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Abstract

Kinetics, equilibrium isotherms and chromatography retention times for sorption of dextrans T-10, T-20, T-40, T-70, T-110, T-161, T-250 ar
T-500 on porous silica were measured at@5The Henry constant and retention factors for the dextrans were obtained. The values of the partitior
coefficient for the distribution of the dextrans between the bulk solution and the pore space were calculated within the framework of a pore volu
filling model with consideration given to the ratio between the sizes of the macromolecular coils and the pore inlet. The measurements sho\
that this parameter depends on the structure of the sorbent and the molecular mass distribution of the dextran. The interaction of aqueous de
solution with porous silica is characterized by the sieve effect. Large macromolecular coils of dextran T-161 cannot penetrate into the pore sg
of the silica sorbent with pore diameter 14 nm. The difference in Henry law constants calculated from adsorption and chromatographic data
dextrans T-70 and T-110 can be explained by the slow diffusion of dextran macromolecules into silica pores under chromatographic condition
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction For chromatographic processes involving an aqueous mobile
phase, the elution order of the analytes is determined by the

In liquid chromatography, narrow fractions of dextrans servecooperative effect of intermolecular forces of various natures
as references in calibrating of HPLC columns to be used fof5,7]. To optimize a chromatographic process, it is necessary to
the separation of water-soluble polymers and for the analysignderstand on the molecular level how the chemical nature of
of their nature, like molecular mass or polydisper$ity7]. In  the components influences their retention on the sorbent. In the
many studies, the eluent was pure water. In recent years, howase of sieve (size-exclusion) chromatography, it is necessary to
ever, water-methanol and water—acetonitrile mobile phases haetucidate the mechanism of action of the porous structure of the
gained a wide application in liquid column chromatography. sorbent on the separation of polysaccharides.

Dextrans, which belong to the class of polysaccharides, con- In particular, it is interesting to establish how mixtures of
sist of residues ob-glucose monosaccharide linked with one water-soluble polysaccharides are separated on porous silica.
another predominantly via glycoside a-1,6 bonds. One shoulBursuing this aim, we studied the sorption of dextrans from
note thata-1,4 and a-1,3 bonds can also serve as bridges betwegnueous solutions on porous silicas under static and dynamic
monosaccharide in the polysaccharide chain. The latter twoonditions and compared the results.
types of bonds can impart a significant degree of branching to the
polymer chain of the polysaccharide. The degree of branching, Theoretical
depends on how and under what conditions the polysaccharide

was synthesized. The dextrans entering into the composition of Sjeve liquid chromatography (SLC) is a version of negative
blood plasma have a molecular mass 40,000-70,000. molecular chromatography (NMC) and is based on molecular-
sieve steric effects. More specifically, macromolecular coils
- i ) ] ‘whose size is larger than the size of a pore inlet cannot pene-
Presented at the Int_ernatlonal_ Symposium on Preparative and Industrrﬂ_ate into the pore. As a result |arge macromolecules are eluted
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the initial concentratiory: Table 1
Characteristics of silica sorbents: the pore diamégrpore volumeVp and
. (Co—C)V specific surface aref

n=-———— 1)

m Sorbent Dp (nm) Vp (cm/g) S (m?/g)
whereV is .the volume of the polymer solutions, the mass of .~ 9ol KSM5 3z 0o 220
a'ldsorbent, ando andC, the initial and equilibrium concentra-  sjjica gel KSK-2 14 12 340
tions of polymer macromolecules (mgm), respectively. Silochrom S-80 55 15 105

The time of retentiong of a polymer in an SLC experiment
is shorter than the time of retention of an un-retained (low-
molecular-weight) substance, and, therefore, the retention factevhere Cs and C are the equilibrium concentration of polymer
macromolecules in the sorbent pores and in the bulk solution,

R — 1
K= Rt 0 (2)  respectively. Thus,
0
or Kpa= o +1 (10)
Ve — Vo VsC
K= Vo (3) For the initial linear segment of the sorption isotherm,

n x C~1=Kp, whereKy is smaller than zero for negative sorp-

is a negative quantity. Here, the subsciRpis for the polymer tion. In this case

and 0 for the un-retained substance.
In adsorption chromatography, the degree of retention can Ky

