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I . INTRODUCTION

Recent etudiee ueing the deed-etc? endpoint technique have been

primerily concerned with its epplicetion to oxidation-reduction eyetene.

The polericetion effect theory propoeed by Foulk end Bevdcn (10) end

Willerd end Pentick (32) he been further tested by Stone end Soholten

(27) who ehoved thet the epplicetione of the deed-etop endpoint ere

nuch more moron; than thoee originally prOpoeed. tron their etudiee

of‘different redo: eyetene, Stone end Scholten euggeeted thet the deed-

etop phenomenon wee not e poleriution effect beeed on gee edeorption u

euggeeted by hulk end Beuden but concluded thet the endpoint depended

on electrolytic oxidation et the mode coupled with electrolytic reduction

at the cethode. Stone end Scholten propoeed that the dead-etop technique

could he need when en electrolytic proceee wee poeeihle even if e redo:

eyeten were not present.

The deed-etop technique ie en electranetric method which ie noted

for ite einple nethod of escorteining the equivelence point by observing

the current flow on e eeneitive gelvenometer. The endpoint ie cherecter-

iced, in generel, by three poeeible waye in which the gelrenoneter III

function: (e) the eppeerence of e nell flow of current et the etoichio-

netric point; (In) the disappeerenco of e mall flow of current at the

etoichionetric point} or (c) the greduel disappearance of the current

followed by e current increeee efter the endpoint. The functioning of

the current in then endpointe may be ezpleined ee folloeet



(e) en .1»ch «u begine to function co the etoichiceetrie point

in reeched and therefore, e current eppeereg (b) on electrolytic cell

Mtione until the endpoint ie reached ceueing e current to flow up to

the etoichinletrio point end then dieeppeer) or (c) one electrolytic cell

come to function on the endpoint ie ruched end e eocond electrolytic

cell begin to “notion at the etoichionetric point. Theee endpointe

ere not e epeoiel cm of the hornel empermetric titretinn. In the deed-

etep nethod, two half-cell reactione ere involved end the current which

flare between then ie noeeured, while in the uperonetric nethod, only

one helf-eell roection ie importent with the enount of We or

reduction et the dropping nercury or rotetinc pletinu electrode being

the hpcrtent fector.

The upercnetric nothod differe true the deed-etop in thet with the

form- the current ie cheerred thnougmct the titration end the endpoint

ie detenined mhicelly where" only e eudden increeee or ecdden

meetion of current ie noted in the deed-etc}: nethed. The coulcnetric

technique differe fro- the enperoeetric end coed-etop technique in thet

it ie bleed on the erect mat of the quantity of electricity ueed

in the deteninetion. The quantity of electricity peeeed through the

eclution ie med end the enount of euhetence ie eelculeted directly

fr- !eredq'e LII. A ccnotent current method ie beet eince tine on

he accretely neeeured. An indicetor in the eolution new he need to

deter-lee the epproxinete endpoint, or potential-uric nethode ere poeeihle.

An-perenetrienethedfordeteniningthe endpointheeheenepplied to

cculmetric titratione which uee electrolytioeny generated helozene.



Actcelly, thie wee e deed-etop technique eince two indicetor electrodce

were need end the tiret lerge current increeee doc to en emeee of the

genereted helogen linked the endpoint of the titretion.

The eMpointe noted in theee «on ere good emplee of the tint

endpoint type in which e current eppeere or gently inoreeeee et tho

etoichionetrio point. Kyere and Swift (20) need this unmd in the

coniceetric titretion or ereenic by name of electrolytically generetod

bromine. An intenecdiete electrode mention concieting of the enedic

oxidetion of bromide to bromine we need end the first exceee bromine

ceeeed e current increeeo beth e eeoond peir or pletinne electrodce.

Thie current inoreeee was eeeily noted on e eeneitive selvenceeter.

Il‘he eecond pair of electrodee which were referred to ee 'indicetor

elects-mice" hed e well potentiel difference iepreeeed ecroee thee ee do

the electrodee in the deed-etcp eethod. Brown end Swift (3) tpplied the

one method to the oouloeetric titretion oi’ entieony while‘ scene , Iieeenn,

end Swift (26) need electrolyticelly gonereted bromine in the data-nint-

_ tin of thioglycol. annex-1y, mar, Mycre, end Swift (19) applied it

to the tith o! chroncte end vcnedete using electmlyticelly genereted

cuproue copper. A nethod neing electrolyticdly generated iodine for the

“tuition of ereenic wee developed by My, Peeringtcn, end Swift (21)

end In etteept to eppl; electrolyticelly genereud chlorine to the

deteninetion oi’ ereenic wee node by Fmingtcm end Wt (8) . The

indicetor neponee wee clover for chlorine then for bromine or iodine,

eeking chlorine the hut eetiefectory or the three. In hie couloeetric

lethod tor the titretion of B-qoinolonol with electrolyticelly gonereted



bro-inc, 3810!! (’4) need an indicator cysts: which he described to e

hybrid of the enpemnotrio indicetor or Hyore end swift and the deed-atop

indicetor of Pool}: end Ban-don.

To determine the approximate endpoint in the chore motioned titra-

tione, the indicetor current wee watched on a excitable galvenomter end

the titretion wee etopped ee eoon ea the current begin to rice. Then

all]. incremente of the halogen were again gemrated into the eyetu end

sumo-actor readings were Wimt. A plot a: the indicator can-ant term

the tine of generation was oonetructmi from the date obtained in thie

runner end the line we oxtrewlatod to the time code to give what is

referred to by the euthore ee en 'uperometrio“ endpoint.

The tint endpoint type hee eleo been epplied by Woie end Shoo: (7)

to the deteminetion or bromine eddition nmhere. The flow or current

et the equivalence point we detected by the opening or en electric eye

of e oethode rey tube. Breee (2) need e einiler method in the mercuric

ion-octelyeed Wmnetion or double bonde end found thet it gem e good

endpoint. Another epplication woe thet or mom (29) who applied the

deed-atop technique to tho titration of etennoun chlorido with iodine end

of cine ione with tcrrooyenido ions. The emcee etannoue chloride geve

e enell eteedy manometer deflection when 50 nillivolte were lpplied

Icroee the pletimn electrodce. Iodine woe edded end ee the endpoint

wee opproechod the ecneitive galmoneter clawed eeell deflectione which

returned to the original eteedy reedinge. The endpoint we considered

to be the tiret penchant deflection. The method for the determination

of sins wee chiller. A Ioditied dead-etc; method woe need by Gale and



Hoeher (11) in the deuminetdon of nilligren quantitiee of media. in

the preeence or Mun. Werninont and Hopkineon (30) applied the deed-

etop nethod to the microtitretion or eeloniun. They added en exceee of

thioenltete end titrated this excoee with the iodine liberated from an

icdete-iodine eolution. At the endpoint, es in the ebove once, the

gtlvencucter deflected may from zero. The ettenpt to rover" thie titre;

tion end to titrete‘ the liboretod iodine was not moceeeml. One of the

met recent epplicetione of the dead-atop technique no that by Scholten and

Stone (2L) and Forum end Braluin (9) to the dotemination of panel-y

eninee by diuotizetion.

