\"COMITATO NAZIONALE -PER LENERGIA NUCLEARE "
: I.aboraton Nazionali d| Frascati- '

\

1 o | LNF - 64/48
- o "~ 9 Ottobre 1964.

P. de Maglstrls I. Modena and ., Scaramuzzi: DEPENDENCE '
‘OF IONIC MOBILITIES IN LIQUID He3 ON TEMPERATURE
,AND DENSITY

t

(Nota interna: n. 259)

) Servizio Documentazione
dei Laboratori Nazionali di Frascali ‘del CNEN
" Casella Postale 70 - Frascati (Roma)




Laboratori Nazionali di Frascati del CNEN
Servizio Documentazione

LNF - 64/48

Nota interna : n. 259
9 Ottobre 1964.

P. de Magistris, I. Modena and F. Scaramuzzi: DEPENDENCE OF 10-
NIC MOBILITIES IN LIQUID He® ON TEMPERATURE AND DENSITY(X).

We have measured the mobility of poritive and negative ions in
ligquid He3 as a function of the temperature and of the density of the li-
quid. Previous measurements had been performed by Meyer, Davis, Ri
ce and Donnelly(l) and in this laborator"y(z' 3), but they were not so ex-
tensive as those presented here.

We used two different techniques in performing the mobility mea
surements. The first technique - the same used to obtain the measure-
ments reported in ref. (2) and (3) - is based on the method devised by
Cunsolol4) for He* and consists of the measurement of the time-of-flight
of ions between two electrodes, whose distance is known. Recently one
of us (F. S. ) developed a new method based on the measurement of the
voltage-current characteristics of a diode in condition of complete space
charge limitation. This condition is defined by having zero electric field
at the ion source electrode. The integration of the Poisson's equation gi
ves the following simple relation :

i = X pmv2

where i is the measured current, V the applied potential, /4 the ionic mo
bility and o a coefficient depending on the geometry of the cell. This
method has been successfully used in the measurement of ionic mobilities
in He*(5), The latest measurements have been performed with this me-
thod, which is faster and simpler to use and gives smaller errors. The
time-of-flight method requires that the distance between two electrodes
be known. The complete space charge method requires, besides this, the
knowledge of the absolute values of the current and of the voltage. We ha
ve preferred to calibrate the complete space charge cell with respect to
one experimental point taken with the time-of-flight method: the agree-
ment for the other data is satisfactory. The electric fields used with the
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complete' space charge method are rather lower than those used for the
other method : they were never above 30 v/cm

The technique used to increase the pressure in the experimen- -
tal cell has been described in ref. (3).. Briefly, it consists of a stainless
steel Toepler pump (a bellows filled with mercury), which enabled usto '
reach pressures up to 25 Atm using not more than 21t NTP of Hel. Be-
fore entering the cell, the He? was passed through a trap at liquid He4
temperature. A standard type of continuous He3 refrigerator enabled us
to reach the temperature of 0. 39°K.

In figs. 1 and 2 the values of the mobility for positive and nega
tive ions respectively are reported as a function of the density of the
liquid, for different temperatures For negative ions the vapour pressu
re values are indicated by a dotted line (fig. 2). For positive ions this
has not been made, as the vapour pressure mobilities had already been
presented in ref. (3). Both the straight lines in fig. 1 and the curves in
fig. 2 must be considered as a rough attempt to find an empirical best
fit to the data for a fixed temperature. The errors reported in both flgu
" res are not to be intended as statistical errors, but as a measure of the
uncertainty with which the straight lines can be thrown through the expge
rimental points (in both methods it is necessary to ‘throw. a straight li
ne : see ref. (4) and (5) ).

It is not possible at present to fit our experimental data in any
satisfactory theory. We will limit ourselves to point out a few conside~
rations about the limits within which a classical model can fit the data.
The classical approach to this problem can be summarized in the two
“formulas describing the motion of an extraneous particle in a fluid, due

to Einstein | :

. _€eD
(1) AR T
and to Stokes-Einstein
kT
(2) , D 67 R

Combining them, we get the well known Walden's rule
(3) ‘ ’7/“- = constant ,

valid in the hypothesis that the radius of the particle is constant. Table

I shows the values of %.4 in arbitrary units calculated for positive and
negative mobilities at vapour pressureas a function of temperature. From
tabl e I it appears that equation (3) is satisfied only for positive ions for
temperatures. down to ~ 1.4 K. The lack of data for 4 values under
pressure doesn't allow us to extend this kind of computation to larger li-
quid densities. ' '

| Another quantity which can be calculated in the approximation
of this model is the diffusion coefficient of the ion, Dj4, from equation
(1). As already noted in ref. (3), Dj4 exhibits the same temperature de-
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pendence of the self diffusion coefficient down to ~ 1. 49K (the ratio of
the absolute values D/D;+ is about 7). But the values at lower tempera
tures show a complete disagreement between the two diffusion coeffici-
ents. In particular in the D;; curve there is not any minimum corre-
sponding to that in the D curve,

TABLE I

"]/b product in arbitrary umts for positive and negative
ions computed from smoothed values of A at vapour
pressure and from the v1sc051ty meaeurements by Betts
et al.
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Reférring to the density dependence of the mobility, we want to
point out that even the data for the self diffusion coefficient under pres-
sure given by Garwin and Relch(7) show a behaviour almost linear inthe
same range of densities as ours, 11ke the mobility of p081t1ve ions (see
fig. 1). :

A s1mp1e model for the pos1t1ve ion was given by Atklns( ). who
computed the effective mass of the ion due to polarization forces. Though
the model is very rough, we may suppose the radius of the ion to be the -
distance at which the pressure equals the melting pressure. This implies
the picture of the ""snow ball', or solid cluster ion. The values of R so
calculated and those from the values of A using the Stokes formula

= &
R 6 7 Y M

.are reported in table II. The two sets of values are in good agreement as
far as the magnitude is concerned, but the dependence in temperature is
instead opposite.

To conclude, we want to point out that recently theoretical works
appeared in which the motion of the ions is considered in systems made
up of bosonst?) or fermlons(lo) but it is impossible to test these theo-
ries making use of our data, because they are valid only at temperatures
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lower than those we had to deal with. Work is in progress to extend the
temperature range of our measurements.

TABLE II

Comparison between the Atkins radius (snow ball
model) and the Stokes radius (see equation (5) ),
both in A as a function of temperature

T R(Atkins) R(Stokes)

3.0 | 4.55 . 4.78

2.2 4.95 4.55

1.6 5. 40 4.53

0.8 6. 05 , 3.54
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FIG. 1 - Positive ion mobility at different constant tempera-
turesversus the density of the liquid.
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FIG. 2 - Negative ion mobility at different constant tempera-
tures versus the density of the liquid. The dotted line shows
the vapour pressure values. ‘ ‘
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