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Abstract

Alkyl derivatives of the ethynyl radical (•C2H) have been studied using density functional theory (DFT) with DZP++ basis sets. Adiabatic
electron affinities (EAad) and ZPVE-corrected electron affinities for the alkylethynyl series•C≡C-CnH2n+ 1 (n= 1–4) have been computed
using six different DFT functionals, i.e., BHLYP, BLYP, B3LYP, BP86, BPW91 and B3PW91. These methods have been carefully calibrated
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or the prediction of electron affinities [J.C. Rienstra-Kiracofe, G.S. Tschumper, H.F. Schaefer, S. Nandi, G.B. Ellison, Chem. Rev. 1
31]. The electron affinity of•C2H (2.969± 0.006 eV) has been compared with that of the alkylethynyl series with an attempt to det

he effect of the alkyl chain length on the electron affinities of the acetylenic species. The predicted electron affinities are 2.70 eV•C2CH3,
xperiment = 2.718± 0.008 eV), 2.74 eV (•C2C2H5), 2.75 eV (•C2-n-C3H7), and 2.75 eV (•C2-n-C4H9).
2004 Elsevier B.V. All rights reserved.
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. Introduction

The alkylethynyl radicals (•C2R), where R is an alkyl
roup or a partially modified alkyl chain, are derivatives of the
thynyl radical (•C2H). In fact, they are terminal acetylenic
pecies resulting from the dissociation of precursors having
he form CmHnX (X = Cl, Br, CN, SiMe3, H). In the past few
ecades, there have been a number of studies on the ethynyl
adical, not only for its electron affinity (EA)[1–11], but also
o obtain its equilibrium geometry[12–14]. Chlorine deriva-
ive of •C2H such as the chloroethynyl radical (•C2Cl) have
een studied to understand the presence of an electronegative
lement on the geometry of the ground state[15], in contrast

o the•C2H radical. As a result, it was found that in the ground
tate, the•C2Cl radical (2A′ and2A′) is bent, as compared to
C2H (2�+), which is linear[16,17].

∗ Corresponding author.
E-mail addresses:p.ramasami@uom.ac.mu (P. Ramasami),

fs@uga.edu (H.F. Schaefer).

The alkylethynyl derivatives have attracted attentio
a range of chemical reactions, such as the synthes
supramolecular complexes[18], antimyotic agents[19] and
antihypertensive activity in biological systems[20]. More-
over, the methylethynyl radical,•C2CH3, is an importan
molecule in hydrocarbon chemistry[21], in soot formation
during combustion[22], and in interstellar chemistry[23].

An interesting point concerning these•C2R radicals is
that their electron affinities are largely unknown, altho
the electron affinities of•C2H (2.969± 0.006 eV)[1] and
•C2CH3 (2.718± 0.008 eV) [24] have been determine
However, there have not been any systematic experim
or theoretical studies to investigate the influence of lin
alkyl chains on the electron affinities of the•C2R radicals.

The present work compares the electron affinity of•C2H
with those of the alkylethynyl radicals. Since it is known[24]
that the electron affinity of•C2CH3 is significantly less tha
that of•C2H, the longer•C2R species (R = -C2H5, -n-C3H7,
and -n-C4H9) have been investigated to observe the tren
their electron affinities as the alkyl chain increases. Fur
387-3806/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijms.2004.12.017
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Table 1
Theoretical adiabatic electron affinities (eV) for the alkylethynyl radicals predicted from the six different DFT methods with DZP++ basis sets

