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ORGANISM OF
THE MONTH

By Oliver Kim

V

olvox is a fresh water green
algae and a member of the
Chlorophyta. The pictures
shows a spherical Volvox colony, each
ball can contain hundreds, if not thousands of individual cells. The picture
shows five daughter colonies inside the
main colony. The main colony disintegrates and the daughter colonies are
then released. Volvox is a nice example
of an organism which shows first signs
of multicellularity. Larger colonies can
be up to 1mm in diameter and can be
seen with the unaided eye.
Reproduction
Volvox reproduces both sexually
and asexually. During asexual reproduction cells from the equator of the
colony move to the inside and divide to
form daughter colonies. The daughter
colonies will grow and multiply. The
mother colony will then rupture and
release the offspring.
During sexual reproduction, Volvox
colonies form sperm and egg cells
(ova). The sperm cells will swarm out to
find ova in other colonies. The fertilized
egg cells will then form new colonies.
Growing and observing Volvox
For observing Volvox, try to investigate water samples from ponds and puddles. It is also possible to grow Volvox
at home. Volvox likes to grow in nutrient-rich water. Dilute some plant fertilizer in water and add some pond water
containing Volvox (or other green algae
that you want to grow). Place the container on the window sill for several
days but prevent direct sunlight.

■

Figures 1 and 2: stacked images of
Volvox.
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Peridotite in polarized light

Peridotite: A host rock of chromite,
the source rock of diamonds and a
possible sink for atmospheric CO2
This is the first of what I hope will
become a series of photos of thin
section minerals, crystals and
other non-biological microscope
slides.
By Carl Hennig
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M

y name is Carl Hennig, an
amateur photographer. To me
the microscope is another
camera and a way of expressing myself
through photos. The photos will be
more of an artistic nature than scientific.
Some may even be abstract. Not all will
be bright and gaudy. But it is always
nice to start out with a bit of flash and
one of the brightest is Peridotite. Scientific descriptions are provided by
Geology.com.

Figures 1 - 4: The specimen is a thin
slice section of Peridotite, 2x objective, crossed polars, 5MP camera.
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Peridotite in polarized light
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The setup used to take the photos
consists of a Labomed Cxl microscope
with the simple polarizer kit and a handmade rotating stage, a Bausch and
Lomb microscope with a simple polarizer kit, Future Optics 5MP camera,
Canon 5D MkII camera, ToupView 3.7
capture software, Photoshop CS6 and
other supporting software.

■

Figures 5-6: Continuing with bright
and brassy. This is Crystal Violet or
Gentian Violet also known as Methyl
Violet 10B, a dye that shines under
polarized light. 2X objective, 5MP
camera, Labomed CxL.
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Tulip stem

GALLERY

Cross section of the stem of a tulip
flower. The specimen was stained
with blue fountain pen ink.
Images by Oliver Kim
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GALLERY

Basil leaf

Fresh Basil Leaf, underside.
Wet Mount, stained with Methylene Blue Chloride
Celestron 44104, Celestron USB
digital imager
x100 magnification
Image Captured with MiXscope
Image by David Darrah
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Desmids

GALLERY

Image of a desmid in darkfield
(top) and Differential Interference
Contrast (DIC), right.
Images by Rashid Nassar
http://s1070.photobucket.com/
user/micritter/library/
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Micrometerorites

Collection and observation of
metal micrometeorites
Have you ever seen a falling
star? Have you been curious,
where it lands? Have you ever
intended to go to find it? Microscopic meteorites could be found
in your backyard.

1

By Matej Pašák
and Pavel Bílek

M

icrometeorites are small meteorites that usually have a
very low mass and therefore
they do not get burned along their way
through atmosphere. Some of them
could be created as small fragments
from a large meteor during its disintegration. These very small particles can
be in dust form in the atmosphere. They
slowly move towards the surface of the
earth or are accelerated by rain. Their
size is usually in order of tenths of
micrometer. At times also 'big' micrometeorites in range from 1 to 2 mm can
appear.

