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ABSTRACT

Cerium(IV) was substituted for dichromate as the

oxidant in the chemical oxygen demand test" To assess

the conditions for optimal oxidation, the effects of

total volume, substrate concentrationo acid type, and

catalyst \¡¿ere stuclied on the oxidat.ion of ten organic

compounds, Under the oxidat.ive condit j-ons studied,

cerium (IV) proved in the main to be a much less effective
oxidant than dichromate"
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I" INTRODUCT]ON

The rapid growth of production facirities to
parallel world demand, has in many caseso red to land,
airo and v¡ater pollution. As a result man is confronted
with states of ecological imbalance.

lriater pollution is the resur_t of <iischarging
large volumes of untreatect inorganic and organic waste
materials directly j-nto natural- boclies of water. Ir{an is
realizing thereforen ilrat if a continui-ng source of clean
water is to be available for his physiological, social,
and aesthetic ¡reeds, stricter contrors nust be imposed on

effluents released into the environment.

To assess tÌìe v,'ater quality of such effluents,
anarytical procedures have been devised to measure such
parameters as dissolved oxygen, alkalinityo hardness,
coror, turbidity, total dissolved solids, sulphate and
chroride ions, trace metals, coliform bacterian and.

biochemical ancl chemical oxygen clemand..

The biochemical and chemicar oxygen cremand

procedures viere cleveloped specif ica1ly f or use in
wast,ewater analysis, These tests yielcl important
parameters necessary for estimating the o)<ygen demand

that organic material v¡ourd exert on the totar oxygen
assets of a receiving stream. prevention of the release
of effluents known to have extremely high oxygen d.emands

avoids depret,ion of the oxygen assets of the receiving

1"



.>

stream and the consequent death of fish and green plant
life "

The biochemical oxygen demand or B"O"D" attempts

to simulate under controllecl laboratory conditions, the

manner in which organic material is oxidized in a

receiving strear,r, rn effecto it measures the weight of
dissolved oxygen utilized by microorganisms r âs

carbonaceous and nitrogenous materials are metabolizecl.

The chemical o)<ygen demand or CoO.Do provides a

of

to

measure of the oxygen equivalent of that portion
the orga.nic matter in a sample that is susceptible
oxidation by a strong chernical oxiciant(39) 

"

The c'o.D" test was developed to overcome two

inherent difficulties with the B.ooD test. The l-atter
test cannot be used with wastes containing toxic
materi-als nor can it provide information regarding a

waste in a short period of time. Thusn Moore, Kroner,
a¡rd Ruchhoft (31) developed the c.o"D" test utilizing
potassium dichro¡nate as the oxidant"

As dichromate fails to completely oxi-d.ize certain
aromatic and long chain aliphatic compounds, this study
was undertaken to assess the oxidi zíng povrer of ceric ion
on the oxidation of organic compouncls. ceric ion was

chosen as the oxidizing agentr âs it has a higher
potential than that of dichromate, especiarly when in
cc¡ntact with perchloric acid. To determi-ne the optimal
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conditions for oxj-dation, the effects of variations of
t'otal volurne, substrate concentration, acid type, and

catalyst h¡ere studied" Ten organic cornpounds \,ì/ere used

as substraLes for these studies.



IT" LITERATURE REVIEW

2.1 Biochemical Oxygen Demand

The b,iochemical oxygen demand is defined as "the
amount of oxygen that v¡ouLd be demandecl by organic

material in the course of complete biochemical

oxidation" (33) . The present B"O"D" test vras developed

from the initial v¡ork of Frankland (as quoted in reference

33), v¡ho believed that the oxidation of organic material

in a closed system vras a purely chemical reaction. Later

Dupre (as quotecl in reference 33) recognized that the

observed oxygen depletion of a stored sample of bottled
v¡ater v¡as due to the activitlz of microorganisms and that
vrithout this form of life little or no oxygen vras

consumed 
"

Adeney and lvicGowan(as quoted in ref . 33) utilized
the oxygen depletion values as measures of pollution,
Samples of effluent hrere examined for dissolved oxygen"

Duplicate samples were incubated. for five days at 65o F

and the residual- oxl¡gen then deternined.

Theriault and Flommon(as quoted in reference 33)

realized that details such as the nature of the dilution
watero tightness of sealo and the clilution factor
required improvement and stanoardization before reliable
and comparable results could be expectecl. The technique

that evolved from their slzstematic stuclies was adopted in
a Standard lvlethod(as quoted in reference 33) in 1936"

4"
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rn 1937 o Lea and lriichols(25) found that in orcler

to achieve Lhe high oxygen clemand of glucose, it rvas

necessary to add to the ciilution water small
quantities of mineral sarts containing ammonian

potassiumo sodi-um, calcium, magnesium, phosphorus, and

sulphur" Thus modifications r¡rere macle to the previous

stanclard Methocl and a new revised stanclard Method(as

quoted in reference 33) appearecl j-n 1gtl6"

with the introduction of a standard lr{ethod,

further work was carried out on the rate of reaction
occuring in the IJ"o"D" bottle" streeter and pherps (as

quoted in ref erence 33 ) founcL tl¡at the rate of
biochernical oxidation of organic matter was proportional
to the remaining concentration of unoxidized substance,
measured in terms of oxidizability. This staternent
suggestea that the B.o.D. rdas a reaction of the first
order" t¡then time was taken in days, streeter and pherps

found that the velocity rate constant hacl a value of 0.1 
"

!^üith this va1ue, the five-cla¡r B.O"D. v¡oulcl oxiclize 68% of
the totaL carbonaceous materiar present" studies in
recent years have shown however, that the vel0city
constant rarely has a val-ue of 0.1, but may vary from
less than one half to more ilran twice this val_ue(38) 

"

This variance makes it impossible to calcurate the
urtimate carbonaceous demand of a sample unless the 'k'
value has been det.ermineo on the sewagie, v¿aste or stream
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under considerati-on.

Schroeder(35) found that the t,ime period cluring

which the sample was incubated was meaning,less ancl that
only the plateau B.o"D" values rdere significant in the
det,ermination. schroeder notecr that the plateau coul-d

occur at any time depending upon the number anc

physiologicar state of the l¡acteria initially present.
The plateau B.o.D. varue was found to be reproducibre and

to have a definite stoichiornetric significance.
Carbonaceous organic material, nitrogenous

material anci chemical reducing compouncls are three
classes of rraterial that can exert an oxygen demancl

cluring the B"O.D. test. Carbonaceous and nitrogenous
materials are usabre as an energy source by aerobic
microorganisms, vrhi-le reoucing compounds react with
dissolved oxygen. Reducj-ng compounds are not measured by

the test unless the immediate oxygen demancl is carcuLated

and this value added to the oxygen clemand value obtained
from the five day B.O.D"

The distinction made between the oxygen demand

exerted l:y the carbonaceous or nitrogenous compounds is
important in evaluating the results of the test"
winogradski ancl Jordan(as quotecr in reference 33) an<l

Heukelekian (20) found carbohydrate material tendecl to
inhibit. the functioning of the nitrifying organisms.
Phelps (33) noted that nitrification began between
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the tenth and twentieth day of incubation, Thus in most

cases nitrification is not included in the B"o.D, result.
Hov¡ever, when dealing with biologicarly treated effruents
which are low in carbonaceous matter, the nitrification
stage occurs sooner and is included in the test. such

results may be misleading if considered solery ín terms

of the demancl such a waste may place on the oxygen assets

ofa receiving stream" Although an oxygen d.emand

is exerted by the nitrogenous material, nitrite oxygen is
stiLl ar¡ailable as an oxygen source. phelps has stateci

that by lowering the dissolved oxygen suppry of a stream,

nitrification can stirnulate reaeration and can actually
increase the total oxygen resources of the stream"

sel-ection of the proper seed is a very important
parameter in B"o.D" determinations. st.andarcl Methods (38)

indícates that v¡ith fooa processing wastes ¡ â

satisfactory seed(inoculum) may be obtained by using the
supernatant u-quor from domestic sewage. However,

industrial wastes may contain compounds not amenable to
oxidation by domestic ser¡¡age seed. Therefore, seed may

be prepared from soir, acclimated against specific
substrates in the laboratory, or collected at a point
severar miles below the point of discharge of the waste"

Vüith regard to toxicity and the B.O"D., Coburn(B)

found that mercuric chloride levers beyond 0"2 ppm

brought about a sharp cirop in B.o.D" unti-l at 2 ppm there
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lras corûprete bacteriostasis" presence of chromic and

chromate ions were also found to have similar but less

drastic effects on the Boo.D" at concentrations of 10

PPm "

Gannon(17) has shown that the dirution factor can

also have a significant. influence on t]re results of the

test" on 100l and 50% dilutions of river effluent,
Gannon found that the s0% oilution gave lower results
than the 1007 dilution"

From the literature cited it is evident that the
B'o'D" test has many rimitations" rt can be affected by

Èoxic materials, seed, the dilution factor, and fail-s to
indicate the ultimate carbonaceous demancl. The five day

delay also makes the test unacceptabte in cases where

results are required quickry" To quote Hoover (21) , ,,The

B"ooDo test is paradoxical, rt is the basis of all
reguratory actions and is used routinely in al-most all
control ano research studies on sewage ancl industrial_
waste treatment. rt has been the subject of a tremendous

amount, of research, yet no one appears to consider it
adequately understood or well adapted to his own v¡ork",'

2.2 Chemical Oxygen Demand

B 
" O"D.

chemical

demand

The aforementioned problems associated with the

necessitated the <levelopment of a nerd testr the
oxygen demand¡ or C"O,D, The chemical oxygen

determination provides a measure of the oxygen
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equivarent of the organic mat.ter in a sample that is
susceptibre to oxidation by a strong chemical

oxidant (39) .

The first, chemicar oxygen demand cletermination

utilized potassium permanganate as the oxicli zíng agent.
The basis of the test rvas crevelopecl by Forehamer (as

quoted in reference 16) in 1849. Various modifications
tc¡ Forehamer I s original method were introcluced by

tr{oods (as c¡uoted in ref erence 16) in 1869 ancl trÍiller (as

quoted in reference 16) in 1865" i¡üoocls suggested that
the saniple be heated to 600 c before ille addition of
pennanganate" Mi-ller suggested üre use of potassium

iodide to decompose the excess permangianate, forlowed by

titration of the io<line set free with soclium

thiosulphate. liiller also stipulateo that the allotted
time for the action of the permanganate on the oxi<lizabre
substances in the water be three hours,

In 1867, Kubel (as quoted in reference 16)

introduced a method which differed from those previously
devised in that the sor-ution was boiled for five minutes

after the addition of the permanganate. The excess
permanganate was ctetermined by titration v¡ith oxaric
acid.

rn 1901 , tr{eems (as quotecl in reference 16 )

suggested that the permanganate shoulcì be alrowed to act
on the sampre for twelve to twenty-four hours" stamm(37)
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carried out the oxidation v¡ith permanganate in an

alkaline solution, a¡rd prevented the reaction of I4nOo= t<>

MnO, by the addition of a barium satt which allowed a

better end point to be obtained. fn determining the

pollution in sea water, Benson and Hicks (4) found that

the application of the Zimmerman-Reinhardt procedure in

titrating the excess permanganate gave more reproducible

results" The purpose of the Zimmerman-Reinhardt

solution(a mixture of mang,anous sulphateu sulphurj-c and

phosphoric acids) was to reduce the potential of the

permanganate so that chlorides would not be oxidized to

chlorine. This drop in potential also led to a

decrease in oxidation of the organic material present.
. Matubara(27) found that increased oxidation could

be obtained by increasing the boiling time and the

concentration of potassium permanganate used, saponifying

fats or oirs and neutralizíng water-solubIe fatty acids"

Lovett ( 26 ) observecl that totalty clif f erent varues !,/ere

obtained depending upon whether 0" 1 25N or 0" 01 25N

potassium permanganate was used. Kashkin and Karasik(as

quoted in reference 31 ) added an initial excess of

potassium pernanganate calculated to be equivalent to 0.3

to 0.5 mg of oxygen and determined the final excess by

titration v¡ith oxalic acid at boiling temperature"

Shutkovskaya (36) compared the color of the potassium

permanganate solution after heating against colored glass



11"

plates to assess the oxygen demancl. standard Methocls(as
quoted in reference 16) proposed a C.O.D. methocl where

the oxygen consumed from permanganate r.¡as that amount

used by the sampre when oigesteci for 30 minutes in a

boiling v¡ater bath rvith a definite strength of acid or
alkaline solution.

The research carriecl out on the pernanganate
method demonstrated that it was not entirely. satisfactory
for the determination of oxygen consumed, values. The

effect of agitation on the sample was important as

manganese dioxide tended to precipitate out of solution.
Thus if the sample was not agitatecr frequently, variabre
resurts !úere obt.ained. The manganese dioxide that did
precipitate was diffícult to redissor-ve before the sample
v/as titrated- permanganate gave a crefi-nite encl point l¡ut
as the permanganate color faded slowly, the titration had
to be conducted slowry ancl carefurly to obtain a

permanent end point. Different anarysts who followed the
same methods of manipuration produced appreciably varying
results" rt was also found that the sample size chosen
lvas significant and that the best reproducible resur-ts
vvere obtained when the substrate consumed. 50n^ of the
oxidizing agent(32) 

"

rn 1938 o Dzyadzio(12) usecl potassium iodate in a

65%- to 85% surphuric acici solution as the oxidizing
agent" The sample and oxid.ant were heated to 20ooc and
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the excess iodate determined iodometrically. Johnsor¡,

Tsuchiyn, and Halvorson (as quoted in reference 31 )

modified the method by refluxing the míxture if the
sampre were high in volatire acicls. Although this method

gave very reproducible results for different sample

volumes, the method requi-red more time, equipment and

manipulation than v¡as necessary with the permanganate

method (32) 
"

Adeney. and Dawson(2) were among the first to use

dj.chro¡rate in the presence of surphuric acid to detect
organic rnatter in water" The sanpre and oxidant were

heated to 1 1 0o c for two hours and the excess dichromate
was titrated with ferrous sulphate using an outsid.e
indicator. Rhame (34) also used clichromate as t.he

oxidizing agent but used üre iooometric proceclure for
determination of the excess di-chromate. rngols and

Murray(22) modified Rhamers procedure by refruxing the
sample and oxi-dant for 60 nrinutes at about 1400 co The

excess dichromate v¡as then determined iodometrically.
In 1 9 4 B , Mradison ( as quotecl in ref erence 32)

proposed a method whereby a sample \¡7as digestecl in a

mÍxture of sulphuric and phosphoric acids using
dichromate as the oxidant" The digestion period was

terminated when the concentrated acid.s had fumed for
exactry four mi-nutes. The test was not satisfactory, for
if the sample rvas fumed. too long the oxidizing agent vüas
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decomposed" Blank determinations al-so gave poor

agreement due to the difficurty of stopping the digestion
at the right point, The inclicator usecl, sodium

diphenylamine sulphonate, was unsatisfactory as it
required a lapse of time before there was any noticeable
change in the color of the indicator. As a result,
back-titration was frequently necessary (32) 

"

rn 1949 r I'fooreo Kronern and Ruchhoft(31) proposed

a method in which a sample was subjectecl to oxidation by

a 0"25N potassium oichromate-sulphuric acid mixture" rt
r¡/as f ound that optimal oxidation occurred if the

proportion of sulphuric acid. was 50% by volurne. Higher

acid ratios led to decomposition of the dichromate" At a

50f- acid ratio it was also observed that chrorides \{ere

quantitativery oxidizecl, This f actor constitutecl a

serious error in the method. rt was arso found. that many

straight-chain acids and arcohols \^rere incompletely
oxidizect ano that, in many cases the iodate method

proposed by:';'Johnsonu Tsuchiyau and Halvorson(as quoted in
reference 31) gave higher results" The methocl proposed

by l,loore et aI" differed from previous methods that used

dichromate in that 1 r 1 0 phenanthroLine ferrous comprex

v/as used as an indicator and ferrous ammonium surphate
was used as titrant"

In 1951 , l4oore, Ludzack, and Ruchhoft ( 32 )

modified their method by adding sil-ver sulphate as a
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catalyst" rt v/as found that this catalyst greatry
increased the oxiclation of long chain acids and al-cohols.
HovJever, certain compounds tend.ect to precipítate the
sil-ver and either nulli-fied its effects or resurted in a

lower oxygen consumed. value than the method without
catalyst" The Latter conditions were expeciarry preval_ent
when the sarnpre had a high concentration of chlorides.
The precipitated silver arso caused clifficulty in
determining the errd point, or.ríng to turbidity effects.
The authors stated that if work was done on a given type
of v¡aste it would be beneficial to use both the regular
and catalyzed method ancl select the one giving the better
results.

