
Chapter 2 

Crystal and molecular structure of bis 
[I ,3-di(p-n- octyloxyphenyl) propane 

- 1,3-dionato] copper (11) 



2.1 Introduction 

Tlle progranlllie of crystal sCrucCure analysis of disc-like ~lietallo organic coni- 

plexes was c o ~ ~ ~ ~ l l e ~ l c e d  with the study of bis [1,3-di(p-n- oc tyloxyplie~lyl) propane 

-1,3-dionato] copyer(II), llereaft,er referred to as Cu-OCPHI7. Figure 2.1 sllows 

tllc structural for~liula of C I ~ - O C ~ H ~ ~ .  AS dcscril>c(l in llie yrevious chapter, the 

~l~olecule i~lcludes a 11-at(o111 core and a fringe, which in this case is made up of 

four pllellyl ri~lgs, each one subst,ikuted wit,ll an octyloxy cllai~i at the respective 

para-11osit~ion. Thus, ill Cu-0CPHl7, the s~bst i t~ut ion is syrllmetrical. With the 

preseuce of four alliyl cliains, tlle fringe of t,lie ~llolecule i~icludes four oxygen 

aton~s.  

I t  IINIS t be ~lle~lt~io~led that alt,liough large nuull>er of X-ray iilves tigations on . 

the ~llesopllase of discoge~ls llave been ~eport~ed in the past, the solid/crystalline 

phase of discoge~ls has 110 t received 111ucl1 a t  tention. Tlle study of Cu-OC8 HI7 

described in t811is chapt,er al>pears t40 be t,he first, detailed X-ray analysis of 

the crystal struchure of a discogen, using single cryst,als and tliree di~neilsio~lal 

intensil,y dat,a. 

2.2 Experiment a1 details 

On llcat,ing, C I I - O C ~ H ~ ~  was found to ex11il)it tslle followi~lg ttransit,ions: 



Figure 2.1 : Structural fornlula. 



wlit~rc t,lic sy~ilbols C, Dl, and I rel)rcscul llie crysl;~lli~ic, (liscotic la~~lellar and 

tlie isolrol)ic phases respectively. Green coloured, prismatic single crystals of 

Cu-OCs HI7 were obtained by slow evaporation from a solutio~l ill ace tone. Tlle 

unit cell cliri~e~isio~ls were deter~ni~led from oscillatio~l and Weissenberg pho- 

togra~>lis and were later refined 011 a CAD4 single crystal diffractometer, using 

21 reflecliolis in tlie 8 range of 8 < 8 < 35". The crystal was found to belong 

to the tricli~lic sys tem. Table 2.1 lists the crystal dat,a. Tlle es ti~iiated s taildard 

deviation, e.s.d, (o) ,  of the a-axial lengkh is 0.009a and is considerably larger 

tlian tlie correspo~ldiug values of 0.001 and 0.002a for the b and c-axial lengths. 

Possible ~orrelat~iori of islie enlianceulent in t,lie o(a) witli tlle ~nolecular arrange- 

~ r i e~ l t  will be disc~lssed later in this chapter. The value of peZpt  sliowed tliat if 

tlie space group was P I ,  there are two illdependent ~ilolecules in the unit cell. If . 

tlic space group was PI, tlie asyni~iietric part of tlie unit cell includes only one 

nioleculc. 

I t  ~l lust  be pointed out lliat tlie ~~~easureil lent of tlie density, p, of Cu-OCaHI7 

posed a serious problenl. It was found that tlie crystals of Cu-OCPHl7 dissolved 

in ~ilos t of tlie colllll10111y available orga~lic solvents. Also, the crys tals exhib- 

ited re~llarliable hydropliobici ty. Heace, fillding suitable liquids for es t i ~ l ~ a t i ~ ~ g  

tlie density by flotjatmion mettliod turned out to be the main hurdle. The value 

reported in Table 2.1 was obtained by flotat,io~l in a mixture of glycerol and 

absolut,e alcohol. On account of t,he viscous nalure of glycerol, t,he ~ i l e a s u r e ~ l ~ e ~ ~ t  

of p was very cualbersoi~~e. Despite the good agreenient be tween the calculated 

(pcnlc) a~ l< l  Clle ~lleasured (p,,,,,) values of tlensily (Tablc 2. I ) ,  it was felt lliat tlie 

reliability of t lie nieasure~nent 11sing glycerol 1va.s ~ i o l  very liigli. 



Table 2.1: Crystal data.  

Molecular fornlula 

Molecular weight 



Usiilg a crys la1 of approxinla t,e di~licilsio~ls 0.7 x 0.2 x 0. 1inir13, three dirnen- 

sio~lal illtensity dat,a were collccked on a CAD4 diffractometer, in the w/20 scan 

 node. nickel filtered CuIi, radiatioil (,\=1.5418A) was used. Tlle prescan 

speed used was 4.1°/iiiinute. However, for tlie final scan, tlie speed was varied 

41) for each refle~t~ioii to satisfy the relat8ion - 5 0.03 where a ( I )  is the estimated 
I 

s taiidard deviation for the ~neasured intensity, I. During data  collection, 114 

and 201 were used as intensity control reflections and 252, 234 and 236 as tlie 

~rieiit~akioii conlrol reflections. Tlie for~iler set looks for any deterioration in tlie 

quality of the crystal aid the latter set clieclis the alig~liiielit of the crystal. Bo tli 

de terioratioii of the crystal and ~nisalig~linent during data collection could intro- 

duce sigilificant reductio~ls in the diffracked intensities. These proble~ns are very 

co~nillo~l in the case of protein crys t,als wllicll suffer easy radiation damage, and 

furtther, as tliey are iilounted wikll t,lie 1110 tlier liquor, the chances of ~nisalign- 

inelit during data collectio~l are also high. In tlie present experiiilents with tlie 

Cu-OCp H I 7  crys teal, tlie i~itensitics of the colltrol reflections were cliecked once 

after every 3600 seconds and it m s  foulid that till tlie end of the data  collection, 

their inte~isities did 110 t vary significantly. 

