
Chapter 4 

Crystal and molecular structure of 
bis [1,3-di(p-n-octylphenyl) propane 

-1,3-dionato]copper(II) 



Figure 4.2: Pllot,ograplls of (a) needle-like (N)  and (b) prismatic (P) crystals. 



4.1 Introduction 

111 klie last I w  clii~l)lers, details of t,lie crystal struclure a~ialysis of two copper 

coriiplexes with oxygen atoms in tlie ti~olecular fringe were presented. This 

clial>ler describes the crystal s bruc ture analysis of a copper co~ilplex bis[l,3- 

di( p-n-oc tylplie~iyl) prol~ane - 1,3-dionalo]copper (I I)  or Cu-Cp H 7 ,  which does not 

i~iclude oxygen atjoliis in tlie fringe. Figure 4.1 shows tlie structural forlnula of 

CU-CPH17. AS ill t,lie case of Cu-OCeHI7 (Chapter 2 of tliis thesis), Cu-CaHI, 

also i~icludes four siniilar cliai~is in the liiolecular fringe. Whereas in Cu-OCeH17, 

t.lie cliai~is are of t,lie oc t,yloxy t,ype, CII-CP H includes o~ily oc tyl chains. Thus 

tlie only difference ill between the clie~iiical structures of CU-OCPH17 and CU- 

CPHI7 is tlie absence of oxygeli atonls in t,lie chains of t,lie latter co~nplex. Tlie 

crysCa1 s t n ~ c t ~ ~ r e  analysis of C11i-CpHl7 ~iiay helice be expect,ed to throw sollie 

liglit 011 understancling t,lle role of oxygc~i ako~iis ill tlie cliai~i, 011 tlie crystal 

s t8ruc tural cliarac t,eris tics. 

4.2 Experimental details 

Single crystals of CU-CpHI7 were grown by slow evaporatio~i of a solutio~i in 

ace t,one. Interestingly, crys lals wit11 two dis tint t n~orpliologies were obtained 

fro111 tlie same solvent, viz., t,lie lilore abu~ida~i t  needle-like crystals a ~ l d  tlie less 

abundant prisn1at.i~ cryst,als. These two for~ils are liereafter referred to as N and 

P for~ils respec t,ively. Plio tograplis of 110 t,li tlie for~iis of crystals viewed with tlie 

sanie niagilifical.io~i are given in Figure 4.2. IC nl~isl be n~enlioned tliat crystals 

of t,lic N a~i t l  P for~iis were obtailied froni separate ~ rys t~a l l i za t io~~  experilnelits 



Figure 4.1: S lruc t,ural forulula of CU-CPH17. 



Figure 4.2: Pllot,ograplls of (a) needle-like (N)  and (b) prismatic (P) crystals. 



conduct.ed during tlifferent pcriotls of tlic year. Wliereas tlie c ry~t~als  of the N- 

for~ii could be obtained easily, despi t8e repeated a t  t,enip ts, only very few crystals 

of tlie P-for111 could be obtai~ied. It is likely that t,lie occurrence of two ~norpho- 

logically dis t i~ic t crystals is relatretl to factors sucli as a~ilbie~it  teniperature axid 

huiilidity wliicli were not co~ltrolled in our experinients. Crystals of the N-form 

exhibit the followi~ig transit ions: 

Due to the no~iavailability of sufficient anlount, of crystals of the P-fonn, it was 

not possible to identify its t,sansit,ion lenil,eratt~rcs. Hence, a t  the nion~ent, it 

is not clear wliet lies bot811 tlie N and tlie P for~ils are cliaracterized by ide~ltical 

ttransittion t~e~iiperat~ures or not,. The crys t,al st ruc t<ure a~~alyses  were, however, 

carried out for botoli t,he for~iis and it was found tliat tlie crystal structures of 

the P and the N fornls were in fact differelit. Details of lliese i~ivestigalio~is are 

presented ill tlie ensui~ig sect,ions of t,l~is c1ial)ter. 

Preli~iii~iary exa~iii~iatio~i of t,lie cryslals using oscillatio~i and Weisse~iberg 

~)liot,ograplis slionyed t,llat t,he cryst2als of the P as well as tlie N for111 belonged 

to the t,riclinic crystal s ys teni. Tlle u ~ i i  t cell dimensions, however, appeared to 

he difksent,. Tlle unit cell co~is ta~it~s were subsecl~te~itly cle termined and refilled 

011 a CAD4 single crys t,al cliffract.ometjer. I11 Table 4.1, t,lle unit cell cons ta~l ts  

ant1 ot lics relcvanl crystal <lala are prese~it etl. 

Tlirec tli~lielisiolial intcnsily dat,a wcrc collected ill llie w/20 ~iiode using 

gral)liite nlo~iocliron~atetl hloli,, ratliatio~i a~icl a prescan speed of 5 . 5 ° / ~ ~ i i ~ i .  For 

1.11~ final data collection, t.lie scan speed was al>propriately varied to satisfy the 



Tal~le 4.1: Crystal da.ta. 

