A new control parameter for the glass transition of
alycerol.

P. Gadige, S. Albert, C. Wiertel-Gasquet, R. Tourbot, F. Ladieu

Service de Physique de I'Etat Condensé (CNRS,
MIPPU/ URA 2464), DSM/IRAMIS/SPEC/SPHYNX
CEA Saclay, France

Main Funding:

www.cnrs.fr

N | TRIANGLE
Additionnal Funding: /'\ pHYSIQUE
el




The most emblematic claim of this work :
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e E_ IS a new control
parameter in Glycerol.

e Previously, the unique
way to change Tg was the
Pressure I1

e Small effect: discovered through a nonlinear technigue (see
L'H6te, Tourbot, Ladieu, Gadige PRB 90, 104202 (2014) )

e As for IT exp®, the most interesting is not T (I) in itself but what we learn
about the glass transition when varying the control parameter.
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What happens around Tg ?

Relaxation Tqt Glass: Supercooled Liquid
time Tq, liquid  (crystal)
T,=100s
ot 10%s
| | 'T
14{ e T
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How to combine the existence of c%rrelations with the absence of order ?



Dynamical Heterogeneities in supercooled liquids

* Norr = @verage number of dynamically correlated molecules : N = oc £

. directly observed in granular matter
or in numerical simulations.

Example : numerical simulations on soft
spheres :
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..Experimentally, the heterogeneous nature
of the dynamics has been established
through various breakthroughs:

* NMR experiments  Tracht et al. PRL81, 2727 (98),
J. Magn. Res. 140 460 (99),...

« Local measurements E. Vidal Russell and N.E.
Israeloff , Nature 408, 695

(2000).
« clusters »

r = 50 nm R ‘ of 30-90

e F'rc-l:-edEdaO:_tun monomers
PVAC film volume 1w

e Hole burning experiments ‘

a L T

.o Would T, which would explain why z increases so much



Dynamical Heterogeneities and NHB.

e Many improvements since Schiener, Béhmer, Loidl, Chamberlin Science, 274, 752, (1996)

e.g. R.Richert's group: PRL, 97, 095703 (2006); PRB 75, 064302 (2007); EPJB, 66,
217, (2008); PRL, 104, 085702, (2010)...

e The central idea in Schiener et al ’'s seminal paper in 1996:

g(t,m) : should be globally

4 o
No distribution of t = <hifted in o

Strong field (V,) at Q ) <

A distribution of t’s exists s £(t,0) : should be mainly
- ' modified close to Q

. homogeneous P(@) N N =2

heterogeneous

Atll

" . ‘\\
AeE  hole __._.:-- ~
R R inverse hole
'l L

log(w/©2) log(w/2)

Non Res Hole Burning: =supercooled dynamics IS heterogeneous (at least in time)

3

... Can nonlinear experiments give MORE than originally expected ??....
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The prediction of Bouchaud-Biroli (<~>B&B): PRB 72, 064204 (2005)

DH characterisation <

B 3 AND N « large enough »
_9.(F.D=(p6.0)pO.)PF.0)P(F.1)), y

E:ZLinE—l_ZSEs—l_
&g

E(t) = Ee!

Natural scale of x3 N.o= Number of dynamic. correlated molec

Xs_ static value of XL.n | 1: (T) : typical relaxation time

__________________________________________________________________________________________________

} —
l «1l» OT,

Systematic y;(m,T) measurements to test the prediction and
possibly get N_,,(T)



The issue of interpretations : Box Model versus B&B

1,608
Box model assumptions (designed for NHB): —
=
— Each DH « k » has a Debye dynamics. g
{t,} chosen to recover y,.(®) at each given T. I-I;1 F-09 -
.
—> Applying E: each DH « k » is heated by 0T, (T4,orm) Q
with Ttherm ™ Tk 8
~as{t}~1, heat diffusion over one DH takes a .
macroscopic time close to Tg. I E400 | E402 1 E+04 1 E+06
| | frequency [I:Iz] |
- - ) r
. o0(oT,) L ST = heat power density ST~ E? P, .
e T : > w4 ¢t = o TR
: (] 2
_ (heatpowerdensity ~ y," wE®) 9 (P iin =~ X« E)
t A3 .
For a pure ac field E__. cos(mt): x; does NOT contain
® and T dependences are N, (BOX model is
qualitatively similar in the Box space free)
. ., model and in B&B

«l» OF,
%3(®,T) : N..(T) or not ?




Some experiments done since B&B’s prediction (2005)

—> Evolution of N, (T) or of N__.(t.)

