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Chemical Modification of Polysulfones by
Bisphenolic Copper Chelates

A. Airinei,* Elena Butuc, V. Cozan and R. Ardeleanu
‘P. Poni’ Institute of Macromolecular Chemistry, Aleea Grigore Ghica Voda 41 A, R-6600 lasi, Romania

Chloro-terminated polysulfones with various

molecular weights were chemically modified
with bis(2,4-dihydroxybenzaldehyde)copper(ll).
The properties of modified polysulfones are
compared with the unmodified ones, and an
increase in glass transition temperatures, soft-
ening points and reduced viscosities of the
former materials was observed. In addition, the
chelate-modified polymers exhibited excellent
thermal stability properties and semicrystalline

patterns. Also, they provided transparent and
flexible films. © 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

chelate moieties were covalently incorporated into
polymer systems, especially in thermo-oxidatively
stable polymers. The introduction of chelate units
on the polymer chain could lead to new electrical
and optical characteristics, to improved mechanical
properties and to heat resistance. The potential
applications of chelate polymers are, for example,
as surface coatings on metals and glasses, adhe-
sives, high-temperature lubricants, electrical insu-
lators, semiconductofs.

However, the application of the chelate polymers
is restricted by their low molecular weight and
insolubility. In contrast polysulfone is one of the
useful high-performance engineering thermoplas-
tics with high molecular weights that can be
processed by conventional molding and solution
casting techniques. For these reasons we have taken
an interest in the chemical modification of poly-
sulfones by bisphenolic chelates.

The present paper describes the synthesis and
characterization of some bisphenol A-based poly-
sulfones bearing chelate units in the polymer main
chain. The chelate-modified polysulfones were

synthesized from chloro-terminated polysulfones
dnd the sodium salt of bis(2,4-dihydroxybenz-
aldehyde)Ct" by polycondensation reaction. The

effect of the incorporation of bisphenolic chelate
moieties on the properties of the resulting polymers
is discussed.

The development of new chelate polymers has bee
of great interest due to their thermal stability,
electrical conductivity and catalytic action, mainly
in some of the chemical reactions occurring in
biological materials: Yet considerable difficulty
has been reported in utilizing their excellent
properties due to the insolubility of the chelate
polymers, which hinders their incorporation into
useful devices.
Coordination polymers prepared in early work EXPERINMIENTAL
were insoluble and high-molecular-weight products
were not obtained since precipitation from solution .
occurred at an early stage. However, the interest ir!VIaterlals
these materials continuéd’ 4,4-Dichlorodiphenylsulfone (Aldrich) was recrys-
Some of these problems could be avoided if thetallized from toluene. 2,2-Bis(4-hydroxyphenyl)-
propane (Bisphenol A, Fluka), 2,4-dihydroxy-
benzaldehyde (Fluka), dichloromethane (Aldrich),
chlorobenzene (Aldrich) and dimethyl sulfoxide
(Aldrich) were used as received\-Methyl-2-
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pyrrolidone (NMP) was vacuum-distilled over
phosphorus pentoxide. Anhydrous potassium car-
bonate was dried in a vacuum oven before use.
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Syntheses

Chloro-terminatedpolysulfones(PSFs)were pre-
paredfrom the reactionof bisphenolA with an
excessof 4,4-dichlorodiphenylsulfonen the pre-
sence of anhydrous potassium carbonate as
describedin the literature®° Bis(2,4-dihydroxy-
benzaldehyde)Gi and its sodium salt were
obtainedaccordingto previously reportedproce-
durest?*?

Chelate-modified polysulfones (PSF-CH-6)
were preparedby reacting a solution of chloro-
terminated polysulfone (5g) in dichloromethane
with asolutionof thesodiumsaltof thebisphenolic
coppercomplex(Ch in schemel, below; 0.5g) in
dimethyl sulfoxide. The resulting homogeneous
reaction mixture was firstly maintainedat room
temperaturefor 5h under stirring and then was
heatedat 35 °C for 8 h. The mixturewasallowedto
cool andfilteredto removethe inorganicsalts.The
solution was then coagulatedin a high-speed
blendercontainingmethanolin a 1:7 (v/v) ratio.
The precipitatewasfiltered, washedwith waterand
methanol,and finally dried in a vacuumoven at
50°C for 24 h.
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Instruments

