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Measuzements of the risctime of the fluorescenes in spontancous emission yield ditect measurements of the vi-
brational deactivation time of the excited states of dye molecules. This decay time is 40 = § psec for erythrosin in
waler and 33 £ § psec for erythrosin in methanol. .

¢

In this paper we report measurements of rapid experimental arrangement is shown in fig, I. A dielec-
transient fluorescence from erythrosin molecules in . - tric mirror My which reflects at 0.53 ¢t and transmits
different solvents. Measurements of the rise time of at 1.06 u directs the different wavelength pulses
the fluorescence (mean induction time) are exceed- along separate delay paths. Sampies of erythrosin in
ingly important because this time is direct!y related - different solvents are placed in the 0.53 1 beam
to the vibrational decay time of the excited electronic which has been circularly polarized with a quarter
state if the measurement of this time is accomplished waveplate. The 0.53 p beam is reduced in size from
in spontaneous ermission. Optical gates [}] have been I emto 0.5 cm on the erythrosin samples. The fuot-
previously used [2] to determine the onset of stimu- escence from the erythrosin samnples is collected and

* lated emission where valuable information on the collimated through the optical gate [1], a system of

_ dynamics of laser action is obtained. This onset time two crossed polaroids with a cell of carbon disulphide
is indirectly related to the vibrational lifetime be. placed in between. The 1.06 1t beam follows a path
cause of the gain factors in stimulated emission. which can be adjusted by a variable optical delay and

In our experiment a modelocked Nd: glass laser is reduced in size to 1 mm upon passage through the
emils 1.06 i pulses of pulsewidth 6 psec as measured 1 cm long carbon disulphide cell. The fluoresvence

by two-photon fluorescence [3]. These pulses gener- . after passing through the gate is focused into a mono-
ate second harmonic pulses at 0.53 ¢ and of 4 psec chromator so that the time dependence of th: fluor-
duration upon passage through a KDP crystal. The escence can be recorded as a function of wavelength,
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Fig. 1. Experimérita[ arrangement of optical gate detection system.
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The zeto point of the optical gate, the point when
the two beams coincide in time and space in the car-
bon disulphide cell, was determined by timing the
0.53 pt pulses relative to the 1.06 p puises with a purc
solvent instead of a sample. This prompt ¢urve was
8 psec wide with a peak to noise background of 103
with no background above the noise level over the ex-
perimental range. The intensity of the 1,06t and the
0.53 ¢ beams, total fluorescent intensity, and fluor-
escent intensity signat through the gate at a particular
wavclength were detected and displayed on a dual
beam oscilloscope simultaneously using appropriate
delay cables. '
The time response of the fluorescence was also
studied with 2 Hadron 105C $-20 phwtodetector con-

© ERYTHROSIN {SODIUR)
IN WATER .
22107 M, X5 =5800 A

T

Iy

Q6

cat \}\
- 0.2F o
0 L——-l___,_l__l__«———-‘-———

0 ~ 200 400
T ipsec)

ERYTHROSIN (SODIUN)
N METHANOL

25107 M As s 5800 A

o8y

| s §

1
3 200
Tp (psecl

Fig. 2, Fluorgscence emission from erythfosin asa function
of time deley in water and methanol.
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nected to a Tektronix 519 oscilloscope with a total
resolution time of 0.5 nsce. Both the optical gate and
519 scope sysieins were shown to be operating prap-
erly by calibrating the sysieras with a sample of
rhodamine 6G in ethanol where the fluorescence in-
tensity profile was an exponential curve decaying in
5 nsec, a result similar to that of Mack {4] and
others.

‘The high purity erythrosin was the disodium salt
CyHglaOsNay which dissolves in water, zcetone and
the alcoliols. Similar results were obtained with
erythrosin without sodium, which also dissolved in
alcohols. Concentrations of 2X 10~ were used in
the experiments here described. '

The experimental results showing the fluotescence
intensity as a function of time for erythrosin in water
and methanol are plotted in fig. 2. Experimentally
the {luorescence of erythrosin in watet detected at
5800 A reaches a sharp peak 60 psec after excitation,
and rapidly decays to the i/ point in 90 psec. From
the peak shift of 60 psec and the decay time of 90
psec, the total vibrational decay time is measured to
be 40 # 5 psec. For erythrosin in methanol the fluor-

. ¢scence profile reached a peak 55 psec after excita-

tion and then decays to its ife point 140 psec later.”
The vibrational decay time for erythrosin in methanol
was estimated from measurements 10 be 33 + 5 psec.
Resuits at 5600 A are similar to those obtained at
5800 A. The oscilloscope traces with the emission
dotected with a fast photodiode verify the uitrashort
fluorescence decay of erythrosin in water and metha-
nol and confirm a long decay, 2.6 nsec, for erythrosin
in acetone. -

“The reason for the short decay time of erythrosin
in water, methanol, and isopropanot is the fow quan-
tum efficiency in those solvents. In water the quan-
tum efficiency is 0.02 {5}, The measuied decay (une
is approximately given by Org where 7 is the radie-
tive fluorescence lifetime (a few panoseconds) and
0 is the quantum efficiency; this time can be quite
short, and in the case-of erythrosin in water is = 100
psec.

Perhaps the lifetime results are consistent with
the mechanism for energy transfer to the vibrational
modes of the solvent in the sense that methanol has
many more vibrational, librational, and rotational
degrees of freedom than water. -
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