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CORRESPONDENCE 

Evidence for a Third Phase of Mercury 

Dy P. R. D OlO'''' and A. H. EASTJlA~l 
Department of Physics, l:nircrsity of Surrey. London. S. \V.ll 

(Rooei\'ed 16 ~larch 1908 and aflcr re<"igion 7 ~ray 19GB] 

AnSTlBCT 

It; liM been fvn nu tha.t tcns iJo d t' fo rmal km al li'lwd he lium tcrnpcra turo 
part ially transrorm~ '2. ·ml.:rCury to Il y pho.<:o) which .,. dl"tlnllu~hoo froUl lho 
Cl and jJ pIaR'K!.:f l,..y hanng a lower I'lupcrconduotlllg (;rllIcn t '.ietd eur\'e nnd a 
Jowcr trul1" ition t< 'lOpcrt\ lurc ('l"'"1'~ 3 '4~rJ·O,j ... cOlllpan..""C:i ~·ilh thd \'aluc!I 
found by Schirl..cr and SWI'n:<.JO (H)6J). Tc% ,.... .a · lj3 ~ .Iit and T("~_ 3·949,.K). 
]~sistanco m C(L'iuromcnU show thdL the y pllJl.Su lro. nafonru Ll\Ck to $·roorcury 
at. about. 53 ~ 1ri:. 

THE s imple rhomuohcdrul IX pilltsc of mcr<.: ur.\' rema ins unchanged at 
atmospheric prossure do\\'n t o liquid helium temperature. (BlIrn·t( 195;). 
llrid~man ( l fl:L'l) fi r:-:t nh :o;pn'pd a transition under pl'{'=,,~ure to the Bl,hase. 
which was found to ha\"(~ a. body-centrl"<l tt' lragona l structure lJ'y 'Atoji , 
Scbirbol' nnd ,' wenson ( 19.;!I) . Swenson (\n.;ti) found tha t this fJ phnse, 
once fornwd . W itS s table at nt mo;')phcl' ic prc:"sure up to i9 ,)K. at which 
tempc'rl1turc it tral v:. fornwd I.m('k to th e- 0: pha~e. Hi~h pressure waS found 
to be lleccsMry a no in nddition ~h(.'ar wa~ helpful in forming 1110 fJ phase, 
and Srltirbcr and SW('nsoll (I !lt1:!) supge~l ('d th.lt t he transformation was 
mart cml;itic in nature. In the prc~lIt invcsli!.!a tion we have found that 
simple t ensile d eformation of :x- Hg at 4':? K partia lly tra ns forms it to a 
phase which has it lower s lIpcrc'ond ut'ting: tralk-itioll t r mperaturc and 
critica l field curve thnn thos" of ci th., l' the a. or {3 ph,,"es as found br 
Scbirl>p l' and S wenson (l!lli I) ; wp therefor<' ('a ll it t ho y "hase. 

lfor supe roonducting magnetizntion IlIcasure lll C'nts rod Jolpt'ci mcns 7 em 
long 3mt 2·4 rum cl iamct('r wcrf' )In'plt red from tri pI,\' di~t.illl·d mercury 
l1Bving- about I p .p .l1I . nOIl -gll:o;£'ons imlllirit ies. The rot l::;; were- gripped in a 
simple tcltsomctC'r n lld l'u\1('(1 in tCIISloioll ill liquid ht'liulll . ThC" mugnetiza. 
tion .JI waR d etermined from tiU XIIl t' tCl" ucfl(,(,t ions o n moving 1\ pa ir of 
oppositely wound co-ax inl roib from ollr po:-: itinn around tht: ruirldl nfthe 
8pecimen to unother re mote from the spccinw ll ; in hot h pos it,ion~ t here was 
zero mutunl indurtancc betweell thE" em pty ~oi l lHir Hlhl the tit"ld coil. 

