Chapter 3

Crystal and molecular structure of
bis[(1-p-n-heptylphenyl, 3-p-n-heptyloxyphenyl)
propane -1,3-dionato] copper (1II)
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3.1 Introduction

In this series, bis[(1-p-n-heptylphenyl, 3-p-n-heptyloxyphenyl)propane-1,3- dion-
ato] copper(Il), hereafter referred to as Cu-OC7H,5-C7Hys, is the only complex
with dissimilarly substituted ligand i.e., in Figure 1.6, the substitutions R1 to
R, arenot identical. In Cu-QOC;H,5-C;H;s, Lwo of tlie four substituents are hep-
tyloxy chains and the other two are heptyl chains. Such an asymmetry permits
two types of geomelric isomers viz., those corresponding to tlie trans and tlie cs
arrangements of the similar substituents with respect to the core shown in Fig-
ure 3.1(a) and (1) respectively. Also, with two alkyl and two alkoxy chains, the
molecule of Cu-OC;H5-C;H;5 includes two oxygen atoms in the fringe around
tlie core. |t may be pointed out that in Cu-OCgH,7, tlie cryslal structure of
which was described in the previous chapler, there are four oxygen atoms in the
molecular fringe. Tlie ensuing three chapters of this thesis describe the crystal
structures of complexes with no oxygen atoms around the core. Thus, Cu-
OC;H5-C7Hs forms an interesting intermediate between complexes with four
oxygen atoms and none respectively, around the core. Tlie crystal structure
analysis of Cu-OC7H5-C7H s is thus expected to provide information concern-
ing the molecular conformation 7.e., occurrence of eitlier tlie {rans or tlie cis
isomer and in addition enable identification of the possible effects of both dis-
similar substitution and the presence of two oxygen atoms around tlie core, on

the structural characteristics.



H,5C40 CoHisg

(a)

. C
Y
O\Cu/o
o~ o
A
\ H
C._ ™~ ’// C
H ~
HysC7 0C7H1s

(b)

Figure 3.1: The geometric isomers of Cu-OC;H;5-C7Hys. (a) trans (b) cis
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3.2 Experimental details

On heating, tlie complex Cu-OC7;H;5-C;H;s was found to exhibit the following
transitions [Prasad and Sadashiva, 1991] :

150.3°C
C — 1

)
"‘
D N

where D refers to a discotic mesophase.

These transitions represent the occurrence of a monotropic mesophase i.e., on
heating, tlie crystal melts into a liquid and on cooling tlie liquid, tlie mesophase

is observed before crystallization.

Transparent, green coloured prismatic single crystals of Cu-OC;H;5-C7Hys
were obtained by slow evaporation from a solution in butan-2-one. Prelimi-
nary characterization of tlie crystal done using oscillation and Weissenberg pho-
tographs showed that the crystal belongs to the triclinic crystal system. The unit
cell dimensions were, however, determined and refined by least squares method
on a CADA4 single crystal diffractometer using 25 reflections in the 6 range 10 to
29°. Three dimensional intensity data were collected on tlie same diffractometer
using a crystal of approximate dimensions 0.6x0.1x0.1 mm?, CuK, radiation and
in the w/26 scan mode witli a prescan speed of 5.5°/minute. Again, as described
in Chapter 2, the final scan speed was, liowever, varied for each reflection to sat-

a(l)

isfy the relation, - < 0.03 where a(7) is the estimated standard deviation for

tlie measured intensity, |. During data collection, tlie reflections 641, 221 and

441 were used for both orientation and intensily control. Tlieir intensities were
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checked once in every 3600 seconds. In the 6 range of 1 to 55°, intensities of
6595 independent reflections were measured, of which only 2112 reflections had
| > 30(1). Tlie intensities were corrected for Lorentz and polarization factors.
Corrections for absorption effect was applied using the method of Norlli et al,
[1968]. Tables 3.1 and 3.2 present the crystal data and other relevant details of
intensity data collection respectively.

As in tlie case of Cu-OCgH,7 (Chapter 2), tlie crystal of Cu-OC;H;5-C7H;5
was also found to dissolve in most of the commonly available liquids. For reasons
mentioned in Chapter 2, the density o this crystal (and tlie rest of the crystals

discussed in tlie ensuing chapters) was not measured.

3.3 Structure determination and refinement

Tlie value of calculated density, p.q., assuming one molecule in tlie unit cell was
very low (0.58 gm/cc). With two molecules in the unit cell, the p... value of
1.158 gm/cc was close to that observed for Cu-OCsH;; (1.163 gm/cc ). Based
on tlie statistical distribution of the normalized structure factors, Ex’s, shown
in Table 3.3, the space group was chosen as P1. It must be pointed out that tlie
distribution of Ejg,;’s IS close to hypercentric. The asymmetric part of the cell
therefore contains one formula unit of Cu-QOC;H;5-C;H;5 i.e., one copper atom,

64 other nonhydrogen atoms and 78 hydrogen atoms.

The crystal structure was solved using tliedirect methods program MULTAN-
80 [Germain et al, 1971]. 480 reflections with E values >1.769 and 100 reflections

corresponding to lowest E values were used t0 Set up the phase relationships. It



Table 3.1: Crystal data.

Molecular formula

Molecular weight

<L W®R o oW

Space group
Z

Pealc
HCuK 4

F(000)

C58H78()GCU
934.7

10.228(7

16.607(5)
18.273(6)
64.40(2) °
78.53(6) °
72.66(5) °
2663A2

A
A
A

Pl

2

1.158 gm/cc
9.548 cm™!

1006




Table 3.2: Details o data collection.

