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Chapter 1 

Introduction 



It is well known tliat crystals are cliaracterized by a lattice structure cor- 

resl>oncling to long-range positional order in tliree dimensions. Further, in tlie 

case of ~nolecular crystals, tlie orientation of tlie molecules with respect to tlie 

lat,ticc is also fixed. Thus tliere is lo~ig range or.ientationa2 order as well i11 tliese 

systenis. I11 nlost ~iiolecular crystals, both tliese types of long range order are 

dest,royed a t  tlie teniperature a t  wliicli the crystal melts to the isotropic liquid. 

I11 ge~icral, however, tliis need not be t,lie case. Tliere are materials in which the 

long range orie~itat~io~ial order va~iislies first wlien tlie crystal is lieated and then 

tlie long range positional order vanislles a t  a liiglier temperature. Consequently 

in tliese niaterials, there exists a pliase be tween tlie crys talline and tlie isotropic 

~>liases that l i x  110 long range orientat~ional order but only long range positional 

order. Tliis pliase is called a plaslic cryslal. On llie otlier hand, in nlaterials . 

wit11 ~nolecules liavi~ig geonletric shape anisolropy (for example, rod-like or disc- 

like n~olecules), tlie disappearance of tlie long range positional order occurs f i s t  

before the long range orientational order is destroyed a t  a higher temperature. 

Moreover, the positional order need not be lost in all tliree di~nensions a t  tlie 

same tteniperature. Hence, in sucli cases we have a set of orientationally ordered 

in t8ernieclia te y liases wit 11 differing degrees of ~llolecular ordering. These phases 

are called tliernio tropic liquid crystals. Tlie tern1 tliernio tropic signifies tlie fact 

tliat the transition to these phases is brougllt about by a change of teniperature. 

All the ~liaterials sludied in tliis t,liesis belong to t,llis class. 

Tliere is also ano tlier class of liquid crystals called lyotropic, wliich is formed 

by a~iipliil>liilic nlolecules in solutions. Tliese systenis are often cliaracterized by 

the orclering of aggregat es of nlolecules and not of islie nlolecules themselves. Liq- 



uid crystals may tlierefore be formally defined as partially ordered pliases, with 

the degree of orientational and tra~islational orderillg (of ~nolecules or of aggre- 

gates of molecules) iliter~iiediate between those in a crystal and in an  isotropic 

liquid. 

Liquid crystals of rod-like nlolecules can be broadly classified into three types, 

nematic, clioles teric and slnec tic [Cliandrasekhar, 1992; Pershan, 1988; Leadbet- 

ter, 19871. Tlie nematic pliase is characterized by only long range orientational 

order will1 110 long range positio~ial order (Figure l . l ( a )  ). The local liieall di- 

reclio~i of orieiilation of tlie niolecules is denoted by a unit vector 11, called 

the director. If tlie constitue~lt nlolecules are cliiral, or if a cliiral dopant is 

acldcd lo a neliialic, it accluires a twisted structure with the twist axis norinal 

to tlie preferred niolecular direction. Tliis chiral nematic pliase is also known as 

clioles leric (Figure 1 .l (b) ). 

Tlie sniectic pliases are cliaraclerizcd by a layered slructure. These are fur- 

tlier classified on llle basis of llie orderi~ig of the iilolecules within tlie layers. 

More ttliali a dozen niodifications have been identified, the simplest of these being 

s~nect~ics A and C (Figure l . l (c)  and (d) ). In the snlectic A phase, the arraiige- 

liie~it witliin tlie layers is liquid-like witli no long range positio~ial ordering of 

tlie n~olecules. Further the lo~ig axes of tlie ~ilolecules are on an  average, along 

tlie layer nornial. S~iiect~ic C is siniilar to s~iieclic A except tliat the molecules 

are tilted with respect to tlie layer normal, tlie degree of tilt being same in all 

the layers. 

