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1+ Introduction,

fhroughout the history of researsh in the science of Chemistyy the pro-
blem of the guantitative determination of manganese has always been a perplexs
ing cuss The results have usually fallen short of the theoretissl value and this
has necessitated the application of an empiricel factor(l) which is always wn~
desirable to the true research selentist, if not to the commereial analyst.

Kolthoff and Sandell have made a comprehensive study of the various
methods given in the literature for the preeipitation of manganese as dioxide
and the subsequent volumetrie determination of this menganese dioxides Thelr
study inoludes the writings of such seientists as Von Knorre, Bellstein and
Jowedn, Hempe, Blum, Ludert and otherse(l)

The writer has referred to Mellor's comprehensive work in inorganic chemise
try(2) for the method of preparation of the reagent msnganous salt in order to
m.mﬁhnuannthmamthhmumx;a:mm
& research problem, Among the seientifie writers recorded here are Je I. Watts,
Js He Krepelka and Be Réjhe, and Jy Gs Fo Druce, Various authors of textbooks
shall be oited later to substantiate certain reactions and methods involved.

With the growing use of manganese in the present day steel industry it has
beoome imperative that better methods for mengmnese analysis in ores as well as
in steel samples be perfected if possibles It is the objeet of this thesis to
investigate further ome of these methods which has shown promise of being pere
haps more satisfaetory than some of the others.

h‘gm,‘;ﬂur'mmmnurum' for the presipitation of mane
ganese dioxide, One iuvolves precipitation in a neutral or alkaline mediwm by
means of bromine, hypobromite, shlorine, hyposhlorite, or ferrigyanide, The

T S -~ -~

(1) Keltheft & undally Indo & Engineering Chemistry, Analytisal Edition, 1,

(2) Mo t Inorganic Chemistry, 12, 402
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recond type involves preeipitation in an acid medium by uvse of some oxidizing
agent such as emmonium or potassium persulfate, sodium bismuthate, potassium
chlorete, potassium bromate, or others. Kolthoff and Sandell have dismissed
the methode in neutral or alkaline media as boing unsstisfastory, espseially
in the presence of iron.(l)

Briefly, the persulfate method invelves the preeipitation of manganese
dioxide from the solution of o mm ganous salt in seid (usually sulfurie) sol=
ution. The precipitated dloxide is collected by filtration, washed, and dissoly-
ed in seme reducing agent such asg ferrous sulfate or hydrogen peroxide, and the
excess reducing sgent titrated with permanganate, The disadventage of this meth-
6d 1ies in the ready decomposebility of the persulfate.(l)

- The bismuthate method is based on the fast that a manganous salt, in the

pregence of nitric acid, is oxidized to permenganic acid by godiwm bismuthate.
To the oold manganous selution acidified with nitrie seid, a slight excess of

gsodium bigmuthate 1s added, After agitation, the excess bismuthate is removed
by filtration through asbestos and washed with 3% solution of nitric ecids An
excess of standard ferrous sulfate solution is added and titrated at once with
pormanganate.(3) The solution must be kept cold in this method and the nitrie
acid used must be free from nitrous asid,

The chlorate method, sometimes ealled the Williams method, ((3) p. 563)
depends upon the precipitation of manganese dioxide by boiling the meanganous
solution with concentreted nitric acid and potassium chlorate. The precipitate
is dissolved in an acid and a known quantity of reducing agent, usually acid
ferrous sulfete or ferrous mmmoniwm sulfate, added, The exeess redueing agent
is then titrated with potassium permanganate, These reducing agents oxidize
readily and must be titrated against the permsnganate at leest every day in
order Lo obtain their aceurate nommalities.

S

(3) Treadwell~Hall: Quantitative Analysis, 2, 668, (1935)
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In gemeral the amownt of mangenese dioxide produced msy also be determined
lodometrically if desired, fhis method involves the addition of an aeidified
portion of potassium fluoride solution together with a small excess of potassium
ipdides The liberated iodine is them titrated with standard sodium thiosulfate
solutions(l)

The partieular methodehosen for further investigetiom was the bromate
method begause potassium bromate is not easily decomposed by boiling in dilute
aold solutionse(l) Hempe found that potessium bromate ocould be used in plase of
the chlorate, but preferred the chlorates(l) The bromate method séems partiou-
larly spplicable where nhﬂvol& large quantities of menganese are determined,
especianlly in the presence of other compounds, notebly compounds of irom and dineg,
There seems to be one outstanding disadvantage in the bromate method, however,
in the fact that determinations in the absence of iron and gine are in meny cases
three %o § per eent below thelthoeretiml values This is roughly about twice the
perecentage, below the theoretiecal value, found in determinations where iron and

gine compounds were present. Consequently, to investigate this discrepanoy
| frthav, we have selosted for analysis manganous solubions that are as chemieally
pure as thoy oan be conveniently made by ueing the analytical reagent emd dis-
tilled water,



11, Theoretieal Development,
‘Mangenous ummmumumnumwmnqaw
tine with potassium bromate in dilute aeld solutien aceording to the konm

p

ing equations (1) 4 £
. BEeOg) s 4B - Gmoy By 8E |

The reaction is analagous to the oxidizing metion of the ehiorates MW

iodates, wherein the halogen is eventually liberated and the valenoe of the

oxidiged element raised,

When msmgunese dioxide and ferrous sulfete are brought together in the
presence of an aeid, ssy sulfuris, because sulfuric aeid is often used in
standard ferrous sulfate to keep it stable, the Mn‘* is reduced and the Fe*"
1s oxidized nocording to the equation

