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Electron backscattered diffraction (EBSD)

Electron backscattered diffraction constraintson
processesin natural and synthetic rocks: develop-
ing technology for demanding materials and
problems

D. PRIOR, G. SEWARD, J. WHEELER, Dick PADEN,”
DavID HALLIDAY,” MALCcOLM TYE"

Department of Earth Sciences, Liverpool University;
*CamScan Electron Optics, Waterbeach, UK

Microstructures and textures of rocks are used to un-
derstand:

 Deformation mechanisms,

 Recovery and recrystallization mechanisms,

* Phase changes,

* Pressure-temperature-deformation conditions of high

T processes

Electron backscattered diffraction (EBSD) has revolu-
tionised studies of rock microstructure asit enables statis-
tically significant, quantitative microstructural datasetsto
be collected quickly. Electron backscattered diffractionis
rapidly replacing bulk x-Ray techniques and light micro-
scopy in the measurement of textures. It is however, the
ability to carry out misorientation analysis that has the
biggest impact on understanding the processes. The mis-
orientation information that can be generated by measur-
ing the spatial variation in orientation can be used to test
conceptual, numerical, or analytical models for the
processesthat produce amicrostructure. Electron backscat-
tered diffraction is now being used in more than 20 earth
science based-labs worldwide. Details of sample prepara-
tion and anal ytical techniquesfor the application of EBSD
to rock forming minerals are outlined by Prior et al.* The
following problems are the focus of current technological
development.

Misindexing and Non-Indexing
The degree of non-indexing (patterns that cannot bein-

dexed) and misindexing (patterns that are indexed incor-
rectly) are a function of pattern quality. Some minerals

have misindexing problems, even with patterns of the best
quality. Generally, misindexing problemsincrease assym-
metry decreases. It is sometimes possi bl e to optimise soft-
ware parameters to maximise success or to eliminate un-
reliable analyses on the basis of some confidence index.
Any use of automated EBSD must include an assessment
of the degree of misindexing, for the particular experi-
mental set-up and mineral in question, and adiscussion as
to the possibl e effects on the data. In minerals with severe
misindexing problems, the number of datathat are needed
to map the microstructure can be reduced significantly by
using orientation contrast images.%*

Angular Resolution

Although the mi sorientation angle has the same order of
precision as an individua orientation (~1°), the errors on
misorientation axes at small misorientation angles are
large.r Misorientation axes of low angle boundaries are
important in understanding intra- and inter-grain processes,
and EBSD users need to be aware of the errors involved.
Analysis of data dispersions provides a statistical method
toimprove angular resolution. However, this only worksfor
data sets (or subsets) with coherent dispersions. New cam-
eratechnology providesamore general hardware solution
for improving angular resolution.

TheBiggest Challenge: Usingthe Data

Electron backscattered diffraction presents us with a
new opportunity. We can measureindividual orientations,
cal cul ate misorientations and reconstruct microstructures.
Perhapsthe biggest challenge at the moment isinlearning
how to present and use the datathat are provided. Polefig-
ures, inverse pole figures and ODF projections are estab-
lished in textural studies and can, of course, be generated
from EBSD data. The use of individual misorientations,
misorientation distributions, and parameters that link tex-
tureand microstructure®” arelesswell established anditis
thesg, rather than the EBSD techniqueitsalf, that will bethe
new tools of microstructure.

Ultimately, we arelimited in that processeshaveto bein-
terpreted from afinal, frozen microstructure. Two decades
of experiments using transparent polycrystals show that dy-
namic experiments provide a much better constraint on
process than a single snapshot of a microstructure. We
have developed an SEM system in which we can conduct
high temperature experiments whilst imaging and mea-
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suring microstructures. Wewill show preliminary results of
grain growth (in Al) and phasetransformation (in Ti, Quartz
& brass shape memory alloys) experiments conducted in
situin an SEM toillustrate the potential of this approach.
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Significance of electron channeling in the forma-
tion of electron backscattering patterns (EBSP)

O. WELLS
NIST, Gaithersburg, MD, USA

An electron backscattering pattern (EBSP) is formed
when an electron beam (EB) isfocused onto asingle-crys-
tal region of the sample. The scattered electrons are inci-
dent onto a photographic film or image screen to show
lines and bands of contrast formed by the faster scattered
electrons. An electron channeling pattern (ECP) isformed
by rocking the beam over an area of single crystal, col-
lecting the faster scattered electrons, and by displaying
what is a very similar image to the above. The ECP has
been explained by supposing that the channeling condition
in the entrance Bragg planes modul ates the probability of
awide-angle scattering event towardsthe detector. |f indeed
the EBSP and ECP are caused by the same phenomenon,
thenit will be expected that the processeswill berelated by
the reciprocity principle so that the EBSP must be ex-
plained by reversing the above sequence of events. In other
words the EBSP isformed by the modulation of the prob-
ability of awide-angle scattering event by the channeling
condition in the exit Bragg planes — or “channeling in —
channeling out.”

This suggests that it might be better to refer to the for-
mation of EBSP as channeling (both in and out) rather
than diffraction.

Initial electron backscattered diffraction
observations of a plutonium-gallium alloy

C.J. BoeHLERT, R.K. ScHuLzE, J.N. MITCHELL,
T.G. Zocco, R.A. PEREYRA

Nuclear Materials Technology Division, Los Alamos
National Laboratory, Los Alamos, NM, USA

Introduction

Electron backscattered diffraction (EBSD)! analysis of
Pu has been elusive to date, relating to several factorsin-
cluding rapid surface oxidation and difficulty in handling
because of to its extreme toxicity. The former process re-
sultsin the buildup of an amorphous surface layer that acts
as an obstacle for electron penetration to the underlying
crystalline metal. In thiswork, thefirst electron backscat-
tered diffraction patterns (EBSPs) of agallium (Ga) stabi-
lized &-phase (face-center-cubic [fcc] structure) Pu alloy
were captured. Thiswork detailsthe techniquesand equip-
ment used to overcome the obstacles preventing EBSD
observation of Pu. Thisdemonstrated characterization tech-
nigqueis expected to be apowerful meansto further under-
stand phase transformation behavior, orientation relation-
ships, and texture in the complicated Pu and Pu-alloy
systems.

Materialsand M ethods

The Pu-Ga alloy used for this study was chill cast at
450°Cintheform of aplate at the plutonium facility of Los
Alamos National Laboratory. After casting, a &-phase ho-
mogeni zation heat treatment was performed. Sampleswere
prepared using standard metallographic and electropolish-
ing techniques that were performed inside gloveboxes
and/or other enclosures to prevent spread of radioactive
contamination.

Most environmentally sensitive materials, which require
sputter cleaning to obtain quality EBSPs, can be trans-
ferred from the ion-sputterer through air to the scanning
electron microscopy (SEM) chamber.2? In thisstudy, trans-
fer of anion-sputtered sample through atmosphere did not
result in successful EBSP acquisition from the Pu-Ga
metal. Thiswas attributed to the formation of athick amor-
phous surface oxide layer as aresult of air exposure. De-
sign and construction of a vacuum transfer device was
thereafter initiated to overcome this obstacle. A scanning
auger microprobe (SAM), equipped with an ion gun, was
used to characterize and remove surface layers contami-
nated with chemical impurities (in particular carbon and
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oxygen). To remove the surface contaminants, 4 keV argon
(Ar) ions at 55 pA/cm? were used to bombard the sample
surfacefor upto 1 h. A second sputtering step, with 500 eV
Arionsat 9 pA/cm?, was performed to reduce the depth of
the damage layer caused by theinitial sputtering run with
higher energy ions. The vacuum transfer device, including
avacuum suitcase and SEM entry-port adapter, was used
to minimize oxidation during the sampl e transfer from the
SAM to SEM. Theduration of the sampletransfer from the
SAM to the SEM was approximately 15 min and the max-
imum atmospheric pressure experienced by the sample
was 4x107® torr. The EBSD patterns were captured using
EDAX, Inc. (formerly TSL, Inc.) hardware and software,
using the following SEM and OIM parameters: accelerat-
ing voltage=30 keV, working distance = 16 mm, specimen
tilt angle of 70°, 110 um objective aperture, absorbed spec-
imen current between 1 and 2 nA, and the CCU averaged
16 video images or frames.

Results

Comparing the Auger spectra, significant reduction in
the O and C peaks (including in some cases elimination of
these impurities to below detection limits [<0.1 atomic
percent]) and theincreased height of the Pu peakswere ev-
ident for the sputtered condition compared with the as-
electropolished condition. The EBSPsof the d-phase grains
were obtained only after sputtering and sample vacuum
transfer fromthe SAM to the SEM. After theinitia patterns
were captured, the sasmplewas | eft in the SEM chamber at
4x107" torr for 68 h. The sample was then reanalyzed and
EBSPs were also observed, indicating that the surface
oxide did not thicken enough under these conditions to
prevent EBSD observation of the Pu-Gametal. Combining
this observation with those for the air transfers, the effect
of environment on surface oxidationisillustrated, and this
indicates the importance of maintaining a high-vacuum
amosphere after surface cleaning for EBSD observation of
Pu-Gaalloys.

Conclusions

(1) The first EBSPs were captured for a Pu-Ga alloy
using orientation-imaging microscopy. (2) Sputtering the
surface with Ar ionsinside an SAM and transferring the
cleaned sampleto the SEM in avacuum environment min-
imized surface oxidation. This maintained the surface in-
tegrity of the sampleand allowed for the capture of EBSPs
of the fcc 6 phase.
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Higher-order laue zoneringsin electron
backscattering diffraction

A. EADES

Department of Materials Science and Engineering,
Lehigh University, Bethlehem, PA, USA

Electron backscattering diffraction (EBSD) patterns ob-
tained in the scanning electron microscope are extremely
useful. Itsimportance arises partly from the general aspect,
namely that it brings crystallography into the scanning
electron microscope (SEM) in amuch easier way than was
previously possible. The importance also stems from the
value of the two specific types of application that have be-
come most strongly developed, namely orientation map-
ping and phase identification. All of thisis described in a
recent book.!

Until recently one weakness of the use of EBSD for
doing crystallography in the SEM was that the measure-
ment of lattice parameters was imprecise. The angles be-
tween zone axes can be rather well measured but lattice
spacings could not. This is because lattice spacings were
determined from the widths of the Kikuchi bands, and,
since Kikuchi bands are narrow and fuzzy, their width
could not be determined with much precision.

Joe Michael noticed that some zone axesin EBSD pat-
ternsare surrounded by abright ring. He guessed that these
were higher-order laue zone (HOLZ) rings and that they
could be used to determine | atti ce spacings with good pre-
cision. It turns out that he was right, though some qualifi-
cation of these assertionsis needed.?

The visibility of these rings is a surprise. The nearest
equivalent to an EBSD pattern in the transmission el ectron
microscope (TEM) isalarge-angle convergent-beam el ec-
tron diffraction (LACBE) pattern (or perhaps more closely
a Kossel pattern). In such patterns in the TEM, HOLZ
ringsarepracticaly invisible. Even when you know where
they are, they are almost impossible to find. This result
needs some comment. We are used to seeing convergent-
beam electron diffraction (CBED) or selected-area dif-
fraction (SAD) patternsinthe TEM in which HOLZ rings
are clearly visible. However, these patterns are obtained
under conditionsinwhich theHOLZ ring is seen against a
dark background. It appearswith good contrast even when
itisvery weak. In LACBED and Kossel patternsaswell as
in EBSD, the background, by contrast, is very strong—es-
sentially the whole signal—and aHOL Z ring would have
to have amuch higher relative intensity to be visible.

A HOLZ ring is formed by the combination (the enve-
lope) of aset of lines. Thelinesare Kikuchi lines, just like
normal Kikuchi lines except that, sincethey are associated
with reflection from planes with long g vectors, they are
very weak. They become strong enough to see over only a
short length where theintensity isenhanced becausethere-
flection couples to dispersion surfaces at a strong zone
axis.® This phenomenon is more familiar in zone-axis
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CBED inthe TEM. There, HOLZ linesin the bright-field
(direct-beam) disc are seen to fade as the sampleistilted
away fromthezone axis. In EBSD, theresult isthat thering
isbright enough to see (in some cases) athough the Kikuchi
lines that form it are not visible, except where they con-
tributeto thering. Itisnot asurprisethat the Kikuchi lines
that makeuptheHOLZ ring areinvisible except inthering
itself. Itisasurprisethat theringisvisibleat al. Thisau-
thor speculates that the origin of the contrast isrelated to
the idea that Kikuchi contrast in EBSD does not come
from afixed depth but, perhaps, from a self-sel ected depth
related to the extinction distance, which is therefore dif-
ferent for each different reflection. Thustheratio of thein-
tensity of aHOL Z reflection to the intensity of alow-index
reflection will be much higher than theratio of their struc-
turefactors.

Acknowledgments: Support from DOE, under grant DE-
FG02-00ER45819, isgratefully acknowledged.
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Scanning probe microscopy

Nanoindentation by atomic for ce microscopy
asadiagnostic tool for soft material

S.V. DuBonos, V.A. DReMov, S.|. ZAITSEV

Institute of Microel ectronics Technology RAS,
Chernogolovka, Russia

We used an atomic force microscopy(AFM)-likedevice
to measure polymer layers by pinning the AFM tip on the
layer. For this, the AFM-like device was modified, and a
specia head (holder) wasdesigned and fabricated. It allows
usto usecommercialy available S cantileverswhosemain
advantageisto vary the stiffness allowing the application
of awide range of forces. On the other hand, tips of com-
mercially available cantileversare not suitable dueto rather
largetip diameter and cusp angle of thetip. A special pro-
cedure was devel oped to grow fine carbon tipson the Si tip
toimprovethetip properties. The method of lateral growth

under an e-beam was used to obtain adesirable axisangles
to compensate for a 10°—20° angle of the cantilever in the
commercia holder. The method alows usto grow thetips
with adiameter of lessthan 10 nm with an open angle not
> 10°. Itiswell known that carbon tips have strength close
to that of adiamond.

At atotal force of 10~’N and contact area at about 100
nm? the device provides pressure at least 10°N/m2; thisis
close to the Young modulus for polymethyl methacrylate
(PMMA). So we have agood chanceto perform pinning of
theresist layer to measure its thickness.

The main advantage of the method is a very rigid and
strong carbon tip which allows usto penetrate the PMMA
layer at room temperature, measuring theresidual thickness
with high locality and resolution.

Diagrams of applied forceasafunction of cantilever dis-
placement during loading (f/ward) and unloading (b/ward)
wererecorded. Thediagram could beinterpreted in thefol -
lowing manner. At the contact point asmall displacement
of thetip resulted in “plastic deformation” of PMMA due
to high stress concentration at the carbon tip. Then thetip
contacts the substrate and the quazielastic slope is ob-
served. Theintersection of the unloading curve with the x-
axisallowsoneto estimate resist thickness. In our casethe
estimate gives 50 nm, close to the known resist thickness
of 60 nm. The experiment shows that resist thickness and
some information on deformation process could be ob-
tained by the method devel oped.

Acknowledgments. Theresultswere obtained in the frame
of the SPINUP project. The activity was partially sup-
ported by grant number 97-2021

Thin section analysis of thelunar regolith

E.C. HAMMOND

Morgan State University, Physics Department, Baltimore,
MD, USA

Thin section Lunar regolith was prepared by the Lyndon B.
Johnson Space Center, Planetary Science Branch of lunar
samples retrieved by Apollo astronauts (samples
#70015.655). The thin sections were milled to approxi-
mately 30 W thicknesses. Using an optical microscopewith
polarization filters produced dramatic visible transmitted
light colonization, which is not seen with terrestria thin
sections of similar minerals. The metallic grains produced
complete opacity, while other shocked metamorphic effects
were observed in the various basaltic and anorthositic
grains. These dramatic effects of polarization were ob-
served because of the absence of water during the early evo-
lution of the moon’s formation. This phenomena was not
observed until the Apollo astronauts returned with these
lunar samples. Images demonstrate cracks in the shocked
glass asafunction of polarization angle.
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Fig.1 Shock metamorphosisof thinfilm of lunar regolith changing
the polarization angle. Opague material indicates metallic thin section.
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Fast-scanning atomic for ce microscopy

F.M. SERRY

Digital Instruments/VVeeco Metrology Group,
SantaBarbara, CA, USA

Atomic force microscopy (AFM) scanning speeds have
always been dlower than desirable, and thisto some extent
haslimited the number of scientists and technol ogistswho
have used and benefited from AFM. For example, until

now, AFM tip scanning speeds on most sampletypes have
rarely exceeded 40 um/sin the most popular mode, Tap-
pingMode AFM; typically, scan times are several minutes
per frame. There are numerous situations where even
though the resol ution and wealth of informationinasingle
AFM image surpasses those in many SEM micro-graphs
combined, AFMs are bypassed in favor of SEM imaging,
in part because of the speed issue. A new AFM technology
isdiscussed which enabl es scanning speeds much faster—
up to 10 times faster—than previoudly attained. The tech-
nology relies primarily on a new electronic feedback ar-
chitecture (nested feedback loop) and new, micro-actuated,
probes. Improvements in scan speeds are illustrated (in-
cluding in digital video movies showing fast-scanning) on
different kinds of sample including Cell-Guard and other
polymers, and from the nanometer-scal e to several tens of
micrometers. Then the technology behind fast-scanning
AFM isdescribed, starting with adiscussion of thefactors
that hindered scanning speeds until now. Thetraditional and
popular mode of actuation of the AFM tip out of the plane
of theample (in Z-direction) has been to use a piezoel ec-
tric tube or flexure (commonly called the Z-tube or Z-flex-
ure), typically cm’s large. It is shown that the size and
mass of thisactuating element isamajor speed bottleneck.
Thelarge size and mass basically renders the element too
slow to faithfully track the sample surface with the AFM
tip at high scan rates. If a second, smaller, more agile ac-
tuator, with it's own feedback control is used to assist the
Z-tube, then the scanning speed can beincreased. Thereis
another benefit to this new scheme: thetip appearsto track
the surface much better at a given speed when compared
with thetraditional scheme, suggesting significant positive
implications for tip lifetime. This point is illustrated in
data from the feedback loop’s“error” signal.

M gAT P-induced confor mational changes of the
myosin molecule and periodicity of substructures
in thetail observed by atomic force microscopy

M. TANIGUCHI, O. MATSUMOTO,” S. Suzukl, Y. NisHINO, T
A.OkuUDA,” T. TAGA,” T. YAMANE

Graduate School of Engineering, Nagoya University,
Nagoya; “Graduate School of Pharmaceutical Sciences,
Kyoto University, Kyoto; TGraduate School of Human
Informatics, Nagoya University, Nagoya, Japan

Muscle contraction resultsfrom the dliding movement of
thick and thin filaments. The major component of thick fil-
amentsismyosin, which isalarge unique-shaped molecule
with two heads and a long rod-like tail. It is a mechano-
chemical motor that converts the chemical energy of ATP
hydrolysisinto mechanical energy and slides on actin fil-
aments. Thereforemyosin playsan essentia roleintheel-
ementary process of muscle contraction. The atomic struc-
ture of myosin fragment S1 was solved by crystallography?®
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and the atomic model of the a-helical coiled-coil structure
of the tail was proposed based on an amino acid se-
quence.*? However, relatively little attention was given to
the conformational dynamics between the heads and tail.
We report on the conformational change of myosin mole-
cules observed directly by atomic force microscopy (AFM).
We have previously observed that myosin molecules de-
posited on mica take extended forms without MgCl2 and
ATP and, on the other hand, almost all the molecules take
bent and round forms with either MgCI2 or ATP. To un-
derstand the orientation transition between two conform-
ers progressively, we tried to take the AFM images of
myosin molecul esthat were exposed under the relaxed so-
Iutions with various concentrations of MgATP. We found
that the orientation of myosin heads and thetail strongly de-
pends on the concentration of MgATP. The mean-square
end-to-end distance of the myosin molecules is much
shorter at p[MgATP] = 4 than that at p[MgATP] = 6. The
region of myosin rods did not show the same intensity
aong the long length even in the expended form. They
showed discontinuoudly in clustersto make some domains.
The size of compartmentsin the rods changes at multiple
intervals of 14.3-14.5 nm, reflecting the periodicity on a-
helical coiled coil. Clustering of the substructuresalso re-
latesto the spacing of the myosin cross-bridgesin the mus-
cle (14.3 nm or 43 nm). These results suggest that the
bending of myosin heads seems to couple with the bend-
ing or tilting of the helical subdomains. Conformational
changes of myosin molecule induced by MgATP seem to
reflect the molecular motions of myosin in the force gen-
eration.
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Materialsimaging and characterisation with
aper tureless second-har monic scanning near-field
optical microscopy

S. TAKAHASHI, D. McHUGH, A.V. ZAYATS

School of Mathematics and Physics, The Queen’s
University of Belfast, Belfast, United Kingdom

Continuous trends towards the miniaturisation of elec-
tronic devices and components require appropriate, non-
destructive techniques for materials characterisation on
smaller and smaller scales. Developmentsin scanning near-

field optical microscopy (SNOM) give the possibility for
probing optical properties of materialswith subwavelength
spatial resolution. In turn, second-harmonic generation
(second order nonlinear optical process) is widely used
for characterisation and investigation of materialsand their
surfaces as it is extremely sensitive to morphology and
surface structure on the atomic scale. Recent experiments
on the near-field probing of second-harmonic generation
have |ed to the devel opment of animaging techniquewhich
combines the high spatial resolution provided by SNOM
and high optical sensitivity of surface second-harmonic
generation. 3

Resolution and throughput of conventional SNOM are
limited by the size of a nanometric aperture formed at the
end of atip. Theideaof apertureless SNOM isto avoid the
use of asmall size aperture. This may give the possibility
to push the resolution limit of SNOM down to single
nanometre scale. At present, two main approachesto aper-
tureless SNOM are being followed based on observation of
scattering or fluorescence at the tip—surface junction. The
field enhancement effects (both geometric enhancement
and localised surface plasmons) are often used in both
techniques to achieve better signal-to-background ratio
and resolution. A recently proposed aperturel ess scanning
near-field optical microscope employsthe enhancement of
local second-harmonic generation induced by aprobetip.
In this paper theimaging properties of a second-harmonic
aperturel ess near-field microscope are discussed.

Numerical modelling of the second-harmonic genera-
tion processes in a probe-sample system shows that the
strongly confined sources of second-harmonic light can be
achieved due to enhancement of the electromagnetic field
at thetip—surfacejunction. In different realisations, thisal-
lows oneto probe alocal second-harmonic field generated
a asample surface or to use asecond-harmonic light source
at the apex of atip for imaging the surface. In these two
cases, apertureless SNOM is shown to be the nonlinear
anal ogue of aperturel ess scanning near-field optical micro-
scopy based on local nanoscopi ¢ fluorescence or scattering.

The experimental realisation of thistechnique has been
achieved using gold-coated fibre tipsaswell as STM gold
and tungsten tips to observe the enhanced second-har-
monic generation. We have demonstrated aperturel ess sec-
ond-harmonic SNOM capabilitiesfor imaging rough metal
surfaces, magnetic domainsin layered magnetic structures,
aswell asferroelectric domainsin thin ferroelectric films.
A successful scheme for extracting optical information
with truly nanometric resol ution would have numerous ap-
plications in optical studies and characterisation of metal
and semiconductor nanostructures as well as biological
objects.
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Variation in the growth and modeling of the
human maxilla asrevealed by scanning electron
micr oscopy

M. A. McCoLLuM

Department of Anatomy, Case Western Reserve
University, Cleveland, OH, USA

Growth remodeling refers to various combinations of
bone deposition and resorption that occur on theinner and
outer surfaces of abony lamina. Inthe cranium, growth re-
modeling changesthe size of each whole bone, sequentially
relocates each of itscomponent regionsto alow overall en-
largement, and carries out the continuous structural ad-
justments necessary to adapt bone to the intrinsic and ex-
trinsic changesin their conditions.* Current knowledge of
human craniofacial growth remodeling derives from (1)
histologic studies of asmall number (n=36) of crania,>and
(2) longitudinal radiographic cephalometric studies in
which changesin the external contours of bones are stud-
ied relative to stationary radiopaque implants.® Through
these techniques a general pattern of human craniofacial
remodeling has been identified. However, because these
datasetsare small, littleinformation existsregarding the ex-
tent to which craniofacial surface remodeling varies be-
tween sexes, and among individual s of differing race/geo-
graphic origin.

Thisstudy documents variation in nasomaxillary growth
remodeling in dentally immature crania housed in the
Cleveland Museum of Natural History. This mixed-sex
sample of 27 specimensrangesin age from 1 to 20 years,
and all but three are of African descent. In each specimen,
anegativeimpression of the periosteal surface of the max-
illary incisive alveolar process was made using the Presi-
dent Jet Plus light body impression material (Colténe).
Positive surface replicas were made from these impres-
sions using Devcon High Strength 5 Minute Thick Gel
Epoxy (Devcon Consumer Products). Low-voltage (10
kV) scanning electron microscopy was used to identify

the distribution of fields of deposition and resorption on
these high-resolution bone surface replicas.

Resultsrevealed thefollowing five patterns of surfacere-
modeling along the maxillary incisive alveolar process:
(1) all depositional, (2) depositional with resorption be-
tween tooth roots, (3) depositional with resorption over
tooth roots, (4) resorptive with deposition over tooth roots,
and (5) dl resorptive. The mgjority of specimenswithin this
sample (17 of 27) displayed a predominantly depositional
maxillary incisive alveolar process (Patterns 1, 2, or 3). Al-
though resorption of some portion of the maxillary incisive
alveolar processwas found to occur at all dental ages, the
greatest frequency of surface resorption was observed in
those individualsin whom development of the permanent
incisors and canineswas virtually complete.

The above results can be compared with those obtained
by Kuriharaet al. in their study of 36 subadult human cra-
niapurchased from commercial suppliers.2 Most of thein-
dividualsin the latter sample were found to display apre-
dominantly resorptive incisive alveolar process. Indeed,
with the exception of individuals under 2 years of age,
only 7 of the 27 older individual s (26%) in the Kurihara et
al. sample showed any evidence of deposition aong thein-
cisivealveolar process. |n comparison, in the present sam-
ple, most of the specimens (17 of 27) werefound to display
significant deposition along their incisive alveol ar process.

Results of this study demonstrate that growth remodel -
ing of the anterior maxillais more variable than currently
recognized. Some of thisvariation may relateto the ethnic
origin, as several cephalometric studies have found aten-
dency for African Americans to display an anteriorly po-
sitioned anterior maxillary surface.*® The possession of a
primarily depositional incisive alveolar process may un-
derlie this morphol ogic tendency of African populations.
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A three-dimensional visualization model of dental
microstructure: Implicationsfor phylogenetic and
functional interpretations

G.A.MACHO, |.R. SPEARS'

Hominid Palaeontol ogy Research Group, Department of
Human Anatomy and Cell Biology, The University of
Liverpool, Liverpool, England; *University of Teeside
School of Social Sciences, Middlesbrough, England

Our limited understanding of the three-dimensional (3-
D) arrangement of enamel prisms confounds functional
interpretations of teeth. Yet, prism decussation has proba-
bly evolved to deflect stresses or crackswithin enamel and
to counteract potentially damaging localised tensile
stresses®. Ascertainment of the 3-D prism arrangement is
only possible through destructive techniques and, hence,
not feasiblewherefossil teeth are concerned. However, an
approximation of theamount of enamel decussationispro-
vided by Hunter Schreger bands (HShs) which are optical
phenomena resulting from incident light being reflected
(parazones) or absorbed (diazones) inlongitudinal (or bro-
ken) sections of teeth. Rensberger® found ahigh correlation
between the concentration of HSbs and the magnitude of
occlusal stress, although detail ed information about enamel
prism decussation in these areas is still elusive. Further-
more, an assessment of enamel formation time, particularly
cuspal enamel, depends on an accurate appraisal of prism
decussation which, however, cannot be approximated in
longitudinal thick sections of teeth®. Ascertainment of the
3-D arrangement of prism arrangement may be overcome
by creating 3-D computer models of different enamel or-
ganisations and comparing them with HSbs*. This pro-
posal was evaluated further in the present study making use
of advancesin graphics capabilities on modern PCs.

Enamel blocks from the lateral side of teeth of mam-
mals with different dietary strategies (i.e., omnivore, fo-
livore) and—hence—different patterns of enamel decussa-
tion, were embedded in epoxy resin. The blocks measured
maximally 1 mm mesio-distally, but care was taken that
the entire thickness of enamel could be observed. The
specimen was then ground down by increments of about
5t0 10 um and etched in NHCI for 20 s, from the apical
aspect towards the cervical part and perpendicular to the
dentino-enamel junction. Images were then taken with the
scanning electron microscope (1.S.1. 60A) at 24 Kv in
backscattered mode (80 g/picture). Theimageswere cap-
tured with the iScan software (1.S.S.) and subsequently
analysed. Software created with Borland C++ Builder
version 4.0 together with OpenGL allowsthe visualisation
models of individual prisms to be generated and dupli-
cated to form virtual enamel blocks. Subsequently, view-
ing direction, light source, material opacity, and prism ori-
entations are manipulated thus allowing the sub-surface
structure of scanning electron microscope images to be
approximated.

While the model sthus created need to be improved and
validated before they can be used to make confident infer-
ences about the 3-D arrangement of prism decussation on
the basisof HSBsa one, they demonstrate thefeasibility of
our approach. Furthermore, the 3-D structureswill provide
the opportunity to generate mechanical properties® and
therefore test the biomechanical behaviour of whole teeth
(both extant and extinct) morerealistically.?"8 In addition,
a better appraisal of changesin developmental processes
during evolution® should be attainable.

Acknowledgments: Thiswork is supported by The L ever-
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Theuse of laser scanning techniquesin paleo-
anthropology: A preliminary evaluation

M. FRrRIESs, E. DELSON, L.F. MARrcus, D.P. REDDY

NY CEP Morphometrics Group, Division of Paleontology
and Interdepartmental Laboratory, American Museum of
Natural History, New York, NY, USA

Introduction

Inrecent years, the use of three-dimensional (3-D) mea-
suring devices, such as computed tomography (CT) scan-
ners, hasbecomeincreasingly popular in paleontology and
pal ecanthropol ogy; however, CT scanning may not aways
be suitable for a given purpose. For instance, for surface-
related data (linear dimensions, volumes, areas), laser scan-
ning appears to better satisfy cost/benefit ratios. Laser
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scanning is generally used in rapid prototyping and qual-
ity control applications and has recently been extended to
paleontological objects.!?

