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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 
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ous solution of gelatin. In NCs with a radius of 1.8 nm only long-wavelength 

(970 3&#3 #3):0'6);
max
)<)=>?) 7):!&)"4&3$/35@):60#6) 0&)3AB(!0 35)4%) '63)

&9$.!#3) 53.3#'&C) D )+,&) ".) (!$13$) &023) *EC=)  7-@) '63) #" '$049'0" ) ".) '63) $3-

combination with the participation of the surface defects decreases. There is a 

redistribution of recombination channels to the advantage of recombination of 
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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 
G9"$3&#3 ')7!$H3$&)."$)40"#6370#!()! 5)40"7350-
cal applications. Compared to traditional organic 
phosphors nanocrystals have a high absorption 
#"3.F#03 '@)6016)4$016' 3&&)! 5)6016)B6"'"&'!40(-
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, 
4%) #"(("05!() #6370&'$%) *4%) &"(I13() '3#6 "("1%-)
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]. 

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
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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 
!.'3$)B"(%73$02!'0" ) $3&9(') 0 )F(7&) '6!') !$3) &9.-
F#03 '(%) '$! &B!$3 ') ! 5) 59$!4(3C) K":3/3$@) '63)
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 
#6!$13@):60#6)#! )&01 0F#! '(%)!..3#')'63)!5&"$B-
tion interaction with the surface of particles dis-
persed in it. 

From the foregoing, it is of interest to obtain 
! 5)&'95%) '63)#!57097)&9(F53) ! "#$%&'!(&)"4-
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 
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2
 the salt sulfur — Na

2
S solution was inject-

ed under continuous stiring. Molar concentration 

of cadmium salt was 0.025 M and the concen-
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a result of exchange chemical reaction between 

these compounds. The process was carried out at 
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applied to a glass substrate and polymerized by 

'63)5$%0 1)!0$)'37B3$!'9$3)".)E=)R)VT,C)W$"59#35)

&!7B(3&)#"$$3&B" 5)'")'63)F(7):0'6)'60#H 3&&)=IS?)

microns with nanocrystals of cadmium sulfide 

dispersed in a gelatin matrix. The thickness of the 

F(7)53B3 535)" )'63)!7"9 ')".)53B"&0'35)7!'3$0!()

and the surface tension of the solution. 

For spectroscopic studies of quantum dots 

".)#!57097)&9(F53)*(016')'$! &70&&0" @)(970 3I

&#3 #3-)9&35)!)&B3#'$"73'3$).!#0(0'% 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 µJ, 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

P63)!/3$!13)$!500)".)#!57097)&9(F53)

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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 — is the reduced mass of the elec- is the reduced mass of the elec-

tron and hole. 

This implies the law by which the energy of 

'63)F$&')"B'0#!()'$! &0'0" )*3..3#'0/3)4! 5)1!B-)0 -

creases with  the decreasing  radius   of the nano-

paticles.

The values of the constants used in the calcula-

tions are given by Z
g
)<)V@=)[\)[18], 

e
$ <)?@V?= -$  

] h$ <)?@^ -$  [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
2
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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 



52

affect the absorption of NC. It is noticeable that 

'63)'$! &B!$3 #%)".)'63)':")&!7B(3&)!$3)&01 0F-

cantly different, and the beginnign of the absorp-

tion is shifted to short-wavelength region com-

pared with the absorption spectrum of a cadmium 

&9(F53)49(H)#$%&'!(C)`##"$50 1)'")389!'0" )*S-@)

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 

+,)S@>)R?CS) 7@)! 5)'63)&!7B(3) 9743$)V)I)E@=)R)

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 
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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 

'630$) &023) 593) '") '63) 0 G93 #3) ".) &'3$0#) .!#'"$&C 

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 

3A!7B(3@)'63)G9"$3&#3 ')#6!$!#'3$0&'0#&)".)+UC)
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defects on the photoluminescence characteristics 

of NC various sizes. Fig. 2. shows the lumines-. Fig. 2. shows the lumines-
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different powers of the exciting light P, MW: 26.6 
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sion intensity increases with increasing power, but 

regardless of its size nanocrystals have one broad 

4! 5):0'6)!)7!A0797);
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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-

70 3&#3 #3)4! 5&)'6!')!$3)("#!'35)!');
max
)<)=>?@)

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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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 

4! 5):0'6);
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which is due to the exciton luminescence [25].
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Fig. 3. Luminescence spectrums of NC CdS (sample 

n)V-)!')/!$0"9&)3A#0'!'0" )B":3$@)7o'h)Sk@=)*S-X)Vp@?)

