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Supplementary Materials: Angle-Sensitive Photonic Crystals for Simultaneous Detection and Photocatalytic
Degradation of Hazardous Diazo Compounds
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A. Supplementary Methods

Materials

Diammonium hexafluorotitanate (IV) ((NH4)2TiFs), boric acid, and hydrochloric acid (HCI) were
acquired from Wako Pure Chemicals (Osaka, Japan). Cyclo-olefin polymer (COP) nanostructured
film was provided by SCIVAX Corp. (Kanagawa, Japan). Optical adhesive (NOA-81) was purchased
from Norland Products Inc. (Cranbury, USA). The polyvinyl chloride (PVC) black plate was obtained
from Terasaka Co. Ltd. (Kyoto, Japan). Malachite green (MG) oxalate was procured from BioBasic
(Markham, ON). The polydimethylsiloxane (PDMS) well was made by manually mixing and heat
curing a 10 (base):1 (curing agent) ratio of SYLGARD™ 184 silicone elastomer base and curing agent,
purchased from Dow Corning Corporation (Midland, MI, USA). Congo Red
(CR) [1-naphthalenesulfonic acid, 3,3"-(4,4"-biphenylenebis (azo)) bis(4-amino-) disodium salt] and
Amido Black 10B (AB-10B) [2,7-naphthalenedisulfonic acid, 4-amino-5-hydroxy-3-[(4-nitropheny]l)
azo]-6-(phenylazo-) disodium salt] dyes were purchased from Sigma Aldrich (Oakville, ON). All the
other reagents and chemicals were of analytical grade, and 18.2 MQ cm ultra-pure Milli-Q water
(dH20) (Millipore, Darmstadt, Germany) was used to prepare the dye solutions for each
measurement.

Optical characterization and measurements: An optical setup composed of a tungsten halogen
light source (LS-1, wavelength range: 360-2000 nm), an optical fiber probe bundle (R-200-7 UV/VIS,
fiber core diameter: 200 m, wavelength range: 250-800 nm), and a hand-held spectrophotometer
(USB-4000-UV-VIS, wavelength range: 200-1100 nm, Ocean Optics, Dunedin, USA) was used for the
detection of CR and AB-10B, respectively, by monitoring the reflection spectra from TiO: coated
2D-PhC surfaces as reported previously [1-3]. A UV-Vis spectrophotometer was used to measure the
reflection spectra between 400 and 800 nm in the Scope mode of SpectraSuite® (Dunedin, FL, USA) at
room temperature to evaluate the spectral characteristics of the fabricated device. Briefly, white light
(wavelength range: 400-800 nm) was perpendicularly irradiated at different angles of incidence (0°
and 60° angles of incidence) onto the TiO: coated 2D-PhC thorough the optical fiber bundle. The
reflected light from each angle of incidence was coupled with the detection fiber probe situated in
the fiber optic probe, and it was analyzed using the spectrophotometer. The Lambertian reference
surface was comprised of a WS-1 diffuse reflectance standard from Ocean Optics (Dunedin, USA). A
fixed probe height (~1 mm above the sample surface) was maintained throughout the study for both
0° and 60° angles of incidence.

Scanning electron microscopy: SEM analysis of the TiOz coated 2D-PhC was performed using a
Quanta FEG 250 ESEM™ scanning electron microscope from FEI Company (Minato, Japan). The TiO:
coated 2D-PhC surfaces were sputtered by osmium using the SEM coating unit OPC60 osmium
sputter coater from Filgen Inc. (Nagoya, Japan) at 1 mA plasma current for few seconds to obtain a
10 nm coating of osmium.

X-ray photoelectron spectroscopy: The ThermoFisher Scientific K-Alpha spectrometer
(ThermoFisher Scientific—E. Grinstead, U.K.) was used to perform all the measurements. Low
resolution survey spectra (nominal 900 um spot, 100 eV pass energy), followed by high resolution
spectra (nominal 900 um spot, 100 eV pass energy) for all of the elemental regions observed on the
TiOz coated 2D-PhC surfaces were collected. The system’s combined e/Ar* flood gun was used to
apply the charge compensation. The energy scale was adjusted to place the main C 1s peak at
284.98 eV for the 2D-PhC without TiOz coating and to the main O 1s at 530.42 eV for the TiO: coated
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2D-PhC. All data processing was performed using the software supplied with the system
(AVANTAGE 5.926).

