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Abstract

A new Family of sodium aluminodiphosphonates (diphosphonate = [-hydroxyethylidenediphosphonate) has heen
synthesised hydrothermally at 433 K for 15 days, By altering the aluminium source, two different morphologies, namely
hespgonal tubular and solid morphology, have been obtained, and the corresponding crvstals were named as DLES-Al
and DLES-Als, respectively, Under the synthesis condition for DLES-Al, if the reaction time was changed 1o 7 days, a
small amnount of crystals with the solid morphology accompanying DLES-Alt were observed, and designated as DLES-
Alls, Meanwhile, crystals with a plate-like morphology (designated as DLES-Alp) were always the accompanying phise
af the main phase of DLES-All or DLES-As. All of the crystals were isostructures. A hexagonal ring containing a
propeller-like chiral motil along [00 1] is a common characteristic of these crystals, Being a representative case, the
srystallographie data of DLES-AIL is trigonal {space group P-3), with cell parameters at 293 K as follows: o = 1T.853(4),
he=17853(4), ¢ = 8823 A, V¥ = 2435.3(19) A", and Z = 6.
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maorphologies renders new impetus to the domain
ol synthetic materials [1-5]. Up to now, numerous
researches involving the effects of decreasing
particle size of a material on its properties have
been reported. However, investigations concerning
man-made materials with anisotropic morphology
and their formation mechanisms are just at an
initial stage. In this paper, we are focusing on the
investigation of tubular morphology, because this
morpliology is a representative one in the family of
anisotropic morphologies,

Alter the reporting of the tubular crystal of
natural chrysotile asbestos [6], the field of synthetic
materials with geometrically closed structures has
long been dominated by carbon systems [7].
Recently, researches in this field have resulted in
the formation of some novel materials that possess
tubular meorphologies, including both organic [3]
and inorganic materials (carbon tube [7], MCM-41
[8], vanadium oxide [9], titanium oxide [10],
nickelous chloride [11], transition metal oxychlor-
ides [12], tungsten oxide [13], Sr-Er-Sialon and
Sr-Dy-Sialon [14], B-C-N, C-N and B-N systems
[15], metallic crystals like Cu-Sn-Ge alloy, GuyGe
and [SngOgGe(NH3)], [16], and several chalcogen-
ides [17-23]). In opposition to the abundant
nanctubes, up to now, only a few tubular crystal-
line materials in millimetre-scale have been re-
ported [12,13,19-24] and all of them are just
known crystals showing new morphologies,

There are many proposed mechanisms on the
growth of tubular erystals, such as the liquid-
crystal phase transformation mechanism [8], the
orpanogel template-directed mechanism [9], the
VLS orfand ¥8 mechanism (VLS =vapour liquid
solid) [14), the mechanism involving “‘contaminat-
ing atoms” proposed by Tenne [18], the heat
transfer mechanism [12,20], the wrapping of sheets
of layered compounds [19,24], the base growth and
tip growth mechanism [25,26]), and so on. All of
these mechanisms have limited applications, as
their formulations are based on specific materials
that the authors were studying. Therefore, in order
to form an intrinsic growth mechanism, many
theoretical and experimental explorations should
be done in a planned way.

Although reported inorganic tubular crystals
possess  different composition and size, they

