY) express ion f o r a b inary 
HS fluid mix tu re ( s ee [12]), c,^{r, r'; [APA,APB]) - c f / ( | r - r ' | ; P A ( A ) , P B ( A ) ) , 
w h e r e { P A ( ^ ) 5 P B ( ^ ) } '^he effect ive u n i f o r m dens i t i e s desc r ib ing t h e n o n - u n i f o r m 
phase of dens i t i e s {Ap^Cr) , A p B ( r ) } . Tàking t h e ef fec t ive l iquid to b e o f t he s a m e 
compos i t i on , N^/N = x^ = l-x^, as t h e original System w e wr i t e PA(-^) = x^p{X) 
and P B ( A ) = XQP(X), a n d d é t e r m i n e t h e ( to ta l ) e f fec t ive dens i ty p ( A ) by e q u a t i n g 
the excess f r e e ene rgy p e r pa r t i c le of t h e n o n - u n i f o r m p h a s e as d e t e r m i n e d by (2 ) t o 
t h e excess f r e e e n e r g y p e r pa r t i c le of t h e e f fec t ive liquid as o b t a i n e d f r o m (3). Th i s 
yields an in tégral é q u a t i o n fo r p ( A ) which has t o b e solved f o r p (A = 1) k n o w i n g 
tha t p (A = 0) = 0. T h e resu i t is a s t r a igh t fo rward gene ra l i za t ion t o mix tu re s of 
t h e 'genera l ized e f fec t ive l iquid a p p r o x i m a t i o n ' (GELA) originally f o r m u l a t e d f o r a 
o n e - c o m p o n e n t System [11]. A s usual , t h e explicit éva lua t ions will b e p e r f o r m e d by 
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p a r a m e t r i z i n g t h e HS d e n s i t y p r o f i l e s in t e r m s o f G a u s s i a n s c e n t r e d a t t h e l a t t i c e s i t e s 
{ i l ^ ' ) } o c c u p i e d by s p e c i e s i: 

/ \ 3 / 2 

P<(' ' )=E( —) e x p { - a , ( r - i = A , B ( 4 ) 

w h e r e t h e w i d t h p a r a m e t e r s {Q^A'^^B) d e t e r m i n e d s o a s t o m i n i m i z e t h e t o t a l 
f r e e e n e r g y of (1) . T h è s e c a l c u l a t i o n s c a n n o w b e r o u t i n e l y p e r f o r m e d a n d y i e l d , f o r 
i n s t a n c e , a v e r y a c c u r a t e d e s c r i p t i o n o f t h e o n e - c o m p o n e n t HS System [11] . 

