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Highlights 

• Dispersant architectural framework drives the pigment stabilisation mechanism 

• Chemical functionality of a dispersant dictates its pigment surface interactions  

• Branched dispersants can synergistically interact and improve dispersion stability 

 

Abstract 

Ensuring discrete dispersion of pigment particles is crucial to maintain their separation 

during processing and storage, and to achieve the desired properties in coatings. To facilitate 

dispersion and prevent aggregation, the stability of the dispersant along with the chemical 

interaction between pigment particles and dispersants is critical. This study was conducted to 

investigate the interaction between robust dispersants containing thermally stable carboxylate 

and phosphonate functional groups and the titania pigment surface at pH values experienced in 

pigment manufacturing as well as in application. The study found that the interaction depends 

on the type of group, the distribution density of the group, and the solution pH.  

Dispersant adsorption can occur under both alkaline and acidic solution conditions, 

with the adsorption density increasing when the pH is reduced or the carboxylate group density 

is increased. At pH 9.5, dispersant adsorption affinity and density is low, and hydrogen bonding 

occurs in addition to phosphate group chemisorption. At pH 5.5, both the adsorption affinity 

and density significantly increase due to electrostatic interactions between carboxylate and/or 

phosphonate groups and the pigment surface, combined with phosphate group driven 

chemisorption. Linear carboxylate-phosphonate copolymers and carboxylate dispersants 

present at the pigment surface provide electrostatic stabilisation while branched copolymers 
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provide both electrostatic and steric stabilisation. The synergistic physical and chemical 

interaction combined with dispersion stability may lead to improved titania pigment 

suspensions using branched copolymer dispersants. 

 

Keywords: Pigment, dispersion, titania, architecture, adsorption. 

1. Introduction 

Titania pigment suspension properties are very important during pigment processing 

and for maximising end-use properties in industrial products such as paint, papermaking and 

plastics. Dispersion is of major importance to ensure adequate separation of pigment particles 

and to maintain pigment suspensions during the manufacturing process as well as storage 

stability. It is also vital in the application of inorganic coatings, and for managing coating 

properties such as gloss, opacity, tint strength, and colour distribution. When dispersion is 

inadequately controlled during the application of inorganic oxide coatings during 

manufacturing, undesirable coated pigment aggregates can be formed. Aggregation is 

detrimental to gloss, hiding power and colour, and the optimum effect of the pigments will not 

be fully utilised.  

To facilitate pigment suspension dispersion properties, the dispersion barrier can be 

greatly improved by the addition of a suitable polymer or dispersant [1]. It is therefore critical 

to understand the interactions between the dispersant functional groups and the pigment 

particle surface. Interactions have been investigated extensively over the years to understand 

the complex phenomena at the solid-liquid interface [2-12] however the nature of the 

interactions are still relatively unknown and require specific investigations.  

A dispersant primarily surrounds the pigment particle with a repulsive barrier that 

hinders aggregation by providing electrostatic and/or steric repulsion. In the case of 

electrostatic stabilisation, ionised molecules are adsorbed onto the pigment surface. Pigment 

particles with similar charges will therefore repel each other and thus resist aggregation. Due 

to the natural surface charge that exists on titania pigments, anionic dispersants are traditionally 

preferred, although both cationic and non-ionic dispersants can be used [13]. In the case of 

steric stabilisation, a physical barrier is provided by the adsorbed dispersant molecules which 

maintains pigment particle separation. 

The concurrent reduction of pigment suspension viscosity and maximization of solids 

suspension loading can be achieved by utilising charge and/or steric stabilisation mechanisms 
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of colloidal particles [14]. Polyphosphates, for example, can provide electrosteric stabilisation 

of such particles, however they degrade at both high temperatures and under alkaline solution 

conditions that are present during pigment processing [15]. This degradation leads to a loss of 

dispersion stability and higher aggregation levels in the pigment suspension [16]. A dispersant 

must therefore impart a high level of stability under pigment processing conditions in order to 

inhibit aggregation, thereby avoiding detrimental optical properties in final pigment products.  

