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A Hexanuclear Co" Complex Assembled with 1H-1,2,3-Triazole-4,5-dicarboxylic
Acid: Synthesis, Crystal Structure and Magnetic Property
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Abstract: A new hexanuclear Co" complex, namely [Cos(TDA),(H,0),,] - 5H,0 (1) (H;TDA=1H-1,2,3-triazole-4,5-
dicarboxylic acid), has been successfully synthesized and characterized by infrared spectra, elemental analysis,
thermogravimetric analysis, powder and single-crystal X-ray diffraction. Complex 1 crystallizes in orthorhombic
space group P2,2,2, with cell parameters: a=1.647 30(2) nm, b=1.653 30(2) nm, ¢=0.7326 90(10) nm and Flack
parameter of 0.00(13). In title complex, six Co ions are connected by four TDA* ligands to form a hexanuclear
Co" unit, which can be extended to a 3D supramolecular architecture through the hydrogen-bonding interactions.

Magnetic study reveals the dominant antiferromagnetic interaction exist between Co! ions in 1. CCDC: 930110.
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0 Introduction multidentate organic ligands with the aid of crystal
engineering is one of the most current objectives in

The exploration of molecular magnetic materials chemistry and materials science due to their potential
assembled with paramagnetic metal centers and applications in the fields of high-density data storage

s H 191 .2013-09-30,, W& el H 91.2013-12-12,
F 5 SR BR %3 4 (No.21331003), 20 & 3 1 -+ 44 2 42 (N0.20120031130001), K 17 1188 B2 3 4 (No.13]CZDJC32200) %5 B T H |
*H KR A, E-mail : pcheng@nankai.edu.cn



150 Jd Hl fk

#o% 4R %30 &

devices, nanosized electronics and quantum information

14 Among them, polynuclear complexes

processing
were given considerable attention because they exhibit
attractive magnetic properties such as in single-
molecule magnets®”, as well as the understanding of
the rules between the macroscale classical properties

B9 However, it

and the microscale quantum properties
is still a challenge to synthesize high-nuclearity
complexes in a rational way because of the difficulties
in precise controlling over the nuclearity of the
complexes during the assembly process.

In order to construct polynuclear metal compl-
exes, the selection of appropriate ligands with special
coordination symmetry is essential. We have focused
on 1H-1,2,3-triazole-4,5-dicarboxylic acid (H;TDA) as
ligand due to (i) its diverse coordination modes to
afford various structures™"l, (i) its special coordina-
tion symmetry with triangular secondary building units
(SBUs), and (iii) its superexchange capacity in intere-
sting magnetic properties®. Although various compl-
exes based on 1H-1,2,3-triazole-4,5-dicarboxylic acid
have been reported, most of them are Mn "-based
complexes. The investigations on Co "-based complexes
assembled by 1H-1,2,3-triazole-4,5-dicarboxylic acid
as magnetic materials are still limited™-,

In this contribution, a new hexanuclear Co "
complex, namely [Cos (TDA), (H,0)y] -SH,O (1), has
been successfully obtained and structurally charac-
terized in detail. The title hexanuclear Co! complex
can be connected with each other through the
hydrogen-bonding interactions to build a 3D supra-
molecular architecture. Magnetic study has been

performed as well.

1 Experimental

1.1 Materials and physical measurements
H;TDA was prepared according to literature [\
Other reagents and solvents were purchased from
commercial sources and used as received without
further purification. Elemental analysis for C, H and N
240 CHN

elemental analyzer. IR spectrum was recorded in the

range 400 ~4 000 cm ' with a Bruker Tensor 27

were performed on a Perkin-Elmer

Spectrometer on KBr disks. Powder X-ray diffraction
measurement was recorded on a D/Max-2500 X-ray
diffractometer using Cu K« radiation. Thermogravime-
tric analysis (TGA) was carried out on a Delta Series
TA-SDTQ 600 in nitrogen atmosphere from room
temperature to 800 °C (10 °C-min™) using aluminum
crucibles. Magnetic susceptibility measurement was
performed on a Quantum Design SQUID MPMS VSM
magnetometer. Diamagnetic correction was made with
Pascal’s constants.
1.2 Synthesis

A mixture of H;TDA (0.1 mmol, 0.015 7 g), HTZ
(0.1 mmol, 0.006 9 g) (HTZ=1H-1,2,4-triazole) and Co
(OAc),-4H,0 (0.15 mmol, 0.037 4 g) was dissolved in
H,O (6 mL). The mixture was sealed in a 25 mL
Teflon-lined stainless steel reactor heated at 90 C for
72 h, and subsequently cooled to room temperature at
a rate of 0.8 C-h™". Red rhombus crystals of 1 in ca.
10% vyield (based on Co) were collected. Anal. Caled.
for CiHsNpO3sCos(%): C 14.64, H 2.92, N 12.81.
Found(%): C 14.48, H 3.05, N 12.56. IR (KBr, cm™):
3 399(vs), 2 921(s), 2 851(m), 1 716(m), 1 551(vs),
1 372(s), 1 221(w), 1 031(w), 783(w), 659(w).
1.3 Crystallographic studies

