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The methods described in [1] were used to investigate the refractive indices of shock-
compressed alkali-halide compounds. For LiF, which remains transparent in the investigated
range of pressures up to P = TOO Kbar, the refractive index was determined directly from the
paths of the rays in the compressed matter. For NaCl, CsBr, KCl, and KBr crystals, which be-

1)

formulas from the experimentally-measured coefficients of reflection of natural light incident

come opaque behind the shock-wave front the refractive indices were determined by Fresnel's
on the front of the shock wave.

1. Tt turned out that the dependence of the refrac-
tive index on the degree of compression o (where ¢ = p/pO
is the running density and P the density at T = 300°K and
P = 0) for the crystals LiF, NaCl, and CsBr, which do not 20t

experience polymorphic transformations in the investigated

range of pressures, can be represented schematically as

shown in Fig. 1 for the region o > 1. So long as the shock

2)

fractive index will change relatively little with the den- Fig. 1. Refractive index of
ionic crystals vs. density in
the solid and liquid phases

1 1.
10 15 20 o

compressed crystal remains in the solid phase » the re-

sity. Comparison of the values of

R e (2)
obtained for this range of compressions (no = refractive index at P= 0 and T = 300°K), with
the values of (dn/dc)0=l obtained [4-6] in investigations of the photoelastic properties of
ionie crystals has shown that the function n(o) is linear over a rather broad range (see
fourth and fifth lines of the table) 5).

It turned out further that the refractive index increases appreciably when the melting
is in a compressed state (see Fig. 1). The experimental points obtained for the liquid phase
of the crystals CsBr, KCl, and KBr fit the relation (1) quite well, but only if dn/do is ap-
proximately 15 - 17 times larger than in the solid phase (see the table). We note that at

normal pressure the change in density of the alkali halides in the liquid state changes the
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Table

Crystal LiF KC1 NaCl KBr KI CsBr
n, 1.392 1.490 1.544 1.559 | 1.667 1.698
Solid |Present |o* 1.30 - 1.48 1.68 1.45 - 1.68| 1.70 - 1.63
phase |work
dn/do, Eq. (1)| 0.1 0.25%%% 0.24 0.35% - 0.54
(dn/da)0=l, Ref. [4-6]] 0.1 0.23 0.24 0.35 0.43 (0.48)**
dn/ds, Eq. (2) - 0.32 0.32 0.35 - -
(dn/dT)p x 105, Ref.[7]] -0.26 -1.0k4 -0.78 0.0 - -
Liquid |Present }o* - 1.83 - 1.98 - 1.88 - 1.8 - —2.07
phase
dn/do, Eq. (1) - 0.35 - 0.53 - 0.9
dn/do, Eq. (2) - 0.446 0.520 0.517 - (0.72)%*

* Investigated range of degrees of compression
*¥ Values obtained by extrapolating the data of [5] for the solid phase and analogous
extrapolation of data obtained from [8,9] for the liquid phase.

*¥*%  Value for the second phase

refractive index by about 1.5 times more than in the solid state (compare the sixth and tenth
lines of the table). The values of (dn/do)o_l for the liquid phase of ionic crystals at nor-

4)

mal pressure, listed in the table, were determined from the relation
an/do = o, (3n/3T) o/ (39/31) 1, (2)

where (an/aT)P was taken from [8] and (Bp/aT)P from [9].

From the results in the table it follows that for each of the phases (solid and liquid
separately) we can assume, albeit approximately, identical relations of the type (1) for
n(o) 5), with (dn/do)1iq > (dn/do)sol, in a wide range of densities. These relations have a
common point at ¢ ~ 1 (see Fig. 1). 7This explains the apparent contradiction between the fact
that melting decreases the refractive index at normal pressure but increases it in the com-
pressed state (see Fig. 1).

