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Abstract. C H,NI*3Br2H,0, M,=564-20, tri-

clinic, PI, a=11.097(1), b=13-502(1), c=
9.-124 (DA, 0=92.87(1), B=111-37(1), y=
66-08 (1)°, V=1156-03)A%, Z=2, D,=

1.53 g em™? (by flotation in CCl,/1,2-dichloropropane
mixture), D,=1-621(1)gem™3, AMo Ko) =
0-71069 A, wu=55-6cm™', F(000)=568, T=
297 3) K, final R =0-074 and wR = 0-070 for 2525
observed reflections. The structure consists of discrete
cations with nominal C; symmetry. At the nucleus of
the cation is a planar six-membered aromatic ring; the
bridged and nonbridged C—C bonds in this ring are
virtually equivalent in length (1.388 and 1-387 A,
respectively). Attached to the central ring are three
appreciably puckered five-membered pyrrolium rings.
The bend in each pyrrolium ring, averaging 31°, raises
the N atom about 0-47 (10) A above the plane of the
other four atoms; this results in an alignment of the
methyl groups to axial and equatorial positions. Two
cations are held together electrostatically as a
‘sandwich’ by a central network of four water molecules
and two bromide anions, forming a six-membered ring

0108-2701/85/111683-03$01.50

held together by O—H---Br~ and O—H:--O hydrogen
bonds; two other Br~ anions link to the ring through
O—H-.--Br~ hydrogen bonds.

Introduction. In the search for novel aromatic systems
to use in the synthesis of zeolites, a series of tris- and
tetrakis(quaternary ammonium) compounds were in-
vestigated. One of these was the title compound,
synthesized according to a procedure described
elsewhere (Ciric, Lawton, Kokotailo & Griffin, 1978).
The cation (I) will be referred to as triquat.

HC CH, *

CH,

HC CH,
¢y

This material was used to synthesize a new zeolite,
ZSM-18 (Ciric, 1976).
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Experimental. Colorless ellipsoidal crystal; minor and
major diameters 0-1768 and 0-2577 mm, respectively;
Siemens diffractometer equipped with a GE quarter-
circle Eulerian cradle; Zr-filtered Mo Ko radiation; no
monochromator; no balanced filters; unit-cell dimen-
sions by least-squares refinement of 67 strong indepen-
dent reflections with 12° < § < 14.5°; data collected
by 6-20 step ‘scan; index range: h —13to 13, k —15 to
15, 10 to 10; three reference reflections measured after
every 50 reflections; no significant variation or decay of
standards detected; 4540 reflections measured within
2° < #<25°; 2525 reflections classified as observed
IF > 30(F)]; intensities corrected for Lorentz,
polarization, and absorption; transmission factors
ranged from 0-406 to 0-582, based on a linear
absorption coefficient of 55-6cm~! for Mo Ku;
estimated standard deviation in the intensity assigned
on the basis of counting statistics (Corfield, Doedens &
Ibers, 1967); estimated standard deviation in F,
calculated by finite-difference method (Williams &
Rundle, 1964); structure solved by direct methods.
Structure assumed, initially, to be centrosymmetric;
an E map based on 240 phased reflections (Long, 1965)
revealed the three bromide ions; an electron density
synthesis, phased by these ions, revealed the cation
positions; positional and isotropic thermal parameters
of Br~ and nonhydrogen atoms of the cations refined by
full-matrix least squares (NUCLS; R. J. Doedens and J.
A. Ibers, undated) using F, magnitudes weighted by
1/6%(F,); anisotropic thermal parameters for Br-, C and
N then introduced. A difference (4F) synthesis [FOUR;
L. J. Guggenberger, undated (a modification of a
program by C. J. Fritchie)] revealed two previously
unidentified maxima at electron density levels equiva-
lent to C and separated by about 2-7 A; these maxima
attributed to the O atom of water molecules; presence
of two water molecules confirmed by mass spectro-
metric analysis. Positions of the H atoms in the cations,
based on C—H = 1-0 A and normal tetrahedral geom-
etry, included in the subsequent refinement as fixed
parameters with isotropic thermal parameters of 3-0
and 3-5 A? for those attached to the pyrrolium rings
and in the methyl groups, respectively; water O atoms
then refined with anisotropic thermal parameters; H
positions at O(1) and approximate positions at O(2)
revealed on AF synthesis; final set of fixed H positions
derived by treating the water molecules as rigid groups
with an O—H distance of 0-85 A and an H—O—H
angle of 104-5°, Atomic scattering factors for Br- ions
from Cromer & Waber (1965), for neutral C, N and O
from Hanson, Herman, Lea & Skillman (1964), and for
H from Stewart, Davidson & Simpson (1965); effects
of anomalous scattering by bromine included in F,,
using values of /” and /' given in International Tables
Jor X-ray Crystallography (1962); final discrepancy
values R =0-074 and wR = 0-070 for all 2525 reflec-
tions above 30(F); final error-of-fit, based on the 2525

C,sH,N3*.3Br~.2H,0

reflections (m) and 235 variables (n), was 1.81; m/n
ratio 10.7; final 4/0 < 0-02; final difference electron
density synthesis essentially featureless; no correction
for secondary extinction.

