THE PRODUCTS FORMED FROM THE OXIDATION OP THE
HEMICELLUL0S2 FROM WHITE BIRCH, B S T U M FOPULO
FOLIA, (M), WITH PERIODIC ACID
by
LIZANDRO 'LASTRA 2ZRRE

A Thesis
submitted to the faculty of the

in partial fulfillment/ofj
the requirements for the degree of
Master of Science
In the Oraduate College
University of Arizona
1940

Approvedt
Major Professor

|fate

5979/
79 V O
At
c-syj, 2r

ACKN O'.VLKI-3M iiHT
The writer wishes to express his
sincere appreciation to Doctor
timeat Anderson for his generous
and invaluable guidance, assist
ance, and encouragement through
out the entire course of this
work.

ivtiVJJ

TABLE OP CONTENTS
PASS
INTRODUCTION.............. ......................

1

EXPERIMENTAL PART.... ...........................

3

1.

Preparation of the Material..... .......

8

2.

Preparation of the Hemicellulose for
Oxidation with Periodic Acid..........

9

3.

Determination of the Rate of Oxidation..

9

4.

Methods Used in Determining the Per
iodic acid Consumed............... .

12

5.

Oxidation of the Hemicellulose..........

13

6.

Removal of excess Periodic Acid and
Iodic Acid........... .......... .

14

Removal of Periodic and Iodic Acids
wlth Sulfur Dioxide .....................

15

3.

Hydrolysis of the Oxidized Hemicellulose

17

9.

Identification of the Products of Hydroly
sis............ .

13

Oxidation of the Hydrolytic Products
Bromine Water....... ................. .

21

11.

Isolation of Barium Salt....... ........

21

12.

Isolation of Calcium Qlycollate.........

22

SUMMARY..........................................

25

CONCLUSION.......................................

26

BIBLIOGRAPHY.....................................

27

7.

10.

-1-

TEK PRODUCTS FORMS) FROM THE OXIDATION OF THE
HEMICELLUL03E FROM WHITE BIRCH, BETULA POPULOFOLIA, (M), WITH PERIODIC ACID
INTRODUCTION
Previous Investigators (1 ) have shown that the hemicelluloses isolated from hardwoods consist of a monoaethoxy
uronio acid combined with from approximately nine to
eighteen xylan units by means of glucoaidie unions.

It

is known that the union is between the aldehyde group of
one sugar and an alcohol group on the next sugar.

Up to

the present time no one has determined which of the four
alcohol groups is involved in this union.
methods available for this purpose.

There are two

The first of these

methods is complete methylafcion of the hydroyl groups
present In the molecule and hydrolysis of the methylated
product; from the position of the methoxyl groups the
mode of linkage on the original material can be determined.
A second and more recent method is oxidation of the hemicellulose with periodic acid.

The latter was the method

used in the present investigation.
Mal&prade (2 ) showed that periodic acid oxidizes
compounds containing two primary or secondary alcohol
groups on adjacent carbon atoms with a rupture of the
chain between the two adjacent oarbinols as shown below:
CHuOH(CHOH)nCHgOE + (n-H)HI04 -> (n-l)HJ05*2HC0H*nHC00H-t- HQH

-2-

In every ease studied by Mal&prade the polyols gave two
molecules of formal from the carbons containing the primary
alcohols and as many molecules of formic acid as there were
secondary alcohol groups in the molecule, in the presence of
excess periodic acid.
Later Pleury and Lange (5) studied the action of periodic
acid on several polyols, hydroxy acids, and sugars.

They

definitely established Malaprade's reaction and proved that
periodic acid, although without action on simple alcohols such
as methyl, ethyl, and even on such compounds as pontaerythrite
(CH^OHj^C which possesses four alcohol groups would oxidize
all other compounds containing alpha beta glycols.

