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Nanoscale Engineering

Nanoscale



Engineered Nanomaterials

Nanofibers 

Nanowires

Carbon Nanotubes (CNTs)

Graphene

Nanoplates

Nanoparticles (NPs) 
--Nanocomposix Corp

Fullerene

Or 

Bucky Ball
--Andy Gion

http://images.google.dk/imgres?imgurl=http://faculty.wiu.edu/JR-Olsen/wiu/graphics/for-top/c60_big.jpg&imgrefurl=http://faculty.wiu.edu/JR-Olsen/wiu/&usg=__DgENtW9FGRMYcpOvxOcKa1oFfRM=&h=459&w=480&sz=67&hl=da&start=2&tbnid=GzImOM_5tERHtM:&tbnh=123&tbnw=129&prev=/images?q=fullerene&gbv=2&hl=da&sa=G
http://hamers.chem.wisc.edu/research/pictures/nanofibers360300.gif


Key Nanomaterial Characteristics that need to be assessed

Nanoparticle Characteristics



Nanomaterial Characteristics & Analytical Technologies



Engineered Nanomaterial Manufacturing Lifecycle

TGA-GC-MS, AA, ICP-MS

FTIR, TGA-FTIR, TGA

UV-VIS-NIR, HPLC-MS

HPLC-ICP-MS, DSC, DMA



Environmental Cycle for Nanomaterials

Environmental Implications



Synthesis, characterization and behavior of Manufactured Nanoparticles in the 

Environment.

 Speaker: Jamie Lead –U of  Birmingham  at  the 5th International Conference on the 

Environmental Effects of Nanomaterials and Nanoparticles – August 2010 , 

Clemson, SC,   

Excerpts from A. W. Salamon’s notes:

 ―There are no techniques to characterize NPs in soils and in water.‖ [field analysis]

 ―Use as many analytical techniques as possible to characterize NPs.‖

 ―When uncoated NPs enter the natural water environment, they are immediately 

coated with organic materials from the environment.  This may change the toxicity 

and make the NPs more stable and non-toxic.‖

 ―Natural NPs look almost identical to Engineered NPs.‖ 
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Field and laboratory arsenic speciation methods and their application to

natural-water analysis [HPLC-ICP-MS]

 Authors: A.J.Bednar, J.R. Garbarino, M.R. Bukhardt – USGA;  J.F. Ranville, and T.R. 

Wildeman -- Colorado School of Mines

―Arsenic can exist in natural water in a variety of inorganic and organic forms. 

…  Many of these species are the result of natural processes, such as mineral 

weathering or biological activity, yet the number of possible anthropogenic 

sources is increasing, primarily from mining and agriculture.‖

Citation



Characterizing Manufactured Nanoparticles in the Environment: Multimethod 

Determination of Particle Sizes [FL, TEM, AFM, FFF, DLS]

 Authors: R. F. Dominogos , M.A. Baalousha, et al. – U Montreal, U Birmingham, 

McMaster U, McGill U, Canadian National  Water Research Inst.

―The mobility, fate, and bioavailabity of manufactured nanoparticles in the 

environment depend on the their size, shape, charge, and other properties.  

Unfortunately the characterization and quantification of nanoparticles is a 

difficult analytical challenge since measurements are highly dependent upon:

1. Particle size and  nature,

2. Sample concentration and solution physicochemistry, and

3. Fundamental  principals of  the analytical  technique‖

Citation



Influence of Stability of the Acute Toxicity of CdSe/ZnS Nanocrystals to 

Daphnia Magna [UV-VIS, DSL, FFF-ICP-AES, FFF-ICP-MS]

Authors: H. E Page, E.K. Lesher, and J.F. Ranville – Colorado School of Mines

―Most toxicology studies have suggested two pathways by which QD 

nanocrystals can cause impairment: dissolution and release of toxic metals, 

and toxic effects associated with nanoscale properties (nanoparticle size, 

surface chemistry, etc).  Derfus et al reported that CdSe-core QDs produced 

cyto-toxic effects, which were correlated with the release of free Cd2+ due to 

surface oxidation.  This toxic effect was exacerbated by exposure to air and 

ultraviolet (UV) light, which served to accelerate the oxidation process.  …  The 

principal objective of this study is to relate the toxicity of QD’s  to specific 

physical and/or  chemical aspects of QD.‖
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PerkinElmer’s Nanotechnology and Nanomaterial Applications Library

 EHS and Environmental Applications  Library

 AA applications

 ICP applications

 Elemental Analysis (EA2400) application 

 FTIR applications 

 TGA-FTIR application

 UV-Vis-NIR applications

www.perkinelmer.com/nano



www.perkinelmer.com/nano



Ask a series of questions
1. What is the physical state of the material?

