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ABSTRACT: A versatile surface modification technique was developed to yield poly (N-isopropylacrylamide) (pNIPAm) 

microgel-based thin films on a variety of substrates, e.g., metals, non-metals, and polymers. Since the chemistry, and hence 

functionality and responsivity, of the pNIPAm-based microgels is easily tuned, multifunctional and responsive thin films 

could be generated on many different surfaces without varying the coating conditions. In one case, we showed that flu-

orescent/light emitting thin films could be generated using crystal violet-modified microgels. Antibacterial films could be 

obtained using silver nanoparticle-modified pNIPAm-based microgels. Finally, we show that thin films fabricated via the 

methods here could be used as a component in optical sensors. While we show only a few examples of the utility of this ap-

proach, we feel that the apparent universality of the technique can be extended to countless other applications. 

1. INTRODUCTION 
A variety of devices and machinery used in our everyday 

lives have components that interact with one another, e.g., 

automobile engines, door hinges, and bone joints in our 

bodies. Oftentimes, the lifetime and utility of these devices 

and machinery depends on the mechanical properties of 

materials, and how they interact chemically with each other 

and their environment. Their interactions rely on many 

factors -- e.g., surface roughness and porosity, although 

much can be attributed to the chemistry of the material's 

surfaces and interfaces.
1-3

 In order to control these chemical 

interactions, organic molecule-modified surfaces have 

become very important for improving materials properties 

or even endowing materials with new properties.
4, 5

 For 

example, functionalization of surfaces to render them anti-

microbial is extremely important for sterilization of 

equipment and implants commonly used in the health sec-

tor.
6-8

  

Many approaches for depositing coatings and films on 

material surfaces exist, and a few have emerged as the most 

common; for example, self-assembled monolayers 

(SAMs);
9-11

 layer-by-layer self-assembly;
12

 spin coating;
13

 

and surface polymerizations
14

. The most common example 

of a SAM is thiol self-assembly on Au-coated surfaces.
15-17

 

Thiol-based SAMs have been used to generate nanopat-

terns,
18, 19

 molecular-scale devices,
20

 optical materials,
21

 

biologically active surfaces
22

 and as supports for cell cul-

ture.
23

 While thiol-based SAMs are incredibly important, 

they do suffer from instabilities when exposed to certain 

environments, which can lead to film degradation. 
24, 25

 For 

example, degradation and contamination has been observed 

after as little as 1–2 weeks at room temperature in air,
24

 and 

70% of SAM layers are lost by simple immersion in pure 

THF at room temperature for 24 hours.
25

  Layer-by-layer 

assembled thin film surface coatings have been shown to be 

more stable than thiol-based SAMs, but they also exhibit 

specific disadvantages. For example, polymer-based layer-

by-layer assembled thin films assembled by electrostatic 

interactions have been shown to degrade significantly when 

exposed to solutions of that interfere with the layer-layer 

interactions, e.g., solution pH and ionic strength.
26

 

Furthermore, the layer components need to be chosen 

carefully such that the surface-polymer and polymer-

polymer interactions yield film growth.
27

 Spin coating-

based approaches suffer from similar problems as the layer-

by-layer assembled thin films, while surface polymeriza-

tions are complex and time consuming due to the fact that 

surfaces need to be premodified with reactive groups to 

participate in polymerization,
12, 28

 among other things.
29

 

