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Abstract: Label free mid-infrared photothermal imaging on bird brain slices is presented. The 
Amide-I vibrational band is excited by a quantum cascade laser and an Er:doped fiber measures 
the photothermal response.  
OCIS codes: 300.6430, 110.0180, 110.6820, 190.4870  

 
1. Introduction 
 

We report a technique to image the mid-infrared photothermal response induced by a tunable quantum cascade 
laser in studying the amide-I vibrational band in bird brain. Mid-infrared photothermal spectroscopy is advantageous 
because of characteristic vibrational molecular normal modes, especially in the so-called “fingerprint” region [1]. 
With the invention of tunable quantum cascade lasers (QCLs) [2], mid-infrared spectroscopy has the potential for 
rapid growth. The spectral brightness of these table-top QCL sources exceeds that of synchrotrons and other large 
relativistic electron-accelerator-based sources [3]. Indium Antimonide (InSb) or Mercury-Cadmium-Telluride 
(MCT) liquid-nitrogen cooled detectors are intrinsically less sensitive than the best available photodetectors. A 
further attraction of photothermal spectroscopy and microscopy is that it facilitates the use of sensitive room-
temperature optical detectors for infrared spectroscopy. Recently, we have reported on QCL-based photothermal 
heterodyne mid-infrared spectroscopy [4]. Here we are presenting a label-free mid-infrared photothermal imaging 
technique on bird brain slices utilizing the amide-I vibrational band. Photothermal microscopy has rapidly emerged 
as the most sensitive label-free optical spectroscopic method rivaling even fluorescence microscopy [5]. Despite the 
common applications and use, fluorescent imaging has well known issues such as photobleaching and 
photoblinking. Label free photothermal imaging is a perfect candidate to overcome these problems.  

 
2. Experiment 
 

The mid-IR QCL (Daylight Solutions) with up to 200mW peak output power served as pump laser with a tuning 
range of 1575-1740cm-1, which allowed the study of amide-I absorption band around 1650 cm-1. The QCL was 
operated in pulse mode, with 500 ns pulses at a repetition rate of up to 100 kHz, corresponding to a maximum duty 

 
Fig. 1. Experimental setup for photothermal imaging. The modulated QCL pump beam and Er:doped fiber laser probe beam are co-aligned 

with the dichroic mirror (DM) and focused onto the sample by a special ZnSe objective. An inverted Nikon Eclipse Ti-U microscope is used 
for optical and photothermal imaging.  

© Optical Society of America



AF1B.4.pdf CLEO:2014 © 2014 OSA

cycle of 5%. Compared to fluorescence, where molecules can eventually be photobleached, the conversion of 
photon energy into heat is fast, occurring within a few picoseconds. The molecule can be repeatedly excited after 
that time scale. Our probe laser is an Er:doped fiber laser with 10mW of power at telecommunication wavelengths, 
which is chosen outside any vibrational band. The pump and probe beams are collinearly combined using a dichroic 
mirror (DM) and focused coaxially onto the sample by a zinc-selenide (ZnSe) focusing objective (NA=0.25). Losses 
at the beamsplitters and in the ZnSe objective lens resulted in an estimated QCL pump beam incident intensity on 
the sample of up to a maximum of ~ 1.2 ×104 W/cm2. The transmitted probe beam is then collected by a lens and 
focused onto an InGaAs photodetector for monitoring the photothermal signal. To enhance sensitivity, the probe 
signal is detected using a conventional photodetector using a lock-in amplifier, phase locked to the modulation 
frequency of the pump beam. 

 
3. Results 

 
Label-free photothermal image of the bird brain slice is shown in figure 2 and compared to the optical image. 

The samples were sliced thin and placed on top of a CaF2 window, which is transparent in the mid-infrared range. 
An illustration of the pump-probe Gaussian beams focused onto the sample is shown in figure 2a. The FTIR shows 
the absorbance peaks of both the amide-I and amide-II bands. Our pump laser is able to excite the amide-I band, 
which is used as our contrast feature in acquiring the photothermal image. Optical and photothermal images are 
compared and remarkable similarities are demonstrated. The photothermal image was taken in a raster-scan 
approach across the sample with 20µm steps. The pump laser was maintained at the peak of amide-I vibrational 
band and the probe was operated in cw-mode. The photothermal images are created as an interaction of the probe 
laser with the pump induced refractive index changes hence overcoming Abbe’s limitation on imaging structures 
less than a wavelength. Our results show the capability for sensitive label-free images that have the potential to 
achieve resolution below the diffraction limit [6].  
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Fig. 2. a) Illustration of the pump-probe setup for photothermal imaging of bird brain slices on CaF2 window. b) FTIR absorbance 

spectrum showing the amide-I and amide-II band. c) Optical image of the bird brain slice and d) is a photothermal image. 


