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Chemically Tailoring the Dopant Emission in Mn doped CsPbCl3 

Perovskite Nanocrystals 

Samrat Das Adhikari, Sumit K. Dutta, Anirban Dutta, Amit K. Guria and Narayan Pradhan* 

Abstract: Doping in perovskite nanocrystals adopts different 

mechanistic approach in comparison to widely established doping in 

chalcogenide quantum dots. The fast formation of perovskites 

makes the dopnat insertions more competitive and challenging. 

Introducing alkylamine hydrochloride (RNH3Cl) as a promoting 

reagent, precise controlled doping of Mn(II) in CsPbCl3 perovskite 

nanocrystals is reported. Simply, by changing the amount of RNH3Cl, 

the Mn incorporation and subsequent tuning in the excitonic as well 

as Mn d-d emission intensities are tailored. Investigations suggested 

that RNH3Cl acted as the chlorinating source, controlled the size, 

and also helps in increasing the number of particles. This provided 

more opportunity for Mn ions to take part in reaction and occupied 

the appropriate lattice positions. Carrying out several reactions with 

varying reaction parameters, the doping conditions are optimized 

and the role of the promoting reagent for both doped and undoped 

systems are compared. 

Doping in perovskite nanocrystals opens up a new era of 
current research.[1] Beyond the widely established color tunable 
bandedge emissions of halide perovskites,[2] on doping with 
appropriate dopants the optical emission of these nanocrystals 
might further tune to a new spectral window.[1h,3] For covalent 
chalcogenide nanocrystals where the classical mechanism of 
crystal growth is largely understood, doping is established as a 
phenomenon of surface adsorption.[4] Here, dopants ions are 
adsorbed onto the energetically favorable facets of the host 
nanocrystals during growth. However, in inorganic halide 
perovskite nanocrystals the fundamentals of crystal growth is 
still not widely understood and typically being ionic crystals, 
reaction proceeds much faster. Hence, the adsorption 
mechanism which needs controlled nanocrystals growth became 
difficult for perovskites doping. Another doping process adopted 
for chalcogenides is via ion diffusion where dopant ions are 
selectively exchanged or diffused inside the host crystal.[4e,5] 
However, achieving control over precise ion exchange in dopant 
level is yet to be established in perovskite nanocrystals.[4f] Hence, 
doping in these nanocrystals remains challenging and needs 
deeper fundamental understanding of the crystal formation and 
also developments of facile synthesis procedures.  
 Among various transition metal dopants, doping Mn(II) ion 
in chalcogenides nanocrystal hosts is largely understood.[4a,5g,6] 
The uniqueness of this dopant is its long lifetime spin polarized 
d-d emission in yellow-orange spectral window. For perovskite 
hosts, the compatible band alignment and efficient host exciton 
energy transfer to Mn states are more favorable in CsPbCl3.

