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ABSTRACT 
The Complexes of UO2 (II) with Metformin ligand (1,1-dimethyl 

biguanide) (Met)and Glycine (Gly) as mixed ligand (Aminoacetic acid) 

have been prepared and characterized using different techniques. 

Theoretical studies (density functional theory, DFT) were also carried out 

to support the corresponding experimental results. Computational 

calculations were achieved using a level of theory DFT/GEN for the 

metal. The nature of the interaction between the metal ions & the ligand, 

molecular stability, and bond strengths have been studied using DFT 

calculations employing natural bond orbital (NBO) analysis. The 

regioselectivity of the reaction was supported by theoretical calculations 

at the DFT level. The optimized molecular structure and natural bond 

orbital (NBO) have been performed by density functional theory (DFT) 

using the B3LYP method with the 6-311++G(d,p) basis set for the 

ligands.  
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INTRODUCTION 
Metformin was approved in the United Kingdom in 1958 and the 

United States in 1995.Metformin has been converted into a more widely 

used drug for the treatment of type 2 diabetes (DM2) at doses between 

500 and 2500 mg/day (Scarpello and Howlett 2008). According to the 

guidelines of the American Diabetes Association/European Association 

for the study of diabetes, metformin is the first-line therapy for T2DM 

patients (Inzucchi et al., 2012). Metformin lowers blood glucose 

concentrations without causing hypoglycemia by reducing intestinal 

glucose uptake, improving peripheral glucose uptake, lowering fasting 

plasma insulin levels, and increasing insulin sensitivity (Grzybowska et 

al., 2011). Additionally, metformin can reduce gluconeogenesis by 

triggering AMP-activated protein kinase (AMPK) (Matthaei and 

Greten , 1991). Recent research suggests that metformin may have 
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additional benefits outside decreasing blood sugar, including anticancer, 

antiaging, cardiovascular protective, neuroprotective, and polycystic 

ovary syndrome (PCOS) therapy options (Wang et al., 2017). Due to the 

corresponding drug metal complexes' improved biological activity, metal 

complexes preparation have been the focus (Bentefrit et al., 1997). It 

was discovered that the platinum (IV) complex exhibits anticancer 

activity, while the vanadyl complex with metformin exhibits potential 

synergistic insulin mimics (Shahabadi and Heidari, 2012). Looking at 

the significance of metformin, the other metformin complexes, such as 

complexation with chromium, are thought to be the most commonly 

prescribed antidiabetic medication worldwide (Krishan et al., 2012). 

Additionally, studies of metformin complexes such as Co (II), Zn (II), 

and Pt (II) complexes have interesting thermal behavior in addition to 

having an antibacterial activity (Viossat, et al., 1995 ; Lemoine, et 

al.,1996 ; Zhu, et al., 2002a and Olar, et al., 2005. The metformin 

ligand's metal complexes are typically cationic, and its brightly coloured 

chelate changes depending on the type of metal ion, its oxidation state, 

the number of ligands present in the complex, and these factors together 

serve as chelating agents (Scarpello and Howlett 2008).  Numerous 

transition elements, in particular copper (II), nickel (II), cobalt (II), and 

platinum (II), interact with metformin to generate the compounds [PtCl 

(MF)(DMSO)]Cl, [PtCl4(MF)(DMSO)], [Co (MF.HCl) (Cl)2], [CuCl2 

(MF)2], and [Cu(MF)2]. Zn(MF.HCl) Cl2.2H2O, and Ni(MF)2 (Viossat, et 

al., 1995 ; Lemoine, et al.,1996 ; Bentefrit et al., 1997 and Zhu, et al., 

2002b). It contains two donor centers for amino groups and one donor 

center for each of the primary, secondary, and tertiary amino groups. 

Water readily dissolves metformin hydrochloride, whereas acetone, 

ether, and chloroform are essentially insoluble. 2.8 and 11.51 are the pKa 

values for metformin. Its melting point is 222-226 
o
C (Refat, et al., 

2015).  

In this study, metformin uranyl complexes were synthesized and 

characterized, and the structures of complexes will be investigated using 

several techniques. The analysis of natural bond orbital (NBO) on 

complexes is reported,  The different quantum chemical parameters such 

as bond lengths, bond angles, electronic dipole moment (μ) as well as 

first-order hyperpolarizability (𝛽), energy minimization analyses, 

molecular orbitals (MOs), quantum chemical parameters, HOMO-LUMO 

energy gap (Eg), absolute electronegativities (χ), absolute hardness (η), 

absolute softness (σ), chemical potentials (P), global softness (S), global 
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electrophilicity (ω), and additional electronic charge (ΔNmax) have been 

computed at the DFT-B3LYP/GEN level of calculation. A comparison of 

computed structural and spectroscopic data with reported experimental 

results has been done. 

