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Abstract:  Glass is among the most common materials in our everyday lives. And yet the science behind this interesting, complex and ubiquitous material is seldom considered in the undergraduate science 

curriculum. The glass transition (Tg) is both a fundamental and defining concept in understanding the glassy state. To facilitate the experimental exploration of this important topic we have developed a simple home-
built apparatus for measuring the Tg and the associated relaxation phenomena. The simple differential thermal analysis (DTA) apparatus requires only basic mechanical and electronic construction skills yet provides 
excellent resolution of the Tg for low temperature sugar glasses examined. We demonstrate the strong effect of thermal history on Tg, including both the effect of cooling rate and aging. This apparatus provides an 
interesting and intuitive path to the student’s exploration and understanding of the glassy state and provides a resource for deeper, independent and open-ended study of the relaxation phenomena, especially 
appropriate for an advanced undergraduate laboratory.

Apparatus

An aluminum bracket supports the block heater, through an insulating spacer, and  with 
ice around the base, provides a sub-ambient cooling option.  Differential thermocouple 
(TC) pair is made from a single piece of constantan wire soldered at each end to thin 
copper hookup wires. For block temperature a standard K type TC is used. Both 
thermocouple voltages are measured with home built circuits using a few simple, low-
cost IC chips. Cost of all electronic components less than $50.

Two stage circuit for amplification and
filtering of the signal from the differential
thermocouple pair. With an overall gain of
8000, the circuit output is approximately
0.335 v/ ºC for our copper/constantan pair.

Notice the clear step-like change that
occurs near 40 ºC, characteristic of a the
glass transition of a non-aged sample, with
the exception that the baselines are
typically adjusted to be flat.

Our DTA consists of monitoring the temperature difference between the sample and a 
reference material, placed in separate test tubes, while they are simultaneously heated in an 
aluminum block. Embedded cartridge heaters provides the heating. A simple variable 
transformer adjusts the heating rate. 

Motivation & Background
Motivation: While glass usually receives little to no attention in the general 

physics or chemistry curriculum, it has been an active area of research in both the 
materials and condensed matter physics communities. In fact, in 1995 the Nobel 
Prize laureate Philip Anderson opined that “The deepest and most interesting 
unsolved problem in solid state theory is probably the nature of glass and the glass 
transition."[1]. From both a technological and a theoretical perspective, glass science 
remains too relevant to be left out of our undergraduate science education.  Thermal 
analysis is one of the basic tools for studying the glass transition temperature (Tg) 
with its associated relaxation phenomena. Our DTA provides a low-cost gateway to 
this exploration.

Background:  The Tg is characterized by a step change in the slope of the Enthalpy (or 

Volume) vs temperature(T) curve. During aging the structure of glass can gradually relax to 
a denser, lower enthalpy state. A post Tg endothermic peak can be observed in aged 
glasses.  The area of the endothermic peak is a measure of the relaxation associated with 
aging and the focus of our study. While explanations for this phenomena go back at least to 
Tool (1946)[2], they still remain among “the most challenging problems in condensed 
matter physics” today (Mauro, 2014) [3].
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We have highlighted the importance of glass to our modern 
technologies and the significant questions it raises concerning our 
understanding of matter. Central to understanding glass are the glass 
transition and its underlying relaxation phenomena. To facilitate an 
empirical approach to this understanding we have designed and 
described a low-cost, home-built DTA capable of measuring the glass 
transition phenomena in simple low temperature glasses made from 
sugar and artificial sweeteners. We demonstrate how the apparatus can 
be used to engage in serious, quantitative experiments to examine the 
effect of thermal history and aging in glassy materials using this very 
accessible system. This apparatus provides a hands-on, intuitive path to 
engage the student in glass science and experimental design. In addition 
the apparatus could also provide a resource for deeper, open-ended and 
independent study of relaxation phenomena, especially appropriate for 
an advanced undergraduate laboratory. This is one of a series of 
experiments on using sugar glass and home-built apparatus to 
understand glass science. [4,5].

For block TC (K type), the AD595 IC
outputs a voltage calibrated directly with
the temperature (at 10 mv. per ⁰C).

Effect of Cooling Rate and Aging

Summary

DTA curves for slow cooled and subsequently aged 
Isomalt are shown together with the quenched result.
Slow cooling allow the glass structure to relax 
somewhat during the cooling. A post Tg endothermic 
peak is present on the slow cooled glass and grows 
progressively larger with increased aging. 
Such analysis is regularly used to examine aging in 
glassy materials including polymers.

Sketch of the home-made 
DTA apparatus (left).  
Photo of the actual 
apparatus in the middle. 
Thermocouple probe with 
fixed position holder is 
shown on the right.

The artificial sweetener, Isomalt, provides a low Tg glass that can be made in the kitchen. The granular 
Isomalt was mixed with 15 wt. % water and heated until dissolved. Continued boiling until 170 ⁰C 
removes sufficient water to achieve a room temperature glass with glass transition near 40 ⁰C. 
Vegetable oil was used as our reference material. 

Results for Isomalt Glass 

Both the block and differential (ΔT) temperatures are shown vs.
time for quenched Isomalt (right). After power-on, it takes about
2.5 minutes to achieve a constant slope in ΔT, indicative of steady
state response. Note the nearly constant heating rate of about 2.8
⁰C/min. that was achieved through simple manual adjustment of
the heater voltage.
The more conventional ΔT vs. T plot is shown below.

Output voltages from both the differential and block T circuits are logged automatically 
(Dataq DI-149 with Windaq software) and brought directly into an Excel spreadsheet, 
where the data is displayed graphically as it was taken. 

Block Temperature TC circuit  

The ΔT Circuit  

A simple baseline adjustment (flattening) is made within the Excel
spreadsheet. The baseline shifted plot for quenched Isomalt (right)
shows the classic Tg step behavior for a quenched glass. Tg is usually
taken as the midpoint value of the step, about 40 ⁰C.
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