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Abstract

We report simultaneous crystal growth and deposition of upconverting Yb3+/Er3+ doped NaYF4 film (UCF)
on conducting and non-conducting substrates by one-step hydrothermal method. The characteristics such as
film topography, morphology, crystallographic phase and upconverting luminescence intensity were found to
depend both on the chelating agent and nature of the substrate. The characteristics of the prepared films varied
interestingly when either the chelating agent or the substrate was changed. The upconversion emission inten-
sities were found to increase with decreasing film roughness. Further, current investigation demonstrated that
the NaYF4 films deposited using EDTA or DTPA chelating agents on ITO substrate and EGTA chelating agent
on PG substrate were more uniform and resulted in greater upconverted emission intensities. We envision plau-
sible use of current technology in the development of affordable optical platforms for several optoelectronic
applications.
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I. Introduction

Upconverting (UC) materials absorb multiple low-
energy photons (wavelength in the order of 980 nm) to
emit a high energy photon (400–700 nm). It finds exten-
sive applications in the areas of photothermal and photo-
dynamic therapy [1,2], nanothermometers [3], imaging
labels [4], heavy metal detection [5] and multiplex bio-
sensing [6]. Additionally, UC materials are being pro-
jected as a promising material for applications in the
areas of multilayer optical storage disks [7], photolu-
minescent display screen [8], photovoltaic cells [9,10],
diagnostics platform [11], improved cell culture analy-
sis devices [12], optical security systems [13] and op-
tical waveguides [14] requiring development of novel
upconverting films (UCF) on the desired substrates.

Several processing methods for growing rare-earth

∗Corresponding author: tel: +918283839972,
e-mail: manojk.che@iitbhu.ac.in

doped upconverting platforms have been reported us-
ing thin-film deposition techniques, such as layer by
layer deposition (LBL) [15], dip-coating [16], pulsed
laser deposition (PLD) [17–19], spin coating [20],
thermal evaporation [21] electron-beam vaporization
[14], etc. However, these technologies start with an al-
ready synthesized upconverting base material, which are
subsequently processed to make films. Further, LBL,
PLD, electron-beam vaporization require high capital
cost, sophisticated instrumentation and dedicated work-
force. Additionally, rare-earth doped NaYF4 upconvert-
ing films are difficult to synthesize by these conven-
tional techniques due to the presence of fluorine and dif-
ficulty in formation of hexagonal phase at low temper-
ature [22]. Applications requiring the development of
affordable platforms can not utilize these cost-intensive
techniques. In such cases, affordable synthetic methods
such as hydrothermal processing would be a more vi-
able choice for preparation of the phase pure upconvert-
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ing platforms with high degree of crystallinity [23].
Hydrothermal method has been a popular [24–26]

technique for thin-film deposition on various substrates,
for example, deposition of Sb2S3 on indium tin oxide
[27], high quality nanocrystalline CdZnS film on plain
glass slide [28] and β-LaS2 on stainless steel [29]. Also,
the hydrothermal process is simple to use and enables
the formation of highly crystalline films, with poten-
tial for large scale preparations, in a fewer number of
steps as compared to other techniques [30–32]. As a re-
sult, material processing cost is significantly reduced.
In the multitude of applications where UC materials can
be employed as films such as energy harvesting or dis-
plays or diagnostic platforms, temperature and length
of reaction time are known to alter film characteristics
such as thickness, phase and crystallinity. Apart from
other parameters, substrates and chelating agents have
also been reported to have strong influence on the syn-
thesized film characteristics such as film coverage, crys-
tallinity, phase purity, film thickness and roughness [33–
36]. Especially crystal growth and morphology of film
can be controlled by varying surface charge of associ-
ated substrate [37]. Though a number of methods have
been adopted for synthesis of upconverting films as dis-
cussed above, work related to deposition of UC materi-
als over different substrates is very limited.

