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Outline

- Where is water? Some fields of research - Confinements

- General Phenomenology (glasses, Tg, relaxations)
Properties of bulk water / Phase diagram (simulations vs experiments)

-Broadband Dielectric spectroscopy and the study of water molecules

-The dynamics of water at low femperatures in:
- Solution of polymers, glasses and other materials

- Short introduction to Proteins and other biomolecules

- Summary



Where is found water?

Geological water

Biological water

Water in soft matter
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Where is found water? - Geological water
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Rivers, lakes, reservoirs... ? e “ BULK LIQUID WATER

CONFINED WATER

Porosity

Some topics of study:

- Water in relation to the structure of rocks as clays, rocks, tobermorite, kaolinite, volcanic ash...
-Water motions no crystallization (ho man’s land: 150 - 230 K)
-How the properties of water change at the nanoscale?




Where is found water? - Biological water

Water in the
dy is

Human Body . . . . .
= Y0-99% Proteins: molecules which perform biological functions
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at least... 0.2 (g of water)/(g of protein)

The motions of the protein, the hydration shell and the bulk solvent are all necessary for functionality

Most of this water is never more than
about 1 nm from other molecules

Model of a bacterial cytoplasm
J. Phys. Chem. B 2017, 121

Some topics of study :
-The motions of the protein, the hydration shell and the bulk solvent —> functionality
-Analogies confined water in rocks and proteins




Where is found water? - Water in all hydrophilic materials, nanocomposites

Hydrophilic polymers contain polar or charged functional groups, rendering them soluble in water.
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Some topics of study:
-How to dry a polymer?
-Plasticization
-Compatibility with fillers

......

Some hydrophilic groups:

1. Carboxylic groups: -(COOH)
2. Amide: -(C=0)-N-
3. Hydroxyl groups: OH-
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Where is found water?

In many situations water is not in its bulk form, but instead it is either in contact with
surfaces or confined within small cavities
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- Confined water (Weathering)
- Relationship with structure
- Solvent/Buffer

Geological water

- Bulk water, hydration water,

Biological water g SRR confined water relationship with
Ced A functionality
k - Confined water

- Bulk water, hydration water,

. # SEREE confined water
Water in soft matter - Relationship with several industrial
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Properties of bulk water / Phase diagram (simulations vs experiments)

-Broadband Dielectric spectroscopy and the study of water molecules

-The dynamics of water at low femperatures in:
- Solution of polymers, glasses and other materials

- Short introduction to Proteins and other biomolecules

- Summary



Glasses
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crystallizes
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Equilibrium state

Randomly moving

Does not crystallizes
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Viscosity = n(T)
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Glasses - Glass transition temperature - Tg
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Bulk water - No man’s land....

Tg = 200-160 K? Tg =136 K?
{922 1222
Supercooled Crystallization Glassy
273 235 150 100
, | T
No man’s land [K]
the region lying between the crystallization femperatures
encountered when heating the glass and cooling the liquid.
Liquid water Vapor/crystalline
106/107 : & B
l 106/107 K/sec 110 K/sec LDA HDA
Glassy water (HGW) Low Density Amorphous ice (LDA)

High Density Amorphous ice (HDA)

LDA: Sceats and Rice, 1982
HDA: Mishima et al, 1984

(Hallbrucker et all, 1989)

Water's SECOI"Id glass tranSitiOH 17720-17725 | PNAS | October 29, 2013 | wol 110 | no.dd

Katrin Amann-Winkel™', Catalin Gainaru™’, Philip H. Handle®, Markus Seidl®, Helge Nelson®, Roland Béhmer®,
and Thomas Loerting®



Anomalies of water/ Experiments....

