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The Molecular Condition of Sugar and the Saccharates in

Solutions.

In the year 1838 the eminent French chemist, Peligot, pub-
lished his researches on the nature and properties of canesugar
and the saecharates. Although sgar had been known for a long
time, the investigation of it had progressed but slowly, and
beyond the analyses by Berzelius, Dumas, Brunner and Liebig,
comparatively little was known of its physical and chemical prop-
erties, When, however, in 1830, organic chemistry received
a new impulse, the attention of chemists was drawn towards the
unexplored field of the hydrocarbons and their derivatives.

Five years after the appearance of Peligot'!'s investigation,
. Sombeiran published his work. His results were closely fol-
lowed by those of Brendecke, Benedikt, Pfeffer, Tollens, Berthol-
let, Pelonze and others. As a result of the analysis and

further work of investigation of sugar and the saccharates, car-



ried on by these men, definite conclusions were reached as to
the nature, the formation and structure of the latter. Sugar
itself is generally regarded as having the empirical formula

G e ton O

The saccharates that have been considered in this work are
those of the alkalies and alkaline earths,; besides this, it was
investigated whether silicic acid unites with sugar. Eight
solutions of sugar in solvents other than water were investi-
gated in order to observe the action and behavior of sugar in
pure solvents of an organic nature.

A1l the solutions containing hydroxides of the alkalies and
alkaline earths plus sugar were agueous. The object was to
note the effect that the alkalies and alkaline earths have on
the rotatory power of the solution, and on the freezing point
of the latter with a view of ascertaining the molecular condition
of the saccharates present in the solution,

The various agueous solutions were preparedrso that they
contained a molecule of sugar to every molucule of the base.
Solutions containing two molecules of base to one molecule of
sugar were also investigated by means of the polariscope and
freezing point apparatus.

The extent to which the molecules of the base unite with

the sugar molecules can be ascertained by mcans of these methods.



Since the lowering of the freezing point ofes olution depends
upon the number of dissolved molecules, the freezing point meth-
od is especially adapted to the investigation of the question

as to the extent to which the sugar is in combination with the
various bases in solution,

In the case of the solution containing colloidal silicie
acid and sugar the question as to the influence of the molecules
of the former upon ﬁhoée of the latter was also considered.

It is not generally known that there are but few solvents
besides water that will dissolve sugar readily. In order to
cause sugar to dissolve in some organic solvents tﬁe application
of heat is necessary, and even under the most favorable condi-
tions but small quantities will dissolve as a rule. Generally
only the rotatory power of the sugar solutions in solvents other
than water was tested. In the cuse of the solution in glacial
acetic acid a molecular weight determination was also made by
means of the freezing point method. That the various organic
solvents would effect the rotatory power in different ways, accord-
ing to their chemical nature was to be expected, but the mod-
ern theory of solutions does not permit one to foresee that dif-
ferent solvents will influence the rotatory power in different
ways provided that the molecular weight of the sugar in solution

remains normal.



The change of the rotatory power with the change of the
volume of the solution was studied. The optical activity of
the solutions was also determined at various times to ascertain

whether any alterations of the same took place upon standing.

The following table gives the solptions that were investi-
gated.

Unless otherwise indicated, the solutions contained the
molecular weights of the substance whose formula is given in

grams per liter.



Solution of 012H22011

g " C19Hp20713
" " Ci9Hp2011
" " CypHpp013
g " CyoHo013
" " CygHp013
) " CypHpe0yy
) " Cygflp0077
i n

in water, (10 grams in 100cc.)

n "

+ Na OH in Water.
+ 2Na OH . o
+ Ba (OH),"
+ Ca (0H)2" "
+ Mg (OH)," *

+ Sr (OH)Z" "

C1oHg00971in (163.4cc) Si 05 solution.

Solution of C,,5H550,; in Glycerine (0355(0H)3) (10 grams in 100cec.)

