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Theoretical Study and Comparasion of Bent’s Rule with
Hardness and Polarizibility for SF,, SF,0, PCI,F, PCI:F,,
PCI,F;, PCI,F, Molecules

Fatma Kandemirli,! Meral Hoscan,? Anatoly Dimoglo,?
and Seval Esen?

Department of Chemistry, Kocaeli University, Izmit, Turkey
2Department of Physics, Kocaeli University, Izmit, Turkey
3Institute of Applied Physics, Academy of Sciences, Moldova

Electronic parameters such as HOMO-LUMO energies, Mulliken charges, dipole
moments for different isomers of SF,, SF,0, PCl,F, PCl;F,, PCIl,F; PCI,F,
molecules have been carried out at the MP2 level of theory using 6-31G(d), 6-
311G(d,p) basis sets by applying Gaussian 03 Revision B-04. Maximum hardness
and minimum polarizability have been calculated to see the consistency with the
Bent rule. According to Maximum Hardness Principles (MHP) and Minimum Polar-
izability Principles (MPP) most stable structure can be predicted if they have differ-
ent isomers. We have investigated how bond orbitals change for studied molecules by
natural bond orbital (NBO) analysis, as well. There is agreement between our results
and experimentaql results on the dipole moments and structures of the phosphorus
chlorofluorides obtained by IR and Raman vibrational data, NMR measurements
and *Cl pure quadrupole resonance frequencies reported earlier by Holmes aand
coworkers.

Keywords IR; maximum hardness; minimum polarizibility; MP2; NBO

INTRODUCTION

Bent’s rule,1:2:34 that is expressed as, atomic s character’s tendency to
concentrate in orbitals that are directed toward electropositive groups
and atomic p character’s tendency to concentrate in orbitals that are di-
rected toward electronegative groups, has proved to be useful in explain-
ing many aspects of the structural chemistry of organic and inorganic
compounds,® accordance with the maximum hardness and minimum
polarizibility principles.®
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Grim et al.” have reported an apparent exception to Bent’s rule, and,
on the basis of this and other considerations, the Rule was modified in
terms of orbital energy matching and overlap: “The p character tends
to concentrate in orbitals with weak covalency (arising from either elec-
tronegativity or overlap considerations), and s character tends to con-
centrate in orbitals with strong covalency (matched electronegativities
and good overlap).”®

MHP?10.11 and MPP?2 principles are among the most widely accepted
electronic structure principles of chemical reactivity and validity for
nontotally symmetric vibrations.?

The absolute hardness of a chemical species is given as following by

I2E

where E is the electronic energy; N is the number of electrons; and
v is the external potential due to the nuclei. Absolute hardness is an
important property, which measures both the stability and reactivity of
a molecule.'* 1516 In molecular orbital theory, e.g., Hartree-Fock theory
or Huckel theory, it is given as following,

n = (eLumo — €HoMO)/2. 2

Equation (2) is a good approximation as first emphasized by Pearson.!”

In this paper, we have taken Equation (2) as our working definition of
hardness. If we make the usual diagram of the MOs of a molecule as a
function of their energies, , is just half the energy gap between HOMO
and LUMO.”

It has been suggested that the hardness is inversely proportional to
the electric dipole polarizability («). The electric dipole polarizability
is a measure of the linear response of the electron density in the pres-
ence of an infinitesimal electric field, F, and represents a second-order
variation in the energy.