We have eval uated the potential of alaser surface scan-
ner for studies of human and nonhuman primate morphol-
ogy and evolution. The present evaluation tests accuracy
and exploresthearticular surface morphology of the distal
humerusin great apes and humans.

Laser Scanning Techniqueand Accuracy

We use a Cyberware model 3030 with color registration.
The maximum resolution, as specified by the manufac-
turer, is0.1mm for avolume of 170 x 150 x 150 mm (xyz).

The principle of 3-D modeling with a laser scanner is
based on triangulation of a series of digital views from
known positions. A laser beam is scanned across the sur-
face of an object and a series of profiles are captured by a
rangefinder/cameraand acolor CCD. Theuser definesthe
number of positions as steps of angular rotation (0-360°)
of the circular platform that holds the object. The resolu-
tionisafunction of thetimeinterval (spacing) between two
adjacent profiles. Thefinal 3-D-model isreconstructed by
an automated triangul ation and merging process of all pro-
filesover all orientations.

Linear data, such as length, aswell as areaand volume
can be directly obtained using the manufacturer’s default
software package (CyEat, http://www.headus.com).

Wetested the scanner by observation of measurement ac-
curacy (correctness) and dependence on scanning para-
meters using astandardized object. Accuracy hereistaken
asthe capacity to produce ametrically correct virtual model
of a3-D object. Potential sources of error are the mechan-
ical repeatability of the scanner, the optical resolution of the
sensor, and the performance of the merging algorithm.
Currently, we have not considered observer-rel ated errors,
but will do so as our research continues. The object was
scanned with varying resolutions (0.1, 0.2, 0.4 mm). For
each scan, 8 measurements (6 linear dimensions, volume,
area) were taken and compared. In addition, aseries of 14
landmark coordinates wereregistered directly fromthere-
constructed mesh. The same landmarks were also regis-
tered using a Microscribe 3-D digitizer. These sets of co-
ordinates were then compared with each other using
generalized procrustes analysis. Preliminary results yield
ameasuring error of 0.4-0.5 mm, suggesting that the loss
of accuracy compared with maximum resolutionisrel ated
to observer error.

Application: Exploring Variation in Articular Surface
Morphology of Primate Humeri

We compared the morphology of the distal articulation
of the humerus, which reflects adaptation to patterns of lo-
comotion, in living primates. This morphology hasbeen de-
scribed by conventional and landmark morphometrics.34
However, a 3-D model of the surface should contain sig-

nificantly more information about the functional variabil-
ity of the distal humerus. We have sampled surface data
from several specimens each of the great ape genera
(pongo, pan, gorilla) and from living humans of both sexes.
These data allow for a comparative analysis of terrestrial
versus more arboreal quadrupedal locomotion, aswell as
the unique bipedal condition of humans. Size-related vari-
ations, such as sexual dimorphism, are also taken into ac-
count. Area/volume ratios were determined for functional
components (trochlea, capitulum, epicondyles) and com-
pared across these taxa.
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Variability in mineralization density and collagen
fiber orientation of the human mid-shaft femur

H.M. GoLbMAN, J.G. CLEMENT,” C.D.L. THOMAS,
T.G. BROMAGE

Hard Tissue Research Unit, Department of
Anthropology, Hunter College, CUNY, New York, NY,
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Mineralization density and collagen fiber orientation
are both microstructural variables known to affect the me-
chanical properties of bone. Mineralization is primarily a
consequence of time since formation, and hence remodel -
ing rate. When bone is examined using the scanning elec-
tron microscope (SEM) in backscattered el ectronimaging
mode (BSE-SEM), grey level values have a positive cor-
respondence to mineralization density. The orientation of
collagen fibersin either amore transverse or more longi-
tudinal direction isbelieved to confer greater resistanceto
compressive or tensile forces, respectively. When boneis
examined using circularly polarized light microscopy
(CPLM), fibers transverse in orientation appear bright,
whilelongitudinal fibersappear dark. Thisstudy sought to
determine whether mineralization and collagen fiber ori-
entation showed spatial organization in the mid-shaft femur
that would reflect forcesimposed by bipedal standing and
locomotion. Variability within each of these microstructural
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properties with age and sex was examined, as was the re-
| ationship between the two variables.

Cross sections, each 100 pm in thickness, were prepared
from an autopsy sample (n=40) of adult femora collected
from the Victorian Ingtitute of Forensic Medicine, Aus-
tralia. Montaged grey-scaleimages of entire cross sections
werefirst obtained using CPLM under standardized light-
ing conditions. Specimenswerethen carbon coated and im-
aged using BSE-SEM, employing astandard to control for
instrument drift over time. Using an automatic routine,
each image montage was divided into 48 segments ac-
cording to anatomical position. Average grey valueswere
quantified for each segment, and one-way analysisof vari-
ance (ANOVA) with Tukey HSD post-hoc tests were ap-
plied to assess differences between segmentsfor each vari-
able, respectively.

Results of the study of collagen fiber orientation showed
statistically significant differences between aspects of the
cortex, suggestive of a patterned distribution of collagen
fiber orientation. Significantly more longitudinal fibers
werefound towards the periosteal surface. In addition, the
posteromedial aspect contained significantly more trans-
verse collagen fibers than the opposing anterior and an-
terolateral aspects. This was particularly apparent in the
youngest age group. Despite these consistencies, it ap-
peared that asingle pattern of collagen fiber orientation pat-
terning did not typify the mid-shaft femur; rather, alarge
amount of variability was identified both within and be-
tween age and sex groups.

Results of the study of mineralization density showed
low variability in average mineralization within and be-
tween individuals. Mineralization and age correlated neg-
atively. Mineralization waslowest in the periosteal third of
the cortex, particularly in the anterolateral aspect, indica-
tive of higher bone turnover in this region. The opposing
posteromedial aspect showed much higher mineralization.
This pattern was most prevalent among the youngest indi-
viduals in the sample. Despite these consistencies, in-
terindividual variation was substantial even withinasingle
age and sex group.

Based on the results of these studies, an average rela-
tionship between collagen fiber orientation and mineral-
ization wasidentified, supporting some of thefindings of
Portigliatti-Barbos et al. (1983). Specifically, regions of
longitudinal collagen fibers anteriorly and anterolater-
ally tended to contain low mineralization bone. On the op-
posing cortex (postero-medially and medially) high pro-
portions of transverse collagen fibers and high
mineralization bone were found. These results appeared
consistent with existing knowledge of bending forcesin
the human femoral diaphysis, and with the average loca-
tion of the axis of greatest bending rigidity (I,..,) for the
sample. Despite these average consistencies, correlations
between the two microstructural variableswerevery low.
Variability within the sample was high, such that very
few individual s actually approached this average pattern
for either variable.

There are several implications of these results. The dif-
ferential influences of growth and adaptation, and the com-
plex mechanical environment of the femoral diaphysis,
may obscure relationships between microstructural vari-
ables. Moreover, individual variations in activities, nutri-
tion, or disease states may result in many possible optimal
microstructural configurations. In addition, the variability
in microstructural organization and remodeling rates, even
within asingleindividual, has strong implications for the
continued use of bone histomorphometry as an aging tech-
nigue in archaeological or forensic samples.
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Quantification of dental microwear using scanning
electron microscopy: Intraobserver error, interob-
server error, and comparison of different tech-
niques
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Studies over the past two decades have demonstrated a
degree of correlation between dietary habits and the mi-
croscopic details of occlusal surface wear on the molar
teeth of extant primates. In particular, theincidence of pits
and the sizes of microwear feature have been shown to
vary among broadly defined dietary categories. These pat-
terns have enabled inferences to be made about prehistoric
dietsin both archeological and paleontological contexts.
Workers have employed severa different techniquesinthe
measurement of microwear, but the comparability of these
techniques has not been documented. Because occlusal
wear defects are irregularly shaped and may lack sharply
defined margins, their definition and measurement will
necessarily be subject to intra- and interobserver error,
both of which have yet to be documented.

The comparability of the three most widely used tech-
niques of microwear quantification, as detailed by Teaford,!
Grine 2 and Ungar,® was examined. Each of usemployed adif-



Proceedings of SCANNING 2001 75

ferent method. The average deviation of microwear featuredi-
ameter (pit breadth) means was about 25%; that is, the low-
est and highest of the three means deviated from the average
of the three by some 25%. Incidences of occlusa pitting
(where a pit was defined as a feature with a length-breadth
ratio of /£4:1) showed asomewhat higher average deviation
among thethree analyses. The differencein the magnification
factor employed by these techniques (200x vs. 500x) was not
primarily responsible for this magnitude of error.

Interobserver error was examined with each of ususing
the technique of Ungar® to analyze four scanning micro-
graphs. In this study, feature diameters means had an av-
erage deviation of about 10%. Pitting incidences also var-
ied with amargin of error of about 10%. Therank ordering
of thefour micrographsinterms of feature size and thefre-
guency incidence of pitting was consistent among all three
observers.

Intraobserver error was determined by the repeated mea
surement of two micrographs using the technique of
Ungar.2 The micrographswere analyzed with an averagein-
terval of some 10 days between each session. An average
deviation of about 12% affected the measurement of fea-
ture diameters and pitting incidencesin this study.

Theseresults suggest that microwear quantification per-
mits the distinction between broad dietary categories, but
themargin of intra- and interobserver error should betaken
into account when defining pattern differences between
species or when documenting seasonally mitigated differ-
ences within a species.

Supported by NSF SBR 9804882.
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A new method for histology using backscattered
electron imaging of tissue embedded in an iodi-
nated polymer
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We describe the utility of methacrylate copolymerswith
iodine covalently linked to their backbone structure asem-
bedding media. We used mixtures of methylmethacrylate
(MMA) and 2-[4’ -iodobenzoyl]-oxo-ethylmethacrylate (4-

IEMA) (1). Mousg, rat, hamster, dog, and horse bone and
soft tissue sampleswere fixed in NFS or 70% ethanol and
embedded using a molar ratio of 4l EMA:MMA which
gaveanempirical formulaof C, H,, ;0,, -I. Block surfaces
werefinished by polishing or diamond ultramilling and car-
bon coating. Digital backscattered electron (BSE) images
were recorded using a Zeiss DSM962 SEM. Images with
200 micron field width and 2048 pixel resolution at 20 kV
and 0.5 nA beam current showed no evident beam damage.
At 30 kV, increasing the BSE yield and thereby the work-
ing distance and field of view, wide fields (e.g., 15 mm)
could be imaged in asingle scan.

The BSE images appear as traditional black and white
histology illustrations spanning the range of magnifica-
tionsused in light microscopy and low-magnification trans-
mission electron microscopy. Thisarisesfrom thefact that
image contrastsin cells and soft tissuesreflect theinverse
of the mass concentration of organic solids retained after
the embedding protocol: proteins, DNA, and RNA arere-
tained: lipids are lost in ethanol and methyl methacrylate
monome, asin conventional histologic processing for light
microscopy.

However, the new procedure has significant advantages.
Because the material is a solid block, we can prepare sur-
facesflattened to <0.1 micron roughness. At 20kV, thein-
formation depth is of the order of 0.5 microns. It isnot pos-
sible to generate very extensive sections that are so thin.
Furthermore, physical sections containing tissuetypeswith
varying degrees of hardness are deformed and do not lie
within a conventional optical section plane. In addition,
block surfaces can be finished to have surfaces meeting per-
pendicularly (or at any other chosen angle), and these can
beimaged simultaneously or consecutively to generate an
instantaneous 3-D reconstruction with exact matching at
joins and correct representation of tissue appearances in
contrasting planes of section.

The method has particular application in the field of
study of tissue adaptation to (transcutaneous, transmu-
cosal, and intrabony) metallic and ceramic implants, where
normal physical sectioning procedureswould resultindis-
ruption of the interface.

For calcified tissues, we can ultimately destroy the min-
eralised matrix by successive treatmentswith acid and al-
kali, combined with ultrasonication to disrupt and disinte-
grate, for example, thelacunar-canalicular systemin bone.
The resultant cast shows the cells that contacted hard tis-
sue surfacein acorrect 3-D context.

Acknowledgments: The authors thank Mo Aroraand Roy
Radcliffefor technical assistance and the Horserace Betting
Levy Board for support.
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The Analytical Microscopy and Imaging Center in An-
thropology (AMICA) is a unique environment wherein
faculty, students, and visiting researchers are able to per-
form multi-disciplinary microscopy research activities of
particular significanceto the anthropological sciences. In-
formation about this Center may be found at:
http://urban.hunter.cuny.edu/amica.

We provide herevignettes of AMICA work in progress,
employing avariety of imaging systems important to this
work: Leica-LeitzDMRX/E Universal Microscope, Leica
MZ APQO Stereo Zoom Microscope, Edge R400 and H160
Real-Time 3D Microscopes, Mitutoyo Video-Based 3-D
Digitizer, Technical Instrument K2-S BIO Confoca Mi-
croscope, LEO Stereoscan 440 Scanning Electron Micro-
scope, LeicaQuantimet 600 High Resolution Image Analy-
sis System, Syncroscopy Montage Explorer and
Auto-Montage image systems, and image archiving and
recording workstations.

Cocaine Binging and Bone Development (Chowdhury
and Bromage)

While a number of studies have concentrated on the
neurobiology of opioids, wewish to examine the effects of
cocaine hingeing on bone development. The influence of
cocaine on hard tissue development was considered in the
femur and humerus of the growing laboratory rat. Scanning
electron microscopy of whole bone surface remodeling
and light microscopy of histological thin sections derived
from midshaft are being studied. Preliminary resultsindi-
catethat thereisaperturbing effect on cellsresponsiblefor
bone surface remodeling.

Craniofacial Muscular and Skeletal Postnatal Growth
in Female Erythrocebuspatas (Ellis, O’ Higgins, and
Bromage)

Thefacial skeleton and muscul ature of four female age-
graded Erythrocebus patas were examined to determine
and document patterns of postnatal growth. Scanning elec-
tron microscopy of the devel oping bone surfaces was per-
formed to characterize the bone growth remodeling state of
thefacia skeleton. Facial muscleswere dissected from the
facial skeleton and fascia, carefully noting their origins
and insertions. Three-dimensiona (3-D) landmark coor-
dinate data of the remodeling fields and muscle distribu-
tionswere obtained and analyzed conjointly using the geo-
metric morphometrics package Morphologika. The result
is an animated three-dimensional ontogenetic sequence,
representing both the cellular activity of the developing
craniofacial skeleton, the resulting morphological changes,
and the covariation between the muscles of facial expres-
sion and skeletal developmental proportioning.

Enamel Defectsand Demographic Analysis(Ferrell)

Developmental defects within tooth enamel called ac-
centuated striae (AS), which form during periods of phys-
iological stress, have been used in previous studies of skele-
tons as a measure of a past population’s nutrition and
disease experience, since studies of living people have
shown that tooth defects are associ ated with periods of nu-
tritional stress and disease. However, the assumption that
a higher number of AS in a skeletal sample indicates a
population with poorer nutrition and a higher disease|oad
has not been thoroughly tested and is always confounded
by the sel ective skeletal samplethat resultsfrom apopula-
tion with heterogeneouslevelsof health. Thisstudy testsfor
a relationship between AS and age at death in skeletons
fromamedieval Danish villageto determine whether those
individuals with a higher risk of death (those dying at
younger ages) had ahigher incidenceof AS. Individual AS
chronologies are identified using light and scanning elec-
tron microscopy and survival analysis methods are then
used to test for such arelationship.

Engraving Practiceand Calendrical Notation in the
Upper Palaeolithic (M ar shack)

The beginnings of record keeping, or notation, appar-
ently begin in the Upper Paleolithic some 20,000 or more
yearsbeforeformal writing and arithmetic appeared inthe
Holocene. The most important of the early notationsis a
small bone plague from the Grotte du Tai, France, ca.
10,000 BC, which records a continuous serpentine se-
quence of sets and subsets of engraved marksfor what ap-
pears to be a period of more than three years. The Tai
plaque has raised significant interdisciplinary psycholog-
ical and neuropsychological discussion. Since the plague
had been curated for three years, had it been marked with
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a changing sequence of tools? Would one tool have been
curated with the plague for use during thistime? Were dif-
ferent tools used at different locations during the group’s
seasona movements? Could such notations have been read
by anyone but the maker? There are ahost of pragmatic and
theoretica questions concerning thetradition and mode that
can now be addressed by new and devel oping microscopy
and software imaging technologies.

Compar ative Primate Boneand Skeletal Structure
(McFarlin and War shaw)

Combined analyses of bone tissue composition, at both
micro- and macro-structural levels, provide a holistic un-
derstanding of comparative primate skeletal morphol ogy,
functional adaptation, and growth and development. Such
studies have important implications for understanding the
biology of both living and extinct taxa. Utilizing broadly a
comparative primate (and limited non-primate mammalian)
sample, including focused primate samples (with individ-
uas of known sex, age, body weight and provenience),
our research has two major objectives: 1) to investigate
therelationship between the micro-structure of developing
bone and organismal life history in known primate popu-
lations; 2) to examinethe nature of relationships among the
structural-functional properties of bone tissues and skele-
tons, and their expression in specific lineages. Wefocuson
avariety of properties of bone; Cross-sectional geometry;
distribution of primary tissue types; intracortical remodel-
ing, lamellar organization, osteocyte lacunar density, and
preferred collagen fiber orientations.

Paleopathology of an Archaic Homo mandible
(Nuger, Plummer, and Potts)

In 1932 an expedition led by L.S.B. Leakey discovered
the anterior portion of a fossilized hominin mandible at
Kanam, Kenya. While the taxonomic status of this speci-
men is uncertain, the Kanam mandible displays a patho-
logical anomaly around the symphysis. Thislesionisread-
ily observed macroscopically asanirregularly shaped mass.
Previous investigators have suggested four diagnoses: A
subperiosteal ossifying sarcoma, a Burkitt's lymphoma,
an osseous kel oid following afracture, and an osteomyelitis
following afracture. Thelesion is currently being investi-
gated using scanning electron and confocal light micro-
scopy. Our presentation will review the preliminary results
of this examination.

Three-dimensional Visualization of Bone
Microanatomical Features (Pardi and Bromage)

We are presently experimenting with three dimensional
(3-D) reconstruction and volume rendering of seria bone
sections using two software packages; Analyze (Mayo
Foundation, Rochester, Minnesota) and VoxBlast (VayTek,
Inc., Fairfield, lowa). Both are fully interactive with our

light microscopy imaging. In addition to reconstructions of
serial bone sectionsinto 3-D volumes, one of the many fea-
turesof Analyze and VoxBlast istheir ability to detect and
measure features within the bone volume, isolate regions
of interest, and render other features transparent. For in-
stance wewill demonstrate how bonelamellae may beiso-
|ated from the surrounding bone matrix, manipulatedin 3-
D space, and virtually sectioned and measured. Serial 3D
reconstruction of high resolution images may also be un-
dertaken to measure such parameters such as osteocytela-
cunae density.

TheMuscle-BoneInterface of the M ar moset (Callithrix
jacchus) Femur (Tausch and Bromage)

Understanding the morphologic and functional rela-
tionships between bone and muscleisimportant in studies
of development and growth of the skeleton. Muscleinser-
tionsmay include: 1) extrinsic collagenous bundles, 2) ex-
trinsic fiber insertions into periosteum which, in turn, has
itsown collagenousinsertionsto the bone, and 3) insertions
into joint capsule connective tissue. While the micro-
anatomical characteristics of Sharpey fibersat the muscle-
bone interface have been described, variation in both sur-
face morphology and internal bone tissue organization is
expected to vary according to muscle insertion types. To
better realize their nature, surface and subsurface mi-
crostructural features of asubadult Callithrix jacchusfemur
are being mapped to delimit the rel ationship between mus-
cle insertion type, action, and the spatial orientation and
composition of the bone cortex underlying the muscle.

Acknowledgments. The Analytical Microscopy and Imag-
ing Center in Anthropology isequipped entirely by grants
from the National Science Foundation and the State of
New York.

Nanotechnology and nanofabrication

Using Scanning probe lithogr aphy techniques
and self-assembled monolayer sto probe molecular
electronicsbehaviors

C. GORMAN

Department of Chemistry, North Carolina State
University, Raleigh, NC, USA

Electroactive self-assembled monolayers and multilay-
ers and scanned probe lithography techniques have been
used to construct prototype molecul ar €l ectronics devices!.
The self assembled monolayer may be used both as a de-
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vice element and as a foundation for building up molecu-
lar devices. Theinvestigation demonstratesthat el ectroac-
tive self-assembled monolayers such as those with ferro-
cenyl or galvinoyl groups can display substantial, negative
differential resistance behavior in the current voltage
curves. Therelationship between electroactivity (e.g., redox
behavior) and nonlinear €l ectronic behaviors (e.g., thosein
tunneling diodes) has some parallels, but also some im-
portant differences.
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Theminiaturized multiple-tip scanning probe
microscope—a useful tool for experimentsin
nanotechnology

M. HieTscHoLD, F. MULLER, A.-D. MULLER, M. REUTER,
J. WIBBELER, B. LOEBNER,” TH. GESSNER"

Solid Surfaces Analysis Group, Institute of Physics;
*Center for Microtechnol ogies, Chemnitz University of
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Sincetheinvention of the atomic force microscopet it has
becomeincreasingly clear that microminiaturized and mi-
crofabricated probes?, probeswith integrated functionsfor
signa detection® or controlled movements®, and finally
parallel operated arrays of independent probes (for scan-
ning tunneling microscopy (STM)® and scanning force
microscopy (SFM)&7) would be very well suited to the
new scanning probe methods and, would also offer quali-
tatively new opportunities and prospects.

A recent spectacular publication from |BM8 described an
array of about 1,000 independent cantilevers. The aim of
this very prestigious development (the “millipede”) isthe
creation of aunique mass-storage device which overcomes
the serious obstacle of al previous attempts at scanning
probe lithography which has been limited by its slow, one-
tip operation. Paralleling the tool-probesis the inherently
new approach to making the step from academic research
to real broad application.

Another concept brought forward by some of the au-
thors®isto usearather small array of versatiletoolsin anew
type of amicro-nano-lab where several independent probes
have access to overlapping areas on the sample surface.
Thisallowsdifferent types of analysisand surface structure
maodification to be feasible by continuous and simultane-
ous operation of only one device.

A first step toward this goal was the development of a
multiple-tip STM. Thisdevice consists of 4independently

L 1
2000.0pm SEMmagn.:39 EO: 15.0 keV image: 1

spec.: dafm

Fic. 1 Scanning electron microscope image of a microstructure
with two scanning force microscopy tongues.

controllable Si tongues each of them equipped with atun-
nel tip, The single tongues can be moved vertically by an
applied eectric field between the conductive tongue surface
and ametal electrodein front of it. The whole system can
be scanned over asample surface. The mutual tip distances
are of the order of 5 um.®

A second step is a multiple-lever SFM. All single ele-
ments are force microscopes operated in the dynamic
mode.'° The single cantilevers are positioned at the outer
edge of silicon tongues which can be excited to mechani-
cal oscillations by electrical fields applied between the
tongue surface and ametal electrode in front of them (de-
posited on a pyrex substrate bonded to the Si wafer). The
figure shows a scanning el ectron microscope (SEM) image
of amicrostructurewith two SFM tongues. Thetongue sur-
facesare structured by ahole pattern to reduce damping of
the excited vibrations during operation. The cantilever
elongations are detected by the usual laser-beam deflection
method. Images of sample surfacetopography with nm-res-
olution have been already obtained by thisdevice. The mi-
crofabricated units can be inserted in the head of ahome-
built AFM.

The structures presented are characterized by typical
eigenfrequencies f, = 80 and 10 kHz (for cantilever and
tongue, respectively), quality factors of the order of 10 and
asengitivity of 2um/ 80V (thereisaquadratic dependence
from the applied bias). Our present efforts are mainly di-
rected to a further optimization of the design of the mi-
crostructures and suitable parallelization of the data ac-
quisition process. The first task is accompanied by
finite-element simulations of the microstructural design.

A possible future implementation will be parallel oper-
ation of several force microscopes at different positions of
the sampl e surface with overlapping scan areas. Further ex-
tensions could be simultaneous profilometry and lithogra-
phy or operation as scanning €l ectrical force microscopes
(SEFM). 1112

Acknowledgments: The authorsare grateful for financial
support by Deutsche Forschungsgemeinschaft in terms of
Sonderforschungsbereich SFB 379.
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Chirality in self-assembled interfacial layers:
Theview from one billionth of an inch

G. FLYNN

Department of Chemistry and Columbia Radiation
Laboratory, Columbia University, New York, NY, USA

Introduction

Since its invention nearly two decades ago, scanning
tunneling microscopy (STM) and many of its scanning
probe microscopy (SPM) variants have become essential
toolsfor researchersworking at theinterface between var-
ious scientific disciplines including chemistry, physics,
material science, and environmental studies. Whileinitial
studies probed bare metal and semiconductor surfaces
under ultrahigh vacuum conditions, recently, STM has
been used under ambient conditionsand at liquid-solid in-

terfaces to investigate the structure and dynamics of bare
and adsorbate-covered surfacesin situ with molecular, sub-
molecular, and even atomic resolution.

One of the principal focuses of our STM work has been
concerned with the identification and use of STM “chem-
ical marker groups’ to interpret patterns of molecular or-
dering and conformations of individual molecules adsorbed
at theliquid-solid interface. “Marker groups’ are chemical
functional groups that exhibit unusual contrast in STM
images relative to the rest of the atomsin amolecule.!:?

High Resolution Scanning Tunneling Microscopy
of Moleculesat theLiquid-Solid I nterface

Figure 1 shows an image of docosanol
(CH4(CH,),,CH,0OH) in phenyloctane sol vent physisorbed
on a graphite surface. Three of these molecules (in the
middle of theimage) are fully exposed. Thistopographis
just 3 nm on an edge and inspection of one of the fully ex-
posed molecules shows individual spots that can be iden-
tified with each of the H atomsin the molecule protruding
abovethe surface. Theimageisconsistent with onewhere
the carbon backbone of the adsorbed speciesis fully ex-
tended in an all trans configuration. Careful measurement
of the apparent distance between H atoms suggeststhat the
molecular backbone isamost parallel to the graphite sur-
face. The position of the —OH functional group in this
image can beidentified by the dark trough at one end of the
molecule.

Determination of M olecular Conformation and Chirality

Scanning tunneling microscopy has been used to deter-
mine the chirality of molecules chemisorbed on a silicon
surface under ultra high vacuum conditions.®# In addition
the carboxylic acid and Br atom chemical marker groups,
coupled with high resolution STM images similar to those

3nmx3nm

Trough

—30A_I-

Fic.1 A 3x3nmimage of docosanol taken at the liquid-solid in-
terface on graphite. The black bar is superimposed over one molec-
ular length, measured to be 3.0 + 0.2 nm.
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inFig 1, have been used to assign the absol ute chirality for
molecules of (R)/(S)-2-bromohexadecanoic acid ph-
ysisorbed on agraphite substrate.® The separation of mol-
eculesinto chiral domainsfor pureracemic R/S-2-bromo-
hexadecanoic acid occurs at the liquid-solid interface and
is likely driven by two significant energy dependent ori-
entational effects.

Summary

Scanning tunneling microscopy provides remarkably
detailed information that can be employed to analyze and
hopefully tailor interfacial propertiesthat touch issuesat the
heart of interfacial studiesof self assembly, such as: (1) the
nature of the forces governing molecular organization on
the surface, (2) theroles of adsorbate-adsorbate versus ad-
sorbate-substrate interactions in driving and stabilizing
molecular order, (3) the relationship between two-dimen-
sional structure observable by STM and three-dimensional
crystalline ordering, and (4) the observation, design, and
control of interfacial assemblies.

Acknowledgments: Thiswork supported by grantsfrom the
NSF (CHE-97-27205, CHE-00-95649) and in part by the
ColumbiaMRSEC (NSF DM R-98-09687).
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Nanoindentation and adhesion-force-mapping
studies of polymer blend films: Factorsinfluencing
the measured force of adhesion

P. EaTON, T.G. NEVELL, J.D. SMART, JR. SMITH,
J. TSIBOUKLIS

School of Pharmacy and Biomedical Sciences, University
of Portsmouth, St. Michael’s Building, Portsmouth, UK

Adhesion force mapping® and indentation mapping?
using atomic force microscopy hasbeen used to investigate

a phase-separated blend of poly(methyl methacrylate)
(PMMA) and poly(dodecy! methacrylate) (PDDMA).
Comparison of the results from the blend with those from
the pure constituent polymers showed that force mapping
could identify PMMA- and PDDMA-rich areas in the
blend. The adhesion and indentation maps produced were
deconvoluted from sampl e topography and contrasted with
data obtained from contact angle goniometry. The depen-
dence of the measured adhesion forces on sample stiff-
ness and topography provide further information concern-
ing the contrast mechanism for adhesi on force mapping of
heterogeneous polymers.
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Biological fibersasbuilding blocksfor
nanosystems
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Forschungszentrum Karlsruhe, "Institut fur
Nanotechnology, ¥Institut fiir Technische Chemie,
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Scanning probe microscopy (SPM) has allowed for the
manipulation, modification, and characterization of or-
ganic molecules and fibers under ambient conditions with
high resolution down to the atomic scale. It was shown that
the components of cells prepared in solution could be de-
picted if they are deposited on appropriate substrates, such
as single-crystal surfaces of mica or pyrolitic graphite.
Nanometer scale organic constituents of cells, asrealized
in nature, may also become promising building blocks of
artificial nanosystems, for example, as structure material,
templates or functional components, such as conducting
lines, molecular switches, or local cataysts.

Scanning probe microscopy measurementsin thisfield
were first performed to find suitable preparation methods
and substrate surfaces with appropriate adhesion properties.
Asfar as DNA molecules, aswell as actin fibers and mi-
crotubulin fibers, are concerned, mica or highly oriented
pyrolitic graphite (HOPG) are versatile substrate materials.
These fibers have a diameter of about 7 and 25 nm, re-
spectively, and a length of up to more than tens of mi-
crometers.

We are studying the growth, self-organization, and ther-
mal stability of the natural building blocks, aswell astheir
maodified derivatives, produced for example, by metalliza-
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tion. For these studies, the sample temperature can be var-
ied between room temperature and about 200 C° by means
of anin situ heating stage adapted to the multimode atomic
force microscope (AFM, Digital Instruments Nanoscope
I11a). For imaging the tapping and for manipulation, the
contact mode of operation was applied in most part of the
AFM studies. High-resol ution experimentswere performed
with a scanning tunneling microscope (STM) operated in
air.

