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Abstract
Superparamagnetic iron oxide nanoparticles of different shapes and sizes combined with
5-(4-carboxyphenyl)-10,15,20-triphenylporphinatozinc(ll) (SPION-ZnCTPP) were prepared and

investigated as a novel and potent magnetically responsive photocatalyst. Nanospheres and



nanocubes of SPIONSs in the sizes of 10 and 20 nm were synthesized using thermal decomposition
method before coating with ZnCTPP. Morphologies of SPIONs were observed using a transmission
electron microscope (TEM). Herein the attachment of ZnCTPP on particles was studied using
various techniques including infrared spectroscopy (IR) and UV-visible spectroscopy and
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). Moreover, the obtained
particles showed superparamagnetic character with saturation magnetization in a range of 10 to
76 emu/g, depending on the size and shape of the SPIONs. The SPION-ZnCTPP showed high
photocatalytic activity (52% yield) for amide synthesis between potassium ethanethioate and 4-
methoxyaniline under irradiation with a 19 W LED lamp, and this heterogeneous catalyst could be
well separated from a solution under the induction of an external magnetic field.

Introduction

Recently, nanoparticles or nanomaterials have gained significant attention in many
applications. Other than their unique electronic properties, as sizes of particles decreased to the
nanoscale, the ratio of atoms located at the surface to atoms within the particles increases, and the
resulting large surface leads to vast interaction with other molecules.[1] Due to high reactivity at
the surface, chemical activities and surface modification of nanoparticles have been widely studied
and utilized in various applications, including biomedicine and catalysis.[2-4] Interestingly, in many
cases, the properties of nanoparticles can be tailored by controlling material compositions, sizes,
shapes and their surface structures.[5]

Superparamagnetic iron oxide nanoparticles (SPION) is a class of nanomaterials which
have been widely used in several applications such as drug delivery, hyperthermic cancer
treatment[6], biomolecular separation, supported catalysis [7] and treatment of contaminated
water[8, 9] because of their appropriate sizes and remarkable superparamagnetic character.
SPIONs can be induced to exhibit strong magnetic responses using an external magnetic field and
can be dispersed well in several kinds of solvents as colloid in the absence of magnetic
induction.[10] SPIONs of different size and surface modification have been reported, but most of
SPIONs were of spherical or irregular shapes. Monodisperse iron oxide nanocubes have been

synthesized and reported to exhibit superior saturation magnetization in comparison to their



spherical counterpart. [11] However, direct comparison on surface reactivity and changes in
magnetic responses of SPIONs with the same composition and similar size is still limited.

Porphyrins, organic compounds containing four pyrrole rings, exhibit interesting
photochemical properties in that they have high photochemical electron transfer efficiencies and
show large extinction coefficients in a visible light region.[12] Recently, organic dyes especially
porphyrins have been considered to assist metal-based photocatalysts in absorbing visible
light.[13] Due to advantages of porphyrin derivatives as photocatalysts, we were interested in the
combination of a carboxyphenyl-substituted porphyrin derivatives with iron oxide nanoparticles via
direct surface modification using its carboxylic group as an anchoring group as a model for
demonstration of magnetically-responsive photocatalysts and effects of the shapes of the SPIONs
on a surface modification process. Moreover, this monofunctionalized porphyrin was carefully
selected to clearly observe the interaction between the SPIONs and the photocatalysts and
minimize the crosslinking between the SPIONs that could interfere the surface chemistry.

Photocatalytic reactions for organic syntheses have caught many interests for their green
chemistry aspect and were selected to demonstrate that the combination of SPIONs and porphyrin
was achieved without the loss in their functions after the attachment of both components. We
selected photocatalytic amide bond formation under room temperature as a model reaction. An
amide bond is a common functional group found in many types of organic molecules, such as drug
and natural products[14]; moreover, it is widely used in synthetic compounds, such as polymers
and pharmaceutical products.[15, 16] However, amide synthesis methods usually involved the
activation of carboxylic acid using expensive and highly hazardous coupling reagents.[17]
Therefore, many catalysts have also been developed to avoid this problem, and these catalysts
lead to higher efficiencies and less organic waste, but the reactions were performed in organic
solvents and at high temperature.[18, 19] The photocatalyst is one of the alternative solutions for
these problems, as it can activate the reaction in greener solvents at room temperature.[16]
However, there is no report on the use of the porphyrin-based photocatalyst in such reaction.