_( 0’E b
*=\orom) “°°%7

Its mean value is given in Equation (3):

1
o= g (Ot + Oty +0tzz) . 3

The DFT based reactivity descriptors hardness and polarizability
are used as reactivity indices to predict the stability sequences of axial
and equatorial isomers of SF4, F,O, PCILF, PCl3Fs, PCloF3, PCloF,
compounds using the maximum hardness and minimum polarizability
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principles (MHP and MPP) by Noorizadeh.® Huckel-type molecular
orbital calculations were carried out. Stabilization of certain isomers
occurs because of o bonding and is not due to more favorable w
bonding or d-orbital participation, although both are present to some
extent.!®

The infrared, Raman,'?F NMR and 3°Cl pure nuclear quadrupole
resonance spectra for PC14F, PCl3Fs, PClsF3, and PCIF, were studied
previously by Holmes and coworkers and it was found that the spectra
of PCI4F were interpreted in terms of Cs,, that of PCI3F; is Dgy,, that of
PClyF; is Cyy and that of PCIFy is Cg,.19~22 Also, they studied atomic po-
larization, dielectric properties, and electric dipole moments of PCI4F,
PCI5Fy, and PClyF3.19-23-24 Most of this experimental data was summa-
rized in an Accounts of Chemical Research article by Holmes.?® In this
paper, SF4, SF,O, PC14F, PCIsFy, PCloF3, and PCIsF4 compounds have
been selected. Further, both the hardness and the dipole polarizability
for the isomer states have been calculated, and Mulliken charges, bond
lengths and bond angles, and dipole moment have been calculated by
using MP2 model and 6-31G(d), 6-311G(d,p) basis sets. The bond prop-
erties different isomers and IR spectra of stable isomers of PCl F5-«
(x=1,4) by natural bond orbital (NBO) analysis were calculated, as
well.

CALCULATION METHODS

Optimized structural geometries and energies were determined for
all the above mentioned compounds by MP2 method using 6-31G(d)
and 6-311G(d,p) basis sets, Vibrational frequencies were calculated
for optimized structures without any scaling factor in order to check
if there was a true minimum. For each structure zero-point energy
(ZPE) correction had been taken into account in calculating the ener-
gies. All quantum chemical calculations were accomplished by program
Gaussian 98.26

RESULTS AND DISCUSSION

We have studied SF4, SF40, PCl F5-; (x=1,4) molecules. Different iso-
mers of the optimized structures for studied molecules using MP2/6-
31G(d) method are given in Figure 1.

SF4 molecules have two isomers according to lone pairs are located
axial and equatorial position. A lone pair of electrons is a pair of elec-
trons in the valence shell of an atom that is not engaged in bonding. Lone
pairs are important both structurally and chemically. They influence
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FIGURE 1 Optimized structure of different isomers of SF,, SF,0, PCLF,
PCI;3F, PClyF3, PCI.F4 molecules calculated with MP2/6-311G(d,p).

the shape of a molecule by exerting strong repulsive forces on the elec-
tron pairs in neighboring bonds and other lone pairs. Gillespies has sug-
gested that a lone pair can be considered to be a “substituent” with an ef-
fective electronegativity of zero since the lone pair is under the complete
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control of a single nucleus.?’” SF4O molecules have also two isomers ac-
cording to oxygen atom are located axial and equatorial position. The
calculated energies including the zero point energy, andsyomo, ELuMo,
and hardness and polarizability values for the isomers of SFy, and SF,O
molecule are given in Table I, and the type of formed bond between the
pair of atoms are summarized in Table II. Equatorial S-F NBO for 1a
isomer is formed from an sp%%3d'12 hybrid (11.44% s, 75.79% p, 12.78%
d - character) on sulfur interacting with an sp®32 hybrid (15.79%) s,
84.08% p- character) on florur. Equatorial S-F bond is written as lineer
combination of sulfur and oxygen atoms as ¥g_r = (0.490sp®63d1-12)g +
(0.872sp532)r. Bond energy of that is —1.17280 au. Axial S-F NBO
bond for 1a isomer is consist of sp®6°d®3! (6.70% s, 57.67% p, 35.62%
d - character) sulfur orbitals and sp®18(13.92%) s, 86.00% p- character)
florur orbitals gz = (0.402sp%6°d531)g + (0.915sp518)p and its energy
is —0.93360au. and axial Lone pair for 1a isomer consist of sp®46. The
electronegativity of sulfur orbitals for equatorial position appears more
than axial position, and the s character of S-F bond in equatorial po-
sitionda is more than that of in axial position. Equatorial S-F NBO
bond for 1b isomer is formed from an sp'293d3 ! hybrid (16.54%% s,
50.95% p, 32.51% d - character) on sulfur interacting with an sp%7
hybrid (14.75%) s, 85.15% p- character) on florur, and the S-F bond
formed as a lineer combination of sulfur and oxygen atoms is writ-
ten as. Vg r = (0.428sp'293d3 1)+ (0.904sp57)F, and its energy is
—0.97485au . Axial S-F bond for 1b isomer includes sp®>%6d?36 for S
(13.65% s, 54.13% p, 32.22% d - character) atom and. sp52° (13.70%)
s, 86.17%) p- character) for F. Axial S-F NBO bond may be written as
(0.458sp®96d236)g + (0.889sp®2%)r and its energy is —1.07085 au. Lone
pair for 1b isomer is sp®32.

