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Discotic Liquid Crystals of Transition 
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Behavior and Double Clearing 
Behavior of Discogens 
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YAMAMOTO and KEI MATSUZAKI 
Department of Functional P olymer Science, Faculty of Textile Science & 
Technology, Shinshu University, Ueda, 386, Japan 

(Received August 29, 1986; in final form December 16, 1986) 

Two new octa-substituted disk-like bis(p-diketonato)copper(II) complexes, SC,-Cu 
and SC,O-Cu, have been synthesized. The same type of octa-substituted copper 
complexes, SGO-Cu, which was synthesized for the first time by A. M. Giroud- 
Godquin er al., has also been prepared. The thermal behavior of these three complexes 
was investigated by means of microscopic observations and DSC measurements. It 
was found that the SC,-Cu exhibits not a discotic mesomorphism but a usual double 
melting behavior via the isotropic liquid, and that the SC,O-Cu exhibits an unusual 
double melting behavior via the discophase which had not been reported by A. M. 
Giroud-Godquin ef al.  Furthermore, it was found that the 8C,O-Cu exhibits a new 
thermal phenomenon of “double clearing behavior” which is originated from a su- 
perheating of the transition from the crystalline phase to the discotic phase. Such 
double clearing behavior of the SC,O-Cu is the first example in the mesomorphic 
compounds, so far as we know. 

Keywords: discotic liquid crystal, transition metal complex, Bis( p- 
diketone)copper(IZ), double melting behavior, double clearing behavior 

1. INTRODUCTION 

In the previous we suggested that the double melting behavior3 
of long chain substituted compounds is a thermal behavior close to 
mesomorphism. 
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62 K. OHTA et al. 

As summarized in Table I, the long chain substituted 6-diketones 
and their corresponding copper(I1) complexes exhibit so-called “rnul- 
tiple melting b e h a ~ i o r ” ~  and/or mesomorphism depending upon the 
number of the lateral long chains, the kinds of the chains, and the 
length of the chains. The di-substituted “crank-like’’ copper(I1) com- 
plexes, 2R-Cu (R=C,H,+,, n =  1-12), were synthesized in an at- 
tempt to obtain new classic (rod-like) mesomorphic compounds con- 
taining a transition metaL4 Although each of the complexes does not 
have a classic mesophase, it exhibits multiple melting behavior: dou- 
ble melting for n = 0 - 5,8,12; triple melting for n = 7,9-11. The tetra- 
substituted disk-like copper(I1) complexes, 4R-Cu (R,=RA,H,,S; 
R,=C,H,,S, R2=C8H17S02; R,=R2=CnH2n+ , (n = 1-12); 
R,=Rg=C,Hz,+ ,O (n = 1-12)), were synthesized in attempts to get 
new discotic mesomorphic compounds containing a transition 
metal . 1 7 5 , 6 7 7 3 . 9  The copper(I1) complexes substituted by electron-with- 
drawing groups, 4C,(S,S)<u and 4C,(S,SO,)<u, exhibit double 
melting behavior.’ On the other hand, the copper(I1) complexes sub- 
stituted by electron-donating groups, 4C,-Cu (n = 4-12) and 
4C,O--Cu (n = 3-12), exhibit discotic mesomorphism: both 4C,<u 
and 4C,--Cu have two discotic mesophases; 4C9-Cu has three discotic 
mesophases;6 each of the 4C,O--Cu ( n  = 3-12) complexes has only 
one discophase and the discophase has been established to be a new 
discotic lamella phase (DL) for 4c6o-cu - 4Cl,0-Cu. Therefore, 
it is obvious from Table I that the thermal behaviors of the long- 
chain-substituted copper(I1) complexes are strongly controlled by the 
number of the lateral long chains, the kinds of the chains, and the 
length of the chains. 