Molecular formula 

Molecular weight 

a ( A )  
b (4 
c (4 
a ("1 
P ("1 
r ("1 

v(K3) 

z 

Space group 

~ c a l c  (gln/cc) 
P A ~ o I < ~  (cnl-') 

q o o o )  

N-form 

CszHss04Cu 

958.8 

5.S21(3) 
14.332(1) 
17.630(2) 
107.35(1) 
98.86(2) 
93.58(3) 
1378 

1 

P T 

1.148 
4.57 

519 

P-form 

C62Hs604Cu 

958.8 

10.341 (3) 
11.621 .(2) 
12.817(2) 
103.99(1) 
92.73(2) 
109.55(2) 
1394 

1 

I' T 

1.134 
4.51 

519 



relalion, o(I ) / I  < 0.03. Table 4.2 includes tlie orie~it~atio~i and i~ite~lsity co~itrol 

reflections. I~ite~isities of tliese reflectio~is were cliecked once every hour of data 

collection. For tlie N for~li, i~ite~isities of 4890 reflectio~is were measured of wliicli 

1980 reflec t,ions satisfied the rela tion I 2 3a(I). Tlie correspo~ldi~ig  lumbers are 

4iS4 and 2262 respect,ively for ille P-forni. Botli the sets of inte~isily data were 

correc t,ecl for Lorent.~ atid polarixa tion factors. Absorptio~i correctio~l was also 

applied using tlie ~iletliod of Nortli et a1 [19G8]. 

4.3 Structure determination and refinement 

Tlie lwocetlures atlopt,ed for tlie detenlii~lat~ion and refi~ie~iie~it of tlie two crystal 

s t,suclures are very siniilar. Tlie s t<at,is tical disl~ibllt~ion of the ~lor~nalized s truc- 

t,ure factors (Table 4.3) iiidicat,ed t,lie space group t,o be ce~it~ric, i. e.,, P i  for botli 

P and N fornis. In bot,li t,he cases, tlie calculat,ed value of density indicated tliat 

t,lie unit cell cont.ains a single molecule. Thus, sy~li~llet~ry constraint necessitates 

t,lie ~liolecule t,o be ce~lt,rosy~ll~iieI.ric. Conse~luent~ly, t,lie copper atoll1 wliicll is a t  

t,lie ccxit,re of tlie ~iiolccule lias (,o lie 011 a 1  i~lversio~i centre. Placing tlie copper 

at,o~ii at (0,0,0) a differelice elec tsro~i de~lsity map was co~ilputed and in bo tli 

tlie crystal st,rtictures, the re~ilai~ii~ig 33 nonliydrogen atollis could be readily 

identified. Full ~ilat~rix least squares refiienieiit of the positio~ial and thermal 

paranle ters of all the nonliytlrogeli a lo~ns  was carried out using tlie progra~ii 

SH ELX-7G. Figure 4.3 describes t,lie de bails of t, lle refi~ie~iie~it procedure. Tlie 

hydrogen at.oms were fixed geoniet,rically using a C-H distance of 1.08A. Tlie 

paranielers of t,he liydrogc~l al.0111~ n.cXrc 11ot rehied but t.heir contril>ution was 



Table 4.2: Details of data collection. 

P-form 

0 . 3 5 ~ 0 . 1 8 ~ 0 . 1 0  

MoI<, 

w/28 

4784 
2262 

026 
330 
230 

026 
343 
330 

25" 

0 to 12 
-13 to 13 
-15 to 15 

Clrystal sizc (m1ii3) 

Radiation used 

Scan mode 

Number of unique reflections 
Number of reflectioris with I > 3a(I) 

Intensity coritrol reflections 

Orientation control reflections 

Maximum Bragg angle 

Ranges of 11 

k 
I 

N-form 

0 . 5 8 ~ 0 . 0 7 ~ 0 . 0 5  

MoI<, 

w/28 

4890 
1980 

36 1 
0S2 
363 

036 
2012 

25" 

0 to 6 
-16 to 16 
-20 to 20 



Table 4.3: Distributio~l of the normalized structure factors. 

