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Abstract: Lead halide perovskites are the class of materials which has wider 

applications in optoelectronic devices like light emitting diodes (LEDs), high efficient 

solar cells, and lasers. They exhibit tunable band gap which covers entire visible range, 

solution processability, defect tolerance, narrow and intense photoluminescence. 

Doping metal ions into the lattice of 3D lead halide perovskites has been used as 

strategy to introduce new optical functionalities, and also to improve the structural 

stability of the host. Transition metal ions such as Bi3+, Mn2+ were successfully doped by 

substitution of Pb2+ in lead halide perovskite lattices. Recently 2D layered hybrid 

perovskites have also been reported to show interesting optoelectronic properties. In 

difference to 3D perovskites, these 2D perovskites show high excitonic binding energy 

of the order of 300-400 meV, along with superior moisture stability. Mn-doping is also 

reported in 2D perovskites showing intense yellow emission from transitions involving 

Mn d-electrons. However, we are not aware of lanthanide doping in these 2D hybrid 

perovskites. In this thesis, we doped Yb3+ in colloidal (C8H9NH3)2PbBr4 nanoplatelets to 

obtain near infrared (NIR) emission of Yb3+ f-electrons. (C8H9NH3)2PbBr4 is a 2D 

perovskite showing intense excitonic emission in the visible region, and hence a good 

host for doping. Our colloidal (C8H9NH3)2PbBr4 nanoplatelets show high 

photoluminescence quantum yield for excitonic emission at 415 nm. After Yb3+ doping, 

the Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets show NIR emission at 998 nm. 

Mechanistic studies suggest that the host absorb light and then non-radiatively transfers 

the excitation energy to the Yb3+ dopants. Subsequently, the Yb3+ ions de-excite 

emitting NIR lights. Further study in this direction may lead to applications in NIR LEDs 

and remote sensing.  
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1. Introduction: Three dimensional metal halide perovskite are the class of materials 

with general formula ABX3 in which monovalent cations like cesium (Cs+), 

methylammonium (MA+) or formamidinium (FA+) fit in the A site whereas divalent 

cations like Pb2+, Sn2+ fit in the B site, X represents the halide site in which Cl-, Br-, I- fit 

in it.1 This 3D metal halide perovskites consist of corner shared network of lead-halide 

octahedra and these octahedra are connected in all the three directions. As a result of 

this 3D network, cuboctahedral voids are created. Cations like Cs+, FA+ or MA+ fit into 

such void.1, 20 The size of the void is fixed. When larger organic cations are introduced 

which can’t fit into this void, these 3D networks will break and separate in to layers. This 

give rise to 2D network of lead halide octahedra. In third direction there is no direct 

contact/chemical bond.1 

                                                

Figure 1: Extended crystal structures of (PEA)2PbBr4 along the b axis where PEA is 

C8H9NH3
+

. In PEA, nitrogen, carbon corresponds to smaller blue and grey spheres. In 

PbBr4
2- plane, bromine, lead represents the green and big blue spheres. Taken from 

ref.1   with permission, copyright 2017, Springer nature 

 

The 2D perovskite layers are held together by weak Vander Waals forces. The 

semiconducting inorganic layers are separated by insulating organic layers. So this 2D 
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lead halide perovskite consist of extended 2D network of lead halide corner shared 

octahedra and two layers of organic cation capping from both the sides of inorganic lead 

halide octahedra to balance the charge; as can be clearly seen from the figure 1. Figure 

1 represents the 2D arrangement of (C8H9NH3)2PbBr4 (phenyl ethyl ammonium lead 

bromide) which is a 2D perovskite. The amine groups of phenyl ethyl amine (PEA) in 

the (C8H9NH3)2PbBr4 perovskites create a hydrogen bond with [PbBr4]2- framework.1, 5 ,12 

