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ABSTRACT: The synthesis and systematic comparison of a com-

prehensive library of well-defined polymer architectures based

on poly(acrylic acid) is reported. Through the development of

new synthetic methodologies, linear, single branched, precision-

branched comb, and star polymers were prepared and their per-

formance as dispersants was evaluated. The ability to accurately

control chain lengths and branch points allows the subtle inter-

play between structure and dispersant performance to be defined

and affords critical insights into the design of improved

polymeric additives for coating formulations. The general indus-

trial relevance of ionic polymers and branched macromolecular

architectures supports these design rules for a wide range of

other applications and materials, including as additives for per-

sonal care products and in water treatment. © 2019 Wiley Periodi-

cals, Inc. J. Polym. Sci., Part A: Polym. Chem. 2019, 57, 716–725

KEYWORDS: controlled branching; dispersants; poly(acrylic acid);

polymer architectures; polymeric additives; scalable synthesis

INTRODUCTION Architecture and branching are key design
features of polymeric materials that significantly influence
material properties and play a major role in facilitating
important industrial processes.1–3 As an illustrative exam-
ple, polyethylene, one of the simplest and most widely used
commodity polymers, can be either a high strength or duc-
tile material, depending on the degree of backbone branch-
ing.4 Significantly, solubility, crystallinity, and morphology
are also dictated by polymer architecture.5–12 While a sys-
tematic understanding of the influence of these structural
features on polymer properties would be highly beneficial,
studies that tune and compare architectural isomers are
synthetically challenging.

The development of controlled polymerization techniques has
facilitated the synthesis of complex polymer architectures.13,14

Synthetic strategies have been developed for the preparation

of architectures ranging from linear polymers to high-molecu-
lar-weight dendritic structures.3 Recent studies illustrate the
promise of discrete macromolecules in a range of applications
(Ð = 1).15,16 For example, discrete macromolecules are desir-
able for fundamental understanding of dispersant perfor-
mance since minor deviations from the targeted molecular
weight and chain-end nature can significantly influence mate-
rial properties/performance.

Herein, we report the efficient and scalable synthesis of a
comprehensive library of poly(acrylic acid) (PAA) architec-
tures for use as polymeric dispersants. While industrially
important, structure–property relationships for dispersants
are not well developed due to the complex nature of the over-
all system. For example, in paint and coating formulations,
water soluble polymer additives are used to modify the prop-
erties of both inorganic pigments (e.g., titanium dioxide, TiO2)
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and filler particles (e.g., calcium carbonate, CaCO3), with the
specific aim of achieving uniform dispersions, improving particle
stability, and increasing the dispersant efficiency. A fundamental
understanding of the structural parameters that influence the
adsorption of macromolecules onto the surface of TiO2 is also of
particular interest,17–25 given the favorable optical properties
and high cost of the TiO2 pigment particles. A systematic study
examining the influence of branching and molecular weight on
the dispersion of TiO2 would therefore offer new design rules
for the preparation of high-performance dispersants. In this
study, the selection of macromolecular targets was driven by a
statistical design of experiment (DoE) model, which allows for
the maximization of structural variety and the elucidation of
structure–property trends (Fig. 1). The knowledge gained from
this study will permit the development of design rules for next
generation polymer additives for paint formulations, personal
care products, and water treatment.

EXPERIMENTAL

See Supporting Information for all experimental procedures
and polymer characterization data.

RESULTS AND DISCUSSION

Synthesis of PAA Architectures
In total, five distinct PAA architectures (16 samples in total)
were targeted based on a statistical DoE model—three linear
(L), four single branched (SB), four short-armed comb (SC),
four long-armed comb (LC), and a six-arm star (S), with total
degrees of polymerization (DPn) of 30, 60, or 120 repeat units.
In addition, the architectural diversity in these materials maxi-
mizes the design space that can be investigated, offering sig-
nificant insight into structural features that influence the
performance of polymers as pigment dispersants. In addition,
a major advantage of this statistical approach lies in the eluci-
dation of a systematic correlation between polymer structure
and function, enabling predictions to be made about the prop-
erties of new dispersant architectures. The target architec-
tures can be categorized by either structural features (linear,
branched, etc.) or total DPn (30, 60, or 120 repeat units), with
the degree of branching, defined as the ratio of the total DPn

of branches to the DPn of the main polymer backbone
(DPbranch/DPbackbone), being of particular interest (Fig. 1).

