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The scarcity of strategic critical minerals, such as platinum (Pt) and palladium (Pd), combined 

with their extensive applications in catalytic technologies, particularly automotive converters, 

has driven the development of alternative recovery strategies from waste sources. Deep 

eutectic solvent (DES)-based metallurgical approaches offer greener and more selective 

alternatives to conventional recovery techniques. 

This work developed two novel carvacrol-based DESs, denoted TOCA and LICA, designed for 

the selective mutual separation of Pt(IV) and Pd(II) from acidic leachates via solvent 

extraction. An integrated computational-experimental framework, combining COSMO-RS 

thermodynamic modelling with DSC and FT-IR characterisation, confirmed strong hydrogen-

bonding interactions and non-ideal behaviour within both DES systems. TOCA (𝑥TOPO = 0.40) 

exhibited high selectivity towards Pt(IV), recovering 79.23% Pt and 18.74% Pd from 2 M HCl. 

In contrast, LICA (𝑥Lid = 0.50) achieved almost complete Pd extraction from 0.25 M HCl, with 

only 26.43% Pt co-extracted. FT-IR, UV-visible spectroscopy, and pH analyses proposed a 

neutral ion-pairing association mechanism involving proton co-transfer. Both DESs 

demonstrated effective stripping performance; TOCA retained its selectivity across five 

recycling cycles, whereas LICA exhibited lidocaine leaching, necessitating compositional 

optimisation. These results establish carvacrol-based DESs as promising, recyclable media for 

closing the loop in greener platinum group metal separations. 

 

 

 