Here the structure clearly indicates that it’s a layered kind of structure as the third 

dimension is broken. Semiconducting inorganic layers have lower band gap compared 

to the HOMO-LUMO gap in insulating organic cations. Hence repetition of 

semiconducting as well as insulating layer give rise to multiple quantum well like 

structure in which inorganic layer represents the potential well and insulating organic 

layer represents potential barrier.2,7 So any charge carriers created in the 

semiconducting layer will not go into the insulating organic layer. So the charge carriers 

remain confined within the atomically thin inorganic layer, which is called as quantum 

confinement effect which is a well-known phenomenon observed in two dimensional 

hybrid organic-inorganic perovskites depicted in the figure 2 below in which Eg (well) 

represents the band gap  corresponding to the inorganic layers.2,7,17,23             

                           

Figure 2: Multiple quantum well structure which enables the quantum confinement 

effect in 2D layered hybrid perovskites. 
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Also, the dielectric constant of the organic layer is very small compared to the inorganic 

layer. This give rise to high excitonic binding energy.7 Excitonic binding energy is the 

measure of interaction between electron and hole held together by the coulombic 

interaction given by the formula, F = Kq1q2/r2.Where q1,q2 are the charge of 

electron/hole, r is the distance between electron & hole in the excitonic state and  K = 

1/4πε, ε is the dielectric constant of medium. This electron-hole pair is given by the 

name “exciton”. In case of 2D hybrid organic inorganic perovskite this excitonic binding 

energy is in the order of 300-400 meV compared to 3D perovskites which is around 20-

50 meV.22,23 Along with this, 2D perovskites show high moisture stability due to the 

bulkier organic ligands compared to the 3D perovskites. 

On the other hand, doping metal ions into semiconductor hosts is a well known strategy 

to tailor optical, magnetic and electrical functionalities. Various transition metal ions 

doping in the perovskites has been reported which includes Mn2+, Cd2+ and Zn2+ doping 

in CsPbBr3.3,4,25  Mn2+ in this 3D perovskites show a photoluminescence quantum yield 

of approx 30%.2,4,25 Various studies on Mn2+ in both 3D as well as 2D perovskites have 

been reported showing a broad emission around 600 nm.25 Rare earth ions have also 

been doped in case of 3D perovskites which includes Yb3+, Er3+, Tm3+ and Ce3+ among 

which Yb3+ emission around 990 nm could obtain a quantum efficiency more than 100% 

due to quantum cutting phenomena.3,9,15 From our lab, Yb3+ doping in CsPbX3 (X = Br, I) 

and Cs2AgInCl6  perovskite have been reported .4,6,25 Doping of Yb3+ gives rise to new 

functionality like near infrared (NIR) emission which has its application in light emitting 

diodes (LEDs).4,6,9,25 Lanthanide ion doping has advantage of negligible self-absorption 

hence it contributes to enhancement of its photoluminescence quantum yield and can 

emit pure NIR emission.6,14Among many of the  available lanthanide ions, doping of 

Yb3+ is being exclusively studied, since it have simplest two energy states (2F7/2, 2F5/2) in 

excited state which helps to minimise the non radiative energy loss as compared to 

other lanthanide ions.6,14,19 As per our knowledge, there is no report of lanthanide ion 

doping in 2D layered hybrid organic inorganic perovskites. This motivates us to dope 

Yb3+ in hybrid organic inorganic. In this thesis, we have doped Yb3+ into 

(C8H9NH3)2PbBr4 nanoplatelets and have characterized the nanoplatelets and studied 

its NIR emission at 998 nm.  
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2 Methods 

2.1 Chemicals: 

Phenyl ethylamine (98%, Sigma-Aldrich), lead (II) acetate trihydrate (99.99%, Sigma-

Aldrich), bromotrimethyl silane (TMSBr, 99%, Sigma-Aldrich), ytterbium (III) acetate 

tetra-hydrate (Yb (C2H3O2)3.4H2O,99.9%, Sigma-Aldrich), ytterbium (III) nitrate penta-

hydrate (Yb (NO3)3.5H2O, 99.99%, Sigma-Aldrich), oleic acid (OA, 90%, Sigma-Aldrich), 

1-octadecene (ODE, 90%, Sigma-Aldrich), Acetone (90%, FINAR), toluene (99.5%, 

Sigma-Aldrich). All chemicals were used without any further purification. 

 

2.2 Synthesis of colloidal (C8H9NH3)2PbBr4 nanoplatelets: 

       

Figure 3: Schematic representation shows synthesis of colloidal (C8H9NH3) 2PbBr4      

nanoplatelets using hot injection method showing bluish emission under UV light. 

