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Abstract
The use of photothermal techniques has become of special importance due to their 
versatile application in the thermal characterization of materials. Therefore, the ther-
mal lens technique in the mismatched dual-beam mode is an alternative, sensitive 
and non-evasive tool that was used in this research to determine the thermal diffusiv-
ity of Moringa oleifera. The dual arrangement of the thermal lens technique is based 
on the use of an  Ar+Xe excitation laser (422 nm) and a He–Ne laser (632 nm) test 
laser. Moringa solutions were prepared by green synthesis with different concentra-
tions ranging from 1.56 mg·mL−1, 3.12 mg·mL−1, 6.25 mg·mL−1 to 12.50 mg·mL−1. 
Different optical techniques (UV–vis, FTIR, XPS and EDS) were used to character-
ize the Moringa leaf powders. Results showed that the increase of thermal diffusiv-
ity could be related to the presence of functional groups and metallic elements in 
Moringa elemental composition. In this work, it was found that the thermal diffusiv-
ity of Moringa increases with increasing concentration. This study will be useful for 
application in heat transport and drug release.

Keywords Laser · Optical techniques · Thermal diffusivity · Thermal lens

1 Introduction

Among the photothermal techniques that are used to determine the thermal con-
ductivity, effusivity or diffusivity of different solid, liquid and gaseous materi-
als, thermal lens spectroscopy (TLS) is a versatile, sensitive and nondestructive 
tool employed for semitransparent samples. This technique is based on the use of 
two lasers: a pumping laser that excites the sample and causes a variation in the 
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temperature and refractive index of the material, and a second probe laser, which is 
guided at this point, inducing a deviation of the laser in a convergent or divergent 
way depending on the type of sample to be studied. This effect is called thermal lens 
(TL). The thermal lens technique has been successfully applied for the measurement 
of samples with low optical absorption and thermal diffusivity, and for different 
organic solvents, edible oils, biodiesels and various complex materials [1].

The investigation of the properties of Moringa oleifera extract is of special impor-
tance because it has many beneficial properties for health, nutrition and cosmetics, 
among others. Moringa oleifera extract is a complex mixture of chemical com-
pounds that provide its characteristic taste and color. These chemical compounds 
mainly include three groups: methylene, hydroxyl (–OH) and amino (–NH3

+). How-
ever, the chemical composition depends on the cultivation climate, the time of har-
vest, the biotype of the plant, and finally, the extraction process [2–9].

There are many properties of the Moringa oleifera which can be supplied in dif-
ferent forms, extract of whole or ground leaves, or from the stem. This extract can 
be consumed as tea and in the form of commercial drinks. Its consumption has great 
health benefits to fight against different diseases, such as fatigue, cholesterol, dia-
betes. It has been shown to be effective in reducing blood sugar levels within 3 h 
of ingestion; although it is less effective than the standard of hypoglycemic drugs 
such as glibenclamide. It is also useful for arthritis and prevents cancer because 
it contains a large amount of antioxidants (polyphenols) that destroy free radicals 
of organisms [2–5]. Different nutrients and minerals have been found in Moringa 
oleifera, i.e., 30  % high-quality proteins in vitamins A and C. Moringa has four 
times more calcium than cow’s milk, four times more iron than spinach, three times 
more potassium than bananas and contains 25  % of fiber. Moringa could also be 
used in food condiments [2–6]. For example, in cosmetics, Moringa oleifera oil has 
many benefits when used rubbed in the body. In the skin of the face it acts as anti-
inflammatory; it is useful for acne’s treatment, for the prevention of wrinkles and 
preventing premature aging. Hair benefits include dandruff reduction, hair strength-
ening and shine promotion. It is also ideal as an active carrier used in the production 
of perfumes and bar soaps [2–7]. Therefore, the importance of Moringa chemical 
composition, the variety of methods of preparation and purification, and the use of 
analytical techniques make necessary to determine their composition. In this work, 
the thermal diffusivity of Moringa oleifera extracts with different concentration was 
studied using thermal lens spectroscopy (TLS). This study could be important in the 
food and pharmaceutical industries. For example, it would be useful for drug release 
rate determination due to diffusion coefficient of the drug through the encapsulat-
ing agent [10]. The results of this work are reported for the first time for Moringa, 
including its thermo-optical characterization and its physico-chemical properties.

