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Defect Structure 
Table SI.1 - Characteristic positron lifetimes and their associated intensities obtained from the decomposition of PALS spectra (the numbers in parentheses indicate the statistical error of the obtained value). VM denotes the mean positron lifetime, defined as: VM = ∑Iiτi; with ∑Ii = 1
	%V
	1
(ps)
	I1
(%)
	2
(ps)
	I2
(%)
	VM
(ps)

	0
	191 (5)
	46 (1)
	370 (5)
	54 (1)
	287.0 (0.5)

	0.5
	216 (4)
	45 (1)
	380 (3)
	55 (1)
	309.5 (0.5)

	1.0
	227 (5)
	49 (1)
	390 (5)
	51 (1)
	309.2 (0.5)

	1.5
	218 (3)
	48 (1)
	377 (5)
	52 (1)
	300.0 (0.5)

	2.0
	207 (5)
	44 (1)
	377 (5)
	56 (1)
	302.7 (0.5)



EDS analysis 
Energy Dispersive X-ray Spectroscopy (EDS), which probes a larger interaction volume within the particles, enabled the detection and semi-quantitative estimation of vanadium content. Although the analysis is subject to limitations such as peak overlap with cerium and oxygen signals, the experimentally determined compositions follow the same trend as the nominal values. The measured vanadium contents were: 0.5% (nominal) → 0.10% (experimental); 1.0% → 0.58%; 1.5% → 0.81%; and 2.0% → 1.16%. The corresponding EDS spectra and quantitative results, obtained with a JEOL JSM-6701F system, are presented below. The discrepancy between the nominal and EDS-measured vanadium concentrations can be attributed to several factors. First, EDS has intrinsic limitations for quantifying low-concentration dopants, particularly when the vanadium content is close to the detection limit, leading to significant uncertainties due to low X-ray counting statistics and matrix effects. Second, vanadium ions may be non-uniformly distributed within the CeO₂ particles, leading to local compositional variations that are not fully represented by the limited sampling volume of EDS. In addition, partial incorporation of V ions into the CeO₂ lattice through substitutional defects can reduce the apparent vanadium signal because the dopant becomes highly dispersed at the atomic scale. Finally, a fraction of vanadium may segregate as highly dispersed surface species or amorphous phases, beyond the spatial and compositional resolution of EDS, resulting in lower measured concentrations than the nominal values.







Figure SI.1 – EDS spectra indicating the experimental doping levels of each sample (a-d).

a) Sample doped with 0.5 at. % vanadium:
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Live Time: 30.0 sec.
Acc. Voltage: 15.0 kV  Take Off Angle: 25.5 deg.  
Quantitative Results
	Element
  Line
	      Net
   Counts
	Weight %

	Atom %


	   C K
	         994
	    1.89
	    7.17

	   O K
	       9642
	  24.18
	  68.75

	   V K
	           43
	    0.11
	    0.10

	   V L
	            0
	      ---
	      ---

	  Ce L
	     21176
	  73.82
	  23.97

	  Ce M
	       6093
	      ---
	      ---

	Total
	
	 100.00
	100.00



b) Sample doped with 1.0 at. % vanadium:
[image: Histograma
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Live Time: 30.0 sec.
Acc. Voltage: 15.0 kV  Take Off Angle: 25.1 deg.  
Quantitative Results
	Element
  Line
	      Net
   Counts
	Weight %

	Atom %


	   C K
	         719
	    1.69
	    7.24

	   O K
	       6152
	  19.74
	  63.53

	   V K
	         177
	    0.58
	    0.58

	   V L
	            0
	      ---
	      ---

	  Ce L
	     18530
	  77.99
	  28.65

	  Ce M
	       3946
	      ---
	      ---

	Total
	
	 100.00
	100.00




c) Sample doped with 1.5 at. % vanadium:
[image: Gráfico, Histograma
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Live Time: 30.0 sec.
Acc. Voltage: 15.0 kV  Take Off Angle: 25.1 deg.  
Quantitative Results
	Element
  Line
	      Net
   Counts
	Weight %

	Atom %


	   C K
	         901
	    1.38
	    6.12

	   O K
	       9027
	  19.00
	  63.15

	   V K
	         367
	    0.78
	    0.81

	   V L
	            0
	      ---
	      ---

	  Ce L
	     28769
	  78.84
	  29.92

	  Ce M
	       5990
	      ---
	      ---

	Total
	
	100.00
	100.00




d) Sample doped with 2.0 at. % vanadium:
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Live Time: 30.0 sec.
Acc. Voltage: 15.0 kV  Take Off Angle: 25.1 deg.  
Quantitative Results
	Element
  Line
	      Net
   Counts
	Weight %

	Atom %


	   C K
	         653
	    1.72
	    7.20

	   O K
	       5555
	  20.34
	  64.04

	   V K
	         321
	    1.17
	    1.16

	   V L
	            0
	      ---
	      ---

	  Ce L
	     16327
	  76.77
	  27.60

	  Ce M
	       4441
	      ---
	      ---

	Total
	
	 100.00
	100.00
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