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Potentiomet ic Titra tions 

· i h Carie Sul hate 

Carie salts are t heoretica ll idea l as 

oxidation agents for t11e giv xce di ly h i h normal oxi­

dation potentials, ab out 1.45 volts), an, sine t cation 

is .ne pri,:)13.r activ constituen th v lence cha ng i simple , 

only one change being possible., - Oe++ e = Ce 

Although Bar bieri first roposed tne use 

of a solution of r ic Su phat in volumet r ic analysis in 1905 

no extens·ve inves i g tion of itsa pplications in th p ot ntiom t ­

ric fi d w·as .nad until 19~8, when h: • Fur ,aan, and riil lard a· 

Young simulta neousl maae a s ster.aat ic tud of the us e of ee rie 

s ulp.tJ.a te as an i proved stand rd oxidiz · ng ag nt 

T. ese in est i at or found tnat car ic so l -

utions . 5 or .: in H 04 v;e r stab le for periods r angi· fro' 

three to ten ontns atisf'acto m thods for standardization 

agains t oxalate were develop d b: both Fu man nd i illard and 

You , an:i it ,as found tn.at t r action is ace ta and r apid 

bove 70 in h,.,804 oluti n and abov f)0° in HOl so tion. If 

iodin monochlor id is used s a catal st, the titration ~a be 

carried out at room temperatu-e in .1.0 l solution. 

,Ii lar d and Young a lso developed m t hod 

for th determination of iron, io ide, ars e n ie ., ant · · on 

vanad ium and so organic c ids oxid i zab le by cer · c ulpbate . 

Furman investigated the oxidation of ferrocyanide, uran · urn 

.r.iydrogen per ox id , _ d oquinone and thios ulphate, and also 

studied tne us of cer in indicate 

ulp_ua e. 

int itra ions 1it · eerie 

I 

. . 



T~ese invasti~ations indicate that eer ie sul­

pt. t is an exc dine:b v re1eti e oxioizincr ag nt u0 eful in 

man abor tory procedures . It .oas been found particul~rl 

valuable fo tlJ.e d termination of educing agents in th presenc 

ence of hi,e-n concentrations of HO l wher e • ilar us of 

pota siUJJ oer~rng n te i ,t:JOSeib e In sci a it ion to t · e 

potent io etr ic t. od of deter!!linin the nd- point , t'-1e fl den 

inaicsto o- p:. nantl o_in f rr ou0 comp ex, l e been us d 

with ~reat satisfaction. T 1e stability of st niard eric 

been proven over a ·,ia r Qn 

c oncent .. t io ( 0 - 4v CC • one• .n.-..," ~ ' iter, am et 

t .. p es rt time th y ma · be c he a y pre a r d 
~ 

from 5 to 17 c nts per liter of tenth nor J 

on th q_La it"' o.P t}:e S"'lt used . 

so 

the . . o u rr]l!! in ... 

t ion, de:) nd inp; 

inc e, a.s t he ab OVP sum nary nows c ic 

su phate doe<== 1.w.v definite pos 0 ib i ities as a st nd2 d ox-

id i zin ag nt, tn fo or:irl£ iYlv sti t ion was atte "Pted · it h 

t o obj e ct s in v i w: First , t o c o nd uc t e. re li :a i 1 invest-

i .P-a ion of the use of eerie sulphat e:o uti n in some ootent-

iometr ic lab orator oxid t ion procedure O • econd to conduct 

a aiore xt nsive study of tne oxidation by eerie su l pn.ate of 

b ival nt p atin rn . 



·re ra rat ion 'Jf Oeric 

S uluh9.te ~ olutions 

Tr ce ic su pha.te solutio u ed were 

made by disso vinq eerie o..c onium sulphate obta ined f om 

G. F ~m it h Co . , i distilled wat r to · hicn nou ~n concen-

a ed .. 2b0 had been added to ..:iake the r esu ting s olution 

O 5 mol r 'rhe first solution pr -r.>a ed was UJade cco di to 

d irections found on pc 52 of 'J: F. S ·t 1 ci booklet, Oeric 

80 o-ra.ns of eerie 11..non · um eulpbate was sti red 

with 500 cc of vat r containi 11f 26 Jl l. c one H 0"". sp g • .84, 

and then tr nsfe red to a liter fle. k and diluted to the uiark 

T .e re ultinr· solution v,as not clea r howe e &.nd r ep e ted 

stirr ing and i x ing did not make it o. There appeared to 

be pr ent suspension o v r fine er s t a llin el o~ t 

part of vnic h s t t l d to t h bottom upo n standi o- ove nig 

T ne lution vas fil t red, but t.. fi t r at was st ill cloud .. , 

anci u on star:d i a- a l ie: l low prec i p ita te a ,ca in s ett led in 

th bottom of tne f l a k . 

:0 eta a d i z tion aga inst 1'a 0 2 04 t 

nor~a ity of t ne so ution was foun · t - be . 1J87 . I t was t nougnt 

t t this JJiE L be too concentrated a solution to be s t ab le, s o 

i was diluted to approximat e y 07 T • rrhe resul i ng solution 

was perfect l cl a r, ard its nor i.:oa it re ,-a i nect constant over 

a er iod of ,. ver a l week • Ot b so lutions of t is a pproximate 

nor a lit we e pr e pa r d and a 11 ere c le r olutions t hat r e­

ma i ned stab le as ong as t he were used. 

dilute sol l,ion a oroxi: a.tel . 02 N 

.a s p spared b.,r d iluting tr . 87 J. solution but i mr.aedi tel 

3 



aft.er dil tion it be c:.iJJe cloud • vhen tnis solution was 

mad 05 .. '. .. with pect to H2S04 , the c oudiness disa ppeared 

and the solution beca.n clea • Th . 02 F solution re ain d 

tab le a long as used . 

