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ABSTRACT

CdSe nanoparticles were prepared in agueous medium using chemical
method. X RFspectrum reveal both Cd and Se. XRD spectrum shows that
CdSe nanoparticles have hexagonal structure, From XRD, Crystallization
size85.6 nm, lattice constant C7.28Ax%, effective strain2.* 10*(lin2nr

“)between the nano crystalsand did ocation (irregular) 2.85* 104(inm*) were

determined. FTIR spectrum shows some toxicity in CdSe nanoparticles
suchO-H. From Impedance Spectrum of CdSe,activation energy 0.0275 eV
and the density ofcarriers charge were determined. From C-V characteristic
type of semiconductor and it was found to be n- type. CdSe hastwo donors
levels (N,,_3.06*10” cm® N, 6.12* 10%? cm?). Finally,the derivation of
capacitance respect in function of temperature, fromitsgraph energy diagram
of CdSe nanoparticles was plotted. © 2015 Trade Science Inc. - INDIA
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INTRODUCTION

Cadmium selenide (CdSe) is solid hexagonal or
cubic crystal. It isadirect band gap n-type semicon-
ducting material withaband gap of 1.74 eV at 300K.
Its molecular weight is 191.37 g/molWhere Cd is
58.74% and Seis41.26%. Its appearanceisdark red
color. CdSeinthebulk formisnot very interesting. The
most interesting form of CdSeisnanoparticles. Much
current research on CdSe hasfocused on nanoparticles.
Researchersare concentrating on devel oping controlled
synthesis of CdSe nanoparticles. It hasuseful proper-
tiesfor optod ectronic devices, |aser diodes,nanosensing,
biomedica imaging and high efficiency solar cdlgY. The
nanoparticles of CdSe high quality may beidentical in
distribution, size, and that took attentionincreasingly in

industry. Thesmdler zeof nanoparticlesof CdSefrom
1nmto 10nm, the surface atomsnumber increasesfrom
20% to 100%, where theatomssurface are of ten unsat-
urated linkages surface or the presence of peripheral
linkswheretheseatomshavealargefreeenergy to be
activemost of theatomsinthebulk material§2. CdSe
Belongs to component of 11-V I, which like the other
compoundsof thisgroup, isdimorph at ordinary pres-
sures and this depends on themethod of preparation.
Wheresingle crystal of CdSe crystallize either
ingphal erite (cubic, zinc blende)structure. Sphaleriteis
the stablelow temperature phase and the cubi c-to-hex-
agonal transition occurs atcritical temperature
T =(95+ 5) C**. Theenergy difference between the
phasesisafew meV when preparing samplesat tem-
peratures higher than the critical temperaturewherethe
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wurtzite structure remains presentat room temperature.
CdSe Single crysta shave aspecific density of 5.816
g/cmiand melting pointof 1541 K. Hardness of these
crystalsisabout 4M & ! and their thermal conductivity
is3.49W m K1, Asthese belong to the crystal semi-
conductor n-typed ectrica conductivity ranging where
theseinitia crystalization without alloy between 10 -
10'CdSesinglecrystalsexhibitsn-type€eectrica con-
ductionwithout dopingintentiona ly and their conduc-
tivity ranges changes between 107-10%(&!-cm(. Hall
mobility of CdSesinglecrystalshasbeen measured to
be between 325-1050 (cm?/V's). CdSesinglecrystals
with 2mm thicknesstransmit the lightwith wavelength
between 0.53-15um. Their refractionindex is2.55 for
incident light at900nm3. In these work,The CdSe
nanocrystalline sampleswere prepared and character-
ized by XRD,FTIR spectrum,XRF spectrum DC,AC
Measurement.
MATERIALS

Metdllic selenium powder, sodiumsultite (Na,SO3),
Cadmium chloride(CdCl,.H,O) Ethyleneglycol N H,
NaOH, deionized water ;al chemicd from Mirck.

