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(Specimen preparation for light microscopy)

(YA )

( Paraffin section )



PRt (sampling—)
7E (fixation)—
Hit 7K
(dehydration)—
235 (infiltration)
—EIH
(embedding) —
Y]/ (sectioning)
—Z4ff(staining)
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(Specimen preparation for transmission electron microscopy)




Table -1 General Tisue Preparaton Scheme for Electron Microscopy

e e e e ——

Time
Aty Chenicd Imobed
Primary Fixation s 5 ixed with 2-4% glutaddebyde in buffer |-2 br
Washing buffer (3 changes, | of which may be overngh) 1-12 br
Secondary Foxation  osmium tetroxide (1-2%: usually buffeed) -2 br
Debydration 30% ethanol 5 min
507 ethanol 315 mn
SEM 10% ethanol 315 mn
/s\ 95% ethanol (2 changes) 5-15 min
ahsolute ethanol (2 changes) 20 min &4
T Transtional Solvent  propylene oride (3 change 10 min &
Ifikraton of Resin  propvlene onide: resin mivcures gradall incresing overnight-3 d
concentration of resin
Embedding PUre resin mivture 14 hr
Curing (at 60-10° C) -4

" The specfed times do not nchude the time involved in preparaion of chemical,
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Figure 2-2 Secaled ampoules of glutaraldehyde, 4% os-
mium tetroxide and, crystalline osmium tetroxide (left to

right).



Figure 2-6 Rotary mixer used to infiltrate tissues. Vials
containing tissue are situated in holes of the mixer.
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Table 2-2 - Preparation of Common Buffers Urlized in Electron Microscopy

e e e e e e

i Sock Sl
Buffer Range A B Formula
Plumels —~~ 5.0-74 0.2 M sodium cacodylate (428 0.2 N HCl BmlAtynb
cacodylate g Na [CH,}.A50.:3 H,0) per made. Bring volume
ier of distlled H,0 upto 100 ml with
distlled H,0.
orenson's - §0-8 07 M monosodium phosphate - 0.67 M dsodiom i A phas (100
phosphate (9.08 ¢ NatPO, per lter of ~ phosphate (1188 ml B
distlled H,0 g Na PO, 4
10l
Gomorls ~ §.2-86 02 Muisacd miewe (242 ¢ 02NNaOH 25l A+ xmlB
tris-maleate tris-{hydroxymethyl) amino- made up to 100
methane + 23.2 g maleic acid
19.6 g maleic anhydride per

lter)

seolidne ~ 60-80 267 ml pure scoliinein 500 ~90mlof LOM A + B madewpto
ml of disulle H,0 HCl 100 ml




Table 2-3 pH Adjustment

Plumel’s Sorenson’s Gomoni's
pH cacodylate  phosphate tris-maleate
5.0 23.5 08.8
5.2 22.5 98.0 3.5
5.4 21.5 06.7 5.4
5.6 19.6 94.8 7.8
5.8 17.4 91.9 10.3
6.0 14.8 87.7 13.0

2 11.9 81.5 15.8
6.4 9.2 73.2 18.5
6.6 6.7 62.7 213
6.8 4.7 50.8 22.5
7.0 3.3 39.2 24.0
7.2 2.1 28.5 25.5
7.4 1.4 19.6 27.0
7.6 13.2 29.0
7.8 8.6 31.8
3.0 5.5 34.5
8.2 3.3 37.5
8.4 40.5
8.6 43.3

* pHAE * ¥l 7.027 4
FEYIHHAR 6.827.2

CharHA&  8.0L4H

#£2-3

B
(sucrose)fE &
W25
(osmolarity )
Z . DA o ]
TEIRF 75 B A RE
EEEYIEYN
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(Specimen preparation for scanning electron microscopy)
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Figure 3+1  Schematic show ing soguence of evens for procoaing henkagecd spocesens for SEM, (Coartery of Judy Murphy.)



