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INFLUENCE OF TETRABUTYLAMMONIUM BROMIDE AND SODIUM BROMIDE ON
ACID-BASE PROPERTIES OF THYMOL BLUE IN WATER-ETHANOL MEDIUM

E.A. Reshetnyak, A.I. Rysukhina, N.N. Kamneva, K.V. Goloviznina

For the first time the values of two acidity constants Ks1 and K2 of the sulfophthalein indicator thymol blue
in water and water-ethanol (mass fraction of ethanol is 50%) solutions with and without addition of tetrabu-
tylammonium bromide and a background electrolyte NaBr were determined. Spectrophotometry was chosen
as a method of investigation and potentiometry was used to check the pH value in the solutions. It was
found that the influence of tetrabutylammonium bromide on the pKa. values (compared with aqueous solu-
tions) of thymol blue in water and water-ethanol solutions correlated in sign with the effects that took place
in micellar solutions of cationic surfactants for this indicator. Changes in the pKa,1 value did not exceed a
measurement error.

Keywords: thymol blue, acidity constant, water-ethanol solution, tetrabutylammonium bromide, back-
ground electrolyte, spectrophotometry, potentiometry.

Introduction

Thymol blue (2,2’-dimethyl-5,5’-diisopropylphenolsulphophthalein, TB) is an acid-base indicator,
that is sufficiently studied and commonly used in analytical and physical chemistry practice. Thymol
blue, along with other dyes, is used as a spectroscopic probe for investigating of medium effects [1-7].
It is known that transition from water to non-aqueous solvents, either to micellar solutions or similar
media, causes a shift of protolytic equilibrium or leads to changes in values of the indicators (K,) acid-
ity constants. The value ApK, = pK, (medium) — pK,"” (water) is a quantitative characteristic of an in-
fluence of the indicator microenvironment in the chosen medium.

Different indicator systems based on dye solutions or sorbents with immobilized dyes are used as
an express method to determine the pH of aqueous media; acid-base papers are best known to con-
sumers [8,9]. Indicator papers that work in a “wide” pH range are prepared using water or water-
alcohol solutions of indicator mixtures. These solutions can contain thymol blue. To improve the sta-
bility of immobilized indicators in sorbents, tetrabutylammonium bromide (TBAB) was added to the
solutions of dyes [9]. The presence of a quaternary ammonium salt can cause a shift in the color transi-
tion of the indicator. A preliminary research into the indicator’s behavior in the solution in the chosen
conditions is necessary for prediction of acid-base properties of the dye in the sorbent phase.

The indicator thymol blue has two color transitions characterized by two acidity constants K, and
K. The schemes of protolytic equilibria are shown in Fig.1 ([4]). A molecule of an acid is red in
color, hydroanion — yellow, anion — blue one.

A standard method of spectrophotometric determination of acidity constants is mostly used for in-
vestigation of acid-base properties of dyes under various conditions [10]. If the dissociation equilib-

rium of the indicator’s acid form is represented by the equation HR =2 R+H™, the formula for calcu-
lation of the logarithmic acidity constant is as follows:

pK, =pH+logﬂ (1)
Agr — 4

where Ar and Apr are absorbances of conjugated forms of the indicator at a fixed wavelength,

A — absorbance of the solution containing both the forms; the pH value of the solutions is determined

by the potentiometric method.

In Table 1, some examples of the experimentally estimated values of the second acidity constant of
thymol blue in aqueous micellar solutions of cationic surfactants at different values of ionic strength of
the solutions (/) are collected. These results confirm regularities summarized in the literature [1,6,7]:
the indicators’ pK, values decrease in the presence of micelles of cationic surfactants as compared
with the values in water and increase when a background electrolyte is added to the micellar medium
(references on the influence of TBAB on pK,; and pK,, of thymol blue were not found).

© Reshetnyak E.A., Rysukhina A.I., Kamneva N.N., Goloviznina K. V., 2017 nkamneva@gmail.com
46



MuKeP
Машинописный текст
doi.org/10.26565/2220-637X-2017-29-04


E.A. Reshetnyak, A.I. Rysukhina, N.N. Kamneva, K.V. Goloviznina

CH; CH - CH; CH
L o T2 o B iz O] & L0
Hj 803 CHs Ha A _SO; CHs
L -
- H+ 2-
HR *QB R
Ka1

CH; CHs

HO ] OH

HgC%@CHg

Hy . __soy CHa
)

H,R* |

Figure 1. The scheme of protolytic equilibria of thymol blue.

