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Two novel copper(Il) complexes, [Cu(dmamhp)(H20)2(SO4)]n (1) and [Cu(dmamhp)(NOs).(H.0)]-H,0 (2)
[dmamhp = 2-dimethylaminomethyl-3-hydroxypyridine] have been synthesized and structurally characterized
by single crystal X-ray diffraction analysis. Compound 1 displays a double one-dimensional chains structure,
in which each chain is constituted with the distorted octahedral copper(Il) complex bridged through bidentate
sulfate ligands resulting in a coordination polymer. The bifurcated hydrogen bonds and n-7 interactions play
important roles in the formation of the double chains structure. On the other hand, compound 2 adopts a
distorted square pyramidal geometry around copper(Il) ion and exists as a discrete monomer. There are
intermolecular bifurcated hydrogen bonds and ©-w stacking interactions between the monomeric units. The
magnetic properties revealed that the paramagnetic behaviors are dominantly manifested and there are no
intermolecular magnetic interactions in both compound 1 and 2.

Key Words : Copper(Il) complexes, Coordination polymer, Bifurcated hydrogen bonds

Introduction

The molecular self-assembly of coordination polymers
and supramolecular entities is a powerful method in the
design of new materials with promising properties of poten-
tial applications such as luminescent molecular materials,’
porous framework materials,> bioinorganics,* catalysis>®
and non-linear optical devices.” In particular, coordination
polymers with multi-dimensional structures which involve
molecular units bound together by several kinds of mole-
cular interactions have been actively investigated because of
their unusual properties.®'

We reported two copper(Il) halide complexes with 2-
dimethylaminomethyl-3-hydroxypyridine (dmamhp), [Cu-
(dmamhp)X,, X=Cl, Br]."> The reported compounds con-
sisted of dimeric molecules and the dimers were held
together through hydrogen bonds in an unit cell. The hydr-
oxyl group in the dmamhp ligand played an important role in
forming hydrogen bonds which were directly related to
crystal packing.
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As a part of our continuous interest in the coordination

Current address: Department of Chemistry, Alagappa University,
Karaikudi 630003, India

properties of dmamhp ligand, we synthesize two novel
CuS0O; and Cu(NOs), complexes with dmamhp : [Cu(dma-
mhp)(H20), (SO4)]x (1) and [Cu(dmamhp)(NOs),(H-0)]-H.O
(2). Compound 1 is interesting because the sulfate ligand can
form a bridge between copper(Il) metal centers and generate
coordination polymeric chains, and few studies have been
performed on sulfate bridged coordination polymers.'¢"’
The studied compounds show interesting structures by the
existence of unusual bifurcated hydrogen bonds to extend
the supramolecular arrangements. The magnetic properties
were also investigated in this study:.

Experimental

All reagents and solvents were purchased from Aldrich
Chemical Company and used without further purification.

The direct reaction of CuSO45H,O with 2-dimethyl-
aminomethyl-3-hydroxypyridine (dmamhp) yielded to [Cu-
(dmamhp)(H20)2(SO4)] (1). An aqueous solution (20 mL)
of CuSO45H,0O (1.64 g, 6.57 mmol) was added into an
aqueous solution (20 mL) of dmamhp (1.00 g, 6.57 mmol).
The mixture was stirred for 30 min and changed to blue
color without precipitates. Blue block crystals of [Cu(dmam-
hp)(H20)2(SO4)]s suitable for X-ray single crystal diffraction
were obtained on refrigeration after 10 days. Yield: 78%.
Elementary analyses were performed at the Korean Basic
Science Center. Analytical data for CsHisN>O7SCu: Calcd:
C, 27.62; H, 4.64; N, 8.05%. Found: C, 27.98; H, 4.88; N,
8.79%. Selected IR (KBr): 3467 (br), 3240 (sh), 2059 (m),
1636 (s), 1299, 1114, 725 cm™'. UV-vis.: 632 (nujol), 663
nm (methanol).
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Blue needle [Cu(dmamhp)(NOs)>(H,0)]'H20 (2) crystals
were obtained similarly to compound 1 using Cu(NO;3),:3H,O
in ethanol. Yield: 70%. Analytical data for CsH;sN4O9Cu:
Calcd: C, 25.57; H, 4.29; N, 14.91%. Found: C, 25.43; H,
4.58; N, 15.53%. Selected IR (KBr): 3467 (br), 3230 (sh),
2361 (m), 1762, 1582 (s), 1390, 1298, 1121 cm™". UV-vis.:
620 (nujol), 674 nm (methanol).

