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The rise of quantum dots

The rapidly increasing demand for smaller and faster optoelec-

tronic devices has led to a growing need for nanometer-sized 

(QDs) - an exciting group of nm-sized semiconductors whose op-

tical properties can be tuned via their respective sizes. These 

QDs have attracted the attention of diverse materials scientists 

light absorption, bright emission of pure colors, control over 

electronic transport, and a wide tuning of chemical and physical 

functions across the visible and infrared wavelengths and co-

herent single photon emssion [1]. This makes them promising 

materials for technologies such as displays and lighting, lasers, 

sensing, electronics, solar energy conversion, photocatalysis, 

optical and electronic properties of semiconductors. Thus, the 

-

ogy, as was recognized by the Nobel Prize for Chemistry in 2023, 

highlighting the pioneering work of Alexey Ekimov [5], Louis E. 

Brus [6], and Moungi Bawendi [7], as well as many others in the 

80s and 90s [8, 9]. Colloidal QDs offer the most precise tuning 

-

ductive crystalline domains (from several tens of nanometers 

down to several nanometers) that are covered with organic lig-

ands that are not only needed to control their size, but also grant 

them colloidal and chemical stability. 

Nanosized lead halide perovskites

Among the many possible semiconductors, such as CdSe, InP, 

QDs are those made of perovskites [10]. These are composed 

of the ABX3 perovskite crystal structure, with A = Cs+, methyl-

ammonium or formamidinium, B = Pb2+ or Sn2+, and X = Cl-, 

Br-, or I- ( -

troduced in 2014 and 2015 as nano crystals [12, 13] and later 

also as QDs ( and c -

terest due to their highly defect tolerance [14] allowing for easi-

[15]. In addition, they exhibit extremely fast radiative recombi-

nation rates, highly excitonic absorbance, a bright emission, 

near-unity PLQYs, a PL peak that is tailorable across the visible 

spectral range, a small PL full-width at half-maximum (FWHM), 

and easy and accessible syntheses ( ) [14]. Therefore, 

perovskite QDs will play a crucial role in the next generation 
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Fig. 1: Overview of perovskite quantum dots. a) b)
c) d)

e) (f) a, f, e)
b) d)

of optoelectronic devices such as LEDs ( ) [16]. Per-

-

photons ( ) [4, 17]. Our work focusses on the size and 

shape control of perovskite QDs [10, 18], understanding their 

underlying surface chemistry [19], as well as their excitonic 
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Size and composition control of perovskite QDs

One of the most exciting features of QDs is their ease of optical 

-

sion with nm precision by tuning their size, shape and composi-

chemistry that drives the formation of these tiny nanometer 

sized semiconductors. To this end, our work has a strong focus 

on understanding how the chemistry of these systems dictate 

their growth dynamics, which in turn, controls the size, shape 

and composition of the QDs [10, 18, 21]. For this, we for in-

stance use in-situ spectroscopy to monitor the growth of QDs 

-

size and monodispersity of the colloidal QDs. For example, in 

the case of CsPbBr3 QDs, it is crucial to use the right ligands 

to precisely, and atomically, control the growth of the QDs. We 

recently demonstrated that using weakly coordinating ligands, 

such as trioctylphosphine oxide (TOPO) and diisooctyl phosph-

inates (DOPA), allows us to grow these QDs at room tempera-

) [10]. Additionally, we can tune the composition of the QDs 

post synthesis via a controlled anion exchange process (

), in which halides of pre-synthesized QDs can be replaced, 

[21]. This allows us to precisely, for instance in the case of an 

exchange from CsPbBr3 to CsPbBr3, tune the excitonic absorp-

tion of the QDs from green to blue, without losing the size and 

monodispersity of the parents CsPbBr3 QDs [18].This gives us 

a powerful tool to tune the properties of these QDs for their 

A closer look at the QDs’ surface

Due to their extremely small size, QDs have a very high sur-

face area to volume ratio. Additionally, colloidal QDs are cov-

ered with ligands. This means that the surface of QDs and 

their respective surface chemistry play a crucial role in both 

the optical and chemical properties of QDs. Therefore, we 

also focus our work on detailed studies of what happens at 

the surface of QDs and how we can use this to optimize the 

a “sphere of action” model for metal salts absorbing to the 

surface of perovskite QDs [19]. With this approach, we can use 

molecular species (such as BiBr3

the photoluminescence of CsPbBr3 QDs ( ), as a tool 

to “look” at the surface of the QDs. Using concentration de-

), we show that a single surface 

bound BiBr3 molecule can completely switch off a perovskite 

QD, resulting in a negligible PLQY, without altering the absorp-

key parameters of the adsorption of metal salts towards the 

at the corners of QDs ( ) where the QD is the most 

exposed, and a “Langmuir”-type surface coverage with ligands 

( ), which can be better passivate with the addition of 

controlled surface engineering of perovskite QDs for optoelec-

tronic applications and they hold promise for further studies 

charge transfer mechanisms with additives.

Fig. 2: Controlling the growth and composition of perovskite quantum dots. 
a) 

b)  

c) -

-

Fig. 3: Quenching studies of perovskites QDs. a) 
b) -

-

c) -

d)
-

-
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A bright but challenging future for perovskite quantum dots

Although there are still many challenges up ahead for per-

ovskite QDs, it is clear that their bright, narrow and tunable 

emission will be important for the next generation of classical 

-

we make perovskite QD based heterostructures like core shell 

heterogeneous nucleation at the nanoscale? Can we under-

stand their underlaying, fast, ionic and complex reaction mech-

anisms? Likewise, better ligands need to be developed which 

interface of the perovskite QDs and their ligand shell. To this 

-

itor the synthesis and ligand exchanges of peQDs and use this 

to gain a better understanding of their underlying physical 

chemistry. With these powerful tools we will answer many of 

ligands shells, leading to a better integration into future peQD 

based devices.
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