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ABSTRACT

Optically pumped laser action has been observed in dideuteroacetylene.
A total of fifteen output wavelengths in the 17.4 to 20.5 micron
region are produced, pumped by seven COg laser lines. The laser
shows a number of unusual features, in particular pumping on hot bands
and formally forbidden transitions and operation at high pressure

(65 Torr). Output energies were ~ 2 mJ from an unoptimised system.
The temperature and pressure dependence of the output energy has

been measured for typical lines. The time dependence of the output
pulse varies markedly between the various output lines and suggests
that one transition is Raman in origin.

(To be published in Optics Communications)

February 1978







1. INTRODUCTION

Molecular lasers operating on vibrational transitions pumped by a CO2
laser form a useful source of mid-infrared radiation, and also provide new
information on the spectroscopy and kinetics of the molecule concerned. In
contrast to the very numerous pure rotational far-infrared lasers, rela-
tively few lasers of this type have been reported, some of the best known
being OCSEI) CF452) CFaIES) NOClEz) NH3(4’5) and 02H456) We report here
for the first time laser action in dideuteroacetylene, C2D2. This molecule

displays a number of interesting features and provides 15 new wavelengths

between 17.4 and 20.4 um.

2, EXPERIMENTAL

12
The 02D2

heavy water on commercially obtained calcium carbide, which was de-gassed

used in these experiments was prepared by the action of

under vacuum prior to use. The 02D2 was dried over phosphorus pentoxide
but not otherwise purified. The only impurities detected in the infrared
absorption spectra were traces of 02HD, DQS and HDS and a very small amount
of C2H2.

A modified Lumonix model 203 line tunable TEA 002 laser was used to
pump the gas. The optically pumped laser system comprised a 12.5 mm square
internally polished copper pipe one metre long, terminated at one end by
a 10m radius internal mirror with a 1 mm diameter output coupling hole,
and at the other end by a Brewster's angle potassium bromide window. This
window was orientated so as to favour laser oscillation polarized parallel
to the linearly polarized pump laser beam, which was introduced into the
square pipe slightly off axis. The pipe could be cooled to 77 KS7) The

laser cavity was 2.3 m long, the other mirror being of 5m radius.
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Output wavelengths were measured with a 1 metre monochromator with a
resolution ~ 0.2 cm—l around 500 cm—l. The laser frequencies could bhe
measured to - 0.2 cm_l for strong lines and to I cm_1 for weak lines.
The accuracy was limited by the reproducibility of the laser power.
Second order grating responses and scattered light were eliminated with
12 um long wave pass filters and time resolved measurements made with a

mercury cadmium telluride detector having a 50 ns response time.

C2Dq pressures were measured with a capacitance manometer.

3. ASSTGNMENTS

The bending mode levels of C D9 relevant to laser action are shown

2
in Fig.l. Extensive high resolution spectral data are available for many
bands in CODO(B_ll) and made possible the prediction of optically pumped

laser action.

29 L
The (v -+ VS) band overlaps the 1;01602 9 pm laser band, and the Zﬁ

component o; this band has been analysed in detail in (10). Transitions

to the E; and A levels are forbidden from the Zg ground state, but data

for the Au level is available from the hot band absorpiton (v4+ \)5)/_\,u “ v4ﬂg
given in (11). Two hot bands occur in the same spectral region,

5u 4 g’
analysed in (10). Two further hot bands should exist as shown in Fig.l, but

