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EFFECT OF LIGHT ON STABILITY OF THIOL-CAPPED CdSe/ZnS QUANTUM
DOTS IN THE PRESENCE OF ALBUMIN
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The effect of exposure to the green laser light on the photoluminescence (PL) stability of CdSe/ZnS quantum dots (QDs)
capped with either mercaptopropionic (MPA) or thioglycolic (TGA) acid was studied in aqueous suspensions and in the presence
of bovine serum albumin (BSA). The results of absorbance and luminescence measurements suggest that the capacity of protein
to change the coating structure of thiol-capped QDs and the stability of photoluminescence depends on the nature of stabilizing
surface ligands. The interaction of BSA molecules with TGA-capped quantum dots increases their PL quantum yield (QY) and
makes PL more stable, however, the effect is opposite for MPA-capped QDs. The light exposure instantly increases the PL intensity
and the quantum yield of TGA-capped QDs but does not change those of MPA-capped QDs. In the medium with BSA, however,
the occurrence of light-induced PL enhancement does not depend on stabilizing thiol ligands of QDs and it lasts for a relatively

long period of time.
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1. Introduction

Semiconductor quantum dots (QDs) — nanometre-size
particles — have been widely used in the fields of medi-
cine, biology, and material science. In comparison with
organic dyes and fluorescent proteins, QDs have a nar-
row and tuneable emission band, a broad absorption
spectrum, a high photoluminescence quantum yield
and enhanced photostability [EI]. Besides semiconduc-
tor core and shell, which determine the photophysical
properties [E], QDs usually have their surface capped
with different ligands to prevent the aggregation and
precipitation. High quality QDs (possessing a coating
with good resistance to degradation) are necessary to
minimize the release of Cd element in a living organ-
ism [E]. Because QDs are used in a living organism, the
potential negative effects of these nanoparticles on bio-
logical systems could not be ignored [E, E]. The QDs
capped with hydrophobic organic ligands usually have
a high fluorescence quantum yield [%] but are not sus-
pendable in aqueous solutions. In order to be biocom-
patible nanoparticles with good colloidal stability, the
QDs must be made hydrophilic and non-toxic. To make
them suitable for the application in medicine, the sur-
face of quantum dots has to be appropriately modified
using various hydrophilic ligands [ﬁ]. The thiol acids

that include mercaptopropionic acid and thioglycolic
acid are chosen most often to improve the photochemi-
cal stability of quantum dots in the aqueous solution [E].
However, not only the coating of the surface can change
the spectroscopic properties of QDs [E], but also the
surrounding environment [J] and exposure to light [@,
Iﬁl] can affect the QDs photoluminescence. Thus, opti-
cal spectroscopy becomes a useful technique to assess
the quality and biocompatibility of QDs on the basis
of their spectroscopic properties (the quantum yield of
photoluminescence, the features of emission spectra)
being measured under various model conditions.

In this study, we applied spectroscopic methods to
compare the stability and photostability of negatively
charged CdSe/ZnS quantum dots that were capped
with several thiol-based stabilizing ligands and sus-
pended in an aqueous medium. The effects of two fac-
tors, the interaction between QDs and bovine serum
albumin (BSA) as well as the exposure of QDs to the
green laser light, on the photoluminescence properties
of QDs have been investigated.

2. Materials and methods

Absorption and steady state fluorescence spectros-
copy measurements were performed on CdSe/ZnS
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quantum dots (Invitrogen, USA), the surface of which
had been modified with thioglycolic (TGA) or mercap-
topropionic acids (MPA) (PlasmaChem GmbH, Ger-
many) in the Biomedical Physics Laboratory, Institute
of Oncology, Vilnius University, to make them water-
soluble (Fig. E]). Studies involved two batches of TGA-
capped QDs (batches No. 1 and No. 2), which were
independently modified in accordance with the same
protocol, and one batch of MPA-capped QDs.