Dobbs and Williams(11) developed a method. to
eriminate the chlorioe interference in the c.ooD. methocl

originally proposed by }loore, Kronerr and Ruchhoft" The

chloride interference \^/as attributed to the reduction of
dichromate by the chroramine cycle o a cycre which cour-d
convert chl0ride to crrl0rine in the presence of
nitrogenous organic material. Medalia(29) had reportecl
that the chlorid.e interf erence could be prevented by
adding mercuric nitrate. Iiowever, Dobbs and I¡,/illiams
found that the nitrate ion oxicli-zed the reduced form
of the indicator, shifting the end point of tire titration
beyond the equivalence point" To overcome this effect,
mercuric sulphate was substitutedo since large quantities
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of sulphate ion v¡ere already present in the cligestion

mixture. Cripps and Jenkins (9) founcl that chlorides were

comprexed completely if a mercuric surphate:chroride
ratio of 10s1 were maintained.

Burns,:and l.iarshall(6) found that even with a 10:1

ratio of mercuric surphate to chloride, chlorides were

oxidized to chlorine, Upon the introduction of a

correction factor for this oxidation, the authors found

that, on two tested com¡:ounds (acetic acid and phtharic
anhydride ) the results \,rrere only about 83% of the

theoret,ical varues" This deficiency remained constant

over a wicle range of chloricle concentrations" Therefore

the authors introduced a n:rultiplication factor to
compensate for this difference"

Nitrite nit,rogen T,vas found to be another source

of interference in the test. standard Methods (39) states
that, a c.o.D. of 1.14 mg is exerted per rng of nitrite
nitrogen' subrahmanyan, sasLry, and pirrai (41 ) found

that the addition of stirfarnic acid would destroy the

nitrite" A sulfamic acid:nitrite N ratio of 10:1 has

been found to be satisfactory for the destruction of
nitrite nitrogen (39) .

Jeris (23) developed a rapid C"O.D" test which

involved heating a sampre in the presence of dichromate

and sulphuric ancl phosphoric acids to 165o c. The samples

were heated in an open flask without a reflux cond.enser"



16.

Resurts from this test indicated that arr substrates
studied (excruding pyridine and glycine) were oxidizecl to
a satisfactory level- when compared to the standard
Ivlethods (39) procedure. I{ov/ever the Department of Food

science at the university of I'fanitoba founcl that the
.Teris method gave l-ow results compared rvith the standard
Itfethod when dupricate sarçles of the sarne potato
processing wastes rdere being examined(7) 

"

Bl-Dib and Raniadan ( 1 4 ) studied tlie oxidation of
sone organic substrates with ceric ion. These workers
found that without the addition of a catalyst, ceric ion
gave approxinately 70% of the theoretical c.ooD. value
for a given compouncl. They .ar-so found that a combined.

chromj-um-silver catalyst gave substantial increases in
oxidation.

2"3 Instrumentation

rnstrumentation enterecl the oxygen demand test
rn¡hen stenger and van riatl(40) developed a method that
could determine the oxygen demand of a sample two minutes
after homogenization or d.ilution" rn the generalized
equation for oxidation ca HbNc o¡+ n/2 02 yielcis a co, +

b/2 H2o + c/2 N2. Although the araount of coz could be

measured by an infra-red analyzer the resuLt could. not be

correlated exactly with oxygen demand because the varues
rrbrr and. rrdrr in the equation v/ere unknown" stenger and

Flall replacecl the oxid.izing gas o, with Èhat of co, so
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that the equation f or oxidation became: Cu HON. O¿ + rÌì CO,

yielding (m + a) CO + b/2 It2O + c/2 N2 " By balancing

both equations with respect to oxygen, n=m + a, or tl¡e

number of rooles of carbon monoxide produced in the second

equation \,ras equivalent to the number of oxygen atoms

required for oxidation in the first equation. Using

this principleo organic material \,vas combusted in the

presence of carbon dioxide and the amount of carbon

monoxide produced raeasured by an j-nfra-red analyzer.

Goldst,ein, Katz, MeIler, and. Murdoch(19) have

also developed an instrument which is based on combustion

of an organic sarnpre" A sarnple ís injected into an

eLectric furnace with a flowinE stream of nitrogen gas

and a smalL oxygen component. At the surface of a

platinum catalyst the impurities are oxidized by

depleting the oxygen on the platinum surface, The oxygen

equilibrium on the catalyst surface is then restored by

the oxygen in the gas stream" This results in a

momentary depletion of oxygen in the gas stream which is
measured in a silver-lead fuel cell and is a function
of the oxygen demand of the sample"

unfortunately, the pratinum catalyst used in the

latt'er system can be subject to catalyst poisoning by

heavy rnetals " Both instrumentar methods are also
somev¡haL limited by the fact that the injected sample

must have an oxygen demand in the range of 10 Èo 300 ppm"
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fact that the

the sample

oxygen demand
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of the former system also

presence of sulphate and

can lead to substantial

values.

is limited by the

nitrate ions in

decreases in the



IÏT " EXPERIMENTAL T{BTI{ODS

3"1 Experiment 1 Ceric Oxidations

3.1"1 Introduction

To assess the conditions for optimal oxidation
using cerium(rv) as the oxidant in the c"o"D" test, the
effects of total volume(V), substrate concentration(S),
acid type (e) , and catalyst (C) were studied on the
oxidation of ten organic compounds" A 3x2xZx4

factorial experírnent was designed which utilized three
levels of factor v, two Levers of factor s, two levels of
factor A, anrl four levels of factor C.

Totar volume .t,^/as selected as a f actor as r,roore,

Kroner¡ and Ruchhoft,(31) had shown this to be an

extremery important parameter in dichromate oxiclations,
Total volumes of 30 ml (Vt ¡ ,35 ml (V2) and 45 mI (V3) vrere

used in the first experiment"

substrate concentration was shov¡n to be an

important parameter in permanganate oxid.ations.
Therefore its effect on ceric oxidations was noted using
subst.rate concentrations of 1 g/l(S1) and O.2S g/I(52).

As the potent,ial- of cerium (IV) can vary f rom 1 "7 O

vol-ts to 1"30 volts depending upon the acicl environment,
the oxidation vras carriecl out in the absence (A1) or
presence(A'2) of 2M perchloric acid"

The exclusion of catalyst(Ct¡, silver
catalyst(C2), manganese catalyst.(C3), and a combined

19"
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silver and mangianese catalyst(C4) v/ere chosen as the

levels of factor four"

Silver catalyst was chosen as its effectiveness

had been demonstrated in dichrornate oxidations, while

McCurdy and Guilbau1t (28) had shown that manganese

catalysL was effective (in combination with perchloric

acid) in increasing the oxidation rate of mercury (I) to

mercury (II) when using ceric ion as the oxidizing agenL"

Ten organic compounüs \ivere chosen from three

major classifications of compounds to be oxidized"

Glucosen maltose¡ and starch were tested as

representatives of the carbohyclrates" Alaninen

phenylalanine, tryptophan, and casein were chosen to
represent amino acids and proteins " Phenylalanine and

tryptophan were particularly chosen to note the effect of

ring structure on oxidation" Glycerol, butyric acido ancl

glycerol tributyrate (G . T, B. ) \,^7ef e ChOSen as

representatives of Èhe lipids"
Preliminary worJ< revealed that ceric ammonium

sulphate was the best reagent to use for the preparation

of cerium(rv) solutions" rt was found that the ceric
solution should be approximately 2M with respect to
sulphuric acid to facilitate the dissolution of the

cerium sa1t" Ceric sulphate was also found to be

satisfactory for the preparation of ceriu¡n soLutions

although the latter solution remained a "milky yellow"
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color until it v¡as diluted with oistilled water" The

third reagent tested v¡as the tetra-hydrate form of ceric
sulphate" ft cannot be recommencled for the preparation of
cerium solutions as it was very hard to dissolve. As

large quant,iLies of the cerium reagient were requirecr for
this study, the salt ceric ammonium sulphate was utilized
because of market availability ancl cost factors.

3,1 .2 Sample Preparation

The trvo substrate concentrations, 51 and 52, were

respectively 1 ,J/t and 0.25 g/L" In the majority of
cases solutions of these concentrations hrere prepared by

dissorvinE the appropriate substrate in distillecl v¿ater

and making up to 1000 ml in a volumetric flask"
In the cases of alanine and phenylalanine it was

necessarl¡ to heat the solution to dissolve the

substraÈes. Tryptopharr and casein were dissolved. j-n a

very ciilute sodj.um h]¡droxide solution(0"30 g/L) instead
of distilled water"

The insolubility of glycerol tributyrate
presented oifficulties" The triglycericle was shaken

vigorously with the required vol-ume of rvater. The

suspension was rapidry transferred to a beaker provided

v¡ith a magnetic stirrer, and. it was stirred continuousry
during sampling.

For convenience, voLume measurements rather than

weight measi¡rements ivere used for butyric acid"
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Concentrations of 1 mI/L and 0"25 mI/I v/ere used,

The substrates were reagent grade chemicals

obtained from BDH(Canada) Ltd"

3.1"2"1 Reagents

1" Ceric Ammonium Sulphate Sol-ution (0" 1N-OM

Perclrloric acid) z 126.5 g of hydrated ceric ammonium

sulphate were added to a mixture of 350 ml- of oistilled
water and 60 ml of concentrated sulphuric acid. This

mixture \¡/as heated to near boiling and v¡as stirred
constantly. After heating for 30 minutes the mixture was

cooled and the supernatant transferred to a 2000 mL

volumetric flask, Distilled water (350 ml) and

concentrated sulphuric acid(140 ml) v¡ere added to the

insol-uble portion" The mixture was heated until the

remaining ceric salt dissolved. After coolingr the

soluLion v¡as added to the 2000 rnl volumetric flask and

the contents made up to volume with distillecl water.

2. Ceric Ammonium Sul_phate Solution ( 0 " 1N-2M

Perchloric acio) : This solution v/as prepared in the sarne

manner as the preceding solution except that 330 ml of
72% perchloric acj-d v¡as added before bringing the

contents:,;of the 2000 ml flask up to volume with distíl1-ed

water 
"

3" Ferrous Ammonium Sulphate

Ferrous ammonj-um sulphaLe

600 ml of distilled water"

Solutions (0" 051{-0.10N) ;

(399-78g) was dissolved in



Concentrated sulphuric

solution" The solution

volumetric flask and

with distilled v¡ater.

23"

acid (40 ml) was added to this
was transf erred to a 2 00 0 ml-

the contents brought up to volume

4" Potassium Dichromate Solutions (0" 1N-0"25N) :

Potassium dichromate was dried in an oven at 103 C for

two hours" After cooling in a desiccatorn potassium

dichromate ( 9. B 07 2 g-23 " 51 B 0 g) r¡/as weighed out and

dissolved in 600 nl of distilled water" The soluti-on v¡as

transferred to a 2000 mI volumetric flask and the

contents brought up to the mark v¿ith ciistilled v¿ater.

5 . Sulphuric acicl-sil-ver sulphate so lution :

Silver sulphate (22 g) was rnixed with concentrated

sulphuric acid(4"08kg) and the mixture allov¡ed to stand

for two days"

6" Ì"langanous sulphate solution: 2.12 g of

hydrated manganous sulphate vrere dissolved volumetrically
in 500 mI of distilled water"

7 " Ferroin indicator: À solution of

1 n 1O-phenanthroline f errous sulphate \,ras obtained

commercially from British Drug Houses.

3 . 1 .2 .2 l4ethod

A 1 0 mI aliquot of ceric am¡ronium sulphate

solution(OM perchloric acid) or (2I't perchloric acid) was

transferred to a 250 mI fLat-bottomed boiling flask. To

this mixLure was added a 5 mI aIi-quot of substrate(1 g/I
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or 0"25 g/L) . Distilled water v¡as then added to bring the
sample to one of the stanclard total voLumesu ie" 30135,

or 45 ml" The following catalyst treatments were used:
(1) c1: 10 mr of concentrated sulphuric acidr rro

catalyst.
(2) C2: 10 ml of silver sulphate-concentrated

sulphuric aei<i solution,
(3) C3: 1 ml of manganous sulphate solution plus

10 rä1 of concentrated sulphuric acid.
(4) C4: 10 ml of silver sulphate-concentrated

sulphuric acid solution pius 1 ml_ of
nanganous sulphate soLution.

Blank det.erminations were carried out for each

treatment, combination by:.substituting distilled water f.or
substrate" Following sample preparation the flasks were

swirled to ensure uniforrn mixing. Anti-bumping
granules(BDH) hrere then aclded to each fIask" The samples

h¡ere then refluxecl for two hours using corning hot plates
and Liebig ancl coil conclensers having standard 24/uo
ground glass joints. ^After refruxing and cooli-ng, the
condensers vTere washed. down with distill-ed v¡ater to make

a final volume of approximately 1 o0 mr in the boiling
flasks" Four drops of ferroin inclicator were added and

then each flask was titratecl v¡ith 0" 1N ferrous ammonium

sulphate soLution to a redd.ish-orang.e end-point. The

ferrous ammonium sulphate solution was standardized daily
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3"1 "2,3 Standardization

25"

dichromate solution"

of Ferrous Ammonium Sulphate

Solution

A 10 ml aliquot of 0"1N potassium dichromate

solution was transferred to a 250 ml Erlenmeyer flask.
fífty millilitres of distilled water !üere added to the

flask followed b1' the addition of 30 ml of concentrated

sulphuric acid" The solution rtras swirled and then

cooled" Four drops of ferroin indicator were adcled and

the solution was titrated rvith ferrous ammonium sulphate

solution to a reddish-brown end point.
3"1 .2"4 Calculation of C"O"D.

