
3.1 Introduotion 

All already trnenClansa i n  Qhaptsr f, ~ s \ d i s '  

428cmmd that  blwxy alxkxlts of p-[p-heryloxy- 

benwLidene)-&m]baaoni.trilo (EUI*) rYrd PI-payamno- 

benlsyliden~-y-~b..ootyIo~axrtlipo (W008) exhibit the 

following intereetiag seyuenae of phwe t m i t l o o s  on 

ooounga 

larotropicr --+ i e  4 mat ic3  A -+ nematic -4 eozid. 

'Phe second mmatia phrrerca, which oacurs at 8 

Papepr t q e r a % m  than tb artgec?$ia A plume i m  a&Sa& 

the, @re-entzbutt neaeati c pherea9n analogy t o  ~Mlaor 

phseee which haw been oblr~6pr"lepd l n auperc C12la~atomv 2 

and tle3 fescs ref. 3). It wae found t b t  BB far .ae the 

gacmaaopic properties awe aonaermd, there i e  no 



dff fe~@nc~e b~twcacsn %I&@ tW nc?mtf o ;~hPO(bElr h b ~ e a ~ l l t i l g l ,  

(U&i rr cab t i r ~ . ~  diarclaverad *la% a ~str-ntrwt tm%aJ.tAua i s  

lmiuaard Wear a3.arwa'bed prenururrs An a I)UM, e o m i , d ,  vAs., 

4 '-*ootjrlaxy-4-c~ymbi*argr1 jk3 ma) * Skut s u q d  

ax)lfbSt@ a ra-en&Pesnti aw~~at;io y b s  i n  'khe pxr~sww r;rmlie 

a f  1.6 to i r U  k l j ~ ,  QXI oa~;Lfn(~ Tbi le f x ~ ~  t h  -%tie 

phase. f a  &di%ion, Elad is  bt &. 4*5 h;m &no irlaeavm*a& 

re(bmtraat ae~rarr%i&ia phasga tmBea? oolavebted preasur+ag $33 

Cl)tw~ and en ralix%ume aS KBIIIBAB jpffCl 4 B i W  @Id d i ~ ~  in &xtiurea 

ban?8y3iaa~-fr~1pty1abni1&11% f @MA). 

P11 tkre oom~gow&e csilcmiw the xro-can%-% bc.fuzvfaur 

have the Pllghly gialear oywo yrwp atbufi~3d t a  o m  

o f  ell@ molecule. Par pruuh COCI~WGI~ M~UBU- illlid 

G Ch:hruldrkxslakhcaz hLsvtlr &wn %hati %fie aaarr wl&uur" ~ o m e -  

lu f f  out; trttulild be cm%Apcat.diol. 'Ifhe W e r  ;eryt~oiw dater- 

rainti 1;9 T-9 
i s r  kiw ULWO%C r r  ~hwi;e for t?lu ou.rwounds 

wA+h ;x t;emrix.lal wymo group gave a vM3.w wNah Aa a w a y  

1.4 tfx~eo L9~e ~ l l ~ l f 4 0 U L ~  I@IU%hlhc "r'hl.8 ~ ~ B w V B  to be P 

a k w t o r i & t t @  leirrure of the uatrpouinda whioh youeses 



the  polar cyano group a t  one en& and the non polar  

a l iphat iu  ta i l  at the other end. T b a s  experimental 

r eeu l t s  could be explained if! the molecules i n  the  

slmsaWc A phalre have some eor t  of in te rd ig i ta t ion  and 

f o m  a b i layer  s tmature .  

I n  the b i l ayer  smeatiu &ode1 propoesa, 4,9,10 

t he  cyana-axomatlo sehpntents (oalled the polar pa r t )  

overlap. The allpha%ia ohaim (callad the non polar  

pa r t )  extend outwards. This m o d e l  fits the measuxed 

layes  apacinr:a whinh we never c o r n e m r a t e  with t h e  

moltscular length. The ant i p a r a l l e l  ordering between 

the nei~hbour%ng molaculee i n  the b i layer  8meet5.o A 

is now confinned experimentally by L e d b e t t e r  et  al. 11 

from XteUtrOn eaattezrlrqg studferr. 

Aocordiw t o  Cladla et a1. ,4  i n  a mcpctic A 

b i layer ,  the  foxacta stabilimring the l ayers  a r e  We 

shor t  range a t t rac t ive  hydrooaxb on (nonpolar-nonpolar ) 

intesrscstione. The i nternctions uS the ar0111atia groups 

(polar-polar) beomems repulsive when p r e a m e  is applf ed. 

