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Abstract: Mixed metal oxides derived from layered hydrotalcite (HT) materials are extensively 

used as a potential catalyst and catalytic support in various organic transformations. The 

Numerous such materials have been developed by varying framework divalent and trivalent 

metal ions, and interlayer anions. The intercalation of anions present in HT facilitates the design 

of high surface area materials possessing exposed active sites, which enhances the catalytic and 

adsorption properties. These HT materials have also been used as drug carriers, enzyme 

encapsulation owing to their flexible accommodation of organic anions in the interlayer of the 

HT structure. The present review is focused on a recent development in the preparation of 

various HT materials using different metals and intercalating ions and their importance in the 

various catalytic processes, such as base catalyzed alkylation, isomerization, condensation and 

esterification. Effectiveness of transition metals containing HT for redox catalytic processes, viz. 

oxidation of alcohol, alkyl aromatics, phenol and reduction of nitro compounds have been 

discussed. Further, the importance of the introduction of a hard anion like silicate into the 

interlayer space of the HT and its applications in various organic reactions has also been covered 

in this review.   

 

KEYWORDS: Clays, Hydrotalcite, Intercalation, Organic transformations, Base catalysts, 

Redox Catalysts. 
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Introduction 

Clays are large groups of naturally available versatile materials and are widely used as 

adsorbents, ion exchangers, catalysts and catalytic support materials.1,2 Clays have a typical 

layered structure and are broadly divided into two groups, namely as cationic (e.g., Smectite 

type) and anionic clays (layered double hydroxide). In cationic clay, the layered structure has 

two-dimensional oxyanions which are separated by layers of hydrated cations, whereas in 

anionic clay (e.g. magnesium aluminum–hydrotalcite), the charge on the layer and the gallery ion 

are reversed with respect to cationic clay.3,4 In comparison to cationic clay, anionic clays are rare 

in nature, but they are relatively easy and inexpensive to prepare in the laboratory. Hydrotalcite 

belongs to the class of anionic clays wherein the positively charged layers are formed by the 

edge sharing of Mg(OH)6 and Al(OH)6 octahedral. Charge balancing anions and water occupy 

the interlayer spaces.2,5-9 

The introduction of various inorganic, organic and other anions into the layered HT structure by 

either post- or in-situ synthesis methods widens the scope as catalysts or catalytic supports. 

High-temperature calcination of HT results in a loss of water and interlayer anions, forming a 

solid solution of mixed oxide. The resultant mixed oxides or supported HT materials components 

vary in their molar composition and yield a variety of tailor-made materials that can be 

demonstrated as potential catalysts, ion-exchangers, adsorbents, corrosion inhibitors, electrode 

materials and pharmaceuticals.2,10-20 The replacement of carbonate ions in anionic clays is more 

difficult because of the high charge density, the stability of the resultant HT, and the high affinity 

of aqueous carbonate with the positively charged cationic sheets.1-25 There are only a few articles 

focused on the structure of HT, the intercalation of various anions and applications in different 

fields.2,8,10-14 Reviews on the catalytic applications of these materials are found to be limited. 

This review article focuses on developments in the preparation of various HT materials and their 

application as catalyst and catalytic support for various organic transformations.   

Structural Features of Hydrotalcite (HT) 

The structure of HT materials can be visualized based on brucite sheet. In the layered brucite, 

Mg2+ ions are surrounded by six hydroxyl ions in an octahedral (Oh) co-ordination and share 

edges to form infinite sheets. The infinite sheets are stacked upon one another to give a layered 
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network held by hydrogen bonding. If part of the Mg2+ ions is substituted by a trivalent cation 

having a similar ionic radius, such as Al3+, this results in a positive charge density in the layer 

(Scheme 1). The electrical neutrality of layered HT materials is maintained by the anions 

occupying the interlayer positions. Typical anions present in the interlayer are CO3
2-, NO2

-, OH-, 

and SO4
2- along with water in hydrated form.9, 21-23 

 

                      Brucite                                                               MgAl-Hydrotalcite 

Scheme 1. Schematic representation on the formation of Hydrotalcite structure. 

The general molecular formula of HT-like materials is represented by [M(II)(1-

x)M(III)x(OH)2]
x+[An-

x/n]mH2O, where M(II) is divalent (Mg, Ni, Co, Zn) and M(III) is trivalent 

(Al, Cr, Fe, In) metal cations, x represents the fraction of the M(III) cation, namely x = 

M(III)/(M(III) + M(II)), and An- denotes anions. The anions present in the interlayer are 

exchangeable, giving rise to elegant intercalation chemistry.2,5-7 The sheets containing both di- 

and trivalent cations occupy randomly the octahedral holes of the close-packed configuration of 

hydroxyl ions and the interlayer constituents; that is, the anion and water are randomly located in 

this region and possess a high degree of mobility.  

There is practically no limitation on the anions that can be intercalated into the interlayer region 

of the HT-like materials. The natures of the cations that form HTs and the intercalation ability of 

various anions are summarized in Tables 1 and 2 respectively.  
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Table 1. Summary of different anions used in the hydrotalcite materials  

Inorganic anions 

Inorganic anions Reference Inorganic anions Reference 

CO3
2- 24,25 V2O7

4-
, VO4

3-, V10O28
6- 37, 38, 39, 40 

NO3
2- 25,26 H2W12O40

6- 41 

ClO4
- 27 

H2PO4
-, HPO4

2-, PO3
-, 

PO4
3-, P2O7

4-, P3O10
5- 

42, 43 

halides 28 borate and tetraborate 44, 45 

SO4
2-,CrO4

-, CrO4
2-, 

Cr2O7
2- 

29, 30 MoO4
2-, Mo7O24

6- 46, 47 

OH- 31 MnO4
- 48 

(AsO4)
3- 32 OsO4

2- 49 

silicate anions 33, 34, 35, 36 polyoxometalate anions 50, 51 

Organic anions 

Organic anions Reference Organic anions Reference 

oxalate, citrate, tartrate 52 benzene derivatives 58 

salicylate, naproxen 54 Anthracene carboxylate 59 

amino acids 55 organic surfactants 60 

t-butanoate anion 56 Naphthalene carboxylate 61 

amino salicylate 57 anionic organic dyes 62 

Complex anions 

Complex anions Reference Complex anions Reference 

Iron (III) complexes 63, 64 Salen complexes 69 

Cr, Rh complexes 65, 66 Pt, Cu complexes 70, 71 

NiCl4
2-, CoCl4

2- 67 Rh complexes 72 

Porphyrin complex 68 Ce (III) complex 73 

coordination Complexes 8 Mo complexes 74, 75 
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Table 2. Summary of different metal ions used in the hydrotalcite materials 

M2+ ion M3+ ion References M2+ ion M3+ ion References 

Ca Al 76, 77, 78 Ni Al 98 

Cd Al 79, 80 Ni Co 99 

Co Al 81, 82 Ni Fe 94 

Cu Al 83 Ni V 100 

Cu Cr 84, 85 Zn Al 101, 102 

Li Al 86, 87 Zn Cr 103 

Mg Al, Eu 88 Co Co 104,105 

Mg Al 89, 90, 91 Ni Ni 106 

Mg Cr 92 Co Ni 107 

Mg Fe 93, 94 Co Fe 108 

Mg V 95 Ni Fe 109 

Mn Al 96 Zn Co 110, 111 

Mg Mn 97 Zn La 112 

Memory effect of HT materials  

One of the important properties of hydrotalcite is the memory effect.2,113 During the calcination 

of HT materials, removal of the interlayer anions, hydroxyl groups and water results in 

homogeneous mixture of bulk metal oxides. Interestingly, the calcined hydrotalcite is able to 

regain the original layer structure when it is exposed to anions in aqueous solution. The 

reforming of the layered structure is controlled by two important factors, namely the choice of 

starting materials and the temperature of calcination. The starting materials must contain a 

thermally labile anion, and the temperature of calcination must be controlled so as to avoid 

excessive heating that would result in the formation of a spinel structure, which is resistant to 
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rehydration. The above memory effect helps to develop a tailor-made variety of materials and is 

utilized for various applications.2,113-117 These layered materials are relatively less stable at high 

temperature and are transformed into a homogeneous mixture of solid mixed oxide upon 

calcination. The uniform distribution of the mixed oxides and homogeneous mixture makes these 

materials potential catalysts for the various organic transformations.  

General synthetic procedure 

Anionic clays are a large group of natural and synthetic materials readily produced when a 

suitable mixture of metal salts is treated with, for example, ammonium hydroxide/sodium 

hydroxide base by the sol-gel method. HT can be synthesized by various methods depending on 

the specific requirements and properties. The widely accepted methods are co-precipitation, urea 

hydrolysis, microwave irradiation, hydrothermal and sol-gel processes (Scheme 2). The most 

common co-precipitation method is used for the preparation of numerous HT materials.118 

 

Scheme 2. The schematic representation of various methods for preparation of HT materials. 

Intercalation on hydrotalcite materials 

Intercalation of anions helps to tune the chemical, electronic, optical, and magnetic properties of 

a host lattice. The intercalation chemistry of HT is quite extensive, which helps to generate a 

variety of tailor-made materials at ambient conditions. A huge variety of anions (Xn-) are known 

to have been incorporated (Table 1) into the interlayer region of hosts using a range of methods 

(Scheme 3).2,5,8, 119-122 Intercalation of metal-containing anions (viz, polyoxometalate, molybdate, 

vanadate, chromate) helps the incorporation of a third metal component in the mixed oxide, 
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when it is processed for thermal decomposition. Various characterization techniques have been 

employed to study the pillaring in HT’s and demonstrated how it is possible to follow the process 

in which the existing interlayer anions are replaced by the pillaring anions, which diffuse into the 

interlayer region.  

 

Scheme 3. Pictorial representation of various anions intercalated in hydrotalcite materials for 
various applications (3a-adapted from ref. 44 with kind permission from Elsevier; 3b and 3c 
reprinted from Ref. 119 and 75 with permission from the Royal Society of Chemistry; 3d and 3e-
adapted from ref.120 and 121with kind permission from Elsevier; 3f-Reprinted with permission 
from Ref.122. Copyright (2008) American Chemical Society). 

