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The possibility of classifying the character of the chemical reactions of muonium in media and of
experimentally determining the rates of these reactions is considered on the basis of the phenom-
enological theory of depolarization of the u* meson in media. Cases are considered when the re-
actions possess both ‘‘ordinary’’ channels and the so-called hot chemistry channel, and the result-
ant products can be both diamagnetic and long-lived (7> 107 sec) radical compounds. An analy-
sis is presented of all the available possibilities, particularly, additional information, which can

be obtained by investigating the dependence of the observed polarization on the time, is investigated.
Relations are obtained which make it possible to determine experimentally both the reaction rates
and the relative importance of the different channels for muonium, as well as other phenomenolog-

ical parameters of depolarization theory.

1. The possibility of investigating the depolarization
of the u’ meson in condensed phases to determine the
rates of chemical reactions between the hydrogen like
atom muonium and matter was first pointed out by
Firsov and Byakov'!!. Subsequently®*] a number of
experimental investigations were performed, in which
it was shown that the depolarization of the y* meson
depends essentially on the addition of chemically active
impurities to the depolarized medium. The dependence
of the degree of depolarization on the chemical activity
of the medium becomes obvious if it is recognized that
after the muonium enters into the chemical bond, the
conditions under which it is situated change radically.
The depolarization of the p* meson either stops com-
pletely if it is in a chemical compound with saturated
valence bonds, where the magnetic field produced on
the u* meson by all the valence electrons vanishes["],
or else, if the u* has entered in a compound of the
radical type with an unpaired valence electron, the
depolarization can occur, but its rate, generally speak-
ing, differs significantly from the depolarization rate
of the ©* meson in the chemically free muonium atom
(ne’).

2. Inasmuch as the directly observed quantity is the
L' -meson polarization, it is obvious that to determine
the rate of the reaction of the muonium atom in a given
substance it is necessary to have an analytic expres-
sion relating the polarization P with the reaction rate,
or, which is the same, with the mean lifetime 7 of the
muonium prior to its entry in the chemical reaction,
which is inversely proportional to the reaction rate.
The concrete character of this dependence is deter-
mined primarily by the entire prior history of the life
of the p” in the substance before it enters the reaction,
and secondly by the behavior of its polarization after
the p* meson enters into the chemical bond with the
molecules of the substance.

3. We consider further the situation in which the u*
meson is decelerated in a diamagnetic substance,
capturing an electron during a certain stage of the
deceleration, and forming the (u*e™) atom. It is of
great importance for what follows that we confine our-
selves here to an analysis of the ‘‘pure muonium”’
mechanism of the polarization, i.e., we assume, first,

that there is no charge exchange at all, second that the
muonium is in the 1S state and the admixture of ex-
cited states is small, third that the reaction occurs
either very rapidly, before the depolarization has be-
gun in practice, or slowly enough to permit full
thermalization of the muonium atoms. The conditions
mentioned above are dictated by the fact that only in
the latter case is there available a consistent depolari-
zation theory, as developed in'*’®), Whether these con-
ditions are satisfied in each concrete case is a ques-
tion that must be answered by experiment. We shall
formulate below a number of attributes which make it
possible to establish whether the ‘‘pure muonium’’
mechanism is realized in a given substance. A theoret-
ical analysis was performed earlier in[”, but the rela-
tions obtained there are generally erroneous”, al-
though at certain values of the parameters character-
izing the medium they can lead to results that are
close to the correct ones.