Radiation used CuK,
Crystal size 0.6x0.1x0.1 mm?®
Scan mode w/20
Maximum Bragg angle 55°
Nurnber o unique reflections 6595
Number o reflectionswith | > 3o(1) 2112
Ranges d h 0 to 10
k -16 to 17

1 -18 to 19




Table 3.3: Distribution of the normalized structure factors.
Experimental Theoretical
Average all data acentric | centric | hypercentric
|E| 0.697 0.886 | 0.798 0.718
E? 1.000 1.000| 1.000 1.000
E® 2.305 1.329| 1.59 1.916
E* 6.387 2.000 | 3.000 4.500
5 31.963 3.323 | 6.383 12.260
6 223.851 6.000 | 15.000 37.500
[E2-1] 1.096 0.736 | 0.968 1.145
(E2-1)? 5.387 1.000 | 2.000 3.500
(E2—1)3 20G.690 2.000 | 8.000 26.000




must be mentioned that the reflection 220, had the highest E value of 9.925, the
correlation of wliicli with tlie molecular arrangement will be described later in
this chapter. Details of the three origin defining reflections and the six reflec-
tions wliicli formed the starting set are listed in Table 3.4. It may be noted that

the reflection 220 is part of tlie starting set.

With six reflections in the starting set, there are 2°(=64) solutions. A sum-
mary of tlie figures of merit output by the tangent formula is presented in Table
3.5. The molecule could not be identified from the E-map corresponding to the
best set, i.e., the set with the highest value of combined figure of merit, COM-
FOM of 2.24. The E-map corresponding to the set with tlie lowest R-value and
the highest value of ABSFOM (z.e, set 1) did not also enable identification of
tlie niolecule. Examination of the E-maps from tlie other sets led to the iden-
tification of the copper atom and 49 other nonhydrogen atoms from set 6 i.e.,
corresponding to the eighth best COMFOM, second best Ry, and third best
ABSFOM. Tlie PSIZERO value for this set was, however, 4.57.

Positional and isotropic thermal parameters of tliese 50 atoms were refined
by blocked full matrix least squares procedure using tlie program SHELX-76
[Sheldrick, 1976]. The atomic parameters to be refined were divided into 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. From a difference electron density
map computed at this stage, positions of 13 out of the remaining 15 atoms were
identified, on inclusion of Wliicli the R-factor reduced to 0.237 in four cycles. It

must be pointed out tliat tlie two atoms which were yet to be identified were the



Table 3.4: Details o the origin defining and the starting set of reflections.

h k1| Ewu

12 9 | 7.391 | origin

e

4 6 1 |5976 | origin

[\
ot
o

3.776 | origin

nNo
o
=)

9.925 | starting set

5 7 4 | 4.285 | starting set

p—
(=21}
[S—
%3]

4.052 | starting set

1 5 17]3.869 | starling set

o

10 5 | 3.698 | starting set

3 8 2 3572 starting set




Table 3.5: Summary of the figuresd merit (FOM) output by the tangent formula.

Maximum value
Minimum value

Relative weights
for COM FOM

ABS FOM | PSI ZERO | Ryaric | COM FOM
1.1357 4679 | 1584 | 2.239
0.8572 1644 | 549 | 05260
0.60 1.20 1.20




Table 3.6: Details of the blocking used in the least squares refinement.”

Block | Positional and thermal parameters
number of the atoms constituting
1 core
2 Phenyl ring A and chain A
3 Phenyl ring B and chain B
4 Phenyl ring C and chain C
5 Phenyl ring D and chain D

*For nomenclature please refer to Figure 3.2



terminal atoms in the chains. From a difference electron density map computed

at this stage, these two atoms could aso be identified.

Until this stage, no distinction was made between tlie carbon and tlie oxygen
atoms in the cliains; al the atoms in tlie chains were treated as carbon atoms.
Examination oOf the molecule showed that two of the chains had eight atoms
each and these were identified as the heptyloxy chains. In tlie former set, tlie
atoms bonded to the phenyl ring at the respective para yositions were henceforth
treated as oxygen atoms. After four cycles of least squares refinement, with all
the 65 lion-hydrogen atoms, the R-factor reduced to 0.208. Introduction of
anisotropic thermal parameters and also weighting function described in Table
3.7, the R-factor further reduced to 0.096. At this stage of refinement, all tlie
hydrogen atoms in the molecule were fixed geometrically, using a C-H distance
of 1.08A [International Tables for X-ray Crystallography, 1968). The hydrogen
atoms were assigned tlie isotropic temperature factors, U;,,, same as those of
tlie equivalent isotropic thermal parameters, U,,, Of the respeclive carbon atoms
to which tliey were bonded. Tlie positional and tlie thermal parameters of
the hydrogen atoms were not refined but their contribution to tlie structure
factors were included during refinement. The refinement was terminated after
five cycles, when all tlie shifts, A’s were less than tlie corresponding e.s.d’s, a@'s.
In the terminal cycle, tlie highest value of A/o was 0.21 for the parameter Uss
of the atom C(55) (Figure 3.2). Tlie final R-value was 0.081 and tlie weighted
R.-fagor (R,) was 0.085 for 2119 independent reflections with 1>30(1) (Table

3.7).



Table 3.7: Some details of the refinement.

Weighting scheme
K
)

[t
for 2112 reflections
with | > 3o(1)

Ry
Maximum shift/e.s.d (A/c)

Residual electron density
Pmin

Pmazr

K/o®(Fo)+g(F7)
3.0192
0.00116

0.0812

0.0849

0.21

-0.31 el/A3
0.32 el /A3




Tlie residual electron density map was quite featureless, the maximum and
minimum density being 0.32 and -0.31cl/A® respectively. For carbon and oxygen
atoms, the scattering factors given by Cromer and Mann [1968] were used; for
hydrogen atoms, values of Stewart et al [1965] were used. In tlie case of the metal
atoms ( Cu/Pd/Ni as specified in eacli chapter) tlie scattering factor given by
Cromer and Waber [1965] were used. They were also corrected for anomalous

scattering effects [Cromer and Liberman, 1970}.

3.4 Results and discussion

The copper atom which forms tlie centre of the molecule occupies a general
position. Tlie positional and equivalent isotropic thermal parameters , Ug,, of
all the nonhydrogen atoms are listed in Table 3.8. The anisotropic thermal

parameter has the form,
exp [—-27r2(U11h2a*2 + Ugok?0*? + Usal?c*® + 22U ohka*b* + 2Ushla’c* + 2U23klb"'c")] .

