Crystal Structure of Poly[(u4-iodo)(2-ethylpyrazine-N)-silver (1)]

Containing a Novel AgX 63 Net
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Reaction of silver(l) iodide with 2-ethylpyrazine yields crystals of the new coordination poly-
mer poly[(us-iodo)(2-ethylpyrazine-N)-silver(l)]. In the crystal structure a novel Agl substructure
has been found which consists of a 6% net of alternating Ag and | atoms forming layers which are
parallel to the a-b-plane. The 2-ethylpyrazine ligands are located above and below each layer and are
coordinated only with one nitrogen atom to the silver atoms. The layers are stacked perpendicular
to the c-axis and are connected only by weak van der Waals interactions. On heating the compound
looses all ligands and transforms directly into Agl without the formation of a ligand poor intermedi-

ate compound.
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Introduction

We are interested in the synthesis, structures and
properties of coordination polymers based on copper(l)
halides or pseudohalides and N-donor ligands, because
we have recently found that such ligand rich com-
pounds can be transformed into new ligand poor inter-
mediate compounds by controlled thermal decomposi-
tion [1—8]. Because the intermediate compounds were
obtained in very pure form and in almost 100% yield,
this method is an adequate alternative to the synthe-
sis in solution, in which very often mixtures of dif-
ferent compounds are observed or certain compounds
are overlooked or cannot be prepared. These coordina-
tion polymers are built up of different CuX substruc-
tures (X = ClI, Br, 1) like e.g. 4- and 6-membered
rings, or single and double chains, which are con-
nected into one-, two- or three-dimensional coordina-
tion polymers by the N-donor ligands. Similar com-
pounds can also be prepared with silver(l) halides and
selected examples can be found in references [9—14].
Thus, a similar reactivity can be expected and there-
fore, we have started investigations on the synthesis,
structures and thermal properties of the corresponding
AgX (X = CI, Br, I) coordination polymers [15-17].
During these investigations we have reacted Agl with
2-ethylpyrazine and obtained a new Agl coordination
compound which consists of a novel AgX substructure,

observed previously in copper(l) halide coordination
polymers.

Experimental Section
Synthesis of poly[ (u3-iodo)(2-ethyl pyrazine-N)-silver (1)]

131.72 mg (0.56 mmol) of Agl were reacted with 244.0 ul
(2.2 mmol) of 2-ethylpyrazine at r.t. in the dark. After 4 d
colourless crystals had formed which were suitable for sin-
gle crystal structure analysis without any further purifica-
tion. The crystals must be stored in the dark because oth-
erwise they decompose slowly. The compound is obtained
phase pure which was proved by X-ray powder diffraction.
CgHgN2AgI (342.91): calcd. C 21.02, H 2.35, N 8.17; found
C 20.92, H 2.27, N 8.09.

Sngle crystal structure analysis

All data were measured using an Imaging Plate Diffrac-
tion System from STOE & CIE and were corrected for
absorption using X-Shape [18]. Structure solutions were
performed with direct methods using SHELXS-97 [19],
and structure refinement was carried out against F2 using
SHELXL-97 [19]. All non-hydrogen atoms were refined with
anisotropic displacement parameters and the hydrogen atoms
were positioned with idealised geometry and refined with
isotropic displacement parameters using a riding model. The
crystal was racemically twinned and therefore, a twin refine-
ment was performed using SHELXL-97 (BASF parameter:
0.42(4)). A second crystal investigated also showed racemic
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Table 1. Crystal data and results of the structure refinement
for poly[(us-iodo)(2-ethylpyrazine-N)-silver(l)].

Empirical formula CgHgN2Agl
MW [g-mol~1] 342.91
Crystal colour colourless

0.11x0.10x0.08
orthorhombic

Crystal size [nm~1]
Crystal system

Spalce group P2:2,21

a[A] 4.5101(3)

b[A] 7.3272(5)

c[A] 26.728 (2)

V [A3] 883.3 (1)
Temperature [K] 170

z 4

Dealc, g-cm—3 2.579
26-Range [°] 6-50

h/k/I ranges —5/5/—8/8 1 —27/31
1(Mo-Kg) [mm—1] 5.71
Absorption corr. numerical
Min./max. transmission 0.3537/0.4729
Measured reflections 5244

Rint 0.0419

Independent refl. 1531

Refl. with | > 25(1) 1435
Parameters 92

Ri[l >20(1)] 0.0225

wR; [all data] 0.0540
BASF-parameter 0.42(4)
Goof 1.006
Residual electron density [e-,&*3] 0.58/—-0.47

Table 2. Atomic coordinates [-10%] and equivalent isotropic
displacement parameters [AZ - 10%] for poly[(u3-iodo)(2-
ethylpyrazine-N)-silver(l)].