Alkylethynyl radicals DFT methods Experimental values

BHLYP BLYP B3LYP BP86 BPW91 B3PW91
•C2H 2.91 (2.92) 2.91 (2.93) 3.13 (3.07) 3.13 (3.10) 2.97 (2.93) 3.02 (3.00) 2.969 ± 0.006[1]
•C2CH3 2.60 (2.62) 2.57 (2.55) 2.72 (2.70) 2.74 (2.73) 2.60 (2.58) 2.67 (2.64) 2.718 ± 0.008[24]
•C2C2H5 2.64 (2.67) 2.61 (2.60) 2.76 (2.74) 2.78 (2.78) 2.63 (2.62) 2.71 (2.68) –
•C2-n-C3H7 2.65 (2.68) 2.61 (2.60) 2.76 (2.75) 2.79 (2.78) 2.63 (2.63) 2.71 (2.69) –
•C2-n-C4H9 2.65 (2.68) 2.60 (2.62) 2.77 (2.75) 2.79 (2.80) 2.63 (2.64) 2.71 (2.69) –

The ZPVE-corrected electron affinities (eV) are listed in parentheses.

the chain effect on the� network of the acetylene group and
the electron distributions have also been studied.

2. Theoretical section

All quantum chemical computations in this study were
performed with the Gaussian 94 program system[25]. Total
energies, equilibrium energies, harmonic vibrational frequen-
cies and ZPVEs of both the alkylethynyl radicals and anions
were obtained using six different gradient-corrected density
functional methods (BHLYP, BLYP, B3LYP, BP86, BPW91
and B3PW91). The three HF/DFT hybrid methods were: the
BHLYP method, which uses Becke’s 1988 exchange func-
tional [26] (B) with the Lee, Yang and Parr correlation func-
tional [27] (LYP); B3LYP which uses Becke’s three param-
eter exchange functional[28] with the LYP correlation func-
tional; and the B3PW91 method which uses Becke’s three pa-
rameter exchange functional with Perdew and Wang’s 1991
(PW91) gradient-corrected correlation functional[29]. The
other three functionals were: BLYP which uses the B ex-
change functional with the LYP correlation functional; BP86
which uses the B exchange functional along the correlation
treatment of Perdew[30] (P86); and BPW91 which uses the
B exchange and the PW91 correlation functional.
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the DFT functionals. All the optimizations were conducted
under tight convergence criteria. Moreover, the density was
converged to 10−8, and those integrals determined analyti-
cally were evaluated with an accuracy of at least to ten digits.
Numerical integration was done using the default pruned grid
in Gaussian 94 consisting of 75 radial shells with 302 angular
points per shell.

The adiabatic electron affinities (EAad) of the alkylethynyl
radicals were computed as the differences between the total
energies of the geometry-optimized radical and the total en-
ergies of the corresponding geometry-optimized anion.

EAad = E(optimized radical)− E(optimized anion)

ZPVE-corrected electron affinities were also determined
by adding the corresponding harmonic ZPVE to the total en-
ergies of both radical and anion before subtracting the energy
of the anion from that of the radical.

ZPVE = [E(optimized radical)+ ZPVEradical]

− [E(optimized anion)+ ZPVEanion]

3. Results and discussion

3.1. Electron affinities

fini-
t ical
( of
t
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F nyl
r

All functionals employed a double-� basis set with pola
zation and diffuse functions, denoted as DZP++. This b
et is constructed by augmenting the Huzinaga and Dun
31,32] set of contracted double-� Gaussian functions wit
ne set of p polarization functions for each H atom and on
f five d polarization functions for each C atom (αp(H) = 0.75,
d (C) = 0.75). In addition, one set of even-tempered[33] s and
diffuse functions have been added to each C atom. Th
diffuse function exponents,αdiffuse, for a given atom wer
etermined by the formula:

diffuse = 1

2

(
α1

α2
+ α2

α3

)
α1

hereα1 is the smallest,α2 the second smallest, andα3 the
hird smallest Gaussian orbital exponent of the s or p prim
unctions of that atom. There are a total of six DZP++ b
unctions per H atom and 19 per C atom.

