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Diffuse Reflectance Sampling  
With an Environmental  

Temperature Chamber  
for In-situ Reaction Monitoring 
 

FTIR diffuse reflectance sampling coupled with an 

environmental temperature chamber provides a convenient 

method to study sample degradation, evaluate catalyst 

efficiency, and determine reaction pathways as a function of 

temperature and pressure. In application, Wu et al. used a 

diffuse reflectance FTIR accessory with an environmental 

chamber to evaluate modified titania catalyst for low- 

temperature selective catalytic reduction.1 Through this 

process, NOx was converted into nitrogen and water. In 

another in-situ study using a similar experimental setup, 

water-gas-shift (WGS) reaction catalyst was evaluated. The 

conversion of carbon monoxide when reacted with water 

vapor yielding carbon dioxide and hydrogen was monitored.2 

The resulting hydrogen from a WGS reaction is highly purified, 

and may be used as a green fuel. The conversion of 

biorenewable resources into value-added fuels and products 

are often accomplished through catalysis and a further 

understanding of the reaction mechanisms may be 

determined using diffuse reflectance. Chen and Ye 

investigated solid acid catalysts for the dehydration and 

chemical conversion of alcohols from biological sources.3 The 

aim of this application note is to present data from a model 

system to illustrate the use of the PIKE DiffusIR diffuse 

 

 

 
 

reflectance accessory in conjunction with the environmental 

temperature chamber. Specifically, the dehydration of 

calcium oxalate monohydrate was monitored in-situ. Calcium 

oxalate monohydrate has become a thermal analysis standard, 

and is also a primary chemical component found in kidney 

stones. 

 

Instrumentation  

The PIKE DiffusIR, a highly efficient diffuse reflectance 

accessory, was used in conjunction with the environmental 

temperature chamber. The chamber is available in three 

versions, an ambient to 500 °C, ambient to 900 °C, and a  

low temperature version from -150 to 500 °C. A vacuum of  

1 x 10-6 Torr is possible. High pressures up to 1500 psi may be 

achieved by using the high temperature chamber models with 

a high pressure adapter. Furthermore, the chamber design 

allows for reacting or inert gases to be flowed through the 

sample. 

 

Measurement Parameters  

Calcium oxalate monohydrate was mixed at a 1% level with 

KBr. The mixture was loaded into the ceramic sample cup, 

leveled using a spatula, and the cup was placed in the 

chamber. The loaded chamber was then introduced into the 

DiffusIR and secured with the push-lock-ins for a tool-less 

insertion.  

 

PIKE TempPro software was used to control the experimental 

temperature profile and data collection. Interfacing 

seamlessly with most FTIR spectrometers, the TempPro 

software triggers spectral collection as a function of time or 

temperature. In  this experiment, the sample was held at 

80 °C  for 30 minutes to remove surface water from the 

sample followed by heated to 160 °C at a rate of 5 °C/min. 

Spectra were collected every 5 °C. A constant vacuum of 
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0.1 x 10-6 Torr was applied to the chamber to remove water 

vapor throughout the experiment. 

 

All spectra were collected at 8 cm-1 spectral resolution over 

the range of 4000 – 400 cm-1. Twenty-four scans were co-

added at each sampling temperature. A DTGS detector was 

used. Due to the low energy throughput of diffuse reflectance 

sampling in general, often it is advantageous to use an MCT 

detector instead. 

 

Application Results 

The Kubelka-Munk transformation, which is commonly 

applied to diffuse reflectance data to linearize the spectral 

data, was implemented. The spectra are shown in Figure 1. 

Petrov and Soptrajanov provide a comprehensive summary of 

molecular assignments of the absorbance bands for calcium 

oxalate monohydrate.4 Most all of the absorbance bands 

between 3700 -  2800 cm-1  are attributed to H-O-H stretching, 

while  an absorbance band near 3258 cm-1 is a result of  

H-O-H bending overtone.5 H-O-H bending bands are 

located at 949 and 883 cm-1. Upon heating, bound water 

is released as may be observed by the decreasing absorbance 

bands of H-O-H vibrations as a function of temperature. The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

type of spectra collected in this application note could be 

used to determine kinetics parameters. Christy et al. offer 

kinetic models for a system as was investigated in this 

application note.5 They showed that the dehydration of 

calcium oxalate monohydrate is caused by two reactions. 

Furthermore, their study determined two different equimolar 

water molecular environments. 

 

Summary 

The PIKE DiffusIR with its environmental heat chamber and 

TempPro software provides a convenient and sensitive IR 

sampling method to monitor reactions, investigate catalytic 

activity, and to determine reaction pathways. 
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Figure 1: FTIR spectra of calcium oxalate monohydrate heated from 80 °C to 160 °C at 
5 °C/min. All spectra displayed at equivalent y-scaling. 
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