












































































































































































































donor sensitization reaches a maximum only at a ratio of lzl
molar concentration of C 120 and Rh—6G, {ie; at C 120 Concen».. \_z —-— ­

._.\1.,_ \ , ..3-__.,. . _. _ ,tration 0.7 grams/litre = 4 X l0 M31} as in the case or game;
Rh_3. T he gradual increase of this blue shift is only due
to “he enhancement of life time as a result of Partial GNGEGY‘-9

K‘transrer since there was no overlap between the orission
spectra of Rh-6G and C l20. The maximum blue shift remains

. - ' I ... ~ » V ‘I "3 rw"'2- - 'T-1 '- - r*.I­a Constant in tne range 4 A i0 to lu A/l. ine reu shirt
with further increase in donor concentration suggests the
possibility of formation of complexes in the dye mixture.

The measured output intensity of the ETDL was
found to be a maximum when the molar concentration of C 120

and Rh_6G were approximately equal and was about 50$ larger
/‘I ‘ I‘ ' ' ""\ T.‘ M .tnan the’ of pure nhloG,

The donor and acceptor concentration denendence

of the degree of polarization of the system was studied and
is shoyn in Fig. 4.15 (A) and 4.15 {B) respectively_ The

ldegree of nolarization of the NO aser was + 0.33, C 120 alone
was + 0.26 at a concentration of 2 X lO"3fi/l and that of Rh_6G

3alone at a concentration of 5 X lO" H’l was - 0,27. C 120
and Rh-6G alone systems did not show any appreciable chang (3 FJ. '3

the degree of polarization in the Concentration range investi­
gated, Eventhough the nature of donor and acceptor concen­
tration dependence .cannot be explained, it is quite interesti
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to see that the difference in the degree of polarization
between donor and acceptor concentration denendenco has an

approximately constant value throughout the concentration
range studied.

Since the first report on NO laser pumped ETDL
by Hoeller etal, the art of ETDL has developed very rapidly,
But even now the performance of ETDL is not fully known owing

to the complexity of the quantum mechanical problem asseciapec

Hany authors have tried to give more or less simple models
1that are capaele of explaining many experimental observations.

I‘ .’..
LThe present investigations aimed at revealing many or

unattended or partially attended fields of ETDL was fruitful
to a certain extend, The results of the investigations on

/sthe three specific ETDL systems can be suancrized as rollous,

The studies on Rh—6G - Safranin T shows that even

if the acceptor dye has little or no absorption in the N9
laser wavelength it can be lased by energy transfer mechanism

1with 3 Suitable donor. The selection of donor Shculc be such
that its emission spectrum must overlap the abserntion spectruJ.

of the acceptor. Because of the low threshold lasing in ETDL
GVCD if the 3CCGPtOr dye has a fluorescence quantum efficiency
substantially below unity laser action can be obtained from



.1 U 5)

the dye, On the other hand if the acceptor can be lased
-u-I

Qoy d rect excitation with N9 laser it can be lased with a
lower pump power in ETDL as observed in the case of Rhn6G —
7') "-w 3.:
.i. ll 1-“ L.‘ .

Eventhough Rh-GG, Safranin T and Rh-B are all

from the Xanthene group of dyes, C l2O is from a different
family, The C l2O H Rh-6G ETDL shows that efficient energy
transfer is possible between a Coumarin derivative and a Kanth
dye for laser action.

It can be seen that in all the three systems eoner
sensitization causes a blue shift in the emission peaks of
the acceptor due to an enhancement of life time of the accepto
Hence it has to be believed hat the energy transfer mechanism
effectively competes with the life time reducing mechanisms
like concentration quenching, From the present investigam
tiens and the observations of Urisu etal.9 it is clear that
when the change in the effective life time of the acceptor is
a maximum the blue shift is also a maximum. Hence the extent
of blue shift can be taken as a measure of the change in life
‘time.

If the fluorescent levels of donor and acceptor
are closely located, the blue shift makes it difficult to
identify the lasing species. In such systems, usually the



_a ” F‘ _n ‘N 9 ' _ _l_ o J: I I‘ '_ I _ _ 1' I‘ ‘_ - _1_" la _ ‘ o 4 A)lssing species is lQGHLlLl:d as the one whose emission peak
..i (- ' ‘ \"\/_~; u.» ..--| .3 x-!- C. '_'  /'5 I‘  -I-- "5 '3'.‘ -| ('\ f "‘   "‘  -IA  '- 4­___._~. j]_[",QO_;...\.1}-...-.a-,I_..L_, O1 LN}- COn\.,.,1.L,J.<.4l,__Jn Q {,1 L. OI... ~.._. UUC L. e

. - - A... -  __ .- ,.. 1 _, .. , _-  ., .. 2 .  1 ...--., . ...-1present lnvcstlqatlofiu snows that Lhe lsblflg mean wdJ@lQfl9Lfl
I‘OI the sccento: can be dependent on the donor concentration

also. Hence an investigation of the senor oenendence on the
acceptor emission becomes necessary prior to the 1-‘­ -'1en.tifica...

5
'.‘tion of the lasing snecies.- The donor concentret;on depend»‘.

ence ondzwmx have similar nature both in flh—6G ~ 1 h—B mixture11C-u

(‘Dand C l2C ~ ih—6G system and this d nendence is attributed to
)the formation of 'excivlex‘ in theI

1
(D ystems eventhouI

role on the done: dependence is not known.