 

Synthesis of colloidal (C8H9NH3)2PbBr4 nanoplatelets follows the hot injection method in 

which the halide precursor is injected in a solution containing other precursors at a 

particular temperature. Colloidal nanoplatelets were synthesized by using the hot 

injection method.  In 3 necked round bottom flask, 1 ml OA, 10 ml ODE, 1.56 mmole of 

TMSBr @ 1400C 

Heating   

mantle 

PEA + Pb(C2H3O2)2.3H2O 

+ OA + ODE 

   N2 

N  
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PEA and 0.2 mmole lead acetate trihydrate were taken. N2 gas were passed followed 

by application of vacuum (30 min each) to remove the moisture and dissolved oxygen.  

The reaction temperature was then set to 100 °C under constant stirring. The mixture 

color changed to pale yellow transparent solution after dissolution of all the precursors. 

Further, the temperature was set to 140 °C while under N2 flow. After reaching this 

temperature, 0.2 ml TMSBr was quickly injected and the reaction by stopped after 5s 

and cooled using ice bath.   

For the washing of the nanocrystals, the crude reaction product was first centrifuged at 

7830 rpm for 10 minutes. To the precipitate 10 ml toluene was added and again 

centrifuged with the same rpm for 10 minute. The final precipitate was dispersed in 10 

ml toluene and stored for further measurements. 

2.3 Synthesis of Yb3+ doped 2D-(C8H9NH3)2PbBr4 colloidal nanoplatelets  

Colloidal Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets were synthesized by the same hot 

injection method as discussed above except this time with the ytterbium precursors, 

such as ytterbium acetate tetrahydrate or ytterbium nitrate pentahydrate in required 

molar ratio. 

2.4 Inductive coupled plasma atomic emission spectroscopy (ICP-AES) 

ICP-AES was the technique used to determine the elemental composition in the Yb3+ 

doped (C8H9NH3)2PbBr4 nanoplatelets products. It’s an emission spectroscopy in which 

we use the inductive coupled plasma. This plasma is used to excite the atoms which will 

emit electromagnetic radiation when this excited sample relaxes to the lower energy 

states. The emitted radiation belongs to a particular wavelength which corresponds to a 

specific element which is collected by the detector. Normally the plasma which are used 

consist of high temperature high electron density argon gas. Based on the intensity of 

the emitted radiation wavelength and calibrated plot, concentration of element in the 

sample can be determined. 

The samples are dissolved in 3:1 molar ratio of aquaregia. The concentration of 

samples kept ~10 ppm. In dopant element, ppm level is 100 ppm and normalised by 



7 
 

factor of 10. The ICP-AES measurements were carried out using using ARCOS 

simultaneous ICP spectrometer, SPECTRO Analytical Instruments GmbH, Germany  

2.5 X-ray diffraction (XRD)  

Powder XRD was used to analyse the crystal structure, and also to have qualitative idea 

about the size of crystals. Principle of the XRD is the constructive interference of the X 

ray beam with the periodically arranged particles in the crystal, which is nothing but the 

Bragg’s condition  

                                            2d sin = n 

where d is the inter-planar distance between two Bragg’s planes in crystals,  is the 

wavelength of the incident X-ray radiation and   is the angle of diffraction. XRD 

patterns have been recorded using Bruker D8 Advance X-ray diffractometer with Cu Kα 

(1.54 Å) radiation. Samples for powder XRD measurements are prepared by drop 

casting concentrated colloidal dispersion on a glass slide. 

2.6 Transmission electron microscopy (TEM)  

To analyse the sample morphology in a detailed way TEM has been used. From high 

resolution TEM (HRTEM) we get information about the crystallinity of the sample. TEM 

images were recorded using a UHR FEG-TEM, JEOL JEM 2100F field emission 

transmission electron microscope at 200 kV. TEM samples are prepared by drop 

casting dilute dispersion of sample on a carbon coated Cu TEM grid. 

