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We propose a method for evaluation of the ethanol content of liquid 
samples, in-container with terahertz technology. Terahertz waves 
are electromagnetic radiation with wavelengths between 0.3 cm and 
30 μm, the range between microwaves and visible light. Using 
terahertz refractometry, the alcohol content can be readily 
extracted from an in-container sample. Preliminary results show 
that accuracy of 1% V/V is achievable, though with refinement this 
can be further improved.  

Terahertz technologies have emerged as an alternative to traditional 
optical refractometry owing to their unique properties

           - Ability to penetrate optically opaque, non-metallic, materials
           - Sub-millimeter depth resolution 
           - Non-ionizing radiation permits on-site use

Terahertz refractometry operates by illuminating the sample with a 
terahertz beam, then measuring the multiple reflected waves.

 

Through Fresnel Analysis, the refractive index of the sample can be 
determined. This value can be compared to a benchmark or 
theoretical model to determine the ethanol concentration. Under 
ideal mixing conditions the refractive indexes of primary 
components, water, ethanol, and sugars lead to unique solutions for 
the measured refractive index.

To demonstrate this process supermarket grape juice is combined 
with aqueous ethanol solution to form mixtures of known ethanol 
concentration. The sample held in an acrylic box and is illuminated 
with a terahertz transciever and reflections are measured. This 
process is repeated 5 times, to assess the sensitivity to alignment 
and environmental noise.

Data analysis to retrieve ethanol concentration from collected data 
is performed offline, though this process could feasibly be 
implemented in real-time for immediate results.  

- For fermentation monitoring, rapid, remote, and non-invaisive 
measurement of ethanol and sugar. 
- For in-line quality control, bottled wines could be reliably assessed 
for dilution, and labelling compliance through outlier detection. 
- For retailers and importers assessment of ethanol concentration of 
received product without unsealing bottles.
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- This preliminary study demonstrates the relationship between 
refractive index and aqueous ethanol concentration even in the 
presence of sugars
- Preliminary results show accuracy below 1 %v/v 
- Further research is required to investigate the monitoring of 
sugars to ethanol throughout the fermentation process
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