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Single photon emitters (SPEs) are a key component for their use as pure photon

source in quantum technologies. In this study, we investigate the generation of SPEs

from drop-casted hexagonal boron nitride (hBN) nanoflakes, examining the influence

of the immersion solution and the source of hBN. We show that, depending on the

utilized supplier and solution the number and quality of the emitters changes. We

perform a comprehensive optical characterization of the deposited nanoflakes to as-

sess the quality of the generated SPEs. We show quantitative data on SPE yields,

highlighting significant variations among solvents and di↵erent sources of hBN. This

holds particular significance for employing drop-casted nanoflakes as SPE sources in

quantum communication, sensing, and imaging. Our method is easily expandable to

all kinds of surfaces and can be done without requiring complex fabrication steps and

equipment, thus providing the necessary scalability required for industrial quantum

applications.

Keywords: Single Photon Emitters | hexagonal Boron Nitride | Drop Casting | Quan-

tum Technologies | fluorescent defects
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I. INTRODUCTION

Single photon emitters (SPEs) have recently gained great importance for their use as pure

photon sources in quantum technologies. As a result, they have become an integral compo-

nent in the fields of quantum key distribution, metrology, computing, and ghost imaging1–5.

Two-dimensional (2D) materials have been shown to exhibit many types of defect-based

SPEs. Among the potential 2D materials, hexagonal boron nitride (hBN) emerges as an

excellent host material for SPEs due to its emission at room-temperature, long-term sta-

bility, low cost, and widespread availability6–9. Current fabrication methods for SPEs from

hBN typically involve manual exfoliation from pristine bulk crystals, followed by deter-

ministic transfer for post-processing10,11. Active emission from exfoliated flakes has been

demonstrated through processes such as thermal annealing10,11, stress-generation on top of

nanopillars12, or after high energy beam exposure of such flakes7,13–17. Nevertheless, these

methods are limited due to labour-intensive transfer processes. Consequently, this impedes

the progress towards integrated single photon sources in conjunction with diverse technology

platforms, particularly their e�cient coupling into nanophotonic systems. Several alterna-

tive methods have emerged aiming to address this challenge, including chemical vapour

deposition (CVD)12,18, hydrothermal reaction19,20, and drop-casting21–23. These methods of-

fer the potential for depositing flakes onto diverse substrates, irrespective of their geometric

shape, and eliminate the need for precise alignment tools. While CVD methods are rapidly

advancing24, leading to an enhancement in the quality of synthesized crystals, drop-casting

utilizes nanoflakes derived through solvent mediated exfoliation from pristine bulk crystals.

The latter bypasses the requirement for complex fabrication equipment. Drop-casting in-

volves dispensing a droplet of a suspension of nanoflakes onto a substrate that remain on the

surface after the solvent has evaporated25. The choice of solvent plays a critical role, influenc-

ing the accumulation and size of suspended nanoflakes, an aspect that has only recently been

investigated for hBN21,26–28. Beyond the flake’s geometry, the presence of organic solvent

molecules can strongly influence SPE quality by activating additional native point defects

on hBN29. Experimental studies utilizing drop-casting of hBN nanoflakes observed the gen-

eration of SPEs and deposited them onto various substrates and waveguides21,23. Despite

that these methods are capable of producing SPEs from single hBN nanoflakes, systematic

approaches to assess their yield is still in its infancy30. While previous studies investigating
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the influence of solvent on SPE quality and yield have utilized exfoliated flakes29, similar

systematic approaches for drop-casted nanoflakes are missing30. E�cient SPE generation

and their implementation into quantum technologies thus require further development and

optimization of such processes.

This study addresses this open challenge by systematically evaluating the impact of solvent

selection for the generation of SPEs from hBN nanoflakes using the drop-casting approach.

Following a comprehensive optical characterization and analysis of photoluminescence prop-

erties of the deposited nanoflakes, we have evaluated the produced SPEs based on their

brightness and purity. Crucially, we report quantitative data on SPE yield and emitter qual-

ity, highlighting significant variations among solvents and di↵erent suppliers of hBN. The

highest yield for SPEs, although still small in absolute quantities, has been observed for hBN

nanoflakes from Merck (Sigma-Aldrich) while drop-casted in acetone solution. These specific

SPEs exhibit remarkable brightness (> 300 kCounts/s) alongside high purity (g(2) < 0.15),

which are comparable to SPEs derived from exfoliated flakes31,32.

