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Effects of pH and Mg:Ga Ratio on the Synthesis of
Gallium-Containing Layered Double Hydroxides and
Their Polyoxometalate Anion Exchanged Products
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We have synthesized a series of [Mg?*;_0M3"(OH),][TA?" 2)]-zH.0 (M3*= Ga3* or AP+
and TA = CsH4(COO™),) from mixed-metal chloride solutions with initial M*t mole fractions
of 0.20, 0.25, and 0.33, at constant pH values of 6.8, 7.7, 8.6, and 10.0. Terephthalate-
containing products were obtained only under conditions that resulted in a Mg:M3* ratio of
2:1 in the mixed metal hydroxide layers, indicating that a high layer charge density is
necessary to incorporate terephthalate anions between the inorganic layers. Anion-exchange
reactions were subsequently performed to produce LDHSs intercalated with PW1;03¢’~ and
H,W1,0408~ anions, yielding products that displayed sharp powder diffraction patterns. In
each case, the surface area of the POM-intercalated product was found to be approximately
40—45 m?/g, indicating that the micropore system is totally blocked and that the materials
are virtually nonporous; this may result from the high layer charge density of the LDH—

terephthalate precursors.

Introduction

Layered double hydroxides (LDHSs) are a class of ionic
lamellar solids with positively charged layers and
exchangeable hydrated gallery anions.! The general
LDH formula is [M?*3_yM3t(OH),][A" wry]-zH20, where
MZ2™ and M3* are divalent and trivalent metal cations
such as Mg?*t, Cu?t, Zn?* and AI3*, Fed*, Cr3, respec-
tively, x is the ratio M3"/(M?* + M3*), and A" is a
simple or complex organic or inorganic anion such as
le, NO3-, C0327, 80427, or C3H4O427. The most
common method of synthesis is coprecipitation of the
metal salts from a mixed solution at constant pH and
in the presence of the anionic species that is to be
intercalated.?

Currently, there is a great deal of interest in sup-
porting catalytically active polyoxometalate (POM) an-
ions possessing the Keggin structure between the
positively charged LDH layers.3~® POM anions are
sufficiently large to create gallery heights of close to 10
A, which provides sufficient room to allow physical and
chemical processes to occur at the interior active sites.
Unfortunately, the Keggin structure is unstable at
typical coprecipitation pH values,'%1! and therefore a
direct synthesis is generally not feasible. Furthermore,
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anion-exchange reactions that involve large incoming
POM anions and LDH materials that contain small
exchangeable anions, such as Cl=, NO3~, or CO3%",
proceed with difficulty and yield primarily the original
LDH plus a magnesium rich salt of the POM which
deposits on the surface of the LDH crystallites.12

One promising route to the formation of LDH—POM
materials was proposed by Drezdzon!3 in which an LDH
precursor containing a large organic anion is initially
prepared by the standard coprecipitation method. The
choice of organic anion should result in a precursor
gallery height that is close to the value expected in the
final LDH—POM. Subsequent anion exchange under
mildly acidic conditions results in protonation of the
organic anion, thus weakening the electrostatic attrac-
tion to the LDH layers, and facilitating the incorporation
of the Keggin anions while minimizing the competing
hydrolysis reaction. A variety of Mg/Al, Zn/Al, and Zn/
Cr containing LDHs intercalated with organic anions
such as terephthalate, benzoate, p-hydroxybenzoate,
and p-toluenesulfonate have been synthesized as po-
tential precursor materials.13-15

In this work, we describe the synthesis of LDH-
terephthalate precursors in which the trivalent metal
cation is Ga3*. The substitution of AI**T by Ga3* has
been shown in other cases to affect the catalytic proper-
ties of inorganic oxide materials. For example, Ga—H—
ZSM-5 has previously been shown to promote the
conversion of light paraffins to aromatics via the Cyclar
process,’® and gallium-containing pillar interlayered
clay minerals (PILCs) are known to be active for the
dehydrogenation of propane to propene.l”
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Gallium-Containing Layered Double Hydroxides

To the best of our knowledge, this is the first time
that a study has been reported on the synthesis of the
binary Mg/Ga system. A comparison to the synthesis
of the corresponding AI®" species is presented. Subse-
qguent exchange of the terephthalate anion by either
PW1103977 (PWll) or H2W1204067 (H2W12) was also
performed for the first time starting with Mg/Ga con-
taining precursors.