EXPERIMENTAL 
1. Chemicals and reagents. 

All chemicals and reagents used in the synthesis of the UO2-Met and 

UO2-Met-Gly complexes were of analytical grade and were used without 

further purification. Hydrated uranyl sulfate (UO2SO4.3
 

 
H2O) was 

provided by Alfa-Aesar (Germany) and Glycine (Gly) by NICE (India). 

Metformin (Met) and ethanol were supplied by Sigma-Aldrich 

(Germany). 

2. Instruments. 

UO2-Met and UO2-Met-Gly complexes were characterized using 

various techniques. Elemental analysis (C, H, N, and S) was performed 

using an automatic analyzer (Vario EL-Elementer, Germany). UO2-

Met complexes (1:1, 1:2 and 1:1:1) were investigated using a Fourier 

transform infrared (FT-IR) spectrometer [FTIR-JASCO 3600 (400-4000 

cm
-1

)] with KBr discs at room temperature. 
1
H NMR spectra in DMSO-

d6 were developed using a Gemini 300 MHz NMR spectrometer (ECA 

500 II, JEOL, Japan). The mass spectrometry of the UO2-Met and UO2-

Met-Gly complexes were recorded using Thermo Scientific, ISQ Single 

Quadrupole MS. Thermogravimetric analysis (TGA) evaluated the 

thermal stability of the UO2-Met and UO2-Met-Gly complexes was done 

using an SDTQ600 analyzer at 10 °C min under nitrogen atmosphere. 

3. Synthesis.  

3.1. Synthesis of UO2-Met (1:1) complex.  

For the synthesis of UO2-Met (1:1) complex, a 1:1 molar ratio reflux 

method was employed using Metformin (Met) and hydrated uranyl 

sulphate (UO2SO4.3
 

 
H2O) as shown in Fig 1, 0.1656 g (1.0 mmol) of 

Metformin was completely dissolved in hot ethanol with vigorous stirring 

(solution-A), then 0.429 g (1.0 mmol) of USO4.  
 

 
 H2O was dissolved 

with stirring (solution-B). Then, solution-B was added dropwise to the 

above mixture (solution-A) with stirring. Mixtures (A) and (B) were 

transferred to a round-bottomed flask with an ammonia-water solution 

(1:10) to increase the reaction rate and to be able to modify the pH of the 

solution (pH= 7-7.5) and prevent hydrolysis, then brought to reflux for 4 
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hours. Then the UO2-Met complex (1:1) was obtained, which was 

filtered, washed with hot ethanol, and dried under vacuum at 50°C. 

 
Fig 1. Schematic preparation of UO2-Met (1:1 and 1:2) 

 

3.2. Synthesis of UO2-Met (1:2) complex.  

A reflux method was adopted for the synthesis of UO2-Met (1:2) 

complex using Metformin hydrochloride (C4H12N5Cl), and hydrated 

uranyl sulphate (UO2SO4.3
 

 
H2O) with molar ratios of 1:2. The 

preparation steps are similar to that of UO2-Met (1:1) but with a higher 

ratio of Metformin to uranyl sulphate ratio (Fig 1). 

3.3. Synthesis of UO2-Met-Gly (1:1:1) complex.  

The regression method was used to synthesize UO2-Met-Gly (1:1:1) 

complex as shown in Fig 1. 0.1656 g (1.0 mmol) of Metformin was 

completely dissolved in hot ethanol with vigorous stirring (solution A), 

then 0.429 g (1.0 mmol) USO4. 
 

 
 H2O was dissolved in hot ethanol with 

stirring solute-B) . 0.7507 g (1.0 mmol) of Glycine was also dissolved in 

hot ethanol with vigorous stirring (solution C). Then solution B is added 

dropwise to solution (A) while stirring. Mixes (A) and (B) were 

transferred to a round bottom flask, then solution (C) was added to the 

mixture (A, B) with the addition of ammonia solution in the ratio (1:10) 

to adjust the pH of the solution (pH= 7-7.5), then reflux for 4 hours. The 

UO2-Met-Gly complex (1:1:1) was then obtained, which was filtered, 

washed (hot ethanol), and dried under reduced pressure at 50 °C. 

 

 

UO2-Met (1:1) 

UO2-Met (1:2) 

UO2SO4.3
𝟏

𝟐
H2O 
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Fig 2. Schematic preparation of UO2-Met-Gly complex (1:1:1) 

 

4. Computational details.   

Due to the absence of single crystal X-ray structure analysis and to 

attain the molecular conformation of compounds Metformin, Glycine, 

UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly (1:1:1), energy 

minimization analyses were done by means of Gaussian-09W software 

package (Frisch et al., 2010), with the B3LYP exchange correlation 

functional approach. The basis set 6-311G** was applied for C, H and N 

atoms and SDD for UO2(II). Without any symmetry constraints, the 

geometry of the investigated systems was totally optimized in gas-phase. 

