
Chapter 3 

Crystal and molecular structure of 
bis [( 1-p-n- heptylphenyl, 3-p-n-heptyloxyphenyl) 

propane - 1,3-dionat o] copper (11) 



3.1 Introduction 

I11 t.1iis series, bis[(l-p-7~-lie~1 tylplie~iyl, 3-p-7~-liep tyloxyl~lie~~yl)propa~ie-l ,3- dio~i- 

atso] colq)er(II), lirrcaf(.rr rc:fc~rrc~l (.o ;ls Cli-0GHl5-C7Hl5, is I11c o~ily C O I ~ I ~ ) ~ C X  

with dissi~llilarly substit,uted liga~id i. e., in Figure 1.6, the substitutions R1 to 

R4 are 110 t identical. In Cu-0C7Hl5-CiHl5, two of tlie four s ~ l ~ s l i t ~ u e ~ i t s  are hep- 

tyloxy cliailis ali(l t,lie o Ilicr two are lieytyl chains. Sucli an asyniliietry perniits 

t,wo tylws of geonielric iso~iiers viz., t,liose corresponding to tlie trans and tlie czs 

arraligc~iie~i(,s of (,lie si~ililar sul~stit~uent~s wi(,li respect to t,he core sliow~i ill Fig- 

ure 3.1 (a )  and (11) respectively. Also, wit,li two alkyl and two alkoxy chains, the 

nioleclilc of Cll-0C7 H 15-C7 H i~icl~ldcs t,wo oxygc~i a t,oiils ill t,lie fringe arou~id 

tlie core. I t  111ay 1)e pointed out t.liat ill CU-0CpHl7, tlie cryslal structure of . 

wliicl~ was tlcscsil)c(l ill t.lie 1)rc~violls cliapl.cr, (,lltre are follr oxygeli at-0111s ill tllc 

uiolcclllar fringe. Tlie e~isuing t,liree c1ial)ters of tliis tliesis describe the crystal 

skruct,ures of coniplexes with no oxygen a t , o ~ ~ ~ s  arou~ld the core. Thus, Cu- 

OC7H -C7 HI  for~iis all int,eresling i~itcrnietliat~e be tween co~nylexes witli four 

oxygen a lon~s  and nolie respec t,ively, arountl t,lie core. Tlie crystal structure 

a ~ ~ i ~ l y s i s  of Cu-( )C7 H 5-CS H 15 is t.1111~ clxl)cc lc:cl t,o ~,rovitlc i ~ ~ f o r ~ i i a t i o ~ i  colrceru- 

ing t,lie niolccular confornia.l.ion i .e . ,  occurrence of eitlier tlie trans or tlie cis 

isoliicr ;t~id ill a(l<li(,io~i e~ialjle idelilification of the possible effects of both dis- 

sil~iilar sul~st~it~ut.io~i and t,lie presence of two oxygen atollis arou~ld tlie core, on 

t,lie s t.ruclura1 cliaract.erislics. 



Figure 3.1: The geometric isomers of Cu-OC7HIS-C7H1~. (a) tram (b) cis 



3.2 Experiment a1 details 

On lieat,ing, tlie coniplex Cu-OC7H 15-C7 H15 was found to exhibit the followi~lg 

!,ra~lsit,ions [Pras:ttl ant1 Satlasliiva, 19911 : 

wliere D refers t,o a discotic ~nesopliase. 

These tra~isitio~ls represe~it t,he occurrence of a  non no tropic ~llesopliase i. e., 011 

heating, tlie crystal ~ilelt-s into a liquid and on cooling tlie liquid, tlie mesophase 

is observed before crys t.allizat,io~i. 

Transparent, green coloured prismatic single crystals of CU-OC7HI5-C7HI5 

were obtained by slow evaporat.ion fronl a solutio~i in butan-2-o~ie. Preli~ni- 

nary cliarac terizat ion of tlie crystal dolie t~s i~ ig  oscillatio~l and Weissenberg pho- 

t,ograplis showed h a t  the crystal belongs to t,lie tricli~iic crystal sys tern. The unit 

cell di~ne~isio~ls  were, however, det,cnnined and refined by least scjuares ~iletliod 

on a CAD4 single crystal diff~act~onieler using 25 reflectio~is in llie 0 range 10 to 

29". Tliree dilile~isio~ial inte~isit~y data were collected on tlie sallle diffrac tome ter 

using a crystal of al~proxima te tlinle~lsiorls O.GxO.lx0.1 mm3, CuIC, radiation and 

in t,lic w/28 scan ~iiocle witli a prescan speed of 5.5"/nlinute. Again, as described 

in Clial~t~er 2, the final scan speed was, liowever, varied for each reflectioli to sat- 

