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We theoreticaly investigate the effed of the containe wall on the structur orderirg of aqueous
dispersios of negativey chargel electrostaticall stabilized colloidd spherich particles The
colloidd crystd containel betwea two quart plates is modelal as ase of crystd planes oriented
paralld to the quartz walls. We conside the electrostat interactiors betwea the particles ard the
containg wall, and the particles and their inducel image charges The position-dependent
interactian energis of a plane with its neighbos and the induced image charge are calculatel under
the Debye—Huckd approximation We also theoreticaly investigae the effed of chargel container
walls on the orderirg of the colloidd particle dispersionFor zero wall surfae charge the colloidal
sphee plare nearesto the containe wall is held in adeepe potentid well than are interior colloidal
planes A negatie wall surfa@ charg creats a shallowe well for the neares colloidd sphere
plane which is still deepe than tha of the interior planes A positive wall surfae charg creats the
deepespotentid well. Thes resuls rationaliz our recen observation of the initial nucleatio of
crystallire colloidd array by formation of 2D hexagonbcolloidd layers nea the containe wall. We
calculae the root-mean-squardisplacemenof the planes at various distance from the wall and use
the Lindermann-tye melting criteria to examire ordering © 1998 American Institute of Physics.
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I. INTRODUCTION

Aqueots dispersios of polystyrere colloidd particles
shav gas liquid, glass and crystalline phass similar to
atomic and molecula systens dependig on the particle con-
centratim n,,, impurity concentratia n;, particle charg Ze,
temperatue T, particle diamete 2a, and the medium dielec-
tric constante.!™ Colloidd particles acquile a ne charge
when dispersd in wate due to the ionization of the surface
functiond groups! The particles are surroundd by diffuse
ion clouds extendirg from the particle surfae into the solu-
tion. The interpartick interactian is fairly well represented
by a screend Coulonb repulsian extendirg over mary par-
ticle diameter$. To minimize the interpartick repulsiwe in-
teractions colloidd particles self-assemtd into orderal ar-
rays and can crystallizz into body-centered-cubi(bcc) or
face-centered-cubi(fcc) structures Bec (fcc) is thermody-
namicall favored for dilute (concentratedsuspensions’=°
Highly efficiert opticd filters, which utilize single crystak of
thes arrays to Bragy diffract narrov bandwidtls of radia-
tion, hawe been developed?

The ionic strengh dependene of structurd orderirg of
colloidd dispersios has been investigate previously*2-14
At high n; values the dispersim is disordered (gaslike, and
as n; is reduced the particle concentratio nea the wall
increases?!3 causimy two-dimensionk(2-D) hexagonhlay-
ers of particles to nucleae parallé to the wall, while away
from the wall the dispersim exhibits eithe gaslike disorder
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or liquidlike order!®® As n; is reduce further, the 2D lay-
ers nea the wall crystalliz into a three-dimensioria(3D)
bce (fce) crystd with the (110) planes[(111) planeg parallel
to the wall, even thouch the bulk shows a 2D layered
structuret>**Finally, at low n;, the whole dispersim exhib-
its a3D crysta structuret**® The hexagonh2D planes are
known to nucleae first nea the wall during crystallization,
and disorde last during melting of the colloidd crystal’®~
Although Kesavamoorth et al.*>'*7 conjecture tha the
interaction of the colloidd particles with their induced image
chargs in the dielectrc (containe wall) is responsite for
the observe increasd structurd orderirg nea the wall, this
possibiliy has nat yet bean experimentall or theoretically
investigated Grier ard Murray™® investigate the dynamics
of freezirg of supercoold colloidd suspensios contained
betwea two paralld glass plates using opticd microscopy.
Their investigatiors reveale the gradu# increag of the col-
loidal particle concentratio nea the glass wall as the order
develops ard the developmenof hexagonhorderirg in the
plare nearet to the wall. The nearet plare was shown to
vibrate asymmetrical} abou its equilibrium position with a
smalle amplitudce toward the wall than away from the wall.
During crystallization the neares plare ordes first. Subse-
quently the secoml neares plare orders followed by the
third, fourth, until the whole suspensio ordess into acolloi-
dd crystalline array. In their investigatian of colloidd hard-
sphee glasss formed by centrifugd quenchig of hard-
sphee colloidd liquids, van Blaadera and Wiltzius®®
reportal tha a wall-inducel layering was observe close to
the wall to a distane of ~10 layers.

