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13 ABSTRACT: With the development of clean and renewable energy, hydrogen
14 produced via photoelectrochemical (PEC) water splitting has attracted considerable
15 attention. However, to develop the photoanodes with stable and excellent PEC ability
16 is still a big challenge. In our work, TiOhanorods decorated with boron doped

17  g-GN4 (BCN/TIOy) is fabricated via thermal polymerization method to improve the
18 PEC performance. The BCN/Ti@isplays 4-fold increase of the photocurrent density

19  (1.01 mA cn?) at 1.23 V vs. RHE under irradiation (100 mW%nAM 1.5 G). And

20 the onset potential of BCN/Tyexhibits a negative shift with 100 mV. Attributed to

21 the broad light absorption of BCN and hetero-junction forming between BCN and

22 TiOy, the IPCE values are increased to 87.8% in 380 nm, and the charge separation
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and transfer efficiency are both increased. Dopiegal-free inorganic material with
heteroatoms is a simple and efficient strategyntweiase the light absorption within

visible light and charge transfer efficiency in PB& photocatalytic applications.

Keywords. Hetero-junction, B doped gs8,4, TiO, Nanorods, Photoelectrochemical,

Water oxidation
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1. Introduction

Photoelectrochemical (PEC) water splitting is anpging strategy to obtain hydrogen
which is the cleanest energy because of its rebitia environmental friendliness
and high energy conversion efficiency [1-4]. Théasto-hydrogen (STH) efficiency
is related to the light absorption, the separatibphoto-generated charge carries and
kinetics of surface reaction [5]. T¥3s one of the most attractive semiconductors as
photoanode due to the low toxic and eco-friendiyireain addition to its low cost [3,
6]. However, TiQ can only absorb UV light (§3~3.2 eV) and possess rapid
electron/hole recombination and slow water oxidatkinetics [7, 8]. However, the
STH efficiency of the TiQis still very low. Until now, numerous methods baween
developed to solve these problems. The various starsture TiQ have been
investigated [9, 10], out of which the 1D Ti@anorods (NRs) has attracted more
attention as it exhibits more activate sites anavigles a direct electron transport
pathway for electrons [11]. Doping with non-met@kélement (C [12], N/Si [13], B
[14]), noble-metal decoration [15] are studied &oraw the band gap of TgOBeyond
that, establishing heterojunction (B O3 [16], TiO./In,O3 [17], NiTiO3/TiO, [18]),
or coupling with co-catalysts [19] are also invgated to improve the photoresponse
of TiO, in visible region and improve the separation aftplyenerated electrons.
Graphitic carbon nitride (gBls) as a metal-free inorganic semiconductor is a
promising material in PEC application, which posgsshigh thermal and chemical
stability, relatively low band gap energygEof 2.7 eV, high valence band (1.8 eV)

and conduction band positions (-0.9 eV) [20, 214s&1 on the proper band gap
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between TiQ and g-GN4, g-GN4/TiO, heterojunction has attracted more attention in
photocatalytic, photoelectrochemical and degradagipplications [22-25]. However,
the performance of g48l/TiO, is still limited by the small specific surface are
grain boundary effects and the poor electrical cetidity of g-GN4 [26, 27].
Recently, doping g-éNs with heteroatoms has been widely used in
photoelectrochemical cell due to its excellent tighsorption and improved electric
properties [28, 29]. For example, sulfur and ioddwped g-GN4 can narrow the
bandgap, and even decrease the reaction over-@btentomparison to g-§D, as
demonstrated by DFT calculations [30, 31]. ‘¢aal. fabricated B doped g8, via
heating the mixture of melamine and boron oxidghoto-degradate rhodamine B
and methyl orange [32]. The results demonstratedbfed g-GN4 exhibited more
excellent activity than that of gz, attributed to the extended light absorption and
the defected structure induced by boron dopingnRual. fabricated a nanojunction
architecture photoanode composing B dopedd;@anolayer and bulk g«8,. This
nanojunction overcame some limitation of gNg and improved the charge transfer
and charge separation efficiency [33]. These repdetmonstrate that B doped gNg
exhibits great potential in enhancing PEC applacatvia forming hetero-junction.
However, B doped g-Dl, decorated Ti® nanorods has not been investigated for
PEC water oxidation.