A t  higher pressures, t h e  s t r o w  repulsive force  



mBi~ti%lg the GOlBpZ880&CXt%, drive6 thtB l w e r s  warl; 

( g .  3.1) Emas, by aawuPlng; that Chra pobtx-poJ.ax 

aad non polruc-non polar iatiwaetlone atuntt be laaintansd 

ho ensure the s t ab i l i ty  of the bilayeu: 8aeotio A, 

CXLadl~lr a t  dl. progoad t h a t  the lwer ~dpc3ing eurpands 

w i t h  inarewing preasurca. 

So- after the diacrovery of the hi& pmpranu;rs 

rtti-satrtant phenomenon f n  C1 OUB, we undertook la high 

preeoure X-ray s'tudy 02 the prc?ssure dwendenoe of tha 

meatfa A l w a r  aguoing i n  8 OCB uaincj: %he dimon8 anvil 

aeJL deucrJ.bed i n  the yrervloua chapter. Preliminary 

rcseulta qppearcbd to i n d i ~ a t e  that  the ZuJrer r~paoinl(; dose 

ilrZeedl expcln8 with inazreaee i n  prssrrwe bs)pond about 

1.6 kbar. j2 autllon e t  &I1'' Pileo olirried out nwe 

preLimiwj~ s%udif as,  but &I& not rwdort m y  8etainilo of 

their fLnainy;8. We ref ined our axyeriaex~td. teahniqup~ 

%o ca nuoh w a t e r  prearlaion eu*1 have mrubaequfantly beem 

able t o  eonflrm fo r  the first tirae the walidity of 

rXadls * pr;.tidlotion. 



( b )  
p >  i ATMOSPHERE 

Piguse 3.1 

Sohemcatlo diagram of a bilayer emeotio .4 phese at  
(a) 1 atmomhere, and (b) under pressure. (After 
Cladis e t  



3.2 $xpeximentral 

a) g v ~ o u n i l .  %'he ~lmpl% 8 QUD wed i n  our experi- 

ment@ waa obttrined Fsom BL1(1, Uq(Llbmd. % !  ~ l o l ~ o u l a r  

structum of the  cwpauml i s  &&van i n  fi@~a% 3.2. &e 

de0ermined bg ueing a polarleing miorol~cape uwd  i n  

oon jun~ t ioa  with a Mettler XP52 h ~ t  stage and W5 ternpc 

rnture oontroller. They are, 

%Mae vriLues wi%h %has@ reported by C l a d f ~  cat al. 

Hence the 1'-2 diagxw of t3 LMB obtancpd by OXodfar st s5. 4 

wasl used i n  our mperirPent8 for the detw.ulrmtiou of 

proiaaurcr, &%or the  'In a l t u t  optlasiZ &e~e.ennFmtAon 4P 

%he t rans i t ion  t~mpertnt;ure of tho  s w p l e  i n  Wle cell.. 

b) &we c f f ~ r u a  of );r 00B. %he P-2 B i m  of 

8 om, o b ~ a n e d  by C.X~UB a t  a1.4 is sham i n  fig. 3.3, 

X t  a m  be soan frolg the afa~p:am @hat the aoUcl-.strrectio A, 

%e mect io  &-nomatlo, ernd the nematic-ieotropio t rane i t ion  

temperakrer-3 inarewe in t t i a l3y  ae expeaEd, with lnctreaae 



I 
4 - n - oc ty loxy  - 4 - cyanob ipheny l  

(8 O C B )  



TEMPERATURE ( O C I  

P-$ diagram of 8 OCB . Pa i s  the maximum pressure a% 
whiah the smeotic phase exist8 for thls oompound. 

(After  ladi is et a~..~). 



i n  prerJ8ure. But at higher p r n a s u r ~ ) ~ ,  the xanye of 

the pbaae intlxa8i~e~r st the expame of the 

meetla phsrtre. &e meotia Atxwmtic phwe boundary 

mm~~ri towmde %ha, prestaure axle. %a meet ic  B phaae 

gets b~w~ele& new 82°C and at  ra pmasuse af f,2 kbam 

thare i e  a txipla  pointr w2th the awximtanaa of t h s  

aolid, meatlo A and the nmatia phsreear. Thertsaitex, 

the aoliil direatly gaee over to the xiaernaticr phws oa 

heatin&. 

