
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABSTRACT 
Photopyroelectric spectroscopy was used for 
thermal characterization of the solvent diethylene 
glycol dimethyl ether (Diglyme). Photopyroelectric 
detection is based on the measurement of an 
electrical signal due to temperature variations in a 
pyroelectric detector. In this work, two 
configurations of the photopyroelectric technique 
were used. The sample thermal diffusivity (αs) was 
measured by using the thermal-wave resonator 
cavity (TWRC) configuration and the thermal 
effusivity (es) was obtained by using the inverse 
photopyroelectric (IPPE) configuration. From the 
obtained values of αs and es the thermal conductivity 
(k) and heat capacity per unit volume (ρc) were 
calculated through the relationships k = es (αs)1/2 
and ρc = es/(αs)1/2. On comparing the obtained k 
value for the Diglyme sample with some reference 
data reported in the literature, it was found that 
the reported k value for diethylene glycol diethyl 
ether (compound with a similar structure to 
Diglyme) is similar to the obtained k value for 
Diglyme in the present study. To our knowledge 
the thermal characterization of Diglyme has not 
been reported until now. 
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INTRODUCTION 
Photothermal techniques are based on the 
measurement of temperature fluctuations in a sample 
due to a process of non-radiative de-exitation after 
modulated light beam absorption. The thermal wave 
propagation depends on the thermal diffusivity in 
the material [1]. These techniques have been used 
for the optical and thermal characterization in a 
wide variety of materials ranging from solids 
[2-3], liquids [4-5] to gases [6-7]. The first use of 
a pyroelectric (PE) detector for the measurement 
of the photothermal response of a sample in 
contact with a PE sensor and excited by a laser 
beam, at different modulation frequencies, was 
reported by Mandelis and Coufal [8-10]. There 
are several configurations of the photopyroelectric 
technique, including the thermal-wave resonator 
cavity (TWRC) and inverse photopyroelectric 
(IPPE) configurations. 
TWRC is a simple and highly accurate experimental 
photothermal technique and some modifications 
have been used to measure thermal diffusivity of 
gases such as air, nitrogen, hydrogen, methane, 
helium  [7, 11-13] and gasoline vapors [11], and 
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MATERIALS AND METHODS 

TWRC 
Diethylene glycol dimethyl ether (Dyglime) from 
Sigma-Aldrich was characterized. Figure 1 shows 
photopyroelectric scheme used for Diglyme thermal 
diffusivity (αs) measurement. In the TWRC 
configuration the liquid sample is contained in a 
cavity between a thin metallic light absorbing 
material and a pyroelectric sensor (PE). In this 
configuration, a modulated beam with a modulation 
frequency f, hit the frontal surface of an opaque 
sample (thin metallic light absorbing material 
makes the transparent liquid sample opaque) and a 
pyroelectric sensor (polyvinylidene fluoride 
(PVDF)) located at the back of the sample, with 
good thermal contact. The sensor detects temperature 
changes in the simple due to radiation absorption, 
followed by a non-radiative de-exitation process. 
The pyroelectric signal as a function of the sample 
thickness was measured with a step of 10 microns 
as shown in Figure 1.  
It has been shown that photopyroelectric signal 
for a configuration as showed in Figure 1, at a 
fixed modulation frequency of incident beam f, 
when the simple is thermally thick, can be 
calculated using the following equation [10]: 

liquids including mixtures such as water-ethanol 
[13] and also silicone oil [14]. Its high sensitivity 
to thermal diffusivity inside the cavity is due to the 
exponential dependence of the photopyroelectric 
(PPE) signal with the sample thickness at a fixed 
modulation frequency. The evaluation of thermal 
diffusivity by using TWRC involves the fitting of 
the experimental data as a function of the cavity 
length or the modulation frequency [7, 11]. 
The concept of inverse photopyroelectric 
configuration (IPPE) was introduced by Dadarlat 
[15] and the thermal effusivity is a physical 
property that can be directly measured by using 
this technique. This thermal property is defined as 
es = (k ρ cp)1/2, where k, ρ and cp are the thermal 
conductivity, density and the specific heat at 
constant pressure, respectively [16]. For a given 
sample, the thermal efussivity is related to the 
amount of heat that passes inside the material 
when its surface suffers a temperature increment 
in a certain period of time [5]. The main 
advantage of this configuration compared to the 
standard configuration (when the light beam 
impinges directly to the sample), is that any 
detection problem related to the optical properties 
of the sample (transparency, thermal reflectance) 
is avoided. A simple calculation of the sample 
thermal effusivity is possible in a frequency range 
when the sample is thermally thick [15]. The IPPE 
configuration has been used to measure thermal 
parameters of some materials such as Cr2O3 
crystals [15], tomato paste [16], and liquids such 
as fatty acids and triglycerides [5], among others. 
Diglyme is a monomer, in liquid form, that can be 
polymerized with cold plasma technique and one 
of its main characteristics is its antibacterial 
property [17-18]. Therefore one of its main 
applications is as a coating for contact lenses 
[19-20]. In this kind of applications the 
permeability, the optical, mechanical and thermal 
properties are important [21].  
In this work the thermal diffusivity and thermal 
effusivity of Diglyme were measured, by using 
the TWRC and IPPE techniques. Water was used 
for calibration in both techniques. One of the 
advantages of using these techniques is that there 
is a best fit between theoretical equations and 
experimental data, which result in more accuracy 
of obtained values.  

