Salt- and pH-Induced Swelling of a Poly(Acrylic Acid) Brush via
Quartz Crystal Microbalance w/ Dissipation (QCM-D)
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« Polyelectrolyte brushes (PEBs) are desirable for their swelling

behavior in aqueous conditions for use in water harvesting, 100
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colloidal stabilization, and lubrication 80 o oso15
+ PEBs are also ideal model systems for studying polyelectrolyte Densely grafted brushes> = “ 2o
multilayers (aka layer-by-layer (LbL) films), which are used in a . = .
variety of fields including drug delivery less overall swelling in 2 At pH 3 (<pKa), swelling 40
- . . OB regime 2 500 not seen & brushes collapse
« Weak PEBs are modifiable as their charge density and resultant S slightly as salt increases > 20
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viscoelasticity | ~ 8 ully extenaed at nig
+ The swelling/de-swelling behavior of a weak PEB of Poly(acrylic ”At hlgth Sbalch’ brtjlfh_es ‘ %: 6 grafting densities 100
acid) (PAA) self-assembled on a gold crystal was investigated CO apse O below thelr we e 4 ‘ 50
using QCM-D to investigate the effect of salt concentration, pH, thickness at zero salt J ﬁ ¢ ¢ d
and grafting density on the resultant swelling behavior with S S I g 2 > S S 5 3
comparison to scaling predictions from established self- ® KCI\C Nt " A M A A KCl C tration (mM)
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characteristic regimes. Hollingsworth, N. R. et al. Soft Matter 15, 7838-7851 (2019)
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% Theory Scaling Prediction Obtained Exponents
« Self-consistent field theory (SCFT) predicts the presence of .
two characteristic regimes>; " " Strongly OB~ H~ Nal/2 OB N:1v
- Osmotic brush (OB) regime: osmotic pressure of charged PE 1 _1 0:0.18-0.31 X
associated counterions at low salt > swelling brushes’ ~ SB> H~No3(Cs 3 Cs: 0.28-0.38V
ol D Ghio I S - Salted brush (SB) regime: charge screening from 1 1
counterions at high salt > collapse Weakly OB> H~No 3([H*]+ C,)3 SB? N: 1V
Osmotic Brush (OB) Regime Salted Brush (SB) Regime charged PE 1 " S g 033 v
« Scaling expo_nents has be_en predlc_:ted to _descrlbe th_e brushes? SB-> H~N0§CS_§ Ce: -0.30 v/
MethOd effect on height H of varying grafting density (o), chain
length (N), & salt concentration (Cs) lIsraels, R. et al. Macromolecules 27, 3249-3261 (1994)
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» In QCM-D, the change in frequency (AF) corresponds to a

change in finite mass (Am) (Sauerbrey relation) & change in * Good agreement is seen between experimentally obtained
dissipation (AD) is a measure of rigidity as described below. exponents (in the strongly charged limit) & those predicted
Note: The dry thickness & bulk solvent (density AF & rigidity by SCFT (see table) except in grafting density o in the OB
AD) must also be considered to calculate the  brush regime
thickness.
2£2 " | « Next, QCM-D will be used to investigate an LbL bilayer of a
AF = —Am( 0 ) — ——Am /- frequency/ PAA brush w/ complementary polycation to understand its QCM-D
VHqPq Cr fundamental frequency equilibrium swelling given our current understanding of a ;—Xk E"a)'ﬁr
q- quartz shear modulus : rusn -+
D= D: dissipation targeted drug delivery
Zj[E E: energy
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- End-thiol-terminated PAA (M,: 2,000-39,000 kDa) is deposited
onto gold QCM-D crystals to achieve a self-assembled monolayer
(SAM) with various brush grafting densities, validated by @
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