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Abstract: Preliminary evidence for the occurrence of high-T¢ superconductivity in alkali-doped
organic materials, such as potassium-doped p-terphenyl (KPT), were recently obtained by magnetic
susceptibility measurements and by the opening of a large superconducting gap as measured by
ARPES and STM techniques. In this work, KPT samples have been synthesized by a chemical
method and characterized by low-temperature Raman scattering and resistivity measurements.
Here, we report the occurrence of a resistivity drop of more than 4 orders of magnitude at low
temperatures in KPT samples in the form of compressed powder. This fact was interpreted as
a possible sign of a broad superconducting transition taking place below 90 K in granular KPT.
The granular nature of the KPT system appears to be also related to the 20 K broadening of the
resistivity drop around the critical temperature.

Keywords: doped organic molecule; Raman; electronic transport properties; superconductivity

1. Introduction

Molecules with extensive systems of 77-bonds are the main components of the so-called molecular
superconductors [1]. Potentially interesting are aromatic hydrocarbon molecules, consisting of
connected benzene rings, since doping by alkali metals of their solid phase provides the
superconductivity [1]. The first discovery of such superconductivity was made for K-doped picene [2].
Aiming to find aromatic compounds promising for high T superconductivity, attention was focused
on p-terphenyl. The structure of the undoped crystalline p-terphenyl C1gHi4 (p-terphenyl in the
following) has attracted long standing interest [3-10]. This molecule is made of three phenyl rings

Condens. Matter 2020, 5, 78; d0i:10.3390/condmat5040078 www.mdpi.com/journal/condensedmatter


http://www.mdpi.com/journal/condensedmatter
http://www.mdpi.com
http://dx.doi.org/10.3390/condmat5040078
http://www.mdpi.com/journal/condensedmatter
https://www.mdpi.com/2410-3896/5/4/78?type=check_update&version=3

Condens. Matter 2020, 5,78 20f 13

connected by single C-C bond in para position. The room temperature (RT) structure was described as a
packing of nanoribbons, made of p-terphenyl molecules, in the crystallographic b direction. Therefore,
the structure of the molecule can be interpreted as a realization of a nanoscale architecture of low
dimensional systems [11,12] described as a self-organized array of polymeric quantum stripes [13,14].
While pristine p-terphenyl is electrically insulating, it behaves as a metal upon K-doping [15]. Recent
experimental signatures of superconductivity in alkali-doped para-oligophenyl compounds [16-18]
and in p-terphenyl K,CigHy4 [19-22] in particular, has attracted considerable interest. Increasing the K
concentration toward K3CygH14 and lowering the temperature, the K-doped p-terphenyl (KPT) shows
signatures of superconductivity in the magnetic response, consisting of a weak Meissner shielding
effect [21]. The reported range of superconducting critical temperature, T, goes from a few K [15] to
123 K [21], where the repeatability of T¢ is difficult since this remains a complex quantum material
characterized by inhomogeneous concentrantion of dopants and a competition of multiple coexisting
phases. The dc and ac magnetic susceptibility measurements reported by Wang et al. demonstrate
that KPT is a type-II superconductor [15]. In the KPT compound studied in Ref. [15] witha Tc =7.2 K,
characterized by a moderate level of K-doping, the critical magnetic fields extrapolated at zero
temperature are H.1 (0) = 163 Oe and H(0) = 1317 Oe, from which it results a magnetic penetration
depth A = 76 nm and a coherence length ¢ = 50 nm, by applying Ginzburg-Landau relations.
In the KPT compound showing a much higher T¢ of the order of 120 K, with an higher level of
K-doping, there is evidence for an upper critical magnetic field higher than 3 T, as expected for
high-T¢ type-II superconductors [21]. An independent detection of superconductivity at 107 K in KPT
compounds by magnetic measurements was reported in Ref. [23]. On the other hand, in Ref. [24] no
signs of a superconducting transition have been detected by magnetic susceptibility and resistivity
measurements in a KPT compound. Indeed, a metallic behaviour was found below 150 K. However,
high resolution angle resolved photoelectron spectroscopy (ARPES) technique measurements, realized
on potassium surface-doped p-terphenyl demonstrate the opening of a sizeable gap in the excitation
spectrum, of the order of A ~ 12 meV, persisting up to 120 K [25]. The gap is almost independent on
temperature in the range 10-60 K. Above T = 60 K the gap fills in: the scattering rate becomes of the
same order of the energy gap. At T = 120 K the photoemission spectrum resembles the one of a normal
metal. The existence of a gapped spectrum, with an energy gap of 11 meV close to that detected by
ARPES, was confirmed by scanning tunneling microscopy (STM) applied to monolayer KPT [26].
The gap closes around T = 50 K, even though no response to a magnetic field up to 11 T was observed.
ARPES and STM experiments point toward a superconducting gap and coherent Cooper pairing below
T = 60 K, while in the range 60-120 K Cooper pairing could be local and incoherent: the pseudogap
physics accompanied with strong fluctuations could emerge in a similar way to underdoped cuprate
superconductors and ultracold fermions in the crossover regime of the BCS-BEC crossover [27-30].
Multiband effects combined with the BCS-BEC crossover could also contribute in determining the
optimal parameter configuration for high-T superconductivity in this material [31,32]. A possible
theoretical scenario of the high-T¢ in these systems is based on resonance effects in a superlattice
of quantum stripes associated with the quasi-1D structure of the p-terphenyl with coexisting polarons
and Fermi particles [13,33]. The vibrational properties and the geometrical features of the lattice should
play a key role in this system in the formation of Cooper pairs induced by strong electron-phonon
coupling with high energy phonons. The role of strong electronic correlation and of the multiband
electronic structure in determing the superconducting properties of KPT has been discussed in Ref. [34].