4. We begin the analysis with the case when the
depolarization of the u* meson ceases after entering
the chemical stage (‘‘radical-less case’’). Then the
asymptotic value of the polarization, observed when
the depolarization process is finished, is determined
by the relation (see!®!)
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Here T is the average lifetime of the free muonium;
Y% v is the average relaxation time in the medium of
the electron spin in the (u*e”) atom; w, is the char-
acteristic frequency of the hyperfine splitting in the
medium; x = w’' (1 + ¢ )/w,, where w’ is the preces-
sion frequency of the electron spin in the external
magnetic field, and ¢ = m/me = 1/207 is the ratio of
the magnetic moments of the &* meson and the elec-
tron. We note immediately that the quantities v, 7, and
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D) The error lies primarily in the fact that the muonium depolarization
rate has been invalidly averaged in [!].
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wo are phenomenological parameters and are deter-
mined by the nature of the substance. Therefore in the
given scheme they should be determined experimentally.

We note that if the investigated object is a suffi-
ciently homogeneous mixture of several substances
then, generally speaking, neither v nor w, can be ad-
ditive quantities in the mixture concentration. How-
ever, with respect to 1/7, the assumed additivity is
perfectly reasonable in the case when a new chemical
compound is not produced when the two substances are
mixed, and there is no catalytic effect. Thus,

1/t=ci/t+ cal 7o (3)

Here c, and c. are the specific concentrations of the
mixture components, and 7, and 7, are the times of
entry in the chemical reaction for each of the com-
ponents. The generalization to include multicomponent
mixtures is trivial. It is also obvious that formula (3)
determines the chemical lifetime also in a homogene-
ous medium, if the latter has two reaction channels.

5. We now list the variants of the chemical behavior
of the muonium, which will be considered in this paper.
1. Muonium reacts chemically with the substance
and forms a diamagnetic compound. Further relaxation
of the p*-meson spin can be due then only to its inter-
action with the field of the paramagnetic impurities (if
they are present in the given substance) or to the inter-
action with the magnetic moments of the lattice nuclei.

We assume further that there are no paramagnetic
impurities in the substance, and as to relaxation re-
sulting from the interaction with the nuclear spins, the
estimates given in{*! show that under the most unfavor-
able circumstances the characteristic depolarization
time is of the order of 10°—107® sec. We can there-
fore assume that after the u* meson becomes bound
in the diamagnetic molecule it is no longer polarized
in practice.

2. One of the reaction channels for the muonium
leads to the formation of a long-life (~10%—107° sec)
radical paramagnetic compound. Here, obviously, the
depolarization of the n* mesons contained in a com-
pound of this type continues after the formation of the
chemical bond, and, generally speaking, the character-
istic times of the total depolarization do not exceed
107" sec. Therefore, the i meson should be com-
pletely depolarized during its lifetime. In this case the
u*-meson depolarization, just as in muonium, is due
to the interaction with the spin of the unpaired electron
and can be described phenomenologically in adequate
fashion.

3. There is a channel of a fast chemical reaction
which occurs within times on the order of 107''—107"
sec after the entry of the p” meson in the substance.
We shall henceforth call this the ‘‘hot chemistry
channel.”” Reactions of this type may be connected with
a great variety of factors (in particular, with the reac-
tion of the u* meson with active compounds formed in
the p'-meson track). For our purposes the concrete
mechanism of the reaction is immaterial, and impor-
tance attaches only to the fact that the u* meson,
which reacts within times on the order of 107*—107**
sec, enters in the chemical compound fully polarized,
Obviously, in this case compounds of the radical type

can be formed, a fact that will be accounted for subse-
quently.

We begin the analysis with the consideration of the
first variant. In this case, in longitudinal magnetic
fields, we have the relation[®’

HzZ—Hf: (P2 — Py) (1 —Py) (4)
Hy— Hp2 (Ps— Py) (1 —P») :

Here Hj and Pj are the values of the magnetic field
and the corresponding values of the residual polariza-
tion.

As noted in®], relation (4) signifies that, by deter-
mining the residual polarization at two arbitrary
values of the external magnetic field, we can predict
the values of P(H) at any field. It is clear therefore
that if we confine ourselves to measurements of the
asymptotic polarization in longitudinal fields, then we
obtain only two independent equations, in place of the
three necessary to determine the phenomenological
parameters 7, v, and w,. On the other hand, an ex-
perimental verification of formula (4) can serve per-
haps as the most distinct criterion of whether a ‘‘pure
muonium’’ mechanism of depolarization is effected
with subsequent formation of only diamagnetic com-
pounds.