The IR spectra were obtained on a Perkin-Elmer FT-IR
Spectrum 2000 spectrophotometer. Electronic absorption
spectra were recorded at ambient temperature on a Jasco V-
570 UV/vis/NIR spectrophotometer. The thermal analyses
were carried out on a Mettler Toledo TGA/SDTA 851e
analyzer under N, atmosphere at a heating rate of 10 °C/min.
The X-band EPR spectra of powdered materials were
recorded at 77 K on an ESP-300S EPR spectrophotometer.
The field modulation frequency was 100 kHz and DPPH
was used as a reference. The magnetic susceptibilities were
measured on a Magnetic Property Measurement System
(MPMS7) Quantum Design by SQUID method from 4 to
300 K. The susceptibility data were corrected for the dia-
magnetism of the constituent atoms with Pascal’s constants
and for the temperature-independent paramagnetism of the
copper(Il) ion estimated to be 60 x 107 cgsu/Cu atom.

X-ray intensity data were collected on a Bruker SMART
APEX-II CCD diffractometer using graphite monochromat-
ed Mo Ka radiation (A = 0.71073 A). Structure was solved
by applying the direct method using a SHELXS-97 and
refined by a full-matrix least-squares calculation on F2 using
SHELXL-97.2° All non-hydrogen atoms were refined aniso-
tropically. The H atoms on oxygen except H7 in compound
1 were located in a difference map and refined freely. The
other H atoms were positioned geometrically and refined
using a riding model, with C — H = 0.93-0.97 A, and with
Uiso(H) = 1.2U(C) for aromatic and methylene, 1.5U.(C)
for methyl H atoms and 1.5 U(O) for H7 atom in compound
1withO-H=0.82A.

Crystallographic data for the structures reported here have
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been deposited with the Cambridge Crystallographic Data
Center (Deposition No. CCDC-613875 and 613876). The
data can be obtained free of charge via www.ccde.cam.ac.uk/
deposit (or from the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; Fax: +44-01223 336033; E-mail: deposit@
ccde.cam.ac.uk).

Results and Discussion

Description of Structure. Single crystals of [Cu(dmam-
hp)(H20)2(SO4)]» (1) and [Cu(dmamhp)(NO3).(H.0)]-H,O
(2) were grown up from water and ethanol solution, respec-
tively. The ORTEP views including the atomic numbering
scheme are shown in Figure 1(a) and 1(b) for compound 1
and 2, respectively. The crystallographic data and structure
refinement parameters are summarized in Table 1. The
selected bond distances and bond angles are summarized in
Table 2.

In compound 1, the geometry around Cu atom is a
distorted octahedron which is surrounded by two nitrogen
atoms (N1 and N9) from the bidentate dmamhp ligand and
two oxygen atoms (O1W and O2W) from water and two
oxygen atoms of sulfate anion at the trans position. The axial
Cu(Il)-014 and Cu(I)-O12 bond lengths are 2.603 and
2.583 A, respectively, which are longer than those of the
equatorial Cu(II)-O1 and Cu(I)-O2 of 1.991 and 1.967 A,
respectively. This observation is understood by Jahn-Teller
distortion in Cu(IT) complexes having a d’ electron configu-
ration. The interesting feature of compound 1 is its novel
double one-dimensional chain structures which are parallel
to each other along b axis of the unit cell in molecular
packing diagram, as shown in Figure 2. The distorted octa-
hedral copper atoms are bridged by the sulfate anion
resulting in an one-dimensional chain. The planar pyridine
rings are located nearly parallel to the equatorial plane of
Cu(Il) center and perpendicular to the chain extension
direction. In the double chains structure, each dmamhp

