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ABSTRACT: We report a 2D material, KCu7P3 with a noncentrosymmetric structure (trigonal space group P31m, a = 6.9637(2) Å, 
c = 24.1338(10) Å), which forms both from a molten potassium polyphosphide flux and from the elements. This phase consists of 
infinite [Cu7P3]- layers with hexagonal P sheets separated by K+ ions. The structure of the layers is unique but related to both Cu3P 
and the CaCu4P2 structure-types. Single-crystal refinement reveals extensive disorder within the Cu3P-like slabs. KCu7P3 is paramag-
netic and exhibits a room temperature resistivity of ~335 μΩ-cm with a metal-like temperature dependence. The metallic character is 
supported by density functional theory electronic structure calculations. Hall and Seebeck effect measurements yield p-type behavior 
with a hole mobility of ~15 cm2 V-1 s-1 at 300 K and a carrier concentration on the order of 1021 cm-3. KCu7P3 is chemically stable in 
ambient conditions, as well as aqueous neutral and acidic solutions. 

INTRODUCTION 

The copper pnictides are rich both in structural diversity1-3 and 
functional properties. The binary Cu3P for example, shows 
promise as an anode material for Li-ion batteries4 and as a bi-
functional electrocatalyst for the hydrogen and oxygen evolu-
tion reactions.5-7 Cu ions in these compounds often exhibit static 
or dynamic disorder, which can render them prone to electronic 
and structural instabilities. The dimensionality and electronic 
structure of these compounds may be modified via the introduc-
tion of alkali or alkaline earth cations. Copper-pnictide motifs 
range from the 0D molecular units in K5CuPn2 (Pn = As, Sb),8-

10 1D chains in A2CuPn (A = Na, K; Pn = P, As, Sb),11-12 2D 
layers observed in (A/AE)Cu4Pn2 (A/AE = Na, K, Ca-Ba; Pn = 
P, As, Sb)13-15 and 3D networks as found in BaCu8Pn2 (Pn = P, 
As).16  

Flux synthesis is a powerful route to new materials, often yield-
ing metastable phases.17-18 A case in point is the use of alkali 
metal chalcogenides as reactive fluxes, which has enabled the 
synthesis of a multitude of compounds.19-23 These polychalco-
genides are ideal for this purpose due to their moderate melting 
points and numerous congruently melting phases.24-25 By con-
trast, alkali metal pnictides (especially phosphides) are rela-
tively unexplored as reactive fluxes. Indeed, in the K-P phase 
space only K3P7 is reported to melt congruently at 930 °C,26-27 
with all other known phases decomposing at elevated tempera-
tures. In the K-Cu-P phase space only K3Cu3P2

28 and K2CuP11 
have been reported, suggesting it is ripe for exploration. 

Here, we report the synthesis of KCu7P3 from a potassium pol-
yphosphide flux. The compound is 2D and features Cu3P-like 

slabs separated by K+ ions. The crystallographic structure solu-
tion was non-trivial because of plate-like crystal morphology, 
crystal twinning and Cu+ ion disorder present in the structure. 
Charge transport experiments and supporting electronic struc-
ture calculations show that the new compound is a p-type metal. 
KCu7P3 is stable in air as well as in neutral and acidic aqueous 
media. To the best of our knowledge, this is the first synthesis 
report using a molten alkali metal polyphosphide as a reactive 
flux. 

EXPERIMENTAL SECTION 

Reagents. Potassium metal (99%, Sigma-Aldrich) and red 
phosphorous powder (99%, Beantown Chemical) were used 
without further modification. Copper powder (99.9%, Sigma-
Aldrich) was washed with concentrated acetic acid to remove a 
native oxide layer, evidenced by a color change from red/orange 
to pale pink. The washed Cu powder was dried and stored in an 
Argon-filled glovebox. 

