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Abstract

Pigment suspensions for many uses, including paints and inks, must be sensitive to the dispersant properties. The acid
number to molecular weight ratio (AN/MW) is accepted as an important molecular descriptor of dispersants in
determining dispersion efficiency. Pigment suspensions in the AN/MW ratio, dispersion stability, and rheology are all
highlighted in this overview. This paper tries to provide a clear and complete insight into the physicochemical processes
involved by studying how changes in this ratio affect particleparticle interaction, flocculation resistance, and
viscoelasticity. The literature evidence shows that by merely optimizing this ratio, pigment dispersion quality can be
improved, pigment aggregation can be reduced, and favorable theological properties can be attained for both processing
and application.

1. INTRODUCTION

Since modern formulations are primarily composed of complex material systems, pigment suspensions
have an established role in their performance. If these suspensions are not properly prepared, significant
consequences on rheology may arise, affecting flow behavior and application properties. The stability of
paint, ink, and coating dispersions directly determines their shelf life and processability. At the same time,
from a technical perspective, well-stabilized dispersions enhance both the aesthetic appeal and the
functional qualities of the final product. Dispersants are able to change the interfacial energies, decrease
pigment-pigment affinity, and encourage greater uniform distribution. This characteristic varies with the
physical properties of dispersants, such as acid functionality and molecular weight. One of the most
efficient measurable criteria to characterize a dispersant is its polar biological activity with the molecular
bulk, which can be expressed as the value of the acid number-to-molecular-weight (AN/MW) ratio.

The previous research studied the dispersants with polar and nonpolar segments, but practically no
attention was given to the AN/MW ratio as the determining factor of the dispersion stability and
rheological control [1][2][3]. Whereas increasing acid number can increase pigment affinity by increasing
anchoring sites, excess acid, relative to molecular size, may also form undesired associations, e.g., bridging
flocculation, high viscosity. Low AN / MW ratios, conversely, need not be excessively high as to prevent
any possible steric or electrostatic stabilization. The ratio is thus of interest to optimize to achieve a balance
of repulsion of the particles and also adequate covering of the pigment surface [4][5][6].

To describe the AN/MW ratio control mechanisms of the pigment dispersion dynamics regulation, the
present article elaborates on this interaction with the assistance of the sample data and theoretical
modeling. It begins with the molecular mechanism of dispersant action and then progresses to the
physicochemical implications of dispersant action in terms of colloidal stability as well as rheology.

2. Molecular Basis of Dispersant-Pigment Interactions

According to the introduction of the AN/MW ratio as a valuable parameter, first, one should learn to
understand the interaction of dispersants with the pigment surfaces at a molecular level, as shown in
Figure 1. Dispersants typically operate by anchoring groups of normal pigment surfaces, typically
carboxylic acid, phosphates, or sulfonates, and by solubilizing chains, such as polyethylene oxide or alkyl
chains, which protrude into the medium around to provide steric hindrance. The acid number is the
quantity of mass concentration of acidic anchoring groups, and molecular weight dictates the length of
the chain and the overall volume of the hydrodynamic volume of the molecule. The ratio thus gives a
clue to how many anchoring groups are on the molecule, and this influences the spatial arrangement and
adsorption properties of a particular molecule.

A high AN/MW ratio indicates a high density of anchoring groups, enhancing the dispersant's ability to
bind strongly to pigment particles. However, this may also lead to excessive adsorption, resulting in
bridging flocculation where one dispersant molecule attaches to multiple pigment surfaces. On the other
hand, a low AN/MW ratio suggests fewer anchoring groups per molecule, which can lead to insufficient
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surface coverage and weak stabilization [7][8]. The optimal condition is where each dispersant molecule
effectively adheres to a pigment particle and provides adequate steric or electrostatic repulsion without
causing bridging or crowding effects.

This molecular behavior is heavily influenced by the solvation environment and pigment surface
chemistry. For example, in aqueous systems, carboxylic acids tend to ionize, contributing to electrostatic
stabilization, whereas in nonpolar systems, steric effects dominate. Therefore, the effectiveness of the
AN/MW ratio is context-dependent, necessitating a comprehensive approach to formulation that
considers solvent polarity, pigment surface energy, and dispersant architecture simultaneously [9][10].
Figure 1: Molecular interactions between dispersant molecules and pigment particles
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3. Impact on Dispersion Stability

From the molecular level of interaction, we now transition to the macro-level consequence dispersion
stability. Stability in pigment suspensions refers to the system’s resistance to aggregation, sedimentation,
and flocculation over time. The AN/MW ratio plays a critical role in dictating the nature and strength of
the stabilizing forces acting between pigment particles.

In systems where the AN/MW ratio is optimized, dispersant molecules uniformly cover the pigment
surface, generating either a charged or sterically hindered layer that prevents particle-particle contact. This
leads to long-term kinetic stability, where particles remain suspended and well-dispersed even under stress
conditions such as shear, thermal fluctuations, or storage aging [11][12]. When the ratio is skewed either
too high or too low, destabilizing phenomena such as depletion flocculation or bridging can occur.
Experimental studies have shown that pigment suspensions with improperly balanced AN/MW ratios
exhibit increased turbidity, higher sedimentation rates, and larger average particle sizes over time. Zeta
potential measurements, used to assess electrostatic repulsion, also decline under these conditions,
indicating weak interparticle forces. Furthermore, optical microscopy and dynamic light scattering (DLS)
data frequently reveal aggregate formation in suspensions formulated with non-optimal dispersants
[13][14].