In the case when the radical reaction channel is
present, the polarization of the u* meson in the muon-
ium atoms forming the stable radical drops to zero
after a sufficiently long time. We then have for the
asymptotic value of the polarization

1 ema)(
p— (.T_-_ :Cr;;f )§ P(t)e-trds, (5)

0

where cpraq and 7paq are the specific concentration
of the centers, on which radical production is possible,
and the lifetime of the muonium relative to the radical
channel. Accordingly formula (2) takes the form

p o tt2vt M ta? 6
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where
o=1— * Crad- (M
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By determining experimentally the polarization at
three different values of the field, we can find ¢ in
accordance with the formula

Traov f2— 3
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(8)

It is obvious that by using measurements made at a

fourth value of the field and eliminating @, we obtain

an analog of formula (4)—a four-point relation which

makes it possible to establish experimentally whether

the situation under consideration is realized in prac-

tice. By determining the parameter a from (8) we

thus find the relative reaction rate in the radical

channel. When « is known, then, as before, we are

left for the system of phenomenological parameters

T, v, and w, with two independent equations, and for

a complete determination we must again resort to ad-

ditional information.

6. We consider separately the ‘‘hot chemistry”’
case. Assume, as before, that there are two reaction
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channels, diamagnetic and radical. We introduce two
parameters B and 6, which represent respectively
the probabilities of entering in the diamagnetic com-
pounds during the ‘‘hot chemistry’’ stage and in the
usual manner. We then have for P,
Po = B+ 0F (1, v, 0, ). 9)
and in analogy with (2) and (6) we obtain
P—p 142w 1/a+ 22
2B+6—P) 1o 14 2vt
where 7 as before is determined by formula (3). From
this we can readily see that 6 + 8, which is the total
probability of the reaction in the diamagnetic channel,
is determined as before by relation (8). It is therefore
obvious that so long as the radical channel is missing,
then the three-point relation (4) is satisfied also in the
case of the ‘‘hot chemistry.”” Thus, in this case we
already lack two equations for the determination of
all the experimental parameters.

7. We shall show that by supplementing the data
obtained in longitudinal fields by an investigation of the
depolarization of the u* in perpendicular magnetic
fields it is possible in principle to determine all the
parameters of interest to us, as well as the character
of the chemical reactions of muonium. We recall once
more that measurements in longitudinal fields are
necessary primarily for the clarification of the fact
that the depolarization is actually described by the
‘‘pure muonium’’ mechanism. The decisive criterion
consists of relations (4) and (8).

The complex polarization in a perpendicular mag-
netic field is determined by the relation'®

(10)

)

N i(wot) (A+B)B !
P_{1+2{AB2——(A+B)]} '
2 v 2 vy
A=1(1w0+@_‘0), B_L(wojLK) 2. 11)

We recall now the physical meaning of the complex
asymptotic polarization. In a perpendicular magnetic
field, obviously, precession of the u*-meson polariza-
tion vector will be observed. At the initial instants,
the amplitude of the precession sinusoid attenuates (the
depolarization process takes place) and after a certain
time it reaches a certain asymptotic value®. This
value of the amplitude is the modulus of the complex
polarization. The complex polarization reflects the
fact that in a perpendicular field, during the muonium
stage, the polarization vector of the u* meson not only
decreases in magnitude, but also rotates through a
certain angle ¢. Obviously

ReP = |P|cosg, ImP = |P|sing. (12)

In the simplest case, when there is no radical channel
and it is possible to neglect the reaction in the ‘‘hot
chemistry’’ stage in perpendicular fields, the analog of
relation (2) is of the form
1 1 P\ ad @ 2
_Z—Req=7Be(l——P )_ 2047 <2_ d: + z2 +d2+4x2 )(’13)

