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ADSORPTION BY PRECIPITATES.

The iAdsorption of Anions by Precipitated Barium Sulphate,
by
Jacob Leighty Sherricik,

One of the zreat drawbeacks in Zravimetric an-
alysis is the tendency of precipitates to carry
extraneous meterizls out of solution with them.
This fact has been reccognized for quite & long
time and a large part of :ne work which has been
done upon anelytical proceedures has hed for ites
object the correction of errors introduced in ti:is
way.

Particularly, for very accurate work such as
molecular weignt determinaticns,is it necessary to
guard azainst the errors caused by the phenomenon
of adsorption. On the other hand, many of the an-~
alytical proceedures used in industrial analyses,
where repidity of manipulation tskes precedence
over gxtreme accuracy,would not be possible if it
were not for this property of precipitetes of ad-
sorbing meteriel from solution, Ve are familiar
with the fact that it is pPossible to so remove g
pectizing egent by continued washing as to cesuse
the otherwise coarse grained precipitate toc be
peptized and run throu:sh the filtering media, How-
ever, in some cases where extreme accuracy is not
essentiael from = commercial standpoint, the con-
taminetion of precipitated materisls is so sreet
thet the ordinary processes mus:i be so modified
as to eliminate the relatively large errors other-
wise introduced. i35 an example of this we may take
the determinetion of sulphates as barium sulphate,
In a large number of czses where this proceedure
is used in commercial enalysis, although it would
not give results accurate enough for molecular
weight determinations,nevertheless,it is suffici-
ently accurate for the purpose at hand, On the con-
trery,in the case of the determinstion c¢f the sul-
phur content of iron pyrite, the contamination of
the Pariuz sulphsate by the iron would be so great
thaet the results would be Velueless,if some change
in the method were not mzde.




£ greav deal of work has been done on the con-
tanination of precipitated barium sulphate by the
adsorption of substances dissolved in the solution
from which the sals seperates, For ihe most part,
these investizetions havc dealt with the influence
of different metellic ions on the ourity of the
precipitated salt. However,as early as 1842,
sendelijeff”carried out experiments which would
scen to indicate thet nitrate ion is edsorbed more
readily then chloride ion., "In a few precipitations
& part of one of the dissolved selis is so attracti-
ed that it comes down with the precipitate. The
author dissolved barium nitrate in ten parts of
water, orecipitated approxiasately one half of it
wlin sulphuric acid and allowed the bariuz sulph-
ete to settle, The cl:zar supernatant liguid was
poursd off and evaporated and the barium nitrate
convent was dstermined, The Precipitate and the
remeining liquid was weighed and firelly the weignt
of the precipitate was determine « The later wes
filtered,washzsd aid iznited and nence consisted of
purs berium sulsiiete, The solution obieined by fil-
terin: and washing the precipitate was sveporated

£

and e varium nitrate obtained wos wsilznsd, If tne
welshit of ‘he barium nitrate end of the barium
sulphate is subtrecied fro- the weiziit of ithe pre-
Ccipitate and the soluiion contained in 1it,one ob-
teins ths weisnt of the watsr whioh w7as present in
the solution, IZf one calculates froa thsze experi-
ments now zuch bariusm nitrzis thera was present in
the supernatant solution and fro=m thils how much
there was in the solution which was mixed with the
Precipitate,one finds that this contains only two
thirds as rmuch barium nitrate as was ovtained by

the eveporation of the wash water;so that one third
of this adheres to the barium sulphate on account

of the surface attraction of the barius sulphats

for the barium nitrate. If bariuc caloride is pre-
civitated in the same way witn sulphuric acid,no
bariua chloride is carried dowm with the beriux
sulphate, If,on the othsr hend, a2 solution of nitric
acid and sodium sulrhete is precipiteted with beriun
niirate and the precipitate wasaed until e drop on

& platinum foil leeves no residue, the barium sulnin-
ate contains as zuch as two pcrcent of sodium nitrate.
I this is ignited so that the sodium nitrate is de-
composed, it can then be extracied with water. Barium
Sulbnate has such a slignt attraction for bariun
chloride that it can not take it up from an agueous
solution of the same; for the barium nitrate the
atiraction is so great that 2 srcat deal of water

1s nescessary in order to wash i+ out; fer the sodium
ni*rate ths attraction is so great that it can not
bé remeoved even thcugh the water possesses a marked
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trate,

e

solvent power for sodium n

In 1371, Teschemacher and Smith5 mention the
contamination of barium sulphate by barium chlor:ids
used in tne prIcipitation and even zit that time
they recognized the fezt that thes chloride contam~
ination depended in amount on whether the sulophate
or the berium chloride wes oresent in excess. Various
other invsstisators observec this chloride contami-
nation rfrox time 0 tice ang it Wes made thes subject
for ra&her extended inves: ionssby ..icherds and
rarker® and by Hulett ang nek,
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¢ contamination of barium sulzhate b i
was noted by many WOrx .rs, since it wes nar-
account ol the zolcr

ed nore than
“er velence,we sh ¢ the asthod
Crevention of +: tontani
i in solution. Thus, 3yzenderl
laxine hydrochlsoride o rzdace t
rous svate and says tha* the ban
r Pltated froz tins resuliin; solution

Ihe various tex‘ books orf cudantitetive

Anzlysis have nuch to say &s to the necessity

for the absence orf certein ions froz tine solutions
in which sulphetes are Lo _De detsrmined as barium
sulopnate, Thus, freadwelll? states, - "The det:r-
alnation of suiphuric ze#d is theoretically very
siaple;the acid is precijitated with bariuz chlop-
ide and weighed 23 barium sulbhatsa, Practically,

however, thers are ofien e sreat nany difficulties
arising frox thz fact that Darium sulnhate poss-
€Sse: a2 zZreat tandency of dra;ging down other sub-
stances with it, Ths iopurity usuaily cesusss hizh
rssulis, but OcCasionzlly the opposite effect is
produced,particularly wher. the sclution contain

considerable iron in the rsrric form, iIn that case
ths precipiteted berium sulphate contains Pferrie
sulphate and the latter on iznition loses S0, so
that ferric oxide is weighed instead of the dor-
reésponding amount of barium sulphate. Aluminunm
and chromium behave in the seme way,

"Yhen nitric or cnloric gcid

(B

S Dresent, the




4,

precipnitate will contein bariuz nitrate or chlors
and these substances can not be removes 2y washin
Ffurthermore,if the precipitation is effected by t
rapid eddition of 2 large excess of barium chlori
the precipitats will contain considersatle amounts
rsagent, Ir,on the other hand, the latter is
by drop until the prscinitation is com-

I R erable excess may b
fluencins the purity of the ore
cerable amounts o pota
sacventageous; the prec
phate will then always contain
~Odium salts,however, dc not see
turbin; zction,"

added without i
taete, The prssence
alts is espec-
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Can not De precinitated out of it b ans of sulnhur-
ic acig;the resul tin: precinitate too containg Dhos-
phoric acid(zcheerer,3ube)ld, "
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Under the discussion of the determination of
sulphuric acid, the same author Sives thes following:
"The sxact zsiimation of sulphuric acid as barium
sulphate i3 by noc meens so simpls 23 it waes formerly
believed to be,but reguires,on the contrary, greet
care snd attention. This arisss from three causzs;=
First, ths berium sulphate is found o be far more
soluple than was imegined in solutions of frse acids
and of nany selts;second, it is extremely liaeble to
carry dow:n with it foreizn selts,wrich are of them-
selves soluble in wzter; thirdly,when the Drecipitate
has once seperated in the izpurs state,it is often
very Zdifficult to purify it completsly.

(=

"The solution sheculgd contain but little free

hydrochloric acid, and no nitric or chloric acid.--f

5 . . . s .
Gooc% states:~ "jher bariuz is Drecipitated as
sulphate ths tendency o tihe trecipitate to include

-



foreizn metter,i pre is very marked, It hzs been
the custo. to attempt ths p-rification of barium sul-
phate contazinated by alxeli salts D) digesting, in
hydrochloric ze¢id, thz washzz precipitats. Phninneylé
has shown,however,thzt dilute hydrochloric acid alone
dissolves berium sulphats itself,whils mixtures of
hydrochloric acid witn enouzh suln>huriz acid to nre-
vent such solveni_action do no: completely remcve the
impurity; and lerl” hes showmn %het the oresence of
aydrocnloric acid even in larze excess, doess not pre-
vent contexzination by ailzali salts. M

The various methcds for the correciion > errors
due tc suexh contaairation,haz usuelly tarer the form
of the eliminztion of those substances which cause
undue zdsorpiion,or the ireaimant o thgc prscipitates
for purificetion, Thus Jrezznius Mises the orecipitete
with sodiuz carconets, extracts ths mels wiin wetlsr and
Tsprecipitates. _ar diszsolves ths Precipitats in con-
Centrated sul.iuric acld; evaporates this solution to
dryness; boils with hot wetsr and thsen nrocesds <o
Filter,wash iznite and weigh, Cthsrs dissolve :he ore-
Cipitate in conczniraied sulphuric 22id and rsorazcipi-
tate by dil.ticn,

-1¢ recognition of soze o == Zrinci-les apply-
ing 1o the phenomencn of adsorpiion and the iz:ori-
ance of the state of subdivision or extent o? surface,
naz leed Ic stiil z ~upthsy Zeliod. Ihic m3thol consisis
of the glidition o subztances, to ths sclualion, which nav-
ing & 3light solvent action on tne Przcinitate, 2auze =2
sTowts of crystal size. In the Drocess o rseryctaliz-o-
tion ard jsrowt. o? Crystels taking places in *he pracence
of & zediuz navinzg = €lisnt solwven: 22ticn, the extent
of surfacs beinz Gizinished, the zdsorption of exiran-
€ous matlerials is dscreased, 2 nuncer of zuthors re-
commend the use of variocus coounts of hydrochlioric
acid in :tas precipitetion of bparium sulshate and iney

sparsnily Ttelisve that the solubility of berium sul-
Dhete in nyérociloric zcig is insufficient to inter-
fere with corrsct resybls. xichards and Perkerl?,

end sllen ené Johnson »0elisvs lhet any corrac: ps-
sults obteined,undsr thezs comcitions of Srscinitation
are dude to iie compensziion of the t®0o srrors of soiu-
tion znd adsorption, sohnson angd 4dams<0, although they

recomnena the presence of g larze excess o?f hydrochloric
acid, azply correciions obtained froz experiments on sure
sodium sulphete, From znother stendpcint, this increase
of crystal size in the dresence of g medium having e
slignt solvent action,is taken zavantz3e of in ordar

to zzikg precinitates more easily filtersvle. Thus,
Csborn2l trestes nis varium sulziaate precipitates with
& solution of ammonium zcetate Sefore throwin:; thnem on
the filter peper., in this connection it is interesting’



in ths lizht of the results later obtained by us with
nitrates and the warning usually given in text books
resaraing the nscessity for the absence of nitrates,

to note that srowningtZ sitates that zn excess of nitric
acid or nitro-nydroctloric acid,up to ten percent by

volums is not only not to Ce zvoided,but is actualiy
to Te recozmended in the brecicitation of ihe sul~hzte
racicle es Derius sulziazls, Ze stetcs theat vhe precipi-
tete is zore coerssl, crysieliine and contains less im-
puritiss,

~5 rsgerds tic mechanism of :he contezinetion of
bariuz sulshate by fcreion subztances, the vizws ars
teny and divergsnt, Hulett ans wuschall” considsar,az 2
20<sitles expiznetion of zhlcrids contarinetion, the
formation of sucnh Co.n.ileX salis as BaCl-H&C4 end
Bacl-. 504, 3ilberberzsri3, for the contaninafion by
potaSsium nitrets clzizs she formation of =z comnlex
SCg-BadO4-BaSO4°3;and for potassium chloride
Cl-BaSO4-BaSO4-BaSO4-K. He states, furiher, that sodiu-
£zlils zre not rztaizsd Dy barium sulohate in the form
of com:zlexes, Joanson ani ~da=sSC cenclude that it is
& phenorenon of adsorpiion. ixichardsc4 Comparss ths
contaxiration by ferric sulohate to thz occlusion of
hydro_en by pelledium whienh Droozbly involves botin
S0lid solution and adsorpiion, lchneidsr® looks apon
1t &s a cass of solic solution;but :Mster and ohia125
ard elso :lorte~conciude thezi <he Sonteaminstion is
ar &asorpilion phencmenon. 3mithZ7 states that is is
neithsr z casze o solig solution nor adsorption;buz
is the rzszult of the foraetion of o comslex of ine
composition Ba(Fe(sc4)c). ieiser2® gtiribuies the
contamineiicn to adsorpiion and heas shown the in-

cr O
¥
o

J

fluence of the creferentizil edsorption -of ions on
the sizs of ihe Srystals of berium zulghste,

The zdscrpiion tnsory offsrs <hs onl; explansa-
tion of the well-known fact thet barium sulshzatie
taxsz up 211 mannsr of substances. Thus,not only do
W& have records of ihs conteminaticn of bariun sul -
phate by the su ctheates o?f iron,chromium,aluminua,
calcium and the alxali Zetels and by the chiorides
of sodium,potessium anc bariuam, but barius sulzhete
when added to both irue andé colloidal solutions,hes
been founi o segge &5 an exceilsnt adsorbing azent,
Venino and Hartl find that, when beriuz sulshete
is zidscd to 2 colloidal g0ld solution, the solution
is decolorizsd ana dsstroyed. Zatten30 Pfinds that,
when bariuz sulphete is boilzd wizh soclutions of the

chlorides orf iron,mangenese, and chromium, s0ze of the
metal passes into the berium sulshatie in eacn Ccase,
Huleilt and Duschak5 find thst Pure beariuxm sulchsate
takes up chlorides upon standing in contact with =
chloride solution,

~



7.

