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Abstract

The new metal-organic framework materials, ZnF(Am2TAZ) � solvents and ZnF(TAZ) � solvents (Am2TAZ ¼ 3,5-diamino-1,2,4-

triazole, TAZ ¼ 1,2,4-triazole), have been synthesized solvothermally and structurally characterized by either Rietveld refinement

from powder XRD data or by single crystal X-ray diffraction. The three-dimensional structures of the compounds display open-

ended, tubular channels, which are constituted of covalently bonded hexanuclear metallamacrocycles (Zn6F6(ligand)6). The tubular

channels are subsequently covalently joined into a honeycomb-like hexagonal array to generate the three-dimensional porous

framework. In the case of ZnF(Am2TAZ) � solvents, hydrophilic –NH2 groups point into the channels, effectively reducing their

inner diameter relative to ZnF(TAZ) � solvents. The present compounds are isostructural to one another and to the previously

reported ZnF(AmTAZ) � solvents (AmTAZ ¼ 3-amino-1,2,4-triazole), illustrative of the fact that the internal size and chemical

properties of the framework may be altered by modification of the small, heterocyclic ligand. In addition to demonstrating the

ability to modify the basic framework, ZnF(TAZ) � solvents and ZnF(Am2TAZ) � solvents are two of the most thermally stable

coordination frameworks known to date.

r 2005 Published by Elsevier Inc.
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1. Introduction

The exploration of new synthetic strategies targeted at
synthesizing novel porous framework materials for
applications in the areas of molecular sieves, sensors,
gas absorption, ion exchange, size-selective separation
and heterogeneous catalysis has engaged researchers for
some time now [1]. In particular, efforts have been
expended toward the synthesis of new metal-organic
frameworks constructed from metal ions and bridging
organic ligands. In these systems there are known
hurdles to overcome, including the difficulty of control-
e front matter r 2005 Published by Elsevier Inc.
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ling pore size and shape, the frequent presence of
counterions and solvents within the channels, the
tendency to form interpenetrated independent networks,
the potential disruption of framework integrity in the
absence of guest molecules, and the often low thermal
stability of the host framework. To address these
potential difficulties, current research has targeted the
synthesis of robust open frameworks with high porosity
and high thermal stability [2–4], and extensive studies
have been carried out on chemical design strategies to
enhance the desired properties of the frameworks.
Successful approaches include the use of long rigid
linkers to increase the spacing between the vertices [5],
employing multifunctional bulky organic ligands to
prevent interpenetration [6,7], and utilizing secondary
building blocks (SBUs) [8] to serve as large vertices.
These approaches have created new challenges in the
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synthesis of tailored organic bridging ligands, in the
judicious design of the functional SBUs, as well as in the
efficient and synergistic self-assembly of these precursors
to generate the desired framework structures. Significant
effort has been expended to synthesize long ligands or
large SBUs and to achieve non-interpenetrated open
framework structures using such ligands and building
units. While these efforts have led to some success,
certainly when long ligands are used, the thermal
stability of such structures is often marginal. Robust
SBUs have enjoyed better success and some very
thermally stable framework structures have been rea-
lized [9].
Recently, we published a structural study of a new,

exceptionally stable, hollow tubular metal–organic
architecture, [ZnF(AmTAZ)] � solvents (AmTAZ ¼ 3-
amino-1,2,4-triazole), which retains its tubular frame-
work structure to an unprecedented 350 1C when heated
in air [10]. The large channels in the structure are
somewhat of a surprise given the small size of the
AmTAZ ligand. In fact, the large channels are not
the result of the dimension of the ligand but rather are
the result of the metal–ligand connectivities, the metal
coordination geometry, and the existence of metal–li-
gand metallamacrocycles in the structure. Specifically,
the ligand–Zn–ligand connectivity, spatially controlled
by the location of the nitrogen atoms on the triazole
unit, results in Zn6(AmTAZ)6 rings that are arranged
three dimensionally into the channel structure. To
further explore this type of framework and to prepare
related structures, we opted to modify the ligand used in
the synthesis, thereby affecting the number and type of
functional groups protruding into the channels. Conse-
quently, features of the channel, such as the degree of
hydrophobicity or the interior topology, can be altered
while still maintaining the overall framework structure.
One can readily envision modifying the AmTAZ