In the preseih work, we investigaé theoreticaly the ef-
fedt of the containe wall on the structurd orderirg of nega-
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tively chargel colloidd dispersionsWe modela the colloi-
dd crystd as asd of planes paralléd to the wall which have
auniform surfa@ charg density,o, and a thickness identical
to the particle diameter 2a. The surfa@ charge densiy on
the plare is calculatel from the sphee surfa@ charge the
numbe of sphers in the plane and the concentratia of
smal ions (counte ions and impurity ions) presem within
the plane The electrostati interactiors with the container
wall is assumd to derive from the wall surfa@ charge and
inducel image charge in the dielectric Unde the Debye—
Huckd approximation the potentid enery (PE) as afunc-
tion of the distan@ of a plare from the wall is calculated,
considerilg plare—plare interactiors and plare—image
charg interactions Using the PE curve we obtai the root-
mean-squar (rms) displacemenof the plare arourd its equi-
librium position ard compae the rms values of planes near
the wall to those far away from the wall. The rms value of
the plare estimate from the compute simulatian of the col-
loidal crystd melting"?°is compare with the presemvalue.
Basal on the preseh calculationswe explan the recer ob-
servatios of 2-D hexagonhlayers nea the wall and we find
a greate stability of the plane nearesto the wall as com-
paral to interior planes Positive charg on the wall stabilizes
ard negatiwe charg destabilize thes two-dimensionkcol-
loid sphee planes.

Il. MODELING

In the presem investigation the colloidd crystd is con-
sideral to be confinad betwea two widely separaté smooth
quart plate walls 2>1618|n this paralld plate geometry the
colloidd crystd is modelal as asd of planes of thickness
identicd to the particle diamete oriental paralld to the
quart platest®?222 These would be the (110 planes for a
bcc structue or the (111) planes for an fcc structure The
avera@ interplana separatia is determiné by the average
particle concentratia and the crystd structure The plare is
considerd to be vibrating in one dimensia (normd to itself)
at atemperatue T, with athermad energy of (1/2)NkgT/cm?,
where N is the numbe of particles/crin the plare and kg is
the Boltzmam constant The plare thickness 2a, is consid-
erad constamh during the plare vibration The charg density
on the plare is uniform and is determiné as describé be-
low.

A. Charge density in the plane, o

The plare consiss of negativey chargel colloidd par-
ticles and smal ions (counteriors and impurity ions). The
smal ion concentratio arourd a particle is calculat@ using
Debye—Huckd (D—H) approximatim with a renormalized
particle charge!®>16:23.24

The smal ion ne& charg densiy at a distane r from a
particle cente is given by®

B 2n0e2 p(r)
CN=—f7

whete e is the electront charg and 2n, is the averag total
smal ion concentratia (assumd to be monovalenk given

by

D
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FIG. 1. Schemat representatio of a colloidd particle plane (a) Side view
of the plane (b) front view of the plang wher 2R is the interparticle
distance a is the partice radius ard Vg is the gap volume.

2n,=nyZ+n;,

@

where Z is the reducel particle charge numbey nyZ is the
counterion concentrationand n; is the totd impurity ion
concentrationThe screend Coulonb potentid at r is given

by
~Ze

€

e* KI
r

eKa
1+ka

h(r)= : )

where a is the particle radius, € is the medium dielectric
constantand « is the inverse Debye screening length given
by

8me’n,
N EkBT ’

In orde to determire the smal ion charge confinal in
the plane a circular cylindricd cel of thicknes 2a ard ra-
dius Ris constructd arourd ead particle (2R isthe average
interpartice separatia distan@ in the plane as shown in
Fig. 1. The smal ion net charge arourd a particle in the cell
is given by

