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Diffusion of point defects in shocked molecular crystals
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The dynamic response of a molecular crystal containing defects to shock wave loading is modeled and the
resulting diffusion of point defects is simulated. It is shown that diffusion proceeds not only via the stress
assisted diffusion, which is point defect diffusion in a stress field, also known as the Gorsky effect, but also
through defect diffusion in the field of inertial forces. The method for modeling diffusion of point defects in
shocked solids is developed. It is shown that diffusion in the inertial field significantly exceeds the stress
diffusion in organic molecular crystals. Interplay between stress-assisted and inertial diffusion leads to the
separation of light particles from heavy particles due to the shock wave front excitation, e.g., heavy and light
molecules diffuse to different directions from the wave front. The diffusion mechanisms and the separation
effect are discussed in great detail for organic molecular crystals under shock wave excitation.
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I. INTRODUCTION organic molecular crystals studied here. When the masses of
Throughout the last half of the century, significant ad-the molecules are small, the inertial forces are also small, and

vances have been achieved in the field of shock wave physherefore the diffusion in the shock wave proceeds via the
ics. The energy of the shock wave is dissipated within the>0rsky effect. Should the diffusion system have both light
material as it travels through“# leading to polymorph phase and heavy molecules, the shock wave front should move
transitions® chemical decompositioh® chemical synthesis, them apart. The heavy molecules will inertially move against
polymerization of monomersand defect formatiof? Inten- ~ wave movement whereas the light molecules, in accordance
sive studies on dynamic effects in shock wa{é&recently  with stress-assisted diffusion, will move along with the
appeared ranging from a very general description based gghock wave. We will refer to this selective behavior of the
nonequilibrium thermodynamitsto large-scale molecular shock wave front as a separation effect. The inertial diffu-
dynamicg13to ab initio calculations'# 15 Despite the signifi-  sion, stress-assisted diffusion, the separation effect, and their
cant progress in the field, not much is known about defects itonsequences will be described here in detail. We also dis-
materials and their behavior under shock loadifgt’ cuss a possible experiment to test our theory and some ex-
This article is an attempt to simulate the dynamic behavperimental evidence available from literature, which lends an
ior of a molecular crystal containing point defects under theadditional support to our theoretical predictions.
action of a shock wave progressing through the crystal. The
effect of the strong dynamic compression of the material or), g5gic THEORY OF DIFFUSION IN SHOCKED SOLIDS
defect diffusion is considered and compared to the stress-
assisted diffusiofi® It is shown that a shock wave progress- Once a shock wave enters a crystal it creates a strong
ing across a solid with a high molecular mass creates a fielgtress in the material. Assuming the crystal has preexisting
of inertial forces, which affects point defect movementsvacancies and no other defects, one of the effects of the
much more drastically than strain stresses. This purely dyshock wave on the crystal will be the diffusion of vacancies
namic effect will be referred to hereafter as inertial diffusion.in the non-uniform stress field in the wave front region. In
This effect leads to the vacancy movement away from theéhe classical case of material stress, or stress-assisted
compressed region unlike in the Gorsky effect, where vacandiffusion,® atoms or molecules that increase the lattice pa-
cies are forced to drift towards the compressed part of theameters tend to move to the expanded regions of the crystal,
material. The redistribution of defects in this manner resultsvhile atoms that decrease the lattice parameters tend to move
in the formation of a “vacancy super saturation zone,” a narto the compressed regiohs. Therefore, according to
row zone with high vacancy concentration that moves alongsorsky® vacancies must move along the density gradient
with the shock front. On the other hand, diffusively mobile created by the shock wave. The shock wave, while progress-
molecules will be moving in the opposite direction, towardsing across the crystal, gathers vacancies, transferring them
the compressed material. This will result in a rapid increasdrom the uncompressed part of the crystal to the compressed
in the concentration of diffusing molecules on the surface opart.
the crystal at the moment the impact wave enters the crystal, However, in addition to stress diffusion, there is another
which will be referred to as a molecular super saturatiormechanism of vacancy redistribution in shock waves that we
zone. In some cases, for example, in the presence of impwvill refer to as point defect diffusion in the field of inertial
rities, this can lead to a new phase formation. forces, or simply “inertial diffusion.” Viewed from the frame
The intensity of inertial diffusion is greatly dependent on of reference in which the shock is stationary, inertia drives
molecular mass. This is especially well manifested for themolecules from the undisturbed region to the compressed
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region of the crystal. Vacancies, on the contrary, are driven ilhecomes more condensed and vacancies tend to move out of