According to the Bent rule, less electronegative substituent occupies
the equatorial position. The calculated energies and hardness values of
SF, show that 1A isomer has less energy than 2A isomer and therefore
1A isomer must be more stable, so the result is in accordance with Bent
rule and the calculated energies with BSLYP method by Noorizadeh.®
1A isomer has less polarizability for basis sets so according to MPP
1A isomer must be more stable than 2A isomer. Hardness values
calculated with 6-31G(d) basis set for 1A isomer are less than 2A
isomer, this is not in accordance with Bent rule, but calculated with
6-311 G(d) basis set for 1A isomer is more stable than 2A isomer, the
result is in accordance with Bent rule. The same result is also found in
Noorizadeh paper,® and therefore, it is clear that for MHP calculations
large basis sets are needed. The calculated energies including the zero
point energy and MHP, and MPP show that 2A isomer is more stable
for SF4O molecule so they are in accordance with Bent rule.
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TABLE II Calculated with MP2/6-311G(d,p) S-F NBO Bonds for SF,
and SF,0 Molecules

la 1b
Sl - F2,4(eq) (0.4908p6'63d1'12)s + (0.8728p5'32)p Sl - F2_314(eq) (0.4288p12'93d3'11)3 + (0.904Sp6‘75)p
S1 —Fa5a0  (0.4025p860d531)g +(0.9155p518)p  S; — Fsan) (0.458sp38d236)g + (0.889sp%2%)p
Lone pair  sp®46 Lone pair  sp®32

2a 2b
S1 — F4,5(eq) (0.454Sp3'08d1'97)s + (0.8913p5'77)F S, — F3A4,5(eq) (044393p2'03d2'09)s + (0.8993p5'03)p
S1 —Faosay (0.457sp>d?14)g+(0.890sp®3)p Sy —Feny  (0.452s5p%%2d278)g + (0.892sp®84)F
S1 - Ogeq  (0.595sp85d%%)g + (0.804sp>2°)Fr  S1 — Ogax) (0.572sp81d0 )5 + (0.820sp> 1)

Bond length, bond angles and Mulliken charges for both SFy, and
SF4O molecules are summarized in Table III. In SF, the axial FSF
angle is compressed moderately (—9.07°) from VSEPR effects from the
lone pair. Viewed from VSEPR effects , the greater compression of the
equatorial FSF angle (—17,74°) is surprising, since 90° interactions
(lone pair-axial fluorine) are more intense than 120° interactions (lone
pair-equatorial fluorine). The decrease in FSF, angle results in part
from the added effect of Bent’s rule: The lone pair attracts s character,
leaving more p character and a smaller bond angle for the fluorine
atoms. In SF,0 molecule the axial FSF angle is compressed moderately
(—=9.07°) from VSEPR effects from the lone pair (—7,14°). The greater
electronegativity of oxygen makes the three equatorial substituents
comparable and the deviations from ideality are small. In 2a isomers of

