
2.1 Im$z&aaation 

llthough a variety of high prasaure erperimnts1 

hawe been coa8uof& on Uyuia cryetsiiLe, vary f e w  high 

gneesure X-ray &udiee, whjoh aro important; i n  uarcter- 

sbnding: Mca u t r u c M  ohsal;,es an a molecular level 

have been awrie4  out. The need w s a  tht%refoss Salt 

for  the oonatruotion of a hi& pxeawre X- ray  aell 

suiecible f o r  l iga i8  orystal atu8ies. Mtez  aowkaedng 

rarioura goesible oellls fo r  eusrh s tatUay, if wtrs thought 

that an oppofaed diamond anvil c a l l  would be the ~ a o a r t  

aonoeaient one f o r  We purpose. %!he O i ~ e t  dieunoni¶ 

anril ae l l ,  a device fox pxoduolm Ugh pnseeuses by 

aoaapxessia(i matarials beaween em ogpoecad, disunond 

a ,  was &melap& by Wer  et a l e 2  at the Hation& 

Bul?ceau of &t;ltendarQs, USa. Sinoe that t h e ,  the ae11 

ha4 been nt&ifAad ertensivcaly3 aad rtrifnd i n  wiverat 

rclseamlr l a b ~ m t o r i e e  fo r  various spetlifio qpp1iailtione 



l i k e  risW obssm~*tiona of  CBe s i feo t  of proseuse aula 

tsrprgcsrature an soZiQa Wergaiqg p ~ p ~ i e  trstnar- 

QO~POOW QIIIB. 66 ~rrcay ~ t t ~ r i o t i w r  s~9;1rpe o;n both pay-  

~ryaLdUne z m 3  win&@ orgprstUlas rsltltesiirrls, 6-3 5 

i W r 8 m B  speotPosoopy, 16-39 n aerztterir&, elm. 2Q-21 

Hopiet.x, moat aP tb ee @ x p ~ x i ~ ~ ~ n W  W B Z ? ~  ~onduotsd on 

sdlida, with ox wttheut geraltets. axrl fir proacrunsri 

beyond a few tena of kilobrurs. On the &her ban&, the 

mwge o f  prorptauma, ovss w h i a h  Liquid cryatala oan b s  

studied is mah lees %an even 10 k b e ,  %%is is 

beoauae the phaee t rae i tkm tamperaturea wwal3.y 

irmorsaee with im~~b)mlw grsesune ~toosdiag  t o  

Cllaueius-CELageyxom oqmaon9 mkiag it &prrrrtive Oo 

go t o  hi@ te~perrttuxee if  om lrtier t o  atudy liquiid 

orystala beyond a fear kllobaxah A t  tmwh hl* tcslye- 

raturers, liqu2uid eryet;;aJ;a ws knorpn t o  drsompoee. Qleo, 

it i e  of mat iint;weaC t o  s%udy by lc-rw kyrteklaiquea, 

the variat ion of the loyar a,p&oir~: of aroeati~t lipuitl 

@ry&%il.@ by vruryilrg *eb preseure bp emdl  iatexPa2e. 

Bazmiduing theea rsgufreu@nts, am oggoaod amil hi& 



pressure oe l l  with speaidl featnarea wiktcrh me of 

relevanae fo iSEu applioability t o  the X-ray a# wlX ea 

optical studlee on l i q u i d  cryiratriLs wars de,v(~loped S w  

%he f imt  tin#l. deteile of i t e  aanetn\.o$itirwt and 

operation w i l l  be desloa?Abe& i n  t h i u  ahaptcss. 

2.2 mwaPT10N OP 2m G E a  

Tbs Olcheraotio dia@rm of *he oxoaa sscol;ion or 

the roas~llblea crell i a  ahown in figures 2.1 - 2.3. 

scale dravingfi of the vmioue p a r t s  of f&e oa l l  arrs OFfvUL 

i n Si~;ures 2.4 - 2.16. A photopaph of We esemblsd 

oeXl is given i n  figtuw 2.17. 