}:videncc for the y Vlmse is shown in the magnf'tizlt tion curves of figs. 
I (a) nntl (b) , which werc obta ined in inC'l"casing lield froIO, rt.'spcctivt'iy, a 
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single (,.,,YstaIIlJl( I a po lycrystn l of 111(,1\11 gmin ~iz;r t mill. Prior if') n.t.ording 
each maglll'li'l.a tioll c lIrn! the magll<.,t ic Jic·)d had hl~l~n incn'as(:d to a va llln 
greater thull tile c'riti(:a J field II I'" fijI" the '2. phast' anti tll cn hil fll){'( 'Jl rpdu Ct'd 
810wly to zero, Irav ing thf' spN:ilHl'ns with sonlt~ tra pPNI flux. Arkl' 
obtninin:! I I If' ('un' ('S I to -I of IiI:!_ 1 (II). \\'hi,'11 show the jJl'ogrcssi\'(' CfT(,f·t of 
increasing dt·formation, the sillgh" crystal spcf'inl4..'fl WIIS u llIH:aicd for 12 
hours at a t('mp( 'raturc nca r 77° ... "ftl'l" which tlw rna gltl'tization cun 'c ;1 
taken at :!., J 'l K rc \'cl'tf..'u to that- fill' till' pur(, 'X phase. Three otlH'1' nea rly 
si!lglc (:r.nttals \\'{'I'(, st rai ned at !iquiri helium tcrnp('ra tUf('fi, two of whi .. :h 
yie lded magllf'ti7.at ion c'urves "' inlilnr to those of fig. J (a) hut with lcs,'l 
pronolllH'{'(1 inf1('xioll ; the thiniyir·ldc·d t:un' l!S simi lar to t hose of tig , I (h) 
fo r a p()ly(:r.'"~(allill(' spcci m('n. All lil'ts of cUn-c:<o huve the follo wing 
fcuturC"!; in ('omIHOIl: 

(i) Th<- fit'ld at which - 4"JI fulls t o zero remains approximately 
un{'hull,!!.r d throughout tlte defo rmation and is the ('ritiCill field IIC'\ of 
the IX I'h a~c. 

(ii) TIl<' field at whi r h the magllet ization first d evia tcs from th <- perfect 
d iamaglletic also remains ullt"l w. f1J! <.,d thro ughout thc deformation; 
this " '0 id"llt ify as the cri tic'a l fic· ld II •• of the supposed y phase. 
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Magnetization ('lIn-C'foi, in i'l('r('aflin~ fif'ld fl . ("j "For a s in~l (.' C"rn,:tnl nt 2, l loK : 

clIn'{' I. ulI:';l ruint,< l : 2, :!·so,,: :1 , ;3"ov : 4 , 1:3-:1° ... :;trainrtl nt :!. II "K; 
CUr\'I'~' nflt'r RIlIlt'a l Il (.'tlr ,i ' K: (J,) fur 8 polYl'ry~tn l Rt :!,l(j K : C'urvo 1. 
un~trall1('d ; 2. u·:;~u; 3, 11·I ~fI: 4. :!:!":!' °o st rain ... d at :!·JH<JK, 

The vari(,ty of ",11lI1K'S of t he m a,!!ll('tizat ion l'un'C'S ht,t\\'('('u the ('xtrCIDCS 
of liss. I {(t) " "d {v) i. ",.0 ['" bl., ' ,IIIe to diffe r<-n c,'S in ori,·" tal iOI1 of the 
transfOllll ('d rC'~IOj\. re lattve to t h(' SPN'lIlH'n a:<lg: (here IS some (, \-Idrncc 
{rom surfnr'(' t I'llC'l'R I l~ ft 011 t I\c I'od:-; tha t the:,(' r('p'iol1~ nrc 1)latl' I(,ts, !'\pa llning
tho wholl' ('ross ~,(,tiOJl ill ~omc of tilt' mOllo(' rysta ll inc spc.'l' imeus, In the 
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hypothetical case of 0 81'ccil11cl1 " I'lit up into plates of <l a nd y phn"" 
pal'lllld to ti ll: rod ax is one wou ld cxpct't a lilleu r ri uJlc l'l'mlit Ion of two, type [ 
magncti7.il tiolt~ . and t lll'\'C' 4- or fig:. I (fl) is til" npare!it ~PJII~oat:h to t h~s <:a~. 
.For nil other ol'it:Jltat ions of the plat('s the Jnagl1ctlzHtroll l)('ilano llr In 