A major goal of this study was the development of scalable
synthetic approaches to tunable PAA architectures with accu-
rate control over branching, chain-ends, dispersity, and total
DPn. To facilitate the purification and characterization of these
PAA materials, all architectures were first prepared as tert-
butyl esters and subsequently deprotected to afford the
desired PAA analogues (Schemes 1–5). Initially, anionic26 and
nitroxide-mediated27 polymerizations were examined; how-
ever, the need for stringent reaction conditions or challenges
associated with acrylate-based monomers precluded their suc-
cessful use. While reversible addition-fragmentation chain

FIGURE 1 Overview of the five target PAA architecture types identified by the DoE model. Blue colored segments represent the

polymer backbone and red colored segments denote polymer branches. See Table 1 for structural characterization and Supporting

Information Figure S1 for a representation of all 16 PAA architectures. [Color figure can be viewed at wileyonlinelibrary.com]
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SCHEME 1 General synthetic route to linear PAA architectures

(L series). [Color figure can be viewed at wileyonlinelibrary.com]

SCHEME 2 General synthetic route to single branched PAA

architectures (SB series). [Color figure can be viewed at

wileyonlinelibrary.com]
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transfer (RAFT)28 polymerization techniques were shown to
be more user-friendly approach for the controlled polymeriza-
tion of acrylates, the presence of linear polymer impurities in
RAFT systems decreases the architectural integrity for the
branched derivatives. As a result, atom transfer radical poly-
merization (ATRP)29,30 was chosen as the primary polymeri-
zation strategy for the synthesis of linear polymers as well as
complex architectures such as star31 and comb32 structures.

Linear poly(t-butyl acrylate) polymers with different degrees
of polymerization, DP30 (L1), DP60 (L2), and DP120 (L3), were

therefore prepared using well-established copper-catalyzed
ATRP conditions to give linear poly(t-BA) with low-molecular-
weight distributions (Ð < 1.2) (Scheme 1). Importantly, nuclear
magnetic resonance (NMR) spectroscopy and gel permeation
chromatography (GPC) showed excellent agreement between
theoretical and experimental values, confirming the high
degree of structural control over these materials (Table 1,
entries L1, L2, and L3, Supporting Information Figs. S2–S10).

For the single branched AB2 stars (SB series), where A and B
represent PAA segments of different DPn, our initial strategy
focused on a modular, convergent approach. In this strategy, the
polymer backbone (i.e., B2 segment) was prepared from a dual
ATRP initiator bearing two bromides and one terminal alkyne
unit. Copper-catalyzed azide-alkyne cycloaddition was then
employed to attach an azide terminated poly(t-BA) branch
(A) to the middle of the B2 chain via conjugation with the specif-
ically placed alkyne side chain. However, all attempts at coupling
resulted in generation of a high molecular weight shoulder in
the GPC traces, which was attributed to side reactions involving
Glaser coupling.33,34 As an alternative, we employed a divergent
approach where a linear t-BA chain (A) was initially grown from
a monofunctional initiator and the terminal bromide displaced
with the carboxylic acid 1 containing two bromide initiator moi-
eties already installed (Scheme 2).

The highly efficient nature of the DBU chemistry coupled with
orthogonal displacement of the secondary bromide over the
two tertiary bromides allows for the direct formation of a
difunctional macroinitiator. Symmetrical chain extension from
a single branch point afforded the desired AB2 based on initial
linear chains (A) of DPn = 2, 10, 22, and 74 and B2 chain of
DPn = 26, 50, 8, and 42 (overall DPn of 30, 60, 30, and
120 acrylic acid units, respectively). All macromolecules were
fully characterized using a combination of spectroscopic and
chromatographic techniques with excellent agreement
between theoretical/experimental DPn and low dispersities
being observed in all cases (Table 1, entries SB1, SB2, SB3,
and SB4, Supporting Information Figs. S11–S24).

