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INFLUENCE OF NANOCRYSTALLITE SIZES ON THE ABSORPTION
SPECTRUM OF CDS NANOCRYSTALS

Recently, special attention is paid to the magnetic and semiconducting nanomaterials,
and the interest in them is increasing. This is due to the enormous practical importance
of these classes of materials for the development of information, medical, chemical, and
electronic technology. Nanomaterials based on semiconductors (eg, A B, and A B,
have unique optical properties and are promising materials for the active elements of
nonlinear optics and nanoelectronics devices.

In this paper, the synthesis of nanocrystals was performed by two different methods: the
first is with the introduction dopped aqueous solution of sodium sulfide in an aqueous
solution of cadmium nitrate, the second is by blowing hydrogen sulfide in a container
with an aqueous solution of cadmium nitrate. The technology of obtaining nanocrys-
talline structures with colloidal solutions by both methods were worked, we’ve found
conditions and reagent concentrations necessary to produce nanocrystals of a given size.
The characteristic size of the nanocrystals on the optical absorption spectra. With the
help of the data was calculated energy level spectrum, characteristic of these objects.
The good agreement between the values obtained with the theoretical data podtverdaet
possibility of approximation of the form of a spherical semiconductor nanocrystal quan-

tum dots.

We investigated the cadmium sulfide nano-
crystals obtained by two independent methods: the
first method nanocrystals formed by a chemical
reaction of colloidal solutions of cadmium
nitrate (Cd (NO,),) and sodium sulfide (Na,S)
in aqueous solution photo jelly (14 g gelatin in
100 ml of water, 14%). Gelatin has the properties
of isolated nanoparticles in the volume and acts
as a dielectric matrix. Chemical reactions was
performed on formula:

Cd(NO,), +Na,S — CdS+2NaNO, (1)

In the course of chemical reactions in aqueous
solution Cd (NO,),) (0.007 g,0.06 gand 0.05 g per
50 ml of distilled water) mixed with an aqueous
solution of gelatin in 1:1, with continuous stirring,
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drip (droplet diameter 3 mm), with a period
of dropping t = 3-4 sec. (for uniform response
components), an aqueous solution of Na_S (300
drops). Throughout the time of preparation of the
samples, the temperature of the solution was kept
constant of 60 = 5 °C (was fixed by thermometer).

The second method as an alternative method
for making nanocrystals used technology in
which cadmium sulfide nanocrystals prepared
by blowing hydrogen sulfide in a container with
a solution of cadmium nitrate. The chemical
reaction of the synthesis:
Cd(NO,),+H,S—CdS|+2HNO, (2)

Cadmium is a source of hydrated Cd (NO,), -
4H,0 c concentration of 0.007 grams per 50 ml
of water. As a stabilizer used 9% of photographic
gelatin.



Hydrogen sulfide is obtained by decomposition
of concentrated aqueous sodium sulphide by the
30% solution of the orthophosphoric acid. We
slowly dripped acid (100, 200 and 300 drops) to a
solution of sodium sulfide.

Was synthesized two series of samples, one
for each method, each with three samples with
different concentrations of reagents: the first one
was 0.007, 0.06 and 0.05 g of Na,S per 50 ml of
water in 14% aqueous solution of gelatin in the
first method, the second one was with 0.007 g Cd
(NO3) 2 in 50 ml of water with a 9% aqueous
content photo gelatin for the second method.

Usually, we obtain reducing the size of the
nanocrystals shifts the fundamental absorption
edge to shorter wavelengths [1, 2]. The shape of
the absorption band depends on the conditions
of synthesis of nanocrystals and the number of
initial reagents. The absorption spectra obtained
by the first method, are shown in Fig. 1:

The absorption spectra for the second alternative
method of obtaining CdS nanocrystals are shown
in Fig. 2:

