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Abstract : nTButyl vipyl ether (BVE) ,and maleic.anhydride (MA) c o p o l y ~ e ~ z e d  in 
chlorofor~n w ~ t h  a radical ixutlator to gve 1 : 1 alternating copolymer. The lnltlal rate 
of copolymerization was maximum at  1 : 1 feed composition and the limiting conversion 
was close to the theoretical limiting conversion. The charge-transfer (CT) complex 
of BVE and MA, showed a UV absorption maximum at 270 nm in 1 ,  2-dichloroe 
thane. The sto~chiometry of the complex was 1 : 1. The eqmllbr~um constants of 
the complexation were found to be 0.37 dm3/mol in carbon tetrachloride at 37OC by 
NMR, and 0.27 dm,/mol in chloroform and.O.11 dms/mol in 1.2-dichloroethane both 
by UV at 23OC. The participation of the CT complex of BVE and MA into their alter- 
nating copolymer~zatton was discussed. 

1. Introduction 

It has been known that polar monomers which do not homopolymerize individually, 
could be copolymerized with radical initiators to give alternating copolymers when 
the polarities of the comonomers are opposite and large.11.14.i8 Participation of the 
charge-transfer (CT) complex formed between the comonomers, has been proposed 
for the alternating copolymerizations of some vinyl ethers such as Zchloroethyl 
vinyl ether,g p-di~xene,~ I ,  2-dimethoxyethylene,1° ethyl vinyl ether3 and dihydro- 
pryran3 with maleic anhydride (MA), whlch has a strongly positively polarized C=C 
double bond (Alfrey-Price e = 2.25 and Q = 0.23).4 The mechanism suggested 
is that the CT complex formed between the comonomers is the species that 
polymerizes to give an alternating c~polymer.~ 

In this paper, the CT complexation of n-butyl vinyl ether (BVE) (Alfrey-Price 
e = -  1.20 and Q ='0.087)4 and MA is studied in chloroalkanes to explain the 
radical copolymerization of BVE with MA. 

2. Experimental 

2.1. Materials 

Reagent grade MA (British Drug House) was recrystallized from benzene, reagent 
grade BVE (B.D.H.) was fractionally distilled and reagent grade 2, 2'-azobisiso- 
butylonitrile (AIBN) (Tokyo Kasei) was recrystallized from methanol before use. 
All solvents were purified by the usual methods." 
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2.2. Spectroscopy 
The ultraviolet (UV) spectra of the CT complex were taken by using a UNICAM 
SP8-100 spectrophotometer with quartz cells of 1 cm path length. The nuclear 
magnetic resonance (NMR) spectra were taken by a Varian EM-360 60 MNz NMR 
spectrophotometer at 37OC. JASCO 5-0001 infra-red (IR) spectrophotometer was 
used to take the IR spectra of the copolymer from KBr. pellets. 
2.3. Polymerization 
The copolymerizations were carried out in chloroform solutions with AIBN as the 
radical initiator in glass ampules of approximately 15 cm3 capacity, which were 
sealed after degassing by the freeze-thaw method on a vacuum line. The sealed 
ampules were then immersed in an oil bath at 60" O.l°C. The polymerizations 
were stopped at the end of the reaction periods by immediately pouring the reaction 
mixtures in large amounts of diethyl ether, in which the polymers were precipitated 
out. The polymers were purified by reprecipitation from the acetone solutions in 
diethyl ether. The rate of the polymerization was measured gravimetrically. 

The compositions of the copolymers were determined by conductometrically 
titrating the MA units with Philips PR9500 conductivity bridge. The copolymers 
were dissolved in water with 0.1 M NaOH and back-titrated with 0.1 M HC1. 

Wa've, Length in nm 
Figure 1. The W absorption of BVE-MAfchargetransfer complex in CH2CICH2CI at 23OC. 

