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Abstract: Layered double hydroxides ( LDHs) photocatalysts have emerged as one of the most ideal photocatalysts, owing
to their flexibility in composition of hydroxide layer, facile exchange ability of interlayer anions and a range of intercalation
molecule, and high specific surface areas. LDHs photocatalysts were prepared by coprecipitation, hydrothermal method, ion
exchange route, and other techniques. As one of the promising photocatalysts, the research progress and application of LDHs
photocatalysts in photocatalytic and/or photoelectrocatalytic O, generation and H, evolution, photoreduction of CO,, and
photodegradation of organic pollutants are reviewed. Despite the many recent advances in photocatalytic performance of
LDHs, the low photocatalytic efficiency of LDHs is always a key factor and great challenge to restrict the practical application
of this technology. For high conversion efficiency of photocatalytic reaction, some strategies may be adoped to enhance the
photocatalytic efficiencies of LDHs: (D development of new synthesis methods to controllably produce LDHs with an optimum
compositions and nanostructures ; 2 exploration of advanced in-situ tehniques to directly characterize microdynamic reaction
process and correlations between photocatalytic properties and influence factor for LDHs photocatalysts under reaction condi-
tion; B design of novel LDHs-based photocatalysts to achieve high photocatalytic efficiency by the aid of synergistic en-
hancement in photon absorption and utilization, the separation of photogenerated carriers and surface photocatalytic reaction
efficiency.
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Fig. 1 The idealized structure of layered double hydroxides ( LDHs) 2!
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Fig. 2 Schematic energy diagrams of the semiconductor for photocata-
lytic water splitting and CO, reduction process (vs. NHE,

pH=7) [27]
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51| LDHs 4K BHRE, Qi >4 Lol i) Ni A1 Co PHFPAS R ER
BT&C M EETRKOBERTS, MAREG, 7F
90 ‘C Iyt 3 h 5, ZUEWHMETH 4 HE N 16 nm 1Y
NiCo LDHs 44K ', AT L% 07 8 & 0l 2 470 1Y
LDHs #8}, Zhu 5% Cu, Zn, Fe FIBIRERA T NaOH ¥
W, 40 «C F&4k 24 h, &M T Cu-Zn-Fe LDHs 44K
Jri2 HEEE LDHs 290K A (JREBE <10 nm ) — #4028 32
MR SR U0 TE AT A — 2 S B LDHs 44k
J12 i) Co 5 Mn OB BR R VA W PN A NaNo, DL
NH,FH3E A N,, HA H,0,f# Mn™ ZE k5 Mn™, F NaOH
WA pH 2] 10, WTLRLHI 4 EE N 3.6 nm T
CoMn LDHs #18H2 LI LDHs 49K KR 3al, wJ LA K
HAbE 25 ¥4 (9 LDHs 44 K #4 kL, 41 Wei % DL Sio,
AlIOOH Mt , FIFHILVLTE L A& AL NiAl LDHs 24
KM F AL T A 2 0 Bk
2.2 Jk#iEHl% LDHs #t

