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1. Synthesis and Methods

Samples of BiMnPOs were prepared by carefully heating a stoichiometric mixture of MnO
(previously obtained by reducing MnO, in a flowing mixture of 10% H, / 90% N, at 800 °C for
48 hours), NH,H,PO, and Bi,O; from 300°C to 800°C in air.! Since heating above 820°C
resulted in decomposition, the target phase was obtained using a final heating at 800°C for a
week with intermittent grinding. The phase purity at each stage was monitored with a Siemens
D5000 X-ray diffractometer in transmission mode with monochromatic CuKa,; radiation and a
position sensitive detector. Time-of-flight NPD data were collected from a 2-3 g sample in a
vanadium tube at the instrument POLARIS (earlier design than the current instrument) at ISIS,
RAL, Oxford, UK.? Data were obtained at ambient temperature and 1.8 K, achieved in an AS
Scientific "Orange" cryostat with continuous pumping. Rietveld structure refinements on the
collected XRD and NPD patterns were carried out using GSAS? with the EXPGUI interface.*
The magnetic order was initially determined using the nuclear unit cell (space group P2,/n),
appropriately enlarged to allow for the additional magnetic reflections. Subsequently, this
was converted to the standard setting of P2,/c for the magnetic cell (giving the magnetic space
group P,2,/c) but P2;/n was retained for the nuclear structure to allow direct comparison with
litersture reports. No individual magnetic reflections were apparent for Mn;P,Oy in the range
from 4-12A (see Fig. 2a in the main text and Fig. S1). Any magnetic contribution at lower d

values would be insignificant so the magnetic contribution was ignored.

Ab initio calculations on a model of Mn,0,(H,0)g with experimental geometry and variable
Mn—Mn distances were performed using the CRYSAL17 code;’® a recently developed triple-
zeta variable polarization (TZVP) basis set was applied to all the atoms in the molecule.® The
calculation was done on a DFT level with a hybrid functional (a0 = 0.10) of B3LYP
parameterization.”® The total energies of the model with FM and AFM coupling of the two
Mn(II) ions were obtained and the Heisenberg exchange parameters (/) were deduced with the

expression proposed by Yamaguchi et al:’

ELS _ pHS

J=
2 HS 2 LS
<S> <5> (1)

S2



S3



2. Figures
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Figure S1 Rietveld refinement plots at 300 K and 2 K for (a) the 145° detector and

(b) the 35° detector. The 300 K data are offset by ~90 units.
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a

a'= 10.5060(2), b'= 11.3408(2), ¢' = 7.6034(1) A, B = 109.588(1)°

Atom x/a' yb' b/ by /g

Mni | 09707 0.9089 0.1605 4.46(2)

(b) Mn2 | 04707 0.9089 0.6605 -4.46(2)

Figure S2 (a) The magnetic unit cell (a',b',c') showing the magnetic order in
BiMnPOs (only Mn, black spheres, shown) and the full transformation matrix; (b)
the transformation of the unit cell perpendicular to the b-axis, the new unit cell
and magnetic data for the unit cell.
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90° Direct and 180° Superexchange
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Figure S3 Magnetic exchange pathways in Di-manganese (ll, Il) pairs with edge-
shared Mn-(u-0)2-Mn bonds. Green, Mn3d-orbitals; red/blue O2p showing phase.
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