A l l  the ompownts o f  tbe oall,  excupt the 

parts whfoh @set the dia~londs a re  prade al: kitia,inleaa 

s t ee l  319. 'Ehe trwlatinp; pietion plate  a d  ther pis-n 

heratsphere, wkloh sea t  %he &iaromis, were 8aMrc of' 5 

high atraw* atteal, YLB., hi& a@OD Mkh aWomium 

(HOMO) eraeel. m e  wras bat  treated t o  a hrrrdne~lsr of' 

about aidG 60-65 i n  or?iler Oo be  ab2.a (o take the lo& 

when the dieulloads are, prrraneed together. A spriw 



load& lever azar ims*nbly is aerg10y.d t o  genartatr a 

onifona and a0ntLtinu~1y vmyiag foroe by rotratfag the 

pressure bol t*  t o  which r madueted BOFeW he& is  

attaaohed (figwe 2.1 ) . 
'I1MI cell body 10 rsade fro1 a 1" M a k  stafnlese 

a tee l  plate. Flgo.2.4 and 2.5 &ow ths boftoer anB top 

view of the oe l l  b e .  A r ide  v l e w  of the cell body is 

shown i n  i m e  2.6. Aa saeen i n  fL&py* 2.4, the  cell  

body has a seating on the right hand d d e ,  f o r  the 

tramslating piaton plate. Plres &do hole8 dr i l led  i n  

$he rmeatiag, 120U a p e ,  have three 96 IYB thread acrawe 

i n  theta. !these sarawe oan position the trmrxlelmttiqg 

pietua plate i n  the a~aktw. !Bit) aiae vS,r*r of %he eel1 

body (fi&We 2.6) ahow i i w ~  nsr holefa t a t  A .M B. 

'Ehe hale at A is  for the body rod (figura 2.7) aa8 that 

at B i e  f o r  mounting3 the pito% nut (ahora i n  figure 2.9). 

me body rod i s  afffxed t o  the body using the body sod 

nuts (figwe 2r7(b$J* 'Phe ehoulder t o  shoulder lsn$th 

ai the body ro8 l a  adjusted rruoh tha t  a mlniPnrr of 

0.002 - 0.OU3" olearmroe i s  allowed when the lever 
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Figure 2.1: Schematic diagram of the high pressure cell 
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anea axe osaprabled to t;he cr&l  bedy aad the b w  rod 

nuts a m  titl;ghtened t o  the rrhoulder~ o f  &e bow rod. 

Alm, We &ftmone%es of %he body red i n  adjtulltad to  fit 

anutpry fnt-o the reanurd hole in the oell boay. 'JChe 

t3mmt it;culeratZng pmssure boXt (figure 2.8) i s  rnsrohined 

~ u *  of a 14 ' di-tea stainleas .tee1 rod. 2hs Wad of 

%is bo l t  hae a 0 .2YP hole. A nan%ahing ro8 slidaa %brat@ 

t h i n  hole. me preptnura b a l t  a m  be xot;~ttsd by Bmall 

angles by mean@ of thla sod. !i% &crew of the yreasum 

bolt, whme d i ~ l o t r r  is  f with 20 tbr~pd€i per lmh, 

movers i n  ClLe pivot nut (flare 2.9). %?Ma pivot nut i s  

affixad to the oell budy by n~aana o f  yiner (f&&we 2 . t 0 )  

which fZ% anugly i n  the re@ hole?@ (a% 8 ,  Piw~plre 2.6) 

o f  the bolly. 

%he two icIe~ticiL lev~r wa~i (P&ljumo 2.11 ax& 

2.12) whihknl.1 urca a%tiehed t o  the oell body. w e  o#-qmbfe 

of rotation abmt an axin petpalsiw %hro@ tho b o w  rod. 