2

4

a R
C1=2J ____ 2mpdpC(r)dz 5)
2=0J p=+a?-7?

whetre r?=p?+ z2. Substitutig Eqs (1)—(4) in (5) ard car-
rying out the integration,

Zex | a 22
— __aka —kJ(z°—R%)
C, (1+Ka)_a e foe dz|. (6)
Equation (6) can be approximatd as
C,= Zexa -1 \/R2+a2 7
1—m - —exp — kK 7—a . ( )

The circular cylindricd cells do naot completey fill the
plare ard aggp exist betwee the cells as shown in Fig. 1.
The gap volume Vg, is given as

Vy=(2V3R?— wR?)a. )
The small-ion charge in Vg is approximate as
C,=V,C(R)= ZeK—zRa (2v3—m)e “R-a_ (9)
47(1+ Kka)
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The net charge in the plare per cn? area is

o=(—2Ze+C;+2C,)N. (10)

In Eq. (10), C, is multiplied by 2 since ead particle gives
rise to two ggp volumes Thus smal ions containel in the
colloidd sphee plare lower the magnitue of o below the
value ZeN

In this work, we modelal the charg distribution in the
colloidd sphee plare to be uniform. In fact, the plare con-
tains negativey chargel colloidd sphers self-assemblin
a 2-D arrey ard its accompanyig cloud of smal ions, im-
purity ions, and the counterionsThe region betwea the col-
loidal sphee planes contairs only ion clouds The charge
distribution in the colloidd sphee planes shows the two-
dimension& periodicity of the hexagonal} distributed par-
ticles The doubk layer forces and the interaction free energy
betwea two heterogeneougl chargel surfaces hawe been
worked out recently?®>2® However for the sale of simplicity,
we mode the colloidd sphee planes to be homogeneously
charge with an effective negative charge density, o, given
by Eqg. (10).

B. The interplana r interaction

The planes are considerd to interad electrostatically
only with neares neighba planes The screend Coulomb
interaction energis betwea two slats having acharg den-
sity per unit area of o, with a plane thickness& and the
interplana cente to cente distane s, is given unde D—H
approximatio a$

2
Ug(s)= 277 gnts2a)

11

This equation can also be derivad by considerirg the inter-
action free energy betwea two surface having a periodic
charge modulation? The free energ expressia of Miklavic

et al.?® for two surfacs with a charg modulatio can be
approximate by our colloid particle planes of averag uni-

form surfae charg densiy without a periodic charge modu-
lation. Their expressia reducs to Eq. (11), but with a con-
start 8 insteal of 2. This differene occus becaus the
charg compensatig counteriois are presemh on only one
side of the charge surfa® in their model wherea they are
presemhon both sides of our colloidd planes of thicknes 2a.

Equation (11) is valid in case of a thick doubk layer,
ka< 3, which is the ca® considerd her (vide infra). In

addition Eq. (11) is valid for the ca® of constan surface
potentid as well as for the case of constan surfae charge.

C. The interactio n between a plane and its image

Conside a charg in amediunm placeal nea the boundary
betwe& medi 1 ard 2 which hawe differert dielectrc con-
stants This charge polarizes the secon medium and electro-
statically interacs with this inducel polarization The inter-
action energy can be obtainal by calculatirg the induced
image charge The charg g placed in wate (medium 1, €
=78) a a distane r from the wate—quarz bounday in-
duces an image charg q; in quarz (medium 2, €' =4.1) at
the sare distan@ from the boundary q; is given by?"28

Tandon, Kesavamoorthy, and Asher

e—¢€'

et+e

o] (12)
Hence a plare of thicknes 2a and surfa@ charg densityo
a a distane (D +a) from the wall to the plare cente in-
duces an image plare of thicknes 2a and surfa@ charge
densityo; at a distane (D +a) inside the quart dielectric.
The interaction betwee the plare ard its image is given by
27O 0
Uip(2D)= —— e >®, (13
where 2D is the surfa@ to surfa@ distane betwea the
plare ard its image. o; is obtainal from o using Eq.(12),
ard for the cag of colloidd dispersimm confinel between
quart plates both o and o are negative.

