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INFLUENCE OF THE SURFACE ON THE SPECTRUM OF
LUMINESCENCE OF CdS NANOCRYSTALS IN GELATINE MATRIXS

This paper investigates the optical absorption and luminescence of CdS
nanocrystals (NCs) of varying size obtained by colloidal chemistry in an aque-
ous solution of gelatin. In NCs with a radius of 1.8 nm only long-wavelength
luminescence with A = 580 nm was observed, which is explained by the
surface defects. In NCs of larger size (3.5 nm), the contribution of the re-
combination with the participation of the surface defects decreases. There is a
redistribution of recombination channels to the advantage of recombination of
nonequilibrium carriers in the volume of cadmium sulfide nanocrystals, which
in that case exhibit intensive exciton band in their luminescence spectra.

1. INTRODUCTION

Phosphors based on semiconductor nanocrys-
tals are promising functional materials for use as
fluorescent markers for biochemical and biomedi-
cal applications. Compared to traditional organic
phosphors nanocrystals have a high absorption
coefficient, high brightness and high photostabil-
ity of radiation [1-7].

Practical application of nanocrystalline semi-
conductor compounds is made possible by the de-
velopment of new technologies that will produce
nanosystems in a “wet” chemistry - for example,
by colloidal chemistry (by sol-gel technology)
through a series of simple chemical reactions in
solution of the reagents in the presence of stabi-
lizers. The stabilizer prevents the coagulation of
particles and their further growth. Colloid-chemi-
cal synthesis of nanoparticles is affected by a large
number of factors, including the concentration of
the starting materials, the type and concentration
of the stabilizer, temperature, pH of the solution,
kinetics of the chemical reactions.

The most commonly used stabilizers include
organic compounds such as polyphosphates [8-
11], trioctylphosphine oxide [12] and thiols [13].
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Characteristics of semiconductor materials ob-
tained in the above stabilizers are given in [14].
The choice of the stabilizer is determined by
many factors. The main factor is its ability to pre-
vent the coagulation of the particles, preventing
their further growth. This property is determined
by the mechanism of interaction of the stabilizer
with the surface of the particles. Adsorption of the
molecular groups of the stabilizer on the surface
of the nanocrystal leads to the passivation of the
surface states that changes the surface potential
and decreases the concentration of non-radiative
recombination centers. It should be noted that or-
ganic compounds are often toxic substances, and
the synthesis requires a high temperature and spe-
cial safety precautions.

In this regard, a topical and emerging technol-
ogies nanoparticles are those that use eco-friendly
and non-toxic materials.

From this point of view, a suitable stabilizer
may be, well-established in the production of
photographic materials, natural polymer — gela-
tin [15]. Gelatin is a high-molecular compound,
elementary unit of which is presented in the iso-
electronic state as H,N-R -COOH, consisting
of amino (H,N), carboxyl (COOH), polar and
non-polar basic and acidic groups (R)). Gelatin



is a good medium for the dispersion of nano -
and microparticles. Solution containing ions of
the metal and chalcogen quickly penetrate into
gelatin. Gelatin solutions can form gels, which
after polymerization result in films that are suf-
ficiently transparent and durable. However, the
distinctive features of gelatin are not limited to
colloid protective functions. Thanks to their acid-
base properties of gelatin can take a positive or
negative charge. For example, with increasing
of pH solution COOH groups dissociate into H*
and COO" gelatin molecule acquires a negative
charge, which can significantly affect the adsorp-
tion interaction with the surface of particles dis-
persed in it.

From the foregoing, it is of interest to obtain
and study the cadmium sulfide nanocrystals ob-
tained by sol-gel technology using gelatin solu-
tion as a stabilizing agent, and to explore the ef-
fect of size on the NC luminescence spectra.

2. MATERIALS AND FLUORESCENCE
MEASUREMENTS

Investigated NC CdS were synthesized by col-
loidal chemistry. In aqueous solution of gelatin
(5%) containing a solution of cadmium salt - Cd
(NO,), the salt sulfur — Na_S solution was inject-
ed under continuous stiring. Molar concentration
of cadmium salt was 0.025 M and the concen-
tration of sodium sulfide — 0.05 M and 0.5 M.
The synthesis of cadmium sulfide happened as
a result of exchange chemical reaction between
these compounds. The process was carried out at
40 £ 1°C. Colloidal solution of the product was
applied to a glass substrate and polymerized by
the drying air temperature of 35 + 2°C. Produced
samples correspond to the film with thickness 5-10
microns with nanocrystals of cadmium sulfide
dispersed in a gelatin matrix. The thickness of the
film depended on the amount of deposited material
and the surface tension of the solution.

