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CUSTOM TRANSLATION 

CHEMICAL TRANSFORMATIONS Hr THE SOLID PHASE UNDER A P"ESSURE OF 

50 , 000 kg/cm2 IN THE SIMULT~ NEOUS PRt!:SENC.1. OF SHEAR 

E. V. Zubova and L. A. Korotaeva 

GDA 

1-1. V. Lomonosov I'1 oscow State University . Academy of Scienc es of the 

USSR . High-Pressure Physics and Chemistry Laboratory , Moscow . 

Translated from Zhurnal Fizicheskoi Khimii , Vol . 32, No. I 7, pp . 

1576-1579 , July , 1958 . Original article submitted £.larch 8, 1957 . 

It is well known that high pressures lead not only to a change 

in the crystal latti ces of substances but alsm to a rearrangement 

of the electr on she~ls of the atoms , thus modifying the periodic 

properties of the chemical elements . A. F . Kapustinskii /1/ con-

siders that on subjecting a t oms t o compr ession at very high press-

ures there is first an "elec tron isomerization" of the atoms, 6ub-

stantially changing their chemical properties , and then a "crushin It 

of the electron shells, leading to the complete elimination of 

chemical differences between the particles and to the development 

of a universal metallic state of matter . Unfortunately the l~r-

ature~ontains a small number of papers devoted to variations i n 

the properties of the elements and their chemical transformatiom in 

the solid phase at very high pressures . 

L. G. Berg , O. K. Yanat'eva , and E. M. Saviskii / 2/ studied 

2 
the ealt interactions •.••• and ••••. at pressures up to 6000 kg/cm • 



.. . 
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The authors were able to observe the development of ne,y p,hases 

to the extent of 1 or 2% in the interaetion between CaC0
3 

and •.. •• 

(probably dolomite •• • •. and magnesite HgC0
3

) and also in the in­

teraction between Na2S04 and ••• • • with the formation of glauberite 

. . . .. . 
Hoffman. /3/ studied the effect of pressure on l ead oxides 

at room temperature and observed the reduction of }91l!m'S 9 l.lG 9xia9 led. S",bo.t.k. 

to metallic lead at 12,, 000 kg/cm2 • 
Ai'p~lrl~ 

Bridgman /4/ found that the simultaneous effec t of pressures * 
~ 50 , 000 kg/cm

2 
and mechanical shear resulted in the decompos-

ition of bismuth oxide , with the formation of the metal, the redy.ct-

ion of Sn0
2 

to SnO, and the formation of copper sulfide from the 

elements . 

The aim of the present investigation was to study possible 

transformations in the solid phase . In this we used t he method &f b~~ ~ 

determining the shearing force. as a function of pressure (the me -

thod first proposed by Bridgman) . 

Experimental Part 

Hethod . The experiments tVere ca rried out in an apparatus 

con6truct~ed in the Higr-Pressure Physics Laboratory of the =c-

ademy of Sciences of the USSR. A detailed description of the ap-

paratus will be given in a separate art~le . 

The operating principle of the appar a t us i s analogous to that 

) f the system described by Bridgman (Fig . 1) . 

The samples to be studied, made in the form of two thin discs 
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A, were placed between the s t eel anvil C enH two ?istons B. \ft~r 

ap lying the pressure, t 1e anvil was rotated ,round the ;'is by 

means of a piston d namometer with automatic recordin of the shear-

ing force, while the pistons remained 6t~tionerv. 

The~perimental results WGre used to plot curves between the 

avera ge shearing force an the avera e pressure . These curves con-

sisted of two essentially different parts . Bridgman considered that 

the initial part of the cur~e corresponded to surface sli p between 

surface 
the material and the mx±uxx.x of the piston . Then , when the inter-

nal shearing stress reached the level of the yield stress , internal 
b~ga.-. ~ . 

slip ~ the disc material staptea with respect to planes parallel 
Fca.c.e& fo.c.e.s 

to the ~, while the ~ of the disc '1froze l1 to the piston and 

anvil as a result of friction. If any trai&sforl'l'ations in inter-

nal structure took place durin~ the course of plastic defor~ation, 

the sheartn~-force/pressure curves would show a shar break . By 

way of example, Fig . 2 shows a 'shearin~- force/pressure curve for 

bismuth . The break on the curve corresponds to a polymor hic 

transformation . * 

For experiment"ll study we chose reactions involving a reduct-

I"-
ion in volume (s~thesis of sulfides and phosphides, recoIDnosi tion 

or oxides) . Some of these reactions , carried out under pressure 

* After ap~lying the pressure, the subst~nce. assumes the 

shape of a lens. We took the ratio of the load to the are~ of the 

lens as representing the pressure . The she'lrinp" force " 5 given in 

XKXX~ divis ions of the piston dynamometer scale . 
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and shear J were described earlier . Others were ~ carried out for 

Fig . 1 . Arrangement of Briagman ' s a pparatus . 

