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ABSTRACT

Cadmium acetate salt was exploited in the synthesis of Zn,Cd,.S alloyed nanocrystals by reacting it with zinc salts
and elemental sulphur in dodecylamine at high temperatures. Interestingly the obtained Zn,Cd,.,S nanocrystals
possess quantum confinement. The prepared Zn,Cd,.,S nanocrystals were digested in acid and the metal ions
present in solution were determined. It was found that Cd to Zn ratio in the particles after preparation is the same
asin the reaction vessel during preparation.
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INTRODUCTION

Semiconductor nanocrystals are of great interestofih fundamental research and technical applicatias a
consequence of the large ratio of surface atomstlemdhree dimensional quantum confinement of ersit{1-5].
Zn,Cd.,S nanocrystals are promising materials for highsdgroptical recording devices, blue or even uliéat
laser diodes, and photovoltaic cells [6-7]. Re@ahtances have let to the exploration of tunablécapproperties
from the ZRCd,.,S nanocrystals [8-14]. The lack of adequate symtheethods for producing the desired high
quality nanocrystals is currently a bottleneckhiis field.

In this paper, we report a chemical route to thatssis of ternary alloyed Z@8d;,S nanocrystals using cadmium
acetate salt as the widely used cadmium stearat® ibbnger commercially available. It is a one-pe¢thod
involving the reaction of cadmium acetate as th#oonasource and elemental sulfur as the sulfidec®in the
commonly available high boiling-point long chain iaes at high temperatures. Next the analytical @ioces
employed to analyse the zinc and cadmium ion cdretons in the nanocrystals is introduced. Ithewn that the
ratio of Zn: Cd in the particles after preparatisithe same as that present in the reaction vdsisielg preparation.
The results of the different £8d,.,S are detailed and discussed in terms of the ditjuproducts of the cadmium
and zinc precursors that were used in the preparafithe ZpCd,,S nanocrystals.

MATERIALSAND METHODS

2.1 Chemicals

Hexadecylamine (HDA, tech, 90%), dodecylamine (98%Z)c stearate (Zn(S7)) tech, sulfur powder (99.98%),
Zinc acetate (99.99%) were purchased from Aldrichdmium acetate (anhydrous) 99.99+ % was obtaired f
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2.2 Preparation of Ternary Alloyed Zn,Cd,S nanocrystals

Cadmium acetate and zinc acetate, with differedanmatios, were mixed with HDA and heated to Z7@nder an
argon flow. The injected amount of sulfur (dissalve dodecylamine) was equal to the total molar amaf zinc
and cadmium precursors. For example, 23 mg (0.1 ljnmhi@admium acetate, 5.8 mg (0.03 mmol) of zicetate,
and 3.5 g of HDA was heated to 270 under an argon flow. A 1.0 ml solution of sulphi#.2 mg, 0.13 mmol) in
dodecylamine was swiftly injected into this solatid'he reaction mixture was then kept at 260for 30 minutes
for the growth of the nanocrystals. The growth lnd hanocrystals was stopped by immersing it in rofflem
solution. The resulting nanocrystals in chlorofasalution were precipitated with acetone and allowedettle by
gravity. The separation with a mixture of acetond eesuspension in chloroform process was repéatiedes. The
purified nanocrystals were then digested usingdstacthacid digestion [15].The digested solution wen diluted
for cadmium and zinc ion analysis.

2.3 Analytical Protocol to Determine the Composition of Zn,Cd;.,S Nanocrystals

2.3.1 Concentration of Zn* in Zn,Cd,.,S Nanocrystals

The concentrations of zinc ions in aliquots of tligested solutions of £6d,,S nanocrystals were determined
using electroanalysis (ECA) and atomic absorptipactoscopy (AAS). Anodic stripping voltammogramsrev
recorded at a scan rate of 20 rivend deposition time of 80 s at different appliedeptials relative to a saturated
calomel reference. Different volumes of standart ziitrate solution (0.05 mol diwere added to the cell to give
a range of concentrations of zinc ions. The voltmgrams obtained were analysed to give the peak(aheage)
associated with stripping the zinc deposited. Tharges required to strip the zinc was then plasigainst the Zii
concentrations. This gave a linear relationshimtied) charge, or area under each voltammogramheoZzif*
concentration, see figure 2-Aliquots of samples taken from the digested sohgiwere analysed for Zn The
charge under the stripping peak was determinedtandalibration graph used to calculate th&"Zoncentration as
shown in equation 2-1

_r
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Where
Y = Charge below the stripping peak in the voltargnaon
X = Zinc concentration in the solution.
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Figure 2-1: Standard zinc calibration curve by the electr o analytical method using different zinc ion concentration and fixed mercury ion
concentration. The curve givesalinear relationship in which zinc ion concentration in the analysis cell can be calculated by dividing the
charge obtained by 20199

