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ABSTRACT

The silica gel was modified with non-extractable thin film of polyethylene
glycol-20M, polyethylene glycol-4000 and linear polyethylene of low den-
sity. The pretreatment methods: hydrothermal treatment and cal cinations at
800 and 1100°C were used to get on more homogenous surfaces more suit-
able for non-extractable thin film formations. Physicochemical characteris-
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tics of thislayer and itsinfluence on the modified silica gel propertieswere
characterized by inverse phase gas chromatography via the calculation of
both surface and solubility parameters. The influence of solubility and sur-
face parameters on probes retentions were presented and discussed.
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INTRODUCTION

Inversegaschromatography isan extension of con-
ventiond gaschromatography inwhichanonvolailema:
terid tobeinvestigatedisimmobilizedincolumn. This
dtationary phaseisthen characterized by monitoring the
passage of volatile probe molecul es of known proper-
tiesasthey carried through the column by inert carrier
gas. IGCisnow used to study synthetic and biological
polymer, copolymers, polymer blends, glassand car-
bon fiber, cod, solidfood, modified silicas, surfactants,
petroleum pitchesand heavy residues of ail ditillaion™.

The syntheses of anumber of modified diatoma-
ceous earth supportsthat carry non-extractablelayers
of polymersranging in polarity from polyethyleneto
polydiethylene glycol succinate have been early de-

scribed>4. These modified supportswere corollaries
toasimilar material based on carbowax-20M, which
provedto beawel | deectivated, fast and efficient phase
ingaschromatography. Thetypical carbowax load was
between 0.1 and 0.294,

The advantages of these column packingsarethat
arereasonably selective, low bleed, highly inert, i.e. can
used for separation tracelevels of highly polar com-
pounds®. The non-extractabl e prefix result fromthe
falureextraction of these polymeric coating with strong
solventinaSoxhlet for alongtime, ca. month.

All resultsof earlier investigation®® indi cated that
themodifier structureinfluencesboth propertiesof the
monolayer formed onthe surface of silicagel and sur-
face properties of the obtained adsorbent. In many
cases, thisextremely thin film (may be monolayer) al-
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lowsfast and efficient chromatographi c separation of
high molecular weight polar compounds. Although the
support appearswell deactivated, surfaceforcescan
be assumed to contribute significantly toretention. The
aim of the present articleisthe probe of these surface
forcesviainverse phase gas chromatographic charac-
terization of anumber of the pretreated silicasupports
modified by non-extractable PEG-20M, linear poly-
ethylene and PEG-4000 by the cal cul ation of thermo-
dynamicquantities.

Theory

Properties of the monolayer may be determined
by the solubility parameter , that is cal cul ated from
thedop of theplot of theleft hand side of Eq.(1) ver-
sus$, (thesolubility parameter of test solutes):

8 2IRT -xoo/V° = (25,/RT).8 - (8,2/RT +y00/V°) @

Where R is the gas constant, T is the absolute temperature,
Ve, isthe molar volume of the probe solutes, y° is the solute-
solvent interaction parameter proposed by Dipaola-Baranyi

and Guillet'), y oo isthe entopic term of .

Using different typesof probesolutesitispossible
to obtai nthe di gperd veand specific component of solu-
bility parametert®Y, It wasshown earlier that the solu-
bility parameter(and itsincrements) could be success-
fully used for characterization of organiclayer bonded
tosilicasurface. Another way to expresschangesin
modified supportsin comparison totheraw oneisto
cdculate surface parameters. Theseparametersexpress
intermol ecul ar interactionsin adsorbent-adsorbate sys-
tem and may be generally divided into dispersiveand
specific. Dispersive properties of the examined sup-
ports can be expressed by C'P_ parameter proposed
by Dong et a.*® and written as:

RT-InV, +C=C-P_.P_AGS @)

Where C and C' are constants, AG® is the specific component
of adsorption energy (for n-alkanes AG®=0), P__ and. P, de-
note molar deformation polarization of the solid and probe,

respectively.