usually exhibit lamellar structures, and most of
them hawve slight misfits between the sheets, This
idea was first put forward by Betas et al. [6], and
strengthened by Patzke et al. [2]. Furthermor,
Patzke et al. predicted that in principle all layered
materials should be transformable into tubula
morphologies under suitable reaction conditions,
It is known that many inorganic-organic hybrids
have lamellar structures [27-29]. The fact impliss
that inorganic-organic hybrids would be potential
sources for preparing novel tubular materials,
Owur synthesis strategy lor achieving inorganic
organic hybrid tubular crystals involved the use of
I-hydraxyethylidenediphosphonate (hedp) for it
troducing organic components inte the structirs,
and employment of the hydrothermal methad fit
realising  crystallisation,  1-hydroxyvethylidensd-
phosphonic acid (Hihedp), featuring a P-CP
linkage, has versatile coordination abilities with
metal fons [30-33]. Because of the presence o
seven active oxygen atoms, hedp anions cn
function as bi-, tri-, tetra-, penta-, or hexadentat
ligands. Furthermore, the —CH; and —OH group
attached to the organic tether may provide a steri:
hindrance on the one hand, and offer a hyds
phobic or hydrophilic environment on the oth
hand. More recently, great efforts have b
devoted to the synthesis of metal-hedp compounds
with open-framework. The idea was highlighted by
the study of Snafhedp) [34]. In such a compoun,
the linkage of the two fundamental structorl
metif of {Sn0;} and {O4PC)} produces eight or 16
member rings, which connect in turn to fom
open-channels paralleling to the - or can
Attempting to obtain novel structures, Zhen
et al. synthesised several new metal-hedp com:
pounds by using different kinds of organic amine
as templates [32,35], They attributed the structurl
differences among the compounds to the effects of
the employed templates. The smaller sized tem
plate, NH:CH.CH:NH., could direct to th
formation of a linear single chain compound,
whereas the larger sized  templates o
NH:(CH.),,NH: (mr =4, 5, 6) could lead to b
formation of anionic double chains holding
together by strong hydrogen bonds to form tae
or three-dimensional structures. In  addition
Zheng et al. reported two metal-hedp compourds
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tontaining & second organic bridging ligand,
including pyrazine or 4,4-bipyridine [36,37].
Open-frameworks were constructed in the two
smpounds under the help of the seccond erganic
bridging ligands,

The present study reports on the syntheses and
structures of a new family of sodium aluminodi-
phosphonates, as well as the phenomenal observa-
lans of relationships between synthetic conditions
ind crystal morphologies, As a distinctive struc-
lural feature, all crystals presented here possess
bexagonal rings and propeller-like chiral motifs in
their structures, Tt is interesting to mnote that
AMepO-p and AlMepO-x also form channels
with methyl groups protruding into these chan-
els, and the size of their channels seems to match
properly the cavity size of the title compound
[3,39]. Though the structure and the composition
e different, a feature common to these crystals is
Ahat there are six octahedral aluminium centres at
the corner of the hexagonal ring. The large sub-
tuilding units may be contributed to the formation
of the multi-member ring. An evident goul for the
fiture is 1o design large sub-building units to
wnstruct large open-framework directly, without
rsorting to the template-assisted method, because
v template encapsulated in the structure of
morganic-organic hybrids are wvery difficult to
rmove thoroughly. The idea is supported by the
work of Yaghi et al., in which large anion units of
organic ligands were used to form larpe open-
meworks [40,41].

1, Experimental procedure

LI SEM image and energy-dispersive X-ray
(EDX) point analysis

The SEM images were obtained by a JSM-
SO0LY at 12kV. The EDX point analysis was
prformed using an Oxford Instruments X-ray
Microanalysis 1350 with an accelerating voltage of
N00kY and a system resolution of 77eV.
N0 - AlaOyy - 68104 {albite), ALO; (aluminium
mide), and GaP {gallium phosphide) were used
tistandards for Ma, Al, and P, respectively.
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22 NMR spectra

The "*C CP/MAS, *'P and Al MAS NMR
were recorded at room temperature on a Bruker
DRX-400 spectrometer using a BBO MAS probe
with resonance frequencies of 128.4 MHz for *C,
161.9 MHz for *'P, and 104.3 MHz for *"Al The
magnetic field was 9.4T. The spin rate of the
sample was 4, 6, 8 kHz and the number of scans
was 2084, 100, and 100 for "*C, *'P, and *"Al,
respectively, The chemical shifts were reflerenced to
the saturated aqueous selution of sodium 4.4-
dimethyl-d-silapentane sulfonate (DSS) for '°C,
85% H PO, for *'P, and 1M aqueous of
aluminium nitrate for Al

2.3 Crystallographic data collection and structure
determination

Unit cell parameters and intensity data were
determined by using a Bruker Smart 1000 with
graphite monochromated Mo-Kz (4 = 0.71073 A)
radiation at 293 K. The crystal structures were
solved by the direct method and refined against £2
using the SHELXTL software package. The
hydrogen atoms were geometrically placed.

