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Table 2. Selected geometric parameters (fi, °) for (II)

Oo1n—Cil 1.350 (6) 021—C21 1.349 (6)
012—C128 1.342 (6) 022—C228 1.359 (6)
NI1—-C17 1.302 (6) N21—C27 1.290 (6)
N11—Cl114 1.480 (6) N21—C214 1.456 (6)
N12—Cl116 1.311 (6) N22—C216 1.292 (6)
N12—Cl15 1.479 (6) N22—C215 1.470 (6)
C17—NI11—-C114 122.8(5) 021—C21—C26 121.9(5)
C116—N12—Cl15 120.5(5) N21—-C27—C26 117.6 (5)
O11—-C11—-CI12 117.2 (6) N21—C27—C28 124.1 (5)
N11—C17—C18 123.6 (5) N21—C214—C215 110.2(5)
N11—C17—C16 116.9 (5) N22—-C215—C214 109.1 (5)
N11—C114-—-Cl15 110.0(5) N22—C216—C223 117.9 (5)
N12—C115—C114 109.0 (5) N22—C216—C217 122.7(5)
NI12—Cl16—Cl123 118.0(5) 022—C228—C223 121.2(6)
NI12—Ci16—C117 122.5(5) 022—C228—C227 118.1(6)
021—C21—C22 117.9 (6)

O11—C11—C16—C17 —0.5(8)

N11—C114—C115—N12 —63.4 (6)

C116—C123—C128—012 —14
021—C21—C26—C25 —179.5 (5)
N21—C214—C215—N22 62.5 (6)

Data were collected about the w axis using exposure times
of 10s and frame increments of 0.20°; the crystal-to-detector
distance was 4.9 cm. Crystal decay was estimated by compar-
ing the intensities of common reflections at the start and end
of data collection and, in both cases, the rate of decay was
negligible. The H atoms were added at calculated positions
and refined using a riding model. Anisotropic displacement
parameters were used for all non-H atoms and H atoms were
given isotropic displacement parameters equal to 1.2 (or 1.5
for methyl H atoms) times the equivalent isotropic displace-
ment parameter of the parent atom.

For both compounds, data collection: MADNES (Pflugrath
& Messerschmidt, 1992); cell refinement: MADNES; data re-
duction: SHELXTL-Plus (Sheldrick, 1991); program(s) used
to solve structures: SHELXTL-Plus; program(s) used to refine
structures: SHELXL93 (Sheldrick, 1993); molecular graphics:
SHELXTL-Plus; software used to prepare material for publi-
cation: SHELXL93.

The authors wish to thank Professor M. B. Hursthouse
and the EPSRC X-ray crystallographic service (Univer-
sity of Wales, Cardiff) for collecting the diffraction data.
We also wish to acknowledge the use of the EPSRC’s
Chemical Database Service (Allen er al., 1991) at Dares-
bury and BP for financial support (JPC).

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the IUCr (Reference:
PA1247). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

The title compound, CgHoN*.Br~, exhibits a trigonal
structure. Pairs of alkyl chains form all-frans sequences
through the N atom.

Comment

Tetra-n-alkylammonium bromides and iodides form an
interesting series of compounds exhibiting different
kinds of disordering transitions depending on alkyl-
chain length and temperature. We have been studying
the disordering transitions of these materials (up to a
chain length of 18 C atoms) using X-ray powder diffrac-
tion (Xenopoulos, Ralle, Habenschuss & Wunderlich,
1996; Ralle, Xenopoulos, Habenschuss & Wunderlich,
1996), thermal analysis (Xenopoulos, Cheng, Yasuniva
& Waunderlich, 1992; Xenopoulos, Cheng & Wunder-
lich, 1993) and solid-state NMR (Cheng, Xenopoulos
& Wunderlich, 1992a,b, 1993). The low-temperature
crystal structures of tetra-n-alkylammonium bromides
and iodides containing up to four C atoms per alkyl
chain were known for all but the title compound, (I).
Solving the crystal structure of the title compound closes
an important gap and helps us to complete our study of
disorder in these materials.
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The four C atoms in the tetraethylammonium ion
have distorted tetrahedral symmetry around the N atom,
occupying two independent atomic positions (Fig. 1 and
Table 2). The N atom occupies one special position and
the Br~ ion two.

Along the ¢ axis, we find alternating layers of
ammonium and bromide ions. These layers are stacked
so that triangles of N atoms have Br~ ions above and

Brl

@ Br2

Fig. 1. The structure of tetraethylammonium bromide showing 50%

probability displacement ellipsoids. H atoms have been omitted for
clarity. [Symmetry code: (i) “5 —x, % —x+y, % —z)

a
\0

Fig. 2. Packing diagram and unit-cell content of tetracthylammonium
bromide. Bromide and ammonium ions are arranged in alternating
layers normal to the ¢ direction.

Fig. 3. Packing diagram and unit-cell content of tetraethylammonium
bromide viewed down the ¢ axis.

439

below the center of each triangle (bromine is located
2.54 A above and below the plane of each triangle)
(Figs. 2 and 3).

This structure is different from the crystal structure
of tetraethylammonium iodide (Vincent, Knop, Linden,
Cameron & Roberston, 1988). Tetracthylammonium
iodide exhibits a tetragonal structure which can be
described as a very distorted zincblende structure in

which the cation has the shape of a nordic cross.

