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The coordination compound Ce,Ag,(bpdc)4(SO.,)s(H20)s-H-0,
where bpdc is 2,2-bipyridine-4,4'-dicarboxylic acid, has been synthesized
and its crystal structure was determined by X-ray diffraction. Crystal
data: orthorhombic, space group Ama2, a= 26.990 (3) A, b = 33.060
(3) A, c=6.9250(10) A, V = 6179.1(12) A%, M, = 2159.26, F(000) =
4144,7 = 4, D, = 2.321 Mg/m®, = 3.715 mm™. Thefinal R, = 0.1468
and WR, = 0.3188 for 4553 observed reflections (1>2a(1)). Silver(l) ion
is coordinated by nitrogen atoms on the pyridine rings via chelating
mode, showing the distorted tetrahedron geometry. The coordination
polyhedron around Ce(1) is 8-coordinated dodecahedron mo de, while
the local geometry around Ce(2) is 8-coordinated bicapped trigonal
prism. The title compound isin 3-dimensional supramolecular state.

Key Words: Heteronuclear coor dination compound, Cerium, Silver,
Crystal structure.

INTRODUCTION

There is considerable current interest in the synthesis and characterization of
multi-dimensional coordination polymersbecause of their applications. Polydentate
ligands, which are used as building blocksin constructing the coordination polymers
are quite important in the crystal engineering of the supramolecular architecture
organized by coordinate covalent or hydrogen bonding interaction. 2,2'-Bipyridine-
4,4'-dicarboxylic acid (bpdc) is apotential bridging ligand in various coordination
modelsasaresult of itsmulti-functional groups. The synthesis, structure and proper-
ties on the coordination compound constructed by bpdc and transition and lanthanide
metal were investigated”’, which revealed that bpdc is versatile organic ligand due
to itsdiverse coordination modes of carboxylate groups. Up to now, although some
coordination polymers composing of bpdc were reported™”’, no heteronuclear one
was investigated. In this communication, the preparation and crystal structure of a
novel 3D heteronuclear cerium and silver coordination compound, in which the
Ag(l) ioniscoordinated by nitrogen atoms on the pyridine rings via chel ating mode,
showing the distorted tetrahedron geometry is reported. The coordination polyhedron
around Ce(1) is8-coordinated dodecahedron made, whilethelocal geometry around
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Ce(2) is 8-coordinated bicapped trigonal prism. The title compound is in three-
dimensiona supramolecular state and the inorganic [SO4]? units show their versatile
coordination mode.

EXPERIMENTAL

All reagentswere of AR grade and used without further purification. Elemental
analysis was performed by Elementar Vario EL-111 analyzer.

Synthesis: Yellow block-like CesAgz(bpdc).(SO4)s(H20)e-H,O was obtained
from hydrothermal reaction of the mixture of Ce(NQO;)s-6H,0 (86.8 mg, 0.2 mmal),
Ag,SO, (62.3 mg 0.2 mmal), 2,2-bipyridine-4,4'-dicarboxylic acid (97.6 mg, 0.4
mmol) and distilled water (13 mL, 0.722 mol) in amole ratio of 1:1:2:3610 in 25
mL polytetrafluoroethylene-lined stainless steel reaction container at 150 °C for
120 h. Elemental analysis (%): Calcd. for CssH3sNsOsSAg.Ces: N 5.19, C 26.68,
H 1.76, S4.45. Found: N 5.15, C 26.85, H 1.90, S4.16.

