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Two new inorganic-organic complexes, namely, [Ag,(hmt),]Cr,0,-H,O (1) and [Ag(hmt)(tar)s]-H,O (2),
(hmt = hexamethylenetetramine, Tar = tartarate,), have been synthesized in H,O/CH;CN solvent at room
temperature. Both molecules have the common [Agshmt;]** layers. Compound 1 is a two-dimensional
structure, and Complex 2 shows three-dimensional topology. In complex 2, the tartarate molecules are
connected with adjacent layers to form parallelogram pores of 18.55x7.44 A, which are occupied by two
water molecules.
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Introduction

In 1987, Lehn first pointed out the concept of supramolecular architecture, which is often constructed from
small molecular and ion subunits by coordinate covalent bonds, hydrogen bonds, and n-n interaction [1, 2].
From then on, it gets more and more noticed and developed, because of the potential application in domains of
optics, electrics and magnetics [3, 4, 5]. To rational synthesize this series of compound, many influence factors,
such as solvent, template, temperature, pH value, have been discussed before [6, 7]. Further, the most
important conditions come from the metallic cations, ligands, and organic or inorganic anions.
Hexamethylenetetramine molecule is the potential tetradentate ligand, and Ag atoms can get two to four
ligandic donors. So Ag-hmt complexes may exhibit potential interesting topology. The first Ag-hmt compound,
[Ag(hmt)NOg3], was discovered by Michelet and coworkers in 1981 [8]. The compound contains the
honeycomb [Agshmt;]** layers and shows two-dimensional structure. Entering into the middle of the 90's of
the 20th century, Carlucci synthesized some three-dimensional Ag-hmt complexes, such as
[Ags(hmt),(H20)2](ClOy)3, [Ag(hmt)]FPsH,0, [Ags(hmt);](FPs)s3EtOH, [9, 10, 11]. Recently, a number of
novel topologies were reported by Chen and coworkers. For example, only considering the interaction of Ag
atoms and hmt units, two-dimensional layer structure have extended to six types: hexagons, squares, big
hexagons, compressed hexagons, decagons and small hexagons, and decagons [12, 13, 14, 15].

Here, we report the synthesis and structure of two new Ag-hmt coordination polymers, two-dimensional
[Agz(hmt);]Cr,0;-H,0 (1) and three-dimensional [Ag,(hmt)(tar)ys]-H,O (2).
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Table 1 Crystal data and structure refinement for compounds of [Ag,(hmt),]Cr,0;-H,0 (1)

and [Ag(hmt)(tar)os]-H,O (2).

Chemical formula
Formula weight
Temperature(K)
Wavelength(A)
Crystal system
Space group
A(A)

b(A)

c(A)

B(®)

Volume (A%

z

pcalc(Mg/ms)
Hapso(mm’™)
F(000)

Crystal size(mm)
Theta range

Index ranges

Reflections collected
Independent reflections(Riy)
Reflections observed (>2c)
Data/restraints / parameters
Goodness-of-fit on F2

Final R indices [I>20] (R1/ WwR2)
R indices (all data) (R1/ wR2)

C12NgH26Ag,Cr,0g (1)
730.15

298(2)

0.71073
Monoclinic
P2:/n (No. 14)
12.3835(2)
10.9430(2)
16.6454(1)
100.0360(5)
2221.15(6)

4

2.183

2.747

1440
0.40x0.30x0.10
1.90t0 25.03°
-14<=h<=13;
-13<=k<=12;
-5<=I<=18
7075

3607 (0.0266)
3091

3607 /0/290
1.085

0.0395/ 0.0992
0.0483/0.1068

Cs N4sH14 Ag O3 (2)
322.10

298(2)

0.71073
Monoclinic
P2,/n (No.14)
6.4041(10)
16.357(3)
10.4976(17)
90.42
1099.6(3)

4

1.946

1.832

644
0.34x0.12x0.08
2.31t025.09 °.
-7<=h<=7,;
-16<=k<=19;
-12<=I<=6
3198

1925 (0.0396)
1503
1925/77/182
1.218

0.0763/ 0.1654
0.1031/0.1826

RL=2IF| - [FAVZIF-

WR2 = {X[w (F,2 - FAVE [w (F.2) 1}

Fig. 1 Ortep view of the asymmetric unit of
[Agz(hmt),]Cr,07-H,0.

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Fig. 2 The honeycomb Ag-hmt two-dimensional layers.
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Table 2 Selected interatomic distances (A) and bond angles (°) for complex
[Agz(hmt),]Cr,07-H,0 (1) and [Ag(hmt)(tar)os]-H,O (2).

Complex1

Bond lengths:

Ag(1)-N(6)#1 2.311(4) Ag(1)-N(5) 2.338(4)
Ag(1)-N(4)#2 2.368(4) Ag(2)-N(7) 2.348(4)
Ag(2)-N(2) 2.362(4) Ag(2)-N(1)#3 2.371(4)
Bond angles:

N(6)#1-Ag(1)-N(5)  115.94(14) N(6)#1-Ag(1)-N(4)#2 123.03(14)
N(5)-Ag(1)-N(4)#2  113.25(14) N(7)-Ag(2)-N(2) 117.11(14)
N(7)-Ag(2)-N(1)#3  119.44(14) N(2)-Ag(2)-N(1)#3 120.86(13)
Complex2

Bond lengths:

Ag(1)-N(1) 2.340(8) Ag(1)-0O(1A) 2.362(18)
Ag(1)-N(4) 2.379(9) Ag(1)-0(2B) 2.39(2)
Ag(1)-N(2) 2.538(9)

Bond angles:

N(1)-Ag(1)-O(1A) 138.8(5) N(1)-Ag(1)-N(4) 115.1(3)
O(1A)-Ag(1)-N(4) 92.9(5) N(1)-Ag(1)-O(2B) 122.7(6)
N(1)-Ag(1)-N(2) 108.6(3) N(4)-Ag(1)-O(2B) 91.1(5)
N(4)-Ag(1)-N(2) 111.1(3) O(1A)-Ag(1)-N(2) 86.3(5)

0(2B)-Ag(1)-N(2)  107.1(6)

Symmetry transformations used to generate equivalent atoms:
#1 -x+3/2,y-1/2,-z+1/2  #2 -x+1/2,y-1/2,-z+1/2 #3 -x+1/2,y+1/2,-2+1/2

Experiment

All chemicals were of reagent grade quality obtained from commercial sources and used without futher
purification.

