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Sunday Academy 2015	
 “Nanoscience and Biotechnology Activity”  

Dr. Julia Zhao & Dr. Nuri Oncel, Dr. Mafany Mongoh	
 
Description of Concepts: 
 Students will examine aspects of Nanotechnology and Biotechnology, determine the 
differences and how they apply to our daily lives. 
 
Introduction 

Biotechnology-why does hair turn to gray? We can see different nature hair colors on 
different persons. Why hair shows various colors? Hair color is the pigmentation of hair follicles 
due to two types of melanin: eumelanin and pheomelanin. Generally, if more eumelanin is 
present, the color of the hair is darker; if less eumelanin is present, the hair is lighter. Levels of 
melanin can vary over time causing a person's hair color to change, and it is possible to have hair 
follicles of more than one color on the same person. As mentioned before, the reason which 
causes hair color turn gray when people get older is the alteration of melanin level. But what 
causes the change of melanin in the hair follicles? Actually, melanin is a small protein generated 
in the bodies, which also resulted in the skin colors. Recent research demonstrated that the 
process of melanin would be prohibited by hydrogen peroxide through the oxidization. 
Normally, the hydrogen peroxide level in the follicle cells is always stable because of the 
existence of catalase, which can catalyze the decomposition of hydrogen peroxide. However, the 
activity of the catalase gradually decreases with age. So the hydrogen peroxide level will get 
higher and higher when people get old. Finally, the deduced synthesized melanin results in the 
hair color bleach.  

Nanotechnology: Nanoscience and nanotechnology involve studying and working with matter on 
an ultra-small scale. One nanometre is one-millionth of a millimetre and a single human hair is 
around 80,000 nanometres in width. The technology stretches across the whole spectrum of 
science, touching medicine, physics, engineering and chemistry. Scientists, for example, are 
looking at whether nanotechnology could be used to improve the delivery of cancer fighting 
drugs and are examining whether nanoscale carbon could be used to increase the power and 
speed of computer circuits. Atomic Force Microscope is an instrument can be used to see small 
items, such as nanomaterials. We will observe a bit of CD and DVD under the AFM and 
compare it with the length of the hair.  

Connecting Activities for nanotechnology and biotechnology: we will compare the thickness of 
hair (diameter: 80,000 nm) and the size of a bit in a CD and/or DVD.  

Objectives: 
 The students will learn the basics of Nanotechnology and how it was developed. 

 The students will examine how Nanotechnology is applied to their daily life. 

 The students will learn the basics of Biotechnology and the concepts behind the 
chemistry of aging (Gray Hair). 

 The students will demonstrate the chemistry reactions behind the aging process. 
 
Standards covered: 
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9-10.2.2  Use appropriate safety equipment and precautions during investigations 
9-10.2.6.  Design and conduct a guided investigation 
9-10.5.4 Identify the short-term and long-term effects of physical processes 
9-10.6.1  Use appropriate technologies and techniques to solve a problem 
9-10.8.3  Explain how individuals and groups, from different disciplines in and outside of science, 
contribute to science at different levels of complexity 
11-12.1.1 Explain how scientists create and use models to address scientific knowledge 
11-12.2.1.  Understandings about Scientific Inquiry: Explain how new knowledge and methods 
emerge from different types of investigations and public communication among scientists  
11-12.2.2.  Abilities Necessary To Do Scientific Inquiry: Select and use appropriate instruments, 
measuring tools, and units of measure to improve scientific investigations  
11-12.3.5.  Chemical Reactions: Identify the effect of concentration, temperature, surface area, 
pressure, and catalysts on reaction rates as it relates to the Kinetic Theory. 
11-12.6.2.  Technological Design: Identify examples of how new technologies advance science 

 
 
Session Organization 
 11:00-11:15  Cultural connection and general organization 
 11:15-11:30  Presentation: Why does Hair Turns to Gray (Biotechnology)  
 11:30-12:00 Activity 1: Biotechnology Activity-Why does hair turns to gray  
            12:00-12:30    Activity 2: Biotechnology Activity-Color bleached by H2O2 

12:30-01:10 Lunch 
 01:00-01:15  Presentation: Nanotechnology  
 01:15-01:45 Activity 3: Nanotechnology Activity -Demonstration by the Instructor 

01:45-02:30 Activity 4: Nanotechnology Activity –Watch a bit on CD and DVD 
02:30-2:45       Activity 5: Observe the result of hair color change  
02:45-03:00 Wrap up and clean up 

 
 
Cultural Information 
Gray Hair is synonymous with: Aging. Wisdom. Elderly leadership, Respect, and 
Knowledge. The Cultural Leader will explain the value of wisdom, virtue of respect 
for elders, intelligence and other concepts associated with old age and how it was 
important to the well-rounded Native American. The wisdom of the elders is always 
respected. 
 
Suggested Cultural Angles 

- Students will learn what the meaning of wisdom is by the interpretation of 
the story. 

- Students will listen to “The Story of the Old Woman”, from the book, The 
Lakota Way. 

- Dakota/Lakota Virtues and Values  
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Activity 1 Biotechnology Activity-Why does hair turn to gray 
Step 1: Prepare three empty clean vials. 

 
Step 2: Add 20 ml of solution to each vial. ① and ② are 1M H2O2; ③ is pure water, used as a 
negative control. 

