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Four aluminophosphateszAl,P;012 (A = Na, K (1), Rb @), Tl (3)), have been synthesized by solid-state reactions
and characterized by X-ray diffraction and NMR and IR spectroscopic techniques. Aluminum has trigonal
bipyramidal coordination in the thallium compound and tetrahedral coordination in the others. Potassium, rubidium
and thallium analogues have been structurally characterized by single-crystal X-ray diffraction and found to possess
three-dimensional (AP;0O;)%~ anionic frameworks with channels occupied by" Aountercations. These
frameworks are built from corner connections of R€trahedra with AlQ tetrahedra il and2 and with AlGs

trigonal bipyramids in3. Pertinent crystal data are as follows: fororthorhombic space groupna2;, a =
8.685(2) A,b = 16.947(2) Ac = 8.458(3) A,Z = 4; for 2, orthorhombic space groupme;, a = 17.164(2) A,

b = 8.6270(6) A,c = 8.8140(14) A,Z = 4; for 3, orthorhombic space groupna2;, a = 6.1478(15) Ab =
10.396(3) Ac = 17.787(5) AZ = 4. Compound is a rare example of an oxide possessing aluminum exclusively

in trigonal bipyramidal coordination.

Introduction et al.? who reported the powder X-ray patterns without any
further crystallographic information. In one of our crystal growth
attempts, we isolated the single crystals of not the intended
compound but an unexpected one, namedplkP;0,,, formed
by the inadvertent reaction of a KRGlux with an alumina
crucible. Single-crystal X-ray diffraction study of these crystals
revealed that KAI,PsO1, in contrast to hitherto structurally
characterized isomorphous;M,P;01, compounds, possesses
a new type of structure with aluminum in tetrahedral coordina-
tion only. It is this lower coordination of aluminum in

gKgAI2P3012 that prompted us to examine the influence of

different monovalent A ions and the method of preparation
on the coordination of aluminum and structure type #\BP:;01,
compounds.

In this paper, we describe our solid-state synthetic attempts
to prepare AAI,P;0;, (A = alkali metal, Tl) compounds and
successful crystal growth and characterization, by X-ray dif-
fraction and spectroscopy, of the novel aluminophosphates
K3AlI2P3012 (1), RbsAILP;012 (2), and TEAIPsO12 (3), with
aluminum in exclusively tetrahedral or trigonal bipyramidal
coordination.

A variety of oxides with the general formulad,X3012 (X
> 0), having different types of crystal structures such as
Fe(SOy)s, NASICON, langbeinite, garnet, alluaudite etc.,
possess three-dimensionaj(MO,); structural frameworks built
from corner sharing of M@octahedra with XQ@tetrahedrd:>
These frameworks are neutral, as in(S&y)s, or anionic, as
in NASICON, with AT countercations in the interstitial free
space of the framework. Phosphates in the-M—P—-O
guaternary system form a large family of compounds possessin
these types of WX 30;, frameworks. Research on the synthetic
and structural chemistry of these materials continues to be
pursued with the idea of obtaining them with accessible redox
catalytic activity, anisotropic electrical conductivity, high ionic
conductivity, and ion exchange properties. Among such phos-
phates, NgFe;P;01, with the NASICON structurgis note-
worthy from the structural point of view. It has octahedral
coordination for F&", although Fé&" is known to be stable in
oxides in lower coordinations as well. For exampled'Fmm
KsFeP30;; is present in both octahedral and square pyramidal
coordinations.

Aluminum is another trivalent ion that is similarly known to  Experimental Section
exist in four-, five-, and six-coordinations in oxides. It is Synthesis.Al(OH)s, NaHPQy, KHoPO,, NHsH,PQ,, RBNO;, and
surprising that no structurally characterizegMyP;0,, com- TINO; of high purity were used for the solid-state synthesis of
pound has been reported so fasAKP;012 and NaAloP;0;, AZAIP:O1, (A = Na, K (1), Rb (), Tl (3)) compounds in polycrys-
are the only two compounds of this family realized in the phase talline form. These compounds were prepared by heating stoichiometric

studies of A-Al—P—0O system by Berul et &land Ustyantsev mixtures of appropriate chemicals, in open air, at initial low temper-
atures of 206-400 °C for 12 h to prompt the decomposition of the

(1) Christidis, P. C.; Rentzeperis, P.Z.Kristallogr. 1975 141, 233. phosphates and then finally for 24 h at maximum temperatures of 900
(2) Hong, H. Y—P. Mater. Res. Bull1976 11, 173. °C for 1 and2 and 700°C for 3. The temperatures were raised to the
(3) Zemann, V. A.; Zemann, Acta Crystallogr 1957, 10, 409. maximum values in steps of 10, and the duration of heating in

Egg Eg:g'n VS' WRilnfgﬁta%ng ;r?gaézgoﬁ' State Cheni997 134 each step was 12 h. Three intermittent grindings were performed during

31. the entire heating schedule.

