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This paper aimed at systematically optimizing the preparation process of CuInS2 (CIS) QDs by 

intensively manipulating kinetic variables including reaction temperature, reaction time, In/Cu 

ratio and surface ligand. CIS QDs were synthesized by copper iodide and indium acetate in the 

presence of 1-octadecene (ODE) that regarded as reaction solvent, while 1-dodecanethiol 

(DDT) was chosen as sulfur source and surface ligand. UV-Vis spectrophotometer and 

fluorescence spectrophotometer were applied to unearth the growth kinetics and fluorescence 

properties of CIS QDs. Transmission electron microscopy and X-ray diffraction were utilized 

to characterize the size, morphology and crystal structure of final products. Our results reveal 

that the emission wavelength of CIS QDs could bridge visible light and near-infrared ranging 

from 630 to 825nm. By scrupulously regulating reaction temperature, reaction time and 

amount of DDT, highly dispersed and stable CIS QDs could be prepared without further 

disposing. The fluorescent intensity could be enhanced by introducing Cu defects with 

fluorescence quantum yield (QY%) reaching around 7%, while the particle size could be tuned 

from ultra-small approaching 1.5nm to 4nm by controlling In/Cu ratio.  

 

 

Introduction 

Semiconductor quantum dots (QDs) refer to semiconductor 

nanocrystals, which are widely used in bioimaging,1-2 solar 

cells3-5 and light-emitting diodes6-7 because of their unique 

electric and optical properties. Semiconductor QDs are mainly 

divided by the position of components in the periodic table of 

elements, for instance, the II–VI (CdS, CdSe, CdTe, ZnO, 

ZnS, ZnSe, ZnTe),8-10 III–V (InP, InAs, GaN, GaP, GaAs),11-12 

IV–VI (PbS, PbSe, PbTe),13-14 and the ternary compoundⅠ-Ⅲ

-Ⅵ(CuInS2, CuInSe2, AgInS2, AgInSe2).
15-18 CdX (X=S, Se, 

Te) QDs are especially attractive due to the wide range of 

emission color which spans from ultraviolet to near-infrared,19 

while PbX QDs can be engineered to absorb and emit in a vast 

spectral range, spanning from 800 to 4000 nm with high 

fluorescence quantum yield (QY%).20 Unfortunately, these 

kinds of QDs possess an inextricable defect i.e. high toxicity 

that severely limits their possible applications. In order to 

combat this issue, a potential alternative material, being more 

benign and less toxic, but having a tunable photoluminescence 

emission wavelength from visible to near-infrared range, is 

cooper indium sulfur (CIS) with a direct band gap of 1.5eV in 

bulk status21 and excitation Bohr radius of 4.1nm22. 

Additionally, as biological tissues scatter and absorb less light 

and low auto-fluorescence at longer wavelengths, the near-

infrared emission wavelength can more efficiently penetrate 

skin and blood than visible light.23-24 For these outstanding 

properties, CIS QDs are doomed to be extraordinary promising 

materials applied to biological areas e.g. fluorescent contrast 

agent in vivo.2 

Previous papers have reported a variety of methods like 

pyrolysis of molecular single-source precursors,22, 25-26 hot-

injection method27-28 and solvothermal method29-30 to prepare 

CIS nanoparticles. However, few of them were directly applied 

to synthesize high quality products without further disposing 

and it is still a big challenge to realize a repeatable production 

on large scale. Castro and coworkers25 firstly reported the 

synthesis of ternary chalcopyrite CIS nanoparticles by thermal 

decomposition of single-source precursor (PPh3)2CuIn(SEt)4. 

This method was limited by the precursor’s availability and 

their tedious complicated synthesis procedure, although they 

claimed that the average size of CIS could range from 2 to 4nm 

with the fluorescence quantum yield of 4.4 %. In addition, due 

to the maturity of hot-injection technique used in preparing 

CdX, many scientists imitated this method to prepare CIS QDs. 

