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Abstract 

Two new nitronyl nitroxide Cu(II) complexes {[Cu(hfac)2]2(NIT-4PyPh)}2(1) 
and [Cu(hfac)2][(NIT-3PyPh)2](2)(NIT-4PyPh=2-[4-(4-pyridinylmethoxy)  
phenyl]-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide,NIT-3PyPh=2-[4-(3-p
yridinylmethoxy)phenyl]-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide,hfac
=hexafluoroacetylacetone), have been synthesized and characterized. The 
X-ray crystal structure analyses show that structures of the two complexes are 
different. Complex 1 crystallizes in cyclic metal-radical dimer consisting of 
four Cu(hfac)2 and two NIT-4PyPh ligands; four Cu(II) atoms adopt two 
coordinated modes. In the ring, each Cu(II) ion is hexa-coordinated by four 
oxygen atoms of two hfac ligands and one oxygen atom (ONCNO) and one 
nitrogen atom of the pyridinyl group from two different radicals. Outside the 
ring, each Cu(II) is penta-coordinated by four oxygen atoms of two hfac li-
gands and one oxygen atom (ONCNO) from the radical ligand. Complex 2 
crystallizes in discrete molecule, while the Cu(II) atom is hexa-coordinated by 
four oxygen atoms of two hfac molecules and two nitrogen atoms of the pyri-
dinyl group from two radical ligands. 
 

Keywords 

Nitronyl Nitroxide, Copper Complex, Cyclic Metal-Radical, Synthesis,  
Characterization 

 

1. Introduction 

Recently, the combination of metal ions and nitronyl nitroxides has proved to be 
particularly efficient for making molecular magnetic materials [1] [2]. Because 
they bear one or more unpaired electrons in their π-system arising from the 
overlap between 2p atomic orbitals, stable radicals have rapidly recognized as 
interesting building blocks for molecule-based magnetic materials. Nitronyl ni-
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troxide (2-(R)-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazol-1-oxy-3-oxide, NITR) 
radicals, as excellent spin carriers have played an important role in the design and 
synthesis of molecular magnetic materials due to their good stability under ambient 
conditions and easy to modify [3]. Up to now, more and more attention has been 
paid to design functional radicals to get complexes possessing various kinds of to-
pological structures [4] [5] [6] [7] [8]. However, the N-O groups of nitronyl ni-
troxide radicals have poor ability to coordinate, thus they only ligate to metal cen-
ters with electron with-drawing groups such as hexafluoroacetylacetonate (hfac) 
and pentafluoropropionic acid (pfpr). Copper(II) complexes are ease to show vari-
ous kinds of topological structures and are as an unique objects (s = 1/2) for study-
ing the peculiarities of magnetic exchange pathways between different types of pa-
ramagnetic centers, so the syntheses of copper (II)-NITR complexes draw more at-
tentions [4] [9] [10]. Following the research approach, we carried on the syntheses 
of new functional organic-radical, and prepared Cu-radical complexes. In this pa-
per, two new nitronyl nitroxide Cu(II) complexes {[Cu(hfac)2]2(NIT-4PyPh)}2(1) 
and [Cu(hfac)2(NIT-3PyPh)2](2) (hfac=hexafluoroacetylacetone) were synthesized 
and characterized. 

2. Experimental 

2.1. Materials and Measurements 

All chemicals and solvents used for the syntheses were of reagent grade and were 
used without further purification. The radical ligands [11] [12] and 
Cu(hfac)2∙H2O have been performed according to the literature methods. All 
reactions were conducted in aerobic conditions. Elemental analyses for carbon, 
hydrogen, and nitrogen were carried out on a Model 240 Perkin-Elmer elemen-
tal analyzer. Infrared spectra were taken on a Bruker Tensor 27 Fourier trans-
form infrared spectroscopy in the region 4000 - 400 cm−1, using KBr pellets. Ul-
traviolet-visible spectra were recorded on a Cary 50 UV-Vis spectrophotometer 
in stated solvent. 