2.4, X-ray thermodiffractometric study

The X-ray thermediflractometric study was
performed on a D/MAX-b M-ray diffractometer
with Cu Ko radiation (4 = 1.5206 A) and operated
at 40 and 100 mA. The heating rate was 5 K /min.
Prior to the measurements, the samples were hold

at different temperatures for 10min.

2.5, Materials and syntheses

All chemicals used herein were analytical prade
and used without further purification.

26 DLES-Alr {CZHJ ;lAl’ﬂ_ijﬂz_JijJl m-.Pz with
hexagonal wubular morphology)

DLES-Alt was synthesised by a starting reaction
gel with a molar composition of 0.15A100H
(pseudo-boehmite): 0.75Na,CH,0,P, (tetra sodium
I-hydroxyethylidenediphosphonate):  0L158i(0C;H:),
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(tetraethyl orthosilicate): 3H20 (deionised water):
ﬂ.ETC:H“NQ (Eth}’h:n!.'d[uminej: {JDEC_Q_HHDE {’14-
dioxane). The mixture was stirred at 303 K until
homogeneous, transferred to a 200 ml Teflon-lined
stainless autoclave, and then heated at 433 K for
15 days under autogeneous pressurc. DLES-Alt
was obtained as the major phase adhered to the
inner wall of the autoclave, together with un-
known sedimentary deposits in the bottom of the
auntoclave. DLES-Alt crysials were carefully col-
lected from the inner wall. The crystals were
wished with ethanol lor three times and dried
at 313K, (EDX point analysis: Found Na 12,88,
Al 184, P 14.51: Calculated Na 13.538, Al 2.26,
P 1570 wt5.)

27 DLES-Alis r(.-‘_'JJq,lﬂ__m..“‘ifﬂ__f_q-.lni'lﬂ_{a;_f.zjl“} with
fhexagonal sodied morphology )

During the syntheses of DLES-Alt, when the
reaction time was altered to 7 days, a small
amount of crystals with the solid (herein solid
means tubeless) morphelogy was found to accom-
pany the DLES-Alt. The crystal was designated as
DLES-Alts (EDX point analysis: Found Na 17.04,
Al 1LE6, P 16.48; Caleulated Na 17.57, Al 227, P
|5, T8 wt).

2.8, DLES-Als { CaH o578y 33Ntz 33014 5082 with
hexagonal salid morphology )

DLES-Als was synthesised by using Al
OC;HL) (aluminium isopropoxide) or Al (alumi-
nium powder) as the starting material and keeping
the same molar ratios and synthetic process for
DLES-Alt. (EDX point analysis: Found Na 13,18,
Al 1.83, P 14.67; Calculated Na 13,38, A1 222 P
F5.47 wtla.)

2.8 DLES-Alp (Call o gsAly saNaz 3304 10l with
plate-fife solid morphology |

DLES-Alp was a minor crystalline phase,
accompanying the major phase of DLES-Alt and
DLES-Als. (EDX point analysis: Found Ma 1295,
Al 2,33, P 15.77; Calculated Na 13,56, Al 2.25, P
15.067 wtl )

3. Results and discussion

3.1, Carrvelarion berween the syathetie condition
and the crystal morphology

Without tetracthy] orthosilicate in the starting
materials, small crystals of DLES-AlL could be
obtained, DLES-Al was characterised by powde
Keray diffraction and showed a good crystalline
pattern, with the first peak at & = 1546524
Many attempts had been tried to synthesise large
single erystals. During the course, it was found
that adding tetracthy] orthosilicate into the start
ing materials Tavoured the forming of large singl
crystals of DLES-AlL. 1t seems that increasing the
viscosily of the synthetic system or forming
metastable  Intermediate of  aluminosilicate o
silicoaluminodiphosphonate can contribute to the
formation of large single crystals, DLESAl
crystals exhibit hollow hexagonal morpholog
with conical ends, as shown in Fig. I{a). Th
tubes, also hexagonal, could be clearly observed in
large DLES-Alt crystals. Typically, DLES-Alt we
about (.05 mm thick and up to 2mm long.

