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A novel mononuclear copper complex [Cu(NH2mpdH)(NH2mpd)2Cl] (1) is synthesized from 
2-amino-2-methyl-1,3-propandiol (ampdH4). The crystal structure of (1) is determined using 
X-ray diffraction studies. The copper complex crystallizes in the triclinic space group P-1(2) 
with a = 6.10.48(4) Å, b = 10.0915(7) Å, c = 10.9249(9) Å, � = 95.925(6)�, � = 101.830(6)�, 
� = 90.637(5)�, V = 649.53(95) Å3 and Z = 2. The central copper(II) atom in (1) is coordinated 
by three oxygen and two nitrogen atoms possessing a five-coordinate distorted square pyrami-
dal geometry arranged in a one dimensional polymeric chain. The ground state geometry of the 
mononuclear copper complex is optimized using the DFT/B3LYP/6-31G** (LANL2DZ) level 
of theory. Intra-molecular charge transfer is investigated based on the frontier molecular orbi-
tals. The distribution pattern of the highest occupied molecular orbital and the lowest unoccu-
pied molecular orbital is studied. Absorption spectra are computed using The time dependent 
density functional theory (TDDFT). The absorption wavelengths are calculated using different 
functionals, i.e., BHandHLYP, CAM-B3LYP, and LC-BLYP. 
 
K e y w o r d s: copper complex, frontier molecular orbitals, absorption spectrum, density func-
tional theory, time dependent density functional theory.  

INTRODUCTION 

Coordination chemistry of copper complexes has attained considerable interest due to their aes-
thetically pleasing structures. Mononuclear copper complexes have exhibited antimicrobial activity 
[ 1 ], optical activities [ 2 ], and luminescence properties [ 3 ]. Copper complexes are well studied in 
terms of their kinetics and thermodynamics [ 4 ], thermal [ 5 ] and magnetic behaviour [ 6 ], their chem-
istry and reactions in metal organic frameworks [ 7 ], and charge transfer reactions [ 8 ]. DFT and vi-
brational studies have been frequently used to investigate the structural parameters [ 9 ]. Polyalcholic 
ligands have been employed to produce transition metal complexes due to their good affinity to metal 
ions [ 10 ]. The synthesis of such complexes is facilitated by chelate-forming molecules which contain 
alkoxide arms that act as good metal-bridging groups and foster the formation of bridged complexes 
[ 11 ]. Dipodal and tripodal ligands, e.g. N-methyldiethanolamine (mdeaH2) and triethanolamine (tea) 
respectively, have been used in our previous studies for the synthesis of various multinuclear metal  
 
                                                                 
©  Abbas G., Hassan A., Irfan A., Mir M., Mariya-al-Rashida, Wu G., 2015 



G. ABBAS, A. HASSAN, A. IRFAN, M. MIR, MARIYA-AL-RASHIDA, G. WU  100 

 
 

Fig. 1. Molecular structure of the title compound (1) presenting a distorted 
square pyramidal geometry, (a) with polyhedral representation (b) without  
                                          polyhedral representation 

 
complexes. The chelating N-methyldiethanolamine ligand in conjugation with pivalic acid yielded di-
nuclear lanthanide complexes [ 12 ], tetranuclear lanthanide aggregates [ 13 ], and heteronuclear deca-
nuclear Fe—Dy complexes [ 14 ]. We also reported the first octanuclear Fe—Dy single molecular 
magnet with the tripodal triethanolamine ligand [ 15 ]. Another 2-amino-2-methyl-1,3-propandiol 
(ampdH4) ligand has been used to synthesize Fe, Mn, and Mn—Ni complexes which exhibited inter-
esting magnetic properties [ 16 ]. Recently, we investigated the ampdH4 ligand and reported a tetranu-
clear lanthanide series [ 17 ] and DFT studies on Ni cubane [ 18 ].  

In continuation of our search for novel metal complexes with interesting properties, we have used 
amdH4 for further coordination with copper metal ions. Herein, we report the synthesis and DFT stu-
dies of a new mononuclear copper complex in a distorted square pyramidal geometry (Fig. 1) of the 
general formula [Cu(NH2mpdH)(NH2mpd)2Cl]. The synthesis of mononuclear copper complex is rep-
resented in Scheme 1. 

