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ABSTRACT

We have measured_resonaﬁce Raman scattering in 12
vapor near sevéral rotational lines of the 0-25.vibratioha1
band'of the B-X electronic traﬁsition'with avharfow-band\tunabie
dye laser. Our measurements of the séattering-cposs—section versus
nitrogen buffer gas pressure for laser frequencieé-near the 0-25
P (47) rotational line show a continuous variation of quenching
behavior with excitatidn»frequency. A quantitative fit of our
measurements to a tﬁeory which takes into éccouht'the effects of

both elastic and inelastic collisions is made.




OBSERVATION OF A CONTINUOUS TRANSITION FROM

" RESONANCE RAMAN SCATTERING TO FLUORESCENCE*

There has been considerable debate on the distinction between

1,2,3

resonance Raman scattering and fluorescence in gases It has been

suggested that they are two separate quantum mechanical processes.
' ‘Recently; Williams et al.s, have argued that fundamentally there is only
one process involved, resonance Raman scattering, which has different

~ properties on and off resonance and that these properties change in a

-7 continuous fashion as the exciting source is tuned across an absorption

"ffline_in a gas. In this letter, we shall present measurements which sup- ..

" port this point of view®.

~Most of the controversy has centered on measurementS near the

':f0-43 P(12), R(14)5 levels of the B-X electronic transition in Iz_vapor'

o : , ° ' .
- -using an argon laser operating at 5145A as an exciting source. These

,w;experiments have been vefy interesting but there have been significant
‘:fquantitatiﬁe disagre_ementsl’2 and the measurements were limited to some
‘zfextent by the fact that one can not tune more than .06 cm—1 awéy from -
"5the resonance_without overlapping‘the 0-45 P(64) transition. We have
i;investigatéd ;esonance Raman scattering in 12 vapor for several of the

- strongest rotational absorption lines in the 0-25 vibrational band of

 _f the B-X electronic transition with a narrow-band pulsed dye laser. We

ﬁ?chose to invéstigaté this band because the product of fhe_matrix elements
fffof ébsorption and inelastic reemission is thevlargést of.the'B—X system6.
;ibur effort has concentrated on the 0-25 P(47) rotational line'which‘is_
‘”relatively isolated from other absorption_lines; For this liné we Have

measured the resonance Raman cross-section versus nitrogen buffer gas '



pressure for various laser frequencies.
The experimental arrangement consisted of the_usual 90° scat-

ftering geometry, a Jarell Ash double monochromator and a gated electro-
‘ meter7 which:integfated the charge from a RCA 8575'photomu1tip1ier tube.v
The excitiﬂﬁfeeurce was a nitrogen-laser-pumped dye laser similar tdv_'
‘that of-Héneehs using a 5 x 10-3 molar solufion of Fluorescein Disodium
fSélt'in ethanol. The bandwidth.of the laser was narrowed by using a

~ beam expanding telescope and a 1 cm™ L air spaced .etalon in series with

fa grating which constituted an end mirror of the laser cavity. The

-grating was blazed at 61° and operated in fifth order. In this configura- S

1 Ny : '
and an average power

_tion, the laser had a linewidth of .037 + .007 cn”
f@f..z mW. The etalon and the grating were eﬁclosed in a vacuum tight
~ ~ chamber so that fine tuning could be accomplished by varying the pressure
twithin'thevchamber. The advantage of pressure tuning is that,the band-.
pass of the etelon remains centered on that'of'the grafing without
“_mechanical mehipulation'ofveither the gfating or theeetalon.  Using
v=pressure tuning we have been able to tune over an interval of 3 cm'llin
,,Steps of .01 cm—1 in a<;tab1e and reproducible manner.
in Fig. 1 we show a plot of the integrated intensity of the

. first Raman mode of I, versus laser frequency. The spectrum’was taken

2
by centering the spectrometer bandpass (75 cm-l) on the Stokes Raman
1;mode at 213 cm_1 and then pressure tuning. the laser. The sample cell
‘eontained 12 at its room temperature vapor pressure (.28 mm) with no

"_buffer gas present. The laser beam was attenuated and defocussed suf- -

ficiently to avoid saturation and heating effects. The peaks in the




scattered 1nten51ty correspond w1th1n experimental error to peaks in the
absorption spectrumg. As one approaches an absorption line, ‘the cross-
section increases dramatically, For example, at the peak of the 0-25
»»P(47) transition, the d1fferent1al scattering cross-section, dg’ was

measured to be 8. 3 x 10 -21 cm /ster which is over ten orders of magnitude

larger than the Raman cross-section for nitrogen at 5460A10 The cross-
sections presented in this paper were calculated by u51ng the cross-
iSectlon for the 992 cm‘1 mode ofbenzene11 as a standard and making small
corrections for absorption and spectral efficiency.

