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Table 1 Synthesis Cation Specificity for Framework

Structures

cation specificity  polyhedral building unit structure type

Na* « cage LTA, KFI

Na* or TMA* SOD cage LTA, FAU

Na* or TMA* GME cage GME, OFF, MAZ
K*, Ba*, Rb* CAN cage FRI, OFF, LTL
Na* D4R LTA

Na*, K, Sr*, Ba* D6R FAU, KFI, CHA

GME, ERI / OFF, LTL
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Table 2 Typical Molecular Sieves and Related SDAs

structure type product SDA structure type product SDA
ABW Li-A(BW) Li* EUO EU-1 Me;N(CH,)sNMe;
ACO ACP-1 H,NCH,CH,NH, FAU Faujasite Na*, Faujasite
AEIl AIPO,-18 EuN* FAU SAPO-37 Me,N* + Pr,N*
AEL AlPO,-11 Pr,NH, i-Pr,NH, Bu,NH FER ZSM-35 H,NCH,CH,NH,, Pyrrolidine
AFIT AIPO,-5 EtN*, Pr,N*, Pr;N, Et;N, etc. GME Gmelinite DABCO and Polymer of 1,4-Dibromobutane
AET AlIPO,-8 Bu,N*, Bu,NH, Pr,NH IFR 1TQ-4 N-benzyl-quinuclidine
AFN AlPO,-14 t-BuNH,, i-PrNH, KFI 7K-5 Triethylenediamine
AFR SAPO-40 Pr,N* LTA Linde Type A Na*
AFT AlPO,-52 EuN* +Pr;N LTA SAPO-42 Me,N* + Na*, Et,N*
APD AlAsO-1 HOCH,CH,NH, LTL Linde Type L. K*
AST AlPO,-16 Quinuclidine MAZ QO Me,N* +Na*
ATS MAPO-36 Pr;N, Pr,N* MEL ZSM-18 (Me;N*CH,CH,),CH
ATT AlPO,-33 Me,N* MEL ZSM-11 Bu,N*
AWO AlPO,-21 Me;N, PrNH, MFI ZSM-5 Pr,N*, H,N(CH,)¢NH,, ect
BEA B EgN* MTN 7ZSM-39 Pyrrolidine, Piperidine
BPH BePO-H Na* + K* + Et,N* MTT ZSM-23 Pyrrolidine
BPH Linde Q K* MTW ZSM-12 EgN*
CFIL CIT-5 N-methyl-(-)-sparteinium MWW MCM-22 (CH,)6N,
CHA SAPO-34 EuN*, PrNH, OFF Offretite K* + Me,N*
-CLO Cloverite Quinuclidine RHO Rho Na* + Cs*
DFO DAF-1 H,N(CH,);,NH, RUT RUB-10 Me,N*
DFT DAF-2 DEA SBE UCSB-8Co H,N(CH,)sNH,
DOH Dodecasil-1H Pyrrolidine, MeNH, SBS UCSB-6GaCo H,N(CH,)¢NH,
EMT EMC-2 18-crown-6 VF1L VPI-5 Pr,NH
ERI Erionite Na* +K* + Me,N* ZON ZAPO-M1 Me,N*
ERI AlPO,-17 cyclohexylamine, piperidine
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Table 3 Type of Organic SDAs and Their Functional Atoms or Groups

organic SDAs functional atoms/groups

organic SDAs functional atoms/groups
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—N /\ N
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| Ll
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—N* N
N+
/\
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—N"
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di-ol HO-C,-OH n=1~6
tri-ol OH TH

C —-—T—-——C
OH

penta-erythritol H2C OH
HO—HoC——C~—CHz OH
H2C—OH
amine + alcohol
> N—(Crn-OH)x
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ammonium + alcohol

F e C2 —OH
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acetal

amine + ether
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‘ éj\_ /
di-phosphonium l
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Table 4 Relationship between the Organic SDAs and Aluminophosphates