Table 3-1 Fixatives Commonly Used in SEM

Specimen

Fixative

Buffer System

Reference

Procaryotes

Fungi

Aquartic Organisms
(protozoa, sponges,
metrazoa)

Iligher Plants

Zoologicals

glutaraldehyde
osmium tetroxide

FAA (10% formalin, 85%
ethanol, 5% glacial acertic
acid)
glutaraldehyde/OsO,
followed by OsO,

OsO, vapors
glutaraldehyde followed
by aqueous uranyl acertate
glutaraldehyde/
formaldehyde

Parducz (6 parts of 2%
aqueous OsO, plus 1 part
saturated aqueous HgCl,—
freshly prepared)
glurtaraldehyde

followed by OsO,

glutaraldehyde
followed by OsO,

FAA alone or followed by
OsO,

formaldehyde followed by
freeze drying
osmium vapors

glutaraldehyde
followed by OsO,

OsO,

glutaraldehyde/
formaldehyde

gluraraldehyde or glurta-
raldehyde/formaldehyde
followed by OsO,

FAA

cacodylate, phosphate

veronal-acertate

cacodylate, phosphate

nonc

cacodylate

cacodylate, collidine

nonc

phosphate, cacodylate
sea or pond warter

phosphate buffer

phosphate or s-collidine

nonc

nonc

cacodylate or phosphate

cacodylate or phosphate

various

cacodylate or phosphate

nonc

Watson et al. 1984

Watson et al. 1984

Maugel et al. 1980

Falk, 1980

Nowell and Pawley,
1980

7<3-1



Table -1 General Tisue Preparaton Scheme for Electron Microscopy

e e e e ——

Time
Aty Chenicd Imobed
Primary Fixation s 5 ixed with 2-4% glutaddebyde in buffer |-2 br
Washing buffer (3 changes, | of which may be overngh) 1-12 br
Secondary Foxation  osmium tetroxide (1-2%: usually buffeed) -2 br
Debydration 30% ethanol 5 min
507 ethanol 315 mn
SEM 10% ethanol 315 mn
/s\ 95% ethanol (2 changes) 5-15 min
ahsolute ethanol (2 changes) 20 min &4
T Transtional Solvent  propylene oride (3 change 10 min &
Ifikraton of Resin  propvlene onide: resin mivcures gradall incresing overnight-3 d
concentration of resin
Embedding PUre resin mivture 14 hr
Curing (at 60-10° C) -4

" The specfed times do not nchude the time involved in preparaion of chemical,
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#4 X EFRME(SEM) #AF T B

BT Z AT R I EATIAL B R BB SRR RS R EATER T8
HRRES  RAREMBRE -

SEM A7 & 32 4% 45 5 B8

1./% =8(0~4C) 1~2 /B
2.BUFFER(0~4°C) 15 545
3.BUFFER(0~4C) 15 4%
4.4 & (OSNIUM) 1 /) B
5.BUFFER 15 4%
6.BUFFER 15 #-4%
7.30% 5 4% 10 4%
8.50% % 4% 10 748
9.70% B 4% 10 548
10.80% 8 4% 10 #-4%
11.90% 5 4% 10 4-4%
12.100% % 45 15 548
13.100% 5 4% 15 4%
14. 7% &R 15 4%
15. 7 &R 15 542
16.85 7 BE 20 )%

17.45 4

18. F #i# &%
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Tank Chamber

Tank  pressure Inlet  pressure Exhaust
valve  gauge valve gayge | valve
l
Do
’N =
= 2
-1 Pressure
/ i
Sample
f/ I CO, 088 holder
~+— CO; haud Temperature
control
Chamber
; — lemperature
Siphon tube @ gauge
\J/
AT
Carbon
dioxide
Figure 3-3  Diagram of critical pont drying apparatus. a water bath or an clectric heating element,

The temperature of the pressure homb may be regulated by

ER SRR
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Table 3-2 Dehydrants and Transitional
Flutds Used i Crittcal Point Drying

Critical ~ Critical

Transitional ~ Temp ~ Pressure
Dehydrant Fluid "G Pl

Ethanol, Amyl - Liqud CO, 3L1 1,073
Acetate

Acetone freon 116 197 432
Ethanol reon 25 259 701

Ethanol/Freon  Freon 13 289 56

g bs FPRCLUSISNE.
#3-2
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(The scanning electron microscope)
(SEM)
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I"igurc 7-1(A) One of the first commercially produced
SEMs, the Cambridge Mark Il Stereoscan. (Courtesy of
l,{'lk.l,l
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L Series

