
Chapter 7 

Structural characteristics of discot ic, 
metallo-organic P-diketonates 



7.1 Introduction 

I11 (,lie prccetli~lg five clial>lers, tlclails of (.lit crys t,al a .1~1 ~liolccular s lruc tlires of 

six nietallo-organic discogells (Figure 1.6) were described. (For the sake of easy 

readi~lg, Fig~lr(: 1 .G liit.; 1>cc11 r c - i ~ ~ ~ l ~ ~ ~ l c d  ill (,llis cl1:~11(,t:r). Tlie ~ilolecriles co~lsis t 

of a rigitl 11-at0111 core (sllown encasetl in Figure l.G) and a fringe ~ n a d e  up of 

four pllenyl rings sul>st,it,ut.ed n~it~li alkyl or alkoxy cliai~is a t  tlie respective para 

l)osii(,io~is. 111 Cu-( )Ce H 17 nlilli folir alliosy cliains, t.1icre are four oxygell atollis 

around {,lie core; in C I ~ - O C ~ H ~ ~ - C ~ H ~ ~ ,  wit,li t,wo alkoxy and two alkyl chains, 

t,licre arc o111y t,wo oxygen at,oms ant1 in CU-CPH17, Pd-CPH17 a ~ i d  

Ni-C8H17 llierc arc no oxygen at,onls arou~ltl t.lle core. Tlie le~igtli of llie substi- 

t,ut<ioils linw also 1)cen v;tried it.; liept,yl, oct,yl ant1 tlecyl cliaius. Tlle transition 

~ne t~a l  at0111 used for coordi~iatioli lias been chosen as Cu/Pd/Ni. Tliese d i s h  

guisliillg ~ilolecular feat,ures provide useful handles to idenlify structural changes, 

if any, czssociat,ed nrit,li (a) t,lie oxygen coiite~lt, in tlie fringe (b) tlie le~igtli of the 

liydrocarbon cllaill and (c) the t,yl>e of metal atoni. 

Table 7.1 ~)resent,s the details of tlic lra~isit~ions froni t,lle crystalli~ie phase (C) 

to Clle ~llesopliase (D) aiicl t,lle isot,ropic pliase (I). Coiilparison of tlie seven crystal 

slruct,ures lias sliow~i that sollie of t,lie s t,ruc t ural features are characteristic of 

t,llis ent,ire group of con~l>lexes. A reslinl6 of t,llese siniilarities, along wit,li a 

few consl~icuous differences which liave also been observed, are described in this 

clial, ler. 
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Figure 1 .B: S t-ruc t.ural fonnula of the collll~leses s t.utlied ia this thesis. Tlle 
11-at(o111 core is sllonrll e~lcasetl. 



Table 7.1: Transition temperatures (OC) and the molecular arrangement in the mesophase. 

Molecular 
arra~ige~ricil t 

i11 the mesophase 

lamellar [ Ohta  et al, 1986 ] 

not known 

la~nellar [ Giroud-Godquin and Billard, 1983 ] 

not known 

not known 

reported non-mesogenic 
[ Giroud-Godquin and Billard, 1983 ] 

Complex 

(i) Cu-OC8H17 

(ii) C U - O C ~ H ~ ~ - C ~ H ~ ~  

(iii) Cu-C8H17 

(iv) Pd-CloIIzl 

(v) Pd-C81117 

, (vi) Ni-CSHI7 

Transition 
teniperatures (OC) 

C 8 3 . 5 . D 2 1  

150 5 C -A I 

k 
D \ "  

142.5 CZ D 3 D --r I 

106 119 ~ ' O ' . D + D - - + I  

1 2 0 5  138 C - 4 D h I  



7.2 Space group and molecular symmetry 

Table 7.2 comyares so~lle of the relevant crystal data. The l~lost striking feature 

is the propensitmy for llie entire series to crystallize in the t,riclinic space group , 

Pi.  As is well kllow~l [I<itaigorodskii, 19731, P i  is one of the space groups wllicli 

per~nit$s closest packed arra~lgellicllt of n~olecules. Values of the packing coeffi- 

cient [Kit~aigorotlskii, 19551 k defined as 

v o l v ~ ~ z e  of nzolectiles in the 1i1~it cell x. = 
1 ~ 1 1 i t  cell voE1~1ne 

and listed in Table 7.2 sliow that in the ciyst,al structure, tlle lliolecules are close 

packed. T l ~ u s  it, appears t l ~ a l  llie repcatctl occurcncc of tllc space group PI is 

yri~llarily due to l>acking consicleralions. 

