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Abstract – Thermal Lens Spectroscopy (TLS) consists of measuring the effects induced by the 
relaxation of molecules excited by photons. Twenty years ago, the CEA already worked on TLS. 
Technologic reasons impeded. But, needs in sensitive analytical methods coupled with very low sample 
volumes (for example, traces of Np in the COEXTM process) and also the reduction of the nuclear wastes 
encourage us to revisit this method thanks to the improvement of optoelectronic technologies. We can also 
imagine coupling TLS with microfluidic technologies, decreasing significantly the experiments cost. 

Generally two laser beams are used for TLS: one for the selective excitation by molecular absorption 
(inducing the thermal lens) and one for probing the thermal lens. They can be coupled with different 
geometries, collinear or perpendicular, depending on the application and on the laser mode. Also, many 
possibilities of measurement have been studied to detect the thermal lens signal: interferometry, direct 
intensities variations, deflection etc…. In this paper, one geometrical configuration and two measurements 
have been theoretically evaluated 

 
 

INTRODUCTION 
 
The Thermal Lens Spectroscopy (TLS), as 
fluorimetry, consists in measuring the effects 
induced by the relaxation of molecules in their 
excited states.  
Fluorimetry is well-known as a very sensitive 
analytical method. Analysis in the nuclear wastes 
reprocessing process fluorimetry, could have 
taken a larger place, if the fluorescent actinides 
were more numerous (UVI, AmIII and CmIII only). 
That’s why absorptiometry methods have been 
strongly improved by the CEA for R & D and 
industrial purposes. Thus to propose a multi-
way, multi-element, simultaneous and real time 
online apparatus for analytical measurements, 
both on liquid sample and on the liquid stream in 
reprocessing, in a glove box or in a shielded cell 
have been developed. The specific color of each 
actinide, whatever is the valency, is a 
tremendous argument to make absorptiometry 
one of the inevitable tools of actinide analytical 
chemistry.  
Typically, the Limit Of Detection (LOD) of most 
of the actinides is about 0,1g/L (0,5mM/L). For 
some online analytical controls, such as traces of 
neptunium in an aqueous phase containing 
uranium and plutonium high level of (COEXTM 
process), absorptiometry would need a 10 to 
20 cm light path to give an acceptable signal! 

Among the different solutions for solving the 
problem, TLS could bring a specific response 
thanks to the improvement of sensitivity (a factor 
close to 102 compared with absorptiometry, 
according to literature).  
 
More than ever, the reduction of the process 
research costs will become a challenge in the 
coming years. The miniaturization of the 
experiments and processes, the reduction of the 
waste volumes, and consequently the reduction 
of the biological protections will be a solution of 
choice.  
The microfluidic technique (Lab-on-chip) could 
bring a solution, from the implementation of 
micro-experimentation, to the implementation of 
a new way “to think” the analysis, integrating 
micro-samples, analytical preparation, and 
measurement. In such a case, the compromise 
between sensitivity and the light path dimension 
will reduced the field of the absorptiometry 
applications. Some countries, Japan in first, have 
already anticipated this new approach.  
 
TLS is not a novelty for the CEA. Twenty years 
ago, the department of analytical chemistry 
studies (laboratory of laser spectroscopy and 
analysis) had already experimented such a 
spectrometry for analytical determinations. Too 
early, may be, due to the state of the art of 
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optoelectronic components and laser quality. It 
has been leaved few years later.  
Today, detection devices and lasers have 
evolved : the sensing units are now integrated, 
more sensitive, less noisy, and some camera are 
synchronisable for a temporal resolution ; a large 
variety of lasers are commercialized, with 
continuous or pulsed emissions, powerful or not, 
from the infra red to the ultra violet. 
Recently, some specialized laboratory 
implements TLS on lab-on-chip device with 
some successes. That’s why we decide to re-visit 
the TLS as a tool for actinide detection.  
 