Xn the coQ2ine; arode, (fA@pre ?I.$), we get the 

intereet;ing p a $  o f  the phsrre &fa@-. Beyond pmsauras 

of 1.2 fcbar, $he ntlma%ia yhaiee e3uprauola w M  has a 

txeuu3itlon t o  %he, 8~nectia A. betwean %ha ~1raaewe r:m158 

of about 1.6 t o  1.8 kbsrr, the supraroooled sraect&u A 

triamfoforo3s into a nrsaaatia! at a lower teurptasetursl. 

FPhia far the re-entrant rwmatic phaee, 

The B P / " ~ T  values f o r  the anieotio A-mmwtio phase 

boundary i n i t i a l l y  inarcaaw wlhh preeeure (figure 3.4). 

A t  higher pxesmma, the tnalue beoomea a. After t&is, 

the @/it+ oarlua beooares negative. A t  the struAmm 



TEMPERATURE (OC) 

PIOURG: 3.48 P-T Magram of 8 OOB ahowlug Vthe iaotropio 
nematic, ameotipt A rad re-mtrmt nemtia phaeea in 
ths oooling mode. (Witcrr Qadi8 et riL.4). 



pramam (p ) fax w h i e  We smot ia  pkaae @xi@tu, 
la 

df?/8% r O. %%e value of B P / I I P  become positive w a n  

fo r  the re-enwmt r d m ,  ;sre tha b o d a r y  m r m m  d m .  

lheee phaee boundatfy ah&mcteristfce are  fawd f a r  811 

the aqoundu  which rshm the r een t r an t  phaes at alevaaed 

grcae msw n 

o) Dsferairuxtion oi' preemuxe. The dimon& anvil - 
c e l l ,  ilesaribsd i n  ahaptsr XI, w a s  uaed f a r  m r  experimnta. 

%ha ' in ai tu '  transition tempexstwa af the esapld i n  the 

c e l l  w e r e  dotarmined by C h e  opticral *rcamifisiw t e a M w e  

diacwe?ied I n  seation 4(a) of ohapter IX. Par the aooua6:e 

determination of the preB)me, boCh the soJILd-sowoUa A 

a d  ~ a e o t i o  ~ -m~l r r t i a  t r ~ i t i o n e  wore f ~ ~ a ,  ~t ~t@+tx 

pxesrruree, botih the ~al id-maat io  -4 the m~ggsrtlo- 

sl~ecrtha A ( In  fib oooliw aacte) trransitiom were wad 

t o  f i x  the pm-s. *%he p h e e  trtiizwitian twitpusatwee 

at any preeswe aouSd be reprocluoed to  an 8cow:aay of 

40.2'C. llha accrtnuraoy o f  the ptreasure PaXuw is as.2;inra- " 

tad to  be - +19 b a s .  



Burin(& %ha 't.rz&wition tenpaurixtuce detersn;lDLjOioas, 

there wa% a lproblbwn i n  det6na;infw the s v l i d  t o  mcrratio A 

traaeit;lo& twpbrelture owiw t o  t&e supercualixrt: of tfia 

eeeaphrseta o f  the s w p l e  i n  Wlcr w k a t .  It wan# found 

t ha t  on melt& ng a frezM.y EIlLed sainplrr, i t  hruarifompcp 

i n t o  r9mecti.i A, taemntia nad feotxoplc phasos on heating. 

However, on oooling, Che sample f n  Zha m a a t i t  A pheree 

caoLcrd into anot?lw aryetal l ine phana (reic?src& t o  aa 

solid-2, S2. phwsol whlch. waa obaerved t o  be re la t ive ly  

trsanapaeprrt. I n  canparfaon, We o*.fd:inal aryste?lUne 

gihai?~ (3$ pha~e) wcl@ artrwtle&y opaqua. X t  waaa f o m a  

that although the a2 phase reminad i n  that state without 

trrmerPomincl: ink5 Y, phase, i n  s p i t e  of keapiqg t h e  

8mgl.62 a t  a low d@upetraturo f o r  several hourre, the 

$2 - -  ;, truur~Zvnnatlun could be saeily broutg'lt about 

by Iieatiul: rsmplc in ii phaao t o  St phase. Xn &Z 2 

our axp~rix~aa~ta,  it warr woertained tha t  only the 8, fa  

gmwctic A %ransit.tune were detervriruad at eaoh prcssssuro. 

