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access the target functional inorganic porous crystalline 
materials can be described as:

1. A  practical application, e.g., a specific catalytic reac­
tion, raises detailed requirements for the structures 
with defined pore dimension, pore system, pore 
shape, active sites, etc.

2. The desired porous structures are then designed by 
computational methods.

3. By using computational modeling, the candidate SDA  
molecules are predicted for the given structures. 
Further data-mining techniques will predict the syn­
thesis conditions for the target structures.

4. The synthesis is achieved by using various synthetic 
techniques under hydrothermal or solvothermal con­
ditions. Especially, the combinatorial techniques will 
allow exploring in a large experimental space by 
means of the appropriate experimental design.

5. The structures o f as-made materials are identified by 
comparing the experimental X-ray diffraction patterns 
with the simulated ones derived from the theoretical 
structures.

6. The application is eventually accessible by such a 
rational design and synthesis approach.

It is worth underscoring here that toward the rational 
synthesis o f inorganic porous crystalline materials, there still 
remain a number o f challenges ahead to achieve such a goal. 
Although great strides have been made in this area, future 
advances in understanding the formation mechanism at the 
molecular level are needed before the promise is fulfilled.

2 5 .6  C O N C LU D IN G  REMARKS

The search for new inorganic materials has been moving 
from the empirical, trial-and-error methods o f the past to a 
rational design philosophy. Our dream is to control chemi­
cally the self-assembly process o f  inorganic materials with 
predictable compositions, structures, and functionalities, and 
eventually to replace the classical trial-and-error strategy. 
This is, in fact, a long journey from possibility to reality. 
Despite the difficulties, this is the way where the synthetic 
chemists should concentrate. More research as well as un­
tiring efforts should be driven along these directions.

REFERENCES

[1] R. Noyori, Nat. Chem. 1 (2009) 5 -6 .
[2] C. Baerlocher, L.B. McCusker, http://www.iza-structure.org/data- 

bases/.
[3] R. Xu, W. Pang, J. Yu, Q. Huo, J. Chen, Chemistry of Zeolites and 

Related Porous Materials: Synthesis and Structure, Wiley, 2007.
[4] S. Kulprathipanja, Zeolites in Industrial Separation and Catalysis, 

Wiley, 2010.
[5] J. Yu, Studies in surface science and catalysis, in: J. Čejka, H. van 

Bekkum, A. Corma, F. Schlith (Eds.), Introduction to Zeolite

Science and Practice, 3rd Revised ed., voi. 168, Elsevier, Amster­
dam, 2007, pp. p39—103.

[6] R. Catlow, R. Bell, F. Cora, B. Slater, Studies in surface science and 
catalysis, in: J. Čejka, H. van Bekkum, A. Corma, F. Schiith (Eds.), 
Introduction to Zeolite Science and Practice, 3rd Revised ed., voi. 
168, Elsevier, Amsterdam, 2007, pp. p659—700.

[7] J. Yu, R. Xu, Studies in surface science and catalysis, in: E. van 
Steen, L.H. Callanan, M. Claeys (Eds.), Recent Advances in the 
Science and Technology of Zeolites and Related Materials, voi. 
154, Elsevier, Amsterdam, 2004, pp. p i—13.

[8] A. Corma, Studies in surface science and catalysis, in: E. van Steen,
L. H. Callanan, M. Claeys (Eds.), Recent Advances in the Science 
and Technology of Zeolites and Related Materials, voi. 154, 
Elsevier, Amsterdam, 2004, pp. p25—40.

[9] S.M. Woodley, R. Catlow, Nat. Mater. 7 (2008) 937-946.
[10] J.V. Smith, Chem. Rev. 88 (1988) 149-182.
[11] M.W. Deem, J. Newsam, Nature 342 (1989) 260-262.
[12] D.E. Akporiaye, G.D. Price, Zeolites 9 (1989) 23—32.
[13] O.D. Friedrichs, A.W.M. Dress, D.H. Huson, J. Klinowski, 

A.L. Mackay, Nature 400 (1999) 644-647.
[14] M.M.J. Treacy, I. Rivin, E. Balkovsky, K.H. Randall, M.D. Foster, 

Micropor. Mesopor. Mater. 74 (2004) 121—132.
[15] R. Pophale, P.A. Cheesemanb, W.D. Michael, Phys. Chem. Chem. 

