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Abstract 
 
The recent research has gained a millions of attention in the development of 

luminescence nanoparticles. The lanthanide (Ln3+) doped up conversion, 
NaYF4: Yb3+/Ln3+ (whereas Y is Yttrimium or Gadolinium) have 

capability to convert higher wavelength (NIR) to lower wavelength (UV). 

This contributes to a unique luminescent property. Nanoparticle of NaYF4 
doped with Yb3+ and Eb3+ are prepared by modified thermal decomposition 

synthesis. The major application of lanthanide doped up conversion 

nanoparticle is in biological imaging, Drug delivery, cancer therapy, 
biosensing and solar cells .As our main motive is to produce bright and 

superior quantity yield of up conversion. 
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1 Introduction 
 

Lanthanide doped up conversion nanoparticles have a tremendous power 

of transforming NIR (near infrared) excitation into visible and UV 

(ultraviolet) emission. Nanoparticle NaYF4 doped with a lanthanide such as 
erbium Er (3+), ytterbium Yb (3+) are prepared by a thermal decomposition 

synthesis. Nanoparticles radiate luminescence upconverted on excitation with 

NIR [22,23,24].   The development of luminescence nanoparticles has gained 

an explosion of interest in the last decades because of their great 
acheivements in biomedical application. 
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As in addition lanthanide-doped upconversion nanoparticles offer high 

penetration depth, autofluorscence framework, anti-stokes shift, sharp 
emission of frequency, low toxicity, and large photostability. These 

advantages make them suited for bioimaging therapy, biosensing and solar 

cells.  The quenching concentration has restricted the community of 

nanoscience to produce beaming UCNP'S accompanied by high quantity of 
dopants [2][4][6][7]. Also it has been already concluded that concentration 

quenching is associated with the surface quenching [5].The luminescence is 

conquered by surface quenching due to the fraction of large surface area to 
volume of nanocrystals. However, in this study we resulted that by using 

mathematical model the processes can be understand in a better way that the 

extra sensitizers (Yb3+) to a different layer could be minimized by 

concentration quenching[5].After this performance middle layer with 
sensitizer and a novel tri-layer UCNP structure was formed. It was resulted 

that quenching was reduced. As the upconversion research is the most 

advanced research these days. In addition upconversion research has allowed 
the development in optical instruments such as indicators and laser 

diode[10,13,15,16].In the daily basis or the practically use of upconversion is 

bulk glass or crystalline material.Upconversion works under: 
 (a) Excited state absorption  

 (b) Energy transfer upconversion 

 (c) Photon Avalanche                                                                                                                            

As we have studied above three processes the least efficient UC process 
is ESA and photon avalanche is more efficient upconversion is possible with 

metastable level. The review sheet mainly focuses on the development of 

upconversion. In section 2, we discussed mechanism of upconversion 
nanoparticles. In section 3 and 4 we discussed regarding concentration and 

surface quenching. Next we discussed section 5 that explains about dopant 

selection. In the last section 6 applications is elaborated.                    
   

2 Mechanisms 
 

In the last decades nanoparticles has gained an explosion of attention in 

the progress of luminescent nanoparticles. These unique properties are 

developed from 4f configuration of lanthanide elements, where the electrons 
of lanthanides can be partially filled. As a result, a great number of energy 

levels are present in the lanthanide ions, enabling the occurrence of electron 

transitions between 4f levels.Lanthanides are divided into 3 categories: 

 

2.1 Excited Stage Absorption Upconversion 
 

     A single lanthanide ion undergoes consecutive absorption of pump 
photons is known as ELA [8]. Impurity having concentration of lanthanide 

ion (<1%) leads process i.e. single ion based. Upconversion emission takes 

place via 3-level laser system (Fig.1).  
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Process commence as movement from the lower level (G) to a 

intermediate sate (E1) with the absorption of single photon having less 

energy. And now electrons are shifted to the higher energy stage(E2) from 
metastable level with absorption of second photon[8].As it concludes, the UC 

occurs from higher state(E2) to lower state(G) observed by a subsequent 

relaxation. 
 

2.2 Energy Transfer Upconversion 
   

Lanthanide pair of ion helps to upconvert less energy photon to high. 

When an energy exchange between adjacent lanthanide ions, a system 

contains Yb (3+) as a sensitizer can transform NIR into visible/ultraviolet 

light [12].Energy transfer upconversion involves 2 fundamental ideas.  
 

2.2.1 Energy Transfer 
 

As this phenomenon works in a solid state laser must have a active ions 

immersed in a host medium. Dipole dipole interaction is the mode of energy 

transfer between ions. In the optical performance energy transfer is basic 

importance of lanthanide doped upconversion nanoparticle [17][18-21]. 
 

2.2.2 Photon Upconversion 
 

The decay of laser active ion from excited to lower state either 

radiatively or non-radiatively. When energy is transferred to another laser 

active ion then a non radiative emission occurs. If it takes place the ion 
acquire the higher energy state than that already achieved by absorption of a 

pump photon. This process of further exciting an already excited laser active 

ion called photon upconversion [7]. 