SCHEME 3 General synthetic route to short-armed comb PAA

architectures (SC series). Synthesis of di-t-BA from α-ketoglutaric
acid (top) and copolymerization of t-BA and di-t-BA (bottom).

[Color figure can be viewed at wileyonlinelibrary.com]

SCHEME 4 General synthetic route to long-armed comb PAA architectures (LC series) [Color figure can be viewed at wileyonlinelibrary.com]
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The short-armed comb architectures (SC series) identified by
the DoE model contain branches of DPn = 2 with varying back-
bone lengths. These short chain lengths necessitated the
development of a novel di-tert-butyl acrylate monomer 2 (di-
t-BA, Scheme 3), which was prepared from inexpensive, com-
mercially available ketoglutaric acid.35 Comparable reactivity
ratios with t-BA and negligible differences between the
observed incorporation and initial feed ratio of the two mono-
mers allows well-defined copolymers to be prepared by
ATRP.35 When deprotected, the incorporated di-t-BA mono-
mer resembles a precise DP2 branch of PAA, resulting in a
series of short-chain copolymers with varying di-t-BA incorpo-
ration and accurate control of the overall DPn (polymers with
backbone DPn of 15, 39, 61, and 100, containing 6, 10, 13, and

31 branches, respectively) (Table 1, entries SC1, SC2, SC3,
SC4, Supporting Information Figs. S25–S36).

For the synthesis of the long-chain PAA comb materials
(LC series), a similar level of control over branch length was
desired. Unfortunately, conventional living polymerization
techniques (e.g., anionic, ATRP, RAFT, etc.) give rise to statisti-
cal distributions and due to the low degrees of polymerization
targeted for these branches (DPn = 4, 6, 8, and 15), minor dis-
parities in branch lengths significantly influence the final
properties, obscuring any structural trends.36–38 For these
reasons, preparing oligomonomers of precise DPn (Ð = 1) was
of utmost importance and our recent development of a scal-
able separation strategy for the isolation of discrete oligomers

SCHEME 5 General synthetic route to six-arm star PAA architectures (S series).

TABLE 1 Structural Characterization of Dispersant Architectures

Backbone Branches Total

Structure DPn
a #Branches DPn

a DPn
a Mn (g/mol)b Đc

Linear (L)

L1 32 (30) – – 32 (30) 4000 1.13

L2 57 (60) – – 57 (60) 5900 1.13

L3 120 (120) – – 120 (120) 9700 1.13

Single branched (SB)

SB1 22 (20) 2 4 (5) 36 (30) 3800 1.15

SB2 2 (2) 2 13 (14) 27 (30) 4400 1.17

SB3 74 (80) 2 21 (20) 117 (120) 9500 1.21

SB4 10 (8) 2 25 (26) 60 (60) 6900 1.19

Short comb (SC)

SC1 15 (12) 10 (9) 2 35 (30) 3700 1.18

SC2 39 (36) 13 (12) 2 65 (60) 9200 1.13

SC3 61 (60) 31 (30) 2 123 (120) 12,100 1.12

SC4 100 (108) 6 (6) 2 112 (120) 12,200 1.21

Long comb (LC)

LC1 9 (6) 4 (4) 6 34 (30) 4400 1.28

LC2 20 (15) 3 (3) 15 72 (60) 5900 1.25

LC3 21 (18) 3 (3) 4 32 (30) 4700 1.37

LC4 27 (24) 12 (12) 8 125 (120) 4800 1.39

Star (S)

S1 - 6 5 (5) 30 (30) 3600 1.16

Structural analysis of intermediate t-BA polymers by 1H NMRa and GPCc. bPAA molecular weights were calculated from the obtained DPn of P(t-BA).