T h e g ê n e r a i p h a s e d i a g r a m o f a m i x t u r e can t h e n b e f o u n d by C o m p u t i n g F f o r 
v a r i o u s p h a s e s a s e x p l a i n e d in [12]. T h e p h a s e b e h a v i o u r o f b i n a r y HS m i x t u r e s is 
k n o w n t o b e a v e r y s e n s i t i v e f u n c t i o n o f t h e d i a m e t e r r a t i o 7 = CT^/CTA.(< 1 ) . F o r 
n e a r l y s i m i l a r s p h è r e s (1 > 7 > 0 . 8 ) t h e HS fluid w a s p r e d i c t e d [12] ( u s i n g a p r i m i t i v e 
v e r s i o n o f t h e a b o v e t h e o r y , s e e [11] ) t o f r e e z e i n t o a s u b s t i t u t i o n a l l y d i s o r d e r e d o r 
m i x e d c rys ta l w h e r e b o t h s p e c i e s o c c u p y t h e s i t es of a c o m p a c t l a t t i ce s t r u c t u r e w i t h 
a f l u i d - s o l i d p h a s e d i a g r a m w h i c h t r a n s f o r m s rapidly , w h e n d e c r e a s i n g 7 , f r o m a 
s p i n d l e s h a p e i n t o a n a z e o t r o p i c a n d finally i n t o a n e u t e c t i c p h a s e d i a g r a m . T h i s 
t h e o r e t i c a l s c é n a r i o w a s l a t e r c o n f i r m e d by MC s i m u l a t i o n s o n HS m i x t u r e s [10 ] a n d 
a l s o f o u n d t o b e c o n s i s t e n t w i t h t h e e x p e r i m e n t s o n co l lo ids [3]. F o r v e r y d i s s i m i l a r 
s p h è r e s ( 0 . 5 > 7 > 0 ) o n e e x p e c t s t h e HS fluid to f r e e z e i n t o a n A B s t r u c t u r e o f t h e 
N a C l t y p e w h e r e t h e sma l l s p h è r e s o c c u p y t h e in ters t i t ia l h o l e s of a c o m p a c t l a t t i c e 
s t r u c t u r e f o r m e d by t h e l a rge s p h è r e s b u t t h i s s i t u a t i o n h a s n o t y e t b e e n i n v e s t i g a t e d 
f o r co l lo ids . T h e r é g i o n o f i n t e r e s t h e r e c o n c e r n s i n s t e a d t h e i n t e r m e d i a t e 7 - v a l u e s , 
0 . 8 > 7 > 0 . 5 , f o r w h i c h t h e e x p e r i m e n t s , o n b o t h o p a l s [7] a n d c o l l o i d s [6] , h a v e 
f o u n d s u p e r l a t t i c e s t r u c t u r e s o f t h e A B „ type wi th n as l a r g e as 13 l e a d i n g t o a n 
u n e x p e c t e d l y c o m p l e x l o n g - r a n g e o r d e r w i t h a un i t cell of 112 s p h è r e s [7]. B o t h A B j 
a n d A B , 3 s t r u c t u r e s h a v e b e e n f o u n d . T h e p r é s e n c e o f t h e A B 2 s t r u c t u r e , a n a l t e r n a t e 
s t a c k i n g o f h e x a g o n a l A p l a n e s a n d h o n e y c o m b B p l a n e s [7], c an b e u n d e r s t o o d a s 
d u e t o a n o p t i m i z a t i o n o f t h e e x c l u d e d v o l u m e eflFects r e s u l t i n g in a b e t t e r p a c k i n g 
( h i g h e r c l o s e - p a c k i n g f r a c t i o n ) c o m p a r e d t o t h a t of a p h a s e - s e p a r a t e d s o l i d A + so l id 
B, Sys t em w h e r e b o t h A a n d B f o r m a c o m p a c t s t r u c t u r e . T h i s g é o m é t r i e p a c k i n g 
a r g u m e n t d o e s n o t h o l d , h o w e v e r , f o r t h e A B j 3 s t r u c t u r e , a s i m p l e c u b i c l a t t i c e o f A 
s p h è r e s w i t h t h e c u b e s filled b y a c e n t r e d i c o s a h e d r a of B s p h è r e s r o t a t i n g b y TT/2 
w h e n g o i n g f r o m o n e s u b - c e l l t o t h e n e x t [7], w h o s e c l o s e - p a c k i n g f r a c t i o n is l o w e r 
t h a n t h a t o f t h e so l id A -1- so l id B p h a s e . A t e n t a t i v e e x p l a n a t i o n f o r t h e s t ab i l i t y o f 
t h e A B , 3 s t r u c t u r e in t e r m s o f t h e e n t r o p y o f mixing will b e g iven b e l o w . 

T h e d i m e n s i o n l e s s f r e e e n e r g y p e r pa r t i c l e , 0FIN, d é p e n d s ( a p a r t f r o m a 
t r ivial c o n s t a n t ) o n t h e c o m p o s i t i o n x g = 1 - a ;^ , t h e ove ra l l p a c k i n g f r a c t i o n 

