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SOLVATOCHROMISM OF SOME FOOD AZO DYES

In the current study the solvatochromic properties of such food azo dyes as tartrazine, sunset
yellow FCF and carmoisine were described. It was shown that with an increase in the dielectric
permittivity of the solvent, a bathochromic shift of the absorption band maxima of azo dyes
is observed, which corresponds to the 1 — m* electronic transition. It has been established
that the values of the molar absorptivities of the dominant acid-base form of azo dyes in
organic solvents almost linearly (R~0.90-0.92) increase with an increase in their dielectric
permittivity. It is noted that there is a weak correlation (R = 0.70-0.80) between the position
of the absorption maximum of the dye and the value of the Hansen parameter.
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INTRODUCTION

Dyes play a significant role in the food industry, and the quality of food is closely
related to organoleptic characteristics. The food systems industrialization in the food
processing industry has increased with the use of various additives such as food colors,
preservatives, stabilizers and sweeteners. Water-soluble dyes are used in beverages,
confectionery, bakery, dairy products, etc. Water-insoluble dyes are used for coloring
food, pharmaceutical, and cosmetic products containing fats and oils (tablets, lozenges,
lipsticks, soaps, shampoos, etc.). Natural dyes are unstable and easily decompose,
while synthetic ones give an intensive color to food and are stable during storage
[1]. Nevertheless, the expenses related to their production are significantly lower in
comparison with natural dyes obtaining. These benefits have encouraged manufacturers
to use synthetic dyes, despite the abundant evidence that they have a negative impact on
human health. Food dyes can cause serious disorders and diseases: nausea, headache,
wound, lung cancer, hyperactivity, anemia [2], and also affect sense of vision, skin,
mucous membranes, etc. Based on the foregoing, it becomes necessary to control the
content of these dyes in food. For this purpose, various physicochemical methods are
used: spectrophotometry [3], chromatography [4], micellar extraction [5], and a number
of others. Among all variety of food dyes, the largest group is azo compounds (AC).
Azo compounds chromophore properties and ability to participate in almost all known
chemical reactions and processes give rise to special attention. The AC reactivity is
associated with the azo group —N = N— presence in their structures, as well as the nature
and position of different functional groups (-OH, -COOH, -NH,, -SO,H, etc.) in the
structural fragments of the molecule.
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For detailed study and practical use of food dyes it is necessary to manipulate
their basic physicochemical and chemical-analytical characteristics in solutions of
different types, more specifically it is important to study their spectral-luminescent
and solvatochromic properties. As a follow-up to previous studies on the ionic-
molecular state of food dyes in solutions [6-10], this work is devoted to the study
of solvatochromism of tartrazine (TAR), sunset yellow FCF (SY) and carmoasine
(CAN).

Chemicals and apparatus

The parent solutions of the TAR, SY and CAN with a concentration of 1-10~ mol/
dm? were prepared by dissolving a precisely weighed portion of the reagent in methanol.

We used aprotic (chloroform, ethyl acetate, butyl acetate, tetrahydrofuran,
1,4-dioxane, acetonitrile, methylbenzene, dimethylsulfoxide, dimethylformamide),
amphiprotic (methanol, 2-propanol, 2-butanol, 3-methylbutan-1-ol (triethylamine)
organic solvents, that, if necessary, were additionally purified by distillation. All used
reagents were of analytical grade.

Spectrophotometric measurements were carried out on a SF-56 (OKB “LOMO-
SPECTR?, St. Petersburg, Russia) and Specord S600 (Analytic Jena) spectrophotometer
in the wavelength range 380-780 nm in quartz cuvettes or with an optical probe with an
optical path length of 10 mm (Hellma Analytics). The pH of the solutions was controlled
by an ESL-63-07 pH glass electrode together with EVL-1M3 silver chloride reference
electrode; and recorded on a potentiometer (I-160).

In the solvatochromism study, 0.04 cm® 110 mol/dm’ of dye methanol solution,
5 cm?® of an organic solvent were placed into graduated test tubes with ground-glass
stoppers, mixed and the absorption spectra were recorded in quartz cuvettes (/ = 1 cm)
using a spectrophotometer (SF- 56) or an optical probe.

