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Abstract

Hexahedral Ta,0s;@Tas;Ns photocatalyst was successfully prepared by high temperature nitriding
assisted by mixed molten salt. Hexahedral Ta,0s was prepared by adjusting the flux type, the ratio
of mixed molten salt and the ratio of Ta;0s5 to mixed molten salt and other technological condi-
tions. The optimal preparation conditions were as follows: NaCl and Na,CO; mixed molten salt
(molar ratio: 1:1) as flux, and the ratio of Ta;0s to mixed molten salt was 1:3 (mass ratio). After
being nitridated at 800°C for 3 h, the hexahedral topological structure was still maintained. A
step-by-step controlled synthesis process was established. Using the irregular morphology of
Ta;0s synthesized by hydrothermal method as precursor, the hexahedron Ta,0s;@Tas;Ns with
core-shell heterostructure was prepared by nitridation at 800°C for 4 h using mixed molten salt
assisted technology. The synthesis process of crystal plane control and heterostructure construc-
tion was established. The photocurrent density reached 0.57 pA-cm-2, which was 2.03 times that of
the former (0.28 pA-cm-2), and was an order of magnitude higher than that of the previous irregu-
lar morphologies Ta;0s@TazNs. The activity of hydrogen production was 709 pmol-g-1-h-1, which
was much higher than that of the irregular morphology (21.75 pmol-g-1-h-1). The edges and angles
of the hexahedral morphology change the volume phase charge distribution, and the construction
of TazNs/Ta;0;5 heterostructure effectively promotes the hole separation of photogenerated elec-
trons, improves the efficiency of carrier separation, and lays the experimental foundation for the
further realization of surface space selective modification of co-catalyst.
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1. 518

G VBB SIS 1™ I REIR R B IREETT Y DL R U . B URBE ™ 20K, AT A
Gyiski, AALKOEEEHREIL. R TR WAL 7 i K8 i B R AT SR AR - TagNs I
TR AT FE 1) 600 nm (FRT WG, B E & TEBAOK DRI ALE, W20 2.1eV, Hig FKIHAE
P NRRERCRATIE 15.9%, AR AT L R 2] HIAAEB FiettE. B Tr5E
By AR SR MR EEREZE SR L, BRI T ARG TR A SE PR

TR IT R R, JeE R BRI [3]. B TR AR K BB, e AR
HREFRESZE[4]. AR SEKDELEIERAR, PUKREE SRR & 6 SR fe gt 4
FLTRT ) 23 2 MU A2 1O RG& AR (5], F BT DAFEAN [ ) et 1o _E > O B B AL 7. Teshima M H & 1E#
X BRI R A KR AN i R AT RE W IT, JF0E T — RIVE A 5K, W LaTiO N, BaTaO;N.
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BaNbO,N #1 LaTaON, %5 [6] [7]. K FH B A= Kk s D A4 £ T BaTaO,N 4% [ 7 4 & 1 ({1003 A1{ 110}
dm ) [8], SEIL T 7% B AT A R0 B, Gl =SS 1 LU AR TR PR A ot 1 ' e = 0 e v
i 10 fi%,

AN PR R A T B R 45 7T DL R moe A 125 0 o B SR B RO . B4 9] [10] T A
A AR AR TZ I T Ta,0s@TaON@TagNs 2 B 57 i 45, & T 7 OGAEBIR 170 B R S r] W,
e AT AT . HETT, DL Rh®-Ta,Os GKBURNATIR (A, KA — @it Z AR AR, #4%
1B % H R R A Rh-Rh* &1 Ta;0s@TaON@TagNs P9k AT, WE—BHTH A 8+ 4 2 4%
AT WG R AR KT T 1

A B AR I TR S 0 S A R (R D R R SR e, R R G SRR B miR A B R, A
A% 7 5 SR S5 AL B 7S TR TE 3 Ta0s@TagNs G, X LUaR 8 40 045 il & i L 2 5 R P s hl & L 2
HIAFRE S TS B A 3R T B, RGP~ I AL R G540 B mT ISR A b S e AT T RALE,
ik — 3B I K i R0 TagNs FEGHEAL IS T % .

2. SCIGERSY
2.1. FE5RA

A TaCls (7r#fral), WIrEETM A RAR: WE(IT4E). SR iral), RETCEREA
BR2E] ;s NaCl (4 #r2l). NapCOs (43 #r4l). NaOH (73#r4k), RE AL KAk F i IR 2 A .

