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Abstract

Poly (N-isopropylacrylamide)-co-acrylic acid (pNIPAm-co-AAc) microgel-based
thin films and etalons were fabricated via "painting" a pNIPAm-co-AAc microgel
monolayer on a Au-coated substrate, followed by the deposition of another Au
overlayer. Herein, in situ observation of how the pH and ionic strength (L.S.) of the
painting solution influenced microgel deposition, and ultimately the optical
homogeneity and pH sensitivity of the etalon was carried out. It was shown that
microgels closely pack on the Au substrate when they are deposited at pH 3.0, leading
to a good optical homogeneity. Additionally, increasing the painting solution L.S. leads
to a slight decrease in microgel packing density on the substrate, but enhances the
ability of the microgel layer to swell, exhibiting thicker polymer layers when
immersed in pH 3.0 solutions. When painting at pH 7.5, the optical homogeneity of
the etalon is improved at the expense of swellability, exaggerated high 1.S.. We also
determined the device's sensitivity to pH changes, and found a maximum sensitivity

when the microgels were deposited at pH 7.5 with an L.S. of 10 mM.
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Introduction

Microgels are colloidally stable crosslinked polymer networks, with diameters

L,

. . 2,3,4,5,6 . . . .
ranging from ~ 100 nm to microns. Stimuli responsive microgels have been

extensively studied due to their rapid tunable physical and chemical properties in

. 127,8,9,10
response to external stimuli.

Due to their unique thermoresponsive behavior,
poly (N-isopropylacrylamide) (pNIPAm)-based microgels have been the topic of
many investigations.g’ 91011, 12 Specifically, pNIPAm-based microgels are hydrophilic
and highly swollen in water when the temperature of the water they are dissolved in is
below pNIPAm's lower critical solution temperature (LCST) of ~ 32 °C. The
microgels collapse above the LCST, transitioning to deswollen state. Importantly, the
thermoresponsivity is reversible. That is, when the temperature is decreased to <
LCST, the pNIPAm microgels reswell and again become fully hydrated. Additionally,
functional moieties can be easily incorporated into pNIPAm microgels by simple
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copolymerization to provide a myriad of functionality. For example,

pNIPAm-co-acrylic acid (pNIPAm-co-AAc) microgels have been conferred additional
pH and ionic strength (I.S.) responsivity.g’ t12 Briefly, at pH > pK, for AAc (~
4.25)," AAc groups are deprotonated, thus pNIPAm-co-AAc microgels swell due to
the electrostatic repulsion force.

PNIPAm microgel-based assemblies have shown great potential for antifouling
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coatings, controlled/triggered drug delivery, water remediation and



photonic materials.” ?* 2 As shown in Scheme 1, we have fabricated colored
materials by sandwiching pNIPAm-based microgels between two thin semitransparent
metal layers to make a so-called Fabry—Pérot etalon (or simply etalon).” ?® When
light impinges on the etalon, it enters and resonates in the microgel layer between the
mirrors, leading to a constructive/destructive interference and thus visible color.
Additionally, a reflectance spectrum can be collected that exhibits peaks centered at
specific wavelengths, which can be predicted using the following equation:
mA =2ndcos@ (1)

where m is the peak order, A is the wavelength maximum of the peak(s), n is the
refractive index of the pNIPAm microgel layer, d is the distance between two Au
layers, and 0 is the angle of incidence.

We have shown that pNIPAm microgel-based etalons can exhibit tunable colors, or
A, in response to external stimuli. This is mainly due to the microgel layer
swelling/deswelling perpendicular to the underlying substrate, resulting in a change of
the distance between the two Au mirrors (d). Using this principle, we have designed
pNIPAm microgel-based etalon sensors. ' 27282930

For sensing applications, the optical homogeneity and sensitivity of etalons are of
significance. To yield optically homogeneous etalons, we have developed a “painting”
protocol, instead of a traditional solution drying method. The "painting" protocol is
capable of yielding a monolithic, dense and uniform microgel monolayer on a Au
"mirror" coated substrate, such that a reflectance spectrum can be observed in every

15, 31

region above the etalon. Furthermore, the standard deviation of the peak position



obtained from many different spots on a single etalon is no more than 25 nm." This
standard deviation (or ideally less) in the peak position is desirable for our
applications.

