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ABSRACT

In this study, theoretical analysis on the georestriand electronic properties of various conjugated
(phosphaalkene)s is reported in order to invesgght influence of the incorporation of phosphagtam into the
backbone of the compound. The theoretical grouatksfjeometry and electronic structure of the stdidje-
phenylenephosphaalkene)s (PPP) are optimized biiythed density functional theory (DFT) methodlzd B3LYP
level of theory with 6-31G basis set and comparét those of (p-phenylenevinylene) (PPV) and (paptene
nitrilomethylidyne) (PPN) and finally relate thislues with synthetic Mesityl of phosphaalkene (DMPPThe
effects of the phosphorus atom and substituentrpocation on the geometries and electronic propetof the
materials were discussed. The results of the ofstbdy indicate how the electronic properties cantbned by
heavy phosphorus incorporation and side group suesit and suggests that organophosphorus compgoasd
good candidate for optoelectronic applications.
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INTRODUCTION

The research in the orgameConjugated molecules and polymers, has becomieeafibst interesting area in field
of chemistry , physics and materials science becafisheir specific properties which made thenp@mising
materials for optoelectronic device technology.[Their properties have attracted great intefestheir use in
transparent conductors, photovoltaic cells, lighiteéng diodes, and semi-conductor layers in fiefféct transistors
(FET) [2]. A key feature of these novel semicondustmaterials is that manipulation of the chematalictures
allows control of the optical band gap (3). Low dayap can afford intrinsic conductivity with enhadmonlinear
optical properties, and harvest more photon witiglevavelength [4]. A fruitful approach involves timeorporation
of heteroatomic moieties into the conjugated fraows. The replacement of carbon atoms in a congagat
backbone with different heteroatoms significanthaoges their physical and chemical properties. dkeents
from group 13, group 14 and group 15 are most widsked for these purposes and to develop new catgdg
organic materials. This work concentrates on tiptament of carbon atom with phosphorus atomeab#itkbone
of the conjugated molecule. Phosphorus is a grdupnain group element and capable of exhibiting alde
coordination numbers (number of atoms connectenljing from 1 to 6. Among all possible coordinatistates,
phosphorus has common coordination states of Haftie compounds in the coordination states oftQadly can
mimic the unsaturated carbon chemistry due to thgiity to exhibit low coordinate multiple bondsnélar to that
of alkenes and alkynes and also due to their isdlabhalogy[6]. (p-phenylenephosphaalkene)s is amgke of
conjugated low coordinate organophosphorus commouwith a chemical structure of Ar-P=C(H)-Ar which
analogues to (p phenylenevinylene) (PPV), a lunt@esorganic macromolecule. Recently, these méteiiPV)
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found greater importance in various technologigaligations such as photovoltaic, nonlinear optasgianic light
emitting diodes, data storage and in field effeahsistors.[ 7] . The advantage of these mateisatbeir unique
electro-optical properties, tunable band gap, cornialeviability and easy device fabrications.

We are particularly interested in the low coordinatganophosphorus compounds since chemical matilifics of
the structure allow a fine tuning of the opticaaglectrochemical properties of phosphorus-basednjugated
systems. Starting from one Phosphorus Analogud®Pdf, it is possible to readily access a family efidhtives
with different physical characteristics and sinbe tlectronic properties of these compounds vagigdificantly
with the arrangement and substituent attachmentkttowledge of conformations and electronic stmestuwill
give a better understanding of the electronic aptcal properties of these materials. Thus thisotbtcal
calculation will provide a lot of useful informatiothat will help in building up a good relationshiy@tween
structures and properties of these materials. Ads@omprehensive understanding of the electromiectsiral
properties of these low coordinate organophosphoonspounds would help to further develop othersgasand
novel low coordinate organophosphorus compoundselffectronic applications. In this article, the theoretical
analysis on the geometries and electronic propedieconjugated low coordinate organophosphoruspoomd is
reported.

