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Chromatographical studpf alkyl-glucosides adsorption at solid-liquid irfece from aqueous
solutions were shown in this paper. The study eicty-3-D-glucopyranoside and n-decdb-maltoside
adsorption has been carried out on the mesoporaleying silica SBA-15 using frontal and circulation
chromatographical methods at 298 and 318 K.

As «proof of isotherms» a simple two-step adsomptioodel has been applied. The results of
modeling show the reasonable values of the equatimstants. Base on the isotherm analysis we try to
figure out the conformation of surfactants spediespores. Thermodynamic parameters of surfactant
adsorption at solid-liquid interface have been daieed.

Keywords: Frontal and circulation chromatographical methdd®-step adsorption model, sugar-
based surfactants, ordering silica SBA-15.

XpomaTorpadunyeckoe nccnegosaHue agcopouumn
arkun-rrrKo3uaoB Ha rpaHuLe TBepaoe Teso-XUAKOCTb

OneTexoB A.IO.

Hremumym pusuueckoti xumuu u snekmpoxumuu um. A.H.@pymxuna PAH (M®XD PAH), Mocksa

B pabote npencraieHs! pe3ybTaThl 0 UCCIEIOBAHUIO aICOPOIMH AIKHUII-TTIIOKO3HUI0OB HAa TPaHULIe
TBEPIOE TENO-KHUAKOCTh. M3yuenne anmcopbumn H-okTmi-(beta)sl-riarokonupanosuna u H-gewwi-(beta)l-
manbro3uga Ha kpemHezeme CBA-15 mpu nByx temneparypax 273 m 318K, mpoBoaminoch AByMs
XpoMaTorpaduuecKuMu METOJIaMH: (poHTAILHBIM u LUPKYJSIIAOHHBIM. [IpaBuibHOCTB
9KCIIEPUMCHTANILHBIX JAHHBIX OblIa IOATBEP)KICHHA ABYX-CTYHNEHYATOW MOJEIBIO Mpolecca aacopOIum.
PesynpraT MoOIENMpOBaHMA OTIMYHO [JOMONHWII 3KCIIEpUMEHTalIbHbIC JAaHHbIE. OCHOBBIBasCh Ha
9KCIIEPUMEHTAIBHBIX JaHHBIX ObIIa MpEIUIoKeHa MOJENb yrnakoBku MoHOMepoB IIAB B cnoe copbara Ha
noBepxHocTH CBA-15. Tak e, Mo 3KCIIEpUMEHTAIBHBIM JTAHHBIM, OBIITM PACUMTAHHBI TEPMOIUHAMHYCCKHE
HapaMeTpsl Iporecca aacopOIuy.

KnaloueBble caoBa:  QpoHTanbHas — xpomartorpadusi, IMPKYJISLOUOHHAS — Xpomarorpadus,
JBYXCTYICHYATAsE MOJICIb aicopoumy, rimoko3ocoaepxkamue [IAB, kpemuesem CBA-15

Introduction

The global output of surfactants increases withdbeesponding increase in the
need for greener surfactants during past yearg.[IT{% major part of the surfactants
currently produced is used as cleaning and waskgegts. The key process for utilization
of surfactants is a further purification of wast@usion to reduce the impact on the
environmental. It is not surprising that recentlgiestists have focused on the
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investigations of «waste water treatment». Sugaetbasurfactants are biodegradable,
nontoxic, compatible with environment and produeiblom renewable materials, and so
they have drawn a great deal of attentions as ages&ration of nonionic surfactants [4-
8].

For purification and evolution of surfactants inste water, high selectivity and
capacity of porous materials is often needed t@arsepe these molecules from mixtures or
multi-component solutions containing impurities twitsimilar chemical properties.
Mesoporous silica materials such a SBA-1, SBA-1% 8BA-16 have been the subject of
much interest since they have been reported bwaresers. SBA-15 silica has a hexagonal
structural array of unidirectional pores. The sesth and utilization of these materials
have been investigated by many researchers beoatisair special characteristics such as
highly regular pore structure, uniform pore sizeghhsurface area (~1000°ng’ and
above) and high thermal stability. Various physit@mical methods and modern liquid
chromatography have been successfully used fomgphensive study of the properties
of these sorbents [9-16].