In this article we report the experimental investigation of the conducting and possible
superconducting behaviour of K-doped p-terphenyl samples, obtained by our independent synthesis.
The structure of the material was studied by Raman spectroscopy as a function of the temperature and
correlated with the electrical behaviour. The huge drop of the resistivity below 100 K, occurring in
about 22 K, suggests a granular-like superconducting behaviour.
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2. Experimental

p-terphenyl and potassium metal (99% purity) have been purchased from Sigma-Aldrich.

The p-terphenyl was purified by sublimation, to achieve a purity above 99.9%. The potassium
was purified by distillation. Using a glove box, potassium 3 mol, (117 mg) was cut in little pieces
and mixed with p-terphenyl 1 mol, (230 mg). The mixture was sealed in a glass tube under argon
atmosphere and heated at 503 K for 2 h. An oxygen and water sensitive black powder was obtained.

The exposure to atmosphere of doped p-terphenyl gives rise to its decomposition into a whitish
hygroscopic mixture of p-terphenyl and potassium hydroxide, mainly due to the presence of moisture
in air. As well known in the literature [35], similar potassium-doped aromatic compounds react
immediately with water affording an aqueous solution of KOH and the undoped aromatic compound
with evolution of gaseous hydrogen. For this reason we have decided to take advantage of reactivity
by analyzing the amount of potassium ion which is present in the final solution obtained by reaction
of our doped sample with water, using atomic absorption spectroscopy (AAS), by a Perkin Elmer
mod. 1100 B, and then go back to the molar ratio between potassium and p-terphenyl in the starting
doped material. 7.2 mg (0.0239 mmol) of doped p-terphenyl was suspended in 50 mL of distilled
water and left to react at room temperature under stirring for 20 min, the suspension was then filtered
off and analysed. The analysis has revealed 34.4 ppm of present in the final solution, corresponding
to 1.72 mg of potassium in 7.2 mg of doped p-terphenyl sample, so the ratio (potassium):(p-terphenyl)
in milligrams is (1.72):(5.48) corresponding to a millimolar ratio (1.85):(1.00), in agreement with the
presence of about 2 potassium cations for each p-terphenyl molecule, as shown in Figure 1.
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Figure 1. Example of doping with two K atoms of a p-terphenyl molecule, K,CigHy4. The tilted
geometry results from the first principle calculations of Ref. [36].

