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ABSTRACT

Refined Kraft pulp is found to contain D (+), Mannose, D (+)
Xylose, and Glucose; and not to contain Galactose. Silia gel plates and
Kieselguhr plates were used for the separation. Sodium hydroxide was the
carrier solvent and the plates conditioned for thirty minutes.

The Kamag Vario-KS-Chamber is found to be a good effective
laboratory tool. There are many areas where this technique can be used.

A detailed historical background is given for a basic background in
thin layer chromatography, along with a complete experimental procedure
of the use of the Vario-KS-Chamber.
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Principles of Thin layer Chromatography
The Principles of Thin Layer Chromatography, according to A. A. Akhrem

and A. I. Kuznetsova (1).

The tachnique of thin layer chromatography involves the following
operations: on one side of a small glass plate a thin layer of sorovent
is spread. As in paper chromatography, samples of compourdis and their
mixturss ars brought onto the starting line and the edge of the plate
below the starting line is dipped in a solvent system. As ths liquid
movas up the plate, the ssparation of the mixture takes place. The
height of the rise of the liquid (the solvent front) is marked, the plate
is dried and treated in a manner similar to a paper chromatogram to detect
the substuances as colored spots. The positions of the spots are marked
as shown in Fig. 1; these correspond to the compounds under investiga-
tion and are located between the starting line and the solvent front.

To determine the position of the spot the distance between the center of
the spot and the starting line (segment AB) is measursd. The distance
from the solvent front to the starting 1line is then measured (segmeni il).
The ratio of the distance AB between the starting line to the center of
the spot to the distance AC between the starting line to the solwvent
front is the constant Ry = AB/AC is typical for a giver compound on a
giver sorbent and in a given system, and is a function of a number of
factors: experimental technique, nature and activity of the sorbent,
thickness of layer, nature of solvents, amount of substance brought onto
the plate, ths length of the path traversed by the solvent, the pasition
of the starting line, and is almost independsnt of the temperature.

1
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For the sake of reliability in the identification of substances the
determination of Ry is often supplemented by the use of markers. A
known substance (Marker) is chromatogramed on the plate togethar with
the mixture to be separated and the position of the spots on the
chromatogram is expressed as the ratio Rg bhetween the Ry of the
urknown substance and the value of the Ry of the marker:

Re
s ® Rf marker

R

The separation of mixtures on a thin layer of sorbent may be
attained by adsorption, partition and ion exchange chromatography. This
classification is based on the nature of the forces acting betwaen the
dissolved substances and the solid or the liquid phases with which they
came in contact.

Adsorption chromatography is based on the sorption of the dis-
solved substance by the surface of the solid phase.

In partition chromatography the substances are distributed between
two liquid phases, one of which is stationary.

Ion exchange chromatography is based on the formation of ionic com-
pounds between the dissolved substances and the electrically charged
groups of the sorbent.

In practice these processes almost never take place singly. Thus,
for instance, adsorption chromatography is accompanied by partition
chromatography if the separation takes place on low activity sorbeni in
systems containing water; partition chromatography is accompanied by
adsorption chromatography if the substances being separated have an
affinity to the carriar sorbent. Ion éxchange chromatography is almost

invariably accompanied by adsorption phenomena.



Adsorption Chromatography
Fundamental Principles
Adsorption chromatography, according te Akhrem and Kuznetsova, is
based on the sorption of the dissolved substance by the surface of the
sorbent. The chromatographic separation is accempanied by a continunus
process of sorption and disorption of the dissolved substance o=n the
surface of the sorbent. When the numbar of particles adsorbed on the
surface per unit time is equal to the number of particles leaving the
surfacs, or, in other words, when the rate of sorption is equal to the
rate of desorption, adsorption equilibrium has been attained. The most
general case of this process is gas adsorption.
Langmulr expressed the dependence betwean the amount of the gas
adscrbed at constant temperature and its concentration in the surround-
ing space in the form of the following eguation:

BwC
1l + wc

n=
whera n Is the amount of the gas adsorbed per unit area, 8 is the maximum
amount of gas which may be adsorbed by the surface, w is the adscrption
crefficient and ¢ is the concentration of the gas.

