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. DETEGTION AND -DETERMINATION OF FRODUGCTS OF AGEING OF LEAD _
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"SUMMARY: A method is described for detecting the individual products of -
decomposition of -lead tetraethyl in naturally or: artificially aged leaded
" fuels together with a method for ‘the ‘quantitative determination of tri- - '
- ethyl-lead .compounds in the pregence of oompounds of diethyl-lend and diva-
lent" lead oompounds,  Furthermore and by way of supplement to DVL Research
Report No, FB.1292, a method is desoribed for the direet stendardisation of

“dithizene solutions, -
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I. INTRODUGTION.

.7 In following the ageing ~ ‘or oxidation of leaded ‘fuels, the products of
decomposition of the lead tetraethyl have also. been examined,  Since the
detection or the determination of the various stages of decomposition are of
interest, further details will be given below as to the method of analysis, = -

II. - PRINCIPLES OF THE METHOD OF DETERMINATION.

- For the decomposition of lead tetreethyl in fuels under oonditions of
- natural and artificial ageing, 1t ocould be shown thaet, of the separated
leed sludge, only a small part ‘consists of bivalent lead. compounds, and that,
morsover, the fuel. itself cohtains decomposed lead tetraethyl in solution, f
In the lead sludge, diethyl-lead compounds predominate (4n. order to obviate
. misunderstandings: By a triethyl- end diethyl-lead compound we alweys mean
_here compounds in whioch .lead 1§ linked by 2 or 3 bonds with 1 or 2 "free
velenoies", ), while triethyl-leed compounds are mainly to be found in_solu=- .
“tion, - These substances ooour, to s large extent, as the salts of carbonic
- acid and acids present in the fuel,  Thelr solubility. in the fuel deoreases:
.. very sharply in the orders triethyl-lead =- diethyl-léad and bivalent Jead -« -
Ceompounds, .- - TS I T UNET S '
411 products of decomposition of leed tetrasthyl are relatively highly
ionised in water. To deteot “them;_ diphenyl~thiocoarbezone (dithizone)is -
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usod, Whioh gives auentithtivaly sherasteristle oolourat compounts.’
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: iéborﬁed(?;;{3fﬂo}éum¢dpfbriéfly}fﬁhélérdééduiéﬂiéfés:fpllcwshfxpithQZOna;
_;:alkalifénd-thé;leéd”dompound”tofbejﬁetgrminéd‘até;firSt5§dded“tha;non=;f;
‘misoiblo pair of liquids. The two liquids are to be selepted 8o thet one:
- of them, as far as posgible, possesses great solubility for the emmonium- -

- 'salt of Mdiphenylthiocarbazone and ‘practically no'ability to dissolve ' =
,fdikhiignélbimleadfdithiéonaté“(g;g.ngter),gﬂgghé,othgrxliquid should heve, '
“as far eas bqséible,-a'ralatively”greét”ability’to,dissolvé’lgad_dithizbnhte;{j
‘8 _relatively low de rec-of solubility for the free dithizone and practically
;;gppe{qt:alljfor;éie,ammoniumsSaltj(e;g;3gcarbonftetféthoride).j' If too .
f'11tt1§:dith120né?1s»presqnt,'there;is.form¢¢ quant1tat1ve1yv(1£‘heoéssary,f
-after the two liquids have:bpén“Wellﬂshqken_tbgéther);fthe“oorresponding:;@ff
r'leadfdithizonéte;athejaqueohsfleyarffgmains;ooIOurless._ "If the dithizone . .

is present in exoess, the aqueous layer is tinged a brownish yellow by the' -
-amménium dithizonate formed, ‘fThis;inntLis;takehiaswbeing“the;endéppihtfﬂ 7
Cof the sfbragion, T TR TR

' The'divalent lead dithizonate is sparingly soluble in carbon tetra-.
~_chloride (red éolour), while the diethyl=lcad dithizonate (orange colour)
énd the triethyl-lead dithizonatéf(yelldﬁf@blour)?diSsoIﬁégreadilydin;»%,-;;
oarbon tetrachloride, ' The solubility of the divalent lead, énd the diethyl
andytriethylflead‘dithizonata'1nﬂthefaqueoué,phase,cduld”npt be escertained
dirsot, ,7When;g'trietbyl-lead‘séitfis'titrated.with'dithizone‘(;nfthe{z'f~ .
presence of the faintly alkeline-aqueous solution), it shows, indaylight, -
a relative.high instability in the readtion mixture, which is indfoated by
_ the appearance of a,yéllathingé”infthe'aQuegus;layerfand'én'orqnsé‘tingé
'v(dieth&Iﬁlead“dithiionata)\infthé“oarbon'tetra¢hloiidé.phase; _,In the -
“-absence of light, these phétiomeha practically do not ocour, - The seme =
applies, to a cpmpletely,negligible‘éxtggt"hoWQVSr, in the titration of
diethyk-ledd end-divalent lead-salts,” = - o : RN

. In & mixture of triethyl-lead, diethyl-lead snd divalent ‘lead salts,
‘the lead compounds react distinotly in a faintly alkaline solution (0.1% -
NHz) in the ebove sequence; end ‘thus permit e -qualitetive determination to
be mede. ~ Conolusions as to the absolute stability of the dithizoneates
in e determined pH renge ocennot, however, be drewn without en exact know-