Quantum dots were suspended in a phosphate
buffer solution (0.05 M, pH 7) and in a solution with
bovine serum albumin (BSA) (Albumin, V fraction,
M = 69,000 g/mol, Carl Roth GmbH, Germany). The
final concentration of QDs (¢ = 3.6 - 107 M) was pre-
pared from the stock solution at a dilution ratio of 200.
The final concentration of BSA in samples with QDs
was 10~ M. The continuous-wave semiconductor la-
ser (532 nm, 38 mW/cm?) was used to irradiate the
samples. The samples were exposed to the laser light in
a 10 x 4 mm quartz cuvette (Hellma, Germany) and
the spectral measurements were performed imme-
diately after the light exposure. Different irradiation
times were chosen for different experimental sessions,
as shown in the figures. The volume of each sample
was 2 ml. Between the measurements the samples were
kept in the dark at +4 °C.

The initial absorbance spectra were measured
immediately after the modification of QDs surface
with a Varian Cary Win UV absorption spectrometer
(Varian Inc., Australia). The initial photolumines-
cence (PL) spectra were measured with a Varian Cary
Eclipse spectrofluorimeter (Varian Inc., Australia).
An excitation wavelength for photoluminescence
was set at 405 nm, the excitation and emission slits
were 5 nm. For the rest of experiments an Avantes
AvaSpec-3648 fibre optic spectrometer (Avantes,
Netherlands) was used to register absorption spectra,
and a PerkinElmer LS55 spectrofluorimeter (Perkin-
Elmer, USA) was used to register PL spectra. An ex-
citation wavelength for PL was set at 450 nm, the ex-
citation slit was 4 nm, and the emission slit was 3 nm.

Quantum yield (QY) of the photoluminescence of
quantum dots was calculated according to the For-

mula []:

1-10% Int n

2
X X X
ST1-101 T I, 0

D=9

where the s subscript refers to the standard specimen
and other symbols have the following meanings: @ is
the quantum yield, A is the absorbance at the excitation
wavelength, Int is the integrated emission area across
the band (in inverse centimetre scale), n is an index of
refraction. The rhodamine B (¢ = 4.7 - 10° M) in 64%

Fig. 1. The structure of quantum dots. The TGA and
MPA molecules possess a thiol group, SH, and links to
the QDs via an S-S bond. The size of ligands is not in
scale with QDs.

w/w aqueous ethanol was used as the standard solution.
The fluorescence quantum yield @_of rhodamine B is
0.7 for excitation at 510 nm and 0.65 for 610 nm [].
According to another study, the rhodamine B quantum
yield is 71% and depends on the temperature [E, ].
Thus, for excitation at 450 nm being applied in this
study, @, = 0.7 was used (Formula). Since the samples
were measured in the aqueous media and the standard
solution was measured in 64% ethanol, the correspond-
ing refractive indexes of water (n = 1.34 [E]) and of
64% ethanol solution (1 = 1.36 [@]) at 20 °C were in-
cluded in QY calculations. The errors of PL QY of QDs
were evaluated taking into account the systematic errors
of absorption measurements (+0.001 o. d. u.). The cal-
culated values of PL QY are summarised in the tables.

3. Results

The initial absorption and photoluminescence spectra
of CdSe/ZnS quantum dots, which were registered in
aqueous suspensions of the same QDs concentration,
immediately after the modification with a stabilizing
ligand (TGA or MPA), are presented in Fig. @ The
absorption of MPA-capped QDs was less intense than
that of TGA-capped QDs (prepared from batch No. 2).
However, the photoluminescence intensity was greater
for MPA-capped QDs. It is evident that the quantum
yield of photoluminescence of MPA-capped QDs was
greater in comparison with that of TGA-capped QDs.
In addition, the spectral position of the PL band was
different: 546 nm - for quantum dots capped with
TGA and 548 nm - for QDs capped with MPA. No
changes were observed in the PL spectra of the sam-
ples that were prepared from the stock solutions of
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(a)

(b)

Fig. 2. Absorption (a) and photoluminescence (b)
spectra of CdSe/ZnS quantum dots capped with TGA
or MPA in a phosphate buffer, pH 7. Excitation wave-
length was 405 nm.

