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ABSTRACT: The N-atoms in two polymers, poly(4,4′-dinonyl-5,5′-bithiazole-2,2′-diyl-co-5-tert-butylphe-
nylene-1,3-diyl) (PBT) and poly(4,4′-bis(p-dodecylphenyl)-2,2′-bithiazole-5,5′diyl) (DBT), have been quat-
ernized by the reaction of the polymer with methyltriflate to give their respective N-methylated derivatives,
MPBT and MDBT. Quaternization of the ring nitrogen atom lowers the energy levels of both the HOMO
and LUMO and, hence, alters those polymer properties which are dependent on these energy levels.
Both the absorbance and emission spectra red shift upon methylation, and the electrochemical reduction
potential increases by 0.88 V. An increase of up to 8 orders of magnitude was also observed in the
conductivity.

Introduction

Conjugated polymers are being used in several device
applications, including light-emitting diodes (LEDs)1-4

and thin-film transistors (TFTs).5-7 The performance of
both devices depends on the charge mobility; however,
the electroluminescence efficiency of an LED is highly
sensitive to solid-state morphology changes. For ex-
ample, π-stacking was shown to greatly enhance inter-
chain electron hopping and, thus, increase the charge
mobility.8,9 However, the alignment of the π-systems
3-4 Å apart engcourages the formation of excimers, 10

and excimers have been shown to quench the lumines-
cence efficiency through the loss of energy by nonra-
diative processes.10-14 Hence, the properties that en-
hance the performance of a TFT, such as the formation
of π-stacks, are often detrimental to the operation of an
LED. Thus, it is necessary to tune each polymer for a
specific application.

One method of tuning polymer properties involves
making specific structural changes in the polymer, i.e.,
replacing an alkyl side chain with an alkoxy group to
alter electronic properties in polythiophenes and poly-
phenylenevinylenes (PPVs). An alternative route is the
modification of a functional group on the polymer.
Examples include the quaternization of the nitrogen in
pyridine-containing polymers with an alkyl group15 or
the complexation of metals to a nitrogen in a bithiazole
ring.16 The latter method is potentially more interesting
because of the wide variety of materials obtainable from
one basic synthetic route. For example, the properties
may be changed by using different percentages of
N-alkylation or different alkylating agents or, in the
case of metal complexation, by using different metals.
Also, these methods have the potential of being revers-
ible, thus opening the possibility of utilizing these
modifications to form sensors.

The synthesis and characterization of a series of
n-dopable, bithiazole-containing polymers have been
recently reported.17-21 It was shown that by tailoring
the substituent or comonomer, the structural and optical

properties could be altered while keeping other proper-
ties constant, such as electrochemical behavior. Here,
we report that important properties of these polymers,
e.g., reduction potential, emission wavelength, conduc-
tivity, solubility, etc., can be altered dramatically by
alkylation, i.e., quaternizing the ring nitrogen atom.

Experimental Section
Materials. All manipulations and polymerizations were

performed under a nitrogen atmosphere using standard Schlenk
line techniques unless otherwise stated. Reagents were pur-
chased and used as received unless otherwise stated.

1H NMR spectra were collected on a Bruker AM-360, AM-
300, or AM-200 and referenced to the residual proton solvent
resonance. UV-vis spectra were collected on a Shimadzu
3101PC with baseline correction. Emission spectra were
collected on a Shimadzu 4121 interfaced with a Gateway
computer. Cyclic voltammetry (CV) was run using a home-
built potentiostat, designed by Wayne Burkhardt, electronics
shop, Department of Chemistry, University of Michigan,
interfaced to a PC computer with a custom program written
by Dr. S. Paras, Department of Chemistry, University of
Michigan. The solvent was dry CH2Cl2, and the supporting
electrolyte was tetrabutylammonium hexafluorophosphate (0.1
M). The reported potentials are vs the ferrocene/ferrocenium
(Fc/Fc+) couple, obtained by adding a crystal of ferrocene to
the solution. Two probe conductivity measurements were
performed with a Keithley 617 electrometer on polymer films
metallized by evaporation of aluminum. Elemental analyses
were performed by either Galbraith Laboratories or the
University of Michigan Microanalysis Laboratory.

All of the theoretical calculations were conducted on a Cache
work station. Extented Hückel calculations were used to model
the molecular orbitals. MOPAC, utilizing the PM3 parameters,
was used to optimize the geometry. Zindo, with INDO/1
parameters and the configuration interaction set to 9, was used
to model the electronic spectrum.

