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Introduction 
Fluorescence spectroscopy is an important 

investigational tool in many areas of analytical 

science, due to its extremely high sensitivity and 

selectivity. With many uses across a broad range of 

chemical, biochemical and medical research, it has 

become an essential investigational technique 

allowing detailed, real-time observation of the 

structure and dynamics of intact biological systems 

with extremely high resolution. It is particularly 

heavily used in the pharmaceutical industry where it 

has almost completely replaced radiochemical 

labelling.  

 

Principles and Applications of Fluorescence 

Spectroscopy gives the student and new user the 

essential information to help them to understand and 

use the technique confidently in their research. By 

integrating the treatment of absorption and 

fluorescence, the student is shown how fluorescence 

phenomena arise and how these can be used to probe 

a range of analytical problems. A key element of the 

book is the inclusion of practical laboratory 

experiments that illustrate the fundamental points and 

applications of the technique.  

 

X-ray Absorption: Principles, Applications, 
Techniques of EXAFS, SEXAFS and XANES  
It describes several specific spectrometric techniques 

that are very useful in elucidating the fundamental 

nature of matter: EXAFS - Extended X-Ray 

Absorption of Fine Structure; SEXAFS - which is 

EXAFS applied to Surface Phenomena; and XANES 

- X-Ray Absorption Near Edge Structures. Articles 

explain the phenomena and describe examples of X-

ray absorption applications in several fields, 

including chemistry, biochemistry, catalysis, 

amorphous and liquid systems, synchrotron radiation, 

and surface phenomena. Contributors explain the 

underlying theory, how to set up X-ray absorption 

experiments, and how to analyze the details of the 

resulting spectra. Atomic fluorescence spectroscopy 

is a technique used in biochemical, medical and 

chemical applications that require very high 

sensitivity as well as precision and accuracy. An 

atomic fluorescence spectrometer is capable of 

measuring samples containing both hydride-forming 

elements (such as: Arsenic (As), Cadmium (Cd), Zinc 

(Zn), Bismuth (Bi), Selenium (Se), Tellurium (Te), 

Antimony (Sb), Tin (Sn), Germanium (Ge), and Lead 

(Pb)) as well as Mercury (Hg) at a parts per trillion  

(ppt) level using the unique vapour hydride  

 

 

generator. The high sensitivity and reliability of 

Aurora‟s series of LUMINA 3300 Atomic 

Fluorescence Spectrometer is ideal for elemental 

analysis in a variety of research sectors.  

 

The technique behind atomic fluorescence 

spectroscopy is similar to atomic absorption 

spectrometry in that a sample absorbs light at a 

particular wavelength to promote its electrons from 

its ground electronic state into an excited state. From 

this excited electronic state, the electron drops down 

to a lower electronic state into one of several 

vibrational levels, emitting a photon in the process, 

with one of several frequencies. By measuring the 

intensity of the emitted light at particular frequencies, 

it is possible to determine the concentration of the 

element being measured. The technique behind the 

instrument has a great impact on many applications, 

especially those concerned with analysis of metals in 

biological samples, agricultural samples, water, and 

industrial oils.  The vapour hydride generator in the 

LUMINA 3300 ensures a sensitive measurement on 

these hydride forming elements, of which mercury 

detection is the most common application. Mercury 

analysis is a critical component of several industries, 

including food and water safety, agriculture and 

environmental monitoring. Samples must be digested 

prior to analysis to ensure for accurate analyte 

measurement. This is preferably performed using a 

highly efficient acid-assisted microwave digestion 

system. The sample is then atomized (using either a 

quartz tube furnace with automatic ignition or Ar-H2 

diffusion flame to reduce interference) and any free 

mercury atoms are excited by ultraviolet light emitted 
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by the mercury hollow cathode lamp. Consequently, 

the excited atoms re-radiate the absorbed energy at 

particular frequencies which allows for quantification 

and analysis. This technique is sensitive and linear 

over a wide range of concentrations. Hydride forming 

elements such as arsenic and lead may also be 

analyzed using Aurora‟s LUMINA 3300 atomic 

fluorescence spectrometer. Providing enhanced 

sensitivities, reduced interferences, and extremely 

low detection limits for the determination of sub-

trace levels of hydride-forming metals, Aurora‟s 

revolutionary all-in-one design allows for optimum 

performances for any application requiring either 

mercury detection or analysis of any hydride forming 

element. With unbeatable sensitivity and the best 

technique to detect and analyze hydride-forming 

elements, Aurora offers a solution that is more 

sensitive, cost-effective and reliable than traditional 

mass spectrometry techniques.  

