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Polyarylenephthalides are a promising class ofpelyc materials. They are soluble in organic sol-
vents, but remain resistant to water, as well actds and bases. All this makes polyarylenphtegbicmis-
ing materials for the formation of films on surfacélowever, for this it is necessary to first stdidy ability
of polyarylenephthalides to different intermolecuiateractions, as well as the polarity of theirface.
Therefore, it is of interest to use the inverse gasmatography method for studying the adsorppiaper-
ties of the surface of polyarylenephthalates, dbagethe evaluation of its conditional polarity.

Two polymers of the class of polyarylenephthaliese used as the studied samples: chlorinated
(in position 4) poly (phthalidylidenefluorene) (ORS6) and poly (phthalidylidene diphenyl) (PE-25Bhey
are distinguished by the presence of a methylenepgbetween two benzene rings. Inert solid support
Chromaton NAW was used as a solid substrate fodép®sition of polyarylenphthalide films. The apph
tion was carried out from chloroform by evaporatadrihe solvent at a temperature of 40 ° C. Thewarhof
the applied polymer was 1% by weight of the inertier.

The study was conducted by the method of inverseceomatography. Samples were introduced
as diluted vapor-air mixtures at the limit of thetettor sensitivity. This made it possible to measbe re-
tention parameters in the Henry region and conglteinteractions between sorbate molecules toelgéga
ible. The relative conditional polarity of the sacé and the contributions of various intermolecuigerac-
tions to adsorption free energy were estimatechbyntethod of linear free energy relationship (LFERPm
the obtained LFER-coefficients, the contributiorfsidermolecular interactions to the adsorption rgge
were calculated, and the relative conditional polasf the surface was also estimated. The disperaind
specific component of the Helmholtz free energpadorption was calculated by the Dong method.

It has been established that adsorbents basedlgaryenephthalides are able to act as stationary
phases for chromatography. It is shown that polgagphthalide films are capable of both dispersiaod
various specific interactions with organic molesul&he surface of polyarylenephthalides can béated
to stationary phases of medium polarity, more ptlan porous polymers based on styrene and divénylb
zene and less polar than silica gels.

Keywords: polyarylenephthalides, inverse gas chromatogragsgific retention volume, polarity.

MeXMoneKkynsipHble B3aumMoaeMcTBUA NOBEPXHOCTU Nonuapu-
neHdgTanMpoB ¢ opraHMYeCKUMM BelecTBaMu pasfiuyHoOn Npm-
poAbl NO AaHHbIM OOpaLEHHON ra3oBOU XpomaTtorpadum

['ycbkoB B.I0.L HlafixuTauHoBa IO.<D.1, 3unsoepr P.A.l,
Kpaiikun B.AZ Maiictpenxo B.H.!

Y\®IrBOY BITO Bawkupckuii zocydapemeennuiii yrusepcumem, Yea
2V pumckuii uncmumym xumuu YOUL] PAH, Yepa

Honnapnnqu)Tanm[m npeaACTaBJIAIOT coboit HepCHeKTI/IBHHﬁ KJ1acC MOJMMEPHBIX MAaTCPpHUAJIOB. Onu
PaCTBOPUMBI B OPTaHUYCCKUX PACTBOPUTECIIAX, HO IIPU 3TOM OCTAIOTCA yCTOfI‘IP[BLIMPI K BOJIC, a TaKXKXEC K KH-
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CJIOTaM ¥ OCHOBaHHSAM. Bc€ 3TO nenaeT moiuapuiieHPTaIuAbl NEPCICKTUBHBIME MaTepraiamMu s popMu-
pOBaHUs IUIEHOK HA MOBEPXHOCTSIX. OHAKO JUIs 3TOTO HEOOXOAMMO MPEABAPUTEIBHO U3YUUTh CIIOCOOHOCTh
MOJHAPMICHPTAINIOB K Pa3IHYHBIM MEXMOJICKYIAPHBIM B3aWMOJCHCTBHAM, a TaKXKe MOJSPHOCTh UX IO-
BepxHOCTH. [103TOMY MpencTaBiseT MHTEpPEC NMPUMEHEHHe MeToaa oOpaléHHOW ra3oBoil XxpomaTorpadun
JUTS U3Y9ICHHUS aJCOPOIIMOHHBIX CBOWCTB MOBEPXHOCTH MOTHAPMICHPTAIIIOB, a TAK)KE OIICHKA €€ YCIOBHON
MOJISIPHOCTH.