IK IR B AOR AR 2 R i, %7 TR g
7 s K A RE G AR S5 HE) . T AE L ORI DL L
Ay . K BB 2 4 LDHs 24 K b1 ORERY 3 T 7 25,
Wei %510 MgCL,F AICL, R85 U8, AE & 1) NaOH %
W% (0. 15 mol/L) , AT AIAELEE 5 B[] (/K G 72, 7T
P& M TR FEAE 50 ~ 130 nm Z 8] Y MgAl LDHs 44k
FU L BR T YK g gk ah kA, L NI R AL B RS R
AR Z N BERE, B IEAE Ni 22 10T U A
NiAl LDHs 49K 9 = 420 e gl R 50k, 78
P 2T ZU R UM I (polyacrylonitrile, PAN) 94K £F 4k £ 1L
JEE bR 8 T MgAl LDHs 44K B2 46 #90  ibah,
FI K HGE AT LU 45 LDHs 5 HoAth 2 SR b4 R 1 94 K 52
AMEL, Xiang ZFFESCIIHI 4K BiVO, RS -, A
L NI R AL RS IR EY . IRZE DAL, £F 100 C
TR 15 h, & B T BiVO,/NiAl LDHs 5% J& 45 J6
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TR, BIIA LT — RV ALY Z A6 )2 KW A 2 A4
B — BT, LDHs 994 R4 2 7] B B 4 58 4
RIS S8 NO,” >Br >Cl">F > OH >S0,” >C0,”,
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P Zn A Cr FBI AT LGS ZnCr LDHs A RE A9 S A4k 1
BE, Zn A1 Cr YRR Z LLR 2+ 1 IR 2 B 2 mT
UUS ) | A UG O L3 R R e N ]
18 200 wmol + g' - h™'"™" | Fe $87Hy (Mg/Al+Fe) LDHs
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10 = (4+ 1) B UG R B B0 1 e = S RE |
MTi LDHs (M=Ni, Zn, Mg) #8bd, HF Tio, /\ ik sy
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WP F R BROR, Al W A 5 i 7= g
7E LDHs MPEH S A J2 P02 32 & ™ S 808 1Y B 2241 i
Z—. X4 ZnCr LDHs #RHZ 5 A COT, HptAE%s T
Ak, BSOS E RO, #E— RS T AR
R (28 867 wmol » g - w7 )l B AL R R 4R
LDHs 49 K #1 R 6 4 1k 7= &0 BE 0 A sk it = L
CdSe T 15 B4k 7119 LDH-CdSe #PBHEZ &5 T 7] 1%
TrEERERE Y BT R R SRR T RN, Au B}
Ag BhEALRIIGSR T AT WOk, WA %t T LDHs 1Y
PEERER
3.2 LR

Garcia 1il#5 T 4R & 79 R B 2 2 WA R AY ZnCr
LDHs #18, Zn f1 Cr Y Bipy i Z L2 4 ¢ 2 I 7E 410 F
570 nm FEZEPIS IR ISCHE  Cr¥ % G A A 3% 1 B AT B Y
YEF, 410 nm JEHET 3K 77 AU R i 1 R0R A 5] T
60.9%" ", LDHs F 5 PR JZ 7] LAV 78 46 g 265 55 40 11
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B A 0 7 B 4 L2 CoAl LDHs 8 90 K 25
FM L Wei 255833 7E LDHs fiA& gl A M BHE 1 (Ni**
5 Zn®) WA R T EREZY2 nm ., Bk R SF 294 30 nm
{9 NiTi LDHs #4968 | NiTi LDHs o] WG48 I8 T
IIFRK IRV TR 65% (N=400 nm) , 74
HAE A 2148 pmol - g_I - b7, WM R R 267 pmol -
g b SREDGAL T AR 5 — A R A
LDHs 4k & & #okL, TiO, J2 )12 #F 58 19 e 4 A 41 K
ZnCr LDHs 5 M TiO, 49K 28 B 238 T8 il — 4k 2 ok =
g 3), Wiz B AT RA N, Al
JeM s g, S I T B AR R, o WO
TiO,/ZnCr LDHs fY /% 4 ~1. 18 mmol - g™ = h™',
FEE T ZnCr LDHs M= 40 2 ( ~0. 67 mmol - g_l -h™,
Ak RN YRR E R RS TR T, Tio, 5 CoAl
LDHs J& A A9 A% 5 45 ¥4 48 >k Bk 7T 0% R #4748 i R
~2.24 mmol + ¢+ b7, AR TG A
AEDY I AE LA BRI (RGO) BA L RLAY L T8 SR E
RGO/NiTi LDHs & A4k, LDHs A B 7Pt £
FE RGO ', AR TOUERMTABERHCR, THET
HIP= R RIAE] T 1. 968 mmol - g71 -h™", 500 nm &K T
BTHEN 61297,
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Fig. 3 HRTEM image (a) and structural model (b) of ZnCr LDHs/lay-

ered titanate nanosheets heterojunction (4]
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CO, Ao, WHEBAS M /i 5], H C,
0 Z a3, H4 CO, 5 FIh LI FoA R S b &+
GRRIME, AR FBCRARAR, 2011 4F, Tzumi 5575 56
I T LDHs AIGAE LR B CO, 2L B CO, i 5L %y
620 nmol + g™« h™'"* ) Zhang WK, E R K
ZnAl LDHs [ BURL R VB &, SEM e, EE N
~2.7 nmf# W ZnAl LDHs B A 5 5 89 6 4 1L 38 J57

