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.nalytical sethods have been described for the determination
of te traetqyl Lwdu and related compounds in concentrated grepar-
avions, and of tetraethy lead in dilute solution in gasoline.
imits of accuracy of these methods, and their applica=-
bility, under ¢ifferent conditions, have been discussed.

“he wide éisvribution cf motor gasoline containing tetrasthyl lead

has tiaulatod interest in the analytical methods that can be apnlied to
orgurnic lead compounds. ..xcept for the publications of Xrause znd iis co-
workers neveral yea 5 ago (9) and the more recent article by CGilman (8),
practically no methods of analysis applicable to concentrated organic lead
prepurations hava been published., On the other hand, scveral methods of an=-
alysis of pasoline Jor tetraethyl lead have been suggested in the literature
{1, 2y &y 5, 7, 10; ihiich, from the authors' experience, are somewvhat 18k~
ing in both convenicnce and accuracy. Since the methods suggested by Krause
and by “illman are of only limited applicability, 1t may be of interest to
present in detall and discuss the methods which have been developed in this
laboratory and emrloyed Ffor several years.

“he methods as described herein apply particularly to tetrsethyl lead

~nd otiier ebhyl snkd ccnnounds. Their applicability to other allzyl lead com=
pounds will be counsidered in the discussion.

Jor the rhysical wnd chemlcal properties of organie lead coinounds on
wnlen tiie analyticul methods are based, ihe reader i1s referred to a review of
the cubject by one of the authors (3)e.
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cautlon-~Loncentrated nreamratlons of organic lead compour dg are highly

nolisonous. ‘“hiey should be handled under a hood egquipped with vigorous
suction, and care should be employed to prevent contact with the hands.

{a) Gravimetric.
seactions: Ibitg~=e===7 IDBrg ~e--==>1bCriq

_ Lo about a;cc. of carbon tetraehloride in a 500=-cec, urlsnmayer flask
add cbout lece,of traetnyl lead or its concentrated solution, welghed in

a Lunge pipet (o) iieep the =rlenmeyer flask ice cold, and zdd ulowly and
ylth.copgtant unuulnb an excess (5 to 10 cec.) of a 30 per cent solution of
broiine in carbon tetrachloride,
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.vaporete on a steam bath the carbon tetrachloride from the solid
lcad bromide., To the dry lead bromide add a nixture of 30 cc. of con=~
centrated armmonia {spe. gr. 0.90) uand 50 ce. of SOpercent acetic acid,
washing down the sides of the flask. Soil until the precipitate is com=
pletely dissolved =znd any rewaining curbon tetrachloride removed., Fil-
ter from any insoluble matter and wash the Ilask out well with ot vater
into a beaker. Zilute the filirate and washings to 450 ce, and heat to
boiling on a hot plate. Now add slowly wund vith constant stirring 40 cc.
of a 5 uercent solution of potessium dichromsts. «tir for § minutes
while the solution is boiling, then remove Irom the hot plate and keep in
a warm nlace for one hour. Uollect the wmreeipitate on a welghed and ig=-
nited Gooch crucible and wash well with kot water. Sry in @ crucible air
path, or in an oven at 105 degrees U, and welgh as ZblrOge. ‘

{b} Volumetric,
deactions: Ibit4ge-=-== > 1DUrg--~-== 7:0il0C4

srepare ithe ammonium zcetate solution of lead as in section (a), boil
it dowvm to 150 ce., and titrate hot with a standard molybdate solution,
until a yellow coloration is obtuined with tannic acid used as outside indi-
‘cator. <he molybdate solution is standardized against a inown velght of
lead or lead chloride (ll). ‘Yhe indicator used is a 0.5 ner cent freshly
prepared solution of tennic acid. Care must be taken always to usce the
same amount of indicator (2 drops) and solution (4 dropsj. 4 blank 1g run
on the sume amount of water and wumsonium ccetate, and the amount of molybe
date solution used 0 ¢ilve a distinet coloration {about 0.3 cc.) is sub=-
tracted {rom the result oi the titration.

iethod 2, L UTAL CUGHIC LeaD L DILUTE GCLUTIOH (L4 casCLilin)

