
Chapter 5 

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

propane- 1,3-dionato] palladium(II) 



5.1 Introduction 

I11 t,lie preceding tliree cliap ters, iflie crystal s t,rtic tures of t,hree copper co~ilplexes 

were disctlssed. It was of interest to iilves tigate tlie effect of replacing tlie cop- 

per atfolil by a110 tlier tra~lsition ~neta l  atom. I11 this context, two palladium 

coniplexes wit,ll decyl and octyl subs tit,utions were chosen. Details of tlie crystal 

s t.rnc t use a~ialysis of l~is[l13-tli(p-n~-tl~c~l~,Iic~iyl) propane-1,3-dio1iato]pallacliun1(11) 

i.e., Ptl-CloHzl (Figure 5.1) is prese~ited in tliis chapter. Tlie study on the sec- 

ond ~)all:~tliu~ii co~ilplex of this series will l>e described in tlie next cliapter. On 

accolint, of t,li(\ tlccyl ~li i~ii is ,  I l i ~  f r i ~ i g ~  of (,li(> P(l-C1,,H2, ~ i io le~ulc  tur~is  out to 

be lo~igcr t,lia~i lliose of llie copper conlplexes describeel in Chapt,ers 2 to 4. 

Also, wil,li tllie presence of only alkyl cliai~ls, tlie ~ilolecule of Pd-CloHzl does 

uot i~lclude any oxygen atoll1 in tlie fringe and in tliis respect, rese~nbles the 

diniorplious copper coniplex CU-Cp H (Chapter 4). 

5.2 Experimental details 

Pd-CIOHPl was supplied by Saclasliiva aid h o .  Tlle co~liplex exhibits the fol- 

lowing t,ransitions on lieating: 

wliere Dl and D2 c o r r e s ~ ~ o ~ ~ d  to t~vo disco tic niesoyhases. Prismatic, traiispar- 

elit single cryst,als of Pt1-CIOHPI, goltle~i yellow in colo~ir were ol~tainecl by slow 

eva~)oration fro111 a solutio~i in but<an-2-one. Prelinlinary cllaracterizatio~l using 



Figure 5.1: SCructural for~liula of Pd-CIOHl7. 



oscillalio~i and Weissenberg ~)liotogral~lis sliowed tlie crystal to belong to the 

tricliilic crystal system. The unit cell para~ne ters were determined and refined 

using 25 reflec t,ions in tlie 19 range 8 to 14O, on a CAD4 single crystal diffrac- 

tonle ter using graphite n~onoclirolnated MoI<, (X  = 0.7107a) radiation. Three 

dinlensional int,ensity data were collected from a crystal of approximate dimen- 

sions 0 . 1 8 ~ 0 . 0 8 ~ 0 . 4 3  mm3, in the w/26' scan mode and in the theta range, 1 to 

23". Tlie intensities of t,lirce reflcclions 408, 306 ancl 408 were nieasured once 

every liour and reflections 306, 316 and 408 were used as orientation controls. Of 

the 3586 independent reflections ~neasured, 2680 had their intensity I 2 3a(I). 

Crystal data and tlie details of the data collection are recorded in Tables 5.1 

and 5.2 respectively. Tlie intensities were corrected for Lorentz and polarization 

factors. Tlie intensities were also corrected for absor~~tion using a psi-plot [North 

et al, 19681. 

5.3 Structure determination and refinement 

Calculation of the density suggestNed t,liat the unit cell contailled one formula 

unit of Pd-CloHzl. Tlle statistical clis tribution of the nornlalized structure fac- 

tors indicated t,lie space group to be centric, viz., P i  (Table 5.3). With one 

~nolecule in the unit cell, the palladium atom lias to lie on an  inversion cen- 
I 

tre and the asyninletric part of tlie unit cell cont.ains half the n~olecule i. e., 37 

other no~illydrogen atoms. Positions of all the 37 nonliydrogen atollls in the 

lilolecule could be identified from tlie best solution obtained from the program 

MULTAN-80. The package SHELX-76 was used to refine tlie structure by full 



Table 5.1: Crystal data. 

Molecular formula C70H~0204Pd 

Molecular weight 1113.9 

a 10.260(2) A 
b 12.961(2) A 
c 13.403(2) A 
Q 110.54(1)O 
P 101.75(1)" 
Y 98.44(1)" 
V 1587A3 

Space group PI 

z 1 

f calc 1.158 gm/cc 
C l ~ f o ~ i ~  3.3378 cm-' 

F(000) GOO 

2 



Table 5.2: Deta.ils of data collection. 