In a typical microgel painting procedure, the microgels dissolved in deionized (DI)
water are centrifuged at high speed to pack the microgels into a dense, viscous pellet.
Then, they are "painted" onto the Au surface. However, since pNIPAm-co-AAc
microgels are both pH and ionic strength (I.S.) responsive, the water pH and ionic
strength necessarily influences the intra and inter microgel interactions, which will
affect the microgel hydrodynamic diameter, microgel-microgel interactions, and the
microgel-surface interactions. Ultimately, water pH and 1.S. will influence the quality
of the microgel layer deposited on Au, and most importantly, the homogeneity of the
optical properties of the etalon. That is, the standard deviation of the etalon's peak
position will be affected. Hence, solution pH and ionic strength should be controlled
to yield etalons with the most uniform and reproducible optical properties.

In this paper, we generate pNIPAm-co-AAc microgel solutions with a variety of
pH and LS. values. We first study how solution pH and L.S. impact the dispersed
microgel hydrodynamic diameter. We then fabricate a series of microgel layers on Au
coated glass substrates by painting the various solutions with different pH and L.S. on
the Au. After deposition, etalons are formed by coating the microgel layer with the
standard Cr/Au overlayer. The resultant microgel structure and the etalon's optical
properties were investigated when immersed in pH 3.0 (I.S. 2 mM) solution using

atomic force microscopy and reflectance spectroscopy, respectively. Finally, the



sensitivity of the etalon in response to solution pH changes from pH 3.0 to pH 6.5 was
investigated. This work will help guide our etalon fabrication efforts to generate more
optically homogeneous and/or sensitive etalons, which also allows for the generation
of improved sensors. Possibly most importantly, it sheds light on how charged
colloids interact with solid substrates, and how that interaction can be mediated and
controlled to yield coatings with desired properties, i.e., different morphologies,

coverage, and colloid distribution.
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Scheme 1. The structure of a pPNIPAm microgel-based etalon. Typical thicknesses for

the Cr and Au layers are 2 nm and 15 nm, respectively.

Experimental
Materials

N-isopropylacrylamide (NIPAm) was obtianed from TCI (Portland, Oregon) and
purified by recrystallization from hexane (> 98.5 %, Sigma-Aldrich) prior to use. N,
N’-methylenebisacrylamide (BIS, 99 %), acrylic acid (AAc, 99 %) and ammonium

persulfate (APS, 98 %) were obtained from Sigma-Aldrich (Oakville, Ontario).



Sodium chloride and sodium hydroxide were purchased from EMD (Mississauga,
Ontario). Glass substrates (25 mm x 25 mm) were obtained from Fisher (Ottawa,
Ontario). Deionized (DI) water was filtered to have a resistivity of 18.2 MQecm and
was produced by a Milli-Q Plus system (Millipore Co.). Au (99.99 %) and Cr
(99.999 %) were purchased from ESPI Company and MRCS Canada (Edmonton),

respectively. Whatman #1 paper filters were obtained from GE Healthcare (UK).

PNIPAm-co-AAc Microgel Synthesis

Microgels were prepared according to the literature.”” A 3-necked round bottom
flask was fitted with a reflux condenser, a nitrogen inlet, and a temperature probe, and
charged with a solution of NIPAm (11.9 mmol), BIS (0.703 mmol) and DI water (99
mL), which was previously filtered through a 0.2 um filter. The solution was allowed
to heat to 70 °C for ~1 hour while bubbling N, gas through the solution, followed by
the addition of AAc (1.43 mmol) and a solution of APS (0.2 mmol, in 1 mL DI water)
to initiate the reaction. The reaction occurred at 70 °C for 4 hours under N, gas
atmosphere. The resulting suspension was allowed to cool overnight, and then filtered
through a Whatman #1 paper filter in order to remove any large aggregates. The
microgel solution was purified via centrifugation at ~8300 rcf to form a pellet,
followed by removal of the supernatant and resuspension with DI water, 6x. The
as-prepared pNIPAm-co-AAc microgels show LCST of ~ 32 °C (see Electronic
Supporting Information (ESD).” To study the effect of microgel solution pH and

ionic strength on deposition behavior, and etalon optical properties, the microgel



pellets from above were resuspended with various pH and 1.S. solutions. Then, the
resultant microgel solutions were centrifuged at ~8300 rcf to form a pellet, followed
by removal of the supernatant and resuspension with corresponding pH/L.S. solutions
a total of 6x to ensure complete exchange of the water with the desired solution. pH
solutions were made by either adding HC1 for pH 3.0 or NaOH for pH 7.5 to DI water.

NaCl was used to adjust the I.S. accordingly.

