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Study of the effect of temperature on the pararsetéradsorption and liquid chromatography of
molecules and macromolecules constantly attraetsattention of specialists. The potential benefftele-
vated temperature column, particularly enhanceetlinand transport properties, which are basedhen t
reduction of mobile phase viscosity and increagediffusion of analyte at high temperature, begate
actively used for the rapid analysis of moleculed macromolecules by chromatographic methods ientec
years. It is now recognized that temperature isngvortant tool to optimize chromatographic paramgte
such as retention, selectivity and efficiency, ipatarly for macromolecules

The effect of temperature on adsorption and ligicbmatography of polystyrene macromolecules
on silicas has been investigated by static andrshtographic methods. The sign and value of theéea
ture adsorption coefficient depend on many facteasnely, the chemical nature of the solvent, therdbal
structure of macromolecules and adsorbent surfaeeistry. Thus temperature elevation in the chromat
graphic system alters the macromolecular coil dsiw s and total energy of elution of solvent molesu
from the adsorption space of the porous adsorbKeeping these factors in view we can find the sifjthe
temperature adsorption coefficient. Diffusion casénts increase in proportion to temperature, téffs
ciency is usually enhanced, too, as peaks become nasrow. Prospects for optimization of the chrtomma
graphic process and, above all, the efficiencyepiasation of components of mixtures, include theotfof
temperature on the adsorption of the componentshasidretention in the chromatographic column.

Keywords: Liquid adsorption and chromatography, differemhperatures, polystyrene standards,
macroporous silicas.

BnusiHne TeMnepaTypbl Ha afcopoLUIO N XXUOKOCTHYIO
XpomaTtorpacuio MaKkpomoneKkyn nonMcTupona

OnbTekoB A.1O., DiapTexoB HO.A.

Hucmumym uzuueckoti xumuu u sonexmpoxumuu um. A.H.@pymxuna PAH (HDXD PAH), Mockea

Panee cyIecTBOBalIO MHEHHUE, YTO W3MEHEHHE TEMIIEPATypPhl HA HECKOJIbKO TPayCOB NPAKTHYECKU
HE BJIMSICT Ha aJICOPOILIMOHHBIC XapaKTEPUCTHKU MPH B3aUMOJCHCTBHH aICOPOUPYIOIINXCS BEIIECTB B JKHU/I-
KOii (ha3bl. BeposiTHO, IOATOMY M3YUCHHUIO BIMSHUS TEMIIEPATYPhI HA MApaMeTpPhl aJCOPOLMH U3 PACTBOPOB U
KHUJKOCTHOM XpoMaTorpaduu yAeisoch Maio BHUMaHuUs. B mocneHue rojisl CTa NposBIIATHCS MOBBIIICH-
HBI MHTEpPEC K TeMIepaTypHbIM dddexTam B ancopOIUM M KUIKOCTHOW XpoMarorpaduu MOJIEKYdT U B
OOJBIICH CTENICHH MaKPOMOJICKYJ IMOJUMEPOB M OMOMONIUMEPOB. B mpencTaBieHHON paboTe MCCIeI0BaHO
BJIMSIHAC TEMIICPATyphl Ha aJCOPOIMIO U YKUIKOCTHYIO XpOMarorpaduio MakpoOMOJCKYJ MOJUCTHPOJAa Ha
KPEMHE3EMHBIX CTallMOHAPHBIX (ha3zax. PaccMOTpeHBl TepMOIMHAMHYCCKIE U KHHETHYCCKUE 3aKOHOMEPHO-
CTH TIOBEJCHUS MaKPOMOJICKYJI CHHTETUYECKUX TOJIMMEPOB MPH MOBBIMICHUH TEMIICPATYPhl B TOPaxX MakKpo-
MOPHUCTHIX TUAPOKCHIMPOBAHHBIX M MOAUGUIIMPOBAHHBIX KPEMHE3EMHBIX copOeHTOB. OTMEYaeTcs, 4yTo u3-
MECHCHHUE TEMIIEPaTyPhl OKa3bIBACT BIMSHKUE MPEKIC BCErO HA TEPMOAMHAMHYCCKUE CBOMCTBA PACTBOPUTEIIS,
YTO MPHUBOAUT K YBEIMYCHHUIO MM YMEHBIICHHIO 3Ha4CeHUs KOA(PQUIHMEHTA paclpeaeeH st 1 U3MEHEHHUIO
3HaKa TeMrepaTypHoro kodddummenTta aacopOIuu.
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IToka3aHo, YTO TOBBINICHHE TEMIIEPATYPBI MOXKET MPHUBOJUTH K BO3PACTAHUIO aJICOPOLIUU MMOIUME-
POB U3 PaCTBOPOB Ha MOPUCTHIX KPEMHE3EMHBIX COpOCHTaX. DTO BO3pACTaHUE aJCOPOIUH U, TO-BHIAMOMY,
JIOJIM JOCTYIHON BHYTPEHHEH MOBEPXHOCTH MOP KPEMHE3EMHBIX aICOPOCHTOB C TOBBIIIEHHEM TEMIIEPATYPBbI
MOXET OBITh 00YCIIOBIIEHO OCITa0JICHHEM afcOPOIIMOHHON CBS3W KPEMHE3EeM - paCTBOPUTENh U JecojbBaTa-
el MaKpOMOJIEKYJSIPHOTO KIyOKa C YMEHbBIICHHEM €ro pa3MepoB BCIIEACTBHE OCJIA0JICHUs B3auMO/eicT-
BUSI MEXKY MAKPOMOJICKYJIAMH MOJMMEPA M MOJICKYJIaMH PACTBOPHTEIIS.