SYNTHESISOF CDSE QD

Nanocystasof CdSewere prepared by chemical
solutionsmethod. Cadmium chloride(CdCl, H,O)used
as the cadmium source and sodium selenosulfate
(Na,SeS0,) was chosen asthe selenium source. Cad-
mium Chloride (22.8 gr) wassolvedin 100 ml of deion-
ized water called solution (A). Sodium selenosulfate
whichwasprepared by solvingNa,SO,(12.6 gr) in 100
ml of deionized water, adding selenium powder (7.96
gr) to previous sol ution refluxed at 70 C*"*for 3 hours,
red winesolutionwill appear called solution (B). Solu-
tion (A) (20ml) wasadded to solution (B)(5ml),ethylene
glycol (5ml),hydrazine hydrate (5ml) were added to
previous. CdSe colloida Solutionwas adjusted10 by
adding 1 mINaOH solution. After this, the solution was
filtered by high accuracy filter paper,driedin eectrica
ovenfor 2hoursat 50 C**. Ceramic mortar was used
tomillet CdSepowders. Themillet CdSe powder was
pressured as disc (diameter21mm, thickness
2mm)using hydraulic compressat7 tons/ cm?2for 10
minutes.
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QUALITATIVEMEASUREMENT

XRF spectrum of CdSesample

XRF spectrum was taken using Mo anode and
applying35kV with ImA. Figure 1 shows X RF spec-
trum of CdSe (4/1) sample preparation in agueous
medium. From XRF spectrum can be determined
theratio in the preparation after calibration procedure
with reference samplesform Cd and Se. The TABLE
1 showsratios materialsinvolvedinthesampleasa
result of X RF spectroscopy, wheretheratio calculated
spectrally was very closeto theratesthat took gravi-
metric calibration when was prepared, differencesin
resulting caused by usedmateria s (not purity)and ana
Iytica capacityability of the detector wassmall.

TABLE1
Average Average
Element Density count f%r count for  Ratio
(gricm?) standard %
X sample
samples
Cd 8.65 326 424 85
Se 481 2311 9454 15

XRD spectrum of CdSesample

X-ray diffraction (XRD) pattern of CdSedisc
sample was recorded by Philips system usingCu
Ka(2=0.154056nm) radiation with 26 intherange 20-
80° as Figure 2. From the (XRD) spectrum, the CdSe
sampleispolycrystdlineinnature having al peakscor-
responding to the specific planes, The extrapeaks ob-
served at 20 (degree) 20° = 27.3°,34.3°,49.6° with
maximumintensity pesk from (101),(102),(112) planes
respectively.

Thelatticespacing, d, isca culated fromthe Bragg'’s
formuld®:For first peak n=1,20 =27.3*%:

ni 1x1.5418

=——=d=—""—"—"—

2sin6 2xsin(13.65)

The peak broadeningin XRD patternsmay arise
dueto several reasonssuch assmaller crystallitesize,
instrumental error and fast scanning. Asin the present
case,proper precauti ons have been taken into account
during scanning such asslow scanrateT herefore, the
observed broadening (Figure2) isduetothestrainand
smdler crystdlite size wheretheir contributionto pesk

d = 3.26A°

e, P pterioly Science

Hn Tndéan g%wumé



402

Study the structural and electrical properties of CdSe nanoparticles

MSAIJ, 12(11) 2015

Full Paper =

2000 —]

1000 —

KAL)

Hﬂ':[: )

4

E # ket

Figurel: ShowsXRF spectrum of CdSe(4/1) sample.
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Figure2: ShowsXRD spectraof CdSesamplewith ratio CdSe (2/1)

broadeningisindependent of each other. Therefore, tota
broadening can bewrittenassum of thesetwo as ;=
Baran T Parystaite size @Nd AN be calculated using

Williamson-Hall (W-H) equation®:

B, - COSO =1+ n-sin@
A d A
Wheren istheeffectivestrain present inthematerid, d
the effective crystallite size,A the wavelength of X-
rayradiation, thefull width at half maximaand 6 the

diffractionangle. By plotting ..., - osé infunction of

sinB,Negative slope of pure CdSe nanoparticles as
shownin Figure 3indicate the presence of effective
compressivestraininthecrysta lattice.

