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Abstract. In this work, an innovative tool to perform real-time measurements of emissivity and 

temperature of a given material surface under CW laser irradiation was developed. In the 

radiative energy balance, the emissivity represents the complementary component of the 

reflectance, thus, its measurement can be exploited to calculate the temperature at the target 

surface from infrared emission measurements provided by a suitable sensor. A miniaturized 

photothermal sensing line was designed as an accessory of Raman probes for driving thermal 

control loops in order to prevent overheating during the spectroscopic acquisition. To 

demonstrate its effectiveness and reliability, it was integrated with in a home-made Raman 

instrument (exc. 1064 nm) and associated software to achieve an automated online thermal 

control. Temperature rise during Raman spectroscopy can induce chemical alterations of the 

material under analysis and seriously affect its original spectral features. In several applications, 

such photothermal side effects can represent a serious problem to be carefully controlled in order 

to safeguard the integrity of the material and its spectral fingerprint. A thorough experimentation 

of the novel tool was carried out on photothermally sensitive materials such as red lead and 

massicot powders, traditionally used as pigments since ancient times. Finally, the compactness 

of the components and the fast response time made this system particularly suitable for non-

destructive in-situ investigations. 

1.  Introduction  

Raman spectroscopy is a widespread technique in conservation of cultural heritage and archaeometry 

[1]. In particular, it is often used to analyze pigments in order to collect information on the execution 

processes, authenticity, and the state of conservation, as well as to define and assess the result of 

conservation treatments, such as those based on laser ablation. [2, 3]. However, extensive applications 

on easel painting are rarely carried out because of intrinsic damage risks. 

Although Raman spectroscopy is considered a non-destructive technique, laser heating represents a 

crucial issue for materials with a high optical absorption at the excitation wavelength. Laser heating may 

produce band broadening and shifting, background increase [4], and, when excessive, sample damage. 

Phase transitions, discolorations or photo-degradation of the samples can be induced by laser irradiation 
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[5, 6, 7]. The use of a temperature-controlled system allows achieving safe Raman analysis and avoiding 

data misinterpretation.  

In the present work, we introduce a novel, non-contact temperature-control method based on the 

knowledge of surface emissivity. Emissivity knowledge is necessary to measure temperature using 

infrared techniques [8, 9, 10].  

The setup included an infrared radiation source, a thermopile to measure both IR diffuse reflectance 

and photothermal emission, optics, and mechanical supports. 

The small sizes of the components selected makes the present tool suitable for integration on board 

of a variety of Raman probes. 

2.  Experimental set-up  

2.1.  Emissivity detection 

Emissivity (ε) is defined as the ratio of the thermal emissions of the sample and black body, recorded at 

the same temperature. It is a dimensionless number and it varies from zero for a perfect reflector, to one 

for a black body. The main techniques used to acquire emissivity, are calorimetry [11] and radiometry 

[12] as direct methods and reflectivity as an indirect approach. [8] In this work, a novel system capable 

of performing short-time emissivity measurement was presented. 

First of all, we started selecting different materials of known emissivity, covering the whole range 0-

1. The emissivity of such materials was found in literature; however, the value depends also on the 

surface morphology of the sample (aspect). Using a very simple set-up based on: a Peltier element, a 

thermistor, and a thermopile sensor (Phidgets Inc., CAN), it was possible to measure emissivity for these 

standards. Samples were placed on the heated face (45°C) of the Peltier element and, when as the   

material reached thermal equilibrium, temperature was acquired with thermistor and infrared sensor 

(TP) at the same time. The standard emissivity of the reference samples coincided with the value that 

allows matching the temperature acquired with thermopile with the former. Then, these materials were 

used as standards for sensor calibration.                                                                                        

In Table 1 the emissivity values acquired with the previous method, compared to reference data, are 

reported. [13, 14]  

 

Table 1. Emissivity table of the standard materials: 

 (a) references [13, 14, 15] and experimental data (b). 