1 

Average 

IEI 

E2 

E3 

~4 

E5 

E6 

IE2-1) 

(E2 - 1)2 

(E2 - 

acent sic 

0.886 

1.000 

1.329 

2.000 

3.323 

(3.000 

0.736 

1.000 

2.000 

All 
N-form 

0.788 

1.000 

1.612 

3.290 

8.517 

27.418 

0.907 

2.290 

19.547 

Theoretical 
centric 

0.798 

1.000 

1.596 

3.000 

6.383 

15.000 

0.968 

2.000 

8.000 

data 
P-form 

0.778 

1.000 

1.689 

3.802 

11.816 

50.626 

0.941 

2.S02 

41.219 

hypercentric 

0.718 

1 .ooo 

1.916 

4.500 

12.260 

37.500 

1.145 

3.500 

26.000 



34 atoms input 

iso t,ropic refi~le~ileilt 
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refi~leineiil 
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i~lcllicletl 
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Figure 4.3: De t,ails of t,he refiile~llellt procedure. 



i~iclutletl in tlic ~ t~rncb~l re  factor calcltlalion. Refi~ie~ile~it ,~ were terminatecl when 

A was less t,lia~i a for all t,lie paraniet,ers. Tlie filial difference electron density 

lliap was featurclcss. Tlic ~lliilililuiii a1ir1 ~ l l i~~ i~ i i l l l l l  V;.L~IICS ill llie rcsidual electro~l 

derisiky are also incllltled ia Tal~le 4.4. 

4.4 Results and discussion 

Co~iipariso~i of tlie crystal structures tlie N and P for~iis sliows that tliere are 

nlaiiy siniilarilies in llieir overall st,rllclural cliaraclcristics. However, exa~liina- 

tion of tlie details i~idicat~es clisti~lct differelices also to be present. I11 tliis section, 

Ijotli llie siiiiilarities aiid tlie differences observer1 between Clie two crystal struc- 

tures arc descril~ed. 

Figure 4.4 slio-ws t lie at oiiiic nunil~ering sclie~ue conimon to bo ti1 tlie forms. 

Table 4.5 lists the posit,ional and t,lie e<luivalent isotropic tlierilial parameter, U,, , 

of all tolie ~io~iliydrogeil a touis. Tables 4.6(a) and (b) present tlie anisotropic ther- 

mal par;~nic~ters of tlic N ant1 P-fornw rc~pcct~ivcly. Tlie posit,io~ial and isolropic 

t l~er i~ial  paraliietjers, U,,,, of tlie llyclrogeii at,oliis are listed in Table 4.7. 

4.4.1 Thermal parameters 

Figure 4.4 slion~s the t,lier~iial ellipsoids drawl1 witlli 50% probability using tlie 

lxogranl ORTEP. Conil>arisoii of t<lie average U,, values of t lie core, pheiiyl 

ri~igsaalid t,lie cliai~is is give11 in Table 4.S. I11 t,lie P-fonii, tlie average Ueq value 

of t,lic tliff'crent groups are sigiiifica~itly larger t.liaii tlie correspo~idilig values 

cliaractcrizing llic N-forni. Tlie ciiliaiicetl blicr~iial paran~et~ers of tlie P-for111 



Table 4.4: Details of refinement. 

P-form 

l(/[02(F) + g(F)2] 
3.5101 
0.00016 

0.0692 
0.0721 

0.306 

0.425 
-0.48 

Weiglitilig scheliie 
I< 
g 

R 
It, 

Maximum shift/e.s.d 

Residual electron density (el/A3) 

Pmnr  

Pmin 

N-form 

Ii/[02(F) + g(t:)2] 
2.3062 
0.0001 1 

0.05.5 
0.054 

0.488 

0.27 
-0.24 



Figure 4.4(a): ORTEP diagram of the thermal ellipsoids drawn with 50% 
probability for the N-form. 



Figure 4.4(b): ORTEP diagram of the thermal ellipsoids d r a m  with 50% 
probability for the P-form. 



Table 4.5(a): Final fractiorlal atomic coordinates a,nd the values of u,,(A2) of the N-form. 





Table 4.6(a): Allisotropic tl~ermal paranieters U;j of tlie N-forln. 

u 1 2  

-0.0082(6) 
-0.014(3) 
-0.013(3) 
0.00!)(4) 
-0.004(4) 
-0.004(4) 
0.002(4) 
-0.018(4) 
-0.013(4) 
0.004(4) 
-0.002(4) 
-0.007(4) 
-0.007(4) 
-0.004(4) 
O.OOS(4) 
0.004(4) 
0.002(4) 
O.OOO(4) 
-0.009(4) 
0.01 l ( 5 )  
0.006(3) 
-0.013(4) 
-0.011(4) 
0.003(4) 
-0.002(4) 
-0.013(4) 
-0.005(4) 
0.002(4) 
-0.004(4) 
-0.005(4) 
0.006(4) 
0.002(4) 
-O.O06(5) 
-O.OOS(G) 

23 

-0.0007(6) 
-0.003(2) 
-0.006(2) 
0.0 l ' t(3) 
0.001(3) 
0.005(3) 
0.0 1 )  
0.000(3) 
0.008(4) 
0.021 (4) 
0.003(3) 
0.005(3) 
O.OlS(4) 
0.023(4) 
0.019(4) 
0.01!)(4) 
0.01!1(4) 
0.015(4) 
0.012(4) 
0.014(4) 
0.012(3) 
0.004(3) 
0.005(3) 
0.007(3) 
0.000(:1) 
0.002(:3) 
0.002(:3) 
O.OO%(:I) 
0.002(3) 
0.007(:3) 
0.003(4) 
0.009(4) 
O.OO(1) 
0.01.1(5) 

