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Abstract Semiconducting pyrites were successfully depositedjlass substrates from Diethyldithiocarbamato
iron (IlI) complex (single source precursor) usiagrosol assisted chemical vapour deposition (AACVD)
method. Structural analysis of the films shows thae pyrite was deposited at 8G0whereas mixture of pyrite
and marcasite was deposited at B5H00C and 450C. The concentration of the precursor and depasttine
has no visible effect on the structure of the dépddilms. Optical analyses of the films show tipate pyrite
has higher optical absorbance compared to impuigepyhe concentration of the precursor and dépdgime
has significant effect on the optical propertieshaf deposited films.
Keywords: Pyrite; Marcasite; Diethyldithiocarbamato iron (III); AACVD; XRD; Spectroscopy; Glass
substrates.

1. INTRODUCTION

In recent years, synthesis of materials for soddirapplication has attracted great interest, nesgeecially cheap
and abundant materials with the properties necgdeaisolar energy conversion. Many of the cheapenias
used in solar cell are either non abundant or tarid as such posed limitations to possible spediifion the
potential scale of their usage and applicafi6nSeveral physical and electronic properties of -safphide
system made them strong candidates for technologgaication such as solar cells, solid stateeis> and
catalysis®. There are various phases of iron-sulphide systémay are pyrite (Cubic Fe)$ marcasite (calcium
chloride structure-Fe} troilite (FeS), mackinawite (kgS), pyrrhotite (Fe,S, FeSg), smythite (hexagonal
Fe;S,) and greigite (cubic spinel-5®) **°. The phase of iron-sulphide system that is foriseifunction of how
the material is formed e.g. the precursors used spettifically the temperatures of the reactiovhile the
stoichiometry ratio of iron and sulphur determiribs structuré Pyrite (Cubic Fe$ seems to be the better
candidate for solar cell application due to itstleabundance, cheap and non-toxic material evem wgtlow
solar energy conversion efficierfidy®> Pyrite has some properties that make it suité&lePhotovoltaic (PVs)
application, these solid state properties includéirect band gap of 0.98eV, optical absorptionfficient of
10°cmi*(for A <900 nm), adequate minority carrier diffusion léngf (100-1000) nm, high photocurrent and
high quantum efficiencie&'®. Various methods have been used to deposit pyiteh as, chemical spray
pyrolysis?, vapour transpot, vacuum thermal evaporatiin hot injection methdd sulphurization of iron
oxides*, ion beam and reactive sputteriigand plasma assisted sulphurization ofifolm this research work,
we used solution based method, precisely Aeroseiséesd Chemical Vapour Deposition (AACVD) method to
deposit nanocrystals of Pyrite from a solution gsimgle source precursor and characterized thesited films
using XRD and UV — VIS spectrometer in other toedetine the structure and optical properties of tpyri
respectively.

2. EXPERIMENTAL

All reagents were used as purchased and solvemésdiatilled prior to use. All syntheses were perfed under

an inert atmosphere of dry nitrogen using standahdenk techniques. Elemental analysis was peridioyehe
University of Manchester micro-analytical laborgtoMass spectra were recorded on a Kratos concgpt 1
instrument. Infra-red spectra were recorded on ec&p single reflectance ATR instrument (4000-400",cm
resolution 4 crif). Melting points were recorded on a Barloworld SMPMelting Point Apparatus. p-XRD
studies were performed on an Xpert diffractomet@ng Cu-Kx radiation. The samples were mounted flat and
scanned between 2@nd 70 with a step size of 0.0%nd various count rates. Absorbance spectra dateo
films were obtained using Agilent HP8453 UV — VIgestrophotometer. From the absorbance, various othe
optical parameters which include: Optical band dapfractive index, Coefficient of absorption, angtiCal
conductivity were derived.

2.1 Precursor synthesis
Following the procedure of Masoetlal 2011, Diethyldithiocarbamato iron (I1l) was pregdt.

2.2. Preparation of solution
The solutions were prepared by dissolving differaasses of the precursor (FE€BI(Et),),) in toluene. 0.3g (0.6
mmol), 0.15¢g (0.3 mmol) and 0.075g (0.15 mmol)taf precursor were separately dissolved in 15metadun
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a two-necked 100ml round bottom flask and concéotra of 0.04mol/dm3, 0.02mol/dm3 and 0.01mol/dm3
respectively were achieved. The substrates used glass microscope slides. The glass slides wert gize
approximately 1 x 2 cfrby hand. The substrates were not handled with firagers rather with hand gloves to
avoid contamination. The substrates were cleandiu ddtergent solutions, rinsed with distilled waaed then
rinsed with acetone, methanol and distilled watet nally dried before use.

