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Exposure

Intake
 Food

*Food ready-table
 Water
« Milk

Environment
Water
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Exposure: Elimination

Hepatic veins —
(cut) / ™

Esophagus (cut)

Inferior vena
cava
Adrenal gland Renal artery
Renal hilum
Aorta Renal vein
Kidney
lliac crest
Ureter
Rectum (cut)
Uterus ‘
Urinary
/ bladder
Urethra
_ on |

https://sites.google.com/site/functionsofthehumanbodysystems/urinary-system
http://ponteensalud.net/2016/02/07/estos-son-algunos-remedios-caseros-para-limpiar-y-desintoxicar-sus-pulmones/
http://www.dmedicina.com/enfermedades/urologicas/2002/04/04/son-calculos-renales-7421.html
http://www.lavidalucida.com/5-senales-de-gque-tienes-un-intestino-perforado.html
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Characteristics:

Antimony vs 5A Family

Common 5A Heavy metal
Behavior

* Oxidation State of V

* Molecular arrangement of
mostly Trigonal pyramidal

Antimony behavior

Common Oxidation State of
(I11I), Although the
Ox1dation State of (V) 1s
possible.

*Different molecular
arrangements: Trigonal
pyramidal, octahedral



Antimony’s Structures

« Antimony trigonal pyramidal molecular arrangement for
Sb, 0, Coordination Number (CN) = 3

Antimony (I1I) Oxygen



Antimony’s Structures

 Common geometrical structures for antimony are:

[Shy -]

CN =14
Seesaw
Molecular
configuration

Antimony (III), Fluorine

[SbF5]-

CN=5

Square Pyramidal
Molecular
configuration
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Complex Formations

 Which geometry type would be expected to have an oxide of
antimony (III), Sb,0, ?Oxigen, Antimony (III)

Allen, J P., Carey, J. J., Walsh A., Scanlon D. O., Watson G. W., Electronic Structures of Antimony Oxides, The Journal of Chemical Physical Chemistry C 2013, 117, 14759—14769 11



Complex Formations

 What type of lattice the antimony oxide can be expected?

Allen, J P., Carey, J. J., Walsh A., Scanlon D. O., Watson G. W., Electronic Structures of Antimony Oxides, The Journal of Chemical Physical Chemistry C 2013, 117, 14759—14769
12



Complex Formations

e
 What type of geometry would be expected to have an oxide of
antimony (V) and 1ts’ lattice? Antimony (V)

CN=6

Allen, J P., Carey, J. J., Walsh A., Scanlon D. O., Watson G. W., Electronic Structures of Antimony Oxides, The Journal of Chemical Physical Chemistry C 2013, 117, 14759—14769 13



Complex Formations

e
*What would be required for an oxide antimony (IV) geometry
to take place?

A L &

* What type of geometry should be expected or observed from an
oxide of antimony (IV) ?

14
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Complex Formations
o

*The crystals of an oxide of Sb(IV) are composed by a

proportional amount of 1:1 Sb(I1I) and Sb(V),

But does not have an actual Sb(IV) atom

Allen, J P., Carey, <. J., Walsh A., Scanlon D. O., Watson G. W., Electronic Structures of Antimony Oxides, The Journal of Chemical Physical Chemistry C 2013, 117, 14759—14769 15



Complex Formations

Therefore, the lattices for the antimony (IV) oxide, would

undergo 1nto different crystal packing. The observed ones are
a(left) and P(left):

Allen, J P., Carey, J. J., Walsh A., Scanlon D. O., Watson G. W., Electronic Structures of Antimony Oxides, The Journal of Chemical Physical Chemistry C 2013, 117, 14759—14769 16



Applications

e Chemical Industry
Retardant flame
Metal alloy
Explosives
Electrode analytical
* Semiconductor

 Biological
* Drug
«Catalyst

Accessed (11/17/2016)

https://www.google.com/search?qg=Industry&espv=2&biw=1600&bih=721&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjInOqQkrHQAh

UDeSYKHUBYCF4Q AUICCgD#imgrc=_gGSgq7grxFscM%3A
https://www.google.com/search?g=pills&espv=2&biw=1600&bih=721&site=webhp&source=Inms&tbm=isch&sa=X&ved=0ahUKEwixt9- 17
OkrHQAhUKG6iYKHZ93AVWQ AUIBigB#imgrc=1NWcRqrjiQZgdM%3A



Sb,0, — Flame Retardant

Free Radicals in a Flame Retardant Main
Combustion Cycle Reactions

He + O2 —~HOe® +Qeo MX — HX + Me

Oe + H2 —HOe® +0e

HOe + CO «~CO, +He MX + He — HX + Me

HOe +HX— H,0+ Xe

M M, Metal; X, Halogen

18



Flame Retardant Conclusion
*Used on cloth, wood, and other fabrics
* Industrial manufacturing purposes

*Applied on paints

http://www.svmag.co.za/articlepage.php?cp=107
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Photovoltaic Devices (PVD)

*Conversion of light into electricity with the use of
semiconducting materials

()- Empty
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Conductor Semiconductor Insulator

http://mww.studyelectrical.com/2015/05/insulators-conductors-and.html 20



Sb Derivatives in a PVD Energy
Diagram

> _

"= F<a

Light energy
n= Efficiency
=46.0%

nmax

Stibnite as P= output power
Conductor dopant ‘h PRI

band

E= 1incident
photonic power

h

A= 1incident area
of E

Guijarro, N., Lutz, T., Lana-Villarreal T.,} O’Mahony, F., Gémez, R.,} Haque, S. A., Toward Antimony Selenide Sensitized Solar Cells: Efficient Charge Photogeneration at spiro- 21
OMeTAD/Sb2Se3/Metal Oxide Heterojunctions, J. Phys. Chem. Lett. 2012, 3, 1351-1356



Antimony Facts Summary in PVD

« Antimony Oxides had been notice to have a good behavior to

be used as p type semiconductor.

* Other compound used as a semiconductor 1s Stibnite (Sb,S;)
with an eficiency of 6.2%

22



What 1s metal alloys?

[ —
%

-
 Mixture of two of more substances with at least one will be a

metal element.

« Alloying changes the physical, resistance to corrosion, heat,
and other properties of the material to fit a given job.

Examples:
Bronze
Gold for Jewerly
Steel

http:/ /www.studentsollution.com/alloys/ 23



Types of metal alloys

SUBSTITUTION INTERSTITIAL
ALLOY ALLOY

http:/ /www.compoundchem.com/2015/07/07/alloys/ 24



General Sb Alloy Benefits

 Macro properties:
* Increasing hardness on metals
 Resistant to wearness
« Antifriction

» Micro properties:
e (Corrosion resistant
 Photosensitive usages

Accessed (11/17/2016)
https://www.google.com/search?qg=Industry&espv=2&biw=1600&bih=721&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjln
OgqQkrHQAhUDeSYKHUBYCF4Q_AUICCgD#imgrc=_gGSgq7grxFscM%3A
https://www.google.com/search?qg=corrosion&espv=2&biw=1600&bih=721&site=webhp&source=Inms&tbm=isch&sa=X&ved
=0ahUKEwi5w4S5p7HQAhXGRCYKHYNDAMUQ _AUIBygC#imgrc=dlpgxVUFqVTrzM%3A
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K.Sb Alloy

« Semiconductors in the solid state.
* Cubic phase

» Liquid alloys change continuously from metallic to
nonmetallic

26



K.Sb 1in Oxygen Batteries

Discharge

Electrolyte & Separator Porous
Carbon

Cathode

dichange Swcharge
K.Sb == 3K + 3¢ + Sb 0, + ¢ + K == KO,
charge charge

McCulloch, W.D et. al. Potassium-Ion Oxygen Battery Based on a High Capacity Antimony Anode. Appl. Mater. Interfaces. 7, 26158 26166, (20&57).