'H NMR spectravererecordecbna JEOLC60-HL
spectrometeusingdimethyl sulfoxide (DMSO-ds)
assolventandtetramethylsilang TMS) asinternal
standard.IR absorptionspectrawere obtainedin
KBr pellets,on a SpecordV80 spectrophotometer.
Reducedviscositiesof the polymerswere deter-
mined at a concentrationof 0.2% in N-methyl-2-
pyrrolidone at 25.0+ 0.1°C using an Ubbelohde
suspended-leveliscometer.The softening points
were measuredwith a Gallenkamp hot-block
melting-pointapparatusThermogravimetri@analy-
sis (TGA) was carried out using an MOM
Derivatograph,at a heatingrate of 12°C min™?,
in air. Differential scanningcalorimetry (DSC)
measurementwere doneby a Mettler TA Instru-
mentDSC 12E with a heatingrate of 20°C min~*
in air and the secondheating cycle was usedto
determinethe glasstransitiontemperature¢Tg) of
thesamplesX-ray measurementseremadewith a
TUR M62 diffractometerusing Ni-filtered CuK,
radiation(36kV, 25mA).

RESULTS AND DISCUSSION

The starting chloro-terminatedpolysulfoneswere
prepared using reported procedure$'® by the
reactionof bisphenolA with 4,4-dichlorodipherl-
sulfonein DMSO/chlorobengne at 160°C using
anhydrougpotassiuntarbonat@asbasgSchemel).
Theresultingpolysulfoneshowedchumber-average
molecularweights (M,) ranging between38 000
and 3800. The end-cappedchlorine content of
startingpolysulfoness givenin Table 1.

The chelate-modified polysulfones were ob-
tained by the reactionbetweenchloro-terminated
polysulfonesof differentmolecularweightsandthe
sodium salt of bis(2,4-dihydroxybenzaldehgdt
CU" according to Scheme 1. Some of their
characteristicare listed in Table 1. Propertiesof
the correspondingparentpolymersare also shown
in Table 1 for comparison.The resulting chelate-
modified polymerswere characterizedy reduced
viscosities,'H NMR and IR absorptionspectra,
DSC,TGA andX-ray measurements.

The reducedviscositiesof the chelate-modified
polysulfonesare higher than thoseof unmodified
starting polymers (Table 1). The increase in
viscositieds dueto theincorporatiorof bisphenolic
chelate moieties in polymer chains, which may
resultin a significantstraighteningof thosechains

Appl. OrganometalChem.12, 485-489(1998)
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Table 1 Characteristicef chelate-modifiegolysulfones

Startingpolysulfones

Chelate-modifiegolysulfones

Sample Cl (%) M.® feq(dlg™) Softeningpoint (°C) Sample e (dlg™)  Softeningpoint (°C) Cud (%)

PSR 0.20 38000 0.497 246 PSF-Ch 0.630 227 15

PSR 1.38 36900 0.415 205 PSF-Ci2 0.696 279 2.6

PSR 1.27 37000 0.510 205 PSF-CB 0.550 215 2.0
PSF-CBA 0.520 200 25

PSH 2.25 16000 0.240 170 PSF-CH 0.420 195 3.3

PSKH 3.17 5100 0.090 110 PSF-Ch 0.250 160 35

PSF 2.22 3800 0.093 100 PSF-CIB 0.300 170 4.0

& Calculatedfrom osmometricand viscometricmeasurements.

b Determinedirom TGA measurements.

Table 2 Thermalpropertiesof modified polymers

Ty (°C) T10% (°C) IH NMR ratios

Sample PSF PSF-Ch PSF PSF-Ch o re Ar

1 188 190 512 500 231 2.35 0.04

2 182 188 475 465 2.70 2.82 0.125

3 177 181 490 468 2.75 2.89 0.140

4 148 172 472 470 2.67 2.84 0.173

5 125 128 475 497 2.67 2.89 0.220

6 121 129 470 478 2.60 2.83 0.230

and the formation of higher-molecudr-weight
productsby couplingof the chainsthroughchelate
units.

