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ABSTRACT

The present work compares the impact of embedding silver (Ag), gold (Au), titanium (Ti), and
titanium nitride (TiN) nanoparticles (NPs) on the absorption, photoluminescence, and Judd Ofelt
properties of erbium-doped sodium zinc tellurite glass (TNZE), known as reliable solid-state laser
media. Ten absorption bands of Er3* ions in the range of 400—1600 nm are attainable where their
bands correspond to their own 4f transitions. Three prominent photoluminescence (PL) bands of
Er** ions were observed at approximately 525 nm, 545 nm, and 630 nm, corresponding to the
transitions 2Hi1/2—l1s/2, *S3/2—>*l1572 and *Foj2—>*l15/2, respectively. TZNE with 0.15 mol% of TiN NP
inclusion showed the highest PL enhancement factor about 35 times, followed by Ti (17 times), Ag
(10 times), and Au NPs (5 times), accordingly. This enhanced PL can be attributed to the strong
local field induced by the localized surface plasmon resonance (LSPR) of the plasmonic NPs lies
within 490—-630 nm, which assists the transitions of Er®* ions. The Judd Ofelt parameter was
calculated and the TNZE glass with 0.15 mol% of TiN NPs inclusion disclosed the highest
spectroscopic quality with a value of 3.57, compared to the TNZE glass with Ti (1.19), Au (0.59),
and Ag NPs (0.90) inclusions. This research revealed several potential glass compositions with
plasmonic nanoparticles that are attractive for the development of solid-state laser materials.
Keywords: Nanoparticles, Titanium, Tellurite, Photoluminescence.

Nur Nabihah Yusof

Information about authors:
Dr., School of Physics, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia. E-mail:
nurnabihah7 @usm.my

Muhammad Noorazlan Bin Abd Azis

Dr., Prof., Physics Department, Faculty of Science and Mathematics, Sultan Idris Education
University, 35900, Tanjung Malim, Perak, Malaysia. E-mail: azlanmn@fsmt.upsi.edu.my

Nurulhuda Mohammad Yusoff

Dr., UniSZA Science and Medicine Foundation Centre, Universiti Sultan Zainal Abidin, Gong Badak
Campus, 21300 Kuala Nerus, Terengganu, Malaysia. E-mail: nurulhudamy@unisza.edu.my

Introduction

Plasmonic nanoparticles (NPs) such as gold [1],
silver [2], titanium [3] and titanium nitride [[4], [5],
[6]] exhibit unique optical properties by enhancing
the local field proximity rare earth ions (REI) doped
glass whenever their natural frequency matched
with excitation frequency. This phenomenon is
known as local surface plasmon resonance (LSPR). It
may alter the optical properties of the REls doped
glass for various applications, such as fiber optics,
passive solar covers, photonic devices, and optical
data storage [[1], [2]]. The tunability of glass
properties based on composition makes them

versatile as hosts for solid-state lasers. Comparing
the effects of different metal NPs on REI
luminescence within the same host would offer a
systematic approach to navigate the effective
plasmonic sensitizer to enhance the
photoluminescence (PL) of REls doped glass.
Sodium zinc tellurite glass doped with erbium
(Er®) ions (TNZE) is an attractive candidate as a host
for solid-state lasers. TNZE exhibits
photoluminescence (PL) that extends from the
visible to the mid-infrared (MIR) region
(450—3000nm), making it suitable for a wide range
of photonic applications [[7], [8]]. It has a high
refractive index (>2.3) and a low phonon energy
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(~780 cm-1). TNZE also shows strong up-conversion
(UC) emission intensities due to its distinct energy
level spacing and sharp spectral features in the 4f
electronic transitions [9]. The spectroscopic quality
of sodium zinc tellurite glass doped with erbium
(Er®) is calculated using Judd Ofelt simulations. To
determine the most suitable plasmonic nanoparticle
(NP) as a sensitizer, various types of NPs such as
silver (Ag), gold (Au), titanium (Ti), and titanium
nitride (TiN) are incorporated into the system. The
main objective is to investigate the influence of
these NPs on the laser properties of the glass and
identify the most effective plasmonic sensitizer.