8)  &pw ipglaeurementq: l!he X-ray d i i i r~oXfon  

maxima were racoraed phatographlaally. AB the  a i m  of the  



raxperIrPent w a  t o  rnse&mare mrmerll m i a t i o n s  l n  the 

layer 8p&<ting, the ewpLe-te-ffh dleturnne wsre klsgt 

q a t e  large fappr-tely 290 ma). UeuaiLly, wi l& the 

diamond anvll eef l ,  PLo mdiation f ra uee& Bu%, i n  %hie 

acrse, U t i s r  wae3 not preferred beaause Ohe diclmster of 

the dlSEraoWon paf;texn ob%itinacil utth %he expcpxim%ntral 

a@% up wana found t o  be hoo ma11. Hame Nl-filtered 

Clull, Wirartian Prm a f ine  fmus  PktXipe tube was uoed 

deapits the faa t  that  aSlers wann large attenuation of the 

intensi ty  of the X-my beam on paeeiuge through the 

o m  
around, hundred hours. !EM tempera%ur@ wiw walntained 

L 

constant to  wfthin +a.2se0 throughout; .t;he qoelrrrr,  * 

A narw w k e t ,  ~~B wlth frsah ew~ple, warr w e d  

fo r  the experiarwte at eeah eucyorpuse. Also, a e r  the 

end 05 wcrh exyoeure, the ' i ~~-e f tu '  t rwa l t l on  Wperaturhe 

of the oemgle i n  the sell ware redetenetnsa by the optiael 



trrammairrsion taahnique. lMResre were iouui t o  be 

exactly the  as those raeserured beiart, the cotemenor 

nnant of t h e  exposure. %Me i n r X i ~ t r C e r s  that t h e  pxcrsreure 

W W l  8lrrintaiWd @03I#t@Y%t thrO~@Ql&t the %XpQUur r t r  

me ~~~i lp le- to- f ib  cliatunoer ware aacurmrtely detsr- 

p d e a a m l o  aaid. j4 Be indentation i n  %he gwsket and 

the oomea~lent ahnnge i n  the  8mplo~-bo-film Biatasplse 

wan found t o  be l e e s  f b n  0.2 o a ~ l  even a t  2he highest 

preeauzw an8 wae therefore aeglecbtecl aonrya~red t o  the  

l a rge  anmplr.t;o-f538~ d ie tame (ribout 290 ma). 

9% clil3urrwjtere of the dfi ikaotion rln(ys, m e  

meaauraad. by ussing a r i c r o 8 u n s i t ; ~ t e x  ((larl-Zerias Motlel X I )  

trsoers of the .,\-ray photo@aphs. A Gyplo& rrrv denarito- 

meter trace i l ~  &own in flipure 3.5. P a  esll g h o t ~ a p h a ,  

th% ohart apead aurd the r s c m q ~ :  =ate m e  ahown t o  

Bivs (1 pna~~nifloatAon 05 5. %!he peak-to-gerJr dist;tnoe 

(P to P in the fiwplre, 3.5) raewwed with rm rroawate 

oaophucator (Ada  Hiilyer &M., Leadon) wa8 w e d  to sruluate  

the leyex aptroing. 



- u o y ~ ~ e o d  a d d o  $s m a q  ay* seau j j o  par;- sy q q 2 ~ ~  20 aomos aq+ aaa;E$ ayq Bay-$ 

e T m  * w a d  rro~$oaXJjyp ayq ey  a *qdnaowqd Lm-x aqq $0 838zl ;EaqamOqrmap ~q 

G ' G  mn9Ib 



To aeocvrtrslin @at the film walr noraracl t o  the 

fnaidont braam, the diffraction ring of aaoh photogxagh 

ww scanned s l o w  different d i ae t e r s .  lEhe peak-to-pask 

5yratcmtsltlc dev.tatiua i n  the pea-to-peak dietawe w a  

na%iaed for the l e d f o a r t  sacmrt, ?ha intiarnn2 ~oneirstenay 

of  the layer spaoing wv&wted from the different dl* 

metrrrs of eny one diffraotion riryg w a s  found t o  be better  
0 

than - 4 . 1  A. It i a  therefore ee%iaurted that the relrrtSve 

eaoumcy of the h y e r  ~fpr io lng  a t  dlffcasp3,tlt preesliree La 
0 

+O. 1 A or better. ArJl mentioned ear l ier ,  the data ware * 

acid Wle stand&. 