The

carbons containing the OS’s were split apart with the for
mation of two aldehyde groups as Illustrated by the following
reactions:

K - 6— C-K
OH 6h

^— 6— 6— C ~ O H
OH OH

2 K - C — H + 2H0H + HIO*

H 1 0 * ft— 0— H + H-^0— O^— OH + 2H0H + HlOg

Of the hydroxy acids studied, namely glycolic, malic,
citric, tartaric, saccharic, and gluconic, only three were
attacked.

These were tartaric, saccharic, and gluconic.

This proves that an alpha beta glyool must be present as shown

-3-

bolovvj
^ tiHO— G - C— H

In the case of the sugars containing an unprotected
aldehyde, the proximity of the.aldehyde to the alcohol group
rendered the -GHOH-CHO grouping susceptible to oxidation.

In

this case the carbon chain is split between the aldehyde and
the alcohol groups as shown in the case of d-glucose.
d-gluco se +• HI04 ----> 5HC00H 4-HCOR
Following Fleury and Langes1 work various investigators
have used periodic acid as a means of determining the struc
ture, especially the linkage present, in various carbohydrates.
Alpha-methy1-d-mannopyranoside was oxidized with periodic
acid with the consumption of two moles of periodic acid and
a dialdehyde was obtained.

The latter upon further oxidation

with bromine water and hydrolysis gave a dicarboxylic acid
which was isolated in the form of a strontium salt.

Hydroly

sis and further oxidation with bromine water converted this
salt into oxalic and d-glyceric acids, thus proving the
structure of the salt.

This is illustrated by the following

reactions:

H-C-OH
H

H-£9H
H

H-C-OH
H

-4-

Jackson and Hudson (4) used this method In establishing
the ring structure of alpha-methyl-d-mannoside as shown
above as well as of several methy1-pentosides•

The results

obtained in the oxidation agreed exactly with previous
results obtained by methylatlon*

The structures of several

diacetone duloitols (5) were also studied in the same manner.
Levene and Kreider (6 ) oxidised a polygalacturonlde
methyl eater with periodic acid.

The dialdehyde obtained

gave after oxidation with bromine water and subsequent
hydrolysis, levo-tartaric acid which established the ring
structure present.
Jackson and Hudson (7,8) also carried out oxidations
of starch and cellulose from different sources.

Both of

these substances were oxidized readily in the cold with the
consumption of approximately one mole of periodic acid per
mole of (C*li/,0,) unit.

Each of these units was oxidized to

a dialdehyde which upon hydrolysis gave glyoxal and d-erythrose.

The glyoxal was identified by its phenylosazone and

benfc^phenylosazone•

The presence of d-erythrose was confirmed

by oxidizing the hydrolytic products with bromine water to
give oxalic and d-arythronic acids.

These products proved

that the glucose units in both starch and cellulose were
being oxidized between carbons 2 and 5 and,consequently,
that the union between the glucose units was between the
aldehyde group of one unit and the fourth carbon in the
next glucose unit.

The following equations illustrate
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the reactions*
H-C-OH

fkh€~W o
1
1^-0h- ? - ^ T
H-C--- 1
1
H-C.-0H

H-C=0

H-C=0
I

0

H-C= 0

H1Q* H'C=0
* H-C/
i
rtc--

H-C = O
> H-C-OH

I

H-C-OH

h -c -oh

Bf, ,

h8o

Ho-c = o
l
HO-c = o
MO-C-O
H-C-OH

I

H-C-OH

M-C-»H

H

H

lrt
HtD

H-C- O H

H

Slarck UWit
DiaMekyjJe
By application of this method to the hemloellulooos
it should be possible to determine their partial structure,
especially the linkage present, since the products obtained
by oxidation with periodic acid would depend on the linkage
between the xylan unite.