Gauss View 5 software (Dennington et al., 2009) was used to create 

figures of molecular orbitals (MOs) by visualization of the structures. 

The quantum chemical parameters of the studied compounds were gained 

from calculations as energies of the lowest unoccupied molecular orbital 

(ELUMO), the highest occupied molecular orbital (EHOMO) (Fig 1. (Eg): 

HOMO-LUMO energy gap, (χ): Absolute electronegativities, (η): 

Absolute hardness, (σ): Absolute softness, (P): Chemical potentials, (S): 

Global softness, (ω): Global electrophilicity, (ΔNmax): Additional 

electronic charge, these parameters were calculated using the following 

equations (1-8): 

Eg = ELUMO – EHOMO                            (1) 

χ = 
             

 
                      (2) 

η = 
            

 
                        (3) 

σ = 
 

 
                                              (4) 

p = -χ                                             (5) 

 
UO2-Met-Gly (1:1:1) 

UO2SO4.3
𝟏

𝟐
H2O 
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S = 
 

  
                                            (6) 

ω = 
  

  
                                           (7) 

ΔNmax. = 
  

 
                                 (8) 

The mean polarizability (<α>), polarizability anisotropy (Δα), 

mean first-order hyperpolarizability (<β>), and total static dipole-

moment (μ) were estimated using the x, y, and z components (Avci et al., 

2010 and  Avci, 2011). 

RESULTS AND DISCUSSION 
FTIR spectra were obtained for UO2-Met (1:1), UO2-Met (1:2), 

and UO2-Met-Gly (1:1:1) complexes (Fig ). Pure Metformin spectrum 

demonstrated characteristic sharp peaks at 3370, 3295, and 1661 

cm
−1

 corresponding to NH stretching of the amine group (expected site of 

complexation), NH stretching of the imido group, and C=N stretching. 

Also, the peaks at 1419, and 1558 cm
-1

 correspond to the C-H 

asymmetric of methyl CH3 group and binding N-H bonds respectively 

(Panda et al., 2018 and Abd-El Hafeez et al., 2022). Pure glycine 

spectrum showed symmetric and asymmetric carboxyl group (–COO) 

frequencies at 1402 cm
-1

 (C=O) and 1582 cm
-1

, The stretching of NH2 

shows a characteristic peak around 3400 cm
-1

, The peaks of C-H appear 

in the range of 1200 cm
-1

 to 1300 cm
-1

 (Chen et al., 2021).  

UO2-Met (1:1), UO2-Met (1:2) spectra show peaks at 3544 cm
-1

 

and 3328 cm
-1

which attributed to the N-H stretching of the amine and 

imido groups respectively, that shifted from the pure peaks of that groups 

in the pristine Metformin. This shift revealed the inclusion of the 

nitrogen atoms of amine and an imido group of Metformin in the 

complexation with uranyl metal ions. The vibration of C=N in the 

prepared UO2-Met (1:1), UO2-Met (1:2) complexes shifted from 1661 to 

1693 cm
-1

. Also, the peaks of N-H binding, and asymmetric C-H of the 

methyl group shifted after complexation from 1419, and 1558 cm
-1

 to 

1602, and 1489 cm
-1

 respectively. The peaks that appeared at lower wave 

number 767-601 cm
-1

 may be due to the (U←N) coordinate bond 

(Mahmoud et al., 2019). UO2-Met-Gly (1:1:1) spectrum showed a weak 

intensity peak at 1618 cm
-1

 that characteristic of glycine which shifted 

from 1582 cm
-1

 in the pristine glycine. The shift in the C=O position may 

be due to the inclusion of the complexation with uranyl metal ions. The 

appearance of peaks at 567 cm
-1

 may be attributed to the (U←O) 

coordinate bond (Chen et al., 2021).   
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Fig 3. FTIR spectra of UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly 

(1:1:1) complexes. 

 

CHN analysis of UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-

Gly (1:1:1) complexes were compared with theoretically calculated and 

represented in Table 1. The results are in excellent conformity with the 

proposed chemical formulae; C4H19N5O6U, C8H24N10O4U, and 

7H18N6O6U, respectively.  