4 1 )  isfy tlic rclat,ion, - 5 0.03 wlicrc cr(I) is t,lie esCiniat,ed standard deviation for 
I 

! lie ~neasured int,ensily, I .  During data collection, t lie reflectio~ls 641, 221 and 

441 were used for 11ot~li orient,at.ion and i11t.ensil.y cont,rol. Tlieir i~itensities were 



clicckctl o~lcc  ill cvcry 3 0  secontls. In t,lle 8 ra~igc of 1 to 55O, i~itc~lsities of 

6595 inde~~endent reflect,ions were measured, of wliicli only 2112 reflectiolis had 

I 2 3a(I). Tlie intensities were corrected for Lorentz and polarization factors. 

Correc t,io~ls for absorplion effect was applied using the ~iletliod of Norlli et  al, 

[1968]. Tables 3.1 and 3.2 present [he crys la1 data and o tller relevant details of 

ilit,ensity data collec ti011 respecCi~vely. 

As in tlie case of CU-OCpH17 (Cllapt,er 2 ) ,  tlie cryst,al of CU-0C7Hl5-C7H15 

was also found tto dissolve in nlos t of the co~ii~iio~ily available liquids. For reasoIis 

nlentioned in Clial~t~er 2, t,he densitty of this cryst,al (and tlie rest of the crystals 

discussed in tlie e~isui~ig chapters) was not nleasurecl. 

3.3 Structure determination and refinement 

Tlie value of calculat.ed density, p,,,,, assu~iii~lg one iilolecule in tlie unit cell was 

very low (0.58 gnl/cc). Wit,li t,wo ~nolecules in t,lie unit cell, the p,,l, value of 

1.158 gul/cc was close to that observed for C I I - O C ~ H ~ ~  (1.163 gm/cc ). Based 

on tlie statistical dist,ribution of t,lie llor~ilalized ~ t~ruc ture  factors, Ehk17s, shown 

in Table 3.3, llic space group was cliosc~i as pi .  It, ~iiusl  be pointed out that tlie 

di~tribut~ion of Ehkl9s is close to liyper~ent~ric. Tlle asymmetric part of the cell 

therefore co~itai~is one for~ilula unit of Cu-OC7H15-C7H15 i.e., one copper atom, 

64 ollicr nonliydrogen aConis a~lcl 78 liytlrogen atonis. 

Tllc crys t a1 st ruc t use was solvccl using t lie direct met hods program MU LTAN- 

80 [Ger~iiain et al, 19711. 480 reflect ions wit 11 E values 21.769 and 100 reflections 

corrcsyolidi~lg to lonrcst E values were 11sed to set up (lie phase relationsliips. I t  



Table 3.1 : Cry~t~a.1 data,. 

Molecular formula C58H7806cu 

Molecular weight 934.7 

a 10.228(7) A 
b 16.607(5) A 
c 18.273(6) A 
a 64.40(2) " 
P 78.53(6) " 
Y 72.66(5) " 
V 2663A3 

Space group PI 

z 2 

Pcalc 1.158 ~ ~ K I / C C  

C1 c u I;, 9.548 cm-' 

F(000) 1 OOG 



'I'able 3.2: Details of data collcctioli. 

Radiation used CuK, 

Crystal size 0.6x0.1 ~ 0 . 1  1nm3 

Scan mode wJ20 

Maximum Bragg angle 55" 

Nurnber of unique reflections 6595 

Number of reflections with I 2 3a(I) 2112 

Ra.nges of 11 0 to 10 
k -16 to 17 
1 -18 to 19 



'I'al~le 3.3: Distribution of the normalized structure fa.ctors. 
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niust be ~ilent~ioned t,liat the reflect.ion 220, llad the highest E value of 9.925, the 

c~r re l a t~ io~ l  of wliicli will1 tlie ~ilolecular arra~ige~ile~lt  will be described later in 

tliis chapter. Details of the three origin defining reflections and the six reflec- 

tions wliicli for~lied t,lie starting set are listed ill Table 3.4. I t may be noted tliat 

t,lic refieclio~l 220 is part of tlie starti~lg set. 