the opposite direction, to the uncompressed part. Hence, ithe compressed part of the material. Further, expanding the

ertial diffusion is associated with motion opposite to that ofprobability p(xta/2), the final energyE(xta/2), and the

stress diffusion. The net vacancy flow is a result of the twofrequenciesw, in a Taylor series irx, and taking into ac-

competitive processes. count only linear terms, one gets an equation for probability
The diffusion model is described here in terms of a oneflux in the form

dimensional random walk. Herg; andx, are neighboring

sites of a crystalline lattice with the parameteAssume for j(x) = — a2W, exp<5> [ap_(x) + 1 (X)ﬂz} VA

simplicity that the shock wave travels from right to left and ke T ax  kgT IX

that the gradient of both elastif, and kineticE, energies is where E=E,—E,. This can be easily transformed into an

ive: > > . - : . :
gﬁﬁiitlverfﬁgé?m Ef&%:{\;\igﬁéﬁ E\krfgi) (;r:]eg’e ;[:/]reittreen equation based on concentrations if one recalls that only half
9p y %% 2 of the current concentration can move to the neighbor site at

as each elementary process, i.p(x) — C(x)/2. Then one ob-
JOX) = j-(Xg — Xo) = j+(Xo — Xq), (1) tains the equation for the particle and vacancy flux
h dC(X 1 JE
where Jx) =- [—( )i—C(x)—], (5)
a X kg T X
ji:aWip<x1—) 1—p(xi—) . . e
2 2 where a+ sign corresponds to diffusion of molecules;—a

. . ) sign corresponds to diffusion of vacancies, and Ehis the
Herep(xta/?2) is the probability of a molecule occupyiray corresponding diffusion coefficient.

site. W, is the frequency of jumps from the sitg to the site Note that the molecular diffusion coefficient i®

X5 in the forwgrd direction andV_ is the frequency in the =D, exf—(Ey—E,)/ksT], whereE, is the activation energy
reverse direction. They are represented as and D, is the pre-exponential factor for the uncompressed
E; - AEKIZ) material, while the vacancy diffusion coefficient can be rep-

W, (X; — Xp) = W exp( (2)  resented aD=Dg exp(—Ey/kgT). In fact, unlike the molecu-

keT lar diffusion coefficient, the vacancy diffusion coefficient
and should not depend on pressure. This is because the activation
. energy E, for vacancy diffusion can be represerfitds a
— Ec+AE/2 sum the vacancy migration energy,, which decreases un-
W_(Xl — X2) = WO ex , .
kgT der pressurgsee Eq(2)], and the vacancy formation energy

Ev, Which increases under pressétedence these two con-

) fth tenE:=E.(x+a/2) is th terial st tributions nearly compensate each other. It would be reason-
in energy of the systenE;=E.(x+a/2) is the material stress able to suggest that the diffusion coefficient for impurity at-

energy at the corresponding siteeta/2) and AEy is the g diffusing via a vacancy mechanism also does not

difference in kinetic energy between the neighboring siteSgeneng on static stress or this dependence is rather weak.
Both types of energy are calculated per single molecule. i can pe seen from Eq5) that, whenE=E,, the molecu-

whereW, is frequency of jumps in the absence of variation

Equations(1) and(2) satisfy the local balance condition lar flow is positive(F,=—gracE, >0, whereF, is an elastic
W, (X; — Xo) AE.+ AE, force) and directed away from the shock wave front, i.e.,
NY AL P<—) (3)  towards the uncompressed part of the matei@drsky ef-
W_(Xl — X2) kBT

