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a b s t r a c t

In the presence of aromatic carboxylic acids, three new d10 transition metal coordination polymers,
[Ag(PAHT)]n (1), [Ag2(HCA)]n (2) and [Cu6(CA)2(H2O)]n (3) (HPAHT¼2-phenyl-4-amino-6-hydroxy-1,3,5-
triazine, H3CA¼cyanuric acid) have been synthesized based on in-situ 1,3,5-triazine derivatives resulting
from 2,4-diamino-6-phenyl-1,3,5-triazine, 2-chloro-4,6-diamino-1,3,5-triazine and melamine under
hydrothermal conditions. Complexes 1–3 have been characterized by single-crystal X-ray diffraction,
IR spectra, elemental analysis and thermogravimetric analysis (TGA). The compound 1 exhibits a
uninodal three-connected 3D network with a rare lig LiGe type topology, which contains right-
handed and left-handed [Ag(PAHT)]n helical chains. For compound 2, the 3D network is comprised of
2D sheet by strongly Ag–O and weakly Ag(I)…Ag(I) interactions. In compound 3, it is infrequently
observed that dodecanuclear copper(I) units as secondary building units (SBUs) construct 3D network by
the ligands CA3� with a rare uninodal 10-connected bct topology (312.428.55). The photoluminescent
properties of three compounds have also been measured.

& 2013 Elsevier Inc. All rights reserved.

1. Introduction

In recent years, the design and controlled assembly of coordina-
tion polymers, especially 2D and 3D metal–organic frameworks
based on metal centers and multifunctional bridging ligands are of
great interests, not only owing to their versatile intriguing archi-
tectures and topologies but also for their potential applications in a
variety of areas, including catalysis [1,2], gas storage [3,4], separa-
tions [5,6], fluorescent sensing [7,8], nonlinear optics [9,10], elec-
tronic and magnetic devices [11,12]. Meanwhile, it is well known
that d10 coordination polymers such as Ag(I) and Cu(I) complexes,
have already aroused chemists’ wide attention because Ag(I) or
Cu(I) have high affinity for N or O donors, variable coordination
geometries, greater tendency to form polymeric species and are
extensively used as metallic node to construct novel structural
topologies. Furthermore, the researches on Ag(I) or Cu(I) coor-
dination polymers are motivated by several recent reports about
highly efficient organic light-emitting devices [13–15].

The aim of obtaining the desirable architectures of Ag(I) or
Cu(I) coordination polymers with 2D and 3D networks is still a
long-term challenge to chemists. Because crystallization is a very
complicated process, some factors such as assistant ligands, pH

value, the reaction temperature and time, and metal-to-ligand
ratio, can have unpredictable impacts on the composition and
structure of the resultant complexes. However, the smart selection
of metal ions and organic ligands still plays a decisive role in the
construction of desirable coordination polymers. The meaningful
use of N-heterocyclic ligand is an effective method for designing
and constructing Ag(I) or Cu(I) coordination complexes, owing to
the fact that they can satisfy and even mediate the coordination
needs of the metal center. The ligands of 1,3,5-triazine (trz) and its
derivatives, which has three coordinating N-atoms with 1201
angles and may act as three-connected node, as well as can form
π…π stacking interactions between the triazine rings, have
received considerable attention on the assembly process and been
extensively used in the construction of coordination polymers
with different metal ions [16–19]. Although fascinating architec-
tures and properties of Ag(I) or Cu(I) coordination polymers with
carboxylic acid ligands/1,3,5-triazine ligands have been widely
investigated [20–23], to the best of our knowledge, only limited
compounds containing metal-1,3,5-triazine have been documen-
ted to date [24,25].

Herein, in the presence of aromatic carboxylic acids, three 3D
compounds [Ag(PAHT)]n (1), [Ag2(HCA)]n (2) and [Cu6(CA)2(H2O)]n
(3) (HPAHT¼2-phenyl-4-amino-6-hydroxy-1,3,5-triazine, H3CA¼
cyanuric acid) were in situ synthesized under hydrothermal reac-
tions of 1,3,5-triazine derivatives with AgNO3 or Cu(NO3)2 �3H2O.
Compound 1 shows a uninodal three-connected 3D network with
right-handed and left-handed [Ag(PAHT)]n helical chains, whose
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feature is a rare topology with lig LiGe type [26–28]. Compound 2 is
composed of 2D sheets which are entangled through strongly Ag–O
and weakly Ag(I)…Ag(I) interactions to generate a 3D network. The
feature of compound 3 is that it is an unusual sign of dodecanuclear
copper(I) units as secondary building units (SBUs) to construct 3D
network by the ligands CA3� with a rare uninodal 10-connected bct
topology (312.428.55). In addition, complexes 1–3were found to exhibit
photoluminescent properties in the solid state.