D. Interactio n between the plane and the wall

Let o, be the surfa@ charg densiy of the wall (inter-
face betwea the dispersim and quartz. The smal ions,
presemin the dispersion screa the wall charge The plane
having a surfa@ charge densityo interacts with the wall, and
the interaction energy U,, is given by

4d7o0,

UW(D): €K e_KD!

(14)

whete D is the distane betweea the wall and the plare sur-
face If o ando, are of the sane sign, U,, is positive oth-
erwise it is negative A clean quart surfa@ is negatively
chargel in wate due to the presene of surfae silanol
groups ard thus it interacs repulsivey with the negatively
chargel colloidd plane Equatian (14) contairs the facta 4
instea of 2, sinee the charg compensatig counteriors are
preseh on both sides of the colloidd plare but on only one
side of the containe wall surface.

The concentratia of siland grougs on the quart surface
is pH dependent® Therefore if the pH of the dispersim is
known, afairly accura¢ zeta potentia of the quarz wall can
be obtainec?® Assumiry tha the zet potentia and the ef-
fective surfa@ potentid are identical the surfae charge den-
sity at the wall can be obtainel usind

ek,
4q "’

Ow= (19

where i, is the surfa@ potentid of the quartz wall. If the
guark surfae were functionalizel with ionizing speciesthe
wall charg could alo haw ane positive surfae charge
densiy (o,>0) or even azero surfae charg densiy (neu-
tral, o, = 0).

E. Interactio n betwee n the plane and the image
charge s induce d by the wall screenin g ions

The charge on the quartz wall is screend by the small
ions in the dispersim with an inverse screenig length, «.
This smal ion distribution nea the wall, p(r), (r is the dis-
tance from the wall) induces an image charge distribution in
the quart dielectric The inducead image charge distribution,
pi(r"), (wher r' is the distane of the image charg from
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thewall, r' =r), also has the sane invers screenig length.
pi(r’) is calculatel using Eq. (12),2"?8 wherep(r) is given
a

_ 2
2n,e“ iy o

p(r)=

The interaction energy betwee the colloid plare nearest
to the wall and the screenig ion image charge distribution
pi(r") is given by

V)= [ pr D+ @
whee D is the distane of the colloid plare surfae from the
wall and r" isthe distane of the image charge from the wall.
The potentid due to the colloid plare at the location of the
image chare is given by?

270
(A —k(D+r")

Up(D+r1") p” e . (18

For a negativey chargel colloidd particle U; is nega-
tive for a negativey chargel wall, positive for a positively
chargel wall, and zero for a neutra wall.

F. Potentia | energy curve

Using Egs (11), (13), (14), ard (17), we obtan the po-
tentid energy (PE) curves for the first three planes nearesto
the wall as a function of the distane from the wall. The
interaction potentid decrease exponentialy with distance
ard hene the PE curves for the planes far from the wall are
unaffectel by eithe the image charge or the wall charges.
The PE curve for the interior planes is obtainel from Eq.
(11). The secom neighba interactia of a plareis calculated
to be abou 10° times smalle than the first neighba interac-
tion ard is therefoe neglected The PE curve of an interior
plare j is obtainel by spacimg the neighborirg planes j—1
ard j+1 and a a distane 2d;,,. dny, the averag inter-
layer spacing is determine from n, and the crystd struc-
ture The totd potentid energy U,, is calculate as afunc-
tion of the cente plare position

Ui(s)=U,(s—2a)+U4(2d},—Ss—2a), (19

whe s is the cente to cente distan@ betwea the plare |
ard its left neighbor j —1.

