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IT was shown in the previous communication (Narayanayya and Subrah-
manyan, 1933%) that the digestion of organic nitrogen can be greatly acce-
lerated by addition of oxidising agents. Attention was also drawn to the
fact that the digestion proceeds to completion in presence of water, so that
emission 'of fumes which is the most objectionable feature of the Xjeldahl
method (or any of its modifications) is entirely eliminated. Based on these
and other observations, a simple and rapid method for the estimation of
nitrogen has been developed and shown to be applicable to soils and biological
materials in general.

Although the above findings are of considerable practical interest, further
information is, nevertheless, needed regarding the nature of the products
formed during oxidative digestion and the manner in which they are included |
in the estimate of total nitrogen. Some of the conditions relating to the
digestion also require elucidation and the details of procedure to be further
simplified so as to facilitate easy adoption in routine practice. These and
related problems have been studied and will be discussed in the present
communication.

' Experimental.

Tt was suggested in some earlier communications (Narayanayya and
Qubrahményz‘m 19354 ?) that the material to be digested may be heated
together with dichromate, water and sulphuric acid. When appliedin practice,
howc*ver, such a procedure was not found to be satisfactory. Thus, when
mixtures of soil, dichromate and acid (2:1) were heated gently to boiling,
the digests invariably vielded lower results than those obtained by the Kjeldahl
“Wet” method (Sreenivasam, 1932). The error was not constant but varied
'm the hands of d1fferent Workers The following results (Table I) ohtained
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with one specimen of soil will suffice for an illustration. ‘The soil (a local
specimen ; 10 g.) was treated with potassium dichromate (5 g.), mercuric
oxide (2 g.), water (20 c.c.) and sulphuric acid (40 c.c.) in succession and
the mixture beiled for 20 minutes. The digest was treated with zinc (10 g.)
and boiled for 15 minutes. It was then cooled and distilled with excess of
alkali in the usual way. : - o

TABLE 1.
Alkali equivalent of ﬁitrogen (as c.c.
Forms of zinc of 0-0352 N alkali) Total Nitrogen in
Obse{);ations used {or parts per million
reduction Correction for Total nitrdgén (Average estimate)
zinc in digest
A Dust 6.3 161, 16-3 488
B Do. 6-2 16-3, 16.4 - 498
(same sample) : '
C Do. 6-1 | 15.8,16-0 | 483
D Do. 5.5 15 -6, 15-35 493
A Turnings 1 0-6 | 1041, 10-0 466
B Do. | ’
(same sample) 1-0 - 10-7, 10 -68 477
§ " Do. 0-3 10 -45, 10 -35 498
AB,C,e.ill. were different workers.  The value expected according to the Kjeldahl

" wet’ method was 518 p.p.m.

The digestion was apparently complete in all the cases, as may be seen
from the separation of white sand. The distillation was also quite ‘smooth.

It was observed, however, that zinc was not digested to the same extent
in all the cases. This was largely due to the presence of mercury, which
formed a coat of hydride around unattacked zinc and thus retarded its re-
action with acid. It is probable that this may have rendered the blank
for zinc so variable. Even after allowing the minimum blank for zing, the

estimate of total nitrogen in the soil was still too low as compared with the
expected value.

The discordant nature of the results, fhough coming within a narrov?
range, still suggested that certain conditions relating to the digestion were
not adequately controlled. Further work was therefore carried out with
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a view to throwing light on the nature of factors determining the efficiency
of digestion, : : -

Effect of addition of mineral catalysts.—Narayanayya and Subrahnianyan
(loc. cat,) found that the acid digestion of cyanamide was catalysed by the
presence of certain mineral salts. With a view to determining whether the
estimate of nitrogen can he improved by such treatments, small quantities
of these catalysts were added to mixtures of soil (10 g.) and acid (60 c.c.,
2:1). In one set of trials, the inixtures were heated for 15 mins. under
reflex and then cooled before addition of dichromate. In another set, the
dichromate was added together with the catalyst and the mixtures raised
to boil.  After boiling for 30 mins., the digests were reduced with zinc (10 g.)
and distilled with excess of alkali. The results (after deducting the average
blank for zinc as expressed in parts per million) were as follows :—Catalyst
added before dichvomate. (a) Potassium sulphide (10g) added together with
alkali. MuSO, (2 g.), 736 p.p.m. ; CuSQ, 5H,0 (2 g.), 720 ; CuSO, 5H,0 (2 g.)
-+ HgS0, (3 g.), 695, (b) Potassium sulphide not added with alkali. CuSO,
5H,0, 710; MnSQ,, 700; SeQ,, 715; BaO,, 705. Catalyst added together
with dichromate. CuSOy; 5 H,0 (2g) + HgSO, (3g.), 666; CuSO, 5H,0,
656. Value expected (Kjeldahl ‘wet’ digestion), 764. Tt may be seen from
the above that none of the {reatments yielded the correct estimate for total
nitrogen. The low estimates of total nitrogen should therefore be traced
to other causes. '

Nitrogen content of zinc—It was found that even the purest specimens
of zinc contained some nitrogen. The blanks were also variable. It was
further noted that if the zinc was hoiled with acid and the digest distilled
with excess of alkali, the blank for nitrogen was slightly higher than when
the metal was boiled directly with alkali., These ohservations would
suggest that the blank for zinc, especially when used in such large quantities
as 10 grams, was unreliable,

Attempts to remove the nitrogen associated with zinc were unsuccessful.
A leading EFuropean manufacturing firm was consulted in the matter, but
they were also unable to supply nitrogen-free zinc. It was considered
necessary, therefore, to either eliminate the use of zinc altogether or, at any
rate, apply it in such small gquantities that the error due to the nitrogen
present in the metal would be negligible.

Reduced tvon.—It has already been shown (Narayanayya and Subrah-
manyan, loc. ¢it.) that reduced iron can he used in place of zinc, though the
formation of the heavy precipitate in alkaline medium renders the distillation
rather difficult. In spite of this disadvantage, a few trials were carried out,
using redyuced iron either as such or after boiling with alkali (50 per cent.) to
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remove as much of the associated nitrogen as possible. Two different
specimens of soils (in 10 g. lots) were taken and, after being treated in the
manner outlined previously, the digests were diluted with water, boiled with
reduced ion (10g) and then distilled with alkali in the usual way. The
results have been given in Table II.

TasL II
Alkali equivalent of nitrogen Total nitrogen in soil (in parts
(As c.c, of 0-0352 N alkali) per million)
Material used for
reduction
Correction for Total N in the As As
N in iron digest found expected
Reduced iron
(as such) 0-85 1195 547 569
Do. 075 11.75 542 ’
Do. 0-60 11-50 537 'y
Do. (after
boiling with
alkali) 0.40 1555 747 764
Do, 0-40 1515 727 TR
DO. 0 '40 15 '75 757 I¥]

It may be seen from the above that reduced iron also contained nitrogen,
though not in such large quantities as zinc dust. Boiling with alkali proved
highly beneficial because, in addition to removing a part of the nitrogen and
thus yielding a consistent blank, it also dissolved out the arsenic with which
the iron was associated. If arsenic was not removed in this manner, the
poisonous gas, arsine, used to be formed in considerable quantities and was
given off freely both during boiling with acid and subsequent distillation
with alkali. _

As observed in the previous experiment, the final estimates of nitrogen
were too low even after correction for the nitrogen comtent of the iron used
for reduction. The deviations from the expected values depended largely
on the mode of heating, though it was not possible to define as to how it was
affected in each case.

The nature and extent of reduction needed to velease nitvogen from combi-
nation.—The residue after oxidative digestion contains (a) unused chromic
acid, (b) compounds containing nitrogen in association with chromium,
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nil; stannous chloride (Ist sample), uil; stannous c¢hloride (2ud sample,
15g), 1-90c.c.; stannous sulphate (15g), 2.30cc.; ferrous sulphate
(15g.), 0-65c.c.; and hydrogen peroxide (10 c.c,, 30 per cent.), .35 ¢.c.