Ma0p + 2PeS04 + RS04 —> Feg(804)s - M0, + 2Mpd (3)
This is the basis for the determination of the amount of mapgmnese dioxide
formed: As 1t is necessary to add an exeess of ferrous sulfate solution, that
exoens must be determined by titration with seme suitable resgent. Ome of the
most common of these is potassiwm permangenate. This rescts with ferrous sule
fate in the presence of sulfurie acid and the Fe+** is oxidiged to Fe'""s In
turn the (Mn0y) is reduced to Mn'" ascording to the equation;(4)

1070804 + ZKMn0, + 9Hg80, —- 6Fey(80,); +2Mns0, + BKHSO, + BH,0

Should it become desirable to determine the manganese dioxide by the iodome
etrie method, the lodine, liberated by the treatment of mangenese dioxide with
rotassiun iodide in the presence of an aeld, is titrated with gtandard sodium
thiosulfate using soluble starch as an indicator.(5) The essential eguation
involved is:

187 - 2(s208) ", 517+ (a896) "

ﬂ Pt B Aents Babwins To o Dol Bithere s.ﬁ”dzm



11Ty Meterials and Apparatus,

The petassium bremate used was the Mallinkrodi's sualyticsl reagents In
two of the mangsnous sulfate solutions made the Baker's Analyzed tetrahydrate
salt was used, and in another Mellinkredt's Analytical Reagent.

Three separate l-liter portions of mangsnous sulfate solution were made
during the series of determinations, The first was made up from the Dakers
Analyzed tetrahydrate salt gravimetrically, but its use was dispensed with early
on further investigation of the many possible hydrates of the salt,

The second solution was made by heating the Baker's Analyzed tetrahydrate
in & poreelain orucible to & dull redness over a Bunsen burnor for approximately
ose«half hour. The burner was froguently removed so as not to overheat the cone
tonts, The authority consulted in this respect was Mellor whom I shall gquote in
parts “When hydrated manganous sulfute is hested to redness it forms the snhy-
drous salts Je I, Watts found that the anhydrous salt is formed when the hydrate
is heated to 280°, J, He Krepelka and B, R6jha foumd that the salt is anhydrous
o.tuo'.snnna,r.nrwmmw.mommtb&mmw«mnuu
nitrobensene boiling at 207%; but mot in xyleme boiling at 140°,%(2) After cool-
ing in a dessiontor, 2,7487 grans wore carefully weighed and dissolved In 1 liter
of digtilled water at a bLempersture of 20°, Great care was talen when the pore
tions were later pipetted out of this solution that the teamperature was kept as
slose to 20° as possible,

The third solution was made by heating the Mallinkrodt's Anslytical Reagent
totralydrate for a peried of four hours in an eleotrie oven controlled by &
rhecstat so that the tempersture did not exeeed 840° Pahrenheit, The same pro=-
codure was followed thereafter as in the case of the second solution,

In preparation of the standard potassium permengenate solutiom, sufficient
of the Mallinkredts Analytieal Resgent was weighed out to make up about 2§ liters
of approximately +05 normal solution, (This was approximately 06 x2.5 x
W.Mnmththaﬂm
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shange of 6) After dissolving the weighed portion of salt in a beaker sufficlient-
ly large, this solution was heated and boiled for at least f£ifteen minubes and
allowed o steand over night, It was then filtered through asbestos, formerly
treatod with some oxidising reagent so as to remove all orgenic impurities. ((3)
pe 102) A Bushmer fumnel with filter flask was used for this purpose and the
first 25 oos of solution discharged through the fumnel was digesrdeds The filter
flask was then washed out with more of the filtered solution and then the reagent
bottle of 2 or more liters capacity washed out likewise. As the filtration inte
the filter flask procecded, transfers of the solution were made as nocessary from
filter flask to reagemt bottle, ‘

The permangsnete solution was them standardized by the oxalate method in
the following mmmner: Sufficient CuPe sodium oxalate wes weighed out teo react
with approximately 30 cos of the potassium permanganate solution., This oxalate
was dissolved in about 50 eo. of distilled water and 15 oes of 4 normal sulfurie
acid were added, The mixture wasthen heated te 78° - 85° and titrated while
#6111 hot with the pormangemate solution, very slowly at first and then faster
a8 the titration prm ((3) pps 1024103) The resction wes according to the
equation;

RKiinOg - ONagGgOy + 8HpSO4 — - K9S0y - 2MnS0, . BNayS04 - 10007 - BHg0

For the preparation of the ferrous sulfate solution, s suffieient gquantity
of the Mallinkrodt's Analytical Reagent heptahydrate salt wes weighed out to
meke up sbout B} liters of spproximately .05 normel solutien, (This was approx-
imately 406 x 2,6 x formula wh, of Fe#04e7Ho0 inagmuoh as irem hore in remsting
muwmnmord Bnough distilled water was added to the salt
to dissolve it, and the solution transferred to a clean resgent bottles About
100 oo+ of coneentrated sulfuric eeld were added to mssure ressonsble stability
and more distilled water was added to bring up to the required volume.(3) Due
%o a misbake the first ferrous sulfete solution mede up was only about onehalf
the desired normality, but it m used in two determinstions,nevertheless,
Afterwards a solution spproximately .08 normal was made up snd used,
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The ferrous sulfate solution was titrated with the potassium permenganate
golution snd the volumetrie equivelent of ferrous sulfete solution per wnit volume
of potassiun permanganate thereby determined. It is interesting to note that the
forrous sulfste gradually deslined in nermalitys lNore especially noticeable was
this deocline during the extremely warm swuner seeson et temperatures close to 30°C.
This necessitated e check of the ferrous sulfate solution egainst the permangan=
ate solution at least overy altermate day during the warm season,

