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Chemists, whether they work with sea water, fresh water, tap water or
polluted waters, always come to attention when the subject turns to the
measurement of dissolved oxygen. The interest stems from the background .
chemistry of the Winkler estimaticn, which is something of a mystery.
Practical details are well enough known and if judiciously observed,
especially W:Lth regard to the standardization procedurc, the analys:.s is
foolproof. @ Zquations given by Jacob sen, Robinson and Thompsen in the
of ficial method sponsored by the !'issociation d!Oceanographie’ Phy.glque‘ and
repeated in Dr, Barne"' recent 'bool_ are essentially as follov

1) ™+ 2 0F -3 1n(OH),
2) 21n(0H)p + 0p =» 2 1nO(0H),

These equations convey the impression that oxygen gas is adsorbed or
absorbed by manganous hydroxide, Consequently one would expect gas~solid
laxrs to apply and the reaction to be slow, poly-molzcular and perhaps cnly
poorly stoichiomectrice The oxygen-mongenese equivalence was determined .
for well aerated sea water treated with progressively increasing amounts
of manganese chloride, Figure 1 shows the reacting quantities of manganese
and oxygen. The relationship is nearly linear from the origin to the level
of completc oxygen removal, Cne atom of oxygen is equivalent to two atoms
of mongonese, This means that in the equations quoted above the valency
chonge for mangenese is wrong. It also suggests that the reaction is
chemical, The oxygen talking part is not undissociated but is active in
some way, presumably via the hydroxyl ion.

To test the effect of pl, an alltaline-iodide reagent was prepared using
sodium carbonate and from this and the usual hydroxide reagent progressive
nixtures of carbonate-iodide and hydroxide~iodide reagents were tested.

Figure 2 shows that at least 30;7 hydroxide, i.e. pli>11, must be present for
oomplete oxygen fixation, This test also confirms that carbonate interference
is unll}'ely in natural waters and that a large amount of csrbonate can be
tolerated in the alkali-iodide reagent.

The chemical reasctions thcrcf‘ore involve the oxn.dat:.on of manganous
(In*+) to the manganic (in*++) state - not Im*++++ as the first equations
claim, and the oxygen in solution under alkaline conditions is in equilibrium
with the hydroxyl ion, and thus if not actually ionic will for practical -
purposes bchave as an ion rather than as a gas, The oxidation potential
for the oxygen half-rcaction is ~0,5 volts, AR

5 2002 12 0p+H0 + 26"

g
In;““bheory, any rcductant with a potentiol more positive than this should
promote the reduction of molecular oxygen. The potentials for variocus
nanganese ions in alkaline solution are
L) m(oz;)z + OH" m(OH); +e”  + 0,20 volts

5) I 0,2 &= I O +e . =05k "



6) In Oy + & OH—{‘_\_ n 0,7 + 2 Hy0 + 3 €7 . = 0,57 volts

7) 1 0, + 4 OH = 1n 'ol";? +2H042e7 . -058 "

Clearly, only reaction L) conforms with this requirement. Ferrous salts
have been used in place of nanganese in a modified Vinkler estimation,
The half reaction shows that the potential is suitable,

8) Fe(OH), + OH &= Fe(CH)z + e~ + 0,56 volts

However, mangaonese is preferred for the ordinary analys:Ls because ferrous
salts in neutral solution are rapidly ox1ded in air, but the manganous salts
are stable,

A general statement of the Winkler reaction with the correct oxygen-
manganese equlvalence is found in equation 9) o’bta:med by comb:.nlng equatlons

3) and L,.).
9) & 1In(0H)2 -+ 2 H20 * o2 —} wm(OH)

_and .this is esuent:.ally the equation propo sed by Yfmkle r in 1888.\ :
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There are many recomended proceduree for the eet:mahon of dlseolved
o..ycren in sea water based on Winkler's original technique of 1888, - For
! .. :example, the method of the 'Association d'Oceanographie Physique' (Jacobeen
! - et al 1950) gives full practical details and if the pitfalls involved.in
} Standardization are avo:n.ded, succéssful analyses should be well within the
| © grasp of even a begmner in chemistry, Nevertheless the background chemistry
of .the.technique is something of a mystery. ' Iquations are quoted (ibid)-
which purport to describe the reactions involved, R