Table 1. Theoretically and experimentally elemental analysis of the 

UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly (1:1:1) 

complexes 

Element 

Theoretically calculated Found CHN elemental analysis 

UO2-Met 

(1:1) 

UO2-Met 

(1:2) 

UO2-Met-Gly 

(1:1:1) 

UO2-Met 

(1:1) 

UO2-Met 

(1:2) 

UO2-Met-Gly 

(1:1:1) 

C 10.23 10.81 10.30 9.94 10.47 10.17 

H 3.762 5.40 3.43 3.62 5.23 3.37 

N 14.92 15.76 18.02 14.67 15.62 17.94 

 

The experimental 
1
H NMR spectra of UO2-Met (1:1), UO2-Met (1:2), 

and UO2-Met-Gly (1:1:1) complexes (Fig ),  UO2-Met (1:1) showed 

signals at δ 2.4-2.8 ppm, the signal at 2.5 and the weak intense signal at 

2.8 ppm were attributed to the presence of solvent water molecules, 

respectively (Babij  et al., 2016 and Heidari et al., 2017). While the 

signal at 3-3.3 may be attributed to protons of the methyl group, the 

broad peak at 3.0, and 3.3 were attributed to H2O and NH protons. The 

broadening may be due to the exchangeable ability of these acidic 

 

___ UO2-Met-Gly (1:1:1) 

___ UO2-Met (1:2) 

____ UO2-Met (1:1) 
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protons which resulted in no coupling with its neighbor protons (Robert 

et al., 2020). The signals at 6.4 to 6.7 ppm may be attributed to the amine 

protons. Fig  shows the 
1
HNMR spectrum of the UO2-Met (1:2) 

complex., The spectrum shows similar signals to UO2-Met (1:1) complex 

with a little variation in the peaks broadening and intensities. 

 
Fig 4. 

1
H NMR spectrum of UO2-Met (1:1) complex. 

 

 
Fig 5. 

1
H NMR spectrum of UO2-Met (1:2) complex. 

Fig -8) represent the mass spectra of UO2-Met (1:1), UO2-Met 

(1:2), and UO2-Met-Gly (1:1:1) complexes, respectively. The molecular 

ion peaks were at 432, 652, and 523 m/z, respectively. The base peak for 
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UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly (1:1:1) complexes 

appeared at 85, 120, and 69 m/z, respectively, which corresponds to the 

proposed structure of the three prepared complexes. 

 
Fig 6. Mass spectrum of UO2-Met (1:1) complex. 

 

 
Fig 7. Mass spectrum of UO2-Met (1:2) complex. 

 

______ UO2-Met (1:1) 

 

______ UO2-Met (1:2) complex 
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Fig 8. Mass spectrum of UO2-Met-Gly (1:1:1) complex.  

The thermal stability of the UO2-Met (1:2) and UO2-Met-Gly 

(1:1:1) complexes was tested under nitrogen atmosphere at 800°C/10°C 

per minute. Molecules of hydrated water are connected by a complex 

configuration and are located outside the coordination region formed 

around the central metal ion. Dehydration of this type of water occurs in 

the temperature range of 25-220°C, and the weight loss corresponds to 

one molecule of water. On the other hand, coordinated water molecules 

are removed at higher temperatures than hydrated water molecules. The 

consistency of water is usually in the temperature range of 100-316°C 

(Abdel-Ghani and Sherif, 1989).  The organic portion of the complex 

may decompose in one or more steps with the potential to form another 

intermediate product. These intermediates may contain metal ions with 

some bonds (Abdel-Latif et al., 2007). These intermediates can 

eventually be decomposed down into stable metal oxides. The 

thermogram indicates that the decomposition of the UO2-Met (1:2) 

complex went through four steps. The first phase of weight loss (DTA, 

132.22 °C) was about 4.028%, and raising the temperature up to 170 °C 

corresponds to the loss of one water molecule. The second stage of 

weight loss (DTA, 222.82 °C) was 5.719% when the temperature rises to 

about 268 °C, corresponding to the loss of coordinated water molecules. 

When the temperature was increased to 388 °C (step 3 (DTA, 368.66 

 

______ UO2-Met-Gly (1:1:1) 

complex 
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°C)), this corresponds to the loss of coordinated water molecules, and the 

thermogram loses mass due to a decrease of 12.560% in the sample 

weight was shown. The intermediate species formed by raising the 

organic fraction temperature of the compound to 555 °C (stage IV (DTA, 

458.55 °C)) and decomposition. The thermogram showed an 18.84% 

decrease in sample weight. At elevated temperatures, the analyzed UO2-

Met (1:2) complex exhibited a significant thermal stability of up to 800 

°C with slight loss. The remaining residue was about 58.80% by weight, 

which persists until a constant load was reached where the metal oxide 

residue was formed. 