Data collection of 1 was performed on an Oxford
with  graphite-monochro-

Supernova  diffractometer

mated Mo Ko radiation (A=0.071 073 nm). The struc-
ture was solved by direct methods using the SHELXS-
97 programs"®. All non-hydrogen atoms were refined
by full-matrix least-squares techniques on F? using the
SHELXL-97 programs. Anisotropic thermal parameters
were assigned to all non-hydrogen atoms. The
hydrogen atoms of H9a, H9b, H10a, H10b, Hll1a,
H11b, H12a, H12b, H13a, H13b, H14a, H14b, H15a
and HI15b were placed in idealized positions and
those of H16a, H16b, H17a, H17b and HI18 were
located in the difference Fourier map. The
crystallographic data for 1 are listed in Table 1 and
the selected hydrogen bonding interactions in complex
1 are shown in Table 2.

CCDC: 930110.
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Table 1 Crystal data and structure refinements for 1

Complex 1 Flack parameter 0.00(13)

Formula Ci6H3sN1,035C06 D,/ (g-cm™) 2.18

Formula weight 1312.16 w/ mm 2.57

Crystal system Orthorhombic F(000) 1316

Space group P2;2.2 Reflections collected / unique 25057 /3 527

a/ nm 1.647 30(2) GOF on F? 1.065

b/ nm 1.653 30(2) Riu 0.037 9

¢/ nm 0.732 690(10) R, wR, (I>o (D) 0.029 3, 0.073 9

V / 1.995 47(4) R, wR, (all data) 0.033 5, 0.075 1

VA 2 Residues / (e-nm™) 1231/ -452

Table 2 Selected hydrogen bonding interactions in complex 1
D-H---A d(D-H) / nm d(H--A) / nm d(D--A) / nm £/ DHA / ()
09-H9a---012B 0.085 3 0.195 7 0.276 6 157.97
010-H10a---O5A 0.085 0 0.214 0 0.284 2 139.80
010-H10a---O13A 0.085 0 0.253 1 0.324 9 142.64
O11-H11b---O5B 0.085 2 0.210 1 0.290 7 157.85
Ol1-Hl1la---015C 0.084 5 0.2350 03152 158.86
012-H12a---017D 0.084 5 0.194 1 0.275 0 160.58
O13-H13b---07A 0.084 2 0.198 9 0.281 0 164.27
014-H14a---017D 0.084 4 0.197 1 0.280 1 169.65
O15-H15b---016 0.084 7 0.267 4 0.268 7 152.72
017-H17a---03B 0.086 0 0.189 5 0.266 5 148.31
017-H17b---015C 0.085 1 0.231 4 0.303 0 141.94
018-H18---04 0.085 1 0.191 9 0.268 9 149.86

Symmetry codes: A: =1/2-x, 1/2+y, =1-z; B: =1/2—«x, 1/24y, —2—z; C: —x, =y, z; D: x, y, 1+2.

2 Results and discussion

2.1 Description of crystal structure

Single crystal X-ray diffraction study reveals that
1 crystallizes in the orthorhombic space group P2,2,2.
Each cell

independent three Co" ions, two TDA*" ligands, seven

unit contains  crystallographically
coordinated water molecules, two and a half lattice
water molecules (Fig.1). Col, Co2 and Co3 ions adopt
similar coordination environments. Col adopts a slightly
distorted octahedral {CoOsN} coordination geometry with
two oxygen atoms (O1 and O8A) and one nitrogen atom
(N6A) from two TDA*, three oxygen atoms (09, 010
and O11) from three water molecules. The bond lengths
of Col-O are in the range of 0.203 6 (4)~0.218 5(3)
nm and that of Col-N is 0.203 6 (3) nm, respectively.
Co2 adopts a distorted octahedral {CoO;N3} coordination
(O1A) and three

geomelry with one oxygen atom

nitrogen atoms (N1A, N2 and N5) from three TDA*",
two oxygen atoms (014 and O15) from two water
molecules. The bond lengths of Co2-O and Co2-N are
in the range of 0.207 0(3)~0.219 8(3) nm and 0.206 2(4)
~0.214 6(4) nm, respectively. The coordination geometry
of Co3 is an octahedral {CoO4N,} configuration with

two oxygen atoms (04 and O5) and two nitrogen atoms

OlA
@

N6A

04

Symmetry code: A: —x, -y, z
Fig.1 ORTEP drawing of 1 showing the local

coordination environments of the Co" ions

with 30% thermal ellipsoids
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(N3 and N4) from two TDA*", two oxygen atoms (012
and 013) from two water molecules. The bond lengths
of Co3-O and Co3-N are in the range of 0.205 7(3)~
0.219 6(3) nm and 0.200 9(3)~0.206 4(3) nm, respe-
ctively. There are two different types of TDA* ligands:
(Co3 and Co2A) through
(01 and 0O4) and the
(N1 and N3), one crystallo-
graphically equivalent Co2 ion through the same

