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ABSTRACT KEYWORDS
In one of the works previously reported by our research team [J. Fluor. DFT-B3LYP;
Chem. 128 (2007)], we used a DFT-B3LY P method in order to study the Vibrational frequencies;
structural and electronic properties of the oligomersincluding the dimer, NMR chemical shift;
trimer, and tetramer of fluoromethylpyrroles (FMPs), NC,H,-CX, (where- Conducting polymer.

CX, stands for -CH,F, -CHF, and -CF,), and their radical cations. In the
work mentioned above, FM Pswere proposed as candidate monomersfor
conducting polymers with modified characteristics compared to
polypyrrole and polymethylpyrrole. In the present work, the method
mentioned above is applied to predict the vibrational frequencies and
NMR properties of FMPs and their corresponding oligomers. The
optimized structural parameters of these compounds are used in the
vibrational spectra and chemical shift calculations. Analysis of the
vibrational frequencies and NMR chemical shiftsfor the mono-, di-, tri-,
and tetramer of FMPs supportstheir structural and electronic properties.
The results obtained from the computational studies carried out confirm
that selectivity of the configuration of FM P oligomersin the polymerization
processismost affected by characteristics of the CX ,-substituted monomer
ring. The chemical shift data obtained show that the nucleation of FMP
monomers occurs most probably at the a’-position, far away from the
group substituted on the monomer ring, while growth of the corresponding
oligomers progresses more from the a—position of the oligomer chain,
close to the substitution position. Also the results obtained from the
spectroscopic studies carried out show that FMP oligomers consist of
Py-CF, compared with other FMP monomers, and that they have the
most potential for el ectropolymerization.
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INTRODUCTION dueto thedel ocdlization of n-bond electronsover the

polymeric backbone, exhibiting unusua € ectronic prop-

Electrica conductivity isaconsequenceof thepres-  ertiessuch aslow energy optical transitions, low ion-
ence of conjugated double bondsinapolymer back- ization potentids, and high e ectron affinities®4.

bone. Inintrinsic conducting polymers, conductivity is Electrochemical synthesisof dectrically conduct-
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ing organic polymers has played important rolesin al-
lowing thedevel opment of new polymericmaterid swith
electrica propertiessmilar to metas. Thereversbility
of charging/discharging processesand high specific ca
pacitance of the polymersin their oxidized states has
led scientiststo propose them for avariety of appli-
ances such asrechargeabl e batteries, super-capacitors,
and eectrochromic devices>*™, However, for commer-
cia applications, poor processing ability and low con-
ductivity of many accessibleconductive polymershave
inhibited their widespread use. In order to avoid these
disadvantages, compositesof conductive polymersand
other polymersor inorganic materialshavebeen devel -
Oped[1e,17]_

Themain objectivefor the design and preparation
of new conductive polymer materia sistoimprovethe
desired dectrical and electrochemical properties. Itis
clearly observed that substitution of pyrrole monomers
with appropriate 3-substituents induces a push-pull
effect on the n-bond electrons, and alters electrical
conductivity of the corresponding polymerscompared
to that of polypyrroles?®9. Inour previousworkscar-
ried out inthisared?*?Y, we studied some new materi-
alsaspotentid monomersfor thesynthesisof conduc-
tivepolymerswith modified physica anddectricd char-
acteristics compared to those of polypyrrole. It was
found that aproper subgtitution onthepyrrolering could
significantly affect eectrica conductivity of the corre-
sponding polymers. We al so showed that positions of
both the a- and o’-carbon atomsinthepyrrolering, as
branching centersinthe e ectropol ymeri zation process,
wereequivaent, thoughthisequdity wasatered with
theattachment of substituent groupson the 3-position
of thepyrrolering.