Maeda et al.31 demonstrated control of optical properties, band-

gap energy, and photoluminescence emission wavelength 

through alloying processes of chalcopyrite ZnCuInS (ZCIS) 

with QY% of 5 % and emission wavelength tuning within 550-

800nm by hot-injection method. Because of rigorous reaction 

conditions, expensive raw materials and complex synthesis 

processes, it is not a cost efficient strategy to employ hot-inject 

method in the preparation of Ⅰ-Ⅲ-Ⅵ QDs. As researchers 

continue to push the envelope, they are looking for new 
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approaches to prepare ideal CIS QDs. In recent years, Reiss et 

al.32 and Klimov et al.16 almost simultaneously provided a 

simple and reliable synthesis method for CIS/ZnS core-shellⅠ-

type semiconductor QDs showing increased QY% and high 

photostability. This kind of new technique, namely, one-pot 

method is conducted by adding all reaction precursors into a 

three-necked flask and achieving the final products by adjusting 

proper reaction temperature. Because of the simple synthesis 

process, high repeatability and large-scale capability, one-pot 

method is flourishing quickly and widely in preparing CIS and 

other Ⅰ-Ⅲ-Ⅵ QDs33. In spite of the attractive superiorities, 

one-pot technique is not mature enough and the technical 

process needs to be optimized to prepare CIS QDs with 

outstanding crystallinity and fluorescence stability.  

In this paper, we directly adopted one-pot method, using CuI, 

In(Ac)3, 1-dodecanethiol (DDT) and 1-octadecene (ODE) as 

precursor, to simply synthesize remarkable stable and 

monodispersity bare CIS QDs with photoluminescence ability 

ranging from 630 to 825 nm by meticulously adjusting kinetic 

variables including reaction temperature, reaction time, cationic 

ratio and surface ligands. Furthermore, the nucleation, grain 

growth and possible formation mechanism of CIS QDs were 

analysed and inferred indirectly. By controlling In/Cu ratio, the 

QY% had been enhanced to 7% and the size could be tuned 

from 1.5 to 4nm. Compared with previous reports, we are more 

systematic and straightforward to investigate the influence of 

reaction conditions on the preparation of near-infrared emission 

CIS QDs, which paves a solid foundation for the future 

synthesis of Ⅰ-Ⅲ-Ⅵ QDs. 

 

Experimental 

Materials 

Indium (III) acetate (In(OAc)3, 99.99%) was purchased from 

Sigma-Aldrich. Copper(I) iodide (99.95%), 1-dodecanethiol 

(DDT, 98%), 1-octadecene (ODE, 90%) were bought from 

Aladdin Reagent and all other products were purchased from 

Sinopharm Chemical Reagent Beijing Co., Ltd. All reagents 

were used without further purification. 

Preparation of CIS QDs 

CIS QDs were synthesized according to the method reported 

previously.18, 32, 33 Briefly, CuI (0.0190g, 0.1mmol) and In(Ac)3 

(0.0292g, 0.1mmol) were mixed with 2.00 ml of DDT in the 

presence of 10.00 ml ODE in a 100ml three-necked flask 

equipped with a condenser, thermometer, and magnetic stirring. 

The mixed solution was degassed at room temperature for half 

an hour and purified by flowing argon. When the bubbling 

subsided, the temperature was increased to 80℃  and ditto 

degassed. Subsequently, under a flow of purified argon, the 

system was heated at 120℃  until a clear solution could be 

observed. Finally, the temperature was boosted to 230 ℃ (180-

250℃), and the color of the solution changed progressively 

from colorless to slightly yellow, red, dark and finally black. 

During this process, sampling should be accomplished at fixed 

time intervals and the crude products were dispersed in hexane, 

precipitated by adding an excess of acetone, and centrifuging or 

decanting. The QDs required to be redispersed in hexane after 

precipitation/dispersion cycle sustained at least twice to 

eliminate byproducts and unreacted precursors. The purified 

products were used for measurement of optical characterization, 

e.g., UV-vis absorption spectra and photoluminescence spectra. 

