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The dependence of negative-muon depolarization on the temperature and on the hydrogen-peroxide
concentration was measured in various aqueous solutions placed in longitudinal and transverse magnetic
field. It is shown that the experimental data are not inconsistent with the familiar concepts regarding the
behavior of free radicals in aqueous solutions. The residual polarization in an aqueous solution of hydrogen
peroxide is found to be 1.8 times higher than in pure water. This is interpreted as being the result of
chemical interaction between mesic nitrogen and hydrogen-peroxide molecules, leading to the formation of
diamagnetic compounds. It is shown that the degree of depolarization does not depend on the magnetic field
strength. According to the depolarization model in which mesic-atom chemical reactions are taken into
account, this signifies that the mesic atom enters into chemical reactions within a time t~10~"" sec at
T=300°K; the paramagnetic products of these primary reactions, which contain mesic nitrogen, then
participate in secondary reactions within a time t, <1077 sec. The rate constants of the reactions leading to
the formation of diamagnetic products can be obtained by treating the concentration and temperature
dependences of the depolarization in an aqueous solution of hydrogen peroxide in accordance with a model
in which chemical reactions are assumed between the mesic atom and the H,0, molecules. The order of
magnitude of the constant k~3X 107!! sec™! cm® is the same as that of the constant for reactions between
the free H and OH radicals in water. The temperature dependences of the residual depolarization in water
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and in a solution of hydrogen peroxide in water are the same and consistent with the concept that
mesic-nitrogen reactions are chemical reactions limited by diffusion.

As already shown in!*?! capture of a muon by an
atom results in a mesic radical whose atomic number
is one less than that of the atom of the medium. De-
polarization of the muon on the K shell of such a mesic
radical depends on the chemical interaction of the
latter with the medium. Owing to the paramagnetism
of the produced mesic radical, measurement of the
asymmetry coefficient a in the angular distribution of
the p-decay electrons, at the precession frequency of
the free spin of the muon, should yield zero residual
polarization.

The fact that measurements on many substances
yield a nonzero asymmetry coefficient a indicates that
the mesic radical succeeds in entering in a chemical
compound with formation of a diamagnetic electron
shell within a time tch,r, smaller than or at least
comparable with the time of rotation of the total mag-
netic moment of the mesic radical in the transverse
magnetic field.

It is known that the value of a is smaller for all the
investigated substances than that for conductors(®?:*],
It can be assumed that this is connected with the fact
that the mesic radical or its paramagnetic compound
survives until the time of observation of the decay
electrons. By measuring the asymmetry of the decay
electrons by counting the electrons at a definite angle,
i.e., by eliminating the apparent depolarization due to
the precession of the summary magnetic moment in the
transverse magnetic field, we can determine the con-
tribution made by the process in question. By perform-
ing such measurements in longitudinal magnetic fields
with different intensities it is possible to determine
simultaneously also the possible role of the local mag-
netic fields in the investigated substance.

We have proposed in'*! a model for the calculation
of the dependence of a on the time required for the
mesic radical to enter into the chemical reaction. To
verify the main premises of the model proposed in{*?]

and to reveal new possible channels of chemical inter-
action of the mesic atom produced when muons are
stopped in water, (i.e., the nitrogen mesic radical 3,;N,
since the'electron shell has the structure 1s*2s’2P
when one oxygen charge is screened by the muon), we
measured the residual polarization (which is propor-
tional to the asymmetry coefficient a in the angular
distribution of the ;"-decay electrons) for different
aqueous solutions and for heavy water, and also for
different values of the longitudinal (H;) and trans-
verse (H|) magnetic fields in water and in aqueous
solutions of hydrogen peroxide. The experiments were
performed with a pure muon beam'®) from the meson
channel of the JINR synchrocyclotron. The setup and
the apparatus are described in'®. The value of a was
measured (with the exception of the experiment with
H)) by the method of precession at the frequency of the
free spin of the muon.

