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THE CRYOTAL BTRUCTURE



4ete Iniroduction

In this section, the cogplets aryetal structure &
doternination of Se{4"~nepontyl-ecydlohezyl )e2=(4*~Cysnophenyl J=
Pyrimidine (EGGPP) by meang of Teray crystallogrephy is des-
eribed. Attemptz have been made %o inveptigate the relo-
tionchip between the molecular organization in the crye-
talline =nd liquid crysisiline piate, Study of the mesoe
phase of this compound utilizing Xeray diffraction hap been
desoribed in Chepler IXl. Opticel birvefringence ptudy in
the 1iquid eryotslline phege is aleo given in the same
chepter,

@hé uolecular structure of this compound ie given

-
Cg Hy, —CN

4424 The geometry of diffraction

The phenowenon of diffraction by exrysiels resuits

below

from & peattering process in which Yeray ave scattered by
the electrons of the atoms without change in wavelength,

A diffraction a beam irs produced by such geatiering @ﬂiy

when cerinin geomeitrical conditions are satisfiasd, which

may bo in either of the two formp, the Brnggs‘:bavvaé

Lauee' equations.
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hoks 1 are integers [ is the sngie of wefliegbion, cdnkt

§s interplancy sproing A the wavelength, n ig an inleger

doternining the order of reflioction
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ces{de)
fne resulting diffraetion pattern of & cyyotal comparising
boih the positions and intensities of the diffraction
effects, is a fundamenial physical properity of the subew
tance which i used for the complete elucidation of the
atructure. Analyeis of the positions of the diffraction

- effoots Leads immedistely to 8 knowledge of the mize, shape

and orientation of the unit cell. To locente the poesitiona

of individual atoms in the cell, the intensitien wust be

measured and enalysed. Hoat importent in relating the
pepitions of the atoms %o the diffraction intensities

ig the slructure factor equation

—9 M i .“.
— - expani (o + eyl .
Fh K ;‘ 4) e )) 099(4-»2‘)
e . .
The quantlty B e funebion of h k1 ip esiled the
structure factor which oxpressen the remultent senttoring

gftect fr@m the aton contents of the unit oell as compared

.%a that of 2 gingle slegizon at the origin, [ﬁzKLl

calied the structure amplitufe is thus & pure nuphere
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nunber of electrong. 5} is the atonle seatiering
factor oy foram facisr of the th atom, ¥ the unit aalle
zontents, Xi o0 Y and 2, -ave the fractionsl
covéinater of the 3 th atome ,
Now the aloma in the unit ecll mre the pomitione

’ —5

of the high eleotron demeity ((=xvy2) ® so Faxt

-ean bPe exprocped ag

\?m_: H (ayz)exp ami(hx +»<3+Lz)ol 9
v .u(4.3)

where V is the volume of the unit cell,. Then by Fourier

bransfornation we have

$rg2) = L3 PP ot et
; esaldad)
) -
1f we could oblain a larsey number of Fae By diffzace
%gan_exp@fim@ntg wo cowld have éire@tly'&agive the crystal
gtructure by making e Pourier summetion.

@he conplex form of the éxpteasian for the gtructure
factor merely msang that the phace of the sosttered wave is
not einply related to that of the inei&ént wave. The phage
however is not an pbrervable quantity the anly obgervable
gunntity being the intensity which is propoyviionsil io IF[l

without &8 knowledge »f the phase a siralghiforward
Ppuricr summation to evaluate (xy2)  is not possitre
This ip the well known phape problean af Zeray orysialliography.

Frow the intencity data Lak( we daﬁarminev‘F%Kll
and diroct mathematical reietionchips are being used to

give phose information. | '
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b4e¢Be Grystal Dete Collestion:

Tvansparent plate like érystalé wore oblained fvom

5 golution of acetone by clow ovaporation. Lattice para.
_meteéa and gpace group were determined by taking o08cillife
tion end Welgsenberg photographe slong different axes. The
ceyetal belong to the momociinie gyctems The spaece group

jDQVQL, wap uniquely detsrmined from'the obgerved aysta»ﬁ
natic abscence of hol reflectione‘with h=2n* t. By
floatetion technique the denpity of the crysial was found
to Do 1,18 gm.ca™
{Le0e 2 = 4) The ealculnted density became 1.15 gm¢c$73

« Peking four wmoleocuies por unit ocell

which ie very close ip the obgerved valug.

A crystel of dimension 0.0%5 % 0.7 x 0.4 mma wam
used in the ecollection of intensitly data. It was mounted
on the tip of a giass Tibre and the fibre was ia burn
- feantened tn 2 goniometer head. Ascurate cell poramsters
were dotermined by & leapgt gquere f£it of Pin 0  values ¥
of 25 veflections within 20° [0 { 23%° measured on an
vinraf Honius' Cade4d computer controlled diffractometer,

2ol

=25E Cu Ky radiation monachrogated by & graphite monoe

e

chromator wes used throughout, The nams of the 4-civecle,
ditfractonoter aricen from i%s poasession of four are
which may® be used 4o ad just the 6rientatian'@f the erystal
az to bring any deéireﬁ_(h k 1) plane into refisating
roeidion and tﬁe deterctor o the corresponding diffrace
tion poritione A schematie diagrém 6f 0AD4 gingl e crystal
oriontet’ is given in Fige 4.1. The intensity data were
coilected By (O -20 sean mode. A& total of 3277 reflec-

/



#inne wera collected in the interval 4% (2 0 of whiceh

2246 reflections were teken »s oboperved and bad intongie
| tieg greater than 2 G(I) « The loporiant cryotoe
1},@@3@33113 data are given in tadble 1. The measured velue
of the intengity iz #iven b&

A
= A C— R:B
Twm " < : ) buy(‘hﬁ)’

wheve A = attenuation factor (26.55 for C, Wy )
m = an integey varﬂng Lrom é to 24 {0 suit the
particular oaae. -
C = total count.
R = Ratio of sean tiue to vackground
B = Total background cmmt.‘
. Phe standard deviation (£ CI) eelcutated on the basis
of counting statistice im given by

S( Frowo ) = Qof'n's@' A <C+ RQ—BDVD‘

‘0.(4‘&)
rpplying appropriate Lhorents polarisation factor corre-
ction Gy (descrived boiow) we get Leorr and £ CI CC’"")

T ’ ' 6@(’0""0)
— —_ o o./r\oL g,CIQO""') - L -
Leops ™ Lp ' P :
) oob(‘o?)

Thic intensity value i® then sonverted to To , the

sbheorved strusture facker with

l '4:"1 | = K C Teorr) 1 * see{4e8)
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X 'héing sealing e@ﬁgtaﬁt end the corregponding shandard
deviation is | |
| < 2= _ & (Teor)
\FB k T | Fo | nq_(-ﬁ*.?)’

Zhe intencitiew gollected ave adﬁgeeteﬁ 50 2rrrens
tionp f9r~a@r%aia<geametri¢alysnd phyeciesl Efactore before
being uped in the slracture determination. Theme are
described below: S

Lorents facltorp

Por each recigrocal latiice paiaﬁ $o pass bhrough the
surface of the spheve of refliostion the regnired length
of %ime werles &s & funstion of its vomition in Yeciproe
ea1 apaa$ ond the directien of i%é approsch to the

pohere. Beoauss the intensity of a refleciion is pro-
portionsl to this time o correction ism needed. ruch
gorroction is ealled ithe Lorénts foctor "Lz and 1% varies
wi%h_@@ffr&ctian geouetry. For pingle oryotal of noranl

boan eguation geonelry, it fe given by
b ,

bt ™ TS 200 .