Phys. 13 (2011) 12407-12412.
[16] W.D. Michael, R. Pophale, P.A. Cheeseman, D.J. Earl, J. Phys. 

Chem. C 113 (2009) 21353-21360.
[17] Y. Li, J. Yu, D. Liu, W. Yan, R. Xu, Chem. Mater. 15 (2003) 

2780-2785.
[18] Y. Li, M. Guo, J. Yu, J. Li, R. Xu, Stud. Surf. Sci. Catal. 154 (2004) 

308-316.
[19] Y. Li, J. Yu, Z. Wang, J. Zhang, M. Guo, R. Xu, Chem. Mater. 17 

(2005) 4399-4405.
[20] W.M. Meier, H J. Moeck, J. Solid State Chem. 27 (1979) 349-355.
[21] Cerius2; Molecular Simulations/Biosym Corporation: San Diego, 

CA, 1995.
[22] C. Baerlocher, A. Hepp, W.M. Meier, DLS-76, F. Kristallographie: 

Zürich, 1978.
[23] E. de vos Burchart, J. Chem. Soc. Faraday Trans. 88 (1992) 

2761-2769.
[24] Y. Li, J. Yu, R. Xu, Ch Baerlocher, L.B. McCusker, Angew. Chem. 

Int. Ed. 47 (2008) 4112-4405.
[25] C. Baerlocher, F. Gramm, L. Massüger, L.B. McCusker, Z. He, 

S. Hovmöller, et al., Science 315 (2007) 1113-1116.
[26] F. Gramm, C. Baerlocher, L.B. McCusker, S.J. Warrender, 

P.A. Wright, В. Han, et al., Nature 444 (2006) 79—81.
[27] S. Kirkpatrick, C.D. Gelati, M.P. Vecchi, Science 220 (1983) 671-680.
[28] M. Falcioni, M.W. Deem, J. Chem. Phys. 110 (1999) 1754-1766.
[29] S.M. Woodley, P.D. Battle, J.D. Gale, C.R.A. Catlow, Phys. Chem. 

Chem. Phys. 6 (2004) 1815-1822.
[30] G. Férey, J. Solid State Chem. 152 (2000) 37-48.
[31] X. Zou, T. Conradsson, M. Klingstedt, M.S. Dadachov,

M. O’Keeffe, Nature 437 (2005) 716-719.
[32] Q. Pan, J. Li, K. Christensen, C. Bonneau, X. Ren, L. Shi, et al., 

Angew. Chem. Int. Ed. 47 (2008) 7868-7871.
[33] X.Y. Ren, Y. Li, Q.H. Pan, J.H. Yu, R.R. Xu, Y. Xu, J. Am. Chem. 

Soc. 131 (2009) 14128-14129.
[34] O.M. Yaghi, M. O’Keeffe, N.W. Ockwig, К. Нее, M. Eddaoudi, 

J. Kim, Nature 423 (2003) 705-714.

http://www.iza-structure.org/data-bases/
http://www.iza-structure.org/data-bases/


760 Modern Inorganic Synthetic Chemistry

[35] M. Eddaoudi, J. Kim, N. Rosi, D. Vodak, J. Wächter, M. O’Keeffe, [68] 
et al., Science 295 (2002) 469-472.

[36] C. Mellot-Draznieks, J.M. Newsam, A.M. Gorman, C.M. Freeman, [69]
G. Férey, Angew. Chem. Int. Ed. 39 (2000) 2270-2275.

[37] C. Mellot-Draznieks, S. Girard, G. Férey, J. Am. Chem. Soc. 124 [70]
(2002) 15326-15335.

[38] C J. Dawson, M.A.B. Pope, M. O’Keeffe, M.M.J. Treacy, Chem. [71] 
Mater. 25 (2013) 3816-3821.

