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ABSTRACT 

The use of resonating quartz crystals for mass determination is very attractive 

because a sensitivity of about IO- *’ g is possible. For technical reasons the application 
has so far been restricted to room temperature. In the present paper it will be discus- 

sed how these technical problems can be coped with by using a quartz crystal with two 
efectrode sets. The result is that the high sensitive resonating quartz cestal method 

can become of interest in instrumentation design for thermogravimetry. 

The application of resonating quartz crystals has introduced 

cf measuring mass variations as small as I@-‘z g. This development 

the relation between the variation dfof the resonant frequenc_v,f, and 

added to the eIectrode: 

df 4,?1 -=-- 
f ill 

the possibility 

is based upon 

the mass. Am, 

(1) 

where m stands for the effective mass of the quartz between the electrodes. 
For the crystal used in the experiments described in this paper the following 

values were relevant:f= IO’ Hz, and IN = 4 x IOs3 g, so that Eqn. (I) reads: 

Af= -2.5 x IO9 Am (2) 

It is evident that in these measurements frequency variations due to envirun- 

mental infi uences should be reduced as much as possible. The influence of temperature 
variations upon the frequency is usually reduced, therefore, by choosing a special 

crystalline cut’. Fig. I shows that the temperatures near 27’C, the frequency is 

independent of temperature_ Therefore, the resonating quartz crystals used in the 

immediate vicinity of 27=C have found a use in those experiments which can be carried 

out at this temperature. At first sight this temperature restriction excludes resonating 

quartz crystals from application Sn therrr.ogravimetry_ From a second look at Fig. 1, 



Fig. I_ The temperature dependency cf the resonance frequency at cut (YXI 35’7’). 

we learn that, at higher temperatures, a temperatzre variation of 1 ‘C. corresponds to 

a relative frequency change of 2 x 10m6, which results in an apparent mass change of 

S x IOm9 g_ This couId be coped with by a correction, but wouId involve the use of an 
extremely sensitive thermometer_ in the method presented here this temperature 

information is obtained from the quartz crystal itself. The crystal is supphed with two 

electrode sy-stems (see Fig. 2), one of them is submitted to the mass variations and the 

other serves as a temperature sensing unit. 

Fig. 2. Configuration of the electrodes. 

For the reahsation of the procedure discussed above, three requirements must 

be fuIfilIed_ First, the two electrode systems must act independently from one another 

Secondly, the temperatures of the electrode systems must be equal. Thirdly, the tem- 

perature coefficients of the two resonance frequencies must be equal. 

The first requirement has been dealt with in former papers”-‘_ The following 
experiments were carried out. The mass of one of the electrode systems was increased 
by evaporating onto it a metal film, the other electrode system was shielded from the 

evaporation source. The results are shown in Fig. 3. The electrode system onto which 
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metal is evaporated shows a shift of the resonating frequency at each mass increase, 

while the other, the reference frequency, remains constant. Actually, the reference 
frequency shift is not exactIy zero but about IQ00 times smaller than the main effect, 
On the scaIe of Fig. 3 this is not visible. This small shift is probably due to a tempera- 
ture variation accompanying the evaporation. 

Fig. 3. Response of the resonance frequency of both electrode systems to a mass increase of one of 
them. The evaporations were carried out at 1, 5 and 20 min. 

The second and third requirements have been checked simuitaneously in the 
following way. The crystal with the two electrode systems was mounted in a thermo- 
stat, the temperature of which was varied_ The response of the resonance frequencies 
of the two electrode systems is shown in Fig. 4. We can see that the two responses are, 
though very similar, not compIeteiy equal_ One of the reasons for the remaining dis- 

crepancy could well be the fact that the planes of the electrodes are not completely 
parallel. An orientation difference of only 4 x 10e3 rad could account for the measured 
discrepancy_ 

DISCUSSIOS 

The fact that the two electrode systems have not completely equal responses 
excludes the set up from application without corrections for temperature differences. 
However, the set up still has advantages, as it can reduce the consequences of temper- 
ature variations which are too small to be detected by other thermometers_ The 
similarity of their responses ensures that the errors caused by such small temperature 
variations can be reduced by a factor of 20. A thermostat with temperature variations 
of 10-zcC wouId, for a single electrode system, involve a spurious mass change of 
lo- lo g_ With the double electrode system these changes would be as small as 5 X 
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lO-x2 g, and so become of the order of magnitude corresponding to spurious mass 
changes which accompany even advanced electronic circuitry- 

Fig. 4. Response of the resonance frequencies of the t--o electrode pairs to temperature variations. 
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