
UV-visible spectroscopic study of the reaction
kinetics of methylpiperazine-modified
poly(vinyl chloride)s for use as fixed-state
proton carrier membranes

Anna R. Roudman and Robert P. Kusy*
The University of North Carolina, Dental Research Center, Department of Biomedical
Engineering, 313 DRC Building 210H, CB#7455, Chapel Hill, NC 27599, USA
(Received 13 August 1997; revised 10 November 1997)

Aminated poly(vinyl chloride)s (AmPVCs) were synthesized for use as fixed-site proton carrier membranes.
Reactions between PVC and methylpiperazine (MePIP) in dimethylformamide (DMF) were studied using UV-
VIS spectroscopy over time, temperature, and in the presence of the catalyst, potassium fluoride (KF). Based on
the spectra of AmPVCs in THF, the peak attributions were assigned and the extinction coefficients were calculated
to determine the vinyl MePIP groups and polyenes with different number of conjugated double bonds (n). The rate
constants for the accumulation of vinyl MePIP groups (kN), polyenes with 2# n # 7 (kn), and total conjugated
double bonds (kD) were calculated at 908C. ThekN constant was only about one half as much askD, andkn . knþ1

(for 2 # n # 7). Assuming an Arrhenius relationship, the activation energies (DE) were calculated for the
formation of the vinyl MePIP groups and polyenes with 2# n # 13 over different temperature ranges and in the
presence or absence of KF. The first double bond formation was always favoured over the substitution reaction at
any temperature and were independent of the presence of KF. As for the propagation of double bonds, short chains
grew easier than long chains; but after a certainn, they grew with the same energy barrier. When the EMF-pH
responses of AmPVC membranes were studied, no clear dependence was observed between the Nernstian
responses of the membranes and the amount of conjugated double bonds (D) or the D/RN, whereRN was the
amount of vinyl MePIP groups. Nernstian responses were obtained for membranes made from AmPVCs with
0.003# RN # 0.04 and 0.6# D/RN # 1.7.q 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

In recent years many publications have appeared in which
modified poly(vinyl chloride) (PVC) were used as fixed-site
proton carrier membranes1–3. Consequently, PVC has found
a new use as a precursor for novel polymeric syntheses. In
this work PVC was modified by a heterocyclic saturated
amine, 1-methylpiperazine (MePIP), and fixed-site proton
carrier membranes were prepared from the modified
polymer.

Since the advent of aminated PVCs as ion conductive
membranes, investigators have noted their discolouration4.
The presence of conjugated double bonds in these polymers
were presupposed, since substitution of the amine moiety (a
SN2-type reaction) and elimination of HC1 (an E2-type
reaction) occurred concurrently. Although some authors
studied the elimination reaction in PVC in the presence of
strong bases5, the processes of amination and elimination
have not been investigated simultaneously. So the direct
process (the amination) and a side or parallel process (the
elimination) were studied, using UV-VIS spectroscopy. The
best conditions of the amination were provided: high
nucleophilicity and basicity of the N-containing reagent,
MePIP; an excess MePIP over the polymeric halide; a
’good’ aprotic solvent,N,N-dimethylformamide (DMF);

and the presence of a catalyst, potassium fluoride (KF). The
SN2 and the E2 reactions were compared by their rate
constants and activation energies. Two questions were
addressed: why did the side reactions occur despite
unfavourable conditions? And did double bonds influence
the ion conductive properties of these materials? In the
present work the reactions between the PVC and MePIP
were investigatedversus time, temperature, and the
presence of a catalyst. After membranes were prepared
from these formulations, their pH responses were measured
in appropriate potentiometric cells. The interaction between
N containing groups, conjugated double bonds, and ion
conductive properties were discussed.

EXPERIMENTAL

General amination procedure
For each batch, 0.02 mol of PVC beads (MW¼ 110,000;

Polyscience) was reacted with 0.04 mol of 1-methylpiper-
azine (MePIP; Aldrich) in 50 ml of DMF (HPLC grade;
Sigma-Aldrich) under Argon (Ar) flow. In those experi-
ments in which a catalyst was used, 0.002 mol KF (Fluka-
Chemika) was added. In some cases, which will be
discussed later, 0.0004 and 0.01 mol of KF were also
used. Temperatures were maintained from 50 to 1108C.
Each reaction time was measured in hours (h). At the end
60 ml methyl alcohol (MeOH) (HPLC grade, Mallinckrodt
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Chrom AR) was added to quench the reaction. The solutions
with precipitated polymer were left standing for 24 h. Then
the solvent was removed with a Buchner funnel. The
polymer was washed by portions of MeOH until the pH of
the filtrate became neutral. Finally the aminated PVC
product (AmPVCs) was dried in a vacuum overnight.

