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The physicochemical properties of novel mesoporous carbon sorbents and their application for 
the preconcentration of trace analytes in combination with HRGC are presented. For sorbent eval
uation, scanning electron microscopy, elemental analysis, XH MAS and 13C MAS solid-state NMR 
spectroscopy were applied together with measurements of the surface area, particle size and shape, 
pore size and volume, as well as with determination of specific retention volumes of selected com
pounds belonging to different groups of adsorbates. The tested sorbents showed high sampling 
capacities and were successfully applied to the preconcentration and/or isolation of great variety of 
volatile compounds and semivolatile compounds from simulated samples and various environmental 
matrices. 

For the solution of analytical problems in the 
field of trace analysis, particularly in the analysis 
of multicomponent mixtures, various preconcentra
tion and/or preseparation steps have been utilized 
according to sample matrix [1—14]. In environmen
tal samples the target of qualitative and quantita
tive analysis may be either the whole trace multicom
ponent mixture in various matrices, or only individ
ual trace component (s). In this regard the whole pre
concentration/preseparation strategy differs substan
tially. Nowadays also materials with selective sorp
tion properties are being utilized to a large extent for 
these purposes. Besides a broad spectrum of "univer
sal" sorbents much attention is given to tailored sor
bents which allow the optimum solution of a particular 
separation problem. Carbonaceous materials belong to 
potential sorbents for preconcentration/preseparation 
purposes [10, 11]. 

There are available various kinds of sorbents the 
matrices of which are prevailingly built of carbon: 

Microporous carbon - activated carbon 
- molecular sieves 

Mesoporous carbon 

Nonporous carbon 

- pyrolytic carbon 
- some forms of graphitized car

bon black (e.g. Carbotrap B) 
- some forms of graphitized car

bon black (e.g. Carbotrap C) 

They differ in physicochemical characteristics, such 
as pore size and shape; pore volume, surface area; par
ticle size and bulk density; functionality of surface; 
chemical inertness. The other characteristics of car
bon sorbents, as breakthrough volumes, shape of ad
sorption isotherms strongly influence the preconcen
tration and/or preseparation step. These often con
flicting characteristics are dependent upon: the type 
of starting material, the procedure chosen for prepa
ration of the product, and the application conditions. 

The development of carbon sorbents for enrich
ment of analytes has been connected with the devel
opment of chromatographic sorbents generally. Inter
est in preparation of the novel carbonaceous adsor
bents has recently increased because of the theoreti
cal nonpolar character of these materials, the applica
bility over a wide pH range, and better defined sur
face properties in comparison to sorbents commonly 
used in the past [15—17]. In our review article on car
bon sorbents and their utilization to trace analysis we 
have shown the advantages of some kinds of carbon 
sorbents compared to conventional sorbents (organic 
polymers, bare and bonded silica gels, activated car
bon) [11]. 

The use of different carbons (in a single bed ar
rangement) depends strongly on the applications but 
also on the techniques used. Depending on volatile, 
semivolatile or nonvolatile compounds, both the sor-
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bents and the techniques are not the same. Different 
techniques do not require the same characteristics of 
the carbons. We have evaluated and classified the uti
lization of carbon sorbents and preconcentration tech
niques according to the phase state of an analyte dur
ing sorption and desorption processes [11]. 

Generally, porous carbon sorbents are prepared by 
controlled pyrolysis of appropriate carbon precursors 
either soaked within the pores of silica gel [18—21] 
or in the presence of suitable porogens [22]. Silica gel 
and/or porogens which, in fact, form porous structure 
of carbon are leached out after pyrolysis. The surface 
chemistry is determined by the final heat treatment 
and any subsequent chemical treatment. 

In the following sections we present an overview on 
novel porous carbon sorbents developed in the Poly
mer Institute of the Slovak Academy of Sciences (al
ready commercially available), on their physicochem-
ical characterization and application to the precon
centration of volatile and semivolatile organic com
pounds from environmental matrices and their subse
quent analysis. 

E X P E R I M E N T A L 

Porous C a r b o n Sorbents 

Carb I was prepared by pyrolysis of saccharose in 
the matrix of silica gel [20] at 600 °C in an inert atmo
sphere. In the next stage silica gel was leached out by 
NaOH. 