The structural for~llula (Figure 1.6) sllows that the ~~lolecule could possess a 

crys tallograpliic centre of synlnletry. The data in Table 7.2, however, show that 

only five out of the seven ~nolecules possess a crystallographic centre of sym- 

metry. Interestingly, the rllolecules Cu-OCp H17 and CU-OC7H15-C7HI5 wllich do 

not have crystallogral>hic synlmetry are those in wllicll oxygen atollls are present 

around the core. Tliis feature suggests t,lle possibilit?r of a correlation between 

t#lie absence of ~llolecular synlmetry in the crystal and tlie presence of oxygen 

at onis ill t lle cl~ains. Tlic slat ist ical sig11ific:tllcc of a corrclatiol~ wliicll is based 

on only tnro observations is atlnlit tedly low. Further co~lclusive evidence can be 

obtai~lctl only nrllcll Illore data on conlpounds nrit,ll oxygen ato~lls ill tlic cllai~is 

arc gc~llcra t ctl . 



Table 7.2: Crystal data. 



I t  is also observed from Table 7.2 t,llat factors such as tlie lellgtll of the 

sul~slit,nl,io~ls R t,o R 4 or (lie type of 1lic6al aboni at, tlie cenkre, clo not affect tlle 

niolecnlar sy~ i i~ne  try. 

7.3 Metal coordination 

In all t<he seven crystal st.ructures, t,lle di~posit~ioli of oxygen atollls around tlie 

lnet,al atom resellibles a square planar asrangenlent. As the oxygen atolns are 

part of the diketone ring systelli, tlie coordi~lat~ioll polyhedron llas a rectan- 

gular charac t,eris t ic, t,he dis t,ance 0 ( 1 )  .. .0(2)  being larger than tlle distance 

( 1  ( 4 )  It is also observed h a t  in tlie crystal structure of CU-0C7Hl5- 

C7 H I . 1 1 ~  g~0111ct~1.y of ! , h ~  scc t,a~lgle is f~irt~ller dis f8ortct1, i.e., 0 ( 1 )  ... 0 ( 4 )  = 

2.5i(l)A whereas 0(2) .  . .0 (3)  = 2.67(1)A . This difference is primarily due to 

the cis arrallgelilcllt of t,he silliilar cliailis in tllis ~liolecule and possible inter- 

actions between tlie osygen atonis, det,ails of wllicll are to be described in the 

subsequent sec tioil of this cllap t er. Average values of the M - 0  clis tance, the 

0 - M - 0  valence angles ant1 llic O...O C ~ ~ S ~ ; L ~ ~ C C S  arc 1)rcs~1iIed ill Tal~lc 7.3. As 

could be e~pec t~ed ,  an illcrease in t,he size of t,he ~liet~al atoll1 is accoillyallied by 

an increase in the M-0  dis trance. 

It lllust, be poinled out t,liat in t,lie case of salicylaldin~iiie complexes of llicliel 

a1~1 coI)alt,, alxelire of niesoniorpllislii has been a~sociat~ed wit411 tet,rahetlral co- 

ordillatioll around tile metal at,onl [Galyanietdinovct al, 19881. In the case of the 

Ni-conil)lex, Ni-CaH17 wliicli is reporlctl to be non-lllcsogenic [Giro~~cl-Gotlyui~l 

al~(l Billar<l, 1983; G i r o ~ ~ ~ l - G o ( l ( ~ ~ ~ i l i  and i lhi  t lis, 19911, tliere is clearly no evi- 

tlellce for such t e t~ralieclral coordina t,ion. 





