February, 1994] (© 1994 The Chemical Society of Japan

Bull. Chem. Soc. Jpn.,67, 385—389(1994) 383

Syntheses and Characterization of Bromo- and
Chloro(phthalocyaninato)bismuth(III) Complexes

Hiroaki ISAGO* and Yutaka KAGAYA
National Research Institute for Metals, 3-12, 2-Chome, Nakameguro, Meguro-ku, Tokyo 153
(Received June 23, 1993)

By the reactions of BiXs (X=CI~, Br~, I7, and NO3~) with Liz(pc) (pc=phthalocyaninate dianion,
C32H16Ng?™) in dimethyl sulfoxide, N,N-dimethylformamide, acetonitrile, and acetone, [Bi(pc)X] complexes
have been produced. These complexes were also produced by heating a mixture of BiX3 and phthalonitrile.
Among them, [Bi(pc)Cl] and [Bi(pc)Br] were isolated for the first time as a phthalocyanine complex of group-15
elements and successfully characterized by elemental analyses, solution chemistry, electronic and IR spectroscopy.
The latter two complexes were soluble in polar solvents, but were insoluble in nonpolar solvents. In solutions,
bismuth(III) in [Bi(pc)X] was labile and was readily expelled from a pc ring by a trace amount of water, acids, and
bases, and it was replaced by a divalent transition metal upon the addition of MSO4 (M=cobalt(II), nickel(II),
copper(II), and zinc(II)) forming [M(pc)]. The electronic and IR spectra of the [Bi(pc)X]s were characteristic of
the usual metallophthalocyanines, except that a hyper metal-to-ligand charge-transfer band appeared in their

electronic spectra.

Although phthalocyanine complexes of almost all of
the metallic elements in the periodic table are known,?
complexes of semi-metal elements (in particular of
group-15 elements) have been less investigated.? In
recent years, porphyrin (possessing a similar tetra-
pyrrole ring skeleton) complexes of group-15 ele-
ments (phosphorus,?~" arsenic,>% antimony,>*%#® and
bismuth?*®) have been intensively investigated. In
contrast, up to now, only a few reports have been de-
voted concerning studies of the phthalocyanine com-
plexes of these elements.?’ Gouterman and coworkers
studied the spectroscopic properties of phosphorus com-
plexes whose chemical compositions were unknown.>”
Rutter, Jr., et al. reported on the preparation of an
arsenic complex in solution and its visible absorption
maximum (580 nm),” which was anomalous for the
usual metallophthalocyanines.'® Linstead and cowork-
ers have prepared two kinds of antimony complexes
which were only characterized by elemental analyses.!?
Two research groups reported on a bismuth derivative
in which the bismuth was identified as an anomalous
divalent ion by only elemental analysis'® and mass
spectroscopy.'® That is, essentially nothing is known
about the phthalocyanine complexes of group-15 ele-
ments. The present investigation of bismuth—phthalo-
cyanine complexes was undertaken with the intention
of obtaining information concerning the spectroscopic
and chemical properties of phthalocyanine complexes
of group-15 elements and of comparing the properties
to those of the usual-type metallophthalocyanines.

Another interest stems from whether the bis-
(phthalocyaninato)bismuthate(III) species will form or
not. Since remarkable electrochromic properties of bis-
(phthalocyaninato)lanthanoids(III) were first reported
by Moskalev and Kirin,'¥ a number of studies have been
published concerning the applications of these materi-
als to electrochromic display devices.!® Moreover, in-
creasing attention has been paid in recent years to these

lanthanoid(III) complexes from various view points of
both pure and applied chemistry.®) Bismuth(III) re-
sembles lanthanoids(III) as follows: (1) its ionic ra-
dius with the same coordination number is close to
those of the lanthanoids(III);'” (2) it prefers a large
coordination number, such as eight or nine, to smaller
ones;'® and (3) the trivalent oxidation state is most
stable. Therefore, bis(phthalocyaninato)bismuthate-
(III), which is similar to lanthanoid complexes, are
likely to form if the coordination geometry of the
phthalocyanines around a given central metals would
be determined by only the valence and ionic radius of
the metal.!® The authors have attempted to synthe-
size the bis(phthalocyaninato)bismuthate(III) species
by conventional synthetic methods using bismuth(III)
salts and either dilithium phthalocyaninate (Liz(pc);
pc represents phthalocyaninate dianion, C3aHi6Ng2™)
or phthalonitrile. However, at present, there has been
no experimental evidence concerning the formation of
the desired species. As described below, only mono-
(phthalocyaninato) species were obtained as the main
products.

