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o ABSTRACT.

7 ¥ QUANTITATIVE AQUEOUS AMMONIUM IOK! ANALYSIS by .
/- . TRANSMISSION INFRARED SPECTROSCOPY . - -

. . . \\ . l’
. , A
Eva Grunfeld, M.Sc . c Supetvisor
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The main objeétive of th research was to study the behaviour of the
ammonium ion In aqueous solutioﬁs andndllute Kjeldahl distillates using the -
double beam infrared (IR) spectrophotometer and to investigaté the possibility

¢

of transferring the obtained methodology into commercially avallable infrared
filter instrumentg Th‘:spectral chargcteristics of ammonium sulbhate in wate;
were determined and the an‘élytlc;\al band of 6 89 um was chosen for further
quantitation of the ammonium ion  The effect of the pH on the ammonium ion *
quantitation was gexammed antkit was C_or-wfcluded that accurate results were
obtained If the pH was kept within the 3-8 range .Spectra of ammoﬁ:L}m sul -

phate in both dilute sulphuric acid and dilute KJeIdahf‘dlgest werd obtarmed.

a 4

. Based on the data gathered on the Spectroprocessor IV instruménL ‘a 6.8?'" ,

sample filter and a 5 56 um reference filter were installed in the'commerc Hilter
IR spectrogfjotbmeter,‘Mul'tlspec M. The infrared method using the Multispec M
was compared to the traditional m|cro-F<JéIdahilprocedure for the determmat‘lon o
of ammonia content in Kjeldyahl distillates and was found to be_more accuraté
The conclusel'on of this study was that the measurment of the ammonium ion¢in

Kjeldahl distillates may be feasible -a low cost, simple and dedicated filfer IR

L]
-

instrument were available ~
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‘RESUME X :

' \
L' Analyse Quantitative des Ions d"Ammonium en Solutlo‘n
Aqueuse par Spectroscopie de Transmlssmn al' Infrarouge.

e
Cette recherche avait pour but prihcupal l'étude du comportment des ions

ammonium“en solution aqueuses et dgws les dlstnllats Kjeldahl dilués en
BN

“utihsant le spectrophotometre a double faisceau infrarouge (I R) et adapter la L

méthode développée aux‘instruments commerciaux a‘ltre I R Les caracténs-- ’/
tiques spectrales d'une solution aqueuee de~sel/pg;§\\,d/'zﬂwmomunr ont été
déterminées et la bande analytique de 6 89 um a éé chorsie pourles étud‘eS'
quantitatives sur I'ion ammonium. Les résultats quantitatif du dosage de Iion
am'mozlum étaient les' plus précis lorsque le pH se situait entre 3 et 8. Se
basent sur les donnees recueillies avec le Spectoprocessor IV, un filtre dé 6. 89
um pour I" échantillon et un filtre de 5 56-um pour la reference ont été installés

sur un spectrophotometre IR commercial, le MUITISpeC M La determmatlon du

_ contenu en ammonium distillats Kjeldahl etait plus preC|s avec la methode mfra -

rouge utmsant le Multnspeo M que lorsque la methode tradmonnelle du micro-

Kjeldahl était utnhsee En conclusnon la détermination quantitative de l'ion

ammonium des dnstillat‘s Kjeldahl peut étre faité précisément si un(instrument IR

. . .y e . A
a filtres spéciaux, simple et plus coteaux était disponible sur le marché.
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* ' Chapter | :
: 7 INTRODUCTION ¢
The Kjéldahl method is a major reference method for p’o;ein determina -
tion in-food systems, however it is generally considered to be a tedious and

w 3

troublesome analysis to perf“orm because of its lengthy digestion, distillation

- and titration steps. Although a variety of methodc-ﬁogies haVe been developed to

try to eliminate at least the distillation ancHtitration steps (Fleck and Munro,

1965), few of these methods have gained widespread use in the industrial and

'

Recent years witnessed substantial development of infrared’ (IR) applica -

goverment laboratories. .
tions in,thg field of'quantitative food analysis (Gould,'1959; Bjarno, 1981; Mills
etal., 198‘2§A’Mills\vet al., 1983,z’and Mills et al. 1984). Nevertheless its main
application is §t|il in Mmilk analysis (Biggs, 1978 ar_1d Biggs et gl., 1984) in wh.ich
quantitative determination of fat, protein, lactose and totél solicij’s can be done
gimultaneously at the r;ate of 250-300 samples gver hour using the infrared filter
insfrument, Multispec M (van de Voort, 1980) The newer version, Multispec M
instrument, having capabnh??e‘s of analyzing up to eight components simulta -
neously (Shields, 1985), will be soon on the market. )
The success of qdantutatnv‘e IR mnlk.analysis for fat, protein and carbohy -

drates has indicated the possibility of other applications. Since there is a great
need for a rapid and accurate protein methodology which would replace the
traditional Kjeldahl procedure, the IR spectroscopy as a primary method for
prétein determination in foods was considered.

" Hypothetically, ammonium sulphate, the end product of Kjeldahl diges - '

tion, could be analyzed directly in a distilate ,eli%pinatin‘g the need for titration. If a

4




) 2
method for the 'durect analysus of ammonium su1phate in d|gests were avaxlable
both the distillation and the titration steps could be sliminated : /

Based on these facts and the advice of%oerts in the ﬂeld, this research
deals mostly with studying the possibility of uging IR trénemission spectroscopy
to quantitate ammonium ion directly in SImp'le s'olutnor]s euch as distillates. Fur -
thermore, an attempt was made to elucidate the potential probiems involved if
this n]elhod is to be extended to more co‘mplex solutions as Kjeldahl digests.

In terms of sequence of events, the first objective was to stidy the beha -

]
viour of ammonium 1on in agueous solution and 4o confirm tlke theoretical consi -

S

defations found in the literature. The Speéctroprocessor IV, a specially desidned

scanning IR spectrophotometer capable of working with aqueous sample‘s, was
used for this work A substantial effort was put into studying the ammonium ion

spectra in distilled water and the effect the pH an‘d temperature ctianges had on
them. Subsequently, the spectra of a.mmonium sulghate in dilute acid and dilute

Kjeldahl digest were examined, followed by the assessment of their suitability

for the quantitative work.

©

The second stage of the research involved the transfer of the data ob -

tained on the Spectroprocessor IV into the commercial, single cell, filter IR in-

strument and the development of a methodology suitable for the rapid anisis !

of proteins i Kjeldahl distillate.

In summary, the two main objectives of this masters research were the
following: a) {o study the fundamental problems aesocn_ated with IR‘ analysis of
ammonium ion in aqueous solutions and b) to extend the methodology into a
commaercial IR filter instrument such as the Multispec M.

It is hoped that the information derived from this research will add

knowledge to the applicetion of IR analysis in fooa science and help other

investigators interested in this field. -

-
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_ Chapter I
v .o ‘LITERATURE REVIEW

2.1 IR Spectroscopy in Aqueous'System

™ The IR spectroscopy dates as far back as 1800 with_Sir William

Herschel's experiment. Using the’thermome.éter as a detector,. he observed a

large heating 'effect in the region proceeduﬁgfthe red of the V|S|ble_spectrum. .
He also recorded the first infrared spe‘ctrum by-measuring the intensity of radia -
tior; a‘s a function of distance beyond red. The term ‘infrared’ which originates
from his observatnonsvxas latér defined more precisély as a region af the elec -

[} \
tromagnetic spectrum which lies between the visible and microwave region and

- covers the wavelengths between 0.7 and 190 microns

. * More than 100 years latter, W||I|am W. Coblentz (1905) devoted himself \
to systemat\c studies of infrared absorption. He published a‘co!lection of IR
spectra in the reglon between®.5 and 15 wm and was able to show the correla -
tion of molecular structure to infrared speCtra

The classical monograph of Coblentz escaped the attention of organic
chemists and until thé mid-thirties IR analysis was mainly of interest to theore - .
tical physicists who used the spectra to obtain fundamental data on ge mecha -

hics of simple molecules. They successfully classified'the vibrations

with covalently linked atoms into stretching andbendmg-wbrations These were _

further subdivided into symmetrical and asymmetncial stretching, scissoring,

Py

twisting, wagging and rocking (Rao,1963). The detailed v:br:altlbnal analysis of
the infrared spectrum of a variety of symmetrical molecules clearly indicated that
some of the vibrational frequencies were associated with specific groubs of
atoms, due to the fact that bond forces are constant from molecule to molecule. l

The significance of these fihdings was finally appreciated by chemists who

«

ssoclated

[
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"starfed using IR séectroscopy for functional group analysis. Infrared analysis

was alstwguecessfully utilized for the determination of 1somerism, inter-mole-

cular interactions, solute-solvent interactions, hydrogen bonding and as/a

powerful method fQr quantitative analysis of compeunds.
The first extensive survey of infrare(g absorption spectra was done by -

Lacomte and his co-workers 61948).%T§1\N/z:1g,followed by the Colthup chart

- (Colthup,1950) containing characteristic frequencies for the-nitrate, sulphate,

cérb_onate, phosphate and ammonium ion. An excellent paper b§ Hunt and his
co-workers (1950) contdined the spectra of 64 naturally éccunng minerals and

.

related inorganii cqmr?ounds. At that time there wagst‘i}I no extensive :ompila -
tion of infrared spectra of inorganic salts obtained ®ith a modern spectrometer.
A few years latter, Miller and Wilkins (1952) investigated and presented infra -
red specira of 159 pure inorganic compounds obtzamed with a Baird Model A:
and a Perkin-Elmer 12B spectrometer. These characteristic frequencies we.re,,
shown t6 be useful in quantitative analysis of inorganic unknowns. At that time
the authors also pointed out that quaﬁhta’tive analysis was difficult, because of
the necessity of working with powders.
Until the late forties, water was excluded as a solvent because of its

s-trqr;g absorption in the infrared range. Tt)e absorption bands due to the com=
ponents anazlyzed were usually obscured by wate;r with the instruments availa -

ble at that time. The first major development in the field of aqueous IR analysis

took place when Gore and co-workers™ (1949) had published the infrared spec -

tra.of several amino acids These workers used water insoluble, infrared trans -
parent materials, such as special glass, fluoride and silver chloride, f&r

fabrication of cells. They also developed a new IR spectrophotometer, the 12A

Perkin-Elmer, which w‘@more suitable for worlé with with agueous systems. *

This instrument maximizéd the enefYyy available for analysis by chopping thg

AY
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radiation at fixed frequency thereby allowing only the required signal to be
plcked up by the detector.

in 1953 a major agdvahce occured in the field of biological chemistry

~

L when spectra of solutlons of p!asma were obtamed on a double-beam spec -

\

trophotometer (Lenormant and Blout, 1953) The use of a double-beam
spectrophotometer made it possible to compensate for solvent absorption by
placing the appropriate solvent In the reference beam The same wor_kers
(Lenormant and'Blout, 1953 ) had published many IR spectra of biological
polymers in water and}deuterium oxide solu}aons. Since heavy water is transpa -
rent .in some IR r'egions'\'/vhere water absorbs, using both liquids made it
possnble to obtain spectra over tne entire IR region. A double-beam spectro-
photometer and polished plates of thallﬁm brom|de lodide with short path
lengths of 0.010-0.025 mm were used for optumal results. Sht openmgs of 0.072
mm at 5 um, O.125,mm at 7 pm and 9.350 mm at 12 5 um were required for their
work with the Perkin-Elmer Model 21 double-beam spectrophotometer Theif‘
research indicated that with suitable instrumentation good IR spectra of

£ompounds in aqueous solutions in the region from approximately 6 5'to 10 um
~— , :

N,

could be obtained.

b

Neverless, further studies were needed to maximize the available energy

»

for quantitati\ze work. Phyler and Acquista (1954) were first to obtain quantitative
. data on compounds In aqueous solutions. They also pubhshed spectra of pure
water, showmg the reg|on from approximately from 6.5 to 10 um to have
sufficient transmittance to~be apphcable forquantitative analysis. d
| N At thattjme, major experimentagdnfficulues arose from the need to find )

suitable cell windows -which were not attacked by solvent. Potts and Wnight

(1956) constructed one of the earliest permanent barium fl‘ﬁonde-cells with a




re

6

>

-

paty Iength‘of-(.).027 mm. Barium fluoride seemed to be rdeally suited for this
use as it was commercially avaivlable, hard. easil;/ polished, essentially
insoluble in water and IB ransparent up 1o 12 5 um. Using these‘celts ina
dg\{ble—pe‘am spectrophotometer built in therr laboratory (Dow Chemicats Co.),
the authors obtained.quantitative spectra of metallic salts of organic acids,
glycols and other compounds which could be a)alyzed accurately only in
aqueous solution To compensate for the energy lost by water absorptron, both
entrance and exit sht widths were increased by a tactor of T2 where T is the
percentage transmittance of water n the region from 6. 5 to 10 um. Further
research was done by Kaye ( 1955Mho presented the details of infrared

transmission, water ‘solubulity and refractive mdex of a number of useful window

materals. Subsequently, Sternglantz (1956) reproduced the transmission

curves of a number of suitable window materials useful for taking 1R spectra in

U

aqueous solutions.