W h  arm (Xill;urcpa2.11 r i d  2.12) h m  a a u m d  step .at om 

end (D) *Pti le ,  the aWer end (A) haar elots wlth besriryb 

surfa'aoae. 9% curvpn@xe of eaah Beep hag a &wetex of 
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*, and %Mar matehe@ the  diameter of the a W  of the 7 
pm~)arurie bo l t  prate ( f i & ~ r s  2.13a). me, e l o t s  at the  

d h e r  end of' the  lever  axat use w d e  t o  mat& t h e  lever 

ann wwhsrar. 2hs wwharrr iatsclomotfata tho nrtutu8s of the 

piadon prersmre p la t e  (fi~lgwer 2.14). 321a pint!on prsmupurr 

p la t e  hss PL a i r ~ u l a r  p i t  which exaatly fi* the extended 

porHon of the piaton (illguwa 2.14, 2.15a). When thre 

prclaaure bol t  3ia rotated, the bo l t  p l a t s  preeaes the  

lever srna dawn an8 the yisr'ton preesure pla te  pucrkea fhe 

pieton up, towards %he cell body. 

"Jthe pieron (see fig;unrs 2.5 aMt 2.1 98) sits aaooWly 

i n  a oylindriacll hole provided i n  the  o e l l  body. 'Ilrs S i t  

of the piaton t o  We &ole i n  the oeU. body i a  QxrifjloaL 

and it ahould ber aa close r ~ r i  pomlble. %.ti% piston kaa a 

-0-h hale, &dl.o* ilia &%$.a, k a ~ i l ~ g  % ~ r i t i ~ c a l  &+&$la ni 

- 30e I She ~tffeli. s ide  02 the piaton (oppo~aite ta Che 

one Sn oontaat with Qhs p r e a w s  pS.stte) b e  a spherierail, 

s w f ~ a e  with a ratiiur, of ourvt\&ixe ri.406 - + 0.001". Tltfe 

c u r v o t ~  of %he piston exaut.ly rturrtchea the (IIIIM~WM~ of 

the convex suxfauer r o l  the piaton hamisphere (figure 2.15b). 
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FIGURE 2.13: b.  PRESSURE BOLT WASHER 







$02 a perf ia t  fit. ha& lap pi^, of the two aon$&ot 

ewfaoss is  neoessary. Ihrm 2-56 ALlenheod pul l  lscrewa 

w e  provided i n  t he  three holes of the piston. 5!hwe 

acrewa w o r k  through the thzloade i n  the hemisphere and 

the i r  entie remh the f la t  surface of the hemiephere when 

the hemisphere i 5  aeaembLed inOo the pilston and the sarew 

tightenra8 unifarraly. Usiw thaae atcrew, the hmisphere 

aould be t i l t e d  by small anglee (5*  apprmr. ) Fhe 

hemisphere is therefore called the t i l t i n g  IltamZ~rphore. 

The t i l t i n g  hemisphere eonts one of the dirautond 

anvils i n  a p i t  made a t  the centre. me other dimond 

anvil  i e  fixed a t  the centre of the piston p la te  (figure 

2.16e) whji.ch 3.5 opposite t o  the hemisphere. 'lhe yiobon 

plate h s  e through hole of   bout 1 ma diarnete~ along i t e  

err. %ee 56 AXlenhead grub ssxrews (figure 2.16b) 

whioh are 120' apart provided i n  the seaking (me f3.gwe 

2.4). gemi t  a translational adjuetuier~t of the  p la t e  i n  

i t e  seating. Hence it 18 ealle8 the t~ r~ns l i i t i ng  piston 

plate or the ttramlating diamond mount plate. Both We 

traxmlatbrg nzovement of the fixed anvil and the % L l t i n g  
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FIGURE 2.17 

Photograph of the assembled high pressure  

X-ray c e l l  



of Me m c n f a g  pir~tan an*tl e m  mutatred fox ax& @ouraCe 

aligmnaat of thg mi% iwes .  

