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Analysis of Results

After the nanowires were  placed in solution, their magnetic properties 
were measured  with a vibrating sample magnetometer (VSM) .

After the wires are grown, the template is dissolved using 1M NaOH
solution. The nanowires are then rinsed and stored in ethanol.

Magnetic Properties

Due to the shape of the hysteresis, we can classify the nanowires as a 
‘soft ferromagnetic material’ [2]. This means they are:

• Easy to magnetize 
• Low energy loss in changing magnetization

Factors that influence DLS measurements include:
• Refractive Index of the Nanowires
• Temperature
• Viscosity of Solution

First, DLS was used to measure the nanowires in their random 
orientation (in the solution). Then, a magnet was placed according to 
the diagram below.

When a magnet is placed next to the sample, the nanowires drift 
toward the magnet. This increased velocity increases the diffusion 
coefficient, which leads to a smaller calculated hydrodynamic diameter.

Nanoparticle Tracking Analysis (NTA) uses scattered light to determine a 
translational diffusion coefficient; it analyzes the motion of every 
particle in the viewing area and uses the mean-squared speed. [1]

With three 90-second video recordings, the size distribution was 
calculated and is summarized below.

Here we see many particles at 215 nm and 365 nm. Although these 
aren’t at the expected sizes, further analysis is needed to conclude 
about what they represent. 

In order to compare the accuracy of various imaging methods, the 
actual size must first be measured. This was done by using a scanning 
electron microscope (SEM) and the images were process using ImageJ.

The nanowire sample models a normal distribution with a mean length 
of 860 nm (diameter of 75 nm) and a standard deviation of 190 nm.

n = 68

Nanowires are nanometer-sized wires with novel applications in 
photonics, memory storage, energy conversion and storage, and 
biological applications. An graphic representation is shown below:

Our goals are:

• Describe one method of creating nanowires
• Create a sample of bare nickel nanowires
• Characterize their magnetic properties
• Compare different imaging techniques to determine physical 

properties

An anodic aluminum oxide (AAO) nanotemplate is used to create the 
nanowires. Through an electrodeposition process, the nanowires grow 
on a tungsten-copper back contact that is sputtered onto one side of 
an AAO template.
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Nanoparticle Tracking Analysis vs Dynamic Light Scattering

DLS Results

𝑑ℎ =
4 ∙ 𝑘𝐵 ∙ 𝑇

3𝜋 ∙ η ∙ 𝑥, 𝑦 2
[3]

dh = Hydrodynamic diameter (m)
kB = Boltzmann’s constant (J/K)
T = Temperature (K)
η = Viscosity of solution (kg / m∙s )

𝑥, 𝑦 2 = Mean-Squared Particle Speed (m2 / s)

𝑑ℎ =
𝑘𝐵 ∙ 𝑇

3𝜋 ∙ η ∙ 𝐷𝑇
[3]

dh = Hydrodynamic diameter (m)
kB = Boltzmann’s constant (J/K)
T = Temperature (K)
η = Viscosity of solution (kg / m∙s )
DT  = Translational Diffusion Coefficient (m2 / s )

With DLS, we obtain hydrodynamic diameters of 580 nm (with a 
magnet) and 900 nm (without a magnet). With constant viscosity and 
temperature, this ratio gives  us:

𝑑𝑛𝑜 𝑚𝑎𝑔

𝑑𝑚𝑎𝑔
=
900 𝑛𝑚

580 𝑛𝑚
= 1.552 =

𝐷𝑇,𝑚𝑎𝑔

𝐷𝑇,𝑛𝑜 𝑚𝑎𝑔

One way to interpret the different in diffusion coefficients is with the 
mean free path length λ . The mean free path length is the average 
distance a particle travels between collisions. [4]

λ = 4 ∙ 𝐷𝑇 ∙ τ

λ = Mean Free Path Length (m)
DT  = Translational Diffusion Coefficient (m2 / s )
τ = Average time between collisions (s)

λ𝑛𝑜 𝑚𝑎𝑔 = 4 ∙ 𝐷𝑇,𝑛𝑜 𝑚𝑎𝑔 ∙ 𝜏

λ𝑚𝑎𝑔 = 4 ∙ 𝐷𝑇,𝑚𝑎𝑔 ∙ 𝜏 = 4 ∙ 1.552 ∙ 𝐷𝑇,𝑛𝑜 𝑚𝑎𝑔 ∙ 𝜏

λ𝑚𝑎𝑔 = 1.552 ∙ λ𝑛𝑜 𝑚𝑎𝑔 ≈ 1.25 λ𝑛𝑜 𝑚𝑎𝑔

This means that the random path length of the magnetic trial is 
about 25% longer than without a magnet.

λ = 1 au

λ = 1.25 au

For metallic nanowires, DLS is more accurate than NTA when 
measuring their length. This is because NTA assumes that the 
particles are “non-interacting”, and the individual nanowires 
may be joining together to interfere with the motion 
measurements.

This result may prove useful in future work of quantification, 
design, and testing of nanowires and other refractive 
nanostructures.

Dynamic Light Scattering (DLS) captures the Brownian motion of particles 
via light scattering, determines their velocity, and then calculates their 
translational diffusion coefficient [3] . This is used to determine the size of 
the particle.

Without Magnet

With Magnet
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