Le nenticncd before, the ebove cited titretione ere ennplee of the

first dead-etc}: endpoint type in which e current begine to nor et the

endpoint. Thie type in probebly the most common of the three. It» ha

been pointed out by Reilley, Cooke, end Yunnan (22) that in e revereible

eyeton, the current initially end et the endpoint ehould epproech eero

but that the deed-etc]: method ie applied noetly to irrevereible eyetme.

The ecope of thie firet endpoint type wee widened by Clippingcr end

Foulk‘e (6) epplioetion of "alectronetrio indicetcre' eo that the dead-

etop technique night be need in neutralization end precipitetion cathode.

Clippinger end Foulk need the iodide-iodate eyetel u the enod1c de-

poleriecr in the neutrelieetion reectione end eodiun nitrite in the

precipitetion reaction.

The eccond endpoint type in which the current ceuee to now at the

endpoint ie exemplified by the originel work of Fool): and Baden (10) in

{which the deed-etc}: lethcd wee accidentally diecovered. In their experiment,
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Paul]: 83:! Burden titretod iodine with thiosulfete and the light epot.

remained of! the gelnmnoter eoele end we deflected beak to zero et

the endpoint. Thie ie in agreement with the theory ‘of the ”mud end-

point type u the thioeulfete-tetremionate system ie irrevereible end

no current would be expected to flow et the endpoint. Another example

of thie type canoe from the work of Bohr-cedar, Kay, end 15111., (25) who

applied the deed-atop technique to the determination of aim wide by

the iodonetrio titration of their copper eelte. Probably one or the no“

useful adaptation of the deed-etop technique is that devieed by Vex-niacin.

end 30an (31) for the Karl Fieoher method at determining enter. In

m1: work, Heroin-oat end Hopkineon found that. 10-15 millivolte epplied

potentiel m enough to deflect the pointer off the eoele where it re-

tained. during the addition of the etenderd tutor in methyl eloohol

eolntion. The pointer returned to eero et the endpoint. The reveree

titretion wee ntupted but the endpoint wee not ee good.

The third endpoint. type «a only occur in redo: work when two re-

vereible eyets-e are present, one preceding end one following the endpoint

of the umuon. An example of thie ie round in woo-tor, l'errington,

end sun'- (33) work with the coulonetrio titretion of iodide no:

electrolytioefl‘y generated bronine. The gelvamneter regietered an

initiel indioetor current believed to be due to the iodine resulting from

ear oxidetion. Thie current inoremd to e broad led-u- eorreeponding

to the oxidation of iodete to iodine, followed by e unim- new the

equivalence point corresponding to the oxidation or the iodine to the



nonovelent poeitive ion, end finally followed by e current inoreeee due

to the exoeee bromine. Often.in those titretione it'uee sound neoeeeery

to plot the current verm the tine of generation end extrapolate to get

the accurate endpoint.



II. THE THRATICIN O? HALIDES

There here been eeverel etudiee of the epplioetion or electruotrio

nethode to the titretion o! the halides with e etenderd silver eolution.

The 'gdmetrio endpoint" developed by Selma (22) ie very eieiler

to the work carried out in thie experiment. Selmon'e method m

dmloped tron en ettenpt to doteneine the noreelity of e eilver nitrate

eolution using e 0.01 I poteeeiun chloride eolution. The eolution to be

titreted wee properod by wouretely'eeeeuring ehout twenty millilitere

of the poteeeioe chloride eolution into e beaker end diluting with ureter.

Silver electrodee clamped to e eeneitive gelvanoneter were Succeed in

this eolution end en e.e,1’. or 100 eillivolte wee iepreeeed eeroee thee.

The eilvor nitrete eolntion, who“ nomelity wee to be detenined, wee

edded elowly tron e buret end the gelvenoneter deflection wee obeemd.

The firet drop or eilvor eolution eetebliehed e current which we noted

on the selvenoeeter. Every drag: or edlver nitrete edded eeueed e elight

riee in the flow or current. The firet emeee drop at the eilver nitrete

otter the etoiohionetrie point «and e repid inoreaee in the current

flee. Thie amp see doeoribed by Selouon ee being nnueoeny eherp on e

‘eeneitive golvemeter. The Yolherd nethod m md u the control end

the reunite of the two methode egreed within one part per thousand. The

edventege of the eherp endpoint end the poeeibility of ourtitreting end

etill determining the endpoint wee pointed out by selonon. Thie m the

only ettemt in the ‘eilver helide eyetee, however, which ado-on eede.



The method used in thie experinont ie einiler to Salomon‘e in that

the etendard eilwr ion eolution is addod to the helide eolution end the

current flow: ie obeemd. A such caller e.e.!.. of ebont 10 no. ie

applied eoroee the eilver electrodes and e difforent type of endpoint ie

obeemd. This will be described in detail in the eminental notion.

Potontiomtric titretione ueing e eilver electrode ee the indicetor

electrode were epplied by Bohrend (l) to the titration of helidee with

silver nitrate. Bohrond found thet it no poeoible to titrete helide

paire by edding moniun hydroxide to inoreaee the solubility of the

more eoluble eilvor helido. The first drop in potentiel when working in

moniecol eolution was equivalent to the mount of the leee eoluhle

halide. Then, nitric ecid wee eddod end the eecond potenti‘el drop

corresponded to the total halide present. Bohr-end could not titrete

bromide in the presence of chloride in thie leaner. Clerk (5) , who wee

primarily intereeted in photoch muleione, did further work in which

he eeeeured the e.e.£. or e eilver electrode connected to e normal electrode

ettor edding eilver nitrete in mill inordinate. Thie method on quite

euoceutul for eingle helidee, tmt the firet endpointe were lete in the

titretion of brouide-chloride end iodideobrcnide combinetione in water

eolution while the iodide-chloride eixturee were only in elight error.

A 5% Win: nitrate eediun gen better reunite for both helide peire end

the combination of the three helidee in photographic enuleicne. Clerk'e

paper eleo conteine e good bibliozrephg of previous eork in thie field.

It he been found that the potentiometric method on: be epplied to

the deteuinetion of alkali halides in concentration ee 10! ee 0.001 N
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- but that the eilver electrcdee were elow in etteining equilibrim.

However, in Sutton'e book (28) , meeetone etetee that elthough Iixturee

of helidee cen be trained in thin manner, the reeulte ere not elweye

eoom-ete end the inflectione on the potential curvee ere not elweye die-

tinct.

The coulonetric technique ha been applied to the deteninetion of

the helidee by Lingene end smell (18) . The method we beeed on the

easement of the quantity or electricity required to achieve e quentite—

tive reeotion of the halide ione eooording to the reection

Ag 6 12—» Ag! e e.