Fig . 2 . She~ring force as a function of pressure for bismuth . 

Key 

1) kg 

2) kg/cm
2 

Fig . 3 . Shearing force as a function of pressure for an orig-

inal mixture of 2Ni + S . 

Key 

1) kg 

? ) kg/cm2 

Fig . 4. Shearing force as a function of pressure for an ori -

inal mixture of Co + S . 

Key 

1) F , kg 

2) kg/cm
2 

Synthesis of Sulftdes . ~he original substa nces were : cop~er , 

reduced , a reddish- brown powder, nickel and cobalt, powdered, ••. . • , 

iron , reduced,~e sulfur . Mixtures of ••••• were subjected to the 

simoltaneous action of pressures up to 50 , 000 kg/cm
2 

and mechani-

cal shear . 

Synthesis of Phosphides . The original substqnces were ma'l;-

nesium , eletrolytic , zinc dust, and red uhosphorus . 
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In order to obtain phosphides we t ook mixtures of 3Mg + 2P 

s~""'~ 
and 3Zn + 2P and subjected these to thel action of pressures up to 

50 , 000 kg/cm2 and mechanical shear . 

Results of the Experiment~ . By analyzin~ the shearing-force 

/pressure curves for mixtures of Ni , CQ,_ and Fe ,with sulfur (Fig •• 
wel.l $VP9QSe 

3, 4 , and 5) we might eJEpeetL,that sulfides loJe re in fact formed . 

Chemical analySis confirmed this view . The shearing-force/press­

~cl 
ure curve of the 2Cu + S mixture ~ no break . Che~ical and x-ray 

analysis nevertheless revealed the formation of copner sulfide . 

Fig . 5. Shearing force as a function of pressure for an orig-

inal mixture of Fe + 2S . 

Key 

1) kg 

2 ) kg/cm2 

Fig . 6 . Shearing force as a function of pressure for an ori -

inal mixture of 3M~ + 2P. 

Key 

1) kg 
2 2) kg/cl\1 

Inexperiments ylith mixtures of ••••• there vias an ecplosion at press -

2 ures of ~~r 40 , 000 kg/cm . In order to find the nature of this 

explosion s ome special expe~iments were undertaken . The metals 

ylere each 
and the sulfur MXx/ subjected to simult aneous pressure and shear . 

Explosions only took place WHRX in the experimen~ with sulfur, 
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whether the pressure of 40 , 000 kg/cm2 were accompanied by shear or 

not . 

Fig . 7. Shearing force as a function of uressure for qn ori -

i nal mixture of 3Zn + 2P . 

Key 

1) kg 

2) kg/cm2 

---------------_._---- -
Fig . 8. Shearing force as a function of pressure for xnmmmm •• m 

Key 

1) kg 
2 

2) kg/cm 

In order to discover the reasons for the~plosion, the sulfur 

was held in an atmosphere of argon for 20 min at 35 to 40
0 c be-

fore the experiment and then for ,0 min at room temperature . The 

deoxidized sulfur was stuck to cellophane ann sub'ecte to press-

ure . This time there vias no ecplosion . This proved that the ex­
attributable to 

plosion was the result of the formation of oxides, xxx ~%HSult' E~ 

the adsorption of oxygen by the sulfur . 

The shearin -force/pres . sure curves of Fig$ . 6 and 7 show 

sharp breaks . Chemiaal ana lysis confirmed the formation of phos-

phides . Quantitative anal: sis vas carried out in the case of the 

ma gnesium phosphide experiment ; it was found that the transform-

ation was 42~ complete . 

Decomposition of Oxides . At the very be~innin ~ of the work 
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we made some experiments ~oJith Mo0
3 

and Pb 20 . In the case of the mo-

lybdenum oxide the color of the samples changed from yellow to 

green . Calorimetric analf ysis showed that there had been a trans -
also 

formation of Mo0
3 

into Mo0
2

• There wasl a b~eak on the shearin -

force/pressure curve for ~xHmkmHHXEx±XR lead suboxide, Pb 20. After 

apnlying the pressure , the sample became electrica lly-conducting . 

sharp metallic l uster appe ared on the surface of the film. Appar-

ently the lead suboxide was decomposing) with the formation of metal-

lic lead . 

