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All DlPROVBD METHOD )lOR THE QUALlTATIVB 

SEP~TIOB AND DBTERMlNATION OF THE LEAD, 

BARIU1l, AND STRONTIUIl lOBS. 

More accurate and distinct test8 in Qualitative anal-

./ ysis are continually sought. Since L. J. Curtman and B. 
, J 

G' I Frankel showed the source of the inaoouraoies attending 

( ;, ,_, I the qualitative determination of the barium ion, new meth­

ods have been suggested, of which this one hopes to prove 

its advantage8 and probable superiority. 

A oommon charaoteristic of the elements, lead, barium, 

strontium, caloium, and in a peculiar way, bismuth, is the 

faot that their ions are preoipitated by the addition of 

the 8ulfate ion. This tendency is strongest with barium 

and least with calcium. The precipitation of bismuth ia 

prevented by the presence of hydrochloric aoid. !he car­

bonates of lead, barium, strontium, and calcium are al80 

quite insoluble. The usual method of Qualitative Anal­

YSi8 uses the in80lubility of the lead sulfate in identi­

fying the lead ion and the insolubility of the car'cnate. 

of barium, strontium, and calcium in determining their 

pre8ence. Unfortunately the determination of, thi8 carbon­

ate group 1s in the latter part of the analysis and there­

fore these ions are quite often exposed to the eliminating 

action of sulfate ions which appear unintentionally and 

unavoidably in the course of analysis. Theae sulfate iona 

which enter and the carbonate!OnS , obta1ned from the car-
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bon dioxide of the air mean a loss of oertain amounts of . 

barium, strontium and oaloium. Caloium and strontium ar. 
removed to a lesser degree than barium beoause of the great­

er solubility of their sulfates. 

The diffioulty of deteoting small amounts of barium 

in the usual quantitative prooedure had long been noted. 

The souroe of these inaoouraoies was first looated and 
( 1) 

investigated by L. J. Curtman and E. Frankel. The in-

ability to deteot fif~y milligrams of barium by the ammon­

ium oarbonate method was shown. The faotors oausing the 

removal of this amount of barium were shown to be four. 

The addition of hydrogen sulfide in the preoipitation of 

the oopper group, the addition of ammonium sulfide to 

preoipitate the aluminnm-zino group, the sensitiveness o~ 

the group and oonfirmatory tests, and the presenoe of 

sulfates in the reagents were all found to be eliminating 

faotors. 

The hydrogen sulfide preoipitation of the oopper 

group produoed a loss of one and one-half milligrams of 

barium when one hundred milligrams of the latter were pres­

ent. Curtman and Frankel attribute this loss and other 

similar losses to the , formation of the sulfate ion; others 

hold that bariWDi' has a tendeno7 to be oooludea. when present 

during the preoipitation of various S81t~. Strength i. 

lent to the former e%planation b7 the faot that the pres­

enoe of oxidizing agents ~t these pOints augment thi8 loss. 

One might infer from the last statement that the removal 
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of these oxidizing agents would remove the difficulty. 

This is possible in some oases, e.g. the nitrate ion may 

be expelled, but others like ferrio ohloride oannot be 

removed. Where ferrio ohloride is present the loss was shown 

to reach fourteen milligrams. 

At the ammonium sulfide step the losses were due to 

two oauses; the absorbed oarbon dioxide in the alkaline 

reagent and again the oxidized sulfide. During the forty 

minute separation of one hundred milligrams of ferrio 
, 

ohloride and one hundred milligrams of barium chloride with 

pure ammonium hydroxide, the barium loss was fourteen 

milligrams • . About two and two-tenths milligrams of bari­

um are lost as a result of the oxidized sulfide at this 

point. 

The sensitiveness of the group test depends upon the 

presence of other iOns. If ten grams of ammonium ohloride 

are prese~t less than ten milligrams of barium oan not be 

precipitated by reagent ammonium carbonate. 

