RESOLUTION OF BEESWAX

A Thesis
Presented to
the Faculty of Graduate Studies and Research

Univeprsity of Manitoba

In Partial Foplfillment
of the Requirements for the Degree

Master of Science

by
John Karl Gerhard Kramer

October, 1964



To

my parsabts




oo

d
et

w
_mm

the invest

£©
o

(€3

and his ad

nic

g the tor

5
5

“or suggest:

£

.

D1NSONn

1
&

3

ro

D,

A
Mo

ro DY,

A
i




4y

Er Y

i

satu

7

Yt
2

fal

-~
-3

N
£

d to ¢

L
LE

nd fou

a




gy
N

11




OMTOD AT

@

¥




oy oy oy
rerna
Loy

o ® e

ANTAT 7
PR e L

o e ° ® o
o . e 5 >
e 8 PR ES
- s -
° = e @ @
£ = @ L3 ®
- ‘m,.‘—'z i RIS Y T 1’1@ . ¢ @ & 5 @ e Y ®
/ ® s s e o @ B o ° s 2 o @
- B LY - I3 s e a 3 » 2 2 s
. e e - S . e . e e @ °
E B - a & ® PR S - B =
e a = @ B B ® a @ . a * o
. 4 '
iy o , ES £ > @ @ £
» s 2 2 2

e

.




T b3
R N e Tl
E say A WAL G

O QTTORT
[

L

o WD

S

@

e




(¢! peof
ey [ @ A O o
[ T W dd L
w o 4.4 33 4
oo [ opet o g — @
&) w O g [ < A W
55 e b 1 o O o U 43 [ O o a4}
it = ! o a , Q@ el O~ =
g IS5} i o) o P - 62} =+ =i [N oped
94 ot 153} [o1) I @ g [ &3 ® e e} =
o o] N ] o ol o] L & ™ b 2
3 q OO N~ 2 43 s $a 3 [ 5 [@)
o2 I o1 [ PR (> = ] = 44 3
A 2 IR @ §d @ o] <] [P ] =
bl 3 G > T & @ a ] o
& S 1 En O L3 W as < e
o € w0 o @ B & 0
i L B W o -1 o QM o g U °
o] o G s hed lJ] Na ER T o el U o] ) By
b 5 W w 4 o I8 SN « B Y o
= g oo oK oo = I
1 I e B B @ et Dy S oo
o & w wd e ST N o N @ >N - R = A o R
o o i o W] [0] o [S VRN Xel (&) (%] (o] 50
0] w el 0 el @ O N o) )
¥ L] O I w1 W e W T G o e L e 9] @ 4 - L
3 o e Bt (AT ] = £ oyed el [e1)] W O o 5] o
— ped I e A BN o g o] o 4 13 &) 03 &
O o o = ° € o0 13 &5 M o kS oped O o )
£ L2 & e o o O ] 3 LT P T [d] -
G o O] o o St 4 $ = a4 = T s T o LD I
3 L &3 @ ® = @ Ly o « ) > 1%
W e 42 _ Ko T [ PR 33 13 q} J] b5 oS o @ [} L)
Yot 4 o (o] 12 2! 5 @ et 5 0 20 43 o S o
O 1 #h [0 ] L5 ] od &} ] = a G et
e ed Y ] o 1.3 = o 43 LEA T @ 0 < w4
w3 e =N O W H U3 O < ) o 13 2 & op-d [send
o Yy 3 @ e 33 4] W SR B bt ] o - AR
u K S S Soes W o] T e g <y o] 42 “ Yo ] o o e
5y a0 « [ R B 18 - S e VI o 43 ot u < ¥ & i
ot U A% [ o ol rod G S [e] o €3] opd o o W
o wd 9 e 1 S SR, W ° e e et S ek 9] ] a3 ¥ ]
o = - N & 13 a3 o) i -t s o) g Lo B I o > o sy}
Woooed @ Qe > 8w ] LewoWw w4 g B
ped [&] L 2 (] pau ] o .3 o N o )
agef [ (@] (@} L Mu.,e.. [ €] i oped £ o] [ tH [a))] ot T3 _xmm 4 o
1.4 e 1 e 3 a . o] 43 o - = @ o @ 10 1 o
[G] 1ud Tl & . L oy 5] [ bt ¢ o = oed AL
5 o o > [N (62} & Q e} rf o3 [ = N
w3 Kal I 1 'y 14 o 5 ® O £3 Eal L ) Ko
5 o & ) w0 0] o L . Uy w2 13 o ord & (O] U3 @ €2
w [} el ] i i o v & O ord o o] &2} L2 o &} o}
a] 3 G > O 5 32 O o] o] Dy e 10 5.3 By By
o e o T SV e 2 o} € L 5 £ 3 e} Q) Kol yed fuis]
&3 o 124 opd < o i faly} P W < W O 1% [ (&7
A I L w0 ; © 3 oD e i W O G} 3 @ ) o [ 23
e T~ B B = o o £ow R o T g o ©
L2 KB RN o o @ © e v IR O W C i W o =
o WP L &3 a L o S < © ) s O
v o Y ] @ e > e & 13 (4] Q0w T O E
o o ©, S R By @ o & Sy o] £ a3 [ B By vt Lt
L2 T i 4 T ) B e U T N o A L] A i N &

