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In tbie seetiun, the Cl'l!!Pl ate cr,etal. structure tt. 

ue·ternina:tion of 5-( 4"-n-pentJl•eyetohe~l )•2-( 4 •-cyenopbenrl )• 

P.v:e!midina ( POOP:P) 'b7 means of X-:ra.7 crJsiiftllogra.pby is deer­

cribed •. Attempts have been a!ld~ to investigt!r:te the reln­

tionmbip between the mol.eew.ar orgllnizat1on in the e-rye­

telline end Liquid o:rNetelline state, Stud' ot th~ meso-

phase of tbie c"apound. u.til.iztng X•rar ditfraotlon has been 

cieeeribad i.n Chapter iii· Optical birefringence a"udy in 

the J.iquid Orl'~tllllin,e phase is a:Leo given in ·the zaae 

f)bapter. 

N"' 
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The phenoraenon ot diffraction bJ orysteJ.s reeults 

fro• a eeatterin« p.rooe&e· in which X-r&Jr a:r• ecatterfJd by 

the eleo~rone ot the atoea without ohango in wavelength. 

A diffrsetion a bess :ls produ~ed by euob scattering ~nl,­

wben certain geometriesl. aon.tlitione are eatisttad, wbioh 

may be in either o£ tbe two tol'mab tb.e Bragg~' Law or 

Lauae• equations. 



h,k, 1 a.re integer.s (}- 3.~ tb& angle of :reflection, d11Kt 

is interpla.nar spaeing A ·the waveleqtb, n ie an integer 

deteretining the order of ret.Lection 

~ S - So 1 '2. S. i'71 9 1 ' 
1S/=I ~ = ~ =cr 

••• ( 4.1) 

~be :resULting diffraction pattern _of a ery0tsl eamparising 

both the positions end intens1t~ee of the diffraction 

etfoots, is a :funda{Denta.l phyeict\1. p:roper\7 of the suba­

tt'.mol!t whicb ie uae4 for the complete elucidation ot the 

otruotut-e. .AnaJ.7sis- ot tbe pos1 tione of' the dif:traotion 

· efteote leads 1amed:1atGly to a knowledse of the eize,. ebepe 

and orientation of the unit cell. !o J.oeate 'tb0 position~ 

of il1tl1vi.ffh.lal atoau~ i.n tbe cell, .the intensities must be 

mee.slll'ed tm.d anelycfld. Moat it»portan' in relatiag the . 

P<'H:'d tiona of tbe e:toras to the diffraction intent'Ji ties 

ia the stru.ature factor equation 

~ 

The q,uantity F~Kl a function ot b k 1 :i.e esllef! the 
. _) 

at!'"t'l.cture £aeto.JJ wbiob expresses ·the ~eanl tant ece:tterins 

ef:fect ·f'rom the a.to~ eon:tants ot the un~t cell aa cnt:opa;'ei 

tQ th.at @f a single ateotron a' the oriBin. ! F~ 1 
~1-<.L 

celled the 13tru.oture arnpJ..i tude ie thus a pure nUQJber-
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{!t)ntants. X.j 
co,ri.ina:te~ af the 

l~ow the at6~a in the unit cell are tbe poa! tians 
----:!? 

of the high eleo1tron density f (. -JC.. '1j 2:) • eo F~xt 

can be expreseed ao 

\ 11.rhere 1l is the volume of ·the unit eell. Then by Pourier 

·transformation we h&Vfit 

••• ( 4¢4) 

by di:f'fra o-

t~on. e~perimenttt we coul.d b.ave diregtJ.y· deri•e the· eryata~ 

structure by ~aki~g a Pcurter eummetion. 

The et)mpl. elf ~on of the expression for tbe ~truotu~e 

factor m.e:1::>0ly mesne that the pbaee ot the eo2ttered. wa.Ye tl.s 

~~ot aimpJ.y rela:te<J. to that of the inci<len:t waveo ~be pba:se 

hov;over is n<Jt an obe;ervable qaan:t~ty tbEt OnlT observable 

qu.~~nti ty· being the intens1 ty wbiob is propo3t'tional to I f 12-

VJi tbout a knoWJ.~de;e of the pha~Je a straight:to:mrai'd 

!?~t.HJtriel" sutrfmation tc evaluate 1c?L~ rz:) . ie :not· po£:s.ible 

This is tba well. known pbat7e probl eaa of X. ray oryetftlle«r&Phl'• 

F:t'om thET intenei ty data 1:~ Kl we dete:nine 1 FhK.tl 

a~a uireo~ mathematical retetionehipe sre being used to 

. e:tve phase info~ation~ 
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~:ransparent plate like cry~5Jta1. s weJ."e obtained from 

r.t soJ..u.tion of aoeton& by Blow evaporation. li&ttictt pJ.\ra­

metera and space gronp wore tletermined by taking oocUl&­

tion and Weiasenberg pbatogs-epbs al.ong different axeth Th• 

orystaJ.. belong to· tbe monoclinic system. 'the space group 

? 2( o.__ was UDiquely de'tttr!lined fro• the o bs.,n-ed sy-ste­

satio abecence of hol reflections with h ~ 2n ~"' 1·. ».r 
floatation tEJobnique the den£~i t1 of tbe cryfd;e.J. was found 

to 'bs 1.18 gm. em•'. !i!e'king four molecules per unit cell 

{i.e. z =· 4) the calculated denoity became 1.15 gm .. C!I"':; 

which ie Yery dlone to the obse~ved value. 

A cr7atal of diooenaion o.o~5 ~ 0.5 x o.4 mm~ w~e 
used in the eolJ.ection o:l intensll:ty data. :rt was mounted 

on the tip ot a 6).ase fibre and the fibre wae itl turn 

fastened to a giJ)n:i.oDeter head. Aecurata cell para!l.1eterB 

were determiilad by e. 10ae·u square fit of Sitl 0 val aes YJ. 

o:f' 25 re:fleo·tions within 20° L.. 9 < 2:S.0 meaeurad ,,n an 

'1~nraf Ronius• Cad-4 computer controlled U.iffra.ctometer, 

P.-S':::w::tn:~. Cu.. Ko(. radiation mono·cbrowated by a ·graphite •ono­

ch!'('Hnato!" was used tbrt:H.!f~hout. The ·name of the 4-eirela, 

tliff'ractomoter acl.a0s fro11 its possesalon of four are 

·which maytJ be used to 3d just the orientation of the et'Tr~tel 

as "'Go bring a:ny dee:lred. (h k J.) plane into ra:tleot~.ns 

po8iti1ln and the deteretor to the corresponding diffrao. 

tirm poei tion. A ~chematic diagram of' OAD4 e1ne2e erystel. 
- . 

orien·t.eto 1 is given in ?is. 4.1. ':fhe. in'lit'me:l ty d'ata were 

ClOllected by 
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t~.on~:?. vrere col.!. ectea in the interllal. 4° ( 2 0 of which 

2246 ref.Lec'tions were taken e.e obae.-ted and b!!ld :intensi-

ties greater than 2.. G" (I) 

llograpbic data. ar0 gi van in table 1. !the measured 'flU ue 

o·f tbe intensi tJ is given b)' 

where A" :a attenua.tion factor ( 26.55 tor Cu b<oc ) 
~ = an integer var11ng tros a to 24 ~o suit the 

particular ease. 

C a total count. 

P. :;:, Rati·o of eca11 time to background 

B = Totta. background coun-t • 

. The stand3N rieYie.t:ton 6 (I) 

of· oountinfi etatietiee ie given by 

6 (_I '((Mj)) --:::: 20~ ~ c; · A (c.+ Rll-B )Yi 
••• (4.6) 

.t~.ppl.y:tng appropriate Lorents pol.~riza.tion :factor aorre-

ction Lp (described below) we set 

This intenfli t1 value is tnen converted to Fo ~ the 

observed structure faoto~ ~itb 
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E being scaling GOtu~tent end the eollreap(()nding standal'tl 

c1 evie:tion is 

6"' (_'I (_; 'Y'Y ) 

' I)_ t ~C) \ ••• (4.9} 

fh·e tnte!l~i ttes eolleoted are rr.u.bj~oted to el)rreo­

t!one for csr-tain gsomet:rical and pbyetoal faotore before 

'itisg u.s~ in: the etraetu.re determinatioth Tbeaa are 

deeeri.bttd below: 

Lo~ent~ factor 
~----.. --··. 2 --

Pol" each .:t•eoipro6al. latttoe po.i!lt to pasS~ thra~b the 

snrfee_e of -the s:pbere of retl.ection th., ~eqnired length 

Gf. tiftle ~~riea as a fun~tiob ot 1 ta pQ~1i tion :tn .rec:tpro­

eal ·. $p6.Q0 e.nd the direoti~n 'of ita appro~oh to ·the 

sphere. Je~usa the intensity of a reflection ia pro­

portioll~J.. to this titne a. ecu:.·reetion is needed. rueh 

oa:rraetion is oatled tbe L\')r~nt& faeto.r L2 Md it ~1arie,., 
·with u1tiraotion g:eometr;. For fJinel e or.}toteJ. 

beam ~qttation geomGtr7, i.t is ei·ven by 
I . 

ln the usual ~xp~r!mantQJ. al'!:Pangsmen.ts, ·the x~ray beam 

:l$ ¥mpol.ari~$d Vlbi·ch ~esl'u~ that. the o.31~uth of the 
. . 

e:.\;eetr!o ·tteotor assum~s ilJ..l ~i~~.c't.ione l!i th tis e. ~be 

effective amplitu:de of 'tbe r.adiatit)!l afte~ it itl r-efl.ec-
·a 

ted by the crystal at tbe fmBll'- 2 conelete of onl3t :; 
/ 



tbe components of these &!5imutbal.a liJl,fter reflection. ~rbis 

feature has the eft'ect of t'eduoinS tbe in:ten.~i ty of tbe 

~-ray beam 'b7 a factor p, known as the poJ..a.~i$a'bi.on 

feetor• 

••• (4.11) 

Xn our c~ae tbe incid$nt beaw is par'tillllJ 

pol.a.rimed daring t~onocbromat1$ation by re:fleotif)ll from 

the 'baesd pl.ane o:t a Bftpbi te oryfital. atld P takee 

th$ form 

••o(4.12) 

where ~7} • a constant depending on tbe e~st~ uea4 in 

the •onocbromator ,,,., in 0\tl' expto) 

&m • Brarg snSLe of' rel:'lf.'etion ~r-oc the 

mcnooh!!'omator {!jX'&'Stal9 

TbeaE'I iitro ·eorreo'tion. taotore L and P are oombinedl7 

termed as Lorentll »olarizatton factor L~ be·cause of 

tbe dependence· of ioth OB ths ede.tt~ring. tan(il.Et 9• 

I~lttinet:ton correett:f.ont 
~..,..~:~~.-•m .•11 · C'r.!a:a 4 d':AJ..... ru•••*• ~ 

.Attenuation of diffracted 'tieruae may also ·be caused v11en 

tbe QJ:7f~tal. is eet ~t tb$ nrage angle. Darw-11\4 firnt 

treated tb.e effect raathem:aticatlt and temed tbie an 
I . 

primary and secondf-tr,sr erlin.otion e.tfect. Priraaey extinc­

tiart tnvolvee the l~tu~ of ·inteneity of tb.~ ineident beam 



bJ ~n i·ntefereDoe proceee following rttu~ ti:plo :vef.lections 

a.a the bea.• penetrates deeper and deeper into the erytotal•· 

Sec~nda.rr ext:i.notion say, however, be C{)nf2ide!'cd in oor::e 

o~ strong reflections. In this ca21e as the i~!cid~:.ni;: bema 

:1. teo~f travel.s ineid~ tbe cr.vst&J.., it goes on l.osi.ng 

coneide!lab~e fnettons of i te energy by re:tlaation in 

the planee 1 t, encounter~. !hul' t'he plana lying deeper 

roae1ve ~ess and l.e8s '-nc:Ldon:t in.tensi ty~ Conmequently 

th~ diftraeted 1-ntonai ty is attenuated. ~his affect ie 

predominant~y obeene4 in low engle region. Correction 

tor this effect has been derivea'-6. Kat$7 derived a 

ae-tbod 'based on dynamical tbeo#Y for correction, to both 

tbe ettectf!o 

While introducing the idea ot atowi c seettering 

ta.o~or; •t• we havs not taken into eorud.ue;ro.tion the 

tini te siae of the atoe i.e. ot the electron cloud 

e.'Dtu~t tbQ atomic atomic nu.ttleu~ and also the thermal 
' ~ 

Yil)ration of· the atom '"ld.ch inerea!!os tne effeo.ti-va 

VOl.WDG Of the electron cloud, Because of the ;f'iret 

effect,. the scattered tntene1 ty t8ll s off wi tb . increa-

e:lng Sin 0 end the eecond taoto:to acte for more rapid 

fall.. 'Rhe first effect is oorrected by: taking •t• ~aluee 

from etand~ t Ve. Sin e curve.;,a,9 and tbe 

etfeot ot thermal ·vibration, a.eauming it isotropic, can 

be taken oa.re 1>7 mtll. tipl.ying tt0 • the fora fe.c:ttor for an 



••• (4.1') 

where the parameter B, called isotropic temperature 
() fJ- - '2- - '2-

ffi\l.etor ie equa.l ta o 7i u j) u being the mean 

squsra dieplftcemt\mt of tbe a tor! a from their mean poe! tiona. 

A method :i.ntroduead by AHT.O.Will'lon11 enablec us 

tb· obtain an overall Yalue of · B, and at the eame tiae. 

p~soes tll.l the obeerved intansi tiee on an epprox!aatel7 

absolute baeiso .·· 
He .ebow~ th~t ave~ase abaol. ute atruetura fnctoJt 

depends oDl.J' on what ia in tho eel~ and not where the 

ato•s are located and henee for a randcat distribution of 

lif a tome in the Ubi t cell 
--9 2- N fl--

(1 F I / ~ ~ tj 
J ::-I 

D~:viding ·the entire reoiprocel. space observed into 

armular =on as of equal S~ (s • Sin a I>. ) 
I 

N '2.. 

determined for ea,,h of thea end then 2: toj L S?Yic:d) te 

\S 

,)-~, 

cal.cula.ted u~ins the moan Yel.ue ot sl)_ for eeob 
~ Ill-

zone,. Pince ·~ fob.s 1 1s u.auall.1' l(nown on sn arbi trar,r 

. amll a, we may write 

<.\Fobs \ / 
__, ~ 

.- l-< < 1 F l > 
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-
where (\ F \ l 

Aeauming · 'B same f'or all. atoms 

. N 9-

<\fl2-)~ ~xp(-213s~)L foj 

!l'be plo" of 

t'£&ino1P 

j::zJ 

••• ( 4.18) 

fore a. strs.igb't line except til)'!' the scatter 4u.e to expe .. 

rim ental errol's 3nd tnrniahee s ue with .intercept .of .L, K 

and a at op~,i of - 2 8 

Wh~)n ine~oad !>f randota d:t.etribu:t1on of s·J;oms, 

g_rQ_upa of atoms. with known seomet~:r ( eaeh as berusane 

ring) e.:re present it\ the struetttre~. they may bG 1nolud.ed 

in the e~retr:Bi?n for e,verage intensitY" even known tJ.otb-;, 

ing e. bout thej.;r. poe.i tions snd oriontatio.ne. Wben (]> groupe 

of known geometry are present, the kth at which oontaine 



Mk atoms, we may write ueing the scattering formUla of 

:Debye12 
~· Ml( 1-\ < l F ,,_>;::I I I t l tj 
1<~1 i."l 1,. 1 

s I 'l'l 2-ii 'f(.i S 

')..Ti"('<.jS 

••• (4.19) 

ts the dietanae between the ith and j th. 

atome of the k tb group and s ,. f">!!lid as before. Tbe 

plot in this ease ie known by Deb70 plot nnd gives a 

better straight line fit for obtaining B and K. 

