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Abstract. The interaction between CdTe quantum dots (QDs) and human serum albumin (HSA) 
was studied by absorption and photoluminescence spectroscopy. Three aqueous-compatible samples 
of colloidal CdTe nanoparticles with average sіze of 2.8, 2.9  and 3.1 nm were tested. In the absorption 
spectra of the colloidal CdTe QDs exciton band was found to be shifted to higher photon energy as 
compared with that for bulk crystals due to the quantum confinement effect. It was shown that addition 
of HSA to colloidal CdTe nanoparticles leds to a gradual decrease of absorption and broadening of 
exciton structure. The photoluminescence quenching results indicated that the quenching effect of QDs 
on HSA fluorescence depend on the size and temperature and the nature of quenching is static, resulting 
in forming QDs–HSA complexes. Stern – Volmer plots were made and quenching constants were thus 
obtained. The results suggested the quenching constants increasing with increasing of the sizes QDs 
and decrease with increasing temperatures of QDs-HSA solutions. 
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ХАРАКТЕРИСТИКА ВЗАЄМОДІЇ КВАНТОВИХ ТОЧОК CdTe ІЗ СИРОВАТКОВИМ 
АЛЬБУМІНОМ ЛЮДИНИ МЕТОДАМИ ОПТИЧНОЇ СПЕКТРОСКОПІЇ 

I. Д. Столярчук, A. Й. Савчук, Р. Войнаровська, Я. Політ

Анотація. Дослідження спектрів поглинання та фотолюмінесценції застосовувались для 
вивчення взаємодії між квантовими точками (КТ) CdTe і сироватковим альбуміном людини 
(HSA). Дослідження проводились для колоїдних розчинів наночастинок CdTe з середніми 
розмірами 2.8 нм, 2.9 нм та 3.1 нм. Екситонна структура в спектрах поглинання колоїдних 
розчинів наночастинок CdTe виявилась зміщеною в область високих значень енергій у 
порівнянні з об'ємними кристалами, що зумовлено проявом квантово розмірного ефекту. 
Додавання сироваткового альбуміну людини до колоїдного розчину КТ CdTe призводить до 
поступового зменшення поглинання та розмиття екситонної структури спектру. Дослідження 
гасіння фотолюмінесценції квантових точок CdTe при додаванні сироваткового альбуміну 
крові людини дозволили встановити статичний характер гасіння та формування комплексів 
нанокристал - сироватковий альбумін людини. Використовуючи рівняння Штерна - Фольмера 
було встановлено зростання константи гасіння зі збільшенням розмірів КТ та її зменшення із 
підвищенням температури розчинів КТ-HSA.

Ключові слова: CdTe, квантова точка, наночастинка, нанокристал, оптична густина, 
фотолюмінесценція, гасіння флуоресценції, сироватковий альбумін людини

ХАРАКТЕРИСТИКА ВЗАИМОДЕЙСТВИЯ КВАНТОВЫХ ТОЧЕК CdTe С 
СЫВОРОТОЧНЫМ АЛЬБУМИНОМ ЧЕЛОВЕКА МЕТОДАМИ ОПТИЧЕСКОЙ 

СПЕКТРОСКОПИИ 

И. Д. Столярчук, A. И. Савчук, Р. Войнаровская, Я. Полит

Аннотация. Оптическое поглощение и фотолюминесценция использовались для 
характеристики взаимодействия квантовых точек (КТ) CdTe с сывороточным альбумином 
человека (HSA). Исследования проводились для коллоидных растворов наночастиц CdTe со 
средними размерами 2.8 нм, 2.9 нм и 3.1 нм. Экситонная структура в спектрах поглощения 
коллоидных растворов КТ CdTe оказалась смещенной в область высоких значений энергий 
по сравнению с объемными кристаллами, что обусловлено проявлением квантово-размерного 
эффекта. Добавление сывороточного альбумина человека к коллоидному раствору КТ CdTe 
приводит к уменьшению поглощения и размытию экситонной структуры спектра. Исследование 
тушения фотолюминесценции квантовых точек CdTe при добавлении сывороточного альбумина 
человека позволилo установить статический характер тушения и формирование комплексов 
нанокристалл - сывороточный альбумин человека. Используя уравнения Штерна - Фольмера 
было установлено рост константы тушения с увеличением размеров КТ и ее уменьшение с 
повышением температуры растворов КТ - HSA.

