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degradation of amylose was investigated at 80° and 100°. Yields and
molecular weight distributions (MWD) were determined as functions of
reaction time. In the absence of oxygen, extensive end-wise depolymeri~
zafion (peeling) occurred, with levelling-off yields of 55 and 35%,
respectively, at 80° and 100°. This corresponded to‘peeling lengths
of 290 and 400 glucoée units, indicating tﬁat the stabilizatiqn reaction
(stopping) is relatively more important at the lower temperature. During
the reaction, the amylose MWD continually shifted toward léwer values
until the levelling-off yield was reached. Thus, the "single~chain'
theory éf degradation is not valid. Oxygen induced random éleavage of
the polymer chain, but enhanced a stopping reaction so #hat the average
peeling length was estimated to be only 20-30 glucose units at 100°.
Similarly, addition of 5% anthraquinone (w/w, amylose basis) drastically

reduced peeling losses, but caused severe random cleavage of the amylose.
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Zusammenfassung

Der Einfluf vonAS;uerstoff und Anthrachinon auf den élkélischen

(1.0 m NaOH):Aﬁbau-von A@yléée_ﬁurde\bei 80° und 100° untersucht.
’Ausﬁeuten'Und MolékhlafgewiChtéverteilung wurden als Funktion der
Reéktionézeiﬁ bestimmt. In Abwesenheit von Sauersfoff trat eine”
starke, an den Ehdgfuppen‘anéétzende, sgufeﬁweise Abbaureaktion

mit Ausbeutegrenzwerten Qop 55% bei 80° und 35% bei 100° ein.

Das éntspradh-einem stufenweisen Abbau'Qon 290 beziehungsweise 400

Glﬁcoseéinheitgn undrdeutet daréuf Hin,-daB dieﬁstabilisierungsé

‘re?ktion bei niedrigerer Tembéfatui,relatiy<mehr Bedeu;ung hat.
Wahfgnd deriReaktion zeigte'diéAMolekuiafée&ichﬁsvertéilqu der
AmyloSeweiﬁen kontinuigrlichen Trend zu niedeferen Werten bis die
Grenzausbeute erreicht war. Deshalb ist die Einzelketten-
Abbautheorie nicht zutreffend. Die Gegegwarf'von Sauerstoff
.lsste st%;istisch ungeordnete Polymerkettenspaltung aus,
bégﬁnstigte.éber die Stabilisierungsreaktion, sodaf die mittleren
> Verluste durch stufenweisén Abbau bei 100° ﬁit nur 20 bis 30
Glucoseeinheiten abgeéﬁhﬁtzf wurden. Ahnlich verringerte die
Zugébe'voﬁ SZ'Anthraéﬁinbn (Gew./Gew. Amylase) die Verluste durch
§tufenweiseﬂ Abbau drastisch, verstarkte jedoch die statistisch

ungeordnete Kettenspaltung der Amylose.




INTRODUCTION

‘It is-commoniy agreed tha; poiysaccﬁéiides depblyﬁerize ip alkalil
by step-wise "peeling'" of monomers from the reducing end, and by random

internal chain cleavage. A simultaneous, compéting mechanism (“stoppingﬁ)

stabilizes the reducing end against further peeling. Tﬁe‘relativé'imporn
tance of these reactions depends not only on alkali concentration and

temperature, but also on the presence of other reactants. These concepts

have been thoroughly reviewed by Meller! and more recently by SJSStrSmé;

All details of “the- mechanisms of. these. reactions. are-not knowm.

Recent studies®”° have resulted in new hypotheses, such as the 1naccess~

ibility mechanism for "physical stopping"3 and the single chain theory
of degrqdation.s ‘Areas of conflicting evidence remain and call for
continued efforts to evaluate the Validityfof the classical theory and

its more recent modifications,

- ) ) . [

In addition to this fundamental. interest, these reactions also have

great economic importance. A_Fhorough understanding of the basic chemistry
" involved is essential in the optimization of new industrial processes,
Innovations such as oxygen bleaching aﬁd‘éﬁihraquinone—catalyzed'pulping

encourage further research onfthe'behaviof of cellulose and related poly--

saccharides in alkaline enviromments.,

In this study, the effects of molecular oxygen and anthraquinone (AQ)
on the alka}ine depolymerization of amylose were investigated. Amylose
was chosen as the substrate because it is alkali-soluble. Thus, the

extent of degradation would be attributable only to chemical reactions

and not be influenced by physicdl factors such as swelling and crystallinity. .
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EXPERIMENTAL

Materialé.