TGA-capped and MPA-capped QDs after a month
of storage, when the experiments with light and BSA
were started. However, the changes occurred in the
PL spectra of TGA-capped QDs during subsequent
experiments as well as in those samples, which were
prepared from the stock solution after longer periods
of storage.

3.1. TGA-capped quantum dots

The measurements of absorption and PL spectra of
TGA-capped QDs modified in accordance with the
same protocol, showed some differences in spectral
properties between the samples of QDs prepared from
batches No. 1 (TGA-QDs-1) and No. 2 (TGA-QDs-2)
(Fig. E). The spectral position of the PL band (at 548 nm)
of TGA-capped QDs from batch No. 2 was red-shifted.
The absorbance of TGA-QDs-1 was slightly lower and
the last absorption band was broader at the blue side in
comparison with TGA-QDs-2. The spectral properties

of TGA-QDs-1 samples did not change in the aque-
ous solution and no precipitation was observed for two
weeks. On the other hand, although no spectral changes

Fig. 3. (a) Photoluminescence spectra of TGA-capped
QDs from batches No. 1 and No. 2; bands’ spectral posi-
tions are shown. (b) The dependence of PL QY of TGA-
capped QDs (control and irradiated) on time; by~ time
of irradiation, the samples were exposed for 5, 50 min-
utes or kept non-exposed. (c) The dependence of the
normalized PL intensity (at 549 nm) of TGA-capped
quantum dots (batch No. 2) on the irradiation time. PL
excitation wavelength was 450 nm.
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were detected in the absorption spectra of TGA-capped
QDs from batch No. 2, the PL band shifted from initial
546 nm to 549 nm, and the precipitation has occurred.

Different exposure doses were applied to investigate
the light-induced short-term effects on TGA-capped
QDs in the solutions without BSA. The histogram in
Fig. E(b) shows the increase of the photoluminescence
QY of irradiated QDs compared with non-irradiated
QDs after five minutes (batch No. 1) and fifty minutes
(batch No. 2) of exposure. The initial quantum yield
of TGA-QDs-1 was a little higher than QYs of two
TGA-QDs-2 samples at a zero day of the experiment
(Table 1). It has to be noted that the PL intensity of each
TGA-QDs-2 sample prone to precipitation was repeat-
edly measured three times immediately after mixing.
Therefore, the errors of PL QY for TGA-QDs-2 in-
cluded the calculated standard deviation of the mea-
sured PL intensity (+10 a. u.). The PL quantum yield
of TGA-QDs-1 slightly increased after exposure to
light for 5 minutes at the zero day. When TGA-QDs-2
samples were exposed after two days, their PL inten-
sity increased slightly after the exposure for 5 minutes
and the saturation was reached at about 50 minutes
(Fig. E(c)), when the quantum yield increased by a few
percents. After two weeks the PL QY diminished for
QDs samples from both batches, but while the QY of
non-exposed TGA-QDs-2 was higher than the QY of
exposed TGA-QDs-1, it remained lower than the QY
of their exposed counterparts.

The presence of BSA in the suspension also affected
the spectroscopic properties of TGA-capped CdSe/
ZnS quantum dots (c = 3.6 - 107 M). The intensity of
absorbance of TGA-QDs-1 has increased becoming
almost the same as that of TGA-QDs-2. No further
spectral changes in QDs absorbance were observed

