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Organic-anion-pillared hydrotalcites such as Mg,A12(0H)12(TA).xH20 (TA = terephthalate) are easily synthesized by using 
coprecipitation/digestion techniques. Exchange of these materials under mildly acidic conditions with the appropriate metalate 
proceeds smoothly to yield multihundred-gram samples of MglzA~6(OH)36(Mo7024)~~H20 and Mg,zA16(0H)36(V,002s).xH20. 
These isopolymetalate-pillared hydrotalcites exhibit thermal stability to over 500 "C in air. 

Introduction 
An extensively studied class of inorganic materials for use in 

catalytic applications is the smectite These materials 
comprise negatively charged metal silicate sheets intercalated or 
pillared with hydrated cations. By use of well-established ion- 
exchange techniques, a wide variety of cations may be incoprated 
into clays such as m~ntmorillonite.*-~ Through changes in the 
size of the pillar used to separate the sheets in the clay structure, 
the  pore size of the pillared clay may be tailored to a particular 
appl i~at ion.~ 

The main obstacle encountered in trying to synthesize useful 
molecular-sieve-like compounds from clays has been the stability 
of the pillar. Pillared clays intercalated with organic-based cations 
and metal complexes decompose below 250 and 450 OC, respec- 
tively, due to degradation of the organic material.3-s However, 
with the use of polynuclear hydroxymetal cations as the pillaring 
species, porous clay materials can be made that are stable above 
500 0C.397 Also, the pillars in transition metal halide cluster 
pillared clays are oxidized by water at 240 OC to form stable metal 
oxide pillars.6 

Although polynuclear transition metal halide and hydroxymetal 
cations yield thermally stable pillared clays, the number of such 
species is limited. The negatively charged polyoxometalates8 
present a wider range of thermally stable, catalytically active 
pillars, provided a suitable host material is utilized. 
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One class of suitable host materials for polyoxometalate pillars 
is the  naturally occurring hydrotalcite-type  material^.^ The 
structure of hydrotalcite, Mg,&(OH) 16(C03)-4H20, is derived 
from brucite, Mg(OH)*, by isomorphous replacement of some of 
the  octahedrally coordinated divalent magnesium cations with 
trivalent The resulting positive charge on the metal 
hydroxide sheets (or brucite layers) is balanced by intercalation 
of carbonate into the interlayer region of the structure. Hydro- 
talcite-type clays incorporating a wide variety of divalent and 
trivalent cations, cation ratios, and interlayer anions have been 
synthesized and characterized both structurally and catalytically 
(Figure l ) . l 1 - I 4  

This paper describes work culminating in the synthesis of 
heptamolybdate- and decavanadate-pillared hydrotalcite-type 
clays. The novel approach taken in synthesizing these materials 
has been to prepare an organic-anion-pillared clay precursor that 
is subsequently exchanged with the appropriate isopolymetalate 
under mildly acidic conditions (Figure 2). Here, the brucite layers 
are widely separated by the large organic anions prior to iso- 
polymetalate exchange. This approach differs from those pre- 
viously reported in the where chloride-containing hy- 
drotalcites were exchanged with polyoxometalates. 
Experimental Section 

Materials and Methods. The reagents, NaOH (Fisher), Mg(N- 
03)z-6Hz0 (Alfa), AI(N03)3.9H20 (Alfa), terephthalic acid (Amoco), 
Na2Mo04.2H20 (Strem), and NaV03 (Alfa), were used as received. 

Powder X-ray diffraction patterns were obtained by using a Philips 
diffractometer automated with a Nicolet L-11 system. An external 
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Synthesis of M&A12(OH)12(TA).xH20 (TA = Terephthalate Dian- 
ion). A 5-L, three-neck, round-bottom flask equipped with a reflux 
condenser, thermometer, mechanical stirrer, and electric heating mantle 
was charged with 1600 mL of deionized water, 133.1 g of terephthalic 
acid (0.801 mol), and 575 g of 50% NaOH solution (7.19 mol). While 
this mixture was stirred and cooled to room temperature, a solution 
containing 1280 mL of deionized water, 410.1 g of Mg(N03)~-H20 (1.60 
mol), and 300.0 g of AI(NO3),.9H20 (0.800 mol) was prepared in a 
separate beaker. The metal nitrate solution was then added dropwise to 
the vigorously stirred terephthalate/NaOH solution at room temperature 
over a period of 90 min. After complete addition of the metal nitrate 
solution, the gellike mixture was digested at 73-74 ‘C for 18 h. Upon 
cooling, the product was isolated by filtration until most of the water had 
been removed; the filter cake was not allowed to suction to dryness.I8 
The product was washed by reslurrying with 2 L of fresh deionized water 
and stored in a 1-gal jar. The final slurry (2790 g) contained 7.39 wt 
% clay (net weight of clay = 203 g, 86% yield). 

