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ABSTRACT

It is shown that linear relation 7 = k + mA exists between the fractional torsional
torsional frequency z[t = (vp—vx)/vp; Where P represents n-propane or propene,
respectively, and X =P, F, Cl, Br and I] and the fractional ionization potential
A[A = (A} — AF)/A}] for the same structural groups of normal and iso-halogenated
propanes and allyl halides.

INTRODUCTION

Farlier Lielmezs and Morgan! and Lielmezs and Hagan? have shown that a
relation may be found by plotting the potential barrier to internal rotation in the case
of ethyl halides, and the torsional frequency for 1-fluoro-2-haloethanes and allyl
halides agamst the first ionization potential of the substituent halogen atoms. Noting
the strong change of the ionic character of the C-X (X =F, Cl, Br, I) bond when the
halogen atoms are: substltuted in the given structural series; these observations''? led
to the support of Pauling’s? assertion that the potential barriers are not inherently
the property of the axial bond itself (compare with Wilson*) but result rather from the
exchange interactions of electrons involved in the other bonds of the attached atoms
as determmed by the overlap between the parts of the adjacent bond orbitals that
extend from each of these atoms towards the other. This, then seemed to indicate that
the change in the nature of the hybrid character of the bond orbitals introduced by the
first ionization potent1a1 shift of the substituent X-atoms (X =F, Cl, Br, I); if
considered to reflect the change of the interaction energy of the adjacent hybrid bonds
(Pauling’s approach?), becomes the primary cause while the nature of the axial bond
(Wilson’s statement®) appears to become a secondary effect in the overall assessment
of the origin of potential barrier to the internal rotation.

EXPERIMENTAL

The presented findings of this work while reaffirming this observation addi-
tionally yield useful empirical correlation between the torsional frequency and the
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Fig. 1. -4 relation (eqn (3)). Dashed line (— —~ —) indicates the predicted 7-A coordinates for
skew-1-fluoropropane.
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Fig. 2. Direct relation between the torsional frequency, v in cal mol~* and the molecular joniza-
tion potential, LP. in calmol~? % 10%. Dashed line (~ ~ ) yield the predicted v and LP. values
for skew-1-fluoropropanc.
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molecular ionization potential for the same structural groups of normal and isohalo-
genated propanes and allyl halides (Table 1, Figs. I and 2 and eqn (3)).
If we introduce the following set of dimensionless coordinates:

Vp—V¥x
= 1
- M
and
Ap— A%
A= "X 2
e 2

where: v is the torsional frequency, cal mol™1;

A is the molecular ionization potential cal mol™* x 10%;

P refers to n-propane or propene, depending on the used reference state;

X =F, Cl, Br, I; the substitient halogen atoms in the given hydrocarbon
series;
then it is possible to write a linear relation between t and 4; 1.e.

t=k+mA 3)

such that k and m are characteristic constants (intercept and slope) foreach of the given
halogenated hydrocarbon series.
Using the data as found in Tables I and 2* and Figs. 1 and 2**; the constant k&
and m values were determined as follows***—for skew-1-ha'opropanes: k& = 0.3770;
m = 0.4020; for 2-halopropanes: k = 0.2104; m = 0.2195; and for cis-3-halopropenes:
k =04018; m=0.3566. Although only up to 4 data point pairs (Table 1) were used;
and the so presented relations (eqn (3)) would appear to be weak correlations;
nevertheless for each of the obtained lines the correlation coefficient¥ was r = 1.0000.
Figures 1 and 2 were obtained using the data listed in Table 1. Figure I shows
that the already introduced dimensionless coordinates (eqas (1) and (2)); the fractional
frequercy T and the fractional molecular ionization potential 4, when referred to
n-propane (for skew-1-halopropane and 2-halopropane series) and propene (for allyl
halides) as the reference states, correlate into a linear relation (eqn (3)).
*See also refs. 5-16.
**As Tig. 2 indicates similar relations (eqn (3)) could be established directly between the torsional
frequency and tte ionization potential. However, we preferred to use the dimensionless form (egns (1)
and (2)) of the involved parameters referring to “parent” compounds.
***if we choose for 2-halopropanes iso-butane (instead of n-propane) as the “parent™ compound,

then the used experimental data (Table 1, Fig. 3) yield: k= —0.0082; m =0.1757; r = 1.0000.
§The correlation cocfficient r is defined as:

i(xl“X)(Yx—Y)
r= =t : where X =

S x— Dz - 2

. X ;j Y,

and ¥P=
n n

M
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In terms of the fractional coordinates chosen with respect to “parent™ molecule
(n-propane and propene) with known configurational and spectrai properties; this
change of torsional frequency value versus the corresponding change of the molecular
ionization potential may be either positive or negative (Table 1, Fig. 1) depending on
the 1nitial molecular structure and the nature of the compound bonding of the chosen
*“parent” molecule. This is brought out fer the case of 2-halopropanes when n-propane
and iso-butane have been chosen as two possible “parent” molecules* (Table 1,
Fig. 3). Within each of the given structural series (skew-1-halopropanes, 2-halo-
propanes, allyl halides) as expected®-1°-12 the ionization potential decreases with the
increasing size of substituent halogen atom (X =F, Cl, Br, I). This lowering of the
lonization potential of the molecule as the halogen atom substituents pass from
fluoride to iodide (Tables 1 and 2) is associated with a simultaneous decrease of the
respective torsional frequency values**.