2)Naturally, in constructing the precession sinusoid for the polariza-
tion vector, corrections are introduced to allow for the observed damping
due to the y*-meson decay.
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1 1/ P\ =z & 4
71m4=71m\1—1>>_2m01(d2+xz '.12+4x2)' (14)
Here d = 2(1 + 2vT)/w,T.
It is easy to see that
1—ReP

Reg=—1+

(I—ReP)?+ (ImP)?’
1
ReP =1—
° (I+ Req) + (Imq)%/ (Reqg +1) '
ImP ImP — Imgq
A—ReP)t (mP)2’ 0= L+ Req)’+ (Img)?
(15)

Img=+

Naturally, the condition |Re P|* + [Im P[> =1 is
realized. Generally speaking, all the parameters v, 7,
wo of interest to us can be determined by measuring
the polarization at three different values of the field
and using further formula (11) or, what is more con-
venient practically, formula (13).

We note, however, that this can raise considerable
difficulties of experimental nature. A simple analysis
of relations (13) and (14) shows that when the ratio
(1 +2v7)/woeT increases the changes of the polarization
as a function of the field turn out to be less and less
noticeable. As shown in[5], even when this ratio is
comparable in order of magnitude with unity, the
polarization changes by 5—10% when the field changes
in the interval 0 < x < 2.5. If w, in the substance is
close to the vacuum value, then the value x = 2.5 cor-
responds to an external field of approximately 4 kG.
Since, on the one hand, the use of stronger fields en-
tails definite experimental inconveniences, and, on the
other hand, the present experimental accuracy makes
it possible to determine the absolute value of the
polarization with accuracy 0.05, it may be impossible
in a number of cases to determine the parameters of
the theory with the aid of measurements of the abso-
lute value of the polarization in perpendicular fields.
However, in perpendicular fields there appears an ad-
ditional possibility connected with the measurement of
the polarization phase.

Indeed, it may turn out that in those cases when the
absolute magnitude of the polarization is small or de-
pends little on the external field, the phase, obviously,
which equals zero in the absence of the field, can
assume values up to 20—30°. In this connection, let us
analyze the behavior of the phase as a function of the
field in the region d = 2(1 + 2v7)/weT > 1. We con-
fine ourselves to this range for d, since when d < 1
the necessary information can be obtained by investi-
gating the changes of the absolute value of the polariza-
tion. From (12) and (15) we have

R -1
g [Imq+%(1+ﬁeq)] . (16)

=P =
We then get from (13) and (14)
h Reg 1
oot 112’ ENTJFZ"’
Here h = x/d. Accordingly we get
ImP d (1 1 -1
8=y~ [TD}? (7+4h)+ (7+2h)] :

On the other hand, in our case, the following relation
holds with good accuracy:

Img= an)

(18)
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~ o Rer oa(1+ ) 1
R*’P~T+Req~[1+m'—} : (19)

By determining the maximum of tan ¢ from h, we

find that the value of | P |, which approximately equals
in our case Re P, is smaller than 0.5 in the absence of
a field, then the phase should reach 10—20° when

x ~ d. With increasing value of the residual polariza-
tion, the maximum phase decreases rapidly.

Inasmuch as the maximum of the phase should be
observed at external fields satisfying the condition
x > 1, it is obvious that from the experimental point
of view it is most convenient to use for the observation
of the phase substances in which w, is appreciably
smaller than the vacuum value.

When d ~ 1, generally speaking, both cases in which
the phase is close to zero and situations when it is ap-
preciable can be realized. When d < 1, in principle,
the phase can be raised to 90°. However, in this re-
gion there is a noticeable dependence of the absolute
magnitude of the polarization on the perpendicular
field, and consequently the information obtained by
measuring the phase is not necessary. Incidentally, it
is useful as a control method in determining the
parameters of the theory.

