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The Crystal Structure of Phenazine 5, 10-Dioxide 

By Yoshiyuki NAMBA, Tsutomu ODA and Tokunosuke WATANABE 

(Received September 15, 1962)

This paper describes part of an investigation 
of the structure of the N-oxides of heterocyclic 
compounds. Here we present the results of an 
analysis of the crystal and molecular structure 
of phenazine 5, 10-dioxide. In the course of 
the present investigation, a paper on the 
structure of the same substance was published1). 
Though the space group and the general scheme 
of the structure remain the same, the unit 
cell dimensions, and hence the interatomic 
distances, are different. 

Experimental 

Sample.-Phenazine 5, 10-dioxide was synthesized 
by the oxidation of phenazine 5-oxide using 
hydrogen peroxide and a acetic acid mixture. 
Single crystals were obtained from acetic acid 
solutions. Ethanol solutions of these crystals did 
not show any trace of absorption lines due to 
phenazine 5-oxide. Single crystals are elongated 
needle-like in the direction of the b-axis, are red 
in color and have predominant faces at {100} and 
{102}. 

Crystal Data.-The unit cell dimensions were 
determined from oscillation photographs by 
recording the same reflections on both sides of the 
film, while the radius of the camera used was 
calibrated by superimposing a powder pattern of 
pure sodium chloride. 

The density was measured by the pycnometer 
method using water as the medium.

Phenazine 5,10-dioxide, C12H8N2O2, M. wt.=212.

D.p.=190℃

Monoclinic;

α=7.83±0.02 =b=3.95±0.02

c=15,50±0.05 β=104°48'±10

Volume of the unit cell : 463.47 A3 
Density : Obs. 1.52 g. cm-3, calcd. (with z=2) 1.519 
P. cm-3
Linear absorption coe伍cient for X-ray (λ=

1.542A):μ-10.1cm-1

Total number of electrons per unit cell : F(000) =220 
 The extinction rules were found to be (hOl) for 

I odd and (Okl) for k odd. Accordingly, the space 
group was determined as P 2t/c-C52h. 

It may be added here that on extremely long-
exposured films there appeared several weak 
reflections which did not agree with the extinctions 
mentioned above. However, the shape of these 
reflections differ from the rest, and their indices 
(101), (201), (201) and (203) can be interpreted 
as due to double reflections arising from the 
following combinations of indices whose intensities 
are all very strong : 

(101) : (013) ; (112) (201) : (311) ; (110) 
(201):(113);(314) (203):(310);(113) 

It is to be noted that similar double reflections 
have also been reported in the cases of 
anthraquinone2) and other crystals3) consisting of 
planar molecule. 

Intensity Data.-The intensity data were obtained 
from equi-inclination Weissenberg photographs

1) R. Curti and V. Riganti, Rend. it. Lombardo Sci., 
Pt. 1. Classe Sci. mat e nat., 94A, 117 (1960).

2) B. V. Murty, Acta Cryst., 8, 113 (1955). 
3) H. Watase, K. Osaki and I. Nitta, This Bulletin, 

30, 532 (1957).
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(h0l) and (Okl) taken by means of CuKa radiation 
filtered through nickel foil. 

The multiple-film technique was used, and the 
intensities were estimated visually by comparison 
with a calibrated scale prepared with the same 
crystal. The range of intensities measured was
1～ 6000for　 the　 two　 zones,　 and　 the　 number　 of

reflections observed were 107 for (hOl) and 48 for 
(Okl). These figures correspond to 75% and 70% 
of the total number of reciprocal lattice points 
included within the sphere of reflection. 

 The intensities were corrected for Lorentz and 
polarization factors to obtain the relative values of 
IF12. 

No absorption corrections were applied, as the
cross-sections　 of　 the　 crystals　 used　 were　0.2mm.　 ×

0.2mm.　 for　 hO1(μr=0.2)and　0.5mm.×0.5mm.　 for

Okl　 (μr=0.5)　 respectively.

Structure Determination 

Since the space group is P 21/c and since 
the unit cell contains two molecules, it follows 
that the center of gravity of the molecules 
should be placed at one of the following four 
sets of equivalent positions :

(a) 

(b) 

(c) 

(d)

It is immaterial which set is chosen ; hence, 

case (a) was chosen. 

The fact that the length of the b-axis of the 

unit cell is comparable to the van der Waals' 

contact between condensed rings (3.5A) 

suggests that the molecular planes have to be 

almost parallel to the (010)-plane. Therefore, 

if we designate the molecular axes by L and 

M, where L is the longest axis joining the 

centers of the three hexagons of the phenazine 

ring and M is the one along the N-O bonds, 

it is anticipated that the orientations of these 

molecular axes with respect to the a- and c-axes 

may be found easily by an optical Fourier 

transform of a single molecule. 