Of these, oxalic acid acted fairly rapidly on heating the diluted acid
digest. Sodium sulphite acted readily in the cold and there was no smell
of sulphur dioxide until all the dichromate was used up. This stage was
further indicated by the development of a characteristic hlue-green  colour
which was distinct from the bright emerald green of the carlier stages.  All
the stannous salts acted in the cold, but they contained varying quantities
of nitrogen, Moreover, large quantities of these preparations had to be
used because they had undergone partial oxidation to the stannic condition.
Ferrous sulphate also acted in the cold, but considerable amounts of that
chemical had to be used to ensure complete reduction of the dichromate,
This resulted, naturally, in heavy precipitation. of iron inthe alkaline mediun.
There was violent bumping during distillation which could be prevented
only by addition of small quantities of Devarda’s alloy. Hydrogen peroxide
was very effective in reducing the dichromate, but the analytical reagent
used for that purpose’ contained some nitrogen.

Comparative efficiencies of different veducing agemis in veleasing combined
nitrogen.—Samples (10 g.) of three different soils were digested in the manuer
previcusly outlined. The digests were treated with the different reducing
agents, boiled to drive off excess of any acid vapour (such as sulphur dioxide)
which may he present, cooled and finally distilled with excess of alkali. The
results, after correction for the nitrogen contents of the reducing agents,
have been presented in Table III.

There was general improvement in the estimate of total nitrogen when
treatment with any of the above-mentioned reducing agents was followed
by addition of zinc. The latter was added in the form of turnings (2 g.) and
the digest then boiled for 15 mins. to complete the reduction (Table V)

It may be noted, however, that in none of the cases was the result so
high as that obtained by Kjeldahl ‘wet’ digestion.

The foregoing observations are highly significant, They show that
mere reduction of dichromate is not sufficient to release all the nitrogen
present in the digest. As already observed by Narayanayya and Subrah-
manyan, even chromic salts can hold considerable quantities of nitrogen in
combination, so that some special treatment will be needed to release all the
nitrogen present in that form. The above results show that all reducing
agents were not equally effective in that respect. The efficiencies’ of the
different treatments also varied. with the nature of the soil. These observa-
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any, from combination and, at the same time, redices any nitrate which may
be-present in the medium. The precise mode of action of the reducing
agents requires further elucidation. It may, nevertheless, he concluded
from the above that to ensure the inclusion of all the different forms in the
estimate of total nitrogen, the digest should be treated with the most effec-
tive combination of reducing agents which will, at the same time, vield the
smallest blank for nitrogen. From this point of view, the combination of
sulphite with zinc was found to be the most satisfactory among those so far
tried. TFurther results on this aspect of the problem will be considered in a
later section.

Order of addition of reagents —With a view to finding whether this was
of any importance in determining the efficiency of digestion, some experi-
ments were carried out with three different types of soils (in 10 g. lots) adding
the reagehts, potassium dichromate (10 g.), water (20 c.c.) and sulphuric acid
(40 c.c.), in the order mentioned in Table IV. In all the cases, the mixtures
were heated gently in the early stages followed by boiling under reflux for
30 mins. The digests were reduced with sulphite and zinc and then distilled
with excess of alkali in the usual way.

TaBLE V.

Total Nitrogen in parts per million

— Order of ‘Addition
Soil from : Value expected

(1) K2Cra Oy (1) H,0; (1) H:0; (Kjeldahl ‘wet’
(2) H,0; (2) KoCraOp; (2) H,SO, ; digestion)
(3) HaS0, (8) H1SO4 (8) K2Cr, O,

Tindivanam 116 112 108 137

Jacobabad 383 372 375 394

Nandyal 280 271 275 297

It may be noted that in all the cases the values were lower than those
obtained by ‘wet’ digestion.

Effect of conducting the digestion in two stages—It was first considered
probable that the loss of nitrogen might have been due to the decomposition
of some of the immediate products of oxidation consequent on the steady
rise of temperature to the boiling point (170°). Some experiments were
carried out, therefore, adding the reagents in the order, dichromate, water
and sulphuric acid and maintaining the reaction mixture at 100° for 30 mins,
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before raising it to boil.  The digestion was then conducted in the usual

way. (Table VI).
TasLy VI

Total Nitrogen in parts per million

Soil from
Expected (Xjeldahl ;
(‘wet’ digestion) Found
Bangalore 764 729
Belgaum 466 436
Tindivanam 137 95

The values were all distinctly lower than those expected. Pre-heating
for longer periods at 100° led to further fall in the estimate of total nitrogen.
It may be concluded, therefore, that such a procedure is not only un-
necessary but also undesirable. |

E ffect of pre-heating with acid prior to addition of the oxidising agemt.—
Some experiments were next carried out, heating the mixtures of soil (10 g.)
and acid (2 : 1, 60 c.c.) to 80°and the hoiling temperature (170°) respectively
and then adding the dichromate (5 g.). The digestion was then carried out
in the usual way followed by reduction with sulphite and zinc. The results
have been presented in Table VII,

Tapryr VII.

Total Nitrogen in parts per million
Soil from Pre-heating to T
Expectecll (Kjeldaht
No pre-heating - ‘wet’ digestion)
(control) 80° Boiling
Tanjore 779 786 793 793
Nilgiris 1722 1767 1818 . 1816
Kandy 1700 1715 1766 1764

There was distinct improvement on adding the oxidising agent to the
hot mixture (80°) of soil and acid. When the same treatment was repeated
with the boiling mixture, correct estimates (within limits of experimental
error) were obtained, | |
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Ljfect of adding the oxidising agent after boiling with acid for varyrng periods
of time~Samples (10 g.) of three different soils were treated with mercuric
oxide (2 g.), water (20 c.c.) and acid (40 c.c.) and the mixtures raised to hoil.
One set of samples was treated with potassium dichromate (5 g.) immediately
after commencement of boiling. The heating was then resumed and con-
tinued for a further period of 30 mins. Other sets were treated after 5,
10 and 20 minutes respectively after hoiling and then digested for 30 mins.
as before. The different digests were allowed to cool, diluted with water,
reduced with sodium sulphite and zinc and finally distilled with excess of
alkali {Table VIII).

TABLE VIII.

Total Nitrogen in parts per million
Soil from | Oxidising agent added after boiling for
Valne
0 min . ‘ ‘ -expected (Kjeldahl
{Imme diz'lte) 5 mins, 10 mins. 20 mins, “wet ' digestion)
Chota Nagpur 209 209 207 212 209
Belgaum 466 468 468 466 466
Nandyal 293 293 295 295 295

Allowing for small experimental errors, it may be seen that the same
values were obtained in all the cases. It may be concluded, therefore, that
prolonged pre-boiling is unnecessary and that accurate results can be obtained
by adding the oxidising agent even immediately after commencement of
boiling.

Comparative cfficiencies of different reducing agemts—The conditions for
digestion having been standardised, attention was next directed to a compari-
son of the efficiencies of different methods of reduction in acid as well as
alkaline media. Although the combination of sodium sulphite and zinc had
proved highly useful, it was nevertheless realised that further improvement
in the mode of reduction would be desirable. Thus, addition of sulphite
had to he followed by boiling to drive off excess of sulphur dioxide, for, other-
wise any acid vapour that may be present in the space above may pass over
into the distillate and thus affect the titre value. Moreover, zinc had to be
added only in the acid medium. Boiling was necessary to ensure complete re-
duction of nitrates and release of nitrogen combined with mercury or chro-
mium, Although only small quantities of zinc (2 g.) were used, the action was
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rendered rather slow by the presence of mercury salts which, as already ex-
plained, formed protective coats of hydride around unattacked zinc.  These
were not serious difficulties, but it was still considered desirable to avoid
boiling in acid medium. Fxcess of chromic acid could be reduced in the cold
and the reduction of nitrates and other complex forms, completed in alkaline
medium, during distillation. A number of trials were accordingly carried
out with a variety of soils employing different combinations of reducing
agents. The results obtained with one soil have been presented in Table IX.

Samples (10 g.) of a specimen of Bangalore soil were digested according to the improved
procedure and, after dilution, treated with different reducing agents followed by boiling.
The digests were cooled and then distilled with excess of alkali in the usual way. The
nitrogen content of the different reducing agents were determined separately. Alkali
equivalent of total nitrogen as found by ‘wet’ Kjeldahl digestion was 1725 c.c. (850 p.p.rﬁ.).