As distinct from work where authors used piperazine as a
reactant3, this work used MePIP. As a result, crosslinking
due to a second tertiary anino group was not found.
Therefore, all formulations were soluble in THF.

Membrane preparation
The polymer of AmPVC, the negatively charged sites of

potassium tetrakis(p-chlorophenyl)borate (KTpClPB;
Fluka), and the plasticizer ofo-nitrophenyloctyl ether (o-
NPOE; Fluka) were dissolved in tetrahydrofuran (THF),
HPLC grade; Fisher Scientific) in the proportions,
100:2:200. For every 300 mg of polymer, its negatively
charged sites, and its plasticizer, 4 ml of THF was added.
Membrane disks that were about 200mm in thickness were
recovered following solvent evaporation of THF forca.
48 h.

Electromotive force (EMF) measurements
Ion-selective pH electrodes were fabricated from mem-

brane disks that were 0.7 cm in diameter. These were
preconditioned for a minimum of 24 h in a pH¼ 7 TRIS
buffer, which contained sodium as an ionic background.
Using an Ag/AgCl external reference electrode (Orion
Model 90–90), the EMF was measured across the
membrane disks at 238C with a pH/mV-meter (Orion
Model 720) from pH¼ 4 to pH¼ 12.

The general amination procedure, membrane preparation,
and EMF measurements have been detailed in a previous
publication6.

Recording UV-VIS spectra
A UV-VIS spectrophotometer (Model DU–70; Beck-

man) was used with a wavelength range of 190–900 nm and
a scanning speed of 60–2400 nm min¹1. The spectra of the
polymers were recorded in solutions of THF. Wavelengths
(l) were varied from 200 to 550 nm at a scanning speed of
120 nm min¹1.

For the first spectrum of any formulation 0.05 mol l¹1

solutions of AmPVC (assuming 1 mol of AmPVC< 1 mol
of PVC ¼ 62.5 g) were dissolved in THF. Wavelengths of
the absorbance maxima and values of the absorbance were
determined. Only those maxima were used for the
concentration calculations that satisfied the Lambert–
Beer’s law, A ¼ e·c·l; where A was the absorbance in
relative units,e was the extinction coefficient (l mol¹1 cm),
c was a concentration (mol l¹1), andl was a light path (cm).
Using corresponding dilutions of solutions by THF, working
spectra were obtained within these specifications for all
wavelengths. All solutions were kept under Ar to prevent
water sorption and/or to reduce oxidation.

Attributions and calculations
All formulations had a spectral peak at 2116 3 nm,

which was attributed to the vibration of electrons in the
MePIP ring. This attribution was made on the basis of
MePIP and 1,4-Dimethylpiperazine (DMePIP; Aldrich
Chem. Co) spectra, which have only one peak with the
samel. To calculate the extinction coefficient of amine-
containing groups in AmPVCs, the tertiary amine DMePIP,
was used. By preparing known concentrations of DMePIP in

THF (Table 1), the extinction coefficient of the DMePIP
(eN ¼ 115006 500 l mol¹1 cm) was determined at 0.05
(mol l¹1) PVC. Using this value ofeN, concentrations of
vinyl MePIP groups (cN) were determined in solutions of the
AmPVCs, assuming that this unit has the sameeN in
AmPVC that the low molecular weight DMePIP has in the
presence of PVC. The relative amounts of vinyl MePIP
groups in AmPVCs were calculated as the ratio,RN ¼ cN/co,
where co was the initial concentration of AmPVC in
solution.

