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We discuss the resonance absorption of y quanta in Sn

19 4n SnO, particles suspended in differ-

ent liquids. We show that variation of the viscosity of a glycerine suspension by diluting the
latter with water, at a constant temperature, increases the line width in accordance with the
law formulated by Singwi and Sjolander.[“ The same happens to a suspension in a silicone oil
whose viscosity is altered by changing the temperature. In suspensions, unlike ordinary lig-
uids, the absorption occurs in crystallites, albeit small, to which the Debye-Waller formula
for the solids applies. We discuss the mechanism of the absorption of the v quanta in the sus-
pension, on the basis of Frenkel’s model for liquids, and take the settled lifetime of the col-

loidal particles into consideration.

THE connection between the resonance absorption
of v quanta and the dynamics of atomic motion in
gases, liquids, and solids was considered theoret-
ically by Singwi and Sjolander. (1) They found the
dependence of the resonance-absorption cross sec-
tion on the concrete type of correlation function,
and showed, under the assumption that the ideal-
gas molecules have a Maxwellian distribution, that
the effective cross section for resonance-absorp-
tion is given by the expression
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Here oy is the resonance-absorption cross section
when all the nuclei are absorbed without recoil, M
is the nuclear mass, k Boltzmann’s constant, T
the absolute temperature, v the source velocity,
R the recoil energy, I, the half-width of the reso-
nance line, E; the transition energy, and c the
speed of light. The function u(x, y) is used in
spectroscopy and astrophysics for the theory of
spectral-line broadening by the Doppler effect.t?]

If 0 is maximal (opmax) at E = E;, the width of
the resonance curve I is determined by the condi-
tion

0(Ey +1/oT') = 0y, = Y20 max

which is equivalent to
u(xy, y) [u(zo, y) = o (2)
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Singwi and Sjolander considered a model of a solid,
in which the atoms go from one crystal lattice site
to another, staying an average time 7, at each
site. The atoms can absorb only when they are at
the lattice sites. In the case of a cubic lattice the
maximum increase in the half-width will be

AT = 24 / 7. (3)

This expression is equivalent to the uncertainty re-
lation. [3]

The character of motion of absorbing atoms in
a liquid is far more obscure than in gases and
solids. Using the Langevin function for Brownian
motion, Singwi and Sjolander obtained
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where W, is a quantity analogous to the Debye-
Waller factor for a solid and D is the diffusion co-
efficient. Then the line broadening is

AT = E¢D [ hc? (5)

or, taking into account the expression for the dif-
fusion coefficient!?]

Eek T

. (6)

Al = 3nhcr q

Here r is the particle radius and 7 the viscosity
coefficient of the liquid.

According to Frenkel’s theory the motion of
the molecules in a liquid is similar to the diffusion
of atoms in a solid. The liquid molecule vibrates
about an equilibrium position during a time T,

[5]
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after which it overcomes a potential barrier with
energy w and goes into another position. This new
position is located at a distance of the order of the
molecule radius 8. The duration of the equilibrium
position is given by

T = ToeW/hT,

(7)
According to this theory, the viscosity coefficient
of the liquid is connected with 7 by

kTre—vwblk

nird?

where v, is the volume per molecule under nor-
mal conditions, « the thermal expansion coeffi-
cient, and B a coefficient that shows the change in
energy due to the volume expansion.

From (6) and (8) we obtain

(8)

(9)

AT' = const -1,

which obviously is analogous to (3).

We would expect expressions (1) and (4) to co-
incide, at least for a liquid in which the molecules
have random orientation'®’ and the distribution is
Maxwellian, [ 73 However, it follows from (2) and
(6) that in gases the half-width of the line depends
only on the temperature, whereas in liquids it de-
pends also on the viscosity. In our opinion this is
connected with the fact that in gases the molecules
do not oscillate at all. This difference becomes
obvious when the half-life t;/; is much smaller
than the average time t, between gas-molecule
collisions. In the case when t;/,=> t, the velocity
and direction of the absorbing particles changes
within a time fc, a fact not considered in the der-
ivation of (1).

Boyle et a investigated the broadening of
the resonance line near the melting point of metal-
lic tin and reached the conclusion that the reso-
nance absorption is best described by a diffusion
model.