(6) d'Yvoire, F.; Pintard-Screpel, M.; Bretey, E.; de la Rochere Sdlid Crystal Growth. Single crystals of KAl2P;01, (1) were formed in
State lonics1983 9/10, 851. an inadvertent reaction of a KB@ux with an alumina crucible in

(7) Pintard-Screpel, M.; d’Yvoire, FActa Crystallogr.1983 C39, 9.

(8) Berul, S. I.; Grishina, N. IRuss. J. Inorg. Chem. (Engl. Transl973 (9) Ustyantsev, V. M.; Zholobova, L. $zv. Akad. Nauk SSSR, Neorg.
18, 1334. Mater. 1997, 13, 1527.
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Table 1. Crystallographic Data for #4Al.P;0:2 (A = K (1), Rb @),
TI (3)) Compounds

empirical formula A£K3012P3 (l) Al 2012P3Rb3 (2) A|2012P3T|3 (3)

a(d) 8.685(2) 17.164(2) 6.148(2)
b (A) 16.947(2) 8.6270(6) 10.396(3)
c(A) 8.458 (3) 8.8140(14) 17.787(5)
V (A3) 1244.9(5) 1305.2(3) 1136.8(5)
z 4 4 4

fw 456.09 595.20 951.91
space group Pna2; Cme, Pna2;
T(°C) 2542 2542 2542
A(Mo Ko (A) 0.71073 0.71073 0.71073
Peaed (g €MT3) 2.434 3.029 5.562
u(Mo Ka) (mm™2) 1.598 11.540 43.025
Re 0.0233 0.0290 0.0275
Ra? 0.0575 0.0712 0.0609

*R= J|IFol = IFell/ZIFol. ° Ry = [ZW(IFol* — |Fc?)/ 3 w|Fol M2

which a nominal composition of “KCaNbTjR1,” and KPG in a mass
ratio of 1:5 were heated to a maximum temperature of 900and
then cooled to 750C at a rate of 3C/h, after which the furnace was
turned off. Colorless block-shaped crystals of the rubidium compound
(2) were grown using an RbRGIlux by heating a 3:6:1 mole ratio
mixture of RBCO;, NH4H,PO4, and Al(OH} initially at 400 °C and
then at a final temperature of 90C for 1 d followed by cooling to
750°C at a rate of 3C/h. The crystals were isolated by washing away
the flux with hot water. Similarly, needle-shaped crystals of the thallium
compound 8) were obtained by heating a 3:6:1 mole ratio mixture of
TI,CO;, NH4H,POy, and Al(OH}) at a final temperature of 70TC.
Characterization. Powder X-ray diffraction (XRD) patterns were
recorded on a Rigaku desktop X-ray diffractometer using Ni-filtered
Co Ko (A = 1.7902 A) radiation. Solid-state nuclear magnetic resonance
(NMR) experiments were performed with magic-angle spinning (MAS)
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For compound4 and2, the anisotropic refinements of all the atoms
of the asymmetric units proceeded smoothly to give accepRidues
and the final difference Fourier maps had no chemically significant
features. Fo, the difference Fourier map contained only one peak
with an electron density-1 e/A3, which was found to be a ghost of
Rb(1). For compoun@, on the other hand, only thallium atoms could
be refined anisotropically and others were refined isotropically to give
R = 0.0372 andR, = 0.0876. The final difference Fourier map
contained as many as 13 peaks with electron densitiesla#/A3, the
maximum being 1.72 efA These peaks were found to be the ghosts
of the existing atoms, indicating severe absorption problems. Therefore,
an additional absorption correction using the DIFABS prodfamas
applied to the isotropically refined data set. In the final refinement using
the corrected data, seven atoms were refined anisotropically. This led
to an improvedR factor of 0.0275, aR, value of 0.0609, and a better
difference Fourier map with only four ghost peaks having electron
densities of +1.20 e/&. The chemical structure & is not affected
by the absorption problem and the correction applied to the data set.
Several attempts to grow better crystals3ofvere not successful.

