
C ollis iona l T ra n sfe r  o f E n e rg y  in  A m m o n ia ; 
Som e T rip le  R esonance  E x p e rim en ts

Harold Jones * and Achim Eyer 

Faculty of Physics, University of Freiburg, 78 Freiburg, West Germany 

(Z. Naturforsch. 28a. 1703-1706 [1973] ; received 19 July 1973)

Infrared-microwave-microwave triple resonance experiments in ammonia are reported. The power 
modulated P13 line of a N20 laser was used to pump the i'2[Q(8, 7)] transition of ammonia. The 
dependance of the intensity of the collisionally induced signals produced at the (7,7), (6,6), (5,5) 
and (4,4) microwave transitions on c. w. microwave power applied to the (8,7) transition was mea­
sured. From the null signal observed for the (7,7) transition when the (8,7) transition was satu­
rated, it was concluded that population changes produced in the (7,7) levels occur predominently 
via direct collisional transitions which are strongly parity sensitive and that other processes have 
little contribution. The signals observed for the (6,6), (5,5) and (4,4) are produced by processes 
which are largely insensitive to parity.

Introduction

We wish to report initial results of some infrared- 
microwave-microwave triple resonance experiments, 
carried out in the course of infrared-microwave 
double resonance investigations of collisional 
transfer of energy in ammonia.

The P13 line of the NoO laser was first used to 
produce infrared-microwave double resonances in 
ammonia by Shimizu and Oka1. As a consequence 
of its close coincidence with the ^2[Q(8?7)] 
transition of 14NH3, irradiation of a sample of 
ammonia with this laser line causes a large increase 
in the (8,7) microwave absorption at 23,232.2 MHz. 
The effect of this laser radiation on other micro­
wave transitions between levels not directly pumped 
by the laser, was observed 1 as small decreases in 
intensity of the (9,7) and (7,7) Stark modulated 
microwave absorption lines.

As a result of microwave-microwave double reso­
nance experiments in pure ammonia, Oka2 con­
cluded that in the collisional transfer of energy, 
dipole selection rules (i.e. AJ = 0, + 1 ; AK = 0 and 
parity change preferred over parity retention) pre­
dominate and that transitions in which z J /> l and 
AK 0 have much smaller probabilities.

Only two inversion doublets, the (7,7) and the 
(9,7) are connected to the laser-excited (8,7) level 
by a single-step transition obeying dipole selection 
rules. Using the more sensitive technique of infra­
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red modulated infrared-microwave double reso­
nance 3 we, in collaboration with Dr. W. A. Kreiner 
have observed collisionally induced signals in a 
total of 25 microwave transitions, some as far re­
moved in quantum numbers from the excited (8,7) 
transition as the (1,1). Details of this work will be 
published elsewhere.

The fact that signals are observed at the various 
transition frequencies shows that the population 
difference between upper and lower levels of the 
microwave transitions are varying in phase with the 
laser chopping frequency. The source of this varia­
tion may be that "collisional selection rules" favour 
the transfer of population from one of the levels of 
the transition or in some non-selective process such 
as a "heating effect"'. The following triple resonance 
experiments were carried out to investigate the role 
played by selection rules in some of the observed 
signals.

Experimental
The experiments consisted of observing col­

lisionally induced microwave signals produced when 
the chopped laser beam (1 KHz.) irradiated the 
)'o[Q (8,7)] transition and then determining the ef­
fect of applying c.w. microwave power to the (8,7) 
transition. The (7,7), (6,6), (5,5) and (4,4) tran­
sitions were used as signal transitions.

The apparatus used consisted of a 3.5 metre 
K-band waveguide cell to which a vacuum tight 
"magic-T" coupler was attached. The cell was sealed
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at one end by a NaCl window, through which the 
chopped infrared radiation was admitted, and by a 
mica window at the other. The two microwave 
radiation fields were fed into the two arms of the 
"magic-T through ferrite isolators. The microwave 
source in both cases was a frequency stabilised CSF 
carcinotron. In all cases the signal transition was 
at higher frequency that the (8,7) pumped transi­
tion and an adjustable waveguide cut-off was used 
to prevent the microwave pump radiation from 
reaching the detector diode. Observations were made 
using 500mWatt average laser power, focused into 
the K-band cell by means of a BaF2 lens. The maxi­
mum microwave pump power available in the cell 
was approximately 50 mWatt.

