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Abstract

The stabilized Koopmanns’ theorem (S-KT) is used to calculate the
energies oftemporary anion states of fluoromethanes and perfluoroethane
in long range corrected density functional theory (LRC-DFT). In this
approach, stabilization is accomplished by varying the exponents of
appropriate diffuse function. The energies of temporary anion states are
then identified by investigating the relationship between the resultant
eigenvalues and scale parameter. Results indicate that the calculations of
S-KT using certain LRC-DFT methods are able to yield energies of

temporary anion states in good agreement with the experimental values.

Keywords: fluoromethanes; perfluoroethane ; long-range corrected density

function ; temporary anion state ; stabilized Koopmans’theorem
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B126.CH3F » 3 &t m iz T ITF

4-1-3 CF,4v CoFg 2. % ¥ it
£ 72 ot 8¢ % 7 LC-wPBE » @B97XD ~ CAM-B3LYP -
LC-PBEPBE ~ LC-TPSSTPSS ~ LC-BLYP ~ LC-B97D - B2-PLYPD i

Sfe s AL ARG E A s o
1 LC-wPBE/AL & 2 5 ] > j£ 2 B2, ¢ ¥ & &t ODC fr TAS
f2° B 27 3 38 & 3 CF, v CoFg et £ < W75 B 39 T 52 5 CHgF

CH,F2~ CHF; s i 48 % B2 - % AES 2 % B & 4 (2 )fe(T )

LSRR SR
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% 34 CoFgit * SKT-CPBE, my¥ it 5 &

A Al | A2 | A3 | AAd | A5 | A6 | Bl | B2
C,Fs 6e, | 450 | 450 | 457 | 458 | 442 | 456 | 458 | 4.58
Tap, | 7.06 | 7.04 | 7.1 | 7.22 | 7.16 | 7.20 | 7.07 | 7.14
8ay, | 7.85 | 7.09 | 7.91 | 7.93 | 7.93 | 8.02 | 7.90 | 7.91
8a,,| 7.97 | 7.93 | 8.02 | 8.18 | 8.04 | 8.20 | 8.02 | 8.08
6e, | 9.09 | 9.00 | 9.17 | 9.19 | 9.13 | 9.24 | 9.24 | 9.21
L P E % AT 6-311+ G(d) ¥ CoFg e ia g i fp it &

59en e CirFee® d & FHRM Sl #2039 5 B 5 hP B8 3 p

A o % 22 Jordan B L T g - 5k e

%4 CR 2 Faant g jpyta®

= 3 S5a; 5t,
SKT | Lc-wPBE 7.63 7.94
(7.90 8.21)

wB97XD 7.32 7.16
(7.90 7.84)

CAM-B3LYP 6.33 6.70
(7.90 8.27)

LC-PBEPBE 7.91 7.98
(7.90 7.97)

LC-TPSSTPSS 7.94 8.04
(7.90 8.0)
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LC-BLYPY 7.86 8.07
(7.90 8.11)
LC-B97D 7.72 7.91
(7.90 8.09)
LC-MO06L 8.25 8.38
(7.90 8.03)
B2-PLYPD 6.97 6.88
(7.90 7.81)
% e 7.9
(@54 T B » W E i A1 adssp o (0)Bp Ref20
% 5. CoFgz M Fav efnt B B2 p¥tiE ®
4 2 6e, Tay, 8ay, 8ayy bey
SKT | Lc-wPBE 4.50 7.60 7.85 7.97 9.09
(4.60 7.16 7.95 8.07 9.19)
wB97XD 3.68 6.43 6.99 7.15 8.38
(4.60 7.35 7.91 8.07 9.30)
CAM-B3LYP 3.06 5.85 6.33 6.50 7.56
(4.60 7.39 7.87 8.04 9.10)
LC-PBEPBE 451 7.10 7.90 7.85 9.02
(460 719  7.99 7.94  9.11)
LC-TPSSTPSS | 4.56 7.20 7.96 8.02 9.11
(4.60 7.24 8.00 8.06 9.15)
LC-BLYPY 4.61 7.16 7.83 7.85 9.28
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(4.60 7.15 7.82 7.84 9.27)
LC-B97D 4.12 6.83 7.45 7.67 8.79
(4.60 7.31 7.93 8.15 9.27)
LC-MO6L 4.15 7.14 7.75 8.13 8.73
(460 759 820 858  9.18)
B2-PLYPD 3.93 6.84 7.05 7.22 8.58
(4.60 7.51 7.72 7.89 9.25)