Raman spectra were measured using a micro-Raman setup including a Czerny-Turner
spectrometer (iHR320 Horiba Scientific) equipped with 1800 grooves/mm grating and an open
space microscope to accommodate the cell for low temperature measurements (Linkam THMS600).
Experiments were performed with an excitation wavelength of 532 nm. The laser power was set at less
than 1 mW to avoid sample damage. To measure the KPT spectra, the synthesized powder was loaded
into an especially designed sample container sealed under Ar atmosphere to prevent any exposure to
air and moisture.

Electrical characterization was carried out on compressed KPT powder in the range 75-115 MPa.
The powder was inserted into a teflon block, with a cylindrical hollow (with a diameter of 8 mm or
12.8 mm), and compressed by two air-tight copper leads, part of a mechanical vise suitably designed
for this purpose, resulting in a KPT flat disk inside the teflon block. All electrical measurements
have been done keeping the KPT disk inside the mechanical vise. To each copper lead, working as
electrode in tight contact with the KPT disk base, two couples of electrical cables implement the
4-wires geometry of measure. The minimum resistance value achievable by our measuring system was
checked to be ~9x10~° ), about 1.5 orders of magnitude lower than the lowest resistance detected
in the KPT material. Sample cooling was achieved by two different equipments, using for each a
specific mechanical vise (as that described above) keeping disks and electrodes under a tight electrical
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contact during the measurement. Mechanical vises turn out to be also necessary to keep good electrical
contacts among powder grains. In one of the two equipments, the mechanical vice was located
inside a small open air dewar and liquid nitrogen (LN;) slowly poured. This system was used to
measure the resistivity, p(T), during the cooling from 300 K to about 80 K, occurred in about 15 min.
This apparatus was preferred for resistivity measurement, not requiring a temperature stabilization,
since it has allowed to keep as short as possible the time elapsed from the fabrication of KPT disks to
the beginning of the electrical characterization, generally less than one hour. The sample temperature
was measured by a thermocouple and monitored by an Eurotherm mod. 3216 temperature controller.
In the second equipment, a He closed cycle cryostat has allowed to investigate the current-voltage
characteristics at several fixed temperatures (for details see [37,38]). Measurements have been
started upon cooling at ~3 K. For K doped p-terphenyl disks, the resistivity and the current-voltage
characteristics (I-V) have been carried out sourcing a dc current by a Keithley mod. 220 and
measuring the voltage drop with a Keithley mod. 2000. Conversely, for undoped p-terphenyl disks,
due to the high resistance of the material, both resistivity and I-V characteristics have been measured
in the two contacts geometry, by using a pico-ammeter Keithley mod. 6487, applying a constant
voltage and measuring the current.

3. Results and Discussion

3.1. Raman Spectroscopy

Raman spectra of undoped p-terphenyl have been measured in the temperature range 298-92 K
and are shown in Figure 2. Fluorescence background is subtracted in all the spectra. All the peaks
have been assigned to the molecular (high frequency) and lattice modes (low frequency, Raman shift
< 200 cm™1) [39]. As shown in Figure 2 (inset), the band at ~1280 cm L, assigned to C-C inter-ring
stretching, splits on lowering the temperature, as reported in previous studies [40,41]. A similar
behaviour is observed for the band at ~230 cm ! associated with C-C bending modes. Such changes
are related to the disorder-order transition occurring in the p-terphenyl lattice at about 190 K from
a monoclinic structure to a triclinic structure [3,4,42]. At room temperature, each p-terphenyl molecule
has a conformation planar on average, with thermal vibrations of the phenyl rings due to competing
steric repulsion between H atoms (favouring a ring tilt) and delocalized 7t electrons (promoting
the planar geometry). Decreasing the temperature, each molecule changes into a configuration
in which the external phenyl rings are tilted and such molecular re-arrangement results in a different
lattice symmetry.