î? = Z ) . = A , B ( ' ' ' / 6 ) ( - ^ i ' ^ i / ^ ) t h e d i a m e t e r r a t i o 7 . I n o r d e r t o e x p l o r e t h e 
t w o - d i m e n s i o n a i p a r a m e t e r s p a c e (77, x g ) in s e a r c h of s t a b l e A B „ s t r u c t u r e s w e 
will i n c r e a s e 77 a l o n g a l ine o f c o n s t a n t c o m p o s i t i o n e q u a l t o t h a t o f t h e A B ^ 
s t r u c t u r e ( x g = n / ( n -|- 1 ) ) a t t h e e x p e r i m e n t a l l y s t u d i e d 7 - v a l u e ( 7 = 0 . 5 8 ) . 
T h e p h a s e d i a g r a m a t c o n s t a n t t o t a l v o l u m e (so as t o m i m i c t h e i n c o m p r e s s i b i l i t y 
o f t h e h o s t fluid o f t h e c o l l o ï d a l p a r t i c l e s [6]) c an b e o b t a i n e d by C o m p u t i n g t h e 
v a l u e s o f /3F/N, o b t a i n e d a s d e s c r i b e d a b o v e , f o r v a r i o u s p h a s e s . A l t h o u g h t h e 
e x p e r i m e n t a l l y d e t e r m i n e d s t r u c t u r e s a r e s l ight ly n o n - i d e a l w e h a v e fixed t h e r a t i o c / a 
o f t h e i n t e r p l a n e t o i n - p l a n e d i s t a n c e s a t t h e i r idéa l v a l u e ( s e e [7]). F o r e x a m p l e , w e 

u s e d c / a = -f 2 7 - 3 7 ^ ) 7 3 h f o r t h e A B j s t r u c t u r e , y i e ld ing t h a t c / a = 1 . 0 6 8 
f o r 7 = 0 . 5 8 , a v a l u e c l o s e t o t h e e x p é r i m e n t a l [6] a n d s i m u l a t i o n o n e s [9]; f o r t h e 
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A B , 3 s t r u c t u r e , w e u s e d a^/a^ = \/4{d/a^)'^ - 1 + 5 ^ 4 ( ^ / 0 3 ) ^ - 2 , w h e r e i s 

t h e l a t t i c e c o n s t a n t o f t h e A s p h è r e s , t h e e d g e l e n g t h o f t h e i c o s a h e d r a f o r m e d b y 

t h e B s p h è r e s a n d d t h e d i s t a n c e b e t w e e n a v e r t e x a n d t h e c e n t r e o f t h e i c o s a h e d r a 

( d / a g = 0 . 9 5 1 ) . F o r t h e p h a s e b e h a v i o u r o f t h e n = 2 m i x t u r e w e f i n d t h e s c é n a r i o 

i l l u s t r a t e d i n f i g u r e 1 . 

1 4 

5 I — I — I — j I I I 1 I I I I I I I I I I I 1 

0 . 5 0 . 5 4 0 . 5 8 0 . 6 2 0 . 6 6 0 . 7 

Figure 1. The dimensionless free energy per particle, ^ F / N (shifted by the constant 
tenu - 1 + l n ( A ^ / ( 7 ^ ) ) , as a function of the total packing fraction »/ for a fixed 
overall composition z g = j ^nd a diameter ratio 7 = 0.58. It is assumed that 

' " A / ' ^ B = (<^A/'^B)'- The phases represented are: fluid (filled circles), fluid + solid 
A (empty circles), fluid + solid A + solid B (triangles), solid A + solid B (dashed line), 
fluid + AB2 (the line Connecting the two crosses) and the AB2 phase (solid line). 

1 5 

1 4 

1 3 

1 2 

ca. 

1 0 

9 

8 

7 
0 . 5 0 . 5 4 0 . 5 8 0 . 6 2 0 . 6 6 0 . 7 

Figure 2. The same as figure 1 but for I B — H- The same séquence of phases are 
represented, but the superlattice phase is now AB13. The fluid + solid A phase is not 
visible on this scale since its range of stability is very small (0.528 < »? < 0.541) , and 
its free energy is veiy close to that of the fluid + AB13 phase. 
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A t low d e n s i t y (77 < 0 . 5 2 ) t h e fluid m i x t u r e is t h e on ly s tab le p h a s e ( i ts f r e e 
e n e r g y h a s b e e n r e p r e s e n t e d h e r e by t h e é q u a t i o n o f M a n s o o r i et al [13]) . I n c r e a s i n g 
t h e d e n s i t y t h e r e a p p e a r s a s t a b l e p h a s e fluid + sol id A consis t ing o f a fluid m i x t u r e 
in c o e x i s t e n c e w i t h a sol id of A s p h è r e s a r r a n g e d in a c o m p a c t la t t ice f o r w h i c h w e 
h a v e c o n s i d e r e d t h e f a c e - c e n t r e d cub ic s t r u c t u r e . T h e c o m p o s i t i o n a n d d e n s i t y o f t h e 
coex i s t ing fluid p h a s e , as well as t h e f r a c t i o n of t h e to ta l v o l u m e o c c u p i e d by it, a r e 
fixed by t h e g iven overa l l c o m p o s i t i o n ( x g = f ), t o t a l dens i ty (TJ) a n d t h e t o t a l v o l u m e 