Wit 11 six reflections in t,he st(arti11g set, there are 26(=64) solutions. A sum- 

mary of tlie figures of merit output by the taligelit formula is presented in Table 

3.5. Tllc ~ilolecule could not be identified fro111 the E-nlap correspo~idillg to the 

best sc t , i. e., t,lie set witch the lliglies t value of coni1)ined figure of merit, COM- 

FOM of 2.24. Tlic E-map corresponding to tlle set witli tlie lowest R-value and 

(.lie higlles t value of ABSFOM (2. e., sct 1) (lid not also enable idelllificalio~l of 

tlie niolecule. Exa~iii~iatio~i of tJie E-maps fro111 tlie other sets led to the iden- 

tifica ti011 of the copper at0111 ant1 49 o tlier nonliydrogen ato~ils fro~ii  set 6 i. e., 

correspolidi~lg to the eiglltll best COMFOM, second best RIiarl, and third best 

ABSFOM. Tlie PSIZERO value for this set was, however, 4.57. 

Positio~ial and isotropic t,lier~ilal paranieters of tliese 50 atorils were refined 

by blocked full ~iiatrix least squares procedure using tlie progralil SHELX-76 

[Sheldrick, 19231. Tlie atoniic paraliieters to be refined were divided illto five 

blocks described in Table 3.6. The initial R-factor of 0.415 reduced to 0.341 

in four cycles of least squares refinement. Fro~ll a difference electroil de~isity 

"lap conlputed a t  this stmagel positions of 13 out of the re~ilai~iiiig 15 atoms were 

itle~it~ificd, 011 i~lcl~tsion of wliicli the R-f:icl,or rc<lt~cctl to 0.237 ill four cycles. It 

must be pointed out tliat tlie two ato~ils wliich were yet to be ide~itified were the 



'I'aable 3.4: Details of the origin defining and the starting set of reflections. 



Table 3.5: Sumnlary of tlie figures of merit (ITOM) output by the tangent formula. 

COM FOM 

2.2396 

0.5260 

R e  

15.S4 

5.49 

1.20 

PSI ZERO 

4.679 

1.644 

1.20 

Maxirnurn value 

Minirnurn value 

Relative weights 
for COM FOhl 

ABS FOM 

1.1357 

0.S572 

0.60 



*For rlolllenclature please refer t o  Figure 3.2 

Block 
numher 

1 

2 

3 

4 

5 

Positional a.t~tl tl1erma.l parameters 
of the atoms co~lstitutillg 

core 

Plienyl ring A and cliairi A 

Phenyl ring B and cllairl L3 

Plienyl ring C: alld cllain C 

Phenyl ring D and chain D 



t,er~iiinal at,onis ill the cliains. Fro111 a tlifference electro~l density nlap co~nputed 

at, t.liis s!,age, l licsc two at,onis could also 1,e i<lcnt8ific<l. 

U~iiil t.liis stsage, no disttinctjio~i was ~ilade between tlie carbon and tlie oxygen 

atonls in t,he cliains; all t,lie atolrls in tlie cliai~is were treated as carbon atoms. 

Exan~ination of t,lie niolecule showed that two of t,lie cllains had eight atoms 

eacli and these were itlent,ified :ts Clie lieptyloxy chains. In tlie for~iler set, tlie 

a to~ils bo~idecl to t,lie plieayl ring at  &he respective para yosi tions were lle~icefor tll 

treated as oxygen atoms. After four cycles of least scjuares refinement, with all 

t4he 65 lion-hydrogen a t.oms, the R-fac tor reduced to 0.208. Illtroduc tion of 

a~iisot~ropic tlier~ilal paranie ters and also weiglitbing fu~ictioll described in Table 

3.7, the R-fact,or fiirt,ller reducetl t,o 0.096. At t,liis stage of refinenlent, all tlie 

llydrogen ato~ils in t,lie molecule were fixed geonletrically, using a C-H distance 

of 1 . O S ~  [I~i~crnal, io~ial  Ta1,lrs for S-ray Crysl~allogr;q~liy, 10GS]. Tllc liyclrogc~i 

atonis were assigliecl tlie isot,ropic t,emperat8ure factors, Ui,, , saliie as those of 

tlie equivalent isotrol)ic tslier~iial l~araiiieters, U',,, of [(he respeclive carboll atoms 

to wliicli tliey were bonded. Tlie positional ant1 tlie tller~nal paraine ters of 

the liydroge~i at,onis were 110 t rehied but tlieir cont4ribu tion to tlie structure 

fac tors were included during r e h ~ e ~ ~ l c n t .  T l ~ e  refine~ilent was lerll~i~laled after 

five cycles, when all tlie sliift.~, A's were less tlia~i tlie correspondi~lg e.s.d's, a's. 

In t<lie tferminal cycle, tlie highest value of A / a  was 0.21 for the para~ileter U33 

of tlic atonl C(55) (Figure 3.2) .  Tlie final R-value nras 0.081 and tlie weighted 

R.-fac t,or ( R  ,,,) was 0.085 for 2 119 intlel)en(lei~t refleclions witli I >3a(I) (Table 

3.7) .  



