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The objective of this investigation is to evaluate the effect of weak magnetic fields on the defect structure of
a wide range of nonmagnetic crystals. The available experimental data are interpreted within the framework of
the phenomenological scheme of magnetic field-assisted defect reactions in solids within a concept of defect-
induced lattice magnetism. We elucidate the principal difference between the defect reactions in solids and
chemical reactions of radical pairs in liquids, emphasizing the role of the media in the spin-dependent effects.
The defect reactions may be induced by both pulsed magnetic fields and microwaves, as well as by a constant
magnetic field. A macroscopic manifestation of the quantum phenomenon is a long-time dramatic change in the
defect structure and some physical and chemical properties of crystalline materials. One can use the magnetic
field treatment for a control modification of the defect structure of crystals. We predict the effentpérature
windowsinside which magnetic fields can determine the defect structure.
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I. INTRODUCTION time of spin-lattice relaxation that restores the equilibrium.

A sufficient amount of experimental data have been opHowever, adapt'ing the well-developed concept of magneto-
tained that show weak magnetic fields can have an effect ofe"Sitive chemical reactions of the spin-correlated radical
the defect structure and some physical properties of variou@airs in liquid media to the magnetic field-induced defect
nonmagnetic crystals. Initially, a decay of impurity-defect éactions in crystals is difficult. _ _
complexe$ and an increase of dislocation mobifityere ~ The description of the magnetoplastic effgttie magnetic
discovered in the alkali-halogen crystals in magnetic fields ofield-induced increase of dislocation mobilitiyn the context
~10 kOe. The magnetic field-induced phenomena were als8f the model! of interaction of a dangling bond in the dis-
revealed in nonmagnetic metdlmetal-oxide-semiconductor location core with a paramagnetic center being an obstacle
Structure§’ high_oxygen silicon Crystal%fi semiconductor for a mOVing dislocation is not considered a plaUSible eXpla-
A,Bg (Ref. 7) and AgBs (Refs. 8—10 compounds, as well as Nhation of the magnetic field-induced phenomena in nonmag-
in the Sh-As solid solution¥ ferroelectricst213 YBaCcuO  hetic solids, especially since there is an effect of magnetic
ceramicst4 and crystalline polymer:16 Most of the effects field on the mobility of dislocations introduced into the crys-
were observed at room temperature. tal after the magnetic treatmefftThe assumptio#t that the

Evaluation of the experimental data leads to a conclusiofinagnetoplastic effect is caused by magnetic field-assisted
that the magnetic field-induced structural changes in nondecay of defect complexes due to a change of the spin state
magnetic solids represent a decay of defect complexes a€f the short-lived radical pairs, arisen as a result of the break-
companied by a generation of mobile point defects particijng of thermally elongated stressed chemical bonds in such
pating in long-time processes, forming new defect structurescomplexes, can be challenged. Indeed, the time of the change
In general, the structural changes considerededsct reac- Of the spin level population in a magnetic field0™
tions in solidswith an activation energy of-1 eV, resulting —10°seo significantly exceeds a lifetime fluctuation
from the effect of magnetic fields characterized by a Zeemai~10"*3se9 corresponding to such bond elongations that
energy of~107® eV, which is much less than the thermal are responsible for the Zeeman transitions. In addition, a di-
energy at the temperature of the experiment. This phenontect experimerf has not detected an effect of magnetic field
enon is puzzling and requires further study. on the breaking of mechanically stressed chemical bonds.