There are three possible struct

ures for this hemicellulose which may be represented by the
following formulae:
*

V

s/C— ,

1

,

4HO-C-H
^ 04Wc-H1 0 'UO-C:-HW0 X^HO-C-Hio
R . / HO-C-HpO
HH-H
|/ v
«.c.w| »‘-m |
i-l I
»i-J
H)H-C
H

H

(9-/8)

I
J
H0-C.=O

‘"i'l
M-J
K

J
0
"‘i'*

h

i

l

m-L-o

H-C/ r
'-.oh
-OH;?
h- c
--1
H-C»A

(9-IS)

^
ht-o*

c
H-C-OK I
t
-' tt-C--»
Hf
--tlM
e=c-oH
(9-18)
i*

The glucosidic linkage between the units in each case
could be either alpha or beta and the methoxyl group might
be on any of the hydroxyl groups in the uronic acid.

If the

hemicellulose were to possess the structure shown by formula
I, periodic acid should split each xylan unit between carbons
3 and 4 converting each unit into a dlaldehyde.

If the

structure of the hemicellulose were to be as that shown by

6—

II periodic acid should split each xylan unit between car
bons 2 and 5 giving a dialdehyde differing from that obtain
ed from I.

If the structure were that shown by III periodic

acid should not oxidize it to any great extent.

Oxidation

could take place only between two contiguous hydroxyl groups
in the uronic acid depending on the position of the metboxy1
group.
The dlaldohyde obtained from number I should yield
upon hydrolysis gycollic aldehyde and tartronic aldehyde
which upon oxidation with bromine water should yield glycolllc and tartronic acids as shown by the following
equations:
^or=0

HC-O

X

fir,
H\Ov
HOti r HOC-o

\~o
HC>o
"ton
H

h

Br-,
HOH

/yoc-'o
HCQH
H

The dialdehyde obtained from number II should upon
hydrolysis give glyoxal and d-glyceric aldehyde which in
turn would give oxalic and d-glyceric acids after oxid
ation with bromine water.

The reaction may be represented

as followsi
fir,

#OCH o

a
v/c.O 9 __ft*'!— -*
"C-- 1-o' Hia. y/r-- Lo-% h***

Hto# Ao n
h

«OC*o
^ Not^O
NQC-O
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It la evident from this that by determining the
products of oxidation of the hemicellulose with periodic
acid it should be possible to establish which mode of link
age is present in the hemloellulose.
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Preparation of the Material
The hemioelluloae under investigation la the less sol
uble portion called fraction A, Isolated from white birch
wood, as described by Westerbecke (9).

The material as

obtained by the above treatment contained an appreciable
amount of ash as shown by the analysis in table 1 and was
purified as followsi

To remove the soluble salts, three

liters of distilled water were added to 50 g. of the air
dried (finely ground) hemicellulose in a five liter flask.
The flask was immersed in a bath of boiling water and the
contents stirred occasionally.

After heating for two and one

half hours all the hemicellulose had dissolved.

The sol

ution was filtered to remove traces of insoluble material
and the filtrate was allowed to cool.

To the cool sol

ution was added an equal volume of ethanol.

After stand

ing for three hours the hemicellulose had settled out as
a white gelatinous precipitate which was difficult to
filter.

The suspension was centrifuged out and washed

once with alcohol by centrifuging.

The material was then

transferred to a Buchner funnel and the washing with
alcohol continued until the filtrate gave no test for
chloride ions with silver nitrate.

The hemicellulose was

dried for four hours in an electric oven at 100-105.

The

purified hemicellulose had a light brownish color, and an
ash determination, table I, showed that most of the soluble

—9—

salts had been removed, thus leaving the material suitable
for oxidation with periodic acid.
Preparation of the Semicellulose for
Oxidation with Periodic Acid
The hemicellulose solution was prepared for oxidation
with periodic acid by mixing 20 grams of the dried material
with one liter of water and heating in a bath of boiling water
for two hours with constant stirring.

Mechanical stirring

reduces the time necessary for solution of the hemicelluloae
and the hydrolysis which takes place in the hot solution.
This procedure gave a colloidal suspension of the hemicellulose.
Determination of the Hate of Oxidation
A'*
of the dry chloride-free hemicelluloae were
dissolved in 220 ec. of distilled water in a 500 cc. flask as
described above.