A~iollier class of Ilierliiolropic liquid cryslals coniposed of disc-like ~iiolecules 





was discovered more recently by Chandrasekl~ar et a1 [1977]. They studied the 

liexa subslit,uled esters of benzene and showed that in the nlesopllase the discs 

for111 liy uid-like columns, tlle colun~ns then~selves fornli~lg a two-dimensional lat- 

tice (Figure 1.2(a) ). Tlie lat,er stmudies of Levelut [1979, 19831 confirmed tliis 

basic slructure in other syste~ns and also established tlie occurrence of rectan- 

gular and or6horl~ombic arrangenients of coluni~ls (Figure 1.3). Subsequently, it 

was found that sollie disc-like ~llolecules form ne~natic (No) (Figure 1.2(b) ) and 

twis t,ec1 nenlat,ic ( N h )  (Figure 1.2(c) ), t,lie lat, ter if tlie constituent ~nolecules are 

<:liiral. 111 discot,ic liquid cryslals, the preferred direclioll of orientation or tlie di- 

rector is defined by tlle nor~nal tto t<he discs [Cl~andrasekllar, 19921. Figure 1.2(d) 

sl~ows t,lle tilted colun~nar arrange~ile~it (Dt).  Giroud-Godquin and Billard [I9811 

repor t,etl rile tal co~ilplexes with a lanlellar arrange~nent in the mesophase. From . 

X-ray slutlies, Olrta et a1 [198G] also proposed a la~iiellar structure (DL) (Figure 

1.2(e) ) for t lle nlesopllase of sonle copper complexes. Tlie structural forrnulae 

of sorile liquid ~ryst~alline nlolecules wllicli exhibit discotic meso~norpllisrn are 

given in Figure 1.4. 

I t  was proposed by Frank and Clla~idrasekllar [lgSO], that the ~nesopliases 

of l~ellze~ie-llexn-n-al1;anoales slioultl for111 a pseudo hexagonal lattice (i .e. ,  a 

rectangular latt,ice with the ratio of the sides b/a differing sliglitly from the 

ideal llcxagolial value of a). Acconling lo tlicir ~iiodel, only the alolecular 

cores are tilt-ed wit11 respect lo tlie colu~lln axis and the alipliatic clrains are 

disordered (Figure 1.5). The high precision X-ray s tuclies of Levelu t [I 9831 arid 

de Jeu [I9831 st~pl>orlcd lliis cullclusio~~. 
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Figure 1.2: Scllelnatic diagram showing the molecular arrangement in some 
disco tic nicsol)llnsc:s. (a) c01111ll1iitr pilase, (1)) nelnzt tic (N D), (c) cliiral nenla tic 
(Nb) ((1) i,ili,(>(l C ~ ~ I I I I I I I ~ I , I .  1)11ns(> (Dl), ;1,11(1 ( ( a )  (liscot,i(: 1 ~ ~ 1 t t ~ ~ l l ~ ~ s  (DL) [Sah~l l i t~a  
et al, 1988]. 



Figure 1.3: Different, colu~ii~iar phases exliibi led 11y disc-like lnolecules (Ellipses 
de~iote the discs that are tilted sill1 respect' Lo t'lie colulllli axis). (a) hexagonal 
(PG 2/m 2/n1). ( I ) )  recl~a~ignlar (P21/a). (c) ol~lique (PI), (d) rectangular (P2/a) 
(DG) and (e) ~ect~angular face cenksetl (C2/m). 



Figure 1.4: S troc tural for~nulae of solne ~nolecules exhibiti~lg disco tic mesomnor- 
pllism. (a) llexa-a-alkarloates of benzene, (R=Cn (b) llexa-n-alkanoates 
of iriylle~~ylemle (scc Table 1.2 for Llle variol~s s l~bsi~i l t~e~lis ,  R) and (c) copyer(I1) 
@-diketonates, (R=C,H2,+1; R1=CnH2,+1). 



Figure 1.5: Colri~ii~l wit11 orily the core of tlie ~ilolecule tilted and tlie cllaius in 
a disordered st,at,e [Frank ant1 Cliandrasekliar, 19801. 



Figure 1.3 shows tlie different types of colu~ilnar structures. The details of 

tlie ~lomenclat~ure are given in Table 1.1. Tlie ellipses deli0 te discs tliat are tilted 

with respect to the c o l u ~ m ~  axis. Depending on whetlier tlie ~l~olecules within 

eacli colulllll are staclced periotlicdly or  lot,, we gck ordercd and disordered 

arrange~nents wit hi11 a colu~nn. 

