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work during modulation is not generally serious,
since the Input reactance of the network decreases to
ﬂ]ﬂ)&o—' Xof3 ohms when R hecomes zero,

er application of the bridged-tea of figure 3
is suggested by the previously mentioned prupertﬂ;;
of this network of giving constant attenuation wi
varigtion in frequency as shown in figure 4, b. Two
bridged-tee notworks i tandem, properly adjusted,
result in a constant phose shift independant of fre-
quehcy over A wide ran,of. This combination of
bridged-tee networks may have advantages over lat-
tice networks that heve been described recently 5, &]
for this purpose, particularly since the bridged-tea is
single-undom unctions when loaded. nee, no
phase-inverting and iaolating vacuum tube amplibiers
should be reguired with this hrid%;g—tna ATTANgA-
ment, slthough the attenuvalion through the two
bridged-iee networks may be s disadvantage in some
applications.
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Stability of Dextrose Seolutions of Varying pH
By Emma J. McDonald

A study hes been mpde of the rate of the initial decomposition reaction saking place in dex-

trose polutions of varying pH. From the

time valodty conetanta have been calowlated for eight values of pH.

change in dirett optical rotsilon over a

riokd wf

The regults indicats that

dextrose golutions sre toost stabla at about pH 4.

I. Introduction

A great desl of work has been reported in the
literature concerning the decomposition of reducing
sugare in acid and m alkeline eolutions. However,
there is little to be found that gives an explanation or
measure of the relation that exists between the pH
and the stahility of aqueous dextrose solutions.
The wide use of dextrose solutiong as standards in
methods of sugar analysis has led o this investiga-
tion. In sddition, sgueous solutions of dextrosze
find application in the practice of medicine whera the

solutions are stored in & sterile condition in ampoules
or in bottlea, A great variety of food products, both
naturally occurring and manufactured, contain dex-
troge, often B3 one of the main constifuents. Fruit
juiees, honey, table sirups, and molasses are examples
of thia group.

In the presence of aqueous acids, dextrose under-
goes condensation resctions, forming disaccharides
and possibly higher olipossccharides. The uets
of this primary Temction, a8 is {0 he expected, are of
great variety as the mode of attachment of two dex-
troge molecules is unselective and depends upon the
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particular hydrogen and hydroxyl ramoved duri
the condensation. Some suthors have grouped tﬁ%
Products together under the name isomaltoge.*

From this mixture, as well as from “hydrol,”
the molasses of the dexirese industry, the disac-
charide gentiobiose [1]7 has been jeolated.

By evaporating a 10-percent solution of dextrose in
1 percent of hydrochlorie seid, Levene and Ulpts 2]
obtained a disaccharide not further identified but
having a specibe rotation of 35° and only 12 percent
of the reducing power of dextross. ore drastic
action of acids on dextrose cansea further dehydra-
tion. In general, hydrozymethylfarfural is formed
by the remowval of three melocules of water, and
further loss of water resulis in the formation of
formic acid and levulinie acid.

In alkaline selution, the familiar Lobry de Bruyn-
Van Ekenstein transformation [3] oceurs leading to
an equilibrinm between dextrose, levulose, and
mannoge, established by rearrangement of the
common enediol. KEuein [4] reporis that after 24
hours a glecoze solution made alkaline with sodium
hydroxide contained fructose and very littls mannose,

a found that the eﬂpilibrium composition is
dependent upon the salkaline reagent used. Naf [5]

ps shown that the prolonged sction of relatively
strong alkali leads to a complete disintegration of
the dextrose moleeulse with the ible formation
of sbout 116 producis. The discoloration of dextrose
golutions and particularly that related to the initial
dae:ri:,:lfposit-inn is of interest to the canning i.ndue.hﬁr.
Therofore studies hava been made concerning the
color produced when dextrose solutions ars heated
vnder conditions used in pressrvi fruita and
vegatables, Eroner and Kathe [6] bave rolated the
intenzity of discoloration of 40-percent-dexirose
solutions to pH. The walues of the extinction
coefficient (a8 mensured with & Zeiss Pulfrich pho-
tometer) rapidly decromses from pH 1 to pH 2 and
pazsca thru & minimum aé approxmately ]{H 2.5.
After this point the color inereases with pH. The
minimum of disgoloration therefore tukes place
between pH 2 and pH 3. X

The presont investigation 18 to be interpreted as
Ehu:.]it.ative in its fin ; however, it does denote

relative stability of dexirose solutions where the
rata of reaction can be followed. Aa to that renge
baiwesn pH 1 and pH 7 where decomposition takes
place very slowly at 30° C, it ia to be expected that
the rate of decomposition continues in the trend
indicated by the measurad values. Experiments
run, at 100° and 70° O show this to be the ¢ase st
thesa temperaturas.