A check on the equations of Singwi and Sjolander
for liquids was made by Craig and Sutin,”” who
investigated the diffusion broadening of the reso-
nance line of Fe®, using for this purpose glycerin
solutions of C057012, porphyrin, and hemoglobin,
which contained Co® in place of iron. The absorber
was solid. They investigated the dependence of
AT on T /n. It is interesting to note that Craig
and Sutin obtained very good agreement between
experiment and theory, in spite of the fact that
they operated with a liquid which is far from the
ideal liquid for which the equations have been de-
rived. The lower alcohols behave in other cases,
too, like liquids with random molecule orientation,
in spite of the presence in them of a hydrogen
bond. £

1[8]
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The cited papers do not consider the question
of resonance absorption in suspensions. It is
known that the laws of particle diffusion in sus-
pensions are the same as the laws of molecule dif-
fusion in liquids. However, the tremendous dimen-
sions of the suspension particles, even compared
with high-molecular compounds such as hemo-
globin, affect the resonance absorption of the vy
quanta.

Recoilless absorption of the y quantum by a
particle has a certain probability, given by the
Debye-Waller factor and dependent on the phonon
spectrum of the suspension particles. This spec-
trum can differ noticeably from the final spectrum
of a macrocrystal of the same substance.!1 This
raises the question: how does diffusion influence
the recoilless absorption in the lattice of the sus-
pension particle ? If we consider the Frenkel
mechanism of molecular motion, then such an ab-
sorption should be influenced by two factors, the
particle velocity and the equilibrium time 7. Un-
fortunately, however, there is apparently no men-
tion in the literature whether Frenkel’s theory is
applicable to suspension particles.

If we assume that the particles have a Maxwel-
lian velocity distribution and that it is meaningless
to introduce the equilibrium time, then we obtain
for the resonance absorption an expression similar
to (1). But in this case the recoil energy R of the
particle is practically zero, and o, is replaced by
the cross section for resonance absorption in a
crystal, which depends on the Debye-Waller fac-
tor. For a sufficiently thin absorber this expres-
sion is obtained by multiplying the probability that
the particle has a definite velocity (in the y -quan-
tum propagation direction) by the probability of
resonance absorption at this velocity and by inte-
grating from —wo to +«. Our calculations for a
suspension of SnO, with particles containing 10° -
101 molecules each, in the temperature interval
from —40 to +40° C, have shown that under these
conditions u(x, y)(1) changes by less than 10%. If
we neglect this change, then we find in accordance
with the tables of [?] that X1/ ~ 1, and conse-
quently

2kT v2) '

2 (
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Here (F)i/2 is the component of the rms velocity
in the 7y -quantum propagation direction.

APPARATUS AND EXPERIMENTAL PROCEDURE

The resonance absorption spectra were ob-
tained with a Mossbauer spectrometer with moving
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source of velocity ranging from 0 to 30 mm /sec.
The velocity could be determined within 0.5% of
its absolute value. In each cycle of source motion,
there are two periods in which the velocity has the
same absolute magnitude but opposite signs.

The source, Sn'*™0,, was at room tempera-
ture. The absorber temperature changed from
—196 to +250°C. The absorber was prepared in a
grinder by grinding for several days in water,
glycerin, silicone oil, and paraffin. The viscosity
was measured by the Hepler method.

RESULTS AND DISCUSSION

Figure 1 shows the half-width of the resonance
line obtained in measurements of SnO, suspensions
in glycerin as a function of T/n. The viscosity
was varied by dilution with water at a constant
temperature, +9.8°C. We see from the figure that
the variation is the same as given by expression
(6) in accord with the Singwi and Sjolander theory.

/2, mm/sec

FIG. 1. Plot of I'/2
against T/n for a glycerin
solution diluted with water
at a constant temperature
9.8°C.
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As already noted, the particle-velocity distribu-
tion should be Maxwellian and must not depend on
the dilution of the suspension if the temperature is
constant, since a Maxwellian distribution does not
depend on the viscosity. Consequently, the change
in the resonance line width with changing viscosity
cannot be explained by assuming that the v quan-
tum is absorbed ‘‘instantaneously.’’ Nor can this
be explained by assuming that the y quantum is
absorbed within a certain time interval within the
order of the half-life of the nuclear level.'®’ Since
the system of particles in the suspension is gov-
erned by the ergodic principle, the dependence of
the y-quantum absorption probability on the parti-
cle velocity distribution will be the same in both
cases. The physical picture of the process that
leads to the line broadening can be deduced by as-
suming that the suspension particles stay in equi-
librium during some time. The absorption of the
v quantum then depends not only on the instanta-
neous particle velocity, but also on the time inter-
val between the jumpwise changes in velocity.
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FIG. 2. Plot of I'/2 against