The b-Axis Projection.-With a model of a 

planar molecule having the bond lengths 
1.4 A, 1.4 A, 1.3 A for C-C, C-N and N-O 

respectively and a bond angles of 120•‹ for 

all, Fraunhofer diffraction patterns for various 

inclinations of the molecular axes to the b-plane 

were prepared. Comparing these Fraunhofer 

diffraction patterns with the (h0l) weighted 

reciprocal lattice, it was found that the 

molecular axis L points in the [102] direction. 

Furthermore, using the superposition method 

proposed by Otsuka and Watanabe4 , signs of 
the structure factors for several reflections

SIGNS FOUND BY THE OPTICAL METHOD 

h 0 1 Sign h 0 1 Sign

Fig. 1. Optical transform of the (010) 
projection and projected molecule giving 
optical transform.

Fig. 2. Optical transform using superposi-
tion method, the enhancement of the 

positive regions are observed.
4) T. Watanabe and M. Otsuka, Acta Cryst., 10, 377 

(1957).
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TABLE 1. ATOMIC PARAMETERS WITH STANDARD DEVIATIONS

with strong intensities, as are shown in the 
following table were obtained. 

Signs of the structure factors not determined 
by the above method were obtained by 
calculations of structure factors based on the 
atomic coordinates derived from the molecular 
orientation found by the optical method. 

The first Fourier map p (xz) was prepared, 
by using about 70 terms whose calculated 
structure factors showed a fairly good 
agreement with the observed F values. All 
the atoms were well resolved in this projection. 
The refinement was made successively by 
Fourier syntheses and by difference syntheses, 
which gave a disagreement index R 18 %.

Fig. 3. Electron-density projection along [010]. 

y-Coordinates.-There remained two possible 
sets of y-coordinates of all the atoms to be 
determined. Calculations of the structure 
factors, (0kl), were carried out for the two 
structures. It was possible to eliminate one of 
the two structures from the disagreements 
between Fc and Fo, even for lower order 
reflections. 

The successive refinement of the y-coordinates 
was accomplished by the trial and error method 
with the aid of the structure factor maps'), 
while keeping the z-coordinates unchanged 
from the positions already obtained from the 
analyses of the (010) projection. 

In the calculation of structure factors, the 
atomic scattering factors given by Berghuis et 
al.6) were used throughout. 

Final refinements of the positional- and 
isotropic temperature- parameters of individual

atoms were made by least squares calculations7) 
for (h01) and (Okl) zones respectively, the 
contributions of hydrogen atoms being, however, 
omitted. 

The final positional- and isotropic tempera-
ture-parameters with standard deviations, are 
listed in Table I. 

TABLE 11. BOND LENGTHS AND BOND ANGLES

The disagreement index, R, for the final 
coordinates was 16% for (h0l) and 15% for 
(Okl). The comparison of the observed 
structure factors with the calculated ones is 
shown in Table III. 

Discussion of the Structure 

Molecular Structure.-The phenazine-ring 
skeleton found in this investigation is
practically the same as those forα-phenazine8)

and phenazine 5-oxide9). The bond distances 
and valency angles found in these three 
compounds are shown in Table IV. 

The value 1.33A for the N-O bond indicates 
that it has some double bond character. In 
Table V, several N-O bond distances previously

5) W. L. Bragg and H. Lipson, Z. Krist., 95, 323 (1936). 
6) J. Berghuis, I. J. M. Haanappel, M. Potters, B. O. 

Loopstra, C. H. MacGillavey and A. L. Veenendaal, Acta 
Cryst., 8, 478 (1955).

7) K. Osaki, The Programme of Least Squares Calcula-
tions in X-Ray Crystallography by the NIAC-2203 Com-

puter (EOI-3330, Nippon Electric Co. (1962)). 
8) L. F. Hirshfeld and G. M. Schmidt, Acta Cryst., 7, 

129 (1954); ibid., 9, 233 (1956); F. H. Herbstein and G. M. 
Schmidt, ibid., 8, 399 (1955). 

9) R. Curti, V. Riganti and S. Lochi, ibid., 14, 133 
(1961).
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TABLE III. OBSERVED AND CALCULATED STRUCTURE FACTORS

reported are given. The value of 1.42A found 
for trimethylamine N-oxide hydrochloride") can 
be taken as the standard single bond distance. 
The N-O bond distances in N-heteroconjugate 
ring compounds are shorter than that of 
trimethylamine N-oxide ; this indicates that 
there exists a resonance between lone-pair

electrons　 in　 the　 oxvQen　 atom　 and　 theπ-electron

system in conjugate rings. If we assume 1.16 
and 1.43 A for the single and double bonds 
for N-O, the total bond order N10) for the 
N-O bond in phenazine 5, 10-dioxide is

10) W. J. Orville-Thomas, Chem. Revs., 57, 1179 (1957).
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Fig. 4. Projection of the unit-cell contents on (010).