 

 
 

Scheme 1. Schematic representation of the synthesis of [Cu(NH2mpdH)(NH2mpd)2Cl] (1) 

EXPERIMENTAL 

Materials and physical measurement. All chemicals and solvents used were obtained from 
commercial sources and were used as received without further purification. All reactions were carried 
out under aerobic conditions. The elemental analyses (C, H, N) were carried out on an Elementar 
Vario EL analyzer. FTIR spectra were measured on a Perkin-Elmer Spectrum One spectrometer; sam-
ples prepared as KBr discs. Single crystal X-ray diffraction patterns were measured at room tempera-
ture using a Stoe STADI-P diffractometer with CuK� radiation at the University of Cyprus, Cyprus.  

Synthesis of [Cu(NH2mpdH)(NH2mpd)2Cl] (1). A solution of 2-amino-2-methyl-1,3-propandiol 
(0.078 g, 0.75 mmol) in MeCN (15 ml) was added dropwise over 20 min to a stirred solution of 
CuCl2 �2H2O (0.042 g, 0.25 mmol) in MeCN (15 ml). The resulting mixture was refluxed for 2 h, fil- 
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T a b l e  1  

Crystal and refinement data for 1 

Molecular formula C8H19CuN2O4.07,  Cl 
Molecular mass 307.42 
Crystal system Triclinic 
Space group P-1 
Unit cell parameters a, b, c, Å 6.0562(3),  10.0901(7),  10.9275(8) 
                                 �, �, �, deg. 95.946(6),  101.828(5),  90.649(5) 
V, Å3 649.70(7) 
�calc, g/cm3 1.571 
T, K 293 
Radiation;  �, Åb MoK�;  0.71073 
Color Blue 
Crystal shape Needle 
Reflection measured 2275 
�min, max, deg. 2.94, 25.0 
Independent reflections 5881 
Parameters refined 172 
Final R factor [I > 2�(I )]c,d R1 = 0.0414,  wR2 = 0.0970 
R factor (all data)c,d R1 = 0.0551,  wR2 = 0.1044 
GOOF 1.011 
Residual electron density (min / max), e/Å3 –0.433 / 0.726 

 

 

 

a Including solvent molecules.  
b Graphite monochromator.  
c R1 = 	(||F0| – |Fc||) /	|F0|.  
d wR2 = [	[w( 2

0F  – 2
cF )2] /	[w 2

0F )2]]1/2 where w = 1/[�2( 2
0F ) + (mp)2 + np], p = 

= [max( 2
0F , 0) + 2 2

cF ]/3, and m and n are constants. 

 
tered, and allowed to stand undisturbed in a sealed vial. Dark blue needles of (1) suitable for X-ray 
crystallography were obtained after 3 days. The crystals of (1) were maintained in a mother liquor for 
X-ray crystallography. Yield: 
46 %. Anal. Calc. for C, H, N. Found: C 31.214; H 6.197; N 9.110 %. 
Anal. Calc. for: C 31.260; H 6.230; N 9.114 %. IR (KBr): � (cm–1) = 3223 (m), 3124 (s), 2961 (w), 
2956 (w), 2629 (w), 1586 (s), 1453 (m), 1399 (s) 1358 (w), 1151 (m), 1361 (m), 1034 (w), 935 (m), 
906 (m), 865 (s),774 (m) 724 (w).  

X-ray crystallographic data of complex (1). Data were collected on an Oxford-Diffraction dif-
fractometer, equipped with a CCD area detector and a graphite monochromator utilizing MoK� radia-
tion (� = 0.71073 Å). A suitable crystal was attached to glass fibers using paratone-N oil and trans-
ferred to a goniostat where it was cooled for data collection. Unit cell dimensions were determined and 
refined using 3823 (2.94  �  28.80�) reflections. Empirical absorption correction (multi-scan based 
on symmetry-related measurements) was applied using the CrysAlis RED software [ 19 ]. The struc-
ture was solved by direct methods using SIR92 [ 20 ] and refined on F2 using full-matrix least squares 
using SHELXL97 [ 21 ]. Programs used: CrysAlis CCD [ 18 ] for data collection, CrysAlis RED [ 19 ] 
for cell refinement and data reduction, and DIAMOND [ 22 ] for molecular graphics. The non—H  
atoms were treated anisotropically, whereas the hydrogen atoms were placed in calculated, ideal posi-
tions and refined as riding on their respective carbon atoms. Unit cell data and structure refinement 
details are listed in Table 1. Full details can be found in the CIF files deposited with the Cambridge  
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Crystallographic Data Center, CCDC No. 936419. The structure contains severely disordered lattice 
solvent molecules (CH3CN, MeOH, H2O) that could not be modeled properly; thus the SQUEEZE 
program, a part of the PLATON package of crystallographic software, was used to calculate the sol-
vent disorder area and remove its contribution from the intensity data [ 23 ]. 

