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1. ABSTRACT

Sequential infiltration synthesis (SIS) is a vapor phase synthesis technique with potential to exert precise
control over metal oxyhydroxide incorporation into polymer scaffolds. We observe strong size-dependent
properties of InOx(OH)y few-atom clusters deposited with variable SIS cycle numbers within a
polymethylmethacrylate (PMMA) matrix. Infrared and ultraviolet absorption spectroscopy reveal that the metal
atom coordination and optical properties of the clusters depend on the number of SIS cycles performed as well as
the choice of processing parameters. The incorporation of indium oxyhydroxide in PMMA via SIS improves the
gravimetric COz absorption capacity, demonstrating a novel platform with potential for CO2 activation.

2. INTRODUCTION

Sequential infiltration synthesis (SIS) is a versatile route to hybrid organic-inorganic materials that have
been transformed to purely inorganic materials templated by polymeric structures. While SIS is inspired by
atomic layer deposition (ALD) and often utilizes the same precursors and tools, SIS requires infiltration of these
vapor phase precursors into a polymer film or bulk that includes reversible or irreversible interactions with
polymer functional groups. In a second step, the infiltration of an oxygen source (e.g. H.0) affords reaction to form
an inorganic oxyhydroxide that may be chemisorbed at a polymer functional site or physically trapped within the
polymer matrix.* Due to the presence of the polymer matrix, the resulting inorganic material phase is less than
fully dense both before and after burnout of the polymer phase. Careful tuning of SIS conditions including
temperature, precursor exposure, and the number of SIS cycles may enable a range of inorganic species ranging
from single metal atom sites, to few atom clusters, to a contiguous inorganic network.®

A plethora of technologies ranging from catalysts to displays depend on metal oxides and hydroxides.
Such crucial materials include the oxides, hydroxides and oxyhydroxides of indium that are important for
optoelectronic and catalytic applications including transparent conductors, gas sensors, and electrocatalysts for
CO: conversion.®” The unique nanoscale properties of indium oxyhydroxide, including size and morphology, may
provide a distinctive density of electronic states that offers novel or improved functionality in these applications.®®
Indium-based nanomaterials have been synthesized via a range of techniques including solvothermal synthesis and
precipitation/calcination methods.® The SIS of InOx(OH)y in polymethylmethacrylate (PMMA) presents a new
opportunity to investigate the properties of isolated few atom InOx(OH)y clusters at the smallest-scale. Few-atom
clusters may present molecular sites that are distinct from bulk metal oxide and hydroxides due to unsaturated
coordination, changes in molecular symmetry and distinct hydroxylation levels.'®** The unique hydroxyl groups on
each SIS-grown cluster provide a model system to study indium (oxy)hydroxide surface reactivity. Better
understanding of the nature of the hydroxyl groups present on indium (oxy)hydroxide clusters in the PMMA matrix
may provide new catalytic pathways for and insights into transformations such as CO2 adsorption and conversion.

We recently investigated the atomic structure and evolution of coordination environments for InOx(OH)y
nuclei formed during the earliest stages of SIS growth inside a PMMA host matrix.'®> The In K-edge EXAFS and
atomic pair distribution function (PDF) analysis of high energy X-ray scattering suggest that amorphous InOxHy
clusters possess only a few metal-atoms after 1 to 3 SIS cycles. Little is known about SIS-derived cluster diffusion,
however these clusters might grow via coordinative addition and hydrolysis to form clusters with a high aspect
ratio. Multinuclear clusters that result from additional SIS cycles were shown to be related to the bonding patterns
found in cubic In203 and In(OH)s crystal structures. However, the use of SIS for synthesis of few-atom cluster
synthesis remains in its infancy, posing several more questions raised by preliminary studies. (i) Under what
conditions are undercoordinated indium-oxo clusters hydroxyl/aqua terminated? (ii) Under what conditions might
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the PMMA stabilize “naked” oxo clusters through weak coordination to the carbonyl or ester functional groups in
PMMA? (iii) What unique properties do few-atom indium oxyhydroxides with unique distinct cluster structure
exhibit?