Characterization 

Powder X-ray diffraction (XRD) patterns were obtained on a 

BRUKER D8 ADVANCE X-ray diffractometer fitted with Cu 

Kα radiation over the 2θ range from 20° to 70°, and the 

scanning speed was 4°/min. Fourier transform infrared 

spectrum (FT-IR) was recorded by Nicolet 6700 Fourier 

transform infrared spectrometer over the range from 400 nm to 

4000 nm. The powder samples were prepared by drying the 

purified products under vacuum at 60 ℃  for 20 hours. 

Transmission electron microscopy (TEM) images were carried 

out on a JEOL JEM-1200EX transmission electron microscope 

at an acceleration voltage of 200 kV, while high resolution 

transmission electron microscopy (HRTEM) and energy 

dispersive spectrometer (EDS) data were collected by JEOL 

JEM-2100 transmission electron microscope. Samples for TEM 

and EDS measurement were prepared by depositing one drop of 

diluted hexane solution products on a carbon-coated 

copper/nickel grid and drying at room temperature. The 

samples’ particle sizes were measured by nano-measurer from 

TEM micrographs, and corresponding size distribution 

histograms were obtained based on the statistics of 

measurement results. Then Gauss curve fitting should be 

accomplished to reduce the measurement error. UV-vis 

absorption spectra and photoluminescence spectra were 

achieved on Shimadzu UV-2550 spectrophotometer and 

HORIBA Jobin Yvon FluoroLog3-p fluorescence 

spectrophotometer at room temperature, respectively. Solutions 

were injected into 10mm quartz cuvette for optical 

measurement. In more detail, the photoluminescence emission 

(PL) spectra were obtained with the excitation wavelength at 

470nm. Fluorescence quantum yeild (QY%) measurements 

refer to ref [32]. The QY% of samples were determined by 

comparison of the integrated fluorescence intensity of CIS QDs’ 

dispersion in hexane with that of a standard organic dye i.e. 

Rhodamine 6G (QY%=95%) in ethanol, whose PL spectrum 

overlaps significantly with that of the nanocrystal sample under 

the same setting of FluoroLog3-p fluorescence 

spectrophotometer. The absorbance of all solutions was 

maintained below 0.1 au at 488nm (excitation wavelength for 

the measurement of QY%) to avoid internal filter effects. Each 

sample was determined for at least three different 

concentrations to ensure the accuracy of determinand’s QY%. 

The fluorescent digital pictures of CIS QDs dispersed in hexane 

were taken in ZF-7 Ultraviolet Analyzer at 365 nm UV lamp 

excitation. 

 

Results and discussion  
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The kinetic variables and surface ligand have a great influence 

on the crystal growth processes, microstructure and optical 

properties of CIS QDs. By an intensive investigation on the 

reaction conditions, high quality QDs can be prepared with a 

fine repeatability. Meanwhile, it lays a solid foundation for the 

in-depth study of the crystal nucleation and growth, which 

guides us forward deducing and understanding the formation 

mechanism of ternary CIS QDs. 

Structure and morphology characterization 

The crystalline phase of CIS QDs mainly includes 

chalcopyrite, zinc blende and wurtzite. Commonly, the bulk 

CIS tends to be chalcopyrite crystal structure at room 

temperature, whereas zinc blende (1248K) and wurtzite (1313K) 

are stable only at high temperatures.34 Theoretically, the phase 

transformation can be realized by altering the reaction 

conditions. X-ray powder diffraction was used to characterize 

the phase structure of as-prepared CIS QDs. As can be seen 

from fig.1c, the first three relatively distinct broad diffraction 

peaks ( around 28°, 46° and 55°) can be indexed to the (112), 

(204)/(220), and (312)/(116) reflections of the tetragonal crystal 

structure. In spite of the tiny difference between chalcopyrite 

phase and zinc blende phase, the CIS QDs with zinc blende 

phase usually have a diffraction peak of (200).33, 35-36 In fig.1c, 

the absent of this peak can be an evidence for the chalcopyrite 

phase. The HRTEM image of corresponding nanoparticles is 

shown in the inset of fig. 1d, where the lattice fringe d=0.32nm 

corresponds to the (112) lattice plane of tetragonal CIS QDs. 

