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ZUBO-EV 58-0326

CUSTOM TRANSLATION GDA

CHEMICAL TRANSFORMATIONSIN THE SOLID PHASE UNDER A PRESSURE OF
50,000 kg/cm2 IN THE SIMULTANEOUS PRESENCE OF SHEAR

E. V. Zubova and L. A, Korotaeva

—

M. V. Lomonosov Moscow State University. Academy of Sciences of the
USSR, High-Pressure Physics and Chemistry Laboratory, Moscow.
Translated from Zhurnal Fizicheskoi Khimii, Vol. 32, No. # 7, pp.

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

It is well k?own that high pressures lead not only to a change
in the erystal lattices of substances but alst to a rearrangement
of the electron shetls of the atoms, thus modifying the periodiec
properties of the chemical elements. A, F. Kapustinskii /1/ con-
siders that on subjecting atoms to compression at very high press-
ures there is first an "electron isomerization'" of the atoms, sub-
stantially changing their chemical properties, and then a "erushing"
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 lier-
aturé;%%ntains a small number of papers devoted to variations in
the properties of the elements and their chemical transformations in
the solid phase at very high pressures.

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

2
the salt interactionsS.....and.....at pressures up to 6000 kg/cm .



L
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The authors were able to observe the development of new phases
to the extent of 1 or 2% in the interaction between CaCO3 andsvess
(probably dolomite.....and magnesite MgCOs) and also in the in=-
teraction between Na2304 ande.e..with the formation of glauberite

Hoffmanm /3/ studied the effect of pressure on lead oxides
at room temperature and observed theieduction bf plumbous—oxide lead subede
to metallic lead at 12,000 kg/cmZ. -

Bridgman /4/ found that the simultaneous m“o'f pressures of
wp—%e 50,000 kg/cm2 and mechanical shear resulted in the decompos-
ition of bismuth oxide,with the formation of the metal, the reduct-
ion of SnO2 to Sn0O, 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 the method efbased ow
determining the shearing forcem as a function of pressure (the me-

thod first proposed by Bridgmen).

Experimental Part

Method. The experiments were carried out in an apparatus
constructwred in the High-Ppessure Physics Laboratory of the ic-
ademy of Sciences of the USSR. A detailed description of the ap-
paratus will be given in a separate artiicle.

The operating primciple of the apparatus is analogous to that
of the system described by Bridgman (Fig.‘1).

The samples to be studied, made in the form of two thin discs



3
A, were placed between the steel anvil C and two pistons B. After
applying the pressure, the anvil was rotated around the axis by
means of a piston dynamometer with automatic recording of the shear-
ing force, while the pistons remained stationary.

The experimental results were used to plot curves between the
average shearing force and the average pressure. Thesé curves con-
sisted of two essentially different parts. Bridgman considered that
the initial part of the curwve corresponded to surface slip between
the material and the Sﬂiﬁ%iii of the piston. Then;when the inter-
nal shearing stress reached the level of the yield stress,internal
sliphﬁzhgﬁ;;disc material s4axsed with reépect to planes parallel
to the 2;35, while the ﬁ:ﬁ% of the disc "'froze'" to the piston and
anvil as a result of friction. If any tramsformations in inter-
nal structure kook place during the course of plastic deformation,
the shearmng-force/pressurercurves would show a sharp break. By
way of example, Fig. 2 shows a ‘'shearing-force/pressure curve for
bismuthe. The break on the curve corresponds to a polymorphic
transformation. *

For experimental study we chose reactions involving a reduct-

ion in volume (si&hesis of sulfides and phosphides, decomposition

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

* After applying the pressure, the substances assumes the
shape of a lens. We took the ratio of the load to the area of.the
lens asrepresenting the pressure. The shearing force is given in

mxztx dividions of the piston dynamometer scale.
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b
and shear,were described earlier. Others were kewe carried out for

the first timewmn the prejewt wavestigabitn .

Figs 1. Arrangement of Bridgman's apparatus.

