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Tartrate and succinate anions have been intercalateds#l 2nd Zn,Cr LDHs. The preparations using either
coprecipitation, anion exchange, or reconstruction methods are described. In the case of tartrate-containing LDH,
coprecipitation and reconstruction methods have proved to be very limited to lead to pure materials due to the
particular reactivity of tartrate anions. Intercalation of both anions under room-temperature conditions gives rise
to expanded LDH with similar basal spacing. Moderate thermal treatments lead in all cases to a reorientation of
the anions in the interlayer domains associated with an interlayer contraction occurring aré@ndB structural
characterization, the thermal evolution, and the chemical stability of all the phases are studied by PXRD, FTIR,
TGA, and DTA.

Introduction hand, using thermal treatments, we have grafted oxoanions onto
. . . . . LDH layers, showing the ability of the double hydroxide layers
_Presently organieinorganic hybrid materials receive con- 4 jncorporate anionic oxides into their layers. Consequently,
siderable attention owing to their very large field of application | Hg containing sulfate, chromate, and dichrorfidtendergo
as catalysts, catalyst supports, electrochemical Sensors, 0f grong interlamellar contraction of nearly 0.2 nm due to the
sorbents for organic pollutants. lonic exchangers intercalated replacement of OH groups of the layers by oxygen atoms of
by organic entities form one type (I) of hybrid materials, he oxoanions. This behavior is not reversible and leads to a
according to the Sanchez classificatiowhich involve weak strong increase in the structure stability. Delmas éttwve

bonding between host lattice and guest molecules.  The other,grieqd similar phenomena with vanadate and polyvanadate.
type (II) of hybrid materials involve covalent bonds between |, 'the same way, we have shown the polymerization and the
the organic and inorganic partners. The latter compounds grafting of silicate layers in LDH.

display stonger interactions between the organic and mineral™ o this study, layered double hydroxide materials (LDHSs)
partners, which ensure higher chemical and structural stabilities. yogcriped by the formula [M_M"(OH),][A ™ ym-nH,0] are

They concern mainly organosilicon compounds. For the former o, ,sen a5 inorganic host structures for their high anion exchange
family of hybrid compounds, the improvement of the chemical capacities and their layer reactivities. TartrateO4C-

and thermal stability must involve an increase of the interactions (CHOH)YCO,"), with its two carboxylate groups and its two
betweer) the organic unitg and the inorganic surfaces. This can.gnqensable OH groups, appears to be an appropriate guest
be obtained by the grafting of the organic molecule onto the 5160l for the preparation of new stable hybrid LDHs. A
mineral Iattlcg, thus transforming these compounds to hy_b_rld comparative study with the succinate anio4C(CH),CO,"),

type Il materials. Recent developments on surface-modified gjmijar 1o tartrate without the OH functions, allows us to evaluate
inorganic layered compounds have been reported which describg o effect of the OH groups in the host/guest interactions.
grafting of aliphatic or aromatic alcohols onto hydroxylated jnercajation of tartrate and succinate anions in LDH and thermal
surfacses such as Zn(Okf) Al(OH)s® AIOOH,* and ZnAl treatments of the hybrid phases are presented here. This study
LDHs> These reports point out .the specific reactivity of .o-~ars the four different LDH phases FAOH)s](CaHa-
hydroxyl layers toward some organic molecules. On the other Oe)o.sNH:20, [ZnCr(OHX](CaH4O06)o.5NH20, [ZneAl(OH)gl-
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Table 1. Chemical Compositions of Precursor Compounds and the Zn3AITAR-COP
Tartrate and Succinate Derivatives
LDH
abbreviated $ Zn3AITAR-EXC
formula MEH/M3+ anion/AB*+ H,O/AI* g
[ZnsAICH] 3.1 1.2 2.0 s
[ZnsAICO,] 3.0 0.6 2.4 £
[Zn3A|Tar] 2.9 0.7 2.6 d>) Zn3AITAR-REC
[Zn3AlSuc] 2.7 0.7 25 =
[Zn.CrCl] 2.0 1.0 1.9 2
[Zn,CrTar] 1.7 0.6 2.2 Zn3AICO3-REC
[Zn,CrSuc] 17 0.6 3.0
(C4H604)0.5'nH20’ and [ZQCr(OHk](C4H604)0'5'nH20’ noted vavv%’vov(Hlv‘ré‘vovlWH\31‘011HHHA]\0IHHHé‘(v)HHHHG‘(\)HMH\%:(V)HM\

more simply as ZgAlTar, Zn,CrTar, ZnsAlSuc, and ZaCrSuc. Ztheta (Cu Ka)
The thermal stabilities of the various phases are presented.