. escle10)

-

Polarieation fagtor

In the nensl expeXimontal a%xang&wanﬁs, The X~r8y boew
is unpolerised which weans that the azdeuty of the
chootrio veotor apsumes K11 ﬁiﬂéﬁ%&ﬂnﬂ with tizes 2he
effective empiitude of the m&i‘aﬁah afder 1% ig roficce
ted by the crystsl at the aagi& 2° consigte of oniLy =«



N

the componenis of these azimutbals afber reflestion, This
fenture hap the effeet of reducing the intensity of the
Tezay beam by a factor p, known ag the polaviestion
feetor, | |
P=% (1+ cos®2p)
sosl{de11)
In our cmpe the incident bese is partially

polarized during monochromatisation by vrefieotisn frow
the based piane of a graphite grynital and P 'sakess'
she fomnm

-
%51.2 Q,rn‘f‘ Co 5 QQhkﬂ
[ + Co=F20m

Co20m+ G@szeh“l —k—Cl—' Pe J;)
' — . .
%mL’Fa¥ \+ CoZ0an

_ eoolde12}
where F%q} = g conptant depending on the erystel ueecd in
the monochromator (0.5 in ouy éﬁ?te)

Om = Hragg engle of refiection fron the

menoohromator cryatal.

These two correction tactors L and P are conbinedly '
termed as horents Polarization factor Ly beeaaaé of
the dependence of both on the sosttoring sngle O
Zxtinetion corveations
.&%@enuati@a of diffracted bedms way &8lsoe be caused when
the crystal is set et the Brage angle. Darwia® fivet
treated the efiect wathepatieally and terned thie ap
primary and aaaam&@my extinoction effeoct. Primary extinc.
tion involves the loas of intereity of the incidont beaw



by en inteference process following wultiple reflections

se the beam penetrates deeper nnd deepsr into the cryolsl.

Secondary extinction may, howewer, be concidered in oage
of strong reflactions. In thiz casze ap the incident bean
itp0lf travels inpide the crysitsl, it goen on lLosing
coneidernble froctioneg of iis energy by roflection in
the planes it encounters. Thus the plene lyieg deoper
rogeive lese and Lese incidont intensity. Consequently
the diffracted intoneity ie attenusted. This sffect is
prefominantly obeerved in law angle region. Correction
for this effect haz bteen derived>~6, zato? derived o
method baced on dynamienl theopy for eorrection to both
the effectn,

i Tompersture factor

¥hile introdueing the idea of etonic seatiaring
factor, '£*' we have not taken into consideration the
£inite size of the atom 1.8, of the olocliron cloud
about the atoriec atomie nuclous and slse the bthermal
vitration of the atom which increases the effective
volume &£ the electron coud, Desause of the firet
effect, the scaﬁtered intensily falls off with incres-
Bing ©in 0O end the gecond faetor sete fs¥ hore rapid
falle The Tirst effect is corrected by taking '£' values
from standard 2 Vs, Din 6 eutv&5'8°9 and the
effmct of thermel vibration, amsuming it isotrhpic. can
he teken oare by'maltﬁglying fa » the form factor for an



atom &t rest, by 2 temperatare facﬁ@xjo

$= foxp (- Bsin8/R)

QOQ(‘Q“g)
where the parameber 3, salled lestropic tempsrature
‘ - -2 _
factor is equal o 870 , U being the mean

pquare displacenent of the alomp from their aezn positione,
A method introducad by A.J.C.Wil asauﬂ
to obiain an overall value of B, and at the gaze time,

enables ug

plLaces all the obmerved intensities on an spproxiustely
absolute basis, .

He showed that sversge abesolute pivucture factor
deponds only on what 4m in the e6ll and not where the
atous ars located and hence for a yandom distridbution of
H atoms in the unit cell

5 2 N o
{1 EL p= Z t;
‘ | = ceolde14)
Pividing bhe entire reciprocal space observed into
angular zZones »f equal s? (o= 8in & Ixn )

{\ Pops |* > s N2
deternined for each of thems and then 2; +oj CS’”‘“’) is
el ewlated using the mesn value of q "s"- for aach
gong. Fince | F—;bs\l i usualily known on an arditrary

_Benle, we ey write

- %
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where <Lj F )7 ig the average abgoluie etructure
Paetor. To separate sut thernal motion in the orystal,

we write 'y

<\'F:l) 2+ ZUL—QXPC‘ZBJSD
j=! . . ' ssatlda16)

hoouving B nawe for sll atons

- N o
<:\F:|2)’== ”&XF><f'2E5%3:)§i f@
J=z!

eeel{4,17)
Subsgtituting thin in eguation (19) we get
QEM\'LVs K exp (2B )JZ,Z*‘OJ
| -’JmK# B%;\Q—G

oes{4.13)

The rlot of AIn {Fops T JZZ]J’ g
azaingt Sinl6/2>  emiled the Viison plot is there-
fore 2 gtraigﬁt 1;na excapt for the seatter dus 10 XD
rimental errore and Purnishes = usg with intercept of Ink
and a slope of —218

Whop instead of random distribution of atoumse,
groups of atoms with kuown Zeonetiy {such s benmene |
ring) aré preseat in the strusinre, they'may ba included
in the erwprersion for average intencity even known nothe
ing about their pocidtionp and orientationss When 6 groups

of known geomotry are present, the " of which contains
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H, atono, we npay wrile ueing the scnitering Pornula of

Beh9912

qr

N
& SimeR Yy S
(Erpy ) ) RhSEs b

J =)

oeel(4,19)
vhere Y. 4@ the dictanac between the 4'B ang 3§ th.
atomo of the Lk th group and & = gmid as bafors, The
plot in this oase is known by Dobye plot and gives &
better sgiraight iine fit for obiteining B and KX,

It 48 often advantagesns 1o use a Fe curve %o
do thisy, K (mid) ie computed for each zone of 52 mentioned
abova, as N

MEARES
| ovs{1420)

where £ ig e small inleger depending on the space gmyp13

1( ( g%r'd) =

A leapt squares procedure is ueed to it a beet smooth
anslyticsl funotlons, usuadly InKk =4 -+RsS
to experimental points. When 0 = 2,0, the curve is the
gane ag Bilson's plot.

After sciiing the dsta and s eptimating the
temperature factors we try %o poetulaté. a trisl struce
ture by direct methods.
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A.5, Determinetion of the tzial sbructure

‘Bhe trisl structure was doetermined by direet method.

Direct pethods of ecrysial structure delerminstion are usue
2lly apscociated with technigues in which phaces for a set
of strueiture foctors are detevnincd from the corvespond
ing experimental amplitude by prohebilistic ealaulstions.

| A large number of operating procedures for direot
phéga detorninetion have been proposed. Hoct qf’theae are
based on the same fundewentsl principles, but diffevs in
the manner of handling %he dota and extracting the phases.
we shall concider only the~funéamentaln of the methed
and the technigue which has been uséd in the present chasc.

initery snd ¥ormeliced Structure ¥octoras

For direct methoda 1i¢ ip an edvaninge to work with siruc.

ture factors for which the fall off with increasing sche
tiering angle hapm been removed. The unitery structure

factor im defined as

UCh)= r—-cm/z*

fo that \Uci\qD\l’:‘i

writing the wnitary se&tteriag facior as

-4 /3
: J”l

Ve nay write

N | ,
U(‘—\))—':Z. ﬁj—axf)gnlg.;i ‘ ' cna(402‘)
J=1 - ’ .



\ Another corrected strusbure Tactor, of great theoretical

iﬁpértange ig the normalised siruebure fagior given by
2 \
lEr| =

where éﬁ takes inte account

N
the effest of spuce group wymmebtry. Now if |  be the

conmen shape for all aloms then f; = ZJ-'?

Ep = e:"-‘ 7
h A \
(%.24'2 te)e
AN - 2
YD
5%2 (% /¢ )_O,XszC
1=
soslded2}

whare (5, Z: Z

E;‘ io eall.eﬁlthe noyeulired structure factsrs because
of its property.. This relationehip shows that the averag.
ing of B‘?

same 4o net true, howevery of either

can bo garried out regarfleme of 6 o The

and thip pimplifiontion im one of the mein reagons zhy

*?'s avrse preferred for use in dirvest methods,

- Siructure invariant snd pemi-invariant

A sitructure invariant iz defined ag a guantity which ip
independent of the shift of the origin of the unid oeli .
It can be showa that , the indennitien of

vofieotion L.e.  , are phructure invaviants.
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However, Gthe struciture faetour ibteelf ip not sirvehbare

invariante Dtherwise the phase problem would not exist

in oryestallography. The structure £aeﬁér FR  is given

by

F;=|FL’}€-XPL© ZJ’&F(27”'B‘ ?)

