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An sxemimetion of the standard amalytical text-bociks 4iscloses the
fest ot tho methods by whleh codulf conm e dotarmined quantitatively
open to chischlons olther bocense of tho memipulstive detell involvod
or Lacansd of susooptiblilty to arror. Also from & gualitative
stondpoint 1t 1z ovident that ine separstlon of ocodelt from the other
mesbore of the thind group nz the sulfi‘e hes Bot been fully studled.

The prosent work wee, U arefore, wndertaken with 2 twofdld
ohioctive In view, I8 wes first desir-d to develop & sabisfustory
mothod for the quantitaiive deternimation of coialte The mothod once
davolopd wee Lo be uoad S0 stady the conplotencss of procipitation of
cobalt ox the sulflde In solutione of vorying p¥ veluee., The sointions
wore %0 Lo Buffarad tn order $0 keop them at the desiresd pd walne.
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He 7» Iamfiyws {2} goos & 11ttle furthop tham Preseniws. In
lendrasts method, “cobalt, mngenese snd nickel are precipiiated
Sogether ss salfldes end flltorsd off. Tho mamgenase is dlssoived from
the preciplitate with cold Mydrorea sulfide mtar scidifiod with oo~
£1£8h 1te volume of hydrechloric nolid (epe Ore 3.11}s The residve of
gobalt 1s turnod in 2 porcelaln orveibie, dlssolvad fn wua rogle snd
svaporsted with dydrochlorie sold, Ths pletimm and coppor, LI thay
ere progont, are theoem down by ressing Mydrorem sulflde throuph the
solntiom,. The filtrate is =nde cowonmiacnl =nd the cotalt 1s pro-
oipitnted with hyldropen snifide, Thie 18 flltorad off and washsed with
wptor sootalinine & svmll guantity of srmomfum sulitde. The precipitate

is sithor ignited and maighell ne oxide or

motnllic ocdelt, takine oare to cool 1t Shoemghly In oo steosphore of
hydrogon before allowing 1% %o ocome In comtast with the etmospharo of
the room, cs finoly divided cobolt s <4eoldely pyrophoric axnd oxilizes
roedtly, pertiocularly 1f rodnoed oi o low Sesporsture,” ®his lstie
stotenant wi:l Do commentofl on furthor.

One iuvestipetor, Low, {U) hes prooipiteted eddalt as the
alfide In uffersd a0ld sclution. fier the mobaie of groop Swd hawe
bewn remcwed by Nyirocen sulifide he progecds eo follows: "3oil the
£21srabo until the pdropmm sulfide is compiotaly expellod and them
sdd ammonio $n slicht amcess. Now acidify siightly with scetic acid,
ad ono to tmo grome of zpromlum scotate, hest to 70 or 30 degrocs
Centigre’e and seSurate with hydrogem gulfide. The niekel an’ eobels
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{8}, Pungess (8}, low {7}, oxd “cott {8].

in Smwectigation which portially parelisls the one under 4lscussion
wa caprisd oot with wine by Mloe cod %re (0] Ine wee precipiteted
se the sulfide frem esrefully controlled buffer mixtures campowed of
mmopium formete end formie asid. The acmpiotemses of precipitstios
as & fomction of Rpfvopen-ion concentration wis flly studled In the
some mermor o §m the prosent fnwostistion. The sswple wes fimmily
wolghot aa the sulfste snd not 6s the motnl.

The 1itereturs roweals 3o further wosk differing groally in
peincizle Trom thek sdrosdy cited,



Ge

Dismasis of Priminies

Inmssmuch o3 this lmwsetigntion hes to do with the development of &
mothod for the gquantitative preclipltetion of ccbalt sz the sulfide and
with the complstonese of reeiritation In buffered solutlors of warylng
hriroges-icn comeentration, It will be sdvisebl: to diseuss some of
the primeiples lnvalved,

The method 1¢ based o0 the relotive 1vsalability of estalt sciflde
in solntions of low seldity. The smell smoupt remzining In solution smy
be comsilered to be fully diszoninted Inte cobalt end sulfide lons, like
wise the dlzsclved suliide Is In squilitrium with the selid suifide so
we may write: CoS .o Co8 ., . ., &od Cos *.ﬁﬂ Co+35 o
The concdmiration of tho dlssolved sulfide 1o comstant under these
samditions =nd henee T3 »y.. = K, , where g s the soludlilty

N

comstant. Alse O 09218 [og][3] Ky » Whore K 1s the dissosistiom
sonstant. Sinee oS .y, 188 comatars” the last equation my be writtem
I}‘-»a[s,‘];xaﬁ s were K, _ is the fasiller solubllity product comstant.
The quentities [cf;] aaﬁ[;z]m the effoctive lom coneentrationsor
sctivitieos. 2 distinction must bo dream botwoen concortratiom of &issolvold
mlfide and sotivity., The ratlo of the activity to the totnl econcontirne
tion of tha slectrolyte 18 the sctivity coefficient or the thermodynemie
degree of dissocistion. Crelghton nnd Flwk {16). “henever concentrations
are mentioned agtivitlies are to be understocd unless otherwiee stated,
Hence the solubliity product constamt is tha oroduet of ihe actlvities

of cobalt and suifids lone which determimes the Exount of eobalt snifide



Te

whisk rexsine in solution. This scSivity peoduct 1s fixed and
dafinito. 1f ous of the quantitios involved Im the prodmot fs in-
gr-need the othar muet docronse as required iy the solubility prodoet
oonstants.

