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The work of "hite and Lonz (I) on the Kjeldaﬁl 4 zestion
procedure in sealed "ntes at 4709 C. offers a major inmproverent
in the reliabilityv of this method for nitrosen analysis., The

L 4

subsearent work of “runtaum, Schaffer and Kirk (2) concerning the
vdecomposition of amronium snlfate 2t higher tenperatures susgested
that a rigzorous set of conditions were recuired to avoeid arronia
loss in the course of the digestion.- This investization also showed,
as did the work of “™ite and Long, that-catalyst additioﬁ Was
unnecessary to affect decomposition of the organic meterial. Baker (1),

in his investisation, cenfirmed the work of Jrurtaum, et al. and

o

stated that arponia zcinally was lost above 120° €, when a mereuric

sulfate-selenivm cataiyst was grnloyed for the dimestion,

1

The presert investi~atien had several obiectives. First, it was

desired to identifv the oxidation ovroduci or vrodicts of arrenia at

.

clevated termeratures in sealed inbes. Also, 1t was intended to
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of conditions for the 1 -estion +hicen would suppress

1iticel conirol

o

the armoniz decormposition and weald result in z lass
of temperature. Tinally it seemed irportart to compare resulis btelween

wi nlerogran scele anzlyses o Jdetermne whether or not

a3

the milligram a
there were surface or other effects which nlay 2 role 1~ the dlzesiion

of rievarrar mieiiities of raterial which are not evident with

EXPEETHENTAL

The anpa~atus and procedure nsed for the anzlyses of microsranm
samples were identical Qith those descrited vreviously. (?) and wiil
not, e discussed here, since the data of the previevs irvesiloation
deronstirated the reliakility of the method. The disestion tubes used

o the milliicrar zcale had the dimensions Lone .

6]

ihe

“he distillation apparatus ermployed was
rar. method deviated from that described by “hite and Lons in that
e sulfur dioxide and carbon dioxide were driven off »y heatin- the

’ v - .
contenis of lhe romb in gevtle beiling refore transfer 1o ihe distillation

:

apparatus, This elirinated the need for the addition of the m""€ 10

the Aiztill =tiﬁn auparatius ahead of ke divesiion mixture. Omission
of the catalyet elirinated the need for ibe adliition of sodi:nm

.

thiosalfate to the glkalin-

v .

Hetiltlation rixtore.
rante iavestivated for 14 dicestion of Yolk the

Yoevar wd rieresran

sarnles varied frorm ab:ont L6500 G to 4200 ¢, 1he error in readiag
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furnzce terperstire was les

94
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e
o
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Grunbanm et al, {2) showed zhat armonia fror orzanic, niiros
contalining sarnles did not decompose as readily as arroninm slfate
. Ll

the conditions eslablished Sy white and

during digestion aqd that
Longz, 0.5 hour digestion at 470° C., appeared to be optimum for the

digesltion of organic samples,

s sindy similar sxperimenis {2) concerning armonism sulfate

In thi
) Aot
degcormnresi

fiun were repeated on both the milligrar and wicrorrar scslaes,

3

asily controiled conditions, i.¢ , sarvnle size, tlemperainrs, azantity,

a

an Concenﬂrﬁtioﬂ of aulfuric acid, were investigatsd. The first
three curves in Fiqure.l illustrate the offect on recovery of varying
terperatinre, and sample size keepine the mantity of sui?n”ic actid
congtant., Cu-~ves A and B weve obialaed from measureraris rwale on the

micresrar seale wilh ssgaled tuhes haviag very nearly the sames volme
t . .