So, in focusing our further interest on the substituent effect, two 
new octa-substituted disk-like complexes, bis[ 1,3-bis( m,p-di-n-octyl- 
phenyl)propane-l,3-dionato]copper(II) (8c,<u) and bis[l,3-bis( m,p- 
di-n-octyloxypheny1)propane- 1,3-dionato]copper(II) (8C80 - Cu) , 
have been synthesized. The same type of octa-substituted copper(I1) 
complex, bis[ 1,3-bis( m,p-di-n-nonyloxyphenyl)-propane-l,3-di- 
onato]copper(II) (8C90-Cu), was synthesized for the first time by 
A. M. Godquin-Giroud et a1.” These three copper(I1) complexes, 
8C,--Cu, 8C80-Cu, and 8C90-Cu, were investigated here pre- 
cisely for their thermal behaviors. It was found that the 8c,-cu 
exhibits a “usual” double melting behavior via an isotropic liquid, 
and that the 8C90-Cu exhibits an “unusual” double melting be- 
havior via a discotic mesophase which had not been reported by A. 
M. Godquin-Giroud et ~ 1 . ~ ~ 3 ~ ’  Furthermore, it was found for the first 
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64 K. OHTA et al. 

R- Ligand 2 R- CU 

R=CnH2n+1  (n=1-12) : Cn-Ligand, 2C,-Cu 

2R- L i g a n d  4 R - c ~  

Formula 
R,=R,--C.H,, , ( n  = 1-12): 2C,-Ligand, 4C,-Cu; 
R,=R,--C.H,+ ,O ( n  = 1-12): 2CnO-Ligand, 4Cn0-Cu; 
R,=R,--C,H,,S: 2CRS-Ligand, 4C8S-Cu; 
R,-==H,,S, R-d ,H, ,SO, :  2CR(S,S0,)-Ligand, 4C,(S,SO,)-Cu 

Long-chain-substituted p-diketone ligands and their copper(I1) complexes. 

time that the 8C,O--Cu exhibits a new thermal phenomenon of 
“double clearing behavior.” 

So, we wish to report in this paper the thermal behavior of these 
three octa-substituted copper(I1) complexes. 

II. EXPERIMENTAL 

Synthesis 

The synthetic route of the present complexes is shown in Scheme 1. 
The detailed procedures for the P-diketones 6 and their corresponding 
copper(I1) complexes 7 are as follows: 

I ,  3-Bis( m,p-di-  n-octyloxyphenyl)propane-l,3-dione (abbreviated 
as 4C80-Ligand, 6 R = C,H,,O) A mixture of 7.0g (18mmol) of 3,4- 
di-n-octyloxyacetophenone and 7.5g (18 mmol) of ethyl 3,4-di-n- 
octyloxybenzoate in dimethoxyethane was refluxed for 12 hours in 
the presence of 0.6g of 60% sodium hydride (22mmol). Small portions 
of ethanol and than water were added very carefully to the resulting 
orange stew. After acidifying the basic stew with dilute hydrochloric 
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DOUBLE CLEARING OF DISCOGEN 65 

1 

(ii) 
b 

R-Br +R-MgBr 

L 

lor2 3 4 

6: 4R-L igand 

9 R 

R m R  
0. .o 

7:BR-CU 

6 7 
R=CsH 17 4 c 8 -  L i g a n d  8c8-cU 

R'C8 H 1 7 0 
R=CgH190  4 C g 0 - L i g a n d  8 C g O - C ~  

4Ce 0 -L i g a n  d 8c8 0-CU 

Scheme 1.' Synthesis of the octa-substituted bis(P-diketonato)copper(II) complexes 
(8R-Cu) and their corresponding ligands (4R-Ligand). 

"Reagents and conditions: (a) KOWEtOH, RBr, reflux under N, gas, 6h (b) Mg/ 
THF, r.t., 5h; (c) 1) NiC1,(PhlPCH,CH,PPh2)2, 2) o-dichlorobenzene, reflux 10h; (d) 
CH,COCI, AICI3/CHZCl2, - W C ,  6h; (e) 10% aq. NaOCl/dioxane, 60°C 6h; ( f )  
EtOH, concentrated H,SO,, reflux, 5h; (8) compound 3 in this scheme, NaWdime- 
thoxyethane, reflux, 12h; (h) KOH/EtOH, CuC1,~2H20/EtOH, stir, Ih. 