2.7 Atomic force microscopy (AFM) 

 AFM gives the topographical images, thickness and height profiles of our sample. We 

have collected the images by using keysight atomic force microscope model AFM 5500 

in the tapping mode. Samples were prepared by drop casting the diluted dispersion of 

(C8H9NH3)2PbBr4 nanoplatelets which were dissolved in toluene on a silicon wafer and 

put it for drying for about 3 hours. 
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2.8 UV-Vis and UV-Vis-NIR absorption spectroscopy in transmission mode 

In UV-Vis-NIR spectroscopy, when a beam of light passes through the sample, the light 

gets absorbed by the sample. The principle of UV-Vis and UV-Vis-NIR absorption 

spectroscopy follows the Beer-Lambert Law which is the linear relationship between 

absorbance and the concentration of a given sample. 

                                        A = ɛ.c.l 

where A is the absorbance, C is the concentration and ɛ is the molar extinction 

coefficient of the material. UV-Vis absorption spectra of the colloidal nanocrystals were 

measured by Cary series spectrophotometers and UV-Vis-NIR absorption spectra by 

Shimadzu UV-3600 spectrophotometer. 

2.9 UV-Vis-NIR diffused reflectance spectroscopy 

In diffused reflectance spectroscopy, we measure the reflectance from the opaque 

sample surface. Significant amount of light gets scattered in all directions in case of 

solid sample while recording in reflectance mode. Such scattering is minimal for 

measurements of colloidal nameplates in the transmission. In diffused reflectance 

mode, the reflectance measured gets converted to absorbance by the Kubelka-Munk 

function 

                                          F(R) = (1-R) 2/ 2R = α/S 

R is the reflection, α is the absorbance coefficient and S is the scattering 

coefficient.24UV-Vis-NIR reflectance spectra were recorded by drop casting the sample 

on a glass slide in Shimadzu UV-3600 spectrophotometer. 

2.10 Steady-state photoluminescence (PL) and PL decay dynamics  

Samples are excited by steady state xenon lamp in steady state PL spectroscopy. For 

Yb3+ emission with ms scale lifetime, microsecond flash lamp was used. TCSPC (Time 

correlated single photon counting) was used for measuring PL decay dynamics. 
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Edinburg FLS 980 instrument was used for all the measurements including PL, PL 

excitation and PL decay dynamics. 

2.11 Contact angle measurement 

Contact angle measures the degree of wettability of a solid surface by the liquid. It helps 

to measure the hydrophobicity / hydrophilicity of a given material. We have carried out 

our measurements using Holmarc’s contact angle meter. The nanoplatelets spin coated 

on a glass surface was used for the measurements. 

 

3 Results and discussion 

3.1 Structure and morphology of Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets 

We have synthesized 2D layered Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets with 

varying concentration of Yb3+ ion including the undoped sample The nanoplatelets form 

colloidal dispersions in toluene. Toluene was chosen as the solvent because of its 

interaction with C8H9NH3
+ in (C8H9NH3)2PbBr4 nanoplatelets. The amine group of 

C8H9NH3
+ is bonded to {PbBr4}2- via hydrogen bonding whereas the hydrocarbon tail 

interacts with toluene, forming a colloidal dispersion of nanoplatelets in toluene.13   

Table 1: Comparison of Yb3+ concentrations in the precursor as well as doping 

percentage obtained in the product 

      % Yb precursor taken        % Yb in product (ICP-AES) 

                  33                  3.4 

                  50                  2.4 

                  66                   27 

                  71                  48.6 
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From the ICP-AES we could clearly see that the doping percentage is not the same as 

that of the molar ratio of the Yb3+ precursor taken. ICP-AES was employed to obtain the 

Yb3+ concentration in all the product nanoplatelets with various precursor concentrations 

of Yb3+. The final data with Yb3+ concentration is shown in table 1. Percentage 

concentration of Yb3+ is calculated by using the formula {[Yb]/([Yb]+[Pb])}  100. Yb3+ 

precursor concentrations vary from 33 to 71 % whereas the doping percentage in the 

product ranges from 3.4% to 48.6%. The doping percentages of 27% and 48.6% are 

unexpectedly high. We will require to do more measurements to check the 

reproducibility of these data. But based on this preliminary data, it appears that a small 

fraction of the Yb3+ ions probably gets into the lattice of nanoplatelets, and remaining 

amount of the dopants sticks to the surface or surroundings. Again we note that, 

reproducibility of this ICP-AES data wasn’t done. Hence we will further reproduce this 

doping percentage in future. In any case, from here onwards, we mention the Yb3+ 

doping percentage obtained from the ICP-AES analysis in the rest of the thesis.   