B kadectBe mccnemxyeMbpIx 00pas3moB OBUTH MCIIONB30BAHEI JIBAa MOJMMEpa Kilacca MoJHapuiIeH(pTa-
JMI0B.  xjmopupoBaHuele (B monoxkenue 4) noma(ramuamnmuaendayopen) (OINC-236) u  mo-
ma(pramuaumunenaupennt) ([15-259). Oun 0TAMYAIOTCS HATHYHEM METHICHOBOTO MOCTHUKA MEXIY IBYMSI
OCH30JILHBIMU KOJIbIIaMH. B KadecTBe TBEPAOI MOMTIOKKHU JJIsi HAHCCCHHUsS IUIEHOK MOJUAPUICH(PTAIUIOB
UCIOJIb30BaNICsl uHepTHBIM HOocuTenb Chromaton NAW.Hanecenue mpoBoamiioch u3 xjaopodopma myTém
ynapuBanus pactBopurens npu temneparype 40 €. KomudecTBo HaHOCHMOTO HouMepa coctaBuio 1% ot
MacCChl HHEPTHOT'O HOCHUTEJIS.

HccnenoBanue mpoBOIUIOCH METOIOM OOpamEHHOM ra3oBoi xpomaTorpadun. [IpoOsl BBOIIIUCE C
BUZEe pa30aBICHHBIX MApOBO3IYNIHBIX CMecel Ha Tpejeie YyBCTBHTEIBHOCTH IETEKTOPa. DTO ITTO3BOIIIIO
W3MEPUTH TTApaMEeTPHI yAePKUBAHUS B 00MacTH ['eHpH M CUMTATh B3aUMOJCHCTBUS MEXIY MOJICKYJIAMH COp-
6ara mpeHeOpexkuMo MaibIMu. OTHOCUTENBHAS YCIIOBHAS TOJIIPHOCTH ITOBEPXHOCTH W BKIIAABI Pa3IHIHBIX
MEXMOJIEKYJIIPHBIX B3aMMOJCHCTBUI B AF OlleHWBaNIMCh METOAOM JMHEHHOTO pa3ioKEHUS dSHEPTHH aji-
copbimu (LFER). U3 monydennsix LFERK03(Q(HUIHEHTOB PaCCUMTHIBAINCH BKIAABI MEKMOJEKYISPHBIX
B3aWMOJICHCTBHI B HEPTUIO aACOPOIHMH, a TaK)Ke OLEHHBAJIACh OTHOCHTEIbHAS yCIOBHAS HMOJSIPHOCTH IO-
BEPXHOCTH. J[UCTIEPCHOHHYIO M CIICIU(PHYCCKYIO COCTABIISIONIYI0 CBOOOJHOW 3Hepruu ['enpMmroibiia an-
COpOLIMU TaKXKe PacCUUTHIBAIH MeTolIoM JloHra. YCTaHOBICHO, YTO aJCOPOCHTHI Ha OCHOBE MOJIMAPUIICH-
(hTanuaoB CIOCOOHBI BHICTYIIATh B KAUYSCTBE HEMOABIKHEBIX (a3 /it xpomarorpaduu. [TokaszaHo, 4To Mi€H-
KU TOJHAPUICH(TAIHIOB CIIOCOOHBI KaK K JUCIICPCUOHHBIM, TaK U K Pa3IMYHBIM CHCHH(DUICCKIM B3aUMO-
JICHCTBUSAM C OPTaHUYCCKUMHU MOJICKyJIamMu. [I0BepXHOCTh MONUApWICH(PTATUIOB MOXXHO OTHECTH K HEIOJ-
BIOKHBIM (pa3aM cpenHeil MOoSIpHOCTH, 0oJiee MOJIIPHBIM, YeM MOPHUCTHIE MOJMMEPHl Ha OCHOBE CTHpOJIA U
TUBMHAIOCH30J1a U MEHEEe MOJISIPHBIM, Ye€M CHIIMKArelH.