CO, R | ZnAl LDHs P S8 2560 (V,) 54
WA Zo™ I, Zn™ -V B AL, A S K CO, F1 H, 0 43
T, ISR AR Y 2r B RO, CO A iHR BGA T
7.6 pmol - gfl «h’', Wit LDHs T M* 5 M F
T2 DI R K (845 AT LSz OB AR AR TR O, 77 i vk
BePE, WIFE ZnGa LDHs 15| A Cu® JE B Zn-Cu-Ga LDHs
MR, CO, i JE 5 1 F 2™ ¥ o CH, OH, L™= %k
170 nmol - ¢+ b | MR SCERAGIRIE, &AM HE
F(Mg™ . Co™ ., Ni**, Zn™ 5 Cu™) K = FH & 1 (Al
5 Ga™) 1) LDHs MEHEA RAF(1 CO, W HPERE, Yefifk
IR CO, 4 CO 5% CH,, % Zn® ¥ LDHs & J5 =4 3 5 2
CO, 1 &% A Cu f LDHs it J§ 7= 4 F % 2
CH,OH"" 7> | Jt4h, LDHs #1854 )& (Pt, Au, Pd)
B DL K5 A~ AR TR R G b R TR R £ 5 A
LR JF CO, PE fiE 19 B HEmE 7 B Tio, 5 CoAl
LDHs JE AR S 4, A e ik 164 808 7 1 4 B
# Co, e AL B IR Ry CO, 774 B AT B Y ok B bk
(>90%) "', C,N,-MgAl LDHs 44K 5 & b o A 2508 w5
TR E CO, N CO o CH, BRI )
3.4 ELIFESEK

LDHs #BHEA R0k 9 )2 R 254 . K R AL R
W BB A s, RIS Ak T LA R4 4 N A
5t, LDHs MR AT LTS Yoy 2T 3 i R R0, il
DIAT R i B 2R SOR TR Ak & 1 . 4R 2% T s 2 S
B EALTISF RS YY), CuAl LDHs AE % A5 250 W% B FY ik
2B Ykl F (MV2B) , 2RI & A Y w-m A1 EAE
FHJZ 52 MV2B W B = 22 2, e KWK BE 1 o
361.0 mg - g~ [N, CuAl LDHs AJ L &0O6 A1k
[%f#% MV2B, M"Cr LDHs (M"=Co, Ni, Cu, Zn) ¥ £+,
CoCr LDHs X H B8 (MO ) HLAT 5 K 1 A AL e i 50%
XA B AR T L XA B el AR Y
FERMA, GG MR e, BNt RN FE &
RN, ARG PP LDHs B4 8 B ORI DL
fEALRE R RE . LDHs 7148 5% 4 J8 st dE 4 oK &2 6 b kg
WA R HOGAE B T 1 0 B, AR E DGR RSO
W5 — AR, Pt k3 ZoTi LDHs J5, Jef bR
BPHH B RCK gk P Z AR T 17 45 5 ZnCr
LDHs A1, RGO/ZnCr LDHs HA3 %38 AT W5 Ui fig
RGO A AT e Hafar O PR BGE R, A RUBEAR T 64 3
FRIESILE, RETEASOCHERY FIHH B ', RGO/
NiFe LDHs, RGO/MgAl LDHs 2542 &4 B A SR = T
SEHEAL R AR A HLTS YR ) Ti0, 5 LDHs ( MgAl,
ZnCr, ZnCe LDHs) JE 40K S5 45 b8}, A cmiil 7%
BT IE G, GBS R A LTS Yy
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3.5 NXHEECURBEELNA

SEHLAEIL LI R B 87 0, Bkt e
R 0 e R A G4, LDHs MR A B g i
P, TEIZSUS LA FEE AN TR, LDHs AR S i
A, AR PERUR, MRS AR S AOE AR E A
FORNE S S BT (R . BR L RAUE) A, iR
AT PE . Zhang 55 T ) & 3 = 2 A L IR £ 2B 0
(3D GN) 5ilfi i CoAl LDHs 442K H ( CoAl-NS) 48K 52 45
FEE 3D GN/CoAIL-NS (18 4) | CoAI-NS F 2 i Bk,

A s .