Although PVC-reaction products can include a small
amount of carbonyl and allylic chloride groups, UV-VIS
spectra do not show their presence7,8. All other spectral
peaks of the AmPVCs were attributed to an availability of
sequences of conjugated double bonds (polyenes), wheren
was the number of conjugated double bonds in a certain
polyene. After the extinction coefficients were determined
for each polyene (en), concentrations of each polyene in
solution (cn) were obtained. The relative concentrations of
polyenes containingn double bonds (Rn) were expressed as
the ratio of their absolute concentrations (cn) to initial
concentrations of AmPVCs in solution (co), or Rn ¼ cn/co.
The total amount of conjugated double bonds (D) was
calculated as, equation (1)

D ¼
∑n¼ m

n¼ 1
nRn (1)

wheremwas the number of double bonds that were found in
the longest polyene of a given AmPVC.
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Table 1 Determination of the extinction coefficients (eN) for DMePIP in
the presence of 0.05 mol l¹1 PVC

c (mol l¹1) l (nm) Absorbance eN (l mol¹1 cm)

0.0000918 209.4 0.9261 10088
0.0000918 209.2 0.9167 9986
0.0000673 208.8 0.7695 11464
0.0000673 208.9 0.7352 11434
0.0000459 208.9 0.6762 14732
0.0000459 208.9 0.5971 13009

Figure 1 Spectrum of AmPVC that was synthesized at 908C for 6 h, a
portion of which was then dissolved in THF. The arrows indicate the special
points at three different concentrations



RESULTS

In total the spectra of about fifty batches of powders were
tested, of which a typical spectrum is given inFigure 1.
From all spectra about fifteen special points were identified
by arrowheads within the region froml ¼ 200 to l ¼
550 nm. Each point existed in a narrow interval 6–10 nm,
depending on the polymer concentrations. Not only points
of the maxima were implied as special points, but all points,
were the first derivative of absorbance (dA/dl) abruptly
changes its value. On they-axis of Figure 2 the l’s of all
special points were denoted, as well as the time,
temperature, and in (b) and (d) the presence of catalyst
(KF). More special points were observed with longer
reaction times or higher temperatures. When the catalyst
was present, its influence was observed at low and
intermediate temperatures for all time periods.

DISCUSSION

Attribution of peaks and calculation of extinction
coefficients for polyenes

All special points, except the first peak at 2116 3 nm,
were attributed to the availability of conjugated double
bonds in AmPVC. Some theoretical and experimental
background was used to identify the peak that represented
the electron vibration of a certain polyene withn conjugated
double bonds and its extinction coefficient.

In 1939 Lewis and Calvin formalized the theory that
changes in the colour of organic compounds containedn
conjugated double bonds9. Assuming a quasi-classical
model, they considered that the molecules represented

vibrating electronic systems, which were subject to the same
rules of quantitization as an harmonic oscillator. Accord-
ingly, two deductions were made,

l2
n ~ n (2)

and

en ~ n (3)

whereln was a wavelength of the greatest absorption max-
imum of the polyene sequence containingn conjugated dou-
ble bonds and en was its corresponding extinction
coefficient. In the mid 50’s and early 60’s this theory was
verified on several homologous series of organic sub-
stances10–12. Those authors found that spectra of polyenes
containing n conjugated double bonds consisted of four
maxima in order of increasing wavelengths—A, B, C, and
D. The spectra of the substances withn , 6 had very small
A maxima, which completely disappeared atn # 3. Maxima
C and D were the most prominent, although they were not
equal in value. In fact forn # 7, peak D was greater than C;
whereas forn $ 8, peak C was greater than D. The linear
dependencies were observed betweenln

2 andn for all four
maxima of polyenes, whenn ranged from 2 to 12, and
mostly for en andn, whenn ranged from 2 to 7. The data
for en were less reliable, however, because the separation
and purification of polyenes with highn were difficult.

Unlike organic compounds the polymer chain can include
polyenes of differentn simultaneously. Equations (2) and
(3) can be applicable for analyzing polyenes found in
polymers, if the following assumptions are made:

(i) The apparent of polyene sequences withn double
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Figure 2 The availability of peaks and other special points in the spectra of the AmPVCs: (a) and (b) for 3 h syntheses at different temperatures; (c) and (d)
for different times at 50, 60, and 908C, (a) and (c) without the KF catalyst; (b) and (d) in the presence of the KF catalyst



bonds in a polymer chain can be equated to the availabil-
ity of independent oscillators, whose properties equal
those of low molecular weight substances with the same
n. Some authors7,8,13,14, who studied the thermal degra-
dation of the PVC and poly(vinyl alcohol), successfully
used that assumption. This approach was incorporated in
this work to determine the amount and distribution of
conjugated double bonds in AmPVCs.

(ii) We also assumed that the spectra of AmPVCs
exhibited only the most intensive maxima of the related
low molecular weight compound spectra (C and D),
although they are the sums of the spectra of relative com-
pounds. Exactly as in low molecular weight compounds
case, equations (2) and (3) are fulfilled for each type of peak.