POXRD: 20 = 6.01’ (OOI), 12.10’ (002), 18.45’ (003), 24.70’ 
(004); d spacing = 14.4 8,. Anal. Calcd for M&,27A12(OH)12.54(TA). 
4H20: Mg, 17.09; AI, 8.89; C, 15.82. Found: Mg, 16.93; AI, 8.80; C, 
15.50. TGA up to 350 ‘C revealed a sample weight loss of 10.5% (calcd 
for loss of 4H20: 11.9%). SEM revealed a homogeneous matrix of 
slightly flattened beadlike particles approximately 1000-2000 A in di- 
ameter. BET surface area = 35 m2/g, which increased to 298 m2/g after 
calcination at 500 ‘C for 12 h. 

Synthesis of Mg12A&(OH)36(Mo7024)-~H20. To a 2500-g portion of 
the preceding Mg4,27A12(0H)12,54(TA)-clay slurry was added a solution 
consisting of 254 g of Na2Mo04-2H20 (1.05 mol) in 450 mL of deionized 
water. The amount of molybdate added corresponds to a 50% excess of 
that needed for stoichiometric exchange of terephthalate with Mo,O~~&.  
After the mixture was stirred for 10-15 min, approximately 350 mL of 
4 N HNO, was slowly added to the mixture with vigorous stirring, 
resulting in a pH drop from 12.0 to 4.4. After 5 min of additional stirring 
(pH = 4.7), the product was filtered, washed, and dried at 125 OC 
overnight. The yield of hard, slightly off-white chunks of clay was 215 

POXRD: 20 = 7.1’ (OOI), 14.3O (002), 22.1’ (003); d spacing = 
12. I7 8,. Anal. Calcd for Mg12,2,A1~(~H)~~,~2(Mo~024)~6H~o: Mg, 
13.28; Al, 7.21; Mo, 29.92. Found: Mg, 13.25; AI, 7.20; Mo, 28.70; C, 
1.62. TGA up to 350 OC revealed a sample weight loss of 3.2% (calcd: 
for loss of 4H20, 3.3%; for loss of 6H20,  4.8%). SEM revealed a ho- 
mogeneous matrix of beadlike particles approximately 1000-2000 A in 
diameter. BET surface area = 27 m2/g, which increased to 32 m2/g after 
calcination at 500 ‘C for 12 h. 

Syntbesis of Mg12A4(OH)36(V10028)~~H20. To a 1400-g portion of 
an Mg,A12(0H)12(TA)~xH20 clay was added a solution consisting of 
73.91 g of NaVO, (0.606 mol) in 500 mL of deionized water. The 
amount of vanadate added corresponds to a 50% excess of that needed 
for stoichiometric exchange of terephthalate with Vl0028~.  After the 
mixture was stirred for 10-15 min, approximately 320 mL of 2 N HNO, 
was slowly added to the mixture with vigorous stirring, resulting in a pH 
drop from 9.0 to 4.5. After 5 min of additional stirring (pH = 4.9), the 
product was isolated and worked up as described above. The yield of 
hard, yellowish chunks of clay was 105 g (85%). 

POXRD: 20 = 7.57’ (OOl), 14.96’ (002), 22.60’ (003), 30.39’ 
(004); d spacing = 11.8 8,. Anal. Calcd for Mg12,8,A16(OH)37,66- 
(V10028).6H20: Mg, 14.31; AI, 7.43; V, 23.37. Found: Mg, 14.55; AI, 
7.56; V, 23.80; C, 0.99. TGA up to 350 ‘C revealed a sample weight 
loss of 5.0% (calcd for loss of 6H20: 5.0%). SEM revealed a homoge- 
neous matrix of beadlike particles approximately 1000-2000 8, in diam- 
eter. BET surface area = 30 m2/g, which increased to 32 m2/g after 
calcination at 500 ‘C for 12 h. 
Results and Discussion 

General Approach. Since hydrotalcite-type clays have higher 
charge densities, it was expected that they would be more difficult 
to swell and exchange when compared to typical silicate-based 
clays.1g Work by Kikkawa et aLzo has shown that the anion- 
exchange reactions of hydrotalcite proceed with greater difficulty 
as the charge density of the material increases (Le. as the Mg:AI 
atomic ratio decreases) due to the increased electrostatic attraction 

g (94%). 