The au thors express sincere t hanks to Professor L. F . Veresh-

chagin for interest in the work and daily direction and to Technic -

ian S . T . Vla sov for great practioalt assistance in the work . 

Conclusions 

1 . The measurement of shearing force as a functi~n of pressure 

i s a convenient and sensitive method of observing not only changes 

in crystal l a ttices but also chemical trans format ions in t he s olid 

phase a t high pressures . 
WQ.$ ve .. ·S,e"J. 

2 . The method in question eke~ked for the rea ct ions underlying 

the formation of co~ner sulfide and the decomposition o f lead sub-

oxide, and lias aeoR extended to the formation of nickel, cobalt , 

a nd iron sulfides and ma~nesium and zinc phosphides , and the de -

composition of Mn03 . 
wu 

3. It haa ~eea confirmed that the explosion of sulfur at 

very high pressures first noted by Bridgman i s a result of the 

interaction of the sulfur with adsorbed oxyge~. 
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HBJIEHHR X.l!IMllqECIHIX IIPEBPAlUEHUH B TBEP,J,Oii 
<DA3E IIO.ll: .ll:ABJIEH11.EM 50 000 kt/c~n2 llPl1. O.ll:IlOBPEMEIlIlOM 

)J,EHCT BlHI C.ll:B.l!Ir A 

E. B. 3yoo6a u .lI. A. I;'opomae6a 

ItaI, lISBCCTlIO, DhlCOHIIC iWBJIeHllH rrplIBO.IVIT He TOJIbKO 1'< I1SMCHeIUIlO 

J,prrGT(1 ,-r:IlILICcKoii: p ClIIe TIW BOJ.IJ;CCTBa, lIO IiI I, nepeCTpOHI{e 3JICKTPOHllhlX 000-

.JIO'IOI": aTO~wu, U CBJISU C 'leM ,qomI{Hhl lIfeHJITbCJI II nepuo,qrrqCCIHIe CUOllCTBa 

XI1.\IflY.CCI{UX 3 J1:CMeHTOB. A. cD. KanYCTIIHCKIIH [1] C'lIiTaCT, 'lTO nplI C,UaTIIU 

aTo~lOU iW cncpXUhlCOKIIX ,qaBJIeHilH ClIa'laJIa npOlIcxo,qIIT «3JIeKTpOHHaJI IBo­

~18pUSaU;I1JI» aTOi\IOB, cym;e CTueHHO MCHJIIOm;aJI lIX XlIMIIT.J.eCKlIe CBOHCTBa, 

a saTeM «paS,J;aU lnmaUUe) 3 JIeJ":TPOHllhlX OOOJIOT.J.CI\, Be,qym;ee I{ nOJIHOMY yHII'i­

TOiHCHUIO XI1MIFICClmx paSJIl1'lIlH i\IOn.\~y 'iaCTlIu;al\fJI II K BOSHUKHOBeHlIIO yHn­

BCpCaJIbHOrO lIteTaJI.'lIILlCClwro COCTOJIHnJI MaTepl1U. K CO,HaJICHIIIO,B JIJ1TepaType 

[DICCTCJI HCMHoro pa60 T, nOCBJIJ.IJ;CHfIhlX BOnpOCal\I IISlIIeHCHllJI CBoifcTU 3JIeMCI:!­

TOB II lIX Xlll\IIIqCClmX npCBpaW;CllUll B TllCp,qoii cpase npII CBepXllhlCOIHIX ~aBjJe­
IIITJI X. 

JI. r. Bepr, O. I{. J1HaTbClla U E. M. CaBllIJ.KllH [2] rrcC.'le,qOBa,1J11 BsallMO­

_,qciicTBlIJI COJICll CaC03+ M gC0 3; CaC03+ MgS0 4 ·H 20; Na 2S04 + 3K2S0 4 ; 

Na~S04+ CaS04 ·H 20 II K 2S 0 4 +2MgS04 ·H 20 npll ,qaBJIeHlIlI,qo 6000 }),8/cJ.£2. 

ABTopallf y,qaJIOCb oOHapynHITb nOJIBJIeHlIe HOBhlX cpas B . IWJIlIQeCTBe 

1-2% npll llSalIl\w,qeii:cTulIll CaC03 II MgS0 4 ·H 20 (BepOJITHOe 06pasoBaHile 

.::I;OJIOMI1Ta CaC03·MgC0 3 Ii l\rarlIeSllTa MgC03), a TarnHe npu BSalll\lO,qei1cTBIIll 

Na 2S04 u CaS04·H 20 C 06paSOBaHl1eM rJIay6epllTa Na 2S04·CaS04. 

