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Surface chemical performances and
electrochemical behavior of Mg-Fe hydrotalcite
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Abstract: The surface chemical characteristics of the Mg-Fe hydrotalcites (MgFe-LDHs) were determined using X-ray
diffractometry (XRD), Fourier transform-infrared spectrometer (FT-IR), point of zero charge (pHpzc), cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS). The relationship between the surfaceacid-base and
electrochemical properties of the MgFe-LDHs was clarified. The results show that the MgFe-LDH with molar ratio of Mg
to Fe (n(Mg)/n(Fe)) being 3 (LDH-3) has the highest crystallity structure with symmetrical crystals, indicating that the
surface basicity of the LDH-3 is the strongest. And its basicity is much higher than those of ones with n(Mg)/n(Fe) of 2
(LDH-2) and 4 (LDH-4). The basicity of LDH-2 is slightly stronger than that of LDH-4. The monodentate and bidentate
coordinations are formed by the interlayer COs*" anions coordinating with the metal ions in the brucite-like layers. The
monodentate ligand coordinates with the strong basic sites, then Lewis basic sites form. The basicity depends on the
content of Lewis basic sites. Mg-Fe hydrotalcite calcined samples (MgFe-LDOs) were used to modify glassy carbon
electrode to study its electrochemical properties. The stronger the basicity (such as those of the LDO-3) is, the better the
oxidation-reduction reversibility and conductivity are.
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1.1 UESIRF

K HAEE 2 D/MAX-3C 4 X S 2Ry AR AT 8%
XTRE it A BEA T RAE, FRSIE A Cu K,y LR 40 kV,
HLRA 30 mA, FAHH AR 2(°)/min; R PE A w4
F=H] Specrum Qne B Y HLIMAR ¥ 2T AN GIEAEAT
FT-IR 73H1(KBr [k %), e HEER 4000~400
em s RAMERF$I-HCRI 2 AR EP7 1) 5-2C 7 pH X
HEAT pH WGE o« I A 404, SR CHI660C
RUHIAL 2 ARl (R R AR A R AR ) AT A
PEREI, =tk R4 DA BBk EAR (GCE) b
T AR, WORIH 7K L (SCE) A 2 LLHIM), B N
PR . e, # K [Fe(CN) ¥ pH H4 9.0 ffk
FR 2 (PBS), HiI#5 0.5 mol/L Ky[Fe(CN)s ¥, 1E
Sy WA AR ST, LA KBr AER M, 78 3538 R HHT
HALZEPEREIINR . FEFMA 2 (CVYFEIiE-0.2~1.2 V i
P77 AR 100 mV/s FRET, SRS F13
20 Ko HIARZEBE PRSI e Bl 1~1X 10° Hz,
LR 5 mV,

1.2 #S%KBRMEIE

HERIFREL Mg(NOs),-6H,0 F1 Fe(NOs);-9H,0(4> &
B EEA 0.5 mol), HEB1/KELK Mg Fe BE/RLE
3N 23 3 FT4 FRG BRI A HHEMIFRIURZE, 4%
JRZ NOs IR LA 43N A, %510 1 mol/L NaOH
AT AW pHAE M 9.3, 105 °C ity ai S ek s
10h, 80 Cinft 10h, Hhyk, Ve, T4, 13 Mg Fe
JBEJR LN 24 3 A4 ff) LDH, 43 %34 LDH-2. LDH-3

1 LDH-4. HNEBFE T 500 C RIEBLE 5 h FTigH)
LDO, 434%lickh LDO-2. LDO-3 1 LDO-4.

1.3 1&IREBRAH &

R4 0.3 F110.05 um ) ALO; ¥ K GCE(H.
1220 3 mm)P GBI, HH G /K LB S Ui 3 min,
R AKMPETF, BT TAL 3 GCE. {1 10 mL £ 5
TR I 20.0 mg LDO, HiA 43 1h, FEH 10 uL
TR AL GCE £, £U4MT FBT4) 3 min, 15
Mg. Fe /R ELr5104 24 3 A1 4 [ LDO 1541 T A HEAk,
e 4 LDO-2/GCE. LDO-3/GCE il LDO-4/GCE.
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FESIRIE N 1.0 g/L, TRAWAE 25 CF4i7 24 ho 539
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M e A2 ORIV K] pH AR BT A 324 i 16 22 H A 25 pHazpe o
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K AT B B VE I PR 70(CC ) TS AB i A
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YRS D N 7.6X10°° em¥/s)! T, A4 Anson
Ji R