In this study, the SPIONs were designed in two different shapes (nanocube and

nanosphere) and two sizes (10 nm and 20 nm) for investigating their magnetic and optical



properties before and after coating with 5-(4-carboxyphenyl)-10,15,20-triphenylporphinatozinc(ll)
(ZnCTPP). Furthermore, the nanocomposites were preliminary tested as the catalysts for the amide
synthesis under mild conditions that could be easily removed from the reaction under an external

magnetic field.

Experimental
Materials and methods

Iron (lll) acetylacetonate (97%), iron (lIIl) chloride (anhydrous), oleic acid, benzyl ether
(98%), and 1-octadecene were purchased from Sigma-Aldrich (MO, USA). 5-(4-carboxyphenyl)-
10,15,20-triphenylporphinatozinc(ll) (ZnCTPP) was synthesized according to a previous report.
[20] 4-methoxyaniline (1.0 mmol) and potassium ethanethioate were purchased from TCI (Tokyo,
Japan).
SPIONSs preparations

SPIONSs of spherical and cubic shapes with the sizes of 10 nm and 20 nm were synthesized
by using a thermal decomposition method. The spherical 10 nm and 20 nm were synthesized as
previously reported [21] from an iron-oleate complex as a precursor. The iron-oleate was mixed
with oleic acid (stabilizer) at a mole ratio of 1:6 in 1-octadecence. Then, the resulting mixture was
gradually heated to different temperatures depending on our desired size (320°C for 10 nm and
380°C for 20 nm SPIONSs) with the rate of 3.3 °C/min). The reaction was kept at this temperature
for 30 min under N, atmosphere. Then, the temperature was reduced to 160 °C in the air.

The synthesis of the 10-nm nanocubes were modified from previous synthesis method [22],

iron oleate complex was mixed with sodium oleate and oleic in 1-octadecence. The reaction mixture

was purged with nitrogen for 1 h at 150 °C and heated to 175 °C for 1 h. Then, the mixture was

heated up to 320 °C with a heating rate of ~25 °C/min and maintained at this temperature for 1 h.

For the synthesis of the 20-nm nanocubes [23], iron (lll) acetylacetonate and oleic acid were used
as the precursor and stabilizer, respectively, at various mole ratios in benzylether. The mixture of
these two compounds was heated to 290 °C with the rate of 18 °C/min and maintained at this

temperature for 1 h. Finally, colloidal dispersion of the magnetic nanospheres and nanocubes were



prepared in hexanes after washing for several times with a mixed solvent of 10:1 v/v ethanol-
hexane.
SPION-porphyrin (SPION-ZnCTPP) preparation

10 mg SPIONs were dispersed in 300 uL hexane, then a solution of 30 yL ZnCTPP in THF
(33 mM) was added into the SPION mixture. Subsequently, the mixture was incubated for 3 days
at room temperature in the dark to prevent any possible photo-bleaching of ZnCTPP. After 3 days,
the porphyrin-modified SPIONs were washed several times using ethanol and hexane in a
magnetic column.
Samples Characterizations

Crystalline phases of the prepared materials were elucidated using X-ray powder diffraction
(XRD) analysis (DMAX2200/Ultima-plus instrument, Rigaku, Japan), with the operation parameters
of 40 kV, 30mA, Cu K-alpha radiation. Morphology and size of the SPIONs were elucidated using
a transmission electron microscope (TEM) (Tecnai F20, Philips Electron Optics, Holland). The
attachment of ZnCTPP onto the SPIONs was confirmed using a UV-visible spectrophotometer and
a home-built confocal microscope equipped with a 405 nm UV laser (Thorlabs), an avalanche photo
diode (Perkin Elmer, USA) and a liquid nitrogen cooled EMCCD camera (Princeton Instruments,
USA) with spectrometer (Acton Research, USA). The ZnCTPP coating was also confirmed using
Fourier-transform infrared (FT-IR) spectroscopy (Broker Vertex 80v FTIR spectrometer with a
vacuum-supported sample compartment). The surface property of the nanoparticles and the
nanocomposites were measured using X-ray photoelectron spectroscopy (XPS, ULVAC-PHI,
Japan) with monochromatic X-ray of Al Ka (1486.6 eV).
Fe30, and ZnCTPP content in nanocomposites