Crystal structure determination: A yellow single crystal (0.28 mm x 0.14
mm x 0.09 mm) was carefully selected under microscope and was mounted on a
glass fiber capillary for intensity data collection on a Bruker CCD area detector
diffactometer with a graphite-monochromatized MoK a radiation (A = 0.71073 A)
from a generator operating at 50 kV and 30 mA. Theintensity data were collected
intherange of 1.44°< 0 <25.01° using @-w mode at 298(2) K. A total reflections
of 14035 were collected, of which 5081 reflections with Ry = 0.1128 were unique
and 4553 were observed (1>20(1)). Empirical absorption correctionswere performed
with the SADABS program. The structure has been solved by direct methods
(SHEL X S-97)® and refined by full-matrix-least squarestechniques on F? with aniso-
tropic thermal parameters for al of the non-hydrogen atoms (SHELXL-97)8. All
hydrogen atomswere located by Fourier difference synthesisand geometrical analysis.
These hydrogen atoms were allowed to ride on their respective parent atoms. The
final full-matric least-squares refinementsincluding 472 parametersfor 4553 reflec-
tionswith | > 20(1) gave R1 = 0.1468, wR2 = 0.3188 {w = 1/[0*(F") + (0.0816 (F,*
+ 2F.2)/3)2 + 0.09 (Fo2 + 2FH)/3]}, (Ap)max = 6.695 e A, (AP)min = -6.470 e A Al
structural calculations were carried out using the SHEL X-97 program package®.

RESULTSAND DISCUSSION

The atomic coordinates and thermal parameters, the selected bond lengths and
bond angles, anisotropic displacement parameters, hydrogen coordinates and
hydrogen bonds are listed in Tables 1-5, respectively. The perspective view of the
framework of title compound along c axis, the coordination mode of bpdc and
silver ion, the coordination environment of cerium centers, the 2-D layer constructed
from the silver and cerium centers and bpdc ligands, the role of [SO,]* anions
linking the cerium centers into 1-D chain and are illustrated in Figs. 1-5, respec-
tively.
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TABLE-1
ATOMIC COORDINATES (x10%) AND EQUIVALENT ISOTROPIC
DISPLACEMENT PARAMETERS (x10° A2)

X y

z U(eq)

X y z

U(eg)

Ce()
Ce(2)
Ce(3)
Ag(1)
N(1)
N(2)
N(3)
N(4)
o(1)
0(2)
o(3)
o(4)
o(5)
o(6)
o(7)
o(8)
0(9)
0(10)
O(11)
0(12)
0(13)
O(14)
o(15)
0(16)
o(17)
0(18)
0(19)
0(20)
0(21)

7500  9205(1)
6162(1) 10025(1)
7500 11089(1)
5144(1) 7371(1)
5652(12) 7946(9)
4697(12) 7937(9)
5594(12) 6804(8)
4656(12) 6796(9)
6941(10) 8956(7)
6366(10) 9324(8)
6031(10) 10717(8)
6661(10) 11072(7)
6354(9) 10419(7)
6989(10) 10843(7)
6689(10) 9261(8)
6066(10) 9603(8)
7500 9684(10)
7064(10) 10118(7)
7500
5328(10) 9772(8)
5317(10) 10183(8)
7500
7500
7977(11) 12255(8)
7500  8563(11)
7500  9057(12)
7500  9391(10)
6200(11) 10020(8)
7500

10410(10) 9450(60)

11813(11) 9410(60)
11709(11) 12510(60) 22(9)

11582(5) 18(1)
6812(4)  24(1)
10434(4)  17(1)
8475(8)  45(1)
7920(50) 23(8)
8840(50) 24(8)
8900(50) 23(8)
7890(50) 22(8)
9260(40)  24(6)
7570(40) 25(6)
7980(40) 26(7)
9350(40)  24(6)
3680(40) 25(6)
3170(50) 26(6)
2850(40) 26(7)
4220(40) 24(6)
8670(60) 23(9)
7140(40) 25(7)
20(8)
21(7)

26(7)
24(9)

7840(40)
4960(40)

11240(40) 29(7)
12420(50) 20(9)
15160(70) 33(10)
13200(60) 23(9)
10500(50) 35(7)

11047(10) 6840(80) 31(9)

0(22)
1)
S(2)
3)
c@)
C@
cE)
c@é
cE)
C(6)
C()
C(8)
C(9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)