In tlie 8 range of 1 to 4'i0, inte~isities of 5217 illdependent reflections were 

measured of wliicll 4043 refle~t~ions llad I 2 3a(I). Table 2.2 describes tlie details 

of the data  collection. Tlle intensities were corrected for Lorentz and polarizatio~i 

fa~t~ors .  



Table 2.2: Details of data collection. 

Radiation used CuI<, 

Crystal size 0.7x0.2x0.1mm3 

Scan mode w/26 

Maximulll Bragg angle 47" 

Number of unique reflections 5217 

Number of reflections with I > 3a(J) 4043 

Ranges of 11 0 to 10 
k -14 to 15 
1 -15 to  16 



2.3 Structure determination and refinement 

Tlle crystal structure was solved by direct ~lietliods using MULTAN-80 [Ger~nain 

e l  al, 19711, a program widely used and well known to the crystallograpl~ic 

conlnlunity. The statist(ica1 diskribution of E's yresenled in Table 2.3 sllows 

tlie structure to be ce~~trosy~li~lletric. I11 fact, the distribution is close to the 

calculated values for a llypercentric structure. Hence, the space group was chosen 

to be P i .  Witli two niolecules in the unit cell, tlie asynl~netric part includes one 

f0IIllula Illlit 2 .  C., CB2 H e 6 0 8  CU. 

492 reflections with ]El 21.65 and 100 reflections with the lowest E values 

were used to set up tlie phase relat,ionships. I11 Table 2.4, details of the origin 

clefini~lg reflections and sylllbols are given. Will1 six reflections in the starting . 

sel, there are 26 (=64) possible solutions. The sunimary of the figures of merit 

(FOM) output by MULTAN is given in Table 2.5. 

Tlic :~l~solti(,c figtirc of ~licril (ADS FOM) givc~l ill Table 2.5 is give11 by tlic 

follonring equation: 

ABS FOM = 
2 - Z r a n t l  

Z c z p  - Z r o n d  

wliere, 



Table 2.3: Distributioll of tlie ~iorrllalized structure factors, Ehk17s. 

average 

I E I 

E2 

~3 

E4 

E5 

E6 

(E2- 11 

(E2 - I )2  

( E ~  - l 3  

~ ~ ~ - 1 1 ~  

Experi~llental 
all data 

0.734 

1.000 

2.032 

5.912 

24.031 

127.980 

1.103 

4.912 

112.245 

113.076 

acentric 

0.886 

1.000 

1.329 

2.000 

3.323 

6.000 

0.736 

1.000 

2.000 

2.415 

Theoretical 
centric 

0.798 

1.000 

1.59G 

3.000 

6.383 

15.000 

0.968 

2.000 

8.000 

S.GY1 

hypercentric 

0.718 

1 .ooo 

1.916 

4.500 

12.260 

37.500 

1.145 

3.500 

26.000 

26.903 



Table 2.4: Details of the origin defining and the starting set of reflections. 

origill 

origin 

origin 

starting set 

starting set 

starting set 

starting set 

11 k 1 

S 0 3 

3 2 5 

G 3 7 

2 2 4 

1 4 1 

4 2 

4 4 0 

Ehkl 

6.3411 

5.362 

4.936 

8.315 

4.759 

4.581 

4.042 



Table 2.5: Sumrna.ry of the figures of merit(F0M) output by the tangent formula. 

Maximum value 

hliliilliu~~i V ~ I I I C  

Relative weights 
w l ,  wa, w3 for COM FOkl 

PSI ZE120 

4.083 

1.927 

1.20 

ADS FOM 

1.1844 

O.fiC,)SS 

0.60 

1 

0.27 

0.072 

1.20 

- 

COM FOM 

2.3207 

0.2152 



Here, I. aiid I1 are iiiodified Bessel fuiictioiis. 

(a:)  = ~ < f ~ ~  
r a n d  

h ' 

aiid 

The figure of merit PSI ZERO (do) is defined as, 

wliere the iiiiler sunlnlaiion is over all t.eriils a\railable froill tlie set of phases being 

deteriiiiiled aiid the outer sulnniat,ion is over a lililiiber of reflectio~ls for which 



Eh is zero or snlall in niagliitude. For ;i good set of ~)liases the expected value 

of do is sxllall since the illlies sullimatio~l is esse~ltially a selectio~i of contributers 

Tlie figure of nlerit RI;,Tle is given by, 

R =  Ch 1 lEh lobs - [Eh )col  I 
Ch IEh lobs 

A conlbined figure of merit COM FOM based 011 Z, +o and Rl;,,,, is given by, 

wliere TVI, w2 a1ic1 w3 are Clie wcigliCs given to 2 ,  do ancl RIi-aTle respectively. 

Exanlination of the E-may corresponding to the set with the liighest value 

of COM FOM did not yield tlie struct,ure solulion. Subsepuent exa~ni~ia t io~i  of 

E-maps corresl>ondiiig to the solutio~is witli the liigllest value of (i) ABS FOM 

and (ii) iflie lowest value of Rli,Tre were not useful eit@her. The copper at0111 

and 49 otlles nollliydrogerl at,onls, however, were identified from tlie solutio~i 

corresponding tro second lowest Rl;a,re value viz., R=0.075. This set correspoxlds 

t,o the eightjh best, value of COLl FOhI and the secolld best value of ABS FOM. 