The 1088 due to sulfates in reagents is of oourse a 

variable source of error. Curtman and ~Tank.1 say, -Kany 

of the so called "highest purit7" reagents sold by promin­

ent manufact.Ul"ers often contain enough sulfates to make 

the test for barium in the fourth group a praotioal i~ 

possibility even though appreoiable amounts of the element 

are present.-

Appreoiating the possibility of these large losses, 
(2) --

Curtman and Frankel and others inoluding Prof. J. W. 
,.,.. , 
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Kar6 •• o'f the Url1ftrs-lt7 or lI1as01O"1 )aa.,. 4rll .. d . '10_ 

80 ___ for the 4eterldaatlo~ of 'lea4 barill1l &IJl 8\l'on'-I-1III 

1Jl the e~l.l.r part of tbe anal.7s1" •• 

fte .chela. propoae .. are alike to tbe edeBt'hat th. 

led. barium. etl'OJlttua and oalolua 10.8 an pre ,"-pita'" 

U hlfat.. laIecllate17 after the reaoftl cd t.. .11ftr group. 

!be,. differ In tDe II&&D8 of aeparatlDg the le&' 8ulfate fro. 

the other eul.tatea. S_.'f tlle SOl.Dts tor le&4 BUl:fat. 

whioll haTe ' •• n proposel are the acetate. ail •• C.. Gibate. 

tartnte. 8D4 thloaulfah o~ &IIIaOllla aad ceria1. alkall_ 

eolutlou. After tbe ' remo'98J. of tbele-ad su:tate. the otllen 

an oon'f'Orie4 to oarNaat-e8 19 botllng '" th t1rt_ DOr..:l. 

sodtwa oarbonate solutioa-. '!'hese oal"boat •• are 418801 ... 4 

in ~cetl0 ac14 801utlOD. m. barlua ta M.a. .... 'b7 .. d-

dl tloa cd 8014 aamoniua o~te aolaH08. rile· etnn'tl111l 

18 re oT84 bc7 ... Iag ' the 111 ..... Id_ Ie a I'OUlt ~ ~ 

~IWl NIlO'ftl alkall_ , 111 t1l _ntwa ~&e. Ca101_ 

la fl_l!7 prealpS·tate. a. aa ozala.,. 

!hen an aeftftl sou<oe. of error when tM abOft 

so_.le 08171 •• 01lt. file· ~lrat 1. , .. IDD~ete pre­

olpitattGD: of the 1&&& .. au •• lf eut:tlel.e" 1qUM1al01"-

1.0 aoM 1. pft,sent to - .. t>he lODS other thaD tttOfJo _ ... 

Pl"8O:lplta~lD are _81191 'Sa 8ela:'I... !h18 .~l." 1. 

alt1ptea _ the fad that leal ,., agab ............ ~&r 

III the GOffer poup 'If t ' ..... are s_~ 
.l !IOn .... 10118, .0"1"" .11 18 ~ -.1 ..... &0$1 •• of' ,. 

alkali ttalt aollltlozw. wilt' are 1n"'" to· 41 • • 0 .... * , 
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lead aultate. 08 the ot_1' aultate.. AmmOni_ acetate _ 

lutloD. 80 :far cOD8ldered tlae be s t 801Yent :for 1e." sulfate. 

will dlasol .. large _unt. of etl'OdlU11l aa4 oalelua sul­

fate. aJ.80. rue _kes tbe teets for8tl8l1 &.ID01Dlt:so'f 

strontium a1l4 081011111 1Iapo8s1'ble. eDt elDOe thle dluol ... 

8d avoBtlua aDd oalclwa goes with tbe lead. the , .... tl11-

oatlon of the leaa. 18 1Ia4. le88 oertaln. 

Experlenoe with s tudents uelng th18 echeme 1. Quall­

tat1.,. Aaal78t8 ahotMa that there "'80_ t "roult1e: 184.-

termln1Dg wbeD aU the 1884 sulfate ... ~. -!'be re811l.t 

1. tbat "bartum" t.sts are reportet\ ... 1'" 18 n8pOD:ltl_'-

for the · ''bartaat' obroab pr.olpltate. !here ta a 41fter­

enoe In tho oolor of led aD4 bar1\l1l ohro_tea widell one .q 

41etlagaleh. Yet ODe 0&11 Dot 11lfe. a __ ... o.f bariua neD 

the ollr_-'. pt.olpltate r_blee 1 .. ola'_.-' 
fJIia lata ofter" _ J. W. ... .. n 11.111stratea to wbat 

bgne to .... at.l' Rl.fa.tee are ell •• 1Td .beII teet. nUa. e.} 
18-~ 
Concentration of aolllbl11~ of SUlfate. In .... .10 • 

