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Traditional nanosized photocatalysts usually have high photocatalytic activity but can not be efficiently
recycled. Film-shaped photocatalysts on the substrates can be easily recycled, but they have low surface area
and/or high production cost. To solve these problems, we report on the design and preparation of efficient
and easily recyclable macroscale photocatalysts with nanostructure by using Ta3N5 as a model semiconductor.
Ta3N5-Pt nonwoven cloth has been prepared by an electrospinning-calcination-nitridation-wet
impregnation method, and it is composed of Ta3N5 fibers with diameter of 150–200 nm and hierarchical
pores. Furthermore, these fibers are constructed from Ta3N5 nanoparticles with diameter of ,25 nm which
are decorated with Pt nanoparticles with diameter of ,2.5 nm. Importantly, Ta3N5-Pt cloth can be used as
an efficient and easily recyclable macroscale photocatalyst with wide visible-light response, for the
degradation of methylene blue and parachlorophenol, probably resulting in a very promising application as
‘‘photocatalyst dam’’ for the polluted river.

E
nvironmental problems associated with harmful pollutants in water pose severe threats to human health.
Among the water treating methods, photocatalysis offers a ‘‘green’’ and energy saving technology for
completely eliminating organic pollutants in water1–3. A prerequisite for the development of photocatalysis

application is to gain access to excellent photocatalysts. Generally, two kinds of photocatalysts have been well
developed. One kind is the nanosized semiconductor photocatalysts, including nanoparticles4, nanotubes5,
nanowires6, nanosheets7, nanospheres8 and nanocomposites9–11. Recently, we have also prepared some nano-
sized photocatalysts, such as Bi2WO6 superstructures12,13, and AgBr-Ag-Bi2WO6 nanojunction system14. They
always show relatively high photocatalytic activity due to their nanoscaled particle size and large specific surface
area. Unfortunately, it is very difficult to recycle these nanosized photocatalysts in practical application (such as
degrading organic pollutants in lake and/or river), resulting in second-contamination and limiting their large-
scale application. The other kind is semiconductor films on the substrates, such as nanoparticles-based composite
films on ITO glass15,16, nanowires/nanotubes-based film grew on metal foil17,18. These film-shaped photocatalysts
on the substrate can be easily recycled, but they suffer from the problems, such as relatively low surface area and/
or high production cost. Thus, it is quite necessary to develop novel kind of photocatalysts. Ideal photocatalysts
should have a broad range of visible-light response, superior photocatalytic activity, high photostability, low cost
and easily recycling characteristics, and etc.

It is well known that micro/nano-fibers and nonwoven cloth can be easily prepared via electrospinning
technique that represents a simple, cost-effective and versatile method for the large-scale production of fibers.
Traditional micro/nano-fibers are polymer or polymer/inorganic composite fibers19–21. Few kinds of semi-
conductor nanofibers including TiO2

22, Bi4Ti3O12
23, TiO2/SnO2

24 and GaN25 have been prepared for photocata-
lysis or photodetector. In photocatalytic application, semiconductor nanofibers have also suffered from the
problems such as relatively low surface area and recycle difficulty. It should be noted that macroscale nonwoven
cloth are usually composed of polymer or polymer/inorganic composite fibers, and they have already found use in
applications (such as drug carriers, tissue engineering and ultrafiltration) and can be easily recycled. If semi-
conductor nonwoven cloth is composed of nanofibers that are constructed from semiconductor nanoparticles
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with plenty of hierarchical nanopores, it will have both high surface
area and easily recycling characteristics for photocatalytic applica-
tion. These features trigger our interest in the novel concept of devel-
oping efficient and easily recyclable macroscale semiconductor
photocatalysts with nanostructure.

Among semiconductor photocatalysts, Ta3N5 with a narrow band
gap of approximately 2.1 eV can absorb and utilize a large fraction of
visible light up to 600 nm, and Ta3N5 nanomaterials26–29 and/or
films30–35 have been prepared as visible-light-driven (VLD) photo-
catalysts. Herein, by using Ta3N5 as a model semiconductor, we
report the design and preparation of Ta3N5-Pt nonwoven cloth that
is composed of nanofibers constructed from Ta3N5 nanoparticles,
hierarchical nanopores and Pt nanoparticles. The macroscale Ta3N5-
Pt nonwoven cloth exhibits large surface area (23.1 m2 g21).
Furthermore, it can be used as an efficient, stable and easily recycl-
able macroscale semiconductor photocatalyst with nanostructure,
for the degradation of both methylene blue (MB) dye and parachlor-
ophenol (4-CP) under visible light irradiation. This finding promotes
the design and development of novel kind of macroscale photocata-
lysts with nanostructure for practical application, for example,
degrading pollutants in lake and/or river.