4

"~ At thistime, a major advance in IR spectroscopy occured with the inven -

tion of the diffraction grattng. The first commercially available reflection grating ~

instrument, Grubb Parsons GS2 grating spectrometer, was designed by Shields

_ under the guidance of Martin (1956). The main advantage of this instrument

* was its grating efficiency and its ability to function over the entirg region of the

spectrum. ) ‘ P
From then on, havrng developed surtable instrumentation and ceII mate -
rials, the researchers conducted many studres whrch indicated that IR spegtro -

scopy in aqueous solitions may be a technique of choice for studres of inorga -
Ric and biolqgical substances Fatk and Giguere (1957) detected H3O+ 8n in

concentrated aqueous solutions of strong acids such as HC, HBr H2S04 and

HaPO4 using silver chlonde cells. The same authors (Falk and Giguere,1958)

also studied aqueous solutions of SO between silver chloride windows and

o

Id
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concluded that SO2 exisfs mostly in the niolecular state with small amounts of

H3O3" and HSg_Os‘ beirig formed. Antikainen (1958) has presented IR spectra
.' 2
of some oxyions of sulphur in aqueous solution and tias showed their charac-

teristic absorbance maxima using polyethylene-NaCl cells. These type of cells
were replaced with teflon-NaCl windows by Fogelberg and Kaila (1957) who
stud|e'd' aqueous acidic and basic splutlons IR spectra of amino acids In
adueous solutions and related substanées‘wave been recarded by Parker and
Kirchenbaum (1961) They reported that these spectra have generally fewer but e
broader bands than sn‘milar spectra In a solid state. _

Goulden (1959) further cont?nbufé’d to this field of research He used ba-

¢
rium fluoride cells, the most suitable matenal inthe 6 5-10 um region, to obtain
]

.

spectré of inorganic and organic czampou'nds such as carbohydrates, amino
ac,:lds"and other biologicél Com~pounds. Goulden concluded that, despite expe -
rimental difficultes, IR.spectra could be poté‘ntiallfvery useful in the analysis’ of
aqueous(solutioné of a variety of compounds, particularly inorganic salts He
also presented spectra of lactates 1n aqueous solution (Goulden,1960) whose
application to milk analysiswill be discussed later. | ‘

!”
Some important IR spectroscopic studies were done by Thompson

-

(1965). He described a technique for preparing thin cells of known thickness In

4 the range from 0.4 to 1 7 um. These cells are most suitable for taking thé spec -

tra of liquids and solutions since ihey minimize the effect of strong water absorp -
tion in the 'mid-IR region. Using the double-beam instrument and calcium fluo -
ride cells of 0.8 unv thickness, he accurately determined the mol&axtmctigpo

coefficient of some fundamental IR absorption bands of water, deutenium oxide

. and other solutions The 'same workers (Thompson, 1866) studied the effect of

concentration on the IR active vibrational frequencies of the ammonium ion in

the 2.5-10 pm region. He noted shifts in frequencies by comparing the values

v
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for several ammonium salts in their crystaline state, and in saturated and dilute

solutions Shifts in ammonium ion frequencies were attributed to hydrogen

+_bonding and ionic interactions. This was confirmed by further experiments -

Y
which showed that, in satwrated solutions, ammonium ion frequenCIes differ as

a consequence of s1rong ionic interactions and they approach a constant set ot
values for dilute solutlons where only hydrogen bonding is in effect.

Work in the field of aqueous IR spectroscopy was carried further by
Goulden and Manning (1967). A frequency co;refation chart was prepared *
whipfw allowed for identification of‘;j'he most common ‘polyatomlc inorganic 1ons.
Using pH resistant calcium fluoride cells of 50 um, the authors were able to ‘

>
-

study the pH dependent changes in the ionic structure of numerous inorganic  *

* ions and the effects of complex ion formation on IR spectra. All the spectra

recorded were obtained.from instruments fitted with a sodium chloride prism.
- ) '

The spectra were not of high resolution out allowed for substantial increase in

‘the spectrometer's slit-width which compensated for. sﬁong wateg absorption in

the mid-IR region. Goulden and Manning (1967) also studied the effects of(a
chan;;e in cations and of-the solute concentration 9nThe ab,sorptivity of the
sulphatb band. They demonstrated that the sulphate band is affectéd by bothr
the solute concentration and the nature of the cation. They also noted that, at
hagh concentrations, 1onic interactions cans etimes cause the absorbance-
eoncentrauon relationship to become non- hne ra'nd may even lead to the
appsearance ot additional absorptloq bands as the symmetry of the free ion is
reduced. ‘ I Q
The use of IR spectroscopy in food analysis has been limited mainly due
to corﬁBlexlties of sample preparation and to the presence of walter in mést food

systems. F\&cent developments in inst’rumentati.on have solved some of the

practical difficulties of aqueous solution spectroscopy and there has been a

S




- steady increase In use of IR spectroscopy in the quantitative analysis oM{bod
o systems. 3 - | ‘ -
3 ‘ ’
Goulden (1959) was the first to demonstrate the application of annfi-
}ative-aqueous IR analysis ;o the determination of I_actose.in mulk with an
accuracy of approxn‘mately 1.5%. He further indicated (Goulden,1961)*that'
under suitable experimental conditions the infrared’spectra of homogenized
milk samples show absorptlon peaks near5.8,6 5and 96 ﬁm, which corres -
pond to fat (carbonyl éster or C=0 linkage), protein (peptide or CONH linkage)
and Iact6§e (hydroxy! or OH gToup) absorbance bands respectively The“author_ v
noticed that except for the effects of the fat band on the 6 5 Hm protein band, the
rabsorbance measured at 5 8 ar]d 9.6 um wavelength is proportidnal to the
concentration of fat and Iactose..The concentration of protein in the sample
) could be obtained by applying a correction factor. The autbor a!sb demon -
irated that quantitatlve absorption measurments of milk samp‘les are only
acturdte if tHe effetts of light scattering are mmlmlzed by the proper ho‘r,no -
genization of fat globules their dameters havmg‘to be smaller than the wave -
|engfh at whach aboorbance is measured. '

A concept developed by Goulden was successfully employed in the
design bf a commercial ibfrared milk analyzer (IRMA) produced by Grubb
Parson in England in 1964 wh1ch could determme fat, protein. Iactose and
solid-not-fat (SNF) in Iess_tban 1 minute. This splt bezg], dualtell IR analyzer
had some |imltat'ron.s. such as a relatively long light path, a complex c\np‘ncal sys ;
tem and an unstable infrared source. Neverless, in spite of of these’ hmitations,
It was- superior to any other mstrument available at that time. . ' ‘

ihe IR method for mnlk analysis was extenswely studied by Buggs (1972)
‘who demonstrated that the IRMA method was as accurate and precise as, but

less e%pensive and faster, than the acceptéd standard methods (Babcock for fat,

4 ©
- ' -
-
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Kjeldah! for protein and polarimetry for lactose). After an extensive collaborative
studies the IRMA method was adopted as an official method for milk analysis

(AOAC 1975, Method 16.074). -

Subsequently Biggs (1979) recommended performance specifications
for the Infrared Milk Analyzer. The proposed specifications dealt with a number
of factors which cou°ld reduce the accuracy of the instrument's performance

such as po'or homogémzma efficiency, the effect of moisn%re and the quality of

" milks used for calibfation. Since infrared milk analyzers are calibrated to repro -

duce the analytical results achieved with the accepted standard reference

‘methods, the author recommended that the instruments using the reference

methods be well calibrated to perform within sp&cifications for precision and
. .
accuracy. .

In 1975, Foss Electric introduced the first sir;.gl:a cell, dual wavelength
infrared milk analyzer, the Milkoscan 203 and-300. 'In these lnstruments the
diffraction grating was eliminated, and replaced by filter pairs specific fQr the fat,
protein,';':md lactose wavélengths. By chopping the beam and p'assing it through
the sample and reference filter, the levels of energy from each filter reaching
the detector COIJId be compared. The percent.of each com.ponent in the sample
could be then calculated because it is proportional to the log difference in '
signal. The obvious agmg’tagle of this system is the s?eed of analysié‘and .
higher levels of energy available due to the wide band filters. van de Voort |
(1980) evaluated the Mtlkgscan 104, an improved model ;)f IRMA, to establish if
i't meets the AOI‘}C specifications. This assesment was done using a variety of
milks and the results indicated that the Milkoscan 104 was capable of méeting

/ .

the AOAC specifications for fat, protein and lactose analysis.

N
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A study of IR spectroscopic;: application to food analysis was done by
Milis and van &e Voort ({9—82). These workers used the C-H stretct-w (5.4 pm)
filter to successfully measure the IR absorption of fat in aqueous solutions and 3
suggested that the use of the C-H filter, the C=0 filter or a combination of bgth
could predict the sample fat content of consistent molecular weight and degree

" of saturation. For fats which varied in their degree of unsa{d'ration, the most
accurate results could be obtained when the C-H)filter measurments were used
together with the 1odine value -

Bjorno (1981) at Foss Electrics triéd to apply the established IR analysis
technique to samplés other than milk. The meat g‘amples analyzed were con :
verted to a milk-like emulsion, homogem;ed and transfered to the cell for IR
measurments. The absorbancalhands investigated were the C=0 stretch
(5.73 um) for fat, the N-H stretch (6".5 pum) for protein and the CH group '(9.6 i)
for carbohydrates, Bjorno’§ results indicated that‘the IR spectroscopy could be
used Quécessfuily for meat products. The collaborative studies (Bjorno,1982)

_*®*confirmed the abové resuits. ‘fhey__indicated that there was no significant
difference between the infrared method and. the reference method at a 95%

confidence level for the determination of protein, fat and water in meat products.
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2.2 Kjeldahl method and its modifications.

. The analysis of nitrogen is widely used for the determination ofthe ' , -
protein content ot food and other biological materials For more than 100 years
this determlnauon was done by two basic procedures the Dumas method
(1831) and the Kjeldahl method (1883) : yo o
The Dumas method is based on the principle of complete combustion o
the material to yield gaseous nitrogen which is then determined b){ volume. As
) dry samples are required for the Dumlas method, it is less commonly used.
In the Kjeldahl method, the sample is treated with hot sulphuric acid
) which converts the organic nitrpgen to ammonium sqlphate. The product of the
" digestion miay then be measur.ed by various methods. As thé Kjeldahl method
measures 'not only the nitrogen from proteins but also any nitrogen present:in
other classes of compounds, the total nitrogén times the Kjeldahl factor gives .
only. an estimate of the protein pfeseﬁt. The Kjeldahl factor, which converis the
nitrogen found into the protein content, has a value of 6.25, unless it has been
determined that some other factor is more accurate for a parﬁcula‘r material.
The extensive application of the Kjeldahlmethod to organic sample \
analysis has led to numerous publications and also to comprehensive literature
"reviews by Kirk (1947), B)radstreet (1954), Steyermark (1961}, Ingram (1962),
v and, more recently . by Fieck (1965). To present the availZ8™ material, the
" method has been dwnded into its component parts: the digestion of the samg)le
and the esnmatlon of its protein content. .

[y

Digestion process ) ' ' , .

I4

Quantitative conversion of organic nitrogen to ammonia in the presence -

of sulphuric acid i§ a critical s;tep in the K}eldahl method. %he objective is to P
. - \
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exidize the carbon of the[organic matter withouf oxidizing the liberated

ammom[a to gaseous nntrogen There are several factors that affect the digestion |
process: the catalyst, ‘the salts in the dlgestuon mixture, the temperature, the time
of digesfion and the oxidizing agents. There is no one single universal digestion
method (Kirk,1947) and“_the conditions chosen depend mostly on the nature of

the samp]e being analyzed.

Catalysts .

Numerous'glements and their salts have been used as catalysts inthe  * - .
KJeldaﬁI digestion. Wilfarth {1885) first proposed the use of mercur'ic oxide in
1885 and since then 40 elements have been testdd fer catalytlc activity .
Although Osborne and Wilke (1935) tested 39 elements and found the order 'of
efficiency of the best six to be Hg, Se, ?e Mo, Fe, Cu most of the studles have
. been onHg, Se, Cu or a mixture of thesethree

Baker and Shuttle)worth (1939) compared minimum dlgesnon times and
found that catalytic efficiency decreased in the following order mercury.&
selemum, copper and manganese. Other stﬁu_dzes su%h as those of Osborne and
Wilke (1935), Hiller (1948) and Phelps (1951), confirmed that mercury I1s the
best single catalyst. A thorough AOAC study (1955) has shown that,.fo.ggasily :
digested materials such as proteins the results are higher with mercury as a ’

catalyst than with copper. The only disadvantage in using mercury as catalyst is

the necessity to precipitate the mercury before distillatioh since it forms com -

- plexes with ammonia (Bradstreet ,1954). .

Selenium é&s been thoroughly investigated as a catalyst since Lauro

L]

(1931) first reported it. Patel and Sreenivasan (1948) considered selenium a

controversial catalyst because of the nitrogen loss that may occur if the tempe-

’

rature of the digest is too high or the digestion time is too long. Selenium, either -

B




as a metal or a sélenite salt, Es seldom used alone. It is usually used with
mercury for the purpose of increasing the digestion rgte over that of mercury
used alone Willits et al. (1951) sh(;weq that the higher'the,s‘élenium con{ent,
the ﬂgrea'ter the nitrogen loss and that the presence ‘of'mercury increased the

loss caused by the selgnium alone. Patel and Sreenivasan (1348) on the

(4 A

3
other hand, found that the_ presence of mercury reduced the loss due to

sel?nium Tr?ey suggested that the reason for this could be-the formation of a

mercury - ammonia com?lex which protects the nitrogen againét further

oxidation.
There is a conclusive evidence that copper is inferior to mercury as .

ca}talyst'(Baker, 1953) and (Bradstréet, 1954) and therefore it is seldom used.