NaYF4:Yb3+/Er3+ system has become popular due to
its ability to absorb two low energy photons in the NIR
region, producing light emission in the visible region.
NaYF4 acts as an efficient host lattice and is known to be
one of the most efficient upconverter due to low phonon-
photon coupling [38]. Additionally, it stimulates the
energy transfer process and controls the environment
around dopant ions that influence the upconversion lu-
minescence mechanism. Doping this host lattice with
Yb3+ (sensitizer) improves the absorption in NIR region
due to the large absorption cross-section (980 nm), and
transfer of energy from the excitation source towards ac-
tivator (Er3+), ultimately generating light in the visible
range. By Er3+ doping, emission ranging from green to
red can be obtained since it has the characteristic emis-
sion bands centred at 540 and 650 nm [39]. Moreover,
it is known that Yb3+/Er3+ doped NaYF4 exists in two
polymorphs: α (cubic) and β (hexagonal) and among
two, the hexagonal phase is known to have superior up-
conversion efficiency [38].

Current report, therefore, discusses the development
of upconverting film (UCF) over the various substrates
by hydrothermal method and correlates the change in
emission intensity from NaYF4:Yb3+/Er3+ system with
respect to the synthesis parameters and film character-
istics such as chelating agent, substrate material, film
microstructure and topography. Herein, we used three
different chelating agents (ethylene diamine tetraacetic
acid EDTA, ethylene glycol tetraacetic acid EGTA and
diethylene triamine pentaacetic acid DTPA) and three
different substrates (conducting indium tin oxide ITO
and fluorinated tin oxide FTO and non-conducting plain

glass PG). In the current study, both conducting and
non-conducting transparent substrates were selected to
cover applicability in a diverse range of applications:
from imaging to photovoltaic.

II. Experimental

Yttrium chloride hexahydrate (YCl3 · 6 H2O), ytter-
bium chloride hexahydrate (YbCl3 · 6 H2O) and erbium
chloride hexahydrate (ErCl3 · 6 H2O) were purchased
from Sigma Aldrich, India. Sodium fluoride (NaF),
ethylene glycol tetraacetic acid (EGTA), ethylene di-
amine tetraacetic acid (EDTA) and diethylene triamine
pentaacetic acid (DTPA), all 99.99% pure, were pro-
cured from SRL Chemicals, India. All chemicals were
of analytical grade and used without further purification.
Conducting and non-conducting glass slides were pur-
chased from Techinstro Pvt. Ltd., India.

All glass substrates (ITO, FTO and PG) were cut into
1.5 × 1.5 cm sizes and cleaned in warm (50 °C) concen-
trated nitric acid for ∼15 min followed by washing 2–3
times in deionized water (DI = 18 MΩ/cm) and ace-
tone. Subsequently, the substrates were dried at room
temperature in a desiccator. Finally cleaned substrates
were etched using dilute hydrofluoric acid (HF) solution
for 5 s followed by deionized water washing and drying.

Upconverting films were obtained using a well-
established hydrothermal protocol with some modifi-
cations [40]. Briefly, 0.2 M stock solutions of YbCl3,
YCl3, ErCl3 and chelating agents (i.e. EDTA, EGTA
and DTPA), and 0.83 M solution of NaF were pre-
pared. From the stock solutions, 0.17 mmol of YbCl3,
0.80 mmol of YCl3, 0.03 mmol of ErCl3, and 1 mmol
of the chelating agent (CA) were mixed for 30 min in
a glass vial. After 30 min of mixing, 12.4 mmol of NaF
was added to the solution and transferred to a Teflon
lined stainless steel autoclave. The cleaned and etched
substrate was fully submerged in the solution, closed in-
side the autoclave. The autoclave was sealed and placed
in a preheated oven at 140 °C for 15 h. After completion
of the reaction, the autoclave was cooled to the room
temperature, and the substrate was washed with deion-
ized water under sonication. The different UCFs were
prepared using combination of various chelating agents
(CA) and substrate (S) and have the following notation -
UCF@S_CA (for example, notation for the UCF on ITO
substrate prepared using EDTA is UCF@ITO_EDTA).