Tlie ~~ositional and the isotropic t,lier~lial parallleters of tliese 50 atollls were 

refUied 11y 11lock tliagolial least squares procetlure using a ~liodified versioll of 

llie ~) rogsan~ SFLS nrritten originally 1)y Sllioao. Tlie atonlic scatterillg factors 

used in {.lie calculalions were those of Croiiler ant1 Waber [1965]. Tlie R-factor 



reducecl t,o 0.377 after five cycles of refi~lc~lic~lt. Fronl a difference electxo~l de~lsit'y 

Illall conlput,cd at this stage, 12 out, of the re~naining 21 atonls were located. 

Will1 t,lle i~lclusio~l of t,llese alo~lls and subsc(luc~ll i~ltroduclio~l of anisotroyic 

I,llcr~lial ~>ara~lictcrs of tlie for~ll, 

llic R-value reduccd to 0.19'7. A difference Fourier co~ilputed a t  this slage en- 

abled identification of tlie re~iiai~li~ig 11i1le a toms, all of which belong to the 

ter~iiinal regions of two of (.he oc tyloxy chains. Idsoduct ion of tliese ~ i i ~ i e  a tolils 

iu the least scluares refine~lle~lt brought dowii t,he R-value to 0.128. Until this 

stage of refinenlent, unit weighting sche~lle was used. 

All the liydrogen at,o~ns in t,lle ~llolecule were fixed geometrically, using a C-H 

dist-ante of 1.08;\. Tlie llydrogen ato~ils were assigned the equivalent isotropic 

tenlperat,ure facttor (BCq) [Haniilton, 19591, defined as 

of tlie respective carboil atonis to wllicll they were covale~ltly bonded. They were 

also assigned llle same nuniber as tslle carbon at0111 to wliicll they are bo~lded 

(exanlple: t411e llydrogen atoll1 bonded to tlie carbon atoll1 C(6) is referred to as 

H(G). When lilore khan one llydroge~l at0111 is bonded to a carbon ato~ii ,  a second 

digit is added i. e., H(G1) and H(G2) ). Tlle salile ~lu~l lber i~lg sclleine was adopted 

for all t,he seven crys t,al s t,ruc tures. Tlle paranle ters of the llydrogen atoms were 

not refined. Tlieir cont~ril~ut~ioi~ to tile s t,rucCure faclors were, llowever, included. 

Aft,cr (.he i~lcl~ision of the liydroge~l at201ns and also the weigllti~lg function of the 



(where ccO=0.632, bo=O. 1'72 and co=-0.0002), tlle weighted R-value, R ,  , defined 

co~lverged to 0.097 in 6 cycles. In tlie ter~lli~lal cycle, the shifts, A's, of all tlle 

yaranie ters were less tlian tlle corresponding e.s.d's, a. The highest value of 

A / a  was 0.10s for tlle para~lieter B33 of C(53). 

During t,he course of tlle least squares refine~llent, it was observed that for 

tlle niost ilile~ise reflect,io~l 224, the value of IFoJ was lllucll less than IFc[ viz., 

469.5 and 545.8 respec t,ively. Tliis feature suggested tlie reflection being affected 

by secondary exti~ict,ioil effect. Tlle intensily of the reflection 224 was corrected 

for secoildary exti~lctio~l using tlle for~llula [Zachariasen, 19631, 

where Fob, is tlie observed value of s t,ruclure facior, Iobs is tlle observed integrated 

illtensity a~l t l  I< is tllc scale facIor. 

where IcaIc is tlle calculated int,eiisity. 

2(1 + cos4 (28)) A*' (20) 
4 2 0 )  = (1 + ~ 0 ~ ~ 2 8 ) ~  Atr(0) 

wliere 0 is t.he Bragg angle for tlle reflection 224, A*'(20) is the absorption factor 

corresl)onding lo Clle 20 and A*' is t,lie al>sor~>i,io~l factor corresponding to 28=0. 



I11 Table 2.G, sonic of I,llc < lc t i~ i l~  of I.lic lc.ast, squares refi~ie~llc~it are pre- 

senCcd. I11 tlie course of the leas t squares refine~ne~i t , the tllernlal parameters of 

tlie at,o~lis C(22) to C(25) and C(51) to C(55), wliicli correspo~~d to tlie ter~rii~ial 

regions of two of the ocbyloxy cllai~is (Figure 2.2) were found to be rather high. 

Also, the ~llolecular di~ile~lsio~is involvilig t,liese atonls were fou~ld to deviate sig- 

~l i f ic i~~lt ly  fro111 t,llc c.xl)ccle<l V~L~I I (>S .  11110rcsti11gly, tlicse are the alonls whose 

positions were not readily idenkified fronl either tlie E-map or tlie subsequent 

differelice Fourier. These featdures suggest,ed tlie possibility of tlie presence of 

disorder in tlie cllaiiis wliicll include tlle above nle~itio~led atonis. Hence a differ- 

e w e  clcctron densily n1ap renioving tlie c~nt~ribut~ion fro111 tliese 11ine atonls was 

c o ~ l i l ~ ~ t c d .  In the 11ia1), the clcctro~i de~isily d i~ t~r ibut~io~i  was indeed diffuse. At- 

tempts were made to ide~lt~ify possible a1 ter~lative positions for these nine a toms. 

