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As a general rule, saturated hydrocarbons are unable to bind an electron, i.e., their electron affinities are
negative, but the corresponding perfluorinated molecules can have significant electron affinities, especially
in the case of branched and ring systems. Four different density functional theory (DFT) methods in conjunction
with double€ plus polarization function augmented diffuse function basis sets 4BFhave been employed

to study the equilibrium geometries, electron affinities, and vibrational frequencies of the adamangelng (C

and perfluoroadamantane ;) molecules. Three types of neutral-anion separations reported are the adiabatic
electron affinity, the vertical electron affinity, and the vertical detachment energy. The adiabatic electron
affinity predicted at the DZP+ B3LYP level of theory for adamantane is, as expected, negath®e58

eV), while that for perfluoroadamantane is distinctly positive, namely, 1.06 eV (or 1.31 eV after correction
for zero-point vibrational energies).

Introduction rocarbons including perfluoroadamantane, in the present study
) o ~ we examine the EAs for perfluoroadamantangf¢s), and the
Adamantane and its derivatives are among the organic gngjogous study of adamantaneid@ie) is carried out for
molecules frequently studied in modern chemidt§/Theoreti- comparison.
cal predictions on the properties of adamantane and its different e adiabatic electron affinity (E4), the vertical electron

radical§ determined by Yan, Brinkmann, and Schaefer have affinity (EA,er), and the vertical detachment energy (VDE) have
provided valuable information concerning their relative stabilities peen calculated as the difference of total energies according to
and reactivities. The electron affinities (EA) for the unsubstituted e following formulas:

adamantane radicals are predicted to be negative, which means

they do not attract an electron. On the other hand, unsaturated EA,,= E (optimized neutral)- E (optimized anion)
perfluorohydrocarbons have drawn recent atteritibhecause

of some much larger EAs than the analogous hydrocarbons, Ea
indicating that perfluorohydrocarbons are effective electron
acceptors, and may play important roles in chemistry and in

the design of new materials. Thus, the perfluoroadamantane
molecule is an intriguing candidate as a potential electron ~ VDE = E (neutral at the optimized anion geometry)
acceptor. E (optimized anion)

As early as 1978, Lagow and co-workers suggested a direct )
fluorination method for the adamantane derivatitiisn 1982, Theoretical Methods

a method of production of perfluoroadamantane appeared in a Four different density functional or hybrid HartreEock/
patent applicatiof’ In 1983, perfluoroadamantane was prepared density functional methods were used and have been denoted
by Adock and Robin using an aerosol direct fluorination BHLYP, B3LYP, BP86, and BLYP. The BHLYP functional is
method'? In 1987 and 1988, two similar papers reported that a the half and half exchange functiofaith the Lee, Yang, and
lecithin-based perfluoroadamantane emulsion has been used irparr (LYP) correlation function@ The B3LYP functional
medical experiments:4In 1998, Hargittai et al. determined  arises from Becke’s three-parameter hybrid functighetd the
the molecular structure of perfluoroadamantane using gas-phase Yp correlation functional. The BP86 functional is Becke's
electron diffractiort> A complete vibrational analysis of per- 1988 exchange functiorfdlwith Perdew’s 1986 correlation
fluoroadamantane has been carried out with a joint application functional?® The last method (BLYP) is Becke’s 1988 exchange
of experimental and theoretical methdés. functionaf? with the LYP correlation functional.

An exhaustive review of density functional theory (DET) Double< basis sets with polarization and diffuse functions,
shows that selected functionals, such as B3LYP, can yield denoted DZR-+, are employed. The DZP starting basis was
average absolute errors of only 0.15 eV for EAs compared to constructed from the Huzinag®unning*25 contracted dou-
experiment. Further research shows that the BLYP and B3LYP ble-{ Gaussian results with one set of polarization functions
functionals have average absolute errors of only 0.18 and 0.19[one set of the p-type functions for H atoms with(H) = 0.75
eV for larger polycyclic aromatic hydrocarbotSince reliable and one set of five d-type functions for C and F atoms with
experimental EAs are lacking for the large saturated perfluo- o4(C) = 0.75, andag(F) = 1.00]. To complete the DZP+