Due to crystallization..No entering in the no man’s land

- To mix water with hydrophilic solutes (SOFT CONFINEMENT)

- Polymers
- Glass formers materials

- Well-defined confinement systems (HARD CONFINEMENT)
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layers: 1-D confinement pores: 2-D confinement

Mineral Clays, Graphite Oxide, Cements, Molecular sieves, MCM 41, Silica
hydrogels, Zeolites.........
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The water molecule
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Broadband dielectric spectroscopy

1) Materials with a permanent dipolar moment
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2) External static electric field (1 Volt)
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3) External electric field is frequency dependent (10-3 to 10! Hz):

"the dipole relaxation arising from the reorientational motions of molecular dipoles”

Dielectric spectroscopy can provide information about the segmental mobility of polar molecules




Broadband dielectric spectroscopy
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Broadband dielectric spectroscopy

Information obtained from the dielectric spectra
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The dynamics of "water” as seen by BDS

BDS - Broadband Dielectric Spectroscopy
Materials with a permanent dipolar moment
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The dynamics of "water” as seen by BDS

BDS - Broadband Dielectric Spectroscopy
Materials with a permanent dipolar moment
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Bulk water - Phase diagram in the No man’s land - EXPERIMENTS
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Calorimetric response of water solutions

C, [wt%] T, [K]
Dry PVME 0 250.0
Mixtures from the dry polymer to PVME-2 2 246.3
O n 50 wt% of water PVME-4 4 244.6
CH3 PVME-10 15 224.07
_ PVME-15 10 220.4
Poly(vinyl methyl ether) VME20 - 671
PVME-30 30 208.39
PVME-35 35 214.2
' | ' | ' PVME-40 40 207 57
15 L PVME water solutions e m == 3 PVME-45 45 202.09
-7 PVME-50 50 196.22
—10l— "7 7 B .
g 50 wt%
e t\
2 5r T '=190K i
T 40 wt% .
® oL General Result for several materials:
% 30 wt% 200K
N/\/\‘ Polymers and small glass formers: 45-50 wt%
S5 2wt% 202K T Sugars: 30-35 wt%
}\
10 1 246K =
150 200 250

T[K]

Macromolecules (2005)



Calorimetric response of water solutions
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J. Chem. Phys. (submitted)



The dynamics of dry PVME (case | Tygry = Ty cumax | < 50 °C)

Tg, dry = 250 K
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Now we hydrated the sample with 2 wt% of water...

Macromolecules (2005)



The dynamics of water in PVME

low water content

(case | Ty gy = Ty cwmax | < DO °C)

0.07

0.06
0.05

0.04

0.02

0.01

(10| L ———
10"

0.07

0.01

0.03

155 K

10' 10°
f[Hz]

10°

NEW relaxation

10°

10°

e W .
i, _%®eeeee,

a V"V’VWV*?W\VT
)
%ecee qm

B-relaxation

10’ 10

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

255 K

Tg, dry

=250 K

PVME D
260 iﬁj 270 280 i
e S 285
A Y
y / »
WAVARN
A/ /
1) \
AP
//A
» A
A
\‘1
A
A,
Ay
‘AA
418
10' 10° 10° 10* 10°

Macromolecules (2005)



The dynamics of "water” in PVME - low water content (case |

Tgldf’Y - Tg, cw,max | < 50 °C)

log (z [s])

-2

-4

Dry PVYME '
A ° = PVME, c =2wt%
B ° = PVME,c =4 wt%

1000/T [K'']

H Hg
H Q 5
o' GE» G - |1

At low water content (lower than c, = 5-10 wt%):

- There is a "new" relaxation (water molecules), t,, (T) is Arrhenius
- 13 (T) remains the same increasing water content
- 1, (T) faster increasing water content because plasticization

= Free water

Freezable
waler

| Intermediate
water Bound
Non-freezabie water
waler



The dynamics of "water” in PVME - high water content (case | Tygry = Ty cumax | < 50 °C)
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Macromolecules (2005)



Relaxation strength and shape factor

(case | Ty gy = Ty cwmax | < DO °C)

t PVME - Water
Lc, =40 wi%

£'(w) = €4 +

Ag

Cole-Cole function

Ag
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50
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] q _

) Non-freezable water

Intermediate water

General Result:

160 200 240 280
T[K]