. K Series::
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X A HFEE A B (Postek et
al. 1980)
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Exhaust Vacuum connection
valve = to microscope column
-Space A
Space C —
/ Casing
Vane

Figure 6-37(A) Rotary pump. Illustration of principle of
operation of pump module. As the rotor turns, space A be-
comes enlarged, creating a vacuum that sucks air into the
space. When the rotor rotates further and seals off the space
by means of the spring-loaded vane, a large volume of air
has been removed from the TEM and into the pump. Upon
further rotation of the rotor, the sealed space designated B
becomes smaller and the air is compressed. Eventually, the
compressed air 1s moved over to space C by the rotor and
a spring-loaded valve opens to exhaust the air to the outside
of the system. The oil is used to lubricate the moving rotor
and vanes and to carry frictional heat to the outside of the

Case.



Table 6-5 Relationships Between Commonly
Used Units of Pressure

Pascal Torr Millibar

| Torr
= | mm Hg 133 l s
| Millibar 100 0.75 l

| Amosphere  1.01 X 10° 760 1.01 x 10}

7<6-5



B 1.6

P X 5 2 i B R o
AR e B AAL 8 b R D TF ik
O RHBIREET » 3% 8 H5F
T E IR 0 @ X A
ERA B 0 3R A B kA
FORACHE IR ©

HEH I (diffusion pump) @ EZEFER]7£106 torr
P H ¢ (mean free distance) : BT HIZE R T 1E—THEEE] N —X

B RIATT THEAVEERE(107 torr = 1A K)

&= 1-6



Figure 6-38(A) Diffusion pump. Photograph of exterior
of a diffusion pump showing cooling coils surrounding body.
Stacked, umbrella-like caps (lower, right) fit down into the
body of the pump.
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Figure 6-17 (A) Spherical aberration in a lens. Peripheral
rays are refracted more than cenrtral rays, so thart all rays do
not converge to a common, small focal point. Instead, an
enlarged, diffuse sport like the Airy disc will be generated.
"I'he verrtical line indicates the one point where the point will
be smallest, 1.e., having the smallest circle of confusion. (B)
Correction of spherical aberration with an aperture (here
shown inside the lens) to cut ourt peripheral rays and thereby
permit remaining rays to focus at a common small imaging
point. Resolution will be improved since individual image
points in the specimen will be smaller.



Figure 6-5  Degradation of resolution due
to diffraction. Two pinholes held in front of
a light source are viewed n a lens and the

b image 1s projected onto a flat surface. Instead
- 3§~: of two sharp, bright spots, one sees two spots
4':' f;/,f; surroundcd‘ by diffuse rings (left). These cir-

4 larged, indistinct spots are caused by Airy

discs. The thick cross-hatched barrier in
front of the lens 1s an aperture.

s SR EYE, & H iR NLRE, IR
T3 (interference ) F1%E5Y (dlffractlon) 1Y
F[E] M T 2 AR 3R G S EER (Airy’s disk), S fE 5

~2 B2 91
ij}?/gEtB
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‘1igure 6-6  Airy discs generated by viewing three pinholes

in a light microscope. A thin film of palladium/gold was
deposited onto a glass slide, and the slide was examined for
naturally occurring pinholes in the film. Magnification of
micrograph i1s 1,000x.
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Figure 6-2 Diffraction phenomenon demonstrated by a
series of parallel waves that strike the edge of a solid object.
From the edge, a new series of waves (dashed lines) are
generated that merge with the original front.

6-2
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Table 6-2 Wavelengths of Visible Light

