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[bookmark: _pae5z3ae5dxv]Manipulating Hydrogel Release (MHR)
[bookmark: _arkl0r31vozv]December 27, 2025
[bookmark: _hodv3ld5prw6]What are hydrogels?

· Spheres made of cross-linked polymer
· Usually hold liquids or some other sort of fluid substance
· Have pores which release the fluid inside of the hydrogel (contained substance)
· Similar consistency to jelly
· Retain 99% of their weight in water
· Hydrophilic (has a tendency to mix/dissolve in water)
· Usually made by creating a covalent bond between water and polymer atoms for a stronger and more durable hydrogel
· Can be used to deliver medicine over a long term
· Very easily manipulated to change the amount of time it takes to release all of the contained substance

[bookmark: _tl2gqjv3dy07]December 28, 2025
[bookmark: _pwr4kb68g9ic]How to manipulate hydrogels
· Scientists are studying how hydrogels can be manipulated in order to change the amount of time and the location at which the controlled substance is released
· Scientists have a theory that the pH level of different body parts can have an effect on the rate at which the contained substance is released.
· This is because a difference in pH tends to make the hydrogel swell or shrink, and sometimes the covalent bonds between the polymer atoms are reactive to more acidic environments, causing them to weakening and making the hydrogel shrink and even burst. 

· The concentration of a binding agent or thickening agent in the original mixture used to create the hydrogel also has a correlation to pore size, which has a correlation to the maximum amount of contained substance which can be released at any given time. This is because the hydrogel becomes more dense and more solid, so there is less space between the atoms. This leads to a smaller pore size, which means a lower output of contained substance.

[bookmark: _ohqpyb6875x]December 29, 2025
[bookmark: _gcupt5u7zad]Experiment Details
[bookmark: _ur4jjzl4goip]Materials:

· Gelatin Powder (dad)
· Distilled Water (home)
· Vinegar (sobeyes)
· Baking Soda (home)
· Blue Food Dye (sobeyes)
· Graduated cylinder or some sort of measuring tool (measuring cup from home)
· Glass cups (identical) (home)
· Syringe or Pipette (amazon)
· Spoon or stirring stick (home)
· Spherical molds (amazon)
· ImageJ (computer software)
· White paper (dollarama)
· Weighing scale (home)
[bookmark: _d51ok6aleiyw]Procedure:

[bookmark: _nx6pjq7n8c0c]Testing effect of ph levels of conditions on drug release rate

1. Heat 90mL of distilled water until it is slightly warm
2. Add 10g of gelatin powder to the water and stir until the solution is clear
3. Pour the gelatin solution into a mold to create 12 identically sized spheres
4. Allow the gelatin to set for 2 hours at room temperature
5. Remove the gelatin spheres from the mold
6. Using a syringe or pipette, fill the sphere with 5ml of blue food dye
7. Allow the hydrogels to sit for 10 minutes
8. Fill four glasses with the following solutions:
a. Vinegar for an acidic environment
b. Diluted vinegar for a slightly acidic environment (1 part vinegar for 4 parts water)
c. Distilled water for a neutral environment
d. Baking soda for a basic environment (1 gram baking soda for 100mL water)
9. Measure the ph level of each solution and record it
10.  Place one hydrogel into each solution and immediately start a stopwatch
a. Ensure there is constant lighting, and the device used to take pictures remains stable and in the same location throughout the experiment
11. Take photographs at 0,5,10,15,20,25,30, and 35 minutes into the stopwatch
12. After 35 minutes, remove each hydrogel from its solution. Repeat steps 8-11 twice more for a total of 3 trials. 



[bookmark: _98is3q2y1kv4]Testing effect of gelatin concentration of hydrogels on drug release rate

1. Prepare the following 3 solutions
a. 5% gelatin: 5g of gelatin powder and 95mL of warm water
b. 10% gelatin: 10g of gelatin powder and 90mL of warm water
c. 15% gelatin: 15g of gelatin powder and 85mL of warm water
2. Stir each solution until it is clear 
3. Pour each solution into identical spherical molds to create 9 hydrogels of each ph level.
4. Allow the hydrogels to set for 2 hours
5. Remove the hydrogels from the molds, and inject them with 5mL of blue food dye. Allow the hydrogels to rest for 10 minutes
6. Prepare 3 glasses of 100mL distilled water
7. Place one hydrogel into each glass and start the stopwatch
8. Photograph each hydrogel at 0,5,10,15,20,25,30, and 35 minutes after starting the stopwatch. 
a. Remember to keep lighting and camera position constant
9. After 35 minutes, remove the hydrogels from their glasses.
10. Repeat steps 5-9 twice more to complete 3 trials.

[bookmark: _v6lsee8j3bj6]January 6, 2026

[bookmark: _3mm2vogk6fco]How do hydrogels work?
· Diffusion is the process by which molecules move from an area of high concentration to an area of low concentration due to random thermal motion, known as Brownian motion. 
· The rate of diffusion is described by diffusivity, which represents how easily a solute can move through a medium rather than its speed.
· In hydrogels, diffusion occurs as the solute travels through a water-filled polymer network. 
· The structure of the hydrogel influences diffusion by controlling pore size and resistance to movement. 
· Increasing gelatin concentration increases polymer density and reduces pore size, which restricts molecular motion and lowers the effective diffusion rate.
· According to Fick’s First Law, diffusion rate depends on both the concentration gradient and the diffusion coefficient of the medium. 
· Changes in hydrogel structure or environmental pH can alter this coefficient, allowing diffusion rate to be controlled while maintaining hydrogel stability.
[bookmark: _yoi685bggrmw]
[bookmark: _f3bh87jvy9wb]How to make the judges care
· [bookmark: _hktgicuyisg5]Say something like this
· Hydrogels are an up and coming technology in the medical field. They are an innovative way to administer long term medicine to patients, and have the potential to treat cancer. By studying how we can manipulate and control the release of drugs via hydrogels, we can further our understanding on how hydrogels can be used in the future.
· As I said before, hydrogels are an up and coming breakthrough. This research that I have conducted can help grow more awareness for hydrogels and help guide more research and education on hydrogels and how they work. In the foreseeable future, hydrogels will be used as a primary form of medication for long term diseases and lengthy, low-dosage medication. By studying the different variables which can affect the release we can learn how to prevent and take advantage of these variables in order to individualize and specialize hydrogels from treatment to treatment, and from person to person.

[bookmark: _k88q8alwgtas]January 7, 2026

Sources of Error
·  Small inconsistencies in the shape and size of the hydrogel
· Small inconsistencies in the measuring of the contained fluids
· Small inconsistencies in the ratio of acidity or basicness in the environmental fluid

[bookmark: _w2t195djrupn]January 15, 2026

[bookmark: _fpj69ralkz23]Began first experiment: pH test 1

· I decided to go for a an hour rather than 35 minutes because I feel like 35 minutes isn’t enough time to make a meaningful observation
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[bookmark: _xa4yqsya3fzi]Measured and organized results for pH

[image: Test 1, Test 2, Test 3 and Average]
Full Results Sheet

[bookmark: _d8gbr7bx4kln]January 20, 2026

[bookmark: _o49vpx7odfzr]Concentration test 2
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