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Computer application

ARRAY BASIC - A POWERFUL SPECTROSCOPIC TOOL.
LOTO : AN APPLICATION FOR SPECULAR REFLECTION SPECTROSCOPY

Vladimir M. Petrudevski! and Vladimir G. Ivanovski

Institute of Chemistry, Faculty of Science, The "Sv. Kiril & Metodij" University,
POB 162, 91001 Skopje, Republic of Macedonia

To take full advantage of the specular reflection spectroscopy, one has to extract the information
contained in the reflection spectrum. The first step is the calculation of the real (n) and imaginary (k) part of
the complex refraction index. This task is usually completed employing the Kramers-Krénig approxima-
tion/transformation [1]. In the case of crystalline solids, the knowledge of the dielectric constant (&) and
dielectric loss (£7) as well as of conductivity (o) and resistivity () is often important. The spectral varia-
tions of the last two quantities may, at the same time, serve as a source for determination of the transversal
and longitudinal optical phonon frequencies in the solid. A short computer program (LOTO) is presented in
this contribution. The program is written in Array Basic and enables both fast and accurate calculation of all

desired parameters.

Key words: specular reflection; FT-IR spectroscopy; calculation of dielectric parameters; complex refrac-
tion index; absorption index; LO-phonons;, TO-phonons

INTRODUCTION

The basic principles of specular reflection spec-
troscopy have been known for quite a long time [1, 2].
Despite this, the use of conventional grating instru-
ments was severally limited to favourable cases, in
which the sample had enough high reflectivity, result-
ing in spectra with acceptable signal-to-noise ratios [3—
5]. However, recording the spectrum is still the easy
part of the job. In order to extract valuable information
(e.g. the real — »n and imaginary — k parts of the com-
plex refraction index). the reflection spectrum has to be
transformed. The Kramers-Kronig approximation is
usualy employed for that matter |1, 6]. This transfor-
mation has the form:
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and recalling that the reflectivity is a R = R(w). enables
the phase ¢(w) to be calculated as a function of the

angular frequency, @. Then n and k may further be cal-
culated:
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Unless the spectrometer is coupled to a com-
puter, this is an extremely tedious (if not impossible)
job, since the spectrum has to be digitized ‘by hand’,
thus introducing large additional noise-like errors.

All features of reflection spectroscopy come true
when FT interferometers are used. The principal advan-
tage of these instruments (apart from being fully com-
puterized) is the throughout advantage [7], resulting in
excellent signal-to-noise ratios even with single scans.
In addition, powerful software packages for various
calculations and spectra manipulations are available.
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One of these packages is GRAMS/386 [8]. The collec-
tion of programs for this package is written in a special
computer language, called Array Basic [9]. This is pur-
pose-designed language, close to ordinary BASIC, but
with extremely efficient assembly-coded routines im-
plemented for fast manipulation with spectra (traces. as
they are called) as a whole. A program for the Kram-
ers-Kronig transformation is also available for this
package and the user may enjoy seeing the effect of the
Fast Fourier Transformation (FFT) applied to generate
the n and k& values in the whole spectral range (up to
10000 cm™) within few seconds!

In solid state spectroscopy, however, one might
be principally concerned about the frequencies of trans-
versal and longitudinal phonons (v and ). the
origin of which lies in the long-range electrostatic

forces [1, 2]. Alternatively, if dealing with thin (semi)-
conductor films, the knowledge of the dielectric con-
stant (&) and loss (£7) becomes important. None of these
quantities could be calculated with either GRAMS/386
or with other software packages available to us. The
purpose of this contribution is to fill-in this gap.

Some minor comments, concerning Array Basic
programming: each spectrum (i.e. each trace) is in one
of the 30 available file slots. Slot is, in fact, a data-base
that has been (or is to be) opened for use, but for sim-
plicity one may visualise it as a box. File slots are num-
bered and resemble a stack, in the way they are organ-
ized. The most recently opened/loaded trace occupies
slot #1, all other being pushed upwards. Traces are
subject to all standard mathematical operations, much
in the same way as are scalar numbers.

THE COMPUTER PROGRAM

The dielectric constant £(v) and loss £°(v) are,
in fact, the real and imaginary part of the complex
permittivity & (1):

EM=eM-i&Wm O]

and may be calculated in the following way:
£ =n(»’ - k»? ®)
g (v) = 2n(v)-k(v) (6)

providing n(v) and k() are known.

The v, and v, frequencies are equal [3] to the
frequencies of the peaks in the “spectra’ of the canduc-
tivity o= o(v) and resistivity p = p(v). These last two
quantities may be calculated as follows [5]:

o(V)= v (w2 (N
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(The definitions are in line with the CGS rather than
with the International System of units. This is, how-
ever, of no significance since the only difference in the
spectra will appear in a form of a constant multiplier.
The important information is contained in the peak
Jrequencies and these are the same, no matter what
system of units is chosen. It should be noted that other

methods for calculation of the LO and TO frequencies
also exist [3]).