Results
Synthesis and characterization of the nonwoven cloth. Ta3N5-Pt
nonwoven cloth was prepared by an electrospinning-calcination-
nitridation-wet impregnation method, as demonstrated in Figure 1.
First step was to prepare PVP/Ta2O5/Ta(OEt)4 composite nonwoven
cloth, by electrospinning the solution (ethanol-acetic acid mix-
ture (3.351, volume ratio) containing 10 wt% tantalum ethanolate
(Ta(OEt)4) and 5 wt% polyvinylpyrrolidone (PVP, MW <
1300000 g mol21)) at a high voltage of 15 kV, and followed by the
hydrolysis process. The as-prepared PVP/Ta2O5/Ta(OEt)4 composite
nonwoven cloth is white, and its typical photograph (area: ,10 3
9.5 cm2) is shown in Figure 2a. In fact, in our case, the area of the
nonwoven cloth can be easily tuned in a broad range (1024 , 1 m2)
by changing the collecting region of aluminum foil during the
electrospinning process. This macroscopic nonwoven cloth is com-
posed of plenty of individual straight fibers with smooth surface and
diameters ranging from 250 to 300 nm, as revealed in scanning
electron microscopy (SEM) images (Figures 2b, 2c).

The second step was to calcine the composite nonwoven cloth at
600uC in air for 6 h, for removing polymer component and obtaining
inorganic nonwoven cloth based on Ta2O5 fibers. After the calcina-
tion process, this Ta2O5 nonwoven cloth still has the macroscopic
morphology (Figure 2d) similar to that (Figure 2a) of the as-prepared
PVP/Ta2O5/Ta(OEt)4 composite cloth, indicating that the calcina-
tion process has no obvious adverse effect on the macroscopic mor-
phology. However, after the calcination, there are obvious changes in

the microstructure of the cloth. This Ta2O5 nonwoven cloth consists
of the pores and bent fibers that interweave and/or stick together
(Figures 2e, 2f), which results from the disappearance of PVP com-
ponent and the high-temperature anneal of Ta2O5 component.
Furthermore, the diameters of Ta2O5 fibers shrink to 200–250 nm,
and the fibers with rough surface are composed of nanoparticles with
diameter of about 10 nm (Figures 2e, 2f).

The third step was to further nitridize Ta2O5 cloth at 800uC under
NH3 flow (500 mL min21) for 8 h to obtain Ta3N5 cloth. It should be
noted that Ta2O5 nonwoven cloth was tailored to ,4.5 3 3 cm2 to fit
the small inter-diameter (,5 cm) of the quartz furnace tube during
the nitridation process. Obviously, such Ta3N5 cloth is still free-
standing and can be easily transferred and/or recycled for further
practical application. Its color turned from white to red-orange, as
demonstrated vividly in Figure 2g, indicating the conversion from
Ta2O5 to Ta3N5. SEM images (Figures 2h, 2i) reveal that Ta3N5 cloth
is also composed of hierarchical pores (diameter: 0.2–1 mm) and
fibers. The diameters of Ta3N5 fibers were reduced to 150–200 nm,
and these fibers also interweave and/or stick together. Importantly,
Ta3N5 fibers are comprised of plenty of nanoparticles with diameters
of ,25 nm and nanopores with diameters of ,15 nm (Figure 2i),
probably resulting in high surface area. Further information about
Ta3N5 fibers was obtained from the transmission electron micro-
scopy (TEM) images (Figures 2j–l). The TEM images (Figures 2j–l)
confirm that Ta3N5 cloth is composed of fibers that are constructed
from nanoparticles and nanopores, which agrees well with that
revealed by the SEM images. The high-resolution TEM image
(Figure 2l) taken from one nanoparticle in the fiber (Figure 2k) shows
clear lattice fringes with an interplane spacing of 0.363 nm, which is
corresponding to the (110) crystal plane of monoclinic Ta3N5. It
should be noted that when the nitridation temperature was above
900uC, significant collapse of fibers occurred, resulting in the distor-
tion of Ta3N5 cloth (Supplementary Figure S1).