Chloride Solution for U as a Cat lys t 

A .5 J:Ji. iodine monochlo ide solution 

~as re pared as directed on pa e 5 of G. Smit h s booklet . 

10 g of KI and 6. 74 g. of K 0 were dieso v d in 90 ml. of 

•;at · , and tnen 90 ml. of cone. RC l was added. The rea tion 

i s as fo ows; 

1 

Fiv cc of c h oroform was add ed., and the 

lution rae adju t d by adding a m 11 por i ns of K nd K 0 3 

unti tn co of t he ch oroform 1as a ve faint or n 

10 m • of t h is 90lution ·,as tn n d · 1ut d to 1000 ml. to m ke 

• 005 d o tion which was used i n ort ions of 5 - 10 ml . a.s a 

catab s t . 

a rat ion o f In olut ions 

A . 025 l\1 solution of phenanthroline 

fe rous complex was pure.ha. d om G. F. Smith Co . On drop of 

this was us d as an i , icato in the titrati n of ox late in · l 

so l u ion, and also in the H 0 2 titr tions 

0 l o solution of Erio Gl · cine as 

prepar ed b dissolv ing- one g ram oft a 1 t in 000 m l . of w t r • 

This wa added in 0 .5 m . potions i n th it at ion of ferrous 

iron. 

one er cent solution of ethylene b lue 

was prepared b dis s olvi one g r a of th dy in 100 ml. of w ••r• 

Thi wa used expe imenta 1 in ver 1 tit t i ons 



... ..,. 

The S andard i zation 

Solutions 1ith Stand rd S odiun Oxalat or Oxalic 

_is_ 

T concent a ion of he ric Sul phat so -

utions s determined b titratin ei .,h d po tions of Stand-

a d S odium Oxa at , and t l N orrna li ie obtain d b this method 

w e fo nd to be ace ate ithin he i'!l ·ts of p r nt 

error in bo h d ochloric and ul huric acid solutions und r 

va ing cond · ions of tempe a ure and · o e . It was found 

that s ul huric acid e olut ion is more uitab 1 tha.n dr oc hlo ic 

acid solution in carr ing out th ti ra ion b the pote nt · ome 

ic m tnod, since tbe ch9.n e in potent· 1 is reate , a d 

equ · i b iun is reac.h.ed more rapidly . · hen t po entioroetr ic 

method is not d · able, a satisf c or standar dization my 

be m d si or o phe nt o line fe ous comp ex as n in-

dicato in cyd och oric acid so tion 

dization b nt io.netr ic 

In al ooh oric cid olu ion the tit ations 

were c r~ ' d out b t otentiometric method nd a l o b usi 

o-phenan hroline f rous com9 x as an indic or . /ih n the 

potentiometr ic me nod was used we · h d amount? of sodium oxalate 

were placed in e k6 r s containing var ious amoun of w ter an 

concent at d and he r ulting ol i ns were tit tad 

with C ic u phate sol ion. The e 1 c t ode s st m u ed is 

full described in the append · , and consisted of b i gnt p a.t-

inum wire as one elect od and a no m l ca 0.11 electrode 

onnec d to t tit ation b ke r b means of a T K 04 a t 

bridg a the other . Th a lution b ing tit a ted as k pt J 



at the d s ir d t mp r ature by m an of a Bunse n burne r shi e ded 

f r o drafts and it was stirred continuous 1 b a motor d i ven 

g a ss stirre r . 

It was found t bat t conditions of the 

titrat i on co u d be · idely va ried s. nd ccu te results still be 

ob ained . 

end- uoint 

A marked c r.e.ng in vo lune t.ia no ff ct upon t 

nd t h quantit , of 0 1 can b gr eatl inc eased 

ithout producing any marked c hange i n r ap idit of t he e quil­

i bri um but t he temper atur e bas to be ke pt ab o e 60° 6 . in 

ord r fo t r.iB 

be practica l 

uilibr ium to be r ap id and s ns itive nough to 

per t ure o 85-90° , and an i n itia l 

vo uca e of 150 cc . , c ontaini ng 20 cc. of once ntrat e d H0 l we Ee 

found to be the cond itions best suited fo titration in HO l ol-

ution , hen t hes condi ions a r ulfil ed, and th so l ution 

i s ,e 1 s tirred _ continuously i t is nee ssar y to w i t ab out two 

or t hr e e minutes a fter each add i ion near t nd- po int i n or der 

t o a l lo•, tbs e .m. f . to b ecom constant enough for an a ccurat 

eading to , ad rrhe break i n p ot nt i a l i n this c s e i 

about O.2OO v o t or n add it ion of .o c c. f . 066 

S u phat solution. (Jee Gra..f' h r) 
Oer ic 

Use of o-P henant 

as an I nd i cator in t he Ti t a tion of 

o l ution 

fihen th t itration was carri d out using 

o-phe nant hro l ine ferro us complex a s a n indica te , t he d irections 

g ve n in G : F: nmith ' s pamphlet, - 0 - , we re foll owed . 

de i g.aed port ions of t he 1:a C20 we r p l ac d in a 400 m . b e ke r 

and dissolved by add ition of 20 (J . of EO l and 5 ml. of Cl 

dilluted with wat r t o 100 m T. solution v1as then heated to 
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fifty degrees, using a thermometer as a stirring rod. After 

t ne add it ion of one dr op of a . 025 1i1 solution of o-p henant hr o­

line f er r ous complex, the eerie sulphate solution was titrated 

in unt il the co lo r of the i nd i cator was pale b lue , and there 

was no re t urn of any p i nk color a fter an inte rva l of one minute. 

