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"« La lumiére est /e principal personnage dans le tableau »
(Light is the main subject of the picture)
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hVo

Scattered light :

I..scaﬁ = * @

~ 90 to 99 % ~1 to 10%
Rayleigh scattering Raman effect
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'Z;'caﬁ' = IRay/ ( VO) * IRam

VRaman = Vo * Vi

vy incident light frequency
v;: /vibrational mode frequency
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Annihilation of a creation of a
vibrational mode vibrational mode

8th ESG 2006 Sunderiland 10-14 Sept
Y. VAILLS - email : vaills@cnrs-orleans.fr
http://crmht.cnrs-orleans.fr/pubcrmht/ext/peoplefile.aspx?nom=Vaills




Exited
electronic

. RAMAN sca'r‘rer'mg

—_q—-— . -

An1'|s1'okes

Virtual levels

hVo

\% Vibrational levels

7~
N

Fondamental
electronic level

Maxwell - Boltzmann = Raman Stokes et anti-Stokes lines have
not the same intensities
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CCl, Raman spectrum at room temperature
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= Rayleigh scattering
= Raman scattering

= Brillouin scattering
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J. Shroeder JACS 1973 K. Saito APL 1997

- Static fluctuations : structural or chemical fluctuations

» Dynamical fluctuations : acoustical modes of vibration
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fluctuations of refractive index ——
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——optical branch
Raman scattering —— acoustical branch

50 cm & V< 2000 cm!

2c/mpt/?

1.5 THz< v<«< 60 THz

(2C/M2)1/2

~
N
X
~
S
\%)
<
.2
+—
[»)
)
3
a.

Brillouin scattering - _ n/a

< -1
V<2 cm -1,0x10"°  -5,0x10° 0,0 5,0x10°  1,0x10"

V<60 GHz wave vector module q (m'l)
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Brillouin spectrum of the glass (SiO)s5(K20)15

Rayleigh line Brillouin longitudinal line
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Frequency shift (cm™)
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Longitudinal acoustic mode of vibration

Transverse acoustic mode of vibration

om—
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= From the Brillouin frequencies we deduce

= N B = - r——

! > | 4 : - S TTIGA T N
o e i - — e
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- (see for example AK Varsh/;ey'd 2006, or Y. Vaills web page)

- n-and p: measured by classical methods
- in an isotrope material : 2 independent elastic constants

Brillouin scattering = Cyy and Cyy

_H(32+2u) .
3 4 . .
= - = compressibilit
x A+ 2u K P WLl

A=Crp ' p
Lame's constants o. =~
M= Cyy P 2(u+2)

Poisson ratio
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= 2. Lines intensities

p— i N ———

- Scattering by density fluctuations:

Freezing of
density

Rayleigh scattering (static) fluctuations

Brillouin scattering (dynamic) ,‘r‘:a:";’;ﬁg'r““ss
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(J. Shroeder JACS 1973)

(R. Vacher JCP 1985)
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Fluctuations associated with
structural variations

in adiabatic-pressure fluctuations <
relaxational compressibility
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After quenching fluctuations are frozen
into the material at the equilibrium
structural configuration corresponding to
the fictive temperature(7; )

Dawyiein < (408) = (P& /VIKT Y xr - 25) + (25 - €] )]

(N. Laberge JACS 1973)

L grittouin <Ap/€ >V¢0 =(p; /VIkTC ]
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verature
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Influence of heat treatment on silica for optical fiber
Y. Vaills (CRMHT), P. Simon (CRMHT), 6. Matzen (CRMHT),

H. Cattey (post-doc CRMHT-Alcatel), 6. Orcel (Alcatel)

Effect of fictive de la temperature
on light scattering in silica
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- The pho’roelas’rlc cons’ran’rs s of the ma’rer'rcrls—*

Coupling between elastic waves and
electromagnetic waves

* electromagnetic energy loss in materials

Attenuation of electromagnetic wave in
optical fibers

« fictive temperature of glasses

om—
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The experimental Brillouin line is :

a convolution of the natural Brillouin line with the apparatus function

- natural Brillouin line : narrow lorentzian shape

- apparatus function: a convolution of several contributions

- The finite frequency width of the laser

- The finite acceptance angle of the light gathering

- The Airy's transmission function of the F-P interferometer
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(HW. Leidecker J.A.S.A. 1967
D. Walton 5.5.C. 1982

G.E. Durand ITEEE J.Q.E.1968
A.S. Pine PR 1969)

For example :

I, Ber)?lt;ou/n ( V) — K

Lorentzian m
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S’rruc'rur'al mfor'ma'nons via ’rhe lufe‘rlme
of vibrational waves

* Characterization of relaxation phenomenons
bonded to rearrangements of the structure

* Properties controlled by vibrational waves

- Thermal expansion coefficient and its anomalies

- Anharmonicity

om—

(R. Vacher ,communication at this Conference 8" ESG 2006, and PRB 2005)
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- Interferential Filter ressure SCGnned
Fabry-Pérot

Pump Gas (Freon)
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Amplifier

| Synchrone detection

Acquisition
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TANDEM OPTICS

TD CAanAomn~arl
Vv .IN, JUriuc; covuccen

Tandem
piezo-electrically
scanned Fabry-Pérot
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Comparison of the two devices

Lo hamr e ———— ]
S\ frequencies /0

scanned Pérot-Fabry |

__piezo-el controlled |

Contrast

3 10¢

1011

Finesse

70

80

Instrumental linewidth

770 MHz

500 MHz

Resolution

770 MHz at e= 2.76 mm
R =760 000

500 MHz at e= 2 mm
R=1170 000

Accessible
| frequency range

5-50 GHz
02-2cm!