Leasure with a pipet 100ce. of asoline contalning tetraethyl lead in
a 400«cc. beaker, .add slowly a solution of 30 wmer cent bromine in carbon
tetrachloride, until the wermanent brown-red color of bromine is obtaineds
Filter vromptly through asbestos in a dry Cooch crucible--or vwrefcrably
through a fritvted Jena glass rilter crucible of io. 2 porosity=-und wash
with netroleum ether. -ut the crucible back in the beaker vhere the Pro=
cinitavion was made and add ubout 3 ce, of nitric zcid (sp. ore 1.40) in
the crucible. .dd o warm solution of 10 per ccnt nitric zeid in guantity
Just sufficient to cover the top of the crucible, bring to beiling, re-
move the crucible, and boil down to wbout Becs Dilute and filter the
solution through soft filter paper (if a Cooch crucible was used), rinsing
the beaker and crucible with warm water. Just neutrolize the iltrate
with uzmzmonium hydroxide and add 5 cc. of 50 ner cent acetic scid. Con=-
tinue as per iLethod 1 {(a)e. ' j

ote 1 == Casolines contalning a iigh percentace of unsaturated com=

nounds absorb bromine vigorously with evoiution of heat. In such

aces it is highly advisable to dilute the sample with about 100 ce.
a volutile petroleum fraction Tairly free from unseturated come

?ounds {cracked stock), to add the bromine slowly, and to keep the

Ceakker im ice, hen this precaution is not taken, the rosults are

%F-,f9 be low._ sultable diluents arc, for instunce, fighting srede

) cviazion gasoline, petroleum ether, and ligsroin,

£Tn:s method of separating the lead from the gasoline was worked out inde-
pendently in several laboratoris during the eerly part of the research

worik on vetraetnyl lead.
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liote 2 == dome gasolines, when treated with bromine, 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 scid. '

(b} Volumetric.

rrepare the armonium acetate solution as in ilethod (2){(a), boil down
to 150 cc., and titrate hot with a standard molybdate solution as in
wethod 1 (bjl.

Hote 1 == The molybdate solution may be made to contain 2.380 grams
of commercial C. ¥. salt, in which case 1 ce. of this solution used

on an original 100~cc. sample of gasoline corresponds to 0.1 cc, of

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

lote 2 ~- In sore cases the lead nitrate which begins Yo precip=-
itate when the solutiocn is concenvrated 0 & cc. volume is contamine
ated by a small amount of organiec matter. It is then advisable to-
evaporate to drymess and treat with fuming nitric acid, repeating
the operation until a clean white residue of lead nitrate is obtaline=
agd. . '

ethod 3. TIURAZVHYL Liasd IN COHCINTRLTED FREFARLZTION ==

wolutionss 0.1 W icdine ccptalning 50 grems of C.F. potassium iodide
per liter; O.1 ¥ sodium thiosulfate; starch solution; C.P. benzene.

apparatus:  250=-ce. glass-stoppered flasks; welghing plpet (See tote 4)
welghing burets or accurate volumetric apparatus.

rrocedure: weigh accurately 0.5 cc. of pure tetraethyl lsad, or 1 cc,
or less of its concentrated sclution, and add it to 50 ce. of C.¥P, ben-
zene in a 250~cc glass-stoppered flask. 4dd4 at once 0.1 I icdine
sclution in amount ecual to 2 to 5 ce, above the theoretical. (For
tetraethyl lead the weight of the sample multiplied by 15 gives very
nearly the correct volume of 0.1 N lodine: for a solution its wpproxe=
inate councentration must be determined by a trial titration.) shake
vigorously for 2 to 5 minutes. and titrate the excess iodine with 0.1

N sodium thiosulfate, using starch solution as indicator and shaking
vigorously meanwhile. ) ‘

The number of cubic centimeters of 0,1 N iodine required times
0.01617 equals the welght of tetraethyl lead in the sauple.

ote 1 ~-=- In order to obtain accurate results, 1t is important
that the procedure be followed in all its details, especially in
regard to the amount of benzene and the conceantration of pot-
assium iodide in the iodine solution. '
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liote & == uwhen titrating with sodium thiosulfate part of the
iodine is in the aqueous potassium lodide layer and part in the
benzene., The titration can be rua rapidly uniil the blue color
of' the iodine-starch in the water layer disappears., UYhis will
reappear on shaking, and the titration is then completed by add=-
ing the thiosulfate drop by drop, shaking well between additions.

ilobe 3 == If the excess lodine is l2ss than 2 cc., the results
are usually low and the analysis should be repeated. Iore than

5 cc. 2xcess canr usually be added sufely, but £ to 5 cc. is best,
If a yellow precipitate (of lead lodide) appears, the analysils
should be rejected. ' ' :

liote 4 ==~ Jor a convenient type of pipet devised primarily fer
this use, see Heference (&),

fethod 4, I ILURES OF WoTRASCYL LaaD ND DILSaD HuiaoThYL

Sueh mixtures are usually obtaimed in the preparation of alkyl
lead compounds by the Grignard reaction. If no other substance is
present, the specific gravity will indicate the covposition of the
mixture, the specilic graviity of the two campounds being approximate=-
ly 1.65 and l.94, respectively. .lore asccurate Information will, how=
ever, be obtained by analysis. Both substances rezct with iodine:

PD(GQHS}Q.f 21 = ¥b(Cuils )zl F Sglisl
Fbg(Cglisle # 21 = z Eb(Cglyg)xl
The total lead present can be determined by ethod 1.
from the results of the lodine titration and the determination

of total lead, performed as per retheds 1 and 3, the amounts of tetra-~
ethyl lead and dilecad hexaethyl can readily be calculated,

o)

pethod 5. TRLIATHYL Lisad ColT8, «ITH OB «ITLOUT CEPRALTHYL LIEAD FHZUsnT
The triethyl lead salts are extracted with agueous ammonia in which
they are more soluble than in organlc solvents.

irocedure. Dilute about 5 cc. of the concentrated preparation with
£0 cc. of petroleum ether, and shake it with two successive portions
of 20 cc. of a concentrated agueocus ammonia solution. HZoll most of
the apmonia off gently, acildily the remaining solution with nitric scid,
boi% ?g?n to about U cc., and analyze for lead as per Lethod 2 (a)
or 2 .

Fethod 6. TETRATIYL LiIaD 0D TRIETHYL LUAD LaLDs
=“xtract the preparation with ammonia as per Lethod 5 to obtain the

‘triethyl lcad compounds. 9Yreat the residue as per Lethod 1 to obtain
the tetraethyl lcad.
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ceording to the oxperience of the authors, .gthod 1 is ns

wocurate as ordinary amaly tzc&l methods in lnorgunic chonipipyew

1etey Uud 10 Cul rorcent ﬁﬁ%ﬁﬂvlum on the skill ond ecare anplied.

&

n.othod £ $he agcuracy davonda somevhat on Lhe concentration of

losd present, sud on the ) hrnre of the solvonb. {Casolines con=
taining lavge apsunts of unsatursded comnounds teond to sive a
turry recelnitate, which ﬁnnnot alvays bo tranﬁfarr“ﬁ auanil tae
tivelyed U Wever, the Hccur@cy of roatine analysis is botter than
1 mexr ont ¢cr suantities of 0.75 to &.0 ce. aﬁ tetraothyl load
ge wilon of Fd%QEA?G 10.&3 to 0,08 nayr cent by alumn, U.04 %o

0416 ner cent by welght;, which sBeoms to be wiTiclient Dor ail

sractleal purnoset.
othod 3 aﬁpaarﬁ 0 bo guod Ho ol luast 0.3 por cont ohen

pqre srenaradblons aye hondled and whan Lno Nuuuﬁa c2 is foilowed

aveurately. mrﬁ agouracy of cethod 4 is sorovhat uncorinin, LHo=
kuue ne alkyl cospound of the type 1b;n¢ s over baon lsoladted in
the pure state. “ouparicon r%*h other vroserties gm nuity, stabe
1iity} ssems to izdicubte that tho rethod 15 cuite » liablc.

Lekhod 5 and G w;z% cive reosulds accursts o within 1 $o 2 wver

cont on o triethyl load alts. “he ageuruey apposrs o be linmlited
maere DY Loas ﬁ:tubllibg Vi e compounds lavolved than by any chorte
eomings of

b4
S he s e h hod .
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a8 @tated ln the int ha&ﬂct;oﬁ, Lhe nebthods Lave been developed
srimarily Tor the analysis of tetraothyl load snd usocompunying ime
= vities, ihe aryl lead compounds are muoh nors stablo than the
aliy] smpounds, and the 2B HOas glven here would have 3o bho node
iricd scpewhad to spnly In thelr casa (8.

LI ]

sPully to soveral ale
W@ 4 would orobably
wres have had 20 sxnor

Fethode 1 smd 2 hnve been apnlied succoess
nyl lesd compoundd boside othyl. },uhoas S ai
also be arplicable In thely case, ut the aul!

o

lence wiih thop,
Letheds 8 and § will deterpine with cortalnty the urosence of
Lbvle as 1 oner cent of g triethiyl lead ools in totraathyl load.

cothods 1 apd & appoay Yo be applicable o »r*ctiamll; 81l ore
cunle soivmnta, with the excerntion of those that would react oo
viclently ay o b&ﬂn?ﬁtbl” with bromine. .oty Qdd 3 and 4 are obw
vicusly applicable only in the onbssnee of uub stancos wnich reset with
lodine fw ha conﬁitiona sn&citied. e conditions of concentrations
unG the weount of reagent cre of mch inmportanse frowm the standpoint
of weeuraey bthat the cethod weuld probubly 0ot be anslicablo to Gie
Lute solutlons in Ltho presepce of unynown cubstuncss,
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