Q =2nFAc(D)"? /n""* + 0, (1)
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Fig. 1 XRD patterns of LDHs with different molar ratios of
Mg to Fe: (a) LDH-2; (b) LDH-3; (c) LDH-4

2.1.2 LDH [f] FT-IR Jti& /3 #r

2 7R AN Mg, Fe /K EG LDHs 1 FT-IR
Jeil . B 2 WAL TR SR ALK AR IR AL
ARSI . 3500~3600 cm ! Ak R LG ) S K T A
JEH—OH i 4EdRs), 1200~1800 cm™ X [A] 1)) &
T2 COs™ HIFRBhL I, 400~1200 ecm™ X [H] ))&
T CO™ T2 ] ik Mg—O Fl Fe—O FIFRsh i .
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Fig. 2 FT-IR spectra of LDHs with different molar ratios of

Mg to Fe: (a) LDH-2; (b) LDH-3; (c) LDH-4

1630 11423 cm ' BT JAJ&E T CO5™ SRR H 45 s 1) W
el 1385 em™ BHL A JE T COS™ 1 O FRAH1 4 41
&, 5 HH COs™ IR R4 RN (1423 em HAHLL,
AR O R A KW, BIZR COos™ &5
AR A B A B HoO K Z i —OH JE R .
1056 cm ™ IR IC I 5 LDH J2 6] CO5> I Bk feh 4
PR3, 987 F1 667 cm ™' PHIUT AR g 435 Ky CO5™ THI Ak
4R S A A A RS, BT BRI T ) A
Mg—O 1 Fe—O M3 I IEMg—O0, Fe—0). 588
em ' )BT Mg—O Fl Fe—O (1 it 4R5) .

F A COs™ BT Dy s, 17 4 Fhahiik, 7
987. 667 Fl 1423 cm ' fHEHSNBIA R LrshimtE, H
HRAE 1423 cm ' A E R IR, fE 1056 em 4B
AL AMETE, (HE AT 1056 em ' AN g T B3
(L 2). BRI COs™, JERRRIERRAR, FifHRa)
AR RSN, AN . BiA COs™ R E L
B (C AT SRR ) AT (BCAE H S AT ) LA B R TG (P
PEFFHRA AL X AEAE ) BT RE SR AE 1423 em ™ 4k
A COs™ RN AR Aa Rl il —a b —, B
B SR, w5 S AR 4 B AL AR T
CO> (BAR T P54 . 1200~1800 em ' 2l CO5>
ANKIFRAR BN X 18], o] R AR %X (] 4R 3
B (10 S JSE SR S0 Ui BB AT B A AT B TG
7o £E 1360~1400 cm ™' F1 1510~1560 cm " Ak (95 1A i
HJE T8 CO Rahik, 1 1320~1340 Al 1610~
1630 cm™" Kb (U I U1 8 - WLk CO5™ Hie i,
1650 em™ BT (VA J& TR BEBCAY (1) HCOs 1 C—0—
C ¥ RS FrA i o)y el
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PeakFit #1151 AN [A] Mg+ Fe /K Lk LDH £ () FT-IR
£ 1200~1800 cm ™ X [H] Y417 EAT 25380 B v 7 R 5
PR >0.997), X} CO> Ffr AR IEATIF ST, 45
ULB 3 R 1o Pl 3 R 1 A4, 3 RS AE 1423 cm !
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FE 2 A AEAE F B COs>, Herp, LDH-4 1) H 1 COs>
Pr & dR i, LDH-2 X, 1 LDH-3 (18] A% T/ M
Ho COS YT XA RLAR SN 52 55 JE AR F iR p S5
P AT, T COS™ MRBRAC AL 5 2R 59847 A i
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BTk SS . LDH-3 [ R (B D7 R ) 75 e B v
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Fig. 3 Fitted curves of FT-IR spectra for LDHs in region of
1200-1800 cm': (a) LDH-2; (b) LDH-3; (c) LDH-4