At last, Ta3N5 cloth was decorated with Pt nanoparticles
(,0.5 wt%) by the photocatalytic reduction of H2PtCl6 in methanol
aqueous solution under a 300 W xenon lamp light irradiation. The
decoration process of Pt has no obvious effects on the shape of cloth,
as confirmed by photo (the inset of Figure 2m) and SEM image
(Figure 2m). However, from the TEM image (Figure 2n), one can
find that there are plenty of nanoparticles with the size of about
2.5 nm on the surface of fibers. The high-resolution TEM image
(Figure 2o) shows clear lattice fringes with an interplane spacing of
0.225 nm, which is corresponding to the (111) crystal plane of cubic
Pt. Thus, one can confirm the formation of Ta3N5-Pt nonwoven
cloth with well-defined heterostructure.

The phase and pore structure, and optical characterizations. The
phase structure of Ta3N5-Pt nonwoven cloth was further investigated.

Figure 1 | Schematic illustration of the preparation of Ta3N5-Pt nonwoven cloth.
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Figure 3a shows the X-ray diffraction (XRD) patterns of Ta2O5,
Ta3N5 and Ta3N5-Pt nonwoven cloths. Obviously, Ta2O5 cloth is
amorphous, while Ta3N5 cloth is well crystallized. All of the diffrac-
tion peaks for Ta3N5 cloth are characteristic of the monoclinic Ta3N5

(JCPDS Card No. 89-5200) (System: monoclinic, System group: C2/
m(12), a 5 10.229 Å, b 5 3.875 Å, c 5 10.229 Å). In addition, no
characteristic peaks peculiar to the source materials or other
impurities are observed. After the decoration of Pt nanoparticles,
the XRD pattern of the Ta3N5-Pt cloth is quite similar to that of
the Ta3N5 cloth. No obvious diffraction peaks from Pt can be
detected, which should be attributed to the low amount of Pt on
the Ta3N5-Pt cloth.

Subsequently, the nitrogen adsorption/desorption isotherms of
Ta3N5 cloth and Ta3N5-Pt cloth were investigated (Figure 3b). The
Brunauer–Emmett–Teller (BET) surface area of Ta3N5 cloth is cal-
culated to be 22.0 m2 g21. After the deposition of Pt nanoparticles,
Ta3N5-Pt cloth exhibits a slight increase of BET surface area (23.1 m2

g21). Thus, although both Ta3N5 cloth and Ta3N5-Pt cloth are
macroscale, they have high surface area compared with those of bulk
powders (Figure S4) and traditional fibers, resulting from their
nanostructure. Moreover, the pore size distributions, which are cal-
culated from the desorption branches, reveal the existence of nano-
pores in both Ta3N5 cloth and Ta3N5-Pt cloth (the inset of Figure 3b).

The nanopores in Ta3N5 cloth have the diameter of about 15 nm,
while those in Ta3N5-Pt cloth have the diameter of about 13 nm,
which agrees with that revealed by the SEM and TEM images
(Figures 2h–k, 2m). The presence of nanopores in fibers and
macro-pores among fibers may greatly improve the physicochemical
properties and/or serve as transport paths for small molecules.

The optical properties of Ta2O5, Ta3N5 and Ta3N5-Pt cloths were
studied by using an UV-Vis-NIR spectrometer (Figure 3c). The spec-
trum of Ta2O5 cloth is similar to what has been reported previously
for Ta2O5 samples26, and it exhibits a short-wavelength absorption
edge at approximately 330 nm. Importantly, Ta3N5 cloth shows a
large red shift from 330 to 600 nm, due to the band gap narrowing
caused by the substitution of N for O atoms36, which agrees well with
the reported value for the bandgap (Eg < 2.1 eV) of Ta3N5 sam-
ples26,30. Furthermore, after the decoration of Pt, no obvious change
of absorption spectrum has been observed. These facts indicate that
both Ta3N5 cloth and Ta3N5-Pt cloth have a broad region of visible-
light photo-response, and therefore can be expected to act as excel-
lent VLD photocatalysts.

Photocatalytic activity. In order to investigate the potential of
Ta3N5-Pt cloth as VLD photocatalyst, the photocatalytic activity of
macroscopic Ta3N5-Pt cloth was evaluated by immersing the cloth in

Figure 2 | The photos and microscopy images of samples. (a–c) The photo and SEM images of as-prepared PVP/Ta2O5/Ta(OEt)4 composite nonwoven

cloth. (d–f) The photos and SEM images of Ta2O5 nonwoven cloth after the anneal in air at 600uC for 6 h. (g–i) The photo and SEM images of Ta3N5

nonwoven cloth after the nitridation at 800uC under NH3 flow (500 mL min21) for 8 h. (j–l) TEM images of nanofibers from Ta3N5 nonwoven cloth and

