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Nanoparticles 

•  Natural or Engineered (ENPs) 
•  Exceptional properties - high surface to 

mass ratio 
•  Added in Foods, packaging, hygiene 

products, clothes etc... 
•  Widespread industrial uses 

 
 

New Scientist 14 Aug 2010 

A. Ulrich and co. JAAS 2012, 27, 1120 

Potential effects in the 
environment are not clear! 
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spICP-MS – Current status 

• Evolution of the Technique • Real World Applications 
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The Nanodefine EU project 

• Scientific project financed by the European Comission 
with the objective to develop analytical tools to verify 
“Nano-content“ in different sample types (consumer 
products, environmental etc.) 

• Thermo Fisher Scientific is one partner among many 
others, both academic and industrial 

 

www.nanodefine.eu 
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Nanoparticle Characterization… 
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Thermo Scientific iCAP Q ICP-Q-MS 

•  Instrumental Parameters 
•  High Detection Sensitivity 

•  Fast data acquisition and real-time display 
during measurement in the single particle mode 

 

•  Powered by Qtegra ISDS 
•  Dedicated software plug-ins for seamless 

control and data evaluation for both FFF and 
spICP-MS 
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• Also known as AF4 (Asymetric Flow-Field 
Flow Fractionation) 

• Separation based on the different 
mobilities of particles or molecules of 
different sizes 

Field-Flow-Fractionation (FFF) coupled to ICP-MS 

Sample focussed on membrane through cross flow, but 
opposed by diffusion (hydrodynamic radius) 

Similar to chromatography, 
but… 
§  Ions are separated through 

cross flow 
§  No stationary phase, no 

interaction 
§  FFF theory allows to 

calculate size from retention 
time 

Cross Flow 

Detector Flow 
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Wyatt Technology Eclipse - Thermo Scientific iCAP Q ICP-MS 

• Wyatt Eclipse FFF 
•  Integrates with any existing IC/

HPLC equipment 
•  Uses only 1 pump to deliver 

detector, cross and injection flow 
•  Uses AS of IC system to inject 

sample 
•  Fully integrated with ICS-5000 and 

iCAP Q through Qtegra software 

•  Thermo Scientific IC systems are completely metal free 
•  Fully metal free version of Eclipse available 
•  Eclipse switch option allows easy switch over from FFF to IC analysis 

and vice versa 
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FFF-ICP-MS Analysis of AuNP 

Unfocussed parts of 
the sample 

Stabilized AuNPs, diameter 16 nm 

Stabilized AuNPs, 
diameter 60 nm 

Conditions for Separation in PES hollow fibre (HF): 
Eluent: 0.02% SDS; Detector flow: 0.5 mL min-1 

Focus flow: 0.4 mL min-1 for 5 minutes 
Cross flow: 0.2 ml min-1 to 0 in 15 minutes 
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FFF-ICP-MS in real samples 

• Versatile tool to fractionate 
different kinds of samples 
•  Fractionation 
•  Flow-Injection  

• Characterisation of “nano“-
content of different 
materials 
• NP containing Cu found in red 

tattoo ink 

Real-Life: Particle Aggregation, Loss etc. 
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Chemical background 

•  Structure of Ag, Au nanoparticles similar 
•  Synthesis: Mild reduction of Ag+, Au3+ in presence of suitable stabilizing 

ligands 

•  Sample Preparation: AgNPs are best stabilized in 2mM sodium citrate 
solution; AuNPs can be handled in UPW 

•  All solutions need to be sonicated (5-15 minutes) to avoid coagulation of 
the particles 

Core of Ag0 
Surface of Ag+ “protected” 

by organic ligands 

Ag+ 
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Basics of spICP-MS 

•  Introduced single nanoparticle produces an ion plume in the plasma. 
Process duration ~ 300 µs. 

•  For the discrimination of various particles short dwell times (~ 3-10 ms) 
are applied. 

•  Chosen dwell time is a critical parameter in spICP-MS. 
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Artifacts in spICP-MS 

-  Split Particle Events (B): A nanoparticle signal is observed in two adjacent 
measurement slots. The extent of split particle events depends on the 
nanoparticle pulse duration and the applied dwell time, and can be reduced by 
using longer dwell times.  

-  Double or Multiple Particle Events (C): Two or more particles are observed in 
one measurement slot, leading to an overestimation of the particle size. The 
occurrence of such events can be estimated using Poisson statistics and can be 
reduced by sample dilution.  
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Single particle ICP-MS for characterization of AgNPs 

•  Background signal ~ Concentration of dissolved species 
•  Number of events ~ Particle number concentration 

•  Signal intensity of events ~ Particle mass ! Particle Volume and 
Shape 
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Single particle ICP-MS for characterization of AgNPs 

•  Filter sp events from background ! Intensity threshold values 
•  Calculate mass of element observed in the event 

•  Knowledge of detection sensitivity, transport efficiency 

•  Calculate particle diameter 
•  Spherical shape, density equal to solid 

•  LOD: Particle size, not number! 
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Measuring the nanoparticle size 

Particle size LOD depending on detection sensitivity! 

R² = 0.9948 
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• Tab water spiked with AgNPs, diluted 3:1 with 2mM sodium 
citrate 

• Determined NP size: 41 ±3 nm [Nominal diameter 40 nm] 

Analysis of NPs in tab water 
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The highlight 

• Simple setup, no separation unit 
• High throughput analysis 
•  Information about low-molecular metal species, number of 

particles, metal mass in a particular particle, particle size 

• Dwell times in the low ms range are sufficient for 
monoelemental NP´s 
• Faster scanning is required for multielement/isotopic information 

• Obtainable LOD (iCAP Q) approx. 20nm for Ag 
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Outlook: combine FFF and spICP-MS 

 
•  Inject diluted sample to elute single particles instead of 
particle fractions 
à Fractionation of different particle regimes in a sample 
à Direct particle size characterization in one run   

spICP-MS FFF-ICP-MS 
  Direct characterization of particle 

size 
  Fractionation of different particle 

regimes in a sample 
  Difficult for samples with more than 

one particle fraction 
  Direct size characterization only with 

complementary technique like MALS 
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FFF-spICP-MS 

Switch to Elution: Very big or very small 
particles/ions not focussed sufficiently by 
Focus Flow elute immediately 
à Can be improved by longer Focus time  

AuNP´s 8 nm diameter 

AuNP´s 30 nm diameter 

Elution Inject: Sample 
loop is again opened, 
sample that has not 
reached the channel is 
eluting and channel is 
cleaned à No retention 
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FFF-spICP-MS 

Single particle signals for 30nm AuNPs 8 nm particles are too 
small to be evaluated in 
spICP-MS, S/N ratio is 
decisive! 
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Summary 

• Both spICP-MS and FFF-ICP-MS have their advantages and 
drawbacks 

• Combination of both can give additional insights into the 
Nanoworld and helps to overcome the drawbacks of both 
techniques 

•  Instrumentation to get a complete picture: 
•  spICP-MS, FFF-ICP-MS and Speciation Analysis  
•  Fast scanning for elevated periods allows to combine both techniques  
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Thank you for your attention! 

Further references: 
Laborda et al., J. Anal. At. Spectrom. 26 (2011), 1362 
Krystek et al., J. Anal. At. Spectrom. 26 (2011), 1701 
Ulrich et al., J. Anal. At. Spectrom. 27 (2012), 1120 
 