With intercalation of the bulkier anions (e.g. polyoxometalate, bio-molecules, aromatic anions, 

complex anions), the basal spacing of the HT increases according to the orientation of the 

pillaring species in the interlayer, and the crystal grows in the c direction. In many cases, during 

the direct exchange synthesis of pillared compounds, a partial loss of crystallinity has been 

observed. These features can be followed using powder X-ray diffraction patterns. In addition, 

FT-IR studies facilitate the identification of the intercalation of HT, based on the change in 

vibration mode of interlayer anions such as carbonate, nitrate. The intercalation of various anions 

facilitates the intrinsic properties of these materials. Similarly, various base catalysts were 
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generated by the introduction of O-t-Bu anion (tert-butoxide), fluoride ion, mixed oxides derived 

from calcinations, doping of metal ions (La, Ce, Ga, Zr, K, Ca), and a rehydrated form of 

hydrotalcite.56, 114, 123-127
 

Catalytic applications of HT materials  

Overviews of HT as a flexible layered material have found it to possess interesting properties for 

a variety of applications such as base, redox and photo-catalysts, as well as super capacitors, in 

pharmaceuticals industry and adsorbents.13, 19 128,129 

 

Scheme 4. General schematic representation of various organic transformations using HT-based 

materials. 

The present review is restricted to the recent development of HT as a catalyst for organic 

transformations and application of HT as adsorbents. The ability to synthesize a variety of tailor-

made layer materials and their tunable intrinsic properties make these materials promising as 

catalysts or a catalytic support in many organic transformations (Scheme 4), such as alkylation, 

isomerization, hydroxylation, transesterification, hydroformylation, redox reactions, 

condensation and environmentally friendly reactions. 

The following section describes the utilization of such HT materials as catalysts in industrially 

important organic transformations.  
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HT materials for Carbon-carbon bond formation 

Carbon-carbon bond formation is one of the important processes in organic synthesis. In general, 

C-C formation is achieved by different methods (alkylation, condensation and addition 

reactions). In particular, alkylation is one of the most significant methods to increase the carbon 

number. Layered double hydroxides/HT has been known to be efficient catalysts for a variety of 

C-C bond formation reactions.  

Alkylation of phenol with alcohols is an industrially important reaction because many of the 

alkyl phenols are used as raw materials for the synthesis of numerous pharmaceuticals, 

agrochemicals and other important organic products. Velu et.al studied the alkylation of phenol 

with 1-propanol and 2-propanol in vapor phase over magnesium aluminum hydrotalcite (MgAl-

HT) having Mg/Al ratios of 2, 3 and 4.130 Both O-alkylation and C-alkylation were found in this 

reaction without any skeletal isomerization of propyl moiety. From the study it was suggested 

that the reaction proceeded via an SN2 mechanism. Phenol conversion was found to increase with 

increase in the temperature, and the maximum of 80 % was obtained around 350 oC. The MgAl-

HT with an Mg/Al atomic ratio of 2 and 3 was found to be suitable in comparison with other 

catalysts such as CuAl-HT and NiAl-HT. The observed catalytic activity was explained based on 

strong basicity derived from MgAl-HT in comparison to CuAl-HT and NiAl-HT. 

Choudary et.al demonstrated selective 1,4-Michael addition of simple methyl vinyl ketone and 

acrylate using modified MgAl-HT.131 Simple chalcones were synthesized by donors such as 

nitroalkane, malononitrile, diethylmalonate, cyanoacetamide and thiols using hydrotalcite in a 

liquid phase medium under mild conditions. When using HT, it was observed that there were no 

side reactions such as 1,2-addition and polymerization. The mechanism of this reaction was 

explained as follows: (i) the abstraction of a proton from the donor gives a carbanion which can 

be stabilized by the cationic charge of Al in the lattice, (ii) this carbanion further adds to the 

chalcone to form an enolate, and (iii) the enolate will take a proton from the water to form the 

final product. 

Later, Choudary et.al developed an organo-HT catalyst by incorporating organic chiral 

molecules L-proline and S-BINOL into hydrotalcite materials.132 This organo-HT was employed 

for various asymmetric C-C bond formations and the results are reproduced in Table 3.132 Using 

HT-proline/BINOL employed for aldol and Henry reactions, both reactions demonstrated good 

products yields of around 95 % under mild conditions.  
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Table 3. Catalytic activity of organo-HT materials for various organic transformations 
(Reproduced from Ref. 132 with kind permission from Springer).   

The authors extended this work to study the catalytic behavior for the Michael reaction and 

cyanosilylation reaction of p-nitro benzaldehyde with trimethylsilyl cyanide. The authors found 

the advantages of new solid catalysts, with improved catalytic activity of 99 % conversion and 

selectivity under mild liquid phase conditions. Importantly, the organo-catalyst was found to be 

easy to separate and eco-friendly.  

Padmasri et.al studied t-butylation of phenol with iso-butanol using various hydrotalcites 

obtained by calcination in the temperature range of 350–500 oC.133 Among the various HTs 

studied, MgAl-HT showed the best conversion at a level of 44.9 % conversion with exclusive 

formation of o-tert-butyl phenol. The basicity of the materials was followed by Temperature 

programmed desorption (TPD) of CO2 and evident in the order of MgO > calcined MgAl-HT 

(hydrothermal synthesis) > calcined MgAl-HT (co-precipitation) > calcined ZnAl-HT > Al2O3 > 

calcined MgCr-HT. Similarly, the author also studied acidity by the ammonia TPD method and 

found the following order of calcined ZnAl-HT > calcined MgAl-HT (co-precipitation) > 

calcined MgAl-HT (hydrothermal synthesis) > Al2O3 ≈ MgO > calcined MgCr-HT. The better 

catalytic activity observed on MgAl-HT which was explained based on the presence of the 

surface basicity and an enhanced acid-base property. The presence of redox chromium species in 

HT was found to decrease the catalytic activity of the materials and reduce the catalytic activity 

drastically. The formation of o-tert-butyl phenol was evident as a major product, irrespective of 

the composition of the HTs. 

Choudhary et.al studied a novel and efficient route for the synthesis of diaryl ethers by o-

arylation of naphthol and phenols with aryl halide using CuFe-HT.134 The results are reproduced 

S. No Reactions 
Temperature/ 

Time (h) 
HT-Proline 

(isolated yield %) 
HT-BINOL 

(isolated yield %) 

1 Aldol condensation RT/ 24 92 90 

2 Nitro-aldol condensation RT/1, 24 98 90 

3 Michael reaction RT/24 40 75 

4 Cyanosilylation RT/24 99 99 
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and summarized in Table 4. The catalyst showed high activity for the chosen reaction under mild 

conditions in the absence of externally added bases. Different solvents were studied in the o-

arylation reaction, among which DMF was shown to be the best solvent for the chosen coupling 

reaction, with a maximum conversion of 93 %. For the o-arylation of phenol by different aryl 

halides, the diphenyl ether was yielded at a higher rate using iodobenzene. Further, the author 

found that the catalyst was reusable for several times without loss of any activities with the 

product yield of 88 %. 

Table 4. Arylation reaction using HT materials.# (Adapted from ref. 134 with kind permission 

from Elsevier) 

Entry Aryl halide phenol 
Time (h)/ 

Temperature (oC) 

Conversion 

(%) 
Product 

1 

I

 

OH

 

7/140 93 

O

 

 

2 

Br

 

OH

 

10/140 88 

O

 

 

3 

Cl

 

OH

 

15/140 22 

O

 

 

4 

F

 

OH

 

15/140 -- 

 

No product 

 

5 

I

 

OH

 

8/140 93 
O

 

#Reaction conditions:1 mmol aryl halides=1.2 mmol phenols; 3 ml:solvent (DMF); 50 mg: catalyst. 
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Climent et.al studied the Claisen-Schmidt condensation of benzaldehyde with substituted 

acetophenones over base catalysts like MgAl-HT and Cs exchanged zeolite sepiolite.135 The best 

activity was observed on MgAl-HT having Al/(Al+Mg) ratios between 0.25 and 0.30. The 

authors found that the increase in Al content was caused by segregation of Al on the surface, 

resulting in the generation of cation defect sites of less coordinated oxide ions. Further, it was 

evident from their studies that the crystallite size plays a major role on the catalytic activity. The 

smaller crystallite size (< 50 nm) was found to be more active. In addition, it was proposed that 

the higher population of lower coordinated oxide ions served as active sites for the Claisen-

Schmidt condensation. 

Choudary et.al performed nitroaldol condensation (Henry reaction) for the first time with 

activated MgAl-HT in a liquid phase medium under mild conditions.56 The reaction was studied 

with benzaldehyde and nitromethane using modified hydrotalcite (activated at 450 oC). The 

results were compared with a variety of solid bases such as sodium hydroxide, neutral aluminum 

oxide, magnesium oxide and diamino-functionalized MCM-41 under similar conditions. The 

results are reproduced in Table 5. Basic hydroxyl sites present in the modified HT favoured 

nitroaldol reactions with a good yield (95 %) in a short time. The catalyst was found to be non-

toxic, inexpensive, with high catalytic activity under mild liquid phase conditions and zero 

emission of pollutants.  

Table 5. Nitroaldol condensation using various materials. # (Reproduced from Ref. 56, with 

permission from the Royal Society of Chemistry). 

S. No Catalyst Time (h) Yield (%) 

1 Modified MgAl-hydrotalcite 0.5 95 

2 Aluminium oxide 12 37 

3 Magnesium oxide 8 51 

4 NaOH with PTC 2 70 

5 Diamino-functionalised MCM-41 3 97 

#Reaction conditions: Nitromethane (10 mmol), benzaldehyde (2 mmol), 0.2 g of catalyst; Room temperature.  

Tichit et.al examined aldol condensation of acetaldehyde with heptanal using different types of 

solid base catalysts in a liquid phase medium.136 Several reaction parameters such as temperature, 

substrate molar ratio and solvent were investigated. The observed higher conversion (more than 
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80 %) was explained by cross- and self-condensation of the aldehydes on basic and acid-pair 

sites. Stronger Lewis basic sites of MgO or Brönsted-type basic sites of the rehydrated mixed 

oxide tend to favor the formation of carbanion from heptanal. The resulting carbanion leads to 

cross-condensation with acetaldehyde, and subsequently self-condensation leads to the 2-pentyl-

2-butenal and 2-pentyl-2-nonenal respectively. The most efficient material for the cross-

condensation to 2-nonenal was found to be MgAl-HT obtained by calcination at 600 oC. 

A maximum yield of 21 % was observed at 120 oC in ethanol as solvent with an acetaldehyde to 

heptanal ratio of 2. The authors also found that an excess of acetaldehyde is necessary to achieve 

a good balance between both reactants in the adsorbed state and then to favor the cross-

condensation. 

Sharma et.al investigated aldol condensation of propyl alcohol using different catalysts in the 

liquid phase condition under solvent-free conditions.137 The maximum conversion (97 %) was 

observed over MgAl-HT with an Mg:Al molar ratio of 3.5 at 100 oC for 10 h with selective 

formation of 2-methylpentanal. Among the other catalysts used, such as alkali ion-exchanged 

zeolites, alumina, alkali-treated alumina and calcined MgAl-HT showed better conversion. 

