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Syntheses and Characterization of Two Three-Dimensional Layered-Pillared
Inorganic-Organic Hybrid Materials Constructed from Inorganic Cadmium Sulfate
Layers and in situ Generated Organic 5-(Pyridyl)tetrazolate Ligands
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Abstract: Hydrothermal reactions of CdSO, and NaN; with 4-cyanopyridine or 3-cyanopyridine yielded two three-
dimensional layered-pillared inorganic-organic hybrid materials based on mixed ligands of sulfate and in situ
synthesized 5-(4-pyridyl)tetrazolate (4-ptz~) or 5-(3-pyridyl)tetrazolate (3-ptz™), respectively, namely, [Cd,(H,0)(OH)
(804) (4-ptz)], (1) and [Cd,(OH)(SO4) (3-ptz)], (2), which have been structurally characterized by elemental analysis
(EA), infrared spectroscopy (IR), thermogravimetric analysis (TGA), single-crystal and powder X-ray diffraction. In 1
and 2, each Cd(Il) ion is six-coordinated with a distorted octahedral coordination geometry, which are connected
through SO, and OH", leading to an infinite two-dimensional cation layer structure of [Cd,(H,0)(OH)(SO.,)],"* (1) or
[Cd,(OH)(SO4)].*  (2). These adjacent two-dimensional cation layers are further linked by 4-ptz= (1) or 3-ptz~ (2)
pillared ligands to form infinite three-dimensional layered-pillared inorganic-organic hybrid frameworks architecture
of 1 and 2, respectively. In addition, the results of photoluminescent measurements in the solid state at room
temperature indicate that 1 and 2 all exhibit intense fluorescent emissions at A,,,=481 nm and 489 nm when excited

at 350 nm, respectively. CCDC: 1046410, 1; 1046411, 2.
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Table 1 Crystal structure parameters of 1 and 2
1 2
Empirical formula Cd,CeH,N5O6S Cd,CeHsNsOsS
Formula weight 502.03 484.01
Crystal system Monoclinic Triclinic
Space group P2i/m P1
a/nm 0.761 70(4) 0.687 53(5)
b / nm 0.695 36(4) 0.711 57(4)
¢/ nm 1.150 23(6) 1.155 10(8)
al(°) 90 82.995(5)
B 100.727(5) 86.235(6)
v /(%) 90 86.647(5)
V/nm? 0.598 58(6) 0.558 95(6)
A 2 2
D./ (g-cm™) 2.785 2.876
F(000) 476 456
Crystal size / mm 0.16x0.14x0.14 0.22x0.20x0.18
0 range for data collection / (°) 2.72 to 26.99 2.89 to 27.00
Absorption coefficient u / mm™ 3.762 4.016
Reflections collected/unique 3010/ 1404 (R,=0.039 0) 4527 / 2443 (R;,=0.034 7)
Refinement method Full-matrix least-squares on F? Full-matrix least-squares on F?
Data/restraints/parameters 1404/2/113 2443 /117178
Goodness-of-fit on F* 1.042 1.035
Final R indices (I>20(])) R=0.027 6, wR,=0.053 0 R=0.034 9, wR,=0.062 7
R indices (all data) R =0.034 6, wR,=0.058 0 R,=0.051 1, wR,=0.072 6
Largest diff. peak and hole / (e-nm™) 700 and -897 1 049 and -1 102
x2 BEEWIM2HBIERKRIEZER
Table 2 Selected bond distances (nm) and bond angles (°) of 1 and 2
1
Cd(1)-0(1W) 0.223 0(4) Cd(1)-0(2B) 0.229 9(3) Cd(2)-N(1D) 0.232 0(3)
Cd(1)-0(3) 0.223 2(4) Cd(1)-N(3) 0.243 7(4) Cd(2)-N(1E) 0.232 0(3)
Cd(1)-0(4) 0.226 5(3) Cd(2)-0(4) 0.222 0(2) Cd(2)-O(1F) 0.244 5(2)
Cd(1)-O(2A) 0.229 9(3) Cd(2)-0(4C) 0.222 0(2) Cd(2)-O(1B) 0.244 5(2)
O(1W)-Cd(1)-0(3) 107.66(13) O(1W)-Cd(1)-N(3) 85.42(15) N(1D)-Cd(2)-N(1E) 180.0(2)
O(1W)-Cd(1)-0(4) 164.49(13) 0(3)-Cd(1)-N(3) 166.92(15) 0(4)-Cd(2)-O(1F) 73.93(10)
0(3)-Cd(1) —0(4) 87.84(13) 0(4)-Cd(1)-N(3) 79.08(14) 0(4C)-Cd(2)-0(1F) 106.07(10)
O(1W)-Cd(1)-O(2A) 90.10(7) 0(2A)-Cd(1)-N(3) 84.84(6) N(1D)-Cd(2)-O(1F) 98.44(11)
0(3)-Cd(1)-0(2A) 94.91(7) 0(2B)-Cd(1)-N(3) 84.84(6) N(1E)-Cd(2)-O(1F 81.56(11)
0(4)-Cd(1)-0(2A) 88.52(7) 0(4)-Cd(2)-0(4C) 180.00(17) 0(4)-Cd(2)-O(1B) 106.07(10)
O(lW)-Cd(l)-O(ZB) 90.10(7) 0(4)-Cd(2)-N(1D)4 93.78(12) 0(4C)-Cd(2)-0(1B) 73.93(10)
0(3)-Cd(1)-0(2B) 94.91(7) 0(4C)-Cd(2)-N(1D) 86.22(12) N(1D)-Cd(2)-O(1B) 81.56(11)
04)-Cd(1)-0(2B) 88.52(7) 0(4)-Cd(2)-N(1E) 86.22(12) N(1E)-Cd(2)-O(1B) 98.44(11)
0(2A)-Cd(1)-0(2B) 169.63(13) 0(4C)-Cd(2)-N(1E) 93.78(12) O(1F)-Cd(2)-O(1B) 180.00(11)
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Continued Table 2