The C"O"D. v,'as calcul-ated using the equation

(V1-V2)x N x 8000/V3 where V1 is ml of ferrous arnmonium

sulphate solution used for the blank, VZ is the ml of

ferrous ammonium sulphate solution used for the sample,

V3 is the ml of substrate solution, and N is the

normality of the f errous arnrnonium sulphate solution
used(39). The constant, 8000, is introduced to convert

rnillequiva.l-ents of oxidant consumed in the oxidation of a

given volume (in millilitres) of solution to milligrams of
oxygen required to oxidize one litre of the same

solution" All the calcul-ations were adjusted so that the

cno"l). figure for each treatment combination was basecl on

a substrate concentration of 1 g/t"
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3"2 Experiment 2 Dichromate Oxidations

3"2"1 Int.roduction

To serve as a comparíson for the ceric

oxidations, treatment combinations involving total sample

volumes of 30 nl (V1 ) and 35 ml (V2) , substrate

concentrations of 1 g/l(51) and 0.25 g/I(52), 0¡,1

perchloric acid (1r1 ) , and catalysts, silver (C2) ,

manganese (C3) , and no catalyst (C1) v/ere subjected to

oxidation using a 0.11,T díchromate solution.

As a further comparison, all compounds Ì¡rere

oxidized by the Stanclard Methods (39) procedure. Four

replications were usecl in the latter tv¡o procedures"

3.2"2 Samp1e Preparation

Sample preparation vras

described in section 3.1 .2.

3.2.2"1 Reagents

identical with that

Reagents used were the sarTìe as those d-escribed in
section 3.1 " 2"1 .

3" 2. 2"2 Modified Dichromate Method

The method used to prepare the treatment

combinations involving total volume, substrate

concentration, acid type, ancl catalyst was identical v¡ith

that of section 3"1"2"2 except for the substitution of a

0"1N potassium dichromate solution for the ceric animonium

sulphate solution, and a reduced numJ:er of levels for
total volume, acicl type, and catalyst as described in the
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introduction"

3.2"2"3 Standard Methocl

A 10 ml ariquot of a 0"25N ¡:otassium. crichromate

solution v¡as placed in a 250 ml flat-bottomed boiring
frask" To this solution v¡as added a zo ml aliquot of
substrate so'lution (0"25 g/L) ancl 30 mI of the sulphuric
acid-silver surphate solution, The fl_ask riras swirred
thoroughly and a fev¡ anti-bumping granules addecl" Bl_ank

determinations were carried out by replacing the 2a mI

ariquot of substrate solution r^¡ith 20 m1 of clistilrecl
water. After refluxing and cooling, sufficient distil-l-ed
waLer was added to make a total volume of approxiniately
100 nl in the boiling frasks. Four drops of ferroin
indicator were added to each flask, folrovrecl by titration
with a 0" 1¡T fe::rous arruûonium sulphate solution. The

c.o.D" was calculated in the manner previously oescribed
in section 3" 1.2.4"

3 " 3 Experiment 3 Oxiclation Rate Curves

3 .3 " 1 Introducti on

Rate curves $/ere protted using a totar sample

vorume of 30 rrr1, a s*bstrate concentration of 0.25 g/r,
silver catalyst, and 0"1N solutions of ceric ammonium

sulphate (oltl perchloric acid) and potassium oichromate.
These vrere the conclitions that gave optirnal oxiclation in
the latter tv¡o experiments.

3.3, 2 Sample preparation

The method of sample preparation was identical
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\,.ùith that described in section 3"1"2.

3 .3 " 2. 1 Reagent.s

The reagents used v/ere

described in section 3"1"2"1.

3.3.2"2 Method

the same as those

A 10 mI aliquot of 0"1N ceric ammonium sulphaLe

solution(0M perchloric acid) or 0"1N potassium clichromate

solution was placed in a flat-bottomed boilíng flask" A

5 ml- aliquot of substrate solution (0.25 g/L) was added,

followed by the addj-tion of 5 ml of dist.illed rvater and

10 ml of sulphuric acid-silver srrlphate solution" The

flasks v¡ere thoroughly sr.¡irled" Duplicate samples \,,lere

then refluxed for 0r15r30r45,60t90, and 120 minutes.

Blank determinations v¡ere conducted by replacing the 5 ml

aliquot of suJ:strate solution with 5 ml- of distill-ed
water" Blank determinations v¡ere refluxed for 2 hours"

After refluxing, the condensers vTere vzashecl down r'¡ith

distilled water to make a total volume of 1 00 rnl in the

boiling flasks. Upon thorough cooling, four drops of
ferroin indicat.or were actded anä the sampres titratecl
with 0" 05N ferrous arnmonium sulphate solution to a

reddish-orange end point (ceric ion) or a brownish-red end

point(clichromate) . The c.o.D" v/as calculated in the same

manner as clescribed in section 3.1"2"4"

3.4 Experiment 4 ChloriCe Interference

3 "4.1 Introduction

The interferi-ng effect of chlorid.e ion on the
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standard C.O"D. determination received comment in the

literature survey" It was of obvious importance to

deterrnine r^/hether a similar ef f ect occurred when

chlorides were present in or:idation mixtures containing

ceric ion. Using the procedures already described, 0.1N

ceric ammonium sulphate (0M perchloric acid) in the

presence of sil-ver catalysl v¡as treated. with 5 ml

aliquots of 0" 05% and. 1.0% sodium chLoride solutions"

The mixtures vrere refluxed as before and the extent of

recluctíon of ceric ion was determined by titration, The

effect of adding mercnric srrlphate to complex the

chloride ion was also testecl.

3. 4 "2 Samp1e Preparation

In this experiment no organic test solutions were

usecl.,

3.4"2"1 Reagents

The reag'ents used \¡/ere the same

described in section 3 "1 "2"1 with the

as those

f ollovring

additional reagents:

1. Soclium Chloride Solution: 0"05 g of Analar

sodium chloricle was dissolved in water and made up to

volume in a 100 ml volumetric f1ask"

2. Soclium Chloride Solution: 1 g of Analar

sodium chloride \^ras clissolved in water ancl made up to

volume in a 1 00 mI volumetric flask"
3 . À{ercuric Sulphate, Ana1ar "
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3 " 4 "2 "2 l"{ethod

A 10 ml- aliquot of 0"1N ceric ammonium sulphate

solution (0M perchloric acid) v¡as placed in a

flat-bottomed boiling flask, A 5 mI aliquot of one of

the sodium chloride solutions vras added followed b1z the

addition of 5 mI of distill-ed water to make a total

sample volume of 30 ml, Ten mil-lilitres of sulphuric

acid-silver sulphate solution r.vas added and the flask

thoroughly sv¡irled " Duplicate samples \¡¡ere then ref luxed

for 2 hours. The proceclure vras then repeated using 10:1

mercurl-c sulphate to chloríde ratios" Blank

determinations vrere conducted by replacing the 5 ml

aliquot of sodium chloride solution with 5 ml of
distilled water" After refluxing, the condensers \^¡ere

washed down with oistillecl r'¡ater to rnake a total volume

of 100 mI in the boiling flasks" Upon thorough cooling,

4 drops of ferroin indicator liêre aclded and the samples

titrated with 0.05N ferrous ammonium surphate solution to

a reCdish-orange end point" The C.O.Du wês calculated in
the same manner as described in section 3.1"2"4"

Experiment 5 Catalysis of Ceric Oxidation by Chromic

Ion

3.5 " 1 Introduction

As reported in the

Ramadan(14) used a catalyst
sulphate) and chromium(as

IiteraLure survey, EI-Dib and

containing silver (as sil-ver

chromic sulphate) for ceric
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oxidations with good results" In view of the results
obtained by the latter workerso it rvas of interest to

determine v¡hether the chromic ion v¡as truly catalytic or

r.¡hether it was oxiclized to dichromate, vrhich then

actually accornplished. the oxidation"

The experiment \,ras an exercise in
spectrophotomet.ry employing tandern cuvettes " In one

compartm-ent of the tanclem cell o ceric ammonium sulphate

solution was placed, lvhile in the other compartment there

$/as a sorutíon of chromic sulphate" The spectrum between

200 and 450 nm was deterrnined using a water blank. The

experiment v¡as repeated using a refluxed mixture of ceric
and chromic sulphates in boLh compartrnents of the tandem

ceLl.

3 " 5.2 Sampl-e Preparation

This is described in section 3.5"2.3.
3"5"2.1 Reagents

The reagents usecl were the same as those

descril:ed in section 3"1"2"1 r^¡ith the acldition of the

following reagent:

1 " Chrornic Sulphate Solution: Three grams of
chrorr.ric sulphate were dissolved in distil-led rvater ancl

macle up to volune with distilled water in a 100 ml

volumetric flask.
3 " 5.2.2 Special Apparatus

1" A pair of llellma No" 250 tand.em cuvettes.
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Each charnber hacl a light path of approximately 4 "37 5 rrrm

and the cells had the following overall clirnensions: 45 nim

highe 12"5 mm v¡ideu 12"5 mm deep and the v¡inclows v/ere 125

mm thick"

2. A Unicam

spectrophotometer "

3"5"2"3 Method

SP 800 double-beam recording

Solutions of

sulphate and potassium

shown in the following

cert-c am-monl_um

dichromate were

table:

sulphate, chromic

used in the manner

Sol-ution Sulphuric
Aci-d
(Conc" )

5 rn1
5ml
5ml
5nl

Potassium
Dichromate
(0"25I'l)

Ceric Ammonium
Sulphate (0,1N)

2ml

Chromic
sulphate (3%)

2ml
A
B
C
D

0.8 ml
2 ml- 2 ml-

The solutions v/ere made up to a total volurne of

30 mI and refluxed for 15 minutes. After cooling the

samples were made up to volume in a 1000 ml volumetric
flask" The following spectra were oetermined:

(a) Solution A in one compartment of the tanclern¡ ârrd

solution B in the other compartment. Fienceforth,

this shall be referred to as solution E.

(b) Sol-ution D in both compartrnents of the tandem.

(c) Solution A in one compartment and sol-ution D in
the other compartment of the tandem"
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(d) Solution A in both compartments of the tandem,

(e) Solution Il in both compartments of the tandem"

Spectra were detern'.ined betrveen 200 and 450 nnt

against a distilled water blank"



IV" RESULTS AND DISCUSSTON

4,1 Data and Thesis Compilation

The data analysis was carried out on the

University of Manitobars IBM 360/65 system" All the

calculations h/ere done in single precision arithmetic
using either Statistical package 1 3, factorial
experiments j-n randomized complete blocksr or specially
written programs in Fortran(10) "

Tab1es r^rere printecl out by channeling the output

of a prog'ram to an lBIq 2741 communications terninal,
utilizing the Manitoba university lrfonitor (I'fulr{) programs

'PRTNT' and ''LIST" (1 ) "

The thesis itself r^/as compilecl and typed b]r an

rBM 2741 typelriter terminar utilizing the rruuM'' programs
ttTEXTt' and I'ETEXT" (1) 

"

4 " 2 Discussion of Experimental Results

4"2"1 Experiment 1 Ceric Oxid.ations

Table I illustrates the effects of total volumeo

substrate concent¡:ation, aciC type and catalyst on the

oxidation of the organic compounds tested" Total volume,

or acid ratio, had a marked effect on ceric oxidationo
especially for the amino acid-lipid compounds tested"
Alanine, in particular, had its C.O.D" val_ue reduced. by

over 50% when the acid ratio v¡as reduced by only qy, 
"

Excluding the carbohydrate compounds tested, a

decrease in substrate concentration brought about a

34,



FACTOR:

LEVEL :

SUBSTRATE

GLUCOSE 616. 583. 513. 5Bg" 552" 567"

MAT,TOSE 653" 600" 536. 617" 576" 591.

srARcH 648" 60¿t. 537" 625. 567" 590.

PHENyLALANTNE 1478" 1283" 1A79. 1161 " 1399 " 1269.

ALANTNE 1 86. 75" 30. 69" 125" BB.

TRYPTOPFTAN 1433" 1393" 1333" 1379" 1393" 1381.

CASETN 776" 661 " 575. 641. 700. 6s0.

GLYCEROL 790 " 744 " 682" 717 . 760 " 734 "

BUTYRTC ACID 824. 564" 375" 431. 744" 379.

G,T"B" 771" 537" 406" 498. 645" 527"

*WHERE: TOTAL VOLUMI: V1=30 ML V2--35 ML V3=45 MI

SUBSTRATE CONCENTRATION : S1 = " 1% S2=. 025f"

TABLE Ï
¡viEANS OF TFIE MAI}J EFFECTS FOR

(EXPRESSED AS rr{g OXYGEN/G

SI]BSTRATE
VOLUME* COI{C. *

2312

CERÏC OXIDATION
SUBSTRATE)

ACTD
TYPE+

121

AcrD TYPE: A1=0M PERcHLoRTc ACrD A2=2\r pERcFILoRrc Acrt)

CATALYST: C1=NO CATALYST C2=Ag CATALYST

C3=Mn CATALYST C4=Ag*t{n CATALYST

574" 4BB, 642"

602. 517 " 643.

60 3. 525 " 657 "

1291. 1285" 1316"

106. B" 149"

1392. 1367 " 1 396 "

691 " 490. 771 "

743" 675" 759 "

816" 367" 789"

616. 389" 733,

CATALYST*
23

518" 634.

537 " 689"

544" 660"

1217" 1302"

34" 1gB.

1388" 1394"

666 " 754 "

-Ì24" 796"

800. 450 "

431" 733.

L^)
t¡
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decrease in substrate concentration brought about a
corresponding increase in the c.o"D. varue" The effect
of substrate concentration was most evident in the cases
of alanine and butyric acid where the 1 g/t sample had a
mean c"o"D" value 45% berow that obtained when a 0"25 g/r
sample was used.

The presence of 2Iq perchroric acid in the
oxidation mixture brought about onl1z slight increases in
oxidation for nine of the ten cornpouncls tested. Butyric
acid however, had its c.o.D. value increased by over 50i^

with the inclusion of perchtoric acicl. in the oxi<lation
mixture"

The means of the main effects for the cataÌyst
treatrnents indicate that sirver had the nost pronounced
effect on oxidation" Irlanganese in the main, gave only
slight increases in oxidation except with casein and
butyric acid, where oxidatíon increased over the no
catalyst treatment by:.about 30,l and 50% respectively.
The combined catallzsl giave 

'ittle 
increase or in some

cases a decrease in oxidation over the C"OoDo val_ues
obtained using silver catalyst"

Appendix Irf lists the ¿¡1¿-tysis of variance
tables for the organic compounds tested" rn alr cases,
the main effects \¡/ere shown to be highry significant at
the 1% signif icance r-evel. catalyst o total vorume,
substrate concentrationo and acid type were the order of
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the descending r¡F* varues for tire main ef f ects of
glucose, rnaltoseo starch¡ afld casein. with alaníneo
grycerol and grycerol tributyrate the orcler of the .F'

values for the main effects \,üere total volume, catalystu
substrate concentration¡ and. acid. type. The .F¡r values
of the main effects of phenyralanine and butyric acicl
were orclered in terns of substrate concentration, ancl

acid type while those for tryptophan were ordered in
terms of total volume, substrate concentrationo catalyst
and acid type" Replications were found to be

non-significa¡rt except in the cases of phenylalanineo
butyric acid, and glycerol tributyrate. The deviation for
phenylalanine cannot be explained, arthough in the latter
two cases o variance courd be e><plained by the volatility
of the butyric acid sampre and the difficulty encountered
in obtaining a uniforr'r sample of glycerol tributyrate.