Therefore, the nanocrystals prepared by one-pot method are 

tetragonal chalcopyrite CIS and no other phases are produced in 

the reaction. Meanwhile, TEM observations were also 

employed to study the CIS QDs. The TEM image (fig. 1a) 

demonstrates that the particles exhibit a decent uniform size 

distribution and irregular nanorod structure. By Gauss curve 

fitting of particle size measurement results statistics (fig. 1e), 

the average size of as-prepared samples is 2.87±0.03nm in 

diameter which is smaller than the exciton Bohr radius i.e. 

4.1nm. Besides, EDS patterns (fig.1b) confirm that the cationic 

mole ratio abides by the stoichiometric ratio, whereas the 

excessive volume of sulfur probably comes from surface ligand 

ensuring the high stability of crude products.  

The influence of reaction temperature 

We systematically investigated the influence of reaction 

temperature ranging from 180 to 250℃  in order to give a 

guidance on the synthesis of CIS NCs. Theoretically, boosting 

reaction temperature can provide the reaction precursors with 

more energy to be active. The high activity is not only 

beneficial to the formation of new compounds but also good for 

the growth of nanocrystals.  
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Fig. 2 (a) UV-vis absorption spectra and corresponding PL spectra. (b) Eg calculated by equation 1 in supplementary information. Samples were extracted at 

10min under different reaction temperature ranging from 180 to 250℃. 

Fig. 3 The maximum QY% of CIS QDs under different reaction 

temperature ranging from 180 to 250℃ 

As can be seen from fig. 2a, sampling was accomplished in 

the initial 10 minutes under each different reaction temperature. 

When the temperature is 180℃, the growth rate of nanocrystals 

is low, while the fluorescent intensity is rather week and PL 

peak position locates around 630nm. Yet, the obvious red shift 

can be found by boosting reaction temperature gradually. When 

the temperature reaches 250℃, the emission wavelength peaks 

at about 815nm and growth speed is substantially enhanced. 

Things would develop in the opposite direction when the 

temperature is too high(≥250℃), the excessive decomposition 

rate or even the damage of the surface ligand structure of CIS 

QDs will cause the instability of nanocrystals. In fig. 2b, given 

that the band gap (Eg) of the smallest CIS QDs is Egx (the 

starting point), which is initially the same, Eg will show 

difference in a fixed interval because of the difference of 

nucleation and growth speed under diverse reaction temperature, 

theoretically. Fig. 2b confirms that the gap (Eg－Egx) get wider 

along with the enhancement of reaction temperature, which 

represents the bigger particle size. It gives clear evidence that 

boosting temperature is beneficial to accelerate the growth of 

CIS QDs.  

Fig.3 shows the QY% experiences an upward trend from 

0.96% to 4.7% during the temperature from 180℃ to 230℃. As 

the temperature consistently increases, a downward trend is 

easily observed. The decrease of QY% may connect with the 

decomposition of surface ligand on the CIS QDs. When the 

temperature is over-enhanced, the severe decomposition of 

surfaced ligand will reduce the stability of nanocrystals and 

lead to aggregation of small sized CIS QDs. By contrast, the 

proper temperature is beneficial both to the generation of sulfur 

resource and the perfect growth of crystal structure. Therefore, 

the fluctuation of QY% is reasonable when the temperature 

changes regularly. Consequently, for purpose of safety, higher 

fluorescent intensity and good manipuility,  230℃ is a wise 

choice for preparing high QY% and uniform size of CIS QDs.  

The influence of reaction time 

In the synthesis process of CIS QDs, the quality of products 

depends to a large extent on an appropriate reaction time that is 

closely linked with the nucleation and growth of nanoparticles. 

