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The Crystal and Molecular Structure of Pyridine Picrate
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Optical transform methods have been used to determine the approximate structure of pyridine picrate
(CsHsN . CeH3N;0) from two-dimensional X-ray intensity data. The space group is P2,/c with four
molecules in the unit cell of dimensions a=12-15, b=3-78, ¢=2660 A and f=93°. The structure was
refined by Fourier, difference Fourier and least-squares methods. The H atoms were revealed in the
final difference Fourier synthesis. The acid-base pairs of the charge-transfer complex are held together
in the ground state by hydrogen bonds to form an infinite chain around the twofold screw axis parallel

tob.

Introduction

Pyridine picrate (CsHsN.C H3;N;0,) belongs to the
well known group of complexes in which polynitro-
aromatic substances combine with aromatic hydro-
carbons, bases and their derivatives through charge-
transfer interactions in a 1:1 molar ratio to form crys-
talline molecular addition compounds. X-ray diffrac-
tion studies of these charge-transfer complexes are con-
sidered important for the understanding of their struc-
tures and the nature of bonds involved. Qur interest
in the problem, however, arose from a different con-
sideration. The complex comprising the electron donor
pyridine and the electron acceptor picric acid (Fig. 1)
is composed of atoms having nearly similar scattering
power and with structural groups in the form of ring
configurations that usually display significant features
in the transform space. Moreover, the unit-cell dimen-
sions are favourable for a structural study in projec-
tion. The problem is thus well suited for investigation
by optical-transform methods (Hanson, Lipson & Tay-
lor, 1953). Though a three-dimensional analysis is es-
sential for the precise examination of the bonding, the
ease with which the structure is revealed from two-
dimensional data is considered worth reporting.
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Fig. 1. Molecule of pyridine picrate.

Experimental

The crystals of pyridine picrate were obtained in the
form of soft yellowish laths, elongated along the &
axis, by recrystallization from solution in alcohol.
Unit-cell dimensions were measured from rotation,
oscillation and Weissenberg photographs calibrated
with Si (a=5-4305 A) powder lines. The space group
P2,/c was indicated by systematic absences A0/, /=
2n+1 and 0k0, k=2n+ 1. The density was measured
by flotation in a mixture of carbon tetrachloride and
bromoform. The crystal data are listed in Table 1.

Table 1. Crystal data

Molecular formula C,;HzN,O,

M.W. 3081

m.p. 167°C

Space group P2,/c (monoclinic)

a=12152) A D,=162gcm™3
= 378 (1) D.=167 for Z=4

¢=26-60 (2) u=11-5cm™* for

£=93° Cu Ka=1-5405 A

V=1219-95 A? F(000) =632

Unfiltered Cu K« radiation was used to record 40!
and 0k/ reflexions on zero-layer Weissenberg photo-
graphs with the multiple-film technique. Intensities
were measured by visual comparison with calibrated
diffraction spots of known relative exposures obtained
from the same crystal, and were corrected for Lorentz—
polarization. No absorption correction was considered
necessary. A Wilson plot was made to place the inten-
sities on an approximate absolute scale and gave a
mean isotropic temperature factor B=3 A2,

Structure determination and refinement

The space group P2,/c projects onto (010) as plane
group P2 and the effective unit cell of projection con-
tains only two centrosymmetrically related molecules.
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Thus for the optical-transform test of molecular shape
in projection the transform of a single molecule should
be considered (Chaudhuri, 1972). The 40/ section of
the weighted reciprocal lattice [Fig. 2(a)] clearly reveals
the characteristic benzene transform consisting of six
clusters of strong reflexions lying more or less close
to the benzene circle. This suggests that the pyridine
ring and the phenyl ring of picric acid have approxi-
mately parallel orientation in the (010) projection. Fig.
2(b) shows the derivation of the shape and orientation
of the rings from the benzene peaks. Assuming normal
bond lengths and bond angles a molecular model in
projection is immediately arrived at by linking the two
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Fig. 2. (a) KOl section of the weighted reciprocal lattice of
pyridine picrate with weights proportional to approximate
unitary structure factors. (b) Derivation of shape and orien-

tation of the ring structure from the benzene transform.

Fig. 3. Optical-transform agreement of the projection of a
single molecule of pyridine picrate derived optically.

components of the complex through a hydrogen bond
between the N atom of pyridine and the hydroxylic O
of picric acid. The model was refined optically as far
as possible and the agreement for the optically refined
model is shown in Fig. 3.