Fig. 2. Shearing force as a function of pressure for bismuth.
Key

1) kg

2) kg/cm2

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

inal mixture of 2Ni + S,
Key
1) kg
2) kg/cm2

Fige. 4. Shearing force as a function of pressure for an orig-

inal mixture of Co + S.

Key
1) Py ke
2
2) kg/cm”
Synthesis of Sulfides. The original substances were: copper,

reduced, a reddish-brown powder, nickel and cobalt, powdered, «....,
iron,reduced,;;%re sulfur. Mixtures of.....wére subjected to the
simultaneous action of pressures up to 50,000 kg/cm2 aqd mechani-
cal shear.

Synthesis of Phosphides. The original substances were : mag-

nesium, eletrolytic, zinc dust, and red phosphorus.
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In order to obtain phosphides we took mixtures of Mg + 2P
y Sumatban eous
and 3Zn + 2P and subjected these to th?(action of pressures up to

2
50,000 kg/cm” and mechanical shear.

Results of the Experiments. By analyzing the shearing-force

/pressure curves for mixtures of Ni, Co, and Fe with sulfur (Figs.

well § e
3, 4, and 5) we might eﬁpesx?;hat sulfides were in fact formed.
Chemical analysis confirmed this view. The shearing-force/press-

ure curve of the 2Cu + S mixture sgawe ﬂ% break. Chemical and X=-ray

analysis nevertheless revealed the formation of copver sulfide.

Pige 5+ Shearing force as a function of pressure for an orig-

inal mixture of Fe + 2S.
Key
1) kg
2) kg/cm2

Fige. 6. Shearing force as a function of pressure for an orig-
inal mixture of 3Ms + 2P,

Key
1) kg

%
2) kg/em”

Inexperiments with mixtures of..... there was an &plosion at press-

ures of mmbex 40,000 kg/cmz. In order to find the nature of this

explosion some special experiments were undertaken. The metals
were each

and the sulfur nx;zsubjected to simultaneous pressure and shear.

Explosions only took place wkem in the experimentswith sulfur,
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whéther the pressure of 40,000 kg/cm2 were accompanied by shear or

not.

Fige 7. Shearing force as a function of vpressure for an orig-

inal mixture of 3Zn + 2P,
Key
1) kg
2) kg/cm2

Fige 8. Shearing force as a function of pressure for EmMmwEEm=n
FmaxminEurEcnk Mesdipdoncbsosmmila, lead svoonde Pb,0.
Key

1) kg
2) kg/cm2

In order to discover the reasons for theexplosion, the sulfur
was held in an atmosphere of argon for 20 min at 35 to 40°C he=-
fore the experiment and then for 30 min at room temperature. The
deoxidized sulfur was stuck to cellophane and subjected to press-
ure. This time there was no eplosion. This proved that the ex-
plosion was the result of the formation of oxides,igigigggggigngo
the adsorption of oxygen by the sulfur.

The shearing-force/presssure curves of Figs. 6 and 7 show
sharp breaks. Chemigal analysis confirmed the formation of phos-
phides. Quantitative analysis was carried out in the case of the
magnesium phosphide expériment ; it was found that the transform-

ation was 42% complete.

Decomposition of Oxides. At the very beginning of the work
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i
we made some experiments with MoO3 and szO. In the case of the mo-
lybdenum oxide the color of the samplem changed from yellow to
green. Calorimetric analgysis showed that there had been a trans-

also

formation of MoO3 into'Mooz. There was/a break on the shearing-

force/pressure curve for piumkewixsxige lead suboxide, Pb.0. After

2
applying the pressure, the sample became electrically-conducting.
A sharp metallic luster appeared on the surface of the film. Apvar-
ently the lead suboxide was decomposing,with the formation of metal-
lic lead.

The authors express sincere thanks to Professor L. ¥, Veresh-

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

ian S. T, Vlasov for great practicald assistance in the work.

