
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:52
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Interaction of Polymer with
Discotic Clay Particles
Jyotsana Lal a & Loic Auvray b
a IPNS, ANL, Argonne, IL-60439, USA
b LLB, CE-SACLAY, 91191, Gif-Sur-Yvette, FRANCE

Version of record first published: 24 Sep 2006

To cite this article: Jyotsana Lal & Loic Auvray (2001): Interaction of Polymer
with Discotic Clay Particles, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 356:1, 503-515

To link to this article:  http://dx.doi.org/10.1080/10587250108023729

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023729
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


up to date. The accuracy of any instructions, formulae, and drug doses
should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

52
 1

6 
A

ug
us

t 2
01

2 



Mol. Crysr. andLi9. Crysr., 2001. Vol. 356, pp. 503-5 15 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2001 OPA (Overseas Publishers Arsociatlon) N.V 
Puhlished by license under the 

Gordon and Breach Science Publishers imprint 
Printed in Malaysia 

Interaction of Polymer with Discotic Clay 
Particles 

JYOTSANA LALa and LOIC AUVRAYb 

aIPNS, ANL, Argonne IL-60439, USA and 'LLB, CE-SACLAI: 91191 
Gq-Sur- Yvette, FRANCE 

Normally synthetic well defined monodisperse discotic laponite clays are known to form a 
gel phase at mass concentrations as low as a few percent in distilled water. Hydrosoluble pol- 
ymer polyethylene oxide was added to this intriguing clay system, it was observed that i t  
either prevents gelation or slows it down extremely depending on the polymer weight, con- 
centration or the laponite concentration. Small Angle Neutron scattering (SANS) was used to 
study these systems because only by isotopic labeling can the structure of the adsorbed poly- 
mer layers be determined. The contrast variation technique is specifically used to determine 
separately the different partial structure factors of the clay and polymer. In this way the signal 
of the adsorbed chains is separated from the signal of the free chains in the dilute regime. 
Attempts have also been made to characterize the structure in the concentrated regime of 
laponite with polymer. 

Keywords: discotic clays; polymer; neutron scattering; contrast variation 

503 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

52
 1

6 
A

ug
us

t 2
01

2 



504 JYOTSANA LAL and [,OK AUVRAY 

INTRODUCTION 

Complexes formed by clay-polymer have tremendous importance in 
agriculture and industry. Whether polymers are added to clay (soil) in 
order to improve its physical condition or whether clays are 
incorporated in a polymer matrix for reinforcement of elastomers such 
complexes are interesting to study from a practical point of view [ 11. 
There is age old practice of adding organic materials to soil to improve 
its fertility. This improvement of the soil is brought about by the 
adsorption onto and linking together of the clay particles by soil 
organic matter. The study of these complexes is further simulated by 
the fact that all enzyme reactions in the soil , occur at solidliquid or 
solidgel phases. 

In order to gain further understanding of such complicated systems 
we decided to study the polymer interactions with a model system of 
artificial clays. Normally synthetic well defined monodisperse laponite 
clays is made of microcrystalline magnesium silicate, disk or coin like 
platelets of diameter Q z 250A and thickness h z 9.2 A. The platelets 
c y +  a negative charge, due to isomorphous substitution of fraction of 
Mg by Li’ ions; resulting in a unit cell of -0.7e charge. These 
elementary charges (roughly -700e) are uniformly distributed over the 
disks, while a smaller positive charge, originating from broken bonds, 
is concentrated along the rim [2,3]. The overall negative charge of the 
platelets is compensated by Na’ counterions which form electric 
double layers around the laponite disks suspended in water. 