To 20000*8 of this solution containing 1.368

grams of hemicelluloae in a 500 ml. flask were added 200 ml.
of a 0.0948 H periodic acid solution (2.160 grams of HIO* in
200ml. of solution).

This is equivalent to 400 ml. of 0.0474

N periodic acid solution.

Immediately after mixing a 20

ml. sample of the above solution was withdrawn for deter
mination of the amount of periodic acid present by the
method of Fleury and Lange (3).

It consists in reducing

the periodic and iodic acids with excess standard arsenite
solution and titrating the excess arsenite with standard

-10-

TABL'iS I

Moisture determination on air-dry hemice1lulose
(2 )
0.4238

(1 )
Weight of Sample..... 0.4542
Weight of Sample
After Drying........ 0.4313
Loss in Weight....... 0.0299
Per cent Moisture....

0.4022
0.0216

5.04

Average............. .

5.10
. 5.07

Aah determination on the water-free hemicclluloae
(2 )

(1 )

Weight of the Waterfree hemicellulose— .0.4015

0.4022

Weight of aali......

0.0139

0.0127

3.22

3.16

Per cent Ash

Average......................

3.IS

■11-

TABLE IX
Determination ash on hemicellulose $fter removal of soluble
salts.

Dried for 4 hours at 100*-105 •
(2 )
0.2394

m
Weight of Dry Sample.... 0.2859
Weight of the Ash...... 0.0013
Per cent Ash

0.0010

0.45

0.42

Average

0.44

TABLE III
ANALYSIS OF THE GLYOXALPESNYLO3A201H
% Hydrogen
Glyoxalphenylosazone

^Carbon

^Nitrogen

1. M.P. 160......

6.13

71.41

2. M.P. 168___ __

6.25

71.40

3. M.P. 108.....

0.21

71.45

4. M.P. 170-171*..

6.07

70.67

23.17

5. M.P. 170-171*..

6.06

71.12

23.93

5.93

70.54

23.53

Calculated,

lodj.no solution.
given later.

A detailed description of the method Is

The course of the oxidation was followed by

talcing 20 ml. samples from time to time and determining the
•mount of periodic acid present.

The last titration was

taken exactly seventy nine hours after the reaction had
started.

_

\

The complete data

'

.

for this oxidation is given in Table

IV and the accompanying graph.

From the graph it appears

that most of the oxidation takes place within the first 40
hours.

The rate gradually decreases.

After 48 hours,

oxidation proceeds slowly, until one mole of periodic acid
per xylan unit has been consumed.

After this amount of

of periodic acid has been consumed, the curve rises very
slowly.

Oxidation continues at a slow rate.

This may be

due to slow hydrolysis of the heraicellulose and further
oxidation of the products.
. . . ,. i
Method Used in Determining til® Periodic
Acid Consumed
The method described by Fleury and Lange (5) was used
for determining periodic acid in the presence of iodic acid.
20 ml. of the reaction mixture containing the periodic acid,
iodic acid, and hemicellulose, are pipetted into a 250 ml.
flask containing 20 ml. (an excess) of standard araonlte
solution (0.1 N ) , 20 ml. of saturated sodium beearbonate sol
ution, and 1 ml. of freshly prepared 20/i potassium iodide

TABLE IV
RATE OF OXIDATION OF THE HMICBLLUL03S WITH
PERIODIC ACID

Seuaplo taken for analysis-— 20 ml.
H3A3 Ox solution------------20 ml.
Normality of H3A3 O3 used— 0.0994 N
Normality of Ig sol. used— 0.0994 N

Time elapsed since
*fc of reaction

ml. of
consumed

sol.