organic SDAs AlPO,n organic SDAs AlPO,n
n-PrNH, AlPO,-21 i-PrNH, AlPO,-14
t-BuNH, AlPO.-14 n-PeNH, AIPO.-17
cyclohexylamine AIPO,5,17 DMBA AlPO,5
(n-Pr),NH AlPO,-11,31 (i-Pr),NH AIPO.-11
(n-Bu),NH AlPO,-8,11 (n-Pe),NH AIPO.-8,11
dicyclohexylamine AIPO,-S n-Methyleyclohexylamine AIPO-5
Me;N AlPO,-21 Et;N AIPO,-5
(n-Pr);N AIPO,-5 (HOCH,CH,);N AIPO,-5
TMEOH AlPO,-21 TEAOH AIPO,-5,18
TPAOH AIPO,-5 TBAOH AIPO,-8
TPeAOH AlPO,-8 choline-OH AIPO-5,7
DDO AlPO,-22 diethylethanolamine AlIPO,-5
aminodiethylethanolamine AIPO,-5 dimethylethanolamine AlPO,5.,21
methyldiethanolamine AlIPO,-5,7 methylethanolamine AlPO,-5,21
pyrrolidine AlPO,-21,23 2-Picoline AlPO5
3-Picoline AIPO,-5 n-Butyldimethylamine AIPO,5
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)V FH o G A5 AR DU S B (TMAY & B 80 1, 25
R AA RS A TMATE (& D), J5rdha
JE(H B RS 0.66 nm)5 TMA#(0.69 nm)fi K /MR PL
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Fig. 1 One TMA* cation located in the SOD cage
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Fig.2 One C;H3N:* cation located in the cage of MEI
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Fig. 3 Structures of molecule A (left) and B (right)
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TEA*Z T BN = JC R TPA T TBAAE 45 ¥4 S 7] 571 43+

B 5 A B T IR L T I S A B A LS A
R FLIE 25 F B ARGV RC M, AT LS 1] FR K £L
B, DL TPASH S54 5 ) 5 & i ZSM-5 1122
45 Bk B TPARL T ZSM-5 1Y 2 AN5E ) AS [] £L3# (1)
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BUEY, = e B2 Ay 45+ 3 1] 351 65 BUAFL AR5 P B B
T REMA, A B = AR (IR 5), 84k
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B 4 PA[(CHN)(CH,),(C;H 3N)Bry |k 45 ¥4 S 15 571,24
n=3,4,5 Al 6(8 KT 6)if 2L il ¥ (a) AIPO,-17,
(b)STA-2,(c) AIPO,-56 Fil(d) AIPO,-5 1478 5l L
5

Fig.4 Cavities within the structures of (a) AIPO,-17,

(b) STA-2, (c) AIPO,-56 and (d) the channel
structure of AIPO,-5 using diquinuclidine
templates, with linking methylene chains
containing three, four, five and six (or more),

respectively

AN [) 2548 5 10 700 5y A A [R) 1) 45 4 PR OT
o LA, LA &R S ) 3 [ VR F A 25 5 0T e
FOE A A 1 AR (WL 6)1), RS Y TPAOH Al
TMAOH #] L S [i] £E i, SAPO-37(FAU),NMR 43 iil] 4%
SRR TMA*H TPA*J3 5IAFAE T SOD A &
TR PR 45 4 S 1] 390 I R AR D B 45 R TMA 5 )
SOD J& /28 B, T TPA*S: 1] 1 48 58 1) 25 B, P 8
FIH AR T SAPO-37 I B 42454 . SAPO-LTA
A AE 22 M b A8 5 10 R AEAE R A R TMA TS 7 SOD

FS  (CHN)(CH,),(CoH gN)>* 4544 5 [i 7 7 STA-2 %8+
f fir
Fig.5 (C,H;N)(CH,)(C;H;sN)* cation located in the cage
of STA-2
B, T O R o B\ UK LIS B LT
XLPUTCIN G 0y o S SR B 4548 S o) 500 43 ) e 1) 1
AN [F) 235 4 PR 5 1 2B B A S — Ak 2 R
Z R T R A, (R A B AR S R R B
B —F RS FAE4E, 1 PrN Al TEAOH A %5 #4 S
] 77 A LAY AIPO,-52 B 28458 vh R & PN 40 1
FU_F PN A 20 4548 5 ) VR L H B RS o 2
WASTHT /DAY, 1R AT RE L g B 2, B TR A SRR
WA BIRATA B T il B 2544 S ) 19 4E R o
ERR R G T 10 ) A SCHR AR 18 R B 22 b 25 4
] 57 Sk A AL S R B F O AN £, X BB R
SAE A B A5 T 2 A8 5 i R0 1 AR ], R 2
LT YA 24 M AE s, W TPAOH A1 TMAOH Ky
GEAR S [0 745 i SAPO-37 B, fEA: A i SAPO-5 FiI
SAPO-20 Z%H
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Table 5 Zeolite Products Templated by Bis-quaternary and Diamines

bis-quaternary [ (CH);N(CH,),N(CHs); ]**

diamines H,N(CH,),NH,

n products ring or channel / nm? n products ring or channel / nm?
3 ZSM-39 6MR 2~5 ferrierite 10MR (0.42 x 0.54)
4 ZSM-12 12MR (0.55 x 0.59) 7ZSM-5 10MR (0.53 x 0.56, 0.51 x 0.55)
5,6 EU-1 10MR (0.41 x 0.57) 5~6 ZSM-5
7,8 75M-23 10MR (0.45 x 0.52) 7~10 7ZSM-11 10MR (0.53 x 0.54)
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Table 6 Examples of Cooperative Structure-Directing

