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Abstract

Three cationic silver(I) coordination polymers, namely {[Ag,(u-bib);](SO3CF3),-(CH3;CN)},
(1), {[Ag(u-bib)](NO3)-(H,0)}, (2), and {[Ag(n-bib)]BF,}, (3), have been prepared using
flexible bis(imidazolyl)butane (bib) ligand and silver salts of different anions. All compounds
are characterized by FT-IR, PXRD, elemental analysis, and single-crystal X-ray diffraction.
Compound 1, containing triflate (SO3CF;5") anion, exhibits a two dimensional 63-hcb network
with an amazing ABCDEF packing mode of the single hexagonal layers. Compound 2,
containing nitrate ions, forms a simple one dimensional wavy chain, while compound 3 with
BF, anions, shows a double helix DNA-shaped structure stabilized by Ag:--Ag interactions
between the two strands. The anions in the structures 1-3 are non-coordinating and participate
in weak H-bonding, while imidazolyl rings are involved in n-- -7 stacking interactions. Anion
exchange experiments in aqueous solution, monitored by FT-IR and PXRD analyses, reveal
interesting structural transformations.

Keywords: Coordination polymer, silver(I), anion exchange, structural transformation, anion

effect.
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Introduction

Research towards self-assembled coordination polymers (CPs), containing metal ions and
multitopic organic linkers, has rapidly grown over the past three decades. This is because of
the fascinating structural features of CPs, their versatile properties, and wide range of
potential applications in heterogeneous catalysis, gas separation and storage, biomedicine,
optics, electronic devices and so on.l'l Among various metal ions, used in the synthesis of
CPs, silver(I) with d'° electronic configuration is particularly interesting, not only because of
its adaptable coordination geometry which can generate diverse networks, but also for its
photoluminescence and antibacterial properties.?! It is quite well known that in the self-
assembly process rigid ligands are required for purposeful design of predictable networks,
and usually, such type of ligands are involved in the construction of metal organic
frameworks (MOFs); on the other hand, flexible ligands often lead to greater structural
diversity and less predictable architectures.’] Even so, CPs containing flexible ligands show
interesting host-guest features, structural transformation and more sensitivity towards
external stimuli.! Flexible networks can reversibly change to fit the guest molecules, and
this flexibility can also greatly enhance the mechanical properties of nets.[> '2l The topology
of frameworks containing silver(I) ion and flexible linkers is affected by several factors
including the reaction condition, metal-to-ligand ratio, ligand geometry, coordination
potential of the anions, as well as, non-covalent H-bonding, n---n, C-H:--m and Ag---Ag
interactions.[®] Hence, silver(I) ion coordinated to a bidentate linker can form various 1D to
3D architectures. In this regard and, as a continuation of our previous work on the synthesis
of CPs based on flexible ligands!’), here we report on the reactivity of a flexible
bis(imidazolyl) butane ligand with silver(I) salts of three different counter-anions, SO;CF5-,
NOs, and BF4. In the presence of these weakly- or non-coordinating anions, silver centers

can show their intrinsic nature to select a favorite coordination geometry. The result is the



isolation of a 2D honeycomb (63-hcb) net with fascinating crystal packing and two 1D
compounds showing chain or helical DNA-shaped structures. In addition, anion exchange

behavior and structural transformation of the compounds have been investigated.

Experimental

Materials and Physical Measurements

All experiments are carried out in air. The starting materials are purchased from commercial
sources and used without further purification. The bib linker is prepared according to the
published method.[¥! Infrared spectra (4000400 cm™!) are recorded from KBr disks with a
BOMEN MB102 FT-IR spectrometer. Elemental analyses for C, H and N are performed on a
CHNSO Elementar Vario EL III apparatus. X-ray powder diffraction patterns are recorded on
a Philips X Pert Pro diffractometer (Cu Ka radiation, A = 1.54184 A) in the 5-45° 20 range.
The simulated PXRD patterns based on the single crystal X-ray diffraction data are prepared

using Mercury software.[’]

Synthetic Procedures

Preparation of {[Ag,(u-bib);](SO;CF;),"(CH;CN)}, (1)

A solution of bib (0.044 g, 0.23 mmol) in CH;CN (4 mL) is gently layered on the top of an
aqueous solution (4 mL) of AgSO;CF3 (0.03 g, 0.12 mmol) in a test tube and kept in a dark
place. Colorless crystals of 1, suitable for X-ray diffraction, are obtained after two weeks.
The crystals are collected and dried in air (0.05 g, 71% based on Ag). Anal. Calcd for

C34HasA 2N 13F06S,: C 36.28, H 4.03, N 16.18; Found: C 36.43, H 3.86, N 16.06%.