When the reaction time is not adequate, the quality of QDs 

tends to be poor. On the opposite, excessive prolonging the 

reaction time will induce to the aggregation of small size 

crystals, which eventually effects on the size distribution and 

stability of CIS QDs. 
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Here, we investigated the influence of reaction time on the 

crystal growth and optical properties of CIS QDs at 230℃. 

Sampling was conducted at a fixed time intervals to figure out 

the changes of CIS particles. Fig. 4f confirms that the crystal 

structure of CIS QDs maintains stable at chalcopyrite phase and 

no other phases are produced with the extension of reaction 

time to 90mins. Before the first 10min, obvious noise can be 

found owing to the poor crystallinity, and full width at half 

maximum (FWHM) is quite large because of the ultra-small 

size. By prolonging reaction time, XRD patterns tends to be 

more distinct, reduced noise and narrow FWHM, which 

indicates the better crystalline and larger particle size.   

Fig. 5 shows that the UV-vis absorption and PL spectra are 

both apparent red shift during the 60 minutes respectively, 

which indirectly proves the particles increasing gradually by 

extending reaction time. More specifically, it is obvious from 

fig.5a that the extent of red shift is greater in the first 10min 

than that after 10min. This phenomenon suggests that the 

nucleation probably occupies the main status in the first process. 

Abiding to Oswald ripening principle, once the nucleation 

finished, the growth of CIS immediately replaces the status of 

nucleation. Due to larger surface energy of smaller size of CIS, 

the initial products aggregate to lessen the surface energy. Then, 

the speed of growth decreases as the crystal structure is perfect 

and surface energy become lower. Yet, the stability of CIS QDs 

will sharply descend and congregate to grow into bulk because 

the surface ligand decomposes with the continuous prolonging 

of reaction time. It is strong evidence that the well-dispersed 

CIS colloid will turn into muddy state by lengthening the 

reaction time. Moreover, Fig. 5(b) indicates that the emission 

wavelength range from 630nm to approximate 825nm during 

the period from 0 to 60min, while the maximum emission 

intensity peaks at around 700nm and QY% is about 4.7%. It is 

not difficult to find that FWHM of CIS QDs in the PL spectra 

see an upward trend before the peak position reaching 800nm 

and then decreases after that. This indicates that the size 

distribution of nanoparticles is uniform during the nucleation 

and early stage of crystal growth. Then, owing to Ostwald 

ripening, the crystal competes to grow and leads to appearance 

of inhomogenous particles, which coincides with TEM images 

(fig. 4a-d), thereby, FWHM in PL spectra is large. As the 

structure of crystal getting perfect and surface energy getting 

lower, the size of particle tends to be stable and exhibits tiny 

difference bringing about the reduction of FWHM. TEM 

images demonstrate that the particles remain nanorod-shaped 

and grow consistently from 2.54±0.04 to 3.09±0.04 nm during 

60mins. Fig. 4e straightforwardly demonstrates the growth rate 

of CIS QDs is in line with the analysis of UV-vis absorption 

from fig. 3a. Therefore, the size and emission wavelength of 

CIS nanocrystals can be tuned by adjusting the reaction time 

effectively. 

The influence of In/Cu molar ratio 

Fig. 6 The structure and morphology of CIS QDs under different 

In/Cu ratio. (a-e) TEM images and corresponding size distribution 

histograms inside. (f) Particle diameter.   
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Since CIS QDs are ternary nanoparticles, the component 

proportion especially the cationic ratio is an important factor in 

controlling nucleation, grain growth, crystal structure and 

fluorescent intensity. Previous works reported that the size of 

CIS QDs was closely related to the cationic ratio.16, 18, 40 They 

claimed that along with the increase of indium source, the size 

of CIS QDs tended to be smaller.16 Unfortunately, there are few 

papers to interpret the intrinsic reasons on this issue.  

