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Abstract

In the last few decades, vitamin B5 analogues have been developed and found to have
many useful properties, such as antibacterial and antifouling capabilities. However, these
analogues are unstable in physiological conditions, therefore have been used in limited
applications. As a result, the development vitamin B5 analogous polymers with more widespread
applications was of interest.
Previously, vitamin B5 analogous methacrylamide polymers or poly(B5AMA) was
synthesized using conventional reversible addition fragmentation chain transfer polymerization
(RAFT), which is a controlled radical polymerization method that can be used to obtain polymers
with low dispersity. However, the polymers formed using this method were not optically active
due to the high temperatures disrupting the polymer structure. This issue can be solved using
photo-RAFT, which uses light instead of heat to initiate the reaction. Therefore, the purpose of
this study was to explore Photoiniferter polymerization, which is a type of photo-RAFT techniques
that uses a molecule that can act as the chain transfer agent, initiator, and the terminating agent,
simultaneously.
In this study, Photoiniferter polymerization was used to form well controlled, optically
active B5AMA polymers in different conditions such as polymerizing in different light sources,
different CTA concentrations and in different solvents. As well, using this technique, polymers of
different molecular weights were obtained and studied using gel permeation chromatography
(GPC) and proton nuclear magnetic resonance (1H NMR).
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1. Introduction
1.1 Polymers

The word polymer is derived from the Greek word poly which means “many”. Polymers
are repeating units of monomers that are chemically bonded together and can be naturally found,
such as silk, protein and cellulose or chemically synthesized, such as nylon, Teflon, and
polyethylene. 1 Polymers can be classified according to their unique characteristics, including their
composition, structure, and molecular forces. As shown in figure 1.1, in terms of composition,
there are homopolymers, which are composed of a single type of monomers in repeating units.2,3
In contrast, copolymers consist of two or more different types of monomers linked together.
Copolymers can lead to block copolymers which are formed when two or more different types of
monomers cluster together to form repeating units.4

Figure 1.1. Schematics depicting the structures of homopolymers, copolymers, block copolymers2

In terms of structure, there are linear, branched, and networked structures as shown in
figure 1.2. Linear polymers are formed when monomers link with each other to form an
uninterrupted straight chain with no side chains. In contrast, branched polymers are linear

13

polymers with side chains that occasionally branch off of the longer chain. Due to their inconsistent
organization, branched polymers typically have low melting point, low density, and low tensile
strength. Networked polymers are formed by interconnecting many macromolecular chains
constituting a firm and fragile three-dimensional structure.3,5

Figure 1.2. Structures of linear, branched, and networked polymer structures.5

Intermolecular forces play an important role in polymer structure. More precisely,
intermolecular forces control specific properties of polymers including their melting point, tensile
strength, and elasticity. According to different intermolecular forces, polymers can be divided into
fibres, elastomers, thermoplastics, and thermosets. Fibres have strong inter-molecular forces
between each other, such as hydrogen bonds or dipole-dipole interactions resulting in high tensile
strength and less elasticity. In contrast, elastomers have weak inter-molecular attractions allowing
them to be easily stretched. Similarly, thermoplastics also have weak inter-molecular forces
between each other, however they have strong intra-molecular forces between each other. As a
14

result, they become soft at high temperatures and harden at low temperatures. Although thermosets
are synthesized using heat, once they are molded into a shape, they cannot be remolded or reused
by heating.6

1.1.1

Molar Mass and Molar Mass Distribution

Besides intermolecular forces, molar mass is another factor that directly dictates the
properties of polymers. Every polymer has an ideal molar mass which dictates its optimal
properties. The molar mass of a polymer depends on the mass of its repeating units, which is called
degree of polymerization (DP).7 Moreover, the molecular weight of a polymer is the sum of the
molecular weight of all the monomers combined, which is calculated using equation 1.1 shown
below.

𝛴" 𝑁" 𝑀"#
𝑀! =
𝛴" 𝑁" 𝑀"
Equation 1.1. Molecular weight of a polymer

Where Mw is the average molecular weight, i is the number of polymer molecules, Mi is the
molecular weight of a chain and Ni is the number of chains of that molecular weight.8 Every
polymer contains different components with different molecular weights, which can be
demonstrated using a molar mass distribution plot as shown in figure 1.3.9,10 The molar weight
distribution shows the molecular weights and the number of molecules with that molecular weight
present in a polymer sample.
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Figure 1.3. The plot of molar mass distribution10. Mn refers to the number average molecular
weight, Mw is the average molecular weight and Mz is the higher average molecular weight.

Mn is the number average molecular weight, which can be calculated using equation 1.2 below. In
this equation, Ni is the number of chains of a specific molecular weight Mi.

𝑀𝑛 =

∑𝑁" 𝑀"
Σ𝑁"

Equation 1.2. Number average molecular weight. In this equation, the total weight of the sample
is divided by the number of molecules in the sample.
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Mz is the higher average molecular weight or the Z-average molecular weight, which is related to
polymers with high molecular weights.

The molecular weight distribution of a polymer sample can be determined using equation 1.3 and
is indicated by polydispersity index (PDI), which measures the dispersion of a given sample based
on size. The ideal PDI of a polymer is equal to 1. Large PDIs represent broader molecular weight
distributions, while small PDIs close to 1 represents narrow molecular weight distributions.11

PDI =

$!
$%

Equation 1.3. Polydispersity index. It is calculated by dividing the weight average molecular
weight by the number average molecular weight.

1.2 Controlled Radical Polymerization (CRP) techniques

It can be challenging to synthesize polymers with narrow polydispersity index or polymers
with same molecular weights. Using polydisperse polymers or polymers with ununiform molecular
weight distribution, for drug delivery purposes can be an issue as for safe, stable, and efficient
delivery of pharmaceuticals, monodisperse polymers, which have uniform molecular weight
distributions are more desirable. Therefore, it is important to determine a reliable Controlled
Radical Polymerization (CRP) technique that provides a desired molecular weight distribution.12

Most common CRP techniques include, Nitroxide Mediated Polymerization (NMP), Atom
Transfer Radical polymerization (ATRP), and Reversible-Addition Fragmentation chain Transfer
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polymerization (RAFT). Each of these techniques differ by the type of monomers that can be
polymerized, reaction conditions, different additives such as catalysts, and the type of transferable
end groups or atoms.

NMP technique not only allows the formation of polymers of low polydispersity and of
controlled molecular weight, but also allows the formation of multi-block copolymers of different
monomers. NMP is controlled and initiated by the combination of nitroxide with the free radical
technique.13 Compared to ATRP and RAFT, NMP has limited suitable monomers, which include
styrene, acrylates,

and

acrylamides.