2.3. Deposition of thin films of Pyrite by AACVD

15ml of the solution was poured into the two-neckednd bottom flask with a gas inlet that allowedan
(carrier gas) to pass into the solution to aidtthasport of the aerosol. A piece of reinforcedrighwvas used to
connect the flask to the reactor tube. Platon flgauge was used to control argon flow rate. Sevessgl
substrates (approximately 1 x 2 9rwvere placed inside the reactor tube which isgilaio a Carbolite furnace
maintained at a certain temperature. The precwslution in a two-necked round bottom flask wastkapa
water bath above the piezoelectric modulator of RCP ultrasonic humidifier (Model No 1077). The gidn
was evaporated and the generated aerosol dropléts precursor were transferred into the hot wafie of the
reactor by the carrier gas. This precursor vapeached the heated substrate surface where therimdilged
reactions and film deposition took place at a paléir time and temperatur€ables 1, 2 and 3 summarized the
parameters that were varied during the deposition.

SIN Slide No Argon flow Concentration of Temperature of Time of Repeated
rate (sccm) precursor (mol/dr) deposition deposition times
(°C) (minutes)
1 M 160.00 0.04 300.00 30.00 3
2 N 160.00 0.04 300.00 60.00 3
3 O 160.00 0.04 300.00 120.00 3
Table 1 The variation of time while keeping other paramemnstant
S/IN | Slide No Argon flow | Time of deposition| Temperature of | Concentration off Repeated
rate (sccm) (minutes) deposition precursor times
(°C) (mol/dn?)

1 P 160.00 60.00 300.00 0.04 3

2 160.00 60.00 300.00 0.02 3

3 160.00 60.00 300.00 0.01 3
Table 2 The variation of concentration while keeping otharameters constant.

S/IN Slide No Argon flow Concentration of Time of Temperature of | Repeated
rate (sccm) precursor (mol/dr) deposition deposition times
(minutes) (°C)

1 E 160.00 0.04 60.00 300.00 3
2 F 160.00 0.04 60.00 350.00 3
3 G 160.00 0.04 60.00 400.00 3
4 H 160.00 0.04 60.00 450.00 3

Table 3 The variation of temperature while keeping otheapzeters constant
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3. RESULTSAND DISCUSSION

The p-XRD patterns of the deposited films are showfignires 1 and 2. Figure 1 shows that films deposited at
300°C and varying concentration and time correspondui@ cubic pyrite (FaSs (ICDD No. 01-073-8127))
phase. (111), (200), (210), (211), (220), (311) e31l) planes of reflection were dominant at apakgting time
and concentratiorFigure 2 shows that pure pyrite is formed at 30ut a mixture of pyrite and some peaks
corresponding to marcasite (ICDD No. 04-003-20%@pimed at 351, 400C, and 450C. Again it is observed
that (200) plane of reflection is the preferredentation of the crystals at any depositing tempeeatThe
optical absorbance of the deposited iron sulphildesfin the photon energy range of 1.3eV — 4.2e¥ been
investigated using Agilent HP8453 UV-VIS spectrojmimoeter.Figures 3, 4 and 5 show the plot of optical
absorbance against the photon energy. The filme significant absorbance in high photo energy wasithe
absorbance decreased as the photon energy decreasadigure 3, it is observed that the absorbance of the
pure pyrite films increased with deposition timedese of the increase in the thickness of the dieploims. It

is also observed that the absorbance increasedneitiase in the concentration of the precurfigu(e 4). The
absorbance of impure pyrite is seen to be genelalgr than that of pure pyrite as shownfigure 5. The
absorbance of pyrite indicated that the films atéva in the visible and infra-red region, thusrthes possibility
that this material can be used as either inframdces or solar cells.
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Figure 1. p-XRD pattern of the deposited films at various@entration and time (slides O, N, P, R, and Me Th
figure shows that polycrystalline pyrite is formefith planes of reflection on (111), (200), (21®11), (220),
(311) and (023). The vertical lines represent stathg@-XRD pattern of cubic pyrite (Fess (ICDD No. 01-073-
8127))
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Figure 2. p-XRD patterns of deposited films, at 860(slide E) pure polycrystalline pyrite (Fag(ICDD No.
01- 073-8127) is formed with planes of reflection(@11), (200), (210), (211), (220), (311) and (028 3506C

(slide F), 406C (slide

ABsorbance (a.u.)