7500  8042(14) 4570(70)
7500  10076(4) 8090(20)
5000 10000  6870(30)
7500  12026(4)
6161(15) 7931(11)
6438(15) 8285(11)
6207(15) 8655(11)
5698(14) 8670(11)
5421(15) 8316(11)
4889(14) 8315(10)
4580(14) 8651(10)
4079(14) 8609(10)
3886(16) 8231(11)
4196(15) 7895(11) 9260(60)
6560(15) 9010(11) 8390(70)
6224(14) 11045(11) 8640(70)
6104(15) 6848(11) 9070(60)
6411(15) 6512(10) 8900(60)
6207(14) 6132(10) 8560(70)
5697(14) 6089(11) 8390(60)
5390(14) 6425(11) 8560(70)
4868(14) 6423(11) 8300(60)
4571(14) 6081(10) 8460(60)
4062(14) 6112(10) 8210(60)
3849(15) 6486(10) 7800(60)
4146(15) 6827(11) 7640(60)
6572(15) 10787(11) 3780(70)
6262(14) 9280(11) 3500(70)

7610(60)
7630(60)
7960(70)
8270(60)
8250(60)
8390(60)
8340(60)
8760(70)
9210(60)

41(12)
20(3)
28(3)

11180(20) 24(3)

23(9)
24(9)
24(9)
24(9)
24(9)
23(9)
23(9)
23(9)
24(10)
24(9)
24(9)
24(9)
23(10)
23(9)
23(9)
23(9)
23(9)
22(8)
23(8)
22(9)
22(9)
22(9)
25(9)
24(9)

U(eq) is defined as one third of the trace of the orthogondized U, tensor.

TABLE-2

SELECTED BOND LENGTH (A) AND ANGLES (9)

Ce(1)-0(17) 220(4)
Ce(1)-0(1)  2.35(3)
Ce(1)-O()#L  2.35(3)
Ce(1)-O(7#2  2.37(3)
Ce(1)-O(#3  2.37(3)
Ce(1)-0(18)  2.53(5)
Ce(1)-0(19) 253(3)
Ce(1)-0(9)  257(4)
Ce2-0(8)  2.29(3)

Ce(2)-0(2)

2.44(3)

O(17)-Ce(1)-0(1)  80.9(10)
O(17)-Ce(1)-O(L)#1  80.9(10)
O(1)-Ce(1)-O()#l  79.7(14)
O(17)-Ce(1)-O(7y#2  88.7(7)
O(1)-Ce(1)-O(7)#2  71.8(10)
O(1)#1-Ce(1)-O(7)#2 50.9(10)
O(17)-Ce(1)-O(7#3  88.7(7)
O(1)-Ce(1)-O(7)#3  50.9(10)
O(1)#1-Ce(1)-O(7)#3 71.8(10)
O(7)#2-Ce(1)-O(7)#3 35.4(14)

O(12)-Ce(2)-O(5)
0(20)-Ce(2)-0(5)
0(8)-Ce(2)-0(13)
0(2)-Ce(2)-0(13)
0(3)-Ce(2)-0(13)
0(10)-Ce(2)-0(13)
0(12)-Ce(2)-0(13)
0(20)-Ce(2)-0(13)
O(5)-Ce(2)-0(13)
O(11)-Ce(3)-0(4)