For spectroscopic studies of quantum dots
of cadmium sulfide (light transmission, lumine-
scence) used a spectrometer facility KSVU — 12,
based on an MDR — 12 with a resolution at a
wavelength of 600 nm 0.1nm.

Luminescence was excited by the solid-state
samples pulsed laser with the following speci-
fications: maximum average power of 5 mW,

pulse duration at 1 kHz ~ 1 ns, pulse energy at 1
kHz ~ 20 pJ, the emission wavelength of 355 nm.
The luminescence was registered with the detector
PMT-106, which has a maximum spectral sensitiv-
ity in the range of 400-440 nm.

3. DETERMINATION OF THE SIZE OF
CdS NC

The average radii of cadmium sulfide
nanoparticles were estimated using optical ab-
sorption spectra of colloidal solutions of these
nanoparticles.

Interband absorption of nanoparticles has a
spherical shape and the absorption spectrum is
given by a series of discrete lines [15,17]. The
threshold value is given by
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where E, — band gap of the bulk crystal;
a — the average radius of the nanocrystal;
i — Planck’s constant;
= MM s the reduced mass of the elec-
m, + my
tron and hole.

This implies the law by which the energy of
the first optical transition (effective band gap) in-
creases with the decreasing radius of the nano-
paticles.

The values of the constants used in the calcula-
tions are given by E ,=255B[18], m,=0,205m,
um,=0,7m, [19].

4. RESULTS AND DISCUSSION

Fig. 1. shows the spectral dependence of the
optical density of the quantum dots for the two
samples grown under the same conditions, at dif-
ferent ratio of cadmium salts and sulfur. Sample
number 1 corresponded to a lower concentration
Na,S (0,05M) and number 2 to the larger (0.5 M).
Curve 1 in this figure corresponds to the absorp-
tion of an aqueous solution of gelatin. It can be
seen that the spectrum of the gelatin is almost
transparent and its absorption spectrum does not
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affect the absorption of NC. It is noticeable that
the transparency of the two samples are signifi-
cantly different, and the beginnign of the absorp-
tion is shifted to short-wavelength region com-
pared with the absorption spectrum of a cadmium
sulfide bulk crystal. According to equation (1),
such behavior is characteristic for nanoscale ob-
jects and corresponds to the presence of quantum -
size effect. Magnitude of the shift of the spectrum
with respect to the bulk crystal of nanocrystals de-
pends on the size of the nanocrystals. We estimate
that the sample number 1 has an average radius
NC 1,8 £0.1 nm, and the sample number 2 - 3,5 +
0,1 nm. This clearly shows the dependence of the
QD size on the reagent concentrations.
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Fig. 1. Absorption spectrums of gelatinous solution
(1) and NC of sulfide of cadmium samples: N 1 (2);
N2 (3).

Note that in nanocrystals ratio of surface
area to volume of the nanocrystal varies con-
siderably depending on their radius, therefore,
changes and number of non-compensated va-
lence atoms leaving the surface. Moreover,
the interaction of the gelatin molecules with
the surface of the nanocrystals can depend on
their size due to the influence of steric factors.
Thus, there is every reason to expect the effect of
surface defects on the properties that are sensitive
to surface recombination of charge carriers, for
example, the fluorescent characteristics of NC.
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Let us discuss the influence of the surface
defects on the photoluminescence characteristics
of NC various sizes. Fig. 2. shows the lumines-
cence spectra of CdS QDs (sample number 1) for
different powers of the exciting light P, MW: 26.6
(1) 19.5 (2) 45.0 (3). It can be seen that the emis-
sion intensity increases with increasing power, but
regardless of its size nanocrystals have one broad
band with a maximum A_ = 580 nm. The nature
of this band is associated with deep centers and
radiation appears in the nanocrystals with a high
density of defects, including surface [20-22] and
this luminescence is called “defective.” It should
be noted that the localization of the maxima of the
luminescence bands on deep centers depends on
the nature of the defects, that is to the energy of
ionization. According to our observations [20,21]
and the analysis of references [23,24], the long-
wavelength region of the spectrum has three lu-
minescence bands that are located at A, = 580,
670 and 750 nm. The contour of the luminescence
bands observed by different authors depends on
the technology of the nanocrystals and consists
of either one elementary band or emission band
formed from the total contribution of the few

bands.
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Fig. 2. Luminescence spectrums of NC CdS (sample
Ne 1) at various excitation power, mWt: 26,6 (1) 19,5
(2); 45,0 (3).