fect). On the other hand, wheB=-E,, then the molecular
Here, the frequencies of jumps are proportional to the elastiffow is negative Fy =-grad-E,) <0, whereF, is an inertial
energyE; and to the difference of the kinetic energies be-force] and directed towards the shock wave front, i.e., to-
tween sitesAE,. A sign in front of the difference is chosen wards the compressed part of the material. The net molecular
with the assumption that the probability of a molecule jumpflow is a strong function of the interplay between these two
towards the crystalline lattice motion is higher than one inenergies(two forces. As is seen from these equations, the
the opposite direction. direction of the flow of vacancies is opposite that of the flow
Stress diffusion occurs when the frequency depends upodf the molecules and, therefore, in the case of dominating
the material stress energy only. Then the probability of parinertial diffusion, the vacancies will be diffusively forced out
ticle jumps from the region of higher stress to the region ofof the crystal.
lower stress is much greater than the probability of jumps in It should be noted here that the diffusion equations for
opposite direction. Vacancies, in contrast, move in the direcboth the vacancy and molecular flows can be also obtained
tion of higher stress. If the jump frequency depends upon th@y using the Fokker-Planck equation, describing the diffu-
kinetic energy difference only, molecular drift in the field of sion in the external fiel@ The model proposed here is more
inertial forces occurs. The molecules move against the accexhaustive since it suggests a description for the action of
eration of the lattice, i.e., in our case, to the left-hand sideinertial and stress fields on an activation energy for the dif-
This results in the activation energy for lattice moleculefusion of point defects. More so, the model also yields de-
jumps against the crystalline lattice motidto the more pendence of the diffusion coefficients on the presgsee
compressed region in our cadeeing lower. The substance Eq.(4)], which is impossible to obtain from the formal use of
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TABLE I. The structure of the shock wave, is the impact
wave amplitudep; is density of the material;; is the mass veloc-
ity, D is the shock wave velocity is the width of the shock wave
front, E; and E, are the elastic and kinetic energy per molecule,
respectively.

-_
wm
L L

- viscous stress g,

hydrostatic
pfessure p

-
o
T

Ey
N pp T p1 vy, D H E. HMX CH,
(GPa (K) (gen®)  (kms?)  (um) (eV) (eV)

Cauchy stress components o {GPa)

1 16 1252 2.67 156 541 345 1.02 3.26 0.18 51
2 18 1414 2.72 1.69 562 325 1.15 3.82 0.21 ]
3 20 1580 2.76 1.81 582 209 127 438 0.24
0 t wr""”“"'w" T T d
the Fokker-Planck equation. The correlation with the classi-(& -50 -30 -10 10 30 50

cal theory supplies some confidence in a consistency of the
original suppositions that our model was based on. 3]

lll. RESULTS OF NUMERICAL MODELING Kinetic energy E,

From a knowledge of the material stress distribution, one 7 Elastic energy E,

can determine the effect of the shock wave on the redistribu-
tion of point defects by numerical solution of the diffusion
equation (5) with the zero diffusion flux on the crystal
boundaries. The exponential difference method has beet
used here for the 1D cad&This method allows us to obtain

a rather good solution on relatively rough grids in cases of i |
large gradients. In calculations a typical molecular crystals ] CH,
such asHMX (C,HgNgOg) was used. The initial vacancy
distribution was assumed to be uniform with concentration 0 ‘ -
Co=10' cm3 (see the monograph of Siliréh We chose ® 50 -30 -10 10 30 50
the molecular diffusion constantS,=1.85 eV andDy=7 30
X 109 cn? 7%, for anthracene, which is a typical organic ]
crystal?* Because this work is only qualitative, this diffusion
coefficient will be used in calculations of distribution func-
tions for both vacancies and molecules. In fact, only the self-
diffusion coefficient is considered here for simplicity of the
description. Impurity atoms can move several times faster as
well as several times slower than self-diffusion proceeds. We 2
are not aware of data for the diffusion coefficients of specific
impurity diffusion in anthracene diiMX crystals. Therefore,
only estimates are used here.