In order to assure sufficient accuragy in the volumetric determinations
involved, it was necessary to calibrate the burettes and pipettes used, The
50 eos burettes used were oalibrated in the following memmer; The burette was
mownted in holder and filled with distilled waters The tempersture of the water
was earefully taken and the wolume brought to the sere mark. The burette was
drained down to the 10 eas Mark into a small bottle previcusly weighed to an
agouracy of 1 sentigram, Bottle and contents were weighed as quickly as possible
to the nearest ecentigrams The burette was them drained down to the 20 cos mark
into the same bottle with former contents and weighed as before, This provess
was repeated until weights had been taken for each of the five 10 eo. portions
of water in the burette, When the small bottle used for weighing becsme f£illed,
it was emptied, weighed to the nearest sentigram, and the proeess was continued,
Burettes were chosen with the graduation lines indieating integral oe.'s extends
ing all the way arownd the tube, The tentheges markings alse extonded the great-
or portion of the distance around the tubes This is of great assistance to the
operator in enabling him to keep his eye on the proper level while reading the
burette,

Two 50 co. burettes were calibrated in the above mammer and the tables for
those calibrations are herewith showm: (See tables on next page.)



- Burette Reading Whe Water Vol Water  Errer Total Brror

80 grons 20 * 8ge 0%
0 «10 9491 9493 w07 «s07
10 - 20 9490 9.92 -408 “s15
20 - 30 10,01 10,08 4403 w12
30 - 40 9498 10400 +00 ~e12
40 « 50 10,00 10402 +402 “s10
0 «10 9.92 P54 -o08 -408
10 = 20 9491 9493 «s07 “l3
20 « 30 10,02 10,04 04 «e09
30 - 40 D97 9499 «y01 -0
40 - 50 10,00 = 10,02 #402 -408
0 «10 9491 o83 -07 407
10 - 20 9492 9,94 =408 3
20 = 30 10,02 10,04 4404 «s09
30 » 40 9498 10,00 +00 «s09
40 - 50 10,01 10,03 403 =08
0 «10 9.89 9,01 -s09 ~408
10 « 20 9493 9496 «s06 -eld
20 » 30 10401 10,03 #4083 =sll
30 - 40 9.97 .99 -8l P 1
40 - 50 10,02 10,04 +o0L «408

— 8 T =
0 -10 9496 9499 =401 -s01
10 - 20 9492 9495 -s08 ~4086
20 » 20 10,00 10,08 +403 -.03
30 - 40 9.99 10,02 +402 =01
40 - 50 10,03 10.06 #4068 #4086
0 =10 0487 10,00 «00 «00
10 - 20 8492 9495 305 -s05

20 - 30 10,00 10,03 +s03 -s02




-5

In order to facilitate the prosess of making correstions in burette readings,
a graph for cach burette was made showing the aversge total error aseording to
the table,

Pipettes uged were calibrated in the following mammor:; A beuker was filled
with distilled wader and the temperature of the water sarefully %aken, The
pipette was cleaned in cleaning solution and carefully ringed in distilled waters
Then one or two portions of water from the beaker were drawn up imto the pipette
snd diseharged, The pipette was then filled to the mark snd drained into the
welghing bottle as in the osse of the burettes, and the weight quickly taken te
the nearest centigram, The results of the calibrations are shown herewith in
the tables;

20s Lrans S0 *
10 2.89 9.92
10 987 9490
10 9.89 8,02
T 9489 9492 Therefore the averege
10 2.87 9.90 delivery of Fipotte
10 9488 9491 Nos 1 48 9491 cos
10 De89 Peb2
10 9.88 8481
10 G488 5491
10 9487 9490
—Fipette Wo. ¥ Tv dSTIVer TempeTatuve OT vator oA
0 SefB8 081
10 2488 9,89
10 9,87 9490 uiiiiuss e Srneh
10 90t aid delivery of Pipette
10 9487 8490 Bos % 18 0,30 ey
9.88 9491
10 Se38 9491

(cont. on next paged
mmmm. Handbook of Chemistry and Physies, 839, (1951)



PIpette o, 2 (eont.) 10 deliver Temperature

Pipette Reading Wee Water Vols Vater
20 RESES L
10 9487 990
10 9480 9493
10 9488 9491
10 8489 9.92
10 9489 5,92
10 5,88 9491
10 9489 . 9,92
10 9480 8493

mmmorummmtmmuumummor
determinations, but they hed been previously salibrated sand a repetition of
the prosess was not necessary.