 
Fig 9. The thermogravimetric analysis (TGA-DTA) of UO2-Met (1:2) 

complex 

The thermogram shows that the decomposition of the UO2-Met-Gly 

complex (1:1:1) went through four steps. The first stage (DTA, 61.36 °C) 

had a 4.45% weight loss with increasing temperature up to 144 °C, which 

corresponds to the loss of one hydrated water molecule. The second stage 

(DTA, 130.20 °C) had a 8.62% weight loss with the temperature rising to 

285 °C, which corresponds to the loss of coordinated water molecules. 

With a further increase in temperature up to 362 °C (phase III (DTA, 

345.11 °C)) corresponding to the loss of coordinated water molecules, 

the thermogram showed a weight loss of the sample of 4.05% caused by 
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the formation of intermediate species by fractional decomposition for the 

organic residue, the thermogram showed 11.23% sample weight loss 

upon increasing the temperature to 578 °C (Stage IV (DTA, 488.31 °C)). 

At higher temperature, the analyzed UO2-Met-Gly complex (1:1:1) 

showed significant thermal stability up to 800 °C with slight loss. The 

remaining residue was 71.65% (metal-oxide). 

 
Fig 10. The thermogravimetric analysis (TGA-DTA) of UO2-Met-Gly 

(1:1:1) complex 

 

1. Theoretical studies 

Different quantum chemical parameters such as, bond lengths, 

bond angles (Table 2), The values of the dihedral angles were far from 0 

or 180 which confirm that the examined ligands and their complexes has 

a complete non-planar structure. Electronic dipole moment (μ) as well as 

first-order hyperpolarizability (𝛽) were calculated using the DFT-

B3LYP/6-311G** level of calculation for C, H, N, O and SDD for 

UO2(II). Quantum mechanical calculations of geometries and energies 

were attained using the density functional theory with Becke's three-

parameter exchange functional method, the Lee-Yang-Parr correlation 
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functional approach (B3LYP/DFT) combined with B3LYP/GEN level 

basis sets  was used (Fig 1). 

 

 
 

Metformin 
 

Glycine 

 
UO2-Met (1:1) 

 

 
UO2-Met (1:2) 

 
UO2-Met-Gly (1:1:1) 

Fig  11. Optimized geometry, numbering system, and vector of the dipole 

moment of Metformin, Glycine, UO2-Met (1:1), UO2-Met (1:2), 

and UO2-Met-Gly (1:1:1) using B3LYP/6.311G** and B3LYP/ 

GEN level. 
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Table 2. Selected geometric bond lengths, bond angles and dihedral 

angles of the optimized Metformin, Glycine, UO2-Met (1:1), 

UO2-Met (1:2), and UO2-Met-Gly (1:1:1) using B3LYP/GEN 

level. 
Compound Bond lengths (Å) Bond angles Dihedral angles 

Metformin 

C1-N5 1.457 C1-N3-C2 116.566 C1-N3-C10-N11 1.091 
N3-C2 1.456 C1-N3-C10 124.623 C1-N3-C10-N14 -178.281 

N3-C10 1.448 C10-N3-C3 118.811 C2-N3-C10-N11 -179.056 
N11-C10 1.434 N3-C10-N11 121.165 C2-N3-C10-N14 1.573 
N14-C10 1.303 N3-C10-N14 117.121 N11-C10-N14-C15 2.551 
N14-C15 1.431 N11-C10-N14 121.711 C10-N14-C15-N16 8.966 
C15-N16 1.284 C10-N14-C15 132.078 C10-N14-C15-N17 -172.946 

Glycine 

O9-C1 1.353 O9-C1-O8 123.058 N3-C2-C1-O8 19.766 
C1-C2 1.512 C2-C1-O9 111.662 O9-C1-C2-N3 -162.282 
C2-N3 1.455 C2-C1-O8 125.246 O8-C1-O9-H10 1.011 
C1-O8 1.205 N3-C2-C1 110.486 H10-O9-C1-O8 -176.964 

UO2-Met (1:1) 

O22-U1 2.266 O30-U1-O24 71.779 O22-U1-N2-C3 -173.546 
U1-O20 2.011 O30-U1-O22 128.292 O30-U1-N2-C3 86.421 
U1-O32 2.800 O30-U1-O20 70.016 O24-U1-N6-C5 100.027 
U1-O24 2.270 O30-U1-O32 146.683 N9-C5-N6-C5 -127.278 
U1-O30 2.701 O30-U1-O21 128.292 U1-N6-C5-N4 55.412 
U1-O21 2.009 O30-U1-N6 76.971 C3-N2-U1-O20 131.343 
U1-N2 2.545 O30-U1-N2 128.101 C5-N6-U1-O22 177.443 
U1-N6 2.376 N2-U1-N6 70.928 N2-C3-N8-C12 -179.757 
N2-C3 1.301 N2-U1-O32 73.446 C3-N4-C5-N9 -179.572 
C3-N4 1.430 N2-U1-O20 72.189 N8-C3-N2-U1 176.310 