Conclusions

1. The measurement of shearing force as a function of pressure
is a convenient and sensitive method of oﬁserving not only changes
in crystal lattices but also chemical transformations in the solid
phase at high pressures. et

2e The method in questionwm for the reactions underlying
the formation of copper sulfide and the decomposition of lead sub-
oxide, and hes—been extended to the formation of nickel, cobakt,
and iron sulfides and magnesium and zinc phosphides,and the de-
composition of MnOB.

e I ha;ﬂgeen confirmed that the explosion of sulfur at

very high vpressures first noted by Bridgman is a result of the

interaction of the sulfur with adsorbed oxygean.
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ABJEHILA XUMNYECRUX HPEBPAUIEHIII B TBEP,10I11
®A3E 110/I TABJIEHIEM 50000 Ze/ex® 1IPIT O/IHHOBPEMENHOM
JIEHCTBNIL CABITA

Ees B. 3yoosa u J. A. Kopomaesa

Rar usBecTHo, BBICOKHC IAaBICHUs IPHBOJAT HE TOJILKO K I3MCHCHHI
KPUCTATIMYCCROIM PelIeTKI BEUIECTBA, HO U K IePecTPOIKe 3JICKTPOHUBIX 000-

JIOYCR ATOMOB, B CBA3LWL C YeM JO/KHDLI MEHATHCA I IepPUogUYeCcKue CBOIICTBa

ximyueckux aaemedros. A. @, Ramycruuckmit [1] cumraer, uro npu cimarmn
ATOMOB 0 CBEPXBBICOKIX JaB/IeHUIl cuavaja IPOUCXOMUT «3JIEKTPOHHAS H30-
MepIBaIiA» aTOMOB, CYIIECTBEHHO MCHAIOIAs UX XHMHYECKAEC CBOIICTBa,
a 3aTeM «Pa3TaBIIBAHIE) HICKTPOHHLIX 000J09CK, BEAYHICE K MOJIHOMY YHIY-
TOKCHIIO XIMITYCCKIIX PA3JIIMINE MEAYy YaCTHI[AMII I K BO3SHUKHOBEHHUIO YHI-
BepCaIBLHOTO MeTa/LTIYeCKOr0 cocTosaumsa matepuir. K coskaaenuio, ureparype
IIMCETCA HEMIOro padoT, HOCBAMICHHRIX BOIPOCAM II3MEHCHUS CBOICTB 3JIeMel-
TOB M MX XHMITYCCKIX MPEBpaleuil B TBepAoil ¢asde MpiI CBePXBBICOKIIX JaBlIe-
HITAX.

JI. I'. Bepr, O. K. flnarvesa m E. M. Capruxumii [2] mceaegosanu B3amyo-

JteiictBust coueit CaCOyz+ MgCOy; CaCOz+ MgSO,4-H:0; Na.SO, + 3K,SO4:

Na,S0,+4+CaS0,-H:0 u K.S0,+2MgS0,-H,0 upu gasienuu go 6000 xe/cas.
ApropaM yjanoch 0O0Hapy/KATh IOsABJIEHUE HOBBIX (a3 B . KOJIIECTBe
1—2% mnpur Bzammopeiicrsuun CaCOs m MgSO,4-H.O (BeposrHoe o6pasosanne
Jtoaomura CaCOs-MgCO3; n maruesnra MgCOj;), a raxike npu B3anmojgeiicTun
Na.SOs m CaSO4-H,0 ¢ oGpasoBaumem riaayoepnra NaSOg4-CaSOs.

Fodppman [3], mecaeqys neiicTBue gaBiaeHns HA OKIICJBL CBIHIA IIPH KOMHAT-
Hoil TeMmepartype, o0HAaPY/KIJI BOCCTAHOBJIGHUE BaKICH CBHHI@A 0 MeTaJIn-
geckoro cpmuma mpu 12 000 mefcm®.

