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Preface 

Liquid crystals represent states of matter intermediate between the crystalline solid 

and the isotropic liquid. A liquid crystalline system could be either lyotropic or 

thermotropic. The former refers to a two or more components system in which the 

mesomorpliic behaviour is brought about by the influence of solvents. Thermotropic 

liquid crystals are obtained by purely thermal process, i.e., by heating certain crys- 

talli~ic solitls or tlicir ~riixturcs (c~ia~itiotrol)ic) or by cooling tlic isotropic licl t l icl  

(monotropic). 

As tlic work dcscri bed in this tliesis is concer~ied with the study of tlicr~~iotropic 

systems, all further discussions will be limited to this type of liquid crystals. 

Thermotropic liquid crystals may be obtained predo~ninantly frorn organic colii- 

pounds, but some organometallic compounds also exhibit the same. The corn- 

pounds exhibiting thermotropic liquid crystalline behaviour are gerierally coriiposcd 

of molecules which are either lath-like (calamitic liquid crystals) or disc-like (discotic 

liquid crystals). Calamitic liquid crystals may be conveniently classifietf into three. 

groups. 

1 Nematic phase 

2 Cholesteric phase 

3 Smectic phase. 

Si~~iilarly discotic li(lui(l  crystals riiay bc broatlly clivid(bt1 itito 

1 Columnar phase 

2 Discotic nematic phase 

3 Discotic lamellar phase. 

The investigations carried out in this thesis are concerned mainly with the syritiic- 

sis and properties of mesogenic metal complexes. In particular, copper(I1) and palla- 

dium(I1) complexes of substituted P-diketones, platinum(I1) and oxovanadiurn(1V) 

complexes of N-salicylideneaniline derivatives and the niesogeriic behaviour exhib- 

ited by them. 



In all, nearly 175 new compounds have been synthesised and an examination for 

their mesornorphic behaviour showed that 140 of them are mesogenic. The plat- 

inum(I1) complexes described here represent the first examples of liquid crystalline 

platinum containing materials derived from salicylideneamine derivatives. 

The first chapter begins with a brief description of the molecular arrangements in 

various classical thermotropic liquid crystals and a brief survey of mesogenic metal 

complexes with special emphasis on d block elements. The influence of different 

metal atoms on mesogenic properties has been summarised. The effect of different 

substituents on the mesomorphic properties, the variation of the mesorrlorphic he- 

haviour in a homologous series and the relationship between chemical constitution 

and liquid crystallinity have also been discussed. A few important applications of 

liquid crystals have also been mentioned. 

Chapter I1 deals with the investigations on the synthesis and rnesogenic proper- 

ties of [ l - ( 4 " - n - d o d e c y l b i p h e n y l ) - 3 - ( 4 - s u b s t i ~ e ] - l , 3 - d i o e s ,  [II(l)] 

and their copper(II), [II(2)] and palladium(II), [II(3)] chelates. We used different 

M = P d  

R = O C H  
3' 



terminal substituents on the phenyl ring to study the influence of these on the 

mesophases. In series II(l),  except for derivatives with a terminal methoxy sub- 

stituent (which is non-mesomorphic) remaining exhibit smectic mesophase. Com- 

pounds with chloro and bromo terminal substituents exhibit an enantiotropic smec- 

tic A phase and a monotropic smectic E phase. Terminal alkyl substitution seems 

to favour the mesophase formation as compared to the alkoxy groups in this system. 

Copper(I1) complexes [I1(2)] show monotropic smectic A phase or a monotropic 

rlcrriatic phase, depending on the nature of substituents. A terminal cyano sub- 

stituent which lies high in nematic group efficiency order' and low in smectic order 

promotes a smectic A phase. 

From earlier investigations2 we had found that the electron withdrawing chloro 

terminal group favours mesophase formation as compared to the electron donating 

methoxy group in the same P-diketone parent system. We synthesised a homologous 

series of P-diketones, [II(4)] with a chloro terminal substituent. A11 the Ilornologues 

of this series show smectic A phase and the higher homologues also exhibit a 

monotropic smectic E phase. A plot of the transition temperatures versus the num- 

ber of carbon atoms in the alkyl chain shows a smooth curve relationship. 