EXPERIMENTAL SECTION

2. THEORETICAL METHODOLOGY

The computational method used to study the eleictoroperties of the polymers is the density fuocél theory
(DFT). We use the Spartan 10 program package to awmn calculations on intel®Core (TM) i3 CPU
M350@2.27GHz computer with the Becke, three paramdiee-Yang- Parr (B3LYP) exchange- correlation
method. In order to obtain an accurate descrippfothe physical system, we used the large 6-31@sishset
for the electronic properties of the model compautidhas been shown that B3LYP/6-31G* giwdscent ground
state structures of conjugated polymers.[10]. Thdeoules are built from the scratch as show inrégl below
where 'Y’ represent carbon, nitrogen and phospharou

Fig. i Conjugated compound for theoretical analys where "Y'= carbon (C), Nitrogen (N) and phosphoras(P)
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Fig.ii Structure of the studied compounds fig.iiioptimized structures of the studied compounds

TABLE 1: Geometric parameters (bond length inA) of studied compounds as obtained DFT/B3LYP/6-31G*

DMPPP DMPPP PPV PPN PPP
BOND LENGTH O) EXP CAL CAL CAL CAL
C1-C2 1.461 1.465 1466 1.468 1.460
C2-C3 1.409 1.396 1409 1406 1.412
C3=C7 1.393 1.385 1.391 1.390 1.389
C5-C6 1.393 1.382 1.394 1.394 1.393
C2=C6 1411 1.394 1.408 1.403 1.410
C8=C11 1.414 1417 1.409 1405 1.406
C8-C1c 1.41¢ 1.40(¢ 1.40¢ 1.40¢ 1.40¢
C11-C12 1.403 1.397 1.391 1.392 1.394
C10=C13 1.403 1.406 1.394 1394 1.395
Cl=Y 1.691 1.66¢€ 1.34¢ 1.281 1.69¢
Y-C8 1.860 1.838 1.466 1.406 1.840
C1-H3 1.089 0.951 1.089 1.101 1.090

DMPPP = Dimesityl P-Phenylenephosphaalkene, PPRRHenylenephosphaalkene, PPV = P-PhenylenevinyRPN,= P-phenylene
nitrilomethylidyne. Exp = Experimental value. GaB3LYP/6-31G* calculated value

TABLE Il. Theoretical electronic parameters showingthe values of HOMO (eV), LUMO(eV), (EQ), Ansxnm)) and 6 obtained by
DFT/B3LYP/6-31G* of the studied molecules

MOLECULESS| Fowo (eV) E(w)o (Egv) Imax(nmM) 010 62 ()
PPV 551 -136 4.14 367.71 0.01 0.06
PFN 590 -155 435 370.8¢ 15% 39.4:
PPP -5.69 -2.02 3.67 40199 570 36.22

Enomo = Energy of HOMO, Eyumo = = Energy of LUMO, E, = band gap energy, Am.x=Mmaximum absorption wave length= dihedral anglewhere
01= C:C,C1Y, 02 = CiCsY Cy

RESULTS AND DISCUSSION
3.1. The influence of the linkage on the geometr&nd electronic structures

