Engineering the synthesis procedure for PbS nanosheets with controlled optical properties in
the near-infrared region
Kormilina, T. K.; Skurlov, I. D.; Cherevkov, S. A.; Mudrak, A. S.; Litvin, A. P.; Ushakova, E. V.;
Baranov, A. V.; Fedorov, A. V.
Published in:
Journal of Physics: Conference Series
Published: 01/01/2019

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record
License:
CC BY
Publication record in CityU Scholars:
Go to record
Published version (DOI):
10.1088/1742-6596/1410/1/012019
Publication details:
Kormilina, T. K., Skurlov, I. D., Cherevkov, S. A., Mudrak, A. S., Litvin, A. P., Ushakova, E. V., Baranov, A. V., &
Fedorov, A. V. (2019). Engineering the synthesis procedure for PbS nanosheets with controlled optical
properties in the near-infrared region. Journal of Physics: Conference Series, 1410, [012019].
https://doi.org/10.1088/1742-6596/1410/1/012019

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.
General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.
Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 26/05/2022

Journal of Physics: Conference Series

You may also like

PAPER • OPEN ACCESS

Engineering the synthesis procedure for PbS
nanosheets with controlled optical properties in the
near-infrared region
To cite this article: T K Kormilina et al 2019 J. Phys.: Conf. Ser. 1410 012019

- Structural and dielectric properties of
prepared PbS and PbTe nanomaterials
A. A. Azab, Azza A. Ward, G. M.
Mahmoud et al.
- Photoluminescence properties of lead
selenide produced by selenization and a
solvothermal method
Jungdong Kim, Hak-Young Ahn, Seung Gi
Kim et al.
- Ferroelectric, dielectric and electrical
behavior of two-dimensional lead sulphide
nanosheets
M F Afsar, Arifa Jamil and M A Rafiq

View the article online for updates and enhancements.

This content was downloaded from IP address 144.214.91.85 on 21/12/2021 at 05:23

SPbOPEN 2019
Journal of Physics: Conference Series

1410 (2019) 012019

IOP Publishing
doi:10.1088/1742-6596/1410/1/012019

Engineering the synthesis procedure for PbS nanosheets with
controlled optical properties in the near-infrared region
T K Kormilina1, I D Skurlov1, S A Cherevkov1, A S Mudrak1, A P Litvin1,
E V Ushakova1, A V Baranov1, A V Fedorov1
1
Center of Information Optical Technologies, ITMO University, St. Petersburg
199034, Russia
Abstract. This work discloses routes of obtaining two-dimensional PbS nanostructures by
chemical synthesis methods. Using the techniques of absorption and luminescence spectroscopy,
their optical characteristics are revealed. Special attention is paid to the evolution of nanoplates
in a colloidal solution. The processes of growth and degradation of the structure of nanoplatelets,
as well as the corresponding changes in the optical properties of nanocrystals are considered.

1. Introduction
There is currently a trend in Materials Science to pay closer look to the two-dimensional materials. That
is especially important for optoelectronics since it aims for better compatibility with the existing device
designs. In colloidal photonics this addresses two-dimensional analogues of well-proven semiconductor
nanocrystals. For example, in the visible range, nanoplatelets and nanoribbons of cadmium
chalcogenides thanks to their unique features, such as thickness-dependent optical transitions [1], rapid
charge carrier cooling [2], and anisotropic electron-phonon interaction [3], have now replaced quantum
dots for many applications [4,5]. A promising task is to obtain two-dimensional analogues for
semiconductor nanocrystals of the near-IR range as well. Lead and mercury compounds are excellent
for this purpose. In the previous years, numerous nanostructures of lead and mercury chalcogenides
were reported [6] as well as their alloys [7] and core/shell structures [8]. Their practical applications are
abundant and breath-taking [9,10]. However, the growth mechanisms and synthesis procedures of the
two-dimensional nanostructures for these materials are in a certain way more complex and significantly
less studied than for cadmium compounds [11,12]. Development of the efficient and reproducible
synthesis protocols for lead sulfide nanoplatelets and nanosheets of the desired optical parameters, is
thus a field in the urgent need for improvement. Such structures are in demand to enrich the creation of
LEDs, solar cells, as well as the study of nonlinear effects in the near IR range [13]. In this work we
demonstrate the reliable synthesis conditions for obtaining PbS nanosheets with two different exciton
transition energies, look into their stability issues and their influence on the optical responses of
nanostructures. Among our goals was also expanding the wavelength range available for twodimensional structures to shorter wavelengths. Thus, the thinner structures described here are new to the
family of PbS nanosheets and were never reported before.
2. Synthesis
PbS nanosheets were obtained using a procedure described in [14] with significant modifications for the
smaller thickness. In a 50 ml three-neck flask a mixture of 10 ml diphenyl ether, 3.5 ml oleic acid and
860 mg of lead acetate trihydrate was prepared. The flask was kept under vacuum at 85 °C for 1 h, and
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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then cooled to 35 °C under argon flow. At this temperature the 1.5 ml of chloroalkane (dichloromethane
or chloroform) was added to the reaction flask. Subsequently the solution was heated under Ar
atmosphere until it reached the reaction (65 or 90 °C). At this temperature sulfur precursor was injected
as a solution containing 12 mg of thioacetamide, 930 µl of trioctylphosphine and 100 µl of
dimethylformamide. The reaction mixture was kept at this temperature for 30 minutes in the case of
dichloromethane and 7 minutes for chloroform, after which it was slowly cooled to room temperature.
The reaction mixture was redissolved twice in double volume of toluene and centrifuged at 6000 rpm
for 10 minutes.
3. Optical properties
It was determined experimentally that at the reaction temperatures in the ranges of 60-70 and 71-90 °C,
two different populations of nanocrystals with constant optical responses are formed. For an accurate
assessment of the optical parameters of two-dimensional lead sulphide nanocrystals, their electronic
energy structure was characterized by absorption and photoluminescence spectroscopy. Detailed
parameter values for four syntheses are given in Table 1.
Table 1. Spectral parameters of PbS nanoplatelets in CCl4.
T, °C
PbS1
PbS2
PbS3
PbS4