In

the

case

of

styrene

monomer,

Tetramethylpiperidin-1-yl) oxyl or (2,2,6,6- tetramethylpiperidin-

(2,2,6,61-yl)

oxidanyl or TEMPO is used as the source of free radical, which requires very high temperatures
(>120°C) to form radicals. Initiators used for NMP are alkoxyamines, which can be expensive and
thermally unstable. Although there are no required additives to be used in NMP, acyl compounds
can be used to accelerate the reaction.14 The disadvantage of NMP is that although it is the simplest
method of polymerization compared to ATRP and RAFT, it is the least versatile.15

Similar to NMP, ATRP is another CRP technique that has been commonly used in polymer
science to obtain polymers with low dispersity and of controlled molecular weight. ATRP is
typically initiated by an alkyl halide and is catalyzed by a transition metal, the most commonly
used metal for this purpose is copper.16 ATRP can be used to polymerize most monomers with
activated double bonds such as styrene, acrylates, acrylamides, acrylonitrile, and vinyl pyridine.17
It is an oxygen-tolerant polymerizing technique that is performed in aqueous systems and at a
broad range of temperatures (-30 to 150°C).14 One of the main specialities of ATRP is that it forms
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dormant polymers. Dormant polymers are formed by temporarily deactivating a polymer that can
later be reactivated to continue chain growth.18,19 Overall, the main advantages of using ATRP is
that this technique uses simple, inexpensive halogens as initiators.14 However, using transition
metals as catalysts can be a complex process as the reaction conditions need to be carefully
controlled to obtain desirable results.15

The CRP technique used in this study is Reversible addition-fragmentation chain transfer
(RAFT) polymerization. RAFT can be used to produce polymers of narrow polydispersity, of
desired molecular weight, and the polymers produced are living in character.12 Living polymers
are polymers that retain their ability to grow in a uniform manner with the absence of any substance
that can terminate the polymerization. As a result, CRP is applicable in many fields for different
purposes, for example to produce polymers as, lubricants, emulsifiers, adhesives and
nanocontainers for the encapsulation and delivery of active compounds in cosmetics, health,
industrial, biomedical, and electronic markets.20 RAFT polymerization was invented by Rizzardo,
Moad, and Thang in 1998. It is a versatile CRP method that can be used to polymerize a broad
spectrum of monomers including acrylates, methacrylamide, acrylamide and methacrylate.
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RAFT polymerization utilizes chain transfer agents (CTAs) that are either alkyl iodides,
methacrylate, or thioesters. Unlike NMP and ATRP methods, RAFT polymerization involves
radical initiator that also acts as the catalyst, therefore, an additional catalyst is not required for
this polymerization method14, 22. Another useful characteristic of RAFT is that, although elevated
temperatures are required for less reactive monomers, other monomers can be polymerized under
mild reaction conditions. However, RAFT is sensitive to oxygen similar to NMP. In addition,
RAFT polymerization can be done in several different reaction conditions, such as at high
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temperatures or in the presence of UV light. These techniques are called conventional (thermal)
RAFT polymerization, photoinitiated polymerization and Photoiniferter (PI) polymerization.23

1.3 Types of RAFT Polymerizations
1.3.1 Conventional (Thermal) RAFT Polymerization

In thermal RAFT polymerization, heat is used to generate free radicals from the
initiator. This method can be considered the most common approach of RAFT
polymerization. As shown in figure 1.4, once a free radical is produced, the monomer
combines with the free radical, forming propagating radical. This propagating radical
combines with a monomer unit to either grow or combine with a CTA forming a radical
intermediate in equilibrium. The radical intermediate can further fragment to form a new
radical and the macro-CTA, which holds the possibility of forming dormant species. In
step IV, the new radical species combine with a monomer to form a new propagating
radical. Then in step V, the new propagating radical establishes an equilibrium between
active and dormant species. This addition and fragmentation equilibrium allows equal
probability for both polymers to grow. Ultimately, two growing radical chains combine to
form the final polymer chain as shown in step VI.24

Although thermal RAFT is the most commonly used polymerization method, it has several
limitations such as side reactions, irreversibility, self-initiation by the monomer, contamination by
the initiator, decreased number of living chains and optically inactive polymers.25 Some of these
limitations can be solved using photo-RAFT polymerization.
20

Figure 1.4. Mechanism of RAFT polymerization

1.3.2 Photoinitiated Polymerization

Unlike thermal RAFT, photoinitiated polymerization utilizes light to activate the initiator.
It is a facile and efficient method for the preparation of polymers that is similar to thermal RAFT,
as both require an initiator and a CTA. The mechanism for this method is identical to the thermal
RAFT mechanism shown in figure 1.4. However, the lack of high temperatures can aid in
protecting certain polymer properties such as their optical activity.26,27
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1.3.3 Photoiniferter Polymerization

Photoiniferter polymerization is another photo-RAFT technique, which uses a molecule that
can be used as an initiator, chain transfer, and terminating agent simultaneously. This can eliminate
the issue of contamination by external sources as no external initiator is required. Similar to
photoinitiated polymerization, Photoiniferter polymerization also utilizes light to activate the
initiator and fragments to produce a R-group based radical and sulfur based radical. Therefore, this
method can be done at lower temperatures. Once a radical is produced, the R-group based radical
combines with the monomer and starts the polymerization similar to conventional RAFT.
Eventually, the fragmented sulfur based radical joins the active chain forming a dormant species
that can be reactivated with light irradiation.28, 29

i.

Mechanism of photo-RAFT polymerization using a Photoiniferter agent.

The detailed mechanism of the photo-RAFT polymerization is shown in figure 1.5. Firstly,
the CTA acts as the initiator by being activated by light to produce a free radical. Next, the
monomer combines with the free radicals and produces propagating radicals to initiate the
polymerization.30 The propagating radicals then add on to CTA to form polymer chains. The newly
formed polymer chains can go onto initiate and form more polymer chains.31 This mechanism is
similar to the conventional RAFT technique, with the only difference being that conventional
polymerization uses heat instead of light to form free radicals and also uses an external initiator.
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Figure 1.5. Mechanism of Photoiniferter polymerization30

A typical RAFT polymerization is performed using an initiator, monomer, RAFT agent or CTA
and solvent. The role of these key components in polymerization is discussed below.

ii.