This implies that while high acid functionality ensures stronger adhesion, it must be counterbalanced by
sufficient molecular weight to prevent particle bridging and agglomeration. On the contrary, dispersants
with excessive molecular size but few functional groups may adsorb poorly, leading to desorption under
flow or shear, and consequent aggregation. Hence, for stable suspensions, a mid-range AN/MW ratio
typically governed empirically within a specific formulation window offers the most reliable performance
across diverse pigment types and solvent systems [15][16].
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To better illustrate the influence of different AN/MW ratios on dispersion quality, the article presents
Table 1, which compares performance characteristics across a range of dispersant formulations in terms
of sedimentation behavior, particle size distribution, and zeta potential. These comparative metrics offer
quantitative insight into how subtle shifts in molecular design affect observable stability outcomes in
practical suspension systems.

Table 1: Influence of Dispersant AN/MW Ratio on Pigment Suspension Stability

Dispersant AN/MW Ratio Sedimentation Rate Aver'age ) Leta ) Observed
Sample (mg KOH/g per (mm/day) Particle Size |Potential Stability

kDa) (nm) (mV)
D-1 (Low Poor (Visible
AN/MW) 1.2 4.8 420 -1z flocculation)
D-2 (Moderate Good (Stable
AN/MW) 35 1.3 190 -36 suspension)
D-3 (High Moderate (Some
AMW) 6.8 3.5 310 21 ecting

4. Influence on Rheological Behavior

Having addressed dispersion stability, it is essential to examine how the AN/MW ratio further influences
the rheology or flow behavior of pigment suspensions, as shown in Figure 2. Rheological properties
determine the ease of application, flow under shear, leveling, and sag resistance of products such as
coatings or inks. These properties are intricately linked to the microstructure and interparticle
interactions within the suspension, which, as previously discussed, are controlled by dispersant
performance.

The AN/MW ratio affects the formation of structured networks within the suspension. A well-dispersed
system tends to exhibit Newtonian or shear-thinning behavior, depending on particle concentration and
size. High AN/MW dispersants can increase low-shear viscosity due to the formation of dense interfacial
layers and potential flocculation. This is especially problematic in applications requiring smooth flow or
sprayability [17][18]. On the other hand, dispersants with low AN/MW ratios may result in under-
stabilized suspensions where particle-particle interactions increase under flow, leading to shear-thickening
or erratic viscosity behavior.

Viscoelastic analyses such as oscillatory shear measurements demonstrate that suspensions with well-
balanced AN/MW ratios show low storage modulus (G’) at rest and dominant loss modulus (G”) under
shear, reflecting fluid-like behavior conducive to processing. These characteristics change drastically in
poorly stabilized systems, where elastic components dominate due to microstructure formation, resulting
in gel-like or thixotropic behavior that hinders performance.

Moreover, yield stress, a critical parameter for determining whether a suspension can flow under gravity
or applied stress, is directly affected by particle interactions modulated by the dispersant. Suspensions
formulated with dispersants of improper AN/MW ratios often exhibit high yield stress and poor leveling,
reducing usability in thin film applications [19]. Therefore, controlling rheology via dispersant design,
and particularly through the optimization of the AN/MW ratio, is not only a matter of stability but also
of end-use performance.
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Figure 2: Effect of dispersant concentration on suspension viscosity
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5. Formulation Considerations and Industrial Implications

The rheological results indicate that the determination of the AN/MW ratio is important in assuring the
scalability, reproducibility, and commercial viability of pigment suspensions. High-AN dispersants
provide better anchoring to surfaces in waterborne systems involving electrostatic stabilization, while high-
MW dispersants are more suitable in high-solid and solvent-borne systems depending on steric hindrance.
Thus, the ability to tune the AN/MW ratio would also allow matching system polarity, pigment type, and
processing demand, thereby satisfying the specifications for low-VOC, green formulations, with better
performance at lower dosages. At the same time, real-time validation of dispersions can be achieved using
advanced analytical techniques. Methods such as centrifugation, laser diffraction, and viscometric
profiling provide valuable insights into particle distribution, stability, and flow behavior. By incorporating
these techniques, formulation cycles can be significantly shortened, while predictive models for stability
and rheology can be developed. This, in turn, adds practical relevance to the process of tailoring
dispersants for optimized performance [20].

6. Conclusion

The acid AN/MW ratio of dispersants is an important and multifunctional parameter in designing and
developing high-performance pigment suspension which is stable. Through adjusting the adhesive
characteristics mediated by the acid functionality and the steric characteristics mediated by the molecular
size, formulators can tune the dispersant behavior to provide optimum dispersion stability and the
preferred rheological characteristics. The present review, based on a comprehensive molecular interaction
analysis, dispersion monitoring, and rheological profiling, supports the idea that no universal value of
AN/MW ratio can be chosen; its optimization is required to be system-specific. Critical knowledge and
exploitation of this parameter can be used to produce more efficient, robust, and sustainable pigment
suspension formulations.
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