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of'b:e field \vas almost totally excluded because .j-,,,: time 
[or cstahl1shmci-,t oi pol.:aization was considerably longer 
than the hi1-f~'pe,:od of the applied VOltage. 

The figur..: ,i1~s the amplitudes of (WO TSC mJx imJ 
for one crysta: 2.S a ~tiol1 of the amplitude of ;:hc 
a )l)li~d alrernJ;:ing voltag" In the absence of a tra:-:s\-.:~se 
field tWO maxi na were founa---.az - 250 and - 230'C 
(there were no other maxima rigfi:t-... p to +50'C), which 
correspond to the level depths of ~ 0.O~1d 0.0'75 cV. 
respectively. A strong dependence of the 'I:~ rr.aXlma 
on the amplitude of the applied/voltage was o;)s«.ved . 

of the field on the levels (tunnel effect from the levels 
tu a band, impact ionization) and the quantitatj ve' char-. 
acteristics of this rr:echanism. For this purp,o~ it is 
n.::cessary to study the dependence 1m (,?Yclnd 1m(l!.t) 
to~ether with the Idnetics of phOto5Pnductivity at low 
tc:mp.::ratures , and to determin7 ifrom the TSC curves in 
the absence of a field) tJ~rapping level parameters. 

The aurhors thank cademician of the Ukrainian 
Academy of Scien s V. E. Lashkarev for his interest and 
valuable criti 
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5 ince a large change of 1m was also obs,,:r ,-,~ :.: :c-
.-

!Jdve~y low vol tazes (200 V), which corrcSlont. ~,) ...... ,<lS 

of (2 - 5) · 10'! V fcm in the crystal, i~S assur,~~,1 t;lut 
the hole levels were not ionize~ depende;1..:e 0: :.:c 
TsC rr.axima on the wavelco-g'ih of light and on tile iicld 

. / 
on It was also observed ./ A study of the dependence 
lrr.(l!. t) indicated tha-~onsiderable emptying oi levels 
occur;·ed during -atime interval of the order of several 
hundteJs ot.milliseconds . 

/" 

. Tl!-e"results obt.lined indicate that it is in principle 
py .. llile to determine both the mechanism of the action 

4. 

ure 

R. H. Bube , Phys. Rev . 99, 1105 (1955) • 
K. W. Boer and • Kiimmel, Z. Naturforsch. 13a, 
698 (1958). 
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POLYMORPHIC TRANSFORMATION OF NaCl 
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Institute of High P~essure Physics, Academy of Sciences, USSR, Mos«ow 
Translated from Fizika Tverdogo Tela, Vol. 4, No. 7, 

pp. 1965-1966, July, 1962 
Original article submitted March 19, 1962 

Up to now polymorphic transformations und.::r t.l':: 

effeci: of pressure have been observed in the case of 
pot.lssiu:-:. and rubiGium halides. An x-ray analysis oi 
:lor w;:;, made by Ja cobs [IJ, that of RbCI by Vereshchagin 
:.ne; :CJ:>lkina [2J • .:::.! that of KI byJamieson{3] . In all 
cases :: was ShOWI1 that the phase which has the NaCI 
type st.mcture under normal conditions acquires the CsCI 
type suucture under the effect of high pressure. 

We ;-I.lVC observed an analogous transformation in 
the CuS':': v. (l;aCI under a pressure of about 1.8' 104 kg/cm2. 
X-ra), pho;:ogra?hs (see figure) obt.:..ined by the method 
described earlier ~ 4J show eight clearly visible lines be-

longing to the new phase. Indexing showed that the high­
pressure phase of NaCl has a CsCl type structure With a 
lattice constant of .10 = 3.39:1: 0.06 A at atmospheric 
pressure (see ta ble). 

T~e density of the ne\.". phase is Po = 2.535 gf cms; 
the jump in the speCific volume occurring as the result 
of the transformation is l!. V = 14.20/0. 

If we folIo,.". Gol'dshmidt's conclusion [5) that the 
trz.nsfo;mation is accompanied by a change in the co­
ordination number from 6 to 8, which leads to a 30/0 in­
crease in the distance between the diffe.ent kinds of 
atoms, we can calculate the lattice constant of the new 
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l o;e- ;f th~~~ray phomgraphs. a) Befo~~ ~he application of pressure; one can see the 
spots due to beryllium; b) under a pressure of 18,900 I<g/ cm2

; the third line belongs 
to the new phase (ll 0); c) after relief of prcss'Jre. 

\' 

Results 0 f Indexing 

I 

I 
sin1 0 d hkl 'I a, A 

Medium I 80 28' 0.0217 2.42 110 3.42 

{ 
12 23 0.0460 1.66 200 3.32 

Weak 13 26 0.0540 1.53 210 3.42 
14 12 0.0602 1.45 211 3.55 
17 34 0.0911 1.18 220 3.34 

Very very } 19 02 0.1062 1.09 300 3.27 
weak 221 

Very 
wcak } 20 30 0.1226 1.02 311 3.38 

Very 
weak } 21 24 0.1331 0.98 222 3.39 

a = 3.39 =!:: 0.06 A 

~aCI phase: a =3.35A. Thisvalue is in good agreement 
Iv ith that found experimentally. The high-pressure phase 
of NaCI is usually preserved after the removal of pressure, 
which indicates an exceptional laxness of the transition. 
This assumption is confirmed by the fact that HO more 
than 5 010 of the substance undergoes transforma tion during 
10-20 hours (photographing time). It is also possible that 
deformations due to slip, occurring as the consequence 
of the method used, play an important role in the trans­
formation. 

