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Abstract. A crystalline solid, formed by oxidation of 

phthalocyanato~anganese(II) in pyridine, has been identified as 

phthalocyanatopyridinemangane se (III)- fL -oxo-phthalocyana topyridine­

rr.a.nt;ar.ese (III) dip;yridinate (c74r-r42oN1glt..,2• 2C.5H.5N) by X-ray 

dif.fraction rrethods. This novel rr.olecule consists of t1.;o manganese 

complexes joined by a linear YJ.r1-D-Nn bridge. Its structure may 

have sorre relation to oxidation processes in biological systems. 
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Vogt p. 3 

One approach to understanding the chemistry involved in complicated 

biological processes has been to study the physical and chemical 

properties of compounds '1-Thich are related to, but less complex and 

more stable than those Hhich occur in nature. The chemistry of 

phthalocyanatorranganese(II) (1,2) is of interest because of (a) the 

. similarities betrreen the structures of phthalocyanine ar:d porphyrin 

rings, (b) the implication of rnanc;anese (possibly as ~ porphyrin 

complex) in biological oxidative processes, and (c) the report by 

Elvidge and Lever (1) t~~t in p)Tidine solution the complex rray 

reversibly combine rri th oxygen. Englesr.~::t, Yamamoto, 1-iarkham, and 

Calvin (2) did not detect oxygen evolution accompanying the reverse 

reaction. The absorption of o;...7Gen takes place in two steps (2 ), 

ending in the for~ation of a cowplex which can be isolated as short, opaque, 

purple crystals with a rretallic luster. Elvidge and Lever formulated 

J..h· 1 ., TV~ PyO (P hJ..hal . Py "d' ) ~.. ~s comp ex as hi1 .t'Cr c "' p ~... OCj<'anat.o, ~ = pyr1. ~ne • 

Because of the 101-1 solubility of the complex neither the rr.olecular 

lveight nor the magnetic susceptibility in solution was measured (2). 

}mgnetic susceptibility rr.easurements (2) on the solid indicated 

0. 71 B. H. instead of the e;...-pecteci J.87 B. H. for Hn(IV). This 

fact suggested a different oY~dation state or electronic interactions 

betHeen V.w atoms iJl the solid. 

By X-ray diffraction rr.ethods we have deterrr~ned the structure of 

these crystals ar,d have shmm the molecules to be a novel double 

complex of rnar.ganese(III): (1{,.,IIIPcFy) 2o. This complex (Fig. 1) 

consists of two approxirr.ately flat and parallelphthalocyanine ring 

syster.~, each vdth rr.anganese at its center. These rings are bridged 



·' ,. 

! i~~-~ ... :~ .... ' 
:.·~-;. 

~:.:..;;., 
! .;:~· 

'. 

. ·. 

.-.~ . 
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by the oxygen atom which is rr:idway bet;;reen the manganese atoms. 

Each manganese also has a pyridine molec~le coordinated opposite 

its o;~Jgen atom. The ,crystals consist of these complex molecules 

together with other rrclecules of PJTidine of crystallization which 

are not bonded in any direct -v;ay to the complex mlecules. 

He failed to get good diffraction patterns with crystals which 

·were dried in air. To prevent loss of pyridine we grew crystals 

from pyridine solution and kept them in an atrrcsphere saturated with 

pyridine. He sealed a crystal of dirr.ensions 0.1.5 X 0.1.5, X 0.30 mm 

in a thin-walled glass capillary ;.;ith a drop of pyridine in the other 

end. 'He rr.easured lattice diiT'IE!nsions and diffraction intensities 

rTith a General Electric XRD-.5 diffractorneter equipped with a goniostat 

_and scintillation counter, with copper radiation, A(K~) a 1 • .540.51 A. 
He rreasured intensities of 31.56 independent reflections by the stationary-

cryst~l stationary-colli1ter technique. Absorption was neglected (JLR N 1). 

The crystals are orthorhombic with cell dirrensions: 

a a 22.63.5 • o.oos, 

b a 23.8.5o = o.oo5, 

c = 12.808 ~ o.oo3 A • 

The space group is P21 21 21 Hith each cell containing four asymmetric 

units consisting of (E.nPcPy) 2o·2Py or c84H_s2Hn2u20o (molecular weight 

1467.3, 107 atoms excluding hydrogen). The molecular weight from 

the volume of the as~r.Btric unit and density rreasured by flotation 
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The structure determination was surprisingly straightfonrard 

and lacked any special difficulty except excessive arithrr.etic. i·le 

guessed the tHo Ym positions correctly from the. Patterson function. 