The helide eolution wee electrolyeed with e eilver enode whcee potentiel

wee controlled very carefully end e pletim cethode wee need. Lingene

end Snell'e reeulte for the eeperete determination of 0.5-100 mg. of

the helide icne canpered reworebly with the oleuicel lethode. Iodide-

bromide end iodide-chloride nixturee were enelyzed with better ecourecy

then the ergentoletric titretion but the bromide-chloride conbinetion

eee poor einee eileer chloride cepreoipiteted with the eileer bromide .

During the titretion the current decreeeed exponential: with tine end

final: drapped to virtuelly eero when the electrolyeie wee complete.

The quentity of electricity pueed through the eolution wee neeeured by

e couloneter end the mount of halide preeent wee eelculeted using

reredey'e Lee.

The uee of the deed-etop endpoint in titretione using electro-

. lyticelly genereted helogone ha been mentioned preeiouely. An superc-

letric titretion using routing pletimn electrodee he been applied to



the titretion of the helidee with e etenderd eilver solution. Leitinen

end Kolthoff (l?) firet ettupted thie in the titretion of eilver, which

he e diffueion current, with potaeeiun chloride, which bee no diffusion

current. Leitinen end [althoff noted thet the cin'rent decreeeed pro-

portionally with the decreeeing eilver ion concentretion end reeched e

very lull residuel current with the preeence of e lerge emeu of

poteeeiue chloride. Thi- endpoint night be ccnpered to the third deed-

etop type in which the current decreeeee end reechee eero et the etoichio-

netric point end then increeeu egein upon the oddition of eneee titrent.

The etoichionetric point ccrreeponded to the intersection of theee two

etreizht linee. Very lerge currente comperehle to the origin]. diffueion

current were found et e potentiel of 50 ev. vereue the 8.0.5. "even efter

the equiveleme point hed been peeeed. Theee obeemtiene were ettributed

to the reduction of eilver ione fru perticlee of the eilver chloride

procipitete in euepeneion end colloidel eolution.

Kolthoff end ans-m (13) need eilver nitrete end the unperonetrie

nethod in the titretion of nerceptene . When working in en enoniecel

nediun to prevent the interference of chloride em bromide, the current

wee found to be eeell or zero when the eilver wee not in emcee. The

deflection efter the endpoint cert-upended to the diffuion current of

the enceee eilver. _

Soon after thie, Leitinen, Jenninge, end Pork (15) ettupt'ed to

revoree the earlier work with the halidee by ueing the etenderd eilver

eolution ee the titrent. The enperonetrie endpoint with rcteting pletinun

electrodee wee egein need. The determination of chloride was found to be
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noet encoeeerul in e eolntion 0.8 h with nitric eoid end containing 0.1%

geletin. In eolutione lees than 0.002 I! in chloride, I 50-75% ecetono

eolution we need to decreeee the eoluhility of the precipitate. Siniler

ettupte with the bromide ehowed that gelatin wee unneceeeery in aqueous

eolution end ecetone wee egein need for low concentretione. To prevent

interference, e 0.01-0.02 l monieoel eolntion wee need. The titretion

of iodide in e nitric ecid, neutrel, or dilute monieoel eolntion was

found to he noceeeml. A eolution 0.1-0.3 l in mania hydroxide wee

need to prevent the interference of chloride end bronide. Leitinen,

Jemima, end Parke (16) followed their eerlieo' work with the epplicetion

e! the me nethod to the deterninetion of halide nirturee. Inclmtled in

thie peper ie en extensive bibliography or previone electrometrio nethode

need in helide deteninetione. With this end their own previone work an

e beckgronnd, Leitinen, Jennings, end Parke found the but method to be

one in which the eolntion wee node 0.1 I in demonic for the iodide, 0.8 I

in nitric laid for the mom, end 0.11 in geletin for the chloride

detereinetione. In coupon-mg their nethod to the potentionetric technique,

they eteted thet the emperonetric method wee nore repié but not too

eccurete, eepeoielly in dilute eolntione.

The deed-Ito]: nethod using pletinnn electrodes hee been applied to

the determination of the helidee by Clippinger end Foul): (6) who propoeed

the nee of 'electronetric indioetore' in precipitation end neutrelizetion

deter-incubus. They need eodiul nitrite es the enodic depolarizer during

the titration of ell the halidee but the iodide which in en medic de~

polerieer iteelf. A eharp reproducible endpoint was claimed end the
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enthore theorized that the tiret exceee eilver ion depolerieed the

cethode.

The deed-etop procedure need in thie work replecee the pletinue

electrodee of the previoue enperonetric end deedaetOp experinente with

the eilver electrodee of the potentiometrio titretione. however, the

enrrent rether then the potentiel ie cheerved in order to eecertein the

equivelence point of the titretion. Actnellq, the deed-etop endpoint

neing eilver electrodee ee epplied to voluetrio precipitetione end the

'gelrenonetric titretion’ of leloeon ere idonticel except that Selenen

need the helide rether then the eilver eoletion ee the etenderd eolntion

end oheerved e current inoreeee nether then e decreeee in current et the

endpoint. hie work, however, could he coneidered to be e prelinieery

eeperinent in the epplioetion of the then nnkxnwn deed-atop technique to

voluetrio precipitetion .

In order to teet the newly propoeed nethod, e etudy wee nede of ite

epplicetien in different nedie to the wtitetive deter-initial: o! eingle

helidee, one helide in the preeence of enether, end the eonbimtion or the

three helidee.



III . EXPWAL

1. Apperetue

A convenient eyetee for epplying the potentiel to the electrodee end

neeeurinx the current thet flown in described by Worm-om end 110an

(31). The Fieher Scientific Cmpeny Elecdropode wee found to be very '

convenient for thin work. The dropping mercury electrode wee removed

' iron the Llecdropode end the loede tron the two eilver electrodoe were

ineerted in ite plece. It wee then needto epply the potentiel to the

electrodee end the enoloeed eeneitive gelwencneter wee need to We

the flow of current. The ectuel current wee not known but could be

eecertuned by the celibretion of the selvenoneter. However, only the

relative current wee neceeeery in thie cm.

The eilver electrodee were prepered by Joining eilver end dapper with

eilver colder. Thie wee then eeeled to glue tubing with De Khotineky

cenent ellowing' epproxinetely one on. of eilver wire to protrude tron the

end of the reel. The ceeent eeel wee then coeted with glyptel to increeee

ite weter reeietence. The capper wire extending tree the other end or

the tubing wee clnped into the leede or the necdropode.

In leter work, eilver toil electrodee were need which were ”013‘?“

by Joining e piece of eilver toil ebout 2.5 by h on. to eilver wire which

wee, in turn, eoldered to oOpper wire end ended in glue tubing in the

m “01'.
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2. Eugente

The etenderd 0.1 I cum nitrete eolntion need in thie experiment

wee prewed tree mer'e Andy-zed eilver nitrete in one liter quentitiee .