( V ) [14]. T h i s impl ies f o r i n s t a n c e t h a t x g > | in t h e coexis t ing fluid p h a s e ( s i n c e 
x g = 0 in t h e sol id A p h a s e ) . A t T; > 0 . 5 2 th i s fluid + sol id A p h a s e b e c o m e s s t a b l e 
WRT t h e p u r e fluid m i x t u r e a n d , h e n c e , t h e l a rge s p h è r e s crystallize first. A t h i g h e r 
d e n s i t i e s (77 > 0 . 5 4 ) a n A B j s t r u c t u r e is f o r m e d l ead ing f o r 77 > 0 . 6 0 3 t o a s t a b l e 
fluid + sol id A B 2 p h a s e wi th th is t i m e x g = | b o t h in t h e coexis t ing sol id a n d fluid 
p h a s e s . F ina l ly f o r TJ > 0 . 6 2 5 on ly t h e p u r e sol id A B j p h a s e survives a s a s t a b l e p h a s e 
w h i l e o t h e r p h a s e s , l ike solid A + sol id B, a r e f o u n d t o b e m e t a s t a b l e ( h i g h e r f r e e 
e n e r g y ) in t h e r a n g e of d e n s i t i e s c o n s i d e r e d (r? < 0 .70 ) . W e not ice t h a t o u r t r a n s i t i o n 
d e n s i t i e s a g r é e ve ry wel l wi th r é c e n t s i m u l a t i o n resu l t s o n t h e s ame m i x t u r e [9], w h e r e 
t h e fluid + sol id A p h a s e b e c o m e s s t ab le a t 77 = 0 . 5 1 , a n d t h e AB2 s t r u c t u r e is s t a b l e 
f o r 77 > 0 . 6 1 5 . W h e n n is i n c r e a s e d , this s c é n a r i o is slightly m o d i f i e d ( s e e figure 2 ) . 
F o r 71 = 13, a n d h e n c e x g = | | , w e find t h a t a t 77 = 0 .528 t h e fluid m i x t u r e is 
t r a n s f o r m e d d i rec t ly in to a fluid + solid A B , 3 p h a s e wi th 77f = 0 . 5 2 8 a n d 77̂  = 0 . 5 8 6 ; 
a t 77 = 0 . 5 8 6 t h e m i x t u r e t r a n s f o r m s in to a p u r e solid AB^^ p h a s e w h i ch r e m a i n s 
s t a b l e WRT t h e p h a s e - s e p a r a t e d sol id A + sol id B p h a s e u p to t h e h i g h e s t d e n s i t y 
c o n s i d e r e d , i.e. 77 = 0 .70 . N o t i c e [7] t h a t t h e c lose -pack ing f r a c t i o n f o r t h e AB13 
s t r u c t u r e a t o u r 7 is r7̂ p = 0 .713 . W e a lso o b s e r v e t h a t t h e f r e e - e n e r g y d i f f é r e n c e 
b e t w e e n t h e A B , 3 a n d t h e solid A + sol id B p h a s e s is q u i t e small. In t h e s i m u l a t i o n 
of [9], t h e fluid + sol id A B j j p h a s e was n o t c o n s i d e r e d . In s t ead , t h e a u t h o r s f o u n d 
t h a t a t 77 = 0 . 5 2 3 t h e fluid + sol id A p h a s e b e c o m e s s t ab le and t r a n s f o r m s i n t o a 
p u r e A B , 3 p h a s e a t 77 = 0 .545 , wh ich is f o u n d t o b e s t ab le with r e s p e c t t o t h e so l id 
A + so l id B p h a s e s u p t o 77 ?» 0 .71 . In figure 3, we s h o w a c o m p a r i s o n b e t w e e n 
t h e t h e o r e t i c a l a n d s imu la t ion f r e e é n e r g i e s f o r t h e A B , 3 s t ruc tu re , in t h e d e n s i t y 
r a n g e 0 . 5 5 ^ 77 ^ 0 .70 . T h e a g r e e m e n t is v e r y g o o d (no t ice t h a t t h e s i m u l a t i o n 
r e su l t s h a v e n o t b e e n c o r r e c t e d f o r poss ib le finite-size ef fects) . C o m p a r i n g t h e t w o 
s i t u a t i o n s {n = 2 a n d n = 13) w e a lso o b s e r v e t h a t a l t h o u g h AB ,3 h a s a h i g h e r f r e e 
e n e r g y t h a n A B j it is s t ab l e a t l o w e r p a c k i n g f r a c t i o n s t h a n A B j . Th i s finding a n d t h e 
a b o v e s c é n a r i o s a r e in g o o d a g r e e m e n t wi th t h e e x p é r i m e n t a l obse rva t ions o n coUoids 
[6]. T h e s tabi l i ty of t h e A B , 3 s t r u c t u r e can b e u n d e r s t o o d h e r e o n t h e bas i s o f t h e 
o b s e r v a t i o n [8] t h a t whi le t h e excess f r e e e n e r g y F^^ of (2) f aveu r s c o m p a c t l a t t i c e 
s t r u c t u r e s , t h e c o n f i g u r a t i o n a l o r ' i déa l ' f r e e e n e r g y F - F^^ of (1) f a v o u r s s t r u c t u r e s 
wi th a h igh c o n f i g u r a t i o n a l e n t r o p y . A s a r e su i t , t h e less c o m p a c t AB13 s t r u c t u r e h a s 
a h i g h e r excess f r e e e n e r g y t h a n t h e c o m p e t i n g sol id A + solid B s t r u c t u r e b u t t h i s 
d i f f é r e n c e is c o m p e n s a t e d by its l ower c o n f i g u r a t i o n a l f r e e energy r e s u l t i n g f r o m its 
h i g h e r e n t r o p y o f mixing (see figure 4). 

