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Novel Inorganic-Organic Hybrid Coordination Polymer [(C;HgN)(Ag,l3)],:
Synthesis, Crystallographic Structure and Quantum Chemistry Calculation
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XIAO Guang-Can* LI Jun-Qian' ZHANG Wen-Xuan'
(College of Chemisiry and Chemical Engineering, Fuzhou University, Fuzhou 350002)
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Abstract: A one dimensional coordination polymer, [(C;HgN)(Agols)], ((C;HsN) *=Methyltriethylammonium) has
been successfully synthesized and characterized by X-ray single-crystal diffraction method. Structure analysis
shows that the compound consists of organic cations(Methyltriethylammonium) and inorganic anion chains (Agls),™.
The inorganic moiety consists of Agl, tetrahedron, which shares the same edges with adjacent Agl, tetrahedrons to
form one-dimensional infinite double chains along a-axis. There exists weak interaction among Ag---Ag atoms in
the crystal. Anion chains are surrounded by Methyltriethylammonium cations. Anion chains and cations are in
combination with each other by static attracting forces in the crystal to form so-called organic-inorganic hybrid
structure. According to the crystal structure data, quantum chemistry calculation with DFT on B3LYP level was

used to reveal the electronic structure of title compound. CCDC: 254288.
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0 Introduction The architectures of metal halides can be tuned at the
molecular level so as to possess unusual electronic

Organic-inorganic hybrid metal halides have re- properties, various components and potential applica-
ceived extensive atltention in recent years owing to tions in areas of molecular absorption, catalysis, elec-
their great fundamental and practical interest and tromagnetism, and photochemistry?®". Tt is therefore

represents new directions in solid-state chemistry!™, vital to design and synthesize novel organic-inorganic
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hybrid metal halides to explore their various proper-
ties.

A recent advance in this system is to design the
coordination frameworks of silver(I) halides by the in-
corporation of various organic structure-directing a-
gents(SDA). A series of complexes have been reported,
such as BuyN[Ag:L,]"®, {[(n-C4Ho);NAg,esCull)gsis),,
[CeHLNO,[AgsBrg]™, {(C,H Ny [AgL]) " Tt is note-
worthy that the introduction of new organic template
agents always leads to the dramatic structural change
of the basic inorganic phases!'”. Tt seems that the struc-
ture of inorganic moiety incline to complication when
the space volume of SDA increases. Furthermore, even
under the same SDA, the inorganic structure could be
different. ~ So the coordination chemistry of silver
halide is versatile and the study about this is just in
the ascendant. We aim at probing into the impact of
organic quaternary ammonium cations in the structure
of inorganic chain. We now wish to report the suc-
cessful preparation and structural characterization of a

novel coordination polymer [(C;HsN)(Ag,l5)]..

1 Experimental

1.1 Materials and instrumentation

All chemicals were of regent grade quality ob-
tained from commercial sources and used without fur-
ther purification. IR spectra were carried out on a
Nicolet Co. Magna-IR 750 spectrometer with KBr pel-
lets in the 4 000~400 cm™ regions.

istry calculation was carried on a PentiumIV computer

Quantum chem-

with GO3 program.

1.2 Preparation of the title compound

C;H sl was prepared as reported in literature!:

CHyl + (CH),N —hanl v Hy N(CH T

[(C;H;sN) (Agoly)], was pre-
pared by self-assembling reaction of Agl with C;HsNI.
Agl (0.4695 g, 2.0 mmol) and C;H; NI (0.1920 g, 0.8
mmol) were dissolved in 7 mLL DMF. After that, the
mixed solution was stirred till it became colorless
clear, with the pH value being adjusted to 6.5 by the
addition of 10% NaOH/DMF solution, and then fil-

tered. The resulting solution was kept at room temper-

The title compound

ature for three days to obtain colorless needle single
crystals. The IR spectra were recorded in the 4 000~
400 cm™ region by using KBr pellets and Nicolet Co.