.Alnoal ....... -

Gr_ .. . 

sr.ao. 
G~of 

• 00 2.11 

.800111 - - - .011 

!emperatue "'0 
Bat. 1. lIlO~ for ~ !alP oODO .•• tntloa(IO.8) of 

-' 
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Laboratory but it wouid seem from this data that at least 

thirty milligrams of strontium sulfate aDd four milligrams 

of barium sulfate would be removed by the use of twenty­

five c.c. of the solvent. Work ~n the effect of the pres­

ence of soluble sulfates in the ammonium acetate has shown 
(6) 

that these losses can be reduced. 

In Tiew of experience with the aboTe outliD8d method 

now in use at the University of Missouri, Prof. J. A. 

Gibson suggested that other solvents might be experimented 

with for the purpose of seouring an easier solution of the 

lead sulfate and a less solvent action on the other sulfates. 

Other work i8 in progress which tends to show that other 

solTents like ammonium citrate. while oapable of di8solving 

lead sulfate, dissolTe~ the other sulfates to a degree 
(6) 

even grea~er than ammonium acetate. 

After considering the trend of the work on this point, 

the writer suggested that the removal of the lead sulfate 

might be dispensed with. and thought it advisable to tr7 

a oonversion of all the sulfates to carbonates and the 

removal of the lead fra. an acetate solution as the sul­

fide. This method brought a conviotion that a greater 

degree of aocurao7 in the determination of barium and 

strontium would result. The question &8 to Whether lead 

sulfate could be transferred to the oarbODtte as readi17 

as the other sulfates arose: also, oan lead be quantita­

tive17 separated- from bariua b7 the use of hydrogen sul-
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aulfat •• tlMt ... unt of 18&4 a1l4 barl_ per ~ple was4e. 

tersdae4 alii -1ft. t1l18 the _unt of leu 8IIi1Il barl_ pe~ 
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lead sulfate to leal oarbOJlat. by boll1ng with aodlW1 

carbonat .. eolutloD lfere found whloh gaft no Intlllation at 
( 'It 

the f'ouroe of error. storer 01 tes t. follmri.ng s'tateDl8Dta. 

"Deo0llp0tNJ4 .~ ltol1ed with an .queue 801utlon of t_ 

oarboDate of potaah. Beta. &ad a.noDla. wi til toraatloll 'Cd 

lne·olUle oarboDat .. of le ..... (Pens. ehe. )(01.0 •• P 3M) 

"Coaplete1.7 decOmpoM4 eftD at ordll18.r7 teaperat1D"e. 

by solutloDS of l&OIO and bloarboDat.fI 01 the alkali .. (B. 

Roae lS· A- 9I:~) "An &qulftleDt or 8Ultate of lea4 

DI&J' 'be oOlllplete17 decompose4 b7 an equl -.ale. of all al­

kaline GarMnate. In aqueue 801utlO1'1. (llalaguti • .AIm a. 
n!l!l!. (3) til. 16'.) 

A. A. lIO,.e. am III. Bray publish tbe foUowilig eta __ 

ment,(8) "!lie boilIng with lIazCOa OODftrh lato carbouatH 

the sulfate. of lead. oalolU1l. ~trontl_. snd bta.uth OOID­

plet.17. aDI. at least • of the sulfate of 'bar1a.. ewJl 

1!'heil large quanti tle8 of tbell ue pres ••• " 

Gard.Ber and Sohaeffer In their .. 4MlJ!1e .!.! 1Hfi .... I, 
l'a7 that · total sul.fates 111&7 be o\talD8·d as :t'ollowe: 

")Us III a lJea1ter • graa IIalIIple wi til I ~ 8041U11 oar"-em­

ate. AU IOo.Cl. of water ani boll selltl,. fOZ' ten aiJJAt ••• 

Allo,; to staal tour 1l01D'lI. Dilute With bot water. :tll.tv 

aaI waeh Wltll flltnte Ia about 200 0.0. III ftlu.e·. Be­

~ .. t the nata_. ·k 'hll:'! l'!!ot101l ell ,he l!!! eulplaat., 

1. obaDp4 to ~oate uI. the filtrate codal_ a061_ 

1M 8Ul.fat. 1. tbe filtrate 1fI welg1ae4 .. • 
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A. M. Come7 states that lead sulfate is -deoomposed by 
(1) 

boiling with K2COS' JaaCOs ' and (1H.)~C03~Aq.-

fhe word "decomposed" conv.ys the idea that there i8 a 

metath.sis in whioh lead oarbonate and sodium sul~at. re-

sult. fhe first citation explains the word b7 the state­

ment of the produot. 