All these consider ... tions explain why Bridgman [6J 
did not' observe any transformation in NaCI up to 105 

!'g/cm2
• 

These results concerning the phase transformation in 
NaCl are preliminary; more detailed results will be 
published later . 

To conclude, we would like to note that the phase 
transformation observed in NaCl under pressure is an 
additional example ohhe transformation of ~c_cryst~s 

with face - centered cubic structures into body- centered 
structures, as in the case of rubidium and potassium 
halides. 
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a f the field \vas almost tota11 y excluded because the time 
for establishment of polarization was considerably longer 
thall the half- period of the appl ied vOltage. 

The figure shows the :IlTIpl ituJes of two TSC maxima 
for one crystal as a function of the amplitude of the 
applicd alternating vOltage. In theabsenceofa transverse 
field two maxima wcre found at - 250 and - 230·C 
(there were no othcr maxima right up to ,~50·C), which 
correspond to the level depths of"," 0.04 and 0.075 eV, 
respectively. A strung dependence of the TSC maxima 
on the amplitude of the .1pplied voltage was observed . 
The value of rm (the maximum stimulated current) at 
600 V (~t = 100 msec) was reduced by a f.:rctor of about 
100 in the case of the O.04. -eV level. This change is con­
siderably greater than the change of the TSC current 
reported by Boer and Kummel [4J . 

Since a large change of rm was also observed at re­
latively low VOltages (200 V), which correspond to fields 
of (2 - 5) · 104 V /cm in the crystal, it was assumed that 
the hole levels were not ionized . A dependence of the 
TSC maxima on the wavelength of light and on the field 
on it was also observed . A study of the dependence 
Im(~t) indicated that considerable emptying of levels 
occurred during a time interval of the order of several 
hundreds of milliseconds. 

The results obtained indicate that it is in principle 
possible to determine both the mechanism of thfo action 

of the field on the lcvels (tunnel effect from the levels 
to .1 band , impact ionization) and the quantitative char­
acr<;ristics 0 f this mechanism . for this purpose it is 
necessary to study the dependence 1m (V) and Im(~ t) 
together with the kin'eties of photoconductivity at low 
tem peratures , and to determine (from the TSC curves in 
the absence of a field ) the trapping level parameters. 

The authors thank Academician of the Ukrainian 
Academy of Sciences V. E. Lashkarev for his interest and 
valuable criticism. 
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POLYMORPHIC TRANSFORMATION OF NaCl 
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Up to now polymorphic transformations under the 
effect of pressure have been observed in the case of 
potassium and rubidium halides. An x-ray analysis of 
RbI was made by Jacobs [1] , that of RbCl by Vereshchagin 
and Kabalkina [2J , and that of 1<1 by Jamieson [3]. In all 
cases it was shown that the phase which has the NaCl 
type structure under normal conditions acquires the CsCl 
type structure under the effect of high pressure. 

We have observed an analogous transformation in 
the case of ;;..JaCl under a pressure of about 1.8 ' 104 kg /cm2. 
X- ray photographs (see figure) obtained by the method , 
described earlier [4J show eight clearly visible lines be-

longing to the new phase. Indexing showed that the high­
pressure phase of NaCl has a CsCl type structure with a 
lattice constant of ao = 3.39 ± 0.06 A at atmospheric 
pressure (see table). 

The density of the new phase is Po = 2.535 g/ cms; 
the jump in the specific voll,1me occurring as the result 
of the transformation is ~ V = 14.20/0. 

If we follow Gol'dshmidt's conclusion [5] that the 
transformation is accompanied by a change in the co­
ordination number from 6 to 8, which leads to a 30/0 in­
crease in the distance between the different kinds of 
atoms, we can calculate the lattice constant of the new 
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One of the x-ray photographs. a) Before the application of pressure; one can see the 
spots due to beryllium; b) under a pressure of 18,900 l<gl cm2

; the third line belongs 
to the new phase (llO); c) after relief of pressure. 

Results of Indexing 

I I sin2 0 d hkl 0, A 

Medium I 8°28' 0.0217 2.42 110 3.42 

{ 
1223 0.0460 1.66 200 3.32 

Weak 
1326 0.0540 1.53 210 3.42 
14 12 0.0602 1.45 211 3.55 
17 34 0.0911 U8 220 3.34 

Very very } 19 02 0.1062 1.09 300 3.27 
weak 221 

Very 
weak } 2030 0.1226 1.02 311 3.38 

Very 
weak } 21 24 0.1331 0.98 222 3.39 

a = 3.39 ± 0.06 A 

NaCl phase: a = 3.35 A. This value is in good agreement 
IV ith tha t found experimentally. The high-pressure phase 
of NaCl is usually preserved after the removal of pressure, 
which indicates an exceptional laxness of the transition. 
This assumption is confirmed by the fact that no more 
than 5 0;0 of the substance undergoes transforma tion during 
10- 20 hours (photographing time). It is also possible that 
deformations due to slip, occurring as the consequence 
oi the method used, play an important role in the trans­
formation. 

All these considerations explain why Bridgman [6J 
did not observe any transformation in NaCl up to 105 

kg/cm
2

• 

These results concerning the phase transformation in 
NaCl are preliminary ; more detailed results will be 
published later. 

To conclude, we would like to note that the phase 
transformation observed in NaCl under pressure is an 
additional example of the transformation of ionic crystals 
with face- centered cubic structures into body-centered 
structures, as in the case of rubidium and potassium 
halides. 
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