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ABSTRACT

Suspensions are essential pharmaceutical formulations used to deliver insoluble drugs in a
liquid medium. They come in two main types: flocculated and deflocculated suspensions,
each with distinct characteristics.

Flocculated suspensions contain particles that are loosely aggregated to form flocs or
clusters. These flocs settle rapidly but can be easily redispersed upon shaking, preventing the
formation of a hard cake at the bottom of the container. The advantage of flocculated
suspensions is that they are easier to redisperse, ensuring uniform dosing.

Deflocculated suspensions, on the other hand, have individual particles that remain separate
and do not form flocs. These particles settle slowly and form a dense sediment over time,
which can be difficult to redisperse, leading to non-uniform dosing. While they provide a
more stable suspension in terms of particle settlement, the hard sediment formed can pose
challenges.

The primary difference between flocculated and deflocculated suspensions lies in their
particle interaction and settling behavior. Flocculated suspensions settle quickly but are easily
resuspended, whereas deflocculated suspensions settle slowly but can form a hard cake that is
hard to redisperse.

Stability problems in suspensions include sedimentation, particle aggregation, and changes
in particle size distribution. These issues can affect the uniformity and efficacy of the
suspension. Methods to overcome these stability problems include using suspending agents
like carboxymethylcellulose or xanthan gum to increase the viscosity of the medium, which
slows down sedimentation. Flocculating agents such as electrolytes or surfactants can
promote the formation of flocs, making the suspension easier to resuspend. Additionally,
controlled particle size reduction through milling or grinding ensures uniform particle
distribution and reduces settling.
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13.1 Flocculated Suspension

A flocculated suspension is a type of suspension where the dispersed solid particles form
loose aggregates or “floccules” that are held together by weak forces, such as Van der Waals
forces or hydrogen bonding. This flocculation can influence the stability, appearance, and
behavior of the suspension. Here’s a detailed look at flocculated suspensions:

1. Definition and Characteristics
a. Flocculation: The process by which solid particles in a suspension form loose
aggregates or clumps, known as floccules. Unlike in non-flocculated suspensions,
these aggregates are not tightly bound and can easily be re-dispersed.
b. Particle Behavior: In a flocculated suspension, particles form a network of loose
aggregates that are large enough to settle slowly, but the aggregates are not so dense
that they form a hard cake at the bottom of the container.

2. Formation of Flocculated Suspensions

a. Electrostatic Interactions: Flocculation often occurs due to reduced electrostatic
repulsion between particles, which can be achieved by adding electrolytes to the
suspension. These electrolytes neutralize the surface charges on the particles, allowing
them to come closer together and form floccules.

b. Use of Flocculating Agents: Certain additives, known as flocculating agents or
flocculants (e.g., clays or polymers), can promote flocculation by interacting with the
particles and encouraging the formation of floccules.

3. Advantages of Flocculated Suspensions

a. Improved Stability: Flocculated suspensions tend to have better stability compared
to non-flocculated ones because the floccules settle more slowly, reducing the rate of
sedimentation and minimizing the risk of caking.

b. Ease of Re-Dispersion: Since the floccules are loosely aggregated, they can be easily
re-dispersed upon shaking or stirring, which helps in maintaining a uniform
suspension.

C. Reduced Sedimentation Rate: Flocculated particles settle at a slower rate compared
to non-flocculated particles, leading to a more stable product over time.

d. Improved Handling: Flocculated suspensions are less prone to forming a hard
sediment layer, making them easier to handle and mix before use.

4. Disadvantages of Flocculated Suspensions

a. Appearance: Flocculated suspensions can appear more turbid or cloudy due to the
presence of floccules, which may not be aesthetically pleasing.

b. Dosage Accuracy: Flocculation can sometimes lead to uneven distribution of the
active ingredient if not properly mixed, potentially affecting dosage accuracy.

C. Potential for Aggregation: If the flocculation is not well-controlled, it can lead to
excessive aggregation, which might affect the quality and performance of the
suspension.

5. Preparation and Control

a. Formulation: The formulation of flocculated suspensions involves carefully selecting
the appropriate flocculating agents and concentrations to achieve the desired level of
flocculation without compromising stability.
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Testing and Monitoring: Regular testing for sedimentation rate, particle size, and
flocculation characteristics is essential to ensure that the suspension maintains its
desired properties throughout its shelf life.

Adjustments: The formulation may need adjustments based on the results of stability
and performance testing to optimize the degree of flocculation and ensure consistent
quality.