Figure 1. PXRD patterns of ZnAlTar prepared by coprecipitation
Experimental Section (COP), exchange (EXC), and reconstruction (REC) and ZnAICO

) ) . ) prepared by reconstruction.
Synthesis. The materials were prepared via three different meth-

ods: anion exchange on LDH precursor, direct coprecipitéfiamd Reconstruction: Preparation of ZnsAlTar. The reconstruction
reconstruction of the LDH phase from calcined LDH derivatives. A method was carried out on the a‘CO3 phase calcined at 2001 300’
recent review of the various syntheses of organic anions containing and 400°C. The Zn-Al mixed oxides were suspended in an aqueous
LDHs was published by Carlin8. solution containing the tartrate sodium salt under a nitrogen atmosphere
Coprecipitation. (a) Preparation of ZnsAICl. ZnsAICI was to prevent any reconstruction of a carbonate LDH phase. Th&/Tar
prepared by coprecipitation as follows: A 40 mL portion of a zinc  A|3+ ratio was fixed at 10.0.
chloride (0.75 M) and aluminum chloride (0.25 M) solution was added  physical Measurements.Powder X-ray diffraction (PXRD) patterns
at a rate of 0.16 mimin~* in a flask containing 150 mL of distilled  were obtained with a Siemens D501 X-ray diffractometer using Cu
and deionized water, at room temperature, under a nitrogen atmosphere . radiation and fitted with a graphite back-end monochromator.
(in order to minimize the contamination with atmospheric L@nd Fourier transform infrared (FTIR) spectra were recorded on a Perkin-
under vigorous stirring. A solution of sodium hydroxide (1 M) was  Elmer 16PC spectrophotometer on pressed KBr pellets. Thermogravi-
simultaneously added. This addition was realized using an automatedmetric analyses (TGA) were performed with a Setaram TG-DTA92
titrator monitored by a pH regulator via a pH electrode immersed in thermogravimetric analyzer at a typical rate ofG/min under an air
the reagent solution in order to fix the pH of coprecipitation at-8.0 atmosphere. Chemical analyses (Zn, Al, Cr, Cl, H, C) were performed
0.2. The addition of the metallic salt solution was completed in 4 h, in the Vernaison Analysis Center of the CNRS. High-resolution solid-
and the mixture was then left to react for 36 h. The LDH was recovered state NMR spectra were obtained with a Bruker MSL-300 spectrometer.
by three dispersion and centrifugation cycles in deionized water, with 13c CP-MAS NMR spectra were recorded withz£2 impulsion delay
a 1% mass ratio of solid in suspension. The obtained gelatinous of 10 us, an acquisition time of 2 s, and a contact time of 20 His.
precipitate was finally air-dried. The chemical analysis (Table 1) decoupling was applied during FID recording. The chemical shifts

confirms a typical composition of anionic clays with a’ZtAI** ratio are given in ppm relative to TMS as the external reference. The N
of 3.00. A hydration state of 2.5 molecules per Al cation was  adsorption isotherms of the samples were recorded on a Fison SP1920
measured by TGA. instrument. Prior to the sorption experiments, the materials were

(b) Preparation of Zn.CrCl. Zn,CrCl was prepared by coprecipi-  subjected to a pretreatment which consisted of heating in air at@50
tation similarly to ZrAICI with 40 mL of zinc chloride (0.66 M) and for one night to remove adsorbed water.

chromium chloride (0.33 M) solution. The pH of coprecipitation was

fixed at 5.5+ 0.2. The chemical analysis is given in Table 1. Results and Discussion

