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The pH value plays an important role in controlling the crystallization process and microstructure of the final products in 

the synthesis of nanocrystals with solvothermal method. This work reported the effect of the mother solution pH value on 

the precipitation of LiYF4 and YF3 nanoparticles, as well as the microstructure evaluation of YF3 from bowknot-like to 

spindle-like shape. Spectroscopy study suggests there is strong correlation between the upconversion emission properties 

of the Yb
3+

-Er
3+

 couple and the phase and microstructure of the host. The strongest emissions and lowest red-to-green 

ratio are observed in the bowknot-like YF3 nanocrystals with the largest open ends. Further spectral investigation indicates 

that the phase and microstructure dependent upconversion properties are associated with the upconversion efficiency. 

The present study is of great importance in the design and synthesis of rare earth ions doped nanocrystals with tunable 

upconversion properties.   

   

 Introduction 

Upconversion is a luminescent process in which multiple near-

infrared photons can be converted to a high-energy photon in 

the visible range through either the excited state absorption 

(ESA), energy transfer upconversion (ETU), cooperative 

upconversion (CU), or photon avalanche (PA) processes.
1, 2

 

Recently, rare earth (RE) ions doped fluoride nanoparticles 

with upconversion properties have evoked great research 

interests for their potential applications in solar cells, optical 

communication, infrared detection and especially biological 

imaging.
 3-6 

Compared with the conventional organic 

fluorophores and semiconductor quantum dots, the RE ions 

doped upconversion nanocrystals have distinctive advantages, 

such as sharp emission bandwidths, large anti-stokes shift, free 

of auto-fluorescence background and high photochemical 

stability.
7
 Moreover, the excitation wavelength for the doped 

RE ions is around 980 nm, which is within the biological 

transmission window and thus leads to deep penetration and 

reduces tissue damage. 
8, 9

      

Inorganic fluorides, such as MLnF4 and LnF3 (M= alkali metal 

ions; Ln=lanthanide ions) have been regarded as excellent host 

matrixes for upconversion emission due to their lower phonon 

energies that can minimize the nonradiative transitions and 

high chemical stabilities.
10

 So far, the RE
3+

-Yb
3+

 (RE=Tm, Er, and 

Pr) activated upconversion luminescence has been widely 

reported in NaLnF4
 
and LnF3 

 
 (Ln= Y, Lu, and Gd) nanocrystals. 

11, 12
 Recently, it has been reported that LiYF4 nanoparticle is 

also a promising host for efficient upconversion emission. 

Compared with NaLnF4, LiYF4 nanocrystals not only offer 

comparable emission strength, but also generate additional 

emission lines.
13

 

   As microstructure has great influence on the upconversion 

properties of RE ions, considerable efforts have been made to 

control the architecture and morphology of the nanoparticles 

by using either a hard template or soft directing agents to 

guide the crystal growth.
14 

Besides, the simple solution-phase 

based soft chemical reaction also provides an effective route 

to fabricate nanoparticles with controlled microstructure 

under template-free conditions. During the growth of 

nano/micro inorganic fluorides with hydrothermal or 

solvothermal methods, not only their intrinsic structures but 

also the external factors, such as the starting reactants, the 

reaction temperature and duration, the precursor solution pH 

values, and the application of organic surfactants greatly 

influence the crystallization process, the phase evaluation, and 

the surface morphology of the precipitated nanoparticles.
15

 

For example, in the synthesis of NaYF4 by the hydrothermal 

route, replacing the fluoride source NH4F with NaF while 

keeping other reaction conditions unchanged, the uniform 

Page 1 of 9 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

2 | J. Name., 2015, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

NaYF4 became irregular and meanwhile the smooth surface 

becomes very course.
16

 In addition, the amount of Inorganic 

salt also influences morphological evolution. For example, the 

synthesized GdF3 changed from a uniform elliptic 

nanostructure to a submicroplate by adjusting the amount of 

BaCl2.
17

 It is also reported that the use of ethylenediamine 

tetraacetic acid (EDTA) can greatly influence the surface 

morphology and the structure of LiYF4. 
18, 19

 

In this paper, we reported the effect of the mother solution 

pH value on the precipitation of Yb
3+

-Er
3+

 codoped LiYF4 and 

YF3 nanoparticles, as well as the microstructure evaluation of 

YF3, by using a modified solvothermal method. With the same 

solution composition but gradually reduced pH values, the YF3 

nanoparticles rather than LiYF4 nanoparticles were 

precipitated, and the microstructures of YF3  gradually evolve 

from a bowknot-like to a spindle-like shape. Meanwhile, the 

distribution of the nanobelts that constitute the bowknot-like 

YF3 can also be controlled by carefully adjusting the mother 

solution pH value. It is also discovered that there is a strong 

correlation between the upconversion emission properties of 

the Yb
3+

-Er
3+

 couple and the microstructure of the host. The 

maximum upconversion emission can be observed in the 

bowknot-like YF3 with the largest open ends microstructure. 