As discussed above, we construct a hetero-junatmmsisting of the Ti@
nanorods (NRs) and B doped gNz (BCN) via in-situ thermal polymerization

method. The introduction of B doping into gNG can extend the light absorption and
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improve the conductivity. The formed heterojunctibatween TiQ and BCN is
further expected to improve the light absorptiorgnpote the charges separation and
transfer process. Therefore, the BCN/Jifghotoanode exhibits four times higher
photocurrent density (1.01 mA &mat 1.23 V vs. RHE) than that of the BO
following with a 100 mV cathodically shifted ongmitential in 1 M NaOH (pH=13.6)
solution. Furthermore, the charge separation ise®aand the transfer efficiency
increase 1.4 and 2.5 times (1.23 V vs. RHE) that tf TiO, photoanode. The

BCN/TiO, shows a constant evolutior With 16.1umol h* cm? at 1.23 V vs. RHE.

2. Experimental

2.1 Prepared of all electrodes for electrochemical water oxidation

The TiQ, nanorods (Ti@ NRs) were grown onto FTO substrate by a
hydrothermal method according to our previous refid]. In a typical experiment,
the concentrated hydrochloric acid (HCI), deioniz@dl) water and titanium
isopropoxide (TTIP, Sigma-Aldrich, 97%) was preghr@ homogeneous solution
according to the volume ratio of 3:3:0.1. Then pinecursor solution was transferred
into a Teflon-lined autoclave reactor, in which iage of FTO was placed with the
conductive side facing down. The hydrothermal rieactvas conducted at 1%0 for
12 hours in an oven and cooled down to room tentperanaturally. The obtained
film was washed with DI water and dried at@0Finally, the sample was annealed at
450C for 2 hours and the rutile TiQvere obtained.

Then the BCN/TIQ and the contrast photoanode of ¢N¢ modified TiG

(CN/TiO,) were prepared via in-situ immersing and anneadipgroach. In a typical
5
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experiment, 1 g urea with 0.7 mL 0.1 M boracic aarmtd no boracic acid were
separately added into 14 mL,®l solvent to obtain a homogeneous solution. Then th
prepared TiQwas immersed into the mixed solution and mainthiioe 30 min. Then
taken them out and dried at ‘80 Next, the samples were heated to B5W0ith a
heating rate of &/min, and kept for 3 hours in tube furnace. ThenBICN/TiO, and
CN/TiO, photoanodes can be obtained, respectively. Bestlespure bulk BCN
powder was also prepared for comparison. In omlendintain the B doping content
in BCN consistent with BCN/Tig@) 1 g urea and 0.7 mL of 0.1 M boracic acid were
added into a crucible with a cover, then heate830C with a heating rate of’G
/min in tube furnace and maintained at this tenmtpeeafor 3 hours in the Ar
atmosphere. After cooling down to room temperatthre, pale yellow BCN powder

was obtained.
2.2 Materials and Characterization

All the chemicals were used as received, and thatisos were made with
Milli-Q water. The morphology was characterizedhnwsicanning electron microscope
(SEM, FEI Quanta 250 FEG) and transmission electmitroscopy (TEM,
FEI/Philips Tecnai G2 20) with an accelerating agé of 200 kV. The X-ray
photoelectron spectroscopy (XPS) datas were olstaime a Thermo Scientific
K-Alpha X-ray photoelectron spectrometer with a mdmomatized Mg K X ray
source (lh = 1283.3 eV). The binding energy shifts were cdaé by using the Cls
level at 284.8 eV as an internal standard to cosgaerfor the surface-charging effect

