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Familiarization Seminar



CEST InstrumentsCEST Instruments
! Inductivevly Coupled Plasma Mass

Spectrometer

! Finnigan Delta+ Stable Isotope Spectrometer

! Costech Elemental Analyzer

! Thermo Finnigan Gas Chromatograph Mass
Spectrometer

! Agilent Gas Chromatographs

! Varian Gas Chromatographs

! Varian Atomic Absorption Spectrometer

! Dionex Ion Chromatograph

! Waters High-Pressure Liquid Chromatographs
(HPLC)

! Capillary/Nano High-Pressure Liquid
Chromatograph

! Triple Quadrupole Liquid Chromatograph Mass
Spectrometer

! Shimadzu TOC 5000 Organic Carbon Analyzer

! Shimadzu TOC-V Organic Carbon Analyzer

! Inductively Coupled Plasma Emission
Spectrometer

! Scanning UV/Vis Spectrophotometer

! Scanning Electron Microscopy- Energy Dispersive
X-ray Spectroscopy

! Purge and Trap Units

! Zeta Potential

! Streaming Potential

! GC-MS



PurposePurpose

! Introduce instruments ideal for metal analysis

! For each instrument:
– Inform you of how they work and what type of

samples they require

– Inform you as to which elements and
concentrations work best

– Present the advantages and disadvantages



ICP-OESICP-OES

Inductively Couple Plasma –

Optical Emission Spectroscopy



What ICP-OES doesWhat ICP-OES does

  Major technique for elemental analysis Major technique for elemental analysis ––

mainly heavy metals.mainly heavy metals.
! Can measure about 70 elements in aqueous

solutions. It cannot measure H, He, C, N, O, F, Ne,

Cl, and some other random elements.

! Total dissolved solids in solutions need to be less

than 1.5%.

! Optimum working range for element concentrations is

0.5-100 ppm.  Possible to go both lower and higher,

but response may become non-linear.

! All sample solutions must be filtered and free of

particulates, sediments, precipitates, etc…



How ICP-OES worksHow ICP-OES works

! Liquid sample introduced (usually aqueous)

! Nebulizer blows samples into micro droplets

! Droplets enter plasma and are excited, when they

relax light is emitted

! Emitted light is wavelength specific for elements and

measured by solid state detector



What ICP analyzes for What ICP analyzes for ……..

Courtesy of Perkin Elmer Instruments



Benefits of ICP-OESBenefits of ICP-OES

! Good start off method.

– Sample acidified and filtered but nothing else has

to be done in order to analyze.

! Relatively low sample size needed <10mL

! Automated analysis

! Flexibility of wavelengths and elements.

– Plasma excites all atoms in a sample, so you can

choose wavelengths for each element and analyze

multiple elements at once.



Disadvantages of ICP-OESDisadvantages of ICP-OES

! Interferences - Plasma excites all atoms in a

sample, so you can choose wavelengths for

each element and analyze multiple elements

at once.

! Standards – Matrix matched standards have

to be made for each element of interest.



SEM-EDSSEM-EDS

Scanning Electron Microscopy –

Energy Dispersive X-ray

Spectroscopy



What SEM-EDS DoesWhat SEM-EDS Does
! SEM is an IMAGING technique.

! EDS is a qualitative / semi-quantitative elemental
analysis of a SEM image.

How SEM-EDS worksHow SEM-EDS works
! Electron beam is aimed at a sample surface.

When the electrons hit the sample, a variety
of signals are generated.  Most importantly
secondary electrons, backscattered electrons,
and x-rays.



Important signals obtained fromImportant signals obtained from

SEM-EDSSEM-EDS
! Secondary electrons

! Backscattered electrons

! X-rays  -

– Produced from shell transitions caused by
interaction b/t the beam and the sample.

– The emitted x-ray has an energy characteristic of
the parent element. Detection and measurement
of the energy permits elemental analysis. X-rays
may also be used to form maps or line profiles,
showing the elemental distribution in a sample
surface.