It ~e often advantageous to uao a K- ourve ~o 

do tbie, R (mid) is comxmted for each zone of s2 mentioned 

abovo, ae N 
r c- I hj (s_) 

!PI -

[ \ f?o I~C'•) 

where f. is e. smal.l integer depending on the 

••• (4.20) 

IJPfl.Oe g:ropp 1~ 
A least squaree prooodure ie ueed to tit a beet seooth 

analytieel. f'unetione. ueuall.;r tn I< ""f+ -t B sc. 

to e%perimental pointe. Wben o ~ 2.0, the curve i~ the 

same as n'il.son'fl plot.· 

After scaling the data Qnd s~ estimating tbe 

temperature factors we tr7 to poetULate, a trial otruc­

ture ·by direct methods. 
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·The trlal struc·~urt:1 was detominad by direet method. 

Dltreat methods o·f er.y.atfll ~truoture determination are us~ 

aJ..ly associated v.,•i th techniques in which pb.asee for a set 

of etruoture factors ere deter~ined fro& the eo~eepond­

ing experimental. empli:tuae br p:rob8bilietic cal aula tiona. 

A large number ~f operating prooedltree for direot 

phase determination have been proposed., Uoet of 'these aa-e 

baaed on the same f'ur:uia9Jentel principles, but diffore in 

the 1:1anuer of handling the data and extracting tbo pba.aes. 

w~ ebal~ oons:i.der onls- tbe funr:lnme.utel s o:f tbe aetbod 

and the technique whieb bne been ueed in tbe present case. 

For direct methotis 1 t is an e.dYantnge to \YOrk wi tb stru~ 

tur$ factors for wbiob the tall off with increasing sca­

ttering au€1B baa been re~oved. ~be unitary ~truoture 

te.otor ie dei'ine4 as N 

., u ( ~)-:::; F ( ~) I [ +i 
J'=' 

So that \ u c -h)\ b i 

writing tbe W1ttar.r sca.tte~ing :te.ctor as 
~~ 

I'Y1 j =-- tj I r__)· j . 

J=l 
\1e may write 

N 

u(hJ-=L -nj~f2rrc.t.~ 
J:::., 
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' 
:1.mportance iF.;; ~ha normali~;ed st:t .. uciH.ll!"e factor given by 

.2. 

IE~ I ==-
\ fh' \2. 

where ~~ t:akee into ac~un t· . 

1\ 
thG effaet of space group ~1m"e·try. Bow if t btt the 

;;. 
eomt'!ton sbape for all. .atollie ·then Tj --:- '2-j 1 

( l ~t t Q. ) Y2-
1=1 

-t N ( ~ .f: ') 
t. ~ l ( Zj / 6zv2. ) 1Lxp 2.:rd. . l 

l;:!.\ 

eame ie not true, bowe·tre:r-. of ei t'ber 

and this ei•plifioation ie one of tbe t.'!J$.in reaoo1le wby 

'E's a.re prefe~rt~~d for use in dj.reot !!letbode. 

A strt1etut>e i,nva.nent :1~ detinQd a~ n quanti'ity whieh ie 

indt'J,pond.enii of the ~bift ot the· ~:rigin of tae unit es~l·· 

It ea.n bG ~.holTil tb(lt tha intelu~i·fiies of 
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Howsver, the atructure fe .. otc1:t~ i teel f is not B'true:tn:t.~e 

i!ivariant. Otherw:tt:le 'the phase probleJJ woUld not e~iet 

in orystall.oerapby. Tha ;.rtruotllre factor Fff ts .tiven 

by 
N . 

F~ = 1 Fh Je.xr J4ld = ~ frexp(,_ic ~ · q) 
'(; J~t 

...... 
A l' of the origin, ·tbe aqua tion changes 

to 

j ::I 

'=' ...... '.rhus we SOQ that the pbB5e ohange~ by -· 2 7i ~. d'l" 

while the amplitude is ~ in'J'a.riallt. 

In a sim:tl ar fiX wny it Cfln be t:hown that I F ~ 1 !2 

i.e atruoture inval'iant 

IF~ 1 2 ~ f-h f_~ = .e.xp(--27\"ll.ll:t) F~ ex p(?nL R t!tJ F_h 

~ Fi1 F-~ 

.It can ·oe shown that _tll though the Ya.l. u.es o£ tbe- individt~al 

phases depend on tho structure and CbOiCe ot Oll'i61Dt S!OUJ6 

oombinations of them :i.e a etrueturo invarian-t., For exss•ple 

if {' 1-f -h'2- -:+-~3 = o then Cft. + <f~~ -+ 9-h'~ ie 

a structure invariant for eYerr epaee group. It t'~llow• 

(1iree.tly from the tact that ft f K f_~ f-K_ 
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\~I ~: • :.J 
' ,,_,.. 

• •• ( 4.26) 

Since the moduli of the $truoture faet~ra are in.'Y'a~ian·b 

themael. 'lee, the angiiLa.r- part of F .g f!( F-l{ -~ 

is also invariant i.e. <::?\? .;- cpK' + cp_h_ ~ :ls an 

iflVar.iatrt, however. this does not iaJply tbat i te value 

~s known. 

~he structure S}emininverianta14 are thone linear 

combin&tione o:t the pba.ees whose val. uee are uniquel3" dete~ 

mined by the crystal. structure alone, when the eboi ee of 

origin ie reetrieteu within peraaiEieibl8 values. Semi-inve­

rian·ts orieina·te f:t:•om Bpace group oymaetryo Por eaoh epaoe 

group tboy have to be derived aeparatet:r• ~he etrn!Jture 

itl11A;riants and eemi-inval'i~.nte aave been ta:bulated tor 

""'"l"' - ·. . .. t• . 15 
Q;l., space groupf! --.n re ~rena~ ,. 

!n any ~~p~ol! gl."oup any etruetu.re i.nvariant is also 

a:. s.t.tt'ElQ'l:t.t~e semiinvariant, but in gene1'al the oonvers.e is 

not true~ A com.vlete- ·theo~Y' eonoern1r1g tbis t!ubj&ct tt :I.e 

given in e. aerie~ ot pape~s by :f1;·a!!lp1Hru!n and R'arlf! 16,17 

and recently by tcben.k 18,19. 



}i.arker:Jfl~t..Jli'r .Inf?Q_uali tieAt,-

ln 194S li!arker and Kasper20 Uf!~.n.g Cauchy in­

squel.ity rel.ation deriV$c1 the following ineG.tlAli'i;y re~a­

tion "etween autgni tuies and phaeee of unitary ~t:rueture 

'faotore, 

lJ(_~)~· L ~ t \ .-r \j2~ I 

••.• { 4.27) 

It we d•nc:rte the sign of U (h)) b7 s ( R) 
which oan nave tha v~~ uetJ ei t;lH~r + 1 or ~ 1, 'tben tb:is 

relationehip can be written a.s 

' of an inequality does depend on the non-negativity of 

elee'tron deno.i ~.v. For a centro ~r.tmetrio structttre where 

U l ~ ) -:::. \J ( ~) fh r's. ~·,ves i - U ( ~ ) o.- U ( K l· 
~( -h - K ) -+ 2 u ( ~ ) u C t1) u .C ~- f<) 7; o 

f~o• which. if the o• e a.re u .suff'iciEmtl.y large, it may 

, be ahown tb.e. t 

~ ( ~) s ( ,() s (_ h -11) = 1 

A eigni:i!':i. ea11:t Jrtep in tbe devel~pm.ent Q.f' direct 

methods was the one by ~ayre22 • ~hie is the ~o~t funda-
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an4 WQ may 8.1. so write 

p (~)2=- + r Gr l ~) .e_xp (-2ni~.;) 

whe.t>e Gt C ~) is tbe Fou.ricr coefficient of the squared 

deneitsr. 

If "b8 atru~~ture conf.11at~ of eq.ual rl!solve~l atoms, 

tbeD bqtb p (f) $rld p ( :f ) 2' Will. trJhOW equal 

resol.Vi9d peake. :t.f the eoatteril1€ f~ctors Qf tbe e;qr&a.red 

atom.a i~ repZ"eaenteB. b.y s. and that of tbe normal atomn 

by f then 

••• (4.28) 

:iJhia in iij~ Bayre• a equation and is an oxact l"elatiot\f:lbi.p 

between et:ructure factors <for equaJ.. and reeol"Ved a tonu;. 

F.o.r a centrosywmetric stru.o·ture it might be 

assumed ·that a large p1•oduct on the riSht band side of 

{ 28) waa likely to have t!t~ eame sign as F ( ~) 
This ~ends to t.ha » relationJth~p that ·for large :jtrueture 

faotors 
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wl1a:t•a ~ meane pro bam.., eque.l £~·· Tbia vms t·he ~igon :relr;~; .... 
· · . . 2') d a • . 24 

·tionBhip gi van il'- the papers by eoebran ~ an -ttf!t.Cllar:ta.seyn 

Expl".ea~ions for tbe probab1li ty of ( 4.29) haVt-J been f"()und 

'01' a. nret!bsl* of att.tbort!l~ o.ne vthieh i.s eu:tfioiently accurate 

fer most purp(ltsee anti is of convenioirt form • wa' g! 1181.1 by 

Coch:ttan ·end ·wO:o1fscn25 • f.bia i~ for an equal atom structure 

~ t = ~ 4-~ tew-. ~ ~ N~ I E c ~) I ~ ( {; ) f: I c ~_, ~~ ) } 
/ 

••• (4.'30) 

trbere Pt i0 'tibe probability that the p~o<htct Qf si~ns 

-in (4.29) is positive. 

Th!.s ezpreenion aleo (.d.vea _the probtt1)tli ty that 

s c -~) · eqw:ils the eignf! s. c t) s c :&; --t") ... :rf 
tb~~e are iiSVel'al. patr• of know:a eigntl all ao:ntribtlting 

to ~he indication ot new O!i~ thell th~ pro'babili ty t·or 

_.1 ~ ~ -9 

Pt' / ~ ) == J_ + l tCv1tl~ [ N ~ I £~I r_ E ( ~ ) E( ~ - {,) 
"-- 2 2.. -, 

I . h 

In (4·.30) and (J,.,1),if' the atoma are !lot 
·l . ~ 

N- 2. N .i~ replae#ld _. · 63 c 2.- 2 
6 ~ [ z jl'l , 

'"n )=I 

..... C4.S1) 

~h~,t~al thetl 

where Z!cJ i~ the atomic nUtitber of tbe 3 tb, atom .. 
. the app:rQxitJUl~e pbas&$ tb.u~ t)btained haV'e to be refined 



follo·~vin&; tange:t.rt formtila of n:er.o-:t a and ila11ptman 
\ 

A qttanti ty ~ wbi ch gi vee $ m~asu.re Gf tt.~e relia-

bili ty with wbich <f( may 'be deterroined wa.s d"fined. 

'b:r Karl. e and J.tar.t·~ 
- ~ 

JJ~ ~ r z= KC { K) s\·Yl c ~h _i( --r ~K·1-
~ L_ ~ ' 2 

\( + [~ K( ~.t) Cos(~h' -it. -r Cftt)} 
I( 

•••. (4.,,) 

All t110 thao:r:r gi "ten above is the J.aunehing pad frow 

Which modern direet t1ethode bava: gt'OW1.1 to the preaen·t 



In our t41ial structure detr:::rii'Ji:.na tion v1c h~1ove used the 

oomp:Lete d:l.reet mett~.,d program r:ItH'EL ( 26 ) s There are other 

t ·~ I i t t'l~_:r!:t_J,X( 27),. _ U.I'IW lfU_ ¥!"( 28.) f xm llfJ ( 29} direct me hoa program v ~. -a:Jlf • .IC,....v ., Niuu~n.a ~~~ 

ftAPI( 'SO), l-~AY( ' 1 ,) • 

tbe program system fktm:pel :i.e a co!lple'• ti!rect 

methods syDtem, whiab may be entered with /F/-flt!JJ. uee· 

and MST prod:uce an !•mnp ol! the a~ructure. !be unique~ part 

of GIM?itrJ is formed by a eeries of routinOlh sueoeed.vely 

gather,tn& tbe re:~.ation-ships anu detel'!llininsa starting 

set. earrging out o. eyaa bolt c adtU. tion; find inS the correct 

numsri cal. values IJ tor the symbols and :f'1n&ll7 executing & 

numerical phase extenaion and retine9ent~ 

!be pro~. BJetea SllU?~ ifJ compl~etelr devol te4 

to tbe S8m~lic addition ~etho~, 

ln a SJ'at'bollc add.i tt.on the folloWing exprt)ssione 

play important roles. 

'he tr1pl et relation 
cp -9 ,.....__,..., CD"*+ cpr? ....:. 

1-\ - T\Z 1-1-\.<. 

and i te oentroayame~ric anal.ogue. 
sH z. s~ s rt-'K 

in wh:J.eh f5 ie ·the sign of a refle(rtion. 

~beee f'ormutse ha.Ye their cGunte:r par's when more 

than one rel.atton ie aftUabl.e. 

__ !; E3 C cpf( -r cp H-i< ) 

'fii - r E, 
I{ 



.... 

; ·, ., 

St:f =- A L E3 S.lt s. H -K 
K. 

In eeneral, in the final et[4ga of a eym'bfllic adi~i tion aleo 

numerical. pbaeee be:re to be refi,n~d. This is carried 'Otd; 

b3" ae&ne ot the tangent formula or rather:} be~ause phases 

mu.st be known on tbe interYal 0 ~ cp L 2 7i by ita 

•xponen tiel ant\1 ogue, 

e.xp 

BLeaente ot a eymb~tic additiont-

Oaleutation of the nor.ftl!eed etruoture teotars 

In the first etep the e%perimental etruoture factor data 

are corrected for tbenal. motion (Wilson plot, Debsre eurve, 

K curve); brought to a'brsolute scale and f::lnaJ.lN converted 

into noraalieed structure tsctors /B/~ 

Jl~naJ:.ation of.the.pball!e.rel,e.tinnahip§ 

!fhe phase relationships are colleeted. ~il the prcgratt 

eyetea sn~t.PBU not cfll.y trlpJ..et relatione are ganernted, 

bu'b also positive •nd negative qMrtets1 rale.tionebip. 

