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Abstract

Dynamic Vapor Sorption is an advanced analytical technique that has immense potential to serve and uplift the
advancement in Science and Technology. It has numerous applications in the field of pharmaceuticals, food
industries, fabrics, polymers, structure designing, constructions, personal care and hygiene etc. The present review
is a scientific unification of the viability and scope of the instrument.
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Introduction
Dynamic Vapor Sorption (DVS) is a gravimetric technique that

measures the change in weight of the sample as a function of time on
alteration of vapor concentration around it (Figure 1). Water vapor is
the most commonly used solvent. A wide range of other organic
solvents may also be selected to study. Dr Daryl Williams invented
Dynamic Vapor Sorption in 1991 and the first instrument was
introduced in 1992. It is a fully automated sorption technique that
achieves fast equilibrium by its significantly improved kinetics over
static sorption system. It has high sensitivity that uses a maximum up
to 20 mg of sample by weight. The instrument holds the sample at one
water level till the sample weight gets constant. It measures the water
content by weight and dynamically moves to next upper level as per
the program. The water activity levels are controlled by mixing the dry
and wet air [1-6].

Applications
Dynamic Vapor Sorption is a versatile analytical tool that caters to

the advancement in technology. Vapor sorption occurs primarily on
the surface, inside the micro pores, inter-particle spaces and as
chemically reacted species like hydrates. It is extensively used in quality
control, research and development, compound stability, surface
sorption effect of solvents, permeability studies and polymorphism. It
plays a significant role in scale up at pilot plant level to bulk

productions for packaging, storage, development and stability
profiling. The information derived from DVS in terms of equilibrium
vapor sorption isotherms and vapor sorption kinetic may provide
fruitful results like [7-17],

1. Shelf Life determination
2. Access the rate constant of adsorption
3. Sorption mechanism
4. Diffusion coefficient for film, powder and fibers
5. Vapor transmission rate
6. Moisture induced phase transformation
7. Moisture uptake behavior in materials
8. Morphological Stability profiling
9. Caking of food ingredients
10. Hygroscopic nature of Active Pharmaceutical Ingredients
11. Formation of hydrates and solvates
12. Detection of amorphous content
13. Moisture diffusion in packaging systems
14. Material deliquescence
15. Surface energies and surface areas of powders
16. Processing and performance related challenges
17. Drying analysis
18. Heat of sorption
19. Hydrate and solvate formation
20. Screening the variance in behavior
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Figure 1: A dynamic water vapor sorption isotherm.

The material may itself be in an inherent amorphous state or while
processing occur through milling, compression, freeze-drying or
spray-drying. Thermodynamically, amorphous materials are meta-
stable as compared to the crystalline state (long-range molecular order,
well-defined molecular structure). Some useful properties of
amorphous materials are better solubility, enhanced dissolution rate
and more compression but decreased physical and chemical stability.

Amorphous solids often absorb relatively large amounts of water
vapor compared to their corresponding crystalline phases. Sorbed
water often acts as a plasticizing agent, thus significantly lowering the
glass transition temperature that causes spontaneous phase transitions
and lyophile collapse.

Hence, determining the necessary threshold temperature and
humidity conditions to prevent a glass transition is crucial aspect for
storage, processing of amorphous materials and a water-induced re-
crystallization at a constant temperature.

Plasticizers, often at a lower molecular weight rather than the bulk,
can decrease the temperature range. The extent of depression depends
on the concentration of the plasticizer and its interaction with the
amorphous material. Water is a common plasticizer for a range of
materials, thus the water content in amorphous foods, polymers,
pharmaceutical ingredients can have a marked decreasing effect on the
glass transition temperature. For such materials, the glass transition is
co related to relative humidity.

Pharmaceutical Industry has wide applications of DVS instrument
to study the moisture sorption properties of excipients, drug
formations, packaging film, and solvate/hydrate formation and to

evaluate the amorphous content. Variation in moisture sorption
behavior ultimately affects the processing, dissolution characteristics,
performance, storage, stability and bioavailability of the drug.
Pharmacopoeia has recognized for the characterization of solid state
dosage forms [6-10].

Food industry
Water is an abundant and an essential substance on earth. It exists

in three physical states i.e. solid, liquid and gas. Water is a major
component of food ingredients and products that influences the
chemistry, morphology, microbiological safety, nutritional content,
appearance and taste of the food. Water determines the texture, safety
and quality of the food. DVS can screen the moisture induced
morphological changes in food ingredients and products. Stability of
food ingredients and diffusion in the food packaging materials could
be easily accessed by DVS system. It has made it possible to model and
engineer the food products judiciously. The rewards are products that
maximize safety, quality, and profitability [11-17].

Structural design and construction
Moisture absorption has direct influence on cements, woods,

insulations and fibers. Increased moisture content affects building life
span, indoor air quality, AC load and growth of termite. Hence, a
proper planning and management can help overcome such problems
[18,19].
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Fiber and polymer materials
Advanced fiber and polymers are useful to the society in several

ways. Materials exist mainly in amorphous or crystalline forms.
During processing the properties may change and it is worthwhile to
check the stage and conditions where the inter conversion of the forms
take place. Water plays a significant factor that affects this conversion.
Water influences the properties of wood like physical, mechanical
properties, dimensional stability, degradation processes, storage, and
stability, processing and application performance. The difference
between moisture sorption and desorption is termed as hysteresis that
proves to be a useful tool in characterizing a material interactions with
moisture. Various scientists have studied the moisture uptake behavior
of high mechanical strength cellulose fiber like Hibiscus sabdariffa and
their graft copolymers [20-24].

Personal care and hygiene
DVS has been immensely useful in the study of personal care

materials such as moisturizers, conditioner, chemical treatments,
bleaching cream for skin and hair. The hydration behaviors of skin and
hair samples, dehydration of contact lenses, diaper have also been
benefited by its studies. DVS can effectively be used to study the
sorption and desorption properties of skin. The amount of water
absorbed in skin is influenced by the RH, the presence of humectants
and occlusive agents, and surfactant harshness [25,26].

Soil and environmental monitoring
Automated soil water characteristic curves generate all the

correlations with clay activity, surface area and swelling potential. We
can estimate the humidity constant and the way soil takes up water
into its crystal structure and monitor water content change over time.
We can study the rapid Soil-Water characteristic curve generation, soil
pollution and soil characterization [27].

Method selection and development of calibration curve depends
upon the nature of the sample (hydrophobic/hydrophilic) and how it
behaves during the sorption profile in DVS. The method shall be
selected based on whether the sample undergoes phase transition re-
crystallization or hydrate formation. The three methods generally used
are equilibrium moisture content/RH method, water uptake method
and residual weight method [6,14,16].

Conclusion
Utilizing the functionality of DVS instrument explores the answers

to the challenges associated with the material performance,
formulation, stability, packaging and storage. The technique has
immense viability and scope in numerous applications both in
industry and research.
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