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Challenge 
Most abundant, least known 

125 big Qs of Science 2006 
Ice floating? 

Surface tension? 
Slippery of ice surface? 
Ice like H2O molecules?  

Mono or mixed structures? 
Bond length & structure order? 

Bio-interaction & climate change? 
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I Principles: Segmented H bond 
Ice Rule 

TIP4Q 
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  dx (nm) Ex (eV) ωx (cm-1) ΘD(K) Tm(K) Interaction 
H-O 0.10 4.0 >3000 >3000  >5000 Exchange 
H:O 0.17 0.10 <300 198 273 Van der Waals 
O--O - - - - Repulsion 

C-C 0.154 1.84 1331 2230 3800 Exchange 

Master-slave-segmented, flexible, 
 fluctuating, and polarizable H-bond 
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vdW 

Ultra-short-range interactions 
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Length, stiffness, core level shift, TC 
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II Recent progress 
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1. H2O under compression 
• Low-compressibility 
• Proton symmetrization 
• Asymmetric phonon relaxation 
• TC depression 
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Fact: corporative Raman shifts 
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Yoshimura, et al., J. Chem. Phys. 124, 024502 (2006). 

3600 3400 600 400 200 0

ωΗ

  

 

Raman shift (cm-1)

20 GPa

15 GPa

10 GPa

5 GPa

0 GPa

ωL



2013/7/18 13 

0 

Lagrangian-Laplace mechanics 
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Chem Sci, 2012. 3: 1455. 



2. H2O at cool 
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Facts: 
ωH heat stiffening 
Density evolution 
O1s energy shift 
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Cross, JACS, 1937. 59: 1134. 
Gilberg, et al., JCP 1982, 76, 5039. 
Mallamace, et al, PNAS, 2007, 104, 18387. 
Erko, PCCP, 2012. 14: 3852. 
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T > 273 K, 273 ≥ T ≥ 258 K, and T < 258 K zone-resolved  Raman shifts of the (a) 
non-bond stretching ωL and (b) the real-bond stretching ωH  phonons shifts.  

Raman shift: stiffness relaxation 
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MD-NPT power spectra of H2O showing three zones with the freezing 
stiffening of the high-frequency phonons and freezing softening of the 
low-frequency phonons.  
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(a) bond, (b) phonon, (c) O—O relaxation and (d) density evolution of 
H2O upon cooling.  
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V-shaped H2O motifs are intact albeit fluctuations at high T. 



3. H2O with < 4 neighbors 
• Ice-like and hydrophobic 
• Volume expansion & polarization 
• Charge densification & entrapment  
• O 1s binding energy shift  
• Stiffer phonon stiffening 

 



XPS and UPS: 
Electron entrapment 

and polarization; 
 IR and Raman:  

H-O phonon stiffening  
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Siefermann, et al., Nat Chem, 2010. 2: 274. 
Winter, et al., JCP 2007,126,124504 

Ceponkus, et al, JCP 2008, 129,194360. 
Buch, et al., Int Rev Phys Chem 2004, 23, 375 
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DFT optimization 
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Experimental data:  
Hirabayashi, J. Mol. Struct. 795, 78 (2006).  

Ceponkus, JPCA  116, 4842 (2012). 
 

O:H-O segmental stiffness relaxation 
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Wilson, JCP 117, 7738(2002). 
Ceponkus, JPCA 116, 4842 (2012). 

Hirabayashi J. Mol. Struct. 795, 78(2006). 
Abu-Samha, J. Phys. B 42, 055201 (2009). 

Bjorneholm, JCP 111, 546 (1999). 
Winter, JCP 126, 124504 (2007). 
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Water droplet dances: 
Antonini et al, PRL 2013. 111: 014501. 

Wang et al, Proc Roy Soc A 2012. 468: 2485. 

Delayed freezing of water droplet on 
hydrophobic:  

Singh et al, APL 2013. 102: 243112. 

Viscositization by confining SiO2 plates 
sputtering: 

Kasuya et al, JPCC 2013. 117: 13540. 



4. Size, separation, structural 
order, and mass density 
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III Prospects 
1. Skin supersolidity 
2. Salt dissolution 
3. Machano-freezing of 25 °C water 
4. Cancer cells 
5. Isotopic effect 
6. Organic (N, F) OH molecules 
7. General rule of NTE 
8. Coulomb repulsion modulation 
9. Food and drug 
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Painting: Hy Sadham, 1885, Library congress. 
Water (blue) ice (red) skin: Kahan, et al, J. Phys. Chem. A 111, 11006 
(2007). 

1. Skin supersolidity of ice and water 
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2. Mechano-freezing of 25 °C water 
      Pressure loss from 1.35-0.85 GPa at freezing 
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3. Salt-induced phonon 
relaxation (opposite to P 
effect) 
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4. Cancer cells: Abramczyk, J Bio Chem 02, 158 (2011) 
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5. Isotope effect: Marechal, J. Mol. Struct. 1004, 146 (2011) 

6. Organic molecules (NOH):  Zou, J Phys Chem B 116, 9796 (2012) 
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7. Negative thermal expansion (NTE) 
  

Graphite and Cu: X.L. Liu, Q.H. Tang and T.C. Wang, Sci China, 2011,500. 

3 VC
kV
γα =

H2O: Chaplin http://www.lsbu.ac.uk/water 

Mallamace, et al, PNAS,104,18387 (2007) 

http://www.lsbu.ac.uk/water


IV Summary 

• Mono-phase of fluctuated-tetrahedron 
• Ultra-short-range interactions 
• Coulomb repulsion 
• Asymmetric relaxation 
• Skin supersolidity - slippery and tension  
• Thermodynamic disparity – NTE 
• Size, separation, order, and mass 
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Thank you! 
  

XTU: Huang Yongli, Ma Zengsheng, Zhou Yichun 
Tsinghua: Fu Xiaojian, Zhou Ji 

JLU: Yan Tinting, Zou Bo, Zheng Weitao  
Sinica: Kuo Jer-lai  

 NTU: Zhang Xi, Shen Zexiang  
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Summary:        Segmented, flexible, 
polarizable, fluctuating  

O:H-O bond: 
 

• Segmental disparity 
• 3 short-range interactions 

• 3 forces; ∆dH:O  >// ∆dH-O 
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ZPS: CN-resolved bond-length & bond-energy 
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  z Cz dz(nm) Ez(eV) E1s(eV) P(eV) 

Atom 0 - - - 282.57   
GNR edge 2 0.70 0.107 1.548 285.89   

Defect 2.2-2.4 0.73-0.76 0.112-0.116 1.383-1.262 285.54-28 283.85 

GNR 3 0.81 0.125 1.039 284.80   

Surf 3.1 0.82 0.127 1.014 284.75   

Graphite 5.335 0.92 0.142 0.757 284.20   

Diamond 12* 1.00 0.154 0.615 283.88   

Ugeda, PRL, 2010 
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