I'0cpcpMaH [3 J, llCCJIC,qYJI ,qeHcTmre ,qall.1JeHllJI Ha OnllCJIbI CBIIHu;a npn IWlIIHa T­

HOll: TClIfIIe paType, 06HapyamJI BOCCTaHOllJIeHlle salurCll CBllHu;a ,qo JI:leTaJIJIII­
lIeCKOrO CBIIHu;a nplI 12000 li8 /CJ.£ 2. 

BpH,qaHfCH [4J Ha6JIIO,qaJI npll o,qlIoBpeMeHHoM ,qe llcTllHll ,qaBJIeHHH ,110 

.50000 I>e/CJ.£2 H .r.rexaHlIT.J. eCIWrO c,qnllra paSJIOmeHlle OHllCll BllCMYTa,qo lIIeTaJIJla, 

lloceTaHOBJIeHl1e ,qBYOKIlCH OJIOBa B OIHICb OJIOBa II 06pasOBauue cyJIbcpll,lla 

l\18,ql.r HS 8JICMeHTOB . 

IJ;eJIbIO ,qaHHOH pa60Thl6hlJIO HSY<IeHUe BOSMomHbIX npeBpam;eHllH: B TBepAOll 

,cpase. II pll 3TOM lICnOJI bSOBaJICH Me TO,q orrpe,qeJIeHHH saBllCHMOCTlI CHJIbI c,qBlIra 

'OT ;:WBJIeHHJI, BIIepBbIe npe,qJIOn~eHHbIH BplIp;mMeHOM. 

~I e T 0 ,n; II K a a K C n e p IT M e H T a. O rrhlThl rrpoBo,n;H:m cL ua YCTaHOBI{e, Cl,OHCTPY-
11 pOBaUHOM: B "la60paTOplU! tPH311KH cBepxnhlcoKllx ,n;aBnem!M: All CCCP. IIo,n;p06rroe onB­

-ea Hlre arrrrapaTyp hl 6y,n;eT ,n; a uo B oT,n;enbuoll CTane. 
IT pHHD;Hrr ,n;eM:CTBlill YCTaHoBI,11 anan Orll'leH rrpI!HD;Hrry ,n;eiiCl'BHIl YCTOIllOBI\H, orrHcau­

llo iI I3pH,n;mMeHoM (pHC. 1). 
U ccne,n;yeMhle 06pa3D;hl B BI1,n;e ,n;ByX TOlll\HX ,n;I!CIWB A rroMe~a:IUcL Mem,n;y CTaJlbHOii 

uaRoBanbueiI C ,n;ByMlI nOplIlHflMI! B. IIocJIe no,n;a'lH ,n;aBJIemm npoH3Bo,n;u,-rCIl nOBOpO! 
lIaKOBaJIbHH BOKpyr OCH npu nOMOlI\u n OpmueBoro ,n;IUIaMOMCTpa C aBTOMaTIl'leCI,Oll 
3urrIlCblO CHJIhl CJl.BI!ra, B TO BpeMfi KaK rroplIIUH OCTaBaJIHCb Herro,n;BHmHblMJI. 

110 :mcnepH!\{CHTaJIbHhlM ,n;allHbIl\.I CTPOUJUICb HpHBLle 3aJH!CHMOCTH cpe,n;lleil: CIIJIhl CABll­
ra 01' cpe,n;uero ,n;aBJIeHHlI. STI! HpHBble COCTOlIT ll3 ,n;Byx cYlI\eCTBeHHo pa3JIn'lHblX 'lacTeii. 
I3pH,n;mMeu C'lUTaeT, 'ITO Ha'laJIblla fI 'laCTb l{PIIBOil: COOTBC'fCTByeT nOBcpXllOCTI lOMY CHonb­
<KeHrIlO Mem,n;y AlaTepHanOM H nOBe pXlIOCTblO nopmHfI. 3aTeM , l{Or,n;a BHyTpeullee llarrpmKe­
liMe CJl.BUra ,n;OCTuraeT BenH'IUIlLI npc,n;eJIa Tel{Y'leCTH , Ha'lHHaeTCH BHYTpeHHce CIWJII,il<euIIC 
_llaTepHaJIa ,n;HCRa no rrnOCKOCTHM, napam leJIbHblM TOp1.(aM, B TO BpCMlI I{aI{ TOP1.(bl ,n;nCI\a 

II C.'l·HGTIlU ' Tj)('I1I1)1 « Ill' 
TWI CG ,W II ; \f'q)() p .11 a IlII II 

TO 1Ii1 l'I)JIIIOii :l:l IlII (; 11 

IIl'l1Mcpa Ila JlII I> 
11 3:IO ~f lI a )'PIIIl OIi 

}J.:lH OIll,I TO Il 

:IOD 11 (I)O (;lIJII I\OIl, I'aa. 
;UIII.1C IlIfl'M II (;; \11111'011 , 

F,Kr 

30 

PUC. 1. 