This study thus o↵ers a systematic process analysis for the practical incorporation of SPEs

into quantum applications via drop-casting. It demonstrates the feasibility of identifying and

enhancing bright and pure quantum sources by employing appropriately chosen solvents.

II. RESULTS AND DISCUSSION

In this study we investigate the generation of SPEs through drop-casting, examining the

influence of both the immersion solution and the supplier of hBN. We provide a systematic

workflow analysis of drop-casted hBN nanoflakes, starting with an evaluation of their spatial

distribution on the substrate before conducting photoluminescence measurements using a

wide-field microscope. These preliminary tests enable an initial estimation of potential SPEs

without the need for time-consuming analysis of individual nanoflakes. We then perform a

comprehensive characterization of the optical properties of ensembles of individual emitters

using a confocal microscope, enabling a thorough assessment of the measured SPE’ quality.

Furthermore, specific yields are provided for distinct combinations of the hBN supplier and

the immersion solution.

We have developed a simple recipe that reliably generates SPEs from immersed hBN

nanoflakes, which is written in detail under Section IV. In summary, nanoflakes of hBN
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are immersed in solution, sonicated for about 20min and then drop-casted onto a silicon

dioxide (SiO2) wafer. The droplet is dried up to 14 hs overnight under ambient conditions

and subsequently annealed at 870�C for 15mins under Argon environment using a rapid

thermal annealer (Fig. 1).

Figure 1. Drop-casting procedure for hBN nanoflakes. Hexagonal boron nitride (hBN) nanoflakes

are first suspended in solution and shaken in an ultrasonic bath. A small droplet (V = 1µl) is then

dropcasted onto a substrate, and dried up to 14 hs overnight. The dried nanoflakes are then annealed under

argon environment in a rapid thermal annealer at 870�C. The sample is then optically characterized using

spectroscopy, brightfield and time-resolved fluorescence microscopy.

A. Nanoflake distribution

The spatial distribution of deposited nanoflakes on the substrate strongly depends on the

drying process of the droplet. As larger clusters of nanoflakes may form during this process,

the chances of finding those composed of only few layers, which may potentially carry a

single SPE, can be drastically reduced. To mitigate large clustering, we started by investi-

gating the influence of the solvent on the distribution of nanoflakes.

During the drying of the droplet, capillary flows transport the suspended nanoflakes from

the center towards the pinning line at the edge of the droplet. While some nanoflakes are de-

posited within the center of the droplet (Figs. 2a,e,i), the majority tends to accumulate near

its edge (Figs. 2b,f,j). This process results in a ring-shaped distribution of nanoflakes on the

substrate, known as the co↵ee-ring e↵ect33. Using a commercial brightfield microscope (Zeiss

Axio Imager M2m) we can observe how the solution composing the droplet changes the spa-

tial distribution of nanoflakes after drying. Our observations reveal distinct behaviors based
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on the immersion solvent. Specifically, when immersed in acetone (similarly for ethanol and

isopropanol, detailed in SI Fig. S1), nanoflakes within the central region of the dried droplet

demonstrate uniform distribution and remain small (Fig. 2a), which is desirable. However,

the edge possesses a rather less defined structure due to a higher accumulation of clusters

(Fig. 2b). In stark contrast, the immersion of nanoflakes in water leads to the formation of

larger clusters at the center (Fig. 2e), accompanied by a pronounced manifestation of the

co↵ee-ring e↵ect near the droplet’s edge (Fig. 2f). This result is unsurprising since hBN

sheets are hydrophobic, leading to the stacking of individual layers due to van der Waals

forces. Similar clustering has been observed in the case of methanol (SI Fig. S1e,f). To

prevent stacking, an ionic surfactant such as sodium cholate hydrate (SC) can be added

to water (c = 47mg/ml), where the electrostatic repulsion between surfactant molecules

hinders the attachment of single hBN layers27. Consequently, using water and surfactant,

smaller and more evenly distributed nanoflakes are found near the droplet’s center (Fig. 2i),

while a ring-shaped accumulation remains at the edge (Fig. 2j). The choice between hBN

suppliers, whether it is Merck’s hBN powder (Fig. 2 and SI Fig. S1) or hBN nanoflake solu-

tion from Graphene Supermarket (SI Fig. S2), both of similar size (d < 200 nm), does not

produce visibly di↵erent spatial distributions.