AQUEOUS SOLUTIONS

The targets where aqueous solutions of ammonia
(ammonium hydroxide NH,OH), ammonium chloride
(NH,C1), hydrogen chloride (hydrochloric acid HC1),
potassium hydroxide (KOH), hydrazine (N.H,), and
hydrogen peroxide (H,O;). All the substances were of
analytically-pure grade, and the admixture of the light
water in the heavy water did not exceed 0.3%. All the
targets had standard dimensions 120 x 120 mm and an
approximate thickness 4 g/cm? along the beam. The
beam polarization was monitored with a graphite target
of the same dimensions.

Since the investigated solutions contain different
atoms in which the muon has greatly differing life-
times, the distribution with respect to the time (after
stopping the muon in the target) of the number Nj of
the registered decay electrons is given by
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N:(t:) = Nyexp{—t./ T} {1 — aocos(wot: + 8o)} 1)
+ Nyexp{—t:/t:} {1 —a\cos(witi + 8:)} +C,

where tj is the center of the i-th channel of the ana-
lyzer, 7o and 7, are the lifetimes of the muon in the
oxygen of the water and in the atom of the dissolved
substance, a, and a, are the measured asymmetry co-
efficients for oxygen and the impurity, respectively,
No and N, are the numbers of the electrons registered
at zero time for the oxygen and impurity components,
respectively, wo and w, are the precession frequen-
cies, in a magnetic field H; ~ 50 G, of the free spin of
the muon and of the total magnetic moment of the muon
and the nucleus respectively'™, if the spin of the latter
differs from zero, §; is the initial phase of the preces-
sion and is determined by the geometry of the setup,
and C is the random-coincidence background.

The parameters of this expression were determined
by least-squares variation with a computer. The maxi-
mum number of the parameters (Ny, Ny, 7o, 71, @0, 3,
C) was varied for the solutions of NH3;Cl, KOH and
HCl. In view of the fact that the exponentials for the
u decay in potassium and in chlorine decrease much
more rapidly than in oxygen, they amount to a negligi-
ble fraction of the investigated 5-ysec time interval.
The errors in the determination of a, were large and
the parameter a, was subsequently disregarded. The
obtained values of 7, for potassium and chlorine do not
contradict the tabulated data'®), For all the remaining
substances we took into account only one exponential in
the data reduction, since it was practically impossible
to differentiate, by means of the lifetime, between the
muon stopping by the nitrogen and oxygen atoms (this
pertains also to the case of the NH4Cl solution, when
the u~ decay in the nitrogen and in the oxygen is de-
scribed by one exponential), and the parameters No, 7o,
a,, and C were varied.

Since the precession frequencies of the muon-plus-
nucleus system differ significantly from w, in the case
of atomic capture of a muon by nitrogen!” the contri-
bution from p~ decay in nitrogen will lecrease the
value of a, at the frequency wo. Thercfore the values
of a, obtained for aqueous solutions of NH,OH,

NH.Cl, and N,H, have been increased by an amount
equal to the relative contribution of the stopping of the
muon by the nitrogen, estimated in accordance with the
Z-law'®), Taking the contribution of the dissolved sub-
stance into account, the error of such an estimate can
be neglected in comparison with the experimental er-
rors. The values of C/N, did not exceed 0.05.

Table I lists the values of a, relative to ac for
graphite, referred to the same decay-electron registra-
tion threshold. The numbers in the parentheses indi-
cate the concentrations of the dissolved substances in
molar fractions. All the quantities were measured at
room temperature. For comparison, Table I gives the
value of a, for KOH from®],

All the investigated solutions can be grouped in two
categories. The solutions of KOH and HCl in water are
strong electrolytes, since the dissociation constant of
these compounds in water is K~ 10" '), The purpose
of measuring the depolarization in such solutions was
to determine the character of the interaction of the
mesic atom pN with the ion-radicals K*, H*, OH™, and
Cr.

