Terahertz Time Domain Spectroscopy for molecules inspection: water vapor and drugs
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Abstract

In this paper we report on an experimental study of the spectral response of different compounds in the
THz range. We set up a THz Time Domain Spectroscopy System (TDS) that uses a Ti:Sapphire
femtosecond laser and a pair of LTD GaAs photoconductive antennas for THz generation and detection.
The THz TDS set up was validated through the matching of the main lines of the water vapor spectra in
the 0.1-3THz range against the HITRAN database. Finally, the THz spectra of two commercial chemical
compounds (paracetamol and ibuprofen) were obtained; the large difference found between the two
spectra will easily allow to distinguish between both substances. Further work will be necessary to
understand the fingerprints of those substances.

Introduction

Terahertz radiation is located in the spectral region 0.1-10 THz (3 mm - 30 pym, 3 cm™" - 300 cm™")
between the microwave and the infrared part of the electromagnetic spectrum. The interest in this
spectral region comes from the fact that many substances have a “fingerprint” within this region. Several
studies performed on different materials, from medical drugs to explosives, have showed this unique
behavior [1-4]. Experiments carried out by Grichkowsky et al [5] showed the potential for THz
spectroscopy of photoconductive switches by resolving in time the THz pulse transmitted through a
sample, following the Time Domain Spectroscopy (TDS) scheme.

System Description.

We set up of a THz-TDS system where the emission and detection are performed by photoconductive
antennas [6] (low temperature grown GaAs) triggered by ultra-short laser pulses. A substrate lens
fabricated from high resistance Silicon is attached to the backside of each antenna to guide the THz
radiation toward the detector. Figurel shows the optical layout of the system. The pumping laser pulse
is a Ti:Sapphire oscillator at 780-810 nm, 60-80 fs and 50-150 mW output power at 80 MHz pulse
repetition rate. The system covers a range from 100 GHz until 3 THz (limited by the absorption of a pair
of low density polyethylene focalization lenses) and the emitted power of the THz radiation is around 10
MW,

The antenna is polarized in DC to obtain an internal electric field of 4kV/cm. When the fs pulse the first
antenna, a bunch of free carriers is generated and then accelerated under the stationary electric field.
The relaxation of the free carriers generates the terahertz pulse. Detection follows the same principle
but, instead of applying an external DC bias, the incoming THz radiation creates a field in the second
antenna that provides a DC voltage. Both processes, emission and detection, are generated in a pump
and probe scheme, thus both processes are coherent. The detection is achieved by sweeping the delay
of one of the laser pulse arms. The signal measured in the detector is proportional to the THz electric
field itself, instead of to its amplitude. Therefore, via Fourier analysis we can extract both the spectral
amplitude and phase of the pulse. This allows the extraction of the complex electrical permittivity without
carrying a Kramers-Kronig analysis [7]. A typical temporal and spectral profile is shown in Fig.2. Fourier
transform allows us to extract the THz transmitted electrical field on a sample when we evaluate the
ratio between the sample and reference measurements.

Experimental results

Measurement of water vapor has been performed by determining the transmitted electrical field on air
with a relative humidity close to 40%. The result can be seen in Fig. 3. The decay of the spectra when
the frequency increases exhibits several peaks that have been correlated with the absorption lines of
water (only for lines with an intensity 210*° cm/(molecule cm?)) obtained from HITRAN's database.

We also present the transmission spectra for two different commercial drugs, in particular paracetamol
and ibuprofen, in Fig.4. The excipient may also have an influence on the obtained spectra and generate
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some of the observed peaks. On the other hand, there is a large difference between the spectra of both
samples that indicates the ability of the technique to distinguish between drugs in the studied THz
range. Further work will be carried out to understand the position and intensity of different peaks. We
believe that this method could bring new information on nanoscale materials, like nanoparticles,

nanowires, etc.

Summary and Conclusions
We have performed several studies of TDS on different samples. We have been able to correctly obtain

the absorption lines of water from vapor from 0.1 THz up to 3 THz in agreement with well-established
data bases. Additionally, we have experimentally shown that the technique allows the discrimination
between different chemical substances. Future work will try to develop a THz-TDS system using
nanometric Field Effect Transistors as source/detector of THz radiation.
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Figure 1: Scheme of the THz-TDS system. Figure 2: Temporal (up) and spectral (bottom) profile of
the THz electrical field transmitted on air.
1e-06 ; : : 0.8 : :
1 il —— Air Spectra i -=- Paracetamol
1e-0Tif ] MR e HITRAN's Water Lines } -<-Tbuprofen
3 1e 08 : ; SRR oo g0 | i
= | W i : ; =
2 1e00 bk o it g
] : : Lol f 0.4
Eiew) oo Ped g
e.: i 1 2
E 1‘511 S i = 0.2
le-12
tel3 05 1 15 o 0.5 1 1.5 2
Frequency (THz) Frequency (THz)
Figure 3: Water vapor power spectrum. The vertical | Figure 4: Transmission spectra of two different drugs.
lines are the absorption lines of water with an intensity
bigger or equal than 1020 cm/(molecule cm”2) from
HITRAN's database




