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A review is given of recently developed instruments used in thermometric analysis 
and new methods of direct injection enthalpimetry. 

In the past two years, several types of Tronac (Orem, Utah) and Setaram (Lyon, 
France) calorimeters have been developed. A new mixing cell construction led to de- 
velopment of a flow instrument for automated thermometric analyses (Technicon, 
Tarrytown N.Y.). A new type of Hungarian instrument, Ditermanal (Orion, Budapest) 
permits arbitrary analyses. 

At the Technical University in Brno, small table twin isoperibol instruments allowing 
the direct analyses of solid samples have been developed. The use of PTC thermistors 
and a calibration device improved the accuracy of measurements. 

Many new methods of silicate and lime analysis, water determination, etc. have been 
elaborated. 

In the past three years, measuring techniques in thermometric (enthalpimetric) 
analysis have markedly improved. 

Several companies have developed new instruments or improved their calorim- 
eters. The Tronac Company (USA) produces two types of  calorimeters (isoperi- 
bol and isothermal), developed by Hansen, Eatough, Christensen et al. [1, 2]. 
These calorimeters are used for titration calorimetry, thermometric titrations 
and/or direct injection enthalpimetry. The LKB Company (Sweden) has developed 
a new sorption microcalorimeter with flow and sorption reaction cells to its 
precision flow and batch calorimeters. The Setaram Company (France) produces 
a new dynamic Picker continuous flow microcalorimeter, applicable in analytical 
chemistry (on-line), biochemistry, chemical thermodynamics, etc. 

For routine analyses a new automated thermometric analyser (Technicon, 
USA) has been developed. Samples for analysis are poured into 40 plastic cups 
in a sampler. A peristaltic pump aspirates a precise quantity of  sample into a 
mixing cell [3, 4] placed in a water-bath held at constant temperature. Simulta- 
neously an excess amount of  the reagent solution is pumped through a separate tube 
into the cell, where it is rapidly mixed by a special rotor. The reaction takes place 
and the products of  reaction then flow to waste. Temperature difference is meas- 
ured by a thermistor placed in the stainless steel surface of  the measuring cell. The 
results are shown graphically as a series of  peaks on a recorder, each peak being 
proportional to the concentration of the measured component.  

For direct injection enthalpimetry, two Hungarian instruments for routine 
analyses are commercially available. The Directhermom D (MOM, Budapest) 
is a newer type of  the older Silicotherm. One reaction plactic beaker is placed in a 
Dewar flask; a digital millivoltmeter enables one to read the concentration of the 
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analysed component in percent. Another instrument, the Dithermanal (Research 
Inst. for Iron Ind., - Orion, Budapest), designed by Saj6, is a twin reaction 
calorimeter with digital display. The environmental heat exchange is compensated 
by a special increasing voltage source. A new generation of this instrument, 
equipped with a small computer, has just been completed. 

At the Technical University of Brno, several instruments have been developed 
for different modes of thermometric analysis. The standard table twin instrument 
for routine analyses contains two styrofoam disposable reaction beakers in Dewar 
flasks immersed in a water-bath. 

Styrofoam beakers of minimum heat capacity markedly improve the accuracy 
of measurements. Reagent solutions are added from plastic dipping pipettes [5, 6], 
which are filled and emptied electromechanically. A newer type of the instrument 
permits addition of the thermostated reagent solution from an external stock 
bottle by a dispenser. 

A simpler type of enthalpimeter with one reaction beaker without water-bath 
is used for measuring reactions accompanied by a larger temperature change 
(1 -3~ e.g. in many reactions between solids and liquids. For addition of solid 
samples, an adapted plastic syringe is used [7, 8]. 

As a measuring instrument, recorders or digital millivoltmeters are used; an 
interface and a printer may be appended. Two thermistors are connected in a 
simple DC Wheatstone bridge with adjustable voltage. More complicated bridges 
are equipped with a digital display and a device for compensation of environmental 
heat exchange. 

This is especially necessary when positive temperature coefficient thermistors 
are used, because this sensor is 4 - 2 0  times more sensitive than the commonly 
used NTC thermistors and allows measurement of extremely small temperature 
differences. With choice of the proper thermistor voltage, millivoltmeter shunt 
or amount of sample, the digital display shows the content of the determined 
compound in percent. 

Another bridge is in fact a digital thermistor thermometer in the temperature 
range 20-26  ~ . Three sensors enable one to measure the temperatures of the 
sample solution, reagent solution and water-bath. These measurements permit 
omission of the use of dipping pipettes, and the data found are corrected by a 
simple calculation. A semi-automated device equipped with microprocessors is 
under construction. 