In materials science, adislocationisacrystalo-
graphicdefect, or irregularity, withinacrystal structure.
Thepresenceof didocations strongly influencesmany
of the properties of materials. Thedidocation density
“8” has beenca cul ated by using the formul &°':

150
D.a
Whereneftective strainvaluesDThecrystallitesze, a

=B -cose=%+r|.sin9

d=

y=-0.000x + 0.001

1.68E-03
1.66E-03 -
1.64E-03
1.62E-03 -
1.60E-03

1.58E-03 |
1.56E-03 -
1.54E-03 -

0.00E+001.00E-01 2'00['QFH3BOOE'01 4.00E-015.00E-01

—4—[ cosb

Bcosé

Linear (B cosB)

Figure3: W-H plot for pureCdSenanoparticles

hexagondl |atti ce constant equal 4.29A%. The lattice
parameter C isdetermined for hexagonal structure by
thefollowing expression:
1 _(h"+k*+7%)
dz c? '
Whereh, k and ¢ represent lattice planes (102) which
corresponding with diffraction angle 26=34.4=" Lat-
tice constant Ciscloseto standard value 7.01A=”,
FTIR Spectrum of CdSe

Sample wasmixed with KBr (CdSe/KBrl/
200mgr), compressed as disc using ahydraulic press
(5ton/ cm?). FTIR Spectrum of CdSewas carried out
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TABLE 2: Summery of XRD spectrum.

3 (i dislocationdensit lin~2m)effective strain d(A) D (nm) -
(in.m’) y ( ) lattice space  Averagecrystallize C (A) hexagonal
2.85%10* 2*10% 3.26 85.6 7.28

A |e I'.L J
IIll.‘.JilI IIE'H L, -Iulllr‘

Figure4: ShowsFTIR spectrum of CdSein water solution.

using JASCO.4000 IR spectrophotometer in
wavenumber range (400-4000)cm?,). Figure 4 :
showsFTIR Spectrum of CdSeit showsmany absorp-
tion peak these peaks related toO-H (3448.08 cm -
1,C-H (3853 cm?) inethylene glycol and bond length
1085cm* isdueto bondingthat existing chloride cad-
mium.

ELECTRICAL MEASUREMENT

| mpedancespectrum

AC measurement carried out using GAIN PHASE
ANALY ZER (Schlumberger-S11253). A complex im-
pedance spectrum in frequency range (1-20000HZ)
andat constant voltage (v=5V), and different tempera-
ture (302,322,327and 340 K) where taken for CdSe:
Z=R+jX

Figure 5 shows the relationship between the
imaginarypart X(w) andtherea part R(w) of thecom-
plex impedance. We note that impedance spectrum has
asemi-cyclewhichmeansthat it’s due to Debye model
whichinvolvesthegrainto be homogenous.
+j@CR _ - _ .R

R 1+ jw.CR

To define Thecharge concentration and The change
densityof trapped state, complex impedance spectrum
taken for CdSesample at temperatures
(302,322,327and 340)K Figure 5. From above Fig-
ure, wenotethat when temperature of thesamplesrises,
semi-cyclewill be deformed and the shape ofgrain de-

1 1 .
—=—+jwC=
Z R
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Figure5: Showsimpedancespectr oscopy for CdSein different
temperatures.

E7 _
-5.70.0028
-5.74
-5.76
-5.78

-5.8
-5.82
-5.84

0.003 0.0032 0.0034

Ln{F)

y=319.3x- 6.767
R?=0.999

1/T Kt
Figure6: ShowsLn (f)=(1/T) for CdSesample.

formed too. Debby modd transfersto Cole-Colemodd.
To calculate the activation energy of prepared CdSe
sample,frequencies values had been taken at
X(®)=R(w) fromimpedance spectrum at different tem-
perature, where thefol lowing expressi on can begpplied:

f =f0e% = E, =4.404x10*joul = E, = 0.0275ev -

By taking Ln(f) infunctionof 1/T; activation energy can
bedetermined. Thecharge concentration (electionsor
holes)were determined from the relation:

N, = Noe’% = N, =157x10"/cm®
The change density of trapped state cal culated from
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Figure7: Showsvariableof C(F)=log(f).

thefollowing expression:

1
26N, )
Ns=(%) = 4.80x10™ / cm®

Where N, density of donor carriers, ¥ highbarrier of
thesample, dielectric constante =10.2 sampleof CdSe.