— Free water

Freezable
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Intermediate

-

water Bound

water

=|_ Non-freezable

water

Water mobility increases around 30 wt% for both polymers and small

glasses and 20 wt % for sugars

Macromolecules (2005); J NON Crys Solid (2007); PRE (2008); J. Chem. Phys. (2008); PCCP (2010) ; JPCB (2011)



The dynamics of "water” in PVME - low water content (case | Tygry = Ty cumax | < 50 °C)
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The dynamics of water in several systems - high water content

g, cw,max | <50 °C)
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Interpretation of the crossover: Chemical Review (2016)
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J. Chem. Phys. (2008)

The change from a fragile liquid to strong liquid
is produced at Tg




The dynamics of water in synthetic polymers - high water content (case | Ty = Ty cwmax | < 50 °C)

At the highest water concentration (before crystallization)

5EG A PVME v/ dlucose

sl =
> 3PG »
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Local relaxation of water molecules
12 P T S S in soft confinements
3 4 5 6 7

1000/T [K™]

PRL (2008), PRE (2008)



Comparison solutions at high water content/hard confinements

(case | Ty gy = Ty cwmax | < 50 °C)

9

SOFT confinements: high water concentration (water less influenced by other molecules)
HARD confinements: well-defined geometry / uniform filling

J. Phys.: Cond. Matter (2015)
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At high water content
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Different scenarios

(case | Ty g = T | < 50 °C)

g, cw,max

g T (s)

1000 K/ T

g 7 (s)

1000K/T

oL
o- o
interface
-2+ dominated B
)
e 4
2 apl.
increasing
-8 pore size
-10+ o (C)
A2l bulk-like

3 4 5 6 7
1000 K / T

Chem. Rev., 2016, 116 (13), pp 7608-7625



Summarizing dynamics of water

(case | Tg,dr‘y - T9

, Cw,max | S 50 OC)

Ag
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400 | & g g
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At high water content
E,~(0.54 £ 0.04) eV

1000/ T [K™]

Interpretations: Chem. Rev., 20

16, 116 (13), pp 7608-7625



Calorimetric response of water solutions
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150 o 10 20 30 40 50
wi%] ¢ Twit%]
C (1]
: A single relaxation of water molecules
500 500
® PP
450, ® rvP 450 A oPLL
400 "o 400 S AR
350 Plasticization or other mechanism? X | &350
« * =1 IS
300 B o [ 300 T e
250 ° 250r ¢ e 4
e * A9 -
. e }
200 ! 200 .
Ll 10 20 30 40 50 1505 0 20 30 40 50
o, [Wt%] ¢, [Wi%]

J. Chem. Phys. (submitted)




The dynamics of water - high water content

(case | Ty goy = Ty cwmax | >> 50 °C)

H
N .o

Poly (vinyl pyrrolidone)

c, = 40 wth
open symbols: g (w) = —z; dtl::wl

Wiibbenhorst and van Turnhout; Journal of
Non-Crystalline Solids 2002, 305, 40-49
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Simultaneous fitting of real and imaginary permittivity

J. Physical Chemistry Letters 7, 4093-4098 (2016)



The dynamics of water - high water content (case | Ty = Ty cwmax | > 50 °C)

H H
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Simultaneous fitting of real and imaginary permittivity

J. Physical Chemistry Letters 7, 4093-4098 (2016)



The dynamics of water - high water content (case | Ty = Ty cwmax | > 50 °C)

';' N T v I =
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Two relaxations due to
water molecules

Processes 3 and 4 are coupled!

J. Physical Chemistry Letters 7, 4093-4098 (2016)



Summarizing the response of water in solutions
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Outline
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Proteins

- Proteins are polymers made out of amino acids

Different side chains — Different chemical properties

Side chain
R
. . Acidic
st H,N—C——COOH 4= carboxyl
] group
H
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Amino acids - peptide bond