ligand, used for the synthesis of [ZnF(AmTAZ)] � sol-
vents and shown in Scheme 1, by either removing the
amino group to generate the 1,2,4-triazole (TAZ) ligand
or by adding an additional amino group, to form the
3,5-diamino-1,2,4-triazole (Am2TAZ) ligand. We used
these two ligands, Am2TAZ and TAZ, to synthesize
isomorphic framework structures in which the channel
environment has been modified, yet where the high
thermal stability has been retained. In this paper we
describe the synthesis, structural characterization and
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significant thermal stability of ZnF(TAZ) � solvents and
ZnF(Am2TAZ) � solvents.
2. Experimental

2.1. General procedures

3,5-diamino-1,2,4-triazole (Am2TAZ) and 1,2,4-tria-
zole (TAZ) were purchased from Acros; zinc fluoride
tetrahydrate was purchased from Strem Chemicals. All
chemicals and reagents were used as received without
further purification. Thermogravimetric analyses were
carried out on a TA Instruments SDT 2960 simulta-
neous DTA-TGA by heating the samples at a rate of
5 1C/min in air. X-ray powder diffraction (XRD)
patterns for Rietveld analysis were acquired on a
Rigaku D/Max-2100 powder X-ray diffractometer with
monochromatic CuKa radiation (l ¼ 0:15418 nm). High
temperature powder X-ray diffraction patterns were
collected using a Rigaku hot stage attachment.

2.2. Preparation of [ZnF(Am2TAZ)] � solvents

In a typical synthesis, 0.2 g (2mmol) of Am2TAZ,
0.35 g (2mmol) of zinc fluoride tetrahydrate and 10mL
of water were placed into a 23mL Teflon lined
autoclave. The resulting mixture was stirred for 5min
prior to sealing the autoclave. The autoclave was then
placed in a programmable furnace and heated to 160 1C
at 1 1C/min and held at that temperature for 3 days. The
mixture was then cooled to 60 1C at 0.1 1C/min and kept
at 60 1C for 1 day before the furnace was shut off. White
polycrystalline powder, which was phase pure by
powder X-ray diffraction, was isolated from the reac-
tion. Yield: 79%.

2.3. Preparation of [ZnF(TAZ)] � solvents

In a typical synthesis, 0.14 g (2mmol) of TAZ, 0.35 g
(2mmol) of zinc fluoride tetrahydrate and 10mL of
water were placed in a 23mL Teflon-lined autoclave.
The resulting mixture was stirred for 5min prior to
sealing the autoclave. The autoclave was then placed in
a programmable furnace and heated to 160 1C at 1 1C/
min and held at that temperature for 3 days. The
mixture was then cooled to 60 1C at 0.1 1C/min and kept
at 60 1C for 1 day before the furnace was shut off.
Colorless needle-shaped crystals formed. Yield: 68%.
3. Single crystal structure determination of

ZnF(TAZ) . solvents (1)

X-ray intensity data from a colorless bar were
measured at 294(2)K on a Bruker SMART APEX
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CCD-based diffractometer (MoKa radiation, l ¼