Thus, in our case in the sample N 1 we reg-
ister «defective» emission band and do not ob-
served radiation with energies close to the forbid-
den band, which is a sign of the dominant role of
the luminescence associated with surface defects.
The fact that the position of the maximum emis-
sion of these samples is independent of the excita-
tion power is indirect evidence of the radiative re-
combination that is caused by one type of defect.

In contrast, in the spectra of the sample num-
ber 2, along with the long-wave radiation, there
is a narrow and short-wavelength luminescence
band with A_ = 480 nm (Fig. 3), the nature of
which is due to the exciton luminescence [25].

700 800 900

A, EM

Fig. 3. Luminescence spectrums of NC CdS (sample
Ne 2) at various excitation power, mWt: 19,5 (1); 26,0
(2); 32,0 (3); 42,0 (4); 45,0 (5); 26,6 (6).

The presence of such a band indicates the com-
petitive advantage of the recombination channel,
which is associated with the recombination in the
cadmium sulfide nanocrystals volume.

It was found that intensity and contour defect
luminescence emission of the sample N 2 depend
on the power. Thus, the intensity of the bands in-
creases with increasing excitation power lumines-
cence from 19.5 mW to 42 mW, and the ratio of
the intensities of the bands that form the total loop
«defect» luminescence changes with power. Due
to the latter fact there is a possibility of observing
the longer wavelengths of several luminescence
bands with peaks localized in the wavelength:
A = 380, 670 and 750 nm. The dependence of

the contour on the power of the excitation lumi-
nescence is likely to be due to the different pa-
rameters of emission centers, and may be the sub-
ject of further research.

Conclusion

In this paper we have established a novel de-
pendency of the luminescence spectrum of CdS
NC on their size that is associated with different
contribution of surface defects in NC of different
sizes. In particular the luminescence of NC with
an average radius of 1.8 nm is dominated by long-
wavelength light with A = 580 nm, caused by
one type of surface defects. Such NC do not ex-
hibit band-band or exciton luminescence. In NC
of larger size (3.5 nm), the contribution of sur-
face recombination is reduced, and the presence
of short-wavelength band A__ = 480 nm demon-
strates that the dominating recombination channel
is due to nonequilibrium carriers in the volume of
nanocrystals of cadmium sulfide.

References

1. Bruchez M, Moronne M, Gin P, We-
iss S, Alivisatos A. P. Semiconductor
nano-crystals as fluorescent biological
labels // Science — 1998. — Vol. 281,
Ne 5385. — P. 2013-2016.

2. Gao X, Cui Y, Levenson R M, Chung
LWK, Nie S. In vivo cancer targeting
and imaging with semiconductor quan-
tum dots // Nat. Biotechnol. — 2004.
— Vol. 22, Noe 8. — P. 969 — 976.

3. X. Michalet, F. F. Pinaud, L. A. Be-ntoli-
la, J. M. Tsay, S. Doose, J. J. Li, G. Sun-
daresan, A. M. Wu, S. S. Gambhir,
S. Weiss. Quantum Dots for Live Cells,
in Vivo Imaging, and Diagnostics //
Science — 2005. — Vol. 307. — P. 538
— 544,

4. Fabien Pinaud, Xavier Michalet, Lau-
rent A. Bentolila, James M. Tsay, Soren
Doose, Jack J. Li, Gopal Iyer, and Shi-
mon Weiss Advances in fluorescence
imaging with quantum dot bio-probes //
Biomaterials — 2006. — Vol. 27, Ne 9.
— P. 1679-1687.

5. J. M. Klostranec, W.C.W. Chan. Quan-
tum Dots in Biological and Biomedical
Research:Recent Progress and Present

53



54

Challenges // Advanced Materials —
2006. Vol. 18, Ne 15. — P. 1953-1964.

6. Parvesh Sharma, Scott Brown, Glenn
Walter, Swadeshmukul Santra, Brij
Moudgil. Nanoparticles for bioimag-
ing // Advances in Colloid and Interface
Science — 2006. — Vol. 123-126. —
P. 471-485.

7. Yunqing Wang, Lingxin Chen, Quantum
dots, lighting up the research and de-
velopment of nanomedicine Nanomedi-
cine — // Nanotechnology, Biology, and
Medicine — 2011. — Vol. 7. — P. 385—
402.

