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Abstract

A quantitative structure-activity relationship (QBAmodel was constructed to predict the electricaiductivity of 46
compounds of monothiophene derivative. In the prestudy where used to establish QSARs based ontuma
mechanically derived molecular descriptors, hydaodptity and steric effects. The structure-activigyationships were
discussed by multiple linaire regression (MLR) r,30and neural network (NN) r =0,95. The correlatamefficient
obtained with MLR and NN is fairly good to evaluatejuantitative model. To test the performancehisf model we
have used the cross validation method (r =0,85).

Key words: Quantitative structure activity relationships (Q8A Conductivitys, multiple linear regressions (MLR),
Neural Network (NN), Cross validation (CV).

1. Introduction

Over 40 years ago, conjugated polymers were emgsioas futuristic new materials that would leadthe next
generation of electronic and optical devices. Téeetbpment of electronic devices based on conjdgadtymers, since
polythiophenes (PTs) possess excellent and higtwmivity when doped,1]. To date PTs have been used in variety of
application including: transistors, hole injectiayer in polymer, electrical conductors, environta¢sensors, and solar
cells,[2].

The geometric structure of polythiophene is skeddhefig.1, it exists in a continuous network, ofte simple chain, of
adjacent unsaturated carbon atoms, i.e., carbansaio the sp hybridized state[3]. This type of structure gives the
corresponding materials proprieties of semiconduside band gap F>1.5 eV [4].
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Fig,Chemical structure of polythiophene

175



J. Mater. Environ. Sci. 1 (3) (2010) 175-182 Dguigui et al.

QSARs can play an important role in molecular etsidt, solid physics, materials chemistry, and abdity to predict
electrical activity, for example electrical conduity is valuable in any number of industries.

The main contributions to the widespread use of RS#Aodels come from the development of novel strattu
descriptors and statistical equations relating owewi physical, chemical, and biological propriettesthe chemical
structure.

The success of the QSPR and QSAR approach carplareed by the insight offered into the structutatermination of
chemical proprieties and possibility to estimate fproprieties of new chemical compounds without tleed to
synthesize and test them.

The main hypothesis in the QSPR and QSAR approgadhait all proprieties (physical, chemical,..) otlaemical
substance are statistically related to its molecstlaicture5].

In our study, we are concerned to seek the relstipnbetween electrical conductivity of polythiopkeeand physico-
chemical proprieties using statistical methods rmegral network.

2. Methodology

2.1. Data and Software

2.1.1. Database

In this work, a set of 47 organic compounds denrest of monothiophene has been investigated ant/zmthto
determine a quantitative relationship between sirecand conductivity.

The conductivity is expressed in logarithmic forndats unit is S/cm.

2.1.2 Software

Statistical evaluation of the data and multivaridega analysis has been performed mainly by thewvacé products
Mystat version 126], Statlab version B7], Matlab version 78].

The work has been performed on a personal computeing Microsoft Windows operating system version

2.2. Molecular Descriptors

The descriptors are used to characterize the meledo be analyzed, they can be calculated fromsthacture
(constitution, configuration and molecular confotima) or properties ( physical, chemical, biolodjchelonging to
molecules.

The molecular descriptors were selected in suchag that they represent the features necessary datifu the
conductivity propertie§9].

Eight descriptors were chosen to model respongerfacwhich are molecular weight (MW), Van Der Waalrface
(WS), Dipole moment (p), Hydrogen bond Acceptor &jBconstant Rekker (kye), HOMO Energy (Eomo), LUMO

Energy ( Eumo) and chemical hardness)(

2.3. Descriptors calculation

Molecular descriptors are formal mathematical repngations of a molecule, obtained by a well-spegtiflgorithm, and
applied to a defined molecular representation web-specified experimental procedure: the molecdkscriptor is the
final result of a logic and mathematical procedwtdch transforms chemical information encoded withi symbolic
representation of a molecule into a useful numbéhe result of some standardized experiment [10].

2.3.1. Molecular weight
The molecular weight is the weight of all atomsser& in molecule.

2.3.2. Van Der Waals surface
Van der waals surface or van der waals enveloffeisurface of the union of the spherical atomitase defined by the
van der waals redius of each component atom imiblecule[11].