Poly~ilorpliisni in c o l u ~ i ~ ~ i a r  phases was also observed. I11 tlle liiglier 1101110- 

logue of liexa-n-allianoates of triplienyle~le [Des trade et al, 19791 a transition from 

Dh lo D,. was obscrvetl. Froni liigli resolu(~io11 syuclirotron X-ray studies carried 

out on freely suspended disco tic strands in triplienyle~le liexa-n-dodecanoate, 

it wa5 colicluded tliat the iilolecular cores are tilted even in the Dh phase but 

the different colu~llns fornl an orie~ltationally disordered hexago~lal structure 

[Safinya et  al, 19841. It was reported that hexa-hexyl tliio triplienylene exhib- 

ited a transition froni Dh, to Dhd. Fro111 X-ray studies, il was also established 

tliat in the ordered phase, Dho, the stacking of tlle cores in each colunln is he- 

lical with tlle helical spacing incom~nensura te wi tll the inter~nolecular spacing 

[Fontes et al, 19881. I11 addition, a tliree column superlattice develops as a result 

of the frus t~ration caused by i~lterdigitatioll in triangular symmetry. The space 

grotil~s of so~iic tlcrivativcs of tril~lienylene wliicli for111 colu11111ar structures are 

listed ill Table 1.2. Rufigallol-liexa-7~-oc ta~loate sliows two ~iiesopliases viz., Drd 

and Dc [CJueguiner et al, 19'791. Tlie Dc phase also lias a recta~lgular lattice, 

but wit11 tliree coltiiii~is per unit cell (Figure 1.3(d) ). 

Disco tic me tal-containing licluid crystals were first reported by Giroud-Godquin 

and Billard [1981]. Since then, there has been an upsurge of iliteres t in tlie field 



Table 1.1: Sy~libols used for desig~lati~lg klie discotic phases 

Dhd Colu~ii~iar, liexago~ial disordered 

D,d Col~i~ii~iar,  recla~igtilar disordered 

Dho Columnar, liexago~lal ordered 

Dt Columnar, tilt,ecl 

N u  Nenlnl,ic <liscoCic 

N b  Twis t,ed ne~iiat~ic disco tic 



Table 1.2: Colu~ii~iar s truc Lures for~ned by solile derivatives of triylie~lyle~le (Fig- 
ure 1.4(b) ). 

R 

C5H110 

C7H150 

C8H170 

CllHz,COO 

C7Hl5C0O 

Cll Hz3-0-Cs H4-COO 

CsH13-0-CsH4-COO 

Space group 

PG 2/m 2/m 

PG 2/111 2/111 

PG 2/m 2/n1 

P21/a 
PG 2/111 2/m 

P21 /a 

P21/a 

C2/m 

Lattice parameters (a) 

a=18.95 

a=22.2 

a=23.3 

a=44.9, b=26.4 
a=26.3 

a=37.8, b=22.2 

a=51.8, b=32.6 

a=30.7, b=28.4 

d 



of ~iietallo~iiesoge~is. A variety of ~iietal conlplexes exllibiti~ig discotic phases 

liave been s yntliesized [Giroud-Godquill and Mai tlis, 1990]. The molecules of 

subs titu Led metallo plit,halocya~lines [Piecliocki et al, 19821 are stacked to form 

colunlns wit,li a11 inter~i~olec~ilar sel)aration of 3.7A. Tlie co l~ i~ i i~ i s  are arranged in 

a liexago~lal lattice wit11 an intercolumn distance of 34A. ESR studies indicate 

a good nlobility of charge carriers inside each column. Thus, these me tallo- 

lilesogelis can be expected to for111 one diiilensio~lal electrical conductors. 