By AFM experimentsit was possiblefor thefirst timeto
observe directly the in-situ polymerization of afiber, and
quantitatively analyze the length growth of actin fibers.
The growth started at freshly produced fiber ends after the
native fiber was cut, using the AFM as amilling tool, and
has been observed over atime period of 74 h. The growth
ratein air with ahumidity of 40% was 50 nm/h. The growth
direction could be changed by bending the front end with
the AFM tip. Thefiber showed a periodic superstructure.

Natural as well as metallized microtubulin fibers have
been prepared and imaged by AFM on micasubstratesand
by STM on HOPG substrates. The metallized samplesare
prepared for local conductivity measurements.

Guiding self-assembly with thetip of an atomic
force microscopy

P. MEsQuIDA, A. STEMMER

Nanotechnology Group, Swiss Federal Institute of
Technology, Zurich, Switzerland

Nature successfully manufactures and assembles
(sub)nanometer-sized components into larger structures
within living cells, aworking environment completely op-
posite to the cleanroom technology required for today’s
(sub)microfabrication processes. To gain speed and elim-
inate high-cost infrastructure, a sensible strategy for
nanofabrication, therefore, will take advantage of produc-
tion principlessimilar to nature’s, that is, rely on specificity
and self-assembly.

To create surfaces with defined geometry and function-
ality on the nanometer up to the micrometer scale, we
apply voltage pulses to the conductive tip of an atomic
force microscope (AFM) to deposit a pattern of localised
electric chargeson asuitable electret whilethetip isdrawn
acrossthe substrate. Subsequently, thislatent imageis* de-
veloped” by immersing the substrate into a solution carry-
ing oppositely charged particles. The particlesaredrivento
the charged pattern and attach there via Coulomb forces,
similarly to the Xerox process on the macroscopic scale.*

For the charge writing process we currently achieve
aresolution of 100 nm as determined by kelvin probeforce
microscopy.2 The substrateisa Si-wafer coated witha20m
thick Teflon-like fluorocarbon layer produced by plasma-
enhanced chemical vapour deposition from hexafluoro-
propene precursor gas.? The voltage pul se height and length

appliedtothetipare +45V and 5 pis, respectively. Inteflon,
deposited chargesreside very closely tothe surfaceand are
quickly neutralised in water. Therefore, the latent charge
imageis*“developed” in an insulating fluorocarbon liquid
carrying colloidal particles. With commercial silicabeads
of 50 nm diameter, we currently achieve a resolution of
about 800 nm.

The process described aboveis not restricted to insul at-
ing liquids. Electretsin which chargesreside underneath the
surface, open the way to agueous solutions where the net
charge carried by the solute can be easily adjusted. Local
deposition of electric chargeswith an AFM tip providesdi-
rect control to guide the assembly of molecules and parti-
clesinto larger structuresin bottom-up nanofabrication.
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Probe microscopy for
nanostructured materials

Scanning force microscopy of nanostructured
materials

L.CHi

Physikalisches Institut, Westfaelische Wilhelm-
Universtaet Muenster, Muenster, Germany

Lateral ordered nanoscopic structures over macroscopic
regions can be obtained by adjusting the subtle balance of
mol ecule-mol ecul einteractions and molecul e-substrate in-
teractions when preparing thin organic films with Lang-
muir-Blodgett (LB) and self-assembly (SA) techniques.
The origin of the structures is based on different mecha-
nisms, such as 1) transfer process (from air/water interface
to air/substrate interface) due to wetting instability; 2) in-
teraction with substrate; 3) “mismatch” between hy-
drophilic group and hydrophobic regimes and 4) self-or-
ganization dueto inter-molecular interactions. Besidesthe
nanoscopic size and characteristic long-range order, the
structures may be heterogeneous.
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Scanning probe microscopy methods, especially scan-
ning force microscopy (SFM), which turned out to be of
great successfor inspecting various organized organic mol-
ecular assembles, are used to characterize the structures ob-
tained. The operation of SFM in dynamic mode, especially
inthe attractive regime by means of an active feedback con-
troller, can minimize the damaging interaction between
the tip and the sample, thus allowing the non-destructive
imaging of weekly bound monolayers and soft molecular
assemblies.

Modern optical microscopy, Part |

Biological confocal microscopy:
Applications and quantitation

JNN. TURNER, D.H. SzarRowskI,” S. LASEK, B.A. SIPPLE,
W. SHAIN, A. Can,” K. AL-KoFaH!," B. Roysam”

Wadsworth Center, New York State Dept. of Health,
Albany, NY; "Electrical, Computer and Systems
Engineering, Rensselaer Polytechnic Ingtitute, Troy,
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Most objects examined by light microscopy arethree-di-
mensional (3-D). Imaging and analyzing the third dimen-
sion is essential. A 3-D object is one whose thickness,
along the optic axis, isgreater than the depth-of-field of the
objectivelens, which definesthe z-axisresolution. If the ob-
ject thickness is only a few times the depth-of-field, the
imageintensity isconsidered to be thicknessinvariant, that
is, equivalent objects appear the same independent of their
z-position. Thisisreasonablefor “ thin” objectssuch assin-
gle cells. However, image intensity decreases exponen-
tially with depth in thick specimens, such as tissue dlices
100x or thicker than the depth-of -field. When an extended
object, aneuronal dendrite or large nucleus, isimaged at a
large enough z-dimension, its signal in a single optical
section will equal the image noiselevel. At thisdepth, the
object is not detected and information is missing from the
3-D image. Thisisdifficult to detect, as other brighter ob-
jects will be detected at the same depth. Unless a priori
knowledge about the sampleisavailable, the possibility of
misinterpretation is high, especialy the relative 3-D dis-
tributions of different objects such as large and small nu-
clei.r Approaches are being devel oped to predict the signal
attenuation function and to correct for it. The most so-
phisticated approach is to image the specimen from both
sides and register the two images creating a thicker com-
bined 3-D image.?

Image interpretation can be further complicated by in-
complete penetration of the labeling molecules into thick
specimens, especialy for immunocytochemical agents.®
Figure 1isagood example of this preparation artifact. The
X,Y projection appearsto represent accurately the structure

(b)

Fic. 1 An 80 pm brain slice immunocytochemically labeled for
tenascin C. () An X,y projection showswhat appearsto benormal dis-
tribution of astrocytes; (b), Anx,z projection showsincomplete pen-
etration of the label.

and distribution of astrocytesin brain, but the x,z projection
shows incomplete penetration of the label. Penetration
through the lumen of large vessels can further complicate
the artifact.

Quantitative analysisis necessary for comparative stud-
ies, but is complicated by image variability. Adaptive seg-
mentation delineate cells and nuclei®® and vectorization
methods trace branched structures, neurons®® Total cells
and nuclear types can be analyzed in volumes of tissue, and
cellspositivefor immunochemical labels can be quantitated
including their 3-D distributions.® Intensity-based analyses
aredifficult due to depth dependence signal levels, photo-
bleaching, instrumental variations, spherical aberration,
and label penetration and specificity. Deconvolution may
also be essential for accurate analyses.
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Biological confocal microscopy: Automated
three-dimensional image analysis

B. Rovsam, A. Can, K. AL-KoFaHI, S. LASEK,”
D.H. Szarowskl,” IN. TURNER"

Rensselaer Polytechnic Institute, Troy; *Wadsworth
Center, New York State Dept. of Health, Albany, NY,
USA

Three-dimensional (3-D) automated image analysis
methods are used to quantitatively analyze confocal mi-
croscopic images of biological samples.! These methods
are needed when making morphometric measurements,
and when it is desired to detect and quantify changesin
cellsand tissue that result from avariety of stimuli includ-
ing biochemicals, physiological changes, aging, learning,
and thermal effects (Fig. 1). Fully-automated methods are
needed when alarge number of images must be analyzed.
For small numbers of images, interactive methods are more
useful.

Changes of interest range from the sub-cellular to the
organ level. Examples include cell counts,? structural
changes in extended structures such as blood vessels and
neurons,* and the movements of tagged biochemicals.

It is common to study a large volume of tissue in sec-
tions, and perform extensive morphometric measurements.
These measurements are analyzed to detect and quantify
changes. The prerequisite step to all methodsisimage pre-
processing. For exampl e, adaptive smoothing to overcome
noise artifacts, deconvolution® and signal attenuation cor-
rection®are sometimes warranted. It may also be necessary
to resample the images to make them more isotropic.

I mage segmentation is the next step. This separatesthe
objects of interest (the foreground) from the background.
This is hard, since biological images exhibit large vari-
ability, and suffer from avariety of artifacts. To date, agen-
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Fic. 1 lllustrating the types of problems of common interest.

eral purpose segmentation algorithm has not been devel-
oped. A collection of algorithmsthat are successful under
different conditionsare availableinstead. Increasingly, the
settings for these algorithms can be computed from user-
supplied examples and counter-examples.

The result of image segmentation is a set of labeled
image regions representing connected objects such as nu-
clei that appear to bein contact. It is necessary to separate
these regions into smaller regions that delineate objects,
such ascell nuclei. Oncethisisdone, morphometry can be
accomplished. The segmentations can also be skeletonized
toyield tracings of structures such as neurons and vascu-
lature. It is straightforward to compute volumes, areas,
lengths, diameters, eccentricities, and such other morpho-
metric parameters. When changes over regions much larger
than the field must be analyzed, it is necessary to perform
non-overlapped sampling, or montage synthesis for con-
sistent sampling.®

There are two approaches to change computation: Dif-
ferential and automorphic. Theformer isrelevant when the
imaging isdestructive (such as, fixed specimens). Thelat-
ter is appropriate for live specimens that are imaged non-
destructively.

Two important recent developmentsin 3-D image analy-
sisare: 1) the emergence of fast exploratory image analy-
sis algorithms, especially for the analysis of neurons and
vasculature and 2) the birth of internet compute servers. It
should beincreasingly attractivefor usersto upload images
to aserver and download image analysis results.
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Scanning obliqueillumination for three-dimen-
sional image representation in light microscopy
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Real time 3-D images can be obtained from conven-
tional (non-confocal, single objective) high-resolution
transmission light microscopic systems by controlling the
aperture of illumination, for example, by half-aperturing,
such that each eye seesinformation deriving from opposite
obliqueray bundles (1,2). Here we address the question of
how much 3-D information can be obtained from tempo-
ral display sequencesof images, that is, using motion rather
than stereo-parallax.

Switching back and forth between the views obtained
from theleft, both, theright, both, and again theleft off-axis
illumination channels gives the impression of atilting or
rocking object, but backwards and forwards rocking dis-
playsof 3-D datasetsare annoying. Motion parallax depth
cues are best appreciated when the movement is continu-
ousin one sense. Obviously we cannot keep looking at the
same scene if we “fly past” it, so that continuous rotation
of thereal or apparent object is required. Since we cannot
rotate other than very specially contrived sampleson their
own axes under a high numerical aperture light micro-
scopic objective lens, we can exclude areal rotatory motion
of acylindrical sample asarealistic possibility.

We surmised that changing the direction of incidence of
an obliqueilluminating cone such that it spinswhilst tilted
with respect to the mean optic axis of the microscope sys-
tem would create the illusion of the sample tilting contin-
uously, or of the successive layers within the imaged vol-
ume moving past each other. We have made and evaluated
severa practical microscopic systems using this simple
principle, and all worked. The simplest form of obscuring
apertureisapie-sector opening in an opague disc placed at
any of the relevant conjugate planes, the most accessible

being in theillumination source and in the condensor lens
assembly. For a live display, the open pie-wedge sector
turns continuously at about one rotation per second. Now
the light microscopic image can be transferred live via a
video camerato avideo display screen and many observers
can view the same scene simultaneously. The effectisalso
obtained by recording and replaying aset of digital till im-
agesfrom aCCD camera, each taken with theillumination
coming from adifferent off-axis direction. The new method
has very important advantages in demonstrating and ap-
preciating the 3-D context in supposedly “thin and flat” or
“plane parallel” sections or cell smears.
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Red laser video rate confocal reflection imaging for
high spatial and temporal resolution study of intra-
cellular motion
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Experience with confocal reflection imaging indicated
that the original Noran Odyssey with composite video out-
put (no longer in production) had apparently been the best
system for backscattered light imaging of living cell inter-
nal dynamics. Rather than choose other systems, or the
then-existent Noran upgrades (Odyssey XL, OZ), the bet-
terment of the existing Odyssey appeared to betheright ap-
proach. The improvement included introduction of a 633
nm red HeNelaser and direct digital recording of the com-
positevideo signal infull PAL. Dueto thelower dispersion
of red light, we can obtain deeper penetration into the liv-
ing cells, or small spheroids composed of up to 100 cells,
or even into small fragments of hormal or tumour tissues.
Theimages have sharper contrast. Direct digital recording
is achieved with a Sony DCR-TRV 320E Camcorder with
unblocked composite video input. The necessary movie
editing and separation of images for further processing
and animation is achieved in combination with aPinnacle
System Studio DV card (fire wire connection) and pro-
gram. Such a system minimises information losses that
previously occurred when the signal from VHS tapeswas
digitised. Direct computer grabbing is generally out of
consideration because we do not know in advance of any
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experiment of image series what information is worth-
while retaining.

The provision of thebest physiologic conditionsisan es-
sential requirement for the investigation of living cells.
This required the construction of a suitable housing for
the microscope body that would ensure maintenance of
the important survival parameters, including temperature
and nutrition, aswell asalowing for easy experimental pro-
cedures. After fulfilling these requirements, a plethora of
motions inside living cells could be observed, and these
motions could betentatively linked to cellular activity sub-
sequent to various experimental manipulations.

The relationships between fast intracellular motion
(FIM) and Brownian motion were clarified by experimen-
tal treatments known to change biological processes re-
versibly or irreversibly. Rapid exposuretoice cold medium
temporarily but reversibly slows the speed of FIM. Hypo-
tonic medium raises the speed of FIM, whilst hypertonic
mediaslow it. The FIM rateislargely unchanged by rapid
cooling and warming. A degree of heating which will even-
tually cause cell shrinkage and detachment temporarily
increases the speed of FIM. Fixation with glutaraldehyde
initially reduces and then arrests FIM within about 3 min
without changing the appearance of the structure under
observation.

PowerPoint has revolutionised the chances for public
demonstration of the range of phenomena of FIM in vari-
ous primary normal and neoplastic cellsand cell lines, and
their changes under conditions threatening survival and
their reactions during rescue.
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Red laser video-rate scanning confocal microscopy
in vivo: experiencein studiesof renal tubular
function
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Confocal microscopy isnow in widespread usein biol-
ogy to improve fluorescence imaging, mostly using slow
scanning systems to document preserved cells and tissues
in which mation in the subject and therefore the speed of
image acquisition are no problems, but also at greatly re-

duced morphol ogic resolution to study fast ion fluxesinlive
cellsin vitro. We attempted to create a system to improve
structural and functional imaging at high temporal resolu-
tioninvivo, which is an absolute requirement where parts
of thewhole subject are changing very rapidly. We recon-
figured a video rate laser scanning confocal microscope
with the aim of making improvementsin its performance
instudying livetissuesin vivo at amoderate scale of reso-
Iution (e.g., afield of view of 200 pm) and in examining the
behaviour of intracellular organellesin living cells at ex-
tremely high resolution (e.g., afield of view of 5 um ob-
tained using a100/1.4 objective and 10x zoom magnifica-
tion). Our Noran Odyssey systemwas originally fitted with
an argon ion laser with a dominant emission at 488 nm
(blue-green), particularly suited for exciting green-yellow
fluorescence, with additional lines at 458 and 514 nm. By
fitting 2633 nm HeNe red laser, we reduce diffuse scatter
and increase the depth at which we canimageinto tissues,
at the sametime reducing the tissue damage due to the laser
radiation. Reflection mode confocal imaging at video rate
is already remarkably impressive: by being able to use
more power with less cellular damage, we achieve effec-
tively noise-free imaging.

A particular aim of this study was to examine the appli-
cation of video-rate scanning confocal microscopy to the
nephron in vivo. This was done by direct visualisation of
proximal and distal tubular segments following treatment
with three classes of diuretics whose principal sites of ac-
tion are established. Rats were anaesthetised and surgi-
cally prepared asfor in vivo renal micropuncture, with the
left kidney exposed, freed of fat, and placed on a support-
ing acrylic platform for imaging using a40/1.0 oil immer-
sion objective lens with glass coverdlips sandwiched to
400 pm. We used optical sectioning at depths of 10 to 50
pum below the intact kidney capsule to observe superficial
proximal and distal renal tubular ssgmentsand blood flow.
Blood cells can easily beidentified passing rapidly through
peritubular capillaries.

Early and late proximal and segments can be distin-
guished onthe basis of thereflectivity of the brush border,
and this is absent in distal segments. Baseline measure-
ments of tubul e section diameter were made and analysed
onimageframesgrabbed on-line, or from video recordings.
After acuteintravenousinjection of mannitol (500 mg/kg),
increases in both proximal and distal tubular diameters
were observed. However, after frusemide (2 mg/kg) or hy-
drochlorothiazide (25 mg/kg), theincreasein diameter was
confined to the distal tubules.

We have also demonstrated ample fluorescence of Cy5
at 650-670 nm, both using the free dye and coupled pep-
tides to study their uptake, but we require a greater range
of affordable far-red fluorescing materials. However, in
the interim, we are able to switch to the argon ion laser to
study a larger series of shorter-wavelength labelled sub-
stances.

Studying the living tissueswith video-rate scanning con-
focal microscopy abolishes the fixation, embedding, sec-
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tioning, and staining artefacts of conventional histology.
M aking comparison with the use of the 488 nm laser light,
the epithelial proximal cells are more sharply defined in
video-rate confocal reflection scanning using thered laser,
and this, therefore, representsasignificant advancein phys-
iologicimaging. The approach holds promisefor futurein-
vestigations of dynamic tubular morphology and function
invivo.

Acknowledgments: The authorsthank The Royal Society,
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Limitstothe precision of optical sectioningin
live-cell confocal microscopy

J. PaWLEY

Zoology Department, University of Wisconsin-Madison,
Madison, WI, USA

Confocal microscopy isinextricably linked to the con-
cept of the optical section. Optical sectioning occurs be-
cause light originating from out-of-focus planes is ex-
cluded by the pinhole diaphragm in front of the
photodetector. It is so firmly embedded in the psyche of
modern biological microscopy that few stop to ask whether
the “plane-of-focus’ is an actual geometrical plane like a
mechanical section, or merely “the surface described by the
array of pointsat which thelaser beam reaches best focus.”
In fact, this best focus plane will be something closeto a
geometrical plane only if the specimen is optically homo-
geneous(i.e., hasthe samerefractiveindex: R.1.). For spec-
imens such as embedded cells, thisisafair approximation.
However, as more and more studies are performed on liv-
ing cells, itisbecoming clear that few living specimensare
optically homogeneous. Thisshould not comeasasurprise:
we have been viewing living cells using phase contrast
and DIC for years. The contrast in theseimagesreflectsRI
variations within cells.

The present work gives some indication of how serious
this problem can be. Cheek cells were prepared fresh,
stained with Acridine Orange and viewed in a 70 um high
chamber made of acoverdlip separated from the slide by 4
dotsof dried nail polish. Thisspecimenwasthen viewedin
the XZ plane using both fluorescent and reflected or
backscattered light (BSL) (Fig 1). Thereissomelossof sig-
nal with depth, caused primarily by the increasing effects
of spherical aberration, but general features of the cells
can be seen in both fluorescent and reflected light: partic-
ularly nuclei and featuresin the cortex that outline the cell
margin. However, the most noticeabl e feature of thisimage
pair isthe tremendous differencein appearance between the
refection image of the near and far glass-water interfaces.
The image of the near side at the left approximates a

- —'uT.'.-'ln vl Hogied drrpes Drargy 5w
Fic.1 Two XZ images of afresh cheek cell made simultaneously
using reflected light (left) and fluorescent light from Acridine Orange
(right). In the left image, notice the difference in appearance be-
tween the refection image of the near and far glass/water interfaces.
Theimage of the near side (Ieft) approximatesastraight line, that from
the far side (right) shows distortion caused by the optical properties
of the overlying nucleus, (thelarge blob in the fluorescence image).

Lo

e

sample similar to that shownin Fig. 1, but oriented to show the distor-
tion of what should be auniform representation of thelower glass/'water
interfacein relation to the overlying cell nucleus causing it.

straight line. (The image is saturated because the surface
signal ishigh compared to that from cellular components).
The image of the far side is not a straight line. In some
cases, deep “holes’ init can be correlated with the presence
of overlying structures such asanucleus (Fig. 2). Because
we know that the surface of the side is essentially flat, the
image of this surface should be uniformly bright. The fact
that itisn’tisanindication that the optical sectionisnot flat,
particularly under refractile features such as nuclei. Mea-
surementsfrom Fig. 1, suggest that the presence of the nu-
cleus has displaced the “optical section” downward by
about ~6 um for all planes below it. Perhaps this explains
the common observation that one seldom records fluores-
cent features on the far side of anucleus.
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Asliving cells necessarily have nuclei and other refrac-
tive organelles, it is not clear how we can avoid the se-
quellae of their optical properties. In some cellsthesefea-
tures are naturally less optically disruptive: cornea and
lens come to mind. For other tissues, it would be well to
keep in mind that the visibility of peri-nuclear structures
may depend strongly on whether or not they arelocated on
the side nearest to the objective. When looking far below
the surface of atissue, it maybe worth the effort to try to
arrange that the foreground contains as few nuclei as pos-
sible.

Applications of scanning microscopy
in forensics science

Elemental analysis of various smokeless powders

C. N. BrunO

Nassau County Police Department, Scientific
Investigation Bureau, Mineola, NY, USA

Theutilization of scanning electron microscopy/energy
dispersive x-ray spectroscopy (SEM/EDS) for qualitative
and quantitative nondestructive techniques in analysis of
gunshot residue (GSR), metal alloys, powders, glasses,
paints, etc., is made possible today with software that dig-
itally capturesimagesin SEM and qualitatively and quan-
titative analyzesx-raysin the EDS very rapidly. An Amray
1000 SEM and EDAX DX Prime EDSwere utilized inthis
study. The conditions are: 20 kV accelerating voltage, 70
U amp emission current, 30° sampletilt, 50-100x magni-
fication, 40 p stime constant, 12 mm working distance.

The analysis of GSR is comprised of both organic
(smokeless powder) and inorganic (primer, etc.) compo-
nents. The basis organic components (smokel ess powder)
are nitrocellulose for single base-smokel ess powders and
in addition nitroglycerin (up to 40%) for doubl e-base pow-
ders. Some of the other commonly added components are
dinitrotolueneisomers, potassium nitrate, and/or barium ni-
trate as oxidizers and/or muzzle flash suppressors; dipheny-
lamineand/or ethyl centralite as stabilizers; potassium sul-
fate, sodium sulfate, tin, dinitrotoluene isomers, and/or
ethyl centralite asburning rate modifiers; dibutyl phthalate
as deterrent and/or plasticizer; and graphite as a coating.
Some of these components are utilized for several differ-
ent reasons. These organic components are often analyzed
by GC/MS.

Olin Corporation manufacturers smokeless ball pow-
der. The production starts with anitrocellulose base and a
stabilizer, such as ethyl centralite or diphenylamine, is

added. The nitroglycerin and deterrent/plasticizer and/or
burning rate modifier arethen added. Thegrainsare coated
with graphite and, as afinal step, additional inorganic ig-
nition aids, flash suppressors, and fouling prevention agents
are added.

The inorganic components are generally comprised of
lead styphnate (mono or dibasic), asthe primary explosive;
barium nitrate, asthe oxidizer; and antimony sulfide, asthe
fuel. All of these components are typically present in the
primer (center fire) and would be analyzed by SEM/EDS
for their characteristic elements (cations) of lead, barium,
and antimony. Rimfire cartridges have various combina-
tionsof any of these components (oneto three), depending
on the manufacturer. In addition, in recent years, organic
explosives have been substituted for lead free primers, as
well as the presence of manganese, aluminum, titanium,
zinc, etc. Other elements present in inorganic GSR analy-
sis could beiron, from the gun; calcium and silicon, from
the primer explosive composition; nickel, copper, and zinc,
from the cartridge case or primer container; and sodium,
potassium and sulfur, from the smokel ess powder.

Elemental analysis of more than seventy different
smokeless powders, from 1995 manufacture, was made
by the author utilizing SEM/EDS and was both tabul ated
and recorded as spectra.’>
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Lead: Lead usnot astray

J. R. GIACALONE

West Virginia State Police Forensic Laboratory, South
Charleston, WV, USA

During the course of gunshot residue (GSR) analysisvia
scanning electron microscopy/energy dispersive x-ray
spectroscopy (SEM/EDS) inforensic laboratories, particles
of lead are often encountered. These lead particles, which
are collected and removed from a suspect or object by dab-
bing with a carbon-impregnated adhesive disc, may contain
only lead or have amixture of other detectable elements. In
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an effort to establish the significance of these microtrace ev-
identiary particles with the discharge residue of afirearm,
various non-firearm-related sources of lead are explored.
Suppliers, occupations, and hobbies that utilize or require
lead materials are targeted with special consideration to
those which involve or evolve lead vapors.

Lead (Plumbum) is one metal that wasknown to the an-
cient world. It isabluish-white silvery grey metal, which
is highly lustrous when freshly cut. It is soft and ductile.
L ead tarnishes upon exposureto air, it meltsat 327° C, boils
at 1740° C, and has a density of 11.34 g/cc. Lead is one of
the four most largely produced and utilized metals. Con-
siderablelead scrapisrecovered and recycled. Itisusedin
construction,as an aloy constituent, for storage batteries,
in shot and bullets, and in protective coatings for iron and
steel. At onetime, its primary usewasin paint pigmentsand
|eaded gasoline. The addition of up to 12% antimony im-
proves its casting properties and increases its hardness.
Tinand lead in various proportionsform ahighly useful se-
ries of alloysknown as soft solders, which areused tojoin
objects made of copper, iron, nickel, lead, zinc, and glass.
Lead with combinations of bismuth, cadmium, and anti-
mony are used in low-melting point aloys for safety de-
vices. Typefont metal in the printing industry iscomposed
of lead, tin, and antimony.*

When alead projectileisdischarged from afirearm, the
elevated temperatures and pressures it experiences during
itsflight down the barrel permit its exterior to vaporize. The
resulting hot gas cloud expanding and condensing around
the firearm contains the products of propellant oxidation,
partially reacted and unreacted molecules of nitroglycerin
and nitrocellulose, primer residue (GSR), and projectileva-
pors. A large portion of theinorganic vaporsis composed
of lead. Exceptions to this occur when the projectile is
nonplumbumous or encased in afull metal jacket. Thein-
cidence of these exceptionsis minimal in case work sam-
ples, therefore the presence and identification of lead par-
ticles on collected evidence specimenswarrantsthe need to
assesstheir probative value.

Items containing lead were collected from various
sources. These included hobby shops, hardware stores,
plumbing suppliers, home supply stores, automotive repair
shops, sporting good stores, and roofing material distribu-
tors. Oneitem studied, which is used at elevated tempera-
tures, was solder. The particle residue morphology of sol-
der isspheroidal. Themajority of lead materialsstudied are
not intended to be heated therefore the microtrace particles
associated with them are suspected to be nonspheroidal.

The specimenswere prepared by dabbing theitem with
a carbon adhesive tape stub. The particles were analyzed
using the SEM/EDS parameters employed for GSR. This
included aconventional high vacuum system with 25 keV
accelerating voltage. The EDS spectra and images of in-
teresting particles encountered were obtained.

The GSR produced by some imported ammunition an-
alyzed by the West Virginia State Police Forensic Labora-
tory is composed of lead/tin/antimony particles. The oc-

currence of these particles, which are atypical of those
usually encountered, from nonfirearm-related materials
has not been explored. Thereforethis study attemptsto lo-
cate potential sourcesthat might mimic such imported am-
munition GSR.

Thegathering, cataloging, and analysisof several dozen
objectsthat contain lead has been accomplished. Some of
the specimenswere found to contain spheroidal particles of
lead aswell aslead/antimony and a select number of other
elements. This work establishes that there are activities,
hobbies, and occupations that involve micotrace particles
containing lead. Though a firearms discharge has never
been held as an exclusive source of spheroidal lead parti-
cles, their existence has now been identified in non-gunshot
related activities.
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Forensic analysis of glass fragmentsusing quanti-
tative elemental analysis. Comparison of the
techniques scanning electron microscopy/ener gy
digpersive x-ray/wavelength disper sive x-ray and
EDX-p-RFA

G. GorzawsKI, M. FRANKE, M. GILBERG, B. REISSE
R. FISCHER

Bundeskriminalamt, Forensic Science I nstitute,
Wiesbaden, Germany

Glass is one of the major types of evidence in crimes
such astraffic accidents, burglary, and vandalism. Besides
measurement of refractiveindex, one of the common meth-
ods of examination iselemental analysis of polished glass
samples. However, inreal forensicinvestigationsit isoften
necessary to get information from glass fragments. Two
non-destructive techniques are available to analyse small
regionsof glassin view of elemental composition. Both the
p-x-ray fluorescence (U-XRF) analysis equipped with an
energy dispersive x-ray (EDX) detector aswell asthe scan-
ning electron microscope (SEM) combined with energy
dispersive or wavelength dispersive (WDX) x-ray analysis
weretested and compared. Asnarrow limits are set for the
main components used in the glass manufacturing process,
in many cases pure qualitative results are not sufficient.
Therefore, aquantitative determination of elemental com-
position is necessary to discriminate between different
glass samples.

Efficiency of both methods especially concerning quan-
titative element analysisin forensic investigations was as-
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sessed and limiting factorsfor the analysis of smallest frag-
ments of glass were determined by our results.

Scanning electron microscopes and forensic science

J.P. KRUSEMANN

FEI Company - Electron Optics Division, Eindhoven,
The Netherlands

Over the last few years, scanning electron microscopy
has become an indispensabletool for forensic investigation,
allowing afocus on poorly visible or invisible microscopic
traces of evidence by imaging, image comparison, and x-
ray microanalysis. Since crime is a part of everyday’'s
world, the samplesfor aforensic lab comefromavery wide
range of micromaterials. Recently, environmental scan-
ning electron microscopic (ESEM) techniques have been
improved to allow afar better match to the wide range of
samples.