Substrate and Etalon Fabrication

A 25 mm x 25 mm glass substrate was first rinsed with ethanol and dried with
N, gas. Then, 2 nm Cr and 15 nm Au were deposited to the glass substrate one after
the other, at arate of 1 A s™', and 0.1 A s™, respectively, using a thermal evaporation
system (Torr International Inc., New Windsor, NY). The Au-coated substrate was
annealed at 250 °C for 3 h and cooled to room temperature prior to the deposition of
the microgel monolayer.

PNIPAm-co-AAc microgel monolayers were deposited on the Au surfaces, from
the respective solution above, via the “painting” protocol.31 After coating another
Cr/Au  mirror on the deposited microgel monolayers, pNIPAm-co-AAc

microgel-based etalons were obtained.

Characterization
The microgel diameter in solution was measured using a ALV/CGS-3 compact

goniometer (Germany) with a HeNe laser (incident beam = 632.8 nm, scattering angle



= 90°). All measurements were taken at 25 °C. Each hydrodynamic radius reported
was an average diameter obtained from five measurements, each with 30s acquisition
time.

Atomic force microscopy (AFM) was carried out with MFP-3D (Asylum
Research) in tapping mode in pH 3.0 (2 mM) solution at 25 °C. Etalons were
immersed in pH 3.0 with I.S. 2 mM solution and left for 1 hour for microgel particle
swelling before imaging.

Reflectance spectra were collected using a Red Tide USB650 spectrometer, and a
LS-1 tungsten light, both connected to a reflectance probe (Ocean Optics, Dunedin).
The spectra were collected over a wavelength range of 400—1000 nm and analyzed by

Ocean Optics Spectra Suite Spectroscopy software.

Results and Discussion

Microgels in Solution

Figure 1 shows the hydrodynamic radius (Ryg) of pNIPAm-co-AAc microgels
dissolved in solutions of various pH and L.S.. As can be seen in Figure 1, the Ry of the
microgels at high pH is always greater than at low pH. This is due to deprotonation of
the AAc groups at pH > ~4.25 (pK, for AAc). The generated charges leads to
intramicrogel Coulombic repulsion and increased osmotic pressure, which lead to
microgel swelling, and hence an increase in the Ru.**** Also, as can be seen in Figure
1, the Ry decreases significantly with increasing I.S. from 2 mM to 6 mM in pH 7.5

solution. However, Ry changes only slightly when LS. is further increased to 10 mM.



This indicates that no excessive microgel electrostatic repulsions are shielded under
I.S. 10 mM. Meanwhile, it is clearly shown that LI.S. has little effect on Ry at pH 3.0.
This is due to the fact that there is minimal charge in the microgel network at pH 3.0,

although there is some due to the charged APS initiator.
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Figure 1. The Ry of solution dispersed pNIPAm-co-AAc microgels as a function of

solution pH and L.S..

Etalon Morphology in pH 3.0 Solution

Microgel monolayers were generated via painting the microgel solutions with
various pH/L.S. on the Au surfaces, followed by the deposition of another Au layer via
thermal evaporation to construct the etalon. Finally, the resultant microgel-based
etalons were immersed in pH 3.0 solution with an I.S. of 2 mM at 30 °C overnight,
ensuring that etalons were completely solvated. The surface morphology of the
etalons was then determined by atomic force microscopy (AFM) imaging in pH 3.0 (2
mM L.S.) solution at 25 °C. Figure 2 shows that when the microgel deposition solution

is pH 3.0 (2 mM LS.), pNIPAm-co-AAc microgels pack closely and have a large



number of particles per area (particle number density), and pack fairly homogenously.
To elucidate the surface morphologies in all cases, we further averaged the
center-to-center distance (D¢) of the adjacent microgel particles at five random spots
from these AFM images, e.g., see Figure 2 (b, c), and found that the D¢ in this series
was 487 + 35 (painting solution L.S. 2 mM), 493 + 40 (painting solution 1.S. 6 mM)
and 499 £+ 59 nm (painting solution L.S. 10 mM), respectively. More details can be
seen in Electronic Supporting Information (ESI). Considering pNIPAm-co-AAc

34, 35

microgels as soft colloids, Dc < 2 x Ry in all cases is indicative of adjacent

. . 33,36,37
microgel overpacking.

To further characterize the packing density, we averaged
the microgels apparent diameter (D) on the surface of five random single microgel
particles from these AFM images. The resluts are 542 + 33 (painting solution 1.S. 2
mM), 552 + 36 (painting solution I.S. 6 mM) and 562 + 23 nm (painting solution L.S.
10 mM), respectively. While D¢ and D are similar regardless of the solution LS., we
feel though that the increase in both values with increasing I.S. points toward a lower
particle number density with increased L.S..