We further refine the synthesis of InOx(OH)y clusters by adopting SIS process conditions in which
nucleation is only feasible in the first SIS cycle, in order to favor only cluster growth (without re-nucleation) in
subsequent SIS cycles. We further characterize the nature of SIS-derived InOx(OH)y clusters as a function of size
(i.e., SIS cycle number) by monitoring the vibration signatures and UV-visible absorption of clusters in PMMA. We
observe striking size-dependence for hydration and hydroxylation that suggest the presence of unique surface sites
that may further impact reactivity, for example with CO>, as well as the stabilization of adsorbed species including
carbonates, bicarbonates, and carbonic acid.

3. EXPERIMENTAL SECTION

Sequential Infiltration Synthesis. Silicon wafers with 300 nm thermal oxide (University Wafer) and fused
quartz substrates (Technical Glass Products) were diced and subsequently cleaned by sequential sonication in
acetone and isopropanol for 15 minutes followed by a 5-minute UV-ozone treatment (Jelight Company Inc., Model
18). For FT-IR experiment in reflectivity mode, a 3 nm layer of germanium followed by 100 nm layer of gold were
deposited onto clean silicon substrates via thermal evaporation. PMMA thin films were prepared via spin coating
at 1000 rpm for 30 seconds from 10 wt % poly(methymethacrylate) (PMMA) (Sigma-Aldrich, 99.8%) in toluene.
Sequential infiltration synthesis experiments were performed in a commercial ALD reactor (Savannah 200, Veeco)
equipped with a stop valve to enable extended precursor exposures. Unless otherwise mentioned, the growth
chamber and precursor delivery manifold were held at 80 °C. Trimethylindium (TMIn, Strem, 98+%) was heated to
50 °C and H20 was unheated. Safety note: trimethylindium is a pyrophoric liquid that should not be excessively
heated or exposed to air. All processes were performed with a constant stream of N2 at 5 sccm. Before beginning
the SIS process, PMMA coated substrates were heated to 150 °C and outgassed in the chamber for 30 minutes
under N2 flow and rough vacuum to remove H20 and any residual solvent as well as remove any ordered structure
of PMMA. The first SIS cycle was performed with a (5-300-5-2-120-240) cycle sequence that refers to a 5 s TMIn
dose that is retained in the growth chamber for an additional 300 s static exposure, a short 5 s pump and purge,
followed by a 2 s H20 dose that is retained in the growth chamber for an additional 120 s static exposure before a
long 240 s pump and purge. All subsequent SIS steps were performed with a modified (5-300-120-2-120-240) cycle.
The significantly longer pump/purge after TMIn dosing in all cycles after the first allow for complete dissociation of
any TMIn reversibly adducted to the PMMA backbone. This approach strongly favors cluster growth in subsequent
steps without addition of new nuclei on the polymer backbone. The chemistry, physics and nomenclature of SIS
has been discussed elsewhere. 1

Spectroscopic Ellipsometry. Variable angle ellipsometry spectra (J. A. Woollam a-SE) were acquired in the
range 380-900 nm at angles 65°, 70° and 75° and analyzed using CompleteEase software. Pure PMMA films were fit
to a Cauchy model using fixed optical constants (A=1.49, B=0.00125, C=0) previously deduced for PMMA. After SIS,
the hybrid PMMA-indium oxyhydroxide films were fit to an effective medium approximation (EMA) layer using a
Bruggeman model. This model fits the overall thickness and fraction of two Cauchy parametrized components each
with fixed refraction index corresponding to PMMA and In203 (A=1.9503, B=0.036512, C=0). Good fits were
obtained when refractive index parameters were held constant across all samples and the total thickness and
volume fraction of indium oxyhydroxide were fit.

