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AN OPTICAL NON-PERTURBING PRO!:,[\ fOR TEMPER/\TUrrn MEASUREMENTS 

TN HIOLOGICi\L MATliRIALS EXPOSED TO }HC}l.O\vAVE RADIATION 

In studies of the interaction of electromagnetic radiation (EM) 
with biological systems it is essential to monito~ internal tempera
ture by a method which neither distorts the EM' field, nor is, itself, 
inf luence·d by EM induced currents. Des_cribed here i.s, a technique 
utilizing the temperature-dependent fluorescence of the Rl line of 
ruby as a means of remotely monitoring temperature in very small bio
logical samples. ln this technique a small ( <50 pm) fragment of ruby 
is juxtaposed to the biological sample and equilibrated in a thermo
statted chamber, the temperature of which is controlled to+ 0.15°C. 
The frequency of the temperature-:sensit:ive fluorescence maximum of 
the R1 line· (-- 14L,.Q2 cm_:_1 at rooni temperature) is measured at var
ious temperatures with respect to a calibration line at 14414.06 cm-1 
obtained from an argon lamp. For each temperature a minimum of 
three scans were digitally recorded at a resolution of 16 channels/ 
cm-1. Scans were analyzed by a self-ad1usting least ~quares fitting 
program in order to find the peak maximum pdsifions. The tem~era
ture was established by taking the avecrage of several thermocouple 
measuiements during the course of the .fluorescence scans~ A plot 
of fluorescence frequency vs. temperature yields a stiaight line with 
a slope of 0.141 cm-1/. deg and a standard deviation of + 0.0005. The 
precision afforded by this method is.+ 0. 21 ° . Subsequent Raman/ 
fluorescence runs were conducted in the presence of microwave fields 
of varying strength (freq = 2.Lf GHz) and no perturbations were found 
of the 'fields or of the temperature calibration curve. 
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In the study of the interaction of electromagnetic (EM) radiation with · 
biological systems, a key physical quantity which should be accurately moni
tored during the the course of radiation exposure is the temperature within 
the biological sample. However, measurement of internal temperature in 
biological media subject to EM radiation requires a careful selection of the 
proper thermal probe. Most of the usual resistance-based or thermoelectric 
techniques .are inadequate because (A) they appreciably distort the uniform-
ity of the EM field and can produce spurious localized hot-spots, and (B) 
they .suffer too .. much 'inter.ference....from--EM-induced currents ·which can affect 
the reliability-of- the termperature measurement. 

In this paper, we wish to discuss a technique which utilizes the temper
ature-dependent-fluorescence-of the-R1-line of ruby·as a means of remotely 
monitoring temperature in very small biological samples. We have previously 
used ruby as a pressure monitor while studying pressure-induced conformational 
changes in organic chain molecules by Raman spectroscopy.(!) Ruby has proven 
to be a good choice in this role because: (A) its fluorescence spectrum does 
·not interfere _with .the Raman _spectral region,. of interest if an- excitation wave
length of less than - 5700 A is used; (B) very small fragments of ruby (<50 µm) 
may be.used._since ·the-fluorescent quantum yield is-very large; (C) thelinewidth 
is narrow allowing a fairly precise determination of frequency; (D) ruby is 
insoluble in most liquids, and therefore causes no.perturbation to .the sample 
under investigation. All of the above factors are equally applicable to the 
use of ruby as-a temperature probe of-biological materials while their struc
tural properties are being probed by another-optical technique such as Raman 
spectroscopy. Furthermore, since ruby is nonconducting, such Fluorescence/ 
Raman experiments.can be carried out in the presence of EM fields of varying 
strength and frequency with minimal perturbation of the fields. However, in 
order to utilize the ruby R-line temperature dependence as a probe of biologi
cal media, it is necessary to conduct a very precise calibration of the fre
quency shift versus temperature in the range 20-50°C. 

Experimental 

In this technique a small (<50 µm) fragment of red ruby containing <2% 
chromium is placed in a thin-walled capillary together with the biological sam
ple (in our case, phospholipid model membrane preparations). The capillary r 
cell is equilibrated in a thermostatted chamber, the temperature of which is 
controlled to+ 0.15°C as measured by a copper-constantan· thermocouple. The 
frequency of the temperature-sensitive fluorescence maximum of the R1 line 
(frequency - 14402 cm-1 at room temperature) is measured at various tempera
tures with respect to a frequency standard line at 14414.06 cm-1 obtained from 



an· argon standard lamp. The spectrometer used for these measurements is a 
Spex double monochromator digitally controlled by a dedicated minicomputer. 

In a typical experiment the sample cell was positioned in such a way 
that, using an incident laser beam power of - 200 mW, a maximized Raman sig
nal from the region of interest could be obtained together with about 105 . 
counts/sec from the R1 line of the ruby fragment. This was enough signal for 
a precise determination of the temperature-induced ruby peak shift. The argon 
reference lamp was placed between the light collection lens and the double 
monochromator so that its signal was about equal to that of the ruby. During 
the fluorescence/reference scan the spectrometer slits were set at 2 cm-1 
band pass. A typical spectrum is shown in Fig. 1. 

The data were digitally recorded with··a resolution of 16 channels/cm-I 
and stored in the minicomputer. A minimum of 3 scans were recorded for each 
temperature.· Each-scan was analyzed by running a self-adjusting least squares 
fitting program in order- to find the;·peak maximum positions. 

Results for the temperature dependence of the shift of the R1 ruby fre
quency with respect to the argon reference line in the biological temperature 
range are shown in Fig. 2. The temperature was established by taking the 
average of several thermocouple measurements during the course of the fluores
cence scans. The experimental fluorescence shift points shown are the average 
of at least 3 scans at each temperature. The solid.line is a least-squares 
fit .:.to the experimental points and yields ·a slope of 0.141 cm-1/degrees with 
a standard.deviation"of + 0.0005. Thus, over the temperature range of in
terest, the ruby R1 frequency shift is effectively a linear function of temper
ature and affords a method of remotely monitoring temperature with a precision 
of+ 0.21°C. This is ve~y-close-~o the precision of the temperature control 
in the·:thermostatted··-chamber (- ·+ 0.15°C). Subsequent Raman/fluorescence .runs -
were conducted in the presence of microwave fields of varying strength (freq= 
2.4 GHz) and no perturbations were found of the fields or of the temperature 
calibration curve. 
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