. =—+41 11
also be characterized by Henry law constaht (mgL—1) PAT s + (11)
[8-13}
3. Experimental
VR — Vo
Ky = T (4)

The sorbents were KSK-2 and KSM-5 porous silica gels from
wherem is the mass of the sorbent in the chromatographic colReakhim (Moscow, Russia) and porous silica Silochrom S-80
umn. from Luminifor (Stavropol, Russia). The structural characteris-
For NMC, Ky is also negative quantity. It was demonstratedtics of the sorbents are listed Tiable 1
in [7] that NMC may be based on the stronger interaction of the The specific surface area values for KSK-2 and S-80 were car-
sorbent with the eluent compared to the sorbent-analyte intefied out on an Areatron installation (Paris, France), by determin-
action. Therefore, the separation of weakly adsorbed substanggy the argon adsorption isotherm-af95.7°C (77.3K). The
may occur in the NMC mode, i.e., & <1o. total pore volume and pore size distribution were assessed from
In SLC, the accessibility of the sorbent pores to polymerthe mercury adsorption isotherm performed on Micromeritics
macromolecules is characterized by the partition coefficignt ~ AutoPore Il 9220 (Norcross, GA, USA). The structure charac-

It was demonstrated if14] that teristics of KSM-5 were taken from its certificate.
Vi We used dextrans with weight-average molecular masses
Kp = A (5)  (Mw) of 9300; 22,300; 44,400; 69,500; 106,000; 154,000;
S

253,000 and 532,000 and lactose from Pharmacia (Uppsala,
whereV; is the volume of the pores accessible to polymer macrosweden). In the adsorption and chromatographic experiments,
molecules and’s is the total pore volume (the volume of the we used thrice distilled water. When preparing the initial solu-
pores accessible to molecules of an un-retained (low-moleculations, we added sodium azide in an amount of 0.08%. The
weight) substance and to eluent molecules). Accordif@4h  characteristics of dextrans are summarize@ahle 2

o The concentrations of the solutions for adsorption measure-
Vi=VR=Vot Vs ©)  ments were determined with LOMO a liquid interferometer

Then
Vi—Vo Table 2
KP = V. +1 (7) Characteristics of the dextrans: the weight-average molecular Mgsand
s polydispersityr (n =My x My ~1, whereMy is the number-average molecular
In case of SLC, Eq(7) yields the value ofVr g at which  mass)
Kp=0: Dextrans Mw n
Vro=Vo— Vs (8) T10 9300 1.63
T-20 22,300 1.49
An analysis of the initial linear segments of negative (sieve)r-4o 44,400 1.54
sorption isotherms yields the following expression for the par-T-70 69,500 1.76
tition coefficientk, a: T1-110 106,000 1.40
' T-161 154,000 1.79
Cs n+VsC T-250 253,000 2.25
Kpa= — = ——7— (9  Ts00 532,000 2.81