3% i s  we11 hewn t h ~ t  the layer rrpsaing i a  xela2;ed 

Oo the diauaetcar of the diffraod;lan ring by the equation 

28 s t n  43 r nX where n is the orties of &iM:rraotion 

( h i a h  i i p l  aqua& to  1 fo r  aux enperimntrs), d is the layer 

eparring, P\ the wavelen(llih of X-ray8 and 8 f a  awtn by 

the n l a t i o a  M 28 m & LQse D i s  the d i a u t e r  of ths 

ring and S Ss the ~anpl%-$o-fiU dik9twae. Phe rnean ring 



diwmter (93) obtaned by scatmirig each ring i n  t b m  

eveluated from the D value@ f o r  the d i i f w e n t  premwae 

f o r  wkioh the  p h o t o ~ a p k ~  were t&csn, are Gven i n  

t a b  3.1. I h e  daOa a re  plotted i n  fi~pum 3.6. 

2he vakusa obtadmd f o r  the layer S ~ E L C I ~  a t  

a h o s p h ~ ) r i o  preawrre a s e e  very w d i  With ttha meat 

dotera imtlons  a&' tka eeursa by Leaelbetter et  d." iurfa 

by QTwlinr st file5 It is oeen &on figure 3.6 that atria 

la;rctr ~pactinp; deereaaea more o r  Less unifortaly at the 
0 

rate of 0.6 A per kbw till the prcramre attain5 1.4 kbsrr, 

The tgmarrtion m a y  be tn;lk@d af3 t o  wha% is the con%rf- 

bution of pure tempera%um verriettion of the Xayer epsoing 

t o  the curve ahown i n  fiwre 3.6. 90 find out  whather 

there is az7y eu4h t h d  v;;uclation, the l ~ e r  spw* 

of 8 c)OB w a  memurod at ta9;rp;mpherfO yrerarewe, at vrariow 

tctui~et'atorsrr~ oovcc~ri:l& tkia antire ebleaffa p U e  wing We 

exyerinentiil s a t  up which w i U ,  be deaa~tlb&k %n a p t e r  IT. 

It waa founit L b t  & t a r s  50 no deteotable uhrurye i n  the 



Lsryer agaoinL;a i n  the mectii? A phwe of 8 OUE at diffe- 
rant prcaar~uresr 

Saunpls-+@-fib dietams = 288.4 nnn 

Pressure Neon diameter Layer egaciag 
(kbare) (=I 6) 

Lab. preersure 27.80 32.00 

0.22 27.91 31.89 

0.41 2a.03 31-76 

0.61 28.14 31.63 

0,9Q 28.37 31.38 

1.08 28 42 34 32 

1.35 28.50 31.23 

1.48 28.38 31.36 

1.52 28.41 31.33 

1.62 28.26 37 .TO 

1.63 263.17 31.60 

1.72 28.14 51-63 



PRESSURE ( k bar 1 

PXot of %ha .lctwasatLo A luyer apa@iqg of 13 WB vwaua yreclewre. 
l W  error bacr lndfmtes  P;be precrisioer of  'tiha msmux(~~~en*. 



layer spaaing with texper'erturs within We limits of our 
0 

experimental aeoumay (+.I A). 

a m ,  we ctan ccmreluaAvaly @ay %that re-ptntrant 

behraviow: of 8 Om, which oacurs a t  U&er yre~eruresl, fa 

asnwiated wi th  an expamion of the mwatiu A layer 

slpaa&ng with iacrarnee i n  preeauce, as wm i n d e d  gredioted 

by Glaaie e t  al. 

We may mention hime the high pressure x-ray invasti- 

gation on CJBOOA by Gdllon e t  al. l5 (XBOOA has a tenainal 

eyano poup and it exhlblt l~ the re-entrant nemntio phase 

i n  the cooling m o d s  a t  hi& prerpsures. l n  fheis exper%- 

meat on OBOQA, Quillon cst d. varied the pressure af uon- 

afgnt temperatures. They have determined the layer spacing 

i n  the hmectia A phase both a t  relativctly hi& tarmpen-rturea 

and at low teaperatwee ae a Zunaktan o f  presslure. 