The solubdility produst of cobalt sulfide quoted in lamdolt~
Bornstein (311] is tho value enleulnted by Bruner ond Tawsdski {12)
by use of the modified equation of Sodlarnder, nomely m =
§£+Ex - o029 log Le Im thie equetion ¢ is the hext of forestion of
the sullide, E,s., is the 4ischarce potenmtial of the aniom, ?k that of
the cetion and 1 is the solubility produet. The walue glven for
cobalt rulfide Is I x 106, ohe valve given for beta ainc snifide
15 1.2 x 30725 snd for niskel sulride 1.4 x 104, ou the other
hend, the volne gquotsd by Seldell (13) from work dowe by Telgel {14)
in 1508 by uss of the clectrolytic conducisivity method, sssuming
eonplote dlgsociction and W!a. for the solublility of ectelt
salfide in wxter ot 18 dagroes.giv:s & 20lubility produet of 1.7
10~%. This valuo Is extremely 4ifferemt from the one im lsmdolt-
Sorastein, The resulis cbinined im the presant lmvosiipgstlom
a¥e Bmore neerly in scoordance with the value quoted ty “eldell
80 that the disousslon will bo conducted im the 1ight of the lstter
valing.

In crder that the solubliity product be sstisfied snd a pre-
eipitste form, the produet of the rctivities of sulfide fon snd
cobalt fon must equel 1.7 x 1077, 17 the selt 1s somewhet saludle
the comsert ation of unionized salt must ei20 te equellied. Chepls {14a).



8.

The comcentration of sulfide lom fornirhed by an aquecus rolutiom of
Rylrocen sulfile is vory svmll., However, it is sufficlontly large to
eguse cobalt to be preelpitaied cumpletely enmough for determinstion os
the su:lfide. How us hydrogen lone furnished by & stronzar scid sre
imtroduced, the fonise:lon of hydropen suiflie ond hemoe the eoncentre~
tiom of muifide lom ls re:;ldly relusel. BPBruner snd Towedskl, Cham. "entr,
{1910) (15} 7The relstiom between the concentrstiom of the sulfide lom
snd thet of the hyirogem lon, tho relstlion which is of primary importance
in eomsideping the preciplistion of molnl sulfides in neld solutioms

is given by the folloring equationm: [;]z@:m X X,T K, =l x 10779,
Stieglitz (16). The concentretion of t'e enlfide lom is thus tm-
verssly proportionsl to & square o the concontration of the hydropem
fon. A thouserdfold incresmse im the comgentration of the lnlter,

which 1s vory nearly ths offoet produced by the presence of 0.1 molay
hydroshlorie ecid { [K?:] <091}, roduces the eoncentrstiom of sulfide

lon in the ssturstod sguoocus salntion & milliomfold, If we call

):g]M the comssntration of the sulfide lom In the scid solutiom,
[Flhe™ 101 3 2075/(,091)7 1.5 3 10™ whercus 1n the absence of
sc1a[B]=1.2 x 30735, The latter velue is dorivod from the value

for the 4issoeistion comstart for the seconfoyy ifonlzation of

hydrogen sulfide,

2 point is thas fimally rosched et vhich the comcentretiom of

sullide lom hme become 80 veory smell that the produst of ths codalt

epd sulfide lom sctivities 1s mo longer oqual to 1.7 3 1077,
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union must spccoed untll the ectivitics of thase loms re raduced and
the cotivity of smdissociata? molosuios 1 Incronsed to euoh an mxtont
that the profuct of the sativitise -f the Some 2ivided Ly the activity
of the undissccietsd molacal-s 16 ogel 30 1.8 = 3070 . Thir results
in the cowaorsion of preotinglly all of the smaomiom esotete fnto
ssotio aoids The reastiom which tokos ploce in this sce- may be
weittan: N+ AG +8+01 =N§4+c'1+uc .
ar, onltting thoze subeotances which ocoay om both 2idos of the eguation,
stoplyr B+: = EAe Simllerly vhem s solutiom of = strene bese lo
elod to 2 colution of & ealt of & wesk tass, 1he wosk leeo i
“ilarated®,

If ¢ 2 1itor of puro weter one oudic aastimetor of 0.0) normel
tpdrochinris scid wers aldell the pY velue woudd drop frae 7 %o 5,
while tha addition of the same muantity of 0,01 soraml sodium Myireside
weuld bping sbout & similor rise im tho pH yelues On the othor hend,
1f tho colutiom of soid or ellall were sdded o ¢ liter .. s sclution
a? & week aold, M2, eod ite anlty, ¥, the rosuliing obones in DH eocld
be soarecly sporocinble. In the Jettor onse olnrve in DI om uhe
addition of sold or adxnll %8 oproced b tho rosstiom: .?:-1- g o
or B +H=B N+ ie

Thia power of certaln colotione $o resist chonpge In Ml om the
addition of colde or alksllis hes come to Do dnown ae Duffor sotion
vrd the solutions whioh avhibit this coflion oro Swemed Yuffor solution:,

Buffer solutions ovilently pocsess a rosarec s0ldity or alinlinity



1.

Stace in oscordance vith the law of mess sction | ) Zy
it follous m[’a}x‘ or [1] =[] thes the ressrve miny ord
aBmlinity of o duifor solntion w111 do oquel.

