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The title compound, (C9H8N)2[Cr2O7], crystallizes in the

monoclinic space group P21/c, with eight cations and four

anions in the unit cell. The quinolinium cations and a

dichromate anion are connected through NÐH� � �O and

CÐH� � �O intermolecular hydrogen bonds and by aromatic �±

�-stacking interactions. The dichromate geometry is normal,

with a CrÐO(bridging)ÐCr angle of 135.1 (2)�.

Comment

The X-ray study of quinolinium dichromate (QDC), (I), was

undertaken in order to study the hydrogen-bond patterns and

crystal packing. QDC is reported to be a selective oxidant for a

wide range of substrates in view of its ease of preparation and

high stability (Balasubramanian & Prathiba, 1986; Karim &

Mahanti, 1992; Aruna et al., 1994; Aruna & Manikyamba,

1995; Ravishankar et al., 1998; Kharnaior et al., 2001; Lyngdoh

et al., 2001).

In QDC, two heterocyclic quinolinium cations and a

dichromate anion are connected through NÐH� � �O and CÐ

H� � �O intermolecular hydrogen bonds. The asymmetric unit

and the numbering scheme are shown in Fig. 1. The

quinolinium cations form �±�-stacking interactions. One of

the six-membered rings, with centroid Cg1 (de®ned by atoms

N1, C11±C13, C18 and C19), of the quinolinium cation at (x, y,

z) has a �±� interaction with one of the six-membered rings,

with centroid Cg4 (de®ned by atoms C24±C29), at (x,
1
2 ÿ y,ÿ1

2 + z) of another quinolinium cation. The other six-

membered ring, with centroid Cg3 (de®ned by atoms C14±

C19), has a �±� contact with centroid Cg2 (de®ned by atoms

N2, C21±C23, C28 and C29) of the quinolinium cation which

belongs to the same asymmetric unit. The distances between

the ring centroids are listed in Table 1. The quinolinium rings

are stacked along the the c axis, having their planes nearly

parallel to the (001) plane (Fig. 2), as is evident from the fact

that the dihedral angle between their least-squares planes is

2.87 (9)�. The corresponding bond lengths of the two quino-

linium rings are in very good agreement. The largest differ-

ence in bond length is observed in the bonds C16ÐC17

[1.333 (8) AÊ ] and C26ÐC27 [1.356 (7) AÊ ]. The agreement is

also good for the corresponding angles in the rings, with

maximum difference between C11ÐN1ÐC18 [122.2 (5)�] and

C21ÐN2ÐC28 [123.3 (4)�]. However, these differences are
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not signi®cant, as they are well within the 3� level. Also, the

bond distances and angles of the molecule are reasonably

comparable with values in compounds containing a similar

quinazoline ring and are in agreement with related structures

(Dobson & Gerkin, 1999a,b; Rajnikant et al., 2002).

The dichromate anion consits of two CrO4 tetrahedra

sharing one O atom (the bridge atom O7). The CrO4 groups

are slightly distorted tetrahedra. The distances of the chro-

mium atoms from the bridging oxygen, O7, are

1.793 (3) (Cr1ÐO7) and 1.804 (3) AÊ (Cr2ÐO7). The other

CrÐO distances range from 1.572 (5) (Cr1ÐO1) to

1.615 (3) AÊ (Cr2ÐO6). The dichromate geometry is normal

for Cr1ÐO7ÐCr2 [135.1 (2)�]. The angles O3ÐCr1ÐO7

[103.9 (2)�] and O6ÐCr2ÐO7 [103.92 (17)�] differ signi®-

cantly from tetrahedral geometry, 109.5�. A similar deviation

is described for analogous sulfates in the paper by Brown

(1973), where two types of angular distortions occur, known as

the bond-length effect and the con®gurational effect. In the

present case, the bond-length effect is not observed, since the

O atoms are not in contact, but the con®gurational effect is

observed. There is no signi®cant deviation in the bond angles

and distances of the dichromate anion from the values in

similar structures reported in the literature (Panagiotopoulos

& Brown, 1972; Dahan, 1975; Blum et al., 1980).