The geometric and electronic structure of p-phemgbhosphaalkene) PPP are compared with those-of (p
phenylene) (PPN) and (p-phenylene vinylene) (PRV)pider to study the influence of C=P linkage. Rdir
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molecules, geometrical parameters were obtained @&ftal optimization by B3LYP/6-31G*.These paraenstwere
justified by comparing their values with the expegintal results reported in the literature [5]. Tdimized
geometries structures and data of PPP, PPV andaP®shown in fig ii and table i and ii. The bonddéh of the
C=N linkage in PPP and that of the C=C linkage RVPRare 1.699 and 1.34®@ respectively. Besides, the C-C
bond length between the C=P linkage and the pheayie 1.862, while that between the C=C linkage and the
phenylene of PPV is 1.465. The longer bond length of C=P and C-P in PPP thase of C=C are due to the
smaller electro-negativity of the phosphorous aamtban However, a significant difference is shown on titeedral
angle f;and6,) between aromatic ring and linkage. The dihednglles f1and62) in PPV are almost zero but for
PPN, both the dihedral anglé4 and62 are 39.42and 1.58 respectively and that of PPP are 5.@0d 36.22
respectively. The repulsive force between the afjabydrogen atoms on the C=P linkages and thenBRylene of
PPP result in a non —coplanar conformation. Bb#hdifferences of bond angles and dihedral andlé¥¥ and
PPN are as a result of the distance betwegand H, of the molecules. The distance betwegnakd H is much
longer in PPV than that in PPN. Consequentlyesuits in a much smaller (and negligible) H-H remri force for
PPV than that of PPN and that of PPP. This exphaimg PPV is coplanar but PPN and PPP are twisteidhance
non-coplanar. This indicates that the nitrogen phdsphorous atom substitution significantly enhatiee non-
planarity of the PPN and PPP. Incorporation of asphaalkene (P=C) bond into a carbon basednjugated
system results in the reduction of HOMO-LUMO enetgyels. In a macromolecule these energy levelsnoft
known as valence band (VB) and conduction band (TBg difference in the energy between these twalbas
known band gap energy, which actually defines trexall electro-optical properties of the materidlke calculated
electronic properties of the PPP and PPV and PRNlaown in table 3. The calculated (IP, EA, EgPBP, PPN
and PPV are (-5.69, -2.02, 3.67) eV, (-5.90, -1485) eV, and (-5.51, -1.36, 4.14)eV, respectivélyese results
obtained confirmed that the band gaps in conjugatetecules are governed by their chemical strustufde
lowest band gap of PPP confirmed that the incotoraof phosphorous atom can greatly reduce the afap
materials used in semiconductor and opto-electrdeidces despite its non-coplanar structure. Thecebf the
linkage between the phenylene rings on the eleicsastructures can be further illustrated by thendand Lumo
energy levels of fig iv.
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Fig.iv. Schematic representation of the effect dinkage between phenylene rings on the moleculariutals and energy band gaps of
PPP, PPN PPV and DMPP
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HC
Fig.V. Conjugated compound for theoretical analysi®f Dimesityl P-Phenylenephosphaalkene

TABLE Ill. Theoretical electronic parameters showing the effect of substitutions at the para positionef DMPPP obtained by
DFT/B3LYP/6-31G*

01 02 ELumo Eg i (nm)

DMPPP1 H H 0.00 92.34 -5.59 -1.74  3.85 342 331
DMPPP 2 Br H 0.00 92.41 -5.72 -1.87 3.85 341 342
DMPPP3 H Br 0.00 92.41 -5.71 -1.96 3.75 335 337
DMPPP: Br Br 0.0C 93.1% -5.8¢ -2.0¢  3.7¢ 336 34¢
DMPPP5 H OCH 179.56 -89.04 -5.21 -1.53 3.68 333 -
DMPPP¢ OCH NO2 176.7¢  -99.2( -5.9¢ -2.64 3.3 340(439 376(380
DMPPP7 H NO2 179.36 -96.34 -5.95 -2.59 3.36 339(430 377

SUB X = substituent at meta terphen$lJB Y = substituent at phenyl ring

3.2. EFfect of substituent on phosphaalkenes

3.2.1 The influence of the protecting group and brominlessitution on the geometry and electronic struetaf the
molecule

Low coordinate phosphorus compounds had been sfottgsynthesized by using steric protecting graupith
this modification, phosphorus maintains its low @hieation state (coordination number 2). Therefoie necessary
to investigate the effect of the protecting grong ather substituent groups on the geometry aradreldc structure
of the phosphaalkene molecule.

