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Synthesis and photocatalytic hydrogen production performance of nickel-iron

hydrotalcite/poly(dibenzothiophene-S,S-dioxide)composites

LUO Jingsong, FU Qingyao , LIU Yuxiang , WANG Feng’
(School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: Two-dimensional layered double hydroxide (LDH) of Ni,Fe, is the most excellent catalyst in the catalytic
system for its facile preparation, abundant sources, and low-cost, which is also an ideal substitute for noble metal
catalyst in photocatalytic production. In this study, we prepared composites of Ni,Fe,/PDBTSO by in-situ polymeri-
zation of Ni,Fe, and poly(dibenzothiophene-S,S-dioxide) (PDBTSO). Furthermore, we investigated their catalytic
performance. The experimental results show that 15-Ni;Fe,;/PDBTSO exhibites the hydrogen generation rate of
36.8 mmol-g"-h™', which is 22.6% higher than that of PDBTSO with 3wt% Pt as co-catalyst. Besides, 15-Ni;Fe;/PD-
BTSO shows good photocatalytic stability, making it an ideal candidate for photocatalytic hydrogen production.
XRD, FTIR, TEM and XPS were used to explore the mechanism of photocatalytic hydrogen production performance.
The high photocatalytic efficiency and low cost of Ni;Fe,/PDBTSO provide a new idea for the field of photocatalytic
hydrogen production.

Keywords: photocatalysis; poly(dibenzothiophene-S,S-dioxide); hydrogen; layered double hydroxide; composite
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Fig.1 Synthetic route for Ni,Fe,/poly(dibenzothiophene-S,S-dioxide) (PDBTSO)
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Fig.2 XRD patterns of Ni;Fe,, PDBTSO and Ni;Fe,/PDBTSO
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Fig.3 FTIR spectra of Ni,Fe;, PDBTSO and Ni;Fe,/PDBTSO



BERA A BRBROK U A1 /B S, S- A -T IR WE Y B2 5 BERL I S i B O i A 7 A M RE 5771 -

%, $3&E &Mk NiFe,/PDBTSO I ¥ Ni,Fe, fif
SHEARIE , 1AL, BEF NiFe, S 3, Ni,Fe,/
PDBTSO &3 I Ni;Fe, i) (003). (009). (110) {74}
WA I &, X 15 B Ni;Fe, W2l 1 47 PDBTSO I .

Ni,Fe,. PDBTSO. Ni,Fe,/PDBTSO i FTIR [&l
BE 40 & 3 7, NigFe, 1 3447 cm™ F1 1640 cm™
Ab T A W AT 0l O—H i 45 41 2h A il 41 2 5 1k
O—H R IE T 14k Wz ik 7K At iy v iy OH— L AT
£7F 1384 e AR 5 WU U PR T NOS 3 R PR 4
PR3175 1000~500 con™ H B A 55 I Wi = R
TEMP 4R —%# (Ni—O. Fe—O0) MIGJE—F—4
J& % (Ni—O—Ni. Ni—O—Fe. Fe—O—Fe) ¥z 5
512, PDBTSO MYFRFEMSCIEN T 1 167 cm™ il
1302 cm™ 4k, X HI A9 PDBTSO 43 H i

10 pm

F A 0=S=0 i i ¥z sh =, &4k NiFe,/
PDBTSO ' [A] i} H. 45 PDBTSO #i1 Ni,Fe, fY 45 fiF 1
Welde , Bl % NigFe, 1 2 & 1 fil, Ni;Fe,/PDBTSO
Hf Ni Fe WS 06 o fi; 57 B S, L W WAc 0 37 8 1) 18
H R4, I, FTIR A 45 B F — b 0 .
Ni,Fe, i ¥ 1 2 ¥ PDBTSO .
2.2 Ni,Fe,/PDBTSO £ & #f #} B9 7 57

€ 4(a)~4(c) y PDBTSO. Ni,Fe,. 15-Ni,Fe,/
PDBTSO /) SEM K14 . W] %1, PDBTSO 4 ¥k Tt
FE R ZE K0 5 NiFe, i 4k 2R 45#) ; 15-Ni,Fe,/
PDBTSO My ¥R Jo e BIZEH

%f 5 45 1 K} 15-Ni,Fe,/PDBTSO 7T % /3 1 47
TRAE, & 4(d)~4() iR, Ni, Fe mR #4145
i 1E 2 A # KL 15-Ni;Fe,/PDBTSO £ fi o

10 um ' 10 pm

10 um 10 um

€4 Ni;Fe, (a). PDBTSO (b) #il 15-Ni;Fe,/PDBTSO (c) Y SEM [§l{%; (d) 15-Ni,Fe;/PDBTSO f EDX [#l3¥%; ((e)~(i))C. O. S. Ni il Fe JTLE/M i &l

Fig.4 SEM images of PDBTSO (a), Ni,Fe, (b) and 15-Ni;Fe,;/PDBTSO(c); (d) EDX image of a single 15-Ni,Fe,;/PDBTSO and
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d—Distance between two parallel crystal planes
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Fig.5 TEM images of Ni,Fe, (a) and15-Ni,Fe,/PDBTSO (b); HRTEM images of Ni;Fe, (c) and15-Ni;Fe,/PDBTSO (d)
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Fig. 6 (a) XPS spectra of 15-Ni;Fe,/PDBTSO and comparison results of the deconvoluted XPS spectra of Ni;Fe,;, PDBTSO and 15-Ni,Fe,/PDBTSO for
Cl1s (b), O1s (c), S2p (d), Ni2p (e), Fe2p (f)
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Fig.7 UV-DRS of Ni;Fe,, PDBTSO and Ni;Fe,/PDBTSO
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Notes: 1, 7,, T3—Fitted fluorescence lifetime value; 7—Average lifetime; Rel—Related function.
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Table 2 Optical and electrochemical properties for the PDBTSO and Ni;Fe,

Reduction Oxidation a b
E V E, V E;'/eV E;’/eV
Sample potential/eV potential/eV Lomo(ce)/@ HoMO(VB)/ € & &
PDBTSO -1.15 1.51 -3.35 -6.01 2.66 2.55
Ni,Fe, -0.65 1.60 -3.86 -6.11 2.25 2.20

Notes: Epymocpy—Conduction band potential; Eyomovs—Valence band potential; E;*—Band gaps calculated from Ejymo(cs)-
Eyomoey Eg’—Optical band gaps; E,’=1 240/..
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