It may be mentioned that although two samples of zinc (dust and turn-
ings) were first tried, only the turnings were used in the subsequent ex-
periments where zinc was used in combination with other reducing agents.
Potassium sulphide was generally added as a strongly alkaline solution, hav-
ing been previously dissolved in the alkali to he used for distillation.  Sodium
sulphite, though highly reactive in acid medium, was quite ineffzective in
presence of excess of alkali. Reduction with ferrous sulphate was followed
by heavy precipitation in alkaline medium, but this disadvantage can be
overcome hy addition of small quantities of Devarda's alloy. Distillation
with more than about 1 g. of Devarda’s alloy led to considerable frothing,
the alkali being nearly always carried over with the spray. In consequence,
the duplicates did not generally agree. The tendency to spray was greatly
retarded in presence of tin or lead salts in the medium. This was due to the
reduction of those salts to the metallic condition followed by the formation of
the corresponding hydrides, which formed partially protective coats around
unattacked Devarda’s alloy. The vigour of the interaction with alkali was
consequently retarded and the reduction proceeded smoothly, though some-
what more slowly, than might otherwise have been the case. This observa-
tion is of considerable practical significance and may be utilised with advan-
tage when having to conduct reductions with Devarda’s alloy or aluminium
in alkaline media. Three or four brands of stannous salts were tried but
they were generally impure and contained varying proportions of nitrogen.
Moreover, with the exception of a few samples of analytical reagents in sealed
bottles, all the others contained considerable amounts of the corresponding
stannic salts having undergone spontaneous oxidation in presence of air. A
similar observation was also made in regard to titanous chloride which was,
in consequence, found to be unsuitable for the reduction.
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Tasrr IX.

Alkali equivalen;t of nitrogen
(as c.c. of 0+0352 N alkali) Tot.al nitrogen
Reducing agent employed éft(el? cpo.lg.enclii)on
~ Total nitrogen Nitrogen content | for blank
{without correction | of reducing agent
for blank) (blank)
No reduction (control) . 15.8, 15.95 ’ .. 783
Oxalic acid (10 g.) 16.4, 16.2 | . NiL 803
Ozxalic acid (10 g.) and zine (2 g.) [ 16.5, 16.6 0.15 303
Oxalic acid (10 g.) zine (2 g.)
followed by potassium sul-
phide (5 g.) in alkaline medium| 16.65, 16.73 0.15 811
Oxalic acid (10 g) followed by
Devarda’s alloy (2 g.) in alka- '
line medium .. 16.2, 16.1 Nil. 796
Zine dust (10 g.) C..|23.25, 23.45 6.6 (2) 825 (1)
Zine turnings (pure, 10 g.) L1723, 17.4 0.6 821
Zine dust (10 g.) followed by | o
K,S (5 g.) in alkaline medium. .| 23.35, 23.40 6.6 (2) 827 (1Y
Sodium sulphite (10 g.) .. 16.5, 16.7 Nil. 818
Na,80, (10 g.) followed by K,S ‘
(5 g.) in alkaline medium .. 16.7, 16.9 Nil. - 828
Na,80; (10 g.) and Zn turnings
(2 g.) in acid medium L] 17.4, 17.45 0.20 350
Na,80; (10 g.) followed by
Devarda’s alloy (2 g.) in alka- e o
line medium 1 16.8, 16.7 Nil. - 826
N2,80; (10 g.) and Devarda’s o
alloy (2 g.) both in alkaline

medium - Ineffective—Sodium sulphite does not
' reduce in alkaline medium.
10 g.) followed by zinc

K8 ( _ : .
2 g.)in acid medium .. 16.8, 16.7 0.15 313




Cstimation of Nitrogen by Fumeless Digestion—I7 47

TABLE IX—(Contd.)

Alkali equivalent of nitrogen
{as c.c. of 0-0852 N alkali)

Total nitrogen
Reducing agent employed _ tn P-P-m-)
Total nitrogen (with- | Nitrogen content dftfel c&rre}c{txon
out correction for | of reducing agent or blan
blank) (blank)
Ko (10 g.) followed by Devarda’s ; :
alloy (2 g.) in alkaline medium.| 16.0, 15.95 Nil. 789
Redueed iron (10 g.) L[ 18,05, 18.2 1.45 822
Reduced iron pre-boiled with
alkali (10 g.) ..|17.65, 17.75 0.9 830
FeS0, (15 g.) in acid medium ../ 16.95, 17.0 0.65 803
FeSO, (15 g.) and Zn (2g.) in
acid medium 417,25, 17.30 0.80 813
SnCl, (15 g.) in acid medium  ..|16.4, 16.3 Nil. 805
SnS0, (15 g.) and zine in acid ‘
medium L1701, 172 0:156 838
SnCl, (15 g.) in acid medium and
Devarda's  alloy in  alkaline - ‘
medium .. 16.8, 16.8 Nil. 8238

It may be seen from the results, that the most accurate results were
obtained b-y using a mixture of sodium sulphite and zinc for the reduction,
Qome of the other combinations such as oxalic acid and zinc or stannous
chloride and zine, were, in some respects, easier to deal with but they gener.ally
yielded slightly lower estimates. In this connection, the results obtained
with two of the soils previously examined would be of some interest (Table X).

The foregoing observations would suggest that alt%nough sodium sulph.ite
was most potent in releasing combined nitrogen than either stannous c.hlorlde
or oxalic acid, the difference could be largely made up by sxlpp}gme11t1ng the
reduction with zinc. It was not clear, however, Wl’l'ether addition ojf larger
quantities of zinc would further improve the e.s‘c1.mate.of -total nitrogen.
With this in view, some experiments were carried out if1 Whmh, after rec}u'ctlon
with oxalic acid, parallel samples were treated with chfferegt guantities of
zinc and boiled in the usual way. The results are presented in Table XT.
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TaBLE X.*
Total Nitrogen in parts per million after reduction with
Soil from
Sodium sulphite (10 g.)| Oxalic acid (10 g.) . | Stannous chloride
and zinc (2 g.) and zinc (2 g.) (15 g.Vand zinc {2 g.)
Kandy 1767 1653 1700
Nilgiris 1821 1757 1772
Bangalore 764 737 742

* These results are distinct from those in Table TV. In the latter case, mixture of soil,
dichromate and acid were heated together. '

TasLe XI.
Total Nitrogen in parts per million after reduction with * - |
Soil from Total nitrogen ex-
Oxalic acid Oxalic acid | Oxalic acid Ozxalic acid pected {Kjeldah!
(10 £.) alon (10 g.) and | (10 g.) and | (10 g.) and | ‘wet) digestion)
& € lzinc(2g)¥* | znc (3g.)* | zinc (4 g)*
Nilgiris 1343 1757 1765 1770 1816
Kandy 1377 | 1653 16563 1681 1764

* After correction for nitrogen in zinc.

It may be noted that although increasing quantities of zinc led to slight
improvement in the estimate of total nitrogen, the values, thus obtained,
were not so high asthose by ‘wet’ digestion. When combined with soditm
sulphite, however, even small quantities of zinc were quite effective, and a$
may be seen from the foregoing results, yielded correct estimates of total
nitrogen in every case. '

Inclusion of nitrate in the estimate of fotal nz’trogen.;In the previous com-
munication, a special procedure was suggested for the inclusion of nitrate
in the estimate of total nitrogen. -That would, no doubt, be needed if the
quantity of nitrate is very large; but most soils do not contain more than
traces of that form of nitrogen. Moreover, it is not probable that any nitrate
will be lost when the digestion is carried out under reflux, so that if the
subsequent procedure is adequately controlled, the entire quantity may be
included in the estimate of total nitrogen. - It may be reasonably expectéd
that treatment with zinc in acid medium will help to reduce:the moderate:
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quantities of nitrate which may be ordinarily present in the soil ; that in the
case of soils containing useful amounts of nitrate, the method of oxidative
digestion should give higher values than the Kjeldahl method. If the latter
is modified, however, to include nitrates, then the two estimates should agree.
Such was indeed the case as may be seen from the results obtained with some
specimens of soils (Table XII).