Table 1. Values of the indices of the second acidity constant of thymol blue in water micellar solutions of cati-
onic surfactants.

Conditions
Surfactant c(surfactant), | Background 3 0 pPKa
mol/dm’ electrolyte £, mol/dm S
0.003 KBr 0.011 20 8.90 [2]
ltrimethyl 0.003 KBr 0.05 20 9.30 [2]
amilio};lium %myn;i i 0.01 NaBr 0.05 20 | 9.15+0.05 [4]
0.01 — not stabylized 25 8.73 £0.03 [4]
0.002 NaBr 0.05 25 9.60 [5]
ditetradictyldimethyl 5-107 NaBr 0.01 25 | 8.90%0.06 [6]
ammonium bromide
gemini 4
16-4-16 surfactants 510 NaBr 0.05 25 9.60 [6]
cetylpyridinium chloride 0.003 KCl 0.05 25 8.83 1]
cetyltrimethyl- 0.003 KCl 4.0 25 10.47 [3]
ammonium chloride

"In water solutions pK,, = 9.2 (I=0, [1,11]); 9.01 (/= 0.01, [11]); 8.90 (/= 0.1, [11]).

It is known that an increase in pK,, i.e. a decrease of acid strength, is supposed to be observed
when water is replaced by an organic or water—organic medium. Thus, pK,, of thymol blue reaches the
value of 13.1 in water—ethanol solution (91 mas % fraction of ethanol) [1].

The aim of this work was to investigate the influence of tetrabutylammonium bromide on acid-base
properties of the indicator thymol blue in water and water—ethanol solutions (mass fraction of the al-
cohol 50%) in the presence of background electrolyte NaBr.

Experimental

Materials

In the present work, the chemicals were reagent or extra pure grade, all the solutions were prepared
using distilled water. Stock solutions of thymol blue (~2-10* mol/dm’) and TBAB (0.10 mol/dm’)
were prepared by dissolution of exactly weighed amounts in ethanol (96 mas % fraction). Aqueous of
1.00 mol/dm’® NaBr solution was prepared using exactly weighed amount.

The values of pH < 3.3 in the working solutions were maintained by HCl additions, pH from 4.0 to
5.5 by an acetate buffer, from 6.0 to 8.0 by a phosphate buffer, from 8.2 to 10.5 by a borate buffer,
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pH > 11 by NaOH solutions. The stock solution of alkali was prepared from a saturated NaOH solu-
tion using CO,-free water and was kept protected from the atmosphere.

Apparatus

Absorption spectra of dye solutions were measured using KFK-3 and HITACHI U-2000 apparatus
against water or water-ethanol reference solutions in 1 cm cuvette. The pH values of working solutions
were determined by the potentiometric method using either a compensation scheme with uncertainty
of £0.3 mV at (25.0=0.1) °C or pH meter-millivoltmeter pH-121 at room temperature. An Ag/AgCl
electrode EVL-1M3 was chosen as a reference electrode and a glass electrode ESL-43-07 as an indica-
tor one. Calibration of the optical path cell was carried out with standard aqueous buffer solutions.
A correction A = —0.2 units was applied for measured pH values of water—ethanol (50% mass frac-
tion) solutions [12].

Procedure

The concentration of thymol blue was determined more precisely by spectrophotometric method
taking into account the exact value of the molar absorptivity of the indicator in water solutions
Ema=3.6 X 10" dm’/(mol xcm) [1].

Water—alcohol solutions of the indicator (50 mas % fraction of ethanol) with fixed pH and ionic
strength values were prepared in a flask with a volume capacity of 10 ml. Necessary volumes of the
base solutions were placed into the flask using pipettes in the following order: TB solution, 96 % etha-
nol, TBAB solution, NaBr solution, and then made up by an aqueous buffer solution. Concentration of
the indicator in all the solutions was 3.0 x 10~ mol/dm’, and that of TBAB: 0.01 or 0.002 mol/dm’.
The fixed value 7 = 0.05 mol/dm’ was maintained by adding the background electrolyte NaBr. The
value of ionic strength was determined by the concentration of the components of buffer solutions or
HCl in case of absence of the TBAB and NaBr salts.