i T/n for a suspension in silicone
2 o, oil.
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The line broadening with change in temperature,
for a suspension in silicone oil, has a similar var-
iation (Figure 2). It is interesting, however, that
when the temperature of a glycerin suspension is
changed, the half-width varies in accord with (10)
and not (6) (see Figs. 3 and 4). We are unable to
explain this phenomenon at present. It may be con-
nected with the fact that some of the SnO, settles,
and this may lead to an accidental agreement be-
tween the experimental data and (10).

/72, mm/sec ,
3
. FIG. 3. Plot of I'/2 against
T%, according to (10) for a sus-
2

pension in glycerin.
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> FIG. 4. Plot of I'/2
ir against T /5 according to
(6) for a suspension in
2+ glycerin at variable tem-
/ perature.
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The line half-width obtained following freezing
to liquid-nitrogen temperature or settling of the
glycerin or silicon suspension is practically always
the same. This means that the dimensions of the
suspension particles are very large and there is
no noticeable change in the phonon spectrum com-
pared with the SnO; macrocrystal. It is interesting,
however, that these values are approximately 30%
lower than those obtained for these samples by ex-
trapolating the straight lines in Figs. 1-3 to
n — «, when both should coincide.

Of course, the increase in the half-width leads
to a decrease in the effect € = (N — Nj)/N,.

This is clearly seen from Fig. 5, which represents
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FIG. 5. Temperature dependence of the effect
e = (N, — Ny)/N,, for solid SnO, and a suspension of Sn0O, in
silicone oil.

the temperature dependence of € for solid crystal-
line SnO,y and for suspensions of the same sub-
stance in silicone oil. (It must be noted that these
results were obtained with the source and ab-
sorber at the same temperature.) If, however, we
define the effect as the area under this line, then
it remains constant within the limits of errors.
This is a natural consequence of the diffusion
nature of the line broadening.

A very interesting result was obtained by in-
vestigating a suspension of SnO; near the freezing
point. It is seen from Fig. 6 that in the tempera-
ture interval from 0 to +2.5°C the half-width
changes by a factor of four. (The measurement at
0° C was made with the suspension not frozen.
The sharp increase of T' at 2.5°C is a result of
settling of the suspension.) The viscosity of the
water in this interval changed by only 8%. t11]
Consequently, the abrupt change in the half-width
near 0°C cannot be described by means of (10).
It is obvious that this phenomenon should be con-
nected with the special structure of water near the
freezing point.
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S FIG. 6. Temperature depend-

Jr ence of I'/2 for a suspension of
SnO, in water,
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Figure 7 shows the variation of the resonance-
line half-width for a suspension of SnO, in paraf-
fin. The strong change in the line half-width oc-
curs at the instant of melting of the paraffin.

We have used also a different procedure. Fig-
ure 8 shows the intensity of resonance emission in
the case of a mixture of two different SnO, suspen-
sions in silicone oil. One suspension was obtained
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FIG. 7. Temperature dependence of I'/2 for a suspension
in solid paraffin.

FIG. 8. Temperature depend-
ence of the intensity of radia-
tion from Sn'**™ dispersed in
silicone oil in the form of
SnO,. Stable Sn***™ in SnO,
form was also dispersed in the
silicone oil. The solid cutve
pettains to measurements made
immediately after mixing the
. two suspensions, while the
dashed curve pertains to meas-
surements made 5 days later.

with Sn!®™  and the other with stable tin. The
solid curve pertains to a freshly prepared mixture
and the dashed to measurements made five days
later. We see that the temperature dependence be-
comes weaker in the course of time. It seems to
us that the change in the temperature dependence
can be attributed to the linking of radioactive and
nonradioactive particles, which reduces their
average velocity.

The results of the work show that investigation
of the Brownian motion by the Mossbauer effect
uncovers interesting possibilities for the investi-
gation of the structure of liquids and the y-quantum
absorption mechanism.
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