- Proteins are polymers made out of amino acids

Side chain

|

R
Basic Acidic
Amino === H,N—C——COOH 4= carboxyl
group | group
H

|

Hydrogen

atom

N-Terminal
end

() Hydrogen O Oxygen o Nitrogen
o R group ° Carbon == Peptide bond

R
|

H,N—C——COOH + H,N—

(l‘—COOH + H,N—C—COOH + HgN—Cl‘—COOH

H H 1 it !
side
chain
R o Rllo R |glmm °
e e T s ] |
H;N—C—C2*N—C4—C—N—C—C—N—C—C0
= (=
e H H H H H H carboxyl end
X \ N
Hy0 H,0 H,0

C-Terminal .
end

Primary structure

v Peptides:
2 - 50 amino acids

v" Proteins :

Primary structure
amino acid sequence

>50 amino acids




Proteins

+H3N
Amino end

The function of a protein
depends on its tertiary
structure

Polymer
Monomer: Amino Acids

Primary structure

Secondary structure
(Conformations)



Dynamics of water in solution of biopolymers

Water solvent play crucial roles
in structure, dynamics and function

Medium irrelevant!

Water as a bio-molecule:
No passive solvent in biology




Calorimetric response of protein solutions
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Collection of different cases

1)Protein in a proper solution (water crystallization)
2)Protein in less diluted solution (water crystallization)
3)Peptides in solution (no crystallization)

Comparison with soft matter

T, of proteins is no longer observed below ~0.05 wt% of water

® PVP
e-PLL
@ 3-lysine
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¢ [Wi%]
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Dielectric response of protein in well-diluted solutions

- Low solubility degree of proteins
- Protein solutions — large quantity of water — crystallization

190K 1
W 1
:
1
i
1
1
- 1
® 1
1
1
!
el
i
1
‘{Q :j
1
1
10

log;o[ f (Hz)] log,o[ f (Hz)]
Shinyashiki, N. et al. J. of Phys. Chem. B 113, 14448 (2009)

-6

-10

Bovine serum albumin (BSA)

80 wt% of water - 20 wt% of p

rotein

-8

T T T T T T T T 1
II: crystallized bulk water
A

III: o-relaxation responsible i
for the glass transition Y
o 11 1Ib b
/' *ﬂ"* o ® : ela
*
” ;“k ot P [ ° o .
A @0 ° 1
«F ".’ I: uncrystallized|
*Mﬁ" ..0' water in the |
***..’ hydration water |
o® ]
20BSA-80W
[ T S T S 1 1
3 4 5 6 7 8 9 10

1000/T [1/K]




Dielectric response of protein in more concentrated solutions

THE JOURNAL OF E
PHYSICAL CHEMISTRY SR

didol.ong/1L1021/jp2105727 | L. Phys Chem. 8 2002, 116, 4593-4602

Protein and Water Dynamics in Bovine Serum Albumin—Water
Mixtures over Wide Ranges of Composition
A I-"a|1ago;:n:||.1h:n.u”‘‘= A l(y]'itsis,T N. Shiny.ishiki,i and P. Pissis’

"Department of Physics, National Technical University of Athens, Zografou Campus, 157 80 Athens, Greece
*Department of Physics, Tokai University, Hiratsuka, Kanagawa, 259-1292 Japan

4 T T T T T T T T T T .
I o process: cooperative motion of protein and water ge |
icel-40wt% :‘ .
* °® ]
* .. °
* .‘ [} -
o ® |
.:. 40w%
—_ 28W% T
= -
;/D 28wt% 44 e 18wtk 1
2 A
4= “ ¢, =28wt% T
-6 | A‘::‘ ’. -
A
_ e _
b ) v process: main relaxation of hydration water |
w process; relaxation of water near the protein surface |
3 4 5 6 7 8
1000/T [1/K]

At low temperatures, two relaxation
of water molecules

(similar to "soft matter” with a broad
Tg variation with water content)

Joumal of Noa-Crystaline Solids 407 [2015) 475485

E oo
SO CRISTALLE Sins

Contents lists available at ScienceDirect

Journal of Non-Crystalline Solids

journal hamepage: www_elseviar.com/ locate/ jnoncrysal

Protein dynamics in a broad frequency range: Dielectric @C,m\m
spectroscopy studies

