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analytical cethods have been described Tor the determination
o ubtraetqyl Lw&u and related compounds in concentrated crevare
avions, and of tetrasthy lead in dilute solution in gasoline.

The limits of accuracy of these methods, and their applica=-
bility, under Jifferent conditions, have been discussed.

the wide éisvribution cf motor gasoline containing tetraethyl lead
has stimulated interest in the analytical methods that can be apnlied to
Orr&LlC lead compounds, .xcept for the publications of Xrause z=nd nis co-
workers several years ago (9) @and the more recent article by CGilman (8),
practically no meihods of analysis applicable to coneentrated organic lead
rreparations havo been published. On the other hand, scveral methods of an~
¢lfuig of gasoline ror tetraethyl lead have been suggested in the literature
(l, Sy &, 5, 7, 10} which, from the authors' experience, are somevhat &lik-
ing in both coavenionce and accuracy. <Since the methods suggesisd by Krause
and by “ilman sre of only limited applicability, 1t may be of interest to
rresent in detail and discuss the methods wirich have been developed in this
leboratory and enrloyed for several years.

vy

e methods as described hereln apply particularly to tetraethyl lead
~nd othor ebhyl _Vud bnnuunds. ‘Their anwlicabiliuv to other zlizyl lead com=
pounds will ba cor red in the discussion.

Jor the rzhysical and chemical properties of organle lead corpounds on

whleh she &n&l’tlcul methods are bgsed, ihe reader is referred to a review of
the cubject by one of the authors (3).

wrperimental lethods
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caution=-~Loncentrated hreaaratlons of organic lead compounds are highly
*oisonous. trey should be handled under a hood eguipped with vigorous
suction, and care should pe employed to prevent contact with the handse.

{a) Gravimetrie.
deactions: Ibitg-----=~ FDBrg -=---=- >1bCri4

o aboutb r;cc. of carvon tetrachloride in a 500-cec. srlonmeyer Tlask
add ubout lec,of traetnyl lead or its concentrated solutlon, welghed in
a Lunge pipet (o) ifeep the srleanmeyer flask ice cold, and 2dé slowly and
ﬁlth.con§tdnt shalking an excess (5 to 10 cc.) of a 30 per cent solution of
broiine in carbon tetrachloride,
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.vaporate on a steam bath the carbon tetrachloride from the solid
lcad bromide., To the dry lead bromide cdd a nixture of 30 cc. of con=
centrated ammonia {(sp. gre. 0.90) und 50 cc. of 5O0percent ucetic acid,
washing down the sides of the flask. &Soil until the praclrpliate is_gom—
pletely dissolved und any remaining curbon tetrachiloride removed. fil-
ter from any insoluble matter and wash the Ilausk out well with hot vater
into a heaker. Silute the filtrate and washings to 450 cec. and heat to
boilingz on a hot plate. NNow add slowly wund vith constant stirring 40 cc.
of a 5 nercent solution of potessium dichromate. «tir Tor 5 minutes
while the solution 1is boiling, then renove irom the kot plate and keep in
a warm nlace for one hour, Collect the precipitate on a weighed and ig-
nited Gooch crucible and wesh well with hot water. ory in g crucible air
bath, or in an oven at 105 degrees C. and welgh as Fblrlg.

(b} Volumetric.
ieactions: Ihit4eemme== > tDUrg=e——== 7:DbiioCs4

srepare the ammonium azcetate solution of lead as in sccetion (a), boil
1t dowm to 150 ce., and titrate hot with a standard molybdats solution,
until z yellow coloration is obtauined with tannic acid used as outside indi-
“ecator. <“he molybdate solution is standardized against a inown veight of
lead or lead chloride {11). ‘he indicator used is a 0.5 ner cent freshly
prepured solution of tannic acid. Care nust be taken always to use the
same amount of indicator (2 drops) and solution (4 dropsj. 4 blank is run
on the sume amount of water and wusonium wecetate, and the amount of molybe
date solution used 0o ¢ive a distinet coloration {about 0.3 cc.) is sube-
tracted from the result of the tiftration.

Lethod 2, UTAL CuGaiLC LeaD Id DILUTE LCOLUTTIOH (L4 wwsluilis)

(2} OCravimeiric,.

