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EXAFS and XANES characterization of silicateoxide 
nanocomposites 
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ROBERT CORTES', FRANCOIS B E G U N  and LAURENT DUCLAUX' 
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FRANCE; ESPCI, 10, me Vauquelin, 7523 1 PARIS Cedex 05, FRANCE; 
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X ray absorption edges and preedges together with Fourier transforms of the 
EXAFS signal of the LaCo(fiaMNG complex ( ( f i a ) p  = N,N-bis(3- 
cahoxysalicydene~ylenediamine) alone or intercalated in montmorillonite and 
taeniolite have been studied as a hc t ion  of temperature. A preferential 
orientation of the complex has been found when it is intercalated in the silicates. 
Upon applying thermal treatment, it undergoes similar decomposition whatever 
it is free or in taeniolite. Due to the thermal stabiity of taeniolite layers, a 
taeniolit+LaC& layered nanocomposite could be formed. On the other hand, 
we have shown that being in montmorillonite, the cobalt oxide phase is reduced 
progressively above 270°C. 

Kevwords : taeniolite, montmorillonite, oxide, perovskite, lamellar 
nanocomposite, EXAFS, XANES. 

INl'RODUCIloN 

Previous attempts have shown a noticeable inrrease ofthe surtisce area and catalyhc 

activity of " p e r o v s k i t e  piked" montmodlonite in cOmpariSOn with pure 

p&". -we were interested m nanocomposites made of 

LaxMOy o x i h  dispersed in a layered silicate matrix. 

The preparab;on of the silicateoxide nanocomposites requires a low 

tmpemtm thermal trahmat allowing the fbmration of an intdyer oxide without 

[689]/28 I 
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282/[690] S. MOREAU rt ul. 

damagmgthehost sbucture. The most recent method d t o  prepare them is the 
thermal decomposition of an intercalation ampound CoIlSisted of an o r g m m d k  

heterobiraJclear mmplex between the layem of a lamelLar silicate (montmodcmite or 

taC3l iOl ik)V 

silidoxide nanocomposites showing the difknt behavim of LaGl(kpr5No3 

. .  In this paper, we leport data OnEXAFs and XANES - 0119 of 

ccnnplex heated alone or m a d  * naedhun(m0nbnonll ' onite or taer6dite). 

We present FI'only. -are caniedoutandwinbepublishedlate$. 

EXPERIMENTAL 
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EXAFS A N D  XANES OF SILICATE-OXIDE NANOCOMPOSITIES [691]/283 

RESULTS and DISCUSSION 

LaCddPaknNh corn* 
It has been previously shown that the LaCh(h)sqNQ complex is a good 

preansor fix the low teqemhm synthess of a perovskite type oxide?'. Under 

oxygen atmosphese, the Lac04 oxide appears as a major phase at about 400°C. 

Edges, preedges and FOUI~K transforms of the EXAFS signal of L.aCh(h)gqN@ 

treated at d & e l l t v  Were Compared to those O f c k b 0 4  and Lam 

perovskite~preparedbythenueearthmethodm. 

The absorption spedrum of the non-heated complex presents 3 maxima in.the 

7725-774OeV region, which are chmdemh ' 'c of a low spin d8'. We can 

amquedy amdudethat it exhibits a pamal "hgh Spirrlow spin" which 

could betanperatureinduced upon coobng the sample to 1OK as reported for 

COH~~)#~ , (HZO)Z [8'o', For samples prepared above 25OOC, the shape of the 

spectraismrechmcmsb . ~cofhighspinstates. 

At 3OO"C, the preedge region is vety similar to that of &04 (fig.1). The 

presence of a plateau is explained by the sum of the contributions of mixed valewes, 

Which in the CBSe O f  h0.1 are rn'buted to tetraedral and odaedral S h ,  

(CO~?, (CO"'~~O~.    re edge region of the comp~ex heated above 600c"c is 
comparable to the perovskite reference (Lam). 

L a C o O 3 -  * 
h 

a 
25 
c 
2 2 5 ° C  
2 

7 7 0 5  7 7 0 9  7 7 1 3  
E n e r g y  (eV) 

7 7 1 7  

Fw 1 preedge region m the X ray absorption spednnn ofthe complex heat- 
trea.tedatvalioustemperatures. 
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284/[692] S. MOREAU rt ul. 

Because of the spin transitioq the edge of the complex is shifted to high 

energies below 25@"' (Table I). The 3.5 eV increaSe between 250°C and1ooo"C 

cOcreSpOndS to the co" to &I3+ t.lm&mm 'Od"'. when the thermal treatment was 

mc, due to only partial oxidation ofcobah hxn cop to con. on the other hand, 

underoxygenatmoqhq oxiddon is c m p l ~ a c b i e v e d  at 4ooOc, leading to an 

performed under air, the edge value increased of abwt 2eV between 250 and 

tugha value of the edge (7721.3eV). At 6oo"c, the edge vahm are similar, 

vhtwerthekind ofatmosphere used dwing thermal beatnmt. There is a good 

a g r e e m e n t b e h v e e n t h e c o m p ~ h e a t e d ~ l 1 o o o T a n d t h e ~ ~ t y p e ~  

pregaredby sdid phasereaction~able I). 