acid, the product was extracted with ether. Evaporation gave a crude 
4C80-Ligand, which was recrystallized from ethanol to give slightly 
yellow crystals (11.3g). Yield 85.2%, m.p. = 79.5-79.7"C, I.R. (KBr 
disk, cm-l): 1460-1600 (P-diketone), 'H-NMR (CDCl,,TMS): sPpn, 

4.5 (s, keto CH2), 6.7 (s, enol =CH), 6.8-7.5 (m, 6H, aromatic), 
17.2 ( s ,  enol OH).I2 Anal. Found (Calcd. for C47H7606): C 76.78% 
(76.58), H 10.44% (10.39). MS(rn/e): 736 (M+). 

= 0.9 (t,l2H,CH,), 1.3 (m,48H,--(CHJc), 4.0 (t,  8H,---€)CHz-), 
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66 K. OHTA er al. 

I,3-B~(m,p-di-n-nonyloxyphenyl)propane-1,3-dione(abbrev~ted as 
QC,O-Ligand, 6 R=C&Z,,O) This compound was obtained in the 
same manner as 4C80-Ligand mentioned above. Yield 84%, 
m.p. = 79~-80.3"C,'~ I.R. (KBr disk, cm-l): 1460-1600 (@-dike- 
tone), 'H-NMR (CDC13, TMS): 6,,,=0.9 (t ,  12H, CH3), 1.3 (m,  
56H,-(CH2),-), 4.0 ( t ,  8H, -OCH2-), 4.5 (s, keto =CH), 6.7 
(s, enol S H ) ,  6.8-7.5 (m,  6H, aromatic), 17.1 (s, enol OH).12 
Anal. Found (Calcd. for C,,H,06): C 77.18% (77.22), H 10.64% 
(10.67). MS(m/e): 792 (M+) .  

I,3-Bis( m,p-n-octylphenyl)propane-l,3-dione (abbreviated as 4C8- 
Ligand, 6 R=C8H17) This compound was obtained as a slightly 
orange liquid. Yield 70.5%, I.R. (liquid film, cm-l): 1470-1610 (@- 
diketone), 'H-NMR (CDCI,, TMS): 6,,,=0.9 ( t ,  12H, - C H 3 ) ,  1.3 
(m, 48H, --(CH&-), 2.7 ( t, 8H, --CH,-), 4.6 (s, keto CH,), 6.8 
(s,  enol =CH), 7.1-7.7 (m, 6H, aromatic), 17.1 (s, enol OH).12 
Anal. Found (Calcd. for C47H7602): C 83.63% (83.87), H 11.40% 
(11.38). 

Bis [ I ,  3-bis( rn, p-di-n-octyloxyphenyl)propane-l,3-dionato] copper(1l) 
(abbreviated as 8C80-Cu, 7 R=C8H170) To a solution of potas- 
sium hydroxide (0.30g, 4.Ommol) in ethanol (50ml) were added 2.0g 
(3.3mmol) of 4C80-Ligand and then an ethanolic solution of 0.30g 
(1.7mmol) of cupric chloride. This mixture solution was stirred for 1 
hour. The precipitate was collected and washed with hot water and 
ethanol. It was recrystallized from ethyl acetate to give pale green 
cotton-like crystals (0.92g) in 36% yield. Anal. Found (Calcd. for 

Bis[l,3-b~(m,p-di-n-nonyloxyphenyl)propane-l, 3-dionato]copper( I I )  
(abbreviated as 8C9O--Cu, 7 R=C,H,,O) This complex was ob- 
tained and purified in the same manner as 8C80-Cu. Yield 40%. 
Pale green cotton-like crystals. Anal. Found (Calcd. for Cl,2Hl,01,Cu): 
C 74.22% (74.34), H 10.05% (10.15). 

Bls [1,3-bis (rn,p-di-octylphenyl)propane-l,3-dionato] -copper (Ir) (ab- 
breviated as 8C8-Cu, 7 R=C8HI7) This complex was obtained as 
green wedge-shaped crystals. Yield 29.9%. Anal. Found (Calcd. for 

C&H1500&~): C 73.67% (73.52), H 9.93% (9.85). 

