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Hydrotalcite-like compounds obtained by 
anion exchange reactions 
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The synthesis of nickel aluminium hydroxypicrate, [NiaAI(OH)8] (C607NaH2)'nH20, and 
lithium aluminium hydroxypicrate, [AIzLi (OH)6 ] (C607N3H2).nH20 by anion exchange is 
described. Picric acid and the corresponding hydroxycarbonates were used as starting 
materials. The new compounds were characterized by chemical analyses, electron microscopy, 
infrared spectroscopy and X-ray diffraction. The results obtained indicate that both are 
hydrotalcite-like compounds where the picrate anion lies between the basic layers. The 
thermal decomposition of the compounds was studied by differential thermal and 
thermogravimetric analysis. 

1. Introduction 
Hydrotalcite-like compounds are mixed metal hydro- 
xydes of formula [MZ_xM 3+ (OH)2] x+X~/. " m H 2 0  
where M 2+ -- Mg ~+, Zn 2+, Ni 2+, etc., M 3+ = A13+, 
Fe 3 +, etc., X"- = CO 2-, NO3,  CI-,  SO 2- , etc. and 
0.2 <~ x ~< 0.33. Their structure consists of positively 
charged brucite-like layers, 2 + 3 + x + [M I_~M~ (OH)z] ,al-  
ternating with negatively charged interlayers contain- 
ing anions and water molecules, [X~/, �9 HzO] ~- [1-3]. 
M 2+ and M 3+ are randomly distributed at the octa- 
hedral positions in the basic layer. 

[AIzLi(OH)6 ]zCO3"nHzO is a laminar hydrotal- 
cite-like compound whose structure consits of posit- 
ively charged layers with A13 + cations arranged as in 
gibbsite, AI(OH)3, vacancies (one-third of the octa- 
hedral positions) being occupied by Li + cations. AI 3 + 
and Li + are largely ordered in the octahedral layer. 
Anions and water molecules fill the interlayer spaces 
[4-6]. The general formula of hydrotalcite-like com- 
pounds should be extended to include the monovalent 
Li + cations. 

Hydrotalcite-like compounds feature well-known 
anion-exchange capabilities [7-9]. They are some of 
the few known inorganic anion exchangers. Their 
anion-exchange properties are governed by the anion 
size, its electric charge and the molar M z +/M 3 + ratio. 
A number of small anions (CO~-, S O l - ,  NO~,  CI-, 
etc.) have been used in exchange reactions. The inter- 
layer spacing of these compounds varies with the size 
of the intercalated anion. The intercalation of large 
anions is of some interest to adsorption and catalysis. 
Polyoxometallates [10] and anionic complexes were 
recently intercalated [11]. 

The aim of the present work was to gain further 
knowledge about the intercalation of large anions into 
the interlayer spacing of hydrotalcite-like compounds 

by intercalating picrate anions via anion-exchange 
reactions. 

2. Experimental procedure 
Two different hydrotalcite-like compounds were used 
in the anion-exchange reaction with picrate, namely 
[-Ni3AI(OH)8]2CO 3.nH20 and [AIzLi(OH)6]zCO 3. 
nHzO. 

Ni-A1 hydroxycarbonate was prepared as described 
elsewhere [12] by coprecipitation from Ni z+ and 
A13 + salt solutions by slowly adding an NaOH solu- 
tion until a suitable pH of 10 to 12 was reached. The 
resulting gel was hydrothermally treated to improve 
crystallinity. The synthesis of the A1-Li hydroxy- 
carbonate was conducted by slow addition of an 
aluminium carbonate (0.1 M) to a saturated LiOH 
solution up to pH 12.5 [13]. In both experiments, the 
gels were treated hydrothermally to improve crystal- 
linity. 

An amount of 0.5 g of [Ni3AI(OH)s]2CO3" nH20 
and 1 g of [AlzLi(OH)6]zCO3"nHzO was suspended 
in 500 ml o f  0.05 and 0.1 M picric acid solutions, 
respectively. The water employed was free from COz. 
The suspensions were kept under continuous stirring 
for 48 h. The resulting products were washed and 
dried at 60 ~ 

The cations Ni / +, A13 § and Li + were analysed for 
atomic absorption spectrometry on a Perkin Elmer 
instrument after dissolving the solids in dilute HC1 
(0.1 M). The picrate anion was determined on a 
Lambda 1 spectrophotometer by monitoring the 
solution absorbance at 354 nm. 