HR-TEM image of one nanoparticle in the nanofiber from Ta3N5 nonwoven cloth. (m–o) SEM image of Ta3N5-Pt nonwoven cloth, TEM image of

Ta3N5 fiber decorated with Pt nanoparticles and HR-TEM image of one Pt nanoparticle on the surface of the nanofiber from Ta3N5-Pt nonwoven cloth.
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the solution containing MB dye or colorless 4-CP as the model
pollutant (Figure 4). For comparison, bulk Ta3N5 powder, bulk
Ta3N5 powder decorated with Pt nanoparticles (denoted as bulk
Ta3N5-Pt powder), and mesoporous SiO2 powder decorated with
Pt nanoparticles (denoted as SiO2-Pt powder) were also prepared
and used as the photocatalysts. These bulk powders were also
characterized by XRD, SEM, BET, UV-Vis-NIR spectrometer or
TEM (Supplementary Figures S2–S6).

When MB dye was used as the model of organic pollutant, the
photocatalytic activity of macroscopic Ta3N5-Pt cloth was evaluated
by immersing the cloth (20 mg, size: ,2.5 3 3.5 cm2) in 60 mL
aqueous solution containing 10 mg L21 methylene blue (MB) dye
under visible light irradiation (l . 400 nm). When dissolved in
distilled water, MB dye displays a major absorption band centered
at 663 nm, which is used to monitor the photocatalytic degradation.
With the macroscopic Ta3N5–Pt cloth as the photocatalyst, the tem-
poral evolution of the absorption spectra of MB is shown in
Supplementary Fig. S7. A rapid decrease of MB absorption at wave-
length of 663 nm is observed, accompanied with an absorption band
shift to shorter wavelengths. The color of MB solution gradually
changes from initially blue to transparent as the reaction proceeds
(the inset of Fig. S7), indicating that Ta3N5–Pt cloth exhibits excel-
lent photocatalytic activity for the degradation of MB. For compar-
ison, the photodegradation of MB without photocatalyst (blank test)
and with SiO2-Pt, bulk Ta3N5 powder, bulk Ta3N5-Pt powder, or
Ta3N5 cloth, was also measured under the other identical conditions,
respectively (Figure 5a). The blank test indicates that the degradation
of MB is extremely slow without photocatalyst under visible light
illumination. By using bulk Ta3N5 powder as the VLD photocatalyst,

the photodegradation efficiency of MB can just approach 59.8% after
60 min of reaction. When using Ta3N5 cloth as the photocatalyst,
79.4% of MB is photocatalytically degraded after 60 min. This indi-
cates that Ta3N5 cloth exhibits higher photocatalytic activity than
bulk Ta3N5 powder, which can be attributed to its higher BET surface
area and hierarchical nanopores. Interestingly, after the decoration
with Pt nanoparticles, the Ta3N5–Pt cloth can degrade 97.2% of MB
after 60 min, indicating the highest photocatalytic activity. To
investigate the role of Pt nanoparticles in the photocatalytic process,

Figure 3 | The phase and pore structure, and optical characterizations. (a) The X-ray diffraction (XRD) patterns of Ta2O5 nonwoven cloth, Ta3N5

nonwoven cloth, Ta3N5-Pt nonwoven cloth and standard XRD pattern of Ta3N5 (JCPDS No. 89-5200). (b) Nitrogen adsorption–desorption isotherms of

the Ta3N5 cloth and Ta3N5-Pt cloth. (c) The ultraviolet–visible diffuse reflectance spectra of Ta2O5 cloth, Ta3N5 cloth and Ta3N5-Pt cloth.

Figure 4 | Schematic illustration of experimental setups and
photocatalytic process.
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the photocatalytic degradation of MB was conducted in the presence
of SiO2-Pt powder and bulk Ta3N5-Pt powder, respectively.
Obviously, the SiO2-Pt is inactive under visible light irradiation,
and the photodegradation of MB is even similar to that of the blank
test, which reveals that both SiO2 and Pt have no photocatalytic
activity. However, after the deposition of Pt, bulk Ta3N5-Pt powder
exhibits the improved photodegradation efficiency (83.7%) of MB
after 60 min, compared with that (59.8%) of bulk Ta3N5 powder.
These facts indicate that Pt nanoparticles can greatly improve
the photocatalytic activities of Ta3N5, which results from the fact
that Pt act as electron trap to facilitate the separation of photogen-
erated electron-hole pairs and promote interfacial electron transfer
process37,38.