The following phenomenal discussion on (b
corrglation between the synthetic condition and
the crystal morphologies are based on synthei
process for DLES-ATt and tetraethyl orthosilicae
was included in the starting materials.

The following describes the effects of reaction
times involved the samples oblained separately
different reaction times. Onee the reaction wa

Fiz. 1. SEM images of DLES-Al (1), DLES-Alts (b}, DLES
Alp (¢} und DLES-ATs (d),
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interrupted, no follow-up change appeared. IT the
reaction time was shorter than 2 days, no crystal
preduct was observed (examined by XRD). After
4 days, small DLES-Alt and another two crystals
with solid and plate-like morphologies were
observed simultanecusly {evaluated by micro-
sope). The two crystals were DLES-Alts and
DLES-Alp, respectively. Subsequently, the longer
the reaction time, the larger the above three
crystals. If the reaction time excesded 7 days,
DLES-Alts and DLES-Alp became fewer and
fewer, while DLES-Alt turned into the major
phase gradually, Figs. 1{b) and (¢) show the
morphologies of DLES-Alts and DLES-Alp,
respectively., For DLES-Alt, the longer the reac-
lion time, the larger the crystal with the larger
coaxial hexagonal tubes. All the crystals in our
wase displayed perfect morphologies, which was
different from the Zheng et al.’s results on tubular
erystal of SboEa [19). They observed poorly
complete  tubular crystals and some obvious
patch-like bulges.

Used aluminium isopropoxide or aluminium
powder as the starting material, another solid
trystal {DLES-Als) accompanied by DLES-Alp
tould be obtained which is illustrated in Fig. 1{d).

To cxplore the impacts of alkylamine on the
crystal morphologies and structures, we used
different kinds of alkylamine to replace the
ethylenediamine in the starting materials, while
keeping the same molar ratio and reaction condi-
tions for DLES-Alt. Seven kinds of alkyvlamines
have been used, including iso-proplamine
{C:HgM), 1,2-propanediamine (C3H yM2), butyla-
mine  (CyH; N} cyclohexylamine {CgH 3N},
nethylamine (C.H sMN), and triethanolamine
(CeH 503N}, The crystal morphologies of pro-
ducts followed the same transforming processes as
that of DLES-Al. Furthermore, the XRD par-
ferns of the as-synthesised materials were consisted
with that of DLES-Alt. That is, alkylamines have
no any effects on the crystal morphelogies and
{hzir structures. The results are supported by the
following description of the crystal structures.
Namely, although ethylenediamine is one of the
starting materials, no ethylenediaming molecules
were found in the crystal structure. However, one
thing should be emphasised that if no alkvlamine

was in the starting materials, no DLES-Alt or any
other its isostructural crystals was observed.

Al present, owing to the appearance, in what-
ever case, of the plate-like crystals of DLES-Alp
and the lamellar erystal structures containing
hexagonal rings described hercin below, Zheng
et al.’s mechanism of the wrapping of sheets of
layered compounds scems a rcasonable onc for
explaining the growth mechanism of DLES-Alt
[19].

Summarily, the reaction time and aluminium
sources have great effects on the crystal morphol-
ogies. Contrastively, although the alkylamines are
indispensable for synthesising DLES-Alt and its
isostructural crystals, they have no impact on the
crystal morphologies and their structures.