 
Step 3: Add 100 μl catalase to vial ② gradually and slowly. It is obvious to see the bubbles 
generated in the solution. 

 
Step 4: Wait for about 10 minutes until little bubbles observed in the vial, then put the hairs in 
each vials. 
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Activity 2 Biotechnology Activity-Color bleached by H2O2 
Step 1: Prepare three vials with 20 ml of dye solution. 
 

 
 
 
Step 2: Add  100 ul catalase to vial 2 and 1ml H2O2 to vial 1 and 2. Color is by H2O2 in vial 
1. But little color changed in vial 2 when catalase is presented.  
 

 
 
Activity 3 Nanotechnology Activity -demonstrtion 
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- Students will learn basics of nanotechnology, the meaning of several words that are 
special to nanoscience, such as cantilever, angstrom etc. Then students will be introduced 
to basic principles of Atomic Force Microscopy.  

 
Atomic Force Microscopy: 
The atomic force microscopy (AFM) was invented by Binning, Quote and Gerber in 

1986. AFM is designed to sense the forces between a very sharp needle like object (called tip) 
and the sample. A sharp tip of a micron long is located at the free end of the cantilever. The 
interatomic forces between the tip and the sample surface atoms deflect the cantilever. The 
deflection induced displacement of the cantilever is measured by a sensor. Typically, sensors can 
detect deflections as small as 10 Angstrom. Measuring the deflection of the cantilever while 
the tip is scanning the sample surface allows the surface topography to be mapped. The AFM has 
the advantage that it is applicable for studying all types of surfaces, conductor, semiconductor 
and insulator.  

 

  
Figure-1: A schematic diagram of a typical AFM design. (courtesy of Wikipedia) 

Forces vs. distance curve shows the interaction between the tip and the sample. When the 
distance between them is relatively large, there is a small attractive force. As the distance 
decrease, the attraction increases until to a point where the distance becomes so small that the 
electrons of the tip and the sample atoms starts to repel each other.  
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 There are 3 modes of operation for AFM: 

i) Contact mode 
ii) Non-contact mode 
iii) Tapping mode 

 
Contact mode: 

In contact mode, the tip-sample separation is only about a few Angstrom. 
Therefore, the tip and the sample are always in physical contact and they are subject 
to repulsive forces. To avoid damaging the sample, the spring constant of the 
cantilever should be lower than the effective spring constant of the sample atom 
bonding. In this mode, the tip-sample interaction bends the cantilever following the 
changes in surface morphology.  
 
Non-contact mode: 
 In non-contact mode, the tip-sample separation is on the orders of tens to 
hundreds of Angstrom, i.e. there is a weak attractive interaction between the tip and 
the sample. In this method, the stiff cantilever is kept vibrating near its resonance 
frequency with an amplitude of a few tens of Angstrom. Due to the interaction with 
the sample, the resonance frequency changes, similar to damped oscillator. This 
decrease in resonant frequency combined with the feedback loop system maintaining 
a constant oscillation amplitude or frequency by adjusting the average tip-to-sample 
distance is used to measure the tip-to-sample distance at each (x,y) data point allows 
the scanning software to construct a topographic image of the sample surface. 
 
 
 
 
 
 
Tapping mode:  
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In tapping mode, the cantilever is driven to oscillate at or near its resonance 

frequency similar to non-contact mode. However, the amplitude of this oscillation is 
greater than non-contact mode, typically 100 nm to 200 nm and the tip “taps” (barely 
touches) the surface. As the tip gets closer to the sample, the interaction of forces 
acting on the cantilever when the tip comes close to the surface decrease the 
amplitude of the oscillation. With the help of electronics, the height is adjusted to 
maintain a set cantilever oscillation amplitude as the cantilever scans over the sample. 
A tapping AFM image is therefore produced by imaging the force of the intermittent 
contacts of the tip with the sample surface. In comparison to contact mode, tapping 
mode is quite gentle to both the tip and the surface. In addition to that, lateral forces 
between the tip and the sample in tapping mode is significantly less than contact 
mode.  
 
AFM Lab questions: 

i) Measure topographic image of an empty and recorded CD’s and DVD’s, 
explain the difference. By using line scans, determine the characteristic 
lengths. 

VOCABULARY:  
Cantilever: A cantilever is a rigid structural element, such as a beam or a plate, anchored at only 
one end to a (usually vertical) support from which it is protruding. (from Wikipedia) 
Angstrom (Å): A unit of length equal to one ten-billionth of a meter. (from Merriam-Webster) 
Resonance Frequency: Natural frequency of vibration determined by the physical parameters of 
the vibrating object. (from HyperPhysics) Such as guitar strings. Each string with different 
thickness have their own natural frequency of vibration corresponding to musical notes. 
Nanometers (nm): A unit of length equal to one billionth of a meter. 
 
 
Activity 4 Nanotechnology Activity 

- Students will be able to work with an Atomic Force Microscope made with LEGO’s. The 
actual AFM will be installed and perform in-situ measurements. Then AFM images of 
filled and empty CD and DVD’s will be provided to the students. The students will be 
asked to determine characteristic lengths and calculate bit density and data capacity of a 
CD and DVD. 

 
Activity 5: observe color changes of the hair from activity 1. The hair color fading should be 
observed  in vial ① only .   
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The reaction is slow. If it goes to 24 hours, the results will be:  
 

 
 
 
 