When colorless parachlorophenol (4-CP) was used as the model of
organic pollutant, the photocatalytic activity of macroscopic Ta3N5-
Pt cloth was evaluated by immersing the cloth (20 mg, size: ,2.5 3

3.5 cm2) in 60 mL aqueous solution containing 1.28 mg L21 4-CP
under visible light irradiation (l . 400 nm). 4-CP as a typical pol-
lutant has no photolysis and no visible light absorption characteris-
tics in the photodegradation process. When the macroscopic Ta3N5–
Pt cloth was used as the photocatalyst, the temporal degradation of 4-
CP was determined by high-performance liquid chromatography
(HPLC) profiles (Supplementary Fig. S8). The peak with retention
time of 8.5 min is attributed to the initial 4-CP and is used to monitor
the photocatalytic degradation. As the reaction proceeds, the peak
decreases rapidly in the reaction, indicating that Ta3N5–Pt cloth
exhibits high photocatalytic activity for the degradation of 4-CP.

For comparison, the photodegradation of 4-CP without photocata-
lyst and with SiO2-Pt, bulk Ta3N5 powder, Ta3N5 cloth or bulk
Ta3N5-Pt powder, was also measured with otherwise identical con-
ditions, respectively (Figure 5b). The photodegradation of 4-CP
without photocatalyst and with SiO2-Pt, bulk Ta3N5 powder or
Ta3N5 cloth is extremely slow and nearly no 4-CP is degraded after
60 min. Surprisingly, after decoration with Pt nanoparticles, the
photocatalytic performances of both bulk Ta3N5-Pt powder and
Ta3N5-Pt cloth are dramatically improved for the degradation of
4-CP. After 60 min of visible light irradiation, the Ta3N5–Pt powder
exhibits higher photodegradation efficiency of 4-CP (87.2%) than
that by Ta3N5 cloth, which can be attributed to the enhanced sepa-
ration of photogenerated electron-hole pairs in Ta3N5-Pt hetero-
structure. With macroscopic Ta3N5-Pt cloth as photocatalyst, only
a 40 min period was required to decompose all the 4-CP in the
solution (Supplementary Fig. S8 and Fig. 5b), further demonstrating
the highest photocatalytic activity. Compared with bulk Ta3N5-Pt
powder, the outstanding photocatalytic activity for the degradation
of 4-CP by Ta3N5-Pt cloth can be ascribed to its relatively higher BET
surface area (23.1 m2 g21) and special hierarchical structure.

It is well known that mineralization is the ultimate goal in pollut-
ant treatment. Total organic carbon (TOC) value as an important
index for the mineralization of organic species, was studied in the
photodegradation of 4-CP (60 mL, 20 mg L21) by 250 mg of Ta3N5-
Pt cloth (Supplementary Fig. S9). It is clear that the TOC concentra-
tion of the solution continuously decreases, indicating that 4-CP is
steadily mineralized by Ta3N5-Pt cloth photocatalyst under visible

Figure 5 | Photocatalytic performances of Ta3N5-Pt cloth. The degradation efficiency of (a) MB aqueous solution (10 mg L21, 60 mL) and (b) 4-CP

aqueous solution (1.28 mg L21, 60 mL), versus the exposure time under visible light irradiation (l. 400 nm), in the absence of photocatalyst and in the

presence of SiO2–Pt powder, bulk Ta3N5 powder, bulk Ta3N5-Pt powder, Ta3N5 cloth or Ta3N5-Pt cloth. (c) DMPO spin-trapping ESR spectra recorded

at ambient temperature in the aqueous solution with Ta3N5 cloth for DMPO-?OH under visible light irradiation (l 5 532 nm). (d) Cycling

photocatalytic test of Ta3N5–Pt nonwoven cloth (20 mg).
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light irradiation. After 120 min of irradiation, the TOC concentra-
tion decreases from 10.76 mg L21 to 3.66 mg L21, reaching a high
mineralization ratio of 66%. This fact demonstrates that Ta3N5-Pt
cloth can efficiently degrade and mineralize organic pollutants under
the irradiation of visible light.

