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Photo-initiated polymerization of acrylamide in water
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Abstract

The kinetics of the photo-initiated polymerization of acrylamide in water, at up to 10% w/w polymer and under ambient conditions, are stud-
ied using in situ Raman spectroscopy. Three photo-initiators were studied, UO2

2þ, 2,20-azobis(2-amidinopropane) (‘‘V-50’’) and persulfate, with
photo-initiation by a low-pressure Hg lamp. The dependences of polymerization rate on time, initiator concentration and initiator type show that
classical free-radical polymerization kinetics provides an acceptable quantitative description for this system, even though the rate coefficients
controlling aqueous-phase polymerization of acrylamide are very sensitive to changes in solvency during polymerization. The initiation rates
with all three photo-initiators were proportional to the absorption at 254 nm wavelength of the Hg lamp.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Polymers containing water-soluble monomers such as
acrylamide and acrylic acid have many industrial applications
[1]. The rate coefficients for the various processes involved in
the free-radical polymerization of water-soluble monomers
in the aqueous phase are very sensitive to solvent effects,
such as the concentrations of monomer, polymer and initiator
(e.g. Refs. [2e6]). This sensitivity can be understood in terms
of the sensitivity of the energies of reactants and transition
state to polar effects [7], but cannot yet be predicted ab initio
with sufficient accuracy. An additional complexity is afforded
by the chain-length dependence of the termination rate coeffi-
cient, an effect present in all free-radical polymerizations.

One case of technical importance where this complexity
may be reduced is the polymerization of acrylamide in water
solutions at moderate concentrations, say up to 10% monomer.
Solution polymerization of relatively dilute polymer (w10%)
is not infrequently used to produce gels for sodium dodecyl
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sulfate polyacrylamide gel electrophoresis (SDSePAGE),
a widely used technique for identifying proteins and their
substructures in biomedicine and agriculture (e.g. Ref. [8]).
SDSePAGE membranes comprise polyacrylamide cross-
linked with bisacrylamide. Photo-activated polymerization un-
der ambient conditions is used to produce these membranes;
the membranes have a large surface area which is not sealed
and are formed on a substrate which does not allow a heat-
initiated or redox polymerization to be set in place.

The objective of the present study is to examine the kinetics
of photo-induced free-radical polymerization of acrylamide
under similar conditions to those used to produce SDSe
PAGE membranes, but without cross-linking agent. The rela-
tively low levels of cross-linking in typical commercial recipes
should not have any significant kinetic effect on the overall
polymerization rate because all rate processes in this system
are either under chemical control or governed by diffusion
of small entities; neither chemically controlled nor (oligo-
meric) diffusion-controlled reactions will be affected signifi-
cantly by a few cross-links in a polymer/solvent matrix.

The present study aims to find the rate ‘laws’ controlling
photo-initiated polymerization of acrylamide under conditions
similar to those used in industry to make some widely used
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SDSePAGE membranes. The total monomer/polymer concen-
tration being low, classical kinetics should provide a good
starting point for kinetic analysis; however, the effects of
changes in solvency and of chain-length dependent termination
are sufficiently strong in this system; it is anticipated that an ac-
curate quantitative description of the polymerization kinetics
would need significant improvements upon the classical model.
Indeed, deviations from classical kinetics for acrylamide poly-
merization are apparent in the literature (e.g. Ref. [9]).

There have been quite a few studies of the free-radical
polymerization of acrylamide in solution under a wide range
of conditions (going back to the pioneering work of Dainton
and colleagues [10e13]). As reviewed by Lalot et al. [14], pre-
vious studies [15e19] interpreted rate data in terms of quanti-
ties such as an empirical exponent describing the dependence
of rate on monomer and initiator concentrations. No study has
been made where an attempt was made to separate the various
terms in the expression for the polymerization rate, kp[M][R