one chelates two Co! ions
the carboxylate oxygen atoms

triazole nitrogen atoms

triazole nitrogen atom N2 neighboring to N1 atom and
another Col ion through the same oxygen atom (O1)
from one w,-m;:m; carboxylate. Whereas the other one
(Co3 and ColA) through the
(O5 and O8) and the
(N4 and N6), and bridges

another Co2 ion through the same triazole nitrogen

chelates two Co! ions
carboxylate oxygen atoms

triazole nitrogen atoms

atom N5 neighboring to N4 atom. In this case, six Co"
ions are simultaneously coordinated by four TDA?-
ligands to form a hexanuclear Co unit, which can be
extended to a 3D supramolecular architecture through
(Fig.2). It is well
known that H;TDA is more readily to construct the

the hydrogen-bonding interactions

high-dimensional complexes because of their special

Some hydrogen atoms were omitted for clearity;. Purple: Co; red:
O; blue: N; black: C, green: H; Symmetry codes: A: —1/2-x, 1/2+
v, =l-z; B: =1/2—x, 1/2+y, -2—z; C: —x, -y, z; D: x, y, 14z

Fig.2 3D supramolecular architecture formed by

hydrogen-bonding interactions in 1

coordination modes"*™. The studies of the discrete
high-nuclearity complexes with 1H-1,2,3-triazole-4,5-
dicarboxylic acid are still rare and only one example
of such tetranuclear complex could be found in recent
literature ", which is obtained with the help of a
terminal ligand. Therefore, the title complex is the
highest-nuclearity discrete complex constructed by
1H-1,2,3-triazole-4,5-dicarboxylic acid as far as we
know.
2.2 XRPD pattern and thermal stability

To confirm the crystalline phase purity of 1, the
XRPD experiment has been carried out at room
temperature. The diffraction peaks of bulk sample 1
are consistent with the simulated patterns in terms of
the single crystal data, indicating the presence of
(Fig.3). To confirm the
thermal stability of 1, the TGA has been studied
(Fig.4). The TGA curve shows
the weight loss of 25.91% for 1 are in the range from

mainly one crystalline phase

under N, atmosphere

Experiment

l A l Simulated
L

10 20 30 40
20/ (°)

Fig.3 Comparison of the experimental PXRD pattern of
as-synthesized 1 with the one simulated from its

single crystal structure
g Ty

25.91% (-19H,0)
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Fig.4 Thermal gravimetric analysis of 1
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25 to 320 °C, corresponding to the removal of five
uncoordinated water molecules and fourteen coor-
dinated water molecules. After the losses of all water
molecules, no weight loss is observed, indicating the
decomposition of 1.
2.3 Magnetic properties

The temperature dependence of the magnetic
susceptibility of 1 was measured in an applied direct-
(de) magnetic field of 1 kOe in the
temperature range of 2~300 K. As shown in Fig.5, the

current

xuT value at room temperature is 19.61 cm?+K-mol™,
which is much higher than the expected spin-only
value of 11.28 ¢m?-K+mol™ for six high-spin Co" ions
in an octahedral coordination environment because of

221 Upon cooling, the

the unquenched orbital-moment'
xul value drops gradually to 0.62 ¢m?-K-mol™ at 2 K.
In the plot of yy-T, a maximum at 12 K is observed,
indicative of antiferromagnetic interactions between
the magnetic centers. The increase of yy below 3.5 K
implies the presence of the paramagnetic impurities in
1. The fitting by Curie-Weiss law with the data above
20 K gives €=22.40 ¢cm’ K +mol™ and 6=-49.45 K.
The large and negative Weiss constant may arise from
the antiferromagnetic interactions and/or spin-orbit
coupling effect of the Co! ions. To roughly analyze the
magnetic interaction in such Co! complex with orbital
contribution, the data can be fitted by the expression
of eq 1~2% in which TIP is the temperature-
independent paramagnetism of the Co™ ion. The best

fit using a least-squares analysis lead to J=—3.66 cm™,

204

—
W
3

X T/ (cm*K-mol™)
3

[

0 50 100 150 200 250 300
T/K

Red line denotes the theoretical curve with the best-fit

parameters

Fig.5 Temperature dependence of magnetic susceptibility

for 1 in 2~300 K at 1 kOe field

g=2.27, TIP=0.003 4 cm’-mol™ and R=7.91x10™*. The

fitting result indicates the existence of weak

antiferromagnetic interaction between the Co! ions in

1 and the spin-orbital coupling contributes to the

trivial g factor™!,
Ne B 1445X +X "
+5X +
= lfT 6 0 _n +1IP @
T+5X +3X +X
-
X=e"' 2)

In summary, a new hexanuclear Co ! complex
assembled by 1H-1,2,3-triazole-4,5-dicarboxylic acid

has been successfully obtained and structurally

studied. Complex 1 is a hexanuclear Co" unit, which
can be further connected through the hydrogen-bonding
interactions to build a 3D supramolecular architecture.
Magnetic study reveals dominant antiferromagnetic
exchange interactions exist between Co ! ions in 1.
This work illustrates a rational way for the construc-
tion of polynuclear molecular magnetic materials with
the help of multi-chelating ligands. Further systematic
studies for the design and construction with this

ligand are still underway in our laboratory.
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