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Spectral composition and quantum yield of radiation of the excited particles sputtered by an ion beam from surfaces of
the dried sediment formed on electrodes at the electrolysis of the organic dye were studied by the method of ion-photon
spectrometry. A correspondence between processes taking place near the electrode during the electrolysis of the organic
dye solution and the composition of excited particles knocked out from the dried sediment formed on the electrodes was
shown.
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JOCJIIKEHHS MPOLECIB, 1O NPOTIKAKOTDH IIPU EJIEKTPOJII3I PO3YUHY OPI'AHIYHOI'O
BAPBHUKA, METOJIOM IOHHO-®OTOHHOI CHIEKTPOMETPI{
1.O. AdanacweBa, C.C. Aaimos, B.B. bookos, B.B. I'puninna, I.I. Oxceniok, /[.A. Pu:xos, /I.I. IlleBuenko
Xapxiecokuil HayionanvHul yHigepcumem imeni B.H. Kapa3sina
ni. Ceoboou, 4, Xapkis, Yrpaina, 61022

MeTto10M 10HHO-()OTOHHOI CHEKTPOMETPIi JOCIIKEHO CIIEKTPAIbHUN CKJIa] Ta KBAaHTOBHH BHXIiJl BHIIPOMIHIOBaHHS
30y/PKEHUX YaCTHHOK, BUOMTHX 10OHHMM ITy9KOM 3 TIOBEPXHI BHCYIICHHX OCaJliB, 110 YTBOPHIIUCS Ha €JIEKTPOJax IMpH
eIEeKTpOIi3i opraniyHoro OapBHHKA. [lokazaHO HasABHICTH KOPEIAIii MK IpOIECaMH, IO MPOTIKAIOTh MOOIH3Y
EIIEKTPOMIB y TPOIIECi SIEKTPOIi3y OpraHigHOro OapBHHKA Ta CKIAIOM 30YIPKEHHX YAaCTHHOK, BUOWTHX 3 TOBEPXHI
BHCYIIEHHUX OCAJiB, 10 yTBOPHIINCS Ha CIEKTPOIAX

KJIFOYOBI CJIOBA: ioHHO-(OTOHHa eMicis, 30y KeHI YacTHHKH, CIEKTPaTbHUN CKJIal, KBAHTOBHUN BHUXIJ
BHUITPOMIHIOBaHHS, OPTaHiuHi OAPBHUKH, EIEKTPOJTi3

HNCCJIEJOBAHUE IMPOLECCOB, IIPOTEKAIOIIUX ITPU SJIEKTPOJIU3E PACTBOPA
OPI'AHMYECKOI'O KPACUTEJISI, METOJOM HOHHO-®OTOHHOM CHEKTPOMETPUHA
H.A. AdanacseBa, C.C. Anumos, B.B. bookos, B.B. I'punsina, U.U. Okceniok, [I.A. PorxoB, JI.U. IlleBuenko
Xapvkosckuii Hayuonanvuwiii ynusepcumem umenu B.H. Kapa3zuna
ni. Ceoboowl, 4, Xapvros, Ykpauna, 61022

MeTonoM HOHHO-(OTOHHOW CIIEKTPOMETPHH HKCCIIEIAOBaH CIIEKTPAILHBIA COCTAaB M KBAHTOBBIA BBIXOJ HW3IYYCHHUS
BO30YXKICHHBIX YaCTHUI[, BHIOMUTHIX HOHHBIM IIYYKOM C TIOBEPXHOCTH BBICYIICHHBIX OCAJKOB, O00Pa30BaBIIHMXCS Ha
ANEKTPOAax TMPH DIIEKTPONN3E OpraHMYecKoro Kpacutens. [lokazaHO HadwMdue KOPPENSAIHMH MEKIY IIPOLECCAMU,
MIPOTEKAIOIINMH BOJU3HU AIIEKTPOAOB B IPOIIECCE DIEKTPOIN3A OPraHUIECKOTO KPACUTEIS U COCTAaBOM BO30YKICHHBIX
YaCTHI], BEIOUTHIX C IOBEPXHOCTH BBHICYIICHHBIX OCaIKOB, 00pa30BABIIUXCS HA AIEKTPOIAX.

