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Figure S1. FTIR spectra of cerium phosphate nanorods in the as-prepared and annealed
conditions (400 °C and 800 °C)

Fourier Transformed Infrared (FT-IR) Spectra

Figure S1. shows the FTIR spectra of hexagonal and monoclinic CePO4 nanorods
measured in the frequency range of 400 — 4000 cm!. Free PO,* group exhibit non-degenerate
symmetric stretching vibrations (v;) corresponding to P-O bond, triply degenerate
antisymmetric P-O bond vibrations (v;) in the higher energy region, while doubly degenerate
bending vibrations (v;) of O-P-O bond and triply degenerate bending vibrations (v4) of O-P-O
can be observed at lower frequency side. In the present case, a broad band was observed in the
range 3300 cm -3500 cm™!' which can be attributed to the O-H stretching vibrations and a weak
band at 1630 cm! emerge from the H-O-H bending modes of vibration due to adsorbed water

molecules in all the samples. The absence of vibrational bands corresponding to water moieties



in monoclinic samples (annealed at 800° C) is consistent with the TG-DTA analysis. In
particular, no significant change in the vibrational characteristics were observed for the as-
prepared and 400 °C samples, which indicate no structural modification occurred in the
hexagonal phase. The bands at 956 and 1050 cm™' correspond to the asymmetric stretching

vibration of P-O in the PO4* group!.

Particularly, the peak at 956 cm™! is well separated and relatively stronger in monoclinic
structure compared to all hexagonal CePO,. Two prominent peaks at 540 cm™! and 620 cm™! in
the lower frequency range arise from the asymmetric bending vibrations of O-P-O bond in the
hexagonal structure. However, additional bands at 565 cm™ and 578 cm™! were clearly observed
in the monoclinic structure due to the change in the 8-fold coordination (hexagonal) to 9-fold
coordination of Ce atoms in the lattice. Various PO4* vibrational bands in both structure and
presence of additional bands in the monoclinic structure are in good agreement with the Raman
spectroscopy. Moreover, the absence of meta- and pyrophosphate peaks in the region between
730 cm! to 750 cm™! in the spectrum indicates the phase purity of the as-prepared and annealed

samples?.
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Figure S2. Peroxidase activity of SSCP-800 recorded at different pH conditions at room
temperature (a) and different temperature at a fixed pH 4.0 (b).

pH and temperature dependent peroxidase activity



Detection of hydroxyl radicals

Typically, a 5 mL reaction volume containing aqueous solution of TA (0.5 mM)
prepared in NaOH solution (2 mM) and, 0.2 M H,0, and 10 pg/mL of SCP nanorods. Emission
spectra was recorded with an excitation wavelength of 315 nm after an incubation period of 1

hour under dark condition. When TA (non-fluorescent) reacting with hydroxyl radical, forms
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Figure S3. Fluorescent emission of terephthalic acid in the presence of hydroxyl radicals
(excited at a wavelength 315 nm) by monitoring the emission at 425 nm

2-hydroxyterephthalic acid which gives fluorescence around 425 nm. The peak observed at
422 nm (Fig. S3) in our case indicates the formation of hydroxyl radicals when H,0, interact
with SCP nanorods. The size (Table 1) and surface area of the 5SCP-400 (48.29 m?g’") and
5SCP-800 (43.31 m?g') have no effect on the peroxidase activity due to its negligible
difference. Although the clear mechanism of peroxidase activity is yet to be understood with
respect to the structural aspects, the monoclinic SCP is efficient in the generation of hydroxyl
radicals. This observation is in agreement with the superior peroxidase activity of monoclinic

SCP nanorods observed in UV-Vis analysis. Presence of mixed oxidation state of Ce3*/Ce**



confirmed by XPS analysis, the formation of Ce*" sites under oxidizing condition further

enhance redox transformation between Ce3*«» Ce*" sites at the surface of SCP nanorods.