Cd(1)-02) 0.223 0(4) Cd(2)-0(3D)
Cd(1)-0(1) 0.225 6(4) Cd(2)-0(3A)
Cd(1)-0(5A) 0.230 7(4) Cd(2)-0(1)
Cd(1)-N(5) 0.234 8(5) Cd(2)-0(1E)
Cd(1)-N(1B) 0.241 8(4) Cd(2)-N(3C)
Cd(1)-N(4C) 0.249 4(4) Cd(2)-NGF)
0(2)-Cd(1)-0(1) 112.31(15) 0(3D)-Cd(2)-0(3A)
0(2)-Cd(1)-0(5A) 166.65(16) 0(3D)-Cd(2)-0(1)
0(1)-Cd(1)-0(5A) 78.96(16) 0(3A)-Cd(2)-0(1)
0(2)-Cd(1)-N(5) 86.33(17) 0(3D)-Cd(2)-O(1E)
0(1)-Cd(1)-N(5) 160.27(16) 0(3A)-Cd(2)-O(1E)
0(5A)-Cd(1)-N(5) 83.48(17) 0(1)-Cd(2)-0(1E)
0(2)-Cd(1)-N(1B) 84.28(15) 0(3D)-Cd(2)-N(3C)
0(1)-Cd(1)-N(1B) 88.32(14) 0(3A)-Cd(2)-N(3C)
O(5A)-Cd(1)-N(1B) 89.09(16) 0(1)-Cd(2)-N3C)
N(5)-Cd(1)-N(1B) 100.42(16) O(1E)-Cd(2)-N(3C)
0(2)-Cd(1)-N(4C) 96.84(15) 0(3D)-Cd(2)-N(3F)
0(1)-Cd(1)-N(4C) 86.60(14) 0(3A)-Cd(2)-N(3F)
O(5A)-Cd(1)-N(4C) 90.80(17) 0(1)-Cd(2)-N(3F)
N(5)-Cd(1)-N(4C) 84.69(16) O(1E)-Cd(2)-N3F)
N(1B)-Cd(1)-N(4C) 174.84(16) N(3C)-Cd(2)-NGF)