Except for MgAl-HT, all the other catalysts are weak bases and the alkali ion-exchanged zeolites 

basicity depends on the nature of the cations. In the calcined MgAl-HT materials (calcined at 450 
oC), the resulting formation of homogeneously dispersed mixed oxides of Mg and Al with strong 

Lewis basic sites (Mg2+-O2- pairs) and weaker basic sites (OH-groups) was found to be 

responsible for higher catalytic activity. 

Faba et.al studied aqueous phase aldol-condensation of acetone and furfural using three different 

catalysts: MgZr, MgAl and CaZr-HT.138 The catalytic activity and selectivity were correlated 

with their physico-chemical properties. It was observed that MgZr oxide showed the best 

performance with 60 % for C13 product, followed by the MgAl (43 %) and CaZr (15.5 %). MgAl 

and MgZr gave similar yields of more than 74 %. However, C8 products formation was more 

favorable on MgAl oxide, due to the strong influence of the retro-aldolization reaction. The 

efficiency of the catalyst was decreased in the order of MgZr> MgAl >CaZr. 

Bharali et.al investigated nitroaldol condensation using mixed oxides derived from different HT 

materials.139 The authors prepared catalysts such as CoMgAl-HT and NiMgAl-HT by partial 

substitution of Mg2+ with Co2+ and Ni2+ metal ions, keeping the (M2+Mg/Al) ratio of 3. The metal 

ions substitution affects the crystallization, as was observed from the XRD patterns. The as-
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synthesized and calcined materials were tested for nitroaldol condensation under solvent-free 

conditions and the results are reproduced in Table 6. Among the various HT catalysts calcined, 

NiMgAl-HT showed better conversion than the other as-synthesized and calcined HT materials. 

The observed higher conversion was explained based on the greater surface area and pore 

volume on NiMgAl-HT. Further, the calculated TOF for cal-NiMgAl-HT was found to be 

superior to other catalysts and yielded similar activity in a three-recycle study.  

Table 6. Nitroaldol condensation of 4-nitrobenzaldehyde with nitromethane over various HT 

catalysts under solvent-free conditions.#(Reproduced from Ref. 139 with permission from the 

Centre National de la Recherche Scientifique (CNRS) and the Royal Society of Chemistry). 

S. 

No 
Catalyst 

Time 

(h) 

Conversion 

(%) 
TOF (h-1) 

Textural properties 

BET surface 

area (m2/g) 

Pore volume 

(cm3/g) 

1 MgAl-HT 12 86 -- -- -- 

2 NiMgAl-HT 8 91 -- -- -- 

3 CoMgAl-HT 10 84 -- -- -- 

4 Cal-MgAl-HT 6 95 12.5 561 0.97 

5 Cal-NiMgAl-HT 2 99 149 753 1.27 

6 Cal-CoMgAl-HT 4 97 36 401 0.93 

# Reaction conditions: 1: 10 (4-nitrobenzaldehyde: nitromethane (1 mmol)); 10 mg catalyst; Room temperature. 

 
Overall in the above summarized the importance of a varying the compositions of hydrotalcite 

materials on C-C bond formation, alkylation, condensation and addition reactions. For example 

MgAl-HT material possessing strong basicity favors the better conversion on aromatic alkylation 

without any skeletal isomerized products. Further, MgAl-HT with variable Mg/Al ratio able to 

tune the activity on condensation, addition and coupling reactions. In particular Michael addition 

reaction, the materials yielded desired products without formation any polymerized products. 

Various form of hydrotalcite materials having different metal ions and interlayer anions showed 

better yield on a variety of condensation reactions. Metal oxides derived from MgAl-HT produce 

strong Lewis basicity (Mg2+O2-) and weak basic sites (OH groups), which is responsible for the 

better activity on various reactions.  

Hydrotalcites as redox catalysts  
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Oxidation and reduction are fundamental reactions in organic synthesis. A variety of HT or 

supported HT materials have attracted considerable attention in the recent decade as 

heterogeneous redox catalysts.140 

(a) Hydroxylation reaction  

Zhu et.al carried out liquid phase phenol hydroxylation using hydrogen peroxide with various 

ternary HT systems containing copper and binary analog catalysts like MgAl, ZnAl, CoAl-HT 

and TS-1.141 The highest phenol conversion (53.5 %) and catechol selectivity (59 %) were 

observed over CuAl-HT. Under similar conditions, only 27 % conversion of phenol was 

observed with TS-15 catalyst, while MgAl, ZnAl, CoAl and NiAl-HT exhibited lower activity. 

Further, among the CuAl-HT studies, the catalytic activity was found to increase with increase in 

the Cu/Al ratio. The maximum activity was observed using water as the solvent with neutral pH 

at 60 oC condition. Based on these observations, Cu2+ centers in the lamellae are proposed as 

active sites for the reaction. 

Choudary et.al tried hydroxylation of alkene using different catalysts like OsO4
2- exchanged HT, 

SiO2-HT and resin-OsO4.
142 An active osmium catalyst was readily prepared from non-volatile 

K2OsO4.2H2O by simple ion-exchange techniques. Hydroxylation was examined using trans-

stilbene as a model compound in various reaction conditions. When trans-stilbene was added to a 

mixture of HT-OsO4, chiral ligand and NMO, the desired diol product was obtained in 96 %. 

Mono- and tri-substituted olefins also yielded diols with maximum selectivity.  

Phenol to catechol and hydroquinone is an important industrial process (Scheme 5) and these 

products are used in various fields. Antonyraj et al. studied phenol hydroxylation using various 

hydrotalcite (HT) materials (as-synthesized and calcined) with H2O2 as oxidant.143 Among the 

various HT materials (CuZnAl-HT, CuMgAl-HT, CuNiAl-HT and CuCoAl-HT), CuZnAl-HT 

was observed to give the best phenol conversion in both as-prepared and calcined form (21.6 and 

17.6 % respectively) and the results are reproduced in Table 7.143 The authors explained that the 

better activity is based on the presence of Cu2+ in the octahedral sites of HT materials.   

 

Scheme 5. Phenol hydroxylation using hydrotalcite materials. 
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Table 7. Phenol hydroxylation using as-synthesized and calcined hydrotalcite materials 

(Reprinted with permission from Ref.143, Copyright (2010) American Chemical Society). 

S. No Catalysts 
As-synthesized Calcined 

Conversion (%) CAT/HQ Conversion (%) CAT/HQ 

1 CuZnAl-HT 21.6 1.9 17.6 1.8 

2 CuMgAl-HT 11.4 9.7 0.3 ∞ 

3 CuNiAl-HT 2.7 26.5 2 2.4 

4 CuCoAl-HT 1.4 0.75 1 1.1 

#Reaction conditions: phenol: 1 g, catalyst: 10 mg, oxidant (H2O2): 0.6 mL, water: 10 mL,T = 65°C, t = 2h; 
CAT/HQ-Catechol and hydroquinone ratio. 

 
Friedrich et.al obtained hydroxylation of alkene into diols selectively using Os/Cu-HT with N-

methyl morpholine oxide (NMO) as co-oxidant.144 It was observed that there was no activity of 

alkene with the use of only oxidant viz., NMO, which proved that NMO is not the primary 

oxidant. The mechanism was explained as follows: HT activates the oxygen of the NMO, and the 

resulting activated NMO oxygen reacts with olefins to yield diols. Os/Cu-HT shows better 

conversion and selectivity in diols synthesis. 

 
(b) Oxidation process 

Cativiela et.al achieved epoxidation of various unsaturated cyclic and acyclic ketones using 

MgAl-HT in the presence of H2O2.
145 Open chain, substituted and unsaturated compounds 

exhibited stereo selective epoxidation with a maximum of 97 % yield. The substituted cyclic 

compounds showed relatively lower activity. 

Kaneda et.al carried out oxidation of allylic and benzylic alcohols to the corresponding 

aldehydes or ketones using Ru-MgAl-HT in the presence of molecular oxygen.146 The conversion 

and yield were poor with the MgAl-HT. Oxidation of allylic and benzylic alcohols was 

efficiently catalyzed by ruthenium-HT and yielded corresponding carbonyl compounds. The 

active sites of Ru-hydrotalcite might be derived from hydroxyl groups associated with ruthenium 

cations. It was speculated that alcohols coordinated at metal centre followed by interaction with 

hydroxyl group present in ruthenium species, and the ligand exchange reactions between the 
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hydroxyl and alcohol give a ruthenium-alkoxide species which undergoes β-elimination to afford 

an aldehyde product. 

Matsushita et.al studied the oxidation of cinnamyl alcohol and various other (aliphatic, aromatic 

and hetrocyclic)alcohols  using Ru-containing HT in the presence of molecular O2.
147 A series of 

hydrotalcites such as Ru-CoAl-HT, Ru-MnAl-HT, Ru-FeAl-HT, Ru-ZnAl-HT and Ru-MgAl-HT 

were investigated. Ru-CoAl-HT yielded complete conversion within 40 min and the results are 

shown in Fig. 1. Ru(VI) to Ru(IV) induced by the introduction of Co cations was shown to be 

responsible for oxidation of alcohol. The catalyst was also found to be suitable for oxidation of 

various other alcohols, and it was further demonstrated that the catalysts are recyclable. 

 

Fig.1 Oxidation of cinnamyl alcohols using various Ru-hydrotalcites (Reproduced from Ref. 

147, with permission from the Royal Society of Chemistry). 

Sn-doped HT materials were prepared and studied for Baeyer-Villiger oxidation of ketones by 

Pillai et.al.148 Ion exchange and the wet impregnation method were used for preparation of Sn 

loading on HT. Different concentrations of 0.4, 1.5 and 3 wt % of Sn were loaded on calcined 

MgAl-HT and used for the oxidation reaction. The authors observed a maximum conversion of 

58 %, with more than 95 % selectivity of lactones using a 1.5 wt % Sn loaded sample. They 

found that ion-exchanged catalyst showed better activity than wet impregnated catalyst, and 

explained this based on the ion-exchange method producing a homogeneous distribution of Sn 

and creating a Lewis acid center. The observed high activity on oxidation of ketones was 

attributed to the presence of active Sn sites in the interstitial position of the HT support materials. 

The authors also explained a possible mechanistic way as follows: Sn sites activate the carbonyl 

group of ketones, followed by nucleophilic attack by the peroxide species to form criegee adduct, 

which rearranges to give the product lactone. 
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Kirm et.al carried out epoxidation of styrene using HT materials with hydrogen peroxide and 

acetonitrile as oxidant.149 It was explained that basic hydroxyl groups of hydrotalcite abstract 

hydrogen from H2O2 to form a per-hydroxyl anions, which nucleophilically attack the nitrile, to 

generate peroxycarboximidic acid,149 and was found to be active intermediate oxidant and 

acetone, water respectively as solvents. The HT obtained with the Mg/Al mole ratio of 4 yielded 

the maximum of 88 % with exclusive formation of styrene oxide. HT having Mg/Al ratios higher 

than 4 was found to possess a surface layer of amorphous magnesia, which reduced the catalytic 

activity. In the absence of acetonitrile, no activity was observed. It was also observed that 

solvents play an important role in improving the catalytic activity. 