0
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Table I.
Substance Substance
(concentration) a/ag (concentration) a/ag
H0 0,403=0,018 KOH (0,15) 0,328+0,034
NH,OH (0,24) 0,427+ 0,028 KOH (granules) 0,170 0,050
NH,Cl (0,11) 0,396 + 0,064 HCI (0,07) 0,429+0,078
N,H, (0,15) 0,343+0,041 HCl (0,23) 0,443 +0,056
H,0. (0,14) 0,691+0,029 D,0 0,424 0,044

According to present-day concepts!'’»*?), the reac-
tions between the neutral radicals H and OH and the
ion-radicals H*, OH™, and Cl  in aqueous solutions are
strongly suppressed in comparison with reactions be-
tween neutral radicals. This is attributed to the pres-
ence of hydrate shells in the ion-radicals. The mecha-
nism governing the reactions in this case has not been
clearly determined, although it is assumed that the
neutral radical can react with the ion via a stage in
which the ligand is replaced in the internal coordina-
tion sphere (hydrate shell), or an electron may be
transported through the medium(*?,

The reaction of the mesic atom N with the ions in
aqueous solutions of an electrolyte might be revealed
by the decrease of a, in comparison with the case of
pure water, since the fraction of the paramagnetic
product of the interaction of uN increases. The fact
that the values of ao are the same (within 10%) for
aqueous solutions of KOH and HC1 and for pure water
indicates that the reactions of yN with nonradicals
make a negligible contribution (not larger than the
statistical error).

The solutions of NH,OH, NH,C1, and N.H, are
rather weak electrolytes (dissociation constants
K~ 107°-10"°"%1) and they can be regarded as molecu-
lar solutions, as is the aqueous solution of H:0.. It is
known (cf., e.g.,'?) that in aqueous solutions of non-
electrolytes at concentrations $0.10~0.15 molar frac-
tions, regardless of the nature of the dissolved sub-
stance, the lattice of the hydrogen bonds becomes
stronger as the result of the increase of the energy of
the hydrogen bonds and of their number. The molecules
of the non-electrolyte occupy in this case the voids in
the structure of the water. The equality (within the
limits of statistical errors) of the values of a,/ ac for
water and for aqueous solutions of NH,OH, NH,Cl, and
N.H,; means that at a non-electrolyte concentration
0.1-0.2 molar fractions the value of a, is insensitive,
within 10%, to changes of the ordering of the water.
The structure effects for aqueous solutions of the elec-
trolytes KOH and HCl, at the concentrations used by
us, should also be negligible.['*],

The strong increase of a, (by 1.8 times) for the
weak aqueous solution of hydrogen peroxide should
most probably be attributed to the appearance of new
channels (in comparison with pure water) for the reac-
tion of the mesic atom yN directly with the H:O;
molecules, leading to the formation of diamagnetic
compounds. The interaction of N with the neutral
radicals H, OH, and HO. in the aqueous solution of
H;O0,, produced when the medium near the mesic atom
is disintegrated'?!, can apparently be neglected, since
the contribution of such a set of radicals is propor-
tional to the molar fraction of H.O, and does not ex-
ceed 2%. The same seems to pertain also to the re-
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maining solutions of the electrolytes and non-electro-
lytes. The lower value of a, for the N,H, solution can
be attributed to the increased content of atomic hydro-
gen in the radical zone, which should lead!® to an in-
creased fraction of the produced paramagnetic yN
compounds. Naturally, more definite conclusions can
be drawn by measuring a, with better statistical ac-
curacy and at larger concentrations of the dissolved
substances.

The value of a, for heavy water does not differ from
that obtained for ordinary water. From the point of
view of the general picture of the behavior of the mesic
atom'™?}) this result is reasonable, since isotropic ef-
fects produced upon disintegration of the medium
around the mesic atom, and influencing the density of
the radicals, or in the rate constants of the reactions
of the radicals with the mesic atom'*®)] should not be
large.