Sample Preparation and Characterizations

Composition of the glass with formula 68.85-
Te0,-20Zn0-10Na;0-1Er;05-0.15 MNPs in mol% is
prepared using melt quenching technique. The
corresponding glass codes for the MNPs are TNZEAg,
TNZEAu, TNZETi, and TNZETiN. High purity analytical
grade powders ( ¥99%) of TeO,, ZnO, Na,O, Er,0s,
Ag, Au, Ti, and TiN NPs from Sigma Aldrich were
utilized. Additionally, four MNPs-based glasses
without REls were prepared and coded as Agses,
Auspr, Tispr, and TiNspr, representing glass
compositions with Ag, Au, Ti, and TiN NP inclusions,
accordingly. These glass is prepared to probe LSPR
bands within the host glass. The constituents were

placed in an alumina crucible and melted in an
electrical furnace at 1000°C for 30 minutes. The
liguid-melt was then poured onto a stainless-steel
plate and annealed for three hours at 300°C. After
cooling to room temperature, the samples were
stored in closed containers to prevent moisture
attack. Finally, the samples were polished to obtain
a smooth surface for luminescence measurement.
The room temperature absorption spectra in the
range of 400-1600 nm were recorded using a
Shimadzu UV-3600PC scanning spectrophotometer
(Kyoto, Japan), while the photoluminescence (PL)
was measured using a Hitachi F850 Fluorescence
spectrometer (Tokyo, Japan). The Judd-Ofelt
analysis was performed where their equations are
referring to previous published articles [[7], [8]].

Results and Discussion

The UV-Vis-NIR absorption spectra of prepared
sample is displayed in in Figure 1. It shown ten
absorption bands centred at 407, 444,452,489, 522,
653, 800, 976 and 1532 nm which corresponding to
transition from the Er®** ions ground state (*l1s2) to
excited states of 2Goa, *Fs/2 , *Fs/2, *F7/2, “H11/2, *S3/2,
*Fos2, *oja, “lija and “*lis, accordingly [1]. The
absorbance bands disclosed almost similar pattern
from previous work [1]. These data were used to
perform Judd Ofelt (JO) calculations.
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Figure 1 - UV-Vis-NIR absorption spectra of glasses
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Table 1 - The JO intensity parameters (92,(24,(26) and spectroscopic quality factors y = (Q4 /Q6 )of the glasses

Glass Metallic | Content | Q, Q, Q, Trends of | LSPR band | Ref.
code NPs S Q, (nm)
used (mol%)
TNZEA A 0.15 0.59 630 P t
Y ! 338 | 119 | 202 | %>%>4 resen
TNZEAg Ag 0.15 3.74 | 263 293 | Q,>0,>0, [ 090 |492 Present
TNZETi Ti 0.15 311 | 223 |18 | (,>0,>0, | 119 | 553,581 | Present
TNZETIN | TiN 0.15 470 [271 [077 | Q,>0,>Q, | 3.57 | 564 Present
TPBFErAu | Au 0.2 10.39 | 2.55 4,98 Q,>0Q,>Q, | 0.51 599.652 [12]
2
TZEAg Ag 0.5 6.54 | 236 |282 |(,>0,>0, | 082 |500 [13]
TNZETi TiO2 0.1 3.08 2.15 1.88 Q,>0,>0Q, 1.14 580 [14]
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Figure 2 - Normalize LSPR band of plasmonic NPs in host glass
The values of JO intensity parameters Figure 2 displayed normalize LSPR bands of Ag,
(92,94,96) and spectroscopic quality factors Au and Ti NPs as incorporated into TNZE. The LSPR

7 =(Q419) of prepared samples are summarized
in. Glass with 0.15 mol% of Ti NPs shows lowest
value of %2 which indicates high symmetrical around
Er’ The Q,
characteristic of the glass. Meanwhile its lowest

values revealed by glass contains TiN NPs indicate its
weakest rigidity. The laser strength of the REls is

jonic
QG

jon. low value disclosed

access through spectroscopic quality parameter, Z.