2.3.3. Dipole moment

The dipole moment u (or electric dipole momenta igectorial quantity that encodes displacement vapect to the
center of gravity of positive and negative chariges molecule defined as:

po= ] o

Where gare point charges located at positiprThe Sl unit for dipole moments is the coulombenglbut they are often
expressed in Debye.
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The elements of the vector u are called dipole nmiremponents:
n n n
Hy =)._. G X ; My, = 4 Ly u, = 2 i Ly, )

Where X, vy, z, are the coordinates of the chafgedecules with zero dipole moments are called néempathers polar,
moreover, dipole moments equal to zero indicateemdés with a center of symmefid2].

In our studies, we calculated the dipole momerdeagiom the HF method utilizing a 6-31G basis sethe software
Gaussian 03.

2.3.4. EiOMO and E_UMO
The Eiomo and Eywo values were calculated for lowest energy conformigiiout further geometry optimization using
the ab-initio Hartree-Fock method utilizing a 6-3b&sis set.

2.3.5. Chemical hardness
The definition of the chemical hardness given by. eq

0°E 0
n = :(_’u) 3)

dN 2 oON

It's need from the knowledge of the energy as a&tion of the number of electrons.
In terms of orbital energies, the chemical hardigss

,7:€L_£H (4)

Wheregy andg, are the eigenvalues of the highest occupied miaespin-orbital (HOMO) and the lowest unoccupied
molecular spin-orbital (LUMO)13].

2.3.6. Hydrogen bond accepter

Hydrogen bond is the attractive interaction of driogen atom with an electronegative atom.

Katritzky, Mu et al say that all the H-bond destwigs are assigned zero if hydrogen atoms in theecuté can be
donated, moreover, hydrogen bond acceptors ardlysestricted to oxygen, nitrogen, and sulfur atom

2.3.7. Constant rekker
The log P of a molecule is calculated by summingthg fragmental contributions and applying the appate
correction factors as:

n
logP =by+ | N +[ C.N ©)
Where f and N are the hydrophobic constant and the number ofiroesces of ith fragment in the considered
compound, Nis the number of occurrences of the jth correctimtor.
G is the value of the considered correction factesadibing some special structural features; in tacit can be
calculated as: G K- 0.219
Where 0.219 is the so-called “magic constant” anis lin integer value characterizing the jth coiogctactor [14].

3. Results and discussion

A QSAR study was carried for a series of 46 denest of polythiophenes, in order to determine angtetive
relationship between structure and conductivity.

Table 1 shows the chemical structure of the serfigmining set, the values ef,,s and values of calculateslby MLR
and NN.
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Table 1. he chemical structure of the studied compoundsyétees of log§,,9 corresponding to reference [15] and
values of predicted logfur and log6)yn are calculated using MLR and NN respectively. Vhkies of log§)cy are
calculated with the cross validation method witaile one out" procedure used to test the perforenainthe model.