Pros and Cons of SEM-EDSPros and Cons of SEM-EDS

Advantages
! Environmental SEM

! Small sample needed

! Ability to work with

uncoated samples including

biologicals

! Adjustable humidity and

temperature within chamber

! Windows based system

very easy to use

Disadvantages
! Destructive analysis

– Biologicals will not be
salvageable afterwards

! Qualitative / Semi-
quantitative

– Sample must have
relatively high
concentration of element
– several wt. %

! Costly to end user – charged
by filament time



Atomic AbsorptionAtomic Absorption

FLAA: Flame AA

GFAA: Graphite furnace AA



What the AA doesWhat the AA does

! Determines the concentration of a single

element in a sample.

! Can be used for 62 different metals.

! Very sensitive to low concentrations (ie.

works best in the ppb range)

! All sample solutions must be filtered and free

of particulates, and sediments.



How the AA worksHow the AA works
! The sample is vaporized to a gas.

!  A beam of light from a hollow cathode lamp is shot

through the sample. (The type of hollow cathode

tube is specific to the metal being analyzed.)

! The amount of energy produced is specific to a

particular electron transition in a particular element.

!  As the quantity of energy put into the flame is

known, and the quantity remaining at the other side

(at the detector) can be measured and thus get a

signal that is proportional to the concentration of

the element being measured.



Pros and Cons of AAPros and Cons of AA

Advantages
• High sensitivity

• Wide range of

elements

• High educational

value

Disadvantages
• Sensitivity limited for

refractories

• Single wavelength

detection

• Slow

• One lamp per

element (can become

costly)



FLAA FLAA vs vs GFAA GFAA vs vs ICP OESICP OES

! Flame temperature: 1700 C to 3150 C (N2O/acetelyene)

! Furnace temperature: 1200 C to 3000 C

! ICP OES temperature: 10,000 K

! ICP OES has a significantly greater linear range and can analyze
multiple wavelengths simultaneously.

! GFAA has very efficient sample analysis meaning much smaller
sample amounts and lower IDLs for some elements.

! ICP OES can take advantage of internal standards addition techniques

! GFAA: modifiers and temperature profiles are available to enhance
sensitivity

! Some techniques are dependent on interferences and matrix effects.

! All techniques require filtered totally dissolved materials



Technique andTechnique and  IDLs IDLs ComparisonComparison



Linear Regression ICP OESLinear Regression ICP OES vs  vs GFAAGFAA



ICP MSICP MS

Inductively Coupled Plasma

Mass Spectrometry



What ICP-MS DoesWhat ICP-MS Does

! Trace element Facility

! Detects all elements except C, N, P, S, O2, K and Cl

How ICP-MS worksHow ICP-MS works
! Solids samples by Laser ablation

! Liquid samples by Ultra sonic nebulizer

! IC by Speciation



Pros and Cons of ICP-MSPros and Cons of ICP-MS

Advantages
! High sensitivity

ppt to ppq IDL

! Magnetic sector

1 amu differences to

fractional amu differences

! Easiest set up for unknowns

Disadvantages
• Concerns:

• polyatomic species

• oxides, hydroxides

• matrix effects/interferences

• Large
concentrations/memory
effects 

• NOT an endowed facility ie.
cost per sample

Graduate course available on ICP Technology



UV-UV-Vis Vis SpectrophotometerSpectrophotometer



ColorimetryColorimetry

!Measures a single wave length

from 200-960 nm or scans a

range

What UV/What UV/Vis Vis DoesDoes

•Color change chemistry

•Some techniques for metals



Pros and Cons of UV/Pros and Cons of UV/VisVis

Advantages
! Simple

! “Cook Book”
Chemistry

! inexpensive

Disadvantages

• Slow – larger setup
time

• Single analyte vs.
many at once

• Regents tend to
have short shelf life



ICIC

Ion Chromatography



!Separates for measurement the
anions and cations  in an aqueous
sample.

IC Detectors
!Electrochemical

!Absorbance along the UV/Vis
Spectrum

What IC does



Pros and Cons of the ICPros and Cons of the IC

Advantages
! Well established

protocols

! Automated sampling

Disadvantages
• Expensive – many

consumables used

• Transition metals as
cations in low
concentrations only (2
ppm and lower)

• Reconfiguring the
Dionex takes 24 hours

• Complex mobile phase



Look forward to two more CESTLook forward to two more CEST

Instrument FamiliarizationInstrument Familiarization

Seminars coming soon to aSeminars coming soon to a

lecture hall near youlecture hall near you……

Organic Analysis

Particle Characteristics