The PE curwe for the plare nearesto the wall (plare 1)
is obtainal by fixing the position of the secom plare from
the wall ard varying the position of plare 1. The potential
enery is calculatel using

Un(s)=Uy(si—a)+Ujp(2s;—2a)

+U(s;—a)+U;(dy,—s;—2a), (20

where s; and d, are the distancs of the centes of planes 1
ard 2 from the wall, respectively For the PE curve of plane
2 (secoml neares plare to the wall), the centes of planes 1
ard 3are fixed at d, and d5 from the wall, while the distance
betwea the wall and plare 2 center s,, is varied from d,
+2a to d3—2a, ard the potentid enery is given as
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TABLE I. Colloidd systens studied crystd structure particle concentra-
tion ny, plare thicknes 2a, renormalizel charge Z, melting impurity con-
centratimn n{", the Lindemann-tye paramete W, , calculatel here for the
interior colloid plane ard the effective charg densiy of the planeo.

Crystal ny/ 2a -0
System structure 10%cn® /nm  Z  nfn,Z statcoul/crd W, %
A fcc 8.0 83 600 1.03 233.6 4.78
B fcc 16.0 83 1150 0.94 460.0 4.61
C bcc 8.0 83 1150 0.72 367.7 4.07
D bcc 042 109 600 1.19 50.2 4.44

Ua(sp) =Uy(s,—a) +Ujp(dy+s,—2a) + Ui(s—a)
+U4(s,—d;—2a)+ U (ds—s,—2a). (21)
Similarly, the potentid energ curve of plare 3 is given by
Uis(sg) =Uy(sz—a) +Ujp(dy+s3—2a) + Ui(sz—a)
+Uy(s3—dy—2a)+ U (ds—s3—2a), (22

where d, is the distane of the cente of plare 4 from the
wall and s; is the distane of the cente of plane 3 from the
wall.

The effects of the wall charge and image charg at dis-
tances as large as d, are negligible as comparé to U4 (d;
—2a). Hence only the PE curves of planes 1, 2, ard 3 are
obtainal using Eqs (20), (21), and (22), respectively We
assume a sd of values for d{, d,, ard d; (d4=d;,,) and
obtan the PE curves for planes 1, 2, ard 3. The positiors of
the calculatel potentid minima are usal as the new values
for d;, d,, and d; to recalcula¢ the PE curves ard to con-
verge on afina minimum PE position for planes 1, 2, and 3;
the calculation converges to a unigue se of equilibrium d
values for planes in a stabk structure.

G. Root-mean-squar e displacemen t of the plane,

V{(U3), (rms)

The potentid enery is calculatel at a temperatureT
(=298 °K). The plare is assumd to vibrate perpendicular
to the wall in its potentid well. The rms is obtainel by cal-
culating the plare displacemerst\/ (U2) from the potential
minimum position at an energy AU =(1/2)NkgT, abowe the
PE minimum value N is the avera@ numbe of particles per
unit area of the plane Plane with smalle \/(U7) values
vibrate less and are more rigidly fixed as compare to planes
having large’ \/ (U3) value We recenty calculatel the im-
purity concentratioa neede for melting thes crystak from
Monte Carlo simulations'® We determire here the scaled
rms displacemenof the plang n¥®\(U2), for differert col-
loidal systens at their melting impurity concentrationsn;" .
The scal@ rms displacemenof an interior plare a n" is
W, , and those of first secom and third planes nea the wall
areAq, Ay, Aj.

lll. RESULTS AND DISCUSSION

Table | lists the parametes for the four differert colloi-
dd crystak (2 fcc and 2 bec crystalg studied here These
colloidd crystak were modelel to hawe sufficiert impurity
concentratios tha the macroscop colloidd crystak are
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FIG. 2. Schemat representatio of paralld colloid particle planes along
with the potentid energy curve for plare—plare interactions.

calculatel to be at their melting transition pha® bounday at
room temperature The® systens hawe been studied
experimentally®®~32 and by Monte Carlo simulation? Un-
der the preseh mode| an fcc (bco crystd is modela as
(111 planes [(110 planeg of particle thicknes 2a which
are oriented paralléd to the quariz wall. Figure 1 shows the
particke arrangemenin (111) planes of an fcc crystd at
298 °K whete the interpartick separatia is (4/n,) ¥ /2. The
avera@ interpartick separatia in the (110 plare of the bcc
crystd is (2/n,)Y3(1+,3)/3. The effective surfa@ charge
densiy on the plane, o, is calculated from Eq(10) and is
given in Table I.

