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The influence of the excitation intensity on the laser spec-
tra of solutions of 4-methylumbelliferone in HCl/C,H;0H
has been investigated. There are three distinct laser emis-
sions at 4100 A, 4900 A and 5300 A, respectively, the third
of which only occurs within a HCl-concentration range of
102 m/l < cfcl < 2.5 m/l. This emission is quenched if the
laser threshold for the emission of the neutral form of 4-me-
thylumbelliferone at 4100 A is exceeded.

Introduction

Changes in the electronic state of a molecule give
rise to changes in many of its physical and chemical
properties: e. g. excitation of aromatic molecules from
the singlet ground state S, to the first excited singlet
state S; leads to an increase in the strength of the
basic and acidic groups !. This should also apply to the
hydroxyl groups as well as to the carbonyl and ring-
oxygen atoms of 4-methylumbelliferone (4-MU).

Recent publications have shown that solutions of
4-MU are laser-active >3, An investigation of laser-
pumped acidified ethanolic solutions has indicated that
three fluorescent laser-active molecular species are co-
existing in the same solution of the dye.

These authors® have demonstrated that in acidic
solutions the excited neutral form N* of the dye under-
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goes a fast chemical reaction to form two cations A*
and B* of the type [N*H]* (proton exciplexes). These
excited molecules deactivate by spontaneous or induced
emission, or radiationless processes, to unstable ground
state cations which rapidly dissociate to give a neutral
molecule N and a proton. The latter can be seen from
the fact that the absorption spectra are independent
of the acid concentration of the dye solution. By care-
fully adjusting the pH-value of the solution, three dis-
tinct laser emissions can be obtained from the same
solution which originate from N*, A* and B*. These
emissions occur at different wavelengths and are sepa-
rated from each other by some hundred Angstrom units

(see Figure 1).

This paper deals with the dependence of the inten-
sities of the above mentioned laser emissions on the
HCI concentration and the excitation intensity. It has
been found that the long-wavelength laser emission of
the B* proton exclipex is suppressed:

1) if the B* formation rate is too small due to insuffi-
cient proton concentration,

2) if a quenching process originating from the pre-
sence of Cl-ions becomes relevant in strongly aci-
dified solutions,

3) if the threshold of the neutral 4-MU laser is ex-
ceeded, using high excitation intensities.

The population density of B* falls below the laser-

threshold value and B* laser-emission is not obtainable

in all three cases.

Experimental

The dye solutions were pumped using a transversal
arrangement. The second harmonic generated output
of a Q-switched ruby laser was focussed with a cylin-
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Fig. 1. Absorption and emission spectra of HCl-acidified ethanolic 4-MU solutions (c4&-My=10—*m/l, with 0.01 m/l,
————01lm/l, = —--—-- — 1 m/l HCl). — The emission spectra were obtained with an excitation wavelength of 3472 A.

The hight of the first peak of the emission spectrum has always been set equal to the absorption peak.
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drical lense (f=13 cm) into a 1 cm square quartz cell
containing the acidified 4-MU solutions. The maximum
output of the ruby laser was 300 MW at 6943 A, the
full half-width of the laser pulses being 15 ns. The dye
laser resonator consisted of nothing other than the dye
cell in order to obtain identical resonator conditions
for all three dye laser emissions.

The dye laser output was recorded with a grating
monochromator (Perkin-Elmer, model E1) which
was equipped with a Polaroid camera. The film was a
Polaroid, type 410.

The ruby laser flashlamp high voltage (in kV) was
used as a reference for the excitation intensity. This
appeared to be directly proportional to the 6943 A
ruby laser output.

Results

The experimental results are shown in Figs. 2 and 3.
The laser emission of neutral 4-MU and of proton ex-
ciplex states can be seen at 4100 A (N¥), 4900 A (A¥)
and 5300 A (B*). The laser emission of the B* ex-
ciplex state was obtained for solutions with a HCI-
concentration ranging between 0.01 m/l << Cpc) < 2.5
m/1 only (see Figure 2).

Fig. 2. Laser spectra of different HCl-acidified ethanolic 4-MU
solutions above the exciplex laser threshold,
cyMU=5X10"2 m/l.

The dependence of the laser spectrum of such a solu-
tion (Cuc1=0.1 m/l) on the excitation intensity is
shown in Figure 3. The threshold for B¥* laser emission
and A* laser emission is reached for U=6.69 kV and
U=6.71 kV respectively. Both emissions are enhanced
by enlarging the excitation intensity. If the threshold
value of the neutral 4-MU laser is exceeded at U=6.9
kV, the B* laser emission decreases sharply and dis-
appears at U=7 kV. On the other hand, the intensities

NOTIZEN

of both the N*- and A¥*-lasers increase by increasing
the excitation intensity to the highest pumping inten-
sity obtainable at U="7.15 kV.

