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Layered Double Hydroxides: Structures, Properties and Applications
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Abstract: This paper reviews chemistry and applications of layered double hydroxides (short as LDHs). The
LDHs have chemically bonded, therefore pretty rigid hydroxide layers and interlayer anions; and they outstand
there because of their marvelous reversible anion-exchange capabilities and thermochemical behaviors. Recently,
another aspect has attracted much attention that they constrain the interlayer anions and make them react in spe-
cial ways, consequently produce selective products. Benefiting from the above three properties of LDHs, re-
searchers have investigated their applications in preparations of various materials (including organic-inorganic
composites), anionic exchange and removals of hazardous anions, chemical separations of organic geometric iso-
mers, controls of chemical reactions, storage and control release of biomolecules, preparation of flame retarding

materials/additives, catalysts and catalyst supports, and topochemical syntheses.
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HMZE R Mg,Al_CO;, RIF Mg,A10;5 X CrO,2 Y 55
T T SO2, w5 T 55 2 6 i 1 i A1

3.2.4  JZIA B F Z )i 1A

AFE T HA 5 RS, 2 ) B S - A Y
SRR D AR — 2 5C T Bk ATk
SEBESE R FRAT AR T LUE B R AR R T
ke T R A AT B T AR E A B AR, —

JE 2,5-PDA M35 JJ 45, 7E 100 °CF A9 b
B A HE T 90% LA L H il R P R IL AR AL
&) 57 () A A B 2, 4-PDA 1 3,5-PDA I —&
SR R0 28 9 J& ,2,4-PDA I 3,5-PDA )
s R, R 3,5 SRR RE S N L 2,4-PDA
ZIRZ(H M54 ST A 2,4-PDA>2,6-PDA>3,5-
PDA), {HJESCE45 R A W 2,4-PDA H 4T
49.8%,3,5-PDA W) 5e4 J1 )58 F1 2,4-PDA A4, [F]
FEH, FER AL T AR 1 P A A 14, 2,3-PDA I
3,4-PDA, JSE EAHESE S JIUT h o3 5 ik T 55 —
BRI G — 0L, BRI ZEF = Hrh 3,4-PDA {5 i 4%
T 11.3%, 1t4h,3,4-PDA fI°F 5 2,5-PDA #il 3,5-
PDA RNAHZS , 76X 4355 4 =y v B 40 i) H i 4l
TANE) 3% 43 85 . 3 i AH 75 FURE NG 1) AR AIF A 26 2R
TE T 2 5355 4 S e,

Rhee %5 ¥ 18 T N [A) 2 4R vk B e Lb % 36 6 1
(5, 38 2 AR B, - RN, - & — M — R AR 1Y
L HR R JR L R IS R0 77 4 v ik A B S AR AR EE OR
B i DA, S-S Re A B BE R oy B TR A3 8] T — 2%
SIE (& 8)™,
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Qs 1y

0.4

0.2

0.04

Lo
8 WM, SL-T M AR A A R AR 3 B
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Fig.8  Plot of mole fraction of (K,E)-muconate in the
interlayer, o as a function of mole fraction of

initial (E,E)-muconate in the solution, Xz
un b S 45 R U] JE R SR A Y Y e R R
YRR A OC, OALEIZ S TR M4 E3ATnT LI
WA it 7 3l 2 9 s 1 TR gy, AR RA
EHRGEM ML, Wl 2, fEA S8, A 1
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P AFAES AT 25 H 820 53 TE i HesE vk gy
BB BRI AR HE R AR IR, AT ok A T &
#7051 T 5 T 22 53

I EPASE R UL], BTA EAE AR 2
M S22 PR A X B B 1 S R AR B R R 1
3.3 ERSENHWAEFIHRMERKNERXMA

331 JRIRE AW G &

JEAR ALY 8 BA B T Sl 2 B0 5 — A ]
SR 8 B AN FE A E T AL EY . AR
75‘ E E{] E}F?_E -‘LE'%E J[—LIJ jc Fﬁﬁ[l.9.12,13,15,18,24~26] o

T ERRE A Y AR e, Hha&Ee
5 JZE B BA B R LATE AT 25 R A 98 B A A2 AR AT LA T
B AEARRIUAE L, LUZAR S S ALY g 2L A B9 b 5
I TAERE 2153 KR