0.227 9(5) Cd3)-0(1) 0.226 5(4)
0.227 9(5) Cd(3)-0(1G) 0.226 5(4)
0.229 4(4) Cd(3)-0(4H) 0.230 8(5)
0.229 4(4) Cd(3)-0(4A) 0.230 8(5)
0.232 0(5) Cd(3)-N(2B) 0.233 1(5)
0.232 0(5) Cd(3)-N(2F) 0.233 1(5)
180.000(1) 0(1)-Cd(3)-0(1G) 180.0(2)
85.66(15) 0(1)-Cd(3)-0(4H) 86.40(14)
94.34(15) 0(1G)-Cd(3)-0(4H) 93.60(14)
94.34(15) 0(1)-Cd(3)-0(4A) 93.60(14)
85.66(15) 0(1G)-Cd(3)-0(4A) 86.40(14)
180.0(3) O(4H)-Cd(3)-0(4A) 180.00(18)
89.68(17) 0(1)-Cd(3)-N(2B) 86.26(14)
90.32(17) 0(1G)-Cd(3)-N(2B) 93.74(14)
85.88(15) O(4H)-Cd(3)-N(2B) 92.18(17)
94.12(15) 0(4A)-Cd(3)-N(2B) 87.82(17)
90.32(17) 0(1)-Cd(3)-N(2F) 93.74(14)
89.68(17) 0(1G)-Cd(3)-N(2F) 86.26(14)
94.12(15) O(4H)-Cd(3)-N(2F) 87.82(17)
85.88(15) 0(4A)-Cd(3)-N(2F) 92.18(17)
180.0(2) N(2B)-Cd(3)-N(2F) 180.0(3)

Symmetry codes: A: —x+1, y+1/2, —z; B: —x+1, —y, —z; C: —x, —y, —z; D: —x, —y, 2415 E: x, y, 2=1; F: x=1, y, z for 1; A: x+1, y, z; B: —x, -y,

—z+1; C: —x, —=y+1, —z+1; D: —x, —=y+1, —z; E: —x+1, —y+1, —z; F: x+1, y, z—-1; G: —x+1, -y, —z; H: —x, —y, —z for 2.
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Thermal ellipsoids are drawn at the 50% level; All hydrogen atoms were omitted for clarity except for those bonded to OH™ anions and coordinated

water molecules in (a); Symmetry codes: A: —x+1, y+1/2, —z; B: —=x+1, —y, —z; C: —x, —y, —z; D: —x, =y, —z+1; E: v, v, 2= 1; Fr x=1, y, 23 It x,~y+1/2, z;

G: —x, y+1/2, —z; H: —x, y-1/2, —

K2 EAY 1R 5 B R 8 (a), [ Cdy(H0)(OH)), 2 TEHLEE 45 14 [ (b) , [ Cdo(H,0)(OH)(SO,) | = 4E TEHLZ
45 ) O = 2 5 R AR T L 1L R 2K )
Fig.2 Coordination environment of Cd(Il) ions(a), the 1D inorganic chain of [Cdy(H,0)(OH)],*"(b), the 2D inorganic layer structure
of [Cdy(H,0)(OH)(SO4)],"(c), and the 3D layered-pillared organic-inorganic hybrid framework structure(d) in 1
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Thermal ellipsoids are drawn at the 50% level; All hydrogen atoms were omitted for clarity except for those bonded to OH™ anions in (a); Symmetry
codes in: A: x+1, y, z; B: —x, —y, —z+1; C: —x, —y+1, —z+1; D: —x, —y+1, —z; E: —x+1, —y+1, —z; F: x+1, y, 2=1; G: —x+1, =y, —z; H: —x, —y, —
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Fig.3 Coordination environment of Cd(Il) ions(a), the 1D inorganic chain of [Cdy(OH)],*(b), the 2D inorganic layer
structure of [Cdy(OH)(SO4)],"(c), and the 3D layered-pillared organic-inorganic hybrid framework structure(d) in 2
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