Inthiswork, thevibrationa frequenciesand NMR
properties of FM P oligomersincluding dimer, trimer,
andtetramer chanswere studied using quantum chemi-
ca computationa techniques. Withtheaid of spectra
property cal cul ations, we studied the electronic and
sructurd effectsof substitutionson somestructurd fea
turesof FM P oligomers. Thereasonfor preferring fluo-
rine-pyrrolesover other conductive polymer materias
for thisstudy isasfollows: fluoropolymersare charac-
terized by their excdllenceinresisting chemica attacks,
very good therma stability, chemicd inertness, outstand-
ingdectrica properties, and excelent weathering rate?.

Physical CHEMISTRY o

Thesepropertiesdifferentiatefluoropolymersfromtheir
hydrocarbon analogues, and make them preferable
materid sfor high energy radiation environmentsinthe
chemica, microelectronic, and nuclear industriesaswell
asin the medicine and aerospace fieldsl. We used
oligomerscons sting of pyrrole (Py) and methylpyrrole
(Py-CH,) monomers asreference compoundsfor all
comparativestudies.

Thestructural scheme used in thisstudy for FMP
monomersand their oligomersareillustrated in Figure
1. Itisnoticeablethat the carbon atomsadjacent to the
heteroatom in the pyrrole-ring, C(a) and C(a’), are
branching centersin the e ectropolymeri zation process,
and control the stereochemistry of the polymer chains.
Also both the C(B) and C(j3”) atoms are appropriate
positionsfor substitution. However, in thisstudy, the
fluoromethyl substituent wasfixed onthe3-positionin
al compounds. For easier comparativestudies, and Smi-
lar to themonomer structures, thea-carbon atom of an

N /N N X,C
B /—/ B N /\
Lo \ N

X,C

3

X,C X,C
XSC\ X?’C
@ / \ ""'f-i\\ //L x/ \3\____. — \f\ ) o 4
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Figurel: Sructuresand numbering schemeused for FM P
monomer s and their oligomers, where -CX,, stands for —
CH,,-CH,F -CHF ,and-CF,.
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oligomer chainiscloseto the substituent position, and
theo’-carbon atomisaway fromit. The structure pa-
rametersfor this series of FMPswere defined based
onFigurel.

COMPUTATIONAL PROCEDURES

Theoptimized structure, vibrationa wave numbers,
and NMR properties of the FMP oligomerswerecal-
culated at the dengity functiond theory (DFT), utilizing
Becke'sthree-parameter exchangefunctiond, with the
Lee-Yang-Parr non-local correlation functional
(B3LY P)* and the 6-31G (d, p) basisset. All param-
eterswereallowed to relax, and the cal cul ations con-
verged to an optimized geometry. Thetheoretical ab-
solute NMR chemical shielding was ca culated using
the|IGAIM method®2., |t wasfound that the Hartree-
Fock (HF) method failed to predi ct reasonable values
for thevibrationa spectraof therepresentative FMPs.
Based on these preliminary studies, we employed the
B3LY P/6-31G(d,p) method, asimplemented in the
Gaussian 03 program!®.

RESULTSAND DISCUSSION
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Somestructural features

Inour previousworkscarried out in thisared 24,
we have shown that selectivity of the configuration of
polymer chains during the propagation step of poly-
merizationismost affected by thed ectronegativity, sym-
metry, and steric effects of the groups substituent on
themonomer ring. M echanicd quantum approachesof
the FMP oligomer chainsshowsthat the syndiotactice
chainsaremorestablethan other tacticity orders. It has
aready beenfound that branching of pyrrole monomer
and the corresponding oligomersisinitiated by the a-
and a’-pogitionsin the polymerization processfor con-
ducting polymers®®, Thusitisinterestingto review
some of theimportant structural parametersand the
ring geometriesof the FMP oligomer chainsthat are
rel ated to these positions dueto the characteristics of
the substituent groups.

TABLE 1 reportssomeof theoptimized val uesfor
bond lengthsand dihedra anglesfor dl FMP oligomers
usingthe B3LY P/6-31G** |evel of theory. According
tothistable, bond length of the C-H bond located on
thea- and o'-positions of an extended chain, C -H and
C,-H, aredightly affected by the substituent group.