Key in the forensic investigation is the validity of the
proof (accuracy), the nondestructiveness of the measure-
ment method, and the speed of the analysis. Because of the
nature of forensic samples, any changesare undesirable be-
cause of their value as evidencein the proceedings, aswell
ascomplexity and reproducibility of examination. Here, the
forensic (E)SEM is a good solution, since one of the key
technologiesfor thisinstrument isESEM: samplesrequire
no preparation, and can be examined in their natural state.
Traditional techniques such as secondary and backscat-
tered el ectron imaging and x-ray analysis can al so be used
on all available modes of operation. Even nonconducting,
outgassing, dirty, oily, or wet samples can be examined
nondestructively: no coating, no cutting, no drying, no
cleaning, no manipulation.

One of themost attractive featuresisthe wide variety of
forensic applicationsfor asingleinstrument. Theforensic
ESEM can help detect forgeriesand identify theforceor in-
strument that caused textile damage. It can also analyze
pollenleft on peoples’ clothes, aswell aspaint chipsat the
scene of a crime, and even tell whether a car’s headlights
wereon at thetime of an accident. Specid software can add
major functions like highly automated GSR (Gunshot
Residue Analysis). Here, the SEM can give detailed infor-
mation of the explosive and primer batch to match residues
found on the clothes and skin of people who have fired
guns.

(E)SEM has a much greater depth of field than optical
microscopy, and can hence provide much clearer images of
fibres, hairs, bullets, cartridge cases, and other itemsthat do
not have aflat surface. Similarly, it is much more suitable
than optical microscopesfor studying shoeprintsand sim-
ilar clues.

Report on the 2nd I nternational Proficiency Test
on identification of gun shot residue by scanning
electron microscopy/ener gy-disper sive x-ray

L. NIEWOHNER,” H. W. WENZ, J. ANDRASKO,”
R. BEIER," L. GUNARATNAMY

Federal Criminal Agency, KT23, Wiesbaden, Germany;
“National Laboratory of Forensic Science, SKL,
Linkoping, Sweden; Netherlands Forensic I nstitute,
NFI, Rijswijk, The Netherlands; ¥National Bureau of
Investigation, NBI, Vantaa, Finland

Introduction

The 2" European Proficiency Test on Identification of
GSR by SEM/EDX was organised by the working group
“Firearms’ of the European Network of Forensic Science
Ingtitutes (ENFSI). Thistest ispart of the quality assurance
program of ENFSI. Theaim of this program isto promote
quality in forensic science and to provide and shareinfor-
mation and advice on quality matters among the partici-
pants. Altogether 49 laboratories from Europe and North
America participated in this test.

Thetask of organising and evaluating the proficiency test
was performed by the Bundeskriminalamt (BKA) (Federal
Criminal Agency) in Germany together with the National
Laboratory of Forensic Science (SKL) in Sweden, the
Netherlands Forensic Institute (NFI) in the Netherlands,
and the National Bureau of Investigation (NBI) in Finland.

Sample Description

Thetest itemsfor the proficiency test consisted of a set
of completely identical samples as it is demanded in the
IS0 5725 standard for the performance of proficiency tests.
Therefore, the samples were produced using a special,
patent pending method. Synthetic “GSR particles’ of a
known composition of lead and antimony were precipitated
onto a silicon substrate of asize of 6 x 6 mmx. The total
number of these synthetic GSR particlesaswell astheir size
and location on the sample have been well defined (Fig. 1).

Particle parameters concerning number and size were;

* 20 PbSb particles of 1.2 um in diameter,

* 20 PbSb particles of 2.5 um in diameter, and

» 3 PbSb particles of 6 umin diameter.

Finally, the samples were provided with athin photore-
sist layer containing environmental particlesof Pb, Feand
Cu, and fixed on astandard 1/2" SEM stub.

Before dispatch each sample was pre-examined by the
organizer in order to guarantee an identical sample set for
thetest.

Although thetest stubsdo not represent “real case” GSR
samples, thiskind of sample material was chosen because
it is considered to be the only way to facilitate the manu-
facture of really identical samples as demanded for profi-
ciency testing.
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Fic. 1 Backscattered electron image and affiliated EDX spectrum

of aprecipitated 6 um PbSb particle.
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Fic. 2 Number of detected PbSb particles per sample asafunction
of the particlesize; in total 43 PbSb particleswere distributed on each
sample.

Evaluation of Data

All participants were asked to analyse the received sam-
pleusing their standard GSR examination routines on their
SEM/EDX systems, and to report the resultswithin 4 weeks
to the organi sation committee. Among other analytical pa-
rameters, al reports had to include the number of detected
PbSb particles, their size, and their exact position on the
sample.

Sampl e evaluation was performed by comparing there-
ceived data with the original dataset of the sample pro-
duction. Figure 2 shows the number of detected PbSh par-
ticles with respect to particle sizes.

From all participating laboratories

» 849% detected al 6 um particles,

» 47% dectected 95% of the 2.5 um particles, and

o 27% dectected 95% of the 1.2 ym particles.
A comprehensive report on the results of the proficiency
test was prepared and sent to al participants.*
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Electron/instrument modeling
in the SEM

Shape-sensitive linewidth measurement with the
scanning electron microscope using a model-based
library

J. S. VILLARRUBIA, A. E. VLADAR, J. R. LOWNEY,
M. T. PosTEK

National Institute of Standards and Technology,
Gaithersburg, MD, USA

In semiconductor electronics manufacturing, device
performance often depends upon size. For example, mi-
croprocessor speed islinked to the width of transistor gates.
Accurate measurement of feature width is an important
but challenging problem. When a scanning electron mi-
croscope (SEM) forms an image of a silicon line, areas
within a few tens of nanometers of the line edges are
characteristically brighter than the rest of the top-down
secondary electronimage. In general, the shape of the sec-
ondary electron signal within such edge regions depends
upon the energy and spatial distribution of the electron
beam and the sample composition, and it is sensitive to
small variationsin sample geometry. Image formation can
be modeled using Monte Carlo techniques that model the
electron/sample interaction to follow representative elec-
trons through the process of scattering inside of the mate-
rial before being captured or escaping and being counted.
In practiceit istheinverse of this process (determination of
sample shape given the image) that is required. There is
presently no straightforward way to calculate thisinverse.
Indeed, in astrict mathematical sense, the inverse usually
does not exist because many sample geometries produce the
sameimage. Accordingly, assigning edgelocationsis done
by finding amodel sample for which the forward calcula-
tion produces an image equal to the one actually observed.
Edgelocations, and consequently linewidths, are assigned
based upon this model sample. Compared to the preferen-



Proceedings of SCANNING 2001 91

Measured image

= I

a A Actual shape‘r — T Images | it by

o i i y ‘II i == i

D 0+ — - §l— — [ <l — | Y [ -

§ I | _| L. = L _ | -

@ —— A

= T U IL I

iy 25 T=1 4-4_\.__,'_'.,_—_,..- —-"._l' —Jy, o —

g | | .\

[]

% I-| ||l || |

e il |

%,5 0 ".\_.'I L J"n._.l .h._.J L .r L

x —1 - | N | R —
I i I '.

100 120 140 160

Bottom width (nm)

Fic.1 Concept of metrology based upon amodel library. Imagesare
precomputed for many line shapes, resulting in a library of
shape/image pairs. Given an image of asamplewith unknown shape
(upper right) one finds the closest match in the library and identifies
the corresponding shape with the unknown.

tially etched single crystal silicon samples we studied in
previous years'? polysilicon line shapes are less con-
strained a priori, a larger set of possible shapes must be
model ed and tested for amatch to the observed image pro-
file, and the possibility of encountering multiple acceptable
matches isincreased. We address this by the use of a pre-
computed library of modeled shapesin afurther devel op-
ment of amethod first employed for the SEM by Davidson
and Vladér.2 The concept is shown in Fig. 1. Matching to
thelibrary is performed using aleast squares method. We
introduceinterpolation of thelibrary and the “independent
edges’ approximation toimprove accuracy and speed. We
have tested this procedure on polysilicon test patternson a
thin gate oxide. For thelibrary wevaried sidewall angleand
radius of the upper corner. The procedure produced good
fits to the measured data. Scatter in the measured edge
shape and line width parameters was about as expected
based upon the observed image noise level. Uncertainties
are greater for parameters (such as, corner radius) which
have only subtle effects on the observed image than for pa-
rameters (such as, edge locations and corresponding over-
al linewidth) that have more dramatic effects.
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An application of imageretrieval technology
to sidewall structure estimation from top-down
scanning electron microscopy imagery

K.W. ToBIN, PR. BiINGHAM, J.R. PRICE, M.H. BENNETT"

Oak Ridge National Laboratory, Oak Ridge, TN;
*International SEMATECH, Austin, TX, USA

Critical dimension (CD) metrology for lithographic line-
width control isacritical technology in semiconductor de-
vice manufacturing. For line-width measurements scan-
ning electron microscopy (SEM) tools are used almost
exclusively in theindustry due to resolution requirements
that are well below the resolving capability of optical mi-
croscopes. For example, the international technology
roadmap for semiconductors! describes line widths of ap-
proximately 130 nm today moving towards 70 nm by 2008.
As line widths continue to shrink, the need to accurately
characterize printed structures by cross-section profile, not
just line-width, becomesincreasingly important for effec-
tive control of the lithographic process. Structural charac-
terization typically requires a destructive analysis of the
device under test by physical cross-sectioning and subse-
quent SEM review.? The need to cross-section test struc-
tures and product wafers either limits throughput or sam-
pling and ignores the body of historical cross-section data
and imagery that has been collected over time. To address
this apparent conflict between shrinking linewidths and the
increasing need to physically cross-section wafers, re-
searchers at the Oak Ridge National Laboratory (ORNL)
have been developing a method for effectively re-using
historical top-down and cross-section CD SEM metrology
imagery and process data to estimate cross-section struc-
ture. This method uses content-based image retrieval
(CBIR) to describe top-down device structuresin imagery
and provide an image-based correlation to cross-section
data.

The ability to manage large image databases has been a
topic of growing research. Imagery isbeing generated and
maintained for alarge variety of applicationsincluding re-
mote sensing, architectural and engineering design, geo-
graphic information systems, and weather forecasting.
CBIR is atechnology that is being devel oped to address
these needs.® CBIR refers to techniques used to index and
retrieve images from databases based on their pictorial
content. Pictorial content istypically defined by aset of fea-
tures extracted from an image that describe the color, tex-
ture and/or shape of the entire image or of specific image
regions. Thisfeature description isused in CBIR to index
a database through various means such as distance-based
techniques, approximate nearest-neighbor searching, rule-
based decision-making, and fuzzy inferencing.>* CBIR
addresses a problem created by the growing proliferation
of automated semiconductor review technologies, i.e., the
management and re-use of thelarge amounts of image data
collected during review. Current semiconductor yield man-
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agement databases contain onthe order of 30% of their data
in the form of defect, CD, and overlay images from opti-
ca, confocal, SEM, and other imaging modalities.> For
semiconductor yield management applications we have
denoted CBIR technology as Automated Image Retrieval
(AIR).8 For cross-section estimation and image data man-
agement we have developed a unique feature description
and AIR approach that usestop-down and CD SEM image
pairs. These pairs are used to estimate the structural cross-
section without destructive testing while making use of
the historical data record. The ability to predict device
cross-section from top-down imagery is made possible by
comparing the top-down feature description between a
query and adatabase to retrieve imagery containing simi-
lar top-down morphol ogy. Cross-section datathat has been
maintained from historical measurementsare used to infer
the cross-section structure of the query therefore reducing
the manufacturers dependency on physical cross-section-
ing.

Early feasibility studies of this approach have verified
three critical assumptionson alimited set of focus/exposure
(F/E) dataprovided by International SEMATECH (ISMT):
(2) Top down SEM images encapsul ate three-dimensional
(3D) structura information similar to that which is made
apparent through physical cross-sectioning; (2) The unique
AIR feature description devel oped for our feasibility study
effectively capturesand describesthis 3D structure, and; (3)
An image retrieval-based approach can be used to bound
the problem of sidewall structural estimation and prediction
by making use of ahistorical datarepository. Data used to
date for thisinitial study has been limited to a single CD
SEM metrology tool and an extensive set of F/E data. Con-
tinued work in this areawill address the inclusion of F/E
data collected across several CD SEM toolsto investigate
the cross-tool and cross-product extensibility of the AIR-
based method. It is anticipated that this technique will re-
duce the semiconductor manufacturer’s dependency on
physical cross-sectioning of test and product waferswhile
providing an effective CD SEM metrology image man-
agement and re-use capability.

Acknowledgments:. Prepared by the Oak Ridge National
Laboratory, Oak Ridge, Tennessee, 37831-6285, operated
by UT-Battelle, LLC for the U.S. Department of Energy
under contract DE-AC05-000R22725.
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Studies of backscattered electronsin scanning elec-
tron microscopy using Monte Carlo simulations

E. NAPCHAN
DLM Enterprises, London, UK

The electron backscattering coefficient (BSC) is the
fraction of primary beam electronswhich emergefrom the
sample’s top surface after a series of elastic and inelastic
collisionswith the specimen’satoms. The el astic reflection
coefficient (ERC) consists of those electrons that under-
went only elastic scattering. The BSC isimportant when
working with signalsthat depend on the energy lossand de-
position in the specimen, such as x-ray microanalysis and
EBIC (electron beam induced current) in semiconducting
devices. The ERC is used in surface analysis techniques,
such as EPES (elastic-peak €electron spectroscopy).

TheBSC for abulk material isusually given asan inte-
grated value, at times, asfunction of the incident beam en-
ergy. The ERC shows in addition an angular distribution.
Further parameters that affect measured and calculated
values of these parametersarethe beam tilt angle, specimen
composition, surface condition, and the characteristics of
reflected electrons detectors.

Monte Carlo simulation (MCS) of electron trajectories
has become a common method for calculating electron
scattering parameters. Thebasicideain thesimulationisto
calculatetrajectoriesfor alarge number of electrons, using
acombination of physical modelsand fitsto experimental
data that can be derived from the simulations. Aspects of
the simulation process include specimen definition based
on itscomposition and geometry, elastic scattering and in-
elastic scattering considerations, and detector properties. In
many cases, such asin multilayer specimens, this type of
simulation isthe only method available.

The composition of multicomponent specimens can be
dealt in MCS either by assuming some form of averaged
values for the material parameters, or by tabulating scat-
tering parameters for the range of electron energies of in-
terest. Dapor and Miotello! tabul ate theinelastic and elas-
tic cross sectionsfor various oxidesfor beam energies<10
keV. They find that cal culated BSC valueswere closeto ex-
perimental within 5-15% in the above energy range, and
that the values and their beam energy dependencearesim-
ilar to that of acompound material whose average atomic
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number is~ 10. Berger and Niedrig? report that the BSC an-
gular distribution and theintegrated BSC from W-Cu were
similar to that of a single component with a mean atomic
value cal culated using a quadratic weighted (using atomic
concentration) average of the atomic numbers.

Detector characteristics effectsin the calculation of BSC
have been studied by Rosenberg et al .2 It isclear from this
work that these play amajor rolein values obtained for the
BSCs, and therefore the wide spread in reported experi-
mental reportsfor thisparameter, asgiveninthetabulations
by Joy,* and the graphical presentation of these by
Napchan® is not surprising.

With increased detection sensitivity and definition, and
the selection of suitable elastic and inelastic scattering, it
might be possible to increase the quality of available
backscattered electron data and perhaps increase the ex-
perimental resolution to afew atomic layersrange, ascal-
culated by Kwei et al.b for reflected electrons from Cu at
400 eV primary beam voltage.
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CASINO V2.0: A fast and easy-to-usetool for scan-
ning electron microscope users
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Monte Carlo simulation has been widely used by mi-
croscopists for the last few decades. It used to be a slow
process that also required a high level of computer skill
from users. Recent outstanding progressin the microelec-
tronicsindustry allows customersto obtain affordable desk-
top computers with clock rate greater than 1.5 GHz. With
thistype of computing power Monte Carlo simulationisno
longer along overnight process. Thetopic of this paper is
to present a new Windows™ environment version of the

CASINO?! Monte Carlo simulation program. The goa of
thisprogramisto assi st scanning electron microscope users
in their routine analysis and also in more advanced topics
such as electron beam lithography for example. The new
version uses a new architecture, which provides results
twice asfast.

Based on a single scattering algorithm, this softwareis
specificaly designed for low beam interactionin abulk and
thin foil. This program uses tabulated Mott elastic cross-
sections,? which have the benefit of both fast calculation
and accurate interaction at low beam energy. At the mo-
ment, CASINO can either be used to generate x-rays or
backscattered electron signals. The program uses simple
two-dimension geometry to represent real samples. The
new version includes anew, free 2-dimension environment
in addition to the standard vertical and horizontal planes.
Figure 1 shows the possibility of such an environment by
representing across-section of aMOSFET devicewiththe
electron beam in a fixed position. The beam can then be
scanned across different regionsto produce x-ray linescans
or bascattered electron profiles.

Many new, convenient characteristics have been added
to the version 2.0 of CASINO. The new interface lets the
users consult the results as the simulation while still in
progress. The parameters setup for a new simulation is
performed through astep by step wizard and easy-to-use di-
alogs such hasinline typing to enter the chemical compo-
sition of the sample regions. All the simulation data are
stored in asingle file to ease the consulting and handling
of theresults. Theresults can bedirectly printed, exported
asabitmap (BMP) or transferred to a spreadsheet such as
Microsoft Excel™ for further analysis or formatting. A
backup file is automatically created, which avoids data
loss and allows resuming of an uncompleted simulations.

Finally, new outputs have been included in this version
such hasthelateral intensity of x-ray. Thisdistribution al-
lows the user to estimate the spatial resolution of an x-ray
mapping from a heterogeneous sample. Also, a 3-dimen-
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Fic.1 Simulation of abackscattered electron line profile across a
MOSFET device.
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Fic. 2 Cadlculated energy density line as a function of depth and
radiusin aNi samplefor al.4 keV electron beam.

sion energy density distribution can be calculated. This
feature provides information on the spatial distribution of
the absorbed energy in the sample. Figure 2 presentsan ex-
ample of thisby showing the energy density lineasafunc-
tion of depth and radiusin a Ni sample. This type of out-
put has many applicationsfor sample characterization using
advanced techniques such as electron beam-induced con-
ductivity (EBIC) or cathodoluminescence.

This program is a shareware that is available for down-
load through thiswebsite; www.gme.usherb.ca/casino. The
detailsrelated to the used of thisprogram are also found at
this address.
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Practical aspects of microanalysis using secondary
electronsin scanning electron microscopy
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Recently, a theoretica model and methodology? of mi-
croanalysisusing secondary electrons (MUSE) in the scan-

ning electron microscope (SEM) was developed. It was
suggested that a sample scanned by the beam in SEM be
used as an electron spectrometer for secondary electrons
(SE) by providing a bias across the tested material. The
amount of voltage applied to a sample defined the energy
range (in eV) for SE distribution. The method consists of
taking an SE intensity scan along unbiased samples, then
repeating the scan of the same areawhen the sampleisbi-
ased. Digital subtraction of the two scans produces so-
caled S-curves. The first derivative of the S curve in a
range of applied voltages resultsin a bell-shape SE distri-
bution. The model predicted that the shape of SE distribu-
tion would be unique for each material.

Current study focused on obtaining experimental proof
for the theory and a new method for performing micro-
analysisin SEM. Some practical aspectsof the new method
that need to be defined include sample preparation, geom-
etry of SEM chamber, type of SE detector, regime of SEM
operation, and type of data processing.

Test structures containing doped Si and GaAsresistors
were fabricated on semiconductor wafers. Long and
short resistors made from tested materialswere wired by
ball-bonder. GaAs samples were also prepared as wide
stripes between ohmic contacts. Sample preparationisa
key for successful microanalysis. Presence of thick oxide
on Si samples or passivation layers on GaAs resistors
made MuUSE almost impossible due to strong charging
effects. Geometry of aresistor (long or wide) creates cer-
tain art effectsin SE images, but does not impact there-
sult of line scanswhich istaken away from the edges of
aresistor.

We performed the experiments on scanning micro-
scopes Hitachi-S570, LEO-1982, and environmental mi-
croscope XL 30 ECEM-FEG at high vacuum and 0.3 torr.
Acceleration voltages were used in a range of 4-5 keV,
working distances varied from 9 to 2mm. Hitachi-S570
was equipped by LaB, gun, where LEO-1982 and XL 30
ECEM-FEG operated field emitters. Among the SEM pa-
rameters of the used microscopes, stability of beam current
and stahility of the signal of SE detector are most impor-
tant. All the microscopes produced S-curves. However, the
results from LEO-1982 and Hitachi-S570 required bi-
nominal smoothing of the S-curves before taking the de-
rivatives. The most stable were the results from the envi-
ronmental microscope XL30 ECEM-FEG and, what is
more important, the operation at 0.3 torr and at high vac-
uum produced similar results. Unbiased resistors, being
tested at 0.3 torr, generated nonsmooth curves. This phe-
nomenon needs further study.

Processing of the data was performed using the differ-
ential voltage contrast (DVC) software, which is devel-
oped at UMass, and the intensity profile (1P) software de-
veloped by FEI Co. Both softwares were serving the
purpose of MUuSE well. The described study should be
seen asafirst experimental proof of the concept and asini-
tial step in establishing MUuSE in SEM as a legitimate
methodol ogy.
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Influence of dynamic angular deviation of primary
beam during scanning on image contrast of surface
analytical scanning electron microscopy by Monte
Carlosimulation
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A miniature of the scanning electron microscope sys-
tem® 2 provides opportunity to apply itsprincipleinto an an-
alytical scanning el ectron microscope, such asthe scanning
auger microscope (SAM) and loss electron signal. The
factor of dynamic angular deviation has been smulated for
the loss electron signal®. In the current work, Monte Carlo
simulation has been applied to Auger microanalysis on
embedded Au and Cu stripsin Si substrate. The main pa-
rameters altered in the simulations are (1) distance be-
tween primary beam source and the main surface of the
specimen, (2) Auger transitions, and (3) length of Au and
Cu-embedded strips.

Besides the signal intensity difference due to dynamic
angular deviation during scanning, the simulated results
show that (1) backscattering coefficients of the constituent
affect the signal intensity difference between regions on
each side of the strip, and (2) higher kinetic energy of
Auger transition resultsin arelatively larger intensity gap.
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Bone structurein transgenic mice overexpressing
tartrate-resistant acid phosphatase (AcP5, TRAP)
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Introduction

The generation of transgenic mice overexpressing tar-
trate-resistant acid phosphatase (AcP5) threefold and eight-
fold has been described previously. Using histomorpho-
metric techniques, the mice were found to have less
trabecular bone than their wildtype, suggesting a mild os-
teoporosis. This was thought to have resulted from an in-
crease in bone resorption that was partly compensated for
by atwofold increase in the rate of bone formation. How-
ever, the mice were examined only as neonates and there-
fore in aphase of adjustment and rapid growth. If the rate
limiting step in bone resorption is the demineralisation of
the bone prior to the degradation of the organic matrix by
enzymesrel eased by the osteoclast into the resorptive vac-
uole abutting the bone,® then increased resorption should be
minimal or, indeed, non-existent. Although access to the
mineral might be enhanced by more efficient removal of the
organic phase, the mineralized matrix could not be re-
moved unless more H+ ions were available to uncover
more of the organic phase. It therefore seemed necessary
to examine the transgenic mice when older to discover
whether there was any evidence for increased bone re-
sorption.

Materialsand M ethods

Mice were generated as described previously. Wildtype
and transgenic mice with either threefold or eightfold over-
expression of AcP5 were culled as young adults at 10-11
weeks, or as older adults at 18 months or 22—23 months.
The animaswerefixedin 70% ethanol, and limb bones de-
fleshed and cleaned using Tergazyme or peroxide. Some
bones were then opened longitudinally using a bur to ex-
pose the marrow cavity and then recleaned using
Tergazyme or peroxide. Other long bones were embedded
in PMMA. The embedded specimens were cut and mi-
cromilled, and all specimens were coated with carbon for
scanning €l ectron microscopy and imaged using backscat-
tered electrons.
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Results: Miceaged 10-11 weeks

(Figure 1) The right tibiae-fibulae and femurs of six
mice were examined: amale and a female of each of the
three genotypes. There wasless than 2% differencein the
lengths of their femurs and the thicknesses of the bone
shaftswere similar. Theinternal and external diameters of
theboneswere aso similar in al six mice. In the females,
thetrabeculaein the distal ends of the femurs extended an
equal distance towards the midshaft; in the males, thetra-
beculae did not extend asfar asin the transgeni cs but may
have suffered damage in preparation. There was no evi-
dence for increased bone turnover in the transgenic com-
pared with the wildtype mice, such as more active resorp-
tion or moreincompletely mineralized, recently deposited
bone.

Results: Miceaged 18 or 22/23 months

The right and left femurs and tibiae-fibulae of seven
mice were examined: amale and a female of each of the
three genotypes, and another male overexpressing AcP5
threefold. Two mice were aged 22/23 months. the male
overexpressing AcP5 eightfold and one of the males over-
expressing AcP5 threefold. No trabeculae remained in the
marrow cavity at either 18 or 22/23 months. The sizes of the
bones of all the males and females aged 18 months were
similar; thebones of thetwo oldest animalswerelarger than
the onesfrom the 18 month mice, but otherwise similar and
of equal size. Endosteal resorptive areas were observed in
all these mice. The resorption pitsin the bones from mice
overexpressing AcP5 did not differ from thosein thewild-
typesin appearance or distribution, nor weretheinterna or
external diameters of the bones larger. If turnover wasin-
creased, one would expect to find evidence of more new
patches of bonerepairing resorbed regions: thiswas not ob-
served.

Fic. 1 Control, 3x and 8x TRAP overpression mouse distal fe-
murs. 20 kV BSE SEM. Field width = 5.94 mm.

Discussion

There are no differences between the wild type, the 3x
and the 8x overexpression phenotypes at the ages exam-
ined. The present findings can be explained by assuming
that the ratelimiting step in osteocl astic bone resorption of
mature lamellar bone tissue is that of the acid induced
demineralisation prior to organic matrix degradation em-
ploying proteolytic enzymes.® Although lack of AcP5 re-
sultsin disruption of endochondral ossification and some
impairment of resorption leading to amild osteopetrosis,?
having more AcP5 does not increase bone resorption, be-
cause enough isenough. How can these findings be brought
into line with the earlier conclusion of compensatory exu-
berant bone replacement in the presence of excess resorp-
tion? Firstly, that conclusion was reliant upon methodolo-
gies classed as ‘bone histomorphometry’, which were
devised for big samplesof adult lamellar bone, not neonate
mice. Secondly, we have previously noted that immature
bone contains a built-in self-destruct mechanism, and that
its osteoid, which constitutes amuch higher proportion of
the bone tissue, may be destroyed by any protease which
can activate latent enzyme or enzyme-inhibitor complexes.
Thisin turn favours osteocl astic resorption, since bone salt
may act to stimulate osteoclastogenesis and activate os-
teoclasts. Bone turnover is necessarily rapid in the foetus
and neonate during modelling. The osteoid of mature bone
isdifferently constituted, the microdistribution of the min-
eral within the bone dissimilar, and remodelling in the
older subadult and adult isamuch slower process.
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Multiple oblique backscattered electron detectors
to simulate multiple obliqueillumination in scan-
ning electron microscopy

A.BoyDE

Dept. of Anatomy and Devel opmental Biology,
University College London, London, UK

The present work originated through attempts to im-
prove microscopic imaging of porousbone. For work with
bone, we use unembedded thick, plane-parallel slices. For
unembedded bone, weremoveall cellsto expose osteoid or
mineralised bone, or remove any osteoid to expose the
mineralising front. The superficially deproteinised prepa-
ration isthe simplest to produce and hugely productive of
data regarding bone surface activity states. To image can-
cellous bone requires an optical system with a great 3-D
depth of field and SEM istherefore the preferred imaging
box, but SEM contains many moretoolsthan aregenerally
recognised.

Here, | report on the enhancement of information con-
tent from separate recordings from multiple fast electron
(backscattered electron, BSE) detectors, the image series
being recombined (1) to simulate dynamic motion of illu-
mination sources, (2) through colour encoding, and (3) by
combinations of these two approaches.

Each imagefield isdocumented with at least four scans
with as many separate detectors. (Sometimes | have used
nine, four abovefor BSE, four below for forward scattered
electrons, and one to intercept the direct unscattered pri-
mary beam.) The number of BSE images in a circle or
cycleisincreased by interpolation to emulate acceptance
anglesinto 8, 16, or 32 etc. virtua detectors. Playing theim-
ages in sequence continuously sweeps the apparent angle
of illumination and powerfully increases depth interpreta-
tion.

In addition to moving the direction of apparent illumi-
nation, the sample may be moved systematically such that
replayed image sequences emulate linear motion parallax
from “flying past” or “flying into and out of” the surface.

Further enhancement is achieved through spectral colour
coding of the apparent direction of illumination, when
much wider sectors of the total data set are used simulta-
neously. Here, also, we can exploit the advantagesin sin-
dle, still images. The procedureinvolvesthe acquisition of
(usually and most desirably and at least) three images
which are used to provide thered, green, and blue compo-
nents of a combined image. The combined coloured BSE
images code surface slope viabrightness and direction via
hue. Surfaces normal to the electron beam appear grey.

The methods | describe will have extremely widefields
of applicability in all branches of science and technology
where SEM imaging isused today. Thiswill be obviousfor
solid samples with topographic relief in the applications
fields of metallurgy, material s science, geology, and foren-
sics. However, the methods also prove to be extremely

well suited to the study of the types of sample used by all
biological users of SEMs. These were, originaly, mostly
water, being on the order of 10 to 15% of solidswith aden-
sity on average|just greater than 1; water isremoved in most
sample preparation protocols, so that the net sample den-
sity isaround 0.15. Compare this with valueswhich are a
factor of 10 to 100 greater in all other branches of SEM
usage. The dried sampleisalso honconductive. To beable
to study such very low density insulators, 99% of all such
samples are sputter coated with gold or another heavy
metal. The enhanced signal from the sample surface actu-
ally derivesfrom the gold coating. The gold coating isthe
right thicknessto return the higher spatial resolution com-
ponent of the BSE signal, uncontaminated by the lower res-
olution component resulting from the sideways scatter of
eectrons passing through it. Compared with gold, the sam-
pleitself returns essentially to zero signal.