Each surface modification approach listed above has 

certain pros and cons; common to all is the requisite strong 

affinity of the surface for the coating. To make surface mo-

dification simpler, and more efficient surface modification 

procedure capable of coating surfaces of various composi-

tions, chemistry, and morphology is needed. Additionally, 

the ability to readily tune the chemical and physical proper-

ties of the film would be highly advantageous. Toward this 

end, mussel-inspired surface chemistry has been exploi-

ted.
30-34

 Mussels have been shown to attach to many diffe-

rent types of inorganic and organic surfaces, including clas-

sically adhesion-resistant materials, e.g., po-

ly(tetrafluoroethylene) (PTFE).
30

 Mussels adhere to solid 

surfaces with mussel foot protein (mfps)-rich byssus as the 

holdfast. Catechol and its derivatives, which mimic the 

composition of mfps, can form surface-adherent films on 

virtually any material surface. 
35

 The coating process is 

achieved by catechol transformation into reactive quinones 

or semiquinones under oxidative conditions, subsequently 

forming strong irreversible covalent bonds on material 

surfaces, and giving rise to intermolecular crosslinking of 

polymers.
33, 36, 37

 The Messersmith group developed various 

surface coatings based on polyphenols, which have been 

used as catalysts, antifouling materials, and tissue adhesi-

ves.
38-41

 Israelachvili and Waite further investigated inter-

actions of polyphenol and mfps with substrate surfaces, and 

many systems have been used as coating film and self-

healing materials.
42-44

 Subsequently, polyphenol-based 

coatings were further developed for: chiral recognition, 
45

 

drug delivery, 
46

 lithium batteries, 
47

 nanofibers, 
48

 and me-

soporous materials.
49

 Several new catechol end capped 

polymers, composed of functional oligomers such as pepti-

des 
50

 and poly(ethylene glycol),
51

 were designed and re-

ported for specific applications. The surface modification 

system, which allows for facile tenability and variation of 

surface functionality and responsivity, innovate the applica-

tion of old materials. 

The work here describes the generation of poly (N-

isopropylacrylamide) (pNIPAm) hydrogel particle (micro-

gel)-based thin films on a variety of substrates by exploi-

ting polydopamine's ability to "universally" coat surfaces. 

PNIPAm-based microgels are highly porous, crosslinked 
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and water-soluble hydrogel particles with diameters on the 

order of 100's of nm to several micrometers. PNIPAm-

based microgels are thermoresponsive, exhibiting a lower 

critical solution temperature (LCST) of 32 
o
C in aqueous 

environments. Therefore, above this temperature the pNI-

PAm-based microgels undergo a volume phase transition 

(VPT) from a water swollen to a deswollen/collapsed sta-

te.
52

 The chemistry and functionality of pNIPAm-based 

microgels is very easily modified by copolymerization 

and/or post polymerization modification, which have allo-

wed them to be made responsive to temperature and pH,
53

 

temperature,
54

 and light.
55

  

Here, we combine the versatile and easily tuned che-

mistry of pNIPAm-based microgels with polydopamine's 

ability to coat virtually any surface, to make functional and 

responsive polymer-based films on a wide variety of 

surfaces. Using this approach, we were able to readily ge-

nerate coatings from fluorescent microgels, microgels mo-

dified with a two-photon-excited fluorophore (pyridinium 

hemicyanine), and Ag nanoparticle-modified microgels. 

Finally, a sensor device was fabricated from the resultant 

coatings. In each case, the surface coating retained the 

functionality, properties, and/or responsivity of the precur-

sor microgels, which can be used for photonic materials, 

sensors, biomaterials and any endless other applications. 

2. Results and discussion 
2.1 Preparation of microgel films 

Coatings were generated by immersing substrates into 

aqueous solutions (pH = 8.5) of dopamine and microgels. 

Under these conditions, dopamine's catechol group readily 

oxidizes to form the reactive quinone that can further un-

dergo Michael-type addition or Schiff base formation with 

amine groups, and radical coupling with other catechols.
56

 

We hypothesized that if the polydopamine film formation 

proceeded in the presence of pNIPAm-based microgels, 

that they would be trapped and strongly adhered to the sub-

strate of interest. The proposed mechanism is shown sche-

matically in Figure 1a.  

Figure 1. (a) Schematic of the proposed film structure; 

(b) light microscope image (scale bar is 4 μm); and (c,d) 

SEM images of MG-AAC-10% films generated on glass 

slides. 