Chapter I11 deals with the synthesis and mesomorphic behaviour of a homologous 

series of [1-(4-n-a1 kylbi~~l~e11yl)-3-(4"'-c~anobi~lnyl)proa1e]- 1,3-diones, [I1 1(1)] and 

their Cu(I1) complexes, [III(2)]. 



It was observed that the first four homologues of the above series [III(l)] (n=4 

to 7) exhibited only nematic phase. The intermediate homologue (n=8) shows lie- 

matic and smectic A phases. The remaining higher homologues exhibit smectic 

polymorphism. This behaviour is in accordance with what has been observed3 in a 

rlu~rlbcr of clilfercrit lio~l~ologous series. A plot of the transition te~nperatures ve~.sus 

the number of carbon atoms in the alkyl chain shows a smooth curve relationship. 

All the complexes of series III(2) show enantiotropic nematic phase. All deriva- 

tives melt above 240°C and have clearing points in the range of 260" to 290°C. 

Replacing Cu(I1) wit11 Pd(I1) i11 two of tlie above co~~ll)lexcs, stiow that the latter 

have higher melting points and become non-mesogenic. In order to study the effect 

of tlic alkoxy substituent on the type of mesopliases arid their transition tc~llpcra- 

tures in this system, we synthesised a few representative compounds belonging to 

the following series of com~)ounds. 



It was observed that the melting points were raised and the thermal std,ility of 

smectic A phase was increased in the compounds of series III(3) as compared to tlie 

corresponding derivatives of series III(1). We prepared copper(1 I) complexes [III(4)] 

using the ligands discussed above. These complexes exhibited enantiotropic nematic 

phase with high thermal stability. On complexation the melting points were raised 

by about 18" to 87"C, wl~ilc tlic clcarir~g points wcrc raised by 50" to 95OC. ' l ' t ~ :  

mesomorphic behaviour of these complexes have been compared with the n-alkyl 

substituted analogues. 

In chapter IV, a brief account of the thermal behaviour of [l-(4-n-alkylbipheny1)- 

3-(4'"-substitutcdbiphenyl)propane]-l,3-diones, [IV(l)] and [l-(4-n-alkoxybiplieny1)- 

3-(4'"-methoxybipheny1)propanel-l,3-diones, [IV(2)] and their metal chelates have 

been discussed. It was observed that in series IV(1) all the ligands were non- 

mesogenic. liowever, on complexatio~~ with Cu and Pd metal atoms, mesogenic be- 

haviour was induced. In series IV(3) except for complex where n=12, R=Br (wliich 

exhibit a smectic A phase) all the other derivatives show nem;ztogenic behaviour. 

For chelates where R=OCH3 or C2H5 and n=12 the copper(X1) complexes were eriari- 



R = OCH 3 , 0 C 2 H 5 , C 2 H 5 , C j H , , C 4 H 9 ~ r B r .  n=10-12.  IV(1) 



tiotropic nematic and when R = OC2H5, n-C3H7 or n-C41-I9 and n=12, the complexes 

exhibited a monotropic nematic phase. We know that bis[l-(4"-methoxypheny1)-3- 

(4-n-dodecylbiphenyl)propane-1,3-dionato]copper(II) complex exhibits a monotropic 

nernat ic phase2 whereas bis[l-(4"'-rnetlioxybipheny1)-3-(4-n- dodecylbipl ie~iyl)~~ro~~a~~e-  

1,3-dionato]copper(II) complex exhibited an enantiotropic nematic phase. This sug- 

gests that presence of a biphenyl moiety enhances the nematogenicity in the complex. 

l'lic niesogenic beliaviour of tliese complexes have been discussed with respect to 

the way in which their molecular geometry affects the type of mesophase formed. 

All the palladium(I1) complexes were found to have a higher melting point than 

their corresponding copper(I1) complexes and show a nematic phase. 

In series IV(2) all the three synthesised derivatives were non-meso~norphic but 

their Cu(I1) complexes exhibited enantiotropic nematic phase. A comparison of tlie 

mesogenic properties of these complexes with their corrcspondi~ig alkyl analogues 

showed that these alkoxy complexes had higher thermal stability of nematic phase. 