(c) Preparation of ZnzAlICO3;. ZnsAlCO; was coprecipitated, . .
according to a previously published procedtfrat pH= 9.0, from a Preparatlon Methods and Chemical AnaIyS'eS.The prepa-
1 M metallic nitrate solution of Z&t and AP with a Zr#+/AI3* molar ration of ZsAlTar was performed by three different methods:
ratio of 3.0 and a mixed solution of sodium hydroxide (0.40 M) and the coprecipitation at a fixed pH of the double metallic
sodium carbonate (0.12 M). hydroxides in an aqueous solution containing the organic salt,

(d) Preparation of ZnsAlTar and Zn sAlSuc. Conditions similar the anion exchange reaction on the chloride LDH precursor,
to those for the coprecipitation of ZAICI were used. Sodium tartrate  and the calcinationreconstruction method. PXRD patterns of

or sodium succinate was initially introduced into the reactor with a some samples of ZAlTar prepared by these methods are given
(Tar or Suc)/At* molar ratio of 10.0. The synthesis was performed at jy Figure 1.

room temperature. _ Only the anion exchange yielded pure and well-crystallized
Anion Exchange. (a) Preparation of ZnAlTar and Zn ,.CrTar. ZnsAlTar. The low intense diffraction line at 11°4(26)
Tartrate exchanges were performed on the chloride LDH precursors at ' o ) .
fixed pH values of 8.0 and 5.5, respectively. An excess of 10 equiv corresponds to "?1 S”Ta” c_ontamlnatlon by a Carbonf_;lte LDH phase;
of tartrate anions over the Al or CP* content was used. All the SUCh @ contamination is often unavoidable during anion ex-
preparative procedures were performed with deionized water, under change and occurs during the washing steps performed under
stirring and a nitrogen atmosphere. The precipitates were recoveredair. Meyn and co-workers have already repottetie anion

from their mother liquors by repeated centrifugatiomashing cycles. exchange of ZgAl and Zn,Cr with tartrate and succinate. They

(b) Preparation of ZnzAlSuc and Zn,CrSuc. Exchanges were mentioned that tartrate does not exchange as easily as the other

realized identically to those for ZAlTar and ZnCrTar. alkanedioic acids; the degree of exchange is low and the 00
reflections are broader.They used Z#AlI3" ratios lower than

10) sf’g;'iv I.Y.; Kuroda, K.; Kato, CJ. Chem. Soc., Dalton Tran$99q 2.0. We observed that the use of a T#Al3* ratio of 10.0 is

(11) Carlino, SSolid State lonic4997, 98, 73. needed to improve both purity and crystallinity. Exchange in

(12) Thevenot, F.; Szymansky, R.; Chaumetteays Clay Miner1989
37, 396. (13) Meyn, M.; Beneke, K.; Lagaly, Gnorg. Chem.199Q 29, 5201.




Intercalated Layered Double Hydroxides Inorganic Chemistry, Vol. 37, No. 17, 1998295

an autoclave at various temperatures fron?@Qup to 120°C
during 4 days did not improve the crystallinity of the products.

The coprecipitation method was realized at different pHs,
from 8.0 to 10.0, and different T&r/Al3* ratios, from 2.0 to
10.0, at room temperature or under reflux conditions. Usually,
compounds of high purity and crystallinity are obtained by this
method!* particularly LDH materials with organic iors.
However, in the presence of tartrate, we obtained LDH phases
of very poor crystallinity. The presence of more or less
important quantities of an amorphous component was often
observed.

The reconstruction method was reported in the literdfure
as an alternative pathway for the preparation of hybrid LDHs.

ZnzAlICO3 was calcined at 200, 300, and 400. The calcined u
phases were rehydrated in aqueous solutions containing tartrate
anions with an excess of 10.0 mol/mol offAl No reconstruc- 10 20 30 40 50 60 70
tion of the LDH phase was observed, and ZnO was present in 2theta (Cu Ko )

all phases. Using the same conditions in the presence sf Na
CQOs;, we obtained ZgAlCOj;. The cause of the restricted
reaction is the complexing power of the tartrate anions, which
react spontaneously with metallic cations and oxides, impeding
LDH synthesis.

Like ZnzAlTar, pure ZnCrTar could only be prepared by an
anion exchange reaction at room temperature or under hydro-
thermal conditions in an autoclave at 120. Intercalation of
tartrate was confirmed by XRD and IR spectroscopy. For
succinate anions, coprecipitation and anion exchange were
successful as the consequence of the lower reactivity of succinate i

e o

ZnAlTar

Relative intensities

ZnAICI

ZnCrSuc

ZnCrTar

A A

ZnCrCl

Relative intensities

toward metal cations.

