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AB=TRACT

The Raman CH stretching spectra of 1204 1n water
solutian,  tor temperatures tfrom 9 to B8O “C, are
StUdied.  For the first bime. Fourier deconvolution
technigque 15 applied to re:ol#e the overlapped
components in the  corresponding 150tropic and

amsotropic spertra. The results are treated by means
15
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16 ZHELYASKOV ET AL.

of a model, explaining the variety of resolved
components with a splitting of the unperturbed CH
stretching vibration, owing to intramolecular
interactions. The temperature behaviour of the coupling

constants of these interactions is discussed.

INTEODUCTI ON
Pecently the CH stretching spectra of some crown
ethers (12-Crown-4,15-Crown-5 and 18-Crown-6) and their

complexes with Lit Nat k' and cu®*

in solution were
studied using Fourier deconvolution Lechniquel. A
model, which explains the variety of components i1n the

resolved spectra by means of a splitting of the
unperturbed CH stretching frequency owing to

intramolecular and Fermi resonance interactions, was
introduced. Using the tfrequencies of the resolved
components 1n the 1sotropic and anisotropic spectra,
the constants for intramolecular interactions and Fermi
resonance as well as all parameters according to the
model were calculated for pure crowns and their
complexes. It was established that complexation leads
to the i1ncrease 1n the frequency of the unperturbed CH
siretching vibration owing to the ihcrease in the
strain of the crown molecule with complexation. This

tendency 1S most pronounced 1n the case of Na*-crown

complexes. The interaction constants do not change
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sigmticantly with complexation whithin the limits of
the estimated error.

It 15 i1nteresting to be known in what extent the
temperature variation atfects the interaction constants
and all parameters according to the model. That 1s why
in this work the CH Raman stretching spectra of
12-Crown-4 in water solution are studied in the

temperature interval 5-80 o¢.

EXPERIMENTAL AND PROCESSING OF THE SPECTRA

The 12-Crown-4 (124> was purchased from Merck and
used without further puritfication. Double distilled
water was used as a solvent. In comparison with other
pbsaible solvents, water 1s very suitable in this.case
becouse of both the great solubility of crown in it and
relatively small overlapping between the CH stretching
vibrations of crown and the low frequency wing of OH
stretching vibration exists, which permits us to obtain
pure CH stretching spectra after simple digital
operations.

Raman spectra were obtained using an optical
spectrum analyser 0SA 500 (BeM Spectronic). The 514.5
fm lxnevof a Spectra Physics argon i1on laser, Model
2020-05, was used tor excitation. Data acquisition was
performed by means of Apple Ile computer intertaced to

the spectrometer. The slit width was chosen to be equal
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to the spectral distance between the channels of (0SA -
1.4 cm’, thus determining the accuracy of the data
obtained.

Spectra were measured - under paralel ana
perpendicular polarizations. The base line due to O-H
stretching vibrations was subtracted by means of a
digital difference method. The 1sotropic and
anisotropic spectra were calculated according t¢ the
theory of the Raman scattering and they were corrected
accounting for {requency dependence of the Raman
mtensity2 All data are corrected for the spectral
transmittance of the receiving system. The
deconvolution procedure was described 1n details
elsewhere 3
RESULTS

The 1sotropic C(A-C) and amsotropic C(E-G» CH
stretching spectra of 12C4 1in water solution, before
and atter deconvolution, are presented in Figure 1, for
a number of temperatures. Iwo and three components are
observed 1n the 1sotropic and in the anisotropic
deconvoluted spectra of the crown, respectively. Their
frequencies are shown 1n Table 1.

The positions of the components in the 1sotropic
spectra, Table 1, do not coinside with the positions of

the components in the anisotropic spectra, within the
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TABLE 1. Frequencies of the Resolved Components in the
{H Spectra of 12C4 for the Investigated Temperatures.