Preparation of {{Ag(n-bib)](NO3):(H,0)}, (2)
bib (0.25 g, 1.31 mmol) is added to a solution of AgNOj3 (0.15 g, 0.88 mmol) in DMSO (15

mL). The resulting reaction mixture is stirred for 12 h at room temperature and then filtered.



Colorless cubic single crystals of 2, suitable for X-ray diffraction, are obtained at room
temperature by slow evaporation of the solvent after two weeks. They are collected, washed
with EtOH and dried in air (0.28 g, 70% yield based on Ag). Anal. Calcd for C,oH;sAgN5Oy4:

C31.76, H 4.26, N 18.52; Found: C 31.67, H 3.80, N 18.56%.

Preparation of {{Ag(n-bib)|BF4}, (3)

A solution of bib (0.044 g, 0.23 mmol) in CH;CN (4 mL) is gently layered on the top of an
aqueous solution (4 mL) of AgNOs; (0.02 g, 0.12 mmol) and NaBF, (0.015 g, 0.14 mmol) in a
test tube and kept in a dark place. Colorless crystals of 3, suitable for X-ray diffraction, are
obtained after a week. The crystals are collected and dried in air (0.03 g, 50% based on Ag).
Anal. Calcd for C;oH;sAgNsO4: C 31.20, H 3.67, N 14.56; Found: C 31.04, H 3.48, N

14.71%.

Anion Exchange in Solution

A well-powdered sample of 1’ (new crystalline phase 1 at r.t.) (0.05 g, 0.09 mmol) is
suspended in 10 mL of water containing 0.09 mmol of, respectively, KNO;, NaBF, and
NaClO, salts. The mixtures are stirred at room temperature for 1 day. The resulting anion-
exchanged solids are separated by centrifugation, washed several times with water, EtOH and
Et,0 and dried in air to give exchanged products 1’-NOs, 1’-BF,, and 1'-ClO,4. Similarly,
anion exchange behaviour of compound 2 has been explored in solutions of KSO;CFsj,
NaBF,, and NaClO4 to give anion exchanged products 2-SO;CF;, 2-BF,, and 2-ClO,4. To
investigate the reversibility of anion exchange between compounds 1’ and 2, the compounds

2 or 1’ were immersed in an equimolar solution of KSO;CF; or KNOs, respectively.

Single Crystal X-ray Crystallographic Studies



X-ray data are collected on a Bruker Apex II diffractometer using MoKa radiation. The
structures are solved using direct methods and refined using a full-matrix least squares
procedure based on F? using all data.['] Hydrogen atoms are placed at geometrically
estimated positions. Details relating to the crystals and the structural refinements are
presented in Table 1. Full details of crystal data and structure refinements, in CIF format, are

available as Supporting Information. CCDC reference numbers 1867058-1867060 for 1-3.

Results and discussion

Synthesis of compounds 1-3.

To investigate the effect of counter anion on the structure of Ag(I) CPs, the reaction of
bidentate bib ligand with different silver(I) salts in a molar ratio of 2:1 has been investigated
at room temperature. The result is the isolation and characterization of three new cationic
one- or two-dimensional polymeric complexes which show interesting structural features
(compounds 1 and 3) and one-dimensional wavy chain structure (compound 2). The new
complexes, that are almost stable towards air and moisture, have been characterized by

elemental analyses, FT-IR spectroscopy, PXRD and single-crystal X-ray diffraction.

Crystal structures

Crystal Structure of {{Ag,(n-bib);](SO;CF;),-(CH;CN)}, (1)

Compound 1 crystallizes in the monoclinic space group P2,/c with Z = 4 (Table 1). The
asymmetric unit consists of two silver(I) ions, three crystallographically independent p-bib
ligands, two SO;CF;™ ions and a CH3CN guest molecule (Figure la). Each Ag atom is
coordinated by three bib nitrogen atoms to form a slightly distorted trigonal planar AgNj;
environment. The bib ligands bridge the Ag(I) centers to form two-dimensional heb layers
with hexagon-shaped [Age(bib)s]®" metallocycles, as shown in Figure 1b. The flexible nature

of the alkyl -(CH;);- linker in the p-bib ligand provides considerable conformational
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freedom. Although the three independent bib ligands in the unit cell have the same anti-anti-
anti (aaa) conformation, their torsion angles and dihedral angle between the two imidazolyl
rings belonging to the same bib molecule are slightly different and therefore show three
different (Ag)N---N(Ag) distances of 10.333, 10.395 and 10.435 A. The silver:--silver
separations in the [Agg(bib)s]®" hexagons are, however, almost the same, ranging from 14.216
to 14.279 A.