Spin-unrestricted Kohn–Sham orbitals were used fo
he quantum chemical computations. Both the radicals
nions were optimized via analytic energy gradients fo
The alkylethynyl radicals have predicted electron af
ies (2.55–2.80 eV) less than that of ethynyl rad
2.969± 0.006 eV)[1]. The numerical values of the EAs
he different alkylethynyl radicals are reported inTable 1.
oreover, Fig. 1 summarizes the ZPVE-corrected el

ig. 1. Effect of chain length on the electron affinities of alkylethy
adicals.
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Fig. 2. Equilibrium geometries of methylethynyl radical and anion in the gas phase.

tron affinities with respect to the four different alkylethynyl
radicals. It is seen that the six DFT methods have rea-
sonable predicted EA values for the smallest alkylethynyl
radicals. The only experimental EA values for the•C2R
(R = H, CH3) radicals obtained so far are shown in
Fig. 1.

The EA values predicted for •C2H (Experi-
ment = 2.969± 0.006 eV)[1] are apparently overestimated
by B3LYP (3.07 eV), BP86 (3.10 eV), and B3PW91
(3.00 eV). However, the other functionals underestimate the
EA values: BHLYP (2.92 eV), BLYP (2.93 eV) and BPW91
(2.93 eV). Moreover, the experimental EA for•C2CH3

(2.718± 0.008 eV) [24] is very close to the predictions
from B3LYP (2.70 eV) and BP86 (2.73 eV). However,
BHLYP (2.62 eV), BLYP (2.55 eV), BPW91 (2.58 eV)
and B3PW91 (2.64 eV) underestimate the EA values for
the •C2CH3 radical. By and large, the BP86 and B3LYP
methods predict better results than the other functionals.
Furthermore, for the•C2H radical, the EA value predicted
by these DFT levels is closer to that (3.15 eV) given by the
CCSD(T)/DZP++//MP2/DZP++ method.

The electron affinities of the longer alkylethynyl radicals
(R = -C2H5, -n-C3H7, and -n-C4H9) show a slight increase as
the alkyl chain length increases.

thyleth
Fig. 3. Equilibrium geometries of e
 ynyl radical and anion in the gas phase.
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Fig. 4. Equilibrium geometries ofn-propylethynyl radical and anion in the gas phase.

3.2. Geometries

The optimized geometries of the alkylethynyl species,
•C≡C-CnH2n+ 1 (n= 1−4), are shown inFigs. 2–5.

3.2.1. Methylethynyl radical
•C2CH3 is predicted to have aC3v structure (2A1) with

the MP2/DZP++ method, and the only DFT method that pre-
dicts this radical to have a linear C-C≡C frame is BHLYP.
The other functionals predict the methylethynyl radical to
haveCS symmetry (2A′) in its ground state, with a zero dihe-

dral angle for the CCCH plane. However, the B3LYP method
predicts theC3v (2A1) radical to have an imaginary vibra-
tional frequency for the C-C≡C bending mode, namely 625i.
The other functionals also compute imaginary frequencies for
theC3v (2A1) radical. For instance, the B3LYP energy dif-
ference between the optimizedCS radical and non-optimized
C3v radical is predicted to be 2.7 kcal/mol.

3.2.2. Methylethynyl anion
The −:C2CH3 anion optimizes to aC3v geometry (2A1)

with all functionals.

Table 2
The harmonic vibrational frequencies (cm−1), IR intensities (km/mol) and mode assignments of the methylethynyl radical (CS) and anion (C3v) predicted by
the B3LYP method with DZP++ basis sets

Vibrational
mode

Radical Anion

Symmetry Frequency IR intensity Mode assignment Symmetry Frequency IR intensity Mode assignment

ν1 A′ ′ 137 44 CH2 rocking E 288 6 C-C≡C bend
ν2 A′ 332 33 C-C≡C bending E 288 6 C-C≡C bend
ν3 A′ ′ 815 237 CH3 wag A1 910 7 C-C stretch
ν4 A′ 895 106 CH3 wag E 1025 1 CH2 wag
ν5 A′ 944 42 CH3 wag E 1025 1 CH2 wag
ν6 A′ 1377 9 CH3 symmetric

deformation (in
phase)

