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Chain Length 
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SHIGEKAZU KUSABAYASHI and HlROSHl MIKAWA 
Department of Applied Chemistry, Faculty of Engineering, Osaka University, 
Yamada-kami, Suita, Osaka 565, Japan 

(Received July 29, 1980) 

The title complexes having different n-alkyl groups from methyl to dodecyl have synthesized. 
All these complexes exhibit solid polymorphism. The number of polymorphs depends on the 
length of the alkyl chain: two for n (the number of carbon atoms) = 0 ,., 2, three for n = 3 - 5 
and 12, and four for n = 6 - 11, respectively. Each polymorphic form except those with the 
highest m.p.s. exhibits multiple melting behaviour: double melting for n = 0 - 5,8, and 12, and 
triple melting for n = 6 - 11 except 8. The m.p.s. of the complexes with alkyl groups of odd 
carbon atoms are higher than those with even atoms, while the respective ligand solids show the 
opposite even-odd effect in their m.p.s. 

I INTRODUCTION 

In a previous paper' it has been reported that trans-bis-(1-p-n-octylphenyl- 
butane-1,3-dionato)copper(II) exhibits the solid polymorphism and three 
kinds of double melting behaviour. 

Recently, Mueller-Westerhoff et al. have reported that p-n-alkyl-substituted 
square-planar styryl-dithiolato Ni complexes and the Pt complexes show 
smectic and nematic, depending on the length of the p-n-alkyl chains, while 
the Pd complexes have no mesomorphic properties at The molecular 

Paper presented at  the Eighth International Liquid Crystal Conference, Kyoto, Japan, 
June 30-July 4, 1980. 
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structures of those complexes are very similar to our complexes. The meso- 
morphism and the solid polymorphism of these type of complexes would 
make a new field in the transition metal complex chemistry. 

In the present work, bis-(l-p-n-alkylphenylbutane-1,3-dionato)copper(II) 
having different n-alkyl chains have been synthesized. We wish to report the 
solid polymorphism and the multiple melting behaviour of these complexes. 

I t  EXPERIMENTAL 

The synthetic scheme of the present complexes is shown in Figure 1. The 
detailed procedures were almost the same as described for the case of octyl 
substituent in the previous paper.' For each alkyl substituent the yield of the 
first step was ca. 100 %. The ligands, l-p-n-alkylphenylbutane-1,3-dione, were 
synthesized by the method reported by Beyer et aL3 Table I are listed the 
yield, m.p.s., and elemental analysis data for these ligands. These compounds 
were purified by distillation under reduced pressure. The copper(I1) complexes 
for each alkyl substituent were obtained according to the l i t e r a t ~ r e . ~  The 
purification of these complexes was made by recrystallization from acetone or 
ethanol more than twice. The elemental analysis data, crystallization solvents, 
and the crystalline shapes obtained are summarized in Table 11. In some cases, 
a mixture of two crystal forms was obtained by crystallization from the sol- 
vents at room temperature. In the present work, each pure polymorphic form 
was not taken out for all complexes except for the case of n-octyl substituted 
complex, which was reported in details in the previous paper.' 

The observation of all phase transitions of the present complexes was 
carried out by using a polarizing microscope equipped with a heating plate 

FIGURE 1 Synthetic scheme for bis-( 1 -p-n-alkylphenylbutane-1,3-dionato)copper(II). 
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MULTIPLE MELTING BEHAVIOUR [605]/28 5 

TABLE I 

Melting points, yield, and elemental analysis data for the ligands : l-p-n-alkylphenylbutane- 
1,3-dione. 

___~ . _ _ ~  ~ ~ _ _ _ _ _ _ ~  . ~- 

Elemental Analysis 
Found (Calcd) 

Ligand Yield ( x )  Melting points ("C) H C 
_ _ ~  ___ -____ .~ 

R = H  Purchase 55-59 
R = CH, 56 9.3 6.76 (6.86) 74.98 (74.96) 
R = C,H, 83 0.7 7.37 (7.42) 75.11 (75.76) 
R = C3H7 79 5.2 7.83 (7.89) 76.22 (76.44) 
R = C,H, 78 27.2 8.12 (8.31) 77.00 (77.03) 
R = C5H,,  87 33.0--34.0 8.59 (8.68) 77.48 (77.55) 
R = C,H,, 77 35.5-37.1 9.02 (9.00) 77.91 (78.01) 
R = C,H,, 83 27.C29.5 9.35 (9.29) 78.48 (78.42) 
R = C,H17 81-87 39.0-41.0 9.69 (9.55) 78.59 (78.79) 