p-terphenyl doping by potassium (electron donor), induces important differences in the Raman
spectrum with respect to the pristine compound (Figure 3). The low frequency lattice modes disappear,
possibly indicating reduced crystallinity of the doped sample. In the high frequency range, between
1100 cm~! and 1600 cm ™, shifts of existing peaks and additional bands can be seen, related to strong
modifications of the molecular geometry and to charged defects induced by doping. The two peaks
at 1593 cm~! and 1605 cm ! in the p-terphenyl (intra-ring C-C stretching) tend to merge into one only,
downshifted at 1588 cm~!. The peak at 1277 cm~! in the pristine corresponds to the one at 1348 cm !
in the doped compound. The upshift of such band assigned to inter-ring C-C stretching, indicates that
the length of the C-C bond decreases. Other observed bands originate from Raman-inactive modes
of the neutral p-terphenyl. These effects are all related to the structural changes occurring upon doping:
the molecular structure changes from benzenoid to quinoid and the phenyl rings are almost coplanar
with nearly zero tilting between adjacent phenyl rings [43,44].
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Figure 2. Raman spectra of pristine p-terphenyl at room temperature (a) and 92 K (b). Curves have
been shifted for clarity. The inset shows the evolution of the Raman band at ~1280 cm ™! (C-C inter-ring
stretching) as lowering the temperature. The right scale (colour code) represents the intensity.
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Figure 3. Raman spectra of undoped (a) and K-doped (b) p-terphenyl measured at RT. Curves have

been shifted for clarity. For comparison the Raman spectrum for the K-doped para-terphenyl as
digitized from Ref. [24] is also shown (c).

Intensity (a.u.)

The main Raman bands are in very good agreement with those reported in Ref. [24,45] as well as
with the one reported in Ref. [15], providing evidence of a successful doping of our KPT sample.
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However, Raman spectroscopy does not allow quantifying the level of K-doping of the p-terphenyl
molecule, known to affect the superconducting properties of KPT [13]. In fact, for a KPT material
synthesised with different K to p-terphenyl mole ratio, but showing very similar Raman spectra,
the group of Ref. [13] has reported T, = 7.2 K for a starting mole ratio of 2:1; T, = 43 Kand T, = 123 K
in Ref.s [18] and [19], respectively, for an higher mole ratio of 3:1.

In previous literature on doped conducting polyphenyls [45-47], Raman spectroscopy was
extensively used to characterize structural changes and to selectively identify bands corresponding
to polarons and bipolarons by changing the excitation wavelength from 514.5 nm to 1064 nm [44].
The formation of bipolarons in KPT compounds is considered to be the driving force inducing the
structural transition from benzenoid to quinoid associated with the deformation of the internal benzene
ring [15]. The Raman band at 1473 cm~! in our KPT (see our Figures 3 and 4) was considered to be
the fingerprint for the formation of bipolarons. Direct Bose-Einstein condensation of bipolarons
at high densities was proposed as a possible mechanism for high-T¢ superconductivity in KPT
compounds [15,21]. Original proposals of high-T¢ superconductivity driven by bipolarons have been
reported in Refs. [48,49]. To correlate structural changes and formation of localized charged states,
with the resistivity measurements at low temperature, Raman spectra of KPT have been measured
also at different temperatures down to 108 K. The spectra (Figure 4) do not evidence any change of the
Raman activity, indicating that the doped material maintains the molecular structure upon cooling
and new polaronic or bipolaronic bands are not detected at low temperatures. The inter-ring C-C
stretching band, close to 1348 cm !, does not split lowering the temperature, in contrast to what was
observed for the undoped compound possibly indicating an already planar configuration for the doped
sample retained for the whole temperature range. The dopants decrease the torsional mobility of the
central ring as a result of the reduced length of the C-C bonds between the rings. Just the spectrum
at T = 203 K in Figure 4 shows weak lattice peaks and one peak at ~1280 cm~! (marked with a star)
which have been attributed to a small fraction of undoped sample, intercepted by the microbeam
(~2 x 2 um?) used for micro-Raman measurements. This indicates that the powder is not completely
homogenous and there are grains of micrometric size of undoped p-terphenyl in our sample.