 1edgeTof the solubility relationships,

‘f;,Naflvery muqh7oan be seid regarding the structure of the dithizondtes

,(dnd:theAhpttex—is—cffnb_further~interestfhere%faﬁﬁnﬁzaetailéd~investiga-f*fj
,tions‘haveMbeen_car;nieg_outninuthia;direotion.» E. Fischer(z).asaumes for -
diphenylthiooarbezgne the formula" . :: T ' SR

| | oo = N - CeHs

g = e ‘

‘ _ .Q\NH"NH','%HE o ‘ s B
while E, amberger(s) suggests aimercapé?ng,strnoturé for dithizone which
does not readily ketonise. H. Fischer, 4 in his published work, refers
‘to B, Fischer's formula. He indicates that sccording to whebther one works
in en alkaline or an'acid solution, dithizonates having 2 or I-atoms of -

8- monovalént metal per mol of ‘dithizone—(eig. with Ag) oan be"obtained, and
this he explains, in the ocase of ‘actual determined dithizonetes, by the = -

-ooourrence: of keto-enol “teutomeriem, - For ‘divalent leed dithizonates he. - -
‘assumes ' (in alkaline solution) the Keto form, A test with silver showed
that the same consumption of dithizone solution ocourred both in alkaline
end in acid solution, and in fact half the. consumption as with a divalent lead

solution.,  Moreover, on the addition of up to half the required amount » :
of dithizone solution to & strongly alkaline silver solution, the reddish- = |
violent precipitate mentioned by H. Fisoher ( 1 mol Dithizone/2 atoms -
Silver)'iw’formsd,vwhioh isiinsblublevianérbon tetrachloride;n dilute -
solutions this takes place nlmost quentitatively.) On_further titration,
this precipitate however dissolves guantitetively in the carbonitetrachlor=- .
ide with & yellowish-orange oolour until the end-point is reached, and -
ntil the:appegranpéfofna discolouretion in the aqusous layer bv. excess



‘@ithizone (consumption 1 mol dithizono/l atom silver). . If the titration
18 first carried out in .an acid -golution, only half the requized amount: of

‘dithizone solution Beiﬁg.dddgd;@tﬁéh;madé?éikélinefahﬂ¢éh9k9ﬁ;;th§.oarboﬁ,
'atqtréohl@tidéﬁsblutlpnggiiljimmsdiétglyfbejdiﬁcqldu;gd‘q;gné;the;rgddigh- ‘
- violet precipitate will form. . If*ﬁhisﬁis;iaallylq_kﬁtofqﬂqlhtantqmgrism:}
iit‘wbuldghevq[éngaxffémely;raﬁid?dttainment:offeqﬁilibrihm.to’bgvassumed.";
' The poirt of equilibrium would: probebly be determined by the ability of
" oertain,metals to give very steble, (i.e., only faintly lonised). salts with

| the SEgroup.
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g ,fThﬂfpr&pertiesfofttﬁé,diethyléfand;trieﬁhyléleédgdithizonaﬁes'an¢vthe:f,
hdi?dlent”léadgdithizonétesfarejsimilar,_sbjthatffbrgallithreé?dithizonates;~"-
-fUnddmantally:the same*strubfufé”oanZbé,éssumédﬁ1_gThe bond ratio between -
dithizqne'gnd"ﬁriethylfleéd'obmbbundst($s showp'byfthe:examplé,#ith silver).
is 1 mol per molecule, whereas 2 mols of dithizone per moleoule of diethyl-""
lead end, divalent lead oompounds are required, - The "secondery valenoy -
1ink"

" 0an be saused, in principle, both by the single eleotron-pair of. the "
.azo;pitrﬁgen'carrying;thejphenylfg;gup,gand'by;that.of;th‘sulphur. - Per- -
-heps‘later on*there,w;;l’hg;aﬁ;oppbrtphitqufiéisoussingfthejdith1Zantes: -

‘in greater deteil, = -

. -The possibility or_a-direot*qﬁantitative‘détérmination.of'the,trigghylf_
lead compounds in the presence of diethyl-lead and divalent lead compounds-
,is-afforded.by,the_fectﬂthat,themermerchmpoundJrequires.helf‘thg quentity - -
- ofrdiphqnylthiboarbazohd’fdr'forming’the»dithizone,salt‘than‘that‘requirgd‘f
by the dlethyl-lead and divalent lead compounds,. It is, therefore, only . (5)
necessary to determine the total lead-oontent of the fuel by the DVL method\'
then, by direst titration of the fuel (sbe,seotion“IV'of»thia.repqrt);vtb
determine its load content es dissolved or. suspended ionised lead compounds,
and7fihal1y7fhy4washiag—%he~fuelﬂnithndiiute~nitrio‘aoid;“tb7r§mbvé"guantt? )
tatively the decomposition products. of the lead totreethyl end re-determine
the lead oontent of the fuel.” . If o ocubio centimetres of dithizone solu=- -
tion were used in the determination of total lead d oubic centimetres in
the direct titration and e oes, after the removal of the decomposed lead
tetroethyl, end if u ig ‘the number of ocubio centimetres of dithizone solu-
lon corresponding to the triethyl-lead, end v the number of oubic centi-
etres corresponding to. the: diethyl-lead compounds (together with divalent

sad compounds ), we. thus_haves—
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The- number orvcubichéntimetféa;of_dithizbhé:solution consumed naturally
~ refers throughout.to the seme amount (in this work, % 00.) of the fuel.

IIT. = EXPERIMENTAL SECTION

In order,to ascertain the béhaviourvof'the‘triethyl-léad,oompounda with

~dithizone, it was neckssary to prepere this campound in as pure a form as

possible, - The‘attempt‘t? greﬁgre triethyl-lead bromide by the method of

G/ Grittner and E. Krause(6) did not produce satisfactory results, owing to
"~ similteneous formation of diethyl-leed bromide.  On the other hand; by.the
‘double decomposition of dry hydroohlorie acid gas and 1ead‘tetra§thyl( ), a

very pure product waes obtained. . The tetraethyl lead chloride was prepared
a8 follows: Hol gas was passed et 0°C ‘into a 6% solution of lead tetreethyl
in dry petroleum ether, until no further precipitation could be observed,

- The white needles that formed were rapidly filtered off by suction, dis-
solved in a little benzene end treated with petroleum ether until a slight
~ precipitation just re-appeared; It was-then allowed to stend for b minutes,
. treated with e treace of benzens and .quickly filtered through a fluted filter.

