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DETERMISATION OF LEAD PY DITHIZONE

'ﬁ’A Gritical Comparison of the Methods Described in
= LTD 42.5 end DSM 43-188

PUREOSE

(1) To evaiuate certain factors in the “mixed-colop™
method for lead given in LTD 42-5.

(2} To compare this methed with the "cne-color” method
described in DSM 44-188.

(3) o cheeck %the sulfite reducticn method, given In
DSM 45-39, for the removal of lodine from the solutions ohtained
1n the determinstion of TEL in alr,

SUMNIARY,

The two methods have been compared with respect to the
affeats of concentration and pH of the lead soluticn, concentration
and age of the reagent, presence of phosphate, and stebllity of the
fingl solution.

The methods are of compsrable sensitivity and, with proper
control of experimental conditions, sprear to be equal in sccurscy.
Fowever, it 1s belleved that {urther, special exzpesrimental tests

are needed to demonstrate unequivocally the guantitative recovery
of lead from very dilute solutions in the onz- color methoed,

Contrary to the results given in D3N AE-188 it was found
that the solutions obtained by the one-color method were relatively
unstable on standing, so that careful timing of the snalysis was
recuired, This peint should receive further inveatigation velore
the method can be recommended for general use. A% present, for
laboratory use, the preferred method is that of LTD 42-5, modified
to avoid a small”interferencéffromvphgsphate in the second extraction.

: The sulfite reductlion of iodine soluticns iz satisfactory,
if the orgenic lead lodides are [irst decomposed by heatling. The
resulting solution can be analyzed for lsad by the mixed-color method.

-
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INTRODULTION

- There ars two major procedures for the use of dithizona
{diphenylthiocarbazone; for the determination of leed, These have
besn designated as the "one-color" ard the "mixzed-color" methods.
Both involve the extrsction of ths lead ion from an alkaline solution
‘pH 8.5 to 11} with an excess of dithizome 1n shloroform, and cobser-
vation of the colored iead dithizonate in the chloroform solution.

The prccedurs used in this Leboratory (LTD 42.5) for the
determingtion of smalli amounts of lead by dithizone, is based on
the well known and generally accaepted mlxed-color method. Brlefly,
the iead in 19 nitric acid solution is treated with citric acid,
potaessium oyanide, and ammonium hydroxide to bring the solution to
PE 9.5, The lead 1s then extracted with a chloroform solution of :
dithizone. A portlon of the excess dithizone dissolves in the smmon-
liacal solution; but sufficient remsins in the chloroform to glve 1t = 7
a green to violet color, However, with g spectrophotometer, the
red color of ths lead dithizonate in the chloroform solution 15
readlly determined.

Recently the Baton Rouge Development Sectlion Lsboratory
' D8M 445-188) proposed a modification of the original one-color
method., Instead of exiracting the lead at a pE of about G end then
removirg whe excess dithlzone by shskiung with dilute ammonla; as in
other one-color methodn, the Baton Rouge method carries out the -
sxtractlion et a pH of 1.2. At thls pH, the excess dithlzone is alimost
compietely extrscted b the aquecus solution, leaving only thse red -
isad dithizonate in ths chioroform. It was lnown thet lead dithi-
zornate 18 also extractzd in part from the chioroform by aquecus E
solutions at pH 11 to 12; but in the present method, the large excess .
of free dlihizons in the solutlion apparently prevents this, .

Elther dithizone procedure is far from 1dealo Several
dependent equillbrlia are involved:

1, Reversibile reaction of 1ead with dithizone°

“

2e Distribution of 1ead dithozonate between water
and ch;oroformt‘fgjﬁ, ‘

3; Distribution of dithizone etwean water and chlorofnrmo
4. Sbifting of thesa equilibrta with variations in pH.

