Acta Phys. Sin. Vol.60 No.12 (2011) 126402
*
¥
( 100190)
(2011 3 3 ;2011 6 29 )
2.8 0.8
PACS: 64.75.Xc 82.70.Dd 83.10.M;j
4
1. P
=0.494 ¢, =0.545.
0.494  0.545 .
1
6
. Derjaguin Landau Verwey
Overbeek DLVO
u(r) Yukawa
7
u(r) = —exp —k(r -d) (1)
3 r v d ;€ Yukawa
kT (kg )
1/k u(r)
& K 1. Yukawa
_ 8
* ( £10972217 11032011) ( :KJCX2-YW-.08)
F . E-mail: sunzw@ imech. ac. cn
(©2011 Chinese Physical Society http: //wulixb. iphy. ac. cn

126402-1



Acta Phys. Sin.  Vol.60 No.12 (2011) 126402

600
L . [
600 |- @) (b)
- =80, x=0.6 F
L ————£=l§g,!r=g.g 400
wol v e £=160, £ =0. I
I emimee £=200, K =0. 6
. B = L
200 - 200
0 0k
P R S S SR R o L
r
1 Yukawa u(r) e « (a)k = 0.6 u(r) e (b)e =160 u(r)
( Yukawa )
’ Okubo "
K Yukawa d
K Yukawa d, =d +2l,,.
d Loy
Lyy =1/k.
10 19
Okubo
d .
! deff
Tata ! ) d.g
Grier . DLVO Yukawa 2
20
Desy by
13—16
[
2
» 17 Okubo 18

126402-2




2.1.

Acta Phys. Sin. Vol.60 No.12 (2011) 126402
Ar()
{ Ar®)?) = 2DAs
D Stokes—Einstein
kT
= —. 4
6mna (4)
21 22 . D 10710_10712
m’ /s
Yukawa
d d.y Y
‘ ‘ u(r) =3 ulr,) (5)
i<j
u(r;) Yukawa
(1)
2.2.
N Vv
@ N
23 4,_‘1_ 3 N
= —a — 6
¢ =70 (6)
N V .
NIV . ir
d .
: At = 2.6x1077 s
n = 1.0 x10 * Pass T = 293.15 K.
At At
r = mD/(k,T) =2.0x10"" s
T,=a /D=1.26x10""s a
=60 nm D 7.2
x 107" m’/s.
2.3.
( RDF) N ( MSD)
24
2.3.1. RDF
RDF

126402-3



Acta Phys. Sin. Vol.60 No.12 (2011) 126402
i q,(1)
24 .
o(r) =2 (7)
P
p p(r)
r RDF 0
6
.
RDF
26
RDF a0 (i)
d, (i) = ——" — = -6 6)
(3 1g,.(0)17)
m= -1
RDF (12)
2
( ) 0
. l )
2.3.2. 25 d(i ) =2 4, a1, ()) (13)
m= -1
d6
-1 <d, <1 dg
i 1.
1/2 1
= 8
0.() (21 N 1E L ) (8) ;
m= -6 6 [=6.
1 “Vyxl.(i) dﬁ ( d6
4 (D) = —— Y, (r) (9 07 i
Nnh( l) j=1 9)
Ylm(ri,j) L
N,,(0) . J [} N
( RDF
f
. ) 2.3.3. MSD
' MSD
8
6. 0,
resp = (1))
06 06 MSD |
- LS (o) (14)
N i=1
MSD
— 172
= 10
@ (21+1,,,2:,,'Q”"') (10 3
N
_— :% Aﬁh qm 11 Yukawa
0, = 5 | (11) N(N = 4000)
2 an)( L)

i=1

126402-4



126402

Vol.60 No.12 (2011)

Acta Phys. Sin.

*,
+
.

ol
st *y
0

y

2
0k

(a) t=2.6

(e) t=26.0

4000.

0.0222 k=0.72 £=400 N =

d=
(d) ¢

RDF

=7.8

RDF
(f) 1=26.0

(c¢) t=7.8

=2.6

(b) ¢t

RDF

)

RDF

RDF

126402-5



Acta Phys. Sin. Vol.60 No.12 (2011) 126402
d,, d,= 2.8 RDF
2421 1.1 1; =
0.8 1. 3(e)
3(a) RDF
2.8 RDF
deﬂ
d, =a+2. (15) (3(c) (e))
K RDF
( 3(4d))
d = 4 RDF
0.0222 k = 0.72 & = 400 d = 0.5778 k =
0.90 & = 400. = 2a. 3(e)
RDF
0. 88
d =0.0222 k = 0.72 & = 400
RDF 3 4.85
4
5 S Qs
t 5 RDF
f Qs 6
t=16.8 ¢=26.0 f 0, 7
f 1. 00 0,
0. 39.
f 0.3. 0,
d=0.0222 k=0.72 0.03 RDF
& e =400 e =100
£ Q. RDF

126402-6



Acta Phys. Sin. Vol.60 No.12 (2011) 126402

1.2 0.4
I / L Al
- - Kt e iR
_ e , Vil i’ q_ﬂfs,ﬁ[w ’kv
& 0.3+ M A
0.8} f’f I 7
o -7 5
S, .
" - 0. Lozl
0.4 . -
i 0.1}
0.0} L
A I s
1 M L. 1 R PR 0. 0 L admwionif ettt e . |
0 10 20 0 10 20 30
t I3
5 d=0.0222 x=0.72 &=400 N =4000
; 0 7 d=0.0222 x=0.72 £=100 N =4000
‘ / 06 '
S
0, d=0.0222 ¥k =0.72 &
MSD 8 . &
400 MSD
3
. @ £=100  MSD
2l \ P & =400 & =100
ot
E -
] &
i e
1
&
&£
13
6 =
a
s 4r
i —v—d=0.0222,x=0.72, £ =400
I d=0.0222,x=0.72, £= 100
2F P
0 I | L 1 1 | L | L 1 1 1 L
0 10 20 30
t
8 MSD t
6 1=26.0 RDF N = 4000
d=0.0222 k=0.72 £=100 N =4000. (a)t=26.0
RDF (b) t=26.0 deff -0.8