�
],

where [M] and [R
�
] are the concentrations of monomer and

radicals, respectively. This separation has only recently be-
come possible with the advent of pulsed-laser polymerization
data for kp of acrylamide, and in particular data showing its
(strong!) dependence on monomer concentration and ionic
strength [6]. The availability of appropriate kp data now should
make it possible to separate (a) how initiator and monomer
concentrations affect kp (for reasons that are now understood
from basic theory [7]) from (b) whatever kinetic and thermo-
dynamic quantities affect [R

�
]. The availability of kp data thus

replaces an empirical analysis of the reaction order with
respect to monomer and initiator concentrations, which is
the only data treatment applied hitherto to acrylamide solution
polymerization. Moreover, there have been no detailed
polymerization rate studies under the particular conditions
used for synthesis of some widely used protein-analysis
membranes.

In the present study, a reactor system is chosen which is
similar to those used for making such membranes. Polymeri-
zation is monitored by real-time Raman spectroscopy (e.g.
Ref. [20]). A simple one-component photo-initiator is used,
rather than the complex three-component system developed
by Righetti et al. [21] in the early 1980s that utilizes a ribofla-
vin-based catalyst as well as a photo-decomposable component.
The present photo-initiators are 2,20-azobis(2-amidinopropane)
(V-50), the uranyl ion [22] and persulfate.

2. Experimental

2.1. Materials

Acrylamide (Electrophoresis grade, Sigma Aldrich,
99.9%), 2,20-azobis(2-amidinopropane) (‘‘V-50’’ from Wako
Chemicals, 99%), uranyl nitrate (Ajax Chemicals, 99%) and
potassium persulfate (Sigma Aldrich, 99%) were all used as
received. Milli-Q water (Milli-Q plus) was used in all in-
stances. Polymerizations were conducted on aluminium foil
plates; although these do not exactly replicate a normal
hydrogel substrate, they are ideal for reflecting Stokes-Raman
signal back into the Raman probe. Control polymerizations
were conducted on glass plates to assess whether the alumin-
ium metal interfered with the polymerization rate or altered
the inhibition period. Polymerization profiles in both cases
were essentially identical. Nitrogen gas (BOC Gas, ultra
pure) was used in all cases.

2.2. Polymerization

The aqueous solutions of acrylamide (AAm) were filtered
with a Durapore poly(vinylidene fluoride) of 0.45 mm filter.
The addition of photo-initiator to the AAm solution was
conducted in an unlit fume hood in an attempt to minimize
photodissociation. In each case double/triple the quantity
required for a single run was prepared, allowing duplicate/
triplicate polymerizations to be conducted. Prior to polymeri-
zation the samples were not purged with N2, so as to mimic
a typical industrial procedure; O2 acts as a very effective in-
hibitor. Once sample solutions were transferred to an appropri-
ate reaction medium, they were placed inside a poly(methyl
methacrylate) reactor that contained an initiation source, the
Raman probe and a positive pressure of N2. Nitrogen was
flushed through the samples for 10 min prior to activation of
the UV source.

All polymerizations were conducted at ambient tempera-
ture (w20 �C) using 1.41 M AAm, which corresponds to
10% monomer in water (w/v). This concentration is typical
of an industrial polymerization. Signals were collected from
1% to 10% w/w polymer concentrations.

2.3. Dispersive Raman spectroscopy

Monitoring of conversion was through the use of a Re-
nishaw Raman System 2000 Ramanscope (Renishaw Plc.,
Wotton-under-Edge, UK), equipped with an air-cooled
charge-coupled device (CCD) camera as remote probe. The at-
tached microscope was a Leica DMLM equipped with a 10�
objective which is optimized for use with the fiber-optic cou-
pling used to obtain scattering signal from the remote probe,
and a trinocular viewer which accommodates a video camera
allowing high resolution focus of the fiber-optic couple via an
image viewer. Sample excitation was achieved using a Stabilite
2017 argon ion laser at 514 nm (Spectra-Physics, CA, USA) at
an energy of 40 mW. Calibration of the instrument before use
was achieved by recording the Raman spectrum of Si using
one accumulation of 10 s. An offset correction was performed
on the grating to ensure that the position of the silicon band is
520.50 cm�1. The spectrometer was controlled using two soft-
ware packages, one for instrument control (WiRE� Version
1.3.18, Renishaw Plc., Wotton-under-Edge, UK) and the other
for data analysis (GRAMS/32� Version 4.14 Level II, Galactic
Industries Corporation, Salem, USA). An sample spectrum is
shown in Fig. 1. The peaks of significant interest are the sym-
metric water shift at 3360 cm�1 which is used for signal nor-
malization, and the vinyl CH2 shift at 1285 cm�1 used for
monitoring the concentration of AAm.
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2.4. Remote Raman analysis