Molecular ~liodcls w r e  fil,bctl 011 t,lle <liffl~se elcclron density ant1 occupancy fac- 

tors of tmlle ~iewly fitted ~>osit,ions were refhied by leas t squares method. There 

was liowever, 110 conclusive evidence for the presence of po~it~io~ially resolvable 

disorder. I t  was tlierefore co~icluded t,hat the high tlier~llal para~lleters and tlie 

unusual ~llolectilar di~lie~lsio~ls were due tco tlie existance of alternative ~~osi t ions 

sclx~ralcd by <list anccs loo slllall to be resolvccl by X-riy analysis. 

2.4 Results and discussion 

Alkliougll the tnro halves of tlie nlolecule are clie~ilically identical, they are not 

relat etl by crys t,allographic sylnnie t ry elenienls. Table 2.7 lists the positio~lal 

and equivalent telliperattlre factor Beq for all the nonliydrogen ato~lls. Table 2.8 



Table 2.6: Some details of the refinement. 

Weighting scheme l/(ao+b,Fo+coF~) 

nu, 0.097 
for 4043 reflections 

wi th  1 2 3o(I) 



Talnle 2.7: Fractio~inl coordi~ia~tes a~icl the Be, ( A 2 )  wlrlcs of tile iio~ll,yc!rogel~ atoms. Tile 
qualltitics in the yaralitlicses are tile resl>cctive e.s.d's. 

z 

-0.512(1) 
-0.542(1) 
-0.617(1) 
-0.645(1) 
-0.715(2) 
0.025(1) 
-0.005(1) 
0.017(1) 
0.0(i8(1) 
0.098(1) 
0.076(1) 

0.0882(7) 
0.147(1) 
0.167(1) 
0.232(2) 
0.259(2) 
0.331(3) 
0.374(3) 
0.445(3) 
0.441(3) 
0.216(1) 
0.224(1) 
0.283(1) 
0.337(1) 
0.330(1) 
0.270(1) 

0.4008(8) 
0.415(1) 
0.495(1) 
0.510(1) 
0.593(1) 
0.616(1) 
0.696(1) 
0.719(1) 
0.793(1) 

B e q  

6.5 
6.9 
7.2 
7.4 
9.2 
4.4 
4.5 
4.9 
4.6 
5.4 
4.7 
6.0 
6.2 

7.1 
11.8 
14.3 
25.4 
26.1 
22.8 
24.5 
4.7 
5.5 
5.5 
5.S 
6.2 
5.9 
7.2 
7.1 
7.0 
7.9 
7.4 
7.4 
7.2 
(3.1 
9.1 

Atom 

C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(4l )  
C(42) 
C(4.3) 
C:(4,l) 

C(45) 
C(46) 
O(47) 
C(4S) 
C(49) 
C(50) 
C(51) 
C(rj2) 
C(53) 
C(54) 
C(55) 
C(56) 
C(57) 
C(5S) 
C(59) 
C(G0) 
C(Ci1) 
O(62) 
C(6.3) 
C(61) 
C(G.5) 
C(6G) 
C:(G7) 
C(G8) 
( 6 )  
C(7O) 

At0111 

CU 
O(1) 
O(2) 
O(3) 
O(4) 
C(5) 
C(6) 
C(7) 
C(S) 
C(9) 
C( l0 )  
C( l1 )  
C ( l 2 )  
C ( l 3 )  
(:(l4) 
C(15) 
C( l6)  
O(17) 
C( l8 )  
C(19) 
C(20) 

C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(2S) 
C(29) 
C(30) 
C(31) 
O(32) 
C(33) 
C(34) 
C(35) 

Y 

0.4120(1) 
0.4683(7) 
0.5099(7) 
0.3554(7) 
0.3147(6) 
0.544(1) 
0.599(1) 
0.579(1) 
0.2,1~1(1) 
0.220(1) 
0.2'iS(1) 
0.177(1) 
0.089(1) 
0.03,5(1) 
0.069(1) 
O.lrjG(1) 
0.209(1) 

0.00'78(7) 
0.042(1) 
-0.039(1) 
-0.00'1(2) 
-0.076(2) 
-0.029(3) 
-0.OS5(3) 
-O.O2S(5) 
0 . 0 1  ( )  
0.571(1) 
0.650(1) 
O.GG!)(l) 
O.G13(1) 
0.53(i(l) 
0.517(1) 

0.63SG(S) 
0 . 5  1 )  
0.620(1) 
0.561(1) 

x 

0.7692(2) 
O.SSO(1) 
0.639(1) 
0.65S(l) 
0.897(1) 
O.S5G(2) 
0.741(2) 
0.635(1) 
( I )  
0.792(2) 
0.679(2) 
0.013(2) 
0.024(2) 
0 ( 2  
0.2,10(2) 
0.2:31(2) 
0.120(2) 
0.343(1) 
0.445(2) 
( 2 )  
( 2 )  
0.754(2) 
O.S77(4) 
0.95'7(7) 
2.050(G) 
2.125(6) 
0.964(2) 
0.955(2) 
0.056(2) 
0.171(2) 
O.lSO(2) 
O.OiS(2) 
0.265(1) 
O.:jS2(2) 
0:4(i2(2) 
0..588(2) 

x 

0.668(2) 
0.790(2) 
O.S76(2) 
0.999(2) 
2.086(2) 
0.516(2) 
0.500(1) 
0.386(2) 
0.285(2) 
0.2(38(2) 
0.415(2) 
0.178(1) 
0.076(2) 
-0.022(2) 
-0.141(2) 
-0.2.34(3) 
-0.344(4) 
-0.397(7) 
-0.514(6) 
-0.569(6) 
0.570(2) 
0.454(2) 
0.351(2) 
0.3G0(2) 
0.474(2) 
0.575(2) 
0.267(1) 
O.lFil(2) 
0.071(2) 
-0.062(2) 
-0.143(2) 
-0.270(2) 
-0.351(2) 
-0.4S1(2) 
-0.565(2) 