Kantam et.al synthesized a catalyst consisting of rac-BINOL (racemic 1, 1’-2-naphthol) in CuAl-

hydrotalcite (CuAl-HT) for the alcohol oxidation as a green process.150 The prepared different 

ratios of CuAl-HT consisting of BINOL and used them for various types of alcohol oxidation in 

the presence of different bases. The best results were evident with K2CO3. The employment of a 

chelating ligand used in the study provided the major driving force behind the evaluation of the 

active metal catalysts which activate the molecular oxygen in the oxidation process. The 

developed Cu/Al-rac-BINOL was shown to be an efficient and re-usable catalyst for oxidation of 

benzylic, secondary, heterocyclic alcohols to the corresponding oxidized products under mild 

conditions. 

Mitsudome et.al found that hydrotalcite (HT)-supported gold nanoparticles (Au/HT) are a highly 

efficient heterogeneous catalyst for the aerobic oxidation of alcohols under mild conditions.151 

The catalyst was also effective towards less reactive cyclohexanol derivatives to produce 

corresponding cyclohexanone. The product increased with decrease in the particle size of the Au 

nanoparticles. In other words, a small particle size was essential for effective alcohols oxidation. 

The use of other metal particles such as Pd, Ru and Ag resulted in lower activity under similar 

reaction conditions. 

Gomes et.al developed a catalyst by Mo-complex intercalated ZnAl-HT for epoxidation of 

olefins (Scheme 6).75 The catalyst was prepared by intercalating anions [Mo(η3-

C3H5)(CO)2Cl(bpdc)]2- (bpdc= 2,2’-bipyridine-5,5’-dicarboxylate) by ion exchange on ZnAl-HT. 

The intercalation of anions was confirmed using FT-IR spectra, from which the author detected 

the presence of bands at 1800–2020 cm-1 corresponding to carbonyl group in Mo(CO)2. The 

observed increase in the interlayer distance to 18.3 Å on the (003) plane was due to the presence 
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of bpdc anion perpendicular to the host lattice. The epoxidation was carried out using cis-

cyclooctene and TBHP (tert-Butylhydroperoxide) in decane as oxidant in a liquid phase medium. 

The catalyst showed the conversion of cyclooctene to cyclooctene oxide with a maximum of 96 

% at 24 h. The authors mentioned that the better catalytic activity observed was due to active Mo 

species and further mentioned the presence of a host–guest system, proposed as a suitable 

catalyst for the field of bio-medicine. 

 
Scheme 6. Cyclo-octene epoxidation using ZnAl-HT-Mo . 

Dong et.al prepared rehydrated HT materials and studied them for aerobic oxidation of benzyl 

alcohol to benzaldehyde (Scheme 7).152 Various catalysts were prepared by the co-precipitation 

method, and the materials were calcined and rehydrated for catalytic study. Rehydrated MgAl-

HT support promoted the catalytic activity of Co3O4. Rehydrated Co3O4/HT was observed to 

yield 74 % benzyl alcohol, and was compared with calcined CoMgAl-HT (21 %). Among the 

various transition metals ions, the Cu promoted HT showed better catalytic activity than Fe or Zn 

based catalyst. The authors found that rehydrated HT with the molar ratio of Cu:Co:Mg:Al 

(1:1:3:1) showed the maximum benzyl alcohol conversion (92 %) and with 75 % selectivity of  

benzaldehyde.  

 

Scheme 7. Aerobic oxidation of benzyl alcohol using hydrotalcite materials. 

Lv et.al studied ethylbenzene oxidation using modified HT materials under solvent-free 

conditions.153 The modified HT catalyst was prepared as follows: first MgAl-HT was prepared 

by the co-precipitation method and calcined, the calcined HT being denoted as LDO. As the 

subsequent step, calcined LDO was silylated with mercaptopropyltrimethoxysilane (MPTS) 

followed by MnO2 was intercalated using KMnO4 and represented as LDH-Si(SH)-Mn. 

Silylation was confirmed by the FT-IR spectra, where the authors observed the presence of two 

bands (2930 and 2850 cm-1) corresponding to asymmetric and symmetric stretching vibration of  

–CH in the MPTS. Further, the formation of Mn oxides was evident from the XPS spectrum, 
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which showed Mn 2p1/2 and Mn 2p3/2 peaks at 653.4 and 642.2 eV respectively. The above 

prepared catalyst was tested for oxidation of ethylbenzene using O2 as oxidant and TBHP as 

initiator in a liquid phase medium. No appreciable conversion was observed in the absence of 

catalyst and initiator. The use of LDH-Si(SH)-Mn showed a maximum conversion of around 

29.5 % with the acetophenone selectivity of 95 % evident. The authors also observed that the 

prepared Mn-containing silylated MgAl-HT was heterogeneous in nature and without any 

leaching of the active species during the reaction. 

Dixit et.al synthesized MgAl-HT and MgAl-mixed oxide supported copper catalyst for 

dehydrogenation of  benzyl alcohol.154 Copper finely dispersed on MgAl-HT support, which 

found to influence the surface acidic, basic and reducibility properties. The catalyst without 

copper was found to be inactive. Cu-HT shows 94 % conversion towards benzaldehyde, and was 

found to be comparable with conventional commercial copper oxide catalyst. The mechanistic 

aspect was explained as follow: the acidic and metal sites proposed as adsorption sites for the 

alcohols and the basic sites extract a proton from the alcoholic hydroxyl group, forming metal 

alcoholate species on the catalyst surface. The β-hydride elimination with the help of metal ion-

Lewis acid sites resulted in the carbonyl product. 

Nagpure et.al. applied Ru-hydrotalcite (HT) for selective hydrogenolysis (Scheme 8) of 5-

hydroxymethylfurfural (HMF) to 2, 5-dimethylfuran (DMF).155 Ru-doped MgAl-HT was 

prepared by the co-precipitation method and the pH was maintained in the range of 9.5–10. 

Different concentrations of Ru were doped in the MgAl-HT materials and represented as RH-1 

(0.56 wt % Ru), RH-2 (1.0 wt % Ru), RH-3 (1.7 wt % Ru) and RH-imp (0.58 % Ru 

impregnated). The authors screened different parameters on the catalytic activity and found the 

best condition of 220 oC, using 10 bar H2 pressure, 2-propanol and 50 mg HT. Among the 

various Ru-HT materials, RH-1 (0.56 wt % Ru) showed the best catalytic activity (100 mole % 

HMF conversion) with a selectivity of DMF (58 mol %).  

 

Scheme 8. Hydrogenolysis of HMF to DMF using Ru-hydrotalcite.  

 

(c) Reduction of hydrocarbon using HT 
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Choudary et.al developed a series of heterogeneous catalysts for the reduction of 2-pyridine 

carboxyaldehydes to 2-pyridine carboxyalcohols.156 Aromatic, conjugated aldehydes and 

heterocyclic aldehydes were reduced selectively to the corresponding alcohols in the presence of 

other vulnerable functional groups. Among the various catalysts, NiAl-HT, having Ni/Al molar 

ratio of 2, showed better conversion than other HT and different Ni/Al2O3. This was attributed to 

the Ni in association with aluminum oxide as the active species and major contributor to 

maximize the activation of molecular hydrogen. The possible mechanism was explained based 

on the formation of nickel hydride on the interaction of molecular hydrogen with NiAl-HT. The 

nickel hydride reacts with aldehyde and yields alkoxide via hydride transfer. In the final stage, 

alcohol was generated by hydrolysis of alkoxide with bases. 

Shi et.al prepared nickel-iron mixed oxide from the corresponding HT materials and used as 

catalyst for reduction of nitroarenes under mild conditions (Scheme 9).157 Various nitro-arenes 

with different substituted groups were successfully reduced using hydrazine hydrate over NiFe-

HT to corresponding amines. The desired product was not observed in the absence of either 

nickel-iron metal oxide or hydrazine hydrate. It was clearly demonstrated that both nickel-iron 

metal oxide and hydrazine hydrate played an important role in the reduction of nitro-arenes. In 

addition, nickel-iron mixed oxide showed excellent activity for the reduction of sulfur-containing 

aromatic nitro compounds. Chemo-selective reduction was evident in this reaction. The author 

explained that the catalytic system described might be a promising alternative to sulfide 

reduction and Fe/HCl reduction, which are currently widely used for preparing sulfur-containing 

aromatic amines in industry. 

 

Scheme 9. Reduction of nitroarenes using mixed oxides derived from NiFe-HT materials.  

Sangeetha et.al prepared Pd-supported MgAl-HT and tested for hydrogenation nitrobenzene in a 

vapor phase medium.158 The MgAl-HT was prepared by the standard co-precipitation method 

and 1 wt % Pd was wet impregnated on calcined HT using palladium chloride acidified with 

HCl. The final Pd-supported HT material was calcined at 450 oC before being used for catalytic 

activity. The catalytic activity of the materials was tested at different temperatures and also 
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compared with 1 wt % PdMgO and 1 wt % γ-Al2O3 under identical conditions. The authors 

observed decrease in the rate of conversion of nitrobenzene to aniline with increase in 

temperature and this has been explained as being due to coke formation and poisoning due to the 

generation of water. It was observed that 1 wt % Pd-HT showed better activity than 1 wt % Pd-

MgO and 1 wt % Pd-γ-Al2O3 and all cases 98 % aniline was observed as the major product. The 

homogeneously distributed Pd particles on HT materials were responsible for the better activity 

observed.  

The flexible framework of hydrotalcite facilitates to incorporate various transition metal ions in 

the framework and shown as potential redox catalysts for various organic transformations. The 

presence of divalent copper (Cu2+) metal ion specially favored the selective synthesis of catechol 

and hydroquinone from phenol. Similarly Ru, Au and Sn doped HT used for oxidation of various 

aliphatic, aromatic and cyclic alcohols into corresponding aldehydes, ketones and acids. The 

introduction of Ni on HT framework facilitates the reduction of aromatic, conjugated aldehydes 

and heterocyclic aldehydes. Further, HT showed promising support for homogenous distribution 

of metal ions like Pd, Ni, Fe etc and used for selective reduction of nitro compounds.   

Transesterification  

The increasing demand for energy and greater environmental awareness has prompted much 

research towards the production of alternative fuel using environmentally acceptable routes. 