KJIIFOYEBBIE CJIOBA: noHHO-(OTOHHAS 3MHCCHS, BO30YXKIECHHBIE YACTHIBI, CHEKTPAIbHBIA COCTaB, KBAaHTOBBIN
BBIXOJT U3JTY9YCHUS, OPTaHUIECKHIE KPACHUTEIH, SJICKTPOIIN3

Solutions of substances belonging to azo dyes are widely used for diagnostics and treatment of various diseases
[1, 2]. The study of the processes taking place during their dissolution is an important task. Methods based on the
phenomena of secondary particles emission under ion bombardment of solids such as secondary ion mass-spectrometry
(SIMS) and ion-photon spectrometry (IPS) are widely used. One of them (ISP) based on the phenomenon of ion-photon
emission (IPE) which consists in knocking out of the particles in the excited states from the surface followed by
emissions of photons. In our earlier papers [3, 4] the possibility of using ion-photon spectroscopy (IPS) for studies of
organic compounds: dyes, lipids, and their mixtures, was considered. Original substances as well as sediments obtained
by recrystallization of their water and alcohol solutions were studied. It was found that the number of excited particles
ejected from the samples by ion bombarded is changing when going from the initial sample to the recrystallized
precipitation. Moreover, the yield of excited particles depends both on the properties of the dye (its structure and
solubility in various solvents) and on the method of sample preparation (range of recrystallization temperature, solvent
properties). These results clearly show that there is a correspondence between the method of the sample preparation and
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the yield of excited particles under ion bombardment. Thus analyzing IPE parameters of recrystallized substances the
information about the processes occurring during their dissolution can be obtained.

Purpose of this work were analyzed by means of IPS of samples of substance precipitations obtained on a surface
of the electrode when flowing the electrical current through the dye water solution. Comparison of obtained data with
the known information about the processes in electrolytes allows us to estimate the applicability of IPS for studying the
processes in organic compound solutions via analysis of their precipitations.

EXPERIMENT
In this work methyl orange dye (MO) — sodium 4-[(4-dimethylamino) phenyldiazenyl] benzenesulfonate

CH3\
- = SO;N
O O)-sone

was studied [5] as it widely used for the analysis of processes in complex organic systems. Samples were prepared in a
specially build electrolytic bath. Saturated MO water solution of red-orange colour was used as an electrolyte. Graphite
plates of 1x16x1 mm?® size were used as electrodes. DC voltage of 8 V was applied to the electrodes. An electrolysis
procedure was performed at room temperature and lasted 60 min.

During electrolysis gaseous products were segregated on the cathode. Foaming of the electrolyte was observed on
the anode which presumes forming of gas bubbles and fine-dispersed precipitation. The electrolyte changed its colour
from red-orange to crimson one. The graphite anode was breaking down during all electrolysis procedure. Graphite
particles felt into solution bulk and formed a suspension. The electrolyte got dark-red colour and lost its transparency
towards to the end of the experiment.

During dissolution of the dye it dissociates on ions: anion

CH, _ ) .
CH3/N@N—N@ SO,~  (MO")

and cation Na'. Oppositely charged dye ions drifting under the influence of the electrical field to the different
electrodes cause oxidation-reduction reactions on the electrodes resulted in their changing. Material of the cathode
(sample CS), of the anode (sample AS) and the sediment from the near-electrode area (sample AD 1) were studied by
means of IPS. The suspension that was formed in the solution bulk during the electrolysis was dried and studied in a
similar way (AD 2). As the reference sample (RS) the sediment prepared by recrystallization from the saturated water
MO solution at the room temperature was used.

IPE parameters were carried out for all samples on the experimental installation described in [6]. The ion source
(IS) generated mass-separated 20 keV argon ion beam of 10+20 pA-cm™ current density. The target was positioned in
the chamber (TC) so that the incidence angle of the ion beam was 45° to the target surface normal. The pressure in the
TC was (1+2)-10™* Pa and did not change when operating the IS. Radiation of excited particles sputtered from the target
surface by an ion beam was fed out through TC window and focused by achromatic lens on the entrance slit of the setup
for collection and analysis of radiation. The geometry of radiation collection permitted determination of a full amount
of photons emitted by excited particles leaving the surface. Emission spectra in the wavelengths range 250.0+800.0 nm
were recorded by photoelectric registration system, operating in photon counting mode.

RESULTS AND DISCUSSION

Optical emission spectra of excited particles sputtered from the sample surface during ion bombardment were
obtained. The fragments of these spectra are shown in Fig. 1. The spectral composition these spectra were determined.
Quantum yield for lines with intensity of not less than two times exceeding the background level were calculated.