R = ClOH,, 72 41.8-43.0 10.07 (10.00) 79.11 (79.42) 
R = CllH,,  87 39.0-40.0 10.31 (10.19) 79.84 (79.70) 

= C 1 2 H 2 5  98 52.0-54.0 10.39 (10.37) 79.80 (79.95) 

R = CyHly 74 25.5-27.0 9.85 (9.78) 79.12 (79.12) 

TABLE I1 

Elemental analysis data and recrystallization solvents for the complexes : square-planar trans- 
bis-( l-p-n-alkylphenylbutane-1,3-dionato)copper(II) 

Elemental analysis Crystalline shapes 
Found (Calcd) Recrystallization obtained from 

Complexes H C solvents recrystallization 

R = H  

R = CH, 
R = C,H, 
R = C,H, 

R = C,H, 

R = C,Hl ,  
R = C,H,, 

R = C7HlS 

R = C8H1, 
R = C,Hly 

4.75 (4.70) 

5.40 (5.36) 

6.59 (6.43) 

6.88 (6.88) 

7.52 (7.28) 
7.74 (7.64) 

7.99 (7.96) 

8.27 (8.26) 
8.57 (8.53) 

8.83 (8.77) 

9.13 (9.00) 

9.32 (9.21) 

5.88 (5.93) 

62.06 (62.25) 

63.82 (63.83) 
64.95 (65.22) 
66.29 (66.43) 

67.14 (67.51) 

68.33 (68.48) 
69.10 (69.35) 

69.96 (70.13) 

70.94 (70.85) 
71.45 (71.50) 

71.94 (72.09) 

72.57 (72.64) 

72.85 (73.14) 

Acetone 

Acetone 
Acetone 
Acetone 

Acetone 

Ethanol 
Ethanol 

Ethanol 

Acetone 
Ethanol 

Ethanol 

Ethanol 

Acetone 

A mixture of striplike and 
needlelike 
Rodlike 
Plate 
A mixture of microcrystal 
and Plate 
A mixture of feathery 
and rodlike 
Feathery 
A mixture of feathery 
and plate 
A mixture of feathery 
and needlelike 
Striplike 
A mixture of striplike 
and feathery 
A mixture of feathery 
and strlplike 
A mixture of striplike, 
feathery, and needlelike 
A mixture of feathery 
and striplike 
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286/[606] K. OHTA er al. 

controlled by thermoregulator, Mettler FP5, within the accuracy of 0.1 “C. 
A differential scanning calorimeter, Daini-Seikosha DSC SSC 560, was also 
used to  establish the phase transitions. 

111 RESULTS A N D  DISCUSSION 

In Table 111 are given the m.p.s. of each polymorphic form along with the 
respective crystalline shape. When n (the number of carbon atoms in the 
n-alkyl substituent) = 0 - 2, each complex showed two polymorphic forms 
with different m.p.s., and when n = 3 - 5 and 12, three polymorphic forms 
were recognized. Furthermore, four kinds of polymorphic forms were 
recognized when n = 6 - 11. The observed number of m.p.s. of these 
complexes is strongly related to the length of the alkyl group. Although 
only a m.p. of 190-190°C had been reported in the core complex correspond- 
ing to the n = 0 case by Ribeiro da Silva et a!.,’ it was found in the present 
work that this complex has two m.p.s at 194°C and 198”C, which could be 
confirmed by the microscope observation and the DSC measurement. 

In the previous paper, we described that the solid polymorphism is 
originated not from the change of co-ordination of ligands, i.e., cis-trans 
isomerization, but mainly fr6m the different packing of n-alkyl chains. 
However, the presently observed solid polymorphism in the core complex 
and the complexes having relatively short alkyl chains indicates that another 
origin might be operative in these complexes. Although the origin is not clear 
at the present stage, it should be noted here that a possibility of the cis-trans 
isomerization change would be excluded, because two polymorphic forms 
isolated in the case of the ethyl substituent gave the same far-infrared spectra. 
This indicates that the cis-trans isomerization would not occur. The large 
difference was observed in the region from 750 to 850 cm-’ of their infrared 
spectra. 