A min.
....... . ......... 10.51
4 ”
........ .
10 " ; ........ .
25 n
........ ...... ...11 .15
45 “
....... . .........11*40
50 "
........
4 hra........... ...... ...12*92
9 ”
........ .
194 "
........
24 "
........
28 B
.........
53 B
43 ”
........
48
..... ..1585
53 *
........
58 w
........ ........ 16.05
........
69iV ”
74 n
79 "
Oxidation was carried out at room temperature (about 24*

'm i- Vf
Jz S,L.

l/jed

/7

/f

G r d p h No . I

pate

ojO*idat/Dn

of f f e m t c e L L U L o s o .
7c h
i^/'fh o ovyv w Hf ty oi
/leoni i e m p i r a t o r o.

f r o rn

f

f

/z
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solution to serve as catalytic agent»

The mixture is shaken

and allowed to stand for fifteen minutes.

At the end of

this time 2 ml. of starch indicator are added, and the
excess arsenite titrated with a standard solution of iodine
(0.1 H ) .

Equations for the reactions in the titrations

are:
HIO4 + HagBAsOs--- » HI05

+ H&2HASO4

Na2HAs03 + Ig t BHaHCOj-- #•HagHAs04 + 2NaI t 2C0g -t Ego
The excess arsenite can be calculated from the Amount of
iodine used.

From the excess arsenite can be calculated

the amount of periodic acid present in the solution and
consequently the amount of periodic acid consumed by the
hemicellulose.

The standard arsenite and iodine solutions

are prepared according to milliard and Forman (10).
;

Oxidation of the Hemieellulose
The procedure followed in the first oxidations was

essentially the same as that described by Hudson and Jackson
(7,8) in their oxidation of starch and cellulose with a few
minor changes introduced due to the difference in nature of
the material.

Different amounts of hemieellulose were

oxidized using different concentrations of periodic acid.
The oxidations were carried out as follows: 50 grams of the
dry purified hemieelluloso wore placed in a 5 liter round
bottom flask and to this were added 1940 ml. of distilled
water,

llie flask was immersed in a boiling water bath and

-
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atlrred mechanically for two hours.

The opalescent sol

ution was filtered and allowed to cool to room temperature.
To this solution were added 150 grams of IIIQ*dissolved in
enough water to make 250 ml. of solution.

The total volume

of approximately 0.5323 K. in periodic acid was 2260 ml.
Immediately after mixing a 5 ml. sample was titrated for
periodic acid by the method already described.

The solution

was allowed to stand at room temperature (24-2*30 for 45
hours; at which time a second 5 ml. sample of reaction mixture
was titrated for periodic acid.

It was found that 0.253 moles

of periodic acid had been consumed, or approximately 0.923 moles
of periodic acid per mole of xylan.

At the end of 48 hours

a third sample was titrated and the oxidation was found to
be complete.

The solution

had changed from _a .white opalescent

to a clear straw color and approximately one mole of periodic
acid had been consumed per mole of xylan.
Removal of Excess Periodic Acid
Iodic Acid
In the first oxidation carried out an attempt was
made to follow the procedure of Jackson and Hudson(7,3)
which consisted in precipitating the excess periodic acid
and most of the iodic acid by neutralizing with strontium
hydroxide.

They concentrated the solution in vacuo to a

—15—

very small volume and extracted the oxidation product with
alcohol.

When this method was tried on our oxidation pro

duct, the presence of the uronio acid introduced several
difficulties.

Chief among these is the fact that during the

precipitation of the periodic and iodic acids with strontium
hydroxide much of the oxidised hemicellulose was also pre
cipitated out and lost in the strontium salts filtered off.
A second objection to the use of the method is that It Is
difficult to prevent the solution from becoming locally al
kaline while adding the strontium hydroxide.

This causes poly

merization and loss of the oxidized material by the alkaline
solution.

A third objection to the method is that the di

aldehyde obtained from the hemicellulose was almost complet
ely Insoluble In alcohol and could not therefore be extracted
from traces of Iodic acid.

