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of an arreversible path in the Gim [1]. In contrasi
with the. dulerence in the first oxidation potentials.
the as-deposited and .iezanncaled MgPe behaved in
similar manners for the subsequent redox eyeling,
i.e.. they showed reduction and oxidation potentials
of =040 and +0.60V (versus SCLY. respectively
fsee Fig, 2 and {1]).

The  as-deposited . MgPe  film has an intense
absorption maximum  al around 685 nm with o
shoulder at around 650 nm. Afler the oxidation, the

bluish film changed o purple, since the 685 nn peak.

decreased and the 350 nm peak grew. After the first
oxidation reduction cycling, the absorption spec-
trum recovered o that ot the virgin film {Fig. 3.
curve  d:). Similar spectral  features oft the  as-
deposited MgPe have been reported clsewhere [1].

The absorption spectrum of  the anncaled  ilm
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(Fig. 3. curve by) s red shifted and broadened
compared with that of the wvirgin MgPe. The
absorption of the metal phthaloeyanines has been
recognmized 1o shilt toward s longer-wavelength
region by heal treatment [6]. A shight change in
the absorption spectrum or a colouwr change i the
heat-treated film iy seen after ihe first. oxidation. In
contrast. after the first oxidation reduction eveling
{Fig. 3. curve b:). the film showed a similar
absorption spectrum  to that of the  as-deposited
MgaPe (Fig. 3, corve az).

Fig, 4 shows FTIR absorption spectra tor the as-
deposited and the annealed samples, together with
the results after the fist oxidation and the firsi
oxidation--reduction. Typical absorption lines cited
1n the text are listed in Table 1. where the numbering
system of Sidorov and  Kotlyar [3] is adopted.
Absorption line 8 of the virgin film (774 cm 'y,
charactenstic of the a-phase. disappears and a new
ahsorption. line Y (780 ¢m 'y appears atter heat
treatment. This resulled from the ¢ - f transition of
MgPe [3. 10]. Doublets are seen for hnes 20 and 28
of the annealed film. The appearance of these
doublets are also peculiar (o j-MglPe | 100 1]
Absorption line 20 and linpe 28 become a single line
after the first oxidation. indicating that the oxidation
of -MgPe induces a structural transition other than
/3. Absorption line 8 of anncaled MgPe (780 cm ')
is unchanged after the first oxidation and shifts (o
774cm ' of the « polymograph after the lirst
oxidation reduction. The result is consistent with
that of the visible absorption mentioned  already.
Absorption line 18 (1078 em 'y of the as-deposited
filmy s attributed to Co N stretching vibration of the
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Figwe 3 Visible absorption speetry of as-deposited and annealed MePe s corve apy as deposited: corse 3.0 as deposited, after the first axidation:

curve s, as deposited, altecahe first oxidation - reduction; corve b annealed: curve by, anoealed. after 1the first oxidston: curve b amovaled, after

the first oxidaoon reduction.
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Figure 4 TTIR spevtra ol as-deposited and aonealed MePe Gloms: curme o | as depuosited: curve as.
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as dleposited, after the first oxidation: curve o, as -

deposited. alter the first oxadation reduction: curve Pyanneateds curse beo annealed. afler the firl vidationt; curve Ba, annealed, afler e first

enaelitiont - reduction.

TABLLE I FTIR absorption lines cited in the text

Absorption Wavenumber {em ')

line e
As-depusited Mgbe Anncaled MgPe
As-deposited Aller first After first Amnegled Afler firu After first
uxidation oxidation reduction axidation oxtclation reduction
X 174 TS 774 774
Y : 7R 781 -
[ 192 T4 -
[¥74 147 1076 1076
21 s IS 1115 L1i4 I3 [L13
: 1123
2N 1456 [-447 1456 1452 1447 1452
1472 ;

MgPe molecule [10] and is related to the colour
change of the film. Absorption line 18 of ihe virgin
hlm shifts toward a lower-energy region after the
first oxidation and recovers to that of the as-
deposited after the first oxidation reduction.. As for
the anncaled film. absorption line 18 scarcely
changed for redox cveling, which also ;lgrees with
the resuit of the visible absorption of this film.
In summary the following results are obtained.

I. The potential barricrs for ‘anions to migrate
through MgPc films at the first oxidation is higher in
F-phase films than in ¢-phasce Hims.

2. Swretehing of carbon nitrogen bonds in the
phthalocyanine rings causes the clectrochromisn, or

the reversible colour change, of MgPe. Oxidation of

as-deposited («-phase) films leads to a change in
colour from blue to purple while that of the heat-
treated (f-phase) films does not lead to any colour
change.

1896

3. Oxidation ol fS-phase films induces structural
transformation to a phase other than /3.
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