The two dimensional layers, shown in different colors in Figure 1c, stack in an uncommon
ABCDEFABCDEEF... long sequence. Layers A (red) and B (green) stack in such a way that
the vertices of hexagons (silver atoms or 3-c¢ nodes) of layer B are located at the centers of the
layer A hexagons. Packing of A and B honeycomb layers in 1 is the same as the ABAB
packing mode of the layers in the structure of Cu-BTPP [H3BTPP= 1,3,5- tris((1H-pyrazol-4-
yl)phenyl)benzene].['!] Vertices of hexagons belonging to layers C (orange), E (yellow) and F
(violet) occupy the centers of the layer A hexagons but in different ways. Although, the
vertices of the D (blue) layer locate at the same places as the layer A, the Ag(imidazolyl);
moieties of the layer D are rotated by 60°. A movie of the packing sequence of the sheets is
shown in the Supporting Information. Each silver(I) ion show Ag---Ag distances of 3.26 and
3.44 A with neighboring silver atoms of the adjacent sheets. If these weak interactions are
taken into account, the silver became 5-coordinated and the underlying 3D net is the rare 5-c
fnu. The SO;CF;~ anions accommodate between the 2D layers with no significant
interactions with the Ag(I) centers. However, the SO;CF;~ anions show non-classic C-H---O
interactions!'?) with hydrogen atoms of the bib linkers as shown in Figure 2. Half of these
interactions connect adjacent sheets and form a 3D supramolecular architecture. The guest
CH;3CN molecule also interacts with a hydrogen atom of an imidazolyl ring. Details of the

hydrogen bonding geometry are reported in Table 2.



7 -7 stacking interactions between the imidazolyl rings of the ligands are also recognized. [13]
The results are shown graphically in Figure 3. These mn---m stacking interactions between
layers A and C, B and D, C and E, and D and F, stabilize the structure in the 3D crystal
packing. The total void value of the channels without guest molecules is estimated (by
Platon)['*! to be 522.8 A3, approximately 11.4% of the unit cell volume. Just recently, two-
dimensional metal-organic framework (known as 2D MOFs) monolayers or nano-sheets have
emerged as a new member of 2D materials with promising properties and applications.[!3] In
this regard, compound 1 with weak intra-layer interactions of types n---m stacking and long
range Ag---Ag may be easily exfoliated to its 2D monolayers with highly ordered pore arrays

in plane and highly accessible active sites on the large surface.

Crystal Structure of {{Ag(p-bib)|(NO3):(H,0)}, (2)

Compound 2 crystallizes in the orthorhombic space group P2,2,2, with Z = 4. The structure
consists of parallel polymeric wavy chains as indicated in Figure 4. All chains within the
crystal are parallel and extend along the ¢ axis. The Ag(I) centers are bound to two
imidazolyl rings from separate ligands with N-Ag-N angle close to linearity [172.30(8)°].

A water molecule also traps in the unit cell and show weak interaction with silver ion. The
Ag--O distance [2.803(3) A] is somewhat longer than a typical interaction between Ag(I) and
an aqua ligand (2.622 A).I'®] The nitrate anions are located on alternate sides of the zig-zag
[Ag(u-bib)]*, chain and interact trough hydrogen bonding with water guest molecules, H---O
distances of 2.00(4) A and 2.03(4) (Table 2). These hydrogen bonds form 1D zig-zag chains
running along the a axis and perpendicular to the direction of the [Ag(u-bib)]*, chains
(Figure 5). In addition, weaker non-classic C-H---O interactions(!?! are also observed
between O atoms of the nitrate ions or water molecules and CH groups of u-bib ligands

(Table 2).