— RT
203K
— 153 K
— 108 K
=
=
=
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k= * (b)
_— A ¢
1 1 1 Im I7I - 1 1 1 1 (Ij

1 I 1 I 1 I
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Figure 4. Raman spectra for K-doped p-terphenyl measured at different temperatures, from RT
(a) down to 108 K (d). At 203 K, two additional features, not visible in the other plotted spectra, have
been marked by a star. Curves have been shifted for clarity.
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3.2. Electrical Characterization

The electrical properties of polycrystalline films of undoped p-terphenyl, a few micrometres
thick, have been investigated so far by several authors [50-53]. Depending on the temperature range
and/or the intensity of the applied electric field, several transport mechanisms have been reported
such as, field emission, Poole-Frenkel, variable range hopping, etc. [50-53]. In a p-terphenyl film,
both metallic and insulating behaviours have been detected, above and below ~80 K, respectively [52]
while, in the range from 110 K to about RT, Lipinski et al. have established that hopping
is the main conduction mechanism [50]. These features are consistent with a high density of traps
or donor-acceptor-like sites in the band-gap of the material, causing a charge carrier transport
characterized by jumps among localized states [50-52]. We have investigated the electrical properties
of either undoped or K-doped p-terphenyl disks. In undoped p-terphenyl, resistivity values confirmed
the insulating nature of the pristine material with a pgr > 10'® Qcm that, in the sensitivity limit
of the whole measuring apparatus (instruments, cryogenic cables, etc.), remained practically constant
also at lower T.

Upon doping, KPT samples with a RT resistivity greater than ~10* Qcm do not show a metallic
behaviour at low temperature indicating an unsuccessful doping process. On the contrary, when the RT
resistivity is below ~10> Qcm a completely different prr(T) behaviour is detected at low temperature.

In detail, for the class of KPT samples with low prr, lowering T from RT, resistivity rises something
more than one order of magnitude, saturating to ~80 (Qdcm at 130-150 K. Spurious irregularities, as
peaks and bumps, are visible along this branch of the curve, originated by a rapid change of the
pressure exerted by the mechanical vice on the KPT disk. The observed features in p(T) are related to
the grainy nature of KPT powder used to fabricate disks. Below ~130 K, p(T) becomes metallic-like
indicating an enhanced contribution to the conduction by electrons. The initial slow decrease of p(T) is
followed by a steeper fall at ~100 K that, in addition to the residual value of less than 102 Qcm, below
30 K (Figure 5), recalls that of a superconducting transition. In a range of ~22K, a drop of resistivity by
~4 orders of magnitude was observed in our measurement. This resistivity drop shares some features
of granular superconductivity, as discussed later.
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Figure 5. Resistivity as a function of temperature for a doped KPT disk. Squares: p(T) values measured
carrying out the measurement at constant current of 1 pA. Circles: p(T) values derived from I-V
characteristics (see Figure 6) under similar conditions of measure. Inset: Arrhenius plot of the high
temperature branch of the resistivity curve.
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Figure 6. Current-voltage characteristics of a doped KPT pellet at several fixed temperatures. Inset:

temperature dependence of the normalised current density defined as J(T)/J(Ty) where J(T) and J(Tp)
are the current densities values (measured at 90 uV) at T and Ty = 2.9 K, respectively. The red line is
the least squared fit of the experimental points by Equation (1) (see the text) resulting ina Tc ~ 73 K.

