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Two heterometallic [K4M4(HL)4(H2O)12] (M¼Co (1), Ni (2)) and two homometallic
[M2L(H2O)7] � 2H2O ((M¼Co (3), Ni (4)) (H4L¼ (2-(bis(carboxymethyl)amino) terephthalic
acid) have been synthesized and characterized by elemental analysis, FT-IR spectrum, and
single-crystal X-ray diffraction. The isomorphous 1 and 2 contain Kþ and M2þ, in which Kþ

were bridged with M2þ through �-HL3� and �-H2O, leading to 2-D layer structures. The
isomorphous 3 and 4 show homometallic binuclear complexes with �-HL3� as the bridging
ligand. Various H-bonds including different H-bond helical chains form, by which 3 and 4

assemble into 3-D supramolecular frameworks. TG analysis indicates that the decomposition
temperatures are [K4M4(HL)4(H2O)12] (1)4 [M2L(H2O)7] � 2H2O (3)4H4L.

Keywords: Supramolecular framework; Helical chains; Cobalt complex; Nickel complex

1. Introduction

Design and synthesis of organic–inorganic hybrid complexes have attracted significant
interest for intriguing topologies and applications in non-linear optics, luminescence,
magnetism, etc. [1, 2]. Recent research focused on complexes with multidentate ligands
such as polycarboxylic acids [3–5]. With two or more coordinated groups, polytopic
ligands can be applied to build intriguing molecular architectures with special
magnetism, and optical properties due to their variety of binding or bridging.
Magnetic and adsorption materials based on them can be documented [6, 7]. Recently,
2-(bis(carboxymethyl)amino) terephthalic acid (H4L) as a ligand has been employed in
the preparation of metal–organic complexes. H4L contains four carboxylic acids in a
tripod. Due to various coordination modes of carboxylic acid and strong chelation of
the tripod ligand, H4L should be a good ligand in constructing multinuclear complexes
and even supramolecular frameworks. Two copper complexes with alternating magnetic
coupling have been obtained and reported [8], confirming our anticipation. An
interesting phenomenon has been found in cobalt and nickel complexes. Alkali metal
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ions usually have high coordination numbers and are employed as template agents in
cyclic organic compounds [9, 10] or host-guest chemistry [11], and are rarely used in
assembling metal–organic complexes. In our synthesis, introduction of potassium ions
leads to 2-D heterometallic complexes [K4M4(HL)4(H2O)12] (M¼Co (1), Ni (2)), which
can be described as a template synthesis. The absence of potassium ions resulted in only
homometallic binuclear complexes [M2L(H2O)7] � 2H2O ((M¼Co (3), Ni (4)), confirm-
ing the template roles played in 1 and 2. Syntheses, structures, and thermal properties
are discussed in the following text.

2. Experimental

2.1. Materials and characterization

2-(Bis(carboxymethyl)amino)terephthalic acid (H4L) was prepared as reported [12]. All
other reagents were commercial and used without purification. The synthesis routes of
1–4 are shown in scheme 1.

Elemental analyses for C, H, and N were carried out with a Vario EL III elemental
analyzer. Infrared (IR) spectra were taken with a Bruker tensor 27 FTIR spectro-
photometer from 4000 to 400 cm�1 using KBr pellets. Thermogravimetric analyses were
studied by a Delta Series TA-SDT Q600 in nitrogen using Al crucibles.

2.2. Synthesis

2.2.1. Synthesis of [K4Co4(HL)4(H2O)12] (1). A solution of Co(OAc)2 � 4H2O (63.2mg,
0.35mmol) in 5mL methanol was added to a stirred solution of H4L (60.3mg,
0.20mmol) in 5mL methanol. Ten minutes later, solid KOH (11.2mg, 0.20mmol) and
four drops of KNO3 (0.20mol L�1) were sequentially added to the mixture. The
resulting solution was filtered after stirring for 30min. Red block crystals were isolated

Scheme 1. Synthesis routes of 1–4.
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from the filtrate after standing for 3 weeks with the yield of 34%. Anal. Calcd for
C12H8CoKNO11 (%): C, 32.71; H, 1.81; N, 2.49. Found (%): C, 32.54; H, 2.01; N, 2.66.

