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Abstract: Fatty acid synthase (FAS), an essential enzyme for de novo lipogenesis, has been implicated in a number of 

disease states, including obesity, dyslipidemia and cancer. The research in new pi-conjugated molecules with specific 

applications has become one of the most interesting topics in the fields of chemical physics and materials science. The 

use of low band gap materials is a viable method for a better harvesting of the solar spectrum and an improved raise of 

its efficiency. The control of this parameter of these materials is a research issue of ongoing interest. In this work a 

quantum chemical investigation has been performed to explore the optical and electronic properties of a series of 

different compounds based on 3-aryl-4-hydroxyquinolin-2-(1H)-one. Different electron side groups were introduced to 

investigate their effects on the electronic structure. The theoretical knowledge of the HOMO and LUMO energy levels 

of the components is basic in studying organic solar cells so the HOMO, LUMO and energy Gap of the studied 

compounds have been calculated and reported. These properties suggest these materials as good candidates for organic 

solar cells. 
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I. INTRODUCTION 

FAS are down regulated in most normal human tissues because of the fat in our diet, with the exception of lactating 

breast and cycling endometrium. In contrast, FAS is often highly expressed in human cancers (breast, prostate, colon, 

ovary, endometrium and thyroid). This differential tissue distribution makes FAS an attractive target for cancer cells 

[1,2]. 

Therefore designing and synthesizing molecules with interesting properties play a crucial role in technology. At the 

same time it is important to understand the nature of the relationship between the molecular structure and the electronic 

properties to provide guidelines for the development of new materials.  

Recent work in this area has been focused on the synthesis and design of new molecules combining several conjugated 

systems with narrow band gap [3]. A fundamental understanding of the ultimate relations between structure and 

properties of these materials is necessary to benefit from their adaptative properties to photovoltaic cells. In parallel 

with this experimental work on these new materials, theoretical efforts have indeed begun to constitute an important 

source of valuable information which complements the experimental studies, thereby contributing to the understanding 

of the molecular electronic structure as well as the nature of absorption and photoluminescence [4].  

Hetero-junctions between organic semiconductors are central to the operation of light-emitting and photovoltaic diodes. 

[5]. A common strategy to enhance the power conversion of the photovoltaic device efficiency, by improving the 

exciton charge transfer and transport, is the development of low band gap conjugated materials as an alternating donor 
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(D)-acceptor (A) structure in the main polymer backbone [6]. The 3-aryl-4-hydroxyquinolin-2-(1H)-one and its 

derivatives still receive considerable attention for their exceptional optoelectronic properties especially 

photoconductive ones [7]. In the course of a program on the synthesis of new organic materials with useful electronic 

properties and in order to elucidate further the effect of nitrogen atom ring substitution as well as variation of ring 

substituents on the relative photoconductivity, a number of various 3-aryl-4-hydroxyquinolin-2-(1H)-one (Figure 1) 

were prepared by [8]. These materials offer many advantages in terms of easy synthesis and purification, and generally 

exhibit high relative photoconductivity.  

In this paper, eleven compounds based on 3-aryl-4-hydroxyquinolin-2-(1H)-one (M1, M2, M3, M4, M5, M6, M7, M8, M9, 

M10, M11, M12, M13, M14, and M15, shown in figure 1), are designed. The geometries, electronic properties, absorption 

and emission spectra of these studied compounds are studied by using density functional theory (DFT) and time-

dependent density functional theory (TD/DFT) with the goal to find potential sensitizers for use in organic solar cells. 

II. TRAINING SET 

All compounds studied in this work are 3-aryl-4-hydroxyquinolin-2-(1H)-one derivatives. This data set, containing 

Fifteen compounds (Table 1 and Figure 1), one of the biggest sets of human FAS type I inhibitors available in literature, 

was described and the biological activity was investigated by Rivkin and co-workers [8].Therefore, it was selected for 

this study. 

The biological activity was measured according to the concentration (in nanomolar, nM) required for fifty percent 
inhibition of the Human FAS enzymatic activity, IC50. The observed IC50 measurements were converted into their 

corresponding log IC50 (or pIC50) and are also presented in table 1. Fifteen compounds present the exact values of their 

respective IC50. 
TABLE 1 

SELECTED TRAINING SET OF 3-ARYL-4-HYDROXYQUINOLIN-2-(1H)-ONE DERIVATIVES  

AND THEIR RESPECTIVE POTENCIES REFERENT TO HUMAN FAS TYPE I INHIBITORS [8]. 