Color Wavelength 1n nm
red 760-630
orange 630-590
yellow 590-560
green 560-490
blue 490-450

violet 450-380

7<6-2



Violet

Red

Violet

Figure 6-15 Chromatic aberration in a glass lens. Dif-
ferent wavelengths do not come to focus at the same point.
Note how the violet part of the spectrum (stippled) focuses
at a shorter distance than does the red part of the spectrum.
This results in an enlarged, unsharp point rather than a
smaller, focused one. Resolution of the point will be de-

graded.
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Figure 6-35 (A) Conceprual drawing of electromagnetic
stigmator showing orientation of eight electromagnets
around lens axis. Strength and direction are controlled by
adjusting appropriate combinations of magnets to generate a
symmetrical field. The stigmator is located under the con-
denser and the objecrive lens polepieces. (B) Acrtual stigmartor
apparatus taken from an electron microscope. LLarge arrow
indicates one of the eight electromagnetic iron slugs oriented
around the cenrtral axis. TThe enrtire apparartus fits up into the
bore of the objective lens so that the area indicated in the
large arrow is positioned just under the specimen. The
smaller arrow points out individual electrical contacts
through which current flows to energize the clectromagnets.
The closeup photograph shows some of the clectromagnets
that are positioned near the specimen.



Weak plane

of focus Image focused at

(North - South) longer focal point
| (I\}— S direction)
1

Strong plane =~ =
of focus
(East-West)

Image focused at

shorter focal point

(E - W direction)

Figure 6-14 Astigmatism in a lens. Since the lens field is

asymmetrically weaker in the north/south plane, objects ori-

ented along the north/south axis will focus at a longer dis-

tance. By contrast, due to a stronger east/west lens field,

objects oriented east/west will come to focus at a shorter

distance from the lens. The effect is that only some portions

of the image (either north/south or east/west) will be in focus

at one time. Obviously, resolution will be degraded since the
image will be focused in only one plane.



Figure 6-35 (A) Conceprual drawing of electromagnetic
stigmator showing orientation of eight electromagnets
around lens axis. Strength and direction are controlled by
adjusting appropriate combinations of magnets to generate a
symmetrical field. The stigmator is located under the con-
denser and the objecrive lens polepieces. (B) Acrtual stigmartor
apparatus taken from an electron microscope. LLarge arrow
indicates one of the eight electromagnetic iron slugs oriented
around the cenrtral axis. TThe enrtire apparartus fits up into the
bore of the objective lens so that the area indicated in the
large arrow is positioned just under the specimen. The
smaller arrow points out individual electrical contacts
through which current flows to energize the clectromagnets.
The closeup photograph shows some of the clectromagnets
that are positioned near the specimen.
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High
Voltage
Supply

~-Filament
Shield

i b ;’T T

Figure 6-21 (A) Diagram of an clectron gun showing
filament, shield, and anode. The shield is connected directly
to the high volrtage, whereas the high voltage leading to the
filament has a variable resistor (VR) to vary the amount of
high voltage. 'TThe output from the variable resistor is then
passed through two balancing resistors (BR) which are at-
tached to the filament. (Modified from a drawing provided
by Hitachi Scienrtific Instruments). (B) Acrtual electron gun
from TEM showing filament (f), shield (s), and anode (a).
Compare to line drawing in 6-21(A).



Figure 6-22 Standard V-shaped tungsten filament (f) used
in most electron microscopes. The filament 1s spot welded
to the larger supporting arms which pass through the ceramic
(c) insulator and plug into the electrical leads of the gun.



Field

emission

First anode -~

Second anode —

Figure 6-27 The field emission gun. Electrons are ex-
tracted from a single crystal of tungsten by a series of anodes
that are several thousands volts positive. It is not necessary

to heat this type of filament.
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Figure 7-4 The focused beam of electrons is scanned in
a raster pattern over the specimen surface. The first scan is
from A to A’, with the beam moving down and then scanning
line B to B’, etc. (Redrawn from Postek, et al, 1980.)
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Primary electron beam

@r{sggs =< Auger electrons
—yrEE = Secondary electrons

ES [ BENEE < Backscattered electrons

X Bif%R Characteristic x-rays
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EASCHTON e
gun

Column

Specimen
chamber

o
A1l

A3

DpP RP

Figure 7-3(B) Schematic diagram of vacuum system. Al-
3 = wvalves, DP = diffusion pump, E1, 2 = air admittance

valves, RP = rotary pump, I = ionization gauge. (Cour-
tesy of Hitachi Scientific Instruments.)
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(—) FE T IEHIFERA:
(1) FEG(field Emission Gun)

(2)Lab6(7~ it 5
(3)W filament(£E[&#ix)
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% F % | Electron [ 20KV 2 %% | LifeTime | J&4k8 @ | prEA R BHE R o
source | (A/em™Sr) (hr) (°C) ( Torr ) (nA)
size