(a) 

 
(b)                                      (c) 

  
(d) 

 
Our initial experiments focused on coating glass substrates 

with pNIPAm-co-acrylic acid microgels (MG-AAC); the 

microgels were composed of 10% AAC (mol AAC/total 

mol monomer and crosslinker), and denoted as MG-AAC-

10%. The microgel synthesis is described in supporting 

information (SI). In order to optimize the film formation 

conditions, different mass ratios of microgels to dopamine 

were investigated. We found that a 5:100 mass ratio yiel-

ded surfaces coated uniformly with microgels. As can be 

seen in Figure 1, optical and scanning electron microscopy 

(SEM) images revealed that microgels were closely packed 

in the polydopamine films, as a single layer. Additionally, 

we measured the water contact angle of the resultant film, 

which was 40
o
. This is slightly higher than both the glass 

slide (32
o
), and the polydopamine-coated glass (35

o
). The 

results for other mass ratios are shown in Fig. S1. 

       Control experiments were also completed by exposing 

glass substrates to dopamine or microgels separately, and 

the results are shown in Figure S2. Dopamine films with 

small aggregates (features on the order of nanometers) 

formed on glass slides in the absence of microgels. Additi-

onally, overnight exposure of the glass slides to a same 

concentration of microgels used to make the films in Figure 

1 showed nearly no microgel adhesion after copiously 

rinsing with DI water (Figure S2c). Finally, in order to 

further investigate the film formation mechanism, substra-

tes were exposed to dopamine only, and microgels added 

after 2 h and 5 h of dopamine polymerization. We observed 

that the number of microgels adhered to the substrates de-

creased as the dopamine polymerization time was increased 

prior to microgel addition (Figure S3). These data together 

support the hypothesis that the microgels must first adhere 

to the surfaces, followed by dopamine polymerization to fix 

the microgels on the surface.  

We further demonstrated that this approach could be used 

to modify many different substrates using the same coating 

conditions as above, including metals (Al and Au), non-

metals (Si and glass), and polymers (polytetrafluoroethene 

(PTFE), polystyrene (PS)). SEM images of the resultant 

microgel films are shown in Figure 2. As can be seen, the 

density of the microgels attached to the surface depended 

greatly on the substrate composition. To understand this 

phenomenon better, contact angles were measured for these 

materials before surface modification -- photographs of the 

water drops on each substrate are shown in Figure 2. We 

observed that the microgel surface coverage increased with 

increasing hydrophilicity of material's surface. Specifically, 

microgels were uniformly yet sparsely dispersed on PTFE 

surface (contact angle: 118
o
) (Figure 2a). When the substra-

te was relatively hydrophilic, e.g., glass (contact angle: 32
o
) 

and Al (contact angle: 25
o
), the surface coverage increased. 

Based on these results, we propose that hydrophilic 

surfaces can promote hydrophilic microgel adhesion, which 



 

can then be trapped by dopamine polymerization, while this 

mechanism is not as prominent on the more hydrophobic 

surfaces. After modification by microgel films, the contact 

angles of PTFE and PS decreased by 20
o
, indicating that 

they become more hydrophilic. Upon incubating all these 

films in PBS buffer over a period of one week, both the 

morphologies and the contact angles were not significantly 

affected making them more stable than thiol-based SAMs 

and layer-by-layer assembled thin films.
24-26

 As a control, 

all the substrates were exposed to microgels (same concent-

ration as above) in the absence of dopamine. The images in 

Figure 2 (left insets) show that no microgels stick to the 

surfaces in the absence of dopamine. Almost no microgels 

were observed on these material surfaces, further indicating 

that microgels were entrapped by crosslinked polydopami-

ne networks. 

Figure 2. SEM images of microgel films formed on the 

different indicated substrates: (a) PTFE, (b) PS, (c) Al, 

(d) Au, (e) Si, and (f) Glass. Right insets: photographs of 

a drop of water on the substrates before film formation. 

Left insets: substrates after treatment with microgels in 

absence of dopamine. 