It has been reported that the conduction and valence band edges of
Ta3N5 at pH 0, are at approximately 20.4 V and 11.7 V versus
NHE, respectively39. Since the redox potential value of photogener-
ated hole (Q(h1)) is approximately equal to that (11.7 V) of the
valance band, the Q(h1) is lower than Q(OHN/H2O)(12.38 V versus
NHE)14. As a result, the NOH radicals can not be produced via the
direct oxidation of H2O molecules by photo-induced holes. The
photogenerated electron (Q(e2)) is more negative than Q(O2/
NO2

2)(20.33 V versus NHE), which allows the production of NO2
2

via the reduction of O2 by conduction band electrons. To confirm
this conjecture, the electron spin resonance (ESR) technique (with
5,5-dimethyl-pyrroline N-oxide, DMPO) was used to obtain the
information on the active radicals involved in the solution with
Ta3N5 cloth irradiated by visible light or un-irradiated. Because
NO2

2 in water is very unstable and undergoes facile disproportiona-
tion rather than slow reaction with DMPO40, the involvement of
NO2

2 was examined in DMSO in which the DMPO-NO2
2 has a longer

life time41. The characteristic peaks of the DMPO-NO2
2 adducts were

observed in DMSO solution with Ta3N5 cloth irradiated by visible
light (Supplementary Fig. S10), while no NO2

2 signal was detected in
dark under otherwise identical conditions, which are in good agree-
ment with the previous report42. Recently, there are several reports
revealed that the NOH can be generated from NO2

2 with the assistance
of the photoinduced electrons43–45. In our case, to confirm the pres-
ence of NOH in the photocatalytic process, the aqueous solution with
Ta3N5 cloth irradiated by visible light or in dark was measured by
ESR. As shown in Figure 5c, the four characteristic peaks of DMPO-
NOH (1525251 quartet pattern) were also observed in aqueous solu-
tion with Ta3N5 cloth irradiated with visible light, while no NOH
signal was detected in dark under otherwise identical conditions.
This fact demonstrates that the NOH can be produced from NO2

2,
which is similar to the previous reports43–45. These ESR results con-
firm that NOH and NO2

2 were produced in the solution with Ta3N5

cloth under the irradiation of visible light, and they are supposed to
finally induce the decomposition of organic pollutants.

Most importantly, the macroscopic Ta3N5-Pt cloth (present area:
,4.5 3 2.6 cm2) can be easily transferred and/or recycled in photo-
catalytic application. To evaluate the stability and reusability of mac-
roscopic Ta3N5-Pt cloth, a recycling test was performed, as shown in
Figure 5d. The photodegradation of 4-CP was monitored for four
cycles (each cycle lasted 60 min). After each cycle, the macroscopic
Ta3N5-Pt cloth was taken out and washed with water. Then the cloth
was immersed in the same volume (60 mL) of fresh 4-CP solution
again. The photocatalytic activity of Ta3N5-Pt cloth does not signifi-
cantly decrease in the cycling test and the photodegradation effi-
ciency of 4-CP can still reach 100% for the fourth cycle. Thus,
during four cycles, there is no significant loss of photocatalytic activ-
ity. The SEM image and the XRD patterns (Supplementary Fig. S11)
further confirm that there are no obvious changes in the morphology
and the crystalline phase of Ta3N5-Pt cloth before and after recycling
reactions, indicating excellent stability and reusability of Ta3N5-Pt
cloth.

Discussion
On the basis of the above results and energy band diagram, the
photocatalytic process of Ta3N5-Pt cloth can be proposed, as shown
in Figure 4. The photocatalytic activity of macroscopic Ta3N5-Pt
cloth was evaluated by immersing the cloth in aqueous solution
containing model pollutant due to its macroscale size (present area:
,4.5 3 2.6 cm2). Ta3N5 with the narrow band-gap (2.1 eV) has a

broad range of visible-light photo-response and can exhibit efficient
visible-light photoabsorption. The photocatalytic reaction is initiated
by the absorption of visible-light photons with energy equal or higher
than the band-gap in Ta3N5 semiconductor, which results in the
creation of photogenerated holes in its valence band (VB) and elec-
trons in its conduction band (CB). Because of the small particle size
of Ta3N5 nanoparticles (,25 nm), the charge carriers can quickly
travel to the surface of the catalyst from the interior. Then CB-elec-
trons easily flow into metal Pt through the Schottky barrier because
the CB (or the Fermi level) of Ta3N5 is higher than that of the loaded
metal Pt, which is consistent with the previous study on electron
transfer from semiconductor (such as TiO2) to Pt37,38. This process
of fast electron transfer contributes to enhancing interfacial charge
transfer and realizing the efficient separation of VB-holes and CB-
electrons in the heterostructures37,38. Thus, plenty of CB-electrons in
Pt component are available to reduce O2 to produce NO2

2, which can
be further transformed into NOH with the assistance of the photo-
induced electrons43–45. Under successive attacks by NO2

2 and NOH,
MB and 4-CP were effectively photodegraded, as demonstrated in
Figures 5a,b and Supplementary Figures S7–S9.

