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Abstract: Quantum chemical calculations are used to characterize the decomposition of nitrogenmonoxide over Cu®*-Y
zeolite. The method of theoretical calculations, such as CNDQ/2, have been applied to cluster models representing cation
sites in zeolite to obtain total energies, LUMO energies, and Wiberg bond orders. The calculated total energies and bond
orders of cluster models showed the reaction mechanism of NO decomposition over Cu" site in zeolite framework. The
suggested cluster models of varying Si/Al ratios studied with exchange cations in the Cu* and in the Cu®** states. And
the calculated LUMO energies can predict L acidities of cluster models. The results from these experiments showed the
possibility of the mechanism of NO decomposition, progressing adsorption of NO, conversion to N, and O,, desorption of N
» and O, in sequence. The L acidity of Cu®* ion in cation site is more strong than Cu*.
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A 3 (LR Spectroscopy)[15,16], A7E=71F
H9(EPR,ESR)(17,18], X-A1 #AAE34(XPS)
[19], =A #2b7) 39 F34 (Solid-NMR Spec-
troscopy){20], %34 (Photoluminescence)® [21]
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Fig. 1. Schematic depiction of cluster model of cati-
on sites (Sy, Sy) in faujasite. For Si/Al=5,
T;s is Al atom; Si/Al=2, T; and T,, are Al
atoms.
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Fig. 2. Adsorbed molecules on cation site
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Table 1. The Calculated Total Energies(A.U) of
Cluster Models(Si/Al=5)

Cu* Cu*
Si;AlO,gH,.Cu™ -361.345 -361.549
SisAl0sH,,Cu™NO -367.381 -367.624
SisAl0H i Cu™ N, -381.650 -381.853
SisAlO,Hi.Cu™0, ~370.196 -371.944

Table 2 The Calculated Total Energies(A.U) of
Cluster Models(Si/Al=2)

Cu* Cu®*
Si,ALO;H,.Cu™ -359.650 -359.652
Si,ALH;Cu"" N, -365.543 -366.452
Si,ALOsH.Cu™ N, -379.961 -379.830
S1,ALLO;sH.Cu™ 0, -368.689 -370.413
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Table 3. The Calculated LUMO(Lowest Unoccupied
Molecular Orbital) Energies(A.U) for
Cluster Models

Cu* Cu**
SlgAlO[aleCU” 0.393 {0391
Si,ALOH1,Cu™* 0.517 0.255
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Table 4 The Calculated Bond Orders(B.0) of Cu™
(37)-N(38)-0(39), Cu™(37)-N(38)-N
(39), Cu™(37)-0(38)-0(39) at Each
Cluster Models

B.0(37-38) B.0(38-39)
Si;Al0H;,Cu*NO 0.865 1.707
Si;AlOH,,Cu*N, 0.007 2.995
Si;Al0,H,,Cu*0, 0.536 2.452
Si;A10,H,,Cu,*NO 0.854 1.782
Si;:Al10,H;,Cu,* N, 0.007 2.995
Si;AlO)H,,Cu,* 0, 0.541 2.461
Si4A120,5H,,Cu*NO 0.367 2.360
Si4A120,:H,.Cu*N, 0.008 2.992
Si4A120,:H,.Cu* O, 0.586 2.224
Si4A120,H,,Cu,*NO 0.628 2.170
Si4Al120,H,,Cu,*N, 0.007 2914
Si4A120,:H,,Cu,* 0, 0.472 2.252

0.9 7% z2+ 2.93, 3.00, 2.00 o|c}h. =& Table 4
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£ NOSl A% Cuvshel g Al 7% Aol
o, 0,9 Afels AL9AEY E AVSAHEE
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AU 218 2 W 4 e BelFE Aol

S

1.3 =

Cu-YAgols Fogaldsl NOZAPse
BHE 7149 NO9 &2, 84-4AY N, 2 0O,
29 28, N, % 0,9 az}'—‘] TAZ AFL 75
o] 9lor NO9 EadtA} 714 folsty Ldets



Cu-Y A getolerte] NOEsut-&off tHiF kAtstetA a4

744 zd. 22y N, 2 o ¥
HAo|n] NOS FathAlE vlwa kg rdz}e]
o &4 Felertee FaEAzL £
NOY 747} 0.864 = AgAghs vhetie 7}
A 7Fsich 2 theo] 0.54AE Y AYAGE A
0,9 7%olny, N29| A$= 0.01HEZA of§ o
sk N, 2 0,9 744 F233 Aol Azt 2
o] 7Fste] v ANERZA ZAAE EA7} 7)
27 ¢z Z2jE = AUl
up2 o) folHoZ E we A Ael
Cut AejET} Cu* A7}, Si/Al} 2

