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 Introduction 
Terahertz (THz) radiation occupies part of the electromagnetic 
spectrum between the mid-infrared and microwave bands 
(approximately 0.1 – 20 THz).   

 
 
 
 
 
Within this range biological molecules display low-frequency 
vibrational modes which arise from intramoleculer interactions 
among bonded atoms. 
 
 
 
 
 
 
 
 
 
 
Low frequency THz radiation also has the potential to detect 
intermolecular interactions including van der Waals forces and 
hydrogen bonding. 
From these vibrational  modes 
it is possible to produce 
distinct spectral fingerprints  for 
a variety of biomolecules, from 
which we can extract valuable  
information related to structure 
and function. 
 
 
 
 

Materials & Methods 
Absorbance measurements of biomolecules were made using a  
Bruker Vertex 70 FTIR spectrometer.  
• >1.2 to 20 THz (40cm-1 - 675cm-1).   
• RT-DTGS-FIR detector. 
• RockSolidTM interferometer 

 
 
 
 
 
 
 
 

Attenuated Total Reflectance (ATR) was employed to gain 
spectra of various samples 

 
 
 
 
Dry samples were clamped into close contact with the crystal to 
ensure close contact and good interaction between molecules 
and the evanescent wave.  To reduce absorbance from liquid 
water, aqueous samples were dried directly onto the crystal in a 
continuous stream of warm air.  
 
Sample cavity was purged with dry air for 30-60mins to reduce 
interference of H2O and CO2.  Resolution was set at 2cm-1 and 
128 scans were accumulated for each spectrum. 

 
 
 

Results  
1. Analysis of DNA 

2. Analysis of Amino Acids 

The THz  frequency regime is predicted to be rich with 
spectral features  that are dependent on DNA internal 
vibrations.  Therefore, it is reasonable to expect spectral 
features that are dependent on the sequence, length and 
hybridisation state of the  molecule. The results in Fig 1 
show the spectra from three different sources of double-
stranded DNA. A broad peak is seen at approximately 
550cm-1 for each molecule ,which is likely due to motions 
within the backbone of the DNA molecules. There are no 
distinct features that could be used to differentiate 
between the different sources of DNA.  
To determine whether different spectra were obtained with 
single stranded DNA, denatured DNA was analysed. The 
results in Fig 2 show no differences between the 
hybridization states of these long DNA molecules 
 

Fig 1. Absorption spectrum of plasmid (Blue) , salmon sperm (Red) and herring 
sperm (Pink) DNA in the upper region of the THz range.  Spectra have been 
vertically offset for clarity. 

Fig 2.  Absorption spectrum of Salmon Sperm DNA in a hybridised (Blue) and 
denatured (Red) state 

Amino acids and peptides are the basic sub-units of all 
protein molecules and therefore a sensible place to begin 
analysis of these diverse and often complex molecules. 
Analysis of amino acids L-Cysteine and L-Serine show the 
potential of THz spectroscopy to be implemented in 
bimolecular analysis (Fig 3). Only a single change in 
functional group differentiates these molecules: a thiol 
group to a Hydroxyl group on Cysteine to Serine 
respectively. However, there are noticeable differences in 
resultant spectra.  
 

Fig 3.  Absorption spectra of  L-Cysteine (Blue) and L-Serine (Red) in the upper 
range of the THz region. Spectra have been vertically offset for clarity. 
   

Fig 4.  Absorption spectra of a tri-peptide (Red) and hexapeptide (Blue) in the 
upper part of the THz spectrum 

Conclusions 

 
To explore what happens to the spectra when amino acids 
are joined as peptides, a tripeptide and a hexapeptide 
were investigated (Fig 4). The spectra for the tripeptide 
retains some information but as the molecule increases in 
size so does the number of potential vibrational modes  
within the molecule:  Molecules generally have 3N – 6 
normal modes, where N is the number of atoms.  This can 
result in overlapping modes masking specific signals. 

Future Work 
Computational Chemistry 

 
Theoretical calculations based on Density Functional 
Theory (DFT) can provide a reasonable prediction of the 
vibrational dynamics present in the THz range.  Using this 
approach it should be possible to assign features 
observed in experimental spectra to normal modes within 
a variety of molecules. 

 

THz-TDS 
 

At lower frequencies, THz radiation has the potential to 
detect lattice vibrations that can define large motions  
within macromolecules.  Furthermore, in the lower THz 
range, some inter- and intramolecular interactions can 
become more prominent.  No other technique is as 
sensitive as THz-Time Domain Spectroscopy (THz-TDS) to 
resolve the motions within macromolecules .  For these 

reasons, THz-TDS will be employed to analyse 

conformational changes  generated  in macromolecules 
below 4THz. 
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3. Analysis of Peptides 

•THz spectra have been obtained for complex DNA 
molecules, both double-stranded and single-
stranded, but show few differentiating features in 
the range studied 
 
•Clear spectra were obtained for single amino 
acids, but increasing complexity of peptides 
masked specific signals in the range studied. 