CONFIGURATION CHOICES 
 
Thermal Lens (TL) results of the index of 
refraction modification induced by a thermal 
variation. As physical lens, light crossing the TL 
is deviated. 
Thus TLS uses two beams: one beam as an 
excitation source (continuous or pulsed) and one 
beam as a probe. Working on a liquid 
stream1from a chemical process at a normal to a 
microfluidic scale encourages us to use a pulsed 
laser. The two beams can be collinear or 
perpendicular. In the collinear configuration, the 
optical path length is used to increase the 
quantity of energy absorbed and the sensitivity. 
Therefore it is not an appropriate configuration 
for working on small volumes. Furthermore 
collinear configuration needs filtration of the 
excitation beam. The thermal element created, 
can be seen as a spherical lens for the probe 
beam. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Probe beam collinear to excitation beam 

 
Perpendicular configuration is more appropriate 
to small volumes, because the beams are 
introduced independently, making the optical 
layout easier. That is why this configuration is 
preferred and will be used in the following. The 
thermal element created, can be seen as a 
cylindrical lens for probe beam. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Probe beam perpendicular to excitation 
beam 

 
For a perpendicular configuration, with a pulsed 
excitation beam, the focal length )(' tf of the 
TL (we will see later how it can be measured) 
varies as follows on the incidence of an 
excitation pulse1: 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Excitation pulse incidence on the focal 

length  
 
The focal length decrease after pulse is 
proportional to: 
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- ρ  is the density, 

- pC is the sample heat capacity, 
-ε  is the molar absorptivity,  
- C is the analyte concentration, 
- D  is the excitation energy density, 

-
dT
dn

 is refractive index gradient. 

Thus concentration of analyte can be 
determinated knowing the sample’s constants 
(density, thermal conductivity, heat capacity, 
molar absorptivity, energy density and refraction 
index gradient) and with the measure of the focal 
length of the TL. Furthermore, measuring the 
temporal aspects of the TL brings additional 
information on the matrix useful for the process. 
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INSTRUMENTATION 
 
Many solutions2 are possible to detect TL effects:  
- z-scan3 analyse (or focal point displacement), 
- measure of deflection4, 
- measure by interferometry5 (Michelson, 

Fizeau etc…), 
- lateral shearing interferometry6  
- Shack-Hartmann analyser7. 
 The z-scan technique is the more accurate and 
allows to measure a variation of the refraction 
index of ∆n =10-8 (∆n=10-7 is the best for the other 
techniques). Z-scan consists of measuring the 
probe beam intensity, without and with TL and 
calculating the ratio between the two values (or 
moving the sensing unit until the intensity is the 
same, as without TL effect). The sensing unit is 
generally a photodiode behind a pinhole. A 
multitude of configurations will be studied with the 
two following instruments 
- A narrow-band Nd-Yag/OPO/FX1 laser 

(Continuum, Excel Technology/USA) is used as 
the excitation source. This solid state laser is 
ideal for selecting any wavelength from 220 to 
1800 nm (energies varying from 1 to 20 mJ) with 
pulsed time of 8 ns at the frequency of 10Hz. 

- A triggered camera (CoolSNAP HQ2, Roper 
Scientific/USA) with 1392 x 1040 pixels of 6,45 
x 6,45 µm for each. The response is linear onto 
the whole 14 bits dynamic, with a “low” noise. 

 
Scanning only one pixel of the whole camera can 
be compared as using one photodiode located 
behind a square pinhole of 6.45µm. The intensity 
attenuation due to the light deviation induced by 
the thermal lens is measured (figure 4-a and figure 
4-b). With the whole CCD, we can also measure 
deflection using front wave distortion. Coupling 
distortion and attenuation will also lead to more 
sensitive measurements. 
 