A% B P MXG1200-40S,  EilEHATIF AR AR W] 350 W, L@ FAERAR: X 5
LEATHHY Shimadzu XRD-6000, H A& id AR & 47 RS Tecnai G*TF20, £[H FEI Aw; £04Mk
WA VERTEX 80, ZEHAGE WA RNZF AR JLHFMIK CHIGE0E ALY TEu:, FigREFRAR;
FEEIIR Labsolar-1NAG, Jb50AEERHGA TR A .

2.2. FNHEEH Ta,0s@TasNs PRI EL TR AT &

2.2.1. TR Ta,05 BIR ARk #kl &

Ta,Os A R4 1 2. HX 0.05 M [#) TaCls ZEHE T ke, 72 % IR+ T A 0.01 M NaOH ¥,
2.28 M 0.5 mL HF ¥R, FrdlRfFaldit 1 h J5 s iR AR 2 R UM O R M, 4 160C 3h K
PIEAHE R, YRk ERT.

2.2.2. REHF Ta,0s@TasNs KA TR BIEFI & 5L

I — 5 EIC U SR Ta0s £ 5, I — 2 & (1 BEFITE IS HE O i S 15 min J5, 7ESblrhs
AR, SR THT (L)~ (3) A 7] S5 2% A il 5 7S THIAR T35 1K) Ta 05 4K AT o

1) WifE7Fh25: NaCl. Na,COs. NaCl + Na,COs (BE/K H Ay 1:1)

2) IREWETARFE LG NaCl+ Na,COs (BE/REL4r 508 1:1. 1:2. 2:1)

3) Ta,0s HIRA M EARXT LLp: 2:1, 1:1. 1:2, 1:3

P22 800°C &AL 3 h RN HATESR Ta0s@TasNs £, ith Ta,0s@TasNs-725

2.2.3. REHF Ta,0:@TasNs KA TR EIZIEHI & 5L

B —E m T MTES Ta,0s FE85h, I —E & NaCl + Na,CO; (BE/REEN 1:1), 5 Ta,0s FEfh i & b
N 1:3, (EHISHHEATR B 15 min J5PAENI K& A, RE TE i@ NE R, 4 800 CE A 4 h,
BN Ta,0s@TagNs FEdh, 124 Ta,0s@TagNs- 25 .
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3. RS
3.1 AT Ta.0 MKAA NI E T LR
3.1.1. BOYEFHITHAERT Ta,0s FEERKIF MM

1 AN B30 4% Tag0s AR HEAL TR SEM [ER . 45 R3], NaCl + Na,COs (BE/RLEN 1:1)
REWEEEAENINIET, Ta,O0s FEM HHBL 7 IR N ATES, EIFAEE. AT NaCl + Na,COs (BE/RLE
N LR AN S E G AR

54800 20.0kV 7.0m
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S4800 20.0kV 7.3mm x150k SE(M)

Figure 1. SEM images of Ta,Os samples prepared by (a) NaCl (b) Na,CO; (c) Na,CO3: NaCl
molar ratio 1:1

& 1. &Eh45%(a) NaCl (b) Na,COs (c) Na,CO3:NaCl EE/REE 1:1 Frll15 Ta,05 2K S 1
L7 SEM Elf%

3.1.2. REEIACELXT Ta,05 FESRAIF N

2 9 Na,CO3 Fil NaCl B4 H5 EhAS [F] LU 5] il £ Tap,0s 40KV AL 71K SEM EUK . 45 R EH — &
IS THARTE S BR f B, Na,COs Al NaCl JBE/R LR 11 B, Ta,Os FE dl [ /S TR S i 51, T I,
Na,CO; fl NaCl EE/R LRy 1:1 s tE Ll

HRBNU/SU70 15.0kV 15.5mm x70.0k SE(U)
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HRBNU/SU70 15.0kV 15.7mm x80.0k SE(U) 500nm

HRBNU/SU70 15.0kV 15.5mm x50.0k SE(U) I

Figure 2. SEM images of as-prepared Ta,Os samples under the mixed-molten-salt NaCl:
Na,CO3; molar ratio of (a) 1:1 (b) 1:2 (c) 2:1

[ 2. SRAMEEL NaCl:Na,CO; BE/REE 5334 (a) 1:1 (b) 1:2 (¢) 2:1 Fihl#G Ta,05 #E Y
SEM Elf%