2  Materials and Methods

The aqueous extract was obtained by adding 2.5 g of grounded leaves to 1 L of dis-
tilled water under stirring until homogenization using temperature. Subsequently, it 
was allowed to cool. Finally, the Moringa oleifera extract was filtered [5]. Different 
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concentrations of Moringa extracts with distilled water as semi-transparent liquids 
were used to perform the measurements by thermal lens at room temperature. The 
concentrations were M1 (1.56 mg·mL−1), M2 (3.12 mg·mL−1), M3 (6.25 mg·mL−1) 
and M4 (12.50 mg·mL−1) as shown in Fig. 1.

The obtained Moringa oleifera extract was characterized by different techniques 
to determine its thermal properties, surface plasmon resonance and the presence 
of chemical groups: thermal lens spectroscopy, UV–VIS absorption spectroscopy 
(Genesis 10S UV–vis), Fourier transform infrared spectroscopy (FTIR) with a 
Bruker Alpha FTIR from 400 cm−1 to 4000 cm−1 and a step of 2 cm−1, and X-ray 
photoelectron spectrometry (XPS) using a Thermo Scientific K-Alpha spectrometer 
equipped with a monochromated AlKα source (hν = 1487 eV). The spot size was of 
400 μm. Before the analysis, the samples were degassed during 12 h into the load-
lock at a base pressure close to 1 × 10−9 Torr. All the signals were calibrated using 
the C 1s adventitious hydrocarbon located at 284.6 eV. For EDS analysis, an EDS 
2100/2110EDS Norcian Instruments was used.

2.1  Thermal Lens Spectroscopy (TLS)

The Moringa extracts were thermally characterized using the thermal lens (TL) 
technique to obtain the thermal diffusivity. This technique consists on the incidence 
of two collinear lasers in a sample. One of these lasers heats the molecules of the 
medium by absorbing the optical power and is excited. The non-radiative excita-
tion of these molecules results in a release of energy in the form of heat producing a 
local variation of the refractive index. This region acts as a converging or divergent 
lens of a second laser passing through this region, reducing the intensity which is 
directed to the sensor to obtain a signal corresponding to the thermal lens.

The experimental setup of TL is shown in Fig. 2. The measurement of the TL signal 
was carried out using a 40-mW  Ar+Xe laser (Spectra) emitting at λ = 442 nm as excita-
tion laser and a second laser of He–Ne, λ = 632.5 nm as a probe laser. A mechanical 

Fig. 1  Different concentrations of Moringa extract in distilled water
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shutter was used to limit the excitation light beam to the sample. This was focalized 
by a lens focal length in a liquid sample contained in a 1-cm long quartz cuvette, posi-
tioned in the focal plane. A second aligned probe laser, to a small angle, was focused by 
a lens focal length, oppositely directed to the excitation laser.

The light from the transmitted probe beam was recorded by a photodiode. The sen-
sor was coupled to a National Instrument card to record the time evolution of the ther-
mal lens signal as showed in Fig. 2. Labview software was used to control and capture 
TL data and normalizes this signal with respect to the initial time signal. The experi-
mental data were adjusted using the theoretical Eq. 1 with the constant  tc, the charac-
teristic time of TL (Eq. 4) and θ (Eq. 5) as adjustment parameters. Hence, the thermal 
diffusivity of the sample was calculated from Eq. 4. This process was used for all the 
experimental data to obtain the thermal diffusivity of the samples.