(b) ""rom
0150/\'\”3
"otz
CWT ICH . Otw/
e N9 \\015
l e A
c8 e " oow
N
y,/} / /C2 .
cs./ AS

Figure 1. The molecular structures of [Cu(dmamhp)(H.0)>(SO4)]n (a) and [Cu(dmamhp)(NO3)>(H.0)]-H,O (b) showing the atom-

numbering schemes.
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Table 1. Crystal data and structure refinement for [Cu(dmamhp)-
(H20)2(S04)] and [Cu(dmamhp)(NO3)>(H.0)]-H.O

[Cu(dmamhp) [Cu(dmamhp)
Complexes (H0)(S0))] (NOS)(H:O)H.0
Chemical formula CgH]s N207SCU C3H|(,N409CU.
Formula weight (amu) 347.83 375.79
Crystal description  blue Violet
Crystal size (mm) 0.20 x 0.20 x 0.17 0.24 x 0.20 x 0.17
Crystal system Monoclinic Monoclinic
Space group P2i/n P2i/n
T (K) 293(12) 295(2)
Wavelength (A) 0.71073 0.71073
a(A)and a(°) 7.2186(13) and 90.00 7.04600(10) and 90.00
b(A)and B(°) 12.8491(11) and 11.3476(2) and
98.938(12) 97.7310(10)
c(A)and y(°) 13.7369(14) and 90.00 18.5380(3) and 90.00
Volume (A%)and Z  1258.7(3) and 4 1468.74(4) and 4
Deac (Mg/m®) 1.836 1.699
2 (mm™) 1.932 1.540
F(000) 716 772
6 Range(°) 11.54 to 12.55 2.85t032.33
Tnax and Tmin 0.726 and 0.659 0.760 and 0.689
Index ranges -9<h<9,0<k<16, -10<h<10,-17<k<14,
0<1<17 28<1<28
Reflections collected/ 27960/6849 43097/10500
unique [R(int)=0.0354] [R(int) = 0.0490]
Final R indices R1=0.0235, R1=0.0315,
[7>20(D)] wR2 = 0.0496 wR2 =0.0653
Rindices (all data) ~ R1=0.0289, R1=0.0593,
wR2=0.0517 wR2 =0.0706
Data/Restraints/ 6849/0/399 5508/0/219
parameters
Goodness-of-fit on F> 1.033 0.863

Apinax and Apmin (€A7) 1.500 and -0.735 0.321 and -0.460

Table 2. Selected bond lengths (A) and angles (°) of [Cu-
(dmamhp)(H20)2(SO4)]n and [Cu(dmamhp)(NO;3)>(H20)]-H,O
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Figure 2. A molecular packing view of [Cu(dmamhp)(H>O),-
(SO4)]n shows the bifurcated hydrogen bonds (long-dashed lines)
and two double one-dimensional chains structure. -7 interactions
are shown with short-dashed lines.

ligand on a mono-chain is inserted into the interspaces
between the closest two dmamhp ligands of the other mono-
chain. Obviously, such double chains structure in compound
1 results in that all molecular planes of dmamhp are nearly
parallel to each other. These are linked by the intermolecular
7-T interactions (centroid-centroid distances = 3.561-3.661
A) between the C4-C5-C6 planes of aromatic rings. Addi-
tionally, there are two types of hydrogen bonding inter-
actions in compound 1 (dashed line in Figure 2). The rare
bifurcated hydrogen bonds>'** are observed between waters
and O atoms of sulfate. The -OH group of dmamhp ligand
also forms hydrogen bond with O atoms of sulfate. The
hydrogen bond distances and angles are summarized in

Table 3. The bond lengths (A) and bond angles (°) of hydrogen
bond for [Cu(dmamhp)(H20)>(SO4)] and [Cu(dmamhp)(NO3)-
(H20)]'H.0

[Cu(dmamhp)( H20)2(SO4)]n

Bond distances (A) Bond angles (°)