Table 3.7: Some details of the sefinernent. 

Weigh ti ng scheme 1</02(F,)+g(F?) 
I i  3.0192 

g 0.001 16 

I t  0.0812 
for 21 12 reflections 

with I 2 3a( I )  

R w  0.0849 

Maximum sliift/e.s.d ( A / a )  0.21 

Residual electso~i density 

P n t i r ~  -0.31 d / K 3  
pmaz 0.32 el/A3 



Tlie residual elect,ron density nlap was quite featureless, the ~ n a x i m u ~ n  and 

miuimutn density being 0.32 a~irl -0.31el/A3 respcct~ively. For carboll atid oxygen 

a to~ns ,  the scattering factors given by Cro~ner and Maxln [1908] were used; for 

hyclroge~i atonis, values of Slcnrarl et a1 [19G5] were usecl. I11 tlie case of Clie 1neCa1 

atonls ( Cu/Pd/Ni as specified in eacli chapter) tlie scattering factor given by 

C r o ~ l ~ e r  and Waber [I9651 were used. Tliey were also corrected for a~lo~rialous 

scattering effects [Cro~ner and Liberman, 19701. 

3.4 Results and discussion 

The copper at0111 wllicll for~ils tlie ce~llre of the ~i~olecule occupies a general 

1>0sition. Tlie posit,ional and ecluivalc~it isolropic tlier~ilal para~iieters , U,,, of 

all the ~ io~~l lydroge~i  at,oms are listed in Table 3.8. The a~iisotropic thermal 

paraiiie t,er lias llie forni, 

Tlle UI j  vall~cs are recorded in Tahle 3.9. Table 3.10 co~ltai~ls tlie positional and 

tlie isot,ropic t8hermal para~i~eters of all the liydrogeli atoms. 

Tlie U,, values in Table 3.S show t,liat as in tlie crystal structure of Cu- 

OC8HI7 (Chapter 2 of this thesis), on moving outward from the core to the 

fringe , tliere is a progressive illcrease in the t,lier~lial parameters. Tlie average 

U,, value of tlie 11 atom core is 0.084(5)A2. Tlie average U,, values of O.OS(1) 

axid 0.08(1)A2 for tAe plienyl riiigs A and B respect,ively (Figure 3.2) are not 

significantly different from t<liat of tlie core. I11 contrast, tlie average U,, values 

of 0.10(1) aiid 0. 10(1)A2 for tlte plie~iyl rings C ax~tl D iildicate slightly larger 



Table 3.8: Fractiooa,l coordinates a,nd the l i , , ( A 2 )  values of nonhydrogen atorns. The quantities 
in the pa.ra.ntheses a.1-c the respective e.s.tl's. 

0.079(5) 
O.OSS(5) 
0.08:1(9) 
O.OSl(9) 
0.0s4 (S) 
O.U!)O(!)) 
O.Oi(i(S) 
O.oS:l(ll) 
0.0(ii(S) 
0.078(!)) 
0. I O(  I ) 
0.0!)0(!)) 
0.0SO(S) 
0.076(S) 
0.1 I O((i) 
0.0!)6(9) 
0.12(1) 
0.0!1!)(9) 
0.12(1) 
U.14(1) 
o.19(2) 
O.lS(1) 
0.061 (7)  
0.07S(S) 
0.073(S) 
O.IU(1) 
0.0S7(S) 
O.Uti!l(S) 
o.o!l!)(l;) 
U.O!Nj(9) 
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tliermal vibrations tllan tlie core. Sucli a difference between the two sets of 

plienyl rings could 11e a t t t r i l )~~ t,etl to tlie sulx t,itut,ion of tlie heytyloxy chains to 

tlie plienyl rings A and B and the substitution of the less heavy heptyl chains a t  

t,lie plienyl rings C and D i .e . ,  less heavy t,lle substitution, higher is tlie thermal 

paranletcr of the plienyl ring. Tlie average U,, values of the chains A, B, C and 

D v i ~ .  , 0.13(3), 0.13(4), 0.12(2) and 0.16(4)A2 are also sigliificanlly liiglier tllan 

t,llal of l lie core. Table 3.8 also sliows tliat as could be anticipated, tlie tlier~nal 

paranlet,ers of at,on~s close t40 tllie ternii~ii of cliains are tlie liighest. Tliis feature 

is sliow~i in llie ORTEP diagram (Figure 3.2) wliere tile tliermal ellipsoids for 

t,lie nonhydrogen at olns are plot t.ed wi tjll 50% probability. 

