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Abstract A layered double hydroxide with a chemical composition [A12Li(OH)6]+X �9 nH20, where X is an 
interlayer anion, has been synthesized hydrothermally at 130~ from aluminum-tri-(sec-butoxide) and lith- 
ium carbonate. Electron micrographs showed the product to have a platy morphology with distinct hex- 
agonal symmetry, which has been corroborated by selected area electron diffraction patterns corresponding 
to a projection of the structure on its (001) plane. Evidence for a superlattice with a = 5.32/~ was obtained, 
indicating cation ordering among octahedral sites. X-ray powder diffraction data also can be interpreted 
by reference to a hexagonal supercell with dimensions a = 5.32/~ and c = 15.24/~. The arrangement of 
the octahedral sites appears to be that of gibbsite, but with the vacancies filled with lithium cations. Anions 
must be present between the sheets to balance the charge. A complete assignment of the observed infrared 
lattice vibrations can be made for the anion [AlzLiOt] with the ideal D3d symmetry for motions within one 
octahedral sheet. The results show that [A12Li(OH)tl+X -- nH20 is a hydrotalcite-like compound with the 
octahedral cations largely ordered. The general formula for hydrotalcite-like compounds, 
[M2+i_xM3+x(OH)2]x+xm-x/m. nH20, should be extended to include the monovalent lithium cation. 
Key Words---Double hydroxide, Electron diffraction, Hydrotalcite, Infrared spectroscopy, Lithium. 

INTRODUCTION 

A considerable literature has appeared on layered 
double-hydroxides formed by coprecipitation of di- and 
trivalent cation salt solutions (e.g., Miyata, 1975; 
Brindley and Kikkawa, 1979; Taylor, 1969). The struc- 
ture of these materials consists of positively charged 
brucite-like layers with interlayer anions and water 
molecules. Their chemical compositions have been 
represented by the formula [M2+l_xM3+x(OH2]x+Xm-xtm 
-nH20, where M 2+ = Mg, Fe, Ni . . .; M 3+ = A1, Fe 
�9 �9 � 9  X m -  = OH-,  CI-, C104 , CO32-, 8042-, CrO42- 
�9 . . , and x is 0.20-0.33. However ,  for natural minerals 
x seems almost to be restricted to 0.25 (Taylor, 1973). 
Recently, Bish (1977, 1978a, 1980) showed that anion- 
exchange reactions are possible for these compounds. 

In a study of the hydrolysis of AP + in the presence of 
carbonate salt solutions with monovalent cations, a 
compound with the structure described above was ob- 
tained for the lithium cation (Serna et al., 1977) with a 
composition [A12Li(OH)6]zCOz" nH20. This result sug- 
gests that the general formula for layered double hy- 
droxides should be extended to include this compound. 
In the present paper, attention is paid to the crystallo- 
chemical properties of this compound, particularly the 
nature of its octahedral sheet�9 The effect of molecular 
vibrations of different anions in the interlamellar space 
on the lattice dynamics will be reported elsewhere�9 

EXPERIMENTAL 

A benzene solution of aluminum-tri-(sec-butoxide) 
(ASB), 15% W/V, was added dropwise to a lithium car- 

1 On leave from: Centro de Edafologia y Biologia Aplicada 
dd Cuarto, C.S.I.C. Aptdo. 1052, Sevilla, Spain. 

bonate aqueous solution with an A1/Li ratio <2. An ex- 
cess of lithium carbonate was necessary to avoid alu- 
minum hydroxides in the precipitate�9 Hydrolysis of the 
ASB was continued for periods of 4 to 20 hr (Serna et 
al., 1977)�9 The same AI-Li double-hydroxy carbonate 
was obtained by slow addition of an aluminum carbon- 
ate solution (0.5 M) to a saturated LiOH solution down 
to pH 10. In both experiments the gels were treated 
hydrothermally for several days at about 130~ to im- 
prove particle size. The products were later washed to 
eliminate excess Li2CO3 or LiOH. 