'IPogéto émyiose (Aldfich Chéﬁical Co.) Was'fractionafed t6 remove'im—
pu;i;iés éﬁdltﬁe sho?téf'polyéacqhériée molecﬁie;o. The ﬁateriaiiwas dis-
solvéé.iﬁ &imethylsulfoxide (SZbam§ioée w/v) and filﬁered through a.glaés
filter. Ethanol was used to fractionally precipitate tﬂe am&iose from the
filtrate.®>”  Traces of solvents were removed from the amylose by .Soxhlet
extraction with anhydrous ether:and'by>vacuum dryihg. 13c—Nmr spectra of -
the purified amylose were essentially identical with amylose spéctra in .

8 Exclusion chromatography showed that the amylose molec~

the :literature.
ular'Weight distribution was nearly symmetrical and bell-shaped (Fig. 1,
graph X). The number- and weight-average degrees of polymerization (DP)
weré estimated to be 630 and 2220, respectively.®

[Figure 1 here]

i

‘-Traces of metal impurities were removed from the sodium hydroxide by
extfaction with phenyl-2-pyridyl ketoxime,!?

Water used in the reactioﬁs was triply distilled,'?

Degradation Procedures
- ,Amylose,degrgdatipns were performed in a Ieflon—lined'steel reactor
quiPped w;;hﬁa magnetic stirrer, a chromel—cons;antan thermocogple probe,A
and{ag:ai;fgight Ieflpn capsule attached to the:gﬁs‘presgurizatiqnlport.
The reageqts_yerg prepared and placed in the reactor gnder a nitrogen‘
atmosphere. The amylgsg_(lz w/v, alkali basis) was held in the Teflon

capsule until the 1.0M NaOH solution had reached the desired temperature.

Pressurization of the reactor [total pressure ca. 165 psia (1.14 MPa)]
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released the amylose'into the alkali to start the reaction. Details about-

9.

the reactor designfand operation can be found elsewhere. Anaerobic,

alkaline degradation conditions were created by pressurizing the reactor .

with nitrogen. :The reactor was pressurlzed w1th oxygen for oxygen—alkali

reactions. Anthraquinone (54 w/w, amylose basis), when used, was added

~

to the alkali in the reactors - - ot : . ’ T

The reactions were monitored for up “to 20 hours, but the main part

of the degradation occurred‘during the flrst 5~7 hours. Most samples were

taken during this early reactlon perlod.w Samples were withdrawn through

a Teflon sampling ‘1line which had a cooling c011 in an ice bath for primary

~quenching and were: neutrallzed w1th -2, 2M hydrochloric acid Samples used

e .-

for amylose y1eld measurements (l 0 mL) were ac1d1f1ed further (HCl) for.

hydrolysis. Samples taken_to-recover the partially degraded amylose (15~

20 mL) were neutralized and poured into ethanol (150-200 mlL) to precipitate
‘the‘polymera To prevent hornification“upon'drying, the precipitated amylose

- was washed with absolute ethanol and anhydrous ether, and then dried under

vacuum,

Analytical Methods
W

Yield’ I o R I
Thefconcentration of'am§108e in:SOIution was measured as glucose after
total hydroly51s in 0. 6M HC1 at about 120° The‘concentration of glucose

was determined by an enzymatlc method (Method 15-UV, Sigma Chemical’ Co.)
Spectrophotometrlc measurements were:made on a,Perkin Elmer 576 ST
:instrument; (This‘method wasiconsiderablw more‘rapid and at least as
accurate as alternative procedures to méésuré amylose concentration,®