Radiatio~l used MoI<, 

Crystal size 0.18x0.08 x 0.43mm3 

Scan mode w/20  

Maxiliiulii Bragg aligle 23" 

Number of unique reflections 3586 

Number of reflections with I > 3a(I) 2680 

Ranges of 11 0 to l l  
k -13 to 13 
1 -14 to 13 



Table 5.3: Distril~ution of tlie ~iormalized structure factors. 

Average 

PI 

E2 

13:~ 

E4 

E5 

E6 

IE2-11 

(E2 - I )2  

( E ~  - l 3  

13xpcri 111~11 tal 
all data  

0.S55 

1 .ooo 

1.493 

2.966 

8.128 

29.942 

0.774 

1 .9(i6 

2:3.044 

acentric 

0.856 

1.000 

1.329 

2.000 

3.323 

6.000 

0.736 

1.000 

2.000 

Tlieoret 
centric 

0.798 

1.000 

1.596 

3.000 

6.383 

15.000 

0.968 

2.000 

8.000 

ical 
Ilyl~ercentric 

0.718 

1 .ooo 

1.916 

4.500 

12.260 

37.500 

1.145 

3.500 

26.000 



~llatrix least squares procetlure. Tlle inil ial R-fac lor was 0.30 1. Refining tlle 

positio~lal and isotropic thermal paranleters of all the ~lo~illydroge~l ato~ils led 

to R-value of 0.137. Weight*ed refi~ie~iie~it of l lle posil,ional and the a~iiso tropic 

theriiial parameters of the iiollllydroge~l ato~lls using only reflections with inten- 

sities I 2 3a(I) rctli~ccd lllc R-faclor lo 0.0GG. Tllv ~vcigllling fu~lct io~l  used is 

recorded in Table 5.4 along with other details of the refinement. Although all tlie 

hy<lrogcn a(,o~lls co~iltl be localcd fro~li a t1iffcre1lc.c eleclro~l de~isity Illall, only 

tlie geo~netrically fired positio~ls corresponding to C-H distance of 1.08A were 

used. The llydrogeu aio~lls were assigrled isolropic lllernlal paranieters, sallle 

~ L S  ($11~  ~(l11i\'ill~11( iso( sopic l11e1111;il ~ ) ; L S ~ L I ~ I C I C S S  of llle respective carbo~l  ato~lls 

to wllicll they are covalently bonded. Tlie paranle ters of the liydrogen a to~lls 

were not refillet1 but, their co~lt ributio~l to tlle structure factors were iilcluded 

during llie rehle~llent. Tlle refilleilie~ll nras te r~ l~i~la led  when tlle ratio, A / a  was 

less t llan one for all the l~aranlet~ers. Tlle paranietcr UI3 of the atoll1 C(8) had 

tlle largest A / a  value of 0.302. Tlle h la l  R-factor was 0.051 and the weighted 

R-factor R,,, was 0.055 for 2680 refleclions. 

5.4 Results and discussion 

Figlire 5.2 slio\\~s I.lic aConiic 111111111cl.i1lg sclic11ie. Table 5.5 lis ts llle frac tio~lal 

coordi~la t,es aiid the equivalent iso t,ropic lhernlal para~ne ters, U,, , of all the 11011- 

lly<lrogeil alonls. Tlle t.hernia1 ellipsoids for all t,lle nonliydrogen ato~lis (Figure 

5.2) are 1)lot~tecl with 50% prol~abilit,y using the program ORTEP. The average 

of the U,, values of t,lle atoms in (.he cryst~allograpl~ically i~ldepe~ltle~lt  half of 



r 1 lable 5.4: So111e cletails of the refil~ement. 

LVeigliting scheme 

rt 0.0.513 
f o r  'L(iS0 rclll(*c.tio~~s 

with I > 3o(I) 

l<esidual electron cle~isi ty 

o ~ , L ~ ~ ~  -0.779 4 A 3  
P 7 ~ 1 ( 1 ~  O.C~O!I el/K3 



Figure 5.2: ORTEP diagram of the thermal ellipsoids drawn with 50% proba- 
bili t y. 



r 1 l a ~ ~ e  5.5: I:ractior~;lI coortIi~i;~tc:s ant1 tiic: va~ucs of [i,,(A2) of ~iollliyt~rogc~i atolus. 'rlie quan- 
tities in tlie parantliescs are tlie res1,cctive e.s.tl's. 