Figure 2 shows the sequence of the state changes for each complex from 
n = 0 to 12, which was confirmed mainly by the microscopic observation. 
The complexes having the relatively long alkyl tails showed much more 
complicated state changes. When n = 6 - 11 except n = 8, all complexes 
exhibited so-called triple melting behaviour, and other complexes also 
exhibited double melting behaviour. In the nonyl substituted complex, for 
example, when the strip-like (long thin) polymorphic form was heated from 
room temperature, it melted at 102°C except for a portion transformed by a 
solid-solid phase transition from the strip-like to the needle-like, and then 
the melt resolidified completely into the needle-like crystal ; on further 
heating, it melted at 120°C except for a portion transformed by a next slow 
solid-solid phase transition from the needle-like to the plate-like crystal, 
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n = O  
K. OHTA et al. 

198 
Glass- Str- N liq. 

liq. 
Double me-t 1 %\ /” 

n= 1 
234 

Glass- Rod P 2 liq. 

Double melting 

liq. 1 
21 1 Glass-Sph.4 P- 4 

Double mdt ing 

n=3 
Micro. 

?6> liq. 

Double melting 

liq. 

FIGURE 2 The sequences of changes of state for bis-(l-p-n-alkylphenylbutane-1,3-dionato) 
copper(I1). “ n ”  is the number of carbon atoms in the n-alkyl group. Numbers in the figure are 
m.p.s. Nomenclature of crystalline shape is: Str. = striplike (long thin), N = needle-like, 
Rod = rodlike, P = plate, Sph. = spherulite, F = feathery (hair-like), and Micro. = micro- 
crystal. 
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I iq. liq. 

n = 4  
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lia. \ 

’ \  154 
Glass-Sph.- Rod. liq. 

liq. 

n = 5  

n = 6  

n = 7  

1% liq. 

Glass ‘q --+Sph.- P 147 liq. 

liq. 1 

Double melting 

Double melting 

Triple melting 
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n = 8  
Double me1 t i n g 

F q  
I iq. 

~h i q.11 ifg. r Sph. 

109 k 

1 GLass--+Str.-Rod. Liq. 

r3 

Triple melt i ng 

fast I s\ow 121 
Glass c- St r.+ N - P 19.- 

F & n=10 

liq. 
Tr i ple me1 t i ng 
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MULTIPLE MELTING BEHAVIOUR [61 13/29] 

n = l l  
F +  Triple melting 

Fq. 

and then the melt resolidified into the plate-like crystals of the most stable 
polymorphic form; on further heating, it melted completely at 121 "C. Thus, 
the triple melting behaviour was observed on one heating stage. 

As shown in Figure 3, the even-odd effect in the melting points of the 
complexes was found when n = 6 - 12. Namely, the m.p.s of the complexes 
having odd number of carbon atoms in the n-alkyl group are higher than those 
of the even numbered complexes. On the contrary, the even-odd effect in the 
m.p.s of the respective ligands is quite opposite, as shown in Figure 4. To 
our knowledge, such a phenomenon seems to be the first example in the 
transition metal complexes. 

Malikin6 suggested about long-chain compounds that the crystalline 
structure of odd members would be expected to be less stable, which is in  
agreement with their lower m.p.s. However, higher alkyl iodides with an odd 
carbon content melt at  the higher temperature. He inferred in his paper that 
this was probably due to the large iodine atom having the same effect as an 
additional carbon atom, and thus giving an even chain the properties of an 
odd. Although his inference seems to be useful, this could not be appreciated 
with ease to  our complexes because of the great difference of these molecular 
structures. Further investigation is required for this problem. 
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250 

h 

Q -  

f -  
I- 

150 - 

loo - 
1 

0 1 2  3 4 5 6 7 8 9 101112 
Number of carbon atoms ( n )  

FIGURE 3 
1,3-dionato)copper(II). See Table 111. 

Melting points versus chain length for the series of bis-(1-p-n-alkylphenylbutane- 

IV SUMMARY 

Square-planar trans-bis-(l-p-n-alkylphenylbutane-1,3-dionato)copper(II) 
complexes exhibit the multiple melting behaviour and the opposite even-dd 
effect in their m.p.s. between the ligands and the corresponding complexes. 
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70r H 3 CCCH 11  211 C ~ C  n H 2n+l : Ligand 
0 0  

70- 
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FIGURE 4 
1,3-dione (ligands). See Table I. 

Melting points versus chain length for the series of l-p-n-alkylphenylbutane- 
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