Previously [13, 14] chromatographical studies hdneen carried out on the
investigation the features of liquid-solid adsawptof alkyl-polyethylene oxides (E,) on
mesoporous silica material SBA-15.

Here we study by frontal and circulation chromaapinical methods the behavior
of n-octyl$3-D-glucopyranoside (§5;) and n-decyB-D-maltoside (GoG,) at solid-liquid
interface - as a model of biocompatible and envirentally friendly surfactants under key
operating conditions, such as temperature and otrat®n. In addition we study the
lateral structure of the adsorbed layer @iGg surfactants in mesoporous space of silica
SBA-15 by analyzing of adsorption isotherms and evolar structure of sugar-based
surfactants.

Experimental

We used two nonionic sugar-based surfactants: yi-feD-glucopyranoside and n-
decyl$-D-glucomaltoside (see Table 1). Both the surfastdrave been obtained from
Fluka Inc. (Berlin, Germany) and were used withiouther purification. Deionized water
was purified by a Milli-Q Water Purification Syste(Millipore, Bedford, USA). All
surfactant solutions were prepared by dissolvimividual surfactant or a stock surfactant
solution in deionized water. The resulting mixtune=re sonicated for ca. 15 min at 298 K.

SBA-15 was synthesized in our laboratory as reploirte[9, 11, 16]. As proof of
silica material quality the nitrogen adsorptiontbe synthesized silica SBA-15 has been
measured at 77 K by using Gemini 2375 automatidyaea (Micromeritics, USA).
Specific surface area and average pore size weeentieed byBET and BJH methods
from the adsorption isotherm branch. Nitrogen golsom isotherm for SBA-15 is
characterized by théd-type hysteresis. Such isotherm form is mainly daehigh
mesoporosity of adsorbent [11, 16The surface area of synthesized SBA-15 was
740 nf g*, the average pore size was 6.6 nm and the poneneoivas about 0.96 érg™.

Currently various chromatographical methods are elyidused for physico-
chemical investigations of the processes at therfate [13, 14, 17-25]. Here we apply
frontal (FA) and circulation (CA) chromatographicalethods to study the adsorption
interaction of sugar-based surfactants with syitleds SBA-15. We used the same
chromatographical installation for both of liquidhromatographical methods. The
chromatographical installation consists of chrorgeaphic pump K-1001 (Knauer,
Germany), a selection valve, degasser manager fR08uer, Germany), differential
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refractive index detector K 2301 (Knauer, Germaayljguid flow meter, chromatographic
column (20mmx4 mm) packed with SBA-15 silica, ifaee box and PC with EuroChorm
2000 software running under MS Windows (Knauer,n@&ery).

Table 1. Chemical properties of surfactants withleoalar weight (Mw) and critical
micelle concentration (CMC) values

Surfactant Mol. structure M CMC, mmol L

H CH>OH

n-octyl $-D-

glucopyranoside 292.4 22
H CH,OH

n-decyl$-D- 0.5 Vo

glucomaltoside

Fig. 1. Chromatographical installation: 1-Solut&S@vent, 3-Degassing unit,
4-Mixing chamber, 5-Pump, 6-Column, 7-Thermostat, @RI detector,
9-Flow meter, 10-Readout unit, 11-Personal computer

The chromatographical column was packed with SBAsY5packing equipment
(Alltech, Model 1666, U.S.) at 550 bar. For all ekments column were thermostated at
298 and 318 K, respectively. The eluent was prephasedeionized distillate water. The
void volume {,) was estimated by passing 2%@in pure water solution through the

chromatographical system and measuring the retetititce of O. The error folV, was

less than +0.3%.

Frontal chromatographical method has been appleticplarly for adsorption
from dilute solution (0.1-0.2xCMC) to avoid usinglarge volume of surfactant for
solution (Fig. 2). The column was packed with SBRA-dnd the measurements of the
adsorbed amount were made of difference betweeretbrtion volumes of surfactant and
D,0O and the concentrations of ingoing and outgoirgtsms from column. The difference
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between them has been monitored by RI detector.FAn method the errors of
determination of the retention volume and equilibriconcentration of surfactants in bulk
solution were estimated approximately as 2.5 a8#Qrespectively.