This paper describes the first case in which phthalo-
cyanine complexes of group-15 elements were isolated
and characterized.

Experimental

Materials. Commercially available dilithium phthalo-
cyaninate (Liz(pc)) was recrystallized from dry acetone ac-
cording to the literature.?”) Bismuth(III) salts (BiXs; X~ =
Cl7, Br™, and I7, and Bi(NO3)3-5H20) were of reagent
grade (99.99—99.9%) and used as received. Acetonitrile
was dried over molecular sieves (0.3 nm) for 24 h and then
distilled twice over phosphorus pentaoxide. Dimethyl sulfox-
ide (DMSO) and N,N-dimethylformamide (DMF) were dried
over molecular sieves (0.4 nm) for 24 h and then distilled in
a vacuum. Tetrahydrofuran (THF) was passed through an
activated-alumina column and then distilled over molecu-
lar sieves (0.4 nm). All of the above-mentioned solvents
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were distilled just before use. The other solvents used were
preliminary dried and purified by a method described in the
literature.?) All of the other chemicals were of reagent grade
and were used without further purification.

Preparation of [Bi(pc)X] (X=Cl~, Br™, I", and
NOs™) in Solution. The formation of the [Bi(pc)-
X] complex was initiated at room temperature by mixing
two DMSO solutions severally containing a certain amount
of BiX3 and an appropriate amount of Liz(pc). In a typi-
cal experiment, upon the addition of an equimolar amount
of Lis(pc) to a BiCls solution, the solution immediately
turned yellow-green. The resultant solutions, after being
precisely diluted to a certain volume with DMSO, were im-
mediately submitted to spectrophotometric measurements.
The electronic spectrum of the reaction solution (Fig. 1)
was characteristic of the usual metallophthalocyanines,'®
indicating the formation of the bismuth(III)-phthalocyanine
complex.

Preparation of Bromo(phthalocyaninato)bismuth-
(IIT), [Bi(pc)Br] (Substitution Method). We dis-
solved 0.21 g (0.47 mmol) of BiBr3 into 28 ml of acetonitrile.
After filtration, the solution was added at room temperature
to 25 ml of an acetonitrile solution containing 0.30 mmol of
Liz(pc). The resultant solution rapidly turned yellow-green,
and then yellow-green microcrystalline solids precipitated
within several minutes. The solids were collected by filtra-
tion with suction, washed with acetonitrile, and then dried
under vacuum at 80 °C. All of the operations were per-
formed in a glove box under a dry argon atmosphere. Yield;
95 mg (40% vs. Liz(pc)). Anal. Found: C, 48.80; H, 2.16;
N, 14.06%. Calcd for C32H16NgBiBr: C, 47.95; H, 2.01;
N, 13.99%. This complex was likewise prepared from corre-
sponding acetone solutions. Yield; 91 mg (38% vs. Li2(pc)).
Anal. Found: C, 46.83; H, 2.03; N, 13.60%.

Preparation of Chloro(phthalocyaninato)bismuth-
(I1I), [Bi(pc)Cl] (Substitution Method). We dis-
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Fig. 1. Electronic absorption spectrum of [Bi(pc)Cl]
produced by the reaction between BiCls and Liz(pc)
in DMSO.
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solved 0.14 g (0.44 mmol) of BiCls into 26 ml of an ace-
tonitrile. After filtration, the solution was added at room
temperature to 25 ml of acetonitrile solution containing 0.15
mmol of Liz(pc). Yellow-green microcrystalline [Bi(pc)Cl]
complexes were obtained in a similar manner as described
above. Yield; 80 mg (70% vs. Liz(pc)). Anal. Found: C,
49.45; H, 2.04; N, 14.54%. Calcd for C3zH16NgBiCl: C,
50.77; H, 2.13; N, 14.81%.

Neither Bils nor Bi(NO3)3-5H20 was available as a start-
ing material due to their insolubility in these solvents.

