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Infiltration synthesis, the atomic-layer-deposition-based organic-inorganic material 

hybridization technique that enables unique hybrid composites with improved material properties 

and inorganic nanostructures replicated from polymer templates, is shown to be driven by the 

binding reaction between reactive chemical groups of polymers and perfusing vapor-phase 

material precursors. Here, we discover that residual solvent molecules from polymer processing 

can react with infiltrating material precursors enabling the infiltration synthesis of metal oxides 

in a non-reactive polymer. The systematic study, combining in-situ quartz crystal 

microgravimetry, polarization-modulated infrared reflection-absorption spectroscopy, X-ray 

photoelectron spectroscopy, and transmission electron microscopy, shows that the ZnO 

infiltration synthesis in nominally non-reactive SU-8 polymer is mediated by residual processing 

solvent cyclopentanone, a cyclic ketone whose Lewis-basic terminal carbonyl group can react 

with the infiltrating Lewis-acidic Zn precursor diethylzinc (DEZ). In addition, we find favorable 

roles of residual epoxy rings in the SU-8 film in further assisting the infiltration synthesis of 

ZnO. The discovered rationale not only improves the understanding of infiltration synthesis 

mechanism but also potentially expands its application to more diverse polymer systems for the 

generation of unique functional organic-inorganic hybrids and inorganic nanostructures. 
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Chapter 

1. INTRODUCTION 

Infiltration synthesis is a type of material hybridization process derived from atomic layer 

deposition (ALD), where vapor-phase material precursors infiltrate into a polymer matrix, 

enabling the generation of organic-inorganic hybrids as well as inorganic replicas of starting 

polymer templates when the polymer is selectively removed.1–4 Depending on the specific 

protocol governing the precursor exposure sequences, the multi-pulse infiltration,5 sequential 

infiltration synthesis,6–9 and sequential vapor infiltration,10 have been developed over the past 

few years, and they have been proven useful for enhancing various properties of polymers, such 

as mechanical strength,11,12 photoluminescence,13,14 photocatalytic activity,15 oil absorption 

ability,16 and triboelectric properties.6,17 The nanoparticles deposited by infiltration synthesis also 

had a superior thermal stability and spatial separation that were useful for catalytic 

applications.18 Also demonstrated was the application of the technique for creating inorganic 

nanopatterns derived from self-assembled block copolymer thin films2,8,9 with novel properties 

such as enhanced optical anti-reflectivity,19 mesoporous metal oxide monolith converted from 

polymer microfibers,10 and inorganic nanopatterns converted from lithographically patterned 

polymer templates 7,20 such as the electrically active ZnO nanowire arrays that could be 

integrated into field-effect transistors as we reported recently.21  

For applying the infiltration synthesis within a given polymer system, the binding reaction 

between Lewis-acidic vapor-phase organometal precursors and Lewis-basic functional groups in 

the polymer was shown to be critical,15,22,23 with the binding reaction rate and kinetics being 

affected by temperature, choice of precursors, available functional groups in polymers, and 

infiltration protocols governing the precursor exposure/purge durations and schemes.14,15,22–25  So 

far, most reported studies on the infiltration synthesis mechanism have been based on the 

polymer systems with known functional groups that could react with material precursors, 

specifically trimethylaluminum (TMA) for the infiltration synthesis of Al2O3.26–29 For instance, 

Biswas et al. reported that TMA initially formed a weakly-bound complex with pendent C=O 

and C-O-R functional groups in poly(methyl methacrylate) (PMMA) during the sequential 

infiltration synthesis process.22,29 Other groups also demonstrated that TMA reacted with certain 

nucleophilic carbonyl groups in polyester fibers either on the surface or within the bulk.12,14,27,30 

These studies overall suggest the requirement of specific reactive functional groups in the 

polymer for the successful infiltration synthesis.  
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While the interaction of TMA with polymers has been extensively studied for understanding 

the infiltration synthesis of Al2O3, there have been few reports that investigated the infiltration 

synthesis mechanism of other materials, such as ZnO, a more electrically functional metal oxide 

that is typically generated from diethylzinc (DEZ) used as a material precursor. Most reported 

ZnO infiltration synthesis required the pre-infiltration synthesis of Al2O3 (i.e., “priming”) that 

acted as nucleation sites, except one recent study that suggested that the polymer crystallinity 

could facilitate the ZnO infiltration into a non-reactive polymer, poly(3-hexylthiophene) 

(P3HT).31 However, such an effect of polymer crystallinity cannot be generally applied to non-

crystalline polymers, such as SU-8, a well-known epoxy-based negative-tone (i.e., cross-linkable) 

polymer photoresist, widely used in microelectronics,32 microfluidics,33 waveguides,34 and 

chemical sensors.35 Recently, we reported the infiltration synthesis of ZnO, along with Al2O3 and 

TiO2, in patterned (cross-linked) SU-8 templates without Al2O3 priming process, demonstrating 

various, arbitrarily designed metal oxide nanostructures with high aspect ratios as well as 

controlled geometries and spatial registrations.21,36 Despite the successful application of SU-8 as 

polymer templates for the infiltration synthesis, one unusual aspect of SU-8 is that unlike PMMA 

and polyester, the nominal chemical structure of cross-linked SU-8 primarily consists of C-O-C 

(ether) type backbone bonding37,38, which is not expected to readily bind with the vapor 

precursors of the demonstrated infiltration-synthesized metal oxides, compared with other more 

reactive functional groups such as the pendent C=O and C-O-R groups in PMMA.21,28 

In this work, we investigate the infiltration synthesis mechanism of ZnO in the cross-linked 

SU-8 thin film to understand the nature of the chemical interaction between the ZnO material 

precursor and the nominally non-interacting SU-8. We discover that residual solvent molecules 

from the polymer processing mediate the infiltration synthesis of ZnO in the non-reactive SU-8 

by reacting with perfusing Zn precursor. We infiltration-synthesized ZnO using DEZ and water 

as material precursors in the cross-linked thin-film SU-8. The in-situ quartz crystal 

microgravimetry (QCM) measurement during the infiltration synthesis and the post-synthesis 

cross-sectional transmission electron microscopy (TEM) indeed showed the mass gain and 

structural characteristics consistent with the material infiltration into the polymer although the 

SU-8 nominally had no known strong reactive chemical moieties such as carbonyl groups. 