The curve which expresses the dependsnce between the amount of the
adsorbed gas and the gas in the surroundings after adsorption aquilibriwum
at constant tempsrature has been attained, is called adsorption isotherm.
A similar relationship for the case of adsorption from solution may be
expressed by the adsorption isotherm squation of Freundlich:

n = acb
where n is the amount of the substance adsorbed on urit surfsce, ¢ is

tha concentration of the substance in solution, and a and % are magni-

tudss which are constant for the given adsorbent-adsorbate system,
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In the ideal case the partition function is linear and the adsorp-
tion isotherm is a straight lina. In practice the spcts 41 “fuse on the
chromatogram and the equilibrium between sorption and desorption is not
immadiately established. For this reason the adsorption isctherm iz
not in fact linear, but a curve such as that repraserted in Fig. 2, ard
the spots on the chromatogram are sharply delinsated cn the top and
diffuse out on the bottom in tha shape of "tails" jutting out towards
the starting line. The tails are the smaller, the less the amount of

tha substance applied to the starting line.



FIG, 2

Adsorption Isotherm from Solution
The amount of Substance n, adsorbed by unit surface
is plotted on the ordinate; the Concentration C of

substance in solution is plotted on the abscissa.
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Selection of Sorbents and Solvents

For an efficient separation of a mixture the choice of a sorbent
of a suitable quality and activity is very important. It must be
rememberaed that certain sorbents, e.g., aluminum oxide, silica gel,
and other sorbents may produce side reacting duwring the separationr.

The criteria for the selaction of a sorbent afe preductable only to a
limited extent. In practice the worker will begin with the properties
of the compounds to be saparated: their solubility (hydrophilic, hydro-
phobic), and the content and the nature of their functional groups.

If the substance has only a weak affinity to the sorbent, active
layers and weakly polar solvents are used, such as appears at the begin-
ning of the eluotropic series (Table 1). If, on the contrary, ths sub-
stance is strongly adsorbed, weakly active sorbents and strongly polar
snlvents are employed.

Stahl proposad the following simple device for the selection of %he
experimental conditions for adsorption chromatography on a thin layer of
sorbent (Figure 3). The shaded triangle rotates arourd an axis; ore of
its corners shows the compounds to bY@ saparated, the othar shows the
required activity of the scrbent, the third shows the solvent.

In principle all sorbents which are used in column chromatocgraphy
can be employed in thin layer chromatography. Up till now the follow-
ing sorbents have been used: silica gel, aluminum oxide, Kieselguhr,
calcium hydroxide, magnesium silicate, florisil, Celite, Plaster of
Paris, cellulose, and a faw other sorbents.

Solvents employed in thin layer chromatography should te pure.

Ths purification and the drying of the solvents are carried out by

methods usually employed in other kinds of chromatogranhy.



TABLE 1

ZLUCTRCPIC SERIES OF STAHL (3)

SERTAL SERTAL
NUMBER SOLVENT NUMBER SOLVENT

1 HEXANE 7 ETHZR

2 HEPTANE 8 ETHYL ACETATE

3 CYCLOHEXANE g PYRIDINE

I CARBON TETRACLORIDE 10 ACETONE

5 BENZENE 11 ETHANOL

6 CLOROFORM 12 METHANOL

13 WATER
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SUBSTANCES TO BE SEPARATED

FIG- 3

3¢lection of experimental conditions for thin layer chromatography.

Roman numerals indicate activity according to Brockmann.
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Mixtures may be separated by means of one solvent but the usuzl
practice is to employ mixtures of two, three, or even four solvents.

The solvent system must be freshly prepared for each plate since the
component ratio in the solvent mixture changes as a result of the
saparation.

In choosing the solvent for thin layer adsorption chromatography
any of the known eluotropic series, giving the sequence of eluting capa-
citias of the solvents can be used. Stahl proposed the eluotropic
saries given in Table 1.