In-situ FTIR, DRIFTS and Gas Adsorption-Desorption Isotherms. Infrared spectra were obtained using a
Bruker Vertex 70 FTIR spectrophotometer with external beam path that enters and exits the ALD tool through a
modified lid fitted with an IR-transparent undoped silicon window. The reflection geometry for in situ infrared
spectroscopy has been described elsewhere.l® An external LN2-cooled MCT-A detector and a DLaTGS detector
were used to collect spectra over the 4000-400 cm™ range by averaging 64 scans with a resolution of 4 cm™. CO2
adsorption-desorption experiments were performed on an ASAP 2020 Micromeritics Instrument at 25 °C. The
samples were activated by evacuation at 100 °C overnight to remove physisorbed gases.

UV-visible spectroscopy. UV-Visible absorption spectra (SHIMADZU UV-3600 Plus UV-VIS-NIR
Spectrophotometer) were acquired before and after SIS on PMMA-coated fused quartz substrates. Absorption
spectra for PMMA films on fused quartz substrates were subtracted from all experimental sample spectra to
correct for substrate reflectivity and the weak absorption of PMMA and fused quartz below 250 nm. Where



relevant, SIS modified substrates were heat treated in a tube furnace under flowing N> atmosphere for 30 minutes
to promote indium oxyhydroxide dehydration without degradation of the PMMA thin film.

4. RESULTS AND DISCUSSION
Sample Characterization:

TMiIn and other group 13 trialkyl metal precursors have been shown to form a reversible adduct with the
carbonyl group of PMMA at 80 °C.1 After a short (5s) purge step to remove gas-phase TMIn, the adducted TMIn in
the PMMA host is hypothesized to react with H.0 in a proton-mediated ligand exchange that releases methane.
Previous infrared studies reveal that the majority of carbonyl groups are released from adduction upon H20
exposure and are, therefore, available for TMIn adduct formation in subsequent SIS cycles, Figure 1.1 However,
quenching adducted TMIn in subsequent cycles is likely to seed new clusters, thereby inducing a mixture of cluster
sizes. Instead, we adopt a modified growth sequence in which an extended TMIn purge (120s) allows nearly
complete adduct dissociation. Consequently, deposition is restricted to the irreversible reaction of TMIn with
InOx(OH)y clusters nucleated in the first SIS cycles, a process which is purge time independent.
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Figure 1. Idealized representation of the first SIS cycle, including adduct formation and reaction with water to
produce In(OH)3 and free carbonyl sites in the PMMA matrix.

Previous X-ray characterization and the proposed mechanism for SIS reaction (1) suggest that clusters of
InOx(OH)y formed in the first few SIS cycles may contain structural motifs similar to the crystalline In(OH)s phase.

In(CHs)3 + 3H20 = In(OH)3 + 3CHa (1)

We consider the vibrational and optical properties of bulk In(OH)s and their relationship to the SIS-derived
INOx(OH)y clusters. Previous K-edge EXAFS and PDF analysis of X-ray scattering data of growing InOx(OH)y clusters
within the PMMA were modelled as multinuclear clusters with coordination environments related to cubic In(OH)s3
and cubic In203.1® We consider five clusters that are consistent with previous EXAFS and PDF analysis (Scheme 1).
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Scheme 1. Proposed InOx(OH)y clusters.



