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ELECTRCUETRIC TITRATION OF CHROMIUM
TITH PCTASSIUM PERIANGANATE

Irntroducticn

While werking on the electrodepcsition of

1 found no method

metallic chromium, Ewing and Melloy
evallable in the literature for rezdily determining
the chromium content end state of oxidation of the
constituents of the solutions which were used in the
investigation. The present work is an attempt to
surmount this difficulty, presenting a short, rspid
method, capeble ¢f a high degree of accuracy in the

hands of a trzined expsrimenter.

The solution containing chromium is poured through
a modified Jones reductor, the reduced solution caught
in an air-fres contalner and titreted with stendard
potassiun permanganate solution, the end point being

determined by means cf & potantiometer.

The technique of the potentiometric titraticn of
cxidizing and reducing substances has been modified and
improved end the chemistry of divalent chromium hes

been investigated, lezdinz to an appreciation of the



possibilities of reduced chromium as one of the most
intense reducing agz2nts known.

H. D. Newton2 reduced titanium by means of
metallic zinc and titrated the resulting soluticn with
potassiun permenganate. The method required elaborete
precautions to insure canrlete solution of the zinc
andi an atrosphere of hydrogen wss coenstently kept above

thz 1iquid during the determination.

Shimer and Shimer’ modified the method of Newton by
replacing the reduction in & flask with the use of a
Jones reductor. Hocwever, the slow rasseze ¢f the
liquié through the lcng, thin tubs presented 1little
advantage cver the tedious method proposed by Newton.

ere alsc, there still remained the difficulty of pre-

vanting reoxidaticn of the reduced titenium by the air.

C. Van Bruntu hes deecribed e methcd for the
reduction of pctassiuwn dichrocmate by mesans of an elec-
trically heated Jones reductor, the reduced sclution
being caught in a bezker containing excess of ferrioc
ammoniwn sulphate and the resultin: ferrous szalt
oxidized with stenderd potassium permengenete soluticn,

using the color of excess permangenate to determirne

the end point. He indicztes an accuracy of three parts



per thousand. This methcod obviates the difficulty

of keepinz the reduced solution from being oxidized
by the air and presents an avenus of escape from the
slowness and inconvenience of the lonz colunn used by

Shimer end Shimer.

On the cthar hand, it has the disadvantace cf being
irdirect, ferrous iron beinz the intermediate canpound
fcrmed in the reactiony A direct method would have

inherent adventzges which are obvious.

Tre wethod proposed by the writer ccmbines the
edvantages cf the MNewtcn and the Shimer and Shimer
methods by reduction of the chromium in a beazker with
zinc-mercury arz2lgam end pourinz the mixture through
a long, thin Jones reductor, the column retaining
perticles of amalgam unconsumed in the preliminary
reducticn. Electrical heating i1s supplanted by stezm
n2ating, a2 precess more sdapteble to ordinary labora-
tory practice, The ferric sulphate of Van Brunt gives
way to potassium permanganate for anticipating the
action of the air on the reduced chromium and an
atmcsd™ers of carbon diocxida raplaces the lighter

hyl rogen used by Newton.

The electrometric method used by the writer for



determining the end point of the reacticn: Cr'=- Cr’
is very accurate, one drop of reagent perwangenate in
excess of ths required quantity chanzing the potential
reading of the cell by as much as six-tentha of a volt.
Since the resulting chromic sulphate solution isgreen,
tue end point could not have been detected by color
chan_ e, even on the addition of a large excess of

perinanganete.

- GENERAL THEORY -

Jean Piccard? studied the suto®xidation of
chromous salts and concluded that in neutrsl or acid
solution atmespheric oxygen in excess forms not only
chromic salts but chromic acid and compounds cf an
interirediate degree which ars stable for a measurzble
time.

6 fcund that sz2lts of divelent

Traube and Passarge
chromium reducz water directly when the latter is
warmed or acidified. The divalent szlts also reduce
the carbon ccupounds reving double or triple bonds,

in acii soluticn.

