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Outline

Antimony-gemanate glass, glass-ceramics and glass nanocomposites
The ways of excitation energy transfer in glassy hanocomposites

Experiment - focus on optical and basic material properties of glass
nanocomposite:

« effect of Ag doping
« effect of thermal treatment
« effect of glass modification

Conclusions and perspectives



SGS glass: (50-x)Sb,0; - xGeO, - 50Si0,

PARAMETER VALUE
Refractive index n (@632.8 nm) 1.62 - 1.73
Mass density p [g/cm3] 3.35 - 3.66
Transmission window [um] 0.35-3.5
Transformation temperature [°C] 432 -552
Thermal stability factor AT[°C] 168 - 235
Maximum phonon energy [cm-1] 1007
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- high thermal stability
- high solubility of RE ions
- efficient energy transfer

Disadvantages:

- posibility of phase separation

Luminescence |a.u.|

exc. @ 473 nm

signal [a.u]

time [ms]

T T T
550 600 650

wavelength [nm]



ANTIMONY-GEMANATE GLASS-CERAMICS

50[Sb,0, - GeO, ] - (50-x)SiO, - xP,0.- 0.5Eu,0,
- where x=0.5,1,3,5, 7,10




SGSxP: Sb,0; - GeO, - (50-x)SiO, - xP,0.- Eu,0,
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Structural properties of SGSxP
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Effect of modification of glass by high-phonon
modifiers - SiO,, B,0; and P,0x

SGX glasses:
*SGS  50[Sb,0,- GeO, ] - 50SiO,
*SGB  50[Sb,0,- GeO, ]-50B,0,
*SGP  50[Sb,0,- GeO, ]-50P,0,
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SGX glasses doped with Eu,O,
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Surface Plasmon Resonace

There are four main ways to obtain enhancement or quenching of
luminescence signal in glassy nanocomposites:

» Energy ransfer from surface of metal NPs to RE ions (plasmonic
effect) - strongly depends on material (n), size and shape of
nanoparticles and theirs content

» Direct energy transfer between metal NPs and RE ions - depends on
size of NPs

» Re-absorption proces by NPs observed in energy transfer between
RE ions and metal NPs

« Migration of excitation energy between RE ions

Green - enhancement Red - quenching




Experimental

GlaSSeS SGS_AgRE: Sb203 . 6602 ‘SiOz . Al203 = Na20
co-doped with xAg*/Eu3*

/ Step 1: \

all samples doped with 0.2Eu,05; and xAgNO,

Melting at 1450C by 30min

\ Annealing at 400C by 2h and slowly cooling by 12h /
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Optical characterization

55 \ Step 1:
——SGS_0Ag | |

—— SGS_01Ag
—— SGS_02Ag
—— SGS_04Ag
—— SGS_06Ag

o}
o

VE
RNPS = _A w

RNPs =5nm

@
o
1

Ag NPs band

Redox potential
Sb>" + 2Ag* — Sb>" + 2Ag’E° = 0.95 V
350 4(|)0 450 500 550 600 650 700 750 800 where

0.0

wavelength [nm
gth [nm] Sb>" +2e” —Sb>™ E°=0.649 V

Absorbance spectra of SGSxAg glasses modified

by different content of AgNO, Ag"+1e” — Ag’ E°=0.7996 V.

T. Som, B. Karmakar, Plasmonics 5 (2010) 149;




Structural and material properties
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luminescence [a.u.]

Luminescence vs Ag content

2000

5 ——SGS_0Ag T =
: 7 - —— SGS_01Ag 5 . ET
2 ——— SGS_02Ag 53 - Ag NPs
D =.
—— SGS_04Ag 2
il SGS_06Ag D, N
5D ‘ 4
0
exc. @ 397nm
el € E|E E§ .
O =l Mmm
1000 - NEEI S LSPR |5
- o
(32]
7F1
500 —
. 5
Fo 7 4
FJ g ]
1
0
0 y I Y | | Eu3+
550 600 650 700 750

wavelength [nm]

25000

20000

15000

10000

5000

Luminescence spectra of SGS glasses with different content of AGNO3 excited under 397 nm.

(right) Simplified energy diagram with possible transition mechanisms.
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absorbance [a.u.]

Effect of heat-treatment
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Luminescence after HT
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Experimental

Glasses SGS_xAgRE: Sb,0; - GeO, - Si0, - Al,0, - Na,0

co-doped with xAg*/Eu3*

-~

Step 1:
all samples doped with 0.2Eu,05; and xAgNO,

Melting at 1450C by 30min

Annealing at 400C by 2h and slowly cooling by 12h

~
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Step 2:
only SGSxNa_06Ag02Eu

Melting at 1450C by 30min

Very fast water cooling without annealing

J




Minimalisation of thermochemical reduction process by glass
modification - perspectives for nanocomposite optical fiber

Step2: Water cooling without anealing
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Experimental

Glasses SGB_AgRE: Sb,0; - GeO, - (1-x)B,0; - Al,0; - xNa,0
co-doped with 0.6Ag*/0.2Eu*
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Spectroscopic characterization of SGB_06Ag02Eu Glasses
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Photoluminescence of SGBogAgOZEu Glass Fiber
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Conclusions and perspectives

Thermally stable glass Sb,0; + GeO, +SiO, + Al,0; + Na,O (SGS)

Partial crystallisation effect in SGS glasses modified by P205 (up to

10mol%) directly in melt-quenching proces (petrurgic method)

Effect of Ag reduction during standard melt-quenching process (one-step

method)

Enhancement of luminescence signal at 613 nm (°D,— ’F,) for laser

excitation at 395 nm in glasses doped with 0.2AgNO3

Modification of chemical composition of SGS glass to minimize

termochemical reuction of Ag ions (content of Na)

Antimony - germanate - borate (SGB) glasses enables to fabricate optical

fibers with SPR luminescence enhancement (Eu/Ag- nanoparticles)

Construction and luminescence study of optical fibers co-doped with Ag/

Au nanoparticles and RE ions
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