The effect of magnetic fields on defect reactions in solids In spite of the attractiveness of the concept of magnetic-
is similar to the effect of weak magnetic fields on the kineticsspin effects in chemical reactions of radical pairs, developed
of chemical reactions of radicals in liquids. It is well known in spin chemistry theory, the validity of its use for an expla-
from spin chemistry/~2°that a magnetic field is able to have nation of the magnetic field-induced phenomena in crystals,
an effect on the probability of the reaction by acting on theobserved as the changes of the defect structure and mobility
spins of unpaired electrons of the radicals composingdas  of defects, is debatable. This investigation addresses the need
cal pair. The radical reactions in liquids are sensitive to anfor a more universal understanding of the effects.
external magnetic field when the lifetime of the radical pair
is longer than the lifetime of magnetic field-induced non- Il. EXPERIMENT
equilibrium population of the energy levels relating to differ- The special features of the magnetic field-induced
ent spin states of the pair, but shorter than a characteristichanges of the defect structure of nonmagnetic crystals are
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FIG. 1. (Color onlinge Planar distribution of elemeni®y EPMA data in the surface layer-1 um of the InAs(top panel and the
Shy gASy » crystals(bottom panel (a) before PMF treatmenib) — (e) 5, 10, 20, and 100 days after the PMF treatme@ty=3 kOe,t=4
X 107® sec,N=1500 pulsesf=50 Hz, T=300 K). Colors of the INAgSk, gAS ), In (Sb), and As phases are gray, black, and whyelow,
red, and green in the color online versjprespectively. The size of image is 58G00 um.

exemplified below by the effect of magnetic field-inducedcan see that there is one and the same evolution of the defect
diffusion instability of binary phases, detected recently in thestructure in the crystals of both types. The more dramatic
crystals of semiconductor 85 (Ref. 10) and solid solutions appearance of the effect in the 3Bsy , Samples is associ-
in the Sb-As systent. ated with a higher initial content of defects in these crystals

The Sk gAsy , and InAs crystals with a large-block struc- in comparison with the InAs samples. The effect is charac-
ture and mechanically polished surfaces were investigatederized by the two stages with an increase of content of the
The details of the sample preparation were describe@lonvolatile component in the surface layer of the crystals at
earlierl®11 Electron-probe microanalysi€PMA) was used the first stage and the reverse process of the decrease of the
to determine the chemical component distribution in the surcontent of the nonvolatile component at the second stage.
face layer of the samples before and after the magnetic fieldhe effect is also characterized by a delay in appearéamce
treatment. The measurements were performecﬂam_S(:an latent Stag)?,and results in a final increase of planar homo-
S4 scanning electron microscope equipped with an energydeneity of the crystals.
dispersive x-ray analysis systennk AN10/55SThe planar One can characterize the extent of planar inhomogeneity
distributions or the maps of components were determined iff the crystal by a ratia of the areas occupied by the non-
the surface layer with a thicknessl um by measuring the volatile component and by the stoichiometric compound in
intensity of a characteristic x-ray radiation excited by anthe planar distribution of the components, for example, by
electron beam scanning the sample surface. The red, gredh€ ratiod=[In]/[InAs] in the case of InAs crystal. The time
and yellow colors in the maps represent the areas occupiedependences of the PMF-induced changes of the parameter
mainly by the nonvolatile component@ntimony in the Of inhomogeneitys(t) in the InAs crystal for different mag-
Shy sAsy» samples and indium in the InAs samplethe  hitudes of the magnetic field pulses are given in the Fig. 2.
volatile component(As) and the relevant stoichiometric The time dependences of the paraméter are characterized
compound(InAs or Sy A ,), respectively. by a latent stagétens of houry followed by a stage of

The pulsed magnetic field®MF9 generated by periodi- considerable increase of the nonvolatile component content
cal discharging of a capacity bank through the low-in the surface layetup to hundreds of houysand by a pro-
inductance solenoid coil were used for the magnetic treatlonged stage of restoring the component contgofs to
ment of the samples. The magnetic treatment was performediousands of houys The PMF-induced effect is character-
inside the coil by a series of 1500 single-polarity symmetri-ized by the magnetic field threshdlet 1 kOg and saturation
cal pulses of a triangular shape with duration of 4 (>2 kOe. It should be noted that there are no changes in the
X 107 sec, repetition rate of 50 Hz, and variable amplitudeplanar distribution of the components in the control samples.
of magnetic field. Both the treatment and the after-treatment The effect observed can be explained by the PMF-induced
storage of the samples were carried out at room temperaturdecay of the defect complexes containing excess vacancies
The PMF-treated samples were stored together with the cormf the volatile componen¥ g with antistructural defects; for
trol samples not exposed to the PMF. example, with arsenic atoms in the indium sites,As the