[39] Y. Li, J. Yu, J. Jiang, Z. Wang, J. Zhang, R. Xu, Chem. Mater. 17
(2005) 6086-6093. [72]

[40] J.V. Smith, W.J. Dytrych, Nature 309 (5969) (1984) 607-608.
[41] R.M. Barrer, H. Villiger, Z. Kristallogr. Kristallgeom. Kristallphys. [73]

Kristallchem. 128 (3 -6 ) (1969) 352-370. [74]
[42] J.D. Gale, J. Chem. Soc. Faraday Trans. 93 (4) (1997) 629-637.
[43] S.A. Wells, M.T. Dove, M.G. Tucker, J. Phys. Condens. Matt. 14 [75]

(2002) 4567-4584.
[44] H. Furukawa, N. Ko, Y.B. Go, N. Aratani, S.B. Choi, E. Choi, et [76]

al., Science 329 (5990) (2010) 424-428. [77]
[45] G. Sastre, J. Phys. Chem. C 114 (2010) 19157-19168. [78]
[46] Y.G. Bushuev, G. Sastre, J. Phys. Chem. C 113 (2009)

10877-10886. [79]
[47] Y.G. Bushuev, G. Sastre, J.V. de Julian-Ortiz, J. Phys. Chem. C

114 (2010) 345-356. [80]
[48] R.T. Cygan, J.J. Liang, A.G. Kalinichev, J. Phys. Chem. В 108

(2004) 1255-1266. [81]
[49] T. Oie, G.M. Maggiora, R.E. Christoffersen, D.J. Duchamp, Int. J.

Quantum Chem. 20 (1981) 1-47. [82]
[50] A.V. Kiselev, A.A. Lopatkin, A.A. Shulga, Zeolites 5 (1985) 

261-267. [83]
[51] V.M. Goldschmidt, Crystal chemistry of germanium, Nachr. Ges.

Wiss. Göttingen Math. Phys. Kl. 184 (1931) 190. [84]
[52] J.N. Weber, Editor’s comments on papers 1 through 6: Geochem- [85]

istry of germanium, in: J.N. Weber (Ed.), Benchmark Papers in 
Geology, Dowden, Hutchingson and Ross, Stroudsburg, PA, 1973. [86]

[53] G. Sastre, A. Corma, J. Phys. Chem. C 114 (2010) 1667-1673.
[54] A. Sartbaeva, S.A. Wells, M.M.J. Treacy, M.F. Thorpe, Nat. Mater. [87]

5 (2006) 962-965. [88]
[55] V. Kapko, C. Dawson, M.M.J. Treacy, M.F. Thorpe, Phys. Chem.

Chem. Phys. 12 (2010) 8531-8541. [89]
[56] C.J. Dawson, V. Kapko, M.F. Thorpe, M.D. Foster, M.M.J. Treacy,

J. Phys. Chem. C 116 (2012) 16175-16181. [90]
[57] M.B. Boisen, G.V. Gibbs, M.S. Bukowinski, T. Phys. Chem. [91] 

Miner. 21 (1994) 269-284.
[58] M.M.J. Treacy, K.H. Randall, S. Rao, J.A. Perry, D.J. Chadi, [92]

Z. Kristallogr. 212 (1997) 768-791. [93]
[59] Y. Li, J. Yu, R. Xu, Angew. Chem. Int. Ed. 52 (2013) 1673-1677.
[60] J. Lu, Y. Li, J. Yu, Y. Lu, Acta Phys. Chim. Sin. 29 (2013) [94]

1661-1665.
[61] D.W. Breck, J. Chem. Educ. 41 (1964) 678-689. [95]
[62] G.T. Kerr, J. Phys. Chem. 70 (1966) 1047-1050.
[63] C.S. Cundy, P.A. Cox, Micropor. Mesopor. Mater. 82 (2005) 1—78. [96]
[64] C.E.A. Kirschhock, R. Ravishankar, L. Van Looveren, P.A. Jacobs,

J.A. Martens, J. Phys. Chem. В 103 (1999) 4972-4978. [97]
[65] T.M. Davis, T.O. Drews, H. Ramanan, C. He, J. Dong,

H. Schnablegger, et al., Nat. Mater. 5 (2006) 400—408. [98]
[66] P.P.E.A. de Moor, T.P.M. Beelen, B.U. Komanschek, L.W. Beck,

P. Wagner, M.E. Davis, et al., Chem. Eur. J. 5 (1999) 2083—2088. [99]
[67] M.E. Davis, R.F. Lobo, Chem. Mater. 4 (1992) 756-768.