Preparation of Chloro(phthalocyaninato)bismuth-
(I1I), [Bi(pc)Cl] (Nitrile Method). A mixtureof 1.7 g
(5.39 mmol) of BiClz and 7.8 g (60.9 mmol) of phthalonitrile
(1:11 in molar ratio) was fused under an argon atmosphere
in a capped flask at 300 °C for 1 h with occasional stirring.
Crude products were obtained as a viscous greenish fluid and
then solidified when allowed to cool to room temperature.
The solid was washed with dichloromethane for 72 h using
a Soxhlet-extractor. The remaining solid was dissolved into
DMSO. After filtration, the solution was chromatographed
over a silica-gel column (Merck, Silica Gel 60, 30 cm long and
2.5 cm in diameter). The solution was separated into three
chromatographic bands. After an uncharacterized yellow-
brown band was eluted out, a light-blue band (minor frac-
tion; [M(pc)]-like spectrum, Amax=672 nm) and a yellow-
green band containing [Bi(pc)Cl] (main fraction; Amax=716
nm) were eluted out with DMSO in this order. A consider-
able amount of blue solids, which were identified as Hz(pc)
by the electronic spectrum in 1-chloronaphthalene, precip-
itated both from the eluates and in the column bed as the
[Bi(pc)Cl] band had passed by. Therefore, no pure [Bi(pc)-
Cl] was isolated by this method. Essentially, the same re-
sults were obtained when Bilz and BiBr3 were used instead
of BiCls.

Measurements. Measurements of the electronic spec-
tra were carried out at room temperature using a Shimadzu
UV-160A recording spectrophotometer (300—1100 nm re-
gion). The IR spectra of the solid materials were recorded
at room temperature on a JASCO FT/IR-8000 spectrome-
ter (650—4000 cm ™! region) by a diffuse reflectance method
(KBr media). All of the measurements were carried out for
materials whose elemental analytical data were known, un-
less otherwise noted.

Results and Discussion

Preparation. The reactions between BiX3 and
Lig(pc) in DMF, DMSO, acetonitrile, acetone, and THF
proceeded quite rapidly, even at room temperature. It
is well known that the lithium ions in Liz(pc) are read-
ily replaced by other metals.!® A similar substitution
reaction, such as BiX3+ Liy(pc)—[Bi(pc)X]+2LiX, is
considered to take place in the reaction. In order to
determine the composition of the produced complex,
the absorbance at 716 nm (the [Bi(pc)X] Q-band) was
plotted as a function of the molar ratio (R) of Liz(pc)
to BiCls (Fig. 2). The absorbance increases in propor-
tion to the R values until R reaches 0.95, but remains
almost constant beyond this value. Thus, the molar
ratio of bismuth(III) to the pc ligand in the complex
is unity. This was confirmed by elemental analyses for
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Fig. 2. Plots of the absorbance at [Bi(pc)Cl] Q-band

in DMSO solutions containing BiCls and Liz(pc) as
a function of the initial molar ratios of Liz(pc) to
BiCls in solutions (R=[Liz(pc)]o/[BiCls]o): just (®),
two days (), four days (<), and seven days (O) after
preparation. [BiCls]o=1.29%107° moldm™2.

the solid materials ([Bi(pc)Cl] and [Bi(pc)Br]). When
BiBr3, Bils, and Bi(NOg3)s were used as the starting
materials, virtually identical spectra as that in Fig. 1
were observed. Thus, a 1:1 complex forms in the re-
actions, irrespective of the starting bismuth salts stud-
ied. The same complexes were produced in DMF, ace-
tonitrile, acetone, and THF; the absorption spectra in
these solvents were the same as that in Fig. 1. How-
ever, in THF the reaction solution isosbestically turned
blue due to the formation of Hy(pc). In acetonitrile and
acetone, the complexation was followed by the precip-
itation of yellow-green solids of [Bi(pc)X]. Regardless
of the bismuth(IIT) salts and solvents studied, only the
mono(phthalocyaninato) species were obtained as prod-
ucts of the reactions.

In the presence of excess Lix(pc), however, a pro-
longed reaction time (up to a week) appears to give rise
to a quite slow succeeding reaction between the pro-
duced [Bi(pc)X] and Liz(pc). The absorbance at 716
nm gradually decreased in the R>0.95 region, although
there was little decrease in the R<0.95 region (Fig. 2).
New absorption bands at around 640 and 740 nm grew
in intensity during the course of one week. One possi-
ble explanation for this observation is that bis(phthalo-
cyaninato)bismuthate(III), [Bi(pc)2]~, was produced.
However, a quite low yield and a difficulty in the chro-
matographic separation of this species has resulted in
a further characterization at present. Attempts to ac-
celerate the reaction by heating the solutions at 60 °C
resulted in the decomposition of [Bi(pc)X] into Ha(pc)
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and unknown bismuth compounds.

