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GENERAL INTRODUCTION

      Recently, organic transition rnetal corRplexes with long

alkyl chains have been synthesized for various purposes. These
                                                            '
complexes are expected to have a posibility to resolve energy
problemlt2) and a posibuity to be used as a new electronic or

imaging materiai.3,4t5) when long alkyl chains are substituted

to core complexes, they exhÅ}bit interesting properties of (l) good
solubility in alkane,6) (2) mesomorphism,7'8>(3) unusual

thermochrorRism6) and (4) micen formation.l'2) The first

property is desirable as additives for gasoline, oil, and polymer

etc. The second and third properties have the possibility of

finding applieation in imaging devices. Memming et al. used tfie

complexes with the fourth property as a converter of light energy

into electrical currents with the SnO electrodes on which the                                    2
                                    2)complexes were spread as a monolayer.

      While, in this work, the author found solid polymorphism
with multÅ}ple melting behaviour9)as the fifth property in bis-(1-

p-n-alkylphenylbutane-l,3-dionato)copper(U). The rnolecular

structure of this complex is square-planar at its core complex

part and rod-like for its whole structure. As summarized above

as the second property, Mueller-Westerhoff et al. have reported

that p-n-alkyl-substituted styryl-dithiolato Ni complexes and the

Pt complexes show smectic and nernatic, depending on the length of
the p-n alkyl chains.7) The moiecular structure of those

- 1-
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cornplexes are very similar to the author's eomplexes, because

those are square-planar at their core eomp!ex parts and rod-like

for their whole structures. Therefore, the mesomorphisrn and the

soiid polymorphism of these type of complexes would rnake a new

field in the transition metal complex chemistry. )
      This thesis eonsists of three chapters. Chapter M

describes the preparation of square-planar trans-bÅ}s--(l-p-n-octy!-

phenylbutane--1,3-dionato)copper(U), its polymorphic properties,

and the interrelationships. :n Chapter II, spectroscopic

studies on polyrnorphism in bis-(l-p-n-octylphenylbutane-!t3-

dionato)copper(rl) are described. Chapter Irl deals with the

synthesis of bis-(1-p-n-alkylphenylbutane-l,3--dionato)copper(XI)

having different n-alkyl chains, and with the effect of alkyl

chain length bo the solid polymorphism and the multiple melting

behaviour.

- 2-
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CHAPTER I

                                                   '                         'SQUARE-PLANAR trans-BrS-(l-p-n-OCTYLPHENYLBUTANE-1,3-DIONATO)-
              '
COPPER(II), A NEW COMPOUND EXHIBITING [['HREE KINDS OF 'DOUBLE

MELTrNG' BEHAVIOUR

I--l INTRODUCTION

      The title complex was synthesized in an attempt to find a

new mesornorphic compound containing a txansition rnetal. This

complex was synthesized in very good thermal stability. Unti1
it decomposes at 221.50C, neither sublirrtation nor volatilization)

occurs. Although this complex does not have a mesornorphic sate,
it exists in four polyinorphs; cl(crystal of low m.p., g6oc), ca

(crystallized from acetonitrile solution, rn.p., 990C), CM(grystal

of rnedium m. p., I08oC), and ch (crystal of hSgh m. p., I090c),

au being stable at roorn temperature. !nterestingly, cl, ca,

and CM exhibit the so-called double melting behaviour.1) As to
 '
be described in Chapter Il, spectroscopic evidence eoncludes no

changes in coordination form of square-p!anar trans structure in

each transition. So far as the auther knows, this is the first

compound of the ML2(M = transition rnetal, L = ligand) with a long

alkyl chain which has three double melting forms.

      The purpose of the present chapter is to describe the

- 4-



preparation of this
interrelationshiPs

 complexr its

of them.

polymorphie properties, and the

I-2 EXPER!MENTAL

Synthesis of square-planar trans-bis-(l-p-n-octylphenyl-

butane -- l , 3-dionato > copper (Ir)

      The starting material, p-n-octylacetophenone, was prepared
as reported by Giroud et al.2) The ligand, 1-p-n-octylphenyl-

                                                               3)butane-l,3-dione, was synthesized by the method of Beyer et al.

