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DYNAMIC AND ELECTRO-OPTICAL PARAMETERS OF AMINOGROUPS IN
FLUORINATED AROMATIC AMINES WITH INTERMOLECULAR HYDROGEN
BONDING INTO 1:1 COMPLEXES
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ABSTRACT

Infrared spectra of free molecules of 4-methoxytetrofluoro-
aniline, pentafluoroaniline and 4-aminotetrofluoropyridine and of
those ones H-bonded into 1:1 complexes with various proton
acceptors have been studied in the region of aminogroup stretching
vibrations in CCl4 medium. Spectral characteristics of absorption

bands of monomers and complexes have been determined.
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Vibrational and electro-optical problems for free and
H-bonded molecules were solved. Valent angles ¥{HNH), dynamic
constants K(NH) and electro-optical parameters du/dq (derivatives
with respect to bond length) and 8u/dq’ (derivative with respect
1o a.djacent bond) of free and bonded molecules have been
calculated.

Correlations between spectral, geometrical, dynamic and
electro-optical properties of aminogroups of free molecules and
those of bonded ones have been established.

The nature of relationship of aul/aq1 (for active in
H-bonding group) and (Kl(NH))l/2 parameters for weak proton donors
is determined predominantly by proton acceptors features. For
strong donors it depends mainly on proton donors properties. In
intermediate cases correlation between electro-optical and dynamic
characteristics of bonded NH-groups is controlled by proton donors

and acceptors alike.

INTRODUCTION

Substituents in arene ring of aniline influence sufficiently
on spectral features of absorption bands of aminogroups in free
molecules in the infrared spectral region.

Proton donating ability of aminogroup in H-bonded
intermolecular complexes, valent angle y(HNH), dynamic and
electro-optical parameters of aminogroup depend on a type, a
position and a number of substituents in arene ring [1-3].

For rather weak proton donors, namely, aniline, mono- and
2,6—di—(CH3,F,CL,Br)—substituted anilines bonded into I:1
complexes with various proton acceptors [1] some regular trends,
such as variations in electro—optical. parameters apl/c’iq1 (the
derivative of dipole moment with respect to bond length) and also
in dynamic constant Kl(NH) of bonded NH-group for each proton

acceptors have been revealed.
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Observed changes in integral intensity of absorption bands of
aminogroup stretching vibrations when passing from free molecules
to 1l bonded ones are caused by polarization of free electron
pair of proton acceptor and to a smaller - extent by aminogroup
polarization under the attraction of the proton acceptor.

As a number of substituents in arene ring and their
electronegativity increase [2], so does the proton donating
ability of aminogroup in 1:1 H-bonded complexes. Aminogroup
polarization caused by proton acceptor becomes more pronounces and
plays an essential role in observed spectral changes of aminogroup
absorption bands in passing from free molecules to bonded ones.

In paper [3] the comparative investigation of the influence
of halogen- and nitro-substituents in substituted anilines on
geometrical, dynamic and electro-optical characteristics of
aminogroups in 1:1 H-bonded complexes has been pursued. The

interrelation of 6;11/6q1 parameters and K(NH)I/2

1
complexes of p-nitroanilines derivatives with various proton

value for

acceptors turned out to be linear. The influence of nitrogroup on

a type of variation of 8u,/8q., and K (NH) parameters for bonded
1 1

1
NH-group proved to be the determining factor. The effects of
halogen  substituents and individual peculiarities of proton
acceptors are, in this instance, of secondary importance.

For all substituted anilines general linear dependence of

spectral moment M(l) of absorption band vC(NH) for 1:1 bonded

complexes on (Kl(NH))l/2 value has been established.

Our interest 1is in studying dynamic and electro-optical
characteristics of bonded NH-groups in 1:1 complexes of
substituted anilines. Here comparable influence of arene ring
substituents of various nature and proton accepting molecules on

redistribution of electron density in the region of aminogroup

localization is expected to be observed.
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EXPERIMENT AND CALCULATIONS

Infrared spectra of free and H-bonded (1:1) molecules of
4-methoxytetrafluoroaniline, pentafluoroaniline, 4-aminotetra-
fluoropyridine with acetonitrile, tetrahydrofurane (THE),
dimethylformamide (DMF), dimethylsulphoxide (DMSO)} and hexa-
methylphosphoramide (HMPA) were studied in spectral region

-1

3000-3600 cm in CCl4 media. The concentrations of proton

donating molecules in CCl4 vary in the range 0.010-0.015 M and
those of accepting ones fall within the range 0.05 to 0.5 M thus
allowing to generate predominantly H-bonded (1:1) complexes in
solutions [4].