After llle pio~lccring work of Bcr~lal and Crowfoot [1933], i l  is now well 

recognized tliat the niolecular arra~igenlent in tlie crys talli~ie pliase is most often 

relat,ed to tlie arrangenlent in the niesopliase. A k~iowledge of the ~ilolecular 

arra~igeme~it  in t1lle crystalline pllase is tllerefore iniyortant. Later, I<rigbaum et 

a1 [19';0], Va~ii and Iialyani Vijayan [1977a, 1977b1, liave sliown tliat in tlie rod- 

like nlolecules, llie nlesoyliase structure is related to tlie crystal structure. When 

tlie work described in this tliesis was initiated, X-ray data on tlie mesopliase of 

solile discogens were available, but tlie crystal structure of no discogen was 

accurately de ter~ni~ied by crys tallographic me tliods. Co trait et a1 [I9791 liave 

de ter~iii~ied tlie crystal s truc t use of a subs titu led triplie~iylene. However, tliey 

coultl only locate tlie core of Clie n~olcculc a ~ l d  not, tlie chains. Tlie rcported 

R-factlor is also liigli (0.38). In fact, tlie h s t  detailed X-ray analysis of tlie 

crysCal and niolecular structure of a cliscogen was carried out by the present 

aullior. Miililburger and Haase [I9891 llave de ter~riined tlie crystal structure 

of two copper conlplexes of which, one is a discogen. Crystal structures of 

~nesogenic nle la1 conlplexcs, where the ~~loleculcs are flat , liave been reported. 

But tlliey exhibit only tlie classical sniec tic niesol)liases cliarac teris tic of rod- 



like ~liolecules; nolie of them forni discotic liquid crystals [Roviello e t  al, 1988; 

Hosliillo e t  al, 1990; Iannelli et  al, 1989; Polislicl~uk e t  al, 19861. 

This tliesis is concer~led witli X-ray i~lvestigatio~ls on single crystals of some 

~iict~allo-organic discogens cont.nining rolq,cr, 1)i~ll;~<lil11ii and nickel alo~lis wit11 

square planar coordination geometry. All the co~nplexes studied were synthe- 

sized and made available to me by Prof. B.K. Sadashiva of Liquid Crystal 

Laboratory of this Institute. Figure 1.6 sliows the structural formula of tliese 

discogens. The inolecule could be considered to be co~nprised of two parts, viz., 

a core and a fringe. Tlie former includes the metal atoll1 which is a t  the geomet- 

ric ce~ltre of the ~liolecule and tlie atonis O(1) to O(4) and C(5) to C(10) of the 

diketone ~noieties. Figure 1 .G sliows tliat the 11-at0111 core could be planar and 

rigid. Tlie fringe is composed of plieayl riiigs subst,it,uted a t  para positions by 

long aliphatic cliai~ls and llence co~rfor~~~atiorially flexible. Details of tlie crystal 

st~ructure analysis of tlie six colnplexes sliown in Figure 1.6 are described in the 

e~isu i~lg  five chap t,ers of the thesis. 

Cliapter 2 describes the first detailed X-ray crystal structure analysis of a 

discogen, viz., bis[l,3-di(p-n- octyloxy~henyl) propane-1,3-dionato] copper(II), 

( (i) in Figure 1.6). Tlie ~ryst~allizatio~l of this complex (as witli the other 

complexes discussed in tlie subsequent chapters) was a difficult task. However, 

after iiiucli effort suitable single crystals were obtained. Tlie crystal belongs to 

the tricliilic space group P i  witli two ~nolecules in the unit cell. A CAD4 single 

crys t,al diffract onle ter was used t,o collect the three dinle~lsional inte~isity data for 

tliis crys t a1 (and for all the otlier crystal ~t~ructures discussed in this tliesis). Tlie 



core 

Figure 1.6: S t,ruc tural forlllr~la of t,lle complexes st,udied in t<liis thesis. Tlir 
11-atom core is show~l encased. 



structure was solved by direct methods and refined using block diagonal least 

squares procedure. The copper atom is surrounded by four oxygen atoms in a 

square-planar arrangement. The crys tal structure has bo tll layer like and tilted 

columnar characteristics. The colum~lar arrangement arises from the periodic 

stacking of layers along tlle a-axis. The repeating unit along the column is 

a nlolecular pair related by a centre of inversion. 111 each pair, tlie cores of 

the n~olecules are slightly staggered and exhibit substantial overlap. Althougl~ 

tlie two halves of the ~llolecule are clicn~ically itlc~it~ical, tliey are not related 

crys tallographically by symmetry elemellts. 