The Loading of Fe;0, and ZnCTPP on the SPIONs and SPIONs-ZnCTPP was determined
using the iron and zinc content of the particles. The sample particles were soaked in 37%
hydrochloric acid for 3 h and milli-Q water was added to dilute the mixture to 5% HCI. Then, the
mixture was filtrated using a 0.2 mm nylon syringe filter (VertiCleanTM). The iron and zinc contents
were determined using an inductively coupled plasma-optical emission spectroscopy (ICP-OES,

Perkin Elmer Optima 2100).



Magnetic Properties

The magnetic properties of SPIONs before and after the ZnCTPP treatment were probed
using a superconducting quantum interference device - vibrating sample magnetometer (SQUID-
VSM) from Quantum Design. At first, the magnetization hysteresis loops were recorded at 2K (not
shown here) and at room temperature (RT). Additionally, to observe the temperature-dependent
superparamagnetic-ferromagnetic transition for SPIONs and SPIONs-ZnCTPP zero-field cooled
(ZFC) and field cooled (FC) measurements were performed in the temperature range of 2K to 350K
in the presence of external magnetic field of 50 Oe. The standard procedure discussed elsewhere
[24] was followed for the ZFC/FC measurements.
Catalytic activity of the SPION-ZnCTPP on Amide Synthesis

A Pyrex glass tube with a magnetic stirring bar was charged with 4-methoxyaniline (1.0
mmol), potassium ethanethioate (1.1 mmol), and the catalysts (1.5 pmol of ZnCTPP) in 5 mL of 9:1
v/v ethanol and water and placed in an LED light reactor (Philips Daylight LED high Lumen 19W).
The reaction mixture was stirred at room temperature for 16 h under LED irradiation. The magnetic
nanocomposite catalyst was removed using magnetic separation before the mixture was filtered,
and the residue was purified by chromatography with SiliaFlash G60, silica gel (70-230 mesh).
(using hexane/ethyl acetate system). The product (N-(4-methoxyphenyl) acetamide) was identified
using 'H-nuclear magnetic resonance (NMR) spectroscopy (JEOL JNM-ECZ500R/S1, Tokyo,

Japan). The "H-NMR spectrum is calibrated with chloroform peak (& 7.26) 'H-NMR (500 MHz,

CDCIl3) 5 8.11 (s, 1H), 7.40 — 7.34 (m, 2H), 6.83 — 6.77 (m, 2H), 3.75 (s, 3H), 2.09 (s, 3H).; The 3C
NMR spectrum is calibrated with chloroform peak (8 77.2) '*C NMR (126 MHz, CDCI3) 6 169.02,

156.44, 131.23, 122.23, 114.09, 55.52, 24.18.

Results and discussion

Characterization of particles



The obtained SPIONSs in with different morphologies were observed using TEM (Figure 1).
The spherical shapes (MS) with an average diameter of 9.5 + 0.9 nm and 23.6 £ 1.7 nm as shown
in Figures 1A and 1B were called MS10 and MS20, respectively. For the obtained magnetic
nanocubes (MC) with average side length of 9.6 + 0.8 nm and 20.4 + 1.5 nm (Figures 1C and 1D)

were denoted as MC10 and MC20, respectively.

Figure 1 TEM images of SPIONs with spherical shapes: (A) MS10 and (B) MS20 and cubic
shape (C) MC10 and (D) MC20.