2.2.2. Synthesis of [K4Ni4(HL)4(H2O)12] (2). A solution of Ni(OAc)2 � 4H2O (62.1mg,
0.35mmol) in 5mL methanol was added to the solution of H4L (62.3mg, 0.20mmol) in
5mL methanol under stirring. Green precipitate slowly formed from the reaction, to
which 2,20-bipyridine (311.8mg, 2.0mmol) and four drops of KNO3 (0.20mol L�1) were
added. The mixture was filtered after reacting for 1 h. Cyan block crystals were
obtained after leaving the filtrate for 1 month. The yield is 27%. Anal. Calcd for
C12H14NiKNO11 (%): C, 32.28; H, 3.14; N, 3.17. Found (%): C, 32.33; H, 3.41; N, 3.32.

2.2.3. Synthesis of [Co2L(H2O)7] . 2H2O (3). Co(OAc)2 � 4H2O (179.3mg, 1.00mmol)
in a 15mL mixture of EtOH/H2O (V/V¼ 1/1) was added to a stirred solution of 15mL
EtOH/H2O (V/V¼ 1/1) containing H4L (276.9mg, 1.00mmol) and NaOH (80.4mg,
2.00mmol). The resulted mixture was filtered after 3 h. Red block crystals were isolated
from the filtrate after leaving undisturbed for 3 weeks and dried in air. The yield is
85mg (30% based on Co atoms). Anal. Calcd for C12H25Co2NO17 (%): C, 25.12;
H, 4.36; N, 2.44. Found (%): C, 25.44; H, 4.67; N, 2.32.

2.2.4. Synthesis of [Ni2L(H2O)7] . 2H2O (4). Complex 4 was synthesized in the similar
procedure as 3 except changing Co(OAc)2 � 4H2O and NaOH for Ni(OAc)2 � 4H2O and
NaHCO3. The yield is 42%. Anal. Calcd for C12H25NNi2O17 (%): C, 25.14; H, 4.36;
N, 2.44. Found (%): C, 25.32; H, 4.53; N, 2.26.

2.3. Single-crystal X-ray structure determination

Single crystals of 1–4 with suitable dimensions were mounted onto thin glass fibers;
intensity data were collected at 294K on a Bruker SMART 1000-CCD diffractometer
(Mo-Ka radiation, �¼ 0.71073 Å) in ! scan modes. Structures were solved by the direct
method followed by difference Fourier syntheses and then refined by full-matrix least-
square refinement on F2 using SHELXTL [13, 14]. All non-hydrogen atoms were
refined with anisotropic parameters while hydrogen atoms were placed in calculated
positions and refined using a riding model. All crystallographic data are listed in table 1.

3. Results and discussion

3.1. Synthesis and FT-IR spectroscopy

The four complexes were prepared at room temperature with different solvent and
alkali metal leading to different hetero- and homometallic complexes. For 1 and 2,
methanol, KOH or 2,20-bipyridine, and extra KNO3 were used, which favored the
formation of heterometallic complexes 1 and 2. To compare with 1 and 2, KNO3 was
replaced by NaNO3 in the above synthesis and no similar structure was obtained.
Obviously, the extra Kþ acts as template in building the heterometallic framework.

Homo- and heterometallic complexes 1917
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(Å

,�
)

a
3
0
.7
6
3
(4
)

3
0
.5
4
9
(6
)

1
3
.1
0
8
(3
)

1
3
.0
2
1
(3
)

b
7
.9
2
1
0
(1
0
)

7
.8
2
9
8
(1
6
)

7
.7
1
3
6
(1
5
)

7
.6
5
7
6
(1
5
)

c
1
3
.5
2
2
0
(1
7
)

1
3
.4
5
9
(3
)

2
1
.6
1
5
(4
)

2
1
.4
8
2
(4
)

�
9
0

9
0

9
0

9
0

�
9
3
.1
0
5
(2
)

9
3
.4
7
(3
)

1
0
5
.7
0
(3
)

1
0
5
.7
7
(3
)

�
9
0

9
0

9
0

9
0

V
o
lu
m
e
(Å

3
),
Z

3
2
9
0
.1
(7
),
8

3
2
1
3
.4
(1
1
),
8

2
1
0
4
.0
(7
),
4

2
0
6
1
.4
(7
),
4

C
a
lc
u
la
te
d
d
en
si
ty

(g
cm
�
3
)

1
.8
0
2

1
.8
4
4

1
.8
1
0

1
.8
4
5

A
b
so
rp
ti
o
n
co
ef
fi
ci
en
t
(m

m
�
1
)