Results and Discussion

Four AsAlP;012 (A = Na, K (1), Rb ), TI (3)) compounds
were synthesized in polycrystalline form by solid-state reactions.
Lithium and cesium compounds could not be prepared. Crystal
growth attempts using APQfluxes yielded single crystals
suitable for X-ray diffraction only in the case of rubidiurd) (
and thallium 8) compounds. Despite our several attempts using
different fluxes, such as NBOs, NaCl, NaPQ etc., the sodium
compound could not be grown as single crystals. The powder
XRD patterns of compound$—3 compare well with those
simulated by the program LAZY PULVERIR using the

on a Bruker DSX 300 spectrometer operating at resonance frequenciescrystallographic data, confirming the monophasic nature of the

of 78.2 and 121.5 MHz fot’Al and 3P, respectively. Chemical shifts
were referenced to external standards of AlghN@or 2’Al and HsPOy
for 31P. The spinning frequencies féfAl were 6.3, 4, 4.6, and 4.8
kHz for NasAl,P:012, 1, 2, and3 and 7.5, 5.1, and 6.8 kHz in the case
of 3P for 1—3. The recycle delay times were 15 for both, and pulse
lengths were 5.@s for 27Al and 4.0us for 3P. Infrared spectra were

recorded on a Bruker 17S 66V FT-IR spectrometer. The samples were

ground with dry KBr and pressed into transparent disks.
Single-Crystal Structure Determination. Single crystals of com-

poundsl—3 suitable for X-ray diffraction were mounted on glass fibers

with epoxy glue, and the data were collected on an Enraf Nonius CAD4

polycrystalline samples. The powder XRD pattern of the sodium
compound does not resemble those of compodne; indicat-

ing that its structure is different and could be indexed on an
orthorhombic cell with the parameteas= 15.535(10) Ab =
16.576(8) A, anct = 8.188(9) A.

Crystal Structures. Compoundd —3 crystallize in different
noncentrosymmetric space groups and possess three-dimensional
[Al .P501,]3~ anionic frameworks with one-dimensional channels
occupied by countercations,"KRb", and Ti*. Aluminum has
tetrahedral coordination i and 2 and trigonal bipyramidal

diffractometer by standard procedures. There was no detectable decayoordination in3. The final atomic positional and equivalent

of the crystals during the data collection as judged from the invariance
of intensities of three check reflections monitored at regular intervals.
Absorption corrections based on azimuthal scans of reflectionsywith

= 90° were applied to the data sets. The observed systematic absences

indicated that the possible space groups for compoudnrdsare the
noncentrosymmetric space groupea?;, Cm@;, andPna2; and the
corresponding centrosymmetric ones, respectively. Both centrosym-
metric and noncentrosymmetric space groups were tried for all three

isotropic thermal parameters for compourids3 are given in
Table 2.

In 1 and2, the features of the anionic frameworks, built from
corner-connected AlPand PQ tetrahedra, are the same, and
we discuss these features by takibhgas an example. The
crystallographically distinct atoms of the asymmetric unitLof
are two aluminum, three phosphorus, twelve oxygen, and three

compounds. Only the noncentrosymmetric space groups were provedpotassium atoms. As shown in Figure 1, both Al(1)and
to be correct by successful structure solutions and refinements. TheAl(2)O, tetrahedra share all their corners with f€trahedra.

programs SHELXS-86 and SHELXL-93 were used for structure solution
and refinement, respectivelyPertinent crystallographic data fbr-3

are given in Table 1. The graphic progrdmA8TOMS and ORTEP
were used to draw the structures. The alkali metal, aluminum, and

phosphorus atoms were first located by direct methods. Refinement of

their positions and subsequent difference Fourier maps led to the
location of oxygen atoms. All the atoms were refined by full-matrix
least-squares methods basedR8n

(10) Sheldrick, G. MSHELXS-86 User Guig€rystallography Department,
University of Gdtingen: Gdtingen, Germany, 1986. Sheldrick, G.
M. SHELXL-93 User GuideCrystallography Department, University
of Gottingen: Gidtingen, Germany, 1993.

(11) (a) Johnson, C. KORTER Oak Ridge National Laboratory: Oak
Ridge, TN, 1970. (b) Dowty, EATOMS Kingsport, TN, 1989.

