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In this work, we studied the adsorption and stability of the phosphonate group (R-PO(OH)2) on 
polycrystalline cerium oxide as a function of such parameters as deposition technique, non-functional 
group (R) and thermal treatment.  

The effect of the non-functional group was investigated using two molecules with similar structure 
phenylphosphonic acid (PPA) (Fig. 1a), consisting of phenyl ring and phosphonate group, and 
hexylphosphonic acid (HPA) (Fig. 1a), consisting of 6 C atoms alkyl chain and phosphonate group. Two 
deposition methods were compared, molecular deposition in ultra-high vacuum using the Knudsen cell 
(for PPA only) and deposition from methanol solution. The changes in the stability and bonding of the 
phosphonate group were studied in the temperature range 25 °C - 450 °C. All the systems were 
characterized by resonance photoelectron spectroscopy, X-ray photoelectron spectroscopy and near-
edge X-ray adsorption fine structure spectroscopy.  

The result of that experiment demonstrates that: 

- PPA and HPA bind to the surface through the phosphonate group in tridentate geometry 
independently of deposition technique and non-functional group.  

- The phosphonate group on CeO2 is more stable for adlayers deposited from methanol solution 
(Fig. 1 b). PPA deposited in UHV desorbs/decomposes constantly upon annealing (Fig.1. b, c 
red line). While PPA deposited from solution demonstrates higher stability up to 400 °C (Fig.1. 
b, c blue line).  

- The stability of the phosphonate group is affected by the non-functional group of a molecule. 
HPA with an alkyl chain (Fig. 1. green line) is less stable than PPA deposited from methanol 
solution and decomposes/desorbs after 225 °C. 
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Fig. 1. a) Phenylphosphonic acid and hexylphosphonic acid; signal intensity evolution of b) P 2p and c) C 1s core 
levels measured using 230 eV and 410 eV photon energy, respectively. 
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