I **-4-2:0}1“—9“1::1(01{)2 L e
2 (o), + 0, 2 unO(OrI)z R
@ L 'm(OH)?_ r2d = w42 Hgo
“.”'.Eno(OH)2+LpH +3I—9Hn iR +3Hz°

yet in practice the quantltle.., of reagente uged bea.r no relat:.on to thege
equa.’c:x.on.,. ' : . . .

A full :_nve.,’clgat:.on of the technlque is outm.th the scope of a fleherles
-laboratory but two simple experiments have produced results whn.ch mdlcate
the dlrectlun of the further re.:earch needed. . . S

The equa.tlone quoted and the u.:ual acoompany:.nrr text crea’ce the impression

that the reaction occurs between dissolved but undissociated oxygen gas and
the adsorbing or absorbing solid, manganous hydroxide, ~Consequently one-
. would expect go.s/eolld laws to apply and the reaction would be slow, poly-
‘molecular and perhaps only poorly stoichiometric.  .The nevmess of
the prec:.p:n.tate and other aspects of its dispersion would determine how great
an excess of manganese hydroxide would be requlred for complete oxygen

‘ — fn.xatlon. . o _ o " BN

Clearly the first step was to determme the oxygen-manganege equ:.valcnce.

Mangannse concentration

) Obeervmg a.ll the usual basic practlcal requirements, :_ncreas:mg amounts
of manganese chloride solution . (Reagent Aj were added to well-oxygenated

sea water in similar calibrated glass bottles (ca 160 ml capacity); all
other trcatments were stondards. llanganese (lh) was determined gravi-
metrically in Reagent A as pyrophosphate, In Fig, 1 the reacting quantities

.- of In(mg) are given with the corresponding smounts: of oxygen (mg) found by

titration. The oxygen-manganese relationship is almost linear from the
origin to the level of complete oxygen removal (mean 1.745 mg Op Per sample).
Ixpressed as atoms, 1 atom of oxygen is: equlvalent to 2 atoms of manganese
for practically the whole range.. The.equations -given above which require

1 atom oxygen to 1 atom manganese are clearly wrong, The required amount
of Reagent A is about 0.12,. ml and 0.2 ml would sufflce for any sca—water
oxygen eanple. )

L-_




The oxygen-manganese equivalence follows a simple chemical relationship
except when the residual oxygen concentraticn is very low, when, presumably
because of the settling of the precipitate, the menganese reactions are
sliphtly less efficient, )

Alkalinity

The Vinkler reaction takes place in a highly alkaline medium (pH about 12).
The precise state of oxygen in solution under these conditions is a matier of
considerable complexitys Certainly, oxygen will not behave as the undissociated
gaseous molecule but will be in equilibrium with the hydroxyl ion and thus
dissolved oxygen if not necessarily ionic itself will for practical purposes
behave as an ion rather than as a gas.

Closely bound up with alkalinity is the presence in the sea water of
retals precipitated by hydroxide and also carbon dioxide, 1inkler expressed
concern about interference 'duec to carbon dioxide (or carbonate) and recommended
additional reagents. Also the alkali-iodide solution (reagent B) absorbs .

"+ carbon dioxide on exposure to air and thus may deteriorate, Vhat are the

limits of carbon dioxide interference and what hydroxide concentration is
required? ) ‘ ‘

Tvo alkaline-iodide solutions were prepared, reagent B with L N sodium
hydroxide and reagent B! with the equivalent ) N sodium carbonate final
concentrations, HNext, a set of recagents wos nade by varying the combination
of these two, Oxygen was determined in well aerated sea water with resulis
as summarized in Fig. 2. It was noted that the usual flocculent buff to
brovmish-bulf precipitate became less flocculent and nearly white with
increased carbonate. The settled precipitates of the latter after several
days in the dark changed to black, granular material. '

The graph indicates that oxygen 'fixation wos complete so long as at o
least 30 sodium hydroxide or not more than 7075 sodium carbonate was proscnt.