Initiators

In RAFT polymerization, the initiator must be chosen according to the type of RAFT
polymerization to be performed. For example, in conventional RAFT polymerization, heat is being
used. Therefore, an initiator that works well at high temperatures needs to be used. For example,
in thermal RAFT, 4,4'-azobis (4-cyanovaleric acid) is used as the initiator.32 Thus far, other than
thermal and photo initiation, there have been several other initiation methods developed for RAFT
polymerization, including redox initiation, metal catalytic initiation and acid induced initiation.33

Redox RAFT polymerization is initiated by the free radicals formed when a reducing agent
and an oxidizing agent react with each other. This method is a good alternative to thermal and

23

photo methods with several advantages including that it can be performed in a wide range of
temperatures, has short induction periods, is inexpensive and is easy to perform.34

Metal catalytic initiation method has been used in several polymerization methods,
including the Single Electron Transfer-controlled Addition-Fragmentation Chain Transfer
polymerization (SET-RAFT). The mechanism of this method includes metals, such as copper (Cu
(0)), nickel (Ni (0)), zinc (Zn (0)) or iron (Fe (0)), transferring an electron to the initiator. The
oxidized metal product has the ability to deactivate the polymerization, if reacted with the
radicals.33

Acid induced initiation functions by a condensation reaction between hydrogen peroxide
and a ketone that is catalyzed by a metal forming oxyl and a-ketonyl radicals. This involves several
intermediates; however, it is initiated only by ketone radicals. This method is simple, metal free
and can be done at ambient temperature.35

iii.

Solvent

The solvent used in RAFT depends on the RAFT technique, monomer, CTA, and initiator
used. This is because each component needs to fully dissolve in the solvent as increased solubility
leads to increased monomer conversion.34 However, it is necessary to be careful when using strong
nucleophilic solvents as they can degrade the thicarbonylthio group of the CTA.
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Also, polar solvents lower the activation energy of propagating radicals stabilizing the transition
state. Some examples of common polar and non-polar solvents used in RAFT are shown in table
1.1.24

Table 1.1. Common polar and non-polar solvents used in RAFT polymerization
Polar solvents

Non-polar solvents

Water

Toluene

Methanol

Benzene

Acetone

Chloroform

Dimethylformamide (DMF)

iv.

Chain Transfer Agents (CTAs) or RAFT Agents

A typical RAFT agent consists of the thiocarbonylthio moiety with Z and R groups as
shown in figure 1.6.36 The R group needs to be a good homolytic leaving group to reinitiate the
polymerization.14 The Z group needs to have the C=S bond, which controls the rates of addition
and fragmentation.30 Different RAFT agents include aromatic dithioester, trithiocabonates,
dithiocarbamates and xanthates.33 However, the type of RAFT agents to be used varies according
to the type of monomer to be polymerized. Monomers that are less reactive produce more stable
radicals, therefore a RAFT agent containing dithiobenzoates or trithiocarbonates is suitable for the
monomer polymerization. In contrast, monomers that are highly reactive produce less stable
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radicals, which therefore requires a RAFT agent that produce less stable radicals such as Xanthates
or dithiocarbamate.24 Some examples of different RAFT agents are shown in figure 1.7.

Figure 1.6. Typical RAFT agent structure 25

Figure 1.7: Structures of the four most common classifications of RAFT agents.

v.

Monomers

In RAFT polymerization, there are two types of monomers, “Less activated” monomers
(LAMs) and “More activated” monomers (MAMs). LAMs include vincyl acetate, Nvinylpyrrolidone or N-vinylcarbazole. MAMs include methacrylics such as methyl methacrylate,
methacrylic acid, hydroxypropyl methacrylamide and acrylics. The monomer of interest in this
study is vitamin B5 analogous methacrylamide (B5AMA), which is a MAM. B5AMA was first
26

synthesized at the University of Prince Edward Island by Kabir et al. B5AMA has been used to
create hydrogels due to its antifouling and water absorbing properties.37 Then, poly(B5AMA) was
synthesized using free radical polymerization, which was demonstrated to be non-toxic to human
cell lines and promote bacterial aggregation. However, a controlled molecular weight was not
obtained through free radical polymerization.38

Therefore, in order to produce polymers with controlled molecular weights or low
polydispersity, conventional RAFT polymerization was used. Although it was a successful
polymerization, the polymers produced were optically inactive and it is assumed that the optical
activity was lost due to high temperatures.39 This issue can be avoided using photoinitiated RAFT.
Consequently, the main objective of this study was to use photoinitiated-RAFT to obtain optically
active polymers.

1.4 Project Description
1.4.2

Objectives
•

Obtain optically active B5AMA polymers

•

Determine the role of visible light on the photopolymerization

•

Determine the role of CTA on the photopolymerization

•

Determine the effect of different solvents on the photopolymerization
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1.4.2 Description of project objectives

The first objective of this study was to determine suitable LED light for the polymerization
of B5AMA. According to literature, the type of CTA used determines the type of LED light to be
used. Since B5AMA has not been previously photo-polymerized using 4-((((2-carboxyethyl) thio)
carbonothioyl) thio)-4-cyanopentanoic acid as the CTA, it was important to first determine the
suitable LED light before further reactions were performed.41
The second objective was to determine the role of the CTA and initiator on the
photopolymerization of B5AMA. It was assumed that determining the effect of CTA and initiator
will further help synthesize well controlled polymers.
The third objective was to obtain B5AMA polymers that are optically active. Optically
active polymers are more desired in the medical field for the delivery of pharmaceuticals as the
chirality affects the interaction between the drug and its target.
The last objective of this study was to determine the effect of different solvent on the
photopolymerization of B5AMA. Although B5AMA has been previously polymerized using 10%
methanol in water as the solvent, photopolymerization method has not been used before.
Therefore, it was important to determine a suitable solvent for the photopolymerization technique.

2. Experimental
2.1 Materials
B5AMA monomer (synthesized according to a previously reported procedure)37, 4-((((2carboxyethyl) thio) carbonothioyl) thio)-4-cyanopentanoic acid (CTCPA, 95%), 100% pure
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methanol, 1,4-dioxane, deionized water, Dimethyl sulfoxide (DMSO), acetone. 3-(Trimethylsilyl)1-propanesulfonic acid sodium salt (TMSP, 97%), N, N-Dimethylformamide (DMF, 99.9%),
sodium fluorescein, triethylamine (TEA) was purchased from Sigma-Aldrich, LED bulbs (red,
green, yellow, blue).

2.2 Photoinitiated RAFT Polymerization.
General procedure for the kinetic studies of photoinitiated RAFT polymerization of
B5AMA was performed in the absence of oxygen. The concentrations of initiator and CTA varied
according to the desired degree of polymerization. The main reactants of the photoinitiated RAFT
polymerization are shown in scheme 1.
As an example of photoinitiated B5AMA polymerization to form polymers with a degree
of polymerization of 30, homogenous solutions of the CTA and the initiator was initially made.
For the solution of the CTA, 61.5mg of CTCPA was dissolved in 1mL of pure methanol making
a 0.2M solution and for the solution of the initiator, 14.1mg of fluorescein was dissolved in 25mL
of solvent (10% methanol in deionized water) making a 0.0015M solution. Then 774.0 mg of the
B5AMA monomer, 500 µL of the fluorescein solution and 500 µL of the CTCPA solution was
transferred to a 5mL glass flask. To this mixture, 50mg of TMSP (standard) was added after
dissolving in 1226 µL of the solvent. This mixture was fully dissolved into a homogenous solution
before connecting the flask to a Schlenk line. This solution was frozen in liquid nitrogen for 1
minute and opened to the vacuum for 3 minutes, with the flask still immersed in liquid nitrogen.
Then, the flask was closed to the vacuum, removed from the liquid nitrogen, and immerged in a
breaker of room temperature water to melt, while being opened to the nitrogen for 3 minutes. This
process was repeated 2 more times in a total of 3 rounds. The flask was then placed into the LED
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lamp set up and was left to stir for approximately 24 hours at room temperature as shown in figure
2.1. Hourly samples were taken for 1H NMR and GPC to analyze monomer conversions and
molecular weights.