Thes2 investigations shcw the inestsbility of
chrcmous chromium end explein the precauticns necessary

in the work of Newtcn, Shimer and Shimer, and VanBrunt.

++



%¥hen a platinum wire is imsersed in a soluticen
contezining chremous and chrowmic ions and connected by
means of an external circuit with a mercurous sulphatc
cell, which in turn maxes contact with the chromous-
chreomic socluticn by means cf a salt bridge, e potential
difference is 2stablished betwesn the plstinum wire
and the metsllic electrods ¢f the mercurous sulphate
cell. This potential difference may be measured by
méans of a potentiomaeter.

The equation -
E = E RT oo activity cf prciuct of cxijesticn

o 53 ©€ Sctivity of product of reduction

expresses tha electromctive force of this cell, where -

E = the obszrved potential difference

Eo = the petantisl diff=rence of a like cell when

the ratio activity of product of oxidstion
activity of prcduct c¢f reductiocn

is exactly 1.

o
|

= the gas constant in the van't Hoff ejquation.
Mzesured 1in volts X coulcubs.

T = the zbsolute tewmperaturs

N = the diffzrence in valence of the metzl in final
and initial states.
F = the vzlue cf ths Fersiay, or $6,5C0 cculombs.
In the case c¢f chromium, the equaticn takes the form
E = Ej + 059 logy, __g%;_;



Forbes and Richter7 have detarmined the value of
Eo end found e deviation from the thecratical value
of the coefficient o¢f the logarithm. They give the

value, referred to ths ncruel hydreogen electrode as

zero, of
++
- = 0.40040.065 1og _CF
Cr+++t

This determinaticn was mede at mercury electrodes,
the potentisls on platinum reeching a maximum sbout

0.16 volts lower, with evolution of hydrogen.

The velue of E i1s a measure of the ratio of the
concentraticns of Crr*and Cr+*+ione. On edding the
oxidizing sgznt the falue of this ratio changes until
ths concentration of the Crtt ion becomes vanishingly
small, when there is a corresponding sudden rise in
potential. This point represants the end point of the

reaction.

If the measured electromotive force isplotted as
ordinate egainst quantity of oxidizing sgent added, es
absclssa, a curve, which expresses the glven function,
results. The point whera the second derivative equals

zero 1s taken as the end point of the reaction.

The absoluts value of the potential reading will very



from the value ootsinz2d azainst the hydrogen cslectrcode
by the value of this half-cell:-

-+
Pt/Hg/Hszsou (8), HZSOu (.5), Naasou (3), H (1)/H2(8)/Pt

The initial reasdinss actually recorded in this
work were around -0.€ volt and the end point around -0.3

velt, tha finel readings around +0.15 volt.
- YATERIALS AVLC APPARATUS =

Th2 apparatus used im illustrated in the accompan-
ying diegrem,(Fig.l). 1t was especially designed for
this work and will be found to be very easy to duplicate.
It consists essentially of a beaker(A) of 500 cc.
capacity, fitted with a rubber stopper. An inlet tube
for carbon dioxide gas; an outlet tube for the gas; a
thermometer (T); a platinum wire (pt), six inches in
length; a stirrer (S), run by a small 1/50th horse
power motor; the end of the delivery tube of the reduc-
tor and the longer arm of the salt bridge extend through
the rubber stopper into the beaker(a). The delivery tube
reaches thres=-fourths of the way to the botton of the

beakser.

The half-cell consists of a herd glass test tube (C),
into the bottonmn of which a asmall platinum wire has been
fused, the tube contalning sufficient mercury tc ccver the

protruding end cf the platiniuwm, then 2 paste of



mercurous sulphate end mercury, on top of which is &
vaste cf mercurous sulphete and normel sulphuric acid.
The rest of the space in the tube is filled with
normal sulphuric acid which had been szturated with

marcurous sulphate.

