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Chapter 13

Arsenic, Antimony & Bismuth

Arsenic, Antimony & Bismuth
14N 99.634% 5P 100% ™As 100% 121Sh 57.25% 209Bi 100%
15N 0.366% 1235k 42.75%

»As, Sb & Bi have been known since antiquity. Sulfides
are the most common minerals. Bismuth has been used
from 1440 to the present as “type metal”.

> As & Sb have both nonmetallic (M,) and a-metallic
forms. Sb, is unstable above —90°C.

»a-As, a-Sb, a-Bi have a puckered sheet structure based
on pyramidal coordination. a-As has no ductility, high
resistivity, is volatile and amphoteric. As resists oxidation
to As(V), are strong oxidizing agents. Arsenates mimic the
phosphates in structure.

Group 15 Trihalides

AsF3 OPF3 as aligand, but more oxidizing and more readily hydrolysed.
AsCly/SbCl3 Low viscosity solvents for Cl-ion exchange/transfer reactions.
AsFy/SbF3  Good halogen exchange reagents (CI to F) for nonmetal halides.
CClCCly + SbF; ——»  CCLFCCIF
SiCly + SbF; ——  SIClsF . SiCl,F, , SICIFs
CF4PCl, + SbF; ——>  CF4PF,
RsPS + SbF; ——>  RyPF,

Oxidation sometimes occurs simultaneously:
3PhPCl, + 4SbF; —» 3PhPF, + 2Sb + 2ShCl;

3 (CHg),P(S)P(S)(CHg), + 6SbF; —— 6 (CHg),PF3 + 2Sb + 2Sbh,S;

AsF3is a weaker fluorinating agent, Selective fluorinations are also possible. .
[PCI* [PClg] + 2AsF3 —> [PCl,]*[PFg” + 2AsCl3
AsCI3 (bp 130°C) can be distilled off more easily than SbCI3 (bp 223°C)




Group 15 M(I 1)) Fluorlde Complexes
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Group 15 M(I111) Fluoride Complexes
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Group 15 M(I11) CI- & Br- Complexes
X i >
X <«—EXz + X

\\E Large cations only.
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EXg+2 X —>
E=Sb X=Br
[BiBrs]2- 6CN polymeric

X X x 1"
E=Sbh,Bi X=Br /
2EXz + 3X —> x—/ _j‘_:E\ X

X
\‘/ E=Sb,Bi X=Br Lone Pairs not active .

N «— EX3+ 3 X~ stereochemically but
P G x' E-X bonds are longer
than "normal”.




Group 15 M(I11) CI- & Br- Complexes

Trends in Electron Lone-Pair
Stereochemical Activity

As one goes down the Group: As> Sb > Bi

With increase in coordination number ot the
centralatom: 4 > 5 > 6

As the halogen atom becomes heavier:
F>Cl>Br>1I

Pentahalides of Group 15
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AsFs5 & SbFs are potent fluoride ion acceptors (also :N & :0)
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The Bronsted Acid strength
of a"super acid" is increased 0/ =
by increasing conc. of SbFs.

2 HF + SbFs <—= [H,F]" [SbF¢]

[HoF1" [SbFel” = [HoF]" [SboF1a]” 5 [H,F]" [SbeFyel

Oligomeric & Mixed Antimony(V) Halides

The trans-bridged ion:  [Sb3F 1]
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Mixed Halides:

_4_ SbFs is a very syrupy, viscous liquid. Addition of small amounts
\‘ / of SbCls dramatically lowers the viscosity, and raises conductivity.
/‘ F Fluonne bridges are broken, cyclic, tetrameric and ionic species

\‘ / are formed.
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F-bridged, cyclic tetramers
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Antimony (V) Fluoride
Crystalline [SbFs], tetrameric
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Pentahalides of Group 15

BiF5 A trans-bridged polymer.
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BiFs Bismuth pentafluoride is an extremely powerful fluorinating agent and
oxidizer. Above 150°C it will oxidize U(IV) to U(VI) and parafins to
perfluoroparafins.

SbClg
Antimony pentachloride is very important industrially as a Swart's catalyst.
SbCls + X HF —» [SbCI4F]4+ [SbClaF,]4 + [SbCI 4] [(CIF4Sb),F]”

Can convert chlorocarbons to chlorofluorocarbons

Fluorination: The Swarts Process

ccl, HE&SC% o CFClg, CF,Cl,, CFaCl
R-11 R-12 R-13

HCCl, &% o HCFCI,, HCF.C
R-21 R-22 CF2

Il
HCF,CI T%» {iCF,} —> % F,C=CF, aso CF3CF

H,CICCCl, LHE&SCh o 2 5 F,CCH,F
R-134a

Process is still the “mainstay” of the fluorocarbon
products industry. Direct conversion of C-Cl to C-F
from anhydrous hydrogen fluoride is very inexpensive.




Cluster Chemistry - Arsenic
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Organometallics
E(lll) ASR3  organoarsines are well known, good ligands.
SbR,
BiRs

E(V) RpASs. n=0to5known, R=alkyl, aryl
R,As”

AS(CHy)s @ECAS(CHQQ, + CHyCH,
(HsC)sAs=CH, + CH,

"Ylid"
Sb(CHg)s <MLls Li[Sb(CHy)e]
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Group 15 Metal-Metal Bonding

R,E—ER,  As > Sb >> Bi  (CHz)2As=As(CHy),

known since ~1760

PhSb=SbPh
Stabilized by isolation as ligands
CH3CEA5 unstable to polymerization.
Sb=Sb
Cyclopolyarsanes: H3C CH
K < 3
Can replace CO in M(CO)x /AS7AS
CHs As——AS
AS  HC “CHs
/ / CHy
As As As
HyC” “CHs HiC—AS™  SAs-CH,
also: R = As

A$
CF3, CoHs, C3H , Ph HoC” ‘CHs