By regulating the amount of CuI and In(Ac)3 precursors 

(referring to fig.7b), In/Cu molar ratio of the resulting CIS QDs 

was gradually tuned from 0.5 to 3.0. XRD and TEM were taken 

at the first 10min with different cationic ratio to characterize the 

imperceptible structural changes. XRD patterns (Fig.7a) show 

that three obvious diffraction peaks correspond to the (112), 

(220)/(204), and (312)/(116) planes of the tetragonal phase, 

which mirrors that the resulting samples are tetragonal phase, 

although there are very small amount of measurable secondary 

phase in some products and slight angular deflection caused by 

lattice distortion. As the decrease of In/Cu, the FWHM in XRD 

tends to be narrower which means the smaller particle size. 

Furthermore, TEM images (fig. 6) further confirm that the 

average size of CIS QDs at the first 10min decrease from 3.5 to 

1.68nm as the increase of In/Cu molar ratio from 0.67 to 2.74 in 

accordance with analysis of XRD.  

Considering the cause of dimensional change, the formation 

mechanism of CIS QDs shall be clearly understood. Previous 

works thought that the formation of Cu2S-CuInS2 hybrid 

nanostructures was an essential intermediate step in the growth 

of CIS QDs.41-44 As can be seen from the fig. 7c, the whole CIS 

formation process can be divided into three stages. As DDT is 

soft base, it probably prefers to combine with soft acid i.e. Cu+, 

therefore the formation of Cu2S nanoparticles can be 

accompanied naturally. Subsequently, DDT reacts with the In3+ 

and form In2S3 nanocrystals, which gradually deposit onto and 

diffuse into the surface of Cu2S. Eventually, the extraneous 

In2S3 erodes original Cu2S and forms the CIS QDs. The whole 

process suggests that the morphology of CIS QDs is determined 

by the initial matrix i.e. Cu2S. Moreover, In3+ plays a pivotal 

role like aggressive agent that undermines the original Cu2S 

particles and forms ultimate products, namely CIS QDs. 

Therefore, the high concentration of indium source promotes 

the formation of pony-size CIS QDs.  

Meanwhile, on the basis of previous work45-47, the 

fluorescence of CIS QDs originates not from band excition 

recombination but from donar-acceptor transition (DAT) (sulfur 

vacancy and copper indium substitution as the donor, and 

copper vacancy as the acceptor), which is closely linked with 

the crystal defects, QY% can be enhanced by intentionally 

introducing the crystal defect, thereby controlling the 

composition of products. Uehara et al.48 suggested that Cu 

deficient could directly relate to CIS QDs’ crystal defects. In 

more detail, in chalcopyrite CIS QDs, the Cu–S bond is weak 

and the Cu vacancy and In substitute are preferably generated. 

Therefore, it is reasonable to increase the fluorescence intensity 

by the introduction of Cu defect which can be realized by 

decreasing the Cu content in the raw material solution. Fig.7b 

demonstrates that, as the Cu content getting poorer, the 

maximum QY% reaches from 0.84% to 6.90%, which implies 

the plenitude of Cu defect inducing the increase of fluorescent 

intensity. Hence, the grain size and QY% can be tuned by 

altering the In/Cu molar ratio, effectively.   

The influence of surface ligand 

The nanoparticles with high surface energy tend to be 

unstable and easily aggregate unless with the help of surface 

ligand. Previous works49-50 reported that surface ligand could be 

used in controlling the fluorescence properties and morphology 

by altering the kind or volume of surface ligand. Among them, 

various ligands have been used e.g. DDT, mercaptopropionic 

Fig. 7 (a) XRD patterns of CIS QDs with different In/Cu ratio at 10min under 230℃. (b) Nominal, actual In/Cu ratio and corresponding QY%max. (c) The 

schematic diagram of CIS QDs formation.  
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Fig. 8 (a) PL spectra of CIS QDs sampling at 20minwith different dosage of DDT at 230℃. (b) The maximum QY% of CIS QDs with different dosage 

of DDT at 230℃. 