Hark0r Xoupor r&a'tions ttnd qUin:tete ax-e generetted. 

L.1 ral.ai;ion'2 
•O•WMV I. OP'C 1;111<!1 

'~ g L ( L) l(-t .t c I .2- 1. ) 
S S 2 ~ _,o.) 2 L "'-./ K . -{., k 1 
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Harker KaetJPrf rel.atic'utg35 

Using 'tbe p%*o'be.bil1 ty tb8t ·the prod aet s (. fr-t t<) '1- s C 11- KJ 

is negative,· the large~ I E.ij 1_~ I £ if.-ri< I and I E t1 -K 1 

and the. st'laller- l E 1-( \ and I t: .2- f1 1 • Ot eou~ee tbis 

is the reaUl t of a special. negati V$ qusrtet, the main 

ta~e being E f1 .) E 1t ..) E i1 + 'j;( 

Ouinteto ............. = ...... 

and • 

From the general. nughee tormul.a derived by eimereka";6 tbe· 

quintet phase relation can be wrriten ae 

I~ a first a.~.prrnd.mation cy is e:tpeoted to ~e zero for 



I -., \ ' ,, \ ,_) \ 

~ 

Es:::: N2
/ fl~ EttEr_ eH E_H-K -L-M I 

!he det&l~intrtion of the starting set b~gin~ w:f. tb 

a. convergence proeedur0 similar to that d.evi~ed 'by G~rmain, 

Main end Wooltson (1970)37. !hie proeedure searqhes tor 

that reflection which !s the weakest linked to the other 

reflections by mearuJ of the pbtUnt relatione and then 'tbie. 

re:nection ie re!'!C'Yed from tbe tzet o'l reflection$• !.t the 

enme time all. 1 te phaBe rel.ati-ons .are ~e!~OV$d from thQ 

colLection ·of pha$e relation sbipe. This proeees iE re­

,peated until no ran sctione are 1ett in the set- An-:~ ti:me 

a renaotion is rewo'\red wi tbout baviag pbaee r~lationships 

l.inking 1t with other pbaee$, this refle·otion ba.o taken t!-, 

be etartin~ set. Since a £4tarting r;et ref.l s otions w! th 

lP.rge /E/ are preferred, the llSO 1 of triplets and 

quarteta gei'lera:Lly leads to very Good 15tarting oat .. 

Tbe second step ~sa few eyclee ot eyabolie addition 

using quartets and. ti"iplets, a •~aploying very etrict 

acceptance ari teria not tlllowin~ rtlat!ons among tbe 

symbol.ic pb~u,ee. This ~eade to a much larger starting 

. set. 



~he next atep in the extenDion of the start1.ng aet. 

fhio is done in fli.=!Pb"'ll using tripiet relati<;ne onlY• lt is 

vorys essen ·tial no errors are inCluded during tbie pro~ess 

and 't'herefor8, the ori teria used to accept a s.r~~tbol:lo· phase 

for a reflection are very strict. in particUlar 1n the 

beginninfh In general, no e:tnele :tndicatton w.Ui be aceep.. 

ted unleee it belongs to the ten to fifteen etrongest 

triplet t-e.lationebips. For multiple indications «fi.ving 

rise to the eame aymbGl.ie phase, higb acceptance liasi te 

ore npplied. In g$neraL tbeee precautions •ake ~ure that 

tbo resulting eet of Byt~bolic phases conte'dn the oorreot 

SOJ.ution, that is to say that when the Obrr~ot 'ftllU~H9 for 

the ayabole are su.bDtituted the pblulee of the refl.eotione 

are good enough to. ieage the etru.,ture. 

Fttm.,C!t;laal. .;roo. u&a f(ll' t~u~ .. PJ!!!bOlfJt 

;I:iPL!!ISS tJ~..J!&ri.~!. 

With tna extenue<l group of pb.a.~ed ra:tleotions 38 . 

ir1put numerical valuee tor tb.,. aymbol.e are calcu.te:tsd 

uaing a number of figures of ~erit · (.Pou•s·)a 

In ge11eral figuree o.f raet"1 t oan be baaed on sny 

qu~ntity which can be exp-cted t<> be e~tre!Sa tor the set 

of correct sit~e. In 'SIMPEL' e.eTaral FOM'S may ~e ue~do 

1.) The 2:2.. - eonlJi r:rtonoy FOM Q ( Sahe.nkt 1971 >'9 · 

2) ThG po(l;l t:.tve Q.uartet ·criterion (PQC ). Schenk: and 

K:l~!'S ( 19g4)j 39 • 

~) Tbe !'iegative Qu~u·tet .criterion (HQO), (1974). 



'. ,. '.., . . . 

4) The !!ng:rti'v.eZr• el'i tcrion ( overbaek and r.eben![., 1976 )40 · 

5) The H~rker-R:aspex- eri terien (mcc. Sh::benk. :9e Jong)41 • 

.Apart tro9 the separate l?OM's also a eo!Bbine4 !'QU 1e 

cal.cul.ateci. whioh awstlY. diserilllinntas the correct solu­

tion without difficUlties. 

After determining the syabol.ri all eymbt;lioall7 phased. 

re·.tleetions can get a nwaoric&l. phase. Tbe~e phasee are 

then used as startinG point for a n.Uilerioel pba.se exteneion, 

beaaur;s in .general tba nuriber of phnsed rei'l~l'otione ie y$t 

sufficient to oalcuJ.ate a. sood 1?-map. !n the oelltrosy­

mmetrio case i;his ·ie aohi(!}Ved by means of a taat [2. 

~efinement aftd extension, in the non e7~metrie ease by 

means ot a usual tangent refinement. 

ln the ~IMPE& prod uoee e. aet of b, k, l., E Yal u.es 

wi tb ph~u;~e1h whioh oe.n be fed into an E uap cal eu.te.tiug 

~m progre.m with eubeequent in.te~rpretatiC*n. 

E~entual~y the atomic po~itions o~n be tested on 

th~ correctneee and be refin$4 by a fast diagonal leaet 

The stru.eture was <1eterminf!'4 by. the di:rect methode p-rogram 

~~y,•:·o1:~ o,.,.26 (' t11 m Y7'1 c A '"'" ~ ·t.. .-.... ) _..; ,,1 -P1 .a..: w' lliu.-~JJ.z-•!.;t) ...... ;a;.J:lo. ere. 1; .. n .. ~ :i'hvcuer.~ Utw.n& &..s;. re..:.,L.eo,.a.ons 

in order to emp~oy all positive P~d negative quartet r&La­

tion shi!H!• ell a1gmal re1a.ti0ns. and tu.l speoiat two dimen­

rJional . quartets apart f~om trip~ e.t11. ~ho '00 etronfiatt1t 

:ran eo:tion~ were phased uaing 4 a,tmbo:Lt?. The E 0ap ri th 

·the h1sllest fi combined figure· of m$_ri t revea.le4 the structure 
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coanplet0l;ro Eventtl,~ly t~,e a:tcnnic poai.tion~ were tested. 

t.r,.,a tri.~ ~tr.'uotur.e sl\O\Yed a R val u.e af 2.2. · 'ry • ~~a f)t:ru.c-

ture •1.aa re:!i.n$d b3r tour eyf)). ett o·f: t~.st dia~onu J, eaRtt 

~qua.~es. p:r~>ttr.tlr.n h~ving a.a overt" ~J..l te:mt:H:~r~ture f'ma.t()r 

-------------------------~----
fj( ~ 2 / Fo 1 - / Fe I 

L·IFc.J 

F _;' ~ A,., 
hl<-l. -:. L- ir 

I 

r 
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isotro_pic temperature fectorrJ. Trle R Valu.e ea~e do"n to 

::J::hre• eycl.ea of bloek t1iagonal. least squaree ca.Loutation 

with sni!)o:tropitJ temperstu!'e- factors reduced tbe R "falue 

to • At this stage a dif-ference fourier wa.e eoaputed to 

l.ooate tbe poei tions -of the byd.rogett e:to~~te. All the by4rogen 

atoms could be loosted. For further retine11ent. for further 

refinement all reflec\ions witb I !:: 2.'5 6 (T) were 

removed. 'l'be otruotu.re was -now r&fined tbrough several. 

cyOlas ot block dia.gonel least equa.-es allowing the non­

hydrogen atoms. 1to vibrate anisotropicallJ> e.nd hydngen 

a.toms baaing an overall fixed temperature facto~. 

A weighting eohe~ae with 

W ==- (. 5'9 f, rf Fcbs -t O'Oo31. Fobs )
2

- i was applieq. •. 

Ez:tinotion was taken into account with e:Q.Rt • o.as. ~be · 
. . {E c w~.2) 1~ a Yalue converged to R • o.o49. R• • 2 J -== o·o4B 

Z: Fo 
The ealcule.tiona· were carried out wi"b 1•~-16 ·(Stewar-t 

et eJ. >4' • Ths scattering taotore were taken troa Croser and 
Mann44 • 

.t1e~'!nan pro jeotiona along eli ff'erent c-o bonds are shown tn 

the fig. 4.2. we can get an. estimate o:t the dihedral rins 

( 
\ 
\ 



:MolecUJ..ar geometr.v and oon·formeti.on. 

In tabla- 1, important er,uetal.lotsrepb:to deta. of 

the sample are BivenJin .n•1g. 4., ~hows tbe JH'rp~Ot:1Ye 

4raw.lng of the tOcl.eoul.a viewed llOr&nOl to the least squar•e 

pl.ane. :Fitte:L P.ost;tiona and thermal. ·paraeters ·ot ail. the 

atoms are listed. 1n ',i!abl.ee 4.2. 4()S and. 4.4 MiDI the 

numbering scheme shown in Fieh 4.3. 

Bond l.engtb and angles are given in Tabl• 4.5. 'he 

average o-o bt)nd 1 engtb in the pben7l ring ( c1 - o6 ) 1~ 

1 fJ:;es (2) l- the ellpGcted ·value45 being. 1.39g I. Th0 c-c 
bOnd ·lengths in the PS'ritnidine r1ns ( 0.,11'2 ) are 1.'374(~)• i 
and 1 oSB1 (2) R. whereae the C.!f bonde have the average 

value 1 ~336C2) .fl wbieh are comparable to those fcund. in 

other pyrimid!ne com.tunmti•46•4B. fhe C1'clOh$%.fl group 

(a11 .... c16 > has the average o;..fi bond .~ength 1.5;0(':5) I 
which !a roasona.lde. The average a-·o,. singLe bond leDgth 

·in the alkyl. chain (014-22) is 1 .516(') l 'Whieh :te iowttr 

by about 8 then tbe expecteaif.S 'faJ.ue 1.541 i. the oye.no... 

group ~~ l.ongtb (017-NJ) ie • 1.142 C-'> B: which is oloee 

to tbe values found :in ether meeogente' (Joat~ounae49-.52. 
The ·averqe internal (c•c-o) band ·anftlos in the .pbeny:L 

ring ie 12o.0(2)0 • ln the PJ'rltnidine r:1~g th$ :lntamel. 

angles ( .R1-c-;l.i2 ), ·ldx 09•10.112 and 01..,0S..C9) h&YE! 

average ilal.u.e 124 .. 5(2)0 and the remein1ng three Sl'lgtee 

have average val. ue 115 .4( t.U 0 ~ ~he internal (c-o-a) emg-tes 

in the eyolohexall'le X'ing very :from 108.9° to 'fta.2° w!tb an 



/ 
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average of 110.9(2) vJhiob :ia close t4> the ;re;portea Ya.luee .. 

~be 'esternSl tlon-brdroeen englea ln. tbe phenyl 1'in« be:Je 

an average value of 12(h4(2)0 .as $Qaoteil. littt the u8].ez 

C4.C?•N1 and 04-0T-ll2 have Yalues 11,_.4(2)ti ~4 .111.6(2)0 

reepect:l.V'al.Y intU.cattng soae e•rain bet\9een tbe PJ'll'i•idtn• 

and cyolohuan& rln8s. Th• tetrahedral, ().C..O bonfl an8lel 

in the aa;k,-1 obain .:rall6e trot~ 11J.1° to 11S•9° With a 
men veJ...u.t 114.2(2)0 which exQeeu., ~be expected ~ae 

by··allQut 5°. "'.fhe bc~d angLe. c1-0'i•N'3 :i.e 178-.2(2)0 • Devie-
- ' 

tion fro• tbtt. 11mear1 t1 of' the cyano'bon4 wae found ia 

"tber oyancoo!JSpo~de49•52• l?he e..lr d1etances rsttsee · 
from o.96 A0 to 1.14 i With ·11 ttoan 'V'a:Lu~ of 1•0,(2) i. 

!ne J.eneth ot tbs itutlr e~tended t~&ecul,.e· estimate4 

t!-om a. etereo mo4.el ie found to .21~2 i wbene.n tbe length 

of tbe mol,cule (in the eryetl\ll.ine state ~s 20o1 lo fhie 

t·n0ieetef.l; that 1a 'the ·cl7sta.ll1ne st!\te tbe atol.ecute :.te 

in nearly most. e•ten4e4 ton. 

~be l.eaf>t G(l:uaree planes for diftQI'ent .l)atote of 

tbe maJlecute have been caloUle.:ted .• '&e equation of tba 

consis'ti tuent atom~ have bel!n l.isted i:a table 4.6. A.e 

expected, tba phenyl" ring and tlu! pyriutitline _ring .sbcw 

a high th~ir'ee of plansrita. fhe 4ihedra1 angle betwEJ..on 

the phenyl ring and the »Y~imit'U.ne ring ie 2°. fa~ cyano­

s-roup e:&ome 01 and M ' are ·di$pl.acad s:Llebtl-7. upwaltd ftom 

the Plane -of the pben)'l :ting. Jfh~ oquati()JJ. of the pl.aae 

Q:f the oydlohex$nci riner is ~ven in tabl.e 4~6· the c.r~o­

bexane :ring ie in ~hair tor~~- fbr~e atoa~J a~e di·JSPlBced 
. ' 



upward frotn the plane and three a.r~, difJplaemd dow.awa:rd@ ~~be 

dispJ.aeements tor 011 and c14 are approxieaately ! o.a A,. 
tor 012 and C15 :t o.4 I and for 01·' ani 016 ! o.;; i. ~be 

'· . 

4:lbed~ engle b"tween tbe c.vcaobe~ne ring and. ~~e pyr.t~ 
. . . 

