
Page s582  28th European Crystallographic Meeting, ECM 28, UK, 2013 Acta Cryst. (2013). A69, s582

Poster Presentations
[MS28-P05] Solid acid proton conductors: the 
influence of hydrogen subsystems on physical 
properties. 
Irina Makarova, Vadim Grebenev, Elena 
Dmitricheva, Vladimir Komornikov, 

Shubnikov Institute of Crystallography RAS, 
Leninsky pr. 59, 119333 Moscow, Russia 
E-mail: makarova@crys.ras.ru 

Interest in superprotonic crystals of MmHn(XO4)
(m+n)/2 (М = K, Rb, Cs, NH4; X = S, Se, P) is associated 
with the solution to fundamental problems of 
modern condensed matter physics: establishment 
of structural conditionality of anomalies of 
physical properties with the aim of designing 
new functional materials. Superprotonic 
crystals belong to a special class. As opposed to 
other hydrogen-containing compounds, phase 
transitions in these crystals are accompanied by a 
hydrogen-bond network rearrangement, resulting 
in a radical change in the physicochemical 
properties; in particular, these transitions give 
rise to proton conductivity of about 10
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cm

–1
. These crystals are unique in the class 

of proton conductors, since the superprotonic 
conductivity is related to the structural features 
of these compounds, instead of consequence of 
impurity doping process. The occurrence of high 
superprotonic conductivity in the M3H(XO4)2 
crystals is associated with the formation of a 
qualitatively new and dynamically disordered 
hydrogen-bond system. This fact was found for 
the first time in the studies of structural phase 
transitions in the Rb3H(SeO4)2 crystals [1] and 
was then confirmed for other M3H(XO4)2 crystals, 
including K3H(SO4)2 [2]. In K9H7(SO4)8∙Н2О 
crystals, the only known representative of the 
M9H7(XO4)8∙xН2О family, the superprotonic 
phase transition at 405 K is associated with the 
diffusion of crystallization water, the hydrogen-
bond network rearrangement, and the formation 
of channels for the possible motion of K atoms 
[3,4]. The hydrogen-bond rearrangement and the 
hindered back diffusion of water to the crystal 
stabilize the high-temperature phase and ensure 

its supercooling to low temperatures. 
As a result of researches of the CsHSO4 –
CsH2PO4-H2O system, the new crystals of 
Cs3(HSO4)2(H2PO4), Cs4(HSO4)3(H2PO4) and 
Cs6H(HSO4)3(H2PO4)4 [5] (enough big, with good 
optic quality) were grown up. The measurements 
of conductivity and optic researches of crystals 
showed superprotonic phase transitions at 409, 
411 and 365 K correspondingly. The distinction 
in the properties of Cs3(HSO4)2(H2PO4) and 
Cs4(HSO4)3(H2PO4) (sp. gr. C2/c at 295 K) 
is related to differences in nets of hydrogen 
bonds formed between different-occupied XO4 
tetrahedra. Cs6H(HSO4)3(H2PO4)4 (sp. gr. I-43d 
at 295 K) has the net of hydrogen bonds that is 
completely different. After cooling crystals the 
high-temperature superprotonic phase preserve 
long enough without essential decrease in 
conductivity. These properties are especially 
attractive to practical applications. We are 
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