In an attempt to investigate the influence of thesityl protecting group on the studied compoundspiaalkene
without the bulky mesityl protecting group (PPP)daled above is compared with bulky mesityl protegtjroup
(DMPPP). For the DMPPP, the B3LYP/6-31G* calcwatipredict that the dihedral angle &g 0.00 and
6,=92.34. The large 92.%4dihedral angle of copolymer of DMPPP Compared B#B82 of PPP suggest that the
mesityl protecting group further increases the noplanar conformation of phosphaalkenes. This efféfinitely,
worsen the delocalization afelectrons from thenetaterphenyl to phenylene These effect may explaendgap
variation i.e the change in band gap of the modeietecules from 3.67eV in PPP to 3.85eV in DMPRBI4 iii).
The bridged bond length.g) between carbon of terphenyl and phosphorous addMPPP increases by 0.022
when compare with corresponding PPP. This worseasdbuble-bond character due to their decreaskectron
delocalization. The dihedral angles of DMPPP6 ftbm x-ray diffraction result reported shows thee €=P plane
twist 120.4 from the terphenyl [5] while our calculation sh®W9.28 The correlation between the chemical
structures of PPP based and DMPB&sed copolymers suggest that the protecting gnesgreatly increased band
gap acyclic conjugated organophosporous. Thus tégepce of these bulky groups breaksstoonjugation and
loses some planarity due to the steric constrditiseomolecule.
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Moreover, Phosphaalkenes are relatively non paarpounds in the absence of strongly polarizing gspowing
to the very close electronegativity of carbog)(@) = 2.5) and phosphorug (P) = 2.1) [13]. The presence of
different functional groups across the P=C unit lea charge polarization which may increase thetong of the
band. Thus Systematic investigations of the impégarasubstituent to phosphaalkene groups have been niade.
investigating the effect of substituent, the optied structure and electronic prosperities of brensabstituted at
the bulky steric hindered terphenyl were compar#h those of substituted at the Para position eflédss hindered
phenyl ends. Bromine attached to the phenyl rimgasha reduction of 0.10eV in band gap when compaiigul
DMPPP. However there is no significant differenoethe band gap of bromo-terphenyl ring suggestirsgeac
hindrance as a result of the bulky protecting group

The absorption wave length,f{,,) of the studied compounds in the gaseous phad®isn in Table iii. The peak of
absorption wave length\{,) of PPP is about 329nni,.x for DMPP, is about 342nm. This value compared
favorably with the experimentahlue of 334nm reported in literaturs] DMPP; exhibits a red shift of about 8nm in
the UV region, when compared with., of PPP. Therefore, we can say that the couplindn@fprotecting groups
greatly affect the effective expansion of the ligiiisorption range. The effect of bromine substituton the
absorption properties shows that, Bromine atomitireleor both ends of DMPRmhduces a red shift on the UV-
Vis spectra. The shifts are additive, and the shifireater when substitution is present on the-théisdered phenyl
unit. The presence of an electron withdrawing geoapd accepting group on the less hindered phérylpossess
greater influence on the to n* energy transition, thus leading to a greater sédt in the absorption spectra.
Whereas the introduction of both electron donatingthoxy group on the bulky mesityl ring and eleatro
withdrawing group to the less hindered phenyl ritigy not show a significant influence on the optiabkorption
when compare with electron withdrawing group at&acho the less hindered phenyl ring. This indicdbedt the
presence of a donor and withdrawing group attadleethe bulkymetaterphenyl unit is not having sufficient
influence on ther to n* electronic transition. This can be due to the kvealelocalization oft electrons from this
ligand to the rest of the molecule in the phosptere.The comparison suggests that the optical absorptioperty
Amax INCreases at the less hindered phenyl. Therefongugation of substituent at the less hindered pheuily
further enhance the lowering of band gap and akisorproperties of phosphaalkenes.

CONCULSION

The replacement of carbon atom in a conjugated iatnbackbone of stibene with phosphorus heteroatom
significantly changes their physical and chemiaalpgrties through which, one can tune the ovetatiteo-optical
properties of a conjugated material. The decreashea band gap reflected a red shift in the Uv-afisorption
spectra of the concerned materials. Thus, theserialst give better electro-optical properties tlcauld be
compared to their organic counterparts. The lowardogap will facilitate a good conducting materralelectro-
optical devices. Overall, the additive impact of {ara-substituents can therefore make the polgnmeaiterial of
phosphaalkene effective in applications of NLO miate that demand a high degree of polarization jos way
they have been found in related alkenes. Morem@rsidering the scarcity of NLO active phosphaatiserthese
studies provided the initial step to continue irigegion on the effect of substituent ametaterphenyl
phosphaalkene. However, theoretical calculatiothef synthetic phosphaalkene (DMPPP) reviled akbodar-
conjugation and loses some planarity as a resuthefoulky protecting (mesityl) group which alsausas some
steric constrains to the backbone of the compoilihgse effects may limit the use of this compounddiher
electro-optical devices. Hence there is a needotdirtue in the search for organic phosphaalkeng wlih not
compromise with effective conjugation and planarity
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