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Nanomaterial Characterization: There are many
parameters that can be measured
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There are many nanometrology methods
available: what level of analysis is needed?

modified from v.d. Kammer et al. ET&C 2012 & TRaC 2011



Topics of the talk

% Development of nanometrology techniques for characterization
of metallic NPs

% Comparison of techniques

% Implementation of techniques for “real world” studies
% NP stability (nano Ag)
% Product release (CNTSs)

% NP biological uptake (nano Au & Ag)

X Collaborations with ICP-MS manufacturers




% Development of nanometrology techniques for characterization
of metallic NPs

% Comparison of techniques Method Development

- Characterization by FFF-ICPMS
- Counting and Sizing NPs by spICPMS



Diffusion-based method

Slide courtesy of NMI, Sydney Australia,
Field flow fractionation Animation by MagiPics
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107Ag response

Flow field flow fractionation-ICPMS

Complex matrices, in this case cell line fluid (DMEM), can affect
recovery and resolution (NP interaction with the AF4 membrane)
Significant method development can be required for EHS applications
Improvements in software/hardware allow for “automated” testing of
membrane/carrier composition/flow rate to optimize method (see von

der Kammer papers)

20 + 40 nm Ag mixture

|

Reversibly sorbed Ag

DI
25% DMEM
50% DMEM

100% DMEM |

Retention Time

Mitrano et al, JAAS, 2012
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Sedimentation field flow fractionation-ICPMS

NMI (Sydney, AUS) inter-laboratory comparison
Two samples examined: Equal # and equal scattering intensity 20 +100 nm

NPS-4: Equal number 20 & 100 nm Au
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Diameter (nm)
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_ _ Laboratory number
Labs that missed small particle

- 14 out of 19 labs using DLS A. Jamting, Publication in prep.
- 2 out of 7 labs using AFM
- 2 out of 6 labs using SEM
- 1 out of 8 labs using TEM
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splCPMS: Element-specific counting method
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* Uses readily available ICPMS instrumentation

* Method development simpler than FFF

* Provides # distributions

* Higher size detection limit than FFF (depends on MS)
* Single element detection

* Rapid analysis allows for high-throughput applications 12




Principles of Single Particle ICPMS

* Dissolved analyte gives a Sample Plasma Result
constant signal Dwell time
: : : i |
* Dilute NP solution: single Dwell time :
. . . o L | :
nanoparticle in a single dwell time o |1 Constant signal
[
* Assumption: one pulse = one -\',-M
particle : constant stream of |
Sample containing charged ions i1
dissolved metals Ti
* Number of pulses = number of me
nanoparticles (corrected for Dwell time '"d'VI'dua'
. . . . — ulses
nebulization efficiency) \Y; = P
Dwell time I
*Size of pulse related to NP size . s .
: : I\:
[ I \:
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Time

Mitrano, D., Lesher, E., Bednar, A. et al. 2012.
Environmental Toxicology and Chemistry, 31, 115-121 13




[ Defining NP size cutoff
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Size Detection Limit
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Number of readings

Number of readings
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Au

Au seed in 30 nm Ag NP
NanoComposix states the

size is 8 nm
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Convert pulse counts to diameter
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Pace et al. 2011, Anal. Chem, 83, 9361-9369; Pace et al 2012, ES&T, 46, 12272-12280 18
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Comparision of spICPMS to Other Methods:
Disc Centrifugation

Very high resolution but | =
need to know density |2
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Slide courtesy of NMI, Sydney Australia, 19
Animation by MagiPics



Comparison of spICPMS to Other Methods:
Particle Tracking

* Visualize particles via laser beam
through liquid sample

» Size determined by Brownian
motion of visualized particle
(hydrodynamic size)

* Able to size polydisperse samples

« Can discriminate particles of
different composition via different
refractive indices

www.nanosight.com
20



Method Evaluation

- Comparison ICP-MS to disc centrifuge and particle tacking

analysis
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[ Frequency count of 600nm SiO, Data J

Data collected with an Agilent 7700 using He collision gas (3.5 ml/min)
(Collaboration with University of Denver)
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Size Analysis of “600 nm” SiO,
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Number of events

[

Aggregation of Hematite J

Use of spICPMS to study aggregation untested
Preliminary results encouraging
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Recent test of spICPMS

RIKILT 'J rl‘
L — NANS

Interlaboratory study sp-ICPMS

Thomas P.J.. Linsinger', Ruud Peters?, Stefan Weigel®

1 European Commission, Joint Research Centre, Institute for Reference Materials and Measurements,
Retieseweg 111, 2440 Geel (BE)

2 RIKILT - Institute of Food Safety, Akkermaalsbos 2, 6708 WB Wageningen (NL)

21 labs across the globe

Several Ag nanoparticles mailed out

ASU and CSM facilities performed excellent — right on measured values
A few labs showed poor results, but most showed consistent findings
Validates reproducibility of SP-ICP-MS method
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Outline

% Implementation of techniques for “real world” studies
% NP stability (nano Ag)

% Product release (CNTSs)

% NP biological uptake (nano Au & Ag)
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Following NP Transformations