JA~ CJJeul,~f. -P.~flkins 

racld.UB ot POOPF rJol.eoules in ab and $c· plane e:i?& 

eboW!{1n lf:lgure 4.4 and l'i~ure 4.5 :eesp&otivaly. Frot'l 

theee :figures it in cl.ear that. the phenyl and pyrimidines 

are .&Lmo~t in the ac p1ene whG%!aaa the oyolohexene· ring 

11! 8lm.oet ·at· right angles to this plane. :Paiere of aol.e• 

cule.s related b1 e oen~xae of 87ame"tr't giYe rise tc a 

sheet of parallel molooult!fs in ao plane and these 

aheets of paired pa.raJ.1el. motecul.·$s ue eta.oked in an 

imprioated mode e:Long tbe b.a.xts. ~be ,oryatallin$ motli­

t!os.tion of PCOPP therefore co~~esporule to the c0n:u.aonly 

found moleoulatt: pa.ckiru.t in a no•atogeaie prf)cursor. Witb 

the inoreaee in the:nal onerBY• a traaefomation tn tbe 

11qui4 or1stel.line etate ie preeUtasbll' adco!f:lpJ.tshed b.r 

the ·oreakdown of the U:leoular stacking OJ.ong b-tt-xtf# .. 1J:his 

givee r:.\ Sfi to th:.ree tranela ttenel. degrees of f%'ee4oe of 

tbe pair of pe!-al.1f4 mol~oUl.ee aocompsnted by rotati~n 

abQut the l.o!'lg mol.ecular axi.tH ~he' transition ie tbue 

(ltaplaaive typ•• 
\ 

'·· 



All interatomic <lonta.o:t dictatH.!es lens than 4 R 
invo:lving !'!on•b.r(lrog0n atome @~.J.sr have been ~i£ted in 

telae 4.? o we note that th$ onlu distanoe between C6 

of· i!to:LecUl.8 at ~. y, m and ~BJ of ·molecule ~tt 

1 + t - s. ~~ It ie Olor.te to the ~um ot the 

Vander Wael 'e radii of the atoms. the length of tbeae 

pair of azol eaul•e whi eb ar-e in head to bead eo.nfigttra­

ttt)n ie 39.8 J. On the otherhand tbe 8ppal,ent longtb 

ot the ~oleoute 1~ nematic state ie found to be 26.2 B. 
which is 1 .. 2 timee the most extended fltoleeular length • 

. fhiB ia often found in cy:.:u1oooaapound s and to explain 

thie e. bimol.ecular aseociation of the t!!oleculea, 

because of eyanoerroup interaction, ie involvea.49,52-55. 

We therefor• ittf'~r that in't~l:'aotion betw0e11 dipolee. o·f 

cy~noeroupe exieto both in oryatalline and nematio 

phaes. In ot7staJ.l.incJ tr~a.te the over~ap ic amaJ..l 

{ tu oyanoregion ol:llt) uue to steri c bind ranee a.nu in 

n0mati¢ ate .. te this ie ,rouzopassred b; inereaaed tbe:tmfiil. 

eneru giving rise to large overlap (extending czrsno 

1io pyrim;td:ine). 
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Newman projections of Page· No.: 1 

H182 H202 
C20 C18 

I /\ H191 ~ H192 
H1B1 H201 

C14 C21 
H192 H191 

(C19 · - C18 ) (C19 - C20 ) 

H122 C9 

180 

65 \ I I";R 

8 ~ 
C11 

HH H121 N2 1 0 H10 
C8 

179 7 . 
C13 

C16 
(C11 - C12 ) - (C9 - C10 ) 

179 181 

N1 1 8 . ·o C5 
C3 .N2 

C4 8 N2 1 C8 

180 178 

(C7 - C4 (C7 - N1 

C12 

CB ~ H11 9 C10 

C16 
(C11 - C9 ) 

178 

8 C10 H8. 1 1 
N1 C11 

180 

' 

(C9 - C8 ) 

180 

~- C9 
H10 ~1 C7 

179 

CN2 - C10 

C15· C12 

57 

H11 t \ r-- H161 

68 

C9 
H162 

(C11 - C16 ) 

---
179 --r:-

\ . ~ 

8 
'V 

C4 1 C10 
N1 

181 

(C7 - N2 

180 

C6 0 8 C7 C3 1 H5 

179 

(C4 - C5 
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Newman prbjections of Page No .. 2·· 

180 179 174 180 

8 C7 0 C6 8 C17 
C5 1 0 H3 . C4 0 1 H6 6 N3 C5 0 ·1 H6 
C2 C1 H5 C2 C2 

179 179 180 179 

67 \ / 1=;7 54. 60 59 64 59 

C13 

~ 
H151 c·15- H131 H152 H161 H211 H2~2 

66 59 63 60 61 

C16 C18 C1'4 H212 

H14 ... · H132 C11 H223 

(C14 - C15 ) (C14 - C13 ) (C15. ..:. C16 ) . (C21 - C22-

'. 
•'•" -

-~ 
~ ·., 



~ 

Newman projections of Page No. 3 

C19 H212 H132 H122 

54 \. _/ 63 61 

H211 I--- H201 C11 

~ 
H131 

r-
' 

70 I \ !::11::1 ,-. 
··•....-

67 

C22 C14 
H202 H121 

(C2f - C20 ) (C12 - C13 ) 

"": .~~ 

I 



n 

-~----~------·----~-------~ 
. Hol e l'oJ'DIIIla 

Mol. Veigh• 

Crya'kl. s;v~tem 

Spaoe &fOIIP 

a • !8 • .,(1) l 
b • 7 .1\)8'7(5) 1. 
c ~ 15.~(1) i 
a • 106.:S.5 (S)4 

V • 1927 .Sl i l .. .., 
»0 a l.1S ~~--
. ., »._ • 1.11 s.om _ 

z • " 

·c u_, Jl 
.,.;22---;,7 ' 

Jl3.4i a/mol. 
MoDOcllnio . 

Pa/a 

'· 
N~ber of 1Dde~en4ent reflections 3277 

~ber ot observed retleotioq .. 2246. 



A-tom X(G) '( (6) .t ( 6 ) . Ueq 

01. 0.59&5 (1) 0.2702 .(3) -o.Ol44. (a) 0~060. (1) 

oa 0.5153 (1) o.a615 <•> .o .o?79 ·(a)' o .o?o '(1) 
QJ · o.-.1 (t) o,a4.11 (3) ~.0269 ·(2) 0~064. (1) 

04J o.468~ <i> o.a .. a· (3) o.Q6~ (1) 0.055 (il 
05 0-.5667 (1) 0 .25:U (4.) 0.1096 (2) ' o.o68 (i) 
06 · o.6sn (t) . o.a66S (4.) 0.0590 (2) o.o~ (i) 
ff/. · o.~ (i) 0.2310 (J) o.~to (1) o.os6 (1). 
OS ·0.3122 (1) 0,2178 (4) 0.1262 '(2) o,o7o (:ll 

09 0 .,,,. ·(1) . 0.2169 (3) . 0.2195 (1) o .o60 (s) 
010 o • .sss (1) . 0.2204. (4.) 0.2581 (2) o.07t (1) 

O'i o.ai03 (1) u.aoa• (J) ' 0 .2'776 (2) o .o64. (1) 
C12 o.at?s (i.) 0,,,76 (3) '0.2528 (2) o.o7t (1) 
Oil o.t6~.f. (1) o.3466 (4) 0.3155 (2) o .o15 (a) 
014. o.tJU (t)· . 0.1515 <•> 0.3155 (2) o._o66 (1) 
015 0.19'' (1) 0 .oo,.o (.) . . ' 0 .l:JaO (2) . o.o79 (a) 

'016 ~.2440 (1) 0.014.3 (4) Q..2740 (2) 0.075 (2) 
'017. 0,64.4.9 (1) o.as,. (3) -o.0883 (2) , o· .Q69. ( 1) 
.018 ' 0.08&4, (1) '0.1318 <•> 0.3813 (2) o .o7.7 (a) . 
01, o.Q1l0 (t) o.~~u. <•> _0.3598 (2) .. ·~.o11 (a> 
cao .· -o.OJ41 (~) 0.2)67 (4.) 0,4.256 (2) o.o7J (a·) 
021' -Q.too; (t) . 0.3684.· (4) o.4102 (a) o.ost (a) . 

.. caa ... 1687 (2). o.;sl&~ (S) 0.4736 (2) o .os.s (a) ~ 
Hl 0 .360,0(10) 0.2251(,) o.o?s' (t)· o.o66 (1) 
H2. ' 0 .~S67(10 )' 0.2282 (3) 0.2106 (1)-. 0,071 (1) -li' 0•68<69 (1) 0.293:S <•> 4!100 .1S;G (2) o.o92 (a) 

-·- ,... _, ~ - - - _. - - -;- - ~ - .. , __ - - lltlli. ~-- - - -- -- -- - -- - .- .. - ... 



. 
· Table 4~ 

..,.._., I II • 

ADia~trop::Lo· tbe.rmal parameters ot the non hydrogen ·atoms Wl.~D the e.s.d.s 
in parenthesis~. Tbe temperature faotor is of the fo~ 

. . [. ''2 . 2. -!1'.2. . .2 J(2. .2. ;(f). . . ~ . 

bP-2Jt (U,~o..; -l-U2.2.kb +U3~U:. +2u12 1-!1<~.b +.2.U.23 1<Lb~c:*")J. 

Atom U11 U22 U33 U12 U13 U23· 

C::1 o.os6 (1) o.oso& (1) o.oso (1) o·.oo26(10) 0.033 {1) -0.001(1) 
oa o.o,, (1) · o·~oa7. ·(2) o.o69 (1l -0~005 {1) o·.o26 (1l -0~006{1) 

Cl o.oso (1) o.o77· (a) o .o7:i. (1l -0.002 (1) o.o23 (1) -0~003(1) 
O.f. C~04.9 (1) o.o4.8 (1) o·.o7a (tl 0~0042(9) · o·.0247(10) o·.ooo(1) 

C5 o·.ost (1) o· oao& · (2) 
41 . . . 0~073 (1) . o~.oo7 (1} 0:.022 (1) . 0~003(1} 

cc:t o·.o"9 (1l o·.o79 (~l 0~085 (2) o·.oos (t l o·.o21 (1l o·.oo3(1) 

c7 o.oso (1) 0~054 (1) o.o6g (1) o.oo,7(9). o.o220(1o) -0~002(1) 
C8 .o-.051 (1) o·~ogo (al o·.o7.& (1) -o-.001 (1 l o·~027 ·(1 l ·-o~oo.3(1 ,. 

C9 0~056 (1) ~~062 '(1) 0~07.0 (1 , .. 0~00) (1) 0~027 (1) -o~.oo:s(1) 
010 .. 0.056 (1) 0~097 (2) . 0~067 (1) 0~009 (1) o·.o25 (1) 0~000(1) 

011 o·.o,, (1) o:o79 (2) o·.o68 (t l . ~-!00). (1) o·.oa6 (1) -0~002(1) 
012 o:oos (1) 0~066. (1) o-.094 (2) 0~003 (1) . O~Q4.1 (1) o·.oo2(1) 
C13 o·.o66 (1) · o~o73 (2). o:too (2) o·.oo, (1) . o.o47 -(1)- -0.001(1) 
014. 0~055. (1) o:o77 (2) o·.o7a (1) 0~001 (.1) o-.026 (1) 0~006(1) 
015 0~076 (1) o:oo7 (2) 0~099 (2) .0-.010 (1) o.o.a (1) o-.014. (1) 
016 o·.o?6 (1) o.o7o (2) 0~093 (2)' o ... oog (1 l o.o-&6 (1) o.ooa · (1) 

,-, C17 o:o~:s (1) o:o68 (1) 
' 

o:oas ·(a) o:ooa (1). o·.o,·8 (1) -o:oo:s (1) 
C18 . o.o63 (1) 0~093. (2) o_.oss (2) 0 ~007 (1) 0~038 {1) o·.o13 {1) 

. 019 0~059 (1) o.e9l (2)- o.oas (2 l. o.oo, (1) o.036 ·(1) 0~011 (1) 
, cao 0~062. (1) . o·.oaa· ·(21 . 0~085 (2) ·o·._ooa (1) 0~035 (1) .0-.003 (1) 
:oat 0~066 (1) o·.oa7 (a) o-.102 (2) o-.004 (1) o.o40 (1) o·.oo:s (a) 
022 o:oea (2) 0~109 (2) 0~111 (2 )' o-.0.10 (2) · o.o54. (~) 0~001 (2). 

.... . N1 o~o,9a (9) o:oa)(1) . o·.o?0(1) -o·.oo15(9) o.o2.u(9) -o·.oo3(1) •'. 
H2 o·.o5a3(10) o.o96(2) . o.o1o(1) 0~008 (1) o-.0245(9) . 0~001(1) 
NJ 0~019 (1) 0~102(2) 0~113(2) 0~091 (1) o-.058 (1 l. 0~000(1) 

·' 



_-,, 

Tabl:a 4.4 .. ... .... 

' I • . , 

Fractional coordinates ot the hydrogen atoms and isotropic thermal 
·parame,era ~~b e.s.d. in parenthesis. Atoms are numbered according 

' ' . ' 

to tbe_beav,v atoms to which ~hey are attached.· 

Atom 

·K2 
Bl 
BS 
B6 
B8 
&110 

B11 

B1' 
B121 

B122 
B131 

B132 

B151 

H152 
Ht61_ 
11162 

B181 
11182 

H191 
H192. 

W:O~ 

8202 

- 11211 

11212' 
- 11221: 

' H222 

11223 

:z:( & ). -

0.4.98 :(1) 
0~40? (:1) 
o·.,a:s (1} 

o-.673 (1) 

0~257 (1_) ' 

0~"'' (1) 
o·.310 (1) 
o-.09& (t) 

0~187 (1) 
0~24-" (1) ' 

0~127' (1) 

0~198 (1} 
0~169 (1l' 
0~.2]0 (1) -

9:211 (1) 

u·.as• (1 > 
o·.o~s (1 > 
o·.117 (1) 

-o.o29 (1) 
-o~0-19 (1) 

o·.uo1 (1} 

-o.~55 (1) 
•o.133 (1) 
-o.o78 (2) 

•0.169 (1) 
-0.117 .(:t)' 
-o-.191 (2} 

- y ( c) 
0.265 (3) 
0-~241 (3) 

0~248 (3} 
o-.274. (3) 
o-.211 (3) 
o:211 (3) 
0~227 (J) 
o-.1jo· _()) o-.,,, (3) 

0~483 (:S) 

o··'" (4l 
0~,1 t)) 

--0~118 (4:) 

0 ~025 ( 4) , .' 
·_ .;.0 ~009 (l) 
-o.o7a (4) 

-o·.oo1 (4) 

0.-166 {3) 
0.)9'7 (4)-

0.239 (J) 
0.247 {J)_ 

0~099 (4) 

o.:ss6 (4) 
. '0 ~502 (4) . 

