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Production and Characterization of Graphene and Other 2-dimensional 
Nanomaterials: An AP High School Inquiry Lab (Curriculum Exchange) 

According to the National Nanotechnology Initiative, there is high expectation that developments 
in nanotechnology will lead to new job creation and become an economic driver of emerging 
markets for nano-enabled products. In light of the potential economic impact, it is imperative that 
we support the development of new high school curricula as a way to motivate students towards 
pursuing education and careers in nanotechnology. Recent advances in nanomaterials processing, 
particularly 2-dimensional (2D) nanomaterials synthesis,1 present the opportunity to integrate 
nanotechnology curriculum into high schools in safe and relatively inexpensive manners.   

In our work, we present an Advanced Placement (AP) 
Chemistry Inquiry Laboratory (CIL) targeting 11th and 12th 
grade high school students. The CIL is being implemented 
at Centennial High School in Boise, Idaho and in 
partnership with Micron Technology, Hewlett Packard, 
and Boise State University. The CIL is aligned to National 
College Board requirements for AP Chemistry courses as 
well as Next Generation Science Standards. The laboratory 
is designed to encompass five hours of time, including 
teacher preparation, pre-laboratory activities, materials 
synthesis, and a field trip exposing students to careers in STEM. The CIL will be performed in 
teams of 3 to 4 students, highlighting its easy adaptability to other STEM related courses.  

Students involved in the CIL will explore the intersections of chemistry, physics, materials 
engineering, and electrical engineering by performing shear exfoliation of layered crystals,2 
characterizing the optical and electrical properties of their nanomaterials, and exploring real 
world applications by designing an electronic device such as a thermistor.3 Figure 1 illustrates 
solutions of 2D nanoflakes which will be produced as part of this CIL. The varying optical 
contrasts of the solutions highlight their unique electronic band structures. Students will be 
tasked with designing materials analysis protocols in order to identify 1 of 5 unknown materials 
based upon its properties. Partnership with Hewlett Packard allows students to use a scanning 
electron microscope as part of their efforts, but is not necessary to complete the CIL. 

The CIL was made possible by support through NSF award #1359344 and the Micron 
Technology Foundation. The CIL materials consist of 1) A comprehensive teacher copy of the 
laboratory investigation with timing, alignment to curriculum and answers to guiding questions; 
2) A student copy of the laboratory investigation; 3) Student handouts for pre and post-lab 
assessments; 4) Video links that can be watched as a class or assigned as homework to 
strengthen student understanding; 5) Assessment rubrics. All materials will be available online 
through the Boise State Integrated NanoMaterials Laboratory at coen.boisestate.edu/inml. 
 
 
 
1 Nicolosi, Valeria, et al. "Liquid exfoliation of layered materials." Science (2013): 1226419. 
2 Paton, K. R., et al. “Scalable production of large quantities of defect-free few-layer graphene by shear exfoliation 

in liquids.” Nature Materials (2014): 13(6), 624-630. 
3 Yan, C., Wang, J., & Lee, P. S. “Stretchable Graphene Thermistor with Tunable Thermal Index.” ACS Nano 
(2015), 9(2), 2130-2137. 

 
Figure 1: 2D nanoflakes suspended in a 
solution of isopropanol and deionized water.  
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