Carb II was prepared by pyrolysis of cellulose beads 
in the presence of porogen [22] at 600 °C in an inert 
atmosphere. In the next step the porogen was washed 
out by water. 

Physicochemical Character izat ion of C a r b o n 
Sorbents 

For the physicochemical characterization of carbon 
sorbents in the most cases commercial instrumenta
tion was utilized [23]. Elemental analysis (model 1104 
CHN analyzer, Erba) was used for the determination 
of carbon, hydrogen, and nitrogen in sorbents sam
ples. Scanning electron microscopy of samples covered 
by a layer of Au and Pt (Tesla BS 300) and solid-state 
XH MAS and 1 3 C MAS NMR spectroscopy (Bruker 
ASX 300 NMR at 7.05 T) were applied to character
ize sorbents surfaces. Gas-solid chromatography on a 
HP-5890 Series II (Hewlett—Packard) equipped with 
an on-column injector, electronic pressure control, a 
flame ionization detector and connected to a stainless 
steel column packed with the tested sorbents was used 
for measuring breakthrough characteristics of selected 
analytes. Sorbents surface area, pore volume [24], and 
pore size distribution [25] were calculated from Argon 
adsorption data measured on apparatus constructed 
according to literature [26]. 

Analytes P r e c o n c e n t r a t i o n and G C Analysis 

Solid phase extraction (SPE) was applied for 
preconcentration and isolation of trace volatile and 
semivolatile organic compounds from various matri
ces (gas and liquid) [27—33]. For the simulation of gas 
samples and the study of adsorption-desorption pro
cesses of volatile compounds (hydrocarbons [27, 30], 
halocarbons [29—31], oxygenated compounds [30]) 
with the utilization of carbon sorbents a home-made 
apparatus was used. Desorption of analytes was per
formed with a liquid with subsequent injection of the 
extract into a gas Chromatograph [27—31]. Alterna
tively the desorption was accomplished with a carrier 
gas at elevated temperature, followed by on-line in
troduction of the desorbed analytes into the gas chro
matographic column [30, 31]. Thermodesorption unit 
(Dynatherm Thermal Tube Desorber, Model 890/891, 
Supelco) with ballistic heating of the trap was utilized 
without cryo-cooling of the volatile analytes on the top 
of capillary G С column. The refocusation of the des
orbed analytes was performed with the thick film of 
stationary phase (1.5 /xm of.polydimethylsiloxane) [30, 
31]. For the emission measurements of real samples 
a custom-made sampling apparatus was used. Sam
pling was done by means of cartridges packed with 
adsorbent studied and followed by a liquid and/or 
thermodesorption and GC analysis [29—31]. To de
termine the volatile organic compounds in water sam
ples by purge and trap method a home-made purge 
vessel was used with subsequent liquid desorption and 
off-line GC analysis [28]. Analysis of semivolatile com
pounds (selected pesticides) and their isolation from 
various matrices was realized with SPE in combina
tion with capillary GC and/or GC-MS [32—36]. 

Capillary G С was performed in a gas Chromato
graph HP-5890 Series II in on-line combination with 
a Vectra ES/12 computer and/or HP 3396 integra
tor, with injection systems devoted to trace analysis 
(splitless and on-column) [27—36]. For detection and 
quantitation of individual analytes a universal flame 
ionization detector (FID) was used [27—33]. For halo-
carbons [29] and selected pesticides [32, 33] also an 
electron capture detector (ECD) was applied. In GC-
MS combination a low resolution mass spectrometer 
with electron impact ionization was utilized with a full 
scan and multiple ion monitoring mode (Varian 3400 
gas Chromatograph equipped with a splitless injection 
system in direct connection with a mass spectrome
ter ITD 800, Finnigan) [32—36]. In all measurements 
commercial capillary columns with chemically bonded 
stationary phases were employed [27—36]. 