Scheme 2.1. Reaction scheme of photoinitiated polymerization of B5AMA

2.3 Photo-RAFT Polymerization Using a Photoiniferter agent.

In literature, one of the main challenges when attempting to polymerize using
conventional RAFT polymerization is determining a solvent and RAFT agent that is compatible
with the initiator and the monomer. The solvent used in this experiment was 10% methanol in
deionized water that has been previously studied in thermal RAFT polymerization and was found
to be the solvent that produced the highest percentage of monomer conversions.38 The RAFT agent
used in this study is called 4-((((2-carboxyethyl) thio) carbonothioyl) thio)-4-cyanopentanoic acid
(CTCPA) and the structure is shown in figure 3.1. CTCPA was chosen as it is shown in literature
that it can be used to control the polymerization of methacrylamides, and it is also soluble in both
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aqueous and organic solvents. In a typical RAFT polymerization, it can be challenging to choose
an initiator that reacts well with the CTA. This issue can be avoided in Photoiniferter RAFT
polymerization as no external initiator is needed because the RAFT agent can act as the CTA and
the initiator.

Figure 2.1. The structure of 4-((((2-carboxyethyl) thio) carbonothioyl) thio)-4-cyanopentanoic
acid
As shown in scheme 2, Photoiniferter polymerization is similar to the reaction scheme of
photoinitiated polymerization shown in scheme 1, with the difference being the absence of the
initiator in scheme 2. As an example of B5AMA polymerization using a Photoiniferter agent to
form polymers with a degree of polymerization of 18, a homogenous solution of the CTA was
made by dissolving 52.8mg of CTCPA in 0.850µL of pure methanol, making a 0.2M solution.
774mg of B5AMA monomer and 833µL of the CTA solution was transferred to a 5mL glass flask.
To this mixture, 50mg of the standard (TMSP) was added after dissolving in 1393µL of the solvent
and mixed to form a homogeneous solution. This solution was sealed and connected to a Schlenk
line and then the same process as explained in section 2.2 was followed.
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Scheme 2.2. Reaction scheme of photo-RAFT polymerization of B5AMA using a Photoiniferter
agent.

Figure 2.2. The photoinitiated RAFT polymerization set up
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2.3.1 Photoiniferter polymerization of B5AMA in the presence of TEA with and without oxygen
This reaction was done similar to the procedure described in section 2.3, but with the
addition of 4.6mL of TEA. However, for the reaction with oxygen, nitrogen freeze thaw process
was skipped.

2.3.2 Chain extension reaction
In order to determine the ‘livingness’ of polymers, chain extension technique can be used.
In this technique, the newly formed polymers are further polymerized by reacting with its
monomer and solvent.22 As an example of a chain extension reaction, 100.1mg of poly(B5AMA)
and 50mg of B5AMA monomer was transferred to a 5mL glass flask. After the addition of 1393µL
of the solvent, this mixture was dissolved into a homogenous mixture and the next steps were
continued as explained in section 2.2.

2.3.3 Proton nuclear magnetic resonance (1H NMR) sample preparation
1

H NMR was used to determine the conversion of monomers to polymers. The samples

were prepared by taking 40 µL of the reaction sample and mixing with 500 µL of D2O. The
formation of B5AMA polymers can observed from disappearance of the two peaks that refer to
the CH2 group on the B5AMA structure, as shown in figure 2.2.
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Figure 2.3. 1H NMR spectra of B5AMA monomer (bottom) and B5AMA polymer (top).
2.3.4 Gel permeation chromatography (GPC) sample preparation
GPC was used to determine the molecular weight distribution and the polydispersity index
of the polymers formed. GPC samples were prepared by adding 1mL of solvent (DMF in 0.5%
LiBr) to 10 µL of the reaction sample. This solution is then filtered to remove any possible solid
matter from the sample. Then, 40 µL of the filtered sample is injected into the GPC.
2.3.5 Purification process
After 24 hours, the polymers were washed with 40 mL of acetone. This was done by
centrifuging the sample for 15 minutes, four times and replacing the acetone each time. Then, the
sample was recovered from the acetone and dried under a vacuum for several hours.
2.3.6 Optical activity determination
Once the purified polymers are fully dried, 0.1g of the sample was dissolved in 10mL of
deionized water. This solution was then placed in a polarimeter to determine the angle of
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rotation, which was used to determine the optical rotation using equation 2.1. In this equation, 𝑎
is to the angle of rotation, l is the path length, c is the concentration of the sample in percent and
[𝑎] is the specific rotation.

[ 𝒂] =

𝒂 × 𝟏𝟎𝟎
𝒍×𝑪

Equation 2.1. Specific rotation. The rotation is calculated using degrees, and the units of
concentration is in percent. The sign of the rotation is + or -. The temperature is assumed to be at
standard room temperature (20 °C).

3. Results and Discussion
3.1 The Effect of Initiator Concentration on the Photopolymerization
In this study, the first objective was to determine if the photopolymerization of B5AMA
would be initiated by fluorescein or CTCPA. Specifically, it was necessary to determine if this
reaction was a photoinitiated polymerization or a Photoiniferter polymerization. Therefore, the
first reaction done was to determine the effect of different fluorescein concentrations on the
B5AMA polymerization. However, before any reactions were performed, a suitable light source
needed to be determined.
According to literature, the type of LED lamp to be used depends on the maximum
absorbance wavelength of the initiator used. This is because the absorption spectrum of the initiator
needs to overlap with the emission spectrum of the LED lamp as it demonstrates the LED lamp
emits sufficient amount of light for the initiator to activate and release a free radial. As shown in
figure 3.2, the maximum absorption of sodium fluorescein is 486nm, which is in wavelength range
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of blue light emission. Therefore, it was concluded that blue LED light would be most suitable
light source for this study and the polymerization of B5AMA was continued using blue LED light.
0.8
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Figure 3.1. Absorption spectrum of sodium fluorescein