Experimental

A sample of tetraethylammonium bromide (Acros Organics)
was recrystallized five times from acetone to give transparent

plate-shaped single crystals.

Crystal data

CgHyoN*.Br~

M, = 210.16
Trigonal

R3¢ .
a=12.0128(10) A
c=35.160(3) A

V = 4394.1 (6) A®
Z=18

D, =1430 Mgm~?
D,, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer

w scans

Absorption correction:
empirical via 1 scans
(Siemens, 1995)
Tmin = 0.113, Trax = 0.168

4790 measured reflections

1010 independent reflections

Refinement

Refinement on F2
R(F) = 0.026
wR(F?) = 0.071
S =1.06
1010 reflections
50 parameters
H atoms not refined
w = U[c*(F2) + (0.0295P)*
+9.6217P]
where P = (F2 + 2F2)/3

" (A/0)max = 0.012

Mo Ka radiation

A=071073 A

Cell parameters from 25
reflections

9 =10.3-15.5°
p =415 mm™!
T=163(2)K
Block

0.74 x 0.44 x 0.43 mm
Transparent colorless

682 reflections with

I>20()
Rine = 0.052
Omax = 26.4°
h=-15-0
k=-10— 15
l=—-43 — 43

3 standard reflections
frequency: 120 min
intensity decay: 4%

Appax =035 ¢ A:3

Apmin = =028 ¢ A7?

Extinction correction:
SHELXL93 (Sheldrick,
1993)

Extinction coefficient:
0.00150 (10)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (l/B)Z,ZjU'fai‘aj'a;.aj.

X y z Ueq
Bril 0 0 0 0.0240 (2)
Br2 2/3 1/3 0.01103 (1) 0.0269 (2)
N 2/3 0.6543 (2) 1712 0.0159 (6)
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C1 0.6766 (3) 0.7342 (2) 0.04868 (6) 0.0240 (6) Xenopoulos, A., Cheng, J., Yasuniva, M. & Wunderlich, B. (1992).
C2 0.6738 (3) 0.6729 (2) 0.01080 (6) 0.0255 (7) Mol. Cryst. Lig. Cryst. 214, 63-79.

C3 0.5507 (3) 05207 3) 0.08034(7)  0.0241(6)  Xenopoulos, A., Ralle, M., Habenschuss, A. & Wunderlich, B. (1996).
C4 0.4240 (3) 0.5193 (3) 0.07648 (8) 0.0364 (8)

Table 2. Selected geometric parameters (fi, °)

N—C1 1.518 (3) c1—C2 1.514(3)
N—C3 1.514 (3) C3—C4 1.519(4)
Cl—N—C1! 107.3 (3) C3—N—C3' 106.3 (3)
C1—N—C3 110.71 (15) C2—C1—N 115.0(2)
C1—N—C3' 11092 (15) N—C3—C4 113.9(2)

Symmetry code: (i) 4 —x, 2 —x+y,} —z

All non-H atoms were located from direct methods. H atoms
were included in the calculations as riding atoms with common
isotropic displacement parameters. Methyl H atoms were
allowed to rotate about C—C bonds. Reflections with / odd
are systematically weak, giving an apparent pseudo-cell with
c=1758A.

Data collection: CAD-4-PC Software (Enraf—Nonius, 1993).
Cell refinement: CAD-4-PC Software. Data reduction: XCAD4
(Harms, 1995). Program(s) used to solve structure: SHELXS86
(Sheldrick, 1990). Program(s) used to refine structure:
SHELXL93 (Sheldrick, 1993). Molecular graphics: ORTEPII
(Johnson, 1971) and SHELXTL (Siemens, 1995).

This work was supported by the Division of Mate-
rials Research, National Science Foundation, Polymers
Program (Grant No. DMR 90-00520) and Oak Ridge
National Laboratory managed by Lockheed Martin En-
ergy Research Corporation for the US Department of
Energy under contract number DE-ACO05-960R22464.

Lists of atomic coordinates, displacement parameters, structure factors
and complete geometry have been deposited with the [UCr (Reference:
BK1293). Copies may be obtained through The Managing Editor,
International Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England.
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Abstract

The title compound, CyoH;3N30s, consists of an N-
methyl-substituted pyrrolylcarbonyl moiety bonded at
position 2 to the N’ atom of a hydrazino chain.

Comment

The C—C and C—N interatomic distances in the
title compound, (I), are similar to those found in
other pyrrole structures (Cullen, Pepe, Meyer, Falk &
Grubmayr, 1979; Fritz, Henlin, Reisen, Tschamber &
Zehnderand, 1988; Ruben, Bates, Zalkin & Templeton,

1974).
WN/N/H\{O

0—_~CHs

{

The C2—O1 bond [1.232(2) ;\], a urea ‘vinylogue’,
is slightly longer than C3—O2 [1.223(2) A] in the
carbamate group. The C2—N2 interatomic distance is
also longer than N3—C3. The torsion angle O1—C2—
C2'—N1’ of —8.4(2)° (Table 1) indicates that the
carbonyl group has an s-cis disposition with respect
to the C—N bond of the pyrrole ring. The relative
disposition of the pyrrolylcarbonyl and ethoxycarbonyl
substituents on the hydrazine chain afford a torsion
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