The changesn reducedviscositiesarein agree-
mentwith the modificationsobservedn the NMR
spectra.Thus, *H NMR spectraof the chelate-
bearing polysulfonesshowedan increasein the
ratio of aromaticprotonintensity to aliphaticiso-
propylidene protons comparedwith parentpoly-
sulfonesln this way, the correspondingatiosboth
for unmodified polysulfones(r,) and for chelate-
modified polymers(r.) were calculated(Table 2).
The differencebetweentheseratios (Ar =r. — ry)
couldbeconsideredisa semi-quantitativeaneasure
of the chelatecontentintroducedinto the polymer
chain. In IR absorptionspectrait was difficult to
observethe appearancef newcharacteristibands
becauseof the low contentof chelateunits in the
polymerbackbone.

When the molecularweight of the parentpoly-
sulfoness lower andthe chlorinecontentis higher,
asin the caseof samplesPSF-CH-6, the resulting
modified polymers exhibit the highestvalues of
reducedviscosity and Ar, which agreeswith an
significantincreasen the chelatecontentof these
polymers.

Although the chelate-modified polysulfones
PSF-CB and PSF-CBA come from the same

© 1998JohnWiley & Sons,Ltd.

polysulfoneinitially, their characteristiceresome-
how different becausdhe synthesisconditionsare
different. In the caseof sample PSF-CBA the
reaction time was much longer and its chelate
contentbecamehigher(Table1).

The chelate-modifiedpolysulfoneshave excel-
lent solubilitiesin dipolar aprotic solventssuchas
DMSO, DMF andNMP, andin chloroalkylhydro-
carbons.Thesematerialsafford tough and trans-
parentfilms by castingfrom solution.

Thermal properties of these polymers were
evaluatedby DSC and TGA measurementsThe
representativ®SC scanshavebeenplottedin Fig.
1 for somemodifiedpolymers.As canbeseenfrom
Table 2, the glass transition temperatureof the
chelate-bearing polysulfones ranged between
128°C (PSF-CB) and 190°C (PSF-CHh). The
introduction of the chelate moieties into the
polysulfone backboneleadsto an increasein the
glasstransitiontemperatureof the modified poly-
merasexpectedprobablydueto thedecreas@n the
flexibility of the polymer chains.The mostsigni-
ficantincreasen Ty valueswasobservedor poly-
sulfoneswith lower startingmolecularweights(i.e.
higher Ar values), while a small increasein T
occurredfor higher-molecudr-weightpolysulfones
(Table2).

Thermogravimetric analysis data of chelate-

Appl. OrganometalChem.12, 485-489(1998)
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Figure 1 DSC thermogramsof chelate-modifiedpolysul-
fones.

modifiedpolysulfonesarepresentedh Tables2 and
3 andselectedTGA tracesare presentedn Fig. 2.
The temperatureof 10% weight loss (T1ge) IS
generallyconsideredo be the copolymerdecom-
positiontemperatur@ndit is usedin comparinghe
thermal stabilities of various copolymers. The
introduction of chelateunits into the polysulfone
chains generally producessome decreasein the
decompositiortemperaturebut this remainssuffi-
ciently high and still providesa large ‘window’

betweenthe decompositiontemperatureand the
glasstransitiontemperature.

The results of thermogravimetricanalysis re-
vealedthatthe modified chelatepolysulfoneshave
goodthermalstabilities,with polymerdecomposi-
tion temperaturéT,qo) in excesof 460°C, except
for PSF—CRBA, which exhibits the onset of
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Figure 2 Thermogravimetricanalysisof selectedmodified
polymers.

decompositionat a lower temperature(435°C).

This is presumablybecauseof the presenceof a

greatercontentof chelatein thesampleln thesame
time the Ty valueincrease4189°C) aswell asthe

differenceAr (0.175)in comparisorwith PSF—CB.

For these chelate-bearingpolymers the thermo-
grams manifest two decomposition steps. By

comparison with the initial polysulfones, the

chelate-modified polymers have lower weight

lossesin the first stageof degradationand higher
in the second(Table 3). For the chelate-modified
polymers resulting from high-molecular-weight
polysulfones, the weight loss of ca 37% was

detectedn the first step,while for other modified

polymersthis lossreached45%.