2

Methodology of collection
On the basis what has been said
above, micrometeorites fall freely on
the surface of the Earth with dust which
is situated in the atmosphere. Settled
dust from large area is necessary to pick
it up. The collector should realise that
dust should not be contaminated by impurities from the ground. That could be
accomplished by capturing of rainwater
directly from a roof. An even better

Figure 1: Collected micrometeorites
Figure 2: A quite large micrometeorite
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option would be using the top layer of
snow and letting it melt. The snow
could have collected the meteorites for
a long period of several months.
Collect the melted snow or rainwater
in a big plastic container let stand for
several days. During that time, the dust
containing the meteorites fall to the bottom of the container. The best time to do
the collection is after meteor showers. It
is a periodic event when the Earth passes a space region with high concentration of meteoroids. Still, random
meteors are reaching the earth throughout the whole year. At the beginning it
is better to focus on meteorites of metallic form, since they are magnetic and it
is easy to separate them from non-magnetic tailings. The magnetic particles
can be pulled out from the bottle by a
magnet placed in a plastic bag. After
that, overturn the bag to thus separate
the particles from the magnet.
Collected particles are rinsed out in
alcohol, dried on the air and subsequently observed under the microscope.
Spherical particles with regular shape
and glossy surface are supposed to be
the micrometeorites (Figure 1). Figure 2
shows a quite large micrometeorite.
Transfer the particles to a watch glass.
Further observation could be carried out
by using a magnetized steel needle. The
magnet could be used for magnetization
of the needle. Some spherical particles
could not be the micrometeorites. Instead they could be to be ash, remains of
powder metallurgy or condensed combustion gas from chimneys. However,
detailed chemical analysis is desired to
do that confirmation.

OBSERVATIONS

3

4

Observation of the cross section
The basic observation is usually carried out of the surface of the micrometeorites. On the other hand, the cross
section observation could be much more
interesting. The samples for cross section were prepared as follows. The micrometeorites were placed on the
bottom of a small plastic bottle. A small
drop of epoxy resin was added very
carefully. This was repeated several
times every time after encapsulation of
epoxy resin. The micrometeorites were
encapsulated on the bottom side.

Figure 3: Etched microstructure of micrometeorite cross section encapsulated in
epoxy resin
Figure 4: Details of the dendritic microstructure typically for metal alloys.
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Grinding was carried out using very
smooth grinding papers and applying a
very low load force. The grinding was
controlled microscopically and it was
stopped at the time of appearing of the
inner surface of the micrometeorites.
Samples were polished with a diamond
suspension up to a mirror finish. The
last step consisted in dipping the samples in etchant of 5% of nitric acid for
several seconds. Topography for observation was created by different reactivity between structural components of
micrometeorites and nitric acid. Figure
3 documents the etched cross section of
micrometeorite. In Figure 4 the dendritic structure is well visible, which is
typical for consolidated metals.

5

Advantage of electron
microscopy
A light microscope could be simply
used for observation of micrometeorites
and their cross section. Unfortunately,
the spherical surface is out of the depth
of field at high magnification (Figure
2). Therefore, scanning electron microscopy is much more useful for conductive metals samples. An electron beam
is used for observation and much better
resolution and much higher depth of
field are obtained at a big magnification. The microstructure of different
micrometeorites from electron microscopy is documented in Figures 5 - 11.
The images were created in cooperation
with
research
project
ITMS
26220120014.

6

■

Figures 5 - 11: Scanning electron
micrographs of different micrometeorites. Figures 6 and 8 show
enlargements of Figures 5 and 7,
respectively.
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Terminology
Meteoroid – It is a small piece of
rock, ice or even metal, moving
through the universe. They range in
size from a speck of dust to one meter.
Meteor – It is the meteoroid that has
entered the atmosphere of the earth.
During its burning in the atmosphere,
it appears as a bright spot with a
flaming tail and/or a smoke. It is
called, more commonly, “shooting
star' or “falling star”. Most meteors
burn up completely in the atmosphere.
Meteorite – It is a fragment of a
meteoroid that survived the entry
through the atmosphere and reached
the surface of the earth. This happens
very rarely. Most of meteorites are
based on stone, but moreover some
of them are also metallic form. These
usually contain iron in a bulk with
addition of other metallic elements,
such as nickel, cobalt, etc.

8

Authors: Matej Pašák, Pavel Bílek
Institute of Materials Science, Faculty
of Materials Science and Technology,
Slovak University of Technology
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, the Stickyweed
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Cleavers
under the microscope
Here are some close-up views of
Galium aparine, the Stickyweed
or cleavers.

1

By Roland Luts

T

wo days ago my grandson, 3
years old, was throwing a handful of Stickyweed at me with a
big smile.… and this inspired me to
make some photographs….
The stems and leaves of this plant
have small hook-likes hairs which allow
the plant to stick to other plants and to
creep along the ground. While the plant
is edible, some people respond with a
skin rash when touching the plant. The
plant also has medical uses and can be
used for tea. Being related to coffee, the
fruits of cleavers can be dried and roasted to be used as a coffee substitute.