Y 

0.596(1) 
0.538(1) 
0.574(1) 
0.515(1) 
0.554(2) 
0.641(1) 
0.728(1) 
0.781(1) 
0.750(1) 
O.G65(1) 
0.613(1) 

O.S094(7) 
0.781(1) 
O.S62(1) 
0.831(2) 
0.911(3) 
0.872(4) 
0.909(4) 
0.844(4) 
0.(312(4) 
0.254(1) 
0.308(1) 
0.294(1) 
0.222(1) 
0 . 1 4 ( )  
O l ( 1 )  

0.201S(S) 
0.260(1) 
0.225(1) 
0.2Sl( l )  
0.251(1) 
0.307(1) 
0.274(1) 
0.331(2) 
0.294(2) 

z 

0.0424(2) 
-O.O4OS(7) 
0.0512(7) 
0.1241(7) 
0.0343(7) 
-0.072(1) 
-0.052(1) 
O.OOS(1) 
0.071(1) 
0.130(1) 
0.152(1) 
0.0.50(1) 
0.06.3(1) 
0.032(1) 
-0.011(1) 
-0.022(1) 
O.OOS(1) 

-0.0404('7) 
-0.093(1) 
-O . lO( l )  
-0.1S5(1) 
-0.220(2) 
-0.280(2) 
-0.315(3) 
-0.37G(4) 
- ( )  
-0.136(1) 
- 0 S ( l )  
- O . l ( l )  
-0.252(1) 
-0.20(i(l) 
- O . S ( )  

-0.3122(S) 
-0.3:)0(1) 
-0.406(1) 
- 0 . 4 ( )  

B e  

6.0 
5.7 
5.7 
5.2 
5.5 
4.8 
4.9 
4.4 
4.4 
5.1 
5.0 
4.5 
4.9 
5.1 
5.1 
5.2 
5.4 
6.2 
6.2 
6.6 
9.1 

11.7 
15.5 
27.2 
29.3 
35.5 
4.6 
5.4 
5.6 
5.1 
5.3 
5.0 
6.6 
5.8 
6.6 
6.S 



'l'ablc 2.8: A11isotrol)ic tlier~lial para~~icters ll,j of tlie iio~iliydrogeil atorns. 





lists tlie anisotropic t lier~iial parameters Bg3 's. Tlie positio~lal and tlie isotropic 

t,ellil~era ture ~:LC t ors of t lie liydrogen at onis are give11 iii Table 2.9. 

Figure 2.2 shows tlie tlierlnal ellipsoids plotted witli 50% probability using 

tlic 11rograt"i ORTEP [,Joliliso~i, 197G] ant1 illso tlic i~tolliic nunil~cri~ig sclienic. 

Tlie average value of Beq for tlie 11-ah0111 core of tlie ~nolecule (comprising of the 

attoms Cu, O(1) to 0(4) ,  C(5) to C(10) ) is 5.2(5)a2. In tlie plietiyl rings A and D 

(Figure 2.2) tlie Be, values average to 5.2(3), 5.2(3), 5.G(5) and 4.8(3)A2 repec- 

tively and are coniyarable to tliat of the core. On ~iioviiig further away fro~ll tlie 

core i. e., towards t lle octyloxy chains, t lie tliernial paranie ters register a cou- 

syicuous increase. Tlie octyloxy cllaiiis A to D are cliaracterized by average Beq 

values of i.0(9), l G ( 1  I ) ,  i . i ( 8 )  and 16(8)a2 respectively. It is very striking tliat 

tlie tlicrnial paranlet ers of tlle cliailis B and D are significantly larger t l ia~i tliose 

of A aud C. I! nius t be pointctl out tliat [lie liilic a! ol~is for wliicli llie tlierlild 

paranieters were foulid to be liigli dulilig refbiemeiit, belong to tlie cliains B and 

D. Exa~iii~latioli of tlie nlo1ecul;~r arrangcnicnt ( to be described sul~sequently) 

sliows tliat tlic octjylox;v cllailis A ancl C point towards tlie aromatic, central 

regiolis of llic ~iiolecules in tlie neiglibouring unit cells. Tlie cliains B and D on 

t lie other lia~itl 1)oilit towards t lle octyloxy cliai11s. Tlie difference in tlie type of 

~Iackiiig of [lie octyloxy cliai~is seeliis to llave a sigliificalit bearing 011 tlieir re- 

spect ivc B,, vttlucs. Furllier, it is also wcll knowli tliat iii tlie discotic niesol~liase, 

tlie cliains n~hicli for111 the fringe of tlisc-like lilolecules are likely to be flexible 

ant1 (lisorderetl. It is tlierefore likely t lla t t lie liigli t lieriiial paraiiie ters of cliains 

B alitl D o l ~ s c ~  ved in llie c r y  t alline st ate are perlial~s indicative of si~liilar disor- 

dcr wliicli 1iia.v 11e  resent in t lie niesopllase of Cu-0C8Hj7. Si~liilar liigll tliernial 





Figure 2.2: ORTEP diagram of the ther~nal ellipsoids drawn with 50% proba- 
bility [Johnson, 19761. 



vibratio~is and coliscclue~iL abllor~iial ~iiolecular diliie~isio~ls have bee11 observed 

in tlie cryslal slruclures of several ollicr ~iicsogc~is also [Polislicliuk et al, 1986; 

Pat tablii and Craven, 1979; Leadbe t ter and Mazid, 19813. 