The first step is, obviously, to calculate #(v) and
k(v). This is accomplished using an Array Basic pro-
gram for the Kramers-Kronig transformation, within
the GRAMS/386 package. As mentioned, the FFT method
is surprisingly fast, but the alternative McLaurine
method, although time-consuming, is more accurate and
should be preferred for this task.

It is certainly possible to calculate the four un-
knowns, using standard programming languages (Pascal,
FORTRAN, BASIC efc.), but it is instructive to com-
plete the job in Array Basic. Several reasons led us to
conclude that this is most probably the best possible
choice. The clear advantages are:

e No need for format import/export manipula-
tions of the spectra (the GRAMS/386 spectra files are
in binary format, readable by Array Basic).

¢ Extra fast manipulation with traces as a whole.

e Accurate results.

« No need for use of loops.

e Fairly short and understandable program.

¢ Compatibility with other programs, available
for GRAMS/386.

RESULTS

The results of the calculation are summarized in
the spectra presented in two figures. The first figure
contains the original reflection spectrum and data ob-
tained by standard Kramers-Kronig transformation.
The other one presents the calculated dielectric con-
stant, loss, conductivity and resistivity. The quality of
the results depend solely on the quality of the reflection

spectrum (hence, it is strongly recommended that a
number of spectra be acquired).

*
Acknowledgment. The authors are indebted to Prof. G.

Ivanovski for his continuous interest and the helpful sugges-
tions made.
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Fig. 1. Top to bottom: reflectivity (R), refraction index (n), absorption index (k) and absorbance (4) of RbCr(SO4); 12H,0
as a function of the radiation wavenumber. Reflectivity spectrum measured on a Perkin Elmer System 2000 FT-IR instrument,
using a specular reflectance accessory; n, k, and A calculated by means of Kramers-Kronig transformation
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Fig. 2. Top to bottom: permitivity (&), dielectric loss (&) (relative values), conductivity (o) and resistivity (o) (in arbitrary units)
as a function of the radiation wavenumber. All quantities calculated by the program are presented in the paper

Bull. Chem. Technol. Macedonia, 15, 2, p. 131—137 (1996)



Array basic — a poverful spectroscopic tool, LOTO: An application for specular reflection spectroscopy 135

REFERENCES

[1] P. M. A. Shervood, Fibrational Spectroscopy of Solids, Cambridge
University Press, Cambridge, 1972.

[2] 1. C. Decius, R. M. Hexter, Molecular Vibrations in Crystals,
MeGraw-Hill, New York, 1977,

[3] F. Meserole, J. C. Decius, R. E. Carlson, Spectrochim. Acta 30A,
2179 (1974).

[4] M. Hass, G. B. B. M. Sutherland, Proc. Roy. Soc. 236, 427 (1956).

[5] H. Takahashi, I. Maehara, N. Kaneko, Spectrochim. Acta 39A, 449
(1983).

[6] R. Kronig, J. Opt. Soc. Amer. 12, 547 (1926).

[7] S. F. Parker, Spectrochim. Acta 50 A, 1841 (1994).

[8] GRAMS/386, Version 2.02, Galactic Industries Corporation, 1993,

19] Array Basic™ Users Guide, Galactic Industries Corporation, 1993.

Pezume

ARRAY BASIC - MOKEH CIIEKTPOCKOIICKH AJIAT.
LOTO : KOMITJYTEPCKA IPOI'PAMA 3A TEOMETPHCKA PE®JIEKCHOHA CITIEKTPOCKOITUJA

Baapumup M. Ilerpymesckn 1 Bragumup I. Uanosckn

Hucinuiayit sa xemuja, IM®, Ynusepauitiein “Ce. Kupua u Mettioou) ",
Apxumedoaa 3, ii. pax 162, 91001 Croije, Peitybauxa MaxkedoHuja

Konyunu 36oposn: pedrnekcuoned cnekrap; FT-IR cnexTpockonuja; npecMeTKa Ha AHeNeKTPHIHHTE
napameTpH; KOMIVICKCeH HHACKC Ha MpeKpLlyBakhe; allcoPIUHOHeH HHAeKc; LO-

tporonu; TO-dporOHH

3a BHCTHHCKA M OelloCcHA NPHMeHd Ha MOJaTOLUTe
o pechlieKCHOHATA CMeKTPOCKONMHUja, KOPHCHUKOT Tpeba
la fojge o HHQOPMALHUTE WITO ce COApXKaHH BO pe-
trnekcHornoT cnekrap. HajuecTo NpBHOT 4EKOp ce cBe-
JyBa Ha MpecMeTYBakbe Ha PEallHUOT (1) U HMarnHapHH-
or (k) gen ofl KOMNJIEKCHHOT HHAEKC Ha MPEeKPLIyBaHhe.
OBaa 3afaua 0GMYHO ce BPIUA co npuMeHa Ha Kramers-
Krénig-opata anpoxkcuManuja/tpasechopmannja [1]. Kora
ce paboTH 3a KpHCTAlHH 06paclid, YecTONaTH € O BaxX-
HOCT MO3HABAKETO HA [JUeNleKTpPUYHATa KoHcTaHTa (&)