3.4.1 Molecular conformation 

Figtire 3.2 slionrs t,lie alonlic ~innll)eri~ig sclienle. Fro111 siniple geolnetric con- 

siderations of niolecular s tabilit,y, it would appear that tlie clie~nically identical 

cliains assunle a t7.ans arra~lgenient wi tll res yec t to the core. Interestingly, in 

tlie crystal st8suct8ttre, they are fotl~ld lo be cis (Figure 3.3). This result, though 

unexpected is co.r~,ch~sive. In the crys t,al s t,ruc t,ure of bis[1- t,liia-4-7-diaza cy- 

clo~iolia~ie]cobalt(III) [Hanlbley el al, 19891, wliicli is not ~riesogenic, ~ilolecular 

~lieclialiics calculations have sliown t81iat tlie cis isonier is Inore stable than the 

correspo~lding t 7 . a ~ ~ ~  isomer. Therefore, it appears tliat tlie occurrence of a stable 

cis forlll in crys(,als is  lo(, an unco~lllllou fcalure. Itt ~ilust also bc ~llc~lCio~led tliat 

in t,lie case of a pa~lla~clium /3-clilietone co~nplex with clissinlilar substit,utions, two 

cryslalline nloclificaliolls correspoliclillg to both cis a ~ i d  trans arrange~ilelits are 

reported [Olieya et al, 19811. It is lllereforc not unlikely that in the case of Cu- 



Figure 3.2: ORTEP diagram of the thermal ellipsoids drawn with 50% proba- 
bih t y. 



Figure 3.3: Collforniatioli of the ~nolecule. 



0C7Hl5-C7HI5 also, a scco~ld cryslalline ~lio<lificalion will1 trans isorlier exists. 

Exa~ll i~la  t ion of t lle crys talliza t,ion dish has sliowll tlia t tliere are in fact crystals 

wit41i three different morphologies. Figure 3.4 includes tlie photographs of the 

tlirce ~ i~or~~ l io log i~a l ly  <lisli~lct, for~iis, VZZ. ,  1)ris1lial~ic, needle-like and platy type 

of crystals. Of t,liese, the prismatic and t,he platy crystals are more abundant 

tllali itlie needle-like crystals. Tlle crystal structure described in tliis cliap ter is 

for the prisnlat,ic fornl. It is proposed t<o elra~llilie the other two fornis of crystals 

also, to find out if eilher of then1 corresl~onds t,o the trar~s co~l for~l ia t io~~.  

I t  ulus t also be ~ilent~ioned t,liat in the c r y  teal struct~ures of bis [I-phellyl-1,3- 

butanedionato] cop1)er [Hon el  al, 19661, copper(I1) e tliyl acetoace tate [Barclay 

ant1 Cooper, 19651, bis {I-[4- trans- (4-~~rol~ylcycloliexyl) plienyl]-oc tylpropane- 

1,3-dionat,~) copper(I1) and l~is{l-[4-t~~a~~s-(4-~~ro~~~lcyclol~exyl) phetiyl]-methyl 

prol)ane-l,3-dionato) col>l>er(II) [Ivliilill~urger and Haase, 19891, witli dissi~llilar 

sul~stitutions, only a trans arralige~lle~it lias bee11 reported. Our observatiolls 

suggest lllal for t,llcse cryst.als also, bile fornlal,ion of a scco~ld c~yst~alline modi- 

f i~a (~ ion  corres~>oncling t,o t#lie cis fonil ca~inoi, be ruled out. 

3.4.2 Molecular geometry 

Tables 3.1 1 (a) and (11) list tile bond le~lgtlis autl valelice angles respectively. 

Avcragc values of llie bond lengt,lis and bond angles in tlie core, phenyl rings 

an<l cliaills are ~)rescllt,ed in Table 3.11 (c). Comparison with the values quoted 

1>y Allen et al, [198i], lias also beell included in Table 3.1 l (c) .  

Figure 3.5 represents tlie stereo view of t,lle ~nolecules i11 tlle unit cell. It is 



Figure 3.4: Tllree morl>hologically clist,i~lct forms. (a) prismatic (11) needle-like 
(c) plaly. 