- . o o 1o

* (8) Hodgmen snd lange:

fandbook of Chemistry and Physics, 839, (1951)
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1V, Experimental, : |

m doterminations wore made in cuadruplieate during the mlim' of
1938, dbut w results of these are not recorded bocause of their im«mc
It seers that the manipulation requires a certain smount of mm« hwra
reasonable utﬂ.dw ean be abttaineds In ulﬂitlon to this, as bptqh‘i mene
tioned, the manganous sulfate solution used was made wp mvmtﬂmw directly
from thu tetrahydrate without attempting to convert the salt to ’th. anhydrous
sondd tioms ' W\- a

The gounl mothod used follows; A solution of a wmouf \hlt. prefere
sbly the sulfate, standardized gravimetrically, is nede upe pqmm of this
solution are pipetted into & 500 se. Erlemmeyer flask. Imughcwr#lmn
furie acld is namuumoamrm1werau i ummmm the
precipitation takes place. Distilled vrl’ur is added ’eo bring tho W volume
of lquid in the flask to the dosired amounts (Kelthoff and max varied %o
a limived extent these total volumes even with identical mmm of mm ganous
selt solution) A weighed portion of solid potassium bromate, g;ao'ely in excess
of the theorotical smount necossary to react, is added, snd the iﬂ?lt is bolled
for a definite time, the wator lost by evaporation being uphoadftmmu
w.-muwm«w-»xnummwzymmt.
(Kolthoff end Sandell d.ho varied this time of boiling and dsci(hd M five
minutes were suffieient) aAfter allowing to eool sufficiently for mung.
the precipitate is filtered through quantitetive f£ilter pp or and Mod with
hot water watil free from bromate, Prmctnhmhumdmwwtho
appearance of a brownish eolor when a few drops of the flltrate m\“padod toa
solution of potessiuw fodide meidified with sulfuric seid. Filter wipar and
m-t-ummmmauaumomwmumm” of
standard forrous sulfate solution sdded from either a salibrased bmﬁw
pipettes Considerable diffioulty is seastimes experienced hore in WN; all
the menganese dioxide to readily reast and dissolve, vhem ell the Wmeu

X \
N

i
i ;
/ L\
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dioxide is dissolved, the excess ferrous sulfate solution is titrated with e
standard potassium permangenabe solution from a ealibrated burette., It is
highly desirsble to have the forrous sulfate sud potassium permenganate solutions
of vory near the same normality,

After mbMtially following out the above methed in guadruplisate on
portions of manganous sulfate containing aprroximately Ol gram of manganese
each, and obtaining results that were dubiously suscessful, several immovations
%o the mothod were suggested, They were not suggested simultanecously, but were
evolved as the doterninations progressed, im the hope that semething might be
wmesvered %o make the method more asourade.

It was sugpested at first to \t« bolling veriods of one hour in order teo
give plenty of time for the oxidation of the mangancus salt, Iater trials were
mede using much less time for bolling, Then the suggestion was made thet the
filtrate be troated with euother like portion of potassium dromate end the opers
ation be repeated in tho hope that yeuaabiy more mangensse dioxide would be
precipitated in this second oxidation,

Then & long period of bolling with the bromate was uged, it was found that
in many cases the filirete was oolored with permengannte formed as the result
of fupther oxidetion of the. compounde of mmgsnese present. An attempt was
made to determine esolorimetrically tho amowmt of mmgenese in the eolored f£ile
trates, but this determination eould be essentially only very approximate, owing
to the fact that the east of color in the filtrate was different from that in
distilled water with smell portions of standard potassium permmngsnate solution
added theretos, After experienmcing such diffioulty in this wdesired further
oxidation to permangabates, 1t was suggosted that, at the beginning of the seo-
ond oxidatiom, before the additional portiom of potassium bromate was added,
that & small portion of sodium bisulfite, say «6 to +8 gram, be added in the
hope that the permanganste preseat would be first reduced to e manganous salt
and then oxidized %o manganese dioxide by the dromate. Seme additional mangsnese
dloxide was obteined in this memner as shall be seen by the reeorded results later,
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Consgiderable variability in the soloration of the filtrates by permanganate
was evident, even in the same apparent treatment of identical samples. Sometimes
this color disappeared entirely upen filtration, thus giving rise to the spesula~
tion that the fllter peper reamcts substantially with the permanganate. This
prompted several blank determinations of the effect of the filter paper on the
standard potassium permenganate used. These determinations were carried out
under conditions approaching as nearly as practicsble those encowmtered in
practice.

To recapitulate them, owr immovetions to the method of Kolthoff snd Sandell
inelude (1) the second oxidation, i.e., the treatment of the filtrate from the
original oxidation with asscond portion of potassium brasste snd the repetitien
of the oxidising process, (2) the addition of sodium bisulfite prior to the
addition of the bromete in a number of these second oxidations, and (3) the attempt
to determine quantitatively the effeet of the filter peper om the standard potas-
siwn permanganate solution used, - '

Inagmuch as revisions and immovations were added to the method from time
to time in the hope of improving it, it has been decided to tebulate the determine
ations in the order of their performemee, Such explanatory material as seoms neo-
essary to e throough understanding of the procedure shall be interspersed among
the tables.

Three conditions were uriform throughout all the determimations, so they
shall be mentioned at the begimning to avoid needless repetition, In each det-
ermination, regardless of the amount of mamganous sul fate taken, portions of
potassium bromate weighing 1,6 grems were used. 10 oe. of 6 normel sulfurie
asid in a total volume of 100 ce. also constituted the medium in which the oxid-
ation took place.