It has baen recommanded that the solvent be selacted by the micro-
circular technique, the principle of which is the follewing: to = glass
plate with a sorption layer a few spots of the substance ara appliad in
tke usual way, 2 cm away from each other. After a few minutes the sol-
vent, or solvent system tested is applied to the center of each such
gpot with a thin capillary. The dried chromatogram is revealed; Lle
individual components of the mixture are then ssen as concentri: circles.
The most successful separation of the mixture indicates the scivent or

solvent system to be chosan.

Dependence of the Adsorption Capacity
of a Substance on 1ts Structure
Saturated hydrocarbons are adsorbed to a small extent or are not
adsorbed at all, The intfoduction of double bonds, especially conju-
gated doubls bonds, increases the adsorbability of the compound. Func-
tional groups intensify the adsorbability to an even greater extent.
The adsorptive capacity of the functional groups increasss in the
following sequence: CH = CH, OCHy, COR , C = 0, CHO 4 SH , Ni> |
OH | COOH3. If more than one substituent is present, this sequoncs

changes.



Partition Chromatography

Fundamental Principles
This section according to Akhrem and Kuznetsova.

Partition chromatography is based on the partition of a substance
batwaern two non-miscible 1liquids in both of which it is solubis, whe:
ore of tte liquids (stationary phase) is retaiﬁad by a suitable inert
sulld carrier. The substances to be separated should be more soluble in
the stationary phase. The solvent, the so-called mobile phase, moves
through the stationary phase and extracts the substances on the plata.
During the development each substance is distributed between the fixed
and the mobile phases until an equilibrium state is attained, the equili-
brium constant depending on the solvents chosen and on the nature cof the
substances being separated. The constant ¢~ is called the partition

coefficient of Nernst:

0 = C] = const.
c2

where c) and cp are the concentrations of the substance in the two phases.
As the result of the different values of the coefficients@ the
subatances will move more or lesg rapidly on the plate and thus become
separated from each other.
The value of Rp in the ideal case may be calculated from the distri-

bution @ by th: expression:

S R ¢
Re

Where K is a constant whose value will depend on the carrier sorbent.
The actual value of Rf obtained on ths chromatogram will not always
be in agreement with the theoretical calculations, since it is difficult

to allow for the s=orption of the sgubstances on tha carrier.



Selection of Sorbarnts and Solvents

The following gubstances have beer used as carriaers of the station-
ary phase in thin layer chromatography: silica gel, Kieselguhr, placter
of Paris, Celite 5 and cellulose.

Wher: selecting solvents for partitiorn chromatography, both liguid
phases should always be taken into account. fha solvent is chosen by
using any of the known series in which the solvents are arrarged in the
ordsr of their tendency to form hydrogen bonds. Stahl proposes to ase
for this purpose the mixotropic series of Hecker. The series is headed
by hydrophilic compounds, the so-callad polar compounds with the most
conspicuous tendency to form hydrogen bonds, whereas hydrophebic cem-
pounds or nonpolar compounds are placed at the bottom of the series.

Whan separating polar compounds by partition chromatography, water usually
serves as ths stationary phase while the mobils phase consists of a lass
polar organic solvent, immiscible with water, to which water is addad, or
which is5 saturated with water.

To separata hydrophobie (nonpolar) substances reversed phase thin
layer partition chromatography is employed. In this case the carrier
layer is saturated with a lipophilic substance such as undecane, paraf-
fir 0il, tetradecans, silicone oils of various visccsities, etc. The
mobile phase consists of polar organic solvents, which are usually
saturated with the stationary phase. Sometimes not the amount of the
polar solvent is saturated, but only a part of it; the remainder is added
without saturation. This is made in order to prevent ary phase separa-
tion en the plate.

In ordsr to separate substances of a medium-polar character a

ronvolatile polar liquid such as formamide, or polyethylene glvccl (2)
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ie taken as the stationary phase. The mobile phase consists of nonpolar
liquids, beginning with chloroform and ending with heptane, saturzted
with the stationary phase.

The amount of the solvent (stationary phase), which is requiraed to

zaturate the plate should be accurately determined.
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Ion Exchange Chromatography

Technique

This section according to Heftmamn (3).