Surprisingly, the polarization-modulated infrared reflection-absorption spectroscopy (PM-

IRRAS) identified the existence of carbonyl (C=O) groups in the starting SU-8 film as well as 

their consumption after the infiltration synthesis. We confirmed that the C=O groups were 

originating from the cyclic ketone SU-8 processing solvent, cyclopentanone (CP), by monitoring 
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the varying C=O contents with respect to the film thermal baking condition. The identified 

solvent effect was further confirmed by testing a different (cyclic ester) processing solvent with 

C=O group, -butyrolactone (GBL), which permitted a different degree of ZnO infiltration 

synthesis compared with CP as supported by the QCM and X-ray photoelectron spectroscopy 

(XPS) data. The in-depth analysis of PM-IRRAS data revealed potential reaction mechanisms 

between the perfusing DEZ and the SU-8 film, involving the interaction of DEZ with residual 

solvent molecules as well as uncross-linked epoxy rings and polymer ether backbones, 

potentially assisted by the short-range anisotropic alignment of polymer chains within the film. 

This newly discovered role of solvent molecules enabling the infiltration synthesis in a 

nominally non-reactive polymer not only suggests a new pathway for the infiltration synthesis 

process but also potentially expands the applicability of infiltration synthesis to more diverse 

polymer systems for the generation of unique functional organic-organic hybrids and metal oxide 

nanostructures. 

 

2. EXPERIMENTAL DETAILS  

Chemicals and materials 

We used commercially available SU-8 solutions (MicroChem) and organic solvents 

(Sigma-Aldrich), including CP and GBL, as received. Two different series of SU-8 photoresist 

solutions were used in the experiments, SU-8 2002 diluted in CP and SU-8 25 in GBL. Bare Si 

substrates were used for preparing TEM and XPS samples, while Si substrates with 40 nm-thick 

Au coating were used for PM-IRRAS (Au was coated by a sputter coater (Cressington 208HR)). 

The diluted SU-8 solutions of varying concentrations were spin-cast on the substrates at 2000 

rpm, followed by ambient pre-cross-linking baking for 1 min at 65 °C and additional 3 min at 95 

°C on a hot plate (i.e., soft bake). The samples were then exposed to ultraviolet (UV) light for 5 

min under nitrogen using a UV light chamber equipped with a low-pressure mercury lamp 

(American Ultraviolet Co.), followed by the post-exposure bake for 2 min at 95 °C in ambient air. 

The film thickness was measured by an interferometer (Filmetrics). The thickness of SU-8 thin 

films was varied from 40 nm, 70 nm, 100 nm, and to 135 nm for PM-IRRAS measurement. For 

TEM and XPS characterization, thicker SU-8 2002 films (< 200 nm) were used.  
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ZnO infiltration synthesis and in-situ mass gain measurement 

We infiltration-synthesized ZnO in the spin-coated SU-8 films at 85 °C using a 

commercial ALD system (Cambridge Nanotech Savannah S100). DEZ (Aldrich) was used as an 

organometallic precursor of ZnO. Typically, one ZnO infiltration synthesis cycle consists of the 

following steps (Scheme 1 (a)): The DEZ vapor was first introduced into the reactor, and the 

reactor was immediately isolated to allow DEZ to diffuse into the polymer matrix for 300 sec 

(chamber pressure ~1.6 Torr). The reactor was then pumped/purged with 100 sccm N2 flow for 

60 sec (for removing the surface-adsorbed excess DEZ that can form thick ZnO layer and block 

the precursor infiltration during the following ZnO infiltration synthesis cycles), which was 

followed by the water vapor exposure to the polymer templates for 300 sec (pressure ~10 Torr) 

and pumping/purging in 100 sccm N2 for 300 sec for removing excess water molecules from 

exposed surfaces (representative mass gain variation characteristics during the exposure and 

purging steps are given in Figure. S1). The ZnO infiltration synthesis cycle was repeated for 

multiple times as desired.  For the in-situ mass gain measurement during the infiltration 

synthesis, we used a QCM system installed in the ALD reactor. A thick SU-8 film (>1 m) 

processed with the desired solvent was spin-cast onto a quartz crystal (Philips Technologies, Au-

plated, 6 MHz resonant frequency, 14 mm diameter, AT-cut). The QCM crystal was then 

mounted onto the sensor head (Colnatec, Inc.) installed in the reactor. The temperature of the 

integrated heater on the QCM sensor head was set identical to the reactor temperature. Before the 

infiltration synthesis process, we let the sensor temperature equilibrate with the chamber 

temperature and stabilize for 1-2 hr to minimize the QCM background signal drift originating 

from the temperature variation. The change in the resonance frequency of the SU-8-coated quartz 

crystal was recorded during the process and converted into a mass gain value by the Sauerbrey 

equation,39 using the sensitivity factor of 81.2 Hz g-1cm2 for the AT-cut crystal used in our 

experiments. 

 

Structural and chemical characterization  

The internal structures of the SU-8 thin films, before and after 2 or 10 cycles of ZnO infiltration 

synthesis, were examined by cross-sectional high-resolution TEM (JEOL 2100F, 200 kV). The 

cross-sectional TEM samples were prepared by the in-situ lift-out technique in a focused ion 

beam (FIB) system (FEI Helios) using carbon and top Au protective layers applied on top of the 

samples. Energy dispersive X-ray spectroscopy (EDXS) was also carried out to identify the 

infiltration-synthesized ZnO within the polymer matrix. The change of chemical bonding 
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characteristics on the SU-8 surface before and after the ZnO infiltration synthesis was studied by 

XPS. Only one infiltration synthesis cycle was applied to ensure the absence of dense ZnO top 

layer that tended to form under the increasing number of synthesis cycle. We used a home-built 

XPS system equipped with a PHOIBOS hemispherical electron energy analyzer (SPECS) and 

Mg K X-ray source (1.254 keV, SPECS). The XPS study was complemented by the PM-IRRAS 

measurement, an IR spectroscopy technique sensitive for measuring the chemical structure and 

molecular orientation of molecular monolayers and ultrathin films coated onto metal surfaces.40 

At a high grazing incidence angle, the absorption of p-polarized IR light on a metal surface is 

largely enhanced while that of s-polarized light is virtually zero for the species close to the metal 

surface.40–42 This can be utilized for obtaining the chemical bonding characteristics as well as the 

chain orientation and conformation at the bottom of SU-8 thin films before and after the 

infiltration synthesis. The measurements were performed in a home-built PM-IRRAS system 

described in detail in our earlier study.43 The system was equipped with a Bruker Vertex 80v 

spectrometer, and the IR beam was p-polarized with a ZnSe grid polarizer and reflected from the 

surface plane at an 8-degree angle. All spectra were recorded with a liquid-nitrogen-cooled 

HgCdTe detector (InfraRed Associates). 