2.2. Synthesis of {[Cu(hfac)2]2(NIT-4PyPh)}2(1) 

Cu(hfac)2·2H2O (0.01 mmol) was refluxed at 85˚C for 30 minutes in 20 mL 
n-heptane. Then the reactant was cooled to 60˚C, 6 mL of dichloromethane so-
lution containing 0.01 mmol 4-pyridinephenyl nitroxide radical (NIT-4PyPh) 
was added, and stirring was continued for 15 minutes. Then, it was cooled to the 
room temperature, and filtered. One week later, block deep-blue crystals suitable 
for single crystal diffraction had been obtained. Anal. Calcd. (%) for 
C78H52Cu4F48N6O22(2591.46): C, 36.15; N, 3.24; H, 2.02; Found: C, 36.33; N, 3.12; 
H, 1.91%. FTIR (KBr, cm−1): 1644 (s), 1524 (s), 1499 (m), 1465 (m), 1363 (m), 
1255 (s), 1198 (s), 1138 (s), 795 (m), 586 (m). UV-Vis (nm): 294 and 395 nm. 

2.3. Synthesis of {[Cu(hfac)2](NIT-3PyPh)2}(2) 

Cu(hfac)2·2H2O (0.01 mmol) was refluxed at 85˚C for 30 minutes in 15 mL 
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n-heptane. Then the reactant was cooled to 70˚C, 5 mL of dichloromethane so-
lution containing 0.02 mmoL 3-pyridinephenyl nitroxide radical (NIT-3PyPh) 
was added, and stirring was continued for 30 min. Then, it was cooled to the 
room temperature, and filtered. A few days later, Flake blue crystals suitable for 
single crystal diffraction had been obtained. Anal. Calcd. (%) for 
C48H46CuF12N6O10(1158.46): C, 49.76; H, 4.00; N, 7.25; Found: C, 49.87; H, 3.75; 
N, 7.14%. FTIR (KBr, cm−1): 1653 (m), 1550 (s), 1364 (m), 1253 (s), 1188 (s), 795 
(m), 668 (m). UV-Vis (nm): 283, 363 and 606 nm. 

2.4. X-Ray Crystallography  

The diffraction data were collected at 150 K with Mo-Kα (λ = 0.71073 Å) radia-
tion using a Bruker CCD APEX-Ⅱ diffractometer. The structures were solved 
by direct methods and refined by full-matrix least-squares methods on F2 by us-
ing the SHELXL-97 program package [13]. Empirical absorption corrections 
from φ and ω scan were applied. All non-hydrogen atoms were refined aniso-
tropically, and all hydrogen atoms were added theoretically. Crystal parameters, 
data collection procedure, and refinement results for complexes 1-2 are summa-
rized in detail in Table 1. Selected bond lengths and angles for the two complex-
es are listed in Table 2. 

 
Table 1. Crystallographic data and structure refinement details for 1-2. 

Complex {[Cu(hfac)2]2(NIT-4PyPh)}2(1) [Cu(hfac)2(NIT-3PyPh)2](2) 

Empirical formula C78H52Cu4F48N6O22 C48H46CuF12N6O10 

Temperature/K 150 150 

Formula weight 2591.46 1158.46 

Crystal system Triclinic Monoclinic 

Space group P-1 P21/n 

Unit cell dimensions   

a/Å 11.0090(4) 6.4620(2) 

b/Å 12.2619(5) 11.6521(3) 

c/Å 18.6132(7) 33.2897(9) 

α/˚ 86.910(1) 90 

β/˚ 75.598(1) 93.848(1) 

γ/˚ 85.050(1) 90 

Volume/Å3 2423.21(16) 2500.93(12) 

Z 1 2 

Calculated density (Mg/m3) 1.776 1.538 

Absorption coeffificient (mm−1) 1.030 0.546 

F (000) 1286.0 1186.0 

Crystal size (mm3) 0.12 × 0.11 × 0.09 0.21 × 0.12 × 0.09 

θ range for data collection (˚) 2.26 - 28.32 2.14 - 28.32 
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Limiting indices −14 ≤ h ≤ 14, −16 ≤ k ≤ 16, −24 ≤ l ≤ 24 −8 h ≤ h ≤ 8, −15 ≤ k ≤ 15, −44 ≤ l ≤ 39 

Reflflections collected/unique 48,453/12,047 20,312/6222 

R (int) 0.0658 0.0434 

Data/restraints/parameters 12,047/0/712 6222/0/349 

Final R indices [I > 2σ (I)] R1 = 0.0679, wR2 = 0.1547 R1 = 0.0437, wR2 = 0.1010 

R indices (all data) R1 = 0.1163, wR2 = 0.1840 R1 = 0.0652, wR2 = 0.1146 

Largest diff. peak and hole 1.857 and −0.995 e.A−3 0.558 and −0.457 e.A−3 

 
Table 2. Crystallographic data and structure refinement details for 1-2. 