A1 1379 37 CH3 deformation
(in phase)

ν ′ ′ etric
on (out

ν ors
ν tch
ν etric

ν ymmet

ν ymmet
7 A 1437 40 CH3 symm
deformati
phase)

8 A′ 1459 16 CH2 sciss

9 A′ 1669 707 C≡C stre

10 A′ 3024 1 CH3 symm
stretch

11 A′ 3091 14 CH3 antis
stretch

12 A′ ′ 3109 3 CH2 antis
stretch
of
E 1470 2 CH3 deformation

(out of phase)

E 1470 2 CH2 scissors
A1 2037 58 C≡C stretch
A1 2934 316 CH3 symmetric

stretch
ric E 2964 99 CH2 symmetric

stretch
ric E 2964 99 CH3 antisymmetric

stretch
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Fig. 5. Equilibrium geometries ofn-butylethynyl radical and anion in the gas phase.

3.2.3. Ethylethynyl radical
The •C2C2H5 radical does not adopt aCS structure

(2A′) with the different functionals, except for BHLYP. In-
stead, aC1 symmetry is predicted, as there is bending of
the C-C≡C frame (∼160◦) and a dihedral angle for the
CCCH plane of∼25◦. The same result is observed as com-

pared with the methylethynyl radical. The imaginary vi-
brational frequency corresponding to C-C≡C bending (CS
structure) with the B3LYP method is 129i. Moreover, the
energy difference between theCS constrained radical and
the optimizedC1 radical is 0.4 kcal/mol with the B3LYP
method.

Table 3
The harmonic vibrational frequencies (cm−1), IR intensities (km/mol) and mode assignments of the ethylethynyl radical (C1) and anion (CS) predicted by the
B3LYP method with DZP++ basis sets

Vibrational
mode

Radical Anion

Symmetry Frequency IR intensity Mode assignment Symmetry Frequency IR intensity Mode assignment

ν1 A 133 17 ≡C-C twist A′ 182 5 C-C≡C bend
ν2 A 203 4 CH3 rock A′ ′ 212 0 CH3 rock
ν3 A 327 38 CH2 rock A′ ′ 314 5 CH2 rock
ν4 A 396 13 C-C-C bend A′ 468 16 C-C-C bend
ν5 A 695 66 CH2 rock A′ ′ 775 0 CH2 rock
ν6 A 829 2 CH2 wag A′ 822 6 C-H bend
ν7 A 983 56 CH2 wag A′ 1007 10 C-C stretch
ν8 A 1019 3 C-C stretch A′ 1068 5 CH3 wag
ν9 A 1060 17 CH3 wag A′ ′ 1071 1 CH2 wag
ν10 A 1247 16 CH2 twist A′ ′ 1262 0 CH2 twist
ν11 A 1312 75 CH2 wag A′ 1316 63 CH2 wag
ν12 A 1409 1 CH3 deformation

(in phase)
A′ 1373 7 CH3 deformation

(in phase)
ν13 A 1413 65 CH2 scissors A′ 1466 2 CH2 scissors
ν14 A 1488 8 CH3 deformation

ne)
A′ ′ 1467 3 CH3 deformation

ν ors
ν ch
ν etric

ν ymmet

ν

ν

ν

(out of pla

15 A 1494 4 CH2 sciss

16 A 1671 613 C≡C stret

17 A 3010 7 CH2 symm
stretch

18 A 3037 12 CH2 antis
stretch
19 A 3051 27 CH3 symmetric
stretch

20 A 3128 24 CH3 antisymmet
stretch

21 A 3136 22 CH2 antisymmet
stretch
(out of phase)
A′ 1490 0 CH2 scissors
A′ 2032 112 C≡C stretch
A′ 2930 177 CH2 symmetric

stretch
ric A′ ′ 2943 75 CH3 antisymmetric

stretch
′
A 2980 225 CH3 symmetric

stretch
ric A′ 3067 74 CH3 antisymmetric

stretch
ric A′ ′ 3097 58 CH2 antisymmetric

stretch
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Table 4
The harmonic vibrational frequencies (cm−1), IR intensities (km/mol) and mode assignments of then-propylethynyl radical (C1) and anion (CS) predicted by
the B3LYP method with DZP++ basis sets