KuroueBble cjioBa: noauapuiacHPTAIHIB, 0OpanéHaas ra3oBas xpomaTorpadus, yaenpbHbIN yaep-
JKUBAEMBI 00BEM, TIOJSIPHOCTH

Introduction

Polyarylenephthalides are a new promising typeobdilde polymers. Polyaryle-
nephthalides traditionally include aromatic polymbased on pseudochlorine hydrides. In
this case, the pseudochlorine hydride group ofttbeomer is directly connected with the
phthalide group, and the formation of a new bondndupolycondensation, leading to the
growth of the macromolecule, occurs directly whie tarbon atom of the phthalide group
[1]. Polyarylenphthalide thin films are electrigatonductive, have high thermal stability,
are resistant to water, acids and alkalis, andsateble in many organic solvents [2].
Therefore, it is of interest to create adsorptiatarnals based on them for the extraction of
toxicants from acidic and alkaline media. HoweWer,this it is necessary firstly to study
the ability of polyarylenephthalides to differentermolecular interactions, as well as the
polarity of their surface.

Inverse gas chromatography is one of the methodsuolying the interactions be-
tween gas molecules and solids [3-5]. This methladva to calculate the thermodynamic
characteristics of adsorption [6-8], to estimate plolarity of the surface and the contribu-
tions of various interactions to the adsorptionrgng9-12], and also to obtain adsorption
isotherms and calculate the monolayer capacitythedpecific surface area of solids [5,
13, 14]. Therefore, the aim of this work is to stutle polarity of polyarylenephthalates
surface by inverse gas chromatography.

Experiment

Two polyarylenephthalides polymers were used agpkanto study: chlorinated (in
position 4) poly (phthalidylidenefluorene) (OPS-23®d poly (phthalidylidene diphenyl)

Guskov et al./ Cop6rmonnsie n xpomarorpaduueckue npoueccs. 2019.T. 19.Ne 2



231

(PE-259). The structural formulas of the monomat are shown in Fig. 1. They are dis-
tinguished by the presence of a methylene groupdset two benzene rings. Inert solid
support Chromaton NAW was used as a solid subdtvatbe deposition of polyarylenph-
thalide films. The modification was carried outrfrachloroform by solvent evaporation at
40° C. The amount of the applied polymer was 1%weyght of the inert solid support.
Such modifier amount provides the full applyingsofid support by polymers.

\C\ { ) é[\
C/

O _n

OPS-236 PE-259
Puc. 1. Polyarylenephthalides under study

Chromos GC-1000 chromatograph (Chromos, DzerzhiRgksia) with a flame io-
nization detector was used. Stainless steel colomeasuring 1000x3 mm was used. The
nitrogen carrier gas flow-rate was 20 ml/min. Tlumn temperature was 1@)%he eva-
porator and detector temperature - 200%s-C;o and G2 n-alkanes, cyclohexane, cyclo-
hexanone, benzene, tolueng;& n-alcohols, butanol-2, pentanol-2, isopropanalbiga-
nol, isopentanol, tert-butyl alcohol, pyridine, @thcetate and butyl acetate were used as
test sorbates. Before use, the column was condiéor 10 hours at 100°C in a stream of
nitrogen carrier gas. Samples were introduced lagedi vapor-air mixtures at the detector
sensitivity limit. This made it possible to meastine retention parameters in the Henry
region and consider the interactions between sempatecules to be negligible.

