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Has Monopotassium Phthalocyanine, KPc, Been Synthesized?
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A recent publication described the synthesis and characterization with a diamagnetic material with traces of a paramagnetic
of monopotassium phthalocyanine, KPc. A reevaluation of the impurity. Materials that consist entirely of open-shell mol-
original EPR, magnetic susceptibility, and X-ray diffraction data, ecules are not usually diamagnetic.

along with a comparison to the powder diffraction pattern of an The solid-state structure of the material, determined by

synchrotron X-ray powder diffractiohjs shown in Figure

1. Full occupation of the metal atom sites corresponds to a
stoichiometry of KPc. However, the occupancy of the
potassium sites was allowed to vary, and the optimal

This investigation was prompted by a recent reboft agreement with the diffraction data occurred with an oc-
the synthesis of monopotassium phthalocyanine, KPc, by thecupancy of 0.54, corresponding to 1.08 potassium atoms per
reaction of copper phthalocyanine and elemental potassiumPC ring. On that basis, it was proposed that the compound

authentic sample of Na,Pc, indicates that the material was actually
NayPc.

in the vapor phase (eq 1). was KPc and that the structure was the one shown with
random 0.5 occupancy of the potassium sites.
CuPc+ K°— KPc+ Cl° (1) A close examination of the metahitrogen bond lengths

in the compound leads to a possible alternative formulation.
The three symmetry-inequivalent-MN bond lengths are

T . o 2.44(1), 2.44(1), and 2.45(1) A. They can be compared to
oxidation stgte of 2 that oceurs in the vast majority of K—N and Na-N distances in previously reported potassium
phthalocya_nme and porphyn.n complexes. The_ syntheses Ofand sodium phthalocyanines and porphyrins, given in Table
other .OX.Id'zed phthalocygnlnes. an:j porphyrms,. S.UCh 451, The K-N distances range from 2.74 to 2.91 A, while the
monolithium phtha_locygnme (L'.Pé). and monoI|th|um Na—N distances range from 2.41 to 2.51 A. Thus, it seems
Litrsg:;ehr%lﬁoi:]p:g”:o(rl;:;;'rz?ggsingg?a?ep;iag’ﬁgagne highly likely that the metal present in the compound in
TPP, respectively). The complex is then oxidized by one question is sodium rather than potassium.

lect ther elactrochemicall ith a chemical oxidi Formulation of the compound as Nz is fully consistent
electron, either electrocnemically or with a chemical OXIC1z- -\ iy 51 of the reported data. The synthesis (eq 2), which
ing agent. The preparation of KPc by the reaction of a

lvalent ohthal . | ith a st somehow incorporated sodium rather than potassium metal,
normai-vaient phthalocyanine compiex with a s roaguc- yields a compound that is in a reasonable oxidation state (if
ing agent was therefore quite surprising.

The reported magnetic susceptibility and EPR spectrumthere is not an excess of alkali metal present). A product
of KPc are more consistent with a diamagnetic closed-shell CuPc+ 2N& — Na,Pc+ CuP )
species such as;Rc rather than the radical KPc. The
compound had a magnetic susceptibility that was estimatedconsisting of diamagnetic M&c and traces of paramagnetic
to correspond to 0.07 spit; centers per molecule. From  CuPc or NgPc would have the small magnetic susceptibility
variable-temperature EPR measurements, a spin density ond weak EPR signal that were observed. The crystal
5 x 10~* per molecule was determined. Both are consistent structure is consistent with the metal atom sites being fully
occupied by sodium. Modeling those sites as potassium with
partial occupancy would lead to an occupancy of just over

KPc is an oxidized species in which the oxidation state of
the phthalocyanine ring system is—1rather than the
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Figure 1. Schematic view of the structure of “KPc” determined by
synchrotron X-ray powder diffractiohHydrogen atoms are not shown.

Table 1. M—N Bond Distances in Previously Reported Sodium and
Potassium Phthalocyanines and Porphyrins

compound M-N distances (A)
NaPc(OPPE).° 2.409(2), 2.438(2)
NaOEP(THF) 2.452(2), 2.469(2), 2.508(2), 2.479(2)
K,Pc(18-crown-6y 2.91(2)
K2Pc(diglyme)® 2.78(4)
K2Pc(DMF)® 2.777(2), 2.781(2), 2.782(2), 2.792(2)

K2OEP(pyridine)? 2.740(7), 2,757(7), 2.794(6), 2.790(8)

a OEP = octaethylporphyrin; Pk phenyl.
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Figure 2. X-ray powder diffraction patterns of N&c (top) and “KPc”
(bottom). The broad peak ab2= 16.8 is due to a protective Mylar film.

The X-ray powder diffraction patterns of bRc and K-
Pc prepared by the Linstead method have not been published.
We found that both materials diffracted well and their powder
diffraction patterns were significantly different, indicating
that they are most likely not isomorphous (see the Supporting
Information for the powder diffraction pattern otRc). The
diffraction pattern of NgPc (adjusted to correspond to the

materials by that method. Therefore, we instead synthesizedX-ray wavelength of 1.0008 A of the previous report) is

NaPc and KPc by the Linstead procedufeWe expected
the synthesis to produce mainly unsolvatedaMaand K-

shown in Figure 2, along with the diffraction pattern reported
for “KPc”. The diffraction patterns match well, and it seems

Pc. The reaction of 1,2-dicyanobenzene with the alkali metal clear that the previously reported material is, in fact;a

pentoxide in refluxingh-pentanol yields a precipitate of the

alkali metal phthalocyanine, which was filtered, washed with

ether, and held under vacuum for *H.NMR and elemental

There are several examples in the literature of X-ray crystal
structure solutions wherein the identity of one or more atoms
was misassigned and the structure solution and refinement

analysis indicated the presence of about 0.5 equiv of pentano(Nere nevertheless. often well-behav@dVhile ref 12 is

per NaPc!! It is most likely that the pentanol is present as
occluded or surface solvent that was incompletely removed

in the washing or that there is both amorphous,Pta
(pentanol) and crystalline, unsolvated BRc present in the
product (as indicated by X-ray diffraction below).
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mainly concerned with the purported phenomenon of bond-
stretch isomerism, it also reviews examples of X-ray structure
solutions that were later found to contain misidentified
atoms.
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