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A Ni2MnGa single crystal is being studied by high precision capacitance 
dilatometry. The strain vs. temperature curves along the three directions of the 
single crystal were measured. It was found that the martensitìc transformation is 
very sensitive to the stress field. The intermediate transformation is a weak, first 
order transformation. Capacitance dilatometry is an effective technique to study 
the precursor transformation in Ni2MnGa. 

 
1. Introduction 
 The Heusler alloy Ni2MnGa is a ferromagnetic shape memory alloy.  It exhibits giant 
magnetic-field-induced strains at room temperature, resulting in its potential commercial 
application as a magnetically-driven actuator.  Due to this technological application, Ni2MnGa 
has received considerable attention recently.  

At temperatures above the martensitic transformation, Ni2MnGa exhibits pronounced but 
incomplete premonitory phonon softening of the [ζζ0] TA2 bulk phonon mode at ζ = 0.33 [1]. It 
is suggested that a pre-martensitic phase occurs as a result of the anharmonic coupling between 
this phonon mode with homogeneous deformations associated with the elastic constant c׳ = 
(c11-c12)/2 [2]. The pre-martensite phase can be described by an orthorhombic unit cell with 
lattice parameters cubicortho aa 2

1= , cubicortho ab 2
3=  and cubicortho ac =  [3]. The pre-martensitic 

transformation is a weak, first order transformation. It is hard to use conventional techniques, 
such as DSC [4], to detect the transformation.  
  Capacitance dilatometry is a convenient technique to measure the coefficient of thermal 
expansion (CTE) and its variation with temperature [5]. The main advantage of dilatometry is 
its precision for the detection of sample length change. In a previous study by one of the 
present authors, a departure from cubic symmetry of the parent phase for a martensitic system 
at temperatures well above the traditional transformation temperature was observed [6]. In 
addition, the level of thermal strain along a particular crystallographic direction can be 
controlled by the applied stress [6]. Thus, this technology could be a useful method to detect 
the precursor effects in association with the martensitic transformation in Ni2MnGa. In the 
present paper, the thermal strain of a Ni2MnGa single crystal was studied using capacitance 
dilatometry. Special interest was focused on the strain behavior around the precursor 
transformation. 
 
2. Experimental 
 A Ni2MnGa single crystal was used in the present study. The intermediate transition 
temperature is 237 K [7]. A right prism of material, having {100} faces, was spark machined 
and the respective opposite faces lapped to be flat and parallel to within a few minutes of arc. 
The lengths of the crystal along each cube axis was sufficiently different to enable them to be 
consequently identified as [001], [010] and [100], and for the convenience of data presentation 
are labelled the a, b and c directions. The thermal strains along all three directions were 
measured by capacitance dilatometry.   
 
3. Results 
 The results for direction a are presented in Fig.1. No obvious change in the strain vs. 
temperature curve is observed when the precursor transformation occurs at 237 K. Only a 



slight change in the slope of the curve can be found. This is same for directions b and c (Figs 2 
and 3). One very interesting thing that can be noticed is that the transformation strains for 
martensitic transformation are different in different thermal cycles. Sometimes the sample 
shrinks, sometimes the sample expands. The magnitudes of the transformation strains in 
different thermal cycles are also different, normally less than 0.5%. The results for direction b 
are similar to those for direction a. However, for direction c, in which direction a total of five 
thermal cycles were measured, the sample always expands. The magnitudes of the 
transformation strains for direction c also vary from one thermal cycle to another.  
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Fig. 1. The change of strain with temperature 
along direction a.  

Fig. 2. The change of strain with temperature 
along direction b. 
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Fig. 3. The change of strain with temperature 
along direction c.  

Fig. 4. The comparison of the strain vs. 
temperature curves among the three different 
directions for the initial cooling cycle in each 
case. 

  
 In the present study, we did not move or touch the sample during each thermal cycle. 
Then the only possible reason for such uncertainty in the transformation strain is the change of 
the internal stress field, which was caused by the new-born defects induced during thermal 
cycles. That the sample always expands in direction c upon cooling might be attributed to a 
stronger residual tensile stress along this direction, which might be produced during crystal 
growth or heat treatment. The experimental results demonstrate that the martensitic 
transformation in Ni2MnGa is very sensitive to the stress field. 
 The comparison of the strain vs. temperature curves among the three different directions 
is shown in Fig. 4. At temperatures above martensitic transformation, the curves coincide with 
one another very well. It could be noticed that the start and finish temperatures for the 



martensitic transformation, Ms and Mf, for direction b are lower than those for the other two 
directions, which might also be caused by the anisotropic internal stress field.  

200 210 220 230 240 250 260 270 280
1.2

1.4

1.6

1.8

2.0

2.2

 

 

α
 X

10
5  (K

-1
)

Temperature (K)

 
Fig. 5. The coefficient of thermal expansion along direction a. 

 
 The coefficient of the thermal expansion (CTE) is obtained by differentiating the strain 
vs. temperature curve. The CTEs for the three different directions are very similar. Hence, only 
the CTE for direction a is plotted in Fig. 5. A small peak could be observed between 235 K and 
250 K. This testifies that the intermediate transformation is a weak, first-order transformation 
[4]. The intermediate transformation temperature is 237 K for the sample.  This means 
capacitance dilatometry is an effective technology to examine the intermediate transformation 
in Ni2MnGa.  
 In summary, capacitance dilatometry was used to study the phase transformation in a 
Ni2MnGa single crystal. It was found that the martensitic transformation in Ni2MnGa is very 
sensitive to the stress field. The intermediate transformation is a weak, first order 
transformation. Capacitance dilatometry is an effective method to study the intermediate 
transformation in Ni2MnGa alloy. Further work on the present research will focus on using 
capacitance dilatometry to study the influence of external stress and/or magnetic field on the 
precursor transformation. 
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