Magna-IR 750 spectrometer. Quaternary ammonium

(em™): Vilezzl 450.89; v ;=1 380.56; vcn=1 191.46; v
=1580.23.
1.3 Data collection, structure solution, and

refinement

A colorless needle single crystal with dimensions
of 0.30 mm x 0.20 mm x 0.20 mm was selected and
the measurement of the crystal was carried out on
Rigaku Weissenbery IP diffractometer with Mo Ko
(A=0.071 069 nm) for the data collection. A total of
12 272 reflections were collected, of which 1782 are
independent in the range of 2.01°<6<27.48° at 298 K
and 1 179 are observed reflections with 7/>2.0000 (/).
The corrections of Lp factor and Multi-scan absorption
correction were applied. All the collected reflections
were used in the structure analysis. Heavy atoms were

dissolved by direct method, and other non-hydrogen

Table 1 Crystal data and structure refinement parameters for [(C;H;N)(Ag,ly)],
Formula C;H;gNag,l; F(000) 1280
Molecular weight 1 560.4(2) 6 range / (°) 2.01 to 27.48.
Crystal size / mm 0.30 x 0.20 x 0.20 Index ranges 0sh<90<k<sl6ol=<l<22
Crystal system Orthorhombic Reflections collected:total, 12 272
Space group Pnma Independent reflections 1782
a/ nm 0.720 99(5) Reflections observed (>20) 1179
b/ nm 1.239 22(9) R, 0.061 807
¢/ nm 1.746 48(15) Data / restraints / parameters 1782/0/69
vV / nm? 1.560 4(2) Goodness-of-fit S on F 0.958
Z 4 Final R, wR, [[>20(])] 0.039 4, 0.111 0
D,/ (grem™) 3.034 All data 0.060 3, 0.135 3
w/ (mm™) 8.414 Largest peak and hole / (e*nm™) 1 415, -2 050
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atoms were determined with successive difference
Fourier syntheses. The hydrogen atoms were located at
the calculated positions. The anisotropic thermal pa-
rameters for all non-hydrogen atoms were refined by
full-matrix least-squares on F? for 69 parameters. All

calculations were performed on a computer with

SHELX 97 program package!*"!. Space group, lattice
parameters, and other relevant information are listed
in Table 1. The selected bond lengths and bond an-
gles are given in Table 2

CCDC: 254288.

Table 2 Selected bond lengths (nm) and bond angles (°)

1(1)-Ag(1) 0.294 07(9) 1(1)-Ag(1)a
(1)-Ag(D)e 0.295 18(10) 1(2)-Ag(1)
Ag(1)-12)c 0.280 54(9) Ag(1)-I(1)d
N(1)-C(1) 0.144 0(17) N(1)-C(3)
N(1)-C(5) 0.159 9(16) C(1)-C2)
Ag(1)-1(1)-Ag(1)a 65.43(3) Ag(1)-1(1)-Ag(D)b
Ag(1)-I(1)-Ag(1)e 75.453(18) Ag(Da-I(1)-Ag(1)c
Ag(1)-1(2)-Ag(1)d 80.006(19) 12)-Ag(1)-1(2)c
12)c-Ag(1)-1(1) 102.39(3) 1(2)-Ag(1)-I(1)d
I(1)-Ag(1)-I(D)d 114.69(2) 1(2)-Ag(1)-Ag(D)a
I(1)-Ag(1)-Ag()a 57.286(16) 1(1)d-Ag(1)-Ag()a
C()-N(D)-CR)e 115.3(6) C(3)-N(1)-C3)e
C(3)-N(1)-C(5) 107.3(6) C3)e-N(1)-C(5)
N(1)-C(3)-C(4) 115.6(6)

0.294 07(9) 1(1)-Ag(1)b 0.295 18(10)
0.280 35(8) 1(2)-Ag(1)d 0.280 54(9)
0.295 18(10) Ag(1)-Ag(1)a 0.317 86(13)
0.150 7(8) N(1)-C(3)e 0.150 7(8)
0.154(2) C(3)-C@) 0.151 3(10)
109.32(3) Ag(Da-I(1)-Ag(1)b 75.453(18)
109.32(3) Ag(Db-I(1)-Ag(1)e 65.15(3)
117.44(3) 1(2)-Ag(1)-I(1) 111.89(3)
102.15(3) 12)c-Ag(1)-I(1)d 108.78(3)
121.278(17) 1(2)c-Ag(1)-Ag(1)a 121.254(16)
57.424(15) C(1)-N(1)-C(3) 115.3(6)