Since a systematic study o the g€sorption of
liffsrent anions by barium sulchate has not besn mzade,
i1t was thou_.:t desirabple to conduct =z carigs of exper-
iments alon; thezs lines for ne purpcss of fstermining
the ordszsr of adsorptiion of the ions under identicel
conditions of precipitation, In ths first slace it wes
ho’ed thet such en order of adsorption of ions mnisht
enabls us 10 tragce ot sO0ze oI the factors influencing:
adsorption in sencral, rurthermors, it was Taouziit that
sucn & zeries or experiments would enable us “o deter-
nine the validity eor coneclusions previcisly rsached
concsrning the relativs siffeot 0 ceriain enions on tre
purivy of precisitated barius slopazte.

~TO zenersl Ieilcdz hevs fein uzed 200 detarae
Zining the relative acsorpiion ol ions, (ne me<iod con-
3iszts i istermining the effsct of verious ions c¢® one
Charce on ths prscinliation of & 20llo0id thet owes its
stabilizy to tha preferential alsorniion oI en ionm of
Ocgosite char:s, _he pracipitaiing powes in suon cazes
dszends on tne desres of adsorpiion., This zs=icd wes
First used by ichulzeSl jenc Iron <ie rasulis of niz
experizents ws heve what is xnow as Zchulza! - law,
namely, that ine Dower of an active ion <o preciszxitate
collocidel sclutions is = fanction of its valernce or iiis
nuzber of eleciriazl Charzss which iz Carries, Thsr: azrs
twe seneral nsihods of conauciing exnsrizsesrnis on ihe
Precijitecing power orf electrolytes. cne meinod consists
in 2llowing ¢z Crop of the 20llciad tg Tlow intoc =z larcs
volume 0 the e sCtrolyte. In this 72y & serics 0P dete-
ermirnations arz -zze “nill that zongcemtraiicon of elec-
irclyte iz found that will juzt cezuze - coe ulation of
tne drop, ~ second zetnod consists in adding ths elec-
trolyte & Zron a:t 2 tlze to a ziven zmount of ihe coll-
o0idel solution untiil Precipitation tekes place,

iany detsrminations macde in this Way arz of dcubte-
ful esccurzzy bvecsuse 0f ithz experimsntal Gifficulties
involved., The time fector mzy influence <hs:= detsrmin-
ations to giite s lerze extent since the zdés raticn of
differsnt ions Qe;, rsguire diffzrent lanzhts of tize for
etiainin_ scuilibrium. Jurinsrocre, 21 <=0 agitaticn
usuall ) nez very 1it 1z g2fz¢t on tre Z0re steblzs coll-
Oidal olutions,nevertheless,uhen elecirclytes zre add-
ed in aaocunt slizntly lsss than thz- necessary to czuss
Dprescipitetion, ths stebility of :ihs 20lloid iz interfered
with to suzh an extent thet agitation will causa Drecice
itation.32 iIn view or thess fectis it is hard io sece
now the solutions zay bpe mixed uniformly so z= to zive
irue mszsures cf concenxtration effects, and pravent
local effects,without at the same itize effectinz the
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escerieined thet anizel chercoel, treeted s« etove
stated, adsorved water te 857 of its weight, ~s tne
folitions used irn ks €XDsrizents were szbou- one-
tenth rnormzl or lese,it was zssumed thet the zmcunt
0 water zdsorbsd by charcoel from gciztion does not
Ciffer zuch “ron ihzt edsorbed from purs weter, "

tiie resultc obtsined ir thiz way scsure thet
chercoal tekes 1n ths sexe zmount of water froc the
sztureted vapors es :: does wher plzis: in the lig-
1:d. 1T iz & questicn whether this iz truedlzng it
not,lseka's rasuiis arc necesserily incorrect, sc
far zs ztsolute EnCuniz acdsorbed ars orczrred,

It is zvident :hat g deziirzirnziion oo inz ords
¢ zdzorp:iiocn oF ions is ozen “o sonsidireble sxveri-
Leéntar Gifllciity, Fror e - TEI jult teen zzigs- iz
Protekble tn TLE 03T zocurs--: rssulis zz bs obtzin
€d Dy choosin. g saitallc zozorbin: zziirlal omz enzl
JFZing for the ionz Zircect., It :zo netrenc &t preei-
D.lz%ed teriu~ tilohete Purnishes 2z yer tiglecicry
edsorbing medium ror s Zelerzinztion rumber of
edscrbsd anions, -~ iz Tirst s, 1% I& zerzed
tencency to zésorb moz- lcns; n¢ nzxt slzcs,is
L&, T2 2rizi_izgted Sirsctly im S 2rscences of anice
thot ¢ ot form insclublis teriu- silts end ihe ec-
herin zcluozien Ze; te rsmoved DY wezliin_ ihe zryzteal
Tinelly, it Y3 tzer found peossible *o cnelyzzs <he trs
Ciniteted gzlt fo- - nuEEsr of zizorbad zrnicns withou
unduly Compllicaeted gid ti-s onsuzing Trccecdures,

-5 Weg, 02 cC.rse, pertiz ¢ mezin-
tein uniforz concditions < compear-
gtls resuliis wors *g e obtained, zstnod
02 Droc:zdure was e zrscicitets & zonsiant eamcunt of
Bariis 2ilihz:ts ¥ Zixing =2 zcicticn oFf 2 zZivern sul-
Dhate witili & z0i_tich of 2 terium zalt, By trnig oro-
czcure three iong —ere 22pt constent throuzhout ix:z
Serics of sypirizents end the fourth wes veriec, The
conceniration o the ions @“ere meinteined as unifornm
&& Tossitiz D working witihn feirly @ilutes so icns,
s zcdszorbed ion wWez deisrmined Girszctly in ¢ Tre-
ciziteted seix,

it wzs found lscessery to devoie consicdcravls
etienticn to thas detsrzinetiion of concitions whicn
woulcd yield uniform results since smell variestiocns
in the conditions of precipitation anc the subseguent
Lreaiment of ihs szl heg & marked influence on the
arcunt of a given anion aCsorbed, The zondicions of
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Speciil methods of anelysis were required to det-
ermine the ionseadsorbed by berium Sulphete since such
Small quzntities of meterial were involved. Hulett enc
Luscheii determined the edsorbed chloride irn berivsx
sulpnete ©y dizs lvirg the latter i sulphuric acid
enc estimatings the hydrocnlcocric =c¢cig evclved., %ith this

<

2
i

&s & stert,methodls were enplicd cr =volveg for the det-
eriineztion of = nuzber of ions, In ~eking determinetions
wnich. involve tr. e€stizetion of such crelil cuantities of
tne veariocus slementz, it wes reelized that volumetric
erelysis sheuld ps 2ssd as Tzr z:z possitle if thes pro-
Cedures wer: no: <o De exces ively time-consuming ar.é
Ccocpliceted, ~lthoush soms ¢ :he methods uzed for the
detcrminetion of the ions edsorbed 7ere not brou:znt to
such z dezree of &CCurecy as zizht be POssible,we felt

thet they were sufficient for our Durcoses enc we did
not wis:i to becoze involved in tedicus znalytical WO riz
end lose sizht of our mair DUurzose, by ettempting to
refine meinods beyond our izmediate nesds, e arc cer-
tein that scze of the methods usszd Were capzble of much
grsetier accuracy ther was indicated by the prelicinary
epplicetions of them tc the estimation of known
of Reterial; end we exXpect =T soxzs laterp cate to
them up Systcxaticelly for the purpose or det
their liziteticns, However, there was man
Ln our tryins az this time to refine £ o
Ysis _beyend the toint where ine grror or determin-
ation fell wiihin the veristion ir edgsorvtion incider
toour inebility tc _control conditions affecting adsorp-
tion itself, furtherncre the determinetiicns of ions ecd-
sorbed by barium sulphate wers mede under Deriticulerl;
favorables condilions zrni were ir ZOSt case:s unquestion-
ebly more accurate tran the deternirzsiions mace on
known weizhts of materiel, The rezsonm for this will be

pointed out ir the subszcuent €Xperizents,
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Leterzirestions were mece on the following enions
adscrbec bty verium sulchete: chlcride, chlorzte, per-
mengenzte, nitrete, nitrite, Cyeanide, sulphocyanate,
ferrccyanide ans ferricyenide, In the intesrest of
accuracy e number of detcrzinations Were made ir every
Case and tre averege taken, The determination of the
various ions will be taken up Separatiely,

sle idsorption of Chloride Ion
A4S before mentioned Hulet: and Zuschek determineg
directly the amcunt of chloride ion teken up by barium
sulohate under wicdely Verying cornditions of precipitsg-

tion, The methoa Wes essentially as follows; The ore-




-
w
.

solveé in concentrated sulphuric scid. In this process
any chloride was converted into hydrochloric acid which
wes carried into a standard €ilver nitrate solution by
aspirating air through the system: The rate of the sol-
ution of the barium sulrhate was hezstened by heating in
& hot water bath. tllen anc Johnson4l shortened the pDro-
Cess of solution of the salt by direct heeting with &
smell flene. rurthermore they determired thne silver
ciiloride gravimetricelly instead of by the more accursate
volumetric method,

retus a s al method, - In our experiments
on adsorbed chloride icn, en apparstus wes employed sim-
ilier to thet recommended by Huleti eng wuschek, The
apperatus is shomn in Figure I. The precipitate togethsr
with the asbestos 2at froz the Gooch c¢rucible into which
it was filtered, was placed in the resction vessel of
acproximetely 100 CC. cepecity;and 50 cc. of concentrat-
€d sulphuric ecid wes poured onto it. The ground-glass
stopper,with the delivery tube £ , wes attechec zs
quickly as possible end eir asspireteg slowly throuzh the
épperatus, The wash bottle & conteined a 20% solution of
potessium hydroxide and b contained concentreted sulshur-
ic acid. In addition to these precesutions for obtaining
pure eir, the source cr Supply wzs outside the laboratory.
The two tubes d and g contained N/10C silver nitrete
solution., To prevent leaking, the ground-glass joint weas
moistened with concentrated sulphuric acid, After the
espiration of the air had been started, the weter in the
beaker g5 wes hested tc boiling, Under these conditicns
the barium sulphate dissolvec glowly in the acgig ernd
adsorted chiorige Was converted into hydrochloric scig
which wes carrieg elons in the stream orf eir and react-
€d wWiih the silver nitrate in tube 4, Under the condi-
tions of ocur €Xperizents, no hydrochloric scid €scaped
the first tube but the tube g wes elweys retained es
& safeguard against loss. shen all of the hydérochloric
acid hac teen evolved=- usually four hours were suffi-
Cient- the excess of silver nitrate wes detsrmined by
titration and the adsorption computed from this date,

The titrations were made under carefully control-
led conditions using potassium chromete &s an indice-
tor. The process was carried out in 2 dark room lizhted
by en electric liznt; the solution was conteined in g
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Determinstion of "bl " As we were not sure of
the purity of the sulphuric acid, and es chlorides might
be adsorbed by the asbestos mat during the filiration
brocess, e number of "blankw determinations were run. The
mat was prepared end throuzh it was filtecred a solution
corresponding to the mother liquor resulting from the
Precipitetion of bariun sulphate fromr barium chloride
solution in the regular determination of adsorbed chlor-
ide ion, After washing until the wash water save no test
for chlorides, the asbestos was placed in the apparatus
end the determinations were made &s before described,
The results of a series of determinations are given in

Table I, The correction was epplied in subsequent det-
erminations.

Table I.