Synthesis of Methylated Poly(4,4′-dinonyl-5,5′-bithia-
zole-2,2′-diyl-co-5-tert-butylphenylene-1,3-diyl) (MPBT).
A 250 mL Schlenk flask was charged with poly(4,4′-dinonyl-
5,5′-bithiazole-2,2′-diyl-co-5-tert-butylphenylene-1,3-diyl)
(PBT)17,21 (0.50 g, 0.91 mmol based on repeat) in CHCl3 (100
mL). Methyltriflate (1.74 g, 1.2 mL, 10.6 mmol) was added in
0.2 mL increments over 2 days. After 1 day, the solution was
heated to 35-40 °C. A solid coated the flask over time. CHCl3
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(50 mL) was added to try to dissolve the solid, but the solid
did not dissolve. After 3 days, the solvent was removed and
the brittle yellow solid was collected; yield ) 0.76 g. 1H NMR
((CD3)2CO): δ 0.84 (t, J ) 3.6 Hz), 1.15-1.40 (m), 1.48 (s),
1.75-1.92 (unresolved m), 2.90-3.05 (unresolved m), 3.05-
3.20 (unresolved m), 4.18 (s), 4.30 (s), 8.23-8.46 (aromatic
protons). λmax(abs) ) 324 nm, 363 nm (film). λmax(em) ) 476
nm (film). FT-IR (KBr): νNCS ) 1455 cm--1, νtriflate ) 639, 1033,
1258 cm-1. Fluorine analysis: 11.65% (85% N-methylation or
1.7 N-Me groups/bithiazole unit).

General Procedure for the Synthesis of Methylated
Poly(4,4′-bis(p-dodecylphenyl)-2,2′-bithiazole-5,5′-diyl)
(MDBT). A 100 mL Schlenk flask was charged with poly(4,4′-
bis(p-dodecylphenyl)-2,2′-bithiazole-5,5′-diyl) (DBT)17,21 (0.46
g, 0.71 mmol) in CHCl3 (70 mL). Methyltriflate (1.45 g, 1 mL,
8.8 mmol) was added in two increments 24 h apart. The
reaction mixture was heated at 50 °C for 2 days, and solvent
was removed to give a red film; yield ) 0.56 g. 1H NMR
(CDCl3): δ 0.80-0.88 (br), 1.10-1.45 (m), 1.55-1.67 (br), 2.53-
2.65 (br), 7.02-7.15 (br), 7.67-7.75 (br). λmax(abs) ) 456 nm
(film). λmax(em) ) 568 nm (film). FT-IR (KBr): νNCS ) 1455
cm--1, νtriflate ) 646, 1033, 1258 cm-1 Fluorine analysis: 4.68%
(40% N-methylation or 0.8 N-Me groups/bithiazole unit).
Table 1 lists the times and temperatures used to obtain
different percentages of N-methylation.

Results and Discussion

Preparation. Scheme 1 illustrates the reaction of
methyltriflate with PBT and DBT to form the N-
methylated derivatives, MDBT and MPBT, respectively.

Due to an equilibrium that exists between the methy-
lated and unmethylated polymers in solution, an excess
of methyltriflate was used in all cases in order to drive
the methylation reaction to completion. The extent of
methylation was controlled by adjusting two variables:
exposure time to methyltriflate and temperature. To
obtain low degrees of methylation, relatively short
exposure times, between 6 and 24 h, were used in
combination with stirring at room temperature. Higher
amounts of alkylation were attained through longer
exposure times, 2-3 days, and with mild heating, up
to 50 °C. In this way, a series of MDBTs were synthe-
sized with differing amounts of methylation. This series
of polymers was used to study the effect of varying the
amount of N-methylation between 0 and 100% (every
nitrogen quaternized). Table 1 summarizes the reaction
conditions for the MDBTs.

The reagent, methyltriflate, was chosen to quaternize
the ring N-atoms for two reasons. First, the nitrogen in
the ring is a relatively weak nucleophile (pKa ) 1.0-
3.0,22-24 depending upon the ring substituents), and,
consequently, a strong alkylating agent is required for
the quaternization. Second, the triflate anion provides
a good “handle” for determining the extent of methyla-
tion. The triflate anion contains the only fluorine in the
polymer sample. Hence, fluorine analysis gives the
concentration of the triflate ion, and since there is one
triflate ion per quaternized N-atom, the extent of
N-methylation is thereby determined. Also, the triflate
ion has strong IR bands at ν ) 1258, 1033, and 646
cm-1, allowing further characterization of the extent of
methylation by FT-IR analysis.