107.2(8) C(1)-N(1)-C(5) 103.9(10)
107.3(6) N(1)-C(1)-C(2) 108.5(11)

Symmetry transformations used to generate equivalent atoms: a: x,

d: x=1/2, y, —z+1/2; e: %, —=y-1/2, z.

2 Results and discussion

2.1 Crystal structure

The structure of [Agyl;]7, chain is shown in Fig.1,
the crystal packing diagram of the title compound is
revealed in Fig.2.

Fig.1  Structure of [Agyl;]", chain

As shown in Fig.2, the whole crystal structure of
polymer [(C;H;gN)(Ag,ls)], consists of organic moiety
(C;H;sN)*((C;H gN) *=methyltriethylammonium) and in-
organic moiety(chain-like (Ag,l5)7,). In other words, this
structure is a one-dimensional infinite polymeric anion
accompanied by discrete cations. The one-dimensional
(Agoly) ",
consists of a double chain of edge-sharing Agl, tetra-

chain has previously been observed"® and

hedra running parallel to the a axis (Fig.1). As a re-

—y+1/2, z; b: 24172, —y+1/2, —z+1/2; ¢z x+1/2, y, —2+1/2;

sult, two distinct types of iodine atom are found: pe-
ripheral iodine atoms which are two-coordinate and
make up the edges of the polymeric string, and four-

coordinate central iodine atoms, these central iodine

Fig.2 Packing diagram of title compound
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atoms lie on a mirror plane which is normal to the
polymeric axis.

The polymeric anion, interestingly, is different in
structure to that of [Cu,ls],”, which has been subject of
several independent determination!”. In the present
structure , the metal atoms are four-coordinate and the
iodine atoms two- and four-coordinate; in the copper(I)
analogue the copper atoms are also four-coordinate,
which the iodine atoms are three-coordinate.

Because the iodine atoms are of a bridging na-
ture, the silver atom environment is distorted from that
of a perfect tetrahedron. From the table, the Agl, tetra-
hedra are highly distorted, with Ag-1 bond distances
ranging between 0.280 35(8) and 0.295 18(10) nm and
tetrahedral bond angles varying from 57.424(15) to
121.278(17)°. There are one independent Ag atoms in
each unit cell. The bond distances of Agl-l range
from 0.28035(8) to 0.295 18(10) nm, with the average
value of 0.287 54(1) nm. These values are slightly short-
er than that of 0.293 77(9) nm in (Ei,N)g(Agel, )T
The Ag---Ag distance is 0.317 86(13) nm, which is
slightly shorter than (Et,N)s(Agl;)I (0.320 05(14) nm)
but much shorter than Van der Waals radius of silver
(0.344 nm). This shows that there exists weak interac-
tion in the polyanions, which can be potential used in
anti-bacterium reagent". We can also conclude from
the value of Ag--- Ag distance that there exists ar-
gentaffin interaction between Ag atoms™, which lead
to shorter M---M distances.

As shown in Fig.2., the neighboring [Ag,l;],” pol-
yanion chains act as channels wherein organic cations
lie sandwiched between two adjacent chains. Organic
groups don’t participate in coordination, they connect
with inorganic moiety by non-covalent interaction-
static attracting forces. Organic moiety and inorganic
moiety alternate to form so-called organic-inorganic
hybrid structure. Previous studies show that organic
cations act as a template and control the synthesis of
the whole structure. These provide additional fine
variables in tuning the structure and electronic prop-

And fur-

thermore, alkyl ammonium molecular can play the role

erties of organic-inorganic hybrid material.

of a barrier layer with low dielectric constant and a
large gap, in contrast to the upstanding conductivity of
metal halide. So the title compound can be used as

organic/inorganic quantum-well material.

