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ABSTRACT. The possible minimum structures of Cgo(CH2)sOH (n=0~2) and Cs(OH), have been optimized using density
functional theory (DFT) with the 6-311G (d,f) basis set. The harmonic vibrational frequencies and IR intensities are also deter-
mined to confirm that all the optimized geometries are true minima. Also zero-point vibrational energies (ZPVE) have been
considered to predict the binding energies. The predicted binding energy of CoCH,OH is about 10 kcal/mol more stable than
the binding energy of CgOH.
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Fig. 1. Optimized structure of CeOH (1) calculated at the
B3LYP/6-311G(d,f) level of theory.

Journal of the Korean Chemical Society



Structures and Binding Energies of Cso(CH2),OH (n=0~2) 907

Table 1. Geometrical parameters of Ceo(CH2),OH (n=0~2) calcu-
lated at the B3LYP/6-311G(d,f) level of theory

Table 2. Geometrical parameters of Cgo(OH), (2a and 2b) isomers
calculated at the B3LYP/6-311G(d,f) level of theory

B3LYP/6-311G(d,p)

Parameter

B3LYP/6-311G(d,p)
Parameter

C600H C60CH20H Cso(CHz)on 2a 2b
Bond length (A) Bond length (A)
C1-C2 1.519 1.520 1.523 C1-C7 1.543 1.543
C1-C3 1.540 1.543 1.546 C1-C8 1.543 1.534
Cl1-c4 1.546 1.543 1.544 Cl1-C4 1.609 -
C1-C5 - 1.548 1.559 C1-C9 - 1.517
C5-C8 - - 1.522 C1-02 1.423 1.433
C5-Hé6 - 1.098 1.094 02-H3 0.964 0.965
C5-H7 - 1.098 1.094 05-H6 0.964 0.965
C8-H9 - - 1.098 Bond angle (°)
C8-H10 - - 1.098 C8-0O1-H2 107.0 107.0
C8-011 1.432 1.417 1.425
Ol11-H12 0.965 0.962 0.961
Bond angle (°) S 1543 A0 2 gulA el Z¢ae] C-C 2 do|H ) 7t
C1-C5-C8 114.6 7} 0.254 A, 0.076 A J = 101 H-&S BRI, -OH7| 9]
Ccfﬁs.-()cfl-f)Hlllz 107.7 110087.-75((51-151-1112)) 1822 FEAY SR IR w2olEa & £ Ao b))
T2 GA ZHZF 0162 A, 0.076 A A= AojF 1.517 A,
1543 A02 Upehian, 9hA) Wik oot 2k 08
Lol 1433 AR UUHA Q] Bha-Abd Abo] BUAY 2
o](1.43 A)et A 9] dA|st= Ao Sl O-H 4

(2a) (2b)

Fig. 2. Optimized structures of Cs(OH): calculated at the B3LYP/
6-311G(d,f) level of theory.
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Fig. 3. Optimized structures of CooCH>OH (3) and Cso(CH2)OH
(4) calculated at the B3LYP/6-311G(d,f) level of theory.
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Fig. 4. Vibrational frequencies of C¢OH calculated at the B3LYP/
6-311G(d,f) level of theory.
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Fig. 5. Vibrational frequencies of CsoCH>OH calculated at the
B3LYP/6-311G(d,f) level of theory.
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Fig. 6. Vibrational frequencies of C¢o(CH2)2OH calculated at the
B3LYP/6-311G(d,f) level of theory.
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Fig. 7. Vibrational frequencies of two Ce(OH) (2a and 2b) iso-
mers calculated at the B3LYP/6-311G(d,f) level of theory.
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kcal/mol, 62.5 kcal/mol2 A|AE] Q1 1, FF A=Y X =
B ASE Agtol| U A(AEy)= Z+ZF 91.5 keal/mol, 56.0 kcal/
mol2 A AHE| Utk AE, AEo2] & Bl uf (2a)2] 3
o] @bk} & Ao 7 Kol (2b)k ) (2a)2] 27} ¢ ¢t
Helth 2 o 4 Atk ol shvte] -0H7lo] ojs}
Z¥7}; 45.8 kecal/mol 12]31 28 kcal/mol 24| -OH7] 7}
sto] AgQa)= o] & ul o AstA 2dES &

o, A= 2] dojAA Zg2b)E o AE = st

A
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Table 3. Absolute energies (E, in hartree), zero-point vibrational energies (ZPVE, in kcal/mol), relative energies (AE, in kcal/mol) for
hydroxyl group on fullerene-Cg at the B3LYP/6-311G(d,f) level of theory.

B3LYP/6-311G(d,f)

Parameter

E ZPVE AE* (AEQ) HOMO-LUMO gap
Ceo -2286.590384 2348 -
OH: -75.754527 53 -
CH,OH: -115.095602 234 -
(CH2),0H: -154.415299 40.8 -
CeOH -2362.401348 2433 354 (32.2) 28
CeoCH,OH -2401.726546 2614 25.5(22.3) 28
Co(CH2),0H -2441.050210 2793 279 (24.2) 27
Cso(OH), (2a) -2438.258089 2535 99.6 (91.5) 27
Coo(OH), (2b) -2438.199060 251.9 62.5 (56.0) 1.7

“Relative energies (AE) that is, AE {Cs(CH2),OH} = [E(Cqe0) + E{(CH2),OH-}] - E{Cs0o(CH,),OH}

PRelative energies after zero-point vibrational correction (AEy)

2011, Vol. 55, No. 6
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Fig. 8. HOMO and LOMO of Cso(OH); isomers calculated at the
B3LYP/6-311G(d,f) level of theory.
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