The epproxinete enonnt necessary for one liter of tenth normal eolution

wee weighed out end dried in en oven for one hour at 110° C. It was then

weighed on en endytical belcnce end the eolution wee prepared by diluting

to one liter in e retested volumetric flask iron which it we transferred

to en uber bottle for etorege end use.

' Baker'e Analysed eodium chloride was dried in the oven et 110° for

one hour before nee. Ihe poteeeiun bromide need was of U.S.P. purity

end therefore , ite purity we checked gre-vinctricelly ee eilver bromide.

The resulte of the enelyeie ere tabulated in Table I. The potassium

bromide we found to he 99 .93 pure or better. It wee dried in the oven

for one hour at 110° C before being weighed out for nee. Pcteeeiun iodide

TABLE I

THE AMISIS OI UJJ’. POTASSIUH BROMIDE

 

Sample 30. Weight Er. I:

‘ Telnet: ound

1 O.h638 0 .1163}:

2 0 e512? 0 .5123

3 O .1666 . 0 .hSSB

Vi

(Fieher'e A.c.8.) wee dried in the oven in the em nenner before being

weighed out.
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Ths 2% dsxtrin solution was prepared by ssizhing out spproxinstsly

20 grams of dextrin sad dissolving it in one litsr of distilled vstsr.

Tho amoniun carbonate solution was prepared by weighing ons mole of

reagent-grade moniua carbonate and diluting it to one liter with dis-

tilled water .

3. Gonersl Proosdurs

Tho sunpls which was to bs unified ass wighod into s 250 nl. bssksr

uith ths ssnpls sins being limited so ss to rsquirs between 15 sud 60 ml.

of 0.1000 I silvsr nitrate solution. 0m hundrsd sillilitsrs of distilled

water vars sddsd slang with 5 ml. of ths 2S dextrin solution to prsvsnt

ths sdhsrsnos of ths halids procipitsts to ths silvsr slsctrodss. Tho

slsctrodss wars than imrssd with only s short lsngth of the protruding

silvsr sirs mutually being in tho solution. The stirrsr was started and

ths plummetsr I” sot st zero. Then s potsntisl of 10 Iv. was spplisd

scrcss the sloctrodss.

Tbs mount of spplisd potsntial is far)- importsnt ss ths fund-usual

rsquimant for tho production 0! tbs dud-stop sndpoint is the nu of

ths highest potentisl possibls between ths slsotrodos which still osusss

littls current to flow. This potsntisl can but be sscsrtsinsd expat-insat-

slly by preparing s solution of ths ustsr Ind dextrin snd sdding one: drop

of tho silver ion solution. The slaotrodos It. incl-sod, tho stirrer

star-tad, snd ths potential is spplisd in spproxiastsly 5 nv. inorsnsnts

shils noting ths (Alana-star dsflsction. Tho potentisl st which s rsthsr

lugs ourrsnt mucus is acted approzilstss thst which should bs spplied
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in tho determination. Sonotimoo this method does not givo too slurp a

broth and tho only m to ascertain the correct potential is through tho

"trill and error" method. The largest potential possible should. be im-

pressed across tho electrodes in order to obtain the sharpest ondpoint.

In working with tho oilvor-oilvor ion agate: it as found that s current

jump oocurrod when 5 IV. were sppliod but s oluggioh endpoint was obtained.

The oyster gave s much sharper omipoint when 10 It. vim-o sppliod although

the increaoo in potential had littlo offoct on tho originol onrront

registered on the galvonomotor. Since the highest sonoitivity possible

you required in those titrations, tho golmotor of tho motor-opodo was

Operated st tho full sonoitivity of 0.011 microanporos per an. st all

times.

After the preparation of the sample no outlined ohovo and the appli-

cation of the potential, tho 0.1 I oilvor solution on oddod from o 50

n1. bnrot in ouch s ”mar that rapid drops “rothor than o strum or titront

ontorod tho solution. Tho approach of tho ondpoint was usually indicated

by fluctuations in current follouod by s gradual dooroooo in current flow.

When this occurred tho titront no oddod dropuiss moving tins for

oqnilibrotion boron tho addition of tho noxt drop. it this point in souo

titrotions, tho onrront doorosoo no very slow ond ono to two sillilitors

of oilvor solution but to ho oddod in this nonnor shilo in othor ooooo

looo than 0.5 or s milliliter was oddod to roooh the final ondpoint.

Also of utnost inpartonoo as tho sensitivity of tho olootrodos.

In order to rosovo oll odhoring prooipitoto Ind inpuritioo from than

following o titrotion, tho olootmdos wore inorsod in s oonoontrotod
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sodiun thiooultoto solution sud washed with distilled wotor before being

used ogoin. Eloctrodos which hod boon oxpoood to sir for some time

sppoorod to ho sluggish when used in o titrotion. They souod to he

oootod with o. culling film which woo thought to to on oxide. In ouch

ossos tho oloctrodss ooro scropod with o sharp o‘oJoct snd thon inorood

in o thiooultoto solution hoforo using.

' h. Dcterninotion of the Single halide

o. Chloride

Tho first sttanpts using this method were in the dotornimtion of

tho chlorido. A suplo of sodium chloride was prepared no described above

Ind tho titrotion was curried out in s solution containing five drapo of

concentrstod nitric ocid per 100 ml. The ondpoint in this case was not

too sharp, probably due to tho foot that the silver chloride is the most

Ioluhlo of tho thros silver holido salts. When the potontiul was first

oppliod to tho solution tho current surged upuord and then dropped slowly

to s constont roofing near zero. Upon the oddition of tho oilver solution

tho current hogan to rise quito rapidly and than I hit noro slowly,

finally reaching o uni-u: st which o current reversal occurred. The

ondpoint no not mired by s ohurp current docrosoo but rather the current

dropped to o low ot tho ondpoint upon tho dropwioc oddition of the oilvor

solution sud “holly tho addition of one drop csusod o podusl ctu'ront

incrosso. Tho docroooo in current oo tho endpoint was opproochod woo vory

zroduol ond st this point s short time no ollowod tor oquilibrotion otter

ouch drop woo oddod. A tow onoos drops of tho silver solution, on tho

othor bond, cousod o rothor large incroooe in current. In Toblo II ore
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recorded the results or some titrotions of chloride in the nitric acid

nodim. Those titrotions were carried out very slowly in the region of

TABLE I:

m: THEATER or CHLORIDE Ill mam ACID mm

Sample Rog Weight MCI. 3,

Islam ound

 

1 O .1780 0 .1187

2 0.2553 0.2%

3 0.2 6148 0.2623

h 0.22% 0.2293

5 0 .2321 0 .2317

6 0.2330 0.2329

7 o .26h2 o .26h9

8 O .1881 0 .1878

9 0.2530 0.2531;

 

the endpoint so the electrodes could oquilihrets end sore occur-Ito results

could be obteined.

The chloride as elso titreted in scotio ocid nediun. lten drops of

alscisl scetic ocid were odded to 100 ll. of the solution. the endpoint

was quite sinilsr to that found in the nitric ecid nediun but use e bit

essier to sooertoin. Teble III lists the results of those titretions.