5 -1500 THz
0,2 - 500 cm!

Acquisition time
for 1 scan

e

45 minutes for 4 cm!

30 seconds for 500 cm™!

Spectra accumulations

Impossible

Possible
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. " Localisation of residual stresses in

silicate binary glasses (SiO,),_,(Na,O),

(Y. Vaills JNCS 2001)

e p(annealed)-p(non-annealed)
0,010 - oo

0,008 |o-oimmemimmee T |
0,006 |- —omommommmcmeec
0,004 |—moimommme L]

0,002} - - T

0,000 11 e

-0,002 ' . : . ! . ! . :
oo o011 02 03 04
molar fraction of Nao0 : x
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l Localisation of residual stresses in -

silicate binary glasses (SiO,),_,(Na,O),

Hypotheses for calculation of elastic
energy

= 1) We have considered that the variations of Na-
O length could be the unique cause of the density
change on annealing.

= 2) Consequently, most of the elastic energy due
to residual stress before annealing is located in
the sodium atoms neighbourhood.
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l Localisation of residual stresses in -

silicate binary glasses (SiO,),_,(Na,O),

=3) In order to simplify the evaluation of the
deformation tensor we suppose that the
residual stresses are of hydrostatic type. Then
the relative dilatation can be calculated from
the relative variation of the density :

=4) We neglect the variations of interatomic -
bond strengths induced by the interatomic bond
length variations.
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l Localisation of residual stresses in -

silicate binary glasses (SiO,),_,(Na,O),

Consequently the elastic energy stored in the
non-annealed glass is given by :

@ is the elastic energy per unit of volume, &;; and
. C,, are the elastic constants of the annealed
glass (undeformed glass).
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l Localisation of residual stresses in -

silicate binary glasses (SiO,),_,(Na,O),

o _elastic energy

00 01 02 03 04
mol. fract. of Na,O
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l Localisation of residual stresses in -

silicate binary glasses (SiO,),_,(Na,O),

= If we write the total volume of the glass as :

= = 3
V =Ve-o +Vsio =naa”+Vs,

= where a = ry, o, then we can calculate 6a
through annealing by :
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Localisation of residual stresses in
silicate binary glasses (SiO,),_,(Na,0),

m—— - [
e —

Using

- the. 8(re-o).

* the elastic energy variations through annealing

- and the fact that Na is known to be fivefold coordinated
in Na,O-Si0, glasses,

we calculated :

1) the elastic energy for each Na-O pair
2) the force constant of Na-O bond

3) the frequency associated o the Na vibrational mode
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 Phillips JNCS 1979)
Binary glasses (S|02)1 «(Na,0),

Na increases —
connectedness decreases
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throw annealing : A®

)

stressed rigid

o
Lo
|

I AD/dx’

=
b

S
| ]

Elastic Energy A®[MJ .111-3]

A
i

0 0.1

ppy modes fraction f{.

0 'I'—"'"_ff!

0.2

x (molar% of Na,O)

I

0.3

i
(Vaills J. Phys. ¢ 2005) &

2
21 (3e, - 4¢.)

Random networks within mean-
field theory :
floppy modes

x < 0.2 = O floppy modes
x > 0.2 = A® parallels f(x)

In amorphous silica d°A®/dx? :
Cusp at x = 0.211

(Thorpe JNCS 2000)

8th £ES6 2006 Sunderfand 10-14 Sept

Y. VALLLS - email : vaills@cnrs-orleans.fr

http://crmht.cnrs-orleans.fr/pubcrmht/ext/peoplefile.aspx?nom=Vaills




References.:

i —_

- THE RAMAN EFFECT, a unified treatment of the Theor??'ﬂ'a:rr'\_ﬁ scattering by molecules ,

Derek A. Long, Wiley 2002

Infrared and Raman Spectroscopy, Mehtods and Applications, Edited by B. SchraderVCH, 1995

Durand G.E. et al, IEEE, J. Quant. Electron. 4 (1968) 523

Laberge N. L., et al J. of the Am. Ceram. Soc. 56 (1973) 506-509

Leidecker H.W. et al J. Acoustic Soc. Am. 43 (1967), 737

Malki M. Et al Phys. Rev. Lett. 96 (2006) 145504

Pine A.S. Phys. Rev. 185 (1969) 1187

Phillips J.C. - J. of Non-Crystalline Solids 34 (1979), 153-181

Saito K. et al A. J. App. Phys. Lett. 70 (1997) 3504-3506

Schroeder J., et al J. of the Am. Ceram. Soc. 56 (1973) 510-514

Schroeder J., et al J. of Non-Crystalline Solids 40 (1980) 549-566.

Schroeder J. J. of Non-Crystalline Solids 102 (1988) 240-249

Thorpe M.F. - TNCS 859 (2000), 266-269

Vacher R. et al J. de Chimie Physique 82 (1985), 311-316

Vacher R. et al Phys. Rev. B 72, (2005), 214205

Vaills Y. et al INCS 286, (2001), 224-234

Vaills et al J. of Physics C 17 (2005), 4889-4896
=Waills*web page ™ http://crmht.cnrs-orleans.fr/pubcrmht/ext/peoplefile.aspx?nom=Vaills
*“Varshneya A.K. Fundamentals of inorganic glasses, Soc. Of Glass Tech., 2006
=  Walton D. et al, Sol. St. Comm. 42 (1982), 737

8th ESG 2006 Sunderland 10-14 Sept
Y. VAILLS - email : vaills@cnrs-orleans.fr
http://crmht.cnrs-orleans.fr/pubcrmht/ext/peoplefile.aspx?nom=Vaills