Atom  Wyckoff  x y z Ueq
position

Ag(1) 4a 7049 (1) 2176 (1) 2324 (1) 29(1)
1(1) 4a 7974 (1) —1634 (1) 2139(1) 22(1)
N(1) 4a 4558 (11) 3931 (6) 500(2) 25(1)
C(2) 4a 3339 (13) 4850 (7) 887(2) 21(1)
C(2) 4a 4064 (12) 4400 (7) 1382(2) 21(1)
N(2) 4a 6019 (10) 3087 (6) 1493(2) 23(1)
C() 4a 7219 (13) 2175 (6) 1106 (2) 25(1)
C(4) 4a 6497 (14) 2612 (7) 619(2) 27(1)
C(5) 4a 1293 (12) 6397 (8) 767(2) 29(1)
C(6) 4a 2955 (17) 8179 (8) 688 (3) 42(2)

Equivalent isotropic U calculated as a third of the trace of the orthog-

onalized Uj; tensors.

twinning (BASF parameter: 0.19(5)) but slightly poorer reli-
ability factors. Selected crystal data and results of the struc-
ture refinement are shown in Table 1, atomic coordinates and
equivalent isotropic displacement parameters are given in Ta-
ble 2.

Crystallographic data (excluding structure factors) have
been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-600156.
Copies of the data can be obtained, free of charge,

Table 3. Selected bond lengths (A) and angles (°) for
poly[(u3-iodo)(2-ethylpyrazine-N)-silver(1)].

AgD -10D) 28041  AgD) -1 2821 (1)
Ag(1) - 1(1) 2865(1)  Ag(l)-N@) 2.364 (5)
N@)-Agd)-I(1) 1234(1) N2 -Ag(l)-1(1) 1035(2)
N@)-Ag(l)-1(1) 981(1) I(1)-Ag(l)-1(1) 106.60 (2)
I(1)- Ag(l) - I(1) 10597 (2)  I(1A)- Ag(l)- I(1) 120.41 (2)
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Fig. 1. Crystal structure of poly[(us3-iodo)(2-ethylpyrazine-
N)-silver(1)] with labelling showing the infinite 6% net par-
allel to the a-b-plane (the N-donor ligands are omitted for
clarity).

on application to CCDC, 12 Union Road, Cambridge
CB2 1 EZ, UK. (fax: +44-(0)1223-336033 or email:
deposit@ccdc.cam.ac.uk).

Results and Discussion

The 1:1 compound poly[(u3-iodo)(2-ethylpyrazi-
ne-N)-silver(1)] crystallizes in the orthorhombic space
group P212,2; with four formula units in the cell and
all atoms in general positions. Each Ag atom is coor-
dinated by three | atoms and one N atom of one 2-eth-
ylpyrazine ligand within a stronlgy distorted tetrahe-
dron (Table 3). The Agl bond lengths which are be-
tween 2.804(1) and 2.865(1) A and the Ag-N bond
length of 2.364(5) A are in the range observed in
other AgX coordination polymers (Table 3). The AgX
substructure consists of layers which are parallel to
the a-b-plane (Figs. 1 and 2). These layers are built
up of six-membered Agl rings which consist of alter-
nating Ag and | atoms and are condensed into a 63
net. The 2-ethylpyrazine ligands are coordinated to the
Ag atoms only with their nitrogen atom which is not
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Fig. 2. Crystal structure of poly[(us-iodo)(2-ethylpyrazine-
N)-silver(1)] with labelling viewed in the direction of the b-
axis.

neighbouring to the ethyl group. This selectivity can
be attributed to steric crowding of the substituent. The
Agl-2-ethylpyrazine layers are stacked in the direction
of the crystallographic c-axis and are connected only
by weak Van der Waals interactions (Fig. 2). The mean
distance between the layers is about 13.4 A.