 
 
 
 
 

Fig. 4. a. z-scan configuration without TL 
 

 
 
 
 
 
 

 
Fig. 4. b. z-scan configuration with  TL 

 
 
 
 
 
 

 
Fig. 5. Measure of deflection configuration 

 
The distortion is the same as the wave front 
deflection. From our knowledge, very few 
laboratories have already worked on it. From our 
point of view, it presents many advantages: 
- detecting  the TL profile independently from 

the  transparency of the medium at the laser 
probe wavelength, 

- evaluating the deflection independently from 
the laser probe fluctuations, 

- limiting the effects of the local temperature on 
the optical adjustments. 

 
CALCULATION OF THE LIMIT OF 
DETECTION FOR Np(IV) 
 
Knowing the configuration and the detection 
mode lead to calculate the LOD of the system. 
The analyte we use is the Np and the matrix. The 
geometric parameters are first defined and then 
we calculate the LOD for intensity variation and 
geometry variation of the probe beam. 
A continuous laser He-Ne (632.8 nm) is used as 
the probe beam, the beam is focalized before the 
TL with a focalization lens and the camera is set 
just behind the TL (fig 6): 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Detection assemblage configuration 
 

With a geometrical approach the focal length of 
TL f’ is a function of D, r1, L, f’1 and 3σ with: 
- D: distance between the focal plan of the 

focalization lens (FL) and the camera, 
- r1: radius of the detection beam before the FL, 
- L: distance between the FL and the TL,  
- f’:  the principal focal length of FL,  
- 3σ: the radius of the beam on the camera.  
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Limit of detection for intensity variation 
 
TL focal length and the concentration are 
conversely proportional (equation 1), so with f’ 
we can determine the concentration. But the 
concentration limit, is obtained with the f’ limit 
which is itself obtained with the 3σ limit. The 3σ 
limit is the smallest radius of the beam on the 
camera that we can differentiate from the radius 
on the camera without the TL effect (depends of 
the camera's characteristics: noise and dynamic). 
To determine 3σ limit (3σlim), we consider that 
the intensity profile of the detection beam is a 2D 
Gaussian: 

 
 

Fig. 7. Intensity profile of the detection beam 
 

We consider also, that our system is without 
energy loss, so only I and σ change (in only one 
plane because the thermal element created is a 
cylindrical lens for the probe beam): 

lim
lim

.
I

I σ
σ =    (2) 

Where I and σ are the Gaussian’s characteristics 
without TL and Ilim and σlim are the Gaussian’s 
characteristics with TL. Ilim is the smaller 
intensity on the camera that we can differentiate 
about the intensity without TL, so it’s equal to I 
minus a noise factor.  
With this consideration we can estimate the LOD 
of our system (for one laser shot) is 5.10-6mol.L-1 
for the Np in dodécane (without optimisation of 
the assemblage parameters), It could be easily 
ameliorated (from 1 to 2 decades) by increasing 
the number of shots, thanks to the Poisson’s 
laws. 
 
Limit of detection for geometry variation 
 
Evaluated the wave front  distortion of the probe 
beam could be done by making the hypothesis of 
a normalized center part of the gaussian beam, 
and searching the expansion of the bottom 
(figure 8).This expansion could be evaluated at 
10% from the center for example.  
 

 
 
 
 
 

 
Fig. 8. Pixel which integrate 10% of the 

maximum signal 
 
Such experimental conditions lead to select a 
ring. Count statistic (the Poisson’s law) of each 
pixel of the ring is lower than count statistics of 
the central one (a 10  factor). But the number of 
pixels into the ring M, very high, is in favour of 
the method due to a M improvement factor. 
 
Conclusion 
 
In the aim of making online analysis and 
reducing the sample volumes a pulsed laser his 
chosen to induce the TL, crossed with a CW He-
Ne laser to probe it. Our sensing unit is a 
triggered camera, which allows testing two 
detection methods. For a single photodiode 
detection (z-scan) with parameters described 
before, the LOD is calculated to be near 5.10-6 
mol.L-1 for Np(IV) in dodécane. It can be 
strongly improved either by the improvement 
some geometric parameters, either by the 
measurement of the wave front.  
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