the mngo of ti,' lds II" , to II ... will be CO l11plimtcd by Ihe format ion o f the 
supc n .:oudud.ing intermediate Idatc and hy the fi('rct:nillg of y 1'('giOIlR by 
« regions. 

Fig. 2 

(a) Thl' iw pcrcondl1(·tin,1! crit ical ~t'ld (,lIn'~' f~)r y,H2 ('o~nparcd wi:t~ t~If).~ 
ro r ct ami ,B- lIg liS uclt'l"lIlIIH'ti lJ.'" SChll'iJl'~ an,l ~\\(,J1~n (1.11,1) .. (b) 
the resi:itunc('s P.(I) and H(:?} ot t wn r-:pt·l· IIU(' I1!'l . prenou:.::ly 8troll~ccl 
about 30o~ at 4 ·:! K , a~ n fUlIction of i ll{'~('a_5 ing temperature ~hU\nng 
the l ram;formation back to ct-Hg at about ",3 · h: . 

The ai lical field eurw for the y pha>c is shown in fig, ~ (a) to!!clhcr with 
those for <l llnd p- Hg fOl1nd hy Seh irbcr I1n<l ~w"n~"n (1961), \ 'alucs 
of II wert' found from fl'a tul't' (i i) :tbon', as s hown in fig. I. from l'($uIt 8 on 
th~~p('("im(.'n!i whh-h hM.l b(,(,11 f-1 t rained about ;jr)O 0 n~ 4·:! "K. and 0 11 th~"e 
others which hud bC'('n ~ I mincd at a t (' mpel'l.llllJ"C belo\\" T(. y' Extra l)o iatlOn 
yields a va lu€! T t: y= :Vi-4. ± H,n,;cK , ('ompal'cd with 1\'s=:3·9.HlcK and 
Te. = 4' 153°" (Sehirbcr 111l1[ Swel1son 19GJ), , ' ' 

The increase of 1'(.'[o:istaJl(,c 0 11 warmlllg up two typlC'a l s.pe(, lmt.~nR whi ch 
had previously ht'(,11 r-:t rained about :Joo~ at -4.':? ~~ is ~howll .in fig. 2(b); 
the t empera tnre , 53 ± :J" K, of the sharp 1J1 ('rC'a~C' 1 ~ l'1"proc.lu(,lulC', nnd_ no 
furthrr s tC"ps w('re ob:;C'I'\'C'd up to I OO o K. From thl ~, at~d from ('Ul'\'C:.J of 
fig. 1 (a) , il ctln becond",l~d that Ih~y pha"" tJ'I1,! ,fOrmSfhr<-< tI.\' back t o the 
0:: phas(' . The magnitlltieofthestrpnt abo ut :1:l · K "ane's frOl1l ?ncs l )t.·~ llUCJl 
to a noth£'l'. p1'{'~nmn bly Hccording to the' d<.'gTC"l' of t rnnsfOl'matIOI11\ (' llI (,VCf~, 
The m agnctization 11lCft!o't tJI'C' lllt' llt!'\.1'> t1C'h flS a l'C" ~hn\\"n in tig. I (0) fo r n ~pCC1-
men offavournblc ('l'\'stallogl'apllicorif' lltnt ion, S l1~g('~ t t hat the fradlon by 
volumc oftmn--"form~~(l lllatrJ'ial incJ'ca~t.':ol l'apidl.'" wit h :.;train up to about :"} Ojo 
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and then subscquently Irs., rapidly. Optical exa mination of "urfaeo trace" 
on the samcspCCirnl'fl indicated that about hulf was transfornwd b'"1\ struin 
ofJ3% . . 