Biodiesel is an interesting alternative energy source owing to the product’s favorable effects on 

the environment.159,160 

Choudary et.al carried out transesterification of β-keto ester using t-butoxide anion exchanged 

MgAl-HT, MgAl-Ot-but-HT, which was prepared from MgAl-HT with potassium t-butoxide in 

THF at room temperature.161 The transesterification of normal and β-keto esters was carried out 

with a variety of primary, secondary, unsaturated, allylic, cyclic and hindered alcohols for the 

first time and showed a maximum yield of 98 % obtained on MgAl-Ot-but-HT with the fastest 

reaction rate. Pure calcined MgAl-HT showed a moderate yield even at longer duration. 

Zeng et.al studied the transesterification of rapeseed oil using HT obtained with different molar 

ratios of Mg and Al.162 The ester formation was increased up to 90 % in 4h with a reaction 

temperature of 65 oC. Further, the reaction profiles indicated that the ester conversion increased 

with increase of the amount of catalyst from 0.5 to 1.5 %. However, the conversion decreased 
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with further increase of the amount of catalyst, which was explained based on the difficulty of 

achieving a homogeneous reaction and catalyst mixture. 

Wang et.al prepared Mg2+, Fe3+, Al3+ containing hydrotalcite for the transesterification reaction 

of soybean oil with methanol to produce biodiesel.163 Different molar ratios of Mg/Fe-HT were 

prepared and studied for the above reactions. The conversion of FAME (fatty acid methyl ester) 

was increased with Mg content in Mg/Al/Fe-HT. It was confirmed that the addition of a small 

amount of Fe3+ in the Mg/Al hydrotalcite enhances the conversion of FAME. However, the 

conversion of FAME decreased during recycle studies. This was explained based on the metal 

ions leaching into solution while washing the catalyst. 

Yadav et.al made an attempt to convert glycerol to glycerol carbonate using calcined MgAl-

HT/hexagonal silica (CHT-HMS) materials, as one of the alternatives to valorize glycerol.164 The 

authors confirmed the hexagonal silica in the material using FT-IR spectra, which showed a band 

around 1083 cm-1 corresponding to asymmetric stretching of Si-O-Si bonds. The reaction was 

performed in an autoclave reactor by charging glycerol, dimethyl carbonate and methanol 

(solvent) and the reaction is shown in Scheme 10. The authors found that MgAl-HT obtained 

with an Mg:Al ratio of 2:1 yielded a maximum glycerol conversion of around 84.7 % with 

selectivity of glycerol carbonate (84.3 %). Further, the reaction was found to be second order 

with activation energy of 12.56 kcal/mol. No conversion was observed in the presence of pure 

HMS under identical reaction conditions. The better catalytic activity was explained based on the 

higher surface area, uniform pore size and bi-functional characteristics of CHT-HMS.   

 
Scheme 10. Synthesis of glycerol carbonate from glycerol using CHT-HMS. 

 

Scheme 11. Glycerol acetalization with cinnamaldehyde using various HT materials. 
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Glycerol is a major by-product in bio-diesel synthesis, which was converted into a value-added 

product by acetalization of glycerol (Scheme 11) using hydrotalcite (HT) materials by Prakruthi 

et.al.165 All the hydrotalcite materials, namely ZnAl-HT, MgAl-HT, CuAl-HT and CoAl-HT, 

were synthesized by the co-precipitation method and tested for catalytic activity. The reaction 

was carried out in a microwave (MW) reactor by charging with glycerol (Gly) and 

cinnamaldehyde (CA). Among the various HT materials, MgAl-HT was found to have the best 

catalytic activity (conversion 56 %) with 96 % selective formation of 1,3-dioxolan (5-membered 

cyclic acetal). The details of the catalytic activities of various HT materials are summarized in 

Table 8. The authors observed that rehydrated MgAl-HT showed better activity (77 % 

conversion) with 96 % selectivity of 1,3-dioxolan, which was explained based on the formation 

of medium and strong basic sites by redistribution of OH groups on MgAl-HT materials.  

Table 8.Glycerol acetalization with cinnamaldehyde using various as-prepared HT materials.# 

(Reproduced from Ref. 165, with permission from the Royal Society of Chemistry). 

S. No Catalyst Glycerol Conversion (%) Basicity (µmol g-1)¥ 

1 MgAl-HT 56 124 

2 MgAl-HT-rehydrated 77 181 

3 ZnAl-HT 46 112 

4 CoAl-HT 42 105 

5 CuAl-HT 39 98 

#Reaction conditions: Gly: CA (1:3), 140 oC, 60 min, Microwave heating (900 W); ¥determined by the benzoic acid 
titration. 

Heterogeneous catalysts are growing interest in bio-diesel production by transesterification 

process. Higher basicity of various anions intercalated HT or mixed oxides derived from parent 

HT materials shown potential applications in transesterification. Various organic compounds like 

β-keto ester, poultry fat, rapeseed oil, and soybean oil etc., used for transesterification with low 

molecular weight alcohols such as methanol. In addition HT materials showed potential for 

conversion of glycerol into value added products such as glycerol carbonate and glycerol acetal 

compounds. In particular, rehydrated MgAl-HT yielded better conversion on glycerol 

acetylation, which was explained based on the redistribution of OH groups on MgAl-HT and 

formed medium-to-strong basic sites.The HT possessing transition metal ions further enhances 

the conversion FAME (fatty acid methyl ester).  
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Other organic reactions 

C-C double bond isomerization is of great interest because of its potential commercial 

applications for the synthesis of fine, perfumery chemicals and in the pharmaceutical 

industries.16,166 Kishore et.al studied the isomerization of safrole to corresponding 

thermodynamically stable iso-safrole using different hydrotalcite materials as the base 

catalyst.167 The isomerization of safrole reaction was carried out in a batch reactor using different 

MgAl, MgFe, MgCr-HT and the activity was also compared with Mg(OH)2 and Al(OH)3 (Table 

9). The activity of HT prepared with Mg/Al at molar ratios of 2 and 3 showed a poor yield; 

however, the maximum conversion of around 75 % with cis:trans ratios around 15:85 was 

obtained over MgAl-HT having an Mg/Al ratio of 6. Trans isomer was formed predominantly in 

all catalysts due to its better thermodynamic stability. Further, the conversion was found to 

increase with increase in the polarity of the solvent. The conversion and selectivity of iso-safrole 

decreased in the following order: MgAl-HT ~ MgFe-HT >MgCr-HT. This was possibly due to 

the lower thermal stability of the Fe and Cr systems compared to Al. 

Table 9. Isomerization of Safrole using various materials.# (Reproduced from ref. 167 with kind 
permission from Elsevier). 

S. No 
Catalyst 

(ratio of Mg:Al) 
Conversion (%) 

Selectivity (%) 

cis-isomer Trans-isomer 

1 MgAl-HT (2:1) 2 -- 100 

2 MgAl-HT (3:1) 1 -- 100 

3 MgAl-HT (4:1) 28 11 89 

4 MgAl-HT (6:1) 75 15 85 

5 MgAl-HT (8:1) 33 15 85 

6 MgAl-HT (10:1) 54 15 85 

7 Mg(OH)2 0.34 -- 100 

8 Al(OH)3 0.11 -- 100 

#Reaction conditions: substrate: 0.5g, DMF: 20 ml, catalyst: 250 mg, temperature: 200 oC, time: 6h. 

Rh-complex impregnated HT was prepared and utilized for synthesis of aldehyde and alcohol in 

an eco-friendly manner by Sharma et al.168 Rhodium complex HRh(CO)(PPh3)3 was impregnated 

on the surface of the HT and the materials were investigated for synthesis of aldehyde and 

alcohol from propylene. Solid state 31P NMR confirms that three phosphorous atoms possess the 
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same environment in an equatorial position, and H- and CO are in the axial position trigonal 

bipyramidal in the complex structure. Mg/Al-HT with a molar ratio of 3.5 showed increased 

selectivity for 2-ethyl hexanol with an increase in the amount of catalyst. The enhancement in the 

catalytic activity was explained based on the increased basicity of the catalyst. The amount of 

Rh-complex in the catalyst significantly influenced the selectivity of 2-ethylhexanol. 

Delidovich et.al systematically studied the isomerization of glucose into fructose using MgAl-

HT.169 Different MgAl-HT catalysts were prepared by varying the synthesis parameter and 

analyzed using various techniques. MgAl-HT was prepared in four different ways using the co-

precipitation method as follows: (i) HT prepared at 150 oC aging in an autoclave -denoted as 

HTs-150, (ii) HT prepared at pH 9.0–9.5 at room temperature aging-denoted as HTs-9.5-RT, (iii) 

HT prepared at pH 10.0–10.2 at room temperature aging-denoted as HTs-10-RT, and (iv) HT 

prepared in ethanol-aqueous medium at pH 9.0–9.5 at room temperature aging- denoted as 

EHTs-RT. The authors found that the preparation method influences the basicity of the materials 

and the increasing order is as follows: HTs-150 < HTs-9.5-RT < HTs-10-RT EHTs-RT. The 

reaction was performed in an autoclave reactor in a nitrogen atmosphere and found the maximum 

glucose conversion (30 %) using EHTs-RT with fructose selectivity (87 %). Based on their 

studies, it was concluded that EHTs-RT having uniform dispersed primary particles with small 

crystallites yielded better activity than HT prepared in an aqueous medium. 

HT materials as potential support for Environmental Applications 

In recent times, the level of pollutants has been increasing day by day in aqueous environments 

and potential adsorbent is scarce. HT and the materials derived from it possess a strong anion 

exchange capacity and can be used as a potential adsorbent. Hydrotalcite materials have been 

exhibited as potential sorbents in water purification and the treatment of effluent streams from 

wastewater processes.13, 170 

Inacio et.al tested the adsorption characteristics of the herbicide MCPA (4-chloro-2-

methylphenoxyacetic acid) on hydrotalcite under laboratory conditions.171 MgAl-HT materials 

possessing different anions such as Cl-, NO3
2- and CO3

2- were used for adsorption studies. After 

the adsorption, the authors detected from X-ray diffraction analysis that there was an 

enlargement of the basal spacing (d (003) = 2.21 nm) on [Mg3Al-Cl] and [Mg3Al-NO3], indicating 

that some of the internal chloride/nitrate anions were exchanged by MCPA. It was demonstrated 
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that HT-like compounds display interesting adsorption properties with regard to anionic MCPA. 

The adsorption was caused by an anion exchange mechanism involving the whole solid phase. 

At low concentrations of MCPA, only the exchange of surface sites was involved, while an 

internal exchange occurs for high ratios of MCPA/HT. It was described that various factors 

affect adsorption properties, which are the pH of the solution, the charge density of the layers, 

the anion exchange capacity, the nature of the starting anions, and the morphology of the 

adsorbent. 