- fa - o o : . i




Molecular Weight Distribution

Pgrcarbanilates of amylose samples'<100-200 mg) were prepared using
phenyl isocyanate (18 mL) in»anhydroﬁs pyridine (90 mL) by a procedure
adapted from Schroedergg_gl.12 Tetrahydrofﬁran~§olutions of the carbani~-
lates (0.25% w/v) with an internal reference, methyl Néphenylcarbamate;
were analyzed on Styragel columns (Waters Associates) having nominal perme-
ability ranges of 10~!, 10”2, 10~%, 10~*, and 10™° cm, and capable of
resolving polymers in the molecuiar weight range of 1 x 103 to > 2 x 107,

13 was used as the elution solvent at a

Freshly prepared tetrahydrofuran
flow rate of 2.0 cﬁ3/min. The spectrophotometric detector was operated -

at 235 nm.

The Styragel columns were calibrated by the universal techniquel!®s!5

using eleven "monodisperse" polystyrene.standards with molecular weights
from 2.1 x 10° to 3.6 x 10%. Mark-Houwink constants, K and ¢, used in

the calibration were 9.06 x 10™"* cm® g”! and 0.92, respectively, for amy-

l6

lose tricarbanilate in dioxane °, since data for tetrahydrofuran is not

available, and 1.8 x 10~? cm® g‘lrand40.74, respectively, for polystyrene.'’
The chromatograms were evaluated numerically by computerg’lz, providing

number-, viscosity-, and weight-average DP values and plots of normalized

molecular weight distributions:.

RESULTS AND DISCUSSION

Degiadatioﬁlig Alkali

Several investigations of the degradation of amylose in oxygen—ffee
alkali are described in the literature."»%:1%,29,21 gi1i1ar reactions from
this study are summarized in Fig. 2 (A and B). For reactions at 80° and

100°, the yield losses levelled off at ca. 45 and 65%, respectively,
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after a few hours re#dtion time., The resi%ﬁél 5?;, i.e., the number~
average degree 6f'polymerization of the ﬁartiélly degraded amylose
expressed as a perééntage of thg;o¥igina1 55;, decreaged at apﬁroximately
the same rate.as the\yiela. This indicates that randém alkaline cleavage

of the amylose chains was not important under anaerobic conditions at

these temperatures,

[Figure 2 herel-

Repfqgehtafive molécﬁlér weight diétriﬁﬁtiens'of the alkaline re- .
action:at 86? aré shown in fig. 1. ;A significant shift in the molecular
weight diétributio; toward lowgr vélﬁes occurred during the first hours
of the reaction:. Only a minor“;hift occurred in the distribution after
thelievelling-off yieid was reached. VThis ié consiétent with the clas-
siéal,theory.of polysaccharide degradation,l’2 which predicts that at
some point the 3—deoxy—hexonic-(ﬁetasacbharinic) or 2;C—methy1—g1yceric
acia eﬁd groups,2 will form, thereby téfminating tﬂe peeling reaétion.

The Effect of Temperature on the Stopping Reaction

. When amylose degraded only by the peeling reaction, the average num—

ber of glucose mondmers 1ost4peffamylosé molecule (peeling length) could

be céiéulated as the product of the 1evellihg4bff yield and the original

DPn° The peéling lengths Werev290 and 400 units at'gq and 100°, .
respectively.? Thus, the stopping reaction is relativély more important
at lower tempefa;ufes, Reanalysis of data ffomran earlier study,18 is

: consisfeﬁt with this finding; ‘ : _— |

“The 1evelling—ofﬁ;yieid losses were significantly-lafger than those

reported by Lai for amylose,!® - The difference, which was larger at 100°

than at 80°, can reasonably be attributed to the manner in which the

1
i
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reactions .were conducted. In the earlier study, the amylose was dis~

solved in the alkali atnroom temperatﬁre-and the solution was heated to
the reaction temperature. Since the heat-up~périod was short relative

to the total degradation time,“it\ﬁas assumed that reactions taking place
prior to reaching the reactiop temperature were negligible. In this study
the alk;ii and amylose were not mixed until the desired temperature was
reéched. Since the stoppiné reaction is relatively mofe important at
lower temperatures, proportionately more end-group stabilization wouid
take.place’during the heatiné—up period than at the higher reaﬁtion

temperature. Consequently, the yield. loss would be smaller if the re-

actants were mixed before the reaction temperature was reached.

