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MFe,04 (M =Co, Ni, Mg and Cu) [6]. However, their catalytic
behavior is usually poor due to large size and less active sites of
the materials, and the main reason is limited contact area between
catalytic center and reaction mixture. Therefore, it is important to
explore special structure of the catalysts to enlarge contact inter-
face to improve the performance.

Up to now, many of the porous materials are attractive in
heterogeneous catalysis, which might contribute to their larger
surface areas and higher porosity [7]. Our previous work found that
Fe-MOFs exhibits structure-dependent photocatalytic performance
for water oxidation, but it suffers from difficulties in separation
and recovery [8]. Given advantages of MOFs as templates and pre-
cursors [9], we report the Fe-MOFs-templated synthesis of mag-
netic Fe,C nanorods and the application as the catalyst for visible
light-induced water oxidation in the [Ru(bpy);]**-Na,S,05 system.
The results revealed that Fe,C nanorods with efficient catalytic per-
formance can be recovered from reaction system with an external
magnetic field. The surface properties of the Fe,C nanorod remain
unchanged after examination by XPS before and after the photocat-
alytic reaction.

2. Experimental section

In a typical synthesis of MIL-88B-NH, (Fe) ([Fe3sO(H,N-BDC)s),
0.64 g of PluronicF127 was dissolved in 53.4 mL of de-ionized
water, followed by adding 6.6 mL of 0.4 M FeCl;-6H,0 aqueous
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solution. The resulting solution was stirred for 1h, and subse-
quently 1.2 mL of acetic acid was injected. After 1h, 0.24 g of
H,N-BDC (2-Amino-benzenedicarboxylic acid) was added. After
further magnetic stirring for 2 h, the reaction mixture was trans-
ferred into a 100 mL Teflon-lined autoclave and heated to 120 °C
for 24 h.

Rod-like Fe,C was obtained by the pyrolysis of the as-obtained
MOFs precursor. A porcelain boat loaded with MIL-88B-NH, (Fe)
was put in the tube furnace under dynamic vacuum condition at
200 °C for 24 h. Then, the temperature was elevated to 600 °C with
a ramping temperature of 1.5 °C/min and maintained for 1 h in Ar.
When naturally cooled to room temperature, the black product
was collected, washed and dried.

The morphologies and structures of the as-synthesized products
were identified by XRD (Bruker D8 X-ray diffractometer), TEM
(Hitachi H-600) and FESEM (Hitachi SU8010). The water oxidation
reactions were conducted at room temperature. Desired amount of

m,0

LAIRu(pyNI
2Na,8,04
¢
4[Ru(bpy)s]**

2Na* +4S0,>

Scheme 1. The processes of photocatalytic water oxidation with Na,S,0g and [Ru
(bpy)3]?* using the Fe,C nanorods as catalyst.
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Fe,C were added to a flask (20 mL) with 10 mL borate buffer solu-
tion containing 1.0 mM [Ru(bpy);]** and 5.0 mM Na,S,05 under
illumination (300 W Xe lamp: A > 420 nm, 132.8 mW/cm?). The
evolved O, was analyzed by GC with a thermal conductivity detec-
tor (Shimadzu GC-14B).

The mechanism of the visible light-driven water oxidation is
depicted in Scheme 1. Firstly, [Ru(bpy)s]**is photo-induced to pro-
duce [Ru(bpy)s;]** (where * denotes the excited state). Subse-
quently, electron transfer from [Ru(bpy)s;]*™* to S,0
[Ru(bpy)s]**, SOZ~. The [Ru(bpy)s]** consecutively oxi

transfer from water to [Ru(bpy)s]>*.

3. Results and discussion
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Fig. 1. (a) XRD pattern of as-synthesized MIL-88B-NH, (Fe); (b and c) FESEM and TEM images of nanoscale MIL-88B-NH, (Fe); (d) XRD pattern of Fe,C; (e and f) FESEM and

TEM images of Fe,C.
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Fig. 2. Kinetics of O, evolution over Fe,C under different conditions: (a) Fe,C dosage (1.0 m
Fe,C, 1.0 mM [Ru(bpy)s](ClO4),, 80 mM sodium borate buffer); (c) type of buffers (1 mg Fe,

1.0 mM photosensitizer, 80 mM sodium borate buffer, pH = 9).

detailed composition of the Fe,C was studied by XPS and en
dispersive spectroscopy (EDS) (Fig. S1), and the binding energ
each element was further analyzed (Fig. S2).
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and carbonate buffers (Fig. 2¢). The use of (Ru(bpy)s)(ClO4), as the
photosensitizer achieves a higher amount of oxygen evolution over
Fe,C than (Ru(bpy)s)SO,4 and (Ru(bpy)3)Cl, (Fig. 2d). In addition,
the contrast experiments including the absence of illumination,
electron acceptor, and photosensitizer, respectively, confirm that
OER activity is closely related to reaction environment (Table S1).
Compared with the other photocatalyst, Fe,C shows a higher
initial turnover frequency (TOF =2.73 x 10 s™!) for visible light-
driven oxygen evolution and a higher oxygen yield (20.64%).
Table S2 displays the amount of O, evolution obtained from differ-
ent types of Fe-based catalysts studied. The cycling stability of the
Fe,C photocatalyst was investigated by repeating water oxidation

observed to be sensi
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Fig. 3. Kinetics of O, evolution of the photocatalytic system using fresh Fe,C and
recovered Fe,C. Conditions: 1 mg catalyst, 1.0 mM [Ru(bpy)s](ClO4);, 80 mM
sodium borate buffer (initial pH 9.0).

tests. It can be found that the amount of O, evolution decreases
by 39.5% at the second cycle, while the cycling system deliver a
negligible fade (Fig. 3). Such decrease may be a result of the loss
of catalytic particles during the recovery process. In addition, the
state of Fe,C after the OER was investigated using XRD and XPS
(Fig. S3).

4. Conclusion

In summary, one-dimensional magnetic Fe,C nanorods were
successfully fabricated by a two-step method, including the syn-
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thesis of MIL-88B-NH, (Fe) templates and subsequent thermal
decomposition. The magnetic recyclable Fe,C was used as the pho-
tocatalyst for water oxidation under alkaline conditions and exhib-
ited good photocatalytic water oxidation activity with a TOF of
2.37 x 10357, an oxygen yield of 20.64%. Moreover, no almost
changes in the surface conditions of Fe,C before and after OER
was observed by XPS.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.matlet.2017.08.
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