COMPUTATIONAL METHODS 

The LanL2DZ basis set is used for post-3rd row atoms which used effective core potentials. Re-
cently, the ground state geometries of Cu complexes containing the tripodal tetramine ligand have 
been computed at two different levels of theories, i.e., B3LYP/LanL2DZ and B3LYP/Gen (LanL2DZ 
was used for Cu and the 6-31G** basis set for all other atoms). Both levels of theories reproduced the 
experimental geometrical parameters with a deviation of 0.1 Å in bond distances and 9.5� in bond an-
gles [ 24 ]. Previously, DFT has been applied for systems containing transition metals [ 25 ]. They con-
cluded that the approaches integrating effective core potentials are efficient in reducing computational 
expense. In another study, they showed that LANL2DZ was worth attention for transition metals and 
all-electron basis sets for all other non-transition-metal atoms [ 26 ].  

The ground state geometry of (1) has been optimized using DFT at the B3LYP/6-31** level of 
theory [ 27—33 ]. The LANL2DZ basis set [ 34—38 ] was used for the Cu atom, which agrees well 
with the experimental data and has been found to be reliable for metal containing compounds. Elec-
tronic absorption spectra were computed using TD—DFT. The effect of different functionals i.e., cor-
relation functionals B3LYP [ 39,40 ] BH, and HLYP [ 41 ], hybrid functionals CAM-B3LYP [ 42 ], 
and long-range corrected functionals LC-BLYP [ 43 ] on the absorption wavelengths was calculated. 
The absorption wavelengths computed by different functionals have been compared and discussed. 
The DOS and UV-Visible Spectra were convoluted using GaussSum 2.1 and Chemcraft softwares, 
respectively [ 32, 33, 44 ]. All the calculations were performed with the Gaussian 09 software [ 45 ]. 

RESULTS AND DISCUSSION 

The structure of (1) was determined by single crystal X-ray diffraction. The compound was crys-
tallized in the triclinic space group P-1(2) with Z = 2. Selected bond lengths are given in Table 1. The 
crystal structure of 1 reveals that the central Cu atom is chelated by two 2-amino-2-methyl-1,3-
propandiol ligands, in which both nitrogen atoms are still protonated with Cu(1)—N(1) and Cu(1)—
N(2) bonds of 2.006(3) Å and 2.010(3) Å respectively. The oxygen atoms are deprotonated with 
Cu(1)—O(3) and Cu(1)—O(4) bonds of 1.942(2) Å and 2.387(2) Å respectively. The structure indi-
cates a bis-chelate complex containing two ampd ligands, where (O2A) one ligand remains in the pro-
tonated form. The third ampd ligand has monodentate ligation through deprotonated (O4). The central 
copper(II) atom is penta-coordinated in a distorted square pyramidal CuN2O3 geometry. Chloride ions 
have Cl---H interactions, and Cl---H and Cl---Cl bond distances are 2.8102(8) Å and 5.3228(13) Å re-
spectively. One dimensional chain of mononuclear copper is given in Fig. 2. The chloride ions connect 
five units through Cl---NH and Cl---HC to make one dimensional polymer chains as shown in Fig. 3. 

Geometries and electronic properties. The geometrical parameters, bond lengths, and bond an-
gles have been tabulated in Table 2 (atom numbering scheme is given in Fig. 4). Our computed bond 
angles are in excellent agreement with the experimental data. Moreover, the computed bond distances 
are also in reasonable agreement with experimental evidences. The computed bond lengths are some-
what smaller than the experimental values because the computed geometrical bond distances belong to 
isolated molecules in a gaseous phase while the experimental results belong to molecules in the solid 
state. 