6. Applications

a.

13.2

Pharmaceuticals: Flocculated suspensions are used in pharmaceutical formulations
to enhance stability and ease of re-dispersion. Examples include certain oral and
topical medications.

Industrial: In industries such as water treatment and mining, flocculated suspensions
are used to facilitate the separation and removal of suspended solids.

Deflocculated Suspension

A deflocculated suspension is a type of suspension where the solid particles remain as
discrete entities and do not form aggregates or floccules. The particles in a deflocculated
suspension are well-separated from each other, which affects the behavior, stability, and
properties of the suspension. Here’s a detailed overview:

1. Definition and Characteristics

a.

Deflocculation: The process where solid particles in a suspension remain dispersed as
individual particles without forming loose aggregates or floccules. This typically
results in a more stable, but potentially less easily re-dispersed, suspension.

Particle Behavior: In a deflocculated suspension, the particles are separated by
electrostatic repulsion forces or other stabilizing interactions, leading to a more
uniform distribution in the liquid medium.

2. Formation of Deflocculated Suspensions

a.

Electrostatic Stabilization: Deflocculation often involves the use of stabilizers or
surfactants that increase the electrostatic repulsion between particles. These stabilizers
prevent the particles from coming close enough to aggregate.

Steric Stabilization: Some suspensions use polymers or other steric stabilizers that
create a barrier around each particle, preventing them from coming into close contact
and flocculating.

Use of Suspended Agents: Agents like high molecular weight polymers or
surfactants can be used to keep the particles from clustering.

3. Advantages of Deflocculated Suspensions

a.

Extended Shelf Life: Deflocculated suspensions typically have a longer shelf life due
to the reduced risk of sedimentation and aggregation. The particles remain uniformly
dispersed over time.

Reduced Sedimentation: Since particles do not form aggregates, they settle more
slowly compared to flocculated suspensions. This results in a more uniform
distribution of the active ingredient.

Improved Appearance: Deflocculated suspensions often have a clearer appearance
because they lack the visible aggregates or clumps found in flocculated suspensions.
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4. Disadvantages of Deflocculated Suspensions

a. Difficulty in Re-Dispersion: Once settled, deflocculated suspensions can be harder to
re-disperse because the particles are dispersed individually and may form a hard cake
at the bottom of the container.

b. High Viscosity: To maintain deflocculation, the viscosity of the suspension may need
to be increased, which can make the suspension more difficult to pour or administer.

C. Potential for Caking: If not properly formulated, deflocculated suspensions may lead
to a hard sediment layer that is difficult to re-suspend.

5. Preparation and Control

a. Formulation: The formulation of deflocculated suspensions involves the careful
selection of stabilizers and excipients to ensure that the particles remain dispersed.
This might include the use of surfactants, polymers, or other stabilizers.

b. Testing and Monitoring: Regular testing is required to ensure that the suspension
remains deflocculated and does not develop issues like excessive sedimentation or
caking.

C. Adjustments: Formulation adjustments may be necessary based on stability tests to
optimize the level of deflocculation and ensure consistent performance.

6. Applications
a. Pharmaceuticals: Deflocculated suspensions are used in situations where a clear,
stable suspension is required and where the ease of re-dispersion is not a primary
concern. They are common in some oral and injectable formulations.

b. Industrial: In various industrial processes, deflocculated suspensions are used where
precise control over particle dispersion is needed, such as in certain coatings or
processing applications.

13.3 Difference Between of Flocculated and Deflocculated Suspension

The distinction between flocculated and deflocculated suspensions revolves around the
behavior of the solid particles within the liquid medium. Each type has specific
characteristics, advantages, and disadvantages that affect its stability, appearance, and
application. Here’s a detailed comparison:

1. Particle Aggregation
a. Flocculated Suspension:

I. Particle Behavior: In a flocculated suspension, particles form loose
aggregates or “floccules” held together by weak forces (e.g., Van der Waals
forces, hydrogen bonds).

Ii.  Appearance: Often appears cloudy or turbid due to the presence of floccules.
lii.  Sedimentation: Particles settle more slowly and form a soft, easily
redisperseable sediment at the bottom of the container.
b. Deflocculated Suspension:
I. Particle Behavior: Particles remain as discrete entities without forming
aggregates. They are separated by electrostatic repulsion or steric stabilization.

Ii.  Appearance: Tends to be clearer because there are no visible aggregates.

iii.  Sedimentation: Particles settle slowly but may form a hard, compact
sediment that is difficult to re-disperse.
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2. Stability
a. Flocculated Suspension:

I.  Stability: Generally more stable over time in terms of sedimentation because
the particles form loose aggregates that settle more slowly.