The nature of the detected fall of p(T) was investigated by carrying out I-V characteristics
at several fixed temperature. At T < 30 K, I-V characteristics exhibits a linear behaviour even
if the voltage drop remains relatively low (in the range of tens of microvolts) up to about 80 mA,
close to the maximum intensity achievable by the current source used in our system of measure.
We found that the temperature dependence of the current density value at 90 uV , exhibits a smooth
continuous decrease, raising T. We have carried out a least squared fit by a Ginzburg-Landau-like
function, considering as dependent variable the normalised current density, [,;orn, here defined as
the ratio between the current density at T, J(T), and the current density at the lowest temperature
(i.e., TO =29 K), ](To)

Jrorm(T) = [1 = (077672 [t (1/77] 0

Application of Equation (1) has allowed estimating a superconducting critical temperature of T¢ ~
73 K. This interesting result and the good best fitting by Equation (1) of the experimental points
Jnorm (T) (Figure 6, inset) could suggest a proportionality between measured current density and the
superconducting critical current density of the KPT sample.

Our finding of a bell shaped curve of the KPT resistivity suggests two different temperature
dependent conduction mechanisms. Below RT, down to ~150 K, p(T) presents a dielectric-like
character, with an activation energy progressively decreasing from 1.29 eV, around room temperature,
to about 2 meV, at ~150 K (Figure 5, inset). This behaviour could be explained assuming
a trapping mechanism of charge carriers, as reported for polycrystalline thin films of p-terphenyl [50].
Moreover, the low value of p(T) at RT could suggest a partial contribution of K™ ions to the electrical
conduction that, anyway, is expected to rapidly decrease lowering T. Below ~130 K, p(T) becomes
metallic-like indicating an enhanced contribution to the conduction by electrons. The initial slow
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decrease of p(T) is followed by a steeper fall at ~100 K that, in addition to the residual value of
1072 — 1073 Qem below 30 K (Figure 5), looks like that of a superconducting transition, that depending
on the criterium taken into account, a superconducting transition temperature of Tc =~ 94 K [37] or
Tc ~ 87 K (i.e., the T corresponding to the 50% of the flat region of the p(T) curve, here equals to
79 Qcm) can be defined, with a transition width of AT¢ ~ 22 K, in both cases. The region between
150 K and 130 K marks the transition between these two conduction regimes.

The non-monotonic behaviour of the KPT resistivity shares important similarities with that
observed in Ky-picene, an organic molecule formed by 5 benzene rings fused together along their
edges and doped by K-ions (x =~ 3) [54]. Picene and p-terphenyl molecules, can be considered members
of the same family of hydrocarbon superconductors.

Several findings measured in Ky-picene pellets deserves to be mentioned and compared to those
of KPT: a similar behaviour of the p(T) curve, with an initial increase of p(T) followed by a rapid
decrease, lowering T from RT; the highest resistivity value at the curve peak is 100 Qcm (~80 Qcm in
KPT); prr =~ 0.4 Qcm (a few Qcm in KPT); a superconducting transition width several kelvin wide
(=22 Kin KPT).

The transition width, in particular, and the huge drop of the KPT resistivity, are assigned to
the granular nature of the KPT disks, fabricated by a compressed powder as for the Ky-picene
pellets [54]. Anyway, possible evidence of superconductivity in KPT compounds was inferred by
magnetic susceptibility only [21,23], while ARPES and STM have experimentally proved the existence
of a large superconducting energy gap [25,26], while previous resistivity measurements gave negative
results [24]. On the other hand, magnetic susceptibility measurements indicating a superconducting
state were reported for all hydrocarbon superconductors but Ky-picene [54,55]. The resistivity drop
by several orders of magnitude here observed in KPT represents a first possible direct evidence for
superconductivity in this compound.