R E S U L T S A N D D I S C U S S I O N 

Physicochemical Character iza t ion of Sorbents 

Identification and characterization of the physico-
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Tab le 1. Summary of Electron Microscopy Observations of Porous Carbons 

Carb I highly porous carbon, glistening, sharp-ended, hard but relatively brittle particles 
- particles with sponge-like porous texture similar to parent silica gel 
- sharp-ended breaks can be seen after cracking 

Carb II - low-porosity carbon, spherical particles with layer-arranged structure; the structure depends on the porogene 
used for sorbent preparation 

- cracks on the surface are formed during preparation (see Fig. le) 
inside - crater-like structure; with a replica of crystals of nondissolved porogenes 
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Fig . 1. Scanning electron microscopy photographs of porous carbon sorbents: a) Single particles of Carb I; b) the surface of a 
single particle of Carb I; c) the view into a single particle of Carb I after cracking; d) single particles of Carb II; e) the 
surface of a single particle of Carb II; /) the view into a single particle of Carb II after cracking. 

chemical properties of adsorbents are important in un- and detailed picture of the chemical species formed on 
derstanding their performance characteristics. So far the surface. Therefore, it is advisable to employ more 
no powerful method is available that gives an exact methods for the study of solid materials. 
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Table 2. Physical Characteristics of Porous Carbons 

Sorbent 

Carb I 
Carb II 

Specific surface 

m2 g _ 1 

1020 
632 

area Specific pore volume 

cm3 g _ 1 

0.560 
0.475 

Bulk density 

g c m - 3 

0.24 
0.35 

Particle size 

mm 

0.05—0.16 
0.12—0.30 

Pore size 

nm 

1.8—9.0 
4.0—25.0 

Evaluations of physicochemical properties of sor-
bents and their suitability to trap organic compounds 
were in this contribution focused on the searching 
of the sorbent morphology by scanning electron mi
croscopy, characterization of the sorbent surface based 
on results of elemental analysis and XH MAS and 13C 
MAS solid-state NMR spectroscopy, as well as on mea
surements of the surface area, particle size and shape 
of particles, pore size and volume, calculation of spe
cific retention volumes of selected compounds belong
ing to different groups of adsorbates [23]. 

Electron Microscopy 

The detailed description of electron microscopy ob
servations of the investigated sorbents is listed in Ta
ble 1. Selected photographs are presented in Fig. 1. 
Scanning electron microscopy of porous carbons shows 
the shape and structure of particles, which strongly 
depend both on the template and the precursor used 
for the preparation of a sorbent. The example of the 
shape of Carb I and Carb II is given in Figs, la and d. 
The Carb I sharp-ended particles come from silica gel 
template (Fig. la). The spherical form of Carb II indi
cates that spherical cellulose was used as the precursor 
for pyrolysis in the preparation procedure (Fig. Id). 
The high magnification enables a detailed view of sur
faces texture (Figs, lb and e) and a view into a single 
particle after cracking (Figs, lc and / ) . 

Characteristics from Adsorption Data 
Measurements 

The porosity of carbonaceous materials ranges 
from highly porous active carbons to virtually non-
porous graphitized carbon blacks (GCB). Sorbents 
having a higher surface area per mass unit have a 
higher number of active accumulation media [11]. The 
surface area can. be increased by a porous structure 
of the sorbent. Besides mean pore size, also pore size 
distribution is a very important parameter for sam
pling and preconcentration of analytes. The pore size 
distribution of the studied sorbents was determined 
from adsorption measurements by the classical B.E.T. 
method with argon as a sorbate (77.3 K), which lead to 
adsorption isotherms [23]. Surface areas and physical 
characteristics calculated from adsorption isotherms 
and pore distribution curves [23] are summarized in 
Table 2. Particle size and shape influence the hydro-

Table 3 . 

Sorbent 

Carb I 
Carb II 

Elemental Analysis 

ti/(N) 

% 

0 

Results 

" ( C ) 

% 

89.3 
94.1 

" (H) 

% 

2.2 
1.8 

dynamic conditions in the sorbent bed. The pore size 
of Carb I, Carb II is in the region termed "meso-
pores" The broader pore size distribution for Carb II 
reflects the preparation procedure, especially the na
ture of inorganic salts used as porogens. In few cases 
the porogen could not be well dissolved and created 
larger pores. 