0.0000 
0.0297(4) 
0.1795(4) 
0.2662(6) 
0.24 i!)(G) 
0.1354(6) 
0.1296(6) 
0.2:{!)7(7) 
0.2253(7) 
0.1003(7) 
-0.0077(7) 
0.0038('7) 
0.0S!)4 (S) 
-0.0529('7) 
-0.0608(7) 
-0.2060('7) 
-0.2227(S) 
-0.:1(;6S(i) 
-0.:3825(8) 
-O..5203(S) 
-0.5327(9) 
-0.663(1) 
0.3928(6) 
0.5056(6) 
O.GlOl((i) 
0.6266(6) 
0..5137(6) 
0.3997(6) 
0.7555(6) 
0.7.5S7(6) 
0.8!)56(7) 
0.9112(6) 
0.0/1!) 1 (G) 
0.071 S(6)  
0.21 14(7) 
0.233!)(7) 
0.373'i(S) 
0.391 ( 1 )  



t,lir core, zriz., t,lle at,o~ns Pd, O(1) (,o C(5) is 0.048(5)A2. Tlle average U,, val- 

ues 0.059(9) and 0.053(4)A2 of t,he plienyl rings A aild B (Figure 5.2) are only 

sligli tJy higher llian t lla t of t,lie core. Tlle decyl cllai~is are, however, character- 

ized by sig~iifica~itly larger t,ller~nal parameters. The average of the U,, values 

of a(,o~lls in cliai~ls A and B are 0.07(2) and 0.07(2)fi2 respcclively. As cotlld bc 

expected, the tlier~nal paranle ters of the ter~ili~lal atonls C(2 1) and C(37) are 

llie lligllrs t viz., 0.1 lG(5) and 0.11 5(5)A2 rc>spcc l.ivrly. Tlic anisol.ro,opic Llicr~~lsl 

para~lieters, U,,, for all t,lie ~lonhydrogen alo~iis are listed in Table 5.6. Tlie 

~)osiit.io~lal l~ara~l le  ters and t lie iso t,ropic t~llcr~iial paranlekers, U,,, , of liydrogen 

aCo~ils arc give11 ill Tal~lc 5.7. 

5.4.1 Molecular geometry 

Tlle palladiuni aloni lying on an i~lversio~l cent,re is surrounded by four oxygen 

at,o~lls in a squarc planar arrangenlent,. Figure 5.3 sliows the di~ile~lsio~is of the 

coordi~ia t ion polylietlron around palladium. 

Tlic bond le~igt.hs, valence angles ant1 tlle average di~lleilsio~ls of different 

gro111)s :LIT lis( ~ ( 1  iii Ti~l)l( '~ 5.8(i~), (1)) :~~ i ( l  ( c )  r(~s~)(:ci~ively, Wii j l~ i~ i  liiilits of ex- 

perinie~it~al error, t,lle di~liexisio~ls coulcl be co~isidered nornlal. Ik is also observed 

tlial t,llc clle~liically ccluivaleilt l ~ o ~ i d s  of (,lie core do not exllibit ally sig~iifica~lt 

difference in llle le~lglhs as such, t,llere is no evidence for unequal contributions 

fro111 llie resollallce liybritls (Figure 4.7(a) and (b) ). 111 the core, the angle 11 

be(,nrcen t,he least squares planes t81irough tlle g r o u p l " ,  0 ( I ) ,  C(4), C(5) and 

Pd, 0 ( 2 ) ,  C(3), C(4) is 3" and is conlparable wit,ll the values observed in the 

copl'er co~l~plexes dcscril~etl in Clial~ters 2 lo 4. 



