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SORPTION ОF ZWITTERIONIC DYES
ON HYPERCROSSLINKED POLYSTYRENE FRОМ WATER

SOLUTIONS

Р.А. Kebets, Yu. V. Leonelrko, М.V. Malozemov, and P.N. Nеstегепkо

тhе sогрtiоп of methyl огапgе and patented Ьluе zwitteгionic dyes fTom wаtег
solrrtiorrs оп h5rрегсrоssliпkеd роlуstугепе (Hcps) was investigated. rt was
shоqrп that additives оfstгопg electrolytes iпсгеаsеd the dye sогрtiоп.

Нурегсrовsliпkеd polyBtyrene (HCPS) is an efficient sоrЬепt fоr sогрtiоп of lлаriоus polar orgarric
suЬstfiItсеs, frоrп wаtеr ьюlutiоп, suсh as рhепоIs [1, 2], aliphatic amines [3], diохурhепоЬ [а], алd огfrапiс
dyes [5]. оч,iпg to the higlr affinity of IiCPS fоr irгоmаtiс compounds [О], it can Ье used as mаtй to
рrераrе dynarnically modified sоrЬепts used in ion сhrоmаtоgrарhу. Previously, dynamic modification Ьу
switterionic dye rrlethyl оrш8е (МО) was employed to рrераrе а lrighly selective ion ехсhапgеr fоr пераrаtiоп
of tlre саl,iопв of аlыi aTrd дlkцliпе-еаrth metals as ъ,clt аs fог simultппеdus верqтаtiоп of iпотgапiс catioпý
апd алiопв |7l.

Thus, development of sorbentB Ьу modifying the HCPS surface with zwitterionic m<rlecules is а simple
and convelrient technique [оr ргерагiпg zwittегiопiс sorbents, Tentative conclusions about the stability and
quaлtitative characteristics of the adsorbed lауеr and about the ргосеssеý that оссцr оп the воrьепt suгfасе
carr Ье dгаwп through studying adsorption isotherms [8]. In this work, we investigated the sогрtiоп of two
zwittегiопiс dyes, methyl оrапgе (мо) and.patented blue (рв) on Hcps from wаtег solutions with an
additive of potassium сhlогidе and without it.

EXPERIMENTAL
Тhе initial solutions of dye with а concentration of 10 mmol/I Wеrе рrераr.еd Ьу dissolving ргесisеlу

weighed sаmрIеs in distilled wаtег, The solution ionic strепgth was clranged using а solution of potassium
chloride vгith а сопсепtгаtiоп of 1 mol/l, analytical grade (Reakhim, Moscbw). The sогЬепt was
hypercrosslinked роlуstуrеце MN-200 (Purolote Int. Ltd, Grеаt Britain), particte size 0.3-1.2 mm, specific
suгfасе 80}-1000 m2/g.

Рrосеduге of SoTption uпdег Static Conditions
place ассuгаtеlу weighed sалrрlеs (20 mg) of the sогьепt in 10 ml test tubes, add the rеquirеd amount

of potassium сh]оridе Bolution, an аquеочs sоlцtiоп of the dye, and distilled wаtеr. Seal hermetically the
test tubes and shake them until equilibrium sets in, After that, sераrаtе the so]ution frоm the sоrьепt
ьу decmrting ацd determine the dye сопсепtгаtiоп in the wаtег pha"se on а uv-2201 sресtгорhоtоmеtег
(Shimadzrr, Japan). Calculate specific adsoгption Ьу the equation

о=(со -")L,пlс

where а is the dye specific adsorption, mmol/g; Со aJld с аге the initiai алd еquiliьгium сопсепtrаtiопs of
the dye in solution, mmol/l; И is the чоlumе of the aqtreous solution, l; апd rn" is the weight of the sогьепt
sample, g.
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RESULTS AND DISCUSSION

МО and РВ dyes аге zwitterionic aromatic molecules containing Bulfo- and аmiпо grоuрs (Fig, 1),
spectroplrotometry is а convenient method fоr determining the dye cotrcentration iп solution hеrе Ьесаujе
of thtl intense absorption in the visible light regiorr of the sресtгum. The dye сопсепtrаtiопs in solution
Weгe deteImitred usiпg absorption пrа>tiпtа iп tlre spectral rеgiопs at 467 and 630.5 um fог МО and РВ,
reýpectively.