The same procedures  were used to synthesize 
[A12Li(OH)6] + compounds with different anions�9 Fur- 
thermore, homoanionic samples were also obtained by 
anion-exchange reactions.  However ,  because the 
greatest crystallinity was observed for the carbonate 
anion, the crystal chemical nature of these octahedral 
sheets has been studied on this homoanionic sample�9 

X-ray powder diffraction patterns (XRD) were re- 
corded on a Philips diffractometer using Ni-filtered 
CuKa radiation�9 Unit-cell parameters were refined by 
a least-squares method from the recorded d-spacings. 
Infrared (IR) spectra were recorded on a Perkin Elmer 
580B spectrophotometer in the range 4000-200 cm 1. 
The sample was analyzed using the KBr pellet tech- 
nique and oriented films on AgCI. The 300-200-cm -1 
region was scanned using a CsI crystal. Electron mi- 
crographs and electron diffraction patterns were ob- 
tained using a Siemens 102 Elmiskop apparatus. 

RESULTS AND DISCUSSION 

Electron diffraction and X-ray diffraction data 
Electron micrographs of the A1-Li double hydroxide 

showed a platy morphology with a distinct hexagonal 
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Figure 2. A view of the ordered octahedral sheet in 
[AI2Li(OH)6] § showing the unit cell in the (001) plane (a = 
b = "k/3-a'). 

segregation was always present ,  and some of  the par- 
t icles showed a reflection at X/-3" a ' ,  where  a '  is the oc- 
tahedral  dimension,  which is consistent  with ordering 
of  di- and tr ivalent  cations in a 2:1 ratio (Taylor,  1969). 

Table 1 shows the X R D  data for the A1-Li double 
hydroxide.  Consis tent  with cation ordering, most  of the 
observed  reflections can be  interpreted on the basis of  
a hexagonal  supercell  with dimensions a = 5.32 and 

Figure 1. Transmission electron micrographs (TEM) and 
electron diffraction pattern for [A12Li(OH)6]2CO3" nHzO. Par- 
ticle size ranges between 1 and 2.5/zm. 

outline (Figure la) which resembles  that obse rved  for 
hydrotalcite-l ike compounds  (Taylor,  1973). 

Se lec ted  area e lec t ron diffraction (SAD) patterns 
which correspond to a project ion of  the structure on its 
(001) plane exhibi t  hexagonal  symmetry  (Figure lb),  
and all of  the part icles studied showed ev idence  of  a 
superlat t ice with a = 5.32/~.  This result  suggests or- 
dering of  cations among octahedral  sheets  as descr ibed 
by Taylor  (1969). A schemat ic  representat ion of  the 
octahedral  sheet  is shown in Figure  2. The A1 ions are 
arranged as in gibbsite,  and the vacancies  are filled with 
lithium cations.  Anions are present  be tween  the sheets  
to balance the resultant  charge. The increase in the b 
parameter  f rom gibbsite (5.073/~) to A1-Li double-hy- 
droxide  (5.32/~) suggests that  the lithium cations re- 
m o v e  some of the corrugations present  in gibbsite 
sheets.  

S A D  patterns of  some hydrotalci te-l ike minerals 
(x = 0.25) also show hexagonal  symmetry  (Taylor,  
1973; Bish, 1978b). Howeve r ,  in these materials  phase 

Table 1. Indexing of powder pattern for [A12Li(OH)612CO3" 
nH20. 

Ordered supercell Random 

dobs. (A) d~ale) hid t d~a,~? hkF Iobs. 

7.6 7.62 002 7.62 002 100 
4.40 4.41 101 15 
4.12 <5 
3.96 3.94 102 <5 
3.78 3.81 004 3.81 004 90 
2.54 2.54 006 2.54 006 20 

2.52 ~ 2.51 112 2.51 102 40 2.49 J 
2.27 ~ 
2.25 J 2.27 201 6 

2.21 ~ 2.21 202 2.21 007 10 
L 2.22 106 

2.11 2.10 203 <5. 
1.941 2.00 115 2.00 105 <5 
1.896 1,905 008 1.905 008 15 
1.784 1.761 108 <5 
1.692 1.693 009 1.693 009 <5 
1.600 1.589 109 <5 
1.514 1.512 215 1.524 00,10 <5 
1.471 1.470 303 1.470 113 20 
1.445 1.447 10,10 1.428 109 15 
1.371 1.370 305 1.371 115 5 

obs. = observed; calc. = calculated. 
Based on a hexagonal cell with a = 5.32 and c = 15.24 