Orthman et.al prepared HT materials to investigate their adsorption capabilities in the removal of 

coloured organic substances from various aqueous systems.172 Different molar ratios of Mg/Al-

HT were prepared for the removal organics. Six dyes were used throughout the experiments: 

Acid Blue 29, Basic Blue 66, Reactive Blue 4, Disperse Red 1, Eosin B and Basic Blue 9. These 

dyes were used without any further purification and a reference solution was prepared at the time 

of each adsorption experiment. The authors explained the adsorption process as being based on 

two possible mechanisms that were established: (i) surface adsorption and (ii) anion exchange. It 

was explained that the removal of dye followed the mechanism path of adsorption followed by 

anion exchange.  

Gillman prepared clay material like hydrotalcite (HT) for the removal of arsenite (As(III)) and 

arsenate (As(V)) from drinking water.173 Different anion-containing hydrotalcites viz., HT-

carbonate, HT-nitrate and HT-chloride, were prepared for the arsenic removal study. The HT 

materials were found to reduce arsenic concentrations to acceptable levels, when arsenic-

containing water passed through the HT. The stabilized HT granules were able to reduce the 

relatively high concentration of As to an acceptable level, in practice, below 10 µg/L. Most 

probably, even lower concentrations in the filtrate could be achieved by reducing the percolation 

rate or increasing the amount of Cl–HT in the filter pouch. The best condition was established 

using an apparatus with a smaller diameter and greater path, whose length would allow greater 

contact time between the water and HT, and facilitate the effective removal of As. 

Nunez et.al prepared Mg, Co, Ni-HT and its calcined materials were studied for fluoride removal 

from the aqueous system.174 The calcined Mg-HT, Co-HT, Ni-HT were treated with fluoride 

solutions in batch systems, and F- ions in the remaining solutions was determined using a 

fluoride ion selective electrode. The calcined Mg-HT was regenerated to its original crystalline 

structure after coming into contact with fluoride ions, whereas Ni and Co-HT remained as oxide 
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mixtures. The calcined Ni-HT shows the best characteristics for fluoride ions sorption from 

aqueous solutions. 

Sampieri et.al studied the degradation of methyl parathion (MP) using hydrotalcite (HT) 

materials, MP being a very toxic organophosphate pesticide.175 Depending on the basic strength, 

some calcined HT can catalyse the transformation of MP to p-nitrophenol (p-NP). Mg-HT, Zn-

HT and Ni-HT were used for this degradation process and the degradation was monitored using 

UV-absorption techniques. UV-Vis spectra for MP solution stirred with Mg-HT, Zn-HT and Ni-

HT mixed oxides clearly showed that MP can be identified by the intense and broad peak at 270 

nm and a peak around 410 nm for p-NP. The authors found that using Mg-HT within 1200 

minutes yielded complete degradation of MP to p-NP. Zn-HT and Ni-HT showed less effective 

fractional degradation of MP. The degradation of MP with hydrotalcite oxides was explained 

based on the heterogenization of a homogeneous catalysis mechanism that depends on the basic 

strength of the calcined HTs. 

Anirudhan et.al prepared 4-ethyl thiosemicarbazide intercalated hydrotalcite (HT) materials for 

the removal of uranium (U(VI)) and thorium (Th(IV)) from waste water.176 FT-IR spectra 

confirmed the formation of complex-HT, with the appearance of a new vibrational band around 

1220 cm-1 corresponding to thiocarbonyl group. A batch adsorption study proved that the new 

adsorbent, ethyl-thiosemicarbazide intercalated hydrotalcite, has a high adsorption capacity of 

U(VI) and Th(IV) ions in the pH range of 4-6. This result demonstrates that HT-composite 

materials can be effectively used for the removal of heavy metal ions from aqueous solutions. 

Pahalagedara et.al carried out an experiment to remove azo dyes (RBV-5r) using NiAl-HT 

materials.177 Co-precipitation followed by the ultrasound irradiation method was used for the 

preparation of NiAl-HT. The batch adsorption method was followed to study the sorption 

kinetics, and at different time intervals the concentration was monitored using UV-Vis 

spectrophotometer. Before and after adsorption, the catalyst’s nature was monitored using 

powder XRD and it was observed that after the adsorption study the d-spacing (d(003)) increased 

(8.71 Å) compared with the parent NiAl-HT (7.48 Å). Further, the FT-IR spectra confirmed that 

after adsorption the intensity of the nitrate group was reduced due to the intercalation of dye into 

a layer of hydrotalcite material. The adsorption capacity of HT materials was tested at different 

pH values ranging from 4 to 10, and it was observed that the maximum adsorption capacity of 

150 mg-dye/g-sorbent was achieved at pH 6. The authors concluded that the adsorption capacity 
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is mainly due to the ion-exchange between the azo dye and nitrate ions in interlayer of NiAl-HT, 

and it was further explained based on the coulombic attraction between the dye molecule and 

NiAl-HT surface.  

Pérez et.al synthesized nano-hydrotalcite/SiO2 composite and utilized it for the removal of 

Cr(VI) by the ion exchange mechanism.178 The composite materials were prepared using 

calcined SBA-15 by dispersing on NaOH solution followed by in-situ treatment of Mg and Al 

nitrate solution to get HT formation on silica. The composite was filtered and calcined at 500 oC 

for 8 h before it was used. A chromium adsorption experiment was carried out by treating 

K2Cr2O7 solution with parent HT and nano HT/SiO2. The calcined HT retained a layered 

structure on exposure to aqueous chromium solution and this is called a ‘memory effect’, which 

was explained based on XRD experiments before and after the adsorption of Cr. The HT-SiO2 

composite (98.6 %) showed better adsorption capacity than pure HT (88.7 %). The authors also 

observed that HT-SiO2 composite more efficiently adsorbs Cr (VI), and the data were found to fit 

the Freundlich isotherm.  

HT possessing various functional groups in the inter-layers space revealed its potential as good 

adsorbents. Anions intercalated-HT materials act as anion scavengers for several common anions 

such as CO3
2-, C2O4

2- SO4
2- and F- ions, oxy-anions and organic pollutants such as organic dyes, 

pesticide, and herbicide from aqueous medium. Further, HT helps to remove toxic effluents like 

heavy metal ions As, Th and U efficiently from the industrial waste to the environmentally 

acceptable level. The observed strong adsorption efficiency of the HT can be attributed to strong 

anion-exchange and adsorption capacity, mobility of the interlayer anions and also large surface 

areas HT material.     

Silicate intercalation into hydrotalcite materials 

Hydrotalcite (HT) materials offer an opportunity to introduce various anions into the interlayer. 

And attempts were made to introduce hard anions like silicate species into the layers of HT 

materials, where the intercalated silicate species act as pillaring, and are expected to create 

porosity, increase the thermal stability and bi-functional characteristics.36, 179-181 The following 

section describes the different forms of silicate intercalated HT or composite materials and their 

application in various fields, especially in catalysis.   

The first report on polymerization of silicate anions into hydrotalcite materials was by Schutz et 

al, using silicic acid as the silica source.33 They reported silication of two different hydrotalcite 
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materials, [Mg3Al(OH)8]
+ Cl and [Al2Li(OH)8]

+ Cl-. Microprobe analysis clearly showed that Cl- 

was replaced by silica on silicate intercalated materials. The solid state 27Al MAS NMR pattern 

of the intercalated materials showed only octahedral (Oh) coordination before and after the 

silication process on HT materials and found no Al-O-Si bond formation. A change in the XRD 

basal reflection was found after silication, and information derived from FT-IR spectroscopy on 

the intercalated silicate layer further showed a well resolved band at 1100–1000 cm-1. Similar 

results were observed for both the MgAl-HT LiAl-HT materials.  

Yun et.al took a new approach to prepare silicate intercalated LDH materials using TEOS 

(Tetraethylorthosilicate) as the silicate source in a nitrogen atmosphere.34 The hexagonal shape 

of the HT-silicate crystal was obtained by TEM and strong vibration around 950–1200 cm-1 was 

observed on FT-IR. The silicon environment was followed by 29Si-MAS NMR, which indicates a 

different silicate orientation in HT-silicate materials. The developed materials were tested for 

disproportionation of 2-methyl 3-butyn-2-ol (MBOH). Overall, better conversion was observed 

in without HT-silicate materials, but bi-functional characteristics (acidic & basic) arose on 

silicate intercalated HT materials. 

Del Arco et.al studied the effect of the Mg:Al ratio on the exchange of borate or silicate/HT 

materials from the HT-nitrate precursor using source (NH4)2B4O7.4H2O and Na2SiO3 

respectively.182 The MAS NMR (27Al) showed a single resonance peak corresponding to Oh-

coordination on all HT-materials. The authors observed three peaks centered around -92, -99 and 

-110 ppm on the HT-silicate material using 29Si MAS NMR, and these peaks were assigned to 

the Q2, Q3 and Q4 sites. Further, FT-IR spectra of HT-silicate material showed characteristic Si-

O-Si peaks around 950–1200 cm-1, which described the silicate units in different polymerization 

states. The effect of calcination on the HT-silicate material was studied and it was found that 

there was formation of MgSiO3 crystalline material at 950 oC. The borate-HT material structure 

collapsed on calcination around 500 oC. Thermal analysis of the HT materials showed different 

weight loss values; silicate and borate HT-materials displayed less weight loss than nitrate-HT-

material.  

Depége et.al studied the polymerization of silicate anions into HT by the two different methods 

of co-precipitation and ion-exchange.35 The silicate anions were intercalated into various HT 

materials (ZnAl-Cl, ZnCr-SO4) using sodium meta silicate at pH 9 and pH 12. The authors 

confirmed the presence of silicate species using FT-IR spectral studies, which showed a 
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vibrational band around 1200 cm-1, typical of polymeric Si-O-Si species. The ion-exchange 

method showed greater expansion of the interlayer on silicate intercalated HT than with the co-

precipitation method. Based on the 29Si MAS NMR studies, it was proposed that the silicon 

environment was a phyllosilicate type polymeric silicate species. The presence of aluminum in 

both Oh (+ 12.5 ppm) and Td (+ 54 ppm) co-ordination on silicate intercalated materials was 

evident from the 27Al-MAS NMR. The transfer of Al from Oh-sites of layer HT material to Td 

sites of silicate based zeolitic materials, which was evident from MAS NMR. 

New NiMgAl-HT was synthesized with silicates in the interlayer anion using the co-precipitation 

method by Albertazziet al.183 The properties of silicate intercalated HT material were compared 

with carbonate-containing HT materials. In the FT-IR spectra, the authors found a new strong 

band around 995 cm-1 characteristic of silicates in anti-symmetric Si-O vibrational mode. The 

XRD pattern of silicate intercalated HT was found with less crystalline and a slight shift of 2θ 

due to SiO4 units condensed in the same orientation in the interlayer of the HT materials. Further 

N2 sorption analysis showed a significant improvement in terms of the greater surface area and 

pore volume on silicate intercalated HT materials. Finally, the authors concluded that the 

incorporation of silicates into the lamellar HT materials modified the structural and textural 

properties.  