The negatiﬁe temperature depéndence of the amylose stopping reaction
(relative to the peeling reaction) conflicts with 5 report that the
relative temperature eéffect for the chemical stopping reaction in the
alkaline degradation of hydrocellulose is pésitiyeoav This‘contradiction :
qannot be'resolved.at this time, but the conclusion from the hydrocellu=
lose study, based on a kinetic model assuming both physical and chemical.

stopping reactions, has been criticized.!?®

The Single Chain Theo;y

Measurement of ;he molecular weight distribution of the amyioge as
Fhe degradations progressed allowed a direct test of theAvalidity of the
single chain theory of degradation, which was developed by Ziderman and
Bel—A&ches’ZI;zz as aﬁ extension of the-kinetic model qf Lai aﬁd Sar-~

kanen,*s18
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According to this theory ionization and elimination of the initial
reducing end glucose unit would be slow and rate determining, while the
peeling of subsequent glucose units would Be extremely faét'(gg. 103
times faster). Thus, once peeling was initiated, it would proceed through
the entire molecule ("total unzipping"). Amylose chains would either re- .
main unaffected or be completely converted to acid degradation products.

A corollary of the theory is that during alkaline degradation of amylose
the molecular weight distribution'of the residual polysaccharide would

remain unchanged.

'DifferentAmbdesvof alkaline degradatioh of pblysacchafides can Be
identified b? plottiﬂg the yield Qersus residual BF; (Fig. 3A). Depoly-
merizationé from peeling, random chaiﬁ‘cleavage, or the single chain
mechanism would fall in areas which.are‘clearly-separated from each
other. Analyses of reactions from this study are shown in Fig. 3B. The
anaerobic reactions designate& N-80 and N-100 are consistent with classi~
cal peeling-~type degradation, but qot with the single chain theory. This,
in conjunction with the continuous shift. in the amylose mélecular weight-
distribution toward lower values (Fig. 1), leads to.tﬁe conclusion that:
the single chain theory is ﬁdt a viable description of alkaline degradation

of amylose.

[Figure 3A and 3B here]

However, low DP polysaccharides could potentially degrade in a way
resembling the single chain theory. The claséical peeling reaction would
approach the single chain theory if the original B?; (ﬁf; 0) of the poly~

?

saccharide was of the same order as the peeling chain length., The first
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hypothesis about single chain—type depolymerization“® was based on alka-

line degradation of an amylo-dextrin of DP 130.

Degradation in Oxygen-Alkali -

: Figures 2C and 2D show the yield and residual 5?; for'amylose-;e— .
actions: in oxygen~alkali at 80° and 100°. 'The yielq»lossea were much
smaller  than fcr the reaccions under nitrogen atmosphere. In fact;xat*
80°3there'was no significant‘loss of amylose for 5 hours_(Fig.>éC).

This Waa noc, however, an induction‘pe;iod, anch as chqse_often encount~ -

23 gince the 5?; dropped continuonslv from

ered in56Xygen;alkali.sYStems,
the start of. the reaction; The oxygen—alkali degradations designated(’
0-80 and 0-~100 are plotted in Fig. 3B. - Their position relative- to. the
anaerobic, alkaline reactions (N-80 and N-100) and to fhe characteriscic

areas of ‘Fig. 3A shows how oxygen enhances the stabilization of reducing

end‘groups.and also brings about significant internal chain cleavage.

.Thus, the behavior of amylose parallels that of celluloeicApulps during

oxygen delignification; i.e., relatively high yield but low viscosity and

strength,. - -

Est1mat10n of Peellgg Length

Flgures ZC, 2D, and 3B show that at 100° in oxygen—alkali both peel-

1ng and chaln cleavage contr1bute to the depolymerlzatlon, wh1le at 80°

_only chaln cleavage is 1mportant. ThlS presents a pos51bility to estimate

Toeon o

the average cha1n 1ength 1ost via peellng at 100°

The rate constant for chain cleavage at 80° was calculated according

to Equation (1), which is applicable to exclusive random chain cleavage

- - )
depolymerization.2%s25
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1/'D—Pn’ ¢ l/DPn’o k *t ‘ )
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By plotting the inverse of experimentally determined QPn values versus

