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For the determination of sugars several satisfactory methods are available, which are based on the oxidation of sugars either by cupric or ferric
compounds in alkaline solutions. Our preference is for copper reagents
mainly becausethey oxidize sugars more selectively than iron (ferricyanide)
solutions. This is well illustrated by the fact that in blood filtrates
deproteinized by the Folin-Wu method substances other than sugar
reduce from 2 to 4 times as much iron as copper (1). On the other hand,
ferricyanide possessesthe virtue that, in contrast to cuprous oxide, it is
not reoxidized by atmospheric oxygen once it is reduced to ferrocyanide.
It is possible, however, to protect cuprous oxide against reoxidation by
saturating the reagent solutions with sodium sulfate. By preventing
reorddation in this manner, it had become possible to determine with
copper reagents as little as 0.01 mg. of glucose or any other sugar of an
equal reducing power (2).
A detailed study of the Shaffer-Hartmann type of alkaline copper
solutions (3) yielded considerable information in regard to the effect of
the several constituents of these solutions upon the reduction equivalents
of sugars. In the main it was shown that the lower the alkalinity, the
higher the reduction values obtained; hence smaller quantities of sugars
can be determined. Diminishing alkalinity, however, also entails decrease
in the rate of oxidation and hence prolongation of the time required for
heating the reaction mixtures. This is a source of difficulty when sugars
are to be determined which react more slowly than glucose. In consequence, a “high alkalinity” copper reagent had to be prepared for the
determination of maltose and other slowly reacting sugars.
Another finding of practical interest concerns the effect of potassium
iodide, an ingredient of the Shaffer-Hartmann reagent. It was found
that potassium iodide renders a small part of the cuprous ions soluble,
thereby increasing the surface exposed to reoxidation and limiting the
sensitivity of the reagents in the low ranges of sugar concentrations. The
presence of iodide also makes these reagents unsuitable for calorimetric
work. In the absenceof potassium iodide, on the other hand, the reagents
are unstable and are subject to self-reduction; so that cuprous oxide
continually settles out at room temperatures, especially when exposed
to sunlight. The instability also manifests itself in the poor reproduci61
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If tartrate
bility of analytical results at the lower sugar concentrations.
is replaced by citrate in the reagent, this instability is completely eliminated; this advantage, however, is nullified by the fact that citrate causes
a great decrease in the reducing power of sugars, so that the reagent
becomes unsuitable for microanalysis.
New Reagent
On account of these facts we had to use in our laboratory four varieties
of alkaline copper-tartrate
reagents, each serving a specific purpose.
Recently we devised a reagent which unites the advantages of all four.
It is sufficiently alkaline to allow the determination
of maltose and other
slowly reacting sugars; it contains no potassium iodide and yet is stable
and shows no self-reduction
at room temperatures
even when exposed to
direct sunlight; its high sulfate content and the absence of iodide virtually
rule out the reoxidation of cuprous oxide. The absence of iodide also
makes the reagent available for calorimetric work.
In addition, the useful
range of the reagent is greatly extended, so that a single reagent can be
used for the determination
of as little as 0.01 mg. and as much as 3.0
mg. of glucose or other sugars of equivalent reducing power.
The results
are gratifyingly
consistent and reproducible even at the very lowest sugar
concentrations.
The principal departure in the new reagent from the old is that the
carbonate-bicarbonate
buffer mixture was replaced by a phosphate buffer
solution, consisting of approximately
0.1 M dibasic and 0.1 M tribasic
sodium phosphate.
Since it is known that any change in the concentration
of any constituent of alkaline copper solutions influences the reaction wit,h
sugars (3), we have systematically
examined the effect of varying concentrations of copper, of tartrate,
and of phosphate.
The concentrations
finally settled upon represent the most favorable conditions as regards
buffer action, stability, and sensitivity
of the reagent.
Constituents of Reagent-l
liter of the solution contains 28 gm. of anhydrous disodium phosphate, 100 cc. of normal sodium hydroxide, 40 gm. of
Rochelle salt, 8 gm. of cupric sulfate (crystalline),
and 180 gm. of anhydrous
sodium sulfate.
Preparation-The
phosphate and tartrate are dissolved in about 700
cc. of water, the sodium hydroxide is added, and then, with stirring, 80
cc. of a 10 per cent copper sulfate solution are introduced.
Finally the
sodium sulfate is added and, when dissolved, the solution is diluted to 1
liter and allowed to stand for a day or two, during which time impurities
separate out. The clear top part of the solution is decanted and the remainder filtered through a good grade of filter paper. 14s stated before,
this reagent keeps indefinitely with no sign of deterioration.
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Technique