In the preparation of [Bi(pc)X], the choice and dehy-
dration of the solvents are most important. At present,
dehydrated acetonitrile is the most useful for the fol-
lowing reasons: (1) both BiCls (or BiBr3) and Lix(pc)
are sufficiently soluble; (2) the formation of [Bi(pc)X]
takes place quite rapidly; and (3) the produced [Bi(pc)-
X] is sparingly soluble in the solvent. Acetone is also
available for the preparation of [Bi(pc)Br] for the same
reasons. Since [Bi(pc)X] complexes were deposited as
soon as they were produced (within several minutes),
they did not undergo unfavorable succeeding reactions.
The [Bi(pc)X]s were also produced in DMSO and DMF.
However, they were relatively soluble in these solvents
which are quite labile, and hence a considerable amount
of [Bi(pc)X] changed to Ha(pc) and an uncharacterized
[M(pc)]-like species (Amax=672 nm) during the concen-
tration procedure, even below 70 °C. In THF, the pro-
duced [Bi(pc)X] gradually changed to Ha(pc) at a half-
life time of about one hour at room temperature. Al-
though Linstead et al. attempted to prepare bismuth-
(III) complexes in a similar manner using ethanol as a
solvent, they reported that only Hz(pc) was obtained.'V
This was probably due to the instability of the produced
bismuth complex and/or moisture in the solvents used.
The authors should note that when the acetonitrile used
had been preliminary insufficiently dehydrated, the de-
posited complexes from the solvents were contaminated
by a considerable amount of Hy(pc).

The nitrile method was employed with the inten-
tion to prepare bis(phthalocyaninato) species. This was
because a series of bis(phthalocyaninato)lanthanoids-
(III) have been prepared as the main products by simi-
lar methods.!¥ However, only mono(phthalocyaninato)
species formed as a main product, although no pure ma-
terial was isolated in this study. A prolonged reaction
time (up to 24 h) yielded virtually the same results.

Contrary to our expectation, no experimental evi-
dence for the formation of the bis(phthalocyaninato)
species could be obtained. It is of importance to point
out that lanthanoids(III) readily formed bis(phthalo-
cyaninato) species, whereas bismuth(III) did not un-
der the same conditions. One possible explanation for
the difference between the chemistry of the metals is
that bismuth(III) has a lone-pair electron in the outer
shell, whereas the lanthanoids(III) do not. It has been
reported that the lone pair is stereochemically active
and determines the coordination geometry around a bis-
muth ion.'® In a number of bismuth(III) compounds, a
stereochemically active lone pair lengthens (and hence
weakens) the chemical bonds which are oriented toward
the same direction as the lone pair.'® In the case of
[Bi(pc)X] complexes (which are approximately Dy in
symmetry) the lone-pair orbital is rich in the 6p, char-
acter (the Cy-axis is chosen as a z-axis) and hence lies
perpendicular to the pc plane. If another pc ligand
would be ligated to the same bismuth ion, the chemical
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bonds would be oriented toward the same direction as
the lone pair. It is therefore likely that the lone pair
may prevent any close contact of another pc ligand to
the coordination sphere of the bismuth(III) ion in [Bi-
(pc)X].

However, [Bi(pc)X] in DMSO and DMF appears
to react with one more Liz(pc), forming an unknown
species which shows absorption bands at around 640
and 740 nm. A number of bis(phthalocyaninato)metal
complexes have been reported to show similar absorp-
tion bands in this region.!® Thus, the possibility that
the bis(phthalocyaninato) species is produced in this re-
action cannot be completely excluded. Further efforts
to prepare the desired species are now in progress.

Solubility and Reactivity of [Bi(pc)X] Com-
plexes. Like the usual metallophthalocyanines, both
[Bi(pc)Cl] and [Bi(pc)Br] have limited solubility in com-
mon organic solvents. However, the complexes were rel-
atively soluble in polar solvents, such as DMF, DMSO,
acetone, pyridine, and THF, although in the latter two
the complexes gradually changed to Ha(pc). Interest-
ingly, these complexes were not soluble at all in nonpo-
lar solvents, such as chloroform, dichloromethane, ben-
zene, 1-chloronaphthalene, and 1,2,4-trichlorobenzene,
which had been conventionally used as solvents for the
usual phthalocyanines.?

Both [Bi(pc)Cl] and [Bi(pc)Br] were stable in dehy-
drated DMSO and DMF unless heated. No spectral
change was observed, at least for a few weeks at room
temperature. These complexes were also relatively sta-
ble even in solvents which had not been preliminary
dehydrated. Neither a spectral change nor precipita-
tion took place for a few days. On the other hand, in
acetone, pyridine, and acetonitrile, the complexes were
readily demetallated by moisture in the solvents, unless
the solvents used were preliminary dehydrated. In par-
ticular, in THF [Bi(pc)X] gradually changed to Ha(pc),
even in solvents which had been preliminary dehydrated
over molecular sieves (0.4 nm) and were distilled just
prior to use. Although the proton source in THF is
unknown at present, even careful purifications of the
solvent used in the experiments leaves trace amount of
water and/or other impurities able to generate protons.