Al(1)O4 shares two corners with P(2)Gnd the other two
corners with P(3)@and P(1)Q. Similarly, Al(2)O,4 shares two
corners with P(3)@and the other two corners with P(2)@nd
P(1)Q.. Each P(3)Q@ is corner-connected to two Al(2)O
tetrahedra and one Al(1)Owhereas each P(2)QAs corner-
connected to two Al(1)@tetrahedra and one Al(2)OP(1)Q,

on the other hand, shares only two corners, one with each AlO
type. This corner-connected tetrahedral network is three-
dimensional and has intersecting channels, with windows of
twelve-, six-, and eight-sided skewed rings parallel to the

(12) Walker, N.; Stuart, DActa Crystallogr.1983 A39, 158.
(13) Yvon, K.; Jeitschko, W.; Parthe, B. Appl. Crystallogr 1977, 10, 7.
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Table 2. Atomic Coordinates % 10*) and Equivalent Isotropic
Displacement Parameters{A 10%) for AzAIP:0:2 (A = K (1),
Rb ), Tl (3)) Compounds

atom X y z (V¥
Compoundl
K(1) 1749(2) 4911(1) 8332(2) 34(1)
K(2) 4562(1) 3578(1) 6325(1) 23(1)
K(3) 133(1) 1014(1) 1089(1) 23(1)
P(1) 2608(1) 4973(1) 3630(2) 16(1)
P(2) 2966(1) 1887(1) 4348(2) 14(1)
P(3) 1599(1) 2867(1) 9420(2) 12(1)
Al(1) 1311(2) 3315(1) 2900(2) 14(1)
Al(2) 3513(1) 1607(1) 7996(2) 12(1)
0o(1) 2625(4) 4767(2) 5347(5) 30(1)
0(2) 4110(4) 5272(2) 2989(5) 29(1)
0@3) 2074(4) 4249(2) 2616(5) 25(1)
0o(4) 3691(3) 601(2) 8299(5) 25(1)
o(5) 1816(4) 1344(2) 3656(5) 31(1)
0o(6) 2749(4) 2751(2) 3796(5) 26(1)
o(7) 4633(4) 1645(2) 3989(5) 35(1)
o(8) 2831(4) 1903(2) 6146(5) 25(1)
0(9) 2859(3) 3446(2) 9157(4) 20(1)
0(10) 823(4) 2932(2) 1053(4) 18(1)
0(11) 309(3) 2959(2) 8174(5) 20(1)
0(12) 2162(3) 1996(2) 9306(4) 16(1)
Compound?
Rb(1) 5000 1447(2) 3190(2) 43(1)
Rb(2) 3849(1) 4536(1) 264(1) 22(1)
P(1) 0 2349(3) 2473(3) 14(1)
P(2) 2947(1) 1707(2) 3405(2) 13(1)
Al 1673(1) 3473(2) 1809(3) 13(1)
0o(1) 0 3035(10) 4025(10) 31(2)
0(2) 0 601(8) 2460(11) 21(2)
0@3) 706(3) 2969(6) 1502(7) 21(1)
0o(4) 3478(3) 3038(6) 3123(7) 24(1)
o(5) 3281(3) 230(7) 2706(10) 35(2)
0(6) 2159(3) 3633(7) 105(8) 32(2)
o(7) 2111(3) 1949(6) 2796(7) 23(1)
Compound3 Fi ’
gure 1. ORTEP plot of the Al/P/O framework showing the atom-
Egg gggzgg fggigg %gg% gégg labeling scheme in #Al,P;02 (A: K (1), top; Rb @), middle; TI(3),
TI(3) 2616(5) 1601(2) 5118(1) 34(1) bottom) compounds. (50% thermal ellipsoids are shownlfand 2,
P(Lp 2609(8) 4915(4) 6215(10) 19(1) and atoms are of arbritrary radii f&)
P(2) 2483(27) 3725(11) 3302(7) 32(2)
P(3y 2495(19) 3707(9) 9123(5) 7(2) O(1), and P(1)>0(2) bonds of 1.480(4)1.501(4) A lengths
Al(1)° 2538(25) 837(10) 2917(7) 18(3) with unshared oxygen atoms and long bonds of 1.526(4)
g'(lz) Zgzg(gf) ﬁgi(ig) 2‘1’23(2)3 }1%(?:1) 1.576(3) A lengths with shared corner oxygen atoms. The
ng)’;' 4712((21)) 4122((14)) 6273((26% 41((413 maximum deviations in the ©Al —O and G-P—0 bond angles
o(3p 2330(42) 852(23) 1890(18) 17(6) from the ideal value of 109%are 7.1 and 6.7 respectively.
0(4) 2522(53) 765(30) 554(19) 35(8) The O--O nonbonding edges are more uniform in O
o(5p 658(47) 4078(26) 2789(15) 25(6) tetrahedra than in AlQtetrahedra. K(2) and K(3) are respec-
O(6y 4494(42) 4269(23) 2948(13) 13(4) tively nine- and eight-coordinated with-<O bond lengths of
8%;; ggggggg iggggg; iggjﬁg iggg 2.667(4)-3.522(3) A whereas K(1) is only six-coordinated with
o(9y 2287(43) 4237(21) 8331(14) 23(6) one of the K-O bonds being 3.539 A Iong.
O(10y 2711(37) 2266(18) 8976(13) 20(5) The number of crystallographically distinct atoms in the
o(11y 593(46) 4104(26) 9630(15) 26(6) asymmetric unit of theC-centered cell of (Table 2) is nearly
0(12) 4592(53) 4185(33) 9523(18) 39(7) half of those present if.. However, the structure of compound
aUeq is defined as one-third of the trace of the orthogonalizigd 2is virtually the same as that af Al in 2 is equivalent to both
tensor. ® Isotropically refined atoms. Al(1) and Al(2) of 1 and P(2) in2 is similarly equivalent to