Elemental Analysis 

The results of CHN elemental analysis of samples 
are summarized in Table 3. The content of carbon is 
significantly lower than 100 %. The technology of sor
bent preparation evidently led to formation of oxygen-
containing groups in the matrix. The carbonization of 
precursor was not complete and also some hydrogen-
containing groups could be detected. The content of 
nitrogen was expected to be 0 %, which was proved 
with the sorbent Carb II, for Carb I it was therefore 
not determined. 

Solid-State NMR Spectroscopy 

Valuable information about the structural details 
of the surface of materials can be obtained with the 
help of solid-state NMR spectroscopy [37—39]. Porous 
carbon samples were investigated by 1H MAS and 13C 
MAS solid-state NMR spectroscopy [23]. Samples of 
Carb I and Carb II show similar XH and 13C NMR 
spectra with similar chemical shifts, line widths, and 
signal intensities. The maxima of the 13C resonances 
appear in both spectra at S = 125 to 130, the signal in
tensities are relatively high in comparison to the other 
carbon sorbents studied (molecular sieves and graphi
tized carbon blacks) [23]. The region of these maxima 
is due to the resonance of olefinic and/or aromatic 
carbon atoms. Single resonance cannot be resolved in 
any spectrum. The 1H NMR spectra show a broad 
resonance at ô = 7 due to the presence of aromatic 
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T a b l e 4. Specific Retention Volumes Vg and Isosteric Heats of Adsorption (fb for Selected Organic Adsorbates on Carb I and Carb 
II Adsorbents 

Adsorbate 

Dichloromethane 
Hexanal 
Tetrachloroethylene 
Hexane 
Octan-l-ol 
Ethylbenzene 
Octane 
Decane 
Dodecane 

M r 

84.93 
100.16 
165.83 

86.18 
130.23 
106.17 
114.23 
142.29 
170.34 

B.p. 

°C 

39.8—40 
131 
121 

69 
196 

134.6 
125—127 

174 
216.2 

v* 
cm 3 g _ 1 

(Carb I) 

1.5 x 105 

4.5 x 106 

5.7 x 107 

6.4 x 107 

1.1 x 108 

1.7 x 109 

4.0 x 109 

6.8 x 10 1 1 

5.4 x 10 1 4 

Vs 

c m 3 g - 1 

(Carb II) 

5.9 x 105 

1.7 x 107 

1.9 x 107 

1.4 x 108 

5.3 x 108 

4.2 x 109 

2.2 x 10 1 0 

ť 

k J m o l " 1 

(Carb I) 

42.7 
53.9 
58.7 
62.4 
61.1 
70.1 
74.2 
90.7 

114.2 

ť 

k J m o l " 1 

(Carb II) 

43.2 
56.8 
53.1 
62.0 
64.1 
70.0 
77.1 

hydrogens. A shoulder at S = 2.5 is also visible due to 
the remaining aliphatic rests. 

To check the potential changes of sorbents in at
mosphere (particularly the presence of the moisture) 
NMR spectra of Carb I, Carb II were measured after 
one-week exposure to air. The spectra did not show 
any changes [23].. 

Gas-Solid C h r o m a t o g r a p h y 

The use of gas-solid chromatographic techniques 
for the characterization of adsorbents provides valu
able insight into the adsorbent characteristics [40— 
44]. Using a small gas chromatographic column to 
evaluate interactions between adsorbent and adsor-
bate allows for quick and effective extraction data that 
can be applied to the reconstruction of a sampling 
tube with known sampling parameters. These interac
tions in the low coverage region provide information 
on the adsorbent surface homogeneity, adsorbate spe
cific retention volume (or breakthrough volume), and 
on the adsorbent capacity for the chosen adsorbate. 