The amplitude of the shock wave was chosen in the range
from 16 to 20 GPa. The shock wave structure in séidX
was calculated analytically by using the hydrodynamic ap- ]
proximation and the method developed eadfefhe accu- 0 ‘ ‘ ,
rate value of the molecular elastic energy, which is not a -50 -30 -10 10 30 50
trivial problem, has been obtained from first-principles (c) Distance x (z.:m)
quantum-mechanical calculations of the total energies for the
HMX unit cell for a range of different compressiofisThe FIG. 1. Distribution functions ofa) Cauchy stress components,
parameters of the shock wave, such as density of the maté? the energy per moleculéc) forces acting on each molecule
rial, mass and shock wave velocities, temperature at th¥ithin the shock wave front g1,=16 GPa in solidHMX.
shock front, and the front's width at several different impact _ )
pressures are listed in Table |, they agree well with the pub- A. Supersaturation zone and separation effect
lished data for a typical explosive materidl€8 The consen- The distribution of the stress components in the shock
sus observed provides assuring evidence of the quality of theave front along with the elastic and kinetic energy per
developed calculation scheme for shock wave structuréiMX molecules and corresponding forces is shown in Fig. 1.
modeling. The pressurg and viscous stress, distributions obtained

ergy per molecule E (eV)

Kinetic force |Fy|

20 1 < Elastic force [Fel

molecule F (dyn)

Farces acting on
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FIG. 2. The response of the molecular and vacancy distributions FIG. 3. The response of the GHmpurity distributions to a
to a shock wave progressing across the sbIMX is shown. The  shock wave progressing across the sélidX is shown. An effect
shock wave with the amplitude of 16 GPa is scaled to show in theof the increased diffusion coefficient of Ghholecules(interstitial
same figuregldashed ling An effect of the increased diffusion co- mechanismunder pressure is shown with the markér(fine solid
efficient of HMX molecules(interstitial mechanispunder pressure line).
is shown with the markeM (fine solid ling.

was expected. ThEEMX molecule concentration increases at

are shown in Fig. (). The shock wave amplitude was taken the crystal surface, namely, at the surface where the shock
asp;=16 GPa. As is seen from Figs(kl and Xc), a portion  wave originally hit the material. Molecules are forced to-
of the kinetic energy corresponding to ohiMX molecule  wards the surface. The effect is especially pronounced at the
and the force attributed to it significantly exceeds the potenearly stage of the wave entering the crystal. Right after the
tial energy and the corresponding to it elastic force responwave enters the crystal, a narrow zone of mobile molecules
sible for the Gorsky effect. This is valid only for relatively is formed with the concentration maximu@y at the surface
heavy molecules such &MX. For light molecules such as of the crystal. This zone can also be referred to as a surface
CH,, for example, the opposite is true. The inertial force will supersaturation zone and is relatively short lived. If the mol-
be insignificant and the Gorsky effect will dominate. It was ecules do not participate in any reactions on the surface, this
assumed that the elastic energies p@iX and CH mol-  zone dissipates gradually as the wave travels further into the
ecules are the same. This approximation is fairly weak beerystal.
cause molecular elastic energy depends strongly on the crys- Similarly one can consider diffusion of heavy metal im-
talline lattice and elastic properties of the material. It is everpurities and fragments of large organic molecules present in
more problematical to estimate the elastic energy per imputhe crystal. An inertial drift of those molecules will always
rity molecule than per host molecule. Therefore, a valuebe rather strong, exceeding the Gorsky effect. On the other
equal to theHMX molecular energy was used here, which isside, the situation will be completely opposite for the light
a slightly overestimated one. In fact, the corresponding enmolecules such as GHThe corresponding solution of Eq.
ergy for CH, in the HMX matrix should be smaller. This (5) for C=[CH,],, is displayed in Fig. 3. In this case, the
assumption, however, will not skew our results. inertial force is insignificant and the GHmolecules are