Time as- Conc., N/100 N/100  Blenk N/100 Average,

Pirated H,yS504 AgNO=  NaCl solution, ce,
Hours ce, CC,. cc,

6 50 50 49,5 0.5

6 50 50 49,6 0.4

10 40 50 45.7 C. 4

z4 SC S 42, § 0.5

24 - S0 50 49, 5 0.5

24 40 S0 49,6 0.5

24 40 S0 49. 6 0.5

24 50 S0 49.5 0.5 0.5

Leterpination of chliorine in BaglzgzﬂQQL In order to
test the accuracy oi the method g determingtion was mede

- i ke o -

°n a known weight of berium chloride. A sample of the pure
selt lebelec "Sor énelysis" was weigched in a weighing
bottle. From this was removed e crystel, the weight of
which wes determineg by difference. The crystel was placed
in the apperatus and the chlorine determined &s before de-
scribed. The crystal disappeared slowly in the concentrat-
ed acid due to the immediate formation around it of e filg
of beriuc sulphete, vhich dissolves but slowly. The result
of the determination,given in Table II shows that the
method is very agecuraete indeed,

Teble II,

Determination of chlorine in BaClo°2H20.

-————-_————~—-——-——--——~v—-—— e o

renceg expressed

welsht of rercent Diffe
bariug gnloride Chlorine in _cc. ;1/300 solution.
tgien found taken foundg

0.03580 0.03573 29,03 28,97 0.05 -

--—--.—-———--.--._._.-.-.—..--——_...——-_‘_...——-A¢ U St et et et e e e o e e . e vy aq p
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In order to get some ides es to the best conditions
for obtaining conparable data,a number of determinztions
were made of chloride ion adsorbed in tariusm sualihats,
precipitated under different conditions,

It is a well known Pfact that Darium zulnhate dreci-
Pitated from sodium sulovhats solution by en excess or
Darium caloride is in = finer state or division than
that precipitated by an excess of sodium sulphats, This
is due to the faczt that,other conditions beins the sane,
barium ion is much more stronzly adsorted than is sul -
phate ion,an< nence peptigation is greater in the former
case than in tae ‘latter, 1t was of interest to know to
what extent the adsorption of chlorids ior wel alfzztad
oy the two conditions. Accordingly a series orf experi-
aenis were carrisd out as follows:

Adsorction of .c_‘gl_q.;,q_iz_ggﬂ'_zg_t_n_g dresence of an
gXcess of sodiug sulohate ¢ On account or the great
amount of worx elready done on barium sulphate it wes
thought best to take such concentrations of soluitions
and amounts of meterials as would correspond with

usual analyticsl drocedures for ths determination of
barium or sulpnate. Our results might servs, then, for
ebplication to enalyticei methods end would throw some
light on the various Statsments found as to the con-
temination of barium sulphate precipitates by differ-
ent mnegterials in solution, In these eéxperiments 53 cec,
of /10 sodiun sulphate solution were added to 160 cec,
of water in a 400 cc, bDeeker; and the solution brought
to boiling, .hile stirrinz the solution Vigorously with
& pletinua gauze stirrer driven Dy ean electric aotor,
40 cc. of an ./10 solution of barium chloride solution
were added from a burettz, thus precipitating 4 millizmols
Of barium sulphate. The time of addition was 30 seconds;
the total time of stirrin_ 4 minutes, The precinitate
wes allowed to stand in its mother liguor on a hot
plate at 600C, for 23 hours, after which it was filtered
throuzh 2 Jooch ¢rucible and washed six times with hot
water,the 39 cec. cruciple bPeing filled each tinme. sfter
this trsatment tests showed the zbsence of chlorides

in the wazii wztzp. The Drecipitate, together with the
asbestos aeat, was transfered to the appargtus above
discribed and :he amount of the adsorbed chloride ion
was determined. The results oY a series of determina-
tions are given in Table IIi. In the first coluan is
glven the number of cubic centimeters of 1/100 Agzii0
solution corresponding to the amount of hydrochlorid
acid evolved from the precipitate. Fronm this, the other
values given in the table were calculatad,
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Teble 1III

Adsorption orf chloride Ion
(HaoSQs in excess)

—-—-—-———“—-—.———————-——————-—_———---—_——-———-———

T st o B

N/100 chloride Ton adsoibed by barium sulnhate

AglO= rams grams per gram ecuivalents
—_—2C 5 L0Q mols per 10Q mols
Averzge

0. 60 0.00018 4, 44 0. 125

0. 60 0.00021 5. 33 0. 150

0. 50 0.00018 4, 44 0.125

0.43 0.00015 3. 82 0. 108

0. 48 0. 00017 4, 26 0.120

0. 48 0.00017 4. 26 0. 120 0,125

: __chloride ion,in the Dresence of —_
gXxcess garigg_gglg;;ggi The same procedure was follow—
ed in this series of experiments as in the breceding, ox-
cept that 40 ce, of #/10 sodium Sulphate wers added to 50
cc, of i/10 barium cloride diluted with 180 ce, ofwatier,
Thus an :zouivalert GxoCit o Tarlaan chlorigs Wz, smnloyesd
85 LICrI 7l 3:2z500 of sodium sulphates in the precedinz
eXperimants, The results are zgiven in Table 1V,

Iable IV,

Adsorption of Chloridz fon

(BaCl2 in excess)

- -.——.—.--«—-—-—-_.-—..———-—-,-.—-._-———_— Il K -——-——_——————-‘———

N/100 Chloride ion adsorbed bv berius sulphate.
ASiL03 grams grams per gram equivalants
ce, 100 mQels Rer 100 mols .
S. 48 0.00195 48. 64 1. 370 averase .
S. 68 0.00202 50.04 1. 420
6. 19 0.00230 S7. 43 1. 547
S. 39 0.00245 61. 20 1.722
6. 79 0.00241 60, 26 1. 697
8. 84 0.00244 60. 95 1.710 1. 578

-—----————-—-.————-—-———-——-——-—-—.—-—--———

As wz:s to be expecied, tae amount of chloride ion ag-
sorbed in the presence of excess barium chloride was aore
than 12 tipmes greater than wizip Sodium sulphate in eXcaess
Since the absolute amount of adsorbed material is very
smell in any case, i a convient quantity or DPrecipitated

materizgl is used, it was decids to adopt for all subse-
quent determinations that condition in which the adsorp-
tion would be -“he larger, that is, the bPrecipitation in the
bresence of an excess orf barium salt,



In the previous determination or the adsorbed chlor-
ide ion in barium sulphate brecipitated in the Dresence
of an excess of bariun chloride, the Variation in the
individual results was ratherp large,amounting to the
equivalent of 1,4 cc., orf H/100 solution forp the four
millimols of barium Sulphate brecipitazed, 3ince the mthhdd
used wes much mors accurate than this, it was evident that
we were not controlling sufficiently the conditions under
which the Precinitation ang consequently the adsorption,
took Place, The greatest chance for variation or conditions
Seemed to ve in the digestion of the pPrecipitate on the
hot plate as there was no regulating device on the plate
and hence its temperaturs probably fluctuated considerably.
Hulett and Duschak have shown that the emount of adsorption
changes during brolonged stending of the precipitate in
contact with its mother liquor. i further chance for vari-
ation seemed %o exist in the local temperature ef’fects
which misht rssult from the addition of a cold(25°¢, )
Solution of sodiup sulphate to g boiling hot solution of
bariuna chloride. Further determinations Were accopdingly
made in order to determine whether & Change in conditions
of precipitation alon. the lines indicated would result
in more constant values for the adsorotion,

Adsorption of o orids LUz
Ditvated from sodiun Sulphate solution, . The method of
Precipitation ang treatment of the salt was modifieq in the
following respects: Instead of adding a cold Solution of
Sodium sulphate to the boiling hot Solutiorn of the barium
Salt, the following procedure was adopted, A 130 cc. burette
was filled to the 40 co, mark with an /10 solution of
sodium Sulphate; this Solution was then ailowed to run from
the burette intg g clean beaker until the burette neg
émptied itself dowm to the gless stopcock; the solution in
the beaiker wag then brought to boi ing and evaporated to
about one-hslf its original volume; the boiling hot soiy-
tion was now poured back intc the burette and, after wagh-~
ing in eny of the Solution that was Clinging to the side
of the bezaiier, the liguid in the burette wags made up to
the 40 cec, marx by the addition of boiling water, This sol-
ution was now @lxed thouroughly by turning the burette
OVer and over after it had been stoppered, Forty cubic
centimeters orf this Solution wers then used for dbrecipi-
tating the barium sulphate, As g further change, instead of
allowing the precipitate to stand for twenty three hours
Ol the hot blate, as previously, it waes filtered immedigte-
1y after brecipitation, The time of stirring was decreased
from four ninutes to ong minute, These Changes in the Dro-
cedure should tenc Lo increase the total amount orf adsorp-

tion, The results of a series of determinations are given
in Table v,
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Table Vv,

&idsorption of Chlorids Ion,
(barium chlorids in excess)

S e ot > o s ot e oy oy T . e .

N/100 Chloride Jo:n adsorbed by berium sulphate.
ASNQ~ grams grams per gran squivalents
ce, 100 mols Der 100 mols
Avsra ;s

7.00 0.00249 62,13 1,750 —mmmemeece L
6. 80 J.,00241 60. 35 1.700

7+ 20 0.00256 63,93 1. 800

7410 0.00252 63.01 1.775

7. 10 0.00252 63,01 1.775 1. 760

———————Q—q____——u—-a‘-u—ﬂ~~<~<q-——

'Q;Q&zlga_égipgéﬁﬁ_azi:_
cipitetsd from sulph ric acid solution, Since bariu-
ion is stronsly adsorbegd Dy barium sulphate and singe
hydrogen ion is much more stirongly adsorbed than most
univalent%- cations, it follows that greatsr peptization
of bariun sulphate shouild resul: when the precipitation
was effected from sulpnuric acid solution than fron
sodium sulphate solution,=<8 1t follows furtiher theat,
other conditions remaininz constant,ons woilg expact
Lo set 2 grsater anion adsorpiion When the precipitation
Was effected in the presence orf hydrogen ion than in the
Dresence of the sodiuag ion. 4 series of exXperiments were
carried out to verify this point, The conditions o7 ora—-
cipitation and the brocedure followed are the same as
given in the preceding peragraph with the exception that
an ¥#/10 solution o Sulphuric acid was used instead of

an i/10 solution of sodium Sulphate. The results are
given in Table VI,

Tebls VI, )
Adsorption of Chloride Ion

(Barium sulohaie from sulphuric acid with excess bariun

--——‘—-——-—-———u——q——*,-————‘——--

N/ 100 Ghloride ion adsorbed by barium sulphate
ééH95 grams grems per gram equivalents
ceC,

. 100 mols per 100 mols
Lve rae .
9.0 0.00319 79. 33 2. 250 T
9.0 0.00319 79, 88 2. 250
°. 4 0.00333 83,453 2. 350
9. 3 0.00330 83, 54 2, 325 2, 294

--—-——————-—n————————-—__---————_—-—--_-_——_——————————

By comparing the results in fable Vv with those in
Table VI it will be seen that the mamato_ oot
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namely that greater chloride ion adsorption results in
the przsence or hydrozen ion thanin ths bPresence of sod-
ium ion,

Since in both sets of expericents the rssults of
the different dsteiminations asreed closely encuzh
2nong themselves it was ralt that ths conditions of
brecipitation, filtration and washing were controlled
sufficiently; hence these sams conditions were used in
all subsequent determinations, In all cases hersafier
the precinitation Was ¢iTected fronm Sodiun sulphate
so0lition as dilute sulphuric ecid weoulgd have an undesir-
abls efrfect on certain of the salts, for instance the
Cyanides.In eVery case wz: used the barium salt of the
ion whose adsorption was to be dstsrmined. Thece condi-
tions will hsreafter be alluded to as regular,

&sdsorption of Bromide 1o:r

torminatiog of bromins in bromides.