The U;, values are recorded in Tahle 3.9. Table 3.10 contains tlie positional and

tlie isotropic thermal parameters of all the hydrogen atoms.

Tlie U, values in Table 3.S show that as in tlie crystal structure of Cu-
OCgH,; (Chapter 2 of this thesis), on moving outward from the core to the
fringe , there is a progressive increase in the thermal parameters. Tlie average
U,, value of tlie 11 atom core is 0.084(5)A%. Tlie average U,, vaues of 0.08(1)
and 0.08(1)A? for the phenyl rings A and B respectively (Figure 3.2) are not
significantly different from that of tlie core. In contrast, tlie average U, values

of 0.10(1) and 0.10(1)A? for the phenyl rings C and D indicate slightly larger



Table 3.8: Fractional coordinatesand the [Teq(A2) values of nonhydrogen atoms. The quantities
in the parantheses are the respectivee.s.d’s.

Ty

Atom | x y z Ueq Atom | x y z Ueg
Cu 0.6011(2) | 0.3739(1) | 0.3963(1) | 0.081(1) [ C(33) | 0.765(2) [ 0.554(1) [ 0.8309(9) [ 0.10(1]
O(1) |0.610(1) [ 0.3924(6) | 0.4889(5) | 0.091(6) || C(34) [ 0.843(2) {0.630(1) {0.8033(9) { 0.10(1)
0(2) | 0.496(1) | 0.2825(6) | 0.4558(5) | 0.093(5) || C(35) | 0.877(2) | 0.639(1) | 0.877(1) | 0.13(1)
0(3) |0.5997(9) | 0.3545(6) | 0.3021(5) | 0.079(5) {| C(36) | 0.947(2) | 0.719(1) | 0:847(1) 0.15(1)
O(4) |0.708(1) [ 0.4618(6) | 0.3401(5) [ 0.088(5) | C(37) | 0.978(2) | 0.729(2) | 0.913(1) 0.20(2)
C(5) |0.564(2) |0.354(1) |0.559(1) | 0.083(9) || C(38) | 0.037(2) | 0.807(2) | 0.893(1) 0.17(2)
C(6) | 0.484(1) [0.287(1) | 0.5850(8) | 0.081(9) | C(39) | 0.386(2) | 0.1778(9) | 0.558(1) 0.077(8
C(7) 10.460(1) | 0.2547(9) | 0.5315(8) | 0.084(S) || C(40) | 0.324(2) | 0.143(1) | 0.634(1) 0.10(1)
C(8) |0.651(2) {10.397(1) |0.2286(9) | 0.090(9) |} C(41) ] 0.256(2) | 0.075(1) | 0.6568(9) | 0.10(1)
C(9) |0.727(1) | 0.4650(9) | 0.2091(8) | 0.076(8) || C(42) | 0.251(2) | 0.031(1) | 0.609(1) 0.09(1)
C(10) ] 0.749(1) [ 0.491(1) ]0.263(1) | 0.083(9) || C(43) | 0.319(2) | 0.066(1) | 0.531(1) 0.10(1)
C(11) { 0.833(1) | 0.5630(8) | 0.2412(9) | 0.067(8) || C(44) | 0.381(2) | 0.139(1) | 0.506(1) [|0.1((1)
C(12) 1 0.890(2) | 0.603(1) | 0.1603(8) | 0.078(9) || C(45) | 0.187(2) |-0.043(1) [ 0.6308(9) | 0.11(1)
C13) | 0.969(2) | 0.663(1) | 0.1434(¢) | 0.10(1) || C(16) [ 0.182(2) [-0.078(1) { 0.570(1) | 0.11(1)
C(14) | 0.981(2) | 0.693(1) |0.2051(9) | 0.090(9) || C(47) | 0.102(2) | -0.153(1) | 0.600(1) | 0.12(1)
C(15) | 0.920(2) | 0.653(1) | 0.2816(9) | 0.080(8) {| C(48) | 0.098(2) | -0.183(1) { 0.5342(9) | 0.101(9
C(16) | 0.844(1) | 0.5895(9) | 0.2959(7) [ 0.076(8) || C(49) | 0.022(2) | -0.261(1) | 0.561(1) | 0.12(1)
O(17) | 0.064(1) [ 0.7530(6) | 0.1792(6) { 0.110(6) || ((50) | 0.013(2) | -0.202(1) | 0.498(1) | 0.13(1)
C(18) | 0.081(2) | 0.780(1) | 0.2432(8) | 0.096(9) C(51) 1 -0.061(2) | -0.369(1) | 0.522(1) 0.16(1)
C(19) [ 0.166(2) | 0.853(1) {0.205(1) |0.12(1) | C(52) | 0.630(1) ] 0.368(1) | 0.1659(9) | 0.075(8)
C(20) | 0.187(2) | 0.882(1) |0.2718(9) | 0.099(9) || C(53) | 0.590(2) | 0.287(1) | 0.1902(9) |0.11(1)
C21) 1 0.275(2) | 0.951(1) [ 0.236(1) ]0.12(1) § C(51) | 0.565(2) | 0.256(1) | 0.136(1) 0.12(1)
C(22) | 0.278(2) | 0.984(1) | 0.300(1) |0.14(1) | €(55) | 0.580(2) | 0.306(1) |0.0550(9) |0.10(1)
C(23) | 0.372(3) | 0.055(1) | 0.255(1) | 0.19(2) || C(56) | 0.623(2) |0.385(1) | 0.0205(9) {0.10(1)
C(24) | 0.380(2) [ 0.087(1) | 0.313(1) |0.18(1) | C(57) [ 0.647(2) | 0.418(1) | 0.082(1) 0.11(1)
C(25) | 0.584(1) | 0.3813(8) | 0.6225(8) | 0.064(7) || C(58) | 0.557(2) | 0.280(1) | -0.0037(8) | 0.13(1)
C(26) | 0.516(1) | 0.3473(9) | 0.7041(8) | 0.078(8) || C(59) | 0.464(2) | 0.221(1) | 0.015(1) 0.12(1)
C(27) | 0.572(1) | 0.3765(9) | 0.7551(7) | 0.073(8) || C(60) | 0.440(2) | 6.197(1) | -0.048(1) | 0.14(1)
C(28) | 0.647(2) | 0.446(1) | 0.725(1) | 0.10(1) C(61) [0.347(2) {0.130(1) |-0.027(1) [0.13(1)
C(29) | 0.689(1) | 0.4819(9) | 0.6427(9) | 0.087(8) [ C(62) | 0.325(2) | 0.103(2) |-0.085(1) 7 0.16(2)
C(30) | 0.658(1) | 0.4474(9) [ 0.5942(7) | 0.069(8) || C(63) | 0.225(3) | 0.037(2) | -0.054(2) 0.21(2)
O(31) | 0.667(1) | 0.4684(7) { 0.7861(6) | 0.099(6) | C(61) | 0.204(3) | 0.000(2) | -0.104(1) |0.22(2)
C(32) | 0.741(2) | 0.540(1) | 0.7570(S) | 0.096(9)
| il | |