 

Material ref (a) cal (b) 

polished aluminium 0.04-0.06 0.04 

burnished copper 0.07 0.05 

stainless steel 0.14 0.17 

polished iron 0.21 0.23 

oxidized lead 0.28 0.33 

oxidized copper 0.60-0.70 0.71 

plywood 0.82 0.76 

gypsum 0.80-0.90 0.87 

white paper 0.90 0.90 

black tape 0.90 0.92 

glass 0.91-0.94 0.88 

marble 0.93 0.89 

limestone 0.88-0.95 0.97 

 

A scheme of the innovative system used to estimate surface emissivity in the present work is depicted 

in Figure 1. 
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  An infrared emitter (Tungsten lamp) inside a brass cylinder produces a collimated beam on the 

sample. The diffusively reflected beam was collected and re-focused on the thermopile (TP) sensor (6-

14 µm) by a couple (L1 and L2) of infinite-conjugated lens (ZnSe, L1 f.d. 15mm and L2 f.d. 40 mm). 

The geometric configuration allows to acquire only the diffuse reflectance (Rd) contribution and to 

neglect the specular component. As shown in the picture, the infrared spot overlaps the Raman laser 

beam on the sample. The same TP sensor used for the emissivity measurement was employed for the 

thermal control during the Raman experiment (see next section). 

 

 
 

Figure 1. Set-up scheme of the system used to acquire the emissivity measurement. On the sample, 

the IR beam was superimposed to the Raman beam.  

 

A customized Labview program allowed controlling the IR lamp and the TP device. To derive the 

diffuse reflectance (Rd), it was necessary to consider the emitted power ∝ 𝜀𝑇4As defined by Equation 

1, Rd was calculated by the difference between the fourth power of the temperature read by TP sensor 

when the lamp was turned on (Ton) and off (Tamb), normalized to the fourth power of aluminum 

temperature (Talum) (assuming Al reflectance =0.95): 

 

 

 (1)                                            𝑅𝑑 = (𝑇𝑜𝑛
4 − 𝑇𝑎𝑚𝑏

4 ) (𝑇𝑎𝑙𝑢𝑚
4 − 𝑇𝑎𝑚𝑏

4 )⁄                           

                                                   

 

 

To evaluate the response of the developed setup, Rd was measured for the standard materials (see 

Table 1). As shown in Figure 2, reflectance decreased linearly when material emissivity rised up. This 

result was in agreement with the complementarity between reflectance and emissivity in the 

approximation of opaque materials [13]. Using a linear fit it was possible to obtain the experimental 

relation between reflectance and emissivity; this calibration curve was influenced by standard materials 

and from the geometrical configuration used in the set-up. At this point, the setup allows to estimate the 

emissivity of unknown samples only by an interpolation of the data. The emissivity value error bar is 

0.15.  
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Figure 2. The trend of reflectance as a function of emissivity for different standard materials.  

2.2.  Raman system 

Raman system was extensively described in references [5, 6, 16].  Briefly, the laser source (1064 nm) 

coupled with an optical fibre produced the beam excitation, which was focused on the sample through 

an aspheric lens. The scattered light was acquired through a pair of off-axis parabolic mirrors to match 

with the numerical aperture of the collector fibre. Finally, the Raman signal was sent to the spectrometer. 

3.  Results  

The system was preliminarily tested on red lead and yellow massicot powder pigments.  

The emissivity value acquired for red lead powder is equal to 0.85; the reference value is 0.93 [13]. 

The measured emissivity for massicot is 0.79 and the reference one is equal to 0.90 [13].  Considering 

the error bar of the experimental measurement, the results are in agreement with the tabulated values. 

The emissivity values acquired were used to calibrate the TP sensor for the temperature control during 

Raman analysis.  

 Figure 3 shows the spectra acquired at 1064 nm of the red lead (A) and massicot (B) pigments. The 

spectra were achieved with integration times equal to 30 and 25 s, respectively.  In the inset figure, the 

temperature profiles were reported. The laser excitation (240 mW) induced an increase of temperature, 

about 20 degrees for the red lead and 12 degrees for massicot. Both pigments showed slight 

photothermal instability.  
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Figure 3. Raman spectra of A) read lead and B) massicot (exc.wav. 1064nm). The inset figures show 

the rise of temperature during the acquisition time.  

 

4.  Conclusions  

The results achieved by the preliminary tests demonstrate the effectiveness and reliability of the present 

instrument for online temperature monitoring. These features along with the device portability allowed 

realizing in situ Raman measurement of varied samples.  

Moreover, the new method allows to acquire, in a very short time, the emissivity not only for pure 

materials but also for compound and mixture. Therefore, this innovative probe is very useful for 

applications in the cultural heritage field. 
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