Experimental 

Materials  

All the chemicals used are of analytical grade. The 

Ln(NO3)3·6H2O (Ln=Y, Yb and Er) were supplied by the A&C 

Rare Earth Materials Center. The oleic acid, ammonium 

fluoride, lithium hydroxide, ethanol, nitric acid and 

cyclohexane were purchased from Sinopharm Chemical 

Reagent Co. Ltd.  

Synthesis of Yb
3+

-Er
3+

 codoped LiYF4 / YF3 nanoparticles  

Considering the efficient energy transfer before reaching 

concentration quenching, the doping concentrations of Yb
3+

 

and Er
3+

 were set as 10 mol% and 1 mol%, respectively. The 

Yb
3+

 and Er
3+

codoped fluoride nanoparticles were prepared by 

the modified solvothermal method. First, 10mL LiOH aqueous 

solution (2M) and 30 mL ethanol and 18 mL oleic acid were 

mixed by vigorous stirring at 35
o
C for 10 min. Second, 10 mL 

Ln(NO3)3 (2M, Ln=Y, Yb and Er) aqueous solution were added 

to the mixture to form a microemulsion system. Third, 2mL 

(2M) NH4F was injected into the homogeneous solution and 

was stirred vigorously for 5 min. Without any adjustment, the 

pH value of the obtained mother solution was 6.20. Several 

mother solutions with different pH values (pH = 5.20, 4.20, 

3.90, 3.60, 3.00 and 2.00) can be obtained by adding 

appropriate amounts of diluted nitric acid. Finally, these 

mother solutions were transferred into Teflon-lined autoclaves 

and heated at 130 
o
C for 5h. The precipitated nanoparticles 

were collected by centrifugation, washed using cyclohexane 

and ethanol for several times, and dried in vacuum at 60 
o
C for 

24 h. The dried powder samples were pressed into disks of 2 

nm thick and 5 nm in diameter for the spectral measurements.      

Characterization 

The X-ray diffraction (XRD) measurement was carried out using 

a RigakuD/maxrB 12kW X-ray diffractometer with a scan speed 

of 5 degree/s. The microstructure of the synthesized 

nanoparticles was characterized using a JEM-2100F 

transmission electron microscopy (TEM) operating at 200 kV 

and a Hitachi S4800 scan electron microscopy (SEM). 

Upconversion emission spectra were acquired using an 

Edinburgh FLS920 with an external 980 nm laser as excitation 

source. The Fourier transform infrared (FTIR) spectra were 

measured by using BRUKER EQUINOX55. All the 

measurements were carried out at room temperature.  

Results and discussion 

We found that the pH value plays an important role in 

controlling the crystallization process and microstructure of 

the final products in the synthesis of nanoparticles with the  

solvothermal method. Fig.1 shows the XRD patterns of the 

synthesized nanoparticles under different pH values. At the pH 

value of 6.20, the crystallized nanoparticles are mainly 

tetragonal LiYF4: Yb
3+

, Er
3+

 along with a very small amount of 

cubic LiF. It has been reported that the LiF precipitates can be 

completely eliminated in the final product by adding  excess Y 

ions.
20  

As the pH value was reduced, the diffraction peaks 

belonging to orthorhombic YF3 appeared, and their intensities 

increased with decreasing pH value, indicating that the lower 

the pH value the more the YF3 nanocrystals were precipitated. 

By contrast, the diffraction peaks of the LiYF4 nanoparticles 

decreased with reducing pH value. When the pH value was 

lower than 3.00, the diffraction peaks belonging to LiYF4 

became invisible and the final precipitates were YF3 

nanoparticles only. Interestingly, the relative intensities of YF3 

diffraction peaks also changed with the pH value, indicating 

different preferential growth orientation during the 

crystallization.  