DEPENDENCE OF RESIDUAL POLARIZATION ON
THE MAGNETIC FIELDS

The experimental setup is shown schematically in
Fig. 1. The solenoid 5 made it possible to obtain a
longitudinal (along the direction of the mesons in the
beam) field up to H; = 2000 G. The lead insert 8 pre-
vented the muons from stopping and decaying in the
aluminum form of the solenoid, and by the same token
excluded the second component in the time distribution
of the decay electrons, which was close in magnitude to
the oxygen value. The exponential connected with the
stopping in lead could be readily eliminated by shifting
the start of the electron registration by several tenths
of a microsecond. We used a water target of 80 mm
diameter and 70 mm thickness (along the beam). No
effect of the focusing of the decay electrons by the
strong field H was observed within the limits of the
experimental accuracy (+5%) (the experiment was
performed with " mesons and a graphite target). The
longitudinal field was measured accurate to +5%. The
large error is due to the appreciable inhomogeneity
H; in the solenoid over the volume of the target.

Helmholtz coils 6 produced a transverse magnetic
field up to H; ~ 200 G accurate to within a fraction of
1%.

In the case of measurements in a transverse field,
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FIG. 1. Experimental setup (side view): 1 and 2—scintillators of
muon telescope ‘counters, 3 and 4—scintillators of decay-electron coun-
ters, 5—solenoid of longitudinal field, 6—Helmholtz coils for the trans-
verse field, 7—ta-gets surrounded by a lead insert, 8 and 9—muon mod-
erator, 10—electron-telescope absorber.
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the asymmetry coefficient was identified with the
parameter a, of the investigated Eq. (1), and in the
case of measurements in a longitudinal field, the asym-
metry coefficient a’ was obtained by comparing the
count N’ at zero time in a longitudinal field with the
count N, at the zero instant in a transverse field,
using the formula a’ = —=(N, — N')/N’. The asymmetry
coefficients obtained in this manner are listed in
Table II. We see that at room temperature the coef-
ficient a’ remains unchanged in the investigated range
of Hy and is equal to the coefficient a, measured in a
transverse field'). This means that at room tempera-
ture all the paramagnetic compounds containing the
mesic atom N enter in the subsequent chemical reac-
tions prior to the start of the observation. An attempt
to ‘“freeze out’’ the chemical activity of the radicals
containing the mesic atoms by lowering the tempera-
ture to 77°K has shown that even at this temperature
the chemical interactions of such radicals terminate
within a time much shorter than several times 107’
sec. This agrees with the general ideas concerning the
behavior of radicals in condensed medial!%!"], The
free radicals containing mesic atoms (uNH, . NH,,
etc.) vanish apparently as the result of the relatively
slow secondary reactions with impurities within a time
on the order of 10°% sec!'"!,

The independence of a’ of H; shows that the local
magnetic fields that can cause a decrease of the coef-
ficient a, in comparison with the value characteristic
of conductors® do not exist in water.

As already noted above, measurement of a, as a
function of the intensity of the transverse magnetic
field H, permits an independent determination of the
time at which the mesic atom enters the first chemical
reaction. If this time is of the order of t ~ 1/9, then
a decrease of a, by an approximate factor of two
should be observed when H; is increased from 20 to
200 G; on the other hand, if there is no dependence on
the field, then the time at which the mesic atom enters
the chemical reaction is of the order of t = 1/p
~ 107" sec’! (at room temperature). It is also shown
in®) that under certain conditions there should be ob-
served a dependence of the initial phase § of the pre-
cession on H;|. Under the conditions of the present
experiment, however, the problem of determining §
with the required accuracy could not be solved.

Table II. Values of the asymmetry coefficient of the decay
electrons in longitudinal and transverse magnetic fields

T, °K \ H 1 i a’ H n a
Pure water
300 1265 0.0171£0,0035 50 0.0202+0.0018
1000 0.02410.0058 200 0.0207 20,0025
800 0.0146+0,0058
77 200 0.0116+0.0019 50 0.0105+0.0013
H,0 + 15 wt.% H,0,
300 43 l 0.0295+0.0022
190 0.0262+£0.0017
H,0 + 75 wt. % H,0,
300 24 0,0308 = 0.0020
47 0.0292 +0.0016
70 0.0285+0.0022
106 0.6274+0.0021
\ 197 0.0290 +0,0020