The effect manifests itself by the long-tintep to a thou-  InAs lattice or in the Sk sites in the case of the Sb-As
sand hours at =300 K) redistribution of the components in crystal. The decay of the defect complexes results in a for-
the crystals resulting from a short-tinigecondsPMF treat-  mation of mobile point defects, including thé sites. The
ment. The effect is clearly demonstrated in the Fig. 1. Ondliffusion of the arsenic vacancies from the volume of the
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FIG. 3. Energy dependencé&sr) of singlet(ground statgeand
triplet (excited statgterms of two electrons of a radical pair as a

00 1200 function of distance between the radical&). Vibrational (bold
t (hou,r) lines) and magnon(thin liney structure of an adiabatic electron
term E(Q) of the ground state of defect in solid state, shown sche-
FIG. 2. Time dependence of the inhomogeneity paramgter ~ matically depending only on the configuration coordin@téb).

of component distribution in the surface layer of the InAs crystal

after the PMF treatment. The samples are as follows: 1 is a contrc}he Bohr magnetonﬂ IS a magnetlc field str_e_ngth, afds a
sample: 2 — 5 are PMF sqiies treated aHo=1,2,3,and &Oe, temperature in energy units. If the transitions between the

respectively. Other treatment parameters are the same as definedI els take place un_der the action Of _magnetlc fleld,_then In
Fig. 1. the absence of the field, these transitions must be either for-

bidden in principle or highly improbable.

o _In the two-electron concept of spin chemistry, the mag-
crystal toward the surface and the counterdiffusion of arsenigetic field induces a transition between the taancrossing
atoms cause a surface depletion of the volatile componer§jeciron terms: the ground singlet level and the excited triplet
that is observed as the surface is enriched with the nonvolgg,e| with the energies d&(r) andE(r), respectively, where
tile component. The flow of the point defects disturbs the, ig 5 gistance between the electrons in the radical pair, de-
thickness equilibrium of the component distribution, which a4 as the configuration coordinafteig. 3@)]. In the ab-

is restored by diffusion of the excess nonvolatile componenfence of a magnetic field, the transition between the singlet

from the surface into the volume. The higher mobility of the 5 yriplet levels is strictly forbidden by spin. The condition
volatile component in comparison with the nonvolatile com-, 4 IE(r)—E(r)|=pugH, at which the magnetic field-

ponent explains t_he nonmonotonic_ character of the effect an(gjwduced transitions between the terms are possible, is ful-
the longer duration of the restoring stage. The prolongegy g o jarger values(of the order of several interatomic

character of the observed phenomenon, as well as the e.x'aistance};in an intervalér. This interval determines the du-
tence of the latent stage, can be explained by slow dI1qus'orljation of the radical pair in the reaction zone. The time in-

at room temperature. The diffusion character of the latenfy,, o hecessary for the reaction is easily achieved in the case
stage is shortened by performing the experiment at a highest o |iquid-phase reaction, when the distances between the

temperature. . ¢ ic field radicals and their orientations with respect to each other may
. The long-time nonmonotonic charac_ter of magnetic field-,, arbitrary, while the molecular mobility of the radicals is
induced changes of crystal characteristics as well as the mMagsvered in the viscous liquid media.

netic field threshold and saturation of the effect are inherent Reactions between defects in crystals have a diffusion

for the most of experimentally observed PMF-induced €f-.j\5racter and the motion of the atoms, which were consid-

fects resulting from a decay of defect complexes in So"dsered as composing a radical pair, maigxcluding a very

The origin of the dec:_iy of defect complc_axe; under th.e inﬂu'short time interval directly related to the diffusion jujrpas
ence of the comparatively weak magnetic fields remains pu