— Several liquids tested (Bauer, Lunkenheimer,
Loidl, PRL 111, 225702 (2013))

— Accounts for the transient regime at 1o corr

— Several liquids tested (Richert PRL (2007))

—Im(xY)E? |
Box model : Slng''= (Z5") | B&B: z aswell as ¥
Irn()(Lin)
9 ° e 141 kV/cm 1 I 1000/ [T(K)]
"w ® 177 kV/cm l 3 4 5 6
£ 6 ° ® 212kV/ecm g T T T T
s f 3 ® 247 kV/cm | — - © glycerol
s = o 282 kV/em I — “EF s PG y. ,"' 15
< 0 o.® = OF o FAN # ]
f 1 2 Sege o ° | [ = [ o 2EMH & #,)
E, [100 kV/cm] o . . 151 = | ]
S S g 174 &
IR T BT 1 3
I C I I 1 I 113 “:-:
I § < symbols a
10° 10° 10° I E T nes—, 1, ,EI‘
vHz] I UE 05 glycerol %
e.g. R.Richert’s group: PRL, 97, 095703 iz | 2E1H 1 =
(2006); PRB 75, 064302 (2007): EPJB, 66, 1!
217, (2008); PRL, 104, 085702, (2010)... I L | ;
I " 150 200 250
- Very good fits at 1w (better than at 3w) | T (K)
I
I
I

mmmmp Using E_, will shed a new light on this interpretation issue
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Dielectric setup and orders of magnitude

Supercooled liquid, ——,

controlled T
‘ For “low enough” E
4 = [ 2t —t)E(t) +j”;(3(t tt-t,,t-t E(t)E()E(t)dtdt,dt,  +...
N J o~ " —— -

Y
Linear term First non-linear term

E(t) = E,. cos(at) + E

<

P(t)~ P _ i  Re| 379 (0)e ™ + 49 (w)e ] +3E2E Re| 7% (w)e |+ even harmonics

st —ac
&y

HWO=FT{l pww N #@=FT{l00 0
75 (@)= FT{Zs}a),a),a))

ForE ~x1MV/m, CPb'C terms ~107°-10" = Specially designed setup

linear term




Our setup to measure cubic susceptibilities
Bridge with two glycerol-filled capacitors of different thicknesses C%g’higgzgggeégg;;fl

\
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Ecapacitor
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Main features of 7. (»,T)

LI | LR | L | ! LA 50
1': .‘ u‘ T
D ] . ' 40 At constant T:
= ¢ "
® 0 — o humped shape
> | 150 (1)
c < 197K (fo = 0.3 Hz) O for |y,
B 202K (fo= 2.1 Hz) : a) :
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Same qualitative trends as for y,!) and y,



Comparing 7)(»,T)and 73’ (o,T)
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® |X,, |, T=202K L
<« X4
2x10™" e o e "
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o

Box model’s prediction :|y,.,(M|<< [35]

(ions)
Box model’s prediction is too small by a factor 300 for |X2;1(1)|

- Same order of magitude

—> Measurements ( ® ) arein the
stationnary regime (t1,>>1,)

| £

Varying E , <~ ZERO dissipated power

In the Box Model :
oT, ~ dissipated power

For the first time, Box Model is unable to account for a cubic response:
=) Decisive point for the interpretation issue ...



The latest paper: Samanta, Richert, J.Chem.Phys. 142, (2015).

o( Zl) A 2
AS ~ gO(Estatic) plugged In Ln(T )_ :>éTg - (Estatic)
oT T S,(T)
3 AL 251+ EqicENtropy variation
AAM:Z".'"' \°\3 ( ) 3) .
R A " A n_ 1 3 1
o LT M ‘ and y,” : E_ heating (box model)
aim o4 @ AAA‘A \l X(:)l ‘
3*: :.: i() A\AA‘AK \.\
e ' Two different
B mechanisms at play ?
0.01 0.1 st 1 10 100 ‘
200-% JAVAVAY AAMAAAAAAA (DD XI::Phase
T DU Very unlikely due to the
5 o OB o similarities of y,.,® , x5,
o -100.5 o and x3(3).
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Comparing the o dependences of ;(Zl)(a) T) and of ( Z“"j :
E. =
st

— 50 >

L 107 S [ e For f/f > 0.2:

= 5| 29, 0)= -« L

= =3 &l oT Q
RS, b 0,T,—

-7 107 S

S = _16 Km?2

¥ I with x=212x107° 2= | 1=0.80
— — 2

S %%%@\ 2002 8 Y
= o \@11\ =
\J_}é\J -17 N ?115@“-—6’- - ? v T

10 ——rry ———— — 250
0.1 1 10 100 for both Re and Im parts
f/f or Axf/f

. . . es Im d 3 . .
Direct link withnZ" ~T AL expected from Berthier et al., Science (2005);
aT JCP, (2007): PRE (2007).

trivial

Singuler e For f/f, < 0.2: “Trivial” dominates

global

Reshuffling = Ideal gas att >>t

01 1 10 ff



T-dependences of the dimensionless cubic susceptibility X

f

is T-independent in the trivial limit (ideal gas)
X2 (@,T) = »<
gOZs = A\ (T)Hrlf(a)ra (T)) if B&B’s prediction holds
KgT
1.6-
T 14 Ly (@
N \ e “Trivial” X5, looks OK
% 1.2+ '
£ 10- e Similar T dependences
N for X *)and forT dy,,. /0T
0-81—— 1Tyl
|------ |x ¢ °“°”(T<204 7K)|
0.6 1 —
195 200 205 210 215 220
T, [K]

4

o and T dependences consistent with X,., ~ N_,,, (OK within MCT)



Can we fit nonlinear resp. ? The “toy model” as an attempt :

‘:ﬁjﬁﬂ)g i#; FEachDyn.Het. & ) /Simplest example: A=0=0, \
i Al H=Hny Ncorr
i | oP
K I in a double well v L P=Mthe
(to get long 1), che ot

of assymetry A

where [e =

Mm \/ corr E (t) \/Ni

corr

) M = Mm \/ corr 1
>1 I\lcorra3 V Ncory

E Z / \/ NCOI‘I’ ] B \
// PLin~Me~mE ZLin~1
=

/62 _/ \P3 ~Me’~ (\/\7%)3- _Zs - NCOD

Two key [U~/Neorr @ Amorphous Order («as» in S.G.) »can it fit the
points | Crossover to trivial is enforced at f<<fa data ? ...

(I -
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Fits at o o ® . L'Héte, Tourbot, Ladieu,
TerlTK: 5 ' =00 |*% = Gadige PRB 90, 104202
+ Y )
18 =3 . lioo & (2024)
1074 —
— 0 =%
NCOI’I‘ 10 ><N
6=060 ‘ 100 O
C L U.C‘C 1 < .
o] "Cpg 1 200 e N_,,, has the right
] . order of magnitude
e good fits for ALL
the X
e ... but with
different values of
N =15 { (toy model)
corr S o — o glycerol
6=060 Xm 8 1004 == «=model
R = e trivial
1074|377~ 0o o total -
0?-100-
200 ] Ladieu, Brun, U'Hote, PRB
10 10 10ﬂf10 10 |
107 . 85, 184207, (2012)
10°  10% 10 ° 10" 10°
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Translating %y 1(1) as a dTg shift Hensel-Bielowka et al. , PRE (2004)

Pressure experiments:
6T, (IT) is drawn from :

P(w;TT;T) = P(w;0; T — 6T, (IT))

Same method for E:
P(@; Eq;T)=P(w;0; T - 4T, (Eg))

g2 £ |
1a‘rg(Est)_3KESt PR .
S) ° .
07, _ 5
Zz('ll)(T,CO)Z—K( ALi with 1=1 & 2
, o JoT1.2 il R .
A |—U) 04 .Q“’
Slight trivial distortion 4 2 0 2 4
of X2,1(1) —y Est, [MV/m]

8Tg=3KE5t2 & EgIs a new control parameter in glycerol



A picture: D.H.
~ overcrowded
subway

corr

Density T... == { and 7,1 E,T..=>xland 11T



Summary and Perspectives.

e Our very sensitive setup has successfully measured ., (®,T)
e The interpretation issue is now clarified since :
e the Box Model cannot account for the order of magnitude of y,.,!
e Global consistency with & ~N__
— o and T dependences,

— fits with the toy model

¥

e Perspectives = systematic studies of N_,,, <> the scale on which the
systems is solid, during T, :
— study y;(m4;m,;m;) in other directions than (0,0,m) or (t®,®,®)
— study y,.,Y'at high temperatures (no heating)
— Study x,.,'Y at higher fields or in other liquids

e For the nice discussions and/or long time support, warm thanks to:
G. Biroli, J.-P. Bouchaud, G. Tarjus, C. Alba-Simionesco, P.M. Déjardin, as
well as P. Lunkenheimer, A. Loidl and the Augsburg group.

Thank you for your attention...