Masahiro Nakanishi %, Alexei P. Sokolov <

* Department of Applied Physics. The Hebrew University of Jerusalem, Givat Ram. ferusalem 91904, lsrael
" Department of Chemistry and Joint institute for Neutron Sciences, University of Tennessee, Knoxville, TN 37996, LISA
 Chemical Sciences Divisian, Cak Ridge Natianal Laboratory. Oak Ridge, TN 17831, USA
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Dielectric response of protein in more concentrated solutions

ROYAL SOCETY
OF CHEM|STRY

PCCP

PAPER View Article Online
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| ®) Check for updates Confined water dynamics in a hydrated
photosynthetic pigment—protein complex

Cite this: Phys Chem. Cherm Phys.,
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Dielectric response of small peptides in solution

PCCP

I:l Dynamics of supercooled water in a biological
model system of the amino acid L-lysinet

Cite this: Phys. Chem. Chem. Phys.,

2014, 16, 23382 Silvina Cerveny*™® and Jan Swenson®
o]
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2+
OF
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—~~
E 4t vV
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THE JoURNAL OF

PHysiCAL CHEMISTRY

e tte rS pubsacs.org/JPCL
J Phys. Chem Lett. 7, 4093-4098 (2016)

Evidence of Coupling between the Motions of Water and Peptides

Silvina Ccs:1'\-ro:rl"w,',""+'E Izaskun Combarro-Palacios,” and Jan Swenson®

"Centro de Fisica de Materiales (CSIC, UPV/EHU)-Materials Physics Center (MPC), Pasen Manuel de Lardizabal 5, 20018 San
Sebastiin, Spain

*Donostia International Physics Center, 20018 San Sebastian, Spain

"Department of Applied Physics, Chalmers University of Technology, SE-412 96 Géteborg, Sweden
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Outline

- Where is water? Several fields of research.

- General Phenomenology (glasses, Tg, relaxations)
Properties of bulk water / Phase diagram (simulations vs experiments)

-Broadband Dielectric spectroscopy and the study of water molecules

-The dynamics of water at low temperatures in:

- Solution of polymers, glasses and other materials

- Short introduction to Proteins and other biomolecules

- Summary




Dynamics of ordinary solutions and protein solutions - SUMMARY

Tg

Log (1)

A Solutions of soft matter 1

% A single water relaxation

000/T

=== SOLUTE

No related dynamics

27

T Solutions of soft matter 2

Log (1)

A Two relaxations due to water

1000/T

SOLVENT

Coupled dynamics

A Protein solutions

Tg

A At least two water dynamics

Log (1)

1000/T

ICE

Coupled dynamics
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Amino acid in well-diluted aqueous solutions

® .
W , >
??’ ?‘”‘7' ?‘r ..5 i ) i
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Dynamics of water in solution of biopolymers

Binchimica et Biophysica Acta 1824 (2012) 723-730

Contents lists available at SciVerse ScienceDirect

Biochimica et Biophysica Acta

journal homepage: www.alsevier.com/locate/bbapap

Well-diluted solutions

Relaxation dynamics of a protein solution investigated by dielectric spectroscopy
M. Wolf *, R. Gulich, P. Lunkenheimer, A. Loidl

2 Bulk-like water

Global motion of
protein

dielectric loss &

Origin questioned ...

T -

1 MHz 100 MHz 10 GHz
frequency
10° 10! 10% 10° 10* 10° 10° 107 10° 10° 10! 10! 10"

v (Hz)
> ———eo—

o-dispersion  B-dispersion o-dispersion y-dispersion

Sokolov et al: This relaxation is mainly due to protein atoms

and hydration water relaxes at much shorter time scales
S. Khodadadi et al, J. Phys. Chem. B, 2011,
S. Khodadadi,et al, J. Chem. Phys., 2008



Where is found water? - Geological water - Confined water

[ L1 -
T Usi OMg@re T uH @o @ ONa'.K‘ WHO : LA LA I L
T, T | e Y - C
SRUAY .Y Y o % (S TETE 8 TETE P .
" s Fo-d vi

