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A Modification of the Volumetric Cobaltinitrite ‘Method for
Potassium Estimation, not Requiring Alcohol as Wash Liquid

D. RAJ!, R. EARNEST DHARMARAJ®, and NATARAJAN?

A maodification of the volumetric cobaltinitrite method al potassium estimotion-has
been describad. Washing the precipitate with 109, acetic acid, followed by 2.5% sodijum
sulphate has been demonstrated to be a satisfactory substitute for alcohol washing, thus
oliminating the use of alcohal, which is usually costly. The applicability of the method
to 8 wide range of potassium concentrations in fertiliser meterial has boen tried, 'és olso

to soils representing different important soil groups and regarding a wide range of

polassium contents.

It is suggested that by employing this modified mathod it'is

possibile 1o dispensa with the use of the costly matarial, alcohol,

Of the several methods available
for potassium estimation, the cobalti-
nitrite method of precipitating potassium
s potassium sodium cobaltinitrite
offers several advantages, it being rapid,
economical and adaptable to semi=-micro
-techniques; the solubility of the precipi-
tate in water is low when compared to
other precipitates containing potassium.
Further, in the cobaltinitrite method,
prior removal of organic matter and
ammonium salls alone is necessary.
Inspite of being simpler and more
economical than most other methods,
the common cobaltinitrite methods are
still dependent upon alcohol as wash
liquid. In this paper procedural details
have been worked out for a8 volumetric
cobaltinitrite method giving accurate
results in potassium estimation in ferti-
liser and soils, but eliminating the neces-
sity for alcohol washing,

Coimbatare-3.
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MATERIAL AND METHODS

a. Formulation of procedural de-
tails for preposed method

A solution of A.R. potassium chlo-
ride containing 0.6232 g KC1 in 500 ml
of water (Standard) was used for find-
ing out the relative accuracy of different
procedures involved in the volumetric
cobaltinitrite method, using the follow-
ing reagents,

Reagents:A: Fifty g of cobaltous nitrate
(crystalline) dissolved and
made up, with 12,6 ml of
glacial acetic acid, to 500 ml.

B: Three hundred g of sodium
nitrite dissolved and made
up, with 12,6 ml of glacial
acelic acid, to 500 ml.
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TABLE 1.

MODIFIED METHOD FOR K ESTIMATION

Formulation of suitable procedural details for method of potassium determination
Theoretical value :

0.6232 g KCIJ500 ml.

Without Evaporation of sample plus precipitant

With evaparation of sample plus precipitant

Without With

il

Without With

Acetic acid. end sodium
sulphate washing
Addition of Precipitaie

sulphate washing
Addition of Precipitat

Acatic acid and sodium

e

alter HeS0, befare HaS0, after H.80, before Hi50,

Acetic atid and sodium
sulphate washing

Addition of Pracipitote

atier H50, befare H:50,

Acetic acid sodium
sulphate washing

Addition ol Pracipi-

tate after H.50,
before HLS0,

- - ema

Estimaten valug
{p KCI1/500 ml)

0.7068 0.7036 0.7010 . 0.65B9
Ditference from theoretical value
+13.986 “+12.80 4-12.48 4-5.73

0.6736 0.6487 0.6628 0.6342

4+8.08 44,26 +6.25  —1,41

Equal volumes of reagents A and B
above are mixed and allowed to settle
tor 2 days, and the clear, sediment free
solution used as prgqipilant for potas-
sium estimation.

The strength of the precipitant ob-
tained from the above reagents is
rouahly 7%, and is sufficient to buffer
out cosiderable differences in Na con-
centrations of test solution. The pre-
sent method was tested at room tem-
perature (about 30°C) and found to be
satisfactory.

Wash liguids: Solutions of acetic
acid (5 and 10%,) and sodium sulphate
(2.5%,

The relative accuracy of different
procedures like (1) evaporation of test
solution after addition to precipitant
(Drushel, 1907) (2) without evaporation
of the solution (Lewis and Marmoy,
1933) (3) Washing the precipitate of
potassium sodium cobaMinitrite with 10
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per cent acetic acid and 2.5 per cent
sodium sulphate (Mitscherlich er s/,
1912; Lewis and Marmoy, 1933), (4)
Washing precipitate with water alons,
was tested. The above procedures were
further tested for the relative efficiency
of adding the precipitate to the standard
KMnO, solution before or after addition
of sulphuric acid.