The crystal and molecular structure of bis [(1-p-n-heptylpliellyl, 3-p-n-lieptyl 

oxypllenyl) propane- l,3-diona to] copper(1 I), ( (ii) in Figure 1 .G) wi tll dissin~ilarly 

s~bs t~i tu ted  ligand is described in chapter 3. This crystal belongs to the triclinic 

space group P i  with two ~llolecules in the unit cell. Tlie structure was solved 

by direct ~ilehllods and refined using full inatrix least squares procedure. Since 

t'llere are t,wo l~ept~yl and two llept~yloxy chains, tlle ~llolecule could have either 

a cis or a trans confonnation. It was co~~clusively established that the molecule 

in tlle crystalline phase has a cis confonnation. Tlle copper atom occupies a 

general ~>osit,ion and is significantly displaced fro111 the plane of the coordinali~lg 

oxygen at<o~lis. Allhotigh tliere is no overlalj of t,lie cores, the cenlrosy~nmetrically 

rela t'ecl ~~iolecules in tile unit cell tend to pair. Tlie ~i~olecular arra~igenlent is 

esse~ltially layer like. 

Tlie crystal and rllolecular st,ructures of t*lie dinlorplls of tlie discogel1 bis[l,3- 

di(p-?a-octylylienyl) propane-l,3-dionat~oj copper(I1) ( (iii) in Figure 1.6) are de- 



scribed in cliapter 4. Both tlie needle-like and pris~iiat~ic fornis were crystallized 

fro111 tlie sanie solvent,, viz., acet,one. Tlie needle like crystals were found to be 

niore abulidant t,lian the prisniatic oues. With tlie view to fillding out wliether 

bo tli tlie crystal fornls correspond to tlie sanie ~nolecular conformation and ar- 

rangement, crystal structures of bo t,li tlie forms were de terinined. I t was also 

of interest t,o find out wlletlier any disorder or lack of stability of tlie crystal 

st,ruct,ure led to tlle lower abundance of tlie prisniatic form. Both the forms 

belong to the Iriclinic space group P i .  Since tlicrc is o~ily onc nlolcculc in tlic 

unit cell, the copper atoni was placed a t  (0,0,0) and a difference electron den- 

sity nlaI> was conlpu t,cd for 110 t-li the crys t,al fornis. All tlie ~ionliydrogen a tarns 

could be located froni tliis map. Tlle structures were rekled using full matrix 

least squares procedure. Despite sollie sinlilarities like tlie space group being the 

same, copper atmoms occupying special positions, e t,c., significalit differences have 

been observed in t lle ~ilolecular confor~na t ion as well as in the ~nolecular arrange- 

I I I~ I I  t s in the two crys t alline modifications. Tlle ~liolecules in the prisnia tic form 

are ulore planar t,lian tliose in tlie needle-like forui, tlie largest displacenie~it of 

tlie at oni frotii a least squares nieali pla~ie fitted t,o t>lie core being 0.314(9)X for 

t'lie for~lier and as large 2.016(8)a for the latter. Although the atotiis in the 

prisniat ic crys t'al are cliarac terized by sigliificaiitly liiglier thermal parameters, 

(,here is no evidence for any st~ructural disorder. In bot811 these crystals, tlie 

copper at0111 lies on an inversion cent>re and llence t,he niolecular synlmetry is 

retained in t lie crystal. They are 110 t,li cllarac t,erizecl by ti1 ted colu~li~lar arrange- 

11lc1lt s, t lle tilt s being 122" a~itl 11 1' for the ~ieetlle like ancl l>risn~atic crystals, 

rtslwct ivcly. Tlie niolecliles in tliese two s t,ruc burcs do no t have any oxygen 



atonls in the clmin. Our results suggest t,he possibility of a correlation existing 

between tlie presence or absense of oxygen atonls in the chains and the ~nolecular 

synimetry. The structures discussed in chapters 2 and 3 contain oxygen atoms in 

the side chains and liave no nlolecular symmetry, whereas in tile two structures 

described in this chapter, the ~nolecules do possess inversion symmetry. I t  was 

therefore of int,eres t t,o investigate the crys t,al structure of other metal complexes 

witli only alliyl side chains to see whether t41iose nlolecules also possess inversion 

synlmetry. 