In our experiments, the concentration of microgels in the painting solution is

extremely high, resembling a colloidal glass.3 839

Therefore, the microgel-microgel
interactions are complex and of extreme importance, mainly involving attractive
interactions (inter/intramolecular hydrogen bonding, van der Waals interactions,
hydrophobic interactions) and soft repulsive interactions.” As with microgel-microgel
interactions, the interactions between the microgels and surface also play a significant

32,40, 41

role in the assembly process. This is most likely a result of the strong attraction
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between the microgel's N and O and the Au substrate.*> * Therefore, the observed
assembly behavior is a result of the complex interplay between microgel-microgel and
microgel-surface interactions. We acknowledge that these chemical bonds could be
probed by spectroscopic analysis, but unfortunately it was difficult to get useful
information possibly a result of scattering from the dried microgels, or a result of the
large NIPAm background overpowering the signal from these less prominant bonds.
Regardless, in this paper, we use in situ observation of the swelling behavior of the
microgels as an alternative to understand the consequences of these bonds.

During the painting process, an excess volume (~ 40 pL) of a highly concentrated
microgel suspension is spread on the Au surface at 30 °C, therefore we predict that the
excess microgels do not directly stick to the Au surface, and exist as layers on top of
the microgels directly stuck to the Au! Following the initial painting, the films are
allowed to "age" for 2 h at 35 °C (> LCST of pNIPAm microgel at pH 3.0). At this
temperature, the microgels deswell making it possible for some excess microgels to
penetrate between pre-adsorbed microgels and occupy the Au surface that was not
previously accessible. Furthermore, in this case the AAc groups are protonated
leaving only a slight negative charge on the microgel due to the presence of the
initiator, making the microgel-microgel interactions favorable. = Recently, Burmistr-
ova et al. deposited pNIPAm-co-AAc microgels on silicon wafers precoated with
polyethylene imine (PEI). They showed that, with increasing I.S. from O to 10 mM,
less microgels-PEI bonds could be formed due to counterion screening.3 2 Based on

this, we believe that in our case increasing I.S. also shields the microgel’s N and O
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lone pair electrons over a certain distance and accordingly, less microgels are attached
to the Au-coated surface, leading to a decrese in packing density of the microgel layer.
Hence, the assembly of the pNIPAm-co-AAc microgels monolayer on the Au surface
is dominated by the compression and the thermal energy of the system, but also
afftected by both abovementioned contradictive (i.e., low microgel-microgel
electrostatic repulsion combined with weakened microgel-surface interactions)
phenomena, leading to an overall slight decrease in the attaction of microgels for the
surface at high I.S.. Therefore, the etalon painted at pH 3.0 with a higher I.S. shows a

lower packing density.

Figure 2. AFM images of pNIPAm-co-AAc microgel-based etalons in pH 3.0
solution (2 mM 1.S.). These etalons were fabrciated from microgel deposition solution
at pH 3.0 with L.S. (a-c) 2, (d) 6, (e) 10 mM. (b) is the zoom of (a). (c) is the

cross-section profile of (b) defined by the line.
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Likewise, we studied the influence of painting I.S. at pH 7.5 on surface
morphologies of the etalon immersed in pH 3.0 (2 mM LS.) solution. As seen in
Figure 3, the particle number density increases with increasing I.S.. PNIPAm-co-AAc
microgels painted at pH 7.5 with an L.S. of 2 mM exhibit the largest Dc= 754 + 18 nm.
Surprisingly, the microgels in Figure 3b and c become "fuzzy" and exhibit large
“aggregates” with increasing painting LS., such that Dc is impossible to measure.
Note that these fuzzy images are not a result of the microgels exhibiting a poor size
distribution, as can be seen via differential interference contrast (DIC) microscope
images, see ESI. We take this as an indication of the highest packing density, and is
most likely a result of the intermicrogel interactions causing the microgels to appear
integrated (Figure 3d). Painting at 2 mM LS., the assembly of microgel on the Au
surface driven by microgel compression and thermal energy is frustrated by the strong
Coulombic replusion and lowest electrostatic shielding, resulting in less microgels
attached to the Au surface, and yielding the largest Dc. Increasing painting I.S. leads
to a pronounced decrease in Ry (Figure 1) and more shielding of the charges inside
and between the microgels. Therefore, much more microgels can be compressed,
diffuse and finally occupy on the surface, giving rise to a significant increase in the
particle packing density. Additionally, as a consequence of the interruption of the
microgel-Au interactions casued by higher L.S., packing density is expected to be
decreased slightly, but in the regime of strong microgel-surface interactions, this has