2.2  Theory

Shen et al. [11] derived from a theoretical expression a theory relation for the signal I(t) 
of the intensity of the excitation probe beam with a diffraction approximation for the 
Gaussian beam in the following way:

where

(1)I(z, t) = I0

(

1 − � tan
−1

(

2mV
[
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] tc
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Fig. 2  Schematic representation of mode mismatched dual-beam thermal lens technique
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where I(t) is the signal transmitted from the probe beam to the detector as a function 
of time and normalized with I(0) which is the initial intensity of I(t), V is a constant 
parameter, Z1 is the distance from the probe beam waist to the sample, Zc= wp

2/λp is 
the confocal distance (cm), wp and we are the ratio of the probe and excitation beam 
of the sample, respectively, tc is the characteristic thermal time constant, λL and λp 
are the wavelength of the excitation and probe beam, respectively, D = k/ρcp is the 
thermal diffusivity of the sample; k is the thermal conductivity and ρ the fluid den-
sity, Pe is the power of the excitation beam, α is the absorption coefficient and L is 
the thickness of the sample. dn/dT is the refractive index dependent on the tempera-
ture of the sample. Table 1 summarizes the experimental parameters that were used 
for the TL measurement and the liquid Moringa extract were subjected to sonication 
to ensure a good dispersion.

3  Results and Discussions

3.1  Measurement of Diffusivity with TLS

The evolution of the normalized thermal lens signal for different concentrations 
of Moringa extract is shown in Fig. 3. The solid line is the better fit of the Eq. 1 
to the experimental data. The characteristic time  tc of the thermal lens formation 
on the sample is given in milliseconds, and with this value of  tc the thermal dif-
fusivity value can be obtained using Eq. 4. For each concentration 1.56 mg·mL−1, 
3.12  mg·mL−1, 6.25  mg·mL−1 and 12.50  mg·mL−1, the thermal diffusivity values 

(4)tc =
w2

e

4D

(5)� =
Pe�L

k�p

dn

dT

Table 1  Thermal lens 
experiment parameters Pe—Excitation laser power (λL = 442 nm) 40 mW

Pp—Probe laser power (at 632.8 nm) 1 mW
ωe—Excitation laser spot size 4.9 × 10−3 cm
ω1p—Probe laser spot size at cell 1.81 × 10−2 cm
m—Constant parameter 13.691
V—Constant parameter 1.22
Zc—Focal distance 6.56 cm
Z2—Distance ~ 2 m
L—Length of sample cell 1.0 cm
Sample Moringa oleifera 

aqueous leaf 
extract
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were obtained: 1.75 ± 0.07, 1.80 ± 0.03, 1.81 ± 0.05 and 1.96 ± 0.02 × 10−3 cm2·s−1, 
respectively. For the calibration of the TL technique, distilled water was used where 
its thermal diffusivity is 1.14 × 10−3 cm2·s−1, in agreement with the values reported 
in the literature [12, 13]. The propagation of error to find the error of the thermal dif-
fusivity was used. Table 2 summarizes the results of the concentrations in mg·mL−1 
and the diffusivities obtained by thermal lens. Also, the comparison of the concen-
trations proposed in this work with other researchers is shown. It is observed that 
dosage values are like to those found in this work. Initially, when the experimental 
part was designed, similar values to that of the cited from the literature were used. 
However, as mentioned before, the thermal lens signal depends on the wavelength 
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Fig. 3  The evolution of the intensity of solid curves is the best fit to Eq. 1 to the thermal lens signal as a 
function of time for different concentrations of Moringa (mg)/distilled water (mL), M1 to M4

Table 2  Thermal diffusivity and different concentrations of Moringa oleifera extract

Extract 
concentration 
(mg·mL−1)

Diffusiv-
ity × 10−3 
 (cm2·s−1)

Extract concentration 
(mg·mL−1) literature

Applications

1.56 1.75 ± 0.007 1.0 to 0.125 Moringa shell for cancer treatment (antioxi-
dant) [14]

3.12 1.80 ± 0.003 2.5 to 0.312 Moringa shell for cancer treatment (antioxi-
dant) [14]

6.25 1.81 ± 0.005 5.00 Moringa leaves for Escherichia coli (antibac-
terial) [15]

12.50 1.96 ± 0.003 10.00 Moringa leaves for Candida Albicans, 
Penicillium Notatum and Aspergillus flavus 
(antifungal) [15]

80 to 5 Moringa leaves extract for hypercholester-
olemia, hyperglycemia and nutritional 
supplement (nutraceutic) [16]
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and concentration. For lower concentrations in the measurements, the thermal lens 
signal was decreased, with a higher level of uncertainty. Therefore, higher concen-
trations were used to determine more accurately the dose-dependent increase of 
diffusivity.