Molecule FAS pI50 

M1 1,403 5,853 

M2 207 6,684 

M3 1,294 5,888 

M4 136 6,866 

M5 402 6,396 

M6 52 7,284 

M7 4,164 5,38 

M8 54 7,268 

M9 68 7,167 

M10 728 6,138 

M11 127 6,896 

M12 101 6,996 

M13 19 7,721 

M14 734 6,134 

M15 194 6,712 
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Fig.1 Strucutres of flavonoids Mi (i=1 to 15) and 3-aryl-4-hydroxyquinolin-2-(1H)-one. 

Theoretical methodology  

DFT method of three-parameter compound of Becke (B3LYP) [9] was used in all the study of the neutral and polaronic 

compounds. The 6-31G (d) basis set was used for all calculations [10]. To obtain the charged structures, we start from 

the optimized structures of the neutral form. The calculations were carried out using the GAUSSIAN 03 program [11]. 

The geometry structures of neutral and doped molecules were optimized under no constraint. We have also examined 

HOMO and LUMO levels; the energy Egap is evaluated as the difference between the HOMO and LUMO energies. 

The ground state energies and oscillator strengths were investigated using the ZINDO/s, calculations on the fully 

optimized geometries. In fact, these calculation methods have been successfully applied to other conjugated polymers 

[12]. 

III. RESULTS AND DISCUSSION 

The results of the optimized structures obtained by B3LYP/6-31G(d) (Figure 2) show that they have similar 

conformations(quasi planar conformation).We found that the modification of several groups does not change the 

geometric parameters. Table 2 lists the calculated frontier orbital energies and energy Gap between highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) and the Gap energy of the studied 

molecules. 

         
M1      M3 
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M7      M8 

          
M9      M10 

          
M11      M12 
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M15 

Fig.2: Optimized structure of the studied compounds obtained by B3LYP/6-31G (d) level 

 

TABLE 2: 

THE VALUES OF THE HOMO, LUMO AND GAP OF THE MI COMPOUNDS 

Mi (i =1 to 15) HOMO (eV) LUMO (eV) Gap (eV) 

M1 -6.301 -2.403 3.899 

M2 -6.391 -2.515 3.876 

M3 -6.219 -1.880 4.339 

M4 -6.325 -2.059 4.266 

M5 -6.380 -2.089 4.291 

M6 -6.248 -2.046 4.202 

M7 -6.467 -2.213 4.254 

M8 -6.328 -2.093 4.235 

M9 -6.363 -2.134 4.229 

M10 -6.311 -2.202 4.110 

M11 -5.881 -2.055 3.826 

M12 -5.880 -2.092 3.787 

M13 -5.731 -2.002 3.728 

M14 -5.875 -2.063 3.812 

M15 -6.416 -2.145 4.270 

Electronic parameters 

Electronic structures are fundamental to the interpretation and understanding of the absorption spectra. It is deduced 

that the substitution, of 3-aryl-4-hydroxyquinolin-2-(1H)-one by several chemical groups, push up/down the 

HOMO/LUMO energies in agreement with their electron acceptor/donor character. As shown in table 2, the HOMO 

and LUMO energies of 1 to 13 change significantly, the LUMOs for molecules M1, M2, M3, M4, M5, M6, M7, M8, M9, 

M10, M11, M12, M13, M14 and M15 are located at (-2.403; -2.515; -1.880; -2.059; -2.089; -2.046; -2.213: -2.093; -2.134; -

2.202; -2.055; -2.092; -2.002; -2.063 and -2.145) eV, respectively. The HOMOs for M1, M2, M3, M4, M5, M6, M7, M8, 

M9, M10, M11, M12, M13, M14 and M15 are located at (-6.301; -6.391; -6.219; -6.325; -6.380; -6.248; -6.467; -6.328; -

6.363; -6.311; -5.881; -5.880; -5.731; -5.875 and -6.416) eV respectively. It can also be found that, the HOMO and 

LUMO energies of the studied compounds are slightly different. This implies that different structures play key roles on 

electronic properties and the effect of slight structural variations, especially the effect of the motifs branched to the ring 

on the HOMO and LUMO energies is clearly seen. In addition, the energies of Gap of the studied molecules differ 

slightly from 3.728 eV to 4.339 eV depending on the different structures. They are classified in the following order 