Ta,l~lr 3.1 1 (a): Bond lengtlls(A). 





rail 3.1 1 )  Aver;lgc. vid~lc-s 01' I,olltl l ( v ~ ~ l . l ~ s ( ~ )  n l ~ t l  valcllcc a ~ ~ g l v s ( ~ )  
along with the values given by Allen e t  a!, [1987]. 

average 
bond angles 

92.6(3) 
127(2) 
126(2). 
122(1) 

120 (2) 
120 (3) 
120 (4) 
120 (3) 

107(3) 
l l l ( 2 )  
115(2) 
119(2) 

114(1) 

120.5(5) 

0-Clu-0  
Cu-0-Car 

0- Car-Car  

Car-Car-Car 

Cphenyl-O-Csp3 

Cphenyl-Csp3-Csp3 

Core: 
C u -0  
0-Car (core) 
C,,-Car (core) 

Phenyl ring: 
A 
B 
C 
I) 

C h a i n :  
A 
B 
C 
D 

0-cSp3 

0 - c p h e n y l  

Csp3-Cphenyl  

C:rore-Cphenyl 

average 
bond lengths 

1.90(2) 
1.28(3) 
1.40(6) 

1.3S(5) 
1.37(3) 
1.38(2) 
1.38(1) 

1.54(3) 
1.51 (6)  
1.51(4) 
1.49(6) 

1.46(2) 

1.39(2) 

1.42(2) 

1.51 (3) 

values of 
Allen et  a1 

1 .:3S0(13) 

1.530(15) 

1.450(14) 

1.370(11) 

1.513(14) 



Figure 3.5: Stereo view of tlie lllolecules viewed down the a-axis. 



found that all the four chaills are fully exte~icled in an all-trans conformation. 

Tlie t,orsional angles indicating t,lle trans conforlllation are listed in Table 3.12. 

Figure 3.6 sliows t,he arrangeme~it of oxygen atoms arou~id the copper atom. The 

coordinat,ion is nearly square planar. As me~ltio~ied in tlie case of Cu-OC8Hl7, 

tlie distances O(1) ... 0(2 ) ,  O(3) ... O(4) are larger tlian tlie distances O(1) ... 0(4) ,  

O(2). . .0(3).  Tliis feature co~lfers a rec t8angt~lar cliarac ter to tlie coordination 

polylicdron fornied by tlie oxygen atollis. It is also observed that the rectangle 

itlself is cluite tlis tort ed, i. e., tlie O(1) .. .0(4)  distance is significantly sliorter 

ILlian t,lie clist,ance O(2) ... O(3) (Figure 3.6). Conspicuously, the for~ner, sliorter 

tlisla~ice falls on the side of tlie core where tlie oxyheptyl chains are present. 

Tliis feature sugges t,s tliat the sllor telling of the dis tallce O(1). . .0(4) could be 

clue tjo t'lie cis arrange~nent of the lleptyloxy cliains and possible i~iteractions . 

be tween t,lle oxygen a t,oms in t,liese chains. 

Tlle copper at,onl is significa~illy sliiftcd disl~lacetl frolil tlie plane of the coor- 

t l i~lati~lg oxygcll atollis, t,lle disl>lacenlent 1,cing 0.027(2)A . Si~~l i la r  displacenlent 

of tlic 1iieLa1 atonl from tlie plane of tlie coordi~iating oxygen atoms has bee11 

found in tlie cryslal st~ructures of bis [N-p-(n-liexyloxy)plienyl, p- (n-liep tyloxy) 

salicylaldi~iii~iat~o] c o l ) p O I )  [Rovicllo el a1, 19881, l~ is  [4- ((4-butoxy11e1lzoyl)- 

ox?)-N-(4- n-liexyll~llenyl) salicylaldilliinaCo] copl)cr(II) [Hosliino el al, 19901 

and bis { 1-[4- 21-aus-(4-~~ropylcyclolies?.l) plienyll-oc t8ylpropane-1 ,3-dionato) cop- 

per(I1) [Miililburger and Haase, 19893, wliicll are also dissinlilarly substituted. 

As in tjlie case of Cu-OC8H17, the 11-aloni core of C I I - O C ~ H ~ ~ - C ~ H ~ ~  is not 

strictly planar. Tlie t,wo halves of itlie core viz., Cu, 0(1) ,  O(2), C(5) to C(7) 



Table 3.12: Observed torsio~lal angles(') i11 the chains. 



Figure 3.6: Coorclinat~ion polyhedron a r o u ~ ~ d  Clle copper atonl. 
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;ilitl Cu, 0 ( 3 ) ,  0 ( 4 ) ,  C(8) to C(10) arc sliglllly t i lkd witli respect to each 

ot,ller, t,lie angle of tilt being 1.4". Whell tlie copper atom is not taken into 

consitleration, tlie llalves colilprisillg of tlie atolils 0(1) ,  0(2) ,  C(5), to C(7) 

ant1 0 ( 3 ) ,  0(4) ,  C(8) t,o C(10) are also only ~iearly planar, tlle angle between 

t,lic ~iorllials to t lie al~ove liielltiolled 5-at,onis least squares planes being N lo. 