1
.3
5
8

1
.5
3
0

1
.6
6
3

1
.9
1
4

�
ra
n
g
e
fo
r
d
a
ta

co
ll
ec
ti
o
n
(�
)

2
.6
5
–
2
5
.0
2

2
.6
7
–
2
5
.0
2

1
.9
6
–
2
5
.0
2

1
.9
7
–
2
5
.0
2

L
im

it
in
g
in
d
ic
es

�
3
0
�
h
�
3
6
;

�
3
6
�
h
�
3
6
;

�
1
4
�
h
�
1
5
;

�
1
4
�
h
�
1
5
;

�
8
�
k
�
9
;

�
9
�
k
�
9
;

�
9
�
k
�
9
;

�
9
�
k
�
9
;

�
1
1
�
l�

1
6

�
1
6
�
l�

1
6

�
2
5
�
l�

2
1

�
2
3
�
l�

2
5

R
ef
le
ct
io
n
s
co
ll
ec
te
d

8
2
2
5

1
5
,8
2
3

1
3
,6
2
0

1
3
,2
2
4

In
d
ep
en
d
en
t
re
fl
ec
ti
o
n

2
9
0
1
[R
(i
n
t)
¼
0
.0
2
6
4
]

2
8
4
4
[R
(i
n
t)
¼
0
.0
3
6
5
]

3
7
1
0
[R
(i
n
t)
¼
0
.0
3
2
9
]

3
6
2
1
[R
(i
n
t)
¼
0
.0
4
0
1
]

D
a
ta
/r
es
tr
a
in
ts
/p
a
ra
m
et
er
s

2
9
0
1
/0
/2
6
0

2
8
4
4
/0
/2
6
0

3
7
1
0
/0
/3
4
0

3
6
2
1
/3
/3
4
0

G
o
o
d
n
es
s-
o
f-
fi
t
o
n
F
2

1
.0
4
1

1
.0
6
3

1
.0
3
7

1
.0
2
8

F
in
a
l
R

in
d
ic
es

[I
4

2
�
(I
)]

R
1
¼
0
.0
2
4
7
,

w
R
2
¼
0
.0
5
8
6

R
1
¼
0
.0
2
7
3
,

w
R
2
¼
0
.0
6
5
0

R
1
¼
0
.0
2
3
6
,

w
R
2
¼
0
.0
6
0
5

R
1
¼
0
.0
2
8
8
,

w
R
2
¼
0
.0
8
6
6

R
in
d
ic
es

(a
ll
d
a
ta
)

R
1
¼
0
.0
3
2
3
,

w
R
2
¼
0
.0
6
1
9

R
1
¼
0
.0
2
8
2
,

w
R
2
¼
0
.0
6
5
6

R
1
¼
0
.0
2
6
6
,

w
R
2
¼
0
.0
6
2
4

R
1
¼
0
.0
3
2
4
,

w
R
2
¼
0
.0
8
8
5

L
a
rg
es
t
d
if
fe
re
n
ce

p
ea
k
a
n
d
h
o
le

(e
Å
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The factors responsible for the template role of Kþ rather than Naþ ions may be the
hydration capacity of Kþ being weaker than Naþ and the weaker polarization and
stronger deformation ability [11b]. Homometallic complexes 3 and 4 were generated
when KOH or 2,20-bipyridine was substituted by NaOH or NaHCO3, whether NaNO3

was added or not. The mixture EtOH/H2O was favorable for the generation of 3 and 4,
providing a slower evaporation rate and a better solubility than MeOH.

IR spectra of 1 and 2 show strong and broad stretching bands at 3408 cm�1 and
3414 cm�1, respectively, attributed to the O–H stretch of bound water. Bands at 1675–
1676 cm�1 indicate incomplete deprotonation of carboxylic group of H4L.
Characteristic bands of carboxylates are at 1598–1600 and 1449 cm�1 for asymmetric
stretches and symmetric stretches [15], respectively. In IR spectra of 3 and 4, broad
bands at 3321 and 3295 cm�1 can be assigned to the formation of O–H � � �O–H bonds.
The absence of bands at 1670–1700 cm�1 suggests complete deprotonation of carboxylic
group of H4L. Bands of carboxylates are at 1579 cm�1 and 1451 cm�1 for asymmetric
and symmetric stretches, respectively.