(a) PTFE                                   (b) PS 

 
(c) Al                                         (d) Au 

 
(e)  Si                                         (f) Glass 

 
In order to investigate the universality of this method, 

microgels composed of various functionalities were used to 

coat surfaces. We investigated unmodified pNIPAm-based 

microgels; microgels functionalized with acrylic acid (MG-

AAC) that are negatively charged at pH 8.5; microgels 

functionalized with pyridine (MG-Py) that are neutral at pH 

8.5; and microgels functionalized with a quaternary ammo-

nium group (MG-QN) that are positively charged at all 

pH's. The microgel syntheses are detailed and shown 

schematically in Figure S4. The results showed that all of 

the microgels yielded films after exposure to dopamine, 

using the same conditions as above (Figure S5). The resul-

tant microgel-based films can subsequently be used for 

various applications. For example, positively charged 

microgels have been used as a nucleic acid carrier
57,58

; 

charged drugs, such as doxorubicin, can be incorporated 

into and released from charged microgels; pyridine can 

coordinate metal ions, which allows for possible nanopar-

ticle formation in the microgels and thin films. 

2.2 Applications of microgel films 

Relatedly, we wanted to demonstrate that this surface 

coating approach could be used for a variety of applica-

tions. For example, we show here that films can be genera-

ted from microgels doped with: 1) crystal violet (CV); 2) 

pyridinium hemicyanine (PHC); and 3) silver nanoparticles 

(Ag NPs). As we describe below, the resulting films can be 

used as fluorescent surfaces/light emitters, for biological 

applications, as biomaterials, and for sensing. These are 

described in detail below. 

2.2.1 Microgel films for fluorescent surfaces/light emitters 

First, we show that fluorescent/light emitting thin 

films could be generated. These films were constructed 

from CV-modified microgels; CV was incorporated into 

the microgels via the electrostatic interaction between the 

microgel COO
-
 groups and the positively charged CV at pH 

8.0. This is detailed schematically in SI. Briefly, CV and 

microgels (1:1 mol:mol) were mixed in H2O at pH 8.0, and 

after 5 min the blue/purple CV solution became colorless. 

Correspondingly, the microgels clearly transitioned from 

colorless to blue (Figure S6a). UV-vis results revealed that 

98.2% of CV was incorporated into microgels (Figure 

S6b). Furthermore, UV-vis of the CV-modified microgels 

showed a characteristic adsorption peak at 590 nm, indi-

cating CV was successfully incorporated into microgels. 

The content of CV was controlled by adjusting content of 

carboxylic acid in microgels. Next, films composed of the 

CV-modified microgels were generated on glass slides, and 

their fluorescence investigated via excitation at 405 nm 

while monitoring the emission at 500 nm. As can be seen 

from the fluorescence microscopy images in Figure 3 and 

S7, the resulting films exhibit strong fluorescence. We also 

showed that the emission intensity from the microgel films 

increased with increasing of CV content in the microgel, 

(Figure S7) demonstrating that the emission intensity can 

be tuned by adjusting the amount of CV in microgels. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) Fluorescence microscopy image of thin 

films composed of CV-modified microgels (excited at 

405 nm) and (b) PHC-modified microgels (excited at 

920 nm) -- scale bar is 4 μm in both images. Insets show 
that the fluorescence intensity from the films increases 

with fluorophore content in the microgels. 

(a)                                            (b) 



 

  
 