Saber et.al prepared Pt supported on ZnAlSi-HT material by the wet impregnation method using 

chloroplatinic acid as the Pt source.184 Similar XRD patterns were observed for Pt supported and 

unsupported HT materials, as evidence that the Pt was supported on its external surface and not 

in the interlayer space. Also, XRD analysis showed no agglomeration of Pt on the surface of 

ZnAlSi-HT materials. The thermal analysis-DSC profile of Pt-supported material showed two 

exothermic peaks around 425 and 485 oC. This was due to the decomposition and oxidation of 

chloroplatinic acid at elevated temperatures. As dehydrogenation is one of the methods to 

generate hydrogen in-situ, the Pt-supported HT materials were tested for the dehydrogenation of 

cyclohexane. In addition, the Pt-supported ZnAlSi-HT material was studied for cracking of n-

hexane at different temperatures. Conversion on the dehydrogenation of cyclohexane increased 

with increasing temperature and reached a maximum of 38 % at 450 oC. All the materials 

showed similar catalytic activity on n-hexane cracking and a maximum conversion of 84 % at 

350 oC was observed.  
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Yadav et.al carried out aldol condensation of benzaldehyde with heptanal using hexagonal 

mesoporous silica (HMS) added to calcined magnesium aluminum hydrotalcite (CHT).185 The 

aldol condensation reaction was studied in a batch reactor under a nitrogen atmosphere. Different 

loadings of HMS on HT were evaluated and a good yield was obtained from the sample having a 

high loading of 20 % (w/w) CHT/HMS. The product jasminaldehyde selectivity of 86 % was 

obtained with heptanal and a benzaldehyde molar ratio of 1:5 at 150 oC using 20 % HMS/CHT. 

The results were explained on the basis of the bi-functional character of CHT/HMS, where the 

weak acid sites available on HMS helped the activation of benzaldehyde by protonation of the 

carbonyl group, subsequently which attack the enolate intermediated generated on basic sites. 

Very recently, Baskaran et.al prepared different concentrations of silicate anion intercalated 

MgAl-HT by an in-situ sol-gel method and the materials were systematically characterized using 

XRD, FT-IR, N2 sorption, TGA-DSC, TEM and 29Si MAS NMR.36 The intercalated silicate 

anions were crystallized into porous species in the interlayer domains of the HT structure using 

tetrapropylammoniumhydroxide (TPAOH) solution. From the various analytical and 

spectroscopic studies, it was proposed that silicate anions were intercalated and coated on the 

surface of the layered hydrotalcite with the formation of solid solution of magnesium silicate-

HT. Silicate anion intercalated MgAl-HT shows a higher surface area than pure HT. 

 

 

 

 

 

 

 

 

 

 

Fig.2 Effect of catalyst on synthesis of 1-phenoxy 2-propanol using different HT materials 

(reproduced from ref. 36, with permission from the Royal Society of Chemistry). 
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The silicate stabilized MgAl-HT was utilized for preparation of 1-phenoxy 2-propanol (Scheme 

12) and the results are reproduced in Fig. 2. The authors found that silicate intercalated MgAl-

HT (50 %) yielded better conversion than pure MgAl-HT (7 %); the observed higher conversion 

was explained based on the higher surface area and more exposed active species. 

 

Scheme 12. Epoxide ring opening using silicate intercalated MgAl-HT materials. 

Zuo et.al prepared dual support of Ni containing MgAl-oxide and SBA-15 materials for 

reforming of methane.186 Three different kinds of materials were prepared; SBA-15 suspended in 

HT materials and subsequently calcined at 550 oC or 700 oC were labelled as SH-550 and SH-

700. By contrast, the author prepared materials by direct mixing of SBA-15 and HT gel, 

representing these as MS-550 and MS-700, as well as 700 oC calcined HT materials suspended in 

SBA-15 followed by calcination at 550 oC, denoted as HS-550. In all cases, 10% NiO was 

introduced for the reforming process. From the TPR studies, the stability of the catalysts was 

found to be in the following order: HS-550˃ SH-550 ˃MS-550 ˃ SH-700 ˃MS-550. Further it 

was described from the TEM studies that the structure was maintained after reduction on HS-550 

material. Ni particles were well dispersed on support materials. For the catalytic reforming 

process, HS-550 showed 85 % conversion of CH4 and CO2 at 500 h. The higher activity was 

explained based on the strong metal (Ni)-support (SBA-15-HT) interaction. Among the various 

catalysts studied for the chosen reaction, the HS-550 (obtained from two calcinations) showed 

better catalytic stability and less carbon deposition.  

In a continuation of previous work, Baskaran et.al studied alcohol oxidation using silicate 

intercalated CoAl-hydrotalcite (CoAl-HTSi) materials.187 The as-synthesized materials showed a 

layer structure, which is converted into a spinel matrix with uniform distribution on intercalated 

silica upon calcinations. The nature of the cobalt was analyzed using X-ray photoelectron 

spectroscopy (XPS). XPS showed two major peaks with satellite peaks, the major peaks 

corresponding to Co 2p3/2 and Co 2p1/2 with binding energy 782 and 797 eV respectively. From 

the XPS studies it was determined that Co was present in the mixed oxidation state (Co3+ and 

Co2+) with uniform distribution of Co3+ on CoAl-HTSi. The developed materials were tested for 

benzhydrol oxidation using TBHP in decane as the co-oxidant with the formation of 
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benzophenone as the major product of 100 %. The authors also monitored the reaction in the 

presence of radical scavenger BHT (butylated hydroxyl toluene) and found that there was a 

reduction in conversion. From the above result it was evident that the mechanism proceeded 

through a radical mechanism (Scheme 13). The catalyst also extended to various aliphatic and 

aromatic alcohols and the results are reproduced in Table 10.187  The presence of more exposed 

cobalt active species on CoAl-HTSi materials was responsible for the better catalytic activity.  

 

t-BuOOH + Co3+ Co2+ + + H
+

t-BuOOH + Co2+ Co3+ + + OH-t-BuO

R'

OH

R'=Ph, Me

+

OH

R'
+

OH

R'
+

R'

O

+ t-BuOH

t-BuOO

t-BuOO

t-BuO

t-BuOOH

 

Scheme 13. Plausible of mechanism of alcohol oxidation materials (Reproduced from Ref. 187 

with permission from the Royal Society of Chemistry). 
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Table 10. Oxidation of various alcohols using silicate intercalated CoAl-HT (Reproduced from 

Ref. 187 with permission from the Royal Society of Chemistry). 

S. 
No 

Substrate Catalyst Product 
Conv. 
(%) 

 

Sel. 
(%) 

 

1 

OH

 

without 
catalyst 

O

 
18.0 100 

2 

OH

 
CA-Si6 

O

 
85.7 99.6 

3 

OH

CH3

 
CA-Si6 CH3

O

 
     80.1 95.7 

4 

OH

CH3

NO2  

CA-Si6 

O

CH3

NO2  

66.5 96.5 

5 
OH

CH3

Br  

CA-Si6 CH3

O

Br  

  68.0 96.0 

6 

OH

CH3

Br  

CA-Si6 
CH3

O

Br  

74.7 77.6 

7 
OH

CH3

OCH3  

CA-Si6 CH3

O

OCH3  

78.2 77.6 

8 
 

OH 
CA-Si6 

O

H  
 

90.3 97.0 

# Reaction Conditions: Alcohol: oxidant mole ratio of 1:1; Temperature = 70 oC; time = 6h, CA-Si6-silicate 
intercalated CoAl-HT. 

 

The same research group further developed a new composite material by introducing bulky 

SBA-15 mesoporous materials into MgAl-hydrotalcite (MASBA-HT).188 Both SBA-15 and HT 

nature were identified by the low and wide angle XRD of composite MASBA-HT. This was the 

first report of the presence of a layered HT structure on MASBA-HT even after calcinations at 

550 oC, and the observed stability was explained based on the covalent bonding of silicates (from 
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SBA-15) with a layered Mg and Al center through (Mg-O-Si and Si-O-Al) linkage. The above 

fact was supported by 27Al MAS NMR of calcined MASBA-HT composite, where it was found 

that there were two distinct peaks corresponding to Al3+ in Td (58 ppm) derived from the silicate 

framework and octahedral in the HT structure (7.6 ppm). The developed material’s intrinsic 

properties were tested for hydro-isomerization of 1-octene in the vapor phase condition, as the 

hydro-isomerized products helped to improve the fuel efficiency. It was found that the composite 

materials (Fig. 3) showed a higher conversion of about 80 % than the parent HT (55 %) and 

SBA-15 (10 %) materials at Weight Hour Space Velocity (WHSV) of 8h-1. The presence of 

moderate acidity derived from Al in SBA-15 and basicity on HT together facilitate the higher 

catalytic activity on MASBA-HT composite. 

 

 

 

Fig. 3 Effect of catalyst on hydro-isomerization of 1-octene and its selectivity at 450 oC, WHSV 

8 h-1 (adapted from Ref. 188 with kind permission from Elsevier).  

 

Another attempt was made to synthesize redox catalyst by mesoporous silica (SBA-15) 

intercalated CoAl-hydrotalcite materials (CoAl-HT-SBA).189 Different concentrations of SBA-15 

Page 36 of 53RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



37 

 

containing gel were introduced into the pre-formed hydrotalcite gel and stirred for 24 h for 

effective intercalation. The developed redox catalysts were utilized for oxidation of ethylbenzene 

in liquid-phase medium using TBHP in decane as co-oxidant. Several kinetic parameter 

variations, such as oxidant, temperature, different catalysts and oxidant, substrate ratios, were 

evaluated and it was found that a higher ethylbenzene conversion of around 38 % was obtained 

in optimum conditions (Table  11). In all these cases acetophenone was observed as the major 

product with a maximum selectivity of 72 % and phenyl ethanol was formed as a minor product. 

The presence of surface-exposed cobalt active species was shown as responsible for the better 

catalytic activity on mesoporous CoAl-HT-SBA than parent CoAl-HT. 

 

Table 11. Ethylbenzene oxidation using various catalysts# (Reproduced from Ref. 189 

Copyright@American Scientific Publishers). 