The crystal structures of the as-synthesized particles were measured using XRD (Figure
2). XRD patterns of every sample matched with Fe;O, (magnetite, JCPDS 19-0629). These well-
matched patterns confirmed that the resulted nanoparticles were in ferrimagnetic phases. [25]
Moreover, the XRD patterns of the larger particles (20 nm diameter) of both spherical and cubic
shapes exhibited the full width at half-maximum (FWHM) of a prominent peak (35°), which was
clearly sharper than that of 10 nm of sizes. This trend agreed well with the values determined using
the Debye—Scherrer equation (1) at the A of 0.154 nm (Cu Ka). [26, 27]

kA
Bcos 6’

(1M



where Kk is a constant for a given instrument alignment (0.9), and 8 is FWHM (Full Width Half
Maximum) of the peak with maximum intensity (26 at ~35°) in radians. As calculated using
Equation (1), the crystal sizes of particles were 4.7, 6.4, 14.7 and 16.2 nm for MC10, MS10, MC20
and MS20, respectively. The calculated sizes were smaller than the sizes observed using TEM;

however, both revealed a similar trend.
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Figure 2 XRD patterns of all different shapes and sizes of SPIONs comparing with JCPDS of
magnetite (Fe;0,4, JCPDS 19-0629).

The SPIONs containing oleic acid as stabilizer (SPION-OA) were modified with ZnCTPP
to obtain the ZnCTPP-decorating SPIONs (SPION-ZnCTPP) as shown in a scheme in Figure S1.
To identify the presence of ZnCTPP in the nanocomposites, we firstly used UV-vis spectroscopy to
observe the spectra of SPIONs-ZnCTPP comparing with pure ZnCTPP (Figure 3). The spectrum
of pure ZnCTPP showed a Soret band at 424 nm and two Q bands at 553 and 591 nm of a typical
metalloporphyrin as mentioned in previous reports. [28, 29] The absorption spectra of SPIONs-

ZnCTPP were also observed to be similar to that of free ZnCTPP.
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Figure 3 UV-Visible spectra of ZnCTPP-coated SPIONs of difference shapes and sizes.

Moreover, we chose two different types of the nanocomposites (MS10-ZnCTPP and MC20-

ZnCTPP) to compare their fluorescence microscopic images and fluorescent spectra with free

ZnCTPP (Figure 4A) and the pristine SPIONs at an excitation wavelength of 405 nm (Figures S2A

and B). Figure 4A showed the fluorescence signal of pure ZnCTPP with the emission maximum at

650 nm. In a similar manner, MS10-ZnCTPP and MC20-ZnCTPP obviously displayed emission of

photon and showed similar spectra to ZnCTPP (Figures 4B and 4C). These results supported the

presence of ZnCTPP in the nanocomposites with maintaining optical character.



2500 -
2000 o /\\
1500+ / \
= /v \
8 10004 f’
S - N
500 / ., R
) TS \"""*xi
550 0 em | o 7ho a0
_— T T T T T ™
1600 f» 1
1400 »\ 1
1200 )JW/ 1
-
g::s 000 ! "\ ]
Qo &0 r W, ]
Q 800 ‘v“ﬁ
400 / \‘”\m\'\ i
200 Sy,
. I i
-200 T
550 800 850 T00 o 800
10000
8000 ﬂ
a
T 8000 f \
= A
Q |
O \
\
2000 \

500 550 600 650 700 750 800

Wevelength (nm)

Figure 4 Confocal fluorescence images (left) and fluorescence spectra (right) of ZnCTPP (A),
MS10-ZnCTPP (B) and MC20-ZnCTPP (C) upon excitation at 405 nm. The steep edge at around
590 nm results from the applied long pass filter.

To understand the interaction between SPIONs and the ZnCTPP, IR spectroscopy was
used. Normalized IR spectra of ZnCTPP, and ZnCTPP coated SPIONs with different shapes and
sizes are shown in Figure 4. IR spectra of ZnCTPP exhibited carboxyl region with the main band
of C=0 stretching around 1690 cm-' and symmetric stretches of COO- at around 1400 cm-'. On
contrary the antisymmetric COO- appeared around 1560 — 1620 cm™" likely due to interaction
between ZnCTPP and SPIONs. Moreover, the in-plane C-N deformation mode within the porphin
cycle demonstrated a weaker band in the region between 996 and 1005 cm~"and out-of-plane C-H
deformation mode at around 702 cm~'.[30] Moreover, the particles showed the peak at 2950-2850
cm' corresponding to a C-H stretching of both oleic acid and ZnCTPP [31]. However, oleic acid
was the main contribution of C-H stretching (Figure S3A), while carboxylate were more prominently
observed after ZnCTPP modification (Figure S3B). After the coated onto SPIONs, the C=0