tures

mix

>

ving

1

o]

o
fe)

&5
S



used, thin-layer chromatography. Its history goes as far back

as 1938 when Izmsilov and Shraiber (26) described the use of

ot

hin layers of adsorbent on glass plates for the separation
of galenicals. Stahl made both equipment and chemicals
commerically available through C. Desaga, Heidelberg, and
following this, extensive and rapid development followed.

At present an extensive literature is available, includi

Q“”)

several review articles (3%, &1, 35) and bocks by Stahl (51),

¢

Robbitt (2a), Marimi-Bettolo (37), Randerath (45), and
Truter (61). We have attempted to use this new methed of

separation for waxes, and primarily for baseswax.

A logical procedure for the systematic chromatographic
analysis of beeswax should follow three steps: £irvst, the

having the same type and numberof functional groups; second,

there should be a subfractionation of each class of camp@unds
into its individual howologues; last, the constituent parts
making up the individual compounds should be determined, for
xample the acids and alcchols which make up the individual
esters should be identified., We hoped to achieve this separation
into classes of compounds by thin-layer chromatography. 1In this
way wax constituents could be analyzed without change from the

form in which they ccecurred naturally. Former techniques which

involved preliminary saponification changed the con
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ITERATURE REVIEW

An extensive analysis of beeswax was not done until

the 1960's, when Downing et al.(l6&) pub

Prosns

of wax produced by the ITtalian race Api

lished results of studies
s mellifica, Earlier

workers identified
An extensive

Warth (64) and his summary is given bel

1 )

Chemical Composition of VYell

Alcochol

Acid

Alkyl Esters of Fat and Wax Acids
(combining wt., 700, m.p. 63.57)

1

.
imitate

itate

myricyl pa

lacceryl palm

=A% $ 44

; X o
myvricyl palmitoleate, m.n. 38
myricyl hydroxypalmitate
wmyricyl cerctate

Cholesteryl Esters of Fatty Acids

cholesteryl palmitoleate, wm.p.

Lactones

o Taectrane . L1000
-myristo-lactone, m.p. 41-42

Free Wax Acids

(combining wt. 376,82, m.p. 77.5-
neccerotic acid, m.p. 7?9890(63
cerotic acid (659 TMeDe 3%a5 (B
montanic acid, m.p. 86,8  (Holde
melissic acid, m.p. 90° (Damoy)

Hydrocarbons

nonacosane, m,p. 63.5% (g)
hentriacontane, m.p. 68.7° (&)

Moisture

only some of the components present in the

review of the earlier work is given by

OW .
ow Beeswax

507
42.5%
72%

33%
QO’
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127,
67,

12%

0.8%
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phesuas

Chibnall et al. (7) identified some alcohols (Cpa-Cag), Kebler

and Hirai (59) identified
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the pevcenf
l/ahVﬁrﬁk/ﬁalm‘Elc abld in be eqwax, Lately White et al. (66)
determlnﬂd the nvdrcbaxooné of beeswax and found that the even-
numbErea hydrocarbons are definitely present, but in a very
small’concentratibn, The same was reported by Downing et al.
(16) in 1961, The results of white’andyadwningaare given on
pages 98 and 99, | |

ﬁ@wﬁing et al. did a quantitative daterminatisn of the

components of hyd rolzed beeswax, They a cnzevcd a separation

of the unsapsniflasle ffav,ig of beeswax into hydroe nrbon
alcohols and ﬁdiclS“g and df the 5&%03?5&;@1@ fré@ti@a into
acids and hydroxyacidse They ;edavcﬂ all alca&@ls and ¥diolg"
é@ the Cozrespondino &yﬂxc arbon mixture. Similarly the acids
were reduced to the corresponding hydrocarbons. These pi
¥

hydrocarbons: were analyzed by gas-liquid chromatography. In

their paper (16} they give the composition by weight of each

homologue of the hydrocarbons, alcchols,dicls¥,acids and

hydrozyacids.
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basic, TFurthermore, Silica Cel G may function

in both adsorption and partition chromatography, depending upon

0Q

the solvent system used. Aluminum Cxide ¢ on the other hand
funections only in adsorption chromatography.

