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On the eighth day, chemical analysis began. Adam, recovering after
cooperating with God in creating Eve, felt the first pangs of hunger. Looking
around, he spied a pile of stones left over after creation of some nearby
mountains. He rejected a soft friable sandstone and chose a hard granite
rock, took careful aim at a rabbit, and hit it squarely between the eyes. This
was the basis for the first real meal in the Garden of Eden. A day or two
later, Eue took a whiff of the rabbit carcass, thought for a moment, then fed
it to the dog.

Thus, the first chemical analytical instruments were Adam's eye and
hand and Eve's nose. These, plus taste, sufficed by themselves for a long
time thereafter but, eventually, refinements were necessary.

Much later, the earliest alchemists invented most of the separation
methods so useful to the analytical chemist. For a while, they were satisfied
to use techniques such as filtration, decantation, and distillation. However,
the jubilation produced as a result of drinking the liquid product from the
drying of some rain-soaked maize by distillation led to numerous advances
in analytical procedures. Partial destruction by burning produced a useful
product, charcoal. Mixing and heating this product with some green and blue
rocks produced a yellow metal thought by some to be gold, but this yellow
changed back to green and blue in time, and true gold did not.

Observation followed observation until a large body of knowledge had
to be named and "chemistry" was chosen. Those observations having to do
with the production of substances were termed chemical synthesis and
those related to determining what the substances were called chemical
analysis. Most chemical analyses were now carried out in solution, but not
all. Mo one talked about dry chemical methods per se, but many such
methods existed, and these generally were based on four of the five senses,
especially sight. (Those who had used taste had long since died.)

Color, for example, became very useful in chemical analysis, and chemists
became highly proficient in associating color with chemical composition. A
system developed for qualitative analysis was based on the colors of particles
precipitated by specific reagents, e.g., HjS. A chemist could identify almost any
colored substance by sight and determine how the substance was generated.
Black particles from an iron foundry would be Fe3O4 (especially if they were
magnetic). A red earth would be Fe;O3 (hydrated, no doubt); a red rock,
probably cinnabar; a green rock, probably malachite, etc.

There also evolved a group of microchemists, not small in stature but
interested in making analyses on tinier and tinier samples. About that time
(during the early 18O0s) the quality of the light microscope became such that one
could resolve and see the colors of very small samples, e.g., single particles less
than one "thou" (0.001 in.). Henry Sorby was the most important of these
analysts. He developed the study of rock thinsections as well as polished and
etched metal sections. He used the polarized light microscope (PLM) and found
he could observe many physical properties of small particles in a matrix or as
individual particles. With that capability he could do two very important things: 1)
identify small particles by their molecular composition, and 2) relate qualify of a
material (again, a particle if need be} to its micro structure. He could identify
many microscopic particles by sight: minerals such as calcite, quartz,
orthoclase, and mica: fibers such as cotton, rabbit hair or Kevlar®; metals such
as brass, bronze, steel, and wrought-iron; one-celled plants and animals, such
as diatoms, wheat starch, pollens, paramecia, and rotifers; and industrial dusts,
such as china clay, coal boiler flyash, foundry fumes, and pigments. If Sorby had
gathered together this information from his own diverse experience and published
it. we would have had The Particle Atlas1 one hundred years ago.

Sorby also was able to relate quality to microstructure, especially in
metallurgy. He was often asked to look at polished sections of steel to answer
the question of suitability of that Ingot for rolling into railroad rails. He discovered
the iron-carbon compound, cementite, and its eutectic with iron, pearlite.

He published more than 150 papers, most of them microscopical, in fields
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from biology and medicine to metallurgy and mineralogy. It was apparent then,

as now, that any change in chemical composition or physical treatment

significantly changes the microscopical properties. With practice, a knowledge

of these effects permits very rapid conclusions regarding both chemical

composition and performance properties.

Mother Nature has used her building blocks in many ways to fashion

different substances with a wide variety of applications and properties. Take

C6H1DOS; as a monomer (plus HZO), it is any of the monosaccharides (e.g.,

fructose); as a dimer, it could be any of the disaccharides (e.g., sucrose). As a

higher polymer it may be starch (e.g., potato or rice) or cellulose (e.g., cotton,

flax, or paper fibers from one of many species of tree). Silica (SiOy, another

bulding block, may be amorphous (diatoms, pumice, perlite, silica gel, silica

flour, silica fibers, etc.). It may be any of numerous gems or any of numerous

minerals. As sand grains, it may be changed by various processes such as lake

beach action or by heat, grinding, dissolution, or reaction to a very wide variety

of microscopical appearances, each with a unique set of properties observable

and identifiable microscopically. There is, in fact, no other way to reasonably

identify all of these substances expect the polarized light microscope; using

DNA is unreasonable.

