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Abstract: Copper(II) 3,4,5-trimethoxybenzoate, [Cu2(3,4,5-(CH3O)3C6H2CO2)4 

(CH3OH)2]·2DMF, was prepared and characterized by elemental analysis, infrared and UV-vis 

spectra and temperature dependence of magnetic susceptibilities (4.5—300 K). The crystal 

structure was determined by the single-crystal X-ray diffraction method. It crystallizes in the 

triclinic space group P1
_

 with a = 8.2110(13) Å, b = 13.181(2) Å, c = 13.409(2) Å, α = 

      

   

 

   

  

  

  

 

 

 

 

 

 

 

  

97.967(3)°, β = 102.378(3)°, γ = 105.009(3)°, V = 1339.8(4) Å3, Dx = 1.465 g/cm3, and Z = 
1. The R1  [I >  2σ(I)]  and wR2  (all  data)  values  are  0.0363  and  0.0816, respectively,  for  all 
5991 independent  reflections.  The  crystal  contains crystallographically  centrosymmetric 
dinuclear molecule  with  axial  methanol molecules  and  crystal  DMF  molecules [Cu···Cu 
2.6190(6) Å]. Magnetic  susceptibility  data  show  a  considerable  antiferromagnetic  interaction 
between the two copper(II) ions (2J = –292 cm–1). Gas-adsorption behavior was investigated 
for N2.

Keywords: Dinuclear  copper  complex,  crystal  structure  determinations,  nitrogen  gas 
absorption property.

Cite  this: Mikuriya  M,  Yamakawa  C,  Tanabe  K,  Yoshioka  D,  Mitsuhashi  R,  Tanaka  H,  vd. 
SYNTHESIS,  CRYSTAL  STRUCTURE,  MAGNETIC PROPERTY,  AND  N2-GAS-ADSORPTION 
PROPERTY  OF  DINUCLEAR  COPPER(II)  3,4,5-TRIMETHOXYBENZOATE.  JOTCSA.

2018;5(sp.is.1):103–110.

*Corresponding author. Masahiro Mikuriya, junpei@kwansei.ac.jp.  

  

mailto:junpei@kwansei.ac.jp


Mikuriya et al., JOTCSA. 2018; 5(sp.is.1): 103-110.  RESEARCH ARTICLE 

104 

 

INTRODUCTION 

 

 

Figure 1: Chemical structure of [Cu2(345tmbz)4(CH3OH)2]·2DMF. 

 

Copper acetate [Cu2(CH3CO2)4(H2O)2] is a famous copper(II) compound with a lantern-like 

dinuclear core and has attracted much attention for a long period because of the unique 

structure and properties [Horikoshi and Mikuriya, 2005; Matsushima et al., 1999; Mori et al., 

1999; Mikuriya et al., 1995; Mikuriya et al., 1977; Mikuriya et al., 1999; Mikuriya et al., 

2000a; Mikuriya et al., 2000b; Mikuriya et al., 2002a; Mikuriya et al., 2002b; Mikuriya, 2008; 

Mikuriya et al., 2015a; Mikuriya et al., 2015b, Nakashima et al., 1985; Nukada et al., 1999; 

Nukada et al., 2001; Nukada et al., 2015]. There are a number of analogous compounds with 

a lantern-like core as dinuclear metal carboxylates [Cotton et al., 2005]. Previously, we 

reported that copper(II) benzoate forms a chain compound with pyrazine and the assembled 

compound has a gas-occlusion property for N2 [Nukada et al., 1999]. We found that the 

aromacity of the benzoate group plays an important role to construct a hydrophobic micropore 

[Nukada et al., 2015]. In order to understand the adsorption properties of these compounds, 

systematic investigations are needed for various types of copper(II) carboxylates. In this study, 

we synthesized a dinuclear copper(II) complex with a lantern-like core by using 3,4,5-

trimethoxybenzoic acid (H345tmbz) substituted with methoxy group at the three positions of 

the benzoate group (Figure 1) in order to give variety to these compounds. The isolated 

compound was characterized by measuring elemental-analysis data, infrared and UV-Vis 

spectra, and temperature dependence of magnetic susceptibility. Crystal structure was 

determined by the single-crystal X-ray diffraction method. Gas-adsorption behavior was 

investigated for N2.  