Porous CGlass - Upon the suggestion of Dr. Cesser (20)

investigations were made whether porous glass could be made
applicable for thin-layer chromatography. The porous glass

of mesh size &0 was available from Corning Glass Works, New
round to a mesh size 200 to 250

o
<o

and mixed with plaster of paris of the same mesh size, in a

Procedure using '"Kensco® Equipment

The “Kensco" applicator available from Kensiagton

Scientific Corpofation3>17l7 Fifth Street, Berkeley 10,
California, was used for the preparation of consitent and
uniform layers. This type of spr@ading device has a large
base., There ig a guide along one side and in the center is
a stationary reservoir which has two movable sides that can

ald A
W e e KIS

o

n and down., One of these sides has two vertical holes

through which adjustment screws are placed that control the
-

thickness of the coating (Figure 1)Y. A slurry of adsorbent

and water is placed inside the reservoir and then the glass




Figure 1

KENSCO Applicator



plates are slowly passed beneath the reservoir.

the spreader is fixed, being 20 cm.

hickness of the layer

Cne of the wvariables in thin-layer chromatography 1is

the thickness of the coating applie

JL

with several thicknesses ranging fr

fithickness of the layer is unimportant with respect €

ree of separation't

D
3

thickness of the coating is increased, cracks develop more

easily on t

and the surfaces are not smooth, It was Honegger {25) who
showad that 5 mm was about the maximum thickness

apply, whereas Stahl et al., (55) found tha

The width of

¢, Experiments were made

om 0.2 to 1 mm.

(2a). However, as the

1.

ace of the adsorbent in the dryi:

t
minimum thickness to be used in order Lo obtain a

o~

The

separation. Most of ocur work was done with coatings

N
Lo

ok

advantage of

thin-layer chromatography.

Preparation of 3lurry

hick, because our work was largely qualitative.

For adsorption thin-layver chromatography - A

adsorbent such as Silica Sel & and
mixed with a liquid such as water,

to produce a uniform slurry. Just

and then stirred vigorously

the right ratio

<

I

d

.
0,15 wm wa
reas

0,3 mm

ry

is normally

sne could

using a thicker adsorbent layer is in preparative
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13

dried after each application by passing air over it. After

the spots were applied, a line was drawn across the plate to

“)

preparative and quantitative thin-layer chromatograph
spots spaced 9 mm apart were applied alon

chromatoplate. Better separations were obtained applying spots

The prepared plates are placed in the chromatographic
chember, consifing of a jar in which a rack holding the plates
is suspended, Developer is placed in the jar to a2 level which will
reach halfway from the bottom of the plate to the spots., Along the
inside wall of the developing chamber chromatographic paper is

lined to insure satuvration with solvent vapour., The plates are

suspended for a few minutes iuside the jar until the atmosphere
within has reached saturation again. The rack is then lowerad to

the bottom by the protruding rods. The reason for allowine the
<

ramber Co reach saturation before the development process starts

e
h
]

is to get a correct veading of the solvent ont., In an
[ew] (]

f‘"i‘

unsaturated chamber, the solvent at the solvent front evaporates
b

continuously, increasing the development time greatly, Such
separations are equivalent to increasing the development distance,

with several of the upper components crowded in the solvent front.
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done by preparing a type of glass aspirator (

onsists simply of a glass tube

O 2
Oy “

6

o]

Q

)

drawn out at both ends with

It

o o I e v o e e, PR B " I B . § .
regtriction near one end of the gless wool placed at

Ea - o d 3 - S N 1 e

the restriction (see diagram below),

With this device one can collect the adsorbent cuantitative
after it been scratched leoose with a roscope slide, by
applying a vacuum on the i oht end A non-destructhive indicatar
appLying a v uum on cas TLght end, £ NON=-GesTlulltive Lnalcator
- - R o o 1, . P A 2o T R . S
such as iodine vapour should be used to locate the position of ¢
spotsa, which were then marked off, ften one developed spot was