P(2) and P(3) ol. Both Rb(1) and Rb(2) are nine-coordinated,
crystallographic axea, b, andc respectively. It is evident from  with some of Rb-O bonds as long as 3.562 A. This higher
the unit cell diagram (Figure 2) that the phosphate tetrahedranine-coordination of rubidium, when compared to the coordina-
point their unshared corner oxygen atoms toward these channelgion of potassium i, is probably responsible for the higher
occupied by K ions. This compound is isostructural with symmetryC-centered cell o.

K3AlAs; 9P 0012 reported earliet? The asymmetric unit of compour@lhas the same number
The Al-0 bond lengths (Table 3) are all similar and range of crystallographically distinct atoms (Table 2) as that of

from 1.726(4) to 1.746(4) A. The phosphorus atoms in the compoundl. The [Al,P;0;5]3~ anionic framework is built from

phosphate tetrahedra form short P{8)(9), P(2)-O(5), P(1)- corner connections of PQetrahedra to all the corners of AJO

trigonal bipyramids. As shown in Figure 1, P(L)@® the only

(14) Boughzala, H.; Driss, A.; Jouini, Acta Crystallogr.1997, C53, 3. tetrahedron that has unshared corner oxygen atoms, namely,
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Figure 3. Polyhedral representation of the unit cell o&Al,P;0;2.
Filled circles represent thallium atoms; white and black polyhedra
represent PPtetrahedra and Al®trigonal bipyramids respectively.

the first example of an oxide containing aluminum exclusively
in trigonal bipyramidal coordination.

Figure 2. Polyhedral representation of the unit cell ofA{;P;O;.. The P-O bond lengths (Table 3) of the phosphate tetrahedra
Filled circles represent potassium atoms; white and black polyhedra in 3 vary more widely than those in the other two compounds.
represent POand AlQ; tetrahedra, respectively. Unlike in 1 and2, the values of P(1}O bond lengths ir8 do
Table 3. Selected Bond Lengths (A) forAl,P:Os (A = K (1), not indicate any distinction in bonding of P(1) W|th share_d and
Rb (2), Tl (3)) Compounds unshared oxygen atoms. The P(3)etrahedron, with a wider

range (2.36(3)2.63(4) A) of nonbonding ©-0 edge lengths,

compd1 compd2 compd3 is more distorted than the other two phosphate tetrahedra, and