 

It is crucial, especially in fields such as food and 

water safety that the presence of even trace amounts 

of heavy metals be determined accurately and 

precisely. Aurora‟s LUMINA Atomic Fluorescence 

Spectrometers are reliable for any application. Other 

examples of industry sectors and applications that 

rely heavily on AFS are public health and disease 

control, metallurgical and geological industries, 

petrochemical industries, pharmaceutical industries, 

clinical diagnostics, agriculture, and environmental 

monitoring. With an ever-increasing number of uses 

for atomic fluorescence spectrometry, Aurora is 

instrumental in the progression and development of 

these fields by providing a quality line of atomic 

fluorescence spectrometers that ensure reliable 

analyte measurements as well as reproducibility. 

Atomic Fluorescence Spectrometry (AFS) is an ideal 

detection technique for speciation studies concerning 

hydride forming elements (mainly As, Se and Sb) and 

Hg. The analytical features of AFS, such as detection 

limits below the μg L−1 and the wide linear 

calibration range, up to the mg L−1, allow its 

application to a great variety of environmental, 

biological and food samples. AFS represents a 

suitable alternative to other atomic spectrometers 

commonly employed in speciation studies such as 

Atomic Absorption Spectrometry (AAS) and 

Inductively Coupled Plasma-Mass Spectrometry 

(ICP-MS). The instrumentation used for AFS and the 

design of the vapour generation and optical layouts 

required to sustain the full benefits of the AFS 

approach are also described. The present review 

explains and comments on the instrumental couplings 

of chromatographic (HPLC and GC) and non-

chromatographic separations (CE) with AFS 

detection, with online hydride generation for the 

speciation of inorganic and organic compounds of 

As, Se and Sb, and cold vapour for Hg. Other 

optional intermediate steps are online photo-

oxidation (UV), pyrolysis or Microwave Assisted 

Digestion (MAD) for non-directly reducible 

compounds. Many different sample types (e.g. water, 

soils, air, biota, food) have been analysed using these 

instrumental couplings with AFS detection.  

 

Atomic Fluorescence Applications 

•Clinical •Environmental/Public Health/Disease 

Control •Agricultural/Food Safety  

•Geological/Metallurgical •Pharmaceutical 

•Petrochemical •New regulations  

 
Features & Benefits 
 •Sub-trace level detection limits for mercury and 

hydride-forming elements •Linear dynamic range of 

10³ •Covered optical design •Dual-channel 

simultaneous measurement •All-in-one mixing 

manifold, low dead volume, high efficiency, double 

gas/liquid separator design •Automatic Ar-H2 flame 

ignition •Integrated exhaust system •Vapor/Hydride 

generator •Revolutionary gas/liquid separator 

•Reaction/Mixing manifold •Covered optical design 

•Dual Channel simultaneous analyses •Integrated 

exhaust system •User-friendly, Windows-based 

software •XYZ autosampler (optional) •Can be used 

as a mercury analyzer.  

 

Fluorescence up Conversion  
The setup is based on the fluorescence upconversion 

technique. It uses a conventional Ti:S oscillator 

which produces ~100 femtosecond pulses at 800 nm 

which are subsequently frequency-doubled or -tripled 

to 400 or 267 nm used for excitation (pump pulse). 