’ - auu{".?ﬁf}

whith ehdft AT of ithe ovigin, the sguation changes

to ', N 5 o

F;=Z}jex922wéﬁ<Tﬂ-4?>']
j= .

= ’ F{?! ZXPC:-Zﬁ[-ﬂ\ .q»}’) : -oug(4a24)
Thus we see that the phase changes by -—'Qxé?,aﬁ
while the amplitude i® » invariant.
In & sivilsy mx way &% osn be shown that | Fj|°
ie structure invarisnt
| F21%=Fr Fg = exp(-anif 4%) R exp(eniRa?) By
ene{4.25)

It can be phown that slthough the velues of the individusl

phuses depend on the strudture and ochoice of origin, eonme

 combinatione of them ie a slructure inveriant, For example

9 ) ‘
it +h I—‘“ﬂ‘zf}:ﬁ\’g, =0 then CPK -+ CF‘E; -+ Cﬂ?} im
& structore invariant for svexy space groupe It follows
éirecily from the faet that i) F?% F
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im an iﬂvmriant.

F e s = T exp(-2nih 0?) F i exp(-2niR.a?),
? K
F 9—2X?C2wua a¥ 4 2RLK: A?) F EW‘E-—K

ess426)
Sinee the moduli of The gtruciure factors are inwarieond
themnelves, the anguler part of FRFR PP
is alpo invariant iee. Pp T+ + Piik im an
invariant, however, this does not imply that ite value
i knowne ’

The structure seminiuvarianﬁ81£~ are thone linesr
combinations of the phases whose values are uniquely detere
mined Ey the cryetel estructure alone, when the shoice of
origin ie reptricted within pormissible values. feni-invaw
viants originnte from space group ayumelry. Por sach space
group +they have 4o be derived aepavaleiy. The struszture
invariants and egeni-invarients have bsen tadulnted for
ali‘épaaa groups in re!eranceiﬁw

In any spaes grounp any siructuve invariant de also
e structube segiinvariant, but in genersl ithe converse is

not true. 4 cowpleie theovy concerning this subject %% is

| given in & spericem of papers by Hamphman an&.xanle15'q7

and recently by Edhenk‘g’ig.
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vome relotions invelving the wasnituvdes and the phases

Mnrkor-Easper Inecuelitions.
In 1948 Hayker and Ka&pwm fmsﬁn@; Cauchy ine
equslity relation derived the follewing inequality v 218w

tion between magnitudes and phasces of unitary Nt&uetzga

faotors,
R L% {1+ uvap

.-:.(&.27)
If we denote the eign of U (KD by SR
which ean have the vsiueps either + 1 or .~ 1, %hen %his

rolationship ¢an be written as

Schy S (R Sdfrff()

A devciopnent made by Xawle aad Hauptmaﬁgg in the form
af an inequality does depsnd an the nénanegativitg of
glectron dencidys For 8 ventre syameiric structure where

U/‘E\__).,,—\—)Lg——) ﬂms ?T'Ves 1—UCﬁ)Q—- U(R’)Q

U(% K)+2U(h)U(lA)UC£\ k)77 O

from which, if the U's are u suf“"icww*ly larges; it mpay

\ba shown thet

g(%) SCK> S (R

A significent step in the development af dirgnd

nethods wap the one by '&ayraa‘?. This iz the most funda-



mental and davelopsed, what we refor to as fayre’s @quaﬁ;ﬁn.

' ¢he electron density is given by the spuanation

PR =-‘V-ZFC-H)exP( orih. %)

and we uway also writle

P(®i= —-F G (h) #xP (2nid )

wheze (3C'ﬁ2) 1e the Pourier coefficient nf the squared
density. -

It the sirunture connlein of egudl resolved mitoms,
then both P(F) and P(¥ )% wiil show equsi
regolved peskme If the soattering fackors of the goneved
atoms is vepresented by g and that of the norasl atoms
by T then

aselde28)
This ic %y fsyre's equation and is an exact relationship
between sbructure factore for equal and vesolved 8 tomp,
~ Tor a centrosymmetric structure it might be
aaeuned that a larse product on the right hand side of
{28) waa Likely %to have tdo s2ne sign o 'F<?ﬁj
This lenda %o the x relationship that for lLarge siruetuvre

factors

Scﬁgs(fgscﬁ—%’)sﬂr—i ildo2

9}
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whers 2 meang probally Maa.,m Thig was the cign Y EL e

23 2&

sionship given in the @am@rm by Cochran and Zachariapon

‘sﬁixgrémitms for the ;@mb&%@&lr’ey of {4.,29) heve Besn found
by & nunbsy é:&? anthorez, one whieh ig sufficiently anczurate
for woet purpoces and is @f conveniont form, *mss givsen bv’

25

fochran and ¥Woolfsen ‘s This iz for an egusl atom structure

¥%:b%4”£EMXQN%/ECKLEC%)Ek%F%)}
~ | |
v+ e(4,50)
whers Py iz the pmb&hﬁl*m thet the product of signs
An {(4.29) ip positive.
This oxprespion slco givens ﬁ‘bhe probal 35,15.?;5? that

SChD equels the edgne s ch) sch-47) . If
ﬁhgre are goveral paire of known signa sll ocontribubing
to the indiention of new ow(’sh@-n The yra%&aﬁi‘iiﬁy for
the new mign being  +ve wiil ba

, L S
Pr(h) = L5 tahlN T IERI L EChOECR-1)

=,
caveld.39)
In (4.%0) and (#.31) 4f the aiama azm ant oyual then
N'Ji n & replaced by Gz 62 | whepe
Sm= 3{_,23’}“
whevre 2 ia the stomic number of the 3§ th, atom.

‘%he approxinale phases thue obteined have to be vefined
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and #hat this may De genvinient-by done by ucing

forlowing bangent faremdle of ¥erle and Hampiman

I ( ")Smc@ﬁ 7t Pp)

ia/nCPg;=zﬂ ‘
gw (h-K) Cos CPp g+ Pr)

@ to(‘@o?z)

A gquantity 04;\5 which gives & méspure of the relise
bility with which CFE nay be detorvined ﬁaﬁ defined
by Earie and Farie
.2
EiKCﬁK) sm(®@p-g T CF*]
+[z\<@\ XD Cos(Pp_p T P T

vea{8,33)

4LL the theory givea above is the iannahiag pad from

which aodern direst methode have growa o the preseant

form.
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in our trizl otructure determination we have uped the
somplete dirent wethnd progran ﬂxmwﬁﬁ(263. There sre othep
direct mebthod prograw 'vis.' &ﬁﬁﬁx(a7js»¥EET55{283: xza, (29)
eapzt30), goeay(31),

@£m~pragra@ systen Sigpel ipm o complete direct
mathols sypiea, which may be enterved with /F/-values
and'nay produce an Z-pap of ithe strueture. The unique part
of DINPEL is formed by 8 mevies of routiness succesmeively
gatnering the relatlon-shipes and deteraininga starting
get, carrying out o pymbolic addition, finding the correct
nuneriocal velues ® for the cymbols and finslly exeocuting &
nuaericzl phass extencion and refinement.

he program pystems CSIMPRL is completely devol ted
to the symbolic addition method. |

In & pymbolic addition the following exprescions
play iaporitant roios.

The triplet relation

P = " Pp-x

for lLarge \ , :
: Ex= /NﬁzlEﬁEﬁH‘H'K\

and its cenirosymmetric ansiogue.
Sg = 3R 3§
in whieh € 4dg the eign of & reﬁleeﬁiana.
These formuvlae have their counter party when morve
than ono reilation ip available,

o - T Es (R Ty
" ZI;E?)




ard N
sg = A7 Ez SRE{R
K

In general, in the final siage of & pymbolic adéition elso
numerical phases have to be refined. Thisg 1z carxied out
by means of the tangent formpula or rather, becaupe phases
muet be known on the dnterwsl © &£ P £ 27y its
expaneﬁtial anal ogue,

5 Egpexp i (Pt Ppip)
eXP R T 1TEenpi (O + Pp_p)l

Ei.emente of & symbelic additions-

fai oulation of the normaiised piructure faciors

In the first ptep the expeorimental etructure fretor dats
are corrected for thermsl wmotion (Wilsom plot, Debye curve,
¥ curve), brought o absolute seale and finally converted
inte normalisged structure factors /B/.

wenoyation of the haao_refatinns.il‘

The phage relationshipe are collected. In the prograw
systen BIUPEL not only iriplet reolstions are generated,
but also positive and negative quartetsy relatioanship.