I'nac. xem. TexHon. Makegounja, 15,2, c. 131-137 (1996)

puenexTpuuHaTa 3ary6a (£7), cnpoBognuBocTa (@) H OT-
nopHocTa (p). CHeKTpalHATe NPOMEHH Ha MOC/Ie[HHTE
ABe BeMYHHH MOXKAT Jla MOCTYKAT H 3a ONpejesyBarmbe
Ha (DpeKBEHIUHTE Ha TPAHCBEP3AJHWTE M JIOHTHTY[H-
HAJTHUTE ONTHYKH (DOHOHU BO KpHcTanoT. Bo paborara e
NpHKax)aHa KoMmmjyTepckarta nporpama LOTO. ITporpa-
MaTa e IMHIIYBAHA BO jasMKoT Array Basic, KojiITo 0BO3-
MOXKYBa 6p30 H TOYHO NPECMETYBAE€ Ha CIOOMHATHTE
BeNTMUHHA.
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APPENDIX
LISTING OF THE COMPUTER PROGRAM?

Short comments, explaining the usage of particular commands and program blocks. are given in the program
list,

1 sk ok sk ok ook ok o sk ok skl ootk ok ok o sk ko otk sk sk ok ok ok skl st o ok sk ok o sk ok R ok sk ok Rk Rk sk ok ok ok Rk ok ok
Tk

i LOTO

A program for calculation of the frequencies of the
longitudinal and transversal optical phonons (LO &
TO) in crystal samples. Calculates the real (eps')
and imaginary (eps") part of the complex dielectric
constant, as well as the conductivity (sigma) and
resistivity (rho) as functions of the frequency.

The input data (n and k) may be caluculated using the
kk.ab or kk.exe programs. These programs perform
the Kramers-Kronig transformation, employing the
FFT/McLaurin method, respectively, and both run
under GRAMS/386 package.

® ¥ K K X K K K K X X X K

Authors:
Viadimir M. Petrusevski & Vladimir G. Ivanovski
Institut za hemija, PMF, Arhimedova 5, 91000 Skopje
Macedonia

X X R ¥ K X ¥ X K X X F ¥ ¥ X

* ¥
% K ¥ # ¥ H * ¥

'k

1 sk sk ke ok ok b ok ok ok e ok ok ke ok ok ok sk ok sk sk ok sk skok skoskokok ok ok ok ok ookl R ok Rk R Rk kR Rk kR R kR

10 noshow ‘ Delete traces from memory,
if getsfile()<>0 goto 10 * until all file-slots are empty

15 free ¢ Free all variables and reset constants
dim temp(256) * Allocate space for some text

20 menufile temp,"Select dir. and N-spectrum" * Print the quoted text
onerror 70 : loadspc $temp : onerror -1 * Switch error-trapping on. Load a trace.

* If OK, switch error-trapping off

25 ffp = getffp() * Read high-freq. limit of current trace
flp = getflp() * Read low-freq. limit of current trace
np = npts(#s) * Read the no. of points in current trace
stp = (flp - ffp)/(np-1) * Calculate step

30 newspe wave.spe(np) * Define new trace, same no. of points
setffp fip, flp * Set high & low frequency limits, to

* match the quantities in previous trace.

2 The program (and all necessary information) is available from the authors upon request.

Bull Chem. Technol. Macedonia, 15, 2, p. 131—137 (1996)
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Ln
n

60

67

70

fillbeg ffp
fillinc stp
#s = fill(#s)

swapfile #1, #2

menufile temp,"Select dir. and K-spectrum”
onerror 70 : loadspc $temp : onerror -1

newspc epsill.spe(np)

#1 = squared(#3)-squared(#2)

menufile temp,"Select name for Epsilon™
savespc $temp

newspe epsil2.spe(np)

#1 = H4*43%2

menufile temp,"Select name for Epsilon
savespc $temp

"

newspc sumsquar.spc(np)

#1 = squared(#3)+squared(#2)

newspc sigma.spe(np)

#1 =#T*#3/2

menufile temp,"Select file name for Sigma"
savespc $temp

newspe rho.spe(np)

#1 = #4/48/#3%2

menufile temp,"Select name for Rho"
savespc $temp

end

beep : dialogon "ERROR!"

print "File ";$temp;" bad or does not exist."
print " "

dialogoff

goto 10

Inac. xem. Texnon. Magenonnja, 15,2, ¢, 131-137 (1996)

* Make all y-coord. in the trace equal
‘ to the x-coord. In fact, this block
* generates y = x function, for later use.

* Interchange traces in file slots 1 and 2

¢ Same as block 20

* Dielectric constant — real part,

* defined according to equation (5).
¢ Select a file name for the trace and
* save it to disk

* Dielectric loss — imaginary part,
* defined according to equation (6).
* Same as end of previous block

* Sum of squares, calculated according
* to equation (8), to be used later.

* Electr. conductivity function,

* defined according to equation (7).

* Same as end of previous block

¢ Electr. resistivity function,
* defined according to equation (8).
* Same as end of previous block

‘ Terminate program

¢ Error-trapping routine. Print
* some information for the user,
* and jump to program start