TaBre XII.

l Total Nitrogen in parts per million by

Soil from
l Kjeldah! ‘wet’ Wet digestion to Oxidative
digestion™® include nitrate T digestion
Punjab .. . 527 545 543
Sindh (Kalay) .. 513 522 524
Abmedabad .. .. 372 394 397
Dacea g g 669 700 702

* Soil (10 g.) digested with water (20 c.c.) and sulphuric acid (40 c.c.), X,SO, (10 g.)
added at the fume stage.

T The same as above together with ferrous sulphate (2 g.) added to the digesting mixture.
(Sreenivasan, J. Ind. Inst. Sci., 1935, 18A, 25 ).

Although the specimens previously examined did not show any appre-
ciable difference between the results of Kjeldahl ‘wet’ and oxidative diges-
tions, the present set brought into relief a further aspect of the distinct
superiority of the latter over the former. According to the usual Kjeldahl
method any nitrate which may be present in the soil will be lost : special
pre-treatment of the soil will be needed if the nitrate is to be included in the
estimate of total nitrogen. On the other hand, the procedure adopted for
oxidative digestion naturally includes nitrates and is, in consequence, more
advantageous than the other methods.

Effect of addition of mitvate to soil.—Sreenivasan (Joc. cit.) has already
shown that zinc is only moderately effective in reducing nitrates in acid
medium. It was considered desirable therefore to determine the extent to
which the use of that reagent will help to include nitrates in the estimate of
total nitrogen. To samples (10 g.) of two different soils, known quantities
~ of nitrate were added. The mixtures were digested under reflux in the
usual way after which they were reduced with the same quantities of sodium

sulphite (10 g.) and zinc (2 g.) in each case, The results, which have been
B4 F
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given in Table XIII show that at least upto 50 parts per million of the uitrates
(excluding any that may be already present in the soil) can be inc luded in
the estimate of total nitrogen. The average soil in any part of the world,
rarely ever contains more than 50 p.p.m. of nitric nitrogen. The tropical
soils generally contain very much less. It may not therefore be necessary
to adopt any further modification to include nitrates.

TasrLe XIII.
Total Nitrogen in parts per million
Soil from Soil + | Soil + | Soil + | Soil 4+ | Soil + | Soil -
Soil alone | nitrate nitrate nitrate nitrate nitrate nitrate

(10 p.p.m.){ (20 p.p.m.}|(30 p.p.m.){(40 p.p.m.)|{{50 p.p.m.}(100 p.p.m.

Nagpur~(Black
cotton) .. 422 432 441 452 460 470 474

Mandalay .. 340 349 359 371 381 386 390

There are, no doubt, a few exceptional conditions in which special treat-
ment may be needed. It is probable that in some cases fairly large quanti-
ties of soil (20-25 g.) may have to be taken for digestion. It may also occa-
sionally happen that the soil is unusually rich in nitrates or has been recently
fertilised with that form of nitrogen. In such cases more vigorous reduction
than that provided by zinc alone may be needed. Reduced iron is known
to be more efficient (Olsen, 1927), but generally large quantities of that re-
agent are required. Moreover, the nitrogen content of iron, as also the
heavy precipitation during distillation, may militate against its use as a
reducing agent. It would therefore appear to be preferable to use Devarda’s
alloy either before digestion, as outlined in the previous part, or together
with alkali during distillation. Of the two, the former procedure is to be
preferred because (a) it requires.less attention and () there is no danger of
any alkali being carried over into the distillate.

Some of the fac*ors‘ determining the efficiency of oxidative digestion : Loss

of mitrogen consequent on adding dichromate to cold mixtures of ammonium
salts and acid—Attention has already been drawn to the fact that low esti-

mates of nitrogen were invariably obtained when dichromate was added to

a cold or even fairly hot mixture of soil and acid. It was not clear, however,
as to whether the difference was due to loss of nitrogen in gaseous form or to
its retention in the digest in some highly resistant form. With a view to
throwing some light on this aspect of the problem, some experiments were
carried out adding dichromate (5 g.) to dilute solutions of ammonium sulphate
in sulphuric acid (2 : 1) and heating the mixtures to gentle boil. After boiling
for 30 mins., the mixtures were cooled, reduced with sulphite and zinc and

e £ A L1
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distilled with excess of alkali in the usual way. In another experiment, a
solution of ammonium dichromate was hcated with excess of potassium
dichromate while, in a third one, ammonium dichromate alone was bciled
with 2 : 1 sulphuric acid. The results which have been presented in Table XIV
show that there was very nearly complete recovery in the case of ammonium

TasLe XIV.
Alkali equivalent of nitrogen
(in terms of c.c. of 0-0352 N aikali) | , )
Treatment Verage recovery
per cent.
Expected Found
(NH,), 80,+K,Cr,0, (5 g.)+ 11+ 80 1165, 11-60, 983
H,30, (60 c.c., 2: 1) 11-70, 11 -45
(NH,),0r,0, +K,Cr,0, (5 g.)+ 12 .85 12.10, 1215 94.4
H.80, (60 c.c., 2: 1)
(NH,), Or,0,+H,80, (60 c.c.,]  233-5 231-8, 232-1, 99 -4
2: 1) 2329, 231-7

dichromate alone whereas, in the others, small amounts of nitrogen were
lost. 'The latter observations are in agreement with the findings of Shewan
(1935). The loss of nitrogen was completely avoided, however, hy adding
potassium dichromate to a hoiling mixture of ammonium sulphate and acid
(2:1).  (The results actually obtained were 11-80, 11-85, 11-80 and 11-80
respectively against an expected value of 11-80.) The loss of nitrogen conse-
quent on heating mixtures of ammonium sulphate and dichromate in acid
medinm may have been due to either or both of the following causes: (1) A
part of the ammoniacal nitrogen may have been directly oxidised to the ele-
mentary condition. (2) Small quantities of ammonium dichromate, first
formed in the cold, may have decomposed on heating, yielding elementary
nitrogen. If the first explanation is correct, then there should have been
some loss of nitrogen even on adding the dichromate to the boiling mixture
of ammonium salt and acid. Moreover, other oxidising agents should
also cause similar loss of nitrogen. The previous observations of Sreeni-
vasan with hydrogen peroxide and of other workers with perchloric acid
would show that there is no loss of nitrogen in those cases. The second
explanation also, if taken as such, is comparatively weak. Pure ammonium
dichromate itself—at any rate in such small quantities as are present in
Kjeldahl digests—undergoes very little loss when heated with sulphuric acid.
It is converted, more or less quantitatively, into ammonium sulphate. On
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the other hand, the large excess of potassium dichromate (or the resulting

chromic acid) in the digesting mixture would tend partly to reverse the
reaction. '

(NH,),S0, + H,Cr,0, = (NH,).Cr,0; + H,S0,

The quantity of chromic acid present in solution at any time may
be small, but there is always excess of the precipitated trioxide, a part of
which will pass into solution and make up for the saturation. In this manner,
small quantities of ammonium dichromate may persist in the medium during
heating and may decompose at some temperature below the hoiling point
of 2: 1 sulphuric acid. If, on the other hand, the dichromate (or chromic
acid) is added to the hoiling, acid solution, then ammonium dichromate
may not be formed at all, and loss of nitrogen may be entirely avoided. To
verify this the following pieces of evidence are required : (a) that ammonium
dichromate undergoes spontanecus decomposition at some temperature
below the boiling point of 2 : 1 acid and (&) that nitrogen is lost rrom mixtures
of ammoninm sulphate, and chromic acid {in excess) at the same stage as
the one at which ammonium dichromate decomposes.

With a view to throwing some light on these and other aspects of the
problem, the following experiments were carried out.

Effect of heating ammonium sulphate with other oxidising agents in
acid medium.—To aliquots (10c.c.) of an aqueous solution of ammonium
sulphate, sodium bismuthate (5 g.), potassium persulphate (2 g.) and hydrogen
peroxide (10c.c.; 30 per cent.) respectively were added and the mixtures
treated with 10c.c. each of concentrated sulphuric acid. The mixtures
were then heated under reflux for 30 mins. after which they were distilled
with excess of alkali in the usual way. Since bismuth was found to hold
small quantities of nitrogen, the digests obtained after treatment with bismuth-
ate were treated with excess of potassium sulphide together with alkali.