: Za character of small vibrations near their equilibrium posi-
zling. tions. That is why the conceftof a stressed valence bond as
a radical pair leads to an extremely small duration of stay of
Ill. CONCEPTION OF DEFECT-INDUCED LATTICE such a pair in the reaction zone. =
MAGNETISM The description of defect reactions in crystals should take
into account the characteristic features of the quantum states
Any interpretation of the effect of magnetic field on defectand the energy spectrum of elementary excitations of the
structure of a solid requires the answers to two questid)s: solid state. Generally speaking, this cannot be reduced to the
between which levels in the energy spectrum of the solid dawo-electron radical pair model. There must exist energy lev-
the transitions occur under the action of the magnetic field2ls in the spectrum of elementary excitations and the transi-
and(2) why do such transitions not happen in the absence ofion between which appears to be possible in external mag-
the field? The magnetic field-assisted defect reactions aneetic field. As it follows from general phenomenological
observed at relatively high temperatures. That is why theconsiderations? the change, due to an external magnetic
characteristic magnetic energygf the order of the distance field 6H, of the free energy density at a constant temperature
between the leveJgurns out to be much less in comparison is equal tosSF=-M&H, whereM is a magnetization. There-
with the characteristic thermal energyggH <T. Here,ug is  fore, one camassumethe magnetic field-induced transitions
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are associated with an existence of some magnetoactivEhe DC— RP transitions may be caused either by the spin-
branch in the spectrum of elementary excitations, similar tarbit interaction or by an external magnetic field. In the ab-
spin waves in ferromagnets and antiferromagnets. sence of a magnetic field, it is a weak spin-orbit interaction
The nontriviality of the observed magnetic field-inducedthat provides thehemical equilibriumbetween the DC and
phenomena lies in the fact that these phenomena occur RpP’s. The external magnetic field may give rise to a shift of
solids where thedeal crystal structure excludes any mag- the chemical equilibrium, changing the concentrations of DC
netic ordering. However, it is a change of the solid state;ng Rp’s, which appears as an increase of mobility of some
defect structure that is the result of a magnetic field treatyefects and as anacroscopicchange of the crystal defect

ment. Thegefg_re, ong lca_n dgduce trf]latdthfe ma%netic lord%'iructure.Thus, the magnetic field changes the rates of the
arises in the distorted lattice due to the defects themselves ., fions between the defects in a solid

In such anassumptionthe magnetoactive branch in the
spectrum of elementary excitations is caused by the defect of

the point symmetry group that is related to one of the mag- IV. MAGNON-ASSISTED REACTIONS
netic classed? The defect distorts the lattice, resulting in an
incomplete compensation afrbital currents inside the dis- The ground state energy of the electron system corre-

torted elementary cell. This results in the appearance of gponding to a DC may be considered as the minimal eigen-
nonuniform field of a magnetization in the extended vicinity , o ,e of an effective Hamiltoniafi (Q), describin

! . i(Q), g the sys-
of the defect. This region may be denoted ascdefect- tem of N electrons relating to the DC. When one can neglect

magnetized domain(DMD). This kind of a defect-induced _ o _ o
piezomagnetism should not give rise to a macroscopic maghe weak spin-orbital interaction, the Hamiltoniah(Q)

netization due to its self-averaging over all crystal equivalenflo€s not depend on spin operators, and its eigenfunctions can
defect orientations. be represented in the form of a product of orbjtaQ) and

The established concept of orbital magnetic ordéfir§ ~ SPin |S) wave functions(here, § is the total spin of the
is the main element of this proposal. Currently, the concept§lectron system under consideragiofihe eigenfunctions of
of hiddenorbital antiferromagnetic orderifand orbital an-  another effective Hamiltoniaki;(Q), which determines the
tiferromagnetic fluctuatiori8 are widely used to explain the state of the RP’s, can be represented in a form similar to that
unusual properties of the normal phase of cuprate supercowf a product of the relevant orbitél; Q) and spin|S;) wave
ductors, for example. functions. The total wave function in the form of a product of

The quantum states relating to the magnetoactive elemeithe spin and orbital functions is antisymmetric with respect
tary excitations under consideration have to be determined ito a permutation of any pair of electrons. Therefore, at a
an extended space-limited vicinity of the defect. A vicinity given spin configuratioindependent of the reaction coordi-
represents a peculiar type of a quantum dot in the case of mate|S,), wherex =i, f, the orbital function must have a per-
point defect, or a quantum wire in the case of a line defectmutational symmetry corresponding to the given total spin.
Owing to such a confinement, the spectrum corresponding t®ne can use the factorized wave functions in the absence of
the magnetoactive branch appears to be size quantized. Tlhea external magnetic field since the lifetime of a DC is large
size quantization levels should be associated with each vibranough to consider the state of the &3 well as the state of
tional level of the adiabatic electron term, which depends othe RP’§ as being stable. In the first approximation, the
atomic configuration of the defect, as is schematically showrstates of the DC and RP’s may be considered independently
in Fig. 3b). such that one can neglect the spin-orbital interaction that