[1h] 
As Mn (II) ions reside on Pb(II) positions in the crystal lattice, a 

competitive reactiveness of the Mn precursor along with Pb is 
highly required for efficient Mn insertions.[1h] At the desired 
reaction temperature (180-200 oC), being the reaction is very 
fast, introduction of sufficient Mn(II) precursor concentration is 
required for establishing a favorable condition for inserting only a 
few percentage of Mn into the host crystal.[1h] Hence, this 
demands more facile approach and in-depth study of the 
reaction chemistry for exploration of doping in perovskite 
nanocrystals. 
 Understanding the chemical pathways of formation of 
CsPbCl3, herein, the doping of Mn ions is successfully achieved 
with minimal Mn(II) precursor by introducing a reaction activating 
agent alkylamine hydrochloride (RNH3Cl). The intensity of the 
dopant emission is tailored with the function of the amount of 
added RNH3Cl. Importantly; the approach did not require the 
traditional follow up fast cooling process, rather constantly 
maintained at 180-200oC. Investigation suggested that RNH3Cl 
helped in creating more number of particles with smaller 
dimension which provided more opportunity for Mn(II) to take 
part in a comparatively slow process. Contrary to similar 
previous reports, here successful doping was achieved with 
initial 5% Mn precursor (with respect to Pb) in the reaction, 
which effectively doped ~1.3 % Mn; a breakthrough of doping in 
ionic solids. The emission was also observed bright (QY ~27 %) 
with minimal host excitonic emission. The effect of RNH3Cl on 
synthesis of both doped and undoped systems are investigated 
in relation to size tuning, percentage of dopant ions 
incorporation and the tailoring of the optical emissions and are 
reported in this communication. 
 For doping Mn(II) in CsPbCl3 nanocrystals, high 
temperature synthetic protocol, typically between 180-200 oC, 
was adopted. Molten RNH3Cl (mixture of oleylamine and HCl, 
see experimental section in Supporting Information) was 
introduced in the reaction flask along with PbCl2, MnCl2 and 
other reagents. At ~180 oC, Cs-precursor was swiftly injected. 
Samples were collected as a function of time and also the 
amount of RNH3Cl, and analyzed. Figure 1a shows the 
schematic presentation of the reaction and the formation of Mn 
doped CsPbCl3 (Mn:CsPbCl3) nanocrystals. The reagent 
RNH3Cl, may be obtained from HCl and several alkylamines 
(octyl, dodecyl, hexadecyl etc.) though for liquid nature at room 
temperature oleylamine was preferred. Under illumination, the 
digital image of the reaction flask containing Mn:CsPbCl3 
nanocrystals is shown in Figure 1bwhere the orange color 
preliminarily reflected as their origin from Mn d-d emission. The 
absorption and photoluminescence (PL) spectra of undoped 
CsPbCl3 obtained in similar reaction in presence of 0.5 ml 
RNH3Cl are shown in Figure 1c.PL spectra of Mn:CsPbCl3 
nanocrystals normalized at the exciton emission are shown in 
Figure 1d.  For understanding the impact of concentration of 
RNH3Cl, the distinctive PL spectra of Mn:CsPbCl3 nanocrystals 
obtained with variable amount of RNH3Clat normalized OD (370 
nm) are presented in Figure 1e-h. As observed, the intensity of 
the excitonic blue emission slowly diminished with evolution of 
intense Mn d-d emission at 585 nm. Mn and Pb precursor, and 
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also all other reactants were unchanged in all these reactions. 
Photoluminescence excitation (PLE) spectra presented in Figure 
S1 showed the bandedge for all cases remained overlapping 
reflecting the Mn emission originated from the host CsPbCl3 
nanocrystals. The excited state decay lifetime suggested the 
long lifetime of ~1.4 ms (Figure 1i) which was typical for Mn d-d 
emission. All these results suggest Mn(II) ions are doped in 
CsPbCl3 perovskite nanocrystals. 
 Before investigating the correlation of the amount of 
RNH3Cl salt taken in the reaction system with the percentage of 
Mn incorporation, control reactions without the salt were 
performed. Reactions with fast cooling and also retaining at 180 
oC were compared. Figure 2 presents the PL spectra of series of 
reactions with varying the Mn concentration (with respect to Pb) 
from 2 to 100% both in presence (Figure 2a) and absence 
(Figure 2b) of RNH3Cl. Interestingly, it was observed that the 
intense Mn-emission with minimal exciton emission was 
observed even with 5 % of Mn(II) precursor in presence of 
RNH3Cl. However, under identical reaction conditions, with 
increase of Mn concentration further did not improve the PL 
intensity suggesting 5 % Mn might be enough for obtaining the 
optimized Mn doped CsPbCl3 nanocrystals in our reaction 
conditions. In contrast, without salt no Mn d-d emission 
appeared with this amount of Mn(II) precursor. It has been noted 
that even with 5 % Mn taken along with RNH3Cl, the relative 
intensity of the Mn-emission with respect to exciton emission 
was superior to that of 100 % MnCl2 taken without the salt. 
These observations clearly concluded that the RNH3Cl helped 
significantly on the doping of Mn in CsPbCl3 nanocrystals. 
 Presence of Mn in all the above samples were measured 
by energy dispersive spectral (EDS) analysis and only ~1-8 % 
Mn (with respect to Pb) of was observed in these samples. For 