Brackets denote the target DPn identified by the DoE model. See Supporting Information for experimental procedures and full polymer characterization.
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utilizing automated silica gel chromatography proved to be
key.15 Initially, oligomerization of t-BA by ATRP was carried
out from an initiator bearing an alcohol unit which would
allow subsequent esterification with acryloyl chloride to
afford the desired α-vinyl oligomonomer. However, due to the
polarity of the alcohol chain end, oligomer separation proved
challenging. To circumvent this, tert-butyl 2-bromoisobutyrate
was selected as a non-polar protected initiator to aid oligomer
separation. This initiator has an additional advantage in that it
resembles a terminal acrylic acid repeat unit after final depro-
tection, but necessitates that the acryloyl group be introduced
at the ω-chain end. To this end, polymerization from tert-butyl
2-bromoisobutyrate afforded multigram quantities of crude
oligomeric t-BA which could be separated into fractions of dis-
crete lengths (Ð = 1) (Supporting Information Figs. S37 and
38). The bromide chain-ends were then substituted with
acrylic acid in the presence of 1,8-Diazabicyclo[5.4.0]undec-
7-ene, allowing quantitative introduction of a terminal acry-
late unit and giving scalable quantities of the desired discrete
oligomonomers with DPn of 4, 6, 8, and 15 (Supporting Infor-
mation Figs. S39–S42).

While copper-catalyzed copolymerization of the oligomono-
mers proved to be efficient for the synthesis of comb copoly-
mers with short branches (DP4 and DP6), inefficient
conversion of the oligomonomers was observed for those with
higher molecular weight chains (DP8 and DP15), resulting in
broad molecular weight distributions. In contrast, copolymeri-
zations catalyzed by Ru(Ind)ClPPh3 (Ind = indole), in the pres-
ence of tributylamine yielded high conversions of even the
longest oligomonomers (DP15) (Scheme 4, Supporting Infor-
mation Figs. S43–S50). In all cases, copolymerizations were
monitored by NMR and GPC, which showed near-ideal random
copolymerization of both t-BA and the oligomonomers, afford-
ing a library of long-chain combs with the number and length
of the grafted arms being accurately controlled by tuning the
monomer feed ratio and the initial DPn of the discrete oligo-
monomers. Comb architectures with backbone DPn of 9, 20,
21, and 27, with 4, 3, 3, and 12 branches (DPn = 6, 15, 4, and
8, respectively) were prepared on multigram scale for disper-
sant performance testing, in excellent agreement with the DoE
targets (Table 1, entries LC1, LC2, LC3, and LC4).

The final architecture identified by the DoE model was a
six-arm star polymer,39 which was prepared from a hexa-
functional initiator using a traditional “grafting-from”
approach (Scheme 5). Short ATRP reaction times and low con-
versions were targeted to minimize chain–chain coupling lead-
ing to a star polymer with arms of average DP5 (target DPn of
5) and overall low dispersity (Ð < 1.2) (Table 1, entry S1, Sup-
porting Information Figs. S56 and S57). To negate any influ-
ence of chain-ends, the bromide end-groups were removed
through a simple and quantitative hydrogenation protocol
recently developed in our group.40 As detailed in the Support-
ing Information, full structural analysis of intermediate t-BA
polymers was accomplished by 1H NMR and GPC with PAA
molecular weights calculated from the obtained DPn of the
corresponding P(t-BA) derivatives (Table 1).

PAA Architectures as TiO2 Pigment Dispersants
The availability of a library of macromolecular architectures
with controlled DPn and well-defined branching enables
structure–property relationships to be developed for disper-
sion performance. As an industrially important benchmark,
the performance of these PAA derivatives as polymeric disper-
sants for TiO2 pigment in paint and coating applications was
studied. In all cases, the branched PAA derivatives were com-
pared to linear controls while the reduction in flocculation
and overall viscosity (η) of the system were examined
(Fig. 2).17 The TiO2 selected for this study is widely utilized in
paint and coating formulations (marketed by DuPont under
the trade name Ti-Pure® R-706), with a median size of
360 μm and surface layers of silica and alumina that facilitate
both durability and dispersion. To allow for comparison with
commercial PAA-based dispersants that operate at slightly
basic pH, all 16 PAA architectures were dissolved in water,
adjusted to pH 10 using sodium carbonate, purified by dialy-
sis, and isolated as white powders after freeze-drying. In all
cases, aqueous solutions of the purified and redissolved NaPA
architectures were found to have a pH of ~9.