The initial hypothesis of this study was that the photopolymerization of B5AMA would require
both a CTA and an initiator, as shown in scheme 2. The choice of the initiator in this reaction was
decided to be sodium fluorescein, which is an organic fluorescent dye that can activated by blue
light.39 Therefore, to determine the effect of sodium fluorescein on the photopolymerization, a
series of reactions were performed with varying sodium fluorescein concentrations while keeping
the other reagents such as the monomer, solvent and the CTA constant as shown in table 3.1.
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Table 3.1. Reaction conditions of the trials done to determine the effect of different initiator
concentrations on the polymerization of B5AMA. Samples were taken at 0, 1, 1.5, 2, 4, 7 and 24
hours.
Trial

Fluorescein

CTCPA

B5AMA

Solvent

concentration

concentration

concentration

concentration

(ppm)

(M)

(M)

(M)

1

0

0.033

1

30

2

250

0.033

1

30

3

500

0.033

1

30

4

750

0.033

1

30

According to the results shown in table 3.2, the reaction with 0ppm of initiator had 20%
monomer conversion after 1 hour while the reactions with 250, 500 and 750 ppm of initiator had
a monomer conversion less than 6%. Similarly, after 24 hours, all the reactions had a monomer
conversion close to 100%, despite the presence of the initiator. Therefore, varying concentrations
of initiator did not have any effect on photopolymerization of B5AMA. (Appendix A, Figures 7.17.4). Furthermore, according to the GPC analysis shown in figure 3.4 of the molecular weight vs
time graph, it shows constant increment of molecular weight despite varying fluorescein
concentrations. These results were further validated from the GPC results shown in table 3.3 as
the polymers formed in each condition were approximately in the expected molecular weight of
8kDa and found to have a narrow molecular weight distribution as demonstrated by the low PDIs.
Therefore, it was concluded that the initiator does not play an important role in the
photopolymerization of B5AMA.
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Table 3.2 B5AMA conversions (%) in the presence of varying initiator concentrations that was
derived from the NMR data shown in figure 3.3.
Time (H)

0 ppm

250 ppm

500 ppm

750 ppm

0

0%

0%

0%

0%

1

20.78%

3.50%

5.39%

3.12%

1.5

31.69%

6.14%

15.55%

20.02%

2

36.10%

15.28%

25.60%

35.31%

4

82.85%

72.55%

76.43%

90.55%

7

95.93%

98.24%

97.32%

95.85%

24

99.32%

99.57%

99.97%

98.26%
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B5AMA conversion using different
fluorescein concentrations
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Figure 3.2. The kinetic analysis of the conversions of B5AMA in the presence of 0, 250, 500 and
750ppm concentrations of sodium fluorescein as the initiator. The concentration of CTA, solvent
and the monomer were remaining constant.
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Figure 3.3. The molecular weight vs time graph of the polymers formed in the presence of 0, 250,
500 and 750ppm concentrations of sodium flurescein as the initiator. The concentration of CTA,
solvent and the monomer were remaining constant.

Table 3.3. The molecular weight and the PDI of the polymers formed using different fluorescein
concentrations, extracted from figure 3.4.
Fluorescein Concentration

Expected Mw (kDa)

Achieved Mw (kDa)

PDI

0 ppm

8.00

8.34

1.17

250 ppm

8.00

8.08

1.18

500 ppm

8.00

8.55

1.19

750 ppm

8.00

9.18

1.16
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3.2 The Effect of CTA Concentration on the Photopolymerization

As the initiator was proven to not have any effect on the photopolymerization, another
reaction was performed to determine the effect of different CTA concentrations on the
polymerization reaction. As mentioned, the type of initiator used determines the type of LED light
that required for the photo-polymerization. However, in this study, RAFT agent acts as both CTA
and the initiator. Therefore, it was important to determine a suitable LED light for CTCPA. As
shown in figure 3.7, the UV-Vis spectrum of 4-((((2-carboxyethyl) thio) carbonothioyl) thio)-4cyanopentanoic acid (CTCPA) demonstrates a maximum absorption at 447 nm, which overlaps
well with the emission spectrum of the blue LED light. Therefore, blue LED light was continued
to be used as the light source for this study.

Figure 3.6. Overlap of the absorbance spectrum of CTCPA and the emission spectrum of the Blue
LED light
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For this reaction, the concentration of the initiator, solvent and monomer was kept constant
with varying CTA concentrations as shown in table 3.4.

Table 3.4. Reaction conditions of the trials done to determine the effect of different CTA
concentrations on the polymerization of B5AMA
Trial Fluorescein

CTCPA

B5AMA

Solvent

concentration

concentration

concentration

concentration

(ppm)

(M)

(M)

(M)

1

500

0

1

30

2

500

0.033

1

30

The 1H NMR results in table 3.5 shows the kinetic analysis of B5AMA conversion within
a 24-hour period. These results demonstrate that after 1 hour, both reactions, with and without
CTA had less than 10% monomer conversion. However, after 2 hours the reaction with CTA had
a monomer conversion of 25%. Finally, at 24 hours, the reaction with CTA had a monomer
conversion of 99% while the reaction with no CTA had only 13% of conversion (Appendix B,
Figures 7.5-7.6). This kinetic analysis shows that the reaction with CTA was more efficient in
forming B5AMA polymers. These results demonstrate that the photopolymerization of B5AMA
is initiated by the CTA and not the initiator. In addition, the comparison between the monomer
conversions with no CTA vs the monomer conversions with no initiator shown in figure 3.6 further
indicate the need of the CTA for the B5AMA polymerization and the insignificance of the presence
of the initiator. These results signify that the photopolymerization of B5AMA is initiated by the
CTA, rather than the initiator itself. This means that CTCPA acts as both the initiator and the
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RAFT agent, making this reaction a Photoiniferter reaction. As a result, for the following reaction,
only the CTA, monomer and the solvent was utilized, abandoning Na-fluorescein.

Table 3.5. B5AMA conversions (%) up to 24 hours with and without the chain transfer agent
(CTA), derived from figure 3.5.
Time (H)

0.033 ppm of CTA

0 ppm of CTA

0

0.00%

0.00%

1

5.39%

2.315

2

25.60%

4.08%

4

76.43%

6.02%

6

97.32%

8.93%

24

99.97%

13.49%

B5AMA conversion using different CTA
concentrations
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Figure 3.4. The kinetic analysis of the conversions of B5AMA in CTA concentrations of 0ppm
and 0.033ppm. The concentration of the initiator, solvent and the monomer were remaining
constant.
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B5AMA conversion with no CTA vs with no
fluorescein
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Figure 3.5. The kinetic analysis comparison of the conversions of B5AMA without the addition
of CTA and vs the conversion of B5AMA without the addition of fluorescein.