The wall ard the image charges hawe no effed on the
interior planes therefoe the PE curve for interior planes is
obtaina using Eq. (19). Figure 2 shows the positiors of
three interior planes and the PE curve for an interior plane.
We calculae the Lindemann-tye melting parametgrW,,
from the calculatel PE curve by determinirg the rms value,
vV (U3), of aplare far from the wall from the positiors at an
enery of (1/2)NkgT abowe the PE minimum and normaliz-
ing it by the lengh scak (n, %). The W, values calculated
here for various colloidd crystak are given in Table | along
with the melting impurity concentrationn™. W, found here
is mudh lower than the Lindemam parameterW, for these
systens calculatel previously? where W is the rms displace-
mert of a particle at melting of a colloidd crystd in length
scak unit of n; 2. 2334w, for both fcc crystak are larger
than tho=e for the bec crystals wherea W calculatel previ-
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FIG. 3. Schemat representatio of paralld particle planes the container
wall, and the image charge of the first particle plane Also shown is the total
potentid enery curve.

ously were similar for all crystak at ~0.19 for the three-
dimensionacase! Sinae W,, is defined for only one dimen-
sion, it shoutl be related to W/(y3)~0.11.

The reasa for our lower calculatél W, is not yet clear.
It is possibé tha we calculate too large an effective o value.
Our modd assume arigid plare structue of thicknes 2a.
However the plane would be thicker if the particle vibra-
tions were taken into account This large plane would en-
compas more of the smal ions This would redue the o
value and increa the W, toward 0.11.

A. Neutral wall, o,=0

In the previows sectiom we calculatel W, for interior
colloid planes at the impurity ion concentratia where the
crystab shoull melt The image charge does nat affed the
interior planes but influences planes nea the wall. In this
section we will conside the ca® when the containe wall has
ze surfa@ charge densiy (o,=0) and has no electrostatic
interactiors with the colloid planes In addition U;(r)=0
due to the absene of the screenig smal ion cloud nea the
wall. However plare 1 induces its image in the quarz wall
ard interacs with it, as well as with plare 2. Similarly, plane
2 is considerd to interad¢ with plare 1, plare 3, ard the
image of plare 1. Finally, plare 3 interack with planes 2 and
4 and the image of plane 1. The PE curves for planes 1, 2,
ard 3 are calculatel using Egs (20), (21), ard (22), respec-
tively, with both U,, ard U;=0. Figure 3 shows the positions
of planes 1, 2, ard 3 with respet to the wall ard the image
plare along with the PE curves correspondig to planes 1, 2,
ard 3 for systen A. The potentid energ curve is asymmet-
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TABLE II. Calculatel parametes for the neutra wall. TABLE lll. Calculatel parametes for the negative wall.

System A B C D System A B Cc D
n"/ny,Z 1.03 0.94 0.72 1.19 n"n,Z 1.03 0.94 0.72 1.19
— o (statcoul/crf) 233.60 460.00 367.70 50.20 —o (statcoul/crA) 233.60 460.00 367.70 50.20
Ow 0.00 0.00 0.00 0.00 — o, (statcoul/crf) 159.60 258.50 187.70 62.80
N/10° cn? 1.702 2.7008 1.654 0.232 N/10° cr? 1.702 2.7008 1.654 0.232
d,/nm 111.50 88.00 109.00 312.00 d;/nm 163.00 120.00 160.00 582.00
d,/nm 206.00 166.00 202.00 538.00 d,/nm 206.00 166.00 204.00 552.20
ds/nm 208.30 168.00 204.00 547.00 ds/nm 208.30 168.00 206.00 552.20
dpy /nm 212.70 168.80 206.70 552.20 dpy/nm 212.70 168.80 206.70 552.20
AL % 3.32 3.49 3.02 3.40 Ay % 3.92 4.07 3.83 4.33
A, % 4.40 4.26 3.66 3.90 A, % 4.35 4.34 3.86 4.33
A; % 4.63 4.45 3.94 4.22 As; % 4.61 4.48 3.92 4.33
W, % 4.78 4.61 4.07 4.44 W, % 4.78 4.61 4.07 4.44