For clarification, let us consider a decay reaction of theresults in infrequent transitions between the DC and RP’s
defect complexDC) into mobile parts with a more simple maintaining the chemical equilibrium in the defect crystal.
structure that we call the reaction produd®P’s). Ground state orbital wave functions of the DC or RP’s are

Such a reaction is carried out through diffusion displacene ejgenfunctions of the Ham”toma,gg(@, given by
ments of atoms in the crystal lattice and may be described by

trajectories in a configuration space, formed by linear com- p'x(Q)P\;Q) =E\(Q\;Q), (1)
binations of coordinates of the atoms, essentially changing ) ) _ )
their positions during the reaction. depending on the reaction coordinate. The eigenvadi&3)

Under the qualitative analysis of kinetics of the reaction,of these Hamiltonians corresponding to the electronic terms
it is common to restrict the evaluation to only one configu-for the relevant configurations of the DC and RP’s also de-
ration coordinateQ commonly called acoordinate of reac- Pend onQ. Taking into account the fact that the ground term
tion. The energy of the ground state of the electron systen®f the initial configuratiorE;(Q) has a minimum aQ=Qy,
related to the chosen configuration space of the DC, as then the ground term of the final configuratidg(Q)
function of Q, has minima at some valu€¥, andQ,, corre-  achieves its minimal value ®=Q,,# Q. It is possible to
sponding to the equilibrium configurations of the DC andconclude that there is a crossing of the ground terms related
RP’s, respectively. The energy values corresponding to thto the DC and RP states at some coordir@tebetween the
pointsQ,, andQ;, determine the thermal equilibrium concen- coordinatesQ,, and Q. This means that the two electronic
trations of the DC and RP’s, respectively. terms of the ground state of either the DC or RP’s may relate

Let usassumgas well as in spin chemistyythe electron to one and the same val@ In the absence of an external
states of the DC and RP’s correspond to the different valuesagnetic field, the concentration of the DC is much higher in
of the total spin of the electron system under considerationcomparison with the concentration of the RP’s for the con-
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anticrossing of the terms in the case of diffusion behavior of AE ~ -
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Depending on the spin configuration corresponding to the
DC and RP’s, the following options are possible: FIG. 5. Structure of spin wave functiorig) and Zeeman split-

(1) The crossing of the terms takes place if the spin waveing (b) of the ground and the first excited levels of the
functions of the DC and RP’s are orthogonal to each other-configuration.

(($|S)=0) and any transition between the electron terms of

the DC and RP's turns out to be spin forbidden. WK@n yjprational degrees of freedom. Accounting for the condition
#Q., the statgeither the DC or RP)scorresponding to the  that(S,|S)=0, the transitions between any of the vibrational

term with the higher energy is metastable. If the transitiongizies of the DC and RP§ < f) should be strictly forbid-
between the DC and RP’s is not spin forbidden, due to 3en.

finite overlap p_f the orbital wave functlor@;fll Q) #0, Such transitions become possible if there exist excited
then the transition from the metastable state into the groungtates|$*> in the spin subsystem of thieconfiguration for
state would certainly be possible. The reverse transitioich the transition — f is not forbidden. In such a case, the
would also be possible. In this sense, both branches of theopapility of the transition froman excited DC state of the
configuration diagram, schematically presented in Fig@),4 i-configuration (DC*) into any vibrational state of the
exist independently of one another. f-configuration can be estimated as

