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Abstract—Penetration of gas molecules through the a-cage of A-zeolite was studied theoretically. Total
potential energies of the gas penetrating the system were calculated by means of CNDO/2 MO theory with
the 8-R window model. Potential curves for the Na*-8R with H; and CO molecules indicated high possibilities
of their penetration and those for the K*- and Ca®'-8R illustrated the difficulties of their going through
the plane. Cation position was flexible as spring to allow intruding molecules but required certain amount
of activation energies according to the cation gas molecule interaction. The dislocation of the cations within
the 8-R window due to the foreign gas penetration were visualized by the variation of distance between
cation to Oy atom and the extent of the dislocation of cations and their characteristics were very dependent
on the constituents of the gas molecule.
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Fig. 1. Total potential energy variation due to the H; penetration through the cation exchanged 8-R plane.

2 4= Qw7 sl A4tsiedc) o] o ezl &
3} o)X= 1 AU 627.34 X f Kcal & A 4b3lg] o
Ay} FAgE 271 AT v agdTEA 0023

o?L Yo

F-HF

3. &z ¢ ¥

Fig. 1, 2= 77t H, 2 CO7} 84 8h8 E34at w o] po-
tential i x] L& ojc}. o] 1Y 7|4 E=}2} 8%1%t0]
=gk 2] Aelol 2L o2 total energy s 7|+ 3}
o] 714227 A2E o2 total energyd 83 el
Zolck & Z1AE=Ie} 81gte] F@d e Aule] A&
u B c} total energy”} A A3 AR E o= 3}
£ Ao, 28 g < FE S-S 9w Hpd-#}
7} 845 Hol| 2% ) potential o1 X7} o] A W
st ole7he Fig 1o vepd ool

Na*-A zeolite?] %% H, ¥-2}9] F4lo] F-guio] A
2ol Al 89 F o 2 A 8)7] Alzbsle] Ha H ol
22l ae} potential o\ 2] 7} 3+ s15] 2T} 2.127
Rl H-z Alel A 0.142 Kcalzhe 34 o712 vhet
Wz gk o] X HE AR FAle] Btehe r=0

ol A, = 8shni Aol B3} F4lo) =2alal L f ol
WAE tha Z7bsled 0817 Kealell =23}t oF 0.817
Kcal®] 343} o125 vhebdich

Mg?*-A2] 7% Na*-A®) 73$-¢} Ze] 835k Hol| 4]
54 Wojzl A7) FaRabE obtd QY Ahgg P
%) is}um 5A& o]l 4] 7H#}7] potential oL %] 2] 7
ﬁ:- ® 2 9)om 137 K] 2ol 4} —0.236 Kcal®]
A ] 3:4 oz & vehll A S gl —0.106
Kcal 2ba g A oF 0,130 Kcale] 438} o U =] 2 v}
epdl . it

Z Na*-9} Mg -o] 7% H,2- 27} 8085wl & 53}
& o weksk 43} |7t 28 H, o] F ol
A9 Hy22be] 597} v)$ 2ped zze]$ud, ol o7
&glo) 7147} =5 gleS oJv]stn gk

e} K ob Catm 9] AS A2 z7elE thhe
A3} o377} glei A Hy2he Hulo] vl H3ke
dehiglorh Ko A% ok 4 Cav ol 3938 ¢

o4 wharede vehlo] A3 A8t oluix| s} &

a2 gich o] A& K9 Ca®* &) Hy7] &l i & window
blocking effect vFeb i gleh Zejut o] 5 el 22
82138 A7) 4 Eapr} Sxhehs] Qsks 8443} ol

[+

o

ril

o i ap

19
I

HWAHAK KONGHAK Vol. 31, No. 3, June, 1993



306 H3E - ADE - A

2r 1.452Keal a)Na"-A

. /.\\-I 644a —1

7
\ '

=3t ® -3 01Kcal 4
1.644A

Energy(Kcal)
]
T

1 1 1 i
-5 0 5 10 15
Distance(A)

3F T - T T T

E 1.934Kcal
2 1 zero A

1 .