The first determination in guadruplieate is recorded in Table I, Here
the boliling peried for each oxidation was one hour, The filter pp er used was
Munktell guantitetive No. 3. No attempt was mede to determine ocolorimetrically
the mmownt, if sny, of permenganate in the filtrates. Neither was there any

attempt to take into secount the action of potassium permangenate on the filter
SOUTH DAKOTA STATE UNIVERSITY LIRRARY
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papers Sodiwm bisulfite was used priér to the seeond oxidation. Other conditions
are mentionsd in the table,

TABLE X
(Normality of KimOg solution = ,0504)
(1 ooy KinOgsolution J149353 oos FeBS0y solution)

First Oxidation Second Oxidation
Nos Mn FeSO, =' Fe80 Mn - gie %
taken used found gﬂ‘ found gﬁ '

«010 13,35 ,00948 1,06 .0007H #0023  +,00028  +2438

1

2 J010 13,99 00993 1,08  LO0076 01088 . ,00088 + 6,8
3 L0110 13,14 ,00933 o84  ,00046 00978  =,00022 =22
4 010 13,22 ,00939 76 om D0H93 we BOOOT - o7

The seoond determination was made under conditions exaotly the same as
those of the first. The results of this determinetion follow:

TABLE II
1 L010 spoiled
R 4010 13,65  L00970 .82 ,00068  L01028  +,00028 + 2,8
8 LOI0 13,56 00965  2.00% (0042 01108  ¢,00108 +10.6
4 .00 13,55 00948 2,48+ ,00176  LOL1Z4  +,00124 12,4

The third determination was made under eonditions the same as mentioned
in Tables I and IX, with the exception that a difforent standardized solution
of ferrous sulfate was used, This solution was very elose in normality to
that of the potassiwm permanganate solution used,

* Qbvious Errors



TABLE IIY
(1 eos KiinOy solution = 9477 se, FeSO4 solution)
Firet Oxidation Sesond Oxidation
gme 88y  gme 0Ce one total Error Error
Nos Mn  FeS0; ln FeS0; Mn ﬁ: Bhe i
taken used found used found

™ o8 N

(010 6462 J00967 420 00042 01009 +,00000 . 48
(010 6449 JO0B48 o562 400076 (01024 - ,00024 + 2ed
(010  6s84 400969 448 (00070  ,01059 ..00089 + 3¢9
010 6,49 L00048  400% ,00000 L0008 =,00082 =Be2
The fourth determination was made under conditions the same as in Table

I11, with the exception that the nmormality of the ferrous sulfate solution
had chenged in the meantime,

B A e

TABIE IV
(1 oo, Kin04 solution = ,952 oos FeS04 solution)
010 6441 400950 408 L00012  ,009042 =400068 5.8
010 6,60 J00957 55 L00048 401005 +,00006 + o
010 6445 400052 14 L00020  LOOUSZ =,00048 = 4.8
010 6445 J00056 (05 ,00007  OODAZ =,00058 =548
It will be noted in Tebles I, II, III, and IV that there are several cases

where the Gotal mengenese found exceeds the theoretical amount by alarge per
eent, It will also be noted that this errer ereeps in because of some difficul-
ty comnected with the zcoond oxidation.

As has beon before mentioned, the behavior of the permanganate~solored file

trates prompted a chesk as to the effect of the filter paper on the standard
potassium permangsnate solution used, The first one of these checks was, in

all probability, not as acourate as later ones made under conditions more closely
simulating the conditions encountered in prastice, but the results were incor=
porated in Tebles V and VI, and the details of the determination are included
herewith: 90 oo, of distilled water were placed in an BErlemmeyer flask and the

O 7 o

*Oooasionally the permanganste used to titrate the excess ferrous sulfate, when
that exoess is small, caloulates as the equivalent of a greater volume of ferrous
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9 ams Whatman No. 40 filter paper (the type used in all subsequent determinations)
was torn inte pleces approximately 2 ome sqwre end placed in tho flasks The
pleces wore stirred in the water and somewhat disintegrated with s g-hu rod,
8tandard ferrous sulfate sclvtion was now added from a pipette, allowed to stand
15 minutes, and then titreated with standard potassiwm permengenate solution. The
results of this determination are tabulated;

(1 ses MmO, solution = 1 cos FeSOy solution)

% - 6ce KMnO4 used
1 _ — .98
e G X s

3 A 0,94

S

91 § 9490

Therefore the average mumber of ¢dy of potassium permenganate solution
needed to react with the filter paper in titration wmdor the above conditions
18 403 ooy This is the equivaleat of 08 6cs ferrous sulfate solution,

Heretofore, no partioular atteation had been paid te the apportiomment of
time Letween the verious eperaticns in the methods When, for instance, the
mangenese dioxide was preeipiteted and the excess ferrous sulfate OM, it was
sometimes deemed a timely procedure te let it stand for a few hours or even over
night prior to titrating with the permenganates As has alreedy been mentioned,
etonsiderable diffieulty was experionced in gebting all the menganese dioxide to
dissolve, and the wait at this juneture seemed justifiable enough, Whether or
not this practice was justified may be answered by & eomparisom of the results
4n Tables V and VI,