For a comprehensive assessment of the impact of solvent and hBN supplier material on the

size distribution within a droplet, we counted the number of nanoflakes and measured their

corresponding sizes (Figs. 2m,n). Among the various solvents, water with surfactant and

acetone exhibited the largest number of nanoflakes per area, followed by ethanol, and water

for both hBN suppliers (from Merck (Fig. 2m) and Graphene Supermarket (Fig. 2n)). While

for Merck’s hBN the size distribution peaks below 1.5µm for all solvents with an average

width of ⇠ 2.2µm, hBN nanoflakes from Graphene Supermarket accumulate to smaller

clusters ⇠ 0.8µm with notably narrower distributions of only ⇠ 0.7µm. Only in the case

of water, the size distribution is biased towards larger values due to the accumulation of

nanoflakes into large clusters (blue curves Figs. 2m,n). The size distribution of isopropanol

and methanol are presented in SI Fig. S3. Notably, acetone and water with surfactant

exhibited a large number of flakes with sizes < 1µm, marking them as highly promising

candidates for potential SPE sources.

We then use a wide-field fluorescence microscope, which allows us to quickly identify pho-

toluminescent flakes under a broad excitation area (see methods section IV). We directly
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compare the brightfield images (Figs. 2c,g,k and SI Figs. S1c,g,k) of nanoflakes near the

center of the dried droplet with their corresponding photoluminescence (Figs. 2d,h,l and SI

Figs. S1d,h,l) and quantified the number of emitters. In case of drop-casting in acetone

(Figs. 2c,d), many photoluminescent nanoflakes, both in clustered formation and individu-

ally (see inset), have been observed. While for water only large clusters exhibited emission

(Figs. 2g,h), the addition of surfactant revealed a large number of smaller flakes under ex-

citation (Figs. 2k,l).

By comparing the amount of nanoflakes in brightfield images (Figs. 2c,g,k) with those emit-

ting photoluminescence (Figs. 2d,h,l) we find the highest percentage of photoluminescent

flakes for water and surfactant (26%), followed by ethanol (13%) and acetone (9%), with

only 4% for water (percentages of other solvents can be found in SI Fig. S4). Although

these numbers cannot di↵erentiate SPEs and broadband emitters, they are good indicators

when evaluating drop-casting methods for SPE generation. These assessments consider not

only spatial distribution but also the quantity of photoluminescent nanoflakes. Utilizing

these rapid identification methodologies, we determined water as an unsuitable candidate

due to the formation of substantial clusters and a low count of photoluminescent emitting

nanoflakes. In contrast, acetone, water with surfactant, and ethanol exhibited potential for

generating a larger number of potential SPE.

B. Optical characterization

We perform the optical characterization of hBN nanoflakes using a commercial confocal

fluorescence microscope (PicoQuant MicroTime 200) equipped with a pair of single-photon

avalanche detectors (SPAD) to measure emitter lifetime and correlations (further details

in methods section IV). Employing a �exc = 530 nm laser with 10µW power for emitter

excitation, we scan the substrate using a high NA objective (NA = 0.9), through which

we can localize individual hBN nanoflakes (±5 nm) within a 80 ⇥ 80µm area. In Fig. 3

we show the results of Merck’s hBN initially immersed in acetone. For this characteriza-

tion, we selected single nanoflakes with a transform-limited excitation spot (⇠ 300 nm in

size) and whose life time was well below 10 ns (blue color in Fig. 3a). Through life-time

analysis, we find an average lifetime of around 4.26 ns for this type of emitter (Fig. 3b, see

details under methods IV), consistent with previous literature reports1,17. Over an extended
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Figure 2. Solvent-dependence of size distribution and photoluminescence. a-d Bright-field (BF)

and photoluminescence (PL) images with acetone as solvent, e-h for water, i-l and for water with surfactant.

