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the symmetry representations correspond to

even or odd parity of an energy level.

We now report the successful use of LID

to deplete the population of the B
2u

isomer in

a sample of gaseous ethylene, followed by

monitoring of the subsequent spin conver-

sions for the return to equilibrium. We mea-

sured isomer concentrations by recording the

absorption intensities of spectral lines with

appropriate J, K
a
, and K

c
quantum numbers.

Our experimental setup uses two CO
2

lasers

(Edinburgh Instruments PL3 as the separa-

tion laser and a home-built laser as the

probe) and three glass cells (for separation,

test, and reference) (16). We measured the

spin conversion rates for 13CH
3
F with this

setup and obtained good agreement with the

published results (6, 7).

For the ethylene study, the experimental

schemes are shown in Table 2, where the

reported results from high-resolution infrared

spectroscopy (17) were used to calculate the

frequency offsets between the C
2
H

4
transition

frequencies and the CO
2

laser frequencies.

Application of the LID technique for the sep-

aration of nuclear spin isomers requires that a

molecular transition be near-coincident with a

CO
2

laser line. Here, the 10P44 laser line with

a power of 6 W was used. Its frequency was

tuned about 20 MHz above the center fre-

quency by adjusting the laser cavity length to

set it in the red wing of the 9
0,9

@ 10
1,9

line of

the n
7

band of ethylene. This frequency

selectively excited the B
2u

isomer, with the

other three isomers acting as a buffer gas. The

B
2u

molecules drift, by the LID effect, along

the direction of the separation laser beam in

the separation cell, thereby depleting the B
2u

species and enriching the A
g
, B

1g
, and B

3u

species at the entrance end of the cell; this

direction of drift corresponds to an increase in

the collision cross section upon excitation. The

nonequilibrium population was then trans-

ferred through a valve from the near end of

the separation cell to the test cell. For high

sensitivity, we measured differential absorption

by splitting the probe beam to acquire simulta-

neous data from the test cell and the reference

cell with a population at thermal equilibrium.

We determined normalized absorption intensity

differences for appropriate probe lines to

observe the initial degree of isomer depletion

or enrichment. At an ethylene pressure of 1 torr,

the probe was tuned through five absorption

lines belonging to one of the species B
2u

, B
3u

, or

A
g

(cases 1 to 5 in the seventh column of Table

2 together with the corresponding absorption

coefficients in the sixth column) (18). The

depletion of the B
2u

species was about 3%,

with 1% or less enrichment of the other three

isomers.

The equilibration kinetics of the B
2u

-

depleted sample were measured as follows:

For the first 1-min period, the separation laser

was blocked and the valve was kept open to

record the zero baseline of the differential

signal in the first period. Then, in the second

period, the separation laser was unblocked and

its beam was introduced into the separation

cell for 3 min to generate the nonequilibrium

distribution in the test cell. Then the valve was

closed, and the decay curves due to isomeric

conversion were monitored during the third

period. Typical signals are shown for probing

B
2u

(Fig. 1), B
3u

(Fig. 2A) and A
g

(Fig. 2B)

Table 2. Experimental schemes and determined absorption coefficient b
(cmj1 torrj1), the percentage of enrichment or depletion (negative
values) at a pressure of 1 torr for a 3-min separation period, and pressure
dependence of conversion rate g 0 kp þ y of C2H4 at a temperature of

300 K, where k, p, and y are in units of sj1 torrj1, torr, and sj1, re-
spectively. Rovibrational transition is from the ground state to the n7 0 1
state. Frequency offset Df denotes the C2H4 transition d3 2-298.0276 4J
/F4375
6.0 Tc
(kr77 4.0276 (s)]TJ-199.917 -1.1239 TD
0.3071 Tc
[thf)6.6heCOC

2



populations. Very similar signals were also

observed for alternative B
2u

and B
3u

probe

resonances (cases 2 and 3 in Table 2). We tried

to monitor the B
1g

population dynamics but

were not successful because the line intensity

of the resonant 26
10,16

@ 27
9,18

transition was

too weak. The signals in the third period show

the relaxation due to the conversion among

spin isomers. A model function A exp(–gt) þ
B (where A is the integrated intensity, g is the

observed conversion rate constant, and B is

the baseline offset) was fitted to the decay

data of Fig. 1 to give the solid smooth curve

shown with a rate constant g 0 8.09 (T0.10) �
10j4 sj1.

The data clearly show that the concentration

of the A
g

species is almost constant in time,

whereas monoexponential kinetics are

observed for recovery of the depleted B
2u

pop-

ulation and decay of the enriched B
3u

popula-

tion. Furthermore, the B
2u

signal does not

return to the original zero-difference baseline,

and the B
3u

signal overshoots the baseline and

asymptotically approaches a new equilibrium

level. These general phenomena can be

qualitatively explained using Curl_s theory of

state mixing (19). We assume that conversion

of nuclear spin isomers of C
2
H

4
is allowed

between the B
2u

and B
3u

isomers, and between

the A
g

and B
1g

isomers, but forbidden between

species of opposite inversion symmetry. Spe-

cifically, molecular Bdoorway[ states are

posited, between either B
2u

and B
3u

or A
g

and

B
1g

, that are so close in energy that the weak

intramolecular nuclear spin-rotation and spin-

spin interactions of C
2
H

4
can induce mixing

between them. This mixing is interrupted by

collisions, which promote interconversion be-

tween either the B
2u

and B
3u

or the A
g

and B
1g

states, through the quantum relaxation process

proposed by Chapovsky for ortho- and para-

CH
3
F (20). Therefore, the time rate of change

of the number density of one species is deter-

mined by the net number of doorway transitions

within species of like inversion symmetry. The

concentrations of the B
2u

and B
3u

species relax

exponentially toward a common depleted

equilibrium level, whereas those of the A
g

and B
1g

species retain their initial enriched

level with no large relaxation. Net population

is thus transferred from the B
3u

to the B
2u

state (reflected in the absorption signal of

the B
2u

population not reaching the zero-

difference baseline, and the B
3u

signal passing

the baseline).

From the near-constancy of the signal in

the third period of Fig. 2B, it appears that

spin isomer conversion between states of

opposite inversion symmetry is negligible, as

is the impact of molecular collisions with the

cell wall over the 30-min time range studied.

However, over a longer time frame, it is

speculated that these factors could cause

eventual reequilibrium of the isomer popu-

lations to the initial thermal ratios (zero-

difference baseline).

The theory of quantum relaxation in ortho-

para conversion (20) predicts that, at low

pressure, the spin conversion rate should vary

linearly with the total gas concentration p.

Thus, the observed first-order rate constant is

g 0 kp þ y, and varying the pressure allows

extraction of the bimolecular rate constant k.

So far, this behavior has been observed for

CH
3
F (6, 7) and 13C12CH

4
(8). For C

2
H

4
, we

measured more than 100 conversion tracks at

different pressures and observation times, prob-

ing at each of the four B
2u

and B
3u

resonances

(Table 2, cases 1 to 4). The mean values of g
are plotted in Fig. 3 as a function of pressure.

The data fit reasonably well to a linear pressure

dependence. Rate constants from the fits for

each probe wavelength agree well within the

experimental errors (Table 2) and give an av-

erage of 5.5 (T0.8) � 10j4 sj1 torrj1.

Thus, our spin conversion observations

for C
2
H

4
are well accounted for by the mod-

el of quantum relaxation. The results provide

evidence of the weak intramolecular hyper-

fine interactions in C
2
H

4
and suggest that the

conversion mechanism among nuclear spin

isomers of polyatomic molecules in general is

quantum relaxation with conserved inversion

symmetry.
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