 

3. RESULTS AND DISCUSSION  

3.1. Mass gain and structural characteristics of ZnO infiltration synthesis in SU-8  

The in-situ QCM measurement confirmed the mass gain characteristics of ZnO infiltration 

synthesis in SU-8 distinguished from those expected in a normal ALD ZnO growth on the 

surface. The mass gain of a typical SU-8 film (processed with CP as a solvent) was measured 

during the first 20 cycles of ZnO infiltration synthesis (Figure 1 (a)). The first cycle displayed a 

relatively large mass uptake (~2.0 g/cm2) while the following cycles showed a lower, constant 

mass uptake of 0.68 g/cm2 per cycle, which corresponds to an equivalent ZnO thickness of 

~10.2 Å per cycle (assuming the density of ZnO is 5.61 g/cm3), a value nearly 15 times larger 

than a typical growth rate of ZnO during the normal ALD process (~0.7 Å/cycle at 85 °C).44 

These data clearly indicate a bulk growth mode, not controlled by the self-limited surface 

reaction but rather mediated by the precursor’s penetration into and subsequent hybridization 

with the polymer matrix, during the infiltration synthesis. The mass gain per cycle during the 

first infiltration synthesis cycle is nearly three times larger than that of the subsequently 

following cycles, which we expect to be related to the initial consumption of the polymer free 
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volume during the first synthesis cycle.  The internal structure of the ZnO-infiltrated SU-8 films 

examined by the cross-sectional TEM was consistent with the bulk growth mode of ZnO 

infiltration synthesis as observed in the in-situ mass gain measurement: The bright-field TEM 

image in Figure 1 (b) reveals that the ZnO infiltration synthesis already occurred down to ~50 

nm below the surface after only two cycles of ZnO infiltration synthesis. The dark contrast in the 

upper portion of the SU-8 film, originating from the atomic number (Z) contrast, is where most 

ZnO infiltration synthesis has occurred, and the corresponding EDS line scan (Zn K) confirmed 

the ZnO infiltration profile (Figure 1 (c)). We found that the ZnO infiltration depth was not 

really changing with increasing number of synthesis cycles as shown in the cross-sectional TEM 

micrograph obtained from the 10-cycle-infiltrated SU-8 (Figure S2). The increased Z-contrast in 

the 10-cycle condition (Figure S2) compared with the 2-cycle sample (Figure 1(b)) also indicates 

a continued ZnO infiltration as the number of infiltration synthesis cycles increased, showing 

that the large mass gain during the first few ZnO infiltration cycles did not fully saturate the free 

volume available in the polymer matrix, allowing the precursor infiltration into the polymer 

matrix during the following infiltration synthesis cycles. 

Overall, the observed mass gain trend and internal structure agree with what has been 

observed in other infiltration studies,3,30 confirming that the dominant ZnO deposition mode in 

our experiments was the infiltration synthesis despite the nominal absence of reactive terminal 

carbonyl groups in the cross-linked SU-8. Typically, the SU-8 solution consists of epoxy-based 

monomers and a minor quantity (typically, 1-5 wt.% according to the manufacturer specification) 

of photo-acid generators (PAG) in a certain organic solvent, such as CP. Scheme 1 (b) shows the 

nominal chemical structures of SU-8 monomer, CP, and PAG molecules we used. The PAG is an 

onium salt, triarylsulfonium hexafluoroantimonate ((Ar)3S+SbF6
–), which decomposes to acidic 

H+SbF6
– upon UV exposure and catalyzes the cross-linking reaction of the monomers (i.e., 

reaction among epoxy rings) in the SU-8 film during the post-exposure thermal baking (Scheme 

1 (c)).45 The resultant cross-linked SU-8 structure primarily contains -C-O-C- type ether bonds 

along the polymer network,38 which are expected to be stable and do not form strong chemical 

bonds with organometallic precursors. This hints a plausibility that the observed ZnO infiltration 

synthesis in the cross-linked SU-8 is not relying on the direct reaction between the 

organometallic precursor and the polymer matrix itself as observed in the typical infiltration 

synthesis studies performed on more reactive polymers.22  
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3.2. Effects of ZnO infiltration synthesis on the chemical bonding characteristics of SU-8  

To further investigate potential factors that could enable the ZnO infiltration synthesis in 

the non-reactive cross-linked SU-8, we examined the chemical bonding characteristics of the 

SU-8 thin film before and after the infiltration synthesis by PM-IRRAS. Figure 2 (a) shows the 

IR absorption spectrum measured by PM-IRRAS from the typically prepared cross-linked SU-8 

thin film (40 nm thick) without ZnO infiltration synthesis (i.e., processed in CP as a solvent; 

soft-baked, UV-exposed, and post-exposure-baked), where the absorption peaks at 1250 cm-1 and 

830 cm-1 originate from epoxy rings, and the groups of peaks in the 1700-1400 cm-1 region 

correspond to para- and ortho-substituted benzene rings.35 The detailed assignment of the peaks 

to corresponding vibration modes can be found in Table 1, with each peak labeled in Figure 2 (b).  

Along with the peaks at 1250 and 830 cm-1, the peak at 915 cm-1 also corresponds to the bending 

of CH2 group on the epoxy ring, suggesting an incomplete cross-linking (i.e., incomplete 

consumption of epoxy rings) of the SU-8 film after the typical cross-linking procedures we 

applied. This is not unusual as the full cross-linking of SU-8 is known to require a post-exposure 

bake over 20 min,37 and the peak at 915 cm-1 is usually used to evaluate the degree of cross-

linking for this resin.35,45 

A more surprising feature in the IR absorption spectrum is the presence of the absorption 

peak at 1735 cm-1, which is typically attributed to a C=O carbonyl group (i.e., a reactive 

functional group that can enable the infiltration synthesis), which is not expected to exist in the 

nominal SU-8 structure.  The only C=O-group-containing chemical entity used during the SU-8 

sample preparation was the solvent, CP, and we confirm that the carbonyl peak was indeed 

originating from the residual CP molecules in the cross-linked SU-8 film by varying the SU-8 

film baking procedure and thus controlling the amount of residual CP in the SU-8: During the 

preparation of cross-linked SU-8 films, the soft bake step is generally performed for removing 

processing solvent from the film before cross-linking. When we omitted this step, the intensity of 

carbonyl absorption peak significantly increased (Figure 2 (a)), clearly showing that the observed 

