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Abstract: Upon heating the initial mixture with the composition of n ¢ 1y 1, 1y 0 =1:1:2:226 at 200 C for 12

h, where en is ethylenediamine, a three-dimensional open-framework aluminophosphate AIPO,-12 was obtained.
The crystallization process of AlPO,12 was investigated using X-ray diffraction, elemental analysis, pH
measurement, liquid NMR, and electrospray ionization mass spectra (ESI-MS). On the basis of the ESI-MS data, a
method was developed to systematically enumerate the formula of the fragments formed during the crystallization
of AIPO,-12. It was found that intermediate phases of layered aluminophosphates UiO-15 and UiO-13 were
formed prior the crystallization of AlIPO412. The concentration of Al species in the liquid throughout the
crystallization was extremely low. A gradual increase of P-OH group in the P species in the liquid and a gradual
protonation of ethylenediamine during the crystallization were observed. The formation of 4- and 6-membered

rings was confirmed by the ESI-MS data. The utilization of ESI-MS in the investigation of the crystallization
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process of microporous crystalline materials may allow us to determine the structural information and the formula

of the fragments formed during the crystallization.
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Fig.1  Simulated XRD patterns of UiO-15, UiO-13 and
AlPO,-12, and the experimental patterns of solid
samples isolated throughout the hydrothermal

treatment period
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Fig.4 Liquid state Al NMR spectra of the isolated liquids throughout the hydrothermal treatment period
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Fig.6  Liquid state "C NMR spectra of the isolated liquids throughout the hydrothermal treatment period
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Table 1 Mass spectral data (relative intensity=8%) of the isolated liquid samples throughout

the hydrothermal treatment period and the solution of H;PO, and Blank

Relative intensity

mlz

Blank H;PO, 0h 1h 1.25h 25h 4h 6h 12 h
117.3 9.8
119.2 100.0 69.8 30.5 15.4 8.1 61.5 18.3
120.9 10.6
133.2 8.5
143.2 26.3 16.8 10.9 21.1 9.5
147.3 9.3
157.2 100.0 100.0 84.9 48.8 100.0 67.9
161.2 8.3
173.4 10.6
186.3 8.4 11.8
195.2 100.0 65.6 67.9 100.0 100.0 56.2 98.8
255.5 16.4 9.1 10.7 18.7
279.4 15.1
280.6 10.2 10.4 20.9
281.4 8.8
283.6 13.9
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293.2 78.1 56.2 48.1 69.7 67.2 42.8 60.1
294.5 10.5
296.5 8.2
312.6 17.0
339.6 8.5 10.7
340.5 10.6
356.4 10.5
372.5 11.3 14.6
376.4 100.0 30.1 84.8 30.4 86.2 64.2 73.5 100.0
377.5 21.5 17.1 18.1 14.0 15.1 20.6
378.4 9.5 9.2
390.2 24.3 10.3 8.7 33.6
391.2 38.7 65.2 42.8 61.8 57.2 38.2 28.3
392.5 20.3 8.7 18.0 19.3 16.7 13.7 23.7
394.5 114 10.2 9.3 8.8 12.5
404.4 9.6
406.4 8.8
408.5 17.9 18.9 18.0 16.8 13.4 253
409.5 8.0
410.4 8.2 11.5
421.5 8.0
422.4 8.2
488.9 18.3 21.5 18.5 23.8 20.7 12.7 11.8
548.9 9.7 11.5 13.6 9.5
586.8 9.7
591.9 14.7
597.9 8.8 11.3 14.7 10.0
646.9 17.6 12.5 13.5 18.6 14.8
676.9 9.5 14.3 17.6 10.5
689.9 94
695.9 10.2
725.9 10.8 10.6 13.0 8.2
744.8 18.1 114 10.5
755.8 8.4 10.7 11.9
774.8 8.8
804.9 14.1 17.4 23.8 25.2 14.2 8.3
842.7 13.2
853.9 14.2 12.1 16.9 16.1 114
870.4 8.5
890.8 9.8

W T U9 )8 A HPO, +H,PO, AU 35 & 1%  m/z 4 293.2
B4 AT I J&E S HoPO, +2H,PO,, [FIEE m/z M 391.2 .,
488.9 586.8 &5 HPO, 3G M 3 4~ 4 4-F1 5