A. Corma, F. Rey, J. Rius, M.J. Sabater, S. Valencia, Nature 431 
(2004) 287-290.
D.W. Lewis, D.J. Willock, C.R.A. Catlow, Nature 382 (1996) 
604-606.
D.W. Lewis, G. Sankar, J.K. Wyles, Angew. Chem. Int. Ed. 36 
(1997) 2675-2677.
P.S. Kutchukian, E.I. Shakhnovich, Expert Opin. Drug Discov. 5 
(2010) 789—812. B. Pirard, Expert Opin. Drug Discov. 6 (2011) 
225-231.
R. Pophale, F. Daeyaertb, M.W. Deem, J. Mater. Chem. A 1 (2013) 
6750-6760.
J.A. Grant, B.T. Pickup, J. Phys. Chem. 99 (1995) 3503—3510. 
J.E. Schmidt, M.W. Deem, M.E. Davis, Angew. Chem. Int. Ed. 53 
(2014) 8372-8374.
D.W. Lewis, C.M. Freeman, C.R.A. Catlow, J. Phys. Chem. 99 
(1995) 11194-11202.
J. Li, J. Yu, W. Yan, R. Xu, Chem. Mater. 11 (1999) 2600—2606. 
J. Yu, J. Li, K. Wang, R. Xu, Chem. Mater. 12 (2000) 3783-3787. 
J. Yu, K. Sugiyama, S. Zheng, S. Qiu, J. Chen, R. Xu, et al., Chem. 
Mater. 10 (1998) 1208-1211.
B. Jandeleit, D.J. Schaefer, T.S. Powers, H.W. Turner, 
W.H. Weinberg, Angew. Chem. Int. Ed. 38 (1999) 2494-2532. 
J.M. Newsam, T. Bein, J. Klein, W.F. Maier, W. Stichert, Micro­
por. Mesopor. Mater. 48 (2001) 355—365.
J. Klein, C.W. Lehmann, H.W. Schmidt, W.F. Maier, Angew. 
Chem. Int. Ed. 37 (1998) 3369-3372.
Y. Song, J. Yu, G. Li, Y. Li, Y. Wang, R. Xu, Chem. Commun. 
(2002) 1720-1721.
A. Cantin, A. Corma, M.J. Diaz-Cabanas, J.L. Jorda, M. Moliner, 
J. Am. Chem. Soc. 128 (2006) 4216-4217.
Y. Song, J. Li, J. Yu, K. Wang, R. Xu, Top. Catal. 35 (2005) 3-8 . 
J. Jiang, J. Yu, A. Corma, Angew. Chem. Int. Ed. 49 (2010) 
3120-3145.
J. Liang, J. Li, J. Yu, P. Chen, Q. Fang, F. Sun, et al., Angew. 
Chem. Int. Ed. 45 (2006) 2546-2548.
J. Li, J. Yu, R. Xu, Micropor. Mesopor. Mater. 101 (2007) 406—412. 
J. Li, L. Li, J. Liang, P. Chen, J. Yu, Y. Xu, et al., Cryst. Growth 
Des. 8 (2008) 2318-2323.
M. Castro, R. Garcia, S.J. Warrender, M.Z. Slawin, P.A. Wright, 
P.A. Cox, et al., Chem. Commun. (2007) 3470—3472.
W.M. Meier, G.T. Kokotailo, Z. Kristallogr. 121 (1965) 211.
L. Schreyeck, F. D’Agosto, J. Stumbe, P. Caullet, J.C. Mougenel, 
Chem. Commun. (1997) 1241-1242.
H. Li, O.M. Yaghi, J. Am. Chem. Soc. 120 (1998) 10569-10570.
L. A. Villaescusa, P.A. Barrett, M.A. Cambior, Angew. Chem. 111 
(1999) 2164. Angew. Chem. Int. Ed. 38 (1999) 1997-2000.
A. Corma, M.J. Diaz-Cabanas, J. Martinez-Triguero, F. Rey,
J. Rius, Nature 418 (2002) 514-517.
A. Corma, M.T. Navarro, F. Rey, J. Rius, S. Valencia, Angew. 
Chem. Int. Ed. 40 (2001) 2277-2280.
A. Corma, M.J. Diaz-Cabanas, F. Rey, S. Nicolopoulus,
K. Boulahya, Chem. Commun. (2004) 1356—1357.
A. Corma, M.J. Diaz-Cabanas, J.L. Jord, C. Martinez, M. Moliner, 
Nature 443 (2006) 842-845.
J. Sun, C. Bonneau, A. Cantin, A. Corma, M.J. Diaz-Cabanas,
M. Moliner, et al., Nature 458 (2009) 1154—1159.
J. Jiang, J.L. Jordá, M.J. Diaz-Cabanas, J. Yu, A. Corma, Angew. 
Chem. Int. Ed. 49 (2010) 4986-4988.