during data analysis. X-ray diffraction (XRD) patte were monitored by a Bruker
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D8 diffractometer using Cu K radiation £ = 0.15418 nm) as an X-ray source.
UV-vis spectra were recorded by U-4100 (HITACHI)esfrophotometer. The
photoluminescence (PL) spectra were recorded ahrtamperature with F-4600
(HITACHI) luminescence spectrometer. Fourier transf infrared (FT-IR) spectra
was collected on a FT-IR spectrometer (Nicolet i$hermo Scientific) using a

standard KBr pellet technique.
2.3 Photoel ectrochemical measurements

The PEC performance data were obtained with the C60DE (Shanghai
Chenhua, China) workstation with 1 M NaOH (pH=136)ution as the supporting
electrolyte. In addition, a three-electrode systeas used in our experiment. The
prepared photoanodes were used as working elestrtiae platinum (Pt) sheet was
used as counter electrode and the saturated calelettode (SCE) was used as
reference electrode. The electrolyte was purgett Wigh-purity Ar for 30 min to
remove dissolved oxygen and carbon dioxide, whahmrevent the compete reaction
from oxygen reduction and the decreasing of thewvaHlie [34]. The solution is
irradiated using a 500 W Xe-lamp (CEL-5@EAULIGHT), which is coupled with
an AM 1.5 G filter. The light power density wasibedted to 100 mW cihiwith light
power meter (CEL-NP2000-2). Linear sweep voltamyn@iEV) was performed with
a scan rate of 10 mV's The stability test was carried out with amperainet
measurements (i-t) under illumination (100 mMWZ%mM 1.5 G), which the voltage
was at a fixed potential of 1.23 V vs. RHE. The wdmromatic IPCE was also

calculated at a fixed potential of 1.23 V vs. RH&tng different cut-off filters (365

7
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nm, 380 nm, 420 nm, 435 nm, 450 nm, 475 nm, 500 amd 550 nm). The

electrochemical impedance spectroscopy (EIS) wasurdented in the frequency
range of 100 kHz to 0.01 Hz with an AC voltage atnde of 10 mV at a bias of 0.2
V vs. RHE in 1 M NaOH solution. The Mott-Schottkyop was collected in a

potential range of -0.8~0.6 V vs. RHE with a fregeye of 1 kHz in the dark. The
evolved H and Q were detected using gas chromatography (GC-792naC

detection limit: H 50 ppm, @ 1000 ppm) with Ar as a carrier gas. The gas eiariut
by photoelectrodes was regularly collected by a umhbrinjector quantitatively

analyzed by gas chromatography (GC). And the am@ases were calculated
according to the corresponding standard curve ects@ly. All the electrochemical
experiments were carried out at room temperatulledh& potential in the experiment
was converted to reversible hydrogen electrode (R¥yEhe Nernst equation:

Erve =Eve scet Esoet 0.059pF

where the E,. is 0.2412 V at 2.

3. Resultsand discussion

As illustrated in Fig. 1, the TiONRs photoanodes is obtained via hydrothermal
method [12] was chosen as a prototype for investigahe PEC performance. Then
the TiO, NRs is decorated with BCN after impregnation andealing treatment.

SEM and TEM images are characterized the morphedognd structures of the
TiO, and BCN/TIQ. As shown in Fig. 2a, the Tiare uniformly grown onto FTO
with the average diameter of 80-150 nm and a len§®um (inset of Fig. 2a). The

BCN islands are clearly observed on T7¥a a thermal polymerization route (Fig. 2b).
8
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Fig. 2c provides the clear morphology of a single nada@bTiO,. The lattice fringe
of 0.323 nm (inset of Fig2c) is corresponding to the (110) plane of tetraddmO..
Fig. 2d shows the Ti@is all surrounded with the BCN film, which agregsll with
the linear EDX image (Fig. S1). The boundary betw@&CN and TiQ can be
distinctly observed in Fig. S2. The thickness & slarrounded BCN film is calculated
to be 2~10 nm. To further testify the existenc®6N, the FT-IR spectra of the TiD
BCN, and BCN/TiQ are further confirmed (Fig. $3Compared to the TKEONRs and
BCN, the typical peaks of BCN can be clearly obsdrin BCN/TiQ at ~3200 cnf
(C-H) and 1250~1650 cM(C-N) [35]. And the characteristic peak of Ti-Ofésind at
500~1000 cnt [36]. These results indicate the existence of B&te BCN/TiQ.