A”-?/” Y H20 lnterlayer 

M2+ = Mg, Ni, Zn 

M3+ = AI, Cr, Fe 

An. = Cos2-, S04*-, CI-, NO3. 

X = 2-5 
Figure 1. Schematic representation of hydrotalcite-type clays. 

H+ J[ OH- ” I H +  11 OH. 

Y Y 
Figure 2. Schematic representation of terephthalate exchange with 
heptamolybdate and decavanadate in hydrotalcite. Clay d spacings were 
calculated from models. 

standard (Si) was used to verify peak positions. A fine-focus Cu tube, 
operated at 40 kV and 20 mA, was the X-ray source, and a 4’ fixed 
divergence slit, 0.2O receiving slit, and diffracted-beam monochromator 
were used. Samples were step-scanned from 6 to 70’ 28 in 0.04O steps 
with a counting time of 1 s/step. 

Clay specimens for preferred-orientation X-ray diffraction (POXRD) 
were prepared by evaporating dilute aqueous clay slurries (1-2 wt % clay) 
onto microscope slides. Patterns were obtained on a GE/Diano XRD-5 
diffractometer automated with a Nicolet L-1 1 system. An external 
standard (Si) was used to verify peak positions. Ni-filtered Cu Ka 
radiation (50 kV, 16 mA) was used with a 3 O  divergence slit and a 0.2O 
scattering slit. Samples were step-scanned from 3 to 70° 20 in 0.4’ steps 
with a counting time of 16 s/step. 

TEM micrographs were taken on a Philips 400T electron microscope. 
operated at  120 kV. Specimens were prepared by grinding the sample 
to a fine powder, dispersing in epoxy resin, and shaving thin sections from 
the hardened epoxy block with a microtome. SEM micrographs were 
obtained on a Philips 501 SEM instrument using clay samples dispersed 
in ethanol, sprayed on a foil-covered stub and then C/Au coated by 
evaporation. 

Thermal analyses (DTA/TGA) were done on a Du Pont 9900 thermal 
analysis system. BET (N2) surface areas were determined on a Quan- 
tachrome Autosorb-6. 

One-dimensional electron density maps were calculated by using 
standard  technique^.'^ Maps for model systems were determined by a 
calculation of the theoretical (001) diffraction pattern, followed by a 1-D 
electron density map calculation using the calculated (001) through (004) 
diffraction peaks.” This allows direct comparison with experimentally 
determined electron density m a p  (usually calculated from (001) through 
(004) lines). 

(17) Stout, G. H.; Jensen, L. H. X-Ray Structure Determination; Macmillan: 
New York, 1968. 

(1 8) The terephthalate-pillared hydrotalcite clay intermediate forms a ho- 
mogeneous slurry in the following exchange step much more readily if 
the material is kept moist. 

(19) For example, montmorillonites typically have exchange capacities on 
the order of 0.7-1.0 mequiv/g. This is much less than the exchange 
capacities of 4.1 and 2.4 mequiv/g calculated for Mg4A12(0H)& 
03.xH20 and Mg,&12(OH)24C0,.xH20, respectively. 
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Table I. Comparison of Expected and Observed d(001) Spacings for 
Hydrotalcite Intercalated with Various Organic Anions 

anion d(001) spacing, A 
anion size, A. expected obsdb 

C032- 2.8 7.7 7.7 
[02C(CH2)2C02I2- 7.9 12.8 7.8 
[02C(CH2)4COz12- 10.2 15.1 7.8 
[02C(CH2)8C02l2- 14.9 19.8 7.8 
b-(C02)2C6Hd2- 9.5 14.4 14.4 
[2,5-(OH)2-1,4-(S03)2C6H2]2- 10.3 15.2 14.7 
b-(SO3)(CH3)C6H,I- 9.9 14.8 
[P - (SOJ) (CH, )C~H~"~~] -  12.7 17.6 17.2 

CHdCHz)iiOSO3- 21.3 26.2 26.3 

aAssumptions: van der Waals radius of 0 is 1.4 A and of H is 1.2 
A; anion is oriented with long axis perpendicular to brucite layers. 
bAverage values from syntheses starting with a Mg:AI molar ratio of 
2:l. 