Methyl Огапgс Patented Вlче

Fig. 1

Struсtuтаl fогmulаs of the dyes,

As has Ьееп shown pгeviously [2], HCPS is characterized Ьу the highЙe of..}he setting in of sогрtiоп
equilihium. Fот example, fог the sогрtiоп of zB,itterionic dyes frоm ап аquеоus solutiorr, equilibrium sets
iп аftег а few minutes. Chromatographic sерагаtiоп of iопs оп zwitteгionic ехсhапgеrs is usually реrfоrmеd
using dilute solutions ofýtrol)g electrolytes. Fоr thb rеаsоп, we studied the effect ofthe рrеsепсе ofa stгопg
electrol1rte iп the dye solution оп the dye adsorption. Ап iпсrеаsе iп potassium сhlогiсlе сопсепtгаtiоп
in solution up to 0.1 mol/l results in а significant iпсrеаsе iп the zwitteгionic dуел adsorption on Hcps
(Fig. 2). Note also that at higher dye сопсепtrлаtiопs in solution, ап irrcгease iп the soltttion ionic strength
mау decrease thеiг solubility duе to the saltirrg orrt efiect.

Сgg1, mОИ

Fig. 2

Dependence of РВ specific adsorption оп HCPS fгоm wаtег solutions on potassium chloride
conceTrtration (срв = 0.5 mmоl/l; m" = 0.020 g, И : 5 ml).

It is well known that HCPS in wаtег solutiorrs exhibits апiоп ехсhапgе properties [9, 10]. Fоr this
геаýоп, its surfасе is сhаrgеd negatively. оп the опе hа,пd, as ionic strепgth increases, the сhагgеs оп the
surfасе аrе sсгеепеd апd thеir contribution to the interaction with сhалgеd molecules decreases. оп thе other
hand, an iпсrеаsе iп ionic strength causes screening ofthe с}rагgеd grоuрs ofthe dye апd the dye а,dsогрtiоп
on the hуdгорhоьiс sцrfасе iпсrеаsеs. It folloпrs that ап iпсrеаsе in tlte Btrong electгolyte concentration

I-0

patented Вlче

а, mmol/g
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епhапсеs the аdsогрtiоп of zwitterionic dуез оп HCPS. Fоr this rеаsоп, the Btability of the adsorbed lауеr
uпdеr the conditions of ion сhгоmаtоgrарhу will Ье highеr when electrolyte solutions аrе uýed аý eluants.

The dye adsorption isotherms wеrе obtained both in the presetrce of potassiuпt сhlоridе in solution
апd without it (Fig. 3). Figures 1-3 shоw thai the iвоthегms fоr РВ and МО hаче а similаг pattern. The
isotherms аrе liпеаг in the геgiоп of equilibrium concentгations of the dуеs iп an aqueous solution- The
basic physicochemical рагаmеtегý of adsorption (Table 1) wеге саlсцlаtеd Ьу the least Squагеs method using
the liпеаr fоrm of the Lапgmuir equation:

whеrе о is the dye specific a,dsoгption, mmоl/g; с is bhe dye еquiliЬгium сопсепtгаtiоп in ап &queous s<rlution,
mmol/l; о,,, is the ýоrЬепt sorption capacity, mmоl/g; ыrd D is the distribution coefficient, l/g.

an, mmоUg

0.35

111
а ал'Dс'

l0

Fig. 3

Isothenns of the adsorption of МО (а) and РВ (D) оп HCPS frоrп wаtеr solutions at сц61, М:
-l, 0 and 2,0,1 (m, = 0.020 g, У = 5 ml).