Experimental Section

Materials and Methods. The reagents NaOH (BDH
Assured), MgCl,-6H,O (BDH Assured), AICl;xH,O (BDH
Assured), and terephthalic acid (Aldrich, 98%) were used as
obtained without additional purification. An aqueous solution
of approximately 8.44 M GaCl; was also used in the synthesis
of all gallium-containing species. The ammonium metatung-
state was used as received from Aldrich. Na;PW;;039 was
prepared from H3PW1,04 (BDH, AnalR) and Na,CO; (BDH,
ACS Reagent).

Preferred-orientation X-ray diffraction (POXRD) patterns
were obtained, using a Scintag 2000 diffractometer, from
slurried samples evaporated to dryness on glass slides. Samples
were step-scanned from 3 to 30° 26 in 0.025° steps with a
counting time of 1 s/step. Fourier transformed infrared (FT-
IR) spectra were obtained between 1800 and 400 cm™! on a
Mattson Instruments 4030 Galaxy Series FT-IR spectrometer,
from a Csl disk using 124 sample scans and 32 background
scans. Chemical analysis for Mg, Ga, Al, and W was performed
using a Thermo Jarrell Ash Atom Scan 16 ICP spectrometer.
Carbon content analysis was performed using a CEC Corp.
elemental analyzer. Surface area measurements were made
using the BET method on an ASDI RXM 100 instrument at
an adsorption temperature of 77 K, after pretreating the 60—
80 mesh sample at 125 °C for 1 h under high vacuum.

Materials Preparation. The synthesis of MgsGaz(OH):6-
TA-zH,0 (TA = CgH404%, terephthalate anion) at pH 10.0 (i.e.,
MgGa[TA]s, see discussion for explanation of code) is described
here. Synthesis at other pH values were performed in a
similar manner, the amount of GaCl; was kept constant, but
the quantity of MgCl, was adjusted to give the desired ratio
for the different syntheses.

A 1-L, four-neck, round-bottom flask was equipped with a
250-mL pressure equalized addition funnel, a thermometer,
a pH probe, a suba-seal septum to allow N, flow into and out
of the system, a magnetic stirrer, and an electric heating
mantle. The flask was charged with 250 mL of freshly
distilled, deionized (DDI) water and 2.82 g (100% excess) of
terephthalic acid. NaOH solution was added via a syringe
needle through the septum to the vigorously stirred mixture
until a final pH of 12.7 was obtained and the terephthalic acid
had completely dissolved. In a separate flask, a solution
containing 100 mL of DDI water, 2.00 mL of 8.44 M GacCls,
and 10.31 g of MgCl,6H,0O was prepared and thoroughly
mixed. The mixed-metal chloride salt solution was added
dropwise to the stirred terephthalate solution at room tem-
perature via the addition funnel, resulting in the immediate
formation of a white precipitate accompanied by a decrease
in pH of the terephthalate solution. Simultaneous addition
of NaOH solution through the septum was manually per-
formed to maintain a constant pH of 10.0 (£0.2) over the
course of the 30 min addition period. Following the complete
addition of the mixed-metal salt solution, the thick suspension
was stirred at room temperature for an additional 2 h, and
then aged at 70 °C (£5 °C) for approximately 18 h. The final
pH once the suspension had cooled to 28 °C was 9.7. The
crystals were washed by repeatedly centrifuging, decanting
the supernate and shaking in fresh DDI water until most of
the chloride had been removed. Final product was stored
under DDI water until needed.

