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Abstract 

Electronic transport is investigated in self-assembled gold nanoparticle-

benzenedithiol networks with tunable molecule:nanoparticle ratios (1:5-

50:1) deposited between planar electrodes. Two-terminal current-

voltage measurements reveal linearity at low bias (to ±0.3 V), and 

negative differential resistance and hysteresis at high bias (to ±5.0 V) in 

these networks. This suggests their application in molecular integrated 

circuits as memory and switching elements. Additionally, density 

functional theory is used to explore the electronic transport properties of 

gold-benzenedithiol junctions from first principles. 

• Replacing electronic components with molecule-sized analogs or 

hybrids promises to further miniaturize electronics [1]. 

• Studying electronic transport through molecules is a necessary step 

in engineering their application as electronic components [2]. 

• Measuring the electronic properties of self-assembled metal 

nanoparticle-molecular thin-films offer a way to achieve this [3]. 

• Electrical properties of gold nanoparticle-benzenedithiol networks are 

a function of molecule:nanoparticle ratio (M:N). At low biases, 

network resistance increases with M:N. At high biases, negative 

differential resistance (NDR) and hysteretic behaviours become 

evident, their markedness increasing with M:N. 

• These effects suggest that gold nanoparticle-benzenedithiol networks 

might be employed in nanoscale switching and memory applications. 
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1. Mix benzenedithiol and gold nanoparticles in solution [4] 

2. Drop solution onto patterned gold electrodes, allowing to dry 

3. Measure current as a function of voltage between electrodes 

1. Build electrode-molecule-electrode structures in software 

2. Calculate electronic transport and properties via TranSIESTA [5]  

Figure 1: Self-assembled 

1:1 30 nm colloidal gold 

nanoparticle-benzenedithiol 

networks bridging electrodes 

on SiO2/Si substrate, as 

seen (a) optically, and (b-d) 

by atomic force microscopy. 

(c-d) show networks as 

having a thin-film nature, as 

well as particle clustering 

and defects in some regions. 
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Figure 2: Linear current 

response of 1:1 and 5:1 30 nm 

colloidal gold nanoparticle-

benzenedithiol networks as a 

function of voltage at low bias 

showing decrease in current 

magnitude with increasing 

molecule: nanoparticle ratio. 

Figure 3: (a) Current response of 50:1 30 nm colloidal gold 

nanoparticle-benzenedithiol network to voltage exhibiting negative 

differential resistance (NDR), and (b) 1:5 and 50:1 samples 

displaying hysteretic behaviour at high bias (semi-log inset showing 

current magnitude). Continuous voltage sweep of (b) from 0 → 5 → 

-5 → 0 volts. NDR was only observed in 50:1 samples, with 

peaking typically between 3-4 Volts. 

Future Work 

• Experiments with other molecules and nanoparticles with the goal of 

designing specific components for molecular integrated circuits. 

(b) 

• Using first principles density functional 

theory to predict current response to 

applied voltage through networked 

molecule-nanoparticle structures, 

building on previous work [6]. 

Example transmission corresponding 

to structure shown in methods section 

previously calculated shown at left. 
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