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INTRODUCTION

When activated by a near-infrared (NIR) laser, the majority
of lanthanide ion-doped materials generate the visible radiation
[1]. Due to their simple synthesis, lanthanides based materials
are receiving more and more attention. Different lanthanides-
doped nanomaterials have been developed and employed in a
variety of applications, including solar cells, temperature sensors,
spectrum converters and biological areas [2]. A poor protocol
has been in place up until now for the mass fabrication of up &
downconversion nanomaterials. Fascinatingly, lanthanides
orthophosphates [3] are frequently referred to as important hosts
for the adsorption of nuclear waste due to their strong thermal
(up to 2100 ºC) and chemical stability, plausible optical proper-
ties and poor solubility. In recent studies, polyol synthesis is a
versatile wet-chemistry approach to the design and manufacture
of functional inorganic nanoparticles [4,5].

In accumulation, GdPO4 nanoparticles are utilized as a
host for (DC)/(UC) luminescence because of this method’s
ability to modify the size and shape, which can improve the
luminous property upon continuous wave (CW) laser stimu-
lation. This will be caused by the acceptable transition, which
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involves the charge transfer (CT) process of O2– toward Gd3+,
which has an intense absorption at 300 nm and absorbs light
from 240 to 280 nm. Depending on UV light, one can observe
the emission spectrum exhibiting sharpened peaks of the Ho3+

ion at ~460, ~550, ~650 and ~750 nm as well as the same peak
when excitation is at 300 nm, demonstrating the down-conver-
sion. In this case, Yb3+ functions as a sensitizer [6] to increase
the strength of Ho3+ ion emission in the spectrum, since Ho3+

emits intensely when stimulated by near-IR light at about 980
nm. Appearances of the room-temperature emission spectrum
about GdPO4 upconversion. The sample was stimulated using
a 980 nm laser.

In this study, GdPO4:Ho3+/Yb3+ nanophosphor via hydro-
thermal process is developed. Its extraordiniary behaviour has
been investigated using excitations at 980 nm (due to Yb3+ absor-
ption), 300 nm (due to indirect P-O weak charge transfer band)
(CTB) and 460 nm (because of Ho3+ absorption) and then discuss
about the upconversion, downconversion and energy transfer
efficiencies [6]. The sensing characteristics of such particles
will increase their effectiveness in optics, display cyber security
and microbial systems.
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EXPERIMENTAL

As reactants, highly purified analytical grade reagents of
Sigma-Aldrich make were utilized. Gadolinium(III) acetate
hydrated [Gd(OAc)3·xH2O], ammonium dihydrogen phosphate
[(NH4)2HPO4], holmium(III) acetate hydrated [(Ho(OAc)3)·xH2O],
ytterbium(III) acetate hydrated [Yb(OAc)3·xH2O], PEG(6000),
HCl, NaOH and deionized water were used as precursors.

Synthesis of GdPO4:Ho3+/Yb3+ nanoparticles: The hydro-
thermal method was employed to prepare the sample. In brief,
730.76 mg of [Gd(OAc)3·xH2O], 8.7 mg of Ho(OOCCH3)3·
xH2O and 178.48 mg of Yb(OOCCH3)3Yb·xH2O were added
to 5 mL of conc. HCl and heated until dissolved. To remove
excess HCl, alternately added 10 mL of deionized water
followed by heating at 80 ºC. The evaporation process was
repeated at least five times. In a 100 mL round bottom flask,
transferred the evaporated metal ion solution, added 20 mL
polyethylene glycol (6000) (PEG) to the mixture, reflux at 75
ºC for at least 10 min, then add (NH4)2HPO4 solution dropwise.
A yellowish tinge was detected upon the addition of
(NH4)2HPO4 solution to the round bottom flask. However, the
following compounds were transferred to an autoclave and
heated in an oven below 120 ºC and below 300 ºC for 4 h and
then allowed to cool the compound. We can observe that sample,
pale yellow was changed to white colour. A white precipitate
eventually developed as a result and allowed to settle to ambient
temperature. After the dried powder was centrifuged with
demineralized water at 5000 rpm for 5 min, it was washed
twice with 10 mL of acetone, dried under an infrared lamp
and collected. Calcinated the prepared samples at 900 ºC for
4 h. Similarly, fixed amounts of Yb3+ (10 at.%) and Ho3+ (3, 5
and 7 at.%) doped GdPO4 nano-particles were generated.