C,~H,,~O,CU): C 80.29% (80.20), H 10.76% (10.74). 

Measurements 

The phase transformation behavior of these compounds was observed 
with a polarizing microscope equipped with a heating plate controlled 
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DOUBLE CLEARING OF DISCOGEN 67 

by a thermoregulator, Mettler FP80 and 82, and measured with dif- 
ferential scanning calorimeters, Rigaku Denki Thermoflex TG-DSC 
and Rigaku Denki Thermoflex DSC-1OA. To distinguish between the 
solid polymorphs in the complexes, X-ray diffraction powder patterns 
were also measured with Cu-K, radiation, using a Rigaku Geigerflex. 

111. RESULTS AND DISCUSSION 

In Table I1 the phase transitions for the octa-substituted bis(&di- 
ketonato)copper(II) complexes, 8C8-Cu, SGO-Cu, and 8C80-Cu, 
are summarized. The detailed thermal behavior of these octa-sub- 
stituted complexes is as follows: 

1. Usual double melting behavior of the 8C8-Cu 

Usual double melting behavior means a thermal behavior of melting 
twice via an isotropic liquid on one heating stage for a non-meso- 
morphic compound. The present complex, 8C,-Cu, exhibits the 
usual double melting behavior via an isotropic liquid as follows: 

The complex 8C,-Cu was recrystallized from ethyl acetate to give 
wedge-shaped crystals (K, phase in Table 11). When this virgin crystal 
(K,) is heated up from room temperature on a heating plate equipped 
with a polarizing microscope, the crystal melts into an isotropic liquid 
(I.L.) at 62.1"C of the m.p. of K2. By rapid cooling of the isotropic 
liquid over the m.p. of K2 to room temperature, another crystalline 
phase K, (stripe-like crystal) could be obtained. When the K, crystal 
is heated up from room temperature, it transforms partially into the 
K, phase very slowly from room temperature and the remained K ,  
crystal melts into Z.L. at 47.7"C of the m.p. of K, crystal. The I.L. 
resolidifies into the K, crystals (wedge-shaped) and on further heat- 
ing, the K ,  crystal melts into the I .  L. at 62.1"C of the m.p. of the K2 
phase. Thus, the double melting behavior of the 8C,-Cu could be 
observed by a polarizing microscope. 

This double melting behavior was also confirmed by DSC meas- 
urements, as shown in Figure 1. Typical DSC thermograms of the 
double melting behavior14 of the K, crystal could be obtained at the 
heating rate of 520"C/min. Peak I (ca. 13"C), denoted in Figure 1, 
corresponds to the solid-solid phase transition from K, to KZ. The 
precise temperature of the solid-solid phase transition could not, 
however, be determined by microscopic observations, because the 
solid-solid phase transition is very slow and because the superheating 
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68 K. OHTA ef al 

TABLE I1 

Sequence of the state changes, phase transition temperatures ( T J ,  and enthalpy 
changes (AH,) for the octasubstituted bis( P-diketonato)copper(II) complexes 

(8C,-Cu, ~ G O - C U ,  and 8C,O-Cu). 

===3 Main route - Sub route 

Tt("C) 
Compound Phase' - Phase 

8C8-Cu : Usual double melting 

AH, ( k c a h o l )  

K ,  ca. 13 62.1 

I.L. 