In Table V, the manganese dioxide with filter paper recovered from the
first oxidation was sllowed to stand over night with an excess of ferrous sule
fate solution, In Teble VI, the titration with potessium permanganate was made

s e e 250 A 0 o O

(eont, from page 15) sulfute thad that actually used to dissolve the manganese
dioxides This must be due, either to mechanieal errer or to the reastion of pote
assiwm permangsnate with resctable materials used in the determinations Obvicus~

1y we gan not put down a negative reading of ferrous sulfate used here, so we
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Just as cuieckly as the manganese dioxide sould bo dissolved, All other eondi-
tions were the same® with the exseption of the shange in drand of filter paper
and the s1ight change in normality of the ferrous sulfate solutiems
TABLE V
(1 eoy FeS04 solution = 1 ce. Kin0y solution)
Firet Oxidation Sesond Oxidation

wB et £ oAn o Bo2E WO
__ taken used blank fowd used blenb fowd  fowmd .
L 400901 9,17 08 01260 43 .05 J00065 L0132 4400352  +3345
8 L0099 9457 .03 01288 18 .05 00028  ,Ol516 4400525 3248

§ 00091 5.12 .03 .,01264 ,11 «03 00019 #01273 +.00282 + 28.8

4 00081 8.94 .03 ,01229 .36 «03 00083 01282 +,0029]1 +20.4
The results in Table V are ridieculously high in their insccuracy end the

only reason the tablo was given was to compare it with Teble VI, where the pro-
ocedure was subjooted to the modification mentioned above, '
: TABLE VI

200991 6,99 ,03 ,00962 ,37 03 00088 «OL017 +,00026 + 248
00901 6484 03 L,00941 .18 03 JO0029 00970 «,00021 241
sODO0L 6487 03 400945 .21 08 ,00083 00078 00008  «l.3
00901 6488 (OF ,00984 19 (03 ,00030 00874 -.00007  ~l.7

It will be soon that the results in Table VI are the most acourate, as a
groupy of sny yet recordeds It would seem that such great improvement in results
in Table VI over those in Teble V should be conelusive emough to forbid the pracs
tice of walting eny longer to titrate with permsnganate that absolutely necessary
after the manganese dioxide has unwind.

- e e o 5 s

* It might also be mentioned that the determinatioms from Table V on were made
during the summer, whereas the first fouwr determinations recorded were made dure
ing the winter and spring.

= N N w
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After further consideration, it was deecided to made scme further um-;aim.
tions as to the effeet of the filter ppor on the permanganate solution, In the
first determination given above, the filter paper did mot recelve the seme treate
ment that it receives in actual practices lNo potassium bromie or 6 normal
sulfurie acid were used and the papor was not subjeeted to washing with hot
water to remove the bromate, Heithor was sodium bisulfite used as in the case
of seme ‘of the seeond oxidationse Accordingly, several determinations were
deviged to timhho as olosely as practicsble the conditions the filter paper
astuelly undergoes in practices These determinations eh“hd so well in cvadrue
plieate that the blanks determined are spplied in the osloulations invelved in
81l the remeining Tabless

- The second filter paper determination was devised to simulete most closely
the sonditions encountered in the first oxidations 10 co. of € normel sulfurie
acld were added to 90 coe of waber in an Erlemmeyer f£lusk. 146 gm, of potassiwm
bromate were added and the whole boiled ﬁr 10 minutes, Contents of the flask
were diseharged through the filter pger and the peaper was washed with hot water
until free from bromate, Paper was then traasferred back to the flask and 2 ces
of the ferrous sulfate solution added from pipette and allowed to stend 2% hours..
(Very frequantly this much éime is used in dissolvimg the msnganese dioxide in
practice) Paper was stirred and rubbed with glass rod, as 1s done in getting
the mmmgenose dioxide to dissolve, and the titration with permengenate maedes
The results follows

{1 eo. KunQ; solution * 1,032 oce FeS04 solution)

ELD ess Fodl4 used S8+ KinOg used & oo, Fosly
p ! 2,00 2,04 2,11
2 2.00 2,04 2,1
3 2,00 2,06 2,13
4 2,00 2,04 2,11

~ Hemoe, wader the above conditions, the filter psper reacts with enought of
the permanganate solution to be the equivalent of .11 ces of the ferrous sulfate
solution.
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The third filter paper Mamina;im wha axnotly the same in procedure as
the seepnd, exeept that more forrous sulfate was used, snd that the psper stood
only 15 to 20 minubes with ferrous sulfate before titeratien., ihis procedurc was
desirned te simulete most closely the conditions of the second oxldation when mo
sodium bigulfite was used,

1 Kin0s solution = 1,082 eos solution)
h‘ oy 30; Mju»d %‘m'ﬁhm

1 4,00 o 4,00 4013
2 : 4,00 4.01 dol4
3 4,00 4,05 4410
4 4400 - 4,02 4015

Hemoe, the equivalont of the filter pwp er, wnder the above sonditions, in
termg of ferrous sulfate sclubtion is sbout .14 ge.

The fourth and last fl1%or peper detorminetion was designed to simulate
most closcly the conditioms whon sodium blsulfite was used prior to the sesond
oxidation, TIts omly basie difforemoce, thenm, from the preceding determination
was that .6 to 8 gne of sodiwm bisulfite was added to the rest of the ingrede
ientss The boiling period was 26 minutes, and the peper steed approximetely 1
hour before titration.

