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Herein we describe the changes in the packing patterns and discuss the structural modiÐcations in guanidinium
carboxybenzenesulfonates G ÉCBS (where X is the carboxylic group) compared with[C(NH2)3]`[XC6H4SO3]~
those in guanidinium benzenesulfonate G ÉBS. Generally, the one-dimensional arrangements in all three crystals
comprise the same ribbon formations. However, the further organization of the ribbons is signiÐcantly di†erent in
G ÉCBS. We analyse the donor and acceptor efficacy of the additional functional group to disrupt some of the basic
hydrogen bonds between the guanidinium and the sulfonium portions in G ÉBS. Since the carboxylic group
introduces a mismatching of the sites on the counter ions, the changes in the symmetry relations essentially depend
upon the topology of the substituent X, which results in modiÐed packing patterns. All engineering peculiarities are
analysed with respect to the symmetry constraints and geometrical demands of the packing forces.

Introduction
Crystal engineering is a vast and developing research area at
the intersection of supramolecular, solid state and materials
chemistry. At the present level of sophistication, it means the
planning and execution of a crystal structure synthesis.1 The
crystal design methodology involves two main components ;
analysis of the ultimate constituents (molecules, ions) on the
basis of their size, shape and intermolecular bonding capacity,
and synthesis of hard supermolecules exploiting the connec-
tivity based on supramolecular valence.2 However, unlike
organic molecular design, where almost any molecule can be
synthesized with a high level of precision, the Ðdelity in crystal
structure generation is still very limited. This is because our
understanding of weak interactions is still unsatisfactory in
the context of predictable organization and, especially, control
of crystal nucleation.3 The difficulties arise with the spatial
complexity of intermolecular interactions and their weakness,
so that even very subtle e†ects are decisive in determining the
overall structure. In view of this, the need to divide the
problem of three-dimensional assembly into less complicated
sub-tasks is evident. The recognition of synthons as being
inherently modular in their nature and imprinting the crystal
structure broadened the horizons of crystal engineering.4 The
universality of those n-dimensional modules rests in the topo-
logical similarity of their constituents and allows for versatile
structural design.5 The multiplicity of hydrogen bonds

¤ Electronic supplementary information (ESI) available : X-Ray
powder di†raction spectra of 2 and 3 compared with those of their
constituents. See http : //www.rsc.org/suppdata/nj/b0/b009197i/

employed in the modular units decides the stability of the
two-dimensional networks that are less liable to additional
e†ects of other weak interactions. Non-speciÐc interactions
introduced by ancillary groups, although decisive in the ulti-
mate crystal packing, most often a†ect only to a limited extent
the molecular assembly by deforming the basic hydrogen-
bonded network. However, they are not capable of disrupting
and totally reorganizing the primary network as long as dra-
matic impediments are not introduced. The advantage of the
modular approach is demonstrated in the wide variety of two-
dimensional hydrogen-bonded molecular networks reported
during the last decade.6 Metal-coordination and organo-
metallic networks, hydrogen-bonded or constructed via other
less directional interactions, have also been successfully
designed.7 Thus, the basic principles of inorganic crystal
engineering have also started to be developed,8 in addition to
those of organic crystal engineering.9

The two-dimensional hydrogen-bonded sheets formed by
guanidinium and sulfonate ions have been shown to be very
Ñexible.5ahc The proton donor and acceptor sites in gua-
nidinium benzenesulfonate are separate and explicitly located
on the guanidinium cation and the sulfonate anion, respec-
tively. Hence, the counter ions are matched in terms of sym-
metry and number of hydrogen-bonding atoms. The crystal
chemical unit (CCU)10 comprising the eight-membered ring
motif R2,2(8)11 is formed via two hydrogen bonds between
two nitrogen atoms of a single guanidinium ion and two
oxygen atoms of a single sulfonate group. They are further
translationally or reÑectionally extended into ribbons via two
more hydrogen bonds, donated from the nitrogen atoms
located on the same guanidinium ion toward the lone pairs of
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Scheme 1

two oxygen atoms belonging to the nearest sulfonate group
with subsequent formation of a new R2,2(8) ring. The topol-
ogy of the remaining two hydrogen-bond donors and two
acceptors, so far not used, accommodates the parallel align-
ment of the ribbons into hydrogen-bonded sheets (Scheme 1).
The planarity of the sheets essentially depends upon the inter-
actions between the ancillary R groups and is deÐned by the
dihedral angle between the ribbons. In fact, the two-hIRdimensional network can be considered as a two-dimensional
propagation of the nano-sized R3,6(12) module, consisting of
three pairs of R2,2(8) rings. However, the chemical nature and
steric demands of the R group play a decisive role in the Ðnal
crystal network organization, resulting in either mono- or
bilayer (lamellar) structures.5