Synthesis. Synthetic operations were carried out under an Ar-
gon atmosphere in an M-Braun glovebox (O2 and H2O concen-
trations < 0.1 ppm). The synthesis of alkali metal phosphides is 
non-trivial and caution should be used during handling and dis-
posal.1, 29 The K3P7 flux was synthesized using a vapor transport 
technique.18 First, K metal pieces (0.663 g, 16.96 mmol) were 
first loaded into an 18 mm o.d. × 16 mm i.d. fused-silica tube. 
Subsequently, an alumina crucible containing red P (1.167 g, 
37.68 mmol) was placed above the metal chunks before flame-
sealing under vacuum (< 10-4 mbar). A small excess of K metal 
(5% molar) was used. This assembly was placed vertically in a 
muffle furnace, heated to 500 °C in 12 hrs and soaked for 12 hrs 
before the furnace was turned off. A visually inhomogeneous 
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K3P7 powder could be collected from the crucible and was ho-
mogenized before further use. During flux synthesis, K3P7 
(0.918 g, 2.75 mmol) and Cu (0.082 g, 1.29 mmol) were ho-
mogenized using a mortar and pestle, loaded into an Al2O3 cru-
cible and capped with another Al2O3 crucible in an Nb can. This 
can was then welded shut under an Ar atmosphere and flame-
sealed in an evacuated 18 mm o.d. × 16 mm i.d. fused-silica 
jacket to prevent oxidation. The reaction vessel was heated to 
1030 °C in 12 hrs and held for 12 hrs before cooling to 700 °C 
at 2 °C min-1 after which the furnace was turned off. The result-
ant black ingot was washed in ethanol under flowing N2 to re-
move unreacted flux. Soft, plate-like crystals with metallic ap-
pearance were finally rinsed with ethyl ether and dried (see Fig-
ure S1 in the Supporting Information (SI)). 

Phase-pure powder was synthesized directly from the elements 
using a multi-step heating profile to mitigate the exothermic re-
action of K and P. Cu and red P powder were ground together 
before K pieces were rolled in the mixture and placed on top of 
the powder in an Al2O3 crucible. This assembly was then 
capped with a second alumina crucible and sealed in a 15 mm 
o.d. × 13 mm i.d. evacuated fused-silica tube. The sealed am-
pule was first heated slowly to 300 °C in 30 hrs, soaked for 6 
hrs and then heated to 500 °C in 12 hrs where it was held for 12 
hrs before the furnace was turned off. This visually inhomoge-
neous mixture was re-homogenized in an Ar glovebox and fur-
ther reacted at 500 °C for 12 hrs in an identical assembly. Sev-
eral elemental ratios were trialed, with K:Cu:P ratios of 1:4:2 
and 1:5.5:2.5 producing phase-pure material by PXRD (Figure 
S2 in the SI). These products were thoroughly washed with eth-
anol under flowing N2 and then water. Polycrystalline pellets 
were produced by cold-pressing the washed powders in a die, 
resulting in compacts with >80% theoretical density. Annealing 
treatments in vacuum at 300 and 500 °C for 12 hrs were at-
tempted to increase density but resulted in decomposition by 
PXRD and no significant mass or volume change. 

Single-Crystal X-ray Diffraction. A thin crystal plate was se-
lected and fixed on a glass fiber for X-ray diffraction at room 
temperature. Intensity data were collected using ω scans on a 
Bruker-APEX II CCD diffraction system with microfocused 
Mo Kα radiation (λ = 0.71073 Å). Single frames were collected 
using a 3 min exposure time and ω rotation angle of 0.5°. Data 
integration and multi-scan absorption corrections were per-
formed using Bruker SAINT (version 8.38a) and SADABS 
software packages respectively. SHELXL30, OLEX231 and 
JANA200632 software packages were used to solve and refine 
the crystal structure. Details of data collection and the structural 
refinement are located in Table 1. Atomic coordinates, thermal 
displacement parameters (Ueq), and occupancies of all atoms 
can be found in Table S2 in the Supporting Information. Aniso-
tropic displacement parameters (ADPs) are given in Table S3. 
Tables S4 and S5 contain selected bond lengths and angles re-
spectively. 

Powder X-ray Diffraction. Powder X-ray diffraction (PXRD) 
was used to assess phase purity using a Rigaku Miniflex dif-
fractometer with a Ni-filtered Cu Kα source (15 mA and 40 kV). 
Continuous scanning and spinning were utilized with a step size 

of 0.015°. Finely-ground powders were dispersed on a flat sam-
ple holder or crystal plates were pressed flat on the holder with 
a glass slide to check orientation and phase. 

