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SUMMARY 

Polybutyleneterephthalate (PBTP) has been labelled both in solution 

and in solid state with 3-chloroformyl-2,2,5,5-tetramethylpyrreline-l- 

-oxyl . The reaction with PBTP in solution can be used to determine the 

hydroxyl end-groups . The differences observed in the spin-labelling of 

the polymer in solution and in solid state are discussed . 

Introduction 

The spin-labelling technique is a sin~ple way to extend the application 

of e.s.r, spectroscopy to diamagnetic polymer systems which do not con- 

tain unpaired electrons . 

Many nitroxide radicals have been bounded to natural and synthetic 

polymers by weak intermolecular forces and by the formation of chemical 

bonds in the reaction of a polymer functional group with a suitable group 

in the nitroxide radical molecule (RANBY et al. 1977 ) . 

The main interest in spin-labelled polymers has been in relaxation 

times ( R ~  et al. 1977 ) . However , since e.s.r, spectroscopy is very 

sensitive to the concentration of free radicals , it may be conveniently 

used for polymer samples to evaluate functional groups which react quan- 

titatively . In the present paper we describe a study of the spin-label- 

ling of PBTP by reacting 3-chloroformyl-2,2,5,6-tetr~nethylpyrroline-l- 

-oxyl 2 ( ROZANTSEV 1970 ) with OH end-groups of the polymer . This 

reaction and e.s.r, spectroscopy may be en~loyed as an alternative me- 

thod to the usual ones for evaluating the OH end-groups , especially when 

their concentration is very low . 

Results and discussion 

To check the efficiency of the esterification of acyl chloride group 

of nitroxide 2 with OH end-groups , we reacted 2 with 4-hydroxy-l- 

-butyl benzoate 1 (PILATI et ai.1981 ) , chosen as a model for OH end- 

-groups of PBTP , in benzene under reflux , using a slight excess of 2 . 

The ester was obtained in quantitative yield and identified by its ele- 

mental analysis and mass and e.s.r, spectra . This result led us to suppo- 

se we could determine the free OH end-groups in PBTP by the spin-labelling 

technique . In fact a l,l,2,2-tetrachloroethane (TCE) solution of PBTP was 

treated with a large excess of 2 at i00 ~ . The PBTP , precipitated in 
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the reaction solvent by cooling , was collected , washed withbenzene un- 

til no trace of radical was present in the washingbenzene , and dried at 

60 ~ for one hour under vacu~ . When we compared the areas of the e.s.r. 

1 2 3 

signal of a solution of this polymer with that for 3-carbamide-2,2,5,5- 

-tetra~ethylpirroline-l-oxyl solution (ROZANTSEV et al. 1965 ), the label- 

led PBTP showed 8.3 mmol/Kg for OH end-groups (see experimental) . The 

mean value of the OH groups obtained by the traditional method based on 

titration was ii.i mmol/Kg , i.e. ca. 3C~ higher than that found by the 

spin-labelling tecnique . 

Since the titration method cannot be used for cress-linked polyes- 

ters , owing to their insolubility , we also tried to label PBTP in the 

solid state . For this purpose two 150~m thick films (A and B) with dif- 

ferent crystallinities ( A: ~ = 1.318 ; B : ~ = 1.300 g/cc ) were reflux- 

ed for different times in benzene with an excess of 2 . These films , 

after the treatement described in the experimental section , were dissol- 

ved in phenol/TCE 60:40 (w/w) and the areas of the e.s.r, signal measured. 

From the results reported in Fig. 1 we can deduce that the concentration 

of the spin-probe after 5 h is still far from the expected value,and, fur- 

thermore , we can observe that the less crystalline film reacted slightly 

more than the more crystalline one . On the basis of these findings we 
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reacted a 75 pm - thick film of PBTP 

( ~ = 1.306 g/cc ) with nitroxide 

for 45.5 h , taking samples at diffe- 

rent times . The results of this ex- 

periment , reported in Fig.2 , show 

that the concentration of OHend- 

-groups which reacted with nitroxide 

2 was 5.8 mmol/Kg after 45.5 h , and 

that the concentration of reacted 

OH groups was still increasing and 

seems to tend to the limit obtained 

in the reaction performed in solution. 