The chemical compositions for the LDH phases of highest 10 20 30 40 50 60 70
purity obtained by elemental analyses are given in Table 1. The 2theta (Cu K@)
water content was determined by TG. The experimentdl M Figure 2. PXRD patterns of chloride precursor LDHs and organic
Ml ratio was near the initial value of the starting salt solutions, derivatives.
when the coprecipitation pH value was carefully chosen. The ‘
excess of carbon (the expected anioAfAhtio would be equal R
to 0.5) results from adsorption of the anions on the LDH surface. "

Powder X-ray Diffraction. The PXRD patterns of all the
phases are typical of layered materials of relatively good
crystallinity (Figure 2). However, for the organic derivative
compounds, as is often the cd8agveral of thel{kl) reflections
disappeared or were broadened. This is typical of a turbostratic
effect caused by a decrease of the ordering along the stacking
axis due to the loss of the van der Waals interaction between
adjacents layer and the absence of a densely packed interlayer
space formed by high-charge-density anions such as halides or
oxoanions. %

The reflections of all the phases were indexed in a hexagonal e e e
lattice with anR3m rhombohedral symmetry (Table 2). At- 3600 3000 2400 1800 1200
tempts have been made to refine the PXR diffractions of the Wavenumber  (cm’ )
various LDH phases in the hexagonal lattice with a primitive Figure 3. FTIR spectra of ZsCrSuc, ZaCrTar, ZnAlSuc, and Zg-
mode 1H or 2H, but some mismatchings between observed andAlTar.
calculated reflections lead us to reject these systems.

The intercalation of the organic molecules inside the lamellar
host structure is clearly evidenced in all the cases by the net
increase of the basal spacidg; from 0.781 and 0.786 nm for
the precursors ZICrCl and ZnAIClI, respectively, to 1.155
1.224 nm for the organic derivatives. Similar values were
obtained by Meyn et &g for succinate- and tartrate-containing

mom
o" i 3
T Ro=

Zn3AITar |

Zn3AlSuc |

Zn2CrTar

Absorbance (a.u.)

Zn2CrSuc |

LDHs, prepared by anion exchange reactions opAIMO 3 and
Zn,CrNQOs. The basal spacing is obviously not affected by a
change in the charge density of the layers, from 0.042 &R
Zn,Cr to 0.030 e/& for ZnzAl. Thus, the interlayer distance is
mainly determined by the orientation of the organic anions in
the interlamellar space.
Infrared Spectroscopy. The intercalation is also confirmed

(14) de Roy, A.; Forano, C.; El Malki, K.; Besse, J. Mionic Clays: b_y FT_lR spectroscopy (Figufe 3)2 All stretching and be_nding

Trends in Pillaring Chemistry. Synthesis of Microporous Mategials ~ Vibration modes of the organic anions are observed, besides the

Occelli, L., Robson, H., Eds.; Van Nostrand Reinhold: New York, absorption bands of the hydroxylated layers. The vibration

(15) E%?}Zrie\t/o'-sz,'go%g& C.. de Roy, A: Besse, J. P.. Mailarg, p,, Pands were assigned in comparison with the Raman and IR
Momenteau, MChem. Mater1996 8, 1962. "7 spectra of the dipotassium tartrate hemihydrate (Bhattacharjee

(16) Sato, T.; Okuwaki, ASolid State lonic4991, 45, 43. et al.)¥’
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Table 2. dw Distances and Refined Unit Cell Parameters for the Chloride Precursor LDHs and Organic Derivatives
ZnzAICI ZnsAlTar ZnzAlSuc ZnCrCl Zn,CrTar ZnCrSuc