In the present work, we report on the structural pro-
clivity in guanidinium carboxybenzenesulfonates

instigated by the topology of the[C(NH2)3]`[XC6H4SO3]~

Scheme 2

Table 1 Unit cell parameters of the cocrystals 1È3

Crystal lattice G ÉBS (1)5a G É 3CBS (2) G É 4CBS (3)

Space group P21/c P21/c P21/cZ 8 8 4
a/A� 7.50(1) 7.701(1) 10.626(2)
b/A� 23.287(6) 30.779(6) 15.597(3)
c/A� 12.060(2) 9.425(2) 7.1820(10)
b/¡ 92.24(8) 92.98(3) 103.38(2)
V /A� 3 2104(4) 2231.0(9) 1158.0(4)
V /Z (A� 3 CCU~1) 263 279 289.5

additional functional group X (X\ carboxylic group). We
consider the concomitance of the sulfonic and carboxylic
groups that are strongly competitive for hydrogen bond for-
mation, and therefore, for crystal network organization. The
structural studies of guanidinium 3-carboxybenzenesulfonate
(G É 3CBS) 2 and guanidinium 4-carboxybenzenesulfonate
(G É 4CBS) 3, compared with those of guanidinium bensenesul-
fonate (G ÉBS)5a 1 (Scheme 2) are aimed at revealing the
packing consequences and organizational peculiarities from
an engineering point of view. The most important results of
these studies are summarized in Table 1 and Fig. 1.

Results and discussion

Crystal structure and hydrogen-bonded networks

Generally, the CCU formation and one-dimensional ribbon
arrangement in 2 and 3 are the same as those in 1. The Ðrst
surmise for 3D organization in 2 and 3 was that the carbox-
ylic groups should interconnect the opposite hydrogen-
bonded sheets forming “genuine Ï ring motifs11 inside the
bilayers. However, a careful analysis of the packing conse-
quences resulted in this model being discarded. Should this
scenario be correct, the unit cell parameter b should become
twice as long as that in 1, since the approximate interdistances
between the hydrogen-bonded sheets are calculated to be 14.5
and 16.1 for 2 and 3, respectively, vs. 7.11 in 1. Obviously,A� A�
this is not possible due to the demands of crystal packing. If
the packing coefficients are to be within the reasonable limits
of 0.65È0.77,12 the permitted increase in the crystal unit cell,
resulting from the additional volume increment of the carbox-
ylic group (23.1 is limited to only 11.4È13.5%.A� 3),

The structural analysis reveals signiÐcant changes in the
symmetry relations in 2 and 3. The carboxylic group,
exhibiting both donor and acceptor features, introduces mis-
matching of the hydrogen-bonding sites on the counter ions.

Fig. 1 The crystal packings viewed along the hydrogen-bonded layers in 1È3 show the bilayer structure in guanidinium benzenesulfonate (left)
and the structural modiÐcations in guanidinium 3-carboxybenzenesulfonate (centre) and guanidinium 4-carboxybenzenesulfonate (right). The
separation of polar and non-polar regions alternates along the b-axis in 1 and 2, and along the a-axis in 3.
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Table 2 Selected intramolecular bond lengths and angles (¡) in 2 and 3(A� )

Guanidinium
3-carboxybenzenesulfonate 2

Guanidinium
Asymmetric unit A Asymmetric unit B 4-carboxybenxenesulfonate 3

S1AÈO1A 1.445(2) S1BÈO1B 1.431(3) S1ÈO1 1.4429(15)
S1AÈO2A 1.452(2) S1BÈO2B 1.439(3) S1ÈO2 1.4557(15)
S1AÈO3A 1.460(2) S1BÈO3B 1.450(3) S1ÈO3 1.4632(14)
S1AÈC1A 1.771(3) S1BÈC1B 1.770(3) S1ÈC1 1.775(3)
C7AÈC3A 1.485(4) C7BÈC3B 1.478(4) C7ÈC4 1.487(3)
C7AÈO4A 1.204(4) C7BÈO4B 1.234(4) C7ÈO4 1.211(3)
C7AÈO5A 1.321(4) C7BÈO5B 1.299(4) C7ÈO5 1.307(2)
O5ÈH1(O5) 0.79(5) O5ÈH2(O5) 0.78(6) O5ÈH(O5) 0.73(4)