0:71073 (A) [11]. Raw data frame integration and Lp
corrections were performed with SAINT+ [11]. Final
unit cell parameters were determined by least-squares
refinement of 4128 reflections with I45sðIÞ from the
data set. Analysis of the data showed negligible crystal
decay during collection. Direct methods structure
solution, difference Fourier calculations and full-matrix
least-squares refinement against F2 were performed with
SHELXTL [12].
The compound crystallizes in the trigonal crystal

system in the space group R3̄c as determined by the
pattern of systematic absences in the intensity data and
by the successful solution and refinement of the data.
There are five non-hydrogen atoms in the asymmetric
unit of the framework (Zn1, F1, N1, N2, C1). All were
refined anisotropically. The hydrogen atom H1 of the
TAZ ligand was placed in the geometrically idealized
position and included as a riding atom with a refined
isotropic displacement parameter. Zn1, F1, and the
TAZ ligand are all located on a two-fold axis of
rotation. The disordered intrachannel solvent guests
were treated as discussed previously [10]. Electron
density peaks were added to the refinement as vari-
able-occupancy oxygen atoms of water molecules and
refined with a fixed isotropic displacement parameter of
U eq ¼ 0:10 Å

2. Peaks were added until a flat difference
map was achieved, and no occupancy was allowed to
Table 1

Crystal data and structure refinement for ZnF(TAZ) � solvents

Empirical formula C2 H2 F N

Formula weight 185.81

Temperature 294(1)K

Wavelength 0.71073 Å

Crystal system Trigonal

Space group R3̄c

Unit cell dimensions a ¼ 18:6011

b ¼ 18:6011

c ¼ 9:9000ð

Volume 2966.5(3) Å

Z 18

Density (calculated) 1.872mg/m

Absorption coefficient 3.678mm�1

Crystal size 0.14� 0.08

Theta range for data collection 2.19–28.261

Index ranges �24php24
Reflections collected 12,303

Independent reflections 822 [R(int)

Completeness to theta ¼ 28.261 100.0%

Absorption correction None

Refinement method Full-matrix

Data/restraints/parameters 822/0/59

Goodness-of-fit on F2 1.097

Final R indices [I42sigma(I)] R1 ¼ 0:0270
R indices (all data) R1 ¼ 0:0332
Largest diff. peak and hole 0.370 and �
refine under 10%. It should be noted that the occupancy
of the channel species is strongly correlated to the
chosen isotropic displacement parameter. The water
content from the X-ray refinement is therefore approx-
imate. Crystal data, data collection parameters, and
refinement statistics for ZnF(TAZ) � solvents are listed in
Table 1. Atomic coordinates and thermal parameters,
and selected interatomic distances and bond angles for 1

are collected in Tables 2 and 3.
4. Rietveld refinement of ZnF(Am2TAZ) . solvents (2)

using powder X-ray diffraction data

A polycrystalline sample of ZnF(Am2TAZ) � solvents
was ground into a fine powder and used for the
collection of powder X-ray diffraction data. Measure-
ments were collected on a Rigaku D/Max-2100 powder
X-ray diffractometer from 51 to 901 (2y angle) with 0.041
steps and counting times of 30 s/step. Structures based
on powder data were refined using the Rietveld method
as implemented in the program Rietica [13]. The single
crystal structure of ZnF(AmTAZ) � solvents [10] was
used as a model for the refinement of ZnF(Am2
TAZ) � solvents. The amine occupancy in the model
was adjusted to reflect the existence of two amine groups
on the Am2TAZ ligand. The atomic positions of the Zn,
F and the AmTAZ ligand were not refined and the
3 O2.09 Zn

ð7Þ (A a ¼ 901

ð7Þ (A b ¼ 901

8Þ (A g ¼ 1201

3

3

� 0.05�mm3

, �24pkp24, �13plp13

¼ 0.0679]

least-squares on F2

, wR2 ¼ 0.0716

, wR2 ¼ 0.0738

0.426 e Å�3
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Table 2

Atomic coordinates (� 104) and equivalent isotropic displacement

parameters (Å2� 103) for ZnF(TAZ) � solvents

x y z Ueq

Zn(1) 3749(1) 3749(1) 2500 21(1)

F(1) 4094(1) 3333 833 29(1)

C(1) 3681(2) 2121(2) 3272(2) 27(1)

N(1) 3562(1) 2740(1) 3581(2) 25(1)

N(2) 3333 1493(1) 4167 26(1)

O(1) 5500(20) 3480(20) 4520(40) 100

O(2) 5932(9) 3349(10) 3716(14) 100

O(3) 5800(30) 4000(40) 960(60) 100

O(4) 6667 4900(20) 833 100

O(5) 5468(19) 3333 833 100

O(6) 5400(20) 3160(30) �40(40) 100

O(7) 5630(30) 3670(50) 620(40) 100

Ueq is defined as one-third of the trace of the orthogonalizedUij tensor.

