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New phosphonates based on earth-alkali metals and
N,N‘-4,4‘-Bipiperidinebis(methylenphosphorous acid)
The systematic study of the systems M(II) / H4L / KOH (L = N,N‘-4,4‘-bipiperidine-bis(methylenphosphonate, M(II) = Mg, Ca, Sr, Ba) in a water based
synthesis using our in-house high-throughput (HT) reactor system[1] resulted in the formation of four new metal phosphonates of general composition
[M2(H2O)x(L)] at room temperature (Fig. 1). Only the synthesis of the Ba2+-based compound resulted in crystals suitable for single crystal X-ray diffraction,
while the other compounds were obtained as microcrystalline products. The crystal structures were successfully determined from powder X-ray diffraction
(PXRD) data. A structural model was obtained by parallel tempering in direct space and refined using the Rietveld method. With increasing ionic radius of
the metal ions, an increase in the dimensionality of the inorganic building unit and the network is observed. The effect of reaction temperatures on the
product formation as well as the phase transformation of [Mg2(H2O)8(L)] upon heating was studied in situ in solution as well as in the solid state. A highthroughput (HT) temperature gradient oven was utilized to systematically investigate the influence of different reaction temperatures on the product
formation. [2]
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Fig. 2. Compounds of a general composition [M2(H2O)x(L)] (M = Mg, Ca, Sr, Ba) obtained in the system M(II) / H4L / KOH / H2O under identical synthetic procedures at RT.

Reactor systems
Vmax = 7mL

Temp
Vmax = 200 µL
Intensity / u.a.

Vmax = 200 µL

 Tmax = 40 °C
5

10

15

20

2q / °

Fig. 3. SynRAC [3] set up for in
situ crystallisation studies at
synchrotron radiation facilities.

Fig. 4. HT reactor system with 48 inserts (left) and typical crystallization
diagram of observed phases in the system Mg(II) / H4L / KOH / H2O
(right). green: [Mg2(H2O)5(L)], yellow / red: amorphous / no product

SynRac

[Mg2(H2O)8(L)]

ΔT

Fig. 5. HT temperature gradient oven and suitable reactors(left)
for reactions in solution up to 99 °C and product formation as a
function of temperature in the system Mg(II) / H4L / KOH (right).
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Fig. 6. In‐situ PXRD datasets collected at
DESY P02.1employing the SynRAC set
up. Left: formation of [Mg2(H2O)8(L)]
through ultrasonication [4], right:
temperature induced phase transformation
from [Mg2(H2O)8(L)] to [Mg2(H2O)5(L)]
(λ = 0.2073 Å).
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Fig. 7. Structural differences between [Mg2(H2O)8(L)] and
[Mg2(H2O)5(L)], which form at different reaction temperatures from
identical reaction mixtures. Top: Ribbon-type structure in
[Mg2(H2O)8(L)] (left) compared to the 3D network in [Mg2(H2O)5(L)].
Bottom: H-Bonds bridging the ribbons in [Mg2(H2O)8(L)] (left)
compared to condensed dimers in [Mg2(H2O)5(L)] forming an
inorganic layer (right).
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Fig. 8. Heat induced solid state phase
transformation from [Mg2(H2O)8(L)] to
[Mg2(H2O)5(L)] during a temperature depended
PXRD-experiment starting with [Mg2(H2O)8(L)] in
a quartz capillary. The phase transformation
starts at a temperature of 150 °C.
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