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During the expansion of deuterium the energy of the rotational degrees of freedom is transferred to
directed translational energy. The amount of transferred energy depends on the initial energy content of the
rotational modes and on the rotational collision cross section Q... The rotational collision cross section is
usually expressed in terms of a temperature dependent rotational collision number Z.,+(T) = Qug/Qpqt» where
Qs is the collision cross section of hard sphere molecules. Thus, Z.,. may be interpreted as the average num-
ber of hard sphere collisions required to relax the gas. Calculations for HZ and 0y /1,2/ predict a decrease
of Lot With increasing stagnation temperature T, in the range T, < 300 K. We are not aware of any experimen-
tal proof of this decrease in free jet expansions. Here, we report results of an investigation of the rotatio-
nal relaxation in Dy nozzle beams in the range T, = 78-473 K.

The experimental setup is a modification of the molecular beam TOF machine used in this laboratory /3/:
a nozzle beam unit with a 10 yn free jet source /4/ is now added. The average flow velocity V; and the speed
ratio § {i.e. the translational beam temperature Tb = Vzm/ZSZkB) are obtained by pseudorandom TOF measurements
as described in detail in ref, 5 {the flight path is increased here to 790 mm).

As in former investigations /6-8/ the rotational energy of the molecules in the beam E?ﬁ:m is evaluated

from TOF analysis by means of an energy balance:

beam _ 1 5
Erot = Mo ~72m V" -3 KTy (1)

where H, is the source enthalpy, m the molecular mass and kg the Boltzmann constant. With the assumption that
the rotational states in the beam have a Boltzmann distribution, an effective rotational temperature T?g:"' is
derived from the measured Egggm. The collision number Z.,, is obtained by integrating a linear relaxation
equation with a single, unknown relaxation time for the free jet expansion. Since our approach is similar to
the method of Gallagher and Fenn-we refer the reader for a detailed description to ref. 6,7.

Figure 1 shows the rotational temperature in Dz nozzle beams at T, = 78, 173, 308 and 473 K as a function
of the stagnation pressure, determined from eq.l with experimental TOF data for V and Tb. The rotational tem-
perature decreases with increasing p,. This is due to the increasing number of -collisions suffered by -a mole-
cule before entering the free molecular flow region. The solid lines show the best fit numerical solution of

the linear relaxation model. The resulting collision numbers Z.ot are shown in fig. 2 as a function of tem-

perature; Z.,. decreases with increasing temperature, reaches a minimum at about 300 K and increases slightly



with further temheratur‘e increase. This behaviour may be interpreted following the arguments of Raff /1/ and
Rabit_z and Lam-/2/. At low temperatures D, ‘behaves iike a two leve} system.‘nue to the domfnance of‘short E
rangev repulsive forces in the D, interaction ﬁétedtiél ‘the rotational cross section ng increases with in- '
creasing collision energy, i.e. Z., decreases with increasing temperature. Provided that this two level pro-
cess predominates Z.,; would steadily decrease with increasing‘temperature. At higher temperatures, however,
higher levels become populated. Because of the larger spacings between these levels their corresponding rota-
tional cross: section Qpot 15 smalier. These levels being increasingly involved in the transitions the tempera-
ture dependency is. inverted; Z.;. increases with increasing temperature as qualitatively confirmed by the ex-
perimental Z.,, value at 473 K. :

In figure 2 also shown are room temperature collision numbers for. HD and Hy expansions. HD relaxes after
~undergoing only one fifth of the aumber of collisions required to relax By. This is because the level spacings
in HD are smaller and because HD rotates about a center of mass displaced from the geometrical center of the
molecule, On the other hand, due to the larger level spacings, Hy is found to require two times the number of
collisions required to relax Dy. The Hy vaiue is in gpod agreement bwi‘th the value of Gallagher -and Fenn /7/

_obtained at the same temperature.
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Fig. 1  The measured rotational temperature nggm in Dz-expansions as a

function of the stagnation pressure p, at four stagnation tempera-
tures T, =78, 173, 308 and 473 K. The solid lines show the best
fit numerical solution of the linear relaxation model.
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Fig. 2 The temperature dependency of the rotational collision number Z.,¢
of Dy (O), 2o values for Hy (1) and HD (a) at 308 K as well as
for H, (O) at 300 K from ref. 7 are added for comparison. (The

dashed line is only to guide the eye.)