-

Tobermorite

$~8A

Increasing hydration

Cerveny et al, JCP (2011)

MCM 41

Size of confinements:

- micro, d <20 A

- meso, 20 A < d < 500 A;
- macro, d > 500 A

21 Aor 36 A

Sjostrom et al, JCP 128, 154503 (2008)




The dynamics of water in synthetic polymers - high water content

O
0]
. ./.\ ordinary water > A’ "heavy” water
w
H
H H U
dry PVME
10" 10° 10" 10° 10> 10* 10° 10°
f[HZz]
10k O T
AA A. .. x:.
A .. A:.
A L® . .
o e, Deuterated water is slower than
L A
: o 2% protonated water
‘w 1 3 4 A:.
[ ]
A deuterated sample “ae,
e protonated sample AA:.
o
[ YT B TTIY] BT ETIT BT BT AT RS S

Water molecules are responsible for this "new" dielectric process



Crossover strong-to-fragile?

= - Chen et al PNAS (2006) -
o Pes Stable water Mallamace et al JCP (2007) ' Amblent Pressure .: )
- B Chu et al PRE (2008) _‘_,-_._.___._n.. @
e, | 00 _W(_a)__ T ”r
G " N 4200 ¢ " X . L. " -;; ,
= el S = “Confined Waters exhibit a LL transition at 225 K = .
=100 'T “No ma!:'\?s\!ané' }:‘I—; L ’
= " . css 1t . ®° ¢ Experiment Data
o o Fragile to strong transition i Experiment Data
'T' --------- " ’J ----- —-Arrhenius fit
: Glassy jwater 1 100 - '[:r_J_-::T, N 2{;(—; K -
LD | HDA
‘zuDO l 0.2
" O
) | the low temperature Arrhenius process

2 } f F—+— }

0Fr _
=
72T T
ke

4 | _

3PG
6 . . cw = 40 Wlt%
4.5 5.0 5.5 6.0 6.5 7.0 7.5

1000/T [K]

is most likely of local character”
Chen et al, PRE 2014

The crossover does not represents the
fragile-to-strong transition of BULK water

Chemical Review (2016)



Resume results of dynamics of water in synthetic materials

Solutions of water and polymers, sugars, glass forming materials...

A A

Water mobility increases around (c*):

30 wt% for both polymers and small glasses

Ag
o

20 wt % for sugars

High water content
(clusters of water less influenced by the solute)

2 T9.nsc
2
—~
e —~
Nt [ =]
81 ~
()}
= (@]
|

1000/T
1000/T



Summarizing case | Ty g = Tg cymax | < 90 °C

500 T T T T T T T T T 500 T
450 | = PVME 4 - 450 : l2)12101\/1 -
I g S o 3PG
4 4 ] o
a0} - 35 wr g e
o 350F ; Z 330
= 300] ] =™ 300
250;;,\ ] 250k w
| »ni;\i\\’“‘“——l,\ Polymer Polymer {plasticized) ~ I 200k " 'K\““.‘*—l;,';n'\ ‘
200 . e o i S
' LN ¥ 50 - - - -
P00 20 30 40 50 0 10 20 30 40 50
c [wt%] c [wt%]
A / )
" o
w Nt
< o
4 (o]
/ |
1000/T 1000/T
i = Low water eortent High water eontent
Water mobility increases at ¢ (clusters of water less

(water influeneed by the selute) influenced by the selute)



Water in hard confinements

Well-defined confinement systems (HARD CONFINEMENT)

layers: 1-D confinement

v

A

L

S

\X 11

pores: 2-D confinement

\

Disordered systems: 3-D confinement

Minerals and Clays: Swenson et al, Feldman et al, Bruni et al,, Maheshwari et al...

MCM-41: Swenson et al, Chen et al, Mallamace et al, Vogel et al...

Hydrogels: Bruni et al, Pissis et al, Shinyashiki at al...

Molecular Sieves: Swenson et al, Bruni et al, Oguni et al...

Cement-like materials: Shinyashiki, Fratini et al, Cerveny et al...