Eg);ggg i-ggigig i-gg%((%)) igg;gig its tetrahedral bond angles deviate from the ideal value by as
P(1-0(3) 1:567(4) 1:577(5* > 1_5'5(3) much as 11.%8 Al—0 bond lengths in Al@trigqngl bipyramids
P(1-0(4) 1.576(3) 1.47(4) vary from 1.72(2) to 1.93(3) A There is no distinction between
P(2}-0(4) 1.487(6) apical and equatorial bond lengths in Al(2)@nhereas the apical
P(2)-0(5) 1.480(4) 1.527(6) 1.49(3) bonds are longer than the equatorial ones in Algl)The
P(2)y-0(6) 1.548(3) 1.538(7) 1.50(3) aluminum atoms, Al(1) and Al(2), are displaced from the best
Eg)tggg iggggg 1.546(6) 11‘;352%%2)) center$® of these trigonal bipyramids by 0.0107 and 0.0044 A
P(3)-0(9) 1.487(3) 1.52(3) toward O(7) and O(4), respectively. TI(1) is twelve-coordinated,
P(3)-0(10) 1.542(4) 1.53(2) whereas TI(2) and TI(3) are nine-coordinated, with-TO bond
P(3)-0(11) 1.546(4) 1.53(3) lengths ranging from 2.70(3) to 3.57(3) A. Only the TI(1)O
P(3)-0(12) 1.557(3) 1.55(3) polyhedron is nonuniform with effectively no interacting atoms

compd1 compd?2 comp3 on one side of the coordination sphere, indicating the stereo-

active naturé® of the 6¢ lone pair of TI(1). Thus, TI(1) is

A()—0(3)  1.733(3) AFO(3) 1.737(5) Al(1)-O(3) 1.83(3) distinctly different from the other two thallium atoms.
A()-O(6) 1.746(4) AFO(5) 1.711(7) A(L}O(5) 1.93(3)

Al(1)-0(7) 1.726(4) AHO(6) 1.723(6) Al(1}O(6) 1.88(3) Cont_rary to th_e exp«_ected order_of unit cell volumes, based
Al(1)—O(10) 1.743(4) AFO(7) 1.745(6) AI(LFO(7) 1.72(2) on the ionic radii of A ions, the unit cell volume (Table 1) of
Al(2)—-0(4) 1.732(3) Al(1}0(9) 1.82(2) compound3 is smaller than those of the other two compounds,
ﬁ:gg_gg)l) i;g?((g)) ﬁzggggg; 138 indicating that the structures of compouridsand2 are more
Al(2)-0(12) 1:744(3) Al(2y-0(10) 1286(2) porous. Our efforts to exchange™Aons of these compounds,

Al2)~0(11) 1.86(3) b)_/ treatment with molten salts of ACI (A L| Na)_and by
Al(2)—0(12) 1.84(4) stirring or refluxing these compounds with their aqueous
solutions, resulted in the disintegration of the compounds.
The [AlP;015]3~ anionic frameworks of these three-
dimensional compounds are thus distinctly different from those
of the two-dimensional compounds with the empirical formula
(R) T3] Al 2P301H,]*3 (x = 1, 2; R= organic amine) reported

O(1) and O(2), and shares two corners, one with each type of
AlOs trigonal bipyramid. While P(2)@is corner-connected to
three Al(1)G trigonal bipyramids and one Al(2XD P(3)Q
shares its corners with three Al(29@igonal bipyramids and
one Al(1)G. This anionic framework also contains channels,
parallel to only thea axis, with windows of twelve- and eight- (15) Zunic, T. B.: Makovicky, EActa Crystallogr.1996 B52, 78.

membered rings, and Tlions occupy these channels (Figure (1) Tachiyashiki, S.; Nakayama, H.; Kuroda, R.; Sato, S.. Saitdcta
3). To the best of our knowledge, this compound constitutes Crystallogr. 1975 B31, 1483.




Novel Aluminophosphates

Na

N

B W

100 0 -100

Figure 4. 2’Al MAS NMR spectra of AAl,P;0:2 (A = Na, K (1), Rb
(2), Tl (3)) compounds.

in the literaturé’-1° The two-dimensional compounds, synthe-
sized under hydrothermal conditions, contain aluminum in both
tetrahedral and trigonal bipyramidal coordinations. Our attempts
to prepare AAl,P;0:> compounds with different structural
modifications, such as layered frameworks, by adtidse
reactions of AHPO, (A = K, Rb) with Al(OH); under
hydrothermal conditions, have resulted in aluminophosphates,
A1 Al P05 5(OH)g 5(H20)]-xH20 (x < 1), with the AIPQ-15
structurez0

Solid-State Nuclear Magnetic Resonance Spectroscopy.
The2’Al MAS NMR spectra of NgAl,P;01,, 1, and2 (Figure
4) have single peaks at 38.2, 45.5, and 47.2 ppm, respectively
whereas that 08 has an intense peak at 18.9 ppm. These values
compare well with those report€dor tetrahedral and trigonal
bipyramidal coordinations. The tetrahedral coordination of
aluminum in AAl,P;0;, compounds, with A ions varying in
size from N& to Rb", changes to trigonal bipyramidal when

(17) Yu, J.; Sugiyama, K.; Hiraga, K.; Togashi, N.; Terasaki, O.; Tanaka,
Y.; Nakata, S.; Qiu, S.; Xu, RChem. Mater1998 10, 3636.

