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W. M. McClain 2

Two-Photon Absorption Spectroscopy of Polyenes

Foreward

The question addressed by this project was a basic one concerning
the behavior of a class of biologically important molecules under the
action of hi gh- intensi ty  laser light. The polyenes were chosen for study
because there was reason to suspect f rom their known s t ructure  and
spectroscopy that they would have a large non-linear response to the
electromagnetic field of an optical laser .

This initial guess has been very nicely borne out. The molecula r
two-photon absorptivit ies measured for polyene s in the course of this
project are the largest  eve r measured for any class of molecules. The
two-photon spectra of of these molecules raise extremely interest ing
further questions about the s t ructure  may play in photosynthesis and in
vision .

II. Bod y of Report

A.  Financial

The direct  cost monies expended totaled $55 , 132. The bulk of
this (63. 3%) was spent for salaries  and f r inge  benefits  for the invest igators .
A smaller f rac t ion  (17 . 2%) was spent for expendable items , mainl y special
optical coatings for laser  m i r r o r s .  Onl y 12 . 2 %  was spent for perma nent
equi pment. Items boug ht include a teletype for our data acquis i t ion system
and analog- to-dig ital conversion equipment.  This  grant  allowed my lab to
undertake work which would have been prohibitively slow without di g ita l data
acquisit ion and impossible without  the manpower.

Worke r s  who were supported were

1. Donald M. F r i ed r i ch , Ph. D.
2. Ronald P. Drucke r , Ph. D.
3. Thoma s M. Stachelek , soon to recieve his Ph. D.
4. Wm. Mart in  McClai~~~ P. I.
5. 1~T~~ uki Kanarnaru , Ph. D.
6. Lawrence Jack , Lab Ass i s t an t

B. Scientific

The best way to report the science done on this  grant  is to quote the
abstracts  of a numbe r of the papers wr i t t en  by the above -na med workers
while s pported by A R OD.

~~k. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



W. M. McClain 3

I would like particula rly to call attention to the papers co-authored
by D. M. Friedrich. These papers contain the f i rs t  use of polarization
methods to identif y the absorption peaks of a hi ghly resolved gas-p hase
spectrum, which promises to be the standard method for all such work in the
future.

1. “Polarized two-photon studies of biphenyl and several derivative s” ,
R. P. Drucke r and W. M. McClain , J .Chem. P. ..6 1 , 2609 (1974).

The two-photon absorption spectrum of biphenyl dissolved in CC1
is reported , using both the absolute two-photon absorption technique an~
the two-photon excited fluorescence te chnique. Polarization methods were
used which permit  the strong two-photon absorptions to be assigned without
resort  to any subsidiary vibrational anal ysis .  We find that the lowest singlet
of biphenyl is a B state (in group D2, with twisted r ings) ;  its band stretches
from about 33, 000-36 , 000 cm~~~, well to the red of the lowest strong one -
photon spectroscopy in the 42 , 000-45 , 000 cm~~ region. Othe r A state s
are also possibly present.  Two-photon spectra of 4 , 4’ dichlorobiphenyl ,
4, 4’ difluorobiphenyl, 2 , 2’ bipyridine , 2 , Z’difluorobiphenyl , and te rphenyl
are also g iven and discussed.

2. “Dye laser two-p hoton excitation stud y of seve ral o, o’ -br id ged biphenyls ” ,
R.  P. Drucke r and W. M McClain , J .Chem . Phys. 61 , 2616 (1974).

Polarized dye laser two-photon excitation spectra are  reported for
the following series of o, o’-bridged biphenyls: fluorene , d ibenzofuran ,
dibenzothiophene , carbazole , and phenanthrene.  Two-p hoton polarizat ion
selection rules are used to assi gn the peaks observed. Seve ral new
state s are  reported and a number of tenuous ass ignments  in the l i t e ra ture
are conf i rmed.  The spectra of the brid ged compounds are  compared
with the biphenyl two-photon spectrum.

3. “Two-Photon Absorption in tDouble Molecules ’ ‘~ R. P. Drucker and
W. M. McClain , Chem. Phys. Lett. 28 , 255 (1974).

The two-p hoton excited fluorescence exc itat ionspectrum is reported
for naphthalene and 2 , 2-binap hth yl , and for f luorene and dif luorenyl .
These results are  compared with the previously reported results for
benzene and biphenyl. The exciton approximation predicts  tha t the two-
photon spectra of such single and double molecules should resemble each
othe r quite closely, even in cases whe re the one-p hoton spectra are quite
different .  Howeve r , this behaviour is not observed in the reported compounds.