The specific retention volume is the calculated vol
ume of carrier gas, per mass unit of adsorbent, pass
ing through an adsorbent bed that causes a "challenge 
slug" of adsorbate molecules to migrate from the front 
of the adsorbent bed to the back of the bed [40—44]. 
The determined values of the specific retention vol
umes Vg at 20 °C for selected organic adsorbates [23] 
are summarized in Table 4. The isosteric heats of ad
sorption at zero uptake [45] were determined from the 
variation of InfVg} on 1/T. The derived values of (fb 

for Carb I and Carb II are listed in Table 4. 
It can be seen from the results in Table 4 that 

the specific retention volumes at 20 °C measured on 
sorbents Carb I and Carb II generally increase with 
the increasing of molecular mass in groups of adsor
bates with similar chemical properties. Representative 
plots of the dependence of 1п{Уб} vs. 1/T for selected 
unbranched alkanes and halocarbons showed that the 
higher the molecular mass of adsorbates belonging to 

specific group, the higher is the slope of the linear de
pendence [23]. 

The increase in differences of the (fb values on Carb 
I with the increase of the carbon atoms number of 
alkanes indicates the enhancement in the adsorbent-
adsorbate interaction energy [23]. As the sorbent ma
terial is porous with pores up to tens of nm, the release 
of larger molecules becomes more difficult. Conse
quently higher isosteric heats are observed. The length 
of dodecane 1.65 nm reaches the border of Carb I pore 
range (1.8 nm). The values of (fl for alkanes measured 
on mesoporous sorbents are considerably higher than 
the corresponding values measured on GCB [46] and 
lower than values given by microporous samples of 
carbon sorbents, e.g. the difference of isosteric heats 
measured on sorbent Carb I and on microporous car
bon sorbent CC1 [47] for hexane is about 20 k J m o l - 1 

The differences between ^ s t values for Carb I and 
Carb II are very small (max. (fb = 5.6 kJ m o l - 1 , see 
Table 4). This is not surprising because as it can be 
seen in pore distribution curves [23] the range of pore 
sizes of both sorbents is overlapped in the broad range 
of 4—9 nm (Table 2). Moreover, one can expect similar 
surface properties of adsorbents prepared by pyroly-
sis of mono- and polysaccharides. Thus, very similar 
adsorption-desorption behaviour is expected. 

As it follows from NMR results [23], some func
tional groups are observed on the surface of porous 
carbon sorbents, so specific interactions with adsor
bates mainly of polar character can take place. The 
FTIR study on porous carbonaceous sorbents [19] also 
confirmed the mixed character of polar and nonpolar 
groups and some of the chemical features of the start
ing materials are still present in the charred structures. 

According to classification scheme by Kiselev [48], 
porous carbons can belong between the first and par
ticularly the third class of adsorbents. The Carb I and 
Carb II retention characteristics show that the up
per end of the functional range (the range of molec
ular sizes that can be trapped efficiently, and then 
desorbed at medium temperatures) in comparison to 
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Carbotrap [49] is similar. For Carbotrap and Carb I, 
Carb II sorbents, extremely large sample volumes may 
be treated with adsorbates larger than decane [23], 
which follows from Table 4. On the other hand, the 
increase in molecular lengths results in an increase in 
the surface-to-surface interactions. Consequently it is 
necessary to utilize very high temperature for quanti
tative analyte desorption. The lower end of the func
tional range is broader than the one of Carbotrap. 
Due to the large surface area Carb I covers also a part 
of molecular sieves range. Dichloromethane can serve 
as an example. The solvent is a typical adsorbate for 
studies on carbon molecular sieves and it was success
fully trapped by porous carbon [30]. The Vg (20 °C) 
on Carbosieve S-III is 2.56 x 105 c m 3 g _ 1 [40]. The Vg 

values of dichloromethane on Carb I and Carb II (Ta
ble 4) are of the same order. In few applications Carb 
I or Carb II could replace the multibed sorbent tubes, 
particularly composed of Carbotrap/Carbosieve S-III 
[30]. 