2. Experimental

2.1. Materials and methods

All materials were commercially available and used as received.
Infrared spectra were recorded on a Nicolet magna 750 FT-IR
spectrophotometer using KBr pellets in the range of 400–
4000 cm�1. Elemental analyses were performed via Vario EL III
Etro Elemental Analyzer. Thermogravimetric analyses (TGA) were
performed under atmosphere with a heating rate of 10 1C/min
using TGA/SDTA851e. Photoluminescence spectra were measured
on a Hitachi Fluorescence spectrophotometer � luores.

2.2. Synthesis of the complexes

2.2.1. Syntheses of [Ag(PAHT)]n (1)
2,4-Diamino-6-phenyl-1,3,5-triazine (0.094 g, 0.5 mmol), 3-

nitrophthalic acid (0.106 g, 0.5 mmol) and AgNO3(0.171 g, 1 mmol)
in 10 mL H2O were stirred for 20 min at room temperature, and
the mixture was sealed in a 25 mL Teflon-lined reactor, which was
heated to 180 1C for 3 days. After the autoclave had been cooled to
room temperature over 6–7 h, yellow rod-like crystals of 1 were
obtained, and washed by H2O (Yield: 0.062 g, 42.0% based on 2,4-
diamino-6-phenyl-1,3,5-triazine). Anal. Calc. for (%): C9H7AgN4O: C
36.64, H 2.39, N 18.99; Found: C 36.84, H 2.45, N 19.26. IR (KBr
pellet, cm�1): 3459, 1649, 1590, 1542, 1490, 1442, 1400, 1160, 1115,
1056, 1000, 818, 787, 701.

2.2.2. Syntheses of [Ag2(HCA)]n (2)
Replacement of 2,4-diamino-6-phenyl-1,3,5-triazine, and 3-

nitrophthalic acid of 1 by 2-chloro-4,6-diamino-1,3,5-triazine
(0.073 g, 0.5 mmol) and phthalic acid (0.083 g, 0.5 mmol), color-
less block crystals of 2 were obtained (Yield 0.037 g, 21.6% based
on 2-chloro-4,6-diamino-1,3,5-triazine). Anal. Calc. for (%):
C3HAg2N3O3: C 10.51, H 0.29, N 12.26; Found: C 10.59, H 0.34, N
12.38. IR (KBr pellet, cm�1): 3404, 3126, 2950, 1685, 1655, 1598,
1485, 1421, 1387, 1021, 782, 770, 598.

2.2.3. Syntheses of [Cu6(CA)2(H2O)]n (3)
Replacement of 2,4-diamino-6-phenyl-1,3,5-triazine, 3-nitro-

phthalic acid and AgNO3 of 1 by melamine (0.063 g, 0.5 mmol),
2,2′-dithiodibenzoic acid (0.153 g, 1 mmol) and Cu(NO3)2 �3H2O
(0.241 g, 1 mmol), violet block crystals of 3 were obtained (Yield
0.176 g, 54.1% based on melamine). Anal. Calc. for (%):
C6H2Cu6N6O7: C 11.12, H 0.31, N 12.97; Found: C 11.38, H 0.78, N
12.94. IR (KBr pellet, cm�1): 1689, 1649, 1608, 1472, 1413, 1392,
1091, 851, 771, 711, 613, 564.

2.3. Crystallographic data collection and refinement

X-ray single crystal data of the compounds 1–3 were collected
at 296(2) K on a Bruker Apex-II CCD area detector diffractometer
with Mo Kα radiation (λ¼0.71073 Ǻ). Data reduction and absorp-
tion correction were made with empirical methods. These struc-
tures were solved by direct methods using SHELXS-97 [29] and
refined by full matrix least-squares methods using SHELXL-97
[30]. Anisotropic displacement parameters were refined for all
non-hydrogen atoms. And all hydrogen atoms bonding to carton
and nitrogen atoms were added in the riding model without
refinement. Due to high symmetry, one nitrogen atom and one
oxygen atom from HPAHT ligand were treated as two positions
with occupancy of 1/2 each in complex 1. The crystal data and
refinement details for three complexes are listed in Table 1.

