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Abstract

Synthetic Zeolite A is a crystalline aluminosilicate well known for its industrial
applications as an adsorbent and molecular sieve. Zeolite A has exchangeable cations
which are distributed among the three kinds of sites and the cations have their own
intrinsic site selectivities. The site selectivity was investigated by the two methods.
One of them is an experimental method that is based on the molecular sieve action of
zeolite A, and another is a theoretical method that is based on the estimation of
cation—zeolite lattice interaction energy. There was a good agreement between the
results obtained by the two methods. As a result, the site selectivities determined for
cations were as follows: Li*, Na*, Ag*, Ca®" and Sr*' ions prefer the six —membered
oxygen ring site, whereas K*, Cs*, T1* and Ba** ions prefer the eight—membered
oxygen ring site. It was also concluded that the theoretical method would have
considerable use in the determination of the cation sites of other zeolite types, such as
X and Y.
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Table. 1 Cation Sites and Cation Distribution

. No. of ring No. of site Cation distribution
Site .
oxygen per unit cell Na~ Ca?"
I 6 8 8 5
II 8 3 3 1
Hil 4 12 1 0

Fig. 1 Unit cell structure of zeolite A.
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Fig. 2 Cation sites and symmetry axes. Unshared-pair
orbitals are shown by two lobes on each oxygen.
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Table. 2 Energies in lonic Structure

I

\')
ca*

L
in

- N W]

Site 11

Ag

No. of cations at
[e2)

2
ca*

0 1 2 3 4

on
<»

. - @IE @P @D @R Eiun
Cation Site oV oV eV eV oV
Liv 1 —14.16 0.00 —=0.11 +0.06 —14.21

I —15.26 0.00 —0.05 +0.36 —14.95
Na- I —14.16  0.00 —0.23 +0.12 —14.27
I —14.66 —0.01 —0.12 +0.35 —~14.44
K- I —-13.18 ~0.02 —~0.45 +0.53 —13.12
1I —14.18 —0.01 —0.32 +0.35 —14.16
Cs I —12.38  —0.18 —0.74 +0.72 —12.58
I -14.11 0.00 -0.72 +0.33 —14.50
Ca®" I —33.24 0.00 ~—0.66 +0.34 —33.56
II ~34.60 —0.03 —0.3¢4 +0.77 —34.20
Q2 I —33.20 0.00 —0.79 +0.62 —33.37
I —34.12 —-0.04 —0.49 +0.75 —33.90
Ba® 1 —31.82 —0.10 —0.94 +1.65 —31.21

II —-33.67 —0.04 —0.65 +0.76 —33.60
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Table. 3 Energies in Covalent Structure

. . @E @P @D ¢R @CT ECOU
Cation  Site eV eV eV eV eV eV
. I —448  0.00 —0.01 +0.01 —0.23 —4.71
i ~3'33 000 —002 4012 —0.07 —3.30
Na- I 448 0.00 —0.08 +0.03 ~0.24 —4.77
il —312 000 —005 013 —013 —3.17
- I ~3.8 —0.05 —0.18 +0.31 —0.09 —3.90
11 299 000 —0.13 4013 —0.10 —3.09
o I 316 —0.14 —0.31 4053 —0.03 —3.11
1 ~2°94 000 —031 4015 —006 —316
Ca- I —13.95  0.00 —022 -+0.11 —0.79 -—14.85
M —11.62 ~001 —014 +070 —053 —11.60
o I —13.95 000 —0.36 +0.46 —0.50 —14.35
I 1144 —0.01 —021 +041 —047 —11.72
Ba: I —13.16  —0.01 —0.40 +0.41 —0.47 —13.39
M —11.20 —001 —028 +042 —036 -—11.43
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FRLUH 54 v DA b EIRMEA Table. 4 D 4 7R LT, Li*, Na*, Ca*, Sr*" A + i3

Table. 4 Energies in “ Real” Structure and Site Selectivity of Cation

Cation Site E e ' Site selectivity -
eV This method Experimental
T -
Na~ I e I e
© b
Csr I ke I I
Ca® I 560 ! 1
Sr I “h ! I
Ba* III :%;gg 1 No data available

¢ Ref. 14, 15. ®Ref. 6, 8, 16. “Ref. 6, 14, 17. 4 Ref. 18. ¢ Ref. 19.
F4 I BRI TH Y, KY, Cs', Ba? 4+ v i3+ FIIRIRNTH D LERTED, 22 Th—
B oy FBERMER A AV EROFNC L OHEEL S B2 B0 Agta A Vv OIR TR L
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CEBEABEYRAETOTYHA P ERETRRTO 12 TH D I LiXEF b, LrLMAD
WEOHE (5BR, BX, BFEHAND L E @, Op, Ox, P ~DHFEHHDHH, EBELY