In present case, X shows highest in TNZETiN follow
by TZNETi, TZNEAg and TZNEAu, accordingly.

of Ag, TiN, Ti and Au NPs shows highest peak around
490, 564, 581, and 630 nm, respectively. The Ti NPs
exhibit additional LSPR band around 553 due to
slight different aspect ratio causes by irregular
shape/size [[2], [15]]. This irregular shape tailor
different plasma mode and frequency. According to,
the localized surface plasmon resonance (LSPR)
bands of the plasmonic NPs in present work is

comparable with other glass system.
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Figure 3 - PL spectra of the glasses with different plasmonic NPs, excited at 804

Figure 3 shows the up-conversion (UC)
photoluminescence spectra of Er** ion as pumped
with 804 nm. The photoluminescence (PL) spectra of
Er® ion revealed three prominent bands centred at
525, 545 and 660 nm assigning to 2H11/2 ™ *l1s/2, *S3/2
4352 and *Fsj2 7 %152 transitions, respectively.

The PL enhancement factor (=) was calculate by
dividing the highest PL area of each emission band
(525, 545, 660 nm) that incorporated with plasmonic
NPs with glass with NPs-free. The highest 7eis
revealed by TNZETiN which is about 43, 32, 29 times
corresponding to emission band around 525 (*Hi1,
_)4|15/2), 545 (453/2_)4|15/2) and 660 nm (4F9/2_)
%115/2), respectively. Then followed by sample TZNETi
(22, 16, 14 times), TNZEAg (13, 10, 9 times), and
TNZEAu (6, 5, 3) tally with transitions 2Hi1, ~ *l1s/a,
83, 7”152 and  *Fo2 %152 accordingly. The
enhancement is response to local field enlargement
that is proximity Er®* ion. The green band at 525 and
545 nm present highest intensification due to
overlap TiN and Ti NPs band LSPR band located
around 564 and (553 and 581 nm) with the PL bands
[[16], [17], [18], [19], [20]] . Ti and TiN NPs reflect
potential as new plasmonic sensitizers replacing Au
and Ag NPs.

Conclusion

The impact of Ag, Au, Ti, and TiN NPs on the
photoluminescence (PL) of TNZE was examined. The
localized surface plasmon resonance (LSPR) of the
plasmonic NPs was observed in the range of 490-630
nm. The glass with TiN NPs inclusion exhibited the
highest spectroscopic quality among other REI-
doped hosts in present work, with a value of 3.57. It
also demonstrated the most significant
enhancement, averagely 35 times for all observed PL
bands. The LSPR bands of Ti and TiNPs about 550-
580 nm that is overlapped with the Er** emission
(525-545 nm) could be main cause for the utmost PL
enhancements where the energy transfer s
possible. Present work revealed that different
plasmonic NPs able to modify the luminescence
intensity of Er** ions doped sodium zinc tellurite
glass. The prepared glass shown potential as a new
gain medium for solid-state laser applications.
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TYRIHOEME

Byn »ymbic Kymic (Ag), antbiH (Au), TuTaH (Ti) kaHe TmTaH HuTpuai (TiN) (NPs) HaHoBenwekTepi
KipiHAinepiHiH, 3pbuiimeH nerpaeHreH KatTbl Kyigeri nasepnik TacbiMangafbilw peTiHae 6enrini
WwbiHbl (TNZE) HaTpuii MblpbilWw TEANYPUTIHIH, CiHipy, doTontomuHecueHuma kaHe Judd Ofelt