Fine powder) Table VII,

Salt wei-ht Percent Cc. of /100 solu-~
cagenn  found found tion,

reguired talian Diff.
BaBro«2H.0 0.0509 0.0463 91.9 30. 55 22,10 2,45
BaBrg°2H§ 0.0490 0.0353 33,0 24,01 21,19 2,92
BeBrss 2HS0 09,0242 0.0775 92, 50. 54 46,52 4,02
BaBrse 2d5C  0.0326 0.0349 90.4 23.17 20.97 2.20
BaBrg-zﬂgo 0.0439 0.0404 2.0 26, 32 24, 2 2.190
BaBrse 2Hs0 0,0644 0.0595 2. 3 38.72 32.70 3.02
uBr 0.0134 20,0114 35,1 11.26 %.56 1.70
Deternination of bromi e _in bromides, It seemed

probable that ths same sgenersl metnod orf drocedurg could
be used for ths determination of bromide ion adsorbed in
bariuz sulpiaate, as wes used for chloride ion, It was
bPlanned to trezt the precipitate with 50 cc. of concen-~
trated sulphuric acid to which had been added a small
aount of potassiug dichromate. The bromine liberated
could then be Swept along in the air Stream; absorbed in
& solution of potassiunm iodide; and finelly titretegd
with an %/100 solution of sodium thiosulphate, In order
to test this method, small weizhed vortions of bromides
wWere placed in the apparaius and subjected to the pro-
cedure.. The results are given.in Table VIt above,



These re:ults were disappointing to say the least,

&S in no cese did we obtain more than 92, 3% of the
theoretical amount of bromine, It was noticed, however,

that there was 2 brisk evolution of gas when the acid
was ’irst throwm upon the bromide ens, as in the first
few cases, the acig was added throuzh the ground-glass
Joint at tnaz top of the apparatus, it wasz thought that
some of ths gas may have eésceped before tne epparatus
could be closed. In ths last four determinations of the
series the bromide was Placed in the apparatus and, after
closinz the ground-zglass joint and disconnecting the
two wash bottles, thes acid was run in throuzh the tube
&, Fig. I, while a streem of air waz being aspirated
throuzh the systen, In this way there would be no chance
of losing any of the 588 ¢volved, The resul s, however,
wers no bectter than before, In the last case, where
potassium bromide was used instead of bariun bromide,
only 85% of the theoretical amount of bromine was ob-
tained, It seemead altogether probable that the low
vValues resulted from one or both of the following
causes: In the first place a very rapid reaction re-
suited at the moment the acid struci the erystals and
it is altogether likely thet soue of the hydrobromic
acid formed escaped oxidation by the chroxzic acid ang
hence eéscaped detection, in the last few determingtions
which wers mn in order to find out, if DOssible, the
reason for the low results, it was noted that the zas
first evolved was not colored and fumed; while the zas
evolved after the crystals were completely covered with
the acig mixture, was the color of bromine and wes given
Off slowly. The slow evolution of bromine following the

irst reaction wag due to the fact, theat the particless
of barium bromide were coated witihh a layer of berium
suldhate which dissolved slowly, slowed dovm the action
on the crystal to such an extent that no hydrobromic
acid escaped Ooxidation. In the eXperiment with potags-
lum bromide, on which the action wasz rapid from start to
finish, the result WasS lower than with bariuam bromide,
This would be éxpected since more hydrobromic ecig
would escape oxidation in ths former than in the latter
case,

A second factor is the following: In so far as
the hydrobromic acid was oxidized by the sulphuric
acid, sulohur dioxide was produced which might ezcape
oxidation and be carried along with the bromine into
the potacsiua iodide solution. There the sulnaur
dioxide would act on the iodine licereted by the bro-
mine reduging it to hydroiodic acid. Thigs would give
low results, In order to zet accurste resuits by thig
method, it woulg seem that it was fiecessary to heve the

sufficient time was allowed for complete oxidation by

the chromic acig mixture, sSince the sampl i
. t . 3s.u n
above experiments had been ground in an‘agatesfgr%ar}he



they wsre in = rather fine state of divigion and hence
were acted on more rapidly than larger narticles would
be. Accordinsly a number of determinations were made

on BaBree 2H,0, in which the welzned sample consisted of
& single cr¥stal of the salt, As the samples were of the
Sane averase weizht as in the previous experiments, the
surface of contact ang hence the rate at which they were
atiaciied was correspondingly decrsased, The results of
these experiments are given in Table VIi:

- @

Determination of Bromine in BeBr,. 2H~0.
(3inzle crystal) =

—————._—'——_——__—_——~~_.———-.---_—_

e e - e - e om S e e e e et - v e - ame

el it Badree SHoQ Fercent e, of ji/100 solution

-aken found found ‘heoret- taken Differencs
icgl

0.0350 09,0341 97. 4 21.01 20, 47 0. 54

0.0435 0.0424 97. 6 26,11 28,47 N.64

0.0502 0.0482 96, 4 30.13 26.05 1.07°

0.0313 0.0307 92.0 13.85 18. 41 0. 44

_-——————.—..—-.-.——_—————-_—--.-—_._.._..-— T et ettt ¢ @ R e I

in the above series of experiments, the lowest rz-

sult obteained was 96, 4% of the theoretical, while the
highest was 98.0% These values were much more satis-
factory than those previously obteined because of the
slower action, On account of the slow rate at which
precipitated bariun Sulphate dissolves in sulshuriz
acid, the method is entirsly satisfactory for the
estimation of bromide ion adsorbed in barium sulphsate,

ddsorption of bromide ion, Four millimols o?
bariun sulpnate were Precipitated in the regjular way
by adding 40 cc. of an /10 solution of sodium zulnhate
to 50 cc, of ¥/10 beriuxm bromide solution dilutsd with
160 cc, of water, The precipitate was treated as prev-
iously descrided ana the amount of the bronide ion
adsorbed was estimated, ZThe results of a series of det-
eruinations are given in TableIX.
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Table 1%,

Adsorption o7 bromide ion,

N/100 —Bromide ion adsorbed by Ba30y
Nagsgos grams grams per gram eguivalents
cc, 100 mols ber 100 mols.

~A¥erace
Se 63 0.00294 73. 51 Q.62
3. 07 0.00245 61. 32 0.763
3. 27 0.00261 65, 32 0.313
3¢ 17 0.00243 60. 82 0.723
36 8 0.00261 6Z, 32 0. 817
Se 42 0.00273 69. 52 0. 270 0.831

——_————--_——-—-————— o

et e 4% e . o - - D e B Y

Retermination of iodine in potazsium iodide. It was
thouzht a2zt the Sale netloq, for determining adsorbed
bromide ion, mizht be epplied to the detzrmination of ag
Sorbed iodide. In ordsr to test this, weighed amounts of
potassium iodide were teken and Subjected to the same
treatment ac the bariun bromids in ths drecedin: exver-
iments. The usz Oof barium iocdide Weo imprecticabls for
the preliminary tecztig because of the ni:hily, deliquescent
nature of the salt, The first difficulty éncculitered was
that the iodine,liberateqd from ths sulphuric acid-dich-
mats mixture, Condensed in the upper part ol the regcte-
ion chamber eround the ground-zlass Joint; and after as=-
pPirating air throuzh the S3ystem for twenty four heurs,
only 21% of the theorstical amount of iodine was obtain-
ed, although all color of the element had disappeared
froz the reaction Chamber, It wes fhought that the loyw
results mizht be due to the loss of iodine throush tne
sround glass joint, To determine whether or not thigs
was the cese, experiments were Carried out in an &éppar-
atus withsout the srfound glass joint, The welghed sampis
was placed in = reaction vessel, the same size as that
previously used, and the exit tube was sealed on . This
apparatus weas Surrounded by a steanm jacket to facilitatg
the SWeeping over of the iodine into the potessium
iodide solution, The eXveriments with apparatus were ag
unsatisfactory as those preceding them. It was noted
however, that a consideresble quantity of iodine vevor
Was swept into the Dotassium iodide solution but ra-
latively 1ittle of it remained, indicating that a
later reduction had taken Dlace, In view of our expsri-




ments wiii bro.aides ¢ ¢ reéesults misht have bsen ex-
pected. Since hydriodiz 22id is a much stronger reduc-
ing agent than hydrob ic acid, it resduces sulphuric
aCclé vory rapidly witn the lformation of sulohur diocxide
anc. hydrosen culpaide, Jndzr the conditions of tihe ex~
pseiment, theze zses were in part swept over into the
potassium iodide soluticn andg subsequently reduced the
iodine that was carried over., It is altogether probable
that ths method would work muci more satisfactorily with
bariuz bromide than with Dotassiuxn iodide for the action
would De slowsr under these concitions and oxidation
by the chrooic acig much aorc nearly complete. Mowever,
it wes decided to adopt a2 different method altozetner,

<

2le of iodide wa= dlaced in the rea.  ion vessel

1\"; (%0 e}

to which the outlest tube was Subsegquentily sealed,This
vaS surrcundsd by 2 sbteem Jackst as in tngs previous
ex2eriments, Instead of Ccatching the _sases,liberated

}

oy the chromic acid alxture, in potessiw: iodide sol-
ution they wecre zbsorbed in t

sodium hydroxi

would exist a:z

[¢

e
conditions, the iodine

s L e wiile sulphur dioxice
and hydrojsn cul_.nide weuld - Lo sulsznite and sal shiide
respectively. sfiar aspirating air threu_h the systen
for twenty four hours, in ordwr %o maic surzs that all b
iodine wa. wr.gned over, ths sodium hydroxide solution
was placed in a distillin; lasi; acidified witn sul-
pharls acid; and 2n sxcezs 12 amzonium alunm added,

b
-

e

¢

J
HJ
[¢)]
H
2]
=
b (D

It was then Cistilled, znd the dist llate cau_ht in =
solution of potassiuz iodicde,® .11 theo ‘ocing e ob-
tained i.: this Way end wai subsequently titrzted with en
E/100 sodium thiosulshets soluticn irn the usuzl wey., Ths
resultls are ziven in Teble .

labie .
wei _ht of 1T Zercent Sea 02 i/1170 soliuviion,
Taken founc found fheoretical Talcn Lifference
0.0147 0.014: 7.3 Te 28 2. 82 0027

C.0220 o¢.0282 100. 9 15.06 15. 2¢ 0.14

——_.._-...______.._.__.__——_.———_._—..—_._-—_.—-—_.-_—..—_——_-.-.

tic above table that tho method,
d, gives guite satisfactory resul:ts.



adsorntion of iodide ion, =&
bariuzs suishate were Precipitatec
anda the zmount of adsorbed 1oc1de
QlyuOlV;P thz sulphate in the zci
iodine vanor Was Observed e &, time, whersas irn “he
Ccase o kxnown wel-his of icdides the violet vasor of
iodinz could ve distinguished “or a full hour while
#2lir wz: bsin - snlrauea throu;ih the st ystem. Lhen ihe
finel t*»rauwoﬂc were made, tqu sh vec thet but very
l’uulc iodide ion nac been ad isorbed, The results of 2
Series ol experients ars siven in Table ;T

{0

-/ 120 £0dide ion adsorbed by Ball,
nea-o-C- Sraas srems per sren equivelent: *
ce, 120 _nols rer 100 _mols
Aversa e

0.3 0.035Cze 0. 52 0.075

0.2 0.03%028 8. 75 7.080

Je1 0.00017% Z. 17 0.025

Ce G 0.00038 0. 52 0.075 0.08¢

———-—.—————__———._.......—.——-—_~—_

indesed the guientity edsorbsd wes 50 minute thet ‘he
values can be only approxis wately accurate, Thec resulis
show conclusively thei iodide ion is adsorbed by bariux

sulphate the leagst of any of ths ions co"~_aerec.

idsorvtion of Chlorete 7on

Deierziveiions on know irei. hts of Bs(Clc- Jee HoCy =
The attenpt wes 'ade tc use z metinog fcr the aeucr~1“a-
tion orf cnior te <Cn wnich depends on the O0xidizinz power
y liberate chlcrine from hycrochloric acid,
&-¢ could Te taien or tile accurate icdire~
rauion. “hi¢ procedure wos as fclioiws:
O0F barium chlorate was mixed wita Q, 2500
orams or barium cnloride and placsd in th: resgeti b
veisel., Cnto this was Doured L_Iby cucic centimeters of
concenirated sulphuric &Cicd tc which had besn sdded three
drops o7 conzenirated hydrccnloric acld, Ihe svolved sas
7as crawn throuzh dotassium icdide solutlon 25 breviously
anda the liberate lodine was titrateqg with 1I/160 sodium
thilosulphats solution. Zhe follewing res
1 ace bet 2

+
) O

cticon wee expect
€d to taie =slace b cWeen tne “h.O”lC acid and the hydro-
ciiloric acigd:

14V]
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Table 171,
Determinctions on Ba(Clc

—-————.——_———.—-_—_-—__...___—.—_—__._

——.—_——————————-—_————-—_-——

«ei ht of Sercent Sc, of /100 Zolutior,

&lCl0~)ae Bl found. TIheorst- sakZen Lifference
faxen rounc ical, —
O0.010% 0.007¢% .z .02 29. 76 2.72
0.0110 0.00%s6 77.9 40. 49 Tl. 02 .07
0.0114¢ 0.00:¢ 7.0 2.4 26,07 S B0
0.2135 ¢, 111 824 0.2t 41.4r- e 20
0.01%% 0.010¢ 7s5.1 £l.74 =2, 93 1z.91