Discotic Laponites are known to form a gel phase at mass 
concentrations as low as a few percent in distilled water [3]. 
Accounting for gel like behavior at low concentration of compact clay 
particles poses a theoretical challenge. One of the reasons for the 
existence of strong interactions in these systems is attributed to 
attraction due to difference in charge between edge and surface [4]. 
Another explanation, for gel formation is linked to strong electrostatic 
repulsion between overlapping double layers coupled to steric 
hindrance between anisotopic charged coin-like particles [5] .  Monte 
Carlo simulations [3] were performed on the laponite suspensions 
which are more amenable to a statistical description than natural clays. 
The structure of gels from the simulations was compatible with “house 
of cards” (Figure 1) three- dimensional structure [4]. However, no 
experimental evidence exists of such structure. The microstructure of 
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INTERACTION OF POLYMER WITH DISCOTIC CLAY PARTICLES 505 

these gels has been recently studied by neutron, x-ray and light 
scattering studies [6,7] and seem to be hetergeneous and exhibits 
fractal behavior. Another, important aspect is that at low particle 
concentration the gel is optically isotropic and at higher concentration 
a nematic texture is observed [8]. 

. 
250 A 

FIGURE 1 
for synthetic clays like laponites) on basis of extensive Monte Car10 
simulations (Reference 3). 

A typical configuration of quadrupolar disks (model 

We added hydrosoluble polymers to this intriguing clay system, we 
observed that it either prevents gelation or slows it down extremely 
depending on the polymer weight, concentration or the laponite 
concentration. Polymer adsorption holds the key to an understanding 
of formation and properties of clay-polymer mixtures. Adsorption of 
neutral polymer chains at ideal surfaces has been studied for the last 
decades and is now quite well understood [9]. In order to understand 
more profoundly clay-polymer mixtures we investigated their structure 
by Small Angle Neutron scattering (SANS). 

There has been some recent theoretical interest in Polymer-Clay 
composites as well [lo]. This theory models the phase behavior 
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506 JYOTSANA LAL and LOlC AUVRAY 

for a mixture of polymers and solid, thin discs with a bigger aspect 
ratio than considered in our experiments. The theory takes into account 
the possible nematic ordering of the discs within the polymer matrix. 
In this model the electrostatic interactions are not taken explicitly into 
account but which normally exist in clay systems [3]. 

In this paper, we briefly report the Small Angle Neutron scattering 
(SANS) study of mixed systems of polymer and laponite clays using 
contrast variation techniques. 

EXPERIMENTAL METHODS 

Qy 
Laponite XLG, a synthetic microcrystalline swelling clay of a hectorite 
type was provided as a white powder by Laporte Industries Ltd. [2]. 
Its idealized molecular formula is as follows 

Pokmer 
The polymer Polyethylene oxide of Mw=58900 (Mw/ Mn=l .06) and 
Mw=100,000 (Md Mn=1.04), Mw=334,500 (Mw/ Mn=1.14) were 
purchased from Polymer Source and M,=l. 14 X 1 O6 (Mw/ M,,=l. 1 3) 
from Polymer Standards Service. Another similar series of polymer 
Polyethylene oxide of Mw=563000 (Mw/ Mn=l.05) and M,=105,000 
(Md Mn=l.O6) and Mw=8.47 X 10' (Mw/ Mn=l. 1) was a gift from 
MSD Argonne; which were used in some initial experiments. 

Solvent 
The solvent Deuterium oxide (D2O) was purchased from Aldrich and 
the hydrogenated water was Millipore filtered. The volume fraction of 
90 in the H-D mixture was 17%, 66% and 100%. 

SmalLBng Ie Neutron Scatte rjng 6 A N %  
The neutron scattering experiments were done at Laboratoire Leon 
Brillouin (ORPHEE reactor at Saclay) on the spectrometer PACE 
equipped with an isotropic multidetector. The wavelength h used was 
15A (sample-detector distance was 4.58m) and at 6A (sample-detector 
distance was 3.0m). The two configurations used covered a q range 
from 0.0025 to 0.1 1 A". The data was appropriately treated for 
background, etc. and put on an absolute scale. A part of the data was 
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INTERACTION OF POLYMER WITH DlSCOTlC CLAY PARTICLES 507 

taken at the Intense Pulsed Neutron Source at Argonne on the SAD 
instrument at Argonne which covers a q range from 0.005 to 0.35 A-'. 

RESULTS AND DISCUSSION 

FIGURE 2. Left: Geometry of the polymer coated laponite 
particle. Right: Profile of the scattering length density. 