The absorption spectra of the second series in
Fig. 2, obtained by the second method has more
complex structure than the absorption spectrum
on Fig. 1. This indicates the presence of different
types of optical transitions.
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Fig. 1. Spectra of absorption of nanocrystals CdS (Ne
1-0.06 g of Cd(NO,),in 50 ml of water, 300 drops
of Na,S with concentration 0.1 g of Na,S per 50 ml
water, 14% aqueous solution of gelatin; Ne 2 - 0.06 g
of Cd(NO,), in 50 ml of water, 300 drops of Na,S with
concentration of 0.05 g of Na S per 50 ml water, 14%
aqueous solution of gelatin; Ne 3 -0.007 g Cd(NO,),,
300 drops of Na,S with concentration of 0,05 g of Na,S
per 50 ml water, 14% aqueous solution of gelatin)
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Fig. 2. The absorption spectra of the samples with 9%
concentration of gelatin (Ne 1 - 0.007 g Cd (NO3) 2,
50 ml of water, 100 drops of H 2 S, 9% gelatin, Ne 2
-0.007 g Cd (NO3) 2 in 50 ml of water, 200 drops of
H2S, 9% gelatin Ne 3 - 0.007 g Cd (NO3) 2) in 50 ml
of water, 300 drops of H 2 S, 9% gelatin)

To better define the edge of the fundamental ab-
sorption bands were calculated first derivative of
the absorption spectra of Fig. 2. They are shown
in Fig. 3. The fundamental absorption edge is
defined as the highest peak:
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Fig. 3. The first derivatives of the absorption spectra
of 9% concentration of gelatin (Ne 1 - 0.007 g of Cd
(NO,),, 50 ml of water, 100 drops of H S, 9% of gelatin,
Ne 2-0.007 g of (NO,), in 50 ml of water, 200 drops of
H.S, 9% of gelatin Ne 3 - 0.007 g of Cd (NO,),) in 50
ml of water, 300 drops of H,S, 9% of gelatin)

Values of the effective band gap, determined by
the maximum extremum in Fig. 3 (Ne 1-2.64 eV,
Ne 2-2.66 eV, Ne 3-2.67 ¢V) were obtained by
extrapolation of the absorption edge to the energy
axis, into the eq. (3) [1] to find the effective size
of the nanocrystals:

hl 2
Re | Mo
2#(E<'/7 - ES)

)

where R- the radius of the nanocrystal, m
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To determine allowed optical transitions of
different types are necessary to build second deri-
vative of the absorption spectra of Fig. 2, which
are shown in Fig. 4:
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Fig. 4. The second derivatives of the series with a 9%
of gelatin content gelatin (Ne 1 - 0.007 g of Cd (NO,),,
50 ml of water, 100 drops of H,S, 9% of gelatin, Ne 2 -
0.007 g of (NO,), in 50 ml of water, 200 drops of H,S,
9% of gelatin Ne 3 - 0.007 g of Cd (NO,),) in 50 ml of
water, 300 drops of H,S, 9% of gelatin)

Table 1

Number of Is | 1p | 1d | 1f | 1g | 2s
transition —

2.68 [2.82 | 3.06 |3.25 [3.68 |3.16
E trans ,theor ° eV

2.68 | 2.8 |297 |324 | -- |3.16
trans,exp > eV
Number of 2 |6 |10 [ 14 |18 | 2
nuclons

Thus, in this paper, the necessary conditions
for the formation and concentration of reagents
to prepare nanocrystals of a specific size were
obtained. Displacement measurement edge of
the main absorption band in the short wavelength
region with decreasing the size of the nanocrystals
[5] allowed us to calculate the effective size of
the objects. A comparison of the radii, calculated
theoretically and experimentally obtained from
the optical absorption spectra confirms the
theoretical assumption about the shape of the
spherical nanocrystals as quantum dots [6, 7].