Any iodic acid left would inter

fere with the subsequent operations.
Removal of Periodic and Iodic Acids
with Sulfur Dioxide
Due to the difficulties mentioned above little progress
was made in the investigation until a new method for the
removal of periodic and iodic acids was devieed.

The method

consists in reducing the periodic and iodic acids to free
iodine with sulfur dioxide in accordance with the following
equations $

-16-

211104 + 7302 --- ► Ig + 7303 + HgO
2HI03 + SSOg--- ► Ig + SSOs +
The procedure is as follows:

Sulfur dioxide gas is

passed into the solution of oxidised hemicellulose until no
more iodine forms.

The solution is then centrifuged, the

solid iodine filtered off, and the last traces of iodine
remaining in solution removed by distillation in vacuo.
However, during the addition of sulfur dioxide care must be
observed since the reaction represented above docs not stop
with the formation of iodine.

If an excess of sulfur dioxide

is used, the iodine formed is further reduced to hydriodic
acid according to the equation:

12 + 302 + HgO-- » 2HI + SO3
The presence of the hydriodic acid and excess sulfuric acid
are objectionable since they would Interfere with later
operations.

The following procedure was adopted to avoid

excess sulfur dioxide.

When approximately the right amount

of sulfur dioxide had been added a sample of the solution was
withdrawn and two different portions tested with previously
prepared solutions of hydriodic and Iodic acids.

In insufficient

sulfur dioxide had been added, there would be iodic or periodic
acids present and in this case a sample tested with a few
drops of the hydriodic acid would give a precipitate of iodine
according to tho following equations

SHI + HI03 -- —

f

512 + SH2 O

On the other hand if an excess of sulfur dioxide had
been added , the solution would contain hydriodic acid which

-17-

«hen tested, with a few drops of the iodio meld solution would
give a precipitate of iodine as shown by the above equation.
Any excess sulfur was removed by adding a little of the
Iodic

acid solution.
Hydrolysis of the Oxidized Hemicelluloae
After removal of the iodine no attempt v/aa made to

isolate the oxidized hemicelluloae since in earlier oxidations
such attempts were unsuccessful due to the insolubility of
the product in alcohol.

After the removal of the iodine,

a sample of the solution was titrated with standard sodium
hydroxide solution and the acid concentration found to be
approximately 1.0 II.

The solution was diluted with distilled

water to an acid concentration of 0.6 H.

The solution

whose total volume was 4.9 liters was placed in a five liter
round bottom flask and heated in a bath of boiling water for
six and one-half hours.

The course of the hydrolysis was

followed by withdrawing samples and titrating the aldehydes
by the dhaffer-Hartman method (11).

Qraph Ho. II

shows

the rate of hydrolysis.
From this graph it appears that hydrolysis takes place
slowly at first while the bath is being brought to the
boiling point.

After the bath has started boiling vigorously,

hydrolysis takes place very rapidly as shown by the sharp
rise of the curve.

Hydrolysis was apparently complete at the

/j.
Tnl. of

IA A t?f
S*L.

J9.

/s

/c.

G r a p h No ll
/?d^e of- Hydyo Ly sn Of
Oxidized

H a m t co.
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&£ M Act'd
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I

3
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end of five hours.

However, heating was continued for

six and one-half hours.

At the end of this time the solution

was slightly colored due probably to partial decomposition of
the material.
Identification of the Products of Hydrolysis
Preparation of the osazones with phenylhydrazinehydrochlorido.

One-third of the hydrolized solution (1500 ml.

representing 16 grams of hemicellulose) was placed in a five
liter flask and the solution neutralized with excess calcium
carbonate.

The excess calcium carbonate and calcium sulfate

was filtered off and the solution immersed in a water bath at
60° .

A solution of 125 grams of phenylhydrazinehydrochloride

and 200 grams of sodium aceta e in 1500 ml. of water was
brought to a temperature of 60° and added to oxidized hemioellulose solution.

The mixture was kept at 60* for an hour.