Details of the NÐH� � �O (Fig. 3) and CÐH� � �O (Fig. 4)

interactions are presented in Table 2. As seen from Table 2, for

(I), atoms N1 and N2 act as hydrogen-bond donors and form

NÐH� � �O intermolecular interactions with atoms O6 and O7

of an adjacent anion. H11 on C11 is involved in a weak

intermolecular CÐH� � �O interaction with the terminal atom

O6 of the adjacent dichromate anion and H13 on C13 is

involved in a weak intermolecular CÐH� � �O interaction with

another terminal atom, O3, of another anion. These interac-

tions produce a continuous chain, which runs parallel to the c

axis. Atom C21 forms a weak CÐH� � �O intermolecular

interaction with O2 of a neighbouring centrosymmetrically-

related anion. Apart from intermolecular hydrogen bonds, the

structure is also stabilized by �±�-stacking interactions

(Table 1).

Experimental

QDC was prepared as reported in the literature (Balasubramanian &

Prathiba, 1986). To a stirred solution of CrO3 (10 g) in water (10 ml),

cooled in ice, was added quinoline (9 ml), in small portions. The

solution was diluted with acetone (40 ml), cooled to 253 K and the

orange solid which separated out was ®ltered off, washed with

acetone, dried in vacuo and recrystallized from water (m.p. 433 K,

yield 72%).

Crystal data

(C9H8N)2[Cr2O7]
Mr = 476.33
Monoclinic, P21=c
a = 12.286 (5) AÊ

b = 9.965 (3) AÊ

c = 15.386 (5) AÊ

� = 97.67 (3)�

V = 1866.9 (11) AÊ 3

Z = 4

Dx = 1.695 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 2.0±25.0�

� = 1.21 mmÿ1

T = 293 (2) K
Needle, orange±red
0.30 � 0.20 � 0.10 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

Non-pro®led !/2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.713, Tmax = 0.889

3447 measured re¯ections
3283 independent re¯ections
2210 re¯ections with I > 2�(I)

Rint = 0.034
�max = 25.0�

h = 0! 14
k = 0! 11
l = ÿ18! 18
2 standard re¯ections

frequency: 60 min
intensity decay: none

Figure 3
Part of the crystal structure of (I), showing NÐH� � �O interactions.

Figure 1
The asymmetric unit of the title compound, showing the atom-labelling
scheme. Displacement ellipsoids are drawn at the 50% probability level
and H atoms are shown as small spheres of arbitrary radii.

Figure 2
Stereoview of part of the crystal structure of (I), showing the stacking of
quinolinium rings along the c axis. Dichromate anions are omitted for
clarity.



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.056
wR(F 2) = 0.162
S = 1.04
3283 re¯ections
262 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0975P)2

+ 1.1704P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 1.12 e AÊ ÿ3

��min = ÿ0.57 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Cg1ÐCg4 3.667 (3) Cg2ÐCg3 3.609 (3)

O1ÐCr1ÐO7ÐCr2 ÿ71.5 (4) O6ÐCr2ÐO7ÐCr1 ÿ160.3 (3)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N1ÐH1� � �O6i 0.86 2.14 2.871 (5) 143
N2ÐH2� � �O7i 0.86 1.82 2.676 (5) 179
C11ÐH11� � �O6ii 0.93 2.39 3.254 (7) 154
C13ÐH13� � �O3iii 0.93 2.17 2.976 (6) 144
C21ÐH21� � �O2iv 0.93 2.43 3.189 (6) 139
C24ÐH24� � �O1 0.93 2.55 3.413 (8) 154

Symmetry codes: (i) x; yÿ 1; z; (ii) 1ÿ x; 1ÿ y;ÿz; (iii) x; 3
2ÿ y; zÿ 1

2; (iv)
1ÿ x; yÿ 1

2;
1
2ÿ z.

All H atoms were placed in geometrically idealized positions, NÐ

H = 0.86 AÊ and CÐH = 0.93 AÊ , and constrained to ride on their

parent atoms, with Uiso(H) = 1.2Ueq(N) and 1.2Ueq(C). The maximum

electron-density peak lies 1.03 AÊ from Cr2.

Data collection: CAD-4 EXPRESS (Enraf±Nonius, 1994); cell

re®nement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: WinGX (Version 1.64.02;

Farrugia, 1999) and PLATON (Spek, 2002); software used to prepare

material for publication: SHELXL97 and PARST (Nardelli, 1995).
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Figure 4
Part of the crystal structure of (I), showing the formation of a chain
through CÐH� � �O interactions. Atoms marked with a hash (#), an
asterisk (*), a dollar sign ($) or an ampersand (&) are at the symmetry
positions (1 ÿ x, 1 ÿ y, ÿz), (1 ÿ x, 1

2 + y, 1
2 ÿ z), (x, 1

2 ÿ y, ÿ3
2 + z) and

(1 ÿ x, 1
2 + y, 1

2 ÿ z), respectively.
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