Leasure with a pipet 100ce. of usoline containing tetraethyl lead in
a 400=-cc. besker. .add slowly a solution of 30 ner cent bromine in carbon
tetrachloride, until the wermanent brown-red color of bromine is obtained?
Filter vrompily through asbestos in a dry tooeh crucible~-or vreferably
through a fritted Jena glass rilter crucible of {o. 2 poresity=--and wash
with wmetrolewm ether. Lut the crucible back in the beaker vhere the pre=
cinitation was wmade und add wbout 3 ce, of nitric weid (sp. or. 1.40) in
the crucible., .dd o warm solution of 10 per ccnt nitrie zcid in guantity
Just suifficient to cover the top of the crucible, bring to belling, re-
move the crucible, and boil down to ubout Bec. ilute and filter the
solution through soft filter paper (if a Gooch crucible was used), rinsing
the beaker and crucible uith warm water. Just neutralize the Tiltrate
with zzmonium hydroxide and add 5 cc. of 50 ner cent acetic scid., Con=
tinue as per rethod 1 (a). ' )

ote L -- <Casolines contalning a bigh nercentage of unsaturated con=

=18

mounds absorb bromine vigorously with evolution of heat. In osuch

caces it is highly advisable to dilute the sample with about 100 ce.
of a volztile petroleum fraction fairly free from unsaturated come
sounds {eracked stock), to add the bromine slowly, and to keen ithe
beaker in ice, .hen ¢

: Liils precaution is not taken, the results are
“ET to be low. .oultable diluents are, {or instance, Tighting srade
uviazion gasoline, petroleun ether, ond ligroine. -
method of separating the lead from the gasoline was worked out inde-
pendently in several laboratoris during the early part of the research
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liote 2 == Jome gasolines, when trested with brorine, give a tarry
liguid insoluble in gasoline, In such cases the preclpltated lead

bromide should be washed with special care with petroleum ether, in

order to remove the tar thoroughly before dissolving the lead brom=-
ide in nitric zcid,

{b} Volumetric.

rrepare the ammonium acetate solution as in iethod (2)(a), boil down
to 150 cc., and titrate hot with a standard molybdate solution as in
nethod 1 (bl

Hote 1 == The molybdate solutlon may be made to contaln 2,380 grams
of conmercial C, ¥, salt, in which case 1 ce. of this solution used

on an original 100~cc. sample of gasoline corresponds to C.1 cc. of

tetraethyl lead (sp. zr. 1.65) per gallon of gesoline,

tiote 2 ~=- In sore cases the lead nitrate which begins to precip=-
itate when the solution is concentirnited 0 & cc. volwne is contamine
ated by a small amount of organic madtter. It is then advisable to’
evaporate to éryness and treat with fuming nitric acld, repeating
the operation until a clean white residue of lead nitrate is obtuln=~-
ad, . :

Bthod 3. ToTRAZTHYL Liasd IN COLCANTRATED PREFARWZTIONG ==

wolutions: 0.1 ¥ icdine ccptaining 50 grams of C.F. potassium ilodide
per liter; 0.1 ¥ sodium thiosulfate; starch solution; C.P. benzene.

apraratuss  250=-ce. gluss-stoppered flasks; welghing pipet (See iote 4)
velghing burets or accurate volumetric apparatus.

trocedure: weigh accurately 0.5 cc. of pure tetraethyl lsad, or 1 cc,
or less of its concentrated sclution, and add it to 50 cc. of C.P, ben=-
zene in s 250~cc glass-stoppered flask. 444 at once 0.1 I iodine
sclution in amount ecgual to £ to 5 ce, above the theoretical. (For
tetraethyl lead the welght of the sample multiplied by 15 gives very
nearly the correct volume of 0.1 N lodine: for a solution its approx-
imate concentration must be determined by a trial titration.) shake
vigorously for £ to 3 minutes and titrate the excess iodine with 0.1

N sodium thiosulfate, using starch solution as indicator and shaking
vigorously mesanwhile., ) '

The number of cubic centimeters of 0.1 I iodine required times
0.01617 equals the welght of tetraethyl lead in the sauple.

tote 1 -= In order to obtain accurate results, 1t is important
that the procedure be followed in all 1ts details, especially in
regard to the amount of benzene and the concentration of pot-
assium iodide in the iodine solution. '
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liote & == uhen titrating with sodium thiosulfate part of the
iodine is in the aqueous potassium iodide layer and part in the
benzene. The titration can be rua rapidly until the blue ¢color
of the ioalne~ tarch in the water layer disappears. “hls will
reappear on shaking, and the titration is then coupleted by add-
ing the thiosulfate drop by drop, shaklng well be stween dddltions.

iote B == If the excess lodine is less than 2 ce., the results
are usually low and the analysis should be repeated. Ii:ore than
5 cce exXcess car usually be added sufely, but 2 to 5 cc. 1s best.
If a yellow precipitate (of lead lodide) appears, the analysls
should be redected. ' :

iicte 4 == ior a convenient type of pipet devised primarily for
this use, see Reference (&),

iethod 4, I IATULES OF WoTRasTUYL LazaD oND DILSal HuiaoThyl

Such mixtures are usually obtained in the preparation of alkyl
lead compounds by the Grignard reactlion. If no other substance is
vresent, the specific gr v1ty will indicate the corposition of the
aixture, the specirlic gravity of the two campounds being approximate=-
ly 1.65 and 1.94, respectively. Lore accurate Ilnformation will, howe
ever, be obtained by analysis. 3Both substances rezct with iodine:

Fo(Cptislg # 21 = ¥b(Culis)zl # Calisl

. &,

Pba(Cglislg # 21 = z Fb(lgiig)pl
The total lead present can be determined by Lethod 1.

from the results of the iodine titration and the determination
of total lsad, performed as per ietheds 1 and 3, the amounts of tetra-
ethyl lead and dllecad hexaethyl can readily bve gzlculated.

rethod Se TRIACHIL Lisb ColTS, «ITH OB ITLOUT DETHASTHYL LEAD FHOLLNT

The triethyl lead salts are extracted with agueous awmonia in which
they are rore soluble than in organic solvents.

‘rocedure, vlilute asbout 5 cc. of the concentrated preparation with

Z0 cc. of petroleum ether, and shake it with two successive pertions

of 20 cc. of a concentrated agueous ammonia solution. Soll most of

the ammonia off gently, wccidily the rermaining volublon with nitric ceid,
box% %gin to about 3 cce, and analyze for lead as per lethod 2 (a)

or ¢ .

Fethod 6, TETHALTIYL LInD 0D TRIFTHYL LIAD LaLDs
<xtraet the preparation with ammonia as per iethod 5 to obtaln the
t

‘triethyl lead compounds. Yreat the residue as rer Lethod 1 to obtain
the tetraethyl lecad. "
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ceording to the oxperience of the autlors, .othod 1 i3 as
woourate as ordimary snmlytical we hﬁﬁﬁ in inorsanic chenpipiryes
Je0ey U943 10 Qol vercent 30¥@ﬂ@ium on tho sklll =nd ecare applied,
oo othod £ the ac arus? avonda | QmQWﬁJ% au the concentration of

leud oresent, cud on the nubure of the solvent. {(Uesolines cone
talning lavge apsunts of unsatursted »Qmﬁﬂuﬁdﬂ tond to give @
LUrTY -r&ai;l ate, whlch connot uluays bo traneferred guantltae
tivelys ) liowever, tho acfuracy of roatine analyois is ho t@r than
1 mer cont for cuantitles of .78 to G.0 ce. af tetranothyl lcad
8y salilon of ra@aigre L0L o (.08 7nay cent by ”aluma, U.04 %o
0418 per cent by “ei;ht;, winloh Besms to bo maiflicient Yor all
sracticeal purposes

Lothod s a peart 0 bo guod Yo b laast 0.3 por cont ohen
nura sreparadblons ape handied ang whan Lo oroceturs is foilowed
eurately. m?ﬁ agouracy of Lethod 4 is sorowhal uncorinii, LHow
ﬂwu 6 1o alkyl sogpound of the type 1b~“u nas over baoen isolated in
the nure stalo. mparison W%th other Do ertles {density, stabe
111ty ) scoms to indicabe that tho zethod 15 quite roliablo.

Lothod 5 wad ¢ wall dve reosulis accurate o within 1 to 2 ver
cont on the triethyl logd salis. The acouruey Jspaars $0 be linited
moye by tog wﬂﬁﬁ&blliﬁj o the compounds ilanvolved Lthan by any shorte

eomings ol the meithol.
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A8 avated iln the iuntroduction, tho othods Lave boen d“valmmad
srimarily for the wnalysis of tetraothyl Luand ond GO e onnn nying irie
“ariﬁiﬂa. “he aryl lead compounds are much oors stablo than the

alkyl compounds, and the seihode glven nere would have 310 Ho 200w
iricd somewhat to annly In ﬁﬁair caua {8l

Foethode 1 anf £ have been apnlied succos bfall; Lo soveral ale
wyl lesd compoundd boside obhyle :,uﬁoas 3 es & would vrobobly
also be avpllcable In thelir ecase, Lut the Thors have had 20 SXpore
lence wish thom,

Letheds & and § will ﬂat&rpiﬁ@ with cortainty tiw srosonce of
a8 1ittle as 1 ner cent of o triethyl lead ozlt in totreethyl load.
1]

cothods 1 oand 8 apy
;;xic solvoents, with the excenticn of those that would reosct hoo

I apd 8 upreur Yo Do applicable to vrnetliconlly sll ore
G
&

lgxtlJ or toe complatoly with bronins. 'aﬁh@dd 3 and & are Gb=

viouai* npnticable @ulj in the pbgenee of cubsiances wnich resod with

lodine ia Lhae uﬂﬂhitiﬁna amguified. e LﬂuhitiQﬂ af concentrations

and the weount of reagead are of mieh inmportanse from the ptandpoint

ﬂf weeuracy $hut tho a sblhiod weuld rrobabdly not be suslileablo 1o die
ute solutions in Ho nrogsepces o WENOWD cubotencaes,
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