*V-X)EV@?)*E-X)QV@?)*Q-X)Q=@?)*=-X)Vp@p)*p-C

The presence of such a band indicates the com-

petitive advantage of the recombination channel, 

which is associated with the recombination in the 

#!57097)&9(F53) ! "#$%&'!(&)/"(973C

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: 

;
max
)<)=>?@)p^?)! 5)^=?) 7C)P63)53B3 53 #3)".)

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-
:!/3(3 1'6) (016'):0'6) ;

max
<) =>?)  7@) #!9&35) 4%)

one type of surface defects. Such NC do not ex-
hibit band-band or exciton luminescence. In NC 
".) (!$13$) &023) *EC=)  7-@) '63) #" '$049'0" ) ".) &9$-
face recombination is reduced, and the presence 
".)&6"$'I:!/3(3 1'6)4! 5);

max 
)<)Q>?) 7)537" -

strates that the dominating recombination channel 
is due to nonequilibrium carriers in the volume of  
 ! "#$%&'!(&)".)#!57097)&9(F53C

References

1. Bruchez M, Moronne M, Gin P, We-

iss  S, Alivisatos A. P. Semiconductor 

 ! "I#$%&'!(&) !&) G9"$3&#3 ') 40"("10#!()

labels // #86/&8/ — 1998. — Vol. 281, 

n)=E>=C)N)r. 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  //  1(' !96-'/85&-2. — 2004. 

— Vol. 22, n)>C)N)r. 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 //  

#86/&8/!:!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 `5/! #3&) 0 ) G9"$3&#3 #3)

imaging with quantum dot bio-probes // 

96-$('/;6(24 — 2006. — Vol. V^@)n)9. 

— P. 1679–1687. 

5. J. M. Klostranec, W.C.W. Chan. Quan-

tum Dots in Biological and Biomedical 

Research:Recent Progress and Present 



54

Challenges // "<0(&8/<! +('/;6(24 — 

V??pC)s"(C)S>@)n)S=C)N)WC)Sk=EISkpQC

6. Parvesh Sharma, Scott Brown, Glenn 

Walter, Swadeshmukul Santra, Brij 

Moudgil. Nanoparticles for bioimag-

ing // "<0(&8/4!6&!=-22-6<!(&<!>&'/;?(8/!

#86/&8/ — 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 — // 1(&-'/85&-2-7%)!96-2-7%)!(&<!

+/<686&/ — 2011. — Vol. 7. — P. 385–

402.

8. A. Henglein. Photochemistry of colloidal 

#!57097)&9(F53)tt)@ !A5%4 !=5/$  1999. 

— V. 86. — P. 2291-2299. 

9. L. E. Brus. A simple model for the ion-L. E. Brus. A simple model for the ion-

02!'0" ) B"'3 '0!(@) 3(3#'$" ) !.F 0'%@) ! 5)

aqueous redox potentials of small semi-

conductor crystallites // @ !=5/$ !A5%4. 

— 1999. — Vol. 79. — P. 5566-5571.

10. L. Brus. Electronic wave functions in 

semiconductor clusters: experiment and 

theory  // @ !A5%4 !=5/$. 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- Properties of CdS/HgS Quan-Properties of CdS/HgS Quan- of CdS/HgS Quan-of CdS/HgS Quan- CdS/HgS Quan-CdS/HgS Quan-/HgS Quan-HgS Quan- Quan-Quan-

tum Dots // @ !A5%4 !=5/$. — 1997. — 

Vol. 101. — P. 1621-1625. 

12. C. B. Murray, D. J. Noris, M. G. Bawen-

di. Synthesis and charac-terization of 

 3!$(%)7" "50&B3$&3) ,5g) *g) <) &9(.9$@)

&3(3 097@)'3((9$097-)&370#" 59#'"$) !I

nocrystallites // @ ! "$ ! =5/$ ! #-8  — 

1999. — V. 115. — P. 8706- 8715. 

13. Lubomir Spanhel, Markus Haase, Horst 

Weller, and Arnim Henglein. Photo-

chemistry of Colloidal Semiconductors. 

V?C) _9$.!#3)O"50F#!'0" ) ! 5) _'!40(0'%)

of Strong Luminescing CdS Particles // 

@ !"$ !=5/$ !#-8. — 1987. — Vol. 109. 

— P. 5649-5655. 

14. A. Eychmuller. Structure and Photo-Eychmuller. Structure and Photo- Structure and Photo-

physics of Semiconductor Nanocrys-

tals. // J !A5%4 !=5/$., B. — 2000. — 

Vol. 104. — P. 6514-6528.

