M3BECTHS BBICILIMX YUEBHBIX 3ABEJEHUI.

T 59 (12) Cepusa «XUMHUA U XUMHNYECKAS TEXHOJIOI'UA» 2016
[ZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY
V 59 (12) KHIMIYA KHIMICHESKAYA TEKHNOLOGIYA 2016

DOI: 10.6060/tcct.20165912.5476

IIJISI HUTHPOBAHUS:
Porauesa C.M., Bonkoga E.B., Crpamiko A.B., Cupotuna A.B., llunosckas A.b., I'youna T.U. [Tonyuenune memOpaH u3
JrareTara [euTioIO36! Iy TBeproda3Hoi (GIryopecieHIInN MOMUIHNKINISCKAX apOMaTHIECKIX YTIICBOJOPOIOB. #138.
6y308. Xumust u xum. mexuonozusi. 2016. T. 59. Beim. 12. C. 80-86.

For citation:
Rogacheva S.M., Volkova E.V., Strashko A.V., Sirotina A.V., Shipovskaya A.B., Gubina T.l. Preparation of cellulose
diacetate membranes for solid-state fluorescence of polycyclic aromatic hydrocarbons. Izv. Vyssh. Uchebn. Zaved. Khim.
Khim. Tekhnol. 2016. V. 59. N 12. P. 80-86.

VIK: 543.426+544.725:543.054
C.M. Porauena, E.B. BoakoBa, A.B. Ctpamiko, A.B. Cuporuna, A.b. lllunosckas, T.!. I'youna

Caernana Muxaiinosna Porauesa (<)), Enena Biagumuposaa Bonkosa, Anacracus Biaaumuposaa CUpoTH-
Ha, Tamapa ViBanoBHa ['yOuna

Kadenpa «IIpuponnas u rexHochepHas 6€30macHOCTb», CapaTOBCKHIA TOCYIaPCTBEHHBIA TEXHUYCCKHUMA YHH-
BepcuteT uM. F0.A. TI'arapuna, yi. [lonutexuuueckas, 77, Capatos, 410054, Poccuiickas @eaepanus
E-mail: smrol3@yandex.ru (1), elena.volkova.910@gmail.com, anastasia-s.sirotina@yandex.ru,
gubinati@mail.ru

AnHa Brnagumuposna CTpariko

Y4eOHo-HayuyHas 1aboparopus OMopU3nUECKUX UcciieoBannii, CapaTOBCKHUI rOCyIapCTBEHHBIN TEXHUYCCKHUIMA
yauBepcutetT uM. F0.A. I'arapuna, yi. [lonurexuuueckas, 77, Capatos, Poccuiickas ®enepauus, 410054
E-mail: strashkoanna@yandex.ru

Anna bopucosna llIunosckast

Kadenpa nonmumepos Ha 6aze OO0 «AKPUIIOJI», CapaToBckuii HAMOHAIBHBINA HCCIIEAOBATEIBCKHHA TOCY-
JIapcTBeHHBIH yHUBepcuTeT nMeHn H.I'. UepHeimeBckoro, yi. Actpaxanckas, 83, Caparos, Poccuiickas dene-
pamus, 410012

Y4ebHo-Hay4yHas naboparopust Onopu3nIecKux ucciaenoBanuii, CapaToBCKUi rocyJapCTBEHHBIN TEXHUYECKUI
yauBepcuteT uMenH f0.A. I'arapuna, yi. [lonurexnuueckas, 77, Capatos, Poccuniickas ®enepanus, 410054
E-mail: shipovskayaab@yandex.ru

MOJYYEHUE MEMBPAH U3 JIMAIIETATA HEJLIIOJIO3bI 1JIS1 TBEPJJO®A3HOM
@®JIYOPECHEHIUHA NOJUOUKINYECKUX APOMATUYECKHUX YIVIEBOAOPOJ10B