C8AÈN1A 1.313(4) C8BÈN1B 1.304(4) C8ÈN1 1.316(3)
C8AÈN2A 1.320(4) C8BÈN2B 1.313(4) C8ÈN2 1.316(3)
C8AÈN3A 1.321(4) C8BÈN3B 1.323(4) C8ÈN3 1.318(3)

O1AÈS1AÈO2A 113.79(14) O1BÈS1BÈO2B 111.62(16) O1ÈS1ÈO2 113.76(9)
O1AÈS1AÈO3A 111.35(13) O1BÈS1BÈO3B 112.94(15) O1ÈS1ÈO3 112.85(8)
O2AÈS1AÈO3A 112.09(14) O2BÈS1BÈO3B 112.16(15) O2ÈS1ÈO3 110.88(9)
C1AÈS1AÈO1A 106.60(14) C1BÈS1BÈO1B 106.69(15) C1ÈS1ÈO1 106.42(9)
C1AÈS1AÈO2A 106.77(13) C1BÈS1BÈO2B 106.15(15) C1ÈS1ÈO2 106.68(9)
C1AÈS1AÈO3A 105.64(14) C1BÈS1BÈO3B 106.76(14) C1ÈS1ÈO3 105.61(8)
C3AÈC7AÈO4A 123.1(3) C3BÈC7BÈO4B 121.7(3) C4ÈC7ÈO4 123.69(18)
C3AÈC7AÈO5A 112.5(3) C3BÈC7BÈO5B 115.3(3) C4ÈC7ÈO5 113.31(19)
O4AÈC7AÈO5A 124.5(3) O4BÈC7BÈO5B 123.1(3) O4ÈC7ÈO5 123.0(2)

N1AÈC8AÈN2A 120.6(3) N1BÈC8BÈN2B 120.7(3) N1ÈC8ÈN2 120.5(2)
N1AÈC8AÈN3A 120.2(3) N1BÈC8BÈN3B 119.8(3) N1ÈC8ÈN3 119.5(2)
N2AÈC8AÈN3A 119.2(3) N2BÈC8BÈN3B 119.4(3) N2ÈC8ÈN3 120.0(2)

Table 3 Hydrogen bond geometries of 2 and 3

Hydrogen bond interactions R(HÉ É ÉB)/A� R(AÉ É ÉB)/A� h(AÈHÉ É ÉB)/¡ Symmetry code H.B. motif

Co-crystal 2 A-network
A-CCU formation

N1AÈH21AÉ É ÉO1A 2.04(4) 2.891(4) 170(4) x, y, z R2,2(8)
N2AÈH22AÉ É ÉO2A 2.18(4) 2.969(4) 166(3) x, y, z

A-ribbon formation Translation along x
N1AÈH11AÉ É ÉO3A 2.13(5) 2.935(4) 172(4) x ] 1, y, z R2,2(8)
N3AÈH13AÉ É ÉO2A 2.19(4) 2.990(4) 171(4) x ] 1, y, z

Pleated sheet formation Translation along z
O5AÈH1(O5A)É É ÉO3A 1.90(5) 2.684(4) 170(5) x, y, z] 1 C(8)

B-network
B-CCU formation b-glide

N1BÈH11BÉ É ÉO2B 2.11(4) 2.828(4) 156(4) x, y6 ] 1/2, z] 3/2 R1,2(6)
N2BÈH12BÉ É ÉO2B 2.29(4) 3.005(5) 140(3) x, y6 ] 1/2, z] 3/2

B-chain formation Translation along x
N1BÈH21BÉ É ÉO1B 1.91(5) 2.841(4) 174(3) x [ 1, y6 ] 1/2, z] 3/2 D

B-chainÈB-chain dimerization Inversion and translation along x
O5BÈH2(O5B)É É ÉO4B 1.90(6) 2.662(4) 167(6) x6 [ 2, y6 , z6 R2,2(8)