90
75
69
65

Abs. peak,
nm
1383
1380
1290
1240

Abs. edge,
nm
1510
1520
1380
1380

PL peak,
nm
1462
1482
1380
1335

FWHM,
nm
190
160
210
160

Stokes shift,
nm
79
102
90
95

Typical spectra for two different populations of nanosheets represented by samples PbS1 and PbS4 are
shown in Figure 1.
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Figure 1(a, b). Photoluminescence (PL) and Absorption (Abs.) spectra of (a) PbS1 and (b) PbS4
nanosheets.
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As can be seen from the graphs, the clearly defined edges of the absorption band at 1510 or 1380 nm
with maxima at 1383 or 1240 nm overlap with the photoluminescence bands. The photoluminescence
bands of nanosheets are characterized by maxima at 1462 nm and 1335 nm and full width at half
maximum (FWHM) of 190 and 160 nm. Nanosheets PbS1 and PbS2 are in good accordance with
published data for PbS nanosheets with thickness of 1.2 nm. Samples PbS3 and PbS4 correspond to
thinner nanosheets that have not been reported before. Estimated size using the fitting curves is around
1.0 nm [14]. For each pair of the nanosheets the sample obtained at a lower temperature demonstrates
narrower PL band and larger Stokes shift. That indicates the temperature conditions to be better suitable
for nanocrystals of this particular thickness.
These results are fully consistent with the literature data for this class of nanoobjects. They demonstrate
a number of fundamental differences from cadmium compound nanoplatelets, due to the different energy
structures of nanocrystals having a zinc blende crystal structure in the case of cadmium compounds and
a cubic salt one in the case of lead.
4. Morphology and degradation dynamics
Lead sulphide nanosheets present a certain difficulty in maintaining their stability. Without special
measures, the stock solution degrades with the transition of nanosheets into quantum dots. The reason
for this behaviour lies in the fundamental mechanisms of growth of two-dimensional nanocrystals.
Cadmium chalcogenide nanoplatelets are formed during crystal growth due to the ongoing reaction of
precursors [15]. In contrast, in the case of lead chalcogenides, nanosheet growth occurs by the directional
attachment of grains or smaller islands formed by nanocrystal grains [11] with the subsequent
rearrangement of surface atoms. The main difference of these structures from a well-studied selfassembled highly ordered superlattices lies in them being substrate-free, but more importantly in the
formation of the homogeneous crystal structure of the nanosheets rather than a [16–18]. This process is
easily reversible; therefore, for early samples, we observed the degradation of nanoplates into smaller
clusters and individual nanocrystals. This process is illustrated on images from an scanning electron
microscope (Merlin, Carl Zeiss).

Figure 2. Images of nanosheets in PbS2 sample taken with an electron microscope, which reflect
different stages of degradation of nanosheets.
Such a crucial change in the morphology of the nanocrystal leads to a change in the conditions of
quantum confinement and, therefore, the optical responses. The graphs on the Figure 3 (a) show the
spectra of PbS nanosheets on day 1 right after preparation and taken after 7 days. By this time, as
represented on Figure 3 (b) there can be almost no nanosheets found in the sample, only small
nanocrystals 8-9 nm in diameter and their 60 nm large aggregates. The solution to this problem lays in
finding the right storage environment. Transferring nanosheets to carbon tetrachloride solution,
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preserves the position of the PL band, as can be seen from Figure 3 (c). The contribution to the PL from
quantum dots, indicating their amount, has grown, but on a negligible scale.

Figure 3. a) The photoluminescence spectra of the stock unwashed solution of PbS1 nanosheets on
the first day after the synthesis and a week later; b) Image of nanostructures in the stock solution of
the PbS1 sample after 7 days of storage; c) Spectra of a sample of PbS nanosheets, which were
redissolved in carbon tetrachloride taken at the time of transfer and 7 days after it.
5. Conclusion
Samples of nanosheets in a colloidal solution were obtained by organic synthesis methods which allowed
their optical properties to be tuned in accordance with study goals. Their optical properties were studied
using absorption and luminescence spectroscopy techniques and suggest promising nanomaterial for IR
range. We also showed dynamics of the morphology degradation of nanostructures in a sample that was
carried out by means of electron microscopy and linked it with a change in their optical responses.
Using the information obtained in this work, it is possible to create high-quality nanostructures with
controlled optical properties in the near-IR range, which would be stable in a colloidal solution and
present great interest for solving various tasks of modern optoelectronics and photovoltaics.
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