DEPOLARIZATION OF NEGATIVE MUONS

The values of a, measured as a function of H; in
the indicated range are listed in Table II. They were
corrected for the difference in the number of points
per precession period. The reduction of the results
obtained for the solution of hydrogen peroxide by least
squares, using the equation a, =ag + bH,, yields ag
= 0.0298 + 0.0015 and b = —(1.28 + 1.45) x 10° G™".
Thus, there is no dependence of a, on H; within the
limits of errors. A similar result is obtained also for
pure water (see Table I). We can therefore conclude
that the mesic atom enters into chemical reactions in
water and in aqueous solution of hydrogen peroxide
within a time on the order of 107! sec (at room tem-
perature), i.e., the temperature dependence of the
residual polarization in the water is due to the compe-
tition between the fast chemical reactions of the mesic
atom with the depolarization due to the hyperfine inter-
action of the magnetic moment of the muon with the
magnetic moment of the electron shell.

TEMPERATURE AND CONCENTRATION DEPEND-
ENCES OF THE DEPOLARIZATION IN AQUEOUS
SOLUTION OF HYDROGEN PEROXIDE

Within the framework of the model that takes into
account the chemical interactions of the mesic atom,
an increase of the residual polarization in an aqueous
solution of H;O. can be the consequence of either an
increase of the probabilities A and A, of chemical
reactions with respective formation of a diamagnetic
and an arbitrary compound, or only of an increase of
the contribution of A/1, of reactions leading to the
diamagnetic channel (at equal values of Xo). The choice
between these two possibilities can be made by meas-
uring the temperature dependence of the residual
polarization in an aqueous solution of hydrogen perox-
ide. If X, for the solution of H,O, is much larger than
for water, then the temperature dependence should be
weak, since t; is certainly smaller than t (seef®»*)),
On the other hand, if A, for water and for the H:O,
solution is the same, and only the ratio A/X, changes,
then the temperature dependence of the depolarization
in H,0, should have the same form as for water.
Measurement of the dependence of the depolarization
on the H,O, concentration makes it possible to deter-
mine the rate constant of the corresponding chemical
reaction.

Figure 2 shows the obtained dependence of the ratio
a/ac (ac is the asymmetry coefficient for graphite)
on the temperature at an H,O, concentration of 7.5 wt%.
The temperature was measured with several thermo-
couples inserted into the target. Prior to the start of
the measurements, the target was placed in a container
of foamed polystyrene and frozen to the temperature of
liquid nitrogen (77°K). As the target was being heated,
the information was recorded at different time inter-
vals corresponding to different temperature intervals.
During the first ten minutes the temperature was
maintained close to 77°K and the corresponding experi-
mental point has therefore a very small error in terms
of the temperature scale. Subsequently the tempera-
ture started to rise at an average rate of 1 deg/min,
and the succeeding three points (at-121, 165, and 204°K)
are mean values obtained in an approximate tempera-

1159

a/ag
] T
“— }/ } “_ / %q

1 1 i 1
7 150 7

FIG. 3.

750 K

1 ’ 1
0z 250 TK

50 150
FIG. 2

FIG. 2. Temperature dependence of the residual polarization of
muons in an aqueous solution (7.5 wt. %) of hydrogen peroxide. The
solid line corresponds to the value F = 1/3. The arrow indicates the
temperature of the phase transition.

FIG. 3. Temperature dependence of the residual polarization in water.
The experimental data are taken from [°]. The solid and dashed curves
are the result of calculation for F = 0.2 and 0.4, respectively.

ture interval +15° (these limits are not indicated in the
figure). The points at 272 and 300°K were obtained
under stationary conditions with a small temperature
spread, just as the point at liquid-nitrogen temperature.
The indicated procedure with freezing followed by
heating the target was repeated several times.
According to?, the temperature dependence of
ao/ac can be described by the approximate expression
sobiferammug). @
Here A, is the value of the asymmetry coefficient at
the end of the interatomic cascade (prior to the start
of action of the paramagnetic-depolarization mechanism),
F = Y5[1 + 2/(23 +1)%] (see®), and J is the total
angular momentum of the electron shell of the mesic
atom. If it is assumed that only the quantity A, depends
on the temperature, then we can put Ao = A(T/300)"
(A is the value of 2, at T = 300°K) and write down the
expression for the temperature dependence of ao/ac

in the form
AR N T

ac ac Ao

The experimental data on the temperature dependence
of the depolarization in the H.O, solution were reduced
by least squares with variation of the parameters