Cryogenic micro-computed tomogr aphy scanning

S.M. JORGENSEN, E.L. RITMAN

Department of Physiology and Biophysics, Mayo
Foundation and Clinic, Rochester, MN, USA

Basic functional units of the organs (e.g., nephrons, he-
patic lobules, terminal bronchiol€) are of the order of 0.1
mm3so that they fall bel ow the spatial resolution of whole-
body imaging methods (e.g., clinical CT or MRI) and ex-
ceed the size of the intact volume that needs to be imaged
(at the desired resolution) by methods such as confocal
and other microscopies. To adequately image those struc-
turesin isolated, intact, fixed rodent organs or biopsies of
organs from large animals or humans, we developed a
bench-top micro-CT scanner.!

Our micro-CT scanner generates 3-D image volumes
consisting of up to abillion cubic voxels, each 5to 25 pm
on aside, with isotropic spatial resolution. Its main com-
ponents are a spectroscopi ¢ x-ray source that produces se-
lectable primary emission peaksat 17 or 23 keV (anode ma-
terial dependent) and afluorescing, thin, (Csl(Tl)) crystal
plate that converts the x-ray transmission imageto alight
image that is, in turn, imaged at sel ectable magnification
with alensonto acooled 2.5 x 2.5-cm, charge-coupled de-
vice (CCD) detector array. The specimen is positioned as
close as practical to the crystal and isrotated in 361-1441
equiangular steps around 360° between each x-ray image
acquisition. Tomographic reconstruction algorithms, ap-
plied to these recorded images, are used to generate 3D im-
ages of the specimens.

Specimens are fixed with formalin and embedded in
paraffin or bioplastic. If the blood vesselsor ductsare of in-
terest, they areinjected with contrast medium. Display and
analysis of the 3D image are used to examine the internal
structure-to-function interrel ationships between the basic
functional units.
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Micro-CT scanning often spans many hours per speci-
men. Therelatively long duration of the scan hastwo con-
sequences. Oneisthat specimens must be “fixed” (e.g., in
formalin) and potted in wax to prevent progressive distor-
tion and degradation of the specimen during the scanning
process. This greatly limits options for subsequent analy-
sis of the specimen, such as serial-section histoimmuno-
logical imaging. The second consequenceisthat even rel-
atively slow dynamic processes, such asdiffusion of x-ray
contrast mediaacross vessel endothelium (into vessel wall
or into organ parenchyma), cannot be imaged because the
diffusion process either continues during the scan or is
completed before the specimen is fully fixed.

We overcame these limitations by developing a cryo-
genic micro-CT scanning method so “flash frozen” biop-
sies can be scanned in the frozen state. Thismethod main-
tains both the “fresh” state of the specimen and literally
freezes the dynamic (usually diffusion) process at the se-
lected time-point. The method involvesrapid removal of an
entire rodent organ (or biopsy from a large animal or
human) and cooling it down by, for instance, immersionin
adurry of dry iceand acetone. The scanning vessel consists
of adouble-walled copper container with avacuum space
between the walls. Beryllium “windows’ in the vessel
walls minimize x-ray attenuation of the 17 or 23 keV x-ray
photons used in the micro-CT scanner. The frozen speci-
men is placed inside the vessel and maintained at a se-
lected, subfreezing, temperature (0.5 C°) without frost
buildup on thevessel walls or specimenfor at least 20 h dur-
ing the scan. Progressive build-up of frost, or thawing, dur-
ing the scan isachieved by passing aflow-controlled jet of
cold nitrogen gas continuously over the specimen during
the scanto keepit at the desired cold temperature and then
heating the vented gas which isthen passed over the outer
Beryllium windows to ensure frost-free operation. The
specimen is mounted on a thin vertical rod, which tra-
versesthe vessel wall through asmall opening, so that the
specimen can be rotated (within the special vessel) in the
small angular steps required in the CT scanning process.
From time-to-time during the scanning process the entire
vessel and its specimen can be moved out of the x-ray
beam to provide adirect measure of the x-ray beam inten-
sity, data needed for the tomographic reconstruction com-
putation. Initial application to iliac crest biopsies demon-
strate the feasibility of this approach.
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Three-dimensional reconstruction of Zea mays
stem by magnetic resonanceimaging (MRI)
technology
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The three-dimensional (3-D) arrangement of vascular
bundlesin plantsis an interesting subject in the study of
mechanical properties of stem. However, one of the dif-
ficultiesfrequently encountered isthe availability of 3-D
imaging tools needed for obtaining physical dimensions
of various componentsin astem. Recent development in
confocal and multiphoton microscopy alows 3-D imag-
ing of plant tissuein high resolution. However, other than
physical sectioning®, macroscopical study of plant or-
gansin 3-D remains adifficult task. Among various avail-
able technol ogies for macroscopical imaging (e.g., X-ray
macrotomography, optical coherent tomography (OCT),
and MRI), MRI is an ideal choice for its contrasting
modality in volumetric imaging of soft tissues.

To test the idea of imaging stemin 3-D, a 3T Biospect
MRI system (Brucker, Germany) (Fig.1 a), equipped with
a6 cminner diameter microquadrature coil (Fig.1 b), for
radio frequency (RF) transmission and reception of
MRI signals, was used in this study. Spin echo based
RARE sequence was used to obtain T2 weighted images
with TR/TE = 3160.5/58.5 ms and field-of-view of
1.67%x1.67cm (256%256 pixels) at aslice thickness of 0.8
mm. This correspondsto avoxel size of 65 x 65 x 800 um.
Data were obtained within 1/2 h with number-of-excita-
tions (nex) set at 16. Figure 1 (c-n) showsaseriesof MRI
sectionsthrough a stem node (the node below the main ear
insertion) from field-grown maize (Zea mays L., var.
Odyssey sweet corn). The specimen was obtained from
2000 summer crop grown in the field station of Univer-
sity of Western Ontario (London, Ontario, Canada); the
stem was fixed in 1:3 EtOH/acetic acid, washed thor-
oughly in water prior to imaging. Air bubbles trapped in
the tissue were removed by vacuuming to avoid imaging
artifact due to low magnetic susceptibility of air. Three-
dimensional reconstruction was performed by using
Vaytek VoxBlast[] and AutoQuant’s AutoVisulize 3D
software (Fig. 1 (o, p, and g).

In combination with image segmentation and tracing
tools, the MRI will greatly enhance our capability in the
understanding of vascular architecture and its develop-
ment in plants. Using the material properties of the stem
tissue and the information on dimension, orientation, and
connection of the vascular bundles, it is possible to ana-
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Fic.1 (aandb) 3T Biospect MRI system (&) equipped witha6 cm
inner diameter microquadrature coil (b). (c—n) Seriesof MRI slices
through a maize node. (0—q) Three-dimensional reconstruction of
maize stem around anode from the original MRI sections (c-n).

lyze the mechanical properties of the stem. The maize
stem and | eave insertions can be approximated to a com-
posite material structureto resembleareinforced concrete
(RC) pillar with long-arm street lights attached, and can
be analyzed by conventional civil engineering tools. Re-
sultsfrom the analysis will be published elsewhere. This
information would be useful in a breeding program to
determine varietiesresistant to ahigh-wind environment.

Acknowledgments: Supported by the National Science
Council (NSC), Rep. of China: NSC-88-2811-B-001-
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Fic. 2 Reconstructed longitudinal section of a stem revealing
complex node vasculature.

2215-E-002-064(CKS). The MRI facility isanational user
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Subcellular isotopic imaging by dynamic sec-
ondary ion mass spectrometry ion microscopy

in biology and medicine: Studies of calcium stores
and localization of therapeutic drugs

S. CHANDRA

Department of Chemistry and Chemical Biology, Cornell
University, Ithaca, NY, USA

For understanding therole of elements and therapeutic
drugs under physiological and pathological conditions it
isimportant to identify their intracellular locations. Con-
ventional approachesrely on cell fractionation and gross
measurements in subcellular fractions. However, these
approaches can redistribute the analyte from its native
physiological location to intracellular sites with high
chemical affinity. Direct measurements with microscopic
techniques provide the most effective approach for these
studies. lon microscopy, based on secondary ion mass
spectrometry (SIMS), provides a powerful technique for
subcellular studies of elements, ion transport, and drug lo-
calization.}? The Cameca IMS-3f ion microscope is ca-
pable of producing visual images of isotopic gradientsin
relation to cell morphology with 0.5 micrometer spatial
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resolution. The high elemental (isotopic) sensitivity of
the techniquein the parts-per-billion range makesit aver-
satiletool in biological research. Since SIMS analysisin-
volvesthe gradual eroding of the cell surface for isotopic
detection, a sequential three-dimensional (3-D) record-
ing of imageswithin afew minutes of analysisprovidesthe
distribution of many desired elements (Ca, Na, K) from the
same cell. Strict cryogenic sample preparations are re-
quired for these studies so that the subcellular analysisre-
flects the native chemical composition of the living state
of thecell.

Itisfeasibleto directly inject astableisotope or ather-
apeutic drug that carries a characteristic elemental tag
(boronated anticancer drugs, fluorinated drugs) into the
animal’s blood supply and then to study their intracellular
distributions in the target organ with ion microscopy. In-
deed, such studies have provided novel information on
hormonally-induced cal cium transport® and the targeting of
individual cancer cells in normal brain with boronated
drugs.* A few unique SIMS applications in biology and
medicine are discussed here.

Quantitative subcellular imaging of calcium stores by
SIMSrevealed atwo-fold higher thapsigargin-rel easeable
calcium pool in MCF-10A normal breast epithelia cellsas
compared to MCF-7 tumorigenic breast cancer cells. The
nuclear calcium store was not significantly different in
these cell lines. As the endoplasmic reticulum (ER) re-
|easesits stored calcium in responseto thapsigargin, these
observations indicate that the calcium pool of the ER is
compromised in tumorigenic MCF-7 cells.

The 3-D imaging of calcium distributioninmitotic cells
from a normal cell line (LLC-PK) revealed the highest
local concentrations of calcium in the spindle region of
metaphase and early anaphase cells. Similar analyses of
transformed mitotic T98G human glioblastoma cells
showed no such calcium gradients. Pathological implica-
tions of these initial observations are yet to be understood
and may have significance in affecting equal partitioning
of mitotic chromosomesin cancer cells.

Secondary ion mass spectrometry hasnow becomeanim-
portant tool for drug localization studies. The imaging of
fluorinein primary hepatocytesrevealed theintracellular lo-
cation of anti-hepatitis B fluorinated drugs. In another study
theefficacy of boronated drugs, synthesized for thetrestment
of brain cancer (glioblastoma multiforme), was checked for
their ability to accumulate only in the S phase cells. The
pulsing of boronated drugsin question along with bromod-
eoxyuridine provided anovel approach for testing the drug-
targeting of S phase cells. SIMS imaging of bromine and
boron from the same cellsidentified the S phase cellswith in-
tranuclear bromine signalsand adirect comparison of boron
concentrationsin S phase and non S phase cells.
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Theroleof theterminal arterial supply of therat
liver lobule. A corrosion cast and EDX study

U.M. SPorNITZ, |. BARTUSKOVA, G. MORSON

Institute of Anatomy, University of Basel, Basdl,
Switzerland

Because of the dual vascular supply of theliver lobules,
the exact role of the arterial and portal terminal vesselshas
so far been discussed rather controversially. With the aid
of anewly devel oped method,? such asthe combination of
corrosion casts and detection of marker substanceswith en-
ergy dispersivex-ray analysis (EDX), theterminal afferent
vessels could not only be perfectly told apart, but also the
nature of the terminal arterial vessels and their mode of
entry into the liver lobules has been elucidated. The arter-
ial and portal sides of the blood supply wereinjected under
controlled pressure with Mercox containing two different
marker substances, both of which can readily be detected
with EDX. The outflow of both injected substances was
monitored at the inferior vena cava. Extraportal venous
inflow into the liver was cut off with ligatures. To produce
corrosion castswhich showed either the arterial or the por-
tal part of the vessel only, some preparations were made
where through one of the vessels either water or Mercox
without hardener was injected. The best results were ob-
tained with water. From these experimentsit became clear
that the majority of terminal afferent vessels drain indi-
vidualy into the liver lobules. However, the low-pressure
terminal portal system is drained with the assistance of
two high-pressure pathways: 1. A “high-pressurewall” of
sinusoidsat the periphery of thelobuleswhichisalmost ex-
clusively supplied through terminal arterial branches. 2. In-
tralobular arteriesreaching deep into thelobules. The*high
pressurewall” at the lobular periphery originates from the
terminal arteriesrunning along thelobular circumference,
while the deep intralobular arterial branches originate di-
rectly from theinterlobular arteries of the periportal fields.
The subcapsular region of the liver does not show the well
known hexagonal pattern of the classic liver lobules. It is
supplied largely through arterial branches. These branches
drain into the superficial layer of sinusoids from under-
neath. The majority of larger vessels present in theimme-
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diate subcapsular region are veins draining the outermost
layer of the subcapsular sinusoids.
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Museum applications of SEM

Dinosaur eggshell microstructurevisualized by
scanning electron microscopy

F.D. JacksoN

Museum of the Rockies and Department of Earth
Science, Montana State University, Bozeman, Montana,
USA

Dinosaur eggs were first reported in France in 1859.
However, they attracted littleinterest until the discovery of
fossil eggsin the Gobi Desert of Mongoliaby an American
Museum of Natural History expeditionin 1923. Sincethat
time, fossil eggs have been found on nearly every conti-
nent.t Most localities consist of only unidentified hatched
eggsor fragmented eggshell. Currently, only eight dinosaur
species are definitively identified from eggs containing
embryonic bone.

In the absence of embryonic remains, however, fossil
eggshell structure provides cluesto egg identity. A genet-
ically controlled biomineralized tissue, eggshell exhibits
distinct internal structure that distinguishes systematic
groups of animals such as turtles, geckos, crocodilians,
birds, and dinosaurs.? The study of dinosaur reproductive
biology, therefore, relies on identification of eggsby struc-
tural characteristics, the study of egg and clutch distribu-
tion, and comparison of fossil eggs and nestswith those of
living animals.

Eggshell structure also provides information about re-
productive biology and dinosaur physiology. For exam-
ple, the type of eggshell pore system, which provides em-
bryonic gas exchange, allows inferences about nest
construction based on comparison with living animals.®
The pitted interior of extant bird eggshell resultsfrom cal-

cium mohilization for embryonic bone development.* The
same features in dinosaur eggs suggest a similar physio-
logical process. Eggshell characteristics al so support evo-
lutionary relationships: Identical eggshell structure found
exclusively in small carnivorousdinosaursand living birds
indicates similarities of reproductive anatomy and aug-
ments anatomical studiesindicating that birds represent the
only surviving dinosaurs.®

The study of fossil eggshell, however, requires differ-
entiation of primary structural features resulting from egg
formation from secondary features originating from geo-
logic processes (diagenesis). An expanding range of scan-
ning el ectron microscopy (SEM) techniques providethe an-
alytical tools necessary for interpreting the physical,
chemical, and biological changes that affect eggs during
burial history.

Scanning Electron Microscopy

High magnification and three-dimensional imaging al-
lowsidentification of featuresnot visible under lower mag-
nification. For example, permineralized organic tissue such
as eggshell membrane may appear as opague laminations
under apetrographic microscope, while high magnification
SEM revedls delicate, branching structure and insertion
points into the eggshell calcite. These structural details
help differentiate the organic shell matrix from ancient or
modern fungal or bacterial contaminants of similar mor-

phology.

Backscatter Imaging and Electrodiagnosis

Backscatter imaging often enhances visualization of
eggshell structure. Replacement of eggshell calcite by a
mineral of higher atomic weight during diagenesisis read-
ily apparent. Electrodiagnosis allows identification of the
mineral, which providesvaluableinformation in assessment
of paleoenvironmental conditions. For example, barite and
gypsum identified in eggs and sandstonesfrom an extensive
nesting horizon in Argentinaindicate arid conditions, pro-
viding a possible mechanism for destruction of the eggs.

Problemsand Solutions

Some SEM techniques, however, are destructive to the
specimen. Conductive materials (gold or carbon) applied to
the fossil specimens improve imaging, but may perma-
nently alter the specimen. Imaging with an environmental
SEM eliminates the necessity of specimen coating but re-
sults in charging and poorer resolution. With rare speci-
mens, creating amold from dental putty or siliconeand pro-
ducing an exact epoxy replicaof the specimen providesan
aternative. The replica can then be gold-coated and im-
aged. Although fossil eggshell isgenerally less susceptible
to damage from the high voltage electron beam than mod-
ern eggshell, structural features in both may sustain sig-
nificant alteration.
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Ultrastructure of antennae of tortoise beetles
and leaf-mining beetles (I nsecta: Coleoptera:
chrysomelidae)

C. S.CHaABOO, T. NGUYEN

Department of Invertebrates, American Museum of
Natural, New York, NY, USA

In a search for novel characters for elucidating evolu-
tionary relationships and identifying species of tortoise
beetles (subfamily Cassidinae) and leaf-mining beetles
(subfamily Hispinae) (Insecta: Coleoptera: Family
Chrysomelidae), antennae of adult beetleswere examined
by scanning el ectron microscopy (SEM). SEM hasbeen ap-
plied very little to morphological study in these beetles
and has never been used to investigate antennae, an im-
portant sensory structure.

Specimens were selected from multiple tribesto reflect
taxonomic diversity. These were relaxed and the antenna
was removed, cleaned by sonication in soapy water, dehy-
drated through a graded series of ethanol, critical point
dried in carbon dioxide, mounted on tape, and sputter-
coated with gold-palladium.

Scanning electron microscopy analysis revealed struc-
tures not previously known for cassidine and hispine bee-
tles. Microtrichia, pores, and fivetypes of sensillaweredis-
covered and characterized. The sensilla varied in size,
cuticular sculpturing, basal attachment, numbers and
arrangement on the antenna. These features have taxo-
nomic implications.

Cold field emission scanning electron microscopy
at the American Museum of Natural History:
A diversity of applications

A.V.KLAUS

Core Imaging Facility, American Museum of Natural
History, New York, NY, USA

The American Museum of Natural History (AMNH) is
well known for its public displays of specimensand objects
representing the diversity of the natural world and human
culture. However, what may not be apparent to most visi-
tors, and indeed to many scientists, is that AMNH also
supports a large academic research community. Curators
and their associated graduate students, assistants, and post-
doctoral fellows are engaged in awide range of research ac-
tivities, many of which depend upon the use of scanning
electron microscopy (SEM) and x-ray microanalysis.

The coreimaging facility &8 AMNH maintains a state-of -
the-art, cold field emission (FE) SEM. The decision to
purchase acold FE-SEM was based upon theinstrument’s
unique ability to accommodate the diverseimaging and x-
ray microanalysis projects encountered by acorefacility in
anatural history research setting. The high brightness/low
current probe produced at low accelerating voltages (i.e.,
1kV) alowsfor the imaging of uncoated specimens with
the absence of charging artifacts.® Thisisparticularly im-
portant for visualizing many of the rare specimensin the
AMNH collections. The instrument produces adequate
beam current under analytical operating conditionsfor car-
rying out energy-dispersive spectroscopy (EDS) analyses.
Theuser interfacesthat control SEM and EDS operation are
intuitive enough so that casual users with a minimum of
prior training can be taught to operate the instrument un-
supervised. The narrow probe produced by an FE gun usu-
ally negatesthe need for changing condenser lens settings
at higher magnifications, thus allowing the casual user to
produce publication quality images without undue assis-
tance from an experienced microscopist.

Applications for SEM at AMNH can be divided into
three broad categories: biological, geological, and anthro-
pological. The AMNH biological scientistsuse SEM imag-
ing with one major application in mind—the analysis of
anatomical features (characters). Character analysisiscru-
cial to the sciences of systematics (taxonomy) and evolu-
tionary biology.? Entomologists and arachnologists are
heavily dependent upon SEM imaging technology. Other
biologists who use SEM at AMNH include paleontolo-
gists, mammal ogists, ichthyologists, and invertebrate zo-
ologists. Geologists generally use the FE-SEM for its an-
alytical capabilities. Backscattered electron (BSE) imaging,
qualitative EDS analysis, Xx-ray mapping, and line scanning
are al important to these researchers. A particular advan-
tage of FE-SEM to geologistsat AMNH isthe ability to do
high spatial resolution EDS analysis. Anthropologistsrely
on both the imaging and analytical capabilities of SEM.



Proceedings of SCANNING 2001 103

Specimen morphology and elemental composition can help
determinethetempora origin of an artifact or object aswell
aspinpoint itsorigin in terms of geographical location.
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Metallurgical examinations of medieval sword
blades

J. KINDER, M. KLEIN," C. SEGEBADE

Federal Institute of Materials Research and Testing
(BAM), Berlin; *VisiTec™ Microtechnik GmbH,
Grevesmihlen, Germany

Two medieval sword blades have been investigated by
very different but almost nondestructive methodsin order
to reveal sufficient information about the ancient sword
manufacturing technique. Both blades exhibit approxi-
mately the same age because they show almost the same ap-
pearance and because they were excavated around 1920
from onesite on theriver bank of the Rhine by aBritish of -
ficer. The appearance of the blades is typical for Viking
swords showing normal shape (length below a meter, rel-
atively wide if compared with younger swords). They are
showing awell-devel oped damascene pattern which istyp-
ical for pattern-welded Viking swords. One of these blades
is owned by a British museum and the other is privately
owned by a British collector. The latter one is slightly
wider and exhibits the stronger patterns than the first one
and is referred to as “the wider one” which has been in-
vestigated much more intensively than the first one.

Obvioudly, old objects, especially in such good condi-
tion, arerather preciousin al aspectsof their cultura or his-
torical valueor their present value. Thismeansthat any ex-
amination that is conducted over aspan of severd yearshad
to be as nondestructive as possible. Most nondestructive
methods with regard to the question of the sword’s manu-
facturing technique areless evident from the metallurgical
point of view than the classical methods that are more or
less destroying. To accomplish these requirements on the
one hand and to receive as much information as possible
from the material itself on the other hand, afederal insti-
tutefor materialsresearch and testing (BAM)-unigue com-
bination of several advanced and nondestructive methods
was combined with very little metallographic examina-
tionson the surface and on sometiny cuttings of the blades.
The cuttings originated from the edges of the blades tips,
and because of the interior of the central part of the wider
blade.

The methods used were x-ray fluorescence-, x-ray dif-
fraction-, and gamma-photon radiation-induced activation
analysisfor receiving compositional information. Thein-
ternal stresses of the bladeswere also revealed by x-ray dif-
fraction. The surface of the blades was investigated by
conventional metallography using an inverted light micro-
scope, including microhardness testing. These investiga-
tions were strongly sustained by metallographic and mi-
croprobe examinations of thetiny cuttingsfrom the blades.
In addition, a very unique scanning electron microscope
that is being developed and produced exclusively by Vis-
iTec’ Microtechnik, combined with an x-ray energy dis-
persive spectroscopy device could be used for the exami-
nation of thewider blade. This special microscope provides
an evacuated specimen chamber which is indeed big
enough to accommaodate awhol e Viking sword without any
destruction by cutting the blade into pieces. Furthermore,
conventional x-ray microradiography combined with dig-
ital image processing and x-ray computer tomography was
used to collect asmuch information as possiblefromthein-
terior of that blade. Dueto arather big corrosion holein the
surface of the wider blade, which was filled with poly-
meric resin by its owner, a cutting could be prepared,
thereby resembling an almost total crosssection of the
blade. Thisspecial cutting was also investigated by metal-
lography and microprobe analysis and will be compared
with the results of the nondestructive testing methods.

The results may be summarised as follows. The tech-
nique of surface hardening by mechanical dressing could
be proven by x-raying in both cases. The most obvious
difference between the blades lies in the manufacturing
process, that is, the several forging steps which caused the
differencesin the appearance of their patterns. Obviously,
the temperature and/or the process times during the com-
plex forging of the blades could not be kept as constant as,
for example, with modern industrial production techniques.
Both blades may have been manufactured by the same
blade smith, but of course it was impossible to keep each
step of production reproducible. Surprisingly, the dama-
scening technique needed arather narrow time-temperature
gap for all the different forging steps because the patterns
are quite sensitive to forging temperatures as they are too
high or to forging times as they are too long. Because the
appearance of the patterns of the bladesinvestigated isde-
termined by the distribution of phosphorous which dif-
fusesfrom high P-regionsto low P-regionsduring forging,
atechnological step-by-step approach ispresented, thereby
proving the high skill of the ancient blade smith.
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Food microstructure and functionality

Molecular manipulation of milk by biotechnology
for commercial benefits

N.C. GANGULI
MalviyaNagar, New Delhi, India

Theubiquity of milk inour diet isbased onitsnutritional
virtues. Apart from the major nutrients like fat, proteins,
lactose, vitamins, and minerals, milk is a depository of
myriad bioactive proteins and “ protein-derived mol ecul ar
relatives’, which are of paramount importance offering
both health value and commercial benefits.

The application of biotechnology can transform milk to
have new molecules serving as biopharmacy, designer
milk, or low lactose milk by cloning the B-gal actosidase en-
zyme. Another group of scientists engaged in new milk
product development are contributing monumental prod-
ucts like humanized milk, bioactive molecules, and probi-
otic milk products, and are expl oiting the microorganisms
by profitable management.

Molecular manipulation of the existing biomoleculesin
milk has enabled the food scientists to incorporate new
moleculesin milk and milk productswith prohealth virtues.
Thebirth of new protein familiesin milk can now be more
profitably utilized for the manufacture of a new brand of
products with “therapeutic assurance” andislikely to sur-
pass the “ subordinate status’ in the food industry.

Scanning probe microscopy applicationsin the
food sciences

J.T. THORNTON

Digital Instruments/\VVeeco Metrology Group,
ChaddsFord, PA, USA

Surface microstructure is an important parameter in the
appearance, texture, and processing of many foods. Micro-
scopy provides the ability to investigate food structure,
and promotesthe understanding of the structural role of in-
dividual components and their effect on the properties of
thefinal product. Scanning probe microscopy (SPM) char-
acterizes a food substance in three dimensions nonde-
structively from the angstrom/nanometer scale up to 100
microns, providing the ability to study singlemoleculesas
well as complex composite structures. Atomic force micro-
scopy (AFM), the most common form of SPM, is con-
ducted in ambient and fluid environments and requires
minimal sample preparation. Studiesin solution providethe
ability toimage aspecimen in its hydrated state and under
acontrolled environment.

Over the past 15 years, SPM has been used extensively
toinvestigate biological and polymeric structures, and has

been found to bejust asuseful in the study of food biopoly-
mers. Carbohydrates, polysaccharides, proteins, gels, col-
loids, bacteria, and cells are common samplesfor food-re-
lated SPM investigations. Scanning probe microscopy has
asofound utility ininvestigating food packaging, the study
of bacterial interactions, the formation of biofilms, and
determining how parametersin the processing of food af -
fect the microstructure and other properties. Dynamic stud-
iesof processesin situ aswell astemperature studies have
also been conducted.

There are also awiderange of SPM techniquesthat can
be used to investigate the physical and material properties
of structures. Phase Imaging has been used to determinethe
distribution of componentsin acomposite food system by
detecting differences in adhesion and/or viscoelasticity
during imaging. Differences in compliance and hardness
have a so been investigated by conducting nanoindentation
withthe AFM.

Area-scale analysis of food surfaces

T. S. BERGSTROM, C. A. BROWN

Surface Metrology L aboratory, Worcester Polytechnic
Institute, Worcester, MA, USA

Area-scalefractal analysesare applied to cornflake sur-
faces measured by scanning laser microscopy (SLM),
demonstrating scale-dependent interactions with milk.

Understanding surface functionalities can improve prod-
uct and processdesign, aswell as quality assurance. Many
aspects of behavior and processing are suspected to be in-
fluenced by the roughness or influence the roughness of
foods, for example, wetability, flavor, adhesiveness, ap-
pearance, coating volume, rheology, and biological growth;
however, the interaction with roughness is often poorly
understood.

Average roughness, Ra,* has been found inadequate for
understanding functionality.? Fractal methods may be bet-
ter % and have been applied to food®® And, scale-sensitive
fractal analysis can be used to determine scales of interac-
tion.”

Methods

Four Kellogg's cornflakes were inserted in whole milk,
two for 5 min and two for 10 min. Excess liquid was ab-
sorbed from the surfaces prior to the measurements by
slow dabbing with apaper towel. Six regions, 5x5 mm, al-
most entirely overlapping, were measured on each flake be-
foreinsertion and again after removal. The SLM measures
a series of profiles with laser triangulation to produce a
topographic map and haslateral and vertical resol utions of
25 and 12.5 um, respectively. Each of the six measure-
ments contains 200x200 elevations and took 3.8 min.

Area-scaefractal analysis® with aseriesof virtua tiling
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exercises with triangular patchesto determine the relative
areas (the apparent area divided by the nominal area), was
applied from scales of 0.001 to 10 mm".

Resultsand Discussion

Log-log plots of relative areas versus scales of mea-
surements for successive measurements on one cornflake
areshownin Figure 1. The plots of the measurements made
on the other cornflake inserted for 5 min are similar, and
those inserted for 10 min have relative greater areas.

Theincreasesin reative areaboth with scaleand time are
dramatic. For thedry cornflakes, therelative areaincreases
from 1 to 1.6 from scales 1 to 0.001 mm", indicating 60%
more areaavailablefor interaction at the finer scales. After
inserting in milk for 5 min, the relative areas at the fine
scales are around 2, indicating twice the surface available
for interaction, and 20 min later therelative areas at thefine
scales exceed three. The intensity of interactions sharing
these scales should increase with the rel ative areas.

Figure 2 showsthe relative areas at 0.0189 mm" versus
thetime after insertion in milk. The high R" indicates that
therelative areais an excellent indicator of thetime since
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insertion in milk. Similar results, with R"s consistently
greater than 0.8, are observed for relative areas at scalesbe-
tween 0.001 and 0.1 mm". This establishes functionality
and indicates that phenomena are occurring over these
scales as the milk interacts with the cornflakes.®

Conclusions

Relative areas increase dramatically with time after the
flakes are removed from the milk.

Relative areas and time of exposure to milk correlated
highly over scales from 0.1-0.001 mm? indicating that
these scales are characteristic of the milk—cornflake inter-
action.
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Pharmaceuticals

Computer-assisted correlative microscopy and
analysis: Thinking beyond the box for characteri-
zation of changein biological tissues

K.W. BAKER, |. PiscorPo”

Ken Baker and Associates, Acton, Ontario, Canada;
*EM Consultant, Norwalk, CT, USA

In the context of pharmaceutical toxicology and safety
assessment in an FDA-regulated environment, it is fre-
quently the case that structural and analytical assessment
of unexpected or anomalous results must occur under
rapidly changing circumstances and frequently with little
option for atering the larger experimental protocol. The
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goal, for reasons of safety and cost, isto provide arapid,
simple, and informative answer; to do soin aclosely doc-
umented fashion; to correlate results with those acquired
using other methodologies; and finally, to be able to link
and communicate those results expeditiously.