Dispersant demand plots were obtained for each polymer
architecture by measuring the viscosity of aqueous TiO2 slur-
ries with different dispersant amounts. The viscosity of aque-
ous dispersions of 70 wt % TiO2 containing between 0 and
1.5 wt % linear PAA dispersants (L1, L2, and L3) was mea-
sured using a parallel plate rheometer at a constant shear rate
of 100 s−1 and compared with commercially available linear
PAA (Mw ~ 15,000 g mol−1) (Supporting Information Fig. S59).
The viscosity of the particle slurry was observed to be highly
dependent on the molecular weight as well as the added
weight percentage of dispersant. To compare the dispersant
performance of our linear architectures, we chose to focus on
lower dispersant amounts (0.0–0.1 wt %), where a molecular
weight influence on the viscosity of TiO2 slurries is more
clearly observed.41–44 For the linear dispersants (L series), as
the molecular weight of the PAA polymer increases, an
increasing amount is required to reach a minimum plateau
viscosity [Fig. 3(a)]. This change in dispersion performance
with degree of polymerization could also be clearly illustrated
by examining the viscosity at a specific dispersant amount.
For example, addition of 0.05 wt % of L1 (DP30) results in a

FIGURE 2 Schematic representation of the dispersion of TiO2

pigment particles by PAA dispersants. TiO2 powder (left image)

is stabilized in water via adsorption of PAA onto the particle

surfaces, affording a stable suspension (right image). [Color

figure can be viewed at wileyonlinelibrary.com]
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fluid TiO2 dispersion (η = 0.4 � 0.1 Pa s), while 0.05 wt % of
L2 (DP60) or L3 (DP120) results in pastes (η = 1.3 � 0.1 Pa s
and η = 1.9 � 0.3 Pa s, respectively). Importantly, significant
reductions in viscosity were observed for all controlled molec-
ular weight linear systems in comparison with the commercial
derivative (DP200, 15,000 g mol−1), which afforded a powder
(η ~ 3.1 Pa s) (Fig. 3).

The influence of dispersity on the performance of PAA-based
dispersants was then investigated with samples of similar DPn
by comparing L1 (Ð 1.1; DPn = 30) to a commercial sample of
polydisperse PAA (Ð 2.4; DPn = 30). Significantly, addition of
L1 to a TiO2 particle slurry results in a reduced viscosity
when compared to the polydisperse PAA sample [Fig. 3(b)].
For control experiments, a comparable dispersant demand
plot was elucidated for both a PAA-based commercial paint
additive (TAMOL 945®) and sodium acetate [Fig. 3(b)]. The
polymeric dispersants had enhanced performance relative to
the small molecule analogue with a trend of decreasing Ð
leading to improved performance, consistent with previous
reports.42 A rationale for this behavior is that the adsorption
of linear PAA onto a variety of substrates and surfaces41–52

occurs through a combination of both electrostatic and steric
forces,53–58 where the effective dispersion of particles is
driven by the ability of a polymer to adopt loop conformations
on a particle surface [Fig. 4(a)].54 However, PAA chains with
increased DPn are more likely to bridge particles than adopt a
loop conformation [Fig. 4(b)], causing pigment flocculation
and increasing the overall viscosity of the system. As a result,
dispersants with increased Ð contain fractions of both lower
and higher molar mass PAA, providing inadequate surface
adsorption or bridging between particles, respectively. Both
factors contribute to colloidal instability.41

Having demonstrated the importance of molecular weight
(DPn) and Ð for tuning the dispersion performance of linear
PAA, we next sought to identify architectural features that
would further increase dispersing ability. As before, a focus

on low dispersant loadings (0.0–0.1 wt %) enables the differ-
ences due to architecture to be more clearly distinguished.