The crystallinity and crystallographic phases of the
films were evaluated using X-ray diffraction (Rigaku
Smart Lab diffractometer, Miniflex), using CuKα ra-
diation source (λ = 1.54 Å), 2θ ranging from 10° to
80° at a scanning rate of 5 °/min and 0.02 °/min step
size. Surface morphologies of the deposited films were
analysed by scanning electron microscopy (SEM, FEI
NOVA NANOSEM 450). The surface topography was
studied using atomic force microscopy (AFM, Veeco,
USA) in the tapping mode. For analysis, 10×10µm area
scans were obtained. The images were acquired by ras-
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terizing 256 × 256 points. For the statistical analysis 20
points (10 horizontal and 10 vertical) were considered.

The luminescence spectra of the films were recorded
in a spectrofluorometer (Horiba, Quanta master 400-
PTI, Canada) using 980 nm continuous wave (CW)
diode laser (PSU-III-LED, 500 mW) as an excitation
source. The luminescence spectrum was acquired with
an emission slit opening of 0.4 mm and an integration
time of 0.1 s.

III. Results

X-ray diffraction patterns (Fig. 1) of the deposited
films matched with standard hexagonal (JCPDS Card
No. 98-007-6718) NaYF4 phase. It can be observed
that the majority of XRD peaks belong to hexagonal β-
NaYF4 phase. However, the presence of NaF (JCPDF
Card No. 98-004-8929) and the traces of cubic NaYF4
(JCPDS Card No. 98-001-9092) are also confirmed.
Formation of hexagonal β-NaYF4 phase is in line with
the proposed hypothesis of phase pure upconverting sys-
tem prepared by hydrothermal reaction. Moreover, long
reaction time and high-pressure condition inside the au-
toclave probably also favour the formation of hexag-
onal phase at a low temperature (140 °C). It has been
reported earlier that thermal decomposition reaction at
lower temperature produced cubic NaYF4 phase which
underwent transition through mixed phase (cubic and
hexagonal) and ultimately converted to hexagonal phase
at temperature above 300 °C [41,42]. Domination of
hexagonal NaYF4 phase in the UCFs prepared by the
combination of various substrates and chelating ligands
is possibly due to the absence of stabilization of small-
sized α-NaYF4 nuclei formed during dissolution recrys-
tallization process, forming hexagonal phase, assisted
by surface-attached ligand [43]. Since Yb3+/Er3+ doped
NaYF4 in the hexagonal phase is known to have bet-
ter upconversion efficiency, the hydrothermal process of
film deposition was found to be more economical and
less labour intensive.

In addition to the peaks corresponding to β-NaYF4,
three more peaks at 2θ ∼ 38.88°, 56.14° and 70.39° be-

longing to NaF appeared for all UCFs. It is noted that
no peak corresponding to the YF3 is observed in any of
UCFs, which indicates that the NaF is not a decompo-
sition product. It is important to note that NaF is ma-
jor constituent of NaYF4 host lattice and responsible for
the photon-phonon interaction. Hence NaF added quan-
tity was ∼4 times in excess to YCl3 to compensate for
losses incurred during longer period of solution process-
ing. Further, addition of excess NaF in the solution is
known to play important role in controlling phase and
morphology of resulting upconverting particles through
accelerated crystallization process [44–46]. Since NaF
was taken in high amount during synthesis, due to the
reaction in longer period, it precipitated and was de-
tected from X-ray diffraction peaks.