RESULTS AND DISCUSSION

The acid-base properties of these dyes were studied in detail earlier, and much less
attention was paid to their spectral characteristics. The absorption spectra of investigated
dyes aqueous solutions are shown in Fig. 1. In the absorption spectra of CAN and
TAR, one absorption band is observed with absorption maxima at 520 and 425 nm,
respectively. In the case of SY, there are an absorption band with a maximum at 480 nm
and a shoulder at 400-410 nm in the absorption spectrum.

The effect of organic solvents on the spectrophotometric characteristics (solvato-
chromism) of the investigated dyes was studied for the dominating forms of azo dyes
in solution. To interpret the results obtained and evaluate the effect of the solvent type,
we used various parameters characterizing their macrophysical properties, and, first
of all, the dielectric constant, borrowed from [11]. With an increase in the dielectric
constant of the solvent, a bathochromic shift of the absorption bands maxima of azo
dyes is observed, which corresponds to the T — 7* electronic transition. An analysis of
the obtained results allows us to conclude that the values of the molar light absorption
coefficients of the dominant acid-base form of azo dyes in organic solvents almost
linearly (R=0.90-0.92) increase with an increase of their dielectric constant (Fig. 2).
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Fig. 1. Absorbance spectra of azo dyes aqueous solutions; /=1 cm, C =5-10° M.
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Fig. 2. The influence of solvent nature on molar absorptivity of Carmoisine (a)
and Tartrazine (b) (the dots on the graphs correspond to the listed solvents).

It should also be noted that the position of the maximum correlates (R = 0.70-0.80)
with the value of the Hansen parameter associated with the density of intermolecular
interaction of azo dyes with a solvent in the case of the formation of hydrogen bonds [12].
It should be noted that for the studied dyes, the solvatochromic shifts are insignificant
and do not exceed 15 nm.
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CONCLUSIONS

Thus, as a result of this work, the solvatochromic properties of such food azo dyes
as tartrazine, Sunset yellow FCF and carmoazine were studied. It is shown that with an
increase in the dielectric constant of the solvent, a bathochromic shift of the absorption
band maxima of azo dyes is observed, which corresponds to the m1 — n * electronic
transition. It has been established that the values of the molar light absorption coefficients
of the dominant acid-base form of azo dyes in organic solvents almost linearly (R=0.90-
0.92) increase with an increase of their dielectric constant. It is noted that there is a weak
correlation (R = 0.70-0.80) between the position of the absorption maximum of the dye
and the value of the Hansen parameter.
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COJIBBATOXPOMMUSI HEKOTOPBIX ITMIINEBBIX
A3OKPACUTEJIEN

B nmanmnoit paboThI M3yUeHBI COTBBATOXPOMHBIE CBOMCTBA TAKMX MHIIEBBIX a30KpaCUTENCH
KaK TapTpa3uH, xenTblii «ConHeuHbl 3akat» U kapMoasuH. [loka3aHo, 4To mpu yBemuue-
HUH JUANIEKTPHIECKO MPOHHUIIAEMOCTH pacTBOpHUTENsT HalmogaeTcss 6aTOXpOMHBIA CIOBHT
MaKCHMYMOB MOJIOC MOTTIOLIEHHSI a30KPACHTENeH, YTO COOTBETCTBYET T—T* IEKTPOHHOMY
Tepexoy. YCTaHOBJIEHO, YTO BEJIMYMHBI MOJISIPHBIX KOO (UIIMEHTOB CBETOMONIOMIEHHS J0-
MHHUPYIOIIEH KHCIOTHO-OCHOBHOM (JOPMBI a30KpacuTesIel B OpraHNn4eCKIX pacTBOPUTEISX
npaktudecku uHeiHo (R~(0.90-0.92) Bo3pacTaroT ¢ yBeTHYCHUEM HX AUIICKTPHUECKOH PO~
Huaemoct. OTMedeHo, 4To HabmoaaeTes yaoBneTBopuTenbHas koppersiaust (R=0.70-0.80)
MEK/Ty TTOJIOKEHHEM MaKCHMYMa MTOTTIONIEHHS KPACUTEIIs U BeITMIMHON ITapamMeTpa XaHCeHa.