Most of the scattering has been performed in the intermediate wave 
vector regime, qR-1 i.e. the Porod's regime. In this range of scattering 
vectors the problem of interaction between particles is less crucial and 
we are sensitive to interfacial structures. SANS can be use directly to 
study the structure of a polymer layer near an interface [ll] such as 
local structure of polymer adsorbed on colloidal grains or porous 
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508 JYOTSANA LAL and LOlC AUVKAY 

media. This viewpoint has been extensively developed in reference 1 1. 
In general the scattering intensity I(q) depends not only on the average 
concentration profile perpendicular to the interface IPROFlLE but also 
on the concentration correlations parallel to the layer ICORRELATION. 
ICORRELATION include correlation of the bulk chains as well. 

I(q) = IPROFILE + ICORRELATION . (1) 

If no, ns and np are respectively, the scattering length densities of the 
solid (laponite-denote by G), the solvent and the polymer, then 

(2) 

(3) 

ICORRELATION = (nP - nS)2SPP(q) 

I PROFiLE =2 1~ SI 1 Vq-* la(q)12 

- 
where, a(q)= n(z) eiqzdz , is the fourier transform of the 

profileof n(z). The profile n(z) around the laponite particle is 

even (Figure 2) hence, a(q)=2 I n(z) cos (qz) dz. If D is the thickness 

of the laponite particle, 

-m 

- 
0 

Z< D/2, n(z)= n~ (laponite) 
and for Z>D/2 , n(z)= np @P (z) + ns (1 -@P (z)) 

$p (z) is the average volume fraction of the polymer a distance z from 
the wall. Hence 

a(q)= 2[ (n G -n s) "i' cos (qz) dz + (n P -n s) 5 @P (z) cos (qz) dz]. 

From the total scattered intensity I(q) using contrast variation 
experiments we can separate three partial structure factors related to 
solid-solid SGG(q), solid-polymer Sx(q), and polymer-polymer Spp(q), 
correlations. 

0 D12 

Here nr is the neutron scattering length density and nr - nJ is the 
contrast factor. Sij(q), are the partial structure factors. A mixture of 
hydogenated and deuterated solvent enables us to vary ns at constant 
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INTERACTION OF POLYMER WITH DISCOTIC CLAY PARTICLES SO9 

nc and np. At 17% of DzO we match the polymer and observe SGG(q). 
At 66% D2O we match the contrast between the solid laponite and 
solvent and we observe Spp(q). 

thickness of the interfacial layer (but q in still the Porod’s regime), the 
scattering is only sensitive to the global characteristic of the layer 
structure: 

-interfacial amount of polymer y dz (I (z) and it expressed in A. If 

y (A) is known we can deduce the quantity of polymer adsorbed 
r(mg/m2) =p y where p is density of polymer. 

From the above expression (3 and 4), the partial structure factors 
can be re-written in terms of y, the specific area of one side of laponite 
=400m2/g hence SIN= (400m2/g .CL (g/cm3)); here c is concentration 
of laponite; QL = QG = CL / p ~  where is p~ = 2.65g/cm3 density of 
laponite and similarly, QP = CP /pp where is pp = 1.13 g/cm3 density 
of polymer. The thickness of laponite D=9.2A. Thus, in the limit q+ 0 

In the range of small scattering vectors, qh<l, where h is the 

- 
- 

qz Sm(q) = 2 ~  SIN DZ =2r~  $L D 

q2 sPP(q) =2x SIN .J =2n $PY 

( 5 )  

(6)  

At large angles, 

q2 Spp(q) = 2~c  SIN $ ( 1-h2q2/12)+ q2 Spp(q=O) . (8) 

Here qz Spp(q=O) contains the contribution of bulk free chains and is 
positive. Similarly, the other interfacial polymer structure factor can be 
written as 

q2 Sw;(q)= 2~ S l N D  y ( I -h2q2 /12)=2~$~  y (1-h2q2/12). (9) 
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510 JYOTSANA LAL and LOIC AUVRAY 

10 

I(q) 

1 

0. I 

0.0 1 
0 100% D,O + 1% XLG 

A 100% D,O + PEO 900K I %  

0.001 
0.01 0.1 

FIGURE 3 Scattering from bare laponite XLG 1 % , polymer 1 % 
( M ~ 9 0 0 K )  and a mixture laponite XLG 1 % and 1 % polymer in 
D2O. 