The rzsults obteined zhow only fro: 78¢5 to 375 of

the thzoreticasl a:né arc svidently unsa..sfactory from
8N p0int of view, In the previcus experiments with
bromnides erc lodides, tests were nade Lo deLorming
wieiher it wegz DSssille to pour i tis salchuric acic
el the sround Jess joint or wielher ths _az evoiuti n
Wil 20 rapid inoi zoms of the 323 cgeencd before the
JCint could be Clcsed. 1t wes fourg thet in no ceze was
thsre any losz ir this woy sirce the reszultis wers hie
Sale whielher the acic Was poured into tihs inlet tube altgr
the jcint had Lezn Cohnscied or wihether it wor a.led ot
tae joint, Zincc :hs latter proccaurs we. “heé nore con-
vient, ihe szbove exXperimanis were Carricc ouil in thig
rannsr, Tarinermcre, since we 2 been mistalign in at=-
tributing the low results in previcus €Xperizents io
losses et tne Joint, we wsre inclined t " Took or zoue
other expianztion, In vi w of our previous €XSerisents,
ilile most Srcbeable scurcs of SIrror siemed Lo be the gscace
Of somz ClC- befcre i- had 2 chence to te reduced oy ths
hydrocizleric &cld, [hiz weulg cause no ciror orevidin
tire ClCc reachsd ths acicified zoliticn of Dotasziunr iocdig
&s such, for the following reaction WoOIla then tglz plage. 4

S- L % ClC, # 4HCL = SI % & [£Cl % 2H.O
Cn tic other hand, i scme or this ClCc were decomposed
by the 1li;ht before reachin: ths potassiux iccide sol-
ution, low rssults would be obtained, -o test this point
& series of eXperizents wsre Carried out in ihs cari room,
Y%e results ars siven in Tabls HIIL,
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Adsorption of chlorate ion, Beriuz czulzhate was
precipitated in the rggular wey in the bresence of excess
bariu: chlorate end the easorbed chlocrate ion detcrmined,
The results are tabuwleted in Table Ve

Teble v,

~dsorrtion of Chlorate zon,

1i/1C0 Chlorste ion adsorbed by BacC
endels srens srame per Grazn equivezlents
ce, 100 mols per 100 zols,
LVerzce —
133.41 0.0162¢ 481, 32 S.7€7
135, 48 0.012¢e4 471.02 S. 644
146. Z9 0.02076 S02. 07 6.08¢ S. 8337

agscrzition of Zsiman cnete Zon,
sQvenie e weo faliis of ~iLE same snsral nrocecure,
for vEi.mining permencznata i0n, &as wezs found sucszes-
&2l fer Setcrmining chicrate ion,
~etermizations or krowe weli nts cf L%.. -~ wel_ched
eto.nt of potauziugm bermenzenate was mixed wii~ 0.9 rac
i chlor i il¢ react ss anc 80 cc., of
2Cid L. DES - rez droos of
8 < C o flow o Inoat
t soncucticed intc
i ¢C iodine titrc-
lom wzs expscted
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_____________ e
“ei nt of 'Derzent! e, of /153 Zclution,
2eaDiCq 'found 'Theorct- ' lalien ' Dilfercrce
zaien 'rFound ! 'igcal ' !
1 t ? J !

0.0100'0.3083" 2=, ' 31.84 ' 31,01 ! 0.6
0.0107'0.0103% 99,7 ' 32,59 ' 32.50 ! 0.0¢%
0.015€'0.0157'105.5 ' 4¢, =7 '42,8)0 ! 0.7
T R, [ A B S, P R, S,

2G80rs tion of permer zrnate ion, <liice ihe results
cn inown wei._nts of peérman cnalts zroveod sciizfacztory, si-
perineniz wire male on serzan eneic ior zdzcrbed by preci
Plieted beriuz zulsrhciz in -ha reguler nay, exce foras
ri Ermin_arnat : grs i Y s

Ty

Table Vi,

——-————_—-———__._._....-—__—.__———_————-.———.——-———--—————_—-.———.--._———

L/ 100 Adsorpticn of permengenste ion
weresln Ssrams gremns per gram equivelernts
c. 100 zols per 100 nols
LVED2 o=l
56, T2 0.01Z7%¢ 5I4,91 2. 216
86. 90 0.01£563 513. 36 2. 84¢
S57.48 0.01%67 241, 21 2. 274
27. 35 0.01%64 241,01 2. 368
56, ¢8 0.0124¢ SF6.C7 2.33¢ 2e 247
adsorpticn of jjitrate Ion,
shs etlexpt wez zade to ceisrmine nitrate ion by
the zethod found so convisn- for the halcgens., Fresen-
iug®c §ives & method for the dzt.imiration cf nitrates
which conszists in distillin; tie nitric acic libsrated
froz e nitrate Ly the aciicn or cilute sulphuric acig,
nowever, as it was mecsssary to uss concentrated acid in
order ¢ dissclve the bapriunm sulchete, ths meihcd of -«
sresenius cculd not be usec directly. aAfter repeztied
attempts to modify it to suit our needs, it was decided
to use the FBrster47 modiriceiicn or the :.jeldahl rethod
for nitrczen. This fittec i- With our scheme of things.

edmirebly, since the concentrated acic uscd gt the begin-
irg of this procedure served to dissolve the barium sul-
Dhate prscipitate; the phenol, used with the

= . g3 h = I . . FLth .S _congentret-
€d acid,hed no interferine accvion, The only moglgfcag%on

=



in the prelimirary treziment, over thet dlven in Clsen's
dantitetive Chemicel Anelysis, wes that, in order to di-
Ssoive all the barium Sulphete Drecipitate, it wes found
expedient to incresse the enount of phenol-sulphuric scig
used, The zmzoniz evolved was received in /100 sulphuric
acid solution and the excess titrated back witi N/100

sodium hydroxide solution,using cochineszl &s an indicetor,

AL the outset reat difficulty wes EXperiznesd in
getting a satvizTactory enc p0int with the Gilute sol-

utions used; and detlerminations could not be checked

Lo anythin- lilke the required accuracy. Tnis dirficulty
Was overcome by tiic usze of s colorinmeter constructed

for thz purpose. .g e on hanc 2 colorimetsr which cor-

viLa

teined & szet or Slass prisms,by the use o wnlch the color
Of the solution in tio Tcceptecles aizht be ¢ mpered with
but = very fine dividin_ line cetween the ing Ticldiz, Ihc
Priszs were fitted in one sics of a smell box sainted
blacl:; cnd e sround glass in the sids orposite., Two
Specielil; constructeg retenzuler glass cells o+ aporexi-
amataly 300 ce, capacity were used for noldin_ the scl-
dvions whose color was to D& compared. Fizare II shovs

the crranenent of the nerts o7 *he Zooereius,






-
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N

L stenderé colorecd solution was precparec by te
suiteble equivzlent volumes of the stendard titreti

in -

ng

solutions, edding three drors of cachineal solutioné8

and diluiing to z volume approximately cqusl to tha
obteined in thz titretion of the unknown solutions,

solution we:z preparcsd new each cday upon which titra
tions were made, Its 2l'eparetion constituted 2 rest
arcizevicn of iihe colutions eesch tinme, Tha soliution
which served a:z = scverdard was pleced in ore cr tn
Jlass cell: and the scluticn 1C lo titratsd in the
“he titration weoro mece Cirzctly in the cell znd tre
colparsc as Liie tiitrziion proceded, By meanc of iLni
crizeter, it wasz rezcil, possible *o duplicate res
Within less thazn 0,1 cc, of i/100 solution, The 2 e)e)
Ve~ ugeC in all determinations of nitrogen by ths ..
Cenl method,

zelcrmiraticn of "blank! 28 ihe rcasentz o
conteined smell cuentities of nitrates, it was -sceo
LS run @ sgriec of blani: ésizrminzzions Tor lle pur
of megiin: the riescessar; corrections, _he sere amcun
sclution wers tzlen cs uscc in iz Subseguent zxper
and liig Cireciicns i Clsen, srevicusly rafirred ‘o
clozely; Pollowed, Ihe result of z serigs op cetoirmi
1o Civen inm Iatle 7izT. <Lz correction *hst —uz: -
€d il eipresced in cubioa Centimciirs of /190 zolus

setercination o "blonk! 20 nitrate

t

T

-i1&

sed
scary
nGze

ts ¢?
izentis
, Ware
nations
< zunli
icn,

T et et et - e —_—_.——_—_————_————.————._-.-—..————._—

———_.._—...-—-——.—_..——_—_—_—-————————

Ce. o . J/iz2
sclutiom, 14, €5 14,76 15,07 14, %

—-————.._._-_—————--—.——_—._._——.-..—_-._.-———-—.—___-_._._._—._—._._..._

Net = - - e C S o e =
=SrE.T1lNnalions on ANoun el onits of nrLra-a2s,
3 - e e . - PR Totvest A e nall =
SeLfigs 01 nitraz . . i “€s €Y g wIcenLc gLy o ohic =
FOET T A, s o T : <5 - - Tl e aeeT 4
Leclzricoticn of tle -~v€LCall Trocess, ke rrazulte g
Liver Irm Tars e "7
Lyl L LZ&Cle PR R
=~

- - o ———
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eizhed

Orztar
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cetermingticons on nitreto ., - o -
________ Y N e e T __T__T
Selt ' Lol ot _! Percent 2c, /100 solution
' Teken ' founc ' found '‘heo- ' Tekun! Lirrer-
! ! ! 'reti- ! ' ence.
t 1 t 'Cal ] 1
! 1 ' ! !
-l '0.,0%17 ' 0.Qr21 101.2 'Zi, 72 ' Ti,64! o.:1
1 ! t te ] 4
Ba(i0~)-~-'0.0505 0.0512 ' 101.3 '7a,63 ¢ SC.72! G, 8¢
R ] H ! ? ! t
It SRS S S S ¥ R -
Adsorption of nitratc ion Bariur sulphate was
grecipiteted in the usuel wey witn bariu. nitrate in ex-
cess, The adsorbed nitrate was cetermined by the :.jeldahl
method. The results are shown in Table .,
Table Ko,
Adsorption of Mitrsie cn,

—-———-—--—————--—-—-—————--—

Ce N/100 solution Adsorption cf pnitrate ion
-otel Blank Adsorp- :srams Srams per Srem eculivelents

tion 100 molcs der 130 ncls.
value,

49,55 14,83 54,72 0.021:¢2 532,16 8. 680 Aver,

4£,0¢ 14,23 33,28 0.02062 515,53 8. 328

48.28 14,3z 33,42 C. 02072 918.02 8. 388

€.78 14,82 33,92 0.02102 82¢&. 81 2. 4°0

48.25 14,83 =3,4% 0.02072 £1l2,.,02 S. 28]

49,89 14,23 35,08 0.0217= S&C, 45 . 785

48,45 14, :3 33,62 0.02024 521,11 2. 405 2.482

The results ziven ir =ns gbove teile chew 4ret nitrate

ion is adsorbea stron

usually

Zly. This is in line
f anelytical
t from solutions in

Siven in text books o
nitretes must ce ebsen

is to te determiied as bariun
the conclusions reached by iendel jeff e
carries dow:n nitr

that berium salphate

sulphete,

with the warning
chemistry that
which sulphete
It elso confirms
lonz tize azo

eies more reedily

tharn chlorides, By referring to our results on chlorides
it will be seen that under similier concaitions five times
&S many equivalents of nitrate ion are adsorbed as of
chloride ion,



&
N

Adsorption of nitrite ion,

Since ihe :jeldahl methog for nitrogen proved so
satisfactory for the determination of the anount of
nitrate ion, it seemed likely that it would serve elso
for the determination of nitrite ion,

Reterpingtion of "blenk!, since it wez found in
the previous experiments that the asmount of nitretes
present in the solutions used for the detcrminetions
was relatively large whan corpered with the amount of
adsorption, it wes necessary to make frequent "blank
determinations under conditions identicel with those
used in the reguler éxperiments, The plan folleowed
was to meke up quantities of solutions sufficient to
cerry out the experiments on a given iocn; and to meke
the determinetions of the blenk alonz side the others,
Teble ¥Xi gives the blank determinations fer the ex-
perircents on nitrites,

Teble XuI.