In chapter 11, we had reported tlie synthesis of P-diketones in which a biplle~~yl 

moiety and a phenyl ring were employed in the 1,3-positions. With a view to examine 

the effect of a methyleneoxy bridging group between two phenyl rings on the rrie- 

somorphic properties of such a P-diketone system as well as their metal complexes, 

several compounds were syntliesised. In chapter V, t lie synthesis arid rriesoge~~ic 

properties of such P-diketones [V( 1 )] have been discussed. 

R=C H ,C H 
2 5  7 15 *Or '12~25 

n=1,4,6 or 12 V( 1 )  

Several copper(I1) and oxovanadium(1V) complexes, [V(2)] synthesised using tlie 

above ligands were found to be non-rriesomorphic. This beliaviour suggests 

that molecular linearity and rigidity cannot be altered too much for a compound to 



exhibit a mesophase. 

Chapter VI begins with a survey of the mesomorphic properties exhibited by 

o-llydroxy substitutcd Scliill's I~ases atid thcir 111ctal cllclatcs. Syritlicsis and liquitl 

crystalline properties of a homologous series of N-(2-hydroxy-4-1l-alkoxybenzylide1le)- 

4"-n-decylbiphenylanilinos (ligands), [VI(l)] and two homologous series of bis[N-(4"- 

n-decylbipheny1)-4-n-alkoxysalicylaldiminato] oxovanadium(IV), [VI(2)] and bis[N- 

(4"-n-decylbipheny1)-4-n-a1koxysa1icy1a1diato]p1atin(11)~ [V1(3)] have bee11 clis- 

cussed. 



. . . 
V l l l  

It is bclicved that these series of platinurn(I1) complexes are the first examples 

of mesogenic platinum containing salicylideneamine derivatives. 

The first salicylideneaminato complex containing an oxovanadium group was 

reported by Galyametdinov et aL4 in 1984 which exhibited smectic A and smectic C 

phases. Since then very few series of mesogenic oxovanadium complexes of o-hydroxy 

substituted Schiff's bases have been We have found that the mesophases 

(SA and Sc)  obtained in the oxovanadium(1V) complexes, VI(2) are also observed in 

the ligands from which they are derived. Replacing tlie n-decyl chain with an etliyl or 

n-pentyl group on the biphenyl moiety in series VI(2)) resulted in the oxovanadium 

complexes showir~g a nematic phase in addition to smectic phases. The clearing 

temperatures of all Pt(I1) complexes were greater than 250°C. All the homologues 

show a focal-conic texture and the mesophase was characterised as smectic A phase. 

Higher homologues show a smectic C phase with a broken focal-conic texture. It 

was interesting to note that in series VI(3) removal of the alkoxy substituerit from 

tlie phenyl ring, gives rise to a nematic phase in addition to the s~riectic phases. 

It was found that replacement of oxovanadium(1V) with platinum(II), gives higher 

melting and clearing ternpcratures. The highcr transition tcrnperaturcs are tluc to 

square planar arrangement of the platinum containing chelate rings as compared to 

tlic scluarc pyramidal arrangcrncnt of tlic oxovanadium ~ o r r i ~ l e x c s . ~  

Some of the results presented in this thesis are reported in the following publi- 

cationsJconference. 

1. Terminally chloro substituted mesogenic P-diketones. 

(Archana Ghode and B.I<.Sadashiva) Mol. Cryst. Liquid Cryst. Lett., 8, 39 

(1991). 

2. Syritlicsis a ~ i d  rncsogcnic pro~>ertics of sorue P-di ketolies and tlieir coppv0 I )  

and palladiu~n(II) chelates. 

B.I<.Sadashiva, Archana Ghode and P.Rani Rao 

Mol. Crysf. Liqliid Cryst., 200, 187 (1991). 



3. Mesogenic P-diketones and metallomesogens. 

B.K.Sadashiva, L.Umadevi and Archana Ghode 

Paper presented at the Thirteenth International Liquid Crystal Conference, 

Vancouver, Canada, July 22-27, 1990 - Abstract No.Syn-43-p-Tue. 

4. Synthesis and mesomorphic properties of some platinum(I1) and oxovana- 

dium(1V) complexes. B.K.Sadashiva and Archana Ghode Liquid Crystals, 

1993 (in press). 
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