To test this conversion of lead sulfate to lead oarbon­

ate, weighed samples of lead sulfate were taken and oovered with 

about fifty c.o. of 2N. Sodium carbonate solution, After 

boiling about five minutes, the mixture was allowed to stand 

on the waterbath three or fo~r hours. and then to stand in 

the oold about two hours. After washing by deoantation the 

residual oarbonate was dissolved in thirty peroent aoetio 

aoid. The lead contained in the acetic acid solution was 

determined. as sulfate. The results wer.e:-

PbSO.tak.n . 760.'1 mg 470.5 DIg 544.9 mg 450.2 DIg 

- r.ooftrec1. 717.1 " 441.8 - 621.9 " 4.14..9 -
- lost 23.6 - 28.'1 " 23. • S6 • w 

Volumes were not kept absolutely equal in these d.termin­

ations as no suoh losses were antiCipated. When th.se losa­

es were notioed. the marked solubility of the lead was even 

then not suspeoted, aDd a more exaot method was sought. 

Boye. and Bra7J8 statement was fOllowed. "Transfer the re­

sidue insoluble in Ba80.(P.5) to a oas·serole, add about 26 

com. saturated BaaC0asolutioD, cover the oasserole, and 

boil gent17 for 10 minnt ••• • ~ saturated solution of sodi-
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um oarbonate was prepared and the prooeedure followed with the 

following results: 

PbS04taken 648.6 mg 688.3 JUg 680.6 mg 

ft ~ound ' 497. ft 629.2 11 628.'1 11 

" lost 51.6 " 69.1 " 62.4 " 
This greater loss with more oonoentrate sodium oarbonat. 

solution suggested the idea that lead sulphate was quite 

soluble in ooncentrate sodium oarbonate solutions. Thia 

means that there is probably a double salt produoed whioh 

dissolves in water. 

The method of Gardner and Sohaeffer was next tried wbSre 

the strength of the oarbonate solution is three grams of the 

salt. and thirty 00. of water e%Cept that three grams of 

sodium carbonate in fifty 00. of water was used. This is 

about 1.2 normal sodium carbonate. The results were: 

" reoovered 

11 lost 

684.6 mg 64'7.9 DIg 484.3 mg 

623.6 

11.1 
" 
11 

638.9 

9 

" 
" 

476.'1 " 
7.6 " 

8inoe more dilute solutions of the oarbonate solutions 

were giving better results, a solution of two grams of salt 

in fifty 0.0. was tried. 

Lead sulfate tak8n 683.6 mg 416.4 mg 610.6 mg 633.'1 mg 

• • reOOT. 67'7.8 • 410.1 " 606.2 " 62'7.6 " 

• " loat 6.' " 6.3 " 6.4 " 6.8 " 

J. pl_ewill be attained in using more dilute solutions 

of the oarbonate where the oonoentration of the oarbonate 

ion ia in-suffioient to replaoe the aulfate and maint~in an 

-u. 

um oarbonate was prepared and the prooeedure followed with the 

following results: 

PbS04taken 648.6 mg 688.3 JUg 680.6 mg 

ft ~ound ' 497. ft 629.2 11 628.'1 11 

" lost 51.6 " 69.1 " 62.4 " 
This greater loss with more oonoentrate sodium oarbonat. 

solution suggested the idea that lead sulphate was quite 

soluble in ooncentrate sodium oarbonate solutions. Thia 

means that there is probably a double salt produoed whioh 

dissolves in water. 

The method of Gardner and Sohaeffer was next tried wbSre 

the strength of the oarbonate solution is three grams of the 

salt. and thirty 00. of water e%Cept that three grams of 

sodium carbonate in fifty 00. of water was used. This is 

about 1.2 normal sodium carbonate. The results were: 

" reoovered 

11 lost 

684.6 mg 64'7.9 DIg 484.3 mg 

623.6 

11.1 
" 
11 

638.9 

9 

" 
" 

476.'1 " 
7.6 " 

8inoe more dilute solutions of the oarbonate solutions 

were giving better results, a solution of two grams of salt 

in fifty 0.0. was tried. 

