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ABSTRACT 

A highly sensitive simultaneous electrical conductivity-differential thermal 
analysis apparatus is described. The apparatus can simultaneously record both the 
electrical conductivity and differential thermal analysis curves of a sample under the 
same conditions of furnace heating rate and atmosphere. Application of the apparatus 
is ilIustrated by curves of CuSO,*SH,O, [Co(NH,),H,O]Br, and Cu,HgI,. 

IX’ARODL’CTION 

The thermal analysis technique of electrical conductivity (EC) has proven to be a 
convenient method for the detection of quadruple points (i.e., the temperature at 
which four phases are present in the system) in metal salt hydrate systems1*2. Since 
differential thermal analysis (DTA) has also been used for quadruple point detec- 
tion3, the combination of these two techniques into a single apparatus should be most 
useful. Thermal measurements can then be made on the same sampIe under identical 
conditions of temperature change and furnace atmosphere. 

Simultaneous EC-DTA instruments have been described by David4 and Berg 
and BurmistrovaS while EC-DSC (differential scanning calorimetry) measurements 
can be made using the sample holder developed by Carroll and Mangravite6. Chiu7 
described an apparatus in which EC curves could be obtained along with DTA (and 
other measurements) but two or more separate samples had to be employed. 

The purpose of this investigation is to describe a simultaneous EC-DTA 
apparatus which provides essentially the same experimental conditions as are found 
in a typical DTA apparatus yet has the capability of obtaining EC data as well. 
Both types of data are obtained from the same sample under identical controlled 
temperature and furnace atmosphere conditions. A temperature range of 25-555°C 
can be covered using a h$hly sensitive DTA system and EC detection system (I = IO-* 
to lo-’ PA). 

*Present address: Department of Analytical Chemistry, The Techrkal University, Budapest, 
Hungary. 
**To whom correspondence should be addressed_ 
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E?iPERIMEZ;TAL P-ART 

Description of appararus 
A cross-sectional view of the sample holder is shown in Fig 1. The sample 

(and reference) container was constructed from a platinum crucibIe, 5 mm in diameter 
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Fig. I_ EC-DTA sampIe holder cross-section_ 

and 5 mm in height, which made contact with the junction of a thermocouple on the 
bottom. Since the thermojunction was in direct contact with the sample, it was 

coated with a thin layer of teflon (from an aerosol spray container). This limited the 
temperature maximum to about 320-340°C; however, without the teflon the maxi- 
mum temperature limit was about 550% To measure the electrical conductivity of 
the sample, one electrode was weIded to the sample container while the other was a 

pIatinum wire which ~3s introduced into the sampIe through a hole in the teflon 

cover. The depth of sampIe contact by this electrode was adjustable by means of a 
screw device_ Two modes of operation were used; in one, no cover was used for the 
sample container while the other was a tight fittins cover for self-generated atmosphere 
studies. The reference holder w-as similar to the above in order to maintain the same 

heat capacity but contained aluminum oxide rather than a thermally active sampIe. 
A cross-sectional view of the complete EC-DT_4 cell is shown in Fi,o. 2. 

The heater block (Sj, which was machined from aiuminum, contained a 500 W 
heater cartridge (I 1) located in the center of the block. Two cylindrical chambers 
Iocatcd on each side of the heater housed the sample and reference container, res- 
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Fig. 2. Cross-section of EC-DTA cell. 

pectiveIy. Care was taken to position each container at exactly the same distance 
from the heater. It was found from previous DTA studies’ that the diameter of the 

container cavities greatly inlluenced the DTA curves obtained. In this cell, they were 
18 mm in diameter by 38 mm in depth. 

The upper electrode (4) was electrically insulated from the block by a ceramic 

tube (2) and sleeve (3) and was attached to an adjustable screw device (1) and an 

electrical connector. To aid in sample loading and to remove the spent sample, one 
half of the block (7) was removable. It was always placed into position when EC-DTA 
measurements were made_ 

The cell block was supported by three 5 mm diameter ceramic rods which were 
attached to a I2 mm thick circular aIuminum base. To insulate the cell, a Marinite 
enclosure was used which was approximately 10 mm thick. It could bc placed over 

the entire cell during the heating cycIe and could be removed to aid in the cooling 
of the cell back to room temperature_ All electrical connections were made on a 

connector located on the base of the cell. Due to the cell construction, it was not 
possible to control the furnace atmosphere in any manner, hence, most of the runs 
were made in the seKgenerated atmosphere mode. 