Table 3.9: Anisotropic thermal parameters U;;

Uy, Uss Uis Uiz
0.090 20.033(1) | -0.004(1) | -0.037(1)
0.124(¢ 0.016(6) | -0.010(6) | -0.053(7)
0.121 0.008(5) | -0.005(6) | -0.054(6)
3) | 0.008 0.034(6) | 0.005(6) | -0.049(6)
1) | 0132 0.036(6) | 0.001(6) | -0.048(6)
5) | 0.1001 0.04(1) |-0.02(1) |-0.01(1)
'(6) | 0.10(1 0.07(1) | -0.026(9) | 0.00(1)
(7)1 0.09(1 0.019(8) | -0.006(9) | -0.015(9)
0.10(1 -0.028(9) | -0.02(1) | 0.01(1)
0.09(1 -0.025(8) | 0.009(9) | -0.05(1)
0.07(1 10.07(1) | 0.00(1) | 0.002(9)
0.07(1 -0.062(9) | -0.018(9) | -0.005(8)
0.11(1 -0.056(9) | 0.004(9) | -0.03(1)
0.12(1 20.04(1) | 0.00(1) | -0.04(1)
0.13(1 0.02(1) | 0.01(1) | -0.07(1)
0.11(1 20.022(8) | -0.03(1) | -0.04(1)
0.10(1 -0.035(8) | 0.005(8) | -0.05(1)
0.15(1 -0.033(6) | 0.008(7) | -0.057(8)
0.10(1 -0.06(1) | -0.005(9) | -0.02(1)
0.10(1 0.03(1) |0.00(1) | -0.05(1)
0.10(1 0.05(1) | -0.01(1) | -0.03(1)
0.10(1 0.04(1) |-0.02(1) |-0.05(1)
0.12(2 0.06(1) |-0.01(1) {-0.10(1)
0.34(3 0.04(1) | -0.05(2) |-0.09(2)
0.16(2 0.00(2) |-0.03(2) |-0.11(2)
0.10(1 0.014(7) | -0.019(8) | -0.029(8)
0.10(1 0.016(8) | -0.027(9) | -0.009(9)
0.10(1 0.014(8) | -0.018(8) | -0.04(1)
0.03(1 0.08(1) |-0.02(1) |-0.03(1)
0.11(1 0.011(8) | 0.036(9) | -0.06(1)
0.10(1 0.040(8) | -0.020(8) | -0.004(9)
0.109( 0.050(7) | 0.009(6) | -0.068(7)
0.10(1 0.04(1) {0.00(1) | -0.01(1)
0.09(1 0.07(1) | 0.02(1) {-0.03(1)
0.09(1 0.08(1) |-0.01(1) |-0.02(1)
0.12(2 0.09(1) | -0.02(1) |-0.03(1)
0.13(2 0.13(2) |-0.05(2) |-0.01(2)
0.14(2 0.15(3) |0.03(2) | -0.12(2)
0.15(2 0.15(2) |0.01(2) |-0.07(2)

...Contd.



Table 3.9 continued...

Atom Un U22 U33 U23 U13 U12

C(39) [ 0.09(1) | 0.06(1) | 0.07(1) | -0.009(9) |-0.02(1) | -0.031(9)
C(40) { 0.14(2) | 0.10(1) | 0.08(1) |-0.01(1) |-0.02(1) | -0.08(1)
C(41) | 0.12(2) | 0.11(1) | 0.07(1) |-0.04(1) |0.03(1) | -0.04(1)
C(42) | 0.09(1) | 0.12(1) | 0.07(1) |[-0.05(1) |0.02(1) |-0.02(1)
C(43) | 0.10(1) | 0.14(1) | 0.12(1) |-0.10(1) | 0.00(1) | -0.05(1)
C(44) | 0.11(2) | 0.11(1) | 0.11(1) |-0.06(1) | 0.03(1) [ -0.04(1)
C(45) | 0.11(1) | 0.09(1) | 0.12(1) | -0.04(1) |0.03(1) |-0.06(1)
C(46) | 0.12(1) | 0.10(1) | 0.12(1) |-0.05(1) |[-0.01(1) |-0.04(1)
C(47) | 0.10(1) | 0.08(1) | 0.16(2) | -0.03(1) ] 0.01(1) |-0.04(1)
C(48) | 0.13(1) | 0.07(1) | 0.11(1) |-0.031(9) | 0.00(1) | -0.03(1)
C(49) | 0.07(1) | 0.07(1) | 0.15(2) | 0.02(1) |0.00(1) |-0.02(1)
C(50) | 0.14(2) | 0.11(2) | 0.12(1) | -0.04(1) |-0.02(1) | -0.03(1)
C(51) | 0.13(2) | 0.08(1) | 0.24(2) |0.00(1) |-0.01(1) | -0.06(1)
C(52) | 0.06(1) | 0.08(1) | 0.08(1) | -0.014(9) | 0.000(8) | -0.043(9)
C(53) | 0.12(1) { 0.11(1) [ 0.08(1) |[-0.01(1) | 0.00(1) |-0.06(1)
C(54) | 0.19(2) | 0.13(1) | 0.09(1) |-0.05(1) |-0.01(1) | -0.10(1)
C(55) | 0.13(1) | 0.13(2) | 0.04(1) |-0.01(1) |[-0.01(1) | -0.04(1)
C(56) | 0.14(2) | 0.06(1) | 0.09(1) | 0.003(9) | 0.00(1) | -0.05(1)
C(57) | 0.10(1) [ 0.11(1) | 0.11(2) | -0.04(1) | 0.00(1) [-0.05(1)
C(58) | 0.20(2) | 0.19(2) | 0.034(9) | -0.03(1) | -0.01(1) | -0.12(2)
C(59) | 0.12(2) | 0.15(2) | 0.12(1) | -0.08(1) | 0.00(1) |-0.04(1)
C(60) | 0.14(2) | 0.20(2) | 0.10(1) | -0.08(1) | -0.02(1) | -0.04(2)
C(61) | 0:10(1) | 0.14(2) | 0.14(2) | -0.04(1) |-0.01(1) | -0.04(1)
C(62) | 0.17(2) | 0.20(2) | 0.16(2) |-0.14(2) | -0.06(2) | 0.03(2)
C(63) | 0.24(3) | 0.27(3) | 0.24(3) {-0.16(2) |-0.04(2) | -0.13(2)
C(64) | 0.22(3) | 0.28(3) | 0.20(2) | -0.15(2) |-0.07(2) | 0.01(2)