Salts in the digestion mlx:[ure‘.‘

Gunning (1889) was the first one to report the use of potassium sulphate
to raise the temperature of the digest, thus shortening the digestion time
reggired. Fhe effect of varying th'e salt7/ sulphﬁric acid ratio was reporte;d by
Phelps (1920) . His ‘work showed that, with mercurc oxide as a catalyst and a,
2:3 salt / acid ratio, 'pyridine'salts, could be analyzed with a 2.5 hour digéstion.
Lepper (1930) repbrted that rapid dige_zsti'cm was obtained with potéssil]m
sul;;hate/ acid ratio of 3:4. Ogg and Willits (1950) measured the boiling tempe -
rature of potas?fum sulphate - sulphuric acid sqlutions with ratioé ranging from
1:4t0 7:8 and f“ound"that the boiling point .increased from 33200"[9 3580C.
They also observed tha{t a temperature inc’rease of 1009C doubled the reaction
rates. & . . . .

Lake et al. (1951), studying the éffects of potassium sulphate on tempe-

- rature, concluded that at témperatures excgeding 4100C nitrogen loss may

AJ
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occur. To avoid the possible lasses, the WO{kers suggestéd adjusting the

[ 3)

amount of potassium sulphate added. to obtain a temperature of 37600.
) Extensive work was done by Bradstreet (1954) on the effect of the salt /
_ acid ratio on nitrogen recovery. Using the term "acid index", de;ined as ther
. - mililiters of acid divided by the grams of potassium sulphate, he concluded that
the limiting value of the acid index at the end of digestion should be 0.88. This
value was establ\;shed by considering the amount of acic.i fost by boiling plus
+ that lost by reaction with different sample materials. Bradstreet suggested that
the acid index may be useful to determine the minimum volume of an acid
- necessary to oxidize the ﬁmple and, as a consequer]cé, prevent nitrogen
losses that may occur due to a too high temperatures. .

Other workers also suggésted that the best means/m controlling the
temperature ot digestion is by yarying the amount of potassium sulphate in the
. Q ‘w\cilgestion mixture. McKenzie and Wallace (1954) regarded aratio of 1g pota-
> ssmm sulphate to 1rgksulphuric acid as optimal and a resulting temperature of
) 360°C as satnsfacto&y for an open tube"micro-Kjeldahl digestion. ‘ _

Salts other than potassium sulphate have been used to increase t_he boi -
ling temperature of the digest. Pernn (1953) completely replaced potassium’
sdlphatg with potassium phosphate and obtained a marked iﬂncrease in the
digestion rate. H‘e also noted glassware etching durnng this procedure and -
occasional low results pdssibly due to an excessive increasa in the digestion
temperature. McKenzie and Wallace S1954) reported that sodium sulphate
causes sohdiflcation,gf the digestion mixture and does not raise the digestion

\ temperaturé as effectivelry as a similar weight of potassium sulphate. Potassium _
sulphate hag none of the disadvantages listed above and is the usual 5alt

-

added to control the digestion temperature. L. .
& , N
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Time of digestion

N

The digestion time needed for complete conversion of organic nitrogen
& .

" to ammonia is inversely prop‘ortional to the temperature of the digest. McKenzie

and Wallace (1954) found that samples of try'ptop.han, cleard after 5 min of

vigorous_ boiling and conversion to ammoﬁia was complete after 20 min. On the .
macro scale, Lake (1951) fdund that a 1 h'our digestion ofihe_miAxture gave

satisfactory conversion of organic nitrogen to aminonia."S,teymark (1961)

recommended longer periods of digestion. }:Iis procedure required 4 hours of .

boiling; however the digestion mixture provideé‘a bolling temperature of only . — .
3400C A short digestion time is generally recommended. Loss of sulpﬁuric

acid due to prolonged boiling changes the ratio of salt to acid and increases

the temperature in an unpredictable manner (McKenzie, 1954) as folidifibation

of the digest may occur (Bradstreet, 1954). N

3
LS

Oxidizing agents ‘
Oxidizing agents-are used to speed up the digestion? The mostcommon- ~
ly used agents have been hydrogen peroxidg, potassium permangah\a\te and ’
perchloric acid, with hydrogen peroxide being the oxidant of cheice. Kirk (1950) -
and Koch and McMeckin (1924) recommendéd using hydrogen peroxide but
did not report the loss of nitrogen during the diéestion. Howevgr, Miller and‘

Miller (1927) pointed out the impoﬁanqe oqf the addition of hydrogen peroxide

-
]

only after the'sample has been partially digested. McKenzie and~Wallace

(1954) noted that the practice of cooling the digest t;e_foré the addition of the
oxidizing agent may prevent nitrogen loss. The); also noted that whénja high . e /
sajt/ agid ratio of 1:1 wgsvused, the digegtieﬁ’r;r;;:ess cﬂi!d’not ﬁbeneflt fromothe

addiy of hydrogen peroxide. ) , T .
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Reducing agents’ , . -
bertaiﬁ compounds such as nitrates, azo-compounds and nitroso-,
compo‘hrﬁ's are‘not, successfully analyZed by standard Kjeldahi methods _
.wittwout a preliminary-redu'ction. Fridrich et al. (1933) used hydriodic acid and ’
red phosphorous as.reducing agents. JThe acid and iodtn'e formed were distilled

off'and the normal Kjeldahl digestion was carried out However, the collabo -
rative studies showed that the results were erratic. Dickinson (195'8) proposed
a macro-method and Steyermark (1958) a m\cro‘-methdd using zinc énd formic
os acetic acid, followed by iron and hydroc,hlonc acid to reduce the N- ‘O and N-N
hnkages D < \
The carbon reduction method, in which the sample is heated, with carbon,

. is alsc; recommended. Bradstreet (1957) studied extensively this methdd of '
reduction and recommended the us‘eoof sucrese as\a reducing agent. Another
rgduémg agent which has been used with SOMe success was salicylic at:id
(Steyermark, 1958). o

+ Other digestion procedures

Most dlgestlons are carried outin an open tubes or K;eldahl flasks. How-

- \) aver, closed tube digestions have also been reported. Levi and Gimignani

(1929) presented a closg-tube macro-method in which temperature was only -
raised ?o 3300C and the digestion time was as long as in the open flask proce -
dure. Grunbaum (1955) observed tDat maintggming the temperature at approxi -
mately 400-4400C-achieves a quan\u\tyatlve conversior of nitrogen to ammonium
sulphate without a catalyst. White and ‘Lang (1953)- developed a micro method

for the determination of heterocyclic nitrogen in sealed glassG tubes at 4700C

_+ with concentrated sulphuric acid and a mercuric ogide catalyst. This method

‘ : o

L]
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offered good accuracy and precision because there was no nitrogen loss due to
- « v

the thesmal decomposition of the ammonium sulphate.
Block and microwave oven digestion.

Recently a new method has been developed uémg heated aluminum
blocks for sample digestion. Nelson and Sommers (1972) introduced with

good results digestion blocks as a mean of digesting samples. Shulmén et al.
L

'(1973) used a commercially available block for the Bigestion of nitrogen in soil
samples ana shortened the digestnoﬁ time to 2.5 hours. Hambleton and Noel
(1975) evaluated the Technicon BD-20 block digestor in the determination of
crude p%ote:n in animal feed. When compared, th results ebtained with théBD-
' 20, proved io be as accurate as '(hose~ obtained by the official final action kjel -
dahl- method. - ‘

Isaac and Johnson (1976) confirmed block digestors as éne of the best
analytical tools for Kjeldah! di'gestio’hs. They found% block digester technique
compatible with the adtomated continous flow methodology of an Autoanalyzer.
Wall and Gehrke (19?7) developed a semi-autorgated method for the
determinatior) of nitrogen using the Technlon‘ b1£digestor for sample
digestions followed by an autome;ted spectrophotometric énalysns o;the‘
ammonia in the digesj(s. After comparying this method to the official AOAC
manual method (1976), ;hey concluded that the Technicon block digestion
method showed an acéuracy and precision equal or superior to that of*the
offncnal AOAC method. . .

The newest development in the digestion methodology is the utilization
of a microwave oven for sample digestion. Abu-Samra et al. (175) overcame
some of the dlffncultm‘i§ of the established digestion procedure by using a

commercually avaalable microwave oven for sample dlgestlon In this method

o
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acid mixtures are heated 'mternally by the oscullating electromagnetic field,
which results in a very- rapid, safe and efficient d!gest;on. The Abu-Samra et el.
met‘hod was further modified by Barret and Davido&rskl {1978) to eliminate .
problems associated with thﬁé bunld-u;') of acid tumes in the oven cavuty, their
removal and subsequenttreatment The workers used Pyrex chromatography
glass for the even cavity which was cdupled to a SImple’trap and a KOH bubbler
system for removal of the corrosive fumes. The workers a/[s,\c) noted that since
sufficiently high temperatures were generated in such a clesed system, the
need for potassium sulphate was ehmlnated Nadkarnu (1984) investigated the *
use of microwave oven for the acxd dlssolutaon of biological and geological

matena]soHe concluded that thls techmque offers-good reproducublhty and -

significantly decreases analysis time.

i
i

R
Estimation of ammonia
To estimate the ammoma p'resent ina sample, the digest containing
ammomum sulphate is steam dlStl“ed unto a standardized acid after the addition
of alkali, It mercury has been used as'a catalyst the mercury-ammonium
complex formed has to-be precnpntated smce it mterferes. vyath the, complete '
recovery of ammonia (Hiller et al.,“1948). McKenzie and Wallace (1954)

suggested that both zinc dust and thiosulphate can be used effactuve_ly to

precipitate mercury. They noted that thiosulphate tends to produce acid fumes

B Y
duning drstillation, but this problem can be avoided by mixing thé alkah and the
: N !

* thiosulphate before addition to the digesth sufficient amount of alkall added to

.

the digest is essential to permit the ammonia to be easily and quantitatively
distilled (Ogg, 1965). The same worker demonstrated, howe‘ver, that too large

an excess of alkali may lead to low recovery of ammonia when the digest

.solution contains precipitated mercuric sulfide.
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Different methods of steam dusullatnon can be carried out as required on
sample quantities ranging from macroscale Steymark, 1961) to the ultra
microscale (Tourtellotte et aI.,1958). In the/ original Kjeldahl procedure (Kjel-
dahl, 1887) ammonia was distilled. into standardized sulphuric aC|d' After ,
- ’d/lstlllanon ~the excess of standarg acid was determmed iodometncally."Other
workers, (Hiller et al , 1948) and a Joint Commltte of the AOAC and AOCS _
(1955) used standard acid to absorb the ammonia carried over during
distillation and re"ported excellent accura'cy using this method
A more common practice lsto use boric acid for the absorptlon of

1]
ammoma which has the advantage that only one standard solution is neces-

sary Boric acid was used .by‘nu\merous workers (Ma and Zuazaga, 1942; ,

. McKepzie and Wallacg, 1954) but more for micro rather than macro analysis. A
statisfical study based on*the collaborative test_(:ioint Committe of AOCS and
AOQAC, 1955) showed that theré was a significant difference between the results
obtained with boric acid and those with standard hydrochloric or sulphuric acid,
the latter giving higher valles Wingo et al. (1950) studied the problem of
incomplete ammon;)a recovery with the boric acid method and suggested that
this could arise from the heating of the boric acid solution b)} hot distillate, since
no losses occurred if the femperature of the receiver remained below 50°§.
étetten Jr. (1951) ngted an ingrease in the pH of a boric acid solution as it was

being diluted. He suggesed the adjustment of distillate.to.the same volume \

betore each titration to assure reliable results. ‘

) S
. Methyl red is the most common acid-base indicator used for Kjeldahl

° titration. However, the mixed indicators are prefered by many workers Ma anq
Zauzaga (1942) recommended using methyl red-bromocresol green indicator
'fhey pointed out that the colour change accurs over a much narrower pH

range than with a single indicator; thus leading to a sharper, more reproducible

-

\
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end point. Sheer (1955) described a two step indicator such as a mixture of -
bromocresol green, coccine and p-nitrophendi, which progressively changes
from green to blue in boric acid; s°lgriallmg the approach of the grey end pdint
An alternate method in wl1lc':h potassium hydrogen lodate serves as an

ammon%la absorbent has been proposed by Ballentine and Gregg (1.947) and
Niederl et al. (1938). Using an lodometnc titration with its sharp end pomllhﬁey
obtained a standard deviation of better than 0.01 for samples containing about

°/o nitrogen. However, iodometric methods have been found unsatisfactory by
some workers (McKenzie and Wallace 1954) and in practice, thelr use is o

limited to samples containing.a few miligrams ol nitrogen.

Colorimetric methods .

As colorimetric procedures are generally more sensitive lhan titrimegic
methods they are often employed for analyses of samples containing below}
Q.Smg of nitrogen. ¥
The most common colonmetric method is the Nessler ;'):rocedure (Follin .

and Denis, 1916). It relies on the measurement of a yellow-brown color formed

. when the Nessler reageht (a mixture of potassium iodide and mercuric iodf&E)

l
is added to a solution containing ammonia. Thompson and Morrison (1951)

have done an in-depth stt]dy on the Nassler procedure and found that

numerous factors sucll as amount of salt, pH of the solution, temper\atu‘re and
time of colouf development, greatly affecled the reaction These workers noticed
that, if the se‘lutlon was alkaline during the cplor development, farbidity might
result; whereas, if the solution was too acidic, the color'development might be

insuficient and the reactants might precipitate. They recommended 200C as an
7 -

.

optimal temperature, and. 20 to 30 miMkﬁ as an optimal time for colour.

developmgnt.