Results and discussion

The scheme of acid-base conversion of thymol blue in ethanol and water-ethanol-solutions is sup-
posed to be the same as in water (Figure 1, [1]).

H,R* = HR +H", K, 2
HR™ =R* +H', K, 3)

It is well known that in a strongly acidic medium (pH<0), the zwitter-ion H,R™ is readily proto-
nated forming cation H;R" (fixed by sight and spectroscopically) [1,13]. Different authors report the
pK. value to be about 1.6. Based on this value, pH range from 0.7 to 3.5 was chosen for studying
zwitter-ion dissociation to hydroanion. The contribution of the equilibrium concentration of H;R" ion
to total concentration of the indicator can be neglected in this acidity range [13].

Absorption spectra of the three forms of the indicator at different pH values in water (without
TBAB and NaBr) and water—ethanol solutions (with TBAB and NaBr) are shown in Figures 2 and 3.
Absorption spectra of the dye were similar to those obtained in other tested systems. The values of the
wavelength in maxima of the absorption bands of all the forms (%, , Table 2) are shifted insignifi-

cantly into a long wavelength spectrum band by 4-11 nm in water—ethanol solutions as compared with
the water ones. This shift is typical for colored particles when a polar solvent is replaced by a less
polar one; the value of Ay, also characterizes the medium effect [1].

For the experimental evaluation of the indicator’s acidity constants under different conditions, the
wavelengths were chosen where the light absorption of the dye strongly depends on pH: 3 ___ of the

max

zwitter-ion when studying the first step of dissociation and 3 of the anion R* when evaluating the

second acidity constant.

Examples of the titration curves of water—ethanol solution of the indicator by hydrogen chloride so-
lutions and alkali are shown in Figure 4. For calculating every logarithmic acidity constants according
to Eq. 1, 8-10 experimental points on the sloping part of the curves were chosen. Averaged values are
presented in Table 2.

48



E.A. Reshetnyak, A.I. Rysukhina, N.N. Kamneva, K.V. Goloviznina

+ 1.2 =

Lo A3

1.0 /
1.0

0.8 -
0.8
06 0.6-

< st
0.4 0.4 -
0.2- 0.2
) - —1
0.0 T r T r r i y 0.0 T T T T T T =
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
&/ et} A/nm

Figure 2. Absorption spectra of thymol blue at different pH values in water solutions with concentration of TB
3.2% 107 mol/dm’:

a)pH: 1-5.00;2-2.29,3-2.00,4-1.86,5-1.74,6-1.62,7-1.57,8-1.47,9—-1.28, 10— 0.70.

b) pH: 1 —5.00; 2 —8.63; 3 - 8.78; 4 — 8.85; 5 -8.94; 6 —9.05; 7—9.08; 8 —9.20; 9-9.21; 10 -9.26; 11 —9.38;
12-9.43; 13 -13.0.
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Figure 3. Absorption spectra of thymol blue at different pH values in water solutions with concentration of TB
3.2x107° mol/dm’, TBAB — 0.01 mol/dm®, NaBr (/= 0.05 mol/dm®):

a)pH: 1-1.00;2-1.50,3-1.68,4—1.89, 5—-1.96,6—2.09, 7 —2.27, 8 —2.60,9 —2.79, 10 —3.30, 11 — 5.00.
b) pH: 1 —13.00; 2 —11.00; 3 —10.80; 4 — 10.60; 5—0.43; 6 — 10.26; 7—10.01; 8 — 9.87; 9 — 8.94; 10 — 5.00.
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Figure 4. Spectrophotometric titration curves of water—ethanol solutions of thymol blue by HCI solution (a;
Amax =550nm) and NaOH solution (b; A =604nm). (a, b: ¢(TB)=3.2x10" mol/dm’,
¢(TBAB) = 0.01 mol/dm’, 7= 0.05 mol/dm® (NaBr).
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Table 2. j,  values of absorption bands of three forms of thymol blue and logarithmic acidity constants values

of the indicator obtained under different conditions

Conditions Amax, NM K K
Medium t°C | ¢, mol/dm’ | 7, mol/dm’ |H,R* | HR | R* PRl Pfa