In order to overcome the deficiencies resulting from polyphosphate degradation, 

alternative robust dispersants are necessary for titania pigment stabilisation, particularly during 

processing. Phosphonate dispersants offer greater thermal and pH stability due to the presence 

of the P-C bond making them a potential alternative for polyphosphates [5, 6]. Sulphonate and 

carboxylate compounds have also been reported as effective and robust oxide dispersants [7, 

17, 18]. Subsequently, dispersants with phosphonate and/or carboxylate functionality were 

chosen for their enhanced robustness combined with their capacity for pigment interaction [18]. 

The aim of this study is to investigate the effectiveness of robust dispersants, with phosphonate 

and/or carboxylate architecture, and their interaction with titania pigment particles. Three 

anionic compounds: polyacrylic acid, phosphonobutane tricarboxyacid and 2-

carboxyethylphosphonic acid were tested as dispersants for titania pigments at pH 5.5 and 9.5, 

values either side of the pigment iep and values experienced during the tail-end of pigment 

processing. This work presents the results of adsorption, electrochemical and spectroscopic 

studies of the dispersants to investigate the influence of the various types and densities of the 

carboxylate, phosphate and hydroxyl groups. 

 

2. Materials and Methods 

2.1. Materials 

The titania pigment sample used in this study is a commercially manufactured 

aluminate- and zirconia-coated aluminium-doped rutile, with a density of 4.1 g/cm3 and a BET 

surface area measured by N2 adsorption of 7.018 m2/g. The particle mean diameter measured 

by transmission electron microscopy (TEM) was 0.23 ± 0.02 µm. The major surface elements 

determined by X-ray photoelectron spectroscopy (XPS) were Al, Ti, Zr and O, at a surface 

atomic concentration of 19, 6, 0.6 and 74 at.%, respectively, after removing the adventious 

carbon contribution). The pigment isoelectric point (iep) is ca. 8.5 ± 0.3 determined using an 

AcoustoSizer II. The anionic dispersants used were polyacrylic acid (PAA), phosphonobutane 
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tricarboxy acid (PBTCA) and 2-carboxyethylphosphonic acid (CEPA). The PAA was obtained 

from Aldrich Chemical Co. as 45 wt% sodium salt solution. The PBTCA was obtained courtesy 

of Lanxess as a 50 wt% solution. The CEPA was obtained from Sigma-Aldrich with a purity 

of >99%. The dispersant structures and molecular weight data are presented in Table 1.  

High purity water (Milli-Q) was used throughout the experiments and was produced by 

the following sequential treatment: reverse osmosis, two stage mixed bed ion exchange, two 

stage activated carbon treatment, and a final filtering step through a 0.22 μm filter. The 

conductivity was less than 0.5 μS cm-1 with a surface tension of 72.8 mN m-1 at 20°C. All other 

reagents used were analytical grade (unless otherwise stated). 

 

Table 1. Structure and molecular weight (MW) values of the anionic dispersants. 

Dispersant Abbreviation Structure MW/Da 

poly(acrylic acid) PAA 

 

13,600* 

phosphonobutane tricarboxy acid PBTCA 

 

270 

2-carboxy ethylphosphonic acid 
(phosphonopropionic acid) 

CEPA 

 

154 

Note: *Polydispersity ca. 2.1. 

2.2. Adsorption Isotherms 

Adsorption isotherms were performed in a glass-conditioning vessel at 25 °C at pH 

values lower and higher than the pigment iep, pH 5.5 and 9.5, respectively. Titania pigment 

suspensions (2.5 wt%) were conditioned by stirring continuously overnight in 0.01 M KCl 

solution at natural pH. After pH adjustment to the desired value with a small amount of HCl or 

KOH solution, a known concentration of the dispersant stock solution was introduced to the 

vessel and stirred continuously for at least 30 minutes to reach adsorption equilibrium. During 

the adsorption period pH was monitored and no considerable change was observed. A sample 

of the suspension was removed and centrifuged with an Eppendorf 5416 centrifuge at 10,000 
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rpm for 10-15 minutes and the dispersant concentration was increased incrementally up to 4 

mg g-1 of pigment. The supernatant was analysed to determine the amount of dispersant 

remaining in solution and it was assumed that the amount of dispersant depleted from the 

solution had adsorbed onto the pigment surface.   

