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ABSTRACT. The optimized structures and vibrational frequencies for Ca"-(CO) and Ca ~{(CO)y (n=1.2)
complexes were calculated with MP2 and B3LYP methods employving 6-311++G(2d.p) basis sets. Also the
binding energies were investigated for all complexes to compare the stabilities. For Ca -(CO), C-bonded
complexes are more stable than O-bonded complexes. Two stable conformations, linear and Ca. form, are
possible for Ca"-(CO)» complexes and the C», form is more stable than the linear form. Ca”~{CO»)s also has two
possible conformations and linear form has slightly lower energy than C,, form.
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Table 1. The optimized structure and vibrational frequency of Ca™-CQ and Ca*-QC*

Ca™-CO Ca-0C
MP2/ B3LYP/ MP2/ BILYP/
6-311++G(24.P) 6-311++G(24,P) 6-311++G(2d P) 6-311++G(2d.P)
Ca'C 2.906 2817 Cca'o 2.746 2.548
CcO 1.131 1.116 Qc 1.143 1.137
Ca'Co 180.0 180.0 Ca'oC 180.0 180.0
energy(a.u) -789.86093 -790.71450 -789.83342 -790.71103
vibrational 111.2(m) 111.2(z) 109.5(m) 109.5(m)
frequency(cm’™) 143.1(6) 2293.6(5) 152.8(s) 118.7(0)
*Bond distances are in angstroms, and bond angles in degrees.
Table 2. The optimized structures and vibrational frequencies of Ca -(CQ),"
OC-Ca -CO(linear) OC-Ca -CO(Cxv)
MP2/ B3LYP/ MP2/ BILYP/

6-311++G2d.p) 6-311++G(2d.p) 6-311++G(2d.p) 6-311++G(2d,p)
CaC(CaC) 2439 2458 2.850 2,438
COC'OM 1.145 1.132 1.133 1.130
CCa'c 180.0 180.0 70.5 804
energy(a.u) -902.93470 =904 08146 -902.97476 -9004.08913
vibrational 25.4(a) 50.8@) 203_%((1;) 54.5(a .j] 208.4(a'.] 208.8(a'.]
i . 208.3(a) 248.8(a) 333.5(a) 242.7(a") 249.1(a") 274.0(a")
requenciestcm) 417 g 2991¢a")  2087.6(a’)  2134.0(a")

"Bond distances are in angstroms and bond angles in degrees.
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Ca® complex with CO and CO- 275
Table 3. The optimized structures and vibrational frequencies of Ca (OC),"
CO-Ca’-0C(linear) CO-Ca’™-0C(Cx)
MP2/ B3LYP/ MP2/ B3LYP/

6-311++G(2d,p) 6-311++G(2d.p) 6-311++G(2d,p) 6-311++G(2d,p)
Ca O(CaO) 2.719 2333 2.784 2,613
OC(O'CH 1.145 1.136 1.143 1.136
OCa’0 180.0 180.0 66.9 738
energy(a.u) -902.93848 -904.07333 -902.93925 -904.06918

36.7(my) 36.7(n0) 111.8(n) 48.0(a1) 101.9(by) 103.4(ba)
vibrational 111.8(mg) 123.5(7y) 123.3(n,) 103 8(aa) 116.7(a,) 117.8(bs)
frequencies(em ™) 126.6(6,) 192.5(cy) 2124.6(6u) 146.3(an) 2120.6(b2)  2126.2(a1)

2128 8(6,)

*Bond distances are in angstroms and bond angles in degrees.

Fig. 1. The optinuzed structures of Ca -(CO) and Ca -
(COY.
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Table 4. The optimized structures and vibrational frequencies of Ca -CO:"

Ca -OCOq(linear)

Ca’-0CO(cyelic)

MP2/ B3LYP/ MP2/ B3LYP/
6-311++G(2d,p)  6-311++G(2d,p) 6-311++G(2d,p)  6-311++G(2d p)
Ca'o 2.444 2373 Ca O 2213 2.191
oC 1.186 1.179 Ca o 2213 2.191
Cco’ 1.153 1.142 0COC) 1.259 1.252
Ca'0OC 180.0 180.0 QCa" Q" 61.1 61.3
0CO 180.0 180.0 oco’ 126.6 126.1
energies(a.u) -863.01138 -866.02160 -864.98338 -866.01203
brationsl 62.6(x) 62.6(x) 197.9(6) 309.3(a) 342.6(a")
;.'_‘ atonal | e136my  643.601) 1366.7(5) 417.1(a") 788.6(a')
requency (cm’ ) o wm Sy e
2427 .3(6) 1317.6(a") 1339.1(a")

"Bond distances are in angstroms and bond angles in degrees.
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Fig. 2. The optimized structures of Ca’-(CO2) and Ca’-
(CO:):.
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1able 5. The optimized structures and vibrational frequencies of Ca” (CO-)."

OCO-Ca -OCO(linear)

OCO-Ca"-OCO(Cx)

MFP2/ B3LYP/ MP2/
6-311++G(2d.p) 6-311++G(2d.p) 6-311++G(2d.p)

Ca_O[Ca+O') 2,436 2.390 2493
0OCOC) 1.184 1.177 1.184
CO(C'0") 1.154 1.143 L1535
0Ca'o’ 180.0 180.0 780
0OCO 180.0 180.0 180.0
Ca OC 180.0 180.0 168.9
energies(a.u) -1053.27263 -1034.69223 -1033.27172

21.7(m) 21.7(my) 33.5(m,)

55.5(m,) 75.1(my) 75.1(m,)
vibrational 136.3(0;) 232.3(Gu) 641.8(m,)
frequencies(cm™) 641.8(m,) 642.1(my) 642, 1(my)

1369.9(oy) 1371.0{c,) 2422 0(oy)

2430.8(G,)

*Bond distances are in angstroms, and bond angles in degrees.
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Table 6. The binding energies of Ca'(COY, Ca (CO:M(n=1.2)

MP2/ ~ BiLYP/ Ref'6
6-311++G(2d.p) 6-311++G(2d,p)

Ca'(CO) 326 34.4

Ca'(OC) 12.9 24.0

Ca'(COxn linear -38.1 72.4
Cae 67.1 9235

Ca'(OCh linear 243 31.1
Cae 26.3 40,1

Ca'(CO») linear 46.7 533 54

cvelic -21.6 302

Ca'(COM linear 87.2 107.8 108.6

Cae 84.8

*Binding energies are in kJlimol.
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