
Journal o f  Thermal Analysis, Vol. 2 (1970) 159-- 163 

DI F FERENTIAL THERMOANALYTICAL STUDIES OF 

FROZEN FERROUS PERCHLORATE SOLUTIONS 

G. NAGY and I. Dt~zsI* 

Technical University, Budapest, Hungary 
* Central Research Institute for Physics, Budapest, Hungary 

(Received December 10, 1969) 

It  is inferred from the thermoanalytical  data obtained on 0.2-4.0 M solutions of 
Fe(C10~)2 which are frozen under  non-equil ibrium conditions that  the phase containing 
the solute ions turns into a glassy state below -- 95 ~ On the warming of these solutions 
exothermic and endothermic processes are observed which can be related to the effects 
observed by the nuclear gamma resonance method. 

Introduction 

Recent MSssbauer studies of frozen aqueous solutions of Fe(II), particularly of  
Fe(C10~)2 and FeC12 [ 1 -  5], have furnished new information about the structures 
of  these solutions. For  the better understanding of some new data, it seemed 
necessary to study the phase transitions in these systems under non-equilibrium 
conditions by the use of other methods. For  this reason thermoanalytical studies 
were performed on aqueous solutions of Fe(C10~)2. 

Experimental 

For the differential thermoanalytical (DTA) measurements an apparatus 1 was 
used which consisted of a brass cell of controlled temperature, housing a glass 
ampoule containing the sample, and copper constantan thermocouples connected 
to two compensographs covering the range from 0.1 to 5 mV (Laboratorni Pristroje 
N. P. Type E Z - 3 ) .  One of the compensographs recorded the difference A t between 
the temperatures of the sample and the brass cell, the other the temperature of  
the brass cell vs. time t(z). Purity grade reagents were used throughout. The 
volume of the samples was either 1.2 or 2.5 ml. 

Experiment 1. The samples were immersed in liquid nitrogen, then left to warm 
spontaneously in the brass cell at a rate of about 1.0~ During this period the 
DTA curve was measured. 

1 The apparatus used for the thermoanalytical  measurement  will be described in another  
paper. 
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The DTA curve in Fig. 1 was obtained for a sample of  1 M Fe(C104)2 �9 6 H20. 
This pattern is typical for a fairly wide [0 .2 -4 .0  M Fe(C104)2 �9 6 H20] range of 
concentrations. For  easier reference the three peaks apparent  at temperatures 
below 0 ~ are numbered. Peaks 1 and 2 are characteristic of  endothermic, peak 3 of  
exothermic processes. 
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Fig.  1. D T A  curve measured  on  1 M Fe(C104)2 �9 6 H20  solut ion f rozen  in l iquid n i t rogen.  
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Fig. 2. D T A  vs. t ime curve measured  on 1 M Fe(ClO4)z solut ion f r o z e n t o  - -  196 ~ then  ther-  
mos ta t ed  at 94 ~ 

E x p e r i m e n t  2. The sample was cooled to - 7 8  ~ then kept at this tempera- 
ture for a few minutes before the gradual warming. The DTA curve in this case 
exhibits a single peak having the same characteristic temperature 2 and shape as 
peak 1 in Fig. 1. 

E x p e r i m e n t  3. The sample was cooled to liquid nitrogen temperature and 
thermostated at - 9 4  ~ while the A t  - z curve was being measured. After an incu- 
bation period of about  30 min the onset of  an exothermic process taking about  
60 min was observed (Fig. 2). When this sample was re-cooled to - 1 2 0  ~ and 
warmed again, the DTA curve displayed only the two endothermic peaks of  

Fig. 1. 

2 The  character is t ic  t empera ture  is de te rmined  by the po in t  o f  in tersect ion of  the near ly  
l inear sect ion of  the  ascendan t  sect ion of  the peak  with the  base line. 
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In further experiments it was observed that only peak 3 has a characteristic tem- 
perature dependence on the rate of warming. I f  the rate of warming is consider- 
a n y  slower, the Characteristic temperature tends to a limit value of  about - 9 5  ~ 

In the same manner as used for the first experiment, the DTA curves were 
studied as a function of  concentration. For  dilute solutions (___ 0.2 M) the charac- 
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Fig. 3. Concentration dependence of the areas (O) below the peaks 2 and 3 

teristic temperature of peak 1 increasingly tends to 0 ~ and the area below this 
peak becomes approximately equal to that observed below the single peak in the 
DTA curve of  pure water measured under the same conditions. At higher concen- 
trations (above 4 M) the difference between the characteristic temperatures of 
peaks 1 and 2 decreases with a parallel decrease in the area below peak 1; this 
gradually merges into peak 2. The characteristic temperatures of peaks 2 and 3 do 
not vary with the concentration, but the areas below the peaks are proportional 
to the Fe(C10~)2 concentration as may be seen in Fig. 3. 

Discussion 

The thermoanalytical data can be interpreted as follows. 
1) Peak 1, appearing in each of the measured DTA curves irrespective of the 

cooling rate, can be attributed to a change in enthalpy caused by the melting of the 
ice crystals formed from the solute + solvent system. 