126.0(9)
146.5(9)
69.2(9)
118.8(9)
81.5(9)
149.8(9)
55.4(9)
121.0(9)
70.8(9)
83.4(7)
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Ce(2-0(3)  245@3) O(17)-Ce(1)-0(18) 635(13) O(11)-Ce(3)-O(A#L  83.4(7)
Ce(2)-0(10) 247(3) O(1)-Ce(1)-O(18)  127.0(9) O(4)-Ce(3)-O(4)#1  143.1(15)
Ce2-0(12) 250(3) O(1)#1-Ce(1)-O(18) 127.0(9) O(11)-Ce(3)-O(6)#3  84.8(10)
Ce(2)-0(20) 255(3) O(7)#2-Ce(1)-0(18) 69.6(7)  O(4)-Ce(3)-O(6)#3  139.6(10)
Ce2)-0(5)  258(3) O(7#3-Ce(1)-0(18) 69.6(7)  O(4)#1-Ce(3)-O6)#3 72.9(10)
Ce(2-0(13) 267(3) O(17)-Ce(1)-0(19) 1384(13) O(11)-Ce(3)-O(6)#2  84.8(10)
Ce(3)-0(11) 2.35(3) O(1)-Ce(1)-0(19)  1281(8) O(4)-Ce(3)-O(6)#2  72.9(10)
Ce(3)-0(4)  2.39(3) O(L)#1-Ce(1)-0(19) 1281(8) O(4)#1-Ce(3)-O(6)#2 139.6(10)
Ce(3)-O(4)#1L 2.39(3) O(7)#2-Ce(1)-0(19) 76.4(7)  O(B)#3-Ce(3)-O(6)#2 67.6(13)
Ce(3)-0(6)#3 248(3) O(T#3-Ce(1)-0(19) 76.4(7)  O(11)-Ce(3)-0(21)  69.8(12)
Ce(3)-0(6)#2 248(3) O(18)-Ce(1)-0(19) 74.9(13) O(4)-Ce(3)-0(21)  715(7)
Ce(3)-0(21) 250(5) O(17)-Ce(1)-0(9)  1434(13) O(4)#1-Ce(3)-0(21)  71.5(7)
Ce(3)-0(14) 250(4) O(1)-Ce(1)-0(9)  713(9)  O(6)#3-Ce(3)-0(21) 138.1(8)
Ce(3-0(15) 250(4) O)#1-Ce(1)-0(9 7139  OB)#2-Ce(3)-0(21)  138.1(8)
Ag(D)-N@) 2243 O(N#2-Ce(1)-0(9) 1041(7) O(11)-Ce(3)-O(14)  146.5(14)
Ag()-N(@B) 2253 O(#3Ce(1)-0(9 104.1(8) O(4)-Ce(3)-0(14)  86.1(7)
Ag(D)-N(4) 2353 O(18)-Ce(1)-0(9) 1531(12) O(4)#1-Ce(3)-O(14) 86.1(7)
Ag()-N(1) 2383 O(19)-Ce(1)-0(9)  782(13) O(B)#3-Ce(3)-0(14)  122.1(9)
O(6)-Ce(3#4 248(3) O(8)-Ce(2)-0(2)  67.3(10) O(B)#2-Ce(3)-0(14)  122.1(9)
O(7)-C(24)  124(5) O(8)-Ce(2)-0(3)  144.2(10) O(21)-Ce(3)-0(14)  76.7(13)
O(7)-Ce(D)#4 2.37(3) O(2)-Ce(2)-0(3)  1480(10) O(11)-Ce(3)-O(15)  161.9(13)
0(9)-S(1) 1.36(4) O(8)-Ce(2)-0(10) 105009 O(4)-Ce(3)-O(15)  10L.6(7)
O(10-S(1) 1353 O(2)-Ce(2)-O(10) 8299  O(A)#1-Ce(3)-0(15) 101.6(7)
O(11)}-S(1)  145(4) O(3)-Ce(2)-0(10)  89.8(9)  O(6)#3-Ce(3)-O(15)  80.2(10)
O(12-S(2) 1343 O(8)-Ce(2)-0(12) 852(10) O(B)#2-Ce(3)-O(15)  80.2(10)
O(13)-S(2)  169(3) O(2)-Ce(2)-0(12) 79.8(9)  O(21)-Ce(3)0-O(15)  128.3(12)
O(14)-S(3)  142(4) O(3)-Ce(2)-0(12) 9519  O(14)-Ce(3)-O(15)  51.6(14)
O(15)-S(3)  140(4) O(10)}-Ce(2)-0(12) 154.7(10) N(2)-Ag(1)-N(3) 166.0(14)
O(16)-S(3)  149(3) O(8)-Ce(2)-0(20)  141.6(9)  N(2)-Ag(1)-N(4) 113.1(12)
S(1)-O(10#1 1.353) O(2)-Ce(2)-0(20)  76.79)  N(3)-Ag(1)-N(4) 69.6(11)
S(2)-0(12)#5 1343 O(3)-Ce(2)-0(20) 7159  N(2)-Ag(1)-N(1) 70.2(11)
S(2)-0(13)#5 1.69(3) O(10)-Ce(2)-0(20) 82.6(10)  N(3)-Ag(1)-N(1) 112.1(10)

S(2)-Ce(2#5  3.137(2) O(12)-Ce(2)-0(20)  75.6(10)  (4)-Ag(1)-N(1) 160.8(13)

