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ELECJX~ANALYSIS: ANEGIECCEDTHERMALANALYSISTECHNIQUE? 
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1 chen.li.stry Dept., University of Houston, Houston, Texas (U.S.A.) 

This is a reviw of the electrothermal analysis (ETA) techniques used in this 
author’s laboratory during the past 10 - 14 years. Most of the ETA techniques 
employed the detection and masurenxznt of the d.c. or a.c. current flow throw 
the sample as a function of tanperature. These neasuremnts, at constant mF, 
varied with the change of resistance of the systm;'the latter being dependent 
on the nature of the thermal reaction being investigated. A new technique, ther- 
nmoltaic detection (TVD), in which the m of the reacting system in contact 
with txu dissimilar electrodes is recorded as a function of tanperature, is also 
desc'ribed. 

INTRODUCTION 

According to the International Confederation of Therms1 Analysis (ICTA), 

the them1 analysis technique of therrmelectramztry is defined as "a technique 

in which the electrical characteristics of a substance is masured as a function - 
of teqerature whilst the substance is subjected to a controlled temperature 

progrmfe. MUI ‘Ihe nmt cammn masurmmts, according to ICTA, are of resist- 

ance, R, conductance,A , and capacitance, C. Howver, sinceA= l/R = I = E/R, 

and E is usually constant& = I = k/R; thus mny investigations report the use 

of current, I, plotted as a function of terrperature. Indeed,I!avid 121 used the 

tern "amperanetric thermal analysis" (ATA) to describe the technique that he dev- 

eloped. 

In a recent survey of therms1 analysis techniques [3], it ws found that 

thenmelectmwtric techniques accounted for 2.2% of the techniques reported for 

a total of 465 papers in Ihermchimica Acta, and 1.4% in the J. of Thermal --- 
Analysis. This is less than 1% of the 29.1 and 22.0% reported for 'X, in the 

same journals, respectively. Thus, these techniques are notwidely.used in 

thermal analysis; they could be described here as "lesser-used" or perhaps "neg- 

lected" therm1 analysis techniques. 

The thenmelectrauztric or electrothermal analysis techniques described here 

are those that are primarily the result of mrk done in this author's laboratory 

during the past 10 - 14 years. Mxt of the investigations concern the detection 

and nwsureuent of the d.c. or a.~. current passing thraq$ the sample at a con- 

stant applied voltage, although a voltage nmsurmznt technique is also described 
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(thermvoltaic detection). 

ETA IN THIS TABORATORY 

'Ihe first use of ETA in this laboratory was 

ruple points in mtal salt hydrates systars in 

for a systm such as cuSO4 . !2$0, four phases 

to detect the presence of quad- 

1968 [41. At the quadruple point, 

can coexist: W04 . 5 H20, 

also4 . 3H20(s), H20(1) and H$Xg). Due to the presence of a liquid phase in 

contact with the ionic solid, a low resistance or conducting solution is obtained 

sb that a rapid increase in I is indicative of the quadruple point. 'Ihe ETA ap- 

paratus qloyed for these studies is sham in Fig. 1,consisted of the usual ar- 

Fig. 1. Schematic diagram of 
ETA apparatus [4]. 

rangemmt of sample holder, probe and furnace, a d.c. power supply, a recording 

micro-ameter and a recording systm (X-Y plotter). To facilitate smple 

cknging, the swle ms contained in a glass tube into which the tm electrode 

probe km inserted. %us, as the liquid water phase of the systan increased, 

current flow throu& the sample also increased. This increase was detected and 

recorded as a function of sample tarperature. ‘Ihe apparatus k~s used to detect 

the quadruple points of the CuS04 . 5H20, &Cl2 . ZH20, and BaBr2 . 2H20 systens 

To illustrate its use, the DTA-ETA curves of (MO4 . 5H20 are presented in Fig. 

2. The DTAcurve for&SO4 

Fig. 2. DTA and ETA curves 
cuso4 - 5H20 [4]. 

. 5H20 WIS similar to-that previously described 

of 

1 c"‘" "# *+,_ 
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50 

TEl& Iso 

except for the more pronounced resolution of the first endothermic peak. 'Ihe 
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first peak began at about 91"C, with a Tmin (peak minimum temperature) of 101°C. 