The techriques employed in ion exchange chrcmatography ara quite
similar to those in adsorption and partition chromatography. For example,
convertional ion exchange resins are used in éolumnar systems 1like other
sorbents, and ion exchange papers are used in the same manner as filter
paper is in paper chromatography.

Ion axchange is used primarily for the separation of ionic species,
i.e., for the separation of anions from cations, ionic from ncnionic
species, cations, and anions. DBecause of the high fixed ion concentra-
tion within the structure o1 most ion exchange resins, these materials
function as concentrated electrolyte solutions and are therefore usable
as "salting-in" agents for the chromatographic separation of nonelectrc-

lyles such as alcohols and aldehydss.
Classification

The chromatographic separation of various ionic and nonionic spacies
by ion exchanga deperds upon several factors. Although most szparations
are based on differences in selectivity between the various ionic species
entering into ion exchange reactions, ion exchange to materials can be
used without exchange of ions. Applications of ion exchange to chroma-
tography may be classified according to the basic principlas involved us
follows: (a) ionic charge differences, (b) ion exchange selectivity,

(c) specific édsorptive effects, (d) Donnan membrana equilibria, and

(o) "salting-in" or "salting-out" effects.



Ionic Charge Differences

Since most ion exchange materials are ncot amphoteric, saparations
of ionic from nonionic species are achieved without difficulty. These
applications present a most favorable situation, where some specieg are
capable of being sorbed, while others cannot be sorbed by the exclizngsr
at all. The analyst only needs to avoid overloading the exchanger with
the ionic species to be sorbed by taking into account the capacity of

the axchanger.

Ion Exchange Selectivity

Most chromatographic saparations by ion exchange are based upcn
differences in selectivity of the exchanger for the ions to be sepa-
rated. The factors that govern the saslectivity of an sxchanger for a
particular ion include (a) valence, (b) ionic radius, (c) concertration,
(d) nature of the exchanger, and (e) solvent. The vase of separation
in ion exchange chromatography depends upon the magnitude of the dif-
ferences in selectivity. Ions differing in valence or size are usually
separated without difficulty. Ions of similar size and valence may al=zo
ba separated by ion exchange chromatography, but the experimental con-
ditions require more careful control. In many such instances differences
in selectivity may be magnified by the addition of citrates in the case
of the rare earths and of hydrocloric acid in the case of the transi-

tion elements may be quoted as examples.

Specific Adsorptive Effects

In certain cases separations by means of ion exchange chraematography

are hasad upon specific adsorption. For example, phenols are adscrbed by
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anion exchangere by van der Walls forces, and borate salts of anion
exchangers may be employed for the chromatography of sugars capable of

forming borate complexes.,
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Selection of the Suitable Chromatographic Method

This section according to Akhem and Kuznetsova.

In the selection of a suitable method the prime consideration must
be the structure of the substances to be separated.

In thin layer chromatography the techniqug most often employed is
that of adsorption chromatography, which is better understood and tech-
nically simpler.

Both adsorption and partition chromatography may serve to separate
substance differing in the nature, number and character of their peolar
and nonpolar constitusnts, structural isomers, stereoisomers, and sub-
stances with other structural differences. Howsver, only partition
chromatography which involves solubilities of substances in the mobile
phasa 1s capable of separating the hemologs of higher fatty alcechols,
aldehydes and acids.

Ion sxchange chromatography may be employed for the separation of
substances which carry different overall charges on their ionized groups
under the conditions of the separation (for the given pH value and salt
concentration).

The so-called molecular sieves have been lately used for the sepa-
ration of mixtures of high molecular substances, e.g., mixtures of amino

acids, oligopeptides, and proteins.
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Carbohydrates

The carbohydrate and sugar sections according to Akhem and Xuznetsova.
The separation of hydrophilic compounds, e.g., carbohydrates, by

thin layer chromatography, can be effected both on modified Kiaesslouhr-

plaster of Paris and silica gel-plaster of Paris layers and on cellulose-

plaster of Paris layers.
Sugars

A number of sugars were separated on Kieselguhr-plaster of FPariz
layer impregnated with 0.02M sodium acetate. The conditions fur sepura-
ticn of the sugars and the Re values for ascending development on various
sorbents (4) are given in Table 1. Separation of sugars can alsc be
achieved on a silica gel-plaster of Paris layer, saturated with boric
acid. To prepare a layer, 6 ml O.1N boric acid are added to L g silica
gal. The development is then conducted with acid solvent systems Table 2.