The fluorescence emitted is collected and focused by 

reflective optics into a non-linear crystal together 

with the 800 nm gate pulse. The sum-frequency light 

is sent through a spectrometer to a photomultiplier 

and analysed as a function of the variable pump-

probe delay. Fluorescence in the spectral range from 

300 to 800 nm can be recorded with an apparatus 

function of about 200 for 400 nm excitation and 

about 350 for 267 nm excitation. The time-resolution 

can be greatly reduced after deconvolution of data.  

 

Experimental Methods for Lifetime 
Measurements  
(a) Time-correlated single photon counting  

A time-correlated single photon counting (TCSPC) 

technique has the advantage of extremely high 

sensitivity for lifetime measurements. Technically, in 

order to reach the condition for the “single” photon 

counting process, low intensity of the excitation 

source is necessary. This simply means that we don‟t 
need to put any effort in this stage for the 

amplification of the laser output from the oscillator. 

Furthermore, the feature of high repetition rate of a 
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Ti:sapphire oscillator (~80 MHz) would surely take a 

full advantage of this technique due to its high duty 

cycle. Basically, a high-repetition-rate pico second 

laser pulse sends photons onto the sample and the 

resulting fluorescence photons emitted by the sample 

are detected by a photon counting detector (MCP-

PMT). One part of the laser pulse (split by a beam 

splitter; BS) is also sent to a fast photo detector to 

“start” (trigger) a time-amplitude converter (TAC), 

which then “stop” by the signal came from the MCP-

PMT detector. With this procedure, TAC can easily 

record the time interval between the absorption of a 

photon and the re-emission of a photon.  

 

Although the signal-to-noise (S/N) ratio may be very 

high using the TCSPC technique, the time resolution 

is limited by the response functions (FWHM ~50ps) 

of the electronic devices. In our case, a pico 

second/fem to second laser source is implemented, 

the lifetime of ~10 ps may be recovered via 

deconvolution. For some ultrafast processes with 

time constants shorter than 10 ps, a different 

approach based on optically gated fluorescence (up-

conversion) technique should be implemented.  

 

(b) Fluorescence optically gated (up-conversion) 

method  

The up-conversion method is an optical sampling 

technique that the resulting fluorescence signal is 

optically gated according to sum-frequency 

generation through a nonlinear crystal (NLC; the 

materials may be LiIO3, LBO, or BBO). Basically 

the femtosecond laser beam is divided into two parts 

by a BS. The first part excites the sample and the 

induced fluorescence is collected by a set of lenses 

and focused on the NLC. The second part of the laser 

beam passes through an optical delay line and is also 

focused on the NLC. When the laser beam and the 

fluorescence signal are present simultaneously in the 

NLC, frequency mixing occurs which results in the 

generation of an up-conversion signal. The NLC thus 

acts as an optical gate which is opened only when the 

laser pulse is present in the NLC. By varying the 

optical path of the laser pulse which opens this 

optical gate, the fluorescence signal is sampled at 

different time delays.  

 

The time resolution of an up-conversion system is 

determined by the convolution of the excitation and 

the gate pulses; thus, it depends mainly on the laser 

pulse width. For a typical fem to second laser system 

with pulse width of ~100 fs, a dynamical process 

with a time constant shorter than 100 fs is thus 

possible to be investigated using this technique. Note 

that the up-conversion technique is in principle very 

sensitive to the laser stability so that the S/N ratio 

cannot compete with that of the TCSPC technique. 

Both the TCSPC and the up-conversion techniques 

are based upon the measurements of emission from 

the excited states so that they are intrinsically limited 

to the investigations of excited-state dynamics 

including the corresponding anisotropy and solvation 

dynamics. For some important processes occurring 

on the ground-state surfaces, another experimental 

approach based on the pump-probe techniques is 

planned.  

 

(c) The pump-probe methods  
Because both the TCSPC and the up-conversion 

methods based on the measurements of the emission 

arising from the excited state of the molecule, the 

information regarding the intermediates or the 

products produced on the ground state cannot be 

obtained. Therefore, the option is to use the pump-

probe methods which include the time-131  

resolved absorption, the laser-induced fluorescence 

(LIF), the Raman scattering, the coherent anti-Stokes 

Raman scattering (CARS) techniques, and so on. 
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