UO2-Met (1:2) 

N2-C3 1.298 N26-C21-N20 114.296 N26-C21-N20-U1 143.882 
C3-N4 1.407 N23-C24-N25 123.518 N23-C24-N25-U1 12.991 
C5-N6 1.450 C24-N25-U1 133.597 C21-N20-U1-O42 -95.165 
U1-C6 2.528 C21-N20-U1 124.301 C24-N25-U1-O42 5.503 

U1-N20 2.401 O42-U1-O40 172.640 C5-N6-U1-O25 -165.387 
O42-U1 2.353 N2-U1-N6 65.871 N4-C3-N2-U1 2.180 
N20-C21 1.435 C3-N2-U1 141.030 U1-N6-C5-N4 -14.173 

UO2-Met-Gly 
(1:1:1) 

C6-N7 1.466 N10-C3-N2 110.586 N2-U1-N24-C25 143.078 
C3-N2 1.465 C6-N12-N7 110.444 C16-N10-C3-N5 71.987 
N2-U1 2.387 N2-U1-N7 78.285 C27-O30-U1-N2 -133.837 
U1-N7 2.373 O36-U1-N7 138.546 C3-N2-U1-N24 138.526 

U1-O34 2.255 N2-U1-O30 130.849 N5-C6-N7-U1 -41.924 
U1-O36 2.261 O30-U1-N24 71.570 O30-U1-N24-C25 15.709 
U1-O30 2.222 U1-N24-C25 114.338 U1-N2-C3-N5 -52.113 
U1-N24 2.374 U1-O30-C27 119.978 N7-U1-N2-C3 -8.295 

Table 3 and Figure 12 show the geographic distribution of molecular 
orbital FMO maps of  HOMO, LUMO, and energies of the examined 
ligands and complexes in the ground state. EHOMO's computed values, 
which describe their ability to donate electrons. ELUMO of the ligands, on 
the other hand, characterizes its electron affinity. Finally, the computed 
energy gap, (Eg), computes a compound's reactivity; as the energy gap 
lowers, the compound's reactivity increases (Table 3). After complexation, 
the ligand's LUMO values stabilize, resulting in an increase in the electron 
affinity of the complexes. The molecule's energy gap revealed its chemical 
stability and electron conductivity, making it the most important determinant 
in determining its molecular electrical transport. The energy gap (Eg) of the 
complexes is lower than the ligands, demonstrating the more reactive nature 
of the complexes. Using B3LYP/6.311G** (d,p)  and B3LYP/GEN, the 
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energies of HOMO and LUMO were utilized to compute the energy gap, 
ionization energy (I, eV), electron affinity (A, eV), absolute 
electronegativities, (, eV), absolute hardness (, eV), Absolute softness (, 
eV), global softness (S, eV) chemical potential (P, eV) global 
electrophilicity (ω, eV), additional electronic charge, ΔNmax of the 
investigated ligands and complexes. The results show that the chemical 
potential (P) of UO2-Met (1:1), UO2-Met (1:2), UO2-Met-Gly (1:1:1) 
complexes were more negative than that of the ligands, indicating that they 
were more reactive. As a result, the complexes' chemical hardness (η) is 
lower than the ligands, while their chemical softness (S) follows the opposite 
trend (Table 3). As a result, charge transfer is more easily accomplished in 
these complexes. Electrostatic potential maintains the variation of 
electronegativity (χ) values in the complexes for any two molecules where 
the electron is partially transferred from one of lower to that of higher. The 
results reveal that when the values decrease, charge transport within these 
complexes increases. Moreover, the arrangement of the magnitudes P, ω and 
N show that the complexes is electronically less stable and has a high 
electrophilicity index and charge transfer ability.  
Table 3. Total energy, energy of HOMO and LUMO, energy gap, 

ionization energy (I, eV), electron affinity (A, eV), absolute 

electronegativities, (, eV), absolute hardness (, eV), Absolute 

softness (, eV), global softness (S, eV) chemical potential (P, eV) 

global electrophilicity (ω, eV), additional electronic charge, 

ΔNmax, of Metformin, Glycine, UO2-Met (1:1), UO2-Met (1:2), 

UO2-Met-Gly (1:1:1) using B3LYP/GEN level. 