Results
The double resonance signal observed for the 

(7,7) transition with the microwave pump fully at­
tenuated (20 dB), about 20 mTorr of ammonia and 
10 microamps crystal current is shown in Figure 1 a. 
The resulting signals observed when 1 mWatt, 5 mWatt 
and 50 mWatt of microwave power, at the (8,7) 
transition frequency, was applied are shown in Pigs, 
lb , 1 c and 1 d respectively. With the maximum 
microwave pump power the (7,7) signal reduced

FREQUENCY
Fig. 1. Collisionally induced signals of the (7,7) microwave 
transition with approximately (a) 0 mWatt, (b) 1 mWatt, 
(c) 5 mWatt, (d) 50 mWatt of pump power at the (8,7) 

microwave transition frequency.

to very close to zero (Figure Id ) .  The change in 
signal observed when the signal frequency was 
statibilsed at the line centre of the (7,7) microwave 
transition (25,715.14 MHz) and the unattenuated 
microwave pump was swept is shown in Figure 2.
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Fig. 2. Change in the (7,7) collisionally induced signal pro­
duced as the microwave pump is swept through the (8,7) 

transition frequency.

The minimum signal was obtained when the pump 
frequency was close to the centre of the (8,7) 
transition (23,232.2 MHz). When the ammonia 
pressure was increased to approximately 70 mTorr 
with the maximum pump power the signal only 
reduced to 30*0 of the unpumped peak height.

For the (4,4) transition (24,139.39 MHz) with 
20 mTorr pressure an increase in signal strength of 
approximately 40% was observed on pumping the 
(8,7) transition. At higher pressures this change 
was very much reduced. For both the (5,5) and 
(6,6) transitions increases of the order of 20% were 
observed at pressures in the region of 20 mTorr 
when full microwave pumping power was applied 
to the (8,7).

Discussion
Some of the energy levels concerned are shown 

schematically in Figure 3. In the absence of micro-

chopped
infrared 
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(a) (b)
Fig. 3. Representation of some of the energy levels of am­
monia. Radiation fields are shown by straight arrows, pre- 

fered collisional transitions are indicated by wavev arrows.



wave pumping power, (Fig. 3 a) the chopped laser 
output produces greatest population changes in the 
upper level of the (8,7) doublet. The strong signal 
ob served at the (7,7) transition frequency (Fig. 
1 a), which corresponds to a decrease in microwave 
absorption when the laser is pumping, is consistent 
with a decrease in population, caused by the laser, 
occuring mainly in the lower level of the (7,7) 
doublet, i. e. dipole selection rules having pre­
dominance. When microwave power is applied to 
the (8,7) transition (Fig. 3 b) the laser has a 
greater effect on the population of the lower level 
of the (8,7) doublet. This effect increases with in­
creasing microwave power until when saturation is 
achieved population changes of equal magnitude are 
produced in the upper and lower levels of the (8,7) 
doublet, i.e. under these conditions the laser is ex­
citing two levels of opposite parity.

With 50 mWatt of pump power at the (8,7) 
transition frequency the (7,7) signal reduces to 
very close to zero (Fig. 1 d), this power level in a 
K-band cell is probably sufficient to saturate the 
(8,7) transition when the pressure is 20 mTorr. The 
near zero signal observed shows that under these 
conditions the rates of transfer of population from 
the upper and lower levels of the (7,7) transition 
are almost equal. This shows that the (7,7) signal 
originates from a direct transfer process to the (8,7) 
which is strongly parity dependent, and that the 
contribution from any other source is small. It is 
not possible to differentiate between the contri­
butions from "dipole" or "quadrupole" type tran­
sitions - in this experiment because both would 
react in a similar manner. Since the original double 
resonance signal corresponded to a decrease in 
microwave absorption this showed that the "dipole" 
type transitions have predominance and only this 
tvpe of transition is indicated in Figure 3 b. The ob­
servation that at higher pressure the (7,7) signal 
did not completely disappear is probably due to in­
complete saturation of the (8,7) microwave transi­
tion at this pressure.