Table 5.6: A~lisotropic t1ierma.l parameters Uij. 

u l z  

0.0187(3) 
0.027(2) 
0.022(2) 
O.OlO(3) 
0.012(3) 
0.002(3) 
0.009(3) 
0.023(4) 
0.024(3) 
0.012(3) 
O.OlG(4) 
0.022(4) 
0.022(4) 
o.oog(4) 
0.015(3) 
0.007(4) 
0.011(4) 
0.013(4) 
O.OlG(4) 
0.030(4) 
0.029(5) 
0.046(7) 
0.010(3) 
0.026(4) 
0.025(3) 
0.016(3) 
0.017(4) 
0.017(3) 
0.017(3) 
0.015(3) 
0.020(3) 
0.013(3) 
0.015(3) 
0.014(3) 
O.OOS(3) 
0.015(4) 
0.014(5) 
0.01 O(7)  

u13 

-0.0052(3) 
-0.001(2) 
-0.004(2) 
-0.002(3) 
0.004(3) 
0.005(3) 
0.007(3) 
-0.003(3) 
0.012(3) 
-0.000(3) 
-0.004(3) 
0.004(4) 
0.012(3) 
o.ooi(3) 
0.003(3) 
O.OOG(3) 
0.005(3) 
0.002(3) 
0.002(3) 
0.002(4) 
-0.005(4) 
-0.007(6) 
0.00%(3) 
0.005(3) 
0.005(3) 
0.001(3) 
0.001(3) 
-0.002(3) 
-0.001(3) 
-0.001(3) 
-0.008(3) 
-0.003(3) 
-0.006(3) 
-0.003(3) 
-0.004 (3)  
0.001(3) 
-0.013(4) 
-O.Ol! ( )  

u 23 

0.0123(3) 
O.OlO(2) 
0.01 3(2) 
O.OlS(3) 
0.015(3) 
O.OlS(3) 
O.OlS(3) 
0.020(3) 
0.018(3) 
0.014(3) 
O.OOS(4) 
0.010(4) 
0.017(3) 
o.o03(n) 
0.010(3) 
0.011(3) 
0.010(3) 
0.006(3) 
0.007(3) 
0.016(4) 
0.011(4) 
0.039(6) 
0.014(3) 
0.016(3) 
0.019(3) 
0.021(3) 
O . O ~ S ( ~ )  
0.014(3) 
0.022(3) 
0.019(3) 
0.017(3) 
0.027(3) 
O.OlS(3) 
0.021(3) 
0.020(:1) 
O.OlG(3) 
0.02~4(4) 
O ( 5 )  

u 3 3  

0.0350(4) 
0.035(3) 
0.039(3) 
0.03S(3) 
0.039(4) 
0.032(3) 
0.039(3) 
0.037(3) 
0.052(4) 
0.033(3) 
0.041(4) 
0.03S(4) 
0.0,10(3) 
0.0311(~) 
0.039(3) 
0.038(3) 
0.036(3) 
0.041(4) 
0.039(4) 
O.O.lS(4) 
0.042(4) 
O.OSl(6) 
0.0:15(3) 
0.035(3) 
0.0-17(4) 
0.0.13(4) 
0.0zi1(4) 
0.039(3) 
0.044(4) 
0.047(4) 
0.042(3) 
0.046(4) 
0.039(3) 
0.051(4) 
0.0 lS(4) 
0.03'3(4) 
0.057(5) 
0 . 0  I )  

u 2 2  

0.0589(5) 
0.075(3) 
0.074(3) 
0.049(3) 
0.058(4) 
0.049(4) 
0.057(4) 
O.OSO(5) 
0.069(4) 
0.065(4) 
0.1 1 l ( 6 )  
0.101(5) 
0.070(4) 
O . O G G ( ~ )  
0.056(4) 
0.070(4) 
O.OGG(4) 
0.075(.5) 
O.OGS(/l) 
0.086(5) 
0.093(6) 
0.13S(S) 
O.O5:J(/l) 
O.OSG(.5) 
0.078(5) 
0.06:3(4) 
o.oso(5) 
0.069(4) 
0.076(4) 
0.073(4) 
0.075(4) 
0.072(4) 
0.072(4) 
O.OGS(/l) 
0.07 1 ( , I  ) 
0.07'3(5) 
0.101(6) 
O l ( )  

Ato111 
I'd 

O(1)  
O(2)  
C(3)  
C(4)  
C(5)  
C(6) 
C(7 )  
C(S)  
C(9)  
(:(lo) 

C(11) 
C ( l 2 )  
~ ( 1 3 )  
C(14) 
C( l5 )  
C(1G) 
C(17) 
C ( l 8 )  
C(19) 
C(20) 
C ( 2 l )  
C(22) 
C(23) 
C(24) 
C(25) 
c:(aG) 
C:(27) 

C(28) 
C!(29) 
C!(30) 
C(31) 
C(32) 
(1(33) 
C(34) 
C(t15) 
C(36) 
(I(37) 

