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Since their discovery, microporous materials have been broadly Scheme 1. Representation of Crystallization Process Herein
exploited as shape-selective catalysts and sorbents in different witiout ™ o AF] (minor) + AEL (major) —a AEL
research field$, accompanied by an ongoing search for novel mital synthesis gel ﬂ@c: "
molecular sieve structures and new synthesis methods. For example, —» AFI (minor) + AEL (major) — dense phase
Morris and co-workers have recently developed a novel method

280°C

(ionothermal synthesis) for preparing molecular sieves, which o0 b B AR 4+ AEL—s AEL
. . . . . amine o

involves the use of ionic liquid as both the solvent and structure- 'l?micn 0.5 "
directing agent.By using this method, Morris et al. have prepared e ATL =7 AFL + AEL—== ATV

several aluminophosphate and cobalt aluminophosphate structures ‘ _ B _

in an imidazolium-based ionic liquid (1-ethyl-3-methylimidazolium Table 1. Synthesis Details and Conditions for the Preparation of
bromide ([emim]Br)). Compared with the traditional hydrothermal AlPO4 Structures

or solvothermal methods? preparations using the ionothermal temp time structure (relative
method can take place at or near ambient pressure because of the %™’ amine” (<) ") crystalinty, %)
negligible vapor pressure of ionic liquidsThis eliminates safety 190 2 AFI (12.54+ AEL (27)
concerns associated with high pressures. 190 4 AEL (100)

N

. ; . - 3 280 0.5 AFI (151 AEL (40
The synthesis of molecular sieves often requires the addition of 4 280 15 AIPé—tz'-i‘_dymite( )
organic molecules, such as amines and quaternary ammonium ions, 5 n-DPA 190 1 AFI (100)
into the synthesis mixture. The role of these molecules has been 6 n-DPA 190 4 AFI (35)+ AEL (38)
; diract ; i} 7 n-DPA 190 8 AEL (90)
described as a structure-directing effect, referring to the comple 8 -DPA 280 05 AFT (90)
menta_ry shapes of the structur_e_-directing agents _and _the frameworks g n-DPA 280 1 AFI (55)+ AEL (30)
they direct. Normally the addition of structure-directing agents to 10 n-DPA 280 3 ATV (100)
molecular sieve synthesis can affect the rate at which a particular 11 i-DPA 190 1 AFI(51)
; ; 12 MIA 190 1 AFI (57)
structure is formed. In this work, we report the study of the 13 PRD 190 1 AR (34)
structure-dlrgctlng_role of amines in t_he_ |onothermal sypthe_sm_ of 14 nBTA 190 1 AFI (80)
molecular sieves in 1-butyl-3-methylimidazolium bromide ionic 15 DEA 190 1 AFI (37)
liquid ([bmim]Br).> We show that the original crystallization process 16 TEA 190 1 AFI (40)
can be altered by the addition of amine, as summarized in Scheme . o
1. aMolar composition of synthesis mixtures: Al3:2.55R0s5:0.6HF:

. . 20[bmim]Br:1.5amine® n-DPA, n-dipropylaminej-DPA, i-dipropylamine;
In the absence of amine, AIRQ1 molecular sieves (AEL-type  miA, 1-methylimidazole; PRD, pyrrolidinen-BTA, n-butylamine; DEA,
structure with minor AIPO,-5 (AFI-type structur€)were formed diethylamine; TEA, triethylamine.

after a short induction period at a temperature between 190 and

280 °C in [bmim]Br (Figure la and Table 1). Increasing the 100
crystallization time leads to further growth of the AEL structure,

while the amount of the AFI structure passed through a maximum 80
and eventually disappeared after 4 h. Both of the two structures
are composed of straight one-dimensional channels with AFI
containing 12-membered ring (MR) pores (#37.3 A in size)

and AEL containing 10-MR pores (656 4.0 A). To date, the only
ionic liquid used in ionothermal synthesis was [emim]Br. The pore 20
sizes of all the AIPO and CoAIPO products synthesized iono-
thermally in [emim]Br are no larger than 10-MR.The fact that

the 12-MR large-pore AFI structure was formed when [bmim]Br Time(h) Time(h)

was used as the reaction media instead of [emim]Br suggests therigure 1. Crystallization curves of AFI and AEL structures grown at 190
possible structure-directing effect of ionic liquid3¢ CP-MAS °C using synthesis mixtures with composition,@$:2.55R05:0.6HF:20-
NMR indicates that the cation of [omim]Br is occluded in the pores [PMIMIBr:xn-DPA, where (a)x = 0 and (b)x = 1.5.

of AIPOs; see Supporting Information.) Moreover, the cation of

ionic liquid may have the major influence on the frameworks it with increasing time afte2 h suggests that the AFI structure was
directs. Nevertheless, it seems that [bming still suitable for not stable and was converted into the AEL structure. According to
filling the 10-MR channels because the AEL structure was always Davis et al3 microporous AIPO frameworks are energetically less
the major product. The decrease in the amount of the AFI structure stable than the dense phase, and the relative stability of AIPO
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frameworks is in proportion to their framework density (FD AlPO4-25' (ATV-type structure, FD= 19.99 containing 8-MR
number of tetrahedrally coordinated atoms?hnTherefore, this pores (4.9x 3.0 A in size). This transformation also resulted in a

possible transition of AFI structure (FB 17.39 to AEL structure decrease in pore size and an increase in FD. In contrast, in the
(FD = 19.1%9 along with the decrease in pore size (from 12-MR absence of amine, the frameworks of AFl and AEL would collapse
to 10-MR) obeys Ostwald’s rule of successive crystallization. into the dense phase within 1.5 h at 28D, It is possible that the

It should be noticed that the two molecular sieves can be formed presence of amine inhibits the transformation of microporous AIPO
simultaneously with a shorter induction time at an elevated framework to the ultimate dense phase. This might be further
temperature of 280C. Normally, the upper temperature limit of  evidence of a structure-directing effect of amine.
hydrothermal preparation of molecular sieves is about’ZdThe In conclusion, the addition of amine to the 1-butyl-3-methylimi-
microporous framework of a molecular sieve would collapse and dazolium bromide ionic liquid affects the dynamics of the crystal-
convert to the dense phase at the elevated autogenous pressure difzation process and improves the selectivity of the crystallization

water, which increases exponentially with temperatétéowever, reaction, leading to the formation of pure AFl and ATV structures.
in ionothermal synthesis, the pressure can be maintained at ambienThe amine may have a structure-directing effect along with the
levels even at 280C* allowing formation of microporous AlP9 ionic liquid. This finding extends the usefulness of the ionothermal

frameworks. Nevertheless, the frameworks are not stable for a longsynthesis method by adding some potential reaction variables.
time and will collapse into AIP@-tridymite dense phase after
heating for 1.5 h (Table 1).

When the same synthesis reaction was carried out in the presenc
of n-dipropylamine §-DPA), the AFI structure was formed within

30 min (Figure 1b), which is shorter than the induction time (1 h)  Supporting Information Available: The details of the character-

in the absence of amine. In addition, the crystallinity of the AFI ization (PDF). This material is available free of charge via the Internet
structure increased remarkably. The induction time of the AEL at http://pubs.acs.org.
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