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2-(2-Aminoethyl)pyridine (2-aep, C7H10N2) acts as a bridging

ligand in bis[�-2-(2-aminoethyl)pyridine-�2N:N0]disilver(I)

dinitrate, [Ag2(2-aep)2](NO3)2, and bis[�-2-(2-aminoethyl)-

pyridine-�2N:N0]disilver(I) diperchlorate, [Ag2(2-aep)2]-

(ClO4)2. Both salts contain the dinuclear [Ag2(2-aep)2]2+

cation, which possesses a crystallographic inversion center.

The Ag� � �Ag distance is 3.1163 (5) AÊ for the nitrate and

3.0923 (3) AÊ for the perchlorate salt, and may indicate a weak

d10±d10 interaction in each case. Essentially linear coordina-

tion of the AgI atom is perturbed by weak coordination to the

anionic O atoms. These latter interactions organize the

dinuclear cations into one-dimensional polymeric chains in

the crystals of the two salts.

Comment

The design of coordination polymers requires knowledge of

the geometrical and ligand atom preferences of the metal ion

as well as the structural features of the ligand (Khlobystov et

al., 2001). AgI, well known for its preference for linear coor-

dination, can bind with bidentate ligands to form one-

dimensional polymeric chains as well as ligand-bridged

dinuclear complexes. The observed stereochemistry and

crystal structures are in¯uenced by several factors, viz. (i)

metal±metal interaction indicated by an Ag� � �Ag distance in

the range 2.8±3.4 AÊ , (ii) coordination shell expansion leading

to coordination number 3 or higher, which may be accom-

plished through the coordination of an additional ligand or

anions, (iii) non-covalent interactions with anions and (iv) �±�
stacking interactions, between aromatic groups.

We recently reported some AgI complexes with various

isomers of aminomethylpyridines (amp; Sailaja & Rajase-

kharan, 2000, 2003), which illustrate the above factors. To

study further the effect of anions on the structures through

self-assembly processes, we have synthesized two complexes

of AgI with 2-(20-aminoethyl)pyridine (2-aep) having nitrate

and perchlorate as anions, viz. [Ag2(2-aep)2](NO3)2, (I), and

[Ag2(2-aep)2](ClO4)2, (II). Even though 2-aep is the next

higher homologue of 2-amp, the structures of the present AgI

complexes are entirely different.

In both (I) and (II), the cationic part consists of a 12-

membered ring, with an inversion center, made up of two Ag

atoms bridged by two 2-aep ligands in a head-to-tail fashion

(Figs. 1 and 2, and Tables 1 and 2). The Ag atoms are coor-

dinated to the pyridine and amine groups from two different

ligands in a nearly linear mode. The conformation of the 12-

membered ring is such that there is a close contact between

the two Ag atoms [3.1163 (5) AÊ for (I) and 3.0923 (3) AÊ for

(II)]. There are additional weak interactions with two anionic

O atoms [Ag� � �O = 2.7091 (18) and 2.8290 (19) AÊ for (I), and

2.8476 (15) and 2.9529 (15) AÊ for (II)]. These interactions,

coming from two different anions, lead to the formation of

anion-bridged one-dimensional chains of the dinuclear cations

(Figs. 3 and 4). The chains are linked by a hydrogen bond

between one H atom of the NH2 group and a free O atom of

the anions [N2� � �O3(x + 1, y, z + 1) = 3.124 (3) AÊ and 146 (2)�

for (I); N2� � �O3(ÿx + 1, ÿy + 1, ÿz) = 3.162 (2) AÊ and
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Figure 1
An ORTEP-3 view (Farrugia, 1997) of [Ag2(2-aep)2](NO3)2. Displace-
ment ellipsoids are shown at the 50% probability level. H atoms have
been omitted for clarity. [Symmetry code: (i) ÿx + 1, ÿy + 1, ÿz + 2.]



134 (2)� for (II)], the other H atom being hydrogen bonded to

another free O atom of the anion within the chain itself

[N2� � �O3(ÿx, ÿy + 1, ÿz + 2) = 3.195 (3) AÊ and 158 (2)� for

(I); N2� � �O4 = 3.099 (2) AÊ and 164 (3)� for (II)]. With regard

to the formation of the chains, (I) and (II) are exactly analo-

gous to [Ag2(8-aminoquinoline)2](NO3)2, (III) (Schmidbaur

et al., 1991), which contains a ten-membered cation ring

[Ag� � �Ag = 3.035 (1) AÊ , Ag� � �O = 2.435 (2) AÊ and

2.728 (1) AÊ , and NÐAgÐN = 152.6 (1)�].
It is instructive to compare the present structure with those

of AgI complexes of the lower homologues of 2-aep, viz.