Figure 4 shows PXRD patterns of undoped as well as Yb3+ doped (C8H9NH3)2PbBr4 

nanoplatelets. The PXRD patterns shows peak at regular interval of two theta. This 

observation is characteristics of layered structure and each peak corresponding to its 

interlayer spacing.2Upon doping there is no change/shift in the PXRD peak positions. As 

interplanar distance (d) between the organic and inorganic layer is high it’s expected to 

form 2D layered structure. Since the peak corresponding to interlayer spacing these are 

not expected to change while doping.  
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Figure 5: TEM images of a) (C8H9NH3)2PbBr4 nanoplatelets; b) 2.4%Yb3+ doped 

(C8H9NH3)2PbBr4 nanoplatelet. C) HRTEM Image of (C8H9NH3)2PbBr4 nanoplatelet and 

d) SAED pattern of (C8H9NH3)2PbBr4 nanoplatelet. 

 

Figure 4: Powder XRD Patterns of Yb3+ doped as well as undoped (C8H9NH3)2PbBr4 

nanoplatelets 
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TEM and AFM images have been taken to study the morphology of the product. Figure 

5 a represents the TEM image of (C8H9NH3)2PbBr4 nanoplatelets. The lateral dimension 

of the undoped nanoplatelets is found to be 17 × 9 nm. Figure 5b represents the TEM 

image of the 2.4 % Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets. Lattice fringes are 

visible confirming the crystalline nature of the nanoplatelets. Figure 5c represents the 

HRTEM image of undoped nanoplatelets. Figure 5d represents the selected area 

electron diffraction (SAED) of the undoped (C8H9NH3)2PbBr4 nanoplatelet. From the 

SAED Pattern as well as HRTEM image, we could clearly see the single crystalline 

nature of the sample. 

                        

 

Figure 6 a) represent The AFM image of undoped (C8H9NH3)2PbBr4 nanoplatelets and 

b) Corresponding height profile of the selected nanoplatelet shown by the line on AFM 

image. 
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Figure 7:  Size distribution histogram of (C8H9NH3)2PbBr4 nanoplatelets showing 

dimension from AFM as well as TEM. 

 

TEM images are projections of 3D objects onto a 2D screen. So, TEM images cannot 

measure the thicknesses (third dimension) of samples. To measure the thickness of our 

samples, we used AFM. Figure 6 represents the AFM images of undoped 

(C8H9NH3)2PbBr4 nanoplatelet and its corresponding height profile. Figure 6 a) 

represent the AFM image of the (C8H9NH3)PbBr4 nanoplatelets. Figure b) 

Corresponding height profile of the selected nanoplatelet (130 nm dimension) shown by 

the line on AFM image. To check whether the third dimension (height) is of small (few 1-

10 nm) order, we took the size distribution and measured the height corresponding to 

each nanoplatelets. After taking the size distribution, the data confirms that height 

ranges from 0.7 nm to 3 nm for approx. 100 nm width nanoplatelets. Height 

corresponds to the small dimension compared to its other dimension of a given sample, 

Hence from TEM as well as AFM we could confirm that it’s a nanoplatelet. The size 

distribution plots which summarize the TEM and AFM data to conclude all the 
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dimension was given below in figure 7. Hence from TEM as well as AFM the dimension 

of (C8H9NH3)2PbBr4 nanoplatelets are found to be 91 X 39.8 X 2.1nm. 

3.2 Optical properties of of Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets 

After synthesis and characterization, we studied the optical properties of undoped and 

Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets. Figure 8 a) represent the UV-Vis 

absorption spectra of 0%, 2.4%, 3.4%, 27% and 48.6% Yb3+ doped and undoped 

(C8H9NH3)2PbBr4 nanoplatelets. The excitonic feature, which is the prominent feature of 

2D perovskites can be visible at 406 nm (3.05 eV), which corresponds to the host 

absorption. The excitonic absorption peak position does not change upon Yb3+ doping. 