= E (optimized neutral)- E (anion at the opti-
mized neutral geometry)
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CigHys (Ty)

Figure 1. Structure of the neutral adamantanghs molecule at the
DZP++ B3LYP level of theory. The structure of its anionfi6~ is
essentially identical to that of the neutral.
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Figure 2. Structures of the neutral perfluoroadamantane.Rf)
molecule and its anion . Optimized geometrical parameters for
both neutral and anion shown in the figure are predicted by the B3LYP
method. Structures from other DFT methods are seen in Table 2.

basis, one even-tempered s diffuse function was added to eachrag| £ 1: Adiabatic Electron Affinities (EA aq), Vertical
H atom and even-tempered s and p diffuse functions to all other Electron Affinities (EA ver), and Vertical Detachment

atoms frs(H) = 0.04415,0C) = 0.04302,05(C) = 0.03629,
os(F) = 0.10490, andx,(F) = 0.08260] with orbital exponents
determined by the formula expressed by Lee and Schékfer.

Thus, the final basis sets may be described as H (5s1p/3slp), C

and F (10s6pld/5s3pld).
In the present study, the equilibrium geometries, total

energies, and harmonic vibrational frequencies are determined gpgg
for both neutral and anion species using the above four DFT BLYP

Energies (VDE), with Values (in eV), for Adamantane
(C10H16) and Perfluoroadamantane (GoFie)

adamantane perfluoroadamantane
method EAd EAr VDE EAxy EAwr VDE
BHLYP —-0.84 -0.84 -0.84 0.25 -0.11 0.45
B3LYP -058 -0.59 -0.58 1.06 0.61 1.70
—-0.48 —-049 -048 153 1.01 2.20
-058 -058 -057 145 0.94 2.14

methods. Zero-point vibrational energies (ZPVE) are evaluated

for the purpose of correcting the electron affinities. Our
computations were conducted with the Gaussian94 progfams.
The default integration grid (75,302) was applied.

Results and Discussion

A. CioH1g and CioHi6. In 1972, Hargittai et al. determined

in which the last electron is not bound to the molecule. With
the B3LYP method, the €C bond length for the neutral is
1.544 A, and that for the anion is 1.542 A.

Yan, Brinkmann, and Schaefer did not present the electron
affinity for the CigH1s molecule® In the present study, we list
our theoretical EAy EAver, and VDE predictions for Hie
and its anion in Table 1. The B3LYP result of EAs —0.58

the molecular structure of adamantane using gas-phase electroeV, and that of EAertis —0.59 eV. The B3LYP results of VDE

diffraction® The theoretical geometry of th&; symmetry
adamantane predicted by Yan, Brinkmann, and Schaefes

in excellent agreement with the electron diffraction experiments.
Their B3LYP geometry is the closest to experiment, with the
C—C bond distances of 1.544 A, the-@l distances of 1.100
A, and the G-CsecC and C-Cie,—C bond angles of 109.7 and
109.4, respectively.

The structure for neutral {gH16 is displayed in Figure 1. The
geometry for the neutral 6H16 (*A; ground state withTy
symmetry) is the same as that from Yan, Brinkmann, and
Schaefef. The anionic GoH1s~ with a2A; ground state is also
found to haveTy symmetry. The €C bond lengths predicted
by the different functionals range from 1.533 to 1.557 A. The

for the GoHi6~ anion is—0.58 eV. These three neutral-anion
energy separations are very close, corresponding to the geo-
metrical similarity of the neutral and its anion. The other three
DFT methods all reported negative EA values for thgHzs
molecule (Table 1). The trend of the theoretical EAs among
functionals is BP86> BLYP > B3LYP > BHLYP. It is obvious

that GoH1e cannot bind an electron.