[Cu(dmamhp)(H20)>(SO4)]n

Cu-O2W 1.967(4) O2W-Cu-N1 174.82(17)

Cu-N1 1.972(4) O2W-Cu-O1W 91.69(16)

Cu-O1W 1.991(4) N1-Cu-O1W 92.19(16)

Cu-N9 2.043(4) O2W-Cu-N9 91.97(16)

Cu-O14 2.603(4) N1-Cu-N9 84.32(16)

Cu-012 2.583(4) O1W-Cu-N9 175.52(18)

S13-014  1.447(4)

S13-012  1.482(4)

S13-016 1.483(4)

S13-015 1.484(4)

[Cu(dmamhp)(NO;3)>(H>0)]-H.O

Cu-O1W 1.9593(12) O1W-Cu-N1 91.51(6)

Cu-N1 1.9774(12) O1W-Cu-012 91.76(5)

Cu-012 1.9804(10) N1-Cu-012 171.27(5)

Cu-N9 2.0183(13) O1W-Cu-N9 174.53(5)

Cu-016 2.3975(12) N1-Cu-N9 83.31(5)
012-Cu-N9 93.12(5)
O1W-Cu-016 83.75(5)
N1-Cu-O16 104.00(5)
012-Cu-016 84.41(5)

D-H...A d(D-H) d(H...A) d(D...A) Z(DHA)
OIW-HIWA...O16 0.79(8) 1.90(8) 2.676(6) 167(8)
OIW-HIWA...O14 0.79(8) 2.65(8) 3.057(6) 115(6)
OIW-HIWB...O015 081(8) 1.92(9) 2.697(5) 161(8)
02W-H2WA...0157 091(7) 1.75(7)  2.661(6) 171(6)
02W-H2WB...016 0.71(7) 1.98(7)  2.662(5) 161(8)
07-H7...0127 0.82 1.89 2.667(5) 1577

¥ symmetry code: (i) —x+1, —y+1, —z+1, (i) x—1, y, z, (iii) —=x+1, =y, —z+1

[Cu(dmamhp)(NO3)(H,0)]-H,0

07-H7...02W 0.731(18) 1.979(19) 2.7026(18) 170(2)
OIW-HIWA...02W 0.792) 1.992) 2.753(2) 164(2)
OIW-HIWB...O016" 0.70(2) 2.62(2)  3.1212(18) 131.1(19)
OIW-HIWB...O18" 0.70(2) 2.06(2)  2.7519(18)173(2)
02W-H2WA...0187 0.76(2) 2.122)  2.871(2) 170(2)
02W-H2WA...019% 0.76(2) 2.48(2) 3.0092) 127.6(17)
02W-H2WB...0127 0.71(2) 2.102)  2.8039(18)168(2)

¥ symmetry code: (i) —x+2, —y+1, —z+2, (ii) —x+2, -y, z+2, (iii) x-1, y, z
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Figure 3. A molecular packing view of [Cu(dmamhp)(NOs3),-
(H20)]'-H,O shows the bifurcated hydrogen bonds (long-dashed
lines). m-m interactions are shown with short-dashed.

Table 3. The hydrogen bonding interactions give rise to a
supramolecular network having well-defined channels. Both
n-1t interactions and various hydrogen bonds stabilize the
molecules and play important roles in formation of double
chains structure.

The Cu(Il) metal ion in compound 2 adopts a distorted
square pyramidal geometry, being coordinated by the bis-
chelating N-heterocyclic dmamhp ligand, two O atoms from
two nitrate ions and one water, as shown in Figure 1(b).
There is one uncoordinated water molecule in the crystal
lattice. In the crystal, the intermolecular O-H :--O hydrogen
bonds link the molecules into a two-dimensional array
parallel to the ab plane (Table 3 and Figure 3). A molecular
packing diagram in Figure 3 shows the intermolecular
hydrogen bonding interactions (dashed lines). Also, there are
intermolecular 7-7 interactions between aromatic rings. The
distance between the centroids of C3-C4-C5 planes is 3.577
A. The water bound to Cu(II) metal forms bifurcated hydro-
gen bonds with O atoms of nitrate ions. The hydroxyl group
of dmamhp ligand also forms a hydrogen bond with free
water molecule.