Testing and Applicat ion of Porous C a r b o n Sor
bents for t h e Preconcent ra t ion of Analytes in 
Combinat ion wi th H R G C 

Volatile Organic C o m p o u n d s 

Mesoporous carbon sorbents have shown a high 
adsorption capacity for the broad range of volatile 
organic compounds [23]. They were tested for their 
potential utilization on preconcentration purposes of 
trace analytes from environmental matrices, air [27, 
29—31] and water [28]. Adsorption-desorption proper
ties of sorbents were evaluated according to the deter
mined recovery values, whereby physicochemical inter
actions of both sorbent and solute were taken into con
sideration. It was shown that some chemical properties 
of the starting precursors are transferred into the car
bon structure. In particular, residual hydroxyl groups 
and newly formed C = 0 groups were found by diffuse 
reflectance FTIR spectroscopy [19]. Prom the inter
pretation of : H MAS and 1 3 C MAS solid-state NMR 
[23] the presence of aromatic, olefinic, and aliphatic 
moieties was confirmed. So besides nonspecific inter
actions also specific interaction between polar residual 
groups on the sorbents surface and analytes of polar 
character could be anticipated. 

Preconcentration of Organic Compounds 
from Air 

In our recent work we have studied possibilities 
of application of mesoporous carbons for preconcen
tration of compounds, which can be expected in an
thropogenic and natural emissions at various levels of 
concentration [27, 29—31]. Individual searched com
pounds differed in polarity and volatility. They be
longed to various chemical groups, as alkanes and aro

matic hydrocarbons with carbon atoms number C7— 
C12, halocarbons (derivatives of methane, ethane, 
ethylene), and oxygenated compounds (alcohols, alde
hydes, ketones, acetates). 

After sorption of analytes from simulated sam
ples (in adsorption cartridges prepared by packing the 
glass tubes with sorbents) under controlled conditions 
the off-line liquid desorption and G С analysis was per
formed. The selection of a solvent for the desorption 
was evaluated according to the following criteria: effi
ciency of desorption, chromatographic properties, and 
the presence of potential interferences [27, 29, 30]. 
Conditions of desorption were optimized (volume of 
displacing solvent, the utilization of co-displacer, time 
of desorption, application of ultrasound). From the se
ries of nonpolar and polar displacers carbon disulfide 
showed superior properties when applying splitless 
and on-column injection system. For ECD detection of 
chlorinated compounds it was necessary to apply a dis-
placer which does not disturb the determination, e.g. 
pentane [29]. From the study of adsorption-desorption 
process of hydrocarbons in the concentration range 
of the sample components in nitrogen (0.03—15 /xg 
d m - 3 ) it was shown that the recovery data were above 
90 % [27, 30]. No statistical differences were found in 
the recovery data when in the loading procedure sam
ple was injected into the vaporizer and directly into 
the sorbent. Recovery data of 60—100 % were found 
for the oxygenated compounds, whereas the result was 
dependent on the compound polarity. The lowest re
coveries were found for alcohols, particularly those, 
which were the most polar (alcohols with the shortest 
branched chain and/or the double bond). These ob
servations indicate the presence of active sites (resid
ual polar groups) on the surface of the sorbent. This 
agrees with the FTIR [19] and NMR spectroscopy [23] 
characteristics for these sorbents. 

Carbon sorbents were tested also for the precon
centration of real samples, acetates [30], halocarbons 
[29], and epichlorohydrin [30, 31]. With emission mea
surements, where fairly high concentration could be 
expected ((/ig—mg) m~3) with liquid desorption low 
limits of determination were reached (in the order of 
/ig m~3 with FID and with ECD up to ng m~ 3 ). 

Thermodesorption allows for several advantages 
[11]. The main advantage is the possibility to analyze 
samples with low concentration of organic compounds. 
Therefore, we have systematically studied the repeata
bility and hysteresis of sorption-desorption processes. 
The obtained data allowed optimization of experimen
tal conditions of thermodesorption in an on-line com
bination with HRGC [30, 31, 50, 51]. The recoveries 
of nonpolar compounds (hydrocarbons and most of 
halocarbons) were close to 100 % also at low concen
tration levels (1.5 ng d m - 3 ) with good reproducibil
ity of analytic determination. The recoveries of oxy
genated compounds determined by thermodesorption 
considerably increased (for most compounds ^ 90 %) 
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compared to liquid desorption, however, the recoveries 
and reproducibility of measurements were dependent 
particularly on the investigated sample concentration 
level (15—600 ng d m - 3 ) . Better results were obtained 
with sorbent Carb II for the lower sorbed amounts (^ 
15 ng 1 d m - 3 , or higher) [50, 51]. 