Synchrotron X-ray Diffraction. Synchrotron XRD data were 
measured at beamline 11-BM at the Advanced Photon Source 
(APS) at Argonne National Laboratory. Undiluted KCu7P3 
powder was sieved to < 40 μm and placed in a Kapton capillary 
(0.5 mm O.D.) which was mounted to a magnetic sample 
holder. Samples were spun during collection and the X-ray 
wavelength was 0.41275 Å. Refinements were performed using 
GSAS-II software,33 using the structural model from single-
crystal refinement as a starting point. 

Scanning Electron Microscopy. Crystal composition and ap-
pearance were determined using a S-4700-II scanning electron 
microscope (SEM, Hitachi) with an energy-dispersive X-ray 
spectrometer (EDS). The spectrometer utilizes an XFlash 6|60 
detector (Bruker), and a beam current of 20 μA at 15 kV accel-
erating voltage was used for data collection. 

Charge Transport Properties. Temperature-dependent resis-
tivity and Hall effect measurements on plate-like crystals (ap-
proximate dimensions: 1 × 1 × 0.03 mm3) were performed on a 
Dynacool Physical Property Measurement System (PPMS, 
Quantum Design) from 1.8 to 300 K. Resistivity measurements 
employed a 4-point collinear geometry and two voltage contacts 
were placed perpendicular to the axis of current flow in the sam-
ple plane for Hall effect measurements. Both measurements 
were performed concurrently on the same sample in all cases. 
A magnetic field from -9 to +9 T was applied perpendicular to 
the sample plane. Data reproducibility was confirmed by re-
peated temperature and field cycling. Silver paste (DuPont), 
colloidal graphite paste (Ted Pella) and sputtered Pt contacts 
were all found to produce stable, Ohmic contact to KCu7P3. See-
beck coefficient measurements were made on a pressed poly-
crystalline pellet about 1 mm thick using the thermal transport 
option (TTO) in the symmetrical configuration Cu|Ag 
paste|KCu7P3|Ag paste|Cu. 
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Figure 1. a) SEM image of a KCu7P3 crystal illustrating a plate-
like morphology. b) Rietveld refinement of KCu7P3 powder syn-
thesized from the elements and washed with ethanol and water. 
High-resolution synchrotron XRD data were collected at 298 K. 
Vertical lines indicate the positions of reflections. Inset: photo-
graph of dark grey KCu7P3 powder in a 27.5 mm diameter glass 
vial. 

Electronic Structure Calculations. Density functional theory 
(DFT)-based calculations were performed with the all-electron, 
full potential code WIEN2k34 based on the augmented plane 
wave plus local orbitals (APW+lo) basis set.35 The exchange 
correlation functional chosen to study KCu7P3 was the Perdew-
Burke-Ernzerhof of the generalized gradient approximation 
(GGA).36 RmtKmax= 7.0, was used for our calculations. The cho-
sen muffin-tin radii were 2.5, 2.29 and 1.89 a.u. for K, Cu and 
P, respectively. For the purposes of these calculations, the split 
site in the crystal structure used to model Cu disorder were rep-
resented by a single non-split Cu atom. 
 
The transport properties were calculated using Boltzmann 
transport theory within the constant scattering-time approxima-
tion as implemented in the BoltzTrap code.37 A very dense 34 × 

34 × 8 k mesh was required to obtain convergence. Within this 
approach the Seebeck coefficient has no dependence on τ.  
 