Bpamusen [4] mabmoman mpu oguoBpemennoM JeilcTBUM JaBaeHmi [0
50000 %e/ca?® m MEXaHIYECKOTO CABUTA PA3I0KEeHNIEe OKIICH BUCMYTA [0 MeTallia,
BOCCTAHOBJCHIIE JBYOKICH 0JI0Ba B OKUCH 0J0Ba I oOpasoBaHue cyabpmuia
MeJH U3 9IEMEHTOR.

[{enpio manmOi paboTs OLLIIO M3yUeHIIe BO3MOAKHKIX IIPeBPAIIeHAIl B TBe ol
‘pase. IIpa 5TOM HCIIOIL30BAICA METO OIPEACICHAA 3aBIUCHMOCTH CHJIEI CIBHTA
OT aBJEHHsA, BIEPBhE IIPeIOKeHHBIH B pumrMenom.

Bﬂcueplmem'am:uaﬂ 4acTh

MeTtoguka aKcHme puMeHT a. OILTE IPOBOAIIHCH HA YCTAHOBKE, CKOHCTPY-
npopaunoit B JlaGoparopun gusuku cBepxsoicokux pasaennit AH CCCP. Ilogpoduoe oma-
canme anmaparypsl Oyger Jauo B OT/IeJIbHOI cTaThe.

ITpranun feiicTBHA YCTAHOBKM aHalOrHYeH IPHHIUILY AelicTBHA YCTAHOBKH, OIHCAH-
moit bpummmenom (pue. 1).

Hcememyembie 00pasmsl B BUJie JBYX TOHKHAX JUCKOB A IMOMEIIaTHCh MEKIY cTaTbHOI
naxoaiabueil C asyma mopmuava B. ITocie mopaum aBieHus IPOH3BOJMIICH IIOBOPOT
HAKOBAJbHM BOKPYI OCH IIPH IIOMONIM IIOPIIHEBOIO AHHAMOMETpA € aBTOMaTHYeCKOIl
3a0HChI0 CHILL CABAra, B TO BPeMA KaK IIOPUIHM OCTABAIMCH HEIOJBHKHBIMM.

ITo sKcHepIMEHTATBHBIM JAHHLIM CTPOIINCh KPHBLIC 3aBUCUMOCTH CPeHeil CHIILL ¢ABH-
ra oT cpefHero AaBIeHHA. OTH KPUBbIe COCTOAT M3 JABYX CYHNIECTBEHHO Pas3imumblx yacteil.
BpnjaMen cauraer, 9T0 HaYalbilasg 4acTh KPHUBOIL COOTBETCTBYET NOBEPXHOCTIIOMY CKOMb"
FKEHHIO MeKY MaTepHaIoM H MOBePXHOCTHIO HOPMHSA. 3aTeM, KOIj{a BHYTPeHHuee HampsKe:
HHMe ¢JIBUTA JIOCTUIaeT BeJMUMHbI IIPe/iesia TeKy4ecTH, HAYMHACTCH BHYTPEHHEE CKOIbKEeHHe
AlaTepraana JUCKa 10 IVIOCKOCTAM, NapallileIbHBIM TOPLAM, B TO BPeMs KaK TOPLLI AMCKA

Ip

|

BEITCACTBHE TPEHM I
paecroil Jledopaian u
0O 1A KPHBOIL 3aBHCIHMOC]
ppuMepa na puc. 2 jai
[12;10M HA KPHBOIL COOTH
JLatst OILITOB GBI B

(o 1 pochuon, pasios
LABICHICM 3 CIIBHIOM,
Wi
A=
.
Puc. 1. _(,:‘
. bp.
Frr
30+

1000 5

=

Pie. 3. SaBucnmoc
ra Or jgapiceuusa
cMecH 2 Nﬂ
i
i
Cuunres eV
Hasg — KPacuo-Kopna
99,590,. Co — 99,53
Co-+S; Fe- 28
50 000 we/esm® 1 nexi
Cunres ¢od
ROBast TBLIL, Kpacinl
Jlenst mosTyde st |
HeiteTBHIO JaBicHMil

