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Abstract—The CNDO/2 method was used to study the interaction of CO, molecules with the cations situated in
the Sy site of faujasite zeolites which have various Si/ Al ratios. It was found that correlation between the electrostatic
field strength of exchanged cations in the zeolites and interacting CO, molecules. The strength of interaction between
them has the following order: Mg2+> Ca2+>> Li+ >Na+. When plotting the calculated C-O bond orders of CO, interac-
ting with the cations and the asymmetric stretching vibrational frequencies of corresponding CO,, quite good correla-

tion was obtained.
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Fig. 1a. Schematic depiction of cluster I with
their numbering: X stands for the cations
located in the S cationic site, T stands
for Si or Al atoms,
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Table 1. CND0/2 atomic charges, g, for interac-
tion of CO, molecules with cluster I(Si/Al

ratio is 2)
ILiCO; -NaO, -MgCO, -CaCO, CO,
q( 1) 1.643 1.592 1.646 1571
q( 2) 1.647 1.592 1.638 1.568
q( 3) 1.371 1.333 1.316 1.313
q( 4) 1.588 1.577 1.556 1.555
q( 5) 1.591 1.579 1.562 1.557
q( 6) 1.362 1.323 1.303 1.304
q( 7) =724  -704 -706 -.794
q( 8) -.684 -761 -816 -.722
q( 9) -.666 -729 -564 -.707
q(10) -734 -719 -900 -.787
q(11) -666 -.729 -564 -.707
q(12) -.682 -753 -820 -.719
q(13) -595 -596 -587 -597
q(14) -596 -596 -588 -.598
q(15) -595 -586 -587 -595
q(16) -597 -597 -589 _.599
q(17) =997 -597 -589 ~-599
q(18) -596 -597 -587 _595

q(19) 123 114 152 130
q(20) 121 112 .149 127
q(21) .039 .037 .068 .055
q(22) 111 111 145 127
a(23) 111 111 .146 127
q(24) 039 037 .069 .054
a(25)  -.085 .460 922 1.484
q(26) -.262 -373 -.316
q(27) 546 527 .535 .530 520
q(28) -.188
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Table 2. CNDO/2 atomic charges, q, for interac- Table 3. Wiberg bond orders, p, for interaction of
tion of CO, molecules with cluster I CO, molecules with cluster I(Si/Al ratio
(Si/Al ratio is 1) is 2)
ILiCO; -NaCO, -MgCO, -CaCoO, ILiCO; -NaCQO; -MgCO; -CaC0O, CO,
q( 1 1.552 1.516 1.569 1.501 p( 1- 7) .801 .806 811 .765
q( 2) 1.353 1.313 1.317 1.303 p( 1-12) 871 916 782 947
q( 3) 1.542 1.516 1.569 1.503 p( 1-13) .710 700 752 711
q( 4) 1.354 1.313 1.314 1.301 p( 2-7) .807 813 .806 774
q( 5) 1.564 1.517 1.566 1.504 p( 2- 8 .873 .924 .803 957
q{ 6) 1.327 1.313 1.278 1.300 p( 2-14) .706 .696 .748 706
ql 7 -.724 -.734 -.781 -.726 p( 3- 8 .488 547 454 .566
q( 8) -.681 -.688 ~-.686 -.773 p( 3- 9 .579 562 .568 .567
q( 9) -.725 -.733 -.778 -.726 p( 3-15) .656 663 .699 663
q(10) -.650 -.688 -.687 -.773 p( 4- 9) .985 .949 .976 .968
q(11) -.725 -.735 -779 =727 p( 4-10) .713 781 .604 759
q(12) -.643 -.688 -.679 -.776 p( 4-16) .699 699 743 708
q(13) -.599 -.600 -.596 -.596 p( 5-10) .714 783 612 759
q(14) -.599 -.597 -.595 -.592 p( 5-11) .983 947 .963 967
q(15) -.600 -.602 -.596 -.597 p( 5-17) .699 699 742 707
q(16) -.599 -.597 -.596 -.592 p( 6-11) .583 .566 572 571
q(17) -.598 -.600 -.598 -.597 p( 6-12) .489 548 452 564
q(18) -.598 ~.597 -.598 -.592 p( 6-18) .654 661 .695 .661
q(19) .085 .081 118 .097 p(13-19) .949 951 938 947
ql(20) .016 .015 .045 .032 p(14-10) .949 952 939 .947
ql(21) .084 .082 117 .097 p(15-21) .974 978 972 975
ql22) .016 .015 .045 .032 p(16-22) .952 952 941 .948
q(23) .087 .082 117 .097 p(17-23) 952 952 .940 .948
q(24) .016 .014 .041 .033 p(18-24) 978 978 971 975
q(25) -.103 399 .888 1.431 p( 825 .397 119 .349 .089
q(26) -.182 -.232 -.386 -.273 p(10-25) .273 .085 .268 .053
a(27) 548 523 493 .501 p(12-25) .390 116 .364 .085
q(28) -.261 -.268 -.184 -.246 p(25-26) .160 .042 .109 036

p(26-27) 1.836 1.867 1.758 1.837 1.896
p(27-28) 1.955 1.922 1984 1.955 1.896

Table 4. Wiberg bond orders, p, for interaction of

C0, molecules with cluster I (Si/Al ratio p( 511) 945 915 825 937

is 1) p( 517)  .657 653 909 669

p( 611) 571 612 691 601

ILICO; -NaCO; -MgCO, -CaCO, p( 612) 562 614 550 581

p(1-7)  .968 927 905 937 p( 618)  .640 656 679 645
p( 1-12) 843 916 824 896 p(13-19) 959 959 950 955
p( 1-13) 653 652 693 663 p(14-10) 981 981 977 976
p(2-7 583 588 560 602 p(15-21) 958 959 950 955
p( 2-8  .583 615 550 580 p(16-22) 981 981 957 978
p( 2-14) 626 627 662 643 p(17-23)  .284 959 951 955
p( 3-8  .890 927 827 896 p(1824) 981 980 978 978
p( 39 949 917 902 937 p( 825 284 127 376 .085
p( 3-15)  .657 653 693 669 p(10-25) 400 .126 376 .085
p( 49 612 611 620 604 p(12:25) 407 127 376 085
p( 4-10) 545 620 558 579 p25-26) 172 033 113 033
p( 416)  .624 653 552 642 p(26-27) 1.818 1.840 1.795 1.837
p( 5>10)  .852 928 666 897 p(27-28)  1.937 1.902 1.961 1.943

HWAHAK KONGHAK Vol. 27, No. 5, October 1989



726 MR 4] ]

MgY

23701

- |
© 2360
&
2
2]
g L
=4
o
(&9
2350
23401
1.88 1.92 1.96 2.00

bond order, p(C-0)

Fig. 2. Correlation between the vibrational fre-
quencies v -, of CO, interacting with the
cations located in the zeolites and the
bond orders calculated for corresponding
CO, p(C—0).
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