The molecular structure-factor graphs (Taylor &
Morley, 1959) were drawn to determine the relative
positions of the molecules in the unit cell. These are
contour graphs indicating variation in the contribution
to the structure factor of one reflexion due to variation
in position of a molecule and its plane-group related
counterparts in the unit cell. The total contribution of
the four molecules of pyridine picrate in the unit cell
to the structure factor of the reflexion A0/ is given by

G(h0l)=4 cos 2n(hX +1Z) [A(hOl) — B(hOI))
—4 sin 2n(hX +12) [C(hOl)— D(h0!)]
where
A(hOl) =3, 1, cos 2nhx, cos 2nlz,
B(hOl) =73, f, sin 2nhx, sin 2nlz,
C(hOl) =3, f, cos 2mhx, sin 2nlz,
D(hOl)=3 . f, sin 2nthx, cos 2xlz,, .

Here x, and z, are the fractional parameters of the
nth atom with respect to an arbitrarily chosen origin
in the molecule while X and Z are the parameters of
this origin with respect to the true origin in the unit
cell (Fig. 4). The combined molecular structure-factor
graphs are drawn (Fig. 5) summing up the computed
values of G(h0l) in the essential ranges of X and Z
for six reflexions (100, 202, 0,0,24, 10,0,10, 3,0,24 and
904) having zero observed F(hO!) values. The position
(X=0-235, Z=0-165) of the arbitrary origin with re-
spect to the true origin is given by the lowest contour
of the function. The accuracy of the molecular loca-
tion is immediately ensured by the optical-transform
test with two centrosymmetrically related molecules,
as shown in Fig. 6.
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The first F, (h0l) synthesis computed with 185 re-
flexions (out of 241 experimentally observed A0/ reflex-
ions), the phases of which were quickly derived op-
tically (Lipson & Taylor, 1951), revealed the complete
molecule. The structure was then refined by successive
Fourier syntheses. The electron-density projection on
(010) computed with all the observed structure factors
is shown in Fig. 7. The agreement residual R=
SUFE,|—|F.J/2|F,| calculated at this stage, using the
same isotropic temperature factor B=4-0 A% was 23 %.

—» o

Q

Fig. 4. The relationship between the coordinates of the atoms
of the trial molecular model of pyridine picrate with respect
to the arbitrary origin (O) and with respect to the true origin
(O’) of the unit cell.

+Z

805

Four cycles of refinement by (F,—F,) synthesis re-
duced R to 18%. The atomic scattering factors from
International Tables for X-ray Crystallography (1962)
were adopted for all structure factor calculations. Cor-
rections for secondary extinction were considered nec-
essary for a few low-angle reflexions (106, 204 and 302)
for which the calculated structure factors were found
to be consistently higher than the observed values. An
extinction correction for these reflexions by an em-
pirical method suggested by Pinnock, Taylor & Lipson
(1956) reduced R to 16 %. The atomic coordinates and
the individual isotropic temperature factors for the
non-hydrogen atoms were further refined by least-
squares calculations on an IBM 1620 computer at the
Indian Institute of Technology, Kharagpur (West Ben-
gal, India) using the SFLS program of G. A. Mair
(Pure Chemistry Division, National Research Council,
Ottawa, Canada). The function minimized was
>w(|F,|—|F.|)% The weighting function was of the form

1
= KR\
(=)

a

where a=8F,;, and b=5F,;,. Two cycles of least-
squares refinement reduced R to 12%. An (F,—F,)
synthesis computed at this stage revealed the positions
of the H atoms with peak heights ranging from 0-25 to
0-37 ¢ A2 (Fig. 8). The hydroxylic H of picric acid did
not appear at the expected site. However the appear-
ance of a peak of 0-29 e A~? near O(4) of the nitro
group might suggest a tautomeric shift of the hydrox-
ylic H to the nitro group. The inclusion of the H atom
parameters in the structure-factor calculation reduced
R to 11%. The H atoms were assigned the same tem-
perature factors as the atoms to which they are bonded.