11 

L 

Pm' , 3. :lanlll' lDloGi 
rn 01' ,n;aBJICUUH t 

CMccn ~ I 

C UIlT C3 c ~, J. 
linn - I;paClIO-lw pn'l 

99,59~o' Co - 99,531 
Co + S; Fc + ~S 
50 000 h·.?/C. \~2_ II ~H,'X~ 

CllIlTC3 cpO I 
l"OBall IlhIJIh, );rHIC Hl~ 

,1: 111 110:1 ylIellll~1 
~c iinnilio P;HBlTCllIHi 

* nOC:l l' nplJ.'lo)' 

;1.<1 n.' l' II 1\)( 1I ,DIlI IIPIIH

I u AC:IClIIInX IIma; I1,J 

9 iH<I>X , N, i 
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30 

20 

10 

8 

8 

Pnc, 1 . Cx c Mn YCTUIlOBlm 
BpH1I)lnll'll iI 

\ 

PII C- 3_ ;lillH1 C H~I OCTh CH.,}J,I CAB II­
ra 01' ,q a B.1[eWlI1 A,nJI lICXOAI-IOM 

CMCCll 2 Ni + S 

F, 

30 

20 

TO 

-}O-zo'=" --"~Jc'=-0 -40-50 
p /U" 'A .. ' 

PJ[c. 2. 3aBflCIIMOC'l'b cn · 
: 11,1 CiJ:Bura 01' naBIIC' IJlI ll 

)-\-111 IJII C~ly'~ ll 

\ 

2 

600fJ 9000 12000 p,lff/eli 

Pu e - 4. 3aBH c lHloCTh CRJJbl CABlITa 01' ,qaB­
JJeIJI'In A.nIT Hc xoAHOii! eMe CR C o + s 

C II H T e 3 e .v.' h <p If ,q 0 B_ l1 c xo,qlll,nlll Bcr~CCTBa~lll uJ:.lJIn: 1!CJlh, DOCCTa HOBJJ eH­
IIn fI - "paC IlO-1-WPll'lllCBblii nopOlll OH , 1I1I1'C.lI I, II H06 a.TJ bT, nOpOID[{00Upa311bTC - N i -
~9 , 5 9 % . Co - 99 ,53 % , lHeJIe30, BO CCTHlTOIl '---W IIII OC, 'II1 CT<ln Cepa . CMecli 2Cu + S; 2N i+S; 
Co + S; Fe + 2S 6bIJIn no,qu c pl ' lIyThi OA II OBP l'MClJllOMY Ae ikTBl110 AaBJJCI-IHH ,qo 
·iO 000 h'r!C.1t 2 II Me XallFlqeC IWro c,qBflra_ 

C II II T C 3 q> 0 C q> u,q 0 B. H CXO,qllbLe B() lI\CCTUU: Murnull 3JIeHTpOJlUTnqeCHHii, l\I1Il-

I
I(oBafT nbIJIb, npacIIMH q>o c q>0P' 

,Il, : rn n OJJYQCnnll q>o c q>n,qoB 6LIJIIf B3flThI CMec n 3l\lg + 2P n 3Zn + 2P H rro,qBeprlIYTbI 

-~e rI CTBIIlO ,qaBJlelluii,qo 50 000 lf2/ CAt.2 U c,qBnrn. 

1 
1-----

* TIO C:IC npn:romellIfll l\nB.'lellllf) BClllcCTBO nlHllImJac T qJOPMY .TTlIII3J..1. : In Il c JmqllllY 
lU B:1CIIIIH 11 :1)1[[ n plIlIl1Ma.l0Ch OTIIOme mLe lIurp\,31-;U Ii n ; lOrqa,q11 JJ11113r..I. CII:ra cAuIIra ,qaua 

:0 ;:(CJJellllfIX UJl\aJJbI noplllHCBoro ,qn1I3MO~1eTpa. 