There was complete recovery in all the cases thereby showing that the
presence of oxidising agents did not lead to any loss of nitrogen.

The above experiment was not repeated with permanganate because
it is known that ammonium permanganate undergoes spontaneous decom-
position on heating. Consequently, even if there was any loss of nitrogen,
it would not have been possible to state whether it was due to direct oxidation
or to intermediary formation of the ammonium salt.

The stage at which ammonium dichvomate wundergoes spontaneous
decomposition in acid medium.—It is well known that the decomposition of
ammonium dichromate does not start at any particular temperature. Our
observations showed that even with the most careful heating, the decomposi-
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tion of solid ammonium dichromate started sometimes in the vicinity of
130° and sometimes above 140°. © When the dichremate was suspended in
sulphuric acid, the decomposition did not generally commence until a tempe-
rature of 135° was reached. In some cases it began at a slightly higher
temperature, but in no case did it exceed 145°, The decomposition was
characterised by the entire medium turning blue green. There was also
considerable evolution of gas. This was distinct from the rather slow de-
composition of potassium dichromate with which control experiments were
carried out. ‘

The stage at which nitrogen is lost when mixtures of ammoniwm sulphate
and dichromate are heated.—-Aliquots (20 c.c.) of a standard solution of ammo-
nium sulphate were treated with potassium dichromate (5 g.) and sulphuric
acid (40c.c.) and the mixtures heated to different temperatures. They
were then treated with sodium sulphite (10 g.) and zinc (2 g.) and distilled
with excess of alkali. The results (Table XV) show that the loss was signi-
ficant at 130°, and quite pronounced at 150°. There was no furtherloss at
170°. These ohservations would show that the loss of nitrogen occurred
between 130° and 150°. This range would correspond to the decomposition
of ammonium dichromate.

TasLe XV,

Temperature 40° | 60° 80° 100° | 120° 130° 140° | 1B50° | 170°

(NH4).SO4 present in
terms of c.c. 0-0352 N
alkali . ..| 23.6 | 23-6 | 23:56 | 2356|2345 | 23-25 | 23-05 | 22.9 | 22.9

Value expected = 23-6 c.c.

It would appear, therefore, that, with the steady rise in temperature, the
ammonium dichromate formed in the medium underwent partial decompo-
sition. The extent of decomposition was comparatively small because of
the presence of acid which combined preferentially with ammonia. The
loss of nitrogen was nevertheless quite significant.

Effect of adding dichromate at different temperatures.—'The results of the
previous experiment would suggest that if the dichromate is added in the
dold or at any temperature helow 150° there would be some loss of nitrogen.
If, on the other hand, the digesting mixture is heated above this point, the
intermediary ammonium salt will not be formed and the loss of nitrogen
will be avoided. ‘This conclusion is partly supported by the fact that there
is no loss of nitrogen on adding the dichromate to the boiling mixture of
ammonium salt and acid (temp., 170°). With a view to obtaining further
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quantitative evidence, aliquots (20 c.c.) of a standard solution of ammonium
salt were treated with concentrated sulphuric acid (40c.c.) and raised to
different temperatures. They were then treated with potassium dichromate
(5 g.) and raised to boil. After boiling for 30 mins., the mixtures were reduced
with sulphite and zinc and then distilled with excess of alkali. ’The results
have been presented in Table XVI.

TaBLr XVI.

130° 135° 140° 145° 150° 160° 170°

Temperature ‘ 120°

N recovered in terms of ‘
22:4 22.8 22.-95 | 22-95 1 23.05 23.2 23-2

c.c. of 0+0352 N alkali | 223

Value expected = 23-2 c.c.

Tt may he seen from the ghove that there was no loss of nitrogen when
the dichromate was added at temperatures above 180°. These observations
end further support to the intermediary formation of ammonium dichromate
at low temperatures. They also show that ammonium dichromate is not
formed at higher temperatures so that the attendant loss of nitrogen is entirely
avoided.

Effect of re-heating chromic acid digest of soil.—In view of the presence of
ammonium sulphate and unused chromic acid in the final digest, it was con-
sidered probable that re-heating of such a mixture would cause some loss of
nitrogen. Some experiments were accordingly carried out with a specimen
of Bangalore soil which was first digested for 30 mins., by pre-heating to
boiling followed by addition of dichromate. Omne set of digests was then
reduced with sulphite and zinc in the usual way. The other was allowed to
cool and then heated slowly to boiling. They were then reduced and distilled.
The estimates of nitrogen thus obtained were as follows:—without re-heating
(control), 603 p.p.m. (average value); with re-heating, 583.

Tn addition to supporting the previous findings, these observations are
also of some practical interest. They show that after completion of digestion,
the residue should not be re-heated. It is not also advisable to stop the
heating before completion of digestion and then to resume it at a later stage.

Other evidence in support of the intermediary formation of ammonium
dichromate will be considered elsewhere.

- Kinetics of digestion when the oxidising agent is added before ov after boil-
ing.—With a view to determining the progress of digestion under the two
sets of conditions, parallel samples (10 g.) of three different specimens of
soils were treated with the same quantities of mercuric oxide (2 g.), water
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(20 c.c.), sulphuric acid (40 c.c.) and dichromate and the digestion conducted
in the usuel way. In one set, the dichromate (5 g.) was added together with
the other reagents, whereas, in the other, it was added only after the mixtures
came to hoil. The digestion of parallel samples was stopped at intervals
of 5 mins. commencing from the moment of boiling. The digests were
treated with sodium sulphite (10 g.) and zinc (2 g.) and then distilled with

excess of alkali. The results have been presented in Tables XVII and XVIIIL.

TaBrLE XVII.
Dichromate added im the cold.

Total nitrogen in parts per million as estimated after
(time in mins.) Value
Soil from expected
0 5 10 15 25 30 (control)
Cuttack .. .| 306 343 345 3717 382 382 , 402
Gorakhpur .. .. 774 798 811 808 811 813 850
Gaya .. .| 325 387 432 438 438 440 451

Tasre XVIII.
Dichromate added after commencement of boiling.

Total nitrogen in parts per million as estimated after
(time in mins.) Value
Soil from expected
0 5 10 15 25 30 (control)
Cuttack .. .. 392 394 397 399 402 402 402
Gorakhpur .. ..| 808 821 831 850 850 850 - 850
Gaya SRR PR 429 446 448 | 451 451 451
Nagpuor . . 404 414 421 424 424 424 422

+ may be noted that in both the sets of experiments, the digestion
proceeded very rapidly, the estimates of total nitrogen reaching steady values
in under 25 minutes. In the first series (Table XVII) the valtes were dis-
tinctly lower than those expected whereas in the latter (Table XVIIT) they
agreed closely. This may be traced to the difference in the starting values
(0 min.) which were distinctly higher when the oxidising agent was added
to the hoiling mixture than when it was added in the cold. Since the progress
of digestion was more or less the same after commencement of hoiling, it
may be inferred that in the first series (Table XVII) the loss had occurred
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even before that stage. These observations thus lend support to the previous
findings and show that the loss of nitrogen was due to the intermiediary forma-
tion of ammonium dichromate.

The results presented in Table XVIII show that the moment the oxidising
agent was added to the boiling mixture of soil and acid, over 90 per cent. of
the nitrogen was digested. The remaining part was also rapidly attacked
and the digestion was complete within 15 mins. after commencement.
Although this observation would suggest further shortening of the period of
digestion, it may, nevertheless, be desirable, in routine practice, to continue
the boiling for at least 30 mins., so that even the most resistant forms may
be included in the estimate of total nitrogen.