3.2, Descriptions of the crystal strietires

Comprehensively, these sodium aluminodipho-
sphonates possess a layered structure parallel to
the ab plane, in which six-coordinate alumininm
centres are sharing the vertices with the [P{C)O4}
tetrahedron, and are connected together by —0O-
Na-0-Na-0- ionic chains to form the hexagonal
ring. As illustrated by Fig. 2(a), the edge length of
the hexagonal ring is approximately 11 A {calcu-
lated by the distance between the two aluminium
atoms in one side) and the distance between the
two opposite methyl groups are approximately
10 A, All the above calculations are based on the
prime structure with bound water molecules
present in the rings. Crystallographic data for
compounds DLES-All, DLES-Alp, DLES-Alts,
and DLES-Als are listed in Table 1.

The compound DLES-Alt is chosen to represent
the isostructural series for a detailed structural
description. [n Table 2, the atomic coordinates
and the equivalent isotropic displacement para-
meters of DLES-Al are listed.

Fig. 2(b) illustrates the hexagonal channels and
a propeller-type environment around the alumi-
nium centre, being viewed along the c-axis. The
chiral propeller-like motifs are formed by an
aluminium-centred octahedron with three six-
member cycles. The O-Al-O bond angles for the
three blades of the propeller are all equal to
02.39%, These chiral motils are connected by
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(a)

[1i]]

Fig. 2, (2] ORTEP representation of DLES-All structure along [001] and (b) Propeller-type environment atound the alueminium
centre along (00 1). { Thermal ellipsoids are drawn 4t 60% probability and hydrogen atoms are omitted for clarity, £ equivalent alom,
Legends for elements are Inhelled in figure.)

Tuble 1

Crystallographic data for compounds DLES-AlL, DLES-Alp, DLES-Alis, and DLES-Als

DLES=Alt

DLES-Alp

DLES-Ahs

DLES-Als

Empirical Formuly
Formula weight

Spuce group

Cryatal system A
Cell dhimensions: @ (A}
HiAY

r LA}

a feleygh

1 {deg)

7 [deg)

P A

4

Culculuted density (Mg/m’)
pfem™ "

Hoand w B [f = 2a{1)]

i and w' By (Tor atl data)
Weighting scheme

CH ALy 3y 10 gal
1431

Trigonal

P-3

17853 (4)

17853 (4)

BRI (4)

L]

£l

120

24353 (1)

f

Lal3

0,508

00652 and 01207
01539 amd 0, 1480

CaH gy sl aalias 120, wP:
T ET

Trigonal

"3

17776 (4)

L7706 (4)

B.TO8 (4)

LU

]

120

HMOTR (13}

L]

1634

[LEIE

O62E and 01749
A EL0L amd 0,2HG0
h

CiH s ln Ny 2l
39256

Trigomnal

P-3

17.867 (4)

17867 (4)

BHAT (4)

2340415

f

L1601

0,420

0,072 and 01233
0. 1648 and 0.1 520

LS ST 'H-NII:M‘]H :lP.l
EL T e
Trigonal
P3

17T.HR1 (6]
17081 ()
5570 ¢4}
Sy

ol

120

HMREI (T
[}

1605

0204

00534 wod 0,155
OOR22 amd 01565
i

W= 1 (R (D.0S00P) + 0.00P), P (max(Fy, 0)+2F))3.
B = N E + (0 27TFF + 0.00F), P - (max(F, )+ 2683
I S (00SHEY + 0.00F), P=(max(F5, 00+ 2F2)3,
L= VS + (0RSIPY + 3,258, P e (max(FL 01+ 2F5)/5