Complex 1 {[Cu(hfac)2]2(NIT-4PyPh)}2 

Bond Length(Å) Bond Angle(˚) 

Cu1-O7 1.931(3) O7-Cu1-O4 164.41(1) 

Cu1-O4 1.933(3) O7-Cu1-O2 93.04(1) 

Cu1-O2 1.941(3) O4-Cu1-O2 83.31(1) 

Cu1-O5 1.978(3) O7-Cu1-O5 89.96(1) 

Cu1-O6 2.200(3) O4-Cu1-O5 91.86(1) 

Cu2-O9 1.939(3) O2-Cu1-O5 172.09(1) 

Cu2-O3 2.588(4) O7-Cu1-O6 90.31(1) 

Cu2-O11 1.948(3) O4-Cu1-O6 105.19(1) 

Cu2-O10 1.970(3) O2-Cu1-O6 98.18(1) 

Cu2-N1 1.999(4) O5-Cu1-O6 89.12(1) 

Cu2-O8 2.210(3) O3-Cu2-O8 175.21(4) 

O7-C27 1.277(5) O9-Cu2-O11 175.15(2) 

O5-C22 1.252(6) O9-Cu2-O10 87.99(2) 

O2-N2 1.302(4) O11-Cu2-O10 90.77(2) 

O4-C20 1.242(5) O9-Cu2-N1 92.55(2) 

N3-O3 1.263(5) O11-Cu2-N1 87.85(2) 

N3-C13 1.356(5) O10-Cu2-N1 170.00(2) 

N3-C15 1.501(5) O9-Cu2-O8 90.72(1) 

O6-C25 1.230(5) O11-Cu2-O8 94.04(1) 

N2-C13 1.333(5) O10-Cu2-O8 94.17(1) 

N2-C14 1.492(6) N1-Cu2-O8 95.80(2) 

O11-C37 1.241(6) N3-O3-Cu2 161.69(3) 

O9-C32 1.267(6) N2-O2-Cu1 119.45(8) 

O10-C35 1.271(6) C13-N3-C15 112.8(3) 

O1-C7 1.356(5) O2-N2-C13 125.4(4) 

O1-C6 1.414(6) O2-N2-C14 120.1(3) 
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N1-C1 1.336(6) C13-N2-C14 113.8(3) 

N1-C5 1.338(6) C7-O1-C6 121.2(4) 

O8-C30 1.227(6) N2-C13-N3 107.1(4) 

Complex 2 [Cu(hfac)2(NIT-3PyPh)2] 

Bond Length(Å) Bond Angle(˚) 

Cu1-O4 1.9733(14) O4-Cu1-N1# 89.71(6) 

Cu1-N1 2.0589(17) O4-Cu1-N1 90.30(6) 

Cu1-O5 2.2802(15) O4#-Cu1-N1 90.29(6) 

N1-C3 1.344(3) O4#-Cu1-N1# 89.70(6) 

N1-C2 1.346(3) N1-Cu1-N1# 180.00(9) 

N3-O2 1.273(2) O4-Cu1-O5 87.17(6) 

N3-C13 1.353(3) N1-Cu1-O5# 87.96(6) 

N3-C15 1.495(3) N1-Cu1-O5 92.04(6) 

O3-C7 1.363(3) O5-Cu1-O5# 180.00(7) 

O3-C6 1.432(3) C3-N1-C2 117.09(2) 

O1-N2 1.278(2) O2-N3-C13 126.9(2) 

N2-C13 1.356(3) O2-N3-C15 121.36(2) 

N2-C14 1.504(3) C13-N3-C15 111.67(2) 

C22-O5 1.233(2) C7-O3-C6 118.47(2) 

