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PROJECT MOTIVATION 
• Standards education not often a focus of undergraduate / graduate 

engineering curriculum 
 Standards may be cited in course documents and laboratory protocols 
 However, students generally not assigned to look up standards themselves 
 Awareness of availability of documentary standards 
 Experience with reading and implementing standards 
 Opportunities to participate in the standards development process 

• Educational benefits 
 Reinforcement of course theory 
 Improvements in lab technique and critical thinking skills 
 Practical training for future careers 



 
    

  
 

  
   

    
  

   
   

    
       

        

WHY NANOTECHNOLOGY? 
• A fully established research field 
• Commercial applications are 

rapidly expanding 
 Electronics/semiconductors 
 Health and medicine 

(COVID tests & vaccine) 
 Environment, health & safety (EHS) 

applications and implications 

• Active development of standards 
Pölloth et al., 2022, J. Chem. Educ., 99: 2579 

 ISO/TC 229 – Nanotechnologies 
 ASTM Committee E56 – Nanotechnology 
 IEC TC 113 – Nanotechnology for electrotechnical products/systems 



 
      

        
     

  
  

      
   

    
     

    
      

  
     

PROJECT OBJECTIVES 
• Incorporate standards education related to nanotechnology

into two engineering courses at the University of Houston 
 CIVE 7397 – Experimental Methods

in Nanomaterials Engineering 
(graduate level course) 

 ECE 5320/6307 – Nanomaterials and Solar 
Energy (undergraduate/graduate level course) 

• Two rounds of course deliveries 
in Spring 2023 and Spring 2025 
 Curricular materials developed and delivered 

to 40-50 undergraduate and graduate students
across both courses 

 Evaluation: Assignments and lab reports; Pre-/post-surveys 



 
        

     
        
  
           

 

TEACHING GOALS 
• Develop an understanding of standards pertaining to vocabulary, 

classifications, and characterization related to nanomaterials 
• Develop student skills and confidence in navigating and implementing 

standard test methods 
• Promote an appreciation for the value of standards and the standards 

development process 



   
 
  

  
   

   

   
 

 

 
   

 
 

  

  

 
  

   

OVERVIEW OF COURSE STRUCTURE 
General Curriculum Standards-Focused Curriculum 
• Weeks 1-4 (Theory/Discussion) • Weeks 1-4 (Introduce Standards) 

 Definition of nanomaterials  Terminology standard 
 Important nanoparticle properties  Reporting standards 

(size, surface charge, surface  Product characterization standard 
chemistry) 

• Weeks 5-14 (Analytical Methods) 
 Measurement principles  Standard test methods 
 Laboratory session 

Gold nanoparticles: 
An ideal nanomaterial 

for discussion and laboratories 



  

 

 

      
        

       
        

  

IN-CLASS ACTIVITIES / DISCUSSION 
hands-on activities 

 Terminology (ASTM E2456-06) 
 Key nanomaterial properties 

(ASTM E3144/E3206) 
 Detection in products (ASTM 

3025) 

• Nanotechnology documentary standards integrated with lectures and 

(NIST SRM 1898) 

 Discussion motivates appreciation of challenges in evaluating 
nanomaterials in samples and products, and need for standards 

 Assessment tool: Assignment on classifying standards and identifying 
sections of standards that address topics discussed in class 



 
    

 
     
     

    
      

      
     

 
      

GUEST LECTURES 
• Dr. Vincent A. Hackley (NIST) 

 Defining standards 
 Benefits of using and developing standards 
 Process to develop international consensus standards 

• Dr. Nemal Gobalasingham (Waters-Wyatt Technology) 
 Industry contributions to ISO and ASTM standards 

 Guest experts share direct experience with students 
and encourage participation in the standards 
development process 

 Assessment tool: Assignment related to lecture content 



        
   

   
  

   
  

    
 

   
     

    
     

   
        

      
        

• Standards reading during lecture sessions paired with hands-on laboratories 

LABORATORIES 
 UV-Vis spectroscopy: Optical detection 

and size distribution (ISO/TS 17466) 
 Dynamic light scattering: 

Size distribution (ASTM E3247) 
 Electrophoretic light scattering: 

Surface potential (NCL Method PCC-2) 
 FTIR spectroscopy: 

Surface chemistry (ISO/TS 14101) 
 Asymmetric flow field – flow fractionation (AF4): 

Size distribution (ISO/TS 21362; ASTM E3409) 
 Single particle inductively-coupled plasma mass spectrometry: 

Size distribution (ISO/TS 19590) 
 Students gain familiarity with reading / implementing standards, understanding 

procedures in depth, and critically evaluating data 
 Assessment tool: Lab report discussion questions related to standards 