1P EIRETERFE>T I 5,
YA FANERDO LA VR, 22 TI50%E L mSEELRED 12 TH 5, Dempsey (3 X
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FRUELYRET AL LA, FOBBIIK M4 v & Ba 1 4 v E BT, D 5 F 3+ v
A P FERET EROFREMIC B, THIERIER (BECRAHRME CRT LD TEA
T4 M EERY 100% 1+ v HBELTHL LRTMAETH LI LML TS, LED-T, €4
FTAMR I THBELLLI O HABELXBEEUEL L > lEBY LTV B LT HDONEL
Ve ETADBRITHEROA A VR TEL S RES Z Lxd CTRELMETH Y, ABHRCH
WX AT I S X B R 2 T\, R E LT SI—O—Al 8L = v ¥ LS FHHEEY
BAL XA+ v UL REL L 3% &5, L LA F v HEOBEN 5B RE T Eew fEIZ
ZLVELA LB ERVDT, T4+ VHDOERXFEAL TS, ks s+ v o4 b BIRKE
HEAEETLZ Lot
4. 3 ERERCHEREROLLE

MDA~z L S, ABEA Z 4 PRI LA F A4 v O A b BRI A 4V ATBER
BRAAVER=FAF —, ILCNEFEHCETIERERILOREINLLDOTHE, &
DHEMEI NI DhDOIF A VYO A FEREEO I EES X SRS X hHERZ
noop B, Table. 4 DESFICIT T S Lic X B L 2B AKRBOBELENEREHF
SHNMERAYFIALLBRERRC I A HEFERE LR LT, Ba®" M+ v 2B IERBRER L HE
BREII—HLT5, ZhEHFA v Dra r BRERTCET 5 RKBHOZUMELTLTE
h, AERUNOEKRMAF 4 vOr A M EFECLBD TEHEENE N EAFTEL TS,
Ba* {1 4 v aMbD 7 A h )V 2EBA AV ERSTHA I xFIrd vy ERITEERE, L
L, Ba®f # v o9 b BT 2 EBRAME T —27 v, Fhudk (Ba®, Na) —Aukfiy s
LTCWEET A, BkT 5 L #EXBRELTLEY, Bxmo XEEITIL b A A, BERATE
KB RATED 12D TH B, Dyer ™3 BGHIFEIC L b KFp <o Ba> 4 + VX2 @B % T
FHA M2 EETLEHEL T D2, KR LBRAHE TEHIFA VYA P ZDLDHE-
T30 TRAGERRE LICABERICLABREDEERERT A LILTE o, KEHRT
HELBa® 1+ v oy A F B ERINCTHIET % 7o BLACREE TR E 7 Ba** 1 4 v
THEXBLLEND D, BEREAT A b 2O HLEWOIREIEL T A P AEO—FHTH
D, BahF+ v E2EEGHLELTRENFUEINTRE I >0H 5D T LBROKRIE L 7TRE & 7x
A5,

KEHRIC L b Rdfeh F4 v DA FBEREIBKE Na—A e F vas s b 9 AB RO
QEEBD)HFAVIZDTOERTHI B, cONF A VOV A FEIRMITHBRERL L L b
BATREMEDS D B, oW 7 B 1 i Nat 1 + v % 2 flid Ca** 1 o v T+ &R0 ERi 54
DRBEANEL, Ca¥ 1+ vDH 4+ 1, 4 PIIKBFD AT Vv b= R — piaghisk
ELHIEARBAEBT A (B LALRALLTH B, i Ca™ 1+ v 1E, 2@E
A I HEAETAHTHAHH, SHEE, 6@EIY I P IVELETHTHEEIANTALT,
T4 I EET SR &5 2 L BT 5, HE, Takaishi®iz -2 v —v a v
BT, Ca—A BT Mo 1ED Ca% 14 vy o1 b ILIFEEST S b0 5 @idv 1+
1) Zea#EELR, F7cSeff'it Ca—A o BifEM X #f#Tic X v, Takaishi OHEEREIEL
e THLTHTFAH VDY A PFEIRETIAAVETRBR IOV EDLL I LML h, KEHR
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PIOMBICERLCTFHEEYTL N BHEesEeHERTh D,

