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Abstract

We have observed a super-Arrhenius-to-Arrhenius dynamic crossover of the alpha-relaxation time and the inverse self-diffusion constant in deeply supercooled water confined in 1-D [1], 2-D [2] and 3-D [3] geometries. The alpha-relaxation time is measured by incoherent quasi-elastic neutron scattering and the self-diffusion constant by nuclear magnetic resonance. The crossover temperature is shown to be a characteristic temperature marking the emergence of the Fractional Stokes-Einstein Relation between the self diffusion constant and the alpha-relaxation time and also the appearance of a well-defined Boson peak in the incoherent inelastic neutron scattering spectrum. Upon applying pressure to the confined water, the crossover temperature is shown to track closely the Widom line emanating from the existence of a liquid-liquid critical point otherwise buried in an experimentally inaccessible deeply supercooled state for bulk water [4][5]. The existence of the Widom line in the supercooled confined water has been confirmed recently by an independent equation of state measurement using small-angle neutron scattering [6] for D2O and by FTIR [7] for H2O. 
[1]
A. Faraone, L. Liu, C.Y. Mou, C.W. Yen, and S.-H. Chen, “Fragile-to-strong Liquid Transition in Deeply Supercooled Confined Water .” J. Chem. Phys. 121, 10843 (2004). 
[2] S.-H. Chen, L. Liu, E. Fratini, P. Baglioni, A. Faraone, and E. Mamontov, “Observation of fragile-to-strong dynamic crossover in protein hydration water,” Proc. Nat. Acad. Sci. USA 103, 9012 (2006).
[3] Y. Zhang, M. Lagi, F. Ridi, E. Fratini, P. Baglioni, E. Mamontov and S.H. Chen “Observation of dynamic crossover and dynamic heterogeneity in hydration water confined in aged cement paste”, J. Phys.: Condense. Matter  20, 502101 (2008). 
[4] L. Liu, S. H. Chen, A. Faraone, C.W. Yen, C. Y. Mou, “Pressure Dependence of Fragile-to-Strong Transition and a Possible Second Critical Point in Supercooled Confined Water,” 

Phys. Rev. Lett. 95, 117802 (2005).

[5] X. Q. Chu and S.-H. Chen, et al, J. Physical Chemistry B 113, 5001 (2009).

[6] D. Liu, Y. Zhang, Y. Liu, J.-L. Wu, C.-C. Chen, C.Y. Mou, S. H. Chen, “Density Measurement of 
1-D Confined Water by Small Angle Neutron Scattering Method – Pore Size and Hydration Level Dependences”, J. Phys. Chem. B  112, 4309 (2008).
.[7] F. Mallamace, C. Branca, M. Broccio, C. Corsaro, C. Y. Mou, and  S. H. Chen, “The anomalous behaviour of the density of water in the range 30 K < T < 373 K”, PNAS 104, 18387 (2007).