[1S-(SO3)2CioH,5l2- 10.4 15.3 15.1 

between the brucite layers and the interlayer anions. 
In order to avoid the problem of exchanging a relatively small 

anion, such as carbonate or chloride, with a relatively large po- 
lyoxometalate, the synthetic strategy illustrated in Figure 2 was 
pursued. By use of this strategy, an organic anion may be chosen 
so that the interlayer distance in the organic-anion-pillared hy- 
drotalcite is slightly larger than that in the incoming polyoxo- 
metalate. Acidification of the organic-anion-pillared clay slurry 
in the presence of monometalate results in oligomerization of the 
metalate to form a polyoxometalate8 as well as protonation of the 
organic anion. Migration of the highly charged polyoxometalate 
into the interlayer region of the clay in exchange for the organic 
species results in the final polyoxometalate-pillared hydrotalcite 
with a slightly smaller d spacing than the organic anion-pillared 
precursor. 

Synthesis of Organic-Anion- Pillared Hydrotalcites. Molecular 
modeling studies indicated that organic anions containing an 
aromatic ring would be large enough to properly separate the 
brucite layers of hydrotalcite for polyoxometalate exchange as 
described above.21 Subsequently, a series of hydrotalcite clay 
syntheses were performed by published  procedure^'^,'^ except for 
the substitution of the desired organic material for carbonate. In 
this manner, hydrotalcites pillared with terephthalate, p -  
toluenesulfonate, 2,5-dihydroxy- 1,4-benzenedisulfonate, or 1,s- 
naphthalenedisulfonate were prepared, as confirmed by elemental 
analysis and X-ray diffraction (Figure 3). 

The d spacings of the organic-anion-pillared hydrotalcites 
mentioned above agree well with d spacings calculated from 
models assuming the aromatic ring is perpendicular to the brucite 
layers (Table I). In the case of p-toluenesulfonate-pillared hy- 
drotalcite, it is proposed that a water molecule is coordinated to 
the sulfonate group as in p-toluenesulfonic acid monohydrate. 

When examined by SEM, organic-anion-pillared hydrotalcite 
clay samples synthesized by digestion at 65 "C overnight are found 
to contain slightly flattened beadlike particles approximately 
1000-2000 A in diameter (Figure 4a). Examination of these same 
samples by TEM at high magnification reveals the layered 
structure of these materials (Figure 4b). The d spacings measured 
directly from TEM micrographs agree well with d spacings de- 
termined by X-ray diffraction. 

Assuming that the space remaining in the interlayer region of 
organic-anion-pillared hydrotalcites is filled with water, the surface 
area of dried (1 25 "C) clay samples should be between 20 and 

(21) This assumes that the aromatic rings will be oriented perpendicular to 
the brucite layers. On the basis of models, the number of organic anions 
rquired in the interlayer for change balance represents > I  monolayer 
if the anions were to "lie down" between the layers. Since hydrotalcites 
have relatively high charge densities,I9 it is expected that the anions will 
"stand up" and form a monolayer instead of forming a bilayer of anions 
-lying down". This behavior is demonstrated by various smectites, 
vermiculites, and micas when intercalcated with polar molecules such 
as amines (see, for example: Lagaly, G.; Weiss, A. Proc. Int. Clay Conf. 
1969, 1, 61). 

i.J9'_. 
'(0031 

Drezdzon 

(a) 

I /I 'Y2) I 

1 0 2 0 3 0 4 0  
28 (degrees) 

Figure 3. Comparison of POXRD patterns from selected clay syntheses 
and exchanges. (001) reflections are labeled: (a) M&A12(OH)&03- 
3H20  (d = 7.7 A); the pattern for the chloride analogue is shifted to 
slightly lower 28 values (d = 7.9 A); (b) attempted synthesis of M&- 
A12(OH)12(02C(CH2)8C02)-xH20 (d = 7.9 A); the small d spacing 
indicates the clay is not pillared with sebacate anions (see Table I); (c) 

-6H20 (d  = 12.2 A); (e) Mg12A16(OH)3~(Vlo02s).6H20 (d  = 11.8 ti). 
40 m2/g, corresponding to nonporous spheres 1000-2000 A in 
diameter.22 Surface area measurements (BET/N2) on organ- 
ic-anion-pillared hydrotalcites are generally in good agreement 
with this assessment. 

A one-dimensional electron density map calculated from (001) 
X-ray diffraction data obtained on a terephthalate-pillared hy- 
drotalcite was compared to a model containing four H20 molecules 
per terephthalate anion in the i n t e r l a ~ e r . ~ ~  On the basis of the 
small number of observed X-ray diffraction lines, agreement 
between the experimental data and data obtained from the pro- 
posed model is excellent (Figure 5a). 