Fig. 5 illustrates the calculated pattern of the highest occupied molecular orbitals (HOMO and 
HOMO-1) and the lowest unoccupied molecular orbitals (LUMO and LUMO+1). The HOMO-1 is 
distributed on the left and right ligands which are attached to the central metal, and also Cu and N42 
atoms make contributions to the formation of HOMO-1. The HOMO is distributed on the left ligand, 
while Cu, O3 and N42 atoms make also contributions to the formation of HOMO. The acetyl group also 
takes part in the formation of HOMO. The LUMO is of the anti-bonding character with �* distributed  
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Fig. 2. Packing diagram of one dimensional polymeric chains of (1).  
H atoms have been removed for the sake of clarity 

 

 
 

Fig. 3. One dimensional chain connected through Cl atoms (green) having Cl---HN  
and Cl---HC interactions 

 
       T a b l e  2  

The bond lengths (Å) and bond angles (deg.) of (1) in the ground state  
at the B3LYP/6-31G** (LANL2DZ) level of theory 

Bond length, Å Bond angles, deg. 
 Opt exp  Opt Exp 

Cu1—O3 1.880 1.947 N5—Cu1—O2 172.78 173.34 
Cu1—O2 1.817 1.941 O3—Cu1—O2 93.45 93.36 
Cu1—N5 1.911 2.006 N5—Cu1—O2 86.57 84.17 
Cu1—N6 1.985 2.011  

 
on the left and right ligands while LUMO+1 is localized on the top propyl ligand. From the HOMO 
and LUMO distribution pattern (see the bottom view for clarity), the intramolecular charge transfer 
has been observed. The HOMO-LUMO energy gap of this compound was calculated at the B3LYP/6-
31G* (LANL2DZ) level of theory.  

In diverse physical systems density of states (DOS) plays a very important role. In Fig. 5, HOMO 
and LUMO has been shown by green and blue lines respectively. The HOMO and LUMO energies 
have been observed to be –6.29 eV and –3.58 eV respectively. The region between the green and blue 
lines demonstrates the HOMO—LUMO energy gap of 2.71 eV. The energies of HOMO-1 and  
HOMO-2 are –6.51 and –6.68 eV respectively. The energies of different adjacent occupied molecular 
orbitals have a very small difference, e.g., energy differences between HOMO-1 and HOMO-2,  
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Fig. 4. Molecular structure of the mononuclear copper com- 
                                              plex 

 
HOMO-2 and HOMO-3 etc. The energy of LUMO+1 
(–1.18 eV) is higher than energy of LUMO  
(–3.58 eV). The energy of LUMO+2 has been ob-
served to be –0.58 eV while the energies of higher 
unoccupied molecular orbitals (LUMO+3, LUMO+4, 
LUMO+5 etc.) are positive (Fig. 5). It would be easy 
to transfer the electron from HOMO to LUMO and 
difficult to excite it from HOMO to LUMO+1 or 
higher unoccupied molecular orbitals. 

Absorption spectra. The calculated absorption 
wavelengths have been illustrated in Fig. 6. The com-
puted absorption wavelengths at the TD-CaM-
B3LYP/6-31G** level of theory has been observed in 
the range 329—571 nm. The first peak has been seen 

at 329 nm; the second peak at 349 nm. The maximum absorption wavelength, which is the third peak,  
 

 
 

 

 

Fig. 5. Distribution patterns of the 
frontier molecular orbitals (top) and 
density of state (bottom) at the 
B3LYP/6-31G** (LANL2DZ) level 
                      of theory 
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Fig. 6. Computed absorption wavelengths in nm (X axis) and oscillator strengths (Y axis) at (a) LC-BLYP; (b)  
                                                     CaM-B3LYP; (c) BHandHLYP and (d) B3LYP 