The infrared spectrum of a pristine PMMA thin film, Figure 2, reveals the expected features previously
assigned to the carbonyl group C=0 stretching vibration at 1738 cm™ and the ester group C-O stretching vibrations
between 1000 and 1260 cm™. The peak near 1480 cm™ is assigned to the C=C stretch and the C-H stretching
vibrations are visible at 2958 cm™. Spectra referenced to the pristine PMMA film on Au-coated silicon are provided
as Figure S1.
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Figure 2. In situ FTIR spectra measured after a variable number of SIS cycles in PMMA films on Ge/Au-coated
silicon substrates at 80 °C. Spectra were recorded after a complete 240 second purge after H20 dosing to ensure
complete removal of physisorbed H20. All spectra are referenced to Au-coated silicon and are vertically offset for
clarity. The peak at 3440 cm™ in the zoomed inset is an overtone band of the carbonyl stretching vibration of
PMMA.
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The complete purge of physisorbed (or weakly adsorbed) H20 was confirmed by the absence of a free H20
bending vibration near 1640 cm™ after each SIS cycle. The regions of interest are associated with InOx(OH)y and its
chemical interaction with the PMMA matrix. The vibrational analysis is assisted by literature precedent.'® The
spectral region between 400 — 900 cm™, which is characteristic for metal-oxygen bonding, shows three peaks at
400-500 cm™ (broad), 522 cm™ (sharp), 686 cm™ (broad) that are attributed to the vibrations associated with bulk
InxOy modes, dimeric (e.g., -In-(OH)-In-), and octahedrally coordinated In-OH. species respectively.”?° The
intensity of these FTIR absorbances increases with increasing SIS cycle number, consistent with an increasing
average InOx(OH)y cluster size. The lowest wavenumber vibrations associated with bulk InOy modes are not well
resolved until after the 2" SIS cycle, consistent with a majority of isolated In(OH)y species after the first SIS cycle.
The evolution of the structure of the InOx(OH)y clusters is inferred from the emergence and absorbance evolution
of the IR bands near 684 and 522 cm™ as a function of the number of SIS cycles, Figure 3.
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Figure 3. (a) The hybrid film thickness is estimated from spectroscopic ellipsometry as function of SIS cycles
numbers. The peak absorbance of In-hydroxyl vibrations also increases with SIS cycle number (b) Expanded view of
750 — 600 cm? revealing (c) peak position shift. (d) IR absorbance spectra from 3700 — 3200 cm™ in the region of
overlapping OH and H:0 stretching vibrations corresponding to different InOx(OH), clusters with spectral
deconvolution by curve fitting. (e) Variation of the integrated fitted peak areas as a function of number of SIS
cycles for the indicated peak positions.



The integrated absorbance of the modes centered near 684 cm™ increases with the number of SIS cycles,
consistent with a greater surface area for each cluster that supports more octahedrally coordinated In-OH.. Figure
3b shows a red shift in the wavenumber of the In-OH: related modes suggesting a weakening of the H.0O
adsorption strength as expected for progressively larger clusters. Secondly, the broad In-OH, modes may be
indicative of an inhomogeneous coordination environment in which some methyl groups are not hydrolyzed and
may remain bound to In. The integrated absorbance centered near 522 cm, is absent for 1 SIS cycle and is
observed for 2 SIS cycles and increases upon further SIS cycles. This band is assigned to dimeric (e.g., -In(-OH)-In-)
species that may result from nuclei growth or condensation reactions with neighboring nuclei. The integrated FTIR
absorbance for the In.Oy bulk modes in the 500-400 cm™ region, Figure S2, is also consistent with cluster growth as
opposed to additional single-atom nuclei.