carbonyl feature was directly associated with the residual CP in the SU-8 film. A similar IR 

absorption peak was previously observed in the SU-8 processing study wherein CP was used as a 

solvent,38 and overall, this indicates that the solvent molecules will be present in the SU-8 film 

during the following infiltration synthesis, without being evaporated out of the film.  It is 

interesting to note that even after an extended thermal baking (tested for 24 hr, under ~200 

mTorr vacuum, at 150 °C), the solvent molecules appeared to be still present in the SU-8 film; in 

fact, the C=O absorption peak intensity after the vacuum annealing for 24 hr was nearly the same 
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as what was observed after the standard soft bake performed for much shorter time under an 

ambient air (Figure S3). Potentially, some portion of this C=O peak intensity might be from the 

carbonyl groups formed by the selective rearrangement of residual epoxy rings to ketones,46 

being promoted by Lewis-acidic SbF5 (originating from PAG), which regardless will be 

beneficial for the infiltration synthesis.  

After we applied the ZnO infiltration synthesis in the cross-linked SU-8, we find that the 

intensity of the carbonyl absorption peak had decreased, a strong indication that the infiltrating 

ZnO precursors were reacting with the C=O groups of the residual CP in the SU-8 film during 

the infiltration synthesis. Figure 2 (c) shows the PM-IRRAS spectra of the cross-linked SU-8 

films prepared by the standard procedure (including soft bake), before and after 4 cycles of ZnO 

infiltration synthesis. The IR absorption intensity of C=O group at 1735 cm-1 decreased 

markedly after the infiltration synthesis with a negligible change in the peak position. This shows 

the consumption of the C=O groups of the solvent molecules during the ZnO infiltration 

synthesis, most likely, via the reaction with the infiltrating DEZ. Such a consumption of reactive 

functional groups in polymers during the infiltration synthesis has been identified for the case of 

Al2O3 infiltration synthesis in PMMA, whose side carbonyl groups acted as nucleation sites 

within the bulk of the polymer for the reaction with the infiltrating organometallic precursor 

(TMA) to form -C-O-Al-R bonds after the infiltration synthesis.3,27  In the present case, the direct 

observation of Zn-O bonding features in the PM-IRRAS spectra was not available because the 

Zn-O stretching mode at 433 cm-1 was out of the spectral range that our system could cover.47  

The complementary XPS measurements confirmed the formation of the Zn-O bonding in SU-

8 after the ZnO infiltration synthesis, supporting the formation of ZnO in SU-8. Table 2 

summarizes the deconvoluted bonding species obtained from the O 1s and C 1s spectral regions. 

The XPS survey spectra immediately showed the Zn-related peaks after 1 cycle of ZnO 

infiltration synthesis in SU-8 (Figure 3 (a)). The high-resolution scan over the O 1s region in the 

control SU-8 without the ZnO infiltration showed a spectrum primarily consisting of -C-O-C- 

ether (binding energy (B.E.) = 532.9 eV) with a shoulder originating from the oxidized forms of 

Sb (Sb 3d), the base element for PAG in SU-8 (Figure 3 (b) top). Once subjected to 1 cycle of 

ZnO infiltration synthesis (Figure 3 (b) bottom), there was a shift in the apparent peak position 

(indicated by an arrow). The spectrum deconvolution revealed that this was in fact caused by the 

formation of Zn-OH group, a result of the reaction between the terminal ethyl group of DEZ and 

water (i.e., -Zn-C2H5 + H2O  -Zn-OH + C2H6), confirming the formation of ZnO. Additionally, 
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there was a broadening of the shoulder region, stemming from the formation of metallic Sb (Sb 

3d5/2, B.E. = 528 eV) that we suspect to result from the reduction of Sb oxides by DEZ. It is 

noted that potentially, there exists a Zn-O (O 1s) peak at B.E. = ~530 eV, but this could not be 

resolved due to its overlap with the pre-existing Sb2O3 peak (Sb 3d5/2). Meanwhile, the 

comparison of the C 1s region XPS spectra before and after 1 cycle of ZnO infiltration only 

revealed a minor difference (Figure 3 (c)); a Zn-C (C 1s) peak at B.E. = ~283 eV emerged after 

the infiltration synthesis, indicating the presence of some unreacted ethyl groups of DEZ (i.e., -

Zn-C2H5). 

We note that a closer examination of the PM-IRRAS spectra obtained after the ZnO 

infiltration revealed the spectral features that further supported the non-reactive nature of the 

cross-linked SU-8 network while suggesting a potential assistance of uncross-linked epoxy rings 

to the ZnO infiltration synthesis (Figure 2 (c)). Specifically, the decrease of solvent carbonyl 

peak intensity after the ZnO infiltration was accompanied by the increase in ether -O-C-C 

stretching at 1128 cm-1 (originating from the cross-linked SU-8 network) and the decrease in C-

O-C stretching of epoxy rings at 1250 cm-1 (from uncross-linked epoxy rings). It is noted that 

ether-containing polymers (e.g., polyethylene oxide (PEO)) and other polymers with methyl 

ether terminal groups (such as polybutylene terephthalate (PBT) and polylactide (PLA)) have 

shown the decrease of ether stretching intensity after the infiltration synthesis of Al2O3, which 

was ascribed to the reaction between TMA and the ether groups.27  The observed increase of 

ether -O-C-C stretching after the ZnO infiltration synthesis in our case thus indicates that such a 

direct reaction between DEZ and the -O-C-C ether groups in the cross-linked SU-8 network was 

not really occurring. Instead, the increase of -O-C-C ether population is most likely resulting 

from the decomposition of uncross-linked epoxy rings (i.e., ring opening and cross-linking) in 

the SU-8 by the infiltration synthesis, which is supported by the observed decrease in epoxy C-

O-C stretching intensity at 1250 cm-1. The epoxy ring opening can be initiated by the applied 

heat during the infiltration synthesis or by the reaction with the infiltrating DEZ, both under the 

presence of hydroxyl groups (e.g., water). However, the SU-8 film before and after the 

infiltration synthesis did not feature an observable sign of hydroxyl group in the PM-IRRAS 

spectra (Figure S4, ~3400 cm-1 region for the O-H stretching mode),48,49 which most likely 

results from the near full consumption of available hydroxyl groups in the bottom portion of SU-

8 film during the first few infiltration synthesis cycles (note that the PM-IRRAS signal 

exclusively originates from the material near the Au-coated substrate surface). Considering the 

lower temperature used for the infiltration synthesis (85 °C) compared with the post-UV-
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exposure baking temperature (95 °C) designed for the cross-linking of SU-8 under the presence 

of the acid generated by PAG, the thermally initiated epoxy ring opening is unlikely. Instead, the 

direct reaction between infiltrating DEZ and uncross-linked epoxy rings in the SU-8 appears to 

be the most plausible scenario, mediating the retention of infiltrating DEZ within SU-8 and 

assisting the ZnO infiltration synthesis. 