Magnetic Properties. Magnetic moment versus temperature of 
a KCu7P3 powder compact (mass = 29.4 mg) in a plastic holder 
was measured in a MPMS (Quantum Design). Data were con-
verted into molar susceptibility per Cu atom, Χm and fit using a 
modified Curie-Weiss equation: 
 
Χm(T) = ΧTIP + C/(T-θ)  (1) 

where, T is temperature, ΧTIP is the temperature-independent 
susceptibility, C is the Curie constant and θ is the Curie-  

 

Figure 2. a) Crystal structure of KCu7P3 showing hexagonal phos-
phorous sheets that comprise the [Cu7P3]- blocks in red. b) Left: 
structure showing anisotropic displacement parameters. Right: de-
tailed view of the Cu-P coordination using atoms Cu7 and Cu9. 
Thermal ellipsoids are set at 75%. The trigonal unit cell is shown 
with black lines. 
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Figure 3. Structural relationships between Cu-P networks in room temperature a) Cu3P, b) KCu7P3 and c) CaCu4P2. The ababa stacking 
sequence refers to layers of distorted trigonal planar (a) and distorted tetrahedral (b) Cu atoms that comprise the Cu-P blocks (illustrated in 
Figure 2b). The Cu3P area highlighted in blue with dashed lines in a) resembles the structure of the [Cu7P3]- layers shown in b). The unit 
cells are shown with solid black lines.

Weiss temperature. The effective moment of Cu in Bohr mag-
netons was determined using the relationship for cgs units, μeff 
= 2.827√C.38  

Stability in Aqueous Solutions. Approximately 100 mg of 
KCu7P3 powder was dispersed in ~20 mL of unbuffered deion-
ized water, 1 M NaOH or 0.05 M H2SO4 and was soaked in 
these solutions for 12 hrs with occasional agitation. The powder 
was then filtered and washed copiously with water before dry-
ing at room temperature under vacuum.  

RESULTS AND DISCUSSION 
Synthesis. KCu7P3 was initially obtained as the major product 
of the reaction of K3P7 flux with Cu metal (~2.1:1 molar ratio) 
at 1030 °C. Crystals were harvested by repeated washing with 
ethanol under flowing N2 and their approximate composition 
was measured by EDS before structure solution using single-
crystal XRD. The crystals were thin (< 50 μm), mechanically 
soft and stable in ambient conditions. A layered morphology  
was evident from SEM (Figure 1a) and compositional analysis 
by EDS yielded the stoichiometry: K1.00(3)Cu7.2(2)P2.9(1). 

Phase-pure polycrystalline powder was produced from the ele-
ments using a multi-stage heating profile and a second anneal-
ing step with intermediate grinding to achieve a homogenous 
product. Interestingly, phase-pure material by PXRD was only 
achieved in synthesis conditions where K and P were in excess 
(Figure S2 in the SI). These powders would react with ethanol 
(briefly producing bubbles), or violently with water, presuma-
bly due to the presence of an amorphous and highly reactive K-
P byproduct. Therefore, the powders were washed with ethanol 
under flowing N2 and then water before physical property meas-
urements. Unit cell parameters obtained via Rietveld refinement 
(R = 8.0%, wR = 10.7%, χ2 = 3.4) of synchrotron XRD data 
(Figure 1b) were in good agreement with those from single-
crystal XRD (a = 6.9646(1) Å, c = 24.1501(4) Å, Z = 6, V = 

1014.49(4) Å3). Further details of the Rietveld refinement are 
available in the SI. Annealing experiments on pressed pellets 
under vacuum at 300 °C for 12 hrs showed a minor amount of 
Cu3P by PXRD after heat treatment (see Figure S3 in the SI). 
Thus, KCu7P3 is a metastable phase, decomposing below 300 
°C. 

Crystal Structure. Room temperature single-crystal XRD was 
used to determine the crystal structure of KCu7P3. The plate-like 
crystals had a metallic sheen and only very small samples (~50 
× 50 × 10 μm) produced suitable datasets for structure solution. 
These were picked from the reaction product and not cut or bro-
ken from larger samples. It crystallizes in a new structure-type 
with the noncentrosymmetric (NCS) trigonal space group P31m 
(No. 157), a = 6.9637(2) Å, c = 24.1338(10) Å, Z = 6 and V = 
1013.53(7) Å3. P31m is one of the 10 NCS polar crystal classes, 
3m (C3v), with the polar axis being the c-axis.39 Crystallographic 
information is contained in Tables 1 and S2-S5 in the SI.  
 