Its copper(II) eornplex was obtained according to the rnethod

reported by Hon et al.4) v
        olilillllillllll9S,3,,Ii.,O,Ctwh,cH,C.mh"3g,0815os,,cH,s,,cH,

         -gy.gz:zttgct22hLp R"`Cll8g;.f2,),"/.g:.g,<,C,"3

                         l-liC/ @R
                                            R : C ng( C H2),•-

p-n-Octylacetophenone

      By the acetylation of n-octylbenzene (O.35 mole) with

chloride (O.75 mole) at -200C in dichlorometane (ca. 350 ml)

the presence of aluminium chloride (O.70 mole) for 5 hourst

acetyl

 in

p-n-

5-



octlacetophenone (colourless oil) was obtained in

The product was pure enough for further reactions

1-p-n--Octylphenylbutane-1,3-dione (Ligand)

      A mixture of 51.2 g (O.75 mole) of alcohol
                          'etoxide and66.3 g (O.75 rnole> of ethyl aeetate

88.1 g (O.38 mole) of p-n-octlacetophenone

stirred at about 70oC for 8 hours. After

was collected and shaken with an aqueous soluton

and ether, and then washed well with water

84.0 g (80.7g) of crude l-p--n-octenylbutane-i,3-dione

purified by distillaton to a colourless oil

ln the i.r. spectrum of this, compound, very

to the Brdiketne structure appeared at te
                       'Anal. Fo"nd(Calcd. for ClsH26 02): C 78.599o(78

Bis-(l-p-n-octylphenylbutane-1,3-dionato)copper(!I)

        ca. 100g yield.

       .

       fre sodium

     was poured into

 in an ice bath and

  one day, the product

       of acetic acid

. Evapolatin gave
           , which was

  (b.p.=39.0-41.00C).

  strong absorption due
iegion of 16oo cm'1. T

    •79)r H 9•69(9•55)•

      The complex was precipitated from an aqueous solution of

17.0 g (O.10 mole) of cupric chloride inÅ}xed with an ethanol

solution of 13.7 g (O.05 rnole) of 1-p-n-octylphenylbutane-l,3-

dione in the presenee of an excess of ammonium hydroxide. The

gray--green precipitate was washed with water and a small portion

of ethanol and air dried. The powder was recrystallized from

ethanol or acetone to give l4.9 g (97.9g) of green long thin

crystals of the complex. Anal. Found(Calcd• fOr C36Hso04CU):
       'C 70.94g(70.85),'H 8.27(8.26). Electronic spectrurn X                                                          (in                                                      max
n-hexane): 264(e 39000), 293(26000), 324(51000), 549(40.1), and
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cl form

      This polymorph was obtained as green long thin crystals by

erystallization at 5oC from a solution of rnethanol, ethanol,

acetone, or n--hexane; z'.e. frorn the solvents of iower polarity

than methanol. cl, however, was also obtained from much polar

solvents such as acetonitriZe or N,N-dimethylformamide by
crystallizing guiekly at -l5oc. Thus, the erystal growth of cl

form seems to be dependent on the solvent polarity and the

crystallizing temperature. It may be considered that the
entropy difference between liquid and cl is much smaller than

                                                                yother polymorphic forms.
                                           'ca form

      Evaporation of the acetonitrile solution kept at 30-320C for

about one month gave Ca form as green hair--like erystals. The

Ca crystals thus obtained were crystalographically pure without

contamination of other forms. When the ternperature was kept
below 2ooc, however, the cl form was obtained. when the

acetonitrile was rapidly evaporated by an evaporator at 30-320C,
only the cl forrn was produced. slow evaporation of an acertone

solution for about two weeks, only the cl forrn was obtained.

Thus, the crystallization of Ca forrn was strongly dependent on the

polarity and the evaporation rate of Åíhe solvent. rneluding of

solvent of acetonitrile in Ca crystal is ruled outt because, in

(48.0> nm.

  Preparation of four poiyrnorphic forrns

- 7-



the themogravirnetric rneasurement, no weight loss was observed up

to 22i.50C, and also because, when Ca form was heated up to l450C

and then slowly cooled to roorn temperature, CM form was obtained

without any weight loss. -
cSn form

      This crystal forrn cannot be obtained by crystallization from

solutions. The dM crystal was obtained, when the melt of the
compi6x at the temperatur'e higher than the m.p. of ch aog.'3oc)

was slowly cooled. However, when the melt was cooled very

rapidly by cold water or liquid nitrogen, a glass was obtained.

Pure CM was obtained as green lustrous small spherulites when the

melt was cooled down to the temperature between the m.p.s of CM

and Ca ( ca. IOOOC ) and the ternperature was kept for about 10 '

rnin. Above 106.eoC, pure CM was not easily obtained, but a

large spherulite of Crn grew when a seed crystal was added to the
      'melt.

ch forrn

      This polyrnorph was obtained by slow crysta!lization at room

temperature from the solvent of higher polarity than acetonitri!e.
This crystallization of ch required from acetonitrile and two

weeks from N,N--dimethylforrnamide. Ch could be also obtained by

the solid-soiid phase transÅ}tion of cl at about 5ooc in the

presence or absence of solvent. With the phase transition in
the presence of solvent, namely solution phase transformation,5)

ch was obtained when cl was added more than its solubility limit

- 8 --



into acetonitrile and stirred at 500C for 20 min. With this

procedure the transformatÅ}on was complete. In the abcense of

solvent, the solid-solid phase transition was effected by graduaZ
heating of cl crystals at room temperature up to lo6.ooc for 4
         'hours. Howevert when cl crystal at room ternperature were

suddenly brought into contact with a bath at 106.00C, a mixture of
crystals of ch and drn was obtained (Route 4 in Fig. 4 ).