111 Table 2.10(:~), (1)) and (c) (,lie intlividual bon<l lengllis, bolid angles and 

tlie average values for clifferelit groulx of the n~olecule are listed. Comparison 

wit,li tlic values given by Allell el a1 [1987], lias also bee11 made (Table 2.10(c) ). 

Within li~iiits of esl)eriment,al error, the niolecular dilllensions are liormal in 

all  art sootlies than in cliailis B and D. Tlie copper at0111 wliicli occupies a 

ge~ieral posii,ion in llie unit cell is surrounded by four oxygen atoms which form 

a square planar arraligement. Figure 2.3 shows tlie coordi~latio~l around the 

copper at,oni. I t  11111s t be llie~itio~ied lliat tlie dislalices O(1) ... 0(4 ) ,  O(2) ... O(3) 

~ 1 1 o ~ t ( ~  i(lli~11 1 1 1 ~  (lisI,;~iic~s O(1) ... O(2) ;~11<1 O(3) ... O(4). 

T l i ~  strlicl,llral forliiula in Figure 2.1 suggcsls t.liat, llie 11-aton1 core of tlie 

niolccule could be ~)lanar. Cal~ulat~ioli of the least squares llleall plane, however, 

shows tliat t,lle 11-at,om core is only nearly planar. It is foulid that tlie least 

s q ~ ~ a r e s  plane llirougli t,lie atollis in oiic lixlf of t,licb core viz., Cu, 0(1) ,  0(2),  

C(5) to C(7) ~iiakes an angle of 2' with tliat tlirougli tlie group of atoms in 

the other lialf viz. ,  Cu, 0 (3 ) ,  0 ( 4 ) ,  C(8) t,o C(10). Calculatioli of tlie planes 

wliicli do not illclude t,lie nleta.1 at,oni i. e., llirougli 0 ( 1 ) ,  0 (2 ) ,  C(5) to C(7) and 

0 ( 3 ) ,  0 (4 ) ,  C(8) t.o C(10) showed tliat tlie t,ilt between tlie two halves persisted 

as 5". Tliis featmure sliows tliat tlie buckling l~et~weeli tlie two llalves ca~iilo t be 

a t  t,ribut,ed to itlie presence of t,lie lieavy metal at.oni a t  tlie geometric centre of 

t,lle core. 







Table %.lO(c): Average values of bolid ic~lgt~is(h)  and valclice allgles(') fur dilferellt 
groups. Comparison wit11 1,lle vali~cs give11 I)y Allcli e l  nl, [1987] is also 11la.de. 



Figure 2.3: Coordiliation around tlie iile tal atom. 



It, is itlso o~Is(T\~c(~ t,l~i~O ~ i ~ ( ' l l  liidf of  1,11(. corc, by il.sclf is 1104 s6ricCly pln~lnr. 

Tllc lci~si, scllli~rc~s 111i~1le kl1ro1lgll kllc ~ I ~ . ( > I ~ I S  CII, 0(1), C(5) and C(6) is fou~lcl 

to be incli~led t,o the plane through tlle ato~lrs Cu, O(2), C(7), and C(6) by 3". 

Si~ililarly in tlie other half of tlie core, tlie plane through Cu, 0 ( 3 ) ,  C(10) and 

C(9) is i~lcli~led by 1.5" to llle plane througll the ato~lls Cu, 0(4) ,  C(8) and C(9). 

Tlle ~) l lc~lyl  ri~lgs are foli~id l o  be planar. Tllc angles between tlie ~lorrnals to 

the least squares planes of the phe~lyl rings and Clie 11-atom core are 7.4, 20.5, 

12.0 and 8.0". To calculate tlie average tilts of tlie octyloxy cliains witli respect 

to tlie core, least squares planes were fitted Ihrougli the oxygen and tlre eigllt 

car11011 atollis of each of the cliai~ls A to D. Tlie tilts are 10.7, 23.5, 17.1 and 

10.8". Figure 2.4 sllows the displace~neiits, 6's of all the ~lo~illydrogen atoms of 

the ~llolecule from tlie plane tlirougli tlie I 1-a tom core. 

Figure 2.5 sllows the co~ifor~iiat~io~i of the ~liolecule. All tlie four octyloxy 

cllai~is are fully extended and oriented away fro111 the core. Tlie torsional angles 

prcse~ltcd in Table 2.11 represent the all- trans confor~liation of the cliai~ls. Tlle 

linear end t<o elid dinlensions of t,lle iiiolecule calculat,ed as the dis tames 

C(25). ..C('iO), C(40). ..C(55) i. e . ,  lengt,h 

C(25) ... C(40), C(55) ... C(7O) i.e., widtli 

are 31.6, 31.1, 10.8 and 10.9a respectively. Tlie average values of the le~igtli (31A) 

and the width ( l l a )  of (.he ~l~olecule co~lfers a nearly recta~lgular shape to the 

molecule. It 11111s t be ~lie~itiolled tlla t for tlle ~liesopliase of Cu-OCe H17, Olita et 

a1 [19SG] lla\re consi(lerc<l tmwo t,ypes of molecular coilforiliatio~ls sliow~l in Figure 

2.6. Of t,hcse, niotlel B strongly reseml~les t,lle confor~iialion observetl 11y us in 



L O U  
C70 C68 ~ 6 6  ~ 6 4  0 6 2  ,0.24(2) 
-0.95(2) -0.83(2) -0.56(2) -0.38U) -0.16( 1) 

Figure 2.4: Displacements, 6's of all the nonllydrogen atoms of the molecule 
from the plane through tlie 11-atom core. 