reaction time (Fig. 4, Table 1), thé rake constant qu chain cleavage at -

80° was calculated to.be 6.08 x 1048 s'% (Fig. 4, liné CC80). McClbskey26 ‘ .
estimated the activation energy for glyéosidic bond cleavage in oxygen~—
alkali to be 21 kcal mol™! under conditions similar to those used in

this work. This activation energy was'uSed to estimate. that the rate of
amyloseléhain cleavage at 100° was 5.0 times fgster tﬁan at. 80°, ‘cor-
responding to a rate constant of 30.4 x;10-845‘1 (Fig;‘é, line CC100).

The experimentally determined ﬁf; values for degradation at 100° (Table

1) are-plotted with their linear ?pproximation (line ?100) in Fig. 4.

The actual 5?; values were éignificantlf.loéer than predicted solely on
the basis of chain cleavage. This diff;rence represents the peeling con-
tribution to the depolymerization and can be interpreﬁed as the average
length of each chain lost via peeling. ;The peeling length was 20~30 mon- -

omer units-(Table 1), which is only,S—le of the peeling length in

anaerobic alkali. Such a relatively short peeling length is consistent

|

with the small yield loss in the oxygen—alkali reactions (Fig. 2A and 2B)

27 that the

and agrees also with the estimate of Malinen and SjOstrom
peeling length for hydroceliulose étl120° in oxygen-alkali isrof the

order of'10—50,g1ucose unité. The'agreément between feactions of amylose

and hydrocelluloé; suggests that physicél structure méy have a subor&inate
influence on the degradation rate of thé pol&sacchariée, ana supﬁbrts the

assumptionze.that.differences in degradation between o~ and B-linked

saccharides.in oxygen-alkali systems are small.

[Figure 4 and Table 1 here]
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Oxidation of Internal Glugqsg>Monomers

Based on their studies bf degradations of monomeric glucosides in
oxygen-alkali, Ericsson et al.?’ and,Maliﬁen and Sjostrom?® have pro-
posed dicarboxylic ;cid and carbo#y—furanoside structures as potentilal
products of oxygen-alkali reactions of polysaéchari&es. The presence of
such groups in oxygen~alkali treated polyglugans has, however, not been

verified.. In this study, amylose.recovered- after extensive degradation

" was analyzed by 3C-mmr and gave a spectrum practically identical with

that of the starting material and of thé'am&lose speétfé in the litera- .
ture.®, However, signals<fdr the reducing end gréup carbon atoms of an -
amylose with_Bfg of 18 were barely_distinéuishable,.indicating that -
functions appearing less frequently than on approximately ‘every 20th

glucose unit could not be expected to be seen in the spectrum.

Nevertheless,'peripheral evidence indicated that oxidative modifi—

“cations of the amylose were occurring. Under anaerobic conditions, the

am;i;s; é;ﬂcentf;tion in the liquqr, as deterﬁined from the absé?ﬁénéél
ofhfﬁévaﬁyléée—iﬁdiﬁe.coﬁbiex,“ agrééd with the primary detérminétién by
enzyﬁa&ié~assay'of giucose aftef total hydrolysis. 1In the éasé 6f deéra;
dafian”ﬁndéf bxygén af 100°, however, the iodine'analysis gave a ﬁuch
ldwerwﬁélue; aﬁd tﬁe discrepancy increased with reaction time;‘ The error
:ié ﬁot‘priméfily hue to the oxygén—induced ﬁP redﬁction,’sincé émylose"
yields at similar DP levels in anaerobic cooks were gcqurately determined
by the iodine complexing method. Similar observééions about the inflﬁ-
ence of molecular oxygen during the alkaline degradation on the iodine,

binding capacity of the reacted amylose were made by Hollo, Szejtli and

Laszlc_),20 but'they did not speculéte about possible causes,
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The blue amylose-iodine complex is characterized as a regular,

heiical structure’®. in which polyiodide ions (Is‘)31 are captured in-
side the helices. The formation of the complex depends on the DP of