The following describes a typical, in situ, correlative
microscopy and analysis initiative undertaken for rapid
identification of asulfated metabolite asthe source of renal
crystalsoccurring in high-dose animalsin aregul ated study.
Unlike such initiatives occurring in less rigorously regu-
lated circumstances, this analysis had to consider, docu-
ment, and precisely communicate the nature of acquired
digital imagesand related data, especially considering that
most datawere not acquired in house using standard oper-
ating procedures.

Representative samples of renal cortex from high-dose
and control animals of each gender were extracted fromtis-
suearchivesand prepared for light (LM), scanning electron
(SEM), and transmission el ectron microscopy (TEM), in-
cluding energy dispersive x-ray microanaysis (EDX).

A specialized SEM/EDX technique was devised using
microscope slides sputtercoated with 60/40 Au/Pd, both as
an elemental reference background and as an adhesivefor
sections. Renal sections were cut at 7 pm, mounted, de-
paraffinized with xylene, cleared with 100% EtOH, and air-
dried. Sectionswereleft uncoated for LM and EDX analy-
sis and sputtercoated for SEM morphology. Slides were
mounted directly in the specimen chamber of a Hitachi
S-570 SEM equipped with aNoran thin window x-ray sys-
tem. X-ray microanalysis was performed from 3 to 20 kV
to encompass el ements from the entire periodic table and
to determine the optimum penetration depth. If Au or Pd ap-
peared in the spectrum, it was assumed that the beam had
exceeded the specimen’s thickness and that x-rays were
being dlicited from the underlying support film. Subtle dif-
ferenceswere shown to occur within 1-2 kV. The EDX re-
sults, reported as Net Counts per second, identified elevated
concentrationsof C, O, Si, and S, with S showing the high-
est peak to background.

Samples were additionally processed for TEM and 120
nm epon sectionswere analyzed using aHitachi 7110 scan-
ning transmission electron microscope (STEM) equipped
with aNoran Voyager I x-ray system and digital imageac-
quisition. The electron probe was maintained at afixed di-
ameter for EDX analysisof al structures, and elementa Net
Countsfor C, O, Si, and Swererecalculated and displayed
asacounts per unit timeratio to the Formvar background.

Paraffin sections on Au/Pd-coated glass slides facili-
tated rapid correlation of LM and SEM morphology and
EDX analysis. We were ableto compare spectrafrom sep-
arate samples with some assurance that probe depth (and
X-ray source) was comparable. Crystal morphology was
more apparent because of the airdrying-induced shrinkage
of surrounding renal tissue.

Correlative TEM/EDX analysisasoidentified elevated
concentrations of C, O, Si, and S, with Sagain having the
highest peak to background. Crystal morphology and com-

position correlated with that described previously using
LM and SEM/EDX. Transmission electron microscopy
morphology also reveal ed the extent to which crystalswere
closely invested with asubcellular organic component and
suggested that a noncrystalline component must also be
contributing to the x-ray spectra.

In summary, SEM/EDX analysis provided a fast, pre-
liminary answer, while TEM/EDX results, acquired inde-
pendently and at alater time, confirmed the early findings.
The documentation, archiving, and communication of these
electronic data, though challenging, were necessarily prece-
dent setting in establishing paths for comparable initia-
tives. Advanced correlative microscopies, imaging and
analysis as such, though underutilized, remain extraordi-
narily well suited for providing the kind of specialized so-
lutions described in this account. Used effectively, they
can rapidly provide important and definitive answers, not
only to questions of safety but also for understanding ther-
apeutic mechanisms of pharmacologic action.

Particle analysis of tablets

R. ANDERHALT
EDAX Inc., Mahwah, NJ, USA

Automated particle analysisisageneral procedure that
is useful for particle sizing and energy dispersive spec-
troscopy (EDS) analysisof grainsor phasesthat can beiso-
lated by their gray-level values from their surrounding
area. Typically, the backscattered electron (BSE) detector
isused, and we are able to separate phases with higher av-
erage atomic numbers (i.e., brighter areas in the image)
from amatrix having alower average atomic number. Al-
though it would & so be possible to detect automatically the
phases with a lower average atomic number, this rarely
worksefficiently in pharmaceutical material s because of the
predominantly organic matrix and confusion of dark areas
with pores and areas with a depressed topography. Quite
often phases representing active ingredients, pigmenting
agents, other fillers, and contaminants can be detected,
sized, and chemically analyzed with aspeed and efficiency
that is not possible by more manual analyses. The consis-
tency and distribution can be analyzed as acheck in certi-
fying the quality of production.

Tablets can be prepared by fracturing the tablet or by
crushing thetabl et to produce apowder. Thefractured tablet
offers the advantage of being able to examine a consistent
areainwhich aparticle'slocation ismeaningful with respect
to its location within the tablet, but has the difficulty that a
nonoptimal topography can prevent the collection of reliable
EDS data. Careful fracturing or “shaving” of the surface
can minimize this problem. The number of particles per
field or per square millimeter can be used to address the
consistency of the application of the phase. Powdered ma-
terials can be useful for searching for contaminants, but the
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number of particles per field or per area unit of the sample
isnot meaningful becausethe particle density isdetermined
by the technique used to apply the particlesto the substrate.
However, thismay dtill beauseful techniqueif morethan one
chemical phaseisbeing detected and analyzed. Theratio of
one phaseto asecond phaseisaparameter that may be used
to determine the tablet quality.

The EDS particle spectra can be quantified as ameasure
of composition that can ultimately be of usein the classifi-
cation of the particles. Particle size and topography will alter
theanalysisresultsand can cause adeparture from theideal
composition of the phase. A threshold can be adjusted to per-
mit classification when the analysisdoes not perfectly match
the analysis used in the classification library. As such, the
quantitative analysisis used only to group the data qualita-
tively even though the numbers may not be accurate.

A spreadsheet may be used to summarize the dataanaly-
sis. These datamay also be sorted to segment theclass, size
range, or range of chemistries. Bivariate plots are useful to
display the relationship between size, shape, or chemistry
parameters. Trivariate plots can be used to display three
normalized elements or to display three groups of ele-
ments. In the trivariate plot, each apex of the triangle is
color coded (red, green, and blue) to make a composite
color used inthis plot, and the same color will be displayed
on top of the particlein the BSE image.

Developing a new chemical entity (NCE) —
Why doesit take so long?

B.D. HARTMAN

Department of Pathology, Schering-Plough Research
Ingtitute, Lafayette, NJ, USA

Thereare many hurdlesin the devel opment process before
anew chemical entity (NCE) can make it to the drug store
shelf. The development processfor anew drug in the United
Statesusually takesin excess of 10 yearsand costs over 500
million dollars. There are three main phasesin the devel op-
ment of an NCE. Thefirst phaseisdrug discovery, whichis
the process of identifying an NCE that hastherapeutic value
and is driven by medical need and the biological/chemical
programsavailable. During this phase of development, NCEs
arescreened for activity in animalsand cellular model s pre-
dictive of efficacy for the selected disease.

Once an NCE hasbeenidentified, the second phase, pre-
clinical, begins. At this time, toxicology and pathology
work together to assess the safety of the NCE. Depending
on the nature of the NCE and its intended use, preclinical
studies in two mammalian species, arodent and a non-ro-
dent, arerequired before the NCE can be administered to hu-
mans. At this stage, the sponsor may begin clinical trials
while further preclinical studies are conducted. The doses
used and duration of treatment in these early clinical trials
isdetermined by the resultsfrom the animal studies.

Genetic toxicology and preliminary reproductive toxi-
cology studies are also required. Since the NCEs come
into the safety assessment phase with undefined toxicity,
studies are designed to determine adverse side effects and
possible target organs as well as the dosage, route of ad-
ministration, etc. An NCE may spend 4 to 6 yearsin the
preclinical safety assessment phase. It is critical that the
sponsor provide enough datato assurethe NCE is safe for
testing in humans.

In an attempt to harmonize technical reguirements for
drug products around the world, the International Confer-
ence on Harmoni zation (1CH) providesregulatory guidance
documents. These documents provide guidelines on the
extent and timing of preclinical testing. The studiesare de-
signed based upon the nature of the drug, the route of ad-
ministration, and the targeted population.

The investigational new drug application (IND) is re-
quired by the FDA prior to theinitiation of clinical studies.
This IND must include preclinical data to permit an as-
sessment as to whether the NCE is safe for testing in hu-
mans. The IND must also include manufacturing informa-
tion and detailed protocols for proposed clinical studies.
Sponsorsare permitted to initiatethe clinical trials proposed
inthe IND 30 days after the FDA receivesthe application,
provided the agency has not contacted the sponsor during
the 30-day period.

Clinical trials represent the third phase in the drug de-
velopment process and are compl ex, time consuming, and
costly. Most clinical development programs have three
phases. Phase 1 studies are done in asmall number of pa-
tients to gain basic pharmacologic information. Phase 2
studies are designed to obtain preliminary safety and effi-
cacy datain patientswho suffer from the clinical condition.
Phase 3 studies are done on alarge population of patients,
aredesigned to gather extensive safety data, and must prove
the NCE's effectiveness.

The new drug application (NDA) is the vehicle
through which the sponsor of a NCE formally requests
that the FDA approve an NCE for sale and marketing in
the US. An NDA comprises thousands of pages of non-
clinical and clinical data along with information about
the drug’s formulation and manufacturing. The NDA is
used by the FDA to determine whether the NCE is safe
and effective in the target indication and whether the
proposed labeling isappropriate. The FDA has one year
from the sponsor’s submission date to respond to the
NDA. Oncethe FDA is satisfied that the NCE is safe and
effective, the sponsor will be notified and the NCE can
be marketed.

The pharmaceutical community and the FDA are work-
ing together to make NCEs as safe as possible and to get
them to the public sooner. In 1982, the Orphan Drug Act
(ODA) was created to provideincentivesfor sponsorsto de-
velop NCEs for rare diseases. With cooperation between
the FDA and the pharmaceutical community, NCE will be
developed faster and approved more quickly, while ensur-
ing the safety of the public.



108 Scanning Vol. 23, 2 (2001)

Application of correlative microscopy to genetic
therapy of various human diseases

K.C. MOORE
University of lowa, lowa City, |A, USA

Light and Electron Microscopy are essential toolsfor de-
veloping strategies to use genetic therapy in the treatment
of diseases. Negative staining and cryo-electron micro-
scopy are critical in understanding the structure of native
and hybrid vectors to be used as transfer agents. Enzyme
cytochemistry iswidely used for the detection of markers
that aid in determining therate of genetransfer to cellsand
tissues. Immunocytochemistry is necessary to identify new
geneproducts. Light, confocal and el ectron microscopy are
used to evaluate pathogenesis, inflammation and cellular
changes. For much of the past decade, we have been work-
ing toidentify the specific geneand cell structure (chloride
channel) that is compromised in Cystic Fibrosis patients.
Subsequently, appropriate vectors have to be developed
for treatment. A significant amount of time and effort has
been expended to identify effectiveviral and other vectors
to be used in the transfer of the normal gene construct. In
addition to Cystic Fibrosis, specific strategies for gene
therapy approaches to Muscular Dystrophy, Hemophilia,
neurological problems, and various skin disorderswill be
introduced.

Atypical applications of scanning electron micro-
scopy within the phar maceutical industry

R.L. MULLER
GlaxoSmithKline, King of Prussia, PA, USA

We have applied the scanning electron microscope
(SEM), in conjunction with other various analytical tech-
niques, within the pharmaceutical industry. Scanning elec-
tron microscopy iscommonly used to study the particle/sur-
face morphology of pharmaceutical materials, el emental
composition and particle size distributions. An environ-
mental SEM can also be used to study pharmaceutical ma-
terials under dynamic conditions.

Information obtai ned from environmental scanning elec-
tron microscopy (ESEM) images is somewhat limited be-
cause it is visual and subjectively descriptive. However,
when the ESEM is used in conjunction with other tech-
niques, it becomes a powerful characterization tool for
pharmaceutical materials, as seen in three case studies.
First, during early development of an active pharmaceuti-
cal ingredient (API), the water content of this hydrated
material became critical to control. During the drying
process of this hydrated material, generation of an anhy-
drous material was observed. By using multi-technique
assays, including hot stage ESEM, this anhydrous mater-

ial was characterized and the relationship between the hy-
drated and anhydrous material swas understood. Second, by
using energy dispersive x-ray spectroscopy, it was demon-
strated why some core tablets manufactured from newer
API batchesfailed content uniformity, whereas coretablets
produced from older API batches or re-worked newer API
batches passed content uniformity. Third, we have used
videos of dynamic ESEM experiments to document hy-
dration and/or recrystallization experiments and solid-lig-
uid phase changes.

Comparison of healing effects of estrogen and
bombesin in gastric and colonic inflammation

O. GUNAL,” E. OzcINAR,F S. ARBAK,* B.K. OkTAR,T
B.C. YEGEN'

“Department Of Surgery, Medical Faculty, |. Baysal
Un. Bolu; "Department. Of Physiology; ¥Department
of Histology-Embryology, Medical Faculty, Marmara
Un. Istanbul, Turkey

Severa experimental and clinical studies suggest that
pregnancy and lactation markedly reduced the incidence of
gastroduodenal ulcers.t?> Meanwhile, the gastroprotective
effect of bombesin, a tetradecapeptide, by means of in-
creasing gastrin secretion in gastric ulcer was investigated
n many studies.3*

To investigate the effects of these two agentsin gastric
inflammation, Wistar albino rats of both sexes were used.
Gastric ulcersin Ulcer Group were produced by applying
75 ul of acetic acid (80%) onto the serosal surface of an-
terior wall of the stomach for 25 seconds under ketamine
anesthesia. In another group of rats (Colitis Group), either
vehicle or acetic acid (1 ml, 5% ) was inserted through a
polyethylenetubing at 7 cm from the anus under light ether
anesthesia. The Ulcer Group was subdivided into 2 sub-
groups. Onegroup wastreated with 17 3 estradiol benzoate
(10 mg/kg/day; sc) or oil (Ulcer-Estrogen Group) and the
other group was administered Bombesin (30 mg/kg/ day;
sc) or BSA (Ulcer-Bombesin Group) for 7 days. For the
ColitisGroup, the same dose of 17 3 estradiol benzoate was
administered for 4 days until they were decapitated. In
both gastric and colonic tissues, macroscopic and scan-
ning electron microscopy (SEM) evaluations of damages,
aong with the determination of tissue myeloperoxidase
(MPO) activities, an index of neutrophil infiltration were
doneto demonstrate the extent of theinjuries. Estradiol and
bombesin reduced the gastric ulcer index ( p< 0.05 and p
< 0.01) and colonic damage score (p< 0.05) when com-
pared to with oil- and BSA- treated rats. Elevated tissue
MPO levels were significantly reduced in both the gastric
and colonic tissues as compared with corresponding vehi-
cle groups. In oil- and BSA-treated groups, SEM demon-
strated extensive disruption in the glandular architecturein
both gastric and colonic surface epithelium with extreme
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epithelial desquamation, significant hemorrhage, promi-
nent vasocongestion, and eosinophilicinfiltration. Inthees-
trogen and bombesin treated groups, glandular architecture
of both tissue were moderately disrupted, with mild
eosinophilia, moderate hemorrhage, and vasocongestion.

The results of the present study indicate that both exo-
geneous estrogen and bombesin accel erates the healing of
the gastric inflammatory process. Regarding the results of
the microscopical scoring and values of MPO activity, the
bombesin group was concluded as the less affected group
from the harmful effects of acetic acid. On the other hand,
exogeneous estrogen inhibits neutrophil-derived inflam-
matory mediatorsin the colon and has an effective healing
effect in case of colonicinflammation. Both of these agents
are thought to ameliorate microvascular disturbances.
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Modern optical microscopy, Part Il

Biological multi-modality nonlinear spectro-
microscopy: Multiphoton fluorescence,
second- and third-harmonic generation

P-C. CHENG, C.-K SuN,” B. L. LIN,TF-J. Kao,*
S-W CHU"

AMIL, Department of Electrical Engineering, University
at Buffalo, Buffalo, NY, USA; “Department of Electrical
Engineering, National Taiwan University, Taipei and;
TIngtitute of Molecular Biology, Academia Sinica, Taipe,
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Theintrinsic optical sectioning propertiesin nonlinear
optical microscopy have drawn much interest in biologi-
cal sciences; in conjunction with numerous fluorescence
bi oprobes, multi photon fluorescence microscopy has be-
come a powerful tool for deep tissue imaging and mi-
crospectroscopy at high spatial resolution.* In addition to

the fluorescence signals generated by multiphoton exci-
tation process, nonlinear phenomena such as harmonic
generation can also provide useful information about the
structure and optical properties of a specimen.3

Two-photon fluorescence and harmonic generating
microscopy were performed on amodified Olympus Flu-
oview confocal unit equipped with a mode-locked Ti-
sapphire laser (780 nm, 100 fs pulse, 82 mHz) or a Cr-
forsterite laser (1230 nm, 110 mHz, 130 fs). For
spectromicroscopy, a SpectraPro-500 spectrometer
(Acton Research) equipped with a LN-cooled CCD de-
tector or a TE-cooled CCD equipped SpectraPro-150
spectrometer was added to the microscope. Spectromi-
croscopy was performed in transmission mode by using
a computer-controlled scanning stage.

Plant cells produce strong autofluorescence due to the
presence of large amounts of photosynthetic pigments.
The predominate fluorescent emissionisin the green and
red.? Using two-photon microspectroscopy, the fluores-
cence emission of asingle cellular organelle can be stud-
ied. Figure 1b shows the time-lapse study of the fluores-
cence emission from asingle chloroplast in the protoplast
of Zeamays (Fig. 1a). Similar to the two-photon fluores-
cence process, second-harmonic generation (SHG)
process, which is a x® second-order nonlinear process,
provides strong nonlinear signal s but occursonly in non-
centro-symmetric media. The SHG process can thus be
used to image hiointerfaces and orderly arranged struc-
tures, where centro-symmetry isbroken. In SHG, only vir-
tual state transition wasinvolved, thus no photo-damage
and bleaching from the process are expected. With a
square dependence on the incident illumination intensity,
the SHG process provides the same optical sectioning
resolution as the two-photon fluorescence process if the
same excitation wavelengths are used.

Unlike SHG, third-harmonic generation (THG) is a
x© third-order, nonlinear process, however, different
from the two-photon absorption process, only virtua state
was involved. The marked advantage of thisvirtual state
transition of the THG process makes no energy deposition
during the conversion process, thus no photo damage
from the process is expected. Due to the large refractive
index difference between the fundamental and THG light
and the positive dispersion in biological specimens, ef-
fective THG generation occursonly in thin layer or on the
interfaces. This coherent length effect provides to the
THG processan excellent axial resolution in detecting the
surface of cellular organelles and membranes.

Simultaneously detecting the multiphoton fluorescence,
SHG and THG provide a new way of studying biological
specimens. This multimodality microscopy allows colo-
calization of the biosignificant fluorescence signal with
structural information corresponding to the generation of
SHG and THG signals. Figure 1c—e showsaset of images
[THG (c), SHG (d), and red fluorescence (FL ; €)] and ase-
lected spectrum obtained from the parenchyma cells of
maize stem (fixed in 3:1 EtOH/ acetic acid). Recording the
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Fic.1 (a) Transilluminated micrograph of maize protoplasts show-
ing numerous chloroplasts. (b) Time-recording of the red fluores-
cenceintensity variation of asingle chloroplast under intense NIR
illumination. Excitation: 780 nm, 100 fs. (c-€) Multimodality micro-
scopy of maize parenchymacell showing (c) THG, (d) SHG and (€)
fluorescence (FL). The bright patch (P) in (c) isthetransversewall
of parenchyma cell. lllumination: 1230 nm. (f) Spectrum taken
from selected point in a parenchyma cell.

spectrum of each pixel in animage ensures positive iden-
tification of the origins of signals (Fig. f).
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Thevirtual transmitted light interference micro-
scope: Reconstruction of optical path length
distribution from differential interface contrast
microscopy images
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Differential interference contrast (DIC) microscopy isa
popular modality for observing live transparent biological
specimens without toxic staining. Differential interface
contrast microscopy detects changes in the optical path
length distribution of a specimen along a certain orienta-
tion. The optical path length isdependent on the thickness
of asgpecimen and the distribution of refractiveindex within
the specimen. However, since DIC microscopy isadiffer-
ential technique, it doesnot directly provide quantitativein-
formation about the optical path length distribution.

Theaim of thisresearch isto reconstruct amap of optical
path length distribution from asingle DIC image. The tech-
niqueisasoftware-based image processing algorithm that en-
ables a standard DIC microscope to operate as a “virtua”
transmitted light interference microscope. The transmitted
light interference microscope was once popular inthe 1950s
and 1960s; however, DIC isnow amore prevalent modality.

Thereconstructioniscurrently performed intwo stages;
first to invert the differential nature of the DIC image, and
second to improve the resolution of the reconstructed op-
tical path length distribution using a deconvolution algo-
rithm. The processing algorithms are both iterative in na-
ture and can process a typical 256x256 image in under 1
min on a standard Pentium computer. The reconstruction
includes a regularization filter to prevent streaking arti-
facts that would otherwise appear parallel to the shear di-
rection, and a penalty on negative values. The image data
is also preprocessed to correct for the effect of the sinu-
soidal transfer function that characterizesthe interference
of the sheared beams, which converts the difference in
phase to image intensity.

Thereconstructed dataexhibits bright features against a
dark background, and ishow in aform that is suitable for
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usewith standard image programsfor segmentation, object
analysis, cell counting, and cell tracking. Theimproved res-
olution also enables features to be seen beyond the dif-
fraction limit of the microscope. In addition, three-dimen-
sional (3-D) specimens optically sectioned using DIC
optics can now be volume rendered and visualized. Image
registration can be used to correct for specimen movement
that may occur between sections.

The transmitted light interference microscope can de-
terminethe optical path length, for asingle point on aspec-
imen, which isacapability that DIC microscopy does not
directly provide. The technology developed from this re-
search enables the optical path length distribution over an
entire specimen to be derived from asingle DIC image. The
optical path length information can then be used to measure
the “dry mass” of a specimen. Tracking the dry mass of a
cell, or cell parts, over timeallows changesin growth to be
observed. Analysis of cell growth and behavior will allow
the effects of manipulating a cell’s genome to be deter-
mined, which could play amajor rolein characterizing the
phenotypic results of genetic engineering.!

Results will be presented for a number of biological
specimens, including the reconstruction of DIC images of
yeast cells, which reveal that the nucleus has alower opti-
cal path length (and presumably lower relative refractive
index) with respect to the surrounding cytoplasm. The
3-D reconstruction of a dandelion pollen grain, optically
sectioned using DIC will also be presented. This specimen
was captured using Dr Inoué's optical-bench inverted uni-
versal light microscope, using Nikon DIC optics and a
Hamamatsu Orca-1 cooled CCD camera.

This project has shown the feasibility of reconstructing
thedistribution of optical path length from DIC imagery of
a specimen, thus enabling the function of a transmitted
light interference microscope to be emulated in software.

Acknowledgments: Thisresearch is supported by funding
fromthe NIH under SBIR grant number 1R43GM 60833-01.
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Effects of apodization and wavefront functionson
the point spread functions
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The point spread function (PSF) isafunction of optical
aberrations, apodization functions, and wavefront func-
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Fic.1 Theoptical system of anew confocal scanning microscope.

tions. For an aberration-free optical system, and a variety
of wavefront functions such as spherical and parabolic
wavefront function the PSFsin thefocal plane and merid-
ional plane were calculated. For an aberration-free optical
system and a variety of apodization functions such aslin-
ear, parabolic, and the Bessel functions the PSHs in the
focal and meridional planes were also calculated. We de-
fined the lateral and axial half width of the PSFsas a cri-
terion to evaluate the lateral and axial resolution of an op-
tical system. Thus, we quantitatively calculated and
compared thelateral and axial resolution of an aberration-
free optical system for avariety of apodization and wave-
front functions. Our results showed that for an aberration-
free optical system and spherical wavefront if the amplitude
or apodization functions at the entrance pupil of an optical
system increasesfrom the center to the edgetheir lateral ef-
fective half width (EHW) issmaller than that from uniform
illumination. Thus, an optimal apodization and/or wave-
front function may befound by numerical analysisand the
resolution of aconfocal system may be greatly improved.

This study provides useful information to design high
resolution confocal microscopesusing spatial light modu-
lators (SLM) and deformable mirrors (DM). An SLM is
availableto generate any kind of apodization functions, in
principle. A DM may also generate any kind of wavefront
functions. Based on the above numerical analysisaconfo-
cal microscope using SLM and DM to achieve high lateral
and axial resolution was designed.

3-D images of the HgBr| compound obtained by
using confocal scanning microscopy

G. A. Stanciy, S. G. StANCIU

Department of Physics, University “Politehnica’
of Bucharest, Bucharest, Romania

Theternary compoundsHgBr, |, . (0<x<2) aresolid so-
lutions of the Hgl ,-HgBr, system.! They have large mole-
cular weight, high-energy gap value ranging from 2.1 eV
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for Hgl, to 3.5 eV for HgBr,, and high electrical resistiv-
ity, which are propertiesrequired in amaterial suitablefor
thefabrication of x- and gamma-ray detectorsthat operate
at room temperature. The leading material for these appli-
cationsisHgl,, which hasthe disadvantage of asolid-solid
phase transformation around 130°C, which limitsthe grow-
ing of single crystalsto vapour phase methods. Theternary
compounds, for x>0.4, do not exhibit any phase transfor-
mation, so crystal growth ispossiblewith most of the avail-
able methods, even with the common ones from the melt.

Lately we have reported some results obtained on the
similar compund HgBr,.2= Thefirst resultsobtained by us
on the HgBrl were also published.*

Inthe present paper, the growth of HgBr I, crystalswith
several compositions (x=0.4, 0.6, ..., 2.0) isgiven, by two dif-
ferent techniques, the Bridgman-Stockbarger from the melt
and the moving vapour growth method.

HgBr I, , (0.4<x<2) crystals were grown by two above-
mentioned methods. For the Bridgman-Stockbarger method,
avertical furnace arrangement was employed. The starting
materials were Hgl, and HgBr, powders, in amounts corre-
sponding to the desired crystal composition.® The ampoule
was placed in the high-temperature area of the furnace, and
thenit waslowered towardsthe cooler part of thefurnace. The
cooling rates employed at the solidification point that were
were 0.25, 0.50, 0.75, and 1.0°C/h. For the moving vapour
growth method, the growth followed two stages. In thefirst
stage, the starting material in the desired composition was
prepared in polycrystalineform by melting together Hgl,, and
HgBr, powders and then cooling them to room temperature.
Inthe second stage, theampouleloaded with the starting ma-
teria wasplaced inthelower part of avertical transparent fur-
nace (warmer area), until thematerial melted, and thenit was
raised towards the upper part of the furnace (cooler ared).
When the upper tip of the ampoule reached a temperature
lower than the solidification point of each composition, the
material condensed thereformed asmall crystal which grew
in size during the movement of the ampoule until thewhole
amount of the starting material was deposited. The cooling
rates employed were in the 0.1-1.0°C/h range.

The atomic compositionswere determined by EDAX with
the Philipsmodel 505- EDAX scanning microprobe. Finaly,
anew finding fromthe EDAX analysisisthedeficiency inio-
dine of all examined crystals, independent of the growth
method.

Using aconfocal scanning laser microscopeBiorad MRC
600 equipped with an Ar-ion laser, accorded on 488 nm, we
obtained acompound volume image by photoluminescence
aswell asby reflection. In thisway we had the possibility to
localize the region with inhomogeneities in a very precise
way. We had the possihility to establish the types of impuri-
tieskind in afew situations.
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Advances in SEM microscopy

Sharpness sear ch algorithmsfor automatic
focusing in the scanning electron microscope

C.F. BatTen, D.M. HoLBurN, B.C. BReTON, N.H.M. CALDWELL

Department of Engineering, Cambridge University,
Cambridge, UK

The scanning el ectron microscope’ stransition from are-
search deviceto acommon industrial tool hasincreased the
need for instrument automation, bothin conventiona and re-
mote microscopy.! Traditionally, autofocusing research has
concentrated on finding an optimal sharpness measure,
which is then applied over arange of focal lengths and the
foca length with the maximum sharpnessis chosen as the
best focus.? The present work investigates the use of more so-
phisticated sharpness search algorithmsthat decrease search
time without sacrificing the sharpness of the final image.

Four sharpness measureswere eval uated based on their ro-
bustness to noise, applicability to different specimens, im-
plementation cost, and adherence to the strict unimodality
property. A strictly unimodal sharpness measure hasasin-
glepeak a thebest focusand is strictly decreasing away from
this peak. Strict unimodality is particularly important to the
success of more sophisticated search agorithms. The sharp-
ness measures considered were based on theimage gradient,
sum of specific frequency domain components, image auto-
correlation, and image variance.

The gradient measure was found to be the most suscepti-
bleto noise, while the variance method waslargely insensi-
tive to noise. The auto-correlation measure was usually
strictly unimodal but had poor reproducibility, and whilethe
frequency domain measures performed well, the imple-
mentation cost of performing frequency domain transforms
in software was significant. The variance measure was cho-
sen asthe primary sharpness measure for thiswork because
of itsstrict unimodality regardless of noise, aswell asitssim-
pleimplementation.

Signal-to-noise (SNR) ratio and objectivelenshysteresisef-
fectsareimportant concernswhen devel oping sharpness search
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agorithms. Inthiswork, SNR issueswere addressed by choos-
ing amoderate level of hardware noise reduction and using a
robust sharpness measure. Hysteresiswas compensated for by
resetting thefocal length between iterative sweeps and by di-
rect calculation of ahysteresis offset when returning to the best
focusfollowing afocus sweep. Thishysteresisoffset wascal-
culated using anew technique based on therel ative sharpness
of images obtained during and after the sweep.