' 9 rH<J>X , N; 7 
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P 8 3 Y .lI b TaT hl ::I I .. C n 0 p II M e l:l T a. 113 alH1JI1l 3U HpllHLIX 3 1lIJllCII_ 

MOCTH CJIJIhl C,[IDJIra OT ,[IaDJIemU£ ,[IJIH c~JOc8ii NiCo M Fo C ccpuii (jJJlc. 0, 4,)' , 
1IIOrrmo 6bJ.11O OmJI,[IaTb, ~ITO IIpOll30lU JlO oGpa~lOuaHllc C~.Jlhqlll / (OIJ. X11111M'!CC- I 
l\IJii alla.1Ill3 nO,[lTDe p,[lnJI ::ITO IIpe,[lno.lIOII\ClllW. Ha HPI1BOlI 3aU1IC11.\l OCT11 CI1:Jj,1 • 

C;:\B llra OT ,[IaB.1I8HRJI ,[I.lIR (,M8CIl 2Cu + S nCT M3JIOMa. Ho XIHIII'JCClmii R PCH'lT(:-

F. Krf' ;)0 «' 

20 C.'I col 

10 -
l{l 

) , 

P]l,· . ;i . JaBIICIBJOCTb c.[lm,r CAlllITD 01' Aall­
: ICI II1I1 AJJI1 UCXOAIIOii CMe CR Fe +FS 

PII C. 6. 3aDu cIBIOCTb CIIJJbI CAllnra OT Aan­
; 1I:'llIIfl AJIH IICXOAuoii C~ICCI! 3l\1g + 2J:' 

lJOrpaq,lPJcl'Krrii: aHaJIII3hl ITOKa3aJll1 oGpa30BaIIll0 C YJIbq,np,a 1I1ep,u. B OIT.blTRX 

co CMocmlU 2N i + S; Co + S; Fe + 2S I1a6mOp,aJICH B 3pbIll nprr AaDJI8BllHX 

AO 40 0 00 H~' / C .A ~ 2 . ,IJ;JIJI BbIJICHOlJIlJI nplJ pOp,hI ::noro D3pbIDa 6.bl JJJl npOB8AeBhl 

F,Kr 
40 

30 

20 

Pnc . 7 

CIT8lJ,naJIhIlblC OIThlTLI. l\foTaJIJILI IT cepa n OT,[IeJIblIOCTJ] 

nOABepra JIllCb AoiiCTBJIIO p,aBJIeHI2IM IiI ('ADRra . B.blJl O 

YCTaHOnJIOllO, 'ITO B3pblD npOI2ICXO,[lnT TOJlbKO B CJJy- I 

qa8 OllLITa C CCpOll Hal{ IJPEI CmaT12I12I AO 40 000 1f21C.~( 2 

co CADnr OM, Tal{ R llplI Op,IlOIlI cn;aTlIH. .~ 

~JIJI DbUICH8 HllH npn~JJJB.bl D3phlDa cepa nepej ( 

onhlTOllf nblp,OpmnDaJIaCb B aTJIlOcq,ep8 aproBa IJPIl 

35-40°C n T8 QCIlUC 20 limn. , a 3aT8111 D T8'l.8HITO 

f,Kr 

20 

10 

5000 10000 15000 M' /L~ ' 

P1I<'. 8 
J ' II C. 7. 3aBIll'UMOCTb CIlJIbI CABura 01' ),(ilJjJ1('U IlH AJJH II CXOAllOii c~lecn 3Zn + :.! l' 

Puc . 8 . 3aDncIIMocTb_ CHJJLI CADllra 01' ),(an.'Jl' llJJll AMI 3al111d( CD IIJill,a j JPJ 

30 MUll., npn KOMHaTHOH TeMnepaT Ypc . 06eCHllc .rIOpO}lWl1HaH cepa 3al,JI8nUa­

JIaCb D JJ,eJIJIoq,aH R nOABepraJIaCb A8HCTDHIO p,aDJI8HHJI. B aTOIl1 CJIYlJ.ae D3 phlua 

H8 Ha6mOAaJIOCb . TaKHM 06pa30M 6bIJIO AOHa3aIiO, 'ITO B3pbIB JIBJIJIeTCJI p e 3YJlb­

TaTOM 06pa30BaHRJI OKI2ICJIOD 3a CqOT aAcop611pOBaBHoro c8pofi RHCJIopop,a. 