Systems involving such aquilibria must be oarefully standardized
before they can oe used for quantitetive analysis. Likevwise, one

aeffect of any variable but must specifically verify every conclusion
by experiment° : : : e
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Wwhen Clifford and Wichmann{l) studifed the one-eolor

A

method of Winters, et. al.(3), they stated: "Analysts using
one~color methods find themselves in a dilemma. If they do not
remove all the unbound dithizone, their results are high, and if
they take meticulous cere to remove it, they lose lead in the

. Process .... The greatest accuracy of one-color methods 1s about

0'9 001 mg e"

For this resson, and because of the wide avallsbllity .

of spectrophotometiric squipment, the mlxed-color method has become
greetly recormmended. In this method, the presence of some excess
reagent is not objectiongble. The preparation of the blank for

lead in the resgents, under the same conditlions as the samples,
provides an accurate correction of any errors thus introduced.
Varisble siit-width instruments such as the Beckman quartz spectro-
photometer or the Cenco Spectrophotelometer permit such compensation
without decregsing the range of the method, Fortunaetely, the lesad
dlthizonste exhibits 1ts maxinmum sbsorption st the wave length where
the dithizone itself shows minimum asbsorption. Thus, for photcmetrie
measuremsnt, the presence of the green color of the dithizone
reagent, even in excess, 1s of no disadvantage. For visual comperison
the change im hue seems to be even more easily distingulshsbls than
a onsnge in color intensity. With an appropriste cheoice of reagent
_concentration Clifford snd Wichmann(1l) could distinguish visually
ten steps betwesn O and 1 microgrem of lead.

Nevertheless, %the one-color method proposed in DSM 44.188
offers a new approach to the problem, which may hsve sdventages for
certain uses., It seemed, therefore, desirsble to make ap indepsndent
check of this method. ’ '

EXPERIMENTAL

ffect of lead Concentration. In the presence of en
excess of reaggent, both methods cbey Beer's Law, as showvn in Fig. 1.
These standard serles were run under the conditions dsscribsd in
DSM 44-188 end LTD 42-5. The procedure from LTD 42-5 was changed
slightly to eliminate phosphate interfersnce, which is discussed in

detail in snother part of this rsport. The dats indicate the methods ;H

are compareble with respect to sensitivity. Using l-cm. cells, from

0.00% to 0.082 mg. Pb can be determined using the maximum useful

_ range of the spectrophotometer. This range is from 104 to 004
trensmittancy, as shown in Table I. The decreased accuracy at high

and low transmittancies results from the logarithmic relationship

betwesn color intensity &nd concentration of colored substance. It

will be noted that in & careful study of the effect of a wvarisble in
colored system it is desirable to limit transmission readings bhe-

tween 20% and 60%. R
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: TAﬁfﬁ I - Varistion in Errors over Trensmittancy Range

_ Absolute Error
Concentration for 1% Transmitiancy

¥ Tpansmittancy mg.Pb mg.Pb . %_Error
95 0,002 0.00015 “T.504
90 . 00% | . 00025 6.25%
80 . 003 . 00040 5,.00%
70 L0128 . 00055 4,300
60 013 - - 00055 3,00%
50 : L0248 . § .00070 2.30%
4o 0528 .00050 2.76%
30 043 .00110 2.50% =
20 L058 .00175 " 3.00% =
16 .082 . 00400 4.90% s
5 117 - 00800 6.80%

Because of the ease or exvracticn of the lsad sslt and its
extremely favorgble distribution between chloroform and water, both
mothods are extremsly flexible, with respect to sensitivity. The
applicable range of lead concentrstion can be extended considerably
in both directions by varying the volume snd coneentration of the
reagent solution., For exesmple, Stenger{2) has applied the method e
to megpesium-base alloys, using such a combination of these verisbles =
that the renge for 1 cm. cells is 0.002 to 0.0i4 mg. Pb. However,

such changes 1n procedurs should be completely verified exp@rimsntaliy.,’“

Effect of vH. In elithsr dithizone methoed for lead, the
pid 13 the critical varizble, In fact the only essentisl differsence
between the mixed-coloy method and the one-color method is in the
pH used. In both methods the ease of control is of prime importance
and the methods ere comparable in this respsct. FEoth systems are
highly buffered by ammonium and cyanide lons and cnly a rough
measurement of the various solutions used ia required to furnish

the desired pH.