The p-bib ligands exhibit gauche-gauche-anti (gga) conformation for the —(CH,),— spacer
with (Ag)N---N(Ag) distance of 7.230 A and Ag---Ag separation of 8.115 A. The ligand
length in 2 is remarkably (ca. 3.1 A) shorter than that observed in 1 (10.33-10.44 A) for
ligands with extended aaa conformation, however, is comparable with those reported for the
gag p-bib ligands in the structure of {[Zn(u-bib),](ClOy), (Et,;0)o5 (H,0)925},'"1 and
{[Co(bib);](PF¢),},.['8! The gaa, gag, and gga conformations usually provide shorter ligand
length and subsequently shorter metal---metal separation with respect to the anti-anti-anti
one.l7al Significant m--1 stacking interactions occur in 2 between two adjacent chains, that are
characterized by imidazole centroid---centroid distance and dihedral angle of 3.6692(14) A

and 4.45(14)°, respectively!!3] (Figure S1).

Crystal Structure of {{Ag(n-bib)](BF4)}, (3)

Compound 3 crystallizes in the monoclinic space group C2/c with Z = 8. The asymmetric unit
consists of two Ag(I) ions which lie on twofold crystallographic axis, one bib ligand and one
BF,4 anion (Figure 6). The crystallographically independent Ag(I) ions are coordinated by the
bib ligands with almost linear N-Ag-N angles of 178.70(11) and 179.89(10)° to form 1D
helical coordination polymer, running along the a axis. The Ag—N distances of 2.099(2) and
2.092(3) A are consistent with that found in compounds 1 and 2 and also in other reported
Ag(I) complexes of N-donor ligands. Interestingly, pairs of one dimensional helical chains
are held together by Ag:--Ag interactions of 2.9856(6) A to form double helix DNA-shaped
structure.l'”] The Ag---Ag distance is slightly longer than the Ag-Ag separation in metallic
silver (2.89 A) but shorter than the sum of the van der Waals radii of silver atoms (3.44 A).[20]
As a result of the Ag--Ag interactions, tetranuclear 24-membered [Agy(bib),]*"

metallocycles form along the double helix chains with each silver(I) ion adopting a T-shaped



geometry. These interactions stabilize the double strand helix, showing a similar role as the
weak interactions between the two helical chains of a DNA in biological systems.

The coordinated p-bib ligands show gauche-anti-anti (gaa) conformation with
(Ag)N---N(Ag) distance of 8.698 A and Ag---Ag separation of 11.452 A. So, the ligand
length is shorter than those observed in 1, where the ligands have aaa conformation, but
longer than the one observed in 2 with gga conformation. The dihedral angle between the
mean planes of the imidazolyl rings of the bib ligand is 3.8(2)°.

BF 4 ions are accommodated between the double strand chains and show non-classic C-H---F
interactions between F atoms and CH groups of p-bib ligands (Table 2, Figure S2).l12] As
shown in Figure S2, each BF, ions connect three neighboring chains and form a single 3D
hydrogen bonded supramolecular architecture. m---m stacking interactions are also observed

between the imidazolyl rings of adjacent chains which show centroid---centroid distance of

3.776(2) A and dihedral angle of 3.8(2)°.13]

Spectroscopic Characterization

Infrared spectra of 1'-3 exhibit characteristic bands of the coordinated bib ligands and also
typical absorption bands for the SO;CF5-, NOj;-, and BF, anions (Figure S3). The peaks
observed at 2850-2960 cm!' are assigned to the symmetric and asymmetric stretching
vibrations of the methylene (—CH;)— groups of the butyl spacer of the ligands and the other
peaks at about 3125 cm! are attributed to the stretching vibrations of sp?> C-H bonds of the
imidazolyl rings. The spectrum of 1’ exhibits several bands with medium to strong intensity
corresponding to the presence of triflate ions. The strong bands at 1255 and 1277 cm™! are
attributed to the asymmetric v,(SO;) stretching modes while the band with medium intensity
at 1028 cm!' is assigned to the symmetric v{(SO3) stretching of the triflate ions. The

asymmetric v,s(CF3) and symmetric v{(CF3) stretching bands appear at 1224 and 1155 cm™!,



respectively.l’> 211 The results confirm non-coordinating character of triflate ions in the
structure of 1. The bands at 1382 and 829 cm! in the infrared spectrum of 2 are assigned to
the stretching vibrational modes of uncoordinated NO;™ anions.[?® 221 In addition, the weak
bands in the region 3300 — 3500 cm’! confirm the presence of guest H-bonded water
molecules. In the IR spectrum of 3, the strong broad band in the region 1000—1100 cm™!
along with a medium-intensity absorption band at 520 cm™! indicate the presence of BF,
ion.[?3] The FT-IR spectra of 1’-3 are consistent with their crystal structures.

