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SUPPLEMENTARY INFORMATION 

 

 
 
a. Photoirradiation Experiments  

The irradiation cycles have been carried out with a LOT Oriel Spectraluminator.  

This apparatus incorporates a lamp, filters and a monochromator allowing for irradiation at  λ = 360 and 450 nm with a 

power of 8.79 mW/cm2. The bandwidth of the light source in the UV/Vis region was 5 nm.  The UV/Vis spectra have 

been recorded with a Kontron Uvikon 931 spectrophotometer. The trans-cis photoisomerization of the AZO SAMs “ex 

situ” has been followed from the spectral variation recorded under irradiation of the sample inside the 

spectrophotometer. In order to reduce the interference of the metal surface plasmon absorption band, the 

photoisomerization of the SAMs has been measured as spectral differences. Measurements on SAMs on Au substrates 

were carried out under nitrogen in order to avoid the substrate oxidation. Irradiation times, which are indicated in the 

captions, are dictated by the light intensity, the absorbance of the metal surface, and the kinetics and thermodynamics of 

the photoconversion. The reaching of the photostationary state has been indicated by no further changes in the UV-Vis 

spectra under irradiation. In a detailed study [1] of the photoisomerization of the AZO SAMs, we have indicated that at 

the photostationary state the yield of photoconversion is close to 98%.  

The experimental set-up used to perform the photoisomerization of the AZO SAMs incorporated into the assembled 

junction and the relative current-voltage measurements is depicted in Fig SI1.  

For the irradiation in-situ, the light beam was directed (using a turnable mirror) through the transparent Au(111) 

surfaces to irradiate the SAMAZO.  
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Figure SI1. Photographic image of the experimental set-up used to perform the current-voltage measurement in the 

Au-SAMAZO//SAMC12-Hg junction. A turnable mirror allowed either to collect the images of the contact area (position 

displayed in the photography) or - after turning by 90° - to direct the light beam of the lamp (right side of the 

photography) onto the sample to irradiate the AZO SAM trough the gold surface inside the assembled junction  (in situ 

experiment). The image at the top-right shows a magnified picture of the junction. The image at the bottom-right 

represents a schematic illustration of the interface of the Au-SAMAZO//SAMC12-Hg junction.  

 

b. Control experiments 

To evaluate possible effects of local heating or of the electromagnetic field induced during the irradiation process, we 

have performed current-voltage experiments on junctions incorporating ter-phenylthiolate SAMs under irradiation. The 

recorded I-V curves did not show any changes under irradiation at the same wavelengths and time used to irradiate the 

SAMAZO. 

 

c. Calculation of the performed force per AZO-molecule FM: 

When the SAM changes conformation from cis to trans, it acts as a “cargo lifter” by lifting the Hg drop.  The volume of 

the Hg (radius ~ 1.5 mm) is ~1.4x10-8 m3 and has a mass of ~2.4x10-5 kg (density of Hg, 13546 kg/m3).  The SAM, 

therefore, lifts a “cargo” mass of ~1.9x10-4 kg.   

The total downward force acting on the SAM is actually much larger than that arising from just the mass of the Hg; this 

suggests that the SAM is capable of lifting even larger “cargo” loads.  Since the Hg drop is essentially static, a force 

balance dictates that the pressure inside the drop, Pin (note: this is the force per area acting on the SAM), is equal to that 
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outside the drop, Pout, plus the pressure drop across the interface, ∆P (Figure SI2b).  The pressure drop across the 

interface can be estimated using the classic Young’s-LaPlace equation. 

R
2PPP outin
γ=∆=−  

Here, γ is the surface tension (~0.480 N/m for Hg) and R is the radius of curvature of the drop.  We found that the Hg-

SAMC12
 / solvent interface can be fit with a circle whose radius of curvature is equal to the radius of the drop (~1.5 

mm).∗  We estimate therefore that the pressure inside the drop is ~640 N/m2 larger than that outside the drop.  

To determine Pin, we must first solve for Pout.  The pressure outside the Hg drop is simply the sum total of the 

atmospheric pressure (Patm~101325 N/m2) and the gravitational pressure from the solvent (ρgh, 78 N/m2, assuming a 

bath of solvent that is ~1 cm deep).  The total pressure in the drop, Pin, is therefore ~102043 N/m2.  The average force 

acting on a molecule can be calculated from the coverage density.  Given the unit cell parameter of two molecules on 

Au(111), (a = 0.81·10-9 m; b = 0.62·10-9 m; α = 88°), the area covered by two molecules is A(two molecules) = b·sin α·a  = 

5.0·10-19 m2; the area covered by one molecule is therefore half this number: ( )
219

molecule m105.2A −⋅= .  The number 

of molecules per unit area on the substrate is simply the inverse of this number (n = 4.0x1018 molecules/m2).  The force 

(exerted by the Hg) per SAM molecule, FM, amounts to:   
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When the SAM switches from cis to trans, it must exert an upward force that is larger than 26 fN to displace the Hg.  

Previous AFM studies show that the AZO conformational change generates a relatively large force per molecule (~10-12 

N).[3]  Although these measurements were done in contraction mode (trans to cis), the fact that the forces are two orders 

of magnitude larger than those calculated here suggests that the SAM should have no problem displacing the Hg above 

it and that these estimates are reasonable.    

                                                 
∗ This form of the Young’s-LaPlace equation assumes a constant radius of curvature throughout the drop.  For 
thoroughness, we performed a rigorous fit [2] of the curvature of the drop.  Based on this fit, the pressure at the base of 
the drop is ~103,453 N/m2, a value that is approximately equal to that using a constant radius of curvature.   
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Figure SI2: Schematic representation of the Hg drop – SAM configuration in (a) cis and (b) trans conformations. In 

both cases, the drop has a radius of R since the geometry does not change significantly during the conformational 

change (the volume displaced by the SAM is ~ 2x10-5 % of the total Hg drop volume); thus, the pressure inside the drop 

is approximately constant during conformational change.  The SAM displaces Hg as it changes from cis (~1.1 nm tall) 

to trans (~1.8 nm tall).  The pressure acting on the SAM surface, Pin, must be overcome by the SAM in order to change 

conformation.  A simple force balance shows that the pressure inside the drop equals that outside the drop, Pout, plus the 

pressure difference across the interface, ∆P.  The pressure outside the drop consists of atmospheric pressure, Patm, plus 

the pressure generated by gravity acting on the solvent.   
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