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DESCRIPTION
The precise measurement of water droplet size distributions is 
important in various scientific and industrial applications, 
including emulsion stability, drug delivery systems, and materials 
science. Pulsed Field Gradient Nuclear Magnetic Resonance 
(PFG-NMR) has emerged as a powerful technique for rapidly 
determining these size distributions. This article explores the 
principles of PFG-NMR, its application to water droplet size 
distribution analysis, and recent advancements that enhance its 
utility in rapid and accurate measurements. Water droplets in 
emulsions and dispersions play a significant role in numerous 
fields, from food science to pharmaceuticals. Accurate 
determination of droplet size distributions is essential for 
understanding the behavior and stability of these systems. 
Traditional methods, such as microscopy and laser diffraction, 
provide valuable information but may be limited by resolution or 
sample preparation requirements. Pulsed Field Gradient Nuclear 
Magnetic Resonance (PFG-NMR) offers a non-invasive, rapid, 
and highly sensitive alternative for analyzing water droplet size 
distributions.

Principles of PFG-NMR

PFG-NMR exploits the interaction between nuclear spins and 
magnetic field gradients to measure the diffusion of molecules 
within a sample. The core principle involves applying a series of 
magnetic field gradients, which encode information about 
molecular motion. In the presence of a magnetic gradient, water 
molecules experience a change in their phase due to diffusion, 
leading to a decay in the NMR signal intensity.

Diffusion measurement: The diffusion of water molecules in 
the sample is influenced by the size of the droplets. Larger 
droplets restrict the movement of water molecules more than 
smaller droplets, leading to differences in diffusion coefficients.

Pulse sequences: Specific pulse sequences, such as the Stejskal-

Tanner sequence, are employed to measure diffusion coefficients. 
These sequences involve two magnetic field gradients separated 
by a time interval, allowing for the measurement of molecular 
displacement during this period.

Data analysis: The decay of the NMR signal is analyzed to 
determine the diffusion coefficient, which is then related to 
droplet size. Using mathematical models and algorithms, the 
diffusion data is converted into a size distribution profile.

Application to water droplet size distributions

PFG-NMR provides several advantages for determining water 
droplet size distributions

Non-invasiveness: PFG-NMR is a non-destructive technique that 
does not alter the sample, making it suitable for analyzing 
delicate or sensitive systems.

Rapid analysis: Compared to traditional methods, PFG-NMR 
can deliver results in a fraction of the time, making it ideal for 
high-throughput analysis.

Wide range of sizes: PFG-NMR is effective for measuring a 
broad range of droplet sizes, from nanometers to micrometers, 
depending on the magnetic field strength and experimental 
conditions.

Quantitative and qualitative data: The technique provides both 
quantitative data on size distributions and qualitative insights 
into the sample's structural properties.

Recent advancements in PFG-NMR

Recent developments in PFG-NMR have enhanced its 
capabilities for rapid and accurate droplet size distribution 
determination

High-resolution techniques: Advances in magnetic field 
homogeneity and gradient strength have improved the resolution 
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Scattering (DLS), has provided a more comprehensive 
understanding of droplet size distributions and system dynamics.

CONCLUSION

PFG-NMR represents a significant advancement in the rapid 
determination of water droplet size distributions, offering a non-
invasive, precise, and efficient alternative to traditional methods. 
Recent advancements in technology and data analysis have 
further enhanced its capabilities, making it an invaluable tool in 
various scientific and industrial applications. As research 
continues to address existing challenges and refine techniques, 
PFG-NMR is poised to play an increasingly prominent role in 
the analysis of complex systems and materials.
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of PFG-NMR measurements, allowing for more precise size 
determination.

Automated systems: Integration of PFG-NMR with automated 
sample handling and data processing systems has streamlined the 
analysis workflow, reducing manual intervention and increasing 
throughput.

Enhanced algorithms: Improved data analysis algorithms and 
software have facilitated more accurate conversion of diffusion 
data into size distributions, with enhanced ability to handle 
complex or overlapping distributions.

Combination with other techniques: Combining PFG-NMR 
with complementary techniques, such as Dynamic Light  
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