The infrared spectra in the region 900 — 1900 cm™ is characterized by the growth of a sharp band near 1180
cmL. This band may be assigned to the OH deformation vibration characteristic of bulk In(OH)3.2® The peak at 1180
cm? is also in the region expected for pui-OH hydroxyl species in In-(OH)-In bridging vibrations and is most
prominent after 7 SIS cycles. This peak may also be indicative of deformation of the CHs and stretching of C-O—-C
and C—C bonds in PMMA, however this is unlikely since the peak is directly dependent on the SIS process.'®?! As
reported previously, there is minimal perturbation of the carbonyl peak that would be indicative of weak bonding
between the carbonyl groups and the InOx(OH)y clusters. However, the carbonyl peak is broadened to lower
wavenumbers after each SIS cycle, suggesting the possibility of dipole-dipole interactions between InOx(OH)y
clusters and the carbonyl groups. This effect is more evident in the difference spectra (Figure S1) where a positive
peak at ~1728 cm™ without a corresponding bleach that would be expected if carbonyls were bonded to InOx(OH)y.
The region 2800 — 3200 cm? is associated with the symmetric and asymmetric stretches of CH3 and CH2 bonds on
PMMA. The peak perturbations in this region may be indicative of incomplete methyl removal from the In
precursor or attributed to microphase changes in PMMA ordering. The high frequency region is characterized by
broad, structureless bands near 3580 and 3646 cm™ which are indicative of hydroxyl and/or aqua species. Since
the clusters are grown at low temperature (80 °C) and H20 is used as a precursor the clusters are likely to be
extensively hydroxylated. We expect the corresponding FTIR spectra to show multiple -OH stretching vibrations
due to the anticipated presence of several types of hydroxyl groups, Scheme 2, in addition to various hydrogen
bonding environments within the PMMA matrix and between adjacent clusters. The broad O-H stretching bands
also suggest that the growing clusters contain nonstoichiometric coordinated or physisorbed OH/H20 ligands.
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Scheme 2. Proposed reactive sites and hydroxyl groups present on large InOx(OH)y structures

To probe the evolution of the hydroxyl stretching vibrations as a function of the number of SIS cycles, the FTIR
difference spectra was calculated after each SIS cycle with reference to pristine PMMA (Figure 3d). The calculated
difference spectra were further deconvoluted into multiple peaks using mixed Gaussian-Lorentzian functions with
factor 0.75 and fixed FWHM while all other parameters were free. All spectra were fit to three such peaks where
the two broad and structureless bands centered near 3650 cm™ and 3533 cm™ are assign broadly to the O-H
stretching vibrations of In-OH and coordinated H20 respectively.®%° The intensity of the two O-H streching peaks
increases with SIS cycle number, consistent with the expected increase in cluster size and surface area . The
broadness indicated by full width at half-maximum (FWHM) values greater than 50 cm™ suggest that the hydroxyl
groups on these InOx(OH)y clusters are non-uniform and experience multiple hydrogen bonding environments. The



growth of a high energy shoulder around 3650 cm™ points to isolated or weakly H-bonded hydroxyl groups
growing on well-defined polycationic structures similar to that in Scheme 1% or reported in cage-like Ali3 Keggin
clusters.? Finally, as the InOx(OH), are very small in small in size, they are likely to have a disproportionately large
fraction of water adsorbed to the relatively large surface area as seen in the low frequency peak band centered at
3430 cm in the range associated with weakly coordinated H,O and/or hydroxyl groups experienced extensive H-
bonding. It is noteworthy that the deconvolution and integration of the O-H stretching vibration bands may
inaccurately estimate the nature and/or population of hydroxyl groups due to extensive hydrogen bonding likely
across the variable cluster sizes. Nonetheless, the band areas at 3533 and 3650 cm™ show a similar increase with
each additional SIS cycle.

Optical Properties of PMMA-InOx(OH)y Hybrids

The optical properties of InOx(OH)y clusters in PMMA matrix were investigated by ex situ measurement of
the UV-vis absorbance spectra of SIS-derived hybrid films at room temperature. The hybrid films are transparent to
visible wavelengths but strongly absorb below 300 nm with absorptivity that increases with additional SIS cycles,
Figure 4, as expected for the increasing inorganic component embedded within the PMMA matrix. In contrast to
typical thin film growth, the onset energy and characteristic spectral shape of the clusters show a strong
dependence on SIS cycles number, and by extension, InOx(OH)y cluster size. The high energy absorption onset
ranging from 250 — 300 nm suggests the existence of finite size clusters (few-metal atom species rather than bulk
bec-indium oxide, which exhibits a direct band gap in the range of 3.6 — 3.7 eV (335 — 345 nm).?>?* Such behavior
has also been observed in the nanomeric oxides of vanadium? and copper®®. Indium hydroxides and
oxyhydroxides are n-type semiconductors with band gaps reported to cover a much wider range, 3.0 — 5.5 eV,
corresponding to 226 to 414 nm.*?”28 Body-centered cubic In(OH)s was previously shown to exhibit two absorption
peaks centered at 222 (large) and 300 nm (smaller).2%2°