Thefixed step-size search required the most imagesfor a
given accuracy. Stopping the search after detecting asharp-
ness peak improved performance but is applicable only
under high SNR conditions. Theiterative search (using mul-
tiple sweeps at decreasing step-sizes) required fewer image
captures but additional hysteresis corrections. Following
these searches, interpolation can be used to further improve
the estimated best focus. A new interpol ation techniquewas
developed which uses a model of the image variance as a
function of defocus and was found to be reasonably suc-
cessful under most test conditions, but adds significant over-
head to the search.

The variable step-size search attempts to decrease the
step-size during the sweep as the sharpnessincreases. This
technique requires careful initial step-size choice, and is
less effectivein low SNR conditions. The Fibonacci search
partitions the search space into segmentsand iteratively re-
duces the search space using additional, carefully placed
sharpness measurements. Thistechniquerequiresthefewest
images, but like the variable step-size search, it relies heav-
ily on the strict unimodality property.

The search algorithmsweretested on various standard and
non-biological samples, using both stored focus series and
liveimagesonalLEO 440. Their resultswere verified againgt
maximal sharpnessand human assessmentsof “best focus’.

Thiswork hasinvestigated the potential of more sophis-
ticated sharpness search algorithms which require slightly
higher SNIR requirements but significantly fewer image cap-
tures, and introduced novel hysteresis correction and inter-
polation techniques.® The Fibonacci search using avariance
sharpness measure is robust and efficient for rapid fine fo-
cusing, and combined with the other methods could create
acomplete full focusing solution.
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Effect of pseudo-random scan parameter s on nega-
tive specimen charging and beam landing errorsin
the scanning electron microscope
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The use of a pseudo-random scanning algorithm! has
previously been shown to reduceimage degradation dueto
negative charging effects when specimens with insulating
areas are viewed at high-beam energies in the scanning
electron microscopy (SEM). Oninsulating specimenswith
slight conductivity, random scanning reduces the occur-
rence of surface breakdown and Malter discharge. Beam
deflection errors and contrast artefacts can also be effec-
tively reduced. The principle underlying the reduction of
surface charging isto spread out deposition of charge by the
beam over the scan field in amanner that consecutive pix-
elsarewell separated.? On adightly conductive specimen,
this allows surface charge to leak away at any point in the
scan field before the beam revisitsitsvicinity again. With
aconventional raster scan, consecutive pixels are adjacent
to one another, which resultsin arapid build-up of charge
that can lead to dielectric breakdown and other severe
charging artefacts.

The pseudo-random algorithm isbased on apixel inter-
lacefactor (IF) whichisthe number of pixelstoincrement
on aone-dimensional raster scan pixel map, and remapped
onto atwo-dimensional scan map. A judicious choiceof |F
isfound to beimportant asit affectsthe beam landing error
dueto the charge pattern that has been already been estab-
lished on the specimen surface by the time sequence of
charge deposition. Assuming aninitialy uncharged surface
for aconventional raster scan, thetotal charge build-upin-
creases monotonically intheframe scan direction, and this
resultsin awider scan field towards the end of the frame.
This effect is acceptable especially if the rate of charge
build-upisrelatively small. On the other hand, with random
scanning, the beam vectors all over the scan field, and de-
pending on the extant surface charge, may resultin periodic
beam landing errors that manifest as “jagged” images. It
was observed experimentally that certain IF give images
that are practically free of jagged edges.

To understand this phenomenon, computer simulation
was carried out to model the effect of evolving surface
charge on the beam landing error. Inthemodel, the primary
beam is scanned over a dielectric surface according to the
pseudo-random scan algorithm. At any irradiated point,
the surface charge is assumed to redistribute uniformly by
electron beam-induced conductivity (EBIC) within the
backscattering radius of the beam. Thetrgjectory of the pri-
mary beam is then traced through the electric field result-
ing from the surface charge, and this determines the land-
ing position of the next point to beirradiated. In the present
model, charge decay is assumed to occur through the sub-
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strate but does not otherwise redistribute laterally on the
surface when the beam is not positioned at the area con-
cerned. The charging state of the surface and the surface po-
tential can be visualised as a three-dimensional surface
plot as scanning progresses.

The beam landing error for araster scan is as expected,
with the scan field expanding towardsthe end of theframe.
However, at higher charge doses (higher beam currents), the
beam landing error interacts with the charge deposition
and resultsin ripples appearing in the charge distribution.
For random scanning, the IF affects the distribution of
charge, but for sensible values of IF the difference in the
maximum charge is marginal and isinvariably lower than
that of araster scan. However, the beam landing error can
take on very different forms asthe IF is changed. Certain
scan sequences result in monotonic distortion of the scan
field, while others give rise to seemingly erratic beam po-
sitioning errors, supporting the experimental observations
of random-scan images. A truly random scan, where the
scan coordinates are generated by a pseudo-random num-
ber generator, gives the worst possible scenario with un-
predictable beam landing error and an irregular surface
charge distribution. On the other hand, |F-based pseudo-
random scanning with a proper choice of IF can yield the
benefits of the technique without the effects of erratic beam
positioning errors.
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Specimen charging char acterization using com-
puter-based image contrast-emission processing
for the scanning electron microscope
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Reliability (CICFAR), Faculty of Engineering,
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Specimen charging problemsare frequently encountered
in imaging with the scanning el ectron microscope (SEM).
Such problems are especially common during the observa-
tion of poorly conducting specimens using high-beam en-
ergies and at high-current densities associated with high
magnifications.: Therefore, in situ imaging analysisin the
form of charging detection and quantification to derive ad-
ditional information on the sample charge stateis needed if

consistent performance from the SEM isdesired. One use-
ful way of representing the information on the charging at-
tributes of the sample is in the form of a 2-dimensional
charging map of the samplethat can bederived from acom-
bination of both physical and image-based measurements.

The basis for an image-based charging detection tech-
nigue can be constructed based on the fundamental emis-
sion behavior of insulators under an electron-beam probe
as described by the electron emission coefficient, o which
represents the ratio of the total emission current over the
primary beam current. For most typical semiconducting
and insulating materials but excluding metals, o can span
ranges both within and in excess of unity depending onthe
effective electron landing energy.? This property alows
different charging-characteristic zonesto beinvestigated at
different beam energies. For example, inthe g > 1 region,
in which more electrons are emitted than injected into the
sampl e, theresultant net positive charging situation results
inarelatively darker imageintensity of thefinal secondary
electron (SE) image of the sample due to suppression of
electron emission from the now positively charged sur-
face.® Conversely, operationin regionswhere g < 1 results
in anet higher image intensity due to negative charging. It
isassumed that all primary electron-optical parametersre-
main constant and charge proximity or neighborhood ef-
fects* are negligible. A means of mapping out regionsthat
exhibit this contrast fluctuation with beam voltage can then
be constructed to form acharging map techniquefor charg-
ing detection.

Inthefirst case of moderate charging in which the charg-
ing artifact ismanifested asrelatively subtle contrast aber-
rationsin the resultant image without gross image distor-
tions or drifts in the image field-of-view, a method
employing voltage-by-voltage differential beam energy
analysis (BEA) has been devel oped. Using beam energy al-
teration as the primary stimuli, the charging condition
changes according to the total yield curve behavior of the
regions of interest. In the subsequent processing of the
image data obtained, two methods, the maximum distance
distribution (MDD) and the least misclassified distribu-
tion (LMD) techniques, have been implemented. Compar-
ing the contrast on each combination of image frames ob-
tained under different beam energies, the combination that
gives maximum discrimination of the feature-of-interest
from the noncharging background is selected. It wasfound
that the M DD method generally requiresless computation
at the expense of the higher charging region misclassifica-
tion error rate. The LMD algorithm, on the other hand, re-
quireslarger amounts of computation and henceresultsin
longer charging detection turnaround times, but with bet-
ter charging detection accuracy.

A secondary algorithm has also been devel oped to detect
relatively severe charging, where charging artifacts are at-
tributed to beam deflection effects on the primary electron
beam by strong surface electric field build-up.® In this case,
an image drift detection technique is implemented as the
primary detection parameter. Using a combination of
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frame-by-frame comparison, drift detection, and thresh-
olding techniques, acharging map is also generated to de-
scribe the zones of severe charging.

The charging map generation techniques described
above provide the critical information required for the de-
tection and eventual compensation of specimen charging.
The above-mentioned modulesare part of an overall charge
control architecture for the SEM which is presently under
development at CICFAR. The successful devel opment of
charge control techniques would ultimately result in self-
optimising SEMs where the accuracy of analysis in the
face of charging can be more reliably ascertained com-
pared with present conventional SEMs.
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Visualization of the energy band contrast in SEM
scanning electron microscopy through low-energy
electron reflectance

|. MULLEROVA, L. FRANK, O. HUTAR

Institute of Scientific InstrumentsAS CR, Brno, Czech
Republic

Thetrend towardslowering the primary beam energy in
the scanning electron microscope (SEM), motivated by
the aim of observing non-conductors with suppressed
charging-up, and at of improving the surfacerelief visual-
ization, reaches its limits (in conventional instruments)
dlightly below 1 keV, asaresult of growing aberrationsand
decreasing current. Further energy lowering is possible
when non-constant beam energy along the column is em-
ployed and the final deceleration is performed closeto the
specimen surface. In casesin which the decelerating field
isapplied directly to the specimen, i.e.that is, when a“ cath-
odelens’ isintroduced, the beam energy can be decreased
to units of eV without any significant sacrificeto thereso-
Iution.® The specimen is then exposed to a strong electric
field of, say, 2to 3kV/mm. Thisdoes not, however, create
agradient exceeding 10 volts per micrometer inthesilicon
oxide, so most semiconductor devices should not be en-
dangered.

Technol ogical development and detection of defectsfor
modern large integration semiconductor devices require
the use of high-resolution visualization of topology of dif-
ferently doped areasdoping profiles. In order toTo restrict
the radiation damaged area to the shallowest surface, and
also to decreasethe energy delivered, low- energy electrons
should be used for this purpose. Successful imaging of
both p- and n-type doping within abroad energy range? has
been explained on the basis of the surface band bending cre-
ating avariable height barrier for the secondary electrons
(SE), causing the p-type areas to be brighter in the image.
Some recent results  regarding the low- energy range and
contrast between p* and n* areas with respect to n-type sub-
strate are al so interpreted with the help of the surface bar-
riers connected with the carbonaceous contaminants.

True observation of the electronic structure is, never-
theless, possible when employing very low- energy electron
reflectance, as can be seen from the I-V curvesfor thel
spot of thelow energy eectron diffraction (LEED) pattern.
At energies below approx. 20 to 30 eV, where all mecha
nisms of inelastic electron scattering settle enough so that
both the energy and wave vector of the impacting el ectron
conserve over the electron penetration depth, the reflection
rateisinversely proportional to the density of states coupled
totheincident wave.* 5. Moresimply, electrons hitting the
forbidden gaps above the vacuum level are reflected sig-
nificantly more than when their energy correspondsto al-
lowed states. This phenomenon has been demonstrated in
LEED® and also in the low- energy electron microscope
(LEEM).* . Implementation into SEM is likely to bring a
novel diagnostic method for semiconductor technol ogy.

Distribution of the energy band features within semi-
conductor devices, caused by local doping, can be visual-
ized when tuning the (very low) landing el ectron energy so
that it fits forbidden gaps only in a part of the variously
doped areas, while in the remaining areas electrons pene-
trate inside as hot electrons.®. Note that SE emission does
not play arole here, and that the contrast isdueto reflected
electronsonly. Fine energy tuning could even revedl, at least
at higher doping levels, penetration into donor or acceptor
bands, depending on the shape and height of the band
bending. Demonstration experiments are best performed on
apartly processed substrate with the first doping operation
performed, but with no further layers grown.
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Imaging of unstained and uncoated specimensin
the scanning electron microscope at optimum
electron energy

L. FRANK, |. MULLEROVA, J. KANOVA

Institute of Scientific InstrumentsASCR, Brno,
Czech Republic

The conventional way of suppressing charging in non-
conductive specimens dueto electron bombardment in the
scanning electron microscope (SEM), consisting of stain-
ing by metalic salts and conductive coatings, causes al-
teration to the acquired data, and much effort isbeing made
to avoid these steps of preparation. One currently popular
aternative is the environmental SEM with a gas pressure
sufficient for surface discharging by impacting ions.

Another routine method of observation relies upon ob-
servation at el ectron energies below acertain critical value,
at which thetotal electronyield crossesthe unit level. The
specimen acquires a positive surface charge, the field of
which reattracts a portion of the slowest secondary elec-
trons, which leads to the establishment of the charge bal-
ance at only moderate surface potential. Because of the
presence of other electrostatic fieldsin thevicinity (such as
that of the Everhart-Thornley detector), thefinal potential
can reach tens of volts. This value can sometimes cause
problems, so it isworth aiming for areduction.

In order to diminish “residual” positive charging, one has
to approach, asclose as possible, thecritical energy, prefer-
ably from thelower energy side. A successful method of for
determining the critical energy can be based on monitoring
theimage signal intimeimmediately after thefirst illumi-
nation of apixel.! Theresulting energy value, found asthat
at which the overall signal changeis minimal, securesthe
least charging in exactly the desired sense, that is, asregards
the impact on the signal electrons. The critical energy es-
tablished in thisway depends both on the specimen mate-
rial and the local impact angle of the electrons, that is, the
surfacerelief. Itisanticipated that typical energy valueswill
work for certain classes of specimens, such as families of
microorganisms, soft tissue specimens, etc.

The procedure for acquiring a sufficient assembly of
thesignal vs. timedatafrom points suitably distributed over
aview field not illuminated before, and its processing, can
bewe | automated provided the beam energy is“ easily” ad-
justable. Thisisthe case for an SEM fitted with a cathode
lens, wherethe fully shaped and positioned beam is decel -
erated just in front of the specimen surface.? The landing

energy of electrons can be varied here via negative speci-
men bias with minimum readjustment in the column, re-
stricted to moderate corrections in focusing and magnifi-
cation according to preselected figures.

Important examples of structures suitablefor this method
of observation include those of a powder, porous or fi-
brous nature, which are difficult to make sufficiently con-
ductive by conventional methods. Demonstration experi-
mentswere performed with some aerial and other mycelia,
intestinal protozoan cells, dried milk specimens, etc.
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I mage management for a multi-instrument,
multi-platform microscopy facility

JA. MURPHY

Microscopy Technology Center, San Joaquin Delta
College, Stockton, CA, USA

In the digital age, the management of images can be
very time consuming when there are several digital image
acquisition systemsinvolved. The choice of which database
to use depends on the number of image acquisition systems
aswell ashow theimagesareto be used. In our fecility, the
sameimages often have to be accessed by several usersfor
group projects. We needed the ability to track the images
not only with other data (e.g. spectra) and reports but also
by several criteria such as sample number, type, client
number, etc. Our image acquisition systems are operating
on Macintosh, PC, and Unix®, platforms. Our digital imag-
ing systems include transmission electron microscopes
(TEMS), scanning €l ectron microscopes (SEMs), light mi-
croscopes (LMs), focused ion beam (FIB), atomic force mi-
croscope (AFM), flat bed scanners (FBS), negative scan-
ners(NS), video cameras (VC), and digital cameras (DC).
Becausewelook at agreat variety of sampletypeswithall
typesof microscopy, we want to makeimages availablefor
teaching purposesinside aswell asoutside our institution.
For that purpose, we wanted the images to be available in
a compressed format, but available to researchers in the
original high-resolution format. At the same time, we
needed to have security with respect to who can accessre-
search images. To minimize staff time, it was also neces-
sary that image categorization be done during acquisition.

We examined amyriad of databases. The database that
met all of our needs and that was tailored to microscopy
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was Quartz PClI TM by Quartz Imaging Corp.! We re-
quired the capabilities of the client/server Enterprise Data-
base version.

We chose to use Microsoft® SQL ServerTM asthe un-
derlying database engine. If Oracle® isused, the database
server’'s operating system can be either Windows NT® or
Unix®. We chose Microsoft® SQL ServerTM, which only
runson NT, becauseit isabout one-fifth the cost of Oracle®
and would be easier to manage in our lab. Adding images
to the database and searching for images is done either
through platform-independent, web-based software, or
through PCI Client software that requires either Windows®
95, 98, or NT. In PCl, the actual images can reside separate
from the database on afile server. We chose NT asthe op-
erating system for both the database and the file server.

The PCI database software consists of 3 parts: The PCI
Intranet Image Server (which givesweb accessto the data-
base), the PCl Acquisition Software which goes on each
image acquisition system; and the PCI Client Workstation
software (which is used to change or modify the database).
For internet use, one aso requires a web browser such as
Netscape Communicator® or Microsoft® Internet Explorer.
Thus minimally, one needs 1-PCI Intranet Image Server, 1
PCI Acquisition Software for each image acquisition sys-
tem, at least one Client Workstation software, and a web
browser. For security, passwords are added to the system.

For a server we are using a Dua Pentium-111 500MHz
LANServer, with one TB of hard drive arrayswith built-in
RAID 5. Automatic back up is provided with a Cybernet-
ics Tape system and Seagate software. A CD/DVD
server/jukebox will be added to the server. The hardware
system thus consists of amain server, aCD/DV D jukebox,
CD/DVD archivesand aback-up tape system. Many micro-
scopy-oriented fields already exist on the initia “off the
shelf” database version, but others can be added and made
mandatory or non-mandatory. Each user, thus, actively
“makes the database” without having to first save images
to the hard drive and then put them into the appropriate
folders and then route them to a server at alater time. The
images are then easily accessed from the server either via
the PCI software or through any web browser fromthe In-
ternet.

Image management with the use of the Quartz PCI Data-
base has thus made possible easily categorizing and find-
ing images, but also tracking samples, compiling reports
from avariety of information including multimedia files
and will make almost painless, the supplying of imagesto
avariety of internal and external programs.

References

1. Quartz Imaging Corporation, Vancouver, BC, Canada;
http://www.quartzimaging.com. Distributed in the US by Hi-
tachi, Nissel Sangyo America, Ltd., Mountain View, CA, USA;
http://www.nissei.com

Advances in materials science—
microscopy, microanalysis and theory

The backscattered electron (BSE) signal from an
iodinated polymer series. Usefor standardising
BSE imagesfor bone mineralisation density bone
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Bone is neither a uniform nor a permanent material.
Mature lamellar bone matrix undergoes a long-term in-
crease in mineralisation after its initial mineralisation.
Thus, it changes its properties with time, since the elastic
modulus increases with the degree of mineralisation. The
degree of mineralisation of bone should be measured in vol-
ume elements, which exclude cell occupied space. Cur-
rently, backscattered electron (BSE) imaging in a scan-
ning electron microscope (SEM) is the only method to
givetherequired resolving power. It hasthe additional ad-
vantagethat entire plastic (e.g., PMMA) embedded blocks
are used, and they only need to be cut once. No physical
sectionisrequired, so that theinterface may remain intact
during atrimming and micromilling operation to generate
the very flat surface required to ensure that BSE signal
variations are due to changes in composition (principally
changes in the volume occupancy by bone mineral), ex-
cluding topography as aconfounding factor. The BSE sig-
nal isthen ameasure of mineralisation, but thereisaprob-
lem in standardising such measurements.

Hal ogenated polymers may be very suitablefor acting as
standards against which to measure the relative electron
backscattering properties of bone and other calcified tissues.
These materials are a prime choice because they are solid,
uniform, easily fabricated to have very flat surfaces, and
have no long-range structural order to generate electron-
channelling contrast. Metals, aloys, and ionic crystalline
materials give rise to backscattering contrast dependent
upon grain orientation and are therefore unsatisfactory in
thisregard. For thelast few yearsat UCL , we haveroutinely
used two of the several hal ogenated polymersoriginated by
the late K.M.W. Davy, chosen because they provide mark-
ers located conveniently at each end of the range of
backscattering given by bone embedded in PMMA. We
have also used and tested other polymers made by Davy in
attempts to improve our understanding of the physics of
electron backscattering per se. Progressin thisfield hasen-
abled us to reject the oversimplified theories that will be
found in all standard textsin thisfield.!
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on bone, aswell as the monobromo and monoiodo compounds.

Wereport hereon anovel seriesof 10 methacrylatetype
copolymersthat contain an increasing amount of iodine co-
vaently linked to their backbone structure. The new stan-
dard materials were prepared from methylmethacrylate
(MMA) and 2-[4’ -iodobenzoyl]-oxo-ethylmethacrylate (4-
IEMA) through polymerizationin bulk.?2 Themateriasare
optically transparent and closely resemble poly (MMA).
The materials were machined into circular discs with di-
ameter 10 mm, and thickness 2 mm. These discs were ce-
mented to a block PMMA and micromilled to acommon
surface so that all regions of all the discs would lie at the
identical distance from the BSE detector in the SEM and
carbon coated by evaporation. Digital BSE images were
recorded using aZeissDSM962 SEM (20 kV, 0.5 nA, an-
nular detector at 17 mm working distance, 1 mm detector-
sample distance) under external computer control, ad-
dressing the selected fields on each material in sequence.
The valuesin Figure 1 include atypical field on bone, as
well as the monobromo and monoiodo compounds which
we have previously employed.!

This extended series of iodinated polymers covers the
range of backscattering found from normal PMMA em-
bedded bone. Thus, they will be suitable as standardsfor in-
traspecimen, interspecimen, interstudy, and interlabora-
tory comparisons of bone quality.

Wide-field imaging is frequently needed in surveying
bone, but low-magnification images may show significant
signal lossin the peripheral field. These new materialscan
be used to generate exact shading correction images to
compensate for such effects.
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Direct assessment of recombination noisein
semiconductor susing electron beam-induced
conductivity

S. MIL' SHTEIN

Advanced Electronic Technology Center, ECE Dept.
UMass, Lowell, MA, USA

Thelevel of internal noise of thetransistors, diodes, and
other semiconductor components limits successful design
of any low-noise electronic system. All types of noise,
namely, Johnson, 1/f, etc., are generated due to activity of
crystalline defects such asvacancies, dislocations, and oth-
ers. Intensity of the electron scattering and recombination
processes, inflicted by defects (traps), controlsthelevel of
noise. Dependent on dynamic operation condition of semi-
conductor devices, such asexternal biasesand level of cur-
rent injection, thetrapswill generate acertain typeand level
of noise.

Materia growth or device processing technol ogies could
introduce the defects. Therefore characterization of semi-
conductor wafer in the early stages of processing (at least
before packaging) could help to predict the level of noise
dueto thetype and density of defects present on thewafer.
Sorting out bad semiconductor chips could save money
and effort in the RF design of low-noise circuits.

Current study focuses on most powerful generators of
noise, linear defects, named dislocations. These defects
could befoundin thebulk aswell asthe epitaxial interfaces
of a semiconductor device. Nanoscale size of these de-
fects makes the scanning electron beam an instrument of
choicefor proposed study. Conventional electron beam-in-
duced conductivity (EBIC) produces images of the de-
fects, where contrast is proportional to the recombination
rate at the site of a defect. Since contrast is measured as
fraction of a percent, the relative nature of contract value
precludes quantitative measurements of the recombination
rate, thus making quantitative assessment of 1/f noiseim-
possible. In our model, using the Boltzman continuity
equation, the recombination-generation processes per unit
of length of a dislocation was defined for two operational
conditions of EBIC, namely, for low and high intensity of
an electron beam. The experimental technique of the quan-
titative measurement of carrier recombination® consists of
taking two EBIC scansalong the selected defect at two dif-
ferent beam intensities, digitally subtracting the first scan
from the second one, and normalizing theresult to the size
of the electron range. The value of the recombination rate,
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extracted from the model, is then used to predict the level
of 1/f noisein tested semiconductor sample.
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Secondary electron contrast of a 319 aluminum
alloy

W. T. DoNLON, A. CHEN, J. HANGAS
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Dearborn, M1, USA

Cast aluminum alloys are used in the automotive indus-
try for many applications including engine blocks and
cylinder heads. Their microstructure consists of aluminum
dendrites and eutectic regions containing auminum, sili-
con, and various intermetallic particles. Examination of
polished sections of these alloys using aconventional Ever-
hart-Thornley detector in aJEOL 840A scanning electron
microscope shows that the silicon particles appear dark,
whileiron and copper intermetallic particlesarewhite (Fig.
1a). The pronounced lower secondary electron (SE) yield
(®) of the silicon compared with the aluminum matrix isun-
expected since introductory texts to scanning electron
microscopy state that the SE yield is insensitive to com-
position.12 In addition, one might suspect that the silicon
phase should appear brighter than the aluminum matrix
since silicon has a higher backscattered electron coeffi-
cient (n). The higher n aso increases the number of type
Il and typelll SEs.

Since SE generation is due to the interaction of the pri-
mary beam electrons with conduction band electrons, the
lower & of silicon is presumably due its covalent bond-
ing.2* The possihility of surface oxidefilms causing the ob-
served contrast is ruled out because the same contrast has
been observed in the scanning Auger microprobe after
sputtering away all surface films.

The observed contrast i s quite different when the sample
has been carbon coated with 10 nm of carbon (Fig. 1b). The
silicon particles can only beidentified when the contrast is
increased to alevel much higher than that used for normal
imaging. In this casethe silicon phase appearsbrighter than
thematrix. Thisobserved contrast arises because most of the
Type | SE are generated in the conductive carbon layer
while the backscattered el ectrons are produced in the sam-
ple. Similar contrast is observed when the solid-state
backscattered electron detector is utilized (Fig. 1c).

The SE contrast of these samples (noncoated condition)
was al so observed using a Cameca SX50 microprobe. The
Cameca secondary detector is comprised of three pairs of
plates mounted parallel to the sample surface and placed in
front of the scintillator. Three positive bias conditions exist

Fic. 1 Secondary electron images (a and b) of a 319 aluminum
aloy showing the aluminum-silicon eutectic (E, = 15keV). (@) shows
the polished surface, while (b) isthe same area after carbon coating.
(c) isabackscattered image obtained with a solid-state detector.

(the biases progressively increase as one approaches the
scintillator) and are set either automatically based on the
beam current or manually by the operator. Using bias con-
dition 3 (highest plate biases) with this detector, the silicon
particles are observed asdark particleswhen ahigher than
normal contrast setting was utilized. No contrast was ob-
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served between the silicon and aluminum when bias con-
dition 1 (lowest plate biases) was utilized.

Secondary electronimages of ahighly irregular fracture
surface showed subtle differences when different plates
were energized. More directional illumination of the sam-
ple was evident when bias condition 1 was utilized. Al-
though the quality of thisimage was consistent with atyp-
ical SE image, it was evident that the backscattered
electrons were more dominant. The larger component of
backscattered electrons in this image is also consistent
with thelack of contrast between the silicon and aluminum
on polished samplesof thismaterial, wherethe contrast be-
tween these two phases arises because of differences in
their SE yields.
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Synthesisand characterisation of in-situ Al-TiB,
metal matrix composites
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The cast metal matrix composites (MMCs) prepared by
the addition of ceramic reinforcing particlesinto the vor-
tex of astirred molten alloy normally suffer from poor co-
hesion at the particle-matrix (P-M) interface.r The P-M
interfacein case of in-situ MMCis, however, very clean and
continuous asthereinforcing ceramic particlesareformed
by achemical reactionwithinthemolten aloy. In therecent
years some researchers have reported on the synthesis of in-
situ Al-TiB, MMC by the reaction of molten aluminium
with K, TiF, and KBF, satsand the present work isyet an-
other effort in that direction.?®

The present work confinesitself tothe synthesisof anin-
situ Al-5%TiB, MMC and its characterization by Scanning
Electron Microscopy (SEM), EDS x-ray microanalysis
and x-ray diffraction (XRD). Initialy, the MM C was syn-
thesized by the reaction of molten auminium with the

K, TiF, and KBF, salts under different conditions of reac-
tion temperature (750-800°C), reaction time (30-120 min-
utes) and sequence of salt addition. The SEM and EDS x-
ray microanalysis of the microstructure of the MMCs so
prepared supplemented by the XRD revealed the presence
of very fine (0.5-2 um) TiB, particlestogether with alarge
number of fine TiAl, particles (~ 1 um). Presence of AIB,
or (Al,Ti)B, particles, if any, could not be detected. The
large fraction of TiAl, particles results from intense reac-
tion of K, TiF, salt with the molten aluminium due to the
emulsification of the former in thelatter. The sluggish na-
ture of the reaction of molten aluminium with KBF, salts
or the possible loss of B as BF, gas at 1000°C* resulted in
low B pick that explainstheformation of only asmall frac-
tion of TiB, particles.

Thein-situ Al-5%TiB, MMC was then synthesized by
melting together the Al-3.45%Ti and Al-1.55%B master al-
loys. The Al-3.45%Ti and Al-1.55%B master alloys were
first prepared separately by the reaction of molten alu-
minium with K, TiF, and KBF, salts respectively at are-
action temperature of 800°C for areaction time of 60 min-
utes. A mixture of these master alloyswasthen studied by
differential thermal analysis (DTA), which revealed an
exothermic peak at 895°C suggesting areaction between Ti
and B leading to the formation of TiB, particles. These mas-
ter alloys were then melted together at 1000°C for 20, 30
and 60 minutesin an electric resistance furnace to synthe-
sizethein-situ Al-TiB, MMC.

Microstructural analysis revealed that remelting of the
binary master alloys together in the resistance furnace re-
sulted in the disappearance of TiAl, particles gradualy
with the increase in reaction time and the appearance of a
large number of hexagonal shaped particles of size 2-5
pm. The EDS x-ray microanalysis supplemented by XRD
confirmed theseto be TiB, particles. The particleswere also
extracted from the matrix by chemical leaching and stud-
ied by SEM and EDS x-ray microanalysis. These studies
confirmed that the particles contain Ti and B only. X-ray
diffraction of the extracted particles also confirmed these
tobe TiB, particles.

Itisthusclear that the reaction of molten aluminiumwith
the mixed salts cannot yield the desired Al-TiB, MMC as
a large fraction of the Ti remains locked in the form of
TiAl,. Moreover, the B is either lost or the reaction of
molten aluminium with KBF, is too sluggish resulting in
the formation of a small fraction of fine TiB, particles.
Thein-situ Al-TiB,MMC can, however, be synthesized by
melting of the Al-Ti and Al-B master alloys together in a
resistance furnace.
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Scanning electron microscopy/ener gy-dispersive
X-ray spectroscopy spectral artifactsSUM peaks
and auto ID: A reminder

S.S. HURBAN

IBM Corporation, Materials/Failure Analysis L aboratory,
Endicott, NY, USA

Difficulties were encountered in determining the pres-
enceof tin (Sn) inasilicon dioxide (SIO2) environment. In
an attempt to stimulate more x-ray information, count rate
wasincreased (larger spot size) in areas of analyses. This
resulted in the formation of a small peak in the 3.4 keV
range; using an auto peak identification program, the peak
waslabelled as Sn La Manually identifying thispeak at the
full spectral scale could also lead to the misidentification
of the peak as Sn La. However, under closer examination,
it is fairly obvious that the acquired peak is at a slightly
higher energy than that of the calibrated Sn Lapeak marker;
in addition, no secondary peaking for Snwas observed. The
calibrated peak reference markers show an exact align-
ment of the peak with the Si Ka SUM marker.