Thos 1f one wishes o solutiom or ()1 x 3077, shich sheld
rows equelly offective buffor sction tomards odded seld or added
beso, an ecld ¢ith a diseccliation covetant close to this wclve ln
gulogted ond mizeld with the propor smoumt of its sdkall ssit.

dince in the prosent work 1t wee necessary to ohiels varying
PY woives, the solution of scetic asid used mus made up safficiantly
strong thet 1t coolid be 41luted to verying degrees to glive sny desirofl
pY wvhen mixd «ith o fized guantity of itz ommontom salt. Tho stock
zolution of acld propar-d was 6.0 molse rn! 2 pure soluticm of t¢:ia
ecid ity would give s pH of aprreximntely tuo as calenlstod by the
equation ["n] [fe)=re [Br¢] end as sxperimentclly confirmed.

in axporimenta] stuldy wes male of the effset o pi of edding
verying amcunts of tho stock solution of noid to o cometant volume,
teenty-flve gublc contimeters, of 044 molsr comonium acetnte, sude
soqaently dlluting with wter to o constant volums of &8 oubls
contimeters. “hom the pH valver hed baen cbiained, 8.8 cublc
contimoters of C.] moler Rydroohloric esid were sided in 4l7ferent
osgee In order that rn inficntion mipht Ye oltalmadl of tha affectives
Dace Of ko bulfor sotlon. This guantity of hydrechloric aoid le
oguivalent to thrt which wonld de sst fyee Suring the presipitetion by
hydvogon suifide of 028 greme of cobalt motal in the form of the
lorido. 7he date obtained follom



2.

Table 3howing (M of Verious Puffor Miztures end 7ffect of
t4ded ¥Minarel 2ald,

ae acetic =cld e | o after a’ding Besulting drop
v} By <] 4.704 1.639
b1 4,688

S 4.218 2922 0.598
5 J.998 SJ658 0.208
10 24652 3440 0208
i5 3403 B.263 020
20 3,247 30202 0248
s S221 3,043 o176
B 34088

40 2,978 2.080 0.125

The resuits arc showm grephically by theo ascoompraying turvos.
{treghs T o8 1%.] Sreph I wee usod o8 & gulde im odtaining siztures
of dosired pR wsluos preperutory to the aclual precipitntion of
ooball sesplos.

In tho precipit-tiom of cotals as the wifide, tho concentration
of sulflde lons, which In turn depmds upom the P8 waliuve, dotorsines
to a lorge extent the optinas conditioms, If esse ond sortalmty of
sampleto precipitetion alone sre to Lo ocnaidersd, them ¢ pi vziue of
B or gvon & would Lo most Josireble. Hovover, wmder such conditioms
the suifide lon concentration is ralztively so grest end consoguently
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Graph I.
pH of various miatures before and as indirectly
determined, affer precipitation.
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the yomber of orystal meloll formad so larpe th=t the cobalt sulfide
precipisated hes a gel-like structurs becsuce of ite enormous surface.
The factor of whehing mekes this fomm ¢ the presipiiste st undesirsble
tut there iz still o more Important cbiestiom. This is the propemsity
te axidation of the sulfide to thas sulfots. s more srfnce - ossessed
Yy the precipitate the grestor this propsusity. This Is indicfed by s
sinple fors of tho oguation for the weloocity of hetarogememus ronctions,
et is &z - k3{a-x], Goteman (1%a}, where 3 reprasonts the sres expoeed
snd x 4:;&@# the saount of solid oxidized in the time t, X Volng e
comatant. This oguation mmat, of coursa, be Integrated bofore It can
be usel. The tondsuey to oxidation forbids the precipitation of the
slfide in 90 wenkly asid eolutions =nd points to the highast poesible
1imit of aeidity. Faortharmors, Graph 11 shows that Duffering sotionm
i» relatively smmil at these high pH vsluss. Howover, thls wpper
ilmit is wsuiteble for the renson thst the element of ssturntiom is
imvoivel, I1f saturotion of the solution with hydrocen s:ifide ie not
sumplate the active smep of sulfide lom will ot be ot & maxiomm ond
preeipitation will be insomplete. 7The resultant of thess fuotors cud
the cuorve shown elsovhere in this paper point to a pH value of 598
s beling optistm. Under thozo oconditions the precipitste is inm the
form of relntively large orystsls, Is quiek settling cnd essily eshed
without danger of axidstlion if reesomcble onre be axercised,

In rossting the preciplitate savorel comsiderntions entor. In
tho rirst plsas, the preciplitate booames pertially comwerted amly te
the sulfato instend of mtirely to the oxide, Tho temperuture of de-
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Resoriptlon of Zoporsdus

ho mothod &2 finelly sfopted involvos no sseurate Wlusetrie
sssgmroneris, all precise meesuremonte belng grovimetrie, The balnnce
veod was corefully calibrated for semsitivity. The wolghte wire
soouretely ealibrated 1y the Richerd's suletitutlon method, {17B],

he hydropen fon nopsuremonts were wade with o lLeefs Torthrup
Studonts® potentiometer. Tho kv dropes elootrode uzed wes & platinized
pistizum, Hildgbrend type bubblimg eluctrode. The normwel cnlomol
sleotrode wes urod as roferemce. The hydropen ves purified by -eseing
mccescively through alkaline pyroglilate, salksline pormangenste oid
mniar, aftar bolog genorsted in & Fips senerstor by tho aotion of
Skirty rorcemt sulfupric sold on sins,

The hydrogen sulfide ves genorstod in s Fiip apparetus snd
pasced in succorsiom through absorbert eoiton snd two bottles of
@1s811led =nter,

Zhe furnpoe uscd for rossting and rolusing the sulfide woe an
ordionry electric canmbustion fHurnmce oepoble of resghing o tomporse
ture of 1000 fsgrens “ontlgrede.