Hccneoosanue noceawieno paspadomke cocmaga popmosounozo pacmeopa 0isa npuzo-
moenenua memopan uz ouayemama yennronosut ([{ALl) c yenvro ux nocnedywuiezo npumenenus
6 Kauecmee mampuy 011 meepoodaznoit ghayopecuyenyuu (TOD) noaruyukIuyecKux apomamu-
yeckux y2neeo0opooos (LIAY). Memopanvt comosunu ¢ canoaGpmMHBIX YCA08UAX CYXUM MEMO-
oom u3 1,2 — 8,0 macc.% pacmeopos /IAI] ¢ ayemone u cmecu auemon : 600a 6 COOMHOUIEHUU
komnonenmoe om 99 : 1 0o 93 : 7. B kauecmee mooenvnozo IIAY ovin 63am nupen, Komopoti
copouposanu na memopane u onpeoensanu e2o TOD-cuenan. Haunywwan copoyus nadaooanace
Ha memopanax /IALl, npuzomoeienHbIX U3 pacmeopa cocmasa ayemon : 600a (95 : 5 no oovemy)
¢ Konuenmpayueii nonumepa 3,6 macc.%. Ilonyuennvie memopansl cpagHUIU ¢ KOMMEPUECKUM
oopazyom JIAL] no r¢ppexmuenocmu copoyuu nupena. B ouanazone xonyenmpayuii nupena 6
copbame 10°-10° M T@® cuznan 6vin nonyuen monvko na naéopamopmnom oépaszye. Hecenedo-
6aHue IHEPEMUYECKUX XAPAKMEPUCIMUK U MOPPON02UU NOGEPXHOCMU T1A00PAMOPHON U KOM-
MepuecKoil MemMOpan noKazanu, 4mo oopasyvbl umerom 0O0abUINE PA3IUYUA 6 PAIMEPAX NOp U
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Mopgponozuu nosepxnocmu. Memopana /[AL, nonyuennasn ¢ nadopamopuu, umeenm «KpyicesHyio»
cmpykmypy ¢ pazmepom nop 100-500 um, kommepueckan memopana, menee niomuas u Oosnee
nponuyaemasn, umeem nopvl Pazmepom Ha NOPAOOK 60/buLe, 3aNOJIHEHHbIE HeDOTbUUMU BKTI0Ye-
Huamu. bon coenan 61600 0 mom, Umo 013 noAYUEeHUA PAYOpeCcUeHmMNHO20 CUZHAlA RUPEnda 6 ¢ha-
3e copbenma memopana 00X HcHa Oblmb METKOROPUCMOIL, 21A0KOU U Henpospaunoil. Jlabopamop-
Hvle memopannt JIAL] makoice Gblu MOOUDUUUPOBAHB MUUETIAPDHBIMU PACHEOPAMU HOBEPX-
HocmHo-akmuenozo eeujecmea TX-100. Haubonvuwiuii TOD-cuznan nupena 6w11 noayuer npu co-
oepacanuu moougukamopa é gpopmosounom pacmeope 0,26 mace.%. Taxkaa moougurkayusn nos-
éonuna cnusums npeden onpedenenus nupena memooom TOD oo konyenmpayuu 10° M. Pazpa-

OomanHble Mampuybl MOZYm RPUMEHAMbCA 0 monumopunza ITAY 6 eéoonvix cpeoax.

KiroueBble ci1oBa: 1uarerar NeJUTNI03bl, MEMOpaHa, MOMUIUKIMYECKIE apOMATHUECKUE YTIIEBOJIO0-
ponsl, TBepaodazHast GiryopecueHIus
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PREPARATION OF CELLULOSE DIACETATE MEMBRANES FOR SOLID-STATE