<
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Polley (1954), working with biological materials-modified the Nessler
. reagent to improve its stability. He also noticed that, where mercury had been
used as the catalyst, erratic results were obtained unless the mercur)}-

ammonium complex was first decomposed with zinc dust.

= Fleck and Munrg (1965) obtained reproducible calibration curves with R
ammonium sulphate but, when the procedure §~a§'abplied to protein analysis,

v the results were erra.tic. They reported :(hat the Nessler procedure, when applied |
“ . to the digest, was found td‘be unreliable By many workers due to thg numerous

factors affecting the results. Applying this procedure direétly to the distillate
eli‘mmated many sources of ‘error'but also aéded another step to the method
and required speciél apparatus. :

' . A colonmetric method based on the indophenol reaction was developed
by Thomas (1912) and latter adapted for,the quantitative estir!nation of nitrogen
by Russell (1944). The ammonia produced during the djggstion is reacted at

S, pH 10.8 with sodium phenoxjde and then with sodium hypochlonte. The
\ I reaction produces a blue éoloqred indophenol compound which-is measured
colarimetrically at 630 nm . .
' Lubochinky and Zalta (1954) reported that sodium nitroprusside
accelerated the :ate of colour development and mcréased the sensitivity of the

?
reaction. Bolleter et al. (1961) reported obtaining reproducible results with the
N ~ : 3

3

indophenol methop when the ammonia was buffered with boric acid. He noted
that ;Qe method was rapid since only 3 minutes, of heating at 1003C was
neéded for colour development. He d[so noted that copper,:zinc', iron salts and
bromide ions were the only interférences.

: Mann (1963) developed a reliable ultra-micro method for the determi-

. nation of 110 15 pg of nitrdge% in this method, sample digestion is followed by
A




‘ B - ~ 2 -g

A ~

' zink precipitation of mercury oxide catalyst &nd cateful neutralization of the
dfges"(. The ar;lm'onia iIs then directly estimated as indophenol.

Anéther, more recent colorimetnc method is based on a reaction of
protein digest or distillate with ninhydrnin (eagent to form Ruhemann's purple
which has absorbance maximum at 570 nm Jacobs (1962) reporied that when

ninhydrin is applied directly to the digest, a citrate buffer dilution 1s recoms

hé\nded td ensure a linear relattonship between the level of ammonia present

)

and the colour developed. The method was found to be sensitive and amounts

of nitrogen as low as 1 to 4 pg could be determined
<]

-

o
Ammonia electrode method

Recently, the use of an ammonia gas-sensing electrode (amnsonig
brobe) for ammonia determination was reported. Orion research Inc (J979)
has developed an ammonia electrode that permits determination of ammonia in
aqueous solutions pver a concentration range 106 t0 100 M The slectrodse
contains a hydrophobic gas permeable membrane through which all free
ammonia can diffuse into an internal electrolyte until the partial bressures on
both sides of the membrane are constant. In the equilibrium condition, there is a
direct Nernstian relationship between the concentration of ammoniain the
sample and the potential of the glass electrode which senses the pH change%l
the internal electrdlyte. To assure that all the ammonium ions in solution will be
ce}nverted into free amm5n|a the pH of the sample has to be adjustedto 11
before the analysis. - '

Several workers used the gds-sensing electrod_g asa replacemeht for
the.distillation and titration steps to estimate the ammonia content of Kjeldah!
\digests. Todd (1973), analyzing the digests of a vafi@ty of meat products, found

-close agreemé_nt between the results obtained by the ammonia-sensitive

%
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eleétrode method and the distillation-titration technique. He noticed the
departure ?rom linear behaviour at low concentrations of ar{nmonia due'to

) con’1plex fgr‘mationuwith copper ions. This problem was cc;rrected by Todd by
addition of disodium EDTA'to the digest. - _

Buckee (1974) has described a procedure for estimating the ammonia
content in KJeldahl digest solutions for barley, malt and beer The semi-micro
digestion was followed by an autom;uc estimation of ammonia content by an
electrode in a continous flow system at a rate of 60 samples per hour. The
above system was found fast and efficient and the results agreed closely with
the results obtained by\\the distillation-titration method.

Bremner and Tabatabai (1972) used an ammonia &lectrode for determi -
nation of ammonia in soils. They confirmed the close agreement Between the
electrode and the distillation-titration method and recomiended that the’
measurement of ammonia in a digest should be performggd immediately after ‘
the addition &f alkali because of the loss of the ammonium ion as ammonia gas
upon prolong standing. They also examined the effects of temperature and ‘
depth of immersion of an electrode on the results and concluded that it was
imperative to keep the temperature constant, but the depth of immersion of a
electrode did not affect the results.. l

Lopez and Rechnitz (1982) studied the interference of volatile amines on
the ammonia electrode response. They evaluated the potentlometnc respons;
to a series of amines and other nitrogen containing compounds with a wide
range of volatilities and basicities and came up with a series of coefficients

which could predict the extent of amine interference.

[
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Chapter lll .

PROPERTIES OF AMMONIUM IN AQUEOUS SOLUTION
3.1 Chemical Properties

Ammonia is a pungent, coloriess gas extremely soluble in water. Solu -
tions of ammonia are best described as (NHgz)aq with the equilibrium written
as: ’ : ]

" (NHg)aq + H2O = NHg* + OH

gnhdaving the equilibrium constant K =1.81x1075..The solution of ammonia

and ammonium ion in water can also be treated as a case of salt of a weak

* base and a strong acid. Their equilibrium in water is as follows: .

£

NH4+ + HpO = NHz + H* .-
The apparent dissogiation constant is: ’ ™
K'a = [NHg][H+] / [NH4+], , '

which in the negative form is-
- log K'a = - log [H*] - log [NHg] / [NH4*],

+

which the "p" form is: ‘

PKa' = BH - log [NH3] / [NH4*]
which rearanges to: ‘
| pH = pK', + log [NHg] / [NH,*]

This -last equation, called the Henderson-Hasselbach equation, -

describes the relationship between the pH, the pK', and the log of ammonia to

o
ammonium ion ratio for a given pH (Williams, 1967). Since the pK', for ammo -

nium 1on 1s 9.4, the final form of the Henderson-Hasselbach equationis: . . .
pH = 9.4 +log [NH3] / [NH4*]: )

From the ébove equation, the ratios of concentration of ammonia to ammonium
Co g N

ion for variotis pHs can be calculated (Table 1). .

k3
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,Table 1. pH versus log [NH3] / [NH4*] for'(NH4)2SO4 solution.

. L )

- pH logINH3] / NHA]
¢ 3 398x 107 °
4 ] 3.98 x1076
. 5 - < 3.98 x1070 "
8 B 3.98 x 10-2
9.4 1
' 10 ‘ 3.98 ‘
< ¢ °
The results in Table 1 demonstrate that the concentration of ammonia in
- solution is minimal below pH 8 and increases dramatically above this valug as
the equilibrium of ammgqnia-ammonium ion is shifted.
The dissociation constant for ammonia- ammonium ion system is also
\ . ' ’
. ‘dependent on the temperature of the solution (Bates and Pinching,1950). There
is a linear decrease in the pK', value with an increase in temperature, which
éonséquently affects the pH of the ammonia-ammonium ion solution. (Table2). ~
* 4
> T,
( a i
- é
. % .
@
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’ active having theoretical frequency values of 335.()cm'1 (2.98 um) and 1400
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Table 2. Dissociation constants versus temperature for (NH4)2504 solution@

¢ .
)
\ - .

Temperature - pK'y
0 ’ 10.081 '
5 9.903
10 ' 9,730
15 , 9.564
20 . S 9.401 . )
25 ) : 9.246 ’
. 30 . 9.093 -
~ 35 . 8.947 .
40 ~ - . 8.805
° 45 ) 8.671
foe 50 8.540
aFrom Bates and Pinching (1950). : - -

’

- .

3.1 Infrared properties . -
The unperturbed NH4+ ion would be expected to have tetrahedral >

symmetry Tq resulting in four furidamental vibrations, two of which are infrared

&

em-1(7.14 re;pe'ctively (Nakamotp, 1978). However, in the majority of
crystalline am?::onium salts and in'their squNtions, the ammonium ion frequen -
cies are removed from these’values'because of the format}on of H{ldrogen
bonds,‘and the influence of the electric field surrounding the |on'(Thompson,
1966). 'l:able 3 shows certai;\ site s etri—es to which the ammonium ion may -
be subjected and the corresponding symmetry grons. As the site symmetry of

the ammonium 1s Iower;ad, degeneracies are lost and the number of fundg- |

mental vibrational frequencies to be observed increases.

I




a . frequency by hydrogen bonding, and a second band near 2850 cm-! arising
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Table 3. Fundamental vibrational fréquencies and symmetry Qroups for

Smmonium iona-

£ , -

a

mode em-1/um Td Csy Cgv* Cs*
2 3250/3.08 . A4(R) A{(R)(IR) A7 . A’
v2 1700/5.88 ER)™ E(R)(IR) A1+B4 A'A"
v3 3350/2.98 Fo(R)(IR)  E+AW(R)(IR) A{+B1+A1 A'+A"+A'
vé4 . 1400/7.14 Fo(R)(IR)  E+A{(R)(IR) Aq+Bq1+A; A+A"+A'
aFrom Thompson (1966).
' ) . [
R = Raman active. ’ , : 7\

IR = infrared active. .
* All classes are, infrared and Raman active.

a( N - .
Two adalti,onal_bvands occur in the“case of a hydrogen bonded ammo-

nium ion. Wagdington (1958) described one near 3040°cm1 arising from the

interaction of v + v4 in Fermi resonance with v3 which has been lowered in
from 2v4 $trengthened by Fermi resonance with v3. The confirmation for this

assigment car;xe from the observation (Russell, 1'965) that only one NHyt+

stretching band appeared in the infrared spectrurh of crystaline ammonium
§ é
perchlorate and of anhydrous ammonium substituted montmorillonite and

saponite clays.

¢

The ihfrared properties of vasbus ammonium salts in crystalline state: in

'saturated and dilute solutions were studied by T.hompson (1966) and are

/

presented in Table 4. .
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Table 4. Frequencies observed for crystalline ammonium salts and solutions@.

v
Vibrational Crystalline Saturated”  Dilute
Compound mode solid . soln, soln.
‘ cm/um . eml/ium cm-1/um
1 ,
. : - :
NH4CIO4 v3 . 3290/3.03 - 3200/3.12 3200/3,12- .
; v3/(v2 +v4) -/- 3050/3.27 3050/3.12' °
2v4 2850/3.50 -/ -l
vd » 1415/7.06 1450/6.89 1450/6.89
NHzF v3 . 3100/3.22 - 3180/3.14 3200/3.12
v3/(v2 + va) .- /- -
2v4 3024/3.30 3070/3.25 -/-
) v4 1484/6.73{\\%465/6.82 1455/6.87
NH4Cl! - v3 3138/3.18 180/3.14 ) 3200/3.12
. #v3/(v2 +v4)  3044/3.28 3050/3.27 -  3050/3'27
2v4, 2870/3.48 © 2850/3.50 -/~
~ vd 1403/7.12 1440/6.94 1450/6.89
NHyBr v3 - . 3137/3.18 3180/3.14 3200/3.12
— V3/(v2 + v4) 3Q31/3.30 3050/3.27 3050/3.27
T 2v4 2833/3.53 2850/3.50 -/-
V4 1401/7.13 1440/6.94 14_59/6.89
NHg4l v3 3130/3.19 :3180/3.14 3195/3.12
v3iv2 +vd) . /- _ 3050/3.27 - 3090/3.23
ova e - e /-
v4 1385/7.22 1430/6.99 1440%.91
NHsNQ3 . v3 . 3230/3.09, 3200812  3200/3.12
v3/(v2 +v4). 3190/3.09 3070/3.25 3050/3.27
. 2v4’ .+ 2860/3.49 s/ -/ -
v4 1430/7.04 1435/6.96, 1450/6.89
aFrom Thompson (1966).
— - -
( -
s S
»
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' The absorption band wavelengths obtained by Thomps n, indicate that

o 4

the spectra of crystalline solids ¢annot be directly “compa}ég because of their ~

different 1on symmetry. in saturated aqueoys solutions, the sets of ammonium

AR between the values far dilute solutions and crystalljné solids. In dilute solutidns
'. h “however, where only hydrogen bonging exists and there are no perturbing

effects on anion, the ffequency of the ammonium ion reaches a constant set of
values. S

These constant absorptlon wavelengths for the ammonium non demon -
strate that, LTﬁthe formation of hydrogeh bonds, the number of fundamental
|bratlonal frequencnes Increase resultmg in two new bands at 3040 (3.28 um)
nd 2850.(3.35 um) cm™!. The data also indicates that the resolution of spectra
ec;reasga's as one moves. from a crystalline solid to a dilute solution. As a result,
the bands are broadened as they merge into ’each‘ other. The above phenome -
non was confirmed by Russell (1965) who néticed that, wheganﬁfdrous ammo -
+ nium complexes Were equilibrated to 40% relative humidity, ‘few absorption
\bands at 3270 (3% 3035 (3.29 um) and ?855 (3.50 um) cm-1 appeared. ]

important to note the pH of the solution being recorded. Ip(u the case of ammo-

nium ion solutlons,only one absorption band at 1455cm” -1 (6 87 um) due to

- N*- Hbending appears at pH4. At pH 9.2 an addmonal band ammoma
appears at 1115 cm-1,{9.05 um) due to the increased ammoma’concentratnon
) A 3

o at a higher pH (Goulden and Manning, 1967).