Effects
structure SDA proposed location ref

SAPO-37 TPAOH supercage 33
TMAOH SOD cage

AIPO,-52 TEAOH large cage 34
Pr;N —

SAPO-LTA TMAOH SOD cage 35
diethanolamine supercage
F D4R

GaPO-TREN ~ TREN large channel 36
pyridine small chennel
F _

SAPO-40 TPAOH large channel 37
TMAOH —
alkali —

Ui0-6 TEAOH large channel 38

F —
alkali —

B TCHLI AL G W B B8 e Al 7 0 W S 0
R, — BN A BE I A 2 2R A G4 S AR 2R 19 pHL AL
SN JEURHA RSN i BE B e 2 AR 1) AR TR |
s P I ] LK 2% T JSORE A Ao ) i 32 R 3R B AR A
W TR b AT BRI 1) 2H B 5 A5 TE B U AL
PR3 (B 1) B A5 5 1) 1 1 A2 BE R A~ 25 1R 52 i
FeB R AU () RAT 7RG il B BEIR AL 2 25 A R
Aol BB AR A F T A, S R B 2 e
2L 8 B e A A5 A — T 4 4 S 1] 591 AT 2L ]
ERZ ALY, XA F LR TR 75
T R TP B A 2 X AT ALY 8 A 3 1] 4 FH A 5 e (L
) BRI AT Sl R 1] SR B85 ) BE S R
TA B ZARI T AR, TEA TRl R BRI AL 27 5%
PET LA A R A A R R AL, S OB R 45 48 S ) 7
AR AN, L TEA R 4546 T 16 5 7T LA i ATPO,-5
(h ZIJCHALIE) 2256 A (LAY - oo fLaE) A
ZSM-8(+ JT A LIE )L FE X G BT A AL IR I 5
AR TR AR A AR

1.2.2.3 =5 [HIH 5L (space-filling species)

FEATAEAE T IO B 28 b i 2 A 73 1 5 g 1
A a3 () e A L REAS A2 2 ) R 4540 TE v ik 1
77 P B P 0 i A 3 T 2 8 7K Y, B AR R
A HIL T 5T AR o kA A FLIE B R, Rk

REL J32 Hl S R 8 ek 0 U 1 7K P 2% T, 32 55 A BL-TC
PLB SR AT 2 A2 P o 5 i) S5 3 4 T e UL 1 £97)
TRE T ZouHESLIE (A HER 0.73nm)AIPO,-5
A B, BB i 3 R B 0T LLFE 85 BN R 4544
ANFHEAR AN [F] RN B B 3 FAFAE T G 1, Hevh B
INR S B K N T 31,6 & i, JELAY B F
A 2D 49 P g S ) ) AT DL ] A2 i MTW 45
¥, Z 30 AR ALK AR 731 2 10 AE L T CHA
g b d /N SN (3 A C), B RS NN, N-=
F-1-EMLe(13 4> C)o HIRA WL ZSM-5 1 ZSM-48
P 48 A8 5 1) )AL 22 T 22 AR 13 )

FELL E LRGP0 G i, X A7 HLY A 1Y
5K A eSS, L AMTIA M BN B RS
[ 3 FE M F AR FRATT AT AAR G WL I AR FRUAS [,
oS Ry TR N i I g ST W O (o9 RN v N 1)
85 PR K /INAS[R] 1 4K 43 #F T LA A= i ALPO,-
5. 35— 7 LR K B A B IEAS AR 20 A Y
THLE P (B10,30 4 C 178 T 3E-1,6 O R 1A
HIE e KT AIPO-5 191 e FLAR), ik H % [A]
HEAE R ECE 20 A AR ML B AR, 2 (R T
P L AT 5 o 5 4 S 1) 550 45 S ) —
WAL G W i — iR, SEBR b Z A e AR A
e 73 ANBAR Gy FHE G B ] fig kA 25 K e A
T A8 Ak R AL B, R A AN 40 G 55 AR UL B A
BLE AR DT e 1) S — S5 R i A2 A, BRIt R AT AT
FEELAR T ff & T ML) U 5 i A B DL R E AT
TE B SRE5 M h M AE e DS, A RE R B MU 9% &
MIHEA Bh S BRAEH

1.2.2.4 A B SR A 5 00 7 ) 1)1 S F o

R

U BT IR L B8 3 0 A R 4 O AR 4 L
BRI EA S a4, TETHLHE ¥
S VBT B 2R LA, T EHLIT R A S A L
BH 5~ [ 114 B i DG A, 2 A 1 FH 1 2 201 i
4% Stucky FEEOHE H A ML T LU TCHL B AR A5
Ol 3 B Ha g7 V-7, 30 o 4 T LLGE 3k LR O iR AT
(a) FETCHLE L5 i ™ Az 37 J 1) 55 b I 1) 58 8 1
708 236 by S ) ) ) R Y ) S < A o o5 A i B R S
5 5 ) 5 1] 5 19 585 5K 5 (b) TO, TP A AN [w) 14 H
faf (40 AL Co®), 3 2 BEBEAS[R] 1Y) TO, Y 1 4, 18 4
B R R, T A 3 55 25 4 A5 1 3910 F er DC E 7 A
b AR FH 57 = 5 ok R i SR R T 5 A A R 1 5
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Table 7 Relationship of One SDA and Several Products

