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Abstract--CNDO/2 calculation for atomic charges, Wiberg bond orders and adsorption energies of CO 

molecules on the cluster model whose SitAI ratio varied were carried out. 

The data for the normal cluster and dealuminated cluster were compared. Decationization energies of the 
cations increased with the charge densities of cation and number o[ aluminum involved. Adsorption process 
of CO on the monovalent cations such as H +, Li +, Na ~ and divalent cations, Be 2 +, Ca 2 +, and Mg 2+ was sup- 
posed to be occurring by tile donat on of non-bonded electrons from CO. The decationization energies c~f 

cations obviously decreased by the dealumination process. Adsorption energies of CO on the cations gener- 
ally decreased as the deaIumination look place except the case of H ' and Na ~ . 

INTRODUCTION 

In order  to have a better unders tauding of the 
modification made by the dealun]ination on the cata- 

lytic activities and the adsorption cap~cities of X aud Y 

zeolites, CNDO/2 calculations, recently, have beeu 
made  on a cluster model represent ing the faujasite 
structure [1-3]. An attempl to rationalize the acid al- 

tack mechan i sm of dealuminat ion in the cation ex- 

changing reaction of faujasite was made  [4}. The ~.al- 
culated net charges of cations located o[] the mineral. 
i[]teractiu~] e~ergies and bot!d orders ~,f the atoms 
','.'ilhit] the structure gave us a gtJod it forrnatiun t{, 
u[~dersla~d the ~t~echa~ism of ads~rptio> ,_~f gases cm 

zeoliles. 
The iuflue~ce of Si/AI tati~.~ <~n lhe acidity and site 

selectivity of ~atio[~s in faujasite-lype zeolite was ex- 
plained by using calculated atomic r~.et charges al~d 
catio[]-bondit~g unergies [5 .  The distribution ~,f cat- 
ions in model c~Jmpounds is deterrnmed by calculating 
the binding energies for several possible cation ar- 

rangemenl .  
Using tile assumption of complete  ionicity, Ma- 

delung potenfiais for the monovalent  and divalel~t 

calions in ordered models  ,,[ X ,.u!d Y fauiasites have 
been calculated ArM results of the calculali<ms f~,r 
m~u!~valent zeoliles agreed well with i,,nfic dislribu- 
tions foul]d from X-ray studies [61. And it was [oul!d 

also that sile [ is filled firsl to ]00'Y, t~ccul,ancy aud site 

l[ s filled next, t~: the extent of ious are available. 

It is suggested that the role of electronegativities of 

the cations or of the T atoms in the zeolite structure is 
most important for the intensity of pyrole adsorption 
on zeolites [7]. 

Five adsoq)tion models  of CO on the catiai]s sup- 

ported on materials such as silica and a lumina were, 
suggested [8]. And a linear structure model wilh a 
double bond between the cation and carbon was pro- 
posed as one of the most fawmrable struclure. An ex- 
perimental facts show that adsorbed CO molecules 
stap.d perpendicularly to the transition metal surface 
with C m direct contact to the metal [9]. 

This .work was carried out in order to ob~:ain ge{, 
metric structure and atomic charges of catiuI~_s and 

stabilities of the faujasite and to unders tand lhe effect 

of dealuminatka'~ of faujasite on the adsorptio ~. behav- 

iours of CO. 

EXPERIMENTAL AND CALCULATION 

CNDO/2 calculations have been made  or~ a small 

atomic cluster, T~;O{;(OH)s model ,  represent ing por- 
t ions of the Faujasite struclure [14]. The CND(}/2 
program and COORD program employed here were 
QCPE No. 261 and No. 226. respectively. All the quau> 
turn-chemical calculations were acc~m@lished taking 
il:to accomd or ly  Ihe orbilals lower in energy than 3d, 
i.e., the sp basis. Co[tvergep.ce lin~its on the .electronic 

energies  were  set equal to 1 • 10 -6 a.u. As a result of 

koewenste ins  rule, the first coordination sphere  Of 
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Fig. 1. Atomic arrangement of  zeolite  c luster  model  
and carbon monoxide  adsorbed,  AI locations 
according to the Si / AI ratio are T 2, T4, T e for 1 
(St/AI), T3, Ts for  2 and T s f o r  5. 

aluminum atoms are composed entirely of silicon 
atoms Bond lengths of Si-O, AI-O and O-H for cluster 
geometry, 1.61A, 1.75A, 1.025A for Si-OH, 1,035A for 
AI-OH respectively taken from the X-ray data {10], 

were applied. X-ray data of 109.5 for the bond angle of 
O-T-O was also used. 