The onterlals wore sll of "rengent” guality. Blankr wore rub om
the scotic scid «nd emmemfum vootnte snd & copstant welipght of 0.2
willigron oubtrented from 2il detorminstions to tade care of addad poR-
volatile Impuritiss, Stosk solutions of acetic acld and comonioe
ssetalo woro rade up In sufficlent wolume to rormit ko okoo solntions
to Lo ueed throughont the work. 7Tho sster uned ot oll timos wos o
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high grede of istilled water !spocifis canduotivity 2x10°C whoel «

The rrime reguiresent In the sase of the substence to be atndied,
nomaly cobait, wss that It should bo essily end quickly swellsbls In
8 fors which somsossed & definite ocmposition, =anr stsble undor ordloney
conditions, rrd ¢ould be woliked up with seeas nnd dispatch,

Firet, of sourse, it =ne nocessery to froe ths eolmlt from the
fspurities presents The source of supply was "RekoP's ‘meiysed”
cobnlt ohloride hexekydrate whish contalnod, according to the lsbel,
five hundrodths parcent of nickel and & smsllor rercent of irom. The
aethol of mrificeSion wus the usoal one for cobdzlt and the one which
me vasd by Texter oxd Coffia {18) In thelr stomic wolght deteorminetion

of ecbalts It comsluts of the oreperation of chicpopontonmino-cobaltiohlor-

1da, 211tz (18], which procipitates in & pure oondition in tho wosence
of nickol. Iron ie resowed previcusly shan the eodsilt sclutlon le mde
mmoniscal. The ootall camplez is rediseolved, affer flltoring ond
wnshing thorocghly =ith ome $0 one Mydrochlarts ecid, in dllute sewonle.
It is then roproolpitatsd by mmking thoe sclution styongly ooid <ith
Kytroohloric moid, snd finnlly f1ltered and webed with 41lute sold
ae bofore. Two procipliations wers considered sufflclont since the
achalt oblained theredy fnlled to shov sy trace of niorel iy use of
Smetbylziyoxine or the prosents of from om the sddition of smmonin.
Cace the coball wes orifled it kad to de convorted into s fore
possossing the charscterlstice oationed sbove, Toxtor and “offin,
loge ¢lt., u2od sulyydrous ccbalt chloride se thelr sonrce of mpply
but the diffievitics imvolved in prepering this end kespine it Ing
pare snlgpdrous form wole prohibitive 1o this inveatisotion. It mes
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18wl resdlly be sean that 87 the and-produst is cobalt metal, by
using cobslt im the srme condition ss the starting ssterisl sn excellemt
check is had om the scourecy of the smmlysis.

A word might de snld st this point in regsrd to a 41fficulty en-
| soontered In the roasting and refugtion of the sulfide. The oripgima]

plan mas to burn off the vvon~drisd preeipitsts iz & orusitle end them

- tpanpter it 0 & weighed short lemgth of ryrex glass tobing ome
geutimetor in dismeter for rossting snd reduction. The suifide waw
. Mated wmatil the Pyrex tobe softencd, which requires a temperature of
/| ower eight bunired dogross Cemtigreds. During the hesting, the sulfide
‘was exposol slternately 80 the oXygem of the sir anl 0 & strems of
| hpdrogen. Yven though trestment might bs contimsed for hours, nevor
= any osse d12 the weight of the rofuced metsl decreess to the
| theoretical value. This fect may lave bogn due to twe ressoms, [iret,
" not 511 of the mifur triexids may have baem drivem off, “econdly,
aokslt reduced st low tompareSuros is guite pyrophorie {R. ©. lendrom
log. clt.) end the mmteoricl as it wee woelghod up mey have besn com-
tmuinatol with oxide., At any rote, it wes found nscessary to ebandon
this plan of procedure ~nd subsiitute ths ome which wer urod hanse-
farthe. This wlll be desoribed in ancther place.



.
Disussion of Eethod snd Jemulba

Proliminary investipzetion Indlostod that twoetenthe prem of
metsilic colalt ses the post suliteble gaantity for previpitatiom aos
the sulfido under the conditions selected. Tho metel wns prored out
wpon a sxrll wetch gises, the totnl wolght osrefully detesmined by
the mothod of swings, 25d spproxizetely two~tenths gyem ecourstely
wolzghed out imto ench of two throo bundr-d ovbic cembizetor »levmayor
flagkc. 2boot five cubic centimotars of comoantratoeld hydrcekloric
il wore addel to wch and tho Sops of the fiasks lmeodistely covope
of vith unteh gicssue, t0 pPotect sgeiret lose from effervescancs.
The flacke wore plscod on untar bethe cnd warnod until all the metnl
was in solution. The seld solutions ~~re Finsed cut into two Mmdred
255y axbic continotor beskors ond sweporated to drymess. “sch bookop
wos then sot oo b szbestos-covorad Bot plato untll the chioride hed
asgamod the Dright Blue color of tho anlpdrooe seit. Thic lntter
stop s taken SO insuro oompleto romoval of amdess ecid,

In the guolitative seperation of the werious groups of motele
oobalt is precipitated sa the sulfide from an elkaline solutiom,
it It Is w0il Inows thet It wlll Le complotely recipitated from
solutions tho pi valuoa of which pre much lsme, provlded steps are
tokon to meutrelilse the acid 1iderated during ths presipitation.