B. Mechanism of UV Assisted Photocatalytic Degradation of MG on TiO: Coated 2D-PhC

The fabricated TiO: coated 2D-PhC was then used for the heterogenous photocatalytic
degradation of diazo dyes in the presence of UV irradiation. The heterogeneous photocatalytic
reaction involving photodegradation of dye was initiated by the UV mediated photoexcitation of a
semiconductor such as TiOz. The detailed mechanism of UV assisted photocatalytic degradation of
dye on the TiO: coated 2D-PhC surface is discussed below and was also illustrated in
detail previously [4,5].

Titanium dioxide (TiOz) can be activated by the UV irradiation, and it has been commonly
employed for photocatalytic degradation of organic pollutants such as dyes because it is a
biologically and chemically inert, non-toxic, cost effective, and anti-corrosive material. Furthermore,
it can efficiently catalyze the redox reactions due to its rapid electron transfer capabilities, and it has
a preferable band gap energy and is photochemically stable [5-7]. The most commonly used forms
of TiO: are anatase and rutile, which are known to have a large band gap energy of 3.2 and 3.02 eV,
respectively. The TiOz is activated upon UV irradiation (1 < 387 nm) after absorption of photons that
are either equal or greater than its band gap width and energy. This absorption eventually results in
a charge separation and generation of excited high energy electron/hole pairs, which are strong
reducing and oxidizing agents, respectively. Upon photoexcitation, the electrons are promoted from
the valence band (h{g) of the TiO: to the conduction band (ecg) and diffuse onto the surface of the
TiOy, leaving behind an electron valency and positive hole in the valence band. The photogenerated
positive holes (h*) at the TiO: surface can oxidize the electron donors such as a water molecule or
hydroxyl ion into the hydroxyl radical (OH*) or oxidize the organic dye pollutant to form dye*,
because they have a high oxidation potential. On the other hand, the photogenerated electrons in the
conduction band can reduce the organic dye pollutants or reduce the electron acceptors such as
oxygen, present in the dissolved water or adsorbed on the Ti surface, into the anion radical
superoxide (0°7), which can also react with H* ions and produce hydroxyl radicals. Due to its
powerful oxidizing properties, the majority of the azo dyes undergo degradation and are mineralized
to non-toxic end-products [5]. When the photocatalyst (TiO2) is supported by the photonic crystals
(2D-PhC film), the 2D-PhC film can trap the photons on the TiO:2 surface upon photoexcitation; in
addition, the reflection of PhC and the absorption of light on the TiO: are divided into distinct
materials, which leads to a substantial increase in the photocatalytic activity [8,9]. The 2D-PhC below
the TiO2 can also assist in the localization of the incident UV light during the photoexcitation and
cause enhancement in the optical absorption, which leads to the photogeneration of energetic
electron-hole pairs and improved photon lifetime [9,10].

C. Langmuir-Hinshelwood Kinetic Model

The difference in the photodegradation rates was evaluated and quantified using the
pseudo-first order Langmuir-Hinshelwood (L-H) kinetic model expressed through the
equations below [4,7,11,12]:

dc
r=-5=kC (3

where r is the oxidation rate of AB-10B or CR (mg/L-min), C is the concentration of CR and AB-10B
in aqueous solution (mg/L), t is the UV exposure time (min), and k is the pseudo-first order
photocatalytic reaction rate constant (min?).

Consequently, integrating Equation (3) with regards to time and concentration gives:

Ce = Coe™ (4)
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where C: is the concentration of AB-10B and CR in aqueous solution (mg/L) at UV exposure time t
(min) and Co is the initial concentration of AB-10B and CR (mg/L).