Fig.l Spin-probe concentration versus 

time for two films ( 150 pm thick ) 

with different cristallinities : 

fA = 1.318 ; fB = 1.300 g/cc 
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Fig.2 Spin-probe concen- 

tration versus time for 

a film ( 75~m thick ), 

: 1.306 g/cc . 

Dashed line refers to 

the value obtained for 

PBTP labelled in solution. 

The behaviour of the reaction carried out in solution and the results 

reported in Fig.s 1 and 2 clearly show that the reaction is diffusion- 

-controlled in solid state . In fact , film samples of PBTP of different 

thicknesses ( ~ = 1.318 g/cc ) , when reacted with 2 for 2 h , gave res- 

sults ( see Fig.3 ) which confirm the diffusion effect in the reaction 

performed in solid state and show that the relative specific intensity 

decrease linearly with sample thickness . 
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Fig.3 Film thickness ef- 

fect in spin-labelling 

reaction. The relative 

specific intensity is the 

signal area of a solid 

san~le divided by the si- 

gnal area of a film ob- 

tained from TCE solution 

of a sample labelled in 

solution. 

The signal recorded for solid films differ from those recorded in so- 

lution ( see Fig.4 ) , and look like that obtained for solid spin-labelled 

cellulose (SUNDHOLM et al. 1980 ) . 

Conc lus ions 

Since each san~ple , after the spin-labelling reaction , was washed 

with benzene under reflux until no trace of nitroxide was present in the 

benzene solution , we can assL~ne that the spin-probe was bounded to the 

chain by a covalent bond . Furthermore , if one considers that the evalu- 
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ation of OH end-groups in polyesters by titration ( BORMAN 1978 ) is pro- 

ne to uncertainty , we can conclude that the proposed method could be 

considered an efficient alternative when the spin-labelling reaction is 

carried out on a polymer solution . The reaction performed in solid state 

can be used to partially label the polymer for relaxation time studies . 

Work is now in progress to optimize this method for the quantitative 

evaluation of the end-groups in solid state , especially for cross-linked 

polyesters . 
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Fig.4 E.s.r. spectra of 3 for CHCI 3 solution (a) and of solid 

labelled PBTP film ?b) . 

Experimental 

E.s.r. spectra were recorded on a Varian E4 spectrometer . The mass spec- 

than was recorded on a Varian 112 S apparatus . 4-Hydroxy-l-butyl benzoa- 

te 1 ( PILATI et al. 1981 ) , and 3-chloroformyl-2,2,5,5-tetramethylpyr- 

roline-l-oxyl (ROZANTSEV 1970 ) were prepared as described in the litera- 

ture . 

Preparation of PBTP samples 

The PBTP used to obtain the films was prepared from dimethylterephthalate 

and 1,4-butanediol with Ti(0Bu) 4 as catalyst by the usual method . 

PBTP films with different thicknesses and/or different degrees of cristai- 

linity were prepared by hot pressing PBTP between Teflon foils at 240~ 

in a hydraulic press . The films were either cooled at 100~ between the 

heated plates (films A ) or were taken off while still melted and immidi- 

atly quenched in an ice-water bath ( film B ) . 

Density and intrinsic viscosity measurements 

The film densities were measured by the f l o a t i n g  method in CC14/C~d.orobe- 
nzene. 

The intrinsic viscosities of the films were measured with a Ubbelohde vi- 

scometer in phenol/TCE 60:40 (w/w) at 30.0 ~ . All films had ~ 7  = 
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0.886 + 0.006 dl/g . 

