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Abstract

This work deals with designing donor - bridgeeceptor molecular system depending on AviraRatner
model and calculating the geometrical parametedseaergies for the D- B-A and it is components. Zame
ring is the basic part for all the components afsmolecular system. The LUMO-HOMO energy gap far t
studied structures showed that the D-B-A molecsyatem has a suitable small energy gap. The reshdised
that this new molecular system is more reactiveharge transfer process and has good semiconductor
properties.
Keywords:B3LYP , DFT, , energy gap, HOMO ,LUMO and polariitidp

Introduction

This study deals with designing donor- bridgeeptor to determine the quantity of charge fean€T. A
convenient model system often used to probe thehamem of CT in molecular objects with nanoscale
dimensions comprises a donor (D) and an acceptpof&lectrons or holes connected by moleculard®i(B).
The number and variety of such donor-bridge- aarefid-B-A) systems have grown explosively in recent
years. Molecular bridges linking between an electtonor and an electron acceptor are known to cboitrarge
transport in molecular systems. Extensive studimghasized the role of different factors controllthg charge
transport mechanism of donor-bridge- acceptor systéncluding inter-site electronic coupling, electic
energies and electronic - nuclear coupling. presemk focuses on calculating the optimization of gtudied
structures and energies of donor-bridge-acceptstesy and compute the amount of charge transpog as
measure the maximum electronic charge that satuthéesystem, it is a measure of the electronitsten that a
system may accept. The system under study was rdgkigepends on Aviram-Ratner model. Aromatic
compounds are important in industry and play kdgson the biochemistry of all living things. Theganic
semiconductor materials, such as, conjugated arganiecules have been widely used as active midaa
optoelectronic devices such as light emitting dgdeeld effect transistor, and photovoltaic antbseells. In
this work, we use the original aromatic moleculenipene) to design a donor-bridge-acceptor molesylstem
depends on Aviram-Ratner model.

Computational Details
Full geometry optimizations of amino-benzene asoaod, nitrobenzene as an acceptor, benzene as a

bridge and donor-bridge-acceptor were performedh \Biérny optimization algorithm (calculating the eme
derivatives with respect to nuclear coordinateslyaically, in redundant internal coordinates. Theadjent
corrected density functional methodology was emgpibBecke’s exchange functional (B) and Becke’'sethre
parameter adiabatic connection (B3) hybrid exckangctional were used in combination with the Déarg—
Parr correlation functional B3LYP. While the BLYPethodology is a ‘pure DFT’ one (itincludes no HF
exchange), the B3LYP one contains an admixturefokkchange (i.e. is of hybrid form). The B3 funo@d in
fact, contains a linear combination of exact HF hexwge, Slater exchange and Becke gradient-corrected
exchange. The standard 6-31G(d,p) basis set of qialiity was used for orbital expansion to solve Klodin—
Sham equations in all cases. The number of imagifnaquencies served as a test whether the stayiquints
correspond to real minima, or to first-order saddtents. The computed stationary points for whitle t
structures and force fields are presented correésporreal minima on the molecular potential enengper
surfaces. The DFT (LUMO-HOMO) energy for the doboidge-acceptor molecular system studied here was
calculated at the same level of theory. All caltiolzs were performed with the GAUSSIAN 09 suite of
programs.
Results and Discussion