(2) If (S|S)#0, then the transitions between the ground
terms of the DC and RP’s are allowed and the degeneracy at Pu(T) = (S 3*) 2y Wo(T)|(F;n’|n, * ;)2 (2)
the point of crossing should be eliminated. This results in an nn'
anticrossingof the terms; that is, in the appearance of the
Q-dependent ground and the first excited terms of the eledere,|n, * ;i) is an orbital wave function of the excited state
tron system. Neglecting the transitions between these termassociated withth vibrational level. The permutational sym-
one may consider that the electron system follows the atominetry of this function corresponds to the total spin Equa-
displacements adiabatically. This leads to diffusion transition (2) corresponds to the “instantaneous” chartje- H;
tions DC— RP’s with activation energies determined by the of the Hamiltoniad! due to the DC*-RP transition. Thus,
difference of the grou*nd term energies corresponding to théhe overlap integrals of the eigenfunctions, relating to the
pointsQ, andQ,, or Q,,,, as shown in Fig. ). different operators, are certainly nonzetb;n’|n, *;i)+0.

Considering the influence of an external magnetic field on  The spin wave function of thsl electron system may be
the rate of the defect reactions in solids, one has to assungpresented as a two-row Young tabl&aThe total spin of
the orthogonality of the spin configurations of the DC andthe system is then determined by the difference of the row
RP’s. This is because in the opposite case, the effect of thengths. For simplicity, let us assume that the ground state of
external magnetic field on the diffusion transitions may bethei-configuration is characterized by the spin wave function
ignored. with the total spinS=1, as is shown in Fig. 5. One of the

The reaction coordinat® has the meaning of a transla- simplest excited states with the same total sl can be
tional mode in the configuration space. Thus, the energyepresented as a “product” of the Young tableausNer2
E\(Q) may be defined as the potential energy of the oscillatelectrons (the spin function of the excited state of the
ing atoms in the configuration of the D@ =i) or RP's(A i-configuration with the total spir§=0) and a one-row
=f). The quantization of atomic vibrations leads to a vibra-Young tableau corresponding to the other two electrons com-
tional structure of the electron terms. At a finite temperatureposing a “magnon”-type quasiparticle with the total s@n
the population of the vibrational quantum states, character=1 in the system ofN electrons, as is shown in Fig. 5. The
ized by the corresponding quantum numhberis determined  minimal excitation energ@AE,, of such a magnon is nonzero
by a partition functionw,(T). The spin wave functiofS,),  and has a meaning of a binding energy of a magnon split off
relating to the ground electron term, does not depend on th&gom the system includingl electrons.
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The factorized spin function should be associated with @pectrum, the reverse transition RP’sDC turns out to be
factorized orbital function, in which a multiplier, related to spin forbidden. In such a case, a transition from the meta-
the N-2 electrons with the total spi§ =0, describes the stable RP state into the stable DC state may occur only with
excited state of the defect complex DC*. It is natural for anweak spin-orbit interaction. This transition may be consid-
open system, such as the electron system under considesred as a microscopic mechanism of the after-treatment long-
ation, to preset not a number of particles, but a chemicalime relaxation, which is controlled by the diffusion of RP’s.
potential. There is then no need to consider the number of As pointed out previously, the probability of the transition
electrons as being conserved. f—i, determined by Eq(2), corresponds to an “instanta-

The application of the external magnetic fieldeads toa neous” change of the Hamiltonian. That is why the transition

contribution into the Hamiltoniati;, which depends on the from a given initial state turns out to be possible into any one
total spin operatoé. Linear byH approximation, this con- of the final statej;n’;fz. Keeping in mind that the change of
tribution can be written in the fordh the HamiltonianH; — H; takes place during a finite time in-
terval At, corresponding to a characteristic time of emission
or absorption of a magnon, one can conclude that the transi-
tions from a vibrational leveh are allowed only into the
levelsn’ inside an energy intervalE~#/At in close prox-
Here,L is the operator of the total angular momentum of theimity to the energy corresponding to tielevel. Let us as-
system ofN electrons. An external magnetic field thus resultssume that spin levels of the metastable DC* are populated
in a linear byH Zeeman splitting of the ground state triplet due to the well-knowmAg mechanism with a characteristic
term. One can present the corresponding energy splitting iime ~107°-10"® sec. The nonequilibrium population of the
the form of AE,,=ugg H, whereq’ is the effective Lande Metastable DC* level survives when the spin-lattice relax-
factor. It should be noted that there is a splitting of each oftion is slower proces¢~10"seq.!® The transformation
the vibrational terms of theconfiguration. DC* —RP’s is controlled by transitions in the electron sub-
The coincidence of the Zeeman components of the groungystem and corresponds to a shorter characteristic Aitne
and excited levels of théconfiguration takes place at the <10°sec.Thus, the energy intervalE considerably ex-
magnetic field strengtiH,, determined by the condition ceeds a separation between neighboring vibrational levels of
AEL=AE,, so that the transitions between these levels aréhe RP term.
possible atH~H,. Such transitions, accompanied by either