!l!hue, by xotkltiag the prearaure b&B t b o d  kMwm 

ancfles (am mad on Qhe graduetcab  crew Read) foroo 16 

applied thraugh the, prrserurca bolt plate. Ths ~ h d s  o f  

%e plate pmsa the lever ame down. The Xm~r rrna 

assernbly t~anclraitta the pressure to the piaCan preaatrs 

plats. lPhe plat;e i l i s  in ~ a % i t ~ t  with %he ptoton WZlBa ln iag  

om of the dimend snvila. W s  mv12 pxeaeeris agsyrsinst 

the opposing dimon& anvil Pixed t n  Wa Cseula1atin.g plate. 

2.3 'Phe autvils, %Itelr a l i l p ~ x t  ma their use i n  

&wh anvil i~ a briWi(Ult out 6866 quality #tone 

1 ( spp~ux~inte ly  carat) vlth the Wet IBBLOW(~ by grlndiw. 

The grounb Xaoee are than poll&& to  fom an aotayoml 

f lat  rsurfatse. O m  of the mtEL18 i s  oaraentetd t o  the tsalts- 

latin6 plate wMXe the other -1 l a  fixed to  the piston 

hemimpham by epoxy. Using *tihcb Allanhead B O X ~ E J S  i n  Che 

pipielson ~eteabIy ( f f s ~ x e  2.151, the i.rno&l f n h4anjlsphere 



Le suitably t i l t e d  t o  obtain paraaZs1 arnril mrSaesa, 

Tha pa;ratlelim of me m v i 1  surfatatss ma ar~owtarlirrd by 

obere~rratlon of ilrt;erfrsz?ence f r i ~ m  tkroueJl a low power 

mSarosoope. '%he other anvi l  f ixad t o  the trranslnt&ag 

p la t e  a m  be pssltioxmd fox leudarl di~lnrmont by the three 

eorctw i n  i ts aeatAW. Fhe two anvils are thus potlltfoned 

t o  have a aanraon euie. Once ths uligaracsnt is done, twa 

sorewe fixed t o  the aJe@Ang of the pXaiia 5n the cell  body, 

faarten *he pla te  t o  the body. aULpmnt then baaornee 

p e m m n t .  I t i s r e t n t n e d s o l o n g a t a % b r a i s ~ , 5 n 8 e n t r t -  

t i a n  An the metal @upport hdlding; the diwende. Yh63 h i& 

carbon hSgb olrrasllvm pkaton healhlphere and iiko trxulslatiag; 

piilton pla te  uould be uered fox seversit elPpele&melrta without 

%ny ~ i d b l e  siy;a sf ladlentaiiion. 

anvils wess ueed i r r .  a gmketed aunPi~%r~i t ion 

iw ahown i n  figure 2.1€5. Xmoltel and wraepeloy which 

wsm often ueed aa gwkets 3a22 mx% found t o  be  uneraltable 

for con'caLnLng %&:ha l a d  saaple at the re1s"tlrcaly low 

gresaursro of Anterest i n  o w  study. AfCer  t rying out  

varlloua metale l ike  lend and nick&, i t  w m  fimH.y 



PLATE 



mil faoes o f  &..ha diffsrent area so 'that when the 

a m i l a  are gssssed fwe-trher, the f iw of %he &at 

rstsrferial around %he conical surfaoo of the enuaXle~sr area 

an012 actis m a aruppartilng bolt to tho pywkrt. Tn %hi@ 

manner, two faportant f iwt ionr  @re ach1evieB. 