Siniilar bucklilig lias bcen observcd in llie cryslal ~t~ructures  of bis{l-[4-tra~zs 

-(4-l~royylcycloliesyl)I~1~e~i~1]-o~t~11~ro1~aie-l,3-dioiato} copper(I1) [Miihlburger 

and Haase, 19891, cis forllls of bis [1-e~1~oxy-l,3-b~~tanedionato] l~alladium(II) 

[Okeya el al, 1951] and b i~[ l -~henyl -  1, 3-liexanedionato] palladium(I1) [Fallon 

and Gatrehouse, 19821 wherein the angle bet<ween tlie t8wo lialves of tlie core are 

N 3, G and 2" respecCively. 

111 additioll t,o the bucliling l~et~nreen the two halves, eacli half of tlie core is 

itself found to be dis toort8ed. Tliis dis torti011 11% beell identified fro111 tlie nonzero 

value of tlie angle between the least squares planes t,llrougli tlie groups M-0-C-C 

in each half. Tlie diliedral angle, 11, between the least squares planes tlirougli 

tlie atoriis Cu,O(l),C(5) and C(6) arid Cu,O(2),C(7) arid C(6) in one half of the 

core is 0.9". Tlie correspollding angle be tween 111e t,nro ylalies fitted through the 

at,onls Cu,0(3),C(8) and C(9) ant1 Cu,0(4),C(lO) ant1 C(9) in the otlier lialf of 

the core is 2.5". 

Figure 3.7 sliows Clie clisplaceuient s, 6's, of llie at,oliis froin tlie lcas t, squares 

plane tlirough tlie 11-atom core. Tlie platlar plie~yrl rings A, B, C and D are 

t(i1ted n-ikli respect to core l)y 3, 2,  10 alid 17" respectively. Tlic t,ilt,s are 



Figure 3.7': Displacements, b's, of all the nonhydrogen atoms of the molecule 
from the plane through the 11-atom core. 



tlie core ato~ils (Figure 3.8). Conspicuously, tlie lilts of the plie~lyl rings A and 

B ~ubst~i tuted witli lieytyloxy cliains are less t,lian tliose of tlie rings C and D 

substituted witli tlie less heavy lieplyl chains. Tlle cliai~is A to D are inclined 

a t  2, 9, 5 and 7" nrit?li respect t,o t,lie core. 

Tlie end to elid di~ile~isio~ls of tlie molecule calculated fro111 the distances be- 

tween tlie respective ter~iii~lal atollis viz., C(24) ... C(64), C(38) ... C(51)) C(24) ... 

C(38) and C(52) ... C(G4) are 28.5, 28.8, 9.94 and 10 .~2A respectively. Tlie slight 

asynimelry in tlie widt,lis sir., 9.94 and 10.62A respeclively is a cotlsequelice of 

t,lie differelice in t,lie le~igtlis of the hept,yl and tlie lleptyloxy cliains and their 

cis arrange~nenl. Tlie overall sliape of llie niolecule, however, call be described 

as a ~liglit~ly distorted recta~igular disc witli tlie le~lgtli to width ratio of N 3, 

rese~libliilg t,he ~iiodel B prol>osed by Olita et a1 [I9861 for CU-OCpH17 in its 

mesophase. 

Figure 3.9 sliows tlie arra~igeiile~it of tlie ~ilolecules in the plane perpe~idicular 

t.o t,lie crys t,allogral>liic a-axis. I11 tlie unit cell, altliougli adjacent cores related by 

a ceuirc of inversion, are well separaked, tlie piie~iyl rings A and B of a l~iolecule 

exliibit partial overlap over tile pheuyl rings of tlie ce~i t rosy~n~ne trically related 

niolcculc. Tlie overlapping ~ l i e 1 i ~ 1  rings are found to be those substituted will1 

lieytyloxy cliai~is. Tlie possible role of oxygeli a ton~s  in favouring tlie ~iiolecular 

overlap cannot therefore be ignored. 

Exaniinat,ion of tlie int~eni~olecular co~lt~act distalices sliows tliat the contact 

dist.ances _< 4X are cons~~icuo~~sly  concent~rat~ed l>elweeii tlie atonls of the cen- 

trosyiii~~ietrically relat.ed ~iiolccules in tlie unit cell (Table 3.13). Tliese features 



Figure 3.8: S teric i~it~erac tiorls cont~rolling tlie ti1 t.s of tlie plie~iyl rings. 



Figure 3.9: Molecular arrangelllellt perpendicular tjo t,lle cryst~allograpl~ic a-axis. 