§

* Tlocae upniod
JAABIICHIL HAMM HPHH
B JeJICHMAX MIRAIbE |
‘

9 ROX, N7




I

Sa—— ,
N

5 TBEP, 1011

'OBPEMEHHO)M

KO R U3MCHEH I
JACKTPOHHBIX 00 (-
[II4CCKHE CBOICTRY
U, 4TO UPU CRATmy
C)VICKTPOHHAS M30-
UCCKIEe  CBOIiCTRa,
' K IOTHOMY  yHITy-
SHUKHOBEHIIO YHII-
'HILIO, B JIITEpaTy pe
1 CBOIICTB dJIeMen-
‘l'pxumcmiux IaB:e-
“.‘w;loua.m B3amMO-
i\ il-_‘SO.; “— 3K2804:
10 6000 mefea:,
13 B ROJMYECTBe
THoe 00pasoBaHne
It B3anMogeiicTon
l2504 -CaSO.;.

ILILa TP KOMHAT-
!‘lllu,ﬂ J0 MeTaJLIu-

L JaBJIeHIIT 10
MyTa 10 MeTalia,
BaHne cyabdmaa

uneHuii B e proil
OCTH CHJIBI CABUTA

‘TAHOBRe, CROHCTPY-
. Iogpoduoe omnu-

YCTAaHOBKH, OIHCAH-

b MEHLY CcTadbHOM
H3BOINICA IIOBOPOT
¢ ABTOMATHYECKOIl
ARHDIMIL,

‘pefneii ¢Hasl ¢ABH=-
pasnunnix gacreil.
PXHOCTHOMY CKO.1b
TpeHnnee pampsaKe-
\PeHHEEe CROIbKeHne
{ KAk TOpHbI AMCKA

ITpenpamenns B tBepoii Gase MmMojL apiIcnnes 1677

{ ]us.-](\;lc1‘llll(‘ Tp(‘llllﬂ ((IIpIII\l(‘pI}ﬂlUT» K lIU[)lllIlI() ll’llﬂl\'UB«‘].'lhllG. ECJU[ BO Jl])(.‘M}[ ll])()l[(‘C(‘,(’l I1ac-
mecioil :u:gimpmzuuur HMCIOT MCCTO RARHC~00 IPCBPALLCIILL BO BHYTPEHNCIT cTpyRType,
[0 118 KPIBOIL BaBHCIMOCTIT CHIILL CAABITA OT AABICINGT LOABIICTES Pesiiii n3Jos. I3 auecrie

| gpuMepa 1a pic. 2 gaua KpHBasl 3aBHCIMOCTH CIVILL CABHTA OT JIABJICHILL JI.ST BACMYTAa.

| |a710M B KPHBOIL COOTBETCTBYCT noanmMopdnomy rnepexojiy*.

; Jla1st OIBITOB GLIZLT BRIGPALL PeARIMIL, IJIYIIE ¢ yMenblienneM ooneMa (eHiures cyibgu-
op 1 Goednos, paznoskene okneaon). Hekoropue m3 oTAX peariuii, MPOBECHILIX TOJ
QBTCHICM I CABITOM, GBI OmHcanbl paiee. J[pyrie MpoBejicinl Buepsie.
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CuuTtes cyab@umgos. Mexomuniydin pemectsaMit ObIZIH: MeJL, BOCCTAHOBICH-
Al — KPacHO-KOPHIHEBbLIT MOPOIIOK, HHUKe/IbL M Kobainbr, Hopomrooopasnvic — Ni —
19,599, . Co — 99,539, iKeaes0, BoceranoBIennoe, yncrai cepa. Cyecu 2Cu + S; 2Ni+-S;
Lo+ S; Fe 4 2S Ot TOABEePruyYTHl  OHOBPEMECHHOMY JIEHCTBHIO JlaBACHHUS IO
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Cunres goc¢umos. lMexoguble BenecTBa: Marnmii dJIeKTPOINTAYCC KU, HH-
(koBast TBLIb, KpacHLIi docdop.
| Jlest mozyuennst gocguton Gern B3siTer cymecn 3Mg ~+ 2P u 3Zn - 2P u mopBepruyThl

JefterBuio pasaenuii go 50 000 xe/em? u cgBura.