Atoll1 

CU 
O(1) 
O(2) 
(1(3) 
C ( 4 )  
('(5) 
( I ( ( $ )  

C(7)  
(:(8) 
C(9)  
C(10) 
C ( l1 )  
C(12)  
( I )  
( 1  
('(1.5) 
( ' (16)  
C(17)  
( ' ( IS )  
( 1 
C(20)  
( 2 1 )  
(J(22) 
( 3  
('(2.1) 
('(2.5) 
(:(%G) 
(!(%7) 
C:(28) 
C1(29) 
C(30)  
C'(31) 
'(2) 
C:(3:j) 

u 13 

0.01 15(6) 
0.019(2) 
0.013(2) 
0.007(3) 
0.008(3) 
-0.005(3) 
0.005(3) 
0.018(4) 
0.011(4) 
0.003(4) 
0.020(4) 
0.018(4) 
0.016(4) 
0.022(4) 
O.OlG(4) 
0.020(4) 
0.017(4) 
0.013(4) 
0.023(4) 
0.026(5) 
0.006(3) 
0.008(4) 
0.005(4) 
0.010(3) 
0.013(3) 
0.014(4) 
0.011(4) 
0.007(3) 
O.OOS(3) 
0.010(4) 
0.005(4) 
0.022(4) 
O.ORO(5) 
0.0*16(6) 

u 2 2  

0.0525(8) 
0.050(3) 
0.054(3) 
0.0,17(4) 
0.039(4) 
0.042(4) 
O.O5Ci(5) 
0.050(5) 
0.053(5) 
O.OGO(rj) 
0.053(5) 
0.046(4) 
O.OiO(5) 
0.082(6) 
0.06S(Fj) 
0.065(5) 
0.061(5) 
0.061(.5) 
0.0.59(5) 
0.079(6) 
0.035(4) 
O.OGO(5) 
0.064(5) 
0.039(4) 
0 0 4 ( )  
0.052(4) 
0.057(4) 
0.0,16(4) 
0.050(4) 
0.06 l (5 )  
0.069(5) 
0.075(5) 
0.0!)1(6) 
O.I2S(S) 

U l l  

0.0349(9) 
0.049(3) 
0.032(3) 
0.0:K2(4) 
0.036(5) 
0.030(Fj) 
0 . 0  ( 5  
0.056(5) 
0.05!)(6) 
0.035(5) 
0.05S(5) 
0.048(5) 
0.0.51(5) 
0.046(5) 
O ( 5 )  
0.046(5) 
0.045(5) 
0.058(,5) 
0.064(6) 
0.091(7) 
0.0:39(,5) 
0.0.39(5) 
0.042(5) 
0.037(5) 
O ( 5 )  
0.032(5) 
0 . 0 4 ( )  
0.0.1 l (5)  
0 ( )  
0.0817(5) 
0.046(5) 
0.053(ri) 
O.OS!)('i) 
0.101(8) 

u33  

0.0:346(7) 
0.030(3) 
0.037(3) 
0.01 ( 1  
0.031(4) 
0.032(4) 
0 . 0  1 ( I )  
O.OzLl(4) 
0.0/15(4) 
0.037(4) 
0.038(4) 
0.03.5(4) 
0.045(4) 
0.050(5) 
0.0,14(4) 
0.044(4) 
0.044(4) 
0.041(4) 
0.049(5) 
0.048(5) 
0.027(4) 
0.032(4) 
0.0:32(4) 
0.029(4) 
0 . 0 2 ( )  
0.038(4) 
0.0:34(4) 
O.O26(4) 
0.0:1%(11) 
0.0:30(4) 
0.034(4) 
0.0'45(4) 
O . O l ( )  
O.OiO(Ci) 

- 





Aton1 

H(4) 
FI(7) 
II(8) 

lI(1O) 
H(11) 
H(21) 
II(22) 
( 2 )  
II(25) 

II(121) 
II(122) 
Ii(131) 
lI(132) 
II(141) 
II(142) 
II(151) 
II(152) 
II(161) 
II(162) 
II(171) 
II(172) 
II(181) 
Ij(182) 
FI(261) 
II(262) 
kI(271) 
II(272) 
H(2S1) 
II(282) 
II(291) 
lI(292) 
I-I(301) 
Ii(302) 
II(311) 
II(312) 
II(321) 
II(322) 
H(191) 
11(192) 
II(193) 
( 3 3 1  
( 2 )  
I )  

x 
0.345 
0.532 
0.754 
0.561 
0.348 
-0.098 
-0.139 
0.296 
0.338 
0.840 
0.893 
0.807 
0.762 
0.007 
0.050 
0.983 
0.942 
0.187 
0.226 
0.162 
0.125 
0.372 
0.409 
0.117 
0.100 
-0.152 
-0.136 
-0.048 
-0.066 
-0.317 
-0.303 
-0.219 
-0.247 
-0.497 
-0.469 
-0.385 
-0.433 
0.476 
0.304 
0.341 
-0.616 
-0.626 
-0.674 