A sequence of least-squares and three-dirrensional-Fourier calculations, 

coupled i·rith the assumption that the phthalocyanine rings 1.;ould have 

essentially the same shape as deterrr~ned by Robertson (3) in other 

crystals, led to the structure. To refine the 107 atoms required 

439 para~~ters including a scale factor, coordinates, anisotropic· 

thernal pararreters for each rr~ng~nese atom, and individual isotropic 
I 

thermal parameters for the other atoms. The least-squares program 

on our IBl1-7044 (J2K memory) computer can h.:lndle 160 pararreters in 

a full-matrix calculation. \·ie started the refinement procedure with 

this program, refining about a tr~rd of the structure at a tirre. At 

t¥!0 hours per run, this procedure required six hours to shift each 

parameter at least once. He rr.odificd the program to neglect off-diagonal 

elements of the rr~trix. This change perrrQtted all para~eters to be 

shifted in one hour, and rnore refinerr.ent per hour of cor.rputer time 

Has realized. J.'he function: 

Hhich WaS 0.48 for the triO !·in ator.1s, ·.;;::.s reduced to 0.08U for 107 

atoms. The anorr~lous dispersion effect of Hn ·.1as included in the 

calculations and was sufficient to establish the absolute confieu.ration 

of the structure (u). 

rr.o st a toms shifted less than 0. 002 ft. in the last cycle. Vie 
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estimate the standard deviations,of individual bond distances to be 

about 0.04 A on the basis of the differences betwe~n bonds which are 

. chemically equivalent and a comparison with the known dimensions of 

, benzene rings. These estimates do not apAlY to the pyridine of crys-

· · tallization, which appears to have very large and anisot·ropic thermal 
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:motion (B ... 15-20 A.2) and which may have some kind of disorder. 

Average values of the lengths and angles of some chemically-equivalent 

bonds are given in Fig. 2. We expect these average distances to have 

standard deviations of the order of o:o1 A. They are in agreement 

with previous results on other phthalocyanines (3) • 

Each terminal pyridine (Figs. 1 and 2) is oriented so thnt its 

plane bisects two of the N-Mn-U angles of the adja·cent phthalocyanato 

eomplex. One phthalocyanino ring is rotated 41° with respect to the 

other about the }m-0-Mn axis so that its benzene rings are approximately 

bet1-reen the benzene rings of the other. Except for the l>enzene rings 

the atoms of each ring system lie in a plane with the respective manganese 

atom. The benzene rings bend inward t.oward the· empty. spaces of the 

opposite hal£ of the molecule by from 0.1 to 0.6 A. We consider this 

bending to be the result of m~lecular packing forces in the crystal 

and assume it to have no chemical significance except as a reflection 

of the flexibility of such a large molecule. 

The Mn-0 dist~nce ~f 1.·11 :t 0.01 A is shorter than we would rua:ve 

predicted for a single covalent bond. He expect that an explanation 

of the ~gnetic properties will involve electronic coupling between 

rnangane se atoms through this bond system. 

'> 
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Th~ mechanisms proposed for the formation of this complex (1, 2) 
I . . ., . 

need to be reexamined in the light of thi.s .new formulation • 

'·Lawrence Radiation Laboratory and 

Department of Chemistry, 

University of California, Berkeley 
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' ~· 22. 2517 (1962). 

J. M. Robertson 

another crystal from the satr.e preparation is as likely to right-

. handed as left~~~nded. Thus there is no· general sigriificance 

to the absolute configuration which we found. · 

$.~.One of us (L. H. V.) was National institutes of Health Postdoctoral· 
. . . 

Fellow under the sponsorship of Prot. }~lvin Calvin. We thank 
' . • ~ I 

I 

.. • ~ t 
Pro.t'. Calvin for bringing this very iriteresting substance. to our 

q 
attention. This work was done in part under the· auspices of the 

U. S. Atomic Energy Commission •. · 

It+:·:,, ·* Prosent address: General Electric Research and Development Center, 

K-1, P. o. Box 8, Schenectady, N. Y. 12)01. 
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Fig •. l. Photograph of a cork-ball model of the 

Hydrogen atoms are omitted. 

Fig. 2. Average bond distances and angles. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, ot his employment with such contractor. 
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