a,e,i BF images of the center of the dried droplet show a more uniform distribution of deposited nanoflakes,

b,f,j compared to its edge, where clusters strongly accumulate. Scale bars 100µm. c,g,k Direct comparison

of BF images of nanoflakes, d,h,l with their PL show large di↵erences between solvents. Scale bars 50µm,

inset scale bars 20µm. m Size distributions of Merck’s hBN nanoflakes, n as well as for hBN from Graphene

Supermarket (GSM), vary for di↵erent solvents with water (dark blue curve) being the broadest. o Ratio

of PL emitting flakes (counted in d,h,l and SI Fig. S1d,h,l) over their total amount (counted in c,g,k and

SI Fig. S1c,g,k) for di↵erent solvents where the highest percentage was found for water and surfactant

(H2O+SC). 8



acquisition time of 2min, a stable emission rate of around 130±10 kHz with no signs of

blinking nor bleaching, was observed (Fig. 3c). Spectral analysis revealed a zero phonon

line at around �ZPL = 568 nm, accompanied by a phonon side band around �PSB = 615 nm

(Fig. 3d). Emission at this wavelength suggests a defect source due to carbon atoms accord-

ing to literature34,35. However, slight peak positions variations between measured nanoflakes

(Fig. 4c) indicate the potential occurrence of multiple defect types. To verify the nanoflakes

as SPEs, we have performed second-order correlation measurements g(2)(⌧), revealing low

correlations of g(2)(⌧ = 0) = 0.11, indicative of single photon sources (Fig. 3e). Further

investigations involved examining the polarization dependence of excitation and emission of

the SPEs by placing polarizers in the respective beam paths (see details in Section IV). By

rotating the excitation polarization of the laser beam we find typical dipole emissions at 90,

270� (Fig. 3f) by fitting the intensities using Eqn. IVE35. We find similar results for the

polarization dependence of the single photon emission (Fig. 3g), and whose axis aligns with

that of the excitation.

C. Occurrence and quality of SPE

Following the detailed optical characterization of a single type of emitter, i.e. Merck’s

hBN in acetone, we have extended our analysis to assess ensembles of emitters resulting

from various combinations of solvent with hBN sources. By measuring the correlation g(2)

at time delay zero, we discriminate between multi-photon emitters (g(2) > 0.5) and single-

photon emitters (g(2)  0.5), thus determining the proportion of SPEs among all measured

photoluminescent nanoflakes after drop-casting. For Merck’s hBN, acetone demonstrated

the highest yield with 18 SPEs out of 132 measured nanoflakes (14%), followed by water

with surfactant with 10/132 (8%), and only 7/166 (4%) for ethanol (Fig. 4a). Conversely,

with hBN nanoflakes from Graphene Supermarket, slightly lower numbers were observed

with only 3/30 (10%) for ethanol, 9/117 (8%) for acetone, while none were identified as

SPEs for water with surfactant (Fig. 4a). These results underscore the expected variations

in SPE yield depending on the solvent used for drop-casting29. However, our results shows

that drop-casting in acetone provides better SPE yields compared to ethanol, which has typ-

ically been identified as a good candidate30,36 and, in fact, is often used as medium for the

shipment of hBN nanoflakes. We attribute this variation to a combination of e↵ects; first, a
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di↵erence in physical characteristics such as surface tension lead to varying distributions of

nanoflakes on the substrate26,28, and second, the activation of defect centers is a↵ected by

the specific type of organic molecule29. The latter e↵ect has not been studied yet after the

drying of the liquid and subsequent thermal annealing, which shows that further studies on

defect generation using di↵erent solvents are required.