3.1.3. Ta,0s SR AIBEL L BT Ta,0s B FRAIR M

| 3 N Ta,0s FITR A 16 AN [FIAH T EL il 4 Ta,0s 9K e iEAbTRIHI SEM Bf% . Hr Ta,0s FITR A4
oy 22 B, FERHIL T A LOBAE) 11 B, STEATES R INGE R LLEHAR) 1:2 i, AR T
&, REREDS: UMW 13 B, Ta,0s RIHARI ). B ERARE/INZ 60 nm) /ST TES .
1M, W€ TaOs FIVRA 14 25 R AL L 1:3,
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HRBNU/SU70 15.0kV 19.5mm x30.0k SE(U) 1.00um

HRBNU/SU70 15.0kV 12.2mm x80.0k SE(U) SOOnmI

HRBNU/SU70 15.0kV 16.1mm x30.0k SE(U) 1.00um
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HRBNU/SU70 15.0kV 17.3mm x60.0k SE(U) 500nm

Figure 3. SEM images of Ta,05 nano-photo catalysts with the relative ratios of Ta,Os
and mixed-molten-salt of (a) 2:1 (b) 1:1 (c) 1:2 (d) 1:3

3. Ta,05 FLE A IEELEL 543 51 J3(a) 2:1 (b) 1:1 (c) 1:2 (d) 1:3 ER#I15AY Ta,0s 2K
KIAEALFIHT SEM ElfR

3.2. FNHEEFH Ta,0s@ TasNs PKFLAELTIHIE T ZHX LR

K 4 NNTHAATE Ta05@TasNs-70 25 & A dh LR N TH R TE Ta,0s@TagNs-[Fl20 6 b i (1) SEM &
&, SRR PP ERTEEFEPERITE, BIREHIAS 2 Bk R /N AT 3 Ta,05@TasNs 44K e i
L

HRBNU/SU70 15.0kV 18.1mm x100k SE(U)
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HRBNU/SU70 15.0kV 15.8mm x50.0k SE(U) I

Figure 4. SEM image of (a) step by step synthesis of hexahedron Ta,Os@TazNs
(b) simultaneous synthesis of hexahedron Ta,Os@TasNs

El 4. @) SEERSEER Ta,0s@TasNs, (b) ElEE B SEAR Ta,0s@TasNs-
B SEM Elf&

N, DR AL T AN IR T2 A A i A i R S FIRAT R RS . 5] 5 R B IR A R 1
TSR Ta,0s@TagNs #5705 & oS TH AR TE Ta,0s@TasNs £ f L [Al 5 & N A TE Ta,0s@TagNs
FESR e B2k . SRR, [P & M NHATE Ta,0s@TagNs £ it 6 B itiA £ 0.57 pA-cm?,
S A N TARTE Ta,0s@TagNs 15 f 2.03 £, 1t 5 T B3 SR A H 4 1) Ta,0s@TagNs £ (0.01
pA-cm™?), SGEFRA T —AMNES, B TSR EE T
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Figure 5. The photocurrent density curves of irregular morphology
Ta,Os@Ta3Ns, step by step synthesis of hexahedron Ta,Os@TasNs and
simultaneous synthesis of hexahedron Ta,0s@TasNs

E 5. FTHNFER Ta,05s@TagNsy 75 E R Ta,0s@TagNs-93 5 LA K 75
i} Tazos@Tast-Iﬂif%EEiﬁ%fEHéﬁ
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3.3. FSEHIER/SE &R Ta,0s@TasNs BY4E R EHIFRAE
3.3.1. XRD 4347

M XRD #E5T 1 A& BN THARTE Ta,Os@TagNs 4544, Hi&l 6 AT LA SR, ] 17.25°, 24.42°,
31.35°.34.97°.35.94°.39.27° 1) T BT ST N TagNs [7(002)+ (110) & #% i (JCPDS N0.19-1291) L) & (-203)
(004). (113)F1(-402)#HI(JCPDS No.79-1533), HIFAHY TagNs. 1M1 29.94°, 53.52° L | Ta,0s [1(220)
H1(004) i 11 (JCPDS No0.54-0432) (1) §5 1T 0, Y5 T FE i A% R BAL ) Ta,0s, Ta,Os@TagNs FF it 7 4% 76
SERIFFAE[9] [10] 6

0T33N5
vTa O

275

Intensity (a.u.)