0-~20. (4)' ' 

. \•. 

0~352 (4) 
o-.431 (4) 

z ( 6 ) 

-0.14.8 {1) 
-o-.os7 · (2 l 
0~179 (1) 

0~092 (1) 
. o:o9o (2) 

o::s26 (1) 
o::s46 <1> _ 
-0~249 -(1) 
o-.184 (2 l 
o-.258 (1) 

o-.299 · (2) 

. o-.385 (2) 

0~'336 '(2) ' 
. 0~411 (2) 

o~2oa (1) 

0~.286 (2) 
o ·.-:;s6 ( 2 ) 

' 0~-447 (2) 

0-~363 (2} 

· o-.297 (1) 

Q.496 (2) 
<f.42~ -(2) 

_ o.J40 (2} 

o-.419 (2l­

o.~46o (2 l 
o·.541 (2) 
0~.46-5 (2) 

u 

o·.o'7s (7). 
o-.090 (7) 

0 -~07 4. (6) 
0~08) (7) 
o·.oa9 (7) 
0~076 (7) 
0-~068 (6) 

o-.062 (6) 

o-.oa• (7l 
0~08:5 (7) 
·o-.095 (8) 
o~.092 ·(7) 

0~104- (8) 

(f.094t (8) 

' 0~074 (6) 
0·.111 (9), 

0-~101 (8) 

o~o8s (7) 
0~096 (8) 
o-.082 {7) 
o-,oas(7)-

0-.097 (8) 

0~099 (8) 
o-.125 (10) 

0~119 (9) 

0~114 (9) 

'() .128 ( 10 ) 



n 

~· 

i _)c.~ 

Bond distances of toe non hydrogen ctowa in angstrom td tb standard 

devJ.aUou• in vurealtbes1•. 

01- Q& :l.o:l93 {~) 010 - N2 1.336 (2\ 

Cl• 06 1.3"11 (&l· C11 • C12 1.5ll (2) 

gs- at? 1e44r1 (~ l. 011 ~ 016 1~!i21 (2l. 
.. 

ca- c' t.)Bo (:al C1~ • C1' 1.531 (l) 

a'- CU 1~37· (2) . Ct' • 014 t.5:S1 .(3l 

04• "' 
t.4W2 (2l -C14 • C1!J 1.523 ('l 

06..;0'1 1~4.66 (~l C14. • 018 1.531 (2l 
05- 06 1.381 (al C15 • 016 1-~!1,, (3) 

o1• Hi 1.341 (~l Ct?• l~l 1~142 (:~l 

o1•11& 1.J25 (2) C18 • C19 1~'>12 {ll 
08•09 1.:;7. (al Ct9 - c~o 1.S~6 (3) 
as- NS 1.)41 (~) 0~0 - C~1 1.~03 (3l 
09- 010 1 sst • (~) C~t· ~ 1.509 (ll 
C9- 011 1.505 (2) 

Bond cUst.anoel8 ot 't.hQ tqarvgoo atuAtis in ausstl~vru, ui th otanda.nl 

4evlationa 1D »areu~beaie. 

ea- ua 1.u3 (1) C16 • U161 1.04 (tl 
Ol •JQ 1.03 tal 016 • U16,j! o.96 (:a) 
05- a, . 1.o:a (1) C1S - Ut81 1.05 (2) 

06•ll6 1.00 btl eta -.u1s2 1.05 (~l 
. 08- U8 t.ot (2) C19 • H1~1 t.ov (al 
010 - 1110 1.01 (1) Ct9 • H192 o.99 (2l 

011 - 1111 1.05 (1) c~o- 11211 1.10 (u l 
cu- Btat t.os (a) - c~o - uao~ t.o:s (2) 

01~ • Btaa t.ut (2) C"1 - 114!11 t.ua (~; 
013 • H131 .0.98 (~) C21 • 1121:.1 t.o:; (6! l 
013- H1la t.us (~) c~~ - u~~1 1.v2 (2l 
C14. • U16 t.04 (1) C4.-.!2 • H2~2 1.04 (2l 
015- 11151 o.97 (a) C~;.; - il"'c.!l 1.uo (al 
C15 • 111$2 t:t4 (2) 

Cunta •••••• 



BOnd angles of ,the non hydrogen atoms with standard deviations 
. . . . . ' 

in paren$beli1&. 

Ql·• 01 - oo· 119 ~9 . (:.& ) 09- 011 - 012 11:S~· (2) 
ca • 01• c1? 119.2. (al 09 - 011 ... ,016 111.6 (2) 

··o6 -_.oa,- ct7 12U.9, (al 01~ • 011 • C16 soa.9 (al 
01.- C& • C3 119.6 (2) ott- au·- c13 . . 111~3 (2) 

~-0)•041 . '121.3 (2) 012 -. C.13 - 014 I 112~6 (a) 

03- ·c•- c; . 118.'7 (2) 013 - 014 - 015 109:2 (2} 

Cl • 04. • o1 1~1.9 (2l C13.•C14 • 018 112~? (2). 

05- cu..- o7 ' 120.J (2) 015 - 014 -· 018 110.1 (2) 

o• • OJ • o6 tao.• (al 014·. • OtS • 016 .112 .• 2 (2l 

Ci •. o6 • .e, tao.a (2) 011 - ~16 • C15 :1.~1~0 (2') 
C6 • .d'l ·• N1 111~1 (al . . .01 • C1'7 • NJ 1'78~2 (2l 

I 

0. -· Q7- Ha 117 ·' (2) 01" ~ 018 - 019 115~9 (2) 
111 .. ttl- Jia. ·125~3 (al 011- 019.- aao. 11,:1 (~) 

09 - Q8 "!l lit 1.24 • .2 (a) 019 - cao - 021 113 .• 8 (2) 

08 ·• .OS) •. 01U· 114i~1· (al oaQ ~ cat - 022 113~9 (al 
08 • 0' • C11 124.e (a) o? .. Mt- ca 115:9 (2) 
cso- 09 ... 011 121.1 (2l 01 - N.a - 010 116., (al 
09 • 010 • NM . 124.~.1· (a) 

I 

Bood auglea 01 toe hydrogen atoms with st~~dard deviationu 
ia parenibesi•~ 

ot·~-ua 118,tl H151 •. 015 • H1~2 101 (2) 
C3- oa- ua 122 ·(1) Ci:l • C16 • !1161 · . 103 (tl 

.... 
-.> 02 - OJ • ·ll3 . ~2 (t·) .011 - ·ct6 - !1162 ioa (2) 

04.·• 03 • HJ 117 (1) C15- Cir nt6t 109: (1) 
C•·• 05.• HS 117 (1) G15 • C16 - Ilt62 11. (1) 

· G6 • 05 ~ BS 
. . . 

.12,. (1) U161 - C16 • B162 107 (2) 
. ··ct-,Q6- 116··. 121 (i) C14·· C18 • ll181 111 (1) 

05- o6- H6 . 118 (1) C14 • 018 - ll182 100 (1) 
09 .. ·08 .- H8 .. 121 '(tl 019 • C18 • 11181 109 (1) 

· Contd•~••••• 



ro 

·--. 
I . 

'·- ... ;,....-

\ ./ 

1, 

li:quasions· ot loast squares planes• the individual and r.m.s. 
d1aplaoewent• ( ~ ) .ot tbe atows trom tbem~ 

---~---~~----~~~~-~---~~~---~-~~---
KquaUon& of tbe planes Ato~.q t:. 1n i r·.m~s ~ 6 in I 
-~~~-~~--~---~--~-~-~-~-~--~~------· 

- .oo44 

o4 -.ooa4 
c5 .0033 

06 .001.2 

Other a$oma o11 

J. ~0106 .I + .1891 
+ .9S19 u 4.5425 

N) 

- .oo<LO 

~0077 

c10 -.oos9 
N1 •.0025 

N2 -.0012 

ct1 

cu 
c1J . 

. 014 
015 

.016 

.2332 
.• .3702 

-.5259 

Dihedral angle between .lJ.lane 1 and !;lane 2 is ~.001° • illana 3 and 
· plane. 2 is 78 ~80° 



,, 

I ... 

•( >l, \) _,: 
. Ta b}rJt ... !•1 

Ili~~~;~eoular eontaot distances less than. 4 i (invilpng non-· 

bJ'drog~a· ato111e )_ 

- ~ ~-- ---- .. --- .... -- ..... - .. _ ... ------ .-- -.·----- ~ -
C1 • a O'Jb 

01 ... o,• · 
01 - cu,'b 
.c1. -.07-

.. 

Ci• 
O"'b_. 

C1 ~ Nt6 

01 ... N.b 

C2 - o,a 
c.a -C*Jll 

02 - 06a 

· C2 - (U,b 

02-- O'Ja 

C2 • C!jll 
I 

02 -01 •.. 

02- C7b 

02 -G14ro 

03 -c:s• 
CJ • ·C'Jll·_ 

c:s.- _o,•' 
CJ- ·04~. 

03- c,•: _· 
CJ -· 05~:. 

.Cl - co• 
-c3- Cob; 

,-.T79 

,.928 

,~7)8 

,~783 

,~767 

. :s~1ta 

: '· 782 
,,,,~ 

:3.813 

'~~sa· ~ 

3~5~7 
.. 

,,_935 

,-,7~9 

3:"Ja7 

·i.sa7 

3._955 

:f.762 . 

J,82J 

,-~688 

. :J~7f)7 

,-~768 

,:7sJ 
3·,935· 

3~744 

06-- 0168 . 

06 • N'J0 · 

e1 - Ct78 

C7 • Ct7'b: 

as- ·ca0--

cs - 0178 

ca - ct7.b 

CS - N1~ . 

C8 - N'/' .. 

CS- Nlb. 

C9 • NJa 

.09 - Nlb 

010- C21t 

010 -·C21g 

011 - 021t 

.c11 - c2t'-. 
' 

. 'b 012· -NJ · · .. 

C1.5 :-C22e 

C16 ~- Nla 

:c17 ,;. Ni8 ' 

C17 - Nib 

C11 - Nld. 

C:i.S - N2e 

s:996 
3,4.99 . 

:s:'91'J 

,-. 72) 

i.906 

f.128 

f,711 

,: 762' 

. 3-,632 

3-.4, •. 

3,841 

,-. 705 

.:>~781 

:3:781. 

.3-
8
937 

f.9J7 
-3.821 

'3,911 

:f.573 

f.620 

:-s.soo· 

3,.910 

.N1,- N3a·. 1. . . 3.9 . .3~ 

N1 ~ NJb . ':)~.688 ,, . . 

-------~------~---~-~-~-~----------. . . . . .·. 

No:Dea. xyz-· a'i 1-x, y, z. b: 1-x,1-y' z ,c::;·~/.:i:;-x,y,z, 

. . dl- 1 + ~' ..;x, y, z el 1/2 +. x~ ,y,_ z :,,_~: 1/2+x-1~ 1-y,z 
,, 1/2 + x, 1-y,. z. , .. , '• . 

c . . ···:· 

..... , 

... : l. . ~--. ; :~ ~ . 

.. ·"1 
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In. the p~esent work~ have reported the optical birefringence 

and x-ray diffraction atudi0e. o.f li.quid oryatal~:i .. ne substal\Cea, 

The eamplea studies are PCOPJ?, Pt1TP, PllBA, n.DllA, PPC.PP, 500'8. 

A. bat sta§e wa.s deeigned to study the textures and 

the pbase tranei tions of the compounds under s polBriging 

microscope. A higb temperature X-ray camera was designed and 

fabricated in our ~abora.tory for taking :flat p~ete photogra­

phs of liquid crystal. samples in p.resenoe and ~bsence of 

masneti.c f'i~J.d •. 

From tbe observed textures under polarising microscope 
' ' 

and lU.ffra.ction photographs we~e P.m.mples .POTP, PBBA, EllBA. and 

P.OOPP. were ·found to ilave nematic phase onJ.y. 

x-ray di:·:ffraotion photographs ware analysed to 

obtain apparent mo:t..eauJ.ar J..ength ( l ), and average inter­

mo~e·aule.r distance (D) in the meaopbase •. In case of P»BA 

the apparent molm~W.ar J.ength ( 1 ) in its mo$t Gl(tended fol'!B 

dete!'!Xlin.ed by .Pr!ncton moJ.eeul.ar model Kit ie Sligbtl,y higher 
. . 
than th a length of the mol eeUL e (L .) • In oeee of POOPP and 

POTP 11 the ratio of l -to· L ia 1.25 and ·1.28 respeeti vel,y 

whicb a:t•e probably due to molecUlar aarsooi~ttion as in other 

oyano compounds. It ie a common feature in the liqUid eryeta• 

lline samples. ~he l an·a D values of tbe sampl.e E»B.lt s 

were eel cuJ.atGtl and f'\)und to ba eJ:moot · equf.ll· to· that obtained 

by Leadbetter et aJ. 2 ~ As tbe resul.ts were already ra:ported 

b,y tb~, so these are not repentea .• The average intermole­

cul.ar. distances (D) are .founti to. be :in the expected range of 

4.8 i to 5~75 ~ in all eubstances~ .!be val.ues a.ro some time :t~a 
. . 

fo-.md to in~rease eJ.igbiay. with tempera:tures •.. 

\ '• 



x-ray diffraction photographo at of ·t11e en~pl es were oircmlerly 

scanned wi tb 8 microuensi tometer end the men~:;ured optical den-
-

a:L ties x were converted to relat•ive X~ray intenoi tiea using 

standard call.ibration method. :Prom these intensity dats norma­

j- (~) in a poweP 

and .( .P4 / were calculated. ln prine:l:p:te ·-"•V<it coUld al~t.O obtain 

/..._ P0 / ..(p8 )' etc. from our data but experimental.. uncertain-
) 

ties and truncation errors i.nvolvecl in seriea repreaenta.tion 

would make the valuea of the these higher order parameters 

unre~i.abl e. 

Tha experimentally obtained ·<... P2 > end 

az·e compared with thsea obtained theoretic& estin.u;rtion. 'X'h0 

(._ P 2 1 valuee of tlle ltlampleD 'FN~TP agree ·well With the iH.C. 

theo1•etica1 val!!e8. that of PBBA anc.l BB.BA a'LrJO aereae wellbut 

slightly, J.ower near tranmi.tione but Bimilar l"esw.te found . ..(P4 ) 

vaJ.ues of other aJ.. so' • near the nemati~ - inotropic ·tratl.r'<i tion 

tewpara.ture, where the ex:perimentel ( P2 / val.tH~s a.re s.igni­

fica"l~~Y ~ow~r thart the theoretics~ ve:Lueso ln oase of EOCJf'll' 

the order parameter£~ are Sligbt".Ly lesa than the theoratic;z.J. 

val.u.ea even. .at J..ower tempera·curea. ~uch behaviour of the trfm-

si tion temperature. have been found in the daterm:tnation of.( JJ2 > 
... 

by magnetic anisotropy mem.'cu.rementa~ t1i tra ar4d Paul, 1987 

Low val.ueo of < P2)at near nematic isotropic transi·tion tempe­

ra·tures have bean report~6 (Chan~, 1975: Sen et ~J., 198'3; Maf.!hu­

sudana et al, 1-971; Dunmu.er et al., 1978) ._ As FJaid earLier this 

may be due to the fluctuatit''l!l ot the director whioh is wore 

pronounced~ 



Crystal and mo3.emuar f;'t:rt::.cture of .'POCPP in the 

solid phaae have alm) bean determined •. This is a part of 

ollr prograra to determine the conforme·t:tona~ behaviour of 

a meeogeni o compound in the crystat.J.ine phase. 