TABLE III Mulliken Charges and Geometric Parameters of Stable
Isomers SF, and SF,O Molecules

SF, 6-31G(d) 6-311G(d,p) SF40 6-31G(d) 6-311G(d,p)
Atoms no. Bond lengths (A) Atoms no. Bond lengths (A)
1S-2F 1.587 1.575079 1S-2F 1.626 1.629
1S-3F 1.665 1.676846 1S-4F 1.589 1.578
1S-60 1.438 1.422
Bond angle (degree) Bond angle (degree)
2F-1S-5F 87.16 87.54753 2F-1S-5F 85.30 85.42
3F-1S-5F 170.93 172.18905 2F-1S-3F 162.95 163.49
2F-1S-4F 102.26 102.15752 4F-1S-5F 112.86 98.26
5F-1S-60 123.57 123.76
Atoms no. Mulliken atomic charges(é) Mulliken atomic charges(é)
18 1.457 1.378338 1S 1.646 1.553
2F —0.312 —0.286497 3F —0.343 —0.329
3F -0.416 —0.402672 4F —0.270 —0.252
60 —0.420 0.392

7 0.9626 1.1134 7 1.004 0.766
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SF4O molecule S-F equatorial bonds consist of s( 16.54%), p( 50.95%),
and d (32.51%). When oxygen is placed instead of lone pair, the s char-
acter incread from 11.44 to 16.54% and d character increased 12.78 to
32.51%, too, but p character decreased from 75.79 to 50.95%. Because
of decreasing p character more than increasing of d character in equa-
torial positon S-F bond for SF,O molecule is longer than that of SFy.

Pentacoordinated phosphorus compounds generally have a trigonal
bipyramidal structure. Two geometric isomers are possible for com-
pounds such as PCI4F. In one isomer (Csy) the fluorine atom occupies
an axial site and in the other (Cgy) an equatorial site.There are three
isomers for PCI3Fy and for PCI;F3. Two geometric isomers are possible
for compounds such as PCIF,. In one isomer (Cs,) the chlorine atom
occupies an axial site and in the other (Cy,) an equatorial site.

The calculated energies including the zero point energy, cmomo,
erumo, and hardness and polarizability values for the isomers of
PClLF5-¢x (x = 1,4) molecules were summarized in Table IV. From the
Bent rule the following trends are expected for the stability of different
isomers for PC1,F5-x (x = 1,4): The isomer (Cs,) in which the fluorine
atom occupies an axial site is found to be the more stable for PCI4F
molecule, The isomer (Dgy,) in which the chlorine atoms occupy an equa-
torial site, fluorine atoms occupy an axial site is found to be the more
stable for PCl3F5 molecule. The isomer (Coy) in which the two chlorine
atoms and one fluorine atom occupy an equatorial site fluorine atoms
occupy an axial site is found to be the more stable for PClsF3 molecule.
The isomer (Cgy,) in which the chlorine atom occupies an equatorial site
is found to be the more stable for PCIF molecule that is 3a > 3b, 4a >
4b > 4¢, 5a > 5b > 5¢, and 6a > 6b for both basis sets the energies are in
accordance with the Bent rule. Hardness values show the same trend
for the stability of these isomers except PCI3F; calculated with 6-31G(d)
basis set and is in accordance with the Bent rule too. Large basis set is
needed for MMP in accordance with the Bent rule. The theoretical data
on the structures agree with the previously reported structural data
obtained experimentally.

The experimental spectral data of PCI4F were best interpreted in
terms of a Cg, structure in which the fluorine atom occupies an ax-
ial site; in PClgFe (Dsg point group) the fluorine atoms also assume
axial positions; in PC12F3 data supports the Cs, structure.'®=2225 The
theoretical IR spectra results of stable isomers for the series of phospho-
rus(V) chloroflorides are given in Table V and it appears that theorical
results are agreement with the experimental ones.