(17) Bellaloui, A.; Plee, D.; Meriaudeau, P. Appl. Catal. 1990, 63,
L7.
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Figure 1. POXRD patterns for MgGa[TA]r products precipi-
tated at (a) pH 10, (b) pH 8.6, (c) pH 7.7, and (d) pH 6.8. The
Mg:Ga molar ratio, R, is given on each pattern and the
coprecipitation pH appears in each box.

Replacement of Terephthalate Anions with Polyoxo-
metalate Anions. Moist MgsGaz(OH)16TA (15.307 g, about
2.76 g dried weight) was placed in a 1-L round-bottom flask
and slurried in 250 mL of DDI water under nitrogen until
homogeneous. The pH of the LDH slurry was adjusted to
about 5.5 by the addition of 20% HNO3;. 7.13 g of Na;PW;,030
was dissolved in 100 mL of DDI water and then added
dropwise to the LDH slurry with coaddition of nitric acid to
maintain constant pH 5.5—6.0. After complete addition, the
slurry was stirred at room temperature for 2 h, and then at
70 °C for an additional 18 h.

Results and Discussion

Synthesis of Precursor LDHs. A series of 12 Mg/
Ga containing LDHs was prepared by coprecipitation
of mixed metal chloride salt solutions with initial Mg:
Ga ratios of 2:1, 3:1, and 4:1 at constant pH values of
6.8, 7.7, 8.6, and 10.0, in the presence of a 2-fold excess
of terephthalate anions. Aluminum-containing ana-
logues were synthesized under similar experimental
conditions for comparison. The resulting products have
been abbreviated M?2"M3t[A""]g, where R is the M?":
M3* ratio in the initial mixed metal salt solution and
A"~ is the desired interlamellar anion (but not neces-
sarily the anion that was actually incorporated). POXRD
patterns corresponding to MgGa|[TA]r and MgAI[TA]r
products obtained at each of the four precipitation pH
values are presented in Figures 1 and 2, respectively.
The dgos reflection values and BET N, surface areas
have been summarized in Table 1.

Initial attempts to synthesize layered double hydrox-
ides of the series MgGa[TA]r and MgAI[TA]r were
performed at pH 10.0. Synthesis at pH 10.0 is typical
for Mg/Al samples because true coprecipitation condi-
tions exist only at pH 10 and above. Below pH 10, it is
believed that precipitation of the trivalent metal hy-
droxide occurs first, followed by reaction with Mg?*
cations in solution.’® As shown in Table 2, the actual
MZ2+:M3* ratio in the product formed at pH 10.0 is very
close to the ratio that was initially present in the mixed-
metal salt solution. One exception is the MgGa[TA].
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Table 1. dgos Spacing and BET N; Surface Area of MgGa[TA]r and MgAI[TA]r Layered Double Hydroxides
Coprecipitated at Various pH

coprecipitation pH

M2+M3+ molar ratio, R, 6.8 7.7 8.6 10.0
in synthesis mixture dooz/A area/m2g-1 doos/A area/m2g-1 doos/A area/m2g-1 doos/A area/m2g-1

Mg:Ga =4 14.13 32 14.02 35 7.946 40 8.13 61
Mg:Ga =3 14.132 70 14.19 39 14.19 41 7.91 39
Mg:Ga =2 a 96 14.14 45 14.28 19 14.31 27
Mg:Al = 4 14.08 5 14.03 22 14.07 0.1b 8.07

Mg:Al =3 14.13 68 14.09 62 14.16 0.1 7.93 8
Mg:Al =2 14.23 35 14.09 68 14.30 38 14.25 34

a Strong presence of gallium oxide hydroxide. ? Diffuse POXRD pattern.
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Figure 2. POXRD patterns for MgAI[TA]r products precipi-
tated at (a) pH 10, (b) pH 8.6, (c) pH 7.7, and (d) pH 6.8. The
Mg:Ga molar ratio, R, is given on each pattern and the
coprecipitation pH appears in each box.