To the best of our knowledge the Agl substruc-
ture observed in the title compound is unique in sil-
ver(l) halide coordination polymers. In most of such
compounds only dimers, or single and double chains

are found [9-14]. There are some AgX compounds
reported in literature which also consist of more
condensed AgX networks, but in all of these com-
pounds the networks are charged and no layers are
observed [20-22]. However, a network with identi-
cal topology of the metal halide substructure is found
in the copper(l) compound catena[tetrakis(u 3-chloro)-
bis(u-fumarodinitrile)-tetra-copper(1)] [23]. In con-
trast to the title compound, in this coordination poly-
mer the CuCl layers are connected by the fumarodini-
trile ligands into a three-dimensional coordination net-
work.

The thermal reactivity was investigated by DTA-
TG-MS measurements, in order to prove if a ligand
poor intermediate can be observed. This would be of
special interest because a structure can be expected
in which the inorganic layers are pillared by the 2-
ethylpyrazine ligand. However, on heating the com-
pound in a thermobalance all ligands were emitted in
one step without the formation of a ligand poor inter-
mediate compound. Even heating rate dependent mea-
surements gave no hints for a multistep process. It
might be that the nitrogen atom which is not involved
in the Ag coordination is protected by the bulky ethyl
group and therefore briding of the layers via t-N,N’
coordination is not favourable.

Acknowl edgements

This work was supported by the State of Schleswig-
Holstein and the Deutsche Forschungsgemeinschaft
(Projekt No.: NA 720/1-1). We are very thankful to
Professor Dr. Wolfgang Bensch for financial support
and for access to his equipment.

[1] C. Nather, I. JeR, H. Studzinski, Z. Naturforsch. 56b,
997 (2001).

[2] C. Nather, I. JeR, Z. Naturforsch. 57h, 1133 (2002).

[3] C. Néther, I. JeR, J. Solid State Chem. 169, 103 (2002).

[4] C. Nather, J. Greve, I. JeB, Solid State Sci. 4, 813
(2002).

[5] C. Néther, M. Wriedt, 1. Je, Z. Anorg. Allg. Chem.
628, 394 (2002).

[6] C. Néther, M. Wriedt, 1. Jel3, Inorg. Chem. 42, 2391
(2003).

[7] C. Nather, 1. JeR, N. Lehnert, D. Hinz-Hibner, Solid
State Sci. 5, 1343 (2003).

[8] C. Naéther, I. JeR, Inorg. Chem. 42, 2968 (2003).

[9] N.K. Mills, A.H. White, J. Chem. Soc. Dalton Trans.
225 (1984).

[10] T.C.W. Mak, Inorg. Chim. Acta 84, 19 (1984).

[11] P.C. Healy, N.K. Mills, A.H. White, Aust. J. Chem.
36, 1851 (1983).

[12] P.C. Healy, N.K. Mills, A.H. White, J. Chem. Soc.
Dalton Trans. 111 (1985).

[13] Y. Niu, H. Hou, Y. Zhu, J. Cluster Sci. 14, 483 (2003).

[14] L. M. Engelhard, S. Gotsis, P.C. Healy, J.D. Kildea,
B.W. Skelton, A.H. White, Aust. J. Chem. 42, 149
(1989).

[15] C. Nather, A. Beck, Z. Naturforsch. 59b, 992 (2004).

[16] C. Néther, A. Beck, Acta Crystallogr. E60, m1608
(2004).

[17] A. Beck, Diploma Thesis, University of Kiel (2004).

[18] STOE & CIE, X-Shape, Ver. 1.03 (1998).

[19] G.M. Sheldrick, SHELXS-97 and SHELXL-97. Pro-



520 A. Beck — C. Néther - Crystal Structure of Poly[(u3-iodo)(2-ethylpyrazine-N)-silver(1)]

grams for the solution and refinement of crystal struc-  [22] Y. Wei, Y. Song, H. Hou, Y. Zhu, Y. Fan, J. Coord.

tures. University of Gottingen, Germany (1997). Chem. 57, 1329 (2004).
[20] R. Frydrych, T. Muschter, I. Brudgam, H. Hartl, [23] P. Yu. Zavalii, M.G. Myskiv, V.S. Fundamenskii,
Z. Naturforsch. 45b, 679 (1990). Kristallografiya 29, 60 (1984).

[21] J. Kildea, A. H. White, Inorg. Chem. 23, 3825 (1984).