Conclusions of this application

» Potassium can reversibly alloy with antimony

* They form a cubic phase K;Sb with a high capacity of 650
mAh/g.

* Sb as a powerful electrode because the low cost of ~$10/kg
and high theoretical capacity.

28



Antimony: Biological properties
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Sb(V): Anti-protozoal
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Sb(III): Anti-cancer

R, ‘s
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Thiuram disulfides

Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l11) iodide; synthesis, 31
characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).



Antimony as anticancer drug

N\ S\
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| ol |
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N
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Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide; 32

synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).



IH-NMR Characterization
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Figure 514 'H-WME spectrum of the ligand

Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide; 33
synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).



IH-NMR Characterization
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Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide;

synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).
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IH-NMR Characterization
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Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide; 35
synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).



IH-NMR Characterization
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Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide; 36
synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).



A..,

Cell biological assay

m

IC5o values for cell viability found for complexes 1-3 and other complexes Sb(IlI) against HeLa (cervix), MCF-7 (breast).

Complexes Volume (A?) Contacts™(%) ICs0 (UM)
Hela MCF-7
{I(SBI(Et,DTC), )(12) ]} (1), 552.3 70.3 0.07 £ 0.007 0.04 £ 0.002
[{[(Sb(EtzDTC)g)q, (Sblg) (I3)]a} (2) 1229.2 68.1 0.75 +0.04 0.5+0.04 }
{[SbI(Et2DTC):]2} (3) 431.7 74.4 1.8+0.2 0.05 + 0.005
{[SbI(Me,DTC),],} (4) 338.78 66.1 0.037 £ 0.001 0.047 £ 0.003
{[(Me2DTC),Sb(p2-1)Sb(Me,DTC),] 15} (5) 795.43 61.2 0.023 + 0.001 0.019 + 0.002
{[SbBr(Me,DTC),],.} (6) 330.08 66.7 0.046 + 0.004 0.09 + 0.003
{[SbCl(Me,DTC),],} (7) 330.6 65.2 0.46 + 0.07 0.02 + 0.003
{[SbCI(Me,DTC),],X(8) 331.19 66.5 0.51 +0.10 0.024 + 0.004
{[SbIs(HDTOA), 5]-CsHe}n (9) 1327.48 78.2 11.82+1.10 18.42 + 1.41
{[SbBr3(HDTOA); 5]} (10) 1376.07 79 8.49 £ 0.65 21.64+1.89
{[SbCI3(HDTOA), 5]}, (11) 1375.44 78.6 - 12.4 £1.56
{[(Sbly(p2-1)(Hthel)2)2]} (12) 1044.64 74.8 - 0.76 £0.16
{[(SbBr3(p,-Br)(Hthcl),),]} (13) 974.73 76.6 - 1.44 +0.36
{[SbCl,(p,-Cl)(Hthcl),],} (14) 498.77 70.1 - 12.23 £2.27
{[SbBry(DETU),]"Br~}, (15) 493,92 78.8 124 +2.1 17.6£1.7
{[mer-SbCl3(DIPTU)3][fac-SbCl3(DIPTU)3] CgHs} (16) 458.93 84 7.7+1.3 13.2+1.2
Cisplatin 10 6.8

Urgut, O.S., Ozturk, I.1., Banti, C.N., Kourkoumelis, N., Manoli, M., Tasiopoulos, A.J. & Hadjikakou, S.K. Addition of tetraethylthiuram disulfide to antimony(l1l) iodide;
synthesis, characterization and biological activity. Inor. Chim. Act. 443, 141-150 (2016).
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Conclusions

* Sb(I1I) and Sb(V) has anti-protozoal and anti-cancer
properties.

* Sb(V) induce the parasite dies by apoptosis.

* Complex of Sb(III) demonstrate greater potency.

* IC;, confirm the potency of Sb(III) complex.

38
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