The value of θ is dependent on the optical energy in the length λL, of the param-
eter dn/dT which is the variation of the refraction index with the temperature, the 
thermal conductivity k and α that the absorbance of the sample through Eq. 5. In 
Fig.  4, the parameter θ is shown as a function of the concentration of Moringa. 
There was an increase of the parameter θ with the increase in concentration. Since 
only absorbed photons contribute to the thermal lens signal through non-radiative 
excitation, this technique is sensitive to low concentrations such as traces of some 
adulterants in water, for example, residual contaminants of water chromium [17].

In Fig.  5, the increase in thermal diffusivity as a function of the concentration 
of Moringa extract can be observed. It had a linear behavior with the increase in 
concentration. When the increase in thermal diffusivity with the concentration of 
Moringa is compared with the thermal diffusivity of water, an enrichment of 26 % to 
39 % is observed.

3.2  UV–Vis Spectra

Figure 6 shows the UV–Vis spectra for the different concentrations of Moringa. The 
characteristic absorption peaks at 270 nm and 326 nm are related to the presence of 
chlorophyll b in Moringa oleifera for concentrations M1 and M2, 1.56 mg·mL−1 and 
3.12 mg·mL−1, respectively [5, 18]. The M3 and M4 samples had a higher concen-
tration of 6.26 mg·mL−1 to 12.50 mg·mL−1, for which the chlorophyll b peaks have 
low intensity.
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Fig. 4  Evolution of θ parameter with Moringa concentration
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The absorption intensity in the excitation laser wavelength at λL = 442 nm of 
Fig. 5 was plotted as shown in Fig. 7. The increase of absorption as a function of 
concentration can be seen. According to the absorption spectrum with the Mor-
inga concentration in Fig.  6, for a laser with λ = 422  nm, the absorption coef-
ficients in that wavelength are increasing and not linear. This may be due to the 
concentration of Moringa, according to Beer’s law.

To clearly state the uncertainty for each experimental value in Table  2, the 
optical absorption is different for each concentration as can be seen in Fig. 6. For 
the 422 nm wavelength, the absorption coefficient at this wavelength varies from 
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1 % to 16 % as the concentration increases. Therefore, the thermal lens signal is 
also increased; then, the error tends to reduce.

3.3  Fourier Transform Infrared Spectroscopy (FTIR)

In the FTIR spectra from Fig. 8, methylene groups =CH2, –OH groups and amino 
groups –NH3 are observed. The main chemical groups present in the Moringa 
[19] in the range between 2910  cm−1 and 2854  cm−1 are assigned to methylene 
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Fig. 7  Absorption intensity at λL = 442 nm as a function of Moringa concentration
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asymmetrical stretching group; a small band located at 2375  cm−1 to 2285  cm−1 
corresponds to the asymmetric stretching vibration of N–H in an –NH3

+ group. 
In the region between 2561 cm−1 and 2515 cm−1 there is a peak related to hydro-
gen bonded to O–H stretching vibration of carboxylic acid, associated by hydrogen 
bonding groups. At 1730 cm−1 there is a sharp peak related to C=O stretching for 
the main bioactive compounds in Moringa like flavonoids, glucosides, and glucosi-
nolates and to chlorophyll [20, 21].