. ion frequencies differ sigﬁificgntly from one another and their values lie mid-way"

Since the structure of many inorganic ions is. dependent upon pH, itis
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\ ° Chapter IV

PRINCIPLES of INFRARED QUANTITATION ’
'S .
4 1 Theoretical Considerations .

Thmys}s % to determioe the concentrationofa .

omponent of interest. Since the height of an absorption band is propomo’wal to

the concentration of.the functsonal group causing the band, the amount of a

component present in a sample can be determined by comparing the height of
the band produced with its heigth in the spectrum of a known concentration of
this component.
\ Beer's law-describes the relationship between the absoroanoe andthe ~
concentration of a component. It is defined by the fo_llowmg‘,’equation:

A=elc )
where A is the absorbancs, e is the absorptl\jnty, lis the path length and ¢ js the

&

concentration of the component. Beer's law holds true only for low congentrd*

N

. tions and assumés monochromatlc & parallel light wnthout scattermg induced

by partlcle size (Perry, 1956) . - p

A spectrophotometer measures the energy absorbed by a sample by
comparying the incident radiation ot the source () to that which passes

through the sample. To overcome the variability mvolv.ed*in obtaining absolute

“values for each wavelength, the relative intensity (1/ lo) which is defined as

S

or l?\ = Iqg(1/T) =log(ip /1)-

transmlttance T, is measured. The absorbance of a substance IS d:rectly

propomonaMOva negative Ioganthy/%f the transmittance as follows" .
A =-logT =-log(l/lg) N

[
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_ This relationship holds true for a single wavelength instrument. Whereas,
in a dual wavelength instrument, the comb is( driven by the signal difference at
the detecto,r: and the transmission 1s defined as follows: “‘ | -
T=/lg=(ls-I)/{los - lor) o y

where s and r represent the sample and reference wavelength respectively.

<

) _There‘as are several significant factors which affect quantftative IR analysis.
They were extensively studied by Perry and the magni:(ude of thé resulting“
errors was evaluated (Perry, 1956, 1970). These factors include sht width,
determination of 0 and 100% transmission, tracking error and éell ihequali'tx

To maximize the energy transmitted, the slit should be operatéd at its
widest possible setting (Perry, 19586, 1970p). This introduces a problem of
decreased résolution and reduction in peak intensity However, in quantitative *
analysis, reproducibility 1s more important than absolute absorba:nce and Perry
recommended increasing the slit width and controling the resultant noise level
by gain adjustement

Another factor to be considered is the determination 0 and 1"00% trans -
mission.» Uncertainities in determining the absolute values of these two para -
meters:can possibly lead to inaccuracy in absorption measurments. It has there -
fore been generally accepted (Robihson, 1951) that, to minimize any ﬁossibje
error the transmission readings should be confined to the 20 - 80% range.

The concept of tracking error refers to the ability of a servo system to
respond to the instructions from the detgctor. Since the servo system has a
delayed response, the transmissbn recorded I1s only aproximate. Tracking error .

can be minimized by proper settings of instrument controls and slow scanning

speeds (Perry, 1956).

Another taotor which could significantly affect quantitative IR énalysis iS

the ineqﬁiﬁwghe cells utilized in the instrument. The cells can be well

b +
- LY
3

-
- v Ly
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matched since a cell's thickness can be determined with great accuracy frém its
fringe pattern. However, the{@ always ‘is a possibility of error being introduced If
the cell wihdows are not ideally flat or parallel

Also band resulting from inexact solvent compensation in IR aqueous
analysis may interfere with the rgsults. The problem becomes more serious in
concentrated solutions and in the regions of strong solvent absorption These
sources qf error should be addressed to produge accurate results and will be
discussed in detail in subsequent chapters.

# . .
4.2 Aqueous IR analysis

Aqueous solution IR spectroscopy is particularly suitable for substances

‘ that are insoluble in organic solvgpts and give solid spectra'whuch are difficult to
interpret. These substances i{'lc|ude maost inorganic and ionic compounds,

. biological systems in which water is a natural medium, and most food systems
Aqueous solution spectra show single apsorptlon bands which can be assigned
to.the ionic species present apd are not complicated by bands due to ionic inter-
actions %s in the solid state éectra. Since the bands are well defined, they are
also suitable for quantitative work.

Water shows c\]/ery strong absorption bands throughout the enfire medium
infrared region. The most prominent bands are in the regiop‘s 1700-1600 cm™!
and 3500 -3000 cm! due to O-H streching vibrations. Because of such strong .
water absorptlo‘n in these reéions only about 10% energy s &vailable for

an:exlysis (Rao, 1963). Consequently the bands due #the solute are usually
obscured unless botﬁa solvenf compensation and suitable instrumentation are
employed. : _ '

Solvent ccr(nbe\nsation is usually achieved by Elacing a cell containing

water in the reference beam of a double-beam spectrophotometer having equal
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cell pathways For quantitative analysis, effects due to non=-absorbing ions must

be considered.  Accurate solvent compensation can be achieved by placing an
alkal halide solution, instead of pureﬁ water, in the reference cell (Thompson,
1966). This also solves the problem of an apparent increase in solution trans -
parency that anses in concentrated solutions when strongly absorbing water
molecules are displaced from the beam A

When a double beam spectrophotometer is used and solvent compensa{-
tion is employed, a small fraction of energy reaches tiwe Betector.‘To restore the
instrument response, the slit width should be increased by a factor of T-1/2
where T is the-transmussion of the cell containing water (Manning, 1971). With
high resolving power grati.ng instruments, it is not possible to open the slit wide
enough without the imagé becoming larger than the detector surface. Therefore,
to obtain satisfactory spectra, a reduced scan speed and an increased gain
have to be employed also (Perry, 1956). Opening thg\slit to compensate for
energy lost due to water absorbance results In a Iowe:?esolu'gion. This could
cause a large deviation from the Beer's lawrif the band being measured is very
narrow. In practice, however, it was foupd that absorption band\snare broad in

aqueous solutions and Beer's law can be used for quantitation (Gqulden,

. 1959). .

Temperature also affects the absorption bands. Therefore, it is important
that the cells of an instrument are well thermostated and that the solutions being
pumped are at the same temperature as temperature of the instrument cells
(Manning, 1971).

The optimal path length to be used with aqueous solutions is 50 um or

less (Manning, 1972). With such cells, the best results are obtained with com -

' pounds having solubilities greater than 1% in water (Goulden, 1959). A humber

of optical cell window materials are available for cells used in aqueous IR ana-
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lysis. Although glass and silica are much less expensivesthan other-materials,
their use is limited to the short wavelength regions as the cut-c;ff vyavelengths for
glass and silica are 2.5 and 3.7 um respectively (Manning, 1572). Barium fluo -
ride is shghtly soluble in acid but can transmit up to 12.5 um. However, calcium
fluoride is probably the most useful material. It is hardly soluble in water,nert to *
acids and alkalies and has good transmittance characteristics up to 9.6 um.
Intran-2 has also been bxtensively used but its opacity prevents the detection of
small air bubbles that may be trapp€d within the cell. Other materials such as
silver chloride, thallium bromo-;odnde. polyethylene and sul;?hur crystals have

also found an application as window materials for IR cells (Manning, 1972).

(
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Chapter V
INSTRUMENTATION
{ _ ‘ -

\;5'.1 The Spectroprocessor IV. .

Most of the research was done on the Spectroprogessor IV spectropho-
tohjeter. It is an instrument specially designed for our résearch purpose by
Mr Jack Shields of, Shields Instruments Ltd., England. The 'mstrument offers
featurés necessary for the IR work in aqueous solutions such as high energy
source, removal of water vapours, temperatur;sﬁtyé’tﬂaility and flow-through cells.
lts design is based on the use of Grubb-Parsons Spectromaster chassis
(Figure 5) which was rebuilt optically and electronicaly. -

The following are the best features of the ms.trument which make it
suitable for the low energy situations arising in tHe IR work in aqueous
solutions: .

4 J
1. Nernst filament is a high energy source producing the mid-IR radiation. It is

~ mainly composed of powdered oxides of zirconium, thorium and Serium and

can be used up to 20000K.

2. Speciany-a'esigned gratings are capable to choose the desired wavelength

with high accuracy. The first havm% 984 lines/cm covers 5 - 25 um range in the
first order. The second having 2,953 lines/cm covers the 2,- 5 um range In the

first order and 0.5 - 2 um range In the second order. The double monochromator '
system consisting of Czerny-Turner grating, prism and Littrow mirror gfficiently
reduces stray light.

3. A highly responsive servo motor minimizes dead épace at the null balance

point. A high performance low noise solid state amplifier senses minute chan -

ges in signal.
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Figure 1. Basic schematjc of the Grube Parsons Spectromaster, the base unit

for the Spe,ctroprocessor V. (from Martin, A E., 1966)
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Optical, system of $pectromaster. 1 Position of Nernst, 3
Nernst housmg (airacooled), 4 Servo, 5 To electromies umt, 6 Tuses,
7 To barretter-box, 8 Comb cam, 9 Null-balance comb, 10 Reference
cell position, 11 Phasmg-adjustmgnt, 12 Reciprocating mirror system,
13 Gratings, 14 Cover for wavelength speed-change gears, 15 Vanable
programme sclector, 16 IKarth termunal, 17 Mainsinput, 18 Thermostat,

19 Elhpsoid, 20 Dry air inlet, 21 'l‘lnm%ocouple, 22 To thermocouple

transformer, 23 ILaght-shields, 24 Wawelength range selection drum,
25 Instrument on/off, 26 Sht programme manual/automatic, 27 Slit
indication, 28 KDr prism, 29 Scanning spebd selector, 30 Littrow
mirror, 31 Wavelength indication, 32 Gas cell holder, 33 Sample cell
posttion, 34 Trimmer comb (100 per cent), 35 Trimmer comb control
knob, 36 lectronics onjoff, 37 Comb clamping screws, 38 Servo switch,
39-42 Spherical mirrors, 43-48 Plane mirrors, 49, 50 Collimating mir-
rors, 51, 52 Focussing narrors, 53-55 Plane mirrors, 56-58 Slits, 59
Wavelength pause button.

R
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~4. The digitally controlled stepping mgtor drive the grating on a 1:1 basis with

38
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the graﬁng drum, i.e., 1,000 steps per grating micrometer revolution. The slits
are driven or.1 a 2:3 basis with.the slit drum, i.e., 600 steps per sit micrometer
revolution. ‘

5. Short path length strontium and calcium fluond? cells are used having
transmission cut-offs at 10 and 9.6 um respectivel?. A ﬂow-throm‘Jgh device
allows for pumping in the solutions into the cells without interfering air b‘ubbles.
6. Losses of energwdue to moisture are minimized by hermetically sealing the
instrument. Its two ports are connected to the containers of dried molecular .

sieve through which air is being pumped  The Internal temperature of 370C 1s

- maintained by solid state heaters.

Instrument logic and data processing

The Speetroprocessor IV is controlled by a Zilog MC-280 microprocessor
and operated from a CRT terminal (Figure 6). The ‘microprocessor has 64K
mer?ry, its one drive contains optiénal control programs and calibration files
and the second drive i1s used for data storage The programs control the step -
ping r;motors driving the slit and gratings and contain the command language
RIO used to write new operational programs. The spectra can be plott;d ona
flat bed digital plotter (Wanatabe Digi-Plot, Northern Ltd, Natwick, England)
capable of drawing the wavenumbe('or wavelength axis, plot the spectrum as

§

the écan is in progress or from stored data.

Operation of the instrument.
One of the most important features of the Spectroprocesso? IV is its ability
to generate calibration programs Since water absorﬁtion vares through the IR _

region, obtaining a constant energy level through the entire spectrum is a major

q




Figure 2a.

Fiqure 2b.

The Spectroprocessor IV apparatus.
(A) Steppi;wg motor co'ntrol;

(B) Solid state amplifidr; X
(C) Digital voltometer:
(D) Spectrophotometer;
(E) CRT display unit; * ; )
(F) Strip chart recorder replaced by x, y plotter;
(G) Disk drives;

(H) Zilog microprocessor;

() Pump for desiccating instrument;

<(J) Hard copy terminal for data output (not shown).

st

CRT display unit. . \

39
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prdSlgm. A calibrati.on prograr:; délivefs a constant energylevel by automaticaly
opening and closing the slit as the g’rJating moves from one position to another
. (Appendix A). A calibration file is bénera.ted by scanning the solventin a single
beam mode and storing the slit settings on a disk for a desired energy l@vel.
This program can be run simultaneously with a standardzed scanningi\program o
to give a constant energy scan 6f a sample in aqueous media. .

The instrument also has capabilities to sample wavelengths, slit and

7

- N
other data during the run. It can also be programmyed to suif the individual

W : .

needs of the operator
The-computer has to be oriented in the instrument's F‘t‘atus to be able to
execute the operational programs. This procedure called ir\mitialization was
followed for all the progréms used to run the instrument. A typical program to
set-up the instrument for a single beam scan is presented in Appendix B.
Several operations re&wred to set-up the; instrument were carried out
(Mills,1983): ﬂ ‘
1. Cells were assembled and scanned to determine‘ theis transmission
characteristics. Cells were matched using the interference fringe method
(Sutherland and Willis,1945) for the path length determination.
2. Beam balance was checked to ensure a drift of less than 1% over-a 30
minute scan and r;oise level was set to a practical level by adjusting the gain.
3. Sampﬁ’ng and setting times-were established to adjust scanning speed to
(eéponse time. — “\/,\«_\
4. To prevent Iosglgf energy due.to moisture, the instrument was hermetically
éealed and its two ports were connect&d to the containers of dried.molecular
sieve. The internal temperature o-f’ 370C was maintained by solid state heaters.
5. The cel! holder was plumbed with 0.1 cm i.d. stainless steel tubing to allow

solutions to be pumped into cells without interfering bubbles.

o




\ the average value was used to calculate absorption value. - ~

.