Vibrational
mode

Radical Anion

Symmetry Frequency IR intensity Mode assignment Symmetry Frequency IR intensity Mode assignment

ν1 A 92 4 CH2-CH2 rock A′ 97 10 CH2-CH2 torsion
ν2 A 114 20 ≡C-C twist A′ 148 10 ≡C-C bend
ν3 A 243 0 CH3 rock A′ ′ 227 0 CH3 rock
ν4 A 286 9 C-C-C bend A′ ′ 295 4 CH2 rock
ν5 A 320 43 CH2 rock A′ 324 4 C-C-C bend
ν6 A 404 9 C-C-C bend A′ 463 14 C-C≡C bend
ν7 A 685 66 CH2 rock A′ ′ 737 0 CH2 rock
ν8 A 800 32 CH2 wag A′ 855 8 C-H bend
ν9 A 862 4 CH3 twist A′ ′ 859 2 CH2 twist
ν10 A 948 13 CH2 wag A′ 951 16 ≡C-C stretch
ν11 A 1030 48 CH2 twist A′ 1037 0 C–C-C

antisymmetric
stretch

ν12 A 1049 5 C-C-C
antisymmetric
stretch

A′ ′ 1089 1 CH2 twist

ν13 A 1090 20 C-C stretch A′ 1097 1 C-C-C symmetric
stretch

ν14 A 1225 17 CH2 twist A′ ′ 1234 0 CH2 twist
ν15 A 1261 63 CH2 wag A′ 1275 40 CH2 wag
ν16 A 1306 1 CH2 twist A′ ′ 1292 0 CH2 twist
ν17 A 1370 9 CH2 wag A′ 1352 15 CH2 wag
ν18 A 1410 58 CH2 scissors A′ 1385 4 CH3 deformation

(in phase)
ν19 A 1412 2 CH3 deformation

(in phase)
A′ 1462 1 CH2 scissors

ν20 A 1485 1 CH2 scissors A′ 1479 0 CH2 scissors
ν21 A 1494 8 CH2 scissors A′ ′ 1484 5 CH2 scissors
ν22 A 1500 7 CH2 scissors A′ 1496 5 CH2 scissors
ν23 A 1674 641 C≡C stretch A′ 2036 77 C≡C stretch
ν24 A 2998 5 CH2 symmetric

stretch
A′ 2920 193 CH2 symmetric

stretch
ν25 A 3026 12 CH2

antisymmetric
stretch

A′ ′ 2934 61 CH2

antisymmetric
stretch

ν26 A 3032 26 CH3 symmetric
stretch

A′ 3002 87 CH3 symmetric
stretch

ν27 A 3053 21 CH2 symmetric
stretch

A′ 3029 21 CH2 symmetric
stretch

ν28 A 3086 1 CH2

antisymmetric
stretch

A′ ′ 3055 4 CH2

antisymmetric
stretch

ν29 A 3110 62 CH2

antisymmetric
stretch

A′ 3066 95 CH3

antisymmetric
stretch

ν30 A 3114 34 CH3

antisymmetric
stretch

A′ ′ 3082 117 CH2
antisymmetric
stretch

3.2.4. Ethylethynyl anion
All the DFT methods predict the−:C2C2H5 anion to have

aCS geometry.