B. CioF16 and CioF16~. The neutral GoF16 molecule in its
1A, ground state displaygs symmetry. The geometry of neutral
perfluoroadamantance 1§ was determined by Hargittai et
al. with the gas-phase electronic diffraction metAddur
optimized geometry for the neutrahs is shown in Figure
2, and the B3LYP results are in good agreement (within 0.01

vibrational frequency analyses demonstrate only real harmonicA for the bond distances) with the experimental geometrical

frequencies for both gH1s and GoHig~ with all methods used.
It is noteworthy that the geometries for the neutral and anion
are essentially identical, showing only slight differences in bond

parameters (also listed in Table 2). The four different functionals
predict geometric parameters in reasonable agreement with each
other, e.g., the predictions of the-©C bonds with the four

lengths and angles. This, of course, is consistent with a picturefunctionals are within 0.033 A. The trend for the-C bond
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TABLE 2: Optimized Geometries of Perfluoroadamantane (GoFis Tq) and Its Anion (CioF16™, Tg)?

Li et al.

perfluoroadamantane

perfluoroadamantane anion

parameter BHLYP B3LYP BP86 BLYP erp BHLYP B3LYP BP86 BLYP
ry 1.552 1.568 1.576 1.585 1.560 1.537 1551 1.557 1.565
r 1.340 1.358 1.368 1.375 1.363 1.420 1.450 1.467 1.478
rs 1.330 1.349 1.361 1.368 1.340 1.343 1.363 1.377 1.384
01 109.4 109.4 109.4 109.4 110.3 109.8 109.8 109.8 109.8
0, 109.6¢ 109.6¢ 109.7 109.6 107.7 108.8 108.8 108.8 108.8
03 110.r 110.2 110.2 110.2 110.5 110.5 110.6 110.6 110.6
0,4 109.5 109.5 109.6¢ 109.6¢ 108.6 109.r 109.r 109.2 109.r
Os 106.8 106.5 106.4 106.3 106.9 105.9 105.6¢ 105.5 105.4

aBond lengths are in A, and bond angle are degrees. Geometrical parameters correspond to those labeled it Riglut®.2.

TABLE 3: Theoretical Harmonic Vibrational Frequencies

length is in the order of BHLYP< B3LYP < BP86 < BLYP.
engmh 15 In the order o (in cm™Y) and Their Infrared Intensities (km/mol, in

It is also noteworthy that the bond angle differences predicted
by the four functionals are quite small, excepting theG—F
angle®s, which changes by as much as 0.5

parentheses) for Adamantane (GHi¢), Perfluoroadamantane
(C10F16)1 and the Anionic CloFlsia

The GoFis~ anion has &A; ground state, and its geometric adamantane perfluoroadamantane y
parameters are also shown in Figure 2 and Table 2. To our neutral neutral anion
knowledge, there is no experimental report for thgHg~ anion. B3LYP exp  B3LYP IR®  Ramaf  B3LYP
The four DFT methods predict the anionic geometry also in a », 3050(0) 2950 1323 (0) 1315 1254 (0)
agreement with each other, with the-C bond difference< V2 ioi“ (©) ig%g 1274 (0) %298 922 (0)
0:028 A The neutral and anion; 16 geometries are rather :i 1243 gg; 990 ggg ((8)) 523 272 gg))
different, given that they shafig symmetry (Figure 2 and Table vs 755 (0) 756 360 (0) 370 364 (0)

2). The change of the-€C bond distances is not excessive from & v 1124(0) 1189 226 (0) 235 (0)
the neutral GoF16 to anionic GoF1s~. With the B3LYP method,  © 7 igég gg; izgg %gg Egg ;ég%;’)
the C-C bond length for the neutral is 1.568 A, and that for v 1401 © 1370 603(0) 588 (0)
the anion is 1.551 A. It is found that the—C distances in vip 1228 (0) 1217 305 (0) 310  288(0)
CioF16~ are consistently shorter (by 0.048.020 A) than those v 923 (0) 953 250 (0) 234.(0)
in the neutral molecule, while the-F distances in GFis~ 4 Ziz ‘3‘(1)26(%) 402 12%3(%) 5385(%)
are longer than those in the neutral molecule. These anion vis 1342 (0) 1321 1091 (0) 1061 (0)
neutral differences for the two kinds of& bonds are 0.092 vis 1318(0) 1288 854 (0) 810 (0)
A (r2) and 0.014 A (), respectively. This large shift i(C— Vis %gg (8) 104 328751((8 32%36((8
F) may be correlated with the singly occupied orbita) (ar zg 201 (é)) 246 (E))) 251 (E)))
the anionic GoF16~, which displays bonding character for the v1e 340 (0) 130 (0) 130 (0)
C—C bonds and antibonding character for the Zbonds. o vz gggé 823 224118 iggg ?11210) 115;%2 s 11212531 ((1221‘(15)