during the period of experiments. It is notable that
while the PL intensity of TGA-QDs-1 decreased in
the suspension without BSA within the first 2.5 hours
after the sample preparation, the PL intensity stayed
stable in the suspension with BSA during these hours
(Fig. @(a)). However, the increased PL intensity of QDs
was observed after the exposure of samples to the laser
light for five minutes irrespective of the absence or the
presence of protein (Fig. (b)). The calculated value of
the initial PL quantum yield of TGA-QDs-1 was about
38% (Table 1, Fig. E). Similarly as the PL intensity, the
PL QY of samples also decreased without BSA but re-
mained stable with BSA during the first 2.5 hours. The
PL QY of the exposed quantum dots increased by a few
percents, but in the suspension with BSA the QY in-
creased slightly more than in the suspension without
BSA. Moreover, after a day the PL QY of QDs in the
suspension with BSA increased by some percents re-
gardless of whether the samples were exposed to light
or not. At the same time the PL QY of QDs without
BSA decreased by a few percents. After five days the
decrease of QY was observed for all samples of TGA-
QDs-1. The PL QY of exposed QDs in the suspension
without protein was almost half as high as the QY of
non-exposed QDs in the medium with protein. The
value of PL QY for QDs, which underwent a combined
treatment (were exposed to light in the presence of
BSA), remained the highest. At the 5th day the sam-
ples were exposed for the second time to a doubled
light dose (10 min), but in this case the exposure had
no effect on the PL QY for QDs in the sample without
BSA or the PL QY increased only a little (for QDs in
the sample with BSA). After two weeks, in the suspen-
sion with BSA the PL quantum yield of non-exposed
QDs further decreased for about one third of the initial

Table 1*. The values of the photoluminescence quantum yield of TGA-capped QDs in solutions with BSA or without

BSA.
QY of photoluminescence, %
Experimental days Batch 1 Batch 2
Light Dark + BSA | Light + BSA Dark | Light
0d,0h 38.1+04 38.1+04 38.1+04 31.2+1.6 33.6+1.7
0d,25h 33.2+0.3 38.1+04 38.1+04 - -
0d,2.5ht,,=5min 352+04 38.1+04 41.2+04 - -
1d 31.8+0.3 41.6+04 45.1+0.5 - -
2d - - 32.8+1.7 37.5+1.9
2dt,,=5min - - - 38.5+2.0
2dt,,=50 min - - 32.8+1.7 43.6 +2.2
5d 21.8+0.2 379+ 04 42.7+04 - -
5d t,,=10 min 222+0.2 355+04 443+ 0.4 — -
14d 14.1 £ 0.1 26.7+0.3 353+04 204 +1.0 263+1.3

* Dark means non-exposed; light means exposed to laser light; ¢, _is time of irradiation, values of PL QY of exposed QDs after

exposure. PL excitation wavelength was 450 nm.
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Fig. 4. Photoluminescence spectra of TGA-capped
quantum dots (batch No. 1) in solutions with or with-
out BSA: (a) non-exposed, freshly-made (0 h) and af-
ter 2.5 hours; (b) before and after exposure to the laser
light at 532 nm for 5 min. PL excitation wavelength was
450 nm.

value. However, the relative decrease in the PL QY of
exposed QDs was slight. Within two weeks the spectral
PL band shifted 3 nm towards shorter wavelengths in
all QD samples with protein, while no spectral changes
were observed in samples without protein.

The combined effect of light and protein has also
been measured on photoluminescence properties of

Fig. 5. Time-dependent changes in the photolumi-
nescence quantum yield of TGA-capped QDs (batch
No. 1) in solution with BSA (dark means non-exposed,
light means exposed to laser light) or without BSA (ex-
posed to laser light); ¢, _istime of irradiation, values of
PL QY of exposed QDs after exposure. PL excitation
wavelength was 450 nm.