C VsC
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LIR-2 (St. Petersburg, Russia). The interferometer was cali4. Results and discussion
brated with special aqueous solutions of the dextrans a€25
All solutions were prepared in glass flasks. The obtained interd. I. Kinetic’s characteristics
ferometer signals of few solutions with different concentration
were used as comparison values for determining the concentra- Fig. 1A—D show the kinetic curves for the sorption of the dex-
tion of the dextrans in the external solutions during experimenttrans from their aqueous solutions on S-80, KSK-2 and KSM-5.
In the adsorption experiments, a weighed portion of an adsoihen an aqueous solution of dextran compound interacts with
bent (0.1-0.3 g) was placed into a test tube with a ground-glass silica sorbent, the pores accommodate both water molecules
stopper and flushed with 2 and 6 ml of an aqueous solution adind, if the size of molecules permits, dextran molecules.
a dextran. The mixture was kept at 25 until a state of equi- The minimum in kinetic curve for the sorption of dextran
librium was attained. The excess (Gibbs) adsorptignwas  T-40 from aqueous solution on S-8Big. 1A) (a macro-porous
calculated from the decrease in the concentration of the dextrasorbent) suggests that dextran macromolecules rapidly (during
in the external solution by Eq1). first 5—15 min) penetrate into the pores of S-80 (for KSK-2, a sor-
In the chromatographic experiments, the retention times fobent with narrow pores, no such minimum is observed). At later
the dextrans were measured with a chromatograph Microtechrstages of the sorption process, water molecules occupy the nar-
LC-601 (Prague, Czech Republic) equipped with a refractorow pores and simultaneously remove dextran T-40 molecules
metric detector RID K-101 having a measurement cell volumédrom the wide pores. As aresult the equilibrium macromolecules
of 10uL and sensitivity of 10-8 refractive index units. Glass distribution of dextran T-40 between the pore space and bulk
columns, 150 mnx 3.3 mm in size, were packed with dry KSK- solution is attained. Dextran T-70 macromolecules cannot pen-
2 or S-80 sorbent (2& 5 um fraction). The eluent was freshly etrate into the micro-pores of KSM-5 sorbent and therefore they
distilled water. The volumetric flow rate of the eluent wasaccommodate only water moleculdSig. 1B). At the initial
1 mimin~1; it was measured with a calibrated micro-burette.stage water molecules are probably accumulated in the macro-
A 20 L probe of 1% solution of dextran in water was injected pores as well (or in the space between sorbent grains). However,
into the system using manual injector with a dosing loop Rheolater these pores are gradually filled by dextran T-70 macro-
dyne 7206 (USA). Chromatographic peaks were recorded witimolecules. This mechanism explains why the maximum (at
a chart recorder Microtechna T-34620 (Prague, Czech Repulb=40 min) appears in the kinetic curve for the sorption of dextran
lic); the retention time was also measured with a stopwatch. Th&-70.
retention volume for an analyte was set equal to the average Dextran T-500 is characterized by high polydispersity
value of three measurements. The dead volume was calculatétable 2; its molecules are too large to penetrate into the pore of
from the partition coefficient, which, in turn, was determined KSK-2 silica gel (14 nm in diameteFig. 1D). At the same time
from the adsorption isotherm for lactose measured under stattbe low-molecular-weight fraction of dextran T-500 can pene-
conditions and the retention volumes for the elution of lactosdrate into some of the pores of Silochrom S-80, a macro-porous
from each column. sorbent. This conclusion is supported by the observation that
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Fig. 1. Kinetic's curves for sorption of the T-40 (A); T-70 (B); T-110 (C) and T-500 (D) dextrans from aqueous solutions on KSK-2 (1), S-80 (2) and®.SM-5 (
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Fig. 2. Adsorption isotherms of dextrans T-500 (B-1, 2), T-40 (B-3, 4), T-110 (A-7, 9), T-70 (A-8, 10, 11) and lactose (B-5, 6) from agueous soB{8hElod,
5,9, 10), KSK-2 (2, 3, 6, 7, 8) and KSM-5 (11). Points: experimental data, lines: Henry low equation.

the values of the sorption of this dextran on KSK-2 and S-8Qume) was calculated from the retention time and the value of

sorbents are similar. sorption of lactose from the aqueous solutions on silica by Egs.
(7) and(9). The order of elution of dextrans from the columns
4.2. Adsorption isotherms packed with KSK-2 and S-80 suggest that the chromatographic

processes are led by the sieve mechanism: large dextran coils,

Fig. 2A and B show typical isotherms of sorption of the which cannot penetrate into the pore space of the sorbent drift
dextrans from their agqueous solutions on the silicas. The posgt @ higher velocity than the macromolecules capable of com-
tion and shape of the negative sorption isotherms for thesBletely or partially penetrating into the pore of the silica sorbent.
systems are determined by the molecular sizes of the polysac- As can be seen froffable 3 the values of the partition coef-
charide molecules, the porous structure of the silicas, and tHiécient (Kp) lie within 0-1, the range typical for the negative
total energy of the interactions in the water—dextran—silica syssorption and SLC. Only for lactose and the low-molecular-
tem. The characteristics of the negative sorption of the dextran¥€ight dextran (T-40) the value of the partition coefficient equals
depend substantially on the size distribution of the macromolecl (0ne), i.e., no selectivity.
ular coil of the dextran and the pore inlet. Fig. 3shows the partition coefficied, for the elution lactose

