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Molecular	Density	Functional	Theory	and	its	coupling	with	the	N	body	

quantum	problem	

Guillaume	Jeanmairet
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Quantum	Chemistry	and	Solvation
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QM calculations	are	expansive (when	there	are	a	lot	of	electrons).

There	are	(almost	always)	done	in	vacuum

Number	of	(Valence)	electrons:	22 Number	of	(Valence)	electrons:	470

1	mol/L	≈	56	water	molecules

And	things	get	even	worse:	T>0	K,	Free	Energy	(or	entropy)	matters...



Solvation:	MM	and	QM/MM
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To	compute	free	energies:	Statistical	Physics

Generate	a	lot	of	configurations	+	ensemble	average

Monte	Carlo	or	Molecular	dynamics (forces	needed).

Computational	cost

accuracy	

Full	Quantum:	ab-initio	MD Classical	FF:	all	atoms Classical	FF:	coarse-grained	

QM/MM
Pros: precise,	molecular	description

Cons: Expansive,	parametrization



Solvation:	Continuum	methods
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The	idea	is	to	average	the	solvent	degrees	of	freedom	prior	to	the	calculation

Solvent	is	model	by	a	dielectric	continuum	and	several	parameters	modelling:	polarizability,	

cavity,	etc…

Pros:		Fast	(almost	free)

Cons:	Highly	parametrized,	lack	molecular	description	(H	bonding…)



Molecular	Density	Functional	Theory	in	brief
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F [ρ] = Ω[ρ]− Ω0
<latexit sha1_base64="YJgtXS3D/lu1r1GK0Gzw/LYI7LA=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkVwY0mqoBulIIg7K9gHJCFMppN26EwmzEyEErpy46+4caGIW7/BnX/jtMlCWw8MnHvOvdy5J0wokcq2v43SwuLS8kp5tbK2vrG5ZW7vtCVPBcItxCkX3RBKTEmMW4ooiruJwJCFFHfC4dXE7zxgIQmP79UowT6D/ZhEBEGlpcDcv3Y9MeD+hXfLcB/mxXFeBHZgVu2aPYU1T5yCVEGBZmB+eT2OUoZjhSiU0nXsRPkZFIogiscVL5U4gWgI+9jVNIYMSz+bnjG2DrXSsyIu9IuVNVV/T2SQSTlioe5kUA3krDcR//PcVEXnfkbiJFU4RvmiKKWW4tYkE6tHBEaKjjSBSBD9VwsNoIBI6eQqOgRn9uR50q7XnJNa/e602rgs4iiDPXAAjoADzkAD3IAmaAEEHsEzeAVvxpPxYrwbH3lryShmdsEfGJ8/OmWYUA==</latexit>