The response of the molecular distribution to a shockiorced out of the compressed region of the material. The
wave progressing across the solid is shown in Figth®  shock wave drives them further towards the bulk crystal cre-
inertial diffusion effect and Fig. 3(the stress diffusion ef- ating a zone with a high concentration of molecules with the
fect). The zero of time is at the moment when the wave frontmaximum C,,.,, the bulk supersaturation zone. Unlike the
has entered the crystal up to its half pressure point. Theurface supersaturation zone, the bulk supersaturation zone
pressure may or may not have an influence on the diffusiomoves along with the shock wave. If no phase transition and
coefficient for migrating moleculefEg. (5)]. Specifically, chemistry occur in the bulk supersaturation zone while the
this depends on the diffusion mechanism; the drift of mol-shock wave is moving, all of the excess molecules are going
ecules via the interstitial mechanism is strongly dependento the surface supersaturation zone. Only after that, if no
on pressure while the flow of molecules via the vacancyprecipitations form on the surfadeve do not consider any
mechanism is not. The difference is clearly displayed in theprecipitations hereexcess of CH molecules will redistrib-
figures. ute back over the entire material when the shock wave front

The result of diffusion redistribution diMX molecules leaves the crystal. In the described example, the characteris-
C=[HMX],, in the crystal due to the shock wave traveling tic time for the diffusion system to relax back to the initial
across the material is shown in the figures by the solid lineconcentration valu€, is fairly short, about 30 ns.
The direction of the diffusion flux is opposite to the direction ~ We will refer to the observed phenomena as a separation
of the shock wave due to the dominating inertial forces, a®ffect of the shock wave. The shock wave front “recognizes”
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light and heavy molecules and forces them to move towards 10207
opposite directions. In the case of activated segregation, thit ] 20 Gpa
will lead to the growth of new phases of different molecular ]
constitutes on the opposite surfaces of the crystal. 10194

Figures 2 and 3 show how the pressure has an effect ot ]
the diffusion coefficient for atoms/molecules that diffuse via &
interstitial mechanism. As is seen, the increase of the diffu-§
sion coefficient results in &, increase for the CHmol- 5 19'%4
ecule (Fig. 3). The surface concentratio@; of the HMX S
molecule only slightly increases, although, the well of the
concentration minimum becomes deeffég. 2). It is worth- 10174
while to note that the diffusion coefficient is increased under ]
pressure by three orders of magnitude, which is consisten
with the experimental results reported on pressure depender 1016
impurity diffusivity in silicon2® 0 1 5 3 4 5

Just out of curiosity, let us consider what inertial forces do Distance x (mm)
to the vacancies that are always present in crystals under
equilibrium conditions. The diffusion distribution functions  FIG. 4. Maximum of the vacancy concentration in the bulk su-
C=[HMX], calculated from Eq{(5) for HMX crystals are persaturation zone as a function of the distance the shock wave
plotted in Fig. 2 by the dotted line. As for light molecules, front traveled in the crystal at different shock wave amplitudes.
the bulk supersaturation zone, which is moving along withWhen the vacancy concentration is higher tt@y, vacancy ag-
the shock front, is formed. However, instead of the moleculagregation and formation of voids occur.
supersaturation we are dealing with the vacancy supersatura-

tion here. This worthy of note outcome also appears due to ) o )
inertial forces. horizontal lines indicating the point where the energy of the

