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1. Introduction – Two-dimensional materials have gained the interest of the scientific community for 

their wide range of applications, particularly in the field of electronics, optoelectronics, and sensing. [1-2] 

Among them, graphene, a single layer of sp2 – hybridized carbon atoms arranged in a honeycomb lattice, 

presents peculiar electronic properties, such as the absence of an energy gap between the valence and 

conduction bands at the K point of the Brillouin zone. Functionalization can tune the properties of such 

material, for example by opening a band gap or altering the charge carrier concentration through doping. 

Heterojunctions between graphene and organic layers, or nanoparticles, have been investigated for their 

response as gas sensors toward several analytes of relevant biological importance. [3-4] 

The present work has the scope of characterizing a monolayer graphene sample deposited onto Si3N4, 

before and after its functionalization with a thin layer of metal phthalocyanine (MPc). This sample is a 

good candidate for the detection of ammonia and, when addressed with ultrashort laser pulses, it 

generates a photocurrent, that can be collected from the electrical contacts placed on the graphene layer. 

Thus, this study wants to make a contact point between the experimental evidence of the generation of a 

photocurrent, and the good sensing performances, ultimately analyzing the voltage variation in ambient 

air conditions and in presence of a saturated atmosphere of NH3. 

2. Experimental - Ni (Acros Organics, 95%) and Co (Sigma Aldrich, 97%) Phthalocyanine powder have 

been sublimated in ultra-high vacuum conditions using a home-made evaporator. Raman spectra have 

been acquired with a Renishaw InVia Raman microscope, equipped with a He−Ne laser (λ = 632.8 nm). 

AFM images have been acquired with a Park NX 10 AFM system in the non-contact mode. Gas sensing 

measurements have been collected on a specifically designed circuit board, connected through a National 

Instrument shielded I/O connector block and a data acquisition board. Time-resolved photoconductivity 

measurements have been collected using a 1 kHz Ti:Sa amplified laser system (Coherent Mira), 

fundamental wavelength of 795 nm, and pulse duration of about 100 fs. An optical parametric amplifier 

(TOPAS) allowed selecting the wavelength in a range between 1150-1600 nm, doubled by generating the 

second harmonic with a BBO crystal. The photoconductivity signal is recorded as a voltage variation 

through an oscilloscope (Tektronix). 

3. Results and Discussion – The functionalized samples have been prepared by thermal evaporation in 

ultra-high vacuum conditions, applying an Al mask to limit the deposition to the central region. Pristine 

and functionalized samples have been chemically and morphologically characterized through Raman 

spectroscopy and AFM, confirming the formation of a 15 nm thick layer of MPc (M = Co, Ni) on the 

graphene. Gas sensing measurements demonstrated that these samples could detect ammonia with a 

remarkable detection limit lower than 1 ppm. Finally, the time-resolved photoconductivity has been 

measured for the three samples, both in ambient air conditions and in presence of an NH3 atmosphere, 

varying the laser power from 10 to 600 μW and the wavelength from 575 to 800 nm. The signal consisted 

of an instantaneous drop in the voltage, followed by a recovery in hundreds of microseconds, with the 

evidence of a fluence dependence. The contribution of the gas is twofold: besides the dynamic variations, 

also the static change in the resistance is measured through the increase in the baseline value. 

4. Conclusions - These preliminary results have confirmed the good performances of the graphene-MPc 

junction for gas sensing purposes, and we demonstrated that the photogenerated current in such graphene-

based sensors is influenced by the interaction with the gas and can be exploited for the ultrafast detection 

of target analytes once a proper calibration curve is drawn. 
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