S(3)-0(16)#1 149(3) O(8)-Ce(2)-0(5)  709(9)  C(1)-N(1)-C(5) 120(3)
0(2)-Ce(2)-0(5)  127.9(9)  C(1)-N(1)-Ag(l) 124(2)
0(3)-Ce(2-0(5) 8059  C(5)-N(1)-Ag(l) 115(2)
O(10)-Ce(2)-0(5)  79.4(9)  C(10)-N(2)-C(6) 120(3)

Symmetry transformations used to generate equivaent atoms: #1: -x+3/2,y, z; #2: X, y, z+1;
#3. -x+3/2,y, z+1; #4.: X, y, Z-1; #5. -x+1, -y+2, Z; #6: X, y-1/2, z+1/2; #7: -x+1, -y+3/2,
z+1/2; #8: x, y+1/2, z-12; #9: -x+1, -y+3/2, z-1/2.

The title compound, CesAgx(bpdc)4(SO4)s(H20)s-H-0, crystallizes in orthor-
hombic space group Ama2. The crystal structure determination reveals a new 3D
framework, asshown in Fig. 1. The 3D framework of thetitle compound is constru-
cted by cerium(I11) ions and silver(l) ions as template, which is coordinated both
by multi-dentate organic ligand 2,2'-bipyridine-4,4'-dicarboxylic acid and versatile
inorganic ligand [SO4)*. The coordinated water molecules and lattice water mole-
culesaso play animportant rolein building such novel structurevia lots of hydrogen
bonding interactions.
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TABLE-3
ANISOTROPIC DISPLACEMENT PARAMETERS (x10° A?)

Ull U22 U23 U23 U13 U12
ce(l) 26(1) 8(1) 18(2) 1(1) 0 0
Ce2) 23(1) 14(1) 33(2) -3(2) -1(2) 2(1)
Cce3) 24(2) 42) 24(2) -3(2) 0 0
Ag() 37(2) (1) 97(3) -2(2) -1(2) -1(2)
N(1) 31(18) 8(14) 30(20) -4(13) 0(15) 0(13)
N(2) 32(18) 7(14) 30(20) -3(14) -1(16) -1(13)
N(3) 29(17) 7(14) 30(20) -7(14) -8(16) -5(13)
N(4) 28(17) 7(15) 30(20) -7(13) -7(15) -6(13)
o(1) 30(15) 12(12) 30(18) -1(12) -3(13) 2(11)
o) 31(15) 12(13) 31(16) -2(11) -1(13) 1(11)
o) 31(15) 14(13) 34(18) -3(12) 1(13) 1(11)
o(4) 30(15) 11(12) 31(18) -4(11) -1(13) 1(12)
o(5) 29(14) 14(12) 31(16) -1(12) 1(13) -1(11)
o(6) 31(15) 13(13) 33(17) -3(12) -3(13) 0(11)
o7) 32(16) 15(13) 31(18) -4(12) -2(13) 0(12)
o(8) 30(15) 14(13) 29(17) -3(11) 1(13) 2(12)
0(9) 30(20) 10(17) 30(20) 2(18) 0 0
0(10) 30(14) 13(12) 30(20) -3(11) 0(13) 1(10)
o(11) 30(20) 7(16) 20(20) -4(16) 0 0
0(12) 31(15) 18(14) 33(19) 0(12) 0(13) 3(12)
0(13) 31(15) 16(13) 30(20) -2(12) 2(13) 1(11)
0(14) 30(20) 11(18) 30(20) -2(16) 0 0
o(15) 30(20) 10(17) 30(20) -2(15) 0 0
o(16) 38(16) 15(13) 34(19) 3(12) -4(13) -1(12)
o(17) 21(18) 21(19) 20(20) 1(16) 0 0
o(18) 40(20) 30(20) 30(30) 0(20) 0 0
0(19) 30(20) 8(17) 30(20) -6(16) 0 0
0(20) 48(18) 17(14) 41(18) 0(16) -4(16) 4(13)
0(21) 40(20) 16(18) 40(30) 0(20) 0 0
0(22) 40(30) 40(30) 40(30) 0(20) 0 0
(1) 29(7) 5(6) 27(8) -1(5) 0 0
32 30(6) 15(6) 40(8) 0 0 5(6)
) 33(8) %6) 31(9) 2(5) 0 0
c(1) 30(20) 8(17) 30(20) -6(15) 0(18) 0(16)
c 30(20) 9(17) 30(20) -4(15) -2(17) 0(16)
cE 30(20) 9(18) 30(20) -3(16) 1(19) 0(16)
C(4) 30(20) 9(17) 30(20) -2(17) 1(19) 0(15)
C(5) 30(20) 7(17) 30(20) -4(16) 1(19) 0(15)
c(6) 30(20) 7(16) 30(20) -4(17) 1(19) 0(15)
c(7) 30(20) 7(17) 30(30) -4(16) 0(20) 1(15)
c(8) 30(20) 7(16) 30(20) -3(16) 1(19) 1(15)
c(9) 30(20) 6(18) 30(30) 2(16) 0(20) 1(17)
C(10) 30(20) 7(17) 30(20) -3(16) -3(18) 1(15)
c(11) 30(20) 11(17) 30(20) -2(17) 0(20) 1(16)
c(12) 30(20) 11(18) 30(20) -5(18) 0(20) 0(15)
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Uy Uy Uy Uy Uss Up
C(13) 30(20) 7(17) 30(30) -8(16) -8(19) -4(16)
C(14) 30(20) 7(17) 30(20) -7(16) -10(18) -5(15)
C(15) 30(20) 7(16) 30(20) -9(17) -8(19) -5(15)
C(16) 30(20) 8(16) 30(20) -6(17) -8(19) -5(14)
C(17) 30(20) 8(16) 30(20) -7(16) -10(20) -5(15)
C(18) 30(20) 7(15) 30(20) -8(16) -7(18) -6(15)
C(19) 30(20) 8(16) 30(20) -8(17) -6(19) -7(15)
C(20) 30(20) 7(17) 30(20) -7(16) -6(18) -6(15)
c(21) 30(20) 7(18) 30(20) -8(16) -6(18) -7(15)
c(22) 30(20) 8(17) 30(20) -9(15) -7(18) -6(15)
C(23) 30(20) 13(18) 30(20) -3(18) 0(20) -1(16)
C(24) 30(20) 13(18) 30(20) -3(18) -1(19) 1(16)
TABLE-4