ENP Stability
Factors

I
| Change(s) to ENP

Track ENP
| Transformations
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Dissolution vs pulse intensity

Dissolution

100 nm tannic acid Ag NPs; 50 ng/L

Decrease pulse intensity correlates with decreasing particle diameter

28



spICPMS: nanoAg dissolution
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Dissolution in laboratory-prepared waters

60 nm Citrate

60 nm Tannic Acid A) Comparison of 60

80 nm PVP nm and 100 nm NPs
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Applying spICPMS to product release studies
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spICPMS can be applied to carbon-based NPs

Environmental Science
Processes & Impacts

Formerly Journal of Environmental Monitoring

http://rscli/process-impacts Volume 15 | Number 1 | January 2013 | Pages 1-316

NMs
embedded in
polymers or
other
composites

Themed issue: Anthropogenic nanoparticles in the environment

2050-7887(2013)15:

ISSN 2050-7887

1:1-8

PAPER
James F. Ranville ef al
Detection of single walled carbon nanotubes by monitoring embedded metals

RSCPublishing
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spICPMS detection of CNT
metallic impurities

 CNTs can contain residual catalyst metals
e splCPM can detect these as a surrogate for direct detection of CNT
* Variable metal content, polydisperse length and width, and poor dispersion

make analysis challenging

CNT brand Type Length Diameter | Metal content Metal
(nm) (nm) (manufacturer) | content by
EDS
Nanostructured SWNT [ 5000-15000 | 1.1 Co0 0.6%, Mo 0.1 | Co 0.5%,
and Amorphous %, Mg 1.2% Mo 0.1%,
Material (at%) Fe 0.1%
(NanoAmor) (at%)
Carbon Solutions | SWNT | 1800£1000 | 3.8+1.8 Ni, Y (1-30 Ni 19.4%,
wt%) Y 6.0%
(at%)
Southwest SWNT | 578+358 0.8+0.1 Co, Mo (1-15 Co 1.1%,
Nanotechnologies wt%) Mo 3.7%
(at%)
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Results of polymer loading

* Prepare chitosan matrix with variable CNT concentration

* Dl leach for 7 days
e Collect spICPMS data and analyze with variable background cutoffs

Chitosan/SWNT
(5% CNT Loading)

Chitosan

Both NP size (length)
and metal content
control pulse intensity
Hlgh polydispersity and
lack of clear separation
from background are
challenges

ICP-MS response (**Y counts)

ICP-MS response (**Y counts)
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Determining Dose

What is the external and internal dose in toxicity
testing?

Tissue digestion method development

Tetramethylammonium Hydroxide

— 20% solution (w/w) _

— pH 13.5 OH CH
— 24 hour digestion 3

Cleanup steps @ ‘
— Filtration (abandoned)

/N"/
— Low G Centrifugation H C \ /CH o
— Dilution to ppt levels 3 3« ' =
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Au NPs extracted from beef:Spiked

Equivalent dilution allows direct comparison of particle number

100 nm Au in H20 100 nm Au extracted from beef
500 500
| A Peak Mode - 104 | B Peak Mode - 101
400- 1 % Readings — 8 4004 % Readings — 7
(7)) N ) \
Q 1 Ko} 1
O O
£ 300- £ 3004
© ©
o | o !
o 200 2 2004
o o
o) o)
£ S
= 100- = 100
o il e ol il Mo
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Number of Particles

Ag NPs extracted from beef: Spiked

1000

100 nm Ag in H,O

800+
600+
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Mode - 88 nm
% Readings - 10
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A e
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NP Recovery (spiked tissues)

Tissue Matrix Particle Number Particle Mass Recovery
Recovery % (£SD) % (£SD)
Au
Ground Beef 94 (3) 89 (3)
D. magna 95 (2) 109 (4)
L. variegatus 95 (3) 95 (3)
Ag
Ground Beef 95 (3) 104 (3)
D. magna 84 (4) 105 (8)
L. variegatus 95 (3) 107 (7)

Beef only

Digested beef

Digested L. variegatus




D. magna Whole Organism Extraction

1000
800+
* D. magna bioaccumulation test  § o H,0 jPeak Mode - 88
; 400:
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20210) Diameter (nm)
200
— Exposed at 10 pg/L of 100 - D.magna  Peak Mode - 93
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< 1004
£
3 504 <
0 . . a4 ifﬁﬁmmﬁ —
0 50 100 150 200

Diameter (nm)

39



* L. variegatus bioaccumulation test

600

L. variegatus Whole Organism Extraction

Exposed 24 hours at 5 mg/L and depurated for
0, 24, 48 hours in de-chlorinated tap water

0.5 grams of worms analyzed per treatment,
n=3 chambers per treatment.

70 nm Ag PVP capped

Percent readings all below 10%
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Topics of the talk

% Collaborations with ICP-MS manufacturers




Collaboration with Perkin EImer: NexION’s Fast Scanning Mode
L |

tyy— > Uy, * NexION is only Quad instrument capable of < 3
msec dwell times

 Data shown for 100 us dwell time

* No settling time for single mass measurements

* Dwell Times as short as 1 us

e Benefits: reduction in background contribution
to signal, reduction in potential particle
coincidence, multi-element detection (?)