In order to simulate the cations localized in the Sir 
and S:, cahon)c positions of zeolite cavities, calk>ns 
were positioned h) somewhere about the center of the 
duster tu meet must stable energy state. The presence 
of one M "+ ion per unit cluster has no subs:antia] ef- 
fects on the perfect charge saturation within the 
skeleton. All the calculations were done only taking 
into account of the orbitals up to 3d. The calculation 
provided results is qualitatively identical with those 
previo.~sly reported [4]. 

The decalionization energies, E~,, were obtained 
from lhe difference between two tolal enere, ies wilh 
and wiih(JUt cations. 

E~ = E[T60~(OH)eM]-E[T6OdOH)s"- ] 

Adsorption energies, Ead, of CO on cation suppurled 
cluster were calculated from the equation. 

E~j : E [T606(OH)6M-CO]-E [T60 6(0 H)~M ]- E(CO) 

RESULT AND DISCUSSION 

The bond length of the cation to the closest oxygen 
located along Ihree fold axes in Ihe plane (>l the 6-oxy- 
gen ring varied according to the size of the cations. 
Medium size cations such as Li*, Be 2". Mg ~" lucaled 

almost m. Ihe cenler uf the plane whereas smatJ caliun 
such as H" shifted toward the ()c~ to sat:sly must 

Table I. Bond length of cation-oxygen of zeolite,  
cluster,  TsO~OI- ~ 

Cation 8i/Al R(M-O~) R(M-Ol0 ) R(M-OI2 ) 

H + 

Li + 

Na + 

Be 2+ 

Mg 2+ 

Ca 2 

Co2+ 

2.66 2.61 1.03 

2.44 2.63 1.03 

2,68 2.76 1.03 

2.14 1.99 1.98 
1.98 2.02 1.98 
2.10 2.16 1.98 
2,81 2.81 2.81 
2.78 2.81 2.81 
2.72 2.83 2.81 

2.17 2.03 1.91 

2.00 2.08 ~ 9 I 
2. L4 2.20 1.91 
2.14 1.99 1.98 
1.98 2.02 1.98 
2.07 2.16 1.98 
2.81 2.81 2.83 
2.78 2.82 2.83 
2.72 2.83 2.83 
2,30 2.30 2.30 

2.00 2.11 212 

Table 2. Decatlonizatlon energ ies  of cations,  A E~ 
(kcal Imol}, on the zeol i te  cluster 

Si/AI H + Li* Na + Be 2 + Mg 2 ~- Ca 2 + Co 2 + 

1 601 491 26!. 1217 377 169 2749 
2 510 402 173 1050 345 154 704 
5 446 320 121 873 295 131 --  

favourable energy slate. Large size cations, Ca 2~ and 
Na +, localized in the pt,sition lifted above the oxygen 

plane to meel good agreement with the X-ray dala 
[] 1,i 2]. tr, teraction energies u[ cations, illustrated in 
terms of decationization energies in Table 2, depended 
primarily ul! the charge densities of the cation and 
number of aluminum involved. This is simply at- 
tributed to the Coulomb interaction between the cat- 
ions and the charge deficient cluster. 