 

Figure 1.(a) Schematic presentation of the synthesis of Mn doped CsPbCl3 nanocrystals using RNH3Cl as the activating reagent. Atomic model shows the 
placement of Mn(II) in substitution position of Pb(II) in CsPbCl3 crystal lattice. (b) Digital image showing Mn doped CsPbCl3 nanocrystals in reaction flask under 
illumination. (c) Typical UV-vis and PL spectra of CsPbCl3 nanocrystals obtained without Mn precursor. (d) Overlapped PL spectra obtained in similar reactions with 
variable RNH3Cl concentration normalized at the excitonic emission. (e-h) PL spectra showing dual emissions with successive increase of amount of RNH3Cl in the 
reaction mixture. MnCl2 was taken 5 mole percentages to PbCl2. For all these spectra, samples were taking after 1 min of injection of Cs precursor at 180 oC without 
following the ice cooling approach. (i) Excited state decay lifetime of Mn d-d emission (Emission at 585 nm). Excitation wavelength is 370 nm.  

 

Figure 2. PL spectra of Mn doped CsPbCl3 nanocrystals obtained (a) in 
presence of 0.5 ml RNH3Cl, (b) in absence of RNH3Cl keeping the reaction 
at 180 oC and (c) without RNH3Clwith rapid cooling to room temperature 
after Cs precursor injection. Right hand panel shows the molar percentage 
of Mn with respect to Pb. Amount of Mn with respect to Pb ions is shown in 
inset of (a) and (c). Representative absorption spectra for these PL spectra 
are shown in Figure S2. 
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50% Mn precursors with respect to Pb, led to only 7.5 % Mn in 
the purified sample (Figure S3); but the best emission with 5% 
Mn could replace only 1.3 % Pb to Mn in the crystal lattice  
(inset, Figure 2). Point EDS on transmission electron 
microscope (TEM) was chosen as the appropriate tool as it was 
associated with small area. 
 While above spectra were obtained from the samples 
collected at 180oC from the reaction, samples collected from 
room temperature after rapid cooling following traditional 
approach were also measured for comparison. Figure 2c shows 
the PL spectra obtained with varying MnCl2 concentration and 
ice cooling the flask after Cs-oleate injection without the 
activating chloride reagent, RNH3Cl. Unfortunately, no significant 
difference in the evolution of Mn d-d emission was observed 
even with 5 % or more MnCl2 concentration. This clearly 
suggested that RNH3Cl became the promoting reagent which 
helped efficient doping at elevated reaction temperature and 
with minimum Mn precursor concentration. 

Correlating further the concentration dependency of 
RNH3Cl for tailoring the Mn d-d emission, microscopic images of 
all samples in presence and absence of RNH3Cl were analyzed. 
Very interestingly, it was observed that for nanocrystals obtained 
without RNH3Cl showed nanocubes having average diameter 
~25 nm (Figure 3a), but a drastic reduction of size was noticed 
in presence of RNH3Cl (Figure 3b,c and Figure S5). Further, it 
was observed that with variation of the amount of RNH3Cl, the 
average size of nanocubes varied. For 0.1 ml and 0.5 ml 
RNH3Cl, approximately nanocubes having average edge length 
~ 12 and ~ 8 nm were obtained. Histograms showing the size 
distribution for these three sets of images are shown in Figure 
S6. While, all these cases the reaction temperature was fixed at 
180 oC, the size for the traditional reaction following ice cooling 
approach under similar condition was also measured. 
Interestingly, it was observed that the cube size maintained ~ 12 
nm (Figure S7).  Further, for understanding the role of Mn, all 
the reactions were carried out without Mn which had similar 
trend suggesting the amount of MnCl2 used here had no impact 
either on the shape or the size. However, the contrasting 
observation was noticed with prolonged annealing of the 
nanocrystals.  In absence of RNH3Cl these were turned to bulk 
(Figure S8), but interestingly, in presence of RNH3Cl the size 
remain unchanged. Figure 3d shows the TEM image of sample 
obtained after 10 min of annealing from the reaction with 0.5 ml 
RNH3Cl and the size was ~ 8 nm and this was same as in Figure 
3c. The dark spot on the TEM images of these nanocubes are 
the Pb(0) which were formed under electron beam and not in 