The X-ray photoelectron spectroscopy (XPS) is aelyto determine the
element analysis and chemical composition of afigas. Fig. 3 illustrates the XPS
survey spectra and high-resolution XPS spectra itierdnt elements. Fig. 3a
represents the presence of B, C, O, N and Ti ataimigh is consistent with the linear
EDX image. Fig. 3b has displayed the high-resoluti® 1s peaks of BCN and
BCN/TiO,. The peak at 192.0 eV of the BNC is correspondmghe typical B-N
bond [37, 38]. The peak at 190.7 eV of the BCNATi®at a lower binding energy
than that of BCN, indicating some of the boron a&are less electropositive than that
of BCN [37]. The characteristic peak of Ti-O-B-O{Ii91.6 eV) is not discovered in
BCN/TiO, [14], indicating no B atom doped into the Fi@anorod lattice for
BCN/TiO,. Fig. 3c has shown the high-resolution spectralioRp in BCN and

BCN/TiO,. The Ti 2p XPS spectrum is divided by Tisgpand Ti 2p,, peaks. For



10

11

12

13

14

15

16

17

18

19

20

21

22

pristine TiQ, the Ti can be fitted with the binding energiestb8.8 eV and 464.6 eV
peak for Ti 2g and Ti 2p,,, respectively [39, 40]. After modified with BCNhe two
Ti 2p peaks decrease to 458.6 eV and 464.4 e\ectesply. The negative shift of Ti
2p can be attributed to the changing of electrmudldensity around TiOsurface
binding interaction, which is consistent with thespive shift of B atom in BCN/Ti@
This phenomenon predicts an electron transfer flB@N to TiO, [19]. As shown in
Fig. 3d, the C1s XPS spectrum of BCN/Zif@veals three different signals at 284.7,
286.0 and 288.7 eV, respectively. The peak at 28¢.8 ascribed to graphitic carbon.
The weaker C peak located at 288.7 eV can be assigm sp-bonded carbon
(N—C=N) [20]. As a result, the BCN is successfubrered onto the surface of HO
photoanode, which is consistent with the resultsthef TEM images and FT-IR
spectra.

The crystal structure is revealed by X-ray diffragt(XRD) as shown in Fig. 4a.
The obvious peak of BCN spectrum at 27.5° can Hdexed to the (002) interlayer
spacing and correspond to the characteristic piterar staking peak of aromatic
system [31]. The diffraction peaks at 36.4°, 6258 65.8° are corresponding to the
(101), (002) and (112) crystal plans of rutile Ti@spectively (JCPDS 21-1276) [41].
The BCN/TIQ shows no diffraction peaks at 27.5°, owing to alsamount of BCN.
Apart from the peaks of the BCN and 3}jGhere is no additional peak can be
observed in BCN/TiQ indicating the BCN can not change the crystalphaf TiQ.

In order to investigate the influence of BCN on tiglit absorption, the normalized
UV-vis spectra of TiQ, BCN and BCN/TiQ are collected. As Fig. 4b shown, the