™ HyPO, 43 F A9 |

i
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F 1 PR R AR A R
Vg — L AELE B SR HEAT A RS R T
A7 BE U I I B b A S Ak 12 b B A e
LT — 2 ALHE m/z S 117.3.173.4.283.6,
294.5 .296.5 .312.6 .340.5 356.4 S 06 X i i 4L
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Table 2 Possible formula of the experimentally obtained m/z

R2 KRBT mi AN TENSFR

mlz Molecular formula mlz Molecular formula mlz Molecular formula
143 CH#+H,POs 293 CHNH,+HpALOY 453 CHoNH +HpALP,O s
143 CHoN,H+H,PO,~ 313 NHx+HsALP,O, 453 CHx+H»ALPO,y
143 CH,NH»+HALO5 327 CHAH;AIP0,” 453 NHx+HxuP;0
157 en+H,PO, 339 HP,046 453 NHx+Hx»sALO
157 HeALP,O > 357 HALPO 5 453 Hay AP0y~

157 HoALP;O " 377 HALP;O, 489 CHA+HALP,O6
157 H,ALP,O," 391 H POy 489 CHx+HoALP,O5
163 N,H+H;A104 409 CHA+H;ALP,O,5 489 NH+H; ALP;0 5
173 H,ALO;, 409 CH,NH,+H,AIP,0,, 489 HisALP,Oy™

173 en+H,POs 409 CHx+HALP,O5 549 CH+H,0ALP,O5
177 C,H.NH+HPOs~ 409 NH+H ,ALP,05 549 NHo+HpALP;Oy
177 CH.+H A0, 409 H;;P,007 587 CHA+H,ALP, Oy
177 CH,N,H+H;A106 421 en+H,AIP40,5 587 NH>+H,ALP,O5”
177 C,H.NH,+H,0A104 421 CHAH 0 ALP,O s 587 HisALP;05”

179 CH+HsPO; 421 CoH+HpALPO 597 CoHy+Hi6ALP;O05™
185 CoHi+HsALOg 421 CHNH+H; POy 597 CHy+HyALP,O,
187 CH+HP,O6 421 CHo+HsAIP;0,5 597 NHx+HxALP;0y”
187 CH,NH»+H;AIPOs 421 CHNH+HpALPO s 597 HyALP,Oos™

187 CHx+H;ALO; 421 en+HyALPO 647 NHx+H;sALP,O”
195 HsP,05 421 CoHtHy POy 665 CoH+HyALPOs
212 CH»+ALPO;H, 421 CH,NH+Hx,ALO, 677 CoH+HpALPOss
227 CH+ALPO;H, 423 en+HALP,O,” 677 NH+HxALPO»;
227 CH»+P,00H; 423 CoHA+HALP;O 5™ 677 HysALP;O

227 NH+H,AIPOy 435 HsPs07 685 Hy ALP,Oy
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227 HiALO 441 en+H;ALP,0, 5 695 CHAH,ALPO
235 en+H;AIPO;, 441 CoHytHipALP;O 6 695 NHy+HsAlP, O
241 CoH+H,P,05 441 CH.NH,+H,ALP,0 6 695 HxALP;Oy™
241 CH,NH,+H,AIPOy 441 CHx+HsP,O 5 725 CoH+HyALP, O
241 CHy+H;ALO g 441 CH+H ,ALPO,; 745 en+Hy ALP,O,
255 en+H;sP,05 441 NH+H;AIP;:0,5 755 NH,+H,ALP,O3
255 C,H+H;ALO 453 en+H ,ALP,O, s 775 H3ALP,O5
293 C,H+HsAIPO 453 C,H+HAIP;0 5
OH o OH 0\ /OH (l) (I)H O\ /OH HO\ /OH (|)
HO—Al—O0—P—O0H  HO—A]—/8O0—— P—O—zl\l—OH HO—Al—O0—— P—O—AI—O—T—OH
[ | | |
HO——P——0——A|]—OH HO—P—O—/Al—O—P—OH HO—P—O—AI—O—/P\—O—All—OH
l¢) OH (I) HO OH (l) o HO OH O OH OH

(@ )

(©)

B 7 miz 28 157.0 3 F 2 ALP,0,He (a)  ALP,OsHy™ (b)EA K2 ALP,O,H - (o) TR 4.6.8 JTHF
Fig.7 Possible ring-like structure represented by the m/z of 157.0 with the formula of ALP,0,,H¢ (a),

ALP;0gHs*™ (b), and ALP,0,H ;" (c)
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