8 G 0 - c ~ :  

Unusual double melting 

(virgin) - K, __j D ====3 I.L. 
K ,  ca. 90 107.3 114.6 

103.4 \ / 28.5 0.59 

D 

: Double clearing' 

Kl 111.2 113.3 
(virgin) 

1 . L . k  

'Phase nomenclature: K = crystal, D = discotic liquid crystal, 1.L. =isotropic liquid. 
bAlthough this complex was reported for the first time by A. M. Giroud-Godquin 

ef al . ,  such unusual double melting behavior was not reported by them. See Ref. 10. 
'A new definition we propose in this paper. See main text. 

of K, crystals occurs easily. Although the superheating of K, crystals 
originates such double melting behavior, at the same time this makes 
it difficult to detect the precise temperature of the solid-solid phase 
transition from K, to K,. Peak I1 and peak IV correspond to the 
melting of K, crystals and the melting of K2 crystak, respectively. 
Exothermic peak 111, between peak I1 and peak IV, corresponds to 
the recrystallization from the melt of K, crystals to K, crystals. The 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
38

 1
9 

Fe
br

ua
ry

 2
01

3 



DOUBLE CLEARING OF DISCOGEN 69 

s 
W 

I 
I 
0 n z 
W 

0 20 40 60 80 , 

TEMPERATURE(" C) 
FIGURE 1 
denoted with I, 11, 111 and IV in this figure are explained in the main text. 

DSC thermograms of K, of 8C8-Cu for different heating rates. Peaks 

ratio of peak IV (due to the melting of the K, phase) to peak I1 (due 
to the melting of the K, phase) increases with a slower heating rate. 
This fact means that K, crystals transform largely into K2 crystals by 
the solid-solid phase transitions from K, to K2, corresponding to peak 
I with a slower heating rate. This is a characteristic of double melting 
behavior.,* 

It is very interesting with regard to the effect of the number of the 
lateral chains on mesomorphism that although the present octa-sub- 
stituted complex 8C,-Cu exhibits not discotic mesomorphism but 
such double melting behavior, the tetra-substituted complex, 4C,-Cu, 
reported previously, shows discotic me~omorphism.~ 
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70 K. OHTA ef al. 

2. Unusual double melting behavior of the BC,O-cu 

Discotic mesomorphism of the 8C90-Cu has already been reported 
by A. M. Giroud-Godquin et al.1° However, we found that the 
8C90-Cu exhibits unusual double melting behavior via the discotic 
mesophase which had not been reported by A. M. Giroud-God- 
quin.'OJ1 The sequence of the state changes for the complex 8qO-Cu 
is summarized in Table 11. 

The virgin crystals obtained by recrystallization from ethyl acetate 
are pale green cotton-like crystals (K, phase). X-ray diffraction pow- 
der patterns of the K, crystal are clearly different from those of the 
K, crystal, as summarized in Table 111. When these virgin crystals 
(K,) are heated on a heating plate equipped with a polarizing micro- 
scope from room temperature, it transforms in a very small portion 
into the K, phase slowly, and the remained K, crystals melt into a 
discotic mesophase at 103.4"C of the m.p. of the K, phase. The 
discophase exhibits fluidity and fan-shaped texture. By holding the 
temperature at 103.4"C, needle-like crystals (K, phase) are recrys- 
tallized slowly from the discophase. On further heating, the K, crys- 
tals melt into the discophase at 107.3"C of the m.p. of the K, phase. 
The discophase also exhibits fluidity and the same fan-shaped texture 
mentioned above. The discophase has been established as a hexagonal 

TABLE I11 

X-Ray diffraction data with relative intensities ( I / ! , )  for the four strongest lines in 
each solid polymorph of SR--Cu complexes. 

unmeasurable" 

21.68 4.27 6.04 3.82 

27.92 14.10 4.42 17.51 

24.55 20.54 4.39 4.01 

26.74 18.13 6.74 13.54 

25.11 19.76 4.31 10.72 

100 22 8 8 

100 15 13 11 

100 25 17 14 

100 33 16 15 

100 21 7 7 

8C*-Cu 

8C&-Cu 

sc,o-cu 

'The pure solid polymorph of K, could not be obtained at room temperature because 
of the low temperature solid-solid phase transition at cu. 13°C. All attempts gave the 
mixture of K, and K2 by any thermal treatments at room temperature (25°C). 
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FIGURE 2 DSC thermograms of K, of SC,O-Cu for different heating rates. Peaks 
denoted with I ,  11, 111, IV and V in this figure are explained in the main text. 

columnar phase D, by A. M. Giroud-Godquin el ~ 1 . ' ~ ~ "  On further 
heating, the D, phase clears into the isotropic liquid at 114.6"C. 