The Tmin values for the second and third peaks were 112 and 135"C, respectively. 

Formation of liquid water was readily shcm by the ETA curve in that the current 

flowing through the ssnqle began to increase at about 9% and obtained a rmxi- 

mm, ET&, at 103°C. Rapid vaporization of the liquid wter fran the saturated 

salt solution was readily apparent by the steep slope of the descending portion 

of the curve. No ETA peak was observed for the CuSO4 . 3H20 &SO4 . H20 

transition. 

A more elaborate apparatus was constructed by Balms and kmdlandt [5] in 

1973 which permitted simultaneous ETA-DTAmeasuxerents. A cross-sectional view 

of the sample holder is given in Fig. 3. 'lhe smple holder, constructed frqn a 

Fig. 3. ETA-DTA sample holder [5]. 

platimn crucible, 5 mn in dieter and 5 mn in height, rested on a thermcouple 

junction located on the apparatus. To detect the ETA, one electrode wss w&led 

to the sample container tiile the other cuss a platinm wire which his intro- 

duced into the ssmple through a hole in the Teflon cover. The depth of the 

sample contact of this electrode was adjustable by means of a screw dwice. 

This apparatus was used to detect and measure quadruple points in CuSO4 . 5H20 

and [Co(NH3)5H20]Br3 and also for ETA-IYTArneasurglEnts of themxhrtic can- 

poLmds. 

Ihe order - disorder 

plexes, tiere M is Ag', 

ETA-DTA apparatus 161. 

given in Fig. 4. As is 

transition for a series of themxxhranic s I-&I4 ccm- 

tit, Hgp, Tl+ and Pb2' ,wzre studiedbytheabove 

As an exaqle, the ETA-DTA curves for Cu2 HgI4 are 

well knom, the themrxhranic transition of this ccrrpound 
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Fig. 4. DTA and ETA curves of Cu,HgI,; 
heating and cooling mode8 
indicated [6]. 
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occurs at about 7O"C, at which temperature the color change is from red to 

brum-black. 'Ihe color transition is reversible in that on cooling, the red 

canpound is again obtained. In the DTA curves, in both the heating and cooling 

odes, only a single narrow endothexmk peak was observed, which was due to the 

thermchranic transition. Ming both heating curves, the peak began at 64°C 

with a T minimum temperature of 70°C. 'Ihe peak ms also observed during the 

cooling mde, indicating, as expected, that the transition is reversible. The 

ETA curve peak ws not as well pronounced during the thernmhranic transition 

as was the I)TA peak. sly a shoulder peak ws observed simultaneously with the 

DTA curve peak but this was followed by a large'assymnztric curve pe+ with a 

maximum at approximately 92°C. Apparently, additional disorder occurs about 

2OO'C &ich results in a curve peak with a mximm at about 212°C. Gn cooling, 

none of the initial ETA peaks wx-e observed in the curve. Reheating the sample 

gave the sams ETA curve peaks but all of them xere at a decreased peak height. 

From the alive data, the ETA curves appear to indicate mltiple disordering 

processes or transitions involving phases not previously reported. Similar 

behavior was noted for the other canplexes as tall as for Hg12 and AgI. 

In conjunction with the development of a high pressure them-c&lance [7] and 

DTA apparatus [8], an ETA apparatus capable of operation from 1 to 170 atm in 

the tgnperature range of 25 to 500°C was also constructed [9]. The smple 

holder, electrode systm, and furnace mxe enclosed by a stainless-steel pressure 

vessel. Pressurization of the vessel was effected by use of canpressed nitrogen 
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gas obtained from a cylinder. The effect of pressure changes fran 1 to 170 atan 

on the ETA curves of BsC12 . 2H20 are given in Fig. 5. Amoderately packed sample 

Fig. 5. Effect of pressure on ETA 
curves of 
A, 1 atm; 

BaC12 . 2H20. 
B, 7 atm; 

C, 15 atm; II, 27 atm; 
E, 4'2 atm; F, 170 atm [9]. 

of the caqmmd shmed no change in curxhlt flow during heating at one atm, As 

the pressure increased, a slight change in the curve near 100°C ws observed. 