3.3.2  AAHLICHLE & BRI & B9 07 1k

i 3 A R A (in situ polymerization) | H 2 ik A
(direct intercalation) , # 2 i} 7 (restacking process) &
RS YZR A A AT E S M EE S
T EITERE, I HiZ Ak e n] LIE o SO Sz 1a] Y
B DL 40 5 A SR A SR AR AN 9 s

K9 AHLIHE S BRG g 728 2

Fig.9 Schemes for preparation of polymer intercalated LDHs (a) Monomer exchange and in situ

polymerization, (b) direct intercalation, (c) restacking process

3.33  fEfEAEWIEYES T

DNA 535 A Wi M o Fite A B S8 e 2
AT ARG AE . B1an, Choy 25 1 F 28 0.7 K DNA
AR ZARAE Y )Z 0, SLHT DNA 16 £720
(K 10),,

Layered double hydroxide DNA

% 10 Me,AL NO; H1 NO;*5 DNA 195 F 2 #uid 72

Fig.10  Exchange of NO;™ in Mg,Al_NO; by DNA

3.3.4 IR o>

251 731 1B, 2RI R O 25 Wy F 5 U b
BA PSR OTTETT 1], A Z R A A AL B BT B
TRl AR BT B 25 T I AR ) AR R TR Y
SR A ) S I P A S T M R A R AT
JRARZ ALY AT LI 25 W0 380, Al il — o 2
MR T B, Blan , X A % 25 (5 T RN ER , ibupro-
fen) 258 2E (HH 40 28 TH 2 , naproxen) , — & K — 1 Ji
JHi (diclofenac) % 25 9 78 [ LiAl(OH)o|Cl - H,O 1 #) 7 33
AT A5 R LDH 19 5 3¢ 4 ad 72 S Ad 2 4
W) AT AE S B 2 R AR R A I

#1-DNA #8453 cis-[Pt(NH;),(5'-GMP),|(5'-GMP5’ -
BBERR S AT) nl a2 ik A 2R SR A Y [ZngesAl s
(OH),|(NO3)ozo - mH,0 H o % Bl ik 524 A2 6] 1Y
JFAA-DNA B 53 25 K AN AR

3.3.5  FETIEREMR A RN B4 B ks

M[Ca,AL(OH)6]NO; 5 €8 5 — F R A A ) 4 —
R AR, LA M2 [LiAL(OH)6|C1 5 e — H R AR 6 4~ JL
o] S g A g 1671l 2 o — BROAR A TR TR AR 45 i vy 18 Y
GURT LA ) R s e f R ) 2 7R S5 1 A
SRR far 20 AR 7 T A B R 2 S WRRE A
ELAT AR 0 5 0T L] S A A BT 1Y 43 B RORE

A S VR G AR SR T8 LiAl, Cl1AE R
AR IFRL, B P4l 2,6-28 W R AT REME . 556
SR FRW XF A A AT WS T — AT
Tk A 7 BE R

3.3.6  REHEAR

W bR sy Bk SR 2 5106 Uik
RBiARG, v LA B — R R B s M 2 — S5 HE
L ARG B TE R R, DT B I ) 4 4 o 1
J7 T AT AR RS A B g 1 75 3K, FRATTHE I A S iy 4%
il AR A3y =2 B SR A G B R R 4 ) R i -
J5 7 F AR A SR A

3.3.6.1 - A B R
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XFFA T A BB T2 50 RN 1) 2R AR
A0 10 B 8 28 46 S (2) -

AY +Z = AZ+ Y 1)

LDH X + Y- = LDH_Y + X~ 2)
WURFRATRE UK X PO A S # A 2, 3EmT A4S 3

AY +Z + LDH_X = AZ + X~ + LDH_Y 3)

XEEMA AL A (a) T AR R S0 (1) B 58 4 7
FE, A H =Y 22— A 2R S A A 1 2 T
T, BRAR T W e M v B 4 Bl RO ) A i
175(b) B G JZIR G A B FL & Fh3g 3 74
A A, AT DA o A o U A S 7 ) 4y S
¥

3.3.6.2  FEHIBET- SO HE AR

X T 3E o LDH 38 # i A S0 (458 iR T80 N )
@RI 12 5 1 U (5)

LDH_X + Y =LDH_Y + X~ 4)