h kl dobs (A) dcalc (A) dobs (A) dcalc (A) dobs (A) dcalc (A) dobs (A) dcalc (A) dobs (A) dcalc (A) dobs (A) dcalc (A)
003 7.861 7.860 12.308 12.236 12.341 12.140 7.803 7.806 12.340 12.241 12.181 12.181
006 3.931 3.930 6.123 6.118 6.099 6.070 3.882 3.903 6.136 6.121 6.055 6.091
009 4.070 4.078 4.035 4.047 4.083 4.080 4.013 4.060
0,0,12 3.057 3.059 3.036 3.035
101 2.662 2.655 2.659 2.660 2.665 2.658 2.681 2.680 2.685 2.677 2.681 2.681
012 2.603 2.606 2.642 2.639 2.627 2.629 2.661 2.660
104 2.438 2.434 2.558 2.561 2.604 2.579
015 2.327 2.325 2.514 2.507 2.337 2.338 2.522 2.521 2.524 2.523
107 2.097 2.094 2.113 2.100
018 1.981 1.980 2.308 2.306 1.985 1.984
10,1,0 1.769 1.768
0,1,11 1.671 1.672 2.083 2.083 2.040 2.040
0,1,14 1871 1.870
1,0,16 1.734 1.739
0,1,17 1.677 1.678
110 1.544 1.543 1.539 1.540 1.539 1.539 1.556 1.558 1.549 1.550 1.551 1.552
0,0,24 1531 1.530 1.528 1.527 1.523 1.523
113 1.515 1.514 1.529 1.528 1.540 1.540
116 1.437 1.436 1.494 1.493 1.449 1.447
021 1.332 1.334 1.333 1.332 1.331 1.332 1.345 1.347 1.343 1.343
a(nm) 0.3086 0.3079 0.3078 0.31157 0.3099 0.3104
¢ (nm) 2.358 3.671 3.464 2.342 3.672 3.654
ra 0.0012 0.0013 0.0016 0.0021 0.0014 0.0031
Cos (NM) 0.786 1.224 1.155 0.781 1.224 1.218
dpe (NmM) 1.22 1.20 1.21 1.22

ar = {[Zi(lldi(obs) - 1/di(calc))2]/[Zilldi(obsﬂ}2- b Data from ref 2.

Table 3. Carboxylate IR Vibrations (crt) of the LDHs

Intercalated with Tartrate and Succinate

Table 4. Basal Spacingsdj and Refined Unit Cell Parameters for

the Prepared LDHs and Calcined Derivatives

Zng- Zn,- Zng- Zny- LDH a(nm) ¢ (nm) d (nm) Ad (nm)
NaTar NaSuc AlTar CrTar AlSuc CrSuc ZnAlTar 03079(4) 3.671(5) 1.224(1) 0.253
vad —CO) 1626 1576 1587 1587 1560 1548 ZnsAlTar-Cal  0.3078(6)  2.912(6)  0.971(2)
v{(—CO) 1422 1447 1400 1390 1412 1403 7, cy1ar 0.3099(4) 3.672(5) 1.244(2)  0.272
AV = Vas— Vs 204 129 187 197 148 145 Zn,CrTar-Cal 0.3091(5) 2.856(5) 0.952(2)
ZnsAlSuc 0.3078(5) 3.464(5) 1.155(2) 0.233
The vs and v, stretching vibrations of—-CO,~ of the ZnAlSuc-Cal  0.3086(5)  0.922(2)  0.922(2)
intercalated tartrate and succinate anions are given in Table 3 zp,crsuc 0.3104(9)  3.65(1) 1.218(4) 0.320
and compared with the corresponding values of the sodium salts. Zn,CrSuc-Cal  0.3100(6)  2.695(6)  0.898(2)

According to Nakamoté® the differenceAv — vas — vs gives

information about the symmetry of the interaction between the (calcined phases are noted M"' X-Cal). The thermal treatment

carboxylate—CO;~ group and the hydroxylated layers. With  of all organic derivatives contracted the interlamellar distance

Av values nearly similar to those of the sodium salts, bridging (Figure 4). Calcination did not strongly affect the crystallinity

by both oxygen ions of the carboxylate to the layer hydroxyls of the phases.

seems to be probable. The contraction is 0.25% 0.02 and 0.32 nm for ZnCrSuc
After intercalation, the five OH valence stretching bands of (Table 4). The unit cell parameters were refined with a 3R

the two alcohol groups, in the range 3268665 cnt? for the stacking sequence for all phases except for ZnAlSuc-Cal which

sodium salt, are reduced in one band, centered under the OHclearly displayed a 1H mode.