Ii.  Re-Dispersion: Easier to re-disperse because the aggregates can be broken up
with shaking or stirring.

b. Deflocculated Suspension:

I.  Stability: Can be more stable in terms of uniform particle distribution because
particles do not aggregate. However, the suspension may be prone to forming
a hard sediment layer if not properly formulated.

Ii.  Re-Dispersion: More difficult to re-disperse once settled, especially if a hard
cake forms at the bottom of the container.

3. Viscosity
a. Flocculated Suspension:

I.  Viscosity: Typically has lower viscosity compared to deflocculated
suspensions, as the flocculated particles form a network that requires less
thickening agent.

Ii.  Handling: Easier to handle and pour, but care must be taken to avoid
excessive sedimentation.

b. Deflocculated Suspension:

I.  Viscosity: Often requires higher viscosity to keep particles from aggregating.
This can make the suspension more difficult to pour or administer.

Ii.  Handling: The increased viscosity can aid in maintaining a stable suspension
but may affect ease of use.

4. Dosage Accuracy
a. Flocculated Suspension:

I. Dosage Accuracy: Can sometimes lead to uneven dosing if the floccules are
not uniformly distributed, although the overall stability helps in maintaining
dosage consistency.

b. Deflocculated Suspension:

I. Dosage Accuracy: Tends to provide more consistent dosing as the particles
are dispersed uniformly throughout the suspension, though re-dispersion
issues can affect accuracy if the suspension is not properly mixed before use.

5. Applications
a. Flocculated Suspension:
I.  Applications: Used where ease of re-dispersion and slower sedimentation are
desired. Common in oral suspensions, topical applications, and certain
injectable formulations.

il.  Example: Antacid suspensions where re-dispersion is crucial before use.
b. Deflocculated Suspension:

I.  Applications: Suitable for applications requiring a clear suspension and
longer-term stability without the need for frequent re-dispersion. Common in
injectable formulations and some oral suspensions.
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Ii. Example: Certain injectable drug formulations where a clear, stable
suspension is needed.

6. Preparation and Control
a. Flocculated Suspension:

I.  Preparation: Involves the use of flocculating agents and careful control of
particle interactions to achieve desired flocculation without excessive
aggregation.

Ii.  Control: Requires monitoring of flocculation degree and sedimentation
behavior.

b. Deflocculated Suspension:

I.  Preparation: Involves the use of stabilizers like surfactants or polymers to
keep particles from aggregating. The formulation must be carefully balanced
to avoid excessive sedimentation.

ii.  Control: Requires monitoring of particle size, dispersion stability, and re-
dispersion characteristics.

13.4 Stability Problems and Methods to Overcome in Suspensions

Stability is a critical aspect of suspensions, as instability can lead to problems such as
sedimentation, caking, or changes in the effectiveness of the product. Here’s a detailed look
at common stability problems in suspensions and methods to overcome them:

1. Sedimentation
a. Problem: Sedimentation occurs when the solid particles in the suspension settle at the
bottom of the container due to gravity. This can lead to a non-uniform distribution of
the active ingredient.
b. Methods to Overcome:

I. Increase Viscosity: Use thickening agents or suspending agents (e.g.,
methylcellulose, xanthan gum) to increase the viscosity of the suspension,
which helps keep particles suspended.

Ii.  Flocculation Control: Use flocculating agents to form loose aggregates that
settle more slowly, reducing sedimentation rate while still allowing for easy
re-dispersion.

Iii.  Particle Size Reduction: Reduce the particle size of the dispersed phase to
decrease the rate of sedimentation. Finer particles settle more slowly than
larger ones.

IV. Adjust Formulation: Optimize the concentration of stabilizers and
surfactants to achieve the desired balance between stability and ease of re-
dispersion.

2. Caking
a. Problem: Caking occurs when particles settle and form a hard, compact layer at the
bottom of the container, making it difficult to re-disperse the suspension.
b. Methods to Overcome:

I.  Flocculation Adjustment: Properly control flocculation to avoid excessive
aggregation that leads to caking. Use flocculating agents to create soft, loose
floccules rather than hard aggregates.
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Ii.  Increase Viscosity: Higher viscosity can help prevent the particles from
settling too quickly and forming a hard cake.

Iii.  Regular Shaking or Stirring: Design the packaging to allow for easy shaking
or stirring to re-disperse the suspension and prevent caking.