Ключевые слова: CdTe, квантовая точка, полупроводниковая наночастица, оптическая 
плотность, фотолюминесценция, тушение флуоресценции, сывороточный альбумин человека 
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1. Introduction

In the past decade, a variety of nanoscale 
structures have been used for a range of biologi-
cal and biomedical applications. Major classes 
of bіologically relevant nanostructures include 
semiconductor nanoparticles, magnetic nanopar-
ticles, carbon-based nanostructures and metal-
lic nanoparticles [1]. Research on semiconduc-
tor nanocrystals (NCs), also known as quantum 
dots (QDs), has increased rapidly in the past few 
decades [2]. QDs are useful as a novel probe in 
biosensor and bioіmaging due to their unique size 
dependent optical and electrical properties. More-
over, semiconductor QDs are also becoming valu-
able analytical tools for biological and biomedi-
cal applications as they offer the opportunity to 
design luminescent probes for labeling, imaging, 
and sensing with unprecedented performance [3].

Due to the tremendous focus on applying the 
nanoparticles to biological and biomedical appli-
cations, there has been increasing interest in esti-
mating the toxicity of II-VI undoped and doped 
semiconductor based nanoparticles. It is well 
known that the human serum albumin (HSA) is 
the most abundant protein in blood plasma and 
involved in the transport of a variety of endog-
enous and exogenous ligands. Transportation, dis-
tribution, physiological and toxicological actions 
of the ligands in vivo are closely related to their 
binding with proteins. So, it is very significant to 
investigate the interaction between the nanopar-
ticles and the major carrier protein like HSA. Sev-
eral reports have been devoted to study such kind 
of interaction between II-VI semiconductor based 
nanoparticles and bovin serum albumin (BSA) 
and HSA. Shao et al. speculated that the interac-
tion of CdTe QDs with BSA was mainly attributed 
to electrostatic attraction [4].  Xiao et al. proved 
that binding of colloidal CdSe/ZnS QDs and HSA 
is a result of the formation of QDs–HSA complex 
and electrostatic interactions play major role in 
stabilizing the complex [5]. This group also stud-
ied [6] the сonformation changes of HSA induced 
by CdTe quantum dots with different sizes and the 
obtained results indicated that the biological activ-
ity of HSA is weaker for quantum dots with big-
ger sizes. Wu et al. [7] reported on the interaction 

between BSA and ZnS quantum dots by spectro-
scopic techniques and showed strong quenching 
of fluorescence. Recently, Hemmateenejad and 
Yousefinejad [8] have revealed the presence of 
static type of quenching mechanism in the bind-
ing of ZnS nanoparticles to HSA. Bhogale et al. 
[9] studied the interaction of ZnO nanoparticles 
with HSA and discuseed the quenching of fluo-
rescence of fluorophores in HSA, which was at-
tributed to formation of HSA-ZnO complex in the 
solution. 

In the present work, we report on investigation 
of the influence of CdTe quantum dots size and 
temperature on the interaction with human serum 
albumin. Main attention is paid to conventional 
UV-Vis absorption and fluorescence spectro-
scopic methods.

2. Experimental 

2.1. Sample preparation

Aqueous synthesis of QDs offer many benefits 
for biologіcal studies. The basic prinсiple of che-
mical synthesis of nanostructured materials (the 
so-called bottom-up method) is to initiate chemi-
cal reactions and control the nucleatіon and growth 
of the reaction products. This can be achieved by 
conducting the reactions within a confined envi-
ronment or controlling the reaction process via 
dynamic binding of surface ligands. In colloidal 
solution synthesis, controlling the size or shape is 
done by adjusting the ratio of the chemicals con-
centrations, selecting capping material, value of 
pH, and temperature. Nanopartiсles of CdTe were 
prepared in aqueous solution at room tempera-
ture using procedure similar to described in [10]. 
Briefly, Cd precursor solutions were prepared by 
mixing 3 mmol of CdCl2 with 225 ml of ultrapure 
water followed by 7.7 mmol of thioglycolic acid 
(TGA) under magnetic stirring. The pH value of 
the mixed solution was adjusted to 10.0 by drop-
wise addition of 1M NaOH solution. Then, gas 
mixture of Ar and H2Te was passed through the 
solution. The reaсtion time was varied to achieve 
different molar ratio of Cd2+:Te2-:TGA. 

Transmission electron microscopy (TEM) was 
used in order to сonfirm the nanoparticles of the 
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grown samples, estimate shape and determine the 
average size of nanocrystals. A TEM instrument  
Tecnai Osiris X-FEG ТЕМ microscopy that 
provides maximum resolution of 0.136 nm has 
been used.