The peaks corresponding to NaF varied in inten-
sity with substrate and chelating agent variation de-
pending upon coordinating capability of ligand for rare
earth ions and subsequent precipitation of extra NaF
dissolved in solution. Octadentate DTPA ligand hav-
ing high formation constant as compared to EDTA and
EGTA, chelates better with Re3+ ions. During synthesis
improved chelation of Re3+ ions and subsequent bond
weakening, results in primary nucleation followed by
crystal growth and stabilization. Additionally, the bulky
DTPA facilitates faster aggregation of unstable smaller
nuclei during crystal growth process. Thus, rapid nucle-
ation and subsequent stabilization of the formed crystals
during UCF synthesis result in more unconsumed NaF
precursor (Fig. 1c). Besides sparingly soluble DTPA as
compared to EDTA and EGTA makes the former ligand
as limiting reactant, thus amount of NaF used during
synthesis is not utilized completely for crystal forma-
tion (confirmed by XRD results).

SEM micrographs of the UCFs on three types of sub-
strates (PG, ITO and FTO) employing three different
chelating agents (DTPA, EDTA and EGTA) are depicted
in Fig. 2. In general, Yb3+/Er3+ doped NaYF4 films on
various substrates seem to consist of two parts: a com-
pact thin layer in contact with the substrate and the sec-
ond layer of isolated well faceted hexagonal or equiaxed
particles (sizes ∼1 µm in the lateral direction). SEM im-

Figure 1. X-ray diffraction patterns of UCF over various substrates, prepared using: a) EDTA, b) EGTA and c) DTPA as
chelating agent
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Figure 2. SEM images of isolated upconverting particles over the UCF: a) UCF@ITO_EDTA, b) UCF@FTO_EDTA,
c) UCF@PG_EDTA, d) UCF@ITO_EGTA, e) UCF@FTO_EGTA, f) UCF@PG_EGTA, g) UCF@ITO_DTPA,

h) UCF@FTO_DTPA and i) UCF@PG_DTPA

Figure 3. Cross sectional SEM images of the fractured surface of the prepared UCF

ages of the cross-section of the UCFs (Fig. 3) may in-
dicate formation of compact layer of nanostructure at-
tached to the substrate followed by growth of larger up-
converting particles upon it. This could be an indication
of the probable growth mechanism of the films where
the islands of upconverting particles clusters may have
formed initially merging to give a dense uniform film or
vice-versa during continuous growth process (Fig. 3).
It is important to note that since there was no unusual
phases, and crystallinity was observed in the case of the

prepared UCFs, it is expected that no compositional dif-
ference exists between two layers.

In the case of EDTA as a chelating agent, the films
deposited on FTO and PG substrates appeared simi-
lar, with uniform background coverage layer and iden-
tical hexagonal faceted grains (Figs. 2b and 2c), while
the coverage of the films was not good when deposited
on ITO substrate and isolated chunks were observed
(Fig. 2a). The films deposited on all the substrates, us-
ing EGTA as a cheating agent, exhibited good surface
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coverage with varying morphology. The grains were
equiaxed for the films deposited on FTO substrate (Fig.
2e) while on the other hand, ITO and PG substrates dis-
played elongated hexagonal morphology (Figs. 2d and
2f), with much finer crystals in the case of ITO when
compared to PG substrates. A glassy matrix around the
particles could be observed in the case of films de-
posited on all substrates using DTPA as a chelating
agent, while the films deposited using EDTA and EGTA
chelating agents were much cleaner and well defined.

Generally, improved chelation capability of the lig-
and towards specific ion in precursor solution increases
the energy barrier needed for nucleation. Thus, those
ligands having strong chelation capacity require higher
temperatures for crystallization [47]. The films pro-
cessed with DTPA, being a stronger chelating agent,
have a distinct glass-like underlying layer (Figs. 2h and
2i), which was not observed in the case of other two
chelating agents (Figs. 2a-f). On the other hand, irre-
spective of the chelating agent, when the film was de-
posited on ITO substrate, crystals were well faceted and
discontinuous while the film coverage was poor (Figs.
2a, 2d and 2g). This indicated the possible role of sur-
face charge in controlling crystal growth and morphol-
ogy [37].