stretching peaks were not observed, while the positions of COO- stretching were slightly shifted



comparing to the unattached ZnCTPP. Therefore, ZnCTPP molecules were successfully
chemisorbed on magnetic composites likely through the formation of COO- of ZnCTPP on the
SPIONSs. Moreover, SPIONs-ZnCTPP showed a prominent peak at ~584.3 cm™" that is attributed
to the Fe-O bond vibration of Fe;0, [32]. The unobservable Fe-O bond in MC10-ZnCTPP was
probably because the large content of the oleic acid and ZnCTPP on their surface concealed the
Fe-O bond, or the iron surface is partially converted to y-Fe,O3; (weak band at 692 cm-1). [33] All
SPION-ZnCTPP showed C-H stretching of oleic acid coating on iron oxide surface at 2950 — 2850

cm.[34]
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Figure 5 IR spectra of ZnCTPP (A), and the modified SPIONs with ZnCTPP: MS20-ZnCTPP (B),
MC20-ZnCTPP (C), MS10-ZnCTPP (D) and MC10-ZnCTPP (E).

To further investigation on the interaction between ZnCTPP and SPION surface, XPS, a
surface-sensitive technique that can detect the electronic structure of atoms within 5 to 10 nm of
sample surface, was employed. [35] The technique was used to determine the zinc and iron atoms
in SPIONs-ZnCTPP (Figure 6). Figure 6A exhibits the peaks corresponding to electron binding
energies of Fe2p3/2 and Fe2p1/2 located at 711 eV and 725 eV. These peaks were associated
with Fe®* and Fe?* species as shown in Figure 6B, confirming the formation of the Fe;O,4 phase.[36,
37] When comparing the SPIONs and their nanocomposites, no significant changes in the binding
energy of Fe, indicating that Fe played a less important role in the strong binding interaction

between SPIONs and CTPP. In addition, the nanocomposites show two characteristic peaks of Zn



2p (Figure 6C and D), the spectra of pure ZnCTPP indicates the binding energies of Zn 2p3/2
located at 1,022 eV and Zn 2p1/2 at 1,045 eV.[38] All SPION-ZnCTPP samples also reveal two
peaks of Zn 2p; however, the peaks were found to slightly shift towards higher energy. The shift of

binding energy of Zn2p3/2 possibly appears because of the additional interaction of ZnCTPP with

the SPIONSs.
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Figure 6 XPS spectra of Fe in SPIONs and SPIONs modified with ZnCTPP (A), Fe 2p XPS
region of nanoparticles (B), XPS spectra of Zn in SPIONs-ZnCTPP comparing with ZnCTPP (C)

and Zn 2p XPS region of the sample (D).

Fe30, and ZnCTPP content in nanocomposites



Fe;0,4 and ZnCTPP content in the nanocomposites were calculated from Fe contents as
revealed by ICP-OES analysis (Table 1). Fe3O, contentin SPION samples of 11.0%, 82.3%, 17.6%
and 84.4% were found for MC10, MC20, MS10 and MS20, respectively, indicating that the sizes
played more important role than the shapes in the extension of coordination with surfactants. After
coating with ZnCTPP, the Fe;O, content in almost all particles tended to increase, particularly in

the smaller sized particles that possessed excess oleic acid on their surface. The increasing of

iron content could likely be due to the release of oleic acid from SPION surface during the surface
modification. Only MC20-ZnCTPP seemed to have a slightly reduced iron content in the
nanocomposite and showed the highest ZnCTPP content. However, the large content of oleic acid
remained on iron surface, particularly for the small particles, as the prominent peaks of oleic acid
was detected in IR spectra. Moreover, for SPIONs of our study, the ZnCTPP content of the
nanocomposites was not significantly affected by the shape and size of the SPIONs, suggesting
that the equilibrium between as-synthesized oleic acid and the incoming ZnCTPP was not affected

by the surface area and the surface structure of the particles.