Upon mixing the two solutions a feathery yellow precipitate
appeared.

At the end of one hour the precipitate had turned

a deep orange color.
The mixture was cooled to 15* and the precipitate
filtered off on a Buckner funnel and dried on a clay plate.
The total yield was 24 grams.

It appeared to be a mixture

of two osazones.
Twelve grams of the mixture were dissolved in 75 ml.
of hot ethanol and the solution cooled in ice water.

A

yellow precipitate crystallized out and was filtered off

—

and dried on a plat©.
point was 168° .
Table III.
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The yield was 6 grama.

Its melting

Itie analysis of this osazone is given in

After recrystallizing from 15 ml. of benzene,

the bright yellow osazone obtained melted at 170-17^ ,
which is the melting point of glyoxalphenyloaazone as reported
by Hudson and Jackson (8 ).

After standing over night, the

filtrate gave more crystals of the same osazone melting at
170-173! •

A sketch of the crystals as observed through a

microscope la found on the following page.

An analysis of

this osazone is given in Table III. The analysis checks the
theory for glyoxalphenylosazone.

The carbon and hydrogen

determinations were made by dry combustion and the nitrogen
by the absolute method.
Twenty ml. of water were added to the alcohol filtrate
containing the other osazone.
yellow osazone.

This precipitated a brownish

After filtering and drying on a clay plate,

this melted at 145*.

By adding increasing amounts of water

to the alcohol filtrate other crops of osazone were obtained
#
e
whose melting points were between 125 and 145 , thus showing
that the substance was a mixture.

By repeated solution in

alcohol and precipitation by water a dark yellow product was
obtained melting at 157-139* ,
to purify.

This substance was difficult

When dissolved in alcohol or benzene it does not

crystallize out, but can be precipitated from the alcohol
by addition of water.

If allowed to stand in alcohol or

benzene for some time. It would only form a dark brown gummy

130733

—j%)—

CRYSTALS OP GLYOXALFREKYLO3AZONE
Seen under a microscope, Kecryatalizecl from ethanol and
from benzene. Melting point..170-171°,

**22.—

syrup.

The results of an analysis of the same material

(M.P, 137-158°) obtained by Franklin Veatch from the hemloellulose from black locust are given In Table V.
Oxidation of the Hydrolytic Products
with Bromine Water
The remaining two-thirds of solution of hydrolised
material representing approximately 34 grams of the original
50 grama of hemioellulose were neutralised by adding an
excess of calcium carbonate.

The excess calcium carbonate

and calcium sulfate were filtered off.

To the filtrate was

added just sufficient barium hydroxide to precipitate the
sulfate ions.

The barium sulfate was filtered off and to

the clear solution were added 25 eo, of bromine.

The solution

was allowed to stand in the dark with excess bromine present
until oxidation was complete.

This required four days.

Isolation of the Barium Salt
The excess bromine was removed by aeration and the
solution partly neutralized with barium hydroxide.

This

caused the formation of a precipitate while the solution was
still acid.

This precipitate was filtered off and the

addition of barium hydroxide continued.

As the solution

became neutral a brown precipitate formed in larger amounts
than the first precipitate.

This was also filtered off.

A

third precipitate was obtained when an excess of barium hydroxide
was added.

This amounted to 31 grams for the three crops.

-22-

13ie first crop obtained, 8 grama, was dissolved in
hydrochloric acid and repreclpitabed by ammonium hydroxide.
After reprecipitaking twice more from hydrochloric acid,
the final product was a white salt. This salt was dried in
#
+
the oven at 100-105 for eight hours and the barium determined
as barium carbonate. The analysis is given in Table VI.
Isolation of Calcium (HLycollate
The filtrate from the barium salt obtained above con
tained the barium salt of glycolllc or acids, along with
barium iodide and bromide.
were removed as followsi

The barium iodido and bromide
To the solution was added sufficient

sulfuric acid to precipitate the barium.