A glass erin filled with the cell acid, sulphuric
acid saturated with mercurous sulphate, makes contact
with an intsrmediate vessel (I), containing a eolution
of sodiwn sulphete, 4¢ grams per liter. An F shaped
pridge (B) filled with the solium sulphate solution
mekes contact with the vessel (A) by means of an arm
curved upward at the extremity. This curve prevents
the admittance of zir bubbles when the vessel (a) is

removed.

The function ¢f the intermediate vessel (I) is
to allow for any desired change in the acidity of the
solution in the reaction vessel (A). In fact, a basic
solution in (A) would not invalidate the applicability
of the cel1(C) as the hslf-cell. Thus the sst-up is

very elastic in its applicetion.

The vessel (D) coneists of a 5-1liter bottle

containing the sodium sulphete solution used in the



selt arm (B). On opening the pinch clamp, the arm [R)

mey be flushed into the rsaction vessel, 1nsuriﬁg nc loss
cf its contents, dve to diffusion. The density of the
sodiwr sulphate was so chosen as to cut down the

pcssible diffusion to a minimume.

The reductor column (E) consists cf a Pyrex tube, to
cne end cf which & stop-cock length 1s fused. The other
end carries a Pyrex test tube fused to a plecse cf}glass
cf the szme bere as the reductor tube. The upper end
of ths column is fitted with a stopper with an inlet tube
for carbon dioxids, for forcing the cherge down through
the reductor column. The cclumn conteins a large plug
of glass wool (F) just above the stop cock and is filled
to a height of 50cm. with Zn-Hg amelgem. The tube is
encagsad with a rubber sack intc which steam is admitted.
The stear and water c¢f ccndiensation leave through the

cpening in the bottor of the sack.

The pletinum 2lectrods from the resction vessel (2)
and the pletinum electrode from thz mercurcus sulphate
kalf-cell are ccnnected to two of the terminals of a
Lzeds and Northrup Student Typs Potentiometer. Being
stenlard equipment, no attenpt will be made here +to

explain thes potenticmeter sst-up.
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- PREPAFPATION ATYD AWALYSIS OF LATTFIALS -

The burettzcs used were calibrated a2t the Buresu
of Standsrds, Weshinztcn D.C., and checked. The pipettes
wera callbrated at the Burezu cof Stenderds and elso
checked. Ths2 w2ights were czlibrated in strict ascccrd-
ance with the uathod of T.W. Richardss on a vary good
Volend ani Sons pnalyticzl Bslance, using ths method

of weilghinz by vibrations.

Ths watar used was laborastory re-distilled weter

and Baker's best chemiczls were used.

Tre permangenate used wee made up & month in
advence and zllowed to "aze". Tt wes then kept in a
black bottle to prevent chenge in strength. The normal-
ity of the sclution was determired szainst sodium
oxalate, certifiad by the Bureesu cf Steznisrds and

containing $9.5% sodium oxalste.

The potassium dichromate wes stenderdized ageinst
Mohr's selt, the Mohr's salt being previously checked
by analysis with the standard permanranete and found to

be 99 .6% pure.

The chrcmic acld sclution was stendardized sgainst

the samne thr's salt.
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In order to standesrdize the soluticon c¢f chremic
sulphate it was found necessary to use iodimetric

rethods.

A standerd sodium thiosulphate solution was made
up and checked against the potasesium dichromzte, which
hal besn previously standarized in terms cf the primary

standerd used in this work, the sodium oxzlate.

Tn2 chromic sulphata wes then oxidized with
sodium paroxide and the chromiun estimzted by mesns of

the thiosulphatz solution.

A8 a final check, the thicsulphate wes stenderdized

gzainst ths standsrd vermanganste.
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- STAYDARDIZATION DATAR -

Stendardizing KinOy sizinst fodium Oxelate

Sample No. I #2 #3 #l4 #5

Welzht of ‘

sample gms. 25415 .25€85 25574 L25480 |  .25424%
Corr. weigzht

sample «25350 «25609 255481 J25455 | 25459
cc KynO, 43.50 43.87 %3.77  [+3.60  p3.61
Yormality 087120 .0%27130| .02712) .0&7143 .0&7136

Sairple calculation ¢f ncrrality -

uaZCZOEE - 66.057 = esulvalsnt waizht
2
N = +253%0 x 1000 = 087120

66.c97 x 43.50

MAveraze cf § deterrinations of ncriality = 08713 £ .C0CCQ
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Stendardizing F3S0,

y o+ (¥Hy) 80y « BH O egainst

the standerd permanganate.