The molecular structures in figure 1 ardrojzied at the ground state by employing the derfsittional
theory at hybrid BRYP level with 6-31G (d, p) basis sets. In presgonor- bridge- acceptor molecular system,
we use benzene ring as a bridge between the @mdothe acceptor.
The molecular structures in chart 1 are optimizeth@ ground state by employing the density fumalaheory
at hybrid B3LYP level with 6-31G (d, p) basis sets. The molacudtructures in chart 1 are optimized at the
ground state by employing the density functionabtly at hybrid BRYP level with 6-31G (d, p) basis sets. The
molecular structures in chart 1 are optimized atdhound state by employing the density functighabry at
hybrid B3LYP level with 6-31G (d, p) basis sets.
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The geometrical optimized parameters (bond lenigti#sgstroms, bond angles and dihedral angles in
degrees) of donor, bridge, acceptor and D-B-A mdégcsystem are illustrated in tables (1- 4), respely. In
donor, the presence of NiSubgroup in benzene ring has small effect on #tees of bonds between atoms, C-
C and C-H bonds in benzene are (1.48} @nd (1.084 A), respectively, they become (1.487)Aand (1.081-
1.087) A" in donor, respectively. The convergence betweenatbmic numbers for carbon and nitrogen atoms
gave good convergence between C-C and C-N bonie idonor. The results in table 1 are in good exgent
with those in ref.[ Robert Thornton Morrison andbea Neilson Boyd] . As we see in table 2, the dalied
values of bonds in benzene using the theoreticéthadeare in good agreement with experimental deghle 2
shows that the optimized bond lengths of the bridgekbone linking between donor and acceptor avina
double bond less than 1.48 Aand it can be seen that a minor deviation inbttiége bond angle and dihedral
angle between the two planes containing the endtitudnt's. This deviation can be expected duetriots
interaction coming from the presence of phenyl geoat the terminal positions.

The values of the bonds in table 3 for the acaegitowed that the C-C and C-H bonds equal to( 1.395
A% and( 1.083 A), respectively, and C-C-C and C-C-H bonds are (140) and (119.65), respectively.
Adding the hydoxide and cyano substituents in phang effect on the geometrical parameters ofrihg. In
general, the results of B3LYP/DFT calculations mrgood agreement with the results in ref.[Robdroriton
Morrison and Robert Neilson Boyd]. In table 4, tnends C-N and C-C from the link between the donat a
acceptor still in the same range of bonds in armnsgiecies.

The results of the ground state total enéigyin (a.u), virial ratio (-V/T) and molecular symmefor
donor, acceptor and D-B-A molecular system are shiovtable 5. The level of theory B3LYP density dtinnal
theory used for the optimization of these struesugave high accuracy for all optimum structurehouit any
imaginary frequency, and these optimized structheese (-V/T) ratio in the range of the moleculaustures.
This an indicates to good relaxation these stresthiave.

Table 5 declares that the total energyDfB-A system is less than the total energy of tiozred
molecules in this work, the total energy of D-B-fstem is approximately the summation of total epdog all
donor, bridge and acceptor molecules, it can bad@n equation associates the total energipEthe donor-
bridge —acceptor molecular system with its comptsen

E+ ( D-B-A system)= E; (donor) + Er ( bridge) +E; (acceptor)

The molecular symmetry in table 5 showeat the donor has high symmetry 2-fold axis oftfotaand
two vertical mirror planes, it ha&’;, symmetry. Adding the substituents in the termavads of benzene ring
make the acceptor has low symm&tyn which it contains only the identity and a aof reflection. B3LYP

hybrid functional employed for geometrical optintina for them — bridge (benzene ring) gave the same
molecular point group for benzeneg(f)[ Peter Atkins]. The D — B — A molecular systesrai(G) Point group,
it has only 1- fold proper axis of rotation symnyatperation.

In the system under study, the donor part andptoceart are coupled throughbridge to result the
molecular system. As we know that the structuralstuction principle of organic molecular electois based
on acceptor part and donor part connected thronghsallating bridge, these three (donor, acceptdrtaidge)
can be considered as components in bringing ountiecular electronic[A. Aviram, M. A. Ratner]. kige 2
shows the total energy of D-B-A molecular systerd &iis components.

Table 6 shows the valuesBf;_ s, » 127, @and energy gap Eg in eV for donor, acceptor and B— A
molecular system. As we see, the energy gap for B — A is smaller than for donor and acceptor. The
1T — bride linking between the donor and the accepter ssitable to construct D — B — A molecular systers
new electronic properties. B3LYP/ DFT calculatigave (Eg= 6.57eV) for —bridge, this value is agree with
experimental data. The results of energy gap obdatceptor and D-B-A molecular system are shaowfigure
3.