It is noteworthy that hierarchical pores in Ta3N5-Pt cloth are
supposed to play an important role in this photocatalytic process.
As mentioned above, there are plenty of nanopores with diameter of
,13 nm inside Ta3N5-Pt fibers and micro-pores with sizes of 0.2–
1 mm beside Ta3N5 fibers, probably resulting in two positive effects.
The one effect is that micro-pores with sizes of 0.2–1 mm increase the
photoscattering and absorption of visible light (Supplementary Fig.
S12), since the photoabsorption can be enhanced if the nanoarrays
are aligned with photonic-crystal microstructures, and/or the faceted
end planes of well-shaped crystals serve as good laser-cavity mir-
rors46,47 The other results from the fact that the hierarchical com-
bination of smaller nanopores and larger macro-pores can be
considered as transport paths48. It has been reported that chemical
reactions can occur more easily when the transport paths, through
which reactant molecules move in or out of the nanostructured
materials, are included as an integral part of the architectural
design49. The textural transport paths have been revealed to have
the beneficial effect on photocatalysis48,50. We believe that the pres-
ence of transport paths in Ta3N5-Pt cloth also benefits the pollutant
molecules to get to the reactive sites on the framework walls of
photocatalysts, which results in excellent photocatalytic activity.
Furthermore, these transport paths as well as macroscale size prob-
ably make Ta3N5-Pt cloth used as ‘‘microfiltration membrane’’ with
photocatalytic activity, probably resulting in a very promising
application as ‘‘photocatalyst dam’’ for the polluted river in the future
(Supplementary Fig. S13).

In summary, macroscopic Ta3N5-Pt nonwoven cloth with hier-
archical nanopores has been synthesized by an electrospinning-cal-
cination-nitridation-wet impregnation method. Such free-standing
cloth is composed of nanofibers constructed from Ta3N5 nanopar-
ticles, hierarchical nanopores and Pt nanoparticles. Under visible
light illumination, it exhibits excellent photocatalytic activities on
MB and 4-CP degradation. Furthermore, it can be easily transferred
and/or recycled, with good stability. It should be noted that the
present Ta3N5-Pt cloth is still relatively fragile, further work should
be carried out for obtaining Ta3N5-Pt cloth with better strength and
flexibility, and work in this direction is already ongoing. More
importantly, this work provides some insight into the design and
development of novel, efficient and easily recyclable macroscale
photocatalysts with nanostructure, for future practical photocatalytic
application, for example, as ‘‘photocatalyst dam’’ for the photode-
gradation of organic pollutants in the polluted river.

Methods
Materials synthesis. Synthesis of Ta3N5 nonwoven cloth. At first, 10 wt% Ta(OEt)4

was dissolved in an ethanol-acetic acid mixture (3.351, volume ratio). Then, 5 wt%
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polyvinylpyrrolidone (PVP, MW < 1300000 g mol21) was added to the above
solution. After vigorously stirring for 24 h, the precursor solution was loaded into a
plastic syringe and the feeding rate was kept constant at 0.3 ml h21 using a syringe
pump. A high voltage of 15 kV was applied between the orifice and grounded
aluminum foil at a distance of 20 cm. The collected PVP/Ta2O5/Ta(OEt)4 composite
cloth was calcined at 600uC in air for 6 h to obtain Ta2O5 nonwoven cloth. The Ta2O5

cloth was further nitridized at 800uC under an ammonia flow (500 mL min21) for 8 h
to obtain Ta3N5 nonwoven cloth.

Synthesis of Ta3N5-Pt nonwoven cloth. Pt (0.5 wt%) was loaded on Ta3N5 nonwoven
cloth by the photocatalytic reduction of H2PtCl6 in methanol aqueous solution under
a 300 W xenon lamp light irradiation for 4 h.

Mesoporous SiO2 was prepared according to the reference51. SiO2-Pt powder: Pt
(0.5 wt%) was loaded on SiO2 by the photocatalytic reduction of H2PtCl6 in methanol
aqueous solution under a 300 W xenon lamp light irradiation for 4 h.