To successfully measure electrical properties of KPT, a percolating path connecting the electrical
contacts is necessary. Hence, a large number of grains in the superconducting state will be involved to
detect a drop of the resistivity. On the contrary, in the magnetic susceptibility, the superconducting
features can be produced by not interconnected regions of the material giving more easily evidence of
supercondutivity [21,23]. Our results support the hypothesis of a superconductivity state confined
in isolated regions of the KPT sample that have probably prevented till now to observe any
superconducting transition by electrical measurements. This is also due to the quite small values of the
coherence length of the order of tens of nanometers that, due to the Josephson tunneling of Cooper
pairs, would weakly couple KPT grains with a size of the order of microns. The possibility to observe a
superconducting transition in the whole KPT disk, by electronic transport measurements, will depend
on several factors such as purity of the pristine material, dimension of KPT crystallites, their density
and distribution in the dielectric matrix. Achieving high-T superconductivity will depend mainly
on the doping level of the p-terphenyl molecule. Our Raman analysis has confirmed both the high
quality and pureness of the undoped p-terphenyl and a successfull doping of KPT as well, that the
AAS technique has established, in a quantitative way, to be of ~2 K-ions for each p-terphenyl molecule.
Additionally, the pressure applied to a KPT disk is expected to affect its electrical properties, due to an
improved contact between KPT grains.

To explain the electrical behaviour detected below ~130 K, we hypothesise that KPT disks could be
made of superconducting crystallites, with a distribution in their taille and T, dispersed in a dielectric
matrix, as suggested by the presence of low-intensity Raman peaks due to residual grains of the
undoped phase (see Figure 4, T = 203 K). At low T (<130 K), under sufficient mechanical pressure,
superconducting grains could have formed a percolative path between the metal contacts. Due to the
T¢ distribution, the system will not undergo a narrow superconducting transition but will progressively
reduce the resistivity, upon superconducting transition of single KPT crystallites. It is reasonable to
suppose that at the lowest temperature not all crystallites have become superconducting or local
inhomogeneity (see the spectrum at 203 K in Figure 4) has prevented a drop to zero of p(T) [54] even
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if the lowest attained p(T) values for our KPT material are 10~2 — 10~3 Qcm. This last hypothesis is
further supported by the lacking of a sudden transition to the normal state in the I-V curves, here
substituted by a linear change of I even at the lowest T (see Figure 6). Both the shape of the transition
and the lacking of a negligible p(T) at T¢ can be considered a manifestation of the granular nature
of the KPT material [54]. It is worthwhile noting that T¢ derived from I-V curves, fitting J,orm by
Equation (1), results comparable to that derived from resistivity measurements.

Percolative superconductivity is typical in granular superconducting materials [56]. Please note
that intense Raman peaks, detected in the high frequency region of the spectrum of the KPT powder,
even at T = 108 K, justify a possible key role played by high energy phonons in the superconducting
pairing. Even though the mechanism driving Cooper pairing in KPT systems is still unknown,
the electron-phonon coupling with high energy phonons should play a key role in the high temperature
superconductivity, as discussed above. In this framework, the density of electronic states (DOS) close to
the Fermi energy is expected to influence the value of the critical temperature. As shown in Figure 2 of
Ref. [57] the DOS of p-terphenyl has several peaks associated with van Hove singularities, because of
multiple bands characterizing the anisotropic electronic structure. Electron doping by K atom:s,
increasing the Fermi energy toward positive values (right part of the DOS in Figure 2 of Ref. [57]),
will determine a crossing of the van Hove singularities and an increase of the superconducting critical
temperature. Our doping level of K-atoms, intermediate between the one in Ref. [15] (T, = 7.2 K) and
the other in Ref. [21] (T. = 123 K) is compatible with the intermediate value of T¢ around 91 K found
in this work.

4. Conclusions

To conclude, the huge suppression of the resistivity of K-doped p-terphenyl measured in our
experiments below T = 90 K, of about four orders of magnitude in a temperature range of ~20 K,
represents a possible signature of a superconducting transition in this metallo-organic compound,
providing additional support to the evidence of high-T¢ superconductivity found by magnetic
susceptibility, ARPES and STM measurements. Future experiments on the electrical transport
properties of KPT materials will focus on the magnetic field dependence of the resistivity curve
p(T, H), to study the expected suppression of the critical temperature when the external magnetic field
is increased toward its upper critical value. Still we have to underline that this is a complex quantum
material and samples are characterized by inhomogeneous concentrations of dopants and by a mixture
of different coexisting phases.
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