The band gap energy of SIS-derived clusters was estimated using the Tauc relation
ahy = B[:Pw— EE]R (2)
where a is the absorption coefficient, hv is the photon energy, E; is the optical band gap energy, B is a

proportionality constant, and n is a constant with value of % for indirect bandgap transitions. The absorption
coefficient, a, is defined as

a =2.303% 3)

where A is the absorbance and t is the effective thickness of InOx(OH)y clusters estimated from the composition
fraction of InOx(OH)y in PMMA multiplied by the total thickness after SIS as deduced from spectroscopic
ellipsometry.
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Figure 4. (a) The UV-vis absorption spectra of InOx(OH)y for various SIS cycles stabilized in PMMA matrix and dried
at 80 °C. The vertically offset spectra are corrected for the absorbance of PMMA and fused quartz substrate. (b)
Tauc plot for direct transition (n = %) for InOx(OH)y clusters stabilized in PMMA matrix. (c) Direct transition optical
band gap energies as a function of SIS cycle number.

Figure 4 shows that the smallest clusters, derived from 1 or 2 SIS cycles, exhibit featureless absorption
spectra with onset at approximately 250 nm (5.0 eV). Such featureless absorption is indicative of non-crystalline
InOx(OH)y species lacking extended structure. However, with additional SIS cycles including 4, 7 and 10, two
sharper absorption peaks at ~230 nm (5.4 eV) and ~280 nm (4.4 eV) emerge to eventually dominate the spectral
shape. Sharp absorption features that occur at consistent wavelengths are consistent with the lowest energy
electronic transition of “finite size clusters”.3 Since the intensity of the band at 230 nm appears to increase with
the number of SIS cycles i.e. InOx(OH)y effective thickness in each sample, this peak is broadly assigned to InOx(OH)y
species. While the direct and indirect band gap energies of PMMA thin films have been reported to be near 5.0 eV
and 4.8 eV respectively,®! neither the PMMA effective film thickness nor its absorptivity are expected to change
with the incorporation of InOx(OH)y such that the subtracted spectra shown are assigned to InOx(OH)y absorption
alone.

The appearance of sharp absorption features at 4 SIS cycles suggests a change in the coordination
environment of the indium as the cluster size increases. The features of the UV-vis spectra can be understood if
the OH present on the InOx(OH)y are treated as ligands capable of ligand-to-metal charge-transfer (MLCT)
character. The sharp band centered near 230 nm, reminiscent of molecular-like absorbance features, is assigned to
an LMCT transition from oxygen in hydroxyl ligands to isolated or monomeric [In]3* centers. Considering the low
absorbance of this band after the first two SIS cycles, the [In]**ions would have to be extensively dispersed in the
PMMA matrix without any significant order, as suggested previously.!>3? The band near 280 nm redshifts with
increasing SIS cycles as well as increases in intensity. We hypothesize this band to originate from LMCT from
oxygen to [In]*>* albeit in p2-OH moiety as is present in the larger, oligomeric InOx(OH), clusters. Based on the
optical properties of indium exchanged zeolite3*33 and indium doped alkali halide solids3*3°, this absorption band is
also indicative of [In]3* cations in an octahedral coordination sphere of O atoms, i.e. [InOs] as proposed in the
structure of the largest InOx(OH)y clusters (7 and 10 SIS cycles). There is an inverse relationship between the
number of SIS cycles and the lowest energy band gap energy (Eg1), Figure 4c. In contrast, the highest energy band
gap (Eg2) increases with SIS cycle number. The redshift in the lowest energy (i.e. band edge) is ascribed to an
increasing size and aspect ratio of the InOx(OH)y clusters. Furthermore, it appears that the intensity of the band
centered near 280 nm slightly decreases after 4 SIS cycles.