KuroueBsbie ciaoBa: crieKTpo(hOTOMETPHS, COTBBATOXPOMUS, KapMOa3nH, KenThlii « CoHed-
HBIW 3aKaT», TApTPa3HH.
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COJBBATOXPOMIS JEAKUX XAPHOBUX ASOBAPBHUKIB

Ha croromnimHiii [eHb 3HA4HY yBary NPHIUIIOTh BHBYCHHIO Xap4OBHX OapBHHKIB, 1 B
Heplly 4epry Takux, L0 MaloTh CHHTETHYHE MoxomkeHHs. [IpencraBiena poboTa € mpo-
JIOBXKCHHSIM JIOCJI/DKEHb KHUCJIOTHO-OCHOBHHX Ta CHEKTPO(GOTOMETPUYHUX XapaKTEPUCTHK
Xap4yoBHX OapBHUKIB. /laHy poOOTy NPHCBSIYEHO BHBYCHHIO COJIBBATOXPOMII psiay Xapyo-
BHX a300apBHUKIB (TapTpas3uHy, KapMOa3HHy Ta KOBTOro «CoHsyHHU 3axim»). OcobnuBa
yBara Jio a30CIOJyK OOyMOBIICHA 1X XpOMO(GOpPHMMH BIACTUBOCTSIMM Ta 3/IaTHICTIO IPU-
WMaTé y4acTh Maibke y BCIX BIIOMHX XIMIYHHX PEakIisixX i Mmporecax, mI0 MOB’s3aHo 3 iX
PEaKIiifHOIO 3/1aTHICTIO, sIKa ITOB’s13aHA 3 HASBHICTIO B 1X cTPYKTYypi azorpynu —N=N-, a Ta-
KO MPUPOJIOKO 1 MONOKEHHAM pisHux QyHKuionansHux rpyn (-OH, -COOH, -NH,, -SO,H
TOIIO) y CTPYKTYPHHX (pparMeHTax MOJICKYJIH. BBeIeHHS MOBEPXHEBO-aKTHBHHUX PEUOBUH
ab0 OpraHiuHMX PO3UMHHUKIB MOXE MPH3BOAUTE [0 3MiHA HE TLIBKH KHCIOTHO-OCHOBHHX,
a W CIEeKTpaJbHHUX BJIACTUBOCTEHl (COJIBBATOXPOMIsl) IepenideHuX a300apBHUKIB. Brms
MPUPOIU OPTaHIYHUX PO3ZYMHHHKIB JOCIIKCHO Ha MPHKIAAI ampOTOHUX (XJI0podopm,
eTuaneTar, OyTuiamerar, Terpariipodypas, 1,4-miokcaH, aleTOHITPUI, METUIOCH30, TH-
MeTmicyabdokenn, numermidopmamia, Gopmamizn), aMpInpOTHUX (METaHOM, 2-TIPOMAHOI,
2-6yTanod, 3-mMeTusn0yTan- 1-011) Ta mpoToHux. [TokazaHo, 1110 mpH 301IbIICHHI A1€ICKTPUIHOT
MIPOHUKHOCTI PO3YMHHMKA CIIOCTEPIraeThcst 6aTOXPOMHUI 3CyB MAKCHUMYMIB CMYT IOTJIHHAH-
Hs1 a300apBHUKIB, 1110 BIAMOBiIAE T—T* CICKTPOHHOMY Tepexoay. BcTaHOBICHO, 1110 BEITH-
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11.

12.

YHHU MOJIAPHUX KOC(IIi€HTIB CBITIIONOTIHHAHHS JOMIHYIOUNX KHUCIOTHO-OCHOBHUX (hopM
a300apBHUKIB B OPraHiYHUX PO3UMHHMKAX MPakTU4HO JiHiitHO (R~0.90-0.92) 3pocTaroTs 31
30UTBIICHHSIM iX JIENIEKTPUYHOI IPOHUKHOCTI. Bil3HaYeHO, 10 CIIOCTEPIraeThCs 3a0BUIbHA
xopemsmig (R = 0.70-0.80) Mixk MONTOKEHHAM MaKCUMyMY TIOTJIMHAHHS OapBHHKA 1 BETUYH-
HOM mapameTrpa XaHCeHa.