Powder X-ray diffraction (PXRD) experiments were carried out for compounds 1-3 (Figure
7) to confirm the phase purity of the bulk materials. The experimental PXRD patterns show
high crystallinity and, except for compound 1, are consistent with that simulated from the
corresponding single crystal X-ray diffraction data. Crystal structure of compound 1 has been
determined at low temperature (150 K) and a room temperature structural transformation to a
new phase (1’), involving the complex stacking of the layers (vide supra), maybe the reason

for the difference between experimental and calculated PXRD patterns.

Anion Exchange Studies

As revealed by crystal structure analyses, SO;CF5, NOs", and BF, anions are loosely bound,
through weak non-classic hydrogen bonds to the cationic structures of 1'-3, respectively.
Hence, anion exchange properties of the reported compounds have been investigated in
aqueous solutions of the appropriate salts and monitored by FT-IR spectroscopy and PXRD
analyses.

The disappearance of the triflate peaks in the infrared spectra of the ion-exchanged products
of 1’, (defined as 1'-NO;, 1’-BF,;, and 1’-ClO,) and the appearance of new peaks
corresponding to the vibration frequencies of NOs-, BF,", and ClO,, support the successful

exchange of triflates by these anions (Figure 8).
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To investigate structural transformations via anion exchange process, PXRD patterns of the
1'-NO;, 1’-BF,, and 1’-ClO4 samples have been recorded (Figure 9). Comparison between
experimental PXRD patterns of anion exchanged products 1'-BF, and 1’-Cl0, with that
calculated from single crystal X-ray data of compounds 3 and the isostructural (and
isomorphous) {[Ag(u-bib)]Cl04}, 4 (GIMLOE)!'*"] respectively, reveals the transformations
of 1’ to the double-helix structures of {[Ag(u-bib)]X}, (X= BF,4 and CIO,), to summarize 1'-
BF,= 3 and 1’-ClO,4 = 4. Although, FT-IR spectroscopy confirms that the SO;CF5- anions in
1 are exchanged by NOjs™ ions (Figure 9), the observed PXRD pattern of 1'-NO; doesn’t
correspond to the calculated pattern of compound 2, suggesting the formation of a new

crystalline phase of possible formula {[Ag(u-bib)](NO3)} ..

wﬁ- NO,

Ag(l) + bib

NaBF,
NaClO, BF, = ClOy NaClO,

3,4

Scheme 1. Details of anion exchange experiments on CPs 1'-4.

Ion exchange experiments on compound 2 are monitored by FT-IR spectroscopy and PXRD
analysis (Figure S4 and Figure 10). The results reveal the replacement of the nitrate ions by
SO;CF5, BF,, and CIO4 to give, respectively, 1’, 3 and 4, suggesting, also, the reversible

exchange between triflate and nitrate ions (Scheme I). Further anion exchange experiments

11



on 2-BF, (or 3) and 2-Cl0O4 in KNOj solution show no exchange of both BF, and ClO4 by
nitrate ion, suggesting, in this case, an irreversible exchange process between NO;  and BF
or ClOy4. This latter observation is also supported by the fact that compound 3 is synthetized
by reacting the bib ligand with silver nitrate in the presence of a slight excess of NaBF,.
Anion exchange experiments on 1’ in the presence of a mixture of NO3 and BF, anions
resulted formation of 1’-BF, (= 3) as a single product. The observation can suggest a

possibility that the compound with BF,~ could be more stable than that of with NO5™ anion.

Conclusions

Three new cationic Ag(I) CPs of a flexible ligand and weakly coordinating anions, SO;CFj5,
BF4, and NO;5-, have been successfully isolated via simple crystallization methods. The
results show that the nature and shape of the anions, their interactions with the cationic
[Ag(p-bib)i]™* (x = 1 or 1.5) skeleton together with the argentophilic and n---m stacking
interactions are the most important factors orienting the stereochemistry of these coordination
architectures. Successful anion exchange experiments show the relationship between the
reported structures and in particular that spherical anions (BF4 and ClOy4") favour the double

helix motif.
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Figure 1. The structure of {[Ag,(u-bib);](SO;CF;), (CH;CN)}, (1). (a) Asymmetric unit of 1 with
additional atoms to complete the coordination environment of Ag. (b) 2D honeycomb structure with
large hexagon windows. (¢) Views along the [0 1 0] (left) and [0 0 1] (right) directions of the unusual
ABCDEF packing mode of six parallel heb sheets.
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Figure 2. Non-classic C-H:-O interactions of triflate ions with cationic network of 1.
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Figure 3. Representation of the n--7 stacking interactions between imidazolyl rings of the layers A