KT | LC-wPBE 451 711 794 763 913
wBI7XD 416 659 736 707 864
CAM-B3LYP 3.39 5.71 6.62 6.32 7.70
B2PLYPD 3.99 6.39 7.32 7.22 8.53
LC-MO6L 3.62 7.22 8.46 8.03 9.21

SKT (HF) 7.4 10.9 11.6 114 12.3

@ 460 886

(@)% AP ¥ 2% > " EF A AT AdEELR o (0)Pp Ref2l(c)®p Ref7

% 6.CHF3~CHoF, ~ CHsF 2 " E i v 5 & dp gt & °

ol CHF, CH,F, CH3F
6e 7a; 8a | 7a; 8a 3b; 5b,| 3e 6a; Ta
SKT | Lc-wPBE | 7.60 7.57 1009 |6.48 7.19 555 7.24|595 7.40 7.85
(6.81 6.78 9.3) (5.30 6.75 7.20)
wBI7XD |6.66 7.27 9.05|579 6.75 545 523|583 7.21 7.41
(5.87 6.48 9.3) (5.30 6.68 6.88)
CAM-B3LYP |6.08 6.33 8.06 |5.02 6.34 5.05 566|481 6.25 7.00
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(529 554 9.3) (5.30 5.76 6.51)
LC-PBEPBE | 7.64 7.65 10.14 | 6.22 7.85 555 7.53|596 7.42 8.06
(6.85 6.86 9.3) (5.30 6.76 7.40)
LC-TPSSTPSS | 7.69 7.73 1018 |6.25 7.66 5.56 6.89 |5.97 7.43 8.39
(6.90 6.94 9.3) (53 6.76 7.73)
LC-BLYP |7.39 7.63 9.86|5.94 7.48 522 6.84|6.14 7.41 832
(6.60 6.84 9.3) (53 6.57 7.48)
LC-B97D |7.75 7.88 1082 |6.14 7.48 556 6.82|596 7.55 8.75
(6.96 7.09 9.3) (53 6.89 8.09)
LC-MO6L |8.13 858 1197 |6.23 8.01 654 7.24|6.45 899 9.22
(7.34 7.79 9.3) (53 7.84 8.07)
B2-PLYPD |6.76 7.00 9.24 |5.07 7.04 455 6.14|4.90 6.35 7.57
(5.97 6.21 9.3) (530 5.95 7.17)
- 9.3 c 530 6.30

(@)= AR ¥ % > AP E A T AdEHN o (0)P-f RefO)x 7 R E -
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M 33. CoFg 2 g i A ik druds 2 4% T W)

10.00

0.70,9.37

9.00

8.00

7.00

6.00

5.00

4.00

Energy (eV)

3.00

2.00

1.00

0.00

0.00 0.50 1.00 1.50 2.00 250 3.00

M 34.CoFe &+ ta=1.0 theg i L

B(6Geg)

34



® 35. CoFg 2 ey ik ik druds 2 4% T W7
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B 39. CHF3 2_ e ehk fb st 2 42 T R 2
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® 41. CHF3 2 ap hA ik Jp st 2. 48 T B3
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B 43. CH,F> 2. a3 ik ik Lt 2o 7%‘ iﬁz}j
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B 45. CH,F» 4 + #a=10 _’rﬁal}iiﬁié
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M 47. CHoF, 22 by ek 1k dusst 2. 48 % A
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M 49. CH3F 2. e chk ik i 2 48 T B2
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B 51. CH3F Z_ a1 A f&-ﬁfﬁ‘i%i@ﬂi
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Abstract

The stabilized Koopmans’ theorem (SKT) in long-range corrected density
functional theory is used to characterize the temporary anion states of
perfluoro-n-alkanes (n-PFAs) from C, to Cs, and perfluorocycloalkanes

(c-PFAs) from C; to Cy. In this approach, stabilization is accomplished by
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varying the exponents of appropriate diffuse functions. The energies of
temporary anion states are then identified by investigating the
relationship between the resultant eigenvalues and scale parameter. The
characteristics of resonance orbitals are also examined. For the lowest
unfilled orbitals of perfluoroalkanes, results indicate that they are mainly
from the m-bonding interactions between all neighboring C atoms. In
addition, their energies decrease as the sizes of the perfluoroalkanes
increase. Moreover, the energies of the c-CsF¢/c-C,Fg are lower than those
of the corresponding n-CsFg/n-C4F1o. When compared with experimental
data, our SKT calculations can yield conformable results. Thus, this SKT
approach can provide more information on the resonance states of

perfluoroalkanes.
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