As we know, the charge distribution i — aromatic bridge (benzene ring) is symmetrichia plane of
the molecule, means, the total dipole moment ofbea equals zero, adding the substituents toitigdeads to
a new structure may have non — polarity and a symmie charge distribution (change in the polantythe
molecule). In table 7, the total dipole moment lid donor and the acceptor structures are (4.1243&b5)
Debye, these values are independent on the nunfilza@éorms or subgroups ((substituents)) added tothgnal
molecule but depend on the positions of these gubsts in the molecule. The complex compound (B —A)
have large value of dipole moment (15.235 Debyejesponds to its Omolecular point group. This large value
indicates to that this localized system is muchtdoebn electrophilic system, while the donor présen
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nucleophilic delocalized system in which it hasaiealue of electric dipole moment in comparisoithvthe
D-B-A molecular system. This conclusion correspatadthe values of maximum charge transfer obtaiioed
each system. As we see the relationship of D.M viit/,. ... in figure 6

Table 7 showed good result of exact polbilitg, the polarizability components are distribdtin the order
thata,, is greater tham,, anda,, in each structure (D, A and D — B — Al is the smaller one. The results of

average polarizability for donor, acceptor and B —A molecular system refer to that tife- bridge used to
intract both donor and acceptor gave reactive D — B\ molecular system has high value of average

polarizability, it is approximately three times tHar donor and acceptor. The results®fad =forD — B — A
molecular system and its conponents are agreetmgthresults of electric dipole moment.

Conclusions

The large 6-31 G(d, p) basis set usedetrribe the studied structures with B3LYP funcidevel is a
significant theory for calculating the electroniates (HOMO and LUMO), but it requires a large tiooenpared
with other small basis set&3LYP/6-31 G(d, p) density functional theory hasibeproved its validity in
studying the geometry optimization and calculatihg geometrical parameters. Therefore, densitytiwmal
theory presented good results in calculation odltenergy for the D-B-A molecular system comes frihma
summation of total energies for all donor, bridge acceptor parts.

The presence of substituent in phenysiat the donor and the acceptor did not have teffecthe
aromaticity of these organic molecules. So, thenataity of phenylenes keep under the connectiamodgart
and acceptor part through thebridge.NH,-benzene was truly predicted to be a better serdiscting material
because of its lower oxidation potential, it is dagectron donating grougmall value of (LUMO-HOMO) for
the D-B-A molecular system compared with their widiial components. For device application with thes
structures connected to two electrodes, a deciegs&/MO-HOMO) value is play an important role iteetron
injection. From the molecular orbital distributiotihere are localized orbitals in different partstioé D-B-A
molecular system in which that satisfy importargparty for the D-B-A system as a molecular eledtan

References

Marcus, R. A. (1985),Sutin, N. Biochim. Bioph#sta, 811, 265-322.

Barbara, P. F., Meyer, T. J., Ratner, M. A. (1996Phys. Chem.100, 13148-13168.

Bixon, M., Jortner (1999)]. AdV. Chem. Phys, 106, 35-208.

Berlin, Y. A., Kurnikov, I. V.,Beratan, D., Ratnea¥l. A., Burin, A. L. Top.(2004)Curr. Chem. 237, 1-36.

Matyushov, D. V., Voth, G. A. ReV.(2002pmp. Chemistry, 18, 147-210.

Adams, D. M.,Brus, L., Chidsey, C. E. D.,CreagerC&utz, C., Kagan, C. R., Kamat, P. V., Lieberydn
Lindsay, S., Marcus, R. A., Metzger, R. M., MiclBdyerle, M. E., Miller, J. R., Newton, M. D.,
Rolison, D. R.,Sankey, O., Schanze, K. S., YardleyZhu, X. (2003)J. Phys. Chem. B, 107, 6668—
6697.

Weiss, E. A.,Wasielewski, M. R., Ratner, M. A. &0, Top. Curr.Chem, 257, 103-133.

Kuznetsov, A. M. (1995), Charge Transfer in Phys€hemistry and Biology,Gordon & Breach: New York

Kuznetsov, A. M.,Ulstrup (1999), Electron Transfer in Chemistry and Biology, Wiley: Chichester.