348k,

Eojgae

4% Hg

1]

b0

Mo
ok

1. J. A. Rabo, “Zeolite Chemistry and Catalysis”,
ACS Monograph, Washington D. C.(1976).

2. Y. Murakami, “New Developments in Zeolite
Science and Technology”, 725-732, Kodansa.
Tokyo(1986).

3. Y. Murakami, “New Develpments in Zeolite
Scicence and Technology”, 811-818, Kodansa.
Tokyo(1986).

4. J. Arribas, J. Catal., 104, 135(1987).

5. L. M. Aparicio, J. Catal., 104, 381(1987).

6. C. D. Chang, “Hydrocarbons from Methanol”, 4
-35, Marcel Dekker Inc., New York(1983).

7. Y. Murakami, “New Developments in Zeolite
Science and Technology”, 875-882, Kodansa.
Tokyo(1986).

8. W. Grunert, U. Sauerlandt, R. Schlogl, and H.
G. Karge, J. Phys. Chem, 97, 1413(1993).

9. W. P. J. H. Jacobs, J. W. de Hann, L. J. M. van
de ven, and R.A. van Santen, J. Phys. Chem., 97,

10394(1993).

10. B. Gil, E. Broclawik, J. Datka, and J.
Klinowski, J. Phys. Chem., 98, 930(1994).

11. J. Valyon and W. K. Hall, Catal. Lette., 19, 109
(1993).

12. G. D. Lei, B. J. Adelman, J. Sarkany, and. W.

M. H. Sachtler, Appl. Catel. B. Envir. 5, 245
(1995).

325

13. J. Valyon and W. K. Hall, J. of Catal., 143, 520
(1993).

14. J. Valyon and W. K. Hall, J. Phys. Chem., 97,
1204(1993).

15. J. Valyon and W. K. Hall, J. Phys. Chem., 97,
7054(1993).

16. Y. Itho, S. Nishiyama, S. Tsuruya, and M.
Masai, J. Phys. Chem., 98, 960(1994).

17. E. Giamello, D. Murphy, G. Magnacca, C.
Morterra, Y. Shioya, T. Nomura, and M. Anpo,
J. of Catal., 136, 510(1992).

18. A. V. Kucherov, J. L. Gerlock, H. W. Jen, and
M. Shelef, J. of Catal., 152, 631(1995).

19. 1. Jirka and V. Bosacek, Zeolites, 11, 77(1991).

20. M. Crocker, R. H. M. Herold, M. H. W.
Sonnemans, C. A. Emeis, A. E. Wilson, and J.
N. Moolen, J. Phys. Chem., 97, 432(1993).

21. J. Dedecek and B. Wichterlova, J. Phys. Chem.,
98, 5721(1994).

22. M. Anpo, M. Matsuoka, Y. Shioya, H. Yamashi-
ta, E. Giamello, C. Morterra, M. Che, H. H. Pat-
terson, S. Webber, S. Ouellette, M. A. Fox, J.
Phys. Chem., 98, 5744(1994).

23. W. Grunert, N. W. Hayes, R. W. Joyner, E. S.
Shpiro, M. R. H. Siddiqui, and G. N. Baeva, J.
Phys. Chem., 98, 10832(1994).

24. Y. Li and W. K. Hall, J. of Catal, 129, 202
(1991).

25. W. K. Hall and J. Valyon, Catal. Lette., 15, 311
(1992).

26. E. Kassab, K. Seiti, and M. Allavena, J. Phys.
Chem., 95, 9425(1991).

27. S. Bates and Dwyer, J. Phys. Chem., 97, 5897
(1993).

28. M. J. S.Dewar, E. G. Zoebisch, E. F. Healy, and
J. J. P. Stewart, J. Am. Chem. Soc., 107, 3902
(1985).

29. I. N. Levine, “Quantnm Chemistry”, 3rd ed.,
499, Allyn and Bacon Inc., Boston(1983).

30. S. Beran. J. Phys. Chem., 86, 111(1982).

31. D. H. Olson, J. Phys. Chem., 74,8 2758(1970).

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.2, 1996