] f ¢

H. .0

1222”11
1 " CigHpg011
i " CigHp2011
iy " C12H22013
1 " CyoHgo011
4 " CigH22013
" v g0

1272211

v Acetic acid (CHSCOOH) (
" Formic acid (HC OOH) (

» mthylene glycol CoHy(OH)R (™

" Phenol (CgHgOH) (
» Pyridine (CsHsN)

" " "

n Butyric acid(03H7000H)(lo "

" " )
b 5
(] ] )
" " )

(3.95 grams in 50cc)

(5. grams in 75cc. )

® 100ce.)



Thé pycnometer was used for all specific gravity determina-
tions. Its weight was 14.521 grams, and the volume of water
it contained weighed 50.0512 grams at 20 degrees centigrade.

The weights of equal volumes of all the solutions were found at
the szme temperature, and the specific gravity was then calcu-
lated in each case.

The polariscope used for the determination of the rotatory
vower, was of the triple-field type, manufactured by Schmidt &
Haensch of Berlin. For the light a gas flame was used into
which a platinum wire, supporting a bead of fused sodium cholr-
ide, was suspended. An iron hood, surrounding the flame, threw
the light in the desired direction. The tube containing the sol-
ution during the period of determination was (unless otherwise
stated) 200 mm. in length. The tube was surrounded by a jack-
et, through which a constant flow of water was maintained during
the time of operation. The scale of the instrument was graduat-
ed to hundredths of a degree. The specific rotation was calcu-
lated by means of the following formula:

g R

2.Xp.Xd.
E‘lﬁ = specific rotation for (D) sodium light.
4

= degrees read off on the scal§.
1 = length of the tube in mm.
i ¢ = percentage strength.

d = density.



For the molecular weight determinations the Beckmann freez-
ing-point apparatus was used. It consists of a large test tube
fitted with a cork, perforated by two holes, through one}of which
is passed a Beckmann's differential thermometer, and through the
other a glass stirring rod. The solution whose freezing point
is to be determined is put into this test tube, which is then
set into a cocling miXture, and the solution agitated by means
of the stirring rod. After the solution has been cooled down
beyond its freezing point, the mercury suddenly rises rapidly,
the apparatus is then taken out of the freezing mixture, rapidly
wiped off, and set into an air chamber. The agitation of the
solution is continued. The thermometer rises more slowly and
finally remains stationary at a certain point. This point is
read off, and the freezing point 6f the pure solvent subtracted
from it, the difference is the number of degrees of lowering of
the freezing point of the solution. The molecular weight is

calculated from the formula:

100 K 5 S - Molecular Weight.
L ,

K = Constant for the solvent.
S = Substance in solution in grams. ...
A = Observed lowering in degrees.

L = Solvent in grams. /



Solution (10 grams in 100cc.) of C12H220717 in water.
The solution was prepared by dissolving 10 grams of cane sugar
(cut loaf variety ground up to a fine powder) in watepl to make
100 cc. at 20°¢%2,

Specific gravity = 1.0399.

Solution of 012H22011 in Water.
68.4 grams of sugar were dissolved in water to make 200 cc.
Thus the solution contained one gram molecule per liter.

Specific gravity = 1.1557.

Solution of Sodium Hydroxide.

The substance used was a jar of Natrium Caustic, puriss
(Na OH) of 250 grams manufactured by E. Merck of Darmstadt. This
vas dissolved in vater, and an excess of barium hydroxide was
added in order to precipitate any carbonate that might be present.
The solution was now diluted with water up to about two liters
and set aside for a day, when all the suspended matter had sub-
Sided., It was now rapidly filtered through glass wool by means
Of a force filter, put in a suitable bottle and protected from

the aip, This solution was tested by comparing it with a newly

——————

1
All aqueous solutions were prepared with distilled water.

*Mhe solutions wers a1l mads b to tneidfatcated volie dt MERE



prepared standard oxalic acid solution.! 25 cc.of standard oxal-
ic acid solution required for the complete neutralization of
132,58 cc. of the sodium hydroxide, phenolphthalien having been
used as indicator. The result is the average of three readings.
One and eighty-four hundredths cubic centimeters of'n/ioxalic
acid solution then is the equivalenf of one cubic centimeter of

the sodium hydroxide solution.