Dispersive Raman spectroscopy utilized an in-built filter
grating and lens with a focal distance of 22 mm. The excita-
tion beam from a Stabilite 2017 argon ion laser was fed into
the probe via a 5 m fiber-optic cable using an OzOptics
fiber-optic coupling device. This device captures 100% of
the excitation beam and as such only a small amount of
excitation laser power is lost over 5 m (typically less than
20%). The scattered signal was directed back via a separate
opticeoptic cable and mounted on the microscope stage using
an OzOptics microscope coupler. A schematic of reactor and
probe is shown in Fig. 2.

Each polymerization was set to collect 100 spectra (requir-
ing w2 h in total) using the static-mapping function of
GRAMS/32 with a collection time of 10 s for each spectrum
(without accumulation). Smoothing was accomplished by
Fourier transforming the data using a triangular filter function
applied with the apodization value reaching zero at a specific
cutoff point controlled by the percentage-of-smoothing vari-
able; a value of 10% was found to produce spectra with

Fig. 1. Dispersive Raman spectrum of AAm and polyacrylamide (top) during

polymerization, deconvoluted (middle and bottom spectra) to obtain the inte-

gral of the peak at 1285 cm�1, which is a monomer CH2 stretching vibration.

The bottom panel shows the separate deconvoluted peaks, whose sum gives the

middle panel, which is essentially indistinguishable from the actual spectrum

in the top panel.
significantly less noise and no additional spectral artifacts.
After smoothing, each spectrum was baseline corrected using
a series of points forced on the data at 4000, 2500, 1800, 1200
and 400 cm�1 (the intensity at these wave numbers was found
to remain unchanged over the course of a polymerization) set
to zero intensity with a linear baseline. Each spectrum was
normalized using a water peak, the symmetric OH shift at
3360 cm�1. A typical spectrum at the region used for analysis
is shown in Fig. 3.

3. Results

As stated, the starting point for data representation will be
classical free-radical kinetics. The low-pressure mercury lamp
used here has sharp emission lines, and those of potential
relevance for the present system are at 254 and 365 nm.
For photo-initiation in the case of low absorption (low
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Fig. 3. Normalized Raman intensity of the monomer peak during photo-

initiated polymerization with 6.9 mM persulfate at 16, 35 and 90 min.
Fig. 2. Schematic representation of the Raman probe and reactor system.
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concentration of photo-initiator I), the rate of radical produc-
tion, d[R

�
]/dt, at a given wavelength is given by

d½R��
dt
¼ F3F½I� ð1Þ

where F is the photon flux, 3 the (wavelength-dependent) mo-
lar extinction coefficient (which is the same as the absorption
cross-section in appropriate units) and F the (wavelength-
dependent) efficiency (which allows for geminate recombina-
tion of initiator). With classical free-radical polymerization
kinetics, the polymerization rate is given by

R0p ¼
�d ln

��
M
��
½M�0

�
dt

¼
 

F3Fk2
p

kt

!0:5

½I�0:5 ð2Þ

Here kt is the termination rate coefficient, [M]¼monomer
concentration at time t, and [M]0¼ initial monomer concentra-
tion. If classical kinetics are applicable, ln([M]/[M]0) should

Fig. 4. Fractional conversion, as ln[M]/[M]0, of 10% (1.41 M) water solution

of AAm and 0.0069 M potassium persulfate photo-initiator.