1200 1300 1800

% 1 LDHs £ 1200~1800 cm ' Ab-7-Ugfy & . AT
U )
Table 1 Infrared band positions, areas and assignments in

1200-1800 cm ' region of LDHs

LDH-2 LDH-3 LDH-4
Assignment ct;atl;r/ Area/ ct;atl;r/ czzi(r/ Area/
1 % 1 % 1 %
cm cm cm
- - 1358
Unidentate 1378 1371 -
) 25.11 62.61 20.30
CO;™ 1384 1385 1384
- 1517 1526
Bidentate
) 1622 1574 1618 8.05 1620 15.69
CO5™
Bridged
5 1660 21.49 1662  8.73 1646 14.85
CO5™
) - 1410 1414
Free CO;~ 37.66 20.61 49.16
1452 - 1424

2.1.3  LDH K TH RIS M (2 HE7 55 pHpze)
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PRI [ AR T U D RN pHL (B 18] 4 B
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M1 LDH-4 H)Z 4 £ pHzpe 70014 11.2.11.8 F1 11.1,
H(FOH =) zpc NIEME, RUFENRIY E0E, o
A AE LA, LA R B K E /N LDH-3 .
LDH-2. LDH-4(LDH-2 [igEmS =51 LDH-4 (1)), W]
W., LDH-3 % ey s T 9 00, 154 W] LDH-3 [ 1
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4 — 0.001 mol/L
4L *— 0.0lmol/L
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11.2
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w

0
g 13
6
(b)
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= 4f e — (.01 mol/L i
g = — (.10 mol/L
o2
T oot
3
=l
0 1
g 9 10 11 12 13
pH
6
(©)
~ [ (LDH-4y:
o0 4 —(0.001 mol/L
S 4r  e— 0.0l mol/L 11.1
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< 3t
)
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o]
-
= 1t
0
3 13

4 KNO; ¥ & ANH Mgy Fe BE/RELI% LDHs (1 H 4
T 7€ 2k

Fig. 4 Potentiometric titration curves of LDHs with different
molar ratios of Mg to Fe in KNO; solution: (a) LDH-2;
(b) LDH-3; (c) LDH-4
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mfkgi by, Bk A2 LDH, 2 kSR LDH £
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i AN ) TR 7K T A A B C Bl A2 R o E 2211

2.2 LDO RYEB{LZE1%RE

LDO 1E 4 AL ZEim EARL B A g5 M 3 Hipe g, H
FOHAb SR R A A TR B A OG, T SR AN
W5 LDO KL=, HSANE Mg, Fe BRG]
LDO &3k AR it ra A 24T A, BT ri kg 5 3L
KIEATE G R, ASHEF R 3 AMFEM AT
AT HBEAFIA, 25 R WL 5 R 6.
2.2.1 LDO/GCE i{R %47 Hh

3ANFE A 20 YL R P ) R AR 34 LR
FesE, WRZR AR NIAH B S, o LRI (B R
), Ui B A A RS PRI LU . B, LDO-2/GCE
I LDO-4/GCE 8] FELJ Wi AR ZE 5 3k /N, A BV A
Wi WA [F] BE 7K LA it [R] 1) 22 72, AL LA LDOs/GCE 1t 0.5
mol/L Ky[Fe(CN)s[# W28 20 Itk 28 is 15
(WL 5) 0 e HIAR RO MR 22 263 A7 — XAkt i
U, FLHIRR I AT ppon BHARIEHIAT o, LA AL U6 LAY
LNy, BINWE IR Lew BHBIE TR I, (AWK 2.
LDO-3/GCE K4 b8 J5 b H i B i KT~ LDO-2/GCE
1 LDO-4/GCE ), 1fi LDO-2/GCE 1 LDO-4/GCE /]
JUPFTZESR . SR Lo/le= 1, BICFIARIEHLR L, 5
BRI L Loe AL, 0B AR S S N P S PR 4F
LDO-2/GCE A, i&{%T LDO-4/GCE [¥jAg,, {HHiH
F W KT LDO-3/GCE 1), #i# LDO-3/GCE [ n ¥
PETEUF, WAL TR B OE K. WA TS b A AR >
0.9997) (W32 2k K, FIARTEPEAL st %, IR 5 R
Nl R 8. LDO-2/GCE F1 LDO-4/GCE ) A JLF-AH
% (LDO-2/GCE 1) % K T+ LDO-4/GCE 1) ,
LDO-3/GCE [iGfbmfl 4 WS K Farmis, R
LDO-3/GCE HJ WK B T 2 f{J[Fe(CN)] VAT HL T #5585
SHEE . LDO-3 [IR M s, HH 2 1m
LTREIMS O EREM, M3 BULE M D AR
' LDO-3/GCE WS AR ] a8k, 3 H k1 i
2.2.2 LDO/GCE [AZ it AT AT