(18) Chippindale, A. M.; Powell, A. V.; Bull, L. M.; Jones, R. H;
Cheetham, A. K.; Thomas, J. M.; Xu, B. Solid State Cheni992
96, 199.

(19) Oliver, S.; Kuperman, A.; Lough, A.; Ozin, G. A. Chem. Soc., Chem.
Commun 1996 1761.

(20) Nandini Devi, R.; Vidyasagar, K. Chem. Soc., Dalton Tran999
3841.

(21) Engelhardt, G.; Michel, DHigh-Resolution Solid-State NMR of
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Figure 5. 3P MAS NMR spectra of AAI,P;01; (A = K (1), Rb @),
TI (3)) compounds.

the countercation is T| and the change seems to be required
to accommodate the stereoactive lone pair of electrons on the
TI(1)* ions.

The 3P MAS NMR spectra of the three structurally charac-
terized compoundd,—3, are shown in Figure 5. There are two
signals observed at20.19 and-5.97 ppm for3. The first one
is attributed®=2% to the phosphorus atom of the P(4)O
tetrahedron, which shares only two corners, and the second one
is due to the phosphorus atoms of the other two tetrahedra,
P(2)Q, and P(3)Q, which share all their corners. Similarly, the
two signals at—16.38 and—3.43 ppm observed in the NMR
spectrum oR are due to the P(1) and P(2) atoms, respectively.
The NMR spectrum ofl is sufficiently resolved, with three
signals at-17.4,—11.1, and—4.5 ppm, to indicate the presence
of the three crystallographically distinct phosphorus atoms P(1),
P(2), and P(3). The NMR spectrum of Hed,P;01, is more
complicated, albeit with signals atranging from—3 to —18
ppm, showing the presence of crystallographically distinct,
tetrahedrally coordinated phosphorus atoms.

Infrared Spectroscopy. The infrared spectra of #\l,P;0;2
(A = Na, K (1), Rb ), Tl (3)) compounds are all similar. Al/
P—O bonds are reportétl to have their asymmetric and
symmetric stretching vibrational frequencies in the ranges-950
1200 and 606400 cnt! and bending frequencies in 40650
cm™! range, respectively. An unambiguous assignment of the
peaks is not possible owing to an apparent overlap of the
frequency ranges of the vibrational modes of A® bonds in
this region. But the peaks in the range 13300 cnT! can
be tentatively attributed to P/AIO stretching, those in the 860
600 cnt?! range to P/AFO asymmetric stretching. and those
in the 600-400 cnt! range to P/A-O bending modes.
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However, the strong peak in the 1350 ¢hnegion is attributed found, by X-ray powder diffraction, that the 3&aP;012

to a P-O stretching frequency. compound is isostructural with the corresponding aluminum
Concluding Remarks. Four AsAl,P;012 (A = Na, K (1), compound. We are making efforts to grow single crystals and

Rb @), Tl (3)) aluminophosphates, synthesized by solid-state structurally characterize other alkali metal analogues of gallium

reactions, possess structures different from those of hithertoand indium compounds.

reported isomorphous sM»P;01, compounds and contain, as

determined by solid-state NMR spectroscopy, aluminum ex- Acknowledgment. We thank the Regional Sophisticated
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It is the stereoactive lone pair of electrons on thé ibin and

not the size of A ions that seems to have brought about the Supporting Information Availabl_e: _ X-rfay powder diffraction data

change in the coordination of aluminum in these compounds. and Tabl_es of X-rgy c_rystallqgraphlc files, in CIFform_at, for compounds
It would be interesting to synthesize and study similar gallium 1—3. This material is available free of charge via the Internet at

and indium compounds, #M,P:0:2 (M = Ga, In). We have hitp://pubs.acs.org.

made some preliminary investigations in this direction and 1C991395U