Bond length, bond angles. and Mulliken charges calculated with MP2
level and 6-31G(d) 6-311G(d,p) basis sets for PCl,F5-4: molecules are
summarized in Table VI, and the NBO bond formed bond between the
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TABLE V Fundamental Frequencies of PCl,F;., (x=1,4)

PCLLF PCIsFy PClyFs PCIF,

No FreQ(exp) Freqtheory: Freq(exp) Freq(sheory Frecﬂexp) Freq(sheor) Freq(exp) Fre(I(theor)l‘

1 778 762 867 877 925 921 921 996
2 601 601 633 635 902 913 903 948
3 422 419 625 629 665 673 895 886
4 388 388 404 411 500 655 691 687
5 339 341 387 390 488 514 560 566
6 297 306 357 356 427 495 510 542
7 265 268 328 333 407 430 490 497
8 110 108 122 121 368 411 434 492
9 — — — — 368 361 356 437
10 — — — — 338 344 356 357
11 — — — — 124 124 144 171
12 — — — — 124 156 144 146

aQGriffiths et al.?!; and "Holmes.!?

pair of atoms are summarized in Table VII. Equatorial P-C1 NBO bond
for PCI4F, PClI3Fs, PCloF3, and PCIF, as seen from the Table VII are
(0.601sp31°d%67) , 4+ (0.799sp%*3); (20.97%% s, 64.93% p, 14.10% d —
character on P atom), (0.594sp>13d%"1)p + (0.8045p%2%)c1,(20.67%%
s, 64.70% p, 14.63% d — character on P atom), (0.589sp>°d%6%)p +
(0.808s5p%%9), (21.31%% s, 63.92% p, 14.77% d — character on P atom),
and (0.589sp?4d%7%)p + (0.8125p"25)(1.(2208%% s, 62.51% p, 15.46%
d — character on P atom), respectively. It appears that in the bond
formation, the polarization coefficient of P atom decreases, and the
polarization coefficient of Cl atom increases in the series upon replac-
ing chlorines with fluorines. p character of P atom in hybrid orbital
decreases and s and d character of P atom in hybrid orbital increases.
Axial P-CINBO bond is formed from (0.535sp%57d'77) , + (0.845sp®48)c.
s, p, d characters on P atom are 18.72%, 48.18%, and 33.10%, respec-
tively, and for axial P-Cl bond, they are 20.97%, 64.93%, and 14.10%,
respectively.

Equatorial P-Cl bond length for PCI4F, PCl3Fs, PCl;F3, PCIF, is
2.028, 2.016, 2.008, and 2.001 (A), respectively. As the number of elec-
tronegative substituent increases P-Cl bond becomes stronger. Axial
P-F bond length for PCI4F, PClsFy, PCloFs, and PCIF, is 1.624, 1.619,
1.569, and 1.563 (A), respectively. As the number of electronegative in-
creases axial P-F bond becomes shorter. 2C1-1P-5C1 angle for PC14F
is 119.96 and is 120.00 for PCl3F;. Theoretical dipole moments for
PCL,F, PCIsFy, PClyF3, PCIF, which are given in Table VIII are 0.1921,
0.0000, 0.70030, and 7190 Debye, respectively. The results of the dipole
moments give the correct isomer and the theoretical calculations are in
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TABLE VI Bond Length, Bond Angles, and Mulliken Charges for
PCl,Fs., (x=1,4)

PCLLF 6-31G(d) 6-311G(d,p) PCI3Fy 6-31G(d) 6-311G(d,p)
Atoms No Bond Lengths (A) Atoms No Bond Lengths (Z\)
1P-2C1 2.029 2.028 1P-2 Cl 2.018 2.016
1P-4 Cl 2.12 2.145 1P-5F 1.624 1.619
1P-6F 1.630 1.624