Temperature Isotropic AnLSOLTOpLC
¢ Spectrum Spectrum

l-st E-nd l-st z-nd 3—rd

5 2879 2943 28786 2931 2961

13 2879 2943 2874 2930 2962

22 2878 2943 2873 2927 2958

40 2878 2942 2873 2926 2956

80 2877 2943 2871 2924 2954

limts of the experimental error, ca 1.4 cm” ! S0, 1t
can be concluded that five independent components are
observed 1n the spectra. The mutually i1ndependent,
different frequency shifts of the components with the
temperature i1ncrease support the last conclusion.

It can be rconcluded from Table 1, that the
temperature increase leads to the decrease in the
frequency of the anisotropic components (6 - 7 cm D
and to some changes in their relative intensities. The
positions and relative intensities of the isotropic
components do not change within the limits of the

experimental error.
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DESCRIPTION OF THE MODEL AND ASSIGNMENT  OF  THE
COMPONENTS

Interpretation of the CH stretching region and the
designation of the observed components i1n  the
literature 15 controversial® | Recently, the complex
shape of the OH stretching spectra was i1nterpreted by
means of intra-, inter - molecular and Fermi resonance

78 gimlar considerations for CH FTIR

9

interactions

spectra of cyclobuthene and for Raman spectra of

10 were made.

CCH3')4N+ in the methyl stretching region

In our previous work, the model which concerns the
interactions in and between CH2 groups in crowns 1s
described. We suppose that three effects are
responsible for the splitting of the unperturbed CH

stretching vibration v Fig. 2. The first effect is

"
intramolecular interaction owing to coupling of the two
CH oscilators of the CHZ group. It leads to the
splitting of Yy into symmetric Cvs) and asymmetric Cva)
components and Vl (half the distance Aﬁ between them)
is the coupling constant. The second effect is
intramolecular interaction owing to a coupling of every

two adjacent CH2 groups in the «crown molecule,

inter-bond coupling g‘ It leads to the subsequent

splitting of Ve and Yy into "in-phase’ and

out-of -phase’ vibrations, Vg into Voo and Vea with a

coupling constant VS(VS is the half of AEs) and Yy into
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FIG. 2. Model diagram of the processes leading to a
splitting of the unperturbed CH stretching vibration.
For explanation of the assignments, see text.

. . o -
Yic and Via with a coupling constant Ja‘va 1S the

half ot AZa)'

It is suggested that bending (scissor) vipration
of CH2 15 split too, owing to 1nter-bond coupling I.As
can be easily evaluated taking 1nto account some

typical values for CH2 bending fregquency of Ccrowns
11,12

and overtone ancharmonic constants (10 - 15 cm ')
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10 the overtones of the splitted bending vibration

(designated as Zéa and 265 in Fig. 2 are situated in
the CH stretching region too.

The third effect, Fig. 2, is Fermi resonance
between the bending overtones and the components of
splitted Ve vibration 1n accordance with their
symmetry. The symmetry of the components 1n the two
interacting pairs 1s simlar because their origin 1s
similar - a splitting of a symmetric vibration owing to

inter-bond coupling. w» and 265 , with separation Abs

S5

are transformed 1nto v and 26 7 with separation
Loy ; orN = - - -

A?s' Voo and 2o, . with separation Aba , are changed
- I . ‘3 c it 5 g - ) .

into Yoy and o5, with separation ABa' The Ferm

resonance constants of these two proceses are denoted
by WS and Wa , respectively.

In this way the components which could be observed
are three symmetric components in the isotropic spectra
and three asymmetric components 1n the anisotropic
spectra . It must be noted, that according to the
theory of Faman scattering symmetric and asymmetric

component.s  appear 1n the 1sotropic and anisotropic

spectra, respectively. Their correspondence to the five

component.s, observed 1n our spectra, 15 shown i1n Fig.