Another semi-automated device has its single plastic reaction beaker fully 
immersed in the water-bath, so that no heat exchange with the environment 
occurs and the temperature of the sample solution in the pre-reaction period is 
constant. Individual steps of the assay (filling and emptying of the reaction beaker 
and reagent pipette, etc.) are controlled electromechanically by push-buttons [9]. 

A special instrument has been constructed for the determination of the cement 
content in a concrete mixture [10]. 

For calibration of reaction heats, a joulemeter consisting of quartz crystal 
timer, source of stabilized current and resistance heater is used [11, 12]. If the 
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proper conditions are selected, the digital display shows the energy in joules. 
Certain difficulties arise in calibrating higher reaction heats; for this purpose, 
special heating elements are in preparation. In heating, following the temperature 
jump of the reaction studied as closely as possible is necessary to eliminate the 
heat leak during the experiment. 

New or improved instruments have led to the elaboration of new methods or to 
the improvement of the precision of many determinations, so that they can be 
used even in arbitrary analyses [13]. 

The precision Tronac calorimeters enable one to use 3 ml Dewar reaction 
flasks for calorimetric titrations [14]. The previously-mentioned new flow ther- 
mometric method [3, 4] is very promising, especially for medium and higher 
concentration ranges in industrial routine analysis. The use of a new double 
injection method intending to apply solutions without temperation [15] appears 
to be very limited [16]. Correction calculus proposed to improve the accuracy of 
the double injection method [17] seems rather complicated. 

New methods elaborated in the past two years cover all branches of chemistry 
and related sciences. Many analytical methods are summarized in [18-20]. 
Calorimetric titrations [14] and their analytical applications appear very impor- 
tant and useful in solving theoretical problems. Direct injection enthalpimetry 
permits rapid routine complete analyses of silicates, ores, alloys and many organic 
compounds, the determination of the water contents of solids or liquids [21, 22], 
the analysis of cement and lime [7, 8, 23, 24], etc. 

References 

1. L. D. HANSEN, T. E. JENSEN, S. MAYANE, D. J. EATOUGH, R. M. IZATT and J. J. CHRISTEN- 
SEN, J. Chem. Thermodyn.,  1 (1075) 919. 

2. J. J. CHRISTENSEN, J. W. GARDENER, D. J. EATOUGH, R. M. IZATT, P. J. WATTS and R. M. 
HART, Rev. Sci Instr., 44 (1973) 481. 

3. G. PEUSCHEL and F. HA6EDORN, Z. Anal. Chem., 277 (1975) 177. 
4. F. HAGEDORN, G. PEUSCHEL and R. WEBER, The Analyst, 100 (1975) 810. 
5. J. BRAND~TETR, P. SA~'AKOVA, and J. HULEJA, Collection Czech. Chem. Commun. ,  37 

(1972) 2149. 
6. J. BRAND~TETR and P. SAPAI~OV~,, ibid. 38 (1973) 2249. 
7. J. BRANO~TETR and S. ~'~ASTNiK, Bulletin Techn. Univ. Brno, (in press) 
8. J. BRAND~TETR and J. T~NKOVA, Bulletin Techn. Univ. Brno, (in press). 
9. J. KUPEC, Dissertation, University JEP Brno, 1975. 

10. J. HULEJA and J. K~JPEC, Bulletin Techn. Univ. Brno, (in press). 
11. J. HULEJA, J. BRAND~TETR and R. ROVNANh~, Bulletin Tech. Univ. Brno,  (1974) 135. 
12. J. BRAND~TETR, J. HULEJA and E, ROVNANIK, Research Report  IV--3- -3 /14 ,  p. 104. 

Techn. Univ. Brno, 1974. 
13. I. SAJ6, presented at the First Czechoslovak Conference on Calorimetry. Liblice near  

Prague, August 1977. 
14. D. J. EATOUGH, ibid. 
15. M. ~'ASTNV, R. VOLF, J. VULTERIN and F. ~TRAFELDA, Collection Czech. Chem. Commun. ,  

39 (1974) 1431. 
16. J. BRAND~TETR, ibid. 42 (1977) 56. 
17. M. ~ASTNY, R. VOLF and J. VULTERIN, ibid. 42 (1977) 250. 
18. I. SAJ6, Termometria.  Mfiszaki K6nyvkiad6, Budapest  1971. 

J. Thermal A n a l  14, 1978 



160 BRANDSTETR: NEW INSTRUMENTS FOR ENTHALPIMETRIC ANALYSIS 

19. G. H. VAUGHAN, Thermometric  and enthalpimetric titrimetry. Van Nostrand + Reinhold, 
London 1973. 

20. J. BARTHEL, Thermometric  Titration (Series of Monographs on Analytical Chemistry, Vol. 
45). Wiley-Interscience, New York 1975. 