Characterization: Equipment utilizing synchrotrons
angle dispersive X-ray diffraction, the sample’s average crystal
size was investigated (Source: India). Using a scanning electron
microscope, microstructural analyses and measurements of the
particle size and the surface morphology were obtained. (SEM:
quanta) analysis of the vibrational structure of the produced
materials was done using 200FTIR spectroscopy, a mono-
chromator (ihr3211, Horiba Jobinn Yvonne) outfitted with a
photomultiplier tube that allowed researchers to observe UC
emission. To excite the samples, 980 nm light from a diode laser
was used. The UC studies deal with the photoluminescence
excitation (PLE). Utilizing the excitation WL (wavelength) of
an Nd:YAG laser strong ultraviolet excitation at 280-300 nm,
the DC emission ranges of GdPO4: Ho3+/Yb3+ were studied.

RESULTS AND DISCUSSION

XRD studies: The XRD patterns of nanophosphor material
GdPO4: 1 at. % Ho3+ and 20 at. % Yb3+ co-doped GdPO4 (also
known as GdPO4: Ho3+/Yb3+) and its annealed at 900 ºC are
shown in Fig. 1. A strong and sharp peaks that are continuous
with the normal monoclinic phase can be seen in the diffraction
patterns. The absence of an impurity peak suggests that the
dopants are uniformly distributed over the host lattice. Two of
the strongest peaks in the XRD diffraction patterns are in a
plane that is nearly perpendicular to the plane of the tetragonal
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Fig. 1. XRD pattern of GdPO4:Ho3+/Yb3+sample

structure of pure GdPO4. Based on CN 8, Yb3+ and Ho3+ ions
were substituted at Gd3+ positions of the GdPO4 lattice since
their ionic radii are similar. In nanophosphor, eight O2– ions
are surrounded the Gd3+ ion resulting in the formation of penta-
gonal interpenetrating tetrahedral polyhedron (PITP) geometry
with the monoclinic structure of GdPO4.

SEM study: Fig. 2 shows a SEM image of GdPO4:Ho3+/
Yb3+ nanophosphor material annealed at 900 ºC. The image
clearly displays the irregular forms of nanoparticles (a signifi-
cant proportion of sponge-shaped particles and a small number
of (cones, cuboids and spherical shapes). A 50 nm is the typical
size obtained from spherical particles.

FTIR: The vibrational structure of the newly prepared
GdPO4: Ho3+/Yb3+ nanophosphor material was investigated by
FTIR spectroscopy (Bomemn MB 104 spectrophotometer)
with a resolution of 1 cm-1  and is shown in Fig. 3.

Photoluminescence study of GdPO4:Ho3+,Yb3+

Upconversion study: Upconversion luminescence is an
optical phenomenon that releases high-energy photons while
absorbing low-energy photons (multiphoton) and is caused by
anti-Stokes luminescence (multiphoton) [7]. Ho3+ can release
either green or red emission based on the relative concentrations
of the host and co-dopant [8]. The upconversion emission spectra
for GdPO4: Ho3+/Yb3+ (1% Ho3+ and 20% Yb3+) at differing laser
powers beyond 980 nm of excitation are shown in Fig. 4. The
electronic transitions of the Ho3+ ion at 5F4, 5S2→5I8, 5F5→5I8

and 650 nm result in the green emission bands at 550 nm and
red emission based on the relative concentrations of the host
and co-dopant bands at 650 nm (R = red) in the UC spectra
[9,10]. With a higher absorption fraction than Ho3+ at 980 nm
excitation, Yb3+ ions are acting as sensitizers. The excitation
spectrum of GdPO4 reveals the P-O charge transfer band (CTB)
with a peak at 460 nm, Ho3+ emission = 550 nm and emission
spectra at the excitation of 300 and 460 nm show the P-O and
Ho3+ peaks.