MDFT	in	details

Solute	and	solvent	are	molecular (rigid	entities	

with	multiple	sites)	thus	the	solvent	density	

depends	on	position and	orientation

ρ] + F
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

ρ(r,Ω)
<latexit sha1_base64="u83IJE/H5Z0XyRRnjW1A76eLFig=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOYYKMVgQ9eBh48eYE9wJrGWmWbmFJWpJUGKV48at48aCIVz+FN7+N6daDbj4Q8uP/fx6S5x/EjCrtON9WaWl5ZXWtvF7Z2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOPr3O88EKloJO71JCY+R0NBQ4qRNlLfPvDkKII1LwhTmZ3ml3fLyRBlJ3276tSdacFFcAuogqKaffvLG0Q44URozJBSPdeJtZ8iqSlmJKt4iSIxwmM0JD2DAnGi/HS6QgaPjTKAYSTNERpO1d8TKeJKTXhgOjnSIzXv5eJ/Xi/R4aWfUhEnmgg8eyhMGNQRzPOAAyoJ1mxiAGFJzV8hHiGJsDapVUwI7vzKi9A+q7uG786rjasijjI4BEegBlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLWWrGJmH/wp6/MHe6SW0A==</latexit><latexit sha1_base64="u83IJE/H5Z0XyRRnjW1A76eLFig=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOYYKMVgQ9eBh48eYE9wJrGWmWbmFJWpJUGKV48at48aCIVz+FN7+N6daDbj4Q8uP/fx6S5x/EjCrtON9WaWl5ZXWtvF7Z2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOPr3O88EKloJO71JCY+R0NBQ4qRNlLfPvDkKII1LwhTmZ3ml3fLyRBlJ3276tSdacFFcAuogqKaffvLG0Q44URozJBSPdeJtZ8iqSlmJKt4iSIxwmM0JD2DAnGi/HS6QgaPjTKAYSTNERpO1d8TKeJKTXhgOjnSIzXv5eJ/Xi/R4aWfUhEnmgg8eyhMGNQRzPOAAyoJ1mxiAGFJzV8hHiGJsDapVUwI7vzKi9A+q7uG786rjasijjI4BEegBlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLWWrGJmH/wp6/MHe6SW0A==</latexit><latexit sha1_base64="u83IJE/H5Z0XyRRnjW1A76eLFig=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOYYKMVgQ9eBh48eYE9wJrGWmWbmFJWpJUGKV48at48aCIVz+FN7+N6daDbj4Q8uP/fx6S5x/EjCrtON9WaWl5ZXWtvF7Z2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOPr3O88EKloJO71JCY+R0NBQ4qRNlLfPvDkKII1LwhTmZ3ml3fLyRBlJ3276tSdacFFcAuogqKaffvLG0Q44URozJBSPdeJtZ8iqSlmJKt4iSIxwmM0JD2DAnGi/HS6QgaPjTKAYSTNERpO1d8TKeJKTXhgOjnSIzXv5eJ/Xi/R4aWfUhEnmgg8eyhMGNQRzPOAAyoJ1mxiAGFJzV8hHiGJsDapVUwI7vzKi9A+q7uG786rjasijjI4BEegBlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLWWrGJmH/wp6/MHe6SW0A==</latexit><latexit sha1_base64="u83IJE/H5Z0XyRRnjW1A76eLFig=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOYYKMVgQ9eBh48eYE9wJrGWmWbmFJWpJUGKV48at48aCIVz+FN7+N6daDbj4Q8uP/fx6S5x/EjCrtON9WaWl5ZXWtvF7Z2Nza3rF399oqSiQmLRyxSHYDpAijgrQ01Yx0Y0kQDxjpBOPr3O88EKloJO71JCY+R0NBQ4qRNlLfPvDkKII1LwhTmZ3ml3fLyRBlJ3276tSdacFFcAuogqKaffvLG0Q44URozJBSPdeJtZ8iqSlmJKt4iSIxwmM0JD2DAnGi/HS6QgaPjTKAYSTNERpO1d8TKeJKTXhgOjnSIzXv5eJ/Xi/R4aWfUhEnmgg8eyhMGNQRzPOAAyoJ1mxiAGFJzV8hHiGJsDapVUwI7vzKi9A+q7uG786rjasijjI4BEegBlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLWWrGJmH/wp6/MHe6SW0A==</latexit>