The representativeX-ray diffractogramsfor the
modified polysulfonesPSF-CR and PSF-C are
presentedn Fig. 3. The chelatemonomertis highly
crystalline!®while theunmodifiedpolysulfonesare
amorphous? The chemical modification of the
polysulfoneswith this bisphenoliccomplexled to
partially crystalline polymers.Also, the semicrys-
talline patternscan be attributedto the relatively

Table 3 Thermogravimetrianalysisof someunmodifiedand modified chelatepolysulfones

Weightloss (%)

Sample 200°C 300°C 400°C 450°C 500°C 520°C 540°C 560°C
PSH 0.0 0.0 0.0 0.5 3.0 16.5 39.0 49.5
PSRB 2.5 4.0 4.3 4.5 12.5 29.5 45.7 50.0
PSH 25 4.0 4.5 7.0 17.0 34.0 445 47.5
PSF6 0.0 2.0 4.0 8.0 18.5 36.0 47.0 52.0
PSF-CR2 12 15 3.0 6.0 24.5 29.0 32.0 36.5
PSF-CB 2.0 35 4.5 7.5 20.0 29.5 38.5 44.5
PSF-CBA 0.5 2.0 4.5 14.5 34.5 415 45.0 50.0
PSF-Cl 25 4.0 55 7.5 18.0 34.5 42.0 48.0

© 1998JohnWiley & Sons,Ltd.
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Figure 3 X-ray diffractogramsof two chelate-modifiegolysulfones.

rigid structureof themodifiedpolymerchains.The
higherthechelatecontentin modifiedpolysulfones,
the greaterthe degreeof orderin thesesamples.

For these chelate-modified polysulfones the
temperaturedependencef the electrical conduc-
tion and Seebeckcoefficient was investigated-®
The highestincreasesn the reducedviscosity and
glasstransitiontemperaturaeleterminebetterelec-
trical characteristics.For example, the lower-
molecular-weighpolysulfoneanodifiedby chelate
moietiesshowsmalleractivationenergiesandhigh
conductivity values™®

The introductionof copper(ll) chelateunitsinto
thebackboneof bisphenolA-basedoolysulfonedy
polycondensationreaction led to new chelate
polymers,which exhibitedhigherviscosities,soft-
ening points and glasstransition temperaturesn
comparisonwith the starting polysulfones. The
modified chelate polysulfones keep their high
thermal stabilities and they are solublein aprotic
dipolar and halogenatedsolvents,forming trans-
parentandflexible films.

REFERENCES

1. P. J. Burke and D. R. McMillin, J. Chem.Soc., Dalton
Trans.1794(1980).

© 1998JohnWiley & Sons,Ltd.

2. D. Woehrle,Adv. Polym.Sci. 50, 45 (1983).

3. L. J.PaliwalandR. B. Kharat,J. Macromol.Sci.— Chem.
A26, 843(1989).

4. M. N. Patel, D. H. Sutariaand S. D. Patel, Angew.
Makromol.Chem.234,13 (1996).

5.D. Woehrle and G. Schnurpfeil, In: Comprehensive
PolymerScience2nd Suppl.,S. L. AggarwalandS. Russo
(eds),Elsevier,Dordrecht,1996.

6. A. Airinei andM. Spiratos,In: Inorganic and Organome-
tallic Oligomersand Polymers,J. F. Harrod and R. M.
Laine (eds),Kluwer, Dordrecht,1991.

7. F. Ciardelli, E. Tsuchidaand D. Woehrle (eds), Macro-
molecule—MetalComplexesSpringer,Berlin, 1996.

8. A. K. Dey, J. Indian Chem.Soc.53, 357 (1996).

9. R. ViswanathanB. C. JohnsorandJ. E. McGrath,Polymer
25,1827(1984).

10. E. Butuc,V. CozanD. Giurgiu, l. Mihalache,Y. Ni andM.
Deng, J. Macromol. Sci. — Pure Appl. Chem.A31, 219
(1994).

11. C. G. Macarovici, A. Dorutiu and M. Gal, Studia Univ.
Babes-BolyaiChem.16, 31 (1971).

12. M. MarcuandM. SpiratosRomaniarPaten6 034(1978).

13. M. SpiratosA. Airinei, N. StanicaN. VoiculescuandG. I.
Rusu,Rev.Roum.Chim.34,1413(1989).

14. C. L. Aitken, W. J.KorosandD. R. Paul, Macromolecules
25,3424(1992).

15. M. Rusu,A. Airinei, E. Butuc,G. G. Rusu,C. BabanandG.
I. Rusu,J. Macromol.Sci. Phys.B37, 73 (1998).

Appl. OrganometalChem.12, 485-489(1998)