B-chainÈB-chain association Translation along z
N3BÈH13BÉ É ÉO3B 2.57(5) 2.976(4) 111(4) x [ 1, y, z] 1 D
AÈB network interactions A-ribbonÈB-chain linking b-glide
N3BÈH23BÉ É ÉO4A 2.20(4) 2.937(4) 159(4) x, y, z R1,2(6)
N2BÈH22BÉ É ÉO4A 2.47(5) 3.188(5) 146(4) x, y, z
N3AÈH23AÉ É ÉO3B 2.58(5) 3.296(4) 145(4) x, y6 ] 1/2, z] 1/2 R1,2(6)
N2AÈH12AÉ É ÉO3B 2.28(5) 3.034(4) 160(4) x, y6 ] 1/2, z] 1/2

b-glide and translation along x and z
N3AÈH23AÉ É ÉN3B(sp3) 2.60(5) 3.291(5) 142(4) x ] 1, y6 ] 1/2, z[ 1/2

Co-crystal 3
CCU formation

N2ÈH2(N2)É É ÉO2 2.05(3) 2.901(3) 171(3) x, y, z R2,2(8)
N1ÈH1(N1)É É ÉO1 0.23(3) 2.935(3) 167(3) x, y, z

Ribbon formation Translation along z
N1ÈH2(N1)É É ÉO3 2.07(3) 2.897(3) 177(2) x, y, z] 1 R2,2(8)
N3ÈH2(N3)É É ÉO2 2.14(3) 2.967(3) 169(2) x, y, z] 1

Ribbon association 21(y) screw rotation and translation along z
O5ÈH1(O5A)É É ÉO3 1.91(4) 2.632(2) 176(4) x6 , y ] 1/2, z6 [ 1/2 C(9)

Ribbon association Translation along x
N2ÈH1(N2)É É ÉO4 2.15(3) 2.956(3) 162(3) x ] 1, y, z] 1 D

Ribbon association b-glide and translation along y
N3ÈH1(N3)É É ÉO4 2.56(3) 3.077(3) 124(2) x ] 1, y6 ] 3/2, z] 3/2 D
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Fig. 2 Two di†erent presentations of the A-subnetwork in gua-
nidinium 3-carboxybenzenesulfonate : (a) the view along the c-axis
shows the hydrogen-bonded ribbons and reveals the inter-ribbon
symmetry and distance relations of the polar and non-polar regions :
the carboxylic groups are protruding out of the plane of the page. (b)
The view along the hydrogen-bonded ribbons shows their collation to
form pleated sheets and reveals the symmetry and distance relations
of the arene rings gallery. The unusual hydrogen bonding [N3AÈ
H2(N3A)É É ÉN3B] between the A and B guanidinium ions is also
shown.

The carboxylic hydrogen, as a better donor13 than the gua-
nidinium hydrogens, and the carbonyl oxygen, as a better
acceptor than the sulfonate oxygens, enforce a quite di†erent
linking mechanism in the second and third dimensions (Tables
2 and 3).

Two independent asymmetric units, denoted as CCU-A and
CCU-B, generate the crystal network in 2. The A-units are
arranged into a-translationally related one-dimensional
ribbons via four hydrogen bonds donated from the gua-
nidinium cation toward the sulfonate portion of the
anions : two of them [N1AÈH2(N1A)É É ÉO1A and N2È
H2(N2A)É É ÉO2A] form the CCU whereas the other two
[N1AÈH1(N1A)É É ÉO3A and N3AÈH1(N3A)É É ÉO2A] link the

Fig. 3 Three di†erent views of the B-subnetwork in guanidinium 3-
carboxybenzenesulfonate : (a) view of the intra-chain hydrogen bond
relations ; (b) view along the c-axis showing the inter-chain relations in
the outer polar region ; (c) view along the a-axis showing the benzene
ring arrangement and the inter-chain relations in the inner non-polar
region. The interplay of A and B-subnetworks furnishing the overall
crystal structure is shown in Fig. 1(b).

units [Fig. 2(a)]. However, the inter-ribbon relations in 2 are
signiÐcantly di†erent from those in 1.5a The meta-position of
the carboxylic group vs. the sulfonic group reinforces the
hydrogen bond competition for a two-dimensional arrange-
ment. The remaining two guanidiniumÈsulfonate hydrogen
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Fig. 4 Space-Ðlling representation of the three-dimensional crystal
packing in guanidinium 3-carboxybenzenesulfonate (a) and gua-
nidinium 4-carboxybenzenesulfonate (b).