ТhЫе 1

Physicochemical Ралаmеtеrs of the Sоrрtiоп of Zu,itterionic Dуеs
frоm wаtеr solutions

SогЬаtе Phenol [l1] 2-Nitгорhепоl [11] рв мо
о-, mmоl/g 0.29 0.57

D,Uв 1,32 21.7 33,33 45.45

К;,Uв 4000 43400 66666 90 900

-AGo, kJ/mol 20.2 26.0 27.б 28.3

'We used the рrосеduге described in Ref. [1] Ю determine equilibгium sorption сопstапts К; апd сhапgев
iп the stапdаrd Gibbs епегgу (Table 1) using the folloB,ing e<;uations:

DKi= й, AG" = -RТlПКl.,

whеrе Л is the uпiчегsаl gas constant, Т is the stалdаrd tеmрегаturе, И" is the total specific volume of the
sогЬеd substances (fоr HCPS (MN-200), аЬоut 0.5 rnl/g [t]).

Оur data allow us to conclude that the studied zwitterionic dуеs have а stгопgеr a,ffinity for HCPS
tharr the phenol deriyatives we studied рrечiоuslу [11]. Тhis сап ргеsumаЬiу Ье attributed to the higher

Сц, mОlЛ

с- mmol/g
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hydrophobicity of molecules, Ьесаusе despite the ргеsепсе оf ionic gтoups, they contain mоге thап one
аrоmаtiс гiпg-

Оur results indicate а high affinity of HCPS fоr aromatic zwitterionic dves. Неrе, both the ca]culation
sоrрtiоп capacity and the оЬsегчеd sorption capacity with геsресt to МО аге approximately twofold highеr
than that with rеsресt to РВ (Fig, 3, Table 1), which can Ье explained Ьу the difiеrепсе in the molecule size.
То summаrizе, modification of the HCPS surfасе Ьу the investigated zwitteгionic dyes is а simple technique
fог the рrераrаtiоп ofstable statiouary phases fоr icln сhгоmаtоgтарhу.

We аrе gгаtеful to М, G. Kiseleva, Сапd. Sci. (Сhеm.) (Food Institute, Russiarr Academy of Sciences)
fог patented blue dye, which was kindly provided Ьу lrег,

REFERENCES

1. T.I. Tiklromiгova, А.V. Khгyashchevskii, V.I. Fadeeva, el al., Vезtп. Mosk. Uпiu. Кhimiуа, vol.40,
р. 365, 1999.
G.I. Tsysin, I.A. Kovalev, P.N. Nеstеrепkо, ef al., Sep. Sci. ТесhпоL, vol. 33, по. 1, р. 11, 2003.
T.I. Tikhomiг<rva, P.N. Nеstегепkо, A.V. Khryashchevskii, апd V.I. Fadeeva, Zh. Fiz, Кhim., vol. 75,
по. 4, р. 617, 2001.
N.A. Реппег, P.N. Nesterenko, and М.А. Kybalko, Zh. ДпоJ, Khim,, vol.56, no, 10, р. 1067,2001.
V.А. Davarrkov, А.V, Volynskaya, and М.Р, Тsуuгuра, Vуsоkоmоl. Soedi.п., Sеr. В, vo|_ 22, no. 10,
р. 746, 1980.
N.A. Реппег, P.N. Nеstеrепkо, М.М- Ilyiп, сЁ al,, Сhrопвtоgтарhiо, vq}:b0, р- бl1, 1999.
М.G, Kiseleya, L.V. Rаdсhепltо, Р.N. Nеstегепkо, "L fftrаmаiqgr. ;{, vol. 920lЪ. 79, 2001.
А.М. Kogaлrovskii, N.A. Klimenko, апd Т.М. Lечсhепkо, Дdsоrрtiоп о! Оrgапiс ýuЬsfапсеs lrоm Water
(in Russian), Lепiпgгаd, 1990.
N.A. Реппеr and P.N. Nеstеrепkо, ДпоL Соrппluп,, vol. 36, р. 199, 1999.
N.A. Реппег and P.N. Nеstегепkо, J. Сhrоmоtоgг. .4, vol. 884, р. 4l, 2000.
A.V. Khгyashchevskii, Condidъte Sci. (Сhеm.) D,i,Bsertation, Moscow, 1997.

14 Аргil 2005 Dералtmепt of Analytical Chemistry

2,

3.

4.

5.

6.

8.

9.

10.
11,

49