2.2.1. Concentration of Polyacrylic Acid 

The concentration of PAA was monitored by adding ferric (III) ions that react with 

PAA in solution forming a colourless complex.  The excess ferric ions in solution are reacted 

with thiocyanate ions to form the highly coloured ferric thiocyanate complex which can be 

monitored colorimetrically. To a 5 mL sample of PAA solution, 0.25 mL of 0.004 M ferric 

chloride solution was added.  After 5 min, 0.5 mL of 2 M KSCN was added.  After 10 min, the 

absorbance was measured at 480 nm using a Varian Cary1E UV/Visible spectrophotometer 

and the concentration of PAA was determined from a calibration curve. 

2.2.2. Concentration of Phosphonates 

The concentration of the phosphonate dispersants was measured indirectly by 

determining the amount of orthophosphate in solution following acid digestion. Samples of 

50 mL solutions containing PBTCA or CEPA were heated in the presence of 1 mL of 11 N 

H2SO4 and 0.4 g ammonium persulphate until a volume of approximately 10 mL was 

remaining.  The digested samples were then diluted to back to 50 mL.  To a 5 mL aliquot of 

each sample, 2 mL of 0.03 M ammonium molybdate and 2 mL of 0.01 M antimony potassium 

tartrate were added followed by 1 mL of 0.1 M ascorbic acid.  After 10 min, the absorbance 

was measured at 650 nm using a Varian Cary1E UV/Visible spectrophotometer and a 

calibration curve of absorbance versus phosphonate concentration was obtained. 

2.2.3. Langmuir Adsorption Isotherms 

The linear form of the Langmuir adsorption equation is frequently applied to 

polymer/dispersant adsorption [19] and has been described in detail elsewhere [6]. The 

Langmuir equation was applied to the adsorption data and various constants including the 

adsorption free energy and maximum adsorption density were obtained. 

2.3. Zeta potential measurements 

Zeta potential measurements were performed using a Colloidal Dynamics Inc. 

Acoustosizer II.  Pigment suspensions (4.2 wt%) were conditioned by continuous stirring 
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overnight in a 0.01 M KCl solution. The electroacoustic signal of the pigment particles was 

measured at 25 °C as a function of dispersant concentration which was increased incrementally 

up to 4 mg g-1 of pigment, allowing 15 minutes equilibration between measurements. The pH 

was adjusted with the addition of a small amount of HCl or KOH solution to maintain a constant 

pH of 5.5 or 9.5. 

2.4. Rheology measurements 

A Haake rheometer (Rheostress 1 type) fitted with a Z34 DIN 53019 coaxial cylinder 

sensor was used to measure the rheological response of the pigment suspensions. Pigment 

suspensions were prepared at a solid content of 25 wt.% in 0.01M KCl. The shear stress of the 

pigment suspensions was determined at 25 °C as a function of dispersant concentration. The 

pigment suspensions were sheared at an increasing shear rate from 0 to 300 s-1 in one minute 

and back to rest in 1 minute with the torque sensor continuously determining the shear stress, 

τ. The dispersant concentration was increased incrementally up to 4 mg g-1 of pigment, 

allowing 15 minutes equilibration between measurements.  The extrapolated yield stress, τB, 

was obtained from the flow curves using the Bingham model [20, 21]. 

2.5. Diffuse Reflectance Infrared Fourier Transformation (DRIFT) Spectroscopy 

The pigment samples retained following the adsorption isotherm experiments (in 0.01 

M KCl) at the maximum adsorption density were used to obtain the DRIFT spectra. A Bruker 

Vector 22 FTIR spectrophotometer was used with spectra recorded over the range 4000-

400 cm-1 at a resolution of 4 cm-1 and 64 scans per sample. The pigment samples were gently 

washed with Milli-Q water at the experimental pH values and ionic strength in order to remove 

any unadsorbed dispersant, were filtered and dried for 24 h in a desiccator, then mixed with 

spectroscopic grade KCl prior to acquisition. 