3. Particle Aggregation

a. Problem: Aggregation occurs when particles clump together, which can lead to
inconsistent dosing and reduced effectiveness.

b. Methods to Overcome:

I.  Use of Stabilizers: Employ stabilizers like surfactants or polymers that
prevent particles from coming together and forming aggregates.

Ii.  Electrostatic Stabilization: Use electrolytes or surfactants to maintain
electrostatic repulsion between particles, keeping them dispersed.

lii.  Steric Stabilization: Use polymers or other steric stabilizers that create a
physical barrier around each particle to prevent aggregation.

4. Settling Rate

a. Problem: The rate at which particles settle can affect the uniformity of the
suspension. Fast settling rates can lead to poor consistency and dosage accuracy.

b. Methods to Overcome:

I.  Control Particle Size: Smaller particles settle more slowly. Adjust the milling
process to achieve the desired particle size distribution.

Ii.  Optimize Suspension Medium: Use a medium with appropriate density and
viscosity to control the settling rate.

5. Microbial Contamination

a. Problem: Suspensions can be prone to microbial growth if not properly preserved,
leading to contamination and spoilage.

b. Methods to Overcome:

I.  Add Preservatives: Include antimicrobial preservatives (e.g., benzalkonium
chloride, parabens) to prevent microbial growth.

Ii.  Use Sterile Techniques: Ensure that the suspension is prepared using aseptic
techniques, especially for injectable formulations, to minimize contamination
risks.

6. pH Changes
a. Problem: Changes in pH can affect the stability of the suspension, potentially causing
particle aggregation or solubility changes.
b. Methods to Overcome:

I.  pH Adjustment: Adjust and maintain the pH within an optimal range for the
stability of the suspension using buffer solutions.

ii.  Regular Monitoring: Monitor the pH regularly during storage and use,
especially for long-term stability.

7. Chemical Degradation

a. Problem: Active ingredients or excipients may degrade over time due to chemical
reactions, affecting the efficacy and safety of the suspension.
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b. Methods to Overcome:

I.  Use Stabilizers: Incorporate stabilizers and antioxidants that can help protect
the active ingredient from degradation.

Ii.  Proper Storage: Store the suspension under recommended conditions (e.g.,
temperature, light) to minimize degradation.

8. Temperature Sensitivity

a. Problem: Some suspensions may be sensitive to temperature changes, leading to
changes in viscosity or stability.

b. Methods to Overcome:

I.  Temperature Control: Store and transport the suspension within the
recommended temperature range to prevent temperature-induced changes.

Ii.  Temperature-Stable Formulations: Formulate the suspension with
temperature-stable excipients to maintain stability under varying conditions.

Multiple-Choice Questions (Objective)

1. What is a suspension?
a) A homogeneous mixture of two liquids
b) A type of heterogeneous mixture where solid particles are dispersed in a liquid
C) A solution where solid particles are dissolved
d) A gas dispersed in a liquid

2. What particle size is typical for suspensions?
a) Less than 1 micron
b) Greater than 1 micron
C) Between 0.01 and 0.1 micron
d) Exactly 1 micron

3. Which component in a suspension increases the viscosity to help keep particles
dispersed?
a) Active ingredient
b) Vehicle
C) Suspending agent
d) Preservative

4. What is a key characteristic of flocculated suspensions?
a) Particles remain as discrete entities
b) Particles form loose aggregates
C) Particles dissolve completely
d) Particles form a hard cake

5. Which of the following is NOT a type of suspension?
a) Oral suspension
b) Topical suspension
C) lInjectable suspension
d) Gas suspension

Page | 158



Chapter- 13: Suspensions-11
E-ISBN: 978-93-6252-980-0

. What is the purpose of stabilizers in suspensions?

a) To increase the particle size

b) To prevent aggregation and sedimentation of particles
C) To add flavor

d) To act as the main active ingredient

. How can sedimentation in suspensions be minimized?
a) By increasing the temperature

b) By using thickening agents or suspending agents
C) By decreasing the viscosity

d) By reducing the liquid content

. Which of the following is a disadvantage of suspensions?
a) Improved taste

b) Requires shaking before use

C) Controlled release

d) Versatility

. What is a common vehicle used in the preparation of suspensions?
a) Alcohol

b) Water

C) Solid powder

d) Gas

10.What is the main difference between flocculated and deflocculated suspensions?

a) Particle size

b) The degree of aggregation of particles
C) The type of vehicle used

d) The presence of preservatives

11.Which method is used to prevent particle aggregation in suspensions?