T e temperature must be ca r e fully reg ulate d, 

if it drops below 45° t.!'le end- point o oe s not occur with s uff ic ie_ t 

ra. id ity to be ractict: 1, E-nd if it rises above ~ ..:, , the color of 

the indicator disappears, supposed ly due t o decompos ition. The 

add it ion of 5-10 ml. of . 005 M 101 is necessary to has ten the 

attairuaent of an equi i br ium . One drop of indic at or so lution 

is sufficient to pr oduce a color intense enough, so that the 

c hange f r om pink to b lue can eas il b~ de tecte d by the eye in ordi -

nar y light. If raor e tr.an one dr op is added , the am ount of eerie 

sul pha te required to produce t he color change is i nc rease d, so t .tl 

t ha t an error of se veral part s per thousand is produced . 

Titration of Oxala t e in Sulphuric 

Ac id Solution with Carie Sul hate 

In sulphuric ac id solution the titrat ions 

were carried out by t he pot entiometric ::ue t hod desc r ibed above 

i n connec t ion wit h t he titration i n hC l solution. As in t he 

hO l solut bn it was found t f'..at the titrat ion could be c ar ried 

out s uc cessfully using a wid e rang e of init i a l vo l ume s , but 

for the sake of convenience an i n i tia l vo lu.ne of 150 cc . 

s eems to be most suitab l e . The quantity of HzS04 may be 

varied to some extent, but when mo re t han 10 cc . of the con­

centra t ed acid a r e added equil i brifltD is re ac hed too s l owl to 

be practica l . Equilibrium is attained very rapidly vmen the amo 

amo unt of acid pre sent i s between two and three cc. 

If t he temper ature dr ops be low 70° , equil-

" 0 i br ium is attained very s lowly , but between 90 and 95 it is 

att a i ned very r ap idly . The break i n potentia l i n this case 

varies f r om . 275 to . 300 v olt for an addition of . 05 cc of 



.066 .N eerie so l ut i on , while i n HC l s o l ution t he br eak i s only 

ab out • 200 volt • ( See Figur e I 1-A oreo er, i n H2S04 sol-

ut i on it is nec e s sar y t o wa it but one min ut e after ea ch ad d ition 

of eer i e sul phate near t he end- po i nt be fo r e e quilib r ium i s 

a t t a ined while in HC s olution t wo or three minute s a r e r e quired 

a nd eve n t hen t he ga lvanome t er is not uite a s sens i tive a s i n 

t he h S04 s olution . 

It i s, t her efore, conc l ud ed t hat t he 

standa rdization of eerie s ulphate aga i ns t s odium oxa l at e can be 

carried out more sat i s f actor ily i n .H 5 04 s olution t han i n HC l 

solution, s i nce the break i n p otentia l i n H 04 is ne a r ly one 

a nd a ha lf times t hat found i n P.0 1 s olution, 
I 

d a inc e the e quil-

i brium i r eached more ui ck l y and more satis f actorily i n the 

Hzfl 04 s olution. 

Standardizat ion aga i ns t Oxa lic Ac i d 

The s t andar d i zat ion aga inst oxa l ic a c id 

wa s found to be ent ire ly s im ila r to t hat wit h sodium oxalat e , 

a lt hough t he s odium oxa l a te olution r ached a n equil i br ium 

more sat is ctor ily near t he end- point than d 1t t he oxa lic acid . 

I n t his case, as in t he s od ium oxa l at e titration, Hz504 sol­

ution wa s found to be more r,at is factory tha n an so l ution. 

The ris e in potent ial wa s found to be ne arly t wi ce a s great i n 

H2504 solut ion as in HCl, and t he equil i br i um was reac hed more 

r apid ly i n HzS 04 s ol ut i on . (See Fig ur ~ I ) 

J 
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'rhe J.Jeter m:i.nation of the 

Ratio between C ric Sul phate Solutions and 

F rous Ammonium Sul phate Solutions 

Several so lutions of Ferrous Amm onium 

Sulphate of differant concentrations were prepared, and their 

normalities were det ermined by titrating with eerie sulphate 

solutions which had been stand ar dized agains t Na C 04 • The 
I 

norma lit ies thus found ag~e ed e xcellently among themse lves , and 

als o with the value calculated from the weight of ·1ohr s salt 

used in t he preparat i on of the solutions . 

k or t of the titrations were car ried out wiim 

an approximately .08 :r: so ution of fe r rous am::ooni um su l phate 

about . 2 in respect to HzS 4 , which was protected from oxidat ion 

by the a ir by be i ng kept in an at moepher e of cyd rogen, and 

titrated om an a utomatic burett e descr i bed in the appendix . 

In ad d ition t o the titrations of tne 

ferrous a mmoni um sulphat e solut ion wi th eerie sulphate, several 

of the reverse titrations were made, in which the eerie solution 

was t i trated wit h ferrous solut ion . Titrat i ons were made in 

both HC l ar:d H2bU4 so ution, nd accurate results wer e obtained 

in dilute HCl solution, and in dilute or concentr ated H2S04 

solution. It was f ound that Er io Gla u ine A. may be used with 

s at is fac t ion as an indicator in d ilute h~04 solution a t r oom 

tam er ature . 