Down conversion study: This process involves releasing
lower-energy radiation light (emission) after absorbing higher-
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Fig. 2. SEM images of GdPO4:Ho3+/Yb3+

energy light (excitation) [11,12], which results in the occurance
of Stokes shift [13]. Fig. 5 depicts the DC emission spectrum
of GdPO4:Ho3+/Yb3+ (1 at.% Ho) beyond UV excitation at 300
nm [14,15]. The Ho3+ ion’s 5F4 and 5S2→5I8 and 5F5→5I8 ET’S
exhibited the emission bands green (at 550 nm), red (at 650
nm) and NIR (at 750 nm) , respectively. At ~260, ~290, ~300
and  ~460 nm, four excitation wavelengths are used to monitor
the emission spectra. For each excitation, the Ho3+ emission
peaks are displayed. When Ho3+ is stimulated directly at ~460
nm (5I8→5G6) instead of indirectly at 300 nm, its emission

intensity is weaker. This arises from Ho3+ f-f transitions, which
is due to its low absorption cross-section [16].  When excitation
occurs at 300 nm, the broad emission band ~460nm and PO4

3-

peaks and peaks of Ho3+ are observed. For each excitation, the
Ho3+ emission peaks are displayed. When Ho3+ is directly excited
at ~460 nm (5I8→5G6) as opposed to indirectly excited at ~300
nm, its emission intensity is weaker. This is because the
transitions involving Ho3+ have a small cross-section for absor-
ption. Peaks of Ho3+ and the large emission band associated
with PO4

3− at 460 nm are observed for excitation at 300 nm.
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Fig. 3. FTIR of GdPO4:Ho3+/Yb3+
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Fig. 4. Emission spectra of GdPO4: Ho3+/Yb3+(1 at.%Ho) excited at 980 nm
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Fig. 5. Excitation spectrum of GdPO4:Ho3+/Yb3+(1 at.% Ho) excited at 300
and 460 nm

The P-O charge transfer band allowed transition results in a
significant absorption cross-section at 300 nm. As a significant
proportion of exciting photons from P-O are de-excited and the
exciting energy is transferred from P-O to Ho3+, the radiative
rate of Ho3+ rises. This is the hypothetical resonance transition
of electrons from PO4

3− to Ho3+.  Fig. 5 displays the monitoring of

GdPO4:Ho3+/Yb3+ emission at 550 nm. A broad peak, having
the highest point at 300 nm is observed from 260 to 360 nm,
which relates to the permitted P-O charge transfer band transi-
tion. Sharp peaks with low intensities were found at 460 nm
due to Ho3+ (~550-580 nm). To demonstrate the concentration-
dependent luminescence (20 at%), the GdPO4 host is doped
with or different concentrations of Ho3+ at the prescribed concen-
tration of Yb3+ [17]. The GdPO4:Ho3+, Yb3+ (x at.% = 1, y at.%
= 20) shows the emission peaks of Ho3+ when stimulated at 300
nm and 460 nm. The light intensity reduces when the Ho3+ ion
concentration upswings by 1%. (Fig. 5). The key element is
the concentration quenching effect [18,19].

Conclusion

In this work, GdPO4:0.01Ho3+/0.2Yb3+ nanophosphor mat-
erial was effectively synthesized using a hydrothermal mediated
method. The XRD results showed that the sample had a improved
monoclinic structural phase with space group 141/amd after
being annealed for 4 h at 900 ºC. Strong up convertion green
and red colour bands were produced by GdPO4:0.01Ho3+/0.2Yb3+

at 550 nm (5F4, 5S2→5I8) and 650 nm (5F5→5I8) of Ho3+ under
980 nm illumination.  At 300 nm excitation, a wide emission
peak at ~460 nm, ~550 nm (5F4, 5S2→5I8), ~650 nm (5F5→5I8),
~750 nm (5F4, 5S2→5I7) and Ho3+ characteristic peaks were found.
The broad emission band was mostly due to the charge transfer
band from ligand to the metal due to lower conversion rates
(P-O). According to the down conversion study, the generation
of green and red lines was due to the two-photon absorption.
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