Roberl,son and Truter [19G7] have ment~ionctl it11011t t,lie occurrelice of weak in- 

t,eractions bet,ween tlie ~iiet~al at0111 and tlie core atollis of neiglibouri~ig ~llolecules 

of sollie diket,one complexes. Icoyania et a1 [I0531 also report the occurrence of 

sucli a coorc-linat ion by tlie C-H groups of niolcculcs above and bclow. Such in- 

terac tiolis wliicli correspond to llie fiftli and tlie sixtli coordi~lati~lg positio~is to 

tlie ~iiet~al at,o~li are found to be present only in the crystal structure of co~liplex 

Cu-OC8HI7. Here, lrio ~)lie~iyl ri~ig alo~iis froni tlie neiglil~ouring ~iiolecules are 

found to be situated a t  3.17 aiid 3.24a respectively from tlie copper atom, close 

to tlie fiftli and tlie sixtjli coordi~iati~ig positions. Botli tlie carboll atollis are 

sliifted froti1 the norinal LO t,lie copper-oxygeti plane by .- 0.17A . 

7.4 Dimensions of the core 

Tlie average values of tlie bond le~igtlis and valence aligles cllaracterizi~ig tlie 

core arc lisled in Table 7.3. Tlie tli~iie~isiolis are found lo be noniial. 

7.5 Planarity 

Tlie s t,ruc tural for~iiula (Figure 1 .G)  shows tliat with tlie P-dike tone ligalid and 

tlie square planar coortli~iat,io~i nroun<l tlic ~ilelal alonl, Clic 11-at0111 corc coultl 

be expected to for~il a flat planar moiety. However, tlie present crystal structure 

inves t,ig;itions liavc slio1~11 t,liat Clic cores cx1iil)il sig~iific;~~it, ( levi~t~io~is  fro111 st,sicl 

pla~larity. In tlie crystal s truc tures of complexes Cu-OCa H and CU-OC7 H15- 

C7 HI wliere tlie clicnlically identical halves of t,lie ~ilolecules are not rcla t,ed by 

crys ttallograpliic synulie t,ry, a slight buckling is found to exis t be tween t lie two 

lialves of t,he core. Presence of sucli buckling is evinced by t,lie non-zero value 



of t,lie angle between t,lie ~iorlllals t40 t,lie least squares planes tllrougli tlie two 

halves of tlie core, viz., tllrougllO(l), 0 (2 ) ,  C(5) to C(7) and 0(3) ,  0 ( 4 ) ,  C(8) to 

C(10) respec Lively. In the case of Cu-0C8 H17 and CU-0C7H15-C7 HI5, tlie angles 

are ~3 alicl lo respectively. Sinlilar buckling llas been observed in t'lie crystal 

s tjrltc t, ures of o t,lier dike tolie colnplexes [M iililburger and Haase, 1989; Okeya 

et  al, 1981; Fallon and Gatehouse, 19823 wherein tlie correspoiiding angles are 

- 3, G alitl 2' resl)cctivcly. I11 tlic caqe of tlie t1iliiorl)lis C I I - C ~ H ~ ~ ,  Pd-CIOH21, 

Pd-CP H17 and Ni-Ce H17 buckliug be tween t,lle two lialves is inliibi tred by tlie 

lxesence of cryst~allograpliic sylllllletry in tlie molecule. Thus, it appears that 

wlien 110 t cons trained by crys t,allogral~liic syninle try, tlie I 1-atom core tends to 

buckle sliglit,ly. In addition to tlie buckli~ig between tlie two lialves of tlle core, 

a~iot~licr type of tlist,orlion is also obscr\retl ill eacli half of llle core. Table 7.4 

lis t,s t,lie angle 11 l)et,weeu llie plalics llirough t,lie group M-0-C-C in eacli lialf. 

Tlie non-zero value of tlie dilieclral angle sliows tlial each lialf of tlie core is itself 

slightly bent. 

It is also lioticed that in these cryst,al ~truct~ures,  tlie displacelilellt from the 

plane tlirougli the liglit atolils of the crystallograpl~ically illdepelidellt part of 

tlie core, is colisis telitly the liiglies t for the lnetal atom. Sucli displacel~~elits can 

indeed cont,ribu t,e to tlie non-planar cliarac teris tics of tlie core. Nou-pla~iarity 

of a different type arising fro111 the approach of t,he llletal atoll1 witli t,lie apex 

carbon alolii of a ~ieiglil~ourilig core lias also beell described by Hall et a1 [19GG]. 