.We have investigated the quenching of the scattering cross- .
’sectiOn by nitrogen near the 0-25 P(47) transition. Thisbtransition,
:1n contrast to the 0-43 P(12), R(14) transitions 1nvest1gated by preV1ous

1,2,3 has very little structure within 4 cm” of 1ts high fre-

bauthors,
;QUency side (see Fig. 1). 1In Fig 2 we show a plot of the resonance
,Raman cross-section versus nitrogen pressure for several dlfferent laser
| ﬁfrequencies For all measurements, both the incident laser bean and
rthe scattered 11ght accepted by the spectrometer were polarlzed perpen-
'bdicular to its entrance slit. The bandpass of the spectrometer was set
bto 75 cm-l. With the laser set on resonance, the cross-section is
bouenched by over a factor of 1000 for a change in.N2 pressure.from 2 mm
{;1io 730 mm. As one tunes off resonance, the quenching'becomes_progressively
[;?smaller‘until at .2'cmf; away'from.the absorption line.there is virtually
’no,quenching. ‘ | |

We can gain some Qualitative understanding of the results of

this experiment by considering the effects of»foreign,gas collisionsl?'



on the Rayleigh scattering from a two level system treated in the impact
approximatioﬁ. One can show that the amount of scattered radiation is
proportional . to the‘population in the upper state and therefore to the
- energy stored.ih the th level system. For a system which initially
-is in the ground state, the stored energy varies with time as sinz %Qt
where Aw is the angular frequency difference betweehvthe incident light
.and the resenance freQuency of the two level systemls. 'For a system
;whlch 1n1t1a11y has some stored energy, there is an add1t10na1 constant
term. Now, for inelastic COlllSlOnS the system loses 1ts stored energy
.with each_collision; so that during the time between collisions, Teo it
behaves as sin2 %9 . Under these conditions, and for Aw >>1/Tc’ there
-vare,many oscillations of the stored energy between'coilisionsvso that
‘the effect of (inelastic) collisions-on'the'averaée value of the stofed
energy Egis small, while for Aw << 1/TC the effect on E; will be ierge
-and the scattefed radiation will be quenched significantly. This simple .
bpicture'is'complicated‘by the effects of elastic cbiiisiens which randomize :"
vthe»phese_of-the wave function with respect to the drivihg field, but
hdo notichange the instantaneouS’value of the energy.  Elastic collision
v:w111 have a- 51gn1f1cant effect on Es for both Aw >> 1/Tc and AQ's< 1/ T
hIn fact, for Aw >> I/T s 'b, increases with each elastlc colllslon, while
hfor Aw <<v1/T‘ it decreases. " 1f, however, we-ask how'the system behaVes
has a function of increased forelgn gas pressure then as long as the ratlo'
of elastic to 1nelast1c collision rates is not a function of pressure,
:there is still no quenehing for Aw >> 1/: . The reason for this is that

c :
' the average number of elastic collisions occuring before an inelastic



collision remains fixed_and, therefore, E; remains unchanged.

We can also make a: quantitative COmparison.of our data to -
theory, but the analysis is complicated by the doppler and'hyperfine'
.nbroadening of the absorption line’and the linewidth of the' laser. Near

an isolated absorption-line, the resonance Raman cross-section in the

'eimpact approximation can be written asl4’15:

4 T, o ‘ "6y, - Q °)dv

do T 5 0 5

s Tl e S(v, - v, Jdv,- _
@ T . ., | ORI o, - v, )2 . FTZ

1nWhere G(vr - vio) is the line shape of the resonance due to doppler and
" hyperfine broadening centered at vro and S(v, -‘vzo) is the line shape
of the laser centered at vzo' FT is the linewidth due to COlllSlOnS and

‘natural damping and F is the contribution to the 11new1dth from elastic

: collisions. 1In order to evaluate the dependence of gg on pressure, P, and Av="

51.920 - v.% we assume that G and S are gaussians and use fourier transforms

" to reduce the double integral to a single integral. We then neglect

" matural damping, assume the I''s vary linearly with P, and evaluate the

b”_sgintegral numerically as a function of Av and P. The results of such a

‘ecalculatlon are shown as the curves in Fig. 2, where we have assumed that

.%S:T = (1.4 x 10 -4 cm /mm)xP and that the convoluted gau551an half width

2 ;(at 1/e) of the laser and the resonance is .024 cm—l, Over all normali-v
«f?ation was set.by a best fit to the Av = 0 data. It is cleer that this

Trnodei calculation adequately represents the data as a function of (Av)

““and P, further supporting the view that there is no distinction between



resonance Raman scattering and fluorescence in gases.

Our measurements of large.scattering cross-séctions for 12
in nitrogen af-atmospheric pressure are also of préctical interest for
the possible use of laser backscattering for remote detection 6f poilutant

levels in the atmosphere. The cross-sections we have measured should

allow the detection of less than 1 ppm of 12 at several kiiqmeters._
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1)

" P(47) rotational line by 0, .025, .05, .1 and .2 cm ",

FIGURE CAPTIONS

Scatterd intensity of Raman mode located at 213 cm-1 vs. laser
frequency for'I2 vapor at a pressure of .28 mm with no buffer gas

present.

Plot of the differential Resonance Raman scattering'cross?section

for the Ramén mode located at 213 cm—l vs. nitrogen buffer gas

pressure for laser frequencies‘separated'from the center of the 0-25 -

1
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