{approximately O.8 pl.) as Jescribed previonsly (2). The data for

iy

irve A were obdalned nsine 10 pl of conceatrated sullfuric acid and

¥

approximately 25 jng of arronium sulfate i each tube, Crrve D 4llus-

trates similar information for a series of detlerminations -1ai

of ammonium sulfate and 1O pl of concentrated sulfuric acid, OGirve C

shows data obtained ~ith bomh tubes vhich had a volume of approximately

>

Is

5 mwl. Each tube contained sbhout 250 pl of concentrated sulfuric acid

nd A mg, of

X}

o

ammonium sulfate,  These voluras of acid afforded ahout
the same overa2ll ~as pressures in the wmicrocrarm and rillisrar

. 4 .3 a4 .
Jdetermrinations,
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With 10 pl of concentrated sulfuric acid in the riceroxrar scale
leterminaiion or 250 3l of concentrated sulfuric aciidn the ril
scale determination a linuid as wnli g a vas phase exists st terpera-
“tures much below 5309 C. Above this tamperatnﬁé the sﬁlfn?ic acid

from ths curves in Figurs 1 t

-

D om o merm v e % , T e e - -
iz cornletely vaporized, Tt is seen 1at

the arrocia loss depsnds wpon the initial ouantity of ammoniam

sulfate for a given volurme of sulfuric acid,

{xidation of Armonia to Niiroren Tas

Grunhanm.et al. have S”gJSStGd'th&t the armonis loss rrobably
coirld be azeribed to oxidaiion:of the armonia to nitrogen zas. 10
contire that this process wes the one vrich wes occurrine, a LR g
sample of arroniur sulfate and 2070 pi of concenirated sullvric acid
vere sealed in g 29 »l horh fihe under vacunm (10‘h ﬁm) anvd the conitents
vere disested unde~ conditiors i1 which the ammonis was qunntitatiﬁely
lost (721° C, for 0.5 hr.). The composition of the cas ohaze was
detefmined by use of the pass spectrozraphs The s 1fr irioxide and
watnf vere removed from the ras rixture hy the proper cgnirol of
temperature zrd the remaiving gas’shoﬁed AF.22 mole vercent sulinr
dioxide, 25,00 role vercent nitroger 2nd .25 role percent oxysen. .

A czlculatiﬁﬁ of the acuuntity of nitrosen ras {ror the prnssbre, voliame

and temperature values listed {rom the mass specirosraphic analysis

3

indicated that within experimental error the ammonia was oxidized

.

mentitatively to ~itrocen ras (zas recovery - 105%), The awount of

3
Bla

el

ur odioxide formed in the course of the resctici was only in
aporoximrate asreeret with the ratio fron the e~ztion forthe net
reaction, 30,/8, = 3, Some of the sulfur dioxide is loct hecanse it

has an apovreciable solubility in s:lfuric acid 2t roor terpe-zture,
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Additional loss may he ineurrad in the process of reroviny water vapor

and Lraces of snlfur {rioxide,  The nresence of oxyv-e™ is not dre 1o

s

contarinalion but rather to the decorvezition of sulir tricxide at
the terperature of the digestior, TIn the temperat 'fn rezion vhere the
dissociatkon of s lfur trioxide becomes apprecishles, either salfur
trioxide or oxysen may serve 1o oxidize ammonia to nitrogen gas. for
this reasen, it is of interest to compare the decomposition of

ammoﬁia hy oxyeen with that by sulfuric acid, Curvg D of Fipure 1
shows the results of z series ofvdeterminations in which weizhed
Qﬁantjiips of armonium chloride weare sealsd under one atmosphere of

oxygen gas in ? ml tuhes., T1 i seen thst the oxidation of arwvonia
ocenrs in approximately the sarme temperziure resion bhut at a slower

rate

e

n mire oxyees than in sulfuric 20id This offect may be e to
sreater concentrsztion of oxidizins arsent whe endfuric acid is present
or it may resilt from a different mechanisr in the oxidation precess

.