bonds, N1É É ÉO1 and N3É É ÉO3, that conjoin the ribbons in 1
become disregarded in 2, where the single, very strong hydro-
gen bond O5AÈH1(O5A)É É ÉO3A between the carboxylic and
the sulfonate portions is used to fasten the ribbons in the
second dimension [Fig. 2(b)]. As a result, the A-ribbons tilt
signiÐcantly toward the (001) plane and collate along the c-
direction in order to accommodate the geometrical and steri-
cal constraints for close packing. The almost planar
hydrogen-bonded sheets in 1 transform into(hIR\ 150¡)
pleated sheets in 2 which is followed by a shrinkage(hIR\ 7¡)
of the unit cell parameter c (see Table 1). The A-benzene rings
become locked between the ribbons and aligned parallel to the
(100) plane. Thus, the van der Waals (vdW) interactions gov-
erning the arene gallery change from edge-to-face (EF) in 1 to
o†set face-to-face (OFF) in 2. The mean distance between the
planes of opposite aryl rings becomes 3.029 The twoA� .
parameters and characterizing the thickness of thednp dp ,
hydrophobic (non-polar) and the hydrophilic (polar) regions,
change signiÐcantly. The mean distance between thednpinversion-related pleated sheets reduces to 5.971 comparedA� ,
to 8.31 for the intralamellar distance in 1. On the other side,A�
the parameter (3.33 in 1) expands to 9.419 which is fardp A� A�
beyond the range of any packing forces if the B-subunits were
not present. The B-sublattice is organized in a manner able to
adapt the steric and directional constraints dictated by the
rigid A-network. A pliant R1,2(6) ring motif incorporating two
hydrogen bonds donated from two nitrogens (N1B and N2B)
toward a single sulfonate oxygen (O2B) is used for the forma-

Fig. 5 A view of the glide-related hydrogen-bonded ribbons in 3,
conjoined via strong O5ÈH1(O5)É É ÉO3 hydrogen-bonds (a) ; two more
hydrogen bonds donated from the remaining two guanidinium hydro-
gens toward a single carboxylic oxygen (O4) complete the three-
dimensional network (b). The hydrogen atoms of the benzene rings
are omitted.

tion of the B-CCUs, which are further Ñexibly extended into
chains [via the single hydrogen bond N1BÈH2(N1B)É É ÉO1B]
running in the same direction as the A-ribbons [Fig. 3(a)].
The rigid dimer association via O5BÈH2(O5B)É É ÉO4B
between the carboxylic groups inside the arene region moves
the inversion-related chains far apart, placing them in the
outside polar region between the A-sheets [Fig. 3(c)]. The
loose arrangement of translationally related B-chains [via
N3BÈH1(N3B)É É ÉO3B] in the outside region relieves the
tension of the inside region [Fig. 3(b)]. Four more NÈHÉ É ÉO-
type hydrogen bonds complete the Ðnal crystal network. Two
of them are directed from A-guanidinium to B-sulfonate and
two more from B-guanidinium to A-sulfonate residues. They
are all collocated in the outside region between the pleated
sheets and join the ribbons with the chains in the third dimen-
sion, using two more R1,2(6) ring motifs. The overall crystal
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lattice [Fig. 4(a)] demonstrates an apparent separation of dif-
ferent interaction regions alternating along the monoclinic
b-axis, which makes the meaning of and clear. The non-dnp dppolar regions contain the arene rings and are ruled by the
inversion symmetry operator, whereas the glide reÑection
operator governs the interactions in the polar regions, com-
prising the hydrogen-bonded A-ribbons and B-chains. The
extraordinary hydrogen bonding [N3AÈH2(N3A)É É ÉN3B]
between the A and B guanidinium ions [see Table 3 and Fig.
2(b)] deserves some comment because it is donated from the
H2(N3A) atom, which is already used in the formation of
another hydrogen bond and, thus, serves as a bifurcated
donor. Even more peculiar is the fact that it is donated toward
the lone pair of the guanidinium nitrogen atom N3B, with a
resultant change in the electronic conÐguration from trigonal
pyramidal to tetragonal, which is a quite rare phenomenon.