Table 2. M2¥:M3* Molar Ratios of MgGa[TA]r and
MgAI[TA]r Layered Double Hydroxides Coprecipitated at
Various pH Measured by ICP

M2+M3+ molar ratio, R, coprecipitation pH

in synthesis mixture 6.8 7.7 8.6 10.0
Mg:Ga =4 1.23 1.33 3.00 4.00
Mg:Ga =3 0.54 1.25 2.53 2.99
Mg:Ga =2 0.20 0.96 1.88 2.29
Mg:Al =4 1.09 1.98 2.80
Mg:Al =3 1.16 1.63 251 3.08
Mg:Al =2 0.63 1.44 2.04 2.14

sample, which was determined by ICP analysis to be
MgGa[TA]23. The magnesium enrichment in the MgGa-
[TA]. sample is probably attributed to the partial loss
of Ga3* due to the formation of soluble Ga(OH),4~, which
forms at about pH 9.1° It is apparent from the powder
patterns in Figure la that terephthalate-intercalated
LDH materials (doozs = 14.3 A, 20 = 6.17°)13.20 can form
at pH 10.0 only if the Mg:Ga ratio is about 2:1. LDHs
with larger Mg:Ga ratios, specifically MgGa[TA]s and
MgGa[TAl4, display dgos reflections that are character-
istic of a LDH chloride phase (dooz = 8.1 A, 26 = 10.88°).2
The FT-IR spectrum (not shown) of MgGa[TA], pre-

(18) de Roy, A.; Forano, C.; El Malki, K.; Besse, J. P. In Expanded
Clays and Other Microporous Solids; Occelli, M. L., Robson, H. R., Eds.;
Van Nostrand Reinhold: New York, 1992; Vol. 2, pp 108—169.

(19) Bradley, S. Ph.D. Thesis, University of Calgary, Canada, 1992.

(20) Meyn, M.; Beneke, K.; Lagaly, G. Inorg. Chem. 1990, 29, 5201.

pared at pH 10.0, but using the metal nitrate salts
instead of the chloride salts, exhibits a strong band in
the nitrate region; this observation supports the view
that the metal salt counterion has been intercalated in
preference to the terephthalate dianion. The behavior
of MgAI[TA],, MgAI[TA]s, and MgAI[TA],4 precipitated
at pH = 10.0, as shown in Figure 2a, is virtually
identical with that described for the corresponding
MgGa[TA]r.

The results for both MgMS3*[TA]r series precipitated
at pH 10.0 are consistent with those previously pub-
lished by Kooli et al. for the MgAI[TA]r and MgAI[BA]r
series (BA = C;Hs0,7, benzoate anion), where it was
found that the carboxylate anion was incorporated at
pH 10.0 only if the Mg:Al ratio was less than or equal
to 2:1. The difference between the 2:1 LDH (which
incorporates TA) and the 3:1 and 4:1 (which do not) is
proposed to be related to the layer charge density. A
similar charge density dependence has previously been
noted for the MgAI[Fe(CN)s*"]r system,?! where the
large tetravalent Fe(CN)s*~ anions were incorporated
between the layers only for Mg:Al < 3:1.

Additional syntheses were performed at lower pH
values in an attempt to produce terephthalate-contain-
ing materials with higher M2*:M3* ratios. The POXRD
patterns obtained for MgGa[TA]r samples precipitated
at pH 8.6, 7.7, and 6.8 are presented in Figure 1b—d,
and the corresponding patterns for the MgAI[TA]r
samples are presented in Figure 2b—d. As shown in
Table 2 for both the MgGa[TA]r and MgAI[TA]r ana-
logues, incomplete incorporation of Mg?* is observed
below pH 10.0. Mg(OH); is fairly soluble at pH 8 and
below, and thus a large amount of Mg2" remains in
solution and is lost during the washing step (i.e., ICP
analysis shows up to 1000 times as much Mg?* as Ga3"
in the mother liquor).