S=C) uC) vwexmy. BCDEFG! ! HDIDJEKHFLCMN

ODJD!PEDQCMK. — l.: z]m]{C 1999. — 

672 c. 

SpC)|}~by)��C)lC@)|}~by)�C)lC)�ew�bdI)��C)lC@)|}~by)�C)lC)�ew�bdI)|}~by)�C)lC)�ew�bd-

dbe) �b��b�ed]e) y�ec�) �) �b���~b�b-

fd]�b�bm)��~e. — RFS ! F! ICTU ! PDN

VWPEDXDYUFODX ! ! // — SkkkC)N)uC) Sp@)

n))^C)N)UC)SV?kISVSQC

S^C) ���]�) �C) rC@) ��de�) \C) �C@) l]y]-

��)�C)�CC) ��c]�ey�]e) mecbf�) b�~eI��c]�ey�]e) mecbf�) b�~e-

fe�ed]{)��~�mec~b�)d�db�~]yc���b�)

�) ����]d���me~d��) �b���~b�bfd]-

�b���) yc~��c�~�� // ZOEKFUMOF[! HFN

SFLCMOF[! \WEUKV. — SkkpC)N)uC) QS@)

n))SSISVC)N UC)S?^=IS?>SC

18. Madelung O., Martienssen,W., EdsX 

Landolt — Bornstein. 13$/;68(2! <('(!

(&<! ?3&8'6-&(2! ;/2('6-&456]4! 6&! 486/&8/!

(&<! '/85N&-2-7%. Springer — Verlag: 

Berlin. — 1998. —  Vol. III — 17b. — 

rC)Spp-194.

SkC) \C) �C) ���~]�ed�b@) vC) \C) �b~��c{�@)

\C) �C) l]cb��ed�bC)^PIFLCMOFC! MXD[N

MIXK! PDVWPEDXDYUFODX ! _PEKXDLUFO. 

N)����b��)f�m��@)SkkkC)N)p?>)c.

V?C) \b~bd�b��)�C) �C@) �����]d) �C) \C@)

U�b�ee��)\C)�C@)Um�dc�d�)\C)�C)��-

c]�ey�]e) ]) ��m]dey�edcd�e) y�bx-

yc��) d�db�~]yc���b�) y���}]f�) ��f-

m]{)// RDID`VCOIEDUFOK !— 2002. — 

n)S1. N)UC 104-106.

21. \C) �C) Um]dc]d�@) \C) �C) U�b�����@)

�C)\C)�����]dC)\��]�)�~�d]��)~b�-

f���) da) b�c]�d�) c�) ��m�dey�edcd�)

���yc]�byc�) ���dcb�]�) cb�b�) y���}�-

f�) ��fm��) �) �b��me~�) tt)RaSFOK! a! TaN

baG!IXCEYDJD!IaVK )N)V?SSC)N)uC)SVC)

n))VC)I)

22. Abhijit Mandal, Jony Saha, Goutam De 

Stable CdS QDs with intense broadband 

photoluminescence and high  quantum 

yields  // c]'68(2!+('/;6(24 !— 2011. — 

Vol. 34. — P. 6–11

23. S. R. Cordero, P. J. Carson, R. A.Esta-

brook, G. F. Strouse, and Buratto. Pho-



55

UDC 621.315.539 

* !" !#$%&'%&()!* !+ !#,-.//0()!1 !* !+(23456&

INFLUENCE  OF THE SURFACE ON THE SPECTRUM OF LUMINESCENCE NC CdS 

IN GELATINE MATRIX

Abstract 

P63)"B'0#!()!4&"$B'0" )! 5)(970 3&#3 #3)".) ! "#$%&'!(&)*+,&-),5_)50..3$3 ')&023&)"4'!0 35)4%)

colloidal chemistry in an aqueous solution of gelatin investigated. In NCs with a radius of 1.8 nm was 

"4&3$/35)" (%):0'6)(" 1I:!/3(3 1'6)(970 3&#3 #3);
max
)<)=>?) 7)593)'")&9$.!#3)53.3#'&C)D )+,&)(!$13$)

*EC=) 7-@)'63)#" '$049'0" )".)&9$.!#3)$3#"740 !'0" )53#$3!&3&@)'63$3)0&)!)$350&'$049'0" )".)$3#"740 !'0" )

#6!  3(&C)�3#"740 !'0" )".) " 3890(04$097)#!$$03$&)0 )'63)/"(973)".)#!57097)&9(F53) ! "#$%&'!(&))0&)

primary and their luminescence spectra contains   intensive exciton  band.