TGA-capped QDs from batch No. 2 prepared from
the stock solution after storage for two months. Such
storage period had no effect on the initial absorb-
ance intensity and spectral features of the last absorp-
tion band. However, the spectral position of the PL
band of these QDs samples was shifted to a red side
at 553 nm (Fig. E(a)), and the precipitation was ob-
served. The presence of BSA induced no changes in
intensity and the spectral position of the last band of
TGA-QDs-2 absorbance during the period of experi-
ments. The initial values of the PL QY of TGA-QDs-2
were lower than in the previous experiments reach-
ing about 20% and increased by a few percents after
the day (Table 2, Fig. H). In the suspensions with BSA
the initial values of the PL QY of TGA-QDs-2 were
similar as in pure suspensions and increased in about
the same few percents after the day. After exposure
to light for 15 min on the next day (at about 24 hours

Table 2*. The values of the photoluminescence quantum yield of TGA-capped QDs (batch No. 2) in suspensions

with and without BSA.

QY of photoluminescence, %

Experimental days

Dark | Light Dark + BSA | Light + BSA
0d 214+ 1.1 20.1+ 1.0 23.2+1.2 20.1+1.2
1d 25.6 + 1.3 23.5+1.2 29.8+1.5 29.8+ 1.5
1dt.,=15min - 29.7+ 1.5 - 37.0+ 1.9
3d 244+1.2 27.1+14 29.7 + 1.5 36.4 + 1.8

* Dark means non-exposed; light means exposed to laser light; t,, is time of irradiation, values of PL QY of exposed QDs after

exposure. PL excitation wavelength was 450 nm.
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Fig. 6. Changes of the photoluminescence quantum yield
of TGA-capped QDs (batch No. 2) on time in suspen-
sions with and without BSA, both non-exposed (dark)
and exposed to the laser radiation (light); too is time of
irradiation. PL excitation wavelength was 450 nm.

after preparation of samples), the further increase of
the photoluminescence QY was observed regardless
of the presence of protein in QDs samples. After three
days the PL QY of quantum dots slightly decreased in
the medium without protein, regardless of the expo-
sure of samples, and stayed stable in the suspensions
with protein. The PL QY of exposed QDs in both
pairs of samples remained higher in comparison with
non-exposed QDs, while the combined treatment,
like in the case of TGA-QDs-1, resulted in the highest
PL QY value (Table 2, Fig. E).

3.2. MPA-capped quantum dots

In order to compare how the spectroscopic properties
of modified QDs depended on the surface ligands, the
effects of light and protein have been measured on the
photoluminescence of MPA-capped CdSe/ZnS quan-

tum dots (Table 3, Fig. B). As mentioned earlier, the
initial value of the PL quantum yield of MPA-capped
quantum dots was higher than that of TGA-capped
QDs. The PL intensity and the quantum yield of MPA-
capped QDs did not change in the suspension without
BSA within three days varying about the mean value
of 58%. There were no notable changes in the spec-
troscopic properties of MPA-capped QDs even after
their exposure to light. However, after three days the
PL QY of exposed QD was slightly higher. The addi-
tion of BSA into the samples caused a rapid decrease
in the PL quantum yield of MPA-capped QDs, but not
in the PL QY of TGA-capped QDs. Also, the PL band
of QDs broadened slightly for one nanometre towards
shorter wavelengths. Exposure to light for 15 minutes
had no additional effect on the PL QY of QDs. Further
decrease of the PL QY was observed after four and six
days, but then, like in the pure suspensions, the QY of
exposed MPA-capped QDs was higher.

Fig. 7. The changes of PL quantum yields of MPA-capped
QDs on time in solutions with and without BSA; non-
exposed (dark) and exposed to laser radiation (light);
t,, is time of irradiation. PL excitation wavelength was
450 nm.