Fig. 5. Fractional conversion, as ln[M]/[M]0, for replicate polymerizations of

10% AAm with 0.0011 M potassium persulfate photo-initiator; induction

period not shown. Straight lines are least-squares fits.
be linear in time, after an induction period. Examples, includ-
ing replicate runs, are shown in Figs. 4e7 and all results
summarized in Table 1.

Persulfates are not typically used for photo-initiation, and
the small but significant photo-initiated polymerization rate
with this initiator was initially surprising, as persulfate has
very weak absorption of UV-A light. To confirm that this
was not due to some artifact, a control polymerization was
conducted with 0.01 M persulfate and 1.41 M AAm without

Fig. 6. Fractional conversion, as ln[M]/[M]0, for replicate polymerizations of

10% AAm with 0.0010 M uranyl nitrate photo-initiator; induction period not

shown. Straight lines are least-squares fits to data for times� 1500 s.

Fig. 7. Fractional conversion, as ln[M]/[M]0, for replicate polymerizations of

10% AAm with 0.0100 M V-50 photo-initiator; induction period not shown.

Straight lines are least-squares fits.
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the UV light source to assess if initiation was occurring by
another mechanism (perhaps thermal). The concentration of
unreacted AAm remained constant to 7200 s (100 spectra
collection), indicating that the UV light source was necessary
to initiate polymerization.

3.1. Induction period

All runs show a significant induction period which is not
highly reproducible in replicate runs. This is expected in a sys-
tem where, to imitate typical industrial systems, removal of
oxygen was not rigorous (see Section 2). The induction time
in a series of runs which had identical initial concentrations
of inhibitor [Inhib]0 would be given by [Inhib]0/Ri, where Ri

is the initiation rate [23], which in turn would be expected
to be proportional to the concentration of photo-initiator.
Fig. 8 shows a plot of induction times as a function of [I]�1

for each of the three photo-initiators. Although a general trend
of decreasing induction time with increasing initiator concen-
tration is seen, no quantitative conclusions can be drawn from
these data, because of the scatter in the inhibition times for
replicate runs.

Table 1

Induction times and rates from the photo-initiated polymerization of 10%

acrylamide solution in water

Initiator type Concentration (mM) R0p ðs�1Þ Induction time (s)

V-50 0.50 3.3� 10�4 600

V-50 0.50 2.8� 10�4 750

V-50 1.0 5.3� 10�4 750

V-50 1.0 5.1� 10�4 750

V-50 5.0 1.0� 10�3 300

V-50 5.0 1.1� 10�3 300

V-50 10.0 1.2� 10�3 450

V-50 10.0 1.3� 10�3 300

V-50 10.0 1.2� 10�3 450

V-50 10.0 1.0� 10�3 300

Uranyl nitrate 0.60 6.2� 10�4 750

Uranyl nitrate 0.60 6.1� 10�4 900

Uranyl nitrate 0.50 6.2� 10�4 600

Uranyl nitrate 0.50 5.7� 10�4 600

Uranyl nitrate 0.70 8.4� 10�4 450

Uranyl nitrate 0.70 7.9� 10�4 300

Uranyl nitrate 1.00 9.8� 10�4 500

Uranyl nitrate 1.00 8.7� 10�4 500

Uranyl nitrate 5.0 1.2� 10�3 300

Uranyl nitrate 5.0 1.4� 10�3 300

Uranyl nitrate 5.0 1.3� 10�3 500

Uranyl nitrate 10.0 1.5� 10�3 150

Uranyl nitrate 10.0 1.2� 10�3 200

KPS 1.10 4.1� 10�4 1900

KPS 1.10 3.5� 10�4 1900

KPS 5.0 6.2� 10�4 1000

KPS 5.0 7.9� 10�4 700

KPS 6.9 8.3� 10�4 900

KPS 10.0 1.1� 10�3 200

KPS 10.0 9.9� 10�4 200

The values for the rate, R0p, are the slopes of the linear region of the

d(�ln([AAm]/[AAm0])/dt plots.
3.2. Rate data and applicability of classical free-radical
kinetics