 

3.3. Effects of a different SU-8 processing solvent 

We find that the extent of ZnO infiltration synthesis in SU-8 is dependent on the type of 

process solvents, further verifying the role of residual solvent molecules affecting the ZnO 

infiltration synthesis: When we replaced the SU-8 processing solvent from CP (cyclic ketone) to 

-butyrolactone (GBL, cyclic ester), there was a significant decrease (by ~26 %) in the mass gain 

per ZnO infiltration synthesis cycle, from ~0.68 g/cm2 to ~0.50 g/cm2 (Figure 4 (a)). The IR 

absorption measured by PM-IRRAS in the GBL-processed SU-8 exhibited a carbonyl absorption 

peak at 1735 cm-1 before the infiltration synthesis and its reduction in intensity after 4 cycles of 

ZnO infiltration synthesis (Figure 4 (b), indicated by an arrow), a qualitatively identical trend 

observed in the CP-processed SU-8. However, one major difference was that the starting 

carbonyl absorption intensity was much lower (by ~50%, integrated intensity) than that of the 

CP-processed SU-8 (Figure 4 (b) inset), and this agrees with the decreased mass gain per cycle 

during the ZnO infiltration synthesis when GBL was used.  The carbonyl peak position observed 

from the GBL-processed SU-8 was found to be nearly identical to that of the CP-processed 

sample, both of them showing peak shifts compared with the generally known C=O peak 

positions of the pure solvent molecules (1770 cm-1 for GBL and 1747 cm-1 for CP),50,51 which 

are suspected to be caused by the confinement of the solvent molecules in the polymer matrix 

and the interaction with the environment.52  The QCM and IR absorption data overall indicate a 

smaller concentration of C=O carbonyl groups in the GBL-processed SU-8 compared with the 

CP-processed one, which appears counter-intuitive considering the higher boiling point (i.e., 

lower vapor pressure) of GBL (204 °C) than that of CP (131 °C). Given the ambient processing 

(i.e, the presence of moisture) of SU-8 and the presence of photo-generated acid, we suspect 

GBL can be potentially decomposed by the acid-catalyzed hydrolysis and converted to more 

volatile species (1-propanol and CO2) that are removed from the film during the post-exposure 

baking procedure.53 Meanwhile, the XPS spectra obtained from the GBL-processed SU-8 before 

and after the 4 cycles of ZnO infiltration synthesis were nearly identical to what was observed 
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from the CP-processed SU-8, confirming the formation of Zn-O bonding (Figure S5 and Table 

S1). It is interesting to note that the mass gain in the first synthesis cycle was independent of the 

type of solvent we used and was always larger than that of the subsequent cycles (Figure 4 (a)). 

This again suggests a large consumption of the polymer free volume, where the reaction of 

physically trapped DEZ molecules with water is expected to proceed in a random manner similar 

to the chemical vapor deposition (i.e., uncoordinated), thus making the mass gain during the first 

synthesis cycle less controlled by the reactivity of residual solvent molecule, but rather more 

limited by the initially available polymer free volume. 

 

3.4. Potential reaction routes and factors enabling the ZnO infiltration synthesis in SU-8 

Reaction between DEZ and carbonyl groups of CP: Considering that DEZ is generally used in 

the catalytic asymmetric addition to aldehydes or ketones to form alcohols,54,55 we propose a 

similar addition reaction mechanism between Lewis-acidic DEZ and the Lewis-basic carbonyl 

groups in CP (Scheme 2 (a)): The polarity of C=O bond of CP makes it susceptible to ethyl 

carbanions, byproducts of DEZ decomposition, and may undergo the addition reaction; the 

nucleophilic oxygen coordinates with Zn atom, and the anionic alkyl group then can react with 

the electrophilic carbon of the carbonyl group, leading to the ethyl addition and the formation of 

C-O-Zn- and C-CH2-CH3 bonds. The consequences are the consumption of carbonyl groups and 

the generation of the Zn-O bond, which are consistent with the decrease of carbonyl peak 

intensity in the PM-IRRAS spectra as well as the observed Zn-O bond formation in the XPS 

measurement. For other organometallic precursors such as TMA, a similar addition reaction to 

ketones can be achieved either with or without catalysts,56 and it has been reported that TMA 

could interact with the carbonyl group in the same way as we suggested when reacting with 

polyamide.57  

Reaction between DEZ and epoxy rings of SU-8: Due to the incomplete cross-linking of SU-8, 

it appears plausible for DEZ to directly react with epoxy groups via the ring opening reaction and 

form the -O-C-C ether bond, which would be in accordance with the observed increase of ether 

peak intensity during the PM-IRRAS measurement. A potential ring-opening reaction route is 

described in Scheme 2 (b): According to the epoxy-Lewis acid reaction mechanism,58,59 which is 

similar to the first step of catalytic cationic polymerization of SU-8, the Zn atom  can coordinate 

to the epoxide oxygen, and the ethyl group can be transferred to the epoxide carbon, thus 

enabling the breaking of C-O bond and the formation of O-Zn bond. Meanwhile, the water 
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molecules introduced into the polymer during the first infiltration synthesis cycle generates 

hydroxyl groups, and they can form zinc alkoxides after reacting with DEZ during the 

subsequent infiltration synthesis cycles, which can further react with uncross-linked epoxide 

rings, leading to more opened epoxy rings. The reaction between the DEZ and epoxy ring may 

be further assisted by the adduct formed between DEZ and carbonyl group of CP, similar to the 

TMA-catalyzed addition reaction proposed for the TMA infiltration in PMMA.22.28 It is worth 

noting that compared with the effects of residual solvents, this direct reaction between DEZ and 

epoxy rings still seems to be a secondary factor for facilitating the ZnO infiltration synthesis in 

SU-8: Although both CP- and GBL-processed SU-8 samples featured the PM-IRRAS spectra 

showing a similar degree of the epoxy ring consumption during the infiltration synthesis, the 

QCM results showed that the CP-processed SU-8 had a greater mass gain than the GBL-

processed counterpart. This indicates that the reaction between residual solvent molecules and 

DEZ played a more important role in mediating the ZnO infiltration synthesis in the SU-8.  