3.2. Structure descriptions

X-ray crystallographic diffractions reveals that 1 (figures S1 and S2) and 2 are
isomorphous, crystallizing in the monoclinic crystal system with a C2/c space group.
Important bond lengths and angles are listed in table 2. The following descriptions are
based on 1. As shown in figure 1, 1 contains one repeat unit [K2Co2(HL)2(H2O)6],
composed of two Kþ, two Co2þ, two HL3�, and six coordinated water molecules. Each

Table 2. Important bond lengths (Å) and angles (�) of 1 and 2.

1

Co(1)–O(1) 2.0130(15) K(1)–O(8) 2.8601(16)
Co(1)–O(5) 2.0244(15) K(1)–O(11) 2.863(2)
Co(1)–O(9) 2.0644(18) K(1)–O(1)#1 2.9213(18)
Co(1)–O(7) 2.0749(15) K(1)–O(7) 2.9344(15)
Co(1)–O(10) 2.1049(16) K(1)–O(10)#1 2.9522(17)
Co(1)–N(1) 2.1666(17) K(1)–O(6)#2 3.0696(17)
Co(1)–K(1)#1 3.6199(6) K(1)–O(9)#1 3.179(2)
K(1)–O(5)#2 2.7473(15) K(1)–O(11)#4 3.202(2)
K(1)–O(8)#3 2.7941(16) O(9)–Co(1)–O(7) 177.73(7)
O(1)–Co(1)–O(5) 170.80(7) O(10)–Co(1)–N(1) 173.78(7)
K(1)–O(8)#3 2.7941(16) O(9)–Co(1)–O(7) 177.73(7)

2

Ni(1)–O(1) 2.0049(16) K(1)–O(11) 2.8214(18)
Ni(1)–O(7) 2.0066(16) K(1)–O(6)#3 2.8323(17)
Ni(1)–O(5) 2.0339(15) K(1)–O(5)#3 2.8832(15)
Ni(1)–O(10) 2.0465(16) K(1)–O(1) 2.9077(17)
Ni(1)–O(9) 2.0519(17) K(1)–O(10) 2.9125(18)
Ni(1)–N(1) 2.1069(18) K(1)–O(8)#1 3.0296(17)
Ni(1)–K(1) 3.5796(8) K(1)–O(9) 3.068(2)
K(1)–O(7)#1 2.7455(17) K(1)–O(11)#4 3.2117(19)
K(1)–O(6)#2 2.7553(17) O(5)–Ni(1)–O(9) 178.18(7)
O(1)–Ni(1)–O(7) 172.99(6) O(10)–Ni(1)–N(1) 175.42(7)

Symmetry codes for 1: #1
�xþ 1/2,�yþ 1/2,�zþ 1; #2

�xþ 1/2,yþ 1/2, �zþ 3/2; #3
�xþ 1/2,�yþ 3/2,�zþ 1, #4

�xþ 1/
2,y� 1/2,�zþ 3/2. Symmetry codes for 2: #1x, �y, z� 1/2; #2x, y� 1, z; #3

�xþ 1/2, �yþ 1/2, �zþ 1; #4
�xþ 1/2, yþ 1/2,

�zþ 1/2.
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symmetric Co2þ is located in an octahedral NO5 geometry. The equatorial plane
consists of one nitrogen (amino), two oxygen atoms (carboxyl), and one coordinated
H2O with an average Co–O distance of 2.040 Å. Axial positions are occupied by O7
(carboxyl) and O9 (H2O) with mean bond distances of 2.076 Å to metal. Obviously, it is
nearly an ideal octahedron. Each Kþ is coordinated by 10 oxygen atoms involving six
carboxyl and four water molecules. The K–O distance is consistent with the reported
values [16–20]. Neighboring Co2þ and Kþ ions are bridged by three �2-O from one
carboxyl and two H2O, and single �2-O atom (O7), resulting in a closed K2Co2 core.
The K � � �Co distance is 3.620 Å. If the tetranuclear cores were considered as secondary
building units, neighboring building units are linked by �2-O5 bridges between Co2þ

and Kþ, and by �2-O11 and double �2-O8 bridges between two Kþ ions. The Co � � �K
and two K � � �K separations are 4.498, 6.017, and 4.086 Å, respectively. Kþ ions are set
into a brick wall framework [21], with two Co2þ centers inserted in the middle of K6

rectangles with Co � � �Co distance of 5.132 Å (figure 2); a 2-D layer framework is
assembled. Kþ ions can be considered as templates in assembling 2-D layers.