HYDROGEN COORDINATES (x10Y) AND ISOTROPIC
DISPLACEMENT PARAMETERS (x10° A?)

X y z U(eg) X y z U(eg)

H(17A) 7500 8313 12130 24 | H(4) 5544 8917 8486 29
H(17B) 7500 8583 13645 24 | H(7) 4709 8904 8037 28
H(18B) 7241 9141 15734 40 | H(© 3551 8203 9492 29
H(19B) 7754 9910 13920 27 | H(10) 4067 7642 9564 28
H(20B) 6015 9847 11048 42 | H(13) 6240 7102 9295 28
H(20C) 6157 10253 10994 42 | H(14) 6752 6541 9016 27
H(21B) 7242 10932 6393 37 | H(16) 5560 5835 8163 27
H(22C) 7754 7901 4846 49 | H(19 4714 5831 8736 27
H() 6315 7684 7391 27 | H(2) 3508 6506 7632 26
H2 6778 8275 7420 28 | H(22) 4004 7077 7366 27

TABLE-5
HYDROGEN BONDS FOR THE TITLE COMPOUND (A AND ©)

D-H d(D-H) d(H--A) <DHA d(D-A) A
O17-H17B 0.850 1.885 128.46 2504 018
018-H18B 0.850 2.646 127.20 3.232 O1#2
019-H19B 0.850 2.383 137.19 3.061 010#3
019-H19B 0.850 3.016 112.88 3.437 S1#2
020-H20B 0.850 2.345 128.16 2.947 082
020-H20C 0.850 2.014 125.84 2.605 O5H#2
O21-H21B 0.850 2.355 129.40 2.968 06
022-H22C 0.850 2.419 140.71 3.123 016#10

Symmetry transformations used to generate equivalent atoms: #2: X, y, z+1; #3: -x+3/2, y,
z+1; #10: x, y-1/2, z-1/2