Table 1
Crystallographic data for compounds 1–3.

1 2 3

Empirical formula C9H7AgN4O C3HAg2N3O3 C6H2Cu6N6O7

Formula mass 295.06 342.81 651.38
Crystal size [mm] 0.40�0.15�0.11 0.48�0.34�0.19 0.36�0.14�0.10
Space group I-42d C2/c P2(1)/n
a [Å] 15.778(4) 12.7126(13) 11.6878(17)
b [Å] 15.778(4) 13.0461(13) 7.1569(11)
c [Å] 7.256(4) 6.6202(7) 14.279(2)
α [1] 90 90 90
β [1] 90 97.296(2) 97.245(3)
γ [1] 90 90 90
V [Å3] 1806.4(11) 1089.07(19) 1184.9(3)
Z 8 8 4
μ [mm�1] 2.205 7.134 10.632
ρ calcd. [g/cm�3] 2.170 4.182 3.651
θ limits [1] 2.58 to 28.30 2.25 to 25.00 2.12 to 28.44
h, k, l limits �11rhr20, �20rkr19, �9r lr9 �11rhr15, �15rkr11, �7r lr4 �15rhr14, �9rkr8, �18r lr16
Collected reflections 4515 2219 7123
Rint 0.0425 0.0175 0.0290
R index [I42s(I)] R1¼0.0385 R1¼0.0341 R1¼0.0313

wR2¼0.0918 wR2¼0.0862 wR2¼0.0820
R (all data) R1¼0.0457 R1¼0.0.364 R1¼0.0463

wR2¼0.0944 wR2¼0.0874 wR2¼0.0867
GOOF 1.035 1.314 1.060
Δρmin [eÅ�3] �0.789 �1.350 �1.027
Δρmax [eÅ�3] 0.530 0.271 0.721

aR¼∑(||Fo|–|Fc||)/∑|Fo|, bRw¼{∑w[(Fo2–Fc2)2]/∑w[(Fo2)2]}1/2, w¼1/[s2(Fo2)þ(aP)2þbP], P¼(Fo2þ2Fc2)/3]. 1, a¼0.0475, b¼2.9313; 2, a¼0.0439, b¼23.0849; 3, a¼0.0411,
b¼1.5541.
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The selected bond lengths and angles of compounds 1–3 are listed
in Table S1 (seeing in Supporting information).

3. Results and discussion

3.1. Synthesis and IR spectroscopy

Three 3D compounds [Ag(PAHT)]n (1), [Ag2(HCA)]n (2) and
[Cu6(CA)2(H2O)]n(I) (3) have been obtained with in situ synthe-
sized ligands (HPAHT or H3CA) by the hydrothermal reactions of
1,3,5-triazine, different metal salts and aromatic carboxylic acids at
180 1C for 3 days. Though the aromatic carboxylic acids do not
participate in coordinating to metal ion, it has been proved that
the NH2

� and/or Cl� of triazines part or all have high hydrolysis
and can be replaced by OH� groups in the carboxylic acidic
conditions, giving the ligands PAHT� , HCA2� and CA3� [31–33].
The results from elemental analyses also demonstrated them. It is
inferred that divalent copper atom takes a reduction reaction into
monovalent copper to maintain the balance of charge while
negative divalent sulfur change into the elemental sulfur along
with the cleavage of S–S bond of 2,2′-dithiodibenzoic acid.
Compounds 1–3 are air and moisture-stable. Compounds 1–3 are
all insoluble in DMF, DMSO and the common solvents such as
methanol and CH2Cl2. The peak at 3459 cm�1 for 1 (3404 cm�1

for 2) should be ascribed to N–H stretching vibrations. In addition,
the peaks at about 1680–1100 cm�1 are attributed to the 1,3,5-
triazine ring stretching vibrations.

3.2. Crystal structure of complex 1

Single-crystal X-ray diffraction analysis reveals that the com-
plex 1 crystallizes in tetragonal system group I-42d with 3D
network consisting of right-handed and left-handed [Ag(PAHT)]n
helical chains. As shown in Fig. 1, there exists one Ag(I) ion and a
half PAHT� ligand in the asymmetric unit of 1. The Ag(I) forms a
perfect trigonal planar geometries by being coordinated to three
nitrogen atoms from three PAHT� ligands without mean devia-
tion. The distances of Ag–N ranging from 2.168(5) to 2.332(4) Å,
with N–Ag–N of about 97.4(2) and 131.28(11)1 (see Table S1),
respectively, are corresponding to this type of coordination envir-
onment [34–36].