Figure 1 overlays the IR spectra of DBT with M-40-
DBT and M-100-DBT (the number designates the
percent of N-atoms that are methylated; e.g., M-40-DBT
means that 40% of the N-atoms in DBT have been
quaternized). As the extent of methylation increases,
so does the concentration of the triflate counterion, and
since N-methylation does not significantly alter the
intensity of the ring mode at 1455 cm-1, the intensities
of the triflate peaks increase relative to those of the ring.
These ratios may also be used to assess the extent of
N-methylation.

Scheme 1. Synthesis of the Methylated Polymers (50% Methylated Shown)

Table 1. Reaction Conditions for the Synthesis of
MDBTsa

polym MeOTf/N-atomb time of reacn tempc % F

M-6-DBT 4 7 h rt 0.70
M-8-DBT 7 30 h rt 0.90
M-26-DBT 11 66 h rt 3.00
M-40-DBT 6 2 days 50 °C 4.68
M-91-DBTd 7 7 days 50 °C 10.60
M-100-DBTe 7 7 days 50 °C 14.04

a An excess of methyltriflate was used in all cases. b The number
of equivalents of methyltriflate used per N-atom. c rt ) room
temperature. d Synthesized from MDBT (100%) via Soxhlet ex-
traction of excess methyltriflate with hexanes. e Flourine anaylsis
indicates that excess methyltriflate is trapped in the polymer. This
polymer was used as synthesized.
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Proton NMR proved to be ineffectual in characterizing
the methylated polymers. The methylated polymers
dissolve completely in CHCl3 (MDBT) or acetone (MPBT),
but, in solution, the triflate ion displaces the methyl
group from the weakly basic N-atom, resulting in the
equilibrium shown in Scheme 1 as indicated by the
appearance of two peaks at 4.18 and 4.30 ppm due to
methyltriflate and the N-methyl groups in the polymer,
MPBT, respectively. In addition, the peak due to the
N-methyl protons in the more rigid polymer, MDBT, is
broadened to such an extent that it is essentially
unobservable. This phenomenon has also been observed
for the R-CH2 protons in the NMR spectrum of poly-
(nonylbithiazole), and the effect was ascribed to a low
tumbling rate of the groups directly attached to the rigid
polymer backbone.25 The low tumbling rate results in a
“solid-like” spectrum characterized by broad peaks
arising from dipole-dipole interactions and chemical
shift anisotropy. However, the methylation of DBT was
confirmed by both the presence of the triflate anion
bands in the FT-IR spectrum and the detection of
fluorine by chemical analysis.

Optical Properties. The UV-vis spectra of both
PBT and DBT films red shift upon N-methylation. The

red shifts are 50 nm, from 420 to 473 nm for M-100-
DBT, and 26 nm, from 338 to 364 nm for M-85-PBT.
Molecular orbital (MO) calculations for methylbithiazole
show that this is an electronic effect that arises from
the fact that both the HOMO and LUMO have electron
density on the nitrogen atom. Thus, upon methylation,
the formation of a positive charge on the nitrogen atom
lowers the energy of both orbitals. However, because of
the greater amount of electron density on the nitrogen
in the LUMO; its energy is lowered more than that of
the HOMO; therefore, the optical band gap decreases,
resulting in the longer wavelength absorption. Figure
2 illustrates the changes in the energies of the HOMOs
and LUMOs of methylbithiazole (MBT) and diproto-
nated MBT, MBT-H2

+2 calculated by the PM3 method
in the CAChe MOPAC suite. Also shown are the
representations of the HOMO and LUMO of MBT. The
calculated band gaps are larger than the measured
values, but the trends in energies are expected to be
more reliable than their absolute values. Hence, these
trends may be compared to those observed for the
polymers DBT, M-100-DBT, PBT, and M-85-PBT which
have band gaps of 2.65, 1.94, 2.94, and 2.81 eV,
respectively. (Band gaps were measured by linearly
extrapolating the low-energy side of the absorption band
to zero absorption.) Unfortunately, the absolute values
of the HOMO and LUMO energies with respect to the
vacuum could not be established because a reliable
reduction potential could not be measured for the
heavily methylated polymers. The difficulty of measur-
ing the reduction potential is related to the equilibrium
shown in Scheme 1. In the polar solvent containing
dissolved electrolyte (Bu4NPF6), displacement of the
N-methyl group gave a mixture in which the degree of
methylation is not known. This displacement reaction
was evident by the reduction peaks attributable to
methyltriflate, confirmed by the addition of methyltri-
flate to the analyte solution.