Tabre rr irlustrates the means of the main

effects. for dichromate oxiclation of the ten organic
compounds tested"

An increase in total volume, that is, a

decrease in the acid ratio¿ led to a decrease in
oxidationn most markedly noted in the cases of alanine,
phenylalanine, tryptophan, casein, butyri-c acid and

gryceror tributyrate" A decrease of only.4% in the acid
ratio cut the oxid^ation of butyric acid by approximately

4 .2 " 2 Exp€liiment 2 Dichromate Oxidations



FACTOR:

LEVEL 3

SUBSTANCE

GLUCOSE

IUALTOSE

STARCH

ALANINE

PHENYLALANINE

TRYPTOPHAN

CASETN

GLYCEROL

BUTYRIC ACTD

IVIAIN EFFECTS FOR
(EXPRESSED AS Mg

VOLUI{E*
12

TABLB IÏ

DICHROMATE OXÏDATIO}T
OXYGtrN/G SUBSTRATE)

SUBSTRATE
CONC" * CATAIYST*

1212

1022. 1 005.

1 059 " 1027 "

1 053 " 1022 "

183. 18"

812. 329.

1614" 1424.

716" 335.

1168" 1125.

626 " 1 19.

GLYCEROL TRIBUTYRATE BO7" 411. 589.

*WIIERE ¡ TOTAL VOLU¡,IE: V1=30 ML y2=35 t4L

1024"

104¿! "

1033"

102 "

492.

1486.

51 B"

1142"

379 "

1 003 " 1020.

1042" 1059"

10r+2. 1061"

100. 91"

649 " 304.

1 551 " 1524.

532" s1 3.

1151" 11rr5.

36s" 272"

629. 552"

SUBSTRATE CONCENTRATION: S1 =. 1fo 32=.0257

CATALYST: C1=NO CATALYST C2=Ag CATALYST

993" 1027 "

1024. 1046.

1010" 1042"

124 " 86.

971" 436"

1512" 1521 
"

609 " 4s4 "

1151. 1144"

611 " 233"

755" 520.

(t
cc
6

C3=l4n CATALYST
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B0% and the oxidation of glycerol tributyrate by 50r,"

These figures illustrate the importance of acid in the

degractation of these compounds and the importance of
adding precisely the same amount of acid to each sample

being examined"

Phenylalanine, tryptophan¡ ând glycerol
tributyrate v¡ere found to be oxidized to a greater extent
at the lower substrate concentratj-on. No explanation can

be given for this difference except in ilre case of
tryptophan, where the dichromate was armost totally
exhausted at the higher substrate concentration" l.(ainry,

however, onry smalL ctifferences in the oxygen demand

value r/,üere noted v¡ith concentration,
. Silver catalyst, proved to be most effective in

increasing the oxidation of alanine, phenylalanine,

casein, butyric acid and glycerol tríbutyrate. However, a

decrease in oxidation v¡as noted when silver was used to
catalyze the oxidation of carbohydrate cornpounds. rn the

main, manganese inhil¡ited oxidation r,vith lower oxygen

demand varues being obtainecl than without the acidition of
catalyst. An increase in oxidation was found when

manganese \¡/as used for the oxidation of phenylalanine.

Appendix rv features the analysis of variance
tables for the dicirromate oxid.ation of the ten organic
compounds tested. Excluding glucose and tryptophan the
rrFrr values for the main effects v/ere ordered in terms of
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tot,al volume and then catalyst" Substrate concentration

was found to be significant at. the 1% level- in all cases

except for the compounds maltoseo alanine, glycerol, and

butysis acid" Catalyst was found to be non-significant
in the oxidation of glycerol and tryptophan"

A statistical comparison of the oxidizing power

of the ceric anci ciichrornate ions for the 12 treatment

combinations used in tI:e modified dichromate method, can

be found in Appendix Vo l,üegative t'paired t" values

indicate the superiority of dichromate as an oxictant" At

a 5% leve] of signif icance, dichromate v¡as shown to be

superior to ceric ion as an oxidant, for 6 of the ten

compounds tested " However, there \,{as no statistical
difference between tJ-e two reagients in the cases of
alanine, tryptophano caseinn ancl buty¡1s acid. Only v¡ith

phenylalanine did the ceric ion surpass dichromate ion in
oxidizing pohrer.

Table III features a comparison of the means

obtained from the ceric, modified dichromateo and

Standard Methods (39) procedures" The neans of the ceric
and modified .dichromate methods were obtained from

samples which had a total volume of 30 mlu a subst.rate

concentration of 0.25 g/L and which contained 0M

perchloric acid" The Standard Methods procedure was

carried out using a substrate concentration of 0.25 g/L"

The modified dichromate procedure used silver as the



COMPOUND

cLUcosE 1066 466 (ßrù 703 (6s%) s20 (48%) 681 (63%) 1019 (s5/,) 1O2O (s5%)

I.lALrosE 1122 471 (41%) 7e3(70y,) s76(s1rù 807 (71%) 1060 (94%) 1047 (s3%)

srARcH 1 1 Bs 49s (41f,) 748(63%l s6B(q7%) 740 (62%) 1os2 ( BB%) 1062(Bg%)

ALAt'rrNE 1O7B 26 ( 2%) 29s (27%) 58 ( 5%) 622(57%',) 265(24r,) 1046 (97%)

PHENYLATANTNE 1939 1s56 (80%) 1s63 (80%) 1s03 (77%) 1622 (83%) i 033 (53%) 1 Bos (s3%)

TRYPToPHAN 1804 1419(78%) 14s6 (80%) 140207r,) 14Bs (82%) 1625(go%) 176s (sB%)

CASETN 666@ 577(""rù BB1 (""%) 661 (""%) 955(..%) 627(."%) 1381 (."%)

cLycERoL 1214 6e3 (57%) 867 Q1rù 823 (67y,) 928 06rð 1 1 86 (s77,) 10s2 (Bs%)

BUryRïcAcrD 1814 641 (35%) 1285(70%) 577(31%) 1285(70%) s03(49r,) 1772(s7%)

G.r"B" +** 1960 530 Q7rù 1039 (53%) 567 (28%) 1004 (51%) 987 (50%) 1947 (gg%)

*USING: TOTA], VOLUIIÍE=30 ML STJBSTRATE CONCENTRATION= "025% ACTD TYPE=OM PERCHLoRIC ACID

(--%)**= % OP THE THEORETICAL VALUB ***c"T"B.= GLYCEROL TRIBUTyRATE

TABLE ÏII

OXYGE}T CONSUT.{ED BY ORGANTC COT.IPOUNDS
USING POTASSIUM DICHROMATE AND

CERÏC AI.O4ONTT]I'{ SULPFIATE (IAg OXYGEI\]/G SUBSTRATE)

OXYGEN
CONSUMED

VAT,UE NO CAT"*

cBRruM (rv)

Ag* Mn* Ag*l{n*

DICHRO}4ATE
MODTFÏED STANDARD
METHOD METHOD
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catalyst' The results crearly:,- ind.icated that the

standard l4ethod Ì¡¡as superior in all respects when

compared with the results obtainecl from oxidation with
either ceric ammonium sulphate sorution. However, a
cornparison of the modifiecl dichromate method and the
ceric ammonium sulphate method (s j-lver catalyst) reveal_ed

that superior oxidation v¡as achieved by the l-atter
procedure in the oxidation of grycerol tributyrateo
butyric acicln casein, alanineo and phenylalanine" Thus

at lov¡er aci-d ratios u the ceric ammonium sulphate
sorution oxidized certain organic compounds to a greater
extent than did the modified. cichromate procedure.

rt should be noted at this point that it would

have been logical to have increased the acid ratios used

in the cerium proce<lure to approximately so%" However,

with treatment combinations containing total volumes of
between 45 and and 35 ml (acid ratios of 2Z-Zg%) and

silver catalyst, a yellow precipitate began to form after
combining acid and the ceric ammonium sulphate solution"
The precipitate developed in aIl flasks o hrut upon heating
it. re-dissolved in the blank determinations. rn flasks
containing organic material the precipitate gradually
settled to the bottorn of the boiling flasks. rn some

cases o the precipitate developed as soon as the surphuric
acid-silver surphate mixture was added, vrhile in other
ident,ical samples .the precipitate did not clevelop to the
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same extent until the samples trrere heated. Tests

indicated that the same type of precipitate developed no

matter what form of cerium salt was used to prepare the

initiar oxidizing solutions. silver ion was found to be

present in all the precipitates. The precipitate
increased in quantity as the acid ratios increased. The

precipitaÈe redissolvecl, hower¡er, after refruxing, when

water was.added" At higher acid ratios than 33%, greater
amounts of precipitate developed. The large amount of
precipitate that formed caused bumping in the fraskr ancl

work done on several compounds indicated that lower

oxygen demand values were obtained, presumably because of
the precipitation of the ceric ion from solution. El-Dib
and Ramadan(14) have conducted experiments with cerium

solutions using chrornium and silver (silver at
approximately the same concentration as in this study)
surphates as a combined catalyst. These lvorkers reported
no precipitation when acid ratios of 50% were used"

unfortunately¡ no mention was made of the specific
compound used to prepare ilre cerium solutions"
4"2"3 Oxidation Rate Curves

Experiment. 3 compared the oxidation rates of
ceric ion with or without the incrusion of perchloric
acicl, versus:.those of dichromate, vrhen a total vol_ume of
30 ml and silver catalyst were employed"

Gl-ucose (nig" 1) , maltose (Appendix VI) ,
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starch(Appendix VI) , and glycerol(/\ppendix VI) appear to
have the same oxidation pattern. I^/ith dichromateo these

compounds were essentially B0-90% oxidizecl without
refruxingo and oxidation v¡as essentiarly complete after
15 minutes of refluxing, Both ceric ammonium surphate

solutions yielded no oxidation of substrate at 0 timen

but oxid,ation increased slorvly to a maximal limit after
about 90 minut.es of refluxing" perchroric acid appeared

to hinder the oxidation of starchn whire i-t increased the

rate of oxidation of glycerol" perchroric acid appearecl

to have no effect on the oxidation of glucose or maltose.

Al-anine(Appendi:< VI) o i,./as oxidized at a greater
rate by both cerium solutions o arthough the solution that
was 2D'l in perchloric acicl gave the fastest rise in
oxidation as well as the highest. oxidation value. The

latter solution had a rapid increase in oxidation after
15 minutes of refluxingo while any; significant increase
in oxidation with clichromate clid not occur until 45

minut,es had passed,

Phenylalanine(fig" 2) was also oxid.ized to a

greater extent by ceric ion and at a faster rate, even

although at 0 time clichromate had a c.o"D" value tv¡ice
that obtained through the use of either cerium solution.
The maximum oxidation value was achieved after 45 minutes

of refluxing, while dichromate oxidation steadily
progressed over the 2 hour oxidation period"
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Tryptophan(Àppendix VI), was easily oxidized by

all three oxidizi-ng mixtures o v¡ith the plateau c"o.D"
values obtained after 30 nrinutes of refluxing.

Casein(Appendix VI), v¡as oxidized to a greater
degree and at a faster rate by both ceric anrmonium

sulphate sorutions, despite the fact that at 0 time the
dichromate solution gave a c.o"D" figure three times that
of either cerium solution"

The butyric acid rate curve(Fig" 3) \¡/as similar
to that of phenylaranine. ceric ion plus perchloric acid
gave the fastest increase in oxidationu although at the
end of the trvo hour reflux period. the ceric soLution
v¡ithout perchloric acid had surpassed the oxiclation
figure achieved by the former sol-ution. Dichromate srowly
oxidized but,yric acid to a nraximum value 50% below that
obtained from the oxidation values obtained through the
use of the ceric ammonium sulphate solutions.

Glycerol tributyrate (Appenclix VI ) , gave the
most eratic oxj-dation curves for al1 the compounds

tested. rn many cases, oxidation values decreased as the
refrux time progressed." This can be explained by the
fact that uniform sampring was difficurt to achieve with
this compound" A1r three oxidizing solutions gave

approximately equal initial oxidation rates, although
dichromat,e did not achieve a greater c.o " D. value
throughout the test than the value ot¡tained after 1 5
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minutes of refluxing" The

the cerium solutions were nil
reflux period, until the 60

oxidizing solutions made

dÍchromate"

oxidatj-on gains achÍeved by

after the initial 15 minute

minute mark, when both

substantial gains over

4"2.4 ExperimenÈ 4 Chloride Interference

The results of this experiment tend. to parallel
those found in dichromate oxidat.ions with regard to
chroride interference, rt was found that a 5 ml aliquot
of a 1% sodium chloride solution completely reduced the
ceric arn¡roniurn surphate solution, vrhile a 5 mr ariquot of
a 0"05% sodium chloríde solution resulted in an average

c"o"Do increase of 37 ppm" Ad.dition of mercuric sulphate
in the procedure nulrified the effect of chloride ion.