 

2.2.3 Photon Avalanche 
 

Photon avalanche upconversion phenomenon acquires a certain threshold 
value of pump intensity. Photon avalanche process commence with a stage 

E1. The population from E1 excites to the upper visible- emitting stage E2 

followed by ESA phenomenon. After the intermediate level population is 
installed, between elevated ion and a neighboring lower stage ion there is an 

occurrence of cross relaxation, energy transfer. The ions easily accommodate 

level E2 by ESA to further proceed rapidly populate level E2 by cross 

relaxation, this enhances as an avalanche process and thus produce strong 
UC emission [3]. 
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Fig1:   Processes of upconversion 

  

3 Quenching Concentration 
 

Since in the last decades, Upconversion luminiscence has become an 

energetic field of research. The arrival of upconversion nanocrystals has 
activated renewed interests by emerging application of UCNP's in 

bioimaging, optogenetic study, cancer therapy, solar cells, sensors and three 

dimensional displays[Fig.2].  The Elementary processes has been leap up due 

to involvement  in quenching for single ion when we reported on low Er(3+) 
and Yb(3+) doped nanocrystal . There is a tendency toward bright 

upconversion in extremely doped nanocrystals. Here we discuss a scientific 

research on concentration correlated to decay dynamics for Er(3+) or Yb(3+) 
doped at different concentrations(1-100%) in core and core-shell NaYF4 

nanocrystals [1]. 

 
Fig.2: Concentration quenching in upconversion nanoparticle 
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4 Surface Quenching 
 

The preferable application of lanthanide-doped upconversion 

nanoparticle luminescence has been restricted due to high dopant 

concentrations [5]. This has been concluded that concentration quenching is 
highly conquered to surface quenching [5]. This phenomenon could be better 

understand, using mathematical model the processes can be understand in a 

better way that the extra sensitizers (Yb3+) to a different layer could be 

minimized by concentration quenching[5]. By moving the extra sensitizers 
(Yb3+) to a different layer[14] ,the concentration quenching could be 

minimized. After this performance middle layer with sensitizer and a novel 

tri-layer UCNP structure was formed. It was observed reduction in quenching 
[5], and the luminiscence intensity was amplified upto 12 times in 

comparison with the brightest UCNP's without the sensitizing layer [14]. 

 

5  Host Selection Criteria 
 

The recent research is mainly directed to the lanthanide dopants added to 
a host matrix in low concentration. To obtain hybrid materials with beneficial 

materials with accurate properties and functions, incorporating ions of 

suitable elements into the host lattices is a technological process widely used 
in doping [9]. Stabilizing crystal phase, auto electronic properties, 

modulating magnetism as well as tuning emission [4] all are fundamental 

important properties of doping in nanocrystalline materials .Wherever dopant 

is usually in the form of confined luminescent centres. In this phenomenon 
by using a little quantity of well selected dopant-host combination 

contributes to a efficient upconversion. 

 

5.1 Activators 
 

The emission of a radiation by an ion called an activator. Such as Er 

(3+), Tm (3+), Eb (3+) consist feature with a sequence like positioned energy 
states. As the energy difference in Er 

3+
 (~10350/cm) between the  

4
I11/2 and  

4
I15/2 is the same to that (~10370/cm) between 

4
F7/2 and  

4
I11/2 levels [5]. The 

lanthanides are well-suited for this application. Shielding of lanthanides with 
4f electron and is completely filled 5s and 5p subshells that indicates in weak 

electron- photon coupling. 

  

5.2 Sensitizers 
 

The emission of a radiation by an ion called an activator, whereas energy 

donator is the sensitizer. The optical characteristic of Yb(3+),Ho(3+) makes 
fit for use as a Upconversion sensitizer . 
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The activator proportion is relatively low (<2mol %) because it reduces 

cross relaxation energy loss while the sensitizer proportion is normally kept 

high (~20 mol%) in doubly or triply doped nanocrystals[5]. The 
homogeneous addition of sensitizer and activator ions provides efficient 

upconversion. 

     

6 Applications 
 
6.1 Optical Imaging 
 

Clinical researchers probably use a tool that is optical imaging and also   
it is highly capable for observing the framework and arrangement of cells (in 

vitro) and sub-cellular organelles (in vivo).  Cellular targeting, drug delivery 

to living objectives, fluorescence resonance energy transfer (FRET)[2] are 

the extremely advantageous application of UCNPs. Optical imaging 
categories into diffusive and ballistic systems whereas Diffusion optical 

imaging DOI is a criterion of imaging using NIR or florescence based 

materials. If it is required to create 3D image then DOI is referred as diffuse 
optical tomography whereas 2D picture is classified as diffuse optical 

topography [11]. 

 

6.2 Drug Delivery 
 

Drug delivery is latest secure and safe method. Drug delivery system is 

an advance from cancer therapy. Lifting of drugs to a particular location with 
luminescence tracking for treatment is done. This delivery is based on photo 

induced reactions. 

 

7 Conclusion 
 

   This review of lanthanide doped upconversion nanocrystal has described 
the latest development on Biological imaging, concentration quenching, 

surface quenching and more. High doping concentrations for both Yb (3+) 

and Er(3+)  ions is towards a trend to achieve bright Upconversion 
nanocrystal.  Power density excitation for these highly doped NCs has been 

consider under extreme brightness and good quality of quantum yields of UC 

emission. 
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