the amylose. The iodine-binding capacity of amylose is essentially

the same for all DP values‘éreater than 100, but below that it decreases
rapidly with DP and is nil for amyloses of DP less than 30.%? Thus,

one possible explapation for the comparatively low complexing tendency
of 6Xygen-alkali degraded amylose is that molecular éxygen intfoducés
disruptionévin tﬁe polysaécharide chain by forming'diéarboxylic ééid

or carboxyfurénbid moieties from anhydfoglucOse izmits° The oxidized
groups would alter the flexibility of the amylose ch#in, which' in gurn‘”
would prevent long range ofder'in the helices; The amylose complex is

envisioned as normally existing as a deformed helix (i.e., a wormlike - -

coil),32 while the disruptions introduced by the oxygen in alkali in

¢ .

essence would transform the complex to the structure of the interrupted

helix model.3? The effective DP, i.e., the distance between such kinks

'of altered chain stiffness, might well be as low as 30, when no complex

would form, while the true DP of the oxidized amylose could be of the
order of 300-500. The number of oxidized internal glucose units would
be small compared to the number of normal monomers, which would explain

why it was not possible to find spectrometric evidence for their presence.

Degradation in Alkali with Anthraquinone (ég)

‘The effectiveness with which AQ and related compounds catalyze

33735

alkaline pulping of wood is well documented. The rates of deligni-

fication and carbohydrate stabilization are accelerated relative to




cosities than AQ-free reference pulps.

—13-"

AQ-free conditions. It is frequently assumed that AQ provides this
increased selectivity by creating a redox system in which AQ is reduced
to anthrahydroquinone (AHQ) by carbdhydrate end group oxidation, and

then AHQ is reoxidized to AQ during'lignin fragmentation. _

Studies of alkaline degradation of carbohydrate model compounds o
in the presence of AQ have been inconclusive in their attempts to
clarify ‘the details of the reaction mechanién.“ Cotten cellulose was

reported to be stabilized by AQ, wh11e hydrocellulose under the N

36 -

same conditions was not. Celloblose was not stablllzed by AQ (or

37,38

its soluble sulfonate) in anaerobic alkali but w1th oxygen in

alkali, AQ caused very effective stabilization.37

In contrast, AQ
had ﬁp beneficial effects'upen oxygen-alkali treatment of pulp®® or-

wood meal.™?

Pulps derived from sodahAQ cooks often have slightly lower vis-
38,41 This has been attributed

to increased stabilization and retention of hemicellulose.

The effects of AQ on alkallne degradetlon'of a soluble polysac—
charide have not been reported In this study, AQ (5% w/w, amylose
basis) was used in alkaline reactions under botn nitrogen and'oxygen
at 100°., The -amount of AQ was considerably larger than the 0:1<0.25%

(wood basis) often used in pulping experiments.?3

This ‘dosage was
ehosén;to emphasize the effect of AQ, especially under anaerobic con- '
ditione, Whére'AQ'was expected to be rapidly consumed, without any
possibility of becoming reoxrdized to its active form by lignin

j
moieties.
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Effect of AQ in Anaérobic Reactions

The ability of AQ to stabilize amylose against peeling yield loss.
under nitrogen is apparent in Fig. 2E. Greater than 80% of the amy-
lose losf in alkali (Fig. 2B) is retained by the addition of AQ. 1In
addition, the yield loss is even smallgr than that resulting from the

AQ-free oxjgen-alkali reaction (Fig. 2D).

It is interesting to note that the residua1:5§£ falls faster than
the yield. This is evidence for random chaiq»éleavage dauéed by the
addition of AQ."? Even limited similar AQ-iﬁduced chain cleavage dur-
ing wood pulping could explain ogserved dfopé in éoda~AQ ﬁhip Qiscos—
ities. However, the effect on cellulose in pulps would be expected to
be much smalle? than that on amylose (Fig. 2ﬁ)5 due to .the heterogeneity

of the lignified cellulosic systems,

The mechanism of oxidative alkaline chain cleavage of polyglu-. -
cans is not well understood. Figures 2D and 2E are nearl& superim- . .
posable, indicatihg that oxygen and AQ have very similar effects on
the alkaline dép&lymeiization of amylose. Possibly both reagents
generate coﬁmonAintermediates whicﬁ are necessary for the cleavage of

the cﬁain.