FLUORESCENCE OF POLYCYCLIC AROMATIC HYDROCARBONS

The investigation is devoted to the development of molding composition for cellulose diac-
etate (CDA) membranes preparation in order to use them as matrices for solid-surface fluores-
cence (SSF) of polycyclic aromatic hydrocarbons (PAH). Membranes were prepared under
standard conditions by a dry method from CDA solutions with concentrations of 1.2-8.0 wt. % in
acetone and a mixture of acetone and water (99:1 to 93:7). Pyrene was taken as a model PAH. It
was adsorbed onto the membranes from water-ethanol solutions and its SSF was recorded. The
best pyrene sorption and fluorescence was obtained with the CDA membranes made from the ace-
tone-water (95:5 vol.) mixture with a polymer content of 3.6 wt. %. These membranes were com-
pared with commercial filtering hydrophilic CDA membranes by the efficiency of pyrene sorption
and SSF. In the range of pyrene concentrations in sorbate of 10°-10® M the SSF signal was ob-
served only for the laboratory sample. The surface energy characteristics and the morphology of
membranes were examined. It was shown that laboratory CDA membranes have the structure of

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 12 81



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 12

a continuous, ‘‘lacy’’ polymer network with pore sizes within 100-500 nm, the commercial mem-
branes are less dense and more permeable to solution, they have the pores by an order of magni-
tude greater, filled with a set of nodules. It was concluded that in order to get a pyrene fluores-
cence signal in the sorbent phase, a membrane should be finely porous, smooth, and not trans-
parent. Laboratory CDA membranes were also modified by micellar solutions of surfactant TX-
100. The highest SSF signal of pyrene was obtained with the modifier’s content in the forming
solution of 0.26 wt. %. This modification allowed reducing the limit of pyrene detection by SSF
down to a concentration of 10° M. These matrices can be used to monitor the presence of PAH in

agueous media.

Key words: cellulose diacetate, membrane, polycyclic aromatic hydrocarbon, pyrene, solid-surface

fluorescence

INTRODUCTION

Cellulose acetates belong to the class of arti-
ficial polymers produced from renewable resources in
large scale. By their valuable properties and scale of
applications in various industries, they are second
only to cellulose and starch [1]. Cellulose acetates are
traditionally used to produce fibers and filaments,
films and membranes, filters of various functional
purposes, plastics, etc. Absorbent materials made of
cellulose acetates are used in nanofiltration processes
[2, 3], in estimating the fermentation degree of indus-
trial waste water [4], in separation of high-molecular-
weight carbohydrates from low-molecular-weight
sugars [5], etc.

High sorptive capacity of cellulose acetates
and the possibility to form solid films with a smooth
surface their from make these materials promising for
using as matrices in solid-surface fluorescence (SSF).
This technique combines sorption concentration of a
substance on a solid matrix followed by its fluores-
cent analysis in the sorbent phase, excluding the step
of desorption, which provides a significant increase in
the sensitivity and selectivity of this analysis [6].

SSF has been successfully applied for trace
guantification of organic and inorganic compounds in
various media [7-9]. Of particular interest is the SSF
analysis of polycyclic aromatic hydrocarbons (PAH),
which are carcinogenic and mutagenic toxicants. The
ability of various PAHs to accumulate in the envi-
ronment causes the need to control their content in
drinking water, waste water, air, soil, and food [10].
As PAHs are found in various media in very small
quantities, their quantitative analysys is impossible
without prior concentrating, which makes the SSF
method promising for the design of test systems for
environmental monitoring. The possibility of lumi-
nescent PAH analysis in aqueous media using various
solid-phase matrices has been established for silica
gel [11], zeolites [12], fiberglass with silica particles
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[13], foamed polyurethane [14], nylon membranes
[15], and cellulose [16].

Earlier we tested cellulose diacetate (CDA) fi-
bers and membranes as matrices for the SSF of pyrene
taken as a model PAH. Both were shown to be good
sorbents for pyrene from water-micellar surfactant me-
dia of various types [17, 18]. CDA membranes were
characterized as the most promising matrices for SSF.

The aim of this study was to compare com-
mercial CDA membranes with our laboratory samples
by the efficiency of pyrene sorption and SSF, to op-
timize the composition of the molding mixture for the
preparation of CDA membranes, and to estimate the
sensitivity of pyrene detection in an aqueous medium
by SSF on designed CDA membranes.

