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gels with photonic activity

Se

Laponite: Structure & Behavior in Water

Dynamic Light Scattering (DLS)

Laponite is a synthetic clay with a structure of Hectorite.

¥ Allows us to determine the translational and rotational diffusion coefficient, Dtrans & Drot, of the clay
particles as function of particle concentration, ionic strength and time [3,4].

¤ In water the flat surfaces are negatively
and the rim is positively charged.

1.5 wt.%

~kout
1 ⇡ |Fs (~q , t)|2

= exp( 2DT q 2 t)

¤ Advantage of using Laponite: Their
aqueous solutions are transparent,
allowing us to measure their dynamics.
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¤ Hence, the rheological properties of the
suspensions keep changing as function
of time.

State Diagram according to Ref. [1,2]
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¤ General observation: the higher the
clay concentration the faster is the
aging (gelling).
¤ However: adding salt accelerates
the ageing or aggregation process.

-3

10

-2

10

-1

10

0

10

1

10

2

10

3

10

4

10

Laponite 1.5%, 5mM salt
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¥ 20 days after preparation, very dilute
Laponite dispersions in deionized
water have elevated viscosity but
remain completely fluid, however, for
concentrations >1.2 wt% the samples
have become viscoelastic, nonergodic gels

t(ms)

¥ Note: Dispersing Laponite in deionized water (pH 7)
always increases the pH of the dispersion up to pH 10 -11

E Eiser, ‘Chapter 5: Dynamic Light Scattering’ in Multi Length-Scale Characterisation, Wiley, DOI:
10.1002/9781118683972.ch5 (2013)

Gel-structure taken from PhD thesis of Dr. Peicheng Xu.

Optical tweezers based micro-rheology

GH-BANDWIDTH VISCOELASTIC PROPERTIES OF …
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¤ Similarly, lowering the pH
accelerates ageing.
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Drawing from Ref. [1]

Na+0.7[(Si8Mg5.5Li0.3)O20(OH)4]-0.7

Laponite 3%, pH=10, no added salt

mainly translational
diffusion

¤ This causes strong aging behaviour
leading to a sol-gel transition of dilute
solutions in time.

Influence of polymer coating

¥ Using optical tweezers we can trap a single
probe particle.

Aging in Laponite solutions

¥ Tracing the thermal motion of the particle with
a quadrant detector, we can obtain its mean
square displacement MSD and from that the
moduli G’(𝜔) and G’’(𝜔) [5].

¥ Coating the Laponite particles with
PEG, Cetyl Methyl Cellulose (CMC) or
other biopolymers can either
suppress aging and thus flocculation
and sedimentation or lead to binding
and gelation.

PHYSICAL REVIEW E 78, 061402 !2008"

Laponite 0.8wt%, 6 mM NaCl

¥ Correct coating allows the formation
of liquid crystalline gels. [PhD thesis,
Peicheng Xu and ref. 6]

Laponite-CetylMethylCellulose – form polymer gels & transparent films

DLS based micro-rheology

FIG. 3. Glass data: the symbols show the shear moduli G"!!"
d G!!!" !absolute magnitude" as a function of frequency meaed using 1.16-"m silica probe particles in a 3.2 wt % Laponite
ution in pure water with increasing aging time after preparing the
mple. Aging times are given in the legend. The lines show the fits
G"!!" and G!!!" according to C1!−i!"a + C2!−i!"b in which
= 0 for aging times ta # 120 min.

sample. A discrepancy between the shear moduli obned from one- and two-particle MR can also be used as an
dicator of a heterogeneous structure. A further test of hetogeneity in a material is provided by comparison of MR
th bulk rheology, as will be discussed below. To investie the homogeneity of colloidal gels and glasses of Lapoe, we performed two types of measurement. First, we
de simultaneous measurements of PSDs of two indepen-[1]
nt beads in two independent traps at different stages of
[2]
ng. In another set of experiments, we measured PSDs of
ultiple beads in aged gels and glasses. The results of our[3]
periments for both gels and glasses will be discussed
[4]
ow.

FIG. 4. Gel data: the symbols show the shear moduli G"!!" and
G!!!" !absolute magnitude" as a function of frequency measured
using a 0.5-"m silica probe particle in a 0.8 wt % Laponite solution
in 6 mM NaCl water with increasing aging time after preparing the
sample. Aging times are given in the legend. The lines show the fits
¥"!!"Using
particles
back-scattering,
of G
and Gprobe
to C1in
!−iDLS
!"a + in
C2!−i
!"b in which
!!!" according
C2 = 0 for aging times ta # 100 min.

¥ Coating Laponite clay with various biopolymers and subsequent drying and dipping in calcium
solutions can lead to highly water resistant and fire-retardant, transparent films/coatings.
¥ But the presence of adsorbing polymers can also lead to osmotic compression of the clay
layer [1].

we can also measure G’(𝜔) and G’’(𝜔) .

¥ Data and analysis method were developed by Alessio Cacciagli (PhD thesis): here
wormlike
micelle
solution.
tal errormeasured
between thefor
twoamethods
for all
stages of
aging as

¥ PhD thesis, Peicheng Xu and ref. 7 & 1.

shown in Fig. 5.
This was further verified by measuring the PSDs of several beads at different positions of an aged sample. As can be
seen in Fig. 6, the measured shear moduli were independent
of the position of the bead in the sample, verifying the homogeneity
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as shown H.
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S.
Jabbari-Farouji,
E. Eiser,
Wegdam,
macrorheology, which should yield the same results if the
[5] S.
Jabbari-Farouji,
M. Atakhorram, D. Mizuno, E. Eiser, G.H. Wegdam, F.C. MacKintosh, D. Bonn, C.F. Schmidt “High-bandwidth viscoelastic properties of aging colloidal glasses and
sample
is homogeneous.
1. Glass
Figure
8 shows
the
shear
moduli extracted
from MR
and
gels”,
Phys.
Rev.
E
78,
061402
(2008)
[6]
P. Xu, Z. Xing, Y. Lan & E. Eiser “Liquid crystalline behaviour of self-assembled Laponite/PLL-PEG nanocomposites” Soft Matter 14, 2782 (2018)
For the glassy samples the displacement PSDs turned out
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