- -The amcint of carbonate (CO =) tolerated is thus 8) mg in addition to

4 mg (Horvey, 1955) present in the ‘sen water. - Clearly there is no concern
about interferecnce due to natural carbonates in sea water, Vith regard to
the deterioration of reagent B in air, satisfactory performance is obtainable
with 705 of the hydroxide neutralised with carbon dioxide but for safety
perhaps 507 should be regarded as a working limit. :

No measurements were made but it is likely that the pH at the limiting
carbonate concentration would be about 11 to 11.5. To generate such a pH
change using ). N sodium hydroxide in absence of carbonate would need quantities
of Ou1 ml or less which would involve considerable mechonical difficulty if
carbonate interference is to be completely avoided. Further experiments using
dilute carbonate-free hydroxide solutions are pending.

Conclusion

The above evidence is sufficient to indicate the main course of the
reaction, Jach aton of oxygen, probably via a comnlex hydroxyl ion, reacts
with two atoms of manganese under suitable oxidation-reduction condifciops which
‘requlrc a pH of above about 11 in the usual treated sea~water sampl?.

, . The Tinkler estimation may be broken dovm inko half reactions whose
oxidations potentials are kmowm.. (Conventions accordi;ig to Iatimer, 193{8).

. ++ - : .
In Cl, 2 1" + 2 C17 (in the reagent solution)
wntt 42 08" > In(OH), (precipitation)
oy ) o B
1) 208 = L Op + H,0 + 2 67 (at pH 12, - 0.5 volts)"

2) I“-n(OH)Z * OH-E& I‘-TII(OH); + e
| (at alkaline pH, + 0.40 volts)




‘Thercfore, in theory, any reductant with a potential for the ion-electron
half-reaction more positive than -0,5 volts should promote the reduction of
molecular oxygen. Ferrous salts provide a suitable potential and have been
used in a modified-Vinkler estimation. ‘ :

Fe (OH), + OH = Te (OH)3 v e (+ 0,56 volts)

However, ferrcus iron is readily oxidised in neutral solution on exposure to
air so manganese is more ccnvenient for ordinary analyses.

It cen be seen that other manganese reactions in alkaline solution do
- not meet the requirement regarding potential.

072 2 o=l 4o ]
in OL;. = In Ol,_ + e (~0451. volts)
\ ..A A ha - -

In , + 4 OH = In oh +2 HO0+3e (-0.57 volts)
In O, + 4 OH & In ol: +2 HO+2e¢ (-0.58 volts)

4 general statement of the chemistry of the Winkler estimation may be
derived by combining equations 1 and 2 to give 3 which shows the correct
oxygen-manganese equivalence,

3) »in(OH)p + 2 H,0 + 0, — 4 In(0H)5
' and this is esscntially the equation suggested by Winkler in 1888.

lore detailed electrochemical evaluation of the Winkler process may well
be justified as this would enable the precise conditions for oxygen fixation
to be defined so that measureseto exclude or reduce interference in contaminated
vaters may be logically"under%aken. It would also be useful to know what
sort of substances can nojc"'tSe tolerated in the oxygen analysis.

Reagents

Reagent A. llanganese chloride, hydrate, analytical reagent grade, 400 g,
is dissolved in distilled water and the volume adjusted to 1 litre,

Reagent B, (a) A solution of 10 g, potassium iodide, analytical reagent
grade, is made up to 500 ml.,

(b) A solution of 160 g, sodium hydroxide, analytical grade
is made up to 500 ml and cooled. '

. ' 1Hx equal volumes of (a) and (b) as required.
Reagent Bt. (a) As (a) Reagent B.
(b) A solution of 212 g sodium carbonate anhydrous, analytical

reagent grade, is made up to 500 ml and cooled, Mix equal volumes
of (a) and (bs as required.
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FIG.2.

HYDROXIDE AND CARBONATE REAGENTS
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