Titration of end-stoups 

Total end-groups ( OH + C00H) were evaluated according to Borman (BORMAN 

1978 ) by dissolving ca. 0.5 g of san~ple in 40 ml of nitrobenzene/pyridine 

95:5 at 150~ in an oil bath . Succinic anhydride (ca. 0.6 g ) was added 

and the reaction was allowed to proceed for i00 rain . The precipitated ob- 

tained , after several washings with acetone , was dried , weighed , dissol- 

ved in hot benzyl alcohol and titrated with 0.02 N KOH in methanol against 

a phenol-red indicator . Carboxyl end-groups were evaluated by dissolving a 

weighed portion of film in hot benzyl alcohol and titrating as described a- 

bove . Five different samples were titrated for C00H end-groups and five 

for total end-groups . We obtained 70.6 + 1.5 and 81.7 + 7.3 mmol/Kg for 

C00H and total end-groups respectively . By difference the OH end-groups 

were ii.i + 1.2 mmol/Kg . 

Synthesys of 4- (3-carbonylox71-2 , 2,5,5-tetramethylpyrroline-l-oxyl )-l-butyl 

benzoate 3 

4-hydroxy-l-butyl benzoate ( 1.6 mmol in 25 ml of dried benzene ) and 3-(ch- 

loroformyl-2,2,5,5-tetramethylpyrroline-l-oxyl ( 2.0 mmol in 30 ml of dried 

benzene ) were mixed and refluxed for 1 h under nitrogen . The reaction mix- 

ture was than poured into water (i00 ml) . The benzene layer was dried on 

Na2S04 and chromatographed on silica-gel col~n eluting with benzene/aceto- 

ne 9:1 . Con~pound 3 was isolated as an oil in 95% yield . Analysis : found; 

C , 66.7;H,7.3;N,4.0 ; calcd.for C H NO ; C,66.64;H,7.27;N,3.89 . M+/e : 
found 360 ; calcd.for C H NO 36~04~ 6 5E s r "aH=13 75 G for CHCI soln. 

20 26 5 . . . . . . .  3 

Reaction of PBTP with 3-chloroformyl-2, 2,5,5-tetranethylpyrroline-l-oxyl in 

solution 

3-chloroformyl-2,2,5,5-tetramethylpyrroline-l-oxyl ( 2 mmol in 30 ml of 

benzene ) was added to a solution of PBTP ( 500 mg in 50 ml of TCE ) at 

IO0~ . After the addition , the reaction mixture was left to cool at room 

temperature . The precipitated labelled polymer was collected by filtration 

under vacut~n , washed with boiling benzene until there was no trace of nit- 

roxide in the washing benzene and then dried at 60~ under vacuum (3 mm Hg). 

Spin-labellin~ of PBTP in film 

a) Two films of PBTP ( A , ~ = 1.318 ; B , ~ = 1.300 g/cc ; 150}~n thick; 

total amount 300 mg) were refluxed in 50 ml of benzene with 2 mmol of 2 . 

Samples were taken after 1,2,3,4,5 and 6 h . Each sample was washed with 

boiling benzene and then dried at 60~ under vacuL~n . 

b) A 75 }~n -thick film of PBTP (500 mg) was refluxed in 50 ml of benzene 

for 45.5 h with 2 mmol of 2 . Five sanTples were taken off after 8,6,21,30 

and 45.5 h respectively and treated as described in (a) . 

c) films of different thicknesses (total amount 315 rag) were refluxed for 

2 h with 2 n~ol of 2 in 30 ml of benzene . The samples were then treated 

as described above . 
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Spin-probe concentration in labelled polymer 

E. s.r. signal areas of phenol/TCE 60:40 (w/w) solutions of spin labelled 

PBTP ( ca. ~ g/l ) and 3-carbamide-2,2,5,5-tetramethylpyrroline-l-oxyl 

( ca. 3 .i0- M ) were conpared using as reference a signal of a ruby loca- 

ted into the e.s.r, cavity . The concentration of the spin-probe bounded 

on polymer was calculated from the concentration of the nitroxide radical 

2 , assuming that this compound had one unpaired electron per molecule . 

The areas were calculated both with a planimeter and by the double integ- 

ration method described by WYARD (WYARD 1965) 
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