VLY 3)
2mc

emission or absorption of a magnon, lead to a change of the V. DISCUSSION

spin configurationN§=1—S =0) and to the corresponding ) . )

change of the orbital wave function, in E®), denoted as A comparison of our scenario of spin-dependent defect
In,*;i). reactions in nonmagnetic solids with the conception of spin

Itis clear that the magnetic field strendtly is determined ~ €ffects in chemical reactions of radical pairs in liquids eluci-
by a specific feature of the electron-electron interaction aélates the principal difference in the role of the media.
well as by quantization of “magnon” excitations. These ex- In spin chemistry, a liquid medium is considered as a
citations may exist inside the DMD. Let us suppose tha  honmagnetic uniform unstructured viscous continuum inhib-
a characteristic linear scale of the DMD. A separation beiting the molecular kinetics of radicals and keeping the radi-
tween any two neighboring size-quantized levels can then bgal pairs in the reaction zonghe “cage” effect"?° Since
estimated as\E,,~#%2/2mL2. In the case of a sufficiently the magnetic field-induced change of the spin state of the
small L, the contribution of the size quantization into the radical pair is impossible in an isolated system of two radi-
AE,, turns out to be predominant. In such a case, one caf@ls (éxcluding a special case of tf&Tj transitions, one
estimate a quantization scale For example, considering a Needs a “third particle” to conserve the total angular momen-
point DC, one should take into account the fact that the elagum of the radical pair. It is believed that such a third particle
tic stress due to the DC decreases with the distanitem  May be a nucleus of one of the radicals participating in the
the DC asr~3, so that the scalé can be estimated ds  SPin-dependent reaction by the hyperfine interactiofl.
Nnal/?», whereny is the DC volume concentration. Hence, The ideal crystal under consideration has a symmetry that

AEn,~#2n2"%/2m, and the estimation of the magnetic field does not permit any magnetic ordering. It is in the defect

strengthH, can be written in the form crystals where the lattice magnetism appears. The lattice dis-
tortion in the extended vicinity of the defect may result in a

he o nonuniform magnetization corresponding to a magnetoactive

Ho ~ g*_end . (4) branch in the spectrum of elementary excitations. The ap-

pearance of a magnon-type excitation, localized in the DMD,
For a typical value of the DC concentratiog~ 10" cm 3, may be associated with noncompensated orbital currents
Eq. (4) givesHy~1-10 kOe, which is in good agreement manifesting themselves as fluctuations of the magneto-
with the experimental data available. ordered state. It is the magnetization of the distorted lattice
The decay of the metastable state of the @C*) is not  that plays a role of the third particle providing the conserva-
forbidden by spin and results in a transformation of the DCtion of the total angular momentum in the transition between
into RP’s. If the RP’s do not have a lattice distortion result-the ground and excited states of the DC. The external mag-
ing in a magnetoactive branch in the elementary excitatiometic field leads to the Zeeman splitting both of the ground
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and excited levels of the DC, thus providing a possibility ofinduced order parameter or temperature suppression of mag-
transitions between the crossed Zeeman levels. Thus, therengtization fluctuations in the DMD.

no need to involve the nuclear magnetérior the explana- Following the above developed hypothesized scheme, one
tion of the experimentally observed threshold in the magnecan predict one more temperature effect that may be called
toplastic effect. “a temperature window” of defect reaction rate enhancement.