-

Chloroform solutlona, containing approximately 0.025 mgaa-
"and 0. 075 mg. leed respectively, were prepared to determine the solu-
bility of the lead dithizonate in the agueous phase when extracted :
" in sccordence with the method deseribed in DSM 44-188, Instead of.‘
determining the lead dithizonate photometrically sfter the first
extraction as required in the mesthod, as many as three repeat axtrac-,
tions with fresh sgqueouz solution, at pH 11.4, were performed on 5t
individual samples. The results of these: teats given in Table II
show that the lead dithizonate distributes bstween ths chloroform
and the aqueous phasesE vhen no excess dithizone is grasentgH;
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- ?ABLE Il = Sclubﬂiitg_of L@ad Dithizonate 3 _at pH 1134

Additional ~ ~;T; ' . Pb

Rxtractions 510 - ome, Pb ~me, Loas
0 52,5 - 0.0055 ——— R
1 59 o .0210 0.0045
2 67 ,0160 .0095

- : B Ao . 0105 . 0150

0 16.8 L0820 -
1 16.0 . 085 : 015
2 20.5 . .0565 0235 L
3 27.9 o7 0033 R

* Transmititaney

These conditions are not applicabls to the method
described in DSM 44-188. The first extracting sclution containsd
everything in the proper coneentration, but, Auring the additional
extraccions, there wag only a slight excess of dithizone. In an
effort to deteruline whethsr‘any loss cecurrad 1in the presence of
gxcess dithizone at thig pH, snother serles was prepared and
extractions wera carried out with 50 mi. portions of the watser
layer obtainsd from rumning & series of blanks., In this way e
solution wes praspered for additional extractlions which correspondsd
To the usual exiracting solution. The results of these tests are
given in Table III. ' :

\

TABLE 7111 - Lead Losgs of pH 11.4 in Presence of Excess Dithizone

Additionsl | o | | Pb
Extractions " 510 ne. Ph _mz. LOsS
o . B3 ' _-»> 0.0225 e
1 50 . .. .0250 -0,0085
2 ' 52  ;;7_ ,0610' «0,0005

A r@petxtian of this series of tests gave the zame results,
including the same siight inerease: in apperenit lead for the sample
vhich received only one edditional extraction. Recognizing thet the
. 801ubllity of lead dithizonate 1z small under these condillons end
that there 1a 2ufficlent lsad in the water and rsagentis to cauee an
eppreciable blenk, further experiments seemed useless for ouvr ¥
purpose. However, i1t i1s suggested that this solubility Lo cetermined
by some independent method on solutifons which have been carefully
fresd of lead. We would likevwise suggest that eny such experiments
should include more than one concenbtraticn of lead, expecially one

in the concentration range requiring the use of 5-cm. cells.
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ST R Stabiliu of Lead Dithizonate. In en attempt to conmpare

the two methods for low.concentration of lead, using 5-cm. cells, a
atandard series of solution containing between 0 and 0,020 mg. Pb was
prepared by each method. Erratic results which did not fall about a
straight line were obtained by the DSM 44-188 method. After standing

a short time, one of the very weak solutions: changed from pink to green.
It was suspected that under ordinery laboratory conditions these solu-
tions were sufficiently unstable to require a careful control of time.