The relatively slow variation of n(og) in the solid phase is apparently due to the in-
crease in the repulsion forces with decrease in the interionic distances, and to the decreased
deformability of the ion shells under the influence of the incident light. In other words,

compression reduces the electronic polarizability. Similar ideas were advanced by Burstein
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and Smith [10] to explain the relatively small values of (dn/dc)0=l obtained in investigations
of the photoelastic properties of ionic crystals. Following these qualitative ideas, we can
relate the difference between dn/dc in the solid and liquid phases to the change in the char-
acter of the bond upon melting. This question, however, needs a detailed theoretical analysis.
2. In investigating the reflectivity of the shock-wave front in the solid phase of KC1
and KBr it was noted that at P = 140 kbar the reflection coefficient is 2 - 3 times smaller
than that corresponding to a relation of the type (1) for n(o), with values of dn/do that fol-
low from [4-6], whereas at P =~ 200 kbar for KCl and 260 kbar for KBr the obtained results are
close to those expected.
We recall (see Sec. 1 and the table) that for A kbar

other crystals the results of our measurements are in
satisfactory agreement with the data of the cited pa- 300
pers. It is natural to relate the indicated differ-
ence with the polymorphic transformation of KC1l and 200
KBr into the CsCl structure, which occurs at P = 20

kbar [11,12]. If we assume that up to P < 140 kbar

the phase transformation of KCl and KBr occurs after 100
a time T > 10~ sec, the light will be reflected

from a layer of matter situated on the front of the

shock wave in a metastable state (point 1, Fig. 2), 02 15V, on3/g

corresponding to the dynamic adiabat of the first

6)

phase ~’/. Since the latter is steeper than the adia- Fig. 2. Equilibrium and non-

equilibrium dynamic adiabats
bat of the second phase, a smaller density Jjump on of KC1 and KBr. -—— cal-
culated after [12,3], ------
calculated after [3], -.-.-.
fractive index. The non-equilibrium states of the interpolation, -o-o-o present

first phase of KC1 and KBr (point A, Fig. 2), deter- experiments.

mined from the shock-wave velocity, from the dependence (1) with dn/do as given in the table,

the shock-wave front corresponds also to a smaller re-

and from the measured reflection coefficient, are shown in Fig. 2. For KC1 the point obtained
lies somewhat to the left of the first-phase adiabat calculated from the equation of state
in [3] (see Fig. 2).

With increasing pressure, the temperature increases (for KCl, T = 1300°K at P = 136 kbar
and T = 2100°K at P = 200 kbar [3]), the relaxation time decreases, and the phase transforma-
tion takes place in a layer thinner than A/2x (A = wavelength of the incident light). 1In this
case the refractive index will correspond to the total jump in volume behind the front of the
shock wave (point 2', Fig. 2). Taking account of the fact that the values of dn/do obtained
for phase II turned out to be close to the values in [4-6] for phase I (see the table), the
measured reflection coefficients turned out to be close to those expected. It follows from the
foregoing that upon shock compression with P = 200 - 260 kbar, the polymorphic transition in
KCl and KBr takes place within a time v < 10711 sec. (It is interesting that the polymorphic

transition has no effect on the n(o¢) dependence of these ionic crystals.) The same time is
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characteristic also of melting in the shock-wave front, since the refractive index (reflection
coefficient) experiences a jump at pressures corresponding to the transition of the solid

phase into liquid (see Fig. 1).
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1) See [2] concerning the nature of opaqueness of shock-compressed crystals.

2) The melting limits of shock-compressed NaCl and KCl were determined experimentally
in [3]5) The authors of the same reference obtained also melting regions of LiF, CsBr, and KBr.
amounts to An/n = +14%.

) In formula (2) we neglect the term (an/aT)po. If we assume the same values as for
the solid phase [7] (see the table) for the liquid phase, for which (Bn/a'l‘)p is not known,
then the change in dn/do will not exceed 10%.

5) Allowance for the temperature dependence of the refractive index does not lead to ap-
preciable errors, at least for the solid phase. Thus, for KCl, for which (an/aT)p has the
largest value (see the table), the error in dn/do due to neglecting the temperature correction
does not exceed 2% for ¢ = 1.68 and T = 3800°K.

The development of the phenomenon in a relaxation phase transformation of ionic ecrys-

It must be borne in mind here that the error in our measurements is quite large and

tals on the front of a shock wave was considered in [13].
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