 

3. Results and Discussion 

3.1. Pigment Characterization 

Figure 1 shows the pigment zeta potential and extrapolated yield stress as a function of 

pH in 0.01 M KCl. From this plot it is evident that the isoelectric point (iep) occurs at ca. pH 

8.5. which is slightly higher than the value of pH 7.8 previously reported for this pigment [21]. 

The zeta potential of the pigment particles (Figure 1(a)) is negative above the iep and decrease 
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in magnitude with decreasing pH until the iep is reached. With further reduction in pH to acidic 

conditions, the magnitude of the positive zeta potential increases. The yield stress (Figure 1(b)) 

increases to a maximum at the iep due to the decreased electrostatic repulsion that occurs at the 

iep [22]. Generally, τB increases with increasing pH until a maximum is reached, after which it 

decreases. This suggests that particle attraction is dependent on pH, and the change in the 

degree of particle attraction is attributed to the pH-dependent surface charge [20]. It should be 

noted that the modest reduction in yield stress at pH values above the iep may be due to the 

hydroxyl groups of the pigment surface being in different protonated states, and therefore 

interaction through electrostatic attraction or via hydrogen bonding can lead to particle 

aggregation. 

 

 
Figure 1. Titania pigment zeta potential (a) and extrapolated yield stress (b) as a function of 

pH in 0.01 M KCl. 
 

3.2. Adsorption Isotherms 

Adsorption isotherms of the dispersants onto the pigment in 0.01 M KCl were obtained 

at pH 5.5 and 9.5 as shown in Figure 2 and Figure 3 respectively. The Langmuir adsorption 

model was applied using the Langmuir equation [19] with the calculated adsorption free energy 

values and maximum adsorption density, Cads.max, values presented in Table 2. The free energy 

of adsorption, ∆Gads, was calculated from the Langmuir equilibrium constant, K, i.e., ∆Gads 
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= −RTlnK, where R is the gas constant and T is the temperature. ∆Gads is represented as the 

sum of four free energy components [23]: 

∆Gads = ∆Gchem + ∆Gelec + ∆GH-bonding + ∆Ghydrophobic      (1) 

where ∆Gchem, ∆Gelec, ∆GH-bonding and ∆Ghydrophobic are the chemical, electrical, hydrogen 

bonding and hydrophobic components of the free energy of adsorption. 

Because of their simple shape, the isotherms shown in Figures 2 and 3 can be classified 

as Langmuir type isotherms. The Langmuir equation (Equation (2)) was used to fit the 

experimental data and obtain the parameters of adsorption equilibrium constant, Ceq, and 

maximum concentration of dispersant adsorbed, Cads.max, for each dispersant [20]:  

𝐶𝐶𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

= 1
𝐾𝐾 .  𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶.𝑚𝑚𝑚𝑚𝑚𝑚

+ 𝐶𝐶𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶.𝑚𝑚𝑚𝑚𝑚𝑚

       (2) 

where Ceq is the equilibrium polymer solution concentration (mol/L), Cads is the concentration 

of polymer adsorbed (mol/L), Cads.max is the maximum concentration of polymer adsorbed 

(mol/L) and K is the Langmuir adsorption equilibrium constant (L/mol).  

At pH 5.5 (Figure 2), each of the dispersants exhibit Langmuir adsorption behaviour as 

demonstrated by fit of the data to the solid lines on the adsorption isotherms. At this pH, the 

dispersant adsorption density (Table 2) is relatively high along with high affinity adsorption 

occurring, particularly for the PAA and PBTCA dispersants. The adsorption behavior of the 

dispersants onto the pigment surface shows large variation with functional group architecture. 