SDAs products dimension
Me,N* AlPO,-33, erionite, SAPO-42, 3, offretite, RUB-10, ZAPO-M1 3-D
Et,N* AlPO,-5, 18, B, BePO-H, SAPO-34, SAPO-42 3-D
Pr,N* AlPO,-5, MAPO-36, ZSM-5 3-D
Pr,N AlPO,8, 11, VPI-5 3-D
Pr;N AlPO,-5, MAPO-36 3-D
NH,(CH,),NH, AIPO,12, A, A1, A2, A3, A4 3-D
[ALP,0,s] [NH5(CH,),NH; ][ OH,(CH,),0H ][ OH(CH,),OH | 2-D
[AIP,0¢H ][ H;NCH,CH,NH; | 1-D
[ A1P,0s ][ H;NCH,CH,NH; |H;0 1-D
[ AIP,04][H;NCH,CH,NH; ]NH, 1-D
(CH,CH,);N AIPO,-5, JDF-20 3-D
[ALPO4] [ (CH,CHo);NH ] 2-D
[ALP,04H, ] [(CH;CH,);NH ] 1-D
cyclohexylamine AlIPO,-5, 17 3-D
[ALP;0,,H 1,[ CgH,;NH; | 2-D
[ALP;0,,H 1,[ CgH,;NH; ] 2-D
pyrrolidine AlPO,-21, 23 3-D
[ALP;O,H, [[pyH] 2-D
[AIP,01 T, pyH] 2-D
[AIP,0H ],[pyH] 1-D
Im [ALP,0,6H 1,[ N,C;Hs ] 2-D
[ AIP,OgH,(OH,), 1 [ N,C;H; ] 1-D
CsHoNH, [ALP;0,,H J,[ CsH)NH; | 2-D
[ AL;PsO5H 15[ CsHoNH; | 1-D

AIVETL, & B T UCSB-n(n=6,8,10)3 N7 i+ —JC 3
Z Yk LB 45 H 1) 4 @ R £ . Wilson 58 AIAKH A
HUBRA 25 [ VR B v far VR PRI, A R 2873 1 i 1 &
JSC 235 K S 1o 390 (4 FEL AT VR S A5 B 28 L R B
) 451~ 2% B ] 250 X ALPO,-11 4 4 5% i o), LA
R A GEMM R ATPO,-11 L5 #4 S 1 370, R SF K/
LA B AS B 5 ) A2 B ATPOL-11

1225 HEefEH

B L EFATE & A TSN, AL &
A AR LA AR F () £ R 00 1 500 B I R v B AR 4
a0 HE B8 o R AR 2D () 75 Y 3 2 4 (MeesN(CHL),
NMe,) | ZSM-5 115 Jl 1A 22, A 022 56 W A T AS 2
ZSM-5, (b) #EGE] A THLIHE TR Z ML EY
H AT LATE R A A LI (B FAAE T B . (o) BLhiAE M,
B8R 4 T 1 R ik R S i NEARE

1.2.6 BRI E WG o B 2454 5 )

fEH]

K fL b & W (Extra-Large Microporous
Compounds) /& 4§ L7 K T+ ZIc WL & P, ik 26
B W& L — H MRS R &5 A
T2 AR/ %5 1, LR KBS S P& i ok
(W3 8), fH 2L AL iy W 1R £k i T A9 PR e
P AR PR e A HC N A2 B BR R, 4 ok LUK
AR M R R A BILA) Sl 45 4 e 1) 5], 6 S R
FLARE R 43 0 1 W Eh 5 1 AT YOG, &+
JCFR Y UTD- 191 CIT-51725 2 SR 1 ) -, ph vl
UL 45 ey 5 o) 790 %o R AL AR 5 0 1 U I AR K

N 8 FeATTAT LI th, B R AL AL & W B 2R A
Fy 5 A BT S5 R R B O R A
(1) R FL i SR A& W8 BT T 5 1) 550 2544 Ll
BORRIR, 22 R R BRI A AL, 5 TC il A
[(Cp*).ColOH, (2) Az il K FL Wi R £ A 5 1 I 4
B AL 1) 3 2 1A R B IR 22 i SO R AT ALK X
S B 7 5 4 g P-OH Al P=0 i 55 T8 i &