Sample No. #6 #7 #8 #9
Waight of

sample gms. 1.52661 1.53634 1.53638 1.53744
cc RMnOy 4y, 75 44,78 44,77 44 .79
Percent Fe |14.182 1%.181 14.178 1474

Serple calculaticn of percent ipon:

Percentaze = 55.8% x 44,79 x .028713 X 100
1.53661 x 1000

= 14.182

Averaz2 of 4 determinaticns of percent iron = 1%.179 %£.005
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Stendardizing K, Cr_O_ against lohr's salt.

277277
Semple No. #10 £11 #12 #13
Telght of , _
semple gms.| 11.28567 | 11.3%526 | 11.28%5S5 | 11.38572
ch20r207 44,21 44.80 44,79 4y g1
Normality 64519 64531 RELUS1 4519

fample calculation cf normelity -

N

= 11.38567 x .1%17¢ x 1000

o= 54519
55.84 x 44.81

Averegz2 of 4 dstenrinations of nermelity = 6453 + .0001



Standardizing H20r04 against lfohr's salt.

Sample no. k4 15 #16
teight of

scmple gms. 5.18<c1 5.101% 5.1017
ce Hacrol+ 40.60 45.5 4o .54
Yermality «31¢1 «3193 «3185

Semwple celculaticn c¢f normality -

N - 5.1081 x .1%175 x 1006C
55.84 x 40.69

= 2161

Averaze of 3 deteruinations of norwmality = 3193+ .0002
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Stenderdizing Sodiwr Thiosulpha’e Solution pzninst
Stzna=rl Potaesiw Iiichrowazts Solution.

& Kk ok ok o ok ko

Sauple XNo. #17 #18 #19 #20 | 421

ccK, Cr207 10.00 10.00 10.00 10.00 10.00

cc Thiosul-

phate 73,81 33,82 33 .80 33,82 33.80

Normelity .15086 | .15081 | «190S2 | .160£1 | .160¢2

Sarple celculaticn of ncrmality -

N

Averza e of 5

10.0C x .E453

33.81

S .19086

determinaticns of noraglity = .16

26 + .00006
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Standarizing Crz(sou)3 az2inst Thiosulphate

Semnle No. pee f23 #a4

ce Cr2(804)3 10.0% 10.00 10.00
cc Thiosulphate 20.49 30.50 30.50
Yormality 25097 .26106 .22106

Sample calculation of normelity -

R .15C86 x 30.45
2 x 10.00 -

25CS7

Lv2ara

w

of 3 dzterminaticns of normality « .29103 +.0CC06
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Stendardizirns Thiosulphate ezainet stznderd Kxnou

Szuple Xo. #25 #26 27 128
ceXun0y 100.C0 100.00 1C0.00 100.00
cc Thicsulphate 45.80 45.82 45.82 45.7¢
Yormality 5ok .1€016 1scak 15028

Szrmple celculation of nermality -

¥ = 10C.00 x 508713 S
35 .80 15024

Average of 4 determinetions of normality = .1502%7 % ,00007



SCHEVYE OF ETANTDARLCIZATION

fodium Oxelate

v

K¥nO
4\\‘
Scdiwn Thiosulphate

v

3
Mchrts Sz21t

Cra(sou)3

Hacrou_ K2 C::207
- Figure 2 -

The above scheme shows quite clearly the method

cf standerdizaticn employed. Since in the actual data

tzkin; during the body of this thesis the potassium

p2.manzganat® 1s taken as the stendard, there can be very

little chance for error in this entirs work.