1JI1 
0.0361 (5) 
0.046(4) 
0.0:3 l(2) 
0.030(3) 
0.036(4) 
0.0!44(4) 
0.044(4) 
0.045(4) 
0.051(4) 
0.049(4) 
0.0 12(4) 
0.047(4) 
0.067(5) 
o.ocn(rj) 
O.OfiG(5) 
0.062(5) 
0.069(5) 
0.0*53(5) 
0.072(5) 
0.07S(G) 
0.0S9(6) 
0.1 15(S) 
0.0:39(4) 
0.042(4) 
0.040(4) 
0.045(4) 
0.011(4) 
0.031(4) 
0.035(4) 
0.0:37(4) 
0.01/1(4) 
0.038(4) 
0.042(4) 
0.035(4) 
0 0 ( )  
0.0(i1(5) 
0.073(6) 
O.lO(i(S) 



Table 5.7: Fsactiona,l coortlir~atcs and U ~ , , ( A ~ )  values of hydrogen atoms. 

z 

-0.4095 
0.3866 
0.3916 
0.5417 
0.5350 
0.5757 
0.5901 
0.7475 
0.7332 
0.7691 
0.7863 
0.9472 
0.9297 
0.9651 
0.9760 
0.1394 
0.1289 
0.1605 
0.1685 
-0.5499 
-0.4452 
-0.4469 
0.3572 
0.3234 
0.3313 

U i s o  

0.091 
0.062 
0.062 
0.061 
0.061 
0.068 
0.068 
0.059 
0.059 
0.063 
0.063 
0.058 
0.058 
0.064 
0.064 
0.069 
0.Q69 
0.090 
0.090 
0.119 
0.119 
0.119 
0.120 
0.120 
0.120 

z 

-0.0702 
-0.2314 
-0.4264 
-0.5118 
-0.3158 
0.0324 
0.1835 
0.4253 
0.2720 
-0.6105 
-0.6318 
-0.6738 
-0.6587 
-0.8143 
-0.8296 
-0.8623 
-0.8522 
-0.0161 
-0.0249 
-0.0552 
-0.0484 
-0.2122 
-0.2163 
-0.2507 
-0.24.54 
-0.4078 

Y 

-0.1598 
-0.2268 
-0.3409 
-0.3477 
-0.2256 
-0.1154 
-0.0884 
0.0914 
0.0612 
-0.5010 
-0.3772 
-0.3692 
-0.4978 
-0.5942 
-0.4629 
-0.455'1 
-0.5866 
-0.6789 
-0.5'169 
-0.5306 
-0.6640 
-0.7566 
-0.6245 
-0.595.3 
-0.7280 
-0.8281 

Atom 

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

H(10) 
H(11) 
H(23) 
11(24) 
II(26) 
II(27) 

M(121) 
II(122) 
II(131) 
II(132) 
H(141) 
lI(142) 
II(151) 
II(152) 
I I ( 1  61) 
Il(l(i2) 
II(171) 
IJ(172) 
I l ( l 8 l )  
I-I(lS2) 
1-I(191) 
H(l92)  
Il(201) 

x 

0.3344 
0.3397 
0.3172 
-0.1066 
-0.0881 
0.5051 
0.7062 
0.5178 
0.3094 
0.1201 
0.1658 
-0.0838 
-0.1267 
-0.0330 
0.0115 
-0.2364 
-0.2781 
-0.1977 
-0.1484 
-0.3929 
-0.4416 
-0.3644 
-0.3025 
-0.c5.389 
-0.6018 
-0.5243 

U,,, 

0.052 
0.057 
0.061 
0.078 
0.070 
0.060 
0.062 
0.061 
0.054 
0.068 
0.068 
0.067 
0.067 
0.064 
0.OG4 
0.068 
0.068 
0.067 
0.067 
0.070 
0.070 
0.070 
0.070 
0.080 
0.080 
0.091 

Atorn 

Ii(202) 
H(28l) 
II(282) 
II(291) 
N(292) 
II(30l) 
lI(302) 
II(311) 
II(312) 
H(321) 
Il(322) 
II(331) 
II(332) 
II(341) 
II(342) 
II(351) 
ll(352) 
II(361) 
II(362) 
II(211) 
II(212) 
II(213) 
II(:371) 
II(372) 
II(373) 

x 

-0.4467 
0.8436 
0.7806 
0.6763 
0.7376 
0.9778 
0.9 144 
0.8301 
0.8953 
0.1312 
0.0657 
0.9920 
0.0580 
0.2930 
0.2293 
0.1 534 
0.2201 
0.4558 
0.3596 

