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Abstract. Tissue samples of a ficus Benjamina plant are prepared in the shape of 
thick film for photoacoustic spectroscopy studies. Two absorption bands in the elec-
tromagnetic photoacoustic (PA) spectrum are detected in the visible range. They are 
peaked at about 398 and 670 nm for a green leaf, and 544 and 570 nm for a red leaf. 
The absorption bands detected in the ultraviolet range are attributed to π  π* and 
π  n charge transfer transitions. The visible PA spectra strongly depend on the 
processes responsible for colouring of leaves. The absorption band at 670 nm could 
be related to photosynthesis. The absorption band observed at 398 nm for the green 
leaf disappears for the red one, though a different band located at 544 nm appears. 
The absorption spectra measured in this work are closely similar to those obtained 
earlier for the other living organisms. The absorption band near 544 nm is close to 
that found for spermidine, which is important in the information transfer to DNA. 
The results obtained in this work confirm experimentally that the red leaves absorb 
particularly strongly in that spectral region of solar radiation, which is intensely ra-
diated in autumn.  
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1. Introduction 
Photoacoustic spectroscopy (PAS) is an important method for investigating materials because it 
provides the information on the electronic structure, using electromagnetic and acoustic waves and 
photon–phonon interactions. It is especially useful while non-invasively investigating bioorganic 
matter and different in vivo processes [1–8].  

At the present time radiation processes responsible for the spectral features in the region of 
500600 nm are still not fully understood, and their role in the biological processes occurring in 
living matter needs further investigations. In our previous works the mechanisms responsible for 
channel selector in the metabolic processes have been suggested [8, 9]. The copper (II) complexes 
(mainly spermidine) have been shown to be responsible for information transfer to DNA [10]. The 
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ions from the transition groups form complexes with extended wave functions involved in the d–d-
transitions among the ground and exited states. The PAS has evidenced a presence of very intense 
π  π* and π  n electron charge-transfer transitions and weaker d–d-transitions in the green-
yellow region of visible electromagnetic spectrum [11–13]. Probably, the transfer of information 
to DNA is different in the excited state and the radiation processes in this region could work as a 
channel selector [9]. The second suggestion has been to consider the question whether this radia-
tion could act like a ‘spark’ and provide energy for different metabolic processes [8]. In particular, 
the PAS has demonstrated that the absorption band peaked at about 470 nm (similar as in hema-
tite) is peculiar for the living mater [7, 8, 14, 15]. It would be interesting to search for a similar 
absorption band in plants. One can notice in this respect that human vision is the most sensitive 
just in the yellow–green spectral range (e.g., the peak sensitivity of human eyes lies near 560 nm).  

The aim of the present report is to investigate the tissues of ficus Benjamina leaves in the 
green and yellow regions, using the PAS. We have also expected that some other spectral features 
of the photoacoustic (PA) response should be visible due to photosynthesis.  

2. Experimental 
The leaves of ficus Benjamina plant were collected in November 2009 at the campus of University 
of Athens (see Fig. 1). Thick-film samples of both green and red leaves of ficus Benjamina tissues 
were prepared for the PAC. The PA spectra were measured at the room temperature, using com-
mon equipment comprising a light source with the power of 1 kW and a xenon arc lamp with a 
0.25 m ORIEL monochromator (the bandpass width being 5 nm at 500 nm). To reduce low-
frequency noise, signal bandwidth was narrowed using lock-in detection. Namely, a light output 
from the monochromator was mechanically chopped at the frequency of 10 Hz. The acoustic sig-
nal was detected by a very sensitive microphone TREVIE M27 attached to a PA cell.  
 

 

Fig. 1. Ficus Benjamina plant 
(November, 2009, the University 
of Athens Campus).  

A dual Stanford Research SR830 lock-in amplifier recorded the amplitude and the phase of 
the microphone signal relative to the input excitation. While averaging over 20 modulation peri-
ods, the signal-to-noise ratio was at least 50 for the most of wavelengths of incident light, thus 
yielding an approximately five-fold improvement over the non-modulated case. All the data were 
perfectly reproducible. The raw amplitude and phase of the sample signal were normalized against 
the PA spectrum of a graphite blackbody reference, in order to correct the data for modulation-
frequency dependence of thermal diffusion length [16].  
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3. Results and discussion 
Fig. 2 shows the PA spectra of the green and red ficus Benjamina leaves. Very intense PA bands 
originating from the π  π* and π  n charge-transfer transitions dominate below 300 nm. In the 
visible range, we observe the peak near 398 nm for the green leaves and that located near 544 nm 
for the red leaves. The absorption band located in the red region at about 670 nm could be seen for 
the both samples. According to [3], the red absorption band peaked at about 670 nm could be con-
nected with photosynthesis processes.  
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Fig. 2. Photoacoustic spectra of 
green and red leaves of ficus 
Benjamina.  