Reaction between DEZ and ether groups of SU-8: There are two kinds of ether groups in SU-

8, one originating from the SU-8 monomer and the other from the cross-linked SU-8 network 

resulting from the ring-opening polymerization of epoxy groups. Due to the similar chemical 

structures, we speculate that both of them can interact with DEZ in the same manner as described 

in Scheme 2 (c). We note that although the consumption of ether groups has been observed 

during the infiltration synthesis of Al2O3 in several ether-containing polymers using TMA,22,27 

no specific reaction mechanism has been proposed. We recognize that despite the low chemical 

reactivity of the C-O-C linkage, the two pairs of electrons on the oxygen atom do offer the ether 

molecule some reactivity, allowing its reaction with certain acids.60 We suggest that DEZ can be 

weakly attached to the oxygen atom of C-O-C group of the SU-8 to form a metastable complex, 

eventually leading to the formation of -Zn-OH bond in the subsequent water cycles.  

Anisotropic texturing of the SU-8 film: A recent study of ZnO infiltration in P3HT, a non-

reactive semi-crystalline conducting polymer, showed that the polymer crystallinity could 

promote the infiltration synthesis of ZnO in the polymer matrix.31 We find from the PM-IRRAS 

study that the spin-coated SU-8 had a certain anisotropic chain alignment within the film, and 

this might have been another factor potentially beneficial for the ZnO infiltration synthesis. 

Figure 5 shows the IR absorption spectra obtained by PM-IRRAS from the spin-coated SU-8 

films with their thicknesses varying from 40 nm to 135 nm. There is a clear increase in the IR 

absorption intensities of the peaks originating from SU-8 over the whole spectral range with 
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increasing thickness, except that the intensity of carbonyl peak from the residual solvent CP 

(1735 cm-1) was nearly invariant. The asymmetric thickness-dependent IR absorption intensity 

directly results from the fact that the orientation of the SU-8 polymer chains is anisotropic while 

that of the solvent molecules is isotropic. This distinction is possible owing to the unique surface 

selection rule of the PM-IRRAS technique that utilizes the modulated polarization of incident IR 

light (between p- and s-polarizations): Under the p-polarized incident IR light, the only 

vibrations that can interact with the incident light are those with in-plane alignment of dipole 

moments (i.e., molecules or polymer chains aligned in plane), while both s- and p-polarized 

lights interact equally when the molecular orientation is isotropic. If molecules or polymer chains 

are randomly oriented within the spin-coated film, the thickness change should not induce any 

intensity change in the PM-IRRAS spectrum because the polarization modulation effectively 

removes the contributions from the random (i.e., isotropic) medium, and the IR absorption signal 

becomes sensitive only to the molecules or polymer chains situated at the substrate surface with 

specific chain alignments.41 The observed carbonyl peak intensity invariant with the film 

thickness variation represents a prototypical case for the isotropic molecular orientation. On the 

contrary, the observed scaling of SU-8 IR absorption intensities with the film thickness indicates 

that there exist anisotropic in-plane alignments of SU-8 polymer chains through the film 

thickness. The observation is consistent with other studies that showed a similar anisotropic SU-

8 polymer texturing caused by stress conditions developed during the spin-casting process.42 A 

separate experiment, wherein we manually controlled the s- and p-polarization of incident IR 

light (Figure S6), suggested the perpendicular (edge-on) chain alignment in the cross-linked SU-

8 film (most likely in a very short range considering that the cross-linked SU-8 should be highly 

branched), which may help the diffusion of DEZ molecules into the polymer matrix during the 

initial infiltration synthesis cycle.  

SU-8 chain conformation: A closer examination of PM-IRRAS data reveals the conformational 

changes of SU-8 polymer chains upon the ZnO infiltration, which should also assist the physical 

accommodation of infiltration-synthesized ZnO within the SU-8 matrix. In Figure 2 (c), the ZnO 

infiltration synthesis induced a variation in the IR absorption features related with the benzene 

moieties35 of SU-8. Specifically, there was an increase of the absorption peak intensities at 1608 

cm-1 and 1580 cm-1, accompanied by a slight decrease in the peak intensities at 1508 cm-1 and 

1470 cm-1, after the ZnO infiltration synthesis. The two former peaks generally correspond to the 

in-phase ring stretching vibrations of benzene rings contained in the cross-linked SU-8, which 

can be either in the backbone of the SU-8 network (ortho-substituted benzene) or in the side 
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chain (para-substituted benzene). The latter two peaks at 1508 cm-1 and 1470 cm-1 with 

decreased intensities are also assigned to the para- and ortho-substituted benzene rings, 

respectively. Considering that the benzene rings do not participate in any chemical reaction,45 the 

observed variation in the PM-IRRAS peak intensity is most likely attributed to the changes in the 

molecular orientation and the chemical environment, which in this case are related with the SU-8 

chain conformation occurring during the ZnO infiltration synthesis and the physical inclusion of 

synthesized ZnO into the polymer free volume. 

 

4. CONCLUSION  

The effects of residual processing solvent molecules enabling the ZnO infiltration 

synthesis in the non-reactive SU-8 polymer was discovered by the systematic investigation 

combining the QCM, PM-IRRAS, XPS, and cross-sectional TEM experiments that respectively 

interrogated the mass gain, chemical, and structural characteristics of the SU-8 thin film 

influenced by the ZnO infiltration synthesis.  From the PM-IRRAS and XPS data, we found that 

the infiltrating Zn precursor DEZ was reacting with the carbonyl groups of CP, the processing 

solvent molecules residual within the cross-linked SU-8, enabling the ZnO infiltration synthesis 

in the nominally non-reactive SU-8 matrix. This was clearly supported by the mass gain 

measured during the infiltration synthesis and the ZnO-infiltrated internal structure studied by 

TEM. A comparative study examining a different type of processing solvent (GBL) augmented 

the notion that the residual solvent molecules could influence the extent of infiltration synthesis 

in the non-reactive polymer matrix. Further analyses of PM-IRRAS data revealed other factors 

potentially beneficial to the ZnO infiltration synthesis in SU-8, including the direct reaction of 

DEZ with uncross-linked residual epoxy rings of SU-8, the anisotropic in-plane alignment of 