4 " 2 " 5 Experi-rnent 5 catarysis of ceric oxidation b

Chromic Ion

The spectra recorded for this experiment are

shown in rig " 4 " The vravelengths at v¿hich maximum

absorption occurred are shown in Table IV"

T?\BLE TV

Solution Absorbance at Band I

.BB

Wavelength of--Band I tsand II

32 0 nrn 234 nmA
B
c
D
E

"12
"14
"42

350 nm
350 nm
319 nm

255 nm
255 n¡n
235 nm
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Fig, 4 and Table IV illustrate the effect of
real (Solution D) and optical (solution E) mixtures of
ceric ammonium surphate and chromic sulphate solutions.
Ceric ion, alone, \4ras found to have a maximum absorbance

of 0"BB at 320 nm, chromic ion had no noticeabre peaks

in the region from 225 nm to 450 nm but remained at a

constant absorbance of 0"04" The optical
mixture (Solution E) u had its absorbance almost halved at
the Band r wavelength" This can be attrÍbuted. to the

increase in transmittance brought about by half of the

solution being composed of chromic ion" Ilowever an

actual combination of ceric and chromic ions resulted in
a shift ín the wavelength of maximum absorption and the

absorbance value. The v¡avelength of maximum absorbance

\das 350 nm, the same wavelength found to give ¡naximum

absorption for the dichromate solution (solution C) ,

alone" The alcsorbance varue also decreased to a value of
0.14 at this wavelength, a value almost equivalent to
that obtained from an equar mirlequivalent of dichromate

solution (0" 1 2) "

The result of this experiment seems to indicate
that in the experiments conducted by El-Dib and

Ramadan (14) where a chromium catalyst was used to
dramat,ically increase the oxidation varues of organic
materials, chromic ion is converted to d.ichromate ion by

the ceric ion, The dichromate in turn wouLd oxidize the
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organic matter" Thus a coupled oxido-recluction chain was

in fact present as shown belov¡:

CERIC ION oeô6 cilRol.{rc roN 4:" ".Þco, ,rl2orNHs
oo

6O

""
CEROUS rON4;." ""þ DrCHROI{ATE rOI.r ".": ."."o*"oNrc MATTER



V" CONCLUSIONS

The results of this stud.y have indicated that
ceric ion, especialry:. in the form ceric ammonium

sulphate, i-s unsuitable as a repracement for potassium

dichromate in the chemical oxygen demand test. ceric ion
itsel-f did appear however, to have a greater oxiclizing
effect on certain organic compounds at at lower acid
rati-os" ceric ion is especially: unsuited for the
oxidat,ion of carbohyclrate materiar which is easily
oxj-dized by dichromate a-t lower than so% acid ratios.
Phenylala¡rine was one compound which was readily attacked.

by, ceric ion, with or without the addition of silver
catalyst"

The dichromate rate curves suggest that if a

given type of waste' especiarry one high in sorubre
carbohydrate material, were under constant examination,
it. would be ad.visable to plot such rate curves to
discover if oxidation were essentially com.plete i-n less
than the two hour time period specified by standard
t{ethods (39) ,

ceric ion oid not oxidize organic material to the
same extent as dichromate ion d.ue, apparently, to
experimental difficulties mentioned in the ilresis. The

latter necessitated the use of relatively low acid
concentrations in the oxidation mixture. Howeveru there
are two reasons for continued interest in this reagent.

53"
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First of all, dichrorrrate íon is highly toxic to man and

other organisms (30 ) v¡hile ceriurn salts have a lov¡

t'oxicity " The release of high concentrations of
dichromate ion from busy laboratories night welr cause a

serious pollution problem that coulcl be avoided by the

use of ceric sarts" secondlyn oxidations with ceri_c ion
may provide chemists with a more direct correlation
between B"o"D. and coooD. in certain instances where a

waste is high in a specific organj-c constituent. This

has been shown by El-Dib and Ramad.an(i3) to be the case

in the oxidati-on of starch, paperboard and gelatin
r¡astes 

"
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APPENDIX I
RÂt¡i DATA FOR CtrRïC OXIITATïOI.IS

(trxpressed in r:rg Oxygenr/g Substrate)

V1= Total Volume of 30 mI
V2= Tota1 Volurle of 35 ml
Ì,.I3= Tota1 Vo1ume of 45 ml

S1= Substrate Concentration of 0.10%
32= Subst::ate Concentration of 0"025Y0

A1= 0i'1 Perchloric Acid
A2= 2I1 Perchloric Acid

C1= Itro Catalyst
C2= Ag Catalyst
C3= lfn Catalyst.
CII= Ag * l4n Catalysl:
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CERIC OXTDATTON OF GLUCOSE

TRXATMENT COMBINATIOT']

VSAC

REPLICATTONS

11
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
32
32
32
32
11
11
11
11
12
12
12
12
21
21
21
21
.1 a¿¿
aa¿¿
22
¿z
31
31
31
31
îaJ¿.

32
32
32

11
12
13
14
11
12
1

1

1

1

1

1

1

1

1

1

1

1

1

1

21
22
23
24
21
22
23
24
21
1a

23
24
21
.)a

23
24
21
22
23
24
21
22
23
24

3
4
1

2
3
4
1

2
3
4
1

2
3
4
1

2
3
4

sB1 " 581.
682" 6s4.
580 " 573.
6s6. 669 "454. 470"
7 00. 716 

"508. 524.
67 5 " 666.
57 0 " 569.
627 " 619.
s59. 548 "
587 " 599.
394 " 397 "640" 611"
566 " s66 "670" 683.
524 " 530"
579 " 582 "
509 " 499 "s55. 548.
377 " 361 "
646 " sB3 "
428 " 425.
561 . 561 .
587. 578 "
713 " 713 "
564 " 558.
678 " 679.
508. 490.
737 " 730.
s40" 540"
717 " 711"
567. 5s9"
633 " 638 "548" 539"
644 " 664 "
397 . 423.
689" 692 "508, 486 

"691. 687 "
550 " 549 "573" 580.
523. 505 "
562 " s59"
318" 334"
567 " 583.
444. 422 

"s95. 563.

583" 581.
6sB. 661 "
567 . 557.
662 " 668 "
454 " 486.
697 " 700.
508 " 540.
697 " 687.
562. 572"
611. 609.
548. 548.
606. 614.
394. 413"
630. 640.
592 " 569 "711" 714"
546. 550 "579" sB7 "507. 507 "548. 536.
352 " 368 "sB0" 583.
421 . 428.
567 " 536,
584" 589.
713 " 705.
s63 " 563 "679" 681"
511. 480.
698 " 714 "534" 531 "711" 70s"
558 . 569.
644. 644 "542. 53 9 "
65tt " 649 

"
420 " 417 "676" 70s"
492 " 50s "
675 " 687 

"
5s3 " 549"
575" 573.
519" 519,
563 " 567 

"318" 324"
s61. 567 "390. 416"
563. 58B.
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CERIC OXTDATIO}.J OF I4ALTOSE

TREATI"IBNT COMBINAT ION

VSAC

REPLICATTONS

1

2
2
2
1

1

1

1

¿

2
2
2
1

1

1

1

1

1

1

1

2
2
2
2
2
2
2
2
3
3
)
J
I
J

3
3
3
3
1

1

1

1

1

1

1

1

1

2
2
2
2
1

2
2
2
3
3
J
3
3
3
3
1J

2
.>

2
2
1

1

1

1

¿

2
/)
4

2
.)

1

1

1

1

2
¿
2
2
1

1

1

1

2
2
2
2

11
12
13
14
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
21
aa
L¿

23
24
11
21
22
23
24
21
22
23
24
21
22
23
alt

21
22
23
24
21
22
23
2tt

5BB " 591 "684. 675"
599 " 591 "752" 737,
766. 769.
604" 575"
798. 836 "604. 597 

"606" 603 "579" 581 "
665 " 659.
457 " 450"
591 " 5BB 

"
505 " 492.
697 . 694 "580" 578"
ss8. 557 

"523. 524 "574" 579"
410" 3BB.
534. 543.
435" 422"
569. 598.
608 " 608 "690. 682 "
595 " 583.
772. 749.
440. 468.
530, 504 "710" 742"
591" 601.
759" '743.
608" 606"
659 " 656 "
582 " 57 5.
724 " 724 "
397 " 391 "690" 706"
495 " 521 "735. 767.
579 " 579 "606. 604.
547. 541 "
591 , 600 "391" 404.
577 " 580.
432 " 432 "
601 . 614 "

584" 586.
684. 689"
599 " 593.
740. 744"
835. 804,
550" 575"
801 " 798 

"
606 " 605.
603 " 60s "583" 575"
666. 673 "434. 450 "
560 " 623 

"
499 " 499.
694. 694 "580" 581 "555. 558 "
517 " 524.
583. 57 s.
422 " 486 "540" 540.
435, 428 "
627 . 598 "61s" 616.
675" 681.
582. 5BB "726" 763.
48i. 497 

"
530 " 495.
707 " 710"
572. s69.
743. 743"
s99. 591 "658" 650"
578 " 582.
705" 717 "
391 " 391 "
696 " 683 "524. 527 .
758 " 753.
585" 571 "
600 " 603.
539" 547 "
597 " 58s "3BB" 3BB.
609. 596,
432 " 425.
630" 607 "
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CERIC OXIDATION OF STARCII

TREATIIENT CO}IBINATTOI'J

VSAC

11
11
11
11
12
12
12
12
21
21
21
21
22
.)a

22
22
31
31
31
31
32
32
32
32
11
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
32
32
32
5¿

REPLTCATIONS

11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
21
))
23
24
21
22
23
24
21
22
23
24
21
22
23
2t+
21
))
23
24
21
22
23
24

607 " 599 " 600 " 606 "700" 711, 704" 704.
610. 609, 612" 622"
701" 701. 709" 701.
492. 492 . 520 " 47 9 "737" 753" 753" 753"
541. 579" 579. 576"
780. 748. 713" 723,
584 " 58 4. 58B, 5BB "660" 660. 660. 661 "586" 578" 582" 583.
636" 632" 639" 641.
445" 436" 439. 449"
609. 632" 641 " 641.
479" 511" t+79" 495"
687. 719" 684" 716.
573 " 573 " 573. 577 "596" 601 " 603" 599.
541" 541. 548" 556.
589. 603" 619" 594.
41 3. 41 0, 397 " 407 "543 " 543, 559. 556 "438. 438. 41 6 " 4i 3.
562" 549" 5s9" 565.
621. 614" 613. 614"
696" 701 " 707 " 706,
629 . 63 0. 629 " 63 0.
715. 704" 713. 696"
541 " 538 " 541 " 541 .
731 " 708" 731 " 711.
57 0 " 608. 582. 57 6 "
687 " 719 " 694 " 681 .
605, 606" 603" 604.
666" 675" 661 " 685.
619" 618" 621 " 614"
703. 697 . 694. 685,
442" 449" 442" 477 "661 . 709. 7 09 " 773 "499 " 480" 486" 493 "667" 714" 714" 683.
585" 582. 582. 581,
617 " 611 " 617 " 61 s.
544" 542. 550. 557 "627 " 623 " 621 " 621 .
407, 407. 398, 382.
597 " 555. 539" 571 "446, 422 " 446, 422 "572. 563. 559" 563"
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CERTC OXIDATIOI{ OF ALANINE

TRTIATT.ÍENT COMBTNATIOT'J

VSAC

REPLICATIONS

111
111
111
111
121
12
12
12
211
211
211
211
221
221
221
t.t11ät
311
311
311
311
321
321
321
321
112
112
112
112
122
122
122
122
212
212
212
212
222
222
222
222
312
312

312
322
322
322
322

10" 10.
179. 165"
22. 23.

181" 173.
30" 27 "

291 " 291.
48" 64.

558" 516"
10. 6"
74" 75.
14" 14"
36" 85"
0" 0"

137 " 121.
29 " 19.

136" 152"
4. 0"

25" 28"
B" B"

45. 38 "0" 0"
49" 39.
1 6. 29,
59. 59"
20" 28 "

1 86. 229.
42" 54"

222" 262"
0" 0,

427 " 411 
"61. 87 
"563. 563.

6" 5.
126 " 132 "21. 25"
135. 139"

0" 0.
148" 173.

45 " 52.
204" 168"

2, 1,
54 " 53.
14" 16"
62" 68"
0. 0,

48" 23"
45 " 32 "75" 63.

17. 14"
245" 170"
24" 28"

187 " 172"
2t1" 24 "

284 " 317 
"54" 67.

597 " 821 "11" 10"
67 " 7s"
16" 16"
78. 95.
0. 0"

134" 131"
32" 26.

117. 1sB"
3" 3.

35" 35"
10" 9.
39" 42.
0" 0,

61" 58"
22" 26"
s6. 53.
32" 34"

246. 267 "62" 64"
258 " 254 "0, 0"
378" 411"
61. 90"

460 " 499 "10. 10"
132 " 126.
25" 26"

136" 134.
10. 0"

173 " 17 6.
45. 52.

))o 1)o
LA J ò

1" 4"
50" 54.
16" 13"
63" 64"
2" 0.

23 " 23.
23. 29 "75" 69"

1

2
3
4
1

2
.)
J

4
1

2
ã
J

4
1

2
3
4
1

2
)
J

4
1

2
3
4
1

2
3
4
1

2
')
J

4
1

2
)
J

4
1

2
3
4
1

2
3
4
1

2
3
4

2
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CERIC OXIDATION OF

TREAT¡.'IENT COII4BII'TAT f Ol'I

VSAC

PTiENYLALANTNE

RBPLICATIOI$S

11
11
11
11
21
21
21
21
31
31
31
31
12
12
12
12
22
22
22
22
32
32
32
J¿

11
11
11
11
21
21
21
21
31
31
JI
31
12
12
12
12
22
22
22
22
32
32
32

11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
21
22
23
24
21
22
23
2r+
21
22
ZJ
24
21
22
¿J

24
21
22
23
24
21
22
23
24

1337"
139t+ 

"1323.
1386.
1126 "
1254 

"1078"
1417,

951 "
968 "
909"
912 "

1547 
"

1538"
1534"
1 609.
1490"
1489"
1464"
1 458,
1263.
1223 

"
124'1 .
i095,
1392"
1tt52 

"1365"
1455.
1116"
1325"
1023"
1251 "
950.

i004.
892,
974"

1618.
1577 

"
1521 

"1603,
1563"
1527.
1292"
1s21 

"1304"
1246"
1113.
1281 

"

1319,
1391.
1289"
1383"
1078.
1152 "
1019"
1078"

933"
959.
902 "
932 "1554"

1 542,
1503"
1584.
1410"
1332"
1378"
1427 

"
1330.
1223"
1 282,
1130.
1399"
1464"
1365"
1430.
108s.
1160"
1A78"
1125"

939 "
990"
916.
981"

1592"
1 609.
15s2"
1593"
1547 "
1s46"
1329"
1339.
1336.
1223"
1141 "
1198 "

1336"
1344.
1337 ,
1410"
1119 "
1240"
1048"
1248"

933 
"966,

927 .
956,

1s41"
1567.
1487 "1657.
1362 "
1448 

"
1 282.
1474"
1301.
1288"
1151 "
1104 "
1394"
1453.
1393"
1451.
1141 .
1257.
1054"
1172"

93r' "

987 .
916.
989"

1592"
1580,
1 505.
1603"
1368.
1474"
1238.
1505,
1269.
1191 

"1098.
1207 "

1330"
1434,
1291 "
1370"
1099.
1211"
1 026.
1173"

93 5.
969 "
913 .
994.

1s86.
1606"
1490"
1641"
1323 "

411 .
279"
414 

"
1180.
1223 

"
1173 "
1 098,
1397.
1449.
1335.
1430"
1134.
1217 "
1045"
1227 "
933"
99 0.
909"

1000.
1598.
1584"
1s74.
1600"
1432"
1511 "1257.
1436"
1260 "
1191 .
1151 "

2 1166,
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OF TRYPTOPHANCERÏC OXTDATION

TREATIUENT COI4BTNATTON

VSAC

REPLTCATIONS

11
11
11
11
12
12
12
12
21
21
21
21
22
))
22
22
31
31
31
31
32
J¿
32
32
11
11
11
11
12
12
12
12
21
21
21
21
a1

22
22
22
31
31
31
31,)ô
J¿

32
32
32

11
12
i3
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
21
22
î1LJ

24
21
22
23
24
21
22
23
24
21
22
23
24
21
22
23
24
21
22
23
2tt

1409"
1 425.
1417 

"
1418 

"
1417 

"1473"
1385"
1 505.
137s,
1387 "
1384.
1385"
1366"
1400"
1366.
1362"
1334,
1350"
1356"
1333"
1369"
1312 

"1337.
1293.
1395"
1437 "i390"
1425"
1411 .
1466"
1t+7 2 

"1481"
1372"
1394 

"1365"
1392.
1347 "
1441 .
1536"
1473.
1325 "
1 358.
1326.