In anaerobic AQ-alkali cooks, the red color of the liquor is
qualitative evidence‘tha; AQ has been reduced by the carbohydrate to
form soluble AHQ ions. It was found that the red coior vanished after
the first hour of reaction after which the liquor remained pale yellow.
AQ is known to react readily with products from_alkaline degradation

36,38

of carbohydrates. . The disappearance of the red color indicates

that anthrahydroquinone is also able to react with such compounds.
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Effect of AQ. in Oxygen-alkali Reactions

AQ had a less pronounced influence on the amylose degradatilon under

oxygen pressure. The liquor remained clear and colorless as under
other oxygen-alkali reactions. Reduced, colored forms of AQ were ap-
parently reoxidized immediately by the oxygen, since none of the liquor

samples showed any red color, Various peroxides are formed in this

reaction*? and méy have been present in sufficient concentration to

contribute.to ‘the amylose degradation.

The amylose yield curves for the oxyggn-alkali reactions.with and

without AQJ(Fig. 2D and -2F) areAvefy simiiar. ‘fhis does not meaﬁ,
however, thétaAQJdées nét givé édditibnal stabilization of end groups
under oxygen, Throughout the regction,“the éesidual 55; was lower when
AQ waghbreéent{ indicafihgithat the chain cleavage reaction was sig-

nificantly faster. Thus, there must be a proportionately greater .

number of reducing ends available to the peeling reactidn, and a

relatively higher yield loss should be expected. The fact that the

.yield loss instead was slightly lower shows that tHe AQ does enhance

end group oxidation}undér these c;qﬁditions° The ayerage chain 1¢ngth.
1ost“9ia peeliné‘can be rougﬁly estimated. During.thélfirsf coﬁplé

of hours of the 'reactions, the residual 53; 6f the AQ—oxygen—alkali
reaction (Fig. 2F) is only about one half of the residual Bfﬁ,Of thg
AQ-free oxygen—-alkali reaction (Fig. 1D). However, the amyloée/yields

are about the same. Thus the peeling length under oxygen with added

AQ must be about one half of that in the absence of AQ (i.e., 10-15

units), to compensate for the approximately double number of sites

\

availablehfof peeling. This poéitive effect is small relative to the

detrimental chain cleavage caused by AQ, and the results support




reports

| -16—"

39,40 that AQ should not be expected to have any beneficilal

influence on an oxygen-alkali delignification process.,
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TABLE I

Estimation of Average Peeling Lengths in
Oxygen—alkali Reactions:(See Figure 4)

. .Experimental Bf; Calculated 55;

Reaction Time, Peeling Length

hours 80°c - 100°C  TI002  CCl00 (CC100-T100)
0.00 630 630 nd nd nd
0.25 | 568 - :nd.>' nd nd._ V.Jnd,
0.50 ~ nd 376 Cws 469 « 24
1.0 ‘nd . 298 344 s 30
1.5 515" . nd - 280 310 30
200 - ¢ nd 244 237 265 " 28
3.0 465 195 180 206 26
5.0 381 124 122 - 142 - 20

i 7.0  , 284 91 92 109 17

v

Llnear approximatlon of experlmental DP (100 C) data.
nd, not determined., :
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-during alkaline degradation in 1,0M-NaOH at 80°.
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Figure 3. Amylose yield versus residual Bf;:
A. Areas representing various modes of degradation
B. Alkaline depolymerization of amylose (N, nitrogen atmosphere;

0, oXygen atmosphere, AQ, anthraquinone additive; and 80 or
100 are the reaction temperatures).
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The inverse of Bf; of amylose degraded in oxygeﬁ—alkali as
functions of reaction time.

3?# o~ number average DP of starting material (= 630).
b

CC80 =~ observed depolymerization at 80°.

CC100 -~ calculated chain cleavage depolymerization at 100°.

T100 linear approximation of observed depolymerization
at 100°.