The quartitative analysis of sugars, described in the paper, con-
sists of the following operations: tha spots are scraped eff the plate,
eluted, oxidized by 0.05 or 0.01N potassium bochromate in 70% sulfuric
acid and the residual bichromate is back-titrated.

The separation of these carbohydrates was also conducted or a layer,
prepared from an aqueous suspension of MN300 cellulose powder. The laysr
was dried for 10 minutes at 100°. Monosaccharides can be readily sepa-
rated on this layer by two-pass development with ethyl-pyridins-water
(2:1:2). Mannose and arabinose are preferably separated by water-
saturated phenol containing 1% of ammonia (Table 1).

L vumber of carbohydrates heve alsc been separated on plaster of

Faris laysr (30-60 mesh), dried in the air for 20 hours (Table 2).



K¢ values of a number of sugars on various sorbert layers

Solvent Systems:

III

I
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V, VI, VII - Chloroform-methanol (19:2), (19:3), /

TABLE II

Beanzene-methanol -acetic acid (1:3:1)

Ethyl acetate-pyridire-water (2:1:2)

Mathyl -ethyl-ketone -methanol-acetic . zcid (3:1:1)

65 ml ethyl acetate + 35 ml isopropanol-water (2:1)

U]

j-d
0

. A ep——

Kieselguhr

Plaster of | Silica Gel

Paris satu- | Plaster of Paris,
COMPOUMD rated with | saturated with Cellu-~ Plaster of Paris

.02M sodium | IN Boric Acid lose

acetate

SQOLVENT SYSTEM
I II I1I IV v Vi VIt

Arabinose 0.28 0.62 0.42 1.1 0.63 0.75 R,
X}'lOSG 0039 0159 0.39 1-25 0.58 0.88 m———
ﬁib\')se 0-’49 2t - lnh? 0‘79 0086 CIe e
Hhamnose 0562 0-67 0052 1052 0088 0095 e
C'lucose Onl? 0063 00LI2 1.00 0-27 0q?7 -
Galactose 0.18 0.55% 0.32 0.90 0.30 0.40 ———
Mannose 0.23 0.58 c.32 1.09 0.33 0.£62 ———
Fl‘u:‘.-tose Oo 25 0052 O-Bl “&-‘m-\.- 00)-58 Oo 9: B
Sorhose 0.26 0.51 0.2 ——— 0.73 0.595 ———
Lactose 0.04 0.56 0.25 - ——— - JJ16
Multose C.06 ——— ———— ———- -——— ———— n.2¢
Saccharose 0.08 0.63 0.29 ———- -—-- —— 0.61
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The separation of sugars by ascanding development may be carried
out also on e cellulose powder-plaster of Paris layer, prepared from
cotton cellulose. Better results can be obtained on this layer by the
descending technique when a number of sugars are chromztograrmed by the
Matthias method. Optimum separation was attained in the systems
W-butanol-pyridine-water (10:3:3) and N-butanol-25% ammonia-wataer
(16:1:2). Mannose, arabinose, lyxose, and ribose have baar separated

by the systems phenol-butanol-acetic acid-water (5:5:2:10).

Mono-~, Di- and Trisaccharides

Mono-, di, and trisaccharides were separated on Kieselguhr-plaster
of Paris and silicagel-plaster of Paris and silica gel-plaster of Paris
layers, and also on these layers impregnated with 0.1% boric acid or
0.02M sodium acetate. A successful separation was achieved of a mixtura
containing one part of raffinose to a hundred parts of saccharose on
silica gel-plaster of Paris layer with the system N-propanal-ethyl-acetate-
water (7:2:1), using the Matthias method. This sorbent also served io
separate di- and trisaccharides: saccharose, D- mellibiose, maltose,
lactose, melezitose and raffinose in the system butanol-acetone-waier

(4:5:1) and butanol-acetic acid-water (4:5:1).