-0.6716 
-0.7512 
-0.6736 
0.4904 
0.3779 
0.3122 

Y 

-0.6983 
0.0652 
-0.0607 
0.0333 
0.1663 
0.1373 
0.0123 
0.1221 
0.2483 
0.2126 
0.0901 
0.2052 
0.3292 
0.2956 
0.1677 
0.2745 
0.4029 
0.3674 
0.2369 
-0.7833 
-0.7840 
-0.6541 
0.3598 
0.4706 
0.3410 



Figure 5.3: Coordinalion polyl~cdron aroulltl the ~~allacliuni aConl. 



Table 5.S(a.): Bond lengths ( A )  





Table 5.8(c): Average values of bond ~ e l i ~ t ~ i s ( A )  and valence angles(') a.long with the values 
given by Allen et a!, [I9871 

Core: 
Pd -0  
0-Car(core) 
Car-Car (core) 

Phenyl ring: 
A 
13 

C:liain: 
A 
B 

Ccore-Cpheny 1 

CsppCpheny 1 

values of 
Allen el nl 

1.3S0(1:3) 

1 ..530(15) 

1.513(14) 

average 
bond lc~igtlis 

1.9665(5) 
1.278(1) 
1.405(3) 

1.38(1) 
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113(1) 
113(1) 
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Figure 5.4: Displacements, S's, of all the nonliydrogen atoms of the molecule 
from the plane through the crystallographically independent half of the core. 



I11 Figure 5.4, tlie displacenlents, b's, of tlie nonliydrogen a toms froni the least 

squares plane tlirougli llie crystallogra~~liically i~idepe~lde~it  half of the core viz., 

tllrougll the atollis Pd, 0(1) ,  0 (2 ) ,  C(3) to C(5) are given. Ainong the atoms 

of tile core, the displace~ne~it is liigliest for tlie metal atom. Tlie comparatively 

lligli li values of t,lie plie~iyl ring atmo~ils are due to tlie tilt of the rings to be 

described subsequently. In each of tlie decyl chains, tlie displace~ne~its 0.26(1) 

ant1 -0.35(l)a of llie respectrive ler~iii~ial alona are t,lie liigliest. Tlie ~iiag~iiludes 

of these displace~ne~lts are comparable with those found for the ter~ninal a to~ns  

in tlle crystal structure of t,lie P-for111 of Cu-C8HI7 and are strikingly less tlla~i 

lhe corresponding disl>lacemeiits ill the N-for111 of Cu-C8HI7 ( Chapter 4, sectio~i 

4.4.2 ). 

Tlie planar plienyl rings A and B are tiltea wit11 respect to the core by 14 

and 8" rcsl>eclively. Tliese tailis are co~itrollcd pri~iiarily by i~ilra~iiolecular 11011- 

boilded i~lteract~ious indicated 11y tlie dis lances O(1) ... C(l1) = 2.654(7)a and 

C(4) ... C(7) = 3.013A on side A and O(2) ... C(27) = 2.696(7)A and C(4) ... C(23) 

= 2.976(8)A on side B. Tlie decyl cliai~ls A and B are tilted with respect to 

tlie core by 12 a ~ i d  8" ~espect~ively. Tlie ~ilolecular di~ile~isio~ls calculated as the 

clis Lances C(2 1). ..C(37) and C(21) ... C(37)' are 35.3 aiicl 9.5A respectively. Tlre 

lengl,li of tlie ~nolecule is sig~iificailtly lnore than tlie correspo~idi~ig di- 

niensio~is of t lle copl>er coniplex C I I - O C ~ H ~ ~ ,  C I ~ - O C ~ H ~ ~ - C ~ H ~ ~  and Cu-C8H17. 

The observed i~ icre~ne~l t  could be at)t,ributed to the presence of longer, decyl 

cliai~is in Pd-CIO H 2 , .  AS ill the case of the copper complexes, tlie rec ta~lgular 

sliapc of llic Ptl-CloHzl niolecule resenibles tlie ~ilodel B of Olita et a1 [198G]. 