{

* Tlocae TPWTOMReNUs JABJACHIS BEUeCTBO HpuimMacT GopMy JHH3HL. 3a Beandany
JABITCHMSL HAME IPHHUMAIOCH OTHONICHNE HAar)y3Kk K Iomaau auussl. Cita csura gaua
|} IedeHMAX IKAJIBl ITOPHIHEBOrO JHHAMOMETpA.
:
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ITpespamenus B TRCPAOIL Base Mo gasicuuem

PUMCTPINCCKITI  auadna HoKasad, uTo Hpousomiesa mnepexojt okmeida MoO,
p oxitces MoO.. Ha kpusoil 3aBuciMocTin CHJIBL CABUTA OT JaBICHUs JJIS 3aKUCH
¢pHIHILA ITMECTCS I13JIOM. HOC'IO HNPUJIORCITNST JTaBJCIns O()pﬂd(,‘l[ CTaJl QJCKRTPO-
nposofubiM. Ha mosepxmoceTm INICHEH NOABIIICS SPKOBBIPasKCHHBIL MeTal-
muueckuii omaeck. Io-pujumomy, Ipons0lnio pasdioskelue 3akNCH CBUHIA €
BRICJICHIICM  MCTAJIHYECKOTO CBIIIA.

ApTops npuHocAT raybokylo Guaarojapuocts npod. JI. d. Bepemarnny sa
prinManme K pabore u mosceaueniioe pyronojgerso u mexannry C. T. Baacony
3a OOIBIIYI0 HpaKTIUeCKyIo Imomouih 1 palore.

Boizojpil

k1. IIzmMepenne 3aBHCHMOCTIN CINIBI CABHIA OT AABJICHUS SABIACTCH Yi00UDIM
Il UYBCTBITEIBHBIN METOAOM JJIsi cOnapyskieHusi He TOJABKO H3Mencuuii B
RPHCTATIIYCCRAX PEUIETRAN, HO II U1 00Uapy/KeHusl XIMIMCCRUX IIpenpa-
meunii B TBep;1oit (age TP BHCOKIX JABICHUAX.

2. Jaunmiit metoy Obu1 anpofuposan Ha peaknusax odpasopanus cyabQuia
MCAI T PABIOSRCHISL ORMCJIA CBIIIA 11 PACITPOCT PaHeH 11a PeaRIyiin Moy CHIIs
cyantigos Ni, Co, Fe, doedupgos Mg 1 Zn n pasaosenne oxncaa MnOs.

IMoxrBepsasacto, 4TO SIBACHIC B3PLIBA CCPBI HPI CBEPXBLICOKUYX JlaBJe-
HILSIX, BICPBBIC OTMCUCHHBIC BPUZKMCIION, HPOICXOMUT B pPe3yabTaTe B3anMo-

JAelieTBIA  ee ¢ aacopOumpoBAHHBIM  KHICIOPOJOM.
MockoBernit roeyaperBe i Moerymmaa
yuusepenrer uym. M. B. Jlomonocosa 8.111.1957
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CHEMICAL TRANSFORMATIONS IN THE SOLID STATE AT PRESSURES O

50 000 hg/em?.
E. V. Zubova and L. A. Karataeva (Moscow)

Summary

Measurement of the pressure dependence of the shearing force is a convenient and
sensitive method not only for bringing to light changes in crystal lattices, but for 1ewal
ing chemical transformations in the solid state under pressure.

The method was tested on the reactions of copper sulfide formation and lead oxide
decomposition and extended to the formation of the sulfides of Ni, Co, Fe and of the
phoiphides of Mg and Zn as well as to the decomposition of the oxide MnOs.

The explosion of sulfur under super pressures first observed by Bridgman has been
confirmed to be the result of its interaction with adsorbed oxygen.
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