Figure 3. Optical characterization of Merck’s hBN dropcasted in acetone. a Scanned PL image

of a nanoflake shows high brightness and short life time (blue color). b Life-time analysis of the emitter

reveal a decay time of ⌧ = 4.26 ns using Eqn. 1. c The emitters show constant high brightness at 130±8 kHz

over 120 s. d Spectrum analysis shows a narrow zero phonon line at �ZPL = 568 nm with a smaller phonon

side band at �PSB = 615 nm. e Second-order time-correlated measurements g(2) show a strong dip at ⌧ = 0

with g(2) = 0.11, identifying these nanoflakes as SPE. f Excitation polarization measurements on the PL

signal, g as well as emission polarisation measurements, reveal the dipole character of the flakes. Both,

excitation and emission polarization axis, align very well with each other.
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To better understand the statistical variations within the same solvent and supplier, we

plotted the measured intensities against g(2) values for all combinations (Fig. 4b). By delin-

eating the space into quadrants, the upper left quadrant, characterized by high intensities

and low correlation values, is deemed most suitable for quantum applications. Notably, the

combination of acetone with Merck’s hBN emerged as the sole option fulfilling both criteria,

positioning it as the most suitable candidate for drop-casting SPEs (details on SPE yields

and quality assessments for all measured solutions are available in SI Fig. S5). Furthermore,

we record multiple spectra within each solvent and supplier to identify peak emissions and

determine the zero phonon line. Emissions spanning �em = 550�610 nm (Fig. 4c) have been

identified with the presence of multiple types of defect centers. The highest occurrence of

SPE emission is found around 570 nm indicating a defect center likely due to carbon impu-

rities in the lattice structure of hBN34,35. Although oxygen defects in hBN could produce

central phonon line emission at similar wavelengths37, it is less likely to occur given that

the annealing occurred in the absence of oxygen. Interestingly, minimal variation in this

range was observed among acetone, ethanol, isopropanol, and methanol or between di↵erent

suppliers (SI Figs. S6), implying insignificant alteration in defect centers across these varia-

tions. Finally, we show the actual yield of SPEs among deposited nanoflakes on the substrate

(Fig. 4d). This metric combines the count of PL emitting flakes among all deposited flakes

(Fig. 2o) with the percentage of SPEs (Fig. 4a). We find the highest number of SPEs when

dropcasted in water and surfactant (H2O+SC) with about 2%. However, when distinguish-

ing between di↵erent qualities of SPEs according to the quadrants in Fig. 4b, only acetone

demonstrated bright SPEs with a low g(2) value of about 0.25%.

D. Discussion on choice of solvent and hBN supplier

The initial size of the suspended hBN nanoflakes is a crucial starting point. For our study,

we deliberately selected nanoscopic flakes that are likely comprised of a single or few layers

only. While larger hBN flakes exceeding 1µm (such as 2D Semiconductor’s hBN powder)

could theoretically be utilized, extensive ultrasonication at high powers (250W) and pro-

longed suspension in water and surfactant failed to disperse these larger flakes and clusters

e�ciently (see SI Fig. S7). Consequently, only a negligible amount of nanoflakes were present

(d < 1µm), challenging their identification due to substantially weaker photoluminescence
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signals compared to adjacent larger flakes and clusters. Consequently, hBN nanoflakes,

whether pre-suspended in a solvent or in powder form, emerge as more suitable for drop-

casting deposition.

Additionally, the choice of solvent significantly impacts the individual nanoflake deposition

on the substrate. Varying surface tension of the droplet and solvent interaction with the

hydrophobic surfaces of hBN nanoflakes can mitigate cluster formation, ensuring a more

uniform deposition, particularly in the central area of the dried droplet26. Optimal results

were attained with water and surfactant, acetone, and ethanol, whereas pure water exhibited

Figure 4. Occurence and quality of SPE. a Ratio of SPEs to the total number of measured emitters

show that the solvent acetone produces the highest number of SPEs in Merck, while ethanol is best for

Graphene Supermarket. b Map of PL intensity over g(2) spaced in four quadrants show that acetone and

Merck’s hBN combined produce the brightest and lowest g(2) SPE. c SPE spectra for all combinations of

solvent and hBN supplier reveal di↵erent zero phonon line (ZPL) emission between 550 nm and 640 nm with

the highest occurrence around 570 nm. d Summarizes the amount of SPEs identified among all deposited

flakes and categorized depending on their quality. Highest quality (dotted quadrant in b) for emitters that

are bright and posses low g(2), medium for low intensity/low g(2) or high intensity/high g(2) (blank quadrants

in b), and low quality for low intensity and high g(2) (hatched quadrant in b).
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improper solvent behavior due to substantial clustering of flakes. Techniques like altering

capillary flows or unpinning the droplet’s contact line could further alleviate the co↵ee-ring

e↵ect25. Furthermore, the photoluminescence signal from hBN flakes significantly relies on

their deposition, resulting in stronger signals from nanoflakes (e.g., water and surfactant,

acetone, and ethanol) compared to larger clusters (e.g., water alone).