The iodometric determination
of reduced copper is undoubtedly superior
to the calorimetric
technique, but only so far as visual (Duboscq type)
calorimeters are concerned, and so long as the density of the color to be
measured is relatively
unstable.
The photoelectric
measurement
of
color density and the development of an improved color-producing
reagent
by Nelson (4), however, have eliminated the imperfections
of the colorimetric technique when it is to be employed for microanalysis.
In an
adaptation of our micro reagent to photometric work, Nelson even extended
the useful range of the reagent down to the determination
of 5 y of glucose,
whereas with the iodometric technique 10 y are about the limit.
The
improvement
was attained by means of a new arsenomolybdate
reagent
devised by Nelson, which produces a color of higher intensity and greater
stability than the older phosphomolybdate
reagents.
The use of Nelson’s
reagent in combination with the new copper-phosphate
reagent is a further
improvement
of the calorimetric technique.
Analytical Procedure-In
a 16 X 150 mm. test-tube 2 cc. of the reagent
and 2 cc. of sugar solution are mixed; the test-tube is covered with a glass
bulb (dime store “marbles”
are satisfactory),
immersed in a boiling water
bath, and heated for 10 minutes.
After cooling, Nelson’s chromogenic
reagent is added, and the colored solution is diluted to a definite volume,
from 10 to 25 cc., marked on the test-tube.
The degree of dilution depends
on the density of color. This calorimetric
technique is as a matter of
fact serviceable only as a micromethod, if, as it should be, extensive dilutions are to be avoided.
Another limitation of the calorimetric technique
is that it can be used only when the sugar solution is perfectly transparent
and colorless.
Thus, for example, for the determination
of the reducing
power of the milky or opalescent diastatic cleavage products of starch
the calorimetric technique is unworkable.
Iodometric

Technique

For the iodometric measurement of the reduced copper the analysis
may be started in the same manner as for the calorimetric technique; that
is to say, as a general rule a measured volume of sugar solution is heated
with an equal volume of the copper-phosphate
solution.
After cooling,
a precisely measured amount of a standard potassium iodate solution and
a.n appropriate amount of potassium iodide are added, the mixture is acidified, and, after complete oxidation of the cuprous copper, the free iodine
The procedure is somewhat simpliis titrated with a thiosulfate solution.
fied by incorporation
of t,he potassium iodate in the copper solution.
If
25 cc. of normal iodate are included in 1 liter of reagent, it is suitable for
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the determination
of any glucose solution containing from 0.2 to 60.0
mg. of the sugar per 100 cc.; i.e., from 0.01 to 3.0 mg. per 5 cc. of solution.
This is a suitable reagent when the amount of glucose is between 2.0 and
3.0 mg. per 5 cc. of solution, but would lead to long, time-consuming
For this reason it is best to
titrations with lower glucose concentrations.
prepare the copper reagent without
the inclusion of iodate, and to add
the latter to an aliquot of the basic solution only in such quantities as
the anticipated
range of glucose concentrations
requires.
Thus if the
expected maximum concentration is not above 0.5 mg. per 5 cc. of solution,
only about 5 cc. of normal iodate should be added to 1 liter of the reagent,
and 10 cc. of iodate will be adequate if the amount of glucose does not
exceed 1.0 mg. per 5 cc. of solution.
The analytical procedure is carried out as follows: 5 cc. of the reagent
and 5 cc. of the sugar solution are mixed in a 25 X 200 mm. Pyrex test-tube,
covered with a glass bulb, and heated by immersion in a vigorously boiling
water bath. The length of time required differs for different sugars.
After cooling, potassium iodide is added. The amount of the iodide must
be commensurate
with the amount of the iodate. When the reagent
contains 5 cc. of normal iodate per liter, 0.5 cc. of 2.5 per cent iodide
suffices; when the iodate is 10 cc. per liter, 1 cc. of the iodide solution is
added; for higher iodate content, 2 cc. of iodide solution are required.
The potassium iodide solution may be prepared in advance; if alkalinized
with a knife tip of sodium carbonate, it keeps for a long time without
decomposition.
The iodide solution is added by running it from a pipette
down the wall of the test-tube, without stirring or agitation.
Following
this, about 1.5 cc. of approximately
2.0 N sulfuric acid are added; the
acid is rapidly dropped, rather than permitted to flow into the test-tube,
with simultaneous agitation, so that the entire contents of the tube are
mixed and acidified at once. A pipette with a wide opening (cracked-off
tip) serves the purpose.
For titration 0.005 N thiosulfate is used. This
is prepared from time to time by dilution from a 0.1 N stock solution.
When making the dilution, we add about 2 cc. of 10 per cent sodium
hydroxide to 1 liter of solution for protection against atmospheric carbon
dioxide.
Rate of Oxidation of Glucose-As
shown in Fig. 1 ., the oxidation of glucose
with the new reagent is quite rapid; when 5 cc. of a glucose solution are
heated with 5 cc. of the reagent in a boiling water bath, in 3 minutes 67
per cent and in 5 minutes 97 per cent of the oxidation is accomplished,
and in 8 minutes the reaction is complete.
10 minutes time as the standard
heating period leaves a liberal margin of safety.
For comparison,
in
Fig. 1 is included the reaction rate curve of Reagent 50 of Shaffer and
Somogyi, in which 25 gm. of sodium carbonate and 20 gm. of bicarbonate
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constitute the alkali.
It may be noted that with this reagent it takes
16 minutes to attain about the same stage of the reaction as is reached
with the new reagent in 8 minutes.
When 18 per cent of sodium sulfate
is incorporated in Reagent 50, in order to make it more comparable with
the new reagetit, the rate of reaction suffers a further decrease, so that it
takes 24 minutes to reach the same stage which is reached by the other
two reagents in 8 and 16 minutes, respectively.
As the alkalinity of the
reagent decreases, and the reaction slows down, the amount of copper
reduced by sugars increases (in the carbonate-bicarbonate
reagent, which
contains sodium sulfate, prevention of reoxidation accounts for part of
the increase in the reduction value).
This advantage of low alkalinity is
sacrificed by increasing the alkalinity,
but this is amply compensated by