By the slow addition (with u dropping funnel) of 200 oos petroleum ether

(to the filtrat?), tpeftriethyl—lead oh1qridé was ogaln re-precipiteted,

5=



‘filteren shrough: a sinter -gleae oruoible and rinsed sllgntly'with
benzene-petroleum ether mizture (1 "3). It was-then twive. reorystal-
lised from benzene-petroleum ether (heat to ‘maximim: of - 5026) end dried -
‘in s .degicostor over. CaClp, eveocuating- about b times during a period of .
‘two-hours and letting dry air. in.-r The needle-like orystals are stored in
a vaouum eway from th"ligh i ok . TR e :

e The triethyl-leed chloride is: dissolved’in benzena-etendard gasoline
(30 ‘3 70) or a; synthetio aromatio‘fuel ‘and- titrated after the eddition” "
of 2 oos, of 0,1% ammonia ‘end ‘oarbon tetreohloride. ~-The ‘end~point is s
diffioult to: reoognise, as. even after the. ~eddition. of 50% of the requisite
“emount of ‘dithizone, the~ aqueous layer begins to be- -tinged yellow. Thie
yellow oolouration ‘15 not, however, “due-to: inoomplete—reaotion of the -

7ﬂtriethy1—lead fons-with: the ‘dithizone. beoeuse'-'if the yellawish aqueous

layer: is removed before the.estimated end-point is reeched - it gives no

" reastion for dithizone.-_ In contradistinction to divalent lead dithizon-
-ate, the: triethyl-lead dithizonete 48 8t111 fairly steble. in solutions ‘
oontaining up to 5% ammonia, . The triethyl-leod dithizonate is also in- -
soluble in the aqueous layer, es can be proved, if the yellow, aqueous .

‘laeyer is shaken up with fregh oarbon tétrachloride. . Thc carbon tetra-

_ohloride remaing’ oolourless, a thing thet would not be possible for dis-

“tribution of equilibrium between. triethyl-lead dithizonate - carbon
,tetraohloride - water. Discolouration of the oqueous phase inoreases..
sherply towards the end of titration, and - ooours repeatedly in diffused
daylight even after replacing it by a 0,1% amonia sclution and sheking
vigoreusly.. At the seme-time the cerbon tetrachloride layer is coloured
orange . (diethyl-lead dithizonate) . In nitrogen the disoolouration is -
less, ‘and in the totul. ebsence of light titration is normal i.e., no -
disoolouration takes plaoe. ‘p,xv S S Sl

It—is—aooopdin ly—a—qeastéfnkféLe—ehenge~dzk%he—triethyl—lead—or ST
ammonium dithizonate, the latter depending_npon_thelpresenoe_of_kzieth 1=
leed iome; this- ohange is osused or accelerated by light (and oxygen).,
By the addition of GN ione thia instability ocan be somewhat lessened.

: In order to seourse really prectical results, the;work mist be cer-
ried out in very dim daylight, or else the titrations must be started
very close to the end-pointe .. For practical fuel enalyses, i.e., in the
proesencs; of greater or smaller quentities of oxidising substances
,(peroxides), it is en adventage, especially-4f the effect of light ig
diffioult to avoid, to work in the: presence of KCN, which at the same. time
-renders hermless any alien metals that may be present (except Bi, Snayiqu).
"It is true thet the cysanogen ion has the drawback thet it reacts so
readily with lead; that the equilibrium of the reaotion is somewhet dis-
‘placed; however, this’ drawback is of little consequence in the presenoe_’
~ of KCl (which suppresses the dissooiation of the KCN). The results '

»obtained under the verious conditions are collated in Table 1 A :

In the case of divalent 1ead ‘and diethyl-lead oompounda the end-’j
~point is =also slightly displaced by the eddition of KCN, but this ocours
“to. @ 1esser ‘extent, the purer "the dithizone. solution, .- Nothing can be

said hero as.to the.exdot position of the reaction equilibria (which lie
prectically entirely on the side of the formstion of dithizonate) under
\the titretion conditions in question. - Difficulties arise ‘oving t0.the
different types of the dithizonatelsolvents, and to eeoondary reactions -
with products of decomposition of dithizone, ete.  Since the deorease of
the required emount of dithizone, produced by the oconcentration of hydro- -
éenlions and potassium ocyenide,- gives prectioally the same velue for
divalent lead, diethyl-lead, and, more or:less, :for triethyl-leed
compounds, (in the latter oase. in a saturated KC1' solution) ‘and, since’
quite good results are obtained when using eultably diluted lead solutions
with quite a low lead content, a more ‘exaot understanding ‘of the situa=-
" tion was dispensed with, Further detbile moy be obtained from the .
Tables 1A, B end C., The acouracy . and use of the analytioal methods are
clearly demonstrated by these tablee. The ‘margin of ‘error in the " .
determinations (by using o pure solution of. dithizone) would be about

;4_1 :
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v valenoes, heas not yet been Te'e“‘z'vedr“‘*’rhe stability of these materials
-‘ie probably extremely low. o ST B

‘of dithizone aolution, ellowing for poss :bilities"of error in

-the"sta dardisation with- divalent 1éad (v. Seotion V). The relative =
6 botween eaph .of the three types ?f compound “are. net'ura'uy more .. -
‘acourate,. Regarding tests for the purity of the dithizone solution: 560