In Figure 3, is shown the scattering, from bare laponite, free 
polymer and laponite and polymer mixture in heavy water in non- 
matched conditions. The scattering from bare laponite shows an 
asymptotic slope of -2, which is a sign of scattering from very thin 
layers (-10 A). The scattering from free polymer chains show an 
asymptotic slope of -1 S 8 .  In addition, we observe that the scattering 
by mixture of laponite and polymer is not just the addition of 
scattering curves of bare laponite and free polymer. This means that 
there is some interaction between the polymer and the laponite. It 
seems that the polymer decorates the surface of laponite with a better 
contrast as its scattering curve has a shape similar to that of bare 
laponite. 

contrast matching conditions. At 66% D20 we match the contrast 
between the solid laponite and solvent and we observe an almost flat 
scattering signal. If add 1% polymer to the above laponite solution we 
observe the signal from just the polymer chains i.e. Spp(q). Further, a 
mixture of hydogenated and deuterated solvent enables us to measure 
the other polymer partial structure factor SpG(q) for various polymer 
lengths and concentration and laponite concentration. scattering signal. 
If add 1 % polymer to the above laponite solution we observe the 

At this stage, to learn more about the system we need to go to 
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INTERACTION OF POLYMER WITH DISCOTIC CLAY PARTICLES 5 1 I 

0.000 1 

q2 spp (9) 

1 o-5 

o 19bFOElOOK 

+ 3CPOElOOK 
0 246POElaOK 

0 0.00225 0.0045 0.00675 0.009 

FIGURE 4 Semi-log representation of q2 Spp(q) as function of q2 
are shown for 2% laponite XLG and lOOK POE chains 
at concentration of 1% 2% and 3% (units on y axis-* 1 O4 cm). 

signal from just the polymer chains i.e. Spp(q). Further, a mixture of 
hydogenated and deuterated solvent enables us to measure the other 
polymer partial structure factor Spc(q) for various polymer lengths and 
concentration and laponite concentration. 

shown in Figure 4 for 2% laponite and lOOK POE chains at 
concentration of 1% 2% and 3%: the initial slope at small angles give 
the interfacial thickness h and the intercept gives the value of YA. The 
value of the intercept at limit q + 0 or YA remains virtually unchanged 
as we vary the concentration of the polymer chains. Even at 1% of 
polymer chains the adsorption is already saturated. As the 
concentration of polymer chains increases further, the intensity 
increases as large q, with bigger contribution from the second term in 
equation 8 due to free chains. Spp(q)  has contributions from both 
adsorbed and free chains, so signal at higher concentrations of 
polymer, i.e. at large q values, gets swamped by that of free chains in 
solution. In order to observe signal from just adsorbed chains it better 
to consider the second partial polymer structure factor Spc(q). 

In case of laponite we are insensitive to the details of the shape 
profile because for a very singular concentration profile as one expects 

The semi-log representation of q ' Spp(q) as function of q ' are 
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512 JYOTSANA LAL and LOIC AUVRAY 

I , , , , , , , , 1 L l W )  10'5 
0 0.00 15 0.003 0.0045 0.006 

FIGURE 5 Semi-log representation of q2 SPG(q) as function of q2 
are shown for 2% laponite XLG and 1 OOK FOE chains at 
concentration of 1% 2% and 3% (units on y axis-* lo4 cm). 

from adsorbed polymer, the fourier transform is dominated by its low 
q contribution [ 121. Inspite of this, it is important to measure SW(q) by 
contrast variation because it measures chains which are correlated to 
the laponite particles and the signal is independent from that of free 
chains. Thus we can deduce the amount of chains that are adsorbed 
from the bulk free chains. Spp(q) has contributions from both adsorbed 
and free chains. 

for 2% laponite 
and lOOK POE chains at concentration of 1% 2% and 3%: the initial 
slope at small angles give the interfacial thickness h and the intercept 
gives the value of YA. Again YA measured are virtually unchanged 
within experimental error for all the measured polymer 
concentrations. 