It is noteworthy that the upconverting particles grown
over different substrates are micro-rod/ cylindrical, disc,
flower-like shape by use of various chelating ligands.
However, the upconverting particles formed by EDTA
ligands are cylindrical or micro-rod shaped. This can
be correlated with the small molecular weight as well
simple structure of the ligand as compared to EGTA
and DTPA. Generally, ligand dynamics over the crys-
tal surface has a strong tendency of controlling growth
of Yb3+/Er3+ doped NaYF4 over substrate attached by
coordination effect [48]. DTPA ligand is an expanded
version of EDTA, based on diethylene triamine back-
bone with five carboxymethyl groups. Similarly, EGTA
is an aminopolycarboxylic acid of EDTA, but has an
elongated structure due to additional R–O–R linkage.
These make EGTA and DTPA more complex and heav-
ier moieties as compared to EDTA. Generally, smaller
ligand has a greater tendency of leaving the crystal
surface rapidly during hydrothermal synthesis, facilitat-
ing directional growth aligned along a certain crystallo-
graphic axis. This is clearly visible in the case of the up-
converting particles synthesized by EDTA over various
substrates depicting nearly micro-rod/cylindrical mor-
phology. Initially, there is a formation of flowerlike ag-
gregation due to faster leaving of the adsorbed ligand

Figure 4. Size distribution analysis of upconverting particles synthesized over various substrates in combination with different
chelating agents: a) UCF@ITO_EDTA, b) UCF@FTO_EDTA, c) UCF@PG_EDTA, d) UCF@ITO_EGTA,

e) UCF@FTO_EGTA, f) UCF@PG_EGTA, g) UCF@ITO_DTPA, h) UCF@FTO_DTPA and i) UCF@PG_DTPA
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from a crystal surface, thus making its surface unstable.
Subsequently aggregated nuclei in combination with re-
actant media resulted in full-grown crystal which sub-
sequently formed flower-like structure as observed on
the plain glass substrate. After a certain growth, extru-
sion leads to rod like morphology. Whereas, in the case
of DTPA and EGTA, due to large molecular structure,
the tendency of leaving crystal surface during reaction
stage is lower. Therefore, crystals grown along lateral
direction forming disc or plate-like hexagonal structure
have small aspect ratio. However, due to nearly com-
parable molecular backbone, there is no distinct mor-
phological difference between the films synthesized us-
ing EDTA, DTPA and EGTA. Additionally, the unstable
surface dynamics of crystals during their dissolution in
the reaction media results in the formation of irregular
morphologies. Furthermore, the size distribution analy-
sis (Fig. 4) provided insight into the various factors con-
trolling the upconverting particles growth on different
substrates.

SEM results revealed micron-sized particles with
varying morphology, grown over conducting/non-
conducting substrates, depending upon chelating ligand
used. EDTA and DTPA ligands produced large-sized
particles as compared to EGTA-assisted synthesis. The
small-sized upconverting particles resulted from EGTA-
assisted synthesis may be correlated with the long chain
length of EGTA molecule which have a tendency of

stabilizing small-sized nuclei formed during the initial
phase of synthesis. These surface stabilized nuclei have
a weaker tendency of dissolution in hydrothermal reac-
tion mixture thus inhibit the growth of large-sized nuclei
during subsequent crystallization. Notice that EDTA is
relatively simple in structure and hence has a greater
tendency of leaving crystal surface, with high surface
dynamics. Similarly, bulkier DTPA facilitates aggrega-
tion of nuclei during the crystal growth process as small
nuclei are not stable. Hence improved surface dynamics
as well as large-sized nuclei helped in the formation of
bigger sized upconverting particles.