\ z

3 52Keal
1.695 A -

Energy(Keal)

_5 1 - 1 L
-5 0 5 10 15
Distance{A)

T T T T T T
16 |-
14} c)K’-A
®, 1255Kcal
—_ 12 + zero A -1
E
M 10 | . 4
% 8f i
o
g s
(5] . T
4+ ./ .
L /
2 . 4
o2~ AL LA
1 - i 1 L 1
-3 [¢] 3 [ 9 12
Distance(A)
T T T T
70 + 61.41Keal b
, zevo A d)Ca™-A
60 I ’ i
47 92Kcal
o= S0 c a”646A B
bt - L
4 -
X 40} 4
ES
b
¢ 30 J
[~}
=]
20 <
10 | 4
. .
0 S ‘ .
L
-10 -5 0 5 10

Distance(A)

Fig. 2. Total potential energy variation due to the CO penetration through the cation exchanged 8-R plane.
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Table 1. Variation of cation distance to the neighbouring oxygen(R)

(r : Distance of H, to the 8-R plane in A)

Rixa*-0161 (r) Rime2*+ 0161 (r) Rk + .04 (r) Rrca?— 0161 (r)
2.585 ( o© ) 3.245 ( o ) 3417 ( © ) 3518 ( < )
3.403 ( 4.373) 3.760 ( 4.873) 3435 ( 5373) 3.405 ( 7.373)
3.407 ( 3.873) 3.759 ( 4.373) 3.389 ( 4.373) 3405 ( 5.373)
3.405 ( 3.373) 3.745 ( 3873 3.389 ( 3373) 3405 ( 4.373)
3.402 ( 2873) 3.642 ( 3373) 3.389 ( 2873) 3405 ( 3373)
3.378 ( 2.373) 3.082 ( 2873) 3.389 ( 2.373) 3.391 ( 2373)
3.250 ( 1873) 2978 ( 2373) - ( 1.873) 3312 ( 1.373)
3.189 ( 1.373) 2978 ( 1.873) 3.083 ( 1373) 3.158 ( 0373)
3.016 ( 0373) 2.819 ( 1.373) 3.191 (. 0373) 3.158 ( 0.000)
3.016 ( 0.000) 2.702 ( 0373) 3.191 (. 0.000) 3.158 (—0.373)
3.016 (—0.373) 2.702 ( 0.000) 3.083 (-1.373) 3.312 (—1.373)
3.189 (—1.373) 2.819 (—1.373) - (—1.873) 3.391 (—2.373)
3.250 (—1.873) 2978 (—1.873) 3.389 (—2373) 3.405 (~3.373)
3.378 (—2.373) 2978 (—2.373) 3.389 (—2.873) 3.405 (~4.373)
3402 (—2.873) 3.082 (—2.873) 3.389 (—3.373) 3.405 (—5.373)
3.405 (—3.373) 3.642 (—3.373) 3.389 (—4.373) 3405 (—7.373)
3407 (—3.873) 3.745 (—3.873) 3435 (~-5.373) - -

Table 2. Variation of cation distance(R) between cation
and closest oxygen atom due to the CO penetra-
tion
(r : Distance of CO to the 8-R plane in Y

Rivatoisl (1) Rmgto (1) Rikrog (r)
2585 ( © ) 3245 ( ®© ) 3417 ( <«© )
3420 ( 4.144) 4004 ( 4595) 3408 ( 4.595)
3456 ( 3644) 4004 ( 3595) 3408 ( 3.595)
3471 ( 3.144) 4004 ( 3.095) 3416 ( 3.095)
3508 ( 2644) 3.149 ( 2595) 3318 ( 2595)
3267 ( 2144) 2946 ( 2095) 3290 ( 2095)
2941 ( 1644) 2812 ( 1595) 3319 ( 1595)
2663 ( 0644) 2680 ( 0595) 2494 ( 0.595)
2855 ( 0.000) 2680 ( 0000) 2494 ( 0.000)

2784 (—1644) 2594 (—1595) 3380 (—1.595)
2926 (-2144) 2685 (—2.095) 3311 (—2.095)
3263 (—2644) 2813 (—2595) 3346 (—2.595)
3397 (—3.144) 2943 (-3095) 3394 (-3.095)
3435 (—3644) 3007 (—3595) 3.383 (-3595)
3386 (—4.144) 3.007 (—4.595) 3.383 (—4.095)
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Table 3. Kinetic diameter(X) of the a-cage of cation satu-
rated zeolite A in the case of H; and CO penetra-
tion
Na*- Mg®*- K*- Ca?*-

CO 4.141(2663) 4210(2594) 4.310(2.494) 5.625(1.179)

H, 3.783(3016) 4.102(2.702) 3.721(3.083) 3.646(3.158)

number within the parenthesis are R(M"*-Oy6)
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