The MgGa[TA]3 produced at pH 8.6 has a measured
Mg:Ga ratio of about 2.5:1, which appears to be close to
the upper limit for the partial incorporation of TA into
the interlamellar space, as evidenced by the presence
of dgos reflections characteristic of both LDH—tere-
phthalate and LDH—chloride phases (Figure 1b, middle
pattern). A Mg:Ga ratio greater than 2.5:1 results in a
LDH—chloride (top pattern), whereas below this value
only a LDH—terephthalate is formed (bottom pattern).
The FT-IR spectra shown in Figure 3 correspond to the
samples in Figure 1b. Note that the intensity of the
bands associated with terephthalate increases in the
order MgGa[TA]s < MgGa[TA]; < MgGa[TA],, indicat-
ing that these samples are actually a LDH—chloride, a

(21) Yamamoto, T.; Kodama, T.; Hasegawa, N.; Tsuji, M.; Tamaura,
Y. Energy Convers. Mgmt. 1995, 36, 637.
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Figure 3. Fourier transformed infrared spectra (from Csl
pellets) of (a) MgGa[TA]4, (b) MgGa[TA]s, and (c) MgGa[TA]z,
precipitated at pH 8.6. Asterisks denote peaks attributed to
terephthalate anion.

mixture of LDH—chloride, and LDH—terephthalate, and
finally a “pure” LDH—terephthalate, respectively.

The behavior of the MgAI[TA]r analogues at pH 8.6
(see Figure 2b) is rather different than that described
above for the MgGa[TA]r series. POXRD patterns
corresponding to very poorly crystallized LDH-TA
samples are evident over all Mg:Al ratios, and there is
no evidence for the coformation of a separate LDH—
chloride phase. This is in contrast to the gallium-
containing materials, which incorporate TA anions only
when the Mg content is low. BET surface areas for the
MgAI[TA]; and MgAI[TA], samples, which displayed the
most diffuse POXRD patterns, were only 0.1 m?/g, much
lower than the corresponding gallium containing species
despite the fact that the M2+:M3* ratios were virtually
identical.

Rather surprisingly, the best crystallized LDH-TA
samples were obtained at a precipitation pH of 7.7 for
the MgGa[TA]r series. As shown in Figure 1c, sharp
POXRD patterns were obtained at all ratios, however,
an additional peak at 26 = 21.4° was also observed for
most of the MgGa[TA]r products; this peak must arise
from gallium oxide hydrate, GaO(OH), which is isomor-
phous with diaspor a-AIO(OH).?2 The formation of a
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Table 3. Mg2t:M3* Molar Ratios Calculated for Total M3*
Content and Layer M3t Content at pH 7.7

M2+M3+ molar ratio. R wt % Mg:M3* molar ratio

in synthesis mixture M3fa Mg2 CP total layer
Mg:Ga =4 29.56 13.73 13.05 1.33 2.08
Mg:Ga =3 29.30 12.73 12.85 1.25 1.96
Mg:Ga =2 36.22 12.05 10.94 0.96 2.18
Mg:Al = 4 13.86 17.83 16.23 1.98 1.99
Mg:Al =3 9.40 14.51 1.63
Mg:Al =2 10.43 18.22 18.10 1.44 2.14

a ICP analysis on Thermo Jarrell Ash Atom Scan 16 spectrom-
eter. b C analysis on CEC Corp. elemental analyzer.