Parameter Metformin Glycine 
UO2-Met 

(1:1) 

UO2-Met 

(1:2) 

UO2-Met-Gly 

(1:1:1) 

ET (eV) -11780 -7742 -37152 -44772 -40764 

EHOMO (eV) -5.6133 -6.6213 -6.7740 -6.1859 -6.6472 

ELUMO (eV) -0.5801 -0.0225 -2.1379 -1.4144 -2.4024 

Eg (eV) 5.0332 6.5987 4.6360 4.7715 4.2686 

I (eV) 152.7468 180.1762 184.3314 168.3282 152.7469 

A (eV) 15.7854 0.612261 58.17568 38.48809 65.37315 

 (eV) 84.2661 90.39421 121.2535 103.4082 123.127 

η (eV) 68.4807 89.78195 63.07785 64.92007 57.7539 

S (eV) 0.0073 0.00012 0.00025 0.00024 0.0003 

 0.0146 0.1114 0.1585 0.1540 0.1731 

P (eV) -84.2661 -90.3942 -121.254 -103.408 -123.127 

ω (eV) 51.8451 45.5053 116.5418 82.3570 131.2488 

ΔNmax 1.2305 1.0068 1.9222 1.5928 2.13192 

In the fields of photoelectronics and laser technology, NLO materials 
can produce second harmonic generation (SHG). There is no experimental 
or theoretical research on NLO for the examined ligands and their UO2(II) 
complexes in the literature. Because of their potential in optical information 
processing, optical computing, telecommunications, and optical data 
storage, NLO materials have created a lot of attention (Chemia et al., 1987 ; 
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Natarajan et al., 2008 ;  Bradshow and Andrews 2009). B3LYP/GEN 
was used to calculate the link between molecular structure and NLO 
characteristics, as well as the polarizabilities and hyperpolarizabilities of the 
UO2(II) complexes investigated. Table 4 shows the total static dipole 
moment (µ), The magnitude of their dipole moment indicates that all the 
complexes investigated were polar molecules. The direction of the dipole 
moment vector can be related to the increase in the dipole moment of the 
complexes. Therefore, the polarity follows the order UO2-Met-Gly 
(1:1:1)>UO2-Met (1:1)>UO2-Met (1:2), mean polarizability (˂α˃), 
polarizability anisotropy (Δα), and mean first-order hyperpolarizability 
(˂β˃) of the UO2(II) complexes and the ligands. The polarizabilities and 
first order hyperpolarizabilities were expressed in atomic units (a.u.), and the 
estimated values were converted to electrostatic units (esu) using a 
conversion ratio of 0.1482x10

-24
 esu for α and 8.6393x10

-33
 esu for β. In 

NLO investigations, urea (Lin et al., 2002) is a common prototype (β= 
0.1947x10

-30
). Because there weren’t any experimental findings of NLO 

characteristics of the UO2(II) complexes and the ligands, urea was chosen as 
reference material in this investigation. One of the most important aspects of 
the NLO system is the molecule hyperpolarizability (˂β˃). The UO2(II) 
complexes, are 5, 2 and 10 times larger than Urea, respectively, according to 
the computed (˂β˃) values. As a result, all the UO2(II) complexes 
investigated have significant polarizability and first order hyperpolarizability 
and were expected to be encouraging applicants for NLO materials. 
Table 4. Calculated total static dipole moment (μ), the mean 

polarizability <α>, anisotropy of the polarizability Δα and 
the first order hyperpolarizability configuration for 
Metformin, Glycine, UO2-Met (1:1), UO2-Met (1:2) and 
UO2-Met-Gly (1:1:1) using B3LYP/GEN level. 

Parameter Metformin Glycine 
UO2-Met 

(1:1) 
UO2-Met 

(1:2) 
UO2-Met-Gly 

(1:1:1) 
µ, D 2.3180 1.9728 5.7609 2.8033 12.5945 
XX -41.4634 -22.9522 -122.6491 -131.08 -132.0041 
YY -52.3761 -32.7135 -112.0094 -127.568 -144.7357 
ZZ -59.9596 -30.2530 -130.3503 -186.8575 -149.9874 
XY -4.8541 1.1073 11.9341 12.49 -20.0726 
XZ 2.5389 -3.1953 2.4517 8.7789 16.2933 
YZ -0.6484 0.1798 -4.2570 18.9841 9.6922 
<α> -0.7597X10-23 -0.4244x10-23 -1.8938x10-23 -2.2008X10-23 -2.1080X10-23 
Δα 2.38X10-24 1.30314x10-24 1.1413x10-24 8.5384X10-24 2.3737X10-24 