Substitution of the carboxylic group in the para-position
makes it even more competitive for 3D network organization
and results in a reduction of the crystal unit cell and a reorien-
tation of the polar and non-polar regions alternating along
the crystallographic a-axis. The one-dimensional arrangement
in 3 is the same as in the former crystals, although the ribbons
run along the c-axis [Fig. 5(a)]. However, the two-dimensional
hydrogen-bonded sheet and the bilayer structure become
strongly disrupted by the presence of the very efficient donor
and acceptor sites positioned exactly opposite to the sulfonic
group. The sulfonateÈguanidinium interactions between the
glide-related CCUs are discarded in favour of the single very
strong hydrogen bond O5ÈH1(O5)É É ÉO3 conjoining the
screw-related ribbons and sca†olding the anions into zig-zag
chains along the b-axis. On the other side, the lone pairs on
the carbonyl oxygen O4 are sterically and geometrically acces-
sible for two discarded proton donors located on di†erent
guanidinium portions. Head-to-tail arrangement of the trans-
lationally related ribbons [via N2ÈH1(N2)É É ÉO4] and the
glide-reÑected ribbons [via N3ÈH1(N3)É É ÉO4] [Fig. 5(b)],
affiliates the formal monolayers into hydrogen-bonded inter-
woven layers (as opposed to the bilayer structure in 1). Thus,
the carboxylic group in 3 acts as a speciÐc three-dimensional
conjunction for the ribbons. For the obvious reasons of
hydrogen bond geometry demands, the planes of the
hydrogen-bonded ribbons tilt out of the (010) plane forming a
dihedral angle of ^55¡ with the (100) plane. Therefore, the
crystal structure of 3 is better described with two separate
interaction regions alternating along the crystal a-axis [Fig.
4(b)]. The non-isotropic (polar) regions at 1/2a, 3/2a, 5/2a, . . .
are dominated by directional interactions between the sub-
units. The isotropic (vdW) regions arranged at 0, 1a, 2a, . . .
are covered by face-to-face (FF) interactions between the aro-
matic rings (see Fig. 1).

Conclusions
In this study, we have elucidated the organizational com-
petition between the sulfonic and carboxylic groups and
revealed the packing consequences resulting from their topol-
ogies. In agreement with our initial predictions, the additional
hydrogen bond capacity introduced by the carboxylic group
causes signiÐcant structural modiÐcations in 2 and 3 com-
pared to 1.

Whereas the complete separation of the donor and acceptor
sites in 1 generates a separation of the isotropic and non-
isotropic interaction regions with formation of a resultant
bilayer (lamellar) structure in 1, the mismatching of those sites
in 2 and 3 forces a prominent reorganization of their crystal
networks. The ionic interactions between the bilayers in 1 are
replaced by hydrogen bonds between the carboxylic group
and the guanidinium ion that modify the interlamellar space
and generate thick monolayers (polar regions) in 2 and 3. As
already discussed, the symmetry relations dictated by the

directional forces in these carboxyÈguanidiniumÈsulfonate
monolayers are much more complicated than those in the
guanidiniumÈsulfonate sheets in 1. Under these circumstances,
new packing forces are required to allow the aromatic por-
tions in 2 and 3 to adapt to the requirements of the basic
hydrogen-bonded networks. The edge-to-face (EF) inter-
actions governing the benzene ring galleries (at 1/4b, 3/4b,
5/4b, . . .) in 1 convert to o†set face-to-face (OFF) interactions
and to face-to-face (FF) interactions, which control the corre-
sponding regions in 2 and 3. As a consequence, the non-polar
regions, created by the aromatic parts, alternate along the
b-axis at 0b, 1/2b, 3/2b, 5/2b, . . . in 2 and along the a-axis at
0a, 1a, 2a, . . . in 3 (see Table 1).