Tlie crystal structure of a palladium conlplex bis [1,3-di(p-n-decylphenyl) 

prol~a~lc- l,3-dionat,~] l~alladiunl(II) ( (iv) in Figure 1.6) is described in chapter 

5. I t  belongs to the triclinic space group P i  witli one ~nolecule in the unit cell. 

Tlle structure was solved using direct nletllods and refined using full matrix 

least squares procedure. Tlie palladiunl at0111 lies on an inversion centre and tlie 

nlolecule has a centre of synlme try. Tlie coordination geo~ile try is square planar. 

Tlie largest atonlic displacelnent fronl the nlean plane fitted to the core is only 

0.35(1)A, wllicll is close to the corresponding value of 0.314(9)A observed in 

the pris~nat~ic for111 of the copper conlplex (iii) described in chapter 4. 

I11 chapt(er G t,lle crystal structures of a palladiunl complex, bis[l,3-di(p-n- 

octylplienyl) l~ropane-1,3-dio~~ato] palladium(1I) ( (v)  in Figure 1.6) and a nickel 

coniplex, bis[l,3-di(p-n- octylphe~lyl) propane-l,3-dio~~ato] nickel(II), ( (vi) in 

Figure 1 .G )  are discussed. Bo tpll the crys tals were found to belong to tlie triclinic 

space group PI. 111 bo tll tlie crystcals, the respective unit cells contain only one 

nlolecule. All the no~iliydrogen atonis of tlie palladiunl conlplex could be located 



froni a difference electron de~isity niap coniputed after placing tlie palladium 

at0111 a t  (0,0,0). Refhie~lle~it of tlie structure of tlie palladium complex was 

carried out using full matrix least squares procedure. The structure of the 

nickel complex was the11 rehied by full matrix least squares procedure using the 

coordi~iates fro111 tlie structure of tlie palladiu~i~ coniplex. Botli tlie structures 

were found to be isomorplious wit,li that of tlie less abundant prismatic form 

of co~nplex (iii). Tlie ~iietal atoms lie on an inversion centre and molecular 

syln~iletry is re t,ained in tlie crystal. Altliougli tlie tliree metal complexes are 

isoniorpl~ous, only tlie ~iicliel co~ilplex is nonniesogenic. 

Chapter 7 provides a resunid of tlie structural features of seven crystals. 111 

complex (i), (Chaptoes 2),  with four octyloxy chains, these are four oxygen atoms 

aroulicl tlie core. Tlie con~plex (ii) (Cliapter 3), is asy~niiietrically substituted 

witli two lieplyloxy aiid two lieply1 cliaills and therefore lias two oxygen atonis 

and complexes (iii) (Cliapter 4), (iv) (Cliapter 5), (v) and (vi) (Cliapter 6) liave 

only alkyl cllai~is and lielice 110 oxygen a to~ns aroulid llie core. The ~ne ta l  a toms 

cllose~i were Cn/Pd/Ni. De terniina t ion of tlie crystal and niolecular s tsuc t uses 

of tliese discogens liave led to t,he iden t,ifica t ion of tlie followi~ig similarities: (1) 

All tlie six discogelis crystallize in tlie tricliilic space group PI. Tlie recurrence of 

tlie space group may be c~rrelat~ed nrit,li tlie structural requirements for efficient 

packing of tlie niolecules in the crystal lattice. (2 )  Tlie coordination around 

l'lie ~iiet~al atoll1 is square planar. (3) Tlie 11-at,oni core is only nearly planar. 

(4) Tlie plienyl rings and tlie cliains are tilted witli respect to tlie core. (5) Tlie 

nio1ccul:~r confor~iialio~l in t,lic csys l a1 coiifcrs a ncarlp rec tallg~llar sli:q>e to lliesc 

discogcns. (6) Tlie cliai~is are fully cxtcliclcd in an a l l - t r a ? ~ ~  confor~iiation. (7) 



Tllc nlolecular arrallgclllelll is t,ilt,ccl colulllllar cxccp 1, for the crystal structure 

of conlplex (ii) (chapter 3). 