As could be expected, t,he presence of le~igtliy alipliat,ic cllains confers a 

consitlcral~le uon-planar c1iaracl.c~ I,o the nlolccule as a wliole. To provide an 

iudicat, io~~ of t,lle ext'eiil of non-pla~iarit~y, tlie displacenients, 6, of tlie ter~ili~ial 



'l'able 7.4: Values of I ] ,  S a~ id  end to end rrlolecular dimensions. 

Complex 

C U - O C ~ I - I ~ ~  

C U - O C ~ H ~ ~ - C , H ~ ~  

Cu-C81117 ( N )  

CU-C~II  

Pd-C1oH21 

P c ~ - C ~ ~ I ~ ~  

Ni-C8IIIi 

do) 

3,1.5 

0.9, 2.5 

4.8 

1.1 

3.2 

2.8 

3.1 

6 of terlllinal 
atoms ( A )  

O.S8(9),0.(36(3),-O.GG(G),-O.95(2) 

0.00(2), -0.28(3), -1.08(2), 0.48(3) 

2.016(8), -1.42(1) 

0.29(1), O.lO(1) 

-0.35(1), 0.26(1) 

0.05(1), 0.17(1) 

0.27(1), 0.18(1) 

molecular 
dimensions ( A )  

31.6,31.1,10.8, 10.9 

28.8, 28.5, 10.6, 9.9 

30.4, 9.7 

30.3, 9.6 

35.3, 9.5 

30.2, 9.7 

30.3, 9.5 



atonls of tlie alipliatic chains fro111 t,lie plane t~liougli tlie cryst~allograpliically 

indel>entleat part of the core have been i~iclucled in Table 7.4. Tlie atomic 

displacenlents are tohe liigllest for llie N for111 of CU-CPH17. 

7.6 Molecular conformation 

Tlie co~ifornlat~ions of t.lle molecules st,uclied in t,liis t,liesis are very silliilar in 

t.licir rchsl,ccLivc crysi,:il st.ruc~urcs. 111 all tlie cases, the plienyl rings are tilted 

wit,li rcsl>ect lo t,lie core, tshe t,ilt being collt,rolled pri~ilarily by steric effects. 

Also, t,lie t,ilt,s of t,lie alkyl/alkoxy cllai~is are comyarable with those of the re- 

specCive plie~lyl rings. Thus, despit,e t,lie conforniational flexibility available for 

the alipllat,ic cliains, the cont,ril)ut,ion to t,lie overall till of tlie ~nolecule from the 

cllaills is not 111ol.e t,llitll tliai, froni llie pllellyl riligs. Tlie alkyl/alkoxy cliaills 

are in an all-tl.ans confornlation (Figure 3.7). Tlie encl-to-end cli~ile~lsio~ls of tlie 

molecules (Table 7.4) i~ldicat~e t,llat in all tlie cases, tlie lengtli to widtll ratio is 

- 3. Tll~is, tlie overall niolecular shape is close t,o a recta~lgular disc. Tlle ob- 

servecl co~iforlliat,io~is and tlie liiolecular cli~i~elisiolis closely reseiiible the ~ilodel 

B (Figure 2.6) proposed by Ohi,a et a1 [I9861 for tlie rilesopliase of Cu-OC8H17. 

Tlie repeated occurrellce of ~liodel B suggests tliat tliis lilodel is perhaps energet- 

ically liiore stable t,lian t,lieir ~lioclel A in wliicli tlie co~ifor~ilatioli of tlie ~liolecule 

corresponds to a lengt,li tfo width ratio of N 1. Table 7.4 sliows tliat the illcrease 

in lllc lengt,li of t,llc lliolcclile Pd-C10H21 over Cliat of Ptl-CeHI7 is co~ilnle~ls~irale 

wi tli the illcrease in t.lie cliain leng tli. Tliere is, llowever, no sig~iificalit clia~ige in 

tlie ~liolecular di~lie~lsio~ls clue to llie rel>lacelllc~ll of copper by eitlier yalladiulli 

or nickel. 



