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Although transition-metal phthalocyanides have 
been intensively studied since the 1930s for their ap- 
plications in the pigment industry [l, 21 and as 
model compounds for the naturally occurring metal- 
loporphyrins [3], rare-earth phthalocyanides were 
first prepared only fifteen years ago [4]. Recent 
interest in these compounds is due to their peculiar 
electrochimic properties. Deposited as a thin film 
on an electrode which is immersed in an electrolyte, 
lutetium diphthalocyanine exhibits five colors (violet, 
blue, green, yellow-tan, and red) when the voltage of 
the cell is varied between -1.5 and +1.5 V [5, 61. 
Although its electro-optic properties are well docu- 
mented, lutetium diphthalocyanine itself has not 
been satisfactorily characterized due to the lack of a 
reliable preparative method leading to a single pure 
compound. Several groups [4, 7-91 have reported 
two colored compounds (blue and green) as products 
formed during the preparation of various lanthanide 
(Ln) phthalocyanine (PC) complexes. The blue form 
was identified by Kirin et al. [7] as a lanthanide 
diphthalocyanine complex LnPcsH (PC being 
Ca2Hr6Ns) by elemental analysis. These authors sug- 
gested that the green form was a monophthalo- 
cyanine LnPcCl based upon its optical spectrum com- 
pared to those of other metal monophthalocyanines, 
despite the lack of an elemental analysis. MacKay er 
al. [9] reported that both the blue and the green 
forms are rare earth diphthalocyanines which would 
interconvert depending upon the nature of the 
solvent environment, but again no reliable elemental 
analysis was obtained. Corker et al. [lo] obtained 
lutetium diphthalocyanine as a green compound for 
which they suggested the formula [LuPQH]’ A-, A- 
being an unidentified anion; they also showed that 
blue and violet species could be obtained from the 
latter by electrochemical reduction, while a yellow- 
red species was formed by electrochemical oxidation. 
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In this letter, we report the isolation and charac- 
terization of lutetium diphthalocyanine (green form) 
by elemental analysis, visible spectroscopy, mass 
spectrometry, magnetic susceptibility measurement 
and ESR spectroscopy, and we show that the data ob- 
tained collectively favor the formula LuPcs for this 
compound. Further more, preparative methods for 
the one-electron oxidized form (yellow-tan) as well 
as for two reduced forms (blue, violet) are described. 

Results and Discussion 

Lutetium diphthalocyanine was synthesized by the 
method of Moskalev and Kirin [ 1 I]. Lutetium 
acetate (Johnson Matthey, 4N purity) and o-phthalo- 
nitrile (Fluka AC) mixed in the molar ratio 1 :lO were 
slowly heated in a open container. The solid reaction 
product which formed after 3 hours at 3 10 “C was 
washed successively with acetic anhydride, acetone, 
dimethylformamide, and again with acetone, and 
dried in air at 110 “C. The resulting product, which 
gave three spots on a thin-layer chromatogram (silica 
gel/chloroform-benzene 12%), was chromatographed 
over silica gel using a 12% chloroform-benzene 
eluent. The concentrated effluents gave a green 
microcrystalline powder yielding a single spot on 
TLC. The elemental analysis of this compound is con- 
sistent with a lutetium diphthalocyanine formulation. 
Anal. Calc. for LuPcs (Cs2Hr6NsLu): C, 64.1; H, 2.7; 
N, 18.7; Lu, 14.6%. Found: C, 63.3;H, 2.4;N, 17.8; 
Lu, 13.9%. Mass spectrometric measurements were 
performed by evaporating the sample at 330-350 “C 
under 10e6 to lo-’ torr; m/e values of 1199 and 
599.5 were obtained for singly and doubly charged 
species, in agreement with the formula LuPcz. No 
peak was observed at 1200 corresponding to the 
previously proposed formulations LuPczH and 
[LuPczH] + A-, nor at the values expected for the 
hypothetical anion A- (acetate, chloride). Figure 1 
shows the visible spectrum of this analytically pure 
green sample, in good agreement with that of Corker 
et al. [lo]. 