8. We now consider, in a perpendicular field, the
case when the reaction proceeds in the ‘‘hot chemistry
stage and, in addition, there is a radical channel. In
this case the analog of (11) is

. . iom(A+B)B
P_B+6/{1+2[AB2—(A+B)]

»

(20)

J‘.
The notation is the same as in (9) and (11). We now
have in lieu of (13) and (14)

1 P—p \ d [ & 2

e (?Iﬁ—P)‘VZTJ&(‘Z Erae @i ) (21)
1 P—p \ =z [ @ 4
5 Im (é+ p—P )“ 200t \d2 422 &2+ 4a2 (22)

In principle, by measuring the polarization at different
values of the field, it is possible to extract from (21)
all the parameters of interest to us. In practice, how-
ever, to determine the parameters it is convenient to
make use of the results obtained in the investigation of
the substance in longitudinal fields, i.e., to carry out
the processing in accordance with (10) and (21) simul-
taneously.

Tke qualitative analysis presented for the phase in
Sec. 7 remains in force in the present case, too.

9. This section is of methodological character. We
shall show that experiments in oblique magnetic fields
cannot yield any new information on the macroscopic
parameters of the substance, if measurements have
been made in parallel and perpendicular magnetic
fields.

Indeed, in the case when the field H is directed at
an angle to the initial direction of the polarization
vector, by choosing one of the coordinate axes along
the field, it is easy to find that the system of equations
for the components of the density matrix*®! breaks
up into two independent subsystems. One of these sub-
systems contains only a polarization component in the
field,direction, and the system of equations itself,
naturally, is identical with that considered above for

the case of the longitudinal field of magnitude H.

The second subsystem is identical with the case of
a perpendicular field of magnitude H and depends only
on the polarization component perpendicular to the
field. It is therefore obvious that measurements in in-
clined fields can in principle not yield any additional
information compared with the data obtained in longi-
tudinal and perpendicular fields.

In conclusion, let us analyze the variation of the u*-
meson polarization vector in an oblique field. The
initial values of the polarization components in the
direction of the field and in a direction perpendicular
to the field are Pocos 6 and Posin 6. Accordingly, the
modulus of the polarization vector is

|P| = [P2cos?0 -+ [P |2sin%6]"%. (23)

In this case the polarization vector will obviously
process around the field direction, forming a cone.
Inasmuch as the ratio | P |/P; decreases monoton-
ically with time, tending to a certain asymptotic value,
the angle between the polarization vector and the field
decreases accordingly.

10. We now consider those additional possibilities
for the determination of the phenomenological parame-
ters of the theory, which appear in the case when it is
possible to observe the dependence of the polarization
on the time.

We start the analysis with the case when muonium
is directly observed in the substance. In this situation,
the additional information, which can be extracted by
studying the time variation of the polarization, is maxi-
mal.

Let us consider first the picture which will be ob-
served in a perpendicular field. First, there is a
damped sinusoid with the muonium frequency. The
doubled value of the amplitude determines the number
of free atoms of muonium which are present in the
substance at the given instant of time. By extrapolating
the amplitude to the zero point, we can determine the
relative number of muonium atoms produced in the
substance during the thermalization sta%e. The pres-
ently available experimental technique[6 makes it
possible to start the analysis with times on the order
of 5 x 107° sec, and therefore the extrapolation is quite
reliable.

As shown in[s], the muonium frequency can be ob-
served in small fields (x < 1) and in the case of slow
relaxation of the electron spin 4v/w, < 1. If x*
<« 4v/w,, the damping of the polarization is determined
by the term exp{ -t (1/7 + v)}, and if x* > 4v/w,, it
is determined by the term exp{ -t (1/7 + 3v/2)}. Thus,
in principle, by varying the field and accordingly going
over from one case to another, we can measure 7 and
v. In practice it is probably more convenient to supple-
ment the study of the time variation of the polarization
in perpendicular fields by investigations in longitudinal
fields.