The analysis of spectra of exited particles sputtered from all samples has shown that following lines were present
in all spectra:

— emission lines of hydrogen atom (A 486.1 nm, Hg; A 56.2 nm, H,);

— molecular bands of CH radical (A 431.2 nm, system 430 nm, transition y - 2H, g.8.; A 387.2 nm, system 390

nm, transition *Z — °II, g.8.);

— lines of Na I spectrum (AA 568.2, 568.8, 588.9, 589.6, 330.2 nm);

— number cants of a molecule band that is not yet interpreted.

It should be noted that in emission spectra of particles knocked out from the samples RS, CS, AD 1 and AD 2,
emission lines of aluminium, magnesium and calcium atoms were observed. These atoms were probably present in the
dye as the impurity substance since these lines were also registered in the IPE spectra of the solid target make up from
pressed powder of the corresponding dye. In the spectra of deposition formed on the positive electrode (AS) lines
related to the impurity not observed.

Quantum yield of emission (y;) — the number of photons of the analysed wavelength per one incident ion — was
calculated (see the Table 1) for the main emissions (lines of hydrogen atom and molecular band of CH radical) and the
most intensive characteristic emissions (lines of Na atom). According to [6] spectral line intensity I, is related to the

quantum yield as , ~ 7, -(hc/A), where hc/ A — quantum energy. Values of vy, for all lines of impurities which

present at spectra of different samples are shown in the Table 2.
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Table 1
Quantum yields of main and characteristic emissions
A, nm Interpretation Yo 10°¢ phot./ion
The water solution of methyl orange dye
RS CS AS AD 1 AD 2
(a) (® (c) (d) (e)

431.2 CH 2 5.5 1.4 1.9 3.2

486.1 Hp 0.5 1.4 0.3 0.4 0.7

656.2 H, 6.6 17.3 4.2 3.9 9
568.2; 568.8 Nal 3.1 0.9 - 1.3 2.1
588.9; 589.6 Nal 250.4 24.8 0.5 95.6 204.2

330.2 Nal 2.2 0.5 - 0.8 0.8

Table 2
Quantum yields of impurity lines in different samples spectra
A, nm Interpretation Vi 10° phot./ion
RS CS AD 1 AD?2
(a) (b) (©) (d)

365.1 Alll 0.2 0.2
365.5 Alll 0.2 0
382.9; 383.2 Mg 1 0.3 0.3
383.8 Mgl 0.4 0.4
3933 Cal 1.3 0.1 1.3
394.4 All 0.6 * 0.4
396.1 All 0.9 * 0.5
396.8 Cal 0.9 0.2 0.4
422.7 Cal 3.3 0.3 2.7
442.5 Cal 0.4 0.5
4454 Cal 0.5 0.6
517.2;518.3 Mgl 1 0.8
526.5; 5270 Cal 0.6 0.6
534.9 Cal 0.6 0.5
559.0; 559.8 Cal 3.1 2.5
305.0 All 0.7
305.7 All 1.2
306.4 All 1.4 1.1
308.2 All 4.4 1.2 0.9 3.5
309.2 All 5.2 2.1 1.6 2.7
643.9 Cal 43 3.3
646.2 Cal 3.1 2.4
649.3 Cal 1.7 1.3

*The lines were blending by the band of 390 nm (0,0) system, °E — °I1, transition of g.s. CH molecule

Let’s consider each spectrum shown in Fig.1. In Fig.la the emission spectrum of excited particles sputtered from
RS is shown. Lines of hydrogen, sodium, aluminum, magnesium, calcium atoms and the band of CH radical are present
at the spectrum. Wavelengths of the most intensive lines are marked in Fig. 1a. Wavelengths for impurities are given in
the Table 2. Following the data in the Table 1(column a) one can conclude that intensities of characteristic lines of
emissions of the sample RS are highest.

In Fig.1b emission spectrum of excited particles sputtered from CS is shown. Lines of hydrogen, sodium,
aluminum excited atoms, and very intensive bands of the CH molecule (AL 431.2 nm, 387.2 nm) are present at the
spectrum. According to the data of the Table 1 (column b) lines of hydrogen atoms in the spectrum of excited particles
sputtered from CS are the most intensive in comparison to other samples spectra. In comparison to RS spectrum, vy;
surplus is 2.8 times for A 656.2 nm line and 2.6 times for A 656.2 nm line. The v, value for CH (A 431.2 nm) band is 2.7
times higher. The intensity of sodium resonant line is by the order of magnitude less than in the RS spectrum. Intensities
of aluminum lines which present in the spectra are lower than those for RS.