TABLE 1: Selected optimized geometry par ameter sof FM Poligomer sobtained using B3LY P/6-31G** method (Unitsof
bond length and dihedral angleareAngstrom and degr ee, respectively).

Oligomer Cy-H Cy-H Drce Drne Duons  Drore R1-R; R.-R3 Rs-Ry4
Di-Py 1.0794 1.0794 0.0 - - 1.4483 - -
Di-PyCH; 1.0801 1.0794 00 00 - - 1.4484 - -
Di-PyCH,F 1.0785 1.0791 06 264 - - 1.4485 - -
Di-PyCHF, 1.0791 1.0785 1.2 265 - - 1.4496 - -
Di-PyCF; 1.0794 1.0789 00 263 - - 1.4501 - -
Tri-Py 1.0793 1.0794 0.0 00 - 1.4456 1.4453 -
Tri-PyCHj 1.0802 1.0796 00 00 00 - 1.4459 1.4460 -
Tri-PyCH,F 1.0803 1.0792 29 259 245 - 1.4469 1.4471 -
Tri-PyCHF, 1.0785 1.0791 20 264 252 - 1.4484 1.4482 -
Tri-PyCF, 1.0790 1.0789 00 00 00 - 1.4477 1.4473 -
Tet-Py 1.0795 1.0795 0.0 00 0.0 1.4453 1.4427 1.4453
Tet-PyCHj 1.0801 1.0794 00 00 00 0.0 1.4455 1.4427 1.4455
Tet-PyCH,F 1.0801 1.0795 37 381 234 307 1.4503 1.4440 1.4493
Tet-PyCHF, 1.0785 1.0791 33 260 244 251 1.4482 1.4468 1.4481
Tet-PyCF, 1.0790 1.0789 00 00 00 0.0 1.4472 1.4447 1.4467

R, = Length of bond between an adjacent pair monomer ring of an extended chain; s, = Dihedral angle between -CX group and
monomer ring of an extended chain; b5, ,= Dihedral angle between an adjacent pair monomers ring of an extended chain.
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However, itislikely that thedihedral angles depend
noticeably onthe characteristics of thesubstituent group.
Thevauesfor thedihedrd angledefiningtorsion of the
substituent group (-CX.,) with respect to the monomer
ring plane (R) at a-position of the oligomer chain,

Dr.cx,» @€ very close to g°. The small deviation

(< 3.7°) forthePy-CH,Fand Py-CHF, oligomersmay
be dueto thelow symmetry of their fluorinated sub-
stituents (-CH_F and -CHF, groups). However, the -
CF, and-CH, groupsliecompletely inthering plane.
Thering geometriesof an extended oligomer chain
areinteresting. Asit canbeseenin TABLE 1, the con-
necting length between an adjacent pair monomer ring
of anextended chain, R-R, isaffected by the substitu-
ent groups. Insertion of fluorine substituentson these
compoundsincreasestheR - R bond length compared
to the pyrroleand methyl pyrroleol igomers. Thisisdue
to the polarity of fluorine substituentsin the oligomer
chains. Moreover, thegeometrical datapresentedin
TABLE 1showsthat theR-R bond length decreases
when thenumber of monomersincreasein anoligomer
chain. Thevauesfor thedihedrd angledefiningtorsion
between an adjacent pair ring plane of an extended

chain, D,  , areexactly , except for the Py-CH,Fand
Py-CHF, oligomers. Since planarity of the polymer

chainsisimportant for theelectrica propertiesof con-
ducting polymers>3, we expect Py-CF, oligomersto
have apreferred structure for producing aconducting
polymer with higher conductivity. Of course, we may
predict that valuesof dihedra anglesin other FMPoli-
gomersdecreaseswhen thelength of the polymer chain
Increases.