In the 2-D layer, H4L lost three protons and coordinates with one Co2þ and four Kþ

ions as a hexadentate ligand. Three carboxylic groups exhibit various coordinated
modes, 3.12, 2.21, and monodentate [22–25]. The free –COOH groups are distributed
on both sides of the 2-D layer, forming interlayer H-bonds between O3 and O6
(carboxyl), and O4 and O9 (coordinated H2O), respectively. H-bonds distances and
angles are listed in table 3.

Isomorphous 3 (figure S3) and 4 are homometallic complexes and crystallize in
monoclinic crystal systems with a P21/n space group. Important bond lengths and
angles are listed in table 4. The following description is based on 4. As illustrated in
figure 3, compound 4 is a dinuclear complex composed of one L4�, two Ni2þ, and seven

Figure 1. The diagram of 1 with numbering scheme.
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coordinated water molecules. The coordination geometry around Ni1 is a slightly
distorted octahedron. The Ni–N and average Ni–O distances in the equatorial plane
composed of N1, O5, O9, and O1 are 2.110 and 2.026 Å, respectively. The axial
positions are occupied by O7 and O10 with mean Ni–O distance of 2.011 Å,

Table 3. Important H-bond lengths (Å) and angles (�) of 3 and 4.

D–H � � �A d(D � � �A) ffDHA d(D–H) Symmetry code of A

3

O16–H23 � � �O8#1 2.886 167.31 0.883 #1
�xþ 3/2, yþ 1/2, �zþ 1/2

O17–H3 � � �O16#2 2.759 171.44 0.855 #2
�xþ 3/2, y� 1/2, �zþ 1/2

O17–H21 � � �O8#2 2.856 169.28 0.841
O15–H15 � � �O13#3 2.811 168.29 0.820 #3

�xþ 1/2, y� 1/2, �zþ 1/2
O9–H1O4#4 2.661 174.39 0.786 #4

�xþ 1, �yþ 2, �z

4

O17–H26 � � �O16 2.753 174.20 0.826
O17–H27 � � �O6#1 2.833 169.82 0.809 #1

�xþ 1/2, y� 1/2, �zþ 1/2
O16–H23 � � �O6#2 2.895 173.93 0.756 #2 x, y� 1, z
O15–H15 � � �O12#3 2.806 162.45 0.820 #3

�x� 1/2, yþ 1/2, �zþ 1/2
O10–H25 � � �O3#4 2.664 172.38 0.747 #4

�x, �yþ 1, �z

Table 4. Important bond lengths (Å) and angles (�) of 3 and 4.

3

Co(1)–O(10) 2.0327(14) O(9)–Co(1)–O(5) 174.41(6)
Co(1)–O(1) 2.0376(14) O(1)–Co(1)–O(7) 166.88(5)
Co(1)–O(5) 2.0714(13) O(10)–Co(1)–N(1) 171.10(6)
Co(1)–O(7) 2.0869(14) O(14)–Co(2)–O(11) 175.96(6)
Co(1)–N(1) 2.1893(16) O(3)–Co(2)–O(15) 174.58(6)
Co(1)–O(9) 2.0400(14) O(12)–Co(2)–O(13) 166.05(5)

4

Ni(1)–O(10) 2.0046(19) O(10)–Ni(1)–O(7) 175.82(8)
Ni(1)–O(1) 2.0111(19) O(1)–Ni(1)–O(5) 171.83(7)
Ni(1)–O(9) 2.0155(18) O(9)–Ni(1)–N(1) 171.92(8)
Ni(1)–O(7) 2.0292(17) O(11)–Ni(2)–O(13) 175.69(8)
Ni(1)–O(5) 2.0533(19) O(14)–Ni(2)–O(12) 167.52(8)
Ni(1)–N(1) 2.110(2) O(4)–Ni(2)–O(15) 174.63(7)

Figure 2. (a) The 2-D topology of 1, Kþ and Co2þ ions are represented by dark red (large) and cyn (small)
balls. The bridges linking K � � �K and K � � �Co are represented by green and dark red bonds; (b) the 2-D brick
wall framework formed by Kþ ions (Color online).
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respectively. Ni2 is located in a normal O6 octahedral geometry composed of five H2O
and O4 of carboxyl. The average Ni–O distance in the equatorial plane formed by O4,
O12, O15, and O14 is 2.082 Å. The axial sites are occupied by O11 and O13 with a Ni–O
bond length of 2.045 Å. In 4, L4� is pentadentate coordinated with two metal ions. The
Ni � � �Ni distance is 8.854 Å.