Charges of cations in the cluster is shown in Table 
3 are significantly different from the expected formal 
charges due to the charge transfer from the skeleton. 
Charge transfer, Ihe difference from 0.0779 for carbon 
and -0.0779 for oxygen of isolated CO molecule. 
created on the process of bond formation with catiun 
increased wilh the number of aluminum in lhe cluster 
and the charge densities of the cation. An attempt has 
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Table 3. Charges  of cat ions ,  q(M), on the zeol i te  c luster  

171 

SitAI H + Li + Na + Be 2+ Mg 2- Ca 2+ Co 2+ 

1 0.1240 0.1562 0.4156 0.3919 0.8921 1.3987 2.2083 

2 0.1301 0.1703 0.4667 0.4356 0.9209 1.4943 2.4198 

5 0.1429 0.1928 0.4760 0.5009 0.9610 1.5053 - -  

Table  4. Atomic charge  of e x c h a n g e d  cation and 
carbon m o n o x i d e  

Si/A] = 1 (Z)--M (Z) M C - - - - O  

H + 0.1240 0.2373 0.0983 -0.0637 

Li + 0.1562 -0.1460 0.3740 -0.1056 

Na + 0.4156 0.3158 0.2014 -0.1032 

Be 2+ 0.3999 0.1210 0.3792 0.0262 

Mg ::+ 0.8921 0.7973 0.2023 -0.0136 

Ca 2 ~ 1.3987 1.4081 0.1024 -0.0689 

Co 2 + 2.2083 2.2138 0.0364 -0.0364 

Si/A: =2  (Z)--M (Z) M - - C - - - - O  

H § 0.1301 0.2594 0.0784 -0.0243 

Li + 0.1703 -0.1397 0.2574 0.0150 

Na* 0.4677 0.3613 0.1244 -0.0167 

Be 2+ 0.4356 0.1396 0.3819 0.0361 

Mg:'* 0.9209 0.8011 0.1698 0.0222 

Ca 2- 1.4943 1.4527 0.0880 --0.0480 

Co 2+ 2.4198 2.4452 00182 -O0181 

Si/Ai =5 (Z)--M (Z) - M  C -  O 

H ~ 0.1429 0.2339 0.0152 -0.0169 

Li ~ 0.1928 -0.1162 0.3394 0.0386 

Na + 0.4760 0.3064 0.1679 -0.0102 

Be 2+ 0.5(109 0.3254 0.3734 0.0824 

Mg 2'+ 0.9610 0.9070 0.1649 0.0511 

Ca 2+ 1.5053 1.4598 0.1045 -~0.0278 
Co 2 ~- _ _ 

been  m a d e  to relate the  calculated partial charges  

t ransferred from the  c luster  to the  pro tons  and  decat-  

ionization energies  of the  cations.  

Decationization energy  general ly increased  along 

with :he charges  t ransferred from the cluster  to the  cat- 

ions.  Al though the increas ing  rate of m o n c v a l e n t  cal- 

ions  was  not s ame  as that of divalent  cat ions.  

Decationization energ ies  is cons idered  to be a 

m e a s u r e  of the  electron acceptor ability for the  non-  

transi t ion metal  cation but the  case of Co 2+ indicated a 

possibili ty of d-,'r '~ back dona t ion  lowering positive 

charge  of carbon and  p romot ing  C-O bond  order  as 

well. 
T:~e bond  order  be tween  carbon and  oxygen  in 

2 , 0 i  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/ Be 2 + 

500 1000 

./% E D (kcal / mole) 

Fig. 2. Decat lonlzat ion en erg i e s  (kcal /mole)  of the 
cat ions  and charge  transferred from the clus- 
ter. 

Circle, triangle and square indicate 1, 2, 5 ol Si/AI 

ratio respectively. 

Table 5 to represent  the intensi t ies  of CO adsorpt ion 

increased  after the  adsorpt ion process  took place as 

m u c h  as the  difference from 2.5766 of isolated CO 

molecule .  Correlation be tween  the vibrat ional  fre- 

quenc ies ,  v 1 of CO interact ing with the  ca t ions  of 

zeolites and  the  Wiberg bond  orders  calculated l:or the  

co r respond ing  interaction complexes  of CO were re- 

ported [ 13-15]. Never theless ,  it is clear that  ne i ther  the  

increase  in CO bc, nd order  nor  the  s t re tching vibrat ion 

bond  force cons tant  ~,f CO is directly related with the  

intensi t ies  of adsorpt ion.  