Table 1 Percentage of Fe;0, and ZnCTPP in SPIONs and Fe;O,4 in SPIONs-ZnCTPP calculated

from the iron or zinc content obtained from ICP-OES analysis of the digested particles

SPIONs SPIONs-ZnCTPP
Samples % Fe30,4 Samples % Fe30,4 % ZnCTPP
MC10 11.0 MC10-ZnCTPP 243 2.42
MC20 82.3 MC20-ZnCTPP 78.8 3.05
MS10 17.6 MS10-ZnCTPP 22.4 2.48
MS20 84.4 MS20-ZnCTPP 87.7 2.53

Magnetic Property
Room temperature recorded magnetization hysteresis loops of the investigated SPIONs and
SPIONs-ZnCTPP is shown in Figure 7. The MS10, MC10, MS20 and MC20 showed saturation

magnetization (Ms) of 12.5, 18.5, 44.8 and 76.6 emu/g (emu per weight of the obtained materials).



The superparamagnetic behavior was confirmed by the absence of the coercivity in the hysteresis
curves for the smaller size nanoparticles and by the narrow hysteresis loops detected for the larger
nanoparticles. [39] After modification with ZnCTPP, the smaller sized nanoparticles MC10-ZnCTPP
and MS10-ZnCTPP exhibited slightly higher magnetization than the as-synthesized SPIONs
corresponding to the increase in Fe;0, content in their structure (Table 1). In contrast, SPIONs-
ZnCTPP with larger sizes showed decreases in Ms. from the as-synthesized particles, especially
for MC20-ZnCTPP, likely due to the lower amount of Fe;O, corroborated with the fact that the
attached ZnCTPP might increase the interparticle distances. From these observations, we found
that even though as-synthesized iron oxide nanocubes showed higher saturation magnetization
than the spherical nanoparticles of the similar size, the porphyrin-modified SPIONs exhibit the
opposite trend. This might be related to larger surface area. Moreover, the magnetic measurement
results confirm that the composition of the composites is highly sensitive to the surface modification
process. The smaller SPIONs were stabilized by the adsorption of large quantity of excess oleic
acid ligand, and these surfactants could be replaced substantially upon the surface modification
process, resulting in high Fe content in the resulted nanocomposites. Interestingly, when the
particles were as large as 20 nm, cubical nanoparticles exhibited higher magnetization regardless

of the surface modification process.
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Figure 7 Magnetic properties of SPIONs compared with the nanocomposites with ZnCTPP.

Magnetic measurement applied a magnetic field at 300 K (-10000 to 10000 Qe).



Figure 8 shows the temperature dependence of the magnetization measured with ZFC and
FC procedure. The SPIONs with and without ZnCTPP with the size of 10 nm (MC10, MC10-
ZnCTPP, MS10, and MS10-ZnCTPP) are superparamagnetic (SPM) at room temperature (300 K),
as indicated by the full convergence of the ZFC and FC curves, which bifurcate only at temperatures
below 200K. Thus give the blocking temperature (T, the maximum of ZFC) of approximately 11249

Kand 1307 K for MS10 and MC10 SPIONSs, respectively.[40] Further, with the ZnCTPP treatment
to MC10 and MS10 a slight increase in Tg (Tg ~ 14410 K) was observed. In contrast to the

10 nm SPIONSs, no clear the bifurcation in ZFC/FC was observed for the SPIONs with size of 20 nm.
A few subtle crests below RT can be observed in the ZFC curve for 20 nm SPIONs suggesting that
these samples contain a mixture of SPIONs with several size distributions.

Firstly, we studied the temperature dependence of magnetization using standard zero field
cooling (ZFC) and field cooling (FC) process (ZFC/FC) at 0 to 350 K (Figure 8). The ZFC/FC of the
small size of SPIONs: MS10 and MC10 showed the characteristic feature of superparamagnetic
behavior with blocking temperature (T, the maximum of ZFC) of approximately 11249 K and 13047

K, respectively.[41]
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Figure 8 SQUID magnetization against temperature under field cooled (FC) and zero field cooled
(ZFC) processes of SPIONs (a) and SPIONs-ZnCTPP (b) on quartz substrate for in-plane applied

magnetic field at 0 K and 350 K.