M3 > M6 > M1 > M10 > M4 > M8> M9 > M5 > M2 > M15 > M7 > M13 > M14> M12> M11. The photovoltaic process can 

be summarized as follows: 
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Fig.3: Theory of solar cells 

On the other hand and from the above analysis, we know that LUMO energy levels of the twelve studied molecules are 

much higher than that of ITO conduction band edge (−4.7 eV). Thus, molecules in excited states of the studied 
molecules have a strong ability to inject electrons into ITO electrodes. The experiment phenomenon is quite consistent 

with previous literature [13], this latter reported that the increase of the HOMO levels may suggest a negative effect on 

organic solar cell performance due to the broader gap between the HOMO level of the organic molecules and the 

HOMO level of the acceptor derivatives from PCBM (C60, C70, C76, C78-C2V, C78-D3, C84-D2) (Figure 4). 

             
C60                                    C70                                     C76 

 

              
C78-C2V                         C78-D3                         C84-D2 

Fig.4: Structures of the studied fullerenes   

As shown in table 2, both HOMO and LUMO levels of the studied molecules agree well with the requirement for an 

efficient photosentizer. It should be noted that the LUMO levels of the studied compounds Mi (i=1-15) are higher than 

that of PCBM derivatives which varies in literature from -4.0 to -3.47 eV (C60 (-3.47 eV); C70 (-3.54), C76 (-3.79), C78-

C2V (-3.94), C78-D3 (-4.0), C84-D2 (-3.98) [14]. To evaluate the possibilities of electron, transfer from the studied 

molecules to the conductive band of the proposed acceptors, the HOMO and LUMO levels are compared. Knowing 

that in organic solar cells, the open circuit voltage is found to be linearly dependent on the HOMO level of the donor 

and the LUMO level of the acceptor. The maximum open circuit voltage (Voc) of the BHJ solar cell is related to the 

difference between the highest occupied molecular orbital (HOMO) of the donor (our studied molecules) and the 

LUMO of the electron acceptor (PCBM derivatives in our case), taking into account the energy lost during the photo-

charge generation [15]. The theoretical values of open-circuit voltage Voc have been calculated from the following 

expression: 
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Voc =│EHOMO (Donor) │ – │ELUMO (Acceptor) │ – 0.3                          (1) 

The obtained values of Voc of the studied molecules calculated according to the equation (1) range from 1.407 eV to 

2.603 eV (see tables 3), these values are sufficient for a possible efficient electron injection. Therefore, all the studied 

molecules can be used as sensitizers because the electron injection process from the excited molecule to the conduction 

band of PCBM derivatives and the subsequent regeneration is possible in an organic sensitized solar cell.  

TABLES 3 

VALUES OF THE HOMO, LUMO, THE GAP AND THE OPEN-CIRCUIT VOLTAGE VOC OF MI COMPOUNDS DEPENDING ON THE NATURE OF THE ACCEPTOR 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.547 2.051 

M2 -6.391 -2.515 1.435 2.141 

M3 -6.219 -1.880 2.070 1.969 

M4 -6.325 -2.059 1.891 2.075 

M5 -6.380 -2.089 1.861 2.130 

M6 -6.248 -2.046 1.904 1.998 

M7 -6.467 -2.213 1.737 2.217 

M8 -6.328 -2.093 1.857 2.078 

M9 -6.363 -2.134 1.816 2.113 

M10 -6.311 -2.202 1.748 2.061 

M11 -5.881 -2.055 1.895 1.631 

M12 -5.880 -2.092 1.858 1.630 

M13 -5.731 -2.002 1.948 1.481 

M14 -5.875 -2.063 1.887 1.625 

M15 -6.416 -2.145 1.805 2.166 

C84-D2d
 c                -3.95 

 

