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ADSORPTION OF QUINOLINE YELLOW FROM AQUEOQOUS
SOLUTION BY SILICA GEL MODIFIED WITH
CETYLPYRIDINIUM CHLORIDE

O.M. XKyroseyvra, O.M. I'vzenxo, LIO. Ilenamenxo, K.B. Cuicyp, O.M. Yebomapwos, J|.B. Cuicyp. Ancopouisi XiHOJiHOBOT0O
JKOBTOI'0 3 BOJAHHX PO3YHMHIB cHiiKareiaeM, MoaH(iKOBaHUM XJIOPHIOM HeTHINipuauHilo. B npeacraBneHiii poOoTi a1 eheKTHBHOTO
KOHILICHTPYBAaHHS aHIOHHOTO Xap4OBOro GapBHMKA XiHOIIHOBOIO YKOBTOTO 3 PO3BEACHMX BOAHMX PO3UYMHIB 3alPONOHOBAHO aJCOPOCHT Ha
ocHOBI cuimikareno L 5/40, moaugikoBaHOro HeTWIMipUANHIi XiaopuaoM. HasBHICTE KaTiOHIB LETHIHNIPUANHIIO Ha MOBEPXHI CUIIIKAremo
OyJI0 MiATBEPHKEHO METOIOM iH(ppauepBoHOI criekTpockomii qudy3Horo BinourTs 3 Oyp’e neperBopeHHsM. [loCiiIKeHO Ta ONTHMI30BaHO
YMOBH aJcopOLii XiHOJIHOBOTO YKOBTOTO 3 PO3BEACHHX BOJIHUX PO3YMHIB 3alpPONOHOBaHMM azcopOeHToM. [lokas3aHo, 110 BUKOPHCTaHHS
MOU(IKOBAHOIO CHIIIKAreNo J03BoJsie epeKTUBHO (>95 %) BuilydaTd XiHOJIHOBHH JKOBTHH 3 BOJHUX PO3YHMHIB. 32 ONTHMAJIbHHX YMOB
ancop6uii (pH 2, HaBaxkka copbenty 0,2 r, yac cop6uii 15 XB) BU3Ha4YeHO ajncopOuiiiHy eMHicTh MoaudikoBaHoro aacopoenty. ITokasano,
110 TPH MiABUIIEHHI TEMIIEpaTypH CIIOCTEpiraeThesi 3MiHa Ty i30otepmu 3 L-tumy Ha H-tun. [lokaszaHo, mo i3orepmu aacopOuii nodpe
OMHCYIOThCS PiBHSHHAM JIeHrMIopa, a TepMOJMHAMIYHI JOCIIiPKEHHS! 03BOJISIFOTh TOBOPHTH, IO aJCOPOLis Mae CaMOYMHHHN XapakTep.
JlocimipkeHo aecopOLilo XiHOJMIHOBOTO JKOBTOIO 3 MOBEPXHI CHITIKAreiro, Moau(ikoBaHOrO LETWIMIPUAMHIN XnopuaoM. BimsHaueno, mo
MPpY BUKOPUCTAHHI PO3YMHIB CIPYaHOI KUCIOTH, TIAPOKCHILY HATPIIO Ta JUCTHIBOBAHOI BOJM AecopOuis He BinOyBaeThes. BeranoBneHo, 1o
HaiedexTuBHiMM emoenToM € 0,001 Monb/n1 po3umH nomenwicyibgary Harpito B 0,1 MOIB/T TiIpOKCHAY aMoOHiO, a aecopOris
XiHOJIHOBOTO JKOBTOTO BiJOYyBa€eThCs 3a PaxXyHOK pyHHYBaHHsS IMOBEPXHEBHMX IOHHMX acolliaTiB aHIOHIB OapBHMKA Ta 3aKpilUICHUX Ha
MOBEPXHI CHJIIKAre 0 KaTioHaMH LEeTHIipuauHio. OTprMaHi JaHi B MOJAJbLIOMY MOXYTh OYTH HOKJIAJCHI B OCHOBY TECT-CHCTEMH LIS
BU3HAYCHHsI XIHOJIHOBOTO JKOBTOTO 3a BIJIITOBIIHMMY KOJBOPHMETPUYHUMH IIKaJaMH abo Ml TBepaodaszHoi eKCTpakiii Ta copOuiiHo-
CIIEKTPOCKOIIYHOTO KiJIbKICHOrO BU3HAYEHHSI XIHOJIIHOBOTO )OBTOT'O B JCSKHX PEaIbHHUX 3pa3Kax.