HSA was purchased from PJSC Biofarma 
(Ukraine) at the concentration of 1,5 x 10-6 mol 
L-1. Solutions of CdTe nanocrystals with HSA 
were prepared by addіng the set amount of quan-
tum dots (from 0,1 x 10-6 mol L-1 to 1,9 10-6  mol 
L-1) to fixed volume of HAS (1 mL) and stirred 
for 2 min. The experiments were started in 10 min 
after the sample was inserted in the instrument to 
allow the temperature to equilibrate.

2.2. Measurements

The absorption and photoluminescence spec-
tra were recorded using UV-Vis spectrometer on 
the base of diffraction monochromator MDR-23 
(LOMO). Quartz cells (1cm path length) and a 
thermostatic bath were used for all measurements. 
The excitation of photoluminescence was carried 
out by a He-Cd laser operating at wavelength of 
325 nm and power of 10 mW. 

3. Results and Discussion

The HR TEM image of typical colloidal 
CdTe nanoparticles is shown in Fig. 1. For this 
kind of microscopic analysis a drop of colloidal 
suspension is placed on special carbon-coated 
copper grid. As can be seen the shape of the 
nanoparticles is close to spherical and the average 
diameter of the nanoparticles is found to be 
approximately from 2.5 to 5 nm.

Fig. 1. HR TEM images of the colloidal CdTe 
quantum dots.

To study optical spectra three colloidal solu-
tions were chosen with an average diameter of 
CdTe quantum dots about 2.8 nm, 2.9 nm and 
3.1 nm. Fig. 2 shows optical density as a func-
tion of photon energy for four solution samples 
contained in the same quartz container with inner 
thickness of 10 mm which correspond to differ-
ent materials. Curve 1 corresponds to the sample 
of CdTe nanoparticles with an average diameter 
of 2.9 nm and curve 2 corresponds to HSA solu-
tion. Curves 3 and 4 correspond to mixed solu-
tions of CdTe quantum dots and HSA. In optical 
absorption spectrum of CdTe nanocrystals one 
can see clear exciton band with maximum at 2.32 
eV. Its maximum is blue shifted as compared with 
bulk CdTe crystals. A blue shift with respect to 
the absorption peak of bulk crystals is due to the 
confinement effect. The correlation between the 
bandgap and the radius of semiconductor nano-
crystals was given by Brus [11,12] in the follow-
ing equation: 

                                                                         (1)

where E (r) corresponds to the nanoparticles en-

ergy bandgap, bulk
gE  is the bulk semiconductor 

energy bandgap, r is the crystallite radius, *
em  is 

the electron effective mass, *
hm  is the hole effec-

tive mass, e and P is the dielectric constant and 
polarization term, respectively. By neglecting 
small  polarization  term  and  using values of  

*
em ,  *

hm ,  ε  for bulk CdTe, the experimental 

value of E (r) - bulk
gE  = 0.83 eV an average ra-

dius of the studied  CdTe  nanoparticles was  es-
timated  as  r ≈1.4 nm. 

As shown in Fig. 2 (curves 3 and 4), an ad-
dition of HSA to colloidal CdTe nanoparticles 
leads to a gradual decrease of optical density and 
broadening of exciton structure. However, energy 
position of the exciton band in this case remains 
not shifted. The obtained results indicate that the 
binding process between quantum dots and pro-
tein molecules may change the conformation of 
HSA.
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Fig. 2. Optical density as function of photon energy 
for solution of colloidal QDs CdTe with average size 
of 2,9 nm and HSA (curve 1 corresponds to CdTe 
QDs only, 2 corresponds to HSA solution only, 3 – 
corresponds to HSA + 1.5 x 10-3 mmol L-1 QDs, 4 – 

corresponds to HSA + 0.9 x 10-3 mmol L-1 QDs).

Photoluminescence is the process of photon 
emission as a result of the return of an electron 
in a higher energy orbital back to a lower orbital. 
A variety of the molecular interactions can result 
in quenching, including excited-state reactions, 
energy transfer, ground-state complex formation, 
and collisional quenching [11]. The mechanisms 
of quenching are usually classified as either dy-
namic quenching or static quenching. These can 
be distinguished by their varying dependence on 
temperature or by luminescence lifetime mea-
surements. The dynamic quenching depends on 
diffusion, since higher temperature results in 
larger diffusion coefficients. For this reason, the 
quenching constants are expected to increase with 
increasing temperature. In contrast, increased 
temperature is likely to result in decreased stabil-
ity of complexes, and, therefore, lower values of 
the static quenching constants [13]. Fig. 3 shows 
photoluminescence spectra of colloidal CdTe 
nanoparticles (curve 1), HAS (curve 5) and their 
solutions (curve 2-4). Main finding from these ex-
periments is so-colled quenching effect. The pho-
toluminescence intensity of HSA progressively 
decreases with the increasing concentration of 
CdTe quantum dots. The fluorescence quenching 
mechanism can be analyzed quantitatively at dif-
ferent temperatures (293, 303 and 309 K) with the 
Stern–Volmer equation [14]: 