Conclusion. Based on these data the energy-
level diagram (Fig. 5), which can be interpreted
as single-particle states of infinite square well
for several values of | <6 and n. This shows that
with the increase of the well depth levels are
dropping. Also the decreasing of the energy level
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occurs with increasing width of the well, i. e., the
parameter R. Table 1. shows that the course of the
levels in a square well reproduces the first two
magic numbers 2 and 8. Number 2 corresponds
filled 1s-state, the number of 8 corresponds filled
Is-and 1p-states. We can assume that also played
a third magic number of 20, because the levels
of 1d and 2s Rural location close to each other.
In this case, the number 20 corresponds to the
filling of 1s-, 1p-, 1d-and 2s-states. The numbers
28, 50, 82 and 126 can not be obtained by filling
a rectangular well nucleons levels without spin-
orbit interaction.
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Abstract

Recently, special attention is paid to the magnetic and semiconducting nanomaterials, and the interest
in them is increasing. This 1s due to the enormous practical importance of these classes of materials for
the development of information, medical, chemical, and electronic technology. Nanomaterials based
on semiconductors (eg, A B, and A B, ) have unique optical properties and are promising materials
for the active elements of nonlinear optics and nanoelectronics devices.

In this paper, the synthesis of nanocrystals was performed by two different methods: the first is with
the introduction dopped aqueous solution of sodium sulfide in an aqueous solution of cadmium nitrate,
the second is by blowing hydrogen sulfide in a container with an aqueous solution of cadmium nitrate.
The technology of obtaining nanocrystalline structures with colloidal solutions by both methods were
worked, we’ve found conditions and reagent concentrations necessary to produce nanocrystals of a
given size. The characteristic size of the nanocrystals on the optical absorption spectra. With the help
of the data was calculated energy level spectrum, characteristic of these objects. The good agreement
between the values obtained with the theoretical data podtverdaet possibility of approximation of the
form of a spherical semiconductor nanocrystal quantum dots.
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BJIMAAHUE PASMEPOB KPUCTAJIVIMTOB HA CIIEKTPBI IIOTVIOIEHUA
HAHOKPUCTAJUIOB CDS

Pe3rome

B IIOCJICAHECEC BpeMﬂ 000606 BHUMAHHC y21€J'I$[€TC$I MAardmuTHBIM U HOHynpOBO}IHI/IKOBBIM HaHOMaA-
Tepuagam, IPUYeM UHTEPEC K HUM MOCTOSIHHO BO3PACTAET. ITO CBA3AHO C OTPOMHOM MPAKTUYECKOM
SHAYNMOCTBIO OTHUX KJIACCOB MaTepI/IaJ'IOB HJIA paSBI/ITI/Ifl I/IH(i)OpMaIII/IOHHI)IX, MEIUIIMHCKUX, XUMHUYCC-
KHX, JJIEKTPOHHBIX TeXHOJ0ruil. HaHOMaTepuaibl Ha OCHOBE MOIYNPOBOIHUKOB (Hampumep, A B u

1= VvI
A B, ) obnagaroT yHUKaIbHBIMU ONTUYECKUMU CBOMCTBAMU U SIBJISIIOTCS IEPCIIEKTUBHBIMU MaTEpH-

aJizleE JUISl aKTUBHBIX JJICMEHTOB HEJIMHEWHOW ONTUKM U YCTPOMCTB HAHOXJIEKTPOHUKH.

B nanHoit paboTe cuHTE3 HAHOKPUCTAIIJIOB IPOBEACH ABYMS Pa3IMUYHbIMU METOAAMMU: IEPBBIA — C
MIOMOIIBIO TOKANEJIbHOI0 BBEICHHUS BOJJHOTO pacTBOpa Cy/b(uia HaTpUsl B BOAHBINA pacTBOP HUTpaTa
KaJIMHsI, BTOPOU — IIyTEM IPOAYBKH CEPOBOJOPO/IA B EMKOCTH C BOJHBIM PACTBOPOM HUTpATA KaIMHUS.
OtpaboTaHa TEXHOJIOTUS MTOJYYSHHU HAHOKPUCTAININYECKUX 00pa30BaHUil C KOJUIOMIHBIX PACTBOPOB
10 IByM METOAaM, HalJIeHbl YCIOBHS U HE0OX0JUMbIe KOHLIEHTPAIIMK PEAareHTOB JUIsl MOTyYEeHUs Ha-
HOKPHCTAJUIOB 33JJaHHOT0 pa3mepa. OIpeneneHbl XapakTEPHbIE pa3Mepbl HAHOKPUCTAJUIOB 10 CIIEK-
Tpam onTHYecKoro noromeHus. C moMoIb0 NOTYyYEHHBIX JaHHBIX ObLT PACCUYMTAH SHEPreTUYECKUN
CIIEKTp YPOBHEH, XapaKTepHBIX JJIs JAHHBIX 00BEKTOB. XOpolllee COBIaICHUE MOTYYSHHBIX 3HaUCHUH
C TEOPETUYECKUMU JaHHBIMU IOITBEPIAET BOSMOXKHOCTh UCIIOJIb30BaHUS MPUOIKEHUsS O popMe Ha-
HOKPHUCTAJUIOB KaK C(epUIeCKUX MOIYyIPOBOIHUKOBBIX KBAHTOBBIX TOUKAX.