Carbohydrate Derivatives

Qualitative and quantitative analysis of mixtures of saccharose and
its ethers and raffinose was also conducted on silica gel-plaster of Faris
layer. The best system for the developme nt of the ethers proved to be
toluens -ethyl acetate-$5% ethanol (10:5:5). To detect the spots the

plate was sprayed with concentrated sulfuric acid and heated at 11{F.
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For quantitative determination the spots ware eluted from the plutes;
the composition of the mixture was determined by the colorimetric
method.

Acetyl and benzoyl derivatives of sugars were separated on silica-
gel-plaster of Paris layar. The best solvent system for acetylated dari-
vatives proved to be banzene-methanol (95:5).° Under these conditions
mixtures of anomers are easily separated. As & rule, acetyl derivatives
with 1l.5-transconfigurations move faster than their aromers.

Detection. The spots were detected by spraying the chromatogram
with silver nitrate-ammonia and sodium methylate. To do this three
solutions were prepared: (1) 0.3% solution of silver nitrate in metha-
nol; (2) methanol saturated with ammoniaj (3) 7% solution of sodium in
methanol. These solutions were combined in the ratio ef (5:1:2) befcre
use .

Thin layer chromatography on non-bounded alumina layer of grade II
activity was used to separate certain derivatives of monosaccharides in
the systems benzene-chloroform and benzene-methianol, taken in various

ratios. The spots were detected by spraying with sulfuric acid,



Objective

The objective of this study is tc present a brief but thorough
history of the different types of thin layer chromatography and to
show how the thin layer chromatography equipment at Western Michigarn
University ies to be used. The historical background section makas a
very good reference for understanding the basic principles of thin
l=ysr chromatography.

Bleached refined Kraft pulp was used and the study includes the
idaentification of some of the simple sugars of the pulp, by the tech-
nigue of thin layer chromatography. Four sugars were tested:

D (+) Mannose, Galactose, D (+) Xylose, and Glucose. Each was tested

undsr two different plate types: silica gel and Kiasselguhr.
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Experimental Procedure

Preparatien of a Sample

t sample of bleached Kraft pulp was usad. The following sters were

taken prior to any chromatography work (5):

1.

6.

The sample was dried at LS© so as to form a2 dry mat. If
this step was nct taken, the effectiveness of the sulfuric
acid would be lessened due to dilution factor.

Seventy-two percent sulfuric acid was added at about

3 milliliters of acid for every 0.35 g of dried pulp.

The solution was then mixed, and let stand at a comstant
temperature of 30° C for one hour.

water was then added, 84 milliliters for every 3 miili-
liters of sulfuriec acid added earlier.

NapCOy was added to neutralize the effect of the acid.

The solution was filtered and concentrated.

T™wo different sorbents were used: silica gel and Kieselguhr. Thay

are both excellent sorbents for carbohydrate chromatography and will give

a good basis of study. Four chromatograms were to be made for each sor-

bent, summing up eight for the study.
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Use of the Camag Varia-KS-Chamber

1. Scrape the plates so that three sides of the plate are scraped
2 ceantimeters from the edge.

2. It is advisable at this time to mark the lines A and C on the
plate with a pencil. (See Fig. 1). Lire A will be marked 1.5 tc 2.5
centimeters from tha edge of the unscraped side. This is where tha sam-
rle will be placed (next step). lLine C is the solvent endpoint; it
should be as far away from A as possible. A good idea is to put it a
specific distance from line A, soc as to make calculations easier,

3. Next, scrape off sorbsnt as to create strips so that the samples
-an have no effect on each other. A plate scraper apparatus is provided
in the 1lab.

L. Now put a wick in the solvent trough as shown in the manual.

Do not. add any solvent. Pull the handle to lower solvent wick.

5. WNext add sulfuric acid to the acid trough and put it in the Kamag.

6. Next put the samples on the plate on line A. Then put the piate
ir the Kamag sorbent sids down with the samples at the wick end. Clamp
down the plate. The plate must now condition for a predetermined time
depending on sorbents, solvents and type of sampls.