Solution of Cj5Hos071+ Na OH in Water.

For a solution of 200 cc. of sugar and sodium hydroxide in
wvater, 68,4 grams of sugar and 8. grams of sodium hydroxide are
required. 8. grams of sodium hydroxide required 108.8 cc. of
sodium hydroxide solution. Accordingly 68.4 grams sugar was dis-

solved in 108.8 cc. Na OH and the resulting solution was diluted

to 200 ce. Specific gravity = 1.1598.

Solution of 013H22011+ 2Na OH in Water,

This solution contained 68.4 grams of sugar to 16 grams
: (217.6 cc. solution) of Na OH in 200 cc. In this case the 217.6 cc
¥a OH solution had to be svaporated slightly so that when added
to the sugar the solution measured the required volume.

Specific gravity = 1.549.

P i

This solution was prepared by dissolﬁing 31.5 grams of pure

Oxalic acid in water, and diluting to 500 cc.
T ;
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Solution (saturated) of Barium Hydroxide.

Barium hydroxide Ba(OH)2+ 7H,0 manufactured by €. A. F.
Kahlbaum of Berlin was used. 175 grams were dissolved in about
1200 cc, of water and the solution boiled for about two hours;
it was then allowed to stand in a moderately warm place for some
days. Finally it was filtered rapidly with a force filter and
kept in a bottle well protected from air. In estimating the
strength it was Tound that 28.71 cc. of the Ba(OH)z solution
was recuired to neutralize 10 cc. of the 4 oxalic acid.
Fhenolphthalein was used as indiéator. Three tests were made
in this estimation. One cubic centimeter of T/q oxalic acid is

the equivalent of 2.87 cc. of the Ba(OH)z solution.

Solution of C;5H,50;3+Ba(0H)s in Water.
For a 500 cc. solution, 171. grams of sugar are required

and 42.5 grams of barium hydroxide. To obtain 42.5 grams, 868.72cc.
are required which were evaporated down so as to come within the
required volume when the sugar is added. Specific gravity = 1.1201.
Upon estimation with ®/1 hydrochloric acid it was found that

16.55 cc. of acid were required to neutralize 25 cc. of the al-
kaline snlution. The result is the average of the readings.

Phenolphthalein was used as indicator.
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Solution of Cj5Hs90717 + Ca(OH)g in Water.

In 500 cc, of solution, 171. grams of sugar and 1l4. grams
of calcium hydroxide were contained. Specific gravity = 1.1532.
25 cc. of the solution required 18.15 cc. of Y] hydrochloric
acid to neutralize. Therefore 0.02024 grams of Ca0 were present

in every cubic centimeter of solution,

solution of CyoHoo0y7 + Mg(OH)p in Water.

Magnesium oxide, from E. B. Benjamin, New York. For sod ce.
gsolution, 10 grams of the magnesium oxide were boiled for two
hours with water, the 171. grams of sugar .were dissolved in the
solution, and the boiling continued for another hour. Finally
the solution was filtered. Specific gravity = 1.1601. To neu-
tralize 25 cc. of solution required 0.15 cc. of 5{ hydrochloric

acid. Therefore, 0.0000731 grams of Mg0 were present in one

cubic centimeter of solution.

’ Solution of 012H22011+ SI‘( 0H)2 in water.

25.8 grams of strontium oxide were boiled with water for

two hours, then 171. grams of sugar were added and the boiling

was. continued another hour. After filtration the filtrate was
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made up to 500 cc, Specific gravity = 1.1571. This solution
gave no indication of the presence of Sr0 when tested with phenol-

phthalein.

Solution of C;5H550771in (163.4 cc.) si0g Solution.

The sodium silicate used was from Dr. Schuchardt, of edriits.
100 cc. of sodium silicate were diélized from an acidulated solu-
tion in water, and evaporated to near the point of gelatinization.
When analysed it was found to contain 0.05036 grams of Sio2 per
cubic centimeter of solution. 68.4 grams of sugar were dissolved
in 163.4 cubic centimeters of this solution and the volume made

up to 200 cubic centimeters. Specific gravity = 1.15349.