Figure 2.5: Co~lforlllat~ioli of the molecule. 



'l'able 2.11 : 0 bsesved torsional angles(") in the cliains. 



Model A 

Model B 

Figure 2.6: Tlle models A a i d  B for the illolecular coxiformatioxl of CU-OCgH17 
proposed by Olita et al, [1986]. 



the crystalline pliase. However, tlie nlolecular diliie~isiolls via., tlie length and 

widtli of 31 and 1 l A  respectively, observed in the crystalli~le pliase are signifi- 

cantly less than tlie correspo~lding values of 36-36.5 and 15A, proposed by Ohta 

et a1 [1986]. 

Figure 2.7 shows tlie molecular arrange~lient as seen perpendicular to the 

crystallograpllic a-axis. Tlle arra~~genient is essentially layer-like, wit11 tlie lliolecules 

tilted wit11 respec t to tlie crystallogra~>liic a-axis (Figure 2.8). As tliere are two 

~liolecules in tlle unit cell, two layers wllicli are cent rosynlme trically related are 

fornied. Tlie ~nolecules in tlie cent ros y1111lie t,rically related layers are, however, 

staggered with respect to eacli other. Tliis feature is illustrated in Figure 2.7 

wlierc t lie syni~net I y related niolecular pairs arc encased wi tliin solid lines. Tlie 

corcs of tliese niolccules are parallel, illvested alid also slightly staggered with 

respect to eacli other. In addition to t lie layer-like cliaracteris tic, tlie crystal 

slruct use of Clu-OCe Hl7 nlaliifes ts a colu~ilnar cliarac ter also. Tlie colu~nnar 

character arises froni tlie periodic repetition of tlie unit cell colltents along tlie 

crystallographic a-direc tion. Thus, the atljace~lt pairs of layers get regularly 

stackctl along t llc crystallogral~liic a-(lirectio~l leacling to tlie for~llatio~l of infi- 

nit c coll~lll~is. Tliis feature is illuslrated on tlie cover of tliis thesis. It must, 

however, be pointed out tliat unlike t lie case of co~iventional coluninar s truc- 

tures wliicli cliaracterize Inany discotic mesophases [Clia~idraselihar, 19921, in 

tlie case of CU-0CpHl7, tlie repeat unit of tlie colu~iin is a pair of centrosym- 

niel rically relalccl ~liolecules. Tlie collccp t of niolecular pair is furtlier sul>ported 

by t lie concetltrat ion of sllort internlolccular cant ac t tlis tances 5 4A, between 

tlie two centros yninic t rically related niolccules. Tllere are 89 contact distances 



Figure 2.7: kIolecular arrangenient, perl)endicular t,o tlie crys tallograpliic a-axis 



Figure 2.8: View of the layered arrallgeiiieilt of molecules. 



between tlie centros ylilnie trically rela t,ed pairs, of wliicli two are less than tlie 

sun1 of t,lie van der PVaal's radii. Tlie ~iuiilbcr of cont.act distances between adja- 

celit, lnolecules related 1)y unit cell t,mnslation is 15. Tlie prefereiitial occurence 

of t li<~sc slior t colii ;IC i s I)c t ~ ~ ~ e e l i  a<lj;~rciil ceni rosyliiliiclricallly rcl;~le<l ~iiolecules 

sugges t s t lia t t liey t elid to pair. Similar pairing of lnolecules has been suggested 

for the discogeli, liexa ester of ~riplie~iylcnc [Cokrait et al, 19791 wliicli also lias 

a coluninar s t,ruc t use in tslie crys t allilie plia,se. 

Tlie cores of tlie above-nieiitjionecl lllolecular pair are ti1 ted witli respect to 

tlie col~ililli axis. Figure 2.9 ill~strat~es tlle tilted colulnliar arraiigelnellt i11 a 

~ ~ 1 1 ~ 1 1 1 i ~ t i ~  fasliioii. Tlie allgle of (,ilt, 0,  tlefilied as klie angle between tlie colunill 

axis alitl 1 lie llorlilal to the plane t,liro~igli t,lie core of tlie ~iiolecule is found to 

Ilc 128". Figure 2.7 slioms tlial llic interior of eacli collillili is made up of the 

iiearly-rigid core of llie iiiolecule ant1 also tlie 1)lienyl rings. Tlie oclyloxy cliaills 

cons tit(11 t,e tlie peri yliery of eacli colunili. Figure 2.7 also sliows tliat eacli column - A 
in tlie cryst,al structure is surroui~clccl 1)y six otliers sit,uated a t  f b, f c and 

f (l)+c). O I ~ ~ r i o ~ ~ s l y  llie arrangclnelit of llic six coordiliatillg colulillis does not 

correspond t,o a regular liexagon. I11 tlie crys tal lattice, tlie rigid, celitral regions 

of adjacent coluiiins are ~eparat~ed Ily tlist.inct pocliets lnade up of aliphatic cliailis 

(Figure 2.7). Tlius , llie coluliin.. .colunl~i iilt)er:~c tions appear to be esselitially of 

tlie cliain ... cliain t,ype of 11011-l~oli<letl 1~a11 der Mraal's ilitqeractions. 

Figure 2.9 slioms the zig-zag arrangement of copper atoiiis about tlie colulnii 

axis. Tlie sig-zag dis t,alices are 6.3 and 6.6A respectively aiid tlie angle a t  the 

zig-zag is 124" 



Copper atom 

Figure 2.9: Sc1lenlat.i~ diagra~il of t-lie colli~ii~lar arra~lge~lie~it  of the ~liolecular 
pair. Tlie copper attonis are ~list~ril~ubed along tllie colu~i i~l  axis in a zig-zag 
fashion. 



