This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 20 February 2013, At: 13:30

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:

http://www.tandfonline.com/loi/gmcl16

Dependence of Radical Anion Stability on

Crystal Structure

Per-Olof Samskog ® & Lowell D. Kispert ?

# Department of Chemistry, The University of Alabama, Tuscaloosa, AL,
35486
Version of record first published: 20 Apr 2011.

To cite this article: Per-Olof Samskog & Lowell D. Kispert (1984): Dependence of Radical Anion Stability
on Crystal Structure, Molecular Crystals and Liquid Crystals, 107:1-2, 75-80

To link to this article: http://dx.doi.org/10.1080/00268948408072074

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948408072074
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:30 20 February 2013

Mol. Cryst. Liq. Cryst. 1984, Vol. 107, pp. 75-80
0026-8941/84/1072-0075/$18.50/0

© 1984 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

DEPENDENCE OF RADICAL ANION STABILITY ON CRYSTAL STRUCTURE

PER-OLOF SAMSKOG and LOWELL D. KISPERT
Department of Chemistry, The University of Alabama,
Tuscaloosa, AL 35486

Abstract An INDO calculation using the RHF/CI method
indicates that the minimum energy conformation of the
[XCHpCONH, ]~ radical anions where X = F, Cl, Br

and I occurs if the C-X bond is located in a direction
approximately normal to the CON plane. It has been
experimentally shown that for these radical anions to
be observed in single crystals by EPR methods, the
molecular precursor should not exist in the energy
maximum conformation for radical anions or else
spontaneous elimination of X~ occurs upon electron
attachment. This suggests that F~ elimination from
dopants (e.,g. AsF.) used in the formation of
conducting polymers may be a general phenomenon if the
anion is formed from a maximum energy configuration.

INTRODUCTION

Recently,1 there has been considerable interest in
the preparation of conducting polymers either by acceptor or
donor doping of various polymers such as polyacetylene, poly
(p-phenylene) and poly(p-phenylene sulfide). Acceptor
dopingla by AsFg is of considerable interest since its
use produces some of the highest conducting polymers.
Unfortunately, little is known about the actual chemistry
that occurs during the doping process, because of the
difficulty in measuring the intermediates that are formed,
although AsFg~ and HF are presumably formed as well as
other species. In this paper, we report an INDO molecular
orbital and crystallographic study of the radical anion
stability of [FCH2CONH7]™ in single crystals of
CFH2CONH2. Unfortunately, there are few fluorinated
single crystal systems that closely mimic the actual reac-
tions occurring in doped polymers. However, this crystal
allows us to examine a system where HF is produced and an
electron attachment to a fluorine occurs.

75



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:30 20 February 2013

76 P.-O. SAMSKOG AND L. D. KISPERT

It has been shown that the radical anion

“ICHCONHy is stable3=3 at 77 K in the dark in X-ray
irradiated iodoacetamide crystals, yet the radical anion
“FCH9CONHy is not stable in the dark even at 3 K in
X-ray irradiated fluoroacetamide® crystals. In contrast
all radical anjons of the type [XCFCONHy]~ where X =
F, Cl, Br are stable at 77 K in the dark in X-ray irradiated
crystals of the parent compounds.7"9

In this paper it will be shown by an INDO molecular
orbital calculation using the RHF/CI method, that the
instability of the [FCHpCONH]™ radical is due to the
molecular precursor residing in an energy maximum con-
formation for radical anion formation.

EXPERIMENTAL

An INDO molecular orbital calculation using the RHF/CI
method, as applied by Oloff and Hﬁtterman,lo was used to
determine the most stable geometrical configuration of
[XCHyCONH2 ]~ where X = F, Cl, Br and I. The bond
lengths and angles when X = Cl, Br and I were obtained from
the crystal structure of CBrFZCONHZ,11 except for the
C-H (standard bond lengths) and C-X bond lengths., A re-
arranged conformation of the CXFy group found to give the
best agreement between the calculated and experimental cou-
pling constants? for [CBrFyCONHy ]~ was used for the
calculation of the coupling constants for [CXHpCONHj]
where X = Cl, Br and I. In this rearranged conformation,
the dihedral angle between the C-X bond and the normal to
the CON plane equals 0%, 1In addition, the CyCy-X
angle equaled 90°, The crystallographic angles and
lengths for FCHZCONHZ12 were used to calculate the
minimum energy configuration for “FCH2CONH;. Only the
s and p basis functions for the different atoms were used.
Incorporation of d-orbital basis functions placed unaccent-
ably too high a spin density on the halogen and, in general,
gave poor agreement with the experimental spin density.

RESULTS AND DISCUSSION

Variation of the FCjC90 dihedral angle resulted in
an energy minimum for [FCHyCONH2]~ when 8= 00,
where 0 is theangle between the normal to the CON plane and
the direction of the C-F bond. The INDO barrier to rotation
about the C;—Cy bond is 11.3 kcal/mole. The most stable
conformation is given in Figure l. No attempt was made
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Figure 1. The most stable conformation of

[FCHpCONH, 1~

to determine whether the structure of the CON group was
planar.  For the [CF3CONH2)~ radical, the best fit be-
tween the calculated and experimental fluorine couplings was
obtained when the CON plane deviated by ¢ = 320 from the
planar molecular position determined crystallographically.
Since the [FCHypCONHz]™ ion has not been experimental-
ly observed,® the electron densities reported in Table I
were those of the planar configuration.