- . v s

Th_e the.oretlcal EAy, EAve,t, and VDE predictions for ¢Fis Vz 3016 (120) 2850 1236 (0) 1273w 1091 (1143)
and its anion are shown in Table 1. It is known that the BHLYP vas 1497 (33) 1455 1067 (0) 1060 vw 935 (174)
method does not predict the energy well, and the B3LYP method v, 1380(0) 1359 974(957)  973s 617 (132)
is the best for the EA¥. The B3LYP predicted E4y is 1.06 vz ﬁ‘l‘g gg; ﬁég igg ggg iiia i‘g %’66)

. — 26
eV, and the Eferis 0.61 eV. The related VDE for the;gF16 vy 981(3) 970 402 (15)  400ww 316 (372)
anion is 1.70 eV. Compared with the neutral-anion energy vog 817 (3) 800 298 (12) 301w 286 (330)
separations of adamantane, the perfluorination dramatically =~ vz 657(0) 640 259 (3) 260 vw 192 (213)
vay 458 (0) 444 191 (0) 202 vw 172 (684)

increases E&, EAver, and VDE. At the B3LYP level, the E4A

value increases from adamantane to perfluoroadamantane by 2The available experimental results are listed for comparis&ef

1.06 — (—0.58)= 1.64 eV. This is close to the EAchange
from benzene+0.88 eV}8to perfluorinated benzene (0.69 V)

28.

¢ Ref 16.

at the same theoretical level. Other unsaturated perfluorohy-solid-phase Raman spectrum @nd e modedj is also quite
drocarbons follow the same trefic? Therefore, it is expected ~ good (Table 3).
that the perfluoroadamantane molecule should have a strong The ZPVE correction could be used for the correction of the
tendency to bind an electron. electron affinities. For the fgHi¢ molecule with the DZR+

C. Vibrational Frequencies and the ZPVE Correction.The B3LYP method, the ZPVE correction is 0.06 eV. However,
harmonic vibrational frequencies for the 16 and GoFi¢/ applying a ZPVE correction is insignificant because the negative
CioF16~ Systems are listed in Table 3. All of the vibrational EA (—0.58 eV) reveals a nonbound anion forg&:s molecule.
frequencies are real, suggesting that all these systems (neutralgPVE for CigF16/CioF16~ Systems evaluated at each level of
and anions) are genuine minima on their potential hypersurfaces.theory and the ZPVE-corrected adiabatic electron affinity are
The experimental observations foid:s and GoFi6 are also presented in Table 4. Similar to the cases of the unsaturated
listed in Table 3 for comparisol{:2¢ Our B3LYP prediction systems anthracene {El;0) and tetracene (fgH12),'8the ZPVE
for the vibrational frequencies of@ ¢ are in good agreement  correction for the GFis molecule is significant (e.g., 0.25 eV
with the experiments. Compared with the infrared active modes at the B3LYP level). Our ZPVE corrected Bffor CioFis is
(t1),16 the deviations for most frequenciesd_21, v24-29, gas- predicted to be 1.31 eV at the DZP- B3LYP level of theory.
phase, in Table 3) are less than 6 ¢mThe deviations are It has been pointed otft that when the systems under
slightly larger for the very weak fundementalg andvso, which consideration become larger, the ZPVE correction becomes
can only observed in solid-phase. The only exception,js more significant. In studies of polycyclic aromatic hydrocarbon
but the relative error there is still 3%. The agreement with the (PAH) EAs}8 the ZPVE corrections were found to be several
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TABLE 4: Zero-Point Vibrational Energies (eV) within the (3) Ruppersberg, J. P.; Fakler, B.PCT Int. Appl.2002 31.
Harmonic Approximation for the C ;0F16/C;i0F16~ System and (4) Hargittai, I.; Hedberg, K. IMolecular Structures and Vibratia)
the ZPVE-Corrected Adiabatic Electron Affinities (eV) for Cyvin, S. J., Ed.; Elsevier: New York, 1972; p 340.
CioF1s (5) Szasz, G.; Kovacs, AVlol. Phys.1999 96, 161.
(6) Yan, G.; Brinkmann, N. R.; Schaefer, H.F.Phys. Chem. 2003
BHLYP B3LYP BP86 BLYP 107, 9479.
CioFis 3.20 3.00 2.88 2.82 (7) Beck, C. M.; Burdeniuc, J.; Crabtree, R. H.; Rheingold, A. L.; Yap,
C10F167 2.92 2.75 2.65 2.59 G. P.Inorg. Chim. Acta1998 270, 559.
A(C1oF16—CioF167) 0.28 0.25 0.23 0.23 (8) Alkorta, I.; Rozas, I.; Elguero, J. Am. Chem. So@002 124,
EAad (zpVE corrected) 0.53 131 176 1.68 8593