For all the transitions (4,4), (5,5), (6,6) the 
observed double resonance signals correspond to a 
decrease in microwave absorption when the laser 
field is present. That is, a net decrease in the lower 
doublet level occurs. The parity of the inversion 
doublets of ammonia alternate with quantum number 
K. The levels of the (5,5) have the same parity as

the (7,7) and the (8,7) but for the (4,4) and (6,6) 
the system is inverted. If parity was of importance 
in explaining the double resonance observations 
then parity retention ( -|—>• + ) would have to pre­
dominate in the collisional transitions between the 
states (8,7) + and (4,4) + (or (6,6) +), while parity 
change ( H—*— ) would have to be favoured for 
those between (8,7) + and (5,5) _. On applying the 
microwave pump to the (8,7) transition the lower 
( — ) level is depleted. This produces an enhance­
ment ('20% to 40%) of the observed signals at the 
(4,4), (5,5) and (6,6) microwave transition fre­
quencies, which corresponds to a further decrease 
in absorption beyond that present in the double 
resonance experiment. This is the opposite effect 
from that expected if parity was of importance in 
the production of these signals. It must therefore be 
concluded that the process that disturbes the Boltz­
mann distribution of these three doublets has little 
dependence on parity.

A non-specific effect such as the heating of the 
gas by the laser might account for these observa­
tions. The intensity of an absorption of a symme­
tric rotor is proportional to T~o/2, see Reference 4. 
(Where T is the observation temperature.) Tem­
perature rises of 0.25 °C will thus produce a change 
in intensity of the microwave absorption lines of the 
order of — 0.22%. If such a temperature change oc­
curred in phase with the laser chopping, the re­
sulting intensity change is of the right order of 
magnitude to account for the observed signals. It is 
difficult to know if under the experimental condi­
tions an effective "temperature ripple" of amplitude 
0.25 C, oscillating at 1 KHz. is realistic or not.

Application of the microwave pump will increase 
the laser absorption, but only by approximately 
0.2%, since the difference in population between the 
microwave levels is only about 0.4%. This effect 
alone is unlikely to account for the observed in­
crease in signal of 20% to 40%.

The behaviour of a 3 level system under the in­
fluence of two strong, resonant radiation fields can­
not be described in a closed form in general 5. No 
attempt will be made here to give an exact treat­
ment, but the following simple semi-classical ap­
proach may be useful to indicate a possible source of 
the observed increase. The infrared and microwave 
fields are assumed to saturate the relevant transi­
tions. The population, n, of the microwave transi-



tion levels are assumed to be equal and the popula­
tion of the upper level of the infrared transition is 
at first assumed to be negligible small. With only 
the infrared field present a change in population of 
0.5 n is produced in the upper level of the micro­
wave transition. When both fields are present a 
change of 0.33 n is produced in both of the levels of 
the microwave transition. Thus the total reduction 
of population in the ground state levels has in­
creased from 0.5 n to 0.66 n i. e. a 32% increase.

This picture is, of course, much too simplified. 
"Hole burning" in the Doppler profile of the in­
frared transition occurs rather than complete satura­
tion. This effect alone should not effect this estima­
tion too greatly since the percentage increase when 
the microwave power is applied will be roughly that 
given above. An effect not considered which dimin­
ishes this change is the ZlJ = 0 "dipole" collisional 
transition, which tends to excite the lower level of the 
(8,7) in the absence of the microwave field. Oka 2 
has shown that this collisional transition becomes 
important as "K" increases. However this estimation

1 T. Shimizu and T.Oka, Phys. Rev. A 2, 1177 [1970].
2 T. Oka, J. Chem. Phys. 48, 4919 [1968].
3 W. A. Kreiner, M. Römheld. and H. D. Rudolph, Z. Na­
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at least indicates a possible source of effects of the 
right order of magnitude.

Conclusions

The collisionally induced signal observed at the 
(7,7) results from direct transitions to the (8,7) 
levels which are strongly parity sensitive. The sig­
nals observed at the (4,4), (5,5) and (6,6) are 
produced by some process which is largely parity 
insensitive, possibly by a "heating effect".
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