     EXAMPLE LABORATORY HANDOUT AND DISCUSSION QUESTIONS 



 
         
          
            

    
         

    
         
         

      

EVALUATION 
• Pre/Post Surveys 

• I feel that I can define what a technical standard is 
• I feel that I can locate technical standards in online databases 
• I feel that I can determine what type of technical standard to use 

as I conduct engineering work 
• I feel that I can utilize and implement technical standards 

as I conduct engineering work 
• I feel that I can define what a nanomaterial is 
• I feel confident in characterizing and reporting key properties of 

nanomaterials 

• Students generally reported improvement in all areas 



(Q1) 

(Q2) 

(Q3) 

(Q4) 

(Q5) 

(Q6) 



 (Normalized results) 

(Q2) 

(Q3) 

(Q4) 

(Q5) 

(Q6) 

(Q1) 



 
   

        
        

           
     

    
    
        

       
       

         
    

INSTRUCTOR ASSESSMENT 
• Benefits of standards education 

• Valuable and unique approach to enhance analytical methods courses 
• Guest lecturers from industry and government raise student interest 
• Students have expressed interest in engaging with ASTM as student members or 

participating further through their formal careers 
• Challenges 

• Length of standards (20-50 pages): 
• Selected readings assigned/discussed in class 
• Explicitly prompting students to reference standards in the lab 

discussion questions improved standards utilization and students’ 
ability to answer the questions thoroughly and accurately 

• Difficulty level: Advanced theory (e.g., light scattering, electrophoretic mobility)
more appropriate for graduate level 



 
        

  
 

      
       

  
             

          
      
          

    

EXTERNAL DISTRIBUTION (slide 1 of 4) 

• Course materials and “lab kits” distributed to other IHEs 
• Utah State University 
• Swarthmore College 

• Direct hosting and mentorship of undergraduate researchers 
• Two undergraduate researchers advised by Dr. Illya Medina-Velo, 

Houston Christian University 
• Students directly mentored by PI and a PhD research assistant in reading and 

application of two standards (dynamic light scattering and electrophoretic light 
scattering) for measurements conducted for their research 

• Standards were successfully applied for data quality evaluation and designing 
approaches to improve data quality 



 
       

    

EXTERNAL DISTRIBUTION (slide 2 of 4) 

• Course book in development as “open educational resources” 
• Integrated theory, activities, and laboratories 



 
       

    

EXTERNAL DISTRIBUTION (slide 3 of 4) 

• Course book in development as “open educational resources” 
• Integrated theory, activities, and laboratories 



 
 

         

       

          
 

      
     

EXTERNAL DISTRIBUTION (slide 4 of 4) 

• Conference Presentations 
• American Chemical Society National Meeting – Education Session, August 2023 

• Sustainable Nanotechnology Organization – Education Session, November 2023 

• ASTM International E56.02 (Nanotechnology – Physical and Chemical Characterization) – 
October 2024 

• Brochure of Course Book to be Distributed 
• Sustainable Nanotechnology Organization – Fall 2025 



 
  

           
              
          

       

              
               

            
     

              
     

           
  

OTHER OUTPUTS 
• Publications and Dissertations 

• Meiraba Chirom, Chengzhen Qin, Feng Lin, Aniqa Lim, Steven Baldelli, Francisco Robles-
Hernandez, Dong Liu, Viktor G. Hadjiev, Xiaonan Shan, Stacey Louie, and Jiming Bao. Non-contact 
thermometer for measuring surface temperature of photothermal catalysts using near-infrared black-
body radiation spectrum. Device, 2024, 100467, DOI: 10.1016/j.device.2024.100467 

• Haoran Wu, Alaia Homawoo, Saba Shariati, Carlos E. Astete, Debora F. Rodrigues, Cristina M. 
Sabliov, Elham H. Fini, and Stacey M. Louie. Evaluation of drug release from polymeric nanoparticles 
in simulated saliva and gastric media by asymmetric flow field–flow fractionation (AF4). RSC 
Pharmaceutics, 2024, 1, 994-1007, DOI: 10.1039/D4PM00175C. 

• Riya A. Mathew, Effects of Heterogeneous Foulant Layers on the Photoreactivity and Aggregation of 
Titanium Dioxide Nanoparticles, Doctoral dissertation, 2023. 

• Haoran Wu, Evaluation of Drug Release from Polymeric Nanoparticles in Gastrointestinal Media, 
Doctoral dissertation, 2025. 
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Technology or the U.S. Department of Commerce. 
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