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Abstract: The geometrical parameters, vibrational frequencies, and adiabatic electron affinities (AEAs) for c-
CoFn (n=8, 9) and C,¢F s (perfluorodecalin) have been investigated using various quantum mechanical
techniques. The possible structures for the neutrals and anions of ¢-PFA are fully optimized and electron affinities
are predicted using energy difference between the neutral and anion. The harmonic vibrational frequencies are
also determined and zero-point vibrational energies (ZPVEs) are considered for the better prediction of the
electron affinities. The electron affinities are predicted to be 1.18 eV for c-CgF 6 (ortho), 1.37 eV for c-CoF 3,
and 1.38 eV for C¢F ;s (perfluorodecalin) at the MP2 level of theory after ZPVE correction.
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Fig. 1. Optimized structures of (a) ortho-CgFs, (b) ortho-CsF 4, (c) meta-CsFy4, (d) meta-CgF 4, () para-CgFis, (f) para-CgFs

at the B3LYP/aug-cc-pVDZ level of theory.
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Table 1. The selected geometrical parameters (in A) of c-PFAs at the B3LYP/ aug-cc-pVDZ level of theory

Molecule RI(C-F) R2(C-F) R3(C-F) R4(C-F) R5(C-C) R6(C-C) R7(C-C)
Orth Neutral 1.376 1.376 1.357 1352 1.573 1.589 1.579
rtho Anion 2.010 1.442 1.408 1.363 1.500 1.499 1.510
- Mot Neutral 1.376 1.358 1.359 1.352 1.572 1.563 1.571
8t e Anion 2.004 1.412 1.418 1.364 1.489 1.486 1.504
. Neutral 1.377 1356 1356 1352 1.562 1.562 1.568
ara Anion 2011 1.410 1.410 1.366 1.485 1.485 1.500
CFCoFCF Neutral 1.380 1.375 1.357 1353 1.576 1.594 1.604
ooF 3THETIT2ES Anion 2.014 1.434 1.405 1.365 1.504 1.506 1.520
91" 18
Neutral 1.375 1.360 1.360 1.351 1.566 1.566 1.575
CF5);CoF
(CF3)sCeky Anion 2.001 1418 1.418 1.364 1.486 1.486 1.506
. Neutral 1.379 1379 1354 1.354 1.569 1.569 1.572
1018 Anion 1.989 1.447 1.402 1.402 1.500 1.500 1.490

c-PFAs: cyclic perfluoroalkanes
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Fig. 3. Optimized molecular geometries of (a) CioF g (Con symmetry), (b) CioFi5 (C; symmetry) at the B3LYP/aug-cc-pVDZ
level of theory.
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(a)

(b)

Fig. 4 (a) Highest occupied molecular orbital (HOMO) of C,¢F 5 and (b) Singly occupied molecular orbital (SOMO) of C,oF g

at the B3LYP/aug-cc-pVDZ level of theory.
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Table 2. Absolute energies (in Hartree) and adiabatic electron affinities (EA, in eV) of c-PFAs at various levels of theory

HF/aug-cc-pVDZ

B3LYP/6-31++G

B3LYP /aug-cc-pVDZ  MP2"/aug-cc-pVDZ

Molecule E(hatree) EA(eV) E(hatree) EA (eV) E(hatree) EA (eV) E(hatree) EA (eV)
Orth Neutral -1894.169719 0.29 -1901.882393 3,02 -1902.518177 158 -1898.470150 Lo7
© Anion -1894.180537 -1901.993236 (3.12) -1902.576309 (1.69) -1898.509441
C.F.- Meta Neutral -1894.175748 0.17 -1901.888669 292 -1902.524092 149 -1898.474404 0.96
g Anion -1894.181929 -1901.995860 (3.03) -1902.578690 (1.61) -1898.509508
Para Neutral -1894.177029 0.18 -1901.889604 291 -1902.525113 149 -1898.475493 0.95
Anion -1894.183560 -1901.996561 (3.01) -1902.579814 (1.61) -1898.510333

Neutral -2130.931645

-2139.610222  3.16

-2140.324274 174  -2135.772125

ooF CFCelieGoFs  ion 2130951598 9% 2139726379 (3.26) -2140.388343 (1.85) -2135.818337 1.26
9118
Neutral -2130.948581 -2139.623950 -2140.340323 -2135.789318
(CF3):CoFo y 0.18 2.96 0.97 0.74
Anion  -2130.955342 -2139.732621 (3.07) -2140.375884 (1.09) -2135.816411
Neutral -2168.797048 -2177.705801 324 -2178.425315 179 -2173.766539
CioFis . 0.47 1.27

Anion -2168.814261

-2177.825025 (3.35) -2178.490923 (1.90)

-2173.813183

Values in parentheses are electron affinities corrected ZPVE.
"MP2 single point energies at the B3LYP optimized structures
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A} 2B E= c-CoF 162l 73-$- para meta < ortho =22
ortho 91X A 7Hd FA A= o™, <F 0.1 eV
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