The greater shift in MDBT vs MPBT is caused by the
difference in the effective conjugation length of the two
polymers. DBT, with a longer effective conjugation
length than PBT, has more methylation sites available,
i.e., more nitrogens, per chromophore. Since the elec-
tronic effect of each quaternized nitrogen is additive,
the shift in DBT is more dramatic.

Figure 3 is a plot of the UV-vis spectra of DBT and
MDBT films. Overall, with increasing amounts of me-
thylation, longer wavelength absorption was observed.

Figure 1. FT-IR spectra of DBT, M-40-DBT, and M-100-DBT.

Figure 2. Calculated energy levels of the HOMOs and LUMOs for MBT and MBT-H2
2+ displayed with the extended Hückel

calculated MOs of methylbithiazole.
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The bimodal curve of M-26-DBT appears to result from
a combination of two absorbing species: unmethylated
and ∼50% methylated materials, as evidenced by the
overlap of the peaks with those of DBT and M-40-DBT.
As the percentage of alkylation was increased such that
approximately every other nitrogen atom was alkylated,
a single, broader absorbance peak at 456 nm appears
(M-40-DBT). Finally, a maximum of 473 nm is reached
with M-100-DBT. It should be noted that a red shifted
absorbance was also observed when nonylbithiazole
oligomers (NBTn) were treated with either methyltri-
flate or triflic acid.26

The amount of the shift is determined by a combina-
tion of electronic and steric effects. In solution or in the
solid state, the conjugated backbones of PBT and DBT
are nonplanar due to steric repulsion between the large
side chains. The steric repulsion twists the bithiazole
rings out of coplanarity, leading to a shorter effective
conjugation length and a blue shift of the λmax. Since
the observed spectra are seen to red shift with increas-
ing N-alkylation, the electronic effect dominates the
absorption (Figure 2). However, in the more planar poly-
(nonylbithiazole), a red shift, due to the electronic effect,
is observed up to 50% methylation. With higher degrees
of methylation, steric hindrance begins forcing the rings
out of planarity causing a corresponding blue shift back
to the λmax of the original polymer.27

These spectral changes were modeled with calcula-
tions on protonated methylbithiazole. The absorption
spectra of four compounds, planar methylbithiazole,
planar, singly protonated methylbithiazole, planar,
diprotonated methylbithiazole, and diprotonated meth-
ylbithiazole with a 90° torsion angle between the
thiazole rings, were calculated with the MO program,
Zindo. The predicted values for the absorption maxima
were 356, 459, 533, and 418 nm, respectively. Thus,
increasing the extent of protonation caused a red shift
in the absorbance; however, when a twist between the
thiazole rings, like that caused by stertic repulsion, was
introduced, the absorbance blue shifted. These predic-
tions are consistent with results of experiments in which
the nitrogen atoms of 2,2′-bithiazole were bridged by
alkyl chains of different lengths.28 The shorter, C2
chains keep the rings essentially coplanar, while the
longer alkyl chains force the rings out of coplanarity. A
blue shift in the absorbance was observed as the
linkages were made longer. This steric vs electronic
effect has also been observed in a bipyridinium system
as well.29

The emission wavelengths of the polymer films also
increase upon N-methylation. M-85-PBT emits at 478
nm, whereas PBT emits at 452 nm, a shift of 26 nm.

The corresponding emission wavelength for M-100-DBT
and DBT are 593 and 511 nm, a shift of 82 nm. The
larger shift in emission wavelength in DBT can be
explained by its larger effective conjugation length as
discussed above for the absorption spectra.

Quaternization of the N-atoms can be used to tune
the emission wavelength through a range of colors. By
varying the amount of alkylation, the emission color
could be changed continuously from yellow to red.
Figure 4 is a plot of the fluorescence spectra for films
of MDBT with differing degrees of methylation. As with
the UV-vis absorption spectra, increasing the extent
of N-methylation shifts the emission to longer wave-
lengths, but the shifts level off at the higher degrees of
methylation, as seen in Figure 5.

