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APPENDIX S4: Computing energetic interactions of planar and vertical configurations of seven dipoles.  In the example presented in the main text the planar and the vertical configurations of seven dipoles are compared (Fig. 4).  The placement of the dipoles is chosen as follows. In both configurations we assume the spacing of dipoles to be consistent with the average spacing of SPC/E water model and set at 0.31 nm.  The vertical configuration dipoles are all aligned with the external electric field, i.e. their dipole moment  is taken to be parallel to .  For the planar dipole configuration the component of the dipole moment  in the direction parallel to the electric field is assumed to be equal to the average dipole moment  predicted by the Langevin-Debye formula (S4)


which establishes the dependence of the dipole moment on the electric field.  The angle of the planar component of the dipole moment  with the planar coordinate axis is drawn from a uniform random distribution of values from 0 to .
The functional form of the total energy for both configurations includes two terms: the pairwise interaction between individual dipoles 

 (S5)

where  and  are the dipole moment vectors and  is the vector between the two dipoles, and the dipole-electric field interaction as defined by eqn. (S3) in Appendix S2. In addition, the vertical configuration of the dipoles also accounts for the desolvation energy required to remove seven dipoles from the bulk.  Goncalves and Stassen [36] estimated the free energy of water solvation with molecular dynamics simulations. We use their result and estimate the free energy required to extract a water molecule from the bulk at  -6.7 kcal/mol=-27.8 kJ/mol. Thus the total energy required to extract seven water dipoles from the bulk is approximately kJ/mol.  
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