This ability to rapidly identify a very wide range of organic and inorganic

substances, to rapidly relate quality to microscopical appearances, to rapidly

determine why a given product is inferior or a process is faulty, is being rapidly

lost. How can this be so? We can return to Henry Sorby for the beginning of an

answer? In the 1860's, Sorby heard a lecture on spectroscopy given by G.G.

Stokes and immediately built a spectroscope into his microscope. He then

measured absorption spectra on a wide variety of minerals besides biological

substances, including trace evidence in forensic cases. This was the beginning

of a search for additional properties one could observe on small particles and

use for characterization. Fluorescence was another such property.

Simultaneously, other developments began to appear, most of them

developed by physicists. These included ultraviolet microscopes, interference

microscopes, phase contrast, differential interference contrast, modulation

contrast, automatic image analysis, pattern recognition, and (most important of

all) the transmission and scanning electron microscopes {TEM and SEM).

Furthermore, more and more physical analytical instruments were becoming

more and more micro. These include diffraction methods such as X-ray

diffraction (XRD) and selected area electron diffraction (SAED), X-ray

fluorescence (measured by energy or wavelength dispersion), mass

spectrometry; even nuclear magnetic resonance (NMR), infrared (IR), and

electron scanning for chemical analysis (ESCA). (Many of these techniques

required samples in the single particle range.

All of this, happening since World War II, has resulted in the near demise of

polarized light microscopy. I feel that light microscopists have a tough problem

they must face if they want to see the light microscopy we know and love return

to the research laboratory and the university curriculum. I think I can see same

light at the end of the tunnel (but I cannot yet be sure it is not an on-coming

express).

Pressing buttons, examining a digital readout, or chart recording of data is

not nearly as useful or satisfying as looking directly at the sample^and

interpreting, based on experience, its composition, how it was produced, how it

will function in a process, or why it did not function.

Reading about the physical and chemical behavior of substances is one

thing, but watching them behave as temperature, concentration, and pressure

are changed is quite another. There is much more useful information in a

microscopic field of view that can ever be digitized or plotted. •

1. McCrone, W.C. el al. Parlricle Atlas, Vol 1-6, CD-ROM, MicroOataware, available
from Hayward, CA; (510)582-6524; McCrone Accessories and Components: (800)MAC-
8122 or McCrone Research Institurte: {312)842-7100.

This paper is adapted from an earlier article in American Laboratory 10+ years ago.
Dr. Waller C McCrore is Board Chairman and Emeritus Director of the McCrone

Research Institute, 2820 S Michigan, Chicago, IL 60616-3292

ETP-USA
SEM Chamber View System

For more information on ihe FTP Chamber View System or the

Robinson Detector call 1-800-8-ETP-U5A or write ETP-USA today.

j ETP infrared SEM Chamber Viewer allows continuous

monitoring of SEM chamber interior.

H Ideal for viewing specimen orientation or locating a

specimen in a multi-specimen group.

)£ Avoid damage In specimens, final lens, x ray, SE, BSE

detectors, and allow optimum positioning of all.

• No electronic rack space or external boxes required.

• Diffuse illumination avoids excessive brightness with

flat specimens such as IC wafers,

• Outstanding depth of field.

| : Includes monochrome monitor and necessary cables

for simple instillation.

ETP-USA / Electron Detectors, Inc. • 1G5O Holmes Street • Livermore, CA 94550 • Phone (510) 449-3534 • FAX (510) 449-8996

- 1 7 - Cirde Reader Inquiry #23

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


Versatile

Easy-to-Use

MaXim 2000
Scanning Electron Microscopes

CamScan MAXIM 20

Computer Controlled - Software Driven
Them # approach to high
performance Analytical
Microscopy offering technical
sophistication to suit either the
experienced or occasional user.

CamScan Microscope Control

INDEX v)

KV-Fil <r)

FORMAT r ) Full Screen

STAGE T) Unlocked ROT

Simultaneous Analysis

^igrials v j
full information pack contact:

ZOOM f i neZ

WD fine F

ftST!C fine A

SPOT f i n e s

SEI BE!

CamStan USA Iric.
508 Thomson Park Drive, Cranberry Township,

PA 16066-6425 USA.
'Del: (4f2)J772 7433
Fax: (412) 772 7434

Gresham-CamSean
Cam Stan House, Pembroke Avenue,

Waterbeach, Cambridge CB5 9PY, UK.
Tel: +44(0) 1223 861066
Fax: +44 (0) 1223 861077

Circle Reader Inquiry #10

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


MICROSCOPY PRINTS
Introducing a series of sixteen high quality, poster sized, lithographic prints of scanning electron microscope images by scientist/photographer
David Scharf.

Mr. Scharf's SEM images have earned critical acclaim for their artistic content and technical perfection and have been featured in Life, Time,
National Geographic, Scientific American, Discover, Natural History, Harpers, The Saturday Evening Post, etc. In addition, his images have been
shown in numerous exhibitions in Science and Art Museums and are included in many collections.