KacueTTepiHe acepiH canbICTbipaabl. Ert* MOHAAPbIHbIH, OH yTy »onafbl 400-1600 Hm
OMana3oHblHAA KO KeTiMAi, MyHA,a oNnapablH, onakTapbl e3gepiHin, 4f eTynepiHe calikec kenegi.
2H11/2—*l15/2, *S3/2—>*l1s72 and *Fo/2—>*l15/2 ©TynepiHe calikec wamameH 525, 545 xaHe 630 HM-ae
Er3+ uoHpapbiHbiH, yw 6aitkanatbiH doTontomuHecueHumsa (PL) xonafbl 6aitkangpl. Erdt
MOHAAPbIHBIH, YW KepHeKTi doTontomuHecueHumn (PL) skonafbl 2Hiio—>%liss, 4Ssja—>*lis2 WaHe
4Foja—>*l15/2, THiCiHWE, ©TyNEpiHe calKkec WwamameH 525 nm, 545 nm xaHe 630 nm apanbifbiHAA
6arikangbl. TIN NP KocbiHAbICbIHbIH, 0,15 Monb% TZNE eH, »ofapbl PL RywenTy KoadduumeHTiH
wamameH 35 ece KepceTTi, ogaH KeliH TuiciHwe Ti (17 ece), Ag (10 ece) »kaHe Au NPs (5 ece)
6onaabl. byn kywentinreH PL 490-630 HM AMana3oHbIHAA XaTKaH NaasMoHuKanbik NP-nepain,
NoKanusaumanaHFaH 6eTTik nnasmoHAbl pe3oHaHcbl (LSPR) apKbiabl MHAYKUMANAHFAH KyLWTI
ePriNikTi epicke »aTKbI3blNybl MyMKiH, 6y Er3* noHAapbIHbIH, aybicynapbiHa biknaa eteai. Judd
Ofelt napametpi ecentengj »aHe Ti (1,19), Au (0,59) kaHe Ag (0,90) KocbiHablNapbl 6ap TNZE
WhbIHbICbIMEH canbicTbipFaHaa 0,15 monb% TiN NPs kocbinFaH TNZE wbiHbICbl 3,57 MaHIMeH eH,
JKOFapbl CMEKTPOCKOMUANBIK, canaHbl KepceTTi. byn 3epTrey KaTTbl Kyhgeri nasepnik
maTepuangapabl a3ipaey ywiH TapTbimabl 601bin TabblnaTbiH NAAa3MOHUKaNbIK HaHObBenWweKTepi
6ap bipHewe aneyerTi LUbIHbI bopmynanapbliH aHbIKTaAbI.
TyliiH ce30ep: HaHOGeLWEKTep, TUTaH, TeNNYPUT, GOTONOMUHECLLEHUNA.

Nur Nabihah Yusof

Asmopaap mypanel aKnapam:
Jokmop, ®usuka mekmebi, Universiti Sains Malaysia, 11800 USM, lleHaHe, Manadl3susa. E-mail:
nurnabihah7 @usm.my

Muhammad Noorazlan Abd Azis

Jokmop, npogeccop, CynmaH bldeipeic binim yHUBepcumemi, #apamelaelCMaHy-MamemamuKa
¢akynememiHig ¢usuka 6enimi, 35900, TaHOucyHe Manum, [lepak, Manalizua. E-mail:
azlanmn@fsmt.upsi.edu.my

Nurulhuda Mohammad Yusoff

LJokmop, UniSZA foinbiMm #aHe MeOUUUHA KOpbiHbIH opmansifel, CyamaH 3aliHan A6uUduH
yHusepcumemi, oHe badak kamnycel, 21300 Kyana Hepyc, TepeHzaHy, Manalisua. E-mail:
nurulhudamy@unisza.edu.my

UccnepoBaHme BANAHUA N1Ia3MOHHbIX HAHOYACTUL, Ha GPOTONIOMUHECLLEHLIUIO
HaTPUEBO-LMHKOBOrO TeNIIYPUTHOrO CTE€KNa, nermposaHHoro Er3*,
ANA NPUMEHeHUA B TBepPA0TeNbHbIX 1a3epax