To check if there are any absorbance corresponds to Yb3+ in the NIR region, we 

measured UV-Vis-NIR absorption spectra of Yb3+ doped (C8H9NH3)2PbBr4 

nanoplatelets. There is no absorption feature in the NIR region corresponding to Yb3+ f-f 

electronic transitions. 
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Figure 9: Diffused reflectance spectra of undoped and Yb3+ doped (C8H9NH3)2PbBr4 

 

Absorption spectra of colloidal dispersions shows tail towards longer wavelength end. 

To verify, whether the tail arises from sub-bandgap absorption or scattering of light by 

samples, we have measured diffused reflectance spectra (DRS) on the films of 

nanoplatelets. Figure 9 shows the diffused reflectance spectra (DRS) of undoped and 

Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets. The undoped and 27% Yb3+ doped 

nanoplatelets do not show significant absorbance towards the longer wavelength in the 

DRS spectra. This observation suggests that the absorption tail observed for colloidal 

NCs in Figure 8 is due to scattering of light by the samples. In the DRS data (Figure 9) 

of 48.6% Yb3+ doped sample, we see an absorption feature at ~700 nm. This needs to 

be further verified.  
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Figure 10 a) PL Spectra of undoped and Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets 

showing Yb3+ emission in NIR region.  b) PL excitation spectrum of Yb3+ emission (998 

nm) in 27% Yb doped (C8H9NH3)2PbBr4 nanoplatelets  

 

Figure 10a represents the PL Spectra of 0%, 2.4%, 3.4%, 27% and 48.6% Yb3+ doped 

(C8H9NH3)2PbBr4 nanoplatelets. An emission near 998 nm corresponds to Yb3+ 

emission could be seen in the PL emission spectra. The PL emission intensity increases 

with dopant concentrations and reaches to a maximum for 27% doping. Further 

increase in doping concentration to 48.6% decreases the PL intensity. Even though we 

are seeing the emission in the NIR region, in the UV-Vis-NIR absorption spectra there is 

no absorbance in the NIR region corresponding to this emission. This indicates that 

Yb3+ emission at 998 nm (1.24 eV) probably originated from the excitation of the host. 

To study this aspect, we have measured the PL excitation (PLE) spectrum of Yb3+ 

doped (C8H9NH3)2PbBr4 nanoplatelets. Figure 10b shows PLE spectrum of 27% Yb3+ 

doped (C8H9NH3)2PbBr4 nanoplatelets, fixing the emission wavelength at 998 nm. A 

PLE peak around 407 nm is observed. This PLE peak matches with the excitonic 

absorption of the host shown in Figure 8. These results show that hosts first get excited 

by absorbing light. Then the excitation energy is nonradiatively transferred to the Yb3+ 
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dopants exciting their f-electrons. Subsequent de-excitation of Yb3+ f-electrons gives 

rise to 998 nm emission.   

Figure 11a represents the excitonic PL spectra of undoped as well as Yb3+ doped 

(C8H9NH3)2PBr4 nanoplatelets. The excitonic emission of the host has peak at 415 nm. 

The intensity of excitonic emission decreases with increase in Yb3+ doping percentages. 

This decrease also supports the proposed energy transfer from host to the dopants. 

Also, note that there is no significant emission feature in the 460 nm which corresponds 

to Yb2+ emission.8 Hence the observation of strong Yb3+ emission at 998 nm, and 

absence of Yb2+ emission suggest that the product nanoplatelets largely contain Yb3+ 

ions. 

  

 

 

 

 

 

 

 

 

 

Figure 11b represents the PL decay dynamics of host emission (415 nm) of Yb3+ doped 

(C8H9NH3)2PbBr4 for different doping concentrations. PL decay becomes faster with an 

increase in Yb3+ concentration. This observation again supports faster non-radiative 

energy transfer from host to dopants. An increase in dopant concentration increases the 

faster non-radiative energy transfer, thereby decreasing the excitonic PL lifetime. 