6raphite Oxide: Cerveny et al



water in hard confinements

Graphite Oxide

0.34 nm %t A
| OXIDATION = ~6A

—

Increasing hydration ). Phys. Chem € (2010)

i

Graphite Graphite Oxide

o
(V)

L 25 wt% |

In hard confinements:

o
o

-No crystallization

Rev. Heat Flow [a.u.]

: .y dry GO
- No observation of a glass transition by DSC ] \ ]
02} w ]
100 . 1 ;O . 2(I)0 . ZéO . S(I)O . 350
TIK]

The pores are ordered in a hexagonal structure

The pore diameter isd =2.1 nm

Sjostrom, Swenson, et al, J. Chem Phys (2008)



Water in hard confinements
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No dependence on water content




Water in hard confinements

2 - .

® GO-25wt%
0Ok Molecular Sieves
Silica hydrogel

A  Mineral Clays
2+ A MCM (C10)
I ¢ CSH
—~ 4
o
O) -
o
6 F

10 b . oo i
-12 \ 1 ] | \ 1
2 4 6 8
1000/T [K]
Above the crossover - Both the Below crossover - Ea is similar for
time scale and Ea are different all confinements

for all types of confinements
E, = (0.54 £ 0.04) eV

J. Phys.: Cond. Matter (2015)



Differences and Similarities of water in soft and hard confinements

SOFT confinements: high water concentration (water less influenced by other molecules)
HARD confinements: well-defined geometry / uniform filling

= PVP(c,=61wt%) © 1
Xo) Q
* PGME (c, = 55 wt%) 0\\)\\ Sy
o
Mineral Clays ‘(\6 %0 e
(\ a1 Qe XS
v Molecular Sieves ‘“@\3 v Q.Q.' 23
A MCM (C10) g

O Mb (c, = 33 wt%)

1000/T [K]

| I' O .
75
N ’- OO _
PR
n v‘v 0 .
3 4 5 6 7 8

J. Phys.: Cond. Matter (2015)



Summarizing - Water in soft and hard confinements

Soft confinements

Hard Confinements

45 50

55
1000/T [K]

| | 9 No calorimetric "Tg"
e GO-25\'Nt%-BDS | |
O GO-NS .
T . 176K ol )
—~~
- 4t :
- g -6 N _
| -8t -
10+ -
_12 \ | \ | \ |
] 2 4 6 8
1000/T [K]
SEG 7
C,~ 40 wt% | The change in the dynamics is produced in the
. ' temperature range (150-200) K depending on the
' 6.0 ' 6.5 ' 70 confinement system

The change in the water dynamics is produced at T,.



Summarizing - Water in soft and hard confinements

Soft Confinements HARD confinements

2 T T T T
2 L
" 3PG-water L MCM41 5 8
Or OF 4 ]
o) 2l Jut
A '2 B Pl | @
A e o
8) | AAA = -4 i &glf
= 4 Ao C | S 5 = Dry
Aﬁéoo-' w O 40% = 6 %A@ o 14wt%
oA g" A 30% 3 B o 28 wt%
-6+ = A 20% 8 4 v 111 wi%
L L &A
8 1 1 1 1 1 1 -10 _A&‘
4 5 6 7
1
1000/T [K]

SOFT CONFINEMENTS HARD CONFINEMENTS

No calorimetric glass transition
(exception Oguni et al (2011) Tg = 210 K)
+

Calorimetric glass transition

(solvent + solute)
+

ost no concentration dependence

J. Phys.: Cond. Matter (2015)



Origin of the crossover (hard and soft confinements)

"Cooperative re-arrangement regions” (CRR)

log ()

_ '_ S
| N
4 5 6 7 8 9 10 11 oOS: (M) ”‘P(m)

1000/T [K]

5 6 7 8 O
1000/T [K]




Introduction - Protein dynamics

If nothing can move, nothing can function

Perutz (1970): described the movements hemoglobin must undergo to fulfill its function