Next, we showed that microgels composed of a two-

photon excited fluorophore (TPF) could be fabricated, and 

thin films constructed. TPFs are capable of absorbing two 

photons of identical frequency (low frequency, relative to a 

single photon excited fluorophore) to excite a molecule 

from the ground state to an excited electronic state. The 

ability to excite molecules with two low energy photons 

increases photostability of materials. One shortcoming that 

has limited the use of TPF in materials is quenching in-

duced by aggregation, particularly in the solid state. Re-

cently, the Chen and Qian groups showed that cationic 

PHC could be incorporated into a metal-organic framework 

(MOF) to minimize this phenomenon.
59

 Relatedly, micro-

gels also have a porous structure (akin to MOFs), in which 

PHC can be incorporated; we hypothesize that incorpora-

ting PHC into the microgel network will also help prevent 

this quenching effect. Initially, PHC was synthesized, as 

shown in experimental section, and incorporated into 

microgels via electrostatic interaction using the same me-

thod with CV loading process. Then, microgel films were 

prepared using the PHC loading microgels. An image and 

emission spectra of PHC microgel films are shown in Figu-

re 3b. As can be seen, the film exhibited strong flu-

orescence at 590 nm after excitation at 920 nm, as shown in 

Figure 3b. Like CV loaded microgel films, the fluorescence 

is attributed to PHC-modified microgels and their emission 

intensity can be controlled by adjusting the PHC content in 

the microgels. 

2.2.2 Microgel films for antibacterial coating 

In a subsequent experiment, we showed that antibacte-

rial films could be generated using microgel modified with 

silver nanoparticles (Ag NPs). As is well known, bacteria 

can adhere to solid surfaces, where they can form colonies 

and subsequent biofilms, which can cause material damage 

and pathogenic infections. Therefore, the prevention of 

biofilm formation is of utmost importance, and has been of 

recent interest to biomaterials researchers. Ag NPs were 

shown to exhibit antimicrobial activity exhibiting strong 

cytotoxicity toward a broad range of microorganisms, whi-

le exhibiting low known toxicity in humans. Ag's potency 

comes from its oligodynamic effect, i.e., Ag can result in a 

bacteriostatic (growth inhibition), and bactericidal (antibac-

terial) effect. In the current work, Ag NPs were incorpo-

rated into microgels using an in situ generation method. 

First, microgels were exposed to Ag
+
 at pH = 8, which ren-

dered them negatively charged (COO
-
) and able to complex 

Ag
+
. Ag

+
 was subsequently reduced by exposure to NaBH4 

to obtain Ag nanoparticles. The process was monitored by 

XPS, and the results are shown in Figure S8. Two Ag 3d3/2 

and 3d5/2 characteristic peaks were observed at 367.9 and 

373.9 eV, respectively for MG-Ag
+
. These regions are very 

sensitive to the chemical environment surrounding the Ag 

and can provide important information to distinguish 

between Ag
+
 and Ag

0
. After reduction by NaBH4, these 

peaks shifted to 365.5 and 371.5 eV, which are characteris-

tic of 3d3/2 and 3d5/2 of Ag NPs, respectively. The result 

indicated that Ag
+
 was completely reduced to Ag NPs. For 

comparison, MG without AAC was also tested, and no Ag 

characteristic peak was observed. The content of Ag NPs 

was tested by thermogravimetric analysis (TGA), and the 

result is shown in Figure S9. These data revealed that the 

microgels were 26 % (weight percent) Ag NPs. In order to 

investigate this system’s practical application as an antibac-

terial coating, a MG-Ag
0
 film was prepared on glass slide. 

A microscope and TEM image of a MG-Ag
0
 film is shown 

in Figure 4. Gram-negative Escherichia coli (E. coli) and 

gram-positive Bacillus subtilis (B. subtilis) were used as 

model bacteria in these tests. For comparison, a glass sub-

strate coated with a microgel film without Ag
0
 was also 

tested. A suspension of bacteria (1 × 10
6
 CFU mL

−1
) was 

sprayed onto the respective MG-Ag
0
 and MG-AAC films 

modified glass slides using a commercial chromatography 

sprayer (VWR Scientific) (spray rate of 5 mL/min). After 

air-drying, the slides were placed in Petri dishes, and then 

growth agar (Luria-Bertani agar for E. coli and nutrient 

agar for B. Subtilis) was added. The Petri dishes were sea-

led and incubated for 20 h at 37 °C. Then, the slides were 

removed, washed with H2O to remove agar and bacteria not 

directly attached to the substrates. Figure 4 shows represen-

tative microscope images of MG-AAC and MG-Ag
0
 films 

after exposure to E. coli and B. subtilis. A high E. coli and 

B. subtilis density was observed on surfaces modified with 

microgels lacking Ag
0
, while no bacteria were observed on 

the surface of MG-Ag
0
 film; this clearly shows the 

excellent antibacterial properties of the MG-Ag
0
 film. 

