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Glucose in aqueous solution thermal characterization
by photopyroelectric techniques
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Glucose is an important molecule, it is responsible for providing energy to cells in our body, in human glucose appears in blood, excessive
glucose levels in the blood are an indicator of diabetes mellitus, therefore it is important to measure it. To test the feasibility of photothermal
techniques to measure glucose, thermal properties of glucose in aqueous solution were determined in the 0.7 to 3.2 mg/ml range. Therme
effusivity diminishes as glucose concentration increase. Obtained results show that used setups can measure glucose concentrations up
600 ng/ml. Full thermal characterization for water-glucose mixtures is presented in this work.
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1. Introduction Depending on selected configuration PPE methods are
able to provide several sample features as optical absorption
spectra [10], nonradiative relaxation process [11] and, ther-

Blood glucose level is an important indicator of diabetes melmal properties [12,13]. In the present study, the so-called

litus, statistics show that nine out of ten adults, aged 25 yeansack (BPPE) and inverse (IPPE) photopyroelectric configu-

old and older, had blood glucose over the recommended limyations, both based on PPE detection, are used to determine
its [1]. Raised blood glucose is an indicator of diabetes melthermal diffusivity and thermal effusivity of glucose-water
litus. Due to diabetes, can lead to several health risks likemixtures.

strokes, renal failure, lower limb amputations, visual impair- | the IPPE configuration, the thermal effusivity) (of

ment, blindness, and most of those health problems are irremples can be obtained, in this case, frequency modulated

versible, early diagnosis is important. As part of preventioniight impinges on one side of a pyroelectric detector which
and early diagnosis of this disease, it is necessary to carlyas the liquid sample on the other side, in such a way that
on research on effective ways to measure small variations igample acts as heat dissipater for thermal waves originated at
glucose concentration in solutions, as first step, to develop ghe pyroelectric detector. By other hand, to obtain the sam-
measurement system to determine glucose concentration e thermal diffusivities the BPPE configuration was used, in
blood, in this sense several methods to measure glucose quh'is Configuration’ the Samp'e is enclosure between the py-
centrations have been developed [2-4]. roelectric detector and a metal sheet acting as thermal wave

In order to add new ways to perform glucose concendenerator due to the absorbed light. The liquid sample al-

tration measurements photothermal (PT) techniques are prbqws conducting the thermal waves to the pyroelectric sensor

posed, PT techniques have been used to detect small concéi2€re @ PPE signal is generated and processed by the lock-in

trations of some compound in solution and, are cheaper tha@MPlifier.

other technigues with the same or even less resolution [5-9].

PT techniques are based on the analysis of thermal waves, Experimental

induced by a frequency modulated a light source, traveling

through a layered system in which a thermal wave detectop 1.  Samples preparation

and the sample under analysis are slabs, when thermal wave

detector is a pyroelectric material then it is so-call photopy-Aqueous solutions were prepared by mixing D-glucose
roelectric (PPE) technique. (Baker analyzed 99.9% pure) and bi-distilled water, different
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concentrations were prepared. Adequate glucose quantitiés be calculated, the frequency at which pyroelectric detector
(x% wi/v) were diluted into 90 ml of bi-distilled water, to ob- becomes thermally thick is defined by:

tain complete dissolution samples were magnetically stirred

for 10 minutes at room temperature, all measurements were fe=—5
carried on at room temperature. il

9p

)

Having pyroelectric thermal diffusivity value df.3 x

2.2.  Experimental setups 1079 m?s~! Eq. (2) is used to calculate the maximum fre-
quency at which the pyroelectric detector remains thermally
2.2.1. IPPE setup thin, this frequency is¢ 224 Hz and is the upper value for

. . . the frequency scan.
_Experlm_ental setup used_ to obtain s_ample thermal effu5|y " By fitting the Eq. (1) to the experimental data, for the
't?’ (esg,_|s hamed .lPPE Fig. ﬁ In th'sl setgp,dthe Sampli.:ﬁPPE geometry, it is possible to obtain the sample thermal ef-
rpn?)(éilaég daliccr)l?t:tl:;l(j;’sogr?rtrt]eech)))t/trc())ri es(;g(': Ofegﬁgtggtgﬁ;ﬁusivity. Furthermore, to avoid the pyroelectric sensor signal
The PPE sig?nal of the PVDF detector @ thick and ther-  ocPendence on the light modulation frequency, the obtained
mal effusivit : 511 Wsl/2m—2K -1 o V(w) signal was normalized with the empty PPE cell signal.
yes s/<m ), was amplified by a
lock-in amplifier and its amplitude and phase were measured ] ]
as a function of the laser beam modulation frequerfdy ( 2.2.2. BPPE configuration

For frequencies that leads to a thermally thick SampleBPPE configuration is formed by a chamber of variable

(ie. L > ps, wherel, is the sample thickness and = length () containing the liquid sample; the cavity is formed

1/2 i i LSV
(as/(wf).) ' W.'th a; is the sample th_ermal diffusivity) by a circular Cu foil 10Qum thick and, Lanthanum modified
and, having optically opaque pyroelectric sensor, the theo:-

retical expression of pyroelectric sensor output is ex resseg ad zirconate (PLZT) 756 micron thick as pyroelectric sen-
P Py P P sor. A laser diode beam, modulated by the internal oscillator

by [8,14]: of a lock-in amplifier, impinges on the black painted inner
- . 7 surface of the metallic foil, which acts as light absorber as
V(w) = (L—err)(1+b) + (e DICl) (1)  showed in Fig. 2.