10
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spectrum of TiQ@ shows a strong absorption in UV region but de@ga$arply at the
wavelength of 410 nm. The slight absorption in blisiregion is caused by the
undetected light scattering, which nearly has recefduring the PEC water splitting
process [42]. The absorption edge of BCN is ab@0tam. It can be clearly observed
that the BCN/TiQ show slightly red-shifted compared to 3jQvhich is ascribed to
the light absorption of BCN [43]. According to tAauc plot (hv)¥? vs. ), the
band gap of TiQg BCN and BCN/TiQ are calculated to be 3.0 eV, 2.69 eV and 2.9 eV,
respectively [12, 44]. The changing of band gap banattributed to the bonding
between BCN and Ti© The result indicates an extended absorptiondswed to the
BCN/TiO, which implies a better PEC performance. PL speidra convenient
technology to indirectly evaluate the charge sdjparand transfer abilities [45, 46].
As Fig. S4 shown, the PL intensity of CN/Ti@@ smaller than that of the TiOFor
BCN/TiO,, the PL intensity can be further decreased, imglyhe charge separation
may be further promoted by BCN/TiOthan that of CN/Ti@ These results
demonstrate the increased light absorption and dugagt separation of
photo-generated charge carriers will be beneffoilaPEC water oxidation.

The PEC performance of all prepared photoanodesagestigated both in dark
and light illumination and the results are showirig. 5. The LSV curves of the T}O
and BCN/TIQ were recorded in 1 M NaOH electrolyte under lighadiation (AM
1.5 G, 100 mW crf). Firstly, a series of BCN/Ti© obtained with different
concentrations of BCN were tested to optimize tbetent of BCN. The prepared
BCN/TiO, was denoted as x % BCN/TiGaccording to the content of the urea

11
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precursor (X wt%), and the results are showrrign S5. Among them, the highest
photocurrent density can be obtained for the BCOYTi7 %). In the dark, the TiO
and BCN/TiQ photoanodes show negligible current over the wpotential window
(Fig. 5a). For comparison, the photocurrent degsitif TiQ, CN/TiO, and BCN/TiQ
are both measured under light illumination. As shaw Fig. 5a the photocurrent
density of the CN/TiQis 2.9 times higher than that of the pristine J{0.23 mA
cm?, Erne=1.23V). After B doping, the photocurrent densifyttee BCN/TIQ; further
increases to 1.01 mA ¢h(Erne=1.23V), which is approximate four times largerrtha
that of TiG. In addition, the onset potential of the BCN/Ti€thodically shifts 100
mV. The incident photo-to-current efficiency (IPCE9 measured under light
illumination at 1.23 V vs. RHE with different cuftdilters, which can be calculated
with the following equation:
IPCE(%) 5 1246 ) (Ax BA))|x 100

where Jp is the photocurrent density (mA @n PQ) is the incident-light power
density for each wavelength (mW @én and thel is the incident-light wavelength
(nm). As shown in Fig. 5b, the maximum IPCE values of ;T&dd BCN/TiQ are
both recorded at 380 nm, which are 36.6% and 87r8%pectively. Furthermore, in
the entire visible region investigated, the IPCHuga of BCN/TiQ are already two
times higher than that of the Ti(Qphotoanode (inset of Fig. 5b). In a word, the
BCN/TiO, shows a better IPCE response over the entire weagti range
investigated, which is well matched with the UV-gjgectra.

To investigate the charge transfer process, thenig#8surement was performed

12
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in dark and light illumination (AM 1.5 G, 100 mW &nat an AC frequency from 100
kHz to 0.01 Hz. As shown in Fig. 5c, the Nyquisttpdf BCN/TiO, obtained in dark
exhibits a smaller diameter than that of the CNjJi@dicating the conductivity can
be improved after B doped g:i€,. Under illumination, the BCN/Ti@displays the
smallest charge transfer resistance)(Bmong the TiQ CN/TIO, and BCN/TIQ
photoanodes, indicating the charge transfer procasse promoted at the interfacial
of photoanode/electrolyte. The result indicates tharge-transfer barrier at the
electrode interface is decreased, so that the watdation reaction is easier to occur
and a cathodically shift of onset potential app¢4r$. These results agree well with
the LSV curves (Fig. 5a) and PL spectra (Fig. $#prder to deeply investigate the
intrinsic electronic properties, Mott-Schottky (M$)ots are collected in dark to
obtain the flat-band potential {£ Just as Fig. 5d and Fig. S6 shown, the positive
slopes of TiQ and BCN plots indicate the n-type semiconductoili@, and BCN.
And the flat-band potential ¢ of TiO,, CN/TiO, and BCN/TiQ is calculated to be
-0.06 V, -0.12 V and -0.23 V vs. RHE, respectivdlge negative shift of f£implies
the charge flow from BCN to Ti§) which decreases the chance of electron/hole
recombination [24]. Simultaneously, the MS resuw@dindnstrates the BCN/TiChas
the highest charge transfer efficiency compared WitD, and CN/TiQ, which is
conductive to improve PEC water oxidation perforoen