A variation in the angle ¢ for the nonplanarity of the
CON plane in [XCHyCONHy]~ when X = Cl, Br, and I re-
sulted in an energy minimum when ¢ = 00, The energy
minimum for the XC{C90 dihedral angle equaled 90°.

Unfortunately, EPR couplings have not been reported for
[BrCHyCONHy]™ but they have been reported for
[ICHQCONHZ]'.3’5 A variation of the C-I bond length
from the typical C-I molecular bond length of 2.17 A to 2.7
A showed that an improved fit to the observed iodine cou-
pling constants occurred when the C~I bond length equaled
2.50 &, suggesting that the C~Cl, C-Br and C-I bonds in the
respective molecules may lengthen upon anion formation. The
coupling constants calculated from the unpaired spin density
listed in Table I for X = 1 (C-I = 2,50 X) equals 142.7
Gauss for ajgo(1271) and ~8.7 Gauss for ajgo(lH).
This compares favorably with the experimentally observed
coupling of 3130(1271) = 144.5 Gauss.3™

Upon inspection of Table I, it is noted that 80% of the

unpaired electron density in [CFHZCONHZJ' is located on
Cy and O,largely in the P, orbita.,with a small unpaired spin
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Table I. INDO Unpaired Spin Densities Calculated for the Minimum
Energy Configuration of [XCHyCONH]™.

X~ ¢ S o
X=  pg T ba 0 1D'Ia; D’_LS Zpg P2 v ra

p s _"p s D
F

(G{‘g

1.406A) 0.01 0.10 0.01 -0.02 0.02 0.46 0.008 0.34 0.01 0.060
Cl

(cCl = b b

1.780) 0,04 0.27° 0,10 0.17° 0.01 0.146 0.006 0.25b 0.001 0.016
Br

(C-Br = b b

1.900) 0.04 0.33° 0.14 0.34° 0.00 -0.00 0.004 0.17b 0.00 0.001
1

(C1= b

2.1724A) 0.04 0.34° 0.14 O.41b—0.003 -0.03 0.003 0.14b 0.00 0,003
I

(C-1 =

2.5008) 0.02 0.32 0.13 0,490,005 —0.09 0.003 0.1 0.00 ~0.008

a. pp=sum of the wnpaired spin density in the By, P,, P, orbitals.

b. A majority of the unpaired density is located in the P,-

orbital. =z
X 0

w é1—' C/

J"—y
o \N}iz

X

density located in the P, orbital of F. This would indi-
cate that the lowest energy conformation of the
[FCH7CONH9 ]~ radical is predicted to be a m-anion
radical. On the other hand, 85% and 96% of the unpaired
spin density is located on the C-Br and C-I atoms respec—
tively, with a vast majority residing in the P, orbitals,
indicating that “BrCHpCONH, and TICHoCONH, are

o*-anion radicals. The unpaired electron density is more
evenly distributed in the [CC1H2CONH2]’ anion radical
with 58% on the methyl C and Cl atoms and the remaining on
the amide oxygen and carbon. Thus [CClHpCONHy]~ re-

presents a radical with a structure intermediate between a T-

and o*- type anion radical.
The interesting and most important point is that the

minimum energy conformation for both m— and o*- radical an-

ions occurs when the XCj;Cp0 dihedral angle equals
90°, This is important when considering the crystal
structures of FCHyoCONH, and ICHPCONH;. The crystall-
ographic dihedral angle FCjCyN equals 00 while the
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dihedral angle IC1C20 equals 67.3°., The exact
conformation is given in Figure 2.

I I

Figure 2. The relative exverimental conformations of
ICH9CONH(I) and FCHCONH,(II).

The C-I bond in crystals of ICH9CONHy occurs close to

the direction needed for the minimum energy conformation re—
quired for the formation of TICH7CONHz. On the other

hand, the C-F bond in crystals of FCH,CONH; is locked in

an energy maximum for the formation of TFCH)CONH, by

the presence of an amide proton located 2.28 A from the
fluorine atom.l2 This packing arrangement gives rise to a
strong attraction that prevents rotation of the CFHy group
in the crystal. It is thus no surprise that there is great
difficulty in isolating the “FCHypCONHy anion since
spontaneous dissociation into the neutral radical

CH)CONHy and F~ occurs instead. The crystal structure

of CFH7CONH, is made up of layers of CFHpCONHj

molecules which also promote an alternative reaction. The
layering places the fluorine atom directly above the methyl
hydrogen of the adjacent molecule located along the c axis.
Thus elimination of HY from [CFHoCONHp]* by migra-

tion of the HY along the ¢ crystal direction results in HF
and in the formation of the radical pair13

HyNCOCH9. ... FCHCONHy. This is yet another reason for

the absence of any [CFH9CONH;]™. 1In conclusion, F~
elimination may be preferred in acceptor doping of polymers,
if the conformation of the fluorinated dopant lies at the
energy maximum for anion formation. HF production appears
to be favored if a layered structure exists in which the
fluorinated acceptor anion is found in one layer while the
protonated cation occurs in the adjacent layer.
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