5.4.2 Molecular conformation 

Figure 5.5 shows the conforlnation of the molecule. The decyl chains are fully 

extended and are oriented away from the core in an all trans conformation (Table 

5.4.3 Molecular packing 

Figure 5.6 represents the arrangement of lrlolecules in the plane perpendicular to 

the cry~t~allograpliic a-axis. The core of each lnolecule is surrounded, strikingly 

by the decyl chains. Thus, adjacent cores along the crystallographic b and 

c-direc tions are separated by aliphatic chains belonging to different molecules. 

Figures 5.7 gives the stereo view of the packing as seen down the crystallograpl~ic 

c-axis. 

Figure 5.8 shows that the lliolecular arrangement is essentially layer-like. The 

intermolecular van der Waal's interactions wliicll stabilize the layer structure are 

of the type core. ..chain, phenyl ring.. .chain , phenyl.. .phenyl and chain.. .chain. 

Thus within a layer, all parts of the molecule, viz., core, phellyl rings and the 

chains, are involved in nonbouded interactions. Based on the criterion of contact 

dis tatlces being 5 4a, it is found that withitl a layer each molecule is surrounded 
2 

by six others situated at f c, f (b + c) and f (b + 2c). In addition, each molecule 

in a layer is also involved in nonbonded interactions with two others situated 
-A 

above and below at f a  with respect to the reference molecule. 

The layers are stacked periodically along the crystallographic a-axis, atop one 

aliot,ller and fornl all infinite colunlnar arra,ngeniellt as sliown in Figure 5.9. The 



Figure 5.5 : Collforiilatioll of to he ~liolecule. 



Table 5.9: Obscrved torsiolia.l a.nglcs(') in tlie clia.ins. 



Figure 5.6: Arrangement of molecules ill the plane perpendicular to tlle crystal- 
lograpllic a-axis . 



Figure 5.7: Stereo view of the molectilar packing as seen down the crystallo- 
grapliic c-axis . 



Figure 5.8: Layer-like arrallgelllellt of molecules. 



Figure 5.9: Colu~miar arraiigement of molecules. 



core of the nlolecule is t,ilted with respect to the column axis i. e., crystallographic 

a-axis by 68" (Figure 5.10). The colulnriar structure is stabilized by nonbonded 

interactions of the type core.. . plieliyl, plienyl.. .plienyl and plienyl.. .chain. I t  is 

also found that tlie majority of tliese interactions involve atoms of tlie aromatic 

groups. Thus, tile colullillar structure appears to be s tabilizecl primarily by 

aro~i~at , ic  ... aronlatic type of interactions. I t  is also observed tliat as in the case 

of t lic P-forni of Cu-CpH 17 (Clial)( cr 4), t,lie ~ i t t l i i l ~ ~ r  of 1101ib01icled ililerac tiolis 

along a coluliin is only half of tliat in a layer. 

In the direction of tlie colunlii axis, the dis tame be tween adjacent palladiuni 

at,oriis is 10.26a and is comparable to tlie value of 10.34A observed in the 

colullinar s truc ture of the P-form of CU-CP HI,. I t  must, however, be mentioned 

tliat 011 account of tlie tilt of the molecule with respect to the columll axis, the 

perpelidicular distance between adjacent cores is less than 4A. Each column in 

the crys tal is surrounded by six others which do not form a regular hexagon. 

It must be pointed out that t,he crystal structure of Pd-CIOHP1 has close re- 

semblance to tliat of t,he P-form of CU-CPHI7. Table 5.10 preselit,~ some of the 

silililarities wllicli seem to occur despite the replacement of the copper atom 

ant1 the oct,yl cllains in t,lie latter by tlle palladium atoll1 and tlle decyl chains 

respectively. Tliese observations suggest t,liat the type of metal atom as well as 

tlie lengtli of the alkyl cliai~i liave perliaps very little ilifluence on the overall 

structural cl~aracteristics of tlicse prismatic crystals. 



A X I S  
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Figure 5.10: Sclle~llatic rel~resentat~ion of the tilted columnar arrangetne~lt. 



Table 5.10: Si~nilarities between Pd-C10H21 and the P-form of C U - C ~ I ~ ~ ~ .  

I'-~osIT~ 

0.29, 0.10 

0.067 

69 

10.341(3) 

6 of terminal atoms (A)  

6 of metal atom ( A )  

Tilt w.r.t column axis (") 

Shortest metal ... metal distance (A) 

Pd-C101121 

0.26, 0.35 

0.074 

6s  

10.260(2) 