II 
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Potentiometric Titration of Ferrous 

Ammoni um Sulphate in H.,804 Solut i on 

In sulphuric acid solution the titrations 

were car r ied out by t he potentiornetric method, ax:d also by using 

Erio Glaucine A. as an indicator. In the potentiomet r ic 

titrations t he sam e electr ode system a nd appa atus was used that 

is desc r i bed in connection wit h t he standardization against 

Na 0 2 04 i n ID l solution . The b urettes were a r r anged so that 

e it her t he eerie sulphate or t he ferrous ammonium sulphate could 

be tit r ated in, a nd the ratio between t he two so l ut i ons could 

be det er mined by titrating eithe r d>f them with the other. In 

mos t cases , however, t 11e ferrous ammonium sulphate was put into 

t he 250 ml. beaker containg a bo ut 150 ml. distilled wa ter, and 

t he necessar acid . Th i s solution was heated until the desired 

t emperature v;as re ac hed, a ai t h en titrated with eerie su phate. 

It was found t hat t he conditions of the 

t itrativn could be wi dely var ied , and ac curate re .:u l ts stil be 

obtained. i'he e uilibriurn was r ap id a nd sensitive eno h to 

be practica l at a ny te mpe r a ture above "50° , a nd at any c oncentrat­

ion of .h2S04 be low 20 cc. of t he conce ntr at ed acid in 150 cc. of 

so l ution . 

When no acid i pre s ent exce pt t . at 

conta ined i n the eerie solution and t he ferrous solution, the 

titra tion may stil be ca rried out with satisfaction, but it 

cannot be carried out in alka l ine so ut i on due to the for mation 

/3 
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of a white prec d.p itate, (prob ab ly an oxide of ceriull), so 

that more eerie sulpmte solution is required than is equiv­

alent to the ferrous solution. 

A temper ature of 85-90° , and an 

initial volUille of 150 cc., containing 2 to 5 cc. of concentrated 

H2S04 were found to be the conditions best suited for titration 

in sulphuric acid solution. When t hese conditions a re fu l-

filled, and the solution is kept well stirred, it is not necess­

ary to wait at al l fo r equili brium to be reached near the end-

point, for by the time the burette reading can be made and recoroed 

I 
t he potentiometer will re.ve become constant. The break in 

potential i n this case is ab out . 520 volt fo r an addit i on of 

.05 cc. of .066 N cer ic sul phate, ( s ee Graph 4- ), or about 

.220 volt for an addition of .05 cc. of . 0285 N eerie sulphate 

s olution. (See Graph S ) 

The reverse titration ( e erie sulphate 

titrated with Ferrous ammoni um sul phate so lution) occurs with 

equa l rapidity and sensitiveness of equilibrium under widely 

vary ing conditions . In t his case, a temp r atur of 85 - 95° , 

and an i nitial volume of 150 cc . conta i ning abo ut 10 cc . of 

coz:i.centr ated hzS04 , seeme d to be the conditions best suited for 

t he titrat ion . s in the titration of ferrous solution with 

eerie, it is not necessary f:o w it for e uilibriUnJ t o be reached. 

In t his case the potentia l drops about .400 volt for an add it ion 

of .05 cc . of .08 N ferrous arn;noniurn sulpmte solution. (S ee Gr aph f o,J'f.) 
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Titr ation of Ferrous Ammonium Sulphate 

Using Erio Glaucine A. as an Indicator 

Whe n t he tit ration was carried out us i ng 

Erio Glaucine A. as an i ndicator, the directions give n on page '56 

of G. F. Smith s pamphl et were followed. A measure d quantity 

of eerie sulp h<i te solution wa s p laced in a 250 ml. beaker , and 

d iluted by the addition of 25 - 50 ml . of wat er , and 2 - 5 ml . of 

1: l h 04. This solution was titrated wit h the Mohr s s alt 

s olution until t he yellow e erie i on c q,,lor was a lmost bleached 

out . 0 .5 ml of Er io Glaucine A. was adde d, a nd the color of 

the so l ution urned red . The fe rro us iron solution was slowly 

added drop by drop, with const ant stir r ing until t he red sol-

ution turned a per illanent yellow or yellowi sh green. ( The above 

directions are a modified summary of those g iven ~ G. F. Smith. ) 

Since the color ch9. ng involved 

is a l ittle diff i c ult to recognize accurately , it v,as found beet 

to bava both the ferr ous solution and the eerie solution in burettes. 

then t his w~s done, very accur ate results could be rapidly obta ined 

by adding a few drops of fer r ous so l ution past the end- po i nt and 

t hen ad d ing just enough eerie s olut ion to obtain thired color 

again . Then, the addition of one drop of f err ous solution 

shoul d produce t he re quired c o lor c ha nge. By follow ing this 

method of titrat ion, the eye becomes more accustomed to the color 

IY 



change involved., and it can be recogni z ed more accur ate ly. 

This titration occurs best at room t em perature., for if the 

solution i s heated., the indic ator appears to decompose . The 

r es ults obtained by this met hod a greed well with thos e obta ined 

by the potentiometric method. 

Titration of Ferr ous Ammonium 

Sulphate in HO l Solution 

I n HJ l s lut ion., the titrations 

we r e carried out by the potentiometric method., as in HzS04 

s olution. Again it was found t hat the titration could be 

ca r r ied out ~EXK succ es sfully over a wide r a nge of t emper ature 

and vo l um e . The c oncentratio n of the HO l must be kept below 

10 cc . of cone . HO 1 in 150 ml. of solution., however , for when 

more EO l i s present t he end- point becomes inde finite., and an error 

of s evera l pe rc-e nt is introduced because more eerie sol ution 

is re uired t han would ordinar ily be necess a (See Graph 7 ) 

Although the titration ma be 

carried out around '{/J0 ., it proceeds much more r apidly when the 

t emper ature i s 85 - 95°. I t was found t hat t he addition of 

20 ml. of 2 N H3 l give s t he pr oper acidity to the solution . 