Table 3

Selected bond lengths (Å) and angles (deg) for ZnF(TAZ) � solvents

Zn(1)–N(2)#1 2.006(3)

Zn(1)–N(1) 2.034(2)

Zn(1)–F(1) 2.0566(10)

C(1)–N(1) 1.312(3)

C(1)–N(2) 1.346(3)

N(1)–N(1)#5 1.374(4)

N(2)#1–Zn(1)–N(1) 123.12(6)

N(2)#1–Zn(1)–N(1)#2 123.11(6)

N(1)–Zn(1)–N(1)#2 113.76(12)

N(2)#1–Zn(1)–F(1) 91.80(3)

N(1)–Zn(1)–F(1) 90.96(6)

N(1)#2–Zn(1)–F(1) 87.08(7)

N(2)#1–Zn(1)–F(1)#3 91.79(3)

N(1)–Zn(1)–F(1)#3 87.08(7)

N(1)#2–Zn(1)–F(1)#3 90.95(6)

F(1)–Zn(1)–F(1)#3 176.41(6)

Zn(1)–F(1)–Zn(1)#4 119.93(10)

Symmetry transformations used to generate equivalent atoms:

#1 y+1/3, �x+y+2/3, �z+2/3, #2 y, x,�z+1/2, #3 �y+2/3,

x�y+1/3, z+1/3.

#4 �x+y+1/3,�x+2/3, z�1/3, #5 �x+2/3, �x+y+1/3, �z+5/6.

#6 x�y+1/3, x�1/3, �z+2/3.
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Fig. 1. Rietveld plot for ZnF(Am2TAZ) � solvents. Observed (red) and

calculated (black) X-ray diffraction profiles of ZnF(Am2TAZ) � sol-

vents at room temperature; a difference curve is shown (green).

Vertical bars (blue) mark reflection positions for the ZnF(Am2-
TAZ) � solvents phase.

Table 4

Summary of crystallographic data and least-squares refinement for

ZnF(Am2TAZ) � solvents

Space group R3̄c

a (Å) 18.508(1)

c (Å) 10.0376(8)

V (Å3) 2977.9(3)

Rp (%) 11.9

Rwp (%) 15.8

RBragg (%) 10.88

w2 74
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solvents in the channels were modeled using oxygen
atoms. Both the atomic positions and atomic displace-
ment parameters of the solvent oxygens were refined
with the atomic displacement parameters constrained to
be equal. When these were allowed to refine freely the
calculations tended to diverge. The peak shapes were
refined using a pseudo-Voigt function and the back-
ground was calculated using an automatic smoothing
function based on 20 steps. The lattice parameters were
allowed to refine without any constraints. The X-ray
powder diffraction pattern with difference plot (obser-
ved–calculated) is shown in Fig. 1. Tick marks
correspond to the allowed ZnF(Am2TAZ) Bragg reflec-
tions. Rietveld and least-squares refinement results,
atomic coordinates and thermal parameters, and
selected bond distances and angles are presented in
Tables 4–6, respectively.
5. Results and discussion

Single crystals of ZnF(TAZ) � solvents and polycrys-
talline powders of ZnF(Am2TAZ) � solvents (from here-
on collectively referred to as ZnF(R2TAZ) � solvents
(R ¼ H, NH2)) were grown hydrothermally out of an
aqueous solution containing zinc fluoride and the ligand
(TAZ or Am2TAZ) that was kept at 160 1C for 3 days.
The crystals grow as needles and are the majority
product in the case of the TAZ reaction, whereas the
Am2TAZ product is polycrystalline and seemingly phase
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Table 5