The most remarkable structure feature is that the compound 1
contains two kinds of single helical chains, which are respectively

right-handed and left-handed [Ag(PAHT)]n helical chains, similar
to those of our reported compound [Ag2(1,2-bdc)(phadt)]n (1,2-
bdc¼phthalic acid dianion; phdat¼2,4-diamino-6-phenyl-1,3,5-
triazine) [20]. As shown in Fig. 2, the ligands PAHT� in bidentate
mode join Ag(I) to form right-handed and left-handed [Ag(PAHT)]n
helical chains, which spiral parallelly around a screw axis along
the c axis with a pitch of 7.256(4) Å, where the nearest Ag
(I) distance is 6.4414(15) Å. Two kinds of helical chains arrange
alternately along c axis direction, which are further extended into
3D network in virtue of Ag1–N1 contact (Ag1–N1 2.168(5) Å,
Fig. 2e). Each HPAHT lose one hydrogen proton forming PAHT�

ligand to balance the charge and the ligand PAHT� adopts m3:η1:
η1:η1 coordination mode. In the ligand PAHT� , the dihedral angle
is 27.41 between the phenyl ring and the triazine ring. In addition,
a kind of strong π…π stacking interaction is observed from triazine
ring and phenyl ring between the ligands of PAHT� with the
vertical plane–plane distance of 3.519 Å, the centroid–centroid
distance of about 3.717 Å, which plays an important role in
stabilizing the framework.

To better understand the structure of compound 1, the topo-
logical analysis approach is employed. If each Ag(I) atom and each
ligand PAHT� was treated as one three-connected node, as a
result, the 3D network can be described as uninodal three-
connected with the Schläfli symbol of {82.10}, which is a rare
topology with lig LiGe type (Fig. 3), resembling that of
{[Ph3PCH2Ph][Cd(tp) �Cl] �2H2O}n (tp¼terephthalate) [26].

3.3. Crystal structure of complex 2

Replacement of 2,4-diamino-6-phenyl-1,3,5-triazine, and 3-
nitrophthalic acid of 1 by 2-chloro-4,6-diamino-1,3,5-triazine
and phthalic acid, the complex 2 was obtained. The compound 2
crystallizes in monoclinic space group C2/c and shows 3D network
through 2D sheets connected by strongly Ag–O and weakly Ag(I)…
Ag(I) interactions. In the asymmetric unit, there are three crystal-
lographically unique Ag(I) atoms surrounded by one coordinating
HCA2� ligand.

As shown in Fig. 4, the Ag1 atom is coordinated to two oxygen
atoms and one nitrogen atom from three ligands HCA2� , resulting
in three-coordinated trigonal planar geometries, mean deviation
from planarity of 0.0345 Å. In the dimeric Ag2…Ag3 unit, the Ag2
atom bears perfect linear geometry by being coordinated to two
nitrogen atoms from two ligands HCA2� with N3(A)–Ag2–N3(B)
(A:1�x, y, 1.5�z; B: x, �y, 0.5þz) of 180.01, while Ag3 atom is
coordinated to two oxygen atoms from two ligands HCA2� with
O1–Ag3–O1(A) of about 156.8(3)1. The Ag–N and Ag–O lengths
ranging from 2.078(6) to 2.151(6) Å, and 2.218(6) and 2.492(5) Å,
respectively, are in agreement with the distances reported earlier
of this type of coordination environment [24,25]. The dimeric
Ag2…Ag3 interaction with Ag–Ag of 2.9204(7) Å are found, sig-
nificantly shorter than the van der Waals contact distance (3.44 Å),
and longer than the Ag…Ag contact distance in metallic silver
(2.88 Å), indicating the existence of argentophilicity can promote
the aggregation of silver center [37–39].

Each H3CA lose two hydrogen protons, and remanent hydrogen
atom bonding to oxygen transfers into nitrogen atom of triazine
ring forming HCA2� ligand. Then the HCA2� ligand adopts m4:η1:
η1:η1:η1 coordination mode to construct 2D sheets (Fig. 5).
Furthermore, along b-axis direction, the compound 2 shows 3D
network by strongly Ag–O and weakly Ag(I)…Ag(I) interactions
(Ag3–O1 2.387 Å Fig. 6). In addition, a kind of π…π stacking
interaction is observed among triazine rings with the vertical
plane–plane distance of 3.144 Å, the centroid–centroid distance of
about 3.3403 Å, which plays an important role in stabilizing the
framework.