2-(aminomethyl)pyridine (2-amp) and 2-aminopyridine

(2-apy). Both [Ag(2-amp)]NO3, (IV) (Swarnabala & Rajase-

kharan, 1997), and [Ag(2-amp)]ClO4, (V) (Sailaja & Rajase-

kharan, 2000), form one-dimensional ligand-bridged chains.

Weak coordination with the anion is observed in the structures

but there is no AgÐAg bonding. In the case of 2-apy,

complexes with AgI carboxylates have been characterized

(You & Zhu, 2004). Generally, the aromatic amine group does

not coordinate because of its low basicity. However, the

structure of [Ag2(2-apy)2](CF3COO)2, (VI), contains an eight-

membered dication ring with three-coordinate Ag and a close

Ag� � �Ag contact. An important feature of two-coordinate AgI

complexes in the solid state is coordination to anions. The

range of interactions extends from weak non-covalent to

covalent character, as seen from the following data [AgÐO

(AÊ ) and NÐAgÐN (�)] for the above-mentioned compounds:

2.709 (2) and 167.92 (6) for (I), 2.848 (2) and 171.48 (6) for

(II), 2.435 (2) and 152.6 (1) for (III), 2.72 (3) and 164.9 (2) for

(IV), 2.732 (3) and 171.0 (1) for (V), and 2.384 (3) and

134.0 (1) for (VI). The deviation of the NÐAgÐN group from

linearity correlates with the strength of the AgÐO interaction.

In (VI), where the AgÐO bond is the strongest, the coordi-

nation geometry is close to trigonal planar.

The nature of d10±d10 interactions in AgI complexes has

been reviewed elsewhere (Sailaja & Rajasekharan, 2003).

Even though there is no need to propose an Ag� � �Ag contact

in dibridged structures, the interaction between two Ag+

complex ions at distances less than two times the van der

Waals radius of Ag (1.72 AÊ ; Bondi, 1964) is, no doubt, an

attractive one.

Experimental

For the preparation of [Ag2(2-aep)2](NO3)2, 2-aep (0.12 ml,

1.0 mmol) was added slowly with constant stirring to an acetonitrile

solution (5 ml) of AgNO3 (0.169 g, 1.00 mmol). The white precipitate

which formed was ®ltered off and dried. It was redissolved in aceto-

nitrile and the solution was allowed to evaporate at low temperature

(288 K) to yield colorless crystals suitable for X-ray data collection

(yield 0.18 g, 0.62 mmol, 62%). Analysis calculated for C14H20-

Ag2N6O6: C 28.78, H 3.45, N 14.48%; found: C 29.37, H 3.53, N

13.99%. IR (KBr disk, cmÿ1): 3258, 1595, 1477, 1375, 1035, 991, 825,

765, 588. For the preparation of [Ag2(2-aep)2](ClO4)2, 2-aep (0.12 ml,

1.0 mmol) was added slowly with constant stirring to an aqueous

solution (10 ml) of AgClO4�H2O (0.225 g, 1.00 mmol). The white

precipitate which formed was ®ltered off and dried. It was re-

dissolved in acetonitrile and the solution was allowed to evaporate at

low temperature (288 K) to produce colorless crystals suitable for

X-ray data collection (yield 0.20 g, 0.60 mmol, 60%). Analysis

calculated for C14H20Ag2Cl2N4O8: C 25.52, H 3.06, N 8.50%; found: C

24.76, H 2.98, N 7.95%. IR (KBr disk, cmÿ1): 3308, 1595, 1477, 1437,

1392, 1305, 1039, 765, 520.
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Figure 4
A polymeric chain in (II), showing weak contacts between [Ag2(2-
aep)2]2+ and ClO4

ÿ units. Atoms are shown as circles of increasing size in
the order C, N, O, Cl and Ag. H atoms have been omitted for clarity.
[Symmetry code: (iii) ÿx + 1, ÿy + 1, ÿz + 1.]

Figure 3
The polymeric chain in (I), showing weak contacts between [Ag2(2-
aep)2]2+ and NO3

ÿ units. Atoms are shown as circles of increasing size in
the order C, N, O and Ag. H atoms have been omitted for clarity.
[Symmetry code: (i) ÿx + 1, ÿy + 1, ÿz + 2.]

Figure 2
An ORTEP-3 view (Farrugia, 1997) of [Ag2(2-aep)2](ClO4)2. Displace-
ment ellipsoids are shown at the 50% probability level. H atoms have
been omitted for clarity. [Symmetry code: (iii) ÿx + 1, ÿy + 1, ÿz + 1.]