From the above preliminary experi-
ment (Table-1) it was found that the
following procedure was the best and
capable of giving the most accurate
values, and hence it was followed in
the rest of the investigations reported
here.

Procedure; The test material from
which ammonium salts had been remo-
ved by evaporation and ignition was
dissolved in water and evaporated to
dryness in a round bottom potash basin.
To the dry residue obtained 1010 20 ml
(depending upon the K content) of the
precipitating mixture mentioned above
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was added. The mixture was evapo-
rated to dryness on a water bath: on
10 mlof 10 per cent acetic acid was
added, stirred and allowed to stand for
half an hour; 10 ml of water was then
added and the contents left to stand
overnight.

The solution containing the cobal-
tinitrite precipitate was filtered through
the asbestos mat prepared fresh, using

gentle suction and the precipitate wash-

ed three times, by decaniation with 5
per cent acetic acid. It was then wash-
ed 10 times, with & ml. lots of 2.5 per
cent sodium sulphate solution, allowing
the wash liquid to drain through com-
pletely sach time.

Ina 500 ml conical flask 25.0 ml

(or suitable volume) of 0.1 N KMnO,
were taken, 100 ml water added and

heated to just below boiling point
(The solution should not boil). The
asbestos mat containing the precipitate
was added to the permanganate solu-
tion and shaken vigorously for half a
minute to disintegrate the asbestes,

LYol ww o, 9

Then 10 ml of cone. H,50; was added
in 2 ml lots, shaking well after -each
addition. The contents were allowed
to stand for 10 minutes and 25.0 m| of
0.1 N oxalic acid was added. The
solution was heated again just to boil-
ing, praventing bumping by occasional
shaking, and titrated against 0.1 N
KMnO, to faint pink end point.

1 ml 0.1 NKMnO, — 0.0008564 g
K,0 (Theoretical factor)

b, Suitability of proposed method
to varying potassium concentra-
tions (Table 1)

Solutions containing different
amounts of potassium were {zken and
potassium estimated by the procedure
arrived at in the previous section. Cver
a range of KCI weights of about 2.5 to
28.8 mg. quite good estimates of pot-
assium were capable of being obtained
by the use of the proposed method.

¢. Fertiliser material

(1) Estimation with variation
in amount of fertiliser sample pra-

TABLE Il Suitability ol proposed method of potassium estimation to varying potassium amounts.
Theoretical value : 0.6232 g KC1/600 mi

Weight or KC1 in aliquot

token (Approx.) mgm, 256 6.3 10.0

13.8  17.5 213  25.0  28.8

Estimated values
Using Milne’s factor
lg KC1/500 mi)
Difference fram

theoretical valua (9G) —-5.02 <+-1.49

0.5919 0.6313 0.6001 0.6098 0.6201 0.6190 0.6017 0.5034

-380 -215 —0.60 —0.68 —3.45 —3.18

tlean: 1.72

Estimaled values using
thearetical factor

(o KC1/500 mi)
Differens s from

theoretical value (%) —2.02 +44.61

~0.66 -0.896 ~2.67

0.6106 0.6513 0.6191 0.6292 0.6398 0.6337 0.6209 0.6226

+2.49 ~0.37 -0.10

Maean: 1.72
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TABLE |11 - Potassium estimations with varia-
tion in amount in sample present
' in unit volume

Somple ;| Potassium sulphate (C.P.): (K0 =
52.05%) (Percentages of X.0)

a. Low conceatration series

Lot ‘Concentration  Aliquot No.
No. of K:S0O, 1 2
(ppm)
T 50 51,6  50.6 Differenco
between
2 100 51.4  52.2 ostimated
and actual
3 200 50.6 50.2 KO con-
tentls  ox-
pressod
4 400 52,3  50.6 asparcen-
lage on
5 500 52,6 52.3 actual
value
6 1000 49.9 51.4 (d}:
—1.41
4 Mean
Meaan B1.40 51.217 51.31
Variability 9 1.48 =1.42 1,45
C.V. % 1.81  1.56
b. High concentiration series
Lot Conceniratian Aliquot  Vo.
No. . K:SO‘ 1 2
{ppm)
1 250 52.1 51.7
2 500 53.1 50.1
3 1000 50.9 £2.2 Dilference
“a (d) :
- 016
4 2000 52.2 52.1
5 4000 53.1 53.7
3 5000 £0.1 52.2
llaan
Mezn 51,82 £2.00 53.88
Vanability %= 1.81 = 1.28 1.60