Although Ch can be obtained by these methods, the former method

of solution phase transformation is much more convenient to obtain
a large amount of pure ch.

      Measurements

      Phase transition behaviour of this complex was ob,served with

a polarizing rnicroscope equipped with a heating plate controiled'
                                                  'by a thermoregulatort Mettler FP5. Thermograms were obtained
                                        'with a differential scannÅ}ning calorimeter and with a

thermogravirneter ( Rigaku DSC--TG 8085 or Daini-Seikosha DSC SSC

560 ). Å~-Ray diffraction powder patterns of all polymorphs

were rneadured with Cu--K radiation, using a Rigaku X-ray
                       ct
diffractorneter.

!--3 RESULTS AND DISCUSSION

      Figure 1 shows the x-ray diffraction powder patterns of four
                 tt poZymorphs. As shown in the figure, each polymorph shows

- 9-
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                  Table 1 X-Ray diffraction data
                  with relative intensities (I)for

                  the strongest lines in each

                  polymorph.

                       o                  ch {:ll.T 'ii8,5 ",O,O 8',04, 3',',4

                  dCtt {9. iOigg 8•gl 4•ig 9g,2
                               4.13 8.27 6.86                  ca {[igt. iOigoi gs gi 6i
                  e {9 4igg 6i,9,7 S•,9,9 3-g6,

                                     '          '
several characteristic peaks, as denoted with 1, m, hr and a in

the figure.

      Therrnogravimetric measurements revealed that the

interconversion among these four cyystal forms are not aceompanied
                                                            'by deeomposition of the complext sSnce no weight change was V
                                                                 '                                                               'observed in each polymorph up to the decomposition temperature of

221.5Oc.

      The origin of the transforination among these four crystal

forms in this type of complex was at first presumed to due to a

change of the coordination structures. However, each polymorph

exhibited the same electronSc spectrum, indieatÅ}ng the square-

planar forrn in the coordination, and exhibited almost the same

infrared and far-infrared spectra except for band attributed to
                                                 'the methylene rocking mode of n-alkyl chain.

      Thus, it is suggested that the origin of the present poly-

morphism is due to neither the decomposition nor the coordination

change, but due to the change in the packing of n-alkyl chain

- li --



just as in the case of the weu-known tristearine.i) Actuauy,

these four polyrnorphs showed different splitting intensities of

the methylene rocking absorption bands, around 720 cm from

singiet to doublet. So far as the author knows, such a

polymorphism is the first case in the organic transition metal

complexes. The trans-type coordinatSon of the present cornplex
                                              'was concluded by confirming the existence of the "mutuai

exclusion" rule in the far-infrared and Raman spectra, which is

consiStent with the trans coordination. The detailed discussion

on the spectroscopic studies will be described in Chapter Il.

      In Figure 2 are summarized the phase transitions of the

present eomplex. The large arrows in the figure indieate the

main route of feating for each polymorph. Arnong four '
polyrnorphs, cl, ca,. and CM exhibit "double melting" behaviour.

      when cl crystal was heated rapidly up to sorne temperature

below the m.p. of cl, a solid mixture of cl and ch was obtained

because of a relatively slow solid-solid phase transition from cl

#o ch at ca. sooc. The cl erystals in the mixture reelted at the

rn.p. of Cl, 95.7--95.8oC, and then the melt resolidified '

completely in the ch form because of the presence of seed

crystals of ch forrned by the solid-solid phase transition; on

further heating, the ch crystal melted finauy at the rn.p. of ch,

                                                                1109.l-109.30C. In FÅ}gure 3 (A) are shown the thermograms of C
                                           'crystal with various heating rates. In the case of higher
rates, two endothermic peaks due to the rneltings of cl and ch were

- 12 --
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ciearly observ6d. on very siow heating of cl crystai, however,

only single m.p. of ch was observed, as a result oE the complete

solid-solid phase transition. Thus, cl crystal exhibitied the

double melting behaviour only on rapid heating (>100C/min.).
      In contrast to the case of cl, ca exhibited double melting

behaviour only on slow heating (<100C/min). No solid-solid
phase transition was observed even when the Ca crystal was heated

slowly from room Vemperature. As shown in Figure 3 (D), when Ca

crystal was heated slowly, it melted completely at its m.p. of
98.6-99.10C; the meit then resolidified rather slowly into the ch

forrn, and, on further heating, it melted again at the m.p. of ch,

109.1-i09.3OC.
                                                 '                                                             '      CM also exhibited double melting behaviour only on very stew