The topography of the films was investigated using
atomic force microscopy (AFM) in tapping mode. The
maximum roughness of the film surface was found to be
within 60 nm. The average roughness (Ra) and interface
width or root means square roughness (RMS ), were sta-
tistically analysed. Here, Ra indicates the absolute av-
erage distance of the surface point with respect to the
mean plane. RMS value indicates the standard devia-
tion of the surface with reference to mean plane [48].
The images in Fig. 5 show nine different UCFs with
sample heights (from the mean plane) ranging from 30
to 300 nm. Each figure panel was divided into central
quadrant showing 3D profile, top left quadrant indicat-
ing surface topography and the top right quadrant dis-
playing grain size. The analysed Ra and RMS values
are summarized in Table 1.

Figure 5. AFM images of UCF along with surface topography: a) UCF@ITO_EDTA, b) UCF@FTO_EDTA,
c) UCF@PG_EDTA, d) UCF@ITO_EGTA, e) UCF@FTO_EGTA, f) UCF@PG_EGTA, g) UCF@ITO_DTPA,

h) UCF@FTO_DTPA and i) UCF@PG_DTPA
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Table 1. The statistical parameters (average roughness Ra

and root means square roughness RMS) related to thin-film
calculated based on AFM images

Chelating Agent Substrate RMS [nm] Ra [nm]
ITO 5.83 4.34

EDTA FTO 34.41 27.83
PG 9.91 7.46
ITO 34.88 27.46

EGTA FTO 57.32 44.18
PG 17.65 12.88
ITO 3.05 2.39

DTPA FTO 47.3 38.65
PG 58.54 46.01

It is observed that RMS and Ra values of the films
prepared by any chelating agent depend on the used sub-
strate. It is evident that while using EDTA and DTPA as
chelating agents, minimum film roughness (RMS and
Ra) was observed from the UCF deposited on ITO sub-
strate. At the same time, when EGTA was used as a
chelating agent, films deposited on PG substrate had
minimum roughness. UCF obtained with EDTA over
FTO (Fig. 5b) displayed relatively broad surface rough-
ness profile when compared to that of those grown on
ITO (Fig. 5a) and PG (Fig. 5c) substrates. Additionally,
EGTA-assisted UCF displayed sharper surface rough-
ness profiles as observed in the case of PG substrate
(Fig. 5f). Further, it can be seen that the films grown on
FTO (Fig. 5h) and PG (Fig. 5i) using DTPA as a chelat-
ing agent exhibited relatively broad peaks with substrate
surface irregularities, but film deposited on ITO (Fig.
5g) displayed sharp peaks. All DTPA-assisted UCFs
resulted in greater root-mean-square roughness values.
Further, statistical data suggest relatively weak substrate
effects on the morphology when compared with the ef-
fect of the chelating agents, as mentioned earlier. How-
ever, to study the effect of original substrate roughness,
AFM analysis of etched plain glass slide was acquired.
Root mean square (RMS ) and average (Ra) roughness
of the etched glass substrate (10 × 10 µm) was found to
be ∼75 and ∼51 nm, respectively. RMS and Ra of dif-
ferent UCFs deposited over plain glass substrate have
lower values (Table 1), indicating the formation of good
upconverting layer on the used substrates.

The thin films deposited over conducting and non-
conducting substrates were investigated for the photolu-
minescence upon excitation by 980 nm radiation using
inexpensive continuous-wave diode laser. This results
in five upconverted luminescence bands at wavelengths
390, 410, 525, 540 and 650 nm (Fig. 6), which were
attributed to 4G11/2→

4I15/2, 2H9/2→
4I15/2, 2H11/2→

4I15/2,
4S3/2→

4I15/2 and 4F9/2→
4I15/2 transition states, respec-

tively [27]. It is important to mention that Yb3+ be-
ing sensitizer absorbs the NIR radiation and transfers to
closely lying proximal Er3+ ions present in the NaYF4
lattice, resulting in characteristic upconversion emission
(Fig. 6). This characteristic upconverted emission is a
strong indication of the efficient incorporation of Yb3+

and Er3+ in NaYF4 structure and successful formation
of upconverting films.