Section, V. For examples of the ei‘feots of oxidising materials, see

The ooourrenoe of ethyl-lead compounds, i e., lead with three free ’

CARRYING OUT THE ANALYSIS. '

1 co. oi‘ tbe mal is mixed in a ahaking vessel with 2 5 008, of

“sarbon” tetraohloride (wery pure’ )*and~2-5—oos -+—of-a-gonoentratedsolution——

of ohemically pure potassium ohloride; the: latter solution also containing
0,17 of ammonia (NHz), 0. 67 Rochelle salt and 0.5% sodium’ thiosulphate,
After adding 0.26 oo, of & 2,6% KCN solution, the mixture is titrated
with standardised dithizone solution until the appearance of.a slightly
brownish colour. -On the addition of @ further 0,10 oo of dithizone
solution (with a high gontent of a. triethyl-lead compound 0,20 ©0), &8
marked deepening of the brown colour ‘should.be _seen, ‘Contrary to the .
determination of diethyl-lead &nd: divalent . lead oompounds the end~-point

18 not.well defined. On titrating without the eddition of RGN and KCl

'the end-point at once beoomes olear and sharp.

The titration should alwaya be oar ried out in well-difi‘used day- -

light espeoially in the absence of KCN' and Kol, ~ The time of sﬁaking,

after the addition of the first xna:jor portion of the dithizone solution,v :
—showld*be—about—zo—seos., titration is then carried. out with 0,1 oo,
portions &nd each time the mixture should.be sheken for approximately 6

_segonds;  In the presence of rather large quantities of . .peroxldes, ti-

tretion should be oommenoed as, olose a8 poesible to the. expeoted end-point.-
(See also ‘Table 2) : a : . :

Ir the oarbon tetraohloride solution remains yellow or brownish

‘,yellow near the end of titration, the. oaloulation of the. lead content

is oarried out exaotly a8 -1n the .cese of the normal lead datermination
(see also Section V of this. report) exoept ‘thet, ‘'since the triethyL
-lead-compounds" require only half the amount of dithizone, the amount
of dithizone solution oonsumed by l co. of fuel (x oo) mist be allowed
for in the oaloulation.;

-Triethyl lead compound . x., F® Vol 7 (oala. as TEL)

If the oarbon tetraohloride solution does not remain yellow, but
beoomes orange.to red, or if an orange tinge was present from the
beginning, the. analysis is oarried out as already indioated in Seotion
II.. Thusa o . . L
C ' ' ‘ E

Determination of the totel lead ‘dy DVL method (Titre - o*oos
: dithizone solution) : ;

Determination of the total triethyl- and diethyl-lead (and

divalent Pb) oompounds with dithizone, is carried oub exaotly
. ras steted for the triethyl-lead compounds, but in relation to
300 fuel (Titre e @00 dithizone solution)

‘ _
Shake the fuel with “16% of a- —7 nitrio acid solution (1 part by .
volume 257 HNOs (Analar), 49 pbs. Dy volume Hgo) for 5 mins. Deoant off

T e S 0 S W O U e Y O A P B 0 Y D B B e e - - - - o . LY -- -

__See Section V_of this Report.
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the aqueoua eyer (efher settling) . shake twice for 3 mnutes wiuh
67 water; deoan*b, dry quickly w;thNaaSOq,, ‘and ai‘ter ‘the: Naz 804
haa“aettled ‘determine -the lea by the DVL- methoda (Ti’cre 2% cos
dithizone aolution). L o

Caloulation: R

' ', In determining the amount of triethyl-— and dlethyl-lead and divalent
lead oompounds » M 006 oorreapond to: trie'bhyl-, and v oe to diethyl-leed -
And divalent lead compounds. '.l‘hus: ' 4 .

Co - e7TE d ‘00~ Dithizone solution s
' Zd"-:. pluse oo dithizone solution

)
{ n';;u

From this we have the oontent of:
Triethvl-lead oompound 3 15; Sl

(o -6 - d) 2 F oce/loo oca (oalo.'aa 'I‘EL)

Diethyl-lead (plua divalent lead)oompound ab
(zd = ¢ plus e) F.oos/loo cos (oalc, as TEL)

. If tHe & fuels oontain many oxid:.sing substanoea, (e.g. peroxides

: afger bomd ageing), they must be well shaken for 3 minutes with the - :
- stated solution before the titretion (after addition of KCN) - in order to
determine d.‘. ST S , ‘ . :

: The aoouraoy with which the analyaia cen be carried out also depends :
(in the case of the DVL leed determination method) on the extent to whioh

~the- deoomposedwlead-tetraethylw—in—soﬁx‘ﬁTOn;,m:.s oonverted—quentitatimely
by the.sulphuryl ohloride into a compound that is insoluble in fuel.
‘Teble 2 examples ere given from which it may be seen that decomposed” lead
“tetraethyl in. solution 18 actually oompletely preoipi'hated by S03C1z.
Firstly, all the experiments are given which were made in the course of
6 months (bomb experiments),.in which praotioally only cne triethyl-~lead .
~oompound wes present, (Experiments 1-4), In thesec experiments, the
- difference 1n ‘the lead values beTore and after DVL trea‘t'ment mey be com=
pared. with the direetly determined figures. ‘It will be appreciated that
“the. agreement is very good indeed, - For non-bomb-treated fuels, it must
of course be still better. In Experiment 6 practically only diethyl-
lead salts were formed in the bomb-ageing process. The agreement is good,
;' Ag ‘a general rule it is found-that, after artificisl sgeing, mainly
- triethyl-leed and some diethyl-lea,d salts are found in solution, At the
" end of the Table (Experiment 6), e further experiment is given in which,
by the double decomposition of diethyl-lead chloride with: silver aoetate s 7
diethyl lead acetate is formed and is dissolved in the fuel,’ . This. value
--also provides good -agreement between the velues esoertained*by—direot ---------- :
titration and by . the DVL lead determination method.