P-form 
z 

-0.150 
-0.104 
-0.066 
0.115 
0.087 
0.787 
0.663 
0.646 
0.774 
-0.036 
0.066 
0.199 
0.088 
0.052 
0.161 
0.290 
0.180 
0.141 
0.254 
0.373 
0.259 
0.223 
0.342 
-0.397 
-0.505 
-0.507 
-0.395 
-0.490 
-0.608 
-0.G02 
-0.483 
-0.584 
-0.703 
-0.683 
-0.564 
-0.673 
-0.791 
0.380 
0.335 
0.453 
-0.763 
-0.63.5 
-0.753 

Y 
-0.058 
0.069 
0.251 
0.497 
0.316 
0.666 
0.459 
0.562 
0.773 
0.507 
0.460 
0.608 
0.662 
0.721 
0.669 
0.835 
0.888 
0.936 
0.889 
0.060 
0.107 
0.153 
0.110 
-0.686 
-0.631 
-0.688 
-0.741 
-0.899 
-0.847 
-0.903 
-0.947 
-0.117 
-0.076 
-0.127 
-0.168 
-0.337 
-0.301 
0.345 
0.325 
0.283 
-0.48.5 
-0.393 
-0.3.56 

x 
0.528 
0.700 
0.983 
0.823 
0.521 
0.562 
0.562 
-0.1 16 
-0.122 
1.279 
1.143 
0.896 
1.029 
1.416 
1.282 
1.043 
1.159 
1.558 
1.441 
1.198 
1.304 
1.708 
1.601 
0.283 
0.409 
0.019 
-0.113 
0.127 
0.255 
-0.133 
-0.263 
-0.012 
0.112 
-0.276 
-0.405 
-0.151 
-0.031 
1.654 
1.464 
1.356 
-0.347 
-0.545 
-0.425 

U i s o  

0.060 
0.068 
0.068 
0.064 
0.058 
0.071 
0.079 
0.070 
0.064 
0.078 
0.078 
0.069 
0.069 
0.070 
0.070 
0.062 
0.062 
0.067 
0.067 
0.079 
0.079 
0.098 
0.098 
0.078 
0.078 
0.076 
0.076 
0.082 
0.082 
0.083 
0.083 
0.078 
0.078 
0.092 
0.092 
0.101 
0.101 
0.133 
0.133 
0.133 
0.130 
0.130 
0.130 

for111 
z 

0.120 
0.048 
-0.031 
-0.198 
-0.124 
0.234 
0.375 
0.360 
0.218 
-0.141 
-0.153 
-0.282 
-0.270 
-0.273 
-0.286 
-0.416 
-0.402 
-0.406 
-0.420 
-0.551 
-0.536 
-0.537 
-0.553 
0.480 
0.502 
0.502 
0.480 
0.606 
0.625 
0.638 
0.616 
0.740 
0.762 
0.774 
0.749 
0.872 
0.897 
-0.682 
-0.668 
-0.684 
0.974 
0.882 
0.90s 

N- 
Y 

0.246 
0.302 
0.341 
0.046 
0.010 
0.315 
0.401 
0.251 
0.165 
0.201 
0.300 
0.193 
0.092 
0.173 
0.275 
0.170 
0.066 
0.138 
0.241 
0.138 
0.033 
0.100 
0.205 
0.463 
0.371 
0.287 
0.385 
0.502 
0.406 
0.331 
0.428 
0.547 
0.448 
0.375 
0.475 
0.595 
0.496 
0.086 
-0.004 
0.101 
0.r5-51 
0.529 
0.430 

Uiso 

0.046 
0.056 
0.063 
0.054 
0.047 
0.051 
0.050 
O.O,i9 
0.045 
0.064 
0.064 
0.066 
0.066 
0.058 
0.058 
0.057 
0.057 
0.055 
0.055 
0.058 
0.058 
0.065 
0.065 
0.053 
0.053 
0.046 
0.046 
0.048 
0.048 
0.057 
0.057 
0.059 
0.059 
0.066 
0.066 
0.085 
0.085 
0.075 
0.078 
0.078 
0.106 
0.10G 
0.106 



Table 4.8: Average ue,(KZ) values in the N and P forms. 