Rate of digestion of wrea.—Attention has already been drawn to the
difficulty in digesting urea by the oxidative methed (Shewan, Joc. cit. ;
Narayanayya and Subrahmanyan, loc. ¢7£.). It was, nevertheless, considered
probable that by adopting the improved procedure, the need for pre-hoiling
with acid may be avoided. Some experiments were accordingly carried out
treating aliquots of a standard solution of urea with sulphuric acid (in the
proportion 2:1) and adding dichromate after the mixtures came to boil.
At intervals of b mins., representative specimens of digests were removed,
and, after reduction with sulphite and zinc, distilled with excess of alkali.
In another set of experiments, representative specimens (10 g. each) of soils
were mixed with urea in solution and then digested in the same manner as
in the previous experiment. 7The results have been given in Table XIX,

TaBLE XIX.
Alkali equivalent of nitrogen after digestion for
(as c.c. 0f 0-0352 N alkali) (time in mins.) Value
Material digested expected
0 5 10 15 20 30 (control)
Urea (in solution,
10 cc) .. .e 525 5+45 555 555 5:55 5-55 5-55
Soil (from Cuttack)--
urea (in solution,
10 cc.) .. . 13.20 13-50 1355 13-17 13-70 13-70 13-70
Soil (from Gorakhpur)
-+urea (in solution,
10cc) .. .. 21.90 22.20 22.50 22-60 22-75 2275 22-75

It may be noted that the digestion proceeded gquantitatively in all the
cases. The digestion of urea alone was complete in 10 mins., but when ad-
mixed with soil, a few more minutes were taken. As previously observed
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in the case of soil, more than 90 per cent. of the digestion was complete
immediately after addition of oxidising agent.

As already observed by Narayanayya and Subrahmanyan, trea can be
easily digested by 2:1 acid alone. It is also rapidly decomposed by alkali
vielding ammonia. ‘These observations show that urea, by itself, does not
require any oxidative digestion -and will yield correct estimates even without
treatment with dichromate. The loss of mitrogen consequent on heating
mixtures of urea, dichromate and acid should therefore he traced to the inter-
mediary formation of ammonium dichromate. As in the other cases, the
formation of the intermediate compound and the attendant loss of nitrogen

can be avoided by adding potassium dichromate to the boiling mixture of
urea and acid.

Trials with some vepresentative specimens of soils—With a view to deter-
mining whether the method of oxidative digestion can be applied successfully
to all types of soils, trials were carried out with representative specimens
from India, Burma and Ceylon. In all the cases, air dry specimens (10 g.)
passing the 100-mesh sieve were used. All the samples were treated with
mercuric oxide (2 g.) to eliminate any possible error due to the presence of
halides. Water (20c.c.) and sulphuric acid (40c.c.) were then added in
sticcession and after the mixtures came to boil, they were treated with 5 g.
each of dichromate. The digestions were continued for 30 mins, after which
the digests were diluted with about 300 c.c. of water and then treated with
sodium sulphite (10g.) and zinc (2 g.). The mixtures were then boiled for
about 15 mins. after which they were distilled with excess of alkali in the
usual way. The results have heen presented in Table XX.

It may be seen from Table XX that there was very close agreement
between the two sets of values. In many cases, the same estimates were
obtained, whereas, in others, the difference was less than what would be
accounted by 0-1 c.c. of the alkali used for back titrations.

Nitrogen contents of some biological materials.—The estimations were
next extended to biological materials some of which had offered considerable
difficulty in the previous study. In all the cases, the oxidising agent was
added to the boiling acid mixture after which the digestion was continued for
only 30 mins. The digests were all reduced with sulphite and zinc and then
distilled with excess of alkali. The results have been given in Table XXT.

There was close agreement in all the cases. Even cyanamide, which
offered considerable difficulty in the previous study, was readily digested on
adding the oxidising agent to the boiling mixture. Veast is another bio-
logical material which is not easily digested. In the foregoing experiment,
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TaBLE XX,
Total nitrogen in parts
per million
Description of soil
Expected™ Found
Sind (Willingdon Cattle Farm)-kalar-green manured 520 522
Tanjore (Madras)-deltaic area—alluvial-surface 793 793
Nandyal (Madras)-red clay-surface .. 296 296
Cuttack (Orissa)-upland-surface 399 402
Gaya (8. Bihar)-lowland, paddy—-surface 451 451 .
Jacobabad-Govt. wheat farm-surface 397 394
Tindivanam (Madras)-dryland—surface 138 138
Gorakhpur-lowland-surface 848 850
\‘\}7. Bihar-paddyland-surface 643 610
Bk;varshmﬁ;;s)—est&te—surface . 1819 1821
K:‘i;ndy (Ceylon)-paddyland—sub-soil 1769 1767
Dl%mrwar (Bombay)-old area—sub-soil 537 537
Shf_jlapur—-heavy black~surface 244 242
Jaffina, (Ceylon)—sub-soil 397 399
Diacca-highland—cultivated—sub-soil 700 702
f‘/j‘C‘/himkkal—sandy loam—gsurface 315 315
Travancore-alluvial-surface 1972 1973
Sind—uncultivated—surface .. 352 350
Bangalore-sandy loam—surface 850 850
N agpm—black cotton-surface 420 429
Mandalay (Burma)—paddy—sub-_soil .- 339 340
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TaBLE XX—(Contd.)

59

Description of soil

Total nitrogen in parts

per million

Expected * Found
Punjab~Barani area~sub-soil 542 542
Ahmedabad-Kambha village—sub-soil 394 397
Chota Nagpur-laterite—sub-soil 209 209
Belgaum-—cultivated—sub-soil 466 466

* Tncluding Nitrates (Sreenivasan, J. Ind. Inst. Seci., 1935, 18A, 25).

TaBrLeE XXI.

Total Nitrogen per cent.
Material
Expected Found
Oyanamide - .. 1651 1650
Dried blood .. .| 12-38 1241
Groundnut cake . 772 7-68
Lantana leaf .. . 2-80 2-81
Paddy husk 0-27 0-27
Ragi straw 0-52 0-52
Yeagt 5-65 5-65

the Kjeldahl digestion was possible only after pre-treatment with alkali fol-
lowed by prolonged digestion with concentrated acid (S. Rajagopal, private
communication). On the other hand, oxidative digestion was comparatively
simple and proceeded to completion, as rapidly as in any other case. Paddy
husk is another material known to be highly resistant to Kjeldahl digestion :
but even that was easily digested according to the new method.

Is it always mecessary to use a condenser during digestion P—-Attention
has already been drawn to the fact that, at any rate in the case of soils, only
traces of nitric acid are lost by volatilisation during oxidative digestion.
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Since most soils are naturally poor in nitrates and since there is always a use-
ful quantity of water in the digesting medium, it was considered probable
that, even without any cooling arrangement, only traces of nitrates would
be ordinarily lost by volatilisation. With a view to determining whether
the condenser (air or water-cooled) can be dispensed with in routine practice,
some experiments were carried out in which parallel samples of the same
soils were digested with and without cooling. The details of digestion,
reduction and distillation were the same as those already outlined. ‘The
results which have been presented in Table XXII show that although, in

TarrLy XXII.

Total Nitrogen in parts per million as
estimated after digestion

Soil from
With condenser Without condenser
Nandyal .. 296 293
Tindivanam .. 138 133
Gorakhpur .. 850 835

two cases, very nearly the same estimates were obtained, the third one
vielded distinctly lower values when the condenser was not used. This was
traced to the presence of useful quantities of nitrate in the original soil itselt.
In view of this observation, it was considered desirable to use the condenser
as an item of routine procedure. The air-condenser, if sufficiently long,
is as efficient as the water-cooled ome. It requires mo attention, involves
no extra expenditure and can be easily fitted to the digesting flask. It should,
therefore, he preferred to the water-cooled condenser.

Use of chromic acid in place of dichromate.—The use of dichromate, though
satisfactory in many respects, is attended by certain disadvantages. Tn
ordinary practice it has to be weighed out (though only approximately) and
has to be introduced into the hot boiling mixture after momentariiy removing
the condenser. This procedure, though fairly rapid, is rather inconvenient
and sheuld, if possible, be avoided. Some experiments were, therefore,
carried out using aqueous solutions of chromic acid (CrQ,) as the oxidising
agent and comparing the values with those obtained with dichromate. The
procedure adopted in the case of chromic acid was to add a saturated aqueous
solution (5 c.c. for every 10g. of soil) directly through the condenser as
soon as the soil-acid mixture came to vigorous boil. The results which
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have bheen presented in Table XXIII show that the same results were
obtained in both the sets of experiments. Aqueous solution of chromic acid
being more convenient to handle, should be preferred to solid dichromate.

