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Abstract

The efficiency of niobium(V) oxide as a sorbent phase for solid phase microextraction (SPME) was investigated. The thin glass—ceramic
rod was coated with niobium(V) oxide using chemical vapor deposition an@®Nas a chemical precursor. Optimum conditions for the
preparation and conditioning of the fibers are presented. The fibers were used for the extraction of a mixture of alcohols and a mixture o
phenols from the headspace samples. The results obtained proved the suitability of niobium(V) oxide as a new SPME fiber. The calibratior
graphs for alcohols and phenols in a concentration range of 50108 were linear (0.995) and the detection limits were below
0.8ugI~* level. The repeatability for one fiber &6) under similar conditions was between 3 and 10.4%. The fiber-to-fiber reproducibility
(n=6) was between 5 and 15%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction cost, durability, sensitivity, and a vast range of applications
[7].

Solid phase microextraction (SPME) has been used forthe  The sol—gel technology has been widely used to prepare
extraction of a wide variety of volatile and semi-volatile or- SPME fibers because it can effectively create chemically
ganic compounds from environmenfa)2], biological[3,4] bonded, porous, and highly crossed coating on the fused-
and food sampl€l®,6]. This technique has become attractive silica fiber surfacg8]. The sol-gel technology was used to
not only because of its high extraction efficiency and its not prepare coatings of terminated PDNI$-11], crown ether
requiring solvents in the extraction step but also because of[12,13], n-octyltriethoxysilang14], calyx[4]arene[15,16],
its easy coupling with gas chromatography and high perfor- fullerene[8], polyethyleneglyco[17], and low-temperature
mance liquid chromatography. glassy carboifl 8,19]for SPME fibers.

The result of an extraction using SPME depends on the  Recently, electrochemical polymerization procedures
chemical and physical characteristics of fibers such as thehave been used to prepare SPME fibers using conductive
nature of the matrix, porosity and surface area. In the last few polymers such as polypyrro]20,21]and polyanilindg7,22].
years, researches have been concentrated on the fiber prep#a these cases, films of these materials were prepared on the
ration to improve the extraction performance aiming for low surface of metal (Pt, Au, Ag or stainless steel) wires.

Onthe other hand, for inorganic coatings few studies of ex-
* Corresponding author. Tel.: +55 483319219; fax: +55 483319711 traction properties have been described in the literature. The
E-mail addresscarasek@qme.ufsc.br (E. Carasek). efficiency of anodized aluminum wif23] and anodized zinc
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wire [24] as new fibers for SPME has been investigated. The  Surface characteristic studies of the prepared niobium(V)

results obtained demonstrated the suitability of these materi-oxide fibers were performed by scanning electron microscopy

als as new fibers for extraction and sampling of some organicusing a Philips XL model equipped with an energy dis-

compounds from gaseous and aqueous samples. The extragersive microprobe. The identification of niobium on the

tion behavior was attributed to the porous layer of aluminum glass—ceramic rod was made by a superficial mapping pro-

oxide and zinc oxide formed on the aluminum and zinc sur- gram, Color Map.

face, respectively. Cuglmicrocrystal layef25] and CuS An electric furnace EDG-1800 model was used to prepare

layer[26] were obtained from the modification of copperwire the thin glass—ceramic rod. The p; fibers were adapted

and seem very effective for the extraction of volatile amines to the commercial SPME fiber holder obtained from Supelco

and aliphatic alcohols from aqueous and gaseous samples. (Bellefonte, PA, USA).

The purpose of thiswork is to assess the feasibility of using

anew fiber consisting of a thin glass—ceramic rod coated with 2 3. Preparation of the fibers

niobium(V) oxide as sorbent material of SPME for the de-

termination of organic compounds in gaseous samples. This  Fiper base.The niobium oxide sorbent coating was de-

study should ensure a long life and desirable repeatability of posed over thin glass—ceramic rods (~100 0.d.) prepared

the new fiber. The efficiency of niobium fibers in the extrac- py melting appropriate amounts ofAG03, ZrOCh-8H,0,

tion of some alcohols and phenols was studied. Ba(CHsCOy)2 and SiQ for 3h at 1100 C. The final material
has the following approximated composition: 29%Qj 1%
ZrOy, 5% BaO, and 65% Si® The molten mass was drawn

2. Experimental to form the uncoated base ceramic fibers using a homemade
device (Fig. 1). A total mass of 20 g was enough to produce