We have undertaken the att1dy of. the crystal and 

mol·eeular ~truotu:t. .. e Qf a. homologoas series 5-( 4-Alkycyelo­

hexyl )-2-( tl-cye.nOl)henyl) Pyrimidines all of then having 

nematic phase. ln homologous series of thermal mecogens 

containing &ky.l cbains, the type of J.iqui.d cryD·taJ.~ine 

~owest members of the series r~ay not yield liquid oryatela 

those with intermediates chain lengths. yield onl.y neu.Hutio 

phases. flmectio phaa~s of :» 6 types J!. or C appears only 

when soma eri tical ch1I.tin l e11gth in reaanea. Theoa proper-

ti ea- ol early h:ave a fi'tructurel basi. a. The strtactures of 

ECCU?l' and HGCD?P have a1. GO been determined which wil~ be 

reported elsewhere. 

The stru.ettlre~~ wen soJ:ved 13y a.pp~ying direct method 

package program 'Sit:JPliiL-f(;>' to X ... ray diffraction intensity 

data. The orystal belong to monoclinic system wj,th space 
0 0 

group .. 1 found a = 18' 431 Pt , b ::a 7.,1027 A, 
0 

C = 15 .)42 A and 

oell. Lenet fJquares refinem(3nt l.atll<ls to H = .049 and Rw = ·ot,8 

fpr ?.246 o beervetl refl eotiono. Thtt> moJ. et~ul es are f.7itltl to be 

in their mosd; extanfled con:f'o:t.~ation. As expected the phenyl 

ring a.nd. the pyrimiiline ring ehow a high degree of ·pla.nari ty. 



The d.ibedral aneJ.e between the pheny~ ring and the pyrimidine 

ri~1g is 2°. And the t1ihedra1. angle between the oyoJ.ohexmH~ 

·ring and the pyrimidine rintg ie 78.4°. The phe.ny.l and pyri­

midines are almost in the a.e p~a:na whereas th.e cyclohe~ane 

ring .i.s P.J.taost at right angl ea t(> thio pJ.ane. Pairs o:f 

molecUles reJ..aterl by a. oentre of syrur.tlatry eive rise to a 

sheet of parall.el t~a:te molecules in ae plene and these 

t:lbeets of paired ~olGculeo are staeked in a.n imbricated 

mode aJ.ong the 6 -. axiril. The cryEtalline modi:ficn.ti·rm 

of the Darnp~a therefore correspont1s to the comownly fo.und 

mol.GHmlar packing in a nematogenic. precursor. With the 

increase in thermal a energy o a transformation in the 

liquid cry~talkine ntate is presumalay accompli~hed by 

the brea.kdovm of ·&he molecult~tr stacking aJ..ong b-axis. It 

could transform ·frmn tha solid pba.ae to nematic phase by 

means of a sing!. e G.intntci ve trm1si tion • 
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LISTFC FOR **· Q27SLA ** 

Q 

H,O,O -8 111 -103 4 133 140 H,0,7 
-4 170 178 6 298 -306 

2 373 387 -2 169 189 8 34 31 12 68 -65 
4 222 -227 0 182 -205 10 52 -56 8 236 -241 

·6 335 3;28 2 1677 1769 12 124 -121 6 219 -235 
8 50 -53 4. 914 -946 16 35 -29 4 183 181 

10 61 56 6 339 346 18 43 38 2 534 -539 
12 74 61 8 519 517 0 222 -214 
14 24 24 10 39 -45 ~,0,5 -2 23 -1,9 
16 48 -45 . 12 32 35 -4 60 -61 
18 78 -75 14 44 4'8 18 17 -16 -6 598 -595 
20 34 -32 16 154 151 16 29 -25 -8 102 -113 

18 37 33 10 75 71 -10 63 ·65 
!"f,O,l 8 32 2~ -12 141 141 

H,0,3 6 223 -224 -14 268 -276 
20 ·45 -43 4 287 312 -16 47 '-49 
18 79 -74 . 16 43 43 2 830 914 -18 38 40 
16 68 63 10 259 243 0 643 -705 -20 64 -62 
14 75 86· 8 46? 4 66 :-2 34 37 
12 51 49 6 193 -200 -4 48 -46 H,0,8 
10 77 -76 4 352 -368 -6 326 -323 

8 21.1 205 2 465 509 -8 508 -483 -20 39 -41 
6 3-4 7 352 0 530 601 -10 118 . 112 -18 40 -41 
4 156 160 -2 326 -358 -12 89 -84 -16 42 39 
2 675 726 -4 522 548 -14 576 -580 -14 88 92 
0 ·558 645 -6 73 -72 -16 437 -437 . -12 24 -26 

-2 41 50 -8 161 166 -18 65 63 ~10 288 294 
·_-4 179 -200 -10 21 25 -20 ·29 30 -8 58 . 52 
-6 55 -52 -16 186 ,-178 -6 442 -439 
-8 .. 238 -2-56 -18 45 -48 H,0,6 -4 130 143 

-10 43 44 -20 19 20 -2 82 -90 
-12 '92 -104 -20 27 -27 0 12 -10 
.-14 24 -23 H,0,4 -18 38 40 2 168 -163 

. -16 108 113 -16 194 191 4 123 131 
-18 45 ·51 -18 36 38 -14 183 -199 6 154 -159 

.. - -20 29 .. 29 -16 . 502 -516 -12· 69 68 8 -415 -423 
-14 206 -211 -10 28 -29 12 l02 99 

. -_ H, 0 1 2 -12 31 32 '-8 468 -456 14 18 17 
...:.1o 253 -247 -6 74 8 743 

-20 87 82 -8 769 746 -4 237 -235 H,0,9 
-18 166 -178 -.6 152 -167 0 633 -682 
-16 148 -152. -4 161 178 2 254 -274 ' 14 47 -45 
-1-4 ·: '32 -:-33 -2 114- 115 ' 4 60 59 12 29 -27 
-~2- 12~ -131 0 312 -353· 8 39 ·-38 
-10· .107 111 "2 706 -782 12 50 -52 



LISTFC FOR ** Q27SLA ** 

H,0,9 -8 275 275 -2 80 78 -4 21 16 
-10 17 -19 0 32 35 -3 37 -33 

10 221 -217 ·-12 20 24 2 26. -29 -1 36 -37 
8 278 -281. -14 258 283 4 29 29 
4 ·172 -169 -16 63 62 6 32 34 H,1,16 
2 33 40 8 47 42 
0 49 46 H,0,12 3 22 -27 

-2 28 -24 H,0,15 -1 34 31 
-4 153 ·158. -18 26 27 -2· 32 2.9 
-6 485 471 -14 108 114 4 16 -12 -3 54 46 
-8. 203 -193 -10 28 30 2 33 40 -4 44 -38 

-10 245 240 ·-8 321 320 0 61 62 -5 25 -21 
-12 58 -61 -6 163 . 164 -2 149 -144 -7 20 -21 . 
-14 17 18 -4 34 -33 -4 28 30 -9 19 -18 
-16 142 150 -2 34 -31. -6 51 48 . -11 56 -49. 
-18 49 -51 0 31 -34 -8 45 -41 -14 . 14 12 
-20 . 17 .. 11 4 ".31 -21 -10 28 -26 

6 24 -24 -12 68 56 H,1,15 
H ,-0, 10 10 18 13 ~-14 45 -.39. 

-16 64 54' -11 71 -62 
~20 40 . - 38 H,0,13 -9 27 -27 
-16 112 127 H,0,16 -7 21 -8 
-14 43 39 10 19 -15 .-'5 60 58 
-12 188 -184 8 22 ·23 -14 36 26 -3 45 ...;41 
-8 113 113 4 18 -19 -10 23 23 1 5.5 -63 
-6 148 -145 2 27 -35 -8 41 -36 3 61 -66 
-4· 204 -218 0 . 40 -45 -4 36 -33 4 20 15 

2 43 41 -2 40 43 2 29 35 
4 44. 40 -4 187 -186 H,l,14 
6 57 57 -6 .396 393 H"0,17 
8 87 -87 .-8 232 225 1 90 -102 

10 162 -163 -10 78 -75 0 26 -24 0 18 20 
12 29 25 -12 43 49 -8 ·26 -23 -1 73 -79 

-14 37 28 -10. 50 46 -2 31, -33 
H,0,11 -16 57 -48 -12 35 -32 -3 25 -24 

-18" 44 42 -4 58 59 
10 25 -20 H,0,18 -5 18 -14 

8 18 13 H,O,l4 -7 32 34 
6 16 -14 -6 32 -27. -10 23 -19 
1: 17 -18 -i6 36 29 -11 29 -31 
2 2"6 -20 -14 31 -25 H,1,17 -12 22 -17 
0 57 -59 -10 67 ·-63 -13 24 -22 

-2 33 -32 -8 . 73 68 -11 33 28 
-4 332 353 -6 216 213 -7 20 13 
-6 127 -125 -1: 177 171 -5 62 -57 



LISTFC FOR ** Q27SLA ** 

H,1,6 -1 32 ·27- -12 68 69 19 15 -13 
0 44 -45 ':""14 173 -171 

2 55 -63 1 150 155 -15 98 105 H,1,2 
0 43 39 2 182 191 -16 23 25 

-1 176 -187 3 227 -222 -17 92 -98 18 31 29 
-3 97 -104 4 113 -117. -18 36 39 17 29 -31 
-4 45 44 5 23 -24 -20 17 -17 15 117 120 
-5 262 259 6 143 144 -21 51 -48 13 59 56 
-6 84 82 7 21 -20 11 25 -18 
-7 840 :805 8 109 -=-106 H,1,3 '9 127 -121 
-8 211 -205 9 29 31 8 188 -180 
-9 95. 92 10 18 -18 -21 48 -50 6 36 34 

-10 74 70 11 55 57 -19 15 19 5 216 -217 
-11 57 -56 12 24 23 -18 108 -110 4 123 125 
-12 89. -87 15 27 22 -17 236 232 . 3 383 399 
--13 75 -73 17 34 35 -16 47 50 2 461 500 
-14 57 59 -15 382 391 1 1955 1989 
-15 168 -167 H,1,4 -14 103 105 0 441 -471 
-16 27 28 -11 130 -130 -'1 58 51 
-17 53 57 17 107 104 -10 23 -24 -2 233 -252 
-18 19 :-20 15 50 47 -9 221 211 -3 353 -384 
-19 49 46 12 20 16 -8 182 -170 -5 155 -155 
.:...20 17 18 11 55 -51 -7 226 225 -6 145 154 
-21 21 20 10 37 -35 -6 19 19 -7 76 75 

9 78 70 -5 217 -220 -8 79 . 74 
H,1,5 8 51 43 -4 38 -40 -9 51 -48 

7 166 -164 -3 202 -210 -10 55 49 
-19 22 -19 6 62 -59 -2 110 116 -11 65 -66 
-18 22 19 5 231 -234 -1 202 -218 -12 54 -51 
-17 78 80 4 81 86 0 32 7 350 -13 26 -29 
-16 78 -85 3 81 ~85 1 818 -887 -14 63 63 
:-15 57 56 2 50 56 ·2 459 -495 -16 54 -56 
-14 92 97 1 277 -294 3 214 -229 -17 170 168 
-13 93 93 0 46 -4 7 5 30 -27 -18 27 27 
-12 24 19 -1 247 259 6 61 -58 -19 37 -36 
-11 62 59 -2 49 -51 7 73 -77 
-10 97 -91 -3 172 -176 8 99 98 H,1,1 
-9 ~19 308 -4 37 34 9 112 -100 
-8 33 -26 -5 88· 89 10 49 4 8 . -20 25 -26 
-7 734 713 -6 37 36 11 80 -77 ....:19 62 -59 
-6 16 18 -7 16 15 12 24 -24 -18 42 43 
-5 116 122 -8 203 200 13 30 30 -17 18 -6 
-4 46 50 -9 249 242 14 25 -21 -15 29 -26 

~ -3 74 -74 -10 17 -11 15 115 119 -14 46 -48 
-2 21 -20 -11 38 41 17 89 84 

n 



LISTFC FOR ** Q27SLA ** 

H,l,l 6 219 -217 2 864 -831 2 491 -482 
5 368 -375 1 271 265 4 123 127 

-13 35 -35 4 259 254 0 1329 -1266 5 113 119 

-12 53 49 3 183 181 -1 305 294 7 28 -25 
-11 50 -52. 2 150 -149 -2 507 505 8 481 -463 
-10 64 -56 1 641 -627 -3 529 -533 9 43 -41 

-9 76 77 0 312 303 -4 80 -75 ll 19 -18 
-8 20. -22 -5 380 386 12 24 -25 
-6 51 -54 HI 2., 0 -6 366 3 71 14 46 -47 
-5 55 -60 -7 161 160 15 19 25 
-4 69 -72 0 2622 -2381 -8 126 131 16 133 -129 
-3. 19 13 1 621 -595 -10 48 -47 19 43 -42 
-2 207 217 2 1069 -lOll -11 35 35 
-1 39 -38 3 64 7 -626 -12 23 28 H,2,3 

0 50 -56 4 215 205 -13 39 41 
1 98 104 5 196 189 -15 109 -112 18 29 -26 
2 96 -1-04 6 4 72 -449 -16 73 -79 17 18 -19 
3 79 78 7 242 232 -17 19 20 16 33 -32 
4 161 -165 8 31 26 -18 15 16 11 24 -22 
5 286 -289 9 22 15 -19 53 57 10 113 -108 
6 188 181 14 51 -51 -20 55 . -55 8 477 -447 
7 648 -624 •16 60 62 7 405 391 

·. 8 137 131 17 54 -52 H,2,2 6 105 104 
9 445 -416 18 20 18 5 200 -195 

11 49 -48 19 43 44 -20 39 -35 4 182 184 
12 25 -26 20 40 40 -19 52 -55 3 161 -161 
13 50 48 -18 118 127 2 390 -388 
14 28 25 H, 2·, 1 -17 40 -40 1 161 167 
15 27 30 -16 45 47 0 173 179 
16 51 -48 19 24 21 -15 135 145 -1 96 -96 
17 62 58 18 56 51 -14 105 11.4 -2 235 -229 
19 64 62 16 69 -65 -12 68 65 -3 55 53 
20 39 37 15 42 -43 -11 26 -25 -4 208 -218 