2.2 Electronic structure study of title compound

We adopt Gaussian03 program and B3LYP
method™®? which brought forward by Becke to investi-
gate the electronic structure of the title compound. A
snippet of [Aggl,,] was chosen as studied system. lo-
dine atoms were blocked out with Hydrogen atoms.
Cep-4g basis sets is used for Ag and I atoms. H atoms
adopt 6-31g(d) basis sets, Multiplicity is set as 1 and
BNO method is used. 290 basis functions, 628 primi-
tive gaussians, 102 « electrons and 102 B electrons is
The Mulliken atomic
charges and natural electron configuration of com-
FMO of title compound

involved in the calculation.

pound is shown in Table 3.

are shown in Fig.3.

@

LUMO

HOMO
Fig.3 FMO of title compound

The energy of title compound is —1 017.887 932 84
a.u. after 14 cycles of calculation. HOMO (Fig.3) en-
ergy of crystal orbit is —=0.059 31 a.u., and LUMO
(Fig.3) energy is —0.030 74 a.u., the band gap is
0.028 57 a.u. (0.777 429 698 eV). Dipole moment of
compound is 0.186 4 Debye, indicating the compound
is polarized.

The result of quantum chemistry calculation
(Table 3) shows that the net charge of Ag range from
0.085 067 to 0.126 821, deviating from +1. The net
charges of I atoms range from —-0.078 070 to —-0.306 366.
These indicate that part electrons of I atoms have
transferred from | atoms to Ag atoms and come into
being coordinate bonds. As shown in Table 3, we can
see the electron number of Ag 4d orbits range from
9.94 to 9.96 (approaching to 10) and 5s orbits range
from 0.41 to 0.42 (6s electron were too small to be
omitted). From the above we can conclude that the Ag
The

electron number of T Ss orbit range from 1.93 to 1.97

atom form coordinate bond with I atoms with 5s.

(approached to 10 and can be treated as lone pair
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Table 3 Mulliken atomic charges and natural electron configuration of part atoms

Atoms Net charge Electron Configuration

I1a -0.141 876 [core]5s(1.96)5p(5.38)

11b -0.075 719 [core]5s(1.93)5p(5.64)65(0.01)

Ile -0.078 070 [core]5s(1.93)5p(5.64)65(0.01)

I1d -0.154 151 [core]5s(1.97)5p(5.42)

12a -0.269 681 [core]5s(1.97)5p(5.42)

12b -0.269 681 [core]5s(1.97)5p(5.42)

12¢ -0.306 366 [core]5s(1.94)5p(5.69)

12d -0.305 864 [core]5s(1.94)5p(5.69)

12e -0.305 864 [core]5s(1.94)5p(5.69)

12f -0.306 366 [core]5s(1.94)5p(5.69)

12¢ -0.259 172 [core]5s(1.97)5p(5.41)

12h -0.259 172 [core]5s(1.97)5p(5.41)

Agla 0.086 940 [core]5s(0.41)4d(9.94)5p(0.03)65(0.01)
Aglh 0.086 940 [core]5s(0.41)4d(9.94)5p(0.03)65(0.01)
Agle 0.126 821 [core]5s(0.40)4d(9.96)5p(0.03)65(0.01)
Agld 0.085 067 [core]5s(0.41)4d(9.94)5p(0.03)65(0.01)
Agle 0.085 067 [core]5s(0.41)4d(9.94)5p(0.03)65(0.01)
Aglf 0.126 821 [core]5s(0.40)4d(9.96)5p(0.03)65(0.01)

electrons) and 5p orbit range from 5.38 to 5.64. So we
can conclude that the I atoms form coordinate bond
with Ag atoms with 5p (mainly from 5p, orbit indicat-
ed by NBO orbit analysis). Crystal orbit overlap popu-
lation show that the overlap population number of
Agla and Aglb, Aglc and Aglf, Agld and Agle are
0.001 681, 0.008 008 and 0.003 148 respectively.
These indicate that week interaction between Ag
atoms exist, which is consistent with the structure de-
termination that there exists argentaffin interaction

between Ag atoms.
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