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ABSTRACT

Zeolites are fine-porous sorbents widely used in the practice of gas chromatography for the separation
of gas systems and mixtures of volatile organic compounds. However, capabilities of zeolites are limited
because of small-sized “entrance apertures” (~0,9 nm) that limitate of their application in the analysis
of the organic compounds with significant molecular volumes and active functional groups. Synthesis
of the mesoporous materials with considerable sizes of the “entrance apertures” and retaining their
molecular-sieve properties as well open up new possibility of their application in gas-adsorption chro-
matography for the separation of the mixtures consisting of the large molecules characterized with
greater kinetic diameters (poly-nuclear aromatic compounds). Currently, the mesoporous materials of
the M41S family have a greater application.

The adsorption-separation properties of new materials and their cationmodified forms were studied in
different variants of the surface-layer sorbents - mesoporous materials have been coated on the solid
support Celite-545.

Investigation of the chromatographic behavior of the M41S mesoporous adsorbent has shown that
the benzene derivatives can be successfully separated on both initial and modified forms of the above
adsorbent. This adsorbent and its modified forms may be applied as adsorbents in gas-chromatography
for the analysis of difficult-to-separate mixtures of some polycyclic compounds.
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Zastosowanie mezoporowatych adsorbentéow typu M41S
w chromatografii gazowej

Stowa kluczowe: adsorpcyjna chromatografia gazowa, mezoporowaty adsorbent M41S, weglowodory
policykliczne

STRESZCZENIE

Zeolity sg waskoporowatymi adsorbentami szeroko stosowanymi w praktyce chromatografii gazowe;j
do rozdzielania mieszanin gazéw i lotnych zwigzkéw organicznych. Jednakze przydatnos¢ zeolitow do
tego celu jest ograniczona ze wzgledu na mate rozmiary ,,otwordéw wejsciowych”. To ogranicza ich za-
stosowanie w analizie zwigzkéw organicznych o duzej objetosci czasteczek z aktywnymi grupami funk-
cyjnymi. Synteza mezoporowatych materiatdw ze znacznymi rozmiarami ,,otworéw wejsciowych” z za-
chowanymi wtasciwosciami sit czgsteczkowych daje nowe mozliwosci ich zastosowania w adsorpcyj-
nej chromatografii gazowej do rozdzielania mieszanin zawierajgcych duze czgsteczki charakteryzujace
sie wiekszymi Srednicami kinetycznymi (wielopierscieniowe weglowodory aromatyczne). Obecnie duze
znaczenie majg mezoporowate materiaty nalezagce do grupy M41S.

Adsorpcyjno-rozdzielcze wtasciwos$ci nowych materiatéw i ich kationowych modyfikacji badano w réz-
nych wariantach sorbentéw warstwowo-powierzchniowych — mezoporowate materiaty osadzano na
nosniku Celit-545.

Badanie chromatograficznych wtasciwosci mezoporowatego adsorbentu M41S wykazato, ze na wyjscio-
wym materiale i jego formie modyfikowanej mogg by¢ z powodzeniem rozdzielane pochodne benze-
nu. Wykazano mozliwo$é zastosowania tych materiatéw jako adsorbentdw w chromatografii gazowej

do analizy trudnych do rozdzielania mieszanin pewnych zwigzkdéw policyklicznych.

1. INTRODUCTION

Zeolites, that is molecular sieves are used in gas
chromatography mainly for the separation of the
mixtures component molecules of which are able
to penetrate into the pores of these adsorbents
[1]. This property limits their application in the
analysis of large organic compounds containing
active functional groups. Nevertheless, synthesis
of the mesoporous materials with considerable
sizes of “entrance apertures” for retaining their
molecular-sieve properties open up new possibil-
ities of their application in gas-adsorption chro-
matography.

Currently, M41S mesoporous materials (offered
by the company “Mobile R & D Corporation” in
1992) are widely used in chemistry [2]. These
mesoporous materials are silica, containing in-
significant amount of cation-exchange Na* and
are characterized by “aperturesof equal size” (at
about 8,0 nm). The work [3] shows that substi-
tution of one type of cations by others signifi-
cantly alters their chromatographic properties.
M41S type mesophorous molecular sieve is one
of the representative of mesophorous silica di-
oxide MCM 41. Depending on the conditions of

the synthesis, diameter of its porous varies from
2,0 to 10,0 nm. This material is characterized by
regular structure and its specific surface reaches
100 m?/g [4].

The presented study aims to show the feasibil-
ity of application of the mesoporous materials in
gas-adsorption chromatography and proves the
effect of the complexing metals (cadmium and
thallium) on the separation of various model mix-
tures [5, 6].

2. EXPERIMENTAL

M41S type mesoporous adsorbent (MA) was syn-
thesized at the Laboratory of Physical Chemistry
of Institute of Physical and Organic Chemistry [7].
The diameters of the “apertures” of the obtained
mesoporous material is about 4 nm and have mo-
lecular sieve property.