Electrochemistry. Methylation of the ring N-atoms
is calculated to lower the energy levels of both the
HOMO and LUMO. The reduction of a conjugated
molecule occurs by placing an electron into the π*-
LUMO, while oxidation represents the removal of an
electron from the π-HOMO. Lowering the energy level
of the HOMO through alkylation increases the oxidation
potential of the polymer, while lowering the energy level
of the LUMO increases (makes more positive) the
reduction potential.

Figure 6 is an overlay of the cathodic waves for DBT,
M-26-DBT, and M-40-DBT. Increasing N-alkylation
increases the reduction potential: DBT, -1.87 V; M-26-
DBT, -1.61 V; and M-40-DBT (-1.31 V), a shift of 0.56
V with less than half the available N-atoms alkylated.
An increased reduction potential was also observed for
NBT oligomers.26 The methylated polymers do not
exhibit any oxidation within the range of the solvent
system (range ) -2 to +2 V) which is not surprising
considering the already high oxidation potential of DBT,
Eox

p ) 1.05 V.
Although the reduction potential increases with in-

creasing alkylation, the upper limit of the reduction

Figure 3. UV-vis spectra of DBT (a), M-26-DBT (b), M-40-
DBT (c), and M-100-DBT (d) films.

Figure 4. Emission spectra of DBT as a function of the extent
of methylation.

Figure 5. Plot of emission wavelength vs extent of methyla-
tion for MDBTs.
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potential could not be obtained because the polar solvent
and electrolyte shifts the equilibrium between methy-
lated and unmethylated polymer as illustrated in eq 1.

The solution CVs of the polymers with high degrees of
methylation showed peaks due to free methyltriflate,
while attempted CVs of the solid films were complicated
by solubility of the methylated polymers and poor
adhesion of the films to the electrode.

Conductivity. Since both MPBT and MDBT are
polyelectrolytes, the conductivity is complicated by
contributions of ionic conductivity to the electronic
conductivity. The ionic conductivity comes from polar-
ization and possible discharge of the ions, while the
electronic portion arises from the transport of electrons
through the π-system. Ionic conductivity can be elimi-
nated by using DC current and ion-blocking electrodes
and monitoring the current response over time at a
constant potential until steady state is reached. Figure
7 shows a plot of current vs time at constant potential
for MPBT. The initial, rapid change in the current is
due to polarization of the mobile charges (ions) in the
polymer matrix. However, after a short time, polariza-
tion is complete, and the “leftover” current is due solely
to electronic conductivity. The difference between the
final steady state and the initial current shows that 80%
of the initial current was due to ionic polarization. Two
probe conductivity measurements of each polymer film
were performed, allowing enough time for polarization
to occur and the current to stabilize, as shown in Figure
7. An increase of 8 and 6 orders of magnitude in the
conductivity was observed in going from DBT to M-100-
DBT and from PBT to M-85-PBT, respectively. Table 2
lists the conductivities of the different methylated

polymers, and Figure 8 shows a plot of conductivity vs
the extent of methylation for MDBTs.

The increase in conductivity upon methyation can be
explained by three possible mechanisms. As conductivity
is proportional to the number of charge carriers, one
explanation could be that quaternization increases the
number of charge carriers. Another explanation for the
higher observed conductivity of the methylated polymers
involves the increase in carrier mobility. The third
explanation is simply a combination of the above.

Several methods for detecting charge carriers exist.
One such method has been the use of near-IR spectra.
“Free carriers” are known to absorb in the near IR, and
in fact, this absorbance has been used to estimate the
conductivity of a material.21,30,31 The UV-vis-near-IR
spectrum of MDBT shows a slight increase in the near-
IR absorbance as compared to DBT. Unfortunately, the
increase could not be resolved from possible baseline
noise and therefore is inconclusive. The ESR spectra,
further complicating matters, actually shows a decrease
in the intensity of the g ) 2 signal of M-40-DBT as
compared to the DBT starting polymer. The diminished
signal can be caused by either a spin pairing of the
polarons32 or by a decrease in the number of carriers.
Again, these data are inconclusive.