(9) Xie, Y.; Schaefer, H. F.; Cotton, F. £&hem. Commur2003 102.
] ) (10) Robertson, G.; Liu, E. K. S.; Lagow, R.J1.0rg. Chem1978 43,

tenths of an electronvolt in magnitude and to account for a 4981. _

significant portion (as much as 40% for coronene) of the overall ~ (11) Moore, R. E. (Suntech. Indrit. UK Pat. Appl.1982, 6B2079273.

; (12) Adock, J. L.; Robin, M. LJ. Org. Chem1983 48, 3128.
EAs. There_fore.’ On.e should be c_autlous about the accurac.y of (13) Menasch, P.; Grousset, C.; Mouas, C.; Moore, R. E.; Piwnica, A.
the harmonic vibrational frequencies when the ZPVE correction gjomat., Art. Cells, Art. Org1987, 15, 423.

is significant for the EAs. (14) Menasch, P.; Grousset, C.; Mouas, C.; Moore, R. E.; Piwnica, A.
Biomat., Art. Cells, Art. Org1988 16, 607.
Concluding Remarks (15) Hargittai, I.; Brunvoll, J.; Sonoda, T.; Abe, T.; Baba, H.Mol.

Struct. 1998 445, 55,
The classical adiabatic electron affinities predicted with the ~ (16) Kovacs, A.; Szabo, AJ. Mol. Struct.200Q 519, 13.

(17) Rienstra-Kiracofe, J. C.; Tschumper, G. S.; Schaefer, H. F.; Nandi,
DZP++ BSL_YP method are-0.58 eV for GoH16 and 1.Q6 eV s.: Ellison. G. B.Chem. Re. 2002 102 231.
for CyioF16. It is shown that adamantane does not readily attract (18) Rienstra-Kiracofe, J. C.; Barden, C. J.; Brown, S. T.; Schaefer, H.

an electron, while the perfluorination of adamantane does F.J. Phys. Chem. 2001, 105, 524.
strongly bind an electron. Thus, the perfluoroadamantane o (l?r)] T?e B|'|Iand0HéYEP(nglggoigpée%egﬁg i5n Itjhfi‘tGEu?Sigg)féogramS
; ; as the formula, 0.5*Ex S*Ex .5*Delta-Ex c-
molecule is eXpeCted_to be an effective eIeCtron_acceptor’ and(LYP), which isnot precisely the formulation proposed by A. D. Becke in
may _thus be useful in the _study Qf new mat_erlals and New his paper,). Chem. Phys1993 98, 1372.
reactions. The ZPVE corrections raise the predictedqialue (20) Lee, C.; Yang, W.; Parr, R. ®hys. Re. B 1993 37, 785.
by 0.25 eV (24%) for perfluoroadamantane, and the ZPVE gg Sec';e' 2- B-'JD-hCheRm- Tyﬁgg%g&gggg&
; ; ecke, A. D.Phys. Re. , .
corrected EAqfor CioFigis 1.31 eV. Itis hoped that the present - o8 o L™ "ot s oo “B g 33, 8822: Perdew, J. FRhys.
theoret!cal pred_lctlons will stimulate further experimental and Re, B 1986 34, 7406.
theoretical studies of large perfluorohydrocarbons. (24) Huzinaga, SJ. Chem. Physl1965 42, 1293.
(25) Dunning, T. H.J. Chem. Phys197Q 53, 2823.
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