separate pure gallium phase immobilizes some of the
gallium, and thus the measured Mg:Ga ratios reported
in Table 2 do not accurately reflect the true composition
of the LDH layers. The actual Mg:Ga ratio of the layers
was determined by analyzing the product for wt % C
and assuming that all of the carbon could be attributed
to charge balancing terephthalate anions in the inter-
lamellar space. Since the layer charge is due entirely
to the presence of gallium within the layers, the wt %
C provides an estimate of the moles of gallium in the
layers, per gram of product. From ICP analysis the total
moles of gallium (i.e., layer plus nonlayer) per gram of
product is also known; therefore, it is possible to arrive
at the fraction of gallium that actually exists in the
layers. By assuming that all Mg detected by ICP
analysis occurred in the layers, the ratio of Mg:Ga in
the layers could be calculated; the results are tabulated
in Table 3. Itis significant to note that the Mg:Ga ratio
in the layers was virtually constant at 2:1 regardless of
the metal cation ratio in the initial synthesis mixture.

The POXRD patterns for the corresponding MgAl-
[TA]r products in Figure 2c reveal very few differences.
Well-formed terephthalate-containing LDHs were ob-
tained regardless of the Mg:Al ratio in the initial salt
solution, but in no case was there evidence of a separate
crystalline pure aluminum phase. ICP results indicate
moderately higher Mg:M3+ ratios for the Al species
compared to the corresponding gallium analogues, but
the measured ratio is always lower than the ratio in
the initial salt solution. Assuming that an X-ray
amorphous pure aluminum phase did in fact precipitate,
the Mg:Al content of the layers produced at pH 7.7 was
determined, again indicating that the ratio present in
the layers is virtually constant at about 2:1.

Figure 1d indicates that the intensity of the GaO(OH)
reflections increases as the coprecipitation pH is further
decreased to pH 6.8. ICP analysis indicates that the
Mg:Ga ratio of the MgGa[TA], product synthesized at
pH 6.8 is actually 0.20:1, and thus virtually no Mg2*
was incorporated into this product. As can be seen from
the POXRD pattern, it is apparently a pure GaO(OH)
sample (there is no reflection around 26 = 6.17°, dgo3 =
14.3 A). The GaO(OH) formed in these synthesis is a
relatively high surface area material, and the measured
BET N, surface areas correlate to the intensity of the
21.4° peak. A maximum value of 96 m?/g was obtained
for the “pure” GaO(OH) product synthesized at pH 6.8.
These results indicate that the synthesis of MgGa[TA]r
products occurs at pH 7.7 or higher, whereas below this

(22) (a) Joint Committee for Powder Diffraction Standards (JCPDS)
File number 6-180. (b) Foster, L. M.; Stumpf, H. C. 3. Am. Chem. Soc.
1951, 73, 1590. (c) Roy, R.; Hill, V. G.; Osborn, E. F. 3. Am. Chem.
Soc. 1952, 74, 719.
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Figure 4. POXRD patterns of (a) MgGa[TA]s precursor
prepared at pH 7.7, (b) MgGa[PW;,039’~] anion-exchange
product, and (c) MgGa[H,W1,040°"] anion-exchange product.

value the formation of GaO(OH) becomes dominant.
This behavior appears to deviate from that of the Al
containing analogues, which continue to form tere-
phthalate-containing LDHSs even at pH 6.8 (Figure 2d),
and the appearance of a separate phase was not
detected by XRD. Mg(OH), solubility did, however,
produce Mg:Al ratios as low as 0.63:1, which lie outside
the theoretical limits for LDH formation. It therefore
seems likely that some aluminum in the sample was
not present in the layers, but instead as an amorphous,
and therefore undetectable, separate phase.