3.2.5. n-Propylethynyl radical
All the DFT methods except BHLYP predict•C2-n-C3H7

to adopt aC1 geometry. The other five functionals consis-
tently show a bending angle of∼160◦. The dihedral angle of
the CCCH plane varies from 10 to 23◦.

3.2.6. n-Propylethynyl anion
A CS equilibrium geometry is predicted with all the DFT

methods.

3.2.7. n-Butylethynyl radical
•C2-n-C4H9 optimizes to aC1 geometry. An angle of

∼180◦ is predicted for the C-C≡C frame with the BHLYP
method. The other functionals produce a bond angle of∼160◦
with a dihedral angle of 16◦ for the CCCH plane.
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Table 5
The harmonic vibrational frequencies (cm−1), IR intensities (km/mol) and mode assignments of then-butylethynyl radical (C1) and anion (CS) predicted by
the B3LYP method with DZP++ basis sets

Vibrational
mode

Radical Anion

Symmetry Frequency IR intensity Mode assignment Symmetry Frequency IR intensity Mode assignment

ν1 A 82 3 CH2-CH2 rock A′ ′ 84 10 CH2-CH2 torsion
ν2 A 97 17 C-C twist A′ ′ 106 0 CH2 rock
ν3 A 120 2 CH2 rock A′ 116 16 C-C-C bend
ν4 A 205 14 C-C bend A′ ′ 233 0 CH3 rock
ν5 A 243 0 CH3 rock A′ 251 2 C-C≡C bend
ν6 A 318 39 CH2 rock A′ ′ 292 4 C-C≡C bend
ν7 A 371 10 C-C-C bend A′ 375 3 C-C-C bend
ν8 A 401 10 C-C-C bend A′ 473 15 C-C-C bend
ν9 A 688 79 CH2 rock A′ ′ 730 0 CH2 rock (in

phase)
ν10 A 750 16 CH2 rock A′ 785 5 CH2 rock (out of

phase)
ν11 A 872 40 CH2 wag A′ 888 4 C-H bend
�12 A 900 11 CH2 wag A′ ′ 919 0 CH2 twist
ν13 A 917 3 CH2 twist A′ 930 1 ≡C-C stretch
ν14 A 1023 1 C-C stretch A′ 1016 2 C-C stretch
ν15 A 1049 46 CH2 twist A′ 1055 0 C-C stretch
ν16 A 1066 1 C-C antisymmetric

stretch
A′ ′ 1098 21 CH2 twist

ν17 A 1102 12 CH2 wag A′ 1111 1 C-C stretch
ν18 A 1214 14 CH2 twist A′ ′ 1222 0 CH2 twist
ν19 A 1241 53 CH2 wag A′ 1250 31 CH2 wag
ν20 A 1290 0 CH2 twist A′ ′ 1287 9 CH2 twist
ν21 A 1317 0 CH2 twist A′ ′ 1299 4 CH2 twist
ν22 A 1334 23 CH2 wag A′ 1331 1 CH2 wag
ν23 A 1393 2 CH2 wag A′ 1372 1 CH2 wag
ν24 A 1410 55 CH2 scissors A′ 1395 6 CH3 deformation

(in phase)
ν25 A 1412 2 CH3 deformation

(in phase)
A′ 1462 1 CH2 scissors

ν26 A 1481 1 CH2 scissors A′ 1474 4 CH2 scissors
ν27 A 1489 0 CH2 scissors A′ ′ 1485 80 CH3 deformation