Figs. 5e7 show the data and a least-squares fit to the clas-
sical expression for the rate, Eq. (2), i.e. fitting a straight line
to ln[M]/[M]0 as a function of time. All data in Figs. 5e7, and
corresponding data for all the runs given in Table 1, show
a good linear fit except for higher concentrations of UO2

2þ,
where (as illustrated in Fig. 6) linearity is only obtained at
early times. Thus the linearity in �ln([AAm]/[AAm0]) with
time expected from classical kinetics (after the induction pe-
riod) is seen in all cases except at higher conversions for
higher concentrations of UO2

2þ.
There are two possible causes for the non-linearity at higher

UO2
2þ concentrations.
(1) The first is the chain-length dependence of the termina-

tion rate coefficient. Termination is dominated by reactions
between mobile short radicals and less mobile long ones
[24e27]; this effect starts to decrease the rate as conversion
increases and the diffusion coefficients of shorter radicals
thus decrease. However, the data of Fig. 6 show immediately
that this cannot be the origin of the non-linearity, because
chain-length dependent termination is predicted to give an
increase in polymerization rate, whereas the observed non-
linearity is actually in the form of a rate decrease. Moreover,
this non-linearity is not seen with the other photo-initiators at
concentrations showing similar polymerization rates, showing
that changes in rate due to chain-length dependence of kt alone
cannot be responsible for the non-classical behaviour in rate
for higher concentrations of uranyl nitrate. The effects of
chain-length dependent termination are discussed in a sub-
sequent section.

(2) The second possible origin is changes in any of the rate
coefficients as solvency changes during conversion; as noted

Fig. 8. Induction times as a function of the reciprocal of photo-initiator

concentration for V-50 (>), uranyl nitrate (,), KPS (6). Lines are least-

squares fits forced to pass through the origin: KPS e e e; V-50 e $ e $ ;

uranyl nitrate - - -.
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above, all rate coefficients in the aqueous-phase free-radical
polymerization of water-soluble monomers have either been
shown to, or are expected to, exhibit a strong dependence on
solvent. Indeed, we have shown that uranyl nitrate at the con-
centration shown in Fig. 6 gives a significant decrease in the kp

of AAm compared to the value at lower ionic strengths, and it
would not be unexpected for the change in solvency during
conversion of monomer to polymer to lead to changes in
one or more rate coefficients which could lead to the observed
rate decreases.

It has been pointed out on several occasions in the literature
that there is a need for further investigations into these solvent
effects. For the present purposes, it is sufficient to note that
this effect is relatively small in the particular system studied
here (a 10% solution of monomer), and that even for high con-
centrations of UO2

2þ, linear behaviour is observed at lower
conversion.

Eq. (2) suggests that if classical kinetics are applicable, the
polymerization rate for a given photo-initiator should be
proportional to [I]1/231/2, 3 being the extinction coefficient
of the photo-initiator at the wavelength at which radicals
are produced. Plotting each species of photo-initiator sepa-
rately for clarity, it is observed from Figs. 9e11 that there
is indeed an approximately linear relationship between

Fig. 9. R0p as a function of the square root of persulfate concentration.

Fig. 10. R0p as a function of the square root of uranyl nitrate concentration.
R0p and the square root of the photo-initiator concen-
trations (except at the highest ionic strengths), which leads
to the conclusion that the rate behaviour of the AAm sys-
tems under consideration here is consistent with classical
kinetics.