(2v+ v, )7 evar and (2v,+ v )T <V, T ; and these bands have also been
3 1" g 4" "5u -

have not so far been observed. From the hot band pumped 1T upper levels

: oy : #
two possible laser transitions exist, to the zu and Au levels.
r} 7

Lines pumped from the ground state will generally increase in intensity
at low temperature due to the reduction of the population in the lower

laser level, although this effect may to some extent be reduced if the levels

are of high J. Where the lower level of the pump transition is vibrationally
excited, a rapid decrease in laser output with decreasing temperature is
expected for high J levels, while for low J levels this effect may be
compensated by rotational redistribntion, reduced lower laser level popu-
lation and reduced rotational relaxation. The laser transitions from hot
band pumped levels evidently have higher vibrational quantum numbers than

the ground state pumped lines. This leads to increased stimulated emission

cross sections, and lower minimum pump level populations for threshold gain.
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The assignment of the transitions pumped by R(12), P(24) and P(36) is
straightforward, as shown in Table 1. The lines pumped by P(24) only lase
at low temperature (< 230 K) owing to the high value of the rotational

partition function (245) at room temperature.

The strong lines pumped by R(20) persist at 200 K but cannot be
assigned to the (v4+ »5)25 to (V4)ﬂg band or to transitions pumped on a hot
band. Although the ground state to (v4+ vS)Au transition has not previously
been observed in absorption, calculations from the constants given in (11)
show the assignment given in Table 1 to be consistent. Direct observation

of this transition is reported in (12).

The lines pumped by R(14) are unassigned. No coincidence exists between
R(14) and any published absorption line of C2D2. This line rapidly decreases
in output power with decreasing temperature, which strongly suggests hot
band pumping. The most likely origin for this band is pumping to one of
the T states of (2v4+ VS) or (2v5+ v4) for which no constants are available.
The lines form a series for P(25), Q(24), R(23) approximately with

AB ~-»5x10~‘J which is a reasonabhle value for this molecule.

There are two hot band transitions close to the 002 P(38) pump line,

but the output wavelengths identify the transition pumped as P(4) of

(2v5+ v )Wg = Vg. Laser transitions occur to two lower vibrational levels,
Au and i of L5+ Va-

Again two hot band transitions lie close to the CO2 P(26) pump. One of

4
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these, R(2) of (2vg- v4) < Vg would give rise to the same upper level as

the P(38) pump line and hence the same output frequencies. The pump transi-

tion is therefore identified as the Q branch of (2v4+ VS) T Vg which will
3)

only have appreciable strength at low J as it is a M = 17 transition. The

output wavelengths correspond to transitions to the Z; lower level, and are

of low J as expected.

4. LASER CHARACTERISTICS

Optically pumped laser action is obtained very easily in C2D2, and
the various lines are shown in Table 1. In comparison with the CF4 opti-
cally pumped laser (ref.l) under conditions optimized for this gas, C,D,

gave output energies approximately three times larger on the strongest



transition. On the strongest lines (those pumped by R(12)) the laser
pulse energy is very reproducible even at room temperature, again in strong
laser which, even under optimized conditions at low

4
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temperature, shows strong fluctuations in outputg )

contrast to the CF

At room temperature thresholds were ~ 300 mJ for the R(12) pump line
with 6 Torr of C,D,. Under the same conditions 2 J input produced ~ 2 mJ

total output (P+R).

The temperature dependence of the 02D2 laser energy (all lines) was
measured for the lines pumped by CO, P(24), R(12) and R(14), and the results
are shown in Fig.2. For R(12) the slow rise with decreasing temperature is
due to reduction in the lower level population partially offset by rota-
tional redistribution in the ground state. The P(24) pumped transition on
the other hand benefits from both these effects. The R(14) pumped transi-
tion almost certainly originates in a hot band, but the decrease in laser

energy with temperature is partly due to the high J (~ 23) of the

laser levels.

All the lines, with the exception of those pumped by P(24) could be
obtained at room temperature. The transition pumped by P(26) was very weak
and sporadic in operation, as were the two lines marked as weak in Table 1
pumped by P(38). All the other lines were readily obtained and oscillated

reliably.

P(38) and P(26) have close coincidences with C2D2 hot band lines as
shown in Table 1, and the lasing frequencies strongly support the hot
band assignment. However, the laser output on these lines increased on
cooling to 200 K; if the assignments are correct it must be assumed that
this temperature behaviour reflects the low J quantum numbers of the levels

involved. 1In view of this temperature dependence these hot band assign-

ments require further confirmation.