A macroscopic manifestation of spin-dependent reactionsaking into account the temperature dependence of the par-
30thtln |lqbrl]lds _antlll soll_(la!z is a cm\tnge_t_OI tgeb reactlor][ y'ekljtition function w,(T) and also the fact that the overlap inte-
ue to a chemical equilibrium shift initiate an externa o iy ; ;
magnetic field. In theqframework of the scenari% of magneti gral {f;n’In, *3i) in Eq. (2.) has & maximum when the V|b.ra-
| ional levelsn andn’ are situated in a vicinity of the crossing

field-induced defect reactions in nonmagnetic crystals, a rise _. .
of mobile RP’s resulting from a decay of the DC's corre- point of the electron terms corresp_ondmg to the DC "?“Fd
sponds to a nonequilibrium state of the defect subsystenBPS' one can come to a conclusion that the probability

Thus, there arises a trend of some kind of a homogenizatiohi(T) 0f the DC—RP transition must have a maximal value
of the defect structure due to diffusion flows, resulting in an@t @ certain temperatu,. Therefore, this transition should
establishment of an equilibrium space distribution of RP’s.b€ clearly pronounced ned,, exhibiting “a temperature
However, such a new equilibrium state turns out to be metaindow” for the effect. o
stable because of the thermodynamic tendency towards a re- 1he defect reactions occur when the magnetic field
storing of the initial concentration of the DC’s. The restora-Strength is equal télo, [Eq. (4)]. Therefore, one can easily
tion of DC’s after a magnetic field treatment caused by thel€tect such reactions “scanning” a crystal by magnetic pulses
spin-orbit interaction leads to a lowering of the free energyWith linear fronts under the condition that the pulse magni-
of the crystal. In the framework of our consideration, it is thetude should be higher tha,. Thus, PMF-induced effects
spin-orbital interaction that controls this last stage of crystafnust be characterized by a threshold strerglexhibiting a
structure evolution after the magnetic field treatment. saturation in the fields ovetl,. The number of pulses must

The transitions into the metastable state are controlled b€ sufficient in order to provide the time necessary for the
a diffusion time that can be estimated@s- D‘ln;m where ransition DC— DC?*. In this connection, it should be noted

D is a diffusion constant of the RP’s, arid~ nal/3 is an  that the spin-dependent reactions have been also observed

average distance between the DC’s. These parameters al@gth in the case of constant magnetic field treatmmtith
control the establishment of chemical equilibrium. The cor-the strength corrsesspondlng tdy, and in the case of micro-
responding characteristic tinediffers from thet, only by a ~ Wave treatment®

“capture coefficientK > 1 connected with the probability of [N conclusion, there may be a wide range of applications
the transitionf — i due to the spin-orbit interaction during an for the PMF-induced effects in material science for con-

“inelastic collision” of two RP’s,, =K. trolled modification of defect structure and properties of a

Using the values of,~200 h,t,~ 1000 h(see Fig. 2, number of solid-state materials.
and a reasonable initial concentration of DCisy Note added in proof We have recently learned of a

~ 10" cm 3, one can estimate the diffusion coefficient of the pf”‘pe{s‘S in which the effect of magnetic field exposition on
RP’s asD~ 10" cr?/sec. Such an estimation is in good dislocation mobility in high-oxygen silicon crystals is ob-
agreement with the dat¥related to considerably higher tem- S€rved. The effect is supposed to be due to spin-dependent
peratures. The possible reasons for an enhancement of tH&nsitions in silicon-oxygen complexes in the dislocation

low-temperature diffusion after the PMF treatment were disc0re and, thus, is strongly dependent on the defect structure.
cussed earlier. The magnetic effects were not observed in the low-oxygen

The diffusion character of the defect structure evolutionSilicon crystals:*® Therefore, in order to obtain the repro-
after magnetic field treatment allows one to conclude that gucibility of the magnetic field effects, one should carefully
temperature increase should result in a suppression of ifpontrol the defect structure of the solids under investigation.
effects of PMF treatment, since the gharacterlstlc times ACKNOWLEDGMENTS
and 7, decrease exponentially with an increase of the storage
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