The zinc ion concentrations were those ofZpresent in the cell used for the analysis. To thet actual
concentration of zinc in the aliquots (and hencthinsamples), the concentration of Zim the cell was multiplied
by a dilution factor calculated as in equation Befow:
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Va1t Vigc, tVanenog,
VIn(N0g)y

Dilution factor = -

In the AAS method a zinc calibration was obtairfagljre 2-2, using solutions of known concentratiprepared by
dilution of a 1000 ppm standard zinc solution.
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Figure 2-2: Standard zinc calibration curve by the AAS method using known zinc concentrations. The curve givesalinear relationship in
which the concentration of zinc in the analysis solution can be calculated by dividing the absor bance obtained by 0.0297

2.3.2 Concentration of Cd* ion in Zn,Cd,.,S Nanocrystals

The same procedure as in the determination 6fion in 2.3.1 was used to determine the concentraif Cd* ion
concentration in the nanocrystals. The linear i@hship relating charge or area under each voltagnar to the
Cd?* ion concentration is given in figure 2-3
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Figure 2-3: Standard cadmium calibration curve by the electro analytical method using different cadmium ion concentration and fixed

mercury ion concentration. The curve givesa linear relationship in which cadmium ion concentration in the analysis cell can be
calculated by dividing the charge obtained by 19995

The charge under the stripping peak was deternamedthe calibration graph used to calculaté*@dncentration
as shown in equation 2-3.

¥
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Where
Y = Charge or area below each voltammogram
X = Cadmium concentration that caused the voltantanog

The cadmium ion concentrations were those of' @uesent in the cell used for the analysis. Totbetactual

concentration of cadmium in the samples, the canagon of the C8'" in the cell was multiplied by a dilution factor
calculated as shown in equation 2-4.

Vec1Viger, T Vednog),

Dilution factor = »
VEd(N0g)g )

A similar procedure as for the Zrconcentration was also used to determine the eadrion concentration by the
A.A.S technique using the linear relationship frigure 2-4
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Figure 2-4: Standard cadmium calibration curve by the AAS method using known cadmium concentrations. The curve givesa linear
relationship in which the concentration of cadmium in the analysis solution can be calculated by dividing the absor bance obtained by
0.0891

RESULTSAND DISCUSSION

3.1 UV-vis Spectroscopy
Figures 3.1 show the UV- Visible absorption spectfr@nCd,.S nanocrystals prepared by using varying ratio of
zinc acetate.

3.2 Transmission Electron Microscopy

The HR-TEM of the ternary alloyed nanocrystals jpred using different zinc salts are shown in fig8+2. Their
particle sizes as revealed by TEM is &.6.1nm, 6.9t 0.3 nm and 7.2 0.2 nm. They have nearly equal particle
sizes. Figure 3-3 displays their energy disper¥iray analysis spectra showing the presence of aadpzinc and
sulfur. The samples for the TEM analysis were preghaon a copper grid hence the appearance of cappére
energy dispersive X-ray analysis spectra.

3.3 Zinc and Cadmium ions Concentration in Zn,Cd;.,S Nanocrystals

The zinc content and cadmium content ofZah S nanocrystals was determined using AAS and elmcalgtical
techniques. The concentrations of zinc and cadnobtained from the analysis of the nanocrystalsshi@vn in
tables 3-1 and 3-2. The experimentally determinedCd ratio of the particles is shown in table 3-3.
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Table 3-1: Quantities of zinc and cadmium present in the preparation of Zn,Cd;.x<S mnanocrystals

Nanocrystals| [ZH] (M) | [Cd *] (M)
ZNno2.Cch7S | 3.2x10 [ 1.0 x 1¢°
Zn0,4ngo,5;S 9.2 x 1@ 1.0 x 104
ZNno7.CchS | 2.6 x10 [ 1.0 x 1¢°
l -
0.8 1
1) —2Zn0.24Cd0.76S
e 0.6 - ——7n0.48Cd0.52S
) Zn0.72Cd0.28S
2
(o]
§ 0.4 -
0.2 +
0 T T T 1
350 450 550 650

Wavelength (nm)

750

Figure 3-1: UV-Visabsorption of Zn,Cd,.«S nanocrystals samples with different molar ratios of zinc acetate and cadmium acetate in the

reaction vessel. Samples wer e removed from the reaction vessel after 30 minutes

Table 3-2: Experimental quantitiesof zinc and cadmium present in Zn,Cd,.«S nanocrystals alloyed with zinc acetate salt

Alloyed Nanocrystal

[Zf] (M) by AAS method

[ZAT] (M) by ECA method

[C&T (M) by AAS method

[C&T (M) by ECA method

Zno2.Ch7¢S

2.7953 x16+ 2.5158 x 10

2.7741 x16+ 1.2194 x 16

9.1147 x16+ 1.0938 x 16

9.2683 x106+ 1.2976 x 16

Zno.4:Co.5:S

8.2127 x10+ 1.0335 x 16

8.3213 x10+ 2.7346 x 10

9.1859 x10+ 8.2673 x 10

9.2186 x10+ 2.8578 x 10

Zno.7:.Ch.2eS

2.1948 x10+ 2.4143 x 16

2.2461 x10+ 3.2845 x 16

9.2426 x10+ 6.4698 x 10

9.3106 x106+ 3.8173 x 16

(a)
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(b)