Magnetic susceptibility measurements were made 
using a vibrating sample magnetometer. Figure 2 
shows the uncorrected inverse molar susceptibility 
versus temperature for the green compound. A typi- 
cal Curie-Weiss behavior is observed with no 
observable magnetic ordering down to 4.2 K. The 
effective magnetic moment, independent of tempera- 
ture, is 1.76 BM indicating a single unpaired spin per 
molecule. This unpaired electron is also apparent in 
ESR spectroscopy as an intense signal at g = 2 with a 
band width of ca. 2 G, which is typical of a radical 
species of an extended conjugated ring system [12]. 
These data are incompatible with the LuPcsH formu- 
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Fig. 1. Optical spectra of LuPcz (-- - 
(sb&)- (- ) in dichloromethane. 

-) and (LuPc$+ 

T(K) 

Fig. 2. Inverse molar susceptibility versus temperature for 
LUPCZ. 

la, which implies a closed-shell f14 ‘cation (Lu3+) 
bound to two diamagnetic phthalocyanine rings 
(PC’- and HPc-), one of them being protonated for 
charge balance. On the other hand, the above data 
provide further support to the LuPcZ formulation: 
the complex can be viewed as a diamagnetic Lu3+ 
cation sandwiched between a phthalocyanine (PC’-) 
and a one-electron oxidized phthalocyanine (PC’-), 
the latter being responsible for the observed para- 
magnetism. Alternatively, the unpaired electron could 
be delocalized on both phthalocyanine rings. Interes- 
tingly, transition metal complexes of the phthalocy- 
anine radical have been described [ 121. 

Treatment of LuPc2 in dichloromethane with one 
equivalent of phenoxathiin cation radicalhexachloro- 
antimonate gave the oneelectron oxidation product 
(LuPc2)+(SbC1J which was isolated as a reddish- 
brown powder. Anal. Calcd. for (LuPc2)+(SbC16)-: C, 

50.1; H, 2.1; N, 14.6; Cl, 13.9; Sb, 7.9%. Found: C, 
50.2; H, 2.3; N, 14.3; Cl, 13.3; Sb, 9.4%. The visible 
spectrum of this pure compound is shown in Fig. 1. 
Its magnetic susceptibility and lack of ESR signal 
indicate an essentially diamagnetic complex. A 
similar, but impure, compound was obtained by 
Corker et al. by electrochemical oxidation [lo] . 

Reduction of LuPc2 in dichloromethane with zinc 
amalgam under argon afforded successively a dia- 
magnetic blue species and a violet species, both of 
which are readily reoxidized by air to LuPc2, in agree- 
ment with the electrochemical studies of Corker et nl. 
[lo] . Figure 3 shows successive visible spectra 
recorded during the violet-to-blue conversion by 
atmospheric oxygen. The spectrum of the blue 
species is identical to those obtained by other 
workers for solutions of LuPc2 in dimethylformamide 
[4, S-10], indicating that impurities such as di- 
methylamine in the latter do reduce green LuPc2 to 
blue (LuPc2)-. 

I 1 1 I I J 
400 500 600 700 800 

A (nm) 

Fig. 3. Optical spectra of reduced lutetium diphthalocyanine 
upon reoxidation by atmospheric oxygen. Violet species, 
presumably LuPci- ( -_); blue species, presumably 
LuPcy(- -); intermediate spectra (- - - -, . ...). 

Isosbestic points are observed during interconver- 
sion of the violet and blue forms (Fig. 3), and also for 
the blue-to-green and the gree-to-brown transitions. 
These observations lend support to the conclusion 
by Corker et al. [lo] that all the colored species they 
obtained electrochemically from green lutetium diph- 
thalocyanine have the same basic structure and differ 
only by their redox level. However, our isolation and 
characterization of LuPc2 and (LuPc2)+(SbC16)- leads 
to a different structural assignment: the species 
responsible for the electrochromic properties would 
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be the following in order of increasing oxidation 
level: LuPcz- (violet, ESR active [lo]), LuPcZ (blue, 
diamagnetic), LuPca (green, S = l/2), LuPci (reddish- 
brown, diamagnetic), LuP$ (red, not characterized). 
That the phthalocyanine rings are the sites of electron 
transfers throughout this series, as suggested both by 
Corker’s [lo] and our data could be established by 
further magnetic and structural studies [13, 141. 
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