S.No Catalyst 
Conversion  

(%) 

Selectivity (%) 

Acetophenone 
Phenyl 
ethanol 

Benzoic 
acid 

1 Without catalyst 9.20 44.5 34.4 21.0 

2 SBA-15 6.30 34.1 65.8 -- 

3 CoAl-HT 24.2 60.4 26.1 13.3 

4 CoAl-HT-0.5SBA 33.3 72.3 18.5 9.1 

5 CoAl-HT-1SBA 38.4 72.0 19.1 8.8 

6 CoAl-HT-2SBA 43.9 62.1 25.1 12.6 

7b CoAl-HT-1SBA 39.5 64.4 26.1 9.4 

8c CoAl-HT-1SBA 44.9 32.8 55.5 11.5 

9d CoAl-HT-1SBA 7.20 27.4 48.6 23.8 

10e CA-HT/SBA-15 30.0 79.2 13.9 6.7 

#
Reaction details: Ethylbenzene: TBHP= 1:1, Temperature: 100 oC, Time: 6h, Catalyst: 100 mg, b,c-are 1st and 2nd 

recycle; d-2 mmole radical scavenger (BHT), e-physical mixture of  calcined CA-HT and SBA-15 

Verdejo et.al attempted to prepare nano-composite material using mixed oxides of Mg and Al 

(derived from MgAl-hydrotalcite on calcination) and mesoporous SBA-15 materials.190 This 
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composite material was prepared by two different methods; (a) post-synthetic methods by adding 

MgAl-HT gel into either non-calcined or calcined SBA-15, (b) in-situ synthetic method by 

introducing MgAl-HT gel into SBA-15 gel under stirring conditions. In all cases, the Mg and Al 

ratio was kept constant and the final materials were calcined at 550 oC before being utilized. An 

interesting result was observed on the textural properties of in-situ synthesis, where the surface 

area and micorpore area were found to be higher compared to other composite materials. From 

the SEM and TEM images of the composite materials the retaining pore channels of the 

mesoporous SBA-15 were evident. The developed materials were tested for water sorption at 60 
oC at different ranges of relative humidity. The in-situ prepared composite materials showed 

higher water sorption capacity (14.5 mmol of H2O/gcomposite) than the parent materials (5 mmol of 

H2O/gHT), a behaviour which was explained on the basis of pore diameter. 

Baskaran et.al later utilized silicate intercalated HT both as a support to disperse cobalt 

nanoparticles and for hydroformylation reaction.191 The cobalt nanoparticles range of 1–15 wt % 

loaded in the SBA-15 intercalated MgAl-HT composites (MSB) support Scheme 14. Their HR-

TEM analysis showed uniform spherical cobalt nanoparticles in the range of 3–10 nm. The 

retention of a layered structure even at a higher loading of about 15 % Co on MSB materials was 

confirmed from their powder XRD study. The authors confirmed from FT-IR spectral studies 

that there is no spinel formation. The authors also found a decrease in the surface area and pore 

volume upon increase in loading of Co on MSB support, which was explained based on the 

blocking of pores by cobalt nanoparticles. The materials were tested for hydroformylation of 

olefin using syn-gas (CO/H2) under a liquid phase medium. The maximum conversion of about 

66 % was observed on 5 wt% with exclusive formation of hydroformylated product (Table 12). 

 

Scheme14.  Hydroformylation of 1-octene using nanoparticles supported MSB catalyst.  
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Table 12. Effect of various catalyst and cobalt loading on hydroformylation 1-octene.# 

(Reproduced from Ref. 191, Copyright@American Scientific Publishers) 

Catalysts Con. (%) TOF (h-1) 
Product selectivity (%) 

        H                   CHO 

Aldehyde distribution 

Linear branched 

Without 
catalyst 0.9 -- 8.6 -- -- -- 

MgAl-HT 1.9 -- 12.6 -- -- -- 

SBA-15 2.0 -- -- -- -- -- 

MSB 3.5 -- 2.2 -- -- -- 

1CoNMSB 2.6 02.4 0.0 100.0 47.7 52.3 

5CoNMSB 65.7 12.4 0.0 100 44.3 55.7 

12CoNMSB 61.9 05.0 7.2 92.8 38.4 61.6 

15CoNMSB 54.1 01.8 0.0 100.0 35.0 65.0 
#Reaction conditions: Temperature = 200 oC; Pressure = 80 bar, 1-octene: 0.0191mole (3 ml), catalyst: 0.15 g, time = 
8 h, H = Hydrogenated product, CHO = Hydroformylated products. 

 

Sakthivel et.al recently reported the first example of molybdenum carbonyl grafted on 

diaminosiloxane-functionalized cobalt aluminum-hydrotalcite (CA-HT) as a potential catalyst for 

the hydroformylation of 1-octene.192 The catalyst was prepared by a two-step procedure. First, 

silicate intercalated CoAl-hydrotalcite (CA–HTSi) support was functionalized using a calculated 

amount of N-[3-(trimethoxysilyl)propyl]ethylenediamine on the CA-HTSi materials, which the 

authors represented as CA-HTSi-DA. In the second step, Mo(CO)6 was grafted on CA-HTSi-DA 

materials under N2 atmosphere. Amine functionalization was confirmed with the help of 29Si 

MAS NMR, where it was found that peaks were present around -45 to -25 ppm corresponding to 

organosilica species. The authors confirmed the presence of carbonyl group in the materials by 

FT-IR, and the spectra of CA–HTSi–DA–Mo samples showed new vibrational bands around 

2010, 1986 and 1930 cm−1, which are assigned to CO-moiety from Mo(CO)6. The prepared new 

material was tested for hydroformylation of 1-octene using syn-gas mixture (CO/H2) in liquid 

phase conditions. The authors tested the hydroformylation reaction using various catalysts and 

the results are reproduced in Table 13. The catalyst showed a maximum of 91 % conversion with 

selective formation of branched aldehyde.  
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Table 13. Hydroformylation of 1-octene on using various catalysts# (Reproduced from  

ref. 192 with kind permission from Elsevier) 

#-
Reaction conditions: Temperature = 200 oC; Pressure = 90 bar, 1-octene: 0.0191mole (3 mL), catalyst: 0.15 gm, 

time = 8 h; #H = Hydrogenated product, CHO = Hydroformylated products, OH = Alcohol products. 
 

The amine functionalized silicate-anion-intercalated hydrotalcite (MA-HTSi-DA) materials were 

also a catalyst for nitroaldol condensation with nitromethane (Scheme 15).193 The catalyst was 

prepared by grafting diaminosilane (N-[3-(trimethoxysilyl)propyl]ethylenediamine) onto the 

surface using the post-synthesis method on MA-HTSi-DA. The authors confirmed the amine 

functionality using FT-IR spectra by the presence of new vibrational bands around 2950–2740, 

1480 and 1570cm-1, corresponding to –CH stretching, bending and -NH group in diaminosilane 

moiety respectively. The surface area and pore volume were found to be reduced on the amine 

functionalized HT compared with the parent HT materials. Further, functionalization was 

confirmed by 29Si MAS NMR, which showed a peak around -53 ppm typical of an organosilica 

environment (T site). The authors used the different functionalized HTSi materials for nitroaldol 

condensation and the results are reproduced in Table 14. The MgAl-HTSi-DA material 

demonstrated better activity for nitroaldol condensation, with 96 % conversion and 99.5 % 

dehydrated product (1).  

 

 

 

Catalysts Conv. (%) 

Selectivity of products (%)# Distribution of 

aldehyde (%) 
H CHO OH 

linear Branched 

CA-HTSi 40.0 5.7 32 0.0 33.6 67.4 

CA-HTSi-DA 0.5 0.5 0.0 0.0 00.0 00.0 

CA-HTSi-DA-1Mo 51.0 20 9.7 21.3 03.5 96.5 

CA-HTSi-DA-2Mo 82.0 2.3 71 8.7 22.5 77.5 

CA-HTSi-DA-3Mo 87.0 0.0 85 7.5 20.3 79.7 

CA-HTSi-DA-4Mo 91.0 0.8 81 9.6 20.5 79.5 
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Table 14. Nitro-aldol condensation using various HT materials# (reproduced from ref. 193 with 

kind permission from Elsevier) 
 

 

 

 

 

 

 

 

 

 

 

 

# Reaction conditions: Benzaldehyde (5 mmol): nitromethane (15 mmol), catalyst: 100 mg, Temperature: 70 oC, 
Time: 2 h. ‡Temperature: 90 oC, Time: 2h; 1,2,3= (N-[3-(trimethoxysilyl)propyl]ethylenediamine) functionalized 
MgAl-HT,CoAl-HT and ZnAl-HT respectively; 4-(3-anilinopropyl)tri-methoxysilane functionalized MgAl-HT 5-(3-
aminopropyl)tri-ethoxysilane functionalized MgAl-HT. 
 
 

 

Scheme15. Nitroaldol condensation of benzaldehyde and nitromethane using diaminesilane 

functionalized HTSi-materials. 

The above section describe the importance on introduction of hard anions like silicate into the 

interlayer space of HT to generate more exposed surface active sites, surface area, pore volume 

and also help to get multi-functionality. The derived multi-functionality and porosity facilitate 

enhanced activity for many catalytic processes. The introduction of silicate anion into inter-

layered HT materials produce pillared clay type materials, which found to be potential support 

for dispersion of nanoparticles. Further, intercalation enhances thermal stability of silicate anion 

intercalated HT which helps to utilize HT for reactions involving vapor phase conditions.  

5. Conclusion 

The review provides insights into nature of active sites of hydrotalcite by tuning the various 

framework metal ions and interlayer anions which generate efficient catalyst and catalytic 

support etc. In particular, the homogeneously distributed mixed oxides obtained using various 

S.No Catalyst 
Conversion 

(%) 

Selectivity (%) 

           1                          2 

1 MA-HTSi-DA4 96 99.5 0.5 

2 CA-HTSi-DA4 70 97.0 3.0 

3 ZA-HTSi-DA4 36 98.0 2.0 

4 MA-HTSi-PAn4 45 80.5 19.5 

5 MA-HTSi-PA4‡ 61 100 - 
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divalent and trivalent metal ions are shown as promising catalysts for variety of organic 

transformations like aromatic alkylation, C-C coupling, condensation, base catalysed addition, 

esterification and redox reactions.  Intercalation of various anions results in new avenues for 

heterogeneous catalysis. Ability to incorporate transition metal ions into the framework 

octahedral position facilitates utilization of HT materials for various oxidation and reduction 

processes. Further, these materials have high flexibility to tune the active sites through either 

framework cations or interlayer anions, which facilitate introduction of multi-functionality. In 

recent years, much research work has been focused on the stabilization of interlayer space by 

introducing hard anions viz., silicates, which have opened up as a new class of porous composite 

material possessing a high surface area and uniformly distributed active sites which improve the 

catalytic activity. In particular, the silicate intercalated and stabilized magnesium-aluminium 

hydrotalcite stabilize its layered structure more than 400 οC and showed promising activity for 

various industrially important catalytic reactions such as hydroisomerization and aromatic 

alkylation. The scope for improving structural stability is the subject of further investigation.    
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The present review is focused on a recent development in the preparation of various layered hydrotalcites and their applications in 

environmental, catalytic and supported materials. 

 

Page 53 of 53 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t