Figure 3-2: HR-TEM of Zn,Cd,..S nanocrystals after 30 minutes growth prepared, using cadmium acetate and zinc acetate saltswith
mole fractions of (a) 0.24, (b) 0.48 and (c) 0.72 and particle sizesof 6.6 £ 0.1 nm, 6.9+ 0.3 nm and 7.2 + 0.2 nm respectively. All the
alloyed nanocrystalsare crystallinein nature

Table 3-3: Molar ratios of zinc and cadmium in Zn,Cd,.«S nanocrystals alloyed with zinc acetate salt

Zn:Cd ratio Zn:Cd_ratio inthe| Zn:Cd molgr ratio in ZgCdy« Zn:Cd molgr ratio in

) reaction vessel S patrticles by AAS Zn,Cdh.S particles by ECA
Zno.2Ch.7eS 0.32 0.3067 0.2993
Zno.4:Ch5:S 0.92 0.8941 0.9026
Zno.7Ch.2:S 2.6 2.3747 24124
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Figure 3-3: EDX of Zn,Cd:.4S nanocrystals confirming the elemental composition of zinc, cadmium and sulfur in the nanocrystal

Cadmium stearate has been widely used as a cadsailirim the preparation of alloyed ,&t,.,S nanocrystals by
reacting with zinc salt and elemental sulfur. Theults indicate that cadmium acetate can alsosaet @dmium
source in the synthesis of ternary alloyed,@h.,S nanocrystals. Cadmium acetate was used in timthesis
because the widely used cadmium stearate is n@t@rgduced by chemical companies. High-boiling/lalkines
with different lengths of alkyl chains, such agadecylamine and octadecylamine or unsaturatedesnsnoch as
Oleyamine, can act as the coordinating solvenbtain high quality nanocrystals. Liquid dodecylaeimas chosen
as the solvent to prepare the sulfur stock solutiorthe basis of operational convenience. TEM imageals that
the alloyed ZpCd,.,S nanocrystals have nearly equal particle size&s@t 0.1nm, 6.9t 0.3 nm and 7.2 0.2 nm.
The continuous peak-shifting of the monodispersadonrystals rules out the possibility of phase s#jmn or
separated nucleation. There is an absorption amské UV spectra shift to shorter wavelength viith increase of
zinc molar ratio in the materials. This observegebshift (or increase in band-gap energy, Eg)st@ng evidence
for the formation of alloyed nanocrystals via timermixing of the wider band-gap ZnS (Eg = 3.7e\ijhvthe
narrow band-gap CdS (Eg = 2.5 eV) [13, 14]. Theaimstermination of the growth progress may conoenfthe
strong reducing effect of the hexadecylamine onntle¢al salts and the sulfur. The results of thenelgal analysis
show that the ratio of Zn:Cd in the particles afiegparation (table 3-3) tend to match the Zn:Qitb igresent in the
reaction vessel during preparation. The solubiitpduct of CdS is 1 x I while that of zZnS is 2 x 18.
However, an organic solvent and not water is usegréparing the nanocrystals. The solvent coordm#te ions
making the materials more soluble. For a normal mecipitation reaction the precipitate should bEher in
cadmium than zinc. Both ZnS and CdS are very sgiroluble and there was an excess of sulphurdmréaction
vessel during the preparation than either cadmiumine, therefore effectively all the zinc and thié cadmium will
be present in the particulate form. The resultthefelemental analysis obtained from both the elebemical and
the atomic absorption spectroscopy techniquesiaagreement.

CONCLUSION

High quality ZrCd,.,S have been synthesized through the reaction aficaw acetate, zinc acetate metal salts with
elemental sulfur in dodecylamine at high tempeestuiThe absorption onset in the UV spectra of thg€d, S
nanocrystals shifts to shorter wavelength with mer@ase in zinc molar ratio in the materials. Tdtiserved blue
shift is a strong evidence for the formation of&d,.,S nanocrystals through the intermixing of the widand-gap
ZnS (3.7 eV) [16] with narrow band-gap CdS (2.5 4¥J]. HRTEM and SAED analysis confirms that these
nanocrystals are crystalline in nature with pagtiizes as determined by TEM of &6.1 nm, 6.9 0.3 nm and 7.2

+ 0.2 nm respectively. The results of the elemeatalysis obtained from both the atomic absorptmecsoscopy
and the anodic stripping voltammetry techniqueswslttbat the quantities of Zn and Cd ions presenthia
nanocrystals after preparation tend to match tharghCd ions present in the reaction vessel dymiegaration.
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