Physicochemical properties of recently developed 
carbon sorbents show their superiority compared to 
traditional materials, such as porous polymers, for ad
sorbing different compounds encountered within the 
environment [11]. Sorption-desorption properties of 
the tested porous carbon were shown to be very good 
for nonpolax compounds [27, 29—31] and they are 
comparable to e.g. graphitized carbon blacks materi
als [11]. There is higher affinity of the tested sorbents 
to polar compounds [30, 50, 51]. For oxygenated com
pounds only few data exist concerning analytical re
covery on solid sorbents. To our knowledge, there are 
only a few sorbents, graphitized carbon blacks (Car
botrap C/Carbotrap) and graphitized carbon blacks 
in combination with carbon molecular sieves (Carbo
trap C/Carbotrap/Carbosieve S-III) described in lit
erature for the enrichment of alcohols, aldehydes, ke
tones, however, without giving the recovery data [52, 
53]. According to our results [51] for these compounds 
graphitized carbon black material Carbotrap 100 is ex
cellent for sampling C4—Cs alcohols, aldehydes, and 
ketones. Recovery data values reported in literature 
for acetates sampling with carbon sorbents are lim
ited, for butyl acetate 64 % for Carbotrap В [54]. The 
tested mesoporous carbon Carb I is excellent for sam
pling methyl, ethyl, and butyl acetates, sorbent Carb 
II is recommended, too [51]. For sampling acetates 
including vinyl acetate it is recommended to utilize 
the multibed arrangement Carbotrap 300 (Carbotrap 
C/Carbotrap B/Carbosieve S-III). 

If we want to compare the tested porous carbon 
with other carbon materials for the application to 
real sample analysis, besides good sorption-desorption 
properties also some other parameters are important, 
such as breakthrough volumes (BTVs), which are re
lated to specific retention volumes, and affinity to wa
ter. 

BTVs of air needed to elute adsorbate were deter
mined for various particular sorbents by several au
thors. As it was already discussed, the tested meso
porous carbon sorbents have shown the high sampling 
capacity for a great variety of compounds [23]. Figge 
et al. [41] performed a systematic study on the deter
mination of BTVs for 26 adsorbents (including carbon 
sorbents) by the use of 29 test compounds differing in 
polarity and volatility. A presently tested porous car
bon Carb I (the other batch denominated as CF-17) 
belonged to group of sorbents I, which consisted of 
the adsorbents CF-17 and Carbosieve S-II, which ex
hibit good or very good retention properties with all 
tested organic compounds. Graphitized carbon blacks 
(Carbopack В and Carbopack C) belonged to group II 

with good retention properties for all nonpolax, high-
boiling test compounds. 

Moisture in air samples presents problems, partic
ularly with canister sampling, as it can extinguish the 
FID hydrogen flame, plug column at sub-zero temper
atures. Sampling with carbon sorbents, such as tubes 
with activated charcoal [5], multilayerbed tubes with 
graphitized caxbons and carbon molecular sieves (Car
botrap C, Carbotrap, and Carbosieve S-III) [55] led to 
a reduced adsorptive capacity to some chemical, par
ticularly low molecular mass compounds under high 
humidity conditions. With the tested porous carbons 
under humid conditions in the workplace the collection 
of water was not observed (no presence of condensed 
water droplets in the sample tube) and no problems 
occurred with G С analysis after liquid desorption. Ac
cording to the results with thermodesorption some 
affinity to water was observed, but to prevent water 
from entering the GC column a refocusing tube (with 
narrower internal diameter than the sampling tube) 
was used which served at the same time as a prefocus-
ing device instead of the cryogenic technique [56]. 