Authorg™® proved that RT InV isproportional to
P Thisdependenceislinear and theslopeof theline
isequa C’" P .. Parameter C’ P__isameasure of abil-
ity of asurface being characterized to undergo disper-
siveinteractionsand isknown asthe Dong parameter.
The specific component of adsorption energy AGSwas
also calculated by subtracting from adsorption energy

of polar probe adsorption energy of ahypothetical n-
akane havingthe samevalue of boiling point. AG®is
caculatedfor dl polar probesat four temperatureswhich
allowsusto cal culate the specific component of en-
tha py of adsorption AHSrequired in cal culating acid-
base properties of the examined surface*¥. The spe-
cific component of enthal py of adsorption AHSisfur-
ther correlated to parameters characterizing surface
ability to specificinteractions™:

-AHS=K _.AN+K, .DN ©)
Where AN and DN are the acceptor and donor number of the

test solute, K, and K | reflect the ability of the examined sur-
faceto act as electron acceptor or donor, respectively. Param-

etersK . and K, are cal culated from the transformed Eq.(4):
(-AH®),/AN =K (DN/AN)+K | 4

Where index ‘i’ means parameters of the different test com-
pounds.

EXPRIMENTAL

Preparation of silicasupports
1. Pretreatment methods
Acid washing

Parent silica90-120mesh was acid washed with
hot 6 N HCI asdescribed earlier. Thisoperation was
donein a250ml beaker by smply slurring the support
with hot acid in thebeaker. Until the color becameyed -
low, theacid was occasi ondly replaced. Usudly nomore
than three or four washing wererequired to removeal
traces of yellow color. The support was then washed
with severa portionsof distilled water to remove ex-
cessacid and neutrality. The acid washed support was
then ovendried at 150°C overnight.

2. Hydrothermal treatment

Portions(10g of each) of theacid-washed silicagds
werewell covered with distilled water(10ml) inaglass
insert tube and hydrothermally treated at temperature
250°C inahigh-temperature bomb, much asdescribed
earlier®, i.e thebombwasloweredintoalargedrying
furnace preset at 250°C for 24h. Then removed from
thefurnacewith due caution, andleft to cool downina
safeplace. Thetreated silicage swereacid washed as
beforein order to removeany tracesof metalsoriginat-
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ing fromthebomb.
3. Calcination

A 10g of acid washed silicain a25 ml crucible
placed into amufflefurnace and the temperature was
preset at 800°C for 6h.

Treatment method

1. Preparation of support non- extractablethin film
carbowax 20M packing

For preparation of non-extractablevery thinfilm of
carbowax 20M on the silica support, 0.20g of the
carbowax-20M wasdissolved in 50ml of chloroform,
and then added to 10g of the acid washed or pretreated
support to prepare 5% coated support after solvent
evaporation. The heat treatment process(support bond-
ing) wasdonein a100ml volumetric pipette connected
to theinjector of sigma-3B gaschromatograp a 270°C
for 16h according to M oseman procedure’®. The non-
support-bonded Carbowax-20M was extracted from
theslicage support by refluxingin chloroformfor 10h
until two successive washesyield no visible yellow
colort,

2. Prepar ation of support-non-extractablethin film
car bowax 4000 packing

The packingwas prepared as described abovewith
thedifference; thetemperature of heat treatment was
kept at 220°C for 16h1*7,

3 Preparation of support- non-extractablethin film
linear polyethylenepacking

The packingwas prepared as described abovewith
thedifference, thetemperature of heat treatment was
kept at 260°C for 16h, and tolueneis used asthe ex-
traction solvent®®,

| GC experiments

Conditionsof inverse phase gas chromatographic
experiment were asfollows: column stainless stedl,
1mx3mmi.d., measurementstemperaturesranged from
90-170°C, temperatures FID detector and injector
160°C; carrier gasnitrogen at flow rate 30 ml/min., gas
chromatograph Perkin-EImer sgma3 B. thevolatile
test compoundwerefour groups. (i) n-alkanes. C-C ;
(i) Alkylated-aromatics: benzene, tol uene, ethylbenzene,
p-xylene, o-xylene and iso-propyl benzene; (iii) halo-
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Figurel: Valuesof thepolar increment of solubility pa-

rameter.
Parent silicas: (1) Si.; (2) Sigq0 : (3) Sihydmmermaj; Non-extract-

able thin film modified silicas: (1) PEG-20M-Si, (2) PEG-
20M-Si 4y, (3) PEG-20M _SiHydrothermal 4) PE'SiHydrmhermaJ (5) PEG-
4000-Si