In the AS spectrum weak lines of hydrogen atoms and the band (A 431.2 nm) of CH radical (see Fig. 1c) are
present. The weak resonant sodium line is also there but its quantum yield is 500 times lower than in RS spectrum
(Table 1, column c).
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Lines of hydrogen, sodium, aluminum and calcium excited

s s =

é E:& = atoms, and the band of the CH radical (A 431.2 nm) are present at
i iéﬁ f S AD 1 spectrum (Fig. 1d). According to the Table 1, column d, the
sl 7 g intensity of H, line of this sample is the weakest in comparison to

other samples, even though intensities of Hy and CH lines are
similar to those in RS spectrum. The intensity of resonant sodium
line is 2.5 times lower than in RS spectrum.

In AD 2 spectrum (Fig. le) lines of hydrogen, sodium,
b) aluminum, magnesium and calcium excited atoms and the band of
the CH radical (A 431.2 nm) are observed. Intensities of hydrogen
atom lines are higher in this spectrum than in RS and AD 1 spectra.
Intensities of aluminum and calcium lines are higher than in AD 1
spectrum. The intensity of resonant sodium line is 2 times higher
than in AD 1 spectrum and 1.4 times lower than in RS spectrum.
AD 2 spectrum is similar to RS spectrum with the only difference of
observed lines.

2 We analyzed the obtained data basing on the theory of
, electrolytic dissociation. According to [7] positive ions should be
» restored on the cathode during electrolysis. In our case these are

ions of hydrogen, sodium and impurity metals. As known [7],

standard electrode potentials of K, Ca, Na are: Ez/w =-2959V,
0 0 — 0 —

E  .=-2806V E =-2714V, E, . =-1.662V . Really

the hydrogen is restored on a cathode in water solution:

2H +2e > H,T.

Indeed according to Fig. 1b and the data of the Table 1,
column b hydrogen lines in CS sample spectrum are the most
intensive compared to other samples. Concerning presence of
sodium and aluminum weak lines in the spectrum, ions of these
metals move under the influence of electrical field into close to the
cathode area. When the cathode was removed from the electrolyte
solution a part of these ions were absorbed by the cathode
(material). The absence of magnesium lines in the spectrum is a
result of its trace in the solution. The highest intensity of CH band in
the spectrum of CS sample in comparison to others suggests that

=

i R B

T T T T T T
g 8 § 8 § § hydrogen cations interacted with graphite electrode forming CH
radicals.
Fig. 1. Emission spectra of excited particles During electrolyze of anions OH ~and anion MO ~ are oxidized
sputtered from different samples on the anode. Oxidizing of OH ~ hydroxyl group resulted in oxygen

a) the sediment got by the recrystallization from the  release:
saturated water MO solution (RS);

b) cathode material (CS); 2H,0-4e—>4H +0,T.

¢) anode material (AS); In this connection an excess of positive hydrogen ions in near-

d) the sediment from near-electrode area (AD 1); anode area was formed. The MO dye is a salt of a weak acid [8].

e) the dried electrolyte sediment (AD 2). Reacting with hydrogen cations it turned into protonated (acidic)
form:

o v D)o
CH;

of red color [9]. The additional evidence of creating protonated MO form near the electrode could be the color of the
near-anode suspension. As known [10], MO dye is an acid-base indicator and changes its color with change of the
medium acidity. Crimson color of the near-anode suspension indicated high acidity of the medium. Hydrogen atoms
and radical CH emissions which were observed in AS sample spectra were knocked out from the dye molecule. The
presence of weak resonant line of Na in the spectrum is probably an experiment feature. The electrodes were for some
time in the electrolyte without applying electrical field. During this time absorption of sodium ions by the anode
material is possible.

As to the AD 1 u AD 2 samples, their spectra are similar to the RS sample spectra. They do not give any
information on processes taking place in the solution during electrolysis. Rather high intensities of hydrogen lines in the
spectra of the electrolyte sediment are due to the presence of graphite anode particles in the sediment as the result of
anode destruction during electrolysis.
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CONCLUSIONS

Samples of cathode and anode materials used for electrolysis of the organic water solution of dye MO were
studied.

Qualitative and quantitative comparison of emission spectra of excited particles and the sediment obtained by
recrystallization from the water solution of a dye were carried out by means of IPS.

It was shown that the emission spectra of excited particles sputtered from a surface of high named samples have
considerable differences.

The correspondence between the type of excited particles sputtered from the electrode surface and redox processes
on electrodes during the electrolysis was shown.

The obtained data allows conclude that IPS method could be used for studying processes in organic dye solutions
via the analysis of their sediments.

Authors would like to thank the candidate of chemical sciences Vasetskaya L.V. for constructive discussion and
interpretation of results.
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