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Report: 
We measured samples of Pd-based and Au-based metallic glasses while applying continous heating/cooling 
ramps. The main objectives of the experiment were: 1) to prove that the supercooled liquid dynamics of metallic 
glass-forming melts can be resolved during constant heating experiments and, taking profit of this strategy, 2) 
to investigate the liquid-liquid transition of Au51.6Ag5.8 Pd2.4Cu20.2Ga6.7Si13.3 (NGL6) and related alloys. 
 
The experiment was successful. The intensity time 
correlation function 𝑔𝑔2(𝑞𝑞, 𝑡𝑡) = 1 + 𝑎𝑎|𝑔𝑔1(𝑞𝑞, 𝑡𝑡)|2 while 
applying temperature ramps at constant rate can be 
modelled taking into account two contributions. Firstly 
the decorrelation due to the thermal expansion of the 
furnace-sample system. This decorrelation is similar to the 
one expected for a drift (or collective velocity) of the 
scattering particles: |𝑔𝑔1(𝑞𝑞, 𝑡𝑡)|2∝exp[−(𝜀𝜀̇𝑡𝑡)2], with 𝜀𝜀̇ 
proportional to the collective velocity. This type of 
decorrelation is clearly observed in the time correlation 
functions obtained at low temperatures. Applying the 
usual analysis of fitting to a KWW funciton: 
|𝑔𝑔1(𝑞𝑞, 𝑡𝑡)|2=exp�−2(𝑡𝑡 𝜏𝜏⁄ )𝛽𝛽�, the collective drift due to the 
movement of the whole system during the temperature 
ramp is characterized by an exponent 𝛽𝛽=2. Fig. 1 shows 
this type of reponse at low temperatures, where the 
intrinsic dynamics of the material are much longer than 
the decorrelation produced by thermal expansion, and 
only this latter contribution can be observed. 
 

 
Fig. 1. Relaxation time and stretching KWW 
exponent of the Pt42.5Cu27Ni9.5P21 glass at low 
temperatures. 
 



At higher temperatures, as soon as the intrinsic dynamics 
become of the same timescale (or shorter) than the 
experimental decorrelation, they start to be visible and the 
XPCS signal can be modelled considering |𝑔𝑔1(𝑞𝑞, 𝑡𝑡)|2 ∝
exp�−2(𝑡𝑡 𝜏𝜏′⁄ )𝛽𝛽′�exp[−(𝜀𝜀̇𝑡𝑡)2] , where 𝜏𝜏′ and 𝛽𝛽′ are now 
describing the timescale and shape of the microscopic 
relaxation dynamics. Fig. 2 shows the the evolution of 
temperature in the supercooled liquid region of one of the 
tested samples. 
 
 
 
 
 
 
 
 
 
The data of the different metallic melts measured in the 
experiment is still under analysis. For the NGL6 alloy, 
preliminary analysis show that the supercooled liquid 
relaxation dynamics can be well resolved showing a 
change in fragility, presumably associated to a fragile-
strong viscous behaviour, at the expected temperature 
range as seen in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
The amount of data collected using this strategy of measuring XPCS signal during temperature ramps is very 
large, the anlysis is challenging and new python routines are being developed to make the procedures more 
automatic. This report will be updated in the future with further results. 

 
Fig. 2. Relaxation time and stretching KWW 
exponent of the Pt42.5Cu27Ni9.5P21 supercooled 
liquid. 

 

 
Fig. 3. Dynamics during glass transition and 
supercooled liquid regions of the NGL6 alloy 
obtained from XPCS and VFT behaviours (dashed 
lines) considering two different fragilities. 