For further investigating the PEC performance oNBGO,, the light harvesting
efficiency (LHE, LHE=1-10"), charge separation efficiencys§) and surface charge
transfer efficiencyiansie) are calculated. Fig. 6a shows the LHE spectithefTiO,

13
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and BCN/TiQ. It is obvious that the LHE enhancement of the BG®, (1.1 times)

is much smaller than the IPCE enhancement (2.4s)iméhich indicates the extended
light absorption is not the main reason for theagrded PEC performance. In order to
explore the detail information of charge separatéfficiency and surface charge
transfer efficiency, a hole scavenger {8i@;) was added into the electrolyte during
the experiment, which can eliminate the energy imske oxidation process [48]. Fig.
S7 displays the LSV curves of Ti@nd BCN/TiQ before and after adding 0.1 M
NaSGs. Since the hole capture kinetics of 8&; at the semiconductor/electrolyte
surface is very fast, the charge injection effickercan be assumed 100% [49]. The
photocurrent density of PEC water oxidation can loescribed by
Jn20=JabsMsepNiranster Without 0.1 M NaSGs. Thus, the photocurrent density after
adding NaSG; can be calculated byab=Jisemsep According to our previous report
[50], the Jpsof the TiQ and BCN/TiQ photoanodes are calculated to be 1.6 mA:cm
and 2.0 mA-cri (Fig. 6b), respectively. The addition of 480; has no effect in
changing the pH, light absorption o Eor the electrodes, so thg,ssshould be same
for each photoanodes. Thus, thg, andnyanster cCan be obtained bywabsodJans and
J2o/INazsos respectively. Fig. 6¢ expresses that the chagparation efficiency of the
BCN/TiOy is higher (54.9%, vs. 1.23 V) th an that of pnstiliG, (38.9%, vs. 1.23 V).
This implies the recombination of photo-generatktteon/hole pairs is effectively
restrained after modified with BCN, owing to thdi@ént improved charge transfer
from BCN to TiQ. As exhibited in Fig. 6d, the prominent enhanckdrge transfer
efficiency is observed in BCN/TgOphotoanode (91%, vs. 1.23 V), which increases

14
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1.53 times than that of TiQphotoanode (36%, vs. 1.23 V). Therefore, the BQDYT
composite photoanode has excellent photocatalgticity on PEC water splitting.

The stable performance of the Fi@nd BCN/TiQ electrodes for water oxidation
is also investigated. The stabilities are evaluatigd amperometric measurements (i-t)
under illumination (100 mW cify AM 1.5 G), which the potential is set at 1.23v¢.(
RHE). Fig. 7a has displayed the corresponding usves of BCN/TIQ and TiQ
photoanodes. For BCN/Tgphotoanode, the photocurrent density goes stewality
the time increasing and has no obvious decay eften@h. On the contrary, the TiO
electrode exhibits reduced stability, which the tplbarrent density decreases
approximately 19% after 6 h. This result indicatest BCN could be contributed to
the augmented stability of Ti@lectrode.