38 44 20um 5x10° 50~100 2800 10~ 10 &€ K

o=

Il
LaBg 10pm 3x10° 300~500 1800 107 50 % AR B
JK Q% ;")IL
FEG | 5~10nm 10’ >1 year RT 107 50~100 & AR

(cold)




w34 Electron gun
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Figure 7-10 Photograph of Ev-
erhart-Thornley secondary elec-
ron derector from a Yent-Cam-
bridge SEM. The arrowheads show
the paths secondary electrons
o might travel from the specimen (S)
e | to the detector (not shown) housed
inside the Faraday cage (F). After
striking the scintillator of the de-
tector, photons of light travel down
the plastic light guide (L) to the
photocathode of the photomulti-
plier (not shown).

: A(S) AR i TS T A2 A X B Tor sy [
G ))<Fa?§§§5{cagefma%?é/ﬂuaﬂ(detecto iz,
scintilaton) & 158 AL £ (phofons ) s E(L) (igh
pipe) i % Jt UK 2 (photomultiplier) (2 f4)

& 7-10



Faceplate ____

Focusing

elt;:-ctrode
' __I Accelerating
,' electrode
1
! 5 7 9 11| 13

15

Photocathode

4%14

1-14 = dynodes
15 = anode

& 7-11

Figure 7-11 (top) Schematic of photo-
multiplier where photoelectrons (generated
by photons from the light guide striking the
photocathode) are multiplied by striking a
series of high volrage dynodes to generate
more secondary electrons. (bottom) Enlarged
arca of photomultiplier showing entry of
clectron and multiplication of signal along
dynodes.
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@ Table-top size and ready for observation anytime

The TM-1000 is ready to image at anytime using a standard power outlet. Power is only needed dur-
ing use, creating an energy-saving, eco-friendly system.

The compact and portable design allows it to fit on any standard laboratory bench or desk, requiring
no special room or environment.
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No metal coatings required for observation
of non-conductive sample types

No coating is required due to observation under variable
pressure vacuum

Samples imaged by the TM-1000 require no special preparation such as metal coatings of non con-
ductive samples, giving the ability to observe a broad variety of samples quickly and easily.

Observation utilizing Variable Pressure vacuum

Because the Tabletop Microscope is
based on Variable Pressure technology, Primary electron beam
sample throughput is high™ and perfect for
a multi-user lab. The Variable Pressure,
combined with the high sensitivity
backscattered electron detector, makes
visual observation quick and simple.

7/ Objective
lens

*1 At 3 minutes after sample exchange image observa- ‘ o Residual gas
tion is ready. > )

I Non-conductive sample I




Figure 7-33  Examples of different types of unfixed, hy- frozen red blood cells in lung tissue. 1,400; 20kV'; 2.8 Torr,
drated biological specimens observed in the Environmental —15° C. (C) Mouth parts of tick. 200x; 20kV; 3.7 Torr;
SEM. (A) Bread mold viewed at 315x. Accelerating voltage, 24° C.

12 kV; vacuum, 3.7 Torr; temperature, —15° C. (B) Fresh
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Figure 7-24 (A) Secondary elec-
tron image of Xemopus (frog) optic
nerve tract. (B) Same specimen as in
7-24(A), except viewed in the back-
scattered 1maging mode. Since the
nerves have been stained with silver,
they appear much brighter than the
background so that it 1s much easier
to trace them throughout the tissue.
(Courtesy of J.S.]. Taylor and The
Williams and Wilkins Co.)
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Sn: #5, [ F#50; Pb: &%, 51782
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Theory of Energy Dispersive Spectrometer
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« WD, OL Aperture$i = Rt &

(@) OL aperature diameter. 600 4 (B QL aperature diameter. 200 am (c) QL aperature diameter 200 4m
Wo: 10mm wo: 10mm Wo: 20mm
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(c) QL aperature diameter: 200 4m fe) QL aperature diameter. 100.0m
Wwno: 328mm WD: 38mm
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Table 7-1 Effect of Aperture Size on Depth
of Field at Various Magnifications and at a
10 mm Working Distance