3.4  X‑Ray Photoelectron Spectroscopy Analysis

The surface chemical composition of Moringa oleifera was obtained by XPS analy-
sis measurements. To our knowledge, only a few works have reported the XPS anal-
ysis for some applications of Moringa oleifera as a corrosion protector applied to 
carbon steel [22], as a reductor agent for the green synthesis of Ni/Fe3O4 magnetic 
nanoparticles [23], or as a carbon precursor to produce high-valued carbon nanoma-
terials [24]. XPS values have not been reported in the literature for single Moringa 
oleifera in powder form. As shown in Fig. 9, the XPS survey spectra for Moringa 
oleifera demonstrated that its main components are carbon (C 1s), oxygen (O 1s), 
and nitrogen (N 1s). Using a Shirley background, the surface elemental composition 
was calculated as displayed. As a result, an atomic % of 81.99 was found for C 1s, 
14.61 % for O 1s, 2.08 % for N 1s and 1.32 % for other elements. Considering the 
organic nature of Moringa oleifera that contains bioactive compounds and cellulose, 
hemicellulose, and lignin, the peaks found in this work can be attributed to the same 
compounds [25–27].

In Fig.  10, the EDS analysis for the Moringa extract shows different elements 
such as K, Ca in higher proportions than P, S, Ti, Fe, Cu and other elements such 
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as Na, Mg, Al, O and C which correspond to elements in smaller proportion, not 
shown here. As reported by other authors [28], in the EDS analyzes they found Ca, 
Mg, Na and Fe of the Moringa seed. On the other hand, high concentrations of Ca, 
Mg, Zn, Na and Cu were also found in the pericarp. As expected, in the chemical 
composition of the Moringa several metallic elements were found, and these results 
are like those of this work.

From the previous results, in the UV–visible spectrum (absorbance versus con-
centration) and from the parameter θ which is a function of the concentration, an 
increase in absorbance with an increase in concentration was observed. Using the 
analytical techniques from FTIR it was found that in the Moringa extract, important 
functional groups like hydroxyl, carboxyl and amino are present in minor proportion 
in its structure. XPS showed the presence of carbon, oxygen and nitrogen elements. 
In EDS analysis, several metals such as Fe, Cu, Ti and Al and other nonmetals (S, 
P, K and Ca) were found. Therefore, the increase and enhancement in thermal dif-
fusivity of Moringa extract could be due to the presence of metallic elements in its 
composition. It can be seen that with the presence of metallic groups, the spectrum 
of the TL signal has a more pronounced shape and the experimental values better 
fit the theoretical curve (see spectrum M4 in Fig. 3). Another authors [29] observed 
the improvement of the TL signal with silver nanoparticles added to the grapefruit 
citrus oil, a similar behavior to that obtained in this work.

It is important to highlight that the concentration of Moringa for health purposes 
must be established because a required dose is necessary for different applications; 
for example, in antioxidants, antimicrobials and in another multiple public health 
problems. Recently, an important disease such as Coronavirus is the focus of world 
attention. However, it is necessary to determine a dose of the drug that could stop 
the growth of SAR-CoV-2, which can effectively eradicate the genetic material of 
the virus [30]. Photothermal techniques such as thermal lens technique could be 
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useful for such applications: drug release in the pharmaceutical, food adulteration 
analysis, kinetic reactions, sensors, biotechnology and in contaminant trace analysis, 
among others [10, 31–33].

4  Conclusions

The importance of Moringa chemical composition, the variety of methods of prepa-
ration and purification and the use of analytical techniques make necessary to deter-
mine their main optical and thermal properties. These studies are related to dosage 
requirements for applications as antioxidants and antimicrobials. In this work, differ-
ent concentrations of Moringa were studied using thermal lens. New results related 
to thermal diffusivity of Moringa extract with concentration are shown. The absorp-
tion and thermal lens study shows that thermal diffusivity increases with the concen-
tration of Moringa. Moreover, using complementary chemical analyzes, an increase 
of thermal diffusivity due to the presence of functional groups and metallic elements 
from Moringa elemental composition was observed. The results were close to doses 
of Moringa extracts reported in the literature. Also, it was demonstrated that thermal 
lens, which is a sensitive and non-destructive technique, was useful for determining 
the dose of a semi-transparent sample such as Moringa. The thermal diffusivity was 
enriched in 39  % with an increase depending on the concentration of the extract. 
In this work, different concentrations were tested to find the optimal value for an 
adequate measurement of thermal properties.
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