3 50,
290.
329 "

1368,
1362 "

1407"
1427.
1420.
1409.
1 426.
1442"
1401.
1489,
1375.
1395"
393.
3BB.
376"
391"

1366"
1337"
1334 

"13s0.
1359"
1330.
1331,
1321 

"
1337 "
1302 "
1398"
1433 "
1386"
1419.
1411 "
147 0,
1453"
1493,
1366"
1401.
1350"

394 "
391"
409"

1s27 "
1461.
1318.
1 353.
1317,
1359"
1309.
1329 "
13s5"
1362.

1407 .
1429"
14'13"
1414.
1401.
1435"
1423"
1464"
1373.
1382 "
1385"
1392 "1369.
1369"
1366 "
1362.
1337.
1349.
1356"
133s"
1337.
1308.
1337 "
1327 "
1399"
1436.
,t?oo
IJQO¡

1422"
1404.
1473.
1545.
1471 .
1369"
1416.
1362.
1397 

"
1350.
141s"
1489,
1437 "
1326 "
1350"
1312"
13s0"
1309"
1313,
1323.
1286"

1407 "
142€) "
1419"
1413.
1433"
1476.
1401.
1486"
1377 .
1393.
1386,
1391"
1385.
138s.
1366"
138s"
1339.
i355.
1360.
1331"
1331,
130s,
1337 "
131s"
1398"
1449"
1383"
1419.
1388"
1470"
1545"
1455.
1366"
i414.
136s,
1394"
13 50.
14t+7 "
1393"
1473.
1320"
1356.
1326 "
1353"
1309.
134s"
1298 

"1312"
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CERIC OXIDATTON OF CASETN

TREATMENT COI.{BINATION REPLICATIONS

VSAC

1i
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
32
32
32
32
11
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
3i
32
32
f1J¿

32

11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
11
12
13
14
21
11

23
24
21
22
¿J

24
21
22
23
24
21
22
23
24
21
22
23
24
21
22
aa
¿.J

24

51 3. 528 "814" 842"
842" 829 "
658 " 687 "563. 605.
859. 862.
632. 654 "960. 963"
443. 461 "719. 698.
705 " 698 "601" 611.
477 . 493 

"7sB. 77 1 "609. 597 "
777 " 765"
375 " 380"
617 " 609.
609 " 608,
560 " s7B.
439 " 429 "
660 " 664 .
606 " 591 "
67 6. 736 "617. 524 

"844. 874,
693 " 730"
BB5 " 875 

"
617 " 740"
955" 1041.
797 " 766"
975" 993"
458 " 456.
740" 739"
643 " 640 "769" 760"
506 " 524.
869 " B2g.
680. 683 "806. 837,
384" 391.
619" 639,
567. 571 "
644 " 645.
401 " 435.
737 " 730"
597 " 624.
717 " 689"

555, 5s4 "822. 821 .
826. 869 "683" 684.
51 9" 624.
919" BB4"
696. 664 "954" 944"
450" 442.
694 " 692 "708. 687 "
614 " 604 "
528 " 528 "765. 765"
606 " 622 "
771 " 771 

"389" 372"
617 " 601.
609. 607 "
556 " 554 "423" 430"
660 " 654.
s71 " 575.
676" 676"
584 " 563 "BB5" 889"
730. 732.
877 " BB6.
647 " 663.
992 " 961 "769" 760"
969 " 996.
47 4 " 453.
735 " 734 "
641 " 642.
761 " 767 "512. 494.
853. 866.
664 " 661 "
821 . 837 "
383 , 38 4.
629" 631 "570. s66,
656. 636"
417 " 392 

"730. 712"
61s" 621.
661. 686"
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CERIC OXTDATTOI.{ OF GLYCEROL

TRBATI4BNT COI"IBI}IATION

VSAC

P"EPLTCATIONS

11
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
32
32
J¿
?a
JL

11
11
11
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
32
32
32
32

11
12
13
14
11
12
13
14
11
12
13
14
11
12
1

1

1

1

1

3
4
1

2
3
4
1

2
3
4
1

2
3
4
1

2
3

683. 683 "799" 791"
707" 709,
817 " 805"
693 " 693.
860 " 860 "815" B1s"
902" 902 "660. 656 "730" 732"
694 " 690 "709. 724 

"
651 " 630"
766" 762"
7s3" 764 "BB6. 877 

"652. 652"
686" 677 "
67e " 678 "
654 " 663 "
627 " 681 "678" 655.
714 " 717 "751. 751 "778. 768"
781 " 782.
72s " 724 "
B1 0" 826"
692 " 669.
852. 855 "800. 761 "
921 " 91 B.
744" 743"
741" 759"
697 . 700.
776" 774"
669 " 627 "845. 842 

"747 " 744"
BB5. 863"
66s" 661.
665" 675"
670" 684"
683" 682"
589 " 604 ,
695. 730.
732 " 696.
740" 746,

677, 681"
795" 796"
7 06 " 715.
805" 811.
687" 702"
869" BB1"
833" 830"
955" 955"
667. 667 "732" 732"
687 " 696 "724" 720.
672" 633.
7 69 " 775,
753 " 753 "
902 " 87 4.
658 " 652.
677, 676"
676" 681 "659. 665 "
654 " 651 "
665 " 67 2.
71t+ " 699 "745" 751 "780. 769"
783" 797 "722" 721.
810" 804"
707 " 677 "852" 874"
776" 747.
921 . 913 "740" 739"
744" 742"
699 " 695 "
77 4. 7 65.
625 " 633.
814. 83g.
747 " 761 "
87 4 " 860 "6s6. 664 

"6BB" 669"
675" 672"
6B 5. 6B 6.
627 " 604 "689" 689"
702" 702"
751 " 751 "

2
1

2
2
2
2
2
24
21
22
23
24
21
a.)
L¿

23
24
21
a,)LZ
23
24
21
22
23
24
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CERIC OXTDÀTTOhJ OF

TREATMENT CO¡,ÏI]INATTON

VSAC

BUîYRIC ACTD

REPLÏCATIONS

11
11
11
11
12
12
12
12
21
21
21
21
22
1a
a1
22
31
31
31
31
')a
J¿

32
32
32
11
11
11
11
12
12
12
12
21
21
21
21
¿¿
22
22
22
31
31
31
31
32
32
32
32

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2
3
4
1

2
3
4
1

2
3
4
1

2
3
4
1

2
')
J

4
1

2
3
¿l

1

2
3
4
1

2
3
4
1

2
3
4
1

2
1J

4
1

2
J
4
1

2
3
4

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

¿oo.
722"
313"
643.
690 "

1306"
633,

1322 
"

239 "
1172"

211 "
436 "
427 "1042"
399.

1090.
128 .
387 .
117 

"380.
192 ,
927 "
156.
777 "
s09 "
980"
444"

1010"
791 

"1365"
682.

1356.
3s4"
583"
360"
765"
593 "
900"
527 .

1 033.
149 "
460,
148.
422 

"204.
Bs0.
221 

"
Bg5"

279"
765"
282 "
601 "
622 "

1247 .
600 "

1224"
237 .
4g'7 

"
226 "
445.
431 .

1i81"
41 9.

1124 .
tJzõ
37 g.
1 09.
359"
202.
844.
146"
592.
541"
990.
4s4"

1024 
"

824 
"1394"

1236"
1376"

323 "
691 .
361 "
715 "
sB3 "

1276"
547 "

1007"
136 

"
¿l.Elr

139 "
437 .
234.
847 

"
254 "
849"

330"
681 ,
295.
638"
589"

1333"
s27 

"
1255 "
225.
360.
212.
t|52.
404 "719.
399"
811 "

99.
425 "
102 "
401"
4 ôôtoo.
7BB"
163"
639"
s26.
Ôô?

454 "
1094"
854.

1437.
817 

"
1267.
354"
562 "
383"
593 "
590.
77s"
524.
845"
155"
404 

"
157 .
1EE.JJJ.

231 
"946,

237 "
875"

296.
745"
310.
591.
666.

1257 "
550 "

1342.
245.
368.
aa1
¿-¿J a

?o,)

441 "
709"
406 "
747.

ot
327 .
110"
399.
ô.)r¿4J.

686 "
143 "
530"
570"
998.
536.
970"
758 "

1397 .
7gB"

1360"
?tr?
JJJâ

493.
3s2 "
545"
557 "

1190.
5s0 "
806"
141"
437 "
1s0"
429 "
201 "
580"
221 "
648.



CERIC OXIDATION OF

TREATMENT COI"IBII{ATTON

VSAC

68,

GLYCEROL TRIBUTYRATE

REPLÏCATIONS

11
11
11
11
12
12
12
12
21
21
21
21
22
1')
22
22
31
31
31
-1JI
32
J¿

32
32
11
11
12
11
12
12
12
12
21
21
21
21
22
22
22
22
31
31
31
31
?)
32
J¿
1.1J4

1

1

1

1

1

1

1

1

1

1

i
1

1

1

1

1

1

1

2
2
2
2
2
2
2
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1

2
3
4
1

2
3
4
1

2
J

4
1

2
3
4
1

2
J
4
1

2
')
J

4
1

2
3
4
1

2
3
4
1

a
a
J

4
1

2
3
4
1

2
3
4
1

2
3
Ll

406,
779"
41 0.
849"
51s.

1059"
542 "
946 

"300"
484"
340.
522 "
384"
672"
447 "
774"
216 "
452 "
245 

"441"
265 "704.
273.
689.
53 0.
971 "
534"
948 "
7A3"

1 163 "765"
1150.

a Í',

737 
"

381"
689.
467 .
642.
56s"
712.
233 "
481"
246.
4s6"
a''t a

477 
"320.

682.

361 "790"
460.
B4g,
578"

1085"
574"
978"
316.
514.
334"
492,
387"
720.
476"
870"
206.
413 "
258 "
470"
265 "
7 64,
2Bg.
683 "520.
97s"
519.
96s"
694 "1071"
774"

1121 "
J()lo

821 "
394,
735.
493.
811 "
544,
97s"
227 ,
54 0.
327 .
Iq?
234.
780"
311 .
712 

"

400"
797 "
IJ II1

825.
51 5.
974"
577 "

10s4 "
302 "
500 "
316"
493,
419 "
6'76"
438"
753"
212 "
400.
248 "
374"
284 "
7sB"
304 "
654"
528 "
9Bs.
532 "
97 2.
755"

1169 .
777.

1097 "369.
613.
406 "
660.
498 "
703"
559.
799.
228 "
448.
312 

"
4BB.
ZJlt "
780"
2gg 

"566.

389"
836"
420.
799"
512 "

1039.
577 .

1039.
299.
515"
11.|
JJZO

471 "
42.2.
634,
431 

"
607 "208.
ao1

265.
1Ët
JJJ â

265 "
473"
257 "Ê')',

527 "1012.
529.
936 

"
716.

1151 .
774"

1 1 06 "
368 

"
565 "
381.
626 "
4gB.
648.
562.
799 

"
227 .
444"
304.
431 "
)) q,

780"
317 

"
566 "



APPENDTX IT
RAT{ DATA FOR DICHRO}.{ATtr OXÏDATIOI,IS

(Expressed in mq Oxygen/g Su]:strate)

V1= Total Vo1ume of 30 ml
V2= Total Volume of 35 ml

S1= Substrate Concentration of 0"10,q'
52= Substrate Concentration of 0"025f'

C1= No catalyst
c2= Ag caialyst
C3= Illn catalyst
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DICHRO},IATE OXIDATION OF GLI]COSE

TREATI{ENT COI"IBINATION

VSC

DICHROMATE

TREATMENT COT,,IBI I.JAT I ON

VSC

OXIDATTON OF MALTOSE

REPLICATION

REPLÏCATION

111
112
113
211
212
213
121
122
123
221
222
223

1048" 106s"
1008 " 1020"
1049. 1040.
1024.1026"

972 " 973.
1 032. 1 003 .
977" 1010"

1018" 1012.
9BB" 9BB.
9BB. 985"
978" 953.

1056. 1056.

1077. 1064.
1007" 1011"
1043 " 1042"
1025" 1050.
976" 989.

1009. 1019.
1013" 1000"
1021" 1024"
1007. 9BB.

994 , 975.
962. 962.

1052. 1 065.

11
12
13
11
12
13
21
22
23
21
22
23

2
2
2
1

1

1

2
2
2

1070 " 1068.
1052" 1042"
1058" 1058"
1043. 1046"
1016" 1011.
1050. 1036.
1114" 1065.
1084" 1039"
106s" 10s8.
1 0ss" 1 06s.
972" 985.

1 023. 1 02A "

1068.
1036"
10s9"
1052"
1002"
1042"
1046.
1058"
1052"
1046.
985.

1046,

1068,
1039"
1058"
1044,
1 005.
1 044.
1052"
1058"
1 049.

04 6.
004"
020 "
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DÏCTIROT.IATE

TREATMENT COMBINATION

VSC

DICHROIVIÀTE

TRIIAT}{ENT CO¡.IBTIJATION

VS C

OXIDATTO\T OF STARCH

REPLICATÏON

1069. 1070"
1014" 1020"
1059" 10s4.
10¿t9" 1044 "9EB. 982.
1039. 1038.
1072" 1 082.
1046. 1072"
1 060. 1 057.
1043" 1075.
1008" 983"
1 01 5. 1024 "

111
112
113
211
212
213
121
122
123
221
222
223

1069" 1069.
996" 1011"

1052" 1048"
1043. 1046"
982" 985"

1036. 1036.
1 078. 1 069"
1037" 10s3"
1058. 1061.
1053" 1046.
1008" 970"
1018" 1021"

OXÏDATTON OF ALAT\]INE

REPLICATION

111
113
112
211
212
213
121
122
123
221
222
'))?

179 " 201 "
177 " 169 "
202 " 1 80.

21 " 19,
25, 1 9.
19, 19.

1 59. 120 "213. 281.
130" 127"
18" 0.
24. 24 "0. 24"

1BB" 187"
170. 177 "
177 " 196.
25" 20"
19. 19,
19. 19"

149" 152"
265 " 303 

"143" 149.
24" 0"
14. 27 "24" 18"
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DICHRO¡{ATE OXTDATION

TREATI{ENT COT.IBINATTON

OF PHENYLALAh]TNE

REPLICATTON

VSC

111
112
113
121
122
123
211
212
213
221
222
223

484 " 428.
1048" 1031.

s30 " 499 "534" 438"
1556 " i 36s "980. 1043.
143" 138.
66 4. 673 "
141 " 160 "100" 110.
793. 803 "148" i3B"

443 " 466.
1043. 1011"
539. 548.
559. 502 "1305" 1394"
BB4. 856"
135" 133.
651 " 6sB"
120 " 124,
125. 132 

"771" 778.
141" 125"

DICHRO¡{ATE OXIDATTON OF TRYPTOPHAN

TREATMENT CO}4BTNATION REPLICATION

VSC

15s3" 1544.1552"
1587. 1575" 1586.
1550. 1541. 1536.
1365. 1349" 1359,
1 41 0" 1 3gB. 1397 

"1476. 1470" 1474"
1684" 1694. 1691"
1594" 1619" 1676"
1684" 1684" 1694"
1 493" 1 493" i s00 "1435" 1444. 1435.
1 380" 1 380. 1 365.