12°0 | 8¢21°0- | 99€0°0- | <¢962°0 | (EFOH || #1°0 | £608°0 | $£82°0 | 2€88°0 | (19¢)11
120 | €861°0- | 22600 | TPST°0 | (ZFOI || TT°0 | 0GT6°0 | ¥1G9°0 | GI8L°0 | (2¢€)H
12°0 | €92L0°0- | €6v0°0- | 91€1°0 | (TPOIL || 1T°0 | 621670 | 1v26°0 | LSF6°0 | (1$€)1H
GT'0 | SO¥S'0 | OPFE0- | 8291°0- | (E1G)H {| T1°0 | PG9L°0 | €819°0 | 8¥€6°0 | (T¥ET
GI'0 | S0LG0 | G8TFO- | 6£T0°0- | (ZIGHI || TT°0 | SL9L°0 | L2690 | G0L2°0 | (TFE)LT
GI'o| 269170 | 91SE0- | 1RGO0~ [ (11 || 0170 | 9r98°0 | 2260 | 10L9°0 | (e
91'0 | 6948°0 | V0L8°0 | 102670 | (£8€)1 || 01°0 | 012870 | 916770 | £4¢8°0 | (1£6)1I
9T°0 | 19680 | L26L°0| 9S61°0 | (28€)H || 01°0 | 9¥cL0 | €825 0 | cevs0 | (2ee)H
91°0 | SS¥6°0 | 9P18°0 | 109070 | (TRE)H || 01°0 | ¥S1L°0 | 080970 | £289°0 | (128)H
9T°0 | 859€0 | L2600 ] Lg£0e0 | (€bg)H || ST0| 181€°0 | #9000 | £8¥€0 | (2€2)H
91°0 | S092°0 | 9¥¥1°0| 61560 | (Th2)H || S1°0 | S961°0 | ¥090°0 | 0¥0¥°0 | (1€2)H
91°0 | S0€e0| 9€80°0 | 16LF°0 | (1¥C)H || 2170 | 100€°0 | 1£66°0 | $62€°0 | (2ze)U
02°0 | ¥¥00°0 | 1%20°0- | @¥92°0 | (CE9H || 2170 | 691€°0 | #5100 | 0€21°0 | (122)H
02°0 | 6920°0- | 89900 | 12210 | (1€9)H || 21°0 | €020 | 1L16°0 | 818¢°0 | (312)H
QT'0 | 0.61°0-| 82910 | 20820 | (229)H || 21°0 | 20S1°0 | 6000 | s€€2°0 | (112)H
GT'0 | TS0T°0- | 889070 | 12¢k 0 | (129)H || 01°0 | 22630 | €516°0 | 6€80°0 | (202)H
ZI'0 | T0£0°0| 6900 | ¥S8€°0 | (Z19)H || 01°0 | 602€0 | 01280 | 05£2°0 | (102)H
Z1°0| 8£00°0| 9281°0| 68¥¢°0 | (TT9)H || €1°0 | T08T°0 | 09280 | 60L2°0 | (z61)H
P10 | €860°0- | 1292°0 | 1660 | (C09)H || €170 | 646170 | 8516°0 | LOTT°0 | (161)H
$1°0 | 6€40°0- | 2TILT°0| 80vG0 | (109)H || TT°0| €020 | 20180 | 99860 | (281)1I
210 | 81200 98¢1°0| L8670 | (c6%)H || 110 | 12630 | 915L°0 | 6210 | (IST)H
zrol ervoro ! 89520 | 2r9e 0 | (16S)H || 600 | 1090°0 | 928F°0 | 8189°0 | (LS)H
€10 | €860°0- | cove0 | <Ges0 | (2861 || 60°0 | £2£0°0- | ¥GT¥°0 | LS£9°0 | (9S)H
e1°0 | 9620°0- | 1¥bT 0| 9959°0 | (ISS)H || 110 | 0091°0 | ¥161°0 | #6250 | (¥S)H
v1°0 | 6ev°0 | 26220~ | 8920°0- | (Z0S)H || 010 | 68670 | L¥¥E 0 | L6L60 | (€9)H
y1°0 | 1€Lb0 | 911€0- | €20 | (10S)H || 01°0 | 98pb 0 | 095170 | secv0 | (PPIH
10| 9e19°0] 961€°0- | 19900 | (26%)H | 01°0 | SFSEP'0 | €0F0°0 | ¥80€°0 | (EV)H
10| <z8c0| zvez0- | 2e800- | (16F)H || 0T°0 | 081L°0 | 8¥50°0 | 2¢661°0 | (I¥)H
01°0 | <os¥0 | 2zz10-| <Ls00 | (z8¥)H || 010 | 92290 | TOL1°0 | €1¢e0 | (OP)H
01°0 | 0£16°0 | 2802°0- | 96020 | (18P)H || L0°0 | 86250 | 964770 | 2188970 | (0€)H
z10 | 60c9°0 | 8112°0- | czero | (2Lv)H || L0°0 | 26190 | ¥5€50 | 28pL0 | (62)H
21°0 | 9819°0 | ¢sz1°0- | 2200°0- | (1L¥)H || 2000 | <6180 | 26¥€°0 | 68650 | (LO)H
01°0 | 29150 | £€910°0- | T19¢1°0 | (29%)H || 600 | 882L°0 | 1162°0 | 9¥8%°0 | (92)H
010 | 28950 | 0go1°0- | L1620 | (19V)I1 || S0°0 | €0TT°0 | 8¥8¢°0 | ¥8.8°0 | (ZDH
1o | 1989°0 | scor'0- | 6€£20 | (2SH)H || 01°0 | 662070 | 266970 | #1200 | (€1)H
110 | 2269°0 | 2620°0- | 92200 | (TSV)H || 60°0 | STEE0 | 969970 | 8¥€6°0 | (ST)H
020 | 1686'0 | ¥eeLo| crsso | (z2e)i || L000 | 065€°0 | G090 | 68820 | (91)H
020 | €vc60| 2599°0 | 18v0°0 | (TLEI || 800 | 9E¥T0 | ¥46¢°0 | LLILO (6)H
$1°0 | 22180 | €20L0| 28r0°0 | (z9e)H || 800 | ¥8¥9°0 | ¥¥92°0 | 11¥7°0 |  (9)H
%N v/ £ X | woy || ' z A X | woly