 

EXPERIMENTAL 

 

Copper(II) 3,4,5-trimethoxybenzoate was prepared by the follwing method. 

[Cu2(345tmbz)4(CH3OH)2]·2DMF: A 0.505 g (2.38 mmol) portion of 3,4,5-trimethoxybenzoic 

acid was added to a 5 cm3 of 0.10 M sodium hydroxide solution. The mixed solution was 

neutralized by adding nitric acid with phenolphthalein indicator. To this solution, a solution of 
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copper(II) nitrate trihydrate (0.301 g, 1.25 mmol) in water (5 cm3) was added with stirring to 

give a pale blue precipitate. The precipitate was collected and dried under vacuum. Yield, 

0.587 g (72.2%). Anal. Found: C, 47.57; H, 4.86%. Calcd for C40H48Cu2O22: C, 47.67; H, 

4.80%. The precipitate was recrystallized from DMF-methanol to give greenish blue crystals. 

Anal. Found: C, 49.13; H, 5.39; N, 2.59%. Calcd for C48H66Cu2N2O24: C, 48.77; H, 5.63; N, 

2.37%. IR (KBr, cm–1): 3019, 2943 (νasCH3), 2838 (νsCH3), 1574 (νasCOO), 1415 (νsCOO). 

Diffuse reflectance spectra: λmax 280, 370sh, 716 nm.  

 

Measurements: Elemental analyses for C, H, and N were performed using a Thermo-Finnigan 

FLASH EA1112 series CHNO-S analyzer. Infrared spectra were measured with a JASCO MFT-

2000 FT-IR Spectrometer in the 4000—600 cm–1 region. Diffuse reflectance spectra were 

measured with a Shimadzu UV-vis-NIR Recording Spectrophotometer Model UV-3100. 

Magnetic susceptibilities were measured with a Quantum Design MPMS-XL7 SQUID 

susceptometer operating at a magnetic field of 0.5 T over a range of 4.5—300 K. Adsorption 

measurements for N2 were performed by a MicrotracBEL BELSORP-mini II. Prior to the 

adsorption, the sample was evacuated at 298 K for 2h. 

 

X-Ray Crystallography: X-Ray diffraction data were collected on a Bruker CCD X-ray 

diffractometer (SMART APEX) using graphite-monochromated Mo-Kα radiation. Crystal data of 

[Cu2(345tmbz)4(CH3OH)2]·2DMF: C48H66Cu2N2O24, Mr = 1182.1, T = 90 K, triclinic, space group 

P 1
_

 with a = 8.2110(13) Å, b = 13.181(2) Å, c = 13.409(2) Å, α = 97.967(3)°, β = 

102.378(3)°, γ = 105.009(3)°, V = 1339.8(4) Å3, Dx = 1.465 g/cm3, and Z = 1. The R1 [I > 

2σ(I)] and wR2 (all data) values are 0.0363 and 0.0816, respectively, for all 5991 independent 

reflections. 

 

The structures were solved by direct methods, and refined by full-matrix least-squares 

method. The hydrogen atom attached to the coordinating methanol molecule was located from 

a difference Fourier map and the others were inserted at their calculated positions and fixed 

there. All of the calculations were carried out on a Windows 7 Core i5 computer utilizing the 

SHELXTL software package (Sheldrick 2008) and SHELXL-2014/7 (Sheldrick 2015). 

Crystallographic data have been deposited with Cambridge Crystallographic Data Centre: 

Deposit number CCDC-1570806. Copies of the data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic 

Data Centre, 12, Union Road, Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail: 

deposit@ccdc.cam.ac.uk).  

 

 

 

 

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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RESULTS AND DISCUSSION 

 

Elemental analysis of the isolated compound showed the formulation 

[Cu2(345tmbz)4(CH3OH)2]·2DMF. IR data showed two COO stretching bands at 1574 and 1415 

cm–1 with the difference in energy characteristic of bridging carboxylate [Nakamoto, 2009]. 