These images were created with the latest state-of-the-art techniques in scanning electron microscopy with
"SEM Wideband Multi-Detector Color Synthesizer" and computer digital recording.

r. Sharf's designed and patented

Priced at $30,00 each, plus shipping and handling,
the prints may be ordered from Microscopy Today;

Microscopy Today
PO Box 122
Middleton, Wl 53562 eMail:

Tel.: (608)836-1970
Fax: (608)836-1969

MicroToday@aol.com

BLACK FLY (Simuliiadae)
23" x 19" - Catalog # DS-01

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


ASCORBIC ACID CRYSTALS (Vitamin C)
23" x 19" - Catalog # DS-02

NANOFABRICATED MICROELECTROMECHANICAL
SCANNING TUNNELING MICROSCOPE

23"X19" - Catalog # DS-04

DEER TICK (Ixodid)
23" x 19" - Catalog # DS-03

A MARINE MITE FEEDING ON A
MYSTACOCARID (TYPICA) - MARINE MEIOFAUNA

23" X19" - Catalog # DS-05

MOSQUITO LARVA HAIRS
23" x19" - Catalog # DS-06

POLYGONUM POLLEN GRAIN
23" X19" - Catalog # DS-07

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


POLLEN MIX (Common Allergens)
23" X 19" - Catalog # DS-08

HESIONID POLYCHAETE
(Micropthalmis) - MARINE MEIOFAUNA

18 1/2" x 19" - Catalog # DS-10

COMPUTER MICROPROCESSOR CHIP (68040)
23" X 19" - Catalog # DS-09

CHIGGER MITE
(Trombicula alfreddugesi)

18 1/2" x 19" - Catalog #DS-11

MOSQUITO - FEMALE (Aedes aegypti)
18 1/2" X 19" - Catalog # DS-12

CAT FLEA (Ctenocephalides fe!is)
18 1/2" X 19" - Catalog # DS-13

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


MOSQUITO - FEMALE (Aedes aegypti)
18 1/2" X 19" - Catalog # DS-14

PRINT ORDER FORM
Please Print Clearly

Inquire for dry mounted or full framed prices

Ordering the following number of prints:

DS-01
DS-02
DS-03
DS-04

DS-05
DS-06
DS-07
DS-08

DS-09
DS-10

: DS-11
DS-.12

DS-13
DS-14
DS-15
DS-16

Total Number Of Prints Ordered: X $30 =
Shipping & Handling*:

Totai: $.

'Shipping & Handling
$9.00: United States $14.00: Europe
$10.00: Canada & Mexico $15.00: Asia & Africa
$12.00: OtherWestern Hemisphere $16.00: Pacific Rim

PAYMENT BY:
Check Cash
Company P.O. - Include # & Billing Address
Visa No.: Xdate_
MasterCard Name Print):
Signature:

SHIP TO:

MICROSCOPY TODflY
PO Box 122

Middleton, Wl 53562
(608)836-1970 - Fax: (608)636-1969

eMail: MicroToday@aol.com

COMPUTER MICROPROCESSOR CHIP (486)
18 1/2" X 24 1/2" - Catalog # DS-15

MICROSPORUM CAMS
(Dermatophyte Fungus - Ringworm)
18 1/2" X 21 3/4" - Catalog # DS-16

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992


This is the original.
This is what you get with Hitachfe
passive capture imaging system.

Sad, but true. Ordinary
digital-image-capture systems,
relying on digital beam control,
just can't preserve the image
quality offered by your micro-
scope. It's your loss. And a
big one, considering all you
could do with a high-quality
digitized image,

Hitachi's passive capture imaging
(PCI) system, on the other hand, gives
you images identical to the originals.
Because it detects and uses the micro-
scope's own scan signals, actually dupli-
cating the scan generator's resolution
up to 4000 lines—while microscope
operation continues as usual.

Next, our easily used, Windows-
based PCI lets you do just about any-

thing imaginable with
that superior image.
Annotate it. Store it as
a TIFF file. Archive and
combine it with data
from other microscopes.
Measure it. Resize it.

Color it—with up to
16 million colors. Print it out. Place it
in documents. Send it across the lab
or over the Internet. And (try to find
this elsewhere) even replay it to
your microscopes photo CRT.

Oil, yes. PCI works with any
SEM or STEM. Same with TEM and
optical microscopes, where PCI uses
a slow-scan CCD camera to acquire
sharp, non-interlaced, square-pixel
1024x768 images.

Call now for a PCI demonstra-
tion. Because, if you'd like to do
any of 1001 things with your micro-
scope's image, you'll want to capture
it perfectly Without letting its quality-
get away.

HITACHI
SCIENTIFIC INSTRUMENTS
Nissei Sangyo America, Ltd.
755 Ravendale Drive
Mountain View, CA 94043
(415)969-1100

25 West Watkins Mill Road
Gaithersburg, MD 20878
(301) 840-1650

All trademarks are trie property of their respective companies.

Circle Reader Inquiry #8

https://doi.org/10.1017/S1551929500066992  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500066992