acid (MPA), oleylamine (OA), tri-n-octylphosphine (TOP), 

trioctylphosphine (TOPO), triphenylphosphine (TBP).51-52  

In our study, we selected DDT both as sulfur source and 

surface ligand, which reduced the consumption of raw materials, 

substantially. With the purpose of confirming the assumption, 

IR (fig.9) was taken to verifying the actual surface ligand. A 

weak absorption located at 1260 cm-1 is indentified from the IR 

spectra, which is possible ascribed to the CH2-S- wagging 

vibration. Three distinct absorption peaks around 2900 cm-1 are 

assigned to CH3 asymmetric stretching, CH2 asymmetric 

stretching and CH2 symmetric stretching, respectively. Hence, 

it can be affirmed that the surface ligand is DDT.  

Here, we studied the influence of different dosages of DDT 

on the optical properties of CIS QDs. The amount of DDT was 

calculated by molar ratio X= ns/ncu (keeping nIn/nCu=1). In the 

fig. 8a, a distinct blue shift is observed with a slight increase of 

X from 3 to 5 and that is too small when X kept rising. This 

phenomenon suggests that when the dosage of DDT is added in 

line with stoichiometric ratio (X=2) or lower, the ultra-small 

particles will aggregate into bulk status owning to the lack of 

surface stabilizers and surface ligand is adequate enough to 

maintain the stability of nanocrystals with the increase of X 

whose value exceed 5. The changes indirectly confirm DDT 

acting as surface ligand in keeping with results of IR. 

 As can be seen from the fig. 8b, the maximum QY% of CIS 

QDs can be tuned by manipulating additive amount of surface 

ligand, namely DDT. When X is 2 or lower, the value of QY% 

tends to be zero and the raw products easily turn into black 

precipitation, which implies that the sample prepared are 

unstable. Subsequently, the QY% see an upward trend (2≤X≤

80) and reaches the highest point (X=80) followed by a slight 

decrease (X≥80) after adding excessive DDT. It is quite clear 

that the QY% is restricted if it is short of DDT. However, 

overabundance of surface ligand is still not beneficial to the 

enhancement of fluorescent intensity. To the best of our 

knowledge, DDT is Lewis base that preferably bonds to 

cationic sites on the surface. Along with the increase of DDT, 

the steric hindrance, which imposes on the neighbor surface 

sites, gradually strengthens caused by the long carbon chain. 

This leads to incomplete electronic passivation of surface 

dangling orbitals. The presence of such sites provides efficient 

pathways for non-radiative decay of nanocrystals excited state, 

which limits the maximum QY%. That is why the maximum 

QY% decreases after adding excessive DDT. Here, we choose 

X=80 as the ideal proportion because of the highest QY%. 

Meanwhile, in order to figure out the fluorescent stability of 

CIS QDs, we adopted this ideal ligand proportion mentioned 

above and tested the fluorescent intensity of samples extracted 

at the first 20min with the extension of keeping time at room 

temperature for 30 days. The final fluorescent intensity 

accounts for about 80% of the initial figures, which demonstrats 

the excellent fluorescent stability of CIS QDs prepared by one-

pot method. 

 

Fig. 9 IR spectra of CIS QDs sampling at 20min at 230℃ 
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Conclusions 

In summary, a simple and straightforward approach i.e. one-

pot method was directly introduced to synthesize remarkable 

stable and monodispersity bare CIS QDs with outstanding 

photoluminescence ability ranging from 630 to 825 nm at 

230℃. The maximum QY% could reach around 7% by making 

good use of crystal defects and the particle size can be tuned 

from 1.5 to 4 nm by adjusting In/Cu molar ratio. Additionally, 

the possible growth kinetics and formation mechanism of CIS 

QDs were analyzed and inferred, which paves a solid 

foundation for the future synthesis of Ⅰ -Ⅲ -Ⅵ  QDs. 

Theoretically, this environmental friendly and near-infrared 

emission nanoparticle will be a promising alternative applied to 

the fluorescence bio-imaging in vivo after proper surface 

modification. 
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