As noted above Spc(q) can be used to deduce YA for the adsorbed 
chains from the data,whereas we can calculate a yp [yp =$p D/+L or yp 
=Qp /( SIN )] if it assumed that all chains are adsorbed. Thus we can 
deduce the percentage of adsorbed and free chains for various 
concentrations of laponite and polymer, polymer molecular 
weightvalues are listed in Table 1 below. 

The number of free chains increases as opposed to adsorbed chains, 
with increase in polymer concentration at fixed laponite concentration. 

In Figure 5 is plotted q SpG(q) as function of q 
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INTERACTION OF POLYMER WITH DISCOTIC CLAY PARTICLES 513 

Within experimental error, r(mg/m2) seems to already saturate at the 
lowest polymer concentration measured. 

TABLE 1 

CL(g/cm3) Cp (g/cm3) M, h(A) YA (A) *(A) %adsorbed r(mglm2) 
(calculated) 

0.01 0.02 102K 31.6 7.70 44 17.5 0.871 
0.0 1 0.01 847K 28.4 7.71 22 35.1 0.871 
0.01 0.02 847K 22.5 7.85 44 17.8 0.887 
0.02 0.01 lOOK 22.1 6.71 11 61.0 0.758 
0.02 0.02 lOOK 27.5 6.18 22 28.0 0.698 
0.02 0.03 lOOK 23.8 6.08 33 18.4 0.687 
0.02 0.01 1.4M 20.8 5.56 11 50.5 0.628 
0.02 0.02 1.4M 25.0 5.24 22 23.8 0.592 

KINETICS OF GELATION WITH ADDITION OF POLYMER 

1 lo2 

50 

0 

A A  '* 

~~ 

0 0.01 0.02 0.03 

8% 

Q % o o r ,  - 
0.04 0.05 

FIGURE 6 I(q) divided by concentation of laponite versus q for 
concentrated solutions of XLG (closed symbols) and XLG + POE 
of M, =3.35K (open symbols) in 17% D20. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

52
 1

6 
A

ug
us

t 2
01

2 



514 JYOTSANA LAL and LOlC AUVRAY 

For 2% laponite the solution remains in a sol state when polymer of 
MW=58.9K, IOOK, 334.5K are added upto volume fractions of 3% over 
periods of six months-showing no signs of gelling. For very high M, 
of 1.4M at 3% added to 2% XLG there are some signs of gelling after 
4 months. It seems we remain in the sol state at higher concentration of 
XLG with addition of small M, polymer like 58.9K. We can go down 
to even smaller M, like 3.35K PEG and the solutions remain in sol 
state upto 4% XLG. Beyond that the samples start to gel after some 
period of time. We undertook a series of experiment with 2 to 8% 
laponite and identical suspensions of same percentage of laponite and 
polymer of M, =3.35K. Concentrated suspensions of 6-8% gelled in 
the sample cell. The scattering from such gels and sols with and 
without polymer in 17% D2O are shown in Figure 6 (polymer of M, 
=3.35K added in same proportion as the laponite). At concentration 
greater than 2% of laponite a correlation peak is observed. On addition 
of polymer to laponite solutions the correlation peak shifts to larger q 
(smaller lengths), the interaction at lower q becomes a bit more 
repulsive (q+O limit, is lower on addtion of polymer) and a slope of 
-2 is observed at large q. The scattering remains isotropic in 
concentrated 6-8% suspensions though we do observe birefringence 
from gelled samples between crossed polarizers (Figure 7) which 
suggests that the nematic domains formed are powder averaged. 

CONCLUSIONS 

We are not sensitive to the shape of the polymer concentration profile 
@p (2). The interfacial polymer partial structure factors vary as: SpP(q) - q-2 and Spp(q) - y q-2. The adsorbed layers are thin from point of 
view of mass distribution. We have been clearly able to separate the 
contribution from bulk and adsorbed polymer chains using the method 
of contrast variation in the dilute regime. It seems if we use small 
molecular weight polymer chains we can keep the laponite in a sol 
state at concentration higher than 2% and prevent or slow down the 
process of gelling. 

polymer has not just been used to study solid colloidal particles but 
also has been used in case of weaker and softer aggregates, in 
particular micelles, microemulsion droplets [ 131 and lipid membranes 

The above method of contrast variation to study adsorption of 

~ 4 1 .  
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