vibration of the layer hydroxyls, at 3456 cthfor ZnsAlTar Contraction of ZgAlTar occurred in a very small temperature

and 3402 cm? for Zn,CrTar. This evidences strong hydrogen range (Figure 5), between 70 and 90, the basal spacing

bonding between €0—H and layer hydroxyls or internal water  remaining nearly constant before and after the transition. This

molecules. phenomenon is different from the contraction of LDHs contain-
The intercalation of the tartrate anion does not affect the two ing oxoanions such as S8, CrO;2-, and CpO42~,6° which

veon Stretching vibrations of the alcoholic groups, which remain occurs continuously from room temperature up to 12D

at the same wavenumbers, 1128 and 1078'dor NaTar, 1121 simultaneously with a departure of water.

and 1080 cm? for ZnsAlTar, and 1121 and 1081 crhfor Zn,- Similar contractions are observed for LDH sSuc, Zn-

CrTar. CrTar, and ZpCrSuc. The higher concentration of interlayer
Structural Evolution under Moderate Thermal Treat- species in ZgCr LDH (33% higher than for ZgAl LDH) did

ment. To study the reactivity of tartrate and succinate anions not prevent the internal rearrangement.

with the host structure, the samples were treated to 150 We present in Figure 6 FTIR spectra of calcined/Xiar

showing thevs and v,s COO™ stretching bands and thi&on

bending mode. All the bands remain nearly unaffected by the

calcination. Only a slight broadening of the bands is observed

with a small shift of thev,s COO  stretching to higher

(17) Bhattacharjee, R.; Jain, Y. S.; Bist, H. ID.Raman Spectros&989
20, 561.

(18) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dination CompoundsJohn Wiley & Sons: New York, 1986.
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Figure 4. PXRD patterns of the LDHSs intercalated with tartrate and succinate and the derivatives calcined@t 150

frequencies corresponding to a slight lowering of the interaction additive H-bonding occurs from alcohol groups. This leads to
with the layer due to the new stereochemical configuration of an increase of the thermal and chemical stability (see below).
the carboxylate groups in the calcined phases. The organicHowever the compound was not rehydrated under dynamic
molecules are not grafted onto the layer. Under calcination, vacuum at room temperature.

the LDH phase reacts with G@rom air, resulting in adsorption Structural Model of the Contraction. All the experimental
of carbonate, as indicated by the increase of the typical thin results indicate that the tartrate and succinate anions are
and intense; stretching band of the G& anion at 1385 crm. intercalated in the interlayer space and bound by electrostatic

The analogies between calcined tartrate and succinate LDHsinteractions and hydrogen bonds to the host matrix. If the layer
confirm that the alcoholic groups of the tartrate anions do not thickness (0.21 nm) and the hydrogen-bond distances between
undergo any condensation during the contraction. The anionsguest and host (0.2% 0.01 nm) are subtracted from the basal
undergo only a stereochemical rearrangement without any bondspacing!® the distance of the interlayer spack)((Figure 9a),
breaking. This result is also confirmed B3C CPMAS NMR available for the anions, can be calculated. Valuesipére
spectroscopy (Figure 7); the chemical shifts for the carboxylate 0.474 and 0.221 nm, respectively, forzAtTar and ZnAlTar-
and the hydroxy carbons remain unchanged before and afterCal. Comparison with the size of the tartrate anion in an anti
calcination, respectively at 183 and 75 ppm. Thus, the structureconformation (0.477 nm) indicates a perpendicular and a flat
of the guest molecules is not affected by the contraction process.orientation of the tartrate. Thus, the structural changes at 80

