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THANK YOU!



Collective Effects in Molecular Solids

Mechanical Electrical Optical
Structure – property relations => collective effects!

First principles calculations offer new intuition



Outline
- Predicting properties of biological and bio-

inspired molecular solids

- Gap renormalization in molecular solids:
a challenge and an opportunity



Molecular Guanine and the Formation of Structural Colors

Levy-Lior et al., Adv. Funct. Mat. (2010), 20Levy-Lior et al., Cryst. Growth Des. (2008), 8
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Crystal structure of synthetic guanine

• Monoclinic #14 P121/c1
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Computational guanine structures

Optional Polymorphs
• α-monoclinic-published
• β -monoclinic
• γ – orthorhombic

Anna 
Hirsch

Hirsch, Gur, Polishchuk, Levy, Pokroy, Cruz-Cabeza, Addadi, Kronik, Leiserowitz, 
Chem. Mater.  27, 8289 (2015).



Two monoclinic polymorphs
• Monoclinic #14 P121/c1 – alpha(α)

• Monoclinic #14 P1121/b – beta(β)

Hirsch, Gur, Polishchuk, Levy, Pokroy, Cruz-Cabeza, Addadi, Kronik, Leiserowitz, 
Chem. Mater.  27, 8289 (2015).



X-ray discrepancy resolved

Hirsch, Gur, Polishchuk, Levy, Pokroy, Cruz-Cabeza, Addadi, Kronik, Leiserowitz, 
Chem. Mater.  27, 8289 (2015).



Can appear as tiled structure

Hirsch, Palmer, Elad, Gur, Weiner, Addadi, Kronik, Leiserowitz, 
Angewandte Chemie, Article Online (2017).

Copepod -
Camouflage

Scallop –
Vision



Biologically controlled twinning!

Hirsch, Palmer, Elad, Gur, Weiner, Addadi, Kronik, Leiserowitz, 
Angewandte Chemie, Article Online (2017).



Rigidity from van der Waals bonds => 
greater rigidity from hydrogen bonds?

Amino acid crystals! α-glycine as an example
Meir Lahav

Ido Azuri Elena Meirzadeh
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Very stiff, with strong anisotropy: 
α-glycine

Azuri, Meirzadeh, Ehre, Cohen, Rappe, Lahav, Lubomirsky, Kronik,
Angewandte Chemie 54, 13566 (2015)



Azuri, Meirzadeh, Ehre, Cohen, Rappe, Lahav, Lubomirsky, Kronik,
Angewandte Chemie 54, 13566 (2015)

The H-bond 
network matters!



Molecular crystals: Fundamental gap renormalization

Sato et al., J. Chem. Soc. 77, 1621 (1981)
Neaton, Hybertsen, Louie, PRL 97, 216405 (2006)
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Fundamental gaps
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Refaely-Abramson, Sharifzadeh, Jain, Baer, Neaton, Kronik, 
Phys. Rev. B (Rapid Comm.) 88, 081204, 2013
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○ Molecular gaps are too small
○ No renormalization

Dielectric response: gap renormalization of molecular crystals
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Range-separated hybrid functionals
Coulomb operator decomposition:
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Emphasize long-range exchange, short-range exchange correlation!

See, e.g.: Leininger et al., Chem. Phys. Lett. 275, 151 (1997)
Iikura et al., J. Chem. Phys. 115, 3540 (2001) 
Yanai et al., Chem. Phys. Lett. 393, 51 (2004)

But how to choose the range??
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How to choose ?
);();1(HOMO   NENE gsgs Ionization potential theorem:

Need both IP(D), EA(A)  choose  to best obey the ionization potential theorem for both neutral donor and charged acceptor:
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HOMO NENEJ gsgs  Minimize

Tune, don’t fit, the range-separation parameter!
Stein, Kronik, Baer, J. Am. Chem. Soc. (Comm.) 131, 2818 (2009)

Stein, Eisenberg, Kronik, Baer, Phys. Rev. Lett. 105, 266802 (2010).
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Tuning the range-separation parameter
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Neutral molecule (IP) Anion (EA)
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Generalized OT-RSH - formalism

Yanai et al., Chem. Phys. Lett. 393, 51 (2004) 

Asymptotics: α+β=1 (Standard RSH limit:  α=0, β=1).
γ stlil tuned from the ionization potential theorem
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Refaely-Abramson, Sharifzadeh, Govind, Autschbach, Neaton, Baer, Kronik
Phys. Rev. Lett. 109, 226405 (2012)



• Optimally-tuned screened range-separated hybrids (OT-SRSH)
• Electron polarization dielectric screening
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Solid state screening: the OT-SRSH functional

lc
LR
lx

LR
xx

SR
lx

SR
xxxc EEEEEE    ,,,, )1()()1(

Gap renormalization of molecular crystals from density functional theory
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Screened RSH:
V ~ 1/εr, not 1/r

Tuning parameters 
fixed to 

gas-phase values
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Gap renormalization

2
3S. Refaely-Abramson, S. Sharifzadeh, M. Jain, R. Baer, J. B. Neaton and L. Kronik, PRB(R) 88, 081204, 2013
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Gap renormalization of molecular crystals from density functional theory

○ Molecular gaps are too small
○ No renormalization
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Even in covalent & Ionic solids!

Refaely-Abramson, Jain, Sharifzadeh, Neaton, Kronik,  
Phys. Rev. B (Rapid Comm.) 92, 081204 (2015).



Conclusions
- Molecular crystals exhibit a range of “collective” properties:
• Unexpected structures
• Unusual mechanical, electrical, and optical properties

- Modern DFT approaches teach us about, but also learn from, 
molecular solids. Make true predictions possible!

Kronik & Neaton, Annual Reviews Chem. Phys. 67, 587 (2016).

Understanding molecular crystals with 
dispersion-inclusive density-functional theory

Kronik & Tkatchenko, Accounts Chem. Research 47, 3208 (2014).

Excited State Properties of Molecular Solids from First Principles