A. 
2 Based on a hexagonal cell with a = 3.07 and c = 15.24 

A. 
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Figure 3. Cation ordering in octahedral sheets for M2+/ 
M 3+ = 3: (a) hexagonal supercell with a = b = 2a'; (b) or- 
thorhombic supercell with a = ~/3" a' and b = 2a'. 

c = 15.24/~, although a lower symmetry for this type 
of compounds should not be ruled out (Brindley and 
Kikkawa, 1979). The only medium intensity reflection 
whose indexing requires a supercell is at 4.40 A; this 
reflection can be indexed as 101 on the basis of the a 
parameter obtained from electron diffraction and the 
c parameter calculated from the basal reflections. This 
reflection may be used as a criterion of cation ordering 
within the octahedral sheet for hydrotalcite group min- 
erals. Gastuche et al. (1967) also showed an XRD peak 
at 4.57 ]k which they interpreted as an indication of 
some degree of cation ordering in Mg-A1 hydroxycar- 
bonates. In their material, the octahedral cation ar- 
rangement will be similar to that shown in Figure 2 for 
the [A12Li(OH)6] § phase which was previously consid- 
ered by Brindley and Kikkawa (1979) for a M2+/M 3+ 
ratio of 2. For these ordered layer compounds, the oc- 
tahedral sheet possesses the maximum charge (-25/~2/ 
Q). 

No superlattice reflections or related effects, how- 
ever, have been found for hydrotalcite-like compounds 
on which detailed structure determinations have been 

perpendicular to the (001) faces (starred peaks are due to 
C032-/HC0:3 - species). 

carried out (Allmann, 1968; Allmann and Jepson, 1969; 
Ingram and Taylor, 1967). This may be due to the M2+/ 
M 3+ = 3 ratio of many natural minerals�9 However ,  for 
this ratio, two different ordered arrangements of cat- 
ions are possible as shown in Figure 3a and 3b, one 
based on a hexagonal supercell with a = 2a' (Brindley 
and Kikkawa, 1979), and the other based on an ortho- 
rhombic supercell with a = ~'-3" a' and b = 2a'. The 
charge density in both cells is - 3 3  /~2/Q. However ,  
none of these ordered sheets has been found in either 
synthetic or natural samples. 

In f rared  analys is  

The IR analysis of inorganic solids for which detailed 
crystal determinations are lacking is usually applied 
separately for the molecular (internal) and the lattice 
(external) vibrations. It is generally admitted that the 
molecular vibrations (OH-,  CO32-) are independent of 
the lattice vibrations of the coordinated groups present 
in the sheet structure (A1Or, LiOr). The IR spectrum of 
[AI2Li(OH)6]2CO3" nH20 is shown in Figure 4. Molec- 
ular vibrations due to carbonate or bicarbonate anions 
as well as those due to hydroxyl groups have been con- 
sidered previously (Serna et  al. ,  1977). Octahedral cat- 
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Table 2. Normal modes for [A12LiOs] in D30 symmetry. 

ARlg g~g E~ Alu Amz. EIRu 

Li 1 1 
A1 1 1 1 1 
O 2 1 3 1 2 3 

Total 2 2 4 1 4 5 
Taeoust" - 1 - 1 

2 2 4 1 3 4 
TIRAI~LiO6 = 3A~u (T~) + 4E~ (Tx, Ty) 

R = Raman active; IR = IR active. 

Table 3. Lattice vibrations and assignments for [AIsLi(OH)~]~ 
CO3' nH~O. 

~Wavenumbers 
Assignments (cm 1) 

AI-O (A~u) 755 
A1-O (E~) 535 
A1-O (Eu) 460 
O-A1-O (Eu) 405 
O-A1-O (A20 390 
Li-O (A2u) 300 
Li-O (Eu) 235 

ion ordering is indicated in the IR spectrum by the no- 
ticeable sharpness of the lattice absorption bands at 
755, 535,460, 405,390, 300, and 235 cm -1. 