3.3 Obtaining polymers with a molecular weight of 5kDa and 8kDa
The next study of this experiment was to obtain polymers of predetermined molecular
weight. The molecular weights chosen were 5kDa and 8kDa, and the reaction conditions are shown
in table 3.6.
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Table 3.6. The reaction conditions of the 5kDa and 8kDa polymer synthesis
Expected
molecular weight B5AMA

CTA concentration

(kDa)

monomer (M)

(M)

Solvent (M)

5.00

1

0.056

30

8.00

1

0.033

30

According to the 1H NMR results shown in table 3.7, both polymers had gradual increment
in monomer conversions as after 2 hours both polymers had over 10% conversion, after 3 hours
there were over 35% conversion and finally after 5 hours over 80% monomer conversions.
Therefore, both 5kDa and 8kDa polymer reactions were able to have sufficient amount of
monomer conversions to conclude that both reactions were successful at polymerization
(Appendix C, Figures 7.7-7.8). In addition, the GPC analysis shown in table 3.8 summarizes the
molecular weight and PDI results of these monomer from figures 3.9 and 3.10. The GPC results
indicate that both, 5kDa and 8kDa polymers were able to form polymers approximately of the
desired molecular weights of 5kDa and 8kDa. However, it can be concluded that the 8kDa
polymers was more successful than the 5kDa polymers as the 8kDa polymers had a low
polydispersity index of 1.17 while the 5kDa polymers had a polydispersity index of 1.26 indicating
that the 8kDa polymers were more controlled than the 5kDa polymers.
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B5AMA conversion of 8kDa and 5kDa polymers
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Figure 3.7. B5AMA conversions of polymers with molecular weights of 5kDa and 8kDa using
NMR.

Table 3.7. B5AMA conversions of polymers with molecular weights of 5kDa and 8kDa using
NMR, derived from figure 3.8.
t(H)

5kDa polymers (%)

8kDa polymers (%)

0

0

0

1

2.43

20.78

2

14.31

31.69

3

40.52

36.1

4

64.1

82.85

5

82.98

95.93
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6

Table 3.8. The GPC results of the 5kDa and 8kDa polymers, derived from figures, 3.9 and 3.10.
Expected Mw (kDa)

Achieved Mw (kDa)

PDI

5.00

4.70

1.26

8.00

8.34

1.17

GPC analysis of 8 kDa polymers
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Figure 3.8. GPC analysis of the 8kDa polymers
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Figure 3.9. GPC analysis of the 5kDa polymers

3.3.1 Optical activity of the 5kDa and 8kDa polymers

As explained in section 1.3.1, thermal RAFT polymerization technique has been previously
used to form polymers of B5AMA. Although it was a successful at forming B5AMA polymers,
those polymers were not optically active. It was hypothesized that the loss of optical activity of
the polymers was due to the high temperatures used in thermal RAFT disrupting the poly(B5AMA)
structure. Therefore, in order to determine if this hypothesis is true, 5kDa and 8kDa polymers
synthesized by Photoiniferter polymerization were then tested for optical activity.

As shown in table 3.9, the polymers obtained using thermal RAFT had a specific rotation of
0°, while the polymers obtained using the Photoiniferter method had specific rotations of 25.2°
and 31.0° for the 8kDa polymer and the 5kDa polymer, respectively. These results indicate that
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the polymers obtained using the Photoiniferter method are optically active, therefore, it can be
assumed that the loss of optical activity in thermal RAFT is due to high temperatures disrupting
the polymer structure.

Table 3.9: optical activity results of the 5kDa and 8kDa polymers.
RAFT

Concentration Angle

of Specific

technique

Sample

(%)

rotation (°)

(°)

Thermal

B5AMA monomer

1.12

0

0

Photoiniferter

8kDa Mw polymer

1.04

+0.25

25.2

Photoiniferter

5kDa Mw polymer

1.02

+0.30

31.0

rotation

3.3.2 Chain extension of 5kDa polymers
A chain extension reaction is performed to determine the living feature of a polymer. A
living polymer is a polymer that has the ability to further propagate and extend its chain.42
In this reaction, the polymer of interest is purified and used as a macro-CTA in a second
polymerization reaction in which the polymer from the first reaction acts as the CTA for the second
polymerization.43
According to the studies done, it is observed that no additional initiator is necessary for
this process.23 Ultimately, GPC and 1H NMR can be used to analyze the polymers formed by the
chain-extension, similar to previous polymer analysis stated in this study. A successful chainextension consists of linear increment of molecular weights in line with monomer conversions as
well as a narrow molecular weight distribution.22
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A chain extension was performed with the macro-CTA to determine the livingness of
synthesized polymers under visible light radiation. As shown in table 3.10, the 5kDa polymers
showed 100% conversion, showing their livingness and presence of active macro-CTA in chain
extension reaction. In addition, the GPC analysis shown in table 3.11 demonstrates that the chain
extension resulted in the formation polymers that were well controlled as shown by the low PDI
value of 1.19. In addition, the molar of the macro-CTA was 4.70kDa, while the molar mass of the
chain extension polymer was 7.64kDa. This increase in molecular weight further validates that the
5kDa polymers were in fact living polymers.

Table 3.10. Chain extension results of the 5kDa polymer conversion.
Time (H)

Conversion (%)

0

0.00

24

100.0

Table 3.11. GPC results of the 5kDa macro-CTA and the chain extension polymer, derived from
figure 3.11.
Sample

Mw (kDa)

PDI

Chain extension polymer

7.64

1.19

Macro-CTA

4.70

1.26
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GPC analysis of the macro-CTA and the chain extension polymer
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Figure 3.10. GPC analysis of the Macro-CTA and the chain extension polymer

3.4 Effect of UV Light on RAFT Polymerization of B5AMA

To study the effect of light irradiation on CTA activation and RAFT polymerization, a reaction
was performed where the light was turned on and off periodically. For this reaction, hourly samples
were taken for up to 7 hours and a final sample was taken at 24 hours, as shown in table 3.12.

As shown in table 3.13, during the periods of no light irradiation, there is a slope of
approximately 0 observed. However, during the periods of light irradiation, a positive slope can
be observed. For example, during hours 1 and 2, there was less than 1% monomer conversion.
Meanwhile, during hours 4 and 5, there is over 20% monomer conversion. (Appendix D, Figures
7.9). These results demonstrate that turning off the light resulted in minimal to no monomer
conversions but once the light was back on, the reaction continues. In addition, table 3.14 shows
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that this reaction formed polymers with well controlled molecular weights as demonstrated by the
low polydispersity of 1.17. Therefore, it can be concluded that the polymerization can be controlled
by simply turning the light on or off and there is a possibility that this method can be used to obtain
polymers of desired molecular weight.

Table 3.12. Light irradiation on/off intervals.
Time (H)

on/off

0-1

on

1-2

off

2-3

on

3-4

off

4-5

on

5-6

off

6-7

on

7-24

off
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B5AMA conversion in intermittent irradiation of light
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Figure 3.11. Kinetic curve of visible light mediated RAFT polymerization of B5AMA. The shaded
region signifies the intervals where the light was turned off.