Y/hen these cond itions are fulfilled the re action proceeds with 

a r ap i dity oompa.r ab l e t o t hat i n Hz-5 04 s olution., and it is not 

17 
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neces s ary to wait for an equi librium to be established . The 

bre~k i n potential in this case is similar to that in H_.;304 sol­

ution being about . 200 vo t for an addition of . 05 m • of 

• 283 N eerie sulphate solution . 

I 



GR'PB 8 vol ts 

. ~ ,oo 

.lo 

. SJ. 

Cc3G.~ 3~., 
• eerie sulphate -? 



l'he Use of Oe r ic Sulphate 

in the Deter mination of the Rate of 

Decomposition o ijv dr o~en Pe r oxide under the 

I nfluenc e of a r ious Catalysts 

The app licability of cer ic ulphate s a 

subs itute for Ktim04 in,. pract ical laboratory proc edure is 
I 

s110:m by the follo·.virig experh.ient , in which the effects of 

various cata lysts on t1ie decompos ition of bivdrogen peroxide 

was observed by followin,cr the rate of dee ompos it ion by means 

o_ titr tions with eerie sulphate solution. 

The fol owing procedure is that found in 

Experiment 41 - Daniels, :,:atthews, and ;; illiams, except that 

the . 066 N eerie sulphate solution we.a used in place of the 

. 0 1 KJAnO~ so ution sug~ested . 

stock so ution of HoO was prepared by 

diluting the ,;1a com21ercial solution with about four volumes 

of distilled \,ater . 25 cc . quantities were placed in small 

Erlenmeyer flac,ks, and 5 cc . of so l ut ions of various cata lysts 

were added, and mixed thoroughly . T.b.e soluti ns were kept at 

25° in a thermost~t, and the time of mi xing was recorded . 5 cc . 

samples were withdra. m et inte V'>ls. and p i petted r apidly into 

.23 



dilute nO l , and then titr at ed ira:nedie.tely v: i th eerie sul phat e . 

I t is best if t he solution is blown out of the 

pipette in to the acid, "'ince the er ror introduced by blowing 

out t he pipette is less t hen t hat caus ed by the delay in titrating 

if t he p i pette is a llowed t o d a i n in the usua 1 way . 

The titra tions we r e made by quickly heating 

t he solution to 50°, adding one drop of o-phenanthroline fer rous 

complex as an i ndic ator, and titrating rapia l y until the color 

of tne i nd i cator beg~ to fade . Readings were t nen t s.ken on the 

pote ntiometer, and it was found t hat t he indicator e nd-point 

~ 

agreed exactly with tne e nd-point obtained by t he potentiometric 

Jlet hod . 

The effects of t he follow i ng cata. l sts were 

studied: (a) P l atin ized asbestos . (b) Platinized asbestos trace 

of me rc uric chloride . (d ) .05 M Ferric chloride .5 with respect 

to HO l. (e) 0 .5 ,~ FeO 3 solution, . 5 M wit h respect to HO l . 

f) S e lution d to whic h enough Cuen has been added to give . 05 t· 

CuCl • g ) Ou 012 solution, . 5 l~i wit h r espect to OuCl and 

• 5 ril in HC l . 

In eac h case, four or five t itre.t ions were 

mad e during t he first half of the decomposit i on, and from t he 

values obta ine d the velocity cons tants for the diffe r ent dec om-

positions were calculated liy the equation: 

k = 
2. 0 ...Q.Q. 

l og C 

The values for k, t hus obt ined , a greed ve 11 with eac h other , a nd 

a l so with re corded v plues . 



Several titrations were made to determine 

t.he concentration oft.he H 02 solution in the absence of catalysts, 

and a.11 tbe values obtained were accurate witnin tb.e limits of 

experiment al error. See Graph 0/ ) The concentration of the 

hO l into which t he H2 02 was pipetted was varied, ani was found 

to give the best reaults when the ll.01 solution was 1.5 N. When 

the concentration of the HCl was ab ove 5N, he reaction did not 

pr oceed in a uantitative manner, and the e qu ilibrium was much 

too unconstant to be pr act ic a l. 

When O cc . of ¥odine monochlor i de was added 

the titration could be carried out satisfacto r il at room tempe r a­

ture, but a t 50 - 60;,; equilibrium was re ached mor r apidly , and it 

was not necessa to wait at a 11 befo r e the potentiomete r r ead i ng 

became constant. The break in potent i a l in this case is about 

.250 volts for an addition of .05 cc . of .066 N eerie sulph:l.t e 

s olution. See Graph ) 

n summ y, it was found that the following 

procedure gives the be t res ults in titrating HO solution where 

rap idity i s necessary. meas ured portion of t he H O solut ion 

is blown from a pipette into 150 cc. of 1.5 N HOl. ' This solution 

is heated uick y to 50° , one drop of o-phenanthroline ferrous 

complex is add d, ani a dilute eerie sulphate s olution is tit rated 

in rapidly, until the colo of the i ndicato begins t o fade • 

.Potentiometer readings are then made until the end- po i nt is reached . 

In this way, a t i tration ca n be made in abo ut five minutes, and 

accurate results still be obtained . 
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The 'l'itration of 

Bivalent Platinum with Cerio 

Sulphate Solution 

A solution of a bivalent platinum 
~ .S()73 ~ · 

salt was prepared by dissolvi ng e no ugh K2Pt C 14 , 11.( of unknown 
~.So ,w,J . 41,, 

pur ity, but probably very p ure), in "-distilled water, so that 

an approximate l y .05 N sol ion was obta ined . A. number of 

. I 
pr elimina r y exper iments were made on the K PtCl 4 so lution, in 

which one cc. por tions of the p l atinum so lution we re diluted 

a nd rougnl y t itr ated with the ee r ie s olution , i:rt order to de-

termine the nature of the change in potent i a , and t he conditions 

under which it best oc c urs . 