LA aeparate determination of divalent 1ead salts. and diethyl-lead :
compounda was not carried out, as it was not required. . A photometric
_process would be the best for tﬁis purpose, - An approximate and useful .
‘pioture is," ‘however, provided’ by the direct titration, sinoce the triethyl-
and diethyl-lead compounds will react before the divalent lead compounds
in the order given, Examples which 1llustrete these possibilities may

e vaeen‘in,Table 3. ' : : B R o

: V.. SUPPLEMENT TO DVL REPORT FB 1292 " ;

©. . If really: pure materials are used for the preperation of the di‘bni-»

| gone’ golution.stendardisation can be oarried out with a.solution of known

lead content, independently of other methode. ~Whether the dithizone . _
" solution is suitable for this type.of standardisation will be: seen by the:

feot that int&f:rating 2,50 cos of the "fest solution” given below or a-

- solution of & diethyl-lead salt, without the addition of KCN, the extra

consumption of dithizone (a8’ oppos 8ed to that with KCN) is not" appreoiably
‘ greater than 0.5,4, (-wo.os co), If it is greater then o 5% the

..s..\‘



andardieation of the dithizone solution oan only be- oarried out by the
“earIier method mentioned’ above  (of. the above DVL report), ‘and “the test -
'_jeolution can’ only be: used” for. an approximate oheok 0 ’the time variation
v‘*:'oi' the solution. " o :

e Sinoe the impurities in ‘the. ithizone solution reaot proportionally »
f}’in the titration, ‘such aolutione » if their titre is frequently ‘shecked,
gan be ‘used ‘for:one and the seme type . of . oompound ~but not, 1f any olaim
‘to ‘acouracy:is.made-for: analysing. triethyl-, .diethyl=: ‘and divalent “load
‘galts’ together_or -for_comparison one with another; e.g., when one com= '
pound 18 used for: ‘stendardisetion. .. ‘A test for- impuritiee 4in the dithi-
“gone solution may also he carried: out as: followat B diethyl-lead or
;:vdivalent -lead: salt solution oorreeponding to approximately 0,10~ 0.12 .
vol, % TEL is:titrated 'up to the. end-point, ‘end. then, by repeated shaking
- with "the eolution" ("the solution" -1s.the agqueous solution containing
0,1% NHg, 0.5% Roohslle .salt and 0,6% sodium. thicsulphete), and ‘the’ ueual
-8ddition of" KON, .the". carbon tetrachloride leyer is freed i‘roxn "excess
.dithizone" The brownish colour formed in‘ the. aqueous layer should not
'fbe more than that oorresponding to a‘oout 0. 5 oo dithizone eolution. AT

'1.»- Standardieation of the. dithizone eolutionx - S

About 0 lO to 0 12 gre. metallio lead ("Kahlbaum" - eheet 1 mm.
: ‘Analar) is weighed to the: nearest 0.1 mg. in @:100.cc wide-necked Erlen-
" meyer flesk, a mixture of 2 ‘cos concentreted HNOg (656% Analar) and 4 cos
-dist,” wate\r is added and the flask placed on the boiling water-bath.
After the lead has dissolved, the flask is allowed to remain on’ the water-
' vbath until completely dry. (about 2 hours.) L . — :

- The lead nitrate obtained is washed quantitatively into a. oalibrated
- 500 oo meaeuring flaek with an aqueous. ‘solution containing 0.20% ¥NHgz, - L
0. 57 Rochelle salt, and 0.1% sodium _thiosulphate, and topped up to 600
00, (The solution end washing will be more edvantageously oarried out
with 260 oos of a solution containing 0,1% NH3 end the whole of the -
Roohelle salt (2,69) and thiosulphate (0.59); it is then topped up with.
8 0.3% NHz solution to make 500 co.) ~ The solution is steble-(if well .
gsealed in the dark: in a Jena measuring flask) and is sufi‘ioient for.
: .150-200 titrations. ; : ‘

The standardisation ia oarried out as follows:-‘ :
, . For the preliminary experiment 2 5 cos. of the div'alent lead" solu-'
“tion are mixed with 4 oos of chloroform, and, after adding 0,26 ocos. of
a 2,5% KON solution, are titrated with the dithizone solution until the
brown tinge Just appears.' The end-point can be verified by over~titration,
_ (Thus after the addition of another 0.10 co a: oonsiderable. deepening of
the colour should appeer in the aqueous -layer), The experiment 1s then .
.repeated, taking, as the quantity of ohloroform, exaotly ha J.£ qf the
dithizone solution that was used- up. . i

" The titre is oheoked onoe & week for reasons oi' saiety. - If the‘
- -dithizone solution is i‘reehly made and is to be used at once,. it should
" heve additional cheoks: during the: i‘irat seven days. Duration of cheok"
determinationa about 3 minutes. o ‘ T R

B Standard isat ion:

JUE . . : \

g a grams of metallio lead were ueed for makmg the 1ead solution,
_-end if 2,50 cos of this ‘solution remot with b oos of dithizone solution, -
. the factor ¥, by which the ooe} of dithizone solution used up mst be . -

xmxltiplied in order to obtain vol % TEL in aotual analysis, is given bya
. F- 0 95 '
The oonoentration of the dithizone aolution should be 80 seleoted that
2,50 cos of the test solution eorreapond approximately to 8-10 co of
! dithinone eolution. :
.7- -
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+“In "the ‘factor 0. 95, llowanoe is mad vfor the faot that when stand—
:nrdising with'the divalent lead solution, a,mixture of ‘carbon. tetra--l*;’,
nohloride-ohl oform’ ‘should: ‘be “taken owing to ‘the poor: aolubility ‘of :the- lead
dithizonate. ~'Disregarding- the addition of ‘chloroform end assuming the
foompletely ‘identical behaviour of (triethyl- ), diethyl=- and. divalent = -
lesd salts, the caloulated factor is 0,9409: (the apeoifio gravity of the'
iTEL ‘has been established a5 17669 et 20°c ) The inorease of sbout 19 |
yas: effected by the addition of chloroform, in com arieon,with the be- ,3~1*”
‘heviour of the diethyl-lead ‘compounds. (See Teble 4 'The'extent to whieh
this inorease is. Justified will'be found in—the- faot “that- other determina-f
.;tiona (e.g., analysis ‘of" triethyl-lead ‘shloride; determination of ‘lead in
1paraffin bese fuels’ by the" ohromate méthod ) likewise reguire- oorreotion»of
_ epproximately this emount.  The (poler) ohloroform, in the guantity em-‘
“ployed here, only slightly influenoee ‘the distribution equilibrium L
“between’ dithizone ‘and. emmonium‘dithizonate. under ‘the: conditions ohosen; - -
“%the- ohenge in poaition ‘of the appearance of the. brown tings’ in the " o
‘aqueous layer ocours only’ in the presence of the lead dithizonates end is
-aotually proportional to the quentity present. T O S T

E ?Praotioal Example.’3 “'f"f'”‘ ‘fpi~ e " »5 -

(1) Standardieetions'

e i

‘ ;e 'Weighed portion (a) = 0 1079 gr. Pb; oonsumption (b) -9 05 oos %

dithizone solution.'xﬁf{

" F = 0,1079 x O. 95 = -0,01132
o 9.06 Cs
) - Analzeis. ' ,

‘ Consumption (x) - 10. 60 008 dithizone solution
TEL =10, eo x 0,01182 = o 120 vol.%

(2) General.‘ /
: Cleaning the filter apparatust After diesolving out the 1ead preci-

pitete the filter should be cleaned at once with distilled water. and then
~ with aloohol, and allowed to dry at 1002 in a. drying oven, With filters
"treated in this manner, about 20 determinations cen be carried out,
aooording to. the fuel, before. they have to be oleaned again'with fuming
nitrle 8oid or warm ohromosulphurio aoid.

The eulphuryl ohloride used fbr preoipitetion must be obtained in
sealed bottles. (Sohering) \ P

.The, delivery tube mnst be kept dry. Kcﬁ‘solution-adde&fnust'be
>exact1y 2 5ﬁ. A o :

. The dithizone solution mst be shaken vigorouely'qith the aqueous

" lead solution, Inttrating the diethyl-lead and divalent lead salts, it
1s suffiolent to shake for about 30 - 'secs. after adding the main. qnantity -
of the dithizone solution, then, on further titration (from 0.06-t0'0.20
00) for about 10 sees, If there is diffioulty in recognising the com-
~mencement of the appearsnce of the brown tinge in the aqueous layer, one
oen titrate to & stronger colour intensity without further trouble and
deduct from the titre obtained the neoeasary emount- of dithizone so1ut10n
a8 found from experience. .

. For diluting the individual samplos of fuels for’ analyeie prior

to" preoipitating with sulphuryl chloride, fuels with a paraffin base
‘(plus ‘ohloroform (2 2 1)) are suiteble, e.g., the type in" the table -of the
DVL Report FB 1292, under ¥o, 1, are euitable. ‘



'”ﬁVPage 10, Line 153“35_

-

1nstead of 2 ccs read 2 5 Ebs. Page 14 (diagram of the ganeral arrange-’
ment): in the diagranxthe glaas cock above the burette on the siphon tube-
‘drawm, N :

A method is indicated which makes 1t poesible to determine queli-'
tattvely, end.in pert quantitatively, the produots . of. decompoaition of
Iead tetraethyl in the predenoe of each other.__';,_~.‘ :

ﬁAirapid process, 1ndependent of other methoda, 18 given for }
standardisation of the dithizone solution. :”;J.». .

vzvif;/BiBﬂEOGRAPHf.};.“
) 1. Morghen, DVL-Bericht & 1292.,
-(2);ﬂE. Fisoher, Liebigs A, 212, 216, (1eez)

n(é)‘lE. Bamherger, R. Padova E. Ormerod Liebi%s Ang 446 271'L
‘ , o Qee).

(4) _n. Fisoher, Angew. Chemie so, 919 (1937);'w.,Prod1nger
3 "Organische F&llungsmittel in der quantitativen Analyse"

(6) G. Grﬁttner E. Krause, Ber. deutaoh. Chem. %es %9 1426
‘ _.M CLT S l916 o

() e B. Buokton, Liebigs Am, 112, 227 (1859)
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E'xper. Type of Leed Qﬁan-" N Con-| Addition’ of | ight Dithizone Solution

5 Nowis compound feity _tent’. i’ KCN Sol.| Eif:ect, e om8 "
R B Uaed e 2% omb ‘,:Q"KCI e e Found . Oeloulateda
1 Bt ”0.25fﬂy :Plus R ll;?ov“ A“f ,’ fs;gi
S =" B i PO “_ﬁ T
2 e > el Minus of Lght 11,30 |
3 |rriethyl desd | | . | lpwme | .20 |0 e
- lohloride dis- | 2,6 [ . [ ol . ool ol 1o
4 lsolved in Ben- | 0,26 | 0,26 |Pls | - o [11.20 | o
o :zol-gasoline o Haghy ) :
6. |(peraffin woopo a0 o | Plus . | diffussd {11420
6 i e e | =4 11,30
7v:;"'no..oe_555 /- © {026 [Ple | . |22 (0
S T00emd 0.0 | p b T T e
8 | b e i Mnwe | 2aB0 |
9 b i ] 0426 0 ] Plus SR B 2 [ T IS s
. o026l P , 1o . a 1.2
10 | § SIS AR -"% L Minns : ;1.2027; o

®The values given are’ oaloulated from the weighed-out portion (Column 2) and from S
the consumption of dithizone solution by divalent’ lead salts (test solution). The’ o
correction required by the eddition of ohloroform hag been allowed for (see Table 4).-

: A lead aetermination of triethyl-lead chloride solution by the VL method 15
~‘shavm in the above table and gives & lead. oontent of 0, 0500 againet -the- oalouleted
-value 0. 0506, .expressed as vol. JTBL. -

"Colour of the carbon tetraohloride layer; Experiments 1-6 - brownish yellaw
' SR 7-10 - yellcw. .