\

Depth of Field

100 um 200 um 600 um

Mag : Aperture Aperture Aperture
10 X< 4 mm 2 mm 670 um
50x 800 um 400 um 133 um
100 x 400 um 200 um 67 um
100,000 x 0.4 um 0.2 um 0.067 um

Reference: Goldstein, et al. 198]1. Scanning Flectron Micro-
scopy and X-ray Analysis: A Text for Biologists, Materials Sci-
entists, and (zeologists. (New York: Plenum Publishing Corp.),
134.
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Figure 7-6  Depth of field (the depth that is in focus in the specimen) is increased by using

smaller apertures as shown on right.
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Figure 7-7 When the working distance is increased as shown in B, this decreases the aperture
angle alpha so that the depth of field is also increased.

v Final condenser lens

—
=
ainad

I — Aperture
A
. Working distance

¥ " Depth of field

- Working distance

Depth of field




Table 7-2 Working Distance and Quality
of Image

Working

Distance (mm) § 10 20 35
Resolution Best > Worst
Depth of Field Shallow - > Deep

dignal Strength Strong > Weak
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Table 7-3 Beam Spot Size and Quality
of Image

Beam Spot

Diameter (nm) 1 100 500
Resolution Best > Worst
Signal

Strength Weak > Strong
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Table 7-4 Aperture Si1ze and Quality
of Image

Aperture
Diameter (um) 30 200 400 600
Resolution Best > Worst
Depth of

Field Deep > Shallow
Signal

WV

Strength Weak Strong

=T7-4
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Theory of Scanning Electron Microscope

----------

020345808 v x4.50K/BIE7 i

Before correction

After correction

Just focus

A285.5, 0 ki X4.98K 6. BEAm

\ Astigmatism correction method /

Specimen:Trachea of rat
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Figure 7-1(B) Photograph of a modern Cambridge SEM equipped to do x-ray analysis.
{Courtesy of Lexca.)
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Theory of Energy Dispersive Spectrometer

Specimen need to be
placed in proper position

et [Ee @ working distance=15mm

@) detector interdistance

Q) @ X-ray take off angle=35°

i% Acc.voltage; 15~25kV

specimen Y% X-ray intensity : 1000~2000cps
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HEXE: IR E T R BB T RZNE TS, DR E S =y

|, PR E R YA a5 (electrostatic field) A 2T
Gt AR, M LAXYEE U gE 2, XA BT R AR M, f
i fy H g S (white radiation) = & SRS (background radiation)



Spectnm processing |
Ho pedes omitted

Processing optian : ALl elements aalysed
(Normalised )

Humber of iteratiore = 4
Standand :

CK CaC03 1-hm-1999 12:00 AN

OK 5102 1-hx-1999 12:00 AN

HaK Albite 1-han-1999 12:00 AN
MzK Mg0 1-he-1999 1200 AN

SiK 85102 1-hn-1999 12:00 A

PE GoP 1-he-1999 1200 A1

CaK Wollstordte 1-Ran-1999 12:00 AN
ErL KBr 1-hm-1999 1200 AN

Aa Aa 1-Am-1999 1200 AN

- o~
Femsity Weight VP igeVudtcmic. . Sy &3 P
Conc Comm. Sigma N = by

€ K6.920 475117 930 4833 02 .:"""“».», - y v :
0 K17 300 731729 140 3340 25 - : : :
Ma K3 13119023 250 093 12 f an 1 Becroninage 1
Mz K0 69096360 350 060 50
SiKM 181072816 290 1812 82
P K4 021 30673 290 16271
Ca K7 060 $8038 910 164 91
Br L0 640 52620 950 120 26
Zoa M0 880 711718 840 412.11

Totals100 00
Bt | App Ineraty Weghts  Weght™  Atomac¥.
Coac Com S
CK 692 04151 1785 s B’m
oK 1730 OTHT B4 03 0
Na K 313 11902 325 oo 312
MK 067 09686 083 006 030
hK 1418 Lons 1629 018 1282
PE 402 w 016 m
(=) 4 109 891 016 491
Bel 064 095 012 026
Ao M 1053 1954 oal 21
Totals 10000
Commmert: REE(R)

AR-01-049-b-1-700 2
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