Infrared spectra were registered by "Specord-75 IR"
spectrophotometer (Karl Zeiss Jena). The technique of spectral
determinations of absorption bands of aminogroup stretching
vibrations in monomeric molecules and in H-bonded (l1:1} complexes
has been -described in [1-3]. The instrumental error of maximums
positions determination for bands VS(NHZ) and VaS(NHz) of free
molecules is about 2 cm—l, and that of integral intensities is
within 5% accuracy.

Spectral moments Mél) of VC(NH) bands and values of vibration
frequencies in maximums of bands vf(NH) for complexes were
determined accurate to #3 cm—l, integral intensities were measured
good to *10%.

Spectral characteristics of absorption bands of monomers and

H-bonded (1:1) complexes and equilibrium constants K (deM_l)

25°%C
monomer-complex are listed in Tables 1,2.

Vibrational and electro-optical problems for free and bonded
molecules were solved within the framework of R—NH2 model. When
calculating 1:1 bonded complexes dynamic and electro-optical

nonequivalency of aminogroup NH-bonds were taken into account. The

evaluation of electro-optical parameters of NH bonds in 1:l
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complexes was carried out assuming that some of them retain their
values in passing from free molecules to bonded ones.

Calculated data on values of valent angles y(HNH), dynamic
constants K(NH) and electro-optical parameters 38u/8gq and 3du/3q’
(the derivative of dipole moment with respect to adjacent bond)
for aminogroups of free molecules of substituted anilines in CCl4
are presented in Table 1. Dynamic characteristics of NH bonds and
different variants of calculation of aminogroup electro-optical
parameters in 1:1 complexes are listed in Table 3.

Parameters of bonded NH group in complexes are indicated by
index 1 and of nonbonded one - by index 2. Parameters of free

molecules have no any indexes.

RESULTS AND DISCUSSION

Spectral manifestations of H-bond in the region of
aminogroup stretching vibrations of 4-methoxitetrafluoroaniline,
pentafluoroaniline and 4-aminotetrafluoropyridine in 1:1 complexes
with various proton acceptors are shown at Figures 1-3. Spectral
displays of complexation are qualitatively typical for the
majority of substituted anilines [1-3]. In the region between
vS(NHZ) and vaiNHz) bands of free molecules (close to vaPNHﬁ
band) bands vf(NH) are observed, the main contribution to which
is made by free NH-group of 1:1 complexes. In the region below

absorption band VANH_) of monomers at 3400-3000 cm_1 the band

VC(NH) of complexes is2 observed. The structure of the last band is
caused by Fermi resonance of vibrations vc(NH) with overtone of
deformational vibration %(HNH) (for free molecules of studied
anilines 2y(HNH)= 3192#3 cm ™ B%% (0.3320.03)- 10> dm M "bm 3
and with more weak secondary vibrations of aromatic ring.

In 2,3,5,6-tetrafluoroaniline [2] the increase of frequencies,

the growth of integral intensities and the reduction in halfwidths
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Fig.l. Spectral display of hydrogen bonding in (1:1) complexes of
4-methoxytetrafluoroaniline in  the region of  aminogroup
stretching vibrations in different solvents:

(1 - CCL4,(2) - CCL4+ CH:FN, (3) - CCZ4+ THF, (4) - CCLI DMF,

(5) - CCL4 + DMSO, (6) - CCl4 + HMPA.
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Fig.2. Spectral display of hydrogen bonding in (1:1) complexes of
pentaflucroaniline in different solvents:

(n - CCl4, (2) - CCl4+ CHfN, (3) - ccCl

(5) - CCL4 + DMSO, (6) - CCL4 + HMPA.

4t THF, (4) - CCl I DMF,
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Fig.3. Spectral display of hydrogen bonding in (1:1) complexes of
4-aminotetrafluoropyridine in different solvents:

1) - CCL4, (2) - CCl4+ CHfN, (3) - CcCit ,+ THF, (4) - CcCl i DME,

(5) - CCL4 + DMSO, (6) - CCl4 + HMPA.