Raman spectra of SCP treated with H,0,
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Figure S4. Raman spectra of as-prepared hexagonal (5SCP-400) and monoclinic (5SCP-
800) nanorods (solid line) and treated with hydrogen peroxide (dashed line)

Figure S4 shows the Raman spectra of the as-prepared and hydrogen peroxide treated
(100 mM, incubated for 2 hours and dried overnight at 50° C) SCP nanorods. Room
temperature Raman spectra obtained using 785 nm laser source clearly distinguished the
hexagonal (977 cm™') and monoclinic structure (970 cm™' and 992 cm!) in the hydrogen
peroxide treated and untreated SCP nanorods. A sharp peak at 877 cm! observed for H,O,
treated SCP was absent on the as-prepared samples. The band at 877 cm™! was intense in
monoclinic SCP compared to hexagonal structure. It can be attributed to the surface adsorbed

H,0,/surface-peroxo species formed when H,O, interacts with cerium phosphate.
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Figure S5. UV-Vis absorption spectra of hexagonal (a) and monoclinic (b) CePO4

UV-Visible Spectra

The UV-Vis absorbance spectra of the CePO,4 nanorods are shown in Figure S3 (a and
b). The spectra shown in Figure S3a of the as-prepared and 400 °C annealed hexagonal CePO,4
show three bands centered around 214, 230 and 272 nm while the samples annealed at 800 °C
displayed an additional peak at 256 nm. Generally, the Ce" ions exhibit 4{-5d transition which
lies in the ultra-violet region. The additional peaks observed for the monoclinic structure can

be attributed to the crystal field splitting of 5d! levels of Ce3* ions?.

Oxidation-reduction of SCP nanorods using Optical absorption spectra
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Figure S6. Oxidation and reduction treatment of hexagonal 5SCP-400 (a) and
monoclinic SSCP-800 (b) using H,0, and ascorbic acid, respectively.



The broad absorption in the visible range can be attributed to the presence of Ce*" ions
states irrespective of the crystal structure. The broad peak in the visible region can be attributed
to the strong electron-phonon coupling in their d-electron excited states®. To understand this
difference in catalytic activity, the selected samples were subjected to oxidation and reduction
treatments using H,O, and ascorbic acid, respectively, and the corresponding absorption
spectra is shown in Figure S4. When the samples are oxidized, the absorption features of
monoclinic structure extend well into the visible region compared to hexagonal sample as
shown in Figure S4. Higher absorption in the visible region by monoclinic SCP is a direct
evidence for the presence of more Ce*" sites than hexagonal samples. Further when the
oxidized samples were reduced by ascorbic acid, the absorption band edge falls within 200-
300 nm region of the spectra. As discussed earlier, the absorption bands observed below 350
nm corresponds to Ce>* species of cerium phosphate. The redox cycling between Ce3" «» Ce**
in ceria-based materials responsible for redox luminescent switching properties might hold true
for the enhanced peroxidase like mimetic activity in monoclinic cerium phosphate

nanostructures°.

Selectivity and Repeatability of H,O, sensing
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Figure S7. Selectivity competition for the sensing of hydrogen peroxide (150 uM) using
5SCP-800 (10 uM) in the presence of various interfering ions of 50 pM concentration
(a) and Stability of fluorimetric H,O, sensor using 5SCP-800 nanorods (b)



EDAX spectrum of Sm3* doped Cerium phosphate (SSCP)
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Figure S8. A representative EDAX spectrum of Sm** doped cerium phosphate

nanorods (5SCP)

Table S1. Comparison chart for H,O, peroxide sensing by different methods

Material Method Linearity LOD Reference
Ce0,/TiO, Calorimetric 5to 100 uM 3.2uM [7]
HAQB/GO4 Fluorimetric 8 to 420 uM 11 uM [8]
CeO, - DNA Fluorimetric 1 to 100 uM 0.64 uM [9]
Ce0,-APTS Calorimetric 2.5 to 100 mM 0.05 mM [10]
CePO,4:Tb,Gd Calorimetric ~ 1x107 to 5104 M 0.005 mM [11]
CePO* Sm3* Fluorimetric 1 to 150 uM 3.1 uM This work
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