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Synthesis of Zinc Sulfide Nanoparticles by Precipitate Dissolution
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Abstract: Zinc sulfide nanoparticles with different sizes were synthesized by a unique precipitate dissolution

method using zinc alkyl xanthate and sodium sulfide as zinc and sulfur sources, respectively. The samples

synthesized were characterized by low temperature nitrogen adsorption and desorption, Transmission Electron

Microscope (TEM), powder X-ray Diffraction

(XRD) and Fourier Transform Infrared Spectroscopy (FTIR)

techniques. The results indicate that the particle size of the samples decreases with alkyl chain length of zinc

xanthate. The solution chemistry mechanism of the zinc sulfide nanoparticles formation was also discussed.
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Table 1

BET surface area of ZnS nanoparticles obtained from different zinc xanthates

Source of zine Zinc ethylxanthate

Zinc butyl xanthate Zinc octylxanthates

Surface area / (m*-g™) 119.45

Diameter / nm 12.3
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(A) zinc ethylxanthate

(B) zinc butylxanthate
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(C) zinc octylxanthate as zinc sources
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Fig.1 TEM images of synthesized ZnS samples
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Fig.2  XRD patterns of ZnS nanoparticles obtained from

different zinc xanthates
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(B) Zinc sulfide
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Fig.3 IR spectra of samples
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Table 2 Relevant solution chemical comlexation and
precipitation reactions and corresponding

equilibrium constants in Zn*-S>-X"-H,0

system
Solution reaction IgK
H"+ HS = HS 6.99 (€))
H* + HS" = H.S(g) 7.99 )
HS = H* + $& 19.0 3)
H,0 = H+ + OH" 14.00 4)
Zn* + 2HS™ = Zn(HS), 12.82 5
Zn* + 3HS™ = Zn(HS)* 16.1 (6)
Zn* + 4HS™ = Zn(HS) 14.64 (7)
Zn* + 2H,0 = 2H* + Zn(OH), -16.4 8
Zn* + 3H,0 <= 3H' + Zn(OH);" -28.2 )
7Zn* + 4H,0 <= 4H' + Zn(OH), -41.3 (10)
27n* +6H,0 = 6H" + Zn,(OH)s* -54.3 (1mn
27n* + H,0 = H* + Zn,0H* -9.0 (12)
47n* + 4H,0 = 4H" + Zn,(OH),* -27.0 (13)
Zn* + H,0 < H* + ZnOH* =15 (14)
Zn* + 2HS™ = H* + ZnS(HS) 6.84  (15)
Zn* + 3HS™ = H* + ZnS(HS),> 6.15  (16)
Precipitation reaction
Zn* + 2H,0 = 2H* + Zn(OH)(s) -1245  (17)
Zn* + H,0 = 2H* + ZnO(s) -11.2 (18)
Zn* + ST = ZnS(s) 24.7 (19)
Zn* + 2EX" = Zn(EX),(s) 8.2 (20)
Zn* + 2BX" = Zn(BX)4(s) 10.3 (21)
Zn* + 20cX™ = Zn(0cX)s(s) 15.82 (22)
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Zn(0cX)y(s) = Zn* + 20cX™ 1gK=-15.82  (22)

Zn* + S* <= ZnS(s) 1gKk=24.7 (19)

(22)+19)45 X (23) a1 T .

Zn(0cX),(s) +S*=7ZnS(s) +20cX" 1gK=9.88 (23)

— SN A B E HBE AG

AG=-2.303RT1gK=-56.37 kJ-mol™ (24)
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Fig4 Species distribution in Zn*-S:-X~-H,0 system as
a function of sulfide concentration
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Fig.5 Schematic diagram of zinc xanthate as the zinc
source to synthesize zinc sulfide nanoparticles
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