Bond Angle(degree) Bond Angle(degree)
2Cl1-1P-5C1 119.94 119.96 3Cl-1P-4Cl 120.00 120.00
5Cl1-1P-4 C1 91.43 91.19 3CIl-1P-6F 90.00 90.00
5CI-1P -6F 88.57 88.81 5F-1P -6F 90.00 180.00
4CI-1P -6F 180.00 180.00
Atoms No Mulliken Atomic Charges(€) Mulliken Atomic Charges(é)
1P 0.777 0.951
2C1 —0.062 -0.113 1P 1.050 1.186
4Cl1 -0.210 —0.238 2C1 —0.100 —0.143
6F -0.379 -0.373 5F —0.374325 -0.378
PCIyFy 6-31G(d) 6-311G(d,p) PCIF, 6-31G(d) 6-311G(d,p)
Atoms No Bond Lengths (A) Atoms No Bond Lengths (A)
1P-2F 1.615 1.608 1P-2F 1.576 1.563
1P-4F 1.584 1.569 1P-4F 1.606 1.598
1P-5C1 2.009 2.008 1P-6Cl1 2.001 2.001

Bond Angle(degree) Bond Angle(degree)
6CI-1P-3F 90.50 90.46 6CI-1P-3F 120.78 120.83
6Cl-1P-4F 119.14 119.37 6Cl-1P-4F 90.95 90.85
6CI1-1P-5C1 121.72 121.27 3F-1P-4F 89.51 89.56
3F-1P-2F 177.97 178.14 4F-1P-5F 178.10 178.29
Atoms No Mulliken Atomic Charges(€) Mulliken Atomic Charges(e)
1P 1.289 1.391 1P 1.489 1.562
2F -0.371 —0.382 2F —0.303 -0.318
4F —0.294 -0.316 4F —0.3682 —0.384
5C1 -0.126 —-0.155 6C1 —0.147 —0.156

close agreement with the experimental gas phase values, also listed in
Table VIII.?>

In the series of PCl,F5_; there is a lack of transmission of electron
density to axial fluorine atoms as chlorine substitution increses. As a
consuquence, a reduction in the positive charge at phosphorus occurs.?®
Mulliken charges of P atom for PCIF4, PClsF3, PCl3Fq, and PCI4F are
1.562, 1.391, 1.186, and 0.951¢, respectively.

Distribution of P3s character in overlap population calculated by
MP2/6-31G(d,p) and Hiickel theory'® are summarized in Table IX. s
character of phosphorus atom in P-Cl equatorial bonds is 20.97% and
in axial bonds is 18.72% for PCI4F, s character of phosphorus atom in
P-F equatorial bonds is 20.08% and in axial bonds is 18.74% for PCl;F,
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TABLE VII P-F NBO and P-C1 NBO Calculated with MP2/6-311G(d,p)
for PC1 F5.; (x =1,4)

3a

Py — Cla.3 56eq)
Py — Clyan)
Py — Fé(ax)
4a

P; — Clg 3 4¢eq)
Py — Fiax)
4c

Py — Clyeq)
Pl - C12.3(ax)
P, - Fe(eq)
5a

P1 — Cls 6(eq)
Py - F4(eq)
Py - FZ.S(ax)
5¢

Py - F23.46q
Py - Cl5.6(ax)
6a

Py — Clgeq)
P, - F2,3(eq)
Py — Fy 500

(0.601sp310@%67), +(0.799sp543)cy
(0.53655p257d17T),, 4 (0.8455p548) 1,
(0.389sp?>82d160),, + (0.9215p> ")

(0.594sp313d%™)p + (0.804sp52)c
(0.389sp262d162)p + (0.9215p> ™)

(0.602sp286d053) + (0.798sp™2 )¢y
(0.540sp>0d188)p + (0.842sp"%3)¢y
(0.416sp3924066), 4+ (0.909sp261 )