8. A. Henglein. Photochemistry of colloidal
cadmium sulfide // J. Phys. Chem. 1999.
— V. 86. — P. 2291-2299.

9. L. E. Brus. A simple model for the ion-
ization potential, electron affinity, and
aqueous redox potentials of small semi-
conductor crystallites // J. Chem. Phys.
— 1999. — Vol. 79. — P. 5566-5571.

10. L. Brus. Electronic wave functions in
semiconductor clusters: experiment and
theory // J. Phys. Chem. 1999. — Vol.
90. — P. 2555-2560.

11. Mews, U. Banin, A. V. Kadavanich,
A. P. Alvisators, B. Bunsenges Struk-
ture Determination and Homogeneous
Optical Properties of CdS/HgS Quan-
tum Dots // J. Phys. Chem. — 1997. —
Vol. 101. — P. 1621-1625.

12. C. B. Murray, D. J. Noris, M. G. Bawen-
di. Synthesis and charac-terization of
nearly monodisperse CdE (E = sulfur,
selenium, tellurium) semiconductor na-
nocrystallites // J. Am. Chem. Soc. —
1999. — V. 115. — P. 8706- 8715.

13. Lubomir Spanhel, Markus Haase, Horst
Weller, and Arnim Henglein. Photo-
chemistry of Colloidal Semiconductors.
20. Surface Modification and Stability
of Strong Luminescing CdS Particles //
J. Am. Chem. Soc. — 1987. — Vol. 109.
— P. 5649-5655.

14. A. Eychmuller. Structure and Photo-
physics of Semiconductor Nanocrys-

tals. // J. Phys. Chem., B. — 2000. —
Vol. 104. — P. 6514-6528.

15. T. Ixeiime. Teopus omoepaguuec-
ko2o npoyeca. — JI.: Xumus. 1999. —
672 c.

16. Ddpoc A JI., Ddpoc A. JI. Mex30H-
HOE TOIVIOUICHHE CBETa B IMOJYIPOBO-
JTHUKOBOM I1ape. — Du3z. u mexH. no-
aynpogoonukos. // — 1999. — T. 16,
Ne 7.— C. 1209-1214.

17. Kymum H. P., Kynen B. II., Jlucu-
ua M. II.. OnTuyeckne MeTOnbl OIpe-
JICJICHUsI TTapaMeTPOB HAHOKPHUCTAJUIOB
B KBa3WHYJIbMEPHBIX MOIYIPOBOIHH-
KOBBIX CTPYKTypax // Vkpaunckuii ¢hu-
suyeckutl xcypuan. — 1996. — T. 41,
Ne 11-12.— C. 1075-108]1.

18. Madelung O., Martienssen,W., Eds;
Landolt — Bornstein. Numerical data
and functional relationships in science
and tech-nology. Springer — Verlag:
Berlin. — 1998. — Vol. Il — 17b. —
P. 166-194.

19. B. U. T'aBpunienko, /1. B. KopOytsk,
B. I'. JIutoBuenko. Onmuueckue c8oti-
cmea nonynpoeooHukos. CnpagoyHux.
— HaykoBa nymxa, 1999. — 608 c.

20. Boponmoa M. M., Manymun H. B.,
Cxo0OeeBa B. M., CmeinteiHa B. A. On-
TUYCCKUE M JIIOMUHECIICHTHBIC CBOW-
CTBa HAHOKPUCTAJJIOB cyinbduaa Kai-
mus // @omosnekmponuka. — 2002. —
Ne 11. — C. 104-106.

21. B. A. Cvunatuna, B. M. Cko0OeeBa,
M. B. Manymus. Bruiu rpanuni pos-
Iy Ha ONTHYHI Ta JIFOMIHECIIEHTHI
BJIACTUBOCTI KBAaHTOBHX TOYOK CYJIb(]i-
Iy KajaMmito y nomiMepi // @isuxa i xi-
mis meepooeo mina. — 2011, — T. 12.
Ne 2. -

22. Abhijit Mandal, Jony Saha, Goutam De
Stable CdS QDs with intense broadband
photoluminescence and high quantum
yields // Optical Materials. — 2011. —
Vol. 34. — P. 6-11

23. S. R. Cordero, P. J. Carson, R. A.Esta-
brook, G. F. Strouse, and Buratto. Pho-



to-Activated Luminescence of Quantum Phys. stat. sol. (b) — 2002. — Vol. 232.