The slope of these plots of R0p against [I]1/2 is denoted as S.
Eq. (2) also suggests that if classical kinetics are applicable to
this photo-initiation system, a plot of S against 31/2, at the
wavelength at which radicals are produced, should be linear.
The UV absorption spectra for the three photo-initiators are
shown in Fig. 12. Fig. 13 shows plots of S against 31/2 (as rel-
ative absorbance) for the three photo-initiators at two Hg
wavelengths of possible importance in the present system:
the prominent one in the UV-A light range, 254 nm, and the
less intense one in the UV-C light range, 365 nm. Both V-50
and uranyl nitrate show extensive absorption at the UV-C
wavelength, while all the three show significant absorption
at the UV-A wavelength.

Comparing the dependences on the two wavelengths in
Fig. 13, it is seen that Eq. (2) is valid for an excitation wave-
length of 254 nm, but not for 365 nm. It is apparent that, not
surprisingly, most photo-initiation is at the shorter wavelength.
Again, the data are consistent with classical free-radical
polymerization kinetics.

Fig. 11. R0p as a function of the square root of V-50 concentration.

Fig. 12. UV absorption spectrum of 0.001 M uranyl nitrate (solid), 0.001 M

V-50 (dashed line) and 0.01 M potassium persulfate (dotted line).
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While data of the type shown in Fig. 13 could be used to
infer the cross-section for photodissociation, this was not im-
plemented here, because the present set-up, being similar to
the system typically used industrially, does not have spatially
uniform illumination.

3.3. Why is classical kinetics valid?

It is apparent from the results given above that classical
free-radical polymerization kinetics furnish an adequate de-
scription of most of the rate data. However, it is well estab-
lished that the termination rate coefficient is chain-length
dependent, and thus the average termination rate coefficient
changes with conversion. Moreover, the propagation rate coef-
ficient of AAm depends on the concentration of free monomer
[6]. The question therefore arises as to whether current theo-
retical and experimental knowledge of the various component
rate coefficients in the overall kinetics of conversion for this
system is consistent with the observed behaviour.

Fig. 13. Dependence of slope S of Figs. 9e11 on absorbance of each photo-

initiator at the two Hg wavelengths.
One issue relevant to this question is whether the concentra-
tion range is dilute, semi-dilute or concentrated. While no mo-
lecular weight and viscosity data were obtained in the present
study to provide a direct answer to this question, modelling
with the parameters discussed below shows that number-
average molecular weights are well above 106; using literature
values [28] of the expansion factor (w2.6) and the character-
istic ratio (w15) yields a calculated value of the critical over-
lap concentration of w0.4% for a molecular weight of 106;
since critical entanglement concentrations are not grossly
larger than critical overlap concentrations, it is highly likely
that virtually all of the polymerization under the present con-
ditions took place with entangled chains.

Complete simulations of the rate of polymerization of the
present system were performed using standard methods by
taking into account chain-length dependent termination
[24,25,27,29e33]. The chain-length averaged termination
rate coefficient, hkti, including its dependence on fraction con-
version, was found from the parameterization obtained using
data [34] obtained by the direct determination of this quantity
at 50 �C using g relaxation experiments (with an exponent of
0.5 used for the empirical scaling relationship), and scaling the
rate coefficients to 20 �C by simulating hkti from chain-length
dependent kt values calculated from the diffusion model
[24,33] using standard methods [35]; the temperature differ-
ence was taken into account by assuming the same activation
energy for diffusion coefficients as measured for another polar
monomer, hydroxyethyl methacrylate [36]. The dependence of
kp on conversion (expressed as weight-fraction polymer, wp)
was taken from a pulsed-laser polymerization study [6], as-
suming that the concentration of polymer does not affect kp.
The (smoothed) dependences of kp and hkti so obtained are
shown in Fig. 14. The rate coefficient for transfer to monomer,
ktr, at 20 �C was taken to be 3.1 M�1 s�1, an estimate made by
scaling from that at 50 �C [34] assuming the activation energy
for the transfer constant was the same as that for transfer to
monomer in butyl acrylate (15.2 kJ mol�1) [37]. The radical
initiation rate was then obtained for each initiator by fitting
Fig. 14. Dependences of the apparent propagation rate coefficient, kp, and the chain-length average termination rate coefficient, hkti, as functions of the weight-

fraction polymer, wp, obtained as described in the text.
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to the present lowest-conversion rate data using the kp and hkti
parameter values.