1D,H. It 15 assumed that in 1204 AEa is negligibely
1 . 7 -

SR . as S0, v .= ov. .= V.. t
mall 45 1n water 0, V.= VS vy The mutual

positions of the symmetric (3) and asymmetric (ad
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components atter splitting ¢ “s" » “a" or ™a" » "s" )
depends on the sign of the matrix element of the
interactiong In our model - diagram, Fig. 2, these
designations are chosen to be in accordance with our
experimental observations and subsiquent calculations.

The following set of equations apply to this

system:

2 a t Vs <t 253 * Vog 1

267+ vl = 26 + Vg )

263 - Zéa =d (3
L%az 653 * 4w§ : n%s= AES * 4w§ (0
Vss T Ysa | : s T2 _ 5

> = > u

Aq =TV V = Aﬁ/ 2 (6
Bog = Vgy ~Vgg ¢+ Vg =By 2 7
Doy = Ven ~ 25, & Bygg= 265 - Vo (8)
By, = Ve — 26,7 4 Byo= 267 v ()

This set of equations can be solved by introducing

the following 1nitial conditions. It is assumed that

symmet.ric and asymmetric Fermi resonance constants are
equal, WS= wa = W. The equality of these constants for

water is obtained after the solution of similar systenm

of equat.ions 7 . The distance between 265 and Zéa - d
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is assumed equal to 40 cm* 1.

The values for
intramolecular and Fermi resonance coupling constants
as well as for unperturbed frequency v

in Table 2.

y are presented

DISCUSSION

As can be seen in Table 2, the intramolecular
constant Vl and Fermi resonance constant W do not
change with the temperature increase. The unsensitivity
of V1 (the splitting A& respectively) to the
temperature variation could be owing to one of the two
possible reasons:

-the frequencies of the unperturbed vibrations of
the two CH oscilators belonging to EHZ group do not
change with the temperature increase and therefore the
exact resonance between them take place for all
investigated temperatures;

~the frequencies of the mentioned unperturbed
vibrations change in one and the same way with the
temperature increase and therefore the condition for an
exact resonance is preserved too.

As can be seen in Table 2, the frequency of the

unperturbed CH oscilator v decreases with temperature

u
increase. From that fact, it can be concluded that
probably the second reason is responsible for the

temperature behaviour of V1 In the case of water
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TABLE 2. The Values of the Calculated
Intramolecular and Fermi Resonance Coupling Constants
and the Unperturbed CH Frequency for the Investigated
Temperatures. All Data in cm

TemggE§ture W A v, »
5 25 23 13 2933
13 26 30 10 293z
22 25 23 10 2923
40 25 23 9 29z8
80 25 29 7 2325

solutions of crowns, solute-solute and solute-solvent
interactions through CH bonds are negligibely small C(H
bonds are absent). Therefore the redistribution of the
electron density of the crown molecule owing to
temperature increase leads to the equal perturbation of
the CH stretching oscilators and to the equal shifts in
their frequencies. In contrast. in the case of water7.
the two hydrogen bonds of every water molecule are
sligtly different at room temperatures owing to local
non-uniformties and the two OH stretching oscilators
are not in exact resonance. At temperatures near to the
boiling temperature, the strength of the H bonds 1is
negligibly small so the CZV symmetry of water molecule
recovers and exact resonance take place, that means the

intramolecular splitting increases.
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The inter-bond coupling constant Vs shows a
tendency to a decrease with the temperature increase.
The temperature behaviour of V,3 could be explained with
the decrease 1n the interaction between the adjacent
CH» groups owing to the increase in the internal energy
of the crown molecule with the temperature increase.
The temperature behaviour of the 1ntermolecular
interaction in water7 15 similar but 1n that case owing
to the decrease in the strength of the H bonds with
temperature , which leads to the decrease 1n the

tnteraction between the water molecules.

CONCLUSI CN

To the best of our knowledge these are the first
temperature i1nvestigations of CH stretching region of
12€4 1n water solution using Fourier deconvolution
technique. The temperature behaviour of the coupling
constants and the parameters, calculated according to
the presented model, are in agreement with the physical

ground of the medel and justify assumptions made.
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