Left on the plate, which was then sprayed wit
fluorescein followed by charring with o

the fivst detection, i.,e. the one with iodine

To elute the components

water jacket about it (see diagram below),
chl

slowly to dissolve the components ocut. The s

acetone was used because a chromatogram using thi

as developer moved all components to

useful

2 e

Hence it most in
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wa g

for example,

olvent

8

croform-acetone in a 50:50 ratio was passed through it

chloroform-

solution

e plate.

hromic~sulfuric acid to confirm




Two to 5 ml of the solvent were sufficient to elute the

components from one spot.
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Figure 3 The development of three waxes, beeswax ( a, d, g ),
bayberry wax ( b, e, h ) and spermaceti ( c, f, i ) is
compared on three different thin-layer adsorbents,
porous glass ( a-c ), Silica Gel G ( d-f ) and Aluminunm
Oxide G ( g=i ). The same eluent was used:

Petroleum ether (b.p. 38° = 149° C )/ ether in the
ratio 95/5 .
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of the chromatograms in Fig. 6 will show the effect of the

addition of acetic acid to the solvent system. When the
proportions of petroleum ether/ether/acetic acid are changed,

Increasing the development distance

-
l

Increasing the thickness of the layer

As was mentioned in an earlier section, the separation is
independent of the thickness. This was verified. Therefore,

the only advantage of usin <exr layers is in preparative

thin-layer chromatogranhy.
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Figure L Chromatograms of beeswax on Silica Gel G plates
using different s@dvent systems of which carbon
tetrachloride is the basic solvent.
Developer Ratio Time
-a- carban tetrachloride/ toluene = 5/2 50 min.
~d~ carbon tetrachloride/dichloromethane = 1/1 30 min.
-b- carbon tetrachloride/benzene = 5/2 31,7 min.
~-c- carbon tetrachloride/benzene/chloroform N
= 5/2/1 26.7 min.
-e~- carbon tetrachloride/pyridine = 20/1 70 min.
-f= carbon tetrachloride/acetone = 30/1 40 min.
-g= carbon tetrachloride/acetone = 15/1 L0 min.
-h- carbon tetrachloride/methylacetate = 30/1 67 min.
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Chromatogram of beeswax on Silica Gel G plates
using various ratios of carbon tetrachoride and

benzene.

Developer
carbon tetrachloride/benzene
carbon tetrachloride/benzene

carbon tetrachloride/benzene
carbon tetrachloride/benzene

carbon tetrachloride/benzene

Ratio

= 11/1

6/1
5/2

= 1/1

1/7

Time

L0 min.
L0 min.
L5 min,
55 min.

60 min.
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a b c d
6 Chromatograms of beeswax on Silica Gel G
plates in which increasing amounts of acetic
acid ( HAc) have been added to the developer
petroleum ether/ether = 95/5 ,
Developer Ratio Tinme
“petroleum ether/ether/ - = 95/5 17 min.
petroleum ether/ether/HAc = 95/5/% 15 min.,
petroleum ether/ether/HAc = 95/5/1 16,5 min.
petroleum ether/ether/HAc = 95/5/1%  16.5 min.




Figure

7

27

0
N/

PSRN
~“

N\

T >O0bo O QOO

@

a b c

Chromatograms of beeswax on Silica Gel G
plates in which the ratio: of petroleum ether/
ether has been changed in the developer,
petroleum ether/ether/acetic acid.

Developer: Ratio: Time:

-g- petroleum ether/ether/acetic acid = 95/l/1 (L1 min.)
-b- petroleum ether/ether/acetic acid = 91/8/1 (35 min.)
-c- petroleum ether/ether/acetic acid = 8/15/1(50 min.)
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Developer: Petroleum ether/ether/acetic acid= 91/3/1

Development time: 32 min.
Development distance: 14 cm.
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Figure 20 A
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Figure 23 A gas=iiqu
separation of the hydrocarbons
of beeswax. The numbers above
the peaks indicate the chain
length of the hydrocarbons.
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C30

e ——Re

4 gaze=ligquid chromatographic separation of
a mixture of palmityl myristate, palmityl palmitate
and palmityl steerate. These esters were 98 % pure.
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No difference between the beeswax scales and

of the apis mellifera was observed by th

chromatography.
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