D G Gt s et M v U D s G -----———-——————-—-——— T Dt et s . v v e e, > —

Rete:mination Ko, 1 2 3 4 —_AYerace.
Ce. of H/100
sclution, 16,57 16,31 16,70 16.31 16. 47

inaticn
£S hes bsen obsz.vee in thicge irvzstis
rate at which the sait was attacked dzterm
accuracy of the analysis. in the first exzeri.cent wish

& xnown weight o7 barium ritrita in the form of 2

powder, the action wax SO rapid that, when the sgait wes
treated wits the Phenol -sulzhuric acid, some nitrogen dio-
Xide was anquestionably lost. The enount found undar

vhese conditions was lece than 957 o ths theoretical,

-1 a szcond expsriment g sinzle crystal of barium nitrite
was taken witi: ths idsa thet the slower sction orn the
sinzls zrystal wouig Yevor tiae retention of all th:z oxidss
Oof nitrogen by the Shenol acid mixture. n inis case

ihe results snowed an accuracy of approximately 93% of

ithe theoretical, The zeihod wes therzfor: rsgarded as
guite satizfactory for ihe deteraina<ion of adsorbed
niirits ion, since the action wouid be very slow indeed
on account o the slow solution of the bariuz sualohate,
The results o7 the two experimenis are given in Table

Vol

L4 W Py

P
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Teble 2z,

Determinationg onn Barium U itrits,

L ! ' t

————— L TR B ———
Samplie _! iiei-ht ! Percent e, ../100 sol,
Ba (X405 )~'Taken Found ' found 'Iheo- raxzcen! pilte,
T ' reti-! '
t t 'C{}.l. 1] !
H
t

fowdersa'o, 0417 4.3 'IZ,71' 31,95 1. 21

,.nn—-.

D Entadeiakein e Tl B Lo SRR I Ny RN - e e
Single ! ! ' ! t '
Srystal '0.0424 ' 0.0414 ' 97.7 'zg, o9 T3, 42' 9,90
e e e el ————d L BN R, _- .

Adsorption of nitrite ion, = seriez o siyx det<rming -
tions wers madz or nitrits ion adsorbed in barius sulpn-
ate precipisatad in ¢ resular nanner i- s przsence of

excess bariuw:n nitrite, Ihe results ar:z -iven i Iable AxIIT.
Tebl = SONNERN
sdsorniion of ditrits Ton,
e, (/120 3oiution ésorntion of nitrite ion, __
Total 3lanc idsorp- ;rams srams ver Srem equiva-
tlon 10C mols lents per
v*‘jggz_,,__.___ 100 nols.
avVar,
45,85 14, 47 2¢9. 38 J.01251 Z37,. 27 7. 345

45,93 16,47 20, 51 0.01357 T30, 36 7. 779
48,37 18.47 30. 43 0.01593 343, 80 74320
4%.74 18, 47 30. 27 0.01392 3@3.173 7.563
46.61 186.47 30. 14 0.01386 346. 381 7.53%
.97 18.47 22, 850 0.01357 338,28 7.7378

By comparin, the rsgul-s teculatzd apove witz these
obtained for nltr ates, it will se Seern tLat ihere is Very
littie difference Betwesen ths equivalent enount of adsorgp-
tion in the two casesj;as will e PClnied out in the lauer
discussion of results, this is what one might expect on
account of tns closse similigrity between thne two ions,

in considzrin: methods for tae accurats icterming-
tion of Cyanide, s&lnhocyanate, Ter Trocyanide, ani ferri-

Cyranide ions, vonflwotlnc sta*—menus wars o:nd regard-
ins ths action or the different ag6aes With concentrat-
ed sulphuric acid, Dyer49 ang Olsen claim that certain



Cyanides with concentrated sulphuric acid do not zZive g
quantitative yield of anmonia;but that some oxidss of
nitrosen ars formed., Glsen statss that the Forster modi-
fication of the jeldejl method is necessary in evaluat-
ing certais cyanides, WilliemsS1 ,however, claimns that
in ever:s czaszs ths cyanides give a2 quantitative yield of
anzorium sulohate when trzated with concentrated sul-
phuric acid, -‘evertheless, it was decidagd to use the
Forster modification o the i.jeldzanl method, a5 we de-
sired to keep the methods a5 uniform as possible and
Wished to sjuerd ageinst the loss o?f any oxides orf
nitrogen whizh might be formeq,

1O,

termination or "blenit," The blanis run in connsct-
ion with thess e¥peritents ere siven in Table XTIV,

el

Teble X7V,

Qelzrmination 1 2 3 4 lvera-s
Ce, /100 sciuticn 1a, 70 1€.11 18.25 18,54 16. 40

-———-———_———-——————-—.—o———_—-—-.——-—n——————.———-————-.-_ - e am

g .

Letcrminations on knowm el hts ofAmercuric?é&an;g —
The Hjeldenl metroa 3ives very rsliapls results for cyan-
ides as shown by the expirizents ziven in leble V.

Tebls V.
Det.rminaticns on Hs{3u)a

aglznt Percent Cec, /100 solution,

JaxXen found found Theoreti- Taken Difference
cal,

0.0802 0.0504 100. 4 39.75 39. 90 0.18
0.0498 00,0495 SG.5 29.43 39.15 0.2%

&dsorption of cyanide ion, Four millimols of barium
sulohgte wers Prescipitated in -ne rezuler wey with baring
Cranicds in excess and thsz adsorbed cyanids ion deternined
by ths .ljeldanl aevncd, The resulis zra Siven in reblel ¥V
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Table Z07T.

sasorption of Cyanide Ton.

gc. ../100 soluiion dsorption of c¢cyenidz iorn.

Total loni 24s0oro=  rams Srans per sram equi-~
tion 120 mols vzlantsg
valie DSr 19D

- - . rols,

17.8° 13.4C .22 0.2300"%" 2. 32 0. 220

7. 32 15.40 1.12 0.0002¢ 74012 Q. 220

17. 82 18, 40 1. 12 0.920¢C2¢ 7417 2,270

13,01 13.49 1. 31 J.00742 1C. 45 Je &l -

17,42 13,40 2.0 S, TeD” 0.°77

e -2 i T 5 ravm At et e
== OB Cn of ulphnocranate o,

- ———- ——— — - o

= - -1 —_ . -~ A o
o_ clanik,! 1o el loslilaticn (o)
- - 2 o 4 5 - —~ - = P T . PR N
TSlullnt Tl iz zat ol SXDIIrL.Lzhts
- s n o ety —
ST geVenl Ln labls oOIoo.
P T,
Tetle 11 -
T T e e e e e e e e m————— —————— e
T oy e e, s . N - . g -
=ELciminaticon b 2 < i Vare, A

Cc. /100 zol:ition. 14, 25 14,75 15,94 14, 7¢

e L
e mm—m e =T — e
xguesmization o1 2 known el h: o Bal(. 3 )~+2SH-C,
3 1d O0d 1s quite =z azzuratz For t£aa
n ’ 1 2zmocants of culrocyanatises oz “or
enelyszis in _zhlo 23,

L - . 2 — - A ~ ..’D‘--‘ Py N T ..--J. - - -
.22 hi _ Fercenz gc, of 122 colution
- T s hP - -3 - ye et —— 4 - ™ S0 -
2LomsEn aJcund Io0undg =acoretizasl Telan Zifference
lr & Pd e bt ls pd p) == (o o
O. OJdé Oo 0097 LOO. 9 Tele -:C -«2' 57 o L
T T T T T T T T T e e e e TN _——— e
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Drsceini bari:
Clenate in excess and the adso OCyanate ion
detzrmined, Ths results of =z series orf elerninations
are given in Table il

idsorption of “ulphocyanate Ion.

--—-———-o—--—---—----—-n———-——-u—-———--—u.—-—q-u—-;-——.-.-——.-.—--—s—---‘q -awa

ge, /100 solution —edsorntion of sulovihocvanate

Total Blznk =4s0rn~  grams ST&ls Jer sraan eq;i—
Lion 100 20ls velenis aer
vaiue . _13Z @ols

15. 85 14. 29 0., 97 0.000%8¢ 1. 41 0,247

18. 5= 14. 39 0. 84 0.00037 0.9 0. 10

16.02 144 29 1.1% 0. 20085 1. 54 D.227

18. 29 14,20 1.01 0. 000523 1. 46 0.2852

S. 57 14, 729 0. 64 0.00037 0.2% 0. 1€0
12.52 14, 7¢ Q. 64 0.2Co77 0.27 0.122
16,732 14, 72 1.1Z 0. 17N ES 1,34 0.222
aVareze ~ -
« 223
n azcount o2 t.-3 Very sxzell giantit; ol erenida znd
sulsnz csenate ioms adsorbec by Lariac zlphate, the resils
sh0w ~01s lderable variziion endn; themsslvss alihcush the
adtual diff:rencs in ter.s op 2C. of /130 sclution is
very slizht, nowsver, the everage of a zeries 0P deteor-
ainaticns, zuzsh os Lhcse made, zives s fairly sastisfac-—

LCiry index o ihiz arount adzorbed,

LEgor-ticzn of Ferro;;aQ;;Q,;z;.
£Isparacion of bariu- fa grrocyanide., <rhig gzlst wes
archarzad in thiz folleowin: way:s & Stron: bvarium calcride

soiuticon waz. addsd to & nodsrately stron; solution o

Sodiuz Terrocyenide. Bariua fs:rocyanide,san:e(CJ)ﬁ-‘Hau,

Separassc 0ut as a 1i_ht yellow o vStelline towder? This

precinitate was wazhed Tith waisr, Piltereq anc recryzt 9’

lized ssveral ti:es roo watzsr, Cne hundred cubic zent

aet:rs of water iissolves 9, 3¢ orezs of  the salti, at
15.5°C. 2nd 1,01 zrams at 100°¢,

Leterzination of Mbleni " Suffizient guantity or
solutions wers prepared for meling th: determinztions or
both ferrocyanides anc ferrlujanlaes. Consequentl:, the
sane blank corrsciion a applied to both. The detsrminations

ars ziven in fable XX,

7Y
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Teble Lo,

Delerzisation 1 2 3 4 Lvera s
“C. /100 soluticn 15, 44 18,30 18,30  16.84 14,47

devernitaticas on XNowm wzi.hts or rerrocyanide of .
20tazziuz, il OrLiir 10 tzzt tne :-;jeldanl astlhod fon ihe
detz:ruination orf com:lsx ¢y nides, e sansls of gFe (G ) -
30p0 wes trzatec i- s ususl way, ‘ne resuliz afe Siver
ir Teble 203z,

fable iz
Detirzinaticns on i Fe(CN)-* Rii~C
Lciht lercent e, of /132 = lition o
[ -— . P S m o = . - - . ™S -
Lallen fousd found fneorcilical Torem LilTzrencs
_—————e _——————— e, S T T _-—
000091 3. O < 9/08 l-‘:o 9‘: l:. -5 O. 56
0.2120 0.011 99. 2 17.19 16,00 0. 29
~ince the rszulis were guits Satisfactory, 2 'serias
of dsizrminaticns W3re carrizd out for s Zstermivation
oI boil: ferrocyanide 2nd Tzrricryanids ion adszorbdazd in
barius sul: ase
adsorstion of fsrroc
Of bariu. sul-ha-s Vesprs
s X Ao e F Y
11 the presenze of SXCcess
O the deterzination on 2
orecipitates zo Oootained,
Teble
sdsorpticn

—_—-————.-—-_—.~———-—-—~
- m—— — -

ferrocvanide ion
er

tion 100 mois 93r 100 =cls

ST Tt e—m————
223092 702,14 13,242

S« 080

1
37.37 16,47 31. &0 0.02821 720,17 . 13,522
23, = 16.47 79,33 0. 22322 705,41 1%, 305
93.42 16,47 76.55 0.02720 630,20 1Z. 225
asVerage——- 13, 201

sram eguivalents



=&sorption of ferricyanide ion.

A

Lreparaiion of barium ferricyanide, This salt Tes
Srepared oy agcitating bariuy ferro vanids wiih an sxcess
0f man znous ferricyanide suspended in waiter, The s5lu-~
tion was filtzred and_evanoratad undzr reduced pressurs,
The selt, Bas[{Fe(C.). c* 23Ho0, adnsersd as fine reg
Sryctals which ware daitz sTablz: ar: Y2ry 30luble in
wveter, 51

&GSOYvtion of ferricyanide ion, Thz usual caaniity
02 bariun suiijnhate was srecinitated in the rezular way,
With bariun ferrizyanide in CLC&ess, and the zdszoroaad
ferricyanide ion cetermined, Five Cilerminaticons wars
Sade Wit iz rezili: oag 3iven in Ta

. = s P - s o2 -
£4S0rpLion of Fen ~2jenids Zon,
- -

T e e — e —— -

|
|
J
[
l
|
|
l
]
t
|
)
)
!