Harker Koupor relations snd quintetp are genovated.

z 1 ral auangz

K+l 2
gEz&)o)sz S%&C J . thL )



one positive quavter relation is tormuizted o

Pt Pt Pt Tyt ™ O

=1
m
!
m
\
ol
\
=1
1
!

-4 = - F
tor 1arge value of E4= N \ H

33
end 1arge |Eg4R | , | Epger| esa [ER. |

Begative qusrited relation

Por reamoncbly 1@53 valuep of Ey 2nd small

| . 3y
[Egar ! L1 Eger | and | Eg4p |

Harker Kapper rela‘&iong35
Using %he probebility that the produet 3CHHKDOX sCH-R)

is nogative, the iargev IEj |, | Ef+i7] and | E4-R]
and the sualler | £ 2| and |Eog | o Of course this
is the resul t éf a special -negatﬂ@ quartet, the gain ’
teras being Ej5 Ep E . and FE 7 2 .
Cuintets | |

Prom the general Hughee formuia derived by eimereka% the
quintst phase reiation can be wrriten as

F

PatPpt P+ P+ Vppwp-p T

In & firct approximation G 1o expected to be sero for



jarge values of
£
2

Es=N’|EjEgz EpEf E_jf-f-1-7 |

-—

Starting pet determination
The determination of the ptarting set bogine with

o convergence procedare similar %o that devirped by Germtin,
¥Wain end ¥oolfson (1970)37. This proceture cearches for
that reflection which ip the wemkost Linked to the other

reflections by means oflthe phepe relations end then thig
| refloction iep removed from the sat of refieationg, AT the
pane time all ite phege relationg are removed from the
collection of phase relation shipa. This process ig roe
peated until no reflsctiona are Left in the pet. Any time
a refleciion is vemoved without baviang phape relationships
linking it with obher phaces, thip reflection bhep taken to
be starting set. Hince e starting set reficctions with
large [/B/ avre preferrved, the use ¥ of itriplets and
guartets generally leads to very good stariing set.
The second step 4s a few cveles of symbolic addition
uging quartets aad trip1aﬁs, & enploying very strict
aceeptancé eriteria not allowing ralationg among the
syabolic phases, éhis leade to & muoh larger stavting

86%e
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9ne next step ioc the extension of the siarting cet.

enic is dome in TILRPEL using triplat reiations omiy. It ip
vorye osgential no errors are inaluded during thie proeess
and therefore, the coriteris uzed to accept a symbolic phass
f@r a reflection are very striet, iﬁ partiocvlar in the

h#éinﬁingl-rﬂ general, no gingle indication will be meespe
| ted uniese it volongs to the ten to fiftesn strongest
triplet relationships. For multiple indications giving
rise %o the same symbolie phape, hizh accepiance liaite
are epplied, Tn general these preesutions nake sure that
the resulting set of syaboliec phages contain the correect
solution, that is %o say that when the correot velues for
the syabols are subptituted ithe phases of the refisctions

are good enough to imege the siructuve.

Sumerdcal vaiues for thae sywbols:
Figures of Herit.

Witk the extended group of phaced vellections as
imput'uumérical valunes for the syabole ars calculated
using @ nunber of figures of merit (POR'S).

In genersl figures of mexit can Be bzsed on sny
guentity which cen be ezggete@ s be e&xtrenms for the sed

of correct signse. In 'CSINPEL' peéveral FOH'S may be usad.

1) The S:i- consiotoncy FOM Q (Hecheni, 1971§38”4

'2) The pooitive quartet criterisn (PQC), Schenk and
¥iers (19u4)% 29,

3)  The Wegailive Guavtet Criterion (NQ0), (1974).



wg:w”uﬁia criterion (Overback and ﬁnh@nk,i??é?gm'
)41.

4) The E
5) fThe Hnrkor-Rasper critevion (BEC, Schenk, De Jong

Apart frow the separste FON's ales & combined FOU ie
eal culated, which mosily aiscriminatéa the correct 2o0lu=
tion without diffieuities, '

After Geternining the symbols all symboliemlly phmsed
reflLeections e¢an get & numericsl phase. These phases are
then uped as sisrting point for a numericel phase extansieé.
bpecance in generazl the nuasber of phaped refleetione isg yet
sufficient %o oniculaite & good FP-map. In the controsye
ametric came this is achieved by means of & fast ),
refinemont and extenslon, in the non symmetirie ecape by
means of & usual tangent refiaement,

. In the BIMPEL produces & pet of h, &y 1, B values
with phopes, which can be fed into an E msp calowlating
#m progran with submeguent intorpretstion.

 Eventuslly the niomic positions can be tested on
the correciness and be vefinsd by 2 fast diagonel leset

sQueres Profgrase

460 firueture determination and refinement,

Tue structure wag determined by the direct methods progran
@1&@%3*8325 f@.@.ﬁierﬁ,&aé Hofchenk) using ail refiections
in order to employ &ll positive aund negative gquartet rels-
tion ghips, ell sigmal relations and all specinl {wo dimete
sional, gquartets apart from tripletm. Ths J00 stvongest
roflcetions wors phased uming 4 syabolis. The ¥ wap with

the highest @ combinsd Pigure of gerit revealed the sitructure



comphetely. Hvenitunlly the alonlic positions were tesied.
hy trial méructurse showed a R value of 229 o The giroce
ture wae refined by four arolen of fapt diagonsl leant
sguares program heving en ovey #1i teuperaturs faclor
and serle Tactor, the then findividusi g?g

_ SIRI- IR
> 1 F. |

Por the gpnee group Eple P2 /Q,

FAK( 5‘2 !rA"‘

; 4
r=3 4 iﬁ%é%x 2K C%—’Xp'f Kgr-f-L'z’,.) Cosgn(K}r__L_)
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Uy | }J, 2.4 o are the co-ordinaiss of the rih. atom .
2 B .

in b 59 a«mﬁ\@. Sawpation is over the noaber of atcas

-

in tho a,mywmﬁ\m@ undd
Cop o0 H=2D
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isetropic temperature factors. The R value come down to
Thres eycles of block diagonal ieapt squares caleculation
with aniszotropie temperature faciors reduced the R walue
o o At thips ntage a difference fourier wap coupuled %o
1ocote the poeitiong of the hydrogen atoms. ALl the hydrogen
atons could be lLocated. For further refinement. For further
rofineaond Bll rofiestions with I £ 25 6 (1) were
regoved, The giructure was now refined through several
cycles of biock diagonel least squares ellowing the none
hydrogen atoms, to vibrete anisotropleally end hydrogen
atons haelng an overail fixed temperature factor,

A weighting scheme with

= (59 + Fope —+ 070031 bestf— L was applied.

Wrtinetion wag taken intc account with exp.R = 0.85. The
ch&)h

{ZFZ 0048

The eal culations were carried out with I-Ray-76 (Steuazt

37 al)43. The meattering factors were taken from Cromey and
ﬁann44
*®

R value oconverged %o R = 0,049, Rw =

4eTe Hownan Projection

Hewnan projections along different (- bonds are shown in

the £ige 442+ ¥e can Zet an cestimate of +the dihedyal ring

angiLe from it

s
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4,8, Resulis and higeunsiong:

Upleculay geometry and conformatione

In tabls - 1, important eryetallogrephic date of
the canple are given,in Fig. 4.7 showe ihe'perpe@tiva
dvawing of the molecule viewed normsl to the ieapt equares
plane, Pinel ppa&%iena and therma&lpérameters'aﬁ all ¢he
atons are listed in Tables 4.2y 4.7 and 4.4 using the
nunbering schene gshown in Pige 4¢3

Bond lLength and &ngles are given in Tatle 4.5. The
avorage U= bond lLength in the phenyl ving (G, - @6) is
1.385 (2) B the expocted value'd baing 1.395 &, The C.c
bond Lengthe in the pyrimidine ring (G7oﬁa) are 1.374(2)% R
and 1,381 (2) & whereas the (=N bonds have the average
velue 1.3%6(2) B which ave compaéaﬁle to those Pound. in

other pyrimidine compaundg45‘48

» The gyclohexyl group
€Cyq = 616) hag the avernge (-8 bond length 1.530(3) 8

which 4s reasonable. The average (-0, pingie bond length

in the sikyl chain (014=22) 15 1,516(3) & which is lower

by about 8 ‘then the exyaateﬁ‘g‘vaiua 1.541 B, The oyeno-
gvoup bond length (C17-E5) 1o m 1,142 (3) 2 which is dlace
to the vailuen found in other meaagenia'ecmﬁaun&n‘g”sa.