Dot Monolayers // J.Phys.Chem. B. — — Ne.1. — P. 44-49.
2000. — Vol. 104. — P. 12137-12142. 25. N. V. Bondar, M. S. Brodyn Evolution
24 C. Ricollean, 1. Vasilevsky, M. 1. M. of excitonic states in two-phase systems
Gomes. Microstructure and Photolumi- with quantum dots of II-VI semicon-
nescence of CdS — Doped Silica Films ductors near the percolation threshold
Gown by RF Magneton Sputtering // // Physica E. — 2010. — Vol. 42. —
P. 1549-1554.

UDC 621.315.539
V. A. Smyntyna, V. M. Skobeeva, N. V. Malushin

INFLUENCE OF THE SURFACE ON THE SPECTRUM OF LUMINESCENCE NC CdS
IN GELATINE MATRIX

Abstract

The optical absorption and luminescence of nanocrystals (NCs) CdS different sizes obtained by
colloidal chemistry in an aqueous solution of gelatin investigated. In NCs with a radius of 1.8 nm was
observed only with long-wavelength luminescence A = 580 nm due to surface defects. In NCs larger
(3.5 nm), the contribution of surface recombination decreases, there is a redistribution of recombination
channels. Recombination of nonequilibrium carriers in the volume of cadmium sulfide nanocrystals is
primary and their luminescence spectra contains intensive exciton band.

Keywords: nanocrystals CdS, absorption, luminescence
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B. A. Cmunmuna, B. M. Crobeesa, M. B. Manywun

BILJINB ITOBEPXHI HA CIIEKTP JIIOMIHECHEHIIIT HK CDS B JKEJATHUHOBII
MATPHUIII

AHoTauis

JlociipKyBanocs ONTHYHE MOTTMHAHHS 1 JitoMiHecteHiniss HanokpucTanis (HK) CdS pizuoro pos-
MIpy, OTPMMaHHUX METO/IOM KOJIOTAHOI XiMil y BoIHOMY po3uuHi skenatunu. Y HK, mo manu po3mip 3
pajiiycom 1,8 HM CIOCTEPIraeThCs JIUILIE TOBIOXBUILOBE CBITIHHA 3 A = 580 HM, sike 00yMOBJIeHE
nosepxHeBuMH Jiepexramu. Y HK Ouibmoro posmipy (3,5 HM) Bkiag pekoMmOiHallli 32 y4acTio Io-
BEPXHEBUX J€(PEKTIB 3MEHUIYEThCS, BIOYBAE€THCS MEPEPO3NOALT KaHANIIB peKOMOIHAIlT HAa KOPUCTh
pexoMOiHaIT HEPIBHOBAKHUX HOCIIB B 00’ €Mi HAHOKPUCTAIIB 1 CITEKTPi iX JTFOMIHECIEHIIIT peecTpy-
€THCSI IHTEHCHBHA CMYTa BUIIPOMIHIOBAHHS €KCUTOHA.

Kutouosi ciioBa: Hanokpuctanu CdS, nmorsmHaHHs, JTIOMIHECIICHITIS
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YK 621.378.35
B. A. Cuvinmoina, B. M. Crobeesa, H. B. Manywumn

BJIMAHUE ITOBEPXHOCTH HA CIIEKTP JIIOMUMHECIHHEHIIMHU HK CDS, B
JKEJIATUHOBOM MATPUIIE

AHHOTaNud

HccnenoBaiocs ontudeckoe nomiomenue u gomuHectueHnms Hanokpucramios (HK) CdS pasz-
HOTO pa3Mepa, MOyYeHHBIX METOIOM KOJJIOWIHON XMMHM B BOAHOM pacTBope skenatunbl. B HK ¢
pamycom 1,8 HM HaOMIIONAETCsA TOJNIBKO JUIMHHOBOJIHOBOE CBedeHue ¢ A = 580 HM, 00yCIIOBIEHHOE
noBepxHocTHbIMU Aedekramu. B HK Gomnbiiero pasmepa (3,5 HM) BKIIag peKOMOMHAIIMY C Y4aCTHEM
MOBEPXHOCTHBIX J1€(DeKTOB YMEHBIIIAETCS, TPOUCXOIUT MepepacipeieieHue KaHaI0B peKOMOMHAITUH
B I10JIb3y PEKOMOHMHAIIMN HEPAaBHOBECHBIX HOCUTENEH B 00beMe HAaHOKPUCTAIUIOB CyIb(pHIa KaaMHs 1
CIIEKTPE UX JIOMHUHECLEHIIMH PETUCTPUPYETCSI MHTEHCUBHASL SKCUTOHHAS TI0JI0CA CBEYCHHUS.

KuaroueBsle ciioBa: Hanokpuctanu CdS, mornoiieHue, TIOMUHECIICHITUS
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