an apparent neglidgable effect. Again, the result in Figure 3 shows that the microgel
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monolayer assembles on the Au surface in pH 7.5 solution, which is induced by
microgel compression and thermal energy, but also depends on the microgel-microgel
interactions, which are greatly affected by 1.S., and the microgel-Au interactions.
Based on the AFM data shown in Figure 2 and 3, we believe that the assembly of
the pNIPAm-co-AAc microgels monolayer on the Au surface is driven by microgel
compression and thermal energy, but two more contributions should be also
considered: (1) microgel-microgel interactions and (2) microgel-surface (Au)

interactions (Scheme 2).

Figure 3. AFM images of pNIPAm-co-AAc microgel-based etalons in pH 3.0
solution (2 mM L.S.). These etalons were created from microgel deposition solution at
pH 7.5 with LS. (a) 2, (b) 6, (c) 10 mM. Scale bars are 5 pum. (d) a proposed

14



mechanism for large “aggregates” in (c).

Etalon Thickness in pH 3.0 Solution

In our previous work, we established that the visual color, and the position of the
peaks in the reflectance spectra, depended on the thickness of the etalon.” Therefore,
we measured the distance between the two Au mirrors (d) of the etalon in pH 3.0
solution (2 mM L.S.) at different microgel deposition solution pH and L.S.. The etalon
thickness was determined from five random regions of an AFM image of each etalon
(see ESI), and shown in Figure 4. Figure 4 shows that at pH 3.0 the etalon thickness
increases with increasing deposition solution L.S.. Albeit the thermal energy and
compression allow protonated microgels (at pH 3.0) to assemble and pack closely on
the surface, the microgel monolayer swelling can be explained by considering the
microgel-microgel and microgel-Au interactions. As mentioned previously, with
increasing 1.S. the packing density decreases as a result of the weakened
microgel-surface interactions. As shown in Scheme 2, once etalons are in pH 3.0 (2
mM L.S.) solution, new microgel-Au bonds conferred between both Au layers are
formed, and the total number of interactions are directly proportional to packing
density (Scheme 2). Also, at 2 mM, the Debye screening length is so short (~ 6.8 nm)
that the hydrogen bonding is pronounced. We believe that strong intermicrogel
hydrogen bonding exists in the microgel-microgel overpacked regions, and likewise
as packing density decreases they will be weakened. Hence, in pH 3.0 solution, the

etalon has to overcome microgel-Au interactions and microgel-microgel interactions
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to swell, both of which depend on the packing density. In the context of painting at pH
3.0, the packing density is decreased with increasing 1.S., resuting in the weakening of
both interactions. Therefore the microgel layer easily swells, yeilding a thicker film

with increasing LI.S. (Scheme 2).
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Figure 4. Etalon thickness as a function of microgel deposition solution pH and I.S.

The thickness was averaged from five random regions in an AFM image.
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Scheme 2. Cartoon illustrating the structure and thickness change of the etalon
which is painted at different pH/L.S., and the microgel-Au and microgel-microgel

interactions.

However, the thickness of the etalon is decreased with increasing painting L.S.,
when painting at pH 7.5 (Scheme 2 and Figure 4). Again, immersed in pH 3.0 solution,
the swelling of the etalon is influenced by the microgel-Au interactions and
microgel-microgel interactions, both of which are based on the packing density. As
discussed previously, the particle number density is increased with increasing painting
LS. (Figure 3). Therefore, after immersed at pH 3.0, the swelling behaviour is
frustrated due to stronger microgel-microgel hydrogen bonding between neighboring
particles as well as the enhanced microgel-Au interactions. As a result, the thickness
of the etalon is deceased from 673 + 48 (painting solution L.S. 2 mM), to 524 + 54

(painting solution I.S. 6 mM), 452 + 7 (painting solution L.S. 10 mM)..