At pH 5.5, the pigment surface is highly positively charged (Figure 1a) and is comprised of 

positive AlOH2
+, ZrOH2

+ and TiOH2
+ surface groups [21] while the dispersant carboxylate 

groups are negatively charged at pH 5.5 (pKa ≈ 4.5, [24]). Adsorption is therefore likely to occur 

predominantly due to electrostatic interaction between the carboxylate anions and the positive 

surface sites. The pKa of polyphosphate chain groups, is ≈0-3 and the end groups is ≈7-9 

indicating that at pH 5.5, the chain groups are likely to be predominantly negatively ionised 

[15]. As the pigment surface at pH 5.5 is comprised of positive surface groups, phosphate group 

interaction is therefore likely to be dominating by electrostatic interaction with chemisorption 

between the phosphate and the metal surface sites also likely to occur to some degree with the 

pigment surface [25].  
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Figure 2. Titania pigment adsorption isotherms of (○) PAA, (■) PBTCA and (□) CEPA at 

pH 5.5 in 0.01 M KCl. Solid lines were obtained from the Langmuir equation fit. 
 

 
Figure 3. Titania pigment adsorption isotherms of (○) PAA, (■) PBTCA and (□) CEPA at 

pH 9.5 in 0.01 M KCl. Solid lines were obtained from the Langmuir equation fit. 
 

Table 2. Langmuir adsorption isotherm paramters for the dispersants adsorbed onto titania 
pigment at pH 5.5 and 9.5. 

 ΔGads (kJ mol-1) Cads.max (mg m-2) 

Dispersant pH 5.5 pH 9.5 pH 5.5 pH 9.5 

PAA -20.2 ± 0.5 -18.9 ± 1.2 0.30 ± 0.05 0.18 ± 0.01 

PBTCA -19.5 ± 0.8 -16.0 ± 1.0 0.16 ± 0.04 0.09 ± 0.02 

CEPA -19.0 ± 0.7 -15.8 ± 0.8 0.10 ± 0.03 0.08 ± 0.02 
∆Gads is the free energy of adsorption and Cads.max is the maximum amount of dispersant adsorbed 
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At pH 9.5 (Figure 3), the data also show good fits to the Langmuir model, however, the 

dispersant adsorption density is moderate with reduced affinity adsorption occurring. The 

adsorption of dispersants onto the pigment surface also shows significant variation with 

functional group architecture. The pigment surface at pH 9.5 has minimal charge (Figure 1a), 

comprised of predominantly neutral (AlOH, ZrOH and TiOH) groups with some positive 

(AlOH2
+, ZrOH2

+ and TiOH2
+) surface groups also present. As the carboxylate groups are 

negatively charged at pH 9.5, electrostatic attraction with the pigment surface is reduced with 

adsorption likely to be occurring due to interaction between carboxylate anions and fewer 

positive surface sites. Hydrogen bonding may also occur between the titania pigment surface 

hydroxide groups and polymer carboxylate groups, as previously proposed [6]. At pH 9.5, 

phosphate is highly negatively charged (pKa ≈ 7-9) [25] and the pigment surface is minimally 

charged. Adsorption is likely to be dominated by chemisorption between the polyphosphate 

anion and metal surface sites and this is supported by the negative adsorption free energy values 

(Table 2). Chemisorption, occurs between the polyphosphate and pigment surface and can form 

a bridging bidentate surface complex through Me-O-P bonds [25]. The bidentate Me-O-P 

complex anchors the dispersant to the pigment surface with the dispersant extending into the 

solution due to electrostatic repulsion between neighboring negatively charged carboxylate 

groups. 