Titr ations were ms.Cle i n eydrochloric, 

acet ic, and s ulphuric acid so utions , an:l. it was found t hat the 

reaction between the eerie and platinous ions was quantitative 

in character, ani that a la:r.ge cr..a.nge i n potential did occur 

.near the end-point . 

The titrat ions were carried out b the 

potent iometric method, using the appar atus described be fore . In 

some cases o- phenantbroline ferrous comp lex was used as an indica-

tor in add it ion to the potent i ometer r eadings . In add ition to 

the titr ... tions of p l atinum wit h ric sulpm te, several of the 



reverse titrations were car ied out in which the eerie sulphate 

was titrated with the K2Pt0 14 so l ution . 

Titration of K2PtC14 

in cetic Acid Solution 

·rhe results of the preliminar y 

experiments sugges ted that the titrations wight be carried out 

suce ssfully in acetic acid solution, so s evera l titrations were 

made using various concentr at ions of cetic acid . 

In dilute ac etic ac id solution, the 

reaction was not quantitative, an:l no accur a te res ults could be 

obtained . In concentrated solutions, accurate resu l t s could be 

oot ained, aa:l a definite break in potential occured., See Graph / 0 ) 

but equilibrium was re acne d very s lowly, an:! it v,as not sensitive 

enough to be practical. 

ven at a temperature of 95° , and 

a concentration of 20 cc . of glac i a l acetic ac id in 150 ml., the 

equilibrium •,as reached too slow l y for pr actical use . If three 

or four minutes was waited after ac h addition, howeYer, an 

accur ate curve could be obtained. See Gr aph / {) 

In all acetic acid so lut ions, a 

white precipit ate was present througnout the whole titration, 

but upon the addition of a strong acid, the precipitate disso lved, 

and the titration occu'"red nith t~e same rapidity that it would in 
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t he case of the str ong ac id alone. It is tIJS r efore , c on luded 

ttiat glac ial acetic acid does not furnis h sufficient acidity for 

he titrat ion of K PtCl with eerie s1..ilphate, but e presence 

of acetic ac i d does not hinder the titration llhen a stronger ac id 

i s added to the solution. 

Ti tr at ion of K2Pt C 14 in 

Su lphuric Acid S elut ion 

I t was found t hat when the titration 
I 

was carried out i n su l phuric ac id solut ion, the condi t ions of 

t Le tit r atio11 could be widel varied, and result s of reasona l e 

accur acy still be obtained . Tne equil i brium was rapid o.nd 

sensit ive e nough to be pr actical at a cy' tempe rature ab ove 5~, 

and at ar.w concent r ation of H2S04 b elow 30 cc. of the concen­

tra ted acid in 150 ml . of so l ut ion. 

Severa l titrat i ons were mad e at 

50° , using o-phenantbroline ferr ous comp lex as an indicator , 

a nd the result s obtained corre sponded wit h those obtained by 

t he potentiometric me t hod . 

A temper a ure of 85 - 90° , a n:i 

an initia l volume of 150 cc. containing 5 cc . of concentr t e d H2f04 

were found to be t he conditions best suited for the pot entiometric 

titration i n su lp huric acid solution. v'/ hen these conditions are 

fulf illea, and the solution is kept well st irred it is neceas ary 

30 
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to v,ait only about balf a minute near tne end-point be fore 

equilibrium is reached. T.t1e break in potential in thi s case 

is about .120 volt for an addition of .05 cc . of . 066 N eerie 

su lphate. {JV' 

Titration of K0Ptc4 in 

Hydrochloric Ac id So ution 

In the potent iornetric titr ation of 

K PtC14 in HOl solution, it was found that equilibrium was reached 
I 

very quivkly and sensitively when t.ne concent tion of ID l was 

carefully regu l ated . A temperature of 85 - 95° , and an initial 

volume of 150 cc . were found to be best suited for the titr ation . 

A titration was made in which no ac i d 

was present e cept that in the eerie sulphate solution. The 

equi ibrium was neither rapid nor constant , ar.d a whi te precipitate 

was pressnt in the solution throughout the titration. As seen in 

Graph / 3 , the end-point occurred about .9 ml . too l ate, pr obab y 

due to the formation of an oxide of cerium . 

When more t han 15 ml . of concentrated 

HOl was present in 150 cc . , the drop in potential 1"1as so small , 

an:1 the equilibrium was so unconstant as to r ender the titr ation 

impra ctical (See Graphs /~ and /b) 

Whsn the concentration was kept 

between the two limits ( 0 - 15 cc . mentioned above, the equil-
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ibrium was found to be very rapid and constant, s o that it waa 

neces sary to wa it only about ha l f a minut e near t he end-point 

and after the end- point i s re ached, it becomes const8'l.nt immedi-

ate ly. On addition of . 05 ml. of . 066 N eerie sulpha te a break 

of abo ut . 280 olt was obtained, (See Graph /'1 ), and an a ddition 

3 7 

of . 05 ml . of .0283 N eerie sulphate gav e a break of bout ,200 volt . { I 

Thi e is nearly three times the break in potent i a l in H2S04 solution, 

so i t is cone luded that eyd roc hloric cid solution gives the bet t ez 

encl- point, sinc e the rate of attaining equilibri um in the t wo c ase s 

i s about the same. ( ~ I~) 
I 

t is readily seen from Graphs / '{ and / !', 

t hat the addition of varying amounts of HC l produces a regula r 

lowering of the e .m. f., th am ount of lowering depending dire ctly 

upon the amount of HO added. F om a number of experil1lents, 

it was found that 25 cc . of 2N H6 l was the amount which gave t he 

bes t e uilibrium, and the gr eate s t dro p in potenti l. 