X-ray powder diffraction patterns were recorded on 
a Philips PW 1130 diffractometer using CoK0~ radi- 
ation and an iron filter. The scanning rate was 
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1~ min-1. Electron micrographs were recorded on a 
Jeol 200 CX microscope. Infrared spectra were re- 
corded in the range 4000 to 200 cm-~ on a Perkin 
Elmer 599B spectrophotometer by previously diluting 
samples in KBr. 

Simultaneous thermogravimetric (TG) and differ- 
ential thermal analyses (DTA) were carried out on 
a Rigaku-Thermoflex TG-DTA instrument at a 
heating rate of 10 ~ min-  1. 

3. Results and discussion 
The ion-exchange reaction replacing CO~- by picrate 
yielded similar results for the two hydrotalcite-like 
compounds studied. The X-ray diffraction patterns 
obtained in both cases (Figs 1 and 2) show increased 
do o i spacings, and hence increased interlayer spacings 
consistent with the expectations for the replacement of 
one anion (carbonate) for a bulkier anion (picrate). 
The increase observed in the do oz spacings of the 
hydroxypicrates with respect to the corresponding 
hydroxycarbonates (Table I) was 0.57 nm in both 
cases. The thickness of the interlayer space was calcu- 
lated by subtracting the thickness of the brucite-like 
layer (0.477 nm) or gibbsite-like layer (0.485 nm) as 
required from that of the unit layer d o o 2. The values 
thus calculated are also listed in Table I. 

On the other hand, on comparing the doo 2 spacings 
of the homoionic samples, it is seen that the Ni-A1 
compounds feature larger spacings than the A1-Li 
compounds. This can be related to the positive char- 
ges at the octahedral layers, which is of about 
0.33 nm 2 per charge for Ni-A1 compounds with 
M2+/M 3 + =  3, and about 0.25 nm 2 per charge for 
AI-Li compounds with M 2 +/M 3 + = 2 I-4]. The higher 
charge density at the octahedral layers favours attrac- 
tion to the anion layers, which decreases the thickness 
of the unit layer (doo2) [12]. 

The morphology of the hexagonal plates, more or 
less even, shown by the Ni-AI hydroxycarbonate 
(Fig. 3) is preserved after the anion exchange of CO32- 
by picrate. The size of the particles is only slightly 
affected by the anion exchange. On the other hand, the 
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Figure 1 X-ray powder diffraction patterns of: (a) [NiaAI(OH)s] 2 
(CO3)" nH20 and (b) [Ni3AI(OH)s ] (C6OvNaH2)"nH20. 

004 0021 

O06 

. ~ 

70 50 30 1 o 

20 (deg) 

Figure 2 X-ray powder diffraction patterns of: (a) [AI/Li(OH)6]2 
(:03 �9 nH20 and (b) [AI2Li(OH)6] (C6OTNaH2)" nH20. 

TABLE I Variation ofdoo ~ spacings and interlayer thickness with 
the anion 

Sample do 02 do 04 do 06 Interlayer 
(nm) (nm) (nm) thickness 

(nm) 

Ni-AI-CO 3 0.79 0.39 0.264 0.313 
Ni-Al-picrate 1.36 0.68 0.45 0.883 
AIqLi-CO 3 0.76 0.378 0.254 0.275 
A1-Li-picrate 1.33 0.66 0.44 0.845 

Ni2+/A13+ cation ratio also remains constant. This 
can be regarded as a topotactic reaction, which is 
consistent with the findings of other authors in anion- 
exchange reactions involving other hydrotalcite-like 
compounds [14]. The micrographs of the A1-Li hy- 
droxycompounds studied in this work show similar 
results. 

Further information about the intercalated anion 
can be obtained by infrared spectroscopy. In Figs 4 
and 5 are shown the IR spectra of the hydroxycarbon- 
ates and the corresponding hydroxypicrates. In both 
cases, the typical bands of the interlayer CO 2- anion 
[5] (one of greater intensity at 1360 to 1370cm -1 
and others, less intense, at 1050, 870 and 680 cm-1) 
are absent, and new bands which can be ascribed 
to picrate (C-H 3080 to 3030cm-1; C-C 1625 
to 1475cm-1; N O  2 1560 to 1490cm -1, 1260 to 
1180 cm-1) [15] are observed. The regions character- 
istic ofA10 6 octahedra (370 to 750 cm- 1 ) and LiO 6 or 
NiO 6 (200 to 350 cm-1) are similar to those reported 
elsewhere [4, 5], and the presence of sharp bands in 
this region suggests the occurrence of cation ordering 
in A1-Li hydroxycompounds, but not in those of 
Ni-A1. 