In neutral or basic media, the organic-anion-pillared hydro- 
talcites are stable indefinitely. Treatment of these materials with 
monometalate salts (NazMoO4 or NaVOJ without acidification 
results in no exchange. 

M&A12(0H)I2(TA)-4H20 (d = 14.4 A); (d) M~,~AI,(OH)M(MO,O )- 

(22) Assume organic-anion-pillared hydrotalcite clay samples comprise 
nonporous spheres with density 2.10 g/cm310 that pack with 74% ef- 
ficiency (close packed). The surface area is then given by 

surface area = 38600/d 

where the sphere diameter d is in A and the surface area is in m2/g. 
(23) Electron density maps calculated from hydrotalcite models that do not 

include water in the interlayer agree poorly with the experimental data. 
The hydrated models used correspond to an interlayer that is completely 
stuffed with polyoxometalate pillars and water molecules. 
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F- 4. Electron micrographs of two organic anion-pillared hydrotalcite 
clays: (a. top) SEM micrograph (2OOOOX) of terephthalate- illard 
hydrotalcite; individual clay particles are approximately loo0 1 in di- 
ameter; (b. bottom) TEM micrograph (200000X) of p-toluene- 
sulfonate-pillared hydrotalcite. Individual layers are approximately 17 
A apart. 

When tercphthalata or ptoluenesulfonatepilared hydrotalcits 
are acidified with dilute HCI or HN03, collapse of the structure 
to form the chloride- or nitrate-containing hydrotalcite, respcc- 
tively, occurs. It is proposed that acidification of the organic- 
anion-pillared hydrotalcite results in protonation of the organic 
anion, weakening the electrostatic interaction between the organic 
species and the bNcite layers and allowing migration of the organic 
species out of the clay interlayer. Collapse of 1.5-naphthalene- 
disulfonatepillared hydrotalcite upon acidification proceeds with 
much greater difficulty, possibly due to slower diffusion rates with 
the bulkier naphthalene-sized anions as compared to those with 
the smaller benzene-sized terephthalate and p-toluenesulfonate 
anions. Diffusion problems may also be used to explain the 
complete resistance of lauryl sulfate pillared hydrotalcite to 
collapse, wherein entanglement of the long hydrocarbon chains 
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Figure 5. One-dimensional electron density maps for scvcral pillared 
hydrotalcite clays. Exprimental data are mmpared to fully hydrated 
model structures: (a, top) M!&A12(OH),2(TA).4H,0; (b, middle) 
M~,~AI~(OH) , (VI .O, )~HP;  (c. bottom) MgllAIAOH)dMo,OU). 
6H20. 

probably prevents diffusion of the anions out of the clay interlayer. 
A series of organioanion-pillared hydrotalcites was reported 

15 years ago by Miyata and Kumura in which the organic anions 
used were linear aliphatic terminal dicarboxylates.u Attempts 
at synthesizing thesc materials, using digestion conditions identical 
with those used for successful organieanion-pillared hydrotalcite 
clay syntheses, with a variety of brucite layer metals (MN = Mg*+ 
or Zn2+; M'* = AI'+ or F e 9 ,  metal ratios (M'+/M'+ = 2-5). 
and dicarboxylates (succinate, adipate, or sebacate) were un- 
successful, as indicated by X-ray diffraction (Figure 3, Table I) 

(24) Mipta. S.; Kumurs, T. Chem. Lat. 1973.843. It is interesting to mtc 
that a hydrotalcite day pillared with adipate anions would result in a 
structure with a d spacing similar to that found for tcnphthalatbpil- 
l a r d  hydrotdcitc (Table I). 
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Figure 6. Thermal analysis data for Mg,&(OH),(Ms0,).6H2O (a) 
TGA, (b) DTA. 

and elemental analysis. The failure of these syntheses may be 
due to the use of different digestion conditions not specified in 
the publication. However, hydrotalcite pillared with the long-chain 
sulfate CH3(CHz),,0SO; was successfully prepared by using our 
digestion conditions (Table I ) .  This lauryl sulfate pillared hy- 
drotalcite has also been reported by 1ydgba.l" 