Hydrothermal

TABLE 1: Designationsof theinvestigated modified silicas

M odified Support Designation
Parent raw silica Sip
Calcined silicaat 1100°C Sici100
Hydrothermal treated silica Slhydrothermal
Polyethylene glycol-20M bonded PEG-20M-
pa:entﬁi Ilica lycol-20M bonded S
Pol yethylene glycol-20M bon .
calcined silicaat 800°C PEG-20M-Sicao
Pol yethylene glycol-20M bonded PEG-20M-
Hydrothermal treated silica Slhydrothermal

Linear-pol yethylene bonded
Hydrothermal treated silica
Polyethyl ene glycol -4000 bonded
Hydrothermal treated silica

PE-S Hydrothermal

PEG-4000-

Si Hydrothermal
genated-aromatics. chlorobenzene, bromobenzeneand
(vi) oxygenates:. methanol, ethanol, n-propanol, n-bu-
tanol, acetone, 2-butanone and 3-methyl-2-pentanone
and diethylether. Theamount of injected compound from
0.1to 1ul of thetest compound.

RESULTSAND DISCUSSION

Solubility parameter

Values of the dispersive and polar components of
the solubility parameter werecd culated usng n-alkanes
and aromati csand oxygenated probes, respectively, for
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Figure2: Valuesof thedisper siveincrement of solubility
par ameter

the non-extractablethin film-modified silicasupports
giveninTABLE 1.

Changesin vauesof these parameters depend on
thestructureof non-extractable polymericlayer and pre-
treatments. Careful inspection of thedatain figure 1
|leadsto thefollowing observations: (i) the hydrother-
mal trestment causethedecreasingtheva ueof 5, com-
ponent asresult of decreasing surfaceareafrom 331to
144.6nv/g; (i) the va ues of thedispersive component
9, of the solubility parameter arelower for the PEG-
20M-Si,and PEG-20M-Si  , supportscompared to
unmodified Si, and (iii) the values of the dispersive
component 3, of the sol ubility parameter arehigher for
the non-extractabl e-thin film-modified hydrothermal
pretreated silica supports compared to unmodified
S - Where, thesemodified hydrothermal pretrested
silica supports can be arranged as. PEG-20M-
SI Hydrothermal > PEG- 4000- SI Hydrothermal >PE- SI Hydrothermal
accordingto §, valueincrement. Thisdifferencecanbe
attributed to the chemical structure of the polymer and
inparticular, to its conformation structure on the sur-
faceof slica. However, the changesinthevauesof 5,
arenot considerable.

Thedifference between the parent and hydrother-
mal pretreated silicasupportswith respect to the effect
of thin bonded filmon 5, valuemay berenderedtothe
differencein their surfacetexture characteristic, i.e.
porosity, surfaceares, poresize,. . .etc of both supports
which effected the conformation, continuity of thin
bonded layer and polymer depositionin surfaceirregu-
larities. In case of highly active heterogeneous parent
silicasurface, it would appear that the polymer pro-
gressively saturatethe more active sitesby preferential
adsorption, causing the probesto accessthelessener-
geticfreesites™®, theamount of polymer isnot enough