Vibrational frequencies

Thefundamenta vibrationa frequenciesfor dl the
FMPmonomerswere calculated using the B3LY P/6-
31G** |evd of theory. All wavenumbersshow red fre-
guencies confirming that the structures correspond to
theequilibration pointson the potentia energy surfaces.
Frequency ca culationsfor thefluoromethyl-subgtituted
pyrrolesshow 33 normal vibrationa modes, andthisis
an agebraic consequenceof thefact that thereare 3N-
6 vibrational degrees of freedom for non-linear mol-
eculeswith N aoms. For brevity, thenormal vibrationa
modeswith thelR band intensities higher than 10 km/
mol arelistedin TABLE 2. Thedatareported inthis
table show that thenumber of strong IR bandsincreases
with thesize of monomer correspondingto their num-
ber of fluorineatoms (-CF,>-CHF, >- CH,F). This
behavior may be aresult of the charge delocalization
redistributed in thepyrrolering. Inthe other words, the
chargeredistribution of fluorine substituentsonthe pyr-

TABLE 2 Transition frequencies (intensities) in cm™ (km/mol) for FM Pmonomer s (only theintensebondsarereported

here).

Py-CF; Py-CHF, PyCH,F Py-CH; Pyrrole
499 (84) 489 (84) 479 (88) 432 (91 461 (78)
703 (25) 698 (15) 727 (45) 764 (51 734 (112)
729 (11 773 (70) 791 (39 1087 (29) 1042 (26)
802 (40) 831 (18) 1036 (103) 1095 (19 1076 (23)
940 (43) 856 (14 1087 (47) 3031 (48) 3689 (55)
1102 (28) 1074 (23) 1100 (13) 3081 (30)

1159 (46) 1097 (105) 1430 (30) 3111 (29)
1165 (183) 1111 (90) 1440 (11 3690 (58)
1176 (281) 1124 (125) 1476 (13)

1191 a77) 1392 (12) 1540 (29)

1392 (162) 1412 (108) 3036 (58)

1442 (12) 1451 (15) 3080 (42)

1477 (20 1478 (14 3687 (64)

1543 (55) 1538 (38)

1630 (41 1628 (18)

3685 (73) 3049 (72)

499 (84) 3687 (67)

703 (25)
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roleringand itsvariation during vibrational modescon-
tribute significantly to many of thelR bands.
Vibrational analysis of FMPoligomers are very
complex dueto low symmetry of theoligomer chains,
especialy whenthe chain length increases. Frequency
calculationsfor FMP oligomers show 66, 99, and 132
norma vibrationd modesfor the dimer, trimer, and tet-
ramer chains, respectively. For al FMPoligomers, the
number of low freguencies (v < 1000 cnm?) and the
corresponding zero point energies (ZPEs) withtheir vi-
brational energies (at 298.15K) arelistedin TABLE
3.Accordingtothistable, all theoligomer chainsin-
cluding thedimer, trimer, and tetramer typesthat con-
sist of the Py-CF, monomer have higher numbers of
low frequencies. It isknown that moleculeswith the
highest low frequencies correspondtotheir largest force
congtantsfor thebending vibrationg*#9, Wemay there-
fore predict that Py-CF, oligomershave ahigher pro-
tection fromthermal disintegration. Ontheother hand,
thisindicatesthat Py-CF, oligomers can poseahigher
thermodynamic stability compared to other FMP oli-
gomers, thisisal so supported by their ZPE and vibra-
tiond energy values, indicated in TABLE 3.
Asmentioned above, positionsof o.and o’ carbon
atomsin both sdesof theoligomer chainsarethereac-
tivity Stesinthe polymerization of theconducting poly-
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mer, and therefore, we considered vibrations of the C -
H and C_-H bondsinthese compounds. Vibrational
analysis showed that frequenciesfor the v(C -H) and
v(C,_-H) stretching modes are equivalent for the pyr-
roleoligomers, and that thelength of theoligomer chain
hasno substantia effect onthe v(C-H) vibrationd fre-
quenciesduo to their point group symmetry. Thefre-
quenciesfor thev(C -H) and v(C_-H) stretching modes
changedowlyinthe presence of thesubstituted groups
(-CX,). However, thisfrequency variation isnot con-
Sderable (themaximum valueof frequency deviationis
lessthan 30 cm®) but di splacement of the C-H bonds
intheir stretching motion at the a-position, shownin
TABLE 4, are considerable respect to o’ positions.
According to the datareported in thistable, displace-
ment of the C-H bond at the a-position for all FMP
oligomersislarger thanthat for the C-H bond at thea’-
position whichissupported with lower force constants.
Thismay be dueto the presence of the fluorine sub-
stituent, whichiscloser tothe a-position.