Figure 1. Experimental arrangement used for thermal 
diffusivity measurement of Dyglime. 
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the thermal diffusivity of the pyroelectric detector.  
The output signal was normalized with respect to 
the detector signal as a function of frequency. 
 
RESULTS AND DISCUSSION 
Figure 3 shows the best fit of Eq. (2) (solid line) 
with the experimental data (solid squares). From 
the slope of the linear fit the A value was obtained 
and by using this value the thermal diffusivity of 
Diglyme was found. 
From the Figure 3, the A value corresponds to the 
thermal diffusivity of Dyglime with a value of 
(24.3 ± 2.7) x 10-8 m2/s.  
Thermal effusivity was obtained by using the 
IPPE configuration. Figure 4 shows the signal 
amplitude as a function of the incident beam 
modulated frequency for the Diglyme sample. The 
solid line corresponds to the best fit of equation 
(3) with the normalized amplitude signal.   
From the best fitting of the amplitude of equation 
(3) with the PPE normalized amplitude signal 
data, thermal efussivity value of es = (280 ± 30) 
W s1/2/(m2 K) was obtained. By using the obtained 
values of thermal diffusivity (αs) and thermal 
effusivity (es), the thermal conductivity (k) was 

( ) ( ) L
l

leCLV σωωα −×=,,                                  (1)

where: V  Output pyroelectric detector signal 
 L  Sample thickness 
 σl  Complex thermal diffusivity coefficient
The magnitude of the complex expression can be 
written: 

 ( ) ( ) AL
l eCLV −×= ωωα ,,                              (2)

where:   ( ) 21
sfA απ=  

The process consists of the measurement of the 
pyroelectric detector signal as a function of the 
cavity length and then making a fit of the equation 
(2) with the experimental data. The equation (2) 
changes to a lineal expression when the data are in 
a semi-log scale for the amplitude. Then, the 
thermal diffusivity is obtained from the slope 
corresponding to A parameter. Experimental 
measurements were performed at a fixed frequency 
of f = 25 Hz. 

IPPE configuration 
In order to obtain a complete thermal characterization, 
it is necessary to know other thermal parameter. 
By using the inverse photopyroelectric configuration 
(IPPE), it is possible to calculate the thermal 
effusivity. The IPPE experimental scheme is 
shown in Figure 2. 
In the inverse photopyroelectric technique a 
modulated light beam impignes the PVDF 
pyroelectric detector and the sample at the back is 
in contact with the detector. The photopyroelectric 
signal is a function of the light modulation 
frequency and the sample thermal effusivity is 
obtained by fitting the theoretical expression for 
this configuration [22] with the experimental data, 
for a thermally thick sample:  

θ(ω) = [(1 − eσplp )(1 + b) + (e−σplp − 1)(1 − b)]/ 
[(g − 1)e−σplp (1 − b) + (1 + g)eσplp (1 + b)]         (3)

where: θ(ω) is proportional to the output signal of 
the pyroelectric detector, lp is the detector thickness, 
b = es/ep, g = eg/ep , where es, ep and eg are the 
thermal effusivities of the sample, the detector 
and air, respectively, σp = (1+j) Ap, is the complex 
thermal diffusivity coefficient of the pyroelectric 
detector, j = (-1)1/2 and Ap = (πf/αp)1/2 , where αp is 
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Figure 2. Experimental scheme for the inverse 
photopyroelectric technique. The elements correspond 
to: a) He-Ne laser, b) Acousto-optic modulator, 
c) Photopyroelectric detector (shown in detail in the 
right figure), d) Lock-in amplifier. Details of the 
detector: e) Dyglime sample, f) sample container 
(O-ring), g) PVDF pyroelectric detector.  
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ether (a substance with similar chemical structure 
of Diglyme) has a reported thermal conductivity 
of k = 0.15 W/(m K) [23]. This value of conductivity 
is near to the obtained value for Dyglime 
(k = (0.14 ± 0.01) W/(m K)), which supports our 
results. To our knowledge the thermal characterization 
of Diglyme has not so far been reported in the 
literature.  
 
CONCLUSIONS 
Photopyroelectric spectroscopy was used for 
thermal characterization of the diethylene 
glycol dimethyl ether (Diglyme) solvent. Two 
configurations of the photopyroelectric technique 
were used. The thermal diffusivity (αs) was 
measured by using the thermal-wave resonator 
cavity (TWRC) configuration and the thermal 
effusivity (es) was obtained by using the inverse 
photopyroelectric (IPPE) configuration. The 
obtained thermal diffusivity value for Diglyme 
was (24.3 ± 2.7) x 10-8 m2/s and the thermal 
effusivity value was es = (280 ± 30) W s1/2/(m2 K). 
From the thermal diffusivity and thermal 
effusivity values obtained, thermal conductivity 
was calculated, k = (0.14 ± 0.01) W/(m K). The 
specific heat capacity per volume unit calculated 
was ρc = (5.68 ± 0.67) x 105 J/(m3 K). The 
obtained k value was compared with the reported 
value in the literature for Diethylene glycol 
diethyl ether (a substance with a chemical 
structure similar to Dyglime) and the values were 
found to be very similar. To our knowledge, the 
thermal characterization of Dyglime was reported 
for the first time in this study. 
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Figure 3. Ln (PPE signal) as a function of sample 
thickness. The symbols correspond to the experimental 
data and the solid line is the best fit of the equation (2) 
with the experimental data.  
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Figure 4. Photopyroelectric amplitude signal as a function 
of the incident light beam frequency. The solid line 
corresponds to the best fit of complex equation (3) with 
the normalized amplitude signal.   
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