-- 
-- 

Core 

Phenyl ring A 
I3 

Chain A 
B 

N-for111 

0.042(4) 

0.047(5) 
0.042(6) 

0.056(7) 
O . O G ( 2 )  

]'-form 

O.OGl(6) 

0.062(7) 
0.069(7) 

0.08(2) 
0.09(2) 



could be correlated with the differences in tlie unit cell volumes. Comparison 

of tlie unit cell volumes of the P and tlle N forms (Table 4.1) shows that the 

P-form crystallizes in a unit cell approxiniately 1% larger than that of the N- 

form. With Z=1 in both tlle cases, tlie niolecule appears to have slightly more 

roo111 in tlie unit cell of the P-form. Consequently, it may be expected that the 

thermal parameters of the atoms/molecule in tlie P-form are higher than for the 

N-form. It must be mentioned that a1 though the Ueq values characterizing the 

atonis of tlle P-form are higher, there is no evidence for any structural disorder. 

In both the crystal structures, the respective U,, values of the terminal atoms 

of the alkyl chains are the highes t. 

4.4.2 Molecular geometry 

In Table 4.9(a), (b) and (c), the bond lengths, valence angles and the aver- 

age bond lengths of the different groups are listed. The copper atoms lying on 

inversion centres in both the structures, are each surrounded by four oxygen 

a to~ns  in a square planar arrangement. Figure 4.5 depicts the dimensions of the 

coordination polylledron in the dimorphs. Figure 4.6 compares the dimensions 

of tile cores of molecules in N and P-forms. It is interesting to note that in 

tlie crystal structure of the P-form (Figure 4.5(b) ), lengths of the cliemically 

equivalent bonds differ quite significantly viz., Cu-O(1) and Cu-0(2), O(2)-C(3) 

and O(1)-C(5), C(3)-C(4) and C(4)-C(5). Such a difference suggests that in the 

P-form, contribution fro111 the resonance structure shown in Figure 4.7(a) is per- 

haps nlore t,llan 50%, thereby leading t,o a significant increase in the double bond 

cliarac t,er of the 1,onds C(3)-C(4) and O(1)-C(5). Figure 4.6(a) shows that ua- 







Table 4.9(c): Average l~ond lengtlls(k) ancl valence angles(') along with the values 
give11 11y A l l c l ~  cl  al, [19S7]. 

O-CU-O 
C!u-0-Car 
0-Car-Car 
Car- Car- Car 

Cph~nyl-C3p3-C31.73 

bond 
N- for111 

92.8(2) 
126.3(4) 
125.0(2) 
124.2(6) 

120(2) 
120(2) 

113.7(5) 
113.6(9) 

117.2(9) 

values given by 
Allcil c t (11 

1.380(13) 

1.5:30(15) 

1.51:3(14) 

Core: 
CU-O 
O-Car(corc) 
Car-Car (core) 

Phenyl ring: 
A 
U 

( j l l i l i l ~ :  

A 
B 

~core-Cphrnyl 

C3p" -Cphpllyl 

angles 
P-fonn 

92.3(2) 
127.2(2) 
124.2(4) 
124.7(7) 

120(1) 
120(3) 

113(1) . 
113.(2) 

115(3) 

bond 
N-fo1.1l1 

1.908(6) 
I . 2 i ( l )  

1.389(2) 

1.386(5) 
1.39(1) 

1.519(9) 
1.516(7) 

1.512(4) 

l.507(4) 

lengths 
1'-for111 

1.90(1) 
1.27(2) 
1.38(3) 

1.39(2) 
1.38(1) 

1.519(7) 
1.53(2) 

1.50(1) 

1.53(1) 



Figure 4.5: C~ordiilat~ioil polyhedron around the copper atom in (a) N-form (b) 
P-form. 



( a )  ( b )  

Figure 4.6: Comparison of tlie dilliellsiolls of the core. (a) N-form (b) P-form. 



Figure 4.7: Resollallce s t,ructures for the core. 



like in tlie P-form, the difference between the cllelnically equivalent bond lengths 

in the N-form are less than the respective 3(a) values and hence not significant. 

This feature could be ascribed to equal contributions from the resonance s truc- 

tures in Figure 4.7(a) and (b). It is also not clear why the predominalice of the 

resonance structure in Figure 4.7(a) should occur only in the P-form. 

The displacements, 6's, of tlle nonliydroge~i atoms from the respective least 

squares lnean planes fitted tlirougli tlie crystallograpl~ically independent part of 

the core i.e., through the atoms Cu, O(1), 0(2) ,  C(3) to C(5) are compared 

in Figure 4.8. In both the cases, among the atoms of the core, displace~nelit is 

liigllcst for the copper atom. I t  is also observed that in the case of the P-form, 

6's for the atonis of the core are less than the respect,ive e.s.d's. In contrast, in 

tlie N-form, Cl~c corresl~ondilig 6's are liiglier than tlie respective e.s.d's. Thus, 

in the P-form, the core of tlle nlolecule appears to be more planar than in the 

N-form. Colnparison of the 6-values of tlle terniiiial atoms of the chains indicates 

tliat reduct,ioli in the degree of planarity in the N-form is not just confined to 

the core but is prevalent in the entire molecule. It is found tliat in the N-form, 

the 6 values 2.016(8) and 1.42(1)a respectively of the terminal atoms C)(19) 

and C(33) are co~ispicuously liiglier than the corresponding values of 0.29(1) 

and 0.10(1)a observed in the P-form. Thus, in the P-form, the entire molecule 

is nearly in the plane of the core whereas in the N-form, it is not so. 