Chemical shift data

Itisclear that the chemical shielding datacan be
used to predict thering current and to estimatethe aro-
maticity of moleculeswith conjugated =-bond el ec-
trong®. Inthisway, chemica shidding playsanimpor-

TABLE 3: Number (n) and percent (n%) of IR transitionswith frequencieslower than 1000 cmt for FM P compounds, with

their ZPEsand vibrational energies.

Compound n (v<1000cm™) n% (v<1000cm™) ZPE (kcal/mol) E.in (kcal/mol)
PyCH; 12 36.36 69.09 71.00
PyCH,F 13 39.39 64.92 67.18
PyCHF, 15 45.45 60.35 62.81
PyCF; 17 51.52 55.07 57.98
Di-PyCHjs 28 42.42 126.14 130.52
Di-PyCH,F 32 48.48 118.31 124.21
Di-PyCHF, 31 46.97 108.68 115.44
Di-PyCF; 37 56.06 98.06 105.69
Tri-PyCHs 43 43.43 183.17 190.69
Tri-PyCH,F 49 49.50 171.36 181.20
Tri-PyCHF, 50 50.50 156.83 168.03
Tri-PyCF3 57 57.58 140.2 151.30
Tet-PyCHjs 58 43.94 239.91 250.68
Tet-PyCH,F 60 45.45 229.95 238.51
Tet-PyCHF, 68 51.52 204.87 219.48
Tet-PyCF; 77 58.33 182.73 197.81
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TABLE 4: Displacement (in Angstrom) of theH atomsin the stretching modeof vibration of theC -H and C_-H bondswith

their forceconstants(in Nm), FCs, for FM P oligomers.

. CoH Cy-H
Oligomers
AX AY JAVA Ar FCs AX AY AVA Ar FCs

Di-Py -0.50 0.50 0.00 071 700 0.50 -0.50 0.00 071 700
Di-PyCH; -0.86 0.50 0.00 099 689 0.84 0.45 0.00 095 698
D-iPyCH,F 0.41 -0.89 0.20 1.00 691  -0.37 0.86 0.20 096 699
Di-PyCHF, 0.40 0.90 0.20 1.00 701 0.26 0.63 -001 068 705
Di-PyCF; 0.35 0.89 0.28 1.00 702 0.22 0.72 -003 075 706
Tri-Py -0.81 0.36 0.00 089 700 0.81 0.36 0.00 089 700
Tri-PyCHs 0.01 1.00 0.00 1.00 689 0.69 -0.65 0.00 095 698
Tri-PyCH,F -0.87 0.39 0.30 1.00 690 0.86 0.26 -030 095 700
Tri-PyCHF, 0.86 0.34 -037 100 699 0.59 -022  -029 069 705
Tri-PyCF; 0.52 0.85 0.00 .00 701  -0.19 0.68 0.00 071 707
Tet-Py 0.00 0.80 0.00 080 700 0.00 0.80 0.00 080 700
Tet-PyCH; -0.25 0.96 0.00 099 689  -0.20 0.92 0.00 094 698
Tet-PyCH,F -0.82 0.56 0.02 099 630 0.61 -046  -002 076 630
Tet-PyCHF, 0.83 -0.53 0.14 099 690 0.44 -029 -012 054 703
Tet-PyCF; 0.96 -0.27 0.00 1.00 694  -058 0.13 0.00 059 708

Ar =(AX? +AY? +AZ?)"?