swoye UaBoapAi| jo sonea (,y)°F!() pPue s91RUIPI00D [euolpRL] 0T°E O[qRl,




tliermal vibrations than tlie core. Sucli a difference between the two sets of
phenyl rings could be atiributed to tlie substitution of tlie heptyloxy chains to
tlie phenyl rings A and B and the substitution of the less heavy heptyl chains at
the phenyl rings C and D t.e., less heavy the substitution, higher is tlie thermal
parameter of the phenyl ring. The average U,, values of the chains A, B, C and
D wiz., 0.13(3), 0.13(4), 0.12(2) and 0.16(4)A? are also significantly higher than
that of tlie core. Table 3.8 also diows tliat as could be anticipated, tlie thermal
parameters Of atoms close to the termini Of chains are tlie highest. This feature
IS shown in the ORTEP diagram (Figure 3.2) where the thermal ellipsoids for

the nonhydrogen atoms are plotted with 50% probability.

3.4.1 Molecular conformation

Figure 3.2 shows the atomic numbering scheme. From simple geometric con-
siderations of molecular Stability, it would appear that tlie chemically identical
chains assume a trans arrangement with respect to the core. Interestingly, in
tlie crystal structure, they are found to be cis (Figure 3.3). This result, though
unexpected is conclusive. In the crystal structure of bis[1-thia-4-7-diaza cy-
clononanecobali(I11) [Hambley et a, 1989], which is not mesogenic, molecular
mechanics calculations have shown that tlie cis isomer is more stable than the
corresponding {rans isomer. Therefore, it appears tliat tlie occurrence of astable
cis form in crystals IS not an uncommon feature. It must aso be mentioned tliat
in the case of a palladium j3-diketone complex with dissimilar substitutions, two
crystalline modifications corresponding to both cis and {rans arrangements are

reported [Okeya el al, 1981]. It is therefore not unlikely that in the case of Cu-
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Figure 3.2 ORTEP diagram o the thermal ellipsoids drawn with 50% proba-
bility.
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OC;H,5-C;H,5 aso, asecond crystalline modification with trans isomer exists.
Examination of the crystalization dish has shown that tliere arein fact crystals
with three different morphologies. Figure 3.4 includes tlie photographs of the
three morphologically distinct forms, wviz., prismatic, needle-like and platy type
of crystals. Of these, the prismatic and the platy crystals are more abundant
than the needlelike crystals. The crystal structure described in this chapter is
for the prismatic form. It is proposed to examine the other two forms of crystals

also, to find out if either of them corresponds to the trans conformation.

|t must also be mentioned that in the crystal structures of bis [1-phenyl-1,3-
butanedionato] copper [Hon el al, 1966}, copper(I1) ethyl acetoacetate [Barclay
and Cooper, 1965}, bis {1-[4-trans-(4-propylcyclohexyl) phenyl]-octylpropane-
1,3-dionato} copper(Il) and bis{1-[4-{rans-(4-propylcyclohexyl) phenyl}-methyl
propane-1,3-dionato} copper(Il) [Mithlburger and Haase, 1989], with dissimilar
substitutions, only a trans arrangement has been reported. Qur observations
suggest that for these crystals aso, the formation of asecond crystalline modi-

fication corresponding to the Cis form cannot be ruled out.

3.4.2 Molecular geometry

Tables 3.11(a) and @ list the bond lengths and valence angles respectively.
Average values of the bond lengths and bond angles in tlie core, phenyl rings
and chains are presented in Table 3.11(c). Comparison with the values quoted

by Allen et al, [1987], lias aso been included in Table 3.11(c).

Figure 3.5 represents tlie stereo view of the molecules in the unit cell. It is



Figure 3.4: Three morphologically distinct forms. (a) prismatic (b) needle-like
(c) platy.
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Table 3.11(a): Bond lengths(A).
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Bond angles(®).