TaBrLy XXIII.

Total Nitrogen in parts per million after
oxidative digestion with
Soil from
Solid dichromate (aﬁgoog eohetion)
Bangalore .. 850 348
Kandy .. | 1769 1767
Dharwar . 537 537
Sholapur . 244 244
Jaffna - 399 396
Chirakkal .. 315 314
Travancore .. 1972 1969

When using the aqueous solution it would be useful to reduce the volume of
water that is first added by that of the solution of chromic acid. This
procedure is suggested so as to maintain the proportion of sulphuric acid to
water in the neighbourhood of 2 : 1.

Tt has been found that commercial brands of chromic anhydride generally
contain minute quantities of nitric acid. When using that chemiical, it would
he desirable, therefore, to perform control experiments and apply the necessary
correction.

Proportion of acid to water—It was found previously (Narayanayya
and Suﬁrahmanyan, loc. cit.) that a proportion of 2:1 between sulphuric
acid and water was most suited to ensure rapid and complete digestion of
organic nitrogen. In view of the later improvements in regard to procedure,
it was considered desirable to determine whether the proportion of acid to
water can be reduced with advantage.

Some experiments were carried out, therefore, with parallel samples of
two soils using the other reagents in the same proportions as in the previous
experiments but only altering the proportion of sulphuric acid to water so as
to correspond to 1:2, 1:1 and 2:1 respectively. The digestions were
stopped at the end of 30 mins. in each case. The results, which have been
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given in Table XXIV show that correct estimates were obtained after

digestion for 30 mins. only when the propor rtion of acid to water was as 2: 1.

—\.t the ratio 1: 1, the values tended to approach the expected ones, while at
9 they were very much lower.

TaBLE XXIV.
Total Nitrogen in parts per million
. ) ) Value
Soil from Proportion of acid to water expected

1:2 1:1 | 21
Sindh .. 219 318 352 352
Bangalore .. 633 836 850 850

1

With a view to determining whether the values obtained at the ratio
1:1 can be further improved, the period of digestion was increased to 60
minutes in the case of two soils. The results (Table XXV) showed, however,
that the values did not show any appreciable improvement.

TapLeE XXV,
Total Nitrogen in parts per million
Soil from Period of digestion in minutes Value expected
30 40 50 60
Bangalore ..| 836 | 831 | 833 | 828 850
Nagpur (Black Cotton) .. 402 396 407 411 4232

The above results were first inexplicable, but subsequent observations
showed that the boiling temperature of soil stispension in1:1acid (by volume)
was 140°, which comes within the range of decomposition of ammonium
dichromate (vide supra). Since the boiling mixture was refluxed, the tempera-
ture remained more or less constant and consequently there was some loss
of nitrogen. A similar argument would apply, even more strongly, to the
suspension in 1 : 2 acid which hoiled at 115°.  On the other hand, the boiling
temperature (170°) of the suspension in 2: 1 acid was well above the decom-
position point, so that when the dichromate ot chromic acid (in small instal-
ments) was added to the boiling mixture, there was no scope for the forma-
tion of ammonium dichromate as an intermediate product and, consequently,
there was no loss of nitrogen.
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Effect of fineness of division on the efficiency of digestion.—It has been
shown by Subrahmanyan, Narayanayya and Bhagvat (1934) as also by later
workers, that wet combustion of soil will yield accurate estimates of carben
only when the soil is ground to a very fine state of division (passing the
100-mesh sieve). With a view to determining whether a similar condition is
necessary to obtain accurate estimates of total nitrogen as well, some experi-
ments were carried out with specimens of two different scils, grinding them
to varying degrees of fineness and then digesting them (10 g. each) with
dichromate (5 g.) and sulphuric acid (60 c.c., 2:1) in the usual way. The
results (Table XXVI) showed that the fineness of division did not make any
appreciable difference to the accuracy of the estimate of total nitrogen.

TaBrr XXVI.

Total nitrogen in p.p.m. when the
soil is ground to pass (in meshes to Val
. the inch) a:ue
Seil from expected
as p.p.m.
30-40 | 40-60 | 60-90 | Above 90
Bangalore ..| 601.| 603 603 | 601 603
Tellichery (Red sandy loam) ..| 418 | 414 | 416 | 414 416

Efficiency of digestion at different proportions of soil to acid.~—If sufficient
quantities of material are available, it would be generally desirable to digest
as large a quantity as possible, using the minimum quantity of acid for the
purpose. With this in view, some experiments were carried out maintaining
the quantities of water (20 c.c.), acid (40 c.c.) and dichromate (10g.) the
same, but only increasing that of the soil. The results (Table XXVII) show
that upto 15 g., the digestion proceeded quantitatively. With further increase
in quantity, however, there was distinct fall in the efficiency of digestion.

Tasry XXVII

Total Nitrogen in p.p.m. on digesting
(Wt. in grams) Value expected
Soil from (in p.p.m.)
5 10 15 l 20 1 25
|
Bangalore .. 601 | 603 | 603 | 593 581 ‘ 603

In this connection, it may be mentioned that when all the components
of the digesting mixture are increased in the same proportion, then accurate
estimates of total nitrogen may he obtained irrespective of the quantity of
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sojl taken. Our observations have shown that using the disti.lling. fask
(cap. 1,500 c.c. ) itself for the digestion, 25-30 g. of soil can be easily chgested
and distilled in the usual way. Even larger quantities can be efficiently
digested, but considerable amounts of acid and alkali will ‘Pe qul.lil‘ed. The
distillation will also be rendered difficult. In ordinary practice, quite accurate
results can be obtained by digesting in 10 g. lots and it will be rarely necessary
to digest more than 15 g. at a time.

Comparative efficiencies of digestion by different methods.—-The several
methods now in vogue for the estimation of nitrogen by acid digestion may
be classified, under the following main heads.—(1) Those involving ‘dry’
digestion with concentrated sulphuric acid. Such methods may or may not
include additional procedure for inclusion of nitrates. This type of digestion
is still most extensively adopted and forms the basis of ‘official * methods
recognised in different parts of the world. (2) *Wet ’ digestion involving
preliminary treatment with water or dilute sulphuric acid, but otherwise
similar to the first group. The advantages of this type of digestion are now
being steadily realised. (3) Methods involving pre-treatment with hydrogen
peroxide, perchloric acid or other oxidising agent combined with dilute
sulphuric acid. These require special modification to include nitrates. They
are quite rapid but do not eliminate the emission of fumes. (4) Oxidative
digestion involving vigorous oxidation in a strongly acid medivm. As already
explained, this type of digestion is fumeless and includes nitrates in the esti-
mate of total nitrogen. With a view to comparing the relative merits of these
four types, representative samples of two soils (both containing only traces
of nitrates) were digested according to (1) the Kjeldhal method (Chemyrsts’
Year Book, 1935) ; (2) the ‘wet’ method as recommended by Bal (1925);
(3) Sreenivasan and Subrahmanyan (1933) using hydrogen peroxide as the
oxidising agent; and (4) the method of oxidative digestion as developed in
the present paper. The digestion was stopped at definite intervals after
commencement of boiling and the digests then distilled with excess of alkali.
In the first three sets the samples were not taken for the first 30 mins. because
the digestion was comparatively slow. The fourth one being very rapid,
samples were taken at intervals of 5 mins. The results “which have been
presented in Tigs. 1 and 2 show that (a) ‘dry’ digestion was incomplete even
at the end of 3% hours in one set and 4% hours in the other; (&) ‘Wet’
digestion was speedier than () and was complete in under 24 hours; (c)
digestion in presence of hydrogen peroxide was still faster and was complete in
13—2 hours after commencement of boiling ; and (d) oxidative digestion was
the speediest and was complete in less than 30 mins. in both the sets. These
results show conclusively that the last method was the most efficient,
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" General Procedure for the Estimation of Nitrogen by Oxidative Digestion.—
Based on the foregoing and other observations, the following improved method
miay be recommended for adoption in routine practice. The material to be
rhgegted (10-15 g. in the case of soil ; others in proportion) is weighed ott
into the distilling flask (Cap. about 1,500 c.c.) and then treated with mercuric
oxide (g g.), water (1.) c.c.) and sulphuric acid (40 c.c.). The flask is then

fitted with water- or air-cooled condenser and the mixture heated to boiling

After the mixture has started boiling, saturated aqueous solution of chromic

anhydride (about 5 c.c.) is introduced through the condenser in small instal-

ments at a time. Boiling is stopped after 30 mins. and the digest, after being
cooled for dbout 5 minutes, diluted with water (about 300 c.c.). It is then
treated with sodium sulphite (about 10g.) and again raised to boil. (The
sulphite need not be weighed out but may be added in small instalments at

kb

a time until there is a pronounc'éd sniell. When the reduction of unused
chromic;acid is complete, ‘there is also a characteristic change in colour from