6.0E+06 -

60 nm Ag

S
,

5.0E+06 |

4.0E+06 -

3.0E+06 -

Intensity/cps

2.0E+06

1.0E+06 -

0.0E+00 - T T T T
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Instrument Response

Time/ms

v

Nanoparticle Signal Slide courtesy of Perkin Elmer 42



Elimination of Coincidence at short dwell times
Y

500 ppt Au
0.1 msec dwell times

250

10 mSec
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More Fast Scanning Examples
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Automating Nano Data Processing
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Other collaborations

* PE- Wyatt Collaboration: Integrating FFF data
collection and analysis into PE Chromera software

to improve FFF-ICPMS method optimization.

e Coordinating spICPMS method development with
NIST (E. Peterson).

46



Upcoming Webinars

<

POSTNOVa

Leading in FFF

NANOPARTICLES: LIVE WEBINAR SERIES

- Agilent Technologies

Latest regulations and solvi

analytical challenges

The ongoing race for nanotechnology development has resulted in a need for analytical methods that can
accurately and efficiently detect and characterize nanoparticles.

The hyphenation of Field-Flow Fractionation (FFF) with Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) presents a state-of-the-art method for high sensitive nanoparticle analysis.

During these three webinars, leading scientists in the field of nanotechnology will present the latest legislation
and regulations that govern nanoparticles and will discuss the analytical challenges and solutions for
nanoparticle analysis in food, cosmetics and environmental samples.

4June 2013 *  Nanoparticles: Definition, lations and analytical challenges
4pm CET (1h) Speakers: Dr. Hubert Rauscher (European Commission),
Dr. Sebastien Sannac (Agilent Technologies), Dr. Soheyl Tadjiki (Postnova Analytics)

11 June 2013 -+ Food and cosmetics application examples for nanoparticle characterization and
4pm CET (1h) detection

Speakers: Dr. Heidi Goenaga-Infante (LGC London),

Dr. Frank von der Kammer (University of Vienna)

18 June 2013 +  Environmental application examples for nanoparticle characterization and detection
4pm CET (1h) Speaker: Prof. James R Ranville (Colorado School of Mines)

Unable to attend on a specific date?
Register now and you will receive the recording after the event.

[ Re

PerkinEimer’

For the Better

Mobile-Friendly version
Trouble viewing? Read the online version

NANOTECHNOLOGY

INSIGHTS

Live Webcast - Breakthrough Technology:
Single Particle ICP-MS for Characterizing Five
Attributes of Metallic Nanomaterials

REGISTER NOW

Date and time:
June 25, 2013 at 9:00-10:00pm EDST

In recent years, there has been ever-increasing activity and interest within
the scientific and engineering fields about engineered nanoparticles (ENP).
With the advancement of nanomaterials used in products, new regulations
quiring the ization of r ials, and the unknowns of the
hazards of these materials, researchers and manufacturers will have an
increased need to quantitate nanomaterials.
PerkmEImer offers a breadth of solutions that enable engineers and
to i and better nanomaterials for
ial and One such technology is
Single Particle ICP-MS, which allows the quantitation of nanoparticles for
particle size, particle size distribution, agglomeration, concentration and
ition, delivering fastand reliable results. Attend this free
webcast to learn how this revolutionizing technology will change the way you
can measure nanoparticles.

In this webcast you will learn:

Whatis Single Particle ICP-MS (SP-ICP-MS) and what types of
information it provides

e The ability to screen for i in real-world with
SP-ICP-MS

« Who will benefit the most from SP-ICP-MS technology to analyze
nanoparticles

Examples of key applications for SP-ICP-MS

The will be byalive & answer session.

>> Click here to register for the webcast and
download our nanotechnology applications

HUMAN HEALTH | ENVIRONMENTAL HEALTH
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Summary
(high) Most urgent priorities Important issues to tackle

Metrology & analytical methods
To track ENMs and validate models

o |

O

c

©

£

o

Q

E

g) i

% Issues that may gain importance Lower research priorities
o

o

(low)
(low) Relative State of Knowledge

National Nanotechnology Initiative Workshop, Arlington VA, 2009

(high)
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Summary

(high) Most urgent priorities Important issues to tackle

* Improvements in FFF methods and
introduction of new -~
instrumentation (SAFFF)

) Dose - response (sublethal)

” Y Identification of relevant
~ sentinel organisms

* Improvement in ICPMS
instrumentation and spICPMS data Lower research priorities
handling software

& e
of sources & environmental fluxes
(e.g., rate of leaching from material)

mpact on environmental protection

J infrastructure (landfills, water and
wastewater treatment plants, etc.)

N\ o, . : /7~ N\ Assessing regulatory framework &
() Uptake mechanisms ( ‘ Ty s .
- F \ classification of NM for disposal
=, Intra-organism NP distribution, 7\ Assessing regulatory framework for
*  bioconcentration, and fate ./ waste minimization & recycling

(low) .
(low) Relative State of Knowledge (high)

National Nanotechnology Initiative Workshop, Arlington VA, 2009
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