a) Using preservatives

b) Electrostatic stabilization
C) Adding flavoring agents
d) Increasing temperature

12.What is a common method to improve the re-dispersibility of a suspension?

a) Increasing particle size
b) Using flocculating agents
C) Decreasing viscosity

d) Adding colorants
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13.What type of suspension is used for drugs that require a slow release?

a) Oral suspension

b) Topical suspension
C) Injectable suspension
d) Gas suspension

14.How does a deflocculated suspension typically appear?

a) Cloudy
b) Clear
C) Opague
d) Solid

15.What is one way to achieve controlled release in a suspension?

a) Using a high concentration of preservatives

b) Adjusting the formulation with specific excipients
C) Increasing the temperature

d) Adding colorants

16.Why are preservatives added to suspensions?

a) To enhance the taste

b) To prevent microbial growth
C) To increase particle size

d) To act as a thickening agent

17.Which problem can occur if a suspension is not properly shaken before use?

a) Increased viscosity

b) Non-uniform distribution of the active ingredient
C) Decreased shelf life

d) Increased particle size

18.What is the role of milling in the preparation of suspensions?

a) To dissolve the particles
b) To reduce the particle size
C) To increase the viscosity
d) To add preservatives

19.Which of the following can be used to adjust the pH of a suspension?

a) Surfactants

b) Buffer solutions

C) Flavoring agents

d) Thickening agents

Page | 160



Chapter- 13: Suspensions-11
E-ISBN: 978-93-6252-980-0

20.What is a common application for topical suspensions?
a) Treating skin conditions
b) Oral medication for children
C) Intravenous injections
d) Treating nasal congestion

Short Answer Type Questions (Subjective)

©CooNoOTkwWNE

Define a suspension and describe its key characteristics.

What are the main components of a suspension?

Explain the role of suspending agents in suspensions.

What is the difference between flocculated and deflocculated suspensions?
How can sedimentation be minimized in suspensions?

Describe the advantages of using suspensions as a dosage form.

What are some common problems associated with the stability of suspensions?
How can caking be prevented in suspensions?

What methods can be used to reduce particle size in suspensions?

. Explain the role of preservatives in suspensions.

. What are the steps involved in the preparation of suspensions?

. How can the viscosity of a suspension be adjusted?

. What are the typical uses of oral suspensions in pharmaceuticals?
. How do stabilizers prevent particle aggregation in suspensions?

. Describe the process of electrostatic stabilization in suspensions.

. What is the purpose of using flavoring agents in oral suspensions?
. How can the shelf life of a suspension be extended?

. What are the benefits of using flocculating agents in suspensions?
. How can microbial contamination be prevented in suspensions?

. Describe the preparation and application of injectable suspensions.

Long Answer Type Questions (Subjective)

1.
2.

Discuss the different types of suspensions based on their physical state, method of
administration, and nature of the dispersed phase.

Explain the detailed preparation process of a pharmaceutical suspension, including
the selection of ingredients and the role of each component.

Describe the stability problems that can occur in suspensions and the methods used
to overcome them.

Compare and contrast flocculated and deflocculated suspensions, including their
advantages, disadvantages, and applications.

Discuss the role of suspending agents, stabilizers, and preservatives in the
formulation of suspensions.

Explain the methods used to reduce particle size in suspensions and how this affects
the stability and effectiveness of the final product.

Describe the importance of viscosity in suspensions and the methods used to adjust
it.
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Discuss the various applications of suspensions in pharmaceuticals, including

examples of oral, topical, and injectable suspensions.

Explain the role of electrostatic and steric stabilization in maintaining the stability of

suspensions.

Describe the process of sedimentation in suspensions and the techniques used to

minimize it.

Answer Key for MCQ Questions

1. b) A type of heterogeneous mixture where solid particles are dispersed in a liquid

b) Greater than 1 micro

c) Suspending agent

b) Particles form loose aggregates
d) Gas suspension

b) To prevent aggregation and sedimentation of particles

b) By using thickening agents or suspending agents
b) Requires shaking before use
b) Water

. b) The degree of aggregation of particles

. b) Electrostatic stabilization

. b) Using flocculating agents

. C) Injectable suspension

. b) Clear

. b) Adjusting the formulation with specific excipients
. b) To prevent microbial growth

. b) Non-uniform distribution of the active ingredient
. b) To reduce the particle siz

. b) Buffer solutions

. a) Treating skin conditions
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