TABLE III

THE TITRATIDN OF CHLORIDE II ACHIC ACID HEDIUH

Sample Ho. Hoigt lfll. I:

A Token ound

 

1 0.2361 0.2367

2 0.25% 0.2516

3 0 .2337 0 .2310

1: 0.2071: 0.2071

5 0.21.86 0.2h82
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in ottenpt to increase the sensitivity of the chloride dotsrninstion

wos node by using the larger silver foil electrodes. these did give s

slightly acre repid end lsrcer golvsncoeter deflection st the endpoint

in ocetic eoid locum liking it s bit euier to follow the titretion.

the toil electrodes did serve to isprove the chloride endpoint.

b. Bronide

The nitric laid "dim I!“ the first one tried for the titration

of be'onido. The current behaved such so it Mr! during the chloride

deter-instions. It opprosched s sexism- obout helt-woy through the

titrotion end noor the endpoint the etc-rent reversol wee indiceted by the

needle shitting shout the center of the selvenosleter, tinslly going right

ropidly end then left. Again, the endpoint occurred st the lowest

golvemneter reading which was found by sdding the silver solution drop-

wise when the opprooch of the endpoint wos indicoted end eliciting equili-

brotion with such drop. fl. find Midpoint required opprcxilstely

0.1043 .15 Ill. of titrsnt sftor the first lot-go current revsrssl. However,

it use essier to sscertsin then the chloride endpoint. stle IV gins

the results of these titrations. It should be stressed thst tho aperotor

not be tuilior with the endpoint before reproducible results con be

obtsinod .

TABLE IV

THE TITRATION 0F WIDE II NITRIC ACID mun

 

Sample lo. Height KBrI g.

Token ound

1 0.3108 , o .ahoa

2 0.3595 0.3558

3 o .1656 ' o .h an

h 0.3335 0.3326
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In order to study the behavior of bromide in maniacal solution,

titrations were sttenpted after adding 5 ml. of moniuu corbonate solu-

tion rether than citric said to the prepared sample solution. The titre-

tion proceeded such es the previous one but the gelvencneter deflection

use slightly less shorp in the moniecsl solution so would be emeotod

due to the slight solubility of silver monide in mania hydroxide.

The endpoint use egoin token et the lowest current flow indiceted by the

lowest gelvsncseter roeding end sore ropid titrotions resulted in larger-

errcrs. Teble V lists the results of the titrstions of brclide in

whim carbonsto solution. It will be noted that the lost deter-ins-

tions in this sequence gave the best results. This further substantietes

. the ststuent on» these titrstions should be done by on experienced '

Opsrltor s

TABLE V

THE THEATRE 0? 83151133 II mom CARBOHATE HEDIDM

~_ k L __

*w T _ _‘ A

sample to. Weight mr, g,

 

Token Found M,

1 0.2896 0.2883

2 0.3351 0.3330

3 0 .3218 0 .3208

h 0.2889 0 .2856

5 0 .2931: 0 .2939

6 0 MM: 0 .h'lhh

 

The third India in which the bromide use titrated use one in which

ten drops of gloom ecetic scid were odded to the originsl bromide solu-

tion. The course token by this titrotion was sinilsr to the others.
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As the endpoint woe spprcoched the current docroesed quite ropiily end

the gclvononetor light shot of! the left side. This sherp deflection was

caused by the sddition or only one drop of the silver solution end the

light returned otter s short oqnilitn-etion tine. The stoichionetric

point in this one still coincided with the lowest resdin; obtained otter

ollowin; e short equilibration end on excess of silver ozoin tensed the

current to rise. The results of these titrstions ore tubulstsd in stls VI.

TABLE VI

THE THEATER OF BRCHIDS IN ADEIC ACID HEDIUH

W

 

ample lo. ' . Height Br. I:

7 Taken Found

1 0.5666 0.5663

2 0.5308 0 .5307

3 o .h636 0 M31.

1: O .1099 O .1696

5 o .1316? O 3.162

6 0 .5701 0 .5703

7 0 3.788 0 $779

8 0 .11625 0 .1361?

9 0.3832 O .3830

10 0.3661: 0 .3669

 

In tenorsl, the bromide endpoints in ecid nedie were senior to

escortoin then the chloride endpoints . The lower solubility of the silver

bronide would indicsts this.

c. Iodide

The titration of iodide olono wee not sttonpted in nitric ecid

nedin so even o very small mount of the sold hsd o tendency to rolesse
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iodine and gave incorrect results. Because of this, the first iodide

titrotions were carried out in s neutral, aqueous solution. The midpoint

was s bit more obvious in those titrations. The current increased upon

the oddition of silver solution and the first clue of the approaching

endpoint was given by e sudden etc-rent reversal indicated by e shift of

the gelvenoneter off the left side of the scale. The silver solution was

stopped st this point and tho gelvononeter light returned slowly. It wee

noted that cosgulstion of the precipitste usually occurred st this time.

After this , the silver solution was edded dropwise snowing time for

equilibration end the galvononeter usually repostod these fluctustions

until one drop corned s repid and large current increase noted by e shift

of the light completely off the right side of the galvancnster scale

where it reneined. This was taken so the final endpoint end corresponded

closely to the true stoichiometric point. The results are shown in

 

 

 

 

 

stls VII.

TABLE VII

THE TITRATIOH O? IODIDE IN NEUTRAL mm

Mv Tr

Simple lo. Wei ht II

A 7 Taken Found

1 0.6595 0.6571

2 0.7711: 0.7711:

3 03351 0.5576

h 0.13573 o.h870

5 0.6113 0.6121

6 0.6337 0.6315

7 0.6182 0.6181.

8 0.8361 0.8951;

9 0.61m 0.61.09
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The next stteept use the titretion of iodide in mailed solution

prepsred by the eddition or 5 ml. or eoneentrsted menin- hvdroxide to

the mp1s solution. It Its very difficult to rind say gelvsnoneter

behavior which eould setuelly be celled en endpoint in these titretions.

A rsther rspid om'rent inoresse indiosted by s repid shift to the right

ususllq' occurred in the genera region of the endpoint. The eosguletion

of the oolloidel silver iodide preoipitste occurred st the sees the es

the shift. Further dropviee sddition of the silver solution etter this

shirt hsd none effect on the current end the manna Wands solution

seemed to amuse both s lets endpoint end s lste ooegulstion ss will be

noted from the dots in Table VIII.