The qualitative comparison of characteristic lumines-
cence intensity of NaYF4:Yb3+/Er3+ films on different
substrates for the same chelating agent is given in Ta-
ble 2. It is interesting to note that the highest lumines-
cence intensity was observed in the case of the films
deposited on ITO substrates when DTPA and EDTA
were used as chelating agents. On the other hand, when
EGTA chelating agent was employed, the film deposited
on PG substrate showed the highest luminescence inten-
sity. The effect of chelating agent on different substrates
is summarized in Table 3. EGTA chelating agent re-

Table 2. Effect of the chelating agent on characteristic
luminescence intensity deposited on different substrates

Chelating agent
Luminescence intensity

(decreasing order)
EDTA ITO>PG>FTO
EGTA PG>FTO>ITO
DTPA ITO>FTO>PG

Table 3. Effect of substrate on the characteristic
luminescence intensity from UCFs with

different chelating agents

Substrate
Luminescence intensity

(decreasing order)
ITO DTPA>EDTA>EGTA
FTO EGTA>DTPA>EDTA
PG EGTA>EDTA>DTPA

Figure 6. Luminescence spectra of UCF prepared using: a) EDTA, b) EGTA and c) DTPA as chelating agents
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sulted in the highest luminescence intensity for the films
deposited on FTO and PG substrates, while the low-
est luminescence intensity was observed for the films
deposited on ITO substrate. The results from Tables 2
and 3 clearly demonstrate that both chelating agent and
substrate have a pronounced effect on the upconverting
emission characteristic of the films.

It is also concluded that the roughness of the de-
posited films has a direct correlation with luminescence
behaviour. This is because of the fact that the film
roughness can result in diffused scattering, reducing ef-
fective luminescence cross-section, thereby, suppressed
luminescence intensity was observed. Smoother films
resulted in higher luminescence intensities, while the lu-
minescence intensity decreased with increasing rough-
ness. For instance, in the case of the films prepared
using DTPA, very smooth film having RMS value of
around 3 nm was obtained when deposited on ITO. On
the other hand, using same chelating agent films de-
posited on FTO and PG were much rougher having
RMS roughness value around 47 and 57 nm, respec-
tively. Accordingly, the luminescence intensity (Fig. 6c)
obtained from the UCF deposited on ITO was very high
when compared to that obtained from the UCFs de-
posited on FTO or PG substrate. Similarly, in the case of
UCF prepared by EDTA and EGTA as chelating agents
on ITO and PG substrates, the samples have the lowest
RMS roughness values, which resulted in highest lumi-
nescence intensity. The above study showed that film
roughness depends both on the nature of chelating agent
and substrate used. Best luminescence intensity was ob-
served from the films deposited on ITO substrate and
DTPA as the chelating ligand.

As per early reports by Giedraityte et al. [49] the up-
conversion intensity is independent of film thickness.
Thus, the film thickness may not have significant role
in tuning upconversion emission intensity in the current
study. It is observed that film thickness of the UCFs var-
ied slightly with change in nature of chelating agent and
is about 3 µm, as shown in Fig. 7.

Figure 7. SEM image of the cross section of prepared UCF
showing formation of micron sized film over substrate

IV. Conclusions

In conclusion, NaYF4:Yb3+/Er3+ upconverting films
(UCFs) were deposited by low temperature, facile,
one-step hydrothermal process. The film characteris-
tics changed interestingly when either substrate or the
chelating agent was changed, showing that both sub-
strate and chelating agent affected the film characteris-
tics such as phase formation, roughness and lumines-
cence intensity. The best emission intensities on the
non-conducting substrate were achieved by using EGTA
as a chelating agent. Further, in the case of conducting
substrates, combination of EGTA ligand with FTO sub-
strate and DTPA ligand with ITO substrate produced
upconverting films with improved luminescence inten-
sities.
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