From the experimentally determined retention tirte min), the retention vo-
lumes values were calculated using the foIIowingaei@ano, ml/g:

t9—tm)w T
VgO — (tg — ) . T_C’ (1)
wheret,, — dead retention timey — carrier gas flow-rate, ml/minm — sorbent mass, g,
T — column thermostat temperatukg,7.— room temperaturé.
The molar changes in the Helmholtz energies obrgudi®n AF, kJ/mol, were calculated as
follows:
AF = —RTInV, + RT, (2)

The relative conditional polarity of the surfacedahe contributions of various in-
termolecular interactions taF were estimated by the method of linear free gneetp-
tionship (LFER). In this method, the total adsarptenergy is decomposed into dispersion
(AFqisp), electrostaticAFi,, characterizes induction and orientation integanst) and donor-
acceptor AF4;) components:

AF = AFgisp + AF; + AFyq, (3)

Each of the components can be expressed as a pafdacoefficient characteriz-
ing the properties of the surface and the moleaddacriptor describing certain characte-
ristics of the sorbate molecule:

_AFdisp = Kiagp + Ks, (4)
2 2

—AF;, = K, (22 + ap), 5)

—AFg4, = K;WE + K,Wg, (6)
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The general LFER equation can be derived as fol[@Wws15]:
2
—AF = Kyag + K, (i% + aB) + K, WE + K,WE + K, )
where K - Ks are the dispersion, induction and orientationcteb& donor and electron
acceptor coefficients of the sorbent surface raspdyg. The coefficient K also characte-
rizes the dispersion interactions;, ps, Ws?, Wg® - polarizability, dipole moment, elec-
tron-acceptor and electron-donor constants of dhnieage, respectively.
The resulting equation has 5 unknowns. Therefosy;stem of equations requires to solve
it. Equation (7) can be written for any test soebaith known molecular descriptors. To
solve this equation in the case of OPS-236, thieviihg set of test sorbates was used:
hexane, heptane, octane, cyclohexane, benzenen&lethanol, n-propanol, n-butanol,
isopropanol, isobutanol and ethyl acetate. In theecof PE-259, the following series of
alkanes were used: heptane, octane, nonane, aadeddédis was due to zero retention of
hexane and cyclohexane at experiment temperaflineslist of arenes and alcohols in the
case of PE-259 is similar to OPS-236.

A system of 12 equations was solved by multiptression analysis. 2 variants of
regression analysis were used. In the first, tlassital equation (7) was used. In the
second, equation (7) was applied with the interégpais zero by default. From the ob-
tained coefficients, the contributions of internmlkar interactions to the adsorption ener-
gy were calculated; also the relative conditionalapty of the surface was estimated as
follows:

12 ((AFjo+AFqa)

P = ZL_O( 12 /AF) — Pges, (8)
where 12 is the number of test sorbates used bR calculationPgscg is the condi-
tional polarity of graphitized thermal soot, cakeld with the same number of test sor-
bates.

The dispersion and specific component of the Heltalfree energy of adsorption
was calculated by the Dong method [9]. In this radihthe dispersion component of the
substance's adsorption energF[(disp, kJ / mol) is assumed to be equal to the adsarptio
energy of a hypothetical n-alkane with the sameunability. The specific component of
the adsorption energyﬂ(Iquec, kJ / mol) is calculated as the difference betwiéentotal
adsorption energy and its dispersion component.

Results and discussion

In Table 1 the values of the specific retentionunoé on the adsorbents samples
studied were shown. As can be seen from the olatalat, on an inert solid support mod-
ified by OPS-236, the retention of all sorbatesignificantly higher than in the case of
PE-259. This is probably due to the presence oktthyiene bridge between the benzene
rings in OPS-236, which changes the spatial straobd the polymer on the surface. On
the sample modified with PE-259, the low-boilinglsttes have zero retention, while on
the OPS-236 the retention of the high-boiling stebavas too high. Retention volumes
increase in homologous series, while the retenbbme-alcohols is greater than iso-
alcohols. In the case of OPS-236, the retention-lfitanol is 4 times greater than that of
tert-butyl alcohol. Even more noticeable is thdaldénce in retention in the case of PE-
259. On it, n-butanol has 6 times stronggtthan isobutanol and butanol-2, and more than
70 times stronger than tert-butyl alcohol. On bshbents, tert-butyl alcohol has retention
noticeably lower than any other, @lcohol. This is probably due to the greater gbibif
linear molecules to penetrate between polymer sh&iar tert-butyl alcohol, only adsorp-
tion on the polymer surface is possible, while dtier G alcohols, partial penetration of
molecules into the volume of polyarylenephthalitdses place.
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Table 1. Specific retention voluma#,, ml/g, on the samples studied