7. After the prescribed time, fill the solvent trough two-thirds
full, then push in the handle to raise the solvent wick. It should make
contact across the plate.

8. After the solvent line reaches line C take off the plate and spray
it with sulfuric acid. Now you can read the plate and measurs the Rf
values.

9. The solvent and sulfuric acid must both be changed between each

plate.



Data and Discussion

The data of all experimentation is given in Table III.

The experiment was run using plates coated with silica gel, and
Kieselguhr reagents. Four plates were made for each, On each plate was
the unknown (derived from pulp sample) and four known sugars: D (+)
Mannose , Galactose, D (+) Xylose, and Glucose.

The solvents used for this experiment were:

1. For the silica gel plates ethyl acetate 65%-isopropyl

alcohol-water (2:1) 35%.

2. For the Kieselguhr plates methanol-benzene-acetic acid (3:1:1).

The acid used in the acid trough was fifty percent sulfuric and the
plates were sprayed with fifty percent sulfuric acid. The plates were
conditioned for thirty minutes at twenty-five degrees celsius. The plate
was then run for sixty minutes, at twenty-five dagrees celsius.

The spots were hard to see and gquite hard to measure, but were con-
sicstent throughout the plates.

The laboratory was not difficult and worked out to be a good test.

A lot can be learned from thin layer chromatography.
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TABLE III
DATA
SAMPLE TRTAL PLATE TYPE Re MATCH
UNK.
D (+) Mannose 1 Silica Gel .28 No
D (+) Mannose 2 Silica Gel .25 Tes
D (+) Mannose 3 Silica Gal .20 Yas
D {+) Mannose L Silica Gel .30 Yo
D (+) Mannose 1 Kisselguhr .33 Tes
D (+) Mannose 2 Kieselguhr .87 No
I} (+) Mannose 3 Kiesalguhr 27 Yes
D (+) Mannose L Kieselguhr U0 Tes
Galactose 1 Silica Gel 33 )
Salactose 2 Silica Gel nn Ne
Galactoza 3 Silica Gel .40 No
Galactose N Silica Gel .30 No
Galactose 1 Kiaeselguhr .25 No
Galactose 2 Kieselguhr .83 Ne
Galactose 3 Kieselguhr .50 Ne
Galactose L Kiaselguhr 1.00 Mo




TABLE III (Cont.)

DATA
SAMPLE TRIAL PLATE TYPE R £ MATCH
mK~
D (+) Xylose 1 Silica Gel .75 Yes
D (+) Xylose 2 Silica Gel .25 Yas
D (+) Xylose 3 Silica Gel .20 Yasg
D (+) Xylose N Silica Gel .33 Yos
D (+) Xylose 1 Kieselguhr .3y Yes
D (+) Xylose 2 Kieselguhr .53 No
D (+) Xylose 3 Kizselguhr .28 Ne
D (+) Xylose H Kieselguhr .5C Yas
Glucose 1 Silica Gel .20 No
Glucose 2 Silica GCel .33 Yes
Glucose 3 Silica Gel .18 Yoz
Gliucose L Silica QGel .37 Yes
Glucose 1 Kieselguhr Al No
Glucoss 2 Kieselguhr 1.00 ETS
Glucose 3 . Kieselguhr .7 Yes
Glucose N Kieselguhr .50 Yes
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Conclusions

One of the objectives of this thesis was the idertification cf some
of the simple sugars of Kraft pulp. The sugars were: (1) D (+) Mannoss,
{2) Galactose, (3) D (+) Xylose, and (L) Glﬁcose.

Three of these sugarsa were identified as being in the sample.

D (+) Mannose, D (+) Xylose and Glucose were all identified, Galactose was
not.

Both the Silica Gel plates and the Kieselguhr plates proved satis-
factory, giving the same results.

I think a wood chemistry 333 project using the Kamag Varia-KS-
Chamber would be beneficial not only to the student, but his report could
also be beneficial tc the paper department at Western Michigan University.

Much more work could be done on the Kamag Varia-KS-Chamber in the
form of arother Bachelor's Thesis or Master's Thesis. Two dimensioral
thin laysr chromatography, for example, would be an excellent thesis

topic.
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