For the study of lattice vibrations it is convenient to 
consider the translations of the atoms in the anion 
[A12LiOG] with the ideal Dad symmetry, i.e., only mo- 
tions within an ideal octahedral sheet are assumed. In 
addition, no consideration is given to the actual size and 
shape of the particles. The predicted lattice vibrations 
(Table 2)are 2Alg + 2A2g q- 4Eg + Alu + 3Azu + 4Eu, 
from which the last two species are IR active with trans- 
lations moments along the z direction (A2u) and x, y 
directions (Eu). These octahedral vibrations can be sep- 
arated into motions of AIOG and LiOG, because vibra- 
tional interactions between these groups are weak or 
negligible (Tarte, 1967). According to Tarte, AIO6 vi- 
brations lie between 680 and 400 cm -1 , while vibrations 
due to LiO6 groups have been identified below 300 
cm -1. Consequently, the seven IR active vibrations can 
be separa ted  a s :  T I R L i  = A2u + Eu and T I R A I  = 

2A2u + 3Eu. 
Correlations between the molecular group of the oc- 

tahedron (Oh) with the site group of the AP + cation (1)3) 
and the factor group of the sheets (D3a) permit the nor- 
mal modes to be expressed in terms of AI-O stretching 
and O-A1-O bending vibrations. These results are 
shown in Table 3, along with the wavenumbers for the 
lattice vibrations of [A12Li(OH)6] + with interlayer 
CO32- anions. 

A complete agreement is obtained between the num- 
ber of lattice vibrations expected in terms of the D3a 
symmetry and that observed for the [AI2Li(OH)6] + cat- 
ion. The absorption at -760  cm -1, assigned as AI-O 
stretching, shows different relative intensity for the 
samples dispersed in KBr pellets and those deposited 
on AgC1 windows (Figure 4). Therefore, this absorption 
was assigned to the A2u species (AI-O stretching) in 
which the transition moment is parallel to the z direc- 
tion. 

CONCLUSIONS 

[AlzLi(OH)G]+X -nH20 is a hydrotalcite-like com- 
pound, and the general formula given by Taylor (1973) 

for such compounds, [MZ+l_xMa+x(OH)2]x+Xmx/m " 
nH20, should be extended to include the monovalent 
lithium cation as follows: 

[Mz+l_xM3+x(OH)z]i+Xm-h/m "nH20, 

w h e r e A = x f o r z = 2 a n d A = 2 x -  l f o r z =  1. The 
formula applies only to cations in octahedral arrange- 
ment. Although there is a general tendency towards 
cation disorder in these compounds, in the particular 
material considered here the octahedral sheets are 
largely ordered. This ordering may arise because any 
different octahedral arrangement of A1 and Li cations 
is improbable in view of Pauling's rules. 

ACKNOWLEDGMENTS 

We thank Dr. J, Serna, of the Physics Department, 
University of Madrid, for taking the TEM and SAD 
pictures. 

REFERENCES 

Allmann, R. (1968) The crystal structure of pyroaurite: Acta 
Crystallogr. B24, 972-977. 

Allmann, R. and Jepson, H. P. (1969) Die Struktur des Hy- 
drotalkits: Neues Jahrb. Mineral. Monatsh., 544-551. 

Bish, D. L. (1977) The occurrence and crystal chemistry of 
nickel in silicate and hydroxide minerals: Ph.D. Thesis, 
Pennsylvania State University, University Park, Pennsyl- 
vania, 152 pp. 

Bish, D. L. (1978a) Anion exchange in takovite. Applications 
to other hydroxide minerals: Bull. du B. R. G. M. (2nd Se- 
ries). Sect. 2, 293-301. 

Bish, D. L. (1978b) Deviations from the ideal disordered 
structure in minerals of the pyroaurite group: in Program 
and Abstracts, 6th Int. Clay Conference, Oxford, 1978, p. 
612 (abstract). 

Bish, D. L. (1980) Anion exchange in takovite: Applications 
to other hydroxide minerals: Bull. Mineral. 103, 170-175. 

Brindley, G. W. and Kikkawa, S. (1979) A crystal chemical 
study of Mg,At and Ni,A1 hydroxy-perchlorates and hy- 
droxy-carbonates: Amer. Mineral. 64, 836-843. 

Gastuche, M. C., Brown, G., and Mortland, M. M. (1967) 
Mixed magnesium-aluminium hydroxides. I: Clay Miner. 7, 
177-192. 