cV. % 2312 2.0
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sent in unit volumea (Tzble lll; Con-
centrations of K,50, ranging from 50
to 5000 ppm were prepared 2nd tha
potassium estimated in duplicata aligu-
ots by the proposed. method. The res-
ults were considered under twe series,
low and high cencentration, with soms
overlans for comparison. Variability
percentage worked out for the dzata by
summing up the deviations from tha
mean for the vaives, ignoring the sign,
taking the average of these deviations,
and expressing it as a percentage for
the two series was practically ths sama
(1.45 and 1.38, respectively) while thz
percentage diflerence {rom the aciual
value for the high concentration series
(-0.15) was considerably lower than
that for the low concentration szries
(-1.41).

(2) Repesated potassiurn esti-
mations with same concentirztion
ol fertiliser (Table V). 7o dstermine

TABLE 1V, Repaofed polasomym Ssuamations wih
semo concentidlion sample: Potaruor Tu.s] a0
(C.1.) {20 18205} {sotenratire ot (03,

a. Low consentralign sarien

Aol BSO: 100 280 £eo
1. §2.2 5% @A:Z
2. 52.0 B2.0 529
3. 62.2 811 1%
4, B2.n 524 5.0
5. 50.1 50.5 6.2
5. 61.2 £ B0
Yiria
Mern DY 6T LLTS 39.%3
Vatiahi-
fite Y0 1.3 5:1.38 187 I
C.\."% 1,53 1,65 1™
[riffcnnzc
el ~078 202 et 0L s
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potassium was estimated by the propo-

b. High concentration series sed method six times for each concen-
ficwe:  ¥.$0, 1000 1000 5000 tration examining two series, low" .and
o,  (ppm) (A}  (B) high. The mean variability ‘percéntage

for the high concentration seriss (0.78)

1. 51.4 51.9 53.0
9. 52.3 52,9  53.0 was considerably lower than that for
2. 593 531 517 ti*se _Inw cancentration :-'fgrias_ _‘:’_1.35}.
i 51.6 2.3 5.5 Similarly the peruantsga.dnff&rencﬂ frcm
£ 527 518 52.2 act?at value for the high.cﬂncsmraiiqn
. 53 63.0 522 series (0.36) was considerably lower
Mean than for the low conceniration series
Mean §2.08 52,52 52,12 (0.85).
Variabi- .
lity%, =075 +0,82 F0.67 0.78 d. Soils
cv.", 0.86 086 0.9
Differance 9, (d): +0.06 40,90 -40.13 0.36 1) Potassium estimation by
proposed method in representative
Wieen Yariebility 9 for all values sbove : = 1.08  gapyq (Tghte V) : Twelve soil samples
;-'::—;r; :dg.lee;ﬂnce oL (d) for all values in tables representing the major soil groups of
Tamil Nadu, viz., red, black, alluvial
the repeatability of the potassium deter- and lateritic, were collected and total
minations at different concentrations, potassium determined in the hydrochlo-

TAELE V. Potassium estimation by original and proposad methods in representative soils of Tamil Nadu

Total KO percentage

Lacality Soil group Original method Proposed method Difterence from

— original method
,I 1 Mean v %
Keramadai Black 0.363 0.371 0.362 0.367 3.91
Siugamanl Biack Alluvial 0,539 0.608 0.521 0.516 4,53
Bduthurai -do- 0,702 0.685 0.692 0,689 1.82
Kovilpattl Red 0.251 0.262 0.241 0.252 0,24
Paramethi ~do- 0.311 0.301 0.312 0.308 1.54
\azhappadi -do- 0.403 0.413 0.418 0.416 a2
Madurai -do- 0.628 0.609 0.617 0.613 2.34
MWapercoil -do- 0.643 0.602 0.601 0.602 6,44
Cinges -do- 0.683 0.700 0.621 0.696 0,99
Kodaikanal laterite 0,401 0.398 0.388 0.393 1.99
Gudalyr +  edbE_ 0.561 0.601 0.563 0.577 2,89
Coongor, .. . . -do : 0.817 0.852  0.802 0.827 1.20
| -“'1'5 . Mean 2.60

e
T |

" ‘_ y 5 — ’ I.,._;.
T / ol OOW_F,_'-; 600

o
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I‘_rﬂBLE VI Repeated potassium estimations with sample (Secils) (Percentages of total K.0)