20 30 40 50 60 70 80
26 (degree)

Figure 6. X-ray diffraction patterns of simultaneous syn-
thesis of hexahedron Ta,Os@TazNs

E 6. ﬁﬁ%ﬁjﬁ/\_\ﬁwﬁé Ta205@Ta3N5 E"] X ﬁﬂ'éﬂ%ﬁﬁﬂ'@

3.3.2. FT-IR 947

N FERE LR A S, B A BN AT Ta,0s@TagNs ) FT-IR Y63 4n & 7 firs . 46 899 cm L,
493 cm ™ 1 461 cm ™t AR FIRFEIE A Ta,0s IARSHIE . T2 ALFER, 877 cm™. 789 cm ' 1 562 cm™ Abff)
FrfE0g o Ta-N BIRENE. 7E 1639 cm ™ A1 1400 om ™ AT HY B AR IS I, 35 26 THI FR 3 1) 25 R 3
FFRAR-CH3 B YIHRBN[11], i BRI 5R BE — & (A M5 39

789
... 562

Transmittance ( %)

e e IS B S s S w S s S
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Figure 7. FT-IR spectra of simultaneous synthesis of
hexahedron Ta,05@TazNs

& 7. EEAaRSEERF Ta,0s@TagNs B FT-IR St E
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3.3.3. TEM 947

HFIHH 13 Pd S H 1 BB (HRTEM) XY [F]25 & /S TR Ta,0s@ TagNs O 5 1 AT B 7. anf<l 8 Jir
/K, HRTEM EGH 3 0.225 nm 1 0.143 nm ({145 SRR, %M Ta,05(0016)(JCPDS No.33-1391) i i Al
(262) JCPDS N0.54-0514)%41fi; 0.297 nm. 0.254 nm Al 0.285 nm [ i k& 25 40, v TazNs(025). (004)F1(023)
AT (JCPDS N0.19-1291), £ H3RIHN TasNs, A%05H Ta0s, UESERINIII T TasNs/Ta,0s 7 451

Ta;0;5 (262)

Figure 8. HRTEM image of simultaneous synthesis of
hexahedron Ta,0s@TazNs

8. ﬁ'ﬁié\ﬁﬁ/‘—\ﬁﬁ TaQO5@Ta3N5 *il%ﬁ"]%ﬁy$
FiEHHE T REHE HRTEM Bl

3.4. A EABKITE A

FEF] WG > 420 nm) ST, I T TSR3 Ta,0s@TagNs 732 & BN TH AT Ta,05@TagNs PA
F[d 35 & N TH AR T Ta,0s@TasNs 76 20% FF R /K 75 9 HH 10 6 A A /K AT 035 1k, ) 25 7 T A4 T
Ta,0s@TasNs 1] WGk Hr S s 709 pmol-g “ht, /5 & N H AT Ta,0s@TasNs (350
umol-g *h HIRTH T —1%, @ T EMNIES Ta,0s@TagNs (21.75 pmol-g h™Y). HHGHFA LI —
B, UEZARE ST SRR S0 M 0 B R T B B B TR A R T B R R

4, &5ig

KRR AW Eh il B RIS )& B T NI Ta,05@TagNs 29K Ak @7 7 B4kl &R T 2.
NaCl Fl Na,COz VR & /& SR BE /R LEA 101, Ta,O0s ARG IE SR B L 1:3, il & KNI Ta,0s, HEMZ
800 CZ Mk 3 h AbFl, (KIAREE/NHAIANGER; A7 T i H 5 7S W@ FP GG R T2 ok
FN T35 Ta,05 J9 i @Eles TRA S £h ) 800 CEMALHEE 4 h il % HH T N4 TE Ta,0s@TagNs £ i, o
HRIA 0.57 pAcm?, JERTH 2.03 %, 3z T U84 B 3 4 (0 TS TE 3 Ta,0s@TagNs; FLaT L
KM ETE R A 709 pmol-g™h Y, S T ML SR Ta,0s@TasNs (21.75 pmol-g "), TagNs/Ta,0s
f%ﬁ)ﬁ’i%ﬁ EISTHARTY Ta,0s@TagNs (1% ] 7P i T A Rt 7 i i 7 | 5T %, WhERA T

WA AT, At — P IR mPERE TagNs ZGHELHT I kL2958 Bt o
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