Mi(i =1 to15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.577 2.021 

M2 -6.391 -2.515 1.465 2.111 

M3 -6.219 -1.880 2.100 1.939 

M4 -6.325 -2.059 1.921 2.045 

M5 -6.380 -2.089 1.891 2.100 

M6 -6.248 -2.046 1.934 1.968 

M7 -6.467 -2.213 1.767 2.187 

M8 -6.328 -2.093 1.887 2.048 

M9 -6.363 -2.134 1.846 2.083 

M10 -6.311 -2.202 1.778 2.031 

M11 -5.881 -2.055 1.925 1.601 

M12 -5.880 -2.092 1.888 1.600 

M13 -5.731 -2.002 1.978 1.451 

M14 -5.875 -2.063 1.917 1.595 

M15 -6.416 -2145 1.835 2.136 

C84-D2
 c              -3.98 

 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.597 2.001 

M2 -6.391 -2.515 1.485 2.091 

M3 -6.219 -1.880 2.120 1.919 

M4 -6.325 -2.059 1.941 2.025 

M5 -6.380 -2.089 1.911 2.080 

M6 -6.248 -2.046 1.954 1.948 

M7 -6.467 -2.213 1.787 2.167 

M8 -6.328 -2.093 1.907 2.028 

M9 -6.363 -2.134 1.866 2.063 

M10 -6.311 -2.202 1.798 2.011 

M11 -5.881 -2.055 1.945 1.581 
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M12 -5.880 -2.092 1.908 1.58 

M13 -5.731 -2.002 1.998 1.431 

M14 -5.875 -2.063 1.937 1.575 

M15 -6.416 -2.145 1.855 2.116 

C78-D3
 c                    -4.00 

 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.537 2.061 

M2 -6.391 -2.515 1.425 2.151 

M3 -6.219 -1.880 2.060 1.979 

M4 -6.325 -2.059 1.881 2.085 

M5 -6.380 -2.089 1.851 2.140 

M6 -6.248 -2.046 1.894 2.008 

M7 -6.467 -2.213 1.727 2.227 

M8 -6.328 -2.093 1.847 2.088 

M9 -6.363 -2.134 1.806 2.123 

M10 -6.311 -2.202 1.738 2.071 

M11 -5.881 -2.055 1.885 1.641 

M12 -5.880 -2.092 1.848 1.640 

M13 -5.731 -2.002 1.938 1.491 

M14 -5.875 -2.063 1.877 1.635 

M15 -6.416 -2.145 1.795 2.176 

C78-C2v
 c                    -3.94 

 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.387 2.211 

M2 -6.391 -2.515 1.275 2.301 

M3 -6.219 -1.880 1.910 2.129 

M4 -6.325 -2.059 1.731 2.235 

M5 -6.380 -2.089 1.701 2.290 

M6 -6.248 -2.046 1.744 2.158 

M7 -6.467 -2.213 1.577 2.377 

M8 -6.328 -2.093 1.697 2.238 

M9 -6.363 -2.134 1.656 2.273 

M10 -6.311 -2.202 1.588 2.221 

M11 -5.881 -2.055 1.735 1.791 

M12 -5.880 -2.092 1.698 1.790 

M13 -5.731 -2.002 1.788 1.641 

M14 -5.875 -2.063 1.727 1.785 

M15 -6.416 -2.145 1.645 2.326 

C76
c                         -3.79 

 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 1.137 2.461 

M2 -6.391 -2.515 1.025 2.551 

M3 -6.219 -1.880 1.660 2.379 

M4 -6.325 -2.059 1.481 2.485 

M5 -6.380 -2.089 1.451 2.540 

M6 -6.248 -2.046 1.494 2.408 

M7 -6.467 -2.213 1.327 2.627 

M8 -6.328 -2.093 1.447 2.488 

M9 -6.363 -2.134 1.406 2.523 

M10 -6.311 -2.202 1.338 2.471 

M11 -5.881 -2.055 1.485 2.041 

M12 -5.880 -2.092 1.448 2.040 
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M13 -5.731 -2.002 1.538 1.891 

M14 -5.875 -2.063 1.477 2.035 

M15 -6.416 -2.145 1.395 2.576 

C70
c                           -3.54 

 

Mi(i =1 to 15) HOMO(eV) LUMO(eV) (eV) Voc(eV) 

M1 -6.301 -2.403 0.817 2.781 

M2 -6.391 -2.515 0.705 2.871 

M3 -6.219 -1.880 1.34 2.699 

M4 -6.325 -2.059 1.161 2.805 

M5 -6.380 -2.089 1.131 2.86 

M6 -6.248 -2.046 1.174 2.728 

M7 -6.467 -2.213 1.007 2.947 

M8 -6.328 -2.093 1.127 2.808 

M9 -6.363 -2.134 1.086 2.843 

M10 -6.311 -2.202 1.018 2.791 

M11 -5.881 -2.055 1.165 2.361 

M12 -5.880 -2.092 1.128 2.360 

M13 -5.731 -2.002 1.218 2.211 

M14 -5.875 -2.063 1.157 2.355 

M15 -6.416 -2.145 1.075 2.896 

C60
b                         -3.22 

 
The frontier molecular orbital (MO) contribution is very important in determining the charge-separated states of the 

studied molecules because the relative ordering of occupied and virtual orbital provides a reasonable qualitative 

indication of excitations properties [16]. In general, as shown in figure 5 (LUMO, HOMO), the HOMOs of these 

molecules in the neutral form possess a π-bonding character within subunit and a π-antibonding character between the 

consecutive subunits while the LUMOs possess a π-antibonding character within subunit and a π-bonding character 

between the subunits whereas it is the opposite in the case of doped forms.  