N Ri R>  |LOQoobs|LOgomir  |LOgonn | LOQocv
(S/cm) | (S/cm) (S/cm) | (S/cm)
1 CoHs H 2.25 2.27 1.93 1.88
2 GH5 H 2.20 2.29 1.85 1.81
3 CyHg H 2.17 2.12 1.77 1.74
4 GHu H 2.14 2.00 1.71 1.67
5 GeHais H 1.47 1.86 1.65 1.66
6 CGH15 H 1.65 1.74 1.59 1.59
7 GHy7 H 1.60 1.60 1.52 1.51
8 GHuo H 1.92 1.50 1.47 1.46
9 CioH21 H 1.84 1.34 1.38 1.36
10 CioHos H 0.60 4.37 1.69 1.70
11 CiHog H 0.84 0.82 1.12 1.16
12 CigHs H 0.30 0.30 0.85 1.01
13 GoHaz H 1.04 0.07 0.71 0.55
14 GHs H 2.14 2.70 2.14 1.87
15 MCHO-CsHs H 1.60 -0.40 0.92 0.39
16 MCRO-CsHs5 H -2.74 265 -2.50 -1.43
17 GH4-CeHs H 1.11 2.60 1.64 1.70
18 GHg-CeHs H 1.39 2.45 1.56 1.53
19 GH4-O-CH,-CgH5 H 1.30 0.12 0.61 0.44
20 O-CH H -0.88 1.21 1.24 -1.39
21 O-GHs H -2.01 1.27 1.27 -1.24
22 O-GH; H -2.22 1.42 1.42 -1.09
23 0O-(CH)os-CHy H -2.52 224 262 -2.61
24 0O-(CH)10-CHs H -2.52 -1.70 -2.70 -2.74
25 O-(CH)11-CHs H -1.22 0.84 219 -1.84
26 0O-(CH)1>CHs H -1.69 -1.48 2.32 -1.01
27 0O-(CH)13-CHs H -2.69 -1.86 -1.43 -1.03
28 0O-(CH)14-CHs H -3.01 218 -3.22 -3.33
29 CH-0O-C,H;5 H -2.01 -0.86 -0.33 0.48
30 CH-O-CH; H 1.00 -1.00 0.77 -2.48
31 CH-O-CG/H;5 H -1.01 -1.36 -1.00 -1.15
32 (CHy)-O-C4Hg H 1.74 011 1.43 1.78
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33 (CHy),-O-CgHy3 H 1.69 1.84 1.69 0.29
34 (CH)35-O-CsHyy H 1.00 1.32 1.00 0.23
35 CH-0O-CH,-O-(CH,),-O-CHs H -3.01 221 278 -0.94
36 (CHy),-O-(CH,),-O-CHs H 2.39 1.16 1.72 1.24
37 (CHy),-O-(CH,),-O-(CH,),-CHg H 1.00 1.01 1.71 0.68
38 H CH 2.69 257 1.98 1.80
39 ChH CH; -0.31 0.79 1.03 0.83
40 ChH OCH; 2.34 1.27 268 2.77
41 H OGCHgq -3.01 248 -3.09 -3.39
42 OCHq OC4Hg -5.01 4.61 -4.97 -3.51
43 CH OCHqg 0.30 0.67 0.22 0.32
44 CH OGH.7 | 0.00 0.00 -0.20 0.13
45 CH OCi2Hzs|  0.69 1.05 1.26 131
46 H S-GHs | -3.01 -3.08 292 0.08

3.1. Multiple linear regressions
The electrical conductivity was first regressedwitte molecular descriptors selected for the QS#Rys(table 2).

Table 2. Type of molecular descriptors selected for the QSaRly

Molecular descriptors Type
Van Der Waals surface (SW) steric
Dipole moment ) electronic
Energy of the highest occupied molecular orbitab{k) electronic
Energy of the lowest unoccupied molecular orbial;fo) electronic
Chemical hardnesg) electronic
Hydrogen bond acceptor (HBA) steric
Rekker constant (fe) hydrophaobicity
Molecular weight (MW) Physici-chemical properties

The selection of descriptors is based on the vatfeg-value, the descriptors with a p-value gredbem 0.05 are
eliminated. Descriptors selected are a p-valuethess 0,05.
The equation of the model is:

Log (0) wir = 26.89+ 0.059*(PM) — 2.233*(SW) —0.73)(+ 0.731*(HBA) + 1.970*(Rewe)  +
272.635*(Biomo) + 289.30%(Euwo) + 295.714*) 6)

N=47,r=0.91, g 0.05, SE= 0.9 )

The coefficient of correlation shows that the mdud a good and power explanatory.
The correlation between laogj,s and log6)wmir is illustrated in the following plot (r=0.9B)igurel.

179



J. Mater. Environ. Sci. 1 (3) (2010) 175-182 Dguigui et al.

logo,,, . .

logo

obs

Figurel. Graphical representation of log)(ops Versus log4€) wr.

3.2. Neural network

Despite the good results we obtained by multipledr regressions, it’s likely that any nonlinedatienship occurs. The
neural network is the proper concept to accomphighstain.

In our study, the layer is formed by entering tlghedescriptors proposed by linear regression.

The hidden layer contains two tansig neural andotitput layer neural is a linear or network confajion is (8-2-1)
mark, and the number of weights should be betwearid 2.3.

The correlation coefficient obtained by neural ratwnis 0.95 which enabled us to offer a good model.

The correlation between logj,s and log6)nn is illustrated in the following pldEigure2.

logo,,,

”
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Figure2. Graphical representation of lag{sversus log§)nn
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3.3. Cross validation (leave-one-out)

Leave-one-out croos validation (LOOCYV) involvesngsa single observation from the original sampddhee validation
datum and the remaining observation as the traidatg. This is repeated such that each observatitine sample is
used once as the validation data. This is the sasn&-fold cross-validation with K being equal teethumber of
observations in the original sample.