A study of the crystll llography of the tran.~fol"mation. illciudilltr an 
x ~ray diifl'llction determination of tl1 (' structure of the y phasc, has ~cl'n 
initi~ted in this Department. It is of interest that lVen ire ( t 9GS) htlS 
pr~lctcd on the uasis of pscudopoten t ia l OI<'Or.,· that the y structu re 
might be obtained fro m farc,(·entn..'fl euhic b.,' the opposite rhombohedral 
distortion to that whieh produces the (X st ructure (rt'gardcd as fnce-centred 
r~ombohedl'lll) . Anolher possihility ('On.. idcred b.v Irea ire (19GS) is a 
distorted hexagonal close· packed structure \\'ith cia about 2·0. 
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Step Growth on Ice during the Freezing of Pure Water 
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ABSTRA(''T 

tee hM Loon observod to gro ..... from it s flll ro molt by thl> propngation or 
SlOpS oero," the freez ing intorfllCO. Tho hlJilllilS of thl') fllUp .. rHngo from 0·' to 
"' J'nirron" nml thu di,,"UII'8 IJOtwuttn lIto'plt frum ;:; to :20 microoH. 1'ho ('(111, 
ccntr-ation of Btep" 8mltheir behaviour "J>I:klnr to 00 complct4!ly indt.lpond~nt 

of cry.lol orientation. 

SEVERAL workers have obtained indircct e Xp€'rimental evidence "'hich 
indicates that when icc grows in the direct,ion of the c axis into l!uper
cooled water it docs so by the propagation of steps aC' ross t ho basal plano 
(Hillig 1955 )lic·hac-ls, Briall and Spen ·.,· I%G) . Hillig allli 'l'lll'l1bull 
(1956) found that t.he growth of icc normul to the c axis was proportional 
to the 1·; po\\'er of the supercoolillg of the \\'ater. The.,' concllldcd 
from this reslllt that g ro\\'th in this direction a lso \\'as probably controllcd 
by step growth. In this note wc dl''''ril>cd t·he rcsults of experiment.s ill 
which st-eps ha vo been ob~en'ed to mon' across the freezing interface of 
polycrystallinc icc growing slowly from ptu'c water. 

'rhe experimental apparatus consisted of u. stainless-steel box with 
glass conr-rlatc (fig. 1) . Tt", box ,,-as cooled by menns of " thormo· 
olectric module a ttached to the bottom of the box. The entire " ,,"ombl)' 
was mounted on the micrometer st,age of flo microscope so that tho 
ic&-water interfa ce could be con ,'clliclltly viewed. Prior to freezi ng , a. 
vacuum s\"stem was used to rcrno,'(' nil air from th e box, The water 
was singl;' dist illC"d and wns pnss('d through un ion excluwge column. 
After the wuter had hc('n slightly Sllpt'lToolcd it wn~ nucleated ci thC"r 1J~
giving the box n ~h(\rp rap or by passing- u. rod cool£'d 111 liquid nitrltgl'll 
over tho ~llrfnc(' of tho w",ter. A short time afh'r tho fn.'czing was 
initill.tcd the iCt.."'- Wll.t.er intel'faco b<.'CtUllC para lld to tilt" boLt.OIl) o r the lJOX 

and the polycr,n:otnllin o icc consisted of \. :'a in::; ahout 0·3 mm:! in :uC":t., 
The freezing rates wero in the rango of U· l LO 1 mil'foll sec-I. ' 

,Yhon tho wat£'r above the ice was {,8.'-tl·nti"lh- i:1ot hc-rmal , strrs were 
observed to 11\0\'0 O\'or t.ho entir~ fl'cM; ing int~rft ' re (fig . 2). . '01110 of 

theso ~tol'S originat.cd at grain bOHlldnric~ while ot hers grow from spiral 
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