Thus, unusual double meiting behavior via the discophase of the 
8C,O-€u could be observed by means of the polarizing microscope. 
The unique double melting behavior was also confirmed by DSC 
measurements, as shown in Figure 2. Very typical DSC thermograms 
of the double melting behavior14.15 of the K1 crystal could be obtained 
at the heating rate of S"C/min. In this figure, the ratio of peak IV 
(due to the melting of the K2 phase) to peak I1 (due to the melting 
of the K, phase) increases with a slower heating rate, which is the 
same case for the 8C,-Cu mentioned above. This is a characteristic 
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72 K. OHTA et al. 

of double melting behavior. Thus, the 8C90-Cu exhibits unusual 
double melting behavior via the discophase. 

3. Double clearing behavior of the BC,O-Cu 

W. C. McCrone expressed in his review of solid polymorphism,16 
“One significant way in which mesomorphs differ from crystals and 
resemble liquids lies in the fact, whereas a solid-solid transformation 
may be superheated, the ‘transition’ from a crystalline phase to a 
mesomorph behaves like a melting point in that superheating does 
not occur.” However, we found for the 8C80-Cu that a transition 
from the crystalline phase K, to the discophase D is superheated to 
show a new thermal behavior of double clearing. 

A sequence of state changes for the 8c@-cu is shown by pho- 
tomicrographs in Figure 3. 

Phoro No. 1 :  virgin cotton-like crystals (K, phase) of the 8C80-Cu 
were set between the cross nicols on a hot plate at room temperature. 

Photo No. 2: when the sample in Photo No. 1 was heated up to 
9O.O0C, a phase transition (K, to D) was observed. By pressing the 
cover glass of another sample of the present complex at 86.0”C, a 
fairly good fluidity with birefringence could be observed, as shown 
in Figure 4-a. 

Phoro No.  3: when the sample in Photo No. 2 was heated up to 
108.9”C, it could be observed that the sample cleared into an isotropic 
liquid. See Figure 4-b in more detail. 

Phoro No. 4: by holding the temperature of the sample in Photo 
No. 3 for 1 hour, small needle-like crystals (KJ were formed from 
the isotropic liquid at 108.9”C. See Figure 4-b in more detail. 

Phoro No.  5 :  when the sample in Photo No. 4 was heated up and 
the temperature was held at 112.4“C, the K2 crystals started to melt 
into the discophase at 111.2”C and a mesomorphic texture appeared 
in this photo.” 

Phoro No. 6: when the sample in Photo No. 5 was heated up to 
113.3”C, the discophase cleared again into the isotropic liquid. (See 
Figure 5 for the discotic textures obtained from the isotropic liquid 
in the cooling stage.) 

Thus, the double clearing behavior could be observed by a polar- 
izing microscope. 

This double clearing behavior of the 8c@-cu was also confirmed 
by DSC measurements, as shown in Figure 6. Peak I (at ca. 86°C) 
and peak I1 (at 92.5”C), denoted in this figure, correspond to the 
melting from K, crystals to the D phase and the clearing from K, 
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74 K. OHTA et al. 

FIGURE 4 Photomicrographs of 8C80-Cu. 
(a) when the virgin crystals of the 8C80-Cu were heated up to 86°C and the cover 
glass was pressed, it showed fluidity with birefringence. (b) when the virgin crystals 
(K, phase) of the 8C80-Cu at room temperature were set on a hot plate at llO.O"C, 
they melted into the D phase and cleared into isotropic liquid and then the D phase 
and the I.L. were recrystallized slowly into needle-like crystals (K, phase). 

crystals to the I .L. ,  respectively. Exothermic peak I11 corresponds to 
the recrystallization from the D phase and from the I.L. to K, crystals. 
Peak IV (at 111.2"C) and peak V (at 113.3"C) correspond to the 
melting from K, crystals to the D phase and the clearing from the D 
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DOUBLE CLEARING OF DISCOGEN 15 

