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Introduction: Self-Assembled monolayers (SAMs) have 

numerous potential applications in biosensors, non-

fouling surfaces, bioactive surfaces, and drug delivery.
1
 

Although the uses of SAMs in biomedicine are rapidly 

increasing, the stability of SAMs under physiological 

conditions is a concern especially for long-term 

biomedical applications.
2
 In this study, we investigated 

the stability of alkylphosphonic acid SAMs on 316L 

stainless steel (SS) under physiological conditions for up 

to 60 days.     

Methods: As-received (mirror polished) 316L SS 

coupons (1cm × 1cm) were mechanically polished using 

1200 grit silicon carbide paper and 1μm diamond 

suspension. The polished specimens were sonicated and 

boiled in methanol for 15 min each. The specimens were 

then rinsed in double-distilled water (dd-H2O) followed 

by N2 gas drying.  SS specimens were subsequently 

immersed in a 1mM tetrahydrofuran solution of 

dodecylphosphonic acid for 48 hours. Without rinsing, the 

SAM coated specimens were annealed in a high 

temperature furnace at 120 °C for 18 hours under N2 

atmosphere. The annealed and non-annealed (SAMs 

coated but not annealed) specimens were vigorously 

cleaned in dd-H2O to remove physically adsorbed 

molecules. The specimens were then immersed in tris-

buffered saline (TBS) at 37 °C for up to 60 days. The 

specimens (n=3) were taken out at 1, 3, 7, 14, 28, and 60 

days and characterized using contact angle goniometry, 

atomic force microscopy (AFM), and fourier transform 

infrared spectroscopy (FTIR).                           

Results/Discussion: Figure 1 shows the water contact 

angle measurements of annealed and non-annealed SAM 

coated SS specimens immersed in TBS at 37 °C for 60 

days. The contact angles of annealed and non-annealed 

SAM coated SS specimens before TBS immersion were 

94.4º ± 1.6º and 92.3º ± 5.7º, respectively. No significant 

differences in the contact angles were observed for up to 7 

days in TBS. A significant decrease was observed at day-

14 for both annealed and non-annealed specimens, which 

suggest the disorder/desorption of some phosphonic acid 

molecules from the SS surfaces. However, the contact 

angles remained ≥ 80º even after 60 days of immersion in 

TBS. Figure 2 shows the AFM (tapping mode) images of 

control SS (before SAM deposition) and SAM coated 

(annealed) SS after immersion in TBS for 55 days. Fig 2b 

shows the presence of phosphonic acid molecules on the 

SS surface even after 55 days in TBS. The average root 

mean square (RMS) roughness values of annealed and 

non-annealed specimens immersed in TBS (after 55 days) 

were 3.34±0.52 nm and 3.18±0.88 nm, respectively. The 

significant increase in the RMS values when compared to 

the control SS (1.02±0.30 nm) suggests inhomogeneity of 

the SAM on the SS surfaces. Figure 3 shows the FTIR 

spectra of SAM coated (and annealed) SS specimens 

before and after immersion in TBS. The peak positions of 

symmetric and asymmetric methylene stretches were 

observed at <2850 and <2918 cm
-1

, respectively. This 

strongly suggests the presence of ordered monolayers on 

SS before TBS immersion. Although the intensity of the 

peaks for symmetric and asymmetric stretches of 

methylene groups decreased after TBS immersion, the 

peak positions (�CH2asymm<2918 cm
-1

 and �CH2symm<2850 

cm
-1

)
3
 indicated the presence of some ordered chain 

molecules on SS for 60 days in TBS.   
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Figure 1. Static water contact angles of annealed and non-

annealed SAMs coated SS before and after immersion in 

TBS. Mean ± standard deviation (n=3). The (*) symbol 

indicates statistical significant difference (p<0.05) 

between the initial and the final value at time t. 

 
Figure 2. AFM 3D height images of mechanically 

polished control SS (left) and SAM coated (and annealed) 

SS after immersion in TBS for 55 days (right).    

 
Figure 3. FTIR spectra of SAMs coated (and annealed) SS 

specimens before and after immersion in TBS for 14, 28, 

and 60 days.  

Conclusions: Phosphonic acid SAMs remained ordered 

and bound to the SS surfaces for 60 days under 

physiological conditions, although some molecules were 

desorbed from the surfaces day-14 onwards. 
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