FIG. I. Rate
of copper
reduction
by glucose with three different
I, new reagent.;
(‘urve
II, Reagent
50 of Shaffer
and Somogyi
with
cent sodium
sulfate;
Curve
III, Reagent
50, unaltered.

reagents.
addition

Curve
of 18 per

shorter reaction time and, what is more important,
by improvement
in
the consistent reproducibility
of the results.
Reduction Equivalent of Glucose-Different
quantities of glucose, in 5
cc. of solution, were heated with 5 cc. of the reagent for 10 minutes in a
boiling water bath.
A pair of blanks (5 cc. of water with 5 cc. of reagent)
was heated with each batch.
Titration was carried out as described before.
The titration values, listed in Table I, are the differences between titration
of blank and titration of the reagent-sugar
mixtures.
These figures are
equivalent to cc. of 0.005 N copper reduced by glucose.
As may be noted, direct proportionality
prevails between the amounts
of glucose and the amounts of copper reduced.
The proportionality
is
perfect within the limits of 0.05 and 3.0 mg. of glucose, but below 0.05
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mg. the reduction equivalents tend to increase to an insignificantly
slight
degree. The equivalent of 1.0 mg. of glucose is 7.40 cc.; hence each cc.
of the titration
value corresponds to 1.0/7.4 = 0.135 mg. of glucose. Multiplication of this factor by the titration value gives the amount of glucose
that was present in 5 cc. of solution.
I
of Various

TABLE

Reduction Equivalents

-

Amounts of Glucose

Glucose

o.oM

CC.

m&T.

0.01
0.05
0.10
0.20
0.50
1.00
2.00
3.00

0

4

8

N copper

0.09
0.38
0.74
1.85
3.70
7.40
14.80
22.20

42

46

20

24

28

32

36

40

FIG. 2. Rate of copper reduction by maltose with new reagent (Curve I) and with
Reagent 50 of Shaffer and Somogyi (Curve II).

Rate of Oxidation of Maltose-The
oxidation of maltose in alkaline
copper solutions proceeds at a considerably lower rate than the oxidation
of glucose; so that completion of the reaction in the carbonate-bicarbonate
copper reagent, which was devised for glucose, is excessively drawn out.
This was the reason that we had to introduce an additional “high alkalinity” carbonate copper reagent for studies involving maltose determination
(5). The new phosphate-copper reagent renders such a special reagent
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superfluous, for, as may be seen in Fig. 2, it oxidizes 97 per cent of the
maltose in 12 minutes, and in less than 20 minutes the reaction is complete.
Curve II in Fig. 2 shows the rate of reaction of maltose with Reagent 50,
of Shaffer and Somogyi, to which the same amount of sodium sulfate had
been added as to the new reagent.
As may be seen, the oxidation of
maltose with this reagent is still rather far from completion after 40 minutes
of heating.
Reduction Equivalent of Maltose-We
have determined with the new
reagent the reducing power of different
amounts
of pure maltose.
Pfanstiehl’s pure maltose was used, with the results given in Table II.
TABLE

Reduction

Equivalents

II

of Various Amounts of Maltose

Maltose

0.005 N copper
cc.

m&-.
0.0%

0.09

0.05
0.125
0.25
0.50
1.00
2.00
4.00

0.20
0.49
0.95
1.92
3.85
7.71
15.47

These figures show a direct proportionality between the quantities of
maltose and copper reduced, just as in the instance of glucose; 1 cc. of
0.005 N thiosulfate corresponds to 0.26 mg. of maltose, when the analysis
is executed by the technique standardized for glucose, with the one
difference that the heating period is 20 minutes instead of 10.
Other Sugars-As had been shown (3), somesugars, such as galactose and
arabinose, require the same heating time as does maltose. There are,
however, other sugars, as for instance lactose and mannose, the reaction
rate of which is even lower. When the new reagent is to be employed for
the determination of the latter, a reaction rate curve must first be constructed in order to find the appropriate heating time.
SUMMARY

A new alkaline copper reagent for the determination of sugars is presented. The alkali in this reagent is an equimolecular mixture of dibasic
and tribasic sodium phosphate. The solution contains sulfate for the
protection of cuprous oxide against reoxidation by atmospheric oxygen.
The reagent is suitable for both the iodometric and the calorimetric
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technique and permits the accurate determination
of 0.01 to 3.0 mg. of
glucose or of 0.03 to 6.0 mg. of maltose by either technique.
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