This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
T & T Publication details, including instructions for authors and subscription information:
SIJPEGIIOSCOP) http://www.informaworld.com/smpp/title~content=t713597299

. \._‘1‘.‘\. (=] B
The Incidence of Strain on the Quenching of the Vibrationally Induced
Intensity of the Secondary Transition of the Benzene Chromophore: A
New Explanation
Bernard Vidal®
2 Laboratoire de Chimie Organique, Faculté des Sciences, Université de La Réunion, Saint Denis cédex,
FRANCE (D.O.M.)

@ Tayloe & Francis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Vidal, Bernard(1993) "The Incidence of Strain on the Quenching of the Vibrationally Induced Intensity
of the Secondary Transition of the Benzene Chromophore: A New Explanation', Spectroscopy Letters, 26: 6, 1059 — 1063

To link to this Article: DOI: 10.1080/00387019308011593
URL: http://dx.doi.org/10.1080/00387019308011593

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019308011593
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03:50 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 26(6), 1059-1063 (1993)

THE INCIDENCE OF STRAIN
ON THE QUENCHING OF THE VIBRATIONALLY INDUCED
INTENSITY OF THE SECONDARY TRANSITION
OF THE BENZENE CHROMOPHORE : A NEW EXPLANATION

Bernard VIDAL

Laboratoire de Chimie Organique, Faculté des Sciences
Université de La Réunion, 15 Avenue René Cassin
97489 - Saint Denis cédex, FRANCE (D.O.M.)

It has been assumed for a long time that strain, induced by rings
fused to the benzene chromophore, limits the amplitude of vibrational
motions, and then decreases the intensity of the vibrationally induced
part of the secondary transition. That assumption has been grounded on
the well known RAPOPORT and SMOLENSKY's work. !

Actually, the secondary transition of the free benzene molecule
(towards 250-260 nm) is electronically forbidden because of the Dgy
symmetry of that molecule. 3-7 Nevertheless, the coupling of electronic
wavefunctions and vibrational ones, shows that a weak intensity is
vibrationally induced. That vibrational component increases slightly
with the number of substituents around the benzene ring (BALLESTER
and RIERA 8). This vibrational component is not to be confused with the
increase of intensity observed when the chromophore looses its Dgy
symmetry under substitution. Intensity is all the more increased as the
substituents are more perturbating and the electronic symmetry much
more distorted. 3-7

The part of the RAPOPORT and SMOLENSKY's work wich is of
concern to us is devoted to molecules T and II {Figure 1). The spectra of
these molecules are well known, mainly from their appearance in the
JAFFE and ORCHIN book. 2 In molecule-I the vibrational fine structure is
clearly visible with : £,,, = 880. In the spectrum of molecule II there is
no fine structure at all and : €, = 467 . This decrease has been assumed
to originate in the strain which strongly reduces the vibrational
amplitudes of the chromophore, thus the strain would quench the
vibrationally induced intensity. In fact, we should like to show that this
decrease is consistent with electronic symmetry considerations, and that
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Figure 1. Molecules 1 and 11 displaying a strain effect

there is no reason to invoke such a small effect as the vibrational
motion, or to explain the whole phenomenon on this only ground.

First of all, it is not possible to compare the two e, ,, values. For the
first molecule, ep,, is the molar extinction coefficient measured at the
highest vibrational band of the secondary transition. For the second
molecule, as there is no vibrational fine structure, €,,,, is the maximum
of the continuum of the transition. It would be best 10 use gy which is
the maximum of the smoothed absorption curve as defined by BALLESTER
and RIERA. This parameter makes possible to compare the intensities of
transitions showing different vibrational structures. eg,, is more
accurate and nearer to the integrated intensities. The wvalue obtained for
the molecule I, as measured by BALLESTER and RIERA, is : g, = 700 . The
value for the molecule II is of coursc the same as &, ,,, since there is no
fine structure : egp, = 467. These values are closer than the preceding
ones. It is possible to improve the measure of intensities in using the
width at half height. This leads (0 : egyXAv ) p) = 267x104 and 201x104, with
Avgyyy in cm-1. Although intensitics are not so strongly different as it
appears when comparing €p,,, values, their difference deserves an
explanation.

In order to show the electronic causes of the decrease of intensity
when going from I to II, we shall use the simple Sklar vector model with
the reference pattern of <figure 2 -for the transition moment vector
components.

When considering orthoxylene (Figure 3a and 3b) one sees that the
resulting transition moment vector is bissecting the angle of the two
substituents. The same happens, of course, for indane (Figure 3¢ and 3d)

- since the symmetry is the same ~, apart from the fact that strain
strongly distorts the chromophore, increasing the aliowed electronic
part of intensity from e, = 234 (omhoxylene) 8 to g, = 1040 (indane) 8.

The resulting transition moment vector would be oriented in the
opposite direction if we had choosen the opposite directions for the
reference vector pattern of figure 3a. One can say that the transition
moment vector induced by the fused ring in indane is as shown in
figure 3d. For molecule I the vector components are given in figure 3e
and 3f. The angle between the two vectors being 120° in figure 3f, their
resultant is the same as in indane. Intensity in fact is lower because of a
possible interaction between the effects of the two rings, each one being
partly quenched by the other.
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Figure 2. The Sklar's vector pattern

Figure 3. (Sec the text)
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When using a third fused ring, as shown in figure 3g. intensity has
to be strongly quenched. It has to be reduced 1o its vibrationaly induced
component since the resulting transition moment vector is zero.

Acuually, intensity is very low : g, = 230. That value is very near to
what is observed when there are six methyl substitucnts around the
benzene chromophore (ggn, =  225). Furthermore, when considering the

molecule of figure 3h one sees that the two component vectors are
colinear and their addition leads to a transition moment vector with a
modulus which is twice the modulus of what is observed in indane.
Actually : g5, = 3700. 8 Thus, we can draw the vector pattern of figure 3i
for the contribution of fused rings around the benzene chromophore.
This is only an adaptation of the original vector pattern to fused ring
substituents.

When considering the pattern of figure 3i (Figure 3j), introducing a
bridge (-CH;-) in molecule I between the two already existing five
membered fused rings creates a new fused ring between them. One sees
that its contribution to the transition moment vector opposes the
resulting contribution of the two other rings. The new length of the
transition moment vector is zero. Intensity should be reduced to the
vibrational contribution, about : egp = 200-250. In fact intensity is
reduced only to egp,, = 467, because the third ring is far from being
equivalent to the two preceding ones. It is sandwiched between them. Its
vector component is not equal to the others and the resulting vector is
not zero. Furthermore, distorting the two preceding fused rings the new
ring changes their contributions. In other words : distorsion is not
suppressed ; it is not the same as that observed in molecule I, but it still
displays a strong C,, symmetry, which causes an increase of intensity
which adds to the pure vibrationnally induced one.

One sees that symmetry considerations are sufficient enough to
explain the intensity differences observed when comparing molecule |
and molecule II, without being obliged to invoke a lack of vibrational
facilities in II, or an increase of vibrational facilities in 1 compared to II.
What is noteworthy is not the decrease of intensity from I to II, but the
fact that the intensity of the molecule II is so great, The explanation of
that phenomenon lies in the extra strain imposed by the third fused
ring. The lack of vibrational facilities, which is not the cause - or the
main cause - of that decrease, can be clearly observed in the lost of the
vibrational fine structure in molecule II.
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