(1) W E ]  = 6.25 x 10-3 mole/dmJ V.S. solvent 
(2) [MA] = 1.01 x 10-4 mole/dm3 v.s. solvent. 
(3) Charge-transfer complex only. m] = 1.20 M and [MA] - 1.02 x 10-4 

mole/dm3. 
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3. Results and Discnssion 

3.1. ' The charge-transfer complexation between n-butyl vinyl ether and maleic anhydride 

An enhancement of absorption is observed in the UV region when BVE and MA 
'are mixed in 1, 2-dichloroethane. When the absorptions of BVE and MA are 
subtracted from the overall absorption, the enhancement becomes an absorption 
maximum at 270 nrn as shown in Figure 1. This new absorption maximum is 
attributed to a weak CT complexation between BVE and MA, BVE acting as the 
electron donor and MA as the acceptor, considering the polarities of the compounds. 

The stoichiometry of the complexation was determined in 1, 2-dichloroethane by 
the Job's continuous variation method.' As shown in Figure 2, the maximum of 
the absorbance-composition plot indicates that BVE and MA form a 1 : 1 CT 
complex. 

Figure 2. W determination of the stoichiometry of the charge-transfer complex of BVE and MA 
by Job's continuous variation method in CH2CICH,Cl at 328 nm. [BVE] + [MA] = 
0.0610 moleJdm.3 

The equilibrium constant (K) of the CT complexation can be determined by W 
and NMR spectroscopy. In the case of a 1 : 1 complexation, the relation between 
the absorptivity of the complex and the concentrations of the components has been 
derived by Ketelaar et a1.8 



48 Kiyohisa Fujimori and Nanda A.  Wickramasinghe 

where [Dl is the concentration of the donor and EA is related to the measured 
optical density, dA, and to the total molar concentration of both free and complexed 
acceptor [A] by the expression d, = log,, I,/I = EA [All. Ec and Ea represent, 
respectively, the extinction coefficients of the complexed and uncomplexed acceptor. 

When a very small concentration of an acceptor and a large excess concentration 
of a donor are used, it can be assumed that all the acceptor is complexed. Under 
this condition, K can be determined through either the equation by Bensi and Hilde- 
brand1 (Equation (2)), or the equation by Scott16 (Equation (3)). 

where, [A] << [Dl, d, is the absorbance due to the complex only, i.e., 
d, = d(overal1) -d (donor) and 1 is the pathlength in cm. 

When the donor is always in large excess compared to the acceptor, the relation 
between the chemical shift of the acceptor in NMR and the concentration of the donor 
is Equation (4) by Hanna and A~hbough.~ 

Figure 3. UV determination of the equilibrium constant of charge-transfer complexation between 
BVE and MA m CH2C1CH2CI at 23OC by the method of Ketelaar et al. (Equation (1)). 
[MA] = 4.12 x 10-3 mole/dm3. ( 0 )  at 285 nm, (0) at 300 nm. 
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where, AAOb, = bAoas - SA, is the difference between the chemical shifts of 
the acceptor proton in complexing media (8,0ba) and that of the acceptor in 
uncomplexed form (EAO), and AA, = aA, - aA, is the difference in the 
acceptor proton chemical shifts in pure complcx (PC) and free acceptor. 

' .  

Figrrre' 4. UV determination of the equilibrium consttmt of charge-transfer cornplexatio~~ between 
RVE and MA in CHC14 at 23OC by the method of Scott (Equation (3)). [MA]- 4.12 x 
10-3  mole/dmJ. ( ) at 285 nm, (0) at 3 0  nm. 

'The equilibrium constants of the CT complexation between BVE and MA were 
determined in 1; 2-dichloroethane by equation ( I ) ,  in chloroform by Equation (3), 
and in carboll tetrachloride by Equation (4). The results are shown in Figs. 3,4 and 5, 
~espectively. In all cases, the concentration of MA was kept small and constant, 
while the concentration of BVE was increased. The chemical shift of chloroform 
was used as the inner standard in measuring thc chemical shift of MA. 
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TABLE 1. Relation between the polarity of the solvents and the equilibrium constants (K) of - 
charge-transfer complexation between BVE and MA in chloroalkanes. 