The diffuse reflectance spectrum of [Cu2(345tmbz)4(CH3OH)2]·2DMF shows a strong band at 

280 nm, a shoulder at 370 nm, and a broad band at 716 nm with a shoulder at lower energy 

side in the visible region. The former two bands can be assigned to LMCT bands from the 

carboxylato-oxygen to the CuII d orbital. The visible region band can be associated with d-d 

transitions, confirming a square-pyramidal coordination environment of the copper(II) atoms.  

 

 

Figure 2: Molecular structure of [Cu2(345tmbz)4(CH3OH)2]·2DMF. The thermal ellipsoids are 

shown at the 50% probability level. Hydrogen atoms are omitted for clarity. Symmetry code: 

(i) 1–x, 1–y, –z. 

 

 

Figure 3: Packing diagram of [Cu2(345tmbz)4(CH3OH)2] ·2DMF. 

 

The molecular structure for [Cu2(345tmbz)4(CH3OH)2]·2DMF was drawn as an ORTEP diagram 

(Figure 2). The asymmetric unit contains one crystal DMF molecule and one-half of dinuclear 

[Cu2(345tmbz)4(CH3OH)2] unit with a crystallographic inversion center at the midpoint of the 
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Cu1 and Cu1i atoms. The dinuclear unit has a lantern-like dinuclear core bridged by four 

345tmbz– ligands in a syn-syn fashion [Mikuriya, 2008]. The Cu1···Cu1i distance is 2.6190(6) 

Å, which is in the range found in dinuclear copper(II) carboxylates [Mikuriya, 2008; Mikuriya et 

al., 1995; Mikuriya et al., 2015a; Mikuriya et al., 2015b; Nukada et al., 1999]. The 

coordination geometry around each copper atom is an elongated square-pyramid. The bond 

distances of the Cu1 and basal O atoms are 1.9529(14)—1.9688(15) Å, which are within the 

normal range found in copper(II) carboxylates. The fifth position of the Cu1 atom is occupied 

by a methanol molecule with the Cu1-O11 distance of 2.1582(15) Å, which is also in the 

normal range as axial bonding for the copper(II) carboxylates [Mikuriya, 2008]. In the crystal, 

DMF molecules are trapped into the cavities between the dinuclear units (Figure 3).  

 

 

Figure 4: Temperature dependence of χAT of [Cu2(345tmbz)4(CH3OH)2]·-2DMF. The solid lines 

represent the best fit of the data. 

 

The magnetic data of [Cu2(345tmbz)4(CH3OH)2]·2DMF are shown in the form of χAT vs T plot 

(Figure 4). The magnetic moment at 300 K is 1.55 µB (per CuII unit), which is significantly 

lower than the spin-only value (1.73 µB) of CuII (S = 1/2) ion. The magnetic moment decreases 

with lowering of the temperature, showing a considerable antiferromagnetic interaction 

between the copper(II) ions. The magnetic data were analyzed with the Bleaney-Bowers 

equation based on the Heisenberg model (H = –2JS1·S2 (S1 = S2 = 1/2)): 

 

χA = (1–p)[Ng2µB
2/kT][3+exp(–2J/kT)]–1 + pNg2µB

2/4kT + Nα, 

 

where J is an exchange coupling constant for the two copper(II) ions, p is the fraction of 

mononuclear impurity, and Nαis the temperature-independent paramagnetism, which was set 

to 60 x 10–6 cm3 mol–1 for each copper(II) ion (Horikoshi and Mikuriya, 2005). The best-fitting 

parameters (2J = –292(2) cm–1, g = 2.28(1), p = 0.0171(1)) are normal as copper(II) 

carboxylates, showing a strong antiferromagnetic interaction between the two copper(II) ions.  
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Figure 5: N2 adsorption isotherm on [Cu2(345tmbz)4(CH3OH)2]·2DMF. 

 

We expected an adsorbing ability for the present complex, if the crystal DMF molecules are 

lost. However, the adsorption isotherm of [Cu2(345tmbz)4(CH3OH)2]·2DMF showed that the 

isotherm belongs to Type II in the IUPAC classification (SBET = 0.4 m2g–1), suggesting that 

physical adsorption only occurred because the cavities in the crystal seem to have been still 

occupied by DMF molecules at the measurement. 
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