It wmas, thareforo, noxt & guestion of finding a sultebls buffor
metorisl. “rolimimary lnwostipstion hod disclored the ot thet



20
polet cohalt sifle 1s spomtenmously oEldized So the msifalo by the
asypon of the aire jeo alsc Presenius {20). 1% is niso m inoon Mot
thet aguoccs Rydropen sulfide solutlons exart & poptlcing acticm on
sulftdes. Zomowoft (21} It Leomwe, therefors, & mmtior of mﬁgg
loss inko the flltrete by thoso two oppowiny influences. If s buffap
soiution

sontaining o nome-volatile solute ware to be urad the non~
wvolstile sniter mould heve $o be ceshed out of the precipitete, snd
this weahing would axpose the precipitete to loss by paptizetiom 3
Wrdvopon 8olfide weter slone wore ueed or yot $o lose by oxldetion i
the resipitoto wore webke? gufficlently vith & hydroren aulrlide
solution contalning © voladile slectrolytes In viow of thase conditions
s voistile duffeor matorial, ramely samonium scetate-acetic acid, wes
selooted, By using Shis materisl all washing wos elimineted, Towever,
s8111 axothar precasution wes taken which s the we of two flltar
. pEpOrs. & wvary #uid £11%oring, eshloss, platted filtar pepor of fMme
Seoture (Yhatesn Ho. 40) was usol, The dnlk of the precipitate was
quigkly poured Into (he firet peper whioh wus rino cenfimetorg in
dlmontor, col then say procipitate alhering to tho fissk wog washod
by means of tie filtrate from the first pepar upom a soeller mper,
slso plalted, of thros contimetors i dlsceter. In this way, 0
liguid wos poured over the precipitate after it had &rief to the lesst
axtont.

“hon the ocbelt ohloride had boen fyeol of swcess scld cs desorided
sbove, the buffepr mixture mis sdded in the proper concentretiom, end
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Boatad, snd, Sirthadmore, the precipitetiom wes more rapid fyom hot
solntions. $1so the prosipitete ms wove coupact et the hisher Swmpar
efuros, In tho light of thesc fuots all prosipitalions wore csrried out
in solutions which ware fenied Just to the boiling point jmmedintely
toforoe hydmen enifideo was ressed in. - fuo-ther proosction shich was
foaod to Lo very helpiful in preventing edesarpbion ccmsicted of weshing
doen tho aiden o the flask thopoughly =ith 4dlstilliel wmter bafore
honsting. Eyivozan sulfideo wap not pessod into the ooball solutlon bus
gioply into tho spsoo above the latter. All alr ums drivem from the
systan by tho insoming gos and during thie tinme caro wes stken L0 have
the colalt sclutlion Iree from oll agitation, a5 1t we found thot I the
solution wes agitated sud t:areby spleshad on the walls odove the liguid
surfuce edeorphion wis grostly inoressed. ‘wdinarily the flsak shonid
not Lo agitocied beforo five mimtee have elapsed apd them & rotating move-
mat Is given to the contents. The Mydrogem suifide is them oomfined
Wy piwohing oof ths rubbor exit tude snd & slight positive pressure
of tho gns 18 Wilt upe Pracipltetion emtinmes os the solution cools
und it mora cartain to bo comploto 1€ & rapid rotating movenoet s 2iven
to ihy Tlamk at Intorvuls. ‘s & result of this sgitntion the precipitate
very sooh sottlos oot Jaswirg a orystele-glosr supowmatest mother 1iquor,
$he p3 value of the solution warts very intorcetizg end S=portert
aifocts upa the characier of the procipitate az well cs upon the m&e(
an? couplelenass of procipitation. I7 the pH velus 8t the stort of ¢he
pracipitetion is voor tho mautrel noint the entrance of the Mydyopan
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sulfide into the spacd shove the llguid is sccompanind by Diack
stresmors of eulfife pouelreting down throvgh the llguld. ‘recipl-
tatlon gome on repidly even when iho solutior i perfectly frse from
agltstion. Upon subesgnend shaking the predipltete seltles out ln s
wory Balky flady form lowving omly s shallow depth of elear supos-
natent liguid, 2s the pl valne docrosses thoe rete of precipitation
slows doum and the bulkinees of the presipitato deerdsses stesdily,
Pineily et the uppor 1imit of hydropm

ion somecirelion the pro-
eipitate dos bacomo so compoot thad It forme only & tMin layer on s
sell aren on the bottom of the flsak. It uay also be ssld ut this
point thst ae the upper limit of s2idity ls asprooeded It becoome
vary &iffloult to hicin complobe precipiistion, The rossom for this
is probebly the seme &5 that dlsousssd by veles {22] with rognrd So
the soid ssparstion of since TItD & given sob of conditiovs the
pronipitebion of zine or of cchalt s the culfite cesser whem the
P8 velue degrmeses to a cortsin value. Thoe roectlon betesen Nydrocen
#alzide sod tho eobalt or vimo salt o revorsibls end ot & glvon
soldity wore sulfide can be precipitsted 1f the setive mees of the
hydrogem si7ids ln the solution be inoretseld. Of cowrse, in the
pronence of Eydrogos long fros emothor souree the ective »8sa of the
Ry@rogen sulfide, me
toopenasd only to & certsin definite 1lmit. iz the il wvalus of the
salution decremeon 1t becowss fuovonslngly 4lffioult to sttaln this
1imit beonu-o the fecter of stturefion of Lthe solution with Myirogen
sulifide becomes mo.m Muportont anl e longer tioe muet be sllowed for
the presipitetion €0 lmeurs that the selurstion value fw hydrogen

aly the eomesstration of sulifide loms, oam be
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salifide st the given pressure znd tenwrefurs hss been rosched. In