Table I Influence of the heat treatment temperature on the Co K edge 
(ev) for the complex alone and interdated in montmorillonite or in 
taeniolite. The edge were 7722.4eV for Law and 7719.6eV fix %Oh 

Tenp.ec) 25 250 300 400 500 600 100 lo00 
oorpler 1722.6 1119.1 1720.5 1720.1 1120.8 n2.i n z . 1  1122.4 

n m  1122.7 1718.9 1120.0 1120.0 1118.5 1118.5 1117.8 1118.0 

TenP.ec) 25 300 500 600 700 
nTaen ll22.6 1119.9 1120.3 1120.6 1718.6 

Tenp.ec) 25 250 270 350 415 600 800 lo00 

______--  ___---- _.- 

0 1 2 4 S 6 R ?A) 

F w  2 Fourier transfi>rms of the EXAFS signal of LaCo(h)yix~NQ after 
treatment at 2SoC, ZOT, 4oooc, S O O T ,  6oooc and 1oooOC; Fourier 
transforms ofl-ekmms : co304 and Lacoo3. 
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EXAFS AND XANES OF SILICATE-OXIDE NANOCOMPOSITIES [693]/285 

Theatxmc.eofapeekcomqdmg ' toasecondnaghbormtheFarria 

tran&nnofthecanpkxatat2500Cmdialtesthatitsstructure~damaged at this 

temperature (fig. 2). Heated at 400°C and 500"C, the product is not a pure 

perovskite as expected from XRD  observation^[^^ 41, but is more compatible 

with a mixed valence as for example in Co304. Above 6OO0C, the Fourier 

transform of the product is quite similar to that of the perovskite reference, 

indicating that, from this complex, LaCo03 can be obtained at much more 

lower temperature than in the conventional methods. 

L a C d f ~ ~ M o n ~  
The films obtained from the samples were characterized, as a fhction of 
their orientation 0 with respect to the beam (8 was defined as the angle 
between the beam and the normal to the plane of sedimentation (001 
planes)). For the non-heated sample, as 8 varies from 0" to 55", the 
variations in peaks intensities and positions (fig. 3) are a good proof of the 
preferential orientation of the complex between the clay layers, as it was 
already demonstrated from X ray difTraction'observation~'~* ". 

0 I 2 3 4 5 6 
R ( A )  

Figure 3 Fourier transform of the EXAFS sgnal of Mont-L.aCh(h)ien as a 
fimction ofthe angle8 between the beam and the normal to 001 planes. 

For the samples obtained at room temperature and 250°C and for 8 = 

Oo, the edge position and the shape of the spectrum are similar to those of 
the complex alone. Thus, cobalt exists as Co2', whatever the state of its 
derivative, free or intercalated. At 27OOC and 350"C, the shift of the edge 
value (Table I) and the shape of the preedge region can be compared to 
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286/[694] S .  MOREAU er (11. 

those of Co30d and are therefore characteristic of a mixed valence. When 
the temperature reaches 415"C, the preedge curve exhibits a single valence 
and the edge value irreversibly decreases to a value corresponding to Co2'. 

Thermogravimetry d y s i s  showed a low thermal stability of the 
nanocomposites due to the partial dehydroxylation of the montmorillonite 
layers. Therefore, a reaction between hydroxyl groups and cobalt could 
explain the presence of reduced Con. 

L a C d ~ ~ T ~  
Since a montmorillonite-lac003 nanocomposite could not be formed, we 
tried to perform the synthesis of LaCo(fmhen-Taen. Indeed, taeniolite is a 
synthetic silicate, with the same structure as montmorillonite but the 
hydroxyl groups are replaced by fluorine atoms giving a better thermal 
stability. Moreover, taeniolite has a Cationic Exchange Capacity about three 
times larger than that of montmorillonite, which can allow to prepare 
nanocomposites with higher oxide content. 

The edge positions of LaCo(fsahen-Taen compounds are given in 
table 1. As for montmorillonite, the value at 20°C is the same as for the 
complex alone. The shape of the spectrum near the edge is typical of a low 
spin state. Then, upon heating, the edge position increases fiom 7719.9eV 
at 300°C to 7720.6eV at 6OO0C, indicating that the behavior of 
LaCo(fsa)Zen-Taen is different than that of LaCo(fsa)zen-Mont. However, at 
700°C the position of the edge is almost the same as for the montmorillonite 
derivative at the same temperature. Because of the similarity of the edge 
values obtained for products of thermal decomposition of the complex alone 
and intercalated in taeniolite below 70O0C, the interlamellar phase present in 
taeniolite is assumed to be of perovskite type LaCo03. Above 700°C, cobalt 
is reduced to Con in agreement with the formation of a spinel type oxide 
which is the usual decomposition product of perovskites. This reduction 
could be due to the reaction between the "perovskite" interlamellar phase 
with the layers of the host matrix, as demonstrated by the thermogravimetric 
analysis in the range 700-800OC. 
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EXAFS AND XANES OF SILICATE-OXIDE NANOCOMPOSITIES [695]/287 

CONCLUSION 

A LaComO3 perovskite oxide was formed by the pyrolysis of the 
LaCo(f~a)~en,NO3 complex. When the cationic part of the complex was 
exchanged with the Na cations of montmorillonite, a thermal treatment led 
to the formation of Con above 3OO0C, incompatible with the existence of 
interlamellar perovskite. This is attributed to the reduction of the 
interlamellar phase by the hydroxyl groups of montmorillonite. The thermal 
stability of the complex was improved by preparing LaCo(fsahen-Taen 
nanocomposites in which the reduction of Co3+ to Co2+ O C C U K ~ ~  at higher 
temperatures. A taeniolite-LaCo03 nanocomposite was brought out in the 
300-600°C range. 
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