3. Results and Discussion 

3.1. Crystal Structure 

3.1.1. The Complex {[Cu(hfac)2]2(NIT-4PyPh)}2(1) 
The perspective view of the molecular structure of the complex 1 is illustrated in 
Figure 1. The important bond lengths and angles are displayed in Table 2. Sin-
gle-crystal X-ray analysis reveals that the molecular structure of the complex 
{[Cu(hfac)2]2[(NIT-4PyPh)]}2(1) crystallizes in the Triclinic space group P-1 and 
is central symmetric. Two NIT-4PyPh radical ligands are coordinated to four 
Cu(II) ions through the oxygen atoms of the nitronyl nitroxide groups and the 
nitrogen atoms of the pyridine rings in cis-configuration to form a six-spin cyc-
lic complex. Every NIT-4PyPh ligand serves as a bridge to connect two Cu(II) 
centers via its one nitroxide and one pyridine ring to form centro-symmetric 
dimeric cycle [Cu-(NIT-4PyPh)]2. Each NIT-4PyPh radical links three different 
copper(II) ions through the oxygen of nitroxide group and the pyridyl nitrogen 
to form the cyclic six spin unit. In the unit, four Cu(II) atoms adopt two coordi-
nated modes. In the ring, each Cu(II) ion is hexa-coordinated by four oxygen 
atoms of two hfac ligands and by one oxygen atom and one nitrogen atom of the 
pyridinyl group from two different radicals. Outside the ring, each Cu(II) is 
penta-coordinated by four oxygen atoms of two hfac ligands and by one oxygen 
atom from the radical. 
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Figure 1. The molecular structure of complex 1. Hydrogen and Flu-
orine atoms are not shown for the sake of clarity. 

 
In the ring, the Cu(II) ion is hexa-coordinated; the Cu-N and Cu-O(nitroxide 

group) bond lengths are 1.999(4) and 2.588(4) Å, respectively. The bond lengths 
of the Cu-O(hfac) are in the range of 1.939(3) - 2.210(3) Å and the Cu-O-N an-
gles are 161.69(3), which are comparable to those of reported Cu(hfac)2 com-
plexes with nitronyl nitroxides [14]. Outside the ring, the Cu(II) ion is pen-
ta-coordinated; the Cu-O(nitroxide group) bond lengths are 1.941(3) Å. The 
bond lengths of the Cu-O(hfac) are in the range of 1.931(3) - 2.200(3) Å. The 
Cu-O-N angles are 119.45(8). In the six-spin cyclic complex unit, the radical li-
gand should be considered as a tridentate ligands, while two oxygen atom (ni-
troxide group) and nitrogen atom (pyridine ring) of the same NIT-4-PyPh radi-
cal ligand directly coordinated with three different Cu(II) ions. The benzene ring 
of nitronyl nitroxide has a dihedral angle of 33.1˚ with the ONCNO five member 
ring. The pyridine ring of nitronyl nitroxide has a dihedral angle of 81.3˚ with 
the average plane consisting of equatorial oxygen atoms of the hfac ligands and 
the Cu2 atom. The dihedral angle is 43.1˚ between the ONCNO five member and 
the average plane consisting of equatorial oxygen atoms of the hfac ligands 
bonding with the Cu1 atom. It is noticed that weak coordination bonds are 
formed between the Cu2 of Cu(hfac)2 and the O3 atoms of nitronyl nitroxide 
with the oxygen atoms occupying the apical positions. The weak Cu2-O3 bond 
length is 2.588(4) Å, and the bond angle of N3-O3-Cu2 is 161(7). Here, we could 
consider ONCNO as a bidentate bridged two different Cu(hfac)2 units. 

3.1.2. The Complex [Cu(hfac)2(NIT-3PyPh)2](2) 
A view of the molecular structure of complex 2 is shown in Figure 2. The im-
portant bond lengths and angles are displayed in Table 2. Single-crystal X-ray 
analysis reveals that complex 2 crystallizes in the monoclinic space group P21/n. 
The NIT-3PyPh ligand constructed based on the “head to head” motif. The 
coordination unit of complex 2 is CuN2O4, Cu (II) ion exhibited as octahedron  
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Figure 2. Simplified view of the crystal structures of compound 2. 

 
configuration. Cu(II) center is defined by two nitrogen atoms and four oxygen 
atoms coming from pyridine rings of radicals and β-diketonate coligands, re-
spectively. The equatorial Cu-Ohfac bond lengths are 1.973(3) - 2.280(2) Å. The 
apical sites are filled with two N atoms of two radical ligands, and Cu-N bond 
distance is 2.058(9) Å. The nitronyl groups on the two radicals are uncoordi-
nated. 

4. Conclusion 

Two new Cu-Radial complexes have been synthesized, and characterized by 
X-ray single crystal diffraction, elemental analysis, infrared spectroscopy and 
Uv-Vis spectroscopy. The analysis results indicated that complex 1 display an 
interesting cyclic dimers, whereas, the complex 2 exhibit a discrete molecule and 
two N atoms (-pyridyl group) of two radical ligands. The magnetic properties of 
the two complexes 1-2 are under researching. 
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