Compound (I)

Crystal data

[Ag2(C7H10N2)2](NO3)2

Mr = 584.10
Triclinic, P1
a = 7.5983 (9) AÊ

b = 7.8834 (10) AÊ

c = 8.2843 (10) AÊ

� = 96.126 (10)�

� = 108.370 (10)�


 = 101.011 (10)�

V = 454.80 (10) AÊ 3

Z = 1
Dx = 2.133 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 9.0±10.7�

� = 2.20 mmÿ1

T = 298 (2) K
Needle, colorless
0.60 � 0.24 � 0.24 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

! scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.545, Tmax = 0.590

2109 measured re¯ections
2070 independent re¯ections
1945 re¯ections with I > 2�(I )

Rint = 0.023
�max = 27.5�

h = 0! 9
k = ÿ10! 10
l = ÿ10! 10
3 standard re¯ections

every 250 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.019
wR(F 2) = 0.047
S = 1.07
2070 re¯ections
136 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0239P)2

+ 0.2512P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.45 e AÊ ÿ3

��min = ÿ0.30 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0382 (15)

Compound (II)

Crystal data

[Ag2(C7H10N2)2](ClO4)2

Mr = 658.98
Triclinic, P1
a = 7.9933 (5) AÊ

b = 8.0990 (5) AÊ

c = 8.4726 (5) AÊ

� = 98.294 (1)�

� = 97.990 (1)�


 = 110.495 (1)�

V = 497.67 (5) AÊ 3

Z = 1
Dx = 2.199 Mg mÿ3

Mo K� radiation
Cell parameters from 5208

re¯ections
� = 2.5±28.3�

� = 2.29 mmÿ1

T = 100 (2) K
Needle, colorless
0.30 � 0.27 � 0.18 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.514, Tmax = 0.662

5743 measured re¯ections

2336 independent re¯ections
2304 re¯ections with I > 2�(I )
Rint = 0.016
�max = 28.3�

h = ÿ10! 10
k = ÿ10! 10
l = ÿ11! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.018
wR(F 2) = 0.048
S = 1.13
2336 re¯ections
144 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0257P)2

+ 0.2891P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.002
��max = 0.42 e AÊ ÿ3

��min = ÿ0.69 e AÊ ÿ3

For compound (I), data collection: CAD-4 Software (Enraf±

Nonius, 1989); cell re®nement: CAD-4 Software; data reduction:

Xtal3.5 (Hall et al., 1995). For compound (II), data collection:

SMART (Bruker, 2000); cell re®nement: SMART; data reduction:

SAINT (Bruker, 2000). For both compounds, structure solution:

SHELXS97 (Sheldrick, 1997); structure re®nement: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEP-3 for Windows

(Farrugia, 1997); software used to prepare material for publication:

SHELXL97.
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Table 1
Selected geometric parameters (AÊ , �) for (I).

AgÐN2i 2.1671 (18)
AgÐN1 2.1747 (17)
AgÐO2ii 2.7091 (18)

AgÐO1 2.8290 (19)
AgÐAgi 3.1163 (5)

N2iÐAgÐN1 167.92 (6)
N2iÐAgÐO2ii 101.16 (6)
N1ÐAgÐO2ii 90.65 (6)
N2iÐAgÐO1 83.20 (7)
N1ÐAgÐO1 95.26 (6)

O2iiÐAgÐO1 85.98 (6)
N2iÐAgÐAgi 80.41 (5)
N1ÐAgÐAgi 104.28 (5)
O2iiÐAgÐAgi 80.51 (5)
O1ÐAgÐAgi 156.25 (4)

Symmetry codes: (i) ÿx� 1;ÿy� 1;ÿz � 2; (ii) ÿx;ÿy� 1;ÿz� 2.

Table 2
Selected geometric parameters (AÊ , �) for (II).

AgÐN1 2.1458 (15)
AgÐN2iii 2.1498 (16)
AgÐO2iv 2.8476 (15)

AgÐO1 2.9529 (15)
AgÐAgiii 3.0923 (3)

N1ÐAgÐN2iii 171.48 (6)
N1ÐAgÐO2iv 99.77 (5)
N2iiiÐAgÐO2iv 76.42 (5)
N1ÐAgÐO1 82.61 (5)
N2iiiÐAgÐO1 104.00 (5)

O2ivÐAgÐO1 80.22 (5)
N1ÐAgÐAgiii 101.34 (4)
N2iiiÐAgÐAgiii 86.09 (4)
O2ivÐAgÐAgiii 141.05 (3)
O1ÐAgÐAgiii 70.56 (3)

Symmetry codes: (iii) ÿx� 1;ÿy� 1;ÿz� 1; (iv) ÿx� 2;ÿy� 1;ÿz� 1.