It will be noted that whereas the ncruality of

the thiosulphate by the R,0T 0, oxidetion is 10086, 1t
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is founi to be .19023 by the KMnOu cxidation, a discrepency
of .33%. However, this need occasicn nc alarm, for the
dichromate oxidation of KI toc iodine differe from the
perwmansanate oxidaticn of KI to iodine in the rate of
r2acticn and derree of efficiency. Since ths thiosul-
phate wes stendsriized agsinst dichrosete and the chromic
sulrhate wes first oxidized to dichrcomete and then caused
to resct with the thicsulphate, thus behaving the scue as
dichromate, ths valus to be accepted fcr the thiosulphate

1s that cbteinel cn steznderdization azzinst dichromete,

rather than thet coteined with potessium permzcnganste.

The Z2n used in the raductor column consists cof

particles which pass a 1Q@-mesh sieve but are retzined by a
2C-mezh sieve. It wes amalgemeted by stirring in a mixture
cf 25 cec cf ncrmal mercuric chloride soluticn, 25 cc of
hydrochloric 2cid (svecific crevity 1.12) end 257 cc of
wzter for thrz2e minttes. The solution wes thsn poured

off end the 2inc wgshed repeatedily with weter. The Zn-Hg

analgam was k23pt uadzer weter when not in use.

Tne ccrbon dlcxlde ges was purified by passins through
a U-tube filled with celcium chlorids and then throuch a

cclumn filled with glass wcool, th2 latter rewmcvins solid

particles.



The soiiwua sulphaetz scluticn in the stcrage bottle
() used fecr flushing out sclt bride.e (B) wess trezted with
just sufficient vermangenats to cxidize ths slizht amcunt
of reducin; sibstences presant, in crdesr to prevant the
subsequent re~cticn of thes2 with the contents of the

recction vassel (A).

- PROCEDUZE -

The reducter colunn wzs first weshed with U420 ce. cf
£% swlphuric acid ( 5 cc. concentreted acid in 1CO cc. cf
scluticn), thus removing &ll traces ¢f fereign meteriel a.d
remains of previcus runs. Then 25 cc. cf 16% sulrhuric
acid wes run throuzh the column. The side arm of the salt
brii.z (B) wes than flushei thorou hly, after which the
platinur electrcide in bezker (A) wazs weshed with acid

and flamed tc remove sdherernt imptrities.

Meanwhlle, the steswm wes started thrcocugh the rubber
sack enclcsirs the column and zllowed to issve freely from
the lewer cpebins. The bagker (A) wes rinsei andi?t wes
rlaced 20 grems of C.P. anhvdrous, fused scdium scetete and
20 cc. of water. The czrbon dioxida gas weas then 2llowed

to sweep througch the vessel for five minutes, displacing
the alr.

When th2 vessel wess fraz from elr, the mixture to be



analyzed was diluted to 50 co., 4 cc. of concentrated
sulphuric acid and about 5 grams of Zn-Hg amelgam added
and the whole boiled for five minutes, the solution

assuming first a green color (formation of chromic
sulphate), and then a 1light blue color (formation of
chromous sulphate). The solution was then poured into
the pot reductor column and allowed to enter the reac-
tion vessel at a slow rate, in no caee faster than rapid

drlppi ng.

The beaker in which the preliminary reduction took
plece was rinsed with a 5 sulphuric acid solution, the

washings being added to the contents of the columh.

The column was washed with 100 cc. of 5% sulphuric
acid, the air at no time having access tc the top of the
ZnaHg column, although now this precaution is believed
t0 be unnecessary. A final rinsing was accomplished with
distilled water. The passege of the wash acid through
the column was often hurried by applying pressure to the

top by means of a cylinder of compressed carbon disxide.

The resction vessel wae kept air-free by continually
blowing carbon dioxide through i1t during a run. The
reduced chromium solution was then titrated with the

permanganate from burette (G), the reading of the potentio-

meter being recorded at each additionm.
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When neer the end point of the titration, the salt
bridge (B) was flushe& into the vessel {A) to include

any solution which may have diffused into the side-arm of

(B).