. 10 -
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S DT o 8 LB 4 1 26 o, (P AT AL B ) B8 o
WanEERNYIBE. Q) RIS LR
1 KB ARGy 7T L 2 A de e T AL v 2R R R 45 1
S AE L JDF-201) — - LR ALIE R S A 4 4
=L, SR RIR BRI LB & AR5 T AN RE
R = e B JDF-20( LI 6), Z5 LY B F 8 8
MNEETHILE T Cloverite®™ sy — 1 o FLIE # .4 4>
& 6 SRR A 4 A5 T4y i AEAE T
ULM-547 UML-16"F1 MIL-319) + 75 .+ < Fl+ /A
TCERFLIE H AE H A FRATT H AR R AL B R R i 45
g B X FEL S, (4) T T T LATh BY A LA
TS 255 4] e 1) A T o) 2 AR AL B R B 1) 5 L o
1.3 |BF

Flanigen 5550 Y8 ] 96023 1 O OHAAE i
T v SRR PE S R A U A1, Z ) ,Guth Al
Kessler 55 A\PUK J& T 3X —Jrik , TERE T MR FR
AT AT B0 VF 2 8 Rk s & Rk 4 70, 40 ZSM-5, ZSM-
23 Theta-1 ., 8E 88 ¥k /1 . B, MTN, AST, UTD-1,
ITQ-3 Fl ITQ-4 5%, DL K —46Z% 7+ (B Al Fe Ga,
TH)EA Y = R A . SN RERE I B85 M 1
WL B R 2 FH K vk AE R IR R A iy,

W TIEMALLE DM A P ZER LT IL
FPE T« (1) fili & Wi R 0T 72 B SR pH [ 25 1F
TA B, — BN 3~10, (2) i 5 8 4 TP R
Be G M ik U 4 B S I AL S B 48 . (3) P4y
SERGF 10 70 A OE R AT, 90/ R 5 4 S5 i R0 A ER AT
L0 N B 2R B G . (4) SO AR R B AL

EEGS

6 4> TPA*BHE 7776 T JDF-20 f) —+JC 3 ALl
Fig. 6 Four TPA* cations located in the 20-MR channel
of JDF-20

Ji, ANAERERR AR AR 2R, LL TMAOH. 4548 S 1) 57 A= A
721k AIPO,-20(SOD), it A HF J& 74 4% 2y Ui0-7
B20:(5) G54 T I AE L AR 2 /N G5 A BT AE I, TR 4G
S A =TT 2 s 110 A = Rl VA 2N (U700 R (1 O
216 ASTS NON™ ITQ-4 (IFR)SY SSZ-23 (STT)!!
HIMFT 57 sh 2 T [49].[415%7] . [4°5%6"] . [4°54] Al
[4'5°6°) (B 7). A, 5 FEh 2088 &
A —ADPUICER, M F-E - # AL T 5 U T R A7
B PA AR FETAR T AR ANER
B IRGERY B DU T I Y e R AR 5 AN TEBE IR
BRARZ 50 R AT Y DTS RS E LY e ER
A B, AN 20 ST -CLO B R 8% LTA \MU-1 MU-
7 MU-2 il MU-15 %%,
1.4 &EBAVRED

1992 4§, Balkus 5 FH K PR BE AR 09 RS54 865 Bl
TN A S5 1Y 53 07, Z 5 ARG &R
FHAGHED G T 20053 F i 25899 2L Cp,Co*

*8 HANBAMIUAUEHPHRALEHSEF
Table 8 Some SDAs Used in the Synthesis of the Typical Extra-Large Microporous Compounds

typical products rings framework elements SDAs

AIPO,-8 (AET) 14 AL P DPA

VPI-5 (VFI) 18 Al, P DPA, TBAOH

Cloverite (CLO) 20 Ga, P Quinuclidine or Ppiperidine, F-
JDF-20 20 Al, P TrEA

ULM-5 16 Ga, P 1,6-DHA, F-

UTD-1 (DON) 14 Si, Al [(Cp),Co]OH

ULM-16 16 Ga, P CPA, I~

CIT-5 (CFI) 14 Si N-methyl-(-)-sparteinium
ND-1 24 Zn, P DACH

FDU-4 24 Ge, O N(CH,CH,NH;);

NTHU-1 24 Ga, P DETA

MIL-31 18 Ga, P HN,(CH,);NH,, HN,(CH,),(NH,
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25 R T 18] 7 A L AFT AT AST; LA[Co(NMes)sar]™
A ) Cloverite #1 UTD-10 45, Hoip i & A 002 L
B R A AR Rl SR A+ Y ST R K AL UTD-1
MR IE T5 Ah,— Le R e (G e e & 1 5 o i A
SER SR, AT — RS R A G )2 LB R R 2
gt 4 J@ A AILBC & W 2 4 R RS 5 LA AL
AT 3 4 A 8, DRt B AV 22 i R A BT R S 3 —
SRR IR B QRS R I AR B, AR R TR R ER Y &
A SR, TR E PR R R A, H A 2 AT A BOL
4B A ML AL S P, 40:Cp *,Co* .Cp,Co* .Co(en)s™
Co(NHs)s* . Co(tn)s* 55, AT AR 5 MU AL Ak 7 ) i 45
F - m 5

