Evaluation of the hydrophobicity of polyurethane foams
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A method for estimating the hydrophobicity of polyurethane foams in comparison with other sorbents is proposed using the
distribution coefficient of pyrene between the sorbent and aqueous, acetonitrile—water and ethanol-water solutions as a measure of
hydrophobicity.

The application of polyurethane foams (PUFs) for concentratin@able 1 Distribution coefficients of pyrene (Pyr) on its sorption f
inorganic and organic compounds is relatively recent. Greatqueous, acetonitrile-water and ethanol-water solutidgss= 1x107 M,
achievements in this area are presented in a mondgamgh  Msorven™ 0-06 g,V =25 ml.

reviews2-4 To describe the sorption of metal acidocomplexes;

some mechanisms (a cation-chelated mechanism, ligand con- IgDir:pT,SZ (n=5,P=0.95)
nection or exchange and extracti@nare proposed.

Our previous studiés!! allowed us to conclude that the Sorbent Solvent
mechanism of extraction by PUFs depends on both the nature
of the sorbed compound (this is rather obvious) and the chemical H,0 ?gg%NO;"EO (Eztggo—)"'zo

structure of the monomer unit of the polymers: based on ethers

(RNH-CO-O-[R-0],-), esters (R-NH-CO-O-[CO-R-O],-) Diasorb carboxyl 2.610.1 — —

and their copolymers (RNH-CO-O-[RO-CO-R-CO]-). Cellulose 2.640.1 - -
To evaluate the PUF hydrophobicity (and virtually the contri-Cellulose triacetate  2.9+0.1 —

bution of the extraction mechanism to sorption processes), wnoerlite XAD-8  4.520.2 4.610.2 3101

X + + +
used pyrene as a model nonpolar compound. Previously, pyre {ezsorb G 4.6£0.2 2.2£0.1 2.820.1

was used for determining the hydrophobicity of the interna U,E"h;};% i:gigé g:gigé i:gigé
region of nB-octylglucoside micelle¥? The distribution coeffi-  pyg 2200 4.640.2 5.2+0.2 4.5+0.2
cients D) of pyrene between the micelles and aqueous solupiasorb G, 4.840.2 4.7+0.2 3.620.2
tions in comparison with th® values for aqueous—organic Diasorb phenyl 4.8+0.2 2.5+0.1 3.5+0.1
systems served as a measure of hydrophobicity. This seemsRUYF 5-30 4.8+0.1 5.0£0.2 4.520.2
be reasonable because the distribution coefficient is directl§UF 35-08 4.940.2 5.0£0.2 4.6£0.2
related to the free energy for the transfer of pyrene moleculditive carbon AX-21 5.0+0.2 5.50.2 5.310.2

PUF 140 5.2+0.2 — —

between the phases.
Pyrene was adopted for solving the problem because, sYEVP 5.2£0.2 5.1£0.2 4.7+0.2

we found previously, its distribution coefficient is independenttablets (10 mm in height and 16 mm in diameter; the sample
of the aqueous phase acidity within the range from pH 14 taveight varied from 0.04 to 0.09 g depending on the PUF type)
6M HCI and of the concentration of alkali metal cationscut from commercial polymer sheets. The sorption was carried
regardless of the chemical nature of PUFs. Moreover, pyrenaut in the batch mode. A tablet was immersed in the test
solutions exhibit intense luminescence. This fact can be usemblution and pressed out with a glass stick to remove air
for determining the high distribution coefficients of pyrenebubbles. In other cases, a sorbent sample (~0.06 g) was placed
because the limit of detection is rather low (1%#4@ mt1in in a vessel with the test solution. The vessels were shaken using
aqueous solution). a shaker until the sorption equilibrium was attained (no longer

There are several ways for estimating the hydrophobicitghan for 60 min for all of the sorbents). The equilibrium
of substancesi,e. a versatile hydrophobicity scale is absent.concentrations of pyrene were determined on a MPF-2A Hitachi
A generally accepted way is to use the Hansh parameter, whidpectrofluorimeter. The distribution coefficients were calculated
is the logarithm of the distribution constants of substances ifrom the following equation:
agueous—organic systeA¥sn-Octanol is the most frequently
used organic phase. D= ﬁ :

The aim of this work is to compare the hydrophobicity
of polyurethane foams with that of other sorbents, which arevhereR is the degree of pyrene extraction (¥)s the volume
applied for concentrating polycyclic aromatic hydrocarbons (silicaof the pyrene solution (ml) amdis the weight of the sorbent (g).
modified with alkyl groups and active carbons) using the distri- The starting pyrene concentration (1x11Q) lies in the linear
bution coefficient of pyrene between the sorbent and aqueougortion of the sorption isotherm.
acetonitrile—water and ethanol-water solutions as a measure ofTable 1 shows that the distribution coefficients of pyrene for
hydrophobicity. its sorption from aqueous solutions by different polyurethane