Dispersant demand plots for the lowest DPn series of PAA
architectures (DP30) were obtained between 0.0 and 0.1 wt %
PAA (Fig. 5). Structurally, SB2 was designed to have a single
short branch from the mid-point of the polymer backbone,
making it an almost identical material to L1. Accordingly, the
rheological properties of L1 and SB2 showed negligible differ-
ences and indicated that a short central branch does not sig-
nificantly influence dispersant performance. However, the

FIGURE 3 Dispersant demand plots of aqueous TiO2 dispersions versus PAA dispersant amount (0–0.1 wt %/TiO2): (a) influence of

molecular weight and (b) influence of dispersity on viscosity. Viscosities were measured at a shear rate of 100 s−1. Lower constant

shear rates (<100 s−1) lead to large differences in viscosity due to the shear-thinning behavior of aqueous TiO2 dispersions. The two

commercially available PAA materials used were DP200 (Ð > 2, Sigma Aldrich) and DP30 (Ð = 2.4, Polyscience). [Color figure can be

viewed at wileyonlinelibrary.com]

FIGURE 4 Cartoon representation of dispersion (a) and

flocculation (b) of TiO2 particles with low and higher molecular

weight linear PAA, respectively. [Color figure can be viewed at

wileyonlinelibrary.com]
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introduction of additional short branches of DPn 2 (SC1),
4 (LC3), and 5 (S1) into the PAA architectures, while main-
taining the total DP30, was observed to increase dispersion
viscosity. This is most likely due to the steric hindrance from
the branch points that impede the main polymer backbone
from adopting a loop confirmation on the surface, while the
DPn of the attached branches themselves are too low to bind
independently. In support of this hypothesis, the viscosities of
dispersions prepared from DP30 architectures with fewer and
slightly longer branches (SB1 and LC1) were found to be
intermediate between that of the linear and highly branched
materials.42,59

In order to correlate the performance of these dispersants,
isothermal titration calorimetry (ITC) was used to calculate
the binding constant (Ka), enthalpy changes (ΔH), and thermo-
dynamic parameters for the interaction between different PAA
architectures and the surface of TiO2 particles.60,61 Impor-
tantly, comparing different polymer architectures with the
same DPn eliminates molecular weight effects and allows the
influence of structure on dispersant performance to be
probed. Titration of sub-stoichiometric amounts of each PAA
derivative into an aqueous suspension of TiO2, allowed endo-
therms (ΔH > 0), attributed to the direct binding interactions
(adsorption) to the particle surfaces, to be observed for all
polymeric architectures (Supporting Information Fig. S61).
From the resulting heat flow data, an adsorption model was
used to calculate the thermodynamic parameters for the inter-
action between the different PAA architectures and TiO2

(Supporting Information Table S7). Significantly, a linear trend
was observed between binding affinity and dispersant perfor-
mance (TiO2 slurry viscosity at 0.05 wt % PAA) with the

higher binding constants correlating with increased dispersing
capability (Fig. 6). As demonstrated above for the dispersant
demand plots, the binding constant for the linear polymer
(L1) and the corresponding derivative with a single short
branch (SB2) were essentially identical. Architectures with
intermediate branching (SB1, SC1, LC1, and LC3) were
observed to have lower binding constants with the lowest
binding constant being observed for the star architecture (S1).
The binding constant for all of the polymeric dispersants was
significantly greater than for the small molecule control,
NaOAc (Ka = 1.6 × 103 M−1), confirming the importance of
multiple binding groups in these systems.62

The power of using a range of macromolecular isomers with
similar degrees of polymerization and different architectures
is that by comparing the ITC data, we can propose that the
binding constant is influenced by a polymer’s ability to rear-
range to maximize the number of favorable interactions with
the particle surface, reducing displacement, and enhancing
steric stabilization. Through evaluation of the DP30 architec-
tures, the trend observed for both binding constant and dis-
persion viscosity is related to the structural features of the
polymers. For example, linear PAA (L1) is only restricted by
its backbone and can adopt a favorable conformation when
binding to a surface. Similarly, architectures with fewer longer
branches (SB1 and LC1) are qualitatively intermediate in per-
formance when compared with architectures containing
numerous shorter branches (SC1 and LC3). Finally, the star
(S1) polymer with six short arms, emanating from a single
branching point, would be expected to have the least freedom
of movement and have the greatest difference when compared
to the linear polymer for particle adsorption.

