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According to the direct reading thermometric method the concentration of the
component to be determined is established from the temperature variation of the sample
solution obtained on adding to it an excess of a reagent which reacts selectively with
the respective component. Under suitably chosen experimental conditions the con-
centration of the respective component is determined from a single measured value.
Since the established measurement technique requires little manual work and the re-
spective components may be determined from the sample solution directly without any
separations, the method in its present form is chiefly suitable for rapid serial analyses.

Direct-reading thermometric analysis is a recent method of quantitative analy-
sis which is expanding increasingly. The method utilizes for analytical purposes
the most common phenomenon accompanying chemical transformations, i.e.,
the heat of reaction. It is a well-known fact that the amount of heat evolved or
consumed during a chemical reaction is a measure of the quantity of reagents which
have taken part in the reaction. Thus an analytical method of general applicabil-
ity can be based on the measurement of the reaction heat, which is equally useful
for inorganic or organic quantitative analysis. The measurement of the heat of
reaction is rather difficult, however, compared with the analytical methods gener-
ally employed and so calorimetry has so far been applied only for solving some
special analytical tasks. Theoretically, it can be proved that it is not only the
amount of heat evolved or consumed during the reaction, being rather difficult
to measure, which is proportional to the amount of the reacting components;
in analyses carried out in solutions this is also the case for the temperature varia-
tion of the sample solution if the values of certain parameters (the heat capacity
of the equipment, of the sample solution, and of the reagent solution, and the molal
reaction heat) are all kept constant. In this case the technique of measurement
becomes very simple: the concentration of the component in question is obtained
from a single measured value, namely from the temperature variation of the
sample solution during the reaction. Since the concentration of the component is

determined directly by temperature measurement, the methodis called direct ther-
mometric analysis [1—3].
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In order to illustrate the simplicity of the procedure of direct thermometric
analysis, the various steps of the general working procedure are described below
[4—-6].

1) The sample solution is prepared for analysis according to the given instruc-
tions. The instruction for solution preparation is generally different for each
type of material. By preparing the solution according to instructions identical
values for the specific heat, specific gravity, volume and heat capacity of the
sample solution are guaranteed for each determination.
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Fig. 1. Sketch of the direct reading thermometric analysing apparatus. 1 — Dewar vessel;
2 — plastic beaker; 3 — thermistor; 4, 5 — magnetic agitators; 6 — cover plate; 7, 8,9 —
dip pipettes; 10 — calorifer

2) The temperature of the sample solution prepared according to instructions
is adjusted to the temperature of the measuring cell and the sample solution is
placed in the measuring cell (Fig. I).

3) The thermistor used for temperature measurement, the agitator and the rea-
gent or reagents are dipped into the solution.

The reagent is contained in a dip pipeite which prevents the sample solution and the
reagent solution from mixing before the introduction of the latter into the sample solution
and also guaramtees a rapid equalization of the temperature differences of the sample and
reagent solutions. The temperature and concentration of the reagent used for analysis should
always be adjusted exactly according to the instructions in order to ensure that the heat ca-
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pacity of the reagent is constant. For the determinations we use reagents which —as far as pos-
sible — react selectively with the component to be determined. The volume of the reagent is
chosen to furnish a certain excess of reagent even when the respective component is present in
the sample solution in its highest possible concentration. Since out of the reagent present in
excess it is always only that part equivalent to the component to be determined which can
enter into reaction, the amount of reaction products and the amount of heat evolved during
the reaction are determined by the component to be measured. Therefore the heat of reaction
evolved is proportional to the concentration of the component to be determined.

4) After waiting for some minutes for the equalization of the temperature differ-
ences within the system, the reagent is introduced into the sample solution and
the temperature variation of the sample solution during the reaction is observed.

5) The concentration of the required component is evaluated on the basis of
the observed temperature difference from calibration graphs established in similar
circumstances with model solutions of kncwn composition. However, when a
direct reading thermometric device is used for analysis, the results can be read on
the detector directly in practical units of concentration (e.g. as a percentage or in
g/1) as the analysis channel has been calibrated for direct evaluation with a standard
sample of known concentration.

As can be seen from the above, the results of the direct thermometric method are
obtained from calibration graphs established with solutions or standards of known
concentration or from a similarly calibrated analysing device supplying direct
concentration data.

That is to say, the direct thermometric method is a relative method. Such rela-
tive methods are useful in the first place for carrying out series analyses. Thus
the direct thermometric method in its present form may be proposed chiefly for
performing series analyses in plants.

According to the literary data, Howard [1] at the beginning of this cen-
tury really used this method for the same purpose: he determined the free SO,
content of fuming sulphuric acid in series from the temperature variation of the
sample solution obtained by reacting SO; under suitable experimental conditions
with H,O. This was the starting point of direct thermometry. The method itself
was used until the middle of the fifties only sporadically and for similar purposes,
i.e. for the determination of acid anhydride with water or, conversely, for the deter-
mination of water with acid anhydride [7). There are two reasons for the fact that
this very simple method did not find more extended application in laboratories
earlier and that its development has only been begun in the last decade by several
research groups working independently:

a) The technique of temperature measurement was rather cumbersome before
the invention of thermistors and their application to analytical purposes by Linde,
Rogers and Hume [8].

b) The methods of thermometric analysis had an insufficient chemical basis.
The selective reactions for determining the various components thermometrically
had not been developed and the various interfering subsidiary reactions had not
been studied. These reactions produced temperature variations in the sample solu-
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tion partly in proportion to the concentration of the respective component and
partly independently of it. In the types of material occurring in practical analysis
— e.g. in the analysis of silicates, metals or plating baths — the relative concen-
trations of the various components may vary by several orders of magnitude which
means that they may mutually disturb the determination of one another. There-
fore, it is understandable that the first thermometric determinations were used
to solve analytical tasks with large temperature variations accompanying the
reaction, which were easy to measure and did not involve the interfering effect of
components present in various and varying concentrations.