AZ + X = AX + 7 S)
R 3K AN B D A 5 A, AR BN R BN

AZ+Y + LDH X =AX +7Z + LDH_Y (6)

CRE AT L3 Ao 4 o R, o8 R I (5) A 4 ol i i
AT o XFF DR R S0, 40 P A e s 3 At D PR 2 4
il A2 52 oy R B AR, OB — A R Tk

3.3.6.3 R A-BRAL R AR

AR i A B E IR A A Z 0, ARG
eI Z MmN, AT LA N ) 4852 D8 2
LB, SXRE T DAY o $h FIMb 2% B g 4 il 30 R 3
VARG SCH 6 1 P AGR I RN S SR B, X EOR
A

3.3.7  EALF

JEAR A AT LA S [ A b 790 A Ak )
AR F 2L R, X — S AR T A
Z IS AR R AT A B, J2 4R S E A 5 e
PEA—SIHE IS, T AR —Fl oA S A R AL
A B, de Vos 55 &, WO 238 3 (1) 2 R & A b
Py EL A AR i 1 4 Ak VR SR SN ) BE 020 ) 4k ol A
KIS 4R NiCo MBI 2k A5 A
Zo/Al EE T, RIS P BoR O RRIE Y
SR TR A Ab P RS B K SC AR R B Zinp AL 2R 2 TR 2K
G EA T HY AL 551 505 0 IR A Ak 5 M

A BB Choudary %5 FI H E R A A k9
BB T 384k, R8T —F &4 PACLE WO, Al
0502755 =B B B3 1 B 50 U A — 0 fie k7)),

AT B, AL AE H,0, 54 6 i s pst nf LA i
FIKE] 80% LA I, FF HoF st ] LA E] 98% .,
3.3.8 BB T HAE h—FlA B T A B
ik
JEAR S A 1 B 88 32 48 1 BB AL Bl FHAE B 25
A T s e BN, B A BFSE % RS T RO
R TeO, A1 ReO, W BT 5ok 78 38 26 /K b i R
AR 1 L BRT-S0 5 FR Al 2R R A S5 IR BE
TR A IO 52 7K e 8 T2 6 AT A ) 0CR2 l
IR ER) B TR R PR T o 83-8e) s A TR R AR i) R RS TR
Wi W B .Cr Mo, Se [ i BRI, SeQ2 1) i B 180901,
XoF 4 P TR AR 68 5 RPN A R ) O B 131 275 4
K A 455 4

4 ERSEEMLHHRSBIERLE
Rz A

41 HoREEREFTE

R A E A A i B T L TG-DTA Al
AR XRD HORBIGY , SLgn R W] R AR S A A ) i AR
IRALEE AN R L (1) £E 200 CLAR fboki 23 4 #
W B 7 1 fige TR R 2 ) 285 7K B B 3 2 5 (2) 250 C
LA RN E AR BRI (3) T 250 CHERF
RIS F Rl B, BRI B2 M3 AE
% [95~100] .

BN, [MgeAlL(OH)6]CO, - 4H,0 7515 PS50 T #4
I3 R TG-DTG fiZgn & 11, 200 CLA R 1)
P H R Z AR IR TR (FEME 12.9%);200~
400 CI1 R J2 P A4 AT 26 25 (BB (H 25.9%) 5
400~600 C M|y )2 0] 85 F CO> 4 i It B CO, (3
WIH 7.9%),

100 0.5
DTG
n, J——— |
90 | . : o~
% <05 g
&
= 8ol T
£ s 2
270 o 2
4
Z
25 %
60 - 5
3 a
50 T T T T 3.5
0 200 400 600 800 1000
Temperature / 'C
K11 [MgAlL(OH),]CO5-4H,0 4 TG-DTG [&l 0o

Fig.11 TG-DTG curves of [MgcAl(OH)s]CO5+4H,0

Hou Fl Kirkpatrick " ffi F§ XRD ,TG-DSC MAS
NMR %5 F B 58 T [LiAL(OH)G|Cl- HO #4443 fift 1t
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TR 2RI W B K B 45 f oK I BR FE 200 CLL R
SERL; 7E 200 CLA L, FEZJETE 300~400 CZ[H],
LiAl, Cl UBE K A 25 HCL 978 24k L 336 7E 500
CLL L, A a-LiAlO, F1 LiAlOy 1) JC & & WUk E AT,
It HAE TR B h iz P45 dk, 75 R 720 CA L
JE R KLU &5 s A€ 850 CLA I, LiCl 2515 5 T %
%, fE1000~1048 CEIEEE, X WM LiAl, Cl
() B  fiff Be 24 358 BR P2 WD A LiAL O, AS AT IS
F T 4E 970~1 100 CZ ] a-LiAlO, [f] y-LiAlO, #) %%
L