Further evidelice for tlie nonplanar character of the ~iiolecular core is obtained 

from calculatioli of tlle angle 11 between the planes tlirougli the Cu-O-C-C, in 



F i p r e  4.8: Displacements, 6's' of all t,he nonllydrogen at,orns of the molecule 
from the plane tllrougll t,he crys tallographically independent half of the core. 
(a) N-form (b) P-form. 



eacli liczlf of the core. As in t,lie case of C11-0CpHl7 itlit1 C U - O C ~ H ~ ~ - C ~ H ~ ~  

(Chapter 2 ant1 3 of this klicsis), the vallle of t,lie dilicdral angle, 71, is nonzero, 

t,lic value being 1.1 aiid 4.8" for llic P ant1 N forills rcsl)cclivcly. 

Tlie tilts of tlie pllenyl rings and the alkyl chai~is with respect to tlie core are 

also very different in the two for~lis. Whereas in llie P-fornl, tlie plienyl rings 

and cliaiiis A and B (Figure 4.8) are t,ilt-ed wit11 respect to tlie core by 6, 9, 3 

and 7" respectively, tlie corresl)o~lding angles for tlie N-form are e~llia~iced to 

17, 11, 16 and 12' respectively. In botli t,lie cases, the tilts of t,lie phenyl rings 

are coiltrolled pri~iiarily by sberic effecbs. Thus, t,he overall tilts as well as the 

displaceiiie~its of t,he plie~iyl rings and tlie cliai~is witli respect to the core are 

less in (,he P-form t.lian in t,lie N-for~n. To s u ~ n  up, it lnay be said that in the 

P-forni, t,lie ~iiolectlle of CU-CP H I7 is lllore planar tlia~i in tlie N-form. 

Figure 4.9(a) a ~ i d  (11) depict t,lie confonna tion of the CU-Cp HI, ~nolecule 

in itlie din~orplis. I11 botli the fornis, the cliai~is are fully extended in an all- 

tra7~.s co~ifornlat~io~i (Table 4.10). Tlie elid- t,o-c~id di~iie~isio~ls of tlie niolecule 

calc~lat~ed as tlie dista~ices between tlie alonls C(19) ... C(33) and C(33) ... C(19)' 

are as follows: 

Here, Clle sy~nbol ' deiiot8es tlie ce~itrosynii~~et~rically related atoni. Tlie molec- 

ular dinie~lsio~ls are comparable in bo tli the fornls. Tlie rectangular disc-like 

geo~liet~ry resenlbles t,he niodel-B proposed by Olit,a et a1 [I9861 aiid also tlie 

co~ifor~iiatio~ls observecl for Cu-0CeHl7 (Chapter 2 of lliis thesis). 



Figure 4.9: Molecular conforlnation in (a) N-form (b) P-form. 



Table 4.10: Observed torsional angles(') in the chains of the N and the P-forms. 



Figure 4.11: Layer structure observed in the N-form 



4.4.3 Molecular arrangement 

The ~iiolecular arrangenient in the cryst,al structures of tlie P and the N-forms 

exhibit interes ting differences. Figures 4.10(a) and (b) show tlie stereo views of 

the packing in tlie N and P for111 respectively as seen clown the c-axis. I11 bo tli 

tlie cases, the ~riolecules are arranged essentially in layers which are perpendic- 

ular t<o tlie respective cryst~allogmpllic a-axis; the molecules are, however, tilted 

with respect to tlie layer noniial. Tlie typical layer structure observed in tlie N- 

for111 is sllomn in Figure 4.11. Exaiiii~latioii of inter~llolecular contacC distances 

5 4;\ sllows t.lii~t. ill t,lic P-for~ii, CRCI~  111o1(~~111c ill bile layer is surroun<lctl by six 
2 A L 

otllers situated at f b, f (b + c), f (2b + c) i.e., a t  f 11.6, f15.1, f 23.7a respec- 

t,ively. For Clic N-fonii, each ~iiolecule in llie layer is surro~ulded by six otliers 
2 - -  

situat,ed a t  &c, f (b + c ) ,  f (b + 2c) i .e.,  at f 17.6, f 19.1 and ~ 3 . 9 A  respec- 

tively. 