As shown by elementary manipulations, the depend-
ence of the polarization on the time in a longitudinal
field at 4v/w, < 1 is given by

1+ 2a2 (14 22%)vt 1 v \
PO = et 2t (Ut 2 v e‘p{_t<7+'i +xz)f'
(24)

for 7,t>> [w2(1 +x?)]"Y2,
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It must be emphasized that whereas the analysis in
perpendicular fields pertained to the most general case,
formula (24) is valid only in the absence of ‘‘hot
chemistry’’ and of a radical channel.

The ‘‘hot chemistry’’ channel is revealed in simple
fashion if it is possible to observe in the given sub-
stance, besides the muonium frequency, also the pre-
cession frequency corresponding to the free u* meson.
The latter obviously describes the u* mesons captured
in the diamagnetic channel during the ‘‘hot chemistry”’
stage.

Since we are considering the ‘‘pure muonium’’
mechanism, we assume that the medium does not con-
tain any free thermalized L' mesons at all. We note,
incidentally, that inasmuch as the free ' mesons re-
tain their polarization practically completely, such p*
mesons cannot be distinguished in principle from the
muonium atoms that react in the ‘“hot chemistry’’
stage.

The probability of the reaction in the radical channel
of ‘“hot chemistry’’ can be readily determined from
the balance condition. Actually, the probability of
formation of muonium atoms in the substance is deter-
mined by double the value of the muonium amplitude
at zero, and the probability of the reaction in the dia-
magnetic channel of ‘‘hot chemistry’’ is given by u’'-
meson amplitude.

11. Let us consider further the time variation in
the case of large relaxation rates of the electron spin
¥ =4v/wo>> 1. We shall not analyze the case of med-
ium relaxation rates v ~ w,, since such a relaxation
leads to a very rapid vanishing of the time dependence
(within times on the order of 1/w,). The latter cir-
cumstance can be readily seen already from the fact
that in the case of slow relaxation the damping time is
~1/v, and in fast relaxation, as will be shown later,
~v/w?. We note only that if w, in the substance is
much smaller than the vacuum value and, in principle,
a possibility appears of observing the time variation
in the case of medium relaxation rates of the electron
spin, too, then the observed picture will differ appreci-
ably from both limiting cases, since the curve of pre-
cession of the polarization in a perpendicular magnetic
field will be the superposition of several sinusoids.

We write down first the general relation for the
polarization, observed at the instant of time t in a
perpendicular field. As shown inm, the observed com-
plex polarization is determined by the relation

¢ 1 ar ,
P(l) = eit't S p(t")exp {— (T + ilo’ )t' }’Tw + p(t)etT, (25)

where p(t) is the polarization of the p* mesons that
are in the muonium stage. In (25) it is assumed that
the precession frequency of the chemically bound u*
meson is the same as that of the free u* meson. Inas-
much as p(t) is given by®]

13
p(t) = D) Aremt, (26)
k=1
we get
4 i . N Rt
P(ty= et S Aplexp{[M — (/7 + o)1t} — 1] +o(t)e (27)

et T[A —(1/7 4+ iLo)]
We shall show further that in the case when ¥ > 1 we
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have p(t) = At Indeed, as shown in[‘r‘], the character-
istic equation for X = 2 /w, is
M [2(a+b) — 1P+ [4+ (a+ b) + 2ab" —y (2" + a) |2
— [2ab'(a + &) + 4(a + b)) —yb' (V' + 2a) — 2y]A + (a 4 b'32

+ a2’ —yab” — y(a+b') = 0, (28)
where
- fﬁ; v==[v+ 12;1;]'
Introducing the variable w =X - a, we get
pt — 126 — y]p® 4 [4+ b2 — 2yb]p2 — [4b — yb2 — 2y]p
+ b2 — yb=0. (29)

Here b = - (y + 2ix).