Wotoioly Science  mm—

toform continuousfilm onthissurfacetype. Whilethe
same polymer amount may form acontinuousfilm on
themoreinert and smooth surfaceof Si,| | ..., SUP-
port, causing probesto accessthebonded film*9, The
modified slicasupport may contain different activestes.
Values of the polar component of solubility parameter
for examined silica supportswith respect to oxygen-
ated probess,,  differ considerably from each other
(Figure2). Vauesof 5,  parameter arelower for the
modified slicagd thanfor unmodified. Theoxygenated
probes not eluted from Si,, PEG-20M-Si_ and PE-
S Hycrotherres SUPPOIS, which givean indication about the
freehighly energetic siteswith respect to these modi-
fied silicas. Ketones only eluted on PEG-Si ,, sup-
port, which hasthelowest 5, value. For PEG-20M-
Siyyerotamar PEG-4000-Si, o, the value of &
parameter ishigher thanfor unmodified Sy, , . @
Sl ;0 Thesetwo modified supports havethe highest
thevauesof 5.-ox parameter, indicating that thesetwo
modified supportsarethe most suitablefor separation
the oxygenated sol utes. Non-€l ution of the oxygenated
probesfrom PE-Si Hydrothermas SUPPOIE indicating onthe
existence of hydrogen bonds between PEG-20M and
PEG-4000 oxygen atoms and thefree silanolson hy-
drothermal treated silicasurface®.

Vauesof the polar component of solubility param-
eter for examined silicasupportswith respect to aro-
matic probesd,, not differ considerably from each
other (Figure2). Vauesof 5 component of solubil-
ity parameter for themodified silicasupportsarelower

P-ox

for themodified slicasupportsthanfor unmodified, with
givesanindication about the nature of theinteractions
between the modifiersand aromatic-energetic sites of
PEG-ZQM Sy ot > PEG-4000-S,, | o™ PEG-
20M - SI P> PE- SI Hydrothermalz Hydrothermal
accordingto g, vaueincrement. Thes,

difference valuesfor the calcined and hydrothermal
treated supportsgive anindication about the ability of
gen atoms of PEG-20M depend ontheavailability of
these groups on mesopores hydrothermal treated sur-
similarityins,,  valuesfor PE-S Hychothered and un-

the exception of PEG-20M-Si Hydrotherma SUPPOTT. This
slicasurface. Themodified silicas can bearranged as

Si >PEG-20M-
Sl C800 -arom
hydrogen bonding between surface silanolsand oxy-
face compared to the collapsed cal cined surface. The
modified form givesanindication about such modifica
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Figure5: Valuesof K;parameter

tion process not depend only on modifier-shiel ding of
surfaceslanolsbut aso ontheinteractionsbetween the
functional groups of the given modifier and surface
slanols?®.

Surfaceparameters

Thesurfaceof themodified silicagel was charac-
terized with the use of the Dong parameter and param-
etersK ,, K reflecting theability of the examined sur-
faceto act aselectron acceptor or electron donor, re-
spectively. Al o, the structure and the conformation of
thin bonded film determine properties of themodified
dlicage aswdll.

For al modified slicas, it can beobserved thehigher
vauesof C’ P_ parameter thantheraw silicagel (Figure
3). PEG-20M-Si,, ; ema Modified support has the
highest valueof the C* P__parameter while PEG-20M-
Si ) modified support has the lowest value. The thin
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bonded modified silicas can be ordered as: PEG-20M-
Si Hydrothermal> PEG-4OOO-S| Hydrothermal> PE-S' Hydrothermal>
PEG-20M-Si ,,,>PEG-20M-Si jaccording to thein-
creaseinthevaueof C’ P parameter. Thedifference
between the values of thisparameter for the PEG and
PE modifierscan berendered to the hydrogen bonding
formation between the oxygen of the ethylene oxide
unit and surfaceslanolsgroups. Thedifferencebetween
thevauesof thisparameter for the PEG-20M and PEG-
4000 modifiers can berendered to the number of hy-
drogen bonding. Thehigher valueof C’ P parameter
for PEG-20M-S Hytrothers thanfor PEG-20M-S , ,and
PEG-20M-S _canbeexplainedintheterm of therough-
nessor irregularities of the solid surface which deter-
minetheconformation of thin bonded film.