O-Na(2)-0-Na(3)-0 ionic chains to form a
hexagonal ring. The connected hexagonal rings
form two-dimensional layer parallel to the ab

plane,

Based on the fragment of DLES-Alt along [00 1]
shown in Fig. 3(a), the crystal structure of DLES-
Alt is discussed in detail as follows. All the
mentioned NMR spectra herein below are shown

in Appendix A, The —CH; and the neighbouring
coordinated water molecule are protruding into
the channels, Interestingly, instead of the ethyle

nediamine molecules, the water molecules lic in the

channels. This is verified by '*C CP/MAS NMR of
the as-synthesised DLES-Al, which showed two
peaks at 188 and 71.3 ppm, assigned to methy
and quaternary carbon atoms, respectively. At the




wrner of the hexagon, a six-coordinated alumi-
nivm center, sharing wvertices with {P(C)0,}
ztrthedron and sodium coordinating polyhedron,

Table 2
AMamle coordinates { « 10%) and equivalent isoteopic displace-
ment parumeters (A2 = 109 of refined atoms for DLES-AlL

x ¥ z L feq)
Pl S2E01) TIEOCLY ABOT(2) 201}
] A0 BI04{ 1} 11374(1) 191}
Al 3333 66T T006:5(3) 171}
Ml 1) 3353 G667 65194 340
NalZy A458(1) SH02(2) TR (1)

LR I ATEC) 106 14(2) BRI
A1) H534(3) THGR(4) 1094687} 3300

{12} 355531 TH35(3) HITHS(S) 2041}
1) SR1T T TTARA) 1)
L] 429502 TN BT3T(4} 24{1)
3 A639(N 734 BS26(4) 2E(1)
04} SN0 SU26(2) 10294(4) 26(1)
5 I966(2) HIFHD) 113374) H1y
6} S1440002) S43R(N 12805{4) 2501)
o7 S36102) BTHN 11760(4) 25(1)

{NE) 3Ba103) SB3603) 5343¢d) A0(1Y

1) S447(3) S356(2) GT92{d) 43(1)
(EAL)] 2979(%) ZEATLN) 12087(5) 62(1)
w1 R4ER(E) 70T} EERIS] 712y
(g} 2224(3) 4372(3) 493115 S
1 3] (5514} 91183} 9395 752)
(iR 1453(%) 1330059} 10407240 150(7)
15 TT26(12) BRALCIG) 4480020) 163(9)
{f16) TA{146) 0364(16) TEOOCIN) 1088}

U {eg)is defined as one-third of the trace of Ui orthegonnlised
Iy tensar.
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brings about the hexaponal ring. The sharp
symmetrical Al MAS NMR resonance at
—1.0ppm supports the assignment of the six-
coordinated aluminium. The two phosphorus
atoms are all tetrahedrally surrounded by three
oxygen atoms and one carbon atom having only
one terminal P(2}-0(6) double bond, which is
shown in Fig. 3{a). The length of the terminal
P=0 bond is 1.513A. The bond length is
between 1.5305 and 1.53%8 A, longer than that of
the Hzhedp [30-32,42,43], because there are strong
hydrogen bonds between the P—0 and the water
molecules trapped between the lavers. In addition
to the different coordinating environments pro-
duced by the sodium atoms, the double bond of
P(2)-0{6) increases the weight of the asymmetrical
nunclear magnetic field of phosphorus, which is in
agreement with the results of *'P MAS NMR
(specifically, the two overlapping sipnals at 189
and 23ppm). Na (2) and Na (3) are linking
topether through an oxygen atom to form an ionic
chain lying in the middle of the hexagonal edge.
The ionic chains conneet the chiral propeller-like
motifs topether forming the large hexagonal rings.
In addition, Na (1) also helps to join the above
ionic chains units together,

DLES-Alt, DLES-Als and DLES-Alp exhibit
very similar structures. Overall, the erystal struc-
ture of DLES-Alts bear strong resemblance to that
of DLES-Alt. Howewver, a close examination of
the sodium atoms lving in the structure reveals the

7 3. The Mmupment of DLES-Al (o) and DLES-Altz (b) along [001]. (Thermal cllipsoids are drawn at 6% probability and
lrogen atoms are omitted for dadly, & equivalent atom. Legends far elements ave labelled in figure.}
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dilferences. Comparing Figs. 3(a) and (b), one may
find that there are additional sodium ions [Na(4)
and its equivalent atoms Na(4')] distributing along
the hexagonal channels. Ma(4) and its equivalent
atoms replaced part of the water molecules linking
with the &0 atoms [OQ(7)] and the coordinated
witer molecules [O010), O(11), O(12), and O(15)].
The sodium ions, as well as the protonated water
molecules, supply positive charges to balance the
negative charges of the framework.