The data in Table 2 shows that the adsorption density for the dispersants decreases with 

increasing pH as expected for anionic dispersants containing carboxyl groups. Furthermore, 

the adsorption density is greater with higher carboxylate group density at either pH with 

adsorption following in descending order PAA>PBTCA>CEPA. Unlike the other two 

dispersants, the CEPA adsorption density onto the pigment is similar at pH 5.5 and 9.5 

suggesting that the carboxylate group density provides the major pH variation. Adsorption 

affinities of the phosphate containing dispersants (PBCTA and CEPA) are very similar at both 

pH 5.5 and 9.5, suggesting that the phosphate groups contribute to adsorption with the 

possibility of both chemisorption and electrostatic adsorption occurring [26]. The adsorption 

free energy values, presented in Table 2, are higher than -13 kJ mol-1 reported for PAA 

adsorption onto alumina [27]. Moreover, the ΔGads values obtained in this study are less than -

25 kJ mol-1 suggesting that the interaction between the dispersants and the pigment surface is 

rather weak and unlikely to be of a chemical nature [28] suggesting domination by electrostatic 

interaction. For each of the dispersants, the ΔGads is lower at pH 9.5 due to an increase in 

anionic repulsion. The pH clearly influences the adsorption density of the anionic dispersants 
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with higher adsorption at lower pH. In addition, the affinities of the isotherms are much greater 

at pH 5.5 than at pH 9.5 as expected. Similar behaviour has been reported for the adsorption of 

PAA onto titania or titania pigment [29, 30].  

3.3. Adsorption density, zeta potential and rheology 

Adsorption density, zeta potential and rheology versus initial concentration of each 

dispersant at pH 5.5 are presented in Figure 4(a) to (c) respectively. At pH 5.5, the pigment 

zeta potential is positive (Figure 1) and the addition of each dispersant effectively decreases 

the zeta potential (Figure 4(b)). The zeta potential becomes negative at ca. 0.3, 0.2 and 0.15 

mg m-2 for PAA, CEPA and PBTCA dispersants respectively. Similar trends are observed for 

the rheology (Figure 4(c)) with the yield stress initially increasing with the addition of 

dispersants as the net charge on the pigment particles becomes neutral. For the PAA and CEPA 

dispersants, a maximum is reached close to the iep after which the yield stress decreases to 

minimums of ca. 3.8 and 3.2 Pa at maximum adsorption density respectively. Addition of more 

than 0.2 mg m-2 of PBTCA dispersant effectively reduces the yield stress to zero which is well 

below maximum adsorption density, suggesting steric stabilization has occurred. The observed 

strong correlation between adsorption density, zeta potential and yield stress at pH 5.5 is 

indicative of electrostatic interactions with similar behaviour reported previously for low 

molecular weight PAA and polyphosphates adsorbed onto mineral oxides [26, 31]. 
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Figure 4. Plots of (a) adsorbed amount of dispersant, (b) zeta potential and (c) extrapolated 

yield stress as a function of initial dispersant concentration for: (○) PAA, (■) PBTCA and (□) 
CEPA on titania pigment at pH 5.5. 

 

Figure 5 (a) to (c) shows the adsorption density, zeta potential and rheology versus 

initial concentration of each dispersant at pH 9.5 respectively. At pH 9.5 the pigment zeta 

potential is negative (Figure 1) and the addition of each dispersant effectively decreases the 

zeta potential (Figure 5(b)).  The zeta potential is reduced by ca. 40 mV for PAA and PBTCA 

and ca. 20 mV for CEPA at maximum adsorption density.  This trend is in accordance with the 

anionic group density of the dispersants with the lower density (CEPA) resulting in the lowest 

zeta potential reduction. Similar trends are again observed for the rheology (Figure 5(c)) with 

the yield stress decreasing from ca. 7 Pa with the addition of dispersants as the net charge on 

the pigment particles becomes negative. For the PBTCA dispersant, the yield stress reduces 

rapidly to zero at a concentration ca. 0.2 mg m-2 suggesting the presence of steric stabilization. 

Addition of PBTCA or CEPA dispersants, however, requires a significantly higher initial 

concentrations ca. 0.4 mg m-2 to reduce the yield stress to zero at maximum adsorption 

densities. This suggests that a zeta potential reduction between 20-40 mV is required to 

significantly reduce the yield stress. The strong correlation between adsorption density, zeta 

potential and yield stress at pH 9.5, is further indicative of electrostatic interactions. 
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Figure 5. Plots of (a) adsorbed amount of dispersant, (b) zeta potential and (c) extrapolated 

yield stress versus dispersant concentration for: (○) PAA, (■) PBTCA and (□) CEPA on 
titania pigment at pH 9.5. 