. On the add\%ion of KCN without Kcl ‘a 11ght brown oolouration is already ob=
served ‘at about 10% before the end-point, and - ocours ‘both with exclusion of light "
end in dim daylight., The end~point is not'well defined &-iaalso quite herd to
recognise by over-titration, RN ,

- In. order to examine the behaviour on slow titration'with and without KCN end -
KCl in very dim daylight titration wes commenced with 5 cos of dithizone solution.
Preotically no yellow oolouration of the aqueous layer ocours, end. there is. like-
wlse no orange tinge in the tetrachloride leyer. The end-points correspond to__
those of repid titration. In diffused or bright daylight, a-yellow colour is
observed in the aqueous layer together with a rapidly deepening orenge colour in
the tetrachloride layer; the velues obtained esre more or less high auoording to
the effeot of the light. : .

«10~
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fiéiﬁi;;;‘

Exper.

NO-

Tyge of Lead
COmpound.

Quantity

.usedy

©

Add ttiom of
. KCN Solution|
: %%;bf\dm e e

Akl

Content

J

R e
Dithizone Solutioncm‘,

Refereuoe

Found ‘Yalus

10

&

Diethyl lead
salt’ obtained

from the DVL- |
"} lead determin-
‘_'atipn_metpod;

250

RN

10.1% ¥Eg

':;'Q;i%NBSE;.;ibL75;m“
e }_o'.'_'25'7§ms
SE T
L - I%*“fNHS

110,70

1 0.50

0,25

0

0.26

26

|0.1% Mg

0 R

10,80

";;95‘1'

10.75
10 75 ,
10,76

~10.76
2,16

. o >2015
2.15

1,06 o
. - L07 et

“In Experimsnts 3 and 4 a. slight yellow tinge nmy be observed juat before, '
the end-point.‘ .

rfColour of the tetraohloride 1ayera

orange.

For examining behaviour of slow titration, with and without the additian
of ‘KCN- and in diffused-daylight, titration was commenced with 6 ocos :
~A slight yellow colouration ocecurred in the aguecus

dithizone solution,.

* layer before the and-point only when titrating without KCN.
.oorresponda in both cages to that found with rapid titration.

’-\A

: _"11‘_ -

The end-point,
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T ABL

vape or Lead
‘COmpouhd._,-y

: gExper.

Quantity
uspd.
‘om®

Addition of

KCN Solution

| Content -}

‘Divalent lead
© . salt corres-
4 | ponding to .
++1.0.09860 gm Pb
5 . 4n"600 ‘oo . of
o ] a'solution -
6 - | oontaining
o 0.1% Ne25203
T} 0.55ENaCAsH406
S  end ¥H3 -
81 (Quentity see
"9 N ’ » .. ., “ =
10
11 -

12

2.50

0,25

I

2M . omd |
L 0,08
0010 |
0.25 .\’4' - :

0.25 |

~.°3O§f<~'

0.80.1 .

0.5

0.2 |

1| R, value, |

1059 e ‘ - ."f“ “I

Experimant 4. shcws 8 yellow aolour from Te 80 ocs onwards, Experimant 6

from 7. 60 ccs. and Experimsnt 6 and 7 30 oos.

v‘kColour of the tetrachloride~1ayer - red.

. For, examining the behaviour with slaw titration, the procedure adopted was -
" that given below Table 1B, Without the addition of KCN a slight yellow colour
“ocours towards: the é1d of the titration, the end-point is 111 defined and

is ebout 0.06 oc lower then with rapid ‘titration, '
differenoe can be seen compared with normal titration.

e |

In: the presenoe of KGN no -




Decomposed TEL

Colour of Carbon Tetraohloridel

content Dissolved
E No;f':"f ko Laver~ ‘ '
e Direot Titration Differenoe Method Beginning : l*:~End iti“
1 , o 0460 ‘vf}?ﬁ,'1’4;fo 0445 ;fuffi |+ Brown-Yellow |
2 l'f¢;4919§?9¢j*3”1 ~vo 0395‘*‘%~_“' o F . Yellow-broma |
4 0.0086 . 0.0080 . | | yellow.
5 o.e10 | o.o680 SR R
Gl Sl J, we==—— - .| . Orange . - Orange - -
6 0.08% . _0.000 o S

1"By "direot titration" should be understood the analytical prooees describedlb
in Seotion IV for pure triethyl-lead compounds ;. however, the titration took

'place in diffused daylight.

The figures in the columm "Differenoe Method"
_.8how the differences of the lead values before and efter washing the fuel -
with dilute nitrio aoid.nu(See Section IV).. : e :

/, .