Figure 4.12 depict,s t,lie conspicuous diff'ere~lces in tlie six-fold coordination 

observed in tlie two forms. I11 bo tll tlie forn~s, interac tio~ls be tween adjacent 

~nolecules witliin t,lle layer are essentially of tlie van der Waal's type. I11 tlie case 

of the P-forin, t,lie i~lleractio~ls are niai~ily of tlle t,yl>e, phenyl ring ... cliain and 

core ... chain. In the N-form, the int,eracCions are of the type, phenyl ring ... chain 

and cha,in. .chain. 

In both the forms, periodic stacliiilg of the layers along the respective crys- 

tallograpliic a-<lircct.ion gives rise lo I,iltetI co1unl1la.r :~rrangenie~its depicted in 

4.13(a) and (11). Tlie tilt of t,lie core wikli respect to Clie colu~iln axis is 122 for 

l,lic N-for111 ;~11<l 11 lo for 1.11~ P-for111 rcsi)cclivcly (Figtire 4.14). I11 lllc P-forni, 



Figure 4.10: Stereo view of tlie lllolecules viewed down the c-axis. (a) N-form 
(b) P-form. 



Figure 4.11: Layer structure observed in the N-form 



Figure 4.12: Two-dimensional represe~ltatioii of the llexago~ial arra~ige~nent of 
co lu~ l~~ i s  in the dinlorphs of CU-CPHI7. (a) N-for111 (b) P-form. 



Figure 4.13: Colu~n~iar arra~lgement~s in (a) N-form (11) P-form. 



Figure 4.14: Co~nl)arison of Llle l,ill,s of ila. core wil.11 respect lo tile colu~lltl axis. 
Tlle dashed lilies represent the arra~ige~lle~lt  in the N-form. 



the co l~ul~nar  arra~igc~lic~ll  is sl,:~l,ilizc(l Ily 11011 1)o11(1(~1 i ~ l l ~ ~ r a c l ~ i o ~ l s  of tllc type 

core.. .phenyl ring, phenyl ring.. .phenyl ring, phenyl ring.. .chain and chain.. .chain 

wllicll exist between adjacent molecules of the column. In tlle N-form, tlle cor- 

responding interactio~ls are of the following type: core ... core, core ...p henyl ring, 

core.. .chain, pllenyl ring.. . phenyl ring and plienyl ring.. .chain. 

I11 the N as well as the P-forms, each column is surrounded by six others as 

sllown in Figure 4.12. I~lleres tingly, ill Clle crystal lat Lice of the di~norphs, the 

volume wliicli is a product of the area of the hexagon for~ned by the six coordinat- 

ing coh~mns (Figure 4.12) and the stacking distance along the column is nearly 

the same viz., 814x5.8=4.7x 103A3 for ithe N-form and 4 1 4 ~  1 0 . 3 = 4 . 3 ~  103A3 

for t,he P-for~ll. Figure 4.12 sliows that the asrangenlent of the columns in the 

two for~iis is s trikingly different, a1 t3110ugli the volunles are nearly equal. Sucli 

a difference is perhaps co~lnected wit,li inhe molecular arrange~ilent in the re- 

spective nlesopliases of these crystals. However, as structural data  concerning 

the niesopllases of these crystals are not available, the presence of such a cor- 

relation cannot Ile ascertained a t  tllc mo~lic~it .  ESR studies of Eastnian et al 

[I9871 also suggest a collini~lar arrange~licnl for Cu-C8HI7 in its crystalline pliase. 

Tliey ~l lent~io~l  about a ~eparat~ion of 2 t,o 311111 belween copper atoms of adjacent 

colunins. Our analysis sliows that in tlle N-for~il, copper atoms from adjacent 

colun~r~s are separated by distances of the sanle order. 

Tlie lllost striking difference between t,lle coluninar arrange~ile~lts in the N 

and the P for~ns concerns the Cu ... Cu distance along the column axis. In the 

forulcr, it, is 5.8fi n-llcrcas in tllc lal lcr, it, is c~lll;lncc~l t,o 10.3a. Examination 



of the int.ermolecular contact distalices 5 4A sllows that in the N-forni, the 

11ulnber of contact dis tames along the colu~ilri is 33 and in contras t ,  in the layer, 

tlie ~lu~riber  is only 14 i. e., along tlie column, there are 2.5 times larger nu~nber 

of co~ltacts 5 4A. In the case of the P-form the situation is opposite. Tlle 

llu~ilber of co~ltacts wit,llin a layer (28) is nearly twice tliat along tlle c o l u ~ n ~ i  

(16). Tlie conspicuous conce~itratio~l of contact distances along the column axis . 

is liliely to be a factor closely related to tlie proxi~iiily of tlie copper ato~iis along 

the co lu~n~lar  axis of the N-form or vice versa. I t  must be pointed out that 

irresljective of tlie Cu ... Cu dist,a~lce along tlie colu~nn, on accou~it of the tilt of 

tlie ~ilolecule wiCli respect to tlie colu~i i~l  axis, in botli the crystal structures, tlie 

perpendicular dis tame be tween adjacent tnolecules along the coluill~i is W4A. 