Water 25 — 0.001 —0.05 | 546 | 430 | 596 | 1.76 =0.04 | 9.05 +0.02

25 — 0.05 (NaBr) | 546 | 430 | 596 | 1.77+0.05 | 9.06 +0.02

18-20 — 0.001-0.05 | 552 | 441 | 603 | 2.00+£0.15| 9.45+0.11

25 — 0.05 (NaBr) | 550 | 437 | 602 | 1.88+0.09 | 10.06 + 0.06
Water : ethanol 0.001

— 1:1 by weight 18-20 (TBAB) 0.005-0.03 | 552 | 441 | 603 | 1.77+£0.05 | 8.30+0.16
0.01

25 (TBAB) 0.05 (NaBr) | 550 | 437 | 604 | 1.80+0.04 | 10.59 +0.06

Bishop [11] underlines that temperature fluctuation and the presence of background electrolytes in
the solutions display negligible influence on the equilibria of dissociation of indicator molecules with
a bipolar ionic structure (in particular, the molecular form of thymol blue). This statement is illustrated
by the data in Table 2. The difference in the value of the first logarithmic acidity constant did not ex-
ceed a measurement error under all the studied conditions (confidence intervals for all of the mean
values of pK,; overlap), i.e., the pK,; fluctuation is negligible.

The behavior of the logarithmic second acidity constant of thymol blue illustrates regularities dis-
cussed hereinabove. Stabilization of the ionic strength of the buffer aqueous solution of the indicator
by adding the electrolyte NaBr (I = 0.05 mol/dm’) did not influence the constant value significantly.
Having cationic surfactants properties, TBAB displays a greater influence on the shift of acid-base
equilibrium than NaBr.

The pK,, value, as it was expected, increased from 9.05 to 9.45 when water solutions of thymol
blue containing only the buffer were replaced by water—ethanol ones (when passing to a less polar
solvent); adding the background NaBr salt for the ionic strength stabilization led to a subsequent in-
crease in logarithmic acidity constant up to the value of 10.06. Adding of a comparatively small
amount of the TBAB salt (0.002 mol/dm’) to water—ethanol solutions of the indicator decreased the
pK., value from 9.45 to 8.30 (Table 2, the third line from the bottom). The sign of the effect is the
same as in the cationic surfactants in the solutions of thymol blue (Table 1).

The background electrolyte NaBr being added to water-ethanol solutions containing TBAB were
supposed to shift the equilibrium (3) to the side of hydroanion, which had to lead to the increase in the
pK., value. Just this result was obtained in our study: stabilization of ionic strength of the solutions
(0.05 mol/dm”) causes the increase in the pK,, value from 8.30 to 10.59 (Table 2, the next-to-last line)
even if TBAB concentration is increased five times.

Conclusions

The study of protolytic equilibria of the indicator thymol blue in water—ethanol (50% mass frac-
tion) solutions with and without adding tetrabutylammonium bromide and sodium bromide confirmed
the fact that the influence of the TBAB salt on acid-base properties of the dye is similar to the influ-
ence of micellar solutions of cationic surfactants. The decrease (comparing with water) of polarity of
the medium and the presence of the background electrolyte NaBr caused the opposite in sign effects
on the value of logarithmic second acidity constant comparing with the influence of TBAB. These
factors did not affect the equilibrium of zwitter-ion dissociation to hydroanion of the indicator signifi-
cantly — change in the pK,; value did not exceed the measurements error.
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Tocmynuna 0o peoaxyii 20 srcoemus 2017 p.

E.A. PewertHsik, A.W. PucyxuHa, H.H. KamHeBa, E.B. MonosusHuHa. BnusHue tetpabytunammonmin 6pommaa u
HaTpuin Gpommnaa Ha KUCMOTHO-OCHOBHbIE CBOWCTBA TUMOIOBOIO CUHErNO B BOAHO-3TAHONBHOW cpeae.