4
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of aminogroup stretching vibrations in comparison with similar
values for aniline [1] has been observed.

When CHSO—radical with summary inductive effect described by
negative Taft constant (03(0H§))=—0.12 (51) is introduced into
p-position of arene ring of tetrafluoroaniline, some decrease in
frequencies and integral intensities along with growth of
absorption bands halfwidths of aminogroup stretching vibrations is
reached.

The change-over from 2,3,5,6~tetrafluoroaniline to
pentaflucroaniline has no virtual influence on halfwidths of both
bands and on integral intensity of band VS(NH) of free molecules

2

but followed by growth of integral intensity of band vaS(NH and

2)
by diminution of frequencies of aminogroup stretching vibrations.

As may be inferred from previous reasoning, some increase of
frequencies of aminogroup stretching vibrations in
pentafluoroaniline molecule (O‘S(F)=O.17 [51), would be expected in
comparison with data observed for 2,3,5,6-tetrafluoroaniline.
However, the effect of fluorine atoms in p-position of arene ring
on aminogroup frequencies vS(NHZ) and vaﬁNHz) in free molecules
0. This effect

3
emerges also in p-fluoroaniline [1], where stretching vibrations

is analogous to that of electropositive radical CH

frequencies, force constants K(NH) and valent angle y(HNH) are
lower than in case of aniline, whereas for o~ and m- fluoro-
anilines inverse regularity is observed.

The introduction of heteroatom into tetrafluoroaniline arene
ring is accompanied by frequencies increase, growth of halfwidths
and integral intensities of absorption bands of aminogroup
stretching vibrations, Table 1.

Spectral variations of aminogroup absorption bands of
p-substituted tetrafluoroanilines as compared with model

substance, 2,3,5,6-tetrafluoroaniline, are caused by changes of
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geometrical, dynamic and electro-optical parameters of aminogroup,
Table 1, which appear to be highly sensitive to a position, a
number and a type of substituents in arene ring.

Frequencies deferential Av=vaS(NH2)—V§NH2) for free
molecules of p-substituted tetrafluoroanilines is linearly
dependent on valent angle y(HNH)} value and follows general
regularity for all substituted anilines with equivalent NH-bonds
(1-31: |

Av=4.00 y(HNH) -339.0; r= 1.000 (1)

As spectral characteristics of complex band v (NH) of I
(1)

complexes, Table 2, first spectral moment MC and "effective"
band halfwidth connected with second central moment by correlation

{6l

2(M(23 172

vy ) ep= c (2)

are presented.

Data of Table 2 show integral intensities BC,Iow frequency

shift Mc(:l) of bands vC(NH) of compounds under study and

equilibrium constants to increase when proton donating

K25
ability of molecules rises in the next row: CH3CN, THF, DMF, DMSO,
HMPA. Relative shift of band vf(NH) into low frequency field in
1

this row is no more than 10-15 cm .
Equilibrium constants for H-bonded complexes of similar type
can serve as a measure of proton donating ability of donor
molecules, Table 2. In most cases their values increase in the
row: 4-methoxytetrafluoroanilins, pentafluoroaniline, 4-amino-
tetrafluoropyridine. Proton donating ability of 2,3,5,6-tetra-
fluoroaniline {2] is comparable to that of pentafluoroaniline.

The position of spectral moment M(cl) of band v (NH) is

c
observed to be linear dependent on (K(I\IH))V2 value for all
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p-substituted tetrafluoroanilines, Fig. 4, this dependence being
approximated by linear regression equation:

M((;l) = 0.965 (KI(NH))1/2+ 221,2; r= 0.999 (3)

Analogous relationship has been found previously for a number
of other substituted anilines [1,3].

Dynamic nonequivalency of aminogroup NH-bonds in 1:1
complexes, Table 3, comprises 10-15%. As this takes place, a
character of dynamic constant KZ(NH) change with increase in
H-bond strength is different depending on nature of proton donors.
Definite regularity is observed for H-bonded complexes of
4-methoxytetrafivoroaniline {maximum KZ(NH) value for complex with
DMF) and pentafluoroaniline (monotone increase of KZ(NH) value

when H-bond is strengthened). Regularities of K_(NH) change for

complexes of 4-aminotetrafluoropyridine with2 various proton
acceptors are more complex.