The solution of the (100) projection was straight-
forward. An approximate model of the molecular shape
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Fig. 5. The combined molecular structure-factor graph for six reflexions of pyridine picrate.
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was obtained by projecting optically onto (100) a wire
model of the molecule which was oriented so that its
shadow fitted fairly well with the electron-density pro-
jection on (010). Packing considerations supported by
the optical transform test indicated an approximate
structure comprising the four molecules in projection
related by the symmetry of plane group pgg. The model
which gave an agreement residual of 36 % was refined
by F, and (F,— F,) syntheses to an R value of 21 %.

Fig. 6. Optical-transform agreement of the approximate struc-
ture of two centrosymmetrically related molecules of pyri-
dine picrate in the unit cell of projection.

c/2

Fig. 7. Electron density projection on (010). Contours are
drawn at intervals of 0:5 ¢ A~ The 0-5 ¢ A~? contour is
dotted. The atomic positions are indicated in the diagram
shown alongside.

THE CRYSTAL AND MOLECULAR STRUCTURE OF PYRIDINE PICRATE

The final electron density projection along [100] shows
a considerable amount of overlap (Fig. 9) resulting in
poor resolution of the atoms in the projected struc-
tures. As objective determination of the H atom posi-
tions was not possible in this projection the y coor-
dinates were calculated using their x and z coordinates
from the (010) projection and assuming C-H and O-H
bond distances of 1-09 and 0-90 A respectively. The in-
clusion of these calculated H atom parameters reduced
R to 20%.

Table 2 lists the final atomic coordinates with their
isotropic temperature factors.*

Table 2. Final atomic coordinates

X (A Y (A) Z(A) B(AY)
(1) 173 —1-82 6-94 49
C(2) 132 —1-25 808 44
C(3) 234 —1-05 9-08 51
C(4) 3-58 —1:65 8-96 43
C(5) 3-94 —220 7-74 50
C(6) 2:68 —1-08 327 3:5
(7 1-88 —1-12 212 32
C(8) 2-29 —0-80 0-82 36
C(9) 3-59 —0-45 061 32
C(10) 4-44 —0-55 1-79 31
c(11) 4-00 —0-85 3-00 35
N(1) 2-98 —230 677 46
N(2) 0-51 —1:60 2:23 37
N(3) 503 —0-50 4-11 3-8
N(4) 4-10 0-25 — 065 3.7
o(l) 225 —0-82 4-44 37
0(2) 0-28 —2-28 313 46
0(3) —0-34 —1-62 1-34 43
0(4) 4-78 —1-15 522 47
o(5) 579 0:50 3-83 4-5
0(6) 338 —0-25 —1-61 4.9
o) 5:06 1-05 —0-85 48
H(D) 0-87 —1-57 625 49
H(2) 043 —0'63 7-98 4-4
H(3) 218 —0-28 9-84 51
H(4) 409 —1:25 9-55 43
H(5) 4-70 —2:69 713 50
H(6) 163 —1-10 —0-10 36
H(7) 525 —0-13 1-44 31
H(8) 425 —1:82 5:50 47

The average standard deviations in the atomic co-
ordinates as estimated according to the formula of
Cruickshank (1960) are as follows: 6(X) =0-015,6(Y) =
0-060, (Z)=0-015.

In view of the poor resolution of the atoms in the
(100) projection, the average standard deviation of y
is definitely an underestimation. The crystal structure
of pyridine picrate as viewed along b is depicted in
Fig. 10 where the intermolecular contact distances are
also indicated. The covalent bond lengths and bond
angles are given in Table 3. The errors in the bond
lengths indicated in parentheses are standard devia-

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 31284 (5 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
graphy, 13 White Friars, Chester CH1 | NZ, England.
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F tions estimated using the formula given by Ahmed &
Cruickshank (1963). Although a high degree of accu-
racy is not claimed the bond lengths and bond angles
on average satisfy the requirements of a normal va-
lency structure. The nitro groups appear to be slightly
distorted. This may be due to local molecular over-
crowding.

