Laser Spectroscopy.l.A Trial Arrangement for
Detecting Laser Raman Scattering in Gases.
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§ 1. Introduction

Raman spectroscopy is concerned with the phenomenon of a change of frequency
when light is scattered by molecules. The phenomencn is that, when monochromatic
light of frequency v, is used, the spectrum of the scattered light shows a pattern of
lines of shifted frequency. The shifts are independent of the exciting frequency v,
and are characteristic of the species giving rise to the scattering.

Since the phenomenon was discovered, Raman spectroscopy has played an important
role in researches of molecular science. Experimentally, much Raman work has been
done with specially designed mercury lamp using the intense blue line.

The search for a more intense monochromatic source for the Raman spectroscopy
has been the task of many scientists for a long time, and frem the moment the laser
was invented, the application of the use of the laser for a Raman source has been
researched.

After Raman spectra of organic compounds were successfully observed by Porto
and Wood® with excitation by pulsed ruby laser, a large amount of laser-excited
Raman studies has appeared®,

Now, in our institute, a project is carrying on spectroscopy of scattered light in
gaseous molecules contained in a specially designed multiple reflection cell, and excited
with a stabilized cw-gas laser of a single frequency.

In this report, some features of main elements of our arrangement and discussion

on the photoelectric detection of the scattered light in gaseous molecules are described,

§ 2. Laser

In contrast with the property of conventional mercury lamp, the laser contains the
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energy in a very narrow parallel beam which can

wants. The polarization and intensity are well controlled,

the hall-

of the laser line is smaller than those of the lines of the mercury or any other light
sources. 3o, it is expected that the laser beam is probably the most ideal light source
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for Raman spectroscopy, provided that the power level and the operating frequency

Laser became available a few years ago and a

o
s
=
o
]
o]
54
jpw]
@
‘;
=
D
‘:‘.)
&
@
-
15
w

orto and Wood,”®  This exciting
required 50~100 laser flashes to obtain

on and benzene and had tc he cooled

an data were p‘s..ub”shed by Kogeinik and Porto® who used the

1

helium-neon gas laser oscillating at 6,328 . A zs a Raman source. Although
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neon gas laser can be operated at a number of frequencies, the most suitable frequency
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In our experim«en.’c a stabilized helium-neon gas laser oscillating at a single mode
Q P Py

of 6,398 5 is used as the exciting source, for the reason to make resonate to
specially designed sample cell of multiple reflection type. The laser is of a modified

JLG-068 type of the Japan Electron Optics Laboratory and its frequency stfbﬂity is
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(1), the luminous flux is estimated as

D 5o 10720 watt, (

-~
R

with I~I,=0.2 mW/mm? and I, is the intensity of the laser.

In the case of photoelectric detection with these arrangements and a cell of 100
mm length, the luminous flux of this order is considerably smaller than the noise
power of the photomultiplier. Then if reflectors are placed at each side of the cell
and if the the beam is reflected about 100 times, the intensity of the beam in the cell
is 100 times as large as as the incident intensity. So, with the multiple refiection
cell, the luminous flux is of the order of

D~ 5 > 1018 watt, (8)

If the lock-in technigque is employed as the photodetection method, a dc¢ dark cur-
rent is given by'®

I,=[ 2 12/enB(S/N)*] 1, (9)

where, I, is a signal current, ¢ is the electronic charge, « is the gain of the photo-
multiplier for signal current and B is the bandwidth of the lock-in amplifier about a
reference frequency. Using the value of I;~10-* A of EMI 9558B photomultiplier,
n~108 e=1.6> 10-" coulomb and B=0.1 cps, the minimum detectable signal current,
which corresponds to §/N=1, was obtained as ({z)m:, =3 x 10712 A, With an average
cathode sensitivity of EMI 9538B of 140 zA/lumen or 9 x10® A/watt, this corresponds
to an incident light power of 3 » 10-'7 watt.

The scattered light power obtained above is, therefore, ten percent of the dete-
ctable power of the photomultiplier, so with these arrangements, it is almost impos-
sible to detect photoelectrically Raman light in gases at the room temperature.

Then, a special sample cell, designed by Dr. 8. Hattori, was constructed by the
Kinmon Seisakusho K. K., of which the cross-section is drawn in Fig. 3.  This cell
consists of the sample container of fuzed quartz, indicated by A in the figure, a pair
of mirrors, B and C, and lenses D and F. The end of the sample container has
Brewster’s angle windows and mirrors are coated so as to have the reflection coef-
ficients of 100% and 98% at 6,328 A. Both spherical mirrors have a radius of curva-
ture of 76 mm and the distance between two mirrors is about (76> 2 ) mm.

The laser beam passes through the lens D, of which focal length is 100 mm, and
reflects at each mirror. Then, the incident beam is collected'? to the cylindrically
symmetric region of the radius v~ (2 1 f /z#,), where 4 is the wavelength of the laser
line used, f is the focal length of the focusing lens and 7, is the mode radius of the
laser beam. Hence the intensity of the beam in the cell will be effectively enhanced
and become the order of m I,r,2/#?, where » is the number of reflection times and I,
is the laser intensity. The Raman scattering is observed through the window at right
angle and is detected through both the mirror E and the lens F.

The number of reflection times # is approximated to be (1 —R)-, where K is
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Now, adjustments and preliminary experiments on the laser and the cell are in

progress and some data will appear in the near future.



Laser Spectroscopy 1 89

Acknowledgements

The authors wish 1o express their hearty thanks to Dr. Shuzo Hattori of Nagova

University for suggestion of these experimental arrangements to research the g

spectroscopy and for design of new cell, and also for much stimulating discussion and

valuable advices throughout the project.

This work was partially supported by the Grant-in-Aid from the Miuistry of

Education.
References
(1) S.P. S Porto and D, L. Wood, J. Gpt. Soc. Am. 52, 251 (1962).
(25 H. A, Szymanski (ed.), Raman Spectvoscopy, Plenum Press, New York, 1967, Chaps. 2 and 3.
(3) H. Kogelnik and S. P. S. Porto, J. Opt. Soc. Am. §3, 1446 (1963).
(4) R.C. C Leite and . P. 8. Porto, I. Opt Soc. Am. 54, 90i1 (1964).
(5% I A. Koningstein and R. G. Smith, J. Opt. Soc. Am, 54, 1061 (1964).
(6) T.C Damen, R. C. C. Leite and S. P. S, Porto, Phys. Rev. Lett. 14, 1 (1963).
(7 Y. H. Pao and J. E. Gritfiths, J. Chem. Phys. 48, 1671 (1967).
(8) A. Weber, S. P. S. Porto, L. E. Cheesman and J. ], Barrett, J. Opt. Soc. Am. §7, 19 (1967).
(9y M. Born and E. Wolf, Principles of Optics, Pergamon Press. 1964, p. 407,
(10) R. R. Alfano and N. Ockman, J. Opt. Soc. Am. 5§, 90 (1968).

(11)
(12)

J. §. Barrett and N. I. Adams, I, J. Opt. Soc. Am. 5§, 311 (1963).
G. A. Morton, Appl. Opt. 7, 1 (1968).