The molecules of the dextrans are highly branched. In aqueand the dextrans from the columns packed with KSK-2 and S-
ous So|utions they form |Oose|y hydrated CO”S. For th|s rea_so as a function of the |Ogarithm of the molecular mass of the
son water molecules (which are more mobile than dextrafolysaccharide. As can be seenifgevalues for these processes
molecules) interact with hydroxyl groups at the silica surfaceare positive and enclose in the range from O to 1. For lactose the
stronger and rapidly due to higher interaction potential. The/alues ofK, obtained on these two columns virtually coincide.
obtained isotherms of sorption of the dextrans from their aqueFor the dextrans the values obtained on the column with KSK-
ous solution on the silica obey the Henry law over the entire2 are lower than in the case of column packed with S-80. For
equilibrium concentration range covered. Therefore, the slope

of the isotherm a€ — 0 yields the Henry constant: Table 3
n Retention volumeVg, retention factork and partition coefficienKp for the
Ky = I (12) elution of lactose and dextrans with water on KSK-2 and S-80 silicas
. . Saccharide KSK-2Vp=13.3ml S-80Vp=15.6ml
The partition coefficienk, was calculated by E¢10) from
the values of the specific pore volume for the sorbents from Vr(m) K Kp Vr(m) K Kp
Table 1 Lactose 13.2 —-0.01 0.98 15.5 -0.01  0.99
T-10 10.0 -0.23 048 15.1 -0.03 0.93
43 R on ch . T-20 9.0 -031 031 13.4 -014 071
.J. Retention characteristics T-40 78 _040 012 12.0 _023 052
_ _ o T-70 7.2 —0.44  0.03 10.8 -0.31 037
Table 3summarizes the chromatographic characteristics for-110 7.1 -0.45  0.02 10.0 -0.36 0.26
the elution of the dextrans and lactose from column packed witA-161 7.0 —046 0 9.2 —0.41 016
KSK-2 silica gel and Silichrom S-80. The retention factor 290 7.0 —046 0 82 —047 003

and the partition coefficieritp were calculated by Eq§3) and  The flow rate of mobile phase was 1Q0/min, temperature 25C, Vo is the
(7), respectively. The volume of the mobile phase (the dead volvolume of the mobile phase.



A.Yu. Eltekov / J. Chromatogr. A 1100 (2005) 15-19 19

Table 4
Values of Henry constarity for the sorption of lactose and dextrans from aqueous solutions on KSK-2 and S-80 sorbents calculated from batch sorption ar
chromatographic data

Saccharide KSK-2 S-80
Chromatographi&y (cm?/g) BatchKy (cmP/g) Chromatographi&y (cm®/g) BatchKky (cm?/g)
Lactose -0.02 —-0.02 -0.01 -0.01
T-40 -1.06 —-0.82+0.1 —0.69 -0.58+0.1
T-70 -1.17 -1.08+0.1 —0.94 —-0.72+0.1
T-110 -1.19 -1.15+0.1 -11 -0.92+0.1
T-500 -1.2 -1.19+0.1 —~1.42 -1.38+0.1
dextrans T-10-T-110 the dependences displayddgn3 have One should note that under negative chromatography con-

nearly linear segments. The valugg calculated from these ditions (in the absence of adsorption in the pore space of the
segments sharply decrease with increasing molecular mass sérbent) the separation of dextrans on porous silicas occurs
the dextran. through the sieve mechanism.