126402-7



Acta Phys. Sin. Vol.60 No.12 (2011) 126402

. K
d =0.1103 k= 2.9 ¢ =600 Yukawa
d = 7 d
0.40 k = 5.0 ¢ = 600
off
k (k= 2.8 2.4 2.1 1.1 0.8.
2.9) K (k=5.0) 1
1 dy 2.82.42.11.10.8

deg d K &

2.8 0. 0222 0.72 400

2.8 0.5778 0.90 400

2.8 0.0222 0.72 100

2.4 0.0471 0. 85 400

2.4 0.1778 0.90 400

2.4 0.5818 1.10 400

2.1 0. 1000 1. 00 400

2.1 0.4333 1.20 400

2.1 0.5615 1.30 400

1.1 0. 1000 2.00 400

1.1 0. 1476 2. 10 400

1.1 0. 1909 2.20 400

0.8 0.1103 2.90 600

0.8 0. 4000 5.00 600

K &) Yukawa
d
d d K
d . &
e . RDF
d(:ff
K 27
K d.q
K . K (k=2.9)
)
4. (k=5.0)
d&ff
de"f
d(-,ff
d\-r(
& K Yukawa
deff
2.8 2.4 2.1 1.1 0.8 (d

126402-8



Acta Phys. Sin.

Vol.60 No.12 (2011)

126402

10
11
12
13

14

Van Blaaderen A Ruel R Wiltzius P 1997 Nature 385 321
Yablonovitch E 1987 Phys. Rev. Lett. 58 2059
Velikov K P Christova C G Dullens R P A 2002 Science 296
106
Pusey P N van Megen W 1986 Nature 320 340
Pusey P N van Megen W Bartlett P Ackerson B J Rarity J
G Underwood S M 1989 Phys. Rev. Lett. 63 2753
Russel W B 2003 Nature 421 490
Russel W B Saville D A Schowalter W R 1989 Colloidal
Dispersions ( Cambridge: Cambridge University Press )
Hynninen A P Dijkstra M 2003 Phys. Rev. E 68 021407
Schitzel K 1996 Ordering and Phase Transitions in Charged
Colloids ( New York: Wiley-VCH)
Frenkel D 2002 Science 296 65
Tata BV R Ise N 1998 Phys. Rev. E 58 2237
Grier D G Crocker J C 2000 Phys. Rev. E 61 980
LuL XuSH LiuJ Duan L Sun Z W Lu R X Dong P
2006 Acta Phys. Sin. 55 6168 ( in Chinese) R

N N . N . 2006

55 6168
Liu L XuSH LiuJ SunZ W 2008 J. Coll. Interf. Sci. 326
261

15

16

17

18

19

20

21

22

23

24
25

26

27

126402-9

XuSH Zhou HW SunZ W XieJ C 2010 Phys. Rev. E 82
010401
LiuL XuSH SunZ W Duan L. Xie J C Lin H 2008 Acta

Phys. Sin. 57 7367 ( in Chinese N N N

N N 2008 57 7367
Dixit N M Zukoski C F 2003 J. Phys.: Condens. Matter 15
1531

Okubo T 1994 Langmuir 10 3529

Okubo T Tsuchida A 2002 Forma 17 141

Ishikawa M Okubo T 2001 J. Cryst. Growth 233 408

Xu S H Sun Z W 2007 J. Chem. Phys. 126 144903

GuLY XuSH SunZ W WangJ T 2010 J. Coll. Interf.
Sci. 350 409

Allen M P Tildesley D J 1987 Computer Simulation of Liquid
( Oxford: Clarendon Press)

Ermak D . McCammon J A 1978 J. Chem. Phys. 69 1352
Steinhardt P J Nelson D R Ronchetti M 1983 Phys. Rev. B 28
784

ten Wolde P R Ruiz-Montero M J Frenkel D 1995 Phys. Rev.
Lett. 75 2714

Kremer K Robbins M O Grest G S 1986 Phys. Rev. Leit. 57
2694



Acta Phys. Sin. Vol.60 No.12 (2011) 126402

A Brownian dynamic simulation to verify the effective
hard-sphere model criterion for the formation of
charged colloidal crystals”
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Abstract

The mechanism for the formation of colloidal crystals in charge-stabilized colloids is more complicated than that of
hard-sphere colloidal crystals. And there is still lack of available criterion for the formation of charged colloidal crystals.
The effective hard-sphere model suggests a criterion in which the effective diameter is used as a crucial parameter. In order
to test the validity of this criterion the characteristics of charged colloidal crystals with different effective diameters are
investigated using Brownian dynamics simulations in this study. The crystallization behaviors with different geometric
particle diameters and repulsive forces are also studied with some fixed effective diameters. In the simulation the time
evolution of crystallization process and the crystal structure during the simulation are characterized by means of the radial
distribution functions and bond-order parameters. The results show that the effective hard-sphere model criterion has its
reasonableness to some extent. However the effective diameter cannot be used as the only parameter that influences the
formation of charged colloidal crystals. The influence of other parameters should also be taken into account which

indicates that the criterion is one-sided.
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