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velocity of a ball bearing falling through the fluid.

Research Question: 
What is the activation energy of Corn Syrup using the Arrhenius Equation?

Background: 
This investigation measured the dynamic viscosity of corn syrup by examining the forces on a 
ball bearing falling through the liquid.  The Corn syrup was heated to various temperatures and 
the change in viscosity recorded.

All bodies in a liquid will, at first, accelerate due to gravity and then slow down, due to the 
frictional forces acting on the body. The magnitude of this frictional force on a sphere radius r 
travelling at terminal velocity vT with dynamic viscosity η is given by Stokes’ Law, which states:

This formula gives the value of the dynamic viscosity of a substance density ρl from a falling 
sphere (density ρb and radius r)  at terminal velocity vT.

When molecules flow from one position to another, they have to overcome an energy barrier.  
In a liquid this is called the activation energy (Eα). The relationship between viscosity and 
activation energy given by the Arrhenius-Type equation:

R is the universal gas constant and T is the temperature of the liquid. The constant A is a 
entropy factor specific to the viscous fluid.

Methodology: 
1. Measure the diameter and mass of the ball bearing and determine its density.
2. Determine the density of 800mL of corn syrup by measuring its mass.
3. Pour all the corn syrup into a beaker that can fit within a microwave.
4. Put the beaker into the microwave and heat it up in 30 seconds increments.
5. Measure the temperature after every 30 seconds and raise the temperature of the liquid to 
approximately 50oC.
6. Pour all the liquid back into the measuring cylinder and record its temperature.  Before 
dropping the ball each time, record the temperature of the liquid.
6. Drop the ball bearing into the liquid and record its motion on a digital camera.
7. Repeat step 5 and 6 multiple times for a varying range of temperature values.
8. Import all videos into Tracker and plot a displacement time graph. By finding the slope of the 
graph, we can find the terminal velocity of the ball bearing.

Figure 1. Apparatus setup

Data:

Analysis:
The graph of viscosity vs temperature shown in graph 1 shows an exponential relationship 
consistent with the Arrhenius-Type equation:

This equation can then be linearized by taking the natural log of both sides.

Thus, by plotting a graph of the natural log of viscosity vs the reciprocal of temperature, the 
gradient can be used to find the activation energy.

Evaluation:
Using the gradient of the Graph 2 the activation energy (Eα) was calculated to be 92.1 kJ/mole 
with an uncertainty of 1.1 kJ/mole.  The uncertainty was determined from the maximum and 
minimum slope lines.  The intercept ln (A) is 35.9 ± 4.3 the entropic factor of corn syrup.

The experimental values obtained in this study are in reasonable agreement with literature 
values.  Quoted literature values for fructose solution activation energy range from 20-100 kJ/
mole depending on the syrup concentration.  The Karo brand corn syrup used is a concentrated 
solution of fructose and glucose sugars.

A potential source of error in this investigation is the evaporation of the water from the corn 
syrup during heating changes the concentration and therefore viscosity. The corn syrup was 
heated only to a maximum of 50oC to minimise the evaporation effect.

Conclusion:
The viscosity of the corn syrup at various temperatures was successfully determined using a 
terminal velocity technique.  By application of the Arrhenius Equation model the activation 
energy of corn syrup was 92.1 ±1.1 kJ/mole.  
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Graph 1. Viscosity of corn syrup for varying temperature.

Graph 2. Linearised data.