Lead sulfate tak8n 683.6 mg 416.4 mg 610.6 mg 633.'1 mg 

• • reOOT. 67'7.8 • 410.1 " 606.2 " 62'7.6 " 

• " loat 6.' " 6.3 " 6.4 " 6.8 " 

J. pl_ewill be attained in using more dilute solutions 

of the oarbonate where the oonoentration of the oarbonate 

ion ia in-suffioient to replaoe the aulfate and maint~in an 



-12-

13 
equilibrium. But oonsidering the ittatement of Abegg

t 
wB1ei-

oarbonat ist im verhaltnis znm sulfat so viel sohwerer los­

lioh (die L~sliohkeiten in reinem Wasser verhalten sioh wie 

1:600) das es beim Behandeln mit AlkalisulfatlOSUDg nioht 

umgesetzt wird t the use of equal molecular solutions should 

be suffioient to make the conversion." 

Barium sulfate conversion to carbonate does not seem to 

present a diffioulty similar to that of lead. This may be 

due to a laok of that general tendenoy whiohthe lead oom-

pounds possess of produoing water soluble oompounds with 

alkali salts. This lead sulfate conversion is still oapable 

of improvement. 

In the work 0 f Curtman and Frankel a minimum of twenty­

fire milligrams of lead seems to be the limit of the test 
14 

for the lead ion. One of the faots leading to this seems 

to be the ineffioienoy of the preoipitation of lead as sul­

fate~ The table oited in their paper indicates that the 

presenoe of 6 m.g. of ammonium nitrate increased the effici­

enoy of the sulfate preoipitation. This seems remarkable 

beoause of the solvent aotion of solutiOns of this salt on 

lead sulfate. An attempt was made to oorr~orate this state­

ment by using a slightly different prooedure. The method 

given in the paper was to set up solutions oontaining var7-

ing amounts of lead in twenty-five 0.0. of solution contain­

ing five 0.0. of oon. hydrochloric aoid and equal amounts of 

alcohol. To half were added five grams of ammonium nitrate 

and to a similar set none of the salt. Eight c.o. of 2~ 
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sulfurio acid were added to all and a note made of those show­

ing a preoipitate in five minutes. 

Without the ammonium nitrate the only solutions to give 

a precipitate in five minutes were those oontaining fifteen 

or more milligrams of lead. With ammonium nitrate present 

solutiOns containing as little as ten milligrams would give 

a precipitate. The presence of this salt apparently enabled 

smaller concentrates of lead to · preoipitate as sulfate. 

In trying this effect of the nitrate the writer tried' 

another scheme. Solutions were made up oontaining five 

hundred milligrams of lead nitrate, five c.o. of conoentrate 

hydroohlorio aOid, five gr. of ammonium nitrate, in twenty­

five 0.0. of solution. After boiling, eight c.o. of 2~ 

sulfurio acid were added and the volume doubled by the add­

ition of alcohol. After twent7-hours the sulfate preCipitate 

was filtered out and weighed. From this weight th$ amount of 

lead nitrate recovered was found. Then the same procedure 

was followed with another set of samples whioh did not cont­

ain the five grams of ammonium nitrate. By comparing the 

losses in the two methods the effeot of the ammonium nitrate 

was made apparent. 

Without the ammonium nitrate: 

Lead nitrate taken 618.2 ~, 

" • reoov. 616.2 ~ 

• • lost 2. 

6'71. '7","" 6044 , 'ht, 
669.0', 6011 " 

2.'7 " 2.8 f' 

With ~ium nitrate the following results were ob­

tained. 
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Lead nitrate taken 633.8 mg 4847 mg 

" " recovered 228.8 " 4801 " 
" " lost 6.0 " 4.6 " 

Jlrom these resul ts it would seem that after standing 

twenty-four hours a greater amount of the lead salt can be 

removed by filtration. and that aaunonium nitrate has the 

effeot of lowering the sulfate yield. If the sulfate ia 

filtered after five or ten minutes the loss is somewhat 

greater, approximating the figures of Curtman and Frankel, 

i.e. about ten milligrams. There is a tendendy for the lead 

sulfate to "run through" which can be corrected t~ some ex­

tent by pouring the filtrate through the filter till olear. 