The fact thal oxidation of arronis starts at aporoximstely the same

temparatire in the orssénce of oxyren as vhfn iie sample is

vith sulfuric acid wovld gsen to indicste that oxygeﬁ is responsible
Ourve A& of ¥Figare 2 shows the oxysen pres.ure due to ih: iissociation

of sulfur.trioxide vhich woull exist in a 285 ml sealed tube if 250 nl

of concentrated snlfrric acid +were comprletely vaporized st the temperatures

isted. fThese Calcnlefﬁons wern carriea onl assumineg that qaseogs

s91lfn i scid does not exisi as a rajor speciés, TFor thess temperatures

and pressures the validity of this assurption i1s uncertain  Tor the

Durp eg of this cornrarison ﬂQ correclions were mele for oas

imperfeciions sinee the calenlations were intended osly 1o deronsirate

4 '



pressure may approximale the amount caleculated for Curve 4, ri:, 2,

Curve ¢ was included to illust
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arrornia heingx lost ia armeniur auifate vhile 4wo-thirds was lost

w68 ot losi due
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CPfeet of Concentrated sulfuric fcid :

the gualitative obhservation that armonia was not deconrosel ag hd
rapidly «hen arn orzanic, nitrogzen-containing sarmple wis dicssted as

when armoniam 3. 1fqate « 2s heated unfer cor“'rfolp conditicrs {2)

to an iawestivaticn of the effsct of reaclant snd vrodoct concericutions

. ‘
in the ldireslion idxtare., The wvariation in 1he arount of snlliveic

P R e Tt v bR ] £ e L8 PR S SN .
acid added was froveotizabed first, e resiytie of ivese meuss ropentis

which deva curried act ta 2% ») angled tabes are showry in Fieurs 3,

i



the values vlotted is of the orger of 1020
pereent,  The pinipar in 1ris curve is associated with 1he miaaiily

of enifuric 4vid that peoducez & tvo ohase syster., Arounts of aul-

al H : F. PR % e TN . Y - X .
furie acid ¢ . “ran sboutb ;@x'Pl {avny-x, 2C Fl of concentrated

).

11iliker of tuba voliwe) reslt in a cuseciz aysier

Lds

sultupric acis ror om

I

L7 1hi1g Lerpersiure rarnla., Ao

s oof sulfuric acid greater than zhout

-1

he distrittion of the arronia
heteeon the two phases diminishes the rate of oxidatics of s~ronis

i the erovprae of the diestion, The species vesponsivle To- the

oxiiztion of armonia (either sulfar trioxije or oxysen) 1L ceeur
only din the rog phare and ad the surfasce of the 1inavid, Firure 3
least Aesipahie pngatity of solvoric nci (o uge
vator nre sures have veached g rayipom mit
s znnove tois sgturalion aront is orexeny,
The ™ ik of work reported in i pzorr has Hﬂg"por”o recd der
eomdlLiomg wdel pepn 3 Ute ] dnvesilraiion of the zasems process 503
wodet svel e the upcertainties inlrodiced a two phase 8y3%er.
he starred reiat of Tioire 3 vepreseats the recovery of grrenis when
cie }1 of 37 oercent Mwing $alfuqic acit ) were ueed instezd cf the

razelay, coacentraled acid, As world ke expectal the loss of arroniz

TEFPert of Licaction Tire

T4 was rrovosed previocsly (9) {hat terpe:stare plaved o pore

o ey e 4 . Yo v -1 - . o< D -~ 4+ A e 24
rrorraet enle dhan e da dhe GE vooores, At insl tipe 44
, - . o aa . s . Cd e

L R ; at gfies the pre-hal? S = A rrgti s e riad pecilihriay
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rad been obtalned, Vork by Beker (1) with ordanic rcarp

WSS U corrohierated this belief. Further work, however, in terperature
*

ranyen where the oxidsetlion ocenrs at a rere rapid rate, has soown that

9%

th}

equilihrior for the coxidaticon i3 ot obtaines in gseh @ short tire
interval even at terveratures vhere the reacticon rate is relatively raoid.

Table .17 shows twve sets ¢
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