Ao aC o, A/2v, and n at specified values of the
parameter F in the range from 0.2 to 0.4. The result
of such a reduction is shown in Fig. 2 by the solid line
(variation of F between the limits indicated above does
not affect the shape or the position of the curve). The
values of the other parameters for F = ¥s are given in
Table III. For comparison, we have reduced in similar
fashion the experimental data on the temperature de-
pendence in water!*). The results of the calculation for
the case of water are shown in Fig. 3 and in Table III
for F = Ys.

If we assume the possibility of transitions in a
transverse magnetic field between mesic-atom hyper-
fine structure states differing in the value with differ-
ent mesic-atom spin projections on the direction of the
magnetic field (see'’®)), then the value of F for the
ground state of the mesic atom can be smaller than Ys.
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Table III.
Substances agMo'Agh A2y n " As L (();ll‘n
H0+Hi0: (75%) | 17202 | 24=15 | 14x04 | 101 | 64=u8
H,0 2,5+0,1 | 3,224 | 23x1,1 18,5 4,8+3,0

If the rate of such transitions were much larger than v,
then we would have Fpin = 0.2. It is precisely these
considerations that dictated the choice of the values of
F in the reduction of the data on the temperature de-
pendences.

The values of the parameters and their errors,
given in Table I for F = Y, differ insignificantly from
those obtained at values of F from 0.2 to 0.4, but when
F > 0.4 the errors in the parameters become much
larger than the quantities themselves. Since the inter-
val 0.2--0.4 is reasonable for F from the most general
point of view, the fact that the parameters are inde-
pendent of F within these limits indicates that such a
result is stable.

It follows from Table III that the values of the
parameters A/2y and n for water and for the aqueous
solution of H,O, coincide within the limits of errors,
and the values of the parameter A,\/aC), differ ap-
preciably. The temperature dependences have all the
same form, meaning that the aqueous solution is H,O0,
differs from pure water only in the ratio A/A, (we
assume that a,/ac is the same for H;O and H0,).
The calculated curves describe quite well the experi-
mental data, in spite of the fact that in the reduction of
the data for water and the H,O, solution we did not
take into account the possible jump in the value of
ao/ac at the phase-transition point.

The exponent n in the temperature dependence of
the depolarization has approximately the same value
for water and for the H,O, solution. To obtain infor-
mation on the temperature dependence of the rate con-
stants of the chemical reactions from data on n, it is
necessary to carry out special investigations of the
temperature dependence of the concentrations of the
different radicals, which can reveal also to a tempera-
ture dependence of the parameter A/x,, for example as
the result of the different temperature dependences of
the rates of diffusion of the radicals H and OH. We
can assume roughly, however, that A/x, does not de-
pend on the temperature, and ascribe the measured
temperature dependence only to the rate constant of
the chemical reaction. Then the obtained value
n~ 1.5 can serve as evidence that the mesic-atom
reactions are chemical reactions limited by diffusion.
Indeed!®, if the rate constant of the reaction in the
aqueous solution becomes larger than 10*°—10%
liter-mole™* sec™!, then this means that it approaches
the rate of molecular collisions resulting from the
diffusion of the reagents, and takes place practically at
each collision. According to the theory of diffusion-
limited reactions, the rate constant should be propor-
tional to T/n, where 7 is the viscosity of the solvent.
Since n increases little with decreasing T, the experi-
ment should reveal a temperature dependence with an
exponent n somewhat larger than unity.