Table 3*. The values of the photoluminescence quantum yield of MPA-capped QDs in solutions with and without

BSA.
. QY of photoluminescence, %
T Dark | Lighf | Dark+BSA | Light+BSA

0d 59.8 £ 1.8 583+ 1.7 584 +1.7 56.6 + 1.7

0dt,=15min - - 495+ 1.5 470+ 14
2d 54.8 +1.7 56.4 £ 1.7 - -

2dt,,=15min 548 £ 1.7 584+1.7 - -
3d 504+1.8 64.6£1.9 — -
4d - - 24.6 £0.8 31.9+1.0
6d — — 18.8 £ 0.6 295+ 09

* Dark means non-exposed; light means exposed to laser light; £ is time of irradiation, values of PL QY of exposed QDs after expo-

sure. PL excitation wavelength was 450 nm.
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4. Discussion

In this study we compared the effects of light and
protein (BSA) on the photoluminescence stability of
thiol-capped (TGA and MPA) QDs after the surface
modification that made them water-suspendable. De-
spite the fact that the surface of TGA-capped QDs in
both examined batches was modified according to
the same protocol, some differences between the sam-
ples were observed spectroscopically. Firstly, the last
absorption band of TGA-QDs-1 was broader at the
blue side in comparison with the absorption band of
TGA-QDs-2. Secondly, the spectral position of the PL
band of TGA-QDs-1 did not change in pure aqueous
solutions (548 nm), but shifted towards a blue side at
545 nm in suspensions with BSA after two weeks of the
experiment, while the PL spectral band of TGA-QDs-2
shifted towards longer wavelengths (Fig. E(a)) and the
precipitation was observed regardless of the presence
of protein. The initial values of PL QY were higher for
TGA-QDs-1 than for TGA-QDs-2 (Table 1, Fig. E(b)).
However, the later comparison between TGA-QDs-2
and TGA-QDs-1 showed the opposite situation after
two weeks (Table 1, Fig. E(b)). The relatively reduced
stability of TGA-QDs-1 photoluminescence could be a
result of accidentally formed structural variations dur-
ing the modification procedure, presumably leading to
increased numbers of defects in the coating layer and
diminished insulation of the QDs surface.
Aggregation of suspended QDs takes place when
the surface stabilizing ligands are removed from the
nanocrystal surface via protonation [@] or, possibly,
photooxidation [E]. The bathochromic shift of the PL
band of TGA-QDs-2 in suspensions, which were pre-
pared from the stock solution after two months of stor-
age, was even bigger than that in earlier prepared QDs
samples — after two experimental weeks. Thus, the ob-
served differences in spectral properties (such as a de-
crease of PL QY and a shift of the PL spectral band to-
wards longer wavelengths) together with precipitation
reflected the higher aggregation state of TGA-QDs-2.
The dilution of the stock solution with an aqueous me-
dium kept the PL intensity and QY of TGA-QDs-1 re-
duced not only within the first 2.5 hours but also after
a day (Table 1, Fig. H), however, the PL intensity and
QY of the TGA-QDs-2 increased (Table 2, Fig. H). Such
variation can be explained by the change in the dynam-
ic equilibrium of an aggregation state of TGA-QDs-2
diluted in the aqueous medium when the rising num-
bers of detached QDs increased the PL intensity and
the QY. Thus, we suppose that time-dependent spectral
differences observed between TGA-capped QDs from
two batches can be resulted by lower stability of the
capping layer formed from the stabilizing ligands in

the case of TGA-QDs-2, which reduces its capacity to
prevent aggregation in comparison with TGA-QDs-1.

Despite the differences between TGA-capped QDs
from two batches, the addition of BSA in the medium
enhanced the PL intensity and QY of both TGA-QDs-1
(Table 1, Fig. E) and TGA-QDs-2 (Table 2, Fig. H) within
a day after the preparation of samples. It was reported
that the denatured BSA can be conjugated to the sur-
face of QDs and thereby improve the chemical stability
and the PL QY of the water-soluble CdTe QDs [@].
As it was noted earlier, after two weeks the PL spectra
of the TGA-QDs-1 suspended with BSA became blue-
shifted and the PL QY decreased. Nevertheless, it was
still higher than the PL QY of QDs in pure suspensions.
These observations could be explained by the gradual
removal of TGA molecules from the QDs surface in the
presence of BSA. It has been found that the interaction
with BSA improved the PL of TGA-capped QDs, but
not at the initial phase [@]. The interaction of water
suspended QDs with protein could lead to the forma-
tion of an additional coating layer that stabilizes quan-
tum dots [@, @]. Thus, the BSA-induced increase of
the PL QY of TGA-capped QDs is sustained, but the
enhancement of QDs stability is a short-term effect
(Table 1, Fig. ).