(0.5898p3'00d0'69)13 + (0.8088p6'69)01
(0.4185p>27d%™)p + (0.908sp23" )
(0.390sp>¢7d67)p + (0.9215p%™)F

(0.417sp294d%61), + (0.909sp2"3)
(0.5385p%*2d9%)p + (0.843sp" %)y

(0.589sp*84d%70)p 4 (0.812s5p" %)y
(0.417sp>17d%67)p + (0.909sp>%*)
(0.390sp272d72)p + (0.921sp%81)

3b

Py — Cla 4(eq)
P; — Cl3 6(ax)
Py - F5(eq)
4b

P, - C12,3(eq)
Py — Clyax
P, - FG(eq)
P1 — Fsax)

5b

Py — Cls(eq)
P1 - Faan

Py - ClG(ax)
Py - FZ(ax)

6b

P1 —Fa 34609
Pl - ClG(ax)
P1 — Fsax)

(0.605sp94d%57),, +(0.7965p57 )1
(0.540sp>87d86)p + (0.841sp"™*)q)
(0.6055p%°7d%72)p 4 (0.9106sp>1 )

(0.597sp%98d%64)p 4 (0.8025p%86)¢)
(0.5355p%83d180)p 4 (0.8445p%%)¢y
(0.417sp321d%72)p + (0.9085p243)pr
(0.390sp287d165)p + (0.9215p257 )

(0.592sp>83d%64)p + (0.806sp"34)cy
(0.418sp313d%67)p 4 (0.909sp%12)
(0.390sp%0d %) p + (0.9215p2%57)pp
(0.534sp%69d1-83)p 4 (0.845sp%12);

(0.4185p299d064)p 1 (0.9095p2 ™)y
(0.5338}72'74(11'86)19 + (0.8468178'01)@
(0.391sp2%d178)p + (0.920sp% ™)

s character of phosphorus atom in P-F equatorial bonds is 20.64% and
in axial bonds is 18.38% for PCIF, s character of phosphorus atom is
greater in equatorial bonds than in axial bonds. s character of phospho-
rus atom in P-Cl equatorial bonds (%22.03) is greater than of that of
P-F equatorial bonds (%20.64) for PCIF,. As it is explained in Van Der
Voorn and Drago,!® phosphorus 3s character is concentrated in bonds
to the more electropositive substituent.

TABLE VIII Dipole Moment Calculated with MP2/6-311G(d,p) for
PCLF5.x (x =1,4)

1 theoretical

u’experimentall a b ¢
PCLLF 0.21 £0.01 0.144 1.19 —
PCl3Fy 0.00 &+ 0.06 0.000 1.02 1.24
PClyFs 0.68 £ 0.02 0.877 1.04 0.00
PCIFy 0.78 0.719 0.10 —

IHolmes.

25
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TABLE IX 3s% Character per P-X Bonds Calculated with
MP2/6-311G(d,p)

Axial P-F Equatorial P-F Axial P-Cl Equatorial P-Cl
Hickel? NBO Hickel? NBO Hickel? NBO Hiicke]? NBO

PCI4F 13.4 18.43 — — 14.6 18.72 24 20.97
PCI3Fy 14.5 19.07 — — — — 23.6 20.67
PClyF3 16.5 18.74 18.4 20.08 — — 24.3 21.31
PCIF, 18.4 18.38 19.1 20.64 — — 25 22.03

2Van Der Voorn and Drago.!®

CONCLUSIONS

Energy, dipole moment, and IR spectra results are a reliable param-
eter for predicting the stability order of different isomers of studied
molecules and it is independed on the selected basis sets. it has been
seen that large basis sets are needed for MHP, and MPP in consistent
with stability and Bent rule. The hybrid type of formed NBO bond be-
tween the pair of atoms are calculated. Equatorial and axial bonds are
formed with s, p, and d orbitals but in equatorial bonds s, p character
on P is more than axial bonds for d character the inverse is true.
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