KiwouoBi ciioBa: criekTpopoTOMETpis, CONBBATOXPOMIsl, KapMOa3uH, *OBTUH «COHSYHUI
3axim», TapTpasuH.

REFERENCES

Msagati T.A.M. The Chemistry of Food Additives and Preservative. Wiley-Blackwell, 2012, 336 p.

Yadav A., Kumar A., Tripathi A., Das M. Sunset yellow FCF, a permitted food dye, alters functional responses
of splenocytes at non-cytotoxic dose. Toxicol. Lett., 2013, vol. 217, no 3, pp. 197-204. https://doi.org/10.1016/].
toxlet.2012.12.016

El-Sheikh A.H., Al-Degs Y.S. Spectrophotometric determination of food dyes in soft drinks by second order
multivariate calibration of the absorbance spectra-pH data matrices. Dyes and Pigments, 2013, vol. 97, no 2,
pp. 330-339 https://doi.org/10.1016/j.dyepig.2013.01.007

Tanga B., Xi C., Zou Y., Wang G., Li X., Zhang L., Chen D., Zhang J. Simultaneous determination of 16
synthetic colorants in hotpot condiment by high performance liquid chromatography. J. Chromatography B,
2014, vol. 960, pp. 87-91. https://doi.org/10.1016/j.jchromb.2014.04.026

Pourreza N., Rastegarzadeh S., Larki A. Determination of Allura red in food samples after cloud point extrac-
tion using mixed micelles. Food Chemistry, 2011, vol. 126, no 3, pp. 1465-1469. https://doi.org/10.1016/j.
foodchem.2010.11.158

Snigur D.V., Chebotarev A.N., Bevziuk K.V. Acid-Base Properties of Azo Dyes in Solution Studied Using
Spectrophotometry and Colorimetry. J. Appl. Spectrosc., 2018, vol. 85, no 1, pp. 21-26. https://doi.org/10.1007/
$10812-018-0605-9

Bevziuk K., Chebotarev A., Snigur D., Bazel Ya., Fizer M., Sidey V. Spectrophotometric and theoretical studies
of the protonation of Allura Red AC and Ponceau 4R. J. Mol. Struct., 2017, vol. 1144, pp. 216-224. https://doi.
org/10.1016/j.molstruc.2017.05.001

Chebotarev A.N., Bevziuk K.V., Snigur D.V., Bazel Y.R. The brilliant blue FCF ion-molecular forms in
solutions according to the spectrophotometry data. Russ. J. Phys. Chem. A., 2017, vol. 91, no 10, pp. 1907-
1912. https://doi.org/10.1134/S0036024417100089

Chebotarev A.N., Snigur D.V., Zhukova Yu.P., Bevziuk K.V., Studenyak Ya.I., Bazel Ya.R. Tristimulus colouri-
metric and spectrophotometric study of the state of 4-hydroxystyryl dyes in aqueous solutions. Russ. J. Gen.
Chem., 2017, vol. 87, no 2, pp. 196-203. https://doi.org/10.1134/S1070363217020074

. Bevziuk K., Chebotarev A., Fizer M., Klochkova A., Pliuta K., Snigur D. Protonation of Patented Blue V in

aqueous solutions: theoretical and experimental studies. J. Chem. Sci., 2018, vol. 130, art. 12. https://doi.
org/10.1007/s12039-017-1411-2

Reichardt C. Solvents and solvent effects in organic chemistry. Weinheim: WILEY-VCH Verlag GmbH & Co.
KGaA, 2003, 646 p.

Hansen C.M. Solubility Parameters: a user s handbook. CRC Press Taylor & Francis Group, 2007, 521 p.