Table 3.13: Nonbonded intermo1ecula.r conta.ct dista.nces between the centrosymmetrically re- 
lated molecules in the unit cell. Dista.nces less than the sulll of the van der Waal's radii are 
ma.rked with a.n a.sterisk. 



sugges C t,lia t t,lie celllros y~l l~l ie  trically rela t,ed lliolecules tend to pair, primarily, 

1)y w n  der Waal's inlera~t~ions and perhaps to some extent by partial T-electron 

ovcrl;~l). Eacli of the celit,rosy~illiletrically related pairs is surrou~lded by four 

ot llcrs sit,uated at f b and f c respec t,ively fro111 the reference pair. A ~nolecu- 

1;ir coortli~lxt ion n~i~llljer of four is ilitleed not rel)resexilative of a close packed 

arrangcn~ent [Gavczot ti, 19891. 1I 11iiLy be ~liclltiolied that the pairing of the 

celltrosy~ilnlet,rically related nlolecules was earlier observed by us in the crystal 

slr~lclure of llie discogel1 Cu-OC8HI7 where tlie cores of the pair exhibit sub- 

st,antial overlap. It  nnls t be poi~itetl out t,llat bot,h the co~nplexes wllicll exhibit 

pairing witlliil the unit cell are cliaraclerized 11y the presence of oxygen atoms 

aro~lntl the core. AlClio~~gh any conclusion bamtl 011 t,wo observalio~ls is not re- 

lial~le, it is perliaps not inappropriat~e to suggest tliat such pairing of ~liolecules 

may be corl~lected wit,ll tlie presence of oxygen ato~lls in llle fringe. Figure 3.10 

shows the layer-like asrangenlent of the nlolccules. 

In the crystal slsuctlire, a, slrikillg C O I ~ C C I ~ ~ , I . ; L ( ~ ~ ~ I ~  of a1.0111atic groups occurs 

1 1  1 
arou~ld tlle inversio~l centre a t  - - -. The pocket formed by the arornatic 

2 '  2 '  2 
groul~s exte~lds ilif%iitlely alolig tlie crystallographic a-direction and it includes 

tlie ~ lo~ lbo~ lded  inlera~t~ions between tlie celltrosylll~lietrically related molecules. 

A silllilar concentfrat,ion of alil)liat,ic cliai~is is found arou~ld the iliversio~i centre 

a t  0,0,0 (Figure 3.5) .  



Figure 3.10: Layer-like arrangement of molecules. 



3.5 Effect of molecular orientation on the most 
intense reflect ion 220 

In the diffraction data from Cu-OC7H15-C7H15, the reflection 220 is most intense; 

the second most intense reflection being 103 with FiO3 = 0.43Fzjo. The high 
4 

intensity of 220 is obviously an indication of the molecular orientation in the 

unit cell. As the crystal structure of CU-OC7H15-C7HI5 was solved by direct 

methods, in a fairly straight forward nlanner, it was not necessary to adopt trial 

and error methods which often utilize informa tion concerning the most intense 

reflections etc .  However, after obtaining the structure solution, it was inters ting 

to note that the intensity of (220) was colitrolled primarily by the fact that for 

most of the atoms, the value of (x-y) was N 0.25. A brief summary of this 

observation is presented here. 

In the space group P i ,  the structure factor expression takes the form, 

where fj  is the atomic scattering factor and xj, y j  and z j  are the positional 

coordinates for. the j t h  at0111 and N is the total nu~nber of atoms in the unit cell. 

For h i 0  type of reflections, equation 3.1 takes the form, 

N 

FzI0 = f , c o s l ~ ( x  - y )  
j= 1 

(3.3) 

which shows that wlien (x-y)=1/4, the structure factor gets the full co~ltribution 

from all the atoms. (x-y)=1/2 also leads to full contribution of atoms to the 



str~icture factor, however, witli op~>osii~e sign. Inspection of Table 3.8 sliows 

that for lllost of the atoms, tlie value of (x-y) is close to 1/4, thereby leading 

to a high value of the structure factor of 220. The intensity of the higher order 

reflection 440, (F440=0.23Fzzo) call also be explained in the same fashion. The 

comparatively low i~ltensit~y of the reflection 660, F660=0.03F220 seems to be 

f;660 e~sent~ially due to the reduction in tlie scatt,ering factor. It is found that - c ff2,O 
is -0.27. After correcling for the tlier~iial vibration, tliis ratio reduces furtlier 

111 (.he case of 1&0 I.ypc of reflcclions will1 11 odd, eg., 1i0, the structure factor 

expression becon~cs, 
N 

Flio = C flcos2a(x - y) 
]=I 

wit,li (x-y)-1/4, F tends to 0. Tlle s t r ~ c t ~ u r e  factors give11 in tlie Appelidix do 

indeed sliow that tlle reflecCion 110 and its liigller order reflectio~ls 350 and 550 

are weak. 