HAL 2 BRI (BIS) & W 7P BHA BT AL (R ) &

100

75t (b)

50

25+

I/uA
S

_50 L

_75 L

=100
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Rz ih 2

Fig. 5 Voltammetric cycle curves of LDOs/GCE in 0.5 mol/L

K4[Fe(CN)g] solution: (a) LDO-2; (b) LDO-3; (c) LDO-4

800

600 1

200

0 05 10 15 20 25
Z'kQ
6 1 0.5 mol/L K,[Fe(CN)gJ¥ i+ LDOs/GCE ¥4zt fH
Hil
Fig. 6 EIS of LDOs/GCE in 0.5 mol/L K4[Fe(CN);] solution:
(a) LDO-2; (b) LDO-3; (c) LDO-4

%2 LDOs/GCE MMk %2 24
Table 2 Cyclic voltammeter parameters of LDOs/GCE

Opal Ope/ Ap,/ Al

Sample mV mV mV Tpdllye cm’
LDO-2/GCE 265 115 150 0.87  0.02086
LDO-3/GCE 230 150 80 0.88  0.02545
LDO-4/GCE 270 115 155 0.93  0.02064

H Ak 2 ) i R . T 5 R R T AL S R
A & 6 sl LDO/GCE T AEHRAEH 10 IR
EIS & RATX f [0 B B A R P 188 T S A8 /)
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B, HARRT RN, B RRTT, YuE TR
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AL BB R S5 G, A AR R A B e %, Ei1S
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I Bronsted F Lewis [RAH M, JLrb, XCUAHCAL A
Bronsted [ 35H% A 1 B 15 O A7 & Lewis #6%7 Y, Jf
S E SRR . fEHLIEHTR, LDH K
TRAEWRSRG R, kPR R ART, PRI
MAREEX RS 5. A[A Mg, Fe JEE/K L LDHs I itk
Sk R R I PEASE . LDH-3 AR, Bl O
Bl Ry NN SR | Rl aE S T S
FLAB i ) AR T W PRt il de it o TTTAER 5 0 S R /K A
K COy™ 15 )2 M4 8 B 1l BT TR B i) O %6 EA,
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Al 2 PR RE R -
3 4ig

1) ANF] Mg, Fe BE/RLE(2:1~4:1)MgFe-LDH
LDH-3 {45 & fe s, Bl ess, LDH-2 45 i Bk
2, BEVEVRES, T LDH-4 45 5 i s, Bk sy, H
o LDH-2 Al LDH-4 [fI8 1 A 214055

2) FT-IR RAER W, J2 1] COy™ =T L Lk RIXU U
BCAL B RAFAE, R ITHRIEI R T Lewis SBs A7 B A
(PR COs™), LDH-3 MMISRigAT %, H GO (R
MU ) BB fe s, 1 LDH-2 [l %2 - LDH-4 [, {5
ZEFEU/N o pHpze (E AN 5 R IR YE 2 0 Be T 1) B
AR, B pHpze (EBOK, HAR TV BGE, X1
— IR B T 45 0 B e 19 LDH-3 B P Bt o

3) CV Al EIS WX £, LDO b bEgE 1L
KIMRIEA S, LDO-3 Mg, CV MR W
LDO-3 f4 I S nl i v J S vk R de et
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