Ingram, L. and Taylor, H. F. W. (1967) The crystal structures 
of sjSgrenite and pyroaurite: Mineral. Mag. 36, 465-479. 

Miyata, S. (1975) The syntheses of hydrotalcite-like com- 
pounds and their structures and physico-chemical proper- 
ties: Clays & Clay Minerals 23, 369-375. 

Serna, C. J., White, J. L., and Hem, S. L. (1977) Hydrolysis 

https://doi.org/10.1346/CCMN.1982.0300303 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1982.0300303


184 Serna, Rendon, and Iglesias Clays and Clay Minerals 

of aluminum-tri-(sec-butoxide) in ionic and nonionic media: 
Clays & Clay Minerals 25, 384-391. 

Tarte, P. (1967) Infra-red spectra of inorganic aluminates and 
characteristic vibrational frequencies of A104 tetrahedra 
and AlOe octahedra: Spectrochim. Acta 23A, 2127-2143. 

Taylor, H. F. W. (1969) Segregation and cation-ordering in 
sjSgrenite and pyroaurite: Mineral. Mug. 37, 338-342. 

Taylor, H. F. W. (1973) Crystal structures of some double 
hydroxide minerals: Mineral. Mag. 39, 377-389. 

(Received 26 April 1981; accepted 7 July 1981) 

Pe3mMe---CaoncTa~ ~IBofiua~ ru~pooKncb c XHMnqecKI4M COCTaBOM [AI2Li(OH)6]+X �9 nH20, r~e X - - -  
Me>Kc~ofioblfi aHnon, 6bI~a rn~poTepMnqecKo cnnTe3npoaaHa npn TeMnepaType 30~ ri3 amOMnHO- 
Tpn-(ceK-6yTOKnCn) n anTneBoro Kap6OHaTa. 3~IeKTpOHH~Ie MnKporpaqbbI noKa3a,un, qTO npo~ayrT 
peaKttnn nMeeT n~acTnnoqny~o Mopqboaornm c oT~nqatol~efic~t reKcaroHaJmHOfi CnMMeTpnefi. ~)TO 
6bIJIO UO~TBepx~eHO o6paal~aMn a~IeiTpOHnOfi ~nqbpaKtmn BbI6parlUblX MeCT, COoTaeTcTaymmnx 
npoeKunn cTpyKTypbI Ha (001) nnOCKOCTb. HoayqeHo CBnaeTea~cTao cymeCTBOBaHnn cBepxceTn c 
a = 5, 32 A, qTO yKaablaaeT Ha yuopa~oqenne KaTnOHOB B OKTaaRpnqecKnx MecTax. ,/~anHble no 
IIOpOIUKOBO~ peHTFeHOBCKO~ ~IdppaKIII4II MOryT ~bITb O6h~ICHeHbl TaK>Ige C IIOMOIRblO reKcaroHa~bno.~ 
cBepxaqefiKn c paaMepaMn a = 5,32 A n c = 15,24 A. Pacno~Io;~enne oKTaaKpnaecKnx MeCT Kan~eTcn 
6bITb no~o6nbIM pacuoao~eHn~o B rn66cnTe, HO UpOMe:h~ZyTKn 3aH,qTbl KaTI, IOHaMn ./UlTH.q. AnnoHbl 
~OJ~;~nbI npncyTCTaOBaTb Me~,~y cJmnMn ~ 6a~laacnpoagn 3apn~a. IIonnoe npunncaane aa6nro~aeMh~X 
uHqbpaKpacnbIX gone6annfi ceTn Mon~eT 6blTb c~enaHo JVIn annona [AlzLiOo] c naea.abnofi Duo 
cnuueTpnefi ,  ~Jm ~nmeHnf i  a OaHOM OKTaa~prmecgou cJme. Peay~IbTaTh~ noKaahmaroT, qTO 
[A12Li(OH)o]+X -" nHzO naJineTca rn~poTaabgono~o6nhxM coeJInaeHneM c oKTa3)~pnqecgnun KaTnona~n 
8 6o~,mnncTae  ynopn~oqeHab~Mn. O6man qbopMyna ~Jm rn~poTaabrono~oSHb~X coe~annennfi 
[M~+~_~M~a+(OH)~]x+xm-,,' nH~O ~o~mna 5blTb pacmnpena TaK, qTO6b~ aKonOqaTb uonoBa.nenTnhXfi 
KaTnon aUTnn. [E.C.] 