A schematic diagram of the entire EC-DTA apparatus is shown in Fig. 3. 
The DTA system components were conventional and consisted of a Leeds and 

Northrup Model 9835-B d-c. microvoh amplifier and a Hewlett-Packard Model 
135A X-Y recorder. For the EC system, a l-25 V variable voltage regulated d-c. 
power suppIy was used along with an E-H Research Laboratories Model 240 record- 
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Fig. 3. Schematic diag1-2111 of entire EC-DTA apparatus. 

ing micro-microammeter and a Hewlett-Packard Model 7035B X-Y recorder. The 

furnace temperature programmer was a motor driven variable voltage transformer 

type which permitted the use of linear heating rates from 2 to 20°C min-I. 

The DTA baseline of the system could be reproduced to -+0_06’C and gave a 

very flat, stable recorded curve. At d-c. current levels less than I x IO-* PA, the EC 

curve showed some electricaf noise; at higher current levels, no noise appeared in the 

curve. Typical EC and DTA baselines are illustrated in Fig. 4. 
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Fig. 4. Typical EC and DTA basefines for apparatus. 

A typicaI procedure fcr a run consisted of the following. A powdered sample of 

20-Io(i mg in mass was placed in the sample container and IightIy packed in place. 

The container cover and upper electrode were then put into position and the cell assem- 

bled and enclosed by the Marinitec over. A d-c, voltage of about 6 V was used in the 
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electrical circuit for the EC measurements. After allowing the etectrical system to 
come to equilibrium, the programmer was activated using a heating rate of 5°C 
min-’ - The EC and DTA curves were recorded simultaneously using the two separate 
X-Y recorders_ After completion of the heating cycIe, the insulating cover was 
removed and the cell permitted to cool to room temperature at which time the spent 
sampIe was removed from the sample container. 

RESUL-I’S AND D-ON 

The operation and use of the apparatus are illustrated by the EC-DTA curves of 
CuS04-5H20, [Co(NH,),~,O]Brs and Cu2HgIo. The EC-DTA curves of CuS04- 
5H,O are shown in Fig_ 5. 
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Fig. 5. EC-DTA curves of CXiO,.Si-&O; (A) Non-self-gcnet-acd 
atmosphere. 

atmosphere; (ES) Self-gcneratcd 

Two modes of operation of the apparatus are indicatedz mode (A) which is an 
open sample container or non-self-generated atmosphere; and mode (B) which is a 
se&generated type of atmosphere. fn mode (A), only one major peak and a shoulder 
peak are indicated in the DTA curve while no EC curve peaks are evident. Due to 
the limited maximum temperature employed, the curve peaks are those due to the 
deaquation reactions involving the Ioss of four moles of water per mole of salt, as 
previously described ID9 In mode (B), the self-generated atmosphere causes the . 

formation of a liquid water phase which appears as another shoulder peak on the 
DTA curve and also a EC curve peak. The system under these conditions exhibits 
a quadruple point which has previously been rep~rted’*~*~~~*. 
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Another example of a system which exhibits a quadruple point is that of [Co 
(NH,)ji f,O]Br,, which is iIIustrated in Fig. 6. This compound has been previously 
sttidied by several investigators9-” who explained the DTA curve in terms of a 
deaquation-anation reaction. Evolution of the coordinated water is shown by the 
shouider peak on the DTA curve and also by the EC curve peak which occurs in the 
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Fig 6_ EC-D-i-A curves of [Cm,)SH20JBr3. 

DTA 

Fig 7. EC-DT.4 curves of CuzHgI,. 
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same temperature range. The DTA shoulder peak is more prominent in this curve 
than that shown in previous work’. 

To illustrate a different type of phenomenon, the thermochromism of CulH& 
was studied using this apparatus_ As shown by the EC-DTA curves in Fie. 7, this 

thermochromic transition, which is caused by an order-disorder crystalline phase 

transition, results in distinct EC and DTA curve peaks. The EC of this compound 
has been the subject of a recent investigation” and by other earher studies. With 

this apparatus it is seen that the color transition is continuous and extends over a 

fairly large temperature interval_ The EC curve reveals the multi-step processes 
invoIved and appears to be more useful in this type of investigation than DTA. 

The examples discussed here illustrate the use of the combined EC-DTA 
apparatus for the study of deaquation and other types of reactions. It is a simple 
apparatus to construct and to use and since both the EC ani DTA cumes are obtained, 
it permits a time saving convenience over separate instruments for each thermal 

analysis technique. The EC curve can aid in the interpretation of the DTA curve for 
certain types of systems. 
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