Ontheother hand, al polymeric modified samples
havethelower vdueof C’ P parameter thantheraw
hydrothermal treated form except for PEG-20M-
Sl rirema MOdified support. Thedifference may ren-
dered to thelong chainlength of PEG-20M compared
to the other modifiers. For most of the modified sup-
ports, itisobserved that lower K , valuesthan for the
unmodified silicagel, except for PEG-20M-Si jand
PEG-4000-Si,,  yperma- PEG-20M-Si ., hasthelow-
estK, and K, vauesdueto removal of thesilonal ac-
tive stesand theformation of modified siloxanelink-
agesby cdcinationstrestment. Thelower vauesof these
parametersfor hydrotherma treated form thantherow
slicagel duetotheremova silanol groupsby theeffect
of water pressurewhileincreased va uesfor PEG-4000-
S Hydrothermal Compared toun-coated Si Hydrothermal may to
duethe conformation of thethinfilm onthesolid sur-
face. Thehigher vauesof theK , and K, for PEG-20M-
Si,, indicating increase the surface activity of silanols
groupshby thinfilm of such roughnesssurface. Thehigher
vaueof K for PE-Si, , ..., duetodoublebonds of
polyethylenethinfilm.

REFERENCES

[1]1 Voelkel; ‘Inverse gas chromatography in the ex-
amination of acid-base and some other properties
of solid materials’, in A.Dabrowski, V.A.Tertykh
(Eds.); ‘Adsorption on New amd Modified Inor-
ganic Sorbents’, Studies in Surface Science and
Catalysis, and papers cited therein Review, 99, 465

——, Pty Science

Au Tudian Yournal



254

Non-extractable modifiers for silica gel

MSAIJ, 3(4) December2007

Full Paper ===

(1996).

[2] W.A.Aue, C.R.Hastings, K.O.Gerhardt; J.Chroma
tography, 99, 45-49 (1974).

[3] R.F.J.Moseman; Chromatography, 166, 397-402
(1978).

[4] C.R.Hastings, J.M.Augl, SKapila, W.A.Aue; J.
Chromatography, 87, 49-55 (1973).

[5] S.Kapila, W.A.Aue, J.M.Augl; J.Chromatography,
87, 49-55 (1973).

[6] A.Voekel, T.Grzeskowiak; Chromatographia, 51,
608 (2000).

[71 A.Voekd, T.Grzeskowiak; J Mater.Chem., 11, 1288
(2001).

[8] A.Voekel, T.Grzeskowiak; Macrol.Symp., 169, 35
(2001).

[91 GDiPaola-Baranyi, J.E.Guillet; Macromolecules,

11, 228 (1978).

A.Voelkel, J.Janas; J.Chromatogr.A, 645, 141

(1993).

[11] A.Voelke, J.Janas; J.Fourine Chem., 67, 75 (1993).

[10]

[12] W.Wasiak, A.Voelkel, Rykowska; J.Chromatogr.A,
690, 83 (1995).

[13] S.Dong, M.Brendde, J.B.Donnet; Chromatographia,
28, 469 (1989).

[14] N.Cordeiro, C.PNeto, A.Gandini, M.N.Belgacem;
J.Colloid Interface Sci., 174, 246 (1995).

[15] FL.Riddle, FM.Fowkes, JAm.Chem.Soc., 112,
3259 (1990).

[16] S.Kapila, W.A.Aue, J.M.Augl; J.Chromatography,
87, 35-48 (1973).

[17] Y.Teng, Lihua-Jianyan; Huaxue-Fence, 28(2), 87-
89 (1992).

[18] M.P.Comard, R.Calvet, H.Balard, J.A.Dodds; Eng.
Aspects, 232, 269-274 (2004).

[19] A.Voeke, T.Grzeskowiak; Eng.Aspects, 208, 177-
185 (2002).

[20] E.F.Voronin, K.O.Gun, N.V.Guzenk, E.M.Paklov,
L.V.Nosach, Leboda, Skubiszewska-Zieba, M.L.
Maysheva, M.V.Borysenko, A.A.Chuiko; J.Colloid
and Interface Science, 279, 326-340 (2004).

Watariosy Stience  mm—.
A VMW