Fig. 3. Dependence of the 4-MU dye laser spectra on the exci-

tation intensity. cs.My=>5X10"2 m/l, cpc1=0.1 m/l,
U=ruby laser flashlamp voltage in kV.

Discussion

Protonation seems to be probable on the two basic
groups of the neutral form of 4-MU, i. e. the carbonyl-
group or the ring-oxygen:
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Structure II is most likely the lower energy form owing
to the number of contributing mesomeric states.

As to the population of the proton exciplex states A*
and B*, two different formation mechanisms seem pos-
sible:

~A¥
1) A parallel reacticn N* xB* corresponding to a

direct protonation either on the ring-oxygen atom
or on the carbonyl group.

2) A stepwise population N* — A* — B* correspond-
ing to a protonation followed by a further reaction
step which leads to the energetically favourable
species B¥. This step may be a tautomerisation or
a dissociation.
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Earlier investigations® indicated that the formation

rate of the B¥ proton exciplex is probably slower than

that of the A* proton exciplex. This fact would explain
the sensitivity of B* laser emission to various processes
which compete with the population of the B* state.

On the basis of the experimental facts any one of
these processes which have been enumerated below can
cause a decrease in the B* population density below
the laser threshold value:

1) The formation of A* exciplexes quenching the B¥
laser emission at low HCl-concentration.

2) A quenching process due to Cl-ions in strongly
acidified solutions leading to radiationless deacti-
vation of both exciplex states A*¥ and B* 4.

3) The laser emission from the state N* of the neutral
molecule.

We are now carrying out further investigations in

order
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One well-known method of generating tunable sti-
mulated Raman emission (SRE) makes use of a Ra-
man medium, with a Raman shift varied by an external
magnetic field and pumped by a fixed-frequency laser.
This method is realized with the spin-flip Raman laser .

In this paper we want to discuss a different approach
to tunable SRE. The basic idea is to pump an ordinary
Raman medium having a fixed Raman shift by a tun-
able laser. Dye lasers are promising pumping sources
because they are capable of generating high powers
over a broad tunability range. Powerful flashlamp-
pumped dye lasers are made, for instance, from bril-
liant sulphaflavine (508 —574 nm) 2, rhodamine 6G
(570 —630 nm) and a mixture of rhodamine 6G and
cresyl violet (630 —710 nm) 3. They cover a spectral
range with a width larger than the Raman shift cor-
responding to the Q; component of the fundamental
vibrational transition of hydrogen (4155 cm™!) 4 As
shown by Table 1, the Stokes and anti-Stokes SRE lines
up to the 4-th step, generated by these lasers in hydro-
gen, may together with the dye laser emission cover the
entire spectrum from the UV to the far IR. Hydrogen
is a favorable medium because of its large Raman shift
and because it is to a large extent free from absorption
and dispersion in the region of interest.

The feasibility of SRE generation in H, by dye laser
pumping was investigated in a preliminary experiment.
The experimental setup is shown in Figure 1. A 20 mm
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1) to identify the structure of the proton exciplex
states,

2) to explain the mechanism of the photochemical
protonation processes,

3) to explain the mechanism of quenching the B¥* laser
emission if the laser threshold of the neutral 4-MU
is exceeded.

We are investigating oxygen-alcylated 4-MU derivates

in this context and compare the results of measure-

ments of the 4-MU N*-, A*., B¥-laser intensities, as a

function of the excitation intensity, with theoretical de-

pendencies obtainable from the numerical solution of
the laser rate-equations associated with different proton
exciplex formation mechanisms.
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Table 1. Potential tunability ranges.

Wavelength/nm
from to pumping lasers
530 679
679 947 Ist
lgég 1228 §;‘g step of Stokes SRE
4440 (c0) 4th
433 530 st
g?g ggg g;lg step of anti-Stokes SRE
282 319 4th

long dye cell was longitudinally pumped by a passively
Q-switched ruby laser. The 400 mm long dye laser ca-
vity consisted of a roof prism and a resonant reflector
(LAK 10-flat). From 5-1073 molar solutions of 3.3'-
diethylthiatricarbocyanine bromide (DTTC) in ethanol
or in DMSO, output powers up to 85 MW were obtain-
ed when pumping pulses of 330 MW peak power and
10 nsec duration were applied. The dye laser emission
band was 13 nm wide with its central wavelength at
795 nm (ethanol) or 830 nm (DMSO). For spectral
narrowing, interference filters and/or Fabry-Perot-eta-
lons (FPE) were inserted into the cavity. The dye laser
beam was focussed by a 200-mm focal length lens into
a 300-mm long vessel containing room-temperature hy-
drogen at a pressure of 200 atmospheres. For power
measurements by planar vacuum photocells (ITL), the
different SRE beams emerging through an exit window
at the oposite end of the vessel were spatially separated
by a 3-prism-set. Spectra were recorded on Polaroid
film type 47, using a grating spectroscope.