Balzani, V., Piotrowiak, P., Rodgers, M. A. J., kgt J., Astruc, D., Gray, H. B., Winkler, J., Fakmi, S.,
Mallouk, T. E., Haas, Y., de Silva, A. P., Goul®d@2), I., EdsElectron Transfer in Chemistry, Wiley-
VCH Verlag GmbH: Weinheim, Vols. 1-5.

Wasielewski, M. R. (1992Fhem. ReV., 92, 435-461.

Schuddeboom, W.,Ktijnen, B., Verhoeven, J. W., i8tgrE. G. J., Rikken, G. L. J. A.,Oevering (199H),
Chem. Phys. Lett.179, 73-78.

Ratner, M. A., Jortner, J. In Molecular ElectronRatner,M. A., Jortner, J., Eds. (1997), Blacku@iford,
UK, pp 5-72, and references therein.

Lindsay, S. M., Ratner, M. A.(200AdV. Mater, 19, 23-31.

See, e.g. (2004), Reviews published in Top. Cunerfz, Schuster, G. B., Efporinger: Berlin, Vols. 236 and
237and references therein.

Jordan, K. D., Paddon-Row, M. N. (1992), Chem. Re&2/,395- 410.

Warman, J. M., De Haas, M. P., Verhoeven, J. WidBa-Row, M. N.(1999) AdV. Chem. Phys.106, 571—-601.

A. Aviram, M. A. Ratner (1974)Chem. Phys. Lett., 29, 277

K. J. Denniston, J. Topping and T. M. Dwyer (200@gneral Organic and Biochemistry™" Edition, Towson
University.

C. Tang, S. A. Van Slyke (198Appl. Phys. Lett, 51, 913.

66



Advances in Physics Theories and Applications www.iiste.org

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) L'Ti,l
Vol.35, 2014 “s E

J. H. Burroughes, D. C. Bradley, A. R. Brown, R. Marks, K. Mackay, R. H. Friend, P. L. Burns, A. B.
Holmes (1990)Nature (London), 347, 539

J. R. Sheats, H. Antoniadis, M. hueschen, W. LetynarMiller, R. Moon, D. Roitman and A. StockintP@e6),
Science, 273, 884.

R. H. Friend, R. W. Gymer, A. B. Holmes, J. H. Burghes, R. N. Marks, C. Taliani, D. C. Bradley,AD.Dos
Santos, J. L. Bredas, M. Logdlund, W. R. Salan&&©9),Nature (London), 397, 121.

F. Garnier, R. Hajlaoui, A. Yassar, P. Srivastah@9@),cience, 265, 1648.

G. Horowitz, D. Fichou, X. Z. Peng, Z. G. Xu, F.i@iar (1999), Solid State Commun, 72, 38

G. Horowitz (1998)Adv. Mater, 10, 365.

H. E. Katz, A. J. Lovinger, J. Johnson, C. Kloc,Siegrist, W. Li, Y. Y. Lin, A. Dodabalapur (2000ature
(London), 404, 478.

G. Yu, J. Wang, J. Mc Elvain, A. Heeger (1998)y. Mater, 10, 1431.

C. J. Brabec, N. S. Sariciftci, J. C. Hummelen @08dv. Funct. Mater, 11, 15.

H.B. Schlegel (1982)]. Comput. Chem. 3, 214

A.D. Becke (1988)Phys. Rev. A 38, 3098.

A.D. Becke (1993)J. Chem. Phys. 98, 5648.

C. Lee, W. Yang, R.G. Parr (1988hys. Rev. B 37, 785.

Robert Thornton Morrison and Robert Neilson Boy@rdganic Chemistry", 6th Edition, New York Univessit
2007.

Peter Atkins, Molecular Quantum Mechanicg" Edition, Oxford University Press, USA, 2005.

X

¥ j y
» P JfJ )
»e 2

Donor (D) Bridge (B)

‘,--5‘, 4 g "1
o

Q
) >4
e "y 0 f”
d X
J ] { \J
o
Acceptor (A) DonBridge-Acceptor (D-B-A)

Figure 1: The structures under study
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Figure 2The total energy for donor, acceptor and D-B-A macular system.