Thus obtained results show that the sorption of dextrans from
agueous solutions on mesoporous silica sorbents occurs by the
sieve mechanism. The pore space of the sorbent s filled by water
molecules; dextran macromolecules can also penetrate into the

Table 4compares the values &y calculated by the cor- POres if their size is smaller than the pore inlets.
responding equation from the chromatographic data and the A comparison of the obtained static sorption and chromato-

isotherms of static sorption of the dextrans from aqueous soldraPhic data (the partition coefficients and Henry constants) for

tions on KSK-2 and S-80. The accuracy of the static determiIhe sorption of the dextrans from aqueous solutions on hydrox-

nation of the sorption values for the dextrans (from whigh ylated s!licas d_emonstra}ed that thi; process is cr_]aracteri;ed
was calculated) was not higher than 10%, since the degree Qy the sieve (size-selective mechanism) and negative sorption
extraction (the difference betwe€ly andC) was =3%. Ascan  E1ECIS:

be seen fronTable 4 the values oKy calculated from the static
sorption and SLC data virtually coincide for sorption of lac-
tose (disaccharide) and T-500 (high-molecular-weight dextran)
on KSK-2 and S-80. These systems represent the two limitin
cases: lactose molecules freely penetrate into the pore spa
of the sorbent, while large dextran T-500 molecules can not.
Dextrans T-40, T-70 and T-110 show differences within 259cReferences

betwe.en the values dfy obtained from static an.d chromato- él] S.T. Balke, Characterization of Complex Polymers by Size Exclusion
graphlc measurements Qn KSK-2 and S-80. This result can b Chromatography and High Performance Liquid Chromatography, Wiley,
explained by slow diffusion of dextrans T-40, T-70 and T-110  New York, 1991.

into the pore of space of KSK-2 and S-80 under chromatographid2] J. Piehler, A. Brecht, K. Hehl, G. Gauglitz, Colloids Surf. B 13 (1999)

conditions. 325.
[3] E. Yashima, J. Chromatogr. A 906 (2001) 105.

[4] N.M. Maier, P. Franco, W. Lindner, J. Chromatogr. A 906 (2001) 3.

4.4. A comparison of the static and dynamic characteristics
of the sorption of the dextrans

Acknowledgement

The author is grateful to Professor Gerhard H. Findenegg for
i? interest in this work and some useful discussion.

[5] J. Janca, J. Lig. Chromatogr. Relat. Technol. 25 (2002) 683.
1,04 ac i [6] C. Rappel, B. Trathnigg, A. Gorbunov, J. Chromatogr. A 984 (2003) 29.
1 [7] N.A. Eltekova, Yu.A. Eltekov, Izv. Akad. Nauk SSSR, Ser. Khim. 70
08 (1996) 2204.
1 ] [8] A.LLM. Keulemans, in: C.G. Verver (Ed.), Gas Chromatography, Rein-
Q— 0,6 1\ 2 hold, New York, 1957, Inostrannaya Literatura, Moscow, 1958 (in Rus-
1 O @) sian).
0,4 4 B4 o [9] N.A. Eltekova, Yu.A. Eltekov, Zh. Fiz. Khim. 53 (1979) 1032.
] \q [10] A.V. Kiselev, V.Ya. Davydov, Yu.M. Sapozhnikov, Kolloidn. zZh. 41
02 Q (1979) 333.
] o. o [11] A.V. Kiselev, Intermolecular Interactions in Adsorption and Chromatog-
0,04 ~a oo Q raphy, Vysshaya Shkola, Moscow, 1986 (in Russian).
[12] A.V. Kiselev, V.V. Khopina, Yu.A. Eltekov, Zh. Fiz. Khim. 60 (1986)

3 ' 4 ' . ' 2265.

[13] N.A. Eltekova, Yu.A. Eltekov, Zh. Fiz. Khim. 76 (2002) 915 (Russ. J.
Phys. Chem. 76 (2002) 812).

Fig. 3. Dependences of partition coefficient on molecular mass of dextrans ofi4] N.A. Eltekova, Yu.A. Eltekov, Zh. Fiz. Khim. 70 (1996) 532 (Russ. J.

KSK-2 (1) and S-80 (2) columns. Eluent: water. Phys. Chem. 70 (1996) 492).

log Mw



	Liquid chromatography of dextrans on porous silica beds
	Introduction
	Theoretical
	Experimental
	Results and discussion
	Kinetics characteristics
	Adsorption isotherms
	Retention characteristics
	A comparison of the static and dynamic characteristics of the sorption of the dextrans

	Acknowledgement
	References