EXPERIMENTAL METHODS

CDA membranes were made using polymer
with the following characteristics: a viscosity-average
molecular weight M, of 77 kDa, an acetylation degree
of 55%, and 3% moisture, used to produce acetate
filaments of textile purposes (Technofilter Ltd., Vla-
dimir, Russian Federation). To prepare membranes,
CDA solutions with concentrations Ccpa = 1.2-8.0 wi.
% in acetone (analytical grade, 99.75%) and a mixture
of acetone and water (99:1 to 93:7) were used. Mem-
branes were prepared under standard conditions by a
dry method.

CDA membranes were also prepared with ad-
dition of a modifier into the process, namely, the non-
ionic surfactant polyoxyethylene(10)mono-4-
isooctylphenyl ether, TX-100 (ACROS ORGANICS,
USA). The concentrations of TX-100 in micellar solu-
tions were: 0.23:10°, 1.4-10°,7.0-10%, 0.14, 0.50 M.

Commercial filtering hydrophilic CDA mem-
branes manufactured by JSC STC "Vladipor" (Russia)
were also used.

Water-ethanolic solutions of pyrene (Fluka,
Germany) with concentrations of 10°-10° M were
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used in experiments. Pyrene stock solution was pre-
pared by dissolving an accurate weight in ethanol and
stored in a dark place to prevent photochemical de-
struction. Water-ethanolic pyrene solutions for tests
were made by diluting the stock solution with dis-
tilled water immediately prior to use.

Surface morphology was examined by scan-
ning electron micrographs (SEM) on a MIRA \\ LMU
electron scanning microscope (Tescan, Czech Repub-
lic) at a voltage of 8 kV and a conductive current of
60 pA. A gold layer of 5 nm thickness was sprayed
onto the samples with a K450X carbon coater device
(Germany); the spraying current was 20 mA, the
spraying duration 1 min. The surface potential (&,
mV) of matrices was measured with a surface poten-
tial sensor (Nima KSV, Finland).

The sorption of pyrene from solution was per-
formed in dynamic mode. To this purpose, the solu-
tions (V = 10 ml) were passed through the membrane
five times, using a disposable sterile syringe Master
UNI “PharmLine Limited” (Cornwall Buildings,
Great Britain). The mass of the sorbents was
0,05+0,01 g. Then the matrices were dried at room
temperature until constant weight. The sorption de-
gree (R, %) was calculated as [17]:

R=|maxlrﬂ.1oo%,

max

where I 1 1" are the fluorescence intensity of
pyrene at 394 nm in the source solution and after
sorption on the membrane, respectively.

The fluorescence spectra of pyrene in a solu-
tion and an adsorbed state on solid matrices were rec-
orded on a spectrofluorimeter Fluorat-02-Panorama
(Lumex, Saint-Petersburg, Russia) with a holder for
solid samples. The fluorescence intensity of pyrene
(Isse) was measured within the spectral range of 350-
450 nm, the excitation radiation wavelength being
320 nm. The spectrum always has two peaks at A = 374
and 394 nm.

RESULTS AND DISCUSSION

It is known that to produce porous CDA
membranes by a dry method, a mixture of a volatile
solvent, typically acetone, with a porogene modifier
not dissolving the polymer, e.g. water, should be used
[19]. The significant differences in the boiling tem-
peratures and surface tensions of water and acetone
and the high incompatibility degree of water with the
solvated polymeric component lead to water’s slower
evaporation from the polymeric system, in compari-
son with acetone, whereby pores are formed in the
film structure. In addition, the main factors determin-
ing the porosity and spatial characteristics of the pores

in the membranes obtained by dry spinning are the
polymer concentration in the forming solution and the
solvent : porogene volume ratio.

To select CDA membranes with the best abil-
ity to adsorbed pyrene luminescence, a series of sam-
ples was prepared by casting from a polymer solution
in acetone and water-acetone mixtures with several
component ratios. Pyrene was adsorbed onto the ma-
trices prepared, and the SSF spectra were recorded.