TABLE VIII

THE TITBATIOH OF IODIDE II WOW HYDROIIDE HEDIUH

 

Snple Ho. Take ‘1th II. 5., and

n o

1 0 .3717 0 .3398

2 . 0.50h1 0.516l

3 0 .1172? 0 $797

’4 0 .5230 0 .5373

S 0.7hh3 0.7h5h

6 0 .5101: 0 .52111

7 0 .8133 O .8171

3 0.5258 0.5356

9 0 .5153 0 .5235

10 0 .59148 0 .6017

 

Sines ooneentrsted neonim hydroxide geve such poor results and the

success of the titretion of iodide in s-onisosl solution use thought to

be of sons inportenoe, the next sttmts were with the titrstion or iodide
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in monit- cerbonste nediun. In these titretions, 5 ml. or the canoniue

csrbonste solution were edded to the prepared sample end the titrations

were carried out in the usual nsnncr. The endpoint was such like that

found in the neutral solution. hour the endpoint, one drop of the silver

solution caused the occurrence of a rapid current reversal with the

needle shifting to the left, ecnetines going past sero and completely off

the galvanoeeter scale. After a short equilibrstion, the selvenoeeter

light returned to the previous rcsding. ‘The next drop or titrent'usuclly

caused e lerze incrcesc in current. In the first sttonpts this endpoint

was difficult to find and both hi3: end low results were obtained. After

observing s umber of titrstions, however, the endpoint beosno more

obvious. is will be noted by the date in.rshle 12, Ill or these endpoints

occurred slightly early.

TABLE II

THE THEATION OF IODIDE H mm CARBWATE mm

m— w I

”Z M I

  

fl
Semis lo. Weight XI. 3.

Tsken toone!

1 0.5132 0.5116

2 0 .5158 0 .5124?

3 0.7ou3 0.702h

h 0.5052 0 .5031:

S Glitz o.L123

6 O.h906 0 .haeh

1 0 51.81 0 .Shao

8 O.h263 o.h2h9

9 0.5355 0.53M

10 o .3672 o .3661
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Acetic cold was the third nedim sttmptod for the iodide titration.

Ten drops of fluid acetic laid sore added to the ~10 before titra-

ing. The endpoint in this else was less definite than before but gave

the same general. type of current fluctuations. The actusl endpoint

occurred at the point whore the current greatly increased and the solvenc-

szotcr light shot rapidly off the right side and did not return following

a short equilibration. This ucmlly coincided almost exactly with the

coagulation of the precipitate . Sons data free: these titrations are

given in Table I.

TABLE X

T33 THEATER OP IODIDE Ill ACLLTIC ACIDW

  

  

 

m we v W~mu»wW

Stools no. . mu m. n

_ w: m _ Taken 3 ' ound

1 0.5020 0.5017

2 0.2.225 clan

3 0.5556 0.53552

g 9.5191 Debi-99 '

0.1.517 o.h813

S. Detersination of One Halide in the Presence of heather

The first attenpte to detenine one halide in the presence of another

were nsde with the iodide-chloride system. This titration could be

expected to be successful because of the lower solubility of the silver

iodide. since Koltheff (12) bed been successful using monies csrbonste

in his work with sdsorption inductors and the halide determinations, the

first attempts were nsde in this medias. The solution containing known

iodide was prepared in the usual namer except that approxdndtdy one gran
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or the Baker's Anelyeed sodium chloride was edded. It was observed thst

5 ul. of the main: eerbonete solution were not enough to give s sharp

endpoint so 10 ll. were used end the endpoint res ilpreved. Again the

endpoint coincided with the lowest current resding registered on the

gelvenoneter during the fine]. dropwiee sddition or the silver solution.

A smell current flow see registered on the culvenoneter even st the end-

point. !‘urther silver ion eddition esused s rapid deflection to the

right due to e large current inoroeee. is will he noted tron the results

in l'eble II, the empoint in ell the titrstions see slightly lets. In his

work with sdsorption indicators, Iolthoft found 1:0 Iillip'ns of potassim

iodide eould be deternined in the presence of one gren of potsssiun

chloride with 1: «my. The siniler‘enelysis by the deed-stop nethod

geve en even-eye mor of less then three parts per thousend tor the staple

mugs of 0.]; to 0.8 grams of potassium iodide in the presence of epproxi-

netely one gra or sodiun chloride.

The next ettonpte were with the determination or iodide in the

prounoe of bromide. The sample was prepared in the some nannor with

spproxinetely one gran of 0.8.1’. pure potessiun bromide being sdded to

the sample or potsseiul iodide. The endpoint see not definite in this

titration. The current begen to drop within shout one silliliter o: the

oeloulsted stoiohiosetrio point end from thet tine the silver solution was

‘sdded dropuise snowing tine for equilibrstion. However, eseh drop caused

only s slight lowering of the sin-rent eat no definite endpoint see ob-

served long otter the eeloulsted one bed been pee-ed.
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TABLE II

TIE TITfmTION 0? WEEK IN 1‘51}? PI‘T'JRfCi OF CRUDE-"LIBS

IN mm CMxBOKfiTl‘l HEDIW

A

 

Sample no. Volga;f. KII g,

Taken Found

1 0.1019 0.1023

2 0.1562 0.1453;

3 0.1.81? 0.L827

h 0.5952 0.5955

5 0.781;? 0.7861;

6 0.6115 0.6136

7 0.5775 0.5807

8 0.63336 0.6330

9 0.5618 0.5630

10 oxma 0.6025

Table III given thu "cult.- of some of. them turn-1.0m in‘v‘uich ‘the

ondpoint could only be npproxiuud.

rm; rmmml or 101mm III THE 912-61“, or Bit-1:19;;

In mom amounts: mama

Mp1. Ho. Veifiyt XII 3,

Taken mm

1 O .6010 O .6863

2 0 .5672 0 .5996

3 o .6627 0 .7387

h 0.5714? 0 .6573

5 O .2671 0 .2961;

A lav-art]. millilitar exam: or ailvar caused the current to rise.

It. was obviou- that the endpoint. had been overstepped u u colloidal

procipitato which did mfi "ambit the silver iodide no beginning to for:
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in tho oupernatont oolntion. 1‘1in precipitoto dorkonod rapidly upon

otonding in tho “alight. An ottonpt woo udo to inert-om tho unoitivity

by using tho lot-gar foil olootrodoo. Thooo olootrodoo appeared to be

non oenoitivo in tho titrotion but otill did not give an endpoint which

could bo definitely oboomd through tho galvanomotor bohovior. In hio

work with tho determination of iodido in tho proaomo of bromide,

Iolthoi‘f (12) oloo found that the endpoint come not: too loto when adsorp-

tion indiootoro woro used. Since oilvor iodido and oilvor bromido m

lilllll‘ in their oolubilitioo, o definite Midpoint would not be outioim

potod.

Tho final ottompto woro oppliod to deter-lining bromido in tho preconco

of ohlorido. to would bo oxpootod from thoir oolnbilitioo, tho bmido

endpoint no not ohorp ond ouo ouch too loto in monito- oorbonoto oodium

u will bo noticed in tablo 1111, one! further work in thin Iodin- woo

TABLE XIII

THE 'rrrmnou or BROMIDE n: ma masons or CHLORIDE

m momma amorous 14mm:

 

#

Smplo lo. , Wei ht mt

. Tokon ’ Found

1 0 4:678 0 .1383?