Thus the development of the direct thermometric method had had to move along
in two directions:

1) One of these consisted in a refining of the measuring technique to permit the
extension of the method to the determination of components present in low con-
centrations or for which the molar heat of reaction was small. We have furnished
detailed reports on our relevant investigations in some earlier papers [4, 5, 9,10].

2) Direct thermometric methods required a chemical basis with regard to the
demands of analysts. Methods had to be developed for determining frequently
occurring cations and anions. We had to find out how to take into account or how
to compensate for the effects of various interfering subsidiary reactions. We had
to study the structure of solutions from the point of view of thermochemistry,
since all variations occurring in the structure of solutions — e.g. dissociation,
hydration, solvation, etc. — are combined with heat effects, and, since two solutions
are always mixed during analysis, the structure of the sample solution changes and
we must know the nature and size of the interfering effect to be expected from this
source. Finally much work had to be expended on the selection of selective reac-
tions suitable for the direct thermometric determination of various components
[11-13].

Methods which are suitable for series analysis in plant control are required to
be rapid. It is usually characteristic of rapid methods that the determination of the
respective component is carried out without separation since any form of this
considerably increases the time of analysis. This is why the thermometric method is
able to compete successfully with well-proved and widely used methods of analy-
sis, since in most cases it permits a determination of the component in question
without any separation so that the determinations may be performed rapidly and
with little manual work. The analysis may be accelerated further by the possibility
of determining in most cases several components consecutively in the same sample
solution without any separation.

It was indeed this possibility of consecutive determinations which led us to the
intensive study of the direct thermometric method, since we were able in the
middle of the fifties to perform a relatively complex task in the field of the rapid
analysis of silicates, namely the determination of the basicity, the SiO, and FeO
content of open hearth slags, within 10 minutes by the thermometric method
with all three components determined consecutively from the same solution
according to the first developed variant of the method [2]. Since very little work had
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been expended on the development of this method as compared with the solution
of other comparable tasks, we started to develop this promising method to a pro-
cedure for general application under plant conditions. On the basis of the expe-
rience gained in this work we should like to show in a following paper some possi-
bilities of the application of the method to the determination of one component
in a solution containing several other componenis, and to that of several compo-
nents in one solution, without separation.
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REsUME. — Selon la méthode thermomeétrique a lecture directe, on détermine la concentration
du constituant cherché d’aprés la variation de température de la solution échantillon que 'on
additionne d’un exces de réactif sélectif de celui-ci. Dans les conditions expérimentales appro-
priées, une seule mesure suffit pour déterminer la concentration du constituant cherché.
Comme la technique de mesure qui a ét€ mise au point demande peu de travail et comme on
peut doser sans aucune séparation les constituants étudiés, la méthode dans sa forme actuelle
se préte en premier lieu aux dosages en séries industriels.

ZUSAMMENFASSUNG — Bei der thermometrischen Methode mit Direktablesung wird die Konzen-
tration der gesuchten Komponente aus der Temperaturinderung der Probelosung bestimmt, die
nach Zugabe eines Uberschusses von einem selektiv reagierenden Reagens wahrnehmbar ist.Un-
ter geeigneten Versuchsbedingungen kann man die Konzentration der gesuchten Komponente
aus einem einzigen MeBwert, nimlich der Temperaturdnderung der Probeldsung bestimmen.
Da die ausgearbeitete MeBtechnologie wenig Arbeit erfordert und die gesuchten Komponen-
ten ohne jede Trennung direkt bestimmt werden kdnnen, ist die Methode in ihrer jetzigen
Ausfiihrungsart hauptsachlich zu betriebsmaBigen Serien-Schnellanalysen geeignet.

Pesrome. — ITo TepMOMETPHYECKOMY METOLY BU3YAJIBHOIO OTCYETA MOXHO OUPEIENHTH KOH-
OCHTPAMIO KOMHOHCHTA H3MEPeHHEM W3MEHCHHS TEMIEPaTypsl IPOGHOro pacTBopa, HONY-
9eHHOro 106aBIeHHEM K HeMy H3GBITKA PeareHTa, PearHpyIoNIero n3GHpaTeabHo ¢ HCCITEAYEMBIM
KOMIOHEHTOM. IIpH COOTBETCTBYIOIHMX YCIOBHSIX DKCHEPHMEHTA KOHIEHTPALMS KOMIOHCHTA
ONPETIETIACTCA ONHOKPATHRIM M3MepeHueM. M3MepeHne ONHCAHHBIM METOIOM TpeGyeT mMano
PyYHBIX Omepanpii. MOXHO ONpenenuTsh HCCIIeNyeMblii KOMIIOHEHT HETOCPEACTBEHHO, He BEHI-
JeJsis €r0 U3 NPOGHOro PacTeopa. B OMMCAHHOM BHJIE METON MOXHO TIPHMEHATL B maboparo-
PHAX OPY HNPOBEOCHMM CEPHUHBLIX aHAJU30B.
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