Tlic coliforlila ti011 of the asy~il~iielrically subs t,itu ted liiolecule Cli-OC7 HIS- 

C7H1:, 11i~rit.s s1)ecial nient,ion. Hcre, t,wo t,ypcs of coliforniations arc possible, 

viz., tliose correspoliding to tlie trans and tlie cis arrange~nents of tlie si~liilar 

subslit,ut,ions wi(,li respect to the core. Frolii simple geo~iletric co~isiderat~io~ls 

of ~ilolecular s tabili t,y, it -would appear tlla t tlie clie~~lically idexit ical cliains as- 

sume a trans arrangement witsli respect to tlie core. Interestingly, in tlie crystal 

structure, they are fouiid to be cis with respect to tlie core. Tliis result tllougll 

unexl~ec ted is conclusive. Tlie slight asyninie try ill t,he wid tlls of tliis ~ilolecule 

(Table 7.4) is also a colisequellce of tlie cis coriforrliatioll and the differelice in 

tlie leiigt,lis of tlie liel>t,yl and t, lie liep t,yloxy chains. 

I11 the crystal structure of bis[l- tliia-4-7-diazocyclono~iane] cobalt(III), wliicli 

is not, ~iiesogenic, ~iiolecular ~iicclialiics cal~ulat~ions liave sliown [Ha~iibley el al, 

19891 t,liat tlie cis iso~iier is liiore stable t,lian tlie trans isomer. Tlierefore it 

appears tliat the occurrence of a stable cis for111 in crystals is not an  ulicolillrioli 

feature. I t  l~iust also be lllelitiollecl tliat in the case of a Pd-diketone com- 

plex wi tll dissilililar subs ti tutions , two crys tallilie modificatiolls correspo~ldilig 

to botli tlie cis arid tlie trans arralige~ile~its liave been reported [Okeya et al, 

1981]. It is therefore not unlikely t,liat in the case of CU-OC7HI5-C7HI5 also, a 

secon(1 crystalline ~ilodificatioli wit31i trans arr:~~igenielit of t,lic si~liilar substitu- 

tions exis t,s. Exaniination of tlie crys talli~at~ion dish of CU-OC7 H15-C7 HI:, lias 

sliow~i (,lii~t ~ , I~CI .C  arc ill fact, cryst,;~ls rvi(,li I l i r ~ ~  diff(~r(~~i(~ 1ii01.1~1iologie~, (,lit crys- 

t'al s t,ruc t,ure of one of nrliicll lias been de ter~ili~ied by us. It nlus t be llle~itio~ied 

t,liat ill t,lie cryst,al st~rtict~ures of few ootlier diket,ones ~vit~li dissi~iiilar subs tilut-ion, 

only :t ~ T O , ~ S  a r r a i i g ~ ~ i ~ ~ ~ i t  liit~ been rcl)orled [hIiilill>crger aiid Haasc, 1989; Hall 



et al, 1966, H o ~ i  et  nl, 1966 alicl Barclay and Cooper, 19651. 

7.7 Molecular arrangement 

Tlle a\railable st,ruct,ural data on the ~liesopliase of diketfo~ie co~nplexes with 

four cliai~is suggest t,liat solile of them are cliaract~erized Ily a laniellar structure 

(Table 7.1). Recog~lizi~ig tlia t t,liere is a relationsliil~ be tween the molecular 

arrangrnleni,s in t,hc niesol)liasc and tlie crystalli~ie phase, it niay be expected 

t,liat a la.niellar s t,ruc t.ure esis t.s in blie crys t.alline phase also. Our results 011 these 

coiiiplcxes illdieatme t,liat in the cryst.alline phase, t,lie ~iiolecular arralige~lle~it 

is exl)licitly la~ilellar for tlie conll~lex C I . I - O C ~ H ~ ~ - C ~ H ~ ~ .  For tlie rest of tlie 

coml>lexes, tlie niolecular arra~ige~iielit lias botli la,niellar as well as colu~ri~iar 

characteris tics. For t,lie'coml~lexes Cu-OCpH17 CU-CPHI7, Pd-C10H21, Pd-C8HI7 

and Ni-CP H17, t,lle ~llolecules a.re arranged in layers but tlie periodic stacking 

of t<lie layers leads to the for~llatio~i of columns. Tlle lllost likely route for a 