Experimental

General procedures

All commercially available starting materials were purchased
from Aldrich and used without further puriÐcation. Spectro-
scopic grade solvents and/or deionised water were used for all
crystallizations. Melting points were determined with a
Bethius plate and are uncorrected. Solid-state infrared spectra
were recorded on a Perkin-Elmer 1600 FTIR spectrometer (4
cm~1 resolution) from Nujol mulls and KBr pellets and com-
pared with those of the starting materials. Powder di†raction
measurements were performed on a Philips XÏPert instrument
(40 kV, 30 mA, radiation).Cu-Ka1

Syntheses

Guanidinium 3-carboxybenzenesulfonate, 2. Compound 2
was crystallized from an aqueous solution containing equi-
molar quantities of guanidine hydrochloride and sodium 3-
carboxybenzenesulfonate using slow evaporation techniques.
After seven weeks, colourless plates were obtained. The
product homogeneity was tested by comparing the powder
di†raction spectra of the product and the starting materials
(see ESI) and melting point measurements (m.p. 210È212 ¡C),
and characterized by IR spectroscopy : l/cm~1 3481, 3448,
3369, 3200, 2889, 2660, 2545, 2360, 1714, 1655, 1600, 1575,
1475, 1430, 1420, 1308, 1293, 1278, 1220, 1194, 1142, 1095,
1076, 1040, 1033, 996, 930, 915, 904, 846, 810, 753, 730, 680,
655, 617, 572, 535, 490.

Guanidinium 4-carboxybenzenesulfonate, 3. Compound 3
was crystallized from an aqueous solution containing equi-
molar quantities of guanidine hydrochloride and potassium
4-carboxybenzenesulfonate using slow evaporation tech-
niques. After three weeks, colourless needles were obtained
and recrystallised in order to obtain single crystals of better
quality. The product homogeneity was tested by powder dif-
fraction spectroscopy (see ESI) and melting point measure-
ments (m.p. 278È280 ¡C), and characterized by IR
spectroscopy : l/cm~1 3477, 3428, 3362, 3260, 3200, 2890,
2639, 2496, 1685, 1647, 1575, 1495, 1419, 1306, 1252, 1232,
1185, 1165, 1130, 1110, 1030, 1005, 977, 911, 859, 809, 769,
711, 685, 642, 630, 579, 560, 535.

X-Ray crystallography

Data collection on a KM4CCD di†ractometer with graphite-
monochromated Mo-Ka radiation (j \ 0.710 73 at 293 K.A� )
Programs used for structure solutions : SHELX-93 (for 2) and
SHELX-97 (for 3).14 Hydrogen atoms were located from the
di†erence map and a riding model with Ðxed thermal param-
eters for the atom to which they are bonded[U

ij
\ 1.2U

ij
(eq)]

was used for subsequent reÐnements. Corrections made : sec-
ondary extinction coefficient 0.0152(33) for 2 and 0.0172(16)
for 3. The computer program PLATON15 was used to
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analyze the geometry of the hydrogen-bonding patterns.
RasMol16 and PLATON were used for graphical representa-
tion of the results.

Crystal data for 2. g mol~1,C8H11N3O5S, Mr \ 261.27
colourless plate (0.6] 0.4] 0.2 mm), monoclinic, space group

(no. 14), 1.3 O h O 25.0¡ ; a \ 7.701(2), b \ 30.779(6),P21/cc\ 9.425(2) b \ 92.98(3)¡, Z\ 8, V \ 2231.0(9)A� , A� 3, Dc \
1.556 Mg m~3, F(000)\ 1088, k \ 0.306 mm~1, 10 958 reÑec-
tions measured, 3914 independent, 3510 considered observed
[I[ 2p(I)] ; 396 parameters, Rall\ 0.0593, Robs\ 0.0512,

S \ 1.21,wRall\ 0.1446, wRobs\ 0.1346, omin@max\ [0.29,
0.42 e A� ~3.

Crystal data for 3. g mol~1,C8H11N3O5S, Mr \ 261.27
colourless needle, monoclinic, space group (no. 14),P21/c3.9O h O 26.0¡ ; a \ 10.626(2), b \ 15.597(3), c\ 7.1820(10) A� ,
b \ 103.38(2)¡, Z\ 4, V \ 1158.0(4) Mg m~3,A� 3, Dc \ 1.499
F(000)\ 544, k \ 0.294 mm~1, 6766 reÑections measured,
2264 independent, 2152 considered observed [I[ 2p(I)] ; 199
parameters, Rall\ 0.0445, Robs\ 0.0428, wRall\ 0.1203,

S \ 1.12, 0.28 ewRobs\ 0.1180, omin@max\ [0.40, A� ~3.
CCDC reference numbers 145854 and 145855. See http : //

www.rsc.org/suppdata/b0/b009197i/ for crystallographic data
in CIF or other electronic format.
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