B0 ctge 18 the msesege of the e dliscontimed vofore the seivtion hus
cooled $o room tempareiure. At the upper ilmit of scldiey it ls
necessery to 2llow the moluotice to sob In combect with lydrogen sulfide
ovar night,

The filtration of the sulfide bns alresdy bosn dessribed, ifler
filtrotlon the ssaller filter is plsced imzide the larger owe and the
whole dried Inm the oven o 100 degrreos Temtigrsde. It i durisg this
dpying thet the cxilstion of the sulfide iz sepetislly notlcecblo.
hom the presaizitate is rovovel from the oven the whele poper hes
aspa-of & parple color dup to aohaly sulibte. After the drylng hes
boaen complatod the peper in romored from the fummoel tnd held over e
white glazed poper, ob which sots ¢ orwwible, while it is folded oare~
1)y and plsced In the amoiblo. The Iattar io thon sol om ¢ guarts plate
strongly hootod Y o Puneen bumer and the paper alosly lureed off. The
arneible is nost sok ov:r o0 o flees sod hected to rod Mest wntll sl
enrbon is burnsd offs The rosliue of mixed mxide, sulmte and sirfide
is trensferrsd $o a welghel poresieis bdoet which sols ou the white
glesed peper thus alffording protection sgsimt Joss of meteriel. The
fanrel end craslible sre both wiped clenn =ith 8 soel) plece of ashless
filter gapor whiich is oarsfally Sided md plsesd in the dort =ith the
suifides ‘my sulfide epilled om the yeper 1s also wipsd up with the
filtar papele

The poronlaln boct ond ite gomtents srs than placed Iz o sonrss
somtuation twhba, which is lmerted into the olsotric owmmbos tion furnace.
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Teble howing Completeness of Uooelpd teklon of Toalznlt e the Ialfide
from Solutions of Terying oidity
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he 1irst scloms zives the whights in gyems of cdslt sotel twien,
the oext solvmn the wolpht fomnd, the third the inltial 8 veolueos,
and the fourth the wxbse of cubic conbimetsrs of scetlc soid requlred

o give the pff welices Iz the tHIrd colamm. The lsad eolvem glves the
osrror in parts par thomssrd, Only the inisisl s8 wvelucs nre glven
bhogeuse It mse found gﬂﬁmy& by romson of gleeirode polsining to
dstorsine $he find pi %wﬂﬁ.,,. ‘of the sydropen sulifide salursted
filtrate. e offect of added ooid 1s shomn I snothar teble givem
grovieasiys. The volume of soetic aoid to bo =&ied In meeh onse Lo
give a doeired o value wap sublect to rome waristion. T™is is
ox:dninod by the mlure o the Socknigue.

Then ke last Lrotes of minerel esid wers eEpeliod frow the
echels ohloride prooasing 1% Sor presinitetion by sefting it B e
bot plate some Rplruchloriy asld wes loet from the sslt Jteclf. Thim
is sxpisined by the partial Wypdwolystis of he codelt chloride molagcie
o yield owo mlseuls of the tusic ohlorides snd ome moleg:zle of
rdrochioric sold. The dagreo of thie hydrolyelz vwris with the
fatensity of hasbing ond $his emplaine the watintlon iz the of valuos
chtained ih Alfferent seopl-e 1o ellich wore added s oometent exount
of scotic ssld. The volume of eomonime acotste edded Is not =iown
in the sbows tabls bub It ves twonty-five oidic sentimolers In eveh
Co80,

“hon the complete set of weluas had besn ottained & curye ses
comirucked to shos the vepristion in asturedy of the detwrelmtion with
the ‘altisl pH welue. Tho error in perts per thoussnd wes plotted se
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Error in Parts per /000.
1)
QS

Graph 1.

Relation between Completeness
of Precipitation and Initial pH.
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ardisntes and the PN veiuse ¢4 ebstisssss The surve ia Dave shomm
{oraph 111}e The polnt of grepkost soturesy wes selscted from ihe surey:
mzammmmmmwm,*Qunwwm
maed provide for Jesivkie Ffiltering oroportios m the proclipitate and
rossooehlz cese fn dtednine compliste precipitation. 4 pE wslus of
5.5 wes foend to MILL1Y o)l of these Poguirements. The protipitate
wos o0 compact wnd gemisr o8 to pornlt wehing with 1ittls or BO
Sarger of Joss by oxidation even wbem voudod very Showoughly. &
sarios of thres deloraimtions frvolving six sagploes wers zode im
sslutions of this agidlity aod the reenlis sre given delowm

ekl Showing foguracy of Determivetion Under
OpStmes Conditions oo Preclplitctlon
ag the Sulfide