It 4. “Polarization and Assi gnment of the Two-Photon Excitation Spectrum
of Benzene Vapor” , D. M. Fr iedr ich  and W. M. McClain , Chem. Ph ys.
Lett. 32 , 541 (1975),
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W . M. McCla in 4

(4) The two-p hoton excitation (TPE) of benzene fluorescence in the
vapor phase at 60 to r r  is reported for the total-energy reg ion from
38, 086 cm~~ to 42 , 441 cm ’ using both circular and linear polarized
light from a nitrogen-pumped dye-laser .  The theory of the polarization
dependence of the v ibronic transit ions in benzene is briefl y reviewed ,
and it is seen how t ransi t ions  involving vibrations of b i~ symmetry
are expressly forbidden for this  type of TPE experiment in which the
two photons are  ide ntical. Five vibronic origins w ith dist inctive rotational
contours and polarization dependence are  identified in the TPE spectrum .
The oi4(b z~~) vibronic ori gin at 1570 cm ’ (above the electronic origin of

• the ‘B2u state ) stands out very prominently in the linear polarized spectrum,
but nearly disappears in the circula r polarized spectrum. This str iking
polarization dependence indicates a si gnificant contribution of A z~ electronic
state s to the intermediate states of this TPE vibronic t ransi t ion.  The
relatively great strength of the U 14 band may be due to vibronic borrowing
by the b2~ mode from the ground electronic state (A ig ).

5. “The Effect of Spatial and Temporal Laser  Beam Character is t ics  on
Two-Photon Absorption ” , R.  L. Swofford and W . M. McClain , Chem.

• Phys .Lct t .  34 , 455 (1975).

We present  calculations which indicate possible sources of e r r o r
• in the determination of two-photon absorpt ivi ty  introduced by the choice

of experimental conditions. Both the direct  absorption experiment and the
two-photon excitation experiment are considered. We include the effects
of beam alignment , d i f f rac t ion- l imi ted  focusing,  and pulse width variat ion
on the observed two-p hoton absorptivity.

U.

6. “Rotational Contours and Isotope E ffe cts in the Two-Photon Excitation of
Benzene Vapor ” , J. R.  Lombardi , D. M. F r ied r i ch  and W. M. McClain ,
Chem. Phys .Le t t .  38 , 213 (1976).

R otational contour c~ lculations up to J = 100 are compared to
experiment for the line 14

0(bz~~) in the vibronic two-p hoton excitation
of ‘B2~ benzene . The results  require reass ignment  of modes 19 (e j~1) and
15(b z~ ) to frequencies  1330 cm 1 and 1143 cm ’ in C6H6 (1209 cm t and
811 cm ’ in C6D6). Previousl y unassigned line familie s in C6D6 are
attributed to the carbon-heavy isotope 13C1

12C5D6.

7. “Two-Photon Excitat ion Spectra of the Low Energy  Excited State s
of Diphenyihexatriene and Diphe nyloctatet raene ” , G. R. Holtom and
W. M. McClain , Chern. Ph ys.Lett .  44 , 436 (1976).

Al l - t rans  di phenyihexatriene and di phenyloc tatetr ae ne in solu t ion
show a very strong two-photon absorption beginning at about the same energy
as the one-photon spectrum. This supports the postulated pr esen ce of a
low-ly ing t A g electronic state .
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I
8. “Detection and Assi gnment of the ‘Phantom ’ Photoche mical

• Singlet of Trans -Stilbene by Two-Photon Excitation” , T. M. Stachelek ,
T. A . Pazoha , W. M. McCla in and R .  P. Drucker , 3. Chen-i. Phys._,

- . xxxx( 1977).

We have made a comple te polarization stud y of the two - identical
• photon excitat ion ( TIPE ) spectrum of st ilbene in solu t ion in the ener gy

region 34, 400 cm ’ to 45 , 000 cm-1 which shows a st ron gly allowed
two-photon transition with a maximum at 41 , 000 cm- 1~ The uppe r state of

• this transition is of over-all symmetry A g. We beleive that the electronic
part of the upper state is also of A g symmetry and that it is identifiable
with t he “phantom” singlet state postulated by Salt iel and by Orlandi and

• Siebrand as the major pathwa y for cis -t rans photoiso meriza t ion of th is
molecule.
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