In the DTG curves of ZgAlTar and ZnAlSuc untreated and  °C corresponds to the reorientation of the organic anion,
150 °C calcined phases (Figure 8), the first dehydration peak probably around the central,€Cz bond. This reorientation
disappeared after calcination. The dehydration is not reversible; occurs simultaneously with the desorption of interlayer water
no rehydration of the calcined phases back to the hydratedmolecules as confirmed by the DTG curves. We show the
precursors was obtained either at room temperature or in a 393idealized structures in Figure 9b. Similar rearrangements and
K heated autoclave during 2 weeks. These tests confirm thatstructures are assumed to occur in the presence of the succinate
the contraction strengthens the interactions between the guestnion.
molecules and the host structure. In the case of Tar-containing  The increase of stability after the contraction was confirmed
LDH, the new orientation of the anion allows the creation of by unsuccessful attempts to exchange the tartrate ions with
hydrogen bonds between OH groups of both partners. Indeed,carbonate ions despite the fact that the layered hydroxides
in a perpendicular orientationO,C—CHOH—-CHOH-CO,~ display a very high affinity for Cg. In contrast, the
orientates its twe-CO,~ groups toward the [M_M"",(OH);]
planes. Tartrate then acts as a bridge attached to both adjacent o) Therias, S.: Mousty, C.; Bonnet, S.: Forano, C.; PalvadeaMoR.
layers via one hydrogen bond. When tartrate is in a flat position, Cryst. Lig. Cryst, in press.
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TGA (under air, at relative humidity pressure higher than 70%
or under argon) indicates the same dehydration processes. No
clear effect of the ambient humidity is observed. The stability
of the hydrated compounds mainly results from the energy of
interaction between the water molecules and the layered host
structure and from the bonding energy within the metal
hydroxide layers. Above these temperatures, a strong exother-
mic signal indicates the organic anions decompose in one step
only for ZnsAlTar. At least three thermal events are involved,
one intermediate corresponds to a weight gain due to an
TGA and DTA. As shown by the DTA curves (Figure 10), oxidation process. Complementary analyses are presently
two very different decomposition domains are involved. The performed by coupling a mass analyzer to the TGA/DTA
endothermic events observed up to 250 or 3G0for Zm,Cr apparatus in order to elucidate the mechanism of decomposition
and ZnAl are due to the desorption of adsorbed and intercalated of the organic entities. These measurements clearly evidence
water and then to the dehydroxylation of the layer. The different a specific reactivity of tartrate with the ZnAl LDH layers.

as-prepared ZAlTar exchanges all tartrate ions with GO,
leading to an interlamellar distance of 0.76 nm. For the calcined
phase, ZpAlTar-Cal, only a partial exchange was observed. The
XRD pattern showed the coexistence of boths&ICO3; and
ZnzAlTar. In contrast, exchange of ZAISuc and ZrAlSuc-

Cal with CQ2™ resulted in the pure ZAICO3 phase.

Thermal and Structural Stability
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Figure 11. PXRD patterns of ZgAlTar and ZnCrTar phases calcined
at various temperatures.

Unexpectedly, the quantitative analyses of the ZnAlTar ther-
mogram cannot account for the total removal of the organic
entity. The gray color of the residual calcined compound
confirms the presence of carbon in the final product.

As usually showr?? the Zrn,Cr matrix is less stable than the
ZnzAl matrix and begins to dehydroxylate at a temperature 80
°C lower than ZnAl LDH.

XRD. The structure of ZgAITar (Figure 11) collapses at a
temperature above 15€. The thermal decomposition led to
a metastable amorphous oxide mixture which transformed in
ZnO and in the spinel phase Zn@l,;. ZnO appeared at 350
°C, but the spinel phase did not crystallize below 860 We
note a delay of 100C in the formation of ZnO compared to
calcination of ZgAICl although the decomposition of the anions
occurred in the same range of temperature.

The presence of tartrate ions increases the thermal stability
of Zn,Cr, which dexhydroxylates at a temperature®&higher
than usually observed for the chloride precursor. The crystal-
lization of ZnO and the spinel Zn@d, occurred simultaneously
at 450°C, 100°C higher than for the calcination of ZarClI.
Thus, the tartrate has the same stabilizing effect on the host
matrix than oxoanions such as GrOor SQ?".

We conclude that the decomposition of tartrate and succinate
LDHs is similar to that of the parent LDH and differs from that
of LDHs with aromatic anionic molecules such as terephtha-
latel4 mesetetrakisp-carboxyphenyl)porphyrin (pTCPP), or
meso-tetrakigt-sulfonatophenyl)porphyrin (o TSPB). The min-

eral host structure of these organic materials decomposed beford??)

(20) de Roy, A.; Vernay, A. M.; Besse, J. P.; Thomas ABalysis1988
16, 4009.