Atomic coordinates (� 104) and isotropic displacement parameters

(Å2) for ZnF(Am2TAZ � solvents)

x y z Biso

Zn(1) 3755 3755 2500 3.6(1)

F(1) 4122 3333 833 3.1(3)

C(1) 3725 2149 3308 3.8(4)

N(1) 4297 2187 2348 3.6(3)

N(2) 3590 2767 3599 3.5(3)

N(3) 3333 1502 4167 5.3(3)

O(1) 5459(40) 2424(30) 1985(50) 34.4(7)

O(2) 3219(20) 2174(10) 1761(20) 34.4(7)

O(3) 5000 2197(20) 434(80) 34.4(7)

O(4) 6667 3333 1674(20) 34.4(7)

O(5) 5902(70) 3304(10) 3442(100) 34.4(7)

O(6) 4957(30) 2759(50) 9485(50) 34.4(7)

O(7) 5483(30) 4205(30) 513(50) 34.4(7)

O(8) 5701(30) 3606(50) 1112(100) 34.4(7)

O(9) 6456(20) 1380(20) 7698(50) 34.4(7)

Table 6

Selected bond lengths (Å) and angles (deg) for ZnF(Am2TAZ) � sol-

vents

Zn(1)–N(2)#1 2.0250(1)

Zn(1)–N(3) 1.9987(1)

Zn(1)–F(1) 2.0972(1)

C(1)–N(2) 1.3186(1)

C(1)–N(3) 1.3549(1)

N(2)–N(2)#5 1.4055(1)

N(3)#1–Zn(1)–N(2) 126.35

N(3)#1–Zn(1)–N(2)#2 126.38

N(2)–Zn(1)–N(2)#2 107.26

N(3)#1–Zn(1)–F(1) 91.38

N(2)–Zn(1)–F(1) 91.66

N(2)#2–Zn(1)–F(1) 86.88

N(3)#1–Zn(1)–F(1)#3 91.38

N(2)–Zn(1)–F(1)#3 86.88

N(2)#2–Zn(1)–F(1)#3 91.66

F(1)–Zn(1)–F(1)#3 177.23

Zn(1)–F(1)–Zn(1)#4 118.69

Symmetry transformations used to generate equivalent atoms:

#1 y+1/3, �x+y+2/3, �z+2/3, #2 y, x, �z+1/2, #3 �y+2/3,

x�y+1/3, z+1/3.

#4 �x+y+1/3, �x+2/3, z�1/3, #5 �x+2/3, �x+y+1/3, �z+5/6.

#6 x�y+1/3, x�1/3, �z+2/3.
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pure. In both cases a white solid impurity, believed to be
Zn(OH)F, is sometimes observed. The synthesis condi-
tions employed are very similar to those used in the
original syntheses of ZnF(AmTAZ) � solvents by our
group [10].
The framework structures of [ZnF(R2TAZ)] are

virtually identical to that of ZnF(AmTAZ), the differ-
ences arising from the presence of an additional amino
group or conversely, the absence of all amino groups, on
the triazole ligand. The framework structure consists of
an extended, 3D tubular framework. The skeleton of the
framework consists of a fundamental repeating unit
[ZnF(R2TAZ)], where the Zn and F atoms and the
R2TAZ ligand are located on two-fold rotational axes.
Each Zn2+ center has a trigonal bipyramidal geometry
with the three equatorial sites occupied by an imino
nitrogen atom from three separate R2TAZ ligands and
the two apical positions occupied by F� anions (Fig. 2).
All three nitrogen atoms in the triazole (R2TAZ) ring
are coordinated to different Zn2+ centers; and the Zn2+

centers are further connected by F� anions that act as
m2-bridging atoms to link two neighboring Zn

2+ centers.
Thus, propagation of the structure in the crystal
involves the m3-R2TAZ units and the m2-F