The adsorption energies in Table 6 and the bond 
order increase of CO adsorbed on monovalent and 
divalent cations in Table 5 can be hardly explained by 
Clark's back donation theory [8]. CO molecule ad- 
sorbed on those cations are able to donate the ]one 
pair on carbon to the vacant orbitals of cations and 
back donate electrons from filled d or p orbi:als uf 
cations to the vacant antibonding ~* orbita[s on CO tu 
promote the C-O bond order. However, the C-C, bond 
order increase due to back donation from those, mono 
and divalent cations, particularly, H +, Li + and Be 2~ 
are impossible. On the other hand, it thus seems high- 
ly probable that the donation of nonbonded pairs of 
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Table 5. Wiberg bond order,  M-O, M-C and C-O 

Si/AI = l Si/AI ~ 2 Si/AI = 5 

Z - - M  Z - - M - - C  O Z - - M  Z M C - -  O Z - - M  Z M C O 

H + (Oi2-) 0.9539 0.8204 0.0794 2.5!)99 0.9458 0.8142 0.0819 

Li + (08-) 0.3941 0.2769 0.4284 0.3737 

(O1o-) 0.4135 0.3767 0,3124 0.2851 

(O12-) 0.4210 0.3850 0.4306 2.61)32 0.4229 0.3631 0.4339 

Na- (Os-) 0.1254 0.1278 0.1203 0.1181 

(O]o-) 0.1250 0.1273 0.0853 0.0818 

(O~2-) 0.1265 0.1287 0.1794 2.6078 0.1174 0.115(/ 0.1956 

Be 2- (O8-) 0.4601 0.4089 0.7948 0.6866 

(Olo-I 0.7882 0,6750 0.4466 0.3945 0.4739 

(O12-) 0.8080 0.6889 0.6853 2.6020 07849 0.6778 0.6908 

Mg 2+ (Os-) 0.3998 0.3295 0.4057 0.3664 

(0io-) 0.4006 0.3291 0.3167 0,2942 

(O12-) 04010 0.3287 0.3088 2.6'178 0.3960 0.3575 0.3111 

Ca 2" (O8-) 00925 0.0901 0.0843 0.0873 

(Ore-) 00919 0.0894 0.0559 0.0541 
(O~2-) 0.0928 0.0908 0.0635 2.6274 0.0806 0.0833 0.0757 

Co 2+ (08-) 0.3030 0.3096 0.2863 0.2884 

(Oio-) 0.3028 0.3094 0.1827 0.1827 
(Or2) 0.3027 0.3092 0.0001 2.6101 0.2291 0.2221 0.0001 

2.6124 0.9396 0.8399 0.0864 2.6157 

0.3023 0.2546 

0.2891 0.2598 

2.6132 0,4164 0.3762 0.4784 2.6165 

0.0840 0.0831 

0.1068 0.1066 

2.6144 0.1388 0.1337 0.2123 2.6157 

0.5097 0.4339 

0.2841 

2.615l 0.9014 0.8122 0.7285 2.6285 

0.2975 0.2636 

0.2977 0.2732 

2.6764 0.4338 0.4071 0.3528 2.6875 

0.0597 0.0595 
0.0556 0.0554 

2.6:}14 00908 0.0906 0.0879 2.6387 

2.6239 . . . .  