An assumption that electro-optical parameters of nonbonded
NH-group are conserved when passing from free molecules to 1:1
complexes was adopted to carry out calculations (variant I,
6u2 /8q2= du/0dg= const, 6u2 /6q1= 8u/dq’= const). In this
approximation it’s turned out to be possible to calculate
electro-optical parameters aul/aql and aul/aqz of bonded NH-group
only for the least firm complexes with CHBCN and THF, for which
aminogroup polarization by proton acceptors action is relatively
small. For complexes including DMF, DMSO and HMPA this assumption
was proved to be unacceptable because of in compatibility of
conclusion equations {7].

Small contribution of aui/aqj parameters (i,j= 1,2; i#j) to
integral intensity of vC(NH) and vfINH) bands of 1:1 complexes

allows to estimate a value and a direction of change of parameter
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Fig.4. First spectral moment M((:U of 'absorption bands VC(NH) for
H-bonded (1:1} complexes of substituted anilines: the dependence
on (KI(NH))V2 value.

(1-5) - 4-methoxytetrafluorocaniline, (6-10) - pentafluoroaniline,
(11-15)-  4-aminotetrafluoropyridine, (16-21)-2,3,5,6-tetrafluoro-

aniline.
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6;12 /aq2 of nonbonded NH-group (variant 2, 6u1/aqf au/éq’=
const). Data of Table 3 demonstrate 8“2 /aq2 parameters to be in
most cases less than equivalent parameters d8u/d8q for free
molecules in CCL4, Table 1. For H-bonded complexes of 4-
methoxytetrafluorcaniline these variations are moderately great
whereas for complexes of pentafluoroaniline and
4-aminotetrafluorcopyridine the tendency is observed for parameter
6;12 /8q2to be diminished the strength of H-bond being increased.

Electro-optical parameters of bonded NH-group -calculated
under the assumption that du /8g = Jdu/8q= const, du /8q = 38u
/E)q1 (variant 3) in comparable cases, Table 3, appear to have
values sufficiently close to those calculated by variant 1. The
assumption that electro-optical parameters of nonbonded NH-group
in complexes with HMPA are preserved hasn’t proved itself. Most
likely this is correlated to marked polarization of aminogroup
caused by proton acceptor.

Electro-optical parameters auz /aq2 and du {qucalculated by
variants 1-3 represent only approximate estimates. Parameter
aul/c')q1 is shown to be practically independent on calculation
variant. Under our approximations this parameter can be determined
most perfectly.

Fig.5 shows the relationship between 6;11/6q1 parameters of
studied compounds and (KI(NH))I/2 value for 1:1 complexes. The
character of this dependence is individual for each compound.

Thus, the dependence of dynamic and electro-optical
parameters of aminogroup in molecules of aniline and its
derivatives on individual properties of proton donors and
acceptors has been established to be apparent.

For weak proton donors {aniline, mono- and 2,6-di- (CH3, F,

cl, Br)-  substituted  anilines (11 peculiarities  of  the

172

relationship between c')ul/aq1 and (KI(NH)) , Fig.5, are specified
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Fig.5. The relationship of Bul/aql and (KI(NH))V2 parameters of
NH-group in substituted anilines, taking part in H-bonding into
{1:1) complexes.

(1-5) - 4-methoxytetrafluoroaniline, (6-10) - pentafluoroaniline,

(11-15)-  4-aminotetrafluoropyridine, (16-21)- 2,3,5,6-tetrafluoro-

aniline.
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by individual features of proton acceptors. Points for different
donors are plotted as a function of definite proton acceptors.

For strong proton donors (substituted p-nitroanilines) the
character of this dependence is dictated by nitro-group in
p-position of arene ring.

For all derivatives of p-nitroanilines the relationship between
aul/c'iq1 and (Kl(NH))V2 is described by general equation of linear
regression [3].

For medium proton donors, to say, compounds studied in the
present work, a type of interrelation between electro-optical
parameter aul/aql and dynamic characteristic of a bond (KI(NH))I/2
in 1:1 complexes is defined by properties of proton donors as well
as proton acceptors, effects of substituents in arene ring and of
proton acceptors on a type of this dependence being comparable in

magnitude.
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