Millange %5185 F#o #7 52 R 28 XRD AR
LT AN B ST T [MgsAl(OH))(CO5)s - 2H,0 (53
fift it e AR R Z A PI(1) FER T 240 CliK,
T B2 R RE S /N 7= ) (0.78 nm —> 0.68 nm); (2) 7
240~480 CHLFRILKF CO,, TEMIEML MgO 4544 (1)
Mg Al iR & 849 ;(3) # 850 CLA L, 35 7= W %
AR A BRI MgALO,.

S R B TR AR R AR E A AL A
i s # AT LLAE BOZIR 2 G 4 )R A Ak P (layered dou-
ble oxides, il 5 &1 LDOs)”, J2JIk G ALY 1) #fk 2
PERIR R AT, — Bl EATREE TR IR
i H B ARG <0127 ¥ LDOs 81 & A H A B
B B K W B B R AR K ZE AR CO, B R
BF, R AR KA AR R iR A 1 30T 1 2R &
AR, XA R FRAE AR S A i T R

(reconstruction),
42 HHXNA
421 TR E A BB I

BELIA 751 5 BELGR 1 s}

R SR A TE 32 A A3 i T OO A TR
U RE R AR ZR IR 5 HC o3 A Bt o 0 /K A< RE A
AR AR s AR o 4% ™ ) 8 55 A2 R 2R T
T OB, AT LA BH b B it (9 A% 388 0 LR R & 2 o vl
DA SO R e AR R SR Ak vl A
VEEA By i BEAR TF A 4R FH f BELJR 108104

BN, A5 He 38 45 0 g oK RO Y 2R AR
18 2 AR R h il 5 U 2 A AR, B TERE
W i T g oK 2 AR SR AR Y I B i &= 7E 0.20~0.60 g
TR P 590 AT LA 3] b 5 10 BELR 10 0 0L B S8R

422 T LDOs /KA it 2 5 R

H1F LDOs HAT B4 “id 1gE ™, vl DL Ok
B U B 2R EE A s BB AR OBOR B 0
SRR B B T, X AR TS K AR BRSO T A R

@, B0 Nitrilotriacetate(NTA) 7E Tk I ¥ 9 12
Mo VR VS R, e HE R SRR, (R B AR
TE B & — R SR Y I, i 0] R — g K P
B4 5 ,LDOs AT LA K H e NTA BI85+, 2Bl
LDH_NTA , AT BAZK H1 Bk 2 NTAM,

Feoll e, BT LDH_CO, HA R 5 e e ok
K VF 226 B T2 IR U SR A P A k22 sl b i e 23
SEKPEER CO,, B A BRIRAR 1 ik Ak &
Wy, G5 Al 2 B 1 28 3 e 1 R KRR X KM= A K
5 K Ak R B9 22 4R TR ST R R Y
LDO HJE A,

4.2.3  LDOs 1E N AL

LDOs HA3 Z AL | & 23 1m BRI 59 4 A
TG MGy, T SR AR 2R S AR A i 2 R i T
T PERE SR B A RN R R L R e A
PR 1 W] by S8 A A AR Ak 710100

5 BERSEENIHNEERA .
BEB = & R

JER A T DX AL R B S R AR
[F] T W s AR A2 R B8, T 5] & — SRR S
I & A . Bl . 42 D-BHA(I) A BBA (D A %I
Mg, Al_Cl 2 (8], 75 22 AR 56 0y B3R, AT LUE iR
HH2EIE PR L-benzopinacol(l) , H: fz i 1 % B it
(ee.) AT LAIK 2] 6091, 3 Ay F- M4 AR it 1T — o
WA, HgRmTE .,

o]

ol 1 equiv. Ph)k@\ (1)
JO COOH

COOH  Mg-Al LDH, hy (> 300 nm), H:0
H
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-
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