Deep trapped char gethe contribution

Contribution estimation of deeptrapped charge
densityin CdSenanoparticles, can be donefrom mea
suring the capacitance C in function offrequency loga
rithm. Figure 7 : Showstherelationship between ca-
pacitance C and Log(f) in range frequency (1Hz-
20KHz) measured by usng Gain Phaseandyzer. Fig-
ure7 revealsthat at frequenciesfrom 1to 10Hz, the

capacitance decreases from value(3x10°F -

t00.1x10°F )that means carrier charge
contributiondecreasesrapidly that’s mean there are two
kind of charge (surface and deep trapped charge) con-
tributein charge capacitance, and intherange of fre-
guency (10Hz up to 20K Hz) capacitanceremainscon-
Stant that’s mean surface charge only contribute to the
cagpacitancecharge®. At low frequenciesthereare con-
tributions of deep carrier dueto the high rlaxationtime
(low frequency ), carrier charge have enough timeto
relax and appear on el ectrodes capacitance. the total
capacitance at low frequency can bewritten as:

Ctot = Ctrap + Cs
CTrap = CTOT _Cs
Where C,,,, the capacitance comesfrom the contri-

bution deep trapped charges, C the capacitance con-
tributions of surface carrier charge (measured at high
frequency). c,,, = 3.24 x10 °F (measured at low

frequency), c. = 7.5x10 °F .
S

Deter minetypeof semiconductor for sampleCdSe
(3/1)

By calculating the capacitance between grains
boundary,then by gpplyingthefollowing Mott— Schottky
expression?:

1 2

(F-ty=
C 2C, eg,.g (N, -N,)

(w+v)

Where Cp, C,: arethe paralel capacitance between
thegrainat v* 0 and v=0 respectively. Figure 6 shows,
therelation between:

1 1, _ .
y=(_=%.)" %=V asfunctionof applied voltage.

WhenN >>N_thesopewill bepositiveand thesemi-
conductor isn-type; when N_>> N the slopewill be
negative and the semiconductor isp-type.

0.00092
y=2E-05x+0.000

,:& 0.00091 v = 4E-05x + 0.000 W
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Figure9: Energy level correspondingtodonor defectswith
twoionization states.

15
10

5

AC/AT(E/K)

0

305 310 3l TIK]320 340 330 335

Figure10: Show variablecapacitancewith temperarure.
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Figure8 havetwo regions (dopes) dueto exist two
donorsleve sfounded between conductionand vdence
bandg*Y.

That confirm by studying capacitancevariablewith

AC
temperature. Figure 10 shows AT infunction of T,it

revealtwo peaks appear at temperature 312 K and
334K, that meansthere aretwo donorslevel $12.

By using Mott — Schottkyexpression, donor car-
rier density can calculateform thes opeoneandtwoin
the Figure 8. TABLE 3 showstwo donorsdensity and
two energieslevelsof donors.

TABLE3

Nag(cm™)
at high
voltage

6.1210%

Nig(cm®)at
low voltage

3.06*10%

Ei(ev) at low Ezg(ev)at high
temperature temperature

0.026 0.028

CONCLUSION

Cdse nanoparticleswere prepared in medium so-
[ution, the prepared sampl es have structureidentical
tohexagonal structure withspace lattice d= 3.26
A=* crystalization sizewas 85.7nm. Thevalueof ef-
fectivestrain and dislocation of theformed crystdl was
closeto standard va ues,found to be (0.026, 0.028)eV
respectively. Electrical properties show CdSe
nanoparticleswere n-type semiconductoror. the CdSe
prepared found to havetwodonorslevel sit at energy
closeto activation energy whichit equa to (0.0275 ev)
energy diagram of CdSe nanoparticlewasdrown asit
indicated in Figure 9, there are deep trapped carrier
dengity in CdSe nanoparticles.
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