Using the value v = 10'° sec™! calculated on the
basis off*!) for the mesic atom pN, we can obtain the
values of A given in the last column of Table III. The
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fact that the value of a/ ac for water and for the
aqueous solution of H:0, is independent of the tempera-
ture at room temperature enables us to write for this
temperature region a simple expression for the con-
centration dependence:

8 _4s A (1 —R)+ APR + k[H,0,] (4)

@ ac AY(1—R)+ AR+ k[H,0,]
Here AP AP A A are the reaction rates; K is
rate constant of the reactions of yN with H,O,; the
indices 1 and 2 correspond to reactions with the radi-
cals produced upon disintegration of the molecules H,O
and H,0,, respectively; [H.O,] is the concentration of
the hydrogen-peroxide molecules per cm®; R = [H,0;]/
X ([H20:] + [H20]) is the relative molar concentration
of H:0,; [H:0:] = Ap/My,0,, [H20] = (A/My,0)
x (1 - p/d); A is Avogadro’s number; M is the molec-
ular weight and d is the density of pure hydrogen
peroxide (d =1.462 g/cma), and p is the concentration
of the hydrogen peroxide in g/cm?®. It is assumed in
(4) that all the reactions of uN with H,O, lead to the
diamagnetic channel:

WNOH + OH

N+ Hi0: > { NOOH +H’

The numerator of the right-hand side of (4) is the rate
at which the mesic atom enters in the reaction in

which diamagnetic products are formed, and the de-
nominator is the rate of entry into any reaction at room
temperature. Using the numerical values of the coef-
ficients, we obtain

G A A1 —p)+ D5+ 18-10% ok __ e ®)
ac  ac AY(1—p)+A®p+1.8-102 pk’ 1,9—0,3p
The maximum concentration of hydrogen peroxide in
our experiment was ppax = 0.33 g/cm® or 18% in
terms of the number of molecules. Since p does not
exceed 0.18, we can simplify (5) and rewrite it in the

form Gy 1+4cp
ac  A+4fo’
Aok 1.8-10% k 1.8-10% k (6)
b= y C=E—————, f: I
ac\ ys A

The points and error bars in Fig. 4 show the experi-
mental dependence of ao/ac on the H,O, concentration
in units of 10°° cm™ (at T = 300°K). The smooth curve
is the result of a least-squares reduction with varia-
tion of the parameters c and f. We see that the curve
describes the experimental data quite satisfactorily
(x* =5.5). The value of the parameter b = 0.384 + 0.18

a/a,
.8
0.7 1 !
: g’ ___j L
"

ﬂ,i X 1

SR

v
2.5

Ve
M[é
‘“ﬂ w9 W s

(H;0]
FIG. 4. Dependence of the residual polarization in aqueous solution
of hydrogen peroxide on the concentration of the latter, expressed in
units of 102° cm™. The solid curve was calculated by least squares.
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corresponds to the asymmetry coefficient in pure
water. The two remaining parameters are found to be
¢ =20.0+6.3 and f =10.5 + 3.3.

Using the same value A ~ 5 x 10"’ sec™* for water
and for the aqueous solution of H,O, (at T = 300°K) and
the obtained value of the parameter f, we obtain the
value k = 3 x 107" sec™* cm® for the rate constant of
the reaction pN with H,O,.

We note one more important circumstance. A notice-
able change of a/ac occurs for the solution of H,O, in
water at an H,O, concentration of the order of 10** cm™
This means that to explain the value of a/ac measured
in water it is necessary to assume approximately the
same absolute concentration of the radicals H and OH.

Taking the concentration of the H,O molecules
(3.34 x 10?2 cm™®) into account, we can state that to
explain the short lifetime of the mesic atom in water
(~10™ sec at room temperature) one must have a
rather small degree of disintegration of the matter in
the region of the mesic atom. Since the disintegration
of the medium at the end of the muon track and in the
case of deceleration of the fragments of a ‘‘Coulomb
explosion’’ are similar in character to those produced
by the recoil atoms in nuclear transformations, the
conclusion that the disintegration of the medium near
the mesic atom is weak and the conclusion concerning
the time of its chemical stabilization agree with the
data obtained by different methods for the case of re-
coil atoms'?,

In conclusion, the authors thank M. V. Frontas’eva
for help with the reduction of the experimental data.
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