(i) B L ~  Piquid arystnl  ample l a  nsintalmd under 
hydrmtr9tia condl %SQM for long periods o f  Lime 

wi0hau% any precaam leaks, and 

(12) Che atall, whrtch 119 normally w e 4  f o r  praeeues 
beyond a fed tens o f  kilobmis eal.lg, is fautxl 
aplallaable to pmeaumi6 as low aa a few bwldxed 
bohra. 

a oerrtm.X bola o f  1 nan dianltata~. W o  b a d e  toLua w e  

poviaed  new the e d w ~  o f  the gmkot .  ~ L ~ ~ U B B  h o i ~ a  

the fEui&e, pi= i n  the *r;snnslatiw pieton plate. irhe 

$uide ho3a.ill the p i m  isoiliterta the &alLgimcmC of  the 

gw?ket;. W e n  the &aka% is  pos&tioned i n s i d e  thtt as11 

with fhs help of %Ell@ guide pins, the slri~;aa~@nt 8Cuuld be 

such that the cuntrr i  hole i a r  at  .t;f.,w uarttra o f  the anv i l  



faass, m s  hw t o  be arroe&wmtd beihre w rraapre 

i e  f i l l e d  i n  tha gtatolret bola. Ufhww.l.rae, the matwid 

suncwxpBing t h e  kols m y  f low szut oloee up the  hole due 

t o  noa-9nl,iornr oampmasion. '&s smpla ww Ziwly  

powlered end praa)Lttd into %he hole i n  tbe m&et avoid&% 

alr pwkets. mitr moving platon ww plaolad i n  poeitfon 

over %ha m k a t  and the p i ~ t o n  prkl@mze pla te  w a s  pr%smd 

apalnnt; %he pi.3Lon by rota%.ting the pramurn bolt .  '&e 

par t  Of the ad.1 body uuxroundlw tho tsworlatlng p la t e  

ardl the bclrnisplmre were enclaaed in ;\R dLealr1unXl.y 

hsp\)rcsd Purmcre g r a a d s d  with a lsuitirbla & p e r k r e  f o r  %ha 

paeseige of X-ray beam. 

2.4 Frssoure m d  tram& ti an ten?per:atum me aumment ------. -- ..- -----*. ".-- .-- ...,---- - 
'&a cell b&y l a  p~ovibeil with a 2,3 mua hole frixa 

the s i b  the piston and the txazmlslting plate. 

%2tmufSh fihba hole, sr aerwio tube oont&ntng a theamo- 

ouupla ouilrl bu lmerkcpcl. illte oerwiu sjlaeve of %he 

thamaoouple wua rru gorricioned %hat the junotioa juet 

t o u u h ~ s  Lk~e poriphory af 611s &s&ket. 20 m a w w  the 



tenparrrture of tha smpIe i n  Wie $a&et, 8~ ehrofOg- 

arl~1~401 themwouple was u8ea An aanjunotion wAth (B 

(; iusrt pr~lol metes. A tempomtun M i b m t i o n  r e  

maeserrry &ma Ohwe was  always a &l.ff~~~~n(te  between 

We tmyaxature e x y e ~ ~ n a d  by We SBOP~ZB turtll that semr& 

by the jwf ion tauahiw the epnapket. W e  wsutl uarrXsd 

out by tiJrin(~ aevertiL atmdard oxganio om pound^ 02 hi& 

purity i n  the gasket hole -4 obsmv&ng thelx neltiryg 

fempsreturac. Since the melting paints of thsao oomgoaads 

srra known, ~t calibnation ma# o o d b  be tiraw. &oh 

a graph w a  obtained far a wid% riunp,s o f  tmperstuzes, 

vi rls., row twperatrtrcs t o  about lBOUC. 2hhila graph w s s  

ueed for all firt;her dl?tezzlr;tnation o f  the temperature of 

the slunple i n  the gasket. 

Sir@& prfkswxe, %ha %ransition tmyerutures were de%er- 

aLLwil "in ' in the f'allowlry,: a~auruar, I%* % w i p e r a m  

of %he saroyle w o  vnrlenl alowXy, at ,t31c z a t u  uf approxi- 

mately t t o  2 O C  per m f  mts. Ykaic: rate 3.e the & m e  ai 

use& f n t he  tm;ic.,raturs cd . ibmf  ion elt;:erJ.r::olnt dcr?~.rlbeid 



eaislier. Light iran a lsaes (Speotrrs Phyeior, 2 mu) wola 

lade to  inll an the lilaqle. 1Pb ti~!aim&ttsd light 

fntcsnoity was aonitared by cn photsclrrll (1~lotnrola. U9A. 