tant role in studying the molecular structure and 44

€l ectropol ymerization process of FM P oligomers. For o & o

al compounds, the corrected isotropic chemicd shifts 43}

of 1H-NMR and *C-NMR referred to TM'S pertinent ° °

were calculated at the B3LY P/6-31G (d,p) level of ¢ 42} 8

theory. NMR chemical shidlding of nuclei of FMPoli- & °

gomershavebeen calculated usingthesamelevel of & 44|

theory based onthe IGAIM, SGO, and CSGT meth-

0dg?2%1, Andysisof theresults obtained show that the ol 5 i

IGAIM and CSGT methods predict equivalent shield- o S Hia)

ing, whilethe shielding values obtained viathe SGO 55

method areconsiderably different. We selected there-
sultsobtained viathe IGAIM method for theanaysis
of NMR propertiesof FMP oligomers.

TheH and B*C shidldingsfor TM S calculated us-
ingthesamelevd of theory were used asreferencesfor
comparative analysisof thechemica shielding. Inthis
study, therelative shielding constant or chemical shift,,
foranucleusnisdefined as:

6, = o, (ref) - o, 1)
where(ref.) and arechemica shieldingsof thenucleus
ninthereferenceand the FMPoligomers, respectively.

Theva uesca culated for NM R chemical shiftsfor
the *H and **C atomson a- and o’-positionsin FMP
monomersareshownin Figures2 and 3, respectively.

Py ~ PyCH3 PyCH2F PyCHF2 PyCF3

Monomers

Figure2: IGAIM H-NM R chemical shiftsfor theH atomsin
thea and o’ positions.

Andysisof the'H-NMR chemicd shiftsshowsthat and
areequivaent in pyrrolemonomer but the presence of
subgtituent onthemonomer ring dtersthisequdity. Elec-
tron-inductive substituents such as—CH, displace to
lower fidd, whiled ectron-withdrawing substituentssuch
as—CF, displace to higher field. Displacement of ,
whichisaway from the substitution position, isless af -
fected by thetype of substituent (i.e. number of fluorine
aoms).

Analysisof the*C-NMR chemica shiftsof FMP

Physical CHEMISTRY — commmm
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Figure3: 1GAIM BC-NMR chemical shiftsfor theC atoms
inthea-a’ and pB-p’ positions.
monomersin Figure 3 reved that the chemical shift of
the B-carbon atom hasthelargest valuesbecauseitis
linked directly to the substituted group. Also compari-
son between and showsthat thevaluesfor are higher
than thosefor (variationsof are markedwithaline
graph). According to the polymerization mechanism of
conducting polymers?, onecan predict that nucleation
of themonomer ringscan beinitiated by higher prob-
ability from o’-position resulting in apreferred stere-
ochemistry of oligomer chains.

Theseresultsa so show that afluoromethyl sub-
dituent canaffect thechemicd shiddingof FMPs, mainly
viainductiveeffectsrather than contributingto thering
current. Introduction of the fluoromethyl group at the
[-position induces apositive charge on the a-carbon
atom, which resultsin higher chemical shiftsascom-
pared to a’-carbon atom. Thisisevident fromthedata
demonstrated in Figures. 2 and 3.

Itisknown that the electropol ymerization of sub-
stituted pyrroleswill proceed viathe - and o’-carbon
atomd*3, and thusthe hydrogen atomslinked to these
carbon atoms cannot be used as probes or as refer-
encesfor studying the synthesized polymer. However,
the chemical shiftsof both pairsof (a-a’) and (B-B)
carbon nuclei areexcellent probesto evaluate the ex-
tent of polymerization, stereochemistry, and packing of
the synthesi zed polymers. Inthisway, variationsinthe
calculated valuesfor IGAIM based on DFT-B3LY P/
6-31G(d,p) optimized geometry and wavefunctionsfor
di-, tri-, and tetramerswere shown in Figures. 4-6, re-