Cation modification of the samples was peformed
by their treatment with 0.1 N aqueous solutions
of cadmium (II) nitrate and thallium (I) sulfate in
order to completely substitute Na* by Ca*?and TI*
cations [8]. Both the initial sample and the cat-
ion modified forms were washed by distilled wa-
ter, dried at room temperature and activated by
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heating at 250 °C for 3 hrs in the nitrogen flow.
The investigated powdered adsorbents were
coated on the solid support Celite-545 of 50/60
mesh of granulation [9, 10]. Chromatographic
properties of the initial and the modified adsor-
bents were investigated in the version of sur-
face-layer sorbents: mesoporous sorbents were
coated on Celite-545. The sorbent was activated
in chromatographic column at 300 °C for an hour
in the flow of nitrogen. The chromatographic
analyses were carried out at different column
temperatures (200+250 °C). Polycyclic hydrocar-
bons were used as model mixtures [11].

The all columns used were of the same length
and diameter (1 m x 4 mm).

The number of theoretical plates was determined
according to the well known formula using the
half-height width of peaks of chromatographed
compounds.

Increment of column selectivity (K_) is calculated
in the following way:

K,=2% 1)
Where t. and t_, are the retention times of the
chromatographed components.
The separation coefficients (Ksep) of a binary mix-
tures were calculated as:

Kw/) -
Ros51) T Mos02)

Al (2)

where Al is the distance between the maxima of
two chromatographic peaks and uo.s(l)and Hosi)
are the peaks widths at their half-height.

The value of uniformity criterion (A) is calculated
using the following relationship:

A=(n xw,  xR) /t (3)

where n, is the number of peaks on a chromato-
gram, w, is the width at the base of the nar-
rowest peak, t is the total analysis time and R is
the resolution of the worst separated peak pair
calculated from the retention times (t.) and the
width at the half height (w,) of the two peaks

(t >t ):
R2 Rl tro~ Ty

Wi + Wiy (4)

R:

3. RESULTS AND DISCUSSION

Analysis of the obtained data evidenced that

the order of elution of C,H,, isomers can not be

associated with their melting points: o-isomer

(with higher melting temperature) is eluted ear-
lier than corresponding m- and p-isomers. This is
apparently conditioned by their structure: p-iso-
mer is more strongly adsorbed by the surface of
the mesoporous adsorbent than the correspond-
ing o- and m- isomers. The isomers of C_H_ are
eluted similarly. The relative retention times
(t'R), calculated against benzene, for the separate
components on the investigated mesoporous ad-
sorbents at the optimal chromatographic column
temperature (250 °C) are presented in Table 1.

It should be noted that the retention times of the
components of the investigated model mixture
on the modified forms of sorbents increase com-
pared with those on the initial form (MA), de-
pending on the type of cations, in the following
order: MA . <Cd*-MA<TI-MA.

The observed difference in the retention times
evidences the possibility of their separation in
chromatographic column.

The values of the number of theoretical plates
(calculated for 1 m column) for each peak of the
isomers of C ,H, and the increase in the number
of theoretical plates on modified sorbents com-
pared with that on the initial form are entered in
Table 2. According to the data, efficiencies of the
columns packed with the investigated adsorbents
increased in the following order:

MA . <Cd?-MA<TI*-MA.

Degree of increase of chromatographic column
efficiency (with the modified adsorbents) com-
pared with that of initial form is far greater than
the degree of broadening of the correspond-
ing peak on the chromatogram. Modification of
M41S type mesoporous adsorbent by cadmium
salts enables us to increase the chromatographic
column efficiency in the average by 11.74 %, by
the use of thallium salts —29.76 % compared with
the initial sample (MA); difference between the
column efficiencies on TI* and Ca*? forms equals
to 16.53 %.

The Table 3 presents the values of relative chang-
es of the selectivity (K ) and separation (Ksep) co-
efficients of the binary mixtures [12], expressed
in percents relative to the data obtained with the
initial form.

As it is seen from the above data, modification
of the initial mesoporous material (MA) contrib-
utes to significant increase of selectivity of the
adsorbents in the order Cd*>-MA<TI*-MA, which
is expressed correspondingly in the change of se-
lectivity and separation coefficients (K and Ksep).
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Table 1 Relative retention times (t’,) of polycyclic hydrocarbons of the investigated samples