Kniouosi cnosa: XiHONIHOBUH XKOBTHHM, CHIIIKAreib, XJIOPH]] LETUIIIPHIMHIIO, aacopOLis, CIeKTpOpOTOMETpis TAraHb

O. Zhukovetska, O Guzenko, 1. Ignatenko, K. Snihur, O. Chebotarev, D. Snigur. Adsorption of quinoline yellow from aqueous
solution by silica gel modified with cetylpyridinium chloride. In the current paper, adsorbent based on silica gel L 5/40 modified with
cetylpyridinium chloride for the effective preconcentration of anionic food dye quinoline yellow from dilute aqueous solutions was proposed.
The presence of cetylpyridinium cations on the silica gel surface was confirmed by the diffuse reflectance infrared fourier transform
spectroscopy method. The adsorption conditions of quinoline yellow from dilute aqueous solutions with the proposed adsorbent were studied
and optimized. It is shown that the use of modified silica gel allows efficient (>95 %) extraction of quinoline yellow from aqueous solutions.
Under optimal sorption conditions (pH 2, sorbent dosage 0.2 g and sorption time is 15 min), the adsorption capacity of modified adsorbent
was determined. It is shown that, with increasing temperature, a change in the isotherm type from the L-type to the H-type is observed. It
was shown that adsorption isotherms were well described by the Langmuir equation. Thermodynamic studies have made it possible to
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establish the spontaneous sorption.The desorption of qunoline yellow from the surface of silica gel modified with cetylpyridinium chloride
was studied. It is shown that when using solutions of sulfuric acid, sodium hydroxide and distilled water, desorption does not occur. It was
shown that the most effective eluent is a 0.001 mol/L solution of sodium dodecyl sulfate in 0.1 mol/L ammonium hydroxide, and desorption
of quinoline yellow occurs due to the destruction of ion pairs of dye anions with cetylpyridinium cations fixed on the surface. The data
obtained can then be used to develop a test system for determination of quinoline yellow via corresponding colorimetric scales or for
quantitative solid phase extraction and adsorption-spectroscopic quantification of quinoline yellow in some real samples.

Keywords: quinoline yellow, silica, cetylpyridinium chloride, adsorption, spectrophotometry

Introduction

Food additives are widely used by food manufacturers, as they improve the taste, aroma, external
attractiveness of goods [1]. Today, the production of most foods is almost impossible without the
introduction of food colorants, especially synthetic dyes. Natural dyes are unstable and easily
degraded, while synthetic ones give an intense color to food and are stable during storage. At the same
time, the costs associated with their production are significantly lower compared to obtaining natural
dyes. These advantages have encouraged manufacturers to use synthetic dyes. The most commonly
used food dyes are tartrazine (E102), ponceau 4R (E124), sunset yellow FCF (E110), brilliant blue
FCF (E133), patented blue V (E131), quinoline yellow (E104) and some others.

Analysis of literary data and problem statement

A large number of methods for the determination of food dyes have been proposed [1, 2].
A chromatographic, voltametric and spectrophotometric methods are commonly used in laboratory
practice. Analysis of the current state of food dyes analytical chemistry are summarized in review
articles [1, 2, 3]. It should be noted that in the vast majority, the determination of food dyes is
preceded by the stage of their extraction or adsorption removal from the matrix or preconcentration [4,
5, 6]. In our opinion, among the preconcentration methods, adsorption occupies a special place due to
its simplicity, high efficiency, and environmental friendly. In addition, it seems possible to combine
adsorption preconcentration with some analytical techniques, such as diffuse refection spectroscopy,
voltammetry etc [7...11].