The above results indicate that a replacement of the 
interlayer CO 2- anion with picrate occurred during 
the anion exchange experiment. The anionic exchange 
reaction can be represented by the following scheme: 

MZ+ a+ [ 1-xAlx(OH)2] (CO2-).4/2 �9 n i l 2 0  

+ 2(C607N3H2)- ~ [M~+xAI~(OH)2] a+ 

( C 6 0 7 N 3 H 2 ) A  �9 nH20 + CO/  
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Figure 3 Transmission electron micrographs (TEM) of: (a)[Ni3AI(OH)s]2COa'nH20; (b)[Ni3AI(OH)s ] (C6OTN3H2)'nH20; 
(c) [AI2Li(OH)6]2CO3"nH20; (d) [AI2Li(OH)6 ] (C6OTN3H2)" nH20. 
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Figure 4 Infrared spectra of [Ni3AI(OH)8 ] + 
X~m "nH20: x m - =  CO 2- (dashed line) 
and C6OvN3H f (solid line). (,) Molecular 
vibrations due to carbonates. 

in which M z+ = Ni 2+ or Li+; A = x = 0.25 for Ni 2+ 
and A = 2x - 1 = 0.33 for Li +. 

In the two hydrotalcite-like compounds studied, the 
exchange of CO 2- by picrate at the interlayer results 
in few changes in their decomposition temperatures. 
Fig. 6 shows the DTA and T G  curves of Ni-A1 hy- 
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droxypicrate. The DTA curve shows a sharp exother- 
mic effect in the range 300 to 500 ~ coinciding with 
the pyrolysis of the picrate ion. The T G  curve shows a 
very slow weight loss (2% of the sample) starting at 
100 ~ and extending up to 300 ~ This first weight 
loss is very small compared with that occurring in the 
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Figure 5 Infrared spectra of [A12Li(OH)6] + 
X.%..nH20: X m - =  CO]-  (dashed line) 
and C6OTN3H f (solid line). (*) Molecular 
vibrations due to carbonates. 
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corresponding hydroxycarbonate (9.2%) which is at- 
tributed to interlayer water [12]. Probably, the need 
of each C O l -  anion to be replaced by two picrate 
anions at the interlayer prevents a larger number of 
water molecules from occupying it. 

This is supported by the fact that, while the Ni-A1 
hydroxycarbonate shows decreased (do o 1) spacings as 
a result of the 10ss of interlayer water [12], the XRD 
pattern of the Ni-A1 hydroxypicrate heated at 300 ~ 
(Fig. 7) does not show such a decrease. Likewise, 
the IR spectra (Fig. 4) show the bands corresponding 
to the hydroxyl stretching vibrations (3700 to 
3500 cm- 1 ), and the bending vibrations (1600 cm- 1) 
of the interlayer HzO are more intense when the 
interlayer anion is CO 2- than when it is picrate, thus 
indicating the occurrence of larger amounts of inter- 
layer water in the former case. Similar results have 
been found for other anions [16]. 

Between 300 and 400 ~ there is a sharp weight loss 
(TG curve) of 78% corresponding to the pyrolysis of 
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Figure 6 DTA and TG curves of [NiaAI(OH)8 ] (C607NBH2)- 
nH20. 

picrate anions and the dehydration of the compound 
with destruction of the laminar compound. The XRD 
pattern of the compound heated at 450~ (Fig. 7) 
shows the largest spacings of poorly crystalline NiO. 
Above 750 ~ the interaction between nickel and alu- 
minium oxides starts to form the spinel NiA120 4. The 
XRD pattern of the compound heated at 1000~ 

25~ 

300~ 

0 

450~ 

0 

1000 ~ C 

I I 

80 60 

O *  

I I 

40 20 

20 (deg) 

Figure 7 X-ray powder diffraction patterns of [Ni3AI(OH) s ] 
(C6OvNaH2).nH20 heated at various temperatures. (O) NiO, 
(*) NiA1204. 
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clearly shows the spacings corresponding to NiO and 
to spinel. 

The decomposition of the A1-Li hydroxypicrate 
takes place similarly to that of the Ni-A1 hydroxy- 
picrate, with an exothermic peak in the DTA curve 
between 300 and 500 ~ and the formation of the 
mixed oxides ~/-LiA102 and LiA1508 above 700~ 
[17]. The formation of these transitional aluminas 
with the incorporation of other metal atoms, of con- 
siderable general interest, has also been detected in the 
decomposition of other hydrotalcite-like compounds 
[18, 19]. 
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