Both [Bi(pc)Cl] and [Bi(pc)Br] complexes were air-
stable, but quite unstable against water and acids in
both the solid state and solution. The addition of a
small amount of either water, glacial acetic acid, nitric
acid, or hydrochloric acid into either DMF or DMSO so-
lutions containing [Bi(pc)X] gave rise to a rapid precip-
itation of Hy(pc). These complexes reacted with some
bases in either DMF or DMSO solutions (as mentioned
below). The addition of a small amount of anhydrous
hydrazine also caused a rapid precipitation of Ha(pc),
probably due to its protic nature. A reaction with ei-
ther triethylamine or pyrrole at first gave rise to the
rapid formation of an unknown species showing a [M-
(pc)]-like Q-band at 710 nm, followed by a slow iso-
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sbestical change to [M(pc)]-like species whose spectrum
(Amax =665 nm) was virtually identical with that of
metal-free pc?~,'? indicating that a bismuth ion was
expelled from the pc ligand. Imidazole did not react
with [Bi(pc)X] at all.

In solution, both [Bi(pc)Cl] and [Bi(pc)Br] reacted
with divalent transition metals, even at room tempera-
ture, upon the addition of MSO4 (M=cobalt(II), nickel-
(I1), copper(Il), and zinc(II)) forming corresponding
[M(pc)]. For example, upon the addition of a DMSO
solution containing ZnSO4-7TH,0 to a DMSO solution
containing [Bi(pc)Br] (30:1 in molar ratio), [Bi(pc)Bi]
gradually and isosbestically changed to [Zn(pc)] (Amax=
670 nm'®) as shown in Fig. 3. Similar spectral changes
were observed during a reaction with copper(II) sulfate.
Thus, a bismuth(III) ion in [Bi(pc)X] was directly re-
placed by either zinc(II) or copper(II). On the other
hand, the reaction of [Bi(pc)X] with cobalt(II) at first
gave rise to a rapid formation of an unknown species
showing a [M(pc)]-like Q-band at 710 nm, followed by a
slow isosbestical change to [Co(pc)] (Amax=667 nm'?).
Figure 4 shows the spectral changes of a DMSO so-
lution containing [Bi(pc)Br] to which a DMSO solu-
tion containing CoSO4-TH0 (1:39 in molar ratio) was
added. Similar spectral changes were observed during
the reaction with nickel(II) sulfate, except that a Q-
band of an intermediate was located at 712 nm. De-
tails concerning the mechanisms of the reactions with
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Fig. 3. Spectral changes during a reaction between

[Bi(pc)Br] and Zn(SO4) in DMSO ([Bi(pc)Br]o =
ca. 1.82x107° moldm™2). The arrows indicate the
direction of the spectral changes: just, 51 h, 102 h,
171 h, and 216 h after the addition of Zn(SO4).
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Table 1. Electronic Spectral Data of [Bi(pc)X] Complexes in DMSO

X~ Amax/nm (molar coefficient constant/10° dm® mol™' em™?)

clr- 716.0 (1.69), 645.0 (0.34), 415 (sh,® ca. 0.17), 343.0 (0.71)
Br~ 716.0 (1.68), 645.0 (0.34), 415 (sh, ca. 0.17), 344.0 (0.71)
- 715.5 (1.00),  645.0 (0.20), 415 (sh, ca.0.10),  343.0 (0.47)
NO3z~ 716.0 (1.00), 645.0 (0.24), 415 (sh, ca. 0.10), 343.0 (0.48)
a) Sh; shoulder. b) As far as [Bi(pc)I] and [Bi(pc)(NO3)] are concerned, the values in

parentheses are relative intensity.
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Fig. 4. Spectral changes during a reaction between

[Bi(pc)Br] and Co(SO4) in DMSO ([Bi(pc)Br]o=
ca. 1.82x107°% moldm™3). The arrows indicate the
direction of the spectral changes: just, 24 h, 51 h, 171
h, 216 h, and 744 h after the addition of Co(SO4).
The broken line indicates the spectrum before the
addition of Co(SO4).

cobalt(II) and nickel(II) are unknown at present, and
will be future subjects.

Thus, [Bi(pc)X]s are quite labile compared to the
usual metallophthalocyanines. It is noteworthy that
porphyrine analogues of bismuth(III) have been re-
ported to be likewise labile.?