It is known that a heat generated through nonradiative transitions in the leaf tissue could pro-
duce the PA signal. This heat represents a result of absorption of the intensity-modulated incident 
light. The intensity of the PA spectrum may be described by the following relation [16]:  

absI kA ,     (1) 

where γ is a coefficient related to thermal properties and spectrometric characteristics of a sample, 
k the probability of nonradiative transition from the excited state, and Aabs the absorbance of the 
sample. The radiative and nonradiative electronic transitions appear due to excitation by external 
photons. These transitions could produce another photons and phonons. Then the phonons stimu-
late acoustic responses in the leaf tissue. The nonradiative processes give rise to the PA signal 
from the localized atomic and molecular states. It is generally acknowledged that the specific ions 
from the transition metal group, e.g. copper (II), iron (II) and iron (III), could play a very impor-
tant part in different processes occurring in the living matter.  

In the visible region a very broad and intense PA spectrum with the maximum at about 
570 nm is observed for some living organisms (e.g., Trunculariopsis Trunculus, Sea Urchin, and 
Asterias Rubens [8, 17, 18]). Deconvolution of the PA spectra of the copper (II) complexes of 
spermidine reveals a fine structure arising from interaction with the crystal field [11–13]. The con-
stituent lines could be centred between 540 and 590 nm. It is suggested that the absorption band 
observed at 544 nm for the red leaves of ficus Benjamina could arise from the electronic d–d-
transitions in some ion belonging to the 3d transition group. Disappearance of the absorption band 
peaked at about 398 nm for the green leaves suggests that some radiation processes occur at higher 
wavelengths and, correspondingly, lower photon energies, although these processes could become 
more intense. The yellow-green solar radiation becomes more intense in autumn and it might be 
more advantageous for a plant to obtain energy from this particular region.  
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The heat energy gained from the PA processes could be estimated as  

243 10 ,yellow green red
hc hcE h h J 
 


      


   (2) 

where h denotes the Planck constant, c the vacuum light velocity, while   and    are the wave-
lengths of respectively yellow-green and red radiation. If one calculates a sum for all the cells 
available in a leaf, it can produce an essential energy dose via the processes involving the ground 
and excited states of the 3d complexes.  

The results obtained here and concerned with observation of the reaction of photoacoustic d–
d electronic transitions in biological systems, both in living beings as well as in plants, which oc-
cur at very similar electromagnetic wavelengths, suggest an important role of the latter in these 
processes. 

4. Conclusions 
The tissues of both green and red leaves of the ficus Benjamina plant show the PA response in the 
two different regions of visible radiation range, at about 398 and 544 nm, respectively. This impor-
tant result may suggest that the d–d electronic transitions play a significant part in different proc-
esses occurring in the living matter, which are influenced by various seasonal effects. It can be 
more advantageous for a plant to use the solar radiation of longer wavelengths during the autumn 
than that of shorter wavelengths during the summer. Additionally, the PA responses from the pho-
tosynthesis processes are observed for the both green and red leaves.  
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Зразки тканини фікуса Бенджаміна були приготовлені у вигляді товстих плівок для дослі-
дження фотоакустичних спектрів. У видимій області спектру були виявлені дві фотоаку-
стичні смуги поглинання при 398 і 670 нм для зелених листків та при 544 і 570 нм – для чер-
воних. Смуги поглинання виявлені в ультрафіолетовому діапазоні спектру відносяться до 
π  π* і π  n переходів з переносом заряду. Фотоакустичні спектри у видимій області 
залежать від процесів, які відповідають за забарвлення листків. Смуга поглинання при 
670 нм могла б відповідати фотосинтезу. Смуга поглинання, яка спостерігається при 
398 нм для зелених листків зникає – у червоних, хоча виникають інші смуги, локалізовані при 
544 нм. Спектри поглинання, отримані в цій роботі є досить подібними до спектрів, 
отриманих раніше для інших живих організмів. Смуга поглинання в околі 544 нм близька до 
виявленої в спермідині, який відіграє  важливу роль в передачі інформації ДНК. Результати 
отримані в цій роботі експериментально підтверджують те, що червоні листки поглина-
ють світло сильніше у тому спектральному діапазоні сонячного випромінювання, який ін-
тенсивніше випромінюється восени. 