Nur Nabihah Yusof, 2Muhammad Noorazlan Abd Azis, *Nurulhuda Mohammad Yusoff

1YHusepcumem CaliHc Manadiizus, 11800 USM, MeHaHe, Manatizus

206pazosamenbHbili yHusepcumem Cyamara Mopuca, 35900, TaHOxcyHe-Manum, lMepak, Manatizus
3YHusepcumem CynmaHa 3aliHana A6uduHa, kamnyc oHe badak, 21300 Kyana Hepyc, TepeHeeaHy, Manalizus

Moctynuna: 24 cenmabps 2023
PeueH3npoBaHue: 24 okmabps 2023
MpuHATa B nevaTb: 16 HoAb6ps 2023

AHHOTAUMUA

B HacToAwel paboTe cpaBHMBAETCA BAMAHME BHeApeHMs HaHodacTul, (NPs) cepebpa (Ag), 3010Ta
(Au), TuTaHa (Ti) M HUTpKMAa TuTaHa (TiN) Ha nornoweHne, GOToNtOMUHECLLeHLMIO U cBocTBa Judd
Ofelt nernposaHHoOro apbuem Tennyputa HaTpUA-LUMHKa cTekno (TNZE), nsBecTHoe Kak HageKHbI
TBEPAOTE/bHbIN NasepHblii HocuTeNb. [OCTUXKMMBI AeCATb MOMOC MOr/OWeHUs noHoB Er¥* B
AmanasoHe 400-1600 nm, rae WX MNoJOCbl COOTBETCTBYHOT MX cobcTBeHHbIM 4f-nepexogam.
Habatoannch Tpy 3ameTHble noaockl doTontommuHecueHumn (PL) noHos Er®* npumepHo npm 525,
545 n 630 nm, cootsetcTBylowme nepexogamM 2Hiin—>lisn, *Sz—?lis,  and *Fep—Plisy,
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cootBeTcTBeHHO. TZNE ¢ 0,15 mol% BkntoueHus TiN NP nokasan camblii BbICOKUI KoapdpuumeHT
ycunenusa PL npumepHo B 35 pas, 33 HUm cneaytot Ti (17 pas), Ag (10 pa3) u Au NPs (5 pa3s)
COOTBETCTBEHHO. Ty YCUAEHHY0O PL MOMHO OBBACHUTbL CU/bHLIM JIOKAJbHbIM NONEM,
VHAYUMPOBAHHbIM  /I0OKA/IM30BaHHbIM  MOBEPXHOCTHbIM  MAa3MOHHbIM  pe3oHaHcom  (LSPR)
nnasmoHHbIx NPs, nexxawmm e npegenax 490-630 nm, yto cnocobCcTByeT nepexoaam MOHoB Er*,
Bbin paccumTaH napametp Judd Ofelt, u ctekno TNZE ¢ skntoyeHmem TiN NPs 0,15 mol% nokasano
camoe BbICOKOEe CMeKTPOCKOMMUYEeCKoe KayecTBO €O 3HaYeHnem 3,57 no cpaBHEHMUIO CO CTEKIOM
TNZE c Ti (1,19), Au (0,59) n Ag (0,90) BkAtoYeHMA. ITO UCCNELOBAHME BbIABMIO HECKONbKO
NOTEHLMANbHbIX COCTABOB CTEK/Ia C NIa3MOHHbIMW HAHOYACTULLAMMW, KOTOPbIE NPUBAEKATEbHbI
LA pa3paboTKM TBEPAOTE/bHbIX 1a3EPHbIX MaTeEPUANOB.

Knrouesbie cnoea: HaHOYACTULbI, TUTAH, TEeNNypuT, d)OTOJ'IIOMVIHeCLI,eHLl,VIﬂ.
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