- 
Solvent Dielectric Method K EC or SAC 

- constant] 5 -. 
(drn3/rnole) 

Cc14 2.238 (20°C) NMR at 37OC 0.37 6.988 ppm 

CHCI? 4.806 (20°C) UV at 23OC [ 0.27 (at 285 nm) 75 
0.26 (at 300 nm) 67 

CHzCICHzCl 10.36 (250~)  uv at 2 3 0 ~  fO"'  at (285 nm) 560 
10.1 1 (at 300 nm) 450 

As seen in Table 1, the magnitude of the K values found in various chloroalkanes 
indicate that the CT complex between BVE and MA is a weak one. The decrease 
of K values with increasing solvent polarity suggests that tlie CT complexation 
follows a polar association of the components, and that the complex is predominantly 
at its no-bond ~ t a t e . 1 ~ ~ ' ~  The more polar solvent reduces the magnitude of K, 
because in more polar solvents, the free components are better stabilized than the 
complex of the components. It is considered that the planar vinyl ether part of 
BVE molecule complexes with the planar MA molecule parallel each other achieving 
the maximum overlapping of the  orbital^.^^.'^ 

Radical copolymerization of n-butyl vinyl ether with maleic anhydride BVE and 
MA readily underwent copolymerization at 60°C with AIBN in chloroform solution, 
although both BVE and MA were incapable of homopolymerization individually 
under the same conditions. The copolymer precipitated out in chloroform as the 
polymerization proceeded. The copolymer was soluble in polar solvents such as 
acetone, N, N-dimethyl formamide and dimethylsulphoxide, but was insoluble in 
non-polar solvents. 

Wave Number in cm-I 
Figure 6. The IR absorption spectrum of the copolymer of BVE and MA. The mole fraction of 

the MA units in this copolymer is 0.49. 



52 Kiyohisa Fqimori and Nanda A .  Wickramasinghe 

The IR spectrum of the copolymer in Fig. 6 shows large absorptions of five- 
membered anhydride group at  1770 and 1860 cm-l. The absorption due to the 
unsaturated ether linkage CH2=CH-0-C of BVE monomer which appears at 
1220 cm-1 is shifted to 1080 cm-I in the copolymer, showing that the ether linkage in 
the' copolymer is saturated, -CH2-CH-0-C. The sp3 C-H stretching of 
BVE appears at 2860 and 2940 cm-I both in the monomer and the copolymer. The 
sp2 C-H stretching of BVE monomer at 3100 and 3040 cm-I and that of MA at 
3160 cm-1 are completely absent in the copolymer, indicating the consumption of 
C=C double bonds in the copolymerization. 

0 
0 5 $6 15 20 

~ e a c f  ion Tlms in rnin 
Figure 7. The conversion in the copolymerization of RVE with MA with respect to the polymeri- 

zation time in CHCL3 at 60°C. [BVE]Y+ [MA] = 1.50 mole/dm3, [AIBN] = 3.00 X 
10-2 mole/dm3. The mole fraction of MA in thezmonomer mixture was 0.50 (0). ? 
0.65 ( 0 )  and 0.80 (A). 

The time-conversion curves of the copolymerization are shown in Figure 7. It is 
seen that the polymerization is rapid and that the rate is fairly constant up to a high 
conversion under the conditions used. 

The copolymer composition based on the titration of the MA units of the copolymer 
is shown in Figure 8. The composition of the copolymer is found to be 1 : 1 over a 
wide range of the monomer composition. Since neither BVE or MA homopolymeri- 
zes individually under the present conditions, the copolymer of BVE and MA is 
considered to be a 1 : 1 alternating copolymer. 
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0 0.5 8 .O 
.Mole Fraction of MA in Feed. 

Figure 8. The copolymer composition curve for the copolymerization of BVE with MA in CHClp 
at 60°C. [BVE] + [MA] = 3.00 mole/dmJ, [AIBNI = 6.00 x 10- mole/dm3. 