        
HOMO      LUMO 

M2 

        
HOMO      LUMO 

M11 
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HOMO      LUMO 

M3 

Fig. 5:  Obtained isodensity plots of the frontier orbital HOMO and LUMO of some studied compounds obtained at B3LYP/6-31(d) level 

On the other hand and how the absorption of a new material matches with the solar spectrum is an important factor for 

the application as a photovoltaic material, and a good photovoltaic material should have broad and strong visible 

absorption characteristics. In fact, we have calculated the UV-Visible spectra of the studied compounds using TD-DFT 

starting with optimized geometry obtained at B3LYP/6-31(d) level. As illustrated in table 4, we can find the values of 

calculated wavelength max and oscillator strengths O.S. Excitation to the S1 state corresponds almost exclusively to 

the promotion of an electron from the HOMO to the LUMO orbital. The absorption wavelengths arising from S0→S1 
electronic transition increase progressively with the increasing of conjugation lengths. It is reasonable, since 

HOMO→LUMO transition is predominant in S0→S1 electronic transition; the results are a decrease of the LUMO and 
an increase of the HOMO energy. Data in table 4 shows that there is a bathochromic shift when passing from Molecule 

M3 (320.05 nm) to Molecule M13 (365.34 nm). This effect is obviously due to the aromaticity, conjugaison and 

substitution effects in the several studied compounds. Those interesting points are seen both in the studying the 

electronic and absorption properties. 

 
TABLE 4 

ABSORPTION SPECTRA DATA OBTAINED BY TD-DFT METHODS FOR THE MOLECULES (M1 TO M15) COMPOUNDS AT B3LYP/6-31G (D) OPTIMIZED 

GEOMETRIES. 

Mi(i =1 to 15) max(nm) Ea(eV) fi 

M1 359.76 3.446 0.0370 

M2 363.68 3.409 0.0281 

M3 320.05 3.874 0.2668 

M4 324.30 3.823 0.322 

M5 324.34 3.823 0.2512 

M6 329.83 3.759 0.2747 

M7 326.02 3.803 0.3885 

M8 327.20 3.789 0.3285 

M9 327.68 3.784 0.3013 

M10 324.58 3.820 0.3722 

M11 358.18 3.462 0.0034 

M12 364.97 3.397 0.0071 

M13 365.34 3.394 0.0100 

M14 358.40 3.459 0.0005 

M15 324.74 3.818 0.3654 

IV. CONCLUSION 

This study is a theoretical analysis of the geometries and electronic properties of various compounds based on 3-aryl-4-

hydroxyquinolin-2-(1H)-one which displays the effect of substituted groups on the structural and opto-electronic 

properties of these materials and leads to the possibility to suggest these materials for organic solar cells application. 

The concluding remarks are: 

* The results of the optimized structures for all studied compounds so that they have similar conformations (quasi 

planar conformation). We found that the modification of several groups does not change the geometric parameters.  
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* The calculated frontier orbital energies HOMO and LUMO and energy Gap showed that the energy Gap of the studied 

molecules differ slightly from 3.728 eV to 4.339 eV depending on the different structures. 

* The energy Gap of M11 is much smaller than that of the other compounds. 

* All the studied molecules can be used as sensitizers because the electron injection process from the excited molecule 

to the conduction band of PCBM and the subsequent regeneration are feasible in the organic sensitized solar cell.  

* This calculation procedure can be used as a model system for understanding the relationships between electronic 

properties and molecular structure and also can be employed to explore their suitability in electroluminescent devices 

and in related applications. Presumably, the procedures of theoretical calculations can be employed to predict and 

assume the electronic properties on yet prepared and efficiency proved the other materials, and further to design new 

materials for organic solar cells.  
 