The pressure dependence of the total output energy for the R(12) pumped
lines is shown in Fig.3. C2D2 lases over an exceptionally wide pressure
range of up to 65 Torr, as compared to 12 Torr for 0CS and to 23 Torr for
CF4 measured in Lthe same apparatusST) Dicde laser measurements on C2D2(12)

show the selfl pressure broadening coefficient to be ~ 12 MHz/Torr, so that

at 65 Torr strong rotational relaxation is occurring.
& g
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5. OUTPUT PULSE SHAPES

Typical pulse shapes are shown in Fig.4.

The lines pumped by R(12) lase within 65 ns of the pump pulse, which
is ~ 5 cavity round trips. This indicates very high gain, and we conser—
vatively estimate a gain coefficient of 2.5% cm—l. Laser action was main-

tained throughout the weak 'tail' of the CO2 pump pulse for up to 2 ps.

All the other lines except those pumped by R(20) show much longer
delays indicative of lower gain. For the various lines delays range from
200 ns - 1.5 ps, with pulse widths of 500 ns - 1.0 ps. The two lines pumped
by R(20) show markedly different behaviour. Laser action is nearly time
coincident with the 002 laser gain switched spike, and terminates at the

end of the spike. This is probably indicative of Raman laser action.

6. CONCLUSIONS

The CzD2 laser shows a number of features which have not previously
been observed: laser action on lines of very low J (Q(1)), laser action
on transitions pumped by a forbidden transition (A} = 2) and laser action

pumped on a vibrational hot band.

Aside from these interesting spectroscopic features, substantial out-
put energies have been obtained (2 mJ) in an unoptimized system. With

increased output coupling we anticipate large output powers being obtainable.

The long duration pulses produced by R(12) pumping combined with high
pressure operation strongly suggest that inversion of the entire (v4+ vS)Z:
manifold will be possible. This would permit grating runing and operation
on some 40 lines in the 17-20 pm region. A second set of lines would be
avajilable if the (V4+ vs)Au state can be similarly inverted or collisionally
pumped From the Zu state. Collisional pumping of 2u4 and 2v5 from Vgt Vs

may also be possible.

P . . 12 .
Other close coincidences exist between various C2D2 absorption lines

and 1201602
obtained (eg with a longer cell and higher pump energies). Further co-

2 ; ;
incidences exist between 12ClGOE, 13C1602 and 1 C1802 laser lines with

1213 13
C'7CD, and ~°CyD,,

in the 17-21 um region.

laser lines, and it is probable that other transitions can be

and would provide a considerable number of laser lines
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OBSERVED LASER TRANSITIONS IN CzD

TABLE 1

2

120160 120 D_ Absorption La§er Lower Level REEerYed Strength
272 Line v cm‘l
Pump
R(12) R(17)  (v,+ v5)2+ «as| p(9) | v 499.7 VVs
u 4
R(17) Vy 562.6 VS
R(20) R(16) (v4+ vs)au <GS | P(18) Vy 508 .4 M
R(16) P 567.8 M
P(24) R(0) (v,+ v.)I" « 68| P(2) v 527.4 S
4 5 7u 4
Q(1) Vg 530.6 S
P(36) P(6) (v,+ v)Z" «as | p(6) v 520.7 S
4 "57u 4
R(14) R(23)? Hot Band P(25)? | 2 489.2 W
Q(24)2 | 2 535.7 W
R(23)? ? 573.1 W
P(38) P(4) (2v5+ v4)née-v5 P(4) (v4+ v4)au 518.9 VW
P(4) (v_+ v )%
B 4% } 525.6 VW
Q (v5+ v4)Au
Q (v5+ v4)zu 532.2 W
P(26) Q (2v4+ v5)wue-v4 Q (?) (2\;4)2g (?) 527.1 VW
P(3) (2v4)2g 522.7 VW
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