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The isentropic compressibility of crystalline quartz was plotted up to ~ 1.5 Mbar,
and it can be concluded from the curve that quartz undergoes a phase transition
into a high-density modification at a pressure 1.25+0.15 Mbar.

PACS numbers: 62.50.+p

Interest in the study of the compressibility of quartz in the megabar range of
pressures is due to the recently obtained data on its transition to the conducting
state.[l:2l However, the static experiments in which this transition was observed do not
yield any information of the density of metallic phase of the quartz, and only qualita-
tive information on the phase-transition pressure. On the other hand, none of the
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required density jumps were registered under dynamic compression of quartz in shock
waves up to pressures ~7 Mbar.l)

The use of the pressure of a superstrong magnetic field produced in an MK-1
magnetic-implosion generator!*] leads to a slower energy transfer from the explosive
to the sample than in the shock waves. The process of sample compression is isentropic
in this case to a considerable degree and is not accompanied by the sample heating
typical of shock waves. Therefore, the dynamic experiments using the pressure of an
ultrastrong magnetic field are of undoubted interest.

In the present study we used a magnetic-implosion generator MK-1 developed
by us, with an initial shell diameter 140 mm, in which, at initial magnetic fields
100-180 kG the final values of the magnetic field exceed 5 MG, corresponding to a
pressure of more than 1 Mbar. To transmit this pressure to the sample we used a
copper tube of 2 mm thickness. Crystalline quartz of 13 mm diameter and length from
70 to 180 mm were tightly fitted into the tube.

To determine the pressure in the sample and to estimate the pressure in the tube
we used pulsed gammagraphy of the central cavity of the generator with the tube,
using a pulsed iron-free betatron of the type described in!®! at instants close to the
instant of the maximum magnetic field in the generator. Densitometry measurements
of the preliminary and experimental photographs were used to determine respectively
the initial and final internal and external boundaries of the tube with the sample. The
square of the ratio of the final and initial diameters of the tube determines the com-
pression of the sample at the instant of the gammagraphy. The pressure in the sample
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at this instant of time was estimated indirectly, from the compression of the tube
material, using the known equation of state of this material. In the calculation of the
density and of the pressure they were assumed to be the same over the entire cross
section of the sample and the tube.

The aggregate of the experimental data obtained as a result of the investigation is
shown in Fig. 1 with the pressure (P) and compressibility p/p, as the coordinates. The
solid line in Fig. 1 is a plot of the dynamic compressibility of crystalline quartz as
given inl’l. As seen from Fig. 1, the experimental points form a clearly pronounced
shelf on the compressibility curve (shown dashed in Fig. 1), i.e., quartz states with
greatly varying densities correspond to the same pressure. This can serve as a basis for
the conclusion that a phase transition into a denser modification takes place in quartz.
The pressure corresponding to this transition, obtained by averaging over seven experi-
mental points, is 1.25 Mbar with an rms error 4-0.15 Mbar. The quartz density in-
creases in this case to ~ 10 g/cm’.

'L.F. Vershchagin, E.N. Yakovlev, B.V. Vinogradov, V.P. Sakun, and G.N. Stepanova, Pis’ma Zh. Eksp.
Teor. Fiz. 20, 472 (1974) [JETP Lett. 20, 215 (1974)].

N. Kawai and A. Nishiyama, Proc. Japan Acad. 50, 72 (1974).

'R.F. Trunin, G.V. Simakov, M.A. Podurets, B.N. Moiseev, and L.V. Popov, Izv. AN SSSR, Fizika Zemli
1, 13 (1971).

‘A.D. Sakharov, R.Z. Lyudaev, ENN. Smirnov, Yu.I. Plyushchev, A.I. Pavlovskii, V.K. Chernyshev, E.A.
Feoktistova, E.I. Zharinov, Yu.A. Zysin, Dokl. Akad. Nauk SSSR 165, (1965) [Sov. Phys. Doklady 10,
1006 (1966)].

sA.L Pavlovskil, G.V. Sklizkov, Yu.A. Zysin, and A.I. Gerasimov, ibid. 160, 68 (1965) [10, 30 (1965)].