Fig. 1. The construction unit of 1 with thermal ellipsoid at 50% probability ignoring
hydrogen atoms (symmetry codes: (A) x, 1.5�y, 0.25�z; (B) 1.5�y, 0.5þx, 0.5�z;
(C) 0.5�x, y, 0.75þz).
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3.4. Crystal structure of complex 3

The complex 3 crystallizs in monoclinic groups P2(1)/n and
shows the 3D network consisting of dodecanuclear copper(I) units

Fig. 2. (a) The left-handed [Ag(PAHT)]n helical chain viewed perpendicular to the c axis; (b) the right-handed [Ag(PAHT)]n helical chain viewed perpendicular to the c axis;
(c) the left-handed [Ag(PAHT)]n single helical chain screw along the c axis; (d) the right-handed [Ag(PAHT)]n chain screw along the c axis; (e): the interconnection of the
helices in the compound 1 viewed along the c axis (R represents right-handed and L represents left-handed, phenyl rings are omitted for clarity).

Fig. 3. A uninodal three-connected 3D networks with point symbol of {82.10} net,
which is a lig LiGe topological net.

Fig. 4. The asymmetric unit of compound 2 with thermal ellipsoid at 50%
probability ignoring hydrogen atoms (symmetry codes: (A) 1�x, �y, 1.5�z;
(B) x, �y, 0.5þz; (C) �x, �y, �z; (D) 0.5�x, �0.5þy, 0.5�z).
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as SBUs connected by the ligands CA3� . As is shown in Fig. 7, there
are six crystallographically unique copper(I) atoms, two CA3�

ligands and one water molecule in the asymmetric unit. Each
Cu1, Cu2, Cu3 and Cu5 atoms is coordinated by N/O atoms from two
CA3� ligands locating in a two-coordinated linear geometry in
which the angle N–Cu–O/N is in the range of 164.08(16)–175.28
(16)1. The Cu1 and Cu2 atoms are bridged by two CA3� ligands and
almost coplanar with 1,3,5-triazine rings with mean deviation
from planarity of about 0.0565 Å. The Cu1–Cu2 distance is 2.5719
(10) Å similar to 2.56 Å in copper metal [40,41], significantly
shorter than the Cu(I)…Cu(I) distances from the documents [42–44],
and are in fact shorter than the van der Walls contact distance
(2.80 Å) [45,46], which points to a pronounced effect of cuprophi-
licity. The Cu4 and Cu6 atoms are coordinated to two oxygen atoms
and one nitrogen atom from three ligands CA3� , three oxygen
atoms from two ligands CA3� and one water molecule, respec-
tively, giving rise to the three-coordinated trigonal planar geome-
tries mean deviation from planarity of about 0.0224, 0.0461 Å,
respectively. The Cu–N and Cu–O distances ranging 1.867(4)–1.900
(4) Å and 1.850(3)–2.386(3) Å (see Table S1), respectively, are in
agreement with distances reported earlier for similar coordination
environment [47,48]. The Cu1 to Cu6 atoms are interconnected to
form Cu6 units through CA3� ligands, which further link its
symmetric part via the symmetric center between the Cu5…Cu5C
(C: 1�x, 1�y, 1�z) to construct Cu12 units, respectively. In the
dodecanuclear copper(I) unit, many kinds of weakly Cu…Cu
interactions are observed except above strongly interaction
(Cu3…Cu4 2.9230 Å; Cu4…Cu6C 2.9393(10) Å; Cu5…Cu5C
2.7843 Å; Cu2…Cu6C 3.076 Å). In addition, many kinds of π…π
stacking interaction are observed between triazine rings with the
vertical plane–plane distance of 3.161–3.295 Å, the centroid–centroid

Fig. 5. The two-dimensional sheet of 2.

Fig. 6. The 3D network of 2 constructed by Ag–O and Ag…Ag interactions (Ag…Ag
indicated as dashed lines).

