
The Possibility of Applying Meson Spectroscopy

to the Study of Solution Chemistry

M. H. Lietzke and R. W. Stoughton
MASTER

One important area in which meson spectroscopy might be used

to good advantage is in the realm of solution chemistry. Although

a variety of techniques have been used to study the structural and

thermodynamic properties both of electrolyte and of non-electrolyte

solutions much basic information still needs to be obtained,

especially at temperatures other than 25°C. Moreover, different

methods, supposedly measuring the same quantity, sometimes lead to

ambiguous or conflicting results. For example, the second dissoci-

ation constant of suIfuric acid can be measured as a function of

temperature by several different techniques. The value can be

deduced from conductivity data on sulfuric acid solutions. One

may also calculate the value from data on the solubility of some

electrolyte such as silver sulfate or calcium sulfate in sulfuric

acid solutions. These various methods are not direct measures of

the dissociation constant. In each case a mathematical model or

representation must be devised. This model is then fitted to the

experimental data by the method of least squares. Since certain

simplifying assumptions must be made in devising the mathematical

models and these assumptions may be different depending upon the

method used, values of the dissociation constant calculated from

the parameters obtained in the fits may not be the same in each [•

case. Another complication arises from the fact that the values'
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of the parameters obtained in any given fit of data are not independ-

ent but are statistically correlated with the other parameters of the

model. Hence, although the overall fit of the model to the data may

be excellent since all the parameters are used in the calculation,

the values of individual parameters may not be precisely determined.

This uncertainty will then be reflected in quantities calculated from

only one or more of the complete set of parameters. Such is indeed

the case with the second dissociation constant of sulfuric acid.

Values as calculated from solubility data differ from those calculated

from conductivity data by 2.3% at 100°C and by 10.2% at 200°C. Hence

a more direct method for measuring quantities of this type which

reflects the presence of specific ionic species in solution is needed

to resolve the discrepancies. Meson spectroscopy may offer this

possibility and may even make it possible to obtain information on

structure in solutions of a type as yet impossible to gat.

As charged mesons lose energy to a medium and come down into the

range of thermal energies negative pions and muons may be captured

in the electronic orbits of atoms. These in turn may cascade down

to lower electronic levels giving off photons (x-rays) or giving the

energy difference to the displaced electron ( Auger effect) . The

energies of the x-rays so produced are predictably and considerably

more energetic than ordinary atomic photons because of the much

heavier masses of muons and pions compared to electrons. Further,

the intensities of the x-rays per target atom have been found to

depend on the proximity to and bonding with other atoms present in
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the sample. In some cases mesons appear to be captured into

molecular orbitals; the extent of this appears to depend (among

other things) on the character of the bond (i.e., covalent or ionic).

While eventually the mesons react with nucleons or decay to electrons

and disappear from view, we are here interested in the spectra

mentioned above which are produced in the de-energizing processes.

In the case of meson capture by a binary compound, the capture

ratio for the two constituents can only be indirectly deduced from

a measurement of two x-ray lines. The reason for this is that the

Fermi-Teller Z law, which predicts the capture ratio in a compound

to be simply that of the atomic numbers of the constituents, appears

to be only, a crude approximation. Factors that may cause a deviation

from the Fermi-Teller law are the type of structure exhibited by a

given compound, the sizes of the constituent ions or atoms, and the

effective charge parameter, which is defined as the amount of ionic

character of the bond times the number of valence electrons. If these

factors can be accounted for and if the extent of self absorption in

the target and the effiency of the detector can be determined, then

meson spectroscopy might be a useful tool in solution chemistry. An

obvious advantage of meson spectroscopy over Mossbauer spectroscopy

is that the latter technique can be used only on solids.

In order to be meaningful, a program on the investigation of

aqueous electrolyte solutions must be conducted in a very systematic

manner. Water itself should be studied first in all three physical

states: solid (ice), liquid, and vapor. In fact, liquid water itself



should be studied as a function of temperature to establish whether

observed intensity changes are sensitive to small variation in

temperature. Much more information can be obtained on the thermo-

dynamic behavior of solutions if the measurements are extended over

a range of temperatures.

To date only isolated measurements have been m?.de on a few

electrolyte solutions, such as solutions of KC1 and CaCl2. Since

more interpretable information can be garnered from a study of a

consistent series it would seem desirable to investigate, for example,

solutions of the alkali metal halides and the alkaline earth metal

halides. Also some systematic studies would need to be made on

solutions containing transition metal ions. Hopefully, information

could be obtained on the degree of complex ion formation in solution

and perhaps also on the degree of hydration of ions.

In the case of each solution investigated measurements would have

to be made of meson capture by the individual component atoms of the

salt, by the solid salt, and by the solution. Only in tJiis way can

the effect of the chemical state of the atoms on the intensities of

the x-ray lines be determined.

Besides the investigatxon of aqueous electrolyte solutions,

meson spectroscopy might also be useful in the area of solutions in

non-aqueous solvents. Here again very systematic investigations

should be carried out. For example, the series H20, CH3OH, CH3OCH3

would be interesting to investigate. Perhaps the degree of solvation

of compounds dissolved in these solvents could be determined.

Until systematic studies of the type discussed have been carried

out, it will not be possible to determine whether or not meson spec-

troscopy could be a useful tool in studying the properties of solution^