Neither [Bi(pc)Cl] nor [Bi(pc)Br] was volatile, even
under a pressure of 0.0133 Pa up to 300 °C where
the usual metallophthalocyanines sublime.?) Above this
temperature, both complexes began to decompose to
Haz(pc)-like blue species and finally to phthalonitrile.

Spectroscopy. The electronic spectra of [Bi(pc)X]
(X~=Cl~, Br7, I, and NO3 ™) in DMSO were virtually
identical with each other and with that shown in Fig. 1.
The spectra are characteristic of the usual metallo-
phthalocyanines.'® Their spectral data are listed in Ta-

Table 2. IR Spectral Data of [Bi(pc)Br] and [Bi(pc)Cl]

v/em™! .
Assignment
[Bi(pc)Br]  [Bi(pc)Cl]  [Pb(pc)]
723 725 723 y(C-H)»
745 743 742 v(C-H)
772 774 771 v(C-N)©)
785 sh®) 781 sh 780
818 816 815
870 sh 870 sh 870 v(C-H)
885 886 881 p(M=Np)¥
953 955 951
1005 1005 1002
1060 sh 1060 sh 1059 B(C-H)®
1076 1076 1078 v(C-N)
1117 1119 1114 B(C-H)
1163 1163 1160 v(C-N)
1287 1287 1282 v(C-C)P
1331 1333 1330 v(C-N)
1412 1414 1404 v(C-C)
1487 1489 1484 v(C-C)
a) sh; shoulder. b) ~(C-H); out of plane C-H defor-

mation. c¢) v(C-N); C-N stretching vibration in pyrrole
skeleton. d) p(M-Np); metal-nitrogen rocking vibra-
tion. e) B(C-H); in plane C-H deformation. f) »(C-
C); C-C stretching vibration in isoindole skeleton.

ble 1. The same spectra were observed in DMF, ace-
tone, acetonitrile, THF, and pyridine solutions, al-
though the absorption bands arising from Hs(pc) were
observed in the latter two solvents. Hence, the elec-
tronic structure of the complexes is essentially the same,
irrespective of the solvents and sort of X~ studied. An
intense Q-band appeared at 716 nm, which is an excita-
tion from a HOMO (a1,(7)) to a LUMO (eg(7*))?? of
the pc ligand in character.'®?® The [Bi(pc)X] Q-band
is the most bathochromically shifted of the peripherally
unsubstituted metallophthalocyanines ever known,'®
indicating the proximity of the pc HOMO and LUMO
in energy. A broad band appeared at 340 nm, which
corresponded to a B-(Soret) band. An additional band
was observed at around 415 nm, which gave rise to the
green cast of the complexes. A quite similar absorption
band was reported for the (phthalocyaninato)lead(II)
complex, [Pb(pc)],>?® which was assigned as an excita-
tion from an as,(6p,) orbital of lead(I) to a pc eg(7*)
orbital (that is, a hyper metal-to-ligand charge-trans-
fer (MLCT) band in character) by the analogy with
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(porphyrinato)lead(IT).2® Phthalocyanine complexes of
germanium(IT) and phosphorus(III), which have a lone-
pair electron in the outer shell, also showed a similar ex-
tra band in this region.? Therefore, the extra 415 nm
band of [Bi(pc)X] can be assigned as a hyper MLCT
band, which is an excitation from an as,(6p,) orbital of
bismuth(III) to a pc eg(7*) orbital in character.

The IR spectra of [Bi(pc)Cl] and [Bi(pc)Br] are iden-
tical with each other. Thus, the molecular structure of
[Bi(pc)X] is almost the same, irrespective of the sort
of X~. The peak positions of the prominent bands are
listed in Table 2 along with the spectral data of [Pb-
(pc)]® for a comparison. The spectra are characteristic
of the usual metallophthalocyanines.?®—2® An empirical
assignment of the IR bands is proposed (Table 2) ac-
cording to the literature.?”-?®) The IR bands at around
900 cm™! have been assigned as a metal-pyrollic ni-
trogen (M-Np) rocking vibration (p(M-Np)), and are
considered to be related to the strength of the M-Np
bonds.?® The corresponding bands were observed at
887 cm™! for [Bi(pc)Cl] and 885 cm™? for [Bi(pc)Br],
respectively. These values are lower than those of tran-
sition-metal complexes.?®) The low frequencies of p(M-
Np) in [Bi(pc)X] appear to reflect the weakness of the
bismuth—nitrogen bonds.