Table 3.13. 1H NMR results of intermittent irradiation of light, derived from figure 3.12.
Time (H)

Monomer conversion (%)

0

0

1

3.04

2

3.66

3

17.05

4

18.23

5

42.18

6

42.31

7

68.46

24

98.90
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Table 3.14. GPC results of the polymers obtained by intermittent irradiation of light, extracted
from figure 3.13.
Expected Mw (kDa)

Achieved Mw (kDa)

PDI

5.00

5.70

1.17

GPC analysis of intermittent irradiation of light
Normalized Response

1.2
1
0.8
0.6
0.4
0.2
0
20

22

24

26

28

30

32

34

Time (min)

Figure 3.12. GPC analysis of the polymers obtained from intermittent irradiation of light.

3.5 The Effect of the presence of oxygen on the RAFT polymerization of B5AMA
with the addition of triethylamine (TEA)

In literature, it is stated that RAFT polymerization is sensitive to oxygen because oxygen can
inhibit the polymerization reacting by reacting with the propagating radicals to form peroxyradicals. However, according to literature, TEA has oxygen quenching capabilities that can inhibit
the formation of peroxy-radicals.44
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For this experiment, the goal was to obtain polymers of B5AMA in the presence of TEA,
with and without oxygen. For this reaction, hourly samples were taken up to 7 hours and the GPC
analysis of the results are shown in figure 3.14. These results show that after 7 hours, the peak of
the B5AMA monomer is more intense than the peak of the polymer formation, indicating that
minimal to no B5AMA polymers were formed in the presence of TEA, with or without oxygen
being present. Therefore, it can be concluded that TEA did not favour the B5AMA polymerization.

Figure 3.13. Kinetic analysis of the B5AMA monomer conversion in the presence of TEA, with
and without oxygen.
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3.6 The Effect of Different LED Lights on the Polymerization

This experiment was done to analyze the effect of different LED lights on the
polymerization of B5AMA. Although it was stated in section 3 that blue LED light would be the
most suitable for using CTCPA as the CTA because CTCPA’s wavelength of maximum absorption
of light is in the blue light range, this study was done to further validate that assumption.

In this experiment, Photoiniferter polymerization was performed using different
LED lights in colors, blue, green, yellow, and red. The 1H NMR monomer conversion results
summarized in table 3.15 demonstrate that at 2 hours, all four LED lights had a monomer
conversion less than 4%. However, at 3 hours, blue LED light 17% monomer conversion, while
red, green, and yellow lights had less than 6% conversion. Similarly, at 5 hours, blue LED light
had 42% monomer conversion and the other LED lights had less than 7% monomer conversion.
This trend continued until 24 hours where the blue LED had the highest monomer conversion of
98%, compared to the other LED lights which only had 6%, 10% and 3% monomer conversions
for yellow, red, and green LED lights, respectively (Appendix E, Figures 7.10-7.14). These results
can be explained from table 3.16, that CTCPA has a maximum absorption of light at 447nm, and
blue, green, yellow, and red LED lights show maximum emission of light at 454nm, 520nm,
530nm and 652nm, respectively. Therefore, it is clear that compared to other lights, blue LED light
had the closest wavelength to the maximum absorption of CTCPA, making blue light the most
suitable light source for this study.
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These results can be explained by the significant difference between the intensity of the
emission and absorption of the different LED bulbs as shown in figure 3.17. Compared to the blue
bulbs, the emission spectra of the green, yellow and red LED bulbs show a great broadness.
Therefore, it can be concluded that the hypothesis was accurate, and that blue light is the most
suitable for the photopolymerization using CTCPA as the CTA.

Table 3.15. Monomer conversion of B5AMA using different colored LED lights as the light
source, derived from figure 3.15.
t(H)

Yellow (%)

Red (%)

Blue (%)

Green (%)

0

0

0

0.00

0

1

2.94

2.64

3.04

1.07

2

3.33

2.85

3.66

1.17

3

5.07

3.60

17.05

1.72

4

5.48

5.30

18.23

1.77

5

4.39

6.20

42.18

2.67

24

6.48

10.96

98.90

3.85
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B5AMA conversion with different LED lights
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Figure 3.14. Monomer conversion comparison of blue, green, yellow, and red LED light after 24
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Figure 3.15. The UV-Vis spectrum of 4-((((2-carboxyethyl) thio) carbonothioyl) thio)-4cyanopentanoic acid (CTCPA) and blue, green, yellow and red lights.
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Figure 3.16. The emission spectrum of 4-((((2-carboxyethyl) thio) carbonothioyl) thio)-4cyanopentanoic acid (CTCPA) and blue, green, yellow, and red lights.

Table 3.16. The maximum absorption wavelength of CTCPA and the maximum emission
wavelengths of blue, green, yellow, and red lights in nanometers (nm), derived from figures 3.16
and 3.17.
Color

Maximum Absorption (nm)

Maximum Emission (nm)

CTCPA

447

-

Blue

-

454

Green

-

520

Yellow

-

530

Red

-

652
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3.7 The Effect of Different Solvents on the Photoinitiated B5AMA Polymerization

According to literature, different CTAs can have different absorptivity effects depending
on the solvent type.40 Therefore, this reaction was performed to study the effect of solvents on the
polymerization of B5AMA. For this reaction, different solvents with various polarities such as
pure methanol, dioxane and DMSO were used under the blue LED lamp irradiation. Hourly
samples were taken for each solvent for up to 5 hours and the reaction was stopped after 24 hours.
As shown in table 3.17, at 2 hours, pure dioxane and pure DMSO had a monomer conversion less
than 10%, while pure methanol and 10:1 methanol to water had a monomer conversion over 30%.
Similarly, at 3 hours, pure DMSO and pure dioxane had approximately close to 10% monomer
conversion while 10:1 methanol to water and pure methanol had 36% and 65% monomer
conversion, respectively (Appendix F, Figures 7.14-7.18). However, the reaction with pure
dioxane had to be stopped after 3 hours as solid matter was formed inside the reactor. It is assumed
that this was a result of low solubility of B5AMA polymers in pure dioxane.

In order to solve the solubility issue, another reaction was performed in 10% dioxane water
mixture, as the solvent. As shown in table 3.17, 10% dioxane in water initially had a lower rate of
polymerization and only 1.2% conversion of B5AMA to poly(B5AMA) was achieved after 3
hours. In contrast, pure dioxane, showed 8.44% conversion of the monomer into polymers after 3
hours. However, it can be concluded that the B5AMA monomer is soluble in 10% dioxane in water
as solid matter formation was not observed in the reactor at any time during the reaction. Then,
after 24 hours, this reaction had 90.7% monomer conversion after 24 hours.

