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2 o K*o]& A3 A &eo]l &-L(K-L)2 main channelof & F3 £449 g4 o= £
AT w9 Azo] 38R FA43 K-LoA A gztele Axe HyO, NH,; CHNH,,
(CHg),NH 2 (CHyp):N A9 4534 o= 44 61.11, 62.31, 65.68, 74.65, 79.88 kJ/
moloje}, o] & & K' o]l 239 A3 uct 3.7~12.6k]/mol 0] At} o] F AHE Fx 49
oA gAA FAANA o)A sy HEL Aol K-Leo| @34 NH;o CHNH; 9 &
Az B2 Segdwd galA dFstgrt, K-LotA NH; 9 CHNH, 9 4334 &3l
L o)g4 z+9 F 9A3kdch, NHy o CHoNH; 9 232 A &3] gojvs 14 23yhge|rt,

ABSTRACT. The potential energy of adsorbate molecules in the main channel of K* jon exc-

hanged zeolite L(K-L) was calculated. In K-L which adsorbs three molecules per unit cell, the
interaction energies of HzO, NH; CHNH, (CHj;):NH, and (CH3);N molecules with zeolite
lattice are 61.11, 62.31, 65.68, 74.65, and 79.88k]J/mol, respectively. These values are less by
3.9~12.6k]/mol than K* ion affinities with adsorbing molecules. These results may be due to the
facts that the electrostatic energies are reduced by the negative charge of the lattice oxygens.
The distribution of adsorption sites of NH; and CH3;NH; in K-L was investigated by a technique
of temperature programmed desorption. The experimental value of desorption energies of NH; and
CH;NH, on K-L are in good agreement with the theoritical values. It is concluded that the deso-
rption of NHy and CH,NH; on K-L is the first~order desorption with free readsorption.
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Fig. 1. A section of the framework of zeolite L with
the different cation. sites; (O :site A, @ :site B, @
:site C, @ :site D.
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Table 1. Site occupancy factor in ref. 2 (column A)
and adjusted occupancy factors used for the present
study (column B)

Site A B
- Fractional Fractional
Cation  occupancy Cation accupancy
factor factor

A Ng,K 0.7 K 0.5

B K 1.0 K 1.¢

C K 0.9 K 1.0

D Na -+ 0.6 K 0.5

Tabie 2. Various parameters of atoms and zeolitic
ions used for the present theoretical calculation

parame- atom and zeolitic ion

ter K+ O N C H
a/10°4 | 0.84¢ 0.85 0.98 1.0¢  0.44°
cm

Neit! 17.3 8.8 55 4.7 0.9
?/1?‘]:] 32. 4042 58.7015 58.7015 58.7015 0.8715
mo

blA-1 3.6 3.928 4.0006 4.9558 3

/A 1.33¢  0.64087 0.6975/0.77657 0. 3165/

ofrem ref. 26, *from ref. 27, <from ref. 21, “from ref.
28, <ionic radius, and ‘obtained from methylamine
and water

9 AYgozyy 44049
gtel el & T3 vk (Table 2).
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4 H
A gelol E-Le J ¥ HEWES A A F (Lot
No; G2-130-1,2) 2. 24, Az& AEF9 3} =
A (Ko0)o-99(Naz0).0s(Al;09) (SiOg) 528 7H
Atk AYNAE 60~s0sl A Az wHEe)
gt A3 7]lalE= Union Carbide 8] A%
el NHy(Cat. No; 2816~0100)$} CH3NH,(Cat.
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Table 3. The optimized potential energies (kJ/mol) between K* ion and molecule

molecule Ea Ep Esi E,. Epe K-N(QO)* LKN(O)o} = dHy ¢ a
NH, —71.08 —25.42 — 873  30.31 —74.92 2.5747 ] 1.468 —749 2.34
CH;NH, | —62.58 —37.27 —11.76 34.51 —77.05 2.5571 0 1.343  —=79.5 4.19
(CHy),NH | —57.02 —47.94 —14.53 38.52 —80.97 2.5303 0 1.030 —8L.6 5.93
(CHp,N | —53.61 —53.50 —15.58 39.01 -—83.68 2 5023 0 0.612 —83.7 7.93
H0 —70.45 —17.70 — 7.24 24.69 —70.70 2.6208 0 1.846  —70.7 1.49/

sin A, *angle(®) between K-N(O) and ¢, plane of molecule, ¢dipole moment (Dehye)?, dexperimental
values (kJ/mol)?, ¢polarizability (30 2cm%)2, and ffrom ref. 29.
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Fig. 2. Schematic diagram of a temperature program-
med desorption apparatus used in this work.
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Fig.3. Potential map of K* ion in D site under the
assumption that K* ions in A, B, and C sites are fixed
in each site (the velues on cures are represented as
in kJ/mol; O, and O are zeolitic oxygens; the A site
toward Oy is empty; potential energy between K* ion
in D site and zeolite lattice is positive below the
dashed line.).
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Table 4. The optimized position of adsorbate mole-
cule and K* ion of D site in K-L when three molec-
ules were adsorbed per unit cell