g VOQ
sorbate OPS-236 PE-259 sorbate OPS-236 PE-259
n-pentane 9.9 0 methanol 9.7 0
n-hexane 15.2 0 ethanol 14.4 0.38
n-heptane 29.3 0.55 n-propano 33 0.61
n-octane 62 2.3 n-butanol 98 4.3
n-nonane 162 3.5 n-pentanol 243 9.2
n-decane 660 22.6 n-hexanol 331 18.5
n-dodecane - 44 n-heptanol - 27.6
cyclohexane 13.6 0 n-octanol - 45
benzene 32.1 1.8 2-butanol 28.7 0.69
toluene 107 5.5 2-pentanol 103 3.4
cyclohexanon - 7.5 i-propanol 26.7 0.26
ethyl acetate 27 0.55 i-butanol 57 0.70
butyl acetate 172 2.8 i-pentanol 157 2.2
pyridine 122 2.5 tert- butanol 15.8 0.06

From the table data it is noticeable that on batlymper surfaces benzene and tolu-
ene have higher retention than hexane and heptspectively. So, on OPS-236, the ben-
zene retention volume is more than 2 times highanV,’ of hexane; on PE-259 unlike
benzene hexane has zero retention. At the same ttimeetention of toluene is 10 times
more than heptane. At OPS-236, there is only afdtaldifference in retention of toluene
and heptane. The reverse is usually observed kana$ are retained stronger than arenes.
The strong retention of the latter on the statipnrases studied is probably duerte
interactions between the benzene rings of polyaggathalides and arenes.

FromAF vs. the number of carbon atoms in the homologeuss linear depen-
dence, the increments of one methylene group iarptien energy were calculated. In the
case of PE-259, they were slightly higher thanG&S-236: 3.5 kJ/mol versus 3.2 kJ/mol
for alkanes; 3.3 kJ/mol versus 3.1 kJ/mol for mehtds and 4.2 kJ/mol versus 3.5 kJ/mol
for iso-alcohols. Higher values of the methyleneugr increment for iso-alcohols are
probably due to the fact that the length of thedinpart of the molecule increases in the
homologous series of such compounds. The lineaoneg the molecule can freely pene-
trate between the polymer chains, which cause diti@dkal contribution to retention com-
pared to lower homologs.

The results of the LFER calculations are given abl€s 2 and 3. It was found that
the use of the LFER method without taking into actdhe intercept leads to low correla-
tion coefficients and difficulties to interpret datTherefore, only the data obtained with
intercept were used for the analysis. As can ba feen the obtained results, in the case
of both polymers, dispersion interactions make greatest contribution to the energy of
adsorption of alkanes and arenes. For benzeney dosxeptor interactions make a great-
er contribution than induction and orientationaénactions, in the case of toluene, the con-
tributions of various specific interactions to tast dipole moment are equalized.

For alcohols and ethyl acetate, specific interadtiprevail. Comparison of the con-
tributions of donor-acceptor interactions to theobls adsorption energy on the studied
adsorbents shows that the OPS-236 sample hastargaéaity for being an electron den-
sity donor than PE-259. In general, the polariaéboth polyarylenephthalides are close,
and are numerically between porous polymers basedtgrene and divinylbenzene
(P’=15) and silica gels (P'=30). Such values ofgoity are due to the presence of carbonyl
groups and chlorine atoms in polymers capable eifip intermolecular interactions.