In order to understand the effect of pH value on the crystal  

 

Fig. 1 XRD patterns for the Yb
3+

 and Er
3+

 codoped nanoparticles synthesized 

with different mother solution pH values. The standard XRD of LiYF4 (dash 

lines, JCPDS 81-2254), LiF (open squares, JCPDS 78-1217) and YF3 (stars, 

JCPDS 74-0911) are also plotted as references. 
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precipitation and the morphology evolution, the TEM 

measurement was carried out for the Yb
3+

-Er
3+

 codoped LiYF4 

and YF3 nanocrystals synthesized with different mother 

solution pH values of 6.20, 5.20, 4.20, 3.90, 3.60, 3.00 and 2.00, 

respectively, as shown in Fig. 2. At the pH value of 6.20, the 

final products were mainly LiYF4 octahedrons mixed with a 

small amount of LiF nanocrystals. This is consistent with the 

XRD result. When the pH value was reduced to 5.20, both 

octahedral and bowknot-like nanoparticles can be observed. It 

has been confirmed by the selected area electron diffraction 

(SAED) and high-resolution electron microscopy (HREM) that 

the bowknot-like nanoparticles are YF3 (see Fig. S1). On a 

closer look, the bowknot consists of a bunch of “nano-belts”, 

which are about 1.0 ~ 1.5 µm long but only about 20 ~ 40 nm 

wide. These nano-belts stick tightly together at the centre knot 

but stay loose at two ends. With the decrease of the pH value, 

the ends spread wider, and reach the maximum at the pH 

value of 3.90. Further reducing the pH value, however, closes 

the ends. At the pH of value 3.00, some of the YF3 

nanoparticles lose the bowknot-like structure and become 

spindle-like, as pointed by the arrows in Fig. 2h. At the pH 

value of 2.00, the ends close completely and all the YF3 

nanoparticles show spindle-like shape.  

 
Fig.2 TEM images for the Yb

3+
-Er

3+
 codoped LiYF4 /YF3 nanoparticles synthesized with  mother solution pH values of 6.20 (a), 5.20 (b) 4.20 (c), 3.90 

(d-e), 3.60 (f-g), 3.00 (h) and 2.00 (i), respectively. 

 
Fig. 3 SEM images for the YF3: Yb

3+
, Er

3+
 nanoparticles synthesized with mother solution pH value of 3.90 
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The three dimensional morphologies of the bowknot-like YF3 

nanoparticles can be observed in the SEM images in Fig.3, 

which shows a bowknot with the largest open ends. It is seen 

that hundreds of YF3 nanobelts are bundled together to form a 

bowknot, and each side of the bowknot shows uniformly 

distributed petal-like substructure. It is roughly estimated that 

the thickness of the nanobelts that constitute the bowknot-like 

structure is in the range of several nanometers. 

In order to understand the effect of mother solution pH value 

on the crystallization process of LiYF4 and YF3 nanoparticles, as 

well as the microstructure evolution of YF3, the reaction-time-

dependent XRD and TEM measurements were carried out for 

the nanoparticles obtained at the pH values of 6.20, 3.90 and 

2.00, in which the pure LiYF4 nanocrystals, the YF3 bowknots 

with the largest open end and the uniform YF3 spindles were 

formed, respectively. Fig.4 shows the XRD patterns and the 

TEM images of the intermediates obtained at different 

reaction time intervals, from which we can observe that with 

different mother solution pH values, the intermediates display 

distinct XRD patterns and morphologies at different reaction 

periods. At the pH value of 6.20, the initial precipitation was 

LiF. After 3h of reaction, the peak intensities of LiF decreased, 

indicating the decrease of LiF concentration. Meanwhile, the 

peaks of LiYF4 started to appear. According to the XRD pattern 

in Fig. 1, after 5h of reaction, almost all the LiF disappeared 

and the LiYF4 dominated. Therefore, we deduce that the 

growth of LiYF4 begins with the precipitation of LiF, and then 

the Y
3+

 and F
-
 ions may react with LiF to form the LiYF4 crystal, 

as schematically shown in Fig 5. This process is similar, 

however different to the growing of LiYF4 with hydrothermal 

method in the presence of ethylenediaminetetraaceticacid 

(EDTA), in which the YF3 were firstly precipitated and the LiYF4 

were transformed from YF3 in the presence of excess Li
+
.
21

 At 

the pH value of 3.90, the initial precipitation was still LiF. 

Differently, the YF3 peaks started to appear after 2h of 

reaction, and they became much stronger after 3h of reaction. 