In 4, two lattice H2O play an important role in linking H-bond frameworks. As
shown in figure 4(a), O16 and O17 have a role with O6 of two neighboring dinuclear
molecules via O6 � � �O16 and O6 � � �O17, and also interact with each other by
O16 � � �O17 H-bond. Consequently, a right-hand H-bond helical chain
O6 � � �O16 � � �O17 � � � is formed along the b direction. H-bond distances are 2.895,
2.752, and 2.834 Å, respectively. Adjacent Ni2 octahedra are linked by O12 � � �O15 H-
bonds, also resulting in left-hand helical chains along the b-axis (figure 4b). The H-bond
length is 2.805 Å. Two helical chains combine to form a 2-D supramolecular
framework. As exhibited in figure 4(c), O10 interacts with O3 via H-bonds, by which
neighboring right-hand and left-hand helical chains connect in the ac plane. The
O10 � � �O3 bond length is 2.664 Å. As a result, a 3-D supramolecular framework
illustrated as figure 4(d) is produced [26].

3.3. Thermogravimetry (TG)

To get information about thermal stability, [K4Co4(HL)4(H2O)12] (1),
[Co2L(H2O)7] � 2H2O (3), and H4L were studied by TG techniques from 298K to
973K and 298K to 1073K under nitrogen.

The TG chart of 1 exhibits three mass loss stages, starting at 380–440K with the
8.15% mass loss, which corresponds to the loss of two water molecules (Calcd 8.06%).

Figure 3. The ORTEP drawing of 4 with the thermal ellipsoids at the 30% probability.
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The two H2O should be the coordinated water molecules with long K–O bond distances
(2.822 and 3.212 Å). On increasing temperature from 450K, weight loss continues to
520K. The weight loss in this step is 3.81%, assigned to the loss of one H2O (Calcd
4.03%). The complex experiences a rapid loss at 650K, which indicates the
decomposition of HL3�.

Two weight loss steps were observed in the TG curve of 3. The first is from 310K to
598K with 28.20% mass loss, consistent with the loss of nine water molecules (Calcd
28.27%). From 598K, the complex loses weight rapidly, and then experienced a slow
mass loss from 855 to 1035K with the sum value of 36.42%, from the decomposition
of HL3�.

H4L experienced two main weight loses (figure 5). The first occurs at 320–420K
(6.13%), which can be considered as one H2O from the transformation of two acetic

Figure 5. The TG curve of 1 from 298 to 973K, 3 and H4L from 298 to 1073K.

Figure 4. (a) 1-D H-bonds helical chain formed by O6, O16, O17 and labeled with blue dotted lines; (b) 1-D
H-bond helical chain generated by Ni2 octahedra via H-bonds labeled with pale blue dotted lines;
(c) 2-D layer structure linked by left-hand and right-hand helical chains via red dotted line H-bonds; and (d)
3-D supramolecular framework comprised of 2-D layer linked by Ni2 helical chains (Color online).
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acids to acetic anhydride. As the temperature increased from 420K, the skeleton of H4L
was damaged.

4. Conclusions

Four complexes containing cobalt(II) and nickel(II) were synthesized using H4L. Extra
Kþ in methanol is necessary for building the heterometallic 2-D layer coordination
polymers 1 and 2. Homometallic complexes 3 and 4 were obtained if Kþ ions were
absent. Obviously, Kþ functions as a template and Naþ cannot. In 3 and 4, various
H-bond helical chains were formed and extended to 3-D supramolecular frameworks.
Thermal analysis shows that the stability order is 14 34H4L.

Supplementary material

Crystallographic data and bond length and angles in CIF format for this article have
been deposited in the Cambridge Crystallographic Data Centre. Copies of the data can
be obtained free of charge on quoting the CCDC nos. 666930 (1), 658564 (2),
764418 (3), and 705837 (4) via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
Fax: (þ44) 1223-336033, E-mail: deposit@ccdc.cam.ac.uk).
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