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Superconductivity intrinsic to the intercalated black phosphorus (BP) with a transition temperature T,
of 3.8 K, independent of the intercalant, whether an alkali or an alkaline earth element, has been re-
ported recently by R. Zhang et al. (2017). However, the reported T. and the field effect on the super-
conducting (SC) transition both bear great similarities to those for the pure Sn, which is commonly
used for BP synthesis under the vapor transport method. We have therefore decided to determine
whether a minute amount of Sn is present in the starting high purity BP crystals and whether it is the
culprit for the small SC signal detected. Energy-dispersive X-ray spectroscopy results confirmed the
existence of Sn in the starting high purity BP crystals purchased from the same company as in R. Zhang
et al. (2017). We have reproduced the SC transition at 3.8 K in Li- and Na-intercalated BP crystals that
contain minute amounts of Sn when prepared by the vapor transport method but not in BP crystals
that are free of Sn when prepared by the high-pressure method. We have therefore concluded that the
SC transition reported by R. Zhang et al. (2017) is associated with the Sn but not intrinsic to the
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1. Introduction

Building on the work on graphene and a few other layered
materials that followed, the two-dimensional layered black phos-
phorus (BP) has attracted great interest recently because of its
scientific significance and device potential. Of particular interest is
the tunability of its physical properties through varying the band
structures by strain, electric field, number of layers, and intercala-
tion. Superconductivity has also been predicted in electron-doped
monolayer [1] and Li-intercalated bilayer phosphorene [2]. This
culminated in the recent report by Zhang et al. [3] of supercon-
ductivity intrinsic to the intercalated BP with a transition temper-
ature T, of 3.8 K, independent of the intercalant, whether an alkali
or an alkaline earth element. Indeed, this is an observation of a
highly unusual superconducting state that is independent of the
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valence, the content, and the size of the dopant, in contrast to
previous understanding of known superconductors. The authors
attribute this so-called universal superconductivity to the heavily
doped phosphorene layers with the intercalated layers serving as
charge reservoirs, similar to the modulation doping in layered high
temperature superconductors. The significance of the report is self-
evident, if proven.

We have therefore examined the reported results [3] carefully
and systematically. The intercalant-independent T. of BP and the
apparent small superconducting volume fraction of all samples
investigated led us to the obvious question, i.e., could the observed
superconductivity be caused by a small superconducting
contamination in the samples? Given the reputation of the group,
contamination introduced during sample preparation seems to be
highly unlikely. However, it is rather intriguing to find that the
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reported T. of 3.8K and the field effect on the superconducting a
transition both appear to be similar to those for the pure Sn [4]. 1.04
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Fig. 1. X-ray diffraction spectra of starting BP-1, -2, and -3. * indicates the known peak Energy (keV)
for Au,Ps.

Fig. 2. EDS analysis for starting BP crystals. (a) BP-1. (b) BP-2. (c) BP-3.
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