The electronic and IR spectra of the [Bi(pc)X] com-
plexes resemble those of [Pb(pc)],>?*2% which is like-
wise labile.?®) This is not surprising, since the Bi(pc)™
moiety and [Pb(pc)] are isoelectronic with each other.
Based on the similarity in the ionic radii of the central
metals (Pb%*; 98 pm as four-coordinate and Bi%*; 96
pm as five-coordinate)!” and in the IR spectra, the
molecular structure of [Bi(pc)X] is considered to be
close to that of [Pb(pc)]. X-Ray crystallographic stud-
ies on [Pb(pc)] showed that the lead atom deviated by
ca. 100 pm from the pc plane.?? Likewise, the bismuth
atom in [Bi(pc)X] is anticipated to lie above the pc lig-
and. This nonplanarity is considered to signify their
lability.

The spectroscopic characteristics of [Bi(pc)X]s pre-
sented here significantly differ from those of the
bismuth(II)-phthalocyanine complex reported by Snow
and Jarvis.!? Although only the peak positions are de-
scribed without intensity data in the literature, both the
electronic and IR spectra of the latter seem to be close
to those of Ha(pc), rather than to those of the usual
metallophthalocyanines. It is lilkely that the bismuth-
(IT) derivative was contaminated with a considerable
amount of metal-free phthalocyanine, even though some
bismuth derivatives would have been produced. In ad-
dition, such a stable bismuth(II) species is unknown.

Conclusion

The [Bi(pc)C]] and [Bi(pc)Br] complexes have been
prepared and isolated for the first time as phthalo-
cyanine complexes of group-15 elements. Both nitrile
and substitution methods, which are conventional syn-
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thetic methods for metallophthalocyanines, have mainly
produced mono(phthalocyaninato) species. No experi-
mental evidence for the formation of the bis(phthalo-
cyaninato) species was obtained. The complexes were
quite labile compared to the usual metallophthalo-
cyanines, and were readily demetallated by water, acids,
and bases. The complexes also react with some divalent
transition metals in solutions, forming the correspond-
ing metallophthalocyanines.

The spectroscopic properties of the complexes were
characteristic of the usual metallophthalocyanines,
apart from the appearance of a hyper MLCT band in
the electronic spectra. The bathochromically shifted Q-
band (716 nm) in electronic spectra indicates the prox-
imity of the HOMO and LUMO of the pc ligand in
energy.

References

1) A. B. P. Lever, Adv. Inorg. Chem. Radiochem., 7,
27 (1965); F. H. Moser and A. L. Thomas, “The Phthalo-
cyanines,” CRC Press, Boca Raton, Florida (1983), Vols. I
and II.

2) P. Sayer, M. Gouterman, and C. R. Connell, Acc.
Chem. Res., 15, 73 (1982).

3) C. J. Carrano and M. Tsutsui, J. Coord. Chem., 7,
79 (1977); C. A. Marrese and C. J. Carrano, J. Chem.
Soc., Chem. Commun., 1982, 1279; Inorg. Chem., 22, 1858
(1983); 23, 3961 (1984); S. Mangani, F. E. Meyer, Jr., D. L.
Cullen, M. Tsutsui, and C. J. Carrano, Inorg. Chem., 22,
400 (1983).

4) P. Sayer, M. Gouterman, and C. R. Connell, J. Am.
Chem. Soc., 99, 1082 (1977).

5) T. Barbour, W. J. Belcher, P. J. Brothers, C. E. F.
Rickard, and D. C. Ware, Inorg. Chem., 31, 746 (1992).

6) L. K. Hanson, W. A. Eaton, S. G. Sligar, I. C.
Gunsalus, M. Gouterman, and C. R. Connell, J. Am. Chem.
Soc., 98, 2672 (1976).

7) M. Gouterman, P. Sayer, E. Shankland, and J. P.
Smith, Inorg. Chem., 20, 87 (1981).

8) A. Fitsgerald, R. E. Stenkamp, K. D. Watenpaugh,
and L. H. Jensen, Acta Crystallogr., Sect. B, 33, 1688
(1977).

9) H. A. Rutter, Jr., and J. D. McQueen, J. Inorg. Nucl.
Chem., 12, 361 (1960).

10) M. J. Stillman and T. Nyokong, “Phthalocyanines;
Properties & Applications,” ed by C. C. Leznoff and A. B.
P. Lever, VCH Publications, New York (1988), pp. 133—
289.

11) P. A. Barrett, D. A. Frye, and R. P. Linstead, J.
Chem. Soc., 1938, 1157.

12) A. W. Snow and N. L. Jarvis, J. Am. Chem. Soc.,
106, 4706 (1984).

13) R. B. Freas and J. E. Campana, Inorg. Chem., 23,
4654 (1984).

14) P.N. Moskalev and I. S. Kirin, Russ. J. Phys. Chem.,
46, 1019 (1972).