This correlating aspect of the substituent halogen atoms additional to Fig. 1 is
found in Fig. 2 where torsional frequency is plotted against the corresponding
ionization potential. Comnsidering that the molecular ionization potential describes
the energy relations characteristic of the configurational and spectral property changes
of the molecule, the above observation endorses the previously made statement that
the primary cause of the interpal rotation is found in the interaction energy of the
adjacent hybrid bonds3. Then the nature of the axial bond* becomes a secondary
effect alone not sufficient to explain the origin of the barrier to the internal rotation.
Therefore a systematic classification of molecular ionization potential sets is needed
to assess the particular behavior of torsional frequencies within any compound series.

DISCUSSION

As seen from the photoelectron spectroscopy®'19:12:17-20 the theoretical
analysis of the photoelectron spectra yields very accurate information regarding the
energy relations of the specific molecular orbitals and the vibrational structure found
in the energy bands. Indeed the variations of ionization poiential for any distinct energy
level can be correlated along the structurally related compound series>:19:12:18,19
Analyzing the data displayed in Table 2, we already noted that the adiabatic ionization
potential did decrease slowly with the increased chain-length. The same trend is also
observed in mono-olefins. In this case the :onization potential of the olefinic =-electron

*Comparing the structures of these “parent™ molecules (Fig. 3) we see that either the H-atom (in
case of n-propane) or CHay-group (for iso-butane) can be substituted to form the issuing 2-halo-
propane series. Of course, this changes the initial reference torsional frequency and ionization
potential values (Tables 1 and 2) which in turn yield aliernate relations on the t—~A diagram (Table 1,
Fig. 1).

**Careful scrutiny of data found in Table 2 reveal that for instance, for n-paraffins the adiabatic
ionization potential values decr=ase with increasing chain-length (increased molecular size). On the
other hand, these data also reveal that as the ionization potential values decrease; the available
torsional frequency values as shown separately for solid and gas states (torsional frequency values-
overlap for n-butane) decrease.
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decreases as the size of the molecule increases. In the case of alkyl halides the
behavioral pattern of data series seems to be consistent with the suggestions made by
Mulliken?! that the most loosely bound electron for this type of compound series is
one of the non-bonding np-orbitals localized in the halogen atom. As shown by
Watanabe et al.® the variations of ionization potential follow this reasoning (see
Table 2); for instance, if Cl is exchanged with the H-atom in CH,, the ionization
potential will decrease from 12.98 to 11.28 eV. The difference in ionization potentials
between Cl, and CH,;Cl is 0.2 eV, yet the ionization potential value of CCl, is about
the same as that of Cl, indicating that the non-bonding electron of the Cl-atom in Cl,
is similar to that of Cl,. Hence, any further substitution of Cl-atoms in CH;ClI will
increase the ionization potential value up to that of CCl;. Similar ionization potential
decrease® is found in dichloroethane and dichloropropane relative to ethyl chloride
and chloropropane with subsequent increase in ionization potential if we substitute
additional Cl-atoms. The same can be also said of other halogenated (F, Br, I)
hydrocarbons®-1°-18_ Clearly, the ionization potential values and the configurational
and spectral properties of the “parent” molecular framework are affected by the
substituent atom. In view of the presented data (Tables 1 and 2; Figs. 1-3) the

CcH, CH,

H H H H H H
1 L]
H H

(a) 1- haldpropanes : 2 equivalent skew forms

Cb) 2-helopropanes

X
- o5

(c) cis -1-halopropenes

CinSctes Cxt Hoctom Ses cbowe ond Selow centcl gione of the molecule )

Fig. 3. Molecular configurations (not to scale) of l-halopropanes, 2-halopropanes and cis-1-halo-
propenes.
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question arises: do indeed the torsional frequencies (structural and spectral property)
follow the same sequential pattern of changes as displayed by the variations found in
ionization potential values upon introduction of substituent atoms in the framework
of the “parent” molecule. This query in principle could be answered by the many
currently used molecular orbital calculation methods used to study the behavior of
configurational and spectral characteristics of molecules®-%-12,17-21

Indeed, if we compare the magnitudes of energies involved (torsional frequency
as compared to the energy of the ionization potential), it may well be conceived that
the torsional frequency changes, characterizing the variation of the energy found in
the rotational barrier to the internal rotation, may form a measure of regularly
occurring second-order energy perturbations when taken with respect to the distri-
bution of exchange energy of delocalized electrons found over the molecule and given
as the ionization potential.

Indirectly these behavioral paiterns may be observed through the study of the
established empirical relations between the torsional frequencies and molecular
ionization potentials (for instance t-A diagrams, this work) along the structurally
similar molecules. When smooth connections of this type can be established confidence
in the used torsional frequency and the photoelectron spectra (ionization potential)
data is increased and further relations between geometric and energetic parameters
describing the internal rotational barrier may be deduced.

Ia this work we listed 7—4 {or torsional frequency-ionization potential) relations
for skew-1-halopropanes, 2-halopropanes and cis-3-halopropenes.

Earlier we have indicated similar relations for alky! halides and 1-fluoro-
2-haloethanes2. Systematic availability of photoelectron spectral data and molecular
ionization potentials are needed to study further the behavior of internal rotational
barrier.
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