111 addition to these similari t,ies, distinct differellces in the crystal structural 

characteristics have also been observed. For exanlple, wllell oxygen a toins are 

lxesenl ill t,lie fringe, tlle lllolccules have 110 crys Lallogral~llic s y lnllle lry and they 

tend to pair. In t,he crystal st,ruct,ure of colllplex (i) where the repeat unit 

along t,he colulllll is a inolecular pair, tlle metal atollls are distributed in a 

zig-za.g fashion. In t,lle ot,ller crystals nrit,ll colunlnar arrangeinent, the metal 

atonis are stacked one over another. The cou~plex (ii) lias a layer like molecular 

arrailgenlent in t,lle ~ryst~alline phase. 

In ;~clclil.ion tfo t,liese seven chapters, tlle thesis also iilcludes an appendix 

whicli list>s t,he observed (F,) and calculated (F,) structure factors for all the 

seven crystal s t~uct~ures. 

In Chapters 2 to G of the thesis several colour pl~otograplis have been in- 

cludecl. Tllese are coml~uter plot,s obtaillecl using the program INSIGHT 11. Tlle 

colour code adopted was as follows: 

carbon : green 

oxygen : red 

copper : blue 

nickel : u~agent~a 

yallatliunl : yellow 

Sollle of t,lle results presenbed in t,llis Chesis have beell reported in tlie followiilg 



1. X-my i~lvestigations on tlie co~lfor~i~alio~l  and ~iiolecular arra~igerile~lt of 

disco tic bis[l,3-di(p-n-oc t~yloxyp1ienyl)propat~e-1 ,3-dio1~ato]co~per(II) 

Ii. Uslia, I<alyani Vijayan and B . Ii.Sadas1iiva 

Mol. Cryst. Liq. C~yst. Lett.,5, 67 (1987). 

2. Crystal and molecular structure of the discoge~l bis[l,3-di (p-n-oc tyloxypheny1)pr 

1,3-tlionat~o]coyper(II) 

II;.Uslla and Iialyani Vijayan 

Mol. Cryst. Liq. Cryst., 174, 39 (1989). 

3. Crys t,al atid ~liolecular structure of the discogel1 bis [l,3-di (p-n-decylplle~lyl)propa 

1,3-diona to]palladiu~ll(II) 

Ii.Usha, I<alyani Vijayan, B. II;.Sadashiva and P.R.Rao 

Mol. Cryst. Liq. Cryst., 185, 1 (1990). 

4. Crys t.al ant1 ~iiolecular s truclure of the discogel1 bis[l,3-di (p-n-octylplle~lyl)proya 

1,3-dio1~at~o]coy~~er(II) 

Ii. Uslia, Iialyani Vijayan and B .Ii.Sadashiva 

Mol. C~yst.  Liq. Cryst., 201, 13 (1991). 

5. Crystal and ~iiolecular structure of a discogel1 bis[(l-p- 11-heptylphenyl,3- 

p-~~-lieI~~yloxypl~e~~yl)proyane- 1,3-diona to] coyper(II) 

I<. Usl~a and Iialyani Vijapn 

Liq. C.r.yst., 12, 137, 1992. 



6. Crystal ant1 niolecular sbrllc(.l~re of a discogel1 bis [I ,3-di (p-n-octylphe~iyl)propatie 

1 ,3-dionato]copper(II) - a seco~ld crys talli~ie ~llodification 

Ii. Usha and Iialyani Vijayan 

Mol. Cryst. Liq. Cryst., 220, 77, 1992. 

'7. Structural characteris tics of some nietallo-organic discogens 

I<. Uslia, Iialya~ii Vijayan and S. Cli:~~itlrasekliar 

Liq. Cryst., (sub~ilitted) 

These seven p~blicat~ions correspo~ld to the crystal structures of the com- 

plexes (i) to (iv) in Figure 1.6 and also tlie resuni4 presented in Chapter 7. 

Tlic paper describi~ig the structural cliaracteristics of the palladiu~n and nickel 

coniplexes discussed in Chal>t,er 6 is u~icler preparation. 