111 sccCion 2.2 of t,liis clial)ler, it was l~oi~it,ecl out, t1iaI the co~nparat,ively liigli 

value of a (a)  (Table 2.1) niay be correlated with tlie ~ilolecular a r ra~ige~ne~i t  in 

tlie crystal lattice. Details of tlie colu~n~iar  arrangement described in tlie pre- 

vious l>aragraplis suggest t,liat tlie colunln axis is perliaps tlie direction aloiig 

wliicli preferential slip or sliding be tween adjacent co lu~n~is  can occur. As tlie 

crystallographic a-axis coixicides witli tlie colu~ii~i axis, presence of such a "dis- 

order" can be expected to ~iiaiiifest as lowering of the accuracy of tlie unit cell 

tra~islatio~i along tliis direction. It is also ~ioticed from Table 2.7 that tlie e.s.d's 

of tlie x coordi~iates are generally higher ilia11 tliose of y aiid z coordi~iales of 

tlie a tonls. It is acl~iii t ired that tlie above ~iie~itio~ied explanation is 110 t conclu- 

sive a ~ i d  it ~nerit~s furtlier detailed study of tlie possible slip between adjacent 

col1llillls. 

2.4.1 Structural characteristics of the crystalline and 
the mesophases 

X-ray study of the xilesoyliase of CU-OCPH17 lias ljeen carried out by Olita et 

al, [1986]. They liave observed four reflectio~is tlie d-spacing of wliicli are in tlie 
1 1  1 

ratio of 1 : - : - : - based on wliicli they propose a lamellar structure for tlie 
2 3 4 '  

mesophase. Using space filling models, tliey liave also calculated tlie le~lgtli and 

the widt,ll of tlie molecule. Tliey liave considered two possible couforniations re- 

ferred to as ~ilodels A and B respectively (Figure 2.6). Table 2.12 compares tlie 

di~lleiisio~is of t,llese ~ilodels witli thal observed by us ill the crystalli~ie phase. To 

acconiodat,e a ~liolecule whose lengt,li, L is larger l l ia~l t,lie ~iiesopliase layer tliick- 

ness, W of 2 3 a .  OliLa et al, [108G], propose a lilted arraiigeiile~it of molecules, 
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illus t,ratctl in Figure 2.10(a). With llic t,ilt,ccl layer s(~rllc t,ure, Clic anglc of tilt dr 

is 4G0 for ~iiodel A and N 40' for ~iiodel B. 

Co~iiparison of tlie above nientioned details about tlie nlesophase witli those 

of the crys t,alline yllase llas led to tlie identification of sollie interes ting features 

wliicli favour the possibility of direct correlations existing be tween tlie structural 

cliaracterist~ics of the crystalli~ie and the mesophases of Cu-OC8Hl7. 

( i )  layer structure: 

As ~iie~ltioned earlier, the crystal structure of CU-OCpH17 has both layer-like and 

colu~iinar cliarac teris tics. During tlie tlier~ilally induced crys talline to ~nesopliase 

tra~isi  tion, if the t~lierliial energy is sufficielit to dis tush tlie periodic stacking of 

tlie laycrs, the coluninar arrangenlent could be 10s t , and only the layer structure 

niay be retained in tlie mesophase. Tlie high value of a(a)  ~nentioned earlier sup- 

porls t,lie pos~ibilit~y of t<he periodic stacking along the a-axis getting disturbed. 

Thus, tlie traiisfor~ila tion from tlie colu~nnar structure in the crys talline phase 

to the layer struclure in tlie ~iiesopliase is likely to be tllrougli the weakeni~ig or 

reliioval of the forces wllicli are respolisible for t,lle stacki~ig of molecules. 

( i i )  Co~lforrnatio~l of the molecule: 

Tlie di~iie~isiolis listed in Table 2.12 show t,liat for ~ilodel A, tlie length to widtli 

rat,io is - 1.2 whereas for niodel B, tlie ratio is N 2.4. Tlle lengtli to width 

ralio of tlie liiolecule as observed froni tlle crystal st~ructure is N 3 and conlpares 

reasoliably well witli corresponding value for ~llodel B. It is therefore likely that, 

in tlie nlesopliase also the niolecular conforniatio~l rese~ilbles niodel B. 



Figure 2.10: Schema tic representation of tlie ti1 ted arrangement of molecules ixi 
a layer constituted by (a) single molecules [Ohta et al, 19861 ) (b) lnolecular 
pairs. 



(iii) Tilt  in the layer structure: 

The colun~~iar  structure observed in tlie crystalline phase of CU-OC8H17 (Figure 

2.9) shows that tlie layer tliick~iess is .- 258. Tliis value compares well with the 

tliickness of 23a obtained by Olita el a1 [198G], using tlie X-ray data  from tlie 

niesopllase. If tlie 31A long nlolecr~les are to be arranged in a layer of thickness 

238, the till witliili tlie layer tur~is out to be .- 48' calculated using tlie relation, 

Ilr = sin-I (g). Tliis value is illore tliali tlie till of .- 40' proposed by Olita 

et al, [198G]. If, however, tlie pairing of nlolecules observed in tlie crystalline 

pliase is retained in the mesol>liase also, tlie eRcctive le~iglli of tlle slaggered 

lilolecules increases (Figure 2.10(b) ) a ~ i d  collsecluently tlie tilt angle zb witliiri 

tlie layer would also decrease. 