No. 00 NSQ‘LM 3. KinO, used 8 se. ¥oS0y
1 4,00 3499 4,12
2 4400 5.63 4.08
3 4400 3407 4,10
4 4,00 3.95 4408

Henoe, the sguivalent of the filter pepor, under tha above sonditions, in
terme of farrous sulfato solutiom iz about +O0 cc.

In Tebles VIX end VIII, the conditions wnder whieh the determinations were
made were semowhat chanzed, Four samples were used in each gusdruplicate deterw
mination ranging inm quantity of mangancse from 002 gm. to nearly 06 gm. There
were no other varisbions from conditions in the former Tables, exeevt, of course,
the addition of relatively larger velunes of ferrous sulfate solution where greater
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m.rmulm-.nt&no An effort was also made here to make
& oolorimetrie determination of the manganese in the filtrates, This was done
by filling a 100 so, Nesslor jar with the filtrate and, by trial and error,
gotting 1t to coineide in depth of solor with a sampls of equal volume in a
iike jer, made wp of distilled water and a known velume of the standard potas~
sium permanganate selution, (0.1 08+ of the,0804 normal Km0y solution ism the
equivalent of ,00005 gms Mn) As before stated, this comparison was rather dife
floult owing to the difference in sast of color between the two solutions come
pared,

TABLE VII
(1 ooy KOy solution & 1 ee. FeSO, solution)
First Oxidation Second Oxidation
s 9% gl gum  total Brrer Brror

g S e gdn  gan
™ taken umf&l g'mm'ﬁtmi "‘"ﬁ "

= O M

#002 1,20 L11 L0017 LOOO16
006 3,26 ,L11 00460 00018
00091 6,67 411 00820 LO0OLH
0497 36426 L11 04844 00020
| TABLE VIXX
(1 eos KimOgsolution = 1,015 eo, PeS0y solution)

409 400029 400005 400213 +400013 +645
+00 J00050 00007 00497 400003 = 6
00 J00022 L00008 400959 =+00032 342
09 ,00005 400000 104649 =40012] =2.4

ké&&

1 ,002 1,12 .11 ,00167 LO0016 LO7 .08 ,00022 ,0000S 00192 -4,0
2 008 3.11 W11 00438 ,00016 LO7 08 ,00022 ,O000OD ,OD460 «840
3 J00091 6.87 .11 L00808 LOO0LY OB .09 ,00020 ,00002 00930 6.1
4 04093 35,00 .11 04776 ,00002 00 .09 ,O0001 00000 LO4776 -4e3

The results from Tables VII and VIII are not consistent emough to establish

anything definitely, bdut they indieate that the widest range of error seems to
be in the determinution of samples condaining small quantities of mangenese.

T e G o et 48

*Obviously it is only the colorimetrie determination in the filtrate after the
second oxidation that figures in the final total determination of manganeses

The colorimetric determinstion in the filtrate after the first oxidation is given,
however, as & matter af record,
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The smallest range of error is evident in the samples containing the largest
quntities of manganese. This sonfirms the findings of Kelthoff and Sendell in
these respectss (1) It will slao be geen that there was, in general, more
coloration in the filtretes from samples sontaining small quantities of manw
genese that from semples containing 'hrco quantitiess Partioular attention
should be salled to the rather mice gradation in the smownt of mangenese ree
sovered in the sesond oxidation., This gradation ranges from relatively large
smounts of mangmnese recovered from the sample wnumtng «002 gm, manganese

to prastically mo mangamese resovered from the sample sontaining .06 gms mangane

In Table IX, a new varistion was added 4o the sonditionss Samples cone
tel ning 4002 gms of mangsnese were taken and boiling perieds of 6, 10, 30, end 60
The seme r«pnéiw boil-
ing pariods were used on esch sample during the sesond oxidation.

minutes Wiwlimu used on the four samples,

TABIE IX
(1 eos KMnO4 solution = 1,015 oo FoS0; selution)
Pirst Oxidation Second Oxidetion
gne ming ”q Celny mwine 08s 0o ol Jin  total Errer

Ko« Mn h g Jlﬂ" i:l gﬁ; 2!3"»2 %
1 HO02 8§ 1,35 .n;.omaom B JO7 00 ,00022 .00000 O0221 +10.,8
2 002 M0 132 11 L00194 00001 20 .00 .O9 ,00004 LOO00D +O0L98 «~ 1,0
5 002 30 1,20 .11 L0078 00008 30 00 09 L00000 00000 OOLT8 «11.0
4

002 60 1,08 .11 ,00162 00010 60 04

«0¢

400018 ,00000 400180 «10.0

The results in Tebles IX sre very inagsourate, but they again serve to show
the unrsliability of the method when samples ocomtaining small quantities of mange
anese are used, The belling time of 10 minutes, however, shows up ss very faver-

ﬁl.‘

Another depsrture in method, as regards the time of boiling, was taken in
Tables X and XI, Semples containing 002 gm. of mangenese were used, but the
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. perdod of bolling on the first oxidation was varied from sero minutes, l.0ep

. the rasoval of flask and soubents when boiling started, through l-winwbe,

Seminube, and Seminute periodss The peried of boiling on the sesend oxidatien
was § winutes in each ease, and 56 sodium Bisulfite was used prior 4o the sees
ond oxidations OColorimetric determinations of the filtrates were attempted,
but they were negative, and so are cmitbed Zrom the Tebles to sonserve spaces