Spfhesis of Isopolymeralale-Pillared Ilydro(s1otes. Exchange 
of terephthalate-pillared hydrotalcite with molybdate or vanadale 
under mildly acidic conditions proceeds smoothly to yield hep  
tamolybdate- or dccavanadate-pillared h ydrotalcite, respectively, 
as indicated by X-ray diffraction (Figure 3) and clemental analysis. 
These same products arc obtained upon exchange of ptoluene- 
sulfonate-pillared hydrotalcite under identical conditions. The 
d spacing of the heptamolybdare-pillared hydrotalcite ( d  = 12.2 
A) corresponds to a M O , O ~ , ~  orientation in which the Cz axis 
is perpendicular to the brucite layers. In the case of deca- 
vanadate-pillared hydrotalcite, the d spacing ( I  1.9 A) cornponds 
to a V,0028b- orientation in which the Cz axis is parallel to the 
brucite layers. In both cases, the shortest dimension of the iso- 
polyntetalate is perpendicular to the brucite layers, affording the 
product with the lowest free energy. 

Exchange reactions using the 2,S-dihydroxy-l,Cbenzenedi- 
sulfonate-pillared hydrotalcitc precursor yield heterogeneous 
products. This exchange rcaction may be complicated by complex 
formation between the organic species and metalate." Exchange 
reactions with other organic-anion-pillared hydrotalcites p r d  
with difficulty ( I  ,S-naphthalenedisulfonate) or do not proceed at 
all (lauryl sulfate). as expcctcd from the acidification studies 
described in the previous section. 

Examination of isopolymetalate-pillared hydrotalcites by SEM 
reveals particles identical in appearance with those of the or- 
ganic-anion-pillared hydrotalcite clay precursor (Figure 6a). Also. 
surface area data (BET/Nz) on isopolymetalate-pillared hydro- 
talcites agree well with surface areas predicted for nonporous 
spheres 1000-2000 A in diameter.zz 

One-dimensional electron density maps calculated from (000 
X-ray diffraction data obtained on isopolymetalate-pillared hy- 
drotalcites were compared to models containing six H 2 0  molecules 
per isopolymetalate anion in the interlayer.') Although agreement 
between the experimental data and data obtained from the pro- 
posed models is not as good as for the rerephthalate-pillared 

(25) Intorre. 9. I.; Martell, A. E. J.  Am. Chem. Sm. 196482, 358. 

F i i  7. Model of Mg,,AI,(OH),,(V,,0,8) viewed normal to the brucite 
layen. Atom types are as follows: (a) Mg or A t  (b) OH group in the 
brucite layer; (c) 0 from the VtOOo286- pillar in contact with the brucite 
layer; (d) V. (Model was constructed by using Chem-X, developed and 
distributed by Chemical Design Ltd.. Oxford. England.) 

hydrotalcite case (Figure 5) ,  results for the isopolymetalatepillared 
hydrotalcites are good considering the small number of observed 
X-ray diffraction lines. 

Figure 6 illustrates the thermal behavior of a hepta- 
molybdate-pillared hydrotalcite clay sample. Weight loss at 
temperatures less than 30W350 "C is due to interlayer water loss, 
whereas weight loss above this temperature range is attributed 
to hrucite layer dehydroxylation." The large exotherm at 580 
OC marks a phase change to ar-MgMo04 and spinel. Deca- 
vanadate-pillared hydrotalcite exhibits very similar thermal be- 
haivor. Since the hydrotalcite structure is well maintained up to 
55MOO OC for isopolymetalate-pillared hydrotalcite, these novel 
materials should find utility in catalytic applications including 
base-catalyzed condensations and oxidations.8J3J4 

Although isopolymetalatc-pillared hydrotalcites lose significant 
amounts of water upon calcination (500 OC/air/l2 h), the re- 
sulting products show little gain in surface area. By construction 
of idealized models of these materials, it can be shown that the 
space between adjacent isopolymetalate pillars is barely large 
enough for interlayer water molecules (Figure 7). Assuming that 
the pillars are less than idealy distributed, especially after cal- 
cination, voids in the interlayer region of the calcined clay may 
be difficult if not impossible to access due to pore blockage. 
Further studies are in progress to try to better understand the 
properties of the calcined polyoxometalate-pillared hydrotalcite 
materials. 

Conclusion. Isopolymetalate-pillared hydrotalcite clays are 
easily synthesized by acidification of terephthalate-pillared hy- 
drotalcite in the presence of the appropriate metalate salt (Figure 
2). This method affords multihundred-gram samples of pure 
product by means of a very simple exchange procedure. The 
heptamolybdate- and decavanadatc-pillared hydrotalcites deSnibed 
in this paper are stable above 500 O C .  The potential catalytic 
utility of these robust materials is currently being investigated. 
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