                      (2)

where F0 and F are the fluorescence intensities be-
fore and after the addition of the quencher, Kq is 
the quenching rate constant of the bimolecular, τ0 
is the average lifetime of the fluorophore without 
quencher, KSV and [Q] are the Stern–Volmer dy-
namic quenching constant and the concentration 
of the quencher, respectively.
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Fig. 3. Photoluminescence spectra of CdTe QDs 
(2,9 nm) in HSA (curve 1 corresponds to CdTe 

QDs only, 2 corresponds to HSA + 1.5 x 10-3 mmol 
L-1 QDs, 3 – corresponds to HSA + 0.9 x 10-3 mmol 
L-1 QDs, 4 – corresponds to HSA + 0.6 x 10-3 mmol 

L-1 QDs, 5 - corresponds to HSA solution only).

Fig. 4 shows the Stern–Volmer plots of F0/F 
versus [Q] at three different temperatures. The 
quenching constants decrease with increasing 
temperatures, which indicates that the quenching 
mechanism mainly arises from static quenching 
[15]. As such, a ground state complex is formed 
between HSA and CdTe QDs that leads to fluores-
cence quenching. 

The quenching ratio (F/F0) of the HSA pho-
toluminescence with different average radius of 
CdTe nanoparticles is shown in Fig. 5. For equal 
concentrations of nanoparticles in solutions with 
HSA the intensities of photoluminescence slowly 
decrease with an increase of size of quantum dots. 
These results indicated that the quenchіng effect 
of HSA on CdTe quantum dots photolumines-
cence depended on their sizes. 
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temperatures.
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Fig. 5. The Stern–Volmer plots for HSA photolu-
minescence quenching by different average size of 

CdTe QDs at 293 K.

The quenchіng constants Kq of nanoparticles 
CdTe with average radius 2.8nm, 2.9 nm and 3.1 
nm for HSA were calculated to be 2.12×1013 , 
2.14×1013and 2.28×1013 L mol−1 s−1, respective-
ly. According to the lіterature [16,17], for dy-
namic quenching, the maximum scatter collision 
quenching constant of various quenchers with the 
biopolymer is 2.0×1010 L mol−1 s−1. Considering 
that in our experiment the rate constants of the 
HSA quenching procedure initiated by nanoparti-
cles were much greater than 2.0×1010 L mol−1 s−1, 
it can be concluded that the nature of quenchіng 
is not dynamic but probably static, resulting in 
forming QDs–HSA complexes.

4. Conclusions

In summary, three different CdTe QDs with 
average radiuses of 2.8 nm, 2.9 nm and 3.1 nm 
were obtained and their interactions with HSA 
were investigated. The addition of HSA to col-
loidal CdTe QDs leads to a gradual decrease of 
optical density and broadening of exciton struc-
ture. Photoluminescence spectroscopy provides 
qualitative and quantitative information about the 
interaction between QDs and HSA. Our results 
showed that the intrinsic fluorescence of HSA 
was quenched through static quenching mecha-
nism. The quenching constants and the number of 
binding sites increase with increasing of average 
size of QDs.

References

[1] K. S. Krishna, Y. Li, S. Li, C. S. S. R. 
Kumar, Lab-on-a-chip synthesis of 
inorganic nanomaterials and quantum 
dots for biomedical applications // 
Advanced Drug Delivery Reviews, 65, 
pp. 1470–1495 (2013)

[2] I. Fenoglio, B. Fubini, E. M. Ghibaudi, 
F. Turci, Multiple aspects of the 
interaction of biomacromolecules with 
inorganic surfaces // Advanced Drug 
Delivery Reviews, 63,  pp. 1186–1209 
(2011).

[3] J. B. Blanco-Canosa, M. Wu, K. 
Susumu, E. Petryayeva, T. L. Jennings, 
P. E. Dawson, W. R. Algar, I. L. Medintz, 
Recent progress in the bioconjugation 
of quantum dots // Coordination 
Chemistry Reviews, 263– 264, pp. 
101– 137 (2014).