G), 450C (slide H) mixture of pyrite and marcasite (+) QID No. 04-003-2016).
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Figure 3. Plot of absorbance against photon energy (sties, M)
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Figure 4. Plot of absorbance against photon energy (slidé€3 And R)
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Figure5. Plot of absorbance against photon energy (slidés &, and H)

Figures 6 shows the plot of absorption coefficient square ¢ersus photon energyg\() of the deposited
pyrites (pure and impure). Extrapolation of theigfint portion of the graph touches the photon gnatg.0eV.
Therefore the direct band gap of the deposited iilfd.0eV, this bang gap compares well with ditzentd gap
of 1.85eV reported by Anuat al, (2010¥%. The increase in the band gap of the films, fro886V for indirect
band gap to 2.0eV for direct band gap as a result of phonon contributibtf. The optical conductivity of the

pyrites was estimated usieg = % (figures 7, 8 and 9). The figures showed that pure pyrite has highcapt

conductivity than the impure pyrite. The opticahdactivity increased with the photon energy fortbptire and
impure pyrites and as such pyrite might be considi@s nice glazing materials for maintaining cotrior in
building in warm climate region while keeping tleoms well illuminated.

Figures 10, 11 and 12 showed the plot of refractive index against phatoargy. Fronfigure 10, it is observed
that the pyrite film deposited under 3@and 30mins (slide M) has high refractive indexabbut 2.6 in high
photon energy and refractive index of about 1.Bimer photon energy whereas the reverse is thefoagéms
deposited 30, 60mins and 120mins. Films deposited at 60mitide(sN) and 120mins (slide O) have
approximately refractive index of 2.6 in lower ptwtenergy and refractive index of 2.25 and 1.6peetvely
at high photon energy. The figure also shows asttiam photon energy (2.0eV — 3.25eV) through whilch
refractive index changes from high value to lowueaénd vice versa.
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Figure 11 shows that concentration of the precursor hadfanteon the refractive index of the deposited &lm
The film deposited under 380, 60mins and 0.01mol/dm3 of the precursor (slijlsi®ws high refractive index
of 2.65 and 2.00 at high and low photon energy eetsygely. The film deposited under 3@ 60mins and
0.02mol/dm3 of the precursor (slide Q) has peakevalf refractive index of 2.65 at photon energ@.dbeV but
the refractive index decreased as the photon engsrggcreased or increased above 2.75eV. The fiposited
under 300C, 60mins and 0.04mol/dm3 (slide P) shows refractivdex of 2.65 at low photon energy and
refractive index of 2.25 at high photon energy.

Figure 12 shows the effect of temperature on the refradtidex of the deposited films. The films depositéd a
300°C (slide E) and 40T (slide G) show low refractive index at high pho@nergy and high refractive index at
low photon energy. The films deposited at Z5@slide F) and 45T (slide H) show high refractive index at
high photon energy and low refractive index at [gvoton energy.
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Figure 6. Plot of absorption coefficient square against phanergy
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Figure 7. Plot of optical conductivity against photon ene(gldes N, O, and M)
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Figure 9. Plot of optical conductivity against photon ene(gldes E, F.G, and H)
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Figure 10. Plot of refractive index against photon energidésd M, N, and O)
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Figure 11. Plot of refractive index against photon energydéti R, Q, and P)
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Figure 12. Plot of refractive index against photon energidéd F, H, E, and G)

4. CONCLUSION

Semiconducting pyrite was successfully depositeminfra single source precursor using AACVD. The
concentration of the precursor and deposition thrae no visible effect on the crystal structure af films
whereas the temperature of deposition affects tizse of the iron sulphide that is formed. Pure ggbtalline
pyrite is formed at 30T with preferred orientation lying on (200) plarfereflection whereas mixture of pyrite
and marcasite is formed at 380 400C and 456C. Optical analysis shows that pure pyrite has duigiptical
absorbance than impure pyrite. The absorbancegctefe index and optical conductivity are affectad the
concentration of the precursor used and time obsiépn.
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