Table 6. Adsorption energies ,  AEaa (kcal/mol),  of 

CO on the cation in the zeolite cluster 

Si/Ai H + LJ ~ Na ~ Be 2. Mg 2" ('a 2~ Cu 2 

1 18.3 92.6 t8.5 195.1 183,3 23,0 0.0(/ 

2 21.1 957 24.8 199.(/ 191.0 281 .7.15 

5 24.4 123.6 28.9 207.0 196.0 33.4 - -  

electron from the carbon to cat ions  arid oxygen  to car- 

bon possibly exert a synergist ic  induc tkm eflect e ~ h a n -  

cing each uther. This is supported by the charge im 
crease on oxygen in due c(Jurse uf the ad~()rptior~ pr,a- 
ces,L Bonding between the cations and the c}tlster 
became weakened for the sake of lhe new bond furma- 
t iur .  M-C. un the prucess of CO adsorFtion. It was 
rep,orled that the most of the bunding between Ulel,d 
clusters and alums of adsorbed CO is pr imar i ly  sp 
character and cl-Tr :~ back donat ion is general ly small 

[16]. 
The electru1~, acceptor abilities of these cation zeu- 

lites exhibit the  fo l lowing trep.d: H - >  Na L > C a  2 .  > 
Li +- > Mg 2"- > Be g* -. The binding energies of cations 
decreased  with a decrease  of a luminun~ contenl  h~' 

meet well c(msistence with the work (,f olhers [5]. 
Adsorpl ion energies of CO increased ~.,.,itl~ charge 

densities of cation with the exceplion such as tram;J- 
fiun metal cation. And the energies decreased wi lh  lhe 

Table 7. Bond lenglh {A) of cation-oxygen in the 

dealuminated Z-cluster 

CafiCm ( S i : A [ )  R(M-O8)  R(M-OIO ) R(M-OI2 ) 

t l  ' 3:2 1.03 2.55 2.71 
4:1 1.03 2.64 2.44 
5:0 1.03 2.59 2.74 

Li + :}:2 1.98 1.99 2.10 
4:1 1.99 1.96 2.1)7 

5:0 1.98 209 2.14 
Na + 3:2 2.81 2.97 2 77 

4:1 281 2.93 2.52 
5:0 2.81 2.96 2.77 

Be 2 ~ 3:2 191 212 2.17 

4:1 1.9/) 198 2.12 

5:0 I90  2 I0 2.116 
Mg 2" 3:2 1.98 2 05 2.02 

4:1 1.99 204 1.98 

5.9 2.02 207 2 lI 

Ca 2 ' 3:2 2.83 306 2.75 

4:1 2.83 302 2.4!) 

5:0 2.83 3.09 274 

cluster in which alurninum amuunl increased CN[_)( )J 
2 calculation was also carried out for the  d e a l u m i n a l e d  

sy s t em with the  cluster  as s h o w n  in Fig. 1 except  e lm> 

inating one AI(),  in the position uf T~;. Bund le~Lqlhs ,.A 
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Table 8. Cation localization and total energ ie s  of 
dealuminated Z-cluster 

Cation (Si:AI) R(M-Os) 0ff-O-M) Et.(A.U.) R~ * 

H ~- 3:2 1.03 117.85 -312.62 2.66 

421 1.03 117.75 -314.35 2.44 

5:0 1.03 117.85 -31593 2.68 

Li + 3:2 1.98 112.75 -312.4l 2.14 

4:1 1.99 120.65 -314.11 1.98 

5:0 1.98 113.85 -315.74 2.1(I 

Na + 3:2 281 99,17 -31204 2.81 

421 2.81 101.17 -313,72 2.78 

5:0 2.81 98.17 -315.37 2.72 

Be 2. 3:2 1.90 110.25 -313.43 217 

4:1 1.90 121.75 -315.01 200 

5:0 1 .91  113.75 --316.42 2.14 
Mg 2+ 3:2 1.98 110.25 312.05 2.14 

4:1 1.99 117.75 --313.59 1.98 

5:0 2.02 113.75 -315.17 2.(/7 

Ca 2 ' 3:2 2.83 97.17 -310.90 281 

4:1 2.8:3 99.17 -412.23 2.78 
5:0 2.83 95.17 --313.84 2.72 

*R'"(M-O~; M-O 8 Bond length of non4Jealummated Z. 