Typically, in conducting polymers, increasing carrier
mobility involves the extension of the conjugation length
and the formation of π-stacks. However, in poly(nonyl-
bithiazole), it has been observed that large amounts of
methylation both shortens the effective conjugation
length and disrupts the formation of π-stacks.27 Hence,
in order for the carrier mobility to increase, another
mechanism must exist in this system. The comparison
of the electron hopping mechanism of conductivity to
an outer sphere electron-transfer redox reaction pro-
vides insight into a possible mechanism for increased
carrier mobility.33 The carrier mobility will be dependent
upon a molecular reorganization energy as well as the
energy associated with a counterion transfer.34-36 It is
difficult to predict how N-methylation would affect the
reorganization energy; however, the counterion transfer
should become easier in the methylated materials. In
order for the electron to hop, the counterion must first
bridge the two molecules and “condition” the receptor

Figure 6. Cyclic voltammogram of DBT (c), M-26-DBT (b),
and M-40-DBT (a) in a solution of 0.1 M TBAPF6 in CH2Cl2
using a sweep rate of 200 mV/s (referenced vs Fc/Fc+).

Figure 7. Plot of current vs time at -100 V for MPBT.

Figure 8. Plot of conductivity vs extent of methylation for
MDBTs.

Table 2. Conductivity of the Polymers

polym
conductivity

(S/cm) polym
conductivity

(S/cm)

DBT 5 × 10-14 M-91-DBT 1 × 10-6

M-6-DBT 2 × 10-11 M-100-DBT 1 × 10-6

M-8-DBT 2 × 10-11 PBT 4 × 10-14

M-26-DBT 9 × 10-9 M-85-PBT 1 × 10-8

M-40-DBT 1 × 10-8
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site for the transfer of the electron. In the methylated
polymers, the concentration of counterions is larger,
thus increasing the probability that a counterion will
be adjacent to the receptor site. Hence, electron hopping
can occur more readily in the “ionic atmosphere” of the
N-methylated polymer, thereby increasing the carrier
mobility. This theory also explains the leveling of the
conductivity at higher degrees of methylation. After a
certain amount of methylation, a critical concentration
of counterion is reached such that the probability of ion
exchange becomes essentially constant.

Thermal Stability. Both DBT and PBT exhibit high
thermal stability: the 5% weight loss threshold occurs
above 500 °C. Figure 9 shows the TGA curves of
different MDBTs and of DBT. At lower temperatures,
the percent weight loss is a function of the extent of
N-methylation. As the samples are heated, the triflate
ion attacks the N-methyl group, demethylation occurs,
and the resultant methyltriflate is vaporized. The higher
the degree of N-methylation, the greater is the weight
percent of the overall polymer due to methyltriflate.
Hence, a higher weight loss is observed for the polymers
with the highest extent of methylation. However, it is
apparent from the curves that the methylation does not
effect the ring structure in that all of the traces show a
sharp weight loss around 500 °C, which is similar to
the original polymer, DBT. Although the percent weight
loss prior to 500 °C parallels the percent N-methylation,
it is difficult to pick out an inflection point that corre-
sponds directly to the extent of methylation. It is
important to note that the methylated polymers are
shelf stable and that demethylation in the solid state
is a function of temperature. The synthesis of these
polymers included drying under vacuum (5 mTorr) at
room temperature without significant loss of methyl-
triflate.

Light-Emitting Diodes. One potential use for these
methylated polymers is as an electron transport/hole
blocking (ETHB) layer in LEDs. Chemically, a good
electron injection layer should have a high reduction
potential (i.e. more positive) while a hole blocking layer
should have a high oxidation potential. The higher
conductivities of the methylated polymers compared to
neutral conjugated systems also allows better electron
transport. Fabrication of LEDs using the methylated
polymers as the ETHB layer is underway. The results
of these studies will be presented in a future paper.

Conclusions

The quaternization of bithiazole-containing polymers
is a viable method of tuning various polymer charac-
teristics. Both the optical properties and electrochemical
properties were altered in a continuous manner upon

N-methylation. The conductivity of these undoped poly-
mers also increased up to 8 orders of magnitude with
larger amounts of alkylation. A comparison of the effects
of N-methylation on two polymers, MDBT and MPBT,
shows that the effect of N-methylation is a function of
the intrinsic properties of the polymer as well as the
extent of methylation.
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Figure 9. TGA traces of DBT overlaid with different MDBTs.
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