Res/imee--Ein geschichtetes Doppelhydroxid mit einer chemischen Zusammensetzung [A12Li(OH)6]+X �9 
nH20, wobei X- ein Zwischenschicht-Anion ist, wurde hydrothermal bei 130~ aus Aluminium-tri-(sec-Bu- 
toxid) und Lithiumkarbonat synthetisiert. Elektronenmikroskopische Aufnahmen zeigten, dab das Produkt 
eine plfittchenf6rmige Morphologie mit hexagonaler Symmetrie aufweist, was dutch Elektronendiffraktome- 
terdiagramme von bestimmten Bereichen best~ifigt wurde, die einer Projektion der Struktur auf die (001) 
Ebene entsprach. Welters wurde festgestellt, dab eine Uberstruktur mit a = 5,32 ]k vorhanden ist, die auf 
eine Ordnung der Kationen auf den Oktaederpl~itzen hindeutet. Auch die RSntgenpulverdiffraktometer- 
ergebnisse kbnnen im Hinblick aufeine hexagonale f]berzelle mit a = 5,32/~ und c = 15,24/~ interpretiert 
werden. Die Anordnung der OktaederplStze scheint der von Gibbsit zu entsprechen, wobei jedoch die 
Leerstel/en yon Lithium-Kationen besetzt sind. Anionen m/issen zwischen den Schichten vorhanden sein, 
um die Ladung auszugleichen. Eine vollsdindige Besfimmung der beobachteten Infrarot-Gitterschwingun- 
gen kann fiir das Anion [AI~LiO6] mit der idealen D3d-Symmetrie f/it Schwingungen innerhalb einer Okta- 
ederschicht gegeben werden. Die Ergebnisse zeigen, dab [A12Li(OH)6]+X �9 nH20 eine Hydrotalkit4ihn- 
liche Verbindung ist, in der die Oktaeder-Kationen weitgehend geordnet sind. Die allgemeine Formel der 
Hydrotalkit4ihnlichen Verbindungen [M2+ 1 xMa+x(OH)2]x+xm x~m" nH20, sollte so erweitert werden, dab 
das einwertige Lithium-Kation aufgenommen werden kann. [U.W.] 

R6sum6---Un hydroxide double h couches ayant une composition chimique [AI2Li(OH)6]+X - nH20, off X 
est un anion intercouche a 6t6 synth6fis6 hydrothermalement ~t 130~ h partir de carbonate alumnium-tri- 
(sec-butoxide) et de carbonate lithium. Des micrographes 61ectroniques ont montr6 que le produit avait 
une morphologie fi plaques avec une symm6trie hexagonale distincte, ce qui a 6t6 confirm6 par des clich6s 
de diffraction 61ectronique correspondant ~ une projection de la structure sur la face (001). On a obtenu 
l'6vidence d 'un super-r6seau avec a = 5,32 A, indiquant un rangement de cations parmi les sites octa- 
~draux. Les donn6es de diffraction poudr6e aux rayons-X peuvent aussi 6tre interpr6t6es par r6ference h 
une supermaille ayant les dimensions a = 5,32 A et c = 15,24/~. Le rangements des sites octa6driques 
semble 6tre celui de la gibbsite, mais avec les vides remplis de cations de lithium. Les anions doivent 6tre 
pr6sents entre les feuillets pour balancer la charge. On peut complbtement assigner les vibrations du infra- 
rouge r6seau observ6es pour l 'anion [A12LiO6] ayant la symm6trie id6ale D3a pour des mouvements au sein 
d 'un feuillet octabdral. Les r6sultats montrent que [A12Li(OH)6]+X-.nH20 est un compos6 semblable fi 
l 'hydrotalcite ayant des cations en grande partie ordonnds. La formule g6n6rale pour les compos6s sembl- 
ables fi l 'hydrotalcite [M2+ 1 x M3+x(OH)2]x+xm x/m" nH20 devrait 6tre 61argie de mani~re ~t inclure le cation 
de lithium monovalent. [D. J.] 
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