Table 9. Bond length of M-C and CO and total 

energy  of dealuminated Z-cluster 

Cation SiAl M-C C-O Energy(a.u ) 

H + 3:2 1.509 1.190 -337.72 

4:1 1.501 1.189 --339.45 

5:0 1.492 1.188 -341.0l 

Li " 3:2 2.143 1.189 --337.58 

421 2,119 1.189 -339.28 

5:0 2.106 1.188 - 340.92 

Na + 3:2 3.116 1.189 -337.14 

4:1 3.099 1.189 -338.82 

5:0 3.080 1.189 3411.48 

Be 2- 3:2 1,846 1.186 438.75 

4:1 1.837 1.186 - 340.32 

5:0 1.820 1.184 -341.77 

IV[g 2+ 3:2 2.510 1.183 337.11 

4:1 2.507 1.182 338.68 

5:0 2.493 1.18(~ 34026 

Ca 2* 3:2 4,312 1189 --335.9!i 
4:1 4.296 1.187 337.29 

5:0 4.276 1.18(; --338.91 

cat ion-oxygen in the  d e a l u m i n a t e d  chisl,~r are m~l sig- 

nificantly different from those  of m~rmal elusl('r. ] 'he  

dealuminatiou process ul l imately  shifted the lu(ati~,u 
of the cations closely toward the oxygen. ()g instead ~.,f 

Table 10. Atomic charge  of exchanged  cation and 
carbon monoxide  on dealumlnated clus- 
ter 

Si/AI = 3:2 ( Z ) -  M (Z) M C- O 

H * 0.1606 0.2363 0.0405 -0.0930 

Li + -0.0088 -0.1233 0.1994 -0.0027 

Na § 0.4977 0.3945 0.1018 0.0027 

Be 2+ 0.4767 0.2857 0.2907 0.0091 

Mg 2+ 0.9684 0.8962 0.1402 0.0079 

Ca 2~ 1.4586 1,4138 0.1166 -0.0699 

Si/AI : 4:1 (Z)--M {Z) M C- O 

H + 0.1664 0.2445 0.0853 -0A347 

Li + 0.0301 -0.0927 0.2445 -0.0587 

Na + 0.5198 0.4037 0.1856 -0.06?2 
Be 2+ 0.5103 0.3315 0.2152 0 0827 

Mg 2+ 1.0058 0.9354 0.1038 0.0423 

Ca 2| 1.4958 1.4444 0.0288 0.0249 

SilAI : 5:0 (Z) - -  M (Z) M - - C -  O 

H + 0.2002 0.2794 0.0728 -0.1084 

Li + 0.0922 -0.0513 0.2221 -0.0132 

Na" 05567 0.4253 0.1110 0.0210 

Ba 2§ 0.5926 0.3952 0.2097 0.1254 

Mg 2+ 1.0672 0.9918 0.0836 0.0802 

Ca 2+ 1.5352 1.4710 0.0241 0.0408 

Oi2. The  bond  angle  of T6-Os-M in the Table 8 illus- 

trates that Na ~ and  Ca 2+ ions are  slightly lifted above  
the  p lane  similarly and  the  rest of tile cat ions  are on 

the  plane.  The  dea lumina t ion  effects on the  adsorpt ion 

energies  of CO~ bond  leng ths  of M-C and  bond  length 

of C-O are significant.  The  a tomic charges  of cat ions  on 

the  cluster  as listed in the  Table 10 increased more  

than  those  of normal  cluster  due  to the e l iminat ion  oI 

a[ummum. In order to haw., better u n d e r s t a n d i n g  of 
this charge increase, it is necessary to consider the 
electron induct ion and  transfer  processes  in tbe cation- 

zeolite interaction which  is bothered by the  decrease  

in charge  di[hciency. And the dea lumina t i un  en- 

hanced  less the do,ration c,f electron pairs from CO 
proportionally. These have suggested lhat the frame 
work bondi[~g of cation-cluster interactic, n aud adsorp- 
tion [)recess are more  covalent  Ihrougb out lbe ent ire  

molecu le  than  had been  a s s u m e d  in ion to iort or atoru 

to a tom interaction. 