The average internsl (0=C-3) bond anglos im the phenyl
ring ig éao.&(éiﬁ, In thé pyrimidins riﬁ@ the internal
angles (N1=C-FH2), @aRx C9=10-H2 ond (1-08-C9) hove
average vaiwue 124,5(2)° and the renanining three anglep
have avernge value 115.4(2)%, The internal (C-C-C) angles
in the éydlohazaue rigg vary from 108.9% ¢o 112,3“ with an



N\

average of 110.9{2) which 4o close to the reported values.
the externsl nonehydrogon snglés in the phenyl ring have

 an average value of 120,4(2)}" as expasted. But the anglee

04-C7-F1 end (4-07-H2 have values 113.4(2)% and 111.6(2)°
réapeetivaly indleating some giyain between the pyrimidine
and oyciohexane vringe. The tétraha&rﬁlageneiﬁemé angl es
in the alkyl chain range from 113.1° to 115.9% with o
mesn velue 114,2(2)° whioh exceeds the expected value
by -about 5%, ‘The bond angle 01=C7=N3 is 178.2(2)%. Devie-
ﬁian from %bﬁrlime3r£ty of the eyanobond éaa-founﬁ in
other eyanoaomyaagdeég‘SQ. Xhe Oafl dlstances rangos
trom 0496 A% %o 114 § with & moan value of 1.05(2) 2.
ﬁhe;length.éf the Lfully extended wolecule aptimzted
from a otereo modsl is found to 21.2 % whereas the length
6% the volscule (in the orystalline state is 20.7 8. This
indicetes thet in the orystalline state the molecule is
in m@aﬁiy wost extended form. | _ | '

The Least sgvares plenes for different parts of
the molecule have been calaula%eé; The equation of the
consistituont etoms have been ligted in tebie 4.6, Am
expected, the phenyl »ing end the pyrim&&iaéﬁriﬁg show
n high degree of plamarity. &h@ fdihedyal angla‘betwaan
the phenyl »ing and %he pyrimidine ving is 2°. The eovanow

group atomg 07 and ¥ 3 ere dispiaced slightly upwerd from

the plens of the phenyl ®»ing. The eguation of the plane
of the eyclohexene ying ig given 4in tadle 4.6+ The dyciow

hezane ring is in cheir form. Three altoms ara,ﬁisyxaceﬂ
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ppward from the plane end %three ave.dipploced downward. he
éisplaaementaufam 611 and @14 are approximately ¥ 0.2 ﬁt
for 012 end 015 + 0.4 % and for 013 and 016 £ 0.5 4. he
dibedral angls baﬁwegn”gba oy clohesans ring end the pyrie
pidine ving is 73’40, ) .

Heleguiar Pecking

Packing of PCODP moleocul 68 iﬂ  aﬁ' and =&¢ plane ave
shown in ?igura 444 and Plzure 4.5 respectively. From
these figures it ip cleay thﬁ%_%ha phenyl and pyrimidinep
ary slwmoot in the ac¢ plene whoreap the eoyciohozane ring
im almost at right sngies to this plancs Paiers of wole
culés related by & cenire of nyumétry give riee to &
shest of parallel molecules in ®e plens ond these
sheets of paired peraliel anleeﬁ&és sre slucked in an
impricated mgée elong the beaxis. The erystalline modiw
fiéatien of PCCRY therefore corresponds to the commonly

found molecular packing in & newatsgenic preécursers. Witk

. the incresme in thermsl energyy a traneformation in {he

1iguid orystelline state ip presumably socomplished by

the breskdown of the molecular stacking slong betxig, This
gives rige to three iransiational dogrees of freocdom of
the pair of paraliel moleouleés aaéamyaaieﬁ by rotation
abput the Long molecular axis. The' trangition ig thue

ﬁiaplaaivé typas
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AL:L interatomic contact distances leps than 4 4
iﬂvolving nonwhydregen #ions only have been listed in
table 4,7, Ve note that the only distanee batwaen\ e
of molLecuie at By, ¥, 8 2ad B3 of molecule b

|+ %f - %o ¥» 2 iz cloms to the pum of Lhe
Vander Weel's radii of the ztomse. The length of thege
peir of molecules which ave in head 4o head configurae
tion ie 39.8 R. On the othorhand the appsreat Lenzth
of %he molecule in nsmatie state ip found to be 26.2 %,
which is =2 ftizes the most extended meolecular Langth,
 %his i§ often found in eyanccompounds and %o explain
this & bimolecuiaxr aseociation of the molecules,
hecause of cyanogroup intevaction, ie involve&49’52“55.
We thorefore infer thai intersction between dipsles of
eyanogroups exisis both in crystalline and nesstio
phase., In erystalline ptate the overlap ie smell
{(4n cyanoregion ouly) due to steric hindrence and in
nenatis stete thip is surpecsed by increaped thermel
energy giving ripe to lavge overlep (extending ersno
to pyvimidine),












Newman projections of PBQE‘NDj 1

H182 H202
ca20 c18
59 62
iat 61 53 &2 51
Hige 192 H201
63 70 o - 61 69
. 85 54
C14 ca21
H132 H191
(C19° - C48 ) (C19 - c20 )
H122 ca
57 180
.65 58
H14 H121 N2 i /,N\ 0 511
10
c8 \_/
56 57
57 , . 479
c13
C16
(c11 - c12 ) >~ (c9 - C10 }
179 181
N1 1 AR -0 C5 £ 1 0g
: c4 c
c3 N N2 N
180 ’ 178
(€7 - Cc4 ) (€7 - N1 )

cs

C10
N1

H10

c15- c12
ci2
121 58
52 1t 57 62
9 H11
> C10
- 68 64
72
107 | 51
ca
{C11 - €9 ) (C14 - C1B
178 179
180 181
(co ~ C8 ) (c7 - N2
180 - 180
VA c (Y
1 C7 ce O
\_/ c3 \_/
178 179
- C10 ") {ca - C5

(N2

H161

1 C10
N1

Cc7
1 HS



Newman projections of Page No. 2~

N
A

-

c7
cs 1 0 H3 C4
. c2 - C1
179
(c4a - c3 )
180
c6 1 £ ‘0 H2 H8
c3 . ./ ci7
180
(Ca . -ce2 . )
H152 c18
58
67 57
c1i3 H154 C15:
’ 55 64
60
' C16
Hi4 .
- {C14 - c15 )

.
179

(C5 - C6
178

181
(N4 -'c8
c12 Hi4"
63
54, 60
66 59
57
: ' ci8
© H432
(c14 - c13

174

180

- C47

1 HE
HS
) (c1
0 c7 C1 .1-
co ca
) (C3
H134 H152
63
c11

) ‘ : {C15, |

50

58

. C14

= C16

Cs .
6

)

0

)

~ C17
N3 cs 0 4 HB
ca c2 : .
179
(C1 ~ CB )
H14
c19
H2 HiB1
H3 c13 - -
€15
H182 ,
(C14 -c18 - )
H221 c20
59
64 59
H161 H211 — H222
‘ 60 61 '
58.
: H212
H223 -
- ce2. )

(Ca;
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Newman projections aof

61 .
54 63
H211 - " H201 C11
70 58
54
caz2
H202

(cz21 - c20 )

Page No. 3
H132 Hiz22
57
61 61
56 57
67
C14
Hi21
(ci12 - C13 )

H131
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Impoxrtant GryntaIIOgraphic Data