2 0 .3587 0 .3652

3 0 .5735 0 .5386

k 0 .1655 0 .1160?

abandoned. Kolthotf oloo rmmd tho ondpoint no too loto ond too in-

definito.
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Attempt-o woro oloo undo to dotormino bromide in tho promo of

chlorido in oootio ooid Iodiuo. Tho ondpointo in theoo dotoroinationo

woro lush shorpor Ind tho rooulto oro recorded in Toblo XIV.

TABLE XIV

TITHATIOH 01" 811011138 Ill THE PRESDEE G CHLORIDE

n ACMIC ACID HEDIIM

 

Sample no. Voigt tar, g,

Tokon ound

1 0.5566 0.5671

2 0. 308 ‘ 0. 309

3 o. 636 o 6&2

1: 0.14399 0.1097

S 0.1%? 0.11171

6 0.57100 .5707

 

No mro work an dono in thio group olthongh tho application or o

more otrongly monioool oolntion night oorvo to improvo tho ondpoint.

6. ”tho Titration of Throo Rolidoo in o Him

‘rho titrotion of halide oinoroo woo originally only on ottupt to

dotomino totol holidoo. Saploo containing chlorido, bro-ido, Ind

iodide, which would roquiro tvonty-fioo to fifty lillilitofl of tooth

normal oilvor nitroto oolotion, uoro nighod out. Fivo dropo of diloto

nitric ooid ooro oddod to tho tint proporod unplo Ind o vioiblo mount

of iodino m liborotod. Tho noxt omploo voro titrohd in tho prooonoo

of ton Ind twenty dropo of glooill oootio ooid, roopootivoly. Tho lager

mount of ooid did not apron tho omtpoint. At tho bogiming of tho

titrotion, thoW bohmd in tho non-l our. Aftor mo oilvor
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solution had been odded, the current inorooood rapidly end the pointer

woo deflected completely of! the right hand side of the ooalo. Hanover,

tho saltwater light did return to the ecolo and leave again ot leoot

once during the titration end o fair current roux-eel followed by the

reaching of the lowoot current flow occurred very olooo to the true

equivalence point corresponding, to the total halidoo. Upon further otudy

oi‘ the oignirioonoe of the Iiret return of tho golvonometor light to the

ooalo during tho course of the titration, it woo found flat the nillilitoro

added at thet point oorreopondod opproxinotely to the mentor of milli-

oquinlento o: iodide pluo bromide in tho oomph.

Another oomplo woo titretod with drop-tine oddition of tho oilvor

oolution when the galvonmotor pointer tirot returned to the ecolo. The

ourront dropped olowly to o low point where it remained while on exoeoo

or obout one milliliter of oilm oolution no odded before the current

egoin inorooood. it the endpoint oquivolent to the tote]. holidoo, tho

golvononetor light ogein returned to the ooolo end o low point in current

one touched by dropuioe oddition o! the titront. Coogulotion woo obeorvod

ohortly before the endpoint woo reached. Further work with theoe whine-

tiono ohowod on olooo oboemtion that mother drop in current occurred

bottom: the beginning of tho titration end the endpoint due to the chloride

plno brouido prooent. It woo. thought thot thie could be equivalent to tho

number of linioqoinlonto of iodide in the Maple ond in another omlo,

tho oilvor oolution woo ogoin oddod dropwioo It thie point. Thio first

endpoint hed e tendency to orrive o bit lete end to. in; even more than the

iodide-bromide endpoint oo one end oneg-holi' to too nillilitero of omen
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oilvor oolution were needed to owe o new inoroeoo in current otter the

current loo woe reached. The next drop in current corresponding to the

iodide-bromide endpoint in the oonplo woo quite occureto. The opprooch

of the final, endpoint woo chorocterioed by e repid current revered due

to the oddition of one dump of the oilver oolution. Further olow drape

wioo oddition or the oolntion couoed e decreooe in current to the loweot

roe-ding followed by e olight current inoroeoo. The tirot exeoe drop of

eilver conoed o new docreooe in current which did not go quite oo low oo

the preceding one followed by e ropid increooe in current. A lorger

onoooot oilvorionooeoedtho gdvmoternoodloteeoheoderinite

ohitt to the right. It woe only otter eaterol ouch titrotione were

«tried out thot the operotor could be euro of the three endpointo.

Tobie XV. giveo tho-rooulto of echo connective titroticno node in the

obore deocribed manner. Since only the amber of Iillioquivalento or t

the three holidoo had been recorded, the table ototoo only the nillilitoro

required for the three oeporote endpointo non; with the other of milli-

litero octuolly need. | _

It an be noted that the intermediate endpointo mollycono

olightly lots due to the log which occurred when the low oolnhle holido

woo‘noorly ell precipitated end the next leoo ooluhlo halido‘woo beginning

to precipitate. Become or thie overlopping, one mt work with these

titrotiono for come tine before the intoncodiete endpointo ore recognised.

A gonorol titration cum plotting the current werouo the millilitero

of silver oolution odded io shown in figure I. Thio ohowo the lag found

to be present in ttnoo titrotiono. The first minimum correspondo to the
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me TI'I'BATION or was HMRES In 13:21:: 1210 1mm
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Sample Io. Iodide g Iociide+Bromide Total Halide:

_ m 111 Used lie *1: can a: Re

 

 

El

         

1 12.00 12 .09 28.28 28.51 h2.69 to.”

2 7 .hl 7 .123 21 .75 22 .03 39.6% 39.90

E S .29 5 .32 11 .09 11 .15 143.96 1114.33

‘ 7.98 8.00 18.82 19.10 h6.83 h6.76

5 8.hh 8.h2 2&.La 25.75 £1.13 £1.13

6 6.92 6.92 20 .18 20.13 55.07 511.92

7 9 .20 9 .15 22 .28 22 .22 53.91». 53 .90

8 8 .97 9c: 21 .06 21 .10 35' .10 33‘ .c

- 9 6.31. 6.38 18 .10 113.10 115 .87 Lens

10 12 .13 12 .11 311.97 $.86 53.51: 53.111

amount of iodide preeent, the second to the bromide plne iodide, and the

third to the total amount of halidee u would be expected due to the in-

creeeing eolubility or eilver unite in nu; order.

Since the intemediete endpointe were not too sharp, a titration wa-

nede neina the wear eilver toil electrodee. The” electrode: did not

gently improve the first two endpoint: but did make the total helide

endpoint eppeur to be e little sore definite. A titration wee eleo

ettenpted in dilute nitric acid solution but the endpoints were not merly

on WP.

