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Thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) particles of a nearly constant swelling ratio and
with polydispersity indices (PDIs) varying over a wide range (7.4%—48.9%) are synthesized to study the effects
of polydispersity on the dynamics of suspensions of soft PNIPAM colloidal particles. The PNIPAM particles are
characterized using dynamic light scattering (DLS) and scanning electron microscopy (SEM). The zero shear
viscosity (17p) data of these colloidal suspensions, estimated from rheometric experiments as a function of the
effective volume fraction ¢ of the suspensions, increases with an increase in ¢ and shows a dramatic increase
at ¢er = ¢y. The data for 5y as a function of ¢ fit well to the Vogel-Fulcher-Tammann (VFT) equation. It is
observed that increasing PDIs results in increasingly fragile supercooled liquidlike behavior, with the parameter
¢a, extracted from the fits to the VFT equation, shifting towards higher ¢.¢. The observed increase in fragility
is attributed to the prevalence of dynamical heterogeneities (DHs) in these polydisperse suspensions, while the
simultaneous shift in ¢ is ascribed to the decoupling of the dynamics of the smallest and largest particles.
Finally, it is observed that the intrinsic nonlinearity of these suspensions, estimated at the third harmonic near
( ¢o in Fourier transform oscillatory rheological experiments, increases with an increase in PDIs. Our results are

in agreement with theoretical predictions and simulation results for polydisperse hard sphere colloidal glasses
and clearly demonstrate that jammed suspensions of polydisperse colloidal particles can be effectively fluidized
with increasing PDIs. Suspensions of these particles are therefore excellent candidates for detailed experimental
studies of the effects of polydispersity on the dynamics of glass formation.
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I. INTRODUCTION glasses, therefore, T is replaced with 1/¢. The modified VFT ! : B = 36 mm s Dl Time 10
Thermoresponsive  poly(N-isopropylacrylamide) (PNI-  Sduation 7 = i exp (gb{:—¢>) lexplams tbe rise m .th? viscosity *
PAM) hydrogel suspensions undergo a reversible volume of a colloidal suspension with ¢ and its dramatic increase at

phase transition above the lowest critical soluble temperature @ = @0 [14,16]. Here 1/D is the fragility and accounts for the
(LCST) of 232 °C in water [1.2]. This property of PNIPAM deviation of the viscosity from an Arrhenius dependence on

We can make particles having controlled stiffnesses and also of controlled particle

_ Homogeneously crosslinked

size polydispersities (Behera, Saha, Gadige and Bandyopadhyay., PRM, 2017)
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Thermoresponsive Poly(N-i1soproplylacryliamide) PNIPAM
MhGEQAEH Ssive PNIPAM particles undergo a swelling-deswelling transition at LOST~ 32°C
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Yunker et al., Reports in Progress
of Physics, 77, 056601 (2014)

Maximally swollen particles < 20°C
Fully collapsed particles > 40°C
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Rheometer Drive

Y =, sin(wt),
v,= 10 — 2000%

Large amplitude oscillatory strain

Insulator Precision Impedance Analyzer

@w= 10 rad/s
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Estimating the orientation and dynamics ot
during shear flow
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Dynamical slowdown at the length-scale of the dipoles
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Bulk stress relaxation experiments at same
oscillatory strain amplitudes

T below LCST
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Connecting the data over decades in time and ler

Y (%)

(]
- ™y
D
o
- S
r}“““"

T L am N Tr: 2 - 5
AL A Ao

,__—-“p‘
—

O
‘)
£ ' 'S

y -';1':‘
A=
G

N

)
)

~
)

Electric field

36
7 2

(N2
~JO

D606

-

f T
3 "f

AT
O

f A
o
WA

1. Using a single technique we study the dynamics of PNIPAM suspensions

_ over several decades of length and time scales
To summarize

The dynamics of these suspensions are vastly different at different length
scales (length-scale dependent rheology).

3. Since their rheology and self-assembly can be fine-tuned by changing shear
and temperature, hydrogels are potentially good candidates for energy
storage devices, stretchable flow capacitors and batteries 7
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Rheologlcal study
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Dielectric study
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Effective volume fraction:

Batchelor’s equation:

Nret =1+ Z-SQDeff + 5.9(pgff

eplwt. %) | e(wt.%))
— 12.18 23.14 1.9
Perf = c/Cp 12.18 949 | 1.6
12.18 15.83 1.3
C, = polymer mass concentration inside each particle
in swollen state
¢ = polymer mass concentration of the suspension
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