total					ideal	entropy								solute-solvent								solvent-solvent

Fext[ρ] =

Z
ρ(r,Ω)V (r,Ω)drdΩ

<latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit>

The	solute	is	represented	by	an	external	potential	

] = Fid[ρ] +
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

Fexc[ρ] +
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

] + Fext[ρ]
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

F [ρ] =
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

ρ] =
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

ρ] + F
<latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit><latexit sha1_base64="bOA+Bj+GN7B7w/oAz7o1lKDpdcY=">AAACLnicbZDJSgNBEIZ7XGPcoh69DAZBEMKMCHpQCIjBYwSzwGQYejqVpEnPQneNJAx5Ii++ih4EFfHqY9hZFE3yQ8PPV1VU1+/Hgiu0rFdjYXFpeWU1s5Zd39jc2s7t7FZVlEgGFRaJSNZ9qkDwECrIUUA9lkADX0DN714N67V7kIpH4R32Y3AD2g55izOKGnm565LTkJ3IvSx5aQOhhylvDgZjdvzLoMfmQfyBXi5vFayRzFljT0yeTFT2cs+NZsSSAEJkgirl2FaMbkolciZgkG0kCmLKurQNjrYhDUC56ejcgXmoSdNsRVK/EM0R/TuR0kCpfuDrzoBiR03XhnBezUmwde6mPIwThJCNF7USYWJkDrMzm1wCQ9HXhjLJ9V9N1qGSMtQJZ3UI9vTJs6Z6UrC1vz3NFy8mcWTIPjkgR8QmZ6RIbkiZVAgjD+SJvJF349F4MT6Mz3HrgjGZ2SP/ZHx9A1G/qyQ=</latexit>

The	ideal	term	is	the	one	of	the	non-interacting	fluid

Fid[ρ] = kBT

ZZ
✓

ρ ln
ρ(r,Ω)

ρ0

− ρ(r,Ω) + ρ0

◆

drdΩ
<latexit sha1_base64="ujs5jW22L4pOcMBqF/Ard4HWWhE="></latexit>
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MDFT	in	details

The	hard	part	is	the	excess one	(as	in	eDFT).

The	most	advanced	expression	is	done	within	the	homogenous	reference	fluid	approximation	

and	is	equivalent	to	HNC		and	corresponds	to	the	hyper- netted	chain	approximation	[1].	

Fexc[ρ] = −

kBT

2

ZZZZ
∆ρ(r1,Ω1)c(r12,Ω1,Ω2)∆ρ(r2,Ω2)dr1dΩ1dr2dΩ2

<latexit sha1_base64="VQ9sds8e96/4Qc98WYegJpq1fBk="></latexit>

[1]

In	practice:

Input:	 -solvent	dcf and	homogenous	density	(scalar)

-solute:	choice	of	classical	FF:	LJ,	charges,…

Minimization	on	a	6D	grid.

7



Some	example	on	classical	systems

8

Luukkonen et al, in prep Robert,	A,	Luukkonen,	S	and	Levesque,	M

arXiv:1908.10720

Structure Free	energies



QM/MDFT	(preliminary	work)

9

Fext[ρ] =

Z
ρ(r,Ω)V (r,Ω)drdΩ

<latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit><latexit sha1_base64="HCD//kcMK5UTxekRswb9LBhkNo4="></latexit>

Now	the	external	potential	of	MDFT	comes	from	a	QM calculation	

V = VES + Vdisp
<latexit sha1_base64="9RO11b6LzqHpURXAbtk6CWLOyzM=">AAACBHicbZDLSsNAFIYn9VbrLeqym2ARBKEkVdCNUhDBZUV7gTaEyWTSDp1cmDkRS8jCja/ixoUibn0Id76N0zaCtv4w8PGfczhzfjfmTIJpfmmFhcWl5ZXiamltfWNzS9/eackoEYQ2ScQj0XGxpJyFtAkMOO3EguLA5bTtDi/G9fYdFZJF4S2MYmoHuB8ynxEMynL0cuus5fSA3kN6eZMd/rDHZJw5esWsmhMZ82DlUEG5Go7+2fMikgQ0BMKxlF3LjMFOsQBGOM1KvUTSGJMh7tOuwhAHVNrp5IjM2FeOZ/iRUC8EY+L+nkhxIOUocFVngGEgZ2tj879aNwH/1E5ZGCdAQzJd5CfcgMgYJ2J4TFACfKQAE8HUXw0ywAITULmVVAjW7Mnz0KpVraNq7fq4Uj/P4yiiMtpDB8hCJ6iOrlADNRFBD+gJvaBX7VF71t6092lrQctndtEfaR/fDZGYWw==</latexit>