Ha Hpl2IDbIX 3aBRCRMOCTl2I (pRC. 6, 7) CRJI.bI C,[IDI1ra OT ,[IaDJI8BI2IJI 1l1ll0IOTCH P C3-

IW BbIparK8HHl>le 12I3JIOMhl. XRMR'l.eCKllii aHaJIR3 1I0ATB8PA I1.1I 06pa30Damre q,oc­

q,I2IAOD. B OIThIT8 C q,OCq,I2I,[IOM MarHllJI 6hlJI npOnO,[l8H IWJII1'I eCTD8HHbIli aHaJJJl3 

I!I DbIJICn8HO, 'ITO npou;eHT rrpeBpam;eHI2IJI paB8H 42 %. 
P a 3 JI 0 }H 8 H Re o K II C JI 0 D . B call101l1 Ha'IaJI8 pa60Thl 6hlJIll npo­

Bop,eHhl OnhlT.bI C OHRCJIaMI2I Mo03 I2I Pb20. B CJIYLJae OKl1CJIa MOJII16,[10Ha JJ,IJOT 

06pa31W 11811WHI2IJICJI R3 n{eJITOrO B 3eJI8HOBaTbli-i. IIpoBe~eITHbIii lIa~llI J\aJIO-

P f:DWTPIJ'ICCJ\Hii UIIU:J JJ3 

II Olo-[COJ[ MoO ~ . Ha J, 

CUHIIIJ,a llMCCTCH 11 3'10.\1. 

IIpOUO;~Il],f~I. l~ a JI (J IJCP 

JJWICCJ\Jlii G.'WCI'. 110-

ULI)J,OJIOI I HOM MCTU:/."]JI 'JC 

ADTOpLl UPJlJ JUCHT fJI 

IJIIHMalIIle }{ paGuTe II n o 

3a 60JIblUyIO npUIHII 

~ 1. IblllCPOJlUO 3aBII 

11 LJYUCTDIlTOJ1hlJbJM 

HpnCTaJIJIll'!OC1,U ~ 

m;OHl'Ill D TJ3CP;:\OJl q,a3e 

2. ~alJlIblii 1IIOTO;,( 

1110;(11 Jl pa3,lOil\CJJIlH ~ I\ 

CY Jlhq,llAOB l\i, Co, -}c, 
3 . IIOATDOpil,iJ,CIiO, 

IIl[JIX, DIJOPDblO OT 

,[I8iicTBnR 00 C • a;:l,(' o 

]\loc lWBCH nii roc 
YUllne p CII TOT 11M. ' 

A"aAe~IlUl 
.]auOpllTOPIll! 

llblC0 1·;nx 
lI l oc 

1. A . (I) . I": a IT y eT UB . 
2 . JI . r . De p r, O. I-\ , 

75, 383, 1950. 
3 . H 0 f f man, Z. 
4. P. W . Bridgman 

CHEMICAL Tn 
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i ng c he111 ica l lransfonn 
Tho method was 

decomposition nIld ext 

pho ;phides of ]\Ig !11111 Zn 
Tho expl osion of suI 

('onfil'llwd to be the 
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"JJ(;J Ll J'Pll,~U '1 x 3 HIll/ CII _ 

e c cepOJI (puc. 3, ~) 
CY:'lhqJII ; (OIl . XJJMlJII ('t'_ 

~J1 ;JUIJ IIClJ.\IOCTli ClJ.1j,1 

XIDIll'lCC I,lJlI H p e 1-!lT(,_ 

lJ, ~:II,'JI, I C,1H ll rn OT ;.(ilU­

,11 011 C~ll'CJl 3.\1 l! + :!jJ 

(it ~JC;(J]. U OllLITa:\ 

11 lJpn p,llB.'JelJUJn I 

,<1 Uh),1/II D] JO BCp,CI ILI 

vpa Ii OT;(C.TbllOCTI I 

ii II Cp,BlJra. EN.Ti li 

~i1T TOJ1b1-\O n C:1\' , 

1I;.(0 40 000 1.7/C.;/ ~ 
tTUli . *.,-
l'I,JU£l ccpa IIe p e;( 

' cj)OPC aprOJJa IIpll 

3aT8Al n Te<[eRUC 

'll 3Z n --r :.' 1' 

ccpU ;]U I,a CUUil ­

I C:IY'JaC B3PbllJil 

!.l HeTCH P C3 Y: I,L­

lo ii l\llC .'I0 P0.:\ll. 

H UMCIOT CH PC 3-

PU;]OlJaB fl C cpoc-

8 lllJ hlii: aHa.'llI ;~ 

TLI ObI .1 1I np o ­

.1110,101la l(H CT 

lJClllII 1,aJJO-

njlenpnU~e llIlfl D Tllr]11\oii (1)n :le 1101\ A'1II J l e l!lIe~1 I :i7!) 