II. Method

In this work measuramente have beeh mede of the
initial rate of decomposition of dextrose solutions of

varying pH. iz requires the determination of
———————

1 Tt Tarm {somalions hay sho bern wied o dstigume D
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O . Wollrem, L W. Goorges aud L L. b, J. 423, Chem. Son. 71, 125
3 Figumed Iy brickstd Indicsta ihe Kternturs tolanstion at {he e of $is peper,
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small cha in dextrose content. Fxcepi in ths
ranga of high acidity or alkalinity, these ¢changes take

nee ovar & considerable period of time.  The caleu-
ations involved in this study are basad upon the
¢h in optical rotation of a solution rather than
on the determination of nceurata specific rotstions.
Polariscopic measurements have the advaniage of

ing & direct messurement of the change taking
place with less error in repreducibility then one -
obtaina with chemical methods. In some instzncea
the produsts of decomporition alter the pH of the
golution during the time of study. The pH of each
solution was tested at various int and the
adjustments reguired to obtain approximate con-
stancy made. Az it is impractical to follow the
reaction until equilibrium is established, the proce-
dura described by Jackson and Matthews®* [7] in
thear atu-:lg of the sfability of levuloze has been nsed
in determining the equilibrium towsrd which this
initial reactionia p i It is asmumed that the
decomporition reaction er consideration is uni-
molecular, The fact that essenfially the =ame
velocity constant 12 obtained for two solutions of dif-
ferent concentrations at a piven pH subsiantiaies thia
assumption. Jneertainties introduced by the com-
plex nature of the reactions and the method of
analysis limit the ancum;ﬂy of the determination of
velocity constanis to = 50 pereent.

In zlkeline solution the period of time during
which the reaction ecan be followad polariacopically
iz limitad by diecoloration. In aeid solution there
is 0o limt, but the tirte vequired 6o reach equilibrium
i3 probihitive. The ts nre therefore applicable
only for comparing the stahility of dextrose solutions
during the initial decomposition cl:eriad. In con-
gidering the keeping qualities of & dextrose solution,
whether for use as & standard solution or for other
pugoaes aa diseussed above, the chemist is concernad
with the initial changes and hence with the decom-
position reaction before the side reactions begin,

Fura dextrose hydrate was dissolved in buffer
solutions of systematically varying pH to form solu-
tions of sbout 10 percent with respect to anhydrous
sugar.t For atudyin§ the more rapid reactions, &
bO-percent solution of sugar was prepared that per-
mitted rapid mixing sfter both the buffer and sirup
aplutions acquired the tempersture of the bath.
The buffer solutions were prepared saccording to
Clexk and Sgrensen [8]. When it was practicsl,

:mmmmmmm:quwummmm.
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Tame 1. Hydrochloric acid and bufler solulions
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the dry constituents were ndded to the sugar solu-
tioh. The pH of the resulting solution was measured
with & glass electrode, and measurad value waa
wsed in the tabulation. The buffers used in the
individual a:rlparunent»s ars given in tabla 1.

The pH of the hydrochlorie acid solutions wera
csloulated from the work of Huorned and Ehblers (8]
and of Akerlof and Teare [10]. If one assumes that
the activity of tha hydrogen ion is equel to that of
the hydrochloric acid, the pH of the solution may he
caloulated by the following formule:

pH=--log e vacr=—(log ma+10g yue),

where m=molality, y=nctivity coefficient.

The reactions were followed by observing the
cba.n%e in optical rotation that teok placs over s
period of time. These measurements were made
with s Bates-type gquartz wedge saccharimeter in a
water jacketed polariscope tube. All polarizations
a1 & given pH were measured under identical condi-
tione in order to avoid errors that might enter if
mirectiuns had to be made for temperature and
volume,

The decomposition of 8 dextrose solution at 70° O,
in 5 molsl hydrochloric acid (pH—0.92) was followed
by observi larization, by Mun=on and Walker's
mothod {lllnig (-

) ¢ reducing suﬁa_rs, snd by Bomegy's
gelective fermentation method in order to ba assured
that the value of & was independent of the method
ueed in following the reaction. Table 2 shows tha
rezults of thiz comparison. It was coneluded that
in the acid regien change of lpa]arimt.inn might be
uesd as & eriterion of the Initial rate of decomposition.