—o,t opt
(g —Ve=7r(1=b) + (1 +g)e7rr(1+0) As the modulated light strikes on the metallic foil, its

whereo, is the complex thermal diffusion coefficient ( = temperature fluctuates periodically at the same modulation
» = S ) o

14 i = (=1)'2 and _ 1/2) with frequency of the |nC|dent_beam, temperat_ure oscillations at

( )/, J (-1) I’ (o /(1)) ) x = [ can be measured with the pyroelectric sensor, for ther-

the pyroelectric thermal diffusivit is the pyroelec-
"y by Yk by mally thick sample, is expressed by Eq. (3).

tric thickness, f light modulation frequencyp) = e,/ep,
g = eg/ep, andes, e, ande,, are the thermal effusivities
for sample, surrounding gas and pyroelectric detector, respec-

tively. whereB is a constant determined by the experimental condi-
To warranty the modulated heat wave reaches the samplﬁOnS 1. = ((rf)/as)/2, by performing frequency scans at

the pyroe]ectnc detector must remain thermally thm'th.us low andz + Az, whereA, is a well-controlled distance then,
frequencies are preferred, thus the high-frequency limit nee q. (3) tums in:

V(f) = Be~sls g5 +asls] ()
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FIGURE 1. IPPE experimental setup for thermal effusivity mea- FIGURE 2. BPPE experimental setup for thermal diffusivity mea-
surements, the sample under analysis is placed over the pyroelectrisurements, the sample is enclosed between the pyroelectric detector
detector. and a copper foil thus, the sample length can be varied.
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1.0 1.2 1.4 1.6 1.8 2.0 22 24
V(f,z) = Be %% il5+asa] (4a) 02 102
V(f,x+ Ax) = Be~®tanelztaetanl —@gp)
©
Dividing 4a by 4b 5 034 103
n
(YD) = ADzV/ [ — (5) £
(f, T + A 8 0.4 104
WhereA is an arbitrary constant that depends on experimen—%
tal conditions, Eq. (5) shows that the sample thermal dif- g 55 14
fusivity can be obtained from the slope of the logarithm of =
the normalized signal as a function of the square root of fre-
qguency, usingAx as sample thickness,J. Frequency scans 06 -———— 1 os
were performed from1 to 10 Hz logarithmically spaced. e

172,

Sqrt (Frecuency) (Hz'™)

3. Results and discussion _ _
FIGURE 4. BPPE normalized phase as a function of square root of

Amplitude and phase, as a function of the light modulationthe light modulation frequency for 0.7 mg/ml glucose concentra-
frequency, obtained by IPPE technique are depicted in Fig. §0n sample, obtained by BPPE configuration.

for 0.7 mg/ml glucose concentration sample, solid line rep-

resents the result of carefully fitting using Eg. (1), having

es as fitting parameter, was determined a priori, by using peso 10 18 20 B 30

glycerol and water as reference samples. 150 ]

Figure 4 shows the frequency dependence of the phase ;| 1
signal for 0.7 mg/ml glucose concentration sample, obtained 1 {1700
by BPPE technique. The solid line represents the best fitting~ , ;; o 11650 ;x
of the phase of Eq. (3) to the experimental data, usings E 0] (} 5 =
a fitting parameter, with, well controlled as mentioned. S 125 1%

Performing a carefully fitting of Eq. (1) it is possible 3 |, %‘_ oL I]I! {1550 2
to get thermal effusivity values from frequency scan shown = | . 1 T i e 2
in Fig. 3, thermal diffusivity values were obtained similarly £ ;] %’ 7 9
by fitting Eq. (5) to the experimental data shown in Fig. 4, 2 | ] 1 &
Fig. 5 summarizes the obtained values as a function of glu- ] - 1400
cose concentration as stated previously, solid lines areuseda ;1 |
a reference to show tendency values. For thermal diffusivity, 05 1.0 15 20 25 30 35
calculated values were obtained with a maximum of 2.7% of Concentration Glucose-water (mg/ml)
error.

40 60 80 100 120 140 160 180 200 FIGURE 5. Thermal diffusivity and effusivity as a function of glu-

T T T T T T T o, cose concentration obtained by means fitting of Egs. (1) and (5) to
the experimental data.

In the case of the thermal effusivity, there is a slight de-
crease of this parameter when is increased the glucose con-
centration. As the thermal effusivity can be written as thermal
conductivity divided by square root of the thermal diffusivity
then, thermal effusivity diminish as result of the thermal con-
ductivity and thermal diffusivity decrease [15]. In Fig. 5itis
possible to see the increase of the effusivity uncertainty after

1 1.5 mg/ml concentration. Dispersion data can be attributed

I T T due to the fitting process error. For this technique, the error

Frequency (Hz) is approximately the 3%. Despite the pointed increment, this

FIGURE 3. Example of the IPPE amplitude and phase signals asdeviation is in the nonstandard glucose region for humans.

a function of the modulated frequency, solid lines represent the T herefore, the data dispersion does not play a significant role.

best fitting of Eq. (1) to the experimental data for a sample with Thermal diffusivity values present the same behavior as the
0.7 mg/ml glucose concentration. thermal effusivity.
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4, Conclusions properties as a function of concentration, to use thermal prop-

. erties for determining glucose concentration.
In the present study, the back (BPPE) and inverse (IPPE)

photopyroelectric configurations were used to determine the

thermal diffusivity and thermal effusivity of glucose-water Acknowledgments
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