Inorganic Crystalline Porous Materials Chapter | 25 761

[100] X. Song, Y. Li, L. Gan, Z. Wang, J. Yu, R. Xu, Angew. Chem. Int. 
Ed. 48 (2009) 314-317.

[101] Y. Yan, J. Li, M. Qi, X. Zhang, J. Yu, R. Xu, Sci. China Ser. B- 
Chem. 52 (2009) 1734-1738.

[102] J. Li, J. Yu, R. Xu, Database of AITO synthesis, Y. Li, J. Yu, R. Xu, 
Database of AITO structure. http://izasc.ethz.ch/fmi/xsl/IZA-SC/ol.htm.

[103] J. Li, M. Qi, J. Kong, J. Wang, Y. Yan, W. Huo, et al., Micropor. 
Mesopor. Mater. 129 (2010) 251—255.

[104] J. Han, M. Kamber, Data Mining: Concepts and Techniques, 
Higher Education Press, 2001, p. 68.

[105] J.M. Serra, L.A. Baumes, M. Moliner, P. Serna, A. Corma, Comb. 
Chem. High Throughput Screen. 10 (2007) 13—24.

[106] J. Li, A. Corma, J. Yu, Chem. Soc. Rev. http://dx.doi.Org/l0.1039/ 
C5CS00023H.

[107] T. Dceda, Y. Akiyama, Y. Olimi, A. Kawai, F. Mizukami, Angew. 
Chem. Int. Ed. 43 (2004) 4892-4896.

[108] Y.X. Wang, H. Gies, B. Marler, U. Müller, Chem. Mater. 17 (2005) 
43-49.

[109] P. Wu, J. Ruan, L. Wang, L. Wu, Y. Wang, Y. Liu, et al., J. Am. 
Chem. Soc. 130 (2008) 8178-8187.

[110] E. Verheyen, L. Joos, K. Van Havenbergh, E. Breynaert, N. Kasian, 
E. Gobechiya, et al., Nat. Mater. 11 (2012) 1059-1064.

[111] W.J. Roth, O.V. Shvets, M. Shamzhy, P. Chlubná, M. Kubů, 
P. Nachtigall, et al., J. Am. Chem. Soc. 133 (2011) 6130—6133.

[112] W.J. Roth, P. Nachtigall, R.E. Orris, J. Ejka, Chem. Rev. 114 
(2014) (2014) 4807-4837.

[113] W.J. Roth, P. Nachtigall, R.E. Morris, P.S. Wheatley, 
V.R. Seymour, S.E. Ashbrook, et al., Nat. Chem. 5 (2013) 
628-633.

[114] J. Yu, R. Xu, Acc. Chem. Res. 43 (2010) 1195-1204.

http://izasc.ethz.ch/fmi/xsl/IZA-SC/ol.htm
http://dx.doi.Org/l0.1039/