Table 3.11(b):
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Table 3.11

) Average values of bond lengths(A) and valence angles(®)

along with the values given by Allen et al, {1987].

average values o average
bond lengths| Allen et al bond angles
Core:
Cu-0 1.90(2) 0-Cu-0 92.6(3)
0-C,,(core) 1.28(3) Cu-0-Cy, 127(2)
Cqr-C,, (core) 1.40(6) 0-C,,-C,, 126(2).
Cor-Cor-C,», 122(1)

Pheny! ring:
A 1.38(5) 1.380(13) 120(2)
B 1.37(3) 120(3)
C 1.38(2) 120(4)
D 1.38(1) 120(3)
Chain:
A 1.54(3) 1.530(15) 107(3)
B 1.51(6) 111(2)
C 1.51(4) 115(2)
D 1.49(6) 119(2)
0-Cypo 1.46(2) 1450(14) | Cppeny1-O-Cypo 114(1)
O-Cophenyt 1.39(2) 1.370(11) | Cprenyi-Caps-Cops 120.5(5)
Cyp3-Cphenyt 1.42(2) 1.513(14)
Ccore'Cphenyl 151(3)




Figure 3.5: Stereo view of the molecules viewed down the a-axis.
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found that all the four chains are fully extended in an all-trans conformation.
Tlie torsional angles indicating the trans conformation are listed in Table 3.12.
Figure 3.6 diows the arrangement of oxygen atoms around the copper atom. The
coordination IS nearly square planar. AS mentioned in tlie case of Cu-OCgH;z,
tlie distances O(1)...0(2), O(3)...0(4) are larger than tlie distances O(1)...0(4),
0(2)...0(3). Tliis feature confers a rectangular cliaracter to tlie coordination
polyhedron formed by tlie oxygen atoms. It is also observed that the rectangle
itself IS quite distorted, z.e., tlie O(1)...0(4) distance is significantly shorter
than the distance O(2)...0(3) (Figure 3.6). Conspicuously, the former, sliorter
distance falls on the side of tlie core where tlie oxyheptyl chains are present.
Tliis feature suggests that the shortening of the distance O(1)...0(4) could be
due to the cis arrangement of the heptyloxy chains and possible interactions

between the oxygen atoms in these chains.

The copper atom iS significantly shifted displaced from tlie plane of the coor-
dinating oxygen atoms, the displacement being 0.027(2)A . Similar displacement
of the metal atom from tlie plane of tlie coordinating oxygen atoms has been
found in tlie crystal structures of bis [N-p-(n-hexyloxy)phenyl, p-(n-lieptyloxy)
salicylaldiminato] copper(Il) [Rovicllo el al, 1988], bis [4-((4-butoxybenzoyl)-
oxy)-N-(4- n-hexylphenyl) salicylaldiminato] copper(1l) [Hoshino et al, 1990]
and bis {1-[4-trans-(4-propylcyclohexyl) phenyl]-octylpropane-1,3-dionato} cop-
per(1I) [Mihlburger and Haase, 1989], which are aso dissimilarly substituted.

Asin the case of Cu-OCgH;7, the 11-atom core of Cu-OC;H5-C7H;5 IS not
strictly planar. Tlie two haves of the core viz., Cu, O(1), O(2), C(5) to C(7)



Table 3.12: Observed torsional angles(®) in the chains.

C(14)-0(17)-C(18)-C(19)  -175(1)
0(17)-C(18)-C(19)-C(20)  180(1)
C(18)-C(19)-C(20)-C(21)  177(1)
C(19)-C(20)-C(21)-C(22) 174(1)
C(28)-0(31)-C(32)-C(33) -176(1)
0(31)-C(32)-C(33)-C(34) -179(1)
C(32)-C(33)-C(34)-C(35) -175(1)
C(33)-C(34)-C(35)-C(36) -177(1)
C(34)-C(35)-C(36)-C(37)  179(2)
C(35)-C(36)-C(37)-C(38) -176(2)
C(42)-C(45)-C(46)-C(47)  -176(2)
C(45)-C(46)-C(47)-C(48)  178(1)
C(46)-C(47)-C(48)-C(49)  179(1)
C(47)-C(48)-C(49)-C(50)  179(2)
C(48)-C(49)-C(50)-C(51)  180(2)
C(55)-C(58)-C(59)-C(60)  179(2)
C(58)-C(59)-C(60)-C(61)  176(2)
C(59)-C(60)-C(61)-C(62) -178(2)
C(60)-C(61)-C(62)-C(63) -179(2)

C(61)-C(62)-C(63)-C(64) -176(2)
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Figure 3.6. Coordination polyhedron around the copper atom.
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and Cu, O(3), O(4), C(8) to C(10) are slightly tilted witli respect to each
other, the angle of tilt being 1.4". When tlie copper atom is not taken into
consideration, tlie halves comprising of tlie atoms O(1), O(2), C(5), to C(7)
and O(3), O(4), C(8) to C(10) are aso only nearly planar, the angle between
the normals to tlie above mentioned 5-atoms least squares planes being ~ 1°,
Similar buckling has been observed in the crystal structures of bis{1-[4-trans
-(4-propylcyclohexyl)phenyl]-octylpropane-1,3-dionato} copper(11) [Miihlburger
and Haase, 1989)], cis forms Of bis [I-ethoxy-1,3-butanedionato] palladium(II)
[Okeya et al, 1981] and bis[1-phenyl-1, 3-liexanedionato] palladium(II) [Fallon
and Gatehouse, 1982] wherein the angle between tlie two lialves of tlie core are

~ 3, 6 and 2° respectively.

In addition to the buckling between the two halves, each half of tlie coreis
itself found to be distorted. This diStortion has been identified from tlie nonzero
value of tlie angle between the least squares planes through tlie groups M-O-C-C
in each half. Tlie dihedral angle, », between the least squares planes tlirougli
tlie atoms Cu,0(1),C(5) and C(6) arid Cu,0(2),C(7) arid C(6) in one half of the
core i1S0.9°. Tlie corresponding angle between the two planes fitted through the
atoms Cu,0(3),C(8) and C(9) and Cu,0(4),C(10) and C(9) in the otlier half of
the coreis 2.5".