14 60 -63 -10 25 24 -5 49 53 
H,l,O 13 19 18 -9 61 -61 -6 40 42 

12 43 -40 -8 35 -34 -7 67 -64· 
19 .20 -20 11 30 28 -7 47 -49 -8 109 -108 
18 61 -55 10 27 -20 -6 57 -57 -10 75 -75 
16 66 63 9 63 -66 -5 152 -156 -11 122. 127 
15 95 -89. 8 . 33 -17 -4 217 -22i -12 44 48 
13 30 31 7 316 -299 -3 64 -67 -13 110 -113 
10 40 -37 6 423 -395 -2 177 171 -14 57 -58 

9 88 -82 5 343 327 -1 425 428 -15 78 75 
8 55 -so 4 388 375 0 488 -483 -16 255 256 
7 317 -306 3 214 -200 1 48 :-47 

·. 
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LISTFC FOR ** Q27SLA ** 

H,2,3 11 20 -19 0 459 . 443 H,2,8 
10 62 -59 1 21 28 

-17 31 32 9 156 158 2 154 152. -20 25 28 
-19 22 -24 8 58 -62 3 205 207 -18 48 47 
-20 17 -13 7 28 -25 4 152 -156 -17 23 23 

6 97 98 5 66 -67 -16 88 -84. 
H,2,4 5 121 -124 6 142 140 -15 41 -40 

4 321 -318 7 4~ 46 -14 28 28 
-20 13 -13 3 142 -140 8 25 -25 -13 78 77 
-17 43 -46 2 180 -185 10 47 52 -12 82 -79 
-16 416 414 1 160 164 11 51 -51 -11 49 -49 
-15 37 -37 0 331 348 13 24 25 -10 166 -169 
-14 155 156 -1 22 -10 14 18 19 -9 26 -29 
-13 102 103 -2 66 57 -8 42 38 
-12 53 53 -4 30 34 H,2,7 -7 25 -25 
-1.0 57 -57 -6 ·18 19 -6 118 115 
-9 118 118 -7 94 -9.7 12 37 37 -5 52 -51 
-8 231 -23'0 -8 153 155 9 28 -26 -4 76 17 
-7 27 23 -9 36 -35 8 256 2.54 -3 53 58 
-5 56 .54 -10 220 217 7 43 45. -2 '18 -21 
-4 ' . 28 --24.=·-11 138 -138 6 136 136 -1. 17 -21 
~3 32 31 -12 33 -34 5 54 -4 7 0 32 34 
-1 168 -163 ·-13 271 .270 4 25 -24 1 59 -61 

0. 230 242 -14 582 578 3 106 99 2 ' 180 175 
1 144 152 -16 233 231 2 293 277 3 25 -23 
2 '39 -46 -17 169 -169 1 29 -30 4 58 -55 

'3 30 27 -19 23 - 2 6 0 244 250 5 45 -45 
4 216 220 ~1 33 -32 6 86 90 
5 116 112 H,2,6 -2 32 28 7 113 -1.09 

' 6 151 150 -3 25 -28 8 33 7 328 
•7 53 -47 -21 15' -14 - -4 33 27 9 133 131. 
8 125 123 -19 20 20 -5 32 31 11 59 59 
9 127 -127 -18 95 -92 -6 203 200 12 30 -27 

10 42 -42 -17 31 35 -7 20 -19 13 42 -44 
11 26 23- -15 21 -21 -8 363 361 14 23 # -25 
12 74 76 -14 166 172 -9 301 -296 
13 27 25 -13 222 -216 -10. 222 -217 H,2,9 
16 26 25 -12 107 -108 -11 154 156 
17 15. 14 -9 118 120 -12 117 113 14 34 32 
18 .29 -27 -8 114 105 -13 106 104 11 16 -15 

-7 147 152 -14 70 68 10 215 211. 
H,2,5 -6 20 8 -15 88 -91 8 244 239 

-4 21 0 -16 44 44 7 55 -53 
16 18 16 -2 57 48 -20 57 56 6 62 63 
12 57 50 -1 103 -100 



LISTFC FOR ** Q27SLA ** 

H,2,9 7 28 -30 H,2,13 -14 17 -15 
8 61 66' 

. 5 60 58 . 9 46 -46 8 25 -22 H,2,16 
. ·<· ~ ·,,4.- ·'· ' .. 4 :f. '41 . . 1"26 ~ ,./;~·. 

3 '29 -'29 
.. '· ... •: ·,.:--.-i' 

'10 ., 129 
' 2 31 -34 11 36 ·38 2 56 64 -13 . 21 -18 

0 65. - -64 12 21 -18 -2 33 31 -10 22 -20 
-2 35 30 -5 59 -59 -9 20 -17 
-3 67 -68 H,2,11 -6 255 -249 .-5 23 19 
-4 137 -140 - -8 208 -200 -3 20 '18 
-5 27 29 0 52 55 -9 82 76 -2 38 34 
-6 68 -62 -2 31. -34 -10 49 47 0 15 -16 
-7 43 '43 -3 43 -45 ;..12 30 -32 2 24 -28 
-8 141 -137 -4 72 -68 
-9 87 81 -5 41 40 H,2,14 H,2,17 

-10 74 -74 -6 61 -61 
-11 44 -40 -7 66 63 -14 24 20 -2 18 . 17 
-12 39 -37 -8 162 -158 -10 24 22 -4 19 . 16 
-13. 67 ,-65 -9 38 -35 -9 28 -24 -8 27 20 
-14 23 24 -10 84 -80 -.8' 39 -35 -9 14 ..:a 
-16 108 -108 -11 75 -76 -7 92 87 -10 17 -18 
-17 22' 21 -13 48 -48 -6 269 -255 
-18' '28 26 -14 186 -196 -·5 27 27 H,3,16 
-19 24 -24 -15 38 39 -4 66 -65 
-20 17 -14 -16 39 -46 -3 35 -35 -6 22. 23 

-18. 16 -14 -2 51 -48 -8 26 -25 
H,2,10 -19 20 18 0 47 -47 -11 32 31 

l 42 -42 
-18 16 13 H,2,12 3 40 42 H,3,15 
-17 25 24 4 31 -31 
-16 94 -95 -15 42 37 6 21 -18 -13 19 20 
-14 116 --115 -14 100 -99 -11 36 33 
-13 69 -73 -12 41 -41 H,2,15 -9 21 23 
-12 215 208 -11 18 -17 -5 22 -24 
-11 194 194 -10 57 54 4 17 25 -2 17 -14 
-10 40 -36 -9 130 . 129 2 32 -36 1 59 65 
-9 48 -45 -8 335 -327 0 16 -18 2 17- -18 
-8 50 45 -7 89 -86 -1 44 42 3 41 46 
-7 144 -141 -6 76 -77 -2 52 51 
.-6 74 75 -5 81 -83 -5 43 . -38 H,3,14 
-5 24 2'1 -3 44 48 -6 33 -31 
-4 26 -25 -1 43. -42 -7 39 . 41 2 37 37 
-2 66 65 0 62 62 -8 37 37 1 78 84 
-1 51 53 1 38 41 -10 31 28 0 '20 -22 

5 29 -30 3 16 -10 -12 36 -28 
6 53 -48 4 27 26 -13 '25 20 



·\ 1..) 

LISTFC FOR ** Q27SLA ** 

~,3,14 -12 28 -28 -11 79 -77 -~3 121 -114 
-13 59 -58 -12 66 62 -14 60 60 

-1 27 28 -15 36 -40 . . -15 20 . 21 -15 26 -24 
-5 22 23 -17 39 -39 -16 40 39 
-6 66 -64 -H,3,9 --:-17 20 -20 
-8 61 61 H,3,1l -19 33 -35 
-9 26 28 . -17 25 2-5 

:_11 15 11· -18 13 -13 -15 33 . 33 H,3,7 
-12 23 20 -17 23 -24 -14 31- 34 
-15 41 - -38 -15 25 -25 -13 . 84 -84 -20 15 16 

-14 16 13 -11 39 37 -19 24 -25 
H,3,13 -12 22 -18 -10 155 154 -17 : 23 -23' 

-11 3'7 -'39 -9 39 41 -16 30· -30 
-16 38 -33 -10 114 -105 . -8 182 -180 -15 28 -29. 
~13 20 -25 -9 130 125 . -7 70 68 -14 78 -77 
-12 21 18 -8 105 103 -6 23 21 -13 130 125 

.-11 24 -:24 -7 117 114 -3 27 -27 -12 198 195 
-10 57 -57 -6 48 46 -2 27 -25 -11 5'2 61 

-9 41 ;_36 -5 31 -29 -1 36 38 -10 178 -178 
~a 67 -66· -4 33 37 0 25 -24 -9 134 136 
~7 4 7 .. 43 -3 27 -24 1 102 95 -8 48 47 
-6 72 66 -2 49 -53 3 44 41 -7 104 -95 

. -5 47 47 -1 . 19 -18 7 68 63 -6 21 -23 
-l '53 55 1 28 ·-24 -5 118 -116 

0 21 -22 2 48 47 H,3,8 -3 25 25 
1' 29 37 3 40 -37 -2 58 -55 
2 31 38 5 35 -35 10 70 -68 -1 201 198 
4 23 21 9 50 45 9 88 -89 1 166 154 

8 60 56 3 20 . 16 , 
H,3,12 H, 3·, 10 6 30 32 5 59 -53 

1!~. 4 55 51 7 253' -243 
,9 1S -1.4 10 . 52 50 3 89 87 8 21 -19 
5 17 -19 9 . 44 '44 2 25 25 '9 122 -121 
3 28 25 8 34 -32 - 1 149 141 11 32 32 
2 40 -38. 6 30 -30 -l 101 100 14 20 . -23 
1 48 48 5 20 ..:19 -2 86 -86 
0 46 50 1 39 32 -3 48 -45 H, 3, 6. 

-1 85 88 0 49 -49 -4. 36 40 
·-4 23 25 -2 49 49 -5 29 -22 13 20 23 
-5 66 62 -4 43 -47 -7 39 -42 12 22 24. 
-7 276 268 -5 23. -25 . -8 '126 125 11 45 40 
-8 ·.122 -116 -6 49 46 -9 191 ·-192 10 34 -35 

.,: ..;.g 112 108 -8 120 119 -10 53 53 9 63 63 
-10 72 69 -:-9· 145 131 -11 84 -81 8 . 195 -186 
-11 20 19 -10 146 -).43 -12 251 -251 



(_ 'I) 
LISTFC FOR ** Q27SLA ** 

H,3,6 -2 .88 80 -19 34 35 13 39 -38 
-1 65 -60 -20 17 l-4 12 18 20 

7 61- -57 0 100 -91 ll 40 37 
6 . 112 105 2 22 -20 H,3,3 9 158 .149 
5 50 48 3 173 170 8 90 87 
4 44 39 4 24 -19 -18 79 82 7 42 -44 
3 41 31 5 73 -74 -17 120 -118 6 179 175 
1 21 . 17 6 90 ·-90 -16 40 40 5 99 "-90. 
0 64 63 7 29 -23. -15 210 -217 4 449 -435 

-1 101 86 8 95 93 -14 215 -225 3 352 -335 
·-2 30 35 9 22 -22 -12 76 •74 2 68 68 
-3 74 74 15. 23 ...:.2s -11 94· . -95 1 381 -358 
-4· 137 -148 16 21 20 -10 40 43 0 114 ' 110 
-5 173 -173 -9 69 -65 -1 1os· -;1.02 
-6 46 55 H,3,4 -8 18 21 -2 309 301 
-7 ·340 -329 ..:..7 .92 -84 -3 22 -22 
-8 39 40 17 ·58 -61 -6 50 -47 -4 65 -63 
-9 t22 -117 15 44 . -44 -5 197 182 _') 27 -23 

-10 82 82 11 29 33 -4 24 4· 223 -6 222 -220 
-ll - 41 -41 9 31 -31 -3 170 170 -7 34 -32 
-12 72 70 8 85 80 -2 286 -270 -10 25 28 
-13 97 95 7 80 76 -l 203 193 -ll 60 64 
-14 109 -106 6 126 -120 0 71 64 -12 53 -53 
-15 77 72 5 56 55 1 16 20. -13 63 61 
-17 14 -14 4 132 127 2 184 172 -15 54 -53 
-18 18 -16. 3 . 179 181 3 24 -18 -16 23 -18 
-19 26 -26 2 106 -104 4 20 20 -17 116 -117 

1 88 87 5 261 243 -18 20 16 
H,3,5 0 19 -21 6 88 83 

' -1 66 -60 7 82 76 H,3,1 
-20 17 -17 -2 47 43 8 193 -183 
-19 40 -39 -3 42 41 9 65 57 -19 26 29 
-18 22 20 -4 118 -106 12 26 23 -17 20 -20 
-17 16 -15 -5 62 -53 1,4 24 26 -16 41 -44 
-15 21 23 -6 117 . -125 15 90 -87 -14 52 55 
-14 66 64 -7 211 -209 16 16 -16 -12 29 -30 
-13 103 -106 -8 23 -18 17 59 -62 -11 56 58 
-12 172 .-173 -9 132 -liB 18 23 -22 -10 41 43 
-10 238 239 -10 129 -139 -9 99 -96 
-9 336 -328 -11 105. 107 H,3,2 -8 26 -28 
-7 294 -288 -12 30 34 -6 282 282 
-6 108 -109 -14 97 101 17 21 -15 -5 35 -28 
-5 70 -72 -15 . 123 -124 16 41 -40 -4 254 -244 ., -4 38 ·-27 -17 22 -19 15 80 -75 -3 326 320 
-3 42 38 -18 19 -20 14 33 29 



LISTFC FOR ** Q27SJ;,A ** 

H:,3,1 3 245 230 -2 66 63 
4 265 266. -16 63 -64 -4 115 107 

·-2 272 258 5 135 -127 -15 49 -51 -5 29 -34 
·.· ;·-, ,·, .. ._,..--. -:\·.··.:.:1·''· 343;,., ... 3·1 ·5 · · ... ':' , 6. 1.15 .·· .. . 109 . ._13 ·' 20c 16;. : -6 .·' 17' .•. ·'-13 '., : -~·-

0 79 -79 8 20 -17· -l. 2 130 -138 -7 39 36 
1 441 -415 10 22 -17 -9 16 18 -8 23 14 
2 67- -62 13 17 -16 -8 17 15 -9 17 17 
3 185 183 14 24 -22 -6 27 32 -10 90 94 
4 210 207 15 20 24 -5 47 44 -11 78 -79 

.5 241 236 16 42 37 -4 62 62 -12 26 -26 
6 431 -403 17 22 19 -3 76 71 -13 31 34 
7 4'67 44"0 18 39 -38 -2 69" 65 -14 41 -36 
8 48 39 -1 195 -181 -15 100 -104 
9 175 169 H,4,1 0 162 147 .:..16 115 -115 