vacancy solution is equal to the elastic energy of the com-
) pressed crystal. It is seen from Fig. 4 that vacancy aggrega-
B. Defect aggregation tion can start when supersaturation reaches the critical value.
In an earlier Study, it was demonstrated by quantumA wave with much lower amplitude is not able to create
chemical calculations that vacancies interact attractively irsupersaturations causing void formation because the maxi-
RDX (C3HgNgOg) crystals® It was also found that the pres- mum vacancy concentration in the stationary regime is lower
ence of defects reduces the activation barrier for decomposthan the necessary critical concentration of vacancies. For
ton of RDX moleculed and FOX-7 (C,H,N,O,  €xample, a wave with amplitude of 16 GPa produces a maxi-
molecule#’ in the solid phase. Formation and/or growth of MUm vacancy concentration of an order of magnitude lower
voids is known to happen due to crystal growth, rapid expanthan the critical concentratiofFig. 4). _
sion in metal$? hydrostatic tensile loading;3* axisymmet- It should be brought up here that defect aggregation takes
ric stress®® thermal softening and adiabatic shear baffds, Place not only for vacancies but also for other defects as the
thermal diffusior?” and other reasons. From the results ob-Shock wave activates all types of molecular movements in
tained in this study, it appears that, under shock wave loadhe material including its own atoms, molecules, and impu-
ing, preexisting vacancies in the crystal tend to form a spetities. The molecules and atoms move towards the surface or
cial zone with a super high concentration moving along withPulk of the crystal forming regions with rather high atomic/
the shock wave front. Hence, the question arises as tBlolecular concentration. In these regions, atomic clusters
whether it is possible for vacancies to aggregate under shodk'd impurity aggregates can be created under certain condi-
compression conditions creating large vacancy clusters dfons. Although the concentration saturations for molecules
voids. are not as high as for vacancies, the formation of an impurity
The vacancy concentration is strongly dependent not onljdgregate is more probable than void formation, because the
upon the shock wave amplitude but also on the distance trairesses of the compressed material will stimulate not only
eled by the wave in the crystal. The concentration maximunthe diffusion processes but also the impurity aggregate
Cmax in the saturation zone as a function of the distancedrowth and segregation.
traveled by the shock wave in the crystal is shown in Fig. 4.
As is seen, the vacancy supersaturatign,/Cy at 18 and 20
GPa, can reach high magnitudes, greater than A6r such IV. EXPERIMENTAL EVIDENCE AND DISCUSSION
large supersaturation levels it is possible for vacancies to
aggregate into pores even against compression forces. BasedObviously, the formation of the supersaturation zone as
on thermodynamic consideratioffsa necessary condition well as the effect of the concentration separation is essen-
for vacancy aggregation is that the energy of vacancy supetially a nonequilibrium phenomenon. One might think that
saturation should be greater than the energy of the elasticalljiese effects manifest themselves only in dynamics, and if
compressed materidsT IN(Cpa/ Co) > E.. Figure 4 shows there are no phase or chemical transformations in the diffu-
the critical concentrations of vacanci€g,,,=C.;: with the  sion system there is no chance to reveal any traces of
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1017 -

tion of ions due to the existence of two opposite forces at the
front, stress force and inertial force, induced by the shock
wave. Polarization of polar dielectriés*® can be similarly
interpreted as a rotation of massive nonuniformly charged
molecules in the filed of two forces. It is well established
experimentally that the molecule in the shock front tends to
turn in such a way that the lighter part of the molecule aligns
along the shock wave moveméftwhich also follows from

| our conclusions. Existence of a single force in the shock
| front would preclude this alignment and the change of
: polarity*> would be impossible to register.
|

|

Concentration C (cm-3)

A study on diffusion in shock waves will provide much
more quantitative information regarding the forces and the

1015 . . ‘ . phenomena than polarization measurements. Therefore, com-
0 20 40 60 80 100 parison with experimental literature and our results presented