ric where the repulsive interactin is steepe for the first
plare on the side towad the quartz plate This resuls from
repulsia by the image charge The potentid well is slightly
deepe for the first plane than the others Using the PE results
we can calculae scalel rms values for colloid planes nea the
wall, A, A,, and Aj.

Table Il gives the equilibrium positiors of the planes 1,
2, and 3 along with their scalel rms values It is observed
that A1 <A,<A3<W,, implying tha the neares plare is
held more rigidly as compare to the othe planes Plare 1
vibrates less than plare 2 ard plare 2 less than plare 3. If we
conside tha a plare disordes completey (melty when its
Lindemann-tye parametereache W,,, the first few planes
will presere therr crystallire identity even after the interior
planes melt Thus the first plare disordes lag during crystal
melting ard ordess first during crystallization In addition,
we obsere from Tablke Il tha d,<d,<d;<dy, which
mears that the planes nea to the wall are attractel toward
the wall. This resut indicates tha the particle concentration
nea the wall is highe than within the bulk when the colloi-
dd dispersia disorders The increasd structurd orderirg of
the colloidd dispersim nea the wall derives from its inter-
action with its image charge motion toward the wall is im-
pedel by the motion of the accompanyig image charg to-
ward the wall.

B. Negativ e wall, o,<0

The quart surfa@ acquires anegatie surfae potential;
the effective surfa® potentid (zeta potentia) will depernl on
the pH of the dispersior?? We calculatel the pH values of
the colloidd crystak at theirr respectie melting impurity
concentrationsand determing from the resuls of Ram-
achandra ard Somasundara the effective surfa® potential
of the quarz wall. The effective negative bourd surface
charge densiy on the wall is obtainal using Eq. (15). The
charge image from the screenig smal ion cloud at the con-
taing wall also electrostaticall interacs with the particle
planes The wall repek the particle plane while the image
charge of the wall screenig counteriors attracs the particle
plane Thus in addition to the interplana and image plane
interactions which occu in the neutrd case an additional

negative ard positive contributian to the interaction energy
of the planes resuls from the wall ard the screenig coun-
terion image charge.

The PE curves for the first three planes were calculated
using Egs (20)—(22) at n{". The resuls are very similar to
thos in Fig. 3. The PE curve for the first plare is also dis-
tinctly asymmetrt abou the minimum Thes resuls can be
directy compare to the experimenth dat of Grier and
Murray!® who examinel 325 nm polystyrere sphers with
50 000 titratabke charge per sphee in acel with anegatively
chargel quart surface They found an asymmetre motion of
colloidd particles abou the equilibrium position of the plane
nex to the quark wall. The rms excursia toward the wall

was ~0.1 um from the average distance, while the excursion

was 2.5-fold large away from the wall (0.25 um).

Our calculatel scalel rms displacementswhich are
listed in Table lll, indicat tha the first three planes lie far-
ther from melting than the interior planes On comparing
thes A with those of the neutrd wall (Table I1), we observe
that the stability of the first three planes nea the negative
wall is less than nea the neutrd wall. Thus the negative
wall apparentl destabilize the orderirg of planes Increas-
ing the surfa@ negative charge densiy increass the desta-
bilization. However A;, A,, A; are smalle than W, even
for the negative surface This agah indicates tha the first
plare would mel lag during colloidd melting ard will order
first during crystallization.

Table Il shows tha d;<d}, for systens A, B, ard C,
wherea d;>dy,, for systen D. For negati\e surfa@ charged
wall, the relative plare spacig depend upan the relative
surfae charg densities of colloid plane and the quariz wall.
This reconciles the different observatios in Tablke 11 and
thos of Kesavamoorth et al.,**> who observel d,;<d,,, and
those of Pouligny?* who observel d;>d; .