10 39 40 1 155 .-147 -18 63 -68 
11 20 23 17 33 28 2 280 251 

-. 13 69 -6.8 16 27 27 3 106 101 H,1,4 
14 39 -30 1~ . 30 28 4 130 -133 
16 34 33 14 76 72 5 .85 -82 -18 30 -33 
19 26 -28 9 48 46 6 131 122 -17 100 104 

"• 
8 116 112 7 72 -73 -16 194 -196 

. H,3,0 7 143 . ·139 8 13 7 127 -13 39 ~38 
6 66 65 9 89 86 -14 203 -20~ 

18 20 18 5 183 -173 10 50 45 -13 86 -86 
15 28 33 4 243 -243 11 19 -15 -12 96 10'0 
14 34 ..:..34 3 24 7 217 14 ·. 4 9 51 -11 20 -15 
13 16 16 2 496 458 15 16 -is -10 22 -18 
12 . 49 49 1 42 -37. 16 40 42 -9 78 -78 
11 17 20 . 0 66,0 617 17 26 28 -8 102 100 
10 54 49' -1 383 -360 -7 54 55 

9 68 64 -2 . 102 -94 H,4,3 -5 57 -52 
8 25 27 -3 159 130 -3 30 -28 
7 221 201 -4_ 19-5 - -195 16- 38 36 -2 89 -73 
6 131 129 -5 15(;i -150 ·15 38 -35 0 68 -65 
5 93 91 -6 83 -88 13 34 -28 1 86 -83 
4 74 69 -8 38 -38 . 11 41 35 2 109 105 
2 381 -355 -9 38 38 10 68 64 3 33 34 
1 35 33 -11 41 -38 8 192 182 4 80 -79 
0 238 220 -12 57 67 7 220 -214 6 24B -237 

-13 63 -60 5 42 41 8 35 35 
H,4 1 o -15 32 38 4 110 100 14 16 -20 

-16 16 -14 3 '72 70 15 29 21 
0 858 799 -17 . 17 -21 2 21 -24 
1 388 369 l 106 -98 
2 326 306 H,4,2 -1 52 52 



(il 
LISTFC FOR ** Q27SLA ** 

H,4,5 2 90 -80 -2 23 -24 -8 74 -75 
3 111 -109 -1 27 29 -7 39 38 

12 27 -25 4 82 85 1 69 72 -4 66 65 
9 52 -55 5 67 68 2 61 -68 -3 19 24 
6 156 142 6 77 -7? 4 45 -43 -2 42 -44 
5 83 84 7 41 -43 5 29 30 0 45 -44 
3 17 17 8 75 -73 6 24 -20 1 17 17 
2 48 48 10 34 32 7 88 88 4 15 13 
1 152 -141 11 17 16 8 138 -138 7 27 38 
0 159 -156 12 29 -29 9 95 -98 9 44 46 

-1 50 66 10 55 -57 10 53 -60 
.-2 32 -29 H,4,7 11 34 -34 
-3 39 34 12 17 15 H,4,11 
-6 17 22 10 36 -3.7 13 16 19 
-7 19 -19 9 50 .-50 9 21 23 
~9 24 -21 8 91 -86 H,4,9 6 17 -12 

-10 163 -172 6 192 -187 1 25 -26 
-11 104 98 5 52 52 11 33 -37 0 19 23 
-12 118 -120 4 54 54 10 80 -88 -2 33 -34 
-13 176 -174 3 92 -91. 8 221 -223 -3 21 22 
-14 201 -198 2 126 -124 7 74 71 -4 27 28 
-15' 60 61 1 34 32 6 18 -22 -6 22 26 
-16 179 -181 0 136 -135 0 32 30 -8 160 160 
-17 111 113 -1 ·59 59 -1 39 -41 -10 65 65 . 
-18 32 33 -2 36 -35 -2 41 42 -13 51 55 
-1'9 19 -20 -5 23 -26 -3 29 26 -14 78 81 

-6 87 -89 -4 23 -21 -15 38 -40 
H,4,6 -8 151 -150 -8 66 67 -16 37 42 

-9 1~2 197 -9 39 -37 
-18 43 44 -10 31 -35 -10 126 131 H,4,12 
-16 52 -·54 -11 79 -80 -13 21 20 
-15 69 71 -14 65 -65 -15 40 39 -15 45 -45 
-:1..4 143 -135 ~15 58 56 -16. 40 41 -14 60 64 
-13 37 36 -16 38 39 ...:17 29 -28 -12 17 20· 
-10 195 207 -18 41 -40 -11 22 24 
-8 131 -127 H,4,10 -9 116 -118 
-7 79 -80 H,4,8 -8 135 133 
-6 60 -60 -17 43 -44 ;_7 81 84 
-4 23 -16 -15 29 28 -16 59 61 -6 85 84 
-3 34 -35' -13 46 -45 -14 67 67 -5 56 55 
-3 34 . -35 -12 48 49 -13 88 89 -2 28 33 
-4 51 -35 -10 26 29 -12 44 -43 -1 23 23 
-1 63 65 -7 47 47 -11 104 -105 0 32 -33 

Ia\ 0 191 -191 -6 70 -72 -10 44 -47 1 26 -28 
1 66 ·-69 -4 23 . -23 -9 42 42 



LISTFC FOR ** Q27SLA ** 

H·, 4,13 -2 40 41 
-1 .27 -31 . 

1 16 13 0 29 -30 
0 66 ·-66 

-4 15 17 H,5,12 
-5 73 73: 
-6 135 137 1 35 -36 
-7· 28 -24 -1 77 -77 
-8 115 1:).6 -2 20 24 
-9 74 -77 -3 32 33 

-10 18 -17 -5 36 -34 
-12 19 15 -6 41 -43 
-13 15 -14 -7 139 -139 

-8. 24 26 
H,4,14 -9 64 -68 

-10 50 46 
-s 68 70 -13 24 26 
-7 80 -82 
-6 132 138 H,5,11 
-5 19 20 
-4 '52 50 -13 19 16. 
-2· 28 -28 -10. 28- 33 

-. :-1 15 -8 -9 58 -57 
0 60 62. -8 19 23 
3 20 -19 -:7 47 -44 

-6 103 -101 
H,4,15 -5 24 -27 

-4 '42 42 
0 2·2 21 -2 29 ·-33 

. -:1 28 -30 -1 38 35 
-6. 16 20 2 24 -23 
-7 37 -42 5 19 16 
-8 33. -32 

H1 5 1 10 
H,5,14 

8 21 23 
-4 16 19 -3 39 -42 

-5 26 25-
H,5,13 -6 22 -20 

-7 ·30 . -30 
--9 16 14 -8 60 -~9 
-8 . 24 28 -9 65 -61 
-6. 36 35 -11 33 35 
-4 35 -39 -12 20 21 
-3 25 -24 -1.4 37 -38 

\._i - - I 
! 

-14 
-13 
-10 
-9 
-8 
-7 
-6 
-4 
-3 
-2 
-'1 

0 
1. 
6 
7 
8 

10 
9 
6 
5 
3 
2 
l 

-1 
-3 
-5 
-6 
-7 
-8 
-.9 

-10 
-11 
-13 
-14 
-16. 

-15 
-14 

H,5,9 

28 -29 
30 29 
36 35 
57 -54 
63. -59 
55- -52 
46 48 
44 -45 
22 22 
51 48. 
46 -48 
29 28 
39 -44 
30 25. 
35 -38 
34 -35 

H,5,8 

19 23 
24 29 
20 -20 
19 i2 
38 .-41 
18 -20 
88 "'":90 
25• -25 
40 44 
32 ..:..33 
49 -50 
29 29 
29' 29 

108 113 
31 -31 
43 43 
30 30 
25 26 
28 ·-29 

H,5,7 

23 -22 
34 37 

-13 36 -31 
-12 45 -43 
-11 52 -56 
-10 43 -46 
-9 75 -80 
-7 90 9.2 
-6 61 -68 
-5 74 72 
-4 60 64 
-3 '49 -58 
-2 67 68 
-1 69 -70 

0 36 33 
1 64 -61 
2 55 -52 
3 39 -39 
.5 21 15 
6 72 -62 
7 154 162 
8 48 53 
9 46 45 

10 3.9 39 

H,5,6 

11 19 -20 
8 49 47 
5 '46 -48 
4 27 -27 
2 19 18 
1 38 -32 
0 •65 -62 

-1 69 -63 
-4 26 18 
-5 84 90 
-6 78 -. 8 3 
-7 109 107 
-8 101 -11.2 
-9 70 70 

-11 48 53. 
-12 39 -37 
-13 63. ..,..67 
-16 56 62 . 



',I) / 

LIST~C FOR ** Q27SLA ** 

- . 
H,5,5 ..-2 58 57 5 58 -56 

-17 59 68 -3 64 64 4 98 92 
-16 16 -20 -15• 79 84' -7 23 18 2 86 -83 
-13 39. 42 -14 38 44 -13 53 -56 1 35 34 
-12 43 -40 -13 27 29 -14 52 56 0 194 199 
-11 21 19 -12 24 -21 -15 65 72 
-10 51 -51 -11 . 85 93 -16 24 28 tJ:,6,0 0 

-9 161 166 -10 25 -17 -17 33 40 
. -7 121 123 .:...9 28 2 5· 0 . 142 ·-142 
-6 73 79 -8 27 23 H,5,1 1 194 -195 
-5 19 18· -7 - 31 .29 2 245 -241· 
-1.· 16 19 . -6. 34 33 --13 18 18 3 19 19 

1 . 31 -3·0 -5 28 -24 -11 18 -19 4 55.· -54 
2 81· .79 -3 89 -87 -16 33 -35 5 18 15 
3 61 -55 -2 57 -56 -9 .25 22 7 50 -48 
4 81 -78 -1 91 -87 -8 31 -26 
5 -a.o 78 ,1 82 77· -7 57 54 H,6,1 

·. 6 62 63 2 111 -·111 -5 24 17 
g· - 27 27 3 52 52 -4 46 -48 14 26 -28 

4 70 72 -3 153 -156 9 33 -37 
H,5,4 5 188 -186 -2 66 -65 8 24 -28 

7 23 -22 -1 155 148 6 54 '' -51 
9 30 -28 9 26 -24 .0 69 -73 4 83 83 
6 . 26 -21 10 31 29 1 189 183 3 155 .-154 
4 32 32 12 17 -14. 2 115 110 2 158 -158 
3 97 -95 14 20 -19 3 121 -131 0 . 224 -223 
2 68 -66 15 46 48 4 97 93 -1 214 208 
0 81 . 76 5 91. -93 -2 42 45. 

-1 29 20 ·B,.5,2 6 29 30 -3 76 75 
-4 53 58 7 180 -174 -6 41 41 
-5 28 '24 15 30 28 9 73 -76 -9 21 -24 
-6 48 50. 14 .. 35 -31 10 54 -55 -11 20 23 
-7 102 107 13 35 33 13 37 39 -13 30 30 . 
-8 57 63 12 32 -29 14 4'6 43 
-9 75 70 11 30 -28 15 18 14 H,.,6 I 2 

-10 52 -:-60 9 5.8 -59 
-11 85 -91 7 54 -51 H~5,0 -14 37 41 
-12 64 66 6 64 57. -13 17 -18 
-13 20 20 5 125 124 14 20 -19 '-12 16 16 
':""14 21 17 4 33 -32 13 21 -26 .:...11 23 28 
-15 .52 52 3 151 149 12 22 -21 -9 19 -22 
-16 45 -48 2 90 91 9 64 -64 -2 19 -26 
-17. 44 48 1 47 40 8 56 -52 -1 25 23 

0 206 -195 7 77 -72 0 154 -153 
H,5,3 -1 92 88 6 37 -40 



' 1..\~ 

· LISTFC FOR ** Q27SLA ** 

" 
H,6,2 -1 81 72 3 28 25 H,6,9 

0 48 46 4 30 -28 
1 149 143 1 24 24 5 28 -31 6 32 36 
3 110 -112 2 57 -55 '6 56 56 -2 27 -25 
4 59 -58 ·4 83 86. 8 18 13 -3 34 36 
5 78 79 5 73. -70 9 1'5 14 -4 16 -20 

'7 41 40 7 45 51 -5 42 -42 
8 - 56 -60 9 39 35 H~6,7 -6 40 47 
9 54 ..;.55 10. 18 -20 -8 64 -69 

10 22 -27 11 20 -24 9 52 57 -9 33 -39 
8 54 57 -11 42, 46 

.H, 6, 3 . H,6,5 6 55 53 -12 20 -22. 
5 48 -49 

10 21 -25. 6 43 -42 4 33 32 H,6,10 
9 19 -16 4 30 -28 3 51 57 
8 66 -68 2 43 45 1 18 -19 -12 22 21 

- 7 49 -53 1 73 72 0 59' 62 -8 36 36 
5 16 13 -1 5'9 -65 -l 27 -31 -7 18 16· 
4 51 -48 -2 37 '36 -2 28 30 -4 31 -30 
3 18 14 -3 17 -23- -3 33 -32 -3 29 -31 
2 42 -44 :-4 31 37 -5 37 43 -2 53 53 
1 32 26 -5 32 -37 -6 21 20 -1 20 -18 
0 27 30 -7 38 44 -7 25 -31 

-2 73 -70 -8 19 -16 -8 86 92 H,6,11 
-3 40 ·-40 -10 71 78 -9· 24- -23 
-5 38 41 -12 22 27 -10 20 -23 -1 27 27 
-7 30 -34 -13 30 32 -11 27 -25 -3 19 -22 
-8 26 -24 -14 114 121 -12 53 55 -4. 21 23 

- -10 34 -32 
I 

-13 15 -1:3 -6 65 -65 
-12 ·27 25 H,6,6 -7 76 -75 
-13 39 39 H,6,8 -8 37 -36 
-15 59 63 -14 43 50 -:-9 32 34 

-13 61 64 -13 16-. -14 -10 40 -41 
H;6,4 -11 24 23 -:--12 29 -34 

-10 31 -33 -11 26 29 H,6,12 
-15 47 51 -9 66 -73 -8 21 21 / 
-14 71 78 -7 41 48 -7 45 -46 -8 71 -73 
-13 51 58 -6 66 72 -5 17 15 -7 30 -30 
-10 41 -44 -4 27 -34 -4 56 63 -6 24 -27 
-9 .50 51 -3 3'5 42 1 53 -55 -5 32 -32 
-8 19 21 -2 27 31 5 21 -22. 0 22 22 
-7 38 -41 -1 40 -43 6 28 25 
-6 32 -36 0 89 88 7 35 -40 
-5 l9 25 1 72 71 8 62 65 
·-2 48 43 2 37 35 



LISTFC FOR ** Q27SLA ** 