SU-8 polymer chains, and the chain conformation that could accommodate the physical inclusion 

of the infiltration-synthesized ZnO within the polymer matrix. By considering generally known 

reactions available to DEZ, we proposed a few potential reaction routes that enabled the reaction 

of DEZ with the SU-8 matrix, such as the addition reaction of DEZ with the C=O group of CP; 

the opening of uncross-linked epoxy rings of SU-8 by DEZ, and the weak complexation of DEZ 

with the ether backbone of SU-8 polymer network. We acknowledge that the future in-situ IR 

characterization directly investigating the DEZ reaction with the suggested chemical moieties 

will be valuable to examine the validities of the proposed reaction mechanisms and further 

advance the understanding of the fundamental processes responsible for the infiltration synthesis. 
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Overall, the results represent the first identification of the effect of processing solvents enabling 

the infiltration synthesis in polymers in general. If the discovered effect can be properly 

controlled (e.g., by varying the polymer thermal processing condition (temperature etc.) to adjust 

the amount of residual solvent in the polymer matrix; intentionally dispersing a controlled 

amount of reactive molecules in the polymer; or solvent annealing), our finding should be able to 

further expand the application of infiltration synthesis to the generation of functional organic-

inorganic hybrids and inorganic nanostructures based on more diverse types of polymers. 
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Table 1 . Summary of the IR absorption modes of SU-8 observed by PM-IRRAS 

  

Chemical group Wavenumber (cm-1) Assignment 

Epoxy rings 1250 C-O-C asymmetric stretch 61 

830 C-O-C symmetric stretch 

 915 CH2-O-CH bend62 

Benzene rings 1608, 1580 1st pair of para/ortho-substituted benzene 

 1508, 1410 2nd pair of para-substituted benzene 

 1470 2nd pair of ortho-substituted benzene 

Carbonyl group 1735 C=O stretch 

Methyl groups 1385, 1362 Deformation CH3 of C-(CH3)2 
63 

Ether groups 1184 -C-C-O-C- stretch 61 

 1128 -O-C-C- stretch 

 1036 -C-O-C- stretch 
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Table 2 Summary of deconvoluted chemical species from the XPS data obtained from the SU-8 

thin films (CP-processed) before and after 1 cycle of ZnO infiltration synthesis (Figure 3). 

  

Sample/ No. ZnO 

infil. cycle 

Transition Chemical species B.E. 

(eV) 

FWHM 

(eV) 

Fraction 

SU-8/ 0 cycle O 1s C-O-C 532.9 2.32 0.70 

 Sb 3d5/2 Sb2O5 531.1 1.50 0.13 

 Sb 3d5/2 Sb2O3 529.8 2.03 0.17 

SU-8/ 1 cycle O 1s C-O-C 532.9 2.23 0.49 

 O 1s Zn-O-H 531.9 1.5 0.15 

 Sb 3d5/2 Sb2O5 531.0 1.45 0.10 

 Sb 3d5/2/ 

O1s 

Sb2O3 (Sb 3d5/2) + Zn-

O (O 1s) 

529.8 2 0.19 

 Sb 3d5/2 Sb 528.0 1.6 0.68 

SU-8/ 0 cycle C 1s C-C  284.7 1.65 0.62 

 C 1s C-O 286.5 1.89 0.34 

 C 1s C=O 288.7 2.00 0.03 

 C 1s * satellite 291.4 2.04 0.01 

SU-8/ 1 cycle C 1s C-C  284.7 1.78 0.55 

 C 1s C-O 286.4 2.17 0.36 

 C 1s C=O 289.2 1.79 0.03 

 C 1s C-Zn 282.8 1.56 0.05 

 C 1s * satellite 291.1 1.72 0.01 
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Scheme 1 Schematic description of the SIS process. Nominal molecular structures of SU-8, CP 

and PAG, and the reaction pathways of PAG.  

(a) Schematic description of pressure vs. temperature relations during the ZnO synthesis by the 

normal ALD process (top) and the infiltration synthesis (bottom). Each pressure pulse represents 

the precursor exposure to the sample (blue: H2O; yellow: DEZ). (b) Nominal molecular 

structures of SU-8 monomer, CP, and PAG ((Ar)3S+SbF6
–). (c) Reaction pathways for the UV-

activation of PAG (top) and the following cross-linking of epoxy groups of SU-8 during the 

post-UV-exposure thermal baking (bottom).  
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Scheme 2 Reaction pathways for the DEZ incorporation in the SU-8.  

The reactions of DEZ with: (a) The carbonyl group of residual CP; (b) the uncross-linked epoxy 

group of SU-8; and (c) the ether bond of the cross-linked SU-8 network. The formation of ZnO 

by the repeating exposures of H2O/DEZ is shown in (a) but omitted in (b) and (c). 

  



 

24 

 

 

Figure 1 Mass gain data measured by QCM and TEM micrographs. 

(a) Mass gain with respect to the number of ZnO infiltration synthesis cycles in the SU-8 thin 

film (CP-processed) measured by in-situ QCM. (b) Bright-field cross-sectional TEM 

micrographs of the SU-8 film after 2 cycles of ZnO infiltration synthesis (top: Low 

magnification; bottom: High magnification with enhanced contrast). The dark contrast on the 

upper portion of the film is originating from the infiltrated ZnO. C indicates the protective 

carbon capping layer. (c) Scanning TEM micrograph with a superimposed EDS line scan profile 

(red) of Zn K intensity along the thickness (yellow line). All scale bars denote 50 nm.  
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Figure 2 IR absorption spectra of SU-8 thin films (40 nm thick, CP-processed) obtained by PM-

IRRAS.  

(a) Comparison of SU-8 samples with (red) and without (red) soft baking, (for both, no ZnO 

infiltration synthesis was applied). (b) Detailed peak assignments. (c) Comparison of SU-8 

samples before (black) and after (red) 4 cycles of ZnO infiltration synthesis. Arrows denote the 

C=O carbonyl absorption peaks. 
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Figure 3 XPS spectra of SU-8 thin films (CP-processed) before and after 1 cycle of ZnO 

infiltration synthesis.  