Onthe daily basis, the following procedures involving the Spectro- .
& ‘ » &K ,
processor IV were generally followed: .

1. Samples were Srepared in deionized distilled water, which was ihorooghLy

degassed to prevent bubble Brmation |n the instrument cells. 5

4

\ 2. Temperature of the samples was rised to 379C which correspondeio the

inner temperature of the instrument. ' -

4
—

¢« 3. Am;nonium sulphate solutions‘;/vere placed in the sanmpléuceli with the

equivalent (% wt / vol.) sodium chloride solut{ons placed in the areference cell to

eliminate the wa}er d|splacement effect on the spectra (Thompson 1966).

4. Before each ammonnum sulphate scam, the instrument transmission level was )
et at 80% (Roblnson 1951) by placing dlstllled water in bath sample and refe -

rence cell. 7

-5. Tbree consecutive transmission readings were takeh for each sample and

o

6. Distilled water was pumped thraugh the sample cell prior to the- next sample
bemg run. b ‘ ‘

7. Sample and reference cell were cleaned on the regular basis with a tleaning
solutlon made of 1 ml Tnton X 100/ 1L and followed by distilled water rinse.

Summarnziny, Spectroprocessor IV is a state of art research mstrument

)

« = extremely versatile and useful in tife analysis of aqueous solutions.
to . 4 > _

}
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5.2 The Multispec M. -

s

” - [

Multispec M (Figure 7) is a commercial infrareaq analyzerﬂdesigned by

t

Shields Instruments Ltd, York, England, specifically for rapid quantitative milk
analysis (Biggs,1979). It differs from the conventional double beam, dual'cell
instrument by relying on a single cell, dual wa\)elen‘gth optical system. The
original instrument was equipped with a fat (C=O group) filter pair at 5.73 and
5.58 um, protein (CO-NH group) filter pair at 6~46 and-6.68 um, lactose (C-OH
group) filter pair at 9.61 and 7.68 um and total sohds ( C-H group) filter pair at
3.48 and 3.56 um, where the refererke wavelenght serves as a background
level of absorption. For this study_the total solids #iter pair was replaced the filter

“

pair capable of measuring the ammonia ion (6.86 and 5.56 um).

L
The basic optical schematic for the Multispec M ise.p/rgsented i.n Figure 8.
The céll of the inktrument is alternately irradiated with samgle and geference
beam by a chopper The transmitted energy is focussed on the detector which
generates a small signal due to the lack of balancé hetween samﬁle a’nd

] LY
reference beam. Thie action of null balance system is emplovad in which the

" servo motor drives an attenuating comb into the reference beam Gntil the

beams are balanced. Since an exponential relationship holds between ' | i
component concentration and comb dlsplacement (Transmlssmn) the
component's quantitation is based on the log of the transmission of the sample
wavelength to a reference wavelength. To obtain a linear readout (Absorbance)

of ebmponent concentration, the logarithm of the si§nal,is obtained electro-

)

nicaly.
In order to provide stable temperéture for sample analysis, the interior Qf‘
the instrument is maintained ay 370C, and the c?r is enclosed in a heating
f

block maintained at 400C. Since water vapour affect instrument stability, the

e
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Figure :é Basic schematic of the Multispec M exterior and its component parts.

¢, (fromthe Instruction Manual for the Multispec M, Berwind Instrument
Group, Birmingam MI)
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Figure 4. Basic optical schematic for the Multispec M.

from the Instruction Manual for the Multispec M, Berwind Instrument

Group, Birmingham MI). ’ ~
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instrument is hermetically sealed and'the water vapour controlled by using a

high surface area molecular sieve.

Instrument calibration

.The instrument is calibrated to é—nsure the linearity of absorbance relative
to concentration.for a componént of interest. The linearity for ammoana channel
can be verified by analyzing a-slerlal dilution of standard solutions containing
ammonium sulphate.

The next step in the instrument calibration I1s the adjustments of the slope
and optical zero controls to obtain the best correlation between the instrument
readout and chemical data. The slope control sets the primary slope while the
zero controls used to remove any intercept which can result from a small optical
ugbalance of the beams. The slope is adjusted to 1:1 ratio between instrument
sfénal and chemical values and the optical zerohis set with water in the cell. This
procedure is used regularly to maintain the instrument lineanty and a constant
1:1 ratio between instrument signafs and chemical values

Multispec M provides us with both ‘corrected' and "uncprwe:ed‘ signals.
A single pure component in solution gives always 'correct’ signal, but the main
component signal in a mixture may deviate from Beer's law due to minor
absorption by other components and the effects of water displacement. These
interferences may be corrected by using secondary slope controls as descibed
by Mills (1983). N -

Multispec M can be directly interfaced with Hewlett Packard 85 desk top
computer capable of processing data and rapid calibration of the instrument

- . . I :
providing the chemical values for sample calibration are available.
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The basic procedures for Multispec M operation are presented below (Mills,
1983)

1. The zero setting on each channel was set using 42.5°C deaerated water.
2.The samples were preheated in waterbath at 42 50C fof 5 minutes.

3. The sealed containers were inverted three times (not shaken as this
incorporates air) and presented to the instrument. .

4. The instrument was run in the manual mbde and each sample passed
through three times, the signal recorded and averaged.

5. The instrument was purged using disfilled water prior to the next set of
samples being run. ﬂ

6. After operating the instrument, a cleaning solution made of 1 ml Triton X-100
was run followed by distilled water. I the zero setting was not regained, the

recorded values .were adjusted in accordance.
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Chapter VI
MATERIALS and METHODS

6.1 Chemicals

The reagents used in this research were as follows: ammonium sulphate
crystals (Fisher certified ACS), sodium chloride crystals (Fisher certified ACS),
sodium hydroxide pellets (Fisher certified ACS), sulphuric acid_ 95-98% (Fisher
reacient ACS), hydrochloric acid 36.5-38% (Fisher reagent ACS), potassium
sulphate powder (Fisher cenrtified ACS), cupric sulphate crystals (Fisher certified
ACS) and selenium metal powder (Sargent-Welch reagent grade). All the solu -

tions were prepared in distilled, deionized water

6.2 Work on the Spectoprocessor IV

Measurment of cell path length.
' Cells were matched using the interference fnnge method (Sutherland
and Willis, 1945) for path length determination. The method uses the interfe -
rénce fringes caused by the change in réfractive index of the windows and air
space between the windows of a sealed cell.

The sample cell was \cleaned with water and ethanol and dried with air.
The reference cell was removed\and the spedtrum was recorded mﬂthe 1-5um
region versus air. The operat{o:\Zas repeated for the reference cell and the
path length for ‘both cells was calculated using the following formula

b=n/2(Lylp /Lo-Lq)

where b is-the thickness of the cell (um), L1Lo are the respective wavelengths

chosen for fringe count and n is the number of friages.

47
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Development of constant energy calibration program.

L

A slit program was developed which would maintain constant energy
over the sample scan in the 1-10 um region. Single beam scans of water were
er gt 50% energy level in the—-1-5 and 5-10 um region. Thé program thus
generated was stored in the calibration file to be run simultaneously with a
standardized scanning program to give a constant energy scan of a sample in

aqudous rdedia.

Optimization of slit width and gain.

To enhance the instrument response and to assure the most accurate
quantitation of ammonium ion, the optimal instrument conditions were deter -
mined in regard to slit width and gain setting. A series of ammonium sulphate
solutions (1-5% wt / vol ) was prepared in distilled water and pumped into the
tnstrument. The trqnsmissign readings were taken at both ammonium sulphate
absorption bands at the slit width settings between 0 68 to 1.35 mm with gain at
80% full scale. The experiment was repeated at gain settings between 70 to
100% full scale and at the maximum slit width of 1.35 mm. Both absorption
bands were evaluated for their linearity and relative response to concentration
at different slit width and gain settings. Various settle / sample time ettiﬁgs
were also evaluated for the optimal reproducibility of the résults by calculating
the mean and the standard error of estimate for five consecutive absorption

readings taken at different settle / sample settings.

Identification of the analytical wavelengths.
f
The first stage of this study involved establishing the spectral characte -
ristics of ammonium sulphate in water. A 5% ammonium sulphate solution was

prepared in distilled water and scanned in 1-5 and 5-10 um range at the scan
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~ speed of 5 um/ min and at the maximum gain. The bands obtained for ammo -
nium and sulphate ion were identified and comparéd with the liferature values.
~ Choice of the analytical wavelength

A series of ammonium sulphate solutions (0.0-0.5% wt / vol.) was pre -
f)ared in distilled ‘water to choose the most suitable band for the’quantitative
studies of ammonium ion. The solutions were scanned in the 1-5 and 5-10 um
range and the ammonium ion bands were evaluated for their linearity and
relative response to concentration at 1:35 mni slit width ani 80% full gain. The
baseline method was used for quantitation. The linearity of the plots of absorp -
tion versus concentration for ammonium 1on was evetated by linear regression
and the relative response to concentration was aésessed by considering the

> slope of the regression line between concentrations.

Choice of {fie quantitation method.

. Tw;) methods of quantitation of ammonium band were considered. The
base|ine_method relies @n the standard absorbance (A = - log1/T) at the maxi -
mum absorbance w\gveléngth while the dual wa\;qlength method involves
ratioing the transmission at the selected reference wavelength to that of the
sample wavelength (A = log T / Tg). Both methods were assessed by scanning
a seri:as of ammonium sulphate solutions (1-5% wt / vol.) and evaluating the

linearity of the absorbance versus concentration plot as well as the reproduci -

bility of the results.

Effects of pH on absorption.
The effect of pH on the absorption bands of ammonium ion was exa - ,

mined. Serial weights of ammonium sulphate (1-5% wt / vol.) were dissolved in

6.9
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distilled water and their pH adjusted using 1N hydrochloric acid and 1N sodium

hydroxide producing solutions in the pH range between 3 5 and 8.8. A 5%‘
ammonium sulphate solution of pH 9.5 was also prepared and scanned to

demonstrate the appearance of an absorbance band due to aqueous ammonia.

The solutions were scanned in the 5-10 um range at the slit width of 1.35 mm

and 80% full gain. Thé dual wavelength method was used for quantitation. The -
absorptivity of ammonium band at each pH level was determm;ad as a slope of
the plot of concentration versus absorbance using the linear regression method.
The absorptivity values obtained were plotted against the er valJes of ammo -
nium sulphate solutions .
Study of ammonium sulphate in dilute acids.

After studying the ammonium sulph;te solutions in distilled water the
next step was to examine its spectral characteristics in dilute acids. A carefully
weighed-amount (0.00-0.12g) of ammonium éulphate wa;s placed in 30 mL
Kjeldahlﬁ)e and dissolved in 3 mL of concentrated sulphuric acid. The pH of
the solutions were adjusted to the 3-5 r;nge by addition of SN sodium hydro -
xide containing metacresol purple indicator prepared according to the Hand -
book of Chemistry and Physics (1978-79). During the addition of base the
solutions were stirred and cooled In a specially designed Erlenmeyer flask to

avoid excessive rise in temperature. Then the solutions were made to 25 mL

volume with distilled water and scanned in 5-10 um range at 5 um / min with slit

width set at 1.35 mm and gain at maximum. A blan5 solution prepared in an

S
identical way was placed in the reference cell. The absorbance values
obtained by the dual wavelength method were plotted against the ammonium
» £

ion concentration (% wt/ vol.) and the linearity of the plot was evaluated by~

. . . ;
linear regression. Furthermore the maximum absorbance wavelength and the

L3

~
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~ absorptivity of the ammonium ion band exhibited in the dilute acid spectrum

was compared to the valuas gbtained from the ammonium sulphate spectrum in
- A

. a

\ Study of ammonium sulphate in simulated digest.

distilled water

&

A Kjeldahi digestion is usually carried out using concentrated ;ulphuric
acid with substantial levels of( potassium sulphate added to increase the boiling
point of a digest. A study was carried out to assess the spectral behaviour of
amrr;onium ionin a simulatéd digest solution. A carefully weighed amount (1 25
g) of ammonium sulphate was placed in 30 mL Kjeldahl tube together with 2 5'g
of catalyst mixture (KoS0O4:Se:CuSOy4'= 100 6:1) and 5 mL of concentrated
sulphuric acid (Buckee, 1974). The solution was boiled for 1 hour and the pH 6f
the digest adjusted to the 3-5 range with 5N sodium hydroxide following the
procedure developed for ammonium sulphate solutions in dilute acid. Then the
volume was adjusted to 25 mbLwjth distilled water and the solution was scanﬁed

in 5-10 um range at 5 um/ min witt\slit width set at 1 35 mm and gain at maxi -

mum. A blank digest solution prepared in identical way was placed in the refe -
rence cell. The maximum absorbance wavelength and the absorptivity of the
ammonium ion band exhibited in the digést spectrum was compared to the”
/values obtained from the ammonium sulphate spectra in distilled water‘and

dilute acid. _ ~ 0

C | - <
6.3 Work on the Multispec M.
Based on the results obtained with the Spectroprocessor IV, a filter pair
was installed in the Multispec M instrument and the unit was assessed for its

quantitative ability.
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Study of ammonium sulphate in distilled water.