With increasing systm pressure, the magnitude of the peak height and also the 

area increased as did the temperature range of ETA. The increase in the peak 

height and area is thou&t to be due to the decrease in diffusion of water vapor 

fran the smple as the pressure is increased. A second peak tias not obsetied 

because the heat transfer throu& the metal sample cup wall was rapid enox& to 

vaporize the liberated water and the short diffusion path tkls not as effective 

in retarding the escape of the vapor as in the previous smple holders. Addi- 

tional ETA curves for E&Cl2 . 2H20, EaBr2 . 2HiO and Cdl2 . 6H20 wxe given by 

William and Nndlandt [lo]. 

In order to investigate the ETA of pure substances or mixtures of pure sub- 

stances with a mtrix material such as KBr, KI or RX, a new ETA apparatus tas 

developed [ll]. Ihe smple, in the form a disk 5 m in dieter by1 nm thick, 

was placed betxen lxx3 circular mtal electrodes. In order to assure efficient 

contact betwaen the electrodes and the smple disk, the upper electrode was held 

in place by a spring-loaded nrxhanim. Also, instead of measuring a d.c. cur- 

rent through the szqle, a variable frequency a.c. power supply ms employed 

which permitted a.~. current rmzasurexmts of the samples. 

The use of simultaneous TA measurerents is a 141 established procedure in 
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modern therm1 analysis equipment. These rreasurments, such as TG-DTA, 'IG-DTG 

DTA, and so on, can easily be wade. Wendlandt [12] developed a system using a 

camercial thermal analysis instruuent in which ETA-TG msasurments can be made 

on two different sqles. This type of arrangerrent permitted concurrent neasure- 

ments (t-m or nore techniques on tm or n-ore samples) rather than simultaneous 

rseasuremsnts (two or mre techniques using a single sample). For ETA-TX measure- 

ments, an additional sanqle holder and electrode system was inserted into the 

outboard end of the thermbalance furnace chmber and positioned as close as 

possible to the sample container [12,13]. Thus, using two different samples of 

the sms caqoound, ETA and TG curves could be obtained. 

A modification of this apparatus has also been described [14]. This appara- 

tus, which used a cylindrical furnace, contained an ETA sample probe on one end 

while the other end contained the DTA sample probe. Thus, concurrent ETA-DTA 

wasurenents could be n-ade on txo different sqles. 

A high temperature ETA furnace and sqle holder (for use up to 1000°C) has 

also teen constructed [15]. The sqle holder and furnace arrangemnt are 

sham in Fig. 6. The sample A, in the form of a pressed disk (1 mn x 5 ma) was 

Fig. 6. ETA sample holder and fur- 
nace for use up to 1000°C [15]. 

placed between tm platinw electrodes (7.0 ma in dimeter). Leads to the elec- 

trodes mere led out of the furnance area by one-holed cermic insulator tubes. 

To maintain a constant tension on the sample disk by the electrodes, one elec- 

trode is spring loaded at H. The furnace consists of a Nichrare resistance wire 

heater element muld on a Vycor tube suitably insulated with a cemnic tsater- 

ial. A clamp G secures the tube furnace to the base. Fu+nace temperature, Tf, 

is detected by a (zrrarel-Al-1 thermcouple located at D. The other ccmpon- 

ents of the EC apparatus are the sam as those previously described. The ap- 

paratus was used on pure scanples, canpressed in the form of disks, or of a 

matrixmixture with KCl, KBr, or KI. 

Lost of the ETA studies in this laboratory have been concerned with inorganic 

compounds, usually metal salt hydrates. &xuse of the ccm@xity of the ther- 
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mal decomposition reactions of transition mtal Maine caq&xes [16], ETA ws 

also used to detemine the presence of liquid or send-liquid phases formed. 