■

Figure 1: Plant habitus (in fact a
weed) with some little white flowers

2

Figure 2: Top of a leaf with hooked
hairs at the sides
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, the Stickyweed

Figure 3: A single hair like a hook
Figure 4: Cross section of a leaf (stained with Astrablue)
Figure 5: Side-view of a leaf with hairs on both sides

4
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, the Stickyweed
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Figure 6: Cross section of a leaf: the vein or
nerve (stained with Astrablue)

6

Figure 7: Cross section of a stem (not stained).
Note the 4 reinforced corners with very small
cells.
Figure 8: Cross section of a stem (stained with
Astrablue and Safranin)

7

8
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Emulsions

A closer look at
emulsions and emulsifiers
An emulsifying agent is something that can be added to an oil
and water mixture that stabilises
the emulsion.

1

By Neill Tucker

I

decided to take a closer look at
emulsifiers after reading a short article titled ‘Emulsions and Emulsifiers’ by a food science writer named Guy
Crosby Ph.D, the complete article can
be found at
www.cookingscienceguy.com.
In his article he explains that although oil and water won’t mix easily,
vigorous agitation will create an emulsion. An emulsion is one substance finely dispersed though out the other. It can
either be oil finely dispersed in water as
an oil-in-water emulsion (O/W for
short), or water dispersed in oil as a
water-in-oil emulsion (W/O for short).
Ordinarily these emulsions are not stable and if left to stand for a while, the
water and oil separate out again, leaving
the oil floating as a layer on top of the
water.
An emulsifying agent is something
that can be added to the oil and water
mixture that stabilises the emulsion,
allowing one part to remain dispersed in
the other. Generally, if the emulsifying
agent is oil soluble it will stabilise as a
W/O emulsion. However, the majority
of emulsifiers are water-soluble and stabilise as O/W emulsions.

2

Figure 1: Test Ingredients
Figure 2: Immediately after shaking
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One of the commonest uses of emulsifiers is in cooking; where water and
fat/oil based ingredients are combined
and are required to stay evenly mixed
until they are consumed. Sauces such as
mayonnaise and vinaigrette are good
examples, and Dr. Crosby makes a very
interesting observation about the difference between these two on our palate.
Vinaigrette, despite containing vinegar
is essentially a W/O emulsion and tastes
quite oily in the mouth. Mayonnaise by
contrast is an O/W emulsion, stabilised
using egg, and although it has a similar
oil to water ratio as the vinaigrette, it
doesn’t taste oily in the mouth. This is
because our tongue responds to the carrier rather than the substance dispersed
within it. In the vinaigrette the carrier is
oil so this what comes through on our
palate, in the mayonnaise the carrier is
water so we do not really sense the oil
component.
If you do a little home baking, the
chances are you will need to wash up
the greasy bowls and tins. Water on its
own doesn’t do the job very well, so we
use an emulsifier in the form of detergent to help break up the oil and fats and
keep them suspended in the water until
they can be washed away. I also heard,
while on a trip to the Far East, that
Jasmine tea is not only used to cleanse
the palate between courses of a meal, it
is often used to wash up the dishes! Tea
is also purported to have numerous
health benefits, some of which are attributed to its effects on fatty substances.
My appetite suitably whetted by
these titbits of food related information,
I proceeded to gather together some
ingredients (Figure 1) for an experiment. The idea was to place equal volumes (2ml each) of mineral water and
sunflower oil in a test tube and then add
a 1ml of a potential emulsifier. The
mixtures would be agitated vigorously
and the resulting emulsion examined
under the microscope. To differentiate

EXPERIMENTS

3

4

Figure 3: Control, de-mineralised water (Tube 1)
Figure 4: Vinegar (Tube 2)
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the water from the oil more clearly, one
drop of blue water-based food dye was
added to the water before mixing. As a
control, one test sample was just demineralised water.
The following substances were chosen and placed in numbered test tubes
together with the mineral water and
sunflower oil :