When compared to the DP30 series, the influence of architecture
on the performance of the DP60 and DP120 materials was

FIGURE 5 Dispersant demand plots of aqueous TiO2 dispersions

versus PAA dispersant amount. Effect of architecture within the

same DP30 series. Viscosities were measured at a constant

shear rate of 100 s−1. [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 6 Viscosity of TiO2 particle dispersions versus binding

constant of PAA-TiO2 particle adsorption for DP30 series. [Color

figure can be viewed at wileyonlinelibrary.com]
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distinctly different (Fig. 7). In the case of the DP60 materials, the
variation between the linear polymer (L2) and other architec-
tures in reducing the viscosity of TiO2 dispersion was less than
for the DP30 series, potentially due to the longer branches inter-
acting more efficiently with the TiO2 particle surface. In direct
contrast, for the DP120 materials, the branched architectures con-
sistently performed better than the linear polymer (L3), highlight-
ing the importance of branching, as opposed to the total
molecular weight of the polymer at higher DPn. This subtle inter-
play between branching and molecular weight is intriguing and
suggests design principles governed by specific properties and
performance requirements.

For industrial dispersant applications, the use of higher
molecular weight dispersants is often desirable in commercial
paint formulations as these are less readily displaced from the

pigment surface by other additives. However, as previously
discussed, high molecular weight linear dispersants will
bridge particles, encouraging flocculation and increasing dis-
persion viscosity. In analyzing the structure–property
relationships for the DP30, DP60, and DP120 series, the intro-
duction of branches into a dispersant of comparable molecular
weight reduces the resulting dispersant viscosity without
compromising the number of possible surface binding sites. A
rationale for the observed change in viscosity with branching
at constant DPn is that the introduction of branches reduces
the maximum linear extension of the polymer, thereby pre-
venting bridging between particles and encouraging primarily
intra-particle adsorption. This concept introduces an addi-
tional parameter (architecture) for dispersant design, where
the length of each branch can be tailored to fall within the
range of the highest performing linear dispersants
(DP1 < x < DP30, Figure 3). Lower molar mass branches would
provide increased steric mobility and conformability to the
TiO2 particle surface with the added benefit of an overall
higher molecular weight dispersant achieving an enhanced
stability to additives. Accordingly, a subset of the branched
DP120 architectures identified by this study (e.g., SB3, SC3,
and LC4) show a significantly reduced pigment dispersion vis-
cosity and improved performance when compared to L3 and
other traditional linear PAA systems.

CONCLUSIONS

In summary, the synthesis of a library of well-defined PAA
architectures based on the commercially important building
block, acrylic acid, is reported. A statistical DoE model was used
to identify target polymer architectures, with the aim of maxi-
mizing the structural space that could be experimentally investi-
gated. Employing a combination of established strategies and
new synthetic methodologies, linear, single branched, precision-
branched comb, and star polymers were prepared. From these
macromolecular isomers, the role of structure on dispersant
performance was evaluated. Specifically, the PAA architectures
were investigated as polymer additives for the dispersion for
TiO2 pigment particles. Using a combination of rheology and
ITC measurements, important structural trends were identified
leading to enhanced performance as TiO2 dispersants. Signifi-
cantly, we identified polymer architectures that show promise
as next generation pigment dispersants and highlighted the role
of polymer architecture in controlling properties. We anticipate
that this work will guide the design of new, robust and industri-
ally viable polymerization chemistries that improve material
performance through architectural control.
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