Tha details of the fermentation methad are given
since some modifications of the authors procedure
were baed, Somoegyl [12] showed that in dextrose-

Taewe 2. [recomposition of dextrose af 70" Cin 5 M HCT
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maltose mixtures the fermentation of maltose can he
completely auﬁgmmed during & peried of time
suflicient for the complete fermentation of dextrose
if the pH of the solution i= held at 7.2 to 7.4. The
diffarence in reducing sugar before and after farmen-
tation i3 then a measure of dextrose. In usmf the
method, it was assumed that any other suger likely
to have beon formed in the mixture was at least as
resistant to fermentation as maltose.

It was found convenient to use ordinary yeast
cakeg for the fermentation. These were washed by
suspehsion in water and centrifugal sedimentation.
In the sediment first abtained the starch settled oue
in & clearly visible layer at the bottom of the conical

oot tube. About two-thirda of the vyeast
essentially free from starch, was scraped o and
wached in the same manner tiu'ee times more. From

each t cake (13 grama} about 9 grame of moist
aedimmd mt(waagrobtained. To this was added
an aqual weight of water, which yielded a suspension
thin enough to be drawn into e pipette and roughly
tneszured. Four milliliters corresponding to 2 grams
of moist yeast was used for an snalysis. .

Test tubes (173160 mm)} were graduated with
mdelible ink at the 25ml wolurme point.
identical samples of the sugar solution were taken,
each containing shout 7 mg of supar. One sample
wea Lransfe te 5 oalibrated test-tube, the other
to a 25ml volumetric flask, The sample in the teat-
tube was diluted to about 15 ml, and 4 ml of tha
yeast suspension was added. One drop of phenol red
was added and the solution was kept perceptibly pink
by dropwise addition of 0.2 N sodium hydroxide. 4
rubber stopper waa inserted and the test-tube waa
inverted safter each saddition to insure thorough
mixing. The fermentation proceeded rapdly and
was usuzlly practicaily complste in 6 to 7 mmnutas.
It was allowed, however, to continne for 25 minnies,
Tha tube was then filled t¢ the 25-ml mark, mixed,
and sedimented. A 5-ml eliquot was taken for
nnalysis. :

Reducing sugar was determined in the samples by
Somogyi's modification of Sheffer and Hartmann's
micro method [11].

In the nlkehine region, & 12.5-molal sodium hydrox-
ide solution of pH 12.1 mnmin'uf daxirose was kept
at 5° C, snd the change followed by direct polariza-
tion messurements and by Munson and Walker’s
method for reducing sugar. Although the latter
method is not selective for dextrose in the presence of
levulose and mennose, the differance in the reducing
effect of these sugars on the reagent wes sufficient
that it conld be used as a measure of the change that
was taking place. At this temperature the change
was slow, making a eonsjderable number of ohserva-
tiona possible. a agreement in the values for &
arrived 8t by the two methods iz well within the
experimental error aa shown in tahla 3,

IO. Experimental Data and Conclusions

Thirty derress centigrade was selected us tha most
suitable temmperature at which to carry on the series
of reactions. The solutions were prepared as
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described previously, and the polarization observa- Tasue5  Caleubeled equilibrinm rotations axpreseed as percant
tions were made at time intervals depending upon the of initial rofation

rate of the reaction in question. Table 4 gives the
pH Equiibrinm pH Equibberium
TapLt 3. Trecomposition of derirome ot & O i i858 M NeOH roatlon Totatkon
fpH —8.1)
i 175 ie L
Drexiross by Munson —I ) .
Polerizstinn u:uiw or red o ifl-“ ﬁ: J&g g:
og mugar method |

Time
P | eoeis | ol paw  Oxperimental data. The ealenleted equilibrium

Tending rasdlog rotatione are given in table 5.

At each pH a different renction or seriea of reactione

is being considered. Howaver, as the equilibrivm

108
gl 10 rotation (table §) toward which the individual reac-
05 5 11 Liona ere pruce»dnzg been celeulated, the values
e 2 of &° are inda ent of the reaction taking place.
— 1he valies af 1/% have besn ms»lnttad againsi pH

" wnd » curve of the form jndicated by measuremonts

at higher temperatures drawm through the points.
TapLe 4. Brperimenial dale ot 507 £ This curve {fiz. 1} indicates thai dextrose solutions

nra most stable at some point between pH 3 and pH &.
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