KCu7P3 consists of infinite [Cu7P3]- layers separated by K+ ions 
(Figure 2a). Each layer contains three hexagonal sheets of P at-
oms ~4.3 Å apart. In between these Cu ions reside in either bent 
trigonal planar (a) or distorted tetrahedral (b) environments 
with P. Within the slabs, the two Cu-P environments are also 
arranged in layers forming an ababa stacking sequence (Figure 
2b). The Cu-P and Cu-Cu bond lengths of ~2.3-2.7 Å and ~2.5 
Å respectively, are in good agreement with the related com-
pounds Cu3P and CaCu4P2. The two unique K+ ions that sepa-
rate the layers are six-fold coordinated with P in slightly dis-
torted octahedral environments. 
 
The crystallographic structure solution was non-trivial due to 
the small size and plate-like morphology of suitable crystals, in 
addition to twinning and disorder present in the structure. All 
datasets contained a 4-fold twin with 50% fraction. Large ani-
sotropic displacement parameters (ADPs) were observed for the 
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Cu atoms, indicative of static or dynamic disorder (Tables S2 
and S3). This is common in Cu-containing materials, e.g., Cu3-

xP,40 CaCu4P2,14 KCu3-xSe2
41 and NaCu4Se3.42 Significant disor-

der of both Cu and P atoms was further evidenced by the need 
to invoke site splitting of Cu4 (Figure 2b) and the addition of 
EADP and ISOR constraints to obtain physical values for the 
ADPs of these species. The crystallographic information file is 
provided in the Supporting Information (KCu7P3_300K.cif). 
During refinement a higher symmetry space group was initially 
suggested (P63cm) but resulted in large R values (> 30%). It was 
necessary to lower the symmetry to P31m – decoupling the lay-
ers – to solve the structure.   
 
The structure of KCu7P3 can be described as a dimensionally-
reduced derivative of the binary compound Cu3P  which shares 
a trigonal polar space group and nearly identical a lattice pa-
rameter (P63cm, a = 6.9593(5) Å, c = 7.143(1) Å).43 Inspection 
of the room temperature Cu3P structure shows that 2D [Cu7P3]- 
slabs can be excised directly from the 3D parent compound 
(Figures 3a and b). The NCS character derives from geometric 
displacements of some Cu ions (Cu(12), Cu(14), Cu(16) and 
Cu(17))  in the top slab, closely resembling NCS Cu3P. 
 
The bottom [Cu7P3]- slab does not share these geometric dis-
placements, with all Cu atoms sitting on (n/3, m/3, z) positions, 
where n and m are integer values. This Cu atom geometry is 
similar to that in the [Cu4P2]2- layers of  the CaCu4P2 structure-
type, which crystallizes in the centrosymmetric space group R-
3m (Figure 3c).14 Although we did not observe any KCu4P2 in 
our experiments (see Figure S2 in the SI), ACu4Pn2 (A = Na, K; 
Pn = As, Sb)13 have been reported in addition to alkali earth 
analogues.15 Therefore, ACu7Pn3 may be part of a large family 
of dimensionally-related compounds:  

 
Figure 4. Zero-field cooled (ZFC) molar magnetic susceptibility 
from 1.8-300 K under an applied field of 1000 Oe (open symbols). 
The data were fit to a modified Curie-Weiss law (red solid line) 
yielding an effective moment of 0.186(1) μB/Cu. 

([A/AE]xPn)m(Cu3Pn)n, where doping can be easily achieved by 
elemental substitution on the A/AE site.44-45 

Magnetic Properties. In order to determine the oxidation state 
of Cu, the molar magnetic susceptibility of KCu7P3 powder was 
measured from 1.8 to 300 K (Figure 4). The compound showed 
paramagnetic behavior, which was fit to a modified Curie-
Weiss law (Equation 1) yielding χTIP = 7.14(2)×10-5 emu mol-
Cu-1 Oe-1, C = 4.34(3)×10-3 emu K mol-Cu-1, θ = -5.6(1) K and 
a small effective moment, μeff of 0.186(1) μB/Cu. As this value 
is considerably smaller than the theoretical μeff for Cu2+ of 1.73 
(spin 1/2), the magnetic properties of KCu7P3 are consistent 
with Cu primarily being in the 1+ oxidation state and the sample 
containing paramagnetic impurities. This has also been ob-
served in the compounds NaCu4Se3 and NaCu6Se4.42, 46 Consid-
ering strict integer valence arguments, this would imply mixed-
valence falling on the phosphorous atoms in the structure, e.g., 
K+(Cu+)7(P3-)2P2-. However, because there is no P-P bonding 
within the layers, we propose that KCu7P3 is best thought of as 
Cu3P intercalated with K+ ions that hole-dope the [Cu7P3]- slabs. 
As we will discuss later, the holes are delocalized due to high 
covalent Cu-P bonding, resulting in a Cu valence state slightly 
greater than 1+, a P valence slightly less than  