Compar ing  bond urders  of Z-M in Table 1 I and  the  

data  in Table 5, the  interaction of ca t ions  with Ihe 

d e a l u m i n a t e d  zeolites are slightly less fawmrable  

because  of lowering in charge  deficiency. The  mcreas-  
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Table 11. Wiberg bond order, M-O, M-C and C-O on dealuminated cluster 

Si/AI = 3:2 Si/AI = 4:1 Si/AI = 5:0 
Z - - M  Z M - - C  O Z - - M  Z - - - - M - - C  0 Z - - M  Z M C 0 

H + (08-) 0.9388 0.8497 0.0637 2.4142 0.9358 0.8389 0.0692 
Li + (08-) 0.4517 0.3966 0.4253 0.3912 

(Oi0-) 0.4070 0.3358 0.3546 2.5743 0.3485 0.2851 0.3622 
(O~2-) 0.2907 0.2472 0.3003 0.24'78 

Na + (08-) 0.1339 0.1328 0.1293 0.1293 
(Oi0-) 0.1058 0.1032 0.1901 2.6315 0.0788 0.0780 0.2139 
(O~2-) 0.0911 0.0910 0.1106 0.1095 

Be 2+ {08-) 0.8057 0.7295 0.8407 0.7563 
(Oi0-) 0.6784 0.5539 0.6245 2.5249 0.6263 0.4837 0.6285 
(Oi2-) 0.5220 0.4110 0.4834 0.3716 

Mg 2+(O8- ) 0.3937 0.3810 0,4169 0.39:22 
(O~o-) 0.3790 0.3416 0.2463 2.6204 0.2956 0.2627 0.2513 
(Oi2-) 02766 0.2446 0.2950 0.2560 

Ca2+ (()8-) 0.1056 0.1050 0.0968 0.0971 
(Olo-) 0.0909 0.0903 0.0875 2.584'~, 0.0649 0.0674 0.1000 
(O~2-) 0.0704 0.0699 0.0772 0.0764 

2.3875 0.9264 0.8052 0.0878 2.4157 
0.3516 0.3197 

2.5231 0.3284 0.2721 0.3879 2.5608 
0.3084 0.2586 
0.0918 0.0924 

2.5820 0.0839 0.0843 0.2364 2.6442 
0.0987 0.0982 
0.7276 0.6464 

2.5588 0.6157 0.4692 0.6686 2.5904 
0.5248 0.4102 
0,3464 0,3031 

2.6400 0.3502 0.2858 0.2776 2.6652 
0.2924 0.2607 
0.0718 0.0719 

2.6520 0.0685 0.0685 0.1200 2.6630 
0.0771 0.0768 

Table 12. Adsorption energy of CO with cation on 
dealumlnated zeolite (kcal/mol) 

Si:AI ~k H+ Li+ Na + Be 2 + Mg 2 + Ca 2 + 

3:2 28.10 71.82 22.58 169.49 23.08 1.82 
4:1 26.28 74.96 27.10 161.02 19.07 3.45 
5:0 24.15 80.04 31.36 176.33 25.53 8.78 

ing tendency of M-C and C-O bond order along with 
Si/AI ratio for the dealuminated cluster are not essen- 
tially different from those of normal cluster. The ad- 

sorption energies of CO on H +- and Na+-dealuminated 
cluster increased than the case of normal cluster but 
decreased on the rest of the cations-dealuminated sys- 

tem. 

CONCLUSION 

The interaction of cations with the zeolites and car- 
bon monoxide, particularly in the case of non-tran- 
sition metal cation, depend primarily on the charge 
densitiies of the cation and the number  of a luminum 
involved in the zeolite cluster. The eleclron accept- 
abilities of the cation zeolites exhibit the following 
trend, H~>Na~->Ca2+>Li+>Mg2+>Be  2+. The de- 
a]umination enhanced CO less donation of electron 
pairs. The adsorption energies of CO on the H +- and 
Na--dealuminated cluster turned out to be more than 
the case of equivalent cation supported normal cluster. 
Likewise, the adsorption energies of CO on the Li-- 
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and Be2+-dealuminated cluster were less than the case 
of normal cluster. 
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