Emulsions

5

1. Control (de-mineralised water)
2. White vinegar (balsamic was too
dark)
3. Lemon juice (long life)
4. Glycerine (100%, often added to
liquid soaps to thicken them)
5. Detergent (washing up liquid)
6. Tea (using 1 teabag brewed as normal)
7. Egg white (from a free range egg)
The photograph in Figure 2 shows each
of the samples after approximately 10
seconds of vigorous agitation using a
home-built test tube shaker (see next
article).
Just looking at the test tubes it was
clear that the various test ingredients
had very different effects on the oil and
water mixture. The principal difference
was between two groups of samples,
tubes 1-4 and tubes 5-7. In the first
group, the emulsion appeared to be blue
water droplets dispersed in the clear oil
suggesting W/O emulsions. The second
group was very different in appearance
and looked like thousands of tiny clear
marbles in the blue water, suggesting
O/W emulsions. Within each group
there were definite variations in how the
emulsions had been formed.
To examine under the microscope, a
few drops of the emulsified layer in
each tube were taken and spread out on
a slide. No cover glass was used as this
resulted in too much distortion in the

6

Figure 5: Lemon Juice (Tube 3)
Figure 6: Glycerine (Tube 4)
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sample and caused the dispersed droplets to coalesce rather quickly. All observations were made at 40x
magnification, so there was good clearance between the objective and sample
and minimal risk of fouling the objective with oil. The images were taken
using a compact camera (Canon AS200)
through a measuring eyepiece whose
scale was 0.025mm/div (2.5mm full
scale) at 40x magnification.
Observations of tubes 1-4

8

Looking under the microscope the
control sample shows a predominantly
W/O emulsion with many blue water
droplets dispersed evenly through out
the oil, the droplets appeared to be coalescing quite quickly. In the vinegar
sample there appeared to be some emulsification of the oil into droplets but the
majority of droplets were still of water
in the oil. The main difference between
the vinegar and the control sample
seemed to be the size of the droplets
formed, which were significantly larger
in the vinegar sample.
The lemon juice sample also appeared to have emulsified some of the
oil as well as the water, but generally
fewer droplets overall than the control
sample. The glycerine sample showed a
significant proportion of the oil and
water had been emulsified as evidenced
by blue and clear droplets. Also, refer
back to the test tube image in Figure2
and look at the position of the boundary
layer between the water and the emulsion. This also gives an indication as to
the proportion of the mixture that has
been emulsified.
While I wasn’t able to draw any
groundbreaking conclusions from this
first set of observations, it did highlight
to me that every ingredient of a recipe is
likely to have an effect on not only the
taste, but also the consistency and how

Figure 7: Detergent (Tube 5)
Figure 8: Tea (Tube 6)
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Figure 9: Egg White (Tube 7)

Emulsions

9

it feels on the tongue. However, a common feature of samples 1-4 was that the
emulsions formed were not very stable
and were rapidly separating out after
mixing. So, although the ingredients
might have the desired effect on the
formation of the emulsion, they were
not able to stabilise it. For uses such as
washing up liquid or making mayonnaise, a stable emulsion is required.
Observations of tubes 5-7
As you might imagine, the washing
up detergent had a dramatic effect,
emulsifying all the oil into very small
droplets. The O/W emulsion seemed
very stable with the oil droplets showing very little sign of coalescing, exactly what you would hope for in a
detergent. The egg white had a similar
effect to the detergent, emulsifying all
the oil, the main difference being that
the oil droplets were significantly larger. Apart from its use as a raising agent
in baking, it is easy to see why egg is
such a common addition where water
and oil/fat based ingredients need to be
mixed.
The tea was the biggest surprise; it
emulsified a good proportion of the oil,
especially considering this was just a
standard brew of tea that us English
drink by the bucket. What was also
strange was the effect on the water
droplets dispersed within the oil. Rather
than spherical droplets, they resembled
misshapen plastic bags of blue fluid
floating in clear fluid of roughly the
same surface tension. Many of the
emulsified oil droplets were then suspended in the bags of blue fluid (water).
While this was no clinical study, it
seemed clear to me that drinking tea is
likely to have a significant effect on the
oils and fats in your diet and probably