111
112
113
211
212
213
121
122
123
221
222
223

1 5s0.
1590.
1550"
1359"
1415"

478"
694"
613.

1684 
"1497"

1412 
"

1380"



-l')

DICHROMATE

TREATMENT COMBINATTON

VSC

DÏCHROMATE

TREAT}4ENT COMBINATTON

VS C

OXÏDATION OF CASEIN

REPLICATION

685. 691" 689. 677,
758" 757" 758. 758.
624" 621. 629" 639.
335" 329" 331. 335,
461 " 440. 452" 444"
259. 263 " 259 " 249 "719. 742" 749. 726.
813" 781 " 836. 781"
716" 680" 684" 661 "318. 2BB" 2BB. 305.
418" 441 " 418. 424"
256. 256" 237 " 233 

"

OXIDATTON OF GLYCEROL

P"EPLTCATION

111
112
113
211
212
213
121
122
123
221
222
223

111
112
113
211
212
213
121
122
123
221
222
223

1156" 1148" 11ss"
1158" 1156. i154"
1170" 1162. 11s6.
1126" 1131. 1132.
1157" 1118" 1118.
1126" 1125" 1125"
1201 " 1170" 1173"
1198" 1173" 1180,
1143. 1177" 1198"
1118. 1109. 1134"
1134" 1127 " 1127 

"1112" 1115. 1121.

1148"
1 1 s6.
115s,
i131"
112s,
1126"
1173"
1195"
1170"
1112"
1137 "
1121 "
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DÏCHROMATE OXIDATION

TREATMENT COI'{BINATION

OF BUTYRIC ACTD

REPLTCATTON

VS C

DICHROMATE OXTDATTON

TIìEATIÍENT COMBINATION

VSC

440 " 560. 434 " 489.
934 " 987 " 921 " 944 

"t+51 " 421 . 446" 412"
40. 30. 19" s1.

409. 381 " 405. 2Bg 
"6" 6. 7" 11"q96. 533. 435" 604"

993. 875" 939. 807.
475" 455. 519. 441"
69. 32" 62" 59.

238" 259. 201 " 191 "39. 0" 21" 21"

OF GLYCEROL TRTBT]TYR}.TE

REPLICATION

111
112
113
211
212
213
121
122
123
221
222
223

111
112
113
211
212
213
121
122
123
221
222
223

646. 657 .
961" 1011"
687 " 551.
364. 398.
573" 580.
344. 324.
664" 765"
918" 1 056.
76s. 793"
364. 337,
t+93" 514"
331. 352"

658" 660.
10i6. 968"
650" 574.
390. 380"
590. 503 "332" 323.
BB1 " 891.
949.1028.
BOs" 811.
383. 389"
459" 459 "346. 340 "



Ah]ALYSÏS OF
APPENDIX ÏTI

VARIANCIT FOR CERIC OXIDÀTIO}TS



ANALYSÏS OF VARIANCE

SOURCE

REPLICATIONS
TOTAI VOLUIUB (V)
SUBSTRATE CONCENTRATION (S )
VXS
ACÏD TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
BRROR
TOTAL

CERTC OXTDATTON

DEGREES
OF ST]}4 OF

FREEDOJ\,I SQUARES

3 596 "2 351433.
1 63389.
2 24158"
1 2712"
2 3848"
1 1327,
2 2229.
3 90027 B "6 23597 "3 2617 82 "6 15504.
3 8409.
6 11676.
3 635"
6 1 1990 "

1 41 172s5 
"191 1 70081 B"

* STGNIFICANT AT 1% LEVEL

OF GLUCOSE

MEAN
SQUARE

1 99 "17s716"
633 89"
12079.

2712 
"

1924 
"

1327 
"1114.

300093.
3933"

87261 
"

2584"
2803 

"
1946"

212 
"

1 gg B.
122 

"

CALCULATED
F

1.
1435.
517.

98"
'))
15"
10.

o

) L q,')

32"
713 

"
21 

")2
t5"
1"

16.

62
87*
9B*
70*
16*
72*
B4*
11*
22*
14*
05*
12*
91*
90*
73
33*

TABT}LATED
F("01)

3"BB
4 "71
6"76
4 "716"76
4 "716"76
4 "71
3. BB
2.90
3"BB
2 "90
3"BB
2 "90
3"BB
2 "90

\¡



ANALYSIS OF

SOURCE

REPLICATIONS
TOTAL VOLUME(V)
SUBSTRÄTE CONCENTRATION (S )
VXS
ACTD TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)

VARIANCE

VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAL

DËGREES
OF

FREEDO¡,Ï

3
2
1

2
1

2
1

2
3
6
3
6
3
6
3
6

141
191

* STG}TTFICANT AT 1% LEVEL

SUI"I OF
SQUARES

105.
41959.
80844"
35106.

6490"
10551 

"
1541.
2287 "

82352 "
73088.
60835.
12072"
7176"

4103s.
1496"

1 3 400.
25095.
95 435.

MEAÌ{
SQUARE

1tr
JJ O

,)1rìÕ?O
¿LVJ I ¿.

80844,
17553.

6490"
527 6.
1 51.!1 

"1143.
327Lt51 "12181,

B6g 45 .
2012"
2392 

"
6839"

499.
2233 

"
178"

9

2

CALCULATED
F

0
1 241

454
9B
36
29

6
1839

6B
4BB

11
13
3B

2
12

19

20
61*
24*
62*
468

TABULATED
F("01)

.64*
"66*
" 42*
. B3*
"44*
"51*
" 30*
.44*
" 

/+3*

" B0

" 55*

3.BB
4 "71
6 "76
4 "716"76
4 "71
6"76
4 "71
3" BB
2 "90
3"BB
2 "90
3" BB
2 "90
3"BB
2 "90

\¡
(tl



ANALYSTS OF VARTAI'TCB

SOURCB

REPLICATTONS
TOTAL VOLUME (V)
SUBSTRATE CONCE}üTRATTON ( S )
VXS
ACID TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAL

DEGREES
OF

FREELìOIT

CERIC OXTDATTON OF STARCH

3
2
1

2
1

2
1

2
3
6
3

6
J

6
3
6

141
191

* SIGNIFICANT AT 1% LEVEL

SUI{ OF
SQUARES

40
16

Ll

223 "
OB6B"
5640.
5370"
7't 36 .
4845"

99q.
lt1

4217 "
7 640.
2225 "
0324 

"
626 "

9408"
5738"
8659"
4332"
8293 "

T'{EAN
SQUARE

74
2

16
1

2
1

2

74"
0434.
5640.
2685.
7136.
2U23.

99 9.
21 

"
8372"
4607 "
4075 

"
1721 

"
209 "1s68.

1 91 3.
1443.

17 3.

0
6
2

CALCULATED
F

2
161

11
I
1

0"43
67 "49*59. B6*
31.46*
41" 35+
14.04*
5"79
0 "12

37"54*
26.7 0*
13.36*
9"97*
1"21
9" 0g*

11"08*
8.36*

4

5

TABT]LATED
F("01)

3"BB
4 "716"76
r+ "71
6"76
4 "716"76
4 "71
3. BB
2 "90
3.BB
? o^
3" BB
2 "9A
3"BB
2.90

14

3

\¡
Or



ANALYSIS OF VARIANCE

SOURCE

REPLICATIONS
TOTAÍ. VOLUIîE (V)
SUBSTRATE COhTCBNTRATION ( S )
VXS
ACID TYPB (A)
VXA
SXA
VXSXA
CAÎAIYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAL

DIIGRBES
OF

FREEDO¡1

CERÏC OXTDATTON OF ALANTI\TE

3
2
1

2
1

2
1

2
3
6
3
6

3
6
3
6

141
191

* SIGNTFICANT AT 1% LEVEL

SU},l OF
SQUARES

27 67
824302
1 47 521
136816

17 226
47 43
3262
37 99

1 1 90522

I'iEAi.j
SQ{.]ARE

531 851 "
155585"
1 85253 "

11034"
1 9289 "

6447 "
25734 "
7BsB4 "3444738.

41
14

6
1

q))

2151 
"7521 
"9408.

7226"
2371 "
3262 "
1 900 "
6841"
5308"
1862"
0876"
3678"
321 5.
21t+g 

"4289.
557 "

CALCULATED
F

39
10

5
3

73
26
12

3

1 .6s
9.50*
4. B5*
2"74+
0"9i*
4 "26
5"85
3"41
2.03*
8"95*
3.05*
5" 40*
6"60*
5.77*
3" B6
7 "70*

TABT]LATED
F(.01)

3"BB
4 "716"76
4 "71
6"76
4 "716"76
4 "71
3"BB
2 "90
3. BB
2 "90
3"BB
2 "90
3.BB
2 "90

71
1B

9
5

{\¡



ANALYSTS OF VARTANCE

SOURCE

REPLICATIONS
TOTAL VOLUPIE (V)
SUBSTRATE CONCENTRATTON (S )
VXS
ACTD TYPE (A)
VXA
SXA
VXSXA
CATATYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAT,

DEGREES
OF

FREEDO}{

CERÏC OXTDATÏON OF PI]ENYLALANTNE

3
2
1

2
1

2
1

2
3
6
3
6
3
6
J

6
141
191

* STGNTFICANT AT 1% LEVEL

SU}II OF
SOUARES

257 09 "
5094200"
27224t+3.

62802 "
22260.

7970 
"ct??JJJê

8431 "
280504"
1 05829 

"55428.
1 8653.
1 8304.
377 04 "
12268 

"
19194 "

2519 U,5 
"

8744577 "

I4EAN CAICUI,ATED
SQTJARE F

8s70.
2547 1 00 .
2722443 "

31401 "
22260 

"
3985"

933"
4215"

93s01.
17 638.
18476"
3109.
6101 ,
6284 

"
4089"
31 99.
1787 "

142
152

1

1

4 "79*
5"47*
3"60*
7 "57+
2. " 46*
2 "23
0"52
2.36
2"33*
9"97*
0.34*
1"74
3"42
3"52*
2 "29
1"79

TABT.]LATED
F(.01)

3"BB
4 "716"76
4 "71
6"76
4 .71
6"76
4 "71
3.BB
2"90
3.BB
2 "90
3. gB

2 "90
3"BB
2 "90

5

1

\¡
co



ANALYSÏS OF VARTANCE

SOURCE

REPLTCATTONS
TOTAI VOLUME(V)
SUBSTRATE CONCENTRATION (S)
\iXS
ACTD TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAL

DEGREES
OF

FREEDOM

CERÏC OXIDATION OF TRYPTOPHAN

3
)
1

2
1

2
1
.)

3
6
3
6
3
6
3
6

141
191

* STGNTFICANT AT 1T, LE\ruL

SUM OF
SQUARES

6s5.
32407 C "

9170.
)lL)1)

624?..
8999.

12792.
6950.

2t+290.
8464 "
9225 

"
7 028.

1 2660 .
8394 "

2301 9 "
8010.

40309.
s34490.

¡{EAN CAICULATED
SSUARE F

218
1 62035

917 0
12106

6242
450C

12792
347 5
809 7
1411
3075
1171
1t220

0.7 6
566 " B0*

32 " 0B*
n) ?q*
21 " B4*
15,74*
44.75*
12"16*
28 "32*

4"93#
10"76*
4"10*

14 "7 6*
4"Bg*

26.84*
4.67*

TABI]LATED
F("01)

3"88
4 "71
6.7 6
4 "716.76
4 "71
6"76
4 "71
3"BB
2 "90
3 " BB
2 "90
3.BB
2 "90
3.88
2.90

1399.
7673.
1 335.

286 "

\¡
\o



ANALYSIS OF VARTANCE

SOURCE

REPLTCATIONS
TOTAL VOLUME (V)
SUBSTRATE CONCENTRATION (S )
VXS
ACTD TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXS
AXC
VXA
SXA
VXS
ERROR
TOTAL

CERfC OXTDATION

DEGRNES
OF SU¡4 OF

FFSEDOM SQUARES

XC

XC
XAXC

3 1707
2 1 303288
1 169615
2 2578
1 82877
2 16091
1 4710
2 3t.+39
3 2377992
6 33745
3 1 56434
6 3 4520
3 57721
6 101 42
3 107083
6 18418

141 48552
191 4r+28916

* SIGNIFICANT AT 1% LEVEL

OF CASETN

MEAN
SQUAR.E

569
6s1 64 4
1 6961 5

1 289
82877

8045
1t710
17 20

7 92 664
5624

s21 45
s753

1 9240
1690

3s694
3070

344

CALCULATED
F

1B
4

2

1" 65
q? ¿rlr{¡

92"58*
3"74

40.69*
23" 36*
13.68*
4"99*

01 "98*
16" 33*
51 .43*
1 6 .71*
55,88*
4.91*

03 " 66*
8"92*

TABULATED
F("01)

3. BB
4 "71
6"76
t4 "71
6"76
11"71

6"76
4 .71
3.Bg
2 "90
3.BB
2 "90
3" BB
2 "90
3"88
2 "90

23

1

1

co
O



ANALYSIS OF VARTANCE

SOURCE

REPLICATTONS
TOTAL VOLUIIE (V)
SUBSTRATE CONCENTRATTON (S )

VXS
ACID TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTA].

DEGREtrS
OF

FREEDOfuI

CERÏC OXÏDATIONI

3
2
1

2
1

2
1

2
3
6
3
6
3
6
J

6
141
191

* SIGI'{IFICANT AT 1% LEVEL

SU¡.{ OF
SOUARES

OF GLYCEROL

IUEAN
SQUARE

37
oO

1

163"
6s73"
6289 "
0546.
39si "
5398"
9345"
2314"
6160"
66t+2"
7620"
2458 "
51 14 "
0894.
8528 "
4256 "
7220.
3470.

3

1

()

6
3
1

1

1

1

5

1B
It

54"
8286.
6289 "
5273"
3951 "?Áoo
9345"
1157 

"8720.
1107 

"
5873.
2076"
1705.
1816.
6176"

709 "
122 "

CALCULATED
F

12
1

4

15
7

" 44
rt1"72*
06 " 54*
43" 1B*
32 " 35*
22"10*
76"52*
9"47*

53"98*
90"95*
75"62*
17"00*
96.00*
1 4. B7*
50 " 57*
5"81*

11

TABULATBD
F("01)

3" BB
4 "716"76
4 "716"76
4 "71
6"76
4 "71
3"BB
t orlL6JV
I ôôJêOÕ
2 "90
3"BB
2.90
3. BB

2 "90

10

3

13

oo
J



ANALYSÏS OF VAF.ÏANCE

SOURCE

REPLÏCATTO}IS
TOTAI VOLUI4E (V)
SUBSTRATE CONCENTRATION (S )
VXS
ACID TYPE (A)
VXA
SXA
VXSX
CATALYST
VXC
SXC
VXSX
AXC
VXAX
SXAX
VXSX
ERROR
TOTAL

A
(c)

DEGREES
OF

FP'IIT'DOM

CERÏC OXIDATION OF BUTYRTC ACTD

c

C
c
AXC

3
2
1

)
1

2
1

2
3
6
3
6
3
6
3
6

141
191

* SIGNIFTCANT AT 17, LEVEL

SÜT{ OF
SQUARES

1

6tt
46

2
B

2

BB
2
6

03408.
999 B4 

"
96528 "
85008"
43600.
08336.
27 392 

"
41 664 

"
81 952 "
457 44 .
¿t0816.
50048"

7584 "
19296,
68064.
28032 "
90608 "
38064.