- Mol , Foxmula '  | ;§22H§7ﬂj
Mol, Weight - 333.48 g/wol,
| cryatal siatom : - Monoclinig .
'Spdoo gropp . P2/a

s = 18.437(2) 8
be 7.027(5)%
¢ s 15.342(2) &

B = 106,35 (5)°
Va=1927838 %

Dg = 1,15 g.ou >
Dy & 1,17 goou >
Z = 4

CMCu kR w1508 8

Numbey of independent reflections 3277
Nnmbéf of observed reflections 2246
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Fraotional coordinates of the nom-kydrogen atows with e.s.d,
 in the parenthesis and equivalont 1sotrop:lc thermal parameterto

UOQ'Vj <U“CLQ. + Up_g_bb —i- U3‘5C6#+ U.3MCC Cos@

Atom  X(6) . Y(§) EICT I Uea
02 _ 0,598 (1)  0.,2702 (3)  =~0,0324 (2) 0.060 (1)
62 0.5153 (1)  0,2615 (4) »0,0779 (2) 0,070 (1)
@3 0.4647 (1) | 0,2477 (3) ' ~0,0269 (2) 0,064 (1)
G4  0,4889 (1) 0,242 (3)  0,0664 (1) 0.055 (1)
cs  0,5667 (1)  ©,2534 (4)  0,1096 (2) 0,068 (1)
66 0,6477 (1)  0.2668 (¢)  0.0590 (2) 0.069 (1)
€1 . 0.4341 (1) 0,2310 (3) 0,1210 (1) 0.056 (1)
¢ 0,322 (1) 0,2178 (4) 0,1262 (2) 0,070 (1)
69 . 0,3338(s) 0.2169 (3)  0,219% (1) 0,060 (1)
C10  O0.4112 (1) .  0,2204 (4)  ©0.2581 (2) 0,071 (1)
G114  0,2803 (1) 0,2084 (3) 0,2776 (2) 0,064 (1)
¢iz  0,2178 (1) . 0,3576 (3) . o0,2528 (2) 0,071 (1)
€13  0,1664 (1) = 0,3466 (4) 0.3155 (2) 10,075 (2)
Ci4 0,1311 (1) 0.1515 (4)  0,3155 (2) 0,066 (1)
G153  ©0.1935 (1) 0,000 (4). .- 0.3360 (2) 0,079 (2)
G216 0,2440 (1) 0,0143 (4) . 0.2740 (2) - 0,075 (2)
617 0,6449 (1)  0.2834 (3)  ~0,0883 (2) 0,069 (1)
618 0,0824 (1)  0.1378 (4)  0,3813 (2) 0.077 (2)
€19 0,013 (1)  0.2619 (¢)  0.3598 (2) 0,077 (2)
G30 . =0,0347 (1) - ©0,2347 (¢)  0,4256 (2) 0,073 (2)
024 =0,12003 (1)  0,3684 (4) 0,4102 (2) 0,081 (2)
. c23  #0,1487 (2)  0,3382 (5) - 0,4736 (2) 0,055 (8) - -
N 0,36050(10)  0.2251(3) . 0.0753 (1) 0.066 (1)
N2 . ' 0.46267(10)  o0,2282 (3) 0,2106 (1). 0,071 (1)
0,6849 (1)  0.2933 (4) =0,1530 (2) - 0,092 (2)
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| . ?able' 4&2 ] . s_
4x0 }Lo' thermal parainetera of the non hydrogen atoms witn the e,s,.,d,
sotrop
:niparenthesis The temperature faotor is of the form
n e

&P[ 2n Cu,,ﬁa. —;—Uz,_K b + U53Lc +2u,,_h1<cub + 2 Uzq l<Lbc*')_]

Atonm
Cc1
c2
Cc3
Ce
Cs

c6

c7
cs

Cc10
Cc11
c12
C13
Ci4
Cc15%
C16
Cc17

- C18
T
, €20
€21

C22

N1
' Ng
N3

Uil

0,086 (1)

0,059 (1)
0,050 (1)
¢,049 (1)
0,051 (1)
0,049 (1)
0,050 (1)

0,051 (1)

0,056 (1)

0,056 (1)

0,053 (1)
0,065 (1)

0,066 (1)

0,055 (1)
0,076 (1)
0,076 (1)

0,063 (1)
10,063 (1)

0,059 (1)

0,062 (1)

0,066 (1)
0,082 (2)

Uge

'0,054,(i)
0,087 (2)

0,077 (2)
0,048 (1)
0,084 (2)

0,079 (2)

0,054 (1)
0,090 (2)
0,062 (1)

0,097 (2)

0,079 (2)

0,066 (1)
0,073 (2)

0,077 (2)
0,007 (2)
0,070 (2)

0,068 (1)

0,093 (2)

0,893 (2)°

0,082 (2}
0,087 (2)
0,109 (2)

0,0492 (9) 0,083(1)
0,0523(10) 0,096(2)

| 0,079 (1)

0.102(2)

U33

0,080 (1)
0,069 (1)
0,071 (1)
0,072 (1)
0,073 (1)

0,085 (2)

0,069 (1)
0,074 (1)

0,070 (1)

0,067 (1)
0,068 (1)
0,094 (2)

0,100 (2) .

0,072 (1)
0,099 (2)

0,093 (2)
0,088 (2)
0,085 (2)
0,088 (2)
10,085 (2)

0,102 (2)

0,111 (2)
10,070(1)
- 0,070(1)

0,113(2)

U12

0,0026(10)
«0,005 (1)
=0,002 (1)

0,0042(9)
0,007 (1)
0,005 (1)

0,0047(9)
-0,001 (1)
- 0,003 (1)

0,009 (1)
-0,003. (1)

0,003 (1)
0,005 (1)

0,001 (1)
0,010 (1)
0,009 (1)

0,002 (1)

0,007 (1)

0,005 (1)

0,002 (1)
0,004 (1)

0,010 (2)
=0,0015(9)

0,008 (1)
0,001 (1)

U13
0,033 (1)

- 0,026 (1)

0,023 (1)

10,0247(10)

0,022 (1)
0,027 (1)

0,0220(10)

0,027 (1)
0,027 (1)
0,025 (1)
0,026 (1)
0,041 (1)

0,047 (1)

0,026 (1)
0,048 (1)
0,046 (1)
0,038 (1)

0,038 (1)
0,036 (1)

0,035 (1)
0,040 (1)
0,054 (2)

- 0,0242(9)
0,0245(9)
0,058 (1)

U23 "
-0,004(1)
=0,006(1)
-0,003(1)
0,000(1)
- 0,003(1)
0,003(1)
' =0,002(1)
'=0,003(1)
-0,00%(1)
0,000(1)
-0,002(1)
0,002(1)
~0,001(1)
0,006(1)
0,014 (1)

0,008 (1)
-0,003 (1)

0,013 (1)
0,011 (1)
0,003 (1)
0,003 (2)
0,001 (2)
-0,003(1)
0,001(1)
0,000(1)
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TabLe dok:

M

to the . heavy atoms to which they are attached

Atom

H3
HS
H6
H8

d10

Hi1
Hid

Hiz2t

H122
H131

H132
H151

H152
H161

H162

H181

H182
. H19%
H192
H204
H202
. He1l
H212

- Heet
' Hegg

Hez3

| x( € )

0,498 (1)
0,407 (1)

0,583 (1)

0,673 (1)

0,257 (1) .
0,433 (1)

0,310 (1)
0,098 (1)
0,187 (1)

0.244 (1)

0,127 (1)

. 0,198 (1)
. 0,169 (1)
0,230 (1)

0,211 (1)
0,284 (1)
0,065 (1)
0,117 (1)
0,029 (1)

- -0,019 (1) .
0,001 (1)
~ =0,055 (1)

-0,133 (1)

-0,078 (2)

-0,169 (1)
=0,117 (1)

'0l191,(2)A

¥y ( &)
0,265 (3)

0,241 (3)
0,248 (3)
0,274 (3)
0,211 (3)
0,217 (3)
0,227 (3)
0,130 (3)

0,344 (3)

0,483 (3)
0,444 (4)
0,371 (3)

-0,118 (4)

0,025 (4)

0,009 (3)
-0,078 (4)

-0,001 (4)

0,166 (3)
0,397 (4)
0,239 (3) -
0,247 (3) -
0,099 (4) -

0,356 (4)

- 0,502 ()
10,204 (4)

0,352 (4)

0,431 (4)

z ((S )

| -0,148 (1)
- =0,057 (2)

0,179 (1)
0,092 (1)
10,090 (2)
0,326 (1)

0,346 (1)

0,249 (1)
0,184 (2)
0,258 (1)
0,299 (2)
0,385 (2)

0,336 (2) -

0,411 (2)
0,208 (1)
0,286 (2)

0,386 (2)
L 0,247 (2)

0,363 (2)

B 0,297 (1)

0,496 (2)
0,422 (2)

0,340 (2)
0,419 (2).
0,466 (2)

0,541 (2)

. 91465 (2)

Fractional cbordinétes of the hydrOgen‘atome and isotropic thermal
'fparametors with e,s.d, in parenthesis, Atoms are numbered according

i

0,078 (7).
0,090 (7)
0,074 (6)
0,083 (7)
0,089 (7)
0,076 (7)
0,068 (6)

0,062 (6)

0,084 (7)
0,083 (7)
0,095 (8)
0,092 (7)
0,104 (8)

0,094 (8)
. 0,074 (6)

0,111 (9).

