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Fig. 1. DSC curves of PdyNiyPsy, Pdy;o5Niy; 5P 175,
PdyssNiypsP15 and Pdy3NipgCugsPyy at a heating rate of
20 K/min.
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Fig. 2. Three-dimensional overlay plots of S(Q): (a) Pdy;.95Niy105P17.5; (b) PdygsNig5P15-
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Fig. 3. Overlay of S(Q) plots for four metallic glasses: (a) Pd;oNiyPap; (b) Pdy; 95Ny 05P17.5 (€) PdyosNigg P15 (the black square
area in the figure highlights the positions of diffraction peaks undergoing discontinuous changes); (d) Pdy3NiyCuyPyq.
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Fig. 4. Comparison of the difference curves of S(@) before
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Pdys 5Niy 5P15; the vertical dashed lines indicate the peak temperature of the anomalous exothermic event (7).
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Fig. 10. Evolution of the proportions of different atomic connection modes with temperature and schematic diagram of Gaussian fit-
ting for the second peak of G(r) for four metallic glasses: (a), (b) PdyNigPqy; (¢), (d) Pdy;95Nig105P 1755 (e), (f) PdyssNigosPis;
(g), (h) Pd3NiyCuy;Pyy (in the four-peak fitting, the fitted area of the 4-atom connectivity pattern approaches zero, resulting in an
extremely low amplitude of its corresponding Gaussian curve, which is therefore not prominently displayed in the figure).
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Abstract

The structural stability of metallic glasses (MGs), a key requirement for their practical application, can be
significantly enhanced by accessing low-energy configurational states. The reentrant glass transition offers a
promising route toward achieving such ultrastable glassy configurations. However, the atomic-scale topological
mechanisms underlying this anomalous macroscopic behavior remain poorly understood. In the present work, we
systematically investigate the composition-dependent transition behaviors of a series of Pd-Ni-P metallic glasses
(PdyoNiggPsg, Pdyy 95Nigg 95P 175, Pdys sNig sP15, and PdysNiyyCuy,Pyg) to elucidate the microscopic physical origin
of the reentrant phenomenon and its role in the formation of ultrastable glasses. Samples were prepared via arc-
melting and characterized through differential scanning calorimetry (DSC) and in situ high-energy X-ray
diffraction (HE-XRD) at a synchrotron radiation facility. DSC results show that Pdy; 95Nig05P175 and
Pd s 5sNiys 5P 15 exhibit distinct anomalous exothermic peaks within the temperature range between the glass
transition temperature (7,) and crystallization temperature (7), which are located at 611 K and 601 K,
respectively. The associated configurational enthalpy changes account for only 10%-20% of the crystallization
enthalpy, thereby ruling out the occurrence of phase separation or macroscopic crystallization. In contrast, no
such intermediate events were observed for Pd,oNi oPyy and Pdy3NiyCuy;Pyy. In situ HE-XRD measurements
confirmed the absence of crystallization during these exothermic processes. Instead, profound structural
evolution was observed: the intensity of the first peak in the structure factor S(@) increases by up to 29% (for
Pdys 5Niyy 5P15), while its full width at half maximum (FWHM) decreases significantly by 38%, indicating highly
enhanced short-to-medium-range order. Furthermore, analysis of the reduced pair distribution function G(r)
revealed a dramatic restructuring of atomic cluster connectivity during the transition. Specifically, an increase
in l-atom (vertex-sharing) connections and a concurrent decrease in 2-atom (edge-sharing) connections were
confirmed, which point toward the formation of a more ordered medium-range topological network. The key
findings of this work are as follows: 1) Composition-specific macroscopic response, the reentrant glass transition
exhibits a strong composition dependence, occurring specifically in Pdy; 95Niyq 95P 175 and Pdys sNiys sP15 while
remaining absent in Pd,NiszPsy and Pdy3NiygCuyyPjg; 2) microscopic structural origin: the anomalous exotherm
fundamentally corresponds to an intrinsic amorphous-to-amorphous polymorphic ordering process within the
glassy state; 3) topological restructuring mechanism: the transition is governed by the evolution of atomic
cluster connectivity modes, which drives the amorphous network toward an ultrastable low-energy configuration.
These findings provide atomic-level insights into the reentrant transition mechanism and offer valuable

guidelines for the rational design of metallic glasses with tailored stability.
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