Figure 11: a) PL spectra of undoped and Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets 

showing excitonic emission. b) PL decay dynamics of the excitonic emission at 415 

nm Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets with different doping percentage 
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Therefore, PLE spectrum, along with decrease in both intensity and lifetime of excitonic 

PL together confirm that the Yb3+ emission originate via non-radiative excitation of the 

dopants by the (C8H9NH3)2PbBr4 nanoplatelets hosts. 

 

Figure 12: Estimation of PL quantum yield of excitonic emission of undoped 

(C8H9NH3)2PbBr4 nanoplatelets with reference to quinine sulfate dye. PL and absorption 

data of the sample (a-b) and dye (c-d).  
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PL quantum yield is the measure of number of photons emitted / number of photons 

absorbed. PL quantum yield of colloidal (C8H9NH3)2PbBr4 nanoplatelets was measured 

by taking a reference standard of quinine sulfate dye. The dye solution was prepared in 

0.5 M HCl. The PLQY of sample is calculated by the formula, 

   PLQY(Sample) = PLQY(dye) *[Isample*Adye(exc)*(n2
sample)/(Idye* Asample(exc) *(n2

dye)] 

     Where, 

            Isample= The integrated fluorescence of sample 

              Idye   = The integrated fluorescence of dye.                                                                                                                                                            

                 Adye(exc) = Absorbance of dye at the excitation wavelength of PL  

         Asample(exc) 
     = Absorbance of sample at the excitation wavelength of PL 

            nsample,= Refractive index of sample 

              ndye = Refractive index of dye. 

From figure 12, Integrated fluorescence intensity of the sample = 657421 and integrated 

fluorescence intensity of dye = 96732. Both sample and dye were excited at 340 nm. 

Calculated PLQY= 0.546* [(657421*(0.195) *(1.49)2)/ (96732* 2.23 *(1.33)2)]  

                            = 40.7% 

3.4 Contact angle measurements 

We also measure contact angles of water drops on spin coated nanoplatelet films on 

glass substrate.  Figure 13 represents the contact angle of water in undoped as well as 

48.6% Yb3+ doped nanoplatelets. Contact angle of water for undoped sample is 129o 

and that for 48.6% Yb3+ doped sample is 33o. Since the angle is more than 90o for the 

undoped sample, we can term it as hydrophobic. This hydrophobic nature is expected, 

which provides better moisture stability to this layered hybrid perovskites. Surprisingly 

the 48.6% Yb3+ sample show hydrophilic nature. This may be because of impurities in 
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the forms Yb3+ complexes, at higher precursor concentrations of Yb3+. This aspect 

needs to be studied further. 

 

 

 

 

4 Conclusions 

We have synthesised the colloidal Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets. The 

colloidal stability is obtained for ~2 months. The nanoplatelets show a lateral dimension 

of 90.8 X 39.8 X 2.2 nm. From preliminary ICP-AES analysis we could see a small 

percentage of dopant is there in the product compared to the precursor concentration in 

the reaction mixture. The Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets show NIR 

emission near 998 nm (1.24 eV). This new emission arise from f-f electronic transition of 

Yb3+ dopants. The intensity of Yb3+ emission increases with increasing dopant 

concentrations and reaches to a maximum (saturation point), after which a further 

increase in dopant concentration decreases the emission intensity. On the other hand 

the excitonic emission of undoped samples is intense with PLQY ~41%. Increasing the 

dopant concentration decreases the intensity of excitonic emission. To obtained 

mechanistic insights, we measured the PL excitation and PL decay dynamics. PLE 

shows that the 998 nm Yb3+ emission originate through the excitonic absorption of the 

host. PL decay dynamics also suggest the excitonic emission decays faster in the 

absence of Yb3+ dopants, suggesting a non-radiative energy transfer from the host to 

the dopant. All these results suggest the NIR emission is sensitized by the nanoplatelet 

Figure 13: Contact angle measurement of water drops on films of a) undoped and 

b) 48.6% Yb3+ doped (C8H9NH3)2PbBr4 nanoplatelets. 
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hosts. Lanthanide doping in 2D perovskite is a new topic, and to the best of our 

knowledge this is the first report of Yb3+ doping in 2D layered hybrid perovskites. 

Further study of these materials is expected to lead to applications in the field of NIR 

LEDs and remote sensing.  
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