While size distribution and photoluminescence emission serve as good indicators, they are

not comprehensive criteria for evaluating SPE creation. A full optical characterization of

PL emitting nanoflakes was required to further distinguish SPEs from multiphoton emit-

ters. The choice of solvent and hBN supplier significantly influenced SPE yield and quality,

notably in intensity and purity. Among all tested solvents and hBN suppliers, only Merck’s

hBN in acetone yielded significant quantity and quality of SPEs. It is noteworthy that we

exclusively considered photostable SPEs, exhibiting no bleaching or blinking during the en-

tire measurement period (approximately 2min).

However, only by combining both criteria, PL emission of deposited nanoflakes and SPE

generation, can we accurately determine a realistic yield of SPEs through drop-casting.

While our identified numbers remain low, they align well with qualitative observations from

prior drop-casting experiments21,23. Our stepwise analysis underscores that these low figures

are not unexpected, given cluster formation during drop-casting (see Fig. 2), while not all

nanoflakes will carry defect centers that emit under �exc = 530 nm excitation. Moreover, as

the emitters highly depend on the excitation polarization of the laser beam (Fig. 3f), not all

SPEs will be visible under fixed linear polarization, potentially increasing the actual count.

The fundamental findings of this work, however, remain una↵ected by these experimental

details.

III. CONCLUSIONS AND OUTLOOK

We have shown a systematic approach to study the generation of SPEs from drop-casted

hBN nanoflakes demonstrating the feasibility of the methods and providing a realistic yield

assessment. Our results allow for a better evaluation of current drop-casting methods com-

pared to deterministic exfoliation and transfer methods.

The choice of solvent, alongside the supplied hBN material, notably influences SPE yield

and quality. This holds particular significance for employing drop-casted nanoflakes as SPE
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sources in quantum communication, sensing, and imaging. The versatility of the drop-

casting approach and significant reduction of involved equipment and manual labour allow

for a much faster and seamless integration of SPEs into nanophotonic systems. For example,

hBN drop-casting facilitates flake deposition on the tip of a single-mode fiber (SI Figs. S8a-

c) or on more complex structures like those of exposed core fibers (SI Fig. 8d), which are

di�cult to access with conventional transfer techniques.

However, hurdles remain for drop-casting to become a practical solution for creating SPE

sources, as the elimination of undesired emitters is essential to ensure only intended SPEs

populate a given nanophotonic system. This necessitates additional steps like laser ablation38

or secondary transfer techniques. Nevertheless, drop-casting o↵ers an alternative, highly

controllable means of depositing hBN flakes.
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IV. METHODS

A. Optical setups

Time-resolved confocal microscope

The optical investigation of quantum emitters is carried out using a commercial time-

resolved confocal microscope (PicoQuant MicroTime 200). An excitation laser with wave-

length 530 nm, pulse rate 20MHz and excitation power of around 10µW (measured before

the objective) was used. The detection path of the setup uses various filters (long- and

bandpass) to block the excitation laser. The setup is equipped with two SPADs (single-

photon avalanche diodes), producing a Hanbury-Brown-Twist (HBT) interferometer. The

photoluminescence map of each nanoflake is created by scanning the sample stage with

2ms dwell time and a laser repetition rate of 20MHz. The photoluminescence signal is

collected using a 100⇥ dry immersion objective with a high numerical aperture (NA) of

0.9. Through the 50:50 beamsplitter, the emission signal is split into two arms. At the

end of each path, a SPAD is placed to measure the second-order correlation function. The

data analysis of the correlation function, as well as lifetime measurements, is performed

with built-in software. The sample is rastered in x � y using a piezoscanner attached to a

sample holder with nanometer precision. Depending on the acquisition mode (fast/slow) the

spatial resolution can be increased from 20 nm down to 5 nm. The data acquisition time for

these measurements was around 2min per emitter. A spectrometer (Andor Kymera 328i-

D2-sil) is attached to one of the exit ports of the optical setup to collect the emitter’s spectra.