Catalytic activity of the SPION-ZnCTPP on Amide Synthesis

To demonstrate that the surface modification of SPIONs with our model photocatalyst was
successful without losing photocatalytic and magnetic response, the photocatalytic activity of the
SPION-ZnCTPP in amide synthesis was investigated (Table 2). We selected MC20-ZnCTPP to
represent the magnetic responsive photocatalyst for its highest ZnCTPP content and strongest
magnetic response. In this study, potassium ethanethioate has been chosen as a representative
substrate and was reacted with 4-methoxyaniline at room temperature for 16 h in mixture of water
and ethanol (1:9 v/v) under white LED light irradiation. The amide coupling product was isolated by

column chromatography and reported in Table 2. (Figure S3). Free ZnCTPP was first used as a



sole photocatalyst providing the target amide in 41.7 £ 7.2% yield. Switching the catalyst to MC20-
ZnCTPP (using similar ZnMCTPP quantity (1.3 mg)), the amide product of 52.3 + 15.3% yield was
obtained. Even though the photocatalytic activity of the nanocomposites under this studied
condition was not significantly different from the ZnMCTPP, the synergistic between ZnCTPP and
SPIONs was expected as there were some reports of the oxidation reactions occurring in the
presence of an iron compound via a free radical process. However, solely Fe;O, did not show
significantly catalytic activity on the reactions, and co-catalysts such as peroxides were required
for the reactions to sufficiently proceeded. [17, 42]

Table 2 Catalytic activity of the ZnCTPP and MC20-ZnCTPP on amide synthesis?

NH,
j\ . Catalyst, white LED 19W, O /©/ oMe
> EtOH:H,0 (9:1), 16h, RT )J\H
OMe
Catalyst Catalyst Weight Isolated Yield
(mg) (%)
ZnCTPP 1.3+£0.3 41772
MC20-ZnCTPP 41614 52.3+15.3

aReaction condition: potassium ethanethioate (1.1 mmol), 4-

methoxyaniline (1.0 mmol), in EtOH:H,0 (9:1) 5.0 mL, Isolated yields.

Conclusion

The iron oxide nanospheres of 10 and 20 nm in diameter and nanocubes of 10 and 20 nm
in the side length were successfully synthesized using thermal decomposition process with
controlled reaction time, temperature, and iron precursor concentration. SPIONs of different sizes
and shapes were then surface modified with ZnCTPP without the change of iron oxide structure
and superparamagnetic behavior. The co-existence of SPIONs-ZnCTPP after purification was
observed using UV-visible absorption and fluorescent spectroscopy, while FTIR spectroscopy and
XPS suggested strong interaction between ZnCTPP and SPIONs. The particles showed different

Ms of 10 - 76 emu/g, with the increase in Ms for larger particles, and the nanocubes showed higher



Ms than nanosphere of the similar size. After surface modification, SPIONs-ZnCTPP exhibited the
changes in Ms at different degree depending on the size and the shape of the SPIONs with the
MC20-ZnCTPP as the highest in Ms. Finally, the MC20-ZnCTPP exhibited a high photocatalytic
activity in amide synthesis with 52% yield in greener solvent condition at room temperature under
irradiation with a LED lamp, and the particles were easily separate from solution under an induction
of an external magnetic field. This study on surface modification of SPIONs with porphyrin could
demonstrate the effect of shape and size of SPIONs on the magnetic response after surface
modification. The novel magnetic-responsive photocatalyst show great potential of utilization and
could be further developed for green amide synthesis reaction and other photocatalytic reactions

in the future.
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Highlights

e Magnetite nanocubes and nanospheres with a carboxyphenyl porphyrin
were prepared.

o Effects of size and shape of the nanostructures were discussed.

e Photocatalytic activity on amide synthesis was demonstrated at room
temperature.
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