solution. Powder X-ray diffraction (XRD) patterns for these 
samples are shown in Figure 3e and the obtained peak position 
resembled with cubic phase of CsPbCl3 (JCPDF: 84-0438). The 
FWHM of the peaks suggested that the larger size particles for 
the nanocrystals obtained in absence of RNH3Cl and this 
resembled with obtained TEM images. These results further 
concluded that the fast cooling might not be required for 
obtaining either doped or undoped CsPbCl3 nanocrystals.  

All the above results obtained in presence of RNH3Cl 
corroborated that the chlorinating agent could control the size 
and also stabilize the nanocrystals at higher temperature. It 
could be further stated that number of nanocubes increased with 
decrease of their size as a function of increase in the amount of 
RNH3Cl. This is assumed considering Cs precursor is the 
limiting reagent and reacts completely during the nanocrystals 
formation. Hence, RNH3Cl only controlled the density of 
formation of particles. As more particles were formed, this 
provided more opportunity for Mn(II) precursor to react along 
with Pb(II). This allowed more particles got Mn doped. However, 
it was indeed difficult to calculate the amount of Mn atoms 
present per particle, rather its percentage as a whole was 
assumed in all of our experiments. The function of RNH3Cl was 
expected simply providing controlled amount of chloride as per 
the demand of the reaction. More chlorinating agent means 
more amount of supply of chloride ions and this helped reaching 
the critical concentration for nucleation faster.  

Apart from typical cube shape, the doping was also 
performed in platelet shaped CsPbCl3 nanostructures. While all 
the above experiments were carried out with Cs to Pb precursor 
ratio 1:5 and with 0.5 ml RNH3Cl; but interestingly, with 1:2 ratio 
the shape turned to mostly 2D platelets. The TEM images and 
XRD pattern obtained from the nanostructures are presented in 

 

Figure 3. (a-c) TEM images of doped CsPbCl3 nanocubes obtained from samples without and with 0.1 ml and 0.5 ml RNH3Cl taken in the reaction flask. (d) 
TEM image of doped CsPbCl3 nanocubes obtained with 10 min annealing at 180 oC with 0.5 ml RNH3Cl. (e) Powder XRD patterns from the doped nanocrystals 
with and without RNH3Cl and both samples collected after 1 min annealing at 180 oC. More TEM images are provided in Figure S4. 

 

Figure 4. (a) TEM image of stacked CsPbCl3 platelets. (b) Absorption and 
PL spectra of Mn doped CsPbCl3 platelets. Inset shows the schematics of 
platelet stacking. More TEM images are provided in Figure S8. 
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Figure 4a (also Figure S9) and Figure S10 respectively. 
Platelets were observed stacked or self-assembled in the 
images and these were also in cubic phase. The UV-visible and 
PL spectra of these nanostructures are shown in Figure 4b 
which shows intense Mn d-d emission, and the dual emission 
ratio remained almost same like our best doped nanocubes with 
5% Mn and 0.5 ml RNH3Cl.  
 The quantum yield (QY) of our best sample was 27 % 
standardized following the procedure mentioned in our previous 
report.[6b] We focused here the relative intensity ratios of the dual 
emissions as the function of concentration of the additive salt 
and hence different literature reported QYs were not compared. 
 In conclusion, a chemically controlled doping protocol is 
reported for obtaining highly efficient Mn doped CsPbCl3 
nanocrystals. Using RNH3Cl as the active chlorinating agent for 
activating the reactivity of MnCl2 along with PbCl2 at elevated 
temperature, the doped nanocrystals were synthesized where 
the Mn d-d emission intensity wastuned as a function of amount 
of RNH3Cl. As a consequence, only 5 to 10% Mn(II) precursor 
became enough in obtaining the highquality doped nanocrystals 
Analysis suggested that RNH3Cl helped in controlling the size by 
increasing the number of particles which provided opportunity for 
more Mn to react and got doped. Further, varying Cs to Pb 
precursor concentration, doped 2D platelets were synthesized 
which also retained the Mn emission. These suggest that 
beyond the dopant-host precursors concentrations, manipulation 
of the doping activating reagent can controllably tailor the dopant 
emission intensities in perovskite host nanocrystals. 

