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Synthesis and Characterization of a New Three-Dimensional Open-Framework
Aluminophosphate [C,H,N,][ALP;0,,OH] and Investigation of the Structure-Directing Effect
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(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, College of Chemistry, Jilin University,
Changchun 130012, China)

Abstract: A new three-dimensional (3D) anionic open-framework aluminophosphate [C,H,N,][ALPsO,,OH] (AIPO-
BDA) was hydrothermally synthesized by using 1,4-diaminobutane (BDA, C,H,N) as a structure directing agent. The
structure was determined by single-crystal X-ray diffraction structural analysis. AIPO-BDA was further characterized
by powder X-ray diffraction (XRD), scanning electron microscope (SEM), elemental (CHN) and thermogravimetric
(TG) analyses. The open-framework of AIPO-BDA contains 12-ring (12R) channels along [010] direction which are
intersected with 8-ring (8R) channels running along [100] direction. In the presence of 1, 6-hexanediamine (HDA), 1,
5-pentanediamine (PDA), or 2-methylpentamethylenediamine (MPMD) and under hydrothermal condition, anionic
open-frameworks with similar topology of AIPO-BDA can be obtained, which are denoted AIPO-HDA, AIPO-PDA,
and AIPO-MPMD, respectively. However, their crystallographic symmetry and the shape of the channels are
different. These results suggest that these amines have the same topological structure-directing effect but different
structure-directing effect in the formation of these open-frameworks. The correlation between the calculated free

volume and surface of the open-frameworks and the N-N distance of the diamines is observed. CCDC: 947284
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Fig.1 Experimental and simulated XRD patterns
for AIPO-BDA
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Fig.2 SEM image of AIPO-BDA
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Fig.3 TG curve for AIPO-BDA
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Table 1 Crystal data and structure refinement for AIPO-BDA

Name AlPO-BDA A 2

Empirical formula PsA1,0,C,H 5N, D./ (g-cm™) 2.102

Crystal system Triclinic Absorption coefficient / mm™ 0.697

Space group Pl F(000) 680

a/ nm 0.921 64(12) Limiting indices -12<h=<10, -13<k<12, -14<I<16
b / nm 1.022 48(14) Reflections collected/unique 7 857/5 221, (R;,=0.0199)

¢/ nm 1.260 94(16) Refinement method Full-matrix least-squares on F*
al(°) 98.098(2) Data/restraints/parameters 5221/7/337

B/ 106.227(2) Goodness-of-fit on F* 1.051

v /() 106.147(2) Final R indices (I>20(])) R=0.043 7, wR,=0.121 9
Volume / nm’ 1.0647(2) R indices (all data) R=0.057 5, wR=1 340
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Fig.4 ORTEP diagram of AIPO-BDA showing the local coordination environment
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Fig.5 2-dimention intersecting channel in AIPO-BDA(left); Arrangement of 8R channels view along [100]
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Table 2 Crystallographic data for AIPO-HDA, AIPO-PDA, AIPO-MPMD, and AIPO-BDA

Product  Space group @/ nm b/ nm c/nm al ) B1() e V /
AIPO-HDA Ce 1768 2 05108 2548 8 90 103.07 90 2242 43
AIPO-PDA Pl 0.924 5 1.228 76 0.506 57 96.018 105.891 102.878 0.548 322
AIPO-MPMD P 0.509 19 0.905 28 1.274 02 73.821 84.58 74.133 0.554 401
AIPO-BDA Pl 0.921 64 1.022 48 1.260 94 98.098 106.227 106.147 1.064 7
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Fig.7 Shape of 12R channels in AIPO-BDA |AIPO-HDA AIPO-PDA, and AIPO-MPMD
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Table 3 Average bond length, bond angle, free volume, surface of the four aluminophosphates and

the length of corresponding SDA

Product Al-O(tetra)' / nm  Al-O(penta)’ / nm P-Oc / nm £ Al-O-Pd / (°)  Free Volume / nm*  Surface / nm  Length of SDAe / nm
AIPO-BDA 0.174 03 0.182 69 0.152 87 139.186 1 0.151 07 1.147 1 0.627 1
AIPO-PDA 0.174 35 0.182 63 0.152 88 139.525 7 0.162 69 1.179 1 0.628 5

AIPO-MPMD 0.173 69 0.182 77 0.152 93 140.622 8 0.165 93 1.195 4 0.640 9
AIPO-HDA 0.173 77 0.182 69 0.152 58 141.173 3 0.171 75 1.269 9 0.721 0
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