By contrasting the crystallographic data of
DLES-Alt and its isostructural erystals, the order
of cell dimension is DLES-Als > DLES-Alts = -
DLES-Alt= DLES-Alp. The crystals with the
solid morphology possess larger cell dimensions
than the tubular and plate-like crystals.

Based on the above descriptions of the crystal
structures, i conclusion could be drawn that water
molecules play an important role in the structure,
First, the protonated water molecules lying in the
channels can balance the negative charges of the
framework. Second, water molecules trapped
between the layers inleract with the terminal
oxygen altached to the P atoms through hydrogen
bonds, thus forming a stable structure.

Sergienko et al, reviewed the roles of the crystal
structural of hedp jons in crystals and found that
sodium coordinates the oxygen atom ol the a-
hydroxy group (2O atom) without deprotona-
tion. Meanwhile, the o-O atoms bound 1o Mo(VI)
or W(VI) cations are deprotonated in all cases
[30,31]. The assignments are bused on the crystal-
lographic data, Zheng et al. proposed the proto-
nation of the o~ atom by the evidence of infrared
spectri. In our case, with crystal water molecules
in the sample, it is very difficult to judge the state
of the e-hydroxy group, and further work should
be done to answer the question, namely, whether
the a-hydroxy group is depornated or not?
MNeutron diffraction should be very useful to solve
the problem.

In addition, the thermal stabilitics of the crystal
structure of DLES-Alt and DLES-Als were eval-
uated by the thermodiffractometric investigations,
and similar resulis were obtuined. Fig. 4 repre-
sented the results obtained [rom DLES-AlL It is
observed that the crystal structure of DLES-Alt is
stable up to 343 K. After 373K, dehydration leads

-._.f'_.r'_'-_-—-.‘_'_‘-“—-—._ﬁ_-
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Fig. 4. ThermodifTesctometric  measurements  showing e
thermul stability of the stevcture of DLES-ALL () 203K, ()
IZTK, fe) MIK and (dy 373K

to amorphisation of the products, In view of the
layered structure linked together by hydrogen
bonds, it is not surprising that they show poor
thermal stabilities. A (urther exploration should be
[ocused on exploring a suitable coupling agent (o
improve the stability of the layered structure and
investigating the possibility of florming tubular
morphology by the stabilised structure so obtained

4. Conclusion

In summary, we have examined four isostruc
tural crystals in the present study, and observal
that the reaction conditions have great effects on
the crystal morphologies. DLES-Alt is the fimst
reported inorganic—organic hybrid crystal with an
interesting  tubular morphology. The commen
structural characteristics for the four laverel
crystals are hexagonal channels along [00 1], and
propeller-like chiral units. They are the firs
example of aluminodiphosphonate with  such
structures. Moreover, the obtained result supporls
our cluim that layered inorganic-organic hybrid
crystals would be potential sources for preparing
novel tubular materials,

Acknowledgements

The authors are grateful to the support of the
Knowledge Innovation Program of the Chinest
Academy of Sciences (Grant: DICP K200083).




Ju

{05 Z W oot el T Forrnal of Crystal Groweh 264 (2004 ) 4080408

‘Appendix A

Spectra of '*C CP/MAS NMR, Al MAS
NMR, and 'P MAS NMR DLES-Alt are shown
in supplementary material. Crystallographic data
far the structures reported in this paper have been
deposited with the Cambridge Crystallographic
Data Centre: CCDC 198391 for DLEA-AlL
CCDC 223468 for DLES-Alts, CCDC 2234467
for DLES-Alp, CCDC 198392 for DLES-Als.
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