.-‘,—‘-Q a.‘ TThe concentration tuning range 01 the ELJL

systems is approximately the same as that of conventional dye
lasers. However ETDL have the advantage that the acceptor
can be lased even at very low concentrations, which otherwise
would not have been possible, there bv ohtainino the shorter
wavelength operation of the acceptor. lhis ctn be seen in
the case c£‘;ELA%3 — Rh_B and C 19 _ 7h_QG.r._ \_, ; L)

The most attractive feature of an ETDL is

its p HOT conversion efficiency. A ZOQK increese in the
"1-~-..    -— . ~ °  I.‘ -:-L ./._ -“L .

Su}?e.:..L.r'3~:.]_-Ell"1c C:L1L§DUL PO‘-..!G.E‘, 11'] cD.C: C380 0.1. -1:1-u(.I -- —.11—B

1.4.system, and a 50$ increase n the cnse 01 C 120 — ?h—6G was

observed compared to the non—sensitized systems. In both
P1e cases the maximum efficiency was obtained when the donor
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Eventhough a large number of schemes have

been proposed and develoned for N9 laser ouined dye lasers. - ‘H ‘ ­
the relatively low efficiency comneiled the scientists to
device new methods to improve the system efficiencs.I

Energy transfer mechanism has been shown to he a convenien
tool for the enhancement of efficiency of dye lasers. Th
p resent work covers a detailed study of the performance

characteristics of a N2 laser pumped dye laser in the con—
ventional mode and also, when pumped by the energy transfe
mechanism.

.1. ‘.For cue present investigations a dye laser

pumped by a'N2 laser (A4200 kw peak power) was fabricated.
The grating at grazing incidence was used as the beam ex­
panding device; A t its sest performance the system was
eiving an output peak power of l5 kW for a 5 X lC"3H/l Rh—€

n in methanol. T he conversion efficiency was 7.5;u’? 0 I—' C (-‘r Ho O

The output beam was having 3 divergence of 2 mrad and band­

width o.9 A. Suitable modifications were suggested for
obtaining better conversion efficiency and bandwidth.

The investigations on the output beam qualié
ties have Shown that the performance characteristics of the

dye laser can be controlled by the system parameters, The
output power varies linearly'rdth the input pump power.
The measured dependence of output power on the bandwidth



.117

have she m that the conversion efficiency can be increased
at the exyense of bandwidth. The Bfi conversion efficiency0 - 9at a bandwigth of 0,25 A increases to lO.b$ when the oanewic

o
is 5 A. The dye laser outnut pulse shape shows a close

X.‘
:..resemblance with that o- the Dumping N2 laser pulse.

The divergence measurements have clearly

demonstrated the importance of the feedoack mirror position

with respect to the dye cell as a divergence deciding
factor. If the feedback mirror is located with in 8 cm
from the centre of the dye Cell, a diffraction limited been
divergence could not be obtained. Moreover, ‘f the diver~
gence is high the theoretical limit of the passive band­
width of the system also Could not be obtained, This

.1".f'effect is observed by measuring the bandwidth for di;;erent
values of the beam divergences,

The degree of nolnrization of the output
beam is found to be dependent on the type sf dye moleculesF“! O f‘ u A 0 . .used. lhe lO wedge angle or the dye cell windows witn
respect to the laser axis enhances the degree of polariza­
tion of the output beam. However, the suppression of one
polarization conponent could not be obtained with this tilt
anfile. A completely polarized output beam may he obtained
bY the insertion of 8 glass plate in the cavitv at a larger

gle of incidence.
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The concentration tuning range obtained

for the various dyes investigated is found to be Snaller
than the earlier reported values. This is attributed to

..T. ,­‘- .‘ _ ° .1. ,_ ' N, , - _ ' .' . u.‘ ‘ . up ; --s --:­tne low cavity and to too insotliclent hump pone; co
reach laser threshold,

The results of the investigations on mixed
dye systems Show the .dvantanes of energy transfer mecha_

nism in N2 laser pumped dye lasers. Even if it is impo­
ssible to pump a dye above threshold with N2 laser, laser
action can be obtained by energy transfer mechanism as
demonstrated in the case of Rh—6G __ safranin T. Attempt

made to lase Safranin T alone by A pumping was unsuccessfI\)

Another important advantage of ETDL systems is the enhance

ment 0? efficiency. A suflstentiai increase in the output
power can he obtained by energy transfer mechanism if the
concentrations of donor and acceptor are selected pronerly1

T‘)!The present investigations on Rh—oo _ Lfl—£ and C 120 —

Rh—6G systems show that a ltl ratio for the molar concen_

tration of donor and acceptor is ziving the maximum effici
ency. A further increase in the donor concentration wil
affect the peak emission wavelength as well as the effi—
CiGnCY as 8 result of the formation of exciten state

Comolexes in the dye mixture. However, the 200$ increase.‘..'I 1in nee-on put Dower obtained for flh_6G - Rh~B system with
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& lzl ratio of the molar Concentraiion of fih—6G and Rh—B

ent than conventional}_J.that “TEL systen is more effic.'l....J.

dye lase s.