PIDICTPU1Jl)CI';1l ti alJaJJU ;] ][01\a3UJ1, 'I TO 11 [l O li30lIlC ~ 1 lJ Opl' XU) ( 01ill(;J1:1 J\I U()3 

11 OI,nCOJJ MoO ~ . Ha l\pnnoii 3aJJllCII1l10CTH e ll J!hI C).\UllrU OT l-\UIl JICJlHH ) (JIH 3Ulilll:U 

CDIIHlI,a llMCCTcn 11 3JIOll!. IIo CJIC npIJ JIomUlIIIH l-\ Ull JIClIIIH 06pU3Cl\ CTa JI ::JJIU J,TpO­

JlPOBO.:\llhlllI. Ha rroncpXllOCTll WICJlHll nOHlllJ JICH HP1WIIL1P(JIHOIl1Jblii lIJCTa JI­

:!U'JeclHlii O.rrCCl-\. TIo-nu AU MOll!,)' , n POI130ill JIO pailJlOil\ClIHC 3<1 J,J!cn CDlJlJl\H C 

JJb[ ~\C.lCHllC lII MCTaJJJIll'lCClWro CDllIIJ\a. 

ADTOPbI rrpIIIlOCHT r.lIYOOlQ' lO U:larop,apllOCTb npoqJ. JI. (j). UepCllwrUlIY au 
lJlllfllIaIIIle l{ paOOTe 11 IIOBCCAIlCIl l! OC PY1\olJO):\CTDO U 1IIOXallUl\Y C. T. BJlacouy 

3;1 OOJJbIlIYIO rrpaHTlJlICCHYlO nOMOll~L H pUGOTC. 

~ 1. lIaJllcpeIIlle s aDilCUlIIOCTll ClTJILT C ADnra 01' p,aDJICIIUJI RlWJJ CTCH YJ\OGIILJ M 

Jl 'IYUCTDlITe.lIbIIhlllI 1I1OTOp,01lI AJJfI oO Hapyn\clIllJI lle TO.n bIW II3111ClJC'lIHii lJ 

l.;pn CTa.'Vlll'I CCJ'{IX pCIlICTI,aX, JJO n A.'IJJ 0611apYiHeIlllfi XUlI!lPI CC I\HX npCll pa­

lL\c unii D Tucp;t;oii cpase Upli lJb1COh:llX ),(aUJJCHunx. 

2. ; ( a IIIJhl ii lIICTO),( Oh1.1 anpoorrpoDall llU p camJ,IlfiX oGpa30D HUllH CyJlhcplJ,u.~ 
.\l C.J, !I )[ PU3:1<l; I\C uun Ol.;rrc.'U CBlllll~a Jl paCllpoC'rpaucu ll a p Cm,lI,llH llO.llY'IClJllJI 

c y .-rbCp1I 1J,On 1\1, Co, Fc, cpo c qllJ l \013 l\fg 1I Zu II pa3JIO}1-<ClIIIC OhU CJJ U 1\1n03. 
3. TIo;J. T13 Cpa'ACHo, 'lTO HB.'IC IllJ C BSphLB<1 CCphI npu cncpXllhlC01\lIX AaB.TlC­

IIJIHS , BllCPlJhlC OBIO 'I CllHhIC EPII ):\i-[ \JlICllOM, UP 0 1I CXOp,UT n pes y.lhTaT e n3aJIMO" 

~(ejiCTBlln cc C a;r,cop611p013alllJhDl ]';II C .• OP 01\01lJ. 

:\IoCIWDC 1\11 ii J'oCY1\apCTDr 11111 ,1 ii 
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1\l o('"un 

J rlrTEPAT~y' l jA 

JI oCTy rl11:rn 
8. IIl.19S7 

1. , \. (ll. l{ <l II V C T II II C I, 11 ii , 1I3D. All CCCP . 0'1'1-\, XIDI. 11 . , 429, Hl;)G. 
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CHE:'IIICAL TRANSFORl\IATIONS ]N T1IE SOLID STATE AT PRESSllRES (IF 
50000 /" O l CIll 2• 

E. V. Zu7JO~'a, and L. A, ]{(I/'ataeNI (Moscol!' ) 

Summary 

\Ieas urcn1l'llt of the pressure dependen ce of the s ll ca l'ing force is U cO IlYeni cnt :llJd 
-;\' lls iti,'c mell lOd not onl y for bring in g to li ght chan ges in cl'ystullatLi crs, hilt foncvenl .. · 
in g chrmicnl transform ations in th e solid s tate IInd l'1' prcssure. 

The method was tested on th e reactions of COppCI' sulfide form ation an d lead ox ide 
decompos ition and exlended tothe fol'!I1ati on of the sulfid es of Ni, Co, Fe and of tli e 
ph o 'ph ides of lIlg and Zn as well as to Llle decomposition of tll e oxidc ;\1U03 . 

The explOSion of sulfur under s uper pressures first observed by Bridgmnn hns bcc n 
.-onfinllNI to be the result of its interacLioll with adsorl~ed oxygen, 