Preconcentration of Organic Compounds 
from Water 

Porous carbon sorbent Carb II was tested for the 
preconcentration of volatile organic pollutants (partic
ularly hydrocarbons in the gasoline range) from wa
ter matrices by the purge and trap method [28]. The 
trapped compounds were desorbed by carbon disul
fide and analyzed by HRGC applying on-column in
jection. Due to the presence of multicomponent mix
ture much attention was devoted also to the optimiza
tion- of the separation of hydrocarbons mixture un
der temperature-programmed conditions. The studied 
concentration range of individual hydrocarbons in wa
ter was 10 ppb—10 ppm. Recoveries of hydrocarbons 
with carbon atom number С ^ 10 were close to 100 %. 
Higher boiling compounds, particularly naphthalenes, 
showed significantly lower values of recoveries. Drink
ing water, spring water, and gasoline-contaminated 
water are given as examples of real sample analy
sis. In gasoline-contaminated water 163 compounds 
were identified, predominantly aromatics. Concentra-1 

tions of individual components were found to be in the 
range 7 ppb—3.5 ppm. 

Semivolatile C o m p o u n d s 

Graphitized carbon black cartridges have success
fully been applied for SP E of various pollutants in
cluding pesticides [11]. Carbopack cartridges proved 
to be more efficient than Cis silica [57, 58] with higher 
accuracy analyzing drinking water samples [59]. With 
respect to chemically bonded silica, an apparent weak
ness of graphitized carbon black is that its surface 
framework is contaminated by few oxygen complexes, 

46 Chem. Papers 53(1)40—48 (1999) 



NOVEL POROUS CARBONS IN TRACE ANALYSIS 

having a structure similar to benzpyrylium salts [57]. 
This apparent weakness is, in fact, an advantage in 
that acidic analytes can be completely isolated from 
base-neutral ones. 

Porous carbon Carb I was successfully applied for 
the isolation of fungicide residues, which have been 
utilized for the protection of vine [32, 33]. SPE with 
porous carbon was developed for the clean-up step of 
dicarboxyimide and TV-acylalanine fungicides from the 
variety of Slovak grape wines with subsequent capil
lary gas chromatography - flame ionization detection, 
electron-capture detection, and mass-spectrometry-
ion-trap detection (MS-ITD) analysis. 

Capacity of SPE cartridges packed with porous 
carbon sorbent was found to be high. The Carb ca
pacity was influenced besides properties of analytes 
(fungicides) also with the matrix complexity (sugars, 
esters, compounds of proteins nature, acids, colours). 
Recoveries were tested at various concentration lev
els in standard solutions. The value of recovery in 
spiked wines depends on the sample concentration 
level (studied in the range 5.9 fig dm - 3 —1.96 mg 
dm" 3 ) and the variety of wine (R = 80—99 %) with 
excellent reproducibility. Low limits of determination 
were received for fairly small sample volume (25 cm3; 
50 cm3). 

To our knowledge, there is not published literature 
on the preconcentration and/or isolation of the stud
ied groups of fungicides utilizing other types of carbon 
sorbents either from wine, or from other matrices for 
the comparison. 

C O N C L U S I O N 

Novel mesoporous carbon sorbents were prepared 
with the technology which allows for tailor-made pore 
size and shape, so the choice of sorbent can be reg
ulated by the molecule size of expected sorbates. 
The large surface area, defined pore size, chemical, 
mechanical, and thermal resistance are the perspec
tive properties of these sorbents. Due to their de
fined physical characteristics carbon sorbents can be 
used for trapping organic pollutants from environ
mental samples for emission measurements. Subse
quently analytes are subject to liquid or thermal 
desorption and HRGC separation and quantitation. 
An important advantage of tested sorbents is their 
high sampling capacity and successful applicability for 
thermodesorption of volatile adsorbates at tempera
tures where the catalytic transformations and chem
ical changes of adsorbates to different products were 
not observed. In certain applications Carb I and Carb 
II replace multibed sorbent tubes, particularly com
posed of graphitized carbon black and carbon molec
ular sieves. Porous carbons were also used in purge 
and trap method for analysis of volatile compounds in 
water samples. The developed SPE method with car
bon sorbent for the isolation of fungicides from very 

complex matrix (wines) showed important field of ap
plication also for semivolatile compounds. 

The measured physicochemical characteristics of 
sorbents and their soption-desorption behaviour rep
resent contribution to further sorbent technology and 
to trace analysis in the field of combination of pre
concentration and/or isolation techniques with high-
resolution separation technique. 
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