and C, B and D, C and E, and D and F in compound 1.
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Figure 4. View of 1-D zig-zag chain structure of 2 along the b axis. Nitrate ions (spacefill

representation) and water molecules are located on alternate sides of the chain.
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Figure 5. View along the b axis of two 1D chains of [Ag(p-bib)]*, (green) and of water — nitrate

hydrogen bonded chains (red) showing their mutually perpendicular disposition in compound 2.
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Figure 6. The structure of {[Ag(u-bib)](BF4)}, (3). a) Asymmetric unit and b) the double helix.
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Figure 7. Observed (red) and calculated (blue) powder X-ray diffraction patterns for compounds: a)

1,b)2andc) 3.
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Figure 9. PXRD patterns for 1'-4 and anion exchanged products 1’-NO;, 1’-BF,, and 1’-CIO,.
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Table 1. Crystallographic data and structure refinement details for 1-3

Compound 1 2 3

Formula C30H4AgoN1»,2(CF;0;5),C,H;N - CoHsAgN,ONO;  CioH ,AgNy,BF,
Formula mass 1125.69 378.15 384.93

7(K) 150 293 293

Cryst. Syst. Monoclinic Orthorhombic Monoclinic
Space group P21/c P2,2,2, C2/c

a(A) 15.525(3) 8.5056(4) 11.0558(6)
b(A) 23.716(4) 10.2635(4) 13.3716(7)
c(A) 13.222(2) 16.0148(7) 18.8428(10)
a(®) 90 90 90

B(°) 109.189(3) 90 90.750(1)
v(°) 90 90 90

V(A3) 4597(14) 1398.05(11) 2785.4(3)

4 4 4 8

D calcd (g cm™) 1.622 1.797 1.836

Data collected 51736 27724 32676
Unique data (Rjy) 10371 4528 (0.016) 4545 (0.018)
Data/restraints/params  10371/0/569 4528/0/190 4545/0/182
RI[/> 26(])] 0.133 0.0215 0.0448
wR,(all data) 0.3220 0.0586 0.1474
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Table 2. Hydrogen bonds in compounds 1-3.

D-H-A D-H/A  H-AA D-A/A  D-H--AP
Three new
)]
cationic  C9-H9---06* 0.9300 2.4900 335(3)  153.00 Ag(D)-
C51-H51B---04 0.9700 2.5600 351(2)  167.00
C40-H40---02° 0.9300 2.5100 3392)  158.00
C81-HS8IA---04 0.9700 2.5800 332(2)  132.00
C83-H83B---03¢ 0.9700 2.5600 3.47(3)  156.00
C8-HS8---N123¢ 0.9300 2.6100 3.52(3) 168.00
Symmetry operations: a -1+x,y,-1+z; b x,1/2-y,-1/2+z; ¢ 1-x,1-y,1-z;
d -1+x,y,-1+z
(2)
020-HIW---010° 0.85(4) 2.03(4) 2.860(4)  164(4)
020-H2W---010P 0.87(4) 2.00(4) 2.822(4)  157(4)
020-H2W---012" 0.87(4) 2.57(4) 3.323(5)  146(4)
C20-H20---012 0.9300 2.5500 3.364(4)  146.00
C60-H60A---020°¢ 0.9700 2.5900 3.521(4)  161.00

Symmetry operation: a -x,1/2+y,3/2-z; b 1/2-x,1-y,1/2+z; ¢ 1-x,-1/2+y,3/2-z

A3)
C2-H2---F1# 0.9300 2.4700 3.272(7) 145.00
C3-H3---F3 0.9300 2.4900 3.202(7) 134.00
C4-H4B---F3b 0.9700 2.3500 3.012(6) 125.00
C7-H7B:--F4¢ 0.9700 2.3700 3.197(5) 143.00
C8-H8::-F4¢ 0.9300 2.2800 3.193(4) 166.00

Symmetry operation: a  x,1-y,1/2+z; b 2-x,y,3/2-z; ¢ 3/2-x,-1/2+y,3/2-z

coordination polymers of a flexible ligand and weakly coordinating anions, SO;CF5-, BF,,
and NOjs-, have been successfully isolated and characterized. The compounds show different
structures and dimensionalities. Anion exchange experiments reveal interesting structural

changes in solution of different anions.
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