The veessel was kept at 70° C. during the entire run

by means of a small mioro-burner.

The voltase readings were then plotted on coérdinate
paper againsk co xunou added, the end point being taken
as the abscissa corresponding to the point one-half of
the way up the rise in the titration curve. From the
normality of the permanganate used, the number of
grems of chromium ver cc of the solution analysed is

readily obtained.

If the oxidizing power of the solution were previously
determined against any standard reducing agent, a simple
calculation would give the proportion of hexavalent chromium
to trivslent chromium in the original solution, providing
it were free from divalent chromiun. This can be assured
by aerating the semple for a few minutes, when the
divelent chromium is immediately oxidized completely to
trivelent chromium. However, in the opinion of the writer,
divalent chromium cannot exist in the presence of the

strongly oxidizing hexavalent chromium, so the pmecausion
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noted is not at all neceseery.

In the later work it was found advantageous to
introduce 1 cc less than the required amount of KMnO) in
the beaker (A) and to allow the reduced chromium solution
to enter, thus anticipating any oxidizing action of re-
eidual alr. The end point was then determined by adding
the rest of the KMnO, and taking potentiel reasdings, as

before.

To prevent the slight diffusion ¢f the contents of
beaker {A) into the saslt bridge, the side-arm of bridge
(B) was lowered into the besker only when potential
readings were to be teken. This proocedure was used in
connection with the method in the above paragraph. In the
earlier work, where the KMnOu was added drop by drop to
the contents of the beaker, the side<arm remained in

position throughout the entire experiment.

It was found necesszry to wait for the potential
readings near the end point to remein constant, requtring
in some cases as long as twemty minutes. It is not
permissible to add more Kunou until equilibrium is
established, when the potential reading remains feirly

constant.
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In a portion of the work it was found of decided
advantage to add the xun04 continuously, keeping a
little excess in the beaker up until the last stages of

the reduction.



POTENTIOMETER

Fig.1
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- DATA =
Table I

Using 20.00 co. 0z,(80y); ; Normelity = .29103

Theoretical| Actual

Sample cc cc Grams Cr Grams Cr Percent
Ro. KMnOy Required Added found error
l. 44 .54 44 .60 0.2018 0.2021 +,15
2. 4l sl 44,39 0.2018 0.2011 -35
3. 4l 54 44 .55 0.2018 0.2018 $.00
4, Ll .5k Il 52 0.2018 0.2017 -.C5
50 ’4—4.5’-‘- 44.52 0 02018 002017 -005
7. MOBLL "l’uosa O -2018 O 02017 "005
g. 4y .54 44 .50 0.2018 0.2016 -.10
*9, 22.27 22.26 0.1009 0.1009 +£.00

* Using 10.00 oc. Crz(sou)3

Normality in divalent chromium = 2/3 of .29103 = .19402

Equivalent weight of Cr - 52.0
Weight of Cr in one liter of solution = 10.08904
Weight of Cr in 20.00 oc of solution = 0.20178

Mean {omitting sample #2 as in error) of eight determinations -
Reduction = 99.98%



Table II

Using 20.00 cc. K Crao7 ; Normality = .6453

2

Theoretical Actual Grems Grams Perc.

Sample No. cc ce Cr Cr Error
: KMnOy Required Added found

10. 49.37 49 .30 0.2237 0.2234 -.13
11. 49.37 49.37 0.2237 0.2237 £.00
12. 49.37 49 .35 0.2237 | 0.2236 -.04
13. 49137 49 .33 0.2237 0.2235 -.09
14 .+ 24.69 24,67 0.1119 0.1118 -.09

* Using 10.00 cc. Kacrao7

Normality in divalent chromium - 1/3 of 6453 = .2151

Eduivalent weizht of Cr = 52.0
Weight of Cr in one liter of solution = 11.1852
Weight of Cr in 20.00 cc. of solution = 0.2237