                             'heating without a solid-solid phase transition. As the heating
                                   'rate of <O.iOC/min, CM melted at its rn.p., i08.0-108.10C, and the

resolidified as ch. cM gave a single me!ting thermogram

                                                              '      'observed by the D. S. C. apparatus even at the slowest heating

rate of iOC/rnin, as shown in Figure 3 (C). Howeverr as shown in

Figure 4, careful observation with photonicrographs indicates that

the double melting of CM dose exist only on very slow heating of

<o.loc/min. The ch crystal form of the highest m.p. has, of

courset only a single m.p.
                                                    '      As shown in Figure 2, there exist three choices of routes of

different cooling rates. When the melt was kept just below the
m.p. of ch for a iong time, the meit soisdified into ch form.

- 15 -
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with usual siow cooling rate, however, CFn forrn was obtained. on

rapid coolÅ}ng by cold water or liquid nitrogen a stable glass was

obtained.
      One of the reasons why the melt crystallized into cirn Å}nstead

of bh might be that the entropy change Asm between dM and liquid
is smaller than the Asm between ch and liquid.

      Figure 5 shows the thermograrn for the glass between -l6 and

1300C. When the glass was heated, a glass transition

temperature T g and a crystailizing temperature Tc were observed at

                                                            '52.5oC and 58.0oC respectively. •
      The very complicated phase transitions of the title cornplex

can be understood schematieally as follows with free energy versus
temperathre ( F-T ) diagram shown in Fig. 6. when the cl '

                                                              'crystal, for example, is heated very rapidly, having not enough

time for as appreciable solid-solid phase txansition at 500C to
occurt it is superheated up to along the ch curve to sts m.p.,

960C. Since the melt thus obtained is less stabXe than the ch

solid of this ternperature, it resolidifies immediately into ch

form, andr on further heating along the ch curve, the socond

mezting oeeurs again at the m.p. of ch, logoc. Double melting

behaViour of Ca and CM erystals can be understood in the sarne way.

      rt should be noted that Tg and Tc are very close. This
                                                         'property might be have the possibility of being used as a

potential image--forming rnaterial. Actuaily, the glass

sandwiched in two thin films of polyethylene terephtalates was

-17-
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Fig. 5 D. S. C. thermogram of glassy state of the title complex. The heating
rate was IOOC/min. Peaks denoted with 1, 2, 3, and 4 in this figure correspond
to the peaks denoted with l, 2, 3, and 4 in Fig. 3(A). Peak 5 is an exothermic
peak of crystallization of supercooled liquid. Tg, Tc, and M.p. in this figure
mean glass transition temperature, crystallization temperature, and melting point,
respectively.
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Table 2 [El)e melting pointt the e/nchalpy change of nelting(NHm

the entropy change of melting(ASm) for each polyTrDrph.
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sharply brought into local crystallization by N2 laser pulse.

The crystallized portion was stable for a long time and was

clearly distinguishab!e in the iight transmission from the glassy
         'portion. The slide projection of this tilrn gave a good contrast

on a screen. By an appyopnate
              '
heat treatment, the cryatallized

portion turned back again to the

transparent glassy state.

Thus, this complex has a

possibility to be used as an

erasable irnaging material.

      The photocrystallization

might be caused by two reasons.

First of them, as rnentioned

abouve, T and T of this complex         gc
are very close. Second of
theTn, as shown in Fig. 7r this

cornplex strongiy absorbs the

light of 324 nm (e= 51000 in

n-hexane ), which wavelength is

very near to that of N2 laser

light, 337 nm. These properties

a photocrystallization.

'tr
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Fig. 7 The ultra violet
absorption spectrum of the
title complex.

to be suitable

           /

;

are thought sueh
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      The new compound, bis-(l-p-n-octylphenylburtane-1,3-
dionato)copper(!r) has four polymorphs, cl(m.p.= g6ec), ca (ggoc),

cM(losoc), and ch(10goc), all having the sarne square-planar trans

structure. cl, ca, and cM exhibit "double melting" behaviour.

Double melting of cl was observed only on very rapid heatingr

while that of Ca and Crn only on slow heating. Slow solid-solid
phase transition from cl to ch was observed at ca. sooc. The

glass transition ternperature Tg and the crystal!izing temperature

Tc are very close to each other at 52.50C and 58.0eC,

respectively. This property has a possibility to be used as an
erasable imaging material.'

r-s

l)

2)

3)

4)
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