 A composite, a liquid, a powder? 

2. What  NP characteristics need to be analyzed?  

 Rank them by importance.

3. What type of information is required?

 Quantitative, Qualitative, a mixture of both?

4. What analytical accuracy and precision are required?

5. What  do you know about the material?

6. Is the sample complex or simple?

7. What is the history of the sample?

8. What is the material’s future?

9. How many samples must be run?

10. What is the required analysis turnaround time?

11. Are the safety hazards to be concerned about?

Developing a method – step 1



Review the Characterization Matrix and Identify the instruments 

for your investigation.

Developing a method – step 2



Your sample may be similar to another sample type that already 

has a published method. ISO or ASTM may have methods, test 

reports, or guidance documents that may be modified to meet 

your needs.

ISO examples:
 Nanotechnologies — Determination of metal impurities in carbon nanotubes 

(CNTs) using inductively coupled plasma - mass spectrometry (ICP-MS) 

 [Revised Draft Dec. 02, 2010] Detection of surface bound molecules to gold 

nanoparticles using Fourier Transform Infrared (FT-IR) spectroscopy

Developing a method – step 3



Ask the experts if you are not sure.

 Data interpretation

 They may recommend additional testing

 They may recommend solutions to your problem

Where to find the experts

 Universities

 Consultants

 Instrument manufacturers

Developing a method – step 4



―[Single Particle] SP-ICPMS is the first analytical technique to characterize silver nanoparticle size 

distributions in surface water at concentrations relevant to release from consumer products.‖  

—E. M. Heithmar1, S.A. Pergantis2, C. Stephan3, E.M. Siska4, S.A. Beres3, 1 US EPA, 2University of Crete, 3PerkinElmer, 4Student Services Contractor to EPA, 

Transformations of silver Nanoparticles at environmentally relevant concentrations in fresh and saline surface waters, May16, 2011.  Milan, Italy 

―TGA – [GC] MS for analysis of Polyaromatichydrocarbons adsorbed on nano-TiO2‖ 

―TGA  [is a] powerful tool to study purity, structural changes with nanomaterials for with a well defined 

parameter and experimental condition. [and]  environmental transformation  [of CNTs] including 

sorption and oxidation of nanomaterials can be studied.‖ -- E. Sahle‐Demessie1, A. Zhao1, A. W. Salamon2, 1U.S. EPA,  
2PerkinElmer , Integrated Thermal Analysis and Related Hyphenated Techniques for the Characterization of Multi‐Walled Carbon Nanotubes, March 16,2011.  Atlanta, GA. 

Multi-Walled Carbon Nanotubes; Significant New Use Rule  - June 6th, 2011

40 CFR Parts 9 and 721 [EPA–HQ–OPPT–2009–0686; FRL–8865–4]  RIN 2070–AB27 

―This action requires persons who intend to manufacture, import, or process the chemical substance for 

a use that is designated as a significant new use by this final rule …  ―After the final SNUR is 

effective, any person intending to manufacture, import, or process the substance for a use other 

than as an additive/filler for polymer composites and support media for industrial catalysts ―

Recent Nano in the Environment investigations and 
developments
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• Tune Mass Spec for material

• Intensity of pulse 

relates to size

• Number of pulses 

relates to concentration

• Baseline = dissolved

--courtesy of  Dr. Chady Stephan



TGA --GC--MS for analysis of Polyaromatichydrocarbons adsorbed  on nano-TiO2

--Courtesy of the US EPA

TGA

GC
MS



Aged CNTs characterized by TGA



Complex Nanopharmaceuticals 

Bind Biosciences, Inc. 2010, Accessed Jan 2011, http://

www.bindbio.com/content/pages/technology/index.jsp

Selecta Biosciences, 2011, Accessed Jan 2011, http://

www.selectabio.com/product-platform/index.cfm

Cerulean Pharma Inc. Clinical Trials, Accessed Jan 2011,

http://www.ceruleanrx.com/clinical_trials.html



 We start by identifying the most important new instrument 

need.

 We start by indentifying the most important method needed for 

an existing analytical technique.

 We begin dialogs with instrument manufacturers.

 We begin dialogs with NM manufacturers and end product 

formulators.

 We begin dialogs with ISO and ASTM.

So where do we start?
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