To the boiling mixture, pure zinc (2 g.) is added and
The contents

dark green to blue.):
the heating continued for a further périod of about'5 minutes

of the flask are then cooléd and distilléd with excess of alkali in the usual way
" Attention has already been drawn to the presence of minute quantities
of nitric acid in commercial brands of chromic anhydride and the consequent
This can be avoided, however, by tsing

need for applying some correction.

pure solid potassmm dlchroma‘ce which can be introduced after momentarily

rémoving the ¢ondenser. A very small correction will also be needed for the
¥

Bs
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nitrogen present in the zinc used for reduction. Commercial samples of
dichromate and sulphite may contain some chloride, but the error due to this
is entirely eliminated by the presence of the mercury salt in the digesting
mixture.

In the hands of the experienced worker, each estimation (commencing
from the weighing to the completion of the back titration) will occupy less
than 2 hours. If a number of distilling sets are available, at least two dozen
determinations can be easily carried out in the course of a working day.

Discussion.

The present enquiry has led to a number of findings of considerable
scientific interest. It has thrown fresh light on the mechanism of oxidative
digestion ; on the nature of the products formed and the manner in
which they are retained in the digest.- It has also led to the development
of an improved method of fumeless digestion which is quite rapid and can be
easily applied in routine practice.

The main preduct of oxidative digestion is ammonia, but a useful pro-
portion is also present in combination with the chromium in the digest. Itis
difficult to state how exactly the nitrogen is retained by chromium, but there
is no doubt that the resulting complex requires treatment with a reducing
agent to convert into ammonia. Further work, analytical as well as svnthetic,
is needed to define the precise nature of the chromium complex and to
determine whether one or more of such compounds are present in the digest.

Nitrogen is retained not only by chromium but also by other metals
present in the digest. Thus, mercury, copper and bismuth hold a part of the
nitrogen and have to be generally treated with a chemical precipitant (usually
a sulphide) before the nitrogen can be distilled with alkali in the usual way.
In the case of mercury, the nitrogen can also be released by treatment with
a reducing agent. The available evidence is not sufficient to show whether
nitrogen is retained in the same manmner in all the cases.

There are no quantitative data relating to the formation of nitric acid
during oxidative digestion.  Judging however from the facts that (@) only
minute quantities of that acid were lost on heating the digest in open flasks
and (b) the zinc used for reduction cannot deal with more than about
50 p.p.m. of nitric acid, it has to be inferred that the quantities actually formed
—at any rate, in the case of soil—are quite small. The mechanism of
formation of nitric acid is still. obscure.

The most noteworthy feature of oxidative digestion is that no nitrogen
is lost through dizect oxidation. The loss ohserved in some of the earlier
experiments was due to the intermediate formation of ammonium dichromate
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which, in turn, was due to the use of potassium dichromate (or chromic acid)
as the oxidising agent.  Although this difficulty has been overcome by adding
the dichromate to the boiling acid mixture, it would nevertheless be desirable
to use another oxidising agent, equally efficient in digestion but free from the
above defect.  Some work in this direction is already in progress.

The advantages of the new method over the others have already been
entimerated.  Its rapidity and freedom from fumes should commend itself
to all workers in the ficld. The procedure for digestion and reduction are,
no doubt, capable of furthér improvement. The use of the condensers should,
if possible, be dispensed with and some simple device introduced for trapping
the small quantities of nitric acid that may escape during digestion. The
procedure for reduction is rather elaborate and occupies nearly as much time
as the digestion itself. It should, if possible, be comhined with the distillation.
Although the results so far obtained in this direction have not been encouraging,
it should still be possible to devise some treatment that can facilitate distil-
lation almost immediately after digestion. '

Using dichromate or chromic acid as the oxidising agent, it would ba
impossible to reduce the proportion of sulphuric acid to water to less than.
911 or, at any rate, below 3 : 2. The reason for this has already been dis-
cussed in the text. Although the proposed procedure does not necessitate
the use of larger quantities of acid than in the usual Kjeldahl method, it should
still be possible to economise further by using other oxidising agents that would
function in presence of still more dilute acid. In this manner, the cost of
digestion can be reduced and the undue wastage of chemicals (chiefly acid
and alkali) avoided.

Among the future lines of interest, mention may be made of the extension
of the method to the digestion of organic compounds, particularly those to
which the Kjeldabl method is not applicable. The procedure should also be
capable of being adapted for micro analysis. Some useful progress has already
been made in this direction.

The large amount of information now ¢ avaﬂable in regard to the conditions
of digestion should render it possible to include the wet combustion of carbon
with the estimation of mitrogen. Some preliminary work in this direction
has already shown that using an apparatus of the type described by Subrah-
manyan, Narayanayya and Bhagvat (1934), the following conditions should
be observed.—(1) for the estimation of carbon, the oxidising agent (chromic
acid) should be added to the boiling mixture of the material to be digested
with 2: 1 acid ; (2) the distillation of the vapours (containing CO,) should
he continued for at least 20 minutes ; and (3) after titrating the unused alkali,
the distillate (containing all the nitric acid which might have passed over)
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should be added to the digest and reduced, in the usual way, with sulphite
and zinc prior to distillation with alkali. Tn this manner, accurate estimates
of both carbon and nitrogen in the same samples have heen obtained.
Attempts are now being made to further simplify the procedure and it is hoped
that, before long, it will he possible to develop a comprehensive method that
can be easily adopted in routine practice.

Summary.

1. When an organic substance containing nitrogen is digested with a
mixture of dichromate (or chromic acid), mercuric oxide, and sulphuric acid
(2 : 1), the digest contains the major part of the nitrogen as ammonium
sulphate. A small part remains in association with chromium or mercury.
Minute quantities of nitric acid are also formed. The estimates of total
nitrogen obtained after reducing the digest are lower and less concordant than
those obtained by Kjeldahl * wet * digestion. This is traced by two causes.—
(1) loss of nitrogen in the elementary form when the digestion is conducted
according to the above-mentioned procedure and (2) variable nitrogen blank
vielded by the large quantities of reducing agent (zinc or reduced iron) used.

2, Comparative study of a number of reducing agents showed that
sodium sulphite was the most efficient. When that reagent was combined
with small amounts of zinc ({or which the nitrogen blank is almost negligible),
the highest and the most concordant estimates of total nitrogen were obtained.

Attemipts to combine reduction in alkaline medium with distillation of,
ammonia have not, so far, iv_ielded- satisfactory results : nor has combination
of other reducing agents (such as oxalic acid or stannous chloride) with zinc
or-Devarda’s alloy proved so efficient as that of sulphite and zinc.

3. The efficiency of digestion was not improved by addition of mineral
catalysts. Change in the order of addition of reagents did not lead to any
appreciable improvement in the estimate of total nitrogen: mnor was any
benefit derived by conducting the digestion in two stages.

4. Addition of dichromate (or chromic acid) to the boiling mixture of the
material to be digested (soil or other biological material) with sulphuric acid
(2 : 1) followed by reduction with sulphite and zinc yielded correct estimates
of total nitrogen. There was no need for any extended pre-boiling hefore
addition of the oxidising agent.

5. The small quantities of nitric acid fornied during digestion, as also
any that may be already present in the original material, are retained.in: the
digest by the use of a condenser. They are reduced by zinc upto a maximum
of 50 p.p.m. and included in the estimate of total nitrogen. '
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