One such investigation [171 involved the ETA of selected [C&NH ) IX and 

[ti(W31X3 canplexes (X = Cl-, Br-, I-, NO - 
3 4_ 3 

3 , HSO4- and l/2 C204 ). These 

caupounds,whichhadbeenpreviously studiedbyTG, DsC,MS, JZD, EGAandther- 

maugnetic analysis techniques, xere chosen because of questions concerning the 

intermediates formed during the themal dissociation processes. Also, the re- 

action with various mtrixmaterials such as KN03, KBr, K2S04 and so on, could 

also be investigated. 

Ihe ETA cmes of [co(~3)61C13 in various mtrices are given in Hg. 7. 

Fig. 7. ETA curves of 
[C0(Nti ) ]Cl in 
1:l ma2r$ces30f 
KN03, KBr, K$04, 
and KC1 [17]. 
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As can be seen, there is a wide variation in the ETA curve of [Co(NH3)6]C13 with 

ccqositim of the mm-ix material. IheETAincreasebegins at the follcwing 

temperatures for each matrix: 250% (KN03); 270°C (I<& and K2Cr04'; 285% (K2S04) 

and 290°C (KCl). All of the rmtrix materials exhibited intermediate peaks in 

the!ZCAcurve exceptIU?03,tiichgave only aprommced increase inECtoamx- 

imnvalueof100 A. ?heETAcmres allincreasedwithteoperature inthe 

40CPCtmperature range except that for the Kclmtrix. ulfortunately, it is 

not possible at this time to interpret the reactions responsible for the occur- 

ence of the ETA curve peaks in the KCl, KBr, K2CkO4 and K2SO4 matrices. All 

of the peaks are related, of course, to the fonmtio of conducting phases formed 

as intmdiates inthethermldissociationreactions. 

In 1980, a new ETA technique ws developed t181 in kich the PIF generated by 

a themsldeccq7ositionreaction~s recordedas afunctionofsanple tenpera- 

ture. This technique, *hi& was *led "theznwoltaic detection“ (TVD), has 

beenusedto characterize awidevarietyof inorganic, organic am3polyueric sub- 

stances. 3heEMFis generated by the saqleundergoingathemaltransition 

(fusion, themal dissociaticn, etc.) in contact with tw dissimilar electrodes 
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(usually platinm and aluzinun, respectively), as show in Fig. 8. Ihe rragnitude 

Fig. 8. Schematic diagram of 
TVD electrode arrange- 
ment [?3]. Al-t===1 

SAMPLE 

Pt 

of the EMF signal is surprising in that it varies fran 0 to 1.2 volts. Most TA 

techniques, it will be recalled, detect and/or record micrmolt or millivolt 

signals, as generated by sane physical paranzter of the systan. Thus, to record 

signals of this rragnitude as a function of tmperature, a less canplex apparatus 

could be employed. The TVD curves of these typical caqxwn& are shown in Fig. 

9. 'Itm of the caipounds are mtsl salt hydrates, NiSO& . 6 H20 and Cos04 . E-LO. 
L ’ 

Fig. 9. 

while the third is a pyridine caqlex, Ni(py)4C12. For NiS04 . 6H20, a shoulder 

peak at 119'C and tm peaks at 135 and 160°C, respectively, are observed in the 

curve. 'Ihese peak ubaxinn agree with the concurrent DTA curve (not shoxn) ob- 
-1 

tained on a disk sanple at the szmxz heating rate of 10°C min . In the case 

of coSO& . "20, tm major peaks are observed in the TVD curve, at 109 and 

122'C, respectively. Ihese tm peaks occurred at a tmch 1-r temperature than 

those found in the corresponding DTA curve (136 and 150°C, respectively). 'Jhe 

evolutionofwmx is not necessary in order to generate anD4Ffranthe elec- 

trode systm eqloyed, as is illustrated by the TVD curves of Ni(py>&12. Bm 

peaks are observed in the curve at 144 and 165"C, respectively. In this tanper. 

aturerangetheDTAcurve(notsh~)contained~enQtherndcpeaks,with 
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peak minim at 144 and 183"C, respectively. 

The thermvoltaic detector (TVD) appears to have rather general utility in 

the investigation of various types of thermal decanposition reaction. It has 

been applied to the study of the them1 

ganic acids [ZO], coordination ccanpouncLs 

others. 
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