Acknowledgements  

DST of India (SJF/CSA-01/2010-11, SR/NM/NS-1383/2014) is 
acknowledged for funding. SDA, SKD, AD, AKG acknowledge 
CSIR, India for fellowship.  

Keywords: CsPbCl3 • d-d emission • doped perovskites • 

Mn:CsPbCl3 • platelets 

[1] a) J. S. Manser, J. A. Christians, P. V. Kamat, Chem. Rev. 2016, 116, 

12956; b) X. Xu, Y. Chen, W. Zhou, Z. Zhu, C. Su, M. Liu, Z. Shao, Adv. 

Mater. 2016, 28, 6442; c)M. Li, M. Zhao, F. Li, W. Zhou, V. K. Peterson, 

X. Xu, Z. Shao, I. Gentle, Z. Zhu, Nat. Commun. 2017, 8, 13990; d)J. 

Navas, A. Sanchez-Coronilla, J. J. Gallardo, N. Cruz Hernandez, J. C. 

Pinero, R. Alcantara, C. Fernandez-Lorenzo, D. M. De los Santos, T. 

Aguilar, J. Martin-Calleja, Nanoscale 2015, 7, 6216; e)M. T. Klug, A. 

Osherov, A. A. Haghighirad, S. D. Stranks, P. R. Brown, S. Bai, J. T. W. 

Wang, X. Dang, V. Bulovic, H. J. Snaith, A. M. Belcher, Energy Environ. 

Sci. 2017, 10, 236; f)A. L. Abdelhady, M. I. Saidaminov, B. Murali, V. 

Adinolfi, O. Voznyy, K. Katsiev, E. Alarousu, R. Comin, I. Dursun, L. 

Sinatra, E. H. Sargent, O. F. Mohammed, O. M. Bakr, The J. Phys. 

Chem. Lett. 2016, 7, 295; g)D. Pérez-del-Rey, D. Forgács, E. M. Hutter, 

T. J. Savenije, D. Nordlund, P. Schulz, J. J. Berry, M. Sessolo, H. J. 

Bolink, Adv. Mater. 2016, 28, 9839; h)A. K. Guria, S. K. Dutta, S. D. 

Adhikari, N. Pradhan, ACS Energy Lett. 2017,2, 1014; i)R. Begum, M. R. 

Parida, A. L. Abdelhady, B. Murali, N. M. Alyami, G. H. Ahmed, M. N. 

Hedhili, O. M. Bakr, O. F. Mohammed, J. Am. Chem. Soc. 2017, 139, 

731. 

[2] a) W. Nie, H. Tsai, R. Asadpour, J.-C. Blancon, A. J. Neukirch, G. Gupta, 

J. J. Crochet, M. Chhowalla, S. Tretiak, M. A. Alam, H.-L. Wang, A. D. 

Mohite, Science 2015, 347, 522; b) G. Xing, N. Mathews, S. Sun, S. S. 

Lim, Y. M. Lam, M. Grätzel, S. Mhaisalkar, T. C. Sum, Science 2013, 

342, 344; c) G. Xing, N. Mathews, S. S. Lim, N. Yantara, X. Liu, D. 