'.Experiment 6 illustrates the complete preoipitability of dissolved diethyl-;
1ead salts with sulphuryl chloride. '

Experiments 1 to b show thet even fuels whioh have undergone ageing in the bomh,
- i.e., oontaining oxidising mstter,(in some cases the time for treatment was
‘1ess then: 240 minutes), produoe good, praotioal resulte under the oonditions of ‘
'direot titration. s : '

=t
-

' Direot titration in highly diffuaed daylight should give an even better agree-

ment of -the results obtained. -
about 0,120 vol.%

If @ fuel is filtered

Prior to.ageing, the fuels had a TEL content of
% ith fluted filter 9 oms diemster),

‘& concentration of 17 of TEL or soluble decomposed TEL can usually be assumed ; .
(accordlng to temperature and type of fuel) end allowanoe should be made for

thia.

An experiment with heptylene which had been stored for & years, gave useless

valuea with: "direothtitxation“ Highly acidified fuels must of sourse 6 be more

i

or less neutralisedfbefore direot titration is oarried out. -

_13;,



PABLE.

LIXTURE CONTAINS

“Trlethyl Lead Salt| Diathyl Lead Salt
-] ~Corresponding to
| «veeco Dithizone

~eorresponding to.

sease: 0C Ditbizone

‘Divalent lLead
Salt gorres~
_ponding to | -
‘.00 Dithizone}"

Addition
o
Titra—vg

tiom.

COLOUR OF CJ

ARBO

ETRAGHIOR

Yellow
up to
“008

Orange
tinted

from

-.‘,ocs'

Orange.
~ from

Orange-
red from ~

iRed from
cos fg

" TOTAL consmnon
‘oom DITHIZONE

T1.00
. “v ..’
on

T 8.50

7.35
R
®

0.60

KCN.
o

Ko1)

" KCN)

O /.

KoI)
KCN) -

\:Turﬁs 1nto browniah:“

- -orenge
'ditto

"f, Caloulated ;

 212 ;i

2,60

L 7010
'9.40°

7 9.40.

10,50
9.95
4,050
4,06
v"°.807

‘.6080',

-0

0
o

i

e
“KCN) -

t kCI) ; 
 KCN) -

© 15

0.5

f';TDrns into brown 5 L
.- orange’ to orange

‘:ngurns 1nto orange ;f

'JHTurns through‘broWn b
. orange 'bo orange s L

: Turns into.- orange FERERCIN En
" Turns. through yellow4€,.

- orange to orange - B
: Turns~1nto brosn-
o orange to orange

P
i
an

':pirurnsviﬁtd.yeilpﬁ":_}'—
| orange:-to oramge ' |

870

o0 |

8,65 |

'ffi4é-

130
C 14

115, B

16 -

1,06
2,00 -
12,00

10.40

'._7.90

o~

0.16

7.40.' .

KCN

"

Up. to 0.90]
e

10.85 - .

B

2.10{ 2.1
11,80

o into rad

o
e

051

'fﬂf(céntinued"ove}iééf)}"'



DBIE 'S (Gomtas)

. .i The titrations wero ‘oarried out in diffuged daylipght avoiding the
-action of strong light, . The aqueous. solution used (ebout 2,6 6c8)
.oontained 0,14 NHg; 0.6% KNaC4Hs0¢' and “0,5% NA2803s * In experiments, o
in sthioh KON or HCN. plus KC1 wes. edded, this was oarricd out.with the .
quaf'xtity,gi_.vén; 1n SeqticmfIV'." ST e o
“~A-thiek: line surrounding the figures meens that tho oolour ohange
was ‘clearly seen. .. In the penultimet o-oolum- (11); uder "Found", the
~end~points given-for titration were ill-defined and ineoourste;, ag the
“work was carried out. in diffused deyiight. The last column(12) under
-Yealeulated") gives the sum of thé values -that were: obtained: for the
individual materiels (before mixing) e0gording to the normal method of -
determination given in the report; ‘the titration of the triethyl-lead '

- salts was, ‘hdﬁreve'rk,, arried out in ’dii‘ms'ed\ dgylight-.‘ ’-(Golnms 2 to4).

1% will be seen that without the addition of KCN end KCl, some very
practicnal yalues were- obteined direct with mixtures of triethyl~lead and

divalent lead salts. = (This type of analysis ‘1s nevertheless only
really possible “in__ﬂthe:vab,seno'e*Oj‘;large'_quantiti'es of axidising . - .
materials (peroxides, eto.)). . With mixtures of triethyl--and-diethyl~
lead :saelts, the prospects of differentiation are very poor, while with
mixtures of dlie(thylf-,].g_ad‘,‘:and‘diyalent lead salts,; useful values are -
obteined for the individual components after a little practice, -

o . .-151-]
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- |Carbon. | Ghloro-
il Tetrae: form

||

| e o | rees

18 | [ Diethyl Led Balt |1 " L .0 . | . 10.68 R e
e[ obtalned from ghe i | S e

4 = " -DVL lead determina- | .1 =~
soobes s tion methed plus |
v B C0a%NHg

-~

~ The. ohloroform wae added prior to titration. In the sbsenoce of lead salts
and-‘using the seme quantities of tetreohloride ‘a8 in Experiment 1 (1i.e., . -
“ebout 8 oos), & well-defined brown colour in the aquecus layer was: given
by 0.06cos of dithizone solution using tetrachloride and ohloroform up to -
the ratio 1.3 1, Experiments with ohloroform, purified by fractional -
~distillation, showed the game behaviour. The displecement of the end~
~point /caused by ohloroform is, as.already mentioned, préportional to the
amount of lead to be titrated. . With diethyl-lead salts, the addition
© of carbon tetrachloride during titration (in’amounts up to thet equal to
the volume of dithizone solution required) s hardly elters the ond-point at
- all, = In the oase of divalent lead selts on adding the quentity steted =
& gtogethe‘r‘,,with.‘_the;}"rgquired amount: of ohloroform), a very slight rise .
(% 0,0 08) of. the end-point will be observed, S R
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