Since the first plare is held rigidly as comparé to other
planes this plare will orde first with a hexagonb2-D or-
dering which minimizes the interaction energy Thus hex-
agona 2-D orderirg has previousy bean observe in many
colloidd dispersiong?2-14.17.18

Systens A, B, and C shaw tha d;<<dp,,. Thus particles
in these systens are attractel towad the wall, and the par-
ticle concentratia nea the wall isincreasd compare to the
bulk. This behavio has been experimentall observe in 140

Copyright ©2001. All Rights Reserved.
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TABLE IV. Calculatel parametes for the positive wall.

System A B C D
n"n,Z 1.03 0.94 0.72 1.19
— o (statcoul/cr) 233.60 460.00 367.70 50.20
a,, (statcoul/crf) 159.60 258.50 187.70 62.80
N/10° cn? 1.702 2.7008 1.654 0.232
d;/nm 58.00 55.00 62.00 a
d,/nm 206.00 166.00 204.00 b
dy/nm 208.30 168.00 206.00 b
dpy /nm 212.70 168.80 206.70 552.20
AL % 1.02 1.00 1.01
A, % 4.37 4.30 3.83
A % 4.70 4.44 3.93
W, % 4.78 4.61 4.07 4.44

&The colloid plare collapse onto the quartz wall.
PThe modelirg canna calculae the spaciny if the first colloid plane col-
lapses.

and 245 nm silica particle colloidd dispersions® As n; is

decreasedthe 2-D hexagonborderirg will exterd to plane
2, then plare 3, ard so on. Hence we obtan a se of stacked
2-D hexagonhplanes After nucleatio at the surface 2-D

plare stackirg will form a 3-D crystalline ordering'® Grier
ard Murray™ haw reportel tha the four planes neares to

the wall formed just before the whole suspensio freezesIn

the presemwork, we find tha three planes nearesto the wall

are stabilized more compare to the interior planes.

C. Positiv e wall, o,>0

The wall surfa@ can be chemicaly modified to hawe a
positive surfae charge We considerd a positive wall with
|o| identicd to tha of the negatie wall abowe ard calcu-
lated the PE curves of planes 1, 2, ard 3 using Eqgs (20)—
(22) a n". Table IV givesthe positiors of thes planestheir
Lindemann-typ parameter and othe relevan parameters
for the colloidd systems The scalal rms displacements
shaw tha the planes nea the wall are held more rigidly than
in the neutrd wall case The first few planes are strongly
attractel toward the wall. In fact calculatiors for systen D
predid that the first plare will collape onto the wall. A
positive wall is found to favor the stability of the nearby
plare more than the neutrd wall. Hence positively charged
surface induce the orderirg of the colloidd crystd better
than the negatiwe or neutrad wall.

IV. CONCLUSION

We calculatel the effed of a containe wall on a colloi-
dd crystalline array by modelirg the colloidd crystd as aset
of particle planes oriented parallé to the containe surface.
The charg in the dispersim induces an image charg in the
guark containe wall which influences the first layer order-
ing ard spacing We calculat the colloid charg densiy on
the planes ard the interaction energ of the first three planes
with the wall, with adjacen colloid planes and with the im-
ace charges The PE curves for first three planes nea the
wall are computel for case where the bounday wall charge
densiy is positive negative ard neutral Thes results
clearly explan the recen experimenth observatios of an

Tandon, Kesavamoorthy, and Asher

increasd particle concentratio nea the wall ard the forma-
tion of 2-D hexagonhlayers nea the wall prior to formation
of 3-D crystals The scala@l rms displacemergcalculate are
less than tha for interior colloid. For a neutrd wall, the
neares planes to the wall are more stabilized than interior
colloid planes A negative charg on the wall destabilize the
neares colloid planes however they are more stabk than
the interior planes The positive wall enhancs the stability
of the neares planes more than a neutrad or negative wall.
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