Bulk Ta3N5 powder was prepared by thermal nitridation of bulk Ta2O5 powder
synthesized in our laboratory. Bulk Ta2O5 powder: 2.5 g Ta(OEt)4 was dissolved in
30 ml absolute alcohol to obtain Ta(OEt)4 solution, then the ethanolic Ta(OEt)4

solution was quickly added into 30 ml aqueous solution with pH8 under magnetic
stirring, the precipitate was collected by centrifugation, washed with ethanol and
distilled water, and dried in an oven at 100uC, then the dried precipitate was calcined
at 800uC for 3 h; Bulk Ta3N5 powder: Bulk Ta2O5 powder was nitridized at 850uC
under an ammonia flow (500 mL min21) for 15 h to obtain bulk Ta3N5 powder.

Bulk Ta3N5-Pt powder. The procedure of Pt loading is the same as that of Ta3N5-Pt
nonwoven cloth except that the Ta3N5 nonwoven cloth was replaced by bulk Ta3N5

powder.

Characterizations. X-ray diffraction (XRD) measurements were recorded on a D/
max-2550 PC X-ray diffractometer using Cu Ka radiation (l 5 0.15418 nm). The
scanning electron microscope (SEM) characterizations were performed on a Hitachi
S-4800 field emission scanning electron microscope. The transmission electron
microscope (TEM) analyses were performed by a JEOL JEM-2010F high-resolution
transmission electron microscope. The optical diffuse reflectance spectrum were
conducted on a UV-VIS-NIR scanning spectrophotometer (UV-3101PC, Shimadzu)
using an integrating sphere accessory. Nitrogen absorption–desorption measurement
were conducted on a Micromeritics ASAP 2020 nitrogen adsorption apparatus
(USA). The BET surface area was determined by a multipoint BET method using the
adsorption data in the relative pressure (P/P0) range of 0.05–0.3. A desorption
isotherm was used to determine the pore size distribution via the Barret–Joyner–
Halender (BJH) method, assuming a cylindrical pore model. Electron paramagnetic
resonance (EPR) signals of paramagnetic species spin-trapped with 5,5-dimethyl-
pyrroline N-oxide (DMPO) were recorded with a Bruker ESR 300E spectrometer. The
irradiation source was a Quanta-Ray Nd:YAG pulsed laser system (l 5 532 nm,
10 Hz). The total organic carbon (TOC) values were detected by a Shimadzu TOC-
VCPH total organic carbon analyzer.

Photocatalytic tests. Photocatalytic activities of the photocatalysts were evaluated by
degradation of Methylene Blue (MB) dye and parachlorophenol (4-CP) contaminant
in an aqueous solution under visible light irradiation using a 300 W xenon lamp
(Beijing Perfect Light Co. Ltd., Beijing) with a cut-off filter (l . 400 nm) as light
source. In each experiment, Ta3N5 cloth (20 mg, size: ,2.5 3 3.5 cm2), Ta3N5-Pt
cloth (20 mg, size: ,2.5 3 3.5 cm2), mesoporous SiO2-Pt (20 mg), bulk Ta3N5

powder (20 mg) or bulk Ta3N5-Pt powder (20 mg) as photocatalyst was added into
60 mL of MB aqueous solution (10 mg L21) and 60 mL of parachlorophenol aqueous
solution (1.28 mg L21). The temperature of the reaction solution was controlled at 22
6 2uC by cooling water. Before illumination, the suspension was mildly magnetically
stirred in the dark for 3 h to ensure that an adsorption/desorption equilibrium was
established between the photocatalysts and the target contaminant (MB and 4-CP).
When the remaining MB and 4-CP concentration needed to be measured, at given
irradiation time intervals (10 min), 3 mL aliquots were collected and centrifuged to
remove the remaining solids for analysis. Then, for the photocatalytic test of MB, the
absorption UV-vis spectra of the solution were recorded on a U-2910 UV-vis
spectrophotometer (Hitachi, Japan). For the photocatalytic test of 4-CP, the 4-CP
concentrations in the solutions were analyzed by high-performance liquid
chromatography (HPLC) using an Agilent 1100 series (USA) equipped with a diode
array detector (DAD) with wavelength set at 280 nm directly after filtration through a
0.22 mm hydrofacies syringe filter. The mobile phase was methanol (80%) and water
(20%) and the flow rate was 0.5 mL min21; In the TOC test, 250 mg of Ta3N5-Pt cloth
was added into 60 mL of parachlorophenol aqueous solution (20 mg L21). In the
stability and reusability test of the catalyst, four consecutive cycles were tested.
The catalysts were washed thoroughly with water and dried after each cycle, and then
the cloth was immersed in the same volume (60 mL) of fresh parachlorophenol
aqueous solution (1.28 mg L21) again.
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