Sabba, M. Grätzel, S. Mhaisalkar, T. C. Sum, Nat. Mater. 2014, 13, 476; 

d)F. Zhang, H. Zhong, C. Chen, X.-g. Wu, X. Hu, H. Huang, J. Han, B. 

Zou, Y. Dong, ACS Nano 2015, 9, 4533; e)N. J. Jeon, J. H. Noh, W. S. 

Yang, Y. C. Kim, S. Ryu, J. Seo, S. I. Seok, Nature 2015, 517, 476; f)J. 

H. Noh, S. H. Im, J. H. Heo, T. N. Mandal, S. I. Seok, Nano Lett. 2013, 

13, 1764; g)B. V. Lotsch, Angew. Chem. Int. Ed. 2014, 53, 635; h)H. Zhu, 

Y. Fu, F. Meng, X. Wu, Z. Gong, Q. Ding, M. V. Gustafsson, M. T. Trinh, 

S. Jin, X. Y. Zhu, Nat. Mater. 2015, 14, 636; i)J. Song, J. Li, X. Li, L. Xu, 

Y. Dong, H. Zeng, Adv. Mater. 2015, 27, 7162; j)M. I. Saidaminov, J. 

Almutlaq, S. Sarmah, I. Dursun, A. A. Zhumekenov, R. Begum, J. Pan, N. 

Cho, O. F. Mohammed, O. M. Bakr, ACS Energy Lett. 2016, 1, 840; k)W. 

Peng, X. Miao, V. Adinolfi, E. Alarousu, O. El Tall, A.-H. Emwas, C. Zhao, 

G. Walters, J. Liu, O. Ouellette, J. Pan, B. Murali, E. H. Sargent, O. F. 

Mohammed, O. M. Bakr, Angew. Chem. Int. Ed. 2016, 55, 10686; l)X. 

Zhang, H. Lin, H. Huang, C. Reckmeier, Y. Zhang, W. C. H. Choy, A. L. 

Rogach, Nano Lett. 2016, 16, 1415; m)Y. Zhang, M. I. Saidaminov, I. 

Dursun, H. Yang, B. Murali, E. Alarousu, E. Yengel, B. A. Alshankiti, O. 

M. Bakr, O. F. Mohammed, J. Phys. Chem. Lett. 2017, 8, 961; n)D. Shi, 

V. Adinolfi, R. Comin, M. Yuan, E. Alarousu, A. Buin, Y. Chen, S. 

Hoogland, A. Rothenberger, K. Katsiev, Y. Losovyj, X. Zhang, P. A. 

Dowben, O. F. Mohammed, E. H. Sargent, O. M. Bakr, Science 2015, 

347, 519; o)Q. Zhou, Z. Bai, W.-g. Lu, Y. Wang, B. Zou, H. Zhong, Adv. 

Mater. 2016, 28, 9163; p)G. Nedelcu, L. Protesescu, S. Yakunin, M. I. 

Bodnarchuk, M. J. Grotevent, M. V. Kovalenko, Nano Lett. 2015, 15, 

5635; q)Q. A. Akkerman, V. D’Innocenzo, S. Accornero, A. Scarpellini, A. 

Petrozza, M. Prato, L. Manna, J. Am. Chem. Soc. 2015, 137, 10276; r)L. 

Liu, S. Huang, L. Pan, L.-J. Shi, B. Zou, L. Deng, H. Zhong, Angew. 

Chem. Int. Ed. 2017, 56, 1780.  

[3] a) W. Liu, Q. Lin, H. Li, K. Wu, I. Robel, J. M. Pietryga, V. I. Klimov, J. 

Am. Chem. Soc. 2016, 138, 14954; b) D. Parobek, B. J. Roman, Y. 

Dong, H. Jin, E. Lee, M. Sheldon, D. H. Son, Nano Lett. 2016, 16, 7376; 

c)W. J. Mir, M. Jagadeeswararao, S. Das, A. Nag, ACS Energy Lett. 

2017, 2, 537; d)H. Liu, Z. Wu, J. Shao, D. Yao, H. Gao, Y. Liu, W. Yu, H. 