Table 1. Positional parameters with B, values

B, = 422841,

x y z B (AY)
Anions
Br(1) 0-49841 (14) 0.72423 (13) 0-00780 (16) 5-13 (6)
Br(2) 0-28533 (14) 0-05132(10) 0-30687 (15) 4-34 (5)
Br(3) 0-18767 (13) 0-48389 (10) 0-39464 (13) 3.54 (5)
Cation
c 0-0314 (10) 0-7243(7) 1.:0507 (1) 2:3(3)
C@2 0-1767 (10) 0-6990 (8) 1-1094 (11) 2-2(4)
C3 0-2344 (10) 0-7344 (8) 1.2523(12) 2.5(3)
C(4) 0-1534 (12) 0-7930(8) 1.3358 (12) 2.9 (4)
C(5) 0-0092 (10) 0-8165 (8) 1-2775 (12) 2.6 (4)
C(6) —0-0529 (10) 0-7813(7) 1-1344 (11) 2-1(3)
C(n —0-0104 (10) 0-6838 (8) 0-8947 (11) 2-7(4)
C(8) 0-2410(11) 0-6366 (9) 1-0002 (12) 3.2(4)
CH 0-3881 (11) 0-7198 (9) 1.3391(13) 3-34)
C(1o 0-2440 (1) 0-8209 (8) 1.4868 (13) 3-2(4)
can —~0-1010(11) 0-8797(9) 1-3461 (12) 3-2(4)
C(12) —0-2070 (1 0-8157(8) 1-0993 (12) 2-8(4)
C(13) 0-1354 (12) 0-5855 (10) 0-7337 (13) 3.9 (4)
C(14) 0-1576 (12) 0:4911(9) 0-9686 (13) 3.4 (4)
C(15 0-5009 (12) 0-7838 (10) 1.5942 (13) 3.9 (4)
C(16) 0-4290 (12) 0-6363 (9) 1.5947 (13) 3-6(4)
can —0-3626 (11) 0-9293(9) 1-2395(13) 3-8(4)
cus) -0:1919 (13) 0-7409 (10) 1-3504 (13) 3-8(5)
N(D 0-1306 (9) 0-5987(7) 0-8954 (9) 2:9(3)
N(2) 0-3917 (%) 0-7415(7) 1.5056 (9) 2:6 (3)
N(3) -0-2192 (8) 0-8418(7) 1.2582(9) 2:7(3)
Water molecules
och)y —0-0430 (13) 1-1156 (10) 1.2722 (11) 6-0 (4)
02) —0-2235 (14) 19571 (9) 1-0263 (14) 7-4 (8)
H(la) 0-036 (13) -1oan 1-271 (16)
H(1b) -0-068 (13) 1.075 (11) 1-204 (16)
H(2a) -0-203 (21) 1069 (17) 0-950 (25)
H2m -0-300(21) 1113 (17 1-017 (23

CH3

|

iy

123.0
149.4°

CH3
178.9°

Benzene Pyrrotium Mertnyl
Ring "l" Ring + Groups

Fig. 1. (@) View normal to the cation showing the ring structure and
the average C,-symmetry-related bond lengths (A) and angles
(°). (b) Side view of the cation illustrating average deviations
from planarity and the C—N—CH; angles. Standard deviations
are in the ranges 0-012-0-013 A and 0-7-0-9°,
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Discussion. Atomic coordinates are listed in Table 1.*
Systematic variations in bond lengths and angles (Fig.
1) indicate that the cation is slightly deformed from Cj,
to C; symmetry. The pyrrolium ring is puckered with
the N atom raised 0-47 (10) A above the plane defined
by the other four atoms in the ring (Fig. I1). The
stereochemical consequence is a rotation of one set of
methyl groups to an axial position and the other set to a
nearly equatorial position relative to the plane of the
cation. Two triquat cations are held together electro-
statically by a central network of bromide ions and
water molecules. Four water molecules and two
bromide ions in this central network are hydrogen
bonded so as to form a planar six-membered ring (II).

Broneorere H’O
: H LB
: o
::| “i ,H'
\ H
H’Q :
BI’.' H
\o..H --------- Br
(ID

Each member of this ring is situated above or below a
pyrrolium ring. The O---O separation is exactly that
(2:75 A) in the low-pressure forms of ice at 100K
(Kamb, 1968); the O--.Br separations range from 3.20
to 3-28 A and are consistent with distances found in

* Lists of structure factors, H-atom positional parameters,
anisotropic thermal parameters, bond lengths and angles, root-
mean-square thermal amplitudes of vibration, torsion angles within
the cation, and weighted least-squares-plane calculations through
sets of atoms in the cation, and stereoscopic views of the dimer and
the packing have been deposited with the British Library Lending
Division as Supplementary Publication No. SUP 42327 (17 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI 2HU, England.
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other crystalline hydrates where hydrogen bonding
occurs (Lundgren, 1970; Lundgren & Olovsson, 1968;
Johnson, Maier & Paul, 1973; Johnson, Frank & Paul,
1973). The top and bottom halves of this dimer
approach the central 4(Br—.H,0) network at normal
van der Waals distances, indicating that forces holding
the dimer together are primarily electrostatic in nature.
The only remaining anion, Br(3), fills interstitial holes
between dimers, also at normal van der Waals
distances.

We wish to thank J. G. Bendoraitis and T. D. Price
for their mass-spectrometric analysis, W. J. Rohrbaugh
for his experimental assistance, and Professor L. S.
Bartell for stimulating discussions.
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