3.4. DRIFT spectroscopy 

Figure 6 show the DRIFT spectra of each dispersant unadsorbed and adsorbed onto the 

pigment at pH 5.5 and 9.5. The spectrum of unadsorbed PAA (Figure 6(a,i)) shows several 

characteristic peaks including those at 1560 cm-1 and 1405 cm-1 representing the asymmetric 

and symmetric stretch of the carboxylate group respectively [32, 33].  The peak at 1560 cm-1 

shifts to slightly higher values of 1562 and 1565 cm-1 upon adsorption of the dispersant onto 

the pigment surface at pH 5.5 and 9.5 respectively. The peak at 1405 cm-1 also moderately 

shifts to higher values of 1411 and 1407 cm-1 at pH 5.5 and 9.5 respectively, suggesting that 

physisorption is occurring with the pigment surface [34]. Previous studies have reported similar 

shifts in these peaks which were attributed to electrostatic interactions [27, 35-37] and/or 

hydrogen bonding between the carboxylate groups of PAA and the hydroxide groups of the 

pigment surface [6, 34]. The peak at 1448 cm-1 is attributed to -CH2 deformation which shifts 
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slightly with adsorption at pH 5.5 and 9.5. This suggests that there may be some interaction 

between the dispersant hydrocarbon chains and the pigment surface [6]. 

 

 
Figure 6. DRIFT spectra of (a) PAA, (b) PBTCA and (c) CEPA: (i) unadsorbed and 

adsorbed onto titania pigment at (ii) pH 5.5 and (iii) pH 9.5. 
 

In Figure 6(b) and Figure 6(c), there are several peaks that are characteristic of the 

phosphonate dispersants. These include peaks at ca. 930 cm-1, which are representative of the 

phosphate group [32, 38] and which are relatively consistent in peak position and height in 

each of the spectra. This suggests that there is limited, if any, detectable interaction between 

the pigment surface and the phosphate groups. For CEPA, which contains a greater density of 

phosphate than PBCTA, peaks at ca. 1255 cm-1 representing the antisymmetric vibration of 

PO2 are not significantly shifted upon adsorption suggesting limited interaction with the 

pigment surface [39]. In addition to the phosphate groups, these dispersants also contain 

carboxylate groups which are observed by strong peaks at 1720 and 1722 cm-1. These peaks 

are not observed for the adsorbed dispersants at either pH suggesting that interaction with the 

pigment surface may be dominated by the dispersant carboxylate groups rather than the 

phosphate groups. 
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4. Conclusions 

In this study, the influence of functional group dispersant architecture on titania pigment 

particle interactions has been shown to be dependent upon group type and their distribution 

density. Although both carboxylate and phosphonate dispersant functional groups interact with 

the titania pigment surface groups. Our studies suggesting interaction is dominated by 

carboxylate functional groups with dispersant adsorption density increasing with carboxylate 

group density.  

 All anionic dispersants, as indicated by electrochemical studies, interact electrostatically 

with the positively charged pigment surface (ie. at pH 5.5). At this pH, the adsorption affinity 

and density is high and the interaction is primarily through the negatively charged carboxylate 

and phosphate groups and the positive titania pigment surface. At pH 9.5, where the adsorption 

affinity and density are relatively low, the anionic dispersant interactions are likely to be 

primarily hydrogen-bonding. Dispersant phosphate functional groups, at both pH 5.5 and 9.5, 

contribute to adsorption with the possibility of both chemisorption and electrostatic adsorption 

occurring.  

Methacrylic-phosphonate copolymers (CEPA) and mono-functional polyacrylic acid 

(PAA) provide electrostatic stabilisation to pigment particle suspensions, whereas grafted 

copolymers (PBCTA) provide both electrostatic and steric stabilisation. Grafted copolymers 

therefore provide the synergistic benefit of physical and chemical interaction translating to 

improved titania pigment suspension stability. 
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