Chemical doping of Langmuir-Blodgett assembled few-layer graphene films with Au and Li salts aimed for optoelectronic applications
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For mass production of graphene, simple and low-cost methods are needed especially in the cases where high-quality films are not crucial for the desired purposes. Thus, liquid-phase exfoliation (LPE) is a perspective way of obtaining stable dispersion of few-layer graphene sheets (GS) in the solvent [1]. A promising pathway to achieve high degree of ordering of graphene sheets prepared via LPE-process is to utilize Langmuir-Blodgett assembly (LBA) technique. Thin-films are self-assembled from LPE dispersion by LBA technique at the water-air interface. LBA method is a suitable method for production of large-scale, transparent, thin solution-processed graphene films [2, 3]. Chemical doping of graphene films allows to tune its work function (WF) and therefore gives LPE GS films the ability to serve two different roles in electronic and optoelectronic applications, both as an anode and as a cathode.
Here, we demonstrate the method for the forming and doping of LPE graphene sheet films (LPE GS) in one-step by metal standard solutions. Doping of the graphene film occurs at the moment of its formation from the LPE graphene dispersion by LBA method at the air-metal standard solution interface. n-doping is achieved by Li standard solutions (LiCl, LiNO3, Li2CO3), while Au standard solution (H(AuCl4)) leads to p-doping. WF of the film was decreased with Li based salts, while Au based salts increase the WF of the film. The maximal doping in both directions allow a significant range of around 0.7 eV for the WF modulation. The results were obtained for 0.1 mol/dm3 concentration of dopants. Roughness of the LPE GS films does not change by the doping, except that doped films contain occasional agglomerates. FT-IR measurements point out that the charge transfer process is enabled by physical adsorption of the metal salts and that the graphene basal planes stay chemically unchanged by metal doping. No significant shifts of any characteristic Raman peaks of graphene were detected after chemical doping. Calculated values of the intensity ratio between D and D’ peak indicate that the edges are the dominant type of defects in the undoped and metal salt doped LPE GS films. Electrical properties of the films were significantly influenced by changing the dopant (Au or Li). A significant suppression of the field-effect mobility and the increase of the sheet resistivity were observed in the case of the Li standard solution doping of the film. This indicates that adsorbed Li anions act as scattering centers for the charges. Lithium nitrate provides the largest work function modulation (by 400 meV) and the least influence on the sheet resistance of the film. Therefore, it was selected as the best choice for n-type doping.
Since, the proposed one-step method for chemical doping of graphene films allows to tune WF in a large range, it extends the potential use of these materials in low-cost optoelectronic applications, as in low-power lighting, sensors, transparent heating, and de-icing applications.
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