Table 3. Bond lengths (A) and bond angles )

C(H—CQR) 1:35(5) C()—CQ)—C(3) 1154
C)—C(3) 141 (2) C)—C(3H—C@)  120-3
C(3)—CM@) 139 (4) C(3)—CM#)—C(5) 1206
CH—C(5) 140 (3) C(4)—C(5)—N(1) 1173
C(5)—N() 133 (2) C(5)—N(—C(1) 1211
N()—C(1)  1:35(@3) N()—C()—C(2) 1250
CO—C(N 137(2) C(6)—C(T)—C(8) 1259
C(—C@B) 142 (2) C(H—C@®)—CO)  121-7
C(8)—C(® 137 (3) C(8)—C(9)—C(10)  113-7
C(9)—C(10) 142 (2) C(9)—C(10)-C(11)  121-7
C10)-C(11) 1:34 2) C(10)-C(11)-C(6)  124-8
CUD-C(6) 138 (2) C(11)-C(6)—C(7)  111-4
C(N=N@) 146 (3) C(N—C(6)—O0(1) 1242
CUD-NG3)  1-51 (2) C(11)-C(6)—O0(1) 1241
C(9)—N(4)  1-54 (4) N@2)~C(—C(6) 1172
C6)—O0(1) 129 (2) NQ)—C(—C@®) 117-4
N@2)—0() 116 (4) 0(2)—N@2)—C(7) 1182
N(2)—0(3) 1-20 (2) O(3)—N(2)—C(7) 1252
N(3)—0(4) 130 (4) 0(2)—N(2)—0@3) 1144
N(3)—O0(5) 129 (4) O(4)—N@3)—C(11) 1121
N@)—O0(6) 1-27 (3) 0(5—N@3)—C(11) 1137
N@#)—O(7) 127 (5) 0(5)—N@3)—0®)"  133-7

C(10-C(11)-N(3) 1120
C(6)—C(I11)-N(3) 1212
C(9)—N@#)—0(7)  131-4
C(9)—N(@#)—0(6)  105-0
0(6)—N(@4)—O(7) 1222
C(8)—C(9)—N(4) 1269
C(10)-C(9)—N(4)  118-0

The equations through the least-squares planes are:
for the phenyl ring of picric acid
0-176x—-0-949y —0-167z=1
pyridine ring
-0-087x—0-246y+0-101z=1

Fig. 8. (F,— F.) synthesis projected on (010). The proposed H 0(2)_N(2)—0(3) nitro group
atom positions are indicated by ®. 0:690x—1-421y—0-812z=1
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Fig. 9. Electron-density projection on (100). Contours are drawn at intervals of 0-5 e A2,
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0O(4)-N(3)-0(5) nitro group
—5-013x+9-102y +7-074z=1
0(6)-N(4)-O(7) nitro group
0-181x—0-122y—0-301z=1 .
The deviations of the atoms in the pyridine ring and

the phenyl ring of picric acid from their corresponding
least-squares planes are listed in Table 4.

Table 4. Atomic deviations (A) from the least-squares
Dlanes for the pyridine ring and phenyl ring of picric acid

Pyridine ring Phenyl ring
(1) —0-002 C(6) —0-061
C(2) 0-035 C(N 0-042
C(3) —0-035 C(8) 0-010
C4) 0053 C(9) —-0-032
C(5) —0-036 C(10) 0-011
N(1) 0-033 C(11) 0-020

The mean planes of the pyridine ring and the phenyl
ring are inclined to each other at an angle of 43°, The
nitro groups are bent and twisted out of the plane of
the phenyl ring by varying amounts which are pre-
sumably determined by the molecular environment.
The ortho nitro groups O(2)-N(2)-O(3) and O(4)-
N(3)-0O(5) are twisted by 23° and 29° respectively while
the para nitro group is twisted by 59°.

All intermolecular approaches except a few weak
C-H- - - O hydrogen bonds approximate to normal van
der Waals contacts. The shortest C-H- - - O contact is
2-82 A. The closest approach (2:69 A) between the acid-
base moieties of the complex occurs along atoms N(1)
of the base and O(4) of the acid. This may be ascribed
to an O-H- - -N hydrogen bond. The migrated hydrox-
ylic proton of the acid, revealed by the difference
Fourier map, acts as the bridging hydrogen of the
bond. The double-bond character of C(6)=0(1) also
appears to support the view of tautomeric shift of the
hydroxylic proton. The packing of the molecules shows
that the acid-base moieties do not overlap to form a
stacked complex but are arranged in an infinite chain
around the twofold screw axis parallel to [010]. The
complex may therefore be considered to be in the
ground state where its stability is controlled primarily
by classical Coulombic and van der Waals forces (Fer-
guson, 1966).

THE CRYSTAL AND MOLECULAR STRUCTURE OF PYRIDINE PICRATE

Fig. 10. The crystal structure of pyridine picrate viewed along
[010]. Intermolecular distances are indicated.
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