Photoluminescence wide-field microscope

To measure the photoluminescence of a large area, a custom-built fluorescence microscope

was used (SI Fig. S9). A light beam from a 530 nm laser is focused with a field lens onto

the back focal plane of a 50⇥ long working distance microscope objective (Zeiss EC Epi-

plan Neofluar 50⇥/0.55). This results in the distribution of the laser radiation on a larger

area compared to the focus of a collimated beam. A longpass dichroic mirror (Thorlabs

DMLP550R) separates the signal from the excitation laser radiation, with additional filter-

ing provided by a long-pass filter (2x Thorlabs FELH0550). The microscope images are

formed onto a back-illuminated scientific CMOS camera (Teledyne Photometrics Kinetix)
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using a tube lens. To view the sample, a white-light illumination is also available (not shown

in SI Fig. S9).

B. Sample preparation

We have obtained hBN nanoflakes as powder from Merck (790532, SigmaAldrich) with an

average particle size < 150 nm, and as water/ethanol solution from Graphene Supermarket

with lateral sizes between 50-200 nm. In case of hBN powder, a small quantity < 1mg was

immersed in 2ml solution and subsequently shaken in an ultrasonic bath (100W) between

20-30mins. For hBN nanoflakes already in solution, an additional drying step was added

before reimmersion in solution. We have investigated the influence of six solutions on the

drop-casting of hBN: acetone (> 99% purity), ethanol (> 99% purity), isopropanol (> 70%

purity), DI water, and a mixture of H2O with sodium cholate hydrate (SC, c = 47mg/ml)

acting as e�cient surfactant. A drop of 1µl of solution is then dropcasted onto a SiO2 wafer,

and dried under ambient conditions overnight. This ensures that all remaining solution

has been evaporated before annealing. The sample is then annealed following standard

procedures (REF) at 870�C for 15mins under Argon atmosphere in a rapid thermal annealer

(RTA, Allwin21 Corp. AccuTherm AW610M). Before annealing, we flush the RTA for 300 s

with nitrogen gas to avoid the creation of new defects in hBN in an oxygen environment.

C. Particle counting

For the determination of the size distribution, the drop-casted nanoflakes have been mea-

sured via particle counting. For this, the background has been subtracted from the image

and thresholding applied. The amount of flakes that emit under photoluminescence, are

counted after thresholding for flakes with an area 0.15-3.7µm2. This ensures that no noise

from the background or large clusters are counted.

D. Life-time analysis

The lifetime of the emitters t is extracted from the pulsed g(2) measurement by fitting the

experimental data with an exponential decay function
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f(x) = C +
nX

i=�n

Ai ⇥ e
⌧�i·p

t , (1)

where C is a constant o↵set in the presence of noise, Ai,j the coe�cients for growth and

decay respectively (see also SI Fig. S10). Each peak is fitted due to the finite measurement

time and re-emission peak dynamics.

E. Polarisation dependent measurements

For the polarization-resolved measurements, we extended the capabilities of the commercial

fluorescence lifetime microscope (PicoQuant MicroTime 200) by inserting polarising elements

in the setup, which include: (i) a fixed linear polarizer in the excitation laser path to obtain

horizontal polarization with a high extinction ratio, (ii) a quarter-wave plate for circularly

polarised light, (iii) a polarizer that scans the emitter excitation axis after the quarter-

wave plate, and (iv) a polarizer in the detection path for measuring the polarization of

emission. All polarizing elements were controlled via a motorized rotation mount (Thorlabs

ELL14). During these polarization measurements the laser power remained constant (SI

Fig. S11). The measured angular dependent intensity of the emitter is fitted with cosine

squared-function (see Eq.IVE) to extract the axis of polarization.