T%e Tuken ¥8. Posad Pl Cudle Contimeters  Kysor in “arts
Asld sdded par 2000

2633 2034 s.982 4.8 0.8
«2008 2008 8922 8.5 30

»B044 043 3980 L2 “Cull

2007 se0ey 34948 48 0ud
+2035 2036 594 &8 0.8



Rasher Skndlios

" $a jovestipation wes comiuated to Jdetermdve the effect of oM
cantretion on the casursey of the msthols The weri-tion in coucen~
trailon wo obtslined by ehexping e volums ¥ather than the weight
of stmsiees The woluoe wes Iroroassd 30 tro bondred osblc centisetars,

PheTakon Tt Roomd pit Cuble Centinaters Zrror im ‘srte
satd Sdded o 1000

+2034 «2018 S.904 5.8 18

1% will he soen that toe orver, whille md sporecialbly Dorussed,
ppproximataly twise thed fomd vhen the wvolwwe Ir Melf 5o grest.
This is wiat wonld be expacted, grented that the wrror found in the
provipitation from & voluoe of cno hondrel oobic sentimeters is due o
soludility of echbelt soifide, Deubling the volww dhvioaly shonld
double the guansity of codalt suiftde lost in sslotion.

This ot xey e comvemietly 1llustrated by on actunl calocisw
tion, uvaling the veine for the solubllity product guotod in Seldell,
1004 C1es nomely 1T x 10 a [00][5]2e7 2 3677, snaretors,
[0]~3.7 x 109 o 0000012 molos per 11tre. This is equiwdest te
SOUB4T grove per litrse or JH002¢ grawe in XU sxbie contlmetors. In
260 cobic osmdizmetars the welizht disecived woeuld be O0DE0 groms, thed
iy tuico 0o grosge. This is twice ss suoh o2 = wxparinentoily found,
an? oonid soen o Inlionke et the walus guoted by Jeidell is not




.

oubirely corrost,. There are highly vadesireble faetorss lnwolesd
In salng & gresior voluse for pracipitation. In ihe first pisse &
lomger Mlitering tise is reguirel. It Bocomes tremely 4ifficult
o dotaln complets prociplistion. A msh greaiar tloe wesi be aliowe
o for poswlon of Mpdrogen sulfide, nxd grestor sare mxercieod fn
gonmrels IS =111 also bo noted ided the emoumt of seid required %o
giva the donired oM wvalue iz grosler in the exse of tHe lsager volowo,
It wox slzd thought ndvieadle Lo aocerteln the offact of svzoalum
s8lse om the aseurasy of the method. hile using ¢ho weual woluse of
sppeeainstaly ninlig~-five soblc sentioetors dusmty-five grase of
ssaonics ahloride were sddod. The Mliowing tehlo gives the roesuits:

e Tubom e Found o Tuble Contimators Zrror In ierts
<2080 D 3.054 4.0 1.5
2018 «303Y 2,868 L2 10

Bio decronse is speurasy s noled but 16 was sab mpparent thed
the sewenion snlt exerted & Balting out offact 2s ie supposed S0 b
e osse with zine, Tresdesl: and Ball (28s}. It wiii bLe sees Lhat the
P valuos btalnsd are lower thel usuR]l with the smoxud of seld sided
his 1s coeeldly Te to (he nontrnl e=lt oot or Npdralyeis of 1he
sanouinn slioriie.

It soamed 1lsely thet eobelt wnd nigka) could e detersined
Sogotbhar by procicitatlion ce Lhe sulfides and nlokel sbsemendly
roprosipitaled from the dissolved mutals 3y Slnethyl glyosime sftor
the soobined walghts hed boen dotarmined. This would give the weight
of malait by 41fferenod. work with nlekel nlons diselosed
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hes been revoved, the hydrogen sulfide remeining In the sclutliom cun de
vary reedily ravoved by drmwing air throwgh the solutliom or soveral
bours. Tis 12 & method which sliminstes sy danger of loss such s
might srise fros sbullition 1€ the golution le bolled to expol Mydrogem
salfide.

The method ss followed after cluminmpn, {von end zime are removed
is to prsaipltate nickel =ith dlmethyl giyes)me, Brumsk (27 fllter
and gvaporats the zolution umtil the sddition of tho tuffer solutiom
wiil no§ increese the volume beyond ome Mundred ouble gentimeters. The
pH valneg asnmot be detarmined in the solution beosuse Lhe satorisls
prosent polson the slectrode. Hemoe 1t 13 necesstry to know the
smommt of acetic seld thet must vy sided to give = pl of sr«roxinsntely
foure The ssldity must not bdo deorensod doyond thie Deeunes of dnnger
of prasisiteting manganeze, I conditions cre very oarofRily oone
trollod eabalt le precipltated quentitetivsly in the presenge -7 the
wvariocs materials In the solubione Noescionally, In spite of proe
cantione, cobalt sppenrs to form complexes with ormganle residuss in
the solution end doss mot procipitete complotely. If ths ngldity is
Eapt at the optiomm for ocdelt procinitation, wmely pH 3.93, the
1ixelibood of loss from this cmave is negligible.

i clenge Iw procedura from that &esor!ded sbove which £pooRre
gromlaing but vhioh wme not fywostizatad ie urecipitstion of oobalt
ani nickel togethar se the sulfides, In such s cuse sulfides snd
filter pepoer =ould e dissolved In ague regla containing su excess
of hydrochiori€ esid. The chloride solutiom would be ewspor:ted to



e

dryosns to remove excoss ssid and nickel precipitstie? from solutien
with dinethyl glycxine. The solntion wonld thom bde egein eveporoted to
deyness znd o)l organic matter destroyed with sqgus rogle oomiaining

sB sxsese of hydroehloric scid. From this point om the proosdure wemld
be the szue as previously describad.