60

Overall, it can be assumed that pure methanol, pure DMSO, and diluted methanol and
dioxane, all can potentially be suitable for the polymerization of B5AMA using 4-((((2carboxyethyl) thio) carbonothioyl) thio)-4-cyanopentanoic acid as the CTA as each solvent had
over 90% monomer conversions. However, the polymers formed using each solvent were further
analyzed using GPC as shown in table 3.18. The GPC analysis shows that each solvent was able
to form polymers in the desired molecular weight and each polymer had a low PDI, indicating that
all four polymerizations were well controlled. Although, the data obtained from both 1H NMR and
GPC analysis shows promising results for each solvent, more studies need to be done on the
biological and structural properties of polymers obtained.
Table 3.17. Monomer conversion of B5AMA using pure methanol, dioxane and DMSO as the
solvent, derived from figure 3.18.
Pure Methanol 10:1

dioxane Pure dioxane Pure

DMSO 10:1

methanol

Time (Hr)

(%)

to water (%) (%)

(%)

to water (%)

0

0

0

0

0

0

1

5.97

0.47

0.19

4.93

20.80

2

46.91

0.89

3.74

7.80

31.70

3

65.78

1.20

8.44

13.91

36.10

4

81.87

2.49

-

20.02

82.90

5

90.68

5.99

-

38.17

95.90

24

100.00

90.49

-

96.08

99.30

61

B5AMA conversion using different solvents
120.00

CONVERSION, %

100.00
80.00
60.00
40.00
20.00
0.00
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
T, H

Pure Methanol

10:1 dioxane to water

Pure dioxane

Pure DMSO

10:1 methanol to water

Figure 3.17. Kinetic analysis comparing the monomer conversion of B5AMA using pure
methanol, dioxane and DMSO as the solvent.

Table 3.18. Summary of the GPC results obtained from figures 3.19 and 3.20, and from DMSO
and 10% methanol in water.
Solvents

Expected Mw (kDa)

Achieved Mw (kDa

PDI

Methanol

5.00

5.29

1.23

10% dioxane to water

5.00

6.09

1.26

DMSO

5.00

6.41

1.26

10% methanol to water 5.00

4.70

1.26
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Figure 3.18. GPC analysis of polymers obtained with methanol as the solvent
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Figure 3.19. GPC analysis of polymers obtained with 10% dioxane to water as the solvent
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4. Conclusion
Through this experiment, photo-RAFT polymerization of B5AMA was explored. It was
found that for this study, an external initiator or a catalyst was not required as the RAFT agent
itself acts as both the CTA and the initiator simultaneously, making this reaction a Photoiniferter
polymerization. Using this technique, well controlled, living radical polymerization of B5AMA
was successfully performed in various conditions to see the effect of different CTA concentrations,
the effect of solvents in varying polarities, the role of light irradiation on the polymerization as
well as the effect of using different LED light.
The results obtained from the experiment done to study the effect of different CTA
concentrations indicate that the presence of CTA is necessary to obtain sufficient monomer
conversions in 24 hours as the CTA is required to initiate polymerization reaction.
The results derived from the experiment done to determine the role of light irradiation on the
polymerization of B5AMA shows that there was minimal to no monomer conversions in the
periods of no light irradiation. Therefore, the polymerization can be turned on or off by simply
turning the LED lamp on or off. Furthermore, results obtained from the reactions done by using
different LED lights such as green, red, yellow, and blue as the light source for the Photoiniferter
polymerization of B5AMA showed that the maximum light absorption of the CTA determines the
type of LED light that is suitable as the light source. In this study, blue LED light was used as the
light source as its emission spectrum overlaps well with the absorption spectrum of CTCPA.
Finally, B5AMA polymers were also synthesized in different solvents, and it was found
that pure DMSO, pure methanol, 10% methanol in water and 10% dioxane in water all have the
potential to be suitable solvents for the Photoiniferter polymerization of B5AMA. However, more
studies need be done on the polymers formed using each solvent.
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Overall, photo-RAFT is a versatile technique with several advantages and has great potential to be
applied to many fields.
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5. Future Work
As previously mentioned, the main limitation with the poly(B5AMA) synthesized using
thermal RAFT was that the polymers were not optically active. Although this issue was solved
using Photoiniferter polymerization, further studied need to be done to analyze the differences and
similarities between the polymers with S and R configurations. Furthermore, using Photoiniferter
method, block co-polymers of B5AMA need to be obtained and also their biological activities need
to be studied.
Since in this study, polymers with only two molecular weights were synthesized, in the
future, polymers with varying molecular weights need to be synthesized. In addition, the effect of
different CTAs on the Photoiniferter polymerization of B5AMA also need to be studied. Finally,
in this study it was ultimately learned that there are several solvents that can potentially be used to
polymerize B5AMA. Therefore, it can be useful to study different biological properties of the
polymers formed using different solvents.
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7. Appendices

Appendix A. 1H NMR spectral data of hourly B5AMA conversions in different initiator
concentrations

Figure 7.1. B5AMA conversions of 0ppm of initiator

Figure 7.2. B5AMA conversions of 250ppm of initiator
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Figure 7.3. B5AMA conversions of 500ppm of initiator

Figure 7.4. B5AMA conversions of 750ppm of initiator
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Appendix B. 1H NMR spectral data of hourly B5AMA conversions with and without the CTA

Figure 7.5. B5AMA conversions of 0ppm of CTA

Figure 7.6. B5AMA conversions of 0.033ppm of CTA
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Appendix C. 1H NMR spectral data of hourly B5AMA conversions of polymers with different
molecular weights

Figure 7.7. B5AMA conversions of polymers with a molecular weight of 5kDa

Figure 7.8. B5AMA conversions of polymers with a molecular weight of 8kDa
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Appendix D. 1H NMR spectral data of hourly B5AMA conversions of polymers formed by
intermittent irradiation of blue LED light

Figure 7.9. B5AMA conversions of polymers formed by intermittent irradiation of blue LED light

Appendix E. 1H NMR spectral data of hourly B5AMA conversions of polymers formed using
different LED lights

Figure 7.10. B5AMA conversions of polymers formed using red LED light
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Figure 7.11. B5AMA conversions of polymers formed using green LED light

Figure 7.12. B5AMA conversions of polymers formed using yellow LED light
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Figure 7.13. B5AMA conversions of polymers formed using blue LED light

Appendix F. 1H NMR spectral data of hourly B5AMA conversions of polymers formed using
different solvents

Figure 7.14. B5AMA conversions of polymers formed using pure dioxane
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Figure 7.15. B5AMA conversions of polymers formed using pure DMSO

Figure 7.16. B5AMA conversions of polymers formed using pure methanol
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Figure 7.17. B5AMA conversions of polymers formed using 10% methanol in water

Figure 7.18. B5AMA conversions of polymers formed using 10% dioxane in water
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