 

Figure 5. a) Resistivity and b) Hall effect of a KCu7P3 crystal from 
1.8 to 300 K. The residual resistivity ratio (RRR = ρ(300 K)/ρ(1.8 
K)) was ~6.5. Data from both cooling and warming are shown. 
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Figure 6. Seebeck coefficient of a pressed polycrystalline pellet of 
KCu7P3. Experimental data is shown with solid lines and compared 
to the calculated Seebeck coefficient using Boltzmann transport 
theory (dashed line). 
 
 
3– and metallic behavior. 

Charge Transport. Temperature-dependent resistivity meas-
urements show that KCu7P3 has a low room temperature resis-
tivity ~335 μΩ-cm with a metallic temperature dependence 
(Figure 5a). The residual resistivity ratio (RRR = ρ(300 K)/ρ(1.8 
K)) was ~6.5, indicating moderate crystal quality possibly due 
to defects and twinning in the samples. Current flow was ap-
proximately in-plane for all measurements. Hall effect experi-
ments yielded linear Hall resistances with magnetic field, thus 
the equation for a single parabolic band was used.47 Holes were 
the majority carriers and a large carrier concentration, pHall, on 
the order of 1021 cm-3 was measured, corresponding to moderate 
hole mobility of ~15 cm2 V-1 s-1 at room temperature. With de-
creasing temperature, pHall was effectively constant, while the 
hole mobility rose to ~150 cm2 V-1 s-1 at 1.8 K. The transverse 
magnetoresistance was positive and reached a maximum at 1.8 
K and 9 T of ~17% (Figure S4 in the SI). Similar transport be-
havior was measured on a second crystal and these data are lo-
cated in the SI (Figure S5). Seebeck coefficient measurements 
on a polycrystalline sample yielded a value that was small and 
positive (Figure 6). Taken with the large, temperature-invariant 
carrier concentration from Hall effect measurements, we assign 
KCu7P3 as a p-type metal. The experimental Seebeck data com-
pare well to those calculated from the electronic band structure 
using Boltzmann transport theory (dashed line in Figure 6), to 
be discussed below. 

Band Structure Calculations. The calculated electronic band 
structure and density of states indicate metallic behavior for 
KCu7P3 (Figure 7a). Around the Fermi level (EF), Cu 3d states 
dominate with a significant contribution from P 3p states, con-
sistent with highly covalent Cu-P bonding within the layers. 
The Fermi surface is complex with numerous band crossings, 
yielding a hole carrier concentration of ~3×2021 cm-3. Of note 
are several band crossings at the K and H points of the Brillouin 

zone, which manifest as a spike in the density of states at EF. 
The Brillouin zone used in the calculations can be located in the 
SI (Figure S6). 

Our transport and structural characterizations show KCu7P3 is 
both a metal and has a NCS crystal structure. NCS metals often 
exhibit anisotropic Seebeck coefficients and have potential ap-
plications as ultrafast thermal radiation detectors.48-50 There-
fore, future work will focus on measuring the Seebeck coeffi-
cient along the principal axes using KCu7P3 single crystals. Cu3-

xP also has a NCS structure and has been assigned as a p-type 
metal based on resistivity51-52 and Hall effect40 measurements. 
However, we note that a degenerately-doped semiconductor 
with a small band gap would yield similar results. This situation 
would be expected as stoichiometric Cu3P is valence-precise 
and should exhibit semiconducting behavior. Seebeck coeffi-
cient measurements and band structure calculations would be 
valuable in clarifying the electronic nature of Cu3-xP and hence, 
its relationship to KCu7P3 and related phases. 