The following sorbents were used (the trade names are givdoams; Diasorbs £ Cg and G5 Amberlite XAD-8 and AX-21
in parentheses): polyurethane foams based on ethers (M-4éctive carbon are rather high g=5) and do not differ
5-30, 140), esters (2200, 35-08) and their copolymers (VPJ}ignificantly from each other. However, tBevalues are much
The foams were obtained from NPO Polimersintez (Vladimirgreater than the distribution coefficients for less hydrophobic
Russia) and GPO Radical (Kiev, Ukraine). DiasorpsGg, Ci, sorbents. To find the differences between the distribution
phenyl and carboxyl (particle sizes of 6, 10, 10, 10 apcth6 coefficients of pyrene for the most hydrophobic sorbents, we
respectively, the amount of carbon at the surface was 6.0, 10&xamined the sorption from acetonitrile—water (30:70 v/v) and
14.6, 10 and 0.5%, respectively) from BioKhimMak (Russia),ethanol-water (20:80 v/v) solutions, in which the solubility of
Amberlite XAD-8 from Serva (USA), microcrystalline cellulose pyrene is higher than in water. Changes in the hydrophobicity
for column chromatography from Reanal (Hungary), celluloseseries of sorbents (Table 1) for pyrene sorption from aqueous
triacetate synthesised at the Department of Analytical Chemistrgnd aqueous—organic solutions are probably connected with the
M. V. Lomonosov Moscow State University and AX-21 active competition between the solvent and pyrene for the potential
carbon were also used. The polyurethane foams were used s®ption centres at the surface.
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Table 1 shows that all the polyurethane foams are characteris@eferences
by approximately the same hydrophobicity and lie between; 1 grayn, 3. D. Navratil and A. B. Faragolyurethane Foam Sorbents

Diasorb Gg and AX-21 active carbon. ) ) in Separation Scienc€RC Press, Boca Raton, 1985, p. 220.
The results obtained allow us to draw two interesting conclu-2 T. Braun Fresenius’ Z. Anal. Chem1983,314, 652.

sions on the sorption of nonpolar compounds by polyurethane T. Braun and A. B. Faragynal. Chim. Acta1978,99, 1.
foams. 4 T. Braun,Fresenius’ Z. Anal. Chem1989,333 785.
First, PUFs, regardless of the chemical structure of their> S.G.Dmitrienko, O.A.Kosyreva, V.K.Runov and Yu.A.Zolotov,
monomer units, extract pyrene from aqueous solutions with ~Mendeleev Commuri991, 75.
virtually equal high efficiency (I = 5; see Table 1). On the 6 S. G. Dmitrienko, E. V. Loginova, E. N. Myshak and V. K. Runzfa,

. Fiz. Khim, 1994,68, 1295 Russ. J. Phys. Cheni994,68, 1172).
contrary, the sorption of polar compounds depends on the] S. G. Dmitrienko, L. N. Pgeatkova, L.yF’. Bakhaeva, V. K. Ru)nov and

structure of monomer units of the polymer. In particular, the " v A Zolotov, Zh. Anal. Khim, 199651, 493 0. Anal. Chem 1996,
extraction of metal acidocomplexephenol$® and naphthols 51, 453)

, 453).

with the use of PUFs based on ethers is more effective than that s. G. Dmitrienko, L. N. Pyatkova and V. K. Runc&h. Anal. Khim,
with PUFs based on esters. Copolymers of ethers and esters 1996,51, 600 (. Anal. Chem 1996,51, 549).
occupy an intermediate position. 9 S. G. Dmitrienko, L. N. Pyatkova, N. V. Malinovskaya and V. K. Runov,

Second, the distribution coefficients of two other less hydro-  Zh. Fiz. Khim, 1997,71, 709 Russ. J. Phys. Chen1997,71, 623).
phobic (in comparison with pyrene) polycyclic aromatic hydro-lo S. G. Dmitrienko, E. N. Myshak, V.K.Runov and Yu.A. Zolotov,
carbons, naphthalene and phenanthrene, in the sorption :‘H (éhgmbAn?!(Wfrsaév)leﬁMﬁ, iglA V. Zhiaul VKR q
polyurethane foams are virtually equal (the logarithms of their™ o % DT HSTa . I gy oY ev ¥ 1 oV an
distribution coefficients are equal to 4.7 and 4.9, respectively), | jion, s, Ishido, M. Nomura, T. Hayakawa and S. MitakuPhys.
Thus, we can assume that the efficiency of the extraction chem, 1996100 9047.
of hydrophobic compounds (at least the polycyclic aromatiq3 c.Hansch and A. LeGubstituent Constants for Correlation Analysis
hydrocarbons examined) by polyurethane foams is determined in Chemistry and Biologywiley, New York, 1979, p. 399.
by the hydrophobicity of the polymer rather than by their own
hydrophobicity. Thus, the hydrophobicity of PUFs is reasonable
and insignificantly depends on the chemical structure.
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