These parameterizations were used to simulate the poly-
merization kinetics using conventional numerical solution of
the appropriate rate equations. A typical result is shown in
Fig. 15. Given that the parameterization of the initiation rate
was chosen to fit the observed rate of polymerization at low
conversion, it is apparent that the simulated rate of polymeri-
zation does not provide an accurate fit of the experimentally
observed R0p at later time. The simulations predict a significant
dependence of the rate on conversion, a dependence which is
not seen experimentally. There are some justifiable changes in
the choice of parameters in the simulation: for example, one
could argue that kp might be independent of wp for this system,
because the experimental wp dependence used to calculate that
shown in Fig. 14 was obtained from experimental kp values for
a system without any polymer present, only with varying
monomer concentration. However, as seen in Fig. 15, this
change does not make any significant difference. It is only
possible to choose values of the simulation parameters to force
agreement with experiment if the dependence of the termina-
tion rate coefficient on chain length in these conditions of
low polymer concentration is less than predicted by current
models. These models have really only been thoroughly
checked against data at much higher polymer concentrations.

There is no obvious reason why what should be a more so-
phisticated model actually affords a poorer approximation to
the observed rate data than that afforded by classical kinetics.
There are several possibilities, some or all of which may be
operative. (1) The empirical scaling law for the chain-length
dependence of diffusion of oligomeric radicals used to calcu-
late hkti is based on data obtained above the critical overlap
concentration c*, and the present system includes data signif-
icantly below that concentration. (2) Scaling laws for diffusion
coefficients of oligomers may well change near c* [36]. (3)
The dependences of kp and hkti on wp were obtained from sys-
tems where the polymer concentrations, which are also likely

0.0

0.5

1.0

1.5

2.0

2.5

3.0

1000 2000 3000 4000 5000 6000 7000 8000 9000

time / s

Fig. 15. Comparison between simulated (lines: full¼ kp varying with wp,

broken¼ constant kp) and experimental (replicate) time dependences of con-

version for 10% AAm using 0.0011 M potassium persulfate (circles and

squares).
to affect the solvency and thus the rate coefficients, were dif-
ferent from the present one. (4) No attempt was made to ac-
count for possible dependence of ktr on wp, because no data
for this dependence are available. (5) There are insufficient
data to account for the dependences of all these quantities
on ionic strength. (6) In particular, separation of terms in the
rate expression kp[M][R

�
] requires measurement of kp under

conditions of the actual system, i.e. in the presence of polymer
as well as monomer and other aqueous species. (7) Many of
the extrapolations or assumptions required to estimate some
of the parameters required for the simulation have not been
tested.

4. Conclusions

The photo-initiated polymerization of acrylamide (at up to
10% w/v in water) was found to be well approximated by clas-
sical free-radical polymerization kinetics. Current models for
this process predict that in fact classical kinetics should not
be accurate for this system. There are many possible reasons
for this failure of more sophisticated models, which shows
the need to obtain more data on the various component rate co-
efficients (termination, propagation and transfer) on monomer,
polymer and salt concentrations, and the chain-length depen-
dences of kt, in this concentration regime. These dependences
are all both significant and beyond current fundamental theo-
ries, because of the high sensitivity of all the fundamental rate
coefficients to solvent effects in the polymerization of polar
monomers in water.

For the pragmatic goal of improving current methods used
to make acrylamide-based gels for products such as SDSe
PAGE, the (unexplained) applicability of classical kinetics in
the region of industrial importance is in actuality an advan-
tage. The data and data treatment given in the present paper
shows that a simple measurement of the absorption spectrum
of a photo-initiator is all that is needed to model its rate behav-
iour. What could be an extremely complex system to model is
found, in a regime of considerable practical interest, to be very
simple.
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