The membrane formed from the CDA solu-
tion in acetone was found to give a weaker pyrene
fluorescence signal as compared to that prepared from
the mixture of acetone and water. Addition of more
than 5 vol. % of water into the system reduces the
solubility of the polymer, while that of less than 5 vol. %
makes the membrane sample more transparent, which
hinders to get a high-quality pyrene fluorescence sig-
nal. Introduction of 5 vol. % of water to the solution
leads to a decrease in its viscosity, an increase in the
number of microgel particles of the dispersed phase of
the polymer system, and increased membrane perme-
ability and porosity. Thus, the optimal acetone : water
ratio is 95:5 vol.

Further, an optimum CDA concentration in the
forming solution was selected. Air-dry polymer pow-
der was introduced into a water-acetone (95:5 vol.)
mixture in amounts from 1.2 to 8.0 wt. %. Pyrene was
adsorbed onto the membranes and its SSF was rec-
orded. To compare the sorption capacities of our ma-
trices, the pyrene extraction degrees (R, %) were es-
timated. Experimental results are presented in Table
1, which shows that the best pyrene sorption and fluo-
rescence is obtained with the CDA membrane made
from the acetone-water mixture with a polymer con-
tent of 3.6 wt. %. We used these matrices in further
studies.

Table 1
Pyrene sorption degree (R, %) and SSF intensity (ISSF)
on the CDA membranes prepared from acetone-water
(95:5 vol.) mixtures with several polymer concentrations

Tabnuya 1. Ctenennb n3Biedenus nupena (R, %) u3
BO/JHO-3TAHOJIbHOI cpelbl  HHTEHCHBHOCTL TO® nu-
pena (ISFF) na JIAIl memOpaHax, noJTy4YeHHbIX H3 CMe-
cH aneToH-Boaa (95:5 06. %) ¢ pa3u4HOI KOHLIEHTpa-
nHeil moJjumepa

Cepa, Wt. % R, % Issk. a.u.
1.2 28+2 41 £5
3.6 84 +1 122+5
5.9 63+2 93+6
8.0 24+ 1 35+4
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It was interesting to compare our matrix with
commercial CDA membranes used in industry to fil-
ter aqueous media and biological fluids. Pyrene was
adsorbed on both samples from water-ethanol solu-
tions with concentrations of 10°-10° M.

An SSF signal was only observed for the CDA
membrane obtained in the laboratory (Fig. 1). The
commercial sample of the CDA membrane gave no
SSF signal in this range of fluorophore concentrations.

In order to clear up such differences we ex-
amined surface energy characteristics and the mor-
phology of the membranes. The surface potential (&)
of both laboratory and commercial membranes was
negative: -32.0+2.0 and -18.6+2.0 mV, respectively.
The surface potential of the laboratory sample is al-
most twice higher by the absolute value.

40
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\ 2
0 T T T
350 370 390 410

A, nmM
Fig. 1. Fluorescence spectra of pyrene (107 M) adsorbed on the
laboratory (1) and commercially CDA membrane (2), and that of
the laboratory CDA membrane alone (3)

Puc. 1. Criektps! ¢uyopecuertmu mupera (107 M), copGupoBan-
HOTo Ha JaboparopHoii (1) n kommepueckoit (2) JALL membpa-
HaX, CIIEKTPHI (IIyopeceHnH J1abopaTopHoil MeMOpanbl JJALL

®)

The SEM data show that our laboratory CDA
membranes have the structure of a continuous, ‘‘lacy’’
polymer network with pore sizes within 100-500 nm
(Fig. 2a). The modal pore diameter was d = 0.12+
+0.03 um, the porosity P = 0.2+0.1 rel. units.

The commercial CDA sample also had a po-
rous structure, but the pores were by an order of mag-
nitude greater: d = 1.8+0.5 um, P = 0.6+0.1 rel. units.
The pores of the commercial sample were filled with
a set of nodules with diameters within 350-500 nm. In
general, the commercial membrane was less dense
and more permeable to solution than that obtained in
the laboratory.

