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In this limit, the time constant of the slow decay is just 
the inverse of the rate of bound to free transition7.  
Although this model has been semi-quantitatively succes-
sful in explaining a wide range of behaviour, the basic 
assumption of the existence of bound and free water 
molecules remained unsubstantiated. 
 In addition to the above, bound and free water mole-
cules give a convenient way to categorize the water mole-
cules in the hydration layer. The bound molecules can be 
further sub-divided into two categories – singly hydrogen 
bonded or doubly hydrogen bonded. We shall denote 
these two by IBW1 and IBW2 respectively. Free water 
molecules are denoted by IFW (interfacial free water). 
 Recently, we have presented several studies aimed at 
understanding various aspects of interfacial water8. These 
were based on detailed atomistic molecular dynamics 
(MD) simulations of an anionic micelle, CsPFO (cesium 
pentafluorooctanoate). These studies have confirmed the 
existence of slow water and ion dynamics in the inter-
facial region. We have also studied the lifetime of hydro-
gen bonds that the water molecules form with the 
micellar polar head groups and found that it becomes 
considerably longer than those between two water mole-
cules in the bulk. 
 In the present work, we have extended our previous 
study to investigate in detail, the equilibrium structure of 
the interfacial water. Our study has clearly revealed that 
the water at the interface of CsPFO consists of three dif-
ferent species – IBW2, IBW1 and IFW in the ratio 1.1 : 
8 : 0.9, i.e. the bound to free water ratio is 9 : 1. This 
large ratio is a signature of the highly polar character of 
the anionic micelle. 
 As details of the simulation have been discussed else-
where8, we directly proceed to discussion of the results. 
Figure 1 illustrates the average geometries adopted by 
IBW1 and IBW2 water species. Figure 1 gives all the 
details about average bond lengths and bond angles cal-
culated from the simulation. There are features which are 
absent in IBW1 but present in IBW2, such as a well-
defined distance between the water and the second (non-
bonded) oxygen of the polar head group. This feature at 
4.7 Å is prominent for IBW2 water molecules, but is  
absent for IBW1. An examination of the full distribution 
of bond lengths and bond angles, and not just their aver-
ages, shows that the environment around bound water 
species is, in general, more well-defined relative to a  
water molecule in pure water. 
 Figure 2 presents the monomer energy distribution for 
all the three species, as also for water molecules in the 
bulk. It is seen that the interfacial water molecules have 
peaks at lower energies – the IBW2 species has the low-
est potential energy. It is also worth noting that the bound 
water molecules have considerably lower energy values 
than the free water molecules. It is this enhanced stability 
which makes the bound species identifiable, even when 
they are transient because of the dynamic exchange bet-

 

 
Figure 1. Schematic description of the environment around bound 
interfacial waters; a, IBW1, and b, IBW2. Numerical values of the 
geometrical parameters are average values obtained from the MD run. 
Water molecules and surfactant head groups are rigid entities in the 
interaction model. PHGO denotes the oxygen atom of the polar head 
group of the surfactant, and PHGC denotes the carbon atom in the head 
group. WO and WH denote the oxygen and hydrogen atoms of the 
interfacial water respectively. Broken lines between PHGO and WH 
denote hydrogen bond. 

 
Figure 2. Distribution of monomer energies of interfacial water mole-
cules compared to that of bulk water. 
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