I 
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Conclusion 

In conclusion , th e followin g summary is 

give n, in wh ich the more imp ortant e xp erimental 

r esul ts a nd p rocedures a re bri e fly outlined. 

Stand a rd eerie sulphate solutions may be 

ma de by dis s olving e e rie a mm onium su l phate, or pu re 

e e rie sulphate in distilled wate r to which e nou gh 
I 

concen trat ed sulphu ric acid h a s be en ad d ed to make the 

resul tin g solution 0 . 5 molar in res pect to acid. 

If thes e solutions a r e less tha n .08 N with r espe ct 

to eerie sulphate they will r emain e rf ec tly cl ea r 

a nd s t a bl e for a pe ri od of at le ast two or th~e e months. 

Cer ic sulphate solutions may be conveniently 

st a nda rdi ze d by titratin g against accurat e ly weighe d 

port ions of Standard Sodi um 0xalate, and the Normalities 

obtained by this me t hod were fo und to be accurat e 

within the limit s of e xpe rimental e rror in bmth 

hydrochloric and sul p h uri c ac id sol~ti ons , und e r 

va ryin g condit inn s of t empe rat u r e ,conc e ntrati on, and 

volum e . It wa s fo un d th a t sul p huric acid solution 

is more suit a bl e th a n hyd rochloric a cid solution in 

carryin g out the titrati on by th e p otentiomet r ic 

method, since the ch a n ge in p ot ential is g reater, and 



equilibriu m is reach e d more quickly. Nh en th e 

po t en tiom e tric me t hod is not desirable, a satisfactory 

standardiz ation may be made us in g o rtho phenanthroline 

ferrous com lex as an indic a tor in hydrochloric acid 

s olution. Th e followin g conditions were found to 

be best or ti trating sod iu m ox a late usin g t he 

p ot e nti ome tric method of d e t e r minin g the e nd - p oint: 

Te mperature of solution: 85 - 95 c. 

Initi al Volum e : 150 cc. 

j 

.cid concentrat ion: 2 or 3 cc. of Gone. Su l phu ric 

p er 150 cc. of so lution. 

It was found th a t F e rrous mmo n ium 

Sul p hate solutions could be accurately titrat e d with 

eerie sulphate solutions in both dilut e hydrochloric 

ac id, . a nd d il ute or conc e ntrated sulphuric a cid solution. 

Th e nor mal iti e s f a un by this me thod ag r ee d excellently 

amo n g themselv es , a nd a ls o wi th the v a lue c a lc u l a t e d 

fro m the we ight of Mo hr's salt used in the p r epa rati on 

of the sol ution s . It was fou nd tha t Erio Glau c ine A. 

may be u s e d with s atis fa ct i o n as an i n d ic at o r in dilute 

sulphuric a cid solutio n a t room t emperature. The 

titra ti o n may b e c a rried out e ith e r by titratin g f errous 

wit h e e rie, or vic e v e rsa, eer ie solution with f e rrous. 

Th e followin g conditions were ound to b e b es t for 

carr y in g o ut the titr a ti ons by t he potent i omet ric 

me th od: 
T empe r ature o f soluti on: 90 G. 

Initi a l 'olume: 1 50 cc . 

Acid concentration: 3 cc. of Bah e. su l phu ri e 

acid or 20 c c. o f 2 N HCl. 



Accurate results we r e al so obt ained 

in the titra tion of hydro ge n pe roxide solutions with 

e e rie su lphat e solution. It wa f o un d that th e 

f o llo win g p roc ed11re gave th e bes t r esu lt s in titratin g 

cat alyzed erox i de sol uti o ns we r e ra pi d i ty is impe rative. 

A measured p ortion of the ne roxide soluti o n i s blo wn 

fro m a p ip e tte into 150 cc. of 1.5 N HC l. This 

s olution is heated quickly t o 50 de grees 6 ., on e d r o p 

of o-phena nthroline ferrous comp lex is added, an d a 

dilute ( ab out .02 N) eerie sulphate solution is titrated 

in ra p idly until the c olor of the indicator begins 

to fade. Read in gs are then mad e on th e p ot e ntiomete r r 

until the usu a l e nd- p oint is reach e d. In this way, 

a tit r a tion can be made in ab o ut fiv e mi nute s, a nd 

ac curate r esu lts still be obta in ed . 

It was found that K Pt Cl coul d be 

ac curately titrat ed with eerie sulph a t e s olution, 
ric 

e ither in hydrochloric or sulf~f acid solution. Th e 

results obtain ed using o-phenanthroline ferrous comp l e x 

as an indicator corres p onded with those in which the 

p otentiometric me thod was used. It was f ou nd that 

a carefully re g~ lated concentrat ion of HCl will 

g iv e better results than vhen sulphuric acid solution 

is used. From th e results of a nu mb e r of e x . e ri-

ments, it was found that 25 cc. of 2 N HCl gives 

the p roper acid concentration, when the initial volume 

of the solution to be titrated is 150 cc. , and a 

temperature of 85 - 95 c. is used. If no acid 

is used, the equilibr i um is neith e r ra p id, constant, 



nor accurate , and i f more than 1 5 ml . of th e concentrated 

acid is present, the drop in potential is so small, 

a nd the equilibrium so unconstant as to r e nder the 

titration impractical. Th e titration shoul~ therefore, 

be carri e d out und er the following conditions: 

Tempe rature of solut ion: 85 - 95 c. 