‘0

Concentration

:
t Time

t
inject "0
Fig. 2. Outlet curve in FA method,, - inject time,t, - retention time of RO, C,
andC, - equilibrium and current concentrations

The value of excess adsorbed amountfor surfactant in FA method was
calculated as following [14]

W
r=- j (C. -C))at (1)

where w is the flow rate of the mobile phasa, is the surface area of the absorbent in the
column, C, andC. are the equilibrium concentration and the coneioin at the moment

(t), respectively,t, is the retention time of f, t_ is the time whenC, achieves same

value asC, .

In a region of concentrated solutions (above 02MC) we apply a circulation
chromatographical method [23], where a chromatdgcapquilibrium was achieved by
circulation of solution over the column with SBA-IBhe concentration of the surfactants
in solution was monitored continuously by RI detec{Fig. 3). For CA method the
corresponding errors in the estimating of the ate@ retention volume and the
equilibrium concentration were less than 0.8 al®@d).respectively.

Concentration

tinj to tl tz Time
Fig. 3. Outlet curve in CA method; - inject time,t, - retention time of RO,

t, andt, - times of retention in the first and second cgclespectively,
C. andC, - initial and equilibrium concentrations, respeely.
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The value of excess adsorbed amountfor surfactant in CA method was
calculated as following [14]

r(Cy) =A—1Nz(ci ~C. Vs @

where N is a number of cycleC, and C,— initial and equilibrium concentration¥y, is a
corrected retention volume.

Results and discussion

The isotherms of £, and GG, adsorption from aqueous solutions on silica SBA-
15 were obtained by chromatograhical method for termperatures (Fig. 4AB, 5AB).
These isotherms are characterized by the linedralinparts in a region of low
concentrations (Fig. 4B, 5B). At the same time,hwiihicreasing of the concentration
isotherms of n-alkyl-glucosides show sharp rise dimally reach a plateau at the
concentration slightly above CMC of given surfattam the bulk solution. Similar
isotherms can belong to the LS-type isotherms @#g.5A).

Fig. 4B and 5B presents the initial parts of sudats GG; and GG, adsorption
isotherms on silica SBA-15. These parts of adsonpgotherms can be described with the
Henry equation because of the lineal forms.

From the experimental corrected retention voluviewe can obtain the meaning

of K, - Henry constant as [14, 18, 21, 25]
K, =V /A (3)
where A is the surface area of the packing material imetatographical column.

C, mmolL™

Fig. 4. Adsorption isotherms of C8G1 (A) from aqueous sohd in SBA-15 silica
at 298 K (1) and 318 K (2). Points — chromatogreghdata, solid curves — modeling
isotherms with Eq. 5. Initial part of adsorptiontiserms of C8G1 (B) from aqueous

solutions in SBA-15 silica at 298 K (1) and 318.(Points — chromatographical data,
dot line - fit linear.

The expression for the change of thA&°- free Gibbs energy in the adsorption
process for & 0 is found enough simple

AG° =RTIn(K, /K}) 4)
where K} is the constant for standard state equal to fimhj14, 21, 22, 25].
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Fig. 5.Adsorption isotherms of C10G2 (A) from aqueous sohs in SBA-15
silica at 298 K (1) and 318 K (2). Points — chrooga#phic data, curves — modeling
isotherms with Eq. 5. Initial part of adsorptiontiserms of C10G2 (B) from aqueous

solutions in SBA-15 silica at 298 K (1) and 318.(
Points — chromatographic data, dot line - fit linea

From the temperature dependences ofA@¢ we can estimate the value &H°—

change of displacement enthalpy. Chromatograpliiat and calculated thermodynamic
parameters have been shown in Table 2.

Table 2. Retention volume¥, (ml) and thermodynamic quantities for adsorption of
surfactants €5; and G¢G; on Silica SBA-15

o 3 2 (o) AH O'

Surfactant Temperature, K Vg, ml Ky, mm’/m® | AG®, kJ/mol K3/mol
298 0.22 5.8 -4.4

n- GG, 318 0.16 4.4 -3.9 L2
298 7.0 190 -12.9

Nn-Ci0G2 318 35 94 -11.0 23

The values ofvV, . K , AG® and AH °become significantly large for surfactant

C10G2 in comparison with €5;. However the meanings ofAG° exhibit a weak
temperature dependence gf3z and G¢G; and were determined only at two temperatures.
There are also the elements of uncertainty in ghees of AH °.