(out of phase)
ν28 A 1493 8 CH3 deformation

(out of phase)
A′ 1486 186 CH2 scissors

ν29 A 1503 11 CH2 scissors A′ 1499 58 CH2 scissors
ν30 A 1676 656 C≡C stretch A′ 2037 51 C≡C stretch
ν31 A 2999 5 CH2 symmetric

stretch
A′ 2921 69 CH2 symmetric

stretch
ν32 A 3018 22 CH2 symmetric

stretch
A′ ′ 2935 56 CH2

antisymmetric
stretch

ν33 A 3027 13 CH2

antisymmetric
stretch

A′ 2998 13 CH2 symmetric
stretch

ν34 A 3032 27 CH3 symmetric
stretch

A′ 3009 69 CH3 symmetric
stretch

ν35 A 3044 36 CH2 symmetric
stretch

A′ 3020 56 CH2 symmetric
stretch

ν36 A 3049 11 CH2

antisymmetric
stretch

A′ ′ 3026 13 CH2

antisymmetric
stretch

ν37 A 3090 10 CH2

antisymmetric
stretch

A′ ′ 3064 39 CH2

antisymmetric
stretch

ν38 A 3104 82 CH2

antisymmetric
stretch

A′ 3071 93 CH3

antisymmetric
stretch

ν39 A 3108 44 CH3

antisymmetric
stretch

A′ ′ 3084 117 CH2
antisymmetric
stretch
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3.2.8. n-Butylethynyl anion
A CS equilibrium geometry is obtained for−:C2-n-C4H9

after optimization with all the DFT methods. However, there
is bending of the C-C≡C frame, while the dihedral angle of
the C≡C-C-C plane remains 180◦.

Floppiness and quasilinearity are often observed in these
alkylethynyl radicals. This may be due to the Jahn–Teller
effect. Moreover, the mixing of states or vibronic coupling

between the nearby states is one of the plausible causes of
such features of the geometries of the radicals.

3.3. Vibrational frequencies and infrared intensities

The theoretical vibrational frequencies of the alkylethynyl
radicals and anions are given inTables 2–5.
Fig. 6. Plots of the SOMOs and HOMOs of the•C≡
CR radicals and the corresponding anions.
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The C≡C stretching fundamental for the•C2H radi-
cal is 1850± 20 cm−1 [34]. For the alkylethynyl radical
derivatives, the C≡C stretch is predicted to be 1669 cm−1

(CH3C≡C), 1671 cm−1 (CH3CH2C≡C), 1674 cm−1

(CH3CH2CH2C≡C), and 1676 cm−1 (CH3CH2CH2
CH2C≡C), in a very narrow and nearly arithmetic range.
For the anions, the predicted C≡C stretches are 2037 cm−1

(methyl), 2032 cm−1 (ethyl), 2036 cm−1 (propyl), and
2037 cm−1 (butyl). These vibrational frequencies show
clearly that the RC≡C− anions have a tighter C≡C linkage
than the RC≡C• radicals.

3.4. Molecular orbitals

Self-consistent-field (SCF) plots of the molecular orbital
of the SOMOs of the radicals and the HOMOs of the an-
ions are illustrated inFig. 6. The SCF plots have been com-
puted from the optimized geometries predicted by the BH-
LYP method. For the radicals, it may be observed that the
unpaired electron is delocalized over the carbon–carbon net-
work and this may especially be seen for the longer chains.

The large decrease in EA on going from•C2H to •C2CH3
can easily be explained on the basis of the molecular orbitals
depicted inFig. 6. The acetylene anion and its higher analog
anions show no qualitative difference in the highest occu-
p e H
o izes
t pec-
t MO
a ely,
a
l (like
m lized
o s are
m val-
u

4

n
A
t ly.
T the
a f the
a the
e the
a

f radi-
c rease
v e
p r to
t

Stabilizing interactions that result from the interaction of
the electrons from the� bonds (C-H bond) with the� system
(C≡C), also incline the radicals to have lower energies com-
pared to their respective anions, thus causing the energy gap
between the radicals and their respective anions to decrease.
In the longer chains this stabilizing effect decreases, caus-
ing the electron affinity to increase. The trend is understood
from the plot of the radical SOMOs, as there is an interac-
tion of the sigma electrons of the two adjacent C-H bonds
with the C≡C network, an interaction commonly known as
hyperconjugation.
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