KaroueBble ciioBa: >KuAKOCTHAas Xpomarorpadus, CTaHAAPTHl IMOJUCTHUPOJA, MaKPOIOPUCTHIE
KPEMHE3eMbl, pa3jiniue TeMIepaTyp

Introduction

Study of the effect of temperature on the pararsetéadsorption and liquid chro-
matography of molecules and macromolecules corgtatitacts the attention of special-
ists [1-3]. The potential benefits of elevated tenapure column, particularly enhanced
kinetic and transport properties, which are basethe reduction of mobile phase viscosity
and increase the diffusion of analyte at high terajpee, began to be actively used for the
rapid analysis of molecules and macromolecules Hrgproatographic methods in recent
years [4-8].

Meanwhile, the interest in the liquid chromatognami macromolecules at ele-
vated temperatures is due to the fact that somenmuk, e.g. polyolefines, are dissolved at
elevated temperatures only, therefore the chromapbgc analysis of such polymers can
be performed only with the help of a high-tempematthromatography [3, 9, 10]. Thus, it
IS now recognized that temperature is an importaolt to optimize chromatographic pa-
rameters, such as retention, selectivity and efficy, particularly for macromolecules [2,
6, 10-12]. This contribution describes the resoltshe study of adsorption and liquid
chromatography of polystyrene macromolecules freregral solutions on silica stationary
phases at different temperatures.

Experimental

Macroporous silicas - silochrom S-80 (specific anef S=90 nf/g, average pore
diameterd =60 nm) and S-80 modified with trimethylchlorosiéartwo silicagels SG-40
(d =40 nm) and SG-20d=20 nm) and macroporous glass MG-2625 nm) were taken
as adsorbents. Freshly distilled cyclohexane, bdndene, paraxylene, tetrachloromethane
and methylethylketone were used as solvents. Alless were of «chemically pure»
grade. Polymer materials were commercial suspensitystyrene PS1 with polydispersi-
tivity u=2.5 and average molecular weigth,=280000 and polystyrene standards of var-

ious molecular weights andl less then 1.1.

Under static conditions, adsorption from dilutetbions was studied with the help
of an interferometer by changes in the polymer eatration [13-15]. Chromatographic
experiments were run using liquid chromatographafga200 (column 1.2 m, particle size
8545 um) and liquid chromatograph LC-1309 (NTO, S-PetegbuRussia) (column
300x0.5 mm, particles size 8+um). The eluent flow rate was 1 ml/min. The ovesall-
vent volume in the column was found by the timethed peak maximum elution on the
chromatogram after introduction of a n-nonene smtusample into the column.

Results and discussion

Fig. 1 shows the adsorption isotherms of polydisiper polystyrene PS1 from di-
luted solutions in cyclohexan&d{solvent), tetrachloromethane and ethylbenzenei-on s
lochrom C-80 at 293 and 343 K.
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Fig. 1. Adsorption isotherms of PSM(,=280000 andi =2.5) macromolecules

from dilute solutions in ethylbenzene (1, 2) tellacmethane (3, 4) and cyclohexane (5, 6)
on Silochrom S-80 at 293 K (1, 3, 5) and 343 K4(%).

Increase in temperature brings down the PS adsarptom solutions in cyclohex-
ane due to greater mobility of macromolecule segsand coil sizes resulting in weaker
adsorption bond energy and smaller pore surfacesatie for PS. In this case, the com-
petitive ability of solvent molecules to occupy thdica surface is small and does not
change.

With PS dissolved in tetrachloromethane whose nutdscare little competitive ad-
sorption of PS grows slightly with temperature ehatction of solvent molecules with po-
lymer and adsorbent in this adsorption system sdenie weakened. Lability of more
compacted macromolecular coil increases encouragregter adsorption of PS under
these conditions [3, 13-15].

Adsorption of PS from solutions in ethylbenzenehvwhiydroxylated silica is nega-
tive at 293 and 343 K. It should be stressed Hekdehydroxylation of the silica surface
results in small, but positive PS adsorption vali#kylbenzene and other aromatic hydro-
carbons and their chlorine derivatives competettyr@dth PS macromolecules for silane
groups on the silica surface and, at moderate teatpes, expel them from the surface
almost completely. The molecular mass of PS alfaences the temperature adsorption
coefficient.