3.5

cceptor, 3.18

Donor, 3.01

2.5

D-B-A, 1.96

0.5

Donor Acceptor D-B-A

Figure 3: The Eof the D-B-A molecular system and it is components

68



Advances in Physics Theories and Applications www.iiste.org

ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) l'—,i,!
Vol.35, 2014 “s E
20 ,
15

D-B-A; 8.17,19.89

D.M({Debye)

5
Donor; 2.83,4.08 Acceptor;
1.71,3.73
0 >
Donor Acceptor D-B-A
Figure 4: The relationship of D.M with AN, ... for studied structures
Table 1: B3LYP/6-31G (d ,p) optimized parameters of donor
Bond length(A) Bond angle (deg) Dihedral angle (deg)
value Bond Value Bond value
Bond
C-C 1.484-1.486 C-C=C 126.45-128.12 C=C-C=C 0.0009
c=C 1.38 C=C-C 107.5 C-C=C-C -0.0011
c=C 1.402-1.404 cC=C-C 126.45 H-C-C-H 0.0000
C-H 1.081-1.087 H-C-C 116.05 H-C-C=C 0.00738
C-N 1.350 H-C=C 128.827 C-C=N—-H 0.00652
N-H 1.435 C=N-=H 105.5 N=C-C=C 179.889

Table 2: B3LYP/6-31G (d ,p) optimized parameters of bridge

(Bond or
Angle) Value Experimental Value
Label
R(c=c) 1.396 1.39
R(c-H) 1.086 11
A(c=c-c) 120 120
A(c-c-H) 120 120
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Table 3:B3LYP/6-31G (d ,p) optimized parameters of accepto
Bond length(&) Bond angle (deg) Dihedral angle (deg)
Bond value Bond Value Bond value
Cc-C 1.395 C-C=C 120.14 C-C=C-C 0.0006
c=C 1.401 C-C-H 119.65 C=C-C=C -0.0017
C-H 1.083 C=C-H 120.125 H-C=C-H 0.0005
C=N 1.159 C=C-C 120.08 H-C-C=C -179.99
1.365 C-C=N 179.97 C-C=C-H 179.99
c-0 0.963 C-C-O 117.24 C-C-C=N 0.145
C-O-H 110.04 N=C-C=C -179.85
-0.00027
H-C=C-O
O-H -
0-C=C-C 179.99

Table 4:B3LYP/6-31G (d, p) optimized parameters of (D-Bgystem

Bond length(A) Bond angle (deg) Dihedral angle (deg)
Bond value Bond Value Bond value
Cc-C 1.388 C-C=C 128.49 H-C=C-H -0.106
Cc=C 1.40-1.40 C=C-C 119.33 C-C=C-H 179.86
C-H 1.081-1.081 H-C-C 115.97-116.27 C-C=C-C -0.458
C-N 1.36 C=C-H 120.60 H-C=C-C -179.22
N=C 1.15 C-N-C 124.62 C-C=C-N 179.15
Cc-O 1.35 C-C=N 179.10 C-N-C-C -139.28
O-H 0.963 C-C-O 116.76 C=C-C=N -2.113

C-O-H 110.82 H-C=C-0O -0.459
H-O-C=C 179.70
C-C-O-H -0.105
Table 5Results of geometry optimization for studied molesu
Structures Total Energy (a.u) -VIT Symmetry
Donor -401.922 2.0078 Loy
Acceptor -399.762 2.0080 Cs
D-B-A -1031.956 2.0077 ¢,
Table 6: fomo ,» ELumo and energy gap F for studied molecules
Structure HOMO (eV) LUMO (eV) E, (eV)
Donor -5.781 -2.765 3.015
Acceptor -7.033 -4.846 3.186
D-B-A -8.997 -7.035 1.962
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Table 7: Total dipole moment, maximum amount of charge tranfer and Polarizability for donor, acceptor

and D — B — A molecular system.

Total dipole AN
Structure moment e Polarizability (a.u)
(Debye)
a0 xXx a vy 1 et =
Donor 4.124 2.833 63.559 128.787 181.604 124.65
Acceptor 3.502 1.711 52.820 98.997 128.651 93.48
D-B-A 15.235 8.171 191.782 232.729 619.479 P17.9
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