ACKNOWLEDGEMENTS 

We are grateful to the “Association Marocaine des Chimistes Théoriciens” (AMCT) for its pertinent help concerning 
the programs 

REFERENCES 

[1] PL. Alo, P. Visca, A. Marci, A Mangoni, C. C. Botti, U. Di Tondo. Expression of fatty acid synthase (FAS) as a predictor of recurrence in 

stage I breast carcinoma patients. Cancer; 77: 474, 1996. 

[2] JH Bull, G. Ellison, A. Patel, G. Muir, M. Walker, M. Underwood et al. Identification of potential diagnostic markers of prostate cancer and 
prostatic intraepithelial neoplasia using cDNA microarray. Br. J. Cancer, 84:1512, 2001. 

[3] S. M. Bouzzine, S. Bouzakraoui., M. Bouachrine, M. Hamidi, J. Mol. Struct. (Theochem) 726, 271, 2005; H. Zgou, M. Hamidi, Lère-Porte, J.-

P., Serein-Spirau, F., Silva, R.A., Bouachrine, M. J. Mater. Environ. Sci. 1 (S1), 293-302, 2010; A. Idrissi Taghki, M. Larif, R. Hmamouchi, A. 

Adad, M.Bouachrine, T. Lakhlifi, J. Mater. Environ. Sci., 3(5), 870-877, 2012. 

[4] A. S. Shalabin, S. Abdel Aal, M. M. Assem, Nano Energy .1, 608–623, 2012. 

[5] CW. Tang. cell., Appl. Phys. Lett., 48, 183, 1986.  

[6] G .Yu, I. Gao, I. C. Hummelen., F. Wudl, A. J. Heeger A. J. Science, 270, 1789, 1995.  

[7] N.Ya Dodonova. Journal of Photochemistry and Photobiology B: Biology., 18, 111-121, 1993.  

[8] A. Rivkin, Y. R. Kim, M. T. Goulet, N. Bays, A.D. Hill, I. Kariv, S. Krauss, N. Ginanni, P.R. Strack, N.E. Kohl, C. C. Chung, J. P. Varnerin, 

P.N. Goudreau, A. Chang, M.R. Tota, B. Munoz, Bioorg. Med. Chem. Lett., 16, 4620-4623, 2006. 

[9] C. Lee., W Yang., R. G. Parr. Phys. Rev., 37, 785–789, 1988.  

[10] A. D. Becke, Density. J. Chem. Phys., 98, 5648–5652, 1993; A. D. Becke. Phys. Rev., A 38, 3098–3100, 1988; Vosko S. H., Wilk L., Nusair 

M., Can. J. Phys., 58, 1200–1211, 1980.  

[11] Gaussian 03, Revision B.01, M J Frisch; and al., Gaussian Inc., 2003, Pittsburgh, PA. D. J. Fox, Gaussian 09, Gaussian Inc., Wallingford, CT, 

2009.  

[12] Zerner M., Reviews in Computational Chemistry, Volume 2, Eds. K. B. Lipkowitz and D. B. Boyd, VCH, New York, 313, 1991; El Malki, Z., 

Bouachrine, M., Hamidi, M., Bejjit, L., Haddad, M. J. Mater. Environ. Sci., 1 (S1), 337-342, 2010; Toufik, H., Bouzzine S.M., Lamchouri F., 

Nawdali M., Hamidi M., Bouachrine M. J. Mater. Environ. Sci., 3 (2), 286-293, 2012. 

[13] M. Hmamouchi., A. Adad., M. Bouachrine., T. Lakhlifi. J. Mater. Environ. Sci., 3 (5), 870-878, 2012.  

[14] P. Morvillo, Solar Energy Materials & Solar Cells, 93, 1827–1832, 2009. 

[15] S. Bertho., I. Haeldermans., A. Swinnen, W. Moons., T. Martens, L. Lutsen, D. Vanderzande., J. Manca, A. Senes, A. Bonfiglio., Energy 

Mater. Sol. Cells, 91, 385–389, 2007. 

[16] S. Gunes, H. Neugebauer, N. S. Sariciftci. Chem. Rev., 107, 1324, 2007. 

 

 

BIOGRAPHY 

 

LARIF Majdouline: Doctor in basic and applied chemistry. 

Specialty: Biotechnology/Environment & Biostatistics, Laboratory of process. University Ibn 

Tofail, Faculty of Science, Kenitra, Morocco. 
 

 

 

http://www.ijirset.com/