Ons cynbcdodTaneMHoBoro nHankaTopa TMMOSIOBOrO CUMHEro BriepBble onpeaeneHbl 3HaYeHUs ABYX KOHCTaHT
KMcrnoTHoCcTU Kat1 1 Ka2 B BOOHBIX 1 BOOHO-3TaHOSMbHLIX (C MaccoBow gonen cnupta 50%) pactBopax conu TeTpa-
6yTunamMmmoHuii 6pomuaa ¢ nobaskamu 1 6e3 nobasok doHoBoro anekTponuta NaBr. iccrnenoeaHusi nposoamnu
METOAOM CnekTpohoToOMETpUM, 3Ha4YeHne pH B pacTBopax YTOYHANM NOTEHLUOMETPUYECKN. YCTAHOBIEHO, YTO
BIidAHUEe conun TeTpa6yTI/IJ'IaMMOHVII7I 6p0MVILLa Ha N3MeHeHne 3Ha4deHusa pKag TUMOJIOBOIro CMHEro B BOAHbLIX U
BOAHO-3TaHOSIbHBLIX pacTBOpax KOPPEnUPYeT No 3Haky ¢ addekTaMu, KoTopble Habnaanyu Ans 3Toro MHAMKaTo-
pa B MUUENNApHbIX pacTtBopaxX KaTUOHHBLIX NMOBEPXHOCTHO-aKTUBHbLIX BELLECTB. MN3meHeHne BenuyuHbl pKa1 He
NPEBbICUIO NOrPELLHOCTU N3MEPEHNIA.

KnioyeBble cnoBa: TUMOMOBLIA CUHWIA, KOHCTAHTa KUCIOTHOCTM, BOOHO-3TaHOmMbHas cpeaa, TeTpabytunam-
MOHUIA 6pomuz, (POHOBBIN INEKTPONUT, CNEKTPOPOTOMETPUSI, MOTEHLMOMETPUS.
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0.0. PewertHsik, A.l. Pucyxina, H.M. KamHeBa, K.B. lonogisHiHa. Bnnue tetpabytunamoHin 6pomigy i HaTpin
Gpomigy Ha KMCNOTHO-OCHOBHI BMAcTUBOCTI TUMOMIOBOIO CUHBOTO B BOAHO-ETAaHONIbHOMY CEPELOBMULL.

[na cynbdodTaneiHoBoro iHgukaTopa TMMOSIOBOrO CUHLOIO BrepLle BU3HAYEHO 3HAYEHHS ABOX KOHCTaHT KUC-
notHocTi Kat i Ka2 Y BOAHMX | BOOHO-eTaHOMbHKX (3 MacoBok YacTkoto cnupTy 50%) po3unHax coni TeTpabytuna-
MOHin Gpomigy 3 nobGaBkamu i 6e3 gobaBok doHoBoro enektponity NaBr. [JocnigpkeHHs npoBoaunvM MeToaoMm
cnekTpodoTOMETPIi, 3Ha4YeHHA pH y po3unmHax yTOYHIOBaNM NoTeHUioMeTpuyHoO. BcTaHoBNEHO, WO BAAMB COfi
TeTpabyTnnamoHin 6pomiay Ha 3miHy 3HavyeHHs1 pKa2 TUMONOBOIro CMHLOrO B BOAHMX i BOOHO-ETAHOMbHUX PO34K-
Hax KOpertoe 3a 3HaKoM 3 edhekTamm, Aki cnocTepirany Ansa upboro iHaukaTtopa B MiLEeNspHUX PO34YMHaX KaTiOHHUX
NOBEPXHEBO-AKTUBHUX peYOBUMH. 3MiHa BenuunHu pKai He nepeBumLLmMna NOXMOKU BUMIpIOBaHb.

Knro4yoBi crnoBa: TMONOBWIA CUHIA, KOHCTAHTa KUCMOTHOCTI, BOAHO-eTaHONMbHE cepenoBuLLe, TeTpabyTunamo-
Hi 6pomia, POHOBUIA ENEKTPONIT, CNEKTPOHOTOMETPISA, MOTEHLIOMETPIS.

Kharkov University Bulletin. Chemical Series. Issue 29 (52), 2017

52