Figure 3.7 shows the displacements, §’s, of the atoms from tlie least squares
plane through tlie 11-atom core. Tlie planar phenyl rings A, B, C and D are
tilted with respect to the core by 3, 2, 10 and 17° respectively. The tilts are

controlled, primarily, by the steric interactions between the phenyl rings and
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Figure 3.7 Displacements, §’s, of all the nonhydrogen atoms of the molecule
from the plane through the 11-atom core.



tlie core atoms (Figure 3.8). Conspicuoudly, tlie lilts of the phenyl rings A and
B substituted witli heptyloxy cliains are less than tliose of tlie rings C and D
substituted witli tlie less heavy heptyl chains. The chains A to D are inclined

at 2,9, 5and 7° with respect to the core.

Tlie end to end dimensions of tlie molecule calculated from the distances be-
tween tlie respective terminal atoms viz., C(24)...C(64), C(38)...C(51), C(24)...
C(38) and C(52)...C(64) are 28.5, 28.8, 9.94 and 10.62A respectively. Tlieslight
asymmetry in tlie widths sir., 9.94 and 10.62A respeclively is a consequence of
the difference in the lengths of the heptyl and tlie heptyloxy cliains and their
cis arrangement. Tlie overal shape of the molecule, however, can be described
as a slightly distorted rectangular disc witli tlie length to width ratio of ~ 3,
resembling the model B proposed by Olta et al [1986] for Cu-OCgH,7 in its

mesophase.

Figure 3.9 diows tlie arrangement of tlie molecules in the plane perpendicular
to the crystallographic aaxis. In tlieunit cell, although adjacent cores related by
acentre of inversion, are well separated, tlie phenyl rings A and B of a molecule
exliibit partial overlap over the phenyl rings of tlie centrosymmetrically related
molecule. Tlie overlapping phenyl rings are found to be those substituted with
lieytyloxy chains. Tlie possible role of oxygen atoms in favouring tlie molecular
overlap cannot therefore be ignored.

Examination of tlie intermolecular contact distances Siows that the contact

distances < 4A are conspicuously concentrated between tlie atoms of the cen-

trosymmnetrically related molecules in tlie unit cell (Table 3.13). These features



Figure 3.8: Steric interactions controlling the tilts of tlie phenyl rings.



Figure 3.9: Molecular arrangement perpendicular to the crystallographic a-axis.



Table 3.13: Nonbonded intermolecular contact distances between the centrosymmetrically re-
lated molecules in the unit cell. Distances less than the sum of the van der Waal's radii are
marked with an asterisk.

ot

Cu...C(29)  3.19(1) | O(4)...C(29)  3.87(2)
Cu...C(30)  3.33(1) || C(5)...C(30)  3.74(2)

Cu...C(28)  3.50(1) [ C(8)...0(31)  3.34(2)

0(3)...0(31) 3.40(1) || C(10)...C(28) 3.85(2)

0(3)...C(28)  3.42(2) || C(11)...C(26)  3.81(2)
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suggest that the centrosymmetrically related molecules tend to pair, primarily,
by van der Waal’s interactions and perhaps to some extent by partial m-electron
overlap. Each of the centrosymmetrically related pairs is surrounded by four
others situated at £b and c respectively from the reference pair. A molecu-
lar coordination number of four is indeed not representative of a close packed
arrangement [Gavezotti, 1989]. It may be mentioned that the pairing of the
centrosymmetrically related molecules was earlier observed by usin the crystal
structure of the discogen Cu-QCgHy; where tlie cores of the pair exhibit sub-
stantial overlap. |t must be pointed out that hoth the complexes which exhibit
pairing within the unit cell are characterized by the presence of oxygen atoms
around the core. Although any conclusion based on two observations is not re-
liable, it is perhaps not inappropriate to suggest that such pairing of molecules
may be connected with tlie presence of oxygen atoms in the fringe. Figure 3.10

shows the layer-like arrangement of the molecules.

In the crystal structure, a striking concentration of aromatic groups occurs
around the inversion centre at %-. %—. %' The pocket formed by the aromatic
groups extends infinitely along tlie crystallographic a-direction and it includes
tlie nonbonded interactions between tlie centrosymmetrically related molecules.

A similar concentration of aliphatic chains is found around the inversion centre

at 0,0,0 (Figure 3.5).



Figure 3.10: Layer-like arrangement of molecules.
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3.5 Effect of molecular orientation on the most
intense reflection 220

I n the diffraction datafrom Cu-QOC;H,;s-C7H;s, the reflection 220 is most intense;
the second most intense reflection being 103 with Fips = 0.43F,3,. The high
intensity of 220 is obviously an indication of the molecular orientation in the
unit cell. As the crystal structure of Cu-OC;H,5-C;H;s was solved by direct
methods, in afairly straight forward manner, it was not necessary to adopt trial
and error methods which often utilize information concerning the most intense
reflections etc. However, after obtaining the structure solution, it was intersting
to note that the intensity of (220) was controlled primarily by the fact that for
most of the atoms, the value of (x-y) was ~ 0.25. A brief summary of this

observation is presented here.

In the space group P1, the structure factor expression takes the form,

N
Fui =) ficos2m(hz; + ky; + l2;) (3.1)

j=1
where f; is the atomic scattering factor and x;, y; and z; are the positional

coordinates for.the j** atom and N is the total number of atoms in the unit cell.

For hA0 type of reflections, equation 3.1 takes the form,

N
Fuio = ) _ ficos2n(hz; + hy;) (3.2)
=1
Then
N
Fyso = ) ficosdn(z - y) (3.3)
=1

which shows that when (x-y)=1/4, the structure factor gets the full contribution

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



structure factor, however, with opposite sign. Inspection of Table 3.8 shows
that for most 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, (F,50=0.23F3,) can aso be explained in the same fashion. The

comparatively low intensity of the reflection 660, Fg50=0.03F330 seems to be
2

essentially due to the reduction in tlie scattering factor. It is found that f—%
Jazo

is —0.27. After correcting for the thermal vibration, this ratio reduces furtlier

to ~0.1

In the case of hh0 type of reflections with ILodd, eg., 110, the structure factor

expression becomes,

N
Fiio = ijcos%r(g: -Y) (3.4)

1=1
with (x-y)~1/4, F tends to 0. The structure factors given in tlie Appendix do

indeed show that the reflection 110 and itS higher order reflections 330 and 550

are weak.