2.1. Reagents ~60 cm of raw glass—ceramic fibers (good for ca. 12 coated
fibers)

Methanol, ethanol and 1-butanol were obtained from  Coating process. The glass—ceramic fibers were coated us-
Aldrich Chemical PA. The stock solution was prepared miX- ing chemical vapor deposition. The fibers (4 cm length) were
ing adequate volumes of methanol, ethanol and l'bUtE\ﬂOlexposed for3hto Ni£|5 vapors Coming from this reagent
in a 10 ml vial, and 1.0Qu of this stock solution was intro-  heated at 140C (sublimation temperature) in a proper device
duced to a 10 ml vial to prepare a sample containing 420, 340ynder sub-atmosphere pressure. Fibers using different pre-
and 12Qug |~* of methanol, ethanol and 1-butanol, respec- iminary surface preparation and post-coating conditioning
tively. Phenol and 2,4-dimethylphenol were obtained from \ere produced. As for the surface preparation, prior to chemi-
Vetec and Fluka, respectively. A stock solution of these phe- cal vapor deposition, both raw glass—ceramic fibers and fibers
nols was prepared in similar way in that the alcohol mixture previously conditioned at 30 for 3 h were used. Also, two
and the work solution were prepared dissolving appropriate different approaches were adopted for the post-coating condi-
volumes of the stock solution in 10 ml vials to a final con- tioning. The first approach involved immersion of the coated
centration of 6Gug I~* of each compound. Others chemicals  fibersinwater for 24 h for hydrolysis of the Nb-based coating,
used for selectivity studies were obtained from Supelco. followed by heating in a GC injector at 30Q for 2 h. In the

For the preparation of the fibers, 303 (Vetec PA),  other procedure, only thermal conditioning in the GC injector
ZrOCl-8H,0 (Vetec 98% PA), Ba(CkLOz)2, N;:Cls and  as used. Before thermal conditioning, the fibers were fitted
SiO, (Aldrich Chemical PA) were employed. in discarded commercial SPME fiber assemblies, where the

2.2. Apparatus

The gas chromatographic investigations were carried out
using a Shimadzu 14 B gas chromatograph equipped with a
flame ionization detector (FID) and a split—splitless injector.
A CBP-20 fused silica capillary column of 25m0.25 mm
i.d. and a phase thickness of 02& obtained from Shi-
madzu, was used for GC separations of the alcohol mixture
and phenol mixture, respectively. The temperature program
used for the analyses was as follows: the initial temperature
of 40°C was held for 6 min and then increased to 160at
10°C min—L. This temperature was held for 3 min. Then the
temperature was increased to 280at 20°C min—* and held
for 2 min. The injector and detector temperatures were 280 Fig. 1. Design of the fiber maker: (1) peristaltic pump, (2) furnace, (3) plat-

an(_j 300C, respectively. The samples were injected in the form that allows movement, (4) fixed platform, (5) pulley system, (6) steel
splitless mode. cable and (7) point of the steel that makes contact with the melted glass mass.
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original (worn) fiber was removed by dipping in 3% HF in [ methanol
an ultrasonic bath for 30 s. The performance of the different B cthanol

Nb2Os fibers was tested for extraction of alcohol or phenol 1 | ] 1-butanol
solutions. 1007

80+
2.4. Analytical procedure

A 1.0plaliquot of the stock solution of the alcohol mixture ®
was introduced to a 10 ml sealed glass vial. After homoge- .
nizing the vial atmosphere (keeping in room temperature for
30 min), the needle of the SPME device was passed througl &
the septum of the vial, containing the analytes. The fiber was <
exposed to the headspace mixture for 35min at room tem- )
perature. The fiber was retracted into the needle that was 1A 1B oA 5B 3A 3B
removed from the vial and immediately inserted into the GC Tobe.at NB.G. fibsis
injection port. The analytes were then analyzed by gas chro- yp 275
matography. In this work was not studied the effect of the _ _ _ y , _
temperature and salting-out on the extraction process. Fig. 2 Comparlson of fiber sele.ctlvny for various alcohols. Expe{lmental

conditions: sample volume 10 ml; concentration 420, 340 angw20" of

The same procedure was adopted to extract phenols by thenethanol, ethanol and 1-butanol, respectively; extraction time 35 min, ex-

Nb2Os fiber. The extraction time was 15 min. traction at room temperature, desorption time 5 min, desorption temperature
250°C.