To determine the effect of time, stendard lead series for 5-cm., cells

and l-cm. cells were prepared and timei carefully. A straight line was .
obtained in each case. Readings were tsken on scme of the solutions

after they stooed in the dark, at room tempersture, and in the tranamission
cells. The data for 5-cm. cells are given in Table IV and for l-cnm, o

cells in Tsdble V.
TABLE IV =-3§ab111§1~studiea'Us&gg_5=cm. Cella

D3M 841688 Method - LTD 82.5 Mathod

LD min. 10 min. 105 min, 5 mJnnﬂ_ 19 win, 30 min
D10 HEFh TRl maPh B0 meat O R B mh B mk
92.5 0,001 95  0,0007 = - . 92 ' 0,001 92.2 0,000 ;n
78.0  .0025 85 0015 87.0 0,0012 77.8 ,0025 77.5 eoeag 77.6 ©. oo2h
57.0 .005 63.5 0040 o= - 55.8 .005 56 20081 = . »e
%0.5  ,0075 44,0 0068 56,2 0048 42,9 .0075 -- - 432 0076
23.9 .0L0 33.1 .0093 4.0 0069 33.1 .00 o= ~~  33.1  .010

* Used to prepasre Standard Curve

TABLE V - Stabllity Studies Using l-om, Cells

$o pin, ;_;_160 min,

T510 gg,? . 1510 mg.Pb

83 - o0, 0065
63,5 01607 ..
8 S 0)45: : ':*Q"OB#S
0435: A
»;05351

It will be notéd'thaﬁ the system prepared acuoﬁd t

o .

LTD 32-5 is stable snd that of DSM. &4~188 is unstable. Thi?ginstabilit
?zcgeeses with ‘age and decreases w*th an increase 1n tha ¢oncentration
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Effect of Reagpsnt gonoentrauion, In crder to determine
- the effect of reagent concentration, s standard curve was prepared

each time a nev 30-mg./l. solution of dithizone was preparsd and
these curves were compared with a standard curve for 20-mg./1l.
solution. The results of these tests are shown in Fig., 2. It will.
be noted that there is no significant varietion for the 30-mg./1.
solutions vwhich were prepared from éifferent batches of chloroform
end from dithlzone obtained from different sources. At lower con-
ceptratiocns of 1lead no error is evident due o & decrssse of che-third
in the concentration of resgent. There is a slight doviation at
high concentration, near the usesble limit of the method. This is
in the expected direction. _ ‘

Effect of Age of Remgent. Dithizone is oxldized to diphsnyl-
thiocarbodiazone., This is g yeliow-brown substance, soluble in
chlorcform snd insoluble in dilute acid or alkesli. IV shows si:mni-
ficant absorption at 510 mp. PFor this reason the blank will change
with the age of the reggent and must be determined deily. The
nsecossity for such a determipation is important in both ome-color
end mixed-color methcds,

A 20-mg./1. dlthizone solutlon was allowsd %o stend at
room temperaturs for several dsys. A portlon of standard lsed was
anzlyzed by the mixed~color metihod described in LTD 42-5 wsing this
solntion and by the method deseribed in DSM 44.188 using another
poxtion of this sclution dlluted to 20 mg./l. with chloroform, ’

The results of th@se aralyses compared with a similar
gorios made with resh resgent are given 1n Table VI from which 1t
#11l1 be poted thet low reosults are likely to be obtained by either
methed 41f a decomposed resgent is used. ,

TABLE VI - Effect of Ags of Reapent

Method ng. Ph | T 510

| 01ld Reapent Standard Cuwvg Hew Reagent
LTD 42-5 0.025 58.0 . Bh.o . 53.5
DSM k4-1€8 .025 56.2 7 89,5 59,1

Fffaet of Phosghate. It 18 &an accepteﬁ fact that, in the
absence of ammonium cltrate, phosphate will interfere with the dster-
mination off lsad by the mixed color dithizone methocd. In ocur eariier
studles, the presence of phosphate impurity in the potassium cyanidse
¥s8 not recognized. In Flg. 2, curves for several different dithizone
relastions are shown using the sewe stock of potassium cyanide. These
were prepared following the directions given in LTD #2-5. In the:
original procedure, the lead was separsted from possible interfering
substances in a first series of extractions. Then ths lead dithizonate
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was dscomposed Ly dliute nitrie asid amd tnls goiabion adjusted &

pH 0.5, without the addition of elitric acld sinca the seclution was
practically free of ell poegsibls interfsring subutances. Totassium
gyanlde wes, however, sdded to this solution. Baczuse of The possible
interfercence of tha smell amount of phouphsaite prasent in the syanlde,
end since citrate preventsd phosphate interfersnsg in the Pirst
extraction;, its zddition to this solution was trled. We found that
the eddition of 5 ml. of 5% awmcniuam citrate solution would eliminate
the interferonue of up to 250 mg. of vhosphate.