Spectively.
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Anaysisof the chemical shiftsfor a-o’ and -’
carbon atoms of the FMP oligomersin Figs. 4-6 show
that oligomers consisting of pyrrole monomer render
only two chemical shift valuesbecausethe electronic
dengity of 3-f’ pair and also a-o’ pair carbon atomsis
equivaent. Introduction of afluoromethyl group on
thepyrroleringinduces more positive chargeon the 3
and o carbon atoms, which resultsin higher chemical
shiftsascompared to f” and o’ carbon atoms. Thisis
an evidencefor the substituent effect. Comparison
between and showsthat a-carbon atom favorslarger
positive chargeto contribute to the polymerization
process which may determine the favored path of
polymerization and configuration of the polymer chains.
It isaso known that the processinitiates and propa-
gatesthrougharadica cationintermediate mechanism*
3. Similarly, it wasfound that the steric repul sion of
substituent on the monomer ring hasan important ef-
fect in determining the configuration of the polymer
chans. Inthisway, weexcept polymer chainsto propa
gate substantially from a’-carbon position (far away
from the substituted group position).

Also Figures4-6 show that thechemical shift val-
uesarelessaffected by increasing thelength of theoli-
gomer chain (from dimer to tetramer) but they arevar-
ied mainly by substitution effects such asthe number of
fluorineatoms. Thismeansthat thefluoromethyl sub-
stituents contributeto the chemica shiddingmainly via
inductive effect rather than changing thering current.
Thuswe can find that oligomers corresponding to the
Py-CF, monomer have ahigher chemical shielding for

124

A
o C(o)
L A
1221 o G
120F 2 C6) o 4
v C(p) o
18 } = o
E 116}
Q o
o M4f
12 | v v
v
110 | o
-]
108 |
106

DiPy  DiPyCH3 DiPyCH2F DiPyCHF2 DiPyCF3

Dimers
Figure4: 1GAIM BC-NM R chemical shiftsfor theC atoms
intheea-o’ and B-p’ positions.
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Figure5: IGAIM BC-NMR chemical shiftsfor theC atoms
inthea-a’ and pB-p’ positions.
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Figure 7 : Correlation between C-NM R chemical shifts
and char gedensity calculated for the a’-car bon of the FM P
dimers

a-o” carbon atoms, whichisrelated to reduced elec-
tronic density at these sides.

In thisway, we cal cul ated the charge distribution
of theradical cationsfor all FMP oligomers. For the
sake of brevity, the correlation between and values
for natural charge of o’—carbon, , are shownin Fig-
ure7 for the dimer type. Thisfigure showsthat val-
uesfor correlate reasonably well with thosefor . On
the other hand, among the FM P oligomers, the Py-
CF, oligomershave higher values, and thus o’—car-
bon atom has amore positive charge. This causes
oligomers consisting of Py-CF, to have the most
appropriate conditionsfor synthesis of conducting
polymers.

CONCLUSION

The present study showsthat the DFT-B3LY P/
6-31G** method is capable of effectively describ-
ing fluorinated compounds, and delivers valuable
additional information about spectroscopic proper-
tiesincluding NMR and IR spectraaswell asstruc-
tural and electronic properties. It wasfound that the
spectroscopic data obtained in thiswork can sup-
port the structural and el ectronic propertiesof FMP
oligomers. Analysis of the NMR propertiesinclud-
ing corrected i sotropic hydrogen and carbon chemi-
cal shiftsfor mono-, di-, tri-, and tetramer rings of
FMPs confirm their comparative structural and el ec-
tronic properties. Chemical shift data showed that
nucleation of monomers occur at o’-position, far
away from the substituent group, while growth of
polymer chains progresseffectively from a-position,
closeto substitutions.

Anaysisof theresultsobtained showsthat FMPs
can beregarded as possibl e candidatesfor the syn-
thesisof corresponding conducting polymerswithim-
proved properties as compared to the polymers of
methylpyrrole and pyrrole. It was also found that
characteristics of thefluorinated substitutions play
an important role in the polymeri zation process of
FMPs. In addition, spectroscopic studies showed
that the Py-CF, oligomers have higher capability for
conducting polymersthan other FMP oligomers be-
cause Py-CF, oligomershave higher planarity, higher
stability, and other propertiesthat are all appropri-
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atefor electropolymerization of FMPs.
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