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Introduction
In-vivo monitoring of glucose concentration in blood is 
a big challenge. The development of equipment is the 
effort in diagnosis and therapy of diabetes patients to 
achieve an optimum metabolism control by frequent 
blood glucose measuring. A non-invasive and simple 
sensing of glucose is of increasing importance, since 
the number of diabetes patients increases and more 
than 70% are living in low and middle income coun-
triesi. Promising approaches are investigations in the 
near infrared region (NIR). The effective penetration 
depth of light is 60 µm to 3 mm in biological tissue 
depending on illumination wavelength. For wave-
lengths between (1.2 – 2.5) µm glucose absorbance is 
most significant. Many groups focus their investigations 
on spectroscopy in this spectral region and on Raman 
scattering response of glucose. In student projects 
we spend increasing attention to the spectral region 
from (0.8 – 1.4) µm, since largest penetration depth 
is available within this ‘optical window’ of biological 
tissue. For lower wavelengths the absorption of deoxy-
hemoglobin, oxyhemoglobinii so as melanin becomes 
significant, while for larger wavelengths water absorp-
tion is of increasing impactiii. The advantage of the 
higher penetration depth was the crucial feature for the 
following investigations with the tradeoff of less signifi-
cant glucose absorption.

Experiment
For comparable measurements of distilled water in 
relation to glucose solved in water we use a halogen 
illumination source, and an iDus DU490A-1,7 InGaAs 
detector from Andor Technology. A spectrometer, we 
designed by ourselves (fig.1) and achieved a spec-
tral resolution of Δλ = 0.33 nm. As a phantom high 
concentrated glucose solution was preparediv  c = 4.4 
mol/l.  The investigation volume was about 0.6 cm3. 

Fig.1: Experimental setup for absorbance measurements containing an optical 
fibre for illumination, an iDus InGaAs DU490A-1,7 detector and spectrometer.

The lattice was mounted on a rotational stage to detect 
separate spectral regions on the active area of the 
detector. Furthermore to avoid second order effects an 
850 nm long pass filter was incorporated in the optical 
path. With an exposure time of 10 ms transmission 
data show just minor influence of glucose (Fig.2).

Fig. 2: Background corrected transmission data of distilled water and a high 
concentrated glucose solution for an exposure time of 10 ms.
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Discussion
Analysis of the difference between water and 4.4 mol/l 
glucose solution spectra shows significant deviations 
(fig.3). Peaks in figure 3, marked by dotted lines and 
areas increasing the zero line can be attributed to vol-
ume-displacement effect, since higher glucose fraction 
causes a reduced amount of water. As a clear measure 
of glucose concentration, the area lower the zero line 
between 1000 nm und 1100 nm can be taken into 
account. Here the transmission is higher for glucose in 
water than for water (arrow in fig.3). 

Fig.3: Spectral deviation of a water spectrum and a spectrum of 4.4 mol/l 
glucose solution. Dotted lines mark peaks indicating volume-displacement of 
water, while the arrow shows the significant contribution of glucose in the NIR 
region between 0. 8 µm and 1.4 µm.

Conclusion
In the spectral range of the ‚optical window‘ of tissue 
where the penetration depth is up to 3 mm an accurate 
analysis of the region between 1.0 µm and 1.1 µm can 
be used for an in-vivo monitoring of glucose concentra-
tion. 
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