Zhang, B. Yang, ACS Nano 2017, 11, 2239; d) A. Swarnkar, V. K. Ravi, 

A. Nag, ACS Energy Lett. 2017, 2, 1089. 

[4] a) D. J. Norris, N. Yao, F. T. Charnock, T. A. Kennedy, Nano Lett. 2001, 

1, 3; b)D. J. Norris, A. L. Efros, S. C. Erwin, Science  2008, 319, 1776; 

c)N. Pradhan, D. D. Sarma, J. Phys. Chem. Lett. 2011, 2, 2818; d)S. 

Acharya, D. D. Sarma, N. R. Jana, N. Pradhan, J. Phys. Chem. Lett. 

2010, 1, 485; e)S. C. Erwin, L. Zu, M. I. Haftel, A. L. Efros, T. A. 

Kennedy, D. J. Norris, Nature 2005, 436, 91; f) W. Stam, J. J. Geuchies, 

T. Altantzis, K. H. W. van den Bos, J. D. Meeldijk, S. Van Aert, S. Bals, 

D. Vanmaekelbergh, C. M. Donega, J. Am. Chem. Soc., 2017, 139, 4087. 

[5] a) Y. Amit, Y. Li, A. I. Frenkel, U. Banin, ACS Nano 2015, 9, 10790; b)R. 

Xie, X. Peng, J. Am. Chem. Soc. 2009, 131, 10645; c) S. Acharya, S. 

Sarkar, N. Pradhan, J. Phys. Chem. C 2013, 117, 6006; d)N. S. Karan, S. 

Sarkar, D. D. Sarma, P. Kundu, N. Ravishankar, N. Pradhan, J. Am. 

Chem. Soc. 2011, 133, 1666; e)V. A. Vlaskin, C. J. Barrows, C. S. 

Erickson, D. R. Gamelin, J. Am. Chem. Soc. 2013, 135, 14380; f)S. K. 

Panda, S. G. Hickey, H. V. Demir, A. Eychmüller, Angew. Chem. Int. Ed. 

2011, 50, 4432; g)H. D. Nelson, L. R. Bradshaw, C. J. Barrows, V. A. 

Vlaskin, D. R. Gamelin, ACS Nano 2015, 9, 11177. 

[6] a) F. V. Mikulec, M. Kuno, M. Bennati, D. A. Hall, R. G. Griffin, M. G. 

Bawendi, J. Am. Chem. Soc. 2000, 122, 2532; b)N. Pradhan, D. 

Goorskey, J. Thessing, X. Peng, J. Am. Chem. Soc. 2005, 127, 17586; 

c)C. S. Erickson, L. R. Bradshaw, S. McDowall, J. D. Gilbertson, D. R. 

Gamelin, D. L. Patrick, ACS Nano 2014, 8, 3461; d)V. A. Vlaskin, N. 

Janssen, J. van Rijssel, R. Beaulac, D. R. Gamelin, Nano Lett. 2010, 10, 

3670; e)R. Beaulac, P. I. Archer, S. T. Ochsenbein, D. R. Gamelin, Adv. 

Funct. Mater. 2008, 18, 3873; f)O. Chen, D. E. Shelby, Y. Yang, J. 

Zhuang, T. Wang, C. Niu, N. Omenetto, Y. C. Cao, Angew. Chem. Int. 

Ed. 2010, 49, 10132. 

10.1002/anie.201703863Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



 
Layout 1: 

 
COMMUNICATION 

Programming Perovskite doping: 
Controlled doping of Mn(II) in CsPbCl3 
nanocrystals were performed by using 
alkylamine hydrochloride (RNH3Cl) as 
doping promoting reagent. The dopant 
emission intensity is tailored as a 
function of Mn doping governed by the 
amount of introduced RNH3Cl. This 
helped in stabilizing and also 
controlling the size of CsPbCl3 
nanocrystals which in turned 
facilitated efficient doping.   
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