� anions to
generate a 3D framework containing large hexagonal
channels (Fig. 3). In the case of the Am2TAZ-based
framework, the amino groups protrude into these
channels, reducing their effective diameter. In the case
of the ZnF(TAZ) framework, the amino groups are, of
course, absent leaving a larger, more open channel.
Fig. 2a clearly shows the framework structure

surrounding a single channel. The framework can be
viewed as consisting of open-ended, hollow tubes
extending along the c-axis with a crystallographically
imposed 3̄ axis in the center of each tube. Consequently,
as shown in Fig. 2a, each tube consists of hexanuclear
metallamacrocycles made up of six ligands and six Zn2+

metal centers that are related by three-fold rotoinversion
symmetry. Within this metallamacrocycle, each ligand
utilizes its 1- and 4-positioned nitrogen donors to link
two five-coordinate Zn2+ metal ions through two of the
three equatorial sites. Each Zn2+ ion is further
coordinated to another ligand with N–Zn–N angles of
�1231 (Tables 3 and 6), enabling the joining of 3̄-
symmetry related metallamacrocycles. Fusing of these
metallamacrocycles via the third bridging ligand results
in the honeycomb arrangement observed in the ab plane
(Fig. 3). In addition, the 2-positioned nitrogen donor of
each ligand is bound to one of the six Zn2+ centers
belonging to an adjacent, hexanuclear metallamacro-
cycle (Fig. 2b). As shown in Fig. 4, stacking of the
metallamacrocycles results in 1D chains running along
the c-axis where connectivity is established via vertex
sharing of ZnN3F2 polyhedra. Adjacent Zn

2+ centers in
these chains are part of 5-membered Zn2N2F rings,
where each ring is composed of the two Zn2+ centers, a
m2-bridging F� anion and the 1- and 2-positioned
bridging nitrogen atoms of the ligand. Overall, the
ligand unit utilizes its 1- and 4-positioned nitrogen
atoms to link trigonal bipyramidal Zn2+ centers into
metallamacrocycles that are fused to generate a 2D
honeycomb sheet in the ab plane. Such 2D sheets are
connected in the third direction via bridging F� anions
and 2-positioned R2TAZ nitrogen atoms to generate the
3D honeycomb tubular framework.
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Fig. 2. (a) Three-fold symmetry related hexanuclear metallamacrocycle composed of six Am2TAZ and six zinc centers. (b) View highlighting the

connectivity between zinc centers and adjacent metallamacrocycles. Hydrogen atoms are omitted for clarity. Key: Zn, red; F, green; N, blue; C,

yellow.

Fig. 3. Honeycomb tubular channels formed in the [ZnF(Am2TAZ)]

framework along the c-axis. The coordination geometry of the zinc

centers is represented by red trigonal bipyramids. Hydrogen atoms are

omitted for clarity. Key: Zn, red; F, green; N, blue; C, yellow.

Fig. 4. Tubular structure of a single channel highlighting the

connectivity of the zinc trigonal bipyramids and the connectivity of

the Am2TAZ ligand. The tube interior is represented by a yellow

cylinder. Hydrogen atoms are omitted for clarity.

A.M. Goforth et al. / Journal of Solid State Chemistry 178 (2005) 2511–25182516
6. Structural robustness

The frameworks of ZnF(R2TAZ) are very stable in air
and can be heated to between 325 and 350 1C before the
frameworks start to fall apart. This is similar to the
thermal behavior observed for the previously reported
ZnF(AmTAZ) framework and in all cases, the final
decomposition product is ZnO, which begins to form
when the samples are heated in air past 500 1C. TGA
data collected in air exhibited an abrupt weight loss
between 340 and 390 1C and between 380 and 430 1C, for
ZnF(TAZ) � solvents and ZnF(Am2TAZ) � solvents, re-
spectively, indicating structure decomposition. This is
confirmed by the high temperature XRD analyses,
which indicate that the ZnF(TAZ) framework is stable
until at least 300 1C while the ZnF(AmTAZ) and the
ZnF(Am2TAZ) frameworks remain intact to at least
335 1C. The high temperature XRD data is shown in
Figs. 5 and 6 for ZnF(TAZ) � solvents and ZnF(Am-
TAZ) � solvents, respectively. As can be seen in Fig. 5,
the main peaks for ZnF(TAZ) disappear at 335 1C,
indicating the beginning of the structure decomposition.
By comparison, the ZnF(Am2TAZ) data, Fig. 6,
indicates that the structure remains intact to at least
335 1C.
A fundamental question concerns the origin of the