Mean of five determinations ; Reduction = 99.93%






Using 40.00 oc. HpCrQy -

Table III

Normality = 3193

Theoretical Actual @rams | Grems |Percent
Sample e ce Cr Cr
" NOe Kﬁnou Required Added found error
15. 4g .86 Ug .78 0.2213 | 0.2209 -.18
16. Ug .86 Y g4 0.2213 | 0.2212 -.05
17. 4g .86 4g a4 0.2213 | 0.2212 -.05
18 .+ 24 .43 2.l 0.1106 | 0.1105 -.09

* Using 20.00 oco. Hacroh

Normality in divalent chromium - 1/3 of .3193 = .1064

Equivalent weizht of Cr

Weight of Cr in one liter of solution

Weight of Cr in 40.00 cc. of solution

Mean of four determinations -

Reduction

= h2.0

= 5.5328

0.2213

99 .91%
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- DISCUSSION OF DATA -

Samnples of the standard c:a(sou)3, !éCrZO7 and
HZCrou solutions were analyzed in accordance with the
procedure outlined. The method of anticipation hy

means of xunou was used and the results were excellent.

It is seen from Table I that the mean of eizht
consecutive determinations of chromium in chromic sul-

phate yielded 99.98% of the quantity actually taken for

analysis.

Table II shows the results in the case of potassium
dichromate, the quantity of chromium found being 99.93%
of that added.

Table III shows like figures for chromic acid, the
quantity of chromium found being 99.91% of that added.
On deoreasing the quantity of chromium taken for analysis
as in samples #9,#14 and #18 equally excellent results

are obtained.

A blenk of .01 cc. KMnO) has been subtracted from
all the tabulated figures. This represents the quantity of
EMnO, consumed by the reagents.
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It was found thet the quantity of sulphuric acid
used during the reduction is of 1little importance, pro-
vided enough is present to effect the reduction. Of
course, too much acid tends to sulphate the column and

consequently is deleterious to the reductor.

During the titration with KMnOu 1t was found that
a solution only slightly acid prevented to a large
degree the oxidation of chromous ohromium, which was
often found to occur even in the presence of the inert
carbon dioxide. This oxidation is explained by supposing
the presence of oxygen in the partially purified gas and
the small oxidizing effect of the sulphuric acid in more

concentrated solutions. The acidity was decreased by

using sodium acetate, which yields NaOH on hydrolysis.
The difficultly soluble and slightly ionized chromous
acetate formed is less affected by atmospheric oxygen
than the sulphate. Thus the sodium acetate acocomplishes

g twofold purpose.

In the courss of this work,chromous acetate was is-
0lated and found to be red in color. Chromous sulphate
is light blue in color. The change from acetate to
sulphate could be readily followed by means of this color
change.
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The curve in Fig. 3 represents the analysis of a
sample of K20r207 and is typical of all the titration
curves obtained with all the compounds of chromium inves-

tizated.

On stopping the carbon dioxide stream during a
titration the potential was found to rise as much as 0.2
volt, showing the necessity for excluding even traces of

atmospheric oxygen from the reaction vessel.

- CONCLUSIOKNS -

It was found that chromium compounds were quantita-
tively reduced to chromous chromium in a modified Jones
reductor and were determined volumetrically with standard
potassium permanyanate. The course of the titration was
followed by means of potentiometer readinzs and the end
point accurately determined from the rise in the titration

curve at this point.

The method of anticipation of atmospheric oxidation,
by means of permanganate was found preferable to that of

keeping a little excese of permanganate in the titration

vessel up until the later stages of the rsduction.

The activity of chromous sulphate wes found to be so

great that the method of total titration after complete
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reduction was discarded in favor of the method of -

anticipation by means of permanganate.

The titration curves for chromous sulphate were
found to be ideasl, one drop of permangsnate causing a
sudden rise in potentiel of 0.5-0.8 volt.

In a given semple of hexavelent and trivalent
chromium, the former may be determined by msens of
ordinary laboratory methods and the total chromium content
by means of the method proposed by the writer. A simple
calculation will then yield the qQuantity in each of the

two states of oxidation.
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