& B A PSS P TEALIL & & B 32 2
E LU URMAE T (1) P AE 22 i, 74 B A HLI
BHENERNBAE Y Z A E 542,
e 2 BH B TP AR R AT, (2) B ASCEAE L
() ditg I EH ., FRRE TR S RIS Y he S m
AT PEWE R 8 2 L A5, Gn: 7E trans-Co(dien),™
Hl d-Co(en) F£ 75 & 43 5 & WU T trans-Co (dien), -
ALP,0 6+ xH,0F d-Co(en)s - AlP30,6- 3H,01 33X J2: 4%
F A E TR S5 5R  (4) FHERC S Y0 CHLE A T
PEA% 3 1 A HT10 L) AR T T 9 5 i T 5 ) Co(en)sCl,
R A 1 G BT PR IR B AL S 2Co (en), -
ZngP;05,H; Fil Co"(en);- ZngP,0,,Cl- 2H,01  £544 43 Hr
SR, THUE DR v A A R4, AR

PERC & WX THLE 288 T2 e, (baw
2Co"(en)s+ ZngPsOxHg Y TCHL)Z LA — FR SR AR (4 -1
SR BTN RHIE B R R, F A LA Y
XPARYEJE T D3 s HE, A AL S 2Co T(en), -
ZngPOLH, (IRAR G5 M FE T BAT €3 %IRRT, & )& D3
T RE . T80, 5 T BC G W 0 X B A A X 1y, 7E 4k
G 2Co"(en)s - ZngPsO3Hg H1 FATT 1 AT LA & 90 F- P
SER LT X WA (] 8) . TRIFE AEAL B ) CoM(en)s:
ZngP,0,,C1-2H,0 h, FATW & B 1 540 e r) T4
e G 0 R XSF 7 1 T 2 65 ) K 50 1 X AR (181 9) ., Fh
WA AGERH, TP B & 9T LUK T PR 3 45 T L2
SR R FELS R T
1.5 7k BAEFE

IKAE AL & W & B A B B 3 1 454
T VR L X RE R ) AR 2> . David H. Olson'™45
K AE B AR A3 T 0 (AR Xk ) B A b i R
BRI i 8 7K 1A i T DA ASEAR A L el 1 52 56
WUESE, 7655 K MR AL B & AT LATE K i — R 4k
FIDURAK N SCERHR B K B K+ F AL &9
A B 451 F- 02 VPL-5 B9 A B VPL-5 & DL
e Ay 5 K e 1) ) R, AR 22 43 BT s A AL AR
VPI-5 28 h & AR D (KR8 2.5 Wl E 1 42N
Jiig) 1R A B B4 2 K ) K 4y FAETE T VPL-S (1)
fLiivh , 7E VPL-5 By SR EE M rh 35 7 KAy 7,
Hop 2 AL, D548 Al B4 4K F (I

7 FEFLE(a) ASTI (b) NON[4!56%], (c) IFR[4°5%6'], (d) STT[4°5*] il (e) MFI[4'5%6] % i) o &
Fig. 7 Positions of F~ ions in the cages of (a) ASTI**I (b) NON[4'5'6’], (c) IFR[4°5%6"], (d) STT[4°5"] and (e) MFI[4'5%6%]
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520 5

IV, V VD537 [ &8 AE VPI-5 B9+ /\ oI fLIE
TE BT = AR BRTe 0/ IH AR BC A 1 AL i T 3% 2 ke
He, A 1A K O A2 FFLIE s, 3 = 50K EE N
WA A $2 X e K 43 T8 VPI-5 1Y A4 il v 32 225k
Skl S E R EEA R AT E IR R R, B S KA HiE

=5 =

& LR

NG ETE

Salis

K8 G W 2Co" (en)s ZngPsOyHy 1T 1 43 JE T A& 25 719
X B AR 5 T 1 TR ALY A L T 11 X B A
Fig.8 Enantiomers of chiral metal complex cation and the

enantiomers of chiral inorganic structural motif in

compound 2Co"(en);* ZnPsO05,Hy

= I

e

S =i

()