Since mama, Jennings, and Parke (16) in their uperometric work

mggeeted e henge 12$ mec‘ie tocincreeee the sensitivity of the three

different endpoint" einiler media were tried in this experiment. In the

first ettenpt, ten milliliters of the main: carbonate eolution rather

than pure woniue hydroxide were edfled but the encipoint wee no more
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definite. Fire drops of concentrated nitric acid were adder} for the

bromide endpoint which eleo lagged. The eddition of five milliliters of

the dextrin eolution gave the usual chloride endpoint end the use of five

drops of concentreted manila! hydrocdde for the iodide determination did

improve the endpoint alightly. However, the endpoint nee not eherp in

my of the titretione in which nmnim hydroxide one need. Amounts vary-

ing from ten to twenty drape of both concentrated nitric and glacial

lactic ecid were tried for the bromide endpoint end the twenty drops of

concentrated nitric acid named to give the beet endpoint. The titreticn

using twenty drape of the glaciel acetic laid on the other hind was not

too eucceeerul. the emitivity of the total halide determination wee

increased by the use of ten rether than five Iillilitcre of. the 21 dextrin

eolution. to e whole, the Iedie suggested by 'Leitinen, Jenninge, end

Park! in their work were not found to be too successful in thie experi-

ment. Huch lore work would be done in etudying media which might improve

the sensitivity of the triple endpoint titration.



I? . COIEUISIORS

It is evident tron: the above emeriment—s that the dead-atop t-ecl'mi-

que can be applied to come volumetric precipitation reaction: without

the use of emdic depolarizere when electrodes of the cane metal 0.: the

titrant era used. This method oaamt be applied to all metallic cyst-ms

due to the tendemy of new motel electrodes to be sluggish in reaching

equilibrimn in e eolution. The epplicetion of the deed-atop method in

thie determination euggeete the need or e theory to explein the phenomenon

which would also be in egreement with previous timoriee concerning the

deed-atop endpoint. Part of the dead-atop theory in bued. on oxlontion

taking piece et the nude accompanied by e reduction proceee et the

cathode. Here, the two eilver electrodae me the identity of an mode

we cethode when e potezhel ie epplied ecroee then in eolution. Before

the titretion in actually begun, the electrodee will be ens-rounded by

at emeee of negative helide tone and the current regietered on the gel-

venaeeter when the mall potential in applied will be equal to or near

eero when “cilia-1m ie etteined between the electrodes end the eolution.

When the ezuver eolution ie edded, e eilvor halide precipitete ie famed

at once end eoee ct thie precipitate will come in content with both

electrodee. At the mode, which he ettrected e large mmber of the

negative halide ione, oxidation ie teking piece end eome at the eilver

metal of the mode in being oxidieed to eilver ione which rent with the

halide ion in Inlution to precipitate out an e eilver halide. At
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the cathode, only : wall mount of the halide ion: In present and the

reduction or the allver halide to free .1116:- plus a negative hands ion

11 “king place. A. the large «mass of halide ions in decmaaed by

their precipitation with the added :11?" ions, the wrent increases

quite rapidly :0 indicated by tho rm rim of tho galvanonoter pointer.

But u the mount of silver ions added to tho solution and the halide

ions which have precipitated out with the silver ion! boom more nearly

041x11, tn oqxdllbrlxm between the reactions taking place at tho two

electrodes is reached. “this

> I A31 o O '3‘!- Ag + 1'

emuli‘wifi account: for the Madam 1n the titrntion our" and as more

cum 1ona m added, pmmitation continua to occur owning a shirt

in the uqfllibrim. Beams: 0: this, the our-rant docs-nun quit. rapidly

at first 1nd than more slowly u the lat bit of the We ion 1' pre-

oipitatod. At tb- Itoiohiomotric point tho current should 33m be at

the original um point but duo to th- alnganhnnu at tho ”tunic

cleats-ode- 1t only macho: alov point. Tho rmt'omou cum ions

emu mother rapid homage in current by the. electrolytic ooupla,

A: - Ag” + 0. Thu thoory, along with the knolladga o: the mlnbmty of

tho silver halide salts, would account for the mama and plateaus seen

in Figaro I. It also would allow for the application of such u deter-

mum to other hem haul ayatns. An Itht was made to use the

lea-lad ion cyst-n 1n the titration of chroma. 80mm, the method

m round to be man-tutor: duo to the [luggiahnlu of tho load

electrode. to well. u to the high oxidation potantltl of thc clu'onin-

cm'onato cyntm in the media used.
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The accuracy of the single halide determinations carried. out by one

familiar with the endpoint in cmnparabla to tz'mt or the moorome trio and

potentiomtric methods. Since the coolant-attic method was carried out

with much smaller concontrationc, the results 1.1:. not comparable. The

dead-atop method 1! acre rapid than the potentiomotric titration and

requires c vory simple apparatus as well no not requiring the plotting

of c graph to detomino the exact endpoint. This method has the moantagc

that dark-colored substances would not intorforc with the endpoint as tho

do in the Hahn, F5331“, and Volhard mounds. Also, it is t direct do»

termination and I lean rigorous control of pH is required.

The accuracy of cm halide determination in the preconcc of large

mount! of another has already been compared to Kolthoff’a work with

adsorption indioctou. A true cmparic—on ocnmt bo made as Koltlmfi'

state-:1 his accuracy :01? I more dilute solution than was used. in these

experiment... No results or coourlcics were stated by many of the former

workers in this field so that no actual comp-rim m to node. The

method outlined in this paper for tho determination of the three hall-doc

is a rapid om with a fair degree of accuracy. The potentiomatrio

techniqao in not too good time only small potential brooks of about 8.1

volt or. round for the diffs-rent halides. ’

Roch more expoflnmtition should be done before the study of the

flavor-silver ion Iyatooa will be complete. Other media should be triad

with tho tingle halides. In the determination of one halide in the

presence or another, different concentrations of amenity.) hydroxide might

be tried to well u Clark“ (5) barium nitrate mec‘da. These mothods
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should also bs tried. with lower halide concern-rationals. In the mixture of

the three, more study of media should be made in order to induce s sharper

endpoint.

Also, than src w deteminaticnc in which tho silver electrode-

silvcr ion mite! could be attempted. An czapcrometric method has sl-

rcady boon doveloPcd for the titration of nomaptanc with silver nitrate

(l3) and sdaorptioo indicstors have been used in the titration of mar:-

captobmcthiczolc (lb) . Other applications might be lands in the

detcmination of thiocyanato, sclcmcyanatc, cysuate, cyanide, carbonate ,

icdstc, oxalate, plmcphate, neonate, chromatc, sod moimto ions, higher

fatty said: and bar‘bitwic acid dorivstivoc. Attempts haw boon made to

spply the Valhard method in these determinations sad m of tho mggoated

prooeciums are cutlinad by Kolthci‘f snci Stetiger. (1h) .' Of course, the

success of the detamdmticn wold depend on tho conditions necessary for

the stoichiometry at tho reaction, the solubility at the silvcr Inlta,

tad the reactions taking place at the anode and ccthodc in tho titration.

The dead-atop enzzlpoint teclmiqun is s stools, rapid, sod occur-nu

method of determining the halides. This application to volumetric Iro—

cipitation only further proves that the applications of the dead~ctop

endpoint are definitely more mercu- than those preposed by Foulk and

Burden snd do dcpsnd on the immity of the mslytical chant u Stan:

and Scholtcn (27) bars ststcd.
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