F r o m t h e a b o v e w e c o n c l u d e t h a t t h e e x p é r i m e n t a l s t ud i e s on b ina ry m i x t u r e s of 
co l lo ïda l p a r t i c l e s [6], t h e MC s i m u l a t i o n s of [9] a n d t h e p r é sen t t h e o r e t i c a l d e n s i t y 
f u n c t i o n a l s t u d y of b inary HS m i x t u r e s r evea l t h a t , f o r i n t e r m e d i a t e d i a m e t e r r a t i o s , 
a t h e r m o d y n a m i c a l l y s t ab le s u p e r l a t t i c e s t r u c t u r e o f t h e A B ^ type can b e f o r m e d 
o n t h e bas i s of p u r e exc luded v o l u m e i n t e r a c t i o n s . A n en t ropy -o f -mix ing e f f e c t c a n 
b e i n v o k e d t o exp la in t h e s tabi l i ty of t h e A B , 3 s t r u c t u r e while p u r e space - f i l l i ng 
a r g u m e n t s [7] w o u l d d i s f a v o u r it . 
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Figure 3. The dimensionless free 
energy per particle, fiF/N (shifted by 
a constant), versus the packing fraction, 
7j, for the idéal AB13 structure ( I B = j | i 
7 = 0 .58) as obtained from the présent 
theoiy (solid line) compared to the MC 
simulation results (dashed line) of [9]. 
Notice that Ihe simulation results are for 
a finite system of 64 A sphères and 832 
B sphères. 
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Figure 4. Différence of the dimensionless excess and 'idéal' 
(or confîgurational) free énergies per particle ( / = 0 F / N ) , 
as obtained from (1) and (2), between the AB13 and solid A 
+ solid B phases at IB = |^ and 7 = 0.58. In the density 
range shown, ^ f c x = /ex[ABi3] - / « [ S A + SB] (dashed line) 
is positive, favouring the solid A + solid B phase as expected 
on the basis of packing arguments while A / i a (dotted line) is 
négative, favouring the AB13 structure. The différence of the 
total free énergies A / = A / i d + A / c x (solid line) is négative, 
indicating an AB13 phase which is thermodynamically stable 
relative to the phase-separated solid A + solid B phase. 
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