The purpose and objectives of the study

In continuation of our previous studies on the investigation of acid-base properties of food dyes
[12, 13], their adsorption preconcentration [14], as well as the development of methods for their
voltammetric determination [15], the features of adsorption of quinoline yellow (QY) on silica gel
(SG) modified with cetylpyridinium chloride (CPCI) are considered in the current work.

Materials and methods of research

The stock solution of QY with a concentration of 1-107> mol/L, which was obtained by dissolving
the exact weight of the dye in distilled water was used. Working solutions with lower concentrations
were prepared by appropriate dilution of the stock solution immediately before use. To obtain a
modified adsorbent silica gel L 5/40 and 1-10”° mol/L solution of CPCl were used. Electronic
absorption spectra in the region of 380...780 nm were recorded on spectrophotometers Specord UV
VIS and SF-56. The pH was measured on an [-160 potentiometer equipped with combined glass
electrode ESKL-08M. Adsorption was studied in a static mode and mixing was performed with a
automatic shaker AVU-1. Diffuse reflectance infrared Fourier-transform spectra (DRIFT-spectra)
were obtained on an Perkin-Elmer Frontier FT-IR Spectrometer.

The modified sorbent (SG-CPCI) was obtained according to the method [14] for which 10 g of
SG was weighed on analytical scales and placed into a conical flask. Then, 100 mL of 1-10° mol/L
CPCl solution was added into the flask, stopper and shaken for 60 minutes. The sorbent is then filtered
off, washed with distilled water and dried. The presence of CPCI on the SG surface was confirmed by
DRIFT. In the DRIFT spectra of SG-CPCI, absorptlon bands of siloxane bonds =Si-O-Si= at
1050 cm™' and surface sﬂanol groups bands at 3750 cm™ are observed. Absorption bands were also
recorded at 750 and 850 cm™', which correspond to the CH bonds bending vibrations in the pyridine
ring and the band at 1600 cm™ corresponded to the stretching vibration of the C=N bonds.

To study and optimize the conditions of QY adsorption via modified adsorbent SG-CPCI, on
analytical scales weigh 0.1...0.4 g of adsorbent and place the samples in conical flasks. In a series of
50 mL volumetric flasks an aliquots of 1:10™* mol/L QY solution were intodused and diluted to the
mark with a aqueous solutions with pH (1...7). The solutions are quantitatively transferred to conical
flasks and shaken at various intervals (15...60 minutes).
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The sorption recovery is calculated by the formula:
S= G-C. 100% , (1)
0

where C, — initial concentration, mol/L; C, — equilibrium concentration of the dye in the solution, mol/L.

Desorption of QY from the SG-CPCl surface was performed by 1...50 mL of solutions of
hydrochloric, sulfuric, nitric and acetic acids (0.1...1.0 mol/L), sodium hydroxide and ammonium
hydroxide (0.1...1.0 mol/L), as well as aqueous and ammonia solutions of sodium dodecyl sulfate
(0.001...0.01 mol/L). The desorbate solution is filtered through a teflon filter and the concentration of
QY was determined by spectrophotometric method. The desorption degree is calculated similarly to
the sorption recovery.

Results and discussion

To optimize the conditions of adsorption of QY, the influence of the medium acidity, time and
adsorbent dosage on the efficiency of dye removal were studied (Fig. 1).
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Fig. 1. Dependence of the QY sorption recovery by SG-CPCl on:
pH (a); phase contact time (b); adsorbent dosage (c)

As can be seen from Fig.1 the quantitative adsorption of QY is achieved by carrying out
adsorption in static mode with 0.2 g of SG-CPCI adsorbent at pH 2 for 15 minutes.