(21) Bonnet, S. Synftse et carcatésation de mateaux hybrides de type
HDL-Porphyrine. Thee de Chimie, UniversitB. Pascal, Clermont-
Ferrand, France; No. 27-03-1997.
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Table 5. BET Specific Surface Areas for Calcined ZnAlTar and
ZnCrTar

T(°C)
150 200 350 450 500 600
ZnzAlTar 24 22 77 93 58 63
Zn,CrTar 69 53 79 29 32
ZnsAICI2 29 71 36 35 38 20

the decomposition of the organic ions. This led to new organic
oxides, obtained at 35, which retain a layered structure and
delayed, under thermal decomposition, the crystallization of the
metallic oxides at higher temperatures.

Specific Surface Area. Synthetic LDH compounds are
widely used as precursors for the preparation of mixed oxide
catalyst$? We measured the porosity properties of the prepared
compounds by BET nitrogen adsorption and desorption iso-
therms?® These macroscopic properties can be directly related
to the inner structure of the bulk material and to its morphology.

The N, adsorption/desorption curves of the calcinedAdhar
and ZnCrTar (Figure 12) are typical of mesoporous materials
of type 1V, according to the classification of BDF¥. A similar
behavior was described for LDH reference materials such as
ZnAl and ZnCr containing chloride or carbondtelntercalation
in LDH of organic anions was considered as a possibility to
prepare novel microporous or mesoporous pillared compounds
or to modify the thermal decomposition process of the host
structure in order to enhance the specific surface area and to
influence the porosity of the derived mixed oxides. We recently
reported® that intercalation of pTCPP and pTSPP in ZnAl LDH
largely increased the BET specific surface area from 3@ Th
for the parent chloride material to 2602y~ for the organic
derivatives. The large organic ions are intercalated perpen-
dicularly to the layers and create microporosity. The specific
surface area of the tartrate LDHs calcined at 160s low, 24
and 69 M g1, for ZnzAlTar and ZnCrTar (Table 5). The value
for ZnsAlTar is similar to that of the chloride precursor. The
distribution of pore volumes is large and is spread over the entire
mesopore range; microporosity is not observed. This is due to
the compact arrangement of the anions, lying flat and parallel
to the layers. Strong and numerous hydrogen bonds between
guest and host result in a very short basal spacing of 0.97 nm,
much more shorter than 2.29 or 2.27 nm, respectively, fgr Zn
AITSPP or ZrAITCPP.

The specific surface area of the calcined phases never
exceeded 100 ?ng~! as for the chloride precursors. They
display quite similar thermal decomposition processes with rapid
dehydration followed by a rapid crystallization of the metal
oxides. This probably explains the low-surface-area properties
of all these LDH phases.

Conclusions

During this study, we have stressed the different methods of
synthesis of ZgAl and Zn,Cr LDHSs intercalated with either
tartrate or succinate anions. Anion exchange appears to be a
successful method for the intercalation of alkanedioate salts in
LDH. If coprecipitation favors a high crystallinity, it is not
suitable for an anion with reactive groups such as alcohol. As

Vaccari, A., Ed.Synthesis and Applications of Anionic Clays

Elsevier: Amsterdam, 1995.

(23) Malherbe, F.; Forano, C.; Besse, JMicroporous Mater.1997, 10,
67.

(24) Gregg, S. G.; Sing, K. S. WAdsorption, Surface Area and Porosity
Academic Press: New York, 1982.

(25) Guyot, C. Laboratoire Matux Inorganiques, CNRS, Aubi

France. Private communication, 1993.
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Figure 12. N, adsorption/desorption isotherms of ;224Cl, Zn,CrCl, ZrsAlTar, Zn,CrTar, and ZBAITSPP.

was observed for oxoanions containing LDH, moderate thermal also evidenced for LDH intercalated with hydroxy aromatic
treatments lead to a contraction of basal spacings. But suchcarboxylates (a publication is in preparation).

treatments gave prominence not to a grafting but to a reorienta-
tion of tartrate or succinate into the interlamellar space at about
343 K. This reorientation endows the phase with stability up
to 523 K; this proves that we have strengthened the interactions
between organic anions and inorganic host. Similar results werelC9801239
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