Solution (10 grams in 100cc.) Of CypHpp077in Acetic acid(CHzCOOH).

Acetic acid, glacial, manufactured by C. A. F., Kahlbaum, of Ber-
lin, was employed. 10. grams of sugar were dissolved in acet-
ic acid, and made up to 100 cubic centimeters with more acetic

acid. Specific gravity = 1.09291.



Solution (10 grams in 100cc.) of C10Hos0991in Formic acid (H COCH).

The formic acid used was manufactured by Dr. Schuchardt. 10.grams
of sugar were dissolved in the formic acid, and then made up to

100 cubic centimeters. Specific gravity = 1.23262.

Solut%on (10 grams in 100cc.) of C;5Hy50991in Glycerine (03H5(0H)5).

The glycerine was from C. A. F. Kahlbaum. 10 grams of sugar

were dissolved in glycerine and then made up to 100 cubic centi-

meters, Specific gravity = 1.28744.

Solution (10 grams in 100cc.) of °12sz°11 in Ethylene

glycol (02H4(OH)2).

The Ethylene glycol was of Dr. Schuchardt's manufacture.
5. grams of sugar were dissolved in the glycol, and the volume

made up to 50 cubic centimeters. Specific gravity = 1.12300

solution (10 grams in 100 cc.) of C3oH59073in Fhenol (CgHsOH).

Phenol puriss, from Schuchardt was used. 10 grams of sugar were
put into a volume of 100 cubic centimeters of the melted phenol

and heated, but when cooled down the sugar was thrown out of
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solution. At 40° C. the phenol gave no rotation when examined

with the polariscope.

Solution (10 grams in 100 cc. ) of CjpHp5077in Butyrie Acid
(CxHyCOOH).

The Butyric acid used was manufactured by Dr. Kgnig. 10 grams

of sugar were put into 100 cubic centimeters of the acid and

heated, on cooling the sugar was thrown out of solution. When

examined with the polariscope the solution gave no rotation.

Specific gravity = 0.9593.

Soiution (3.95 grams in 50cc.) of C1oHos073in Pyridine(CgHgN ).
The pyridine was purchased from Eimer and Amend, New York. 3.95

grams of sugar were dissolved in pyridine and the soluiion made

up to 50cc. Specific gravity = 1.01138.

Another solution, containing 5 grams of sugar in 75. cubic

centimeters of pyridine was prepared. Specific gravity = 1.01633.

Solution (3.95 grams in 50cc.) of CyoHo504in Water.
In this solution 3,95 grams of sugar were dissolved in water,

and the solution made up to 50 cubic centimeters.

Solution of C;5H55047 in Pyridine and Water.

0f the foregoing two solutions of sugar in pyridine and sugar in

¢
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water, containing 3.95 grams of sugar each per 50 cubic centime-
ters, three other solutions were prepared.

No.I, consisted of 5. cubic centimeters of the aqueous sclution
plus 15, cubic centimeters of the pyridine solution.

No. II, contained 10 cubic centimeters each of the aqueous and
puridene solutions.

No, III, contained 15. cubic centimeters of the aqueous solution

and 5. cubic centimeters of the pyridine solution.

Unless otherwise specified the length of the polariscope
tube, containing the solution, was 200 mm. The results given
are the average of five readings, during the time of which the

temperature was constant at 20°C

Solution (10grams in 100cc.) of 012H22°11 in Wafer.
Degree of rotation 13 .874.

" " " after 20 weeks 13,861,



Concentration

A
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Solution

Solution,

Solution of CjoH59077 in Water.
Readings in degrees.

45, 40
22.70
11.44
5.72
2.81
1.37
0.73
0.38

Readings after 20 weeks standing.

45.38
‘8878
11.38
5.70
2.82
1.34

16,



Solution of 012H22011+ NaOH in Water.

Concentration Readings in degrees.
V1 Solution 40.78
n

/2 " 26 .36
0 " 10.16
e " 5.11
17/16 . 2.57
Vs 5 " 1.2y
n/64 " 0.63
n

/128 " 0,58,

Readings after 20 weeks standing.