The halides were

removed from the filtrate by addition of silver carbonate
and the excess silver was removed with hydrogen sulfide.
The excess hydrogen sulfide was removed by aeration and
distillation in vacuo.
to approximately 150 ml.

The solution was concentrated at SO*
The solution was colored light

brown and had a faint odor of burnt sugar.

This solution was

transferred to a beaker and boiled for 10 minutes with excess
calcium carbonate.

The mixture was filtered hot and the

calcium carbonate precipitate was washed five times with
small portions of boiling water.

The filtrate and washings,

200 ml., had a deep brown color.

After concentrating on a

water bath, the solution was set aside and crystals slowly
formed.

This salt was filtered, washed with a small quantity

of cold water, and dried on a plate.

The filtrate and washings

TABLE V
Analysis of the Phenyloaaaone Molting at 137-159°

Osazone M.P.

£0
69.5

157-159,

5.88

IS.
.

y:

TABLE VI
Determination of Barium as Bariim Oarbonkt* in
Barium Salt Obtained after Oxidation
with nromlne
Weight of Sample,
Weight of Ash...,

(1 )
0.2044
0.1181

Per cent BaCO .....

(3 )
0.2007
0.1154

0.2020

57.19

56.50

55.84

(2 )

57.78

Per Cent Calculated,

0.2011
0.1150

(4)
0.1123

57.45

TABLE VII
Analysis of Calcium Glycoll&te

Weight of Sample Dried at 100*
weight of Sample Dried at 150*
Loss in Weight Due to Moisture
Per cent Water
Weight of Calcium Oxide
Per cent Calcium Oxide
Per cent Calculated.........

(1 )
0.0600
0.0582
0.0018

(2 )
0.0600
0.0582
0.0018

S.OOJS

3.00%

0.0173

0.0173

29.73

29.73

29.48
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were again concentrated down and two additional crops of this
salt were obtained.

The total yield was 4.5 grans.

The salt was dissolved in 50 ml. of hot water and
filtered.

Upon cooling the salt crystallised out.

After

recrystallizing three times from water, and once from alco
hol and water, a white product was obtained.

The results

of the analysis of this salt are given in Table VI *
evidently is calcium glyoollate.

It

The isolation of this salt

was the first conclusive evidence obtained as to the structure
of the hemloellulose.

-^5-

3mo«ARr
1.

The hemlcelluloae obtained from white birch wood

was oxidized with periodic acid with the consumption of
approximately one mole of periodic acid per mole of xylan.
2.

The hemlcelluloae when oxidized yields a dialdohyde

which upon hydrolysis yield glyoollic aldehyde and tartronyl
: aldehyde.
3.

No glyoxal nor glyceric aldehyde was obtained.
The glyoollic aldehyde was identified by conversion

to glyoxalphenylosazono,
4.

Oxidation with bromine of the aldehydes obtained

after hydrolysis gave glyoollic and tartronio acids.

The

glyoollic acid was isolated and identified as its calcium .
salt.

Neither oxalic nor glyceric acids was obtained.

2*

OOB01U3IO*#
In the introduction three possible structures for the
hemlcellulose were suggeate€»

If it had structure number III,

periodic acid would not oxidize the material.

Since one

mole of periodic acid is used per mole of xylan, structure
III is excluded.
If the hemlcellulose has structure number II, oxidation
with periodic followed by hydrolysis and oxidation with
bromine should give glycarlo and oxalic acids.

Neither of

these products was obtained, hence structure number II Is
excluded.
Finally, if it has structure number 1, oxidation with
periodic acid and hydrolysis should yield glycollic and
tartronyl aldehydes.

On oxidation with bromine these should

yield glycollic and tartronic acids.

Since glyoxalphenylosazone

and glycollic acid were obtained, it is evident that glycollic
aldehyde must have been formed in the solution.

Hence the

hemlcellulose must have formula number I which corresponds to
the following structurei

s-;s
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