[4] L.W. Shao, C.Q. Dong, F.M. Sang, H.F. 
Qian, J.C. Ren, Studies on Interaction 
of CdTe Quantum Dots with Bovine 
Serum Albumin Using Fluorescence 
Correlation Spectroscopy // J. Fluoresc., 
19, pp. 151–157 (2009).

[5] Q. Xiao, S. Huang, Z.D. Qi, B. Zhou, 
Z.K. He, Y. Liu, Conformation, 
thermodynamics and stoichiometry 
of HSA adsorbed to colloidal CdSe/



I. Д. Столярчук, A. Й. Савчук, Р. Войнаровська, Я. Політ Персоналії до  80-річчя з Дня Народження Академіка РАН ЮРІЯ ВАСИЛЬОВИЧА ГУЛЯЄВА

46 47

ZnS quantum dots // BBA-Proteins 
Proteome, 1784, pp. 1020–1027 (2008).

[6] Q. Xiao, S. Huang, W. Su, P. Li, J. 
Ma, F. Luo and Y. Liu, Systematically 
investigations of conformation and 
thermodynamics of HSA adsorbed to 
different sizes of CdTe quantum dots // 
Colloids and Surfaces B: Biointerfaces, 
102, pp. 76 - 81 (2013).

[7] D. Wu, Z. Chen and X. Liu, Study 
of the interaction between bovine 
serum albumin and ZnS quantum 
dots with spectroscopic techniques // 
Spectrochimica Acta part A: Molecular 
and Biomolecular Spectroscopy, 84, pp. 
178- 183 (2011).

[8] J. Hemmateenejad and S. Yousefinejad, 
Interaction study of human serum 
albumin and ZnS nanoparticles 
using fluorescence spectrometry  // J. 
Molecular Structure, 1037, pp. 317- 322 
(2013).

[9] E. A. Bhogale, N. Patel, J. Mariam, 
P.M. Dongre, A. Miotello, D.C. 
Kothari, Systematic investigation 
on the interaction of bovine serum 
albumin with ZnO nanoparticles using 
fluorescence spectroscopy // Colloids 
and Surfaces B: Biointerfaces, 102, pp. 
257–264 (2013).

[10] Korbytyak D.V., Kalytchuk 
S.M., Geru I.I., Colloidal CdTE and 
CdSe quantum dots: Technology of 
preparing and optical properties// 
J.Nanoelectronics and optoelectronics, 
4(1), pp. 1-6 (2009).

[11] Y.J. Hu, Y. Liu, L.X. Zhang, R.M. Zhao, 
S.S. Qu, Studies of interaction between 

colchicine and bovine serum albumin 
by fluorescence quenching method // J. 
Mol. Struct., 750, pp. 174–178 (2005).

[12] L. E. Brus, Electronic wave functions 
in semiconductor clusters: experiment 
and theory // J. Phys. Chem., 90 (12), 
pp. 2555-2560 (1986).

[13] M. G. Bawendi, M. I. Steigerwald, 
L. E. Brus, The Quantum Mechanics 
of Larger Semiconductor Clusters 
(“Quantum Dots”) // Annual Review 
of Physical Chemistry, 41, pp. 477-496 
(1990). 

[14] J.R. Lakowicz, Principles of 
fluorescence spectroscopy, (3rd ed., 
Springer SciencetBusiness Media, New 
York, 2006), p. 277.

[15] J. N. Tian, J.Q. Liu, W.Y. He, Z.D. 
Hu, X.J. Yao, X.G. Chen, Probing 
the binding of scutellarin to human 
serum albumin by circular dichroism, 
Fluorescence Spectroscopy, FTIR, 
and Molecular Modeling Method // 
Biomacromolecules, 5, pp. 1956–1961 
(2004).

[16] J.B. Xiao, X.Q. Chen, X.Y. Jiang, 
M. Hilczer, M. Tachiya, Probing the 
interaction of trans-resveratrol with 
bovine serum albumin: a fluorescence 
quenching study with Tachiya model // 
J. Fluoresc., 18, pp. 671–678 (2008). 

[17] H. Cao, D.H. Wu, H.X. Wang, 
M. Xu, Effect of the glycosylation of 
flavonoids on interaction with protein // 
Spectrochimica Acta part A: Molecular 
and Biomolecular Spectroscopy, 73, 
pp.972–975 (2009).

Стаття надійшла до редакції 13.07.2015 р.