Unless sufficient time is allowed, the lead removal at this 

point is not so acourate as it might be. If though the amm­

onium salts are removed by evaporating to dryness and the 

solution allowed to stand after precipitation with sulfurio 

acid, the lead loss at this point is less than two milli­

grams. If evaporation after preoipitation is pos s ible the 

removal may be made quantitative. 

Twioe normal sulfuric acid had been used in a former 

scheme as the group preoipitant with the hope of a small 

removal of calcium at this pOint. This strength acid 

was tried as a precipitant of lead with results that would 

indioate its impraotioability. One hundred milligrams of 

lead were dissolved in five grams of dilute nitric acid, 

twenty c.o. of water added, and the solution neutralized with 

ammonium hydroxide. Five 0.0. of con. hydroohlorio acid 

were added and after beating to boiling twioe normal sul-
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hydroohlorio acid (the k. group preoipitant) add 1 0.0. 

dilute sulfurio acid, and 3 c.c. of 96% aloohol. Let stand 

ten minutes. A white preoipitate indioates the presenoe of 

the lead group. If the group is present use prooedure 2. 

Prooedure 2. Evaporate filtrate from silver group to 

dryness, take up with a solution of 6 c.o. oon. hydroohloric 

aoid and 26 o.c. w~ter, add ten c.o. of 20% sulfurio aoid 

and 95% aloohol to double the volume. For most aoourate test 

allow to stand twnety-four hours before decanting through a 

quantitative filter. Wash the preoipitate twioe ?y deoantat­

ion and treat by P.3. 

Prooedure 3. Transfer residue 2 to a poroelain dish 

and add 2 gr. of sodium oarbonate and 60 0.0. of water. Boil 

gently ten minutes and allow to stand 3-4 hours. Dilute with 

warm water and filter. Wash carefully. Reserve filtrate for 

P. 6. Pour 6 0.0. of warm 3~ aoetio aoid through the filter. 

Warm the aoetic aoid and again pour it through the filter. 

If the residue does not dissolve oompletely, boil the undis­

solved residue with sodium oarbonate solution and again fil­

ter and wash. Again pour 5 0.0. of warm aoetic aoid through 

the filter. Mix the aoetio aoid solution~and saturate with 

hydrogen sulphide. A brown or black preoipitate indioate. 

the presenoe of the lead ion. If the lead ion is found, 

filter and coniirm by P.4. If the lead ion is not found 

use. P. 6. 

Prooedure ,. Dissolve preoipitate 3 in 6 0.0. of warm 

dilute nitrio acid. Boil to expell hydrogen sulphide ahd a~-
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ter cooling add potassium iodide drop by drop. A yellow. 

precipitate oonfirms the presence of the lead ion. 

Prooedure 5. Acidify the alkaline filtrate with dilute 

sulfurio aoid and evaporate to. dryness. A white preoipitate 

insoluble in water indioates the lead ion. 

Prooedure 6. Saturate filtrate 3 with hydrogen sulfide 

and filter if neoessary. Rejeot the precipitate. Boil the 

filtrate vigorously to expell HeS, and add 5 c.o. of acid 

&a~onium oh~omate solution. A pale, ,ellow precipitate in­

dicates the presence of the barium ion. Filter and treat 

the clear filtrate by P.7. 

Prooedure 7. To the filtrate 6 add ammonium hydroxile 

solution till the solution just turns yellow and then add 

ten drops more. An immediate precipitate shows the presenDe 

of the strontium ion in considerable quantity. A slowly for~ 

ing preoipitate shows a small amount of the strontium ion. 

Add enough 60% aloohol to double the volume. This preoipitates 

all the strontium as chromate. Let· stand 15 minutes to de-

teot traces. Filter and treat filtrate by P.8. 

Prooedure 8. Evaporate filtrate 7 to 5 0.0. and add 

ammonium oxalate. A white orystaline preoipitate indioates 

the oaloium ion. 