According to the TEM observations (Fig.4 b1-b3), the YF3 

nanobelts were formed after 2h of reaction, and then they 

self-assembled into the bowknot-like structure with prolonged 

reaction, as shown in Fig. 5.
22 

At the pH value of 2.00, no LiF 

peaks can be observed after 1h of reaction, instead, very broad 

YF3 peaks are clearly presented, and those peaks became 

sharper after 2h and 3h of reaction. Apparently, reducing the 

mother solution pH value may suppress the precipitation of LiF 

but enhance the formation of YF3 nuclei. According to the 

reaction-time-dependent TEM images (Fig.4 c1-c3), a mass of 

tiny YF3 nuclei and small amount of spindle-like YF3 were 

formed after 1h of reaction, and then the bigger however 

loose YF3 spindles were grown through the aggregation of the 

nuclei after 3h of reaction. The relative dense YF3 spindles with  

 
Fig.4 Time dependent XRD patterns and TEM images of the Yb

3+
- Er

3+
 codoped nanoparticles obtained with different mother solution pH values of 

6.20 (a), 3.90 (b) and 2.00 (c), respectively.  
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Fig. 5 Schematic illustration for the possible formation processes of 

LiYF4 and YF3 nanoparticles with various morphologies under different 

mother solution pH values.  

an average size of 650 nm long and 220 nm wide were formed 

after prolonged reaction of 5h (Fig.2 I).   

Moreover, it is noticed that the relative diffraction peak 

intensities of YF3 precipitations under pH values of 3.90 and 

2.00 already shows obvious difference with 3 h reaction, as 

shown in Fig. 4 (b) and (c).  According to the SAED pattern and 

the FFT image for the intermediates obtained under pH values 

of 3.90 and 2.00 after 2h reaction (See Fig. S2), the preferential 

growth orientation of the YF3 nanobelts is [100], while the 

preferential growth orientation of YF3 spindle is [111]. After a 

prolonged reaction, the nanobelts may self-assemble into the 

bowknot-like structure while the YF3 spindle may grow bigger 

and crystallize better, as shown in Fig.2 (e, i). This indicates 

that the mother solution pH value greatly influences the 

morphology of the YF3 nanocrystals by guiding its preferential 

growth orientation at the beginning of the reaction.    

The preferential formation of orthorhombic YF3 rather than 

MYF4 (M=Li, Na) at lower pH value has also been discussed in 

the synthesis of fluoride nanoparticles with EDTA as 

surfactant.
23

 In our system, we suggested that the effect of 

mother solution pH value on the phase transition and 

microstructure evaluation of LiYF4/YF3 nanoparticles can be 

explained from two points of views: the precipitation of LiF 

and the deprotonation of the oleic acid. Specifically, high pH 

value favours the precipitation of LiF due to its lower solubility 

than in low pH value solution, based on which the LiYF4 

nanoparticles were grown in the presence of excess Y
3+

 and F
- 

ions after prolonged reaction. At reduced pH values, less LiF 

was precipitated in the mother solution due to the increased 

solubility, so that less LiYF4 nanoparticle were formed, until no 

LiYF4 peaks can be observed at pH value of 3.00. By contrast, 

the YF3 nanobelts were formed under reduced pH value as less 

Y
3+

 were consumed to form LiYF4, which were then further 

self-assembled as bowknot-like structure with prolonged 

reaction. The lower the pH value, the more the YF3 nanobelts 

can be formed at the beginning of the reaction, so that the YF3 

bowknots with more open ends can be formed under further 

reduced pH values (see Fig. S3). On the other hand, after the 

formation of YF3, the oleic acid plays an important role in 

controlling the morphology of the obtained nanoparticles. It is 

known that the pH value influences the hydrophilic properties 

of the oleic acid through the deprotonation of the carboxylic 

group (the higher the pH value, the more hydrophilic the oleic 

acid will be), which therefore influence the morphology of the 

oleic.
24

 As a consequence, the surfactant function of the oleic 

acid will be alerted after adjusted the mother solution to 

reduced pH values, which thus influenced the preferential 

growth orientation of the YF3 nanoparticles. According to the 

above experimental results, the spindle-like YF3 rather than 

the YF3 nanobelts were tend to be formed by using the less 

hydrophilic oleic acid as surfactant. As a result, the 

concentration of the YF3 nanobelt decreased, so that the ends 

of the bowknot-like YF3 became closer with further reduced pH 

value to 3.60 and 3.00, and at pH value of 2.00, only the 

spindle-like YF3 nanoparticles can be formed, as shown in Fig. 2 

(f-i).  