0,101 (8)

0,085 (7)
0,096 (8)
0,082 (7)
0,088(7)-

- 0,097 (8)

0,099 (8)
0.125 (10)
0,119 (9)
0,114 (9)
0,128 (10)
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Table 4.5

Bond distances of the noen hydrcgen atoms in angstron with standard
deviations in parcnihesis, .

1~ C2 1,393 (2) Civ = Nz 1,336 (2)
CL = GO 1,377 (&) 11 «~ ¢12 1,533 (2)
c1 ~ G37 1,441 (2) Ci1 = C16 1,527 (2).
cg -~ C3 1,380 (2) iz = ¢13 1,538 (3)
G3 =~ Cé 1,374 (2) - C13 = C14 1,538 (3)
Ce = CY 1.402 (2) -Ci4 = C13 1,522 (3)
ce = &7 1,486 (2) 14 = €18 1,534 (2)
cy = Go 1,381 (2) C13 = ©16 1,533 (3)
c7 - N1 1,341 (2) 17 = u3 1,142 (3)
c7 = N2 1,525 (2) €18 = C19 1,522 (3)
c8 = €9 1,574 (2) €19 = Cuo 1,526 (3)
C6 = Nt 1,341 (8) 00 = G2 1,503 (3}
C9 = C10 1,388 (&) Cutl = Cau 1.508 (3)
cY - C11 1,508 (2)

Bopd dlstances 0f the wurug,en atowms

deviations 1o parenthésgis,

in angsbtven, with gtandaxd

¢z - H2 1,03 (1) C16 - 1161 1,04 (1)
C3 - 13 1,03 (2) C16 = L6 0,96 (2)
5 = HS 4,02 (1) €18 ~ U161 1,05 (2)
C6 = 16 1,00 (2) C18 = 1183 1,08 (&)
- CB = u8 1,01 (2) Ci19 = 1191 1,90 (2)
010 = H10 1,01 (1) - C19 = 1192 0,99 (2)
Ci1 = Hi1 1,05 (1) . Cuo = houd 1,10 (2)
€12 = Hi:1 1,95 (2) _ Ci0 = H2O2 1,03 (2)
Ci2 = Hizg3 1,01 (2) Ci1 - u21% 1,08 (2)
C13 = H131 0,98 (&) Cag = u2i2 1,03 ()
C13 - Hi%R 1,08 (2) Cuu = uued 1,02 (2)
Cl14 ~ Hig 1,94 (1) Cuz = Haun 1,0¢ (2)
C15 - H151 0,97 (2) Cuz = Hzu3 1,00 (2)
€15 = H152 1,14 (2)

Guatd......



(Table V

; ‘3\/“\.

congd...’ )

Bond angles of the noh hydrogen atous with standard deviations-

_in parenthesis,

C3 = 03 = C6
€3 = Gy -~ C17

06 =.G3 = 617

Cc1 .~ €2~ C3

C3 = C4=CS

C3 - G4 ~ C7

08 ~ C4 = €7

C4 -~ 5 =~ C6
CL = Co =~ C5.
Ce = C1 = N2
e~ Q7 » Ng
Ni = Q7 -~ N2

€9~ C8 = Ni

C8 = G9 = C10
C8 - 9 = €11
€10 = €9 = Ci1
09 = 010 = Nz

119,9 (2)

119.2-(2)
120.9 (2)
119,6 (2)

121,53 (3)
118,7 (2)

121,0 (2)

120,3 (2)

1204 {2)
120,2 (2)

‘szv;; (2)

117.6 (2)

-125,3 (2)

124.2 (2)
116,1 (2)
12¢.8 (2)

121,1 (2)
o 124;1,(3)

c9 - C11 = C12
C9 = Ci1 = C16
€12 - C11 = €16

Cii = C12 = C13

C12 = C13 - C14
€13 = C14 = C13

115,4 (2)

013.= C14 = C18

C15 = C14 =~ C18
C14 =~ C15 = C16
C11 = C16 = C15

€1 = C17 =~ N3

Gi4 = C18 - G19

€18 = C19 = €20

€19 = C20 = C21
€20 = Ca1 -~ Ca2
€7 = N1 ~ C3
€7 = N2 -~ C10

1116 (2)
108,9 (2)

111,53 (2)

112,6 (2)
1092 (2)
112,7 (&)
110,7 (2)
112.2 (2)
1110 (2)
178 .2 (2)
115,9 (2)
113,1 (2)
113.8 (2)
113,9 (2)
115,9 (&)

~ 116,3 (2)

Bond angle: ot the hydrogen atous with staadard deviationn o

in parentheail.

61 = Gz = H2

- C3 = (0g - H2

C2 = C3 = H3
C4a~=C3 - H3
Ca = Cg - HS

66 Gy = HS
CL = g6 = HE

C5 = C6 = H6
C9 - €8 = HB

118(1)
122 (1)

122 (1)

117 (1)
117 (1)

123 (1)

121 (1)

118 (1)

121 (1)

H151 = C15 = H1%2

Ci{ - C16 ~ 116

. €14 = C16 =~ H162
' €18 = C16~ ImM161

1

€15 = (€16 = 162
H161 ~ C16 = H162

Cid = C18 = O18

1

Ci4 = C18 = 1162

049 - czs'— 1118

1

Contd

107 (2)

- 103 (1)
- 1038 (2)

109 (1)
114 (1)
107 (2)
111 (1)
108 (1)
108 (1)

....0.0
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Zable = 4.6

[

Equations of loast squares planes, the individual aad r,a.s,
displaccuents ( A ) of the atouws Zruz them,

Equations of the planes Atoug pin R r.u.s, A inf
1, =,0677'X « 9974 c, - ,004¢
+ 0,246 = 1,156 c, 0018
Cy ,006 L,0025

¢, = 0024

Cy f0032

06 012

Other atoms C,q
Ny
2, = 0365 X+ ,992 Cy 0088
+ 0131 = 1,384 -

ot T Cg - =,0040

cg LU

. ‘;_‘10 '“00059

Ny - 3025

N2 - 0012

+ 9819 o 4,5428 11 °

013 - 3757
Cis « 3024

Cyq 2352
Cys R (T

Cy5 =.5259

Dihedral angle between plane 1 ahd plane 2 is 2,001®, plane % and

- plane 2 is 78,80°
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\> D o
; Table 4.1

Intermolecnlar contact distances less than 4 £ (invalging non="
'~ hydrogen atoms) :

c1 —'-,c:b 59 o6-c16° 5,99

c1-c® 3928 c6=-nd 5.499

c1-c® 378 S @-a™ | 3913

ci-a@® 3783 | o7 -c? - 3,723

c1-0® 3161 -0 - 5,906

c1 - ﬁi? N _N$;718 _ e -t 3.328 )

¢1~N" 3782 . 8= 7”5 |

¢z - c3° i 3,933 '; - c8 - Ni? - 3}762'f‘

cz - c3® 3.813 . cs- w565

.oz - ce* 3,588 - c8 - Nﬁb_ |
ez - C4 3,517 j:' co-N® . 384
c2 ~-¢g% 59350 L o9 - N3h: - 3,705
c2 = c5° i; - 3,739 o €10 -.gzzf | 5,781
c2 =01 .. 3,727 - c10 -.ca2® 30781