Stability in Aqueous Solutions. Tests in aqueous solutions in-
dicated that KCu7P3 is stable after prolonged soaking in unbuff-
ered water and 0.05 M H2SO4 (aq) but degraded slightly in basic 
media (Figure 8). The only other reported phases in the K-Cu-
P phase space (K3Cu3P2

28 and K2CuP11) are K-rich and decom-
pose rapidly in moist air. We note that CaCu4P2 is reported as 
stable in ambient conditions also,14 meaning these dimension-
ally reduced, Cu-rich Cu3P derivatives may be of interest for 
applications in aqueous solutions, e.g., electrocatalysis. 

 
Figure 7. a) Electronic band structure along high symmetry direc-
tions (see Figure S6) and b) orbital-projected density of states plots 
for hexagonal KCu7P3. The Fermi level (EF) is set at 0 eV. 
 

CONCLUSIONS 

The new 2D noncentrosymmetric pnictide, KCu7P3 was discov-
ered from a molten potassium polyphosphide flux and subse-
quently synthesized directly from the elements. It crystallizes in 
the polar P31m space group, consisting of [Cu7P3]- slabs with a 
disordered Cu sublattice and hexagonal P sheets. The spaces be-
tween these slabs host the charge balancing K+ ions. Although 
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KCu7P3 is thermally metastable and decomposes on heating, the 
phase is stable in ambient conditions as well as neutral and 
strongly acidic solutions. Resistivity, Hall and Seebeck effect 
measurements are consistent with KCu7P3 being a p-type metal, 
with pHall = ~1021 cm-3 and μHall = ~15 cm2 V-1 s-1 at room tem-
perature. Band structure calculations support this description. 
Our work highlights that new materials may be discovered by 
using alkali metal polyphosphides as reactive fluxes in a similar 
fashion to the multitude of compounds synthesized using alkali 
metal polychalcogenide fluxes. 

 
Figure 8. PXRD of KCu7P3 powder after being soaked in various 
aqueous solutions. A peak due to possible degradation after soaking 
in 1 M NaOH is indicated by an arrow. 
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Table 1. Crystal data and structure refinement for KCu7P3 at 300 K. 
Empirical formula KCu7P3 

Formula weight 576.79 

Temperature 300 K 

Wavelength 0.71073 Å 

Crystal system trigonal 

Space group P 3 1 m (No. 157) 

Unit cell dimensions 
a = 6.9637(2) Å, α = 90° 

c = 24.1338(10) Å, γ = 120° 
Volume 1013.53(7) Å3 

Z 6 

Density (calculated) 5.760 g/cm3 

Absorption coefficient 22.815 mm-1 

F(000) 1602 

Crystal size 0.04 × 0.03 × 0.001 mm3 

θ range for data collection 0.848 to 34.441° 

Index ranges -10<=h<=10, -10<=k<=9, -38<=l<=37 

Reflections collected 11960 

Independent reflections 2937 [Rint = 0.0728] 

Completeness to θ = 25.242° 99.4% 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2937 / 19 / 133 

Goodness-of-fit 1.082 

Final R indices [I > 2σ(I)] Robs = 0.0638, wRobs = 0.1787 

R indices [all data] Rall = 0.0879, wRall = 0.1978 

Largest diff. peak and hole 2.475 and -3.585 e·Å-3 
R = Σ||Fo|-|Fc|| / Σ|Fo|, wR = (Σ[w(|Fo|2 - |Fc|2)2] / Σ[w(|Fo|4)])1/2 and w=1/[σ2(Fo2)+(0.1022P)2] where P=(Fo

2+2Fc
2)/3 
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Synopsis: A new, layered copper pnictide, KCu7P3 is reported. Geometric displacements of the Cu ions result in a non-
centrosymmetic crystal structure. Structural arguments and magnetic measurements show that KCu7P3 can be thought 
of as a dimensionally-reduced derivative of the binary copper phosphide, Cu3P intercalated with K+ ions. Combined 

charge transport measurements and band structure calculations assign KCu7P3 as a noncentrosymmetric metal. 
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