Figure 6 shows the upconversion emission spectra of the 

Yb
3+

-Er
3+

 codoped nanoparticles obtained in different pH 

solutions, under 980 nm excitation. With the pH value of 6.20, 

in which the nanoparticles are mainly LiYF4, the upconversion 

emission spectrum composes a green emission between 505-

570 nm and a red emission between 635-690 nm, 

corresponding to Er
3+

: (
2
H11/2, 

4
S3/2)→

4
I15/2 and Er

3+
: 

4
F9/2→

4
I15/2 

transitions, respectively (as indicated in Fig. S4).
25

 Reducing the 

pH value remarkably increases the overall upconversion 

emission intensity. The maximum intensity reaches at the pH 

value of 3.90, in which the YF3 bowknots have the largest open 

ends. While further reducing the pH values to 3.60 and 3.00, 

when the open ends of YF3 bowknots become smaller and 

some spindle-like YF3 begin to form, the upconversion 

emission intensity decreases rapidly. When the pH value was 

reduced to 2.00, the upconversion emission was almost 

undetectable in the spindle-like YF3 nanocrystal for the present 

measurement setup (small detection silt and low power 

excitation). 

  In addition, the intensity ratios of the red to green emission 

also show pH value dependent, as shown in the inset of Fig.5. 

It drops rapidly from 2.85 to 0.77 when the pH value reduces 

from 6.20 to 5.20. Further reducing the pH value, the ratio 

decreases only slightly and reaches the minimum at the pH 

value of 3.90. Then it shows slightly increase with further 

decreasing pH values to 3.60 and 3.00. The photos in Fig.S5  
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Fig. 6 Upconversion emission spectra of Yb

3+
-Er

3+
 codoped 

nanoparticles synthesized with mother solution pH values of 6.20, 

5.20, 4.20, 3.90, 3.60, 3.00 and 2.00 respectively. The inset shows the 

integral intensity ratio of red (635-690 nm) to green (505-570 nm) 

emissions. 

clearly demonstrated the variation of the upconversion 

emission intensity and the change of the red to green emission 

ratio.  

As discussed above, there is apparently a strong correlation 

between the upconversion emission properties and the 

microstructure of the nanoparticles. The strongest emission 

and lowest red-to-green ratio were observed in the 

nanocrystals precipitated at the pH value of 3.90, in which the 

bowknot-like YF3 nanocrystals have the largest open ends. In 

order to explain the influence of the host phase and its 

microstructure on the upconversion emission properties of 

Yb
3+

-Er
3+

 couple, the green (
2
H11/2, 

4
S3/2→

4
I15/2) and the red 

(
4
F9/2→

4
I15/2) emissions of Er

3+
 were measured as a function of 

excitation power in the nanoparticles synthesized with 

different pH values of 6.20, 4.20, 3.90, and 3.60, respectively, 

as shown in Fig. 7. According to the upconversion mechanism, 

the visible emission intensity (Iem) is proportional to the 

excitation power (IP) through a relationship of Iem∝IP
n
, where 

n denotes the number of near-infrared photons being 

absorbed to generate one upconverted photon.
26 

Fig. 6 shows 

clearly that under 980 nm excitation, the values of nG and nR 

are consistent with the involvement of two near-infrared 

photons in generating the green and red emissions. 

Interesting, it is noticed that both nG and nR show similar pH 

value dependence as the upconversion emission properties 

shown in Fig. 6, they also have a close relationship with the 

host structure. In the octahedral LiYF4 nanoparticles, nG and nR 

equal to 1.50 and 1.80, respectively. With the formation of the 

bowknot-like YF3 nanoparticles, these values increase and 

reach the maximum of 1.83 for the green emission and 1.86 

for the red emission when the bowknot-like structure has the 

largest open ends. And then, nG and nR decrease to 1.79 and 

1.80 respectively, when the ends of the bowknot became small 

at a reduced pH value of 3.60. It is reported that inefficient 

nonradiative channels favour the upconversion process, i.e. 

higher n value indicates higher upconversion efficiency.
9, 27

 

Therefore, these results suggest that the greatly increased 

upconversion emission intensity is due to the formation of the 

YF3 nanoparticles rather than the LiYF4, and the upconversion  

 
Fig. 7 Excitation power dependence of integrated green (green circle) and 

red (red square) upconversion emissions for the Yb
3+

-Er
3+

 codoped 

nanoparticles synthesized with pH values of 6.20 (a), 4.20 (b), 3.90 (c) and 

3.60 (d), respectively. Here, nG and nR represent the resulting slopes for the 

green and the red emissions, respectively.  