In order to validate whether the anodic photocurrgenerated by the
photoanode is the exclusive result of €olution, the producedind Q are both
quantified by GC under light irradiation (AM 1.5 80 mW crif). In addition, the
gas products are injected into gas chromatogra@i@) for quantitative analysis. As
Fig. 7b shown, the constant levolution of BCN/TiQ photoanode is ~16mol h*
cm? with the testing period of 6 h, which is 10.7 tsrlarger than that of pristine
TiO, photoanode (1.mol h* cm?). The Q evolution of BCN/TIQ is about 7.4
umol h* cm®. In addition, the molar ratio of the produceglamd Q is 2.17, which is
close to the theoretical value for overall watelitspg. As a consequence, the
introduction of BCN indeed enhances the PEC watitiag process.

The mechanism of the BCN/Ti(hotoanode for enhanced PEC performance is

15
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also been proposed (Fig. 8). The valence band @fHBCN is calculated to be 5.72
eV by subtracting the secondary electron onsetipasdf the He | UPS spectra from
the excitation energy (21.2 eV) (Fig. S8) [51]. Matence band of TiQis 7.22 eV as
reported by our previous study [52]. The bandgapiOt and BCN are determined to
be 3.0 eV and 2.69 eV from Tauc plots (Inset of. Big). Therefore, the conduction
band (CB) of the TiQand BCN is calculated to be 4.22 eV and 3.03 espectively.
According to the reference standard for which Oev¥sus RHE equals -4.44 eV versus
evac (vacuum level), the VB and CB values of JJand BCN in electron volts can be
converted to electrochemical energy potentialsalisv Consequently, the VB values
of TiO, and BCN are 2.78 and 1.28 V (vs. RHE), respegtiv®bviously, the CB
values for TiQ and BCN is -0.22 and -1.41 V (vs. RHE). Basedmenrhatching band
gap positions, a heterojunction is formed betwdgenBCN and TiQ which is the
driving force of charge transfer [53]. Under lighimination, BCN and TiQ absorb
incident light and generate the electron-hole pa#fributed to the appropriate
position and the build-in electric field, the phajenerated holes can transfer from
TiO, to BCN, and electrons transfer in the oppositedtion. Finally, the holes
captured water molecular for,@volution in the interface of photoanode/electi®|y
and the electrons are consumed Byfét H, generation at the Pt counter electrode.

Consequently, the BCN/Tincreases the PEC water splitting.

4. Conclusions

In summary, the BCN/Ti@ photoanode was successfully synthesized by aefacil
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thermal polymerization method. As results, the BGA displays 4-fold increase of
the photocurrent density (1.01 mA &at 1.23 V vs. RHE under irradiation (AM 1.5
G, 100 mW crif). And the onset potential of BCN/Ti@xhibits a negative shift with
100 mV. Attributed to the heterojunction between NB@nd TiQ, the charge
separation and transfer efficiencies of the BCN{TiGisplay a remarkable
enhancement, which are 1.4 and 2.5 times (1.23 VRKE) than that of Ti®
photoanode, respectively. The maximum IPCE valueciseased to 87.8% in 380 nm.
Besides, the IPCE value approximately two timeshéigthan that of Ti@in the
entire visible region investigated. The constant éVolution of BCN/TIQ is
approximately 16.imol h* cm? at 1.23 V (vs. RHE). The observation of this study
provides rational strategies for designing compgogihotoelectrodes by tuning

compositions and forming heterojunction to enhadPEE water splitting efficiency.
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Fig. 1 Schematic diagram of the BCN/Ti@hotoanode.
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Fig. 2 SEM images of the TigXa) and BCN/TiQ (b). TEM images of the Ti©

(c) and BCN/TIQ (d).
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1 BCN/TiO, under light illumination (100 mW cf AM 1.5 G), in which the

2 dots represent experimental data and the solid lne the fitting curves.

3

4  Fig. 8 Schematic illustration of the BCN/Tiphotoanode.
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BCN/TiO, hetero-junction is fabricated via in-situ thermal
polymerization method.

A 4-fold increase of the photocurrent density is obtained for
BCN/TiO..

The onset potential of BCN/TiO, exhibits a negative shift with 100
mV.

Light absorption and charge separation/transfer process are improved

for BCN/TiOs.