To determine the optimal slope potentiometer setting (signal multiplica -

tion) a serial dilutions of ammonium sulphate (0-1.0% wt / vol.) were preparg

the plots based on the ammonium sulphate concentration (% wi / vol.) versus
instrument pannel reading (Multispec M signal) was evaluated by linear

regression.

Study of ammonium sulphate in acid solutions
The ability of the Multispec M to quantitate the ammonium ion in the

partially neutralized acid solutions was assessed. A series 'Of ammonium

s'lflphate éolutions (0-0.5 % wt / vol.) was prepared following the}xocedure
developed for the analysis of acid solutions by the Spectroprocessor V. The
second series of ammonium sulphate solutions (0-0.5% wt / vol.) was prepared
in an identical way without the cooling procedure during the neutralization step.
The linearity of the plots based on the ammonium sulphate concentration
"versus the instrument's reading ( Multispec M signal) was evaluated by linear

regression.

L}
e

éomparisiog of the Mdltispec M metho@d to the Kjeldah! procedure.

The ability of the Multispec M to quantitate the ammonium ion was
compared fo a modified titration procedure used in the micro-Kjgldahl method
(AOAC,1984). A carefully weighed amount (between 0.0-0.6 g) of ammonium
sulphate was; introduced into a micro-Kjeldahl distillation aparatus, made basic
and the ammonig, was steam distilled into a 100 mL volumetric flask containing
50 mL of standardized 0.1N HCI. After distillation the solution was brought to

volume and either back titrated into standard HCI or pumped through the filter

’ 4
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-~ instrument calibrated in terms of. % (wt / vol.) ammonium sulphate. The titration
~ and infrared {fesijlts were compared (Youden, 1975) using the mean, méan ]
difference (MD) and standard deviation of difterences (SDD). |
r
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. Chapter Vii -
L . RESULTS and DISCUSSION
- ' \

The first part of this research was done on the IR research spectrophotometer,

o

the Spectroprocessor IV. The methodolggy devgloped on this instrument was

2

then transferred into the cammercial filter IR spectrophotometer, the Multispec
M. | 8 -

The cells of Spectroprocessor IV were closely matched using the inter -

9

ference fringe method ( Figure 5). As a result, strontium fluoride cells (39.22
and 38.85 um for sample and reference cell respectively) and calciuns,fluoride
celis (60.99 and'60.89 um for sample and reference cell respectively) were
used in this work. T\he above path lengths were chosen because they repre -
sented the best cc’)mpromise between loss of energy due to water absorption
and gain in sensitivity to ammonium sulphate concentration.

Since water absorbs strongly in the 1-10 um region (Figure é), a slit

‘program was developed which would maintain constant energy over the

_ sample scan in the 1-10 um region. The calibration scan for water with its

e%ergy level and the slit profile is presented in Figure 7. The program gene-
rated by running single beam scans of wafer-in a 1:5 and 5-10 pm range

(Appendix A), was stored with a standardized scénnmg program (Appendix B)

“to give a constant energy scan of a sample in aqueous solutig‘rjs.
- -

. R ,
Ammonium ion infrared spectra in crystallme? salts forats and in aqgueous ’

*solutions were studied by the Thompson method (Thompson, 1966) with 0.7 um

cells. In adymon‘ Miller and Wilkins (1952) compiled infrared spectra and chara -
cteristic frequencies of crystalline ammonium ion. The unpértqrbed NHg4* ion is

expected to have tetrahedral symmetry leading to four fundamental, vibrations,
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Figure 5. Interference fringe pattern for the calcium fluoride sample cell,

ol — .
recorded in the 1-5 um range versus air. -~
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Figure 6. A singlé beam scan of water over the 1-10 um region.

Line A is the 1-5 um region and Line B the 5-10 um region.
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Figure 7. Calibration scan for water. Line A is the slit profile and Line B the

energy level.
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two o_f which are infrared active (v3 and v4) having theoretical frequency values
of 3350£m'1 (2.98 um? and 1400 cm-! (7.17 um) respectively Inﬁaquous solu-
tion, however, the degeneracies are lost as hydregen bonding to water occurs
aqd two new (medium and strong) bands appear at 3040 (3 28 um) and 2850
(3.35 um) cm-1 I, 1965). ‘

The ammonium sulphate spect?a obtained from the Spectroprocessor IV
with 40 pm strontium flu.oride cells (Figure 8) were simple, showing none of the
details characteristic of crystalline spectra or even that of solutions scanned
using the 0.7 um cell (Thompson, 1965). The ammonium sulphate spectrum
features three peaks, the first at 3.49 um, the second at 6 89 um and the third at
9.1 um. The 3 49 um band 1s a composite peak due to hydrogen bonding inter-
fering with N+- H stregh, and any contributions expected to be seen from v3 s
lost due to poor energy conditions The diffuse peak shifted away from the

theoretical 3250 cm -1 originates from the interaction of v2 + v4 in Fermi reso -

Y . V

nance with v3 (3040 cm"1) and 2v4 strengthened by Fermi resonance with v3

4Waddington, 1958). The second/ peak at 6.89 pm corresponds to N+- H

bending (v4) and matches well with the values for ammonium ion frequencies
presented by Thompson (1966). The third peak corresponds to the sulphate ion
and is In reasonable agreement with the literature values for other sulphate
salts (9.05 um) (Miller and Wilkins, 1952). As a confirmation, ammonium chlo -
ride was scanned%a? pH5.5 and the spectrum exhibited two bands associated
with the ammonium ion. When ammonium chloride was scanned at pH 9.5, a
third peak appeared having a maximum at 8 95 um (1117 cm1) corresponding
t6 aqueous ammonia (Manning, 1972). ‘
Before quantitation of ammonium ion in solution was undertaken, the
Spectroprocessor IV slit width and gain seitmgs were optimized. The standard

principles of Perry (1956,1970), which advocates the use of the maximum slit .
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Figure 8. A scan of aqueous amgonium sulphate (pH 5.5) over the range

1-10 um , where A is N+ = H strech of ammonium ion (3.49 um), B is

N+ - H bend of ammonium ion (6.89 um) and C is the sulphate ion
(9.10 pm).
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width and gain setting necessary to provide sufficient en;argy with an accepta-
ble noise level, were confirmed in this study. When}he'linearity of ammonium
sulphate solution standard curves was evaluated, it was noted that the highest
correlation coefficient (0 9997) was obtained for the widest slit width (1.350
mm) and it decreased gradually with the narrowing of the slit width. It was also
found that the absorption coefficnént (slope) decreased as the slit width
increased (Table 5) These results were in agreement with the studi:as of Potts >~
(1963) whc; observed that t_he)absorption coefficient decreases only less than
the first power of the spectral width, while the signal to noise ratio improves as
the square of the slit width. Based on our results and the studies of Perry (1956)
and Potts (1963), the slit width was set at 1.350 mm for the further studies.
Table 5. Sht width versus correlation coefficient and slope for ammonium

sulphate solutions at 6.89 um wavelength.

' v
Slit width (mm) Correlation coefficient Slope
©1.350 0.9997 0.0962
1.125 0.9947 0.1006 %
0.900 0.9907 0.1024
0.675 0.9904 0.1077

The optimal gain setting was found to be 80% full scale when the
linearity of the ammonium sulphate solution standard curves wés evaluated. It
was noted that the correlation coefficient decreased from 0.9983 to 0.9931 as
the gain increased from 80% 10"100% full scale due to the higher noise level
(Table 6). Whereas, in the case of slit width, the optimal gain setting for

ammonium ion quantitation resulted in a lower absorption coefficient (slope)




(.}

L .

for the ammonium band, 0.1002 for 80% lYfrsus 0.1157 for 100% of full gain.

\ Table 6. Gain versus correlation coefficient and slope for ammonium sulphate

solutions at 6.89 um wavelength

LY

Gain (%) Correlation coefficient Slope

100 0.9931 0.1187
90 ) 0.9950 0.1137

80 0.9983 0.1002

Furthermore, the effect of the settle / sample time on the stability of
instrument response was examined (Table 7). As a result, the maximum settle/
sample time of 1000/100 msec was chosen for further studies to provide the

highest consistency of transmission readings. o

Table 7. Settle / sample time versus standard error of estimate for ammonium

sulphate solutions at 6.89 um wavelength.

Settle / sample time Standard error of estimate (%)2 ’ S
. . 0:1% 0.5%
10/100 0.017 0.023
50/500 0.006 0.008
100/1000 0.004 0.005
an=5 ,
o
e
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A study was carried out to chc;ose the optimal analytical wavelength for
ammonium ion quantitation. A series of ammonium sulphate solutions (0.0-
0.5% wt / vol.) in distilled water were scanned and both analytical waveiengths
were assessed for their linearity and relative response to concentration usi’ng
the baseline method. Figure 9 presents the scans of a serial dilution of ammo-
nium sulphate in distilled water (5 - 10 um) range and Figure 10 presents the
standard curves for the 3.49 and 6.89 pm wavelengths. Both curves were
Iinéar. having a correlation coefficient of 0.9982 and 0 9991 for 3.49 and 6.89
um respectively but their response differed, with the band at 6.89 um being
about 2.0 times as sensitive as that at 3.49-um. The 6.89 um band was chosen
for further work because of its superior.response to-the ammonium ion concen -
tration and thebfact that the 3.49 pm peak appeared to be a more complex,
composite band.

A study was also carried out to compare the dual wavelength method to
the baseline method for the quantitation of ammonium i1on. Both methods gave
accurate and consistent results (Table 8) but the dual wavelength method was
chosen for further work because it is the same principle utilized by the commer -
cial infrared filter instrument. Perry (1956) also recommended a two wavelength
method for quantitative work since it eliminatéd such variables as light scatte -
ring, cell window fogging and differences in preparation of sample and refe-

rence solutions.
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Figure 9. Scans of }a seriat dilution of ammonjum sulphate in distilled water
(5-10 unﬁ).
|

/ ' o

63




. ' -
‘ ’
s ¢ v IS
*
Ol 6 _ S
s ] 00D
~
. -
'
\/’TI _ mo.o
T
’ . ) ,
- . -.,010
il - /e
. . . g
. 2 o.
L4 -
- c
’ ﬂ_
» 2. po ]
N - O
N . ) .9
. . F . - G0
‘ . ' > - ) -
‘ T . . - [
, - =68 ‘ 4020
- - ‘ N
‘s . ) *
- v, , u '
L
] N 1= f - .
. . TAY
! ’
— * v ) 3
. . . . . N\ e . ..
¥s LR TPy I

. -
ERRY ST - S e R LR S P




64

/\

\

Figure 10.. Plot of ammonium sulphate (% wt / vol) versus absorbance at 3.49

and 6.89 um using the Spectroprocessor IV. a
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Table 8. Compansion of baseline and dual wavelength method for quantitation

of ammonium ion at 6.89 um.

Method Correlation Coefficient
Mean@ S.p.a
Baseline 0.9956 0.0054

Dual wavelength 0.9961 0.0023

a Based on 3 readings.

]

~

A reference wavelength has to fulfill the requirements of being near the
sample wavelength and providing consistent readings independent— from the
sample absorbance. A variety of reference wavelengths were evaluated in the

%icimty of the ammonium peak (6 89 um). The 5.56 um was selected since it

p?ovided the most consistent results and also coincidged with the 5 56 um filter

* _available in the Multispec M instrument As a reéult, further quéntitative work
was done by the dual wavelength method utilizing 6.89 pm as the sample
wavelength and 5.56 um as the reference wavélength. Figure 1—1 presents a
typical standard curve of ammonium sulphate (% wt / vol versus Abs.) where
absorbance values were obtained by the dual wavelength method. The plot is
linear having a correlation coefficient of 0.9931 and a standard error of estimate:
of 0.0150%.

Since the pH of thgsolution influences aqueous IR spectra (Goulden
and Manning, 1967), the exact effect of this phenomenon on the quantitation of
ammonium ion was evaluated. A series of ammonium sulphate solutions of
increasing pH (3.5-8.8) were prepared. The slope of the plot of concentration

(% wt / vol) versus absorbance was determined by linear regression and plotted
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Figure 11. Plot of ammonium sllphate (% wt/ vol.) versus abSorbance ratio

(6.89 um / 5.56 um) using the Spectroprocessor IV.
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against the pH of the solution Figure 12 presents a plot demonstrating the effect
of pH on the slope of the standard curves. It can be seen that pH has a very

minor effect over the range 3.5{8.0 but beyond the pH 8 the slope drops signifi -
cantly. This observation is consistent with the shift in the equilibnum from NH4*

| —
to NH3(aq ) in the ammonium ion solution. As the pH of the solution is brought .-

closer to the pK'g of ammonia [pKg = 9 4), the concentration of soluble ammo -

nia increases rapidly with the nmulténeous decrease in ammonium ion concen -
tration (Williams and Wilhamé 1967). The effect of the pH was found linear over
pH range of 3 5-8.0 and was pssessed to be 0.0016% ammonium sulphate per
pH unit. The errors in the congentration of ammonium sulphate expressed as a
standard deviation over the pH range of 3-7 were calculated to be less than
0.1% of the mean and considered negligible These results were in agreement
with Goulden and Manning (1967) who chose the optimal pH to be about 2 pH
units removed from the pK'g value for their study of molar extinction coefficients
of inorganic 1ons in aqueous solutions. It was therefore concluded that, to

assure the accuracy of ammonium jon quantitation,the studies should be /

/

“carned below pH 8. Solutions below pH 3 should be also avoided since they /

may.damage the céll windows of the instrument.