Fig. 7. The dodecanuclear copper(I) unit of 3 with thermal ellipsoid at 50%
probability ignoring hydrogen atoms (symmetry codes: (A) 0.5þx, 0.5�y,
�0.5þz; (B) 1.5�x, 0.5þy, 1.5�z; (C) 1�x, 1�y, 1�z; (D) �0.5þx, 0.5�y,
0.5þz; (E) 0.5þx, 1.5�y, �0.5þz; (F) 0.5�x, �0.5þy, 1.5�z).
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distance of about 3.2056–3.7959 Å, which play an important role in
stabilizing the framework.

Analogous to forming HCA2� ligands, each H3CA loses three
hydrogen protons forming CA3� ligand, and these CA3� ligands
adopt m6:η1:η1:η1:η1:η1:η1 and m7:η2:η1:η1:η1:η1:η1 coordination
modes. As shown in Fig. 8a, each dodecanuclear copper(I) unit is
surrounded by eight dodecanuclear copper(I) unit viewed perpendi-
cular to the b axis. Along b axis direction, dodecanuclear copper
(I) units are connected by two dodecanuclear copper(I) units via
three kind of Cu–O/N interactions to form a linear chain(Fig. 8b).
Thus, each Cu12 unit is surrounded by ten Cu12 units, which can be
understood by the topological analysis approach. Each SBU was
treated as one ten-connected node, and the resulting structure of
complex 3 is an uninodal 10-connected bct type 3D framework
(Fig. 8d) with the Schläfli symbol (312.428.55) analysis by TOPOS
[49–51]. To the best of knowledge, several coordination polymers
with bct type have been discussed in the literature, however, most of
them contain coordinating carboxylic acids. For example, in the
compound [SmCo(μ5-PyIDC)(μ2-INIC)(μ3-INIC)] �3H2O (HINIC¼ iso-
nicotinic acid; H3PyIDC¼2-(pyridine-3-yl)-1H-4,5-imidazoledicar-
boxylic acid), the planer hexanuclear heterometeallic [Sm2Co4
(μ5-PyIDC)2] secondary building units are considered as 10-
connected nodes, which obtained the rare 3D lanthanide-transit-
ion heterometal-organic coordination polymers with 10-connected
bct type.

According to our survey, though several cases involving in
dodecanuclear copper(I) compound have been reported [52–55],

all compounds exhibit only discrete clusters. For example, in the
dodecanuclear cluster [Cu2PPh � PPh3]6, the twelve Cu atoms
occupy the corners of a compressed cuboctahedron and the six
PPh groups cap the Cu4 rings of the Cu12 polyhedron [52].
However, the compound 3 is different from that of the above
compound, in that twelve copper atoms in the middle form almost
planer configuration.

3.5. Fluorescence of 1–3

The d10 (Ag(I) or Cu(I)) coordination complexes with N-hetero-
cyclic ligands have received much attention for the development
of photoluminescent materials. Then, the solid-state photolumi-
nescent properties of compounds 1–3 were shown in Fig. 9.
Intense emissions are observed at 472 and 580 nm for 1
(λex¼364 nm), 339 nm for 2 (λex¼287 nm), 412 nm for 3
(λex¼300 nm), respectively. It can be inferred that those broad
peaks (472 nm of 1, 339 nm of 2, 412 nm of 3) originate from the
πn-π transition [22,56,57]. The peak 580 nm of 1may be assigned
to the ligand-to-metal charge-transfer (LMCT) [21,58].

4. Conclusions

Based on in-situ synthesized 1,3,5-triazine derivatives, we have
prepared and structurally characterized three new coordination
complexes. The feature of compound 1 is that it exhibits 3D

Fig. 8. For compound 3, (a) each Cu12 unit is surrounded by eight Cu12 units viewed perpendicular to the b axis; (b) Along b axis direction, the Cu12 units are connected by
two Cu12 units via three kind of Cu–O/N interactions to form a linear chain; (c) the surrounding of the Cu12 units; (d) a uninodal 10-connected bct type 3D framework
omitting the CA3� ligands for clarity.
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network consisting of right-handed and left-handed [Ag(PAHT)]n
helical chains with a rare three-connected uninodal lig LiGe type
topology. Compound 2 exhibits a 3D network composed of 2D
sheet through strongly Ag–O and weakly Ag…Ag interactions. In
compound 3, twelve nuclear copper(I) units as SBUs was unusual
observed to construct 3D network by ligands CA3� with a rare
uninodal 10-connected bct topology. In addition, compounds 1–3
display solid-state emissions.
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