40

malized areas (%)

20

be observed through Color Map study. The white sites on the

3. Results and discussion glass—ceramic surface correspond for niobium.

3.1. Optimum fiber preparation 3.2. Fiber selectivity
Inthese studies the six types of p; fibers, as described

Because of the high capacity of the ionic exchange pre-
in Section2, were prepared and used for extraction of some g pacity ge p

= ) sented by the NIDs fiber a great selectivity of this type of
alcohols. The efficiency of these fibers for the alcohol ex- fiber was expected in the presence of polar compounds. Eq.

tractpn from the hgadspace IS showrFilg. 2. 1t should be (1) illustrates probable interaction betweeng fiber and
mentioned that preliminary experiments determined that un- polar compounds

HOCH.CH,
OH ‘oH
si—0-_ ! Si—0-
_ 3CHCHOH — Nb— O- -
si—0/ 0T OH + S si—0/ | B-HCHLH,
OH OH
HOCH,CH,

— . — Alcohols and phenols were chosen, such as, polar com-
coated glass—ceramic fibers have discarded affinity towardsyoynds in this study. Toluene was used to test the adsorbent
the tested analytes; therefore, the following results can only characteristic of the NiDs coating. The results indicated that

be attributed to sorption by the MDs coating.Fig. 2 com- Nb,Os fiber presents a universal adsorbent characteristic and,

pares the extraction efficiency of coated fibers according to therefore, it presents the capacity to adsorb a wide range of
the different procedures above described for the extractione compounds.

of aliphatic alcohols from the gaseous sample. The extrac-

tion efficiency of all studied alcohols on the fiber type 2B 3.3. Optimization of extraction time

(thermal treatment, hydrolyze and thermal conditioning) was

higher than the other types of fibers, especially for ethanol  The equilibrium time among the NBs fiber and the ana-
and 1-butanol. These results indicated the procedure used tdytes was studied and it was defined as the time after which the
obtain fiber 2B produced a thickness and porosity of the oxide amount of extracted analyte remains constant. The extraction
layer higher than the other procedures. The surface physicaltime was obtained after making extractions of alcohols and
characteristics of fiber type 2B were studied by SHif. 3 phenols from headspace samples in the time range from 5 to
shows that a considerable amount of,g was formed on 60 min. The exposure time profiles are illustrated-ig. 4,

the surface of the modified glass. In this figure the pres- and the time extraction chosen was 35 min for alcohols and
ence of NbOs on the glass—ceramic rod surface can also 15 min for phenols.
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Fig. 3. Scanning electron micrograph and Color Map of the®#on the glass—ceramic surface.

3.4. Effect of humidity 3.5. Repeatability and reproducibility

The interference of water vapor in the fiber’s ability to ad- In order to investigate the repeatability, one fiber was used
sorb the studied organic compounds was investigated. Stanfor six extraction tests under similar conditions and the rela-
dard samples with relative humidities ranging from 15to 75% tive standard deviations (R.S.D.s) were 3-10.4%. The extrac-
were prepared and the efficiency of extraction was monitored tion efficiency remained the same for the whole time of this
by GC. This study indicated that the presence of more than study. To investigate fiber-to-fiber reproducibility six simi-
30% water vapor in the headspace samples decreased thkarly prepared fibers were tested. The R.S.D. were 5-15%.
amount of analytes extracted. Therefore, the water moleculesThese results (Table 1) indicated that the proposed fiber is
can deactivate the fiber surface by blocking the active very stable and can be used for several extractions with-
sites. out a considerable change in coating property. Besides, the
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Fig. 4. Adsorption time profile for alcohols and phenols from a gaseous sample. Extraction conditions as described in the text.
Table 1

Characteristic parameters of calibration graphs, analytical features and investigation repeatability and reproducibility of the determination of alcohols and
phenols in the headspace sample using®édfiber

Compounds LD (pngl=1) Correlation coefficient Repeatability for one fiber R.S.056) Reproducibility for fiber-to-fiber R.S.B (%)
Methanol 0.5 0.9999 3.0 50
Ethanol 0.4 0.9999 6.1 6.3
1-Butanol 0.05 0.9953 10.4 70
Phenol 0.5 0.9950 9.4 15.0
2,3-Dimethylphenol 0.8 0.9996 8.9 125
The concentration of each compound was00ug 11
2 n=6.
1 2
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Fig. 5. Gas chromatograms obtained from the extraction of (A) alcohols and (B) phenols using@®gfldbr. The concentration of each compound was
~500ug1~1. The experimental parameters were the same as described in the text. Compounds: (1) methanol, (2) ethanol, (3) 1-butanol, (4) phenol and (5
2-dimethylphenol.
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characteristic can be attributed because of its stronger ex-
change capacity. Advantages as high-temperature resistance
and long durability also can be attributed because of the pro-
posed new SPME fiber.
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