RIU3 300) whaere outpub; uwe fed *a %he X B*ie of a hi& 

rrctnslBivftgr XX reoordtm CUen F43P). 2he wp- 

mature af the sample ae m % - ~ &  by the tbwaaouplls vas 

fei% to tihe X &a of tha rscoxder. 'Ehexe WPWI m abrupt 

ohaqge i n  fn%ensit;y during a phaea tmnlipition. '&% 

ixam3ltion temperature at ang pxesaum could be reproduce6 

to  am rrcrmrnrpy o f  - +0*2*G. 

b ) -..- Keawxamnt; --- -.-.. w s x a a o u r a .  - -- - Tie p x a o ~ ~ a  fi.xya~i.ienc~e8 

by the i;@lzyle in rl rll;*iuond ceU. iu awxmd3.y de2;extnirmd by 

the rub;g fluareuoenal~d technlique developed by 8- ut a1,23 

PJW refined ta a @sa%er ymois im by 2iexnw1.nF 

e t  ~ t 1 . ~ ~  In tXLts uatl~ilri. a am3.1 fradgaent uf rubg, glsrcred 

with the sai~1p3.e in Wrr @eksF, acsrvea as a acurtfnucsue 

psewclurra nenaoz. Eluoroecterrl d lfne oaltted by the W y ,  

axoited by a Wkjh ln%efzurtity light beam, uun be amlyaed 

for waveX,fengM dfoglauweut duo t u  the ergeat of pxesauns. 

Pbm prwaure expariameti by the samp3.e aan be dete-nsd 



by the s p e a t r d  s h i f t  of khe pnsesure dependant mby 

U Una. 

But thta mththal doaiarilmd rrbove oould not be 

adopted 1s the pxesuzat wwk. Wrs i s  because, the 

gmesuxe ahif% of lbe ruby fluoramerne liner i@ extremely 
a 

 ma^, approximtcaly o. 96 A pex ~etrar.5 109ru8, even with 

Oha beet oos~nrrroinnlly av&lribPa sanoclhra~latax syetrtao~, 

one ac~lnnot detezwine pressure variat ions t o  an aoouriaop. 

of be t te r  t h ~ n  .. cJOO barn. 'WM u~ousnay i s  not atbquate 

sincca, as a2mrady atcztcd i n  the intmduation (2.1 ), we 

are  int;weated in Pf ns variat ione of pnaprsusa. Ranas, 

an andirrtcl but n e v e r t r ~ d e ~ s  aceum%rp nrethud ww wiploged. 

Xu thin, an ' i n  ni tu '  apt.tor;rl drttemiwtion of the hnai- 

teon t;ea~~crnt;ura of thu sill~ple i a  the oe l l  wasr U C I ~ ~ D ,  a8 

dfsaoclbad omlier. "%a P-2 tliugrnar of tfis uwpLe, cleter- 

aimd a6curlll;eXy by t b  d2ffarentfa.l theruul ~m;rlyaia 

(l%!i\) t@~h;ay?le, W&B uslad %U r G J u  %kt@ ;2%B&UZC4 %;r#kU.%e~ed 

by the aut&pJ.e. '2hu t~ccuricy uP t."lo &t'@essrc v&uau sa&&-- 

naterl f i w  %he &>-T di&&%r~~ is up~ruxlrw5- ; 15 Lwe. 



the next u b p t s r  wherein we diwurjs %he u%l@ of t b  eel.% 

Lo atuiiy the presswe varihxtlon of a8 agleoUo B Layer 

rapwin& of 4*-n-oot~~oxy-4-Qymubiph~~l (a W), a 

~ompawtd whiah l~hows %he fe-entrant b&a.rriour uadhu' slevate8 

presmres . 25 
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