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Issue #2: L.ead

«  Known since ancient times: used for plumbing systems
(Roman Empire), roofing (medieval cathedrals)

S
«  Modem uses: A bouselesld pluwdls G fdégépﬁfas
—  solder: Pb-Sn alloy  (Franklin » He TJ passaqe “fﬁue[e‘é;&
—  paints (white lead, 2PbCO,.Pb(OH),; red lead, Pb;0O,;
lead chromate PbCrQO,)
— lead-acid batteries
— gasoline anfi-knock agents tetramethyl- and tetraethyl-
lead [no longer used in Europe or North America]
— crystal glass (PbO —> high refractive index)
— lead shot (shooting ranges; waterfowtl)
— Racdliction slhieldiug
«  Historical production of lead: see text, Figures 10.4 and 10.5
Camo\ ned— Paje_}
«  Toxicity of lead: :
—  Pb* substitutes for Ca>* in bone; depuration is very| . lffeﬁﬁ
slow so that Pb accumulates with age wudz bod
— as with mercury, organoleads are more toxic than s
inorganic lead; even inforganic salts are partly covalent 15-204¢
e.g., PbBr, skeletow
— hence Pb can cross blood-brain barrier —> @O.wwia’“”eﬁ
neurotoxicity in adults and children; mental de
children (lead paint) & tfteq like Yo chew Ol{)e&S
— lead recycling (*secondary lead smelters) —> air
pollution since Pb has m.p. 327°C; b.p. 1740°C
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Lead in gasoline @

. petroleumgmostly straight chain alkanes
«  branched chain alkanes burm more smoothly

« petroleum distillation —> “‘straight run” gasoline — a poor
fuel with tendency to knocking/pinging (details in text)

« options to increase the octane rating are:
— more complex refining processes —> more branched
chain and aromatic hydrocarbons ~_~€-s- Fetra eYlnyQ|eaal (TELB
— addition of tetraalkyl lead compounds as “anti-knock
agents”: Ethyl Corp, founded 1920s
Drépa.rm\"tbv\ ot TeL :
[ Na/Pb alloy + 4CH,CH,Cl —> Pb(C,H), + 4NaCl ~+ 3Pl

in the engine: Pmuok’eg s wootle combustion Mese tu te
C,D\Mbu.sho/\
. . M’\)L\'ure
Pb(C,H,), —> Pb(gyr 4CH,CH," (ethyl radicals 40
S oﬁ}g _
VA usTLoN
Pb{a+ 2[Br] (from BrCH,CH,Br) —> (PbBr,, PbBrOH) [ &
7 Pt 2[Br] ( ,CH,Br) L oProT) (fee

Mf\v ﬂD“SOLi we COK&I'CQS in exlhaust
— roadside dusts are high in inorganic Pb compounds clain
— catalytic converters incompatible with leaded gasoline O*w\i)

—> unleaded gasoline
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Related 1ssue: oxygenates and MTBE
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lead emissions in Canada, 1978-1995.
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Swietlu bect-Gutul ether

« US Clean Air Act mandated 2% by weight [O] from
oxygenates to try to curb ozone in photochemical smog
. MTBE added, because 1t also has high octane rating ~110
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/' CH,=C(CH,), + CH;OH —> CH,0-C(CH,),

( 1sobutene
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methyl tert. buty] ether (MTBE)
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MTBE now found to be a ground water pollutant Q

—  recalcitrant deuse ron-aqueous phase l%wcﬁ (P 'S0
—  DNAPL %urce from leakmg gas tanks
—  possible carcinogenicity

« alternative oxygenate = ethanol
— from corn starch by fermentation and distillation

— concern that ethanol increases aldehyde levels
0,
CH,CH,OH + OH — CH,CH OH —> CH,CH=0
- HO,

s e 'gasoldd’ wenveun2nk -

— recall that CH,CH=0 i1s a precursor of peroxyacetyl
nitrate, PAN

rec&arge«b
Lead-acid battery (in cars) (Ca-m. e J\»sc\m d v clar QoQ\
3000\ S’orasQ C-Q,L

Pb(s) | H,SO,(aq) | Pb/PbO,(s)

galvanic cell (when you start your car):

Overall T%:
Pb(s) + PbO,(s) +2H,S0,(aq) —> 2PbSO,(s) + 2H,0()

—ude: HzSO¢ cousumedd

anode reaction:
Pb(s) —> Pb*(aq) + 2e
cathode reaction:
PbO,(s) + 4H(aq) + 4e- —> Pb*(aq) + 2H,0())

electrolvtic cell (when the battery charges):

2PbSO,(s) + 2H,0()) —> Pb(s) + PbO,(s) + 2H,50,(aq)

— u,ok‘e KZQO%
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For E_,,, during discharge:

cell
E = E - RT/nF.In(1/[H,S0,])
= E° + RT/nF {2In [H'] + 2In [HSO, ]}

This 1s why the charge of a battery can be determined by
measuring the density of the electrolyte (Hngq s deuser than [.%0>

Cearked. | A
Problems with lead-acid batteries: Cosifion ba’{{f% b

technical problem of low energy density
« recycling — secondary lead smelters (Junctign Triangle,

Toronto)  (o\cl elededeas re-ustilled )
-« improper disposal: “M"B CuasSTans

— landfill Jeachate \
( — poisoning of caftle weaus thak redio
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