37. 41 16,47 20. 24 s

[}V
L]

2Cs /100 solution —-— —-24S0rplion of forricysnide ion
Joteal Sleank ~880rn~ Sremz SFfaLZ 22 gren sjuiva-
tion 120 zcls lents ser

_ Yaluie 1ﬂQ,moL;,_,,_
30, 12 18, 47 2272 033303 202.77 <. 340 .Lvers-e
3‘3. 05 lv:o 47 2_. 53 Ve O“"753 lu':'o 69 :- 6
S7. 54 1. 47 £1.07 0.00744 138, 1¢ Z.82%

20740 04 2. €

227 57 8

D W

ALY RN

37. 95 160 47 21; 46 ‘e ‘v s S [ 20 20 595
————— DT ——————— e T ——— L ———

IThe r=suits 0P ths seriss orf delsrminztions o= anions
elisortsd by baria- sulshate ars Sunmarizsd in Jable LIV,
the ionz ers errangsd in thz order of adzcrption bezinnin:
With the lzz.:t adsorbed.
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Teble C1V
adsorptiion of snions by Bariuz Zulzthate

(a) Zon.

(b) Humber of zram equivelents icns adsorbed ner 150
zols o bariuasi zulphsats.
(¢) lunber of :raz ions adsorces 2er 130 zols of

P —. 3 b
bariz. sulohats.

~~
‘h

-
0

3 7 ~ & o e -
Talhz contecinetion asr 199 greis ¢ oariin
4ronate, 1a terzz o the Daris. zcali 27 iae ion,

(e) “ercecntaje contamination by weizht of ior,
3 K 7o~ 7 - o=1+
(£ sercentage zontamination by welsht of bearius zalt,

— - - e - v — -
T e e et v e T o e g e e~ e ~— - -

TR vt et e 0 S - - e = e S e ———— ———

Lodids 0.088 De 283 0.04¢9 J3.030< :.345“
Salpnocyznates 7, 2935 2.,270 D.119083 9.0?4? 3._}:3
Cyanide 0. 310 0. 21 G.125% u.Oo4S O.l~§§
Bromide C.871 Je 271 J.52%1 D.2245 ),525%
Chlorice 1.750 1.7380 0.72352 2.2301 2.77¢:
Jerricyanids 2. 828 Te 207 1.28072 0.77¢1 1,807-
serman_snats 2. 947 Ze 247 2. 2502 4312 2,77¢

Chloraie 5.4 5. 353 33401 £.0°64 3. 6921
Litrite 7. 487 7. 467 7, 7104  1.472% =

Hitrate S, 423 3,432 4.7500  2.2540 4.534¢
ferroc;yanide 13,201 3¢ 300 « 3230 2,888 68,4793

It is neediess to sey thatl the absoiutse amouints o
the various ionsg adsorbed vy bariu- sulznete, es Siven
in the ebove table, would be obtained only under the
Specific expsrimental prccedure that wes follcweq in the
Precicitgticn ang Sulsequeni itrestment of the seit, By
varyin_ the condilions on woulg expect to find 2 varia-
viocn in the ebsclute azounts adsorbed but the orcer of
.ions shcild emain asproxinetely the sere,

The so-celled "law orf Schulze", that ithe drecizlitating
Dower of en ion for & Siven colloigal €o0luition is a func-
tion of its valencs or the electrical Charze which it
carriss, gas been acecepted rather blindly in the pest,
Sencroftd<, nowever, caiils attention to the fect that it
is only an approcxization and, at best, serves only for &
rouzn zuide, 43 2 :a?tgr.of feet, it is nera to s:z=2 7oy,
wihen all the work whieh &< Céeen dome orm tii: Drecinitet~
in; power of electrolytes furmichom o -7 -



should plaze so much undue
hand, since thers really

S
h

to the so-called law, chezi
confidence in it, on the o

5o cr
(ORI 1))

Beems 0 Lg some basiz for th ceneralizaetion, ii would
be sminently desirsble 10 30 DGdifY i% =0 25 to brin_ it
altogether in line wisl: known facts.,

HerdyS3 goes even further than Schulze and statss:
"The pricipitating; nower of z salt is azpendsnt uson the
valence of its ions. The srffective ion hes always the
Opzosite slectriz sion from that of the particlzs",

For _eny ysars this wo. rsoerdad as the whole trith
in re_ard o ths datler and it wz: beliszvad that only
that ion of ihe slsctirolyte, which hag &l otLosite gleac-
tric chargs to :that farriszd by the pertiziss ol g ¢oll-
oidel solution, was Lazortent in cousing srzcizitaticn,
in late years, aowever, laz o sSiia STOWIN_ recliz-otion
o =iz zpecilis naturs of cdsorpiion, this view ncs Leen
chan_zd and i* i: now realizad thet both ths 2nion zna
Cetion of an electirol;te navs & bearin. on tns 2recisi-~
tation for any slver colloidal soluation, Likewise, froa
thiz scis spezilic nature cof adzor:iion, tac di.negrze
Phase itself na. ar iazortant bearin:,

Jicton and Lindenv4 “ere anon - the first to ezl
eltontion Lo the fact thet somo o0° the i0m5 of ihsz
electroiyte wores adsorced and carrias oWt 1 1tz ¢o-
esulztzd aaterial,

e modurm theory of colloid cihimliziry iz to the
e’fect that t:ie colloida farticles ar: isnt in suz-
penzion by surface filxms which prevent ihs cozleccence
Of thsz particles, Bencroftss states: "Coazlescence may
0e nr.ovenied Oy e non-slectrizal film,by an slectrical
fila, or by ény compinetion of thesze two. A elzetrizal
Suszpenslion iz due to ths Prifersniisl zdzorciicn of sore
ion., Zo lon. &z ths Deriiciles ars all char-ed positivel:
or all chsr;ac necalively, thsy wil: rssel sach other
and nct coalecze, eutralization of thig char;e causcs
brecipitation throu h asslomeration, "

Leutraiizatiocn of :ihe cher_ e za; vus brou 1t zbout
by the¢ zadition of electirolytes. In %his Case itz iorns
o ilhe elecirolyte ars adsorbed until <he Darticlas
&rs slsctrically neusral and, nence, ths elecirical
Til. psin: removed, tiey precizitate,

now let us assums thas e Nzve a colloidal zolution
wilcii Loz Teen Svebilized by the zreferentizl adsorption
of & csritain Catlon; if iz iz only necescary that the
cherze be nsutralized and 1 we assume that only the
enion of tuz added elscirol ts is effective, than, 2l thouzh
On account of the preferentisl adsorpticn of iomsz it will
FeQuire diffsrent concentrations of the &irfsrent znions



to trin; about Precipitation, the zmounis of 2Czornsd
anions in th: coa ulzated zeatericzl should be ggaivelznt
hen precinsitation has oncs telsn place, Thic iz mgnifest
1y not the case o, <hors ©od.d then bes nc resson for “he
diffsrent precipitatin powers for different salts of 2
SGiven znion,

—eaving oul ol comszidsration tlis meny intsrfering
factors zo..in into th: ~Stcrmination of adzorsiicn
valucs by zic drecipitating powsr of el rolytes anc
passin; over tae zeny assumptions nszccs L0 explzin
the resul<is Obtained, wz tzlicve that = rscipitating
Dowsr of an ion dczs no: vral) menzure arount cf
agsorpiion of tihat ion, 1+ Sgens taal Uus prseisitatin
DOWer o an elzctrolyie Sives only thie conceatrations
at which the ionz of ihias elecirclyts will Le acdsorbad
suificiently to neuiralize trhe charge sxistin © on the
Collcoidal zariicles. .f we taile & 20lloideal Soiuvliin,
tas perticiss o2 which are positively cihwcr_ozd, and nre-
cizitate it by & zsrics o sodiur salts of various
anicns, aliacu_n ths corcencraiion 02 zoluiion necessory
i.. czo . zu: 1.0t be differant i orcer to brin; szbout
& zulri asorpiion tc cazuse Drecinitiation, never-
nclezz tiils zuffizicnt concamirast -n les tesn
reachzd cizltation denends onl, on thz neutrsl-
izetlco 208liive char:s, ihe a_ount of anicn
aiZorvsd in eaci czce sheculd bs equivalent, assumit - thab
s codiuz icn does no- vlay a2 rols, dowegver, 2s we hova
chan_ed iz concentiration Of sodiua iom, ws zr: not
entir:ly justifisd in clsuming its influsnce :0 beo nes-
1i%le and itz zzems in thils caze that accerding to tne
cormcaniration nilessary o cauce Srellizitation, ths
acgorpiion of the anicns, over an 4 sbovae Lizt nstessary
J7Cr s neutrelizaiicon o <6 orijinal chav-s, would
Tollow the adsorsiion isotherm ror sodium i the cisnzrse
bhase undzr consicderstion,

It hasz been demonstrated Lo e numbzr 0o cases that
it is nossiblz to drepare either z posiiive or regﬁtlve
colloidel zolution or the same matzrial and this by
havin: ons or tihs oiher 0f the reastin: substances in
SXcess, Thus Lottermoserd5 ,by the adéition oo an exee
of aliali halide to silver nitrate, drepared a 40170-dal
solution of silver halide that owzd its scability tc ag-

sOorced halozen ion, since it moved to ihie anode undsr

electricei stress, Cn the other hend, whsen a2 sli _ht

gXcess ol zilver nitrate was ad to the alkali nali ice,
a

oy
Mo
Ol o

0
3
@O~

& colloidel zsclution of silver
its SugOlllty to adsorieé silvar since it moved to
uhe cathode, 2 pOolblV°lJ charsed collo*da; solution o?f
bariun leoqate ha cen orepared by ZetoS7 gna oy
Recoured3; ang Leissr describes a negaiive 901101c¢1

sol-tica Ol tile same subs tance drepared by one of his
Students,

y

resulted which owed
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If we consider the quite genersl contamination of
precipitates it mizht not be too greel 2 step to assume
that all osrecinitatss in the process o7 formation naess
throuzh the coiloidal condition, even thoush they may
exist in thiz zondition for but an infinitesimal period
of time, The chan_e from this colloidal state, witl: the
ensuing precipitation, musi then coze abouti throuzh the
neutralization of the cherse of the adsorbed ion,

Let us azsume that we first neve bariw: culziiate
formed by the interaction of sodiu- sul=xi

LR -
Wit an
A

€XCess o & solublse bearium selt, or in terms of icns:

]
mt".
ct

) @

dla®* % 450477 = 5Ba®* x 10:~ = 4BesSC, % giia®™ % Ba®

v Jormed au

a€ have the bari sulnneat & so0lic;it iz pep-
tized by ths adsorpition of 3o ad a ilons tQ <hz momenrti-
ary forcetion of = Dositive colloidal solution; now, thare
€nsues & ruirther adzorntion of nejative I ions un:iil the
Dresviously adsorbed RDOsiiive ionz are acuiralized and
the zolid bariuw. Suishnetle i1z precipitated, ~vidently,
since tns concentration of sodiur ond berius ilons are
approxizately the saze for ths expzrimznis witly the
different anions, we wou.d Sipcet undsr thsss condi-
ticns the® ihe Pins ecsorplion vzlues of all the -
ionz would be eculvelant, This is clcarly not the cazo
if vwo considsr our rezults previously tabulated,

Nl the other hand, lsz: us agswas that the solid
bariur Jilshate is peptized by ihe anion (x); then this
ausorbed anicn is neutralized by a secondary adsorption
of sodiuw: znd variu- ions untlil precinitetion €nsues,
wanifestly, in this Case, since in each se: of exneri-
menis (x) is represented by a different enicn, we would
expect tc et 2 dirrfsrens adsorntion vszlue for ()., cr
course tie msre fac tne

s i o

O
e

adsorvtion of positive
and negstive i “e:siing place simultane usly neer
not interfere with our courss of regsoning, Thiz set of
assumpiions s-ea tc fit the case for our =dsorpiion
velues better then the former set buti it seens contrary

Lo the fact thati g negative colloidel szolition of bariz
Silphete i3 formad in the dresence of €XZess suljhate
lon. 3since we know taat it is possicie to vess frox 2
colloidel So0lition, the particlez of which szre negative-
1y char_.ed to one WRose particles ars DOsitively char;ed,
Egis nsed not necessaril;, seti azide our previous explana-

The thoughti ceame
essumptions zi ht 2
bressence o one of
other set to Preciyp

that possibly the o
Dly to the precinitat
he reactins substance
tation in the Dresenc