∆VES(r) = −

n(r)

4⇡✏0
<latexit sha1_base64="8h3QG++2NWKToI26Ym4e9/nAMNg="></latexit>

Electrostatic	part	comes	from	solving	Poisson	equation	for	the	electronic	density

Vdisp
<latexit sha1_base64="jusopzC/AQuLiLd8sDEUpMzFAPw=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKexGQU8S8OIxgnlAsoTZ2d5kyOzDmd5gWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dXiKFRtv+tgpr6xubW8Xt0s7u3v5B+fCopeNUcWjyWMaq4zENUkTQRIESOokCFnoS2t7odua3x6C0iKMHnCTghmwQiUBwhkZyW/0ewhNmvtDJtF+u2FV7DrpKnJxUSI5Gv/zV82OehhAhl0zrrmMn6GZMoeASpqVeqiFhfMQG0DU0YiFoN5sfPaVnRvFpECtTEdK5+nsiY6HWk9AznSHDoV72ZuJ/XjfF4NrNRJSkCBFfLApSSTGmswSoLxRwlBNDGFfC3Er5kCnG0eRUMiE4yy+vklat6lxUa/eXlfpNHkeRnJBTck4cckXq5I40SJNw8kieySt5s8bWi/VufSxaC1Y+c0z+wPr8AV6ukno=</latexit>

We	keep	a	LJ	description

Ftot[ρ] = F [ρ] + EQM −

Z
VES(r,Ω)ρ(r,Ω)drdΩ

<latexit sha1_base64="Nai8a6Z0Y4xuj3Qho6PpJYX0HWg="></latexit>



QM/MDFT	(preliminary	work)

10

Water	in	water:

QM	package	is	GPAW	(not	the	best	choice…)

Functional:	PBE

Box	size	5	Å,	h=0.2	Å
Dipole	moment	μ=1.9	D

Dipole

moment	μ (D)

Experience QM QM-CSM	[1] QM/MDFT

Vaccum 1.85 1.9 / /

Solution 2.3/2.4 / 2.3 2.2

[1]	A.	Held	and	M.	Walter, Simplified	continuum	solvent	model	with	a	smooth	cavity	based	on	volumetric	

data, J.	Chem.	Phys. 141,	174108	(2014).

The	agreement	is	not	so	bad	considering	I	did	not	parametrize	anything



QM/MDFT	(preliminary	work)

11

So	far	the	QM	is	not	perturbed	by	the	classical	part,	let’s	do	it!

Compute	the	solvent	charge	density

Compute	an	external	electrostatic	potential	acting	on	the	QM	part

Redo	the	QM	calculation	/	MDFT	calculation	sequentially	until	convergence	(4	cycles).			

ρc(r) =

Z
σ(|r − r

0|)ρ(r0)dr0dΩ
<latexit sha1_base64="4B1UBTIeJXzzd8bo39Xv0ypvmic="></latexit>

∆Vext(r) = −

⇢c(r)

4⇡✏0
<latexit sha1_base64="s4I7Ej0wOEreeQEV1PbjGV8PwEI="></latexit>

Dipole

moment	μ (D)

Experience QM QM-CSM	[1] QM/MDFT QM/MDFT	with	

interactions

Vaccum 1.85 1.9 / / /

Solution 2.3/2.4 / 2.3 2.2 2.3



QM/MDFT		SN/2	reaction
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Using	the	same	approach	I	tried	to	study	the	Cl-CH3--------Cl
- SN2	reaction.
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Conclusions/Perspectives
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MDFT	is	a	powerful	technique	to	study	solvation	problems

It	may	be	a	good	compromise	for	taking	into	account	solvent	effects	in	QM	calculation

(computational	cost	+	molecular	description)

It	clearly	needs	further	development

When	coupled	with	eDFT,	it	should	be	possible	to	simultaneous	optimization	of	the	two	

density	fields



Thank	you	all	for	listening	!

Collaborators:
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