how they in turn interact with your
body.
The most useful emulsifying agents
are the ones that form stable emulsions.
The photograph in figure 10 shows
tubes 1-7 after being left to stand over
night (around 12hrs). It is clear from
figure 10 that only tubes 5-7 were stable, the rest have largely separated back
out into oil and water layers.
How emulsifiers work
Emulsifiers are molecules that have
two distinct ends. One end likes to be in
water (hydrophilic) and the other end
likes to be in oil (lipophilic). This means
that they will coat the surface of oil
droplets in an O/W emulsion and effectively “insulate” the oil droplets from
the water, see Figure 11. It keeps them
evenly dispersed throughout the emulsion and stops them from clumping together to form their own, separate layer.
In a W/O emulsion, the emulsifier coats
the water droplets instead, and stops
them from separating from the oil. As
previously mentioned, an oil-soluble
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emulsifier will most likely form a W/O
emulsion while water-soluble emulsifiers are usually associated with O/W
emulsions.
To get an insight into how emulsifiers are selected and used in commercial
applications I would recommend having
a look for a document titled “The HLB
SYSTEM a time-saving guide to emulsifier selection”, it can be downloaded
as a .pdf for free. The following paragraph is from the document and sums
up what the HLB system does:
“To help save time in emulsifier
selection, ICI introduced in the late
1940's a systematic scheme of centering
down on the relatively few emulsifiers
suitable for any given application. This
is called the HLB System - the letters
HLB standing for "HydrophileLipophile Balance”. Briefly, the HLB System
enables you to assign a number to the
ingredient or combination of ingredients you want to emulsify, and then to
choose an emulsifier or blend of emulsifiers having this same number.”
In addition to a step-by-step guide to
selecting an emulsifier for your own

Emulsions
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Figure 10: Test tubes after 12hrs
Figure 11: Emulsifier schematic

sion to the observations and emphasized
the different effect each ingredient had
on the oil/water mixture. All my experiments were done at around 16deg C, if
a temperature controlled water bath was
available, it would be interesting to see
the effect of increased temperature, especially the tea.
References
"Guy Crosby - The Cooking Science Guy." Guy
Crosby - The Cooking Science Guy. N.p., n.d.
Web. 17 May 2014.
<http://www.cookingscienceguy.com/
pages/notes/>.

ingredients there is a lot of other interesting background information. Or, you
may find it a good cure for insomnia,
depending on how deep your interest is?

Conclusion
Overall, I think my little experiment
with emulsifiers was quite easy to do
and would probably work well in a
classroom setting. The use of the microscope certainly added an extra dimen-

“The HLB SYSTEM a time-saving guide to
emulsifier selection.” ICI Americas Inc., 1976.
http://www.firp.ula.ve/archivos/historicos/
76_Book_HLB_ICI.pdf
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Making one’s own lab equipment
can greatly add to the appeal of
microscopy. A test tube rack can
be made from spare wooden
parts and a cassette player motor
can work as a test-tube shaker.
By Neill Tucker

A

s I have mentioned in previous
articles, part of the appeal of
microscopy is the possibility to
build some of my own lab equipment.
For the experiment with emulsions and
emulsifiers I needed a rack to hold the
test tubes in, for easy comparison. A
rack (Figure 1) is relatively easy to

Test tube shaker and rack

make from spare pieces of wood and a
few screws. The holes for the tubes
were made using a 14mm spade bit and
the small depressions for the bottom of
the tubes were made with a 12mm halfround router bit, although a standard
countersink bit would do. Even using
small screws, ensure that you drill a
clearance hole in the first piece of wood
and pre-drill the second piece to the
core-diameter of the screw. This will
ensure that the joint pulls up tightly and
the wood doesn’t split. Make the base
large enough so that even if the test tube
doesn’t sit in the depression it still can’t
slip out completely.
As I started my experiments with
emulsifying agents, I soon found that
manually shaking the test tubes of oil

and water to form a fine emulsion was
actually quite hard on the joints, or it
might just be my age? Anyway, this was
a good excuse to construct another simple piece of lab equipment (Figure 2), a
test tube shaker. I mounted a short (approx 40mm) section of 50mm diameter
VC plumbing tube on a wooden base
using three small aluminium brackets.
This, together with strip of foam rubber
sheet, served as a holder for an old
cassette player motor. The motor had a
small pulley wheel already attached, to
which an old rubber end-cap could be
fixed. A small hole was made in the
end-cap; it was off-set and just smaller
than the motor’s pulley wheel, allowing
the end-cap to be stretched onto the
pulley. I lined the inside of the end-cap

1
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2

with a piece of thin card to stop it gripping the test tube. Finally, I mounted a
couple of 4mm sockets and a switch on
the baseboard and powered it from an
old 6v phone charger. The shaker seems
to work very well (Figure 3), just remember to put a bung in the test tube
first, in my eagerness to try it I ended up
making quite a mess!

3

■

Figure 1: Test tube rack
Figure 2: Test tube shaker
Figure 3: Test tube shaker in operation
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What’s this? Answer on page 2.
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