Table 1 contains kitenic and equilibrium parametr$?S1 adsorption from te-
trachlormethane solutions on silicagels SG-20 dBe¥#8 and silochrom S-80.

Table 1. Values of (mg/nf) at equilibrium concentration, =4 mg/g, D (nm?/sec) and
E, (kJ/mol) at 293 and 343 K

Pore size of Silicas 292 K 343 K
d, nm E,
I, D M, D
20 0.18 0.01 0.30 0.06 26
40 0.40 0.06 0.60 0.67 38
60 0.83 0.08 0.88 3.30 54

The diffusion coefficientD was found from the formula
D=Kr?/m (1)
where K is the particle shape factor equal to O:3is the particle radius and,. is the
time required for the relative adsorption valué&)@o be reached.
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The activation energ§e, was found through the temperature diffusion cogfit
E, =RTT,(T,-T)"InD,/D, 2
Kinetic characteristics shown in Table 1 point tbi\eated character of adsorption
of PS macromolecules by porous sorbents. Diffusmefficients increase in proportion to
temperature, thus efficiency is usually enhanced, &s peaks become more narrow [3, 6,
9-11].
Table 2 contains distribution coefficients, of macromolecules of polystyrene

standards between the mobile and stationary phiasies chromatographic column packed
by silochrom C-80 with hydroxylated and silylatagfaces, and paraxylene served as the
mobile phase. The distribution coefficiet, of polymer represents the concentration ra-

tio [14, 15]

K,=c./c (3)
wherec, andc are the concentrations of polymer in surface arld phases, correspon-
dingly. In accordance with the definition

¢, =(M,[A+v, [€)]v, (4)
where I, is the excess adsorption valud, is the total surface area of the sorbent in
chromatographic column and, is the adsorption volume (énof sorbent in chromato-

graphic column.
Then for K, we get

Ky, =(,A/v,[c)+1 )(5
The ratio v,/ A gives the average statistical thickness of theogation layer,
r=v,/A,andtheratid  /c represent¥, - Henry's constantat — O
Therefore we can write the expressionsKqr (6) and (7)

Ky =V, IK/v,) +1 (6)
where k' -retention coefficient, calculated &s=(V -V,)/V,, V is the retention volume
of polymer,V, is the dead volume of the column.

Ky =K, /r+1 (7)
From Table 2 it follows that at 388 K adsorptionR8 macromolecules takes place
on hydroxylated silochrom surface. This is provgd/alues ofK >>1 for low molecular

PS and the much higher ones (as comparé&q, Jdor a silochrom surface coverage with
trimethylsilyl groups.

Table 2. Values ofK, for PS standards on silochrom S-80 at 293 and K388luent—
paraxylene.

Column temperature
PS,M,, Hydroxylated surfase Trimethylsilylated surfase
293 K 388 K 293 K 388 K
4800 0.92 1.2 0.85 0.82
171000 0.08 0.47 0.05 0.33
402000 0 0.34 0 0.11

Comparison ofK, values for a trimethylsilylated sample at 293 &88 K also
shows that with the increasing temperature the eamagtecular coil is compacted due to
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weaker interaction with molecules of solvent - aatic hydrocarbon which results in a
greater fraction of pore volume accessible for ehemcromolecules and, consequently,
increased retention volume.

Fig. 2 shows the dependenceskof values on different temperature for two polys-
tyrene standards with molecular mas$é5=8300 (1) and 195000 (2) on macroporous
glass MG-25.

temperature,
Fig. 2. Dependences ¢f, values on a temperature for PS standards with

M, =8300 (1) andM ,, = 195000 (2), adsorbent - macroporous glass MG-25,
eluent - methylethylketone.

T
300

The initial decrease oK, values is due to the diminution of adsoption amert

molecular energy in chromatographic system andintheease of macromolecular coils.
The increase oK, values with the increase of temperature is dubéaaction of adsorp-

tion effect.

Conclusion

The sign and value of the temperature adsorpti@fficeent depend on many fac-
tors, namely, the chemical nature of the solvdm,dhemical structure of macromolecules
and adsorbent surface chemistry.

Thus temperature elevation in the chromatograpystesm alters the macromolecu-
lar coil dimensions and total energy of elutionsofvent molecules from the adsorption
space of the porous adsorbents. Keeping thesergactowiew we can find the sign of the
temperature adsorption coefficient.

Diffusion coefficients increase in proportion tomjgerature, thus efficiency is
usually enhanced, too, as peaks become more naPspects for optimization of the
chromatographic process and, above all, the efiigieof separation of components of
mixtures, include the effect of temperature ondtdsorption of the components and their
retention in the chromatographic column.
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