The initial rate of the copolymerization and the conversion of the polymerization 
after a prolonged reaction period (24 hours), are shown in Figure 9, with respect to 
the feed monomer composition. Both the initial rate of the copolymerization and 
the limiting conversion are maximum at 1 : 1 monomer composition of the feed. 
If the 1 : 1 CT complex of BVE and MA is the species that polymerizes to give the 
1 : 1 alternating copolymer, the rate of the copolymerization should be proportional 
to the concentration of the complex.* Since the concentration of a 1 : 1 complex 
becomes maximum at 1 : 1 feed monomer composition, the rate should be maximum 
at 1 : 1 feed monomer composition, which is consistent with the experimental 
observation. The theoretical limiting conversion is calculated assuming the poly- 
merization is an alternating copolymerization. The observed limiting conversion is 
within the theoretical limiting conversion and is closely parallel to it. 
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l nit ial Rate of ~opokjrnerization 
in wt.-% per min 

Figure 9. The initial rate of copolymeruation of BVE with MA ( ), and the limiting conversion 
after 24 hours of polymeruation (0). The dotted hnes are calculated for the maxlrnum 
possible conversion for a pure alternating copolymerization. (BVE) + (MA) = 1.50 
mole/drn3, (AIBN) - 3.00 x 10-2 mole/dm3 in CHCI, at 60°C. 
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Thus the copolymerization of BVE with MA can be gPlained when the 1 : 1 
alternating copolymer is thought to be formed through the polymerizatioil of the 
1 : 1 CT complex of BVE and MA, the complex being considered to be much more 
reactive than the free monomers. 

BVE 

1 ion 

Fig. 10. 

References 

1 BENSI, H. A., & HILDEBRAND, J. H. (1949) J. Am. Chem Soc., 71 : 2703. 
2. FLORY, P. J. (1953) In Principles of Polymer Chemistry, p. 110. Ithaca : Cornell Univ. press 
3. FUJIMORI. K. (1975) J. Macromol. Sci-Chem. A9 : 495. 
4. k h ~ ,  G. E. (1964) In Copolymerization, p. 845. New York : Intersclence. 
5. HANNA, M. W.. & ASHBOUGH, A. L. (1964) J. Phys. Chem. 68 : 811. 
6. IWATSUKI, S., & YAMASHITA, Y. (1965) Makromobl Chem. 89 : 205. 
7. JOB, P. (1925) C.R. Acad. Sci., Paris 180 : 928. 
8 KETELAAR, J. A. A., VAN DE STOLPE, C., GOUDSMID, A. & DZCUBAS, W (1952) Recl. Trav 

3 chim. 71 : 1104. 
9. KOKUBO, T., IWATSUKI, S .  & YAMASHITA, Y. (1958) Macromol 1 : 482. 
10. KOKUFJO, T., IWATSUKI, S. & YAMASHITA, Y. (1966) Makromolel Chem. 123 : 256. 
11. MAYO, F. R. (1947) Discussion Faraday Soc. 2 : 304. 
12. MULLIKEN, R. S. (1952) .I Am. Chem. Soc. 74 : 81 1. 

I 13. MULLIKEN, R. S - ,  Lk PER SO^, W. B. (1969) Molecular Complexes, New York : Wiley. 
14. PRICE, C .  C., & ALFREY, JR., T. (1946) J. Polym. Sci., 1 : 83. 
15. RIDDICK, J. A., & TOOPS, JR., E. E. (1955) Organic Solvents, 2nd Ed., New York, Interscience. 
16. SCOIT, R. L. (1956) Rec. trav. chim. '75 : 787. 
17. VOOEL, A. I. (1956) In a Textbook of Practical Organic Chemistry, 3rd Ed., p. 163, London, 

Longman. 
18. WALLING, C., BRIGOS, E. R., WOLFSTIRN, K. B., & MAYO, F. R. (1948) J. Am. Chem. Soc. 

70 : 1537. 
W 


	JNSF7_1_45.pdf
	JNSF7_1_45 (2).pdf
	JNSF7_1_45 (3).pdf
	JNSF7_1_45 (4).pdf
	JNSF7_1_45 (5).pdf
	JNSF7_1_45 (6).pdf
	JNSF7_1_45 (7).pdf
	JNSF7_1_45 (8).pdf
	JNSF7_1_45 (9).pdf
	JNSF7_1_45 (10).pdf
	JNSF7_1_45 (11).pdf

