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Abstract 

 

We study the alteration of the dynamic character of water both at the surface of protein hydration 
layer and the same under the nano-confinement. The combined effects of confinement and surface 
interactions are explored by studying the position dependent, time-resolved dynamic response 
functions, like dielectric constant and orientational correlation functions. We present several new 
results. We observe a remarkable anisotropy in the dielectric properties of water under cylindrical 
nano confinements in carbon nanotubes (CNTs). We employ linear response theory and use a novel 
relation to define and calculate the two distinct eigenvalues of the dielectric tensor, namely the axial 

(z) and perpendicular (x/y) components. We discover that the dielectric tensor and dielectric 

relaxation exhibit a strong anisotropy (Figure 1) The present study reveals that z and x/y approach 
the bulk value in opposite manner when the diameter of the CNT is increased. The slow convergence 
of the orthogonal component of dielectric constant with the size of the nano-enclosures is revisited. 
We shall also discuss the anomalous viscoelasticity of nanoconfined water (Figure 2) 

 In protein hydration layer, we discuss how a distribution of relaxation times reveal much information 
about the dynamical features that are hidden under the average value. These dynamical distributions 
(both rotational and translational) have lognormal characteristics and are much broader than the 
bulk water. The distributions of dipole moment and energies in the protein hydration layer reveal the 
stark differences of dielectric constant and specific heat (respectively), as compared to the bulk. We 
next discuss the effects of water on the functionality of the protein by studying chemical processes in 
different proteins. We find a strong anti-correlation between the force from the protein and from 
the external water molecules that act from a distance (Figure 3). The anti-correlation gives rise to a 
negative cross-term that serves to reduce the reactive friction, and consequently increase the 
reaction rate, significantly, even by an order of magnitude in some cases. 

We shall attempt to discuss how these studies could help understanding some aspects of water 
within the biological cell. Most cells are composed of more than 60% (by weight) water, but the 
environment is quite crowded. The studies on nano-confined water could help in the study of water 
between two large objects like proteins. Our studies are based on classical force-fields. We often 
employed more than one models. We shall discuss the possible limitations. 
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FIGURES 

 
Figure 1. Anisotropic dielectric permittivity of water inside nano-cylindrical confinements against the inverse 
of the number of water molecules. The axial and perpendicular components converge to the bulk value in an 

opposite manner where the latter exhibits a slow convergence.  
 

 
Figure 2. Shear viscosity of nano-confined water 

 

 
 
 

Figure 3. Anti-correlated time evolution of forces from protein and water on the Fe-CO bond in the heme unit 
of myoglobin. 
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