XXX 23.757 13.4303 55.2674 30.2034 -40.252 
XXY -6.3675 2.5148 1.1526 -5.1711 -93.1754 
XYY -5.6513 -5.6260 -7.4722 0.9466 6.6998 
YYY -2.1859 -1.7556 54.3485 17.9038 -101.9868 
XXZ 9.4283 6.0777 7.9699 -2.0864 38.5438 
XYZ -5.2122 -0.9032 14.6836 -11.0773 16.9387 
YYZ 4.8357 -0.1428 -20.4180 8.1485 26.8208 
XZZ -5.0165 4.4555 43.9796 8.0917 5.0013 
YZZ -0.6098 0.0954 -8.4111 -11.7322 -6.3833 
ZZZ 0.0271 1.5409 -18.1921 30.1714 32.5327 
<β> 0.1851X10-30 0.1243x10-30 0.9296x10-30 0.4615X10-30 1.9514X10-30 
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Fig 12. HOMO and LUMO molecular orbital maps of the ligands and 

complexes using B3LYP/GEN level. 
The charge transfer and natural charges on active sites of the complexes 

can be efficient in terms of electrophilic and nucleophilic force, as well as 
hydrogen bonding interactions in any molecular approach (Murray and Sen, 
1996). The order of rising potential following the sequence: red < orange < 
yellow < green < blue, red < orange < yellow < green < blue (Politzer and 
Murray 2002 ; Sajan et al., 2011). The optimal structure was analyzed using 
the computed 3D MEP maps of the complexes and the ligands in the explored 
complexes, as illustrated in Figure 13. The results demonstrate that the negative 
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area (red) of the ligands is primarily on the O and N atomic sites, which is due 
to the contribution of lone-pair electrons from oxygen and nitrogen atoms. The 
positive (blue) potential sites, on the other hand, are found surrounding the 
hydrogen and carbon atoms. The potential of the other carbon atoms appears to 
be zero. The significantly negative potential is over the oxygen atoms and 
nitrogen of the ligands in MEP maps of UO2(II) complexes, Figure 13, while 
the largely positive regions are over the hydrogen atoms and the remaining 
carbon atoms appear to have zero potential. The electrophilic attack will affect 
the fragment of the molecule that has a negative electrostatic potential, the more 
negative the electrostatic potential, the better the affinity for the electrophilic 
attack. 

 
         Molecular 

electrostatic potential    
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Fig 13. Electrostatic potential & molecular electrostatic potential surfaces of the 

ligands and the complexes using B3LYP/GEN level. 
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CONCLUSION 
In the present work, a simple and efficient method for the 

preparation of UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly (1:1:1) 

complexes via the reflux method that involves Metformin and Glycine as 

ligands and the appropriate uranyl sulfate as metal ions was developed. 

UO2-Met (1:1), UO2-Met (1:2), and UO2-Met-Gly (1:1:1) complexes 

have been fully described using various analytical tools. The metal 

complexes were also subjected to elemental analysis. The mass spectra of 

the complexes display a molecular ion peak at m/z = 432, 652, and 523 

respectively, which agree with the empirical formula as shown in the 

elemental analysis. The ligands and their complexes molecular structures 

were optimized using the SDD basis sets. The compounds can be simply 

polarized and display significant NLO characteristics, as seen by the 

confine HOMO-LUMO energy gap. The chelates polarizability and 

hyperpolarizabilities mean that they are efficient candidate for NLO 

material. The UO2-Met (1:2) complex has higher energy than that of the 

UO2-Met (1:1) and UO2-Met-Gly (1:1:1) complexes. This gives further 

confirmation for the formation of the more stable UO2-Met (1:2) 

complex. 
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لمميتفورمين مختمط مع الجلايسين  DFTالتحضير والتوصيف والدراسات النظرية 
 ومتراكباتهم مع أيونات اليورانيل.

 عبدالمطيف ، عادل محمدمحمد مجدي درويش ، سمير 
 جامعة حموان –كمية العموم  –قسم الكيمياء 

ثنائي ميثيل -1،1مع ميتفورمين ليجند ) UO2 (II)تم تحضير متراكبات اليورانيوم 
كميجند مختمط )حمض أمينو أسيتيك( وتوصيفها باستخدام  Glycine (Gly)( و Metبيجوانيد( )

النتائج  ( لدعمDFTتقنيات مختمفة. كما أجريت دراسات نظرية )نظرية الكثافة الوظيفية ، 
لممعدن.  DFT / GENالتجريبية المقابمة. تم إجراء الحسابات الحسابية باستخدام مستوى نظرية 

تمت دراسة طبيعة التفاعل بين أيونات المعادن والرابط ، والاستقرار الجزيئي ، وقوة الرابطة 
دعم  (. تمNBOالتي تستخدم التحميل المداري لمرابطة الطبيعية ) DFTباستخدام حسابات 

. تم إجراء التركيب الجزيئي DFTانتقائية التفاعل من خلال الحسابات النظرية عمى مستوى 
( باستخدام DFT( بواسطة نظرية الكثافة الوظيفية )NBOالأمثل ومدار الرابطة الطبيعية )

B3LYP/GEN . لميجند 
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