Keywords: nanocrystals CdS, absorption, luminescence

�v�)pVSCE^>CE=

d !e !_bFUIFUK)!d !f !_ODghhXK)!f !d !fKVWiFU

 !"# $!% &'()*$)+$,!&-.'$"/0*)&,1&)1*2$)-$CDS$ $3&"+.#)% *4$
0+.'#1*

+56789:;
vby��fw����by{)b�c]�de)�b��]d�dd{)�)��m�dey�ed��{)d�db�~]yc����)*��-),5_)~��db�b)~b�I,5_)~��db�b)~b�I)~��db�b)~b�-

m�~�@)bc~]m�d]�)mecbfbm)�b�b�fdb�)��m��)�)�bfdbm�)~b��]d�)we��c]d]C)�)��@)�b)m��])~b�m�~)�)

~�f��ybm)S@>)dm)y�byce~����c�y{)�]�e)fb��b��]��b�e)y��c�dd{)�);
m��y

)<)=>?)dm@){�e)b��mb��ede)

�b�e~�de�]m])fe}e�c�m]C)�)��)�����b�b)~b�m�~�)*E@=)dm-)����f)~e�bm��d����)��)���yc�)�b-

�e~�de�]�)fe}e�c��)�med���c�y{@)��f�����c�y{)�e~e~b��bf��)��d����)~e�bm��d����)d�)�b~]yc�)

~e�bm��d����)de~��db��wd]�)dby���)�)b�Y�m�)d�db�~]yc����)�)y�e�c~�)��)��m�dey�ed���)~e�yc~�I)�)y�e�c~�)��)��m�dey�ed���)~e�yc~�-

�c�y{)�dcedy]�d�)ym���)�]�~bm�d���dd{)e�y]cbd�C

-<=>6?:$@<6?8h)d�db�~]yc��]),5_@)�b��]d�dd{@)��m�dey�ed��{

to-Activated Luminescence of Quantum 

Dot Monolayers // @ A5%4 =5/$ !9. — 

2000. — Vol. 104. — P. 12137-12142.

24 C. Ricollean, I. Vasilevsky, M. I. M. 

Gomes. Microstructure and Photolumi-

nescence of CdS — Doped Silica Films 

Gown by RF Magneton Sputtering // 

A5%4 !4'(' !4-2 !j.k!: 2002. — Vol. 232. 

N)nCSC)N)WC)QQIQkC

25. N. V. Bondar, M. S. Brodyn Evolution 

of excitonic states in two-phase systems 

with quantum dots of II–VI semicon-

ductors near the percolation threshold 

// A5%468(! l. — 2010. — Vol. 42. — 

P. 1549–1554.



56

�v�)pVSCE^>CE=

d !e !_bmUImUK)!d !f !_ODgCCXK)!n !d !fKVWiFU

 "#A)#&$!% &'()%,.#$)+$,!&-.'$"/0#)&,1&)1##$)-$CDSB$ $
3&"+.#)% %4$0+.'#1&

+556789C;
�yy�efb���by�) b�c]�ey�be) �b��b�ed]e) ]) ��m]dey�ed�]{) d�db�~]yc���b�) *��-),5_) ~��-

db�b)~��me~�@)�b���edd��)mecbfbm)�b��b]fdbx)�]m]])�)�bfdbm)~�yc�b~e)we��c]d�C)\)��)y)

~�f]�ybm)S@>)dm)d����f�ecy{)cb���b)f�]ddb�b�db�be)y�e�ed]e)y);
m��y

)<)=>?)dm@)b��y�b��eddbe)

�b�e~�dbycd�m])fe}e�c�m]C)\)��)�b���e�b)~��me~�)*E@=)dm-)����f)~e�bm�]d��]])y)���yc]em)

�b�e~�dbycd��)fe}e�cb�)�med���ecy{@)�~b]y�bf]c)�e~e~�y�~efe�ed]e)��d��b�)~e�bm�]d��]])

�)�b����)~e�bm�]d��]])de~��db�eyd��)dby]ce�ex)�)b��eme)d�db�~]yc���b�)y���}]f�)��fm]{)])

y�e�c~e)]�)��m]dey�ed�]])~e�]yc~]~�ecy{)]dcedy]�d�{)[�y]cbdd�{)�b�by�)y�e�ed]{C

-<=>D?ED$@<6?8h)d�db�~]yc��]),5_@)�b��b�ed]e@)��m]dey�ed�]{