Ry 7r 22
“Intailayer anions - A0
i | Exfoliation  gf§8%
'””ﬁﬂl‘““ —

NS LA

NS .c:_.ﬂ‘,-. ...‘ .
Riirrrr sl
CoAI-LDH (NO;")

BABLZHETER S, 3D GN AR SHE, f
I # K, Wk, 3D GN/CoAL-NS Ay HL i % &
10 mA « em A B R LN (252 mV) , B EER AL
FH36 mV - dec”, HAR SR EIERE, Jin 5
PIBRACH SRR, H145H NiCo LDHs 48k /-, HA R
W E AR AT 25 2, 98/ NiCo LDHs 49K H 1) J5 i it
— AR AR R, A 367 mV B, HLURE
JEIKFE] 10 mA - em™, BEFEIRBRE N 40 mV - dec™7V

3 7 II. Self-assembly \
s ::ﬂ
11.\ \:}

CoAIl-NSs

3DGN 3DGN/CoAI-NS
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Fig. 4 Schematic illustration of fabrication and structure of 3D GN/CoAl-NS[*]

RGO/NiFe LDHs 40K & HIMkH, RGO HA REFHY
SRR M R A, A E N 10 mA « em
TrE Rt A 245 mV, RPEBRCER 97%, BAKE
R EHE fk 23 i K PR RE, H, R O, 1 A B HE B 0 T
2: 17 BB ARG S NiCo LDHs ALY & 4 B[R]
FEEAH I AT AP BE ™ . Duan &4 B Zn0O/
CoNi LDHs #%7e 25 M 9 R LB HLMR ) 98K 3 R 25
P B TN LR TR, SRS A5 AR T O BT
R R B TR, (1153 Zn0/CoNi LDHs Y HL % 1 Ha,
WAL T Zn0 AR TE T 3 £%, 1 H AA R TR
SEVET AT BT I 4 B9 TiO,/CoNi LDHs, Co, 0,/CoNi
LDHs St H % [7] B 3R A5 7 5w 1 ' ol i 1k 1k B 7
BiVO,/CoAl LDHs, CdS/CoAl LDHs, «-Fe,0,/ZnCo
LDHs A& WO,/NiFe LDHs YoM AK R o, S itk ik
RERAT T e

4 % i

LDHs Z9K AP RHEAR AL F 2R, JZ A1 HY B85 Fh 2 A
Kk DL KA 2 2H B AR LA RO R A Al vk, e
AR | A, A A SR A
R FOME, D FERHT S BT 4 S, LDHs 1
BHE GRS BAT BOR B L R WAR, B2 W R T
PEOERL, AR AT DL 6 i B ole A 280 1 70 B 5 A
RERSAT AR R AL TERE , AR AT 2 N FOE oK |
COLIRIE A HLIG YW i . Ot A fiE Ak L K F i
G, {3 LDHs 94K 448 HEALRCR AR, A 28035

PR AT REATT R — T IR 1 P .

(1) LDHs Z9KMRHY G 07 F2A LTI K
Pk | BFAcHE A RS BRI G U B
GERL (AR RF 204 45) Bef L SE TR G,
LDHs W)28ki % . M LDHs B4 KA1k (25 <10 nm)
HAR R HERE, Bt a0 E i R eEs —
AW £ LDHs M40 R, 24083 LDHs 99K A4
b3 it Wy 3 s 2 R B i A, 5 I R A B 2
DI R T PE T, 48k LDHs & & A RHE 5O itk 1 15
PR, B T Z MR LI P RE A G
BRI, HIt, JP& M LDHs 49k408 . 40K LDHs
ARG LA R H AT I ) — A F R,

(2) oAb SO R — AT R i i B, R Sk
1) LDHs g4 K MR} A 1 2 1y AL B 8 5% B AR 2 1T I 1) o5
—ANPRER . BN RO R A R R AR R, H AR
BRI L 525 AEYUR G R e/ FH R 1 43 18 5
EAVI, 45602 BN EADWE R 48T, SR
TRy TR BRI T 6 Ak T B A BROWR 3 2 5 A
FHOCHRAE, EAh, 3 nl AR A HF B e LR (ESR) |
A ARESER (NMR) | JRA 204863 (FTIR) | B4
J'& X B ERMIGEAS AN Z5 40 1% (EXAFS ) DL JFUA R 5T FoR
WEFE A AL B0 g SO 72

(3) B, WA GO L AR R AR AE L, )2 A
B TR IECR, 24350k, Bk, Wmeil, 846
Hofth 2 T A R S 1 bt 42 = i AP R . (R LDHs 44
KABPEH A AL RCRARAT S BRI LR T A — > B R R
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