—F, AWMEOEBHRAEDFCAZ 1A Vv R2IILDEBSEB I A v 2L THRE L7
n, BEESBAAVETANVER, TAP Y GBI Vv ERRDIEFEEL TV 5D
HFRORT & L TR L0 CHE S VERIC S, ThbbEMTFHEREY HGTEE
fb=F & —DFEEYEETINEN DS, TOMELBAIREHER LY RBIRELL
o FRBBERBA A VABRAR Y I RSEHAON TR, 1 P FERMCBET A HR
HERLSHDPHOT, HEEREY TN LUK THZ LIV AEROFYUBLXITTLIH LD E
Ezbhbd,

5. #% B

AHFIERBCTKROZ D ERING, ARAR YA S A VBT ATBRAF A VOV A + &
RUEXHAFERELTC, ABEFS A P ORBERTH A0 TS5 EFAXFIAT 5 RBOAE
ErFA V- ERRERTEOMEIER= ¥ - ¥ RE2EROFEE BT LI, MAECLS
BREI—HKL, SLEBHROFEGREAY» S+ oy 4 P ERERY S L SHBE L, ABHYH
WY, EBRFEOBERE L F A v TREC DT RED A TF A A bR HEETH &
DEEETH D, FRMoBoEmErs 4> (XB, YR, =AF54 18 l) orst+ o
AR L TR TTEOERILE D THETH 572, RERLICHIETD 5,
LA TA P OMBEEITHEA F A VERKESEKETHZ LD b TWBDT, AF4 V9
FETHIL S AERIARIBEET O TR EES YA T 1 F OBBCEIZOTHA S,

ABEER AT 5w Kicy, XREFATECLEAOEEY 5 2 b Bl KFEH AR BB L
WELSEHOBYET D, $17 v A7 —A 2N, B o BOOFERARFEABER L v
# — (FACOM 230—75) wh »7, HEELCHELXET %,

X B

1) R. M. Barrer, J. Chem. Soc., 127 (1948) ; ibid., 2158 (1948).

2) D. W. Breck, W. G. Eversole, R. M. Milton, T. B. Reed and T. L. Thomas, J. Amer.
Chem. Soc., 78, 5963 (1956).

3) R. M. Barrer, G. C. Bratt, J. Phys. Chem. Solids, 12, 130 (1959) ; ibid, 12, 146 (1959).

4) J. A. Rabo, P. E. Pickert, D. N. Stamires and J. E. Boyle, Proc. 2nd Intern. Congr.
Catalysis, Paris, p. 2055 (1960).

5) P. B. Weisz and V. J. Frilette, J. Phys. Chem., 64, 382 (1960).

6) R. Y. Yanagida, A. A. Amaro and K. Seff, J. Phys. Chem., 77, 805 (1973).

7) N. N. Avgul, A. A. Isirikyan, A. V. Kiselev, I. A. Lygina and D. P. Poshkus, Bull. Acad.
Sci. USSR, Div. Chem. Sci. (Eng. Trans.) 11, 1334 (1957).

8) R. S. Mulliken, J. Amer. Chem. Soc., 74, 811 (1952).

9) M. Wolfsberg and L. Helmholz, J. Cem. Phys., 20, 837 (1952).

10) L. Pauling, “ The Nature of the Chemical Bond, ” 3rd ed., Cornell University Press, N.
Y. (1960) , chap. 3.

11) P. E. Riley, K. Seff and D. P. Shoemaker, J. Phys. Chem., 76, 2593 (1972).

12) T. Takaishi, Y. Yatsurugi, A. Yusa and T. Kuratomi, J. C. S. Faraday 1, 71, 97 (1975).



13

13
14
15)
160
1D
18)
19
20)
2D

S rpEZ NI

ERAR A 54 VBT ATES F4 OV A b BEIRM BT 5 3o 159

. Nitta, K. Ogawa and K. Aomura, J. C. S. Faraday I, 72, 2893 (1976).

. L. Firor and K. Seff, J. Amer. Chem. Soc., 100, 3091 (1978).

. Seff and D. P. Shoemaker, Acta Crystallogr., 22, 162 (1967).

. Nitta, K. Ogawa and K. Aomura, Bull. Chem. Soc. Japan, 48, 1939 (1975).

Dempsey, J. Phys. Chem., 73, 3660 (1969).
Dyer, W. G. Celler and M. Sute, Adv. in Chem. Ser., 101, 436 (1971).

. Dyer, R. B. Gettins and A. Molyneux, J, Inorg. Nucl. Chem., 30, 2823 (1968).
. Yusa, T. Ohgushi and T. Takaishi, J. Phys. Chem. Solids, 38, 1233 (1977).
. B. Vance and K. Seff, J. Phys. Chem., 79, 2163 (1975).