After examming/’the spectral behaviour of ammonium sulphate in water ¢
and ‘the influence pH has'on its quantitation, the next step was to study the
spectral behaviour of ammonium sulphate in dilute acid. Close attention was
paid to the temperature of solution during the neutralization process, since the
pK'g of the ammonium ion-ammonia solution is temperature dependent (Bates
and Pinching, 1950). Based on the results obtained by Bates and Pinchfng
(1950) it was calculated (Henderson-Hasselbach equation) that the pH of

ammonium ion-ammonia solution increases linearly by approximately one unit

- for every 250C rise intemperature. As aresult,the pH value 3 at 259C is
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et .
Figure 12. Elot of the slopes of standard curves (% ammonjum sulphate versus

o absorbance ratio) versus pH.
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equivalent to the pH value 3.86 at 500C. In this study, a specially designed
Erlenmeyer flask was used to cool the acid solution during the neutralization
process. The temperature of the-solution never exceeded 40°C which asaured
that no substantial losses of ammonium 10n occured due to the pH shift The pH
of the neutralized solution was kept within the desired pH srange of 3-5 with the
aid of metacresol purple indicator added to the base The metacresol purple
indicator exhibits a red colour over the pH range 1 2-2 8, a yellow over the pH
range 2 9-7.4 and a purple over the pH range 7.4-9.0 Therefore the reddish-
yellow colour of the neutralized solution indicated that its pH was within the
recommended range of 3-5 where loss of the ammgnium i1on due to its conver -
sion to soluble ammonia gas is minimal

The spectrum of ammonium sulphate in dilute sulphuric acid was taken
Wiﬂ’/\ the reference cell containing the blank acid solution This eliminated any
possible errors due to the absorbance of other ions present and compensated
for any water displacement effect. The spectrum of the ammonium ion in dilute
acid was evaluated and as Figure 13 demonstrates it compares well to the
spectrum of ammonium sulphate in distilled water having its maximum absor -
bance at a wavelength of 6.89 um and showing similar absorptivity of the
ammonium ion band, 0.1109 versus 0 0978 for dilute acid %nd water respec -
tively. The standard curve obtained by plotting the concentration (% wt / vol.) of
ammonium sulphaté in dilute acid versus the absorbance was reasonably
linear and it compared well to the ammonium sulphate curve in water having a
correlation coefficient of 0.9981 versus 0.9991 for the acid solution and water
respectively (Figure 14). The intercept of the curves differed since the instru -
ment was standardized against distilled water. The results obtained indicated.
that, using the double-beam spectrophotometer, ammonium sulphate ion can

be quantitated as accurately in dilute.acid as in distilled water if the solutions




Figure 13. Scan of ammonium sulphate in acid solution over the range of

5-10 um’using the Spectroprocessor IV.
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Figure 14. Plot of ammonium sulphate (% wt / vol.) in distilled water and acid

versus absorbance ratio (6.89 um / 5.56 um) using the

Spectroprocessor IV.
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- added to suiphuric acrd to mcrease ttre boulmg pomt of the dlgest # study was a
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requ‘trf to prevent the solldlflcatlon of the final digest were consadered The -

are carefully prepared to avoid ammonium ion lossgs due to excessive tempe-

- o L

rature and higher than recommended pH.

’v;%sl(jekiaht digestign requures substantra| levels of potassnum sulphate Vet ey

hAS .'v

carried out to find hew the presence of potassuum sulphate.in digest solution

affects the ammomum sulphate spectrum Bradstreet (1954) stated that the - .'_
cntlcal point beyond which nrtrogen is Iost corresponds to an acid |ndex value of . -
0. 54 In thts study, greatcare wa§taken in the preparatnon of the dlgest tor

provide the optrmal ratio of sulphuric’acid to potassium sutphate (acrd index).

Factors such as composition of the sample acid lost on bomng and @Xxcess a;:rd

catalyst chosen was the mixture of potassmm sulphate, copper sulphate and
selenium, Mercury was not considered because it forms ammonium complexes .
which have fo Be precipitated with sodium thiosulphate before thetR.deterrﬁi; o '

nation (Baker 1954). Selenium m'aﬁposs'ibly cau e\‘ lo@ies of nitrogen if used in

_ high amounts (HrIIer 1948) and the effectlveness of copper as a catalyst is

lower than both mg&:ury and selemu!m (Baker 1939). Consrderlng the above
factors, a;mlxtu,re of potasium sulphate, selenlum and copper sulphate was ¥
chosen as the |deal catalyst Hydrogen peroxide is used as an energettc oxn

dlzing agent in many. dlgSStIOﬂS However in this study- hydrogen peroeqje had

to be ellmmated since it caused bubbles in the rnstrurhent cell and consequen -

tly interfered with the transmassmn readmgs The procedure used for the neutra -

. ' t{
metacresol purple indicator assured the reguired pH range of 3-5 oi the .

fir igest. Coolmg of the drgest dunng the neutralization process eliminated_

»

o .
© .




Figure 15 presents a spectrum of the neutrallzed ammonnum sulphate

C, digest obtme Spectroprocessor IV. A major shift in'the absorptlon

maxima of the bands can te noticed dug 1o ionic interactions and tHe

absorp{ign coefficient of gmm‘onlum\ion band is "also substantially decreased. -

—  The maximum absorbance wavelength for ammonium lon shiftc?d from 6.89 pm T
in vl/ater tib 7.04 umin the digest sbJution resulting inlncbrrect qua}ntitaﬁon at L '
6.89 um wavelength. This erroneous reading would also be obtained for the re - .
ference wavelength since the dlgest solution displayed a peak in the 5 5 um
region. Furthermore, the sulphate peak is subst@ntlally shifted to a lower C
wavelength, 9 10 um for dlStl"ed water versus 7.91 um for dlgest solution, and ’

. * 6 could mtem quantltatlon of ammpniuri ion. Based on these rgsults it

- was concluded that working directly with the digest wouid be extremely dlfflcult

. ' “partly due to spectral shifts and decreasing response, but more mﬁ)ortantly dé

+ .
»

to displacement effects on the water spectrum background. Displacement .. .

' .effacts can be compensated for in the dual - beam spectrophotometer but ére '

difficult to eliminate in & single cell, dual wa'VeIepgth instrument. ) .
Bésed on the data collected with the Speétroprocessor V;twointerfe - %

.rence filters supplied by Shlelds Instruments, England were installed in the

-~ Multispe® Min lieu ofthe FatB fllter~pa|r Thefilters transmlsswn characteristics | -
were balanced w_lth wire gauze as’mdlcvated by their water background absor - '
- bances. The transmission characterisllcs of the filters are illustraled relative to— ~
, ’ ammbniurr; sulphate in Figute 16. The sample filter has a cénter wavelength of
‘ | 6.86 um with a peak transmission of 74.3%, a half band width of 1170m, anda © -
* " noise lovel of <0.15%T. “The reference filter hag a center wavelength of 5.56 um,
: peak transmission of 51 .2%, a half band width of 86.8 nm, and a noise level of .

0.3%T. o - _ .o




5-10 pm using the Spectroprocessar IV.
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Figure 16. Transmission characteristics of sample and reference fiters installed
‘ in the Multispec'M relative to a scan of ammonium sulphate solution. .
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After’ zeromg the mstrument with watd¥, the study was carrled outto 4)
‘ establish the optxmal slope potentlometer (srgnal multlphcatlon) setting. Serial
dilutions of ammohium sulphate were run on the instrunfent at various slope
potentiométer settings and it was determined that with ammenium sulpha&e the
g ‘ instrument could be run at a potentnometer settmg of 9. 0, about twice that used

normally wnthout genera,tnng excessive noise.

-

Figure17 oresents a standard curve.based on percent ammonium sul -

phate in distilled water as a function of the instrument pahel reading using a

-

slope of 9.0. The plot displays a slight deviation from linearity in the range of
0-1.0% solute producing a linearity coefficient of 0.9984 and a standard’errorof .

estimate-(SEE)-of 0.0195 The linearity improves as one limits the range t0-0.6%

S~

" solute producing a linearity coefficient 0f0.9998 with a standard error of»

l . estimate reduced by a factor of fo@r o ervalue of 0.0044 which.indicates that,
' \

- ammonium sulphate can be quant ofd\wnth‘a reasonable precision up to 0.6%
: W/ d . T

o *
B

solute concentratlon _ )
A study was done to evaluate the capabmty of Multispec M to quantitate -
A\ ‘ the ammonium ion in the pamally neutrahzed acid soluhons As Fsgure18
demongtrates, 'the correlation coefficient for tne cooled" actd solution standard

. curve (0.9919), fs,,much lower than the corretation coefficient obtained for the |
. — :

standard curve of ’a,mmo‘nium sulphate.in distilled water (0.9998). These results

indicaté that, at this moment, the ammonium ion can not oe accurately quanti -

tated in the partially neutralized dcid solution beeause olfthe displacement

effect caused by the iong present in the solution. As the studies on the Spectnro -
N processor IV demonstrated, the displace\ment“effect‘ could be c‘or'npensated for

o in the dual - wavelength instrument, Eui‘are difficult toieliminate in the single cell

instrument stich as Muiltispec M. The results obtained for the "not cooled " acid

solutions were veﬂry errati¢ (Figure 19) due to the fact that the temperature”
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Figure 18." Plot of ammonium sulphate (% wt/ vol.) in distilled water and
a "cooled" acid solution on the Multispec M Using the 6'86 and

© 5.56 um filters. L '
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Figure 19. Plot of ammonium sulphate:in a "not cooled" acid solutio,ri'on the -

Multispec M using the 6.86 and 5.56 1im filfers.
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during thé neutrﬁlizatidn process reached gpproximately 86°C, 40°C»higher
than the recommended 'tem_peratuﬁ'These results confirmed the studies done
on the Spectroprocessor IV, which indicated that threre is a substantial loss of
ammonium ions at high tempe}a_tureé.' : ’

A study was done to compare the accuraty.of ammonium sulphate

determination by,ihe infrared spectrophotometric method and by the titrimetric

-method after distillation into standard acid. Two series of ‘\’Neights, 20 samples

to a series, covering the range from*0.0-0.6% ammonium sulphate were ana -

lyzed by hoth methods. Table 9 presents the means by method relative to the

~»

mean of the series weight. .

1

-

o

" Table 9. Mean, mean difference (MD),%nd standard deviation of the\g;‘tference

(8DD) between prepared sample-weight and result based on titration-and IR

analysis. " \ ; ' ;
Mean@ Standard " Meanof -
' (9) distillate (g) MD . "SDD-° )
- B N
0.2607 -0.2593 (T)b 0.0014 (T) - £0.0028(T) -
0.2577 .. 02578 (IR)C -0.0001(IR) ~  £0.0013(IR)
an=20 : «

"bResults for titration procedure.

CResults for infrared analysis. S
x

r

The results obtained by infrared method were closer to the mean weight
than the titration procedure results, and the standard deviation of differences

(SDD) indicated that the infrared method had less variance relative to the

weighted values of the individual samples in each series. These differences ] -

s

~




L4

i , . N ‘ 8 }'
were éigniﬁcant atthe P = 0.05% level, and it can be concluded that the infrared .
method is’somewhat more accurate than the titration procédure, which in itself

is‘a primary method (van de Voortk19'86). -
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Chapter Vil : - i ,
CONCLUSIONS” ' -

- .
s v

-~

> ltis evident from%ﬁis{gséé;rch that the ammonium ion can be success -
fully-measured in simple solutions such as Kjeldahl distillates using the com -
mercial infrared filter instrument, Multispec M. The sfudy of the behaviour of

] -ammom’um-ion in aqueous solutions, taking into consideration the influence of.

*t'he p'H‘and temE)erature on the infrared';sp!ezztra, led to thidevelopmentaof a »
method producing accurate’and reprogucible results™The sensitivity of this
method cé)uld be improved further by using wider cell pathlengths and by

"“' adjusting the sample filter passband to give a better response (Huffen,1985).
The limited study of thexammonium ion in more complex matrixes such as dilute
acids and dilute Kjeldahl digests elucidated a whole range of problems

. .involved in this type of analysis. lonic strength, displacement effects, dilution of
afnrponia solution, and wavelength -shifts are the major ones which have.to be

. addressed. The quantitation of ammonium sLJIphate in a dilute digest, by a
- double-beam spectrophotolmeter’,’_ would be feasible if the ionic content of the

digest was lowered. A new microwave oven digestion technique utilizing only
] Sulphuric acid under pressure could be considered as an alternative to the
"traditional Kjeldahl digestion procedure. Unfortunately, at this time, the quan-
~' . titation of ammonium sulphate in dilute di_gésts by a single cell commercial IR

analyzer is not possiple, due to displacement effects caused by the ions present .

- in solution.

L

Presently, rapid measurment of the ammonium ion in Kjeldahl distillates
may be possible if a lowgost, simple and dedicated instrument designed for this
purpose was available. If a suitable method was to be developéd, a rapid ,

C . commercial IR analyzer integrated with a sulphuric acid micfo%ave digestor,

» 4

I -
o



. . 83
could have the capability of analyzing sample digests directly and thereby
- «\taplauntheweil.establtshed Kjeldahl-methad for protein analys:s

The authot hopes that this research contributed to the field of quantita - -

[

tive IR spectroscopic analysis in aqueous media and will help other scientists
working on similar problems in the future.
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