transilion from a coluni~iar crys t,al s true lure to a la~ilellar mesoplia.se s truc t use 

is by tslie weake~iilig of t,he i~it~eract~ions along tlie colu~l l~i  axis i.e., between 

t,lie layers. Exaniina~t~ion of tlie nonbonded i~it~er~llolecular i~iterac t,ions/contac t 

dist,ances < 4 a  in tjliese crysl,al s t,ruc t,ures slioms an iliteres t i~ ig  tlis tribution 

whicli per~liit~s s~lcli a weakening of inter-layer int,eracCions. I t  is foun<l tliat 

wit11 the except,ion of t,lle crystal st-ructure of the N-forni of CU-CPH17, ill tlie 

rest of t,lic col~uil~iar sl.ruct.urcs, t.lio ~iuliil~cr o f  i~ll,er~liolcc~~lar collti~c(, disl.a~lces 

< 4 a  is more wit,lii~i a layer t,lia~l along tlie colu~nn. For exanlple, in tlie case of - 

tlie P for111 of CU-CPH17, there are 28 co~it~act~s nliCliin a layer and only 16 along 

tlie colunln, i. e., l~etween adjace~it layers, t,liercby sugges tirig ha t  tlie stability 



arising fro111 non-bonded inter~nolecular illteractiolis is lllore witllili a layer tllall 

bet,nrccn layers. Conscclucnlly lllc st.i~~kilig of ~ ~ L ~ C S S  is likely t,o l)c lllorc easily 

disturbed tlian tlie lllolecular arrallgeliiellt witliill the layer. If tlie tlierlnal 

energy associated wit,l~ the crystalline t,o mesophase tsallsit,ion is sufficient to 

dist,urb tlie periodic st,acking of layers in tlie cry~t~al l i~ie  pliase, the colul~illar 

~ t ruc t~ure  could get modified t,o a lalilellar storuct,ure. Tlie validity of tlie proposed 

liieclia~iislii for tlie colulilllar to laillellas trall~forlilat~ioll call be cliecked if X-ray 

dat8a from 11ot~li t,lie crystallille and tlie nlesoyllrrse are available. At present, 

such data are available only for the coml~lex cu-OC8Hl7. Tlie layer spacing of 

25A ol~ser\red in Ihe cry~t~allille phase of CU-OCpH17 conlpares well with tlie 

correspollding value of 23a in its mesopliase [Olita el al, 19861. Tlie good 

agrcelllcliC is ill sul>port, of Clle pso~~osccl lllecllaliisr~i of traiisfornlatio~i. A layer 

t,liicklless of - 20A lias been lile~ltiolled by Girond-Godquin and Billard (19831 

for the tliscogen, Cu-CloHZ1. Tlle series investmigated in this thesis does not 

include this copper coiill~lex but only its palladiuiil alialogue viz., Pd-CloHzl. 

In this case, the layer thickliess in the crys tallilie pliase is fouiid to be - 32A , 

wliicli is in reasollable agreelilellt with tlie value for tlie correspolldillg copper 

coniplex. 

Only in t,he cryst.al sCruct.~lre of tlie N-form of C11-CpH17, tlie colicsioil clue 

to non-bonded iilterll~olecular iliteractiolls appears to be lilore along the colu~iill 

Clian nriCliin the layer. Here, lllcre are only 14 coill.i~cl dis(,ances witllin llle layer 

whereas along t,lie colunin tliere are 33. This feature does not appear to be 

very collducive for the occurence of a laillellar structure in t8he iilesophase of tliis 

crystal. 



Dc tails of [he structurnl cliarac teris tics of tlle lanlcllar and tlic colu~iiliar ar- 

ra~igenient~s observed in t,lie crys t,al s t,r~ict,ures of tlie six co~llplexes are described 

below. 