Thermal and Magnetic Properties. Thermogravimetric
(TG) analysis revealed that the thermal decomposition of
compound 1 was initiated between 141 and 161 °C by weight
loss of 9.46% corresponding to the loss of two coordinated
water molecules (calc. 10.36%). There was further ~36%
weight loss decomposition at 253-277 °C followed by a
gradual weight loss up to ~700 °C. Compound 2 showed that
one hydrated water and one coordinated water molecule
were decomposed between 78 and 102 °C in one step. The
release of one coordinated NO; anion was observed at 176-
190 °C by 16.50% weight loss (calc. 17.60%), and the
further thermal decompositions were followed in three
continuous steps up to ~700 °C.

The EPR spectrum of compound 1 did not show a
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hyperfine structure with the values of g| = 2.299 and g, =
2.076 in solid state at 77 K, which was consistent with that
Cu(II) center had an elongated octahedral geometry.” These
observed g values (g > g1 > 2.0023) indicate that Cu(ll)
metal has a dy.y» ground state.”* Compound 2 exhibited an
isotropic feature, <g> = 2.108, in solid state at 77 K.

The temperature-dependent molar magnetic susceptibi-
lities of compound 1 and 2 were measured from 4 to 300 K.
The y, value increases slowly as the temperature decreases
and the y, values below 50 K show a sudden increase for
both complexes. The data follow Curie-Weiss law of the
form of per = C/(T-0). The best linear fit of 1/ym versus
temperature results in a Curie-Weiss temperature of 0 = —
0.13 K and a Curie constant of C = 0.464 cm® K mol™ for
compound 1, and 8 = 0.39 K and C = 0.465 cm® K mol ™ for
compound 2. These obtained small Curie-Weiss temper-
atures indicate that the magnetic interactions between the
copper (II) ions are almost negligible in both compound 1
and 2. An analogous [Cu(phen)(H20),SOu]n (phen=phen-
anthroline) compound with 1 was reported to have a similar
polymeric chain structure.?® The spin-orbital exchange coup-
ling constant, J, of —3.8 cm™ was calculated on the basis of
the measured magnetic data. It indicated that there was weak
antiferromagnetic interactions between the magnetic orbitals
of copper(Il) atom through the sulfate bridge in [Cu(phen)-
(H20)2(SO4)]n compound. But no magnetic interactions were
observed in compound 1. This result can be explained by the
fact that the Cu-O (sulfate ion) distance of 2.583 and 2.603
A in compound 1 is too long to interact magnetically bet-
ween spin only copper(1l) centers through sulfate ion, com-
paring to those of [Cu(phen)(H,0)2(SO4)]n complex with the
Cu-O(sulfate ion) distance of 2.454(9) and 2.478(9) A. The
effective magnetic moment (L) values at 300 K calculated
from the equation, pler=2.828(ym % T)""%, were 1.91 and 1.92
ps for compound 1 and 2, respectively, which were higher
than that of spin only value of single copper(Il) ion with S =
1/2 (Herr=1.73 pg) system.

Conclusion

Two copper(Il) complexes, [Cu(dmamhp)(H>0)2(SO4)]n
(1) and [Cu(dmamhp)(NOs),(H,O)]'-H.O (2) have been
synthesized, and structurally and magnetically characterized.
These compounds possess the bifurcated hydrogen bonds
and ©-m stacking interactions which stabilize the molecule
frameworks. Compound 1 has double one-dimensional
chain networks which are parallel to each other and form a
coordination polymer. The hydrogen bonds give rise to a
supramolecular network having well-defined channel. The
compound 1 and 2 follow Curie-Weiss behavior with the
small Curie-Weiss temperature suggesting that there are no
significant magnetic interactions between the magnetic orbitals
of Cu(Il) atom. The studied compounds act as isolated
paramagnetic systems.
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