Finally, the pseudo-first order kinetic equation can be obtained by linearly transforming
Equation (4), which is expressed as:

In (S—;) = —kt (5)

The photodegradation efficiencies of the photocatalyst can be maximized as this model aids in
recognizing key information associated with the mechanism of photocatalytic degradation and
elimination of pollutants [12]. As shown in Figure 5a,b, after plotting and linearly fitting the graph of
In (C+/Co) as a function of UV exposure time (t), the pseudo-first order reaction rate constants (k) in
the presence and absence of TiOz coated 2D-PhC were calculated from the slope of the line for both
AB-10B and CR, respectively.

The increase in the rate of photocatalytic reaction by a factor of ~1.7 times for CR and ~2.5 times
for AB-10B in the presence of TiO:z coated 2D-PhC emphasized that TiOzand 2D-PhC were involved
in the accelerated degradation of the respective diazo dyes, and this was in good agreement with past
research that demonstrated that with an increase in the number of TiO: active sites, the photocatalytic
efficiency was also increased [7,13,14]. Hence, the presence of TiO: coated 2D-PhC was directly
responsible for the significant enhancement of the photocatalytic degradation of CR and AB-10B.

D. Supplementary Figures
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Figure S1. Molecular structures of Congo Red (CR) and Amido Black (AB-10B).

S2. Schematic of Experimental Setup for the Detection of AB-10B
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Figure S2. Schematic diagram of the reaction chamber and optical setup for AB-10B.

S3. Schematic of Experimental Setup for Detection of CR
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Figure S3. Schematic diagram of the optical setup used in the detection of CR. (i) The TiO2 coated

2D-PhC placed on a tilted stage such that the incident angle of light irradiated on the TiO2surface was

at 60° and (ii) the dimensions of the tilted stage used for obtaining the incident angle of 60°.

S4. Low Resolution XPS Survey Scans
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Figure S4. XPS survey scans for (a) 2D-PhC and (b) TiO2 coated 2D-PhC surfaces.

S5. UV-Vis Absorbance Results Corresponding to the Color Change upon Different UV
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Figure S5. UV mediated degradation of diazo dyes using TiO2 coated 2D-PhC. (a) UV-Vis absorption

spectrum change representing time dependent

degradation of 20 uM (a) AB-10B and (b) CR using

TiOz coated 2D-PhC before and after UV treatment. Visual image of color change in 20 uM (c) AB-10B
and (d) CR after UV treatment in the presence and absence of TiO: coated 2D-PhC at different

time points.
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The absorbance peak maxima for CR (~495 nm) and AB-10B (~620 nm) were monitored for the
photocatalytic degradation after UV exposure at various time points. The degradation of the AB-10B
(Figure S6a) and CR (Figure S6b) was confirmed by observing the peak absorbance intensity at
respective wavelengths for peak maxima [15], which for both dyes decreased with increasing UV
exposure time (Figure S6a,b). From Figure Sé6c,d, it was evident that the decolorization was more
prominent and efficient when the dyes were UV irradiated on the TiO: coated 2D-PhC surface,
suggesting the importance of TiOz in photocatalytic degradation of azo dyes, which was in agreement
with past research [16,17]. The overall decrease in the absorption intensity (Figure S6a,b) signified
the decrease in dye concentrations and complete photodegradation of the conjugate structure of the
diazo dyes [15]. The decolorization kinetic rate (Figure S6c¢,d and Figure 6) of CR was faster than that
of AB-10B, and it could be attributed to the higher non-specific adsorption yield of the CR compared
to AB-10B due to its greater molecular weight [18,19].

S6. Reusability Tests for TiO2 Coated 2D-PhC in Photocatalytic Degradation of CR and AB-10B
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Figure S6. (a) An overlay of the absorbance spectra obtained before (0 min) and after 20 successive
UV mediated photocatalytic degradation trials for 20 uM CR after 20 min. (b) The amount of
photocatalytic degradation of CR after 20 min of UV irradiation across 20 successive trials. (c) An
overlay of absorbance spectra obtained before (0 min) and after 20 successive UV mediated
photocatalytic degradation trials for 20 uM AB-10B after 20 min. (d) The amount of photocatalytic
degradation of AB-10B after 20 min of UV irradiation across 20 successive trials.
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