7.7.1 Layer structure 

I11 t,liis series, layer s t,ructure is observed for t#lie nsy~ii~iie t,rically substituted com- 

plex C11-OC7 H I5-C7 H15 (Figure 3.9). I t  is noticed that a1 tliough adjacent cores 

related by a centre of inversion are well sel~arat~ed, t,lle phenyl rings of a molecule 

overlap wi t,ll those of tlie centrosy!rmme t,rically relaled molecule. Conspicuously, 

t lie o~.rerlapl~ing l~he~iy l  ringsare t liose subs t itu( ed witli llep tyloxy cliains. Tlie 

~>ossible role of oxygen atollis ill favourillg such all over la^^ c a ~ l ~ i o t  therefore be 

igllored. ' I t is also observed tllat* itlter~liolcclilar cotit act, dis t<a~lces 4A are 

concenl ra t ed be tn?een the cent,rosymnle trically rela tecl niolecules. Tllese fea- 

lures suggest, t,liat the centrosyn~iiiet~rically relat,ed ~liolecules tend to pair in tlie 

crystal slruc lure. In tjlie layer, each of ilie cent rosyinnie t(rica1ly related pairs is 

surrourlded by four other si~iiilar pairs. 

7.7.2 Columnar structure 

For the co~ilplexes Cu-C8H17, Pd-CIOH21r Pd-CeH17 ancl Ni-CPH17, tlie repeal 

unit along the colu~ii~i is a single niolecule. For tlie conll~lex Cu-OCeHI7, wliicli 

Iias oxygen alollls arolllid t-llc corc, tlic repca(, uuil is a cc~llrosy~i~l~lclrically 

related lliolecular pair. It limy 11e poi~it~ed out t811at tlie two crystal structures 

in wliicll pairing is observed are Chose of ~iiolecules with oxygen atonis arouiid 

the corc viz., C I I - O C ~ H ~ ~  and Cu-OC7Hl5-C7H15. I t  is likely that tlie presence 



of oxygen atoms favours sucli molecular pairing. 

Tlie colu~ll~iar 111olecular arrange~nenls in t,lie crysLa1 slructures of Cu-OC8H17, 

tlie N and P-for~ns of CU-CPH17, Pd-CPH17 and Ni-CPH17 exliibito the 

followi~ig structural cliarac t,eris tics: 

1. Tlie coluin~l axis coiiicides witli tlie sliort,est axis of t,he unit cell wliicll 

in these crystal structures is the crys t,allograpliic a-axis. In the crystal 

structures of copper(I1) e t,liyl ace!,oacet at,e [Barclay and Cooper, 19651 and 

])is-ace tyl ace toile copper(I I)  [Iioyanla el al,  19531 which are also cliarac- 

t,crizcd by col~i~ilnar s t,acki~ig of t#lie dike t>o~la to cores, tlie sllor tes t axis of 

t,lie unit cell is found to be tlie colu~llli axis. 

2. I11 tlle crys t,al s truc Lures of llie conil~lexes CU-Cp HI7 Pd-CIO H21, Pd-C8 H17 

and Ni-CPH17 the metal atmonls are stacked atsop. I11 tlie crystal structure 

of CU-OCp H 17,  the individual ~liolecules of the pair wliicli cons titutes the 

rcyea t unit, are staggered wit11 respect to each other. Consequently, the 

illcia1 a(,onis arc tIishril~utetl allout tlie ~011111111 axis in a zig-zag fashion, 

the zig aial tlie zag distalices being 6.3 and (3.6 a respectively. Tlie angle 

al t,lle zig-zag is 124". 

3. 311 ,,lie crystal st,ruci.ures of llie conll>lexes, P-for111 of Cu-CeH17, Pd-CloH21, 

Ptl-C8HI7 ant1 Ni-CpH17, and the P-form of Cu-C8H17, the M...M distance 

along the colu1i11i is ~ 1 0  a . 111 ~t~riking cout,rast~, in the N-forin of Cu- 

CeHI7, t,lle M...h4 dis t,arice is -6 a . Tlie dis t4ribution of itlter~nolecular 

co~ltac t dis(.aiices tl~scril~ecl earlicr (section 7.7) suggests a possible corre- 

lat,ion existing bet,nreen the 11.. .hI clis t,allce along tlle colu~i l~l  and the con- 



tact dista.nces. I t  is found that the M...M distance reduces with increase 

in the  lumber of contact distances along the column axis or vice versa. 

As ll~ent~io~led in Cllaptcr 4, Eastnlan ct a1 [1987] proposc a coluln~lar ar- 

rallgenlent for CU-CpHI7. The separation of 2 to 3nm between metal atoms 

of adjacent colu~nns mentioned by them is observed by us in the crystal 

structure of the N-form of CU-CpHI7. 