(a) Survey spectra. (b) High-resolution spectra around O 1s region. (c) High-resolution spectra 

around C 1s region. Red lines indicate measured spectra, and blue and black lines are 

deconvoluted peaks by fitting, with corresponding bonding species labeled. Red arrows denote 

the pronounced changes in spectra after the ZnO infiltration synthesis. 
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Figure 4 Mass gain characteristics and IR absorption spectra of CP and GBL processed SU-8 

(a) Mass gain characteristics of SU-8 thin film processed by GBL during the ZnO infiltration 

synthesis (red), compared with those of CP-processed counterpart (blue). The inset shows the 

molecular structure of GBL. (b) IR absorption spectra of SU-8 thin films processed by GBL (40 

nm thick) obtained by PM-IRRAS, before (black) and after (red) 4 cycles of ZnO infiltration 

synthesis. The arrow indicates the carbonyl peaks at 1735 cm-1, and the inset above shows the 

same carbonyl peaks obtained from the CP-processed SU-8 (40 nm thick, before and after 4 

cycles of ZnO infiltration synthesis) for comparison. 
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Figure 5 IR absorption spectra of SU-8 thin films (CP-processed) with varying thicknesses from 

40 nm to 135 nm obtained by PM-IRRAS.  

The arrow indicates the C=O carbonyl absorption peaks whose intensities are nearly constant 

with varying film thickness. 
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Supporting Information 

Effects of residual solvent molecules facilitating the infiltration synthesis of ZnO in a non-

reactive polymer  

 

 

Figure S1. Representative mass gain and pressure vs. time profiles for the DEZ (a) and water (b) 

exposures and following purging on SU-8 thin film (CP-processed) during the ZnO infiltration 

synthesis cycle. 
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Figure S2. Bright-field, high-contrast cross-sectional TEM micrograph of the SU-8 film (CP-

processed) after 10 cycles of ZnO infiltration synthesis. The dark contrast on the upper portion of 

the film is originating from the infiltrated ZnO. The visible ZnO infiltration depth is ~50 nm with 

a ~3 nm thick dense ZnO layer on top of the film. C refers to the protective carbon capping layer. 

The scale bar denotes 50 nm.  
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Figure S2. IR absorption spectra obtained by PM-IRRAS from the SU-8 thin films (CP-

processed, 40 nm) with two different soft bake conditions: Standard soft bake (black, 65 °C-

baking for 1 min followed by an additional baking at 95 °C for 3 min under an ambient air using 

a hot plate) vs. vacuum annealing (red, performed at 150 °C for 24 hr at ~200 mTorr pressure). 

The arrow indicates the C=O carbonyl absorption peaks whose intensities are nearly constant for 

the two soft bake conditions.  
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Figure S4. IR absorption spectra over 2400 cm-1 region obtained by PM-IRRAS from the SU-8 

thin films (CP-processed, 40 nm) before (black) and after (red) 4 cycles of ZnO infiltration 

synthesis. There is a noticeable absence of the absorption peak at ~3400 cm-1 corresponding to 

the O-H stretching mode, indicating that the content of the hydroxyl group in the cross-linked 

SU-8 film was negligible. The three peaks at 2965 cm-1, 2929 cm-1, and 2871 cm-1 are 

originating from the C-CH3 groups. 
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Figure S5. XPS spectra of GBL-processed SU-8 thin films before and after 1 cycle of ZnO 

infiltration synthesis. (a) Survey spectra. (b) High-resolution spectra around O 1s region. (c) 

High-resolution spectra around C 1s region. Red lines indicate measured spectra, and blue and 

black lines are deconvoluted peaks and backgrounds by fitting, with corresponding bonding 

species labeled. Red arrows denote the pronounced changes in spectra after the ZnO infiltration 

synthesis. 
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Table S1. Summary of deconvoluted chemical species from the XPS data obtained from the 

GBL-processed SU-8 thin films before and after 1 cycle of ZnO infiltration synthesis (Figure S2). 

 

  

Sample/ No. ZnO 

infil. cycle 

Transition Chemical species B.E. 

(eV) 

FWHM 

(eV) 

Fraction 

SU-8/ 0 cycle O 1s C-O-C 533.1 2.26 0.75 

 Sb 3d5/2 Sb2O5 531.0 1.48 0.11 

 Sb 3d5/2 Sb2O3 529.6 2 0.14 

SU-8/ 1 cycle O 1s C-O-C 533.2 2.23 0.51 

 O 1s Zn-O-H 532.2 1.49 0.16 

 Sb 3d5/2 Sb2O5 531.2 1.38 0.11 

 Sb 3d5/2/ 

O1s 

Sb2O3 (Sb 3d5/2) + Zn-

O (O 1s) 

530.0 2.00 0.17 

 Sb 3d5/2 Sb 528.3 1.60 0.05 

SU-8/ 0 cycle C 1s C-C  284.7 1.68 0.61 

 C 1s C-O 286.6 1.87 0.35 

 C 1s C=O 288.9 2.00 0.03 

 C 1s * satellite 291.4 2.00 0.01 

SU-8/ 1 cycle C 1s C-C  284.7 1.83 0.58 

 C 1s C-O 286.4 2.06 0.32 

 C 1s C=O 289.1 2.10 0.03 

 C 1s C-Zn 282.6 1.53 0.05 

 C 1s * satellite 291.2 2.34 0.02 
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Figure S6 IR absorption spectra of the SU-8 thin film (CP-processed, 40 nm thick) without ZnO 

infiltration synthesis obtained under different collection methods. (a) PM-IRRAS. (b) The ratio 

of IR absorption measured under the p-polarized incident light (Ip) to that under the s-polarized 

light (Is). (c) Ip, and (d) Is spectra, respectively. Since the absorbance of s- and p-polarized lights 

are identical for an isotropic medium, the ratio should be constant if there are no preferential 

molecular orientations in the film. The fact that Ip/Is spectrum clearly features positive peaks at 

the wavenumbers corresponding to the ether groups and phenyl rings indicates that these 

particular modes are interacting more with p-polarized light. Such an intensity enhancement is 

caused by the surface electric field of the resulting stationary wave that is normal to the metal 

surface [Buffeteau, T. et al., Appl. Spectrosc. 45, 380 (1991)] and implies that the backbone of 

SU-8 polymer chains is mostly perpendicular to the substrate surface before the ZnO infiltration 

synthesis, which should help the incorporation of DEZ molecules into the polymer matrix during 

the infiltration synthesis. 
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Figure S7. (a) Mass gain characteristics of SU-8 thin film (CP-processed) during the ZnO 

infiltration synthesis (red), compared with those of a Au-plated bare QCM crystal without SU-8 

coating (orange), featuring a greater mass gain in the SU-8 due to the material infiltration into 

the polymer matrix. The relatively substantial mass gain on the Au-plated bare QCM crystal 

results from its large surface area caused by the micro/nanoscale surface roughness and 

pores/crevices as shown in the scanning electron micrographs in (b). Scales bars denote 8 m 

(left panel) and 200 nm (right panel), respectively. 

 