Locality Karamadai Madurai Magercoil Coanoor
Soil Group : Black Rad Red " Laterite N
Lat Na,
S 0.372 0.618 0.643 0.853

"2, 0.361 0.674 0.602 0.801

3. 0.378 0.654 0.593 0.78%

4, 0.364 0.605 0.623 0.799

5. 0.351 0.632 0.606 0.855

Mean 0.3648 0.6246 0.5134 0.8206 iMean

Variablfity @) =2.02 F2.36 +2.56 +3.26 2.55
C.V. % 2,40 3.74 3.87 3.34
K20 9, by original methed  0.353 0.628 3.643 0.817
Ditference from original
method 9, +3.29 —0.56 —~4.63 +0.43 2.23

ric acid extracts of these samples by
the proposed method, The estimations
were performed in duphcate and com-
pared with the corresponding values
obtained with the original cobaltiniirite
method. The values for K,O content
according to the original method ran-
ged from 0.251 to 0.817 per centin
these soils, thus, covering a fairly wide
range of potassium contents. The
mean difference from the values for the
ariginal method, taking all 12 soils to-
gether worked out 1o 2.60 per cent.

2) Repeated potassium estima-
tions with same soil samiple (Table
Vi) : In four representative soils K was
eslimated § times and the variability
percentzge and CV worked out, The
potassium contents were also determi-
ned by the original cobaltinitrite method
tor comparison. The mean variability
percentage came to'2.55 for all the four
soils iaken together, and the mean dif-
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ference from original method also to a
comparable figure (2.23°)).

RESULTS AND DISCUSSION

The suitability of the modified voi-
umetric cobaltinitrite method for pota-
ssium determination has bzen establi-
shed in the foregoing sections. The
reproducibility of the method and its
applicability to a wide range of pota-
ssium concentrations usually met with
in fertiliser and soil analysis has been
demonstrated. In the case of soi's the
method has been compared wiih the
original volumetric cobaltinitrite me-
thod also, and has been found to com-
pare quite well.  There are indications
that the reproducibility of the msthod
and agrcement with theoretical value
are belier for higher concenirations of
potassium in fertiliser material, suygest-
ing the better suitability of the methed
for higher potassium concentrations.
In solutions containing low amounts of
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potassium larger aliquots may be taken
to increase the amounts of potassium
estimated in order to ensure higher ac-
curacy. Under the conditions of the
experiment described the theorstical
factor for potassium estimation was
better than Milne's arbitrary factor.

The range of potassium concentra-
tions over which the method was satis-
factory was quite wide. In the case of
K.SO, quite satisfactory results were
obtained for concentrations between
50 and 5000 ppm. This would indicate
the applicability of the method to a
wide range of potassium concentra-
tions.

In the case of soils, the variability
percentage (2.55) and difference from
original method (2.609;) were under-
standably higher than for the fertiliser
material examined (1.09 for variability
percentage and 0.659%, for difference
from actual value). This was evidently
due to the known heterogeneity of the
soil samples as contrasted to the fertili-
ser samples. The first two authors of
this paper obtained variability percen-
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tage values of 2.1 and 2.3 rﬂsp'ectivaif
for Walkle-Blackorganic carbon. valuas
and values for organic carbon estimated
by a rapid and simple method .devised
by them. Contrasted to this chemical
estimations in homogeneous material
usually register variability percentages
of about 0.5. It is also known that eoil
heterogeneity itself can bring abouta
variability percentage of about 2.0.
Considering these, and making- allow-
ance for inherent soil heterageneity,
which increases with content of coarse
particles, it can be concluded that the
variability percentage obtained in the
case of the proposed potassium estima-
tion method applied to soil is satisfa-
ctory.
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