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The method

Basing on the theoretical
considerations the model for
the spectrum 1is chosen
which includes:

- the set of spectral bands;

- the shape for each band.

The experimental isotropic
Raman scattering spectra of
acetonitrile and its Nal and
LiBF, solutions at 25, 50 and

75°C are measured and
corrected to the apparatus

function.
The hierarchy of the models

is built varying the
complexity of the resulting
spectral profile.

Using the rigorously valid fitting procedure too simple and
too sophisticated models are “filtered out” thus deducing
the most suitable model.

The following requirements are fulfilled:

- the fitis unique;

- the model is complex enough to satisfy the assumptions
behind the least squares method, that is the residuals are
purely random and do not include any trends due to improper
theoretical profile.

The correctness of the model is checked by
- goodness of fit;
- the analysis of the deviations.

If the model is not complex
enough to reproduce the
spectrum (the deviations show
a trend) the model is made more
elaborate.

An original minimization algorithm [T. R.
Griffiths, D. A. Nerukh, and A. Eremenko,
Phys. Chem. Chem. Phys., 1,3199 (1999)] is
used that is a variation of the evolutionary
class of algorithms. It has an ability to find
the global solution. In addition it is
extremely robust and always finds the
solution even for high-dimensional, very
shallow profiles of the minimizing function.

The fitted solution is checked for its
uniqueness:

Several fitting runs are performed starting
from substantially varying initial values of
the parameters. The resulting dispersion of
approximation and the values of the fitting

parameters are analysed:

Isotropic Raman scattering of
liquid acetonitrile (CH,CN)
and its Li"and Na' IM
solutions at 25, 50, and 75°C

v,+v,, first solvation shell

the band profile corrections

- experimental spectrum
blue - the fitted profile
green - resolved bands
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The results

The set of bands and their shape

The set of bands used to resolve the spectra was based on the
gas-phase data and physical assumptions. The introduction
of unidentified bands was made only if the spectral profile
itself strongly suggested so.

The hierarchy of the models ranged from the simple
Lorentzians to the profiles obtained by the Fourier transforms
of the time-domain models for vibrational relaxation in liquids
by Bratos and Tarjus [S. Bratos, G. Tarjus, Phys. Rev., 24A,
1591 (1981)]. Nevertheless even the most elaborate models of
the symmetric bands were not capable to reproduce the
profile rigorously correct.

Thus, the use of the asymmetric corrections to the spectral

bands was necessary [Dmitry Nerukh and Trevor R. Griffiths,
Phys. Chem. Chem. Phys., 3(10), 1799 (2001)].

Lorentz

08 shape based on Kubo correlation function

Voigt function

o
(o]
T

Voigt function with symmetrical correction

same but asymmetrical correction

o

~
T

o

normalised intensity

assymetrical correction - the sum of two sine
functions damped out away from the band centre

02} . o

same plus auxiliary bands

0.0
2350

2250 2200 2150

wavenumber, cm’'

The final form of the corrections introduced only two
additional parameters being at the same time very close in
shape to the sum of two damped sine functions:

y* = S8f(v) sin(wv),

where fis a band shape and the andjusting parameters are S
and w.

The bands used for resolving the spectra were:

. fundamental vibration v,;

. four hot bands of v,;

. combinational v,+v, band and one hot band for it;
. several minor auxiliary bands.
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For the electrolyte solutions additionally were used:

S. fundamental v, vibration of the first solvation shell molecules;
6. its four hot bands;
7. v,band of the second solvation shell molecules.

For the bulk fundamental bands the Voigt band shape were used.
For the fundamental bands and their hot satellites the
asymmetrical corrections were used.
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Calculation of confidence intervals: the fictitious (generated)
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original spectrum. The results (blue) are used to find the
confidence intervals of the parameters
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obtained from the parameters of the fitted profiles. package “Spectra Handler” [T. R. Griffiths, D. A. time, ps time, ps time, ps
Nerukh, and A. Eremenko, Phys. Chem. Chem. Phys.,
The bands positions, their heights reflect the structure of 1, 3199 (1999)]. It incorporates an "Interpreter"
the liquid,; of math-like language for describing band
The shifts of the band centres relative to each other and to profiles. Besides standard profiles like
the gas-phase bands indicate the changes in intramolecular Lorentzian or Gaussian the bands can be directly
structureg - expressed as the correlation functions in time
T}ze detaluls (l)f tl(;e band sl}a[t)lfs iqre Flclle ch;laragLerlts'tlcs {)f the domain. Robust method of fitting provides unique The real part of the vibrational autocorrelation function exhibits faster decay at high temperatures.
HBNE00TTONSELET (0kET00uc] 1 1S Ih(guniel,  LHate wilolotor ik results for very large number of fitting
autoco;‘relatlllqr; flénctu})ln C - 'relatzd 0 thel}soéroplﬁ Rarr;lan parameters: 30, 40, and even more. The imaginary part of the vibrational autocorrelation function can not be neglected especially at higher temperatures.
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## fundamental tranzition:
e e e N S ry
name : —pure aman, aniso war zigma_f =1k, .
// spectrum is normalized var hmas_f = 2262 623889; A umma
£ haot band:
// fundamental transition: ::3&£7iﬂ%g%3
var SO_f = 16.612740; war nma#_h = 2253 718271
var sigma f = 16.371611; 27 vi3 + rijd
var nmax_f = 2252.629889; var 50_n34 = 2.938491; =
4| | LH
// hot band: Ready Ln1
var SO_h = 4.216350;
var sigma_h = 7.828448;
var nmax h = 2253.718271;
// nju3 + njud
var SO0_n34 = 2.938491; The package is free and can be downloaded from
var sigma n34 = 10.243216; . -
var nmax R34 = 2292.763764; http://www.chem.pwf.cam.ac.uk/~dn232/software/
// base line It has been successfully used in several research
var BL[i] (i=0..1); £ Fitti . & £
BL[0] = -0.169277: groups across Europe for fitting various types o
BL[1] = 8.400276; spectra.
const scale = 1.000000e-05; | oxavein B
fun Baseline (x) = e
BL[O] + x*BL[1l]*scale;
job file: confidence.job
fun a spectr@TargetFunction(x) =
BaseLine (x) + SO £ = 5.472e+0 +- 1.803e-2 ( 0.33% )
Lorentz (x,S0 £,sigma £,nmax £)+ sigma fL = 2.498e+0 +- 5.436e-2 ( 2.18% )
Lorentz(x,SO_h,sigma_h,nmax_h)+ sigma_£fG = 7.717e-1 +- 3.918e-2 ( 5.08% )
Gauss (X,SO n§4 ,sigma—n34 ,nm;x n34) ; nmax_f = 2.253e+0 +- 7.380e-6 ( 0.00% )
= = = delta nju hot = 4.182e+0 +- 2.905e-2 ( 0.69% )
dsin SO = 8.050e-3 +- 4.534e-4 ( 5.63% )
dsin w = 1.613e+0 +- 3.93%-2 ( 2.44% )
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