K9 fbAEH Colen); ZngP0,Cl- 2H,0 T 1 4 s il &
5T 0 B A 5 T T ML 45 R ik T 1 X A
Fig.9 Enantiomers of chiral metal complex cation and the
enantiomers of chiral inorganic structural motif in

compound Co"(en);* ZngP;0,,Cl- 2H,0

VPI-5 Al ATE A A WU E R 554 6 . T35k,
BT VPL-5 A AL ) & i AR 2D, ASBeHERf & e
MBI 07 B, X ABFSE VPI-5 1Y 45 S 1 /8 4 K I
e, AT RE S EUHEE HT R B8 ML ALK oy St )
] VPI-5 B A2 i, 30y Sk — 2D 1 SEB IR 55, 1
AP AERS TR ER R Z2 /K A W) 1 0 U 1) 35 fidk 38
TCHLY Tl 0 K A, 7K FH B 1Y 22 /0 A s ] 5 00 7= 49 1)
TR DU 20 Sk i R0 B K T RS, 7
WA BEAR W R 55 AIP,O5H,™ JDF-20 , A bR 6 1k 41
F1AIPO,-5 ., Ozin TA A1 G5 5 I I 70 5 W b i) 3
L) o SR Bl R 5 R G [ALP,O5H, -, Bl 25 7K & A4 38 i,
AIP,OgH, % A2 7K it TV JSB B 25480 T 7K e 1 2 /0 52
i) 1 7K fige A R PR DO T AS TR 7= 4

85— X B 8 431 1 B S e AN R, {HLAR S
95 & /b i 1) B SRR B e Re A 0 kA ) AR
ik, G JEHLER X ZSM-5 1 TS-1 & 4k i 18] i 5%
e 71 R A B T AR Sk 48548 S ) 500G R 7 R A
(SOD) 1 4% & A1 (CAN) i A= 1, FH &5 11 B 25 5[] sk
#EA SOD 1 CAN i, A Bk 41 (94 sl ok B4R
A ) 2ot b R 25 5 T 8O A T A A

N DR N B = - NG e i o W N |
)6 BUAR R SRR RS RRIVE R, A1 8] fig
JE UG &L U R AR T . SR, 78 R 2 8015 B0 T AR XE
HLIE XA TCAL(ECA AL AR LE A B i VR AT A 1
Z S R IONRE R R . A TE LR IR T AL AL
b B I AL H B AL L, A et — 2 DR K RS
FHE TSI RALR,

2 HFEHHMRE-ZEEHEELIER

AR, VR Nk R B AL 0 25 44 S ) 77
IR E R, ST A WL RS TOHL 3 A i 3F B
M HAE  Stevens 55 AT B A 25 . B R 4540 &
[ 350 2 - 119 2% T TR RN K /INAE TR 1™ 4 L 38 45 4
AR E B LRV 2 G O R I 2 A R 1 5 A
AT R D) REPESE I R 7 Zones 48 AR
3 F I AUL S 06 AR 25 G ok S AN [ R /N i A AL
MR FAITE e ik 43 Ui 5 R B VR T, ISR 4 SRR W)
SEA T R OB A RE B S 45 T R AR A A O
PE,A R 3 - % A BAE FBe R it . D3 4h AT
iz AT AU R BRI HOR S50 S5 m R A
BT = AN 8 B L AR A W :SSZ-35,8S7-36 Fll SSZ-
39,
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LewisFl Catlows S5t JLFP TS MBI H AR 255
ERAE T — R G OCT A HLAE A T 1] 500 4 09 F 5
TAE, ffi]# Monte Carlo 158 i fiz/INMbE Ty % AH 45
A B SR S 0 R 5y FAE ZSM-5,ZSM-11, B, EU-1
I ZSM-23 B A8 p i B AR E P T AR LAY 07
ABATERFFE T Co-AIPO-5 il Co-AIPO-34 £ 1
G54 T ) 6 AR Co? R JEE 1Y 52 o 3 ST T
LRI FUAT R A8 5 G B TSR HILASE ALTO R K B
B A AR AR AR A TSR BL T 55 o,
TE M BEA E AT SCHEAT T 24 5 ) 5 B DA Sk B,
OF 4% 5 A R B 2 ¥ ZEBEDDE  (Zeolite By
Evolutionary Denove Design)™, 7£ %5 & () fL1A 9, A
I 535 7 W T ta ALY 8 G | C BN ¥
WA H 1 9K 5 O B 4 G R A A B4R Al ) 3
TE A5 0 10 50 0 EAT R E AL E AL AL B P
G ARAG TR,

Cox & NFIH CVFF 113 #1 Biosym Discover
7 X i LA & W06 b BT R 435 4 S5 1) 5 8 VR A
BT THEGE . R T or F IR E A B 71
KER, R TAILIFIERXS 7 Py i FLE 4 BA R

52105 ™. F1] | Monte Carlo A4 111 ‘K (MC-SA) J5
Y TOUI 25 ) e 1) SR L 7 W AN R A KT b A AL
B AL R R Tsar QSAR(Quantitative Structure-
Activity Relationship) K14 X6 B 27 Flvo i B 42
YT HI B 160 Fh & R0 45 AL 5 18] 50 AT 1 4544 73
Br, #5724 S5m0 B R S ka7 ) Z [ B A
T BT F) A D P,