Optical Properties of the Etalon in pH 3.0 Solution

Understanding the morphology and thickness of the etalon, we further studied how
the deposition conditions affected optical properties of etalons to sense solution pH.
As seen in Figure 5, we measured a reflectance spectrum from ten random spots of
each etalon and indicate the average peak position and standard deviation. We note
that the position of the samples in the thermal evaprator does not affect the optical

properties of the etalon (See ESI). Reflectance spectra can be obtained from etalons in
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all cases, illustrating that the painting protocol can yield an etalon in all cases. To
further elucidate different optical properties, we compare the A5 (A at peak order m=3,
which was calculated by the Equation 1) in the spectrum as a function of painting pH
and L.S. As shown in Figure 5, the A3is 760 = 15 (I.S. 2 mM), 821 + 16 (I.S. 6 mM) s,
820 + 16 nm (I.S. 10 mM). These standard deviations are smaller than the etalons
constructed from microgels painted in DI water,”> showing an enhanced homogeneity
of the etalon. However, when painting at pH 7.5 with an L.S. of 2 mM, A3 = 780 + 39
nm. This larger standard deviation is indicative of much different optical properties
among these random spots on the etalon. With increasing L.S., packing density is
increased, therefore we expect that a macroscopic, homogeneous and integral thin
microgel film is more easily obtained. Hence, the behavior of the microgel-based
etalon is more like an ideal Fabry—Pérot etalon, producing homogeneous optical
signals from different regions on the device (Scheme 3, more details can be seen in

ESI). For example, when painting at pH 7.5 with an L.S. of 10 mM, A3 = 649 £+ 12 nm.
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Figure 5. Representative reflectance spectrum of etalons as a function of microgel
deposition solution pH and L.S., (a) pH 3.0, L.S. 2 mM, (b) pH 3.0, L.S. 6 mM, (c) pH
3.0, L.S. 10 mM, (d) pH 7.5, LS. 2 mM, (e) pH 7.5, L.S. 6 mM and (f) pH 7.5, L.S. 10
mM. Etalons were immersed in pH 3.0 L.S. 2 mM solution at 25 °C. The point above
each peak is the average peak position for 10 random spots on the etalon with the

error bars indicative of the standard deviation of the peak position.
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Scheme 3. A proposed mechanism for how packing density affects the optical

homogeneity of the etalon.
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The Sensitivity of the Etalon to Solution pH Changes

Finally, the effect of painting conditions on the etalon sensitivity to pH changes was
investigated. Etalons were first rinsed with DI water, dried under N, gas and
immersed in pH 6.5 (2 mM LS.) solution overnight. Then, we also measured the
reflectance spectrum of each etalon at 10 random regions at 25 °C, and compared the
position of A3 at pH 3.0 and 6.5. We then calculated the difference of the peak position
as an indication of the etalon sensitivity to pH -- AA3 = A3 (at pH 6.5) - A3 (at pH 3.0).
When etalons are immersed in pH 6.5 solution, Ak; > 0 in all cases, showing A; red
shifts (Figure 6). Microgel monolayer swelling is definitely driven by the electrostatic
repulsion in a sole microgel, while it can be also largely enhanced by the neighboring
particles, or negative charges in the overpacking region. Namely, electrostatic
repulsion at higher packing density should have a greater influence on microgel
monolayer swelling. Meanwhile, the swelling is more or less hampered due to the
microgel-Au interactions. The trend in Figure 6 implies that when painting at pH 3.0
with an increasing L.S., the packing density is decreased and therefore, the response to
pH is diminished. Conversely, in the case of painting at pH 7.5, packing density is
increased with increasing painting I.S.. Albeit the microgel-Au interactions are
stronger for higher painting L.S., the enhanced electrostatic repulsion among the
microgels favors the monolayer swelling, yielding an increase in pH response and
hence a greater AA3;. Therefore, the thinnest microgel thin film (painted at pH 7.5, 10

mM) gives the highest response to pH changes from pH 3.0 to pH 6.5.
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Figure 6. A)\; from pH 3.0 to pH 6.5 as a function of microgel deposition solution pH

and L.S..

Conclusions

We have demonstrated that pNIPAm-co-AAc microgels are responsive to solution
pH and L.S., exhibiting various hydrodynamic diameters. A series of pNIPAm-co-AAc
microgel-based thin films and etalons were fabricated via painting different microgel
deposition solutions on a Au-coated substrate, followed by deposition of another Au
overlayer. It is shown that the deposition solution pH and L.S. influences the microgel
assembly, which impacts optical homogeneity and ultimately the pH sensitivity of the

etalon.
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and corresponding analyses for the etalons, reflectance spectra of an etalon measured
at five random spots in DI water, the discussion of Scheme 3, and the LCST curve for
the pNIPAm-co-AAc microgels. This material is available free of charge via the
Internet at http://pubs.acs.org/.
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