We begin the analysis of (29) with a search for roots
satisfying the condition | 1| < 1, since the time de-
pendence of the polarization can be observed experi-
mentally only when such roots exist. As can be readily
seen from (29), there is only one root satisfying the
condition | u} < 1. It is determined from the equation

vb2uy 4- b2 — yb = 0. (30)

Accordingly
o [E i e LY 31
(v)o—[1+§+\¢2—|—412]2m ;— i ( )

The results (30) and (31) were obtained with relative
accuracy 1/y2 As seen from (30), when ¥ > 1 the
root actually satisfies the condition | x| < 1 and
therefore our procedure is justified.

Further analysis of (23) shows that the three re-
maining roots satisfy the condition | x| > 1. With this,
Re u© = —y. We note incidentally that for the analysis
it is convenient to rewrite (29) in the form

| 1 1 1

G s G = ) — . @
Determining then the coefficients Ayx corresponding to
these roots, we can see that they are close to zero,
with good accuracy. Accordingly, the coefficient A for
the root || < 1 is equal to unity, with the same ac-
curacy. Thus, when y > 1 the polarization takes the
form

P(8) = exp[ito/] {Pa + (1 — Pu)exp [;:TZZ 2]
S e s 0

The residual polarization P, is determined here by
formula (11), and in our case is given by

o 1_w_ _ T 2iz 1 v -1
Pu = t[A— 1/ — 2] {1 T2 V2 + 4a? _y__'yz+4zzs]4}) !

When x < ¥, formulas (33) and (34) go over into the
relations obtained in'%®), If there exists a ‘‘hot chem-
istry’’ channel and there is no radical channel, then
relation (33) remains in force, except that the residual
polarization P, should be calculated by means of
formula (20). In a longitudinal magnetic field at

Y > 1, a similar analysis leads to the result

P(t)= Pw -+ (1 — Ps)exp {—t[%+y_29+ﬁtﬁ}}, (35)

where



CONTRIBUTION TO THE THEORY OF THE CHEMICAL REACTIONS OF MUONIUM 3801

P~zﬁ+6[1+ (36)

0T ]‘1

y(1 4 4a2/y?3) 1 7
Thus, in those cases when a dependence of the time
variation of the polarization on the field is observed,
we can determine all the theory parameters of interest
to us.

12. We note in conclusion that the entire problem of
determining the phenomenological parameters is
trivial in the case when the value of w, for hydrogen
has been determined in the given substance with the
aid of EPR. Then, obviously, to determine v and 7 it
suffices to measure the residual polarization in longi-
tudinal magnetic fields. It can be assumed that the use
of muonium as an object simulating atomic hydrogen is
quite promising, particularly for the study of the
kinetics of fast chemical reactions (7 ~ 107°—107" sec)
and for ‘‘hot chemistry’’ of hydrogen. Particular in-
terest, in our opinion, attaches to an investigation of
reactions with formation of unstable short-lived
(10°=107" sec) radicals. We note, however, that in
this case the theory developed earlier should be modi-
fied somewhat. This question, as well as the semi-
phenomenological theory of ‘‘hot chemistry’’ of muon-
ium, will be considered in our next paper. We indicate
only that u* mesons may turn out to be a very conven-
ient tool for the study of hydrogen reactions on a sur-
face. Indeed, in the case of strongly developed surfaces,
their influence on the depolarization process can be
readily observed, and thus we obtain a new method of
investigating finely dispersed phases. It is known that

problems of this type arise in the most diverse
branches of physical chemistry and are of great prac-
tical interest.

Finally, it can be noted that a study of processes of
depolarization of the u* meson in electrolytes of dif-
ferent concentrations, particularly in concentrated
acids, may possibly explain a number of problems in
the chemistry of these systems, such as for example
the determination of the concentration of the free ions
H'.
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