 

 

 

 

 

 

Figure 4 Bacteria growth on microgel films. (a): E. coli 

on MG-AAC film; (b): E. coli on MG-Ag
0
 film; (c): B. 

subtilis on MG-AAC film; and (d): B. subtilis on MG-

Ag
0
 film. Insets are TEM images of a single representa-

tive microgel-MG-AAC in (a), MG-Ag
0
 in (b). The scale 

bar in all images is 4 μm. 

(a)                                             (b) 

  
(c)                                             (d) 



 

  
2.2.3 Microgel films for sensing device 

Finally, we show that the microgel-based thin films 

can be used for sensing applications. To show this, an opti-

cal device (etalon) was constructed by thermally evapora-

ting a 15 nm Au layer on a MG-AAC film formed on an Al 

substrate. The device structure is shown schematically in 

Figure 5a, while the complete fabrication details have been 

previously reported by our group.
59,60

 When light impinges 

on the device, it is able to enter the microgel-based cavity 

and resonate, leading to constructive/destructive interfe-

rence, which results in color and a multipeak reflectance 

spectrum.
61-64

 The spectrum that results can be described by 

equation (1) for the interference of light in an optical cavi-

ty: 

m λ  = 2 n d cos θ                   (1) 
where λ is the wavelength maximum for reflected light, m 
is the peak order, n is the refractive index of the dielectric, 

d is the spacing between the mirrors, and θ is the angle of 
incidence. λ is directly proportional to the distance between 

the Au and Al layers (d), which is directly related to the 

thickness of the film between the two layers, as shown in 

Figure 5b. Therefore, any stimuli that can trigger a micro-

gel size change will lead to a shift in the position of the 

peaks in the reflectance spectrum.  

 

 

Figure 5. (a, b) Schematic depiction of optical device. In 

(a), the layers are a - substrate; b, d- Au layers; and c- a 

microgel layer. (c) Reflectance spectra of the sensing 

device at pH = 3 and 6. (d) Peak position as a function 

of pH at 30 
o
C. Each point is the average from three 

repeat experiments with a single device, while the error 

bars indicate standard deviation. 

(a)                                                  (b) 

  
 

(c)            (d) 

  
 

Figure 5c shows representative reflectance spectra for a 

device at pH = 3 and 6. As can be seen, as the pH decreases 

(from pH = 6 to pH = 3) the position of the reflectance 

peak red shifts ~30 nm (Figure 5d). We propose that this is 

observed due to the presence of free amines within the 

microgels due to dopamine penetrating into the microgel 

pores. The pKa values of R–COOH and R’–NH2 are ~4.25 

and 10.0 respectively. At pH = 6, positively charged poly-

dopamine (R’–NH3
+
) is capable of crosslinking the nega-

tively charged MG-AAC microgels (R-COO
-
), resulting in 

microgel collapse. When the solution pH is decreased to 3, 

the microgel's negative charges are neutralized, breaking 

the electrostatic bond with the protonated dopamine 

groups. This breaks the electrostatic crosslinks holding the 

microgels in a collapsed state, resulting in microgel 

swelling. This yields an increase in the distance between 

the gold layer and Al, and a concomitant red shift of the 

reflectance peaks, according to equation (1). A similar ap-

proach can be used for biosensing applications, and will be 

the topic of future investigations. 

CONCLUSIONS 
In summary, a variety of microgel films were prepared 

on various materials (metals, non-metals, and polymers). 

We showed that the density of the microgels in the films 

was related to the hydrophilicity of the starting material. 