%w s m p l e ~  of QBWA, one withthoat pu i f i oa t i on  and 

the other r e a r y e t ~ l i s e d  thrice,were ueed i n  the slxperi- 

meats by Oufllon e t  a. 3por the &'&rat sample It wao 



obeemml by them that ( i )  as the ; I I W X ~  wem (on a Unwr 

soale of dare) the presrarufe of fmmsritian between t h e  

sr~lctatia phaae kuad the re-enwant t i c  phaae ix10msrees 

e l d y ,  (bi) the leye~r ispaaing i n  the ~sunecti~ A phacre 

imXdeU0698 &$I a i u m t i a a  of t i m e ,  ( f i i )  the  l ~ e r  5gtPOinlZ: 

i n  the  maot ia  A g-e does not c ewh t i m e  ehe 

rarentxant nwa t io  phsse is  obt&n& at high prcaeauxe. 

IChe f i r a t  and seaox& fea.tiure6, ueoosding t;o WlXon st a- 

i s  due t o  the  &%it u l  the ewec~liie-nemutSc boundary larm 

i n  the  (B-T) plrrne aawlsd by %ha yreraeaae of h p u ~ & % ~ p  o r  

by the degreritation of sonple with time. 

The mosaond smpIe behaw@& l i k e  the i i m t  Ear 

to~lpbraturslr above 72*C. But for t;e~lpmtazrsr below 72'0, 

whare the hectic A phww 1s c0glpml)dleFICL towart? a solid 

ghsrse (sather than a xe-mtrsuzt ntuaratio @ma) it ww found 

tfiprt %he layer a p w i w  deardmcsa, with inurcswiq  preePrure. 

'PhUa the ~mecCio A layer a p a c i q  i n  OPlOOA rehovra two 

Unaa of behaour with i norewing greeame (1) d deorarvra 

i n  Jaysr speroing oaourrr whwn tbca emeotic A plume is 



rromprerrared towazds fhe stable @&id transl t lan.  Purr 

cthage is s d l  (about 1 4. ( i l )  &we i i i l  no o h w e  at 

all I n  *;he Layer Bpaa1ni.g when me snue0tlo d phws i a  

croarprespled t w d  the re-en+sant nentatio phase. 

Olar 8fiul;udg. on the grerrsura wxia t lon  of smwtia A 

layer rrpmil% i n  8 OcB is  at sr cronetmt rcelatlve tempi?- 

xature w l t h  rsrapceot t o  the wmt5.la-enrec2icr A phtlae bazndlaxy 

whfarea~l the etudy on QBWA is at  different  yr(48-8 Iceeplng 

%he teapcsr&tw?e amstant .  I n  our atu8ies, the t m i t l o n  

twprraCurs8 of the  mtmpPe used were cheokcad after eaoh 

erpoeus~,  a t  ertraoslpheric pressure, t o  detect any dttaompo- 

s i t i o n  of the oaotpoun8. It w@ faula that the trwitlon 

tewcaraturea d i d  no2 rrhsnge frw the i r  lx&%ti&l raluee, 

provllyi: thereby tha t  the sa11ip1b Aid not umlaxgo any 

aaoampo~i kt am. 

Slnos the experiutePltaJ. aimditiondl i n  the two stui3ise 

axe dlf ierent ,  a d i r ea t  aimparison of oux r~rsultis w i t h  the 

reeu l t s  obtained by Ehdllon et a;l. i s  not earriw possible. 



3 A. 0.8abeEson. U.B%ese end J. O , W h t s r i w ,  P ~ B B I . R ~ v ~  
164 (1363). 

6 EI. V.;IPsdhuaudana and &.GhiltndxcirssLchar, RPoOcteding8 of 
the Xnternatl on& L i y d S  Oayrstals Donfwanaa, 
BwigaLoro, 19711 - Prmmta 3uppXermnt I, .57. Blso 
X. YOlul&uarudauliu, KEL. ond 3. ~Lmaraeekhar, 
Pra~ttaa, 5, 22 (1977). 

1 1 A.J.lea&better, J.C,l"roeet, J.PIGuughan, G .  W.ltrag 
and A,naarLey, J. P-. (L%U%B), s, 375 (1973). 



15 Dl Wllon, D.R.Aadsen, P.X.Cladiar J.fJ%a~~atoff 
sraa W.B,~aniels, mtracrt, VTI Inlematlcmal M q W  

Glcyiatala Oaaislrenas, Bordeaux, July 1978. 
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