4. Irrespective of the value of tlle M...M distance along the colurrl~l axis, 011 

account of the tilts of the ~ilolecules with respect to the column axis, the 

perpendicular distance between adjacent cores is co~~spicuously less than 

4 a  and ranges fro111 3.2 to 3.7 a . If the perpendicular distance between 

adjacent cores is assumed to be 3.6a  , i.e., the sum of the van der Waal's 

radii of two carbon atoms, the tilt 0 of the column, defined as the angle 

between tlie colu~lln axis and the normal to the core call be expressed as 

where a is tlie n-axial lengtll (columll axis) of tlle uuiC cell (Figure 7.1). 

Equation (7.1) suggests that for columnar structures in which the molecules 

are stacked atop, approxiniale values of tlie lilt 9 can be obCained fro111 a 

linowledge of the shortest~ unit cell constcant even without resorting to a 

complete structure determination. Table 7.5 compares the observed tilts 

with tliose calculated using equatrion (7.1). The agreement appears to be 

good. 

5. Tlie inlerior of eacli column is nladc up of the aromatic groups, viz., the 

dike tona to core and the phenyl rings. Flexible alkyl/alkoxy chains ex- 



axis 

Figure 7.1 : Sclle~iiat~ic cliagsanl of llie colu~iillar stacking. 



Table 7.5: Comparison of the observed a.nd calculated tilts of the nlolecules wi th  respect to the 
column axis. 

C ~ l l l p l e ~  

Cu-OC8H17 

Cu-CSH17 ( N )  

CU-C8H17(P) 

Pd-Clol121 

Pd-CsH17 

Ni-C8HI7 

Oobs (") 

12s 

122 

11 1 

112 

112 

11 1 

Ocalc ( ' )  

124 

12s 

110 

110 

110 

111 



tellding ou t w r d s  cons titcute the periphery of (.lie colu~nli (Figure 4.13). A 

co~lspicuous feature colicerns t,lie orie~lt~at~io~l of tlie alipliatic chains. In 

eacli molecule, all Llie four cliai~is are nearly yarallel to eacli otlicr and tlie 

parallelis~ll is retained iii all parts of the unit cell. Such an arrange~nent 

of the aliphatic cliai~is can be expected to opli~nize tlie non-bonded in- 

teractioiis between tlie liydrogen atsolns of tlie chains. Tlie importance of 

sucli interac tioiis in s tjabilizing the crys tal structure lias been e~npliasized 

by Desiraju [1989]. Giroutl-Godquin alicl bIait.lis [I9911 also ~ i l e ~ i t i o ~ l  tliat 

t,lie lion-l~onded i~iteractio~is presc~lt in the flexible cliai~is are associated 

-xi( 11 the st al~ility of ho t<li ttlie crys t,al ant1 the nlesopliase structures. 

6. Tlie st,acking of molecules along (,he column is s t8abilized by non-bonded 

int,eractions of t,he t,ype core. ..plienyl, plienyl.. .plienyl, phenyl.. .chain and 

chain.. .chain. Tlie crys t.al s t,ruc ture in wliicli t,he respec tive nletal atom 

enters into i~it~erac tions wit>liin t,lle coluln~i are tliose of Cu-OCa H17 and 

tlie N fornl of CU-CeH17. 

7. Eacli colulll~i in tlie crys0al strucCure is surrounded by six otliers wliicli 

do not for111 an ideal hexagon. Figure 4.12 is a sclie~natic represe~itatio~i 

of the liexago~ial arrangenient in t,lie two poly~iiorplrs of CU-CpH17. Tlie 

i~iteractio~is between adjacent colulil~is is priniarily of tlie van der Waal's 

t,ype. Also, t,lie orient,at.ion of t,he ~ilolecules is t,lie same in all lhc columns 

(Figure 4.1 1). Tliis last featfuse is in co~itras t to tlie lierri~igbolle type of 

~llolecular arrangenient (Figure 1.3) observed in t,lle colu~il~iar pliases of 

cer t,ain discogens [Levelu t,, 19831. 
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