105



ISSN 2304-0947 Bicnux OHY. Ximis. 2020. Tom 25, éun. 4(76)

IHOOPMAILISA AJIsI ABTOPIB

1. TIPO®LJIb ) KYPHAJY

1.1. «BicHnk OnecpKoro HalliOHAJBHOTO YHIBEPCUTETY. XiMis» 3A1HCHIOE TaKi THIIN ITyOuIi-
KaIlii:

1) HayKkoBi cTarTi,

2) KOPOTKi TTOBiJOMJICHHS,

3) marepianu KoHpEpeHILiH,

4) 6i6niorpadii,

5) peueHnsii,

6) Marepianu 3 icTopil HayKu.

1.2. Y neBHOMY KOHKPETHOMY BHITYCKY OAIMH aBTOP Ma€ MPaBO HAAPyKyBaTU TibKU ONHY Ca-
MOCTI}HY CTaTTIO.

1.3. MoBu BHIaHHS — YKpAlHChKa, POCiHChKa, aHITIHCHKA.

1.4. 1o penakuii «BicHuKa ...» IOAAETHCS:

1. Tekcr cTaTTi 3 aHOTALIEI0 — 2 PO3APYKOBAHUX MPUMIPHUKH (PUCYHKHU Ta MiMUCH 10 HHX,
TaOJIMILI PO3MIIIYBATH MO TEKCTY MICJIs MIEPIIOTO MOCUIIaHHS Ha HUX);

2. Pestome — 2 mpuUMipHUKY;

3. Kononruryu;

4. Pexomennaris kadeapu abo HayKOBOI YCTaHOBH IO APYKY;

5. BigomocTi mpo aBTOpiB;

6. BinpenaroBanuii 1 y3rofke€HHIl 3 peAKOJIETI€I0 TEKCT CTAaTTi, 3alIMCAHUM Ha IUCKY Y PEIaKTO-
pi Word (xeris 14; Bincrani Mix psiikaMu 1,5 iHTepBaiIu; OIS CTOPIHOK: JIiBe, BEPXHE Ta HIHKHE —
He MeHu 20 MM, npase — 10 mm).

2. HIATOTOBKA CTATTI — OBOB’AA3KOBI CKJIA1OBI

OpuriHanbHa CTaTTS Ma€ BKIIIOYAaTH:

2.1. Berym.

2.2. Marepianu i METORH JOCIiIKEHHS.

2.3. Pe3ynbratu TOCIIIKCHHS.

2.4. AHauni3 pe3ynbTaTiB JOCIiPKeHHS (MOXKIIMBE MTOEIHAHHS TPETHOTO 1 YETBEPTOTO PO3ILIIB).
2.5. BucnoBku (y pa3i HeoOXiTHOCTI).

2.6. AHoTartisi (MOBOIO CTaTTi) Ta pe3toMe (JIBOMa iHIINMH MOBaMH).

2.7. Kitouogi cioBa (10 m’siTh).

2.8. Konmonrtutyi.

3. O®OPMJIEHHS PYKOIIUCY. OBCAI. IMNOC/IIAOBHICTb PO3TALIIYBAHHS
OBOB’SI3KOBUX CKJIAJJOBUX CTATTI

3.1. I'panmunnii o6csr crarti — 12 cTOpiHOK, 6 pUCYHKIB, 4 Tabmuui, 20 mKepest y CIIUCKY JIiTe-
parypu; JIMCTIB B pelaKiito — 4 cTOpiHKU; oisaiB — 20 CTOPiHOK (OIVISIIOBI CTATTI 3aMOBJISIFOTHCS
PEIKOJIETIER).

3.2. ITocnimoBHICTE IPYKYBaHHS OKPEMHUX CKJIaIOBHX HAyKOBOI CTATTI Ma€ OyTH TaKOIO:

1. YJIK — 3miBa.

2. Ininianu ta npi3Buie aBTopiB (3rinHO 3 macnoptom) — Hwxk4e Y/IK 3iiBa.

3. Ha3pa HaykoBOi yCTaHOBH (B TOMY YHCII BiJiiy, KadeapH, ¢ BUKOHAHO JAOCIIIKCHHS).
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