 
was observed at 394 nm. The fourth, fifth, and sixth peaks were found at 441 nm, 468 nm, and 571 nm 
respectively. The calculated absorption wavelengths at the TD-BHandHLYP/6-31G** level of theory 
has been observed in the range 277—539 nm. The first, second, and third peaks were observed at 
277 nm, 300 nm, and 339 nm respectively. The maximum absorption wavelength, which is the fourth 
peak, was observed at 368 nm. The fifth and sixth peaks can be seen at 454 nm and 539 nm respect-
tively. At the TD-CaM-B3LYP/6-31G** level of theory the absorption wavelengths have been ob-
served in the range 292—605 nm. The first peak has been seen at 291 nm, the second peak at 315 nm, 
and the third peak at 336 nm. The maximum absorption wavelength, which is the fourth peak, was ob-
served at 378 nm. One shoulder peak is at 395 nm. The fifth and sixth peaks were found at 482 nm and 
605 nm respectively. At the TD-LC-BLYP/6-31G** level of theory the absorption wavelengths have 
been observed in the range 263—531 nm. The first, second, and third peaks were observed at 263 nm, 
302 nm, and 321 nm respectively. The maximum absorption wavelength, which is the fourth peak, 
was observed at 361 nm. The fifth and sixth peaks were found at 438 nm and 531 nm respectively.  

The experimental absorption spectrum of the studied complex has been measured in ethanol. The 
first peak, which is the maximum absorption wavelength, has been observed at 328 nm and the second  
 

peak at 620 nm (Fig. 7). At the TD-CAM-B3LYP/6-
31G** level of theory, the maximum absorption 
wavelength is overestimated by 66 nm and the last 
peak is underestimated by 49 nm. At the TD-
BHandHLYP/6-31G** level of theory the maximum 
absorption wavelength and the last peak are overes-
timated and underestimated, i.e., 40 and 81 nm, re-
spectively. The maximum absorption wavelength at 
the TD-CAM-B3LYP/6-31G** level of theory is 
overestimated by 50 nm and the last peak is underes-  
 

Fig. 7. The absorption wavelength of studied complex  
                                measured in ethanol 
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timated by 15 nm. At the TD-LC-BLYP/6-31G** level of theory the maximum absorption wavelength 
is overestimated by 33 nm and the last peak is underestimated by 89 nm. Generally, the computed 
maximum absorption wavelengths at all levels of theories are overestimated while the last absorption 
peak is underestimated. The absorption wavelengths computed at the TD-CAM-B3LYP/6-31G** level 
of theory are in better agreement with the experimental data as compared to other level of theories in 
the present study. Thus the TD-CAM-B3LYP/6-31G** level of theory would be a better choice to 
compute the absorption wavelengths of the pentacoordinate polymeric copper(II) complex with 2-amino-
2-methyl-1,3-propandiol, its derivatives, and similar complexes. 

CONCLUSIONS 

A new one dimensional copper(II) chain having a distorted square pyramidal geometry has been 
synthesised using the ampdH2 ligand. Complete structural investigations were carried out using  
Fourier Transform Infrared (FT-IR), UV-Visible spectra and single crystal X-ray analysis. DFT and 
TDDFT studies were carried out for the mononuclear copper complex. The ground state geometry was 
optimized at the DFT/B3LYP/6-31G** (LANL2DZ) level of theory and the absorption spectra were 
computed at TD-B3LYP/6-31G** (LANL2DZ). The optimized geometrical parameters are in good 
agreement with the experimental data. The energies of different adjacent occupied molecular orbitals 
have a very small difference while the energy difference between the first three unoccupied molecular 
orbitals is higher. It is expected that the electron transfer from HOMO to LUMO would be favourable 
while it would be difficult to excite an electron from HOMO to LUMO+1 or higher unoccupied mo-
lecular orbitals. The intra-molecular charge transfer has been observed from HOMO to LUMO. The 
absorption range of the studied compound is from the UV to Vis region. By changing the functional 
the absorption wavelength varies. 

 
Supplementary data. CCDC 936419 contains the supplementary crystallographic data of com-

plex (1) of this article. The data can be obtained free of charge via 
http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic Data Cen-
tre, 12 Union Road, Cambridge CB2 IEZ UK; Fax (+44) 1223-336-033; or email:  
deposit@ccdc.cam.ac.uk Supplementary data associated with this article can be found in the online 
version.  
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