MEAN
SQUARE

3¿!469
3249992
4696528

14250lt
343600
104168
27392
20?,32

2960650
It0957

21 360s
I341
2528
321 6

22688
21 339

6316

CALCULATED
F

1

B

236

5" 46*
51 4. 54*
743.55*

22 " 56*
133.56*
16"49*
4.34
3,30

468 " 73*
6.48*

33" B2*
1"32
0.40
0 " 51
3"s9
3" 3B*

TABI]LATED
F(.01)

3"BB
4 "71
6"76
4 "716"76
4 "71
6"76
t4"71
3.BB
2 "90
3.88
2 "90
3"BB
2 "90
3"BB
2 "90

cÐ
tJ



ANALYSÏS OF VARIANCE

SOURCE

REPLÏCATIONS
TOTAL VOLUT'IE (V)
SUBSTRATE CONCENTRATTON (S )
VXS
ACrD TYPE (A)
VXA
SXA
VXSXA
CATALYST (C)
VXC
SXC
VXSXC
AXC
VXAXC
SXAXC
VXSXAXC
ERROR
TOTAL

DEGREES
OF

FREEDO},]

CERIC OXTDATION OF GLYCEROL TRIBUTYR-ATE

3
2
1

2
1

2
1

2
3
6

3
6
3
6
3
6

141
191

* STGI{TFICANT AT 1% LEVEL

SUI.4 OF
SQUARES

4321 4
436 81 44
1 02957 3

28264
37 51 81
115645

Bi 36
10337

506537 2
291576

67BBO
1 1 8255

3261
14712
36869
1 s667

394592
1 1 917772

l"iEAt'I
SQUARE

14405.
21 8407 2 "
1 029573 "14132"

3751 81 
"

57 823.
8136"
516E.

16BB¿t57.
48596.
22627 "
19709 "

10?7.
2452 

"
1 2290 

"2611"
2799"

CALCULATED
F

5"15*
945"57*
445"74*

6"12*
162"43*
25" 03*

3 "52
2"24

730 " 99*
21 "04*

9 " B0*
8"53+
0"47
1.06
5 "32*1"13

TABULATED
F(.01)

3"BB
4 "71
6"76
4 "71
6"76
4"71
6"76
4 "71
3. BB
2 "902 c)0J O UO

2 "90
3.BB
2 "90
3"BB
2 "90

cc
L.)



APPE}¡DÏX IV
ANALYSÏS OF VARIÀNCE FOR DÏCITRO}IATE O)(IDATÏOI.IS



SOURCE

REPLÏCATÏONS
TOTAL VOLUIVIE (V)
SUBSTRATE CONCENTRATION (S )

VXS
CATATYST (C)
VXC
SXC
VXSXC
ERROR
TOTAL

ANALYSIS OF VARTANCE

* STGNIFTCANT AT 1% LEVEL

ANALYSIS OF VARTANCE

DEGRNES
OF

FREEDOI4

DICHROMATE

SOURCE

REPLÏCATÏONS
TOTAL VOLUI.'IE (V)
SUBSTRATE CONCENTRATTON (S )

VXS
CATALYST (C)
VXC
SXC
VXSXC
ERROR
TOTAL

* SIGNIFTCANT AT 1% I,EVEL

3

1

1

1

2
2
2
2

33
47

SU¡1I OF
SQUARES

144
326Lt
51 20
2624

1 0496
8240
6864
6592
31 20

464 64

O>(TDATTON OF GLUCOSE

MEAN
SQUARE

48.
3264 

"
5120 "
2624 

"
5248 "
4120"
3432 "
3296 "otr¿-).

DEGPGES
or

FREEDOJ'{

CALCULATED
F

DÏCTIROI,',IATE

3
1

1

1

2
2
2
2

33
Lt7

0. 51
34 " 52*
54"15*
27 "75*
55 " 51 *
43 " 5B*
36"308
34 " B6*

SU}f OF
SQUARES

672
11968

4B
752

9920
291 2

352
976

4BBO
32480

TABULATED
F("01)

4"42
7 "t+4
7 "t44
7-4t+
5 "29tr 10
5 "29
5"29

OXÏDATÏON OF IqALTOSE

T"IEAN
SQUARE

22Ll 
"

1 1 96 B.
48"

1Êa
I JL ¡

4960.
1 456.

176"
4BB"
148"

CALCULATED
F

1"51
80.9 3*
0.33
s"09

33.54*
o aq*
1"19
3"30

TABi]LATED
F(,01)

4"t42
7"1t4
7 "t+4
7 "44
5"29
5 "29
5 "29
5^29

co



SOURCE

REPLTCATÏONS
TOTAI VOLUME (V)
SURSTRATE CONCENTRATION ( S )
VXS
CATAIYST (C)
VXC
SXC
VXSXC
ERROR
TOTAL

T STGNIFICANT AT 1% LE\TEL

ANALYSÏS OF VARTANCE

DEGREES
OF

FRtrEDOI"I

DTCHROI4ATE OXIDATION OF STARCH

SOURCE

REPLÏCATÏONS
TOTAL VOLUME (V)
SUBSTRATE CONCENTRATION ( S)
VXS
CATALYST (C)
v>(c
SXC
VXSXC
ERROR
TOTAL

* STGNIFICANT AT 1% LEVEL

3

1

1

1

2
2
2
2

11JJ

u7

ANALYSIS OF VARIANCE

SU},I OF
SQUARES

272"
11s36" 11

912 "
1024 " 1

21552 " 1 0
896.

1920.
672.

2624.
41408.

lUEAN
SQUARE

DEGREES
OF

FREEDO¡iI

91.
536"
912 "
024 "
776"
448.
96C.
336.

80"

CALCULATED
F

DÏCHRO},1ATE

sutlt oF
SQUAP.ES

503"
325980"

3
1

1

1

2

2
2
2

33
47

1

14s
11
12

135
5

12
4

14
0B*
47*
BB*
52*
63*
07*
a)LJ

TABULATED
F("01)

OXÏDATION

}TEAN
SOUARE

168.
325980.

68.
20"

6774"
5230 

"
5284 "20trtr
J UJJ o

207 
"

4
7
7
7
5
5
5
5

68"
20.

3548"
0460.
0567 "

42
44
44
44
29
29
29
29

OF ALANINE

CALCI]LATBD
F

7710.
6822.

37 567 B.

0" B1

1576" 8B*
0"33
0.10

32"77+
25.30,1.
25 "56*18"65*

TABULATED
F("01)

L+"42
7 "ILT
7 "44
7 "44
5 "29
5"29
5 "29
s "29

oo
ul



SOURCE

REPLÏCATÏOT'IS
TOTAL VOLUME(V)
SUBSTRATB CONCENTRATION (S )
VXS
CATALYST (C)
VXC
SXC
VXSXC
ERROR
TOTAI

ANALYSÏS OF VARTANCE

IK STGNIFICANT AT 1T, LEVEL

ANAT.YSIS OF V1\RIANCE

DEGREES
OF

FREEDOI,4

DICi-IROT4ATE

Stilvi OF
SQUARES

SOURCE

REPLTCATTONS
TOTAL VOLUME (V)
SUBSTRATE CONCE}TTRATION (S )
VXS
CATALYST (C)
VXC
SXC
VXSXC
ERROR
TOTAI

* SIGNIFTCANT AT 1T, LE\,TEL

3
1

1

1

2
2
2
2

33
47

8901
27 9t+7 52

296062
177346

3993968
1 1 9232
1 227 06

56590
6317 I

7 6327 36

OXIDATION

¡.{EAi\T

SQUARE

2967 
"2794752"

296062 
"

177 346 
"

1996984.
5961 6 

"61353"
28295 

"
1915"

OF PIIENYLALANTNE

CALCULATED
_r

DEGP,EES
OF

FREEDO¡{

DICHRO}IATE

SUI4 OF
SQUARES

1"s5
459 "77*
154"64*

92 " 63*
043"08*

31 .14*
32"05*
14" 7B*

3
1

1

1

2
2
2
2

33
47

TABULATED
F(.01)

OXIDATION OF

MBAN
SQUARE

229.
33704.
50692 

"
22174.

1206.
o?

33437.
35834"
5183"

82771 "

4
7
7
7
5
5
5
5

42
44
4TT

44
29
29
29
29

TRYPTOPHAN

CALCULATBD
F

0. 49
2761 "00*

322 .7 3*
141 "17*

3"84
0"29

106"44*
11 4 " 07,þ

-.to.
433704 

"
50692 "
22174"

603"
46"

1 6718 
"

1'1917 .
157 "

TABULATED
F(.01)

4"42
7"44
7 .44
7 "44
5 "29
5 "29
5 "29
5 "29

@
Oì



SOURCE

REPLTCATTONS
TOTAL VOLUIm (V)
SUBSTRATB CONCENTP"ATTON ( S )
VXS
CATALYST (C)
VXC
SXC
VXSXC
ERROR
TOTAI

ANALYSÏS OF VARIANCE

* SIGNTFTCANT AT 1% LEVEL

ANALYSÏS OF VARTANCE

DEGREES
OF

FREEDOi-{

DÏCI]ROT4ATE

SUJ{ OF
SQI.]ARES

779"
1 738355.

2241 
"

16077 "
19s037"

8826.
lrolta)-õ

74"
5582"

1 967 465 "

SOURCB

REPLICATIONS
TOTAL VOLUME (V)
sutssTRATE CONCENTRATION (S )
VXS
CATALYST (C)
VXC
SXC
VXSXC
ERROR
TOTAL

* SIGNIFTCANT AT 1% LEVEL

IJ

1

1

1

2
2
2
2

33
47

OXÏDATIOI{

I4BAN
SQUARE

26A
1738355

2241
1 6077

OF CASEIN

CALCULATED
F

DEGP,EES
OF

FRËEDOÌ'I

97 51 9.
4413.

247 
"

37"
169 "

DICHROMATE OXTDATTOI{

1" 54
10276"91*

13 "25*
95 " 05*

57 6 "52*
26 . 09t

1"46
0.22

3
1

1

1

2
2
2
2

33
tt7

SUi4 OF
SQUARES

221+ "
21 584 "ôô^oou.

2560.
416 "

32"
416.
176"

3968"
302 56 "

TABI]LATED
F(.01)

4"42
7 "447"44
7 "4t+
5"29
5 "29
5 "29
5 "29

MEAN
SQUARE

OF GLYCEROL

CALCULATEI)
F

75" 0
21584 " 179

BBO. 7
2560 " 21
209" 1

16. 0
208" 1

BB" O

120 "

.62
" 50+

TABI]LATED
F("01)

)a
JL

29*
73
13
73
73

cc\¡

4

7
7
7
5
5
5
5

42
44
44
44
29
29
29
29



SOURCE

REPLICATTONS
TOTAL VOLUI\,IE (V)
SUBSTRATE CONCENTRATION (S )
VXS
CATALYST (C)
VXC
c\¡n

VXSXC
ERROR
TOTAT,

* SIGNIFICANT AT 1% LBVEI,

ANALYSÏS OF VARTANCE

DEGRXES
OF

FREEDOI'T

DÏCHRO¡4ATE

SUT'l OF
SQUARES

SOURCE

REPLÏCATTONS
TOTAL VOLUME(V)
suBsTRÀTE CONCBNTRå.TÏON (S )
VXS
CATALYST (C)
\iXC
SXC
VXSXC
ERROR
TOTAI

+ STGNIFICANT AT 1T, LEVSL

3
1

1

1

2
2
2
2

33
47

ANAIYSIS OF VARIANCE

37 63
30 829 B4

2281
7 484

1380665

O)íIDATTON OF

I"lEAN
SQUARE

1254"
3082984"

2281 "
7484"

690333.
44586 

"
20224 

"2416"
1894"

89171"
40448.

4832 "
62500 "

467 41 28 "

BUTYRTC ACID

CALCULATED
F

0.66
1 627 " B2*

1"20
3"95

364"50*
23.54*
10"68*

1"28

DIIGREES
OF

FREEDOI'i

3
1

1

1

2
2
2
2

33
47

SU¡{ OF
SQUARES

TABULATED
F("01)

4"42
7 "44
7 "44
7"44
5 "295.29
5 "29
5 "29

1B
5299.

80950 "
iBBOB"
54635.
18524"
30882.
40480"

4732.
67727 "
22037 

"

i'fEÄN
SQUARE

1766.
1 BB09s0 "

1BBC8"
54635"

259262.
15441.
20240 "

2366 "
2052 

"26

CALC{.]LATED
F

0 " B6
916"49*

9" 16*
26 "62*126"32i.

7 "52*g" B6*
1"15

TABIJLATED
F("01)

cc
co

4"42
7"44
7 "q4
7 "t+4
5 "29
5 "29
5 "29
5"29



APPE}TDTX V
PATRED IITII VALUES FOR

cERrc Ar{D DICTJRC}4ATI (¡{ODIFIED)
OXIDATIOI¡S



PAIRED IITII VALUES

SUBSTANCE

GLUCOSE

MALTOSE

STARCH

ALANII{E

PHENYLALAÀTINE

TRYPTOPHA}tr

CASETN

GLYCEROL

BUTYRTC ACTD

GLYCEROL TRTBUTYRATB

* STGNTFTCANT AT T}IE

FOR CERTC A}íD DICHRO}.IATE (I'TODTFTED) OXIDATIONS

-5.24'e

-4.78*

-¿1 ?nlt

-0"34

2 " 30'r

-1 "22

0"76

-6"99*,

0"62

-0.48

5Y' LEVEL

CALCULATED IITII TABULATBD "T,'(.05)

2.20

2 "20

2 "20

2 "20

2 "20

2.20

2 "20

2 "20

2 "20

2 "20

cc
LO



APPNNDIX VÏ
FIGURÞ]S FOR THE COI4PARISOIT OF

TTIE OXIDATIOT'T R/\TES OF CERTC IO]f ,
CERTC ÏOI{ + PERCTILORÏC ACID

AND DTCHRCMÄTE IO}]
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rates for ceric ion,
and dichromate ion



93"

G)

o
U,
-o
=v)
E

(D

c
c)(tl
xo
(t,
E
ci
o
()

r800

¡400

t200

rooo

800

600

200

o

Fig. 4.

X-X DICHROMATE

?o 40 60 80

TIME (MINÙTES)

Comparison of the oxidation
ceric ion + perchloric acicl,
for tryptophan oxiclation.
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