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Arsenic, Antimony & Bismuth



Arsenic, Antimony & Bismuth

14N 99.634% 3P 100% "As 100% !°1Sb 57.25% 2%9Bi 100%
N 0.366% 123Sh 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.

»0-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

AsFz OPF3 as aligand, but more oxidizing and more readily hydrolysed.
AsCl3/SbCl3 Low viscosity solvents for Cl- ion exchange/transfer reactions.

AsF3/SbF3;  Good halogen exchange reagents (Cl to F) for nonmetal halides.
CCI;CCl3 + SbF; —»  CCI,FCCIF

S|C|4 + SbF3 —_— S|C|3F 1 S|C|2F2 ) S|C|F3
CF3PC|2 + SbF3 E— CF3PF2
R3PS + SbF3 E— R3PF2

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

3 (CH3)2P(S)P(S)(CH3)2 + 6 Sng E— 6 (CH3)2PF3 + 2 Sb + 2 szSg

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(I11) Fluoride Complexes
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Group 15 M(I11) Fluoride Complexes
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Group 15 M(I11) ClI- & Br- Complexes
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Group 15 M(I11) Cl- & Br- Complexes

Trends In Electron Lone-Pair
Stereochemical Activity

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

With increase Iin coordination number ot the
central atom: 4 > 5 > 6

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



Pentahalides of Group 15

Table 13.9 Some properties of the known pentahalides

Property AsFs SbFs BiFs AsCls SbCls
MP/*C —79.8 8.3 154.4 ~ =50 (d) 4
BP/°C —52.8 141 230 — 140 (d)
Density (T°C)g em™ 2.33 (—53°) 3.11 (257) 5.40 (257) — 2.35 (21°)
F AsFs & SbFs are potent fluoride ion acceptors (also :N & :0)
F 171.9 pm F
\AS—F HSO3F + SbFy =—= F| _F
F/ 166.8 pm ) ) . ) F/?b\
HO, OH|* | F ' F
7 g F™A °F S
O | 20
O. 0O O F
| N?
The Bronsted Acid strength S
of a "super acid" is increased O// \|:

by increasing conc. of SbFs.

2 HF + SbF; === [H.F]" [SbFg]

_SbFs_

[HoF1" [SbFg]” ——> [HaF]" [SboF1i]l” — [HoF]" [SbaFigl



Oligomeric & Mixed Antimony(V) Halides

The trans-bridged ion: [Sb3F16]-
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Mixed Halides:
Jﬁ SbFsis avery syrupy, viscous liquid. Addition of small amounts

of SbCls dramatically lowers the viscosity, and raises conductivity.

-Fluorine bridges are broken, cyclic, tetrameric and ionic species
N b/ are formed.
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Antimony (V) Fluoride

Crystalline [SbFs]4 tetrameric

units. Antimony is cis-bridged —
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Pentahalides of Group 15

BiFs A trans-bridged polymer.
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Bi F5 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.

SbCls
Antimony pentachloride is very important industrially as a Swart's catalyst.
SbClg + X HF — [SbCI4F]4 + [SbCI3F5]4 + [SbCI 4] [(CIF,Sb),F]

Can convert chlorocarbons to chlorofluorocarbons.



Fluorination: The Swarts Process

ccl, E2=%% 5 CFCly, CF,Cl,, CF5Cl
R-11 R-12 R-13

n HF & SbhCls

HCCl

HCFCl,, HCF,CI

R-21 R-22
CF,

|
HCF,Cl  —2> [:CF,} —— 1, F,C=CF, aiso CFsCF

H,CICCCl, 122 5 _ 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;
BiR5
E(V) RjASs5., n=0to5known, R =alkyl, aryl
R,As”
AS(CH)s <1 S(CHa)s + CHaCH,
(H3C)3AS=CH2 + CH4
"Ylid"
Sb(CHa)s <Hls | i[SH(CH2)g]
Ph Ph

SbPhh5 }psga?rirgal Ph 211.5pm oh P ‘212021_16_pm oh

BiPhg | pyrami A |-1016° ____ .
first known 10e- '87.6° 868322/5““ P "87.9° Blm‘n
main group non- phfi .......... bR’ ph:: __________ bR

trigonal bipyramidal.

gold (ef -. violet trans



Group 15 Metal-Metal Bonding

RZE_ERZ As > Sb >> BiI (CH3)2AS=AS(CH3)2

known since ~1760

PhSb=SbPh

Stabilized by isolation as ligands
CH3C=As " unstable to polymerization.

Sb=Sb

Cyclopolyarsanes: HSC\ _CHj
Can replace CO in M(CO)x As /AS

CHgj As AS

AS  HC “CHs
/ / /CH3
As AsS As
~ __—

H3C \CH3 H3C_A/S >AS—CH3
also: R = AS AS

CF3, CoHs , CgH, , Ph HaC ‘CH,