Comparing the two types of QDs capped with sta-
bilizing ligands having a thiol group (TGA or MPA),
we observed that the PL QY of MPA-capped QDs
(Table 3, Fig. H) in the aqueous suspension without
protein was higher and remained more stable than the
QY of TGA-capped QDs (Table 1, Fig. E). It was shown
in another study that the chain length of the stabiliz-
ing ligand is an important factor controlling the stabil-
ity of QDs [@]. Indeed, the MPA ligands with longer
chains enhanced the photoluminescence stability more
than TGA. Moreover, while the addition of BSA in the
medium increased the PL intensity and QY of TGA-
capped CdSe/Zn$ quantum dots (Table 1, Fig. ), it
decreased the PL QY of MPA-capped QDs (Table 3,
Fig. H) [@]. These observations imply that BSA can-
not properly attach to the surface of QDs when longer
chains of MPA molecules are present in the surround-
ing medium, and their interaction with BSA molecules
might impair the formation of the protein coating layer.
Thus, the capacity of protein to modify and stabilize/
insulate the QDs surface can be strongly influenced by
the nature of stabilizing ligands.

The exposure to green light induced the instant in-
crease of the PL intensity and QY of the studied thiol-
capped QDs in suspensions without BSA (Fig. H(b)).
Comparison between non-exposed and exposed sam-
ples did not show any light-induced shifts of QDs spec-
tral bands. The PL intensity and QY of the exposed
TGA-QDs-1 increased by a few percents but no more
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than up to initial values (Table 1, Fig. E). At this point
(Table 2, Fig. E), the PL intensity and QY of the exposed
TGA-QDs-2 also increased by the same few percents
above the values before irradiation but below the ini-
tial values (Table 1, Fig. (b)). Thus, the light-induced
instant increase of the PL intensity and the QY is the
effect independent on the initial stability of the capping
layer on QDs surface. However, no general consensus
on the reasons of the short-term enhancement of PL
has been reached yet. Some suggested mechanisms
include the photoneutralization of the local charged
centres inside and outside the QDs [], the elimina-
tion of the topological surface defects [25-27], the pas-
sivation of the surface trap states by photoadsorbed
molecules [@, @, @], for example, water molecules
[@, @] and the photoinduced rearrangement of sur-
face stabilizing agents [ﬁ, ]. The reason why the
MPA-capped QDs possessed higher values of the PL
QY and enhanced stability than the TGA-capped QDs
might be an unequal effect that these thiol ligands had
on PL self-quenching. The MPA ligands with longer
chains can hold nanoparticles farther apart from each
other and form a more stable surface capping layer
than TGA ligands with shorter chains. Light did not
affect the PL QY of MPA-capped QDs (Table 3, Fig. ﬁ)
but increased the QY of TGA-capped QDs (Tables 1-2,
Figs. E—E). For the latter case, the light-induced rear-
rangement of the stabilizing agents or photoadsorbed
molecules in the surface layer might diminish self-
quenching of thiol-capped QDs causing the increase of
photoluminescence.