Tabela 1 Wzgledne czasy retencji (t’,) weglowodoréw policyklicznych

o . Initial form of | Cadmium form | Thallium form
® £ L |MAcoatedon| of MA coated | of MA coated
-g Formulae < g Celite-545 on Celite-545 | on Celite-545
) S a ; ; ;
t R t R t R
1 2 3 4 5 6
C.H, © L 1.00 1.00 1.00
80.1
C H C € 83-84 3.19 3.23 3.72
o L O
C C
C,.H, i i 168-169 4.63 4.72 5.56
0-C,H,, f f " 147-148 6.82 8.12 9.42
3
m-C,H,, Hy 116-117 8.78 9.82 10.14
CH,
p-C,.H,, SHe ¢ OHs 136-137 10.12 10.73 12.57
c! !c
CHy, CH,
CyeH,, CHs 118-119 14.91 17.78 22.57
c..C
CH
CH3
O &,
m-C_H,, Hj 137-140 27.27 33.00 39.86
C..C H
(1 ?
CH3
O CHs
p-C, H,, 5 o 179-180 32.64 39.56 48.72
CH3 CH,
Table 2 Number of theoretical plates (N) and their increment (in %) for the isomers of C, H_
on the investigated adsorbents (calculated against 1 m of the chromatographic column)
Tabela 2 Liczba pétek (N) iich inkrement (w %) dla izomeréw C H,
na badanych adsorbentach (obliczone dla 1 m dtugosci kolumny)
Adsorbent
Sorbate MA initial form Cd*2-MA TI*-MA
N increment, % N increment, % N increment, %
CH, 754 - 935 24.00 1014 34.48
0-C,H,, 850 - 996 17.17 1147 34.94
m-C,H,, 987 - 1027 4.05 1296 31.30
p-C,.H,, 1114 - 1133 1.70 1318 1831
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Table 3 Increment of column selectivity (K_) and separation coefficients (Ksep) of the binary mixtures
on the investigated adsorbents compared with the initial form (MA)

Tabela 3 Inkrement selektywnosci kolumny (K_ ) i wspotczynnika rozdzielenia (Ksep) dwuskfadnikwych
mieszanin na badanych adsorbentach w poréwnaniu z ich formga pierwotng (MA)

Increment, %
Binary mixture Cd*?-MA TI*-MA
sel” sep. sel” sep.

CH,-CH,, 8.96 12.50 9.52 25.00
CoHy, - CoiHy 35.89 14.28 42.50 35.72
CHye-0-CHy, 15.72 11.12 38.57 22.23
O'C24H30 - m'C24H30 14.28 8.34 35.00 33.34
m_C24H30 - p_C24H30 57.14 15.38 65.00 46.15
p-CHyy - CeH,, 71.87 28.57 73.64 35.72
CyeHy, -m-CH,, 9.45 5.56 10.57 11.12
m-C,_H,, -p-C.H,, 11.12 8.34 12.50 16.67

The value of uniformity criterion (A) (characteris-
tic of the peak distributions on a chromatogram)
is the analogue of selectivity coefficient in case
of separation of a multi-component mixture. The
above regularity was observed for the values of
uniformity criterion [13] of the nine-component
mixture of polycyclic hydrocarbons on the inves-
tigated sorbents (Tab. 4).

Here again we observe the increase in criterion
of uniform separation that proves the improve-
ment of the peak resolution of the model mixtu-
re (Fig. 1) [14].

IS

a)

Table 4 Increment of the uniformity criterion (A)
on the modified forms of mesoporous adsorbent com-
pared with those of the initial form

Tabela 4 Inkrement kryterium jednorodnosci (A)
na modyfikowanych mezoporowatych adsorbentach
w poréwnaniu z ich forma wyjsciowa

Increment, %
Model mixture
Cd*--MA TI*-MA
CeHs - Conzz - C23H26
- O_C24H30 - m_C24H30
- p-C24H30 - C26H32 - 12.50 23.07
m'C27H34 - p-C27H34

I

IJ'Y

3 9
UL 8
1 2 3 min. 0

0 1 2 3

4 min. 0 1 2 3

4

min.

Figure 1 Chromatogram of nine-component mixture of polycyclic hydrocarbons: a) on the initial
adsorbent (MA); and on its modified forms: b) Cd*2-MA, c) TI*-MA. Column dimensions: 1 m x 4 mm.
Nitrogen carrier gas flow rate: 20 ml min. Column temperature 250 °C. Thermal conductivity detector.
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Rysunek 1 Chromatogram dziewieciosktadnikowej mieszaniny weglowodorow policyklicznych: a) na adsorbencie
wyjsciowym (MA) i na jego formach modyfikowanych: b) Cd*>-MA, c) TI*-MA. Wymiary kolumny 1 m x 4 mm. Przeptyw
gazu nosnego (azotu): 20 ml min. Temperatura kolumny 250 °C. Detektor cieplno-przewodnosciowy.
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Analysis of the given data enables us to conclude
that the most selective adsorbent (modified by
TI*) gives good separation of the hydrocarbons
at 250 °C on the surface-layer sorbents not ob-
served in gas-adsorption chromatography on the
common (volumetric) sorbents [15].

4. CONCLUSIONS

Calculations of the separation and the selectivity
coefficients of the definite binary mixtures, and
the uniformity criterion of the nine-component
mixture showed that their values increase de-

pending on the type of the modifying cations in
the order: MA < Cd*>-MA <TI*-MA.

initial form

Thus, investigation of gas-chromatographic be-
havior of mesoporous adsorbent M41S showed
that benzene derivatives might be successfully
separated on the initial form of this adsorbent as
well as on its modified forms. Study of the syn-
thesized material M41S and its modified forms
proved the possibility of their application as the
adsorbents in gas-adsorption chromatography
for the analysis of difficult to separable mixtures
of some polycyclic compounds.
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