Distance x (um) in Fig. 5 lead us to suggest the possible experiments for

FIG. 5. The concentration distributiorgacancy mechanism studying an inertial diffusion and a separation effect in the
for HMX and CH molecules after the divergent shock wave with Shock waves. We suggest that a metallic sample, i.e., iron,
the rapidly dropping amplitude traversed across kX crystal. ~ doped with a heavy impurity, i.e., gold or lead, be exposed to
The initial amplitude of the shock wave is 20 GPa, it is droppingSpherically diverging shock waves. Several techniques cur-
with the speed of 0.5 GPa/ns. The crystal consists of the excitetently exist for producing these sorts of shock watfs:>
regionA with a steady trend of increasing or decreasing concentradudging from the diffusion coefficient of Au in Fe, redistri-
tion, pristine regionB with the equilibrium concentratio®,, and  bution due to diffusion should take place starting from 100
the intermediate regiof. GPa. Ideally, while the shock wave is in a diverging regime,
o . . .,_one of the concentration distributions shown in Fig. 5 should
redistribution of point defects in the crystal. Let us considery, ,iiained for impurities in the studied sample. Another

how (if at all possible to obtain immobile concentration dis- . . .
tributions in the crystal that underwent shock wave excitaso©> of experiments can be set up with both he@uy or

tion. In other words, we would like to find conditions that PD and light (Al) impurities in the Fe sample under the

possess the same characteristic pattern of defect distributioﬁge'd'mens'onal shock wave loading. After the shock wave
after the shock is gone and the crystal is back under norma$ 9°n€ Au should be mostly segregated on one surface of
conditions. In doing so, we simulate what happened with thé"€ Sample while Al should be on the opposite surface. In-
concentration distributions in the crystal when the divergenf€nsity of the separation effect would be reflected in the sur-
shock wave with rapidly dropping amplitude traversed acros&2Ce concentration of segregated elements.
the crystal. Figure 5 shows concentration functionsHdtX
and CH molecules after the shock wave with the initial am-
plitude of 20 GPa traveled in tHéMX crystal, assuming that
the initial excitation amplitude is rapidly dropping with the  This work aimed at showing that dynamic processes of
speed of 0.5 GPa/ns. In this picture, the crystal consists afefect diffusion might play an important role in enhancing
the excited regionA with a steady trend of increasing or aggregation of defects in organic crystals under shock load-
decreasing concentration, pristine reg®mwvith the equilib-  ing. The structure of shock waves in molecular crystals is
rium concentratiorCy, and the intermediate regidfy which ~ described analytically using the conservation laws with a
is, most likely, very difficult to determine experimentally be- Mie-Gruneinsen equation of state. Molecular and vacancy
cause its linear size is of the order of one half of the shocldiffusion is simulated by deriving a point defect diffusion
wave front width. The redistributions obtained are very simi-equation and integrating it with the exponential form of the
lar to experimentally measured distributions of some chemifinite difference approximation. It is found that diffusion of
cal elements in rudimentary rocks artificially or naturally point defects in organic molecular crystals under shock load-
treated by the spherical shock wavé4? ing is due to inertial forces appearing under compression, not
For now, there is no experimental proof or demonstratiordue to elastic forces, and therefore, inertial diffusion might
of our theoretical predictions because the inertial diffusion ofhnave a stronger effect than diffusion in the stress field. The
point defects has not been investigated experimentally yet. Ahock wave, while moving across the crystal, creates a very
few data is found in literature that point to the selectivity of narrow, of the wave front width order of magnitude, chemi-
the shock wave, which can be related to a diffusioncally active zone with a superhigh vacancy or impurity con-
process’! Measurements of polarization semiconductdrs centration. In these zones, aggregations of point defects in
and metal® observed change of polarity of the shock front the form of voids or molecular clusters can occur under fa-
in polar dielectric&*4>and ultrafast diffusion that make pos- vorable conditions.
sible the realization of shock-induced synthesis and shock- Inertial forces will always dominate in crystals with large
induced densificatidii*” can serve as illustrative examples. molecular mass and polyatomic molecules. If the molecular
Thus, polarization of liquid electrolyt&&can be interpreted crystal contains light impurity atoms or molecules, the iner-
in terms of inertial and stress diffusion as a diffusive separatial force is insignificant, and redistribution of impurities pro-

V. SUMMARY AND CONCLUSIONS
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