(iii) And a third assumption was made: that each max-
imum reflects the vibration of the only one type of poly-
ene for a givenn. That is, the interaction between
polyenes in a polymer chain is ignored. As a conse-
quence, the spectral inputs of all other polyenes within
the spectrum of a given polyene are ignored.

Returning to the experimental data of this work and
according to the first two assumptions, a distribution of

special pointls was made between two lines obeying the
law, ln ~

���
n

p
(Figure 3a). By linear regression analysis

straight lines were obtained that were significant having the
probability,p , 0.001. For 2# n # 5 andn ¼ 12, special
points belonged to lines C and D. At least one of them was
the maximum point for eachn. For 6# n # 10 andn ¼ 13,
points belonged only to the line D. Inexplicably the point
n ¼ 11 does not exist for either C or D.

Figure 3bshows a linear plot of all extinction coefficients
that were found in the literature for maxima C and D at
different n for low molecular weight substances10–12,15,16,
for which the regression lines were

en,C ¼ 24188n¹ 25797

and

en,D ¼ 17886n¹ 4654

The values ofen,C anden,D were calculated for alln from 2 to
14. The calculatedes together with correspondingls are
given in Table 2, which were used for the concentration
determination via Lambert-Beer’s law. If two special
points referred to the samen, the maxima points were
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Figure 3 Confirmation ofn to two assumptions: (a) the distribution of special points wavelengths between two lines according to the law,ln ~
���
n

p
; (b) the

dependenceen ~ n for experimental data of different low molecular weight polyenes, as found in the literature. In both plots (B) represents peak D and (l)
represents peak C



preferred for concentration calculations. Average values
were taken forc4 determined atl ¼ 307 andl ¼ 321 nm
andc12 at l ¼ 487 andl ¼ 493 nm, because no preference
was found.

Study of the substitution and elimination reactions
Figure 4shows the time dependence of accumulations of

vinyl MePIP groups (RN) (Figure 4a), total conjugated
double bonds (D) (Figure 4b), and separate polyenes (Rn)
with n¼ 2, andn¼ 7 (Figure 4candd) for formulations that
were made in the presence and absence of catalyst (KF) at

50, 60 and 908C. (Although onlyR2 and R7 were shown,
other polyenes have the same trends and only differ in their
specific values.) All dependencies were linear. In every case
more vinyl MePIP groups, conjugated double bonds, and
certain polyenes were observed in those formulations that
were synthesized in the presence of KF than without it, but
these differences diminished as the temperature decreased.

Based upon the linear regression lines of AmPVC data,
the reaction rate constantsk (h¹1) were calculated from
the slope of these lines for the accumulation of vinyl
MePIP groups (kN), and the polyenes with certainn (kn)
(2 # n # 7). In Table 3 these data are presented for
reactions carried out at 908C along with ratioskN/kD and
kN/knþ1. Note thatkN was only about one half as much as
kD but two times more thank2; so, despite the favourable
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Table 2 Wavelengths (l) and corresponding extinction coefficients (e) for
the quantitative determination of polyene sequences in PVC

n l (nm) eC (l mol¹1 cm) eD(l mol¹1 cm)

2 2356 4 22600
3 2746 3 46800
4 3076 3 71000
4 3216 3 66900
5 3556 2 84800
6 3836 3 102700
7 4076 3 120600
8 4306 3 138400
9 4516 2 156300
10 4726 3 174200
12 4876 2 264500
12 4936 2 210000
13 5126 3 227900
14 5356 3 245800

eN ¼ 11 500 (l mol¹1 cm) at 211 6 3 nm for vinyl MePIP groups
determination

Figure 4 The kinetics of the reactions: (a) accumulations of vinyl MePIP groups (RN); (b) total conjugated double bonds (D); (c) and (d) separate polyenes
(Rn) with n ¼ 2 andn ¼ 7. These formulations were reacted at 50 (B,A), 60 (l,S), and 908C (X,W) in the presence of 10 mol% KF (B,l,X) and without it
(A,S,W)

Table 3 Reaction rate constants of the vinyl MePIP group (kN), total
conjugated double bonds (kD), polyenes with certainn (kn), and specific
ratios at 908C