In the absence of light the decrease of the PL QY
of thiol-capped QDs exposed in the suspension with
BSA was observed during several days (Tables 1-3,
Figs. E—B). However, the PL QY of TGA-capped QDs
was still higher than before irradiation and also higher
than the QY values of non-exposed control samples
(Tables 1-2, Figs. H—H). While in the case of MPA-
capped QD the decrease of the PL intensity and the
PL QY was observed independently of light exposure
within 15 minutes after addition of BSA, after a week
the PL QY of exposed MPA-capped QDs was greater
than the QY of non-exposed QDs (Table 3, Fig. ﬁ). De-
spite the obvious effect of stabilizing ligand’s nature on
the interaction with protein, the enhancing effect of
light on photoluminescence of QDs in the suspension
with BSA takes place independently on the surface
ligands. The light-induced PL enhancement of thiol-
capped QDs is instant and also relatively long-lasting
in the presence of BSA in comparison with the samples
being exposed without protein. Such combined effect
of light and protein might be caused by the reduction
of PL self-quenching in the exposed samples and the
steric interactions between suspended QDs with ad-

sorbed BSA molecules keeping nanoparticles farther
apart from each other.

5. Conclusions

This study aimed to investigate the changes of the
photoluminescence intensity and the quantum yield
of thiol-capped (TGA or MPA) quantum dots influ-
enced by external factors: the exposure to the green
light and the presence of protein (BSA). The capacity
of the protein to modify and stabilize the surface lay-
er of thiol-capped QDs can be strongly influenced by
the nature of stabilizing ligands. The BSA molecules
cannot improve the stability and the PL QY of MPA-
capped QDs, while it can improve the PL intensity and
the PL QY of TGA-capped QDs. The increase of the PL
QY of TGA-capped QDs is presumably caused by the
formation of an additional coating layer of BSA that
provides additional stabilization and insulation for the
surface of quantum dots. The light can increase the PL
intensity and QY of thiol-capped QDs and this instant
increase might be caused by the photoadsorption of
water molecules on the QDs surface or the rearrange-
ment of stabilizing ligands leading to decreased PL
self-quenching. The light-induced PL enhancement of
thiol-capped QDs occurs independently on the nature
of stabilizing ligands and is relatively long-lasting in
the medium with BSA, presumably, due to the stabili-
sation of decreased PL self-quenching by steric interac-
tions between BSA molecules on the surface of QDs.
Since both light exposure and BSA act as independent
factors, their mutual effect on the PL intensity and the
QY of thiol-capped QDs might be suppressive or en-
hancing with respect to untreated samples depending
on the nature of stabilizing ligands. However, the green
light never reduces the PL of thiol-capped QDs and the
presence of BSA enhances its positive effect.
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SVIESOS POVEIKIS TIOLIAIS DENGTY CdSe/ZnS KVANTINIY TASKY
STABILUMUI TERPEJE SU ALBUMINU

A. Kalnaityté ? S. Bagdonas ?, R. Rotomskis >°
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Santrauka

Veikiant CdSe/ZnS kvantinius taskus, dengtus
merkaptopropionine (MPR) ar tioglikoline (TGR)
ragstimis, Zalia lazerio spinduliuote, istirtas jy stabi-
lumas vandeninéje terpéje ir terpéje su jaucio seru-
mo albuminu (JSA). I$ sugerties bei liuminescencijos
matavimy rezultaty nustatyta, jog baltymo gebéjimas
pakeisti tioliais dengty kvantiniy tasky dangalo
strukttra ir fotoliuminescencijos (FL) intensyvuma
priklauso nuo stabilizuojandiy pavirsiaus ligandy
prigimties. Kvantiniams taskams, dengtiems TGR,

saveikaujant su JSA molekulémis padidédavo jy FL
kvantinis naSumas, o fotoliuminescencija tapdavo
stabilesné, prieSingas efektas gautas su MPR degtais
kvantiniais tagkais. Sviesa i3 karto po $vitinimo padi-
dindavo TGR dengty kvantiniy tasky fotoliuminescen-
cijos intensyvuma ir kvantinj na$umg, bet kvantiniy
tasky, dengty MPR, spektroskopiniy savybiy nepakeis-
davo. Terpéje su JSA fotoliuminescencijos padidéjimas
stebimas nepriklausomai nuo kvantiniy tasky dengia-
mojo sluoksnio prigimties bei stabilumo, o fotoliumi-
nescencija iSlieka santykinai stabilesné.
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