KiroueBbie ciioBa: HAaHOKPUCTAJUIbL, ITOTTIOMCHUEC, SHCPTCTUUCCKUC 30HBI.
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BIIJIMB PO3MIPIB KPUCTAJIITIB HA CIIEKTPHU ITIOITIMHAHHSA HAHOKPUCTAJIIB
CDS

Pesrome

OcranHIM 9acoM 0coONIMBa yBara MpHIUISETHCSI MATHITHUAM 1 HAIIBIIPOBITHUKOBUM HaHOMaTepiajam,
IpUYOMY IHTEpEC 10 HUX MOCTiiHO 3pocTae. e moB’s3aH0 3 BEIMUYE3HOIO MPAKTUYHOIO 3HAYYIITICTIO
IIUX KJIACiB MaTepiajiB sl PO3BUTKY 1H(POPMALIHHIX, MEMYHUX, XIMIYHHUX, €IEKTPOHHUX TEXHOJIOT1H.
Hanomarepianu Ha OCHOBI HalliBNPOBIAHKKIB (Hanpukian, A, B, Tta A B, ) BONOAIIOTE yHIKaIbHUMH
ONTUYHUMH BIACTUBOCTSIMH 1 € MEPCIIEKTUBHUMHU MaTepiajiaMu [l aKTUBHUX €JIEMEHTIB HETIHIHHO]
OIITHKH 1 IPUCTPOIB HAHOCIEKTPOHIKH.

VY naHiif poOOTI CHHTE3 HAHOKPUCTAJIIB MPOBEACHUHN JBOMA PI3HUMHU METONAMU: TEpIINi - 3a J10-
MIOMOTOI0 TOKANeJIbHOTO BBEIEHHS BOAHOTO PO3YMHY CyIb(idy HATpil0 B BOAHHUHA PO3YUH HITpaTy
KaJMil0, IPYTHi - HUIIXOM MPOAYBKH CIPKOBOJHIO B €MHOCTb 3 BOJHHM PO3UYMHOM HITPATy KaaMilo.
BinnpainpoBana TEXHOJOTIS] OTPUMaHH HAHOKPUCTAIIYHUX YTBOPEHb 3 KOJIOITHUX PO3YMHIB 32 IBOMA
METOJJaMH, 3Haii/IeH1 yMOBH 1 HEOOX1/1HI KOHIICHTpALlil peareHTiB I OTPUMaHHS HAHOKPHUCTAIIIB 3a/1a-
HOTO po3Mipy. Bu3zHaueHo XapakTepHi po3Mipyu HAHOKPUCTAJIB 32 CIIEKTPaMHU ONITUYHOTO MOTTHHAHHSL.
3a I0MOMOror0 OTPUMaHUX JIaHUX OyB pO3paxOBaHUM €HEPreTHYHHIA CIIEKTpP PiBHIB, XapaKTEPHUX IS
naHux o0’ ekTiB. ['apHuii 30ir OTpUMaHKX 3HAYEHb 3 TEOPETUYHUMU JaHUMU MTOJTBEPACT MOKIUBICTh
BUKOPHCTAHHS HAOMIKEHHS TIpO (JOpMy HAHOKPHUCTATIB K C()EPUUHUX HAIIBIPOBIIHUKOBUX KBaH-
TOBHX TOYKaX.

Kir04oBi ci10Ba: HaHOKpUCTAH, TOTJIMHAHHS, CHEPTETHYHI 30HU.
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