N, D, n kN, kD, kn (h¹1) kN/kD; kn/knþ1

KF present KF absent KF present KF absent

N 0.00529 0.00522 0.46 0.53
D 0.01150 0.00993 - -

2 0.00223 0.00234 2.9 3.7
3 0.00077 0.00064 1.9 1.9
4 0.00041 0.00034 2.0 1.9
5 0.00021 0.00018 1.8 2.0
6 0.00012 0.0009 2.0 -
7 0.00006 - - -



conditions for substitution, the elimination reaction propa-
gated faster. Also, although the catalyst accelerated both
reactions, the KF apparently accelerated the elimination
reaction more. Constants of the polyene formation withn ¼ 2
were higher than withn ¼ 3 by factors of 2.9 and 3.7 times,
when reacted in the presence and absence of KF, respectively.
Whenn $ 3, each successive polyene formed, having a rate
constant that was about two times less than the previous one.
Thus the propagation of the polyene chain decelerated by an
inverse relationship (1/2n¹1) for n $ 3 and showed no
indication of autocatalytic process.

Figure 5aandb show the influence of the catalyst at 60
and 908C, respectively, on the amount of vinyl MePIP
groups and conjugated double bonds and their distribution.
The more catalyst that was used the more vinyl MePIP
groups and polyenes that appeared at eachn and in total.
The dependence was not linear, if the amount of the catalyst
was more than 10 mol%.

Figure 6 represents the amounts of vinyl MePIP groups
(RN) (Figure 6a), total conjugated double bonds (D) (Figure
6b), and separate for polyenes (Rn) with n ¼ 2, andn ¼ 13
(Figure 6candd) versustemperature for formulations that
were reacted for 3 h in the presence and absence of KF.

Once again the dependencies ofRn are given only at the end
points,R2 andR13, all others have the same trends and only
differ in their specific values. At least three different parts
are apparent on these curves. The first part corresponds to
temperatures below 708C. Here the amounts of vinyl MePIP
groups, conjugated double bonds, and certain polyene
sequences are low and independent of temperature, but
depend on the presence or absence of the catalyst. The
second part occurs between 70 and 1008C for the
substitution reaction and 70 and 908C for the elimination
reaction, where the reactions go faster as temperature
increases. Here the influence of the catalyst was substantial.
In the third part above 1008C and 908C, respectively, the
yields from amination and elimination were very high and
appear independent of KF.

Assuming an Arrhenius relationship, the activation
energies (DE) (kcal mol¹1) were estimated for amination
and elimination; and for the latter, for total conjugated
double bond formation and for each polyene with certainn.
If plotted, the curvature of some lines would require two
linear regression analyses at the border of the second and
third parts of the temperature regions: at 1008C for
substitution and 908C for elimination. Then these lines
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Figure 5 The accumulation and distribution of vinyl MePIP groups (RN) and polyenes (Rn) with n ¼ 2,3,…,13 in formulations made with different amounts
of KF: (a) at 608C; and (b) at 908C



would be bent for the substitution reaction in the presence
and absence of the catalyst, but for the elimination reaction
these lines would be bent only in the presence of KF forlnD,
lnR3 andlnR4. Values for both temperature regions could be
used for theDE calculations, where the bends of the
experimental points existed.

Figure 7shows the variation inDE for different polyenes
synthesized in the presence and absence of KF. The data for
polyenes, which were synthesized without KF, had the only
values over the entire temperature interval 70–1108C for

eachn. The corresponding data for polyenes synthesized in
the presence of KF were plotted for the temperature interval
70–908C (solid lines) and above 908C (dotted line) forn ¼
2, 3, and 4. TheseDE data were extrapolated by necessity to
n ¼ 1 (dashed lines). (This extrapolation was possible
because the formation of the first double bond was governed
by the same process as the formation of any other double
bond, although this process was not measured under the
chosen experimental conditions by UV-VIS spectroscopy.)
As expected, theDEs of the conjugated double bond
formation were less in the presence of catalyst than without
it. The DEs increased whenn increased. Consequently the
small polyenes initiated and propagated more readily than
the large polyenes, the most favourable reactions being the
polyene reactions havingn ¼ 1 or 2, especially at
temperatures above 908C in the presence of KF. But if
n $ 8, the formation of the next double bond was
independent ofn for formulations synthesized without KF.
TheDEs of the substitution reaction within the temperature
region of 70 and 1008C were 17.3 and 23.5 kcal mol¹1 in
the presence and absence of KF, respectively, which
changed to 9.9 and 18.3 kcal mol¹1 above 1008C. Thus
DEs of the substitution reaction were comparable to those of
the elimination reaction (Figure 7) for low n (i.e., n ¼ 1, 2
and 3) at both temperature regions and yet were higher than
the first double bond formation (Figure 7). Therefore, the
formation of the first double bond was more favourable than
adding MePIP rings.