A oopy of the above soheme was given to a olass of stu­

dents in qualtitative analysis, who had oompleted the work 

on the bases, together with two unknown solutions eaoh con­

taining members of this group. Without further instruotions 

they were told to analyse the solutions. The method was 

ohe8rfullr aocepted, and only ona error in this group waa 
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found in the reports of the fifteen students. The concentra­

tion of the basio ions in these solutions was less than that 

of unknowns usually given; and the number of errors oonsid­

erably less than that previously found. 

CONCLUSIONS: 

The use of sulfurio acid more concentrated than twioe 

normal is neoessary to preoipitate lead as sulfate under the 

conditions which exist at the beginning of the sulfate group. 

The presence of ammonium nitrate at this point does not in~ 

crease the effioienoy of the sulfate precipitation of lead. 

If after the preCipitation of the sulfate group the mixture 

is allowed to stand twenty-four hour~, all but four milli­

grams of lead may be filtered out as sulfate. 

The oonversion of lead sulfate to lead oarbobate by boil-

ing with sodium carbonate solution produoes. a solution of some 

of the lead. This solubility of the lead deoreases with the 

dilution of the so&ium oarbonate solution used. The solu-

bility of lead sulfate in fifty c.c. of sodium carbonate solu­

tion deoreases from fifty m.g. in a saturated solution to 

about five m.g. in a four peroent solution. 'This drop would 

indioate that more dilute solutions of sodium carbonate than 

four peroent would give still better oonversion, i.e. less of 

the soluble lead oompound would be found~ ,These four milli-
• 

. grams of lead whioh dissolve in the four percent sodium oar­

bonate solution oan, b~ the use of another step, 'be reoovered 

and tested for. 
The results obtained in the method of deter~ining total 

'ulfatea suggested by Gardner and Sohaeffer must be slight17 
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inaoourate. The sulfate weighed and from which the amount of 

sulfate present is oaloulated is not entirely barium sulfate 

but some lead sulfate formed from the lead which had 4issolT­

ed in the sodium oarbonate solution used. The lead sulfate 

present will probably be about eight milligrams under the 

oonditions outlined in the text. 

When lead is separated from barium by passing hydrogen 

sulfide into their acetate solution there is no appreCiable 

loss of lead· or of barium due to the formation of sulfates 

or to other causes. If barium is not lost st.ontium and cal­

olum will also be uneffeoted, as the formation of their 

sulfates is less likely than that of barium sulfate. 

The degree of accurao7 for the determination of lea4 

depends entirely upon the initial preoipitation of the lead 

or sulfate group. The oompleteness of the lead removal ~ 

mediately after the silver group is dependent upon the pres­

enoe of other ions and the time available for making the re­

moval. If antimony or bismuth and ammonium salts ' are present 

the amount of lead to pass to the oopper group may be twelve 

milligrams. If evaporation is possible after the sulfate 

preoipitation all the lead may be tested for by the method 

proposed. In this soheme amounts of lead above four milligrama 

will be found after the sulfide separation of lead fran the 

other basio ions. The other four milligrams or less oan be 

deteoted in the sodium carbonate filtrate which contains be­

side8 the sodium, oarbonate, and sulfate ions the 8mall 

amount of lead. The old 80heme will not deteot lead when 

present t~ an extent of less than twenty-four milligrams. 
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Allowing twilTe milligrams for inoomplete preoipitation at 

the beginning of the sulfate group, the loss during the pro­

oess of saparation and identifioation must be an equal amount. 

Thi8 last source of error oan be aTOided. The method propo88C 

8hould g1 ve a test for all the lead preoipitated with the 

group. 

By the soheme proposed the determination of barium, stron­

tium and oaloium 8hould be more exaot. Their route i8 8imi­

lar to that of the methods already proposed exoept that they 

are not exposed to the aotion of ammonium aoetate while sul­

fates, and that as aoetates they are pre8ent while the lead 

is removed as sulfide. As before stated this last varianoe 

from the old prooedure produoes no appreoiable loss. The 

first varianoe oan have but one possible result, i.e. more 

strontium and oaloium where their identifioation is sought. 

The new method laoks the possibility of oonfusing the 

ions, i.e. there seems to be no possibility of strontium 

appearing with the lead or vice versa. When the lead ion Ie 

removed from the other" its removal will be complete and 

have no possibility of taking &OF barium,strontium or oal­

oium with it. The tests shoUld be olear out. 
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