For the study of QY adsorption mechanism onto SG-CPCI, the adsorption isotherms at 293K and
317K were obtained (Fig. 2).
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Fig. 2. Adsorption isotherms of QY on SG-CPCI at different temperatures («) and adsorption isotherm at 293 K
linearized in the coordinates of the Langmuir equation (b)
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As can be seen from Fig. 2a, the obtained isotherms can be attributed to L-type (Fig. 2, curve 1)
and H-type (Fig. 2, curve 2) according to the Giles classification [16]. The Langmuir and Freundlich
equations are used satisfactorily to describe L- and H-type isotherms. It was found that in the case of
adsorption of azo dyes (carmoisine, tartrazine, sunset yellow FCF) by the sorbent SG-CPCI [14] and,
in this case, the best adsorption isotherms are described by the Langmuir equation. For example, the
adsorption isotherm at 293K, which is linearized in the coordinates of the Langmuir equation, is
shown in Fig. 2b.

Based on the obtained adsorption isotherms and their linearized forms, the maximum adsorption
capacity (A,) of QY on the SG-CPCI, the constant of adsorption equilibrium (K) and corresponding
thermodynamic parameters are calculated and summarized in the Table 1.

Table 1
Adsorption and thermodynamic characteristics of the studied system
Dye A, pmol/g K10 AG”, kJ/mol AHC, AS’, J/mol' K
293K | 317K 293 K 317K 293 K 317K kJ/mol 293 K 317K
Q;‘@‘}f;gle 84 | 115 1.2 1.6 | -292 | -31.0 -75 74.2 772

As can be seen from Table, the standard Gibbs energy takes on negative values that indicate the
spontaneous nature of the adsorption process. The positive values of AH® indicate the exothermic
adsorption process. An increase in the value of K and A, with temperature increase testifies the
predominantly chemical interactions accompanying the adsorption of QY by SG-CPCI surface.

The desorption of QY from the SG-CPCI surface was investigated. As desorbents used solutions
of acids (hydrochloric, sulfuric, nitric, acetic, salicylic, succinic, oxalic, citric, caprylic), bases (sodium
hydroxide, ammonium hydroxide) varying the concentration and volume of the desorbent. The organic
solvents (ethanol, propanol, acetone, acetonitrile, tetrahydrofuran) and anionic and nonionic
surfactants solutions (sodium dodecyl sulfate, sodium tetradecyl sulfate, sodium hexadecyl sulfate,
triton X-100) were also tested as desorbents. In general, it should be noted that solutions of acids do
not elute the QY from the SG-CPCI surface. It should be noted that bases and organic solvents have a
low elution capacity, and the desorption degree not exceed 60 %. Anionic surfactants solutions elute
the QY much better, which may be additional evidence of predominantly chemical interactions
between the SG-CPCI surface and the QY. Solutions of sodium dodecyl sulfate proved to be the most
effective eluents, and the desorption degree increases with increasing pH, which is due to the
transition of the dye into highly charged anionic forms and destruction of the surface ionic pairs. In
turn, quantitative desorption is achieved in an alkaline medium (pH~11) by elution of the QY with 5
mLof 0.001 mol/L solution of sodium dodecyl sulfate in 0.1 mol/L ammonium hydroxide.

Conclusions

Thus, as a result of this study, the process of quinoline yellow food dye adsorption onto silica gel
modified with cetylpyridinium chloride was investigated. It was found that adsorption is mainly
chemical in nature, and the quantitative removal of the dye is achieved at pH 2 within 15 minutes. The
main thermodynamic and adsorption parametres were determined. It is shown that quantitative
desorption occurs only under conditions of destruction of surface ionic pairs, and the most effective
eluent is a 0.001 mol/L solution of sodium dodecyl sulfate in 0.1 mol/L ammonium hydroxide.
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