41 Solution 40.84
Iyz " ; 20.41
I}/4 " 10.19
W . 5.08
LS ; 2.59
n/ . , 1.21



Concentration

1,
Ya
n /4
n /8
V16
V2

Vea

n
/128

Solution of c12H22011+ 2NaOH in Water.

Solution

Solution

"

1

Readings in degrees.

24.68
12.51
6.40
3.20
1.55
0.77

=
0.17
Readings after 20 weeks standing.

24 .65
p 3

CF N Y )b

S va bbb bbb

~EEEEEEREREEFLED

18.



Solution of ¢. H O0._+4 Ba(OH)z in water.

Concentration

71

n /2
7
g
V16
sz
n /64
V128

Solution

]

Solution

13 32 11

Readings in

24.79
12.42
6.21
3.10
1.57
0.77
0.37
0.19

Readings after 20 weeks standing.

24 .57
12.29
6.17
z.01
~1.59
0.76

19.
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Solution of C. H__O_ .+ Ca(OH)z in water.

Cconcentration

gﬁ_
ryé
%/4

2/1

%41
s
716

7

32

Solution

L]

f

Solution

1222 11
Readings in degrees.

40.93
20.51
10.25
5.14
2.54
1.26
0.65

0.31

Readings after 20 weeks standing.

10.17
5.18
2.52
1.28
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Solution of CyoHps097+ Mg(OH)2 in water.

Concentration

n /1
n /2
n /4
Ve

V16

Solution
"

f

Solution

Readings in degrees.

45.123
22.51
11.5Y
5.59
2.24
1.09

Readings after 16 weeks standing.

45.02
22.47
11.21
5.61
2.21
/ 1:311



Solution of CjgHpo073+ STO in Water.

Concentration Readings in--
?1 45.27
o 22.59
?2 11,81
% 5.60

Readings after 16 weeks standing.
?/1 Solution 45,13
s " 22.51
n/4 ! 11.28
v ! 5.58
solution of C;gHps077 1N (163.44 cc.) g%og
Concentration Readings in ?E?g
.,  solution 45.16
Ve ! 22.56
q/; " 11.27
W " 5.67
Readings after 6 weeks standing.

"/,  solutien 45.13
Iyé " 22.52
n/4 " 11.30
- 5.63

n/é

22.

Solution.



Solution (10grams in 100cc.) of Cjg9H55071in Glyceriness»:333333333333:

100 mm., tube. 6.44

200 ¢ " ‘ 12.95

Readings after 4 woeks standing.

100 nm. tube 6.45
u 12.93

200 ¢

Solution (10grams in 100cc.) of C;5H550451n Ethylene glycol

(CoH,(0H), ).
100 mm. tube 6.28
200 * " 12.61
Readings after 4 weeks standing.,
100 mm. tube 6.30
200 * v *12.60
Solution (10grams in 100 cc.) of Cj3gHpg0731n acetic acid (
100 mm. tube 0.84
gop & 4 | 1.67
Readings after 4 weeks standing.
100 mm. tube 0.77
1.60

800 - * ol
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Solution (10 grams in 100cc.) of C1oHo50;7 1in Formic acid (H COOM).

100 mn. tube 0.43

200 " 0.92
Readings after 4 weeks standing.

100 mm., tube 0.30

200 o " 0.76

— : : 3 %7
Solution (3.95 grams in 50cc.) of C,oH5504,in Pyridine (CSHSN)'

100 mm. tube 6.22

200 ¢ " 12.46
Readings after 4 weeks standing.

100 mm. tube 6.22

" " 12.48

200

Solution (5 grams in 75 cc.) of C1oHpo047 in Pyridine

100 mm. tube 5.59

200 " 11,18
Readings after 4 weceks standing.

100 mm. tube 5.63

14,20

200 5
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(1) Solution (3.95 grams in 50cc.) of C15Hpos097 in Water.