FIGURE 5 Optical textures of the mesophase of 8C80-Cu at 111.2"C (a) and 
11O.O"C (b) on cooling from the isotropic liquid. 

phase to the I.L.,  respectively. It is noteworthy that no weight losses 
were observed by thermogravimetric measurements for all transi- 
tions, and that the ratio of peak I1 (due to the clearing from the K, 
to the I.L.) to peak I (due to the melting from the K, to the D phase) 
increases with a rapider heating rate. These facts mean that since the 
superheating of the melting from the K, phase to the D phase occurs 
largely due to a rapider heating rate, the clearing from K1 phase to 
the I.L. can be observed much clearly for a rapider heating rate. 

Thus, we found for the 8C80-Cu that the transition from the 
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FIGURE 6 DSC thermograms of K, of SC,O-Cu for different heating rates. Peaks 
denoted with I ,  11, 111, IV and V in this figure are explained in the main text. 

crystalline phase K, to the discophase D is superheated to show a 
new thermal behavior of double clearing, although W. C. McCrone 
expressed in his review that such a superheating of a transition from 
a crystalline phase to a mesophase does not OCCUI.’~ Such double 
clearing behavior of the 8C80-Cu is the first example for meso- 
morphic compounds, so far as we know. 

4. New definition of clearing 

Hereupon, we needed to modify the definition of “clearing.” Con- 
ventionally, “clearing” is termed a transition only from a liquid crys- 
talline phase to an isotropic liquid phase for a mesomorphic com- 
pound, as summarized in Table IV. However, when the definition is 
applied strictly to the thermal behavior of the present complex 
SC,O-Cu, the transition from the K ,  crystal to the I.L. at 92.5”C 
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DOUBLE CLEARING OF DISCOGEN 77 

TABLE IV 

Conventional and new definitions of melting and clearing 

Phase” transition Conventional definition New definition 

(i) Transition from K to I.L. 
for a non-mesomorphic 
compound 

Melting same 
(ii) Transition from K to L.C. 

for a mesomorphic 
compound 

Transition only from L. C. Transition from L. C. andlor 
to I.L. for a mesomorphic K to I.L. for a mesomorphic 
compound compound 

Clearing 

”Phase nomenclature: K =crystal, L.C. =liquid crystal, I.L. =isotropic liquid 

in this mesomorphic compound cannot conventionally be termed 
“clearing.” If the transition at 92.5”C is termed melting, it becomes 
confusing that both the transition from K, to D at 86.0”C and the 
transition from K, to I.L. at 92.5”C are termed as the same “melting.” 
So, we propose here a new definition for “clearing,” by which clearing 
is a transition from a liquid crystalline phase andlor a crystalline phase 
to an isotropic liquid phase for a mesomorphic compound. Using this 
definition of clearing, the transition from K, to D at 86.0”C is “melt- 
ing,” and, on the other hand, the transition from K, to I.L. at 92.5”C 
becomes “clearing.” Therefore, we term here the unique thermal 
behavior of the 8C@-cu a “double clearing behavior.” 

IV. CONCLUSION 

Two new octa-substituted disk-like bis(P-diketonato)copper(II) com- 
plexes, 8C,-Cu and 8C80-Cu, have been synthesized. The same 
type of octa-substituted copper complexes, SGO-Cu, which was 
synthesized for the first time by A. M. Giroud-Godquin er al., has 
also been prepared. The thermal behavior of these three complexes 
was investigated by means of microscopic observations and DSC 
measurements. It was found that the 8cg-Cu exhibits not a discotic 
mesomorphism but a usual double melting behavior via the isotropic 
liquid, and that the 8C90-Cu exhibits an unusual double melting 
behavior via the discophase which had not been reported by A. M. 
Giroud-Godquin er al. Furthermore, it was found that the 8C,O--Cu 
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78 K. OHTA et al .  

exhibits a new thermal phenomenon of “double clearing behavior” 
which is originated from a superheating of the transition from the 
crystalline phase to the discotic phase. Such double clearing behavior 
of the 8C80-Cu is the first example in the mesomorphic compounds, 
so far as we know. 
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