84

Fig. 2. SEM images of the surface morphological structure of the
laboratory samples (a) and commercial CDA membrane (b),
D (1-4) is the pore diameter
Puc. 2. COM-¢otorpaduu moBepXHOCTH 00pa3IoB labopaTop-
HOI (2) 1 KomMMepueckoii (b) membpan JTALL,
D (1-4) — nuametp mop

Apparently, the ability of pyrene to fluoresce
in the sorbent phase depends on the surface morphol-
ogy of the membrane, which should be finely porous,
smooth, and not transparent.

It has been shown previously that pyrene
sorption onto polysaccharide matrices is improved by
adding a surfactant into the sorbate, in particular TX-
100 [17, 18]. In this regard, we studied the effect of
this surfactant with various concentrations when add-
ed directly to the polymeric matrix during its prepara-
tion on the sorption capacity of CDA membranes. The
modified membranes were used as matrices for py-
rene SSF, the pyrene concentration in the sorbate be-
ing 10°® M. The diagram (Fig. 3) shows that the abil-
ity of pyrene to sorption and SSF on CDA membranes
depends on the surfactant content therein. The highest
fluorescence signal of pyrene in the sorbent phase was
obtained with the modifier’s content in the forming
solution of 0.26 wt. %, and the fluorescence intensity
decreased sharply with further increase of the TX-100
concentration in the matrix.
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Fig. 3. Dependence of pyrene SSF on the TX-100 content (wt. %)
in the CDA membranes with the pyrene concentration in the sorb-
ate of 10°M
Puc. 3. 3aBucumocts TOD nupena ot coaepxanus TX-100
(macc. %) B memOpanax JIALL npy KOHIEHTpaMH MHPEHa B COp-
Gare 10° M

Thus, the use of TX-100 as a CDA film modi-
fier allows obtaining a higher pyrene SSF signal.

To estimate the SSF pyrene analysis sensitivity,
sorption of the substance was held from its 10°-10° M
water-ethanol solutions onto our laboratory CDA
membranes, including those modified with the surfac-
tant, i.e. containing 0.26 wt. % of TX-100, and the
SSF spectra of pyrene on the matrices were recorded.

Table 2 contains the values of the pyrene SSF
intensity for the CDA matrices, from which it follows
that such modification of the CDA membrane using
the surfactant TX-100 allows one to extend the limit
of pyrene detection by SSF down to a concentration
of 10° M and to increase the fluorescence signal in-
tensity.

Table 2
SSF intensities of pyrene adsorbed on CDA matrices
from water-ethanol media with several concentrations
of the substance
Taonuya 2. 3nayennss uareHcuBHOoCcTU TOD nupena,
copOoupoBanHoro Ha marpuubl JJALl u3 BoaHo-3TaHOJIB-
HBIX Cpea € pa3.1qu0ii lcom[eHTpauueﬁ Belecrnsa

Pyrene concentra- Iss of pyrene (A =394 nm), a.u.
tion in the sorbate, | CDA membrane | Modified CDA
M membrane
10° 122+5 269+7
107 38+3 101+5
10° 5+1 44+3
10° — 21+3

Thus, we have developed a molding composi-
tion to prepare CDA membranes for the purpose of
their use as matrices for solid-phase fluorescence of
pyrene. These matrices can be used to monitor the
presence of PAH in agueous media.

CONCLUSIONS

The ability of CDA membranes to adsorb
PAH and to exhibit their SSF signals was found to de-
pend on the composition of the forming solution. The
maximum pyrene fluorescence signal in the adsorbed
state was obtained on the membranes prepared by dry
spinning from a water-acetone mixture (95:5 vol.) with
a polymer content of 3.6 wt. %.

Comparison of our laboratory CDA mem-
brane with a commercial sample has shown that such
commercial membranes are not effective matrices for
PAH SSF. The tested membranes revealed differences
in the quantity and sizes of pores, surface morphology
and surface potential. To get a pyrene fluorescence
signal in the sorbent phase, the membrane should be
finely porous, smooth, and not transparent.

Our CDA membrane was modified by a surfac-
tant: adding TX-100 with a concentration of 0.26 wt.%
into the forming solution reduced the limit of pyrene
detection by SSF down to a concentration of 10° M
and increased the intensity of the fluorescence signal.
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