Guskov et al./ Cop6umonnsie n xpomarorpaduueckue npoueccs. 2019.T. 19.Ne 2



234

Table 2. The intermolecular interactions impactaknof organic molecules adsorption, %,
on inert solid support, modified by polyarylenemlitie OPS-236, by LFER calculations
with intercept in equation (7)

sorbate dispersive |nduct|9n+ electron-donor electrona-
orientational cceptor
n-hexane 85 15 0 0
n-heptane 85 15 0 0
n-octane 84 16 0 0
benzene 71 12 0 17
cyclohexane 85 15 0 0
toluene 68 16 0 16
ethanol 31 27 42 0
n-propanol 35 26 38 0
n-butanol 39 26 36 0
I-propanol 35 28 37 0
i-butanol 39 26 35 0
ethyl acetate 38 29 0 32
r 0.9539
P’ 27.5

Table 3. The intermolecular interactions impactaknof organic molecules adsorption, %,
on inert solid support, modified by polyarylenemlitte PE-259, by LFER calculations
with intercept in equation (7)

sorbate dispersive |nduct|9n+ electron-donor electrona-
orientational cceptor
n-heptane 85 15 0 0
n-octane 85 15 0 0
n-nonane 84 16 0 0
benzene 74 11 0 14
cyclohexane 84 16 0 0
toluene 71 15 0 14
ethanol 39 26 35 0
n-propanol 42 25 33 0
n-butanol 44 25 31 0
i-propanol 42 27 31 0
i-butanol 44 25 30 0
ethyl acetate 43 28 0 29
r 0.9430
P’ 24.1

The data on the dispersion and specific comporadrite adsorption energy calcu-
lated by the Dong method are shown in Table 4. dNews from the data obtained, for
both samples the specific component of the adsor@nergy has a negative sign, indicat-
ing that the process is spontaneous. The spedafigpponent of adsorption energy of arenes
on a sample modified with PE-259 is 4 kJ/mol marebsolute value than on a sample
based on OPS-236. This is probably due to the pcesef the methylene bridge in the lat-
ter, which blocks tha-z interaction. It is interesting to note that ti .. for n-alcohols
is more on PE-259, and for iso-alcohols - on OP&-Z3iis indicates steric difficulties in
the interaction of the hydroxyl group with the ftinoal groups of PE-259. Especially
great steric difficulties are for tert-butyl alcdho
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Table 4. Dispersive and specific components of quiiem energy, kJ/mole, calculated by
Dong method

sorbate - OPS-236 - . PE-259 -
AF g AF” gec AF g AF” gec
benzene -7.5 -6.1 8.3 -10.5
toluene -10.9 -7.4 4.6 -11.3
methanol 4.5 -13.5 - -
ethanol 1.1 -11.6 17.7 -13.8
n-propanol 2.1 -11.6 14.2 -12.2
n-butanol -5.4 -12.7 10.7 -16.4
n-pentanol -8.6 -13.0 7.2 -15.9
n-hexanol -11.8 -11.0 3.6 -15.1
n-heptanol - - 0.1 -13.2
n-octanol - - -3.4 -11.6
2-butanol -5.2 -8.0 10.9 -9.4
2-pentanol -8.2 -10.0 7.5 -12.4
i-propanol -1.8 -11.2 14.6 -9.3
i-butanol -5.2 -10.7 10.9 -9.5
i-pentanol -8.2 -11.6 7.5 -10.7
tert- butanol -5.2 -5.7 10.9 0.2
pyridine -6.1 -12.8 9.9 -13.5
ethyl acetate -6.1 -6.9 9.9 -7.5
butyl acetate -12.6 -7.7 2.9 -6.9
cyclohexanon - - 6.0 -13.9

For the majority of compounds on PE-259 and thst fiwo homologues of alcohols
on OPS-236, a positiuF g value was observed. This correlates with low alolespe-
cific retention volumes, and explained with lespapunities for the penetration of organic
molecules into the volume of the polymer in theecakPE-259. Comparison of the disper-
sion and specific components also testifies tchtbk polarity of the polyarylenephthalides
surface.

Conclusion

It has been established that adsorbents basedlparyenephthalides are capable
of acting as stationary phases for chromatogratihg. shown that polyarylenephthalide
films are capable of both dispersion and variowsceie interactions with organic mole-
cules. The surface of polyarylenephthalides camtbébuted to stationary phases of me-
dium polarity, more polar than porous polymers Hase styrene and divinylbenzene and
less polar than silica gels.

This work was supported by Russian foundation for basic research
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Paboma eévinonnena npu noodepoicke Poccuiickozo ¢honoa ¢hynoamenmanvruix
uccneoosanuit (npoexm Ne 18-03-00537)
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