it i3 recommended thersfore, that the nethod of LID 42-5
should be changed to include the addition of % ml. of & 5% zolution -
cf amronium citrsise to the nitric acid sclution 3£ the semple bvefore
the sddition of solution B (describsd in LD 52-3); or 12.% g.
emucpniwm ¢litrate nsy be added to 1 liter of solution B,

Apnlieatlon to Determipation of T2L in Air. DS¥ 48-3
regommanded the elimination of ths leng beat dﬂhruwatﬂdﬁ procedure.
ané ths subsgtitution of sulifite roductlicn., The Final lesd deter-
mination could be made in two weyas

1. The lodine soluticn i1z heated 4o 120° €. and this
zemperatire is mointeined for ons minute., Aft3r cooling, 1t is
adided to a sulfite sclution vwhich raduces tae Loline, Lsad is
determived by the procedure rosomyended in SM 44-188,

2, Ths unheated iodins solutlieon is adisd to s sulfite
solution centaining both cyenide and awmmeonia This zolution, with
a pH of 11,4, is eztracted with a chloroforn aoiat on of dithizone.
A compound ¥ith an ebsorption meximum e% 480 mp womains in the
ciloreform, A measzurement of this ¢olor parmits a dstermination
of ¢he lead, This color is atirivuited Lo the dithizone complex
of an orgeno-iead lon,

it 4is belisved that the lsad complex iz other thzn the
frialkyllead iodida, since synthetlc trb@tnylleaﬂ i0dide i3 ipeocluble
in the usual solvents (water, ammonia), is liguid above 13° ¢., and
does not reaet ilks the other trialkyll@ad.ﬁalid;so

The applicaticn of the mixmuaoolow netiod to the determination
" of TEL in iodine solutiocns was studled. It was found that the r@gularv
mixed color procedure could be applisd Lf first the organc-lead
comploxes were decomposed by heating in the pres3nce of an exceas of
i0dipne end if the excess iodine was removed with zulfitec, However,

the mizxed color method was unsatisfestcory for dirsct rescticn of the
cirpanc-lead lons. The expected rsacticn took place hwiat lsast 50%

of the methods sensitivity was lost due to the esincldence of the
absorption mexima of the éithizore reagent and the organo-liead dithi-

gonats.,
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CONCEHSIDNS

The miﬂed-color method for determining small quantities of_t¥¢
-~ lead, presented in LTD 42-5, is both sensitive and ascourate. It S
requires the use of three different soiutions for the three different .

- cell sizes 1in order to include very low concentrations of leed. How-':
ever, the resgent concentration is not too criticsl snd these solu-
tions may be prepared by dilution of the strornger solutions without
exact measurement. Because of the interference of the small quantities
of phosphate present in the potassium cysnide, it is recommended that
smmonium citrate be included in the solution for the second extraction;a
Othervwise, a nevw standard curve must be prepared for each new stock

of potassium oyanideo

The oneacolor method recommended by the Baton Rouge Devel--;.f
opment Section laboratory comperes favorably with the sbove method
ir all respects except stabillty. If the time of color development
18 not controlled, errstic results are likely %o follow., This efrect o
i3 more noticeable at low concentrations., In the presence of thallium =
end tin the one-color metheds are more desirable than the mixed-color -
maethod. In our opinlon, the D3M 44-188 method 1s an improvement over
existing one-=color metheds. This is atitribtutable to the presence of . -
over 100% exceas dlthizone in all alksline solutions used to remove
the excess rsagent from the chloroform layer.
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