The AmPVCs were synthesized for use as fixed-site
proton carrier membranes.Figure 8a illustrates that a
Nernstian response can be attained by these membranes at a
rather low level of vinyl MePIP groups (RN ¼ 0.003–0.004),
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Figure 6 Influence of temperature on the yields of the reactions: (a) accumulations of vinyl MePIP groups (RN); b) total conjugated double bonds (D); (c) and
(d) separate polyenes (Rn) with n ¼ 2 andn ¼ 13. These formulations were reacted for 3 h in the presence of 10 mol% KF(B) and without it (A)

Figure 7 The activation energies (DE) for polyene sequence formation at
1 # n # 13 in the presence (B) and absence (A) of KF. The solid lines
representT ¼ 70–908C for n ¼ 2,3,…,13, the dotted line representsT .
908C for n¼ 2, 3, and 4, and the dashed lines represent the extrapolated data
to n ¼ 1.



independent of the presence of catalyst. Further increases in
RN, from about 0.003 to 0.04, do not change the pH
responses. AsRN increases further, the pH response
decreases once again as a result of the poor structural
quality of low molecular weight AmPVCs, as was shown
previously6. The influence of double bonds on ion
conductive properties of AmPVC still is not very clear
(Figure 8b), since the amination and elimination happen
simultaneously.Figure 8aandb appear to be the same, but
no dependence is noted between the double bond contents
and ion conductive properties in the absence of the fixed-site
proton carriers—that is, the vinyl MePIP groups. The
influence of theD/RN ratios on the EMF-pH responses
(Figure 8c) showed that either good (Nernstian) or bad
responses could be obtained for the sameD/RN ratios.
However almost all Nernstian responses were observed for
membranes having 0.6# D/RN # 1.7.

CONCLUSIONS

(1) Using UV-VIS spectroscopy, the vinyl MePIP groups
and polyenes with differentn (number of conjugated
double bonds) could be detected in the AmPVCs from
extinction coefficients that corresponded to low mole-
cular weight substances.

(2) The vinyl MePIP group, double bond content, and their
distribution were studied in the AmPVCsversustime,
temperature, and presence of KF. All three factors
increased the number of vinyl MePIP groups, increased

the conjugated double bond contents, and extended the
distribution.

(3) The rate constants of the accumulation for vinyl MePIP
groups (kN), polyenes with 2# n # 7 (kn), and total
conjugated double bonds (kD) were found at 908C along
with the ratioskN/kD and kn/knþ 1. Here kN was only
about one half as much askD andkn . knþ1 for 2 # n
# 7. Therefore, the elimination reaction was more
favoured over substitution, although the autocatalytic
mechanism of elimination was not found.

(4) Three temperature regions were detected wherein the
temperature and presence of the catalyst influenced dif-
ferently the substitution (below 708C, 70–1008C, and
above 1008C) and elimination (below 708C, 70–908C,
and above 908C) reactions.

(5) Activation energies (DE) for the formation of vinyl
MePIP groups and polyenes with 2# n # 13 were
found. They were 17.3 and 23.5 kcal mol¹1 in the pre-
sence and absence of KF, respectively, within the tem-
perature region of 70–1008C for the substitution
reaction; and 9.9 and 18.3 kcal mol¹1 above 1008C.
For different polyenes they ranged from 9 to 62 kcal
mol¹1, depending on the values ofn, the temperature
region, and the presence of the catalyst. AllDEs are
lower in presence of the catalyst than in its absence.
A deduction was made that the formation of the first
double bond was favoured over a substitution reaction.
As for propagation of the sequence of the double bonds,
short chains grew easier than long up to a certainn, at
which point they grew with the same energy barrier.

UV-visible spectroscopic study: A. R. Roudman and R. P. Kusy
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Figure 8 Slopes of the potentiometric-pH responses in the presence (B) and absence (A) of KF versus: (a) the vinyl MePIP group content (RN); (b) the total
conjugated double bond content (D) for all formulations; (c) the ratioD/RN. The two horizontal dotted lines encompass the region of acceptable Nernstian
behaviour; whereas the vertical dotted lines repreesnt the minimum value ofRN or D at which the Nernstian response is possible, i.e., at 0.003–0.004



(6) Nernstian responses were obtained for membranes
made from AmPVCs with 0.003# RN # 0.04 and 0.6
# D/RN # 1.7.
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