15) Y. Liu, K. Shigehara, M. Hara, and A. Yamada,
J. Am. Chem. Soc., 113, 440 (1991); H. Isago and R.
Hasegawa, Chem. Ezpress, 4, 233 (1989); H. Yamamoto,



February, 1994]

M. Noguchi, and M. Tanaka, Jpn. J. Appl. Phys., 23, L221
(1984); G. A. Corker, B. Grant, and N. J. Clecak, J. Elec-
trochem. Soc., 126, 1339 (1979); D. Walton, B. Ely, and
G. Elliott, J. Electrochem. Soc., 128, 2479 (1981); M. M.
Nicholson, Ind. Eng. Chem. Prod. Res. Dev., 21, 261 (1982),
and references cited herein.

16) For example: S. Misumi and K. Kasuga, Nippon
Kagaku Zasshi, 92, 335 (1971); A. T. Chang and J.
C. Marchon, Inorg. Chim. Acta, 53, L241 (1981); K.
Kasuga, M. Tsutsui, R. C. Petterson, K. Tatsumi, N. Van
Opdenbosch, G. Pepe, and E. F. Meyer, Jr., J. Am. Chem.
Soc., 102, 4835 (1980); D. Markovitsi, T.-H. Tran-Thi, R.
Even, and J. Simon, Chem. Phys. Lett., 137, 107 (1987);
H. Konami, M. Hatano, N. Kobayashi, and T. Osa, Chem.
Phys. Lett., 165, 397 (1990); H. Isago and M. Shimoda,
Chem. Lett., 1992, 147; E. Orti, J. L. Brédas, and C.
Clarisse, J. Chem. Phys., 92, 1228 (1990); P. Turek, P. Petit,
J.-J. André, J. Simon, R. Eve, B. Boudjema, G. Guillaud,
and M. Maitrot, J. Am. Chem. Soc., 109, 5119 (1987); K.
Ohta, L. Jacqumin, C. Sirlin, L. Bosio, and J. Simon, New
J. Chem., 12, 751 (1988).

17) R. D. Shannon, Acta Crystallogr., Sect. A, 32, 751
(1976). _

18) R. D. Rodgers, A. H. Bond, S. Aguinaga, and A.
Reyes, J. Am. Chem. Soc., 114, 2967 (1992); R. D. Rodgers,
A. H. Bond, and S. Aguinaga, J. Am. Chem. Soc., 114, 2960
(1992); S. I. Troyanov and A. P. Pisarevski, Koord. Khim.,
17,909 (1990); R. L. Davidovich and Yu. A. Buslaev, Koord.
Khim., 14, 1011 (1987), and references cited herein.

Syntheses of Bismuth—-Phthalocyanine 389

19) P. N. Moskalev, Koord. Khim., 16, 147 (1990).

20) Inorg. Synth., 20, 159 (1980).

21) J. A. Riddick, W. B. Bunger, and T. K. Sakano,
“Techniques of Chemistry, Vol. II, Organic Solvents-Physi-
cal Properties and Methods of Purification,” 4th ed, John
Wiley & Sons, New York, NY (1986).

22) In nomenclature of the molecular orbitals, the Bi-
(pc)t moiety is assumed to be D,y in symmetry for simplic-
ity although the bismuth atom in [Bi(pc)X] is considered to
deviate from the pc ligand plane as discussed later.

23) L. Edwards and M. Gouterman, J. Mol. Spectrosc.,
33, 292 (1970).

24) A. M. Schaffer and M. Gouterman, Theor. Chim.
Acta, 18,1 (1970).

25) W. J. Kroenke and M. E. Kenney, Inorg. Chem., 3,
696 (1964).

26) A. N. Sidorov and I. P. Kotlyar, Opt. Spektrosk., 11,
175 (1961).

27) H. F. Schurvell and L. Pinzuti, Can. J. Chem., 44,
125 (1966).

28) T. Kobayashi, F. Kurosawa, N. Uyeda, and E. Suito,
Spectrochim. Acta, Sect. A, 26, 1305 (1970); I. M. Keen and
B. W. Malerbi, J. Inorg. Nucl. Chem., 27, 1311 (1965).

29) P. A. Barrett, C. E. Dent, and R. P. Linstead, J.
Chem. Soc., 1936, 1719.

30) K. Ukei, Acta Crystallogr., Sect. B, 29, 2290 (1973);
Y. Iyechika, K. Yakushi, I. Iwamoto, and H. Kuroda, Acta
Crystallogr., Sect. B, 38, 766 (1982).