Adsorbate* coordinates? . atomic
. atom D net
or ion x(Ay  y(A)  2(A)  charge
NHs N  ..8657 3.1127  0.0612 —0.7776
H 1.4835 3.9235 0.5203 0.2592
H 1.4507 2.3009  0.4987 0.2592
H 1.5241 3.137%6 —0.8903 0.2592
K+ 4.6381 2.8252  0.0734
CH3NH, N 2.2476 1.8756 0. 0039 —0(.6432
C 1.5804 3.1899 —(.0001 0.1808
H 1.9185 1.3597 0.8125 0.2416
H 1.9234 1.3572 ~0.8050 0.2416
H., 0.48381 3.1516 —0.0034 —0.0304
H. 1.9298 3.7157 —0.8025 0.0048
H, 1.9244 3.7185 0.8927 0.0M8
K+ 4.7591 2.6553 0. 0002
(CH3),NH | N 1.9133 3.4596  0.0005 —0.5684
C, 1.4736 2.763¢ —1.2124 0.1760
C, 1.4497 2.7775 1.2124 0.1760
H 1.5374 4.4014 —0.0087 0.2480
H, 0.3752 2.7371 —1.2651 —0.0272
H, 1.8464 1.7286 —1.2196 0.0032
H, 1.8521 3.2752 —2.1095 0.0032
Heo 0.3505 2.7517 1. 2437 —0.0272
H., 1.8222 1.7428 1.2390 0.0032
H. 1.8105 3.2997  2.1108 0.0032
K+ 4.5725 2.7783  0.0024
(CHg)sN | N 1.9585 2.8156 —0.0391 —0.4716
C; 1.0457 3.0430 —0.0061 0.1696
C, 1.8216 2.0035 1.1555 (.1696
Cs 1.7530 2.0180 —1.2337 0.1696
H, 0.0020 3.5040  0.0217 —0.0240
H, 1.2288 4.5614 0.8850 0.0058
H, 1.1776 4.5722 —0.8987 0.0058
H., 0.8059 1.5866 1.2239 —0. 0240
H, 2.5388 1.169%  1.1392 0.0058
H, 2.0107 2.6068 2.0556 0.0058
Ha 0.7350 1.6016 —1.2488 —0.0240
H.s 24697 1.1842 -—1.2686 0.0058
H; 1.8005 2.6322 —2.1358 0.0058
K+ 4.6608 2.9182 —0.0018
H,0 O 1.9283 3.2502  0.1713 —0.6496
H 1.3411 3.2474 0.9271 0.3248
H 1.3478 3.3491 —0.5833 0.3248
K+ 4.6325 2.8055  0.1195

«The other two adsorbate molecuies (two K* ions)are
located by the rotation of adsorbate molecule{K™ ion)
in table 4 about Z axis on angle 120° and 240°, resp-
ectively. ®The origin of Cartesian coordinates is the
center of main channel in zeolite L.
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Table 5. The optimized potential energies of adsorbate
molecule and K* ion of D site in K-L when three
molecules were adsorbed per unit cell

Adsorbates potential energy (kJ/mol)

or ton Eﬂ' EM Ed'ia Eﬂﬁ Epot
NH; — 49.44 —14.53 —16.42 18.08 — 62.31
K+ ~701.42 — 2.24 ~28.84 54.35 —678.15
CH3NH; |— 46.88 —25.39 —30.62 37.21 — 65.68
K+ —708.42 — 1.55 —33.66 67.57 —671.06
(CHy);NH|— 42.55 —26.90 ~50.54 45.34 — 74.65
K+ —687.07 — 1.72 —31.32 50.88 —669.23
(CHg)sN |- 38.13 —32.35 —69.38 59.98 — 79.88
K+ —689.94 — 1.89 —37.29 72.86 —656.26
H,0 — 53.75 —11.15 —15.11 18.90 -~ 61.11
K* —703.57 — 2.15 —28.52 54.54 —679.70

“The other two adsorbate molecules (two K* ions)
have the same potential energies as those in Tabie 5.

Table 6. The ratios of half-value peak width of TPD
chromatograms to that of computed chromatograms
(R,) vs. initial coverages

Adsorbate molecule 8; Ry
NH; 0.77° 0.85

0. 41¢ 0.96

0.12¢ 0.98

CH3NH, 0.79 0.95
0.63 1.01

0.36 1.03

0.20 0.97

*only concerned with peak (1).
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