Preparation of [Ag,(hmt),;]Cr,0,-H,0 (1) A solution of K,Cr,07 (0.147mg, 0.5mmol) in 5 cm?® of water
was slowly added to a stirred H,O-CH3CN (v/v: 1:2) solution (15cm®) of AgNO;3 (0.17g, 1.0mmol). Then
10cm® H,O-CH3CN (v/v: 1:1) solution of hmt (0.14g, 1.0mmol) was added into the above solution. The
mixture was filtered and evaporated at room temperature for several days to give orange-yellow crystals of 1
(130mg, yield 35.6% based on AgNOs3). Anal. Calcd for C;,NgH6Ag,Cr,0g: C, 19.72%; H, 3.56%; N, 15.34%.

Preparation of [Ag(hmt)(tar)ys]-H,O (2) A solution of tartaric acid (0.075mg, 0.5mmol) in 5 cm® of
water was slowly added to a stirred H,O-CH3CN (v/v: 1:2) solution (15cm®) of AgNO;3 (0.17g, 1.0mmol). Then
10cm® H,O-CH3CN (v/v: 1:1) solution of hmt (0.14g, 1.0mmol) was added into the above solution, and the
solution dissolved by dropwise addition of aqueous NHj solution. The mixture was filtered and evaporated at
room temperature for several days to give colorless crystals of 2 (135mg, yield 41.9% based on AgNO3). Anal.
Calcd for C1;NgH26Ag,Cr,0g: C, 29.80%; H, 4.35%; N, 17.38%. Found: C, 29.91%; H, 4.23%; N, 17.28%.

X-ray Crystallography X-ray intensities of two complexes were collected with a Siemens P4
diffractometer equipped with the SMART CCD system and using Mo Ka. radiation (A = 0.71073A). The data
were collected at room temperature and corrected for Lorentz and polarization effects. Absorption corrections
were made using SADABS. The structure solutions and refinement were carried out using the SHELX 97
software package. The structures were solved using direct methods and all of the non-hydrogen atoms were
located from the initial solution. In the asymmetric unit of complex 2, three oxygen atoms are disordered. After
modeling the structure, the disorder sites were occupied by two types of Ola-O2a-O3a and O1b-O2b-O3b as
50/50. Data collection details and structure determination results are summarized in Table 1. Selected bond
lengths and angles are presented in Table 2.
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Results and discussion

One asymmetric unit of complex 1 is shown in Fig. 1, consisting of two Ag(l) cations, two
hexamethylenetetramine molecules, one dichromate anion, and one water molecule. Every Ag atom is
coordinated in a trigonal geometry by three nitrogen atoms of different hmt ligands. The Ag-N bond lengths
are from 2.311(4) A to 2.371(4) A, and N-Ag-N angles are from 113.25(14)° to 123.03(14)°. In the same way,
each hmt unit acts as the three-connected bridge linking three silver atoms. Then three Ag atoms and three hmt
units form a hexagonal subunit. It develops along the a-b plane into honeycomb cationic coordination layers
(displayed in Fig.2). The distances between two layers are about 8 A, somewhat shorter than the value (8.3 A)
of complex 2. As shown in Fig. 3, the Cr,O;* anions and water molecules act as the charge-compensating
cations and space-filling structural units, and are lying in the interspace between two layers. They have weak
interaction with Ag atoms (O1w--Agl, 2.640 A; 06:-Ag2, 2.855 A).

Compared with two-dimensional complex 1, compound 2 is a three-dimensional structure. It also contains
the hexagonal wavy layers, of which every Ag atom is coordinated by three nitrogen atoms. The Ag-N bond
lengths are from 2.340(8)A to 2.538(9) A, similarly as the value in complex 1. But N-Ag-N angles are
108.6(3)°, 111.1(3)°, and 115.1(3)°, respectively, which are closed to 109°28'. The reason is that here Ag atoms
are four-connected. Tartarate molecules bridge two Ag atoms of adjacent layer by using its two carboxyl tipsily
(displayed in Fig.4). We know that tartarate anion has two chiral isomers: D-type and L-type. Here, both types
enter into the structure. One interval between two Ag-hmt layers is filled with one type, and the adjacent
interval is another type. So the repeat unit of packing mode is D-tartarate type groups, Ag-hmt layers, L-

tartarate type groups, Ag-hmt layers. And the connection lead to form the parallelogram pores of 18.55x7.44
A, occupied by two water molecules.

In conclusion, we synthesized two new inorganic-organic coordination polymers 1 and 2 in H;O/CH3CN
solvent at room temperature. Compound 1 is a two-dimensional structure, and complex 2 shows three-
dimensional topology. Both molecules contain the common Ag-hmt polycationic layers. Specially, complex 2
exhibits pore structure, which is occupied by two water molecules.

Fig. 3 Packing mode of the complex Ag,(hmt),] Fig. 4 Packing mode of the complex [Ag(hmt)
Cr,07-H,0 (view down the a-axis). (tar)os]-H-0.
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