Initial volume: 150 cc. 

Acid concentration: 2 5 ml. of 2 N HCl , 

pe r 150 ml. of solution. 

I 





Th e accompanying sket ch es should g iv e 

a rough idea o f the ge neral natur e of t he apparatu s 

used in th e e xperimental work on this th es is. This 

apparatus consisted esse ntially of ? ot e nticim e t er~ 

a Normal Calomel elec trode, a plat inum electrode, 

buret t es for titrating in the solut ions, and means for 

stirring and heatin g th e solution to be titrat e d. 

The p otentiometer set - up was th a t ordinari ly used 

with th e Quee n p otentiometer, but the rest o . the 

apparatus p o ssesses a fe original touch e s found to 

be n ecessary hen titrating solutions near 100 degrees. 

It 1/18.S ound that an ordinary calomel 

electr ode was unsatisf a ctory when used a t high 

tempe ratures, because its short arm brought it t oo 

near the solution being heated , and a gelatin salt 

bri dge would melt , and therefore could not be used. 

The calomel e lectrode shown in Plate On e was devised 

f or use when the solution being titrated wa s near the 

boi lin g p oint, and was found to be pe r fectly satisfactory 

and even mor e co nv enient than the calomel e i e ctrod e of 

the usual type. It consists of tno 200 by 25 mm. Py r e x 

t e st tubes, on e of which contains a layer o f me rcury, 

and a solution of normal KCl sat urated with cal me l, a nd 



the ot h er contains norma l KCl. Thr ee hole rub be r stop-

pers are place d in th e to p o f each, and ti g htly f i tted 

so ' no a ir c a n leak in. Two d ro pping funnels cont aining 

normal KCl, a g las s t ube f i lled with mercury, having 

a p latinum wir e se a l e d at the e nd, and h ollo w glass 

tubing be nt as r e quired are a rranged as s hown in the 

d rawing. By o pe ning t he stopcocks of t he d ro pping 

f un n els the g la ss connecting t ubes c an be fill ed with 

soluti o n , and i f the c o n necti o ns a re a ll a irti ght, the 

solution will not leak out. Tub e A is abou t t en or 

twelve inch es lon g , s o th a t th e electrode will b e far 

enough r emo v e d from the flame no t to be a ffe cted by the 

h eat. Th e test-tube c onta ingng th e N KCl ac ts as a 

sa lt brid g e , and sh o ul d b e remo v ed occasionally s o t hat 

th e calome l ele ctrod e can be fl ushe d out. t Tube A 

should b e flushed o u t af ter each titrati o n. The b u rett es 

each h a ve gl a ss tube e xtensions a bo ut eight or t e n inc hes 

long, a s shown , so that th e y will be fr e nou gh away fro m 

the fl ame not to be affec t ed by th e heat. The e nds of 

these gla s s t ubes ar e drawn out to a f in e ca pil la ry, 

so that the size o f the drops during t he t i tr a tion will 

b e as small as pos s ibl e . A motor driven glas s s tirr e r 

was arrang e d a s shown , and the s olut io n being titr a t ed 

wa s kep t wel l stirred at all times. 250 cc. b ea ker 

was found to be a convenient size for c a rrying out 

most of the titrati c ns. The sol utio n wa s h e ated by 

I 
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a Buns en burner placed in a p orcel a in burner guard to 

p rot ect the flame from drafts, so that a small flame 

could be conveniently maintained. A Hoffman screw • 

clamp is placed on the rubb e r tubing connected to t he 

burner, outside the burner guard , so tha t the si z e of 

the fl ame can be conveniently regulated. 110 degree 

thermo mete r is p l a ced in the solution , so that the 

temperatu re at th e time of titrating may be known. 

glass tube filled with mercury , a nd having a pl atinum 

wire sealed in the end is used a s the second electrode. 

I 

Since a soluti on of ferrous ammoni um 

sulphate is oxidized upon exposure to the air, the 

automatic bure tte shown in Plate Two was de vi sed, 

so that the solution could be kept un der an atmos p here 

of hydrogen at all times, thus p reventing any atmos-

phe ric oxidation. The solution was p laced in a fi v e 

liter wide-mouthed bottle, closed by a tightl y fitting 

three hole rubber stopp er that was sealed down so it 

would not be blown out by the p ressu~e of the hydrogen. 

A rubber tube conn ected th e hydrogen tank with the 

glass tube in the stopper as shown . A three way glass 

sto p cock was p laced in the stepper, a nd one of the arms 

stops near the to p of the bottle , but the other extends 

to the bottom. The third arm is extended to the to p 

of the burette by mean s of a thick walled glass tube 

of small insid e bore, wh ich is drawn out to a ta pe r a t 

one end, so that the hole in the sto p per at the to p 
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of the burette could be kept very sma ll. stopcock 

obtained f r om ~he end of l broken burette was used as 

an outl et whe n the so l ut i on was being run into the 

bu r ette , but was c lo sed during th e titration. When 

the 3-way sto pco c k i s arran ge d as sho wn, th e solution 

will be bl own u p t hrough tub e A, and into the burette. 

Wh e n the burette is filled within four or f i ve c c. 

of the top, t he stopcock is turned , and hyd r ogen is 

blown through the tube , for ci n g the solution remaining 

in the tu be int o the burette. Th e s to pcoc k at th e top 

of the burette i s then cl osed, qnd the titration ma y be 

car ri ed o ut. 
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