I(✓) = a · cos2(✓ � b) + c, (2)

where a, b and c are the fitting parameters with ✓ as axis of polarization. The degree of

(linear) polarization is defined as

DOP =
Imax � Imin

Imax + Imin
. (3)
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V. SUPPLEMENTARY INFORMATION

Figure S1. Solvent-dependence of size distribution and photoluminescence for ethanol

a-d, methanol e-h, and isopropanol i-l using Merck’s hBN. While for ethanol a and iso-

propanol flakes are homogeneously distributed in the center of the dried droplet, for methanol e

large clusters are visible. b,f,j Although the edge of the droplet is visible no large accumulation

of flakes occur. c,g,k Direct comparison of BF images of flakes, d,h,l with their PL show d more

emitting flakes for ethanol, h compared to methanol and l isopropanol.
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Figure S2. Solvent-dependence of size distribution for hBN from Graphene Super-

market. a,b For acetone smaller clusters are visible while they are a homogeneously distributed

across the center, b and larger accumulations near its edge. e For water most clusters are formed

in the center, f while few remain at its edge. i For water and surfactant particle clusters are not

observed in the center but crystals form due to residue surfactant, j while a clear co↵ee-ring forms

as its edge. c,d For ethanol, g,h methanol, and k,l isopropanol no clusters are observed in the

center while smaller accumulations are found near the edge.
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Figure S3. Size distribution after immersion in isopropanol and methanol. a For hBN

from Merck, the size distributions of isopropanol (white) and methanol (green), and b for hBN

from Graphene Supermarket (GSM) are all narrowly distributed below 1µm.

Figure S4. Ratio of photoluminescent (PL) flakes over the total number of deposited

flakes on the substrate. Comparison of all measured solvents for Merck’s hBN show highest

percentages for water and surfactant (SC) whereas water (H2O) and isopropanol have the fewest

amount of PL emitting flakes.
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Figure S5. SPE yield and quality characterization for all measured solvents. a SPE ratio

of all emitting flakes with additional data on isopropanol and methanol show that both possess

also a high SPE ratio. b Measured SPE in isopropanol and methanol are mostly found among the

darker emitters.

24



Figure S6. Multiple recordings of spectra within each solvent a Spectra of multiple single

photon emitters in acetone for Merck’s hBN, and b for hBN from Graphene Supermarket (GSM).

Remaining spectra are for Merck’s hBN in c ethanol, d isopropanol, and e methanol. All spectra

show a similar variation of peak emissions between 550 and 600 nm.

25



Figure S7. Drop-casting of hBN microflakes Using micron-sized flakes of 2D Semiconductor

(PWD-HBN), a we take an image directly after drop-casting with droplet still visible. b Deposited

flakes after drying of the droplet show large clusters accumulating with sizes above 10µm. c Zoomed

in image of the droplet in the center shows large cluster of flakes remaining on the substrate.
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Figure S8. Applications of drop-casting on waveguides a The core of a single mode fiber

under a 40x objective (NA = 0.7) can be b dipped into a suspension of hBN nanoflakes leaving

a droplet on its tip. After drying, individual nanoflakes are deposited on the fiber surface (black

dots). c Under a widefield PL microscope illumination from the other end of the fiber excites

individual flakes visible as bright light source here. d Even unevenly shaped waveguides such

as exposed core fibers can be deposited with individual flakes (white circles) directly on its core

without requiring complex alignment equipment. Scalebars a,b 50µm, b,d 100µm.
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Figure S9. Experimental setup for wide-field photoluminescence microscopy A light

beam from a CW 532 nm laser is focused with a field lens onto the back focal plane of a 100⇥ long

working distance (LWD) microscope objective. A longpass dichroic mirror (DM) and a long-pass

filter only let the signal from the sample pass via a tube lens to a sCMOS camera. The sample’s

position can be controlled via x-y-z micrometer stage.
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Figure S10. Life-time analysis of SPE Recorded g(2) correlation (blue line) over delay time

⌧ for hBN from Merck and drop-casted in Acetone with fitted function (orange line) according to

Eqn. 1.
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Figure S11. Polarization dependence of laser power The laser power remained constant over

all polarization angles shown in a cartesian (left) and polar plot (right).
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