The thermodynamic quantity summarized in the T@béows that the addition of
two CH,-groups in alkyl chain and one glucoside unit irfactant GG; molecule leads to
marked enhancement df, K7 and the thermodynamic quantities for n-alkyl-glsides
adsorption on mesoporous silica SBA-15 walls. Heeecan compare the enthalpies of
monolayer formation for surfactantgG; on Silica SBA-15 and Silica porous glass
CPG10-240 [13, 14] to bAH® = - 11.2 andAH° = - 8.1 kJmof, respectively. A little
difference in these values is due to the effechddorption potential strengthening in the
narrow channels of the silica SBA-15. The enthalmemonolayer formation fordG; on

the hydrophobic graphitized carbon to Akl ° = - 26 kJmol [11, 13] is very high in the
comparison with one on the silica SBA-15.
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As shown in Fig. 4A and 5A the maximum adsorptiapacity {".,) of C8G1 on
SBA-15 are equal 2.3mol m? and 1.9umol m? at 298 and 318 K, respectively.
Increasing in molecular weight of surfactant by ttiwgdrocarbon Chktgroups and one
glucose unit leads to decreasinglofand yields for @G, on SBA-15T,, = 1.3umol m?
at 298 K. At the equilibrium concentration closed@MC the temperature effect on the
aggregate formation from the molecules®; is very small.

The temperature change, however, shows a typiéettedbn adsorption, i.e. with
increase of temperature adsorption decreases, fohitealkyl poly(ethyleneglycol) ethers
(CnEn) we observe an opposite effect [13, 14], altholgth surfactants, &5, and GE,
belong to the class of nonionic surfactants. Thplamation is, perhaps, that the head
groups of GE, surfactant molecule undergo strong dehydrationnglancreasing
temperature and therefore whole molecule is adsgrbiore strongly. This also explains
why thel’,, for CyE, surfactants on SBA-15 is much higher than thatdgG, . In case of
CnGn adsorption the glucose head group is less seasdivards temperature changes and
keeps constant its hydration ratio in this tempeeatange.

Here we used the modified isotherm equation for-$tep adsorption model to
describe the process of n-alkylglucoside adsorgdtioam aqueous solutions on mesoporous
silica SBA-15 as following [ 5, 14]:

k,C'+C"
© n e n n (5)
nC. +nk,C;C+C
where " and ', are the amount of adsorbed surfactant at the otrat®n C and the
total amount of adsorbed surfactant, respectively,is the critical surface aggregation

concentrationk; is the equilibrium constant for the first stepaofsorption process anu

Is the number of surfactant molecules in miceligg(agation number).

As evident from Fig. 4A, 5A the two-step adsorptiomdel fits well the
experimental data and the satisfactory correlatietween the modeling on Eqg. 5 curves
and the measured n-alkyl-glucoside adsorption &ats have been observed. The
calculated parameters of n-alkyl-glucoside adsomptin SBA-15 using Eq. 5 have been
done in Table 3.

r=r

Table 3. Application of Eq. 5 for n-alkyl-glucosi@elsorption isotherms on silica SBA-15
from aqueous solutions

Surfactant T, K ., pumolm? C,, mmol L* n
298 2.3 17.9 10.8
N-CeGy 318 1.9 20.3 8.5
298 1.3 1.3 3.9
n-CoGe 318 1.3 3.4 4.5

As it is seen from Table 3 the increasing of thdagtiant molecular size leads to
the decrease of the adsorption amolinpt, and the aggregation number The surfactant
molecules GG, form the aggregates with = 4-5.

Conclusion

For the first time the study of sugar-based suafatst n-octylB-D-glucopyranoside
and n-decyB-D-maltoside adsorption has been carried out onntesoporous ordering
silica SBA-15 with frontal and circulation varianté HPLC method at 298 and 318 K.
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From the retention volumes of studied sugar-basedacants the thermodynamic
guantities — the Gibbs energy and the displaceemthialpy have been determined.

For the description of the behavior of n-alkyl-gls@e molecules at the liquid-
solid interface we have applied isotherm equation tfvo-step adsorption model. The
obtained values of aggregation number indicateherfdrmation of adsorbed aggregates of
small sizes at the concentration of sugar-basddaants closed to the CMC. At the low
concentration of sugar-based surfactants the sepa@ecules are adsorbing and form the
monolayer.
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