21. P. MARIK-KORDA, presented at the First Czechoslovak Conference on Calorimetry. 
Liblice near Prague, August 1977. 

22. J. BRAND~TETR and J. VOREL, Research Report  IV--2- -3 /8 .  Techn. Univ. Brno, 1977. 
23. J. BRAND~TETR, M. MALINGER and P. ROVNANiKOV.~, ibid. 
24. J. BRANOSTETR, P. SAP.~KOV,~, I. BEDNA~iK and J. NE~TICK~, Stavivo, 54 (1976) 134. 

R~SUMI~ -- On passe en revue les instruments r6cemment mis au point et utilis6s en analyse 
thermom6trique ainsi que les nouvelles m6thodes d'enthalpim6trie par  injection directe. 

Darts les deux derni~res ann6es, divers types de calorimStres ont 6t6 mis au point:  T R O N A C  
(Orem, Utah)  et SE T A RA M (Lyon, France). La r6alisation d 'une nouvelle cellule de m61ange 
a permis de mettre au point  un appareil ~ flux pour  les analyses thermom6triques automatiques 
(TECHNICON,  Tarrytown, N. Y.). Un  nouveau type d ' instrument  hongrois, D I T E R M A N A L  
(ORION, Budapest) permet d'effectuer des analyses arbitrales. 

A l 'universit6 technique de Brno de petites tables instruments jumeaux isop6riboliques 
permettant  aussi d'effectuer des analyses directes des corps solides ont 6t6 r6alis6s. L'application 
de thermistors PTC et un dispositif pour  l '6talonnage augmentent  l 'exactitude des mesures. 

Des m6thodes nouvelles nombreuses pour l 'analyse des silicates, des pierres calcaires, de 
l 'eau, etc., ont fair l 'objet d'6tudes. 

ZUSAMMENFASSUNG - -  Eine ~bers icht  fiber die zur thermometrischen Analyse eingesetzten, 
entwickelten Instrumente  und neuen Methoden der Direkt-Injektion Enthalpimetrie wird 
gegeben. 

In den zwei vergangenen Jahren wurden verschiedene Kalorimetertypen T R O N A C  (Orem, 
Utah)  und SET A RA M (Lyon, France) entwickelt. Eine neue Mischzellenkonstruktion er- 
m6glichte es ein Durchflussinstrument ftir automatische thermometrische Analysen (TECHNI-  
CON, Tarrytown, N. Y.) zu entwickeln. Ein neuer ungarischer Instrumententyp,  DITER-  
M A N A L  (ORION, Budapest), ermSglicht die Durchfiihrung von Schiedsanalysen. 

An der Technischen Universitiit Brno wurden kleinen Zwillings-lsoperibol-Tisch Instru- 
mente entwickelt, welche auch die direkten Analysen fester Proben erm6glichen. Der Einsatz 
von PTC-Thermistoren und einer Eichvorrichtung erhShte die Messgenauigkeit. 

Viele neue Methoden der Silikat- und Kalkanalyse, Wasserbestimmungen usw. wurden 
erarbeitet. 

Pe3~oMe - -  IIpaBe~eiio 0603penile He~IaBHO pa3pa60TaHHblx npii6opoB, IIcnoYrb3yeMbtX B Tep- 
MOMeTplI~IeCKOM aiianii3e rl HOBblX MeTO~OB IIp~IMOfi IIH~KeKI2IIOIIIIO~ 3HTaJ~rtr~MeTpiim 3a 
npome~miie ~Ba rosa  6r, InH pa3pa6oTaiibi necronbKO TrmOB KaJIopiiMeTpOB TPOHAK (OpeM, 
IOTa) rI CETPAM (Ylnoii, ~paHurI~). HOBa~ KOrlCTpyI~I4fl CMeCiiTeflbHOit ~lqefiI~tt rlo3Boniina 
pa3pa60TaTI, IIpn60p JIJIS aBTOMaTiiaecroro TepMoMeTpaqecroro aHa~a3a (TEXHHKOH, 
TeppiiTayn Hmo-IYIopK). HoB1,dt Tiin BeHrepcKoro npa6opa ~nTepManaa (OPHOH, By~anemT) 
~aeT BO3MO~KHOCTb cy~e6iioro aiian~i3a. B TeXHI~teCKOM YIIIIBepCIITeTe B BpHO 6bInii 
pa3pa60TanJ, i He60Jibm~Ie IIpii60pbi, ~aKmme BO3MOXCHOCTb IIp~tMOrO aHann3a TBep~I, IX 06pa3- 
IlOB. I/IciioJIb3oBaiiiie TepMIICTOpOB II KaJIa6patliiOHH~IX yCTpOIiCTB ynyqmaeT TOr4A-IOCTb i~3- 
Mepenn~. Bblni i  pa3pa6oTaiibi HOBble MeTOJlbI anann3a CIIJIItKaTOB, II3BeCTII, onpe~eneiine 
BO~I~I II ~p. 
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