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Introduction
Quantum dots (QDs) are nanoscale

semiconductors, 1-100 nm in size, usually consisting of

a crystalline core surrounded by a protective shell [1].

QDs are currently used in various fields of science, as

it is advantageous to use them as biosensors [2]. The

core of conventional QDs contains potentially toxic

substances (eg., Cd, Te), so less harmful elements,

such as Cu, can be used as an alternative [3]. Many

core-shell combinations and unique properties provide

the plethora of QDs, so it is important to study them

under natural environmental conditions, such as

prolonged exposure to light, and media with various

ions and biomolecules, to obtain information about

their fate, after QDs are released into the environment.
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Conclusions
o Light induced processes and changes of CuInS/ZnS-COOH QDs spectral properties occur faster in the samples with no periods of darkness (samples exposed to continuous

light): faster decrease of the PL intensity, decrease of the OD, spectral shift to a blue side were registered in the samples, kept under continuous white light, compared to the

samples kept under 8/16 h cycle light. The absence of light allows QDs to partially increase the PL intensity, but the large doses of light affect the QDs irreversibly.

o The spectral properties of CuInS/ZnS-COOH QDs were found to be so photo-unstable that the effect of the medium is negligible compared to that of light, despite the initial

spectral differences.

o Substances and ions in the deep well water affected the CuInS/ZnS-COOH QDs faster than all tested media: the increased optical density and scattering were registered

immediately, as well as the highest PL intensity of all the media, however, time induced spectral changes of optical density, the PL increase (or decrease in light conditions), and

spectral shifts were more stable in deionized water and in MWC algae growth medium.

o The light induced dose-dependent effect of QDs on the PL intensity reveals different stages in the variable pattern of its decline: after smaller light doses the PL intensity

in deionised water starts declining, while partially recovers in the dark, the spectrum of the PL broadens, and OD decreases. However, after higher doses, the PL intensity keep

decreasing, but slower and stops partially recovering, while OD continues to decrease and he spectrum of the PL shifts to a blue side. Similar results can be seen in MWC

medium, but QDs in deep well water shows faster decrease of the PL intensity, as well as the shift of the PL spectrum to a blue side appeared already after lower light doses,

which can be related to initial spectral properties reflecting structural features of QDs in different media.

Methods

RESULTS

Photoluminescent hydrophilic CuInS/ZnS-COOH QDs

(Nanooptical materials, USA, 560 ± 10 nm) were used in the

experiments.

Samples were prepared by diluting the concentration of

52 µM stack to 4nM in deionized water (DW), deep well water

(DWW), and MWC algae growth medium (MWC).

The optical density (OD) of each QD sample was

measured using spectrophotometer AvaSpec-2048 (Avantes).

The photoluminescence (PL) was measured using a

spectrophotometer LS55 (PerkinElmer). The QDs samples

were excited at 405 nm, and the photoluminescence

spectrum peak was recorded at 550 nm, slits 4.0 - 4.0. All

measurements were taken in 10x4 mm quartz cuvette

(Hellma).

Samples of 2 ml in 12-well plate were irradiated from the

bottom using a violet light diode (404 nm, 30 mW/cm2) and

their PL spectra were measured using a spectrophotometer

(Ocean Optics USB 2000). Ocean Optics LS-450 lamp with

an adapted blue LED (403 nm) is used for the PL excitation.

The cumulative dose depended on the media in which QDs

were prepared.
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The initial spectral changes of QDs samples in different

solutions were measured 1 hour after the preparation of

samples. While the optical density of QDs in deionized

water and MWC algae growth medium is practically

identical, scattering is recorded in OD of QDs in deep

well water. The initial PL intensity is the highest in QDs in

deep well water, compared to other media.

Spectral shift to a blue side after 10-

60 min of irradiation. The graphs

obtained by subtracting the

normalized PL int. spectra from the

normalized PL intensity spectrum

before the irradiation.
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Tables compare the spectral changes in

samples stored in different conditions.

x – nothing changed;

– decreased;

– increased;

Optical density of QDs in deionized water under 8/16 h

light cycle.
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The changes of the PL intensity in real time of experiment: after each irradiation,

the PL intensity of the sample were measured in five different points. The PL

intensity of QDs increases until the dose of 18 J/cm2 for deep well water and

MWC algae growth medium, 46 J/cm2 for deionized water.

* First 5 days to compare with other samples.

– spectral shift to

a red side;

– spectral shift to

a blue side;