Anion Exchange with POMs. The POXRD pat-
terns of a MgGa[TA]s precursor and the corresponding
anion-exchanged species, MgGa[PW;1039" ]z and MgGa-
[HoW12040%7]3 are presented in Figure 4a—c, respec-
tively. There is a slight increase in the dgo3 value from
14.2 A in the terephthalate precursor to 14.6 and 14.8
A for anion-exchanged products containing PW1; and
H,Wi,. These POXRD patterns are remarkable for the
relatively low intensity of the byproduct that appears
around 26 = 8.08° (d = 11 A); others have suggested
that this byproduct is a poorly ordered Mg-rich salt of
the Keggin ion.*12

The specific surface area increased only slightly from
39 m?g for the precursor to about 45 m?/g for both of
the POM-exchanged products. Micropore size distribu-
tion experiments failed to reveal an accessible mi-
croporous structure in the POM anion-exchanged prod-
ucts, and it is likely that the interior surface area is
blocked due to crowding of inorganic anions between the
sheets. Pore blockage is probably attributable to the
fact that the Mg:Ga ratio in the layers of the precursor
is 2:1, and thus the surface charge density is very high,
requiring the POM anions to “stuff’ the interlayer
region in order to satisfy electroneutrality. Carbon

Weir et al.

analysis performed on the samples indicate 0.12 wt %
C in the case of the H,W;,-exchanged product, and 0.67
wt % C in the case of the PW;;-exchanged product. It
appears that the extent of exchange is nearly complete
for the former (H,Wi1,), whereas some organic anions
must be retained in the latter (PWy;). In addition, the
W:Ga ratio for MgGa[H;Wi2]; was 1.86:1 (theoretical
value is 2.0:1) which supports the view that exchange
is nearly complete. For the MgGa[PWi1]s LDH, the
W:Ga ratio was determined to be 0.93:1 (theoretical
value is 1.57:1), indicating that there are insufficient
POM anions present to counterbalance the positive
charge of the layers, and therefore the interlayer region
must also contain residual terephthalate anions. In
both cases, the Mg:Ga ratio as determined by ICP
analysis increased from 1.25:1 in the terephthalate
precursor to 1.99:1 for MgGa[H,W12]3 and to 1.46:1 for
MgGa[PWi1]s. The increased Mg:Ga ratios can be
attributed to dissolution of GaO(OH) at the low pH (pH
= 5.5) used during the anion-exchange reaction.1®

Concluding Remarks

Binary Mg/Ga-containing layered double hydroxides
have been reported for the first time. The samples were
precipitated from mixed metal chloride salt solutions
in the presence of terephthalate anions, resulting
directly in organic anion containing materials in which
the aromatic rings are orientated perpendicular to the
layers. Subsequent anion-exchange reactions were suc-
cessful in replacing the terephthalate anions with
polyoxometalate anions; the synthesis and characteriza-
tion of MgGa[POM]r materials have not previously been
reported.

Mg/Ga and Mg/Al LDHs precipitated at pH values
between 6.8 and 10.0 in the presence of terephthalate
anions have been shown to exhibit very similar behav-
ior, with minor exceptions at the lower pH values.
Under true coprecipitation conditions at pH 10.0, the
M2T:M3* ratio of the initial salt solution is retained in
the layers. LDHs intercalated with terephthalate an-
ions form only when the Mg:M3" ratio is equal to 2:1,
whereas chloride containing LDH forms if the ratio is
greater than 2:1. We tentatively believe that a high
layer charge density is necessary for the incorporation
of hydrophobic anionic species such as the terephthalate
anion in order to create a continuous hydrophobic layer
between the inorganic sheets. The anions are thus
aligned perpendicular to the mixed-metal hydroxide
layers in order to minimize the hydrophobic forces.

Due to the low Mg:Ga LDH precursor ratios obtained
by this method, the resulting POM-exchanged products
have a blocked pore structure, and thus the surface
areas are relatively low. Contamination by other phases
such as the M2t/M3*t POM salt is minimized, as evi-
denced by the low intensity of the X-ray diffraction peak
that is centered around 26 = 8.08° (d = 11 A) in Figure
4b,c. The anion exchange of organic anion intercalated
layered double hydroxide precursors does appear to be
a viable route for synthesis of MgGa[POM]r (R < 2).
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