Cluster Evolution - Thermal Dehydroxylation under N2 Atmosphere

Previous studies of TMIn/H20 SIS films fired to > 250 °C in air reveal the burnout of PMMA as well as
densification + crystallization of the inorganic component to In,03.36 However, at lower temperatures and in the
absence of oxygen the PMMA component is expected to remain largely intact while the cluster structure and
surface chemistry may evolve.?” We investigate the influence of low temperature treatment at temperatures up to
250 °C in a N2 atmosphere. Thermal treatment up to 200 °C does not exhibit significant changes in the UV/vis
spectra, except for minor decreases in the optical bandgap energies (less than 0.05 eV), Figure 5. This suggests that
the embedded clusters exhibit stability up to at least 200 °C in inert atmospheres. However, treatment at 250 °C
induces pronounced changes in the optical properties. First, the intensity of the absorption band near 230 nm (Eg2)
progressively decreases with increasing annealing temperature, consistent with condensation and agglomeration
of neighboring In(OH)y species forming oligomeric (M-O-M networks) nanostructures and ultimately bulk and
amorphous In(OH)s or In20s “like” nanocrystals.1®363839 The optical band gap energy (3.63 eV) for the PMMA-
InOx(OH), hybrids treated at 250 °C is similar to bulk In203 (3.75 eV)*® but not crystalline In(OH)s (5.15 eV).2® The
formation of crystalline In203 would also be consistent with previous reports of crystalline In203 formed upon
InOx(OH)y-PMMA films annealed in air at a similar temperature of 300 °C.
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Figure 5. Tauc plots for 7 SIS cycle samples after annealing for 30 minutes under flowing N> atmosphere at different
temperatures.



CO: Adsorption Studies

As indium hydroxide is a well-known catalyst for CO. electroreduction,” we propose that InOx(OH)y
clusters stabilized in PMMA matrix might also serve as platform for CO2 binding. The proposed structure of the
InO«(OH)y clusters exhibit a rich population of Lewis acid and base sites (OH™ and In% respectively). Related
molecular motifs have been shown to be catalytically active for CO, conversion.**™> Owing to the hydroxyl-rich
nature of the clusters formed after 7 SIS cycles in PMMA, we preliminarily probed the CO: adsorption of this
material for CO> capture potential applications. Briefly, silicon oxide wafers (0.5 cm?) with pristine and SIS modified
PMMA were activated at 100 °C under vacuum for 12 hours. CO2 adsorption isotherms (volume of gas adsorbed
per mass of Si wafer + PMMA + InOx(OH)y as a function of pressure) were measured at room temperature (295.15
K) (Figure 7). The SIS modified PMMA exhibits approximately 28% enhancement in CO2 adsorption compared to
pristine PMMA at 1 bar. The enhanced CO: adsorption may be a consequence of more attractive interactions
between CO2 and the hydroxyl groups of the InOx(OH)y clusters relative to the acrylate groups in pristine
PMMA.*¢47 The details of CO; adsorption on SIS-modified PMMA are the subject of future investigations.
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Figure 7: CO2 adsorption isotherms on pristine and InOx(OH)y modified PMMA films on a silicon wafer support.
Note: Sample mass includes the weight of the Si wafer support.

CONCLUSIONS

InOx(OH)y synthesized within a PMMA matrix exhibit SIS-cycle-number-dependent chemical and physical
properties. In the few cycle limit, the results are consistent with size-dependent few atom clusters that exhibit
unique optical properties intermediate between In(OH)s and cubic In20s. Preliminary CO2 adsorption isotherms
reveal that the InOx(OH)y clusters moderately enhance CO2 uptake compared to pristine PMMA. This observation
can be attributed to Lewis acid-base interactions between CO2 and In-OH or In-OH: species moieties. We
hypothesize that polymer modification with metal oxyhydroxide clusters via sequential infiltration synthesis (SIS)
may provide a strategy to improve the gas adsorption performance of simple polymers including as PMMA.
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