3,474

S c2-0 3827 o11 = ca1 3,937
c2 ~c44° - 3.955 o1 -eaf 3,957
o3 -¢3® . 362 j012;-ﬂ3p¢f7 3.821
c3-03" . 3823 . cis-ce® o Soun
03-c . sese  cl6-N® 3513
c3me® oz o - M® 3620
3 - c5=ff' .3}769 o A VA kib,‘ ; 3,500
es-cs® 3753 0 o7 -t 5,922
- .C3 e:cﬁé - 5;935-> o \‘  c18 - N2 . 3910
ez -c6” 3744  Ng - N3 o 5,95

Nones. xy z al 1-x, y, z.,‘ h- 1-x. 1-y, Z "ci: 1/4'X.Y»2-:
S ds 1 + % -X, y, z o 1/2 + Xy Yo 2 t: 1/.£+x-1. 1~y,z
g 1/2 + x, 17y, =, - ~ :
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" in. the present work I have repbr%e& the optical birefringence
and i—ray di?fraction studiep of ligquid cryatelline substances,
The samples studie& are PCCPP, POTP, PHBA, BBRA, PPOPP, 5008,

A hat stage wag depigned to s%uég the textures and
the phase transitions of the compounis unfer s polarvising
mieroscope. A high tempersiure Y~ray camera wae degisned and
fabricé%ed in our lLaboratory Cor taking flat plete photogra-
phs of liguid corystal samples in pregence and abs@neé af

‘magnetic Ticld. .

Prom the observed textures under poiarising nieroscope
and diffraction photographs were panples POTP, PBEBA, ERBA and
PogpR were‘found to have nematic phape onlye

X=pray diffeastion pholographe were anslysed %o
obtein apparvent molecular rLongth ( L }» and aversge intévw
moleculayr dietance (D) in the meosophase. In case of PBBA
the apparent wmolecular length ( 1 ) in its cost ortended form
_aetermined'by Princton molecular amodel Hit is elightly bigher
then the Length of the molecule (L). In case of PCCRP and
POTP ® the ratio of 1 tol im 1.25 and 1,28 respectively
which ave probably due Uo msleculer association & in ather
cyeno compounds. It im a common féature in %he i1iguid cryatae
1line pamples. The 1 and B walues of the somple ERPA x
were colouwlated and found o be slmoet egusl to tkat obinined

by L eadbetter et ala

« A® the reosults were alvesdy reported
by'them, g0 these are not repéatedf The average internol e
cular distances (B)-are.fouﬂé t635e in the expeected rango of
4.8 2 to Se3 ﬁ'inféll eabaténeee,vwbe vélues are come time fau

4

found to increase slightly with teppératures. -



X-réy diffractlon photographe gt of the ppuples were circulazly
scanned with a microdansitometér and the mensured opticnl dene
gitics ¥ were converted %0 relative Yeray intengitiesn uping
standard callibration method. Prom these intencity dats NoOrHs-
1ised orientationsl distribution funeiion () in a power
series of QOﬂﬁ@ and the orientationnl order parsmaiers <{?2j>
and <.P4> ware celoulated. In princlphe wa cmiﬂd aluo obtain

4 135)) (J?a> ete, from our data buil experimentsl uncertoine
ties and iruncation errora invelved in series represmeniation
would meke the values of the these higber orier parasciers
unreliabl e.

The experimentaliy obiained { P, and ( P values
are compared with these obiainad theoreticsl estimantion. The
(:Pz > values of the rpauplen POPP ggree well with the NS
theoretical velues that of PBBA end BEBA sl oo agreee weall but
siightly, lower near trancidion, but similary results fannd<(?¢’>

3. near the neastic - ipotropic Srancitien

velues of other also
tewperature, whers the evperiwentsl { P, > vslues are signi-
figantly lower than the theoretiecsl values. in case of POUPP
the order pavaseters are slighiiy less than the theoreticsl
vailues even alt lower btexpersiures. Hueh behaviour of the trone
sition temperature, have been faound in t&a deterninntion af<{§2>
by magneiic anisotropy meaﬁar@mentég Hitre aaﬁ Paul , 1987

Low values of < Pyyet near nemeitic isotropic transition itempe-
ratures have been raporﬁeﬁé {Chang, 19793 Sen et al,1983%: Hadhuw
gudana et 2L, 1971; Dunouer et «l, 1973). A2 paid earlier this
may be due to the fluctuation of the director which is wmore

pronounced



Oryatal end molecular giructure of PCOPP in the
golid phape have aloo Yeen determined. This ie a part of
our program to determine the conformational behaviocur of
) mesoggni@ gompounéd in the crysitslline phape,. |

e have underteken the gludy of,thg crystal and
golecuwlar struoture of a homologous geries S-(deAlkycyclo=
hexy) J)=d={ 4w cyanophenyl ) Pyrisidines sil of them having |
- nematic phase, In homslogous gservies of thermal mesogens
conbaianing aRLkyl cheing, ihe type of Liquid eryntaliine
phaopes fTormed, if any, depends on the chain iengths The
Lowest peabers of the series may not yield liquid orystale
thoge with intermedintes chain lengths yield only nenatic
phages. Sm2ctle phages of % 6 typeé A or C mppears only
when some cowritiesl chain lengthlis reashed, Thene proper-
tiep olearly have 8 mirecturel basis. The structures of
BCOPY and HCCPP have slco boen delermined which will be
reporied el sewhere.

The ptructures wag golved by aﬁplying direet method
package program 'UIHPEL-83' to Rerey diffraction intensity
dnta. The ecrystal belong to monoéliﬂic systen with gpace
group P2 o » I found a = 18'43775 b= 7,4027 2,
¢ = 15.342 A and @ = 106.35% with 4 moleswlos per unit
eeil;.ﬁeaat pguares refinencnt leads to R = 049 and B, ™ ‘048
for 2246 observed reflootionc. The molecules are find io he
in their most extended conformaiion, As expected the phenyl

ring and the pyrigidine ring show a high degree of planarity.



The dibedrsl sngle betwseen the phenyl ring and the pyrimidine
ring ie 2°. and the dihedrsl ongle betweaen the cyclohexane
‘2ing snd the pyrimidine rihg is 76.4&. The phenyi and pyri-
midines are 2imos% In the ac plane wvhereas the sycloherane
ring is sizgost et right angles to thic plane. Paire of
molecul eg related by & centre of synwetry give rize to a
éheet of pavallel grbe moleculeg in ac plone and thene
sheets of paired moleculer are ptacked in on imbricated

mode along the 6 - axis. The crypialline modifiention

of the eeaple thervelore corresponds to the comeonly found
mol ceular packing in 2 nematogenic precursor. Vith the
inerease in thermal 8 energy, & transformation in the

liguid ecryotalline ntate is presunably accompiished ﬁy

_the breakdown of the molecular gliacking along be-axig. It
could sransform from the solld phase %o nemstic phase by

meang of a single disgpacive iransition.
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LISTFC' FOR ** Q27SLA **

~14

~20

~18 .

s -16
.. =14

-l
. -10-

" H,0,0

373 387
222 -227
335 328
50 -53
61 56
74 61
24 24
48 ~-45
78 =75
34 -32
H,0,1
45 ~-43
79 =74
68 63
75 86
51 49
77 -76
211 205
- 347 352
156 160
675 726
558 645
41 50
179 =200
55 =52
- 238 -256
43 44
92 -104
24 -23
108 113
45 -51
29 . 29
..H,0,2
87 82
166 -178
148 -152.
.32 =33
124 - -131
107 111

-8
-4
-2

-18
-16
-14
=12
=10
-8
-6
-4
-2

111
170
169
182

1677

914
339
519

39
32

. 44

154
37

43
259
465
193
352
465
530
326
522

73
161

21
186

45

19

36
- 502
206

31
253
769
152
161

'4

114.

312
706

-103
178
189

-~205

1769

-946
346
517
=45

35
48
151
33

43
243
466
-200
-368
509
601

-358

548
-72
166

25

-178

-48
20

38
-516
-211

32
-247

746
-167
178

115 .

-353
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