TABLE IV. BOND DISTANCES AND VALENCY 
ANGLES IN RELATED CRYSTALS

calculated to be 1.3, which can be compared 
to the value N=1.17 assigned for the N-O 
bond in pyridine N-oxide hydrochloride11,12) 
The distance, 1.37 A, found for the N-O bond 
in pyridine N-oxide hydrochloride, which is 
somewhat longer than that of any other 
pyridine derivatives, would indicate that the
n-πresonance here is weakened by the addition

of a proton to oxygen*.

Arrangement of the Molecules.-The arrange-

ment of the molecules and the packing between

Fig. 5. Projection of the half unit-cell contents 
down [100].

TABLE V. N-O BOND LENGTHS IN RELATED 
COMPOUNDS 

N-Oxides N-O Bond length
, A 

Pyridine N-oxide hydrochloride 1.3711,12) 
A 4, 4-tnans-Azopyridine N-oxide 1.2811) 

4-Nitropyridine N-oxide 1.2614) 
Phenazine 5-oxide 1.249) 

B Trimethylaminoxide hydrochloride 1.4211)

nearest neighbors are shown in Figs. 4 and 5, 
which are the b- and c-axes projections of the 
structure respectively. The packing of the 
molecules is found to be quite similar to those
fbr α-phenazine8), phenazine 5-oxide9) and

anthraquinone16). It can be said that these 

are iso-structural. 

The shortest intermolecular distance between

* The crystal structure of pyridine N-oxide has not 

yet been determined. As the result of an infrared absorp-
tion study, it was reported by Dr. Kubota et at. of Shionogi 

Research Laboratory at the 5 th Meeting for Infrared and 

Raman Spectra that the distance of the N-O bond in it

was 1.27-1.29 A.

11) Y. Namba, T. Oda, H. Ito and T. Watanabe, This 
Bulletin, 33, 1618 (1960). 
12) P. G. Tsoucaris, Acta Cryst., 14, 914 (1961). 
13) E. L. Eichhorn, ibid., 12, 746 (1959). 
14) F. L. Eichhorn, ibid., 9, 787 (1956). 
15) C. Rerat, ibid., 13, 63 (1960). 
16) S. N. Sen, Indian, J. Phys., 19, 243 (1945) ; Structure 

Report, 11.
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neighboring molecules related by the transla-

tion parallel to the a-axis is 4.04 A(C5…C5'),

while that between molecules related by the

91ide plane is 3.99 A (C2…C2), and that along

adiagonal direction,3.76 A(c3…c4).

These intermolecular distances are found to be

very close to the corresponding intermolecular

distances reported for ƒ¿-phenazine, as is shown 

in Table VI.

TABLE VI. THE INTERMOLECULAR DISTANCES OF 

NEAREST NEIGHBORING MOLECULES

This crystal

α-Phenazine

It is very interesting to see that in the 

structures of 5-oxide and 5, 10-dioxide the 

oxygen atoms can be said to lie in the holes 

resulting from the packing of the phenazine 

rings. Such holes, though small in size, can

also be found in the structure of α-phenazine.

The ratio of the number of oxygen atoms to 
the number of holes is 1 for 5, 10-dioxide 
crystal, whereas it is 1/2 for the 5-oxide crystal. 

The angle of inclination of the molecule to
the (010)-plane is about 30° for the longest

molecular axis, L, and about 5°for the shorter

one, M.

Let us now compare the structure of the 

5, 10-dioxide crystal with those of related 

crystals. We notice that the unit cell 

dimensions of these crystals change by degrees 

with an increase in the number of oxygen 

atoms in a molecule, as is shown in Table VII. 

TABLE VII. UNIT CELL DIMENSIONS OF RELATED 

CRYSTALS

α-Phenazine

5-Oxide

5,10-Dioxide

Anthraquinone

The differences in the lengths of these b-axes 
correspond to the different inclinations of the 
molecular plane to the (010)-plane. However,

it is to be emphasized that the interplanar 
distances between the neighboring molecular 
planes remain practically the same, about 
3.5 A, for all the compounds listed. The 
inclination of the molecular plane mentioned 
above is related to the mutual displacement of 
the molecular planes in the same stack. These 
features can well be seen in Fig. 6, where the 
structures projected onto their molecular planes
are shown for α-phenazine and phenazine

5, 10-dioxide. We are now trying to elucidate 

the different inclinations of the molecular 

planes in these related structures, taking into 
account various interactions between molecules.

(a)

(b)

Fig. 6. Normal projection of two molecules 
in the same stack separated by unit transla-
tion along [0l0]. 
(a) Phenazine-5, 10-dioxide
(b)α-Phenazine(by Herbstein & Schmidte8)
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