100 mm. tube ' 5.97

(2) sSolution (3.95 grams in 50cc.) of CjsHps097 in-

100 mm. tube 6.22

Solution of 20cc., consisting of 5cc. of 1, and 15cc. of 2.

100 mm., tube 5.88

Solution of 20cc.., consisting of 1l0cc. each of 1 and 2.

100 mm., tube 5.69

Solution of 20cc. consisting of 15cc., of 1 anc-

N

100 mm. tube 5.93
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Specific Rotations.

Solution of C;,Hy504, in Water (10grams in 100cc.) séivl
: " Ciafa2011 ’ 66.83
" " CqoHps0q7 + NaOH in water 60.13
" " 012}{22011 + 2NaOH " " 36,46
" " 012H22011 + Ba(OH)2 in water 30.27
. " Gy Hy00,, + Ca(OH), * * 60.30
" " 0y Ho00q1 * Masom), ¥ 66.54
" " 512322011 + Sr(OH)2 ¢ 66.78
" " 01 .H,0071 in(163.4cc) $i0, Solution 66.88
solution of Cp5Hp0017 N Glycerine (03H5(0H)3) 0.50
" " 012}{220ll n Ethyle glycyl (02}{4(0}{)2 0.56
" " 0121{220ll *» Acetic acid (CHSCOOH) 0.07
" *0, Hop05y Formic acid (H COOH) 0.03
" " € oH00019 » Phenol (CgHgOH) - 0 g
" " 05050077 " Pyridine.(GSHSN)(3.95grams in 50cc.)0.78
" " CyoHo0077 " " » (5,grams in 75cc.) 0.82
" " v n Butyric acid(csﬂchOH) 0.—

c12H22011
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Freezing-point Determinations.
Wt

Apparent MollLowering.
Lowering.'of the sugar. 2979 .

C1oHo5017 in water 2.979 246.67
0121{22011-1- NaOH in Water 3.439 209.58 1.38
Cqofn50q1+2Na0H " * 4.139 247 .59 1.36
CqoHo00,1+ Ba(oH)' " %.112 pE8. 11 1,05
0121{22011+ ca(OH E’ " 3.22- s07.10 1.09
C19Hoo011+ Mg(OH}f " 3.245 330.70 1.09
012H220 13 * Sr(OH b" o 3.088 . 338.46 1.04
012H22011in (163.4cc.) SiQBSolution 3.048 336.86 1.04
CloH50077 in Acetic acid(lOgrams in

1.555 278.74 —_—

100 cc.)
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The foregoing results clearly indicate the molecular con-
dition of the sugar and the saccharates in the various solutions.
In the aqueous solution of sugar and sodium hydroxide, where the
molecular weight in grams of each is present, the molecules of
sugar and sodium hydroxide unite to some extent, but when twice
the molecular weight in grams of sodium hydroxide is present to
only one of sugar then a considerably greater number of molecules
unite with each other. In the case of the barium hydroxide even
more saccharate is formed than in the case of the sodium hydrox-
ide and sugar. The calcium hydroxide mnlecules unite with those
of sugar to about the same extent as the soxium hydroxide does
when an equal number of sugar and sodium hydroxide molecules are
present. The magnesium hydroxide molecules unite with those
of sugar to only a very small fraction of a per cent, and those
of strontium hydroxide do not unite at all with those of sugar.
It is strange that these hydroxides, otherwise so similar to
that of calcium, should behave in such an entirely different way
from the latter when in solution with sugar. The colloidal
silicic acid molecules practically do not unite at all with those
of sugar. When the sugar is in solution in organic solvents it
is found that the specific rotation is greatly reduced. There
is a striking similarity between the two lower acids of the fatty

series, while their higher homologne would not even dissolve sug-
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ar. The two alkahols also yield results indicating close re-
lationship. In pyridine sugar behaves more as though it

were dissolved in water, although its rotation is slightly high-
er than in water when equal amounts are dissolved in the same
amount of the different solvents. When the same amount of
sugar is dissolved in the same volume of water and pyridine
mixed in differenf proportions the rotation is lower than in

the aqueous solution,.
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