The soludility product of toxgmness sulifide is large end ne
diffienity is sxperienced with mmanpencse. s & pralimivery sn
ssmonium scetste-Goetic Bold solution of mengancse chlorile at s pi
of 3.95 was sefurated with Mydrmeon snlfide. ¥o precl;liste of
mngonase sulfide ms obisined. “hen cobalt ls precipitated in the
prosenss of sangenese or othor metsls whose sulfldes wre soluble
wishing of tho provipitated ochalt sulfide is nocessary. In this Ine
vortization tha woshing solution coutalned soetic seld and cumonium
acotats in the usuwl proportionz Vo give s pH of four or tharembouts
«nd wme proviously sstursted with Loth hydrogmmn sulfide snd cobals
salfide.

Usaally the flltrate w=me tested Ly the Vogel toet, Trosdwel)
{28) to determine whether or not an sprresisdle quamtity of acbalt
bed f:1led §0 precigitate. 2his was dome 1o sa¥e tizes 1f the
filtrate showad $0o much eobrlt the proesipiicte =aw dicecanded axd
fronk semplos carried through. 7This plan wes recossary only shere
completa procipltetion was yncertein, thet ls, 2t the npper 1imite of
asidity, In order to mese the Vopal tast in this woy 1t wos pecessary
$o kuow the someitivity of the toste X solutlon of knomm oolalt
gontent war mede up axd tests mede with this selution. “ialer sre
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mede in the 1litaraturs for o test when only two huadredths of a
milligzrex of aobalt is pressnt. Tho tosts carried cat indionted thet
the tost could Ls obtained with one hundredih of ¢ millipgrem of
echall or ovsa less. The to2t vas wmistakedle with one hundredth of
& milligram.



Hakhod Mually Chosen

The method o [inslly selected consisted, first, of the resoval
of iron and slusinium s follows, Trosdwell snd Hall {28): "To the
asid solution contalning five greew of saoniom chloride and net more
thon 0.2 greas of irom 2nd sluminium in 200 eudls centimeters of
solution, s3d & fow drope s5f 0.2 parcent solution of methyl red in
sloohol snd heat just to boilli g, Carefully add norrel amnomiom
hydrosida drop by drop mmtll the color changes to n distinet yellow,
Boll Swo mimxtioe end f1lter promptly. “ash vitd hot two percort
amponium nitrate solutlon until fras from chlortdes. The prociplitete
gontaine forric, sluminium, titamiue sed sircomium hydroxides. Greaster
agourscy 1s odtalned if the greeipitets 1o 4iscolved and reprecipitated.,”

Only ops modlflicstion of this procedure wes nocesssary. The color
of the solution rrovorted the use of mothyl red sz rn indicator =2nd
1itens pepor wes substituted.

fhe 2iiabt)ly ommoniscel flltrate 1s sweporetsd om the wuter buth
to sbout ome Mmdrod cublc centi~oters Ly which tire al) ssmonis is
sxpeiled :nd the solution is prectically neatral. The pH velus of the
solution 1s chtsined snd while hydrogem ie et11) bubbling through the
solution very dllute hydrochlorie scid Is sAded drop by drop until
the pH wnlus s droppod o sprroximntely Z.5. The selution ir them
trensfarred to an Drlemseyer flngk sad for overy eighty oublc cengi-
maters of solution tem cublc cemtimetors of ore to flve somonlum
sulfocyemate solution iz added. The solutiom {r them bested just %o
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bolling end hydrogen suliide pessed Inmto the solutiom while it is
ooeling to roum tampersture. Tho precipitated zime suifide is filter-
of znd washed thoroughly with oae to five amsomium sulfocyenats soiution
ssturated with hydrogen suifide.
The flltrste is Ireed of hydragen solfide by bubdbling alr throogh
it for some hoors cnd 1f tho wolume 1s not greatsr than 00 cubic cent ineters
niokel ie ¢8 omce presipitsted by sdding sn sloocholle solutiom of dimethyl
giyaxime to the hot slightly eeid soluticn end semonle added to 21ight
alkslinity. The prooipitatse is fltered off and wished »ith hot weier.
The filtrete ix ovsporated almost to drynoss on the water bath,
the predetormined volume of buffer mirture edded, the wvolime edjusted to
100 cubic centimeters end ¢obslt precipitated immedistely sccordlog $o
the seihod as glready desuwibal. The p8 waine of the solution ls not
detomined in thir osze beotnuse of raterials present whick are polsoncus
o the slectrode.
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A mothod hee boen developed forr the guantitasive precipitation
of cobalt as the sulfide and subeequent Jetomination of cdall as
the metel.

The complotences of precipitation of codalt 2= the sulfide has
boex studied ns o Dmotion of pH.

The effect f ammonium salts, temperaturc and conceontretion on
completaness of preeipitetiom hes boen investigeted,

The complotenses of precipitatiom of njekel ss the sulfide under
conditions optioum for cobalt precipitation hoa bemm lwwasti-sted.

Methols have bosn developed fOr the seperstion of cobelt frem
intorfaring metale 8. g nickal, xing, alusinive, iron =nd sengenees.

£ smeple of erule cobalt axide bhas beon mxslyszed by the mothod
devalapeds

The arror of the method when cobslt slons is prasent Mes boam
found to be loss then ano-dankh of obe serceont nmd im the prosonce
of Interforing retals less then two-tanthes of one percert.
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