unusually high thermal stability of these channel-
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Fig. 5. Powder X-ray diffraction patterns of ZnF(TAZ) � solvents

collected at 35, 135, 235, and 335 1C. Impurity peaks are marked by an

asterix.
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Fig. 6. Powder X-ray diffraction patterns of ZnF(Am2TAZ) � solvents

collected at 35, 135, 235, and 335 1C.

Fig. 7. Space filling view of single tubes of ZnF(TAZ) � solvents and

ZnF(Am2TAZ) � solvents highlighting the reduction in channel dia-

meter due to the presence of amine groups in ZnF(Am2TAZ) � solvents

protruding into the channel. Atoms are drawn with appropriate van

der Waals radii (C: 1.7 Å, H: 1.2 Å, N: 1.5 Å, F: 1.35 Å).
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containing frameworks. One can hypothesize that the
combination of strong Zn–F and Zn–N linkages,
coupled with the small ligand size, is one reason for
this high thermal stability. If this is the case, then one
should be able to expand upon these structures and
prepare other exceptionally thermally stable frameworks
using related nitrogen containing heterocycles. An
obvious extension of this work concerns the synthesis
of the methyl derivatives of TAZ, MeTAZ and
Me2TAZ. These ligands would generate a much more
hydrophobic channel environment and their syntheses
and investigations are ongoing. Clearly, one can
envision using other substituted triazoles as well as
more complex nitrogen-containing heterocycles as li-
gands.
Another fundamental concern for framework struc-

tures is the ability to exercise control over the channel
size. In the structures discussed in this paper, the
nitrogen positions on the R2TAZ group establish the
Zn–N–C–N–Zn curvature in the metallamacrocycles,
and thereby determine its ring size. Increasing the
curvature with a hypothetical Zn–N–C–C–N–Zn se-
quence (by using a six membered heterocyclic ring) may
lead to a larger metallamacrocycle with greater channel
diameter. Again, one can envision other nitrogen-
containing heterocycles that could potentially achieve
this goal.
The channel size (in the present framework structures)

is sensitive to the substituents on the triazole ligand, and
these substituents also control the chemical environment
in the channels. As shown in Fig. 7, where space filling
representations of the channels in both the ZnF(TAZ)
and the ZnF(Am2TAZ) frameworks are depicted, the
presence of the two amine groups in the ZnF(Am2TAZ)
framework reduces the channel diameter from �6.3 Å in
the ZnF(TAZ) framework to only �4.7 Å in the
ZnF(Am2TAZ) framework. Clearly, it is desirable to
achieve larger channel diameters by employing more
favorable ligand geometries as discussed above. This
would increase the available space in the channel and
thus provide sufficient room to accommodate even
bulky substituents on the triazole ligand without
completely filling the channel. This work, to control
the hydrophobicity in larger channel structures, is
currently ongoing.
7. Conclusion

Two new, exceptionally thermally stable, hollow
tubular metal–organic architectures, [ZnF(TAZ)] �
solvents and [ZnF(Am2TAZ)] � solvents have been
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synthesized and structurally characterized. The frame-
work structures of both compounds are thermally stable
to over 300 1C. A strategy for synthesizing other
thermally stable porous framework structures has been
presented along with a suggestion on controlling the
hydrophobicity of the channel environment.
8. Supplementary materials

X-ray crystallographic data in CIF format for
complex 1 has been deposited with the Cambridge
Crystallographic Data Centre. The deposit number is
CCDC-266086.
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