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Abstract 
Three samples of Cu(OH)2 and FeBr2 mixtures, and two samples of FeOOH were tested using 
DSC here at UIUC.  Samples were measured and mixed here on-site and tested in the university 
DSC lab.  Indium calibrations were included in the test series to calibrate the instrument 
response.  Cu(OH)2/FeBr2 samples yielded  101, 143, and 148 J/g irreversible exothermic peaks 
around 150 °C.  FeOOH samples yielded 135 and 125 J/g exothermic peaks near 265 °C.  All 
measured values are far more exothermic than the predicted thermochemistry.    

Instrument Information 
The instrument used was the Perkin Elmer Diamond DSC pictured below.  This is the same 
system as used previously.  The software used for instrument control was Pyris.  The system had 
the following specifications: 

o DSC Type: Power-compensation temperature null principle. Measures temperature and
energy directly, rather than differential temperature (DT).

o DSC Cell: Independent dual furnaces constructed of platinum-iridium alloy with
independent platinum resistance heaters and temperature sensors with furnace mass less
than 1g.

Temperature Sensor: Distributed, Platinum Resistance Thermometers for best linearity.

o Temperature Range: -70 ºC to 730 ºC

o Calorimetry Accuracy / Precision: < +/- 1% / < +/- 0.1%

o Scanning Rates Heating/Cooling: 0.01 ºC to 500 ºC/min



Testing Conditions 
For all tests, the conditions were as follows: 

Equilibrate at 30 °C for 15 minutes 
Heat to the peak temperature at 10 °C/min 

Cool back to 30 °C at  10 °C/min 
Equilibrate at 30 °C for 10 minutes. 

Peak temperatures were as follows: Indium calibrations: 280 °C, Cu(OH)2/FeBr2: 300 °C, 
FeOOH: 400 °C. 

The tests used gold plated, pressure sealed crucibles from Perkin Elmer, prepared according to 
the instructions provided by the manufacturer.  The only material in contact with the samples 
was gold. 

The experiments were conducted in two stages, with a four test series followed by a three test 
series.   Each test had a separate indium calibration.  Conditions for the test series are as follows: 

Indium calibration:  7.3 mg 
Series 1: 

Cu(OH)2:FeBr2
Cu(OH)

: 6.0 mg 
2:FeBr2

FeOOH: 11.6 mg 
: 10.2 mg 

Cu(OH)2:FeBr2 samples were extracted from larger, hand-mixed mixture of mass ratio 1:2.36. 

Indium calibration:  9.3 mg 
Series 2: 

Cu(OH)2:FeBr2
FeOOH: 9.9 mg 

: 12.0 mg 

Cu(OH)2:FeBr2 sample was extracted from larger hand-mixed mixture of mass ratio 1:2.37. 

Results 
Results are shown in the appended plots.  Indium calibrations were fairly straightforward and 
showed the expected peaks on heating and cooling.  These peaks were used to extract the system 
constant.  The linear background assumption was typically sufficient for these tests. 

Cu(OH)2:FeBr2 mixtures showed a sharp exotherm at around 150 °C, with a shoulder at around 
135 °C, and another shoulder or separate peak at 170 °C.  These tests were typically processed 
with a quadratic fit, which was performed separately on first and second peaks in cases where the 
two peaks were resolved.  This approach to background is conservative (i.e. yields a weaker 
exotherm than a linear approximation).  All exothermic features were irreversible and did not 
appear in the cooling traces.   The results for these tests were as follows: 



  1 6.0      2.36 101 
Series Sample Mass(mg) Mass Ratio Heat Release (J/g) 

  1 10.2      2.36 143 
  2 12.0      2.37 148 
FeOOH samples showed a single, broad, cleanly resolved, irreversible exotherm at 260 °C in 
both test series.  Sample masses of 11.6 and 9.9 mg yielded 135 and 125 J/g heat release. 

Analysis: 
BLP provided the calculations shown below for the theoretical energy output from these systems. 

The calculations for FeOOH are probably too exothermic.  Following reference [1], most 
pathways of decomposition of either FeOOH phase to most phases of Fe2O3 and water are 
endothermic.  Indeed two previous studies on DSC of γ-FeOOH showed endotherms at around 
260 °C, where we observe exotherms [2,3].  This is quite peculiar.  Our results differ 
significantly from previous published work. 

For the copper hydroxide/iron bromide mixture, the analysis seems reasonable, and the 
experiments are far in excess of any reasonable product pathway for species with known 
thermodynamic data.  There is some uncertainty in the hydrate heats of formation, and other 



possible species may exist.  In addition, a botallackite-type product (with Br instead of Cl) may 
be present, though I have been unable to find thermochemistry (heat of formation) for such a 
product, though other studies of Cu2(OH)3Br are presented in the literature.   Still, one would 
have to find an exothermic pathway far more energetic than the proposed pathways in order to 
account for the DSC results.  
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FeBr2 + Cu(OH)2, 2.36:1 mass ratio, 6.0 mg total mass
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FeBr2 + Cu(OH)2, 2.36:1 by mass, 10.2 mg total
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Indium BG Fit
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FeOOH Quadratic BG Fit
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Indium 9.3 mg
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Copper Hydroxide:Iron Bromide; 12.0 mg; 1:2.37 by mass

Temperature (C)

80 100 120 140 160 180 200 220

H
e

a
t 

F
lo

w
 (

m
W

 -
 e

n
d

o
 is

 u
p

)

-6

-5

-4

-3

-2

-1

0



12.0 mg  Cu(OH)2:FeBr2

1:2.37 mass ratio;  148.3 J/g
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