TABLE X
(1 es. Kin0g solution & 1,024 ecs FeS04 selution)
Pirst Oxidation Sesond Oxidation
oo B Dok R oy e v, B pm R
1 002 0 1,284 11 .00182 6 28 L34 00061 JO0233 +16e6
2 002 1 spoiled e weves = - -
8 002 3 1.25 11 001848 5 400 14 00005 400189 « BB
4 002 5 1,08 L11.,00076 5 00 o184 00006 400180 <1040
; TABLE XI '
1 4002 O 2400 411 ,00180 5 422 L I4 L0004 00198 = 0.5
2 002 1 1,00 411 L0080 5 88 W14 LO0111 L0061 +30.6
5 002 3 1400 11 J00M6Z 5 o458 JJ4 00080 (00242 +21.0
4 002 B 1435 L11 L0084 5 2 W00 J14 J00000 LO0194 =~ 3.0

Again tho results are wnsatisfastory as they have been heretofore in the
casos where semples sontaining small quantities of manganese have been used,
As will be seen, the results of the seoond oxidations in Tebles X and XX, with-
cut the use of sodiwm bMisulfite, are extremely wmsatisfastory,



IV, Gureral Discussion of Results ,

In rogard %o the prastissbility of the sesond oxidstion, 1t mey be sald
in gemeral, I{rum an analysis of the Tables, thet samples sontaining small gquane
tities of mangancse, sy 002 m,, yleld rolatively more mmamén on sacond
oxidation thet do semples aomtalng largor quantities of mancenese. Semples oeme
taining approximately .08 zm, of manganese, 1% is seen, yield practieally ne
mangenese on the geoond oxidation, The difficulty in the second oxidation, it
would secm, doos not 1lie so mush in presipitating whet mangansse there is proe
somt &8 man penese dioxide, but in determininr such snell gquantities of manganese,
The materials p!;nm in the medivm seem %o reast %o a‘«min extent with each
other, Unsatisfeotory as thoy are in results, the seoond oxidetions meking use
of sodlvm bisulfiée are muoh more miforn snd gatisfhotory in results thsn those
sooond oxidetions where no sodivm bisulfito wms used,

It gecms that bolling pericds of § %o 10 minutes are guffieciently long and
ever more desirable than periocds cf one hours Prastiorlly no permanganate coler
was formed in the ligquid media when bo!li;ag periods of 5 to 10 minutes weore used,
When one hour was \;80‘1, the medin were solored considerebly with permanganate on
the first oxidation, When sush a *“ing takes place, mme orror is always introw-
dueed as this solor cften fades on filtration,

The flter vaper dotewmninations heve shown that there iz a wvery definite
affect of the paper om permengsmats solutions The fading in golor of the liguid
mediur on fltration ¢ an indieaticn of thise It is alse indiceted in the fadw
ing of the permangenate color in semotimes ome minute or less on titration. Howe
aver, ths use of more permenganmate then theoretieally recvired in titration may
hoe be ontirely dwe to filter paper, If, for instance, fermus sulfete solution
ghould be, for any resson, oxidived to ferric sulfate while it is in eontact
with the filter paper ond the other ingrediemts in the mediwm, less permengen-
ate will be required to titrete the exoess ferroug sulfate, This will show,
in the seloulation, an sosordingly sreater volums of farrous sulfate used, and
the results for the deteymination of manganese will be high, As i3 seen in some
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of the Tablos, we have some absurdly high results which may be tresceabls to this
very eause. y

In order Yo be mora corteain as to the effect of M lter parer om pormangane
ate solution, an exhsustive study should he mede. The paper should be treated
under oconditions avprosshing, as nearly as possible, thosceonditions encountered
ir prastices Ferrous sulfate, in varying smounts, should bo used with the paper
in the oxidizing wmedin, Obviously no manrancus solubion cer be wsed, snd consee
mﬂy the exaet eonditions of praetice ean not be simlated, Varied periods
of tinme of standing with ferrous sulfete snlution in the media sand wnder differe
ent temperatures should be imvestigateds With this, verhaps, some fairly consbanmt
blank for use in caleulation eould be arrived at,

To overcome the unsertainty of the determinstions of marpgancse by the bromate
mothod, it also seems that an investigation 49 neeessary te determine the effect
of the eombined ingredients of the oxidiring media or the ferrous m lfate used,
Separate portions of ferrous ﬁlnto solution sould be titrated with potagsivm
permanganate, amd portioms of 1ike volume sould be introdused inte the oxidizing
media without filter paper, Fhere they seuld be allowed to stend for varying
periods of time and wnder warious conditions of temperature, and thern titration
with potassium permanpanste solution could be made, Such g yrosedure would give
some indication as to the sffeot of the oxidising media alone on the ferrous
sulfate solution,
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A brief reviow of the eurrent methods for determinstion of manganese
is outlined ent the perticuler disedventages of these methods ere citede
The method chosen for investigation ig digoussed bricfly and the resctions =
are explainad, . Preparation o metorfels end epparatue me regards the particus
lar problem is noted and the results of the experimental work are M‘b{‘d&twd«
Disoussion ns to results ard poseible improvement in tho method is mades
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