I ek
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€xXcess o the other ct;.; substance. If this ware so
barium sulplete prsci pi tated in thc presence of ean gxcess
of sodiux culniate shouicd show equivslant adsorpiion vaiucs

for all anions. e do krov,au any retz, that the amount of
;i:o:ption iz very ﬂlL*erenu in the iwo cases. In order to
see 1f thers wzz any besgis for this thought, we then con-
duclted some experizents wit: the chlorates zng ocroansan~
atzs, The reszlis arz given in Tables 1277 and ZINT
Table v,
Adsorption of Chlorate Ion,
(Uas304 in excess)
5/ 100 Chlorate ion adsorbec by Basil,
Nagsqcs grams grems ner 100 graz 2quivalents
CC. nels Der 100 mcls
Lvers e
53. 4 0.0074:= 138, 37 222
54,6 J. 0730 30, 96 2275 2. 266
feble IV,
idsorntion of 2srman anate Ion,
(iiec50s in excess)
/100 Serwen anate a2dsorved by BaiGa
#8a000Cs grems Zrams per Sres equivalaents
ce, 100 =zcls der 100 zols
Avera e
2745 C.350c885 16Z.63 1,375
26,5 0.0C631 157,63 1. 325
22, 0.00&87 126, 60 1.407 1. 366
We sce that zhs adsorption values ar: nG whsre near
the seaie and el thou_h their zbsolute values are mucn less
they siill preservs :hs Sele ordsr zi In ithe former serics
determined i.. tis sresence of a2 gxcszs of tne bzriu. szlt
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From tne
edsorption of 3 :
farroc ‘anide ) nitrate) nitri
f"wrlc_/a:iae > chlor:.ac} bromnide
the ferrcecyanide ion bein: adso <
the lsait,Fron =& "onSLQeﬂauﬁc; o L
abscluts zrmounit cof adsornulon in ee 2

ctlc rea-o0: to Dlace iuell cradenc in Ichulzet's law,

: Laousn we find a Quaar1valent ion th: zost stron;ly
edsorbed, we 2ind four univelent ions nore sbroqgl, ed-
han the urﬂvaldn, ferricyanide, Fu -uzb-horb,ﬂon-

€silzation tns order orf
Cinitated barii- Sulphate ic:
€ ) chlorats) perman;zenats )
1o Sulphocyznete) Lodide,

S Si the most ard iodide
13z order a2 0 5 the
Toza

. cd

-0rption values zrc SX: rsssed in gram ani

: ~Jivalent anisns the order tec :

s ) clorate) f,rrocyunlue> erian;

L uae} bronids) sulshocyenata ) i

tl icn oe};; aazorbed itlie moss &:; Tile
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io
factor coull bs Tainteined ebsolu
eEount of edsorpiion of an ion wou
poriionel to the valcnce

coizposition bui dirfer in valsnce, The rssults of this
comrarison ar:s cummerizsd in TablellINIi, Thsz adsernticn
vclues arc expresses in sran ecuivelsnt anions ver 100
mols of berium ulzshate,
Teble [vIx
sZnion Velcnce Lasorction
rerrocyanide 4 13, 201
rerricycnids 3 2. 895
cyanide 1 Q.71
Sulphocyzanctle 1 D. 70
- View orf ihg guizs ofmicraell - knom ler;s cizorntion

ol iron T barium cuilphete, the objection me: te reised
hat the incr.azce in th: adsorpticn value or “hiz Perrc-
Cranide ion over thzat of the cyznide and sulphocyeanzie
lone iz duc to the 2rsgence of ironm in the ion, ~ven if
this were ecmitted, it can clearly not zccount for ihe
sreat Ilncrease in the adsorriion velue of Tecrrocyanice
icr over thet or ferricyanide, these tyo values being
Tecsectively 17,201 end 24688, In thes first nlzce, tiie
iron wa: neot srecent ag the ferrous ions but exists
&S coalex ions; in ih: second place, thic values are
bezsd om the delcrnination of the o oun= of nitrogen
Dresent i ths precizitates; in the third nlzce, 1f the
iron hadé any ~reat effect, it ic rether hard to recon-
Ciile ths conflictin_ fzcets that the trivelent iron iz
Dresent in ine ion of lover velency,wiich is cdsorbea
less. lhe.: rosuliz ther scem to point tec the conclus-~
ion thet therc is both & Specific zné e velsnce fector
inTluencing the adsorztion of ion If thes cpecifi

o

It is of intsres
teined by dirce: analy -

ordsr deducegofro: Coe uleticn
Hofmeisterts®® experiments on l.s
in neutrel or sli htly alkeline s
Sulphocyenztz) icdide 7> chlorete )
acetate ) citrate ) phosphate) sulph
sulphocyanstiec bein: adsorbed the n
the least, In slizhtly zcid solut
orcer cr ions to be: sulphocyznat
nitrate ) chlorice) acetate, Combining

oz ulaticn of =lbunin
ttion, the ordar is
trate ) chloride D
te ) tartrate, the
S% and the tartrate
erli=U found the

) bromide)
Se twvo orders
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W& zet: sulphocyenate) 1odide) bromide ) chlorate))
nitrate » chloride) ecctate) citrate) chosphate)
Sulphate ) tertrate., The resul: Of combining the
TWC series is to Place bromide io nr

o}

ion eletion to
the others as the ordaer asrees for the
By comperin: thiz orcsr opb ions wi
with barium fulghete, we see that the two zre almost
exactly opposite, Selectin: the ions commion to ihe tvc
Seéries, HoImeiztcr's and our o, we find thet “ie
formsr iz, sulphocyzaneted iodide) bromide ) chlorated
nitrate ) chlorice; while the latter is iodide ¢ sulpno-
serzcte < bromice < chloricde { chlorste <nitrate, Ire
o re alimost oxectly reversed, iz pozition

D

COZiTi ol
2 bein - irrs-ular, Cseiall rfound e orcdar
ion of anionzs b, charcosl o ve: icdidas (
ronice € chloride Csuliphetes, the iocdide
Sou Uiac lecst. _aiz orcer esrees wilhh cur
i the case of “he nitirelec ion, Fro: ex-
n nydrous ferric oxice” | tic ord.» orf
or precipitetin: eniong is: iodidg=<«
trate <chloric= {hydroxyl sulnhated éi-
-ls icdids bein. clzorbed thz leegt, This
Orisr ig liXewise morc in 22%ord Wit the results
7S obtained and iz asein it roverze of Hofmeictoir'!s

sScrics,

CoLllomt of ine Cpecifiic naturs cf casorsiiion,
Cr<c Il il expect to SE- 2 variziicon in iha crcer with
ézch adsorbin_ Zeciin, just &o ke rIsulis wilh Dearium
sulphate, charceal erc Tervic oxide ssern o indicate,
Howzvsy, thc “imilerit; ir *hs orcer wiil lhese “hres
subglencez iz rziher Strixing conci rin; thet ths
ecuucl condi‘icns ¢ methodzol agizimination were
airfzrent in egch S€. w€ zare at = loss to account
Tor iz clmosti co- Sty reversel ol ths orcer of iong
Wit albumin froo Thet it iz with beriun zilrhete enc
the other substences cited, 1t is usuelly conzcidered
thet zlbumin consvitutes a special czge cnd thet it
is f“n“am~ntall‘ ¢ifferent Proz the o= Sr colloidal
solations? This is certaini; open :o questicn; but
there is no doubt bu: thet further eXpericantal oris
DUSt Te done before it wiil Be possible to state, with
ar,’ degree orf &Ssurance, the cause of thig abparent
“iscregency, To chilz endé iz is planneé to caryry ous
further deisrminations on ths abszeclute amount of
adsorptiion by Gilfesrent substancss,
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colloid, e ch
aucsorked by
have a stia o ellect, ato%4 wused berium acetate
in the yre; ¢rn cf his colloidal barivm sulchete,
£lthoush we have not es yet determined the adsorpticn
of acetetc ion by bariu.. sulchate, it isg Drobebly
sli:ht,

1
4

.
'-«.n

3

N OG-

..J' !.l- ]_Jc

ation mzy be summerized
as follows:

l. The adsorption of tize followin_: znions b, preci-
pitated beriuc sulphate has teen determined: chloride,
brozide, iodice, chloreate, berneng eaneate, nitrate, nitrite,
Cyanide, sulphocyenzte, ferrocyenide ang ferricyanide,
Beriuw sulphate was Prscipitated by mixing; 2 soluticn
of sodium sulpohete with = solition of bariunm szlis and
the abszolut. zmoun:i of the anion zdsorbsg was cdetermiregd
by direct enelysis of ‘he Precip_tate, The conditions of
precipitaticn encd the Subsecuent treatmsn:t of the salt
Were meintained == neerl. constent as DOssible, throuzhout,

€. “he order of zdsorption of aniocns is: Perrocyenide)
nitrate P nitrite) chlorate > permengeneate ) ferricyznide)
chloride ) brozige ? ¢yanide ) qu.phocyanate) iodide, tie
ferrocyenice bsin_ zdsorbed <he LOst ard the iodide ion
the lesst, Chargiig the conditions affects the abzolute
emount orf adsorption but no: the order of the ions,

S« The order of adsorption is not ir egccord with
Schluze's lgw: ~lthouzh the tetravalent ferrocyanide ion
LS adsorbed the nost, thsre arec four univelent ions more
Strongly adsorbed thzn the trivalent ferricyanide ion,
Furthermore, there is = “ide variation in the amcunt of
univalent ions edsorbed,

4 Determinaticn of the order of ions by direct
enelysis of the adsorbing phase, whe
is preferable to deducing the orcer

Hy )3
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data, on account of thne sreater accurecy of the former,
It iy probably inaccurate in eny cese tc assume thead

ths ion,witi: the sexzc charse az thsz colloidsl particles,
hes no effect in dstermirin the critical concentirstion

Tor coggulation of the colloid by elzscirclytes, It iz more
protable that the relativsly smell effect of the ion of
the same charge zs the colloidal particle may be lost
sight of zltozether beceuse orf the errors inherent in the
exXrerimentel method,

5. *he order or easoroticn of anicns by bariu:n sul-
phats it the reverse of that deduced froul Hofmeister's
date oxn ihe Coaulation of albumin by electroiytes., Zhe
order of acsorption by charcoal arc by hydrous ferric
oxide is egparently porc nearly wheat itis with bariur
sulphate, Further exXperizentel work is nscecs ary in ordsar
to rind ocut ihe cause o whe eappearent discreps
cese of glbumin,

ermine the azdsorntiion o i
¢! the neturs of =iz ior enc ihs

i the ionz cf the same _&nzrel charactsr, the
ture of adscrotiion should no- t& zo proncuncsad

velence factor shoulc Dredominete, Thus, we rind
nitrete and nitrite ion adsorbed by beria sulvhate to
about the zzne extent; and the order orf adsorsiion orf the
Crenides b, bariu~ stlphate is ferrocyanide) ferricyenide)

Cyenide) sulphccyana e, which is ir accord witih ths law
¢l Zchulze,

8¢ Wit the ions which are not Similar zrd yet have
the seize velence, *he specific nature of ecsorntion mey
be very proncuncad, Thus, we find thet bariv. sulpnate
edsorbs nitrate icn much mor- then iodide ion,

9. llendelejeff's cbserveiionh thz< nitretzss ars
Carriec down by barius sulphate mors readily then chlor-
icdes hz:z teen conrirmed, as haz been :the statement,
frequentily mst with i- text books of analyticsl cnenistry,
“C ihLe effect that chioreics ang nitrates should be sbsent
Tro.. solutions ir. vhieh sulphate is 10 be cdetsrmined as
Dariu: czulnhete,

10, Colloicel =oluticns cf bariuz sulphate ars
usuelly positive due to the stron_ preferentizl acsorp-
tion of bariuz ion, The stability of ths colloid chould
be greatest in the presence of z weakly adscrbed anion,
This partly sccounts for the stability of von Welmarn's
colloidsl solutics of bariun sulphete precinitaeted from
barium sulphocyenste solution,
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1le Since beriuz ion is adsorbed more stron;ly by
bariuv: sulghate than is sulphate ion, onec ould excect,
other conditicns bgcin: thz sams, to have srecaver pepti-
zation end _Jreater snion ads

N

< 3
a sorpticn i ikiz vresencs of
€XCscs bariun selt than in the présence of excess sulph-
gte, ‘n a like manner, cince hydrozen ion iz izore readily
adsorbed then any other anivalent cation, ors would eXDEnt
Lo iné grzotier anion zagorniion whsen bariu. tulshete is
precizitatec frox sulphuric acic solution then from sodiurm
sulphate coittion., Thece conclucsiorz heve bzen confirmec,

t
[
-

methods have been epnlicd
ectimaticn of minute sa._ounts of e

& evolved for “he
bariui. zulphete,

crial zdcorbed by

this invectigation woso ancdortelien a7 the Tussec—-
tic of Zrofessor derry B. .elser ani ha. been carriec
4t under nis sussrvision, I take thiz ojzcriunity te than:
hi.. wozt _ratefully rfor his Zindly iIrtersst anl for nis
SENSrous edvice and criticism.
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