In this part of work, we can test the performantthe neural network and validity our choices o$ctiptors by MLR.
The correlation coefficient obtained by LOOCYV i8®. The results are illustrated in the followingtdigure 3.

N.B: for after all the results we obtained and submiitedhe graphs, we note that althought two parigh lwhen
l0g6>0.85 and low when lag0.85.

After the regression equation we note that thefmdeht of contribution of electronic descriptossviery important which
means that the conductivity is directly relatedwtfie energy of the systeme ydmo, ELumo, M)-

logo,,,

logo

obs

Figure 3. Graphical representation of lag{,s versus logf)cy

4. Conclusion

The statistical analysis that we have undertakesstablish a structure-conductivity relationship tfee polythiophenes,
shows that the conductivity is related to the et descriptors which are calculated by ab-initiethods.

The reliability of this study has been tested bgéhdifferent statistical methods: MLR, NN and CV.

A comparison of all the methods indicates thatNIheis more reliable than others and has a highiptigd power.

Finally QSAR is a broadly used tool for developimdationships between the effects (e.g.activitied properties of

interest) of a series of molecules with their sinal properties. It is used in many areas of smelt is a dynamic area
that integrates new technologies at a staggerieg ra

Acknowledgements

We thank Prof M Lahmouad for many fruitful discuss. Likewise, thank is due to the groups of thiécaiechemistry,
thank is due to A. Daoudi for the many help extehde

181



J.

Mater. Environ. Sci. 1 (3) (2010) 175-182 Dguigui et al.

References

1.

10.

11.
12.

13.

14.

15.

@

Torsi, L., Tafuri, A., Cioffi, N., Gallazzi, M.C Sassella, A., Sabbatini, L., Zambonin, P.G. Begjular
polythiophene field-effect transistor employed asmical sensorssensors and Actuators, B: Chemi@a (2003)
257.

. Andersson, M.R., Thomas, O., Mammo, W., Svensdbn theander M., Inganas O., Substituted polythenes

designed for optoelectronic devices and conduclorgatter. Chem9 (1999) 1933.

. Salaneck, W.R., Friend, R.H., Brédas, J.L,. tEdeic structure of conjugated polymers: Conseqasraf electron-

lattice couplingPhysics Repport319 (1999) 231.

. Dora Demeter., Nouveaux Systémes conjuguésifomatls dérivés du thiophéne. Thése Doctorat (2808)
. Ovidiu Ivanciuc., Ivanciuc T., Alexandru, Balabhal,. QSAR models for the dermal penetration ofygyclic

aromatic hydrocarbondnternet Journal of Molecular Desing (2002) 559.

. The Mystat Inc., software Mystat, Press, L. \ividon, Chicago, 1982.
. The Statlab SLP., software Statlab, Press, A.Brénce, 1990-1997.
. The mathworks Inc., Softwar Matlab, the Mathveyrkc. Press, Natick, MA, 2000.

F. Liu., Y. Liang., Chenzhong Cao. QSPR modefliighermal conductivity detection response factarsdivers
organic compoundChemometrics and Intelligent Laboratory Syst&h&006) 120.
Vivianna, C., Todeschini R., Milano chemometriand QSAR research group. Bicocca, Piazza delenzx
1.120126, Milan, italy.
Bondi A.,J. Phys. Chem68 (1964) 441.
Todeschini, R., Consonni, V., Wiley- VCH verl@mbH, Co. KGaA,Molecular descriptors for chimoinformatics
(2000) P 251.
José, L,. Gazquez,. Perspectives one the yemsittional theory of chemical reactivity, Mex. Chem. So&2
(2008) 3.
Nys, G.G,. Rekker, R.F.. The concept of hydadyh fragmental constant (f-values). Il. Extensidrits applicability
to the calculation of lipophilicities of aromatiogheteroaromatic structurdsur. J. Med. Chem9 (1974) 361.
Moratti S,. Handbook of conducting polymers;asel Edition, New York, Skotheim A. T., ElsenbaunferL.,
Reynolds J.R. and references therein. (1998) CBap343.

010)www.jmaterenvironsci.com

182