2) Peak 2 reflects the change in enthalpy caused by the melting of the crystals 
formed from the solution of locally eutectic composition. The melting temperature 

d. Thermal Anal. 2, 1970 



162 NAGY, DEZSI: DIFFERENTIAL THERMOANALYTICAL STUDIES 

of the eutectic mixture was evaluated from the characteristic temperature of peak 
2, as - 4 6  _+ 1 ~ in good agreement with the observed disappearance of the M6ss- 
bauer lines above this temperature, indicating that the Fe(II) ions pass into the 
liquid phase [2]. 

3) The opposite signs and the insensitivity of the ratio of the peak areas 2 to 3 to 
concentration suggest a relationship between the endothermic and exothermic 
processes. As a possible explanation it is thought that the ice crystallizes out from 
the solutions even during a fast cooling down while the solute ions remain in a 
solution of eutectic or nearly eutectic composition and become supercooled. If the 
solution is supercooled below a given temperature [this seems to be - 9 5  ~ for 
Fe(C10~)2] the mobility of both the solute ions and the water molecules will decrease 
to an extent that the solution s~lidifies to a glassy state and maintains the structure 
of the liquid phase. On the warming of the thus solidified sample the glassy solu- 
tion turns first into a high viscosity liquid which completely crystallizes out with 
eutectic structure. The heat released by the second crystallization produces peak 
3 in the DTA curve. 

It is of interest to note that the sudden change in the M6ssbauer parameters and 
the decrease in the intensity of the effect were also observed at about - 9 5  ~ If  
the solidified glassy solution is warmed, the probability of the M6ssbauer effect 
goes to zero at about - 9 5  ~ due to the melting of the glassy solution, but it reap- 
pears at hiLher temperatures at which the eutecticum crystallizes and the ion mo- 
bility decreases. The melting of solidified systems containing solute ions at about 
- 95 ~ or higher temperatures seems to be a fairly general phenomenon. A markedly 
accelerated motion of the solute ions has been observed too in the frozen solutions 
of Fe(III) [5], Eu(II) [4] and Sn(IV) [6] by M6ssbauer effect measurements, and 
in the frozen solution of Ta ions by perturbed gamma angular correlation 
measurements [7]. 

It has been found that the observed changes in the M6ssbauer parameters can be 
well connected with the thermal effects due to the phase transitions of the system. 
The changes observed in the solidified solutions in both the M6ssbauer and the 
thermoanalytical studies at about - 9 5  ~ in the range of concentrations covered 
can be attributed to a melting process and a crystallization of the eutectic mixture. 

The authors are indebted to Prof. M. Kaplan  (Yale University) and to Dr. L. Keszthelyi 
for stimulating discussions, and to Mr. I. Klimm, Miss J. Nyeste and Mr. T. Grtinstein for 
their assistance in the measurements.  
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R~SUMI~ - -  L'6tude thermoanalytique de solutions congel6es de Fe(C10~)o montre que pour 
les solutions dont la concentration du solut6 varie de 0.2 h 4.0 M, et qui sont congel6es sous 
des conditions de non-~quilibre, la phase contenant les ions dissous se transforme en un &at 
vitreux au-dessous de -- 95 ~ En chauffant ces solutions, on a observ6 des processus endother- 
miques et exothermiques qui peuvent ~tre reli6s aux effets mis en 6vidence par la m6thode 
de r6sonance nucl6aire gamma. 

ZUSAMMENFASSUNG - -  Es wurde fiber thermoanalytische Versuche mit gefrorenen L6sungen 
yon Fe(CIO~)z yon 0.2 bis 4.0 M Konzentration berichtet, die unter Nichtgleichgewichtsver- 
h~ltnissen zum Einfrieren gebracht worden waren. Es zeigte sich aus den thermoanalytischen 
Daten, da3 die geI6ste Ionen enthaltende Phase in einen glasartigeu Zustand unter --95 ~ 
iibergeht. Beim Erw/irmen dieser L6sungen beobachtete man exothermische und en:tothermi- 
sche Vorg/inge, die mit den durch Nukleargamma-Resonanz gefundenen Effekten in Einklang 
gebracht werden konnten. 

Pe3roMe - -  TepMoartaaIrITVtqeCKnM MeTO~OM r~ccne~oBam, i Bb~MOpO~eHHbIe paCTBOpbI Fe(CIOa).o 
c KOri~enTpat~r~e~ 0,2~4,0 M. Ha OCHOBaHJ,IH 3KGIIepHMeHTaTIbHbIX ~altubix c~/e~an BblBO~, HTO 
B paCTBopax, BblMOpO~enttt,IX IIpH nepaBHoBecHIalX yCJIOBH,qX, qba3a, co~ep~aman vionr,~, nepe- 
XO~VIT B cTeKnoBa~noe COCTOanHe npH TeMnepaType HvI~e --95 ~ YlpvI narpeBannvi arr~x 
paCTBOpOB Ha6~troAa~oTC~ 3K3OTepM~4~IecKH~ H 3H~OTepMHqecKH~ npoL~eccbi, HMeroLrv4e OTHO- 
iuenne IC aqb~eKTaM, ycTanoBaenUbIM MeTO,ROM ~-pe3ortanca z~pa (3~bqbeKT M~c6ayepa). 
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