efficiency is associated with the microstructure of the 

bowknot-likeYF3. Specifically, the wider the ends are open, the 

higher the upconversion efficiency. This YF3 microstructure 

dependent upconversion efficiency can be interpreted from 

the site symmetry point of view. Since a low symmetry favors 

the upconversion emission,
28

 the RE ions located on the host 

surface, at where the site symmetry is lower due to the end of 

the periodic structure of the crystal, may be responsible for 

the high upconversion efficiency. In this case, the larger the 

open ends, the higher the surface-to–volume ratio, the more 

the RE ions are located on the host surface, and therefore the 

more efficient upconversion process can be achieved. 

In addition, by comparing the variations of nG and nR in Fig. 

6 we know that with the formation of YF3, the upconversion 

efficiency is greatly increased for the green emission while it is 

only slightly increased for the red emission. Therefore, an  
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Fig.8 FTIR spectra of the LiYF4 and YF3 nanoparticles synthesized with 

different mother solution pH values of 6.20 (a), 4.20 (b), 3.90 (c) and 

3.60 (d), respectively. 

obviously decreased red to green emission intensity ratio can 

be observed after the formation of YF3.  The slightly variation 

of the red to green emission intensity  in the bowknot-like YF3 

synthesised under different pH values may also due to the 

microstructure dependent upconversion efficiency: the larger 

the open end, the higher the upconversion efficiency is 

increased for the green emission compared with the red 

emission, so that the lower the red to green emission ratio.  

On the other hand, the presence of organic ligands on the 

surface of nanoparticles can also influcnec the upconversion 

properties.
29

 In this case, the FTIR spectra for the Yb
3+

-Er
3+

 

codoped nanocrystals synthesized with different mother 

solution pH values were measured to identify the capping 

ligands on the nanoparticle surface. As shown in Fig. 8, the 

oleic acid exhibits a broadband absorption around 3320 cm
-1

, 

corresponding to the stretching vibration of –OH group; the 

absorption bands located at 2928cm
-1

 and 2853 cm
-1

 

correspond to the asymmetrical and symmetrical stretching 

vibration of -CH2-; the peak located at 1604 cm
-1

 can be 

assigned to the stretching vibration of –C=O; and the bands 

around 1460 cm
-1

 and 1432 cm
-1

 are due to the deformation 

vibration of -CH2-.
30 

These peaks indicate the existence of the 

capping ligands on the surface of these nanoparticles. The 

drastic increased absorption intensities in the nanoparticles 

obtained at lower pH values than 6.20 suggests that the 

bowknot-like YF3 nanoparticles bear more organic ligands than 

the octahedral LiYF4, which may due to their higher surface-to-

volume ratio. Generally, the overall upconversion emission 

intensity will decrease due to existence of abundant surface 

quenching centers and surface organic ligands in the 

nanoparticles with large surface-to-volume ratio,
.18 

While 

according to our results, the upconversion emission intensity 

can be greatly enhanced in the bowknot-like YF3 with the 

largest open ends, which indicates the quenching effect due to  

the surface defects and organic ligands absorptions can be 

suppressed by the greatly increased upconversion efficiency. 

Conclusions 

In conclusion, the Yb
3+

-Er
3+

 codoped LiYF4/YF3 nanoparticles 

with tunable upconversion luminescence were synthesised 

with solvothermal method under different mother solution pH 

values. The effect of pH value on the precipitation of LiYF4 and 

YF3 nanoparticles, as well as the microstructure evaluation of 

YF3 nanoparticles can be explained from two points of views: 

the precipitation of LiF and the deprotonation of the oleic acid. 

According to the TEM images, LiYF4 is a large single particle, 

while YF3 has a bowknot-like structure or a spindle-like shape. 

Spectral investigation suggests that there is a strong 

correlation between the upconversion emission properties of 

Yb
3+

-Er
3+

 couple and the microstructure of the doping host, the 

strongest upconversion emission can be observed in the 

bowknot -likeYF3 with the largest open ends.   
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Effect of pH value on the phase transition, microstructure evolution and upconversion 

properties were demonstrated in Yb
3+
-Er

3+
 codoped LiYF4/YF3 nanoparticles. 
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