The coordination tetrahedron aound Ag(l) center is considerable distorted with
Ag-N bond length ranging from 2.24(3) A to 2.38(3) A and the bond angle of N(1)-
Ag(1)-N(2), N(2)-Ag(1)-N(4), N(3)-Ag(1)-N(4) and N(1)-Ag(1)-N(3) equa to
70.2(11)°, 113.1(1)°, 69.6(11)° and 112.1(10)°, respectively, as shown in Fig. 2.
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Fig. 1. Perspective view of the framework of title compound aong ¢ axis, without
showing the hydrogen bonds in the structure

CalZBi

Cel20)

Celll

Fig. 2. Coordination mode of bpdc and Ag ion

The coordination environments around cerium ions and numbering scheme are
illustrated in Fig. 3. There are two distinct cerium ions with different coordination
spheresin the structure. The coordination polyhedron around Ce(1) is 8-coordinated
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dodecahedron made of 4 oxygen atoms[O1, O(1A), O(7A) and O(7B)], respectively
from 4 different bpdc ligands, two oxygen atoms from two [ SO,]* anionsand ligands
and two oxygen atoms from water molecules. There are alittle difference between
the Ce-Oupa 2.35(3) A and 2.37(3) A], Ce-Ograe [2.57(4) A] and Ce-Oyae [2.20 A
and 2.53(5) A]. Whilethelocal geometry around Ce(2) isan 8-coordinated dicapped
trigonal prism completed by 4 oxygen atoms, respectively from 4 different ligands,
three oxygen atoms from two [ SO,]* anions and ligands and one oxygen atom from
amolecule, of which the bond distances of Ce-Oyq. range from 2.29(3) A-2.58(3)
A, Ce-Ograe 2.47(3) A - 2.67(3) A and Ce-Opae 2.55(3) A.

E

i

d

Fig. 3. The coordination environment of cerium centers

2,2-Bipyridine-4,4'-dicarboxylic acid acts as sexadentate ligand to link silver
and cerium centersinto a 2-D layer along c axis (Figs. 2 and 4), inwhich thetwo N
atoms on the each pyridine ring are coordinated to the same Ag atomsin chelating
mode and the two O atoms of carboxylato attached on the pyridine ring are coordi-
nated to two different Ce atomsin bis(monodentate) mode. The coordination mode
of bpdc reported here can be found in the coordination compounds like Mn-bpdc*
and Co-bpdc>.

The[SO,]* anions play the role of inorganic ligands to link the cerium centers
into 1-D inorganic chain, with different link modes (Fig. 5). Four oxygen atomsin
the subunits of [S(1)O4]? join 4 different cerium center in monodentate mode, in
which the S(1) shows distorted tetrahedron with S-O bond distance ranging from
1.35(3) A to 1.45(4) A and bond angles of O(10)-S(1)-O(9), O(10A)-S(1)-0O(9),
0(10)-S(1)-O(11) and O(10A)-S(1)-O(11) are 104.0(15)°, 104.0(14)°, 103.7(14)°
and 103.7(14)°. Each [S(2)O4)? linkstwo cerium centersvia oxygen atomsin chelating
mode, of which the bond distance of S(2)-O(12) [1.34(3) A] is shorter than S(2)-
O(13) [1.69(3) A] and the bond angle of O(13)-S(2)-O(12A) [121.5(16) A] in the
[S(2)04)* leads to a seriously distorted tetrahedron. While in the [S(3)0.]%, only
two oxygen atoms are coordinated to cerium centers, the other two are terminal
ones. The bond distance of S-Ocordinaed [1.42 (4) A and 1.40(A)] is shorter than
S-Oremina [1.49(3) A].
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L]

Fig. 5. Role of [SO4]* anions linking the cerium centersinto 1-D chain

The hydrogen-bonding interactions from the coordinated water molecules to
carboxylate oxygen atoms and sulfur atoms are observed, which also contribute to
building a novel heteronuclear coordination compound (Table-5).

In conclusion, thetitle compound with novel 3D framework was hydrothermally
synthesized, which included heteronuclear cerium and silver ions as template. The
optical, magnetic and thermal properties of the title compound are in progress.
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