Davis % ANBHIHE T — RANAHLIF &1 H
TE R B AT AT R 5 S 1) 7R A R K P
FUATAE B 5 e AT A Bl e 20 T R BE A O, 24
SDA 5 B A 7K PR AT DL K 3 G800 04 AR e
AR AR S ) 50 B LA A B T B AT = oA
TC A VEVEA o 24 24 S 1) R0 2 B0 i 484 7K I, 3
0 ) A A AR PRI o 6] 1 /K M 78 SDA rh ] A %A
i BE$ i HL A A S AR o R Btk A 9 (e i
< 1 nm), W S5RE 7K A9 2549 S 1] 500 A F 75 0BT Y
[R5 8

FIRGrF8h )12 . 73+ 1% Fl Monte Carlo J5
ARG ARG T RS OB B Y - 1K
AHEAE I E S5 L W IR Bh B SR 45 M A7 7E Kbt iy P=
O J 141,30 Pl R ok 1 A 4 - 20 AR ) 1) S0BEEAE P S 5
THEAEAE(VDW) ) SR8 B ZR A5 A ) 2 Z &R T

TRIE fie 2 R AR 52 SRR T I 52 0, 25 4 <5 1)
oy 7w AR AE (5 A HUIRZS AR H), LA 5 4
SRS R ge SRR S =W A el i e s o N T 1)
VDW JIAR i o RS 53 0 S -2 AR 1] (9 4H B4R L3
ATTT LA BB S 5 e — 45 0 B AR R Y B
ST 101508 T E 15

fi il Sastre 25 ANBIZE G B AL S I 0F5% T 45
#7181 (Cyclohexyl Alkyl Pyrrolidinium Salts) 7E,
EU-1.ZSM-11 #1 ZSM-12 A= i i . 45 3R o
F2 - R (el F AT ) [R] ) e R R AR A B B e
VERLBALAL S 0 10 G il 32 252 X AR FH S el 7E LA
N-HBE-N-FA 2 B - 0 25 5~ Sy 245 44 ¢ 1] 591 19 5 A
B BRSO AR B TR W 4 Bl R ZSM-12,
EU-1 #1 B 7050, X2 LA S SDAAE I 25
R

PLEAWESE 30, TE ML AL A L v 3 -2 A ] 1 3
SHAR AR A 45 0 VR AT AR ) R0 S0 BEAE H X
I 2 W) A R B LR TEAR R G
AR ZR, -2 A TR B A T AS [ %8 77 9 118 522 i) A
i) o FERESR AR Z b, 32 -2 1A 1) 32 2002 i v A R AR
e Iy o F AR O 32 b 7 e e B4 ik 4
i R T AR I P - R T A VR v
SR NOTEARE N B B R R P AR LB SR AR
HPE Y, TR B 2R 5 A MR R R Y TR AR
DS A R A R R AR A BRI A A A B
BRI, E-R AR ) S AR ] LIS AR A T B0,
O UE AR A L

3 HitE5RE

AL A G W 2 R A AR 4 A S 1) A T ) 4
T HARH ZBIANTASETE, & Bl e B 1 10 45
Ay e 1) F9) 2 5 B AT BB SR A A AL AR B W Y
DRERIA) A, AR SCHESE B25 T &8 B 7 ALY
BT aRANECEY K T MRS & AT
(BB )E AL S W A P PR T . TEAS TR B
JRAR Z B AR S TR AL AR A DT 2O (), A
F FE e Ty A0S AR LA 5 SR A e 2 R
PRV IREERY o UTARR, o TR B R i -
PRAHEAE HIBIE 58 L R A b BE Atk 4 235 g 5 1] 51 #)
BT 50 2k E SO AT AR, IR TIRZ
R, D AL W 2 S ) AR I A4 S 1)
BT T — 2% BT I i
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SRR H ATk, AR T80 T
FERCAL AL B W A B iV RV LB A A TR A
AN+, RN RS B 7E R A =Y 451
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The Structure Directing and Templating Effects
in the Formation of Microporous Compounds

LI Ji-Yang YU Ji-Hong XU Ru-Ren”
(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, College of Chemistry, Jilin University, Changchun 130023)

The structure directing effects of various guest molecules or ions in the formation of inorganic microporous
compounds are reviewed. The non-bond interactions of the guest-host in different systems are investigated, which
usually determine the structures of inorganic frameworks. We also outline the recent advances of molecular
simulations on the study of the interactions of host-guest, as well as the design and selection of organic molecules
in directing the rational synthesis. The study of the relations between the guest molecules and host frameworks
will assist in further understanding the structure directing role of the guest molecules and the crystallization

mechanism in the formation of microporus compounds.

Keywords: inorganic microporous compounds structure directing agent interaction of host-guest

molecular simulation