We showed that microgels with 4 different chemistries -- 

modified to be positively charged, negatively charged, 

neutral and modified with pyridine -- could be used to 

fabricate films and they can be used for various applica-

tions. For example, we showed that surfaces could be ren-

dered fluorescent, antibacterial, and optically active via this 

very simple and straightforward protocol. The simplicity 

and apparent universality of this approach makes it a very 

powerful surface modification strategy, which can find 

many future applications in many areas only limited by 

imagination.  

  

EXPERIMENT 
Synthesis of pyridinium hemicyanine 

4-Picoline (4.65 g, 0.05 mol) was dissolved in tetra-

hydrofuran (100 mL) and stirred vigorously while methyl 

iodide (28.35 g, 0.20 mmol, 1.25 mL) was added. The re-

sultant mixture was refluxed for 6 h. The solid was separa-

ted by filtration. Yield: 85%. 
1
H NMR (DMSO-d6, δ ppm.): 

8.8 (d, 2H), 7.9 (d, 2H), 4.2 (s, 3H); MS (M+H): 235.99. 

     To a solution of 4-(N, N-dimethylamino)benzaldehyde 

(14.95 g, 100 mmol) and 1,4-dimethylpyridinium iodide 

(23.10 g, 98 mmol) in ethanol (250 mL) was added piperi-

dine (2.00 mL). The yellow solution was refluxed for 1 day 

and then cooled to room temperature. The resultant precipi-

tate was collected and recrystallized from methanol to yield 

red needle-like crystals of PHC. Yield: 78%. 
1
H NMR 

(DMSO-d6, δ ppm.): 8.67 (d, 2 H), 8.04 (d, 2 H), 7.90 (d, 1 

H), 7.59 (d, 2 H), 7.17 (d, 1 H), 6.78 (d, 2 H), 4.17 (s, 3 H), 

3.02 (s, 6 H). MS (M+H): 367.06. 

Preparation of MG-Ag
0
 

0.1 g MG-AAC was soaked in 10 mL aqueous AgNO3 

(0.1 mol L
−1

) for 24 h to allow the Ag ion to be absorbed 

into the microgel via ion exchange, and then washed 

thoroughly using multiple centrifugation/water resuspensi-



 

on cycles to remove any excess AgNO3. A 10-fold excess 

of aqueous NaBH4 (relative to the Ag ion) was added to the 

microgels with vigorous stirring, then the mixture was kept 

at RT for 12 h. The resultant MG-Ag
0
 was collected by 

centrifugation, resuspended in water, which was repeated 6 

times, and freeze-dried at room temperature for 24 h. 

Preparation of microgel films 

0. 2 g Dopamine and 0.02 g microgels were dissolved 

in 20 mL DI water. The pH of the solution was adjusted to 

8.5, and the substrates were immersed into the solution. 

The pH-induced oxidation causes the solution to change 

color from colorless to dark brown. After 24 h, the coated 

surfaces were rinsed with DI water and dried with N2 gas 

before storage.    

Antimicrobial Activity Assay 
Colony forming units (CFU) of E. coli and B. subtilis 

was determined (using BioMate 3S Spectrophotometer) 

from the measured absorbance at 600 nm using previously 

established standard calibration curves. A suspension of E. 

coli and B. subtilis (1.5 × 10
6
) was then sprayed onto 

microgel films attached to glass slides in a fume hood using 

a commercial chromatography sprayer (VWR Scientific) 

(spray rate of 10 mL/min). After drying for 10 min in air, 

the slide was placed in a Petri dish, and then growth agar 

(Luria-Bertani agar for E. coli and nutrient agar for B. Sub-

tilis, was autoclaved, and cooled to 37 °C) was added. The 

Petri dish was closed, sealed, and incubated at 37 °C over-

night. The samples were then washed using DI water to 

remove the dead and unattached bacteria and subsequently 

analyzed. 
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A versatile surface modification method: A versatile surface modification technique was developed to yield micro-

gel-based thin films on a variety of substrates, e.g., metals, non-metals, and polymers. The resulting films can be 
used as fluorescent surfaces/light emitters, for biological applications, as biomaterials, and for sensing. 

 