Frauenfelder (1985): revealed a hierarchical organization of proteins motions

— A protein does not exist in a unique conformation

—A protein can assume a very large number of
somewhat different conformations

Fluctuations of the protein (which follows a
VFT behaviour) come from the solvent

log (1)

5
1000/T [K']

“solvent-slaved"” motions

E4
\/ State
ECA
\]\]\/ Tier0
> cc0
ECA
S
Tierl op
S
> ccl
_ &
Tier2 ‘b’o
2
> cc2

> 1/T "slaving" behaviour

Myoglobin: escape of CO from
the interior of the protein

P. W. Fenimore et al., PNAS 110, 14408 (2004)

Perutz Nature 228, (1970)
P. W. Fenimore, H. Frauenfelder et al., PNAS 110, 14408 (2004)



The dynamics of water - From low to high water content (case | Ty gpy -

T

g, cw,max

| >> B0 °C)

3-Lysine ¢, = O wt%— ¢, = 40 wt%

r T r
c,= 10 wt% ]
v v CW=40 wit%

0k .

log ()
=

A 3 Lysine-dry

| 0 ¢ <lwt%
-8 . (] b

25 30 35 40 45 50 55
At low water content, a 1000/T [Kl]

single relaxation

Relaxations are coupled at water content
higher than 15 wt%



Introduction -Slaving or not?

Dynamics and mechanism of ultrafast water—

protein interactions “The hydration water dynamics is always faster than protein side-chain
relaxations but with the same energy barriers, indicating that the

hydration shell fluctuations driving protein side-chain motions on the

8424-8429 | PNAS | July 26,2016 | vol. 113 | ne. 30 picosecond time scales and thus elucidating their ultimate relationship™

Yangzhong Qin?, Lijuan Wang?, and Dongping Zhong®'

pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY The hydration dynamics change depending on the different
Dynamical Disorder in the DNA Hydration Shell DNA exposed sites. The waters confined in the narrow minor
groove are much more significantly retarded than in bulk
and therefore it seems that the biomolecule slaves the water
J. Am. Chem. Soc., 2016, 138 (24), pp 7610-7620 which is the opposite of the slaving picture.

Elise Duboué-Dijon,”*!! Aoife C. Fogarty, ™! James T. Hynes,* """ and Damien Laage*"*

Conants lizte avallable ar ScienceDiract

These findings further corroborate the existence of a strong coupling

Biochimica et Biophysica Acta . . .
between protein fluctuations and solvent dynamics.

journal hemepage: www. slsevier.com/lacate/bhapap

Our results indicate a slowdown of solvent dynamics in the immediate

Effects of solvent concentration and composition on protein dynamics: W vicinity of the protein. Hence, there is a mutual influence of protein
13C MAS NMR studies of elastin in glycerol-water mixtures and solvent dynamics’ rather than a full S|aving_

Dominik Demuth, Nils Haase, Daniel Malzacher, Michael Vogel *

Enctitut fir Fetkirperpdersik. Technische Universitin Dorsndt, Hocfacabema@e 6, 64280 Donmetodr, Gerrmaey

“protein-solvent couplings can be different for side chain and
backbone units”

Biochimica et Biophysica Acta 1854 [2015) 995-1000



Bulk water - Phase diagram in the No man’s land

T (°C)

-100 |

=200
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Stable water
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S

tanley, 1992

Below -75 °C... they found a low density liquid and a
high density liquid: LDL and HDL.

Liquid-liquid critical point hypothesis

200
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Bulk water - Phase diagram in the No man’s land - SIMULATIONS

Below -75 °C... they found a low density liquid and a

; 3% | high density liquid: LDL and HDL.
M
0 F=wa_ Stable water Liquid-liquid critical point hypothesis
'|TH )
- - .. Supercooled water
. - “a
E.- {PB. Tl:::' LE:-- ‘\\"\ K 200 E.-
= \\ Lk ~ The problem is the equilibration time!lll
-100 | “No man'l am‘l., "It is not enough to wait for the density of”The system
4 LDL\ HDL to settle down to a steady state
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The dynamics of water - high water content (case | Ty = Ty cwmax | > 50 °C)
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