Increasing the count rate to >15,000 counts per second
(cps) resulted in approximately 60% dead time, not opti-
mum energy dispersive spectroscopy (EDS) acquisition
parameters.? Theseinstrument parameters can not be over-
Iooked when collecting spectral data. Analyzing the same
SiO2 rich areas using different instrument parameters
(<3000 cps and approximately 20% dead time), the peak
was no longer observed at thislocation. Thiswas support-
ive proof that the peak wasindeed a Si Ka SUM peak.

Thisanalysisserved asareminder that there are specific
instrument/specimen conditions that will enhance the oc-
currence of spectra artifacts. Knowledge of both the sam-
ple and the instrumentation capabilities/limitations play
anintegral rolein accurate and complete elemental analy-
sis. Even today’s systems, that incorporate an efficient
pulse pileup rejector, may not separate two pulses closely
spaced intime. Overloading the EDS detector limitsit'sca-
pability to separate pulsesin nearly exact coincidence, and
resultsin the formation of asmall pulse pileup peak in the
EDS spectrum. 12

These findings led to the investigation of Auto ID rou-
tineson variousinstrumentsto examine the accuracy of the
systemsin practice. Thetwo classic casesof Si Ka and Al
Ka SUM peaks were used as examples. The results re-
vealed arange of peak 1D accuracy from absolutely unac-
ceptable (midabelling of themgjor Si Ka, Al Ka peaksand

total disregard of the SUM peaks) to very impressive (ac-
curate and complete labelling of al peaks including the
SUM peaks).
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Themorphology and microstructure of SIO/AlO,
compositeinorganic membrane
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University, Guangzhou, People's Republic of China

For many of their advantages, such aslow energy con-
sumption, high selectivity, resistance to high temperature
and chemical corrosion, and biological degradation,*2 in-
organic membranes have been proven to be of bright future
in many fields, such as high temperature gas separation and
membrane catalytic reactor.

Inthiswork, asilicon/aluminum (SiO,/Al,O,) compos-
ite inorganic membrane was prepared according to the
processes described previoudy.® The morphol ogy and mi-
crostructure of this membrane were investigated by scan-
ning electron microscopy (SEM) and energy dispersion x-
ray (EDX) analysis. The performance of thismembranefor
the treatment of industrial wastewater was discussed as
well.

Preparation of the SIO,/Al,O, Composite Membranes

The silicon contented poly-aluminum solutions with
different ratios of Si/Al were prepared. The surface of the
substrate pre-treated with kaolin was carefully touched to
the above Si/Al solution for 4 s. This substrate was picked
up and treated with agueous ammonia at ambient temper-
atures for 3 h. Then, it was put into an oven and heated
slowly to 110°C, and kept at this temperature for 30 min.
Thetemperature was thereafter increased up to 550°Cin 20
min, and the samplewasroasted at thistemperaturefor 3 h.
After cooling down to ambient temperature, aSiO,/Al,O,
composite membrane was obtained.
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Char acterization of the SiO,/Al O, Composite
Membranes

Detail for the characterization of the SiO,/Al,O, mem-
brane's performance, including measurement of liquid per-
meate rate, and maximum pore radius of the membrane, as
well as retention rate of the membrane for poly-(ethylene
glycol) were described in reference.®

The maximum pore radius of the membranes, r, is cal-
culated asr = 20/AP, where g is surface tension of thelig-
uid, and AP is bubble-point pressure.

Themaximum poreradiusr,_ of the SIO,/Al,O, mem-
branes with different ratio of Si/Al was measured. The
maximum poreradiusdifference, Ar,__ , and the maximum
poreradius contraction were calculated and listed in Table
1. The results obviously show that, the pore radius con-
traction rate of the membraneswasincreased a ong with the
ratio of Si/Al. This means that the presence of silicon is
very helpful inimproving the surface structure of the mem-
branes, and ismainly referred to as the formation of Si-Al
com-crystallites during the roasting process.

TaBLE | Some data of the SIO,/Al,O, membranes.

Sample Si/Al Ar Contraction (%)
A 0 0.046 6.01

B 0.05 0.063 7.30

C 0.07 0.123 139

D 0.10 0.139 15.2

Morphology and Microstructure Analysisof the
Si0,/AlL,O, Membranes

The morphology and microstructure of the SIO,/Al,O,
membranes, as well as the distribution of silicon in the
compositelayer of the matrix were examined with aHitachi
S-520 SEM coupled with an Oxford 1SIS300 EDX.

The EDX examination results of the SIO,/Al,O, mem-
braneswerelisted in Table 2. Onefindsfrom theresultsthat
when the matrix was treated with a higher silicon content
solution, the resulting membrane has higher silicon content
inthe skin layer. Meanwhile, the morphol ogies of the mem-
branes showed that the micro-particles in this layer were
piled up more densely. The results obtained from the SEM
werein agreement with those of the EDX and retention rate.

TasLEII Silicon content in SiO,/Al,O, membranestreated with
different Si/Al solutions.

Si/Al ratio in the composite membranes

Si/Al ratio in the solutions Inskin layer In matrix
0 1.26 1.67
0.05 215 1.69
0.07 223 1.59
0.10 2.39 175

Acknowledgments: The authors gratefully acknowledge
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Geothermal and pathogenic clostridial and
bacillus endospore ultrastructural attachment
mechanisms
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Microbiology Laboratory and School of Health,
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NY, USA

Although it is known that bacteria attach in disease and
inecological environments, wefound that bacterial spores,
called endospores, also have a ability to attach to sub-
strates.!? Endospores are small (0.3—1.0 um), dehydrated,
dormant structures that exhibit high resistance to heat,
cold, ultraviolet radiation, acids, bases, solvents, and many
sporocides.® These ubiquitous spores are carried by the
wind, found everywherein the environment, and normally
exist in the mammalian digestive and urogenital tracts.
Unlikebacterial vegetative cells, clostridial and bacillusen-
dospores can remain dormant for many years, breaking
dormancy and germinating when conditions for growth
arefavorable.

Bacterial colonization and the infective process have
been traditionally thought to begin when mature bacterial
cells attach to a surface. The data from this study suggest
that this process begins much earlier, with the activated en-
dospore attaching to a site by means of aresponsive outer
“exosporial” membrane. The purpose of thisinvestigation
was to determine whether this attachment capability, re-
ported in pathogenic species (C. sporogenesand C. difficile)
in our laboratory,’ 2 was also characteristic of other
clostridial and bacillus endospores isolated from patients
and environmental hot springs (Terrace Hot Spring and
Firehole Cascades at Yellowstone National Park,
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Wyoming). The geothermal hot springs chosen had turbu-
lent water movement (geysers, outflow channels, cascades),
bacterial mats, water temperatures of 40-80°C, and were
richin Cat++,Mg++ and silicon. All sporeswere examined
using light microscopy histochemistry, transmission (TEM)
and scanning electron microscopy (SEM), with an LaB6
gun, field emission SEM (FESEM), and atomic force
microscopy (AFM). Endosporeswere harvested and grown
on trypticase soy agar with 0.5% glucose (TSA), CDC
blood agar, or on human tissue culture monolayers (MRC-
5 embryonic fibroblast, colon carcinoma Caco-2 cells).
Both aerobic and anaerobic speciesweregrown at 37° and
56°C. Spores examined by AFM (no fixation) were al-
lowed to attach to etched Si substrates and examined in ster-
ilewater. Analyses revea ed that endosporesisolated clin-
ically as pathogens had the same responsive outer
exosporial membrane (and same histochemistry) as envi-
ronmental species. The predominately bacillus speciesiso-
lated from the geothermal sites had additional ruthenium
red-positive exosporial membrane surface structures, both
delicate hair-like appendages at the beginning of germina-
tion (TEM, FESEM), followed by a heavier uniformly
thick ruthenium red outer layer (TEM). The most elaborate
ultrastructural attachment systemswerefound in the geot-
hermal organisms (isolated from sediment of highly tur-
bulent outflow channels), with one specie having vesicular
material stored within the endospore cortex that was re-
|eased prior to outgrowth of the newly devel oped bacterial
cell, thereby preventing theimmature vegetative cell from
being swept away. Atomic force microscopy revealed that
in intact, viable spores, the exosporial attachment ap-
pendages were not mucilaginous, nor deformable. In con-
clusion, the endospores studied showed the same exospo-
rial membrane responsiveness, spore staining, and
similarity of exosporial membrane structure astheclinical
endospores. This strongly suggests that spore attachment
via the exosporium may be common to spores of these
genera, indicating that colonization and invasion may begin
far earlier than was generally believed. With the advances
of high-resol ution scanning microscopies (SEM, FESEM,
AFM), it was possible to clearly image the delicate at-
tachments of intact attached (and even viable) spores.

References

1. Panessa-Warren B, TortoraG, Warren J: Electron microscopy of
C.sporogenes endospore attachment and germination. Scanning
16, 227240 (1994)

2. Panessa-Warren B, TortoraG, Warren J. Exosporial membrane
plasticity of C.sporogenes and C.difficile. Tissue Cell 29,
441-461(1997)

3. Russel A: Bacterial sporesand chemical sporicidal agents, Clin
Microbiol Rev 3, 99-119(1990)

Examination of the surface attachment in-vitro
of Escherichia coli clonesusing scanning electron
microscopy

W.A. CooLEY, R.M. LA RAGIONE, A. BEST,
M.P. DiBB-FULLER

Veterinary Laboratories Agency, Central Veterinary
L aboratory, New Haw, Addlestone, Surrey, UK

Escherichia coli (E.coli) isamajor bacterial cause of in-
testinal and extraintestinal infectionsin both humans! and
animals®. A main area of research focuses on the mecha-
nisms of bacterial pathogenesis. E.coli usually follow the
reguisite approach of infection: colonisation of mucosal
sites, evasion of host defences, multiplication, and host
damage. The adhesion, particularly of diarrheagenic E.
coli to the mucosa, is recognised as an important early
event in colonisation and devel opment of disease. To study
the means bacteria employ in the infection process, the
development of invitro and in vivo modelsand assaysises-
sentia. These enable an understanding to be gained of the
mechanisms utilised by the bacteria for colonisation, in-
vasion, survival, and persistence within the host. However,
with animal modelsit isoften very difficult to interpret why
bacteria localise in a particular area and how this is
achieved. Because of this, in vitro models have been de-
veloped in an attempt to determine the specific factorsin-
volved in bacteria-cell interactions. One invaluable tool
for investigating this interaction of bacteriawith cells has
been the scanning electron microscope (SEM).

Inthis SEM study we present some preliminary findings
on the adherence characteristics of three different zoonotic
E. coli isolates, to HEp-2 cells. Theisolates used were an
enterohaemorrhagic E. coli (EHEC) serotype O157:H7,
an enteropathogenic E. coli (EPEC) serotype O111: NM
and an avian pathogenic E. coli (APEC) serotype O78:
K80. Confluent monolayers of HEp-2 cellson 13mm round
coverdlips wereinfected with inoculum of viable bacteria
for eachisolate of E.coli and incubated for up to 6 hours at
37°C (5% CO,). The infected monolayers were gently
washed three times with Hanks Balanced Salt Solution to
remove non-adherent bacteria and fixed overnight in 3%
gluteraldehydeina0.1 M phosphate buffer. The coverdips
were carefully washed with phosphate buffer and post fixed
using 1% osmium tetroxide. After dehydration and treat-
ment with hexamethyldisilazanefor 5 minutesthe air-dried
coverslips were fixed to aluminium stubs, sputter-coated
with gold, and examined in a stereoscan S250 Markil ||
SEM at 10-20 kV.

Examination of the cells by SEM showed that for the
APEC isolate a diffuse adherence pattern was observed
(Fig. 1). Single bacteria or occasiona small groups were
seen at the attachment sites on the apical cell surface. The
dense network of microvilli on the cell surface was not &f -
fected by thisisolate. The close association of the bacteria
with the cell surfaceindicated that someinvasion might be
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Fic. 1 A diffuse adherence pattern of an avian pathogenic E. coli
(APEC) serotype O78:K80 to Hep-2 cells.

Fic.2 Formation of microcolonies by an enteropathogenic E. coli
(EPEC) serotype O111:NM to Hep-2 cells.

occurring, although attaching and effacing lesions were
not observed. Transmission electron microscopy (TEM)
confirmed invasion had taken place. A different pattern of
adhesion was seen for the EHEC and EPEC isolates. EHEC
showed isolated, localised adherence, aswell aslarge num-
bers of bacteriagrouped together in close association to the
apical cell surfaceon virtualy al cells. Therewasal so mi-
crocolony formation on many of the cells. Signs of cellu-
lar damage and possible cell lysiswerevisible, even though
thiswas not averotoxigenic E.coli. The EPEC isolate was
similar in its attachment profile to the EHEC strain. The
major differences were in the size and number of micro-
colonies present (Fig. 2). They were numerous and very
pronounced, often 20-30 bacteria deep. There was evi-
dence of intimate attachment of the bacteriato the cell sur-
face and the appearance of bacterialocated on apedestal of
cell membrane. This was confirmed by TEM, as was the
presence of attaching and effacing lesions.

Electron microscopic approaches to this kind of inves-
tigation are one of the most powerful methods availableto

follow interactions of bacteria with the host cell. In this
study SEM hasgiven vital information and widened our un-
derstanding on initial stages of adherence and bacterial
clumping as well as the formation of microcolonies. This
work will continue and will be hopefully be complemented
by other techniques including confocal laser scanning
microscopy.
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From preparation to presentation: Developing
the perfect microbiological image

T. S. ScHwACH

Microscopy Consulting ServicesInc., MendotaHeights,
MN, USA

The preparation of biological materials for scanning
electron microscopy (SEM) is straightforward: fix, dehy-
drate, CPD, coat, mount, scan, and shoot. Yet within these
steps are amyriad of details contributing to the final out-
come. When that outcomeisan image specifically destined
for presentation, some detail s become moreimportant than
others.

Of utmost importance are how the microorganisms are
grown and the substrate is used for support. Silicon, glass,
and brass supports should be autoclaved, smooth, free of ar-
tifacts, and coated with a1% poly-L-lysine solutionto pro-
mote adherence. Glass chips, 5 x 11 mm, are easily made
from microscope slides and can be numbered using adia-
mond scribe. Supports are added directly to freshly inocu-
lated liquid cultures, incubated either in arack or on a
shaker, and removed after18-48 h depending on the or-
ganism. When only an agar plate containing bacterial
coloniesisavailable, aheavy suspensionismadein buffer
(0.1 M cacodylate containing 3% sucrose, pH 7.2), to
which the support is added, and removed 26 h later. Sup-
ports taken from heavy bacterial suspensions are rinsed
thoroughly in buffer to remove cellular debris and larger
bacterial coloniesand dried slightly prior to fixation.

Supports are immersed in the primary fixative consist-
ing of 2.5% glutaraldehyde, 0.5% paraformaldehyde, and
0.1% Ruthenium Red in 0.1 M cacodylate buffer (3% su-
crose and pH 7.2). Ruthenium Red fixes acidic mu-
copolysaccharides, a common capsular component, but
necessitates the use of cacodylate buffer over phosphate
buffer.12 Fixationisdoneat 4°Cfor at least 18-24 h. Sam-
plesarerinsed oncein buffer and postfixedin 1% osmium
tetroxide in 0.1 M cacodylate buffer (no sucrose, pH 7.2)
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at room temperature for at least 1 h. After rinsing twicein
buffer (no sucrose), the supports are placed in mesh CPD
baskets to facilitate transfer between dehydration solu-
tions. Dehydrationisdonefor 15 minin each solution of a
graded ethanol series of 25, 50, 75, 95%, and twice in dry
100% proceeds, followed by critical point drying.

At this point, the samples are further evaluated as to
what magnifications, which microscope, and how thefinal
imageswill beused. Larger samples, such asfungi andin-
sects, which are examined at lower magnifications, are
generaly coated with Au-Pd in avacuum evaporator. Bac-
terig, viral and parasite samples, examined at higher mag-
nifications, are coated in an argon ion-beam coater with
platinum. Supports are mounted on to SEM stubsusing car-
bon conductive tabs.

The Hitachi S-900 (in-the-lens) or the $4700 (below-
the-lens) field-emission SEM isused to view samples. The
advantage of the 4700 is that larger image files can be ac-
quired, which translates into more pixels for enlargement.
However, superior resolution and the added use of the
backscatter detector of the S900 make thisinstrument more
desirable for smaller organisms or when surface detail en-
hancement isrequired. Generally, aseriesof imagesareac-
quired over a variety of magnifications, showing the or-
ganisms singly, in small clusters, and in larger, more
complex groupings. Microscope conditions are set to en-
hance surface detail: a small aperture size, accelerating
voltages between 1.0 and 2.0 keV, and extremely short
working distances (6-8 mm). Images are acquired using a
slow capture speed and thelargest imagefilesizeavailable,
generaly limited by the line-scan generator and/or the
image acquisition software. Typical files are 2560x1920
pixels, about 4.6 Mb. Of lesser importance are contrast and
brightness, both of which can belater adjusted in Photoshop.

As electron microscopists, we accept black and white
images. However, colored images have a greater visual
impact and more easily convey important information to the
viewer. For example (Fig. 1), like-organisms, when pre-
sented in the same color, makeit easier to recognize species

Fic.1 SEM micrograph of fecal flora. Image acquired on aHitachi
SA700 FESEM at 4.0 keV.

predominance. In other cases, backgrounds can be made
less conspi cuous and bland, thereby bringing out details of
greater importance. Finally, the choice of colorsislimitless,
although microbiol ogi sts often tend toward blues and pur-
ples for gram-positive species and pinks and reds for the
gram-negatives, reminiscent of thegram stainusedin LM.
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Scanning electron microscopy on in vitro culture of
two leguminous species
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A publication by the American National Academy of
Sciences on tropical legumes® outlined some of the re-
search needsfor agreat variety of economically important
woody specieswhose remai ning genetic resources need ur-
gently to be collected and conserved. Most of these serious
issues remain unaddressed or unsolved. Plant regenera-
tion has been quite difficult among the legumes. Twenty-
five leguminous species have been regenerated in vitro,
but in most cases regeneration is at low frequency or lim-
ited by the source of explantsand isolation of regenerative
callusin vitro.

We established a viable regeneration system viatissue
and cell suspension culture for Albizia lebbeck Benth. and
Albizia falcataria Roxb., two important wood-yielding
leguminous tree species. We standardized the culture
medium after several trialsand modifications by adding dif-
ferent growth regulators and growth supplementsto obtain
callus from the leaflet explants of the tree species. We
found that the optimum use of casein hydrolysate (w/v) and
coconut milk (v/v) inadditionto 6-BAPand IBA couldin-
duce morphogenesis and somatic embryogenesis in the
cultured tissue. This reports the first observation of so-
matic embryogenesisof A. lebbeck using leaflets asthe ex-
plants. The leaf explants responded differently to combi-
nations and concentrations of growth hormonesand growth
factors. On MS®> media modified with 6-BAP (6 mg/l),
NAA (0.02 mg/l), PV P (0.5%) and coconut milk (5% v/v),
the explants produced proembryoids, other hormonal com-
binations produced various callusforms. Wefound that the
modification of the culture medium by the addition of 0.5%
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PVP (polyvinyl- pyrrolidone) could solubilize the pheno-
lic compound secreted from the cut end of the explant
within the culture vessel and increase considerable sur-
vivability. 7 Inthethird week, multicellular structuresde-
veloped with various forms, fibrillar, ovoid, heart-shaped.
The heart-shaped structuresformed embryos. Theembryos
were observed at different magnifications with dissecting
scope, compound microscope, and scanning el ectron mi-
croscope (SEM). We prepared proembryoids, the regener-
ative and nonregenerative calli for SEM study following
standard techniques: fixation, dehydration, critical point
drying (CPD) and gold-coating. The embryoswerefixedin
4% gluteraldehydein 0.1M phosphate buffer, postfixed in
osmium-tetroxide (OsO,), and dehydrated in ascending
concentrations of ethanol and finally in isoamyl acetate.
The tissues from the suspension culture were dried fol-
lowing CPD, coated with gold, and scanned with SEM. We
recorded the different stages of embryogenesis and plant
development.

The developing embryosweretransferred to fresh liquid
Gamborg's medium supplied with adenine sulfate (120
mg/l) and NAA (2 mg/l). On subculturing on fresh media
the proembryoids devel oped cotyledons, shoots above the
surface of the medium and roots bel ow. Increased concen-
tration of IAA induced profuserooting. A pre-exposure of
the rooted plantletsin sterile Knop’s medium (10%) for 5
to 6 days yielded a better survival rate (55-60% in the
greenhousethanisthe case with steriledistilled water. The
survival rate was|ess (30-40%) when plantswere not hard-
ened in Knop's medium. After hardening in the green-
house we transferred the regenerated plants to the green-
house. Some of thetreesgrew morethan 25 feet tall within
afew months outside the greenhouse.
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Mitochondrial lifespan dynamic morphology in
human skeletal muscle

C. BERTONI-FREDDARI," J. VECCHIET,” G. FELZANI ,
P. FATTORETTI, M. SOLAZZI

Neurobiology of Aging Centre“N Masera’ Research
Department INRCA, Ancona; “Department of Internal
Medicineand Aging, University “G. D’ Annunzio”,
Chieti, Italy

A progressive time-related impairment in muscle en-
ergy metabolism has been reported to play an important
role in the marked decrease of muscle functional perfor-
mances occurring in aging.* To investigate the effect of age
on the morphofunctional metabolic competence of muscle
mitochondria, we carried out amorphometric investigation
on subsarcolemmal and intermyofibrillar organelles in
human bioptic samples from healthy volunteers of differ-
ent agesranging from 17 to 81 years.

Thirty-nine patients who underwent surgical interven-
tions were enrolled in our study. They were divided into
three age groups: 17-39 (12 patients), 40-60 (14 patients)
and 60-83 (13 patients) years of age. The tissue pieces
were collected according to the surgical intervention to be
performed and thisyielded different types of muscle sam-
ples to be analysed (vastus lateralis, anterior tibialis and
vastus medialis). Fresh, glutaraldehyde-fixed sampleswere
processed according to conventional electron microscopic
procedures. In subsarcolemmal and intermyofibrillar re-
gions: the mitochondrial area, perimeter, diameter, and
axial ratio (Feretratio) were measured by conventional,
semiautomatic, computer-assisted morphometry. System-
atic random sampling was adopted as criterion to select the
organelles to be analysed by our computer program.
Namely, starting from afixed position of the electron mi-
croscope specimen holder, a random programmed path
was run and mitochondrial scoring was stopped at 100 in-
termyofibrillar aswell as subsarcolemmal organelles/ pa-
tient. Mitochondrial images, acquired by a TV camera
from the electron microscope, were recorded and the or-
ganelle perimeter was drawn by the computer mouse. The
measurements were stored on different files according to
the patient’s code.

We found a significant decrease of the area, perimeter,
and diameter of intermyofibrillar aswell as subsarcolem-
mal mitochondriain the middle-aged group (40-60 years)
versus the young one. A significantly lower mitochondr-
ial area of the subsarcolemmal organelles was found also
inthe oldest group versusthe young one. These reductions
are counteracted by consistent, but not significant, in-
creases in the length of the cristae/mitochondrial areain
the subsarcolemmal region. SDH activity did not show
age-related changes. Higher percentages of rounded (Fer-
etratio closeto 1) intermyofibrillar organelles, supporting
mitochondrial splitting, were found in mature and old
groups versus the young one, while asimilar increase in
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subsarcolemmal mitochondria was observed only in the
old group.

On the basis of the marked frailty of their DNA, mito-
chondria are proposed to play a central role in aging and
age-related pathol ogies.2* Namely, the progressive accu-
mulation of somatic mutations is supposed to lead to a
mosaic of cells with metabolic potentials ranging from
normal to severely impaired.? As a consequence, the ox-
idative phosphorylation efficiency decreaseswith time,® but
physiological compensationsto thisdeclineoccur inall sys-
tems including skeletal muscles which can be maintained
in adequate efficiency by physical activity. In this context,
the balanced changes we observed among the age-groups
analysed account for an age-related morphofunctional re-
modelling of the muscle hardwarefor energy provision. In-
terpreting the lifespan constancy of mitochondrial ultra-
structural dynamicsaccording to “the bioenergetic mosaic
hypothesis,”2 we propose that an excessive mitochondrial
impairment may result in apoptosis of the energy-defective
cells® and thisphysiological selection, whileleading tothe
marked sarcopenia reported in aging, preserves the ones
still capable of proper metabolic competence.
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Oversized junctionsin physiological and
pathological (Alzheimer’s Disease) brain aging
provide cluesto a novel interpretation of
perforated synapses

C. BERTONI-FREDDARI, P. FATTORETTI, T. CASOLI,
G. DI SteFANO, M. SoLAzzi, N. GRACCIOTTI

Neurobiology of Aging Centre“N Masera’ Research
Department INRCA, Ancona, Italy

Aging of the human brain can be considered acondition
in which pathologic changes can be found without clini-
cally evident manifestations. Deterioration of function oc-
curs when the numeric densities of neurons and of their
connections decrease below a critical reserve level and

coping with environmental stimulations becomes diffi-
cult.? In such a situation, degenerative phenomena and
compensatory reactions continuously remodel synaptic
connectivity. In the senile brain of rats, human beings as
well asold patients affected by Alzheimer disease (AD), we
reported that the decrease of synaptic numeric density (Nv)
isassociated with asignificant enlargement of the average
area(S) of the persisting contacts.? To better understand the
size composition of the age-related patterns of synaptic
connectivity, we performed apercent distribution of the S
values measured in adulthood and aging.

Asanatomica models, we chose two discrete areas of the
central nervous system (CNS): the cerebellar cortex and the
hippocampal dentate gyrus. Freshly excised samples were
used for studieson adult and old rats (12 and 28-30 months
of age, respectively) while human material was obtained at
autopsy from adult, old and AD patients (mean age: 55.8,
81.4 and 83.6 years, respectively). Synapticjunctional areas
were stained by the ethanol phosphotungstic acid preferen-
tiad technique according to.? Sof each contact zonewascal-
culated by computer-assisted, semiautomatic measurements
of the length of postsynaptic density in systematically and
randomly sampled sections. Both in rat and human aging,
aswell asin old AD patients, we found an increased com-
plement of enlarged contact zones (Fig. 1). The percentage
of oversized junctional areasresulted markedly higher inthe
hippocampus than in the cerebel lum.

Enlargement of synapticjunctional areasis supported to
be anintermediate step in synaptic remodelling processes.
Namely, it has been hypothesi sed that, as a consequence of
stimulation, synaptic contact zones increase in size (1),
perforate (1) and split (111) to yield an increased number of
smaller contacts which can be reinforced or reabsorbed
according to their use. On the basis of these concepts, the
higher percent of larger synapses found in physiological
aging and AD has been proposed to represent: 1) the final
outcome of the selective elimination of smaller and scarcely
used contacts; I1) the result of unaccomplished cycles of
synaptic remodelling.>® An alternative interpretation of
our findings can be suggested if perforated (PSs) and non
perforated contact zones are considered populations of
junctions each representing different forms of synaptic re-
arrangements. In physiological aging, and at a higher ex-
tent in AD, synaptic ultrastructural dynamics are consis-
tently reported to be markedly impaired,*? thus an
increased complement of enlarged contacts may result
from a progressive pruning of PSs purported to reinforce
the most frequently used contacts. Stimulation-tuned
synaptic networks are structurally accomplished by high
synaptic densities which require adequate metabolic pro-
visions: the physiological PSs pruning process, proposed
by usin normal aging and AD, would allow to spare energy
for the proper functional maintenance of reduced synaptic
connectivities. Despite the speculative character of the
above assumptions, the presence of abundant PSs, whilein-
creasing synaptic efficacy, implies high metabolic rates, a
condition which is difficult to meet in the old CNS.12



128

60—
c 50
1
= :
o 40—
= 3
S 30-
A
2 207
X

60 —
50
o
© -
S 404
‘g .
S 30
&
5 203
S 104

0

<0.04

<008

0.08-0.12
2

0.12-0.16
p2

Scanning Vol. 23, 2 (2001)

Cerebellum

0.16>

Hippocampus

020>

60
50
40
30
20
10

0

30

Cerebellum

Hippocampus

Fic.1 Percentage distribution of the synaptic average sizein the cerebellar glomerulus and hippocampal dentate gyrusfrom rat and human be-
ingsin adulthood, physiological aging and Alzheimer disease (AD). Anincreased percent of oversized synapsesis present in the senile and de-
mented nervous system.

References

1. W Meier-Ruge, O Hunziker, P lwangoff: Senile dementia: a
threshold phenomenon of normal aging? A contribution to the
functional reserve hypothesis of the brain. Ann N.Y. Acad <ci,
621, 104118 (1991)

2. C Bertoni-Freddari, P Fattoretti, R Paoloni, U Caselli, L
Galeazzi, W Meier-Ruge: Synaptic structural dynamics and
aging. Gerontology 42, 170-180 (1996)

3. RK Carlin, PSiekevitz: Plasticity inthe central nervous system.
Do synapses divide? Proc Natl Acad Sci (USA) 80, 3517-352

(1983)

Applications of scanning probe micro-

scopy in biotechnology: Imaging,
sensing and manipulation

Biological sensing using scanning force microscopy

T. L. PORTER, M. P. EASTMAN, D. L. Pace

Northern Arizona University, Deptartments of Physics

and Chemistry, Flagstaff, AZ, USA

Microsensor systems capable of providing unambiguous
identification of chemical and biological agents havewide
applicability. Such systems must be robust, inexpensive,

miniaturized and capable of being interfaced to low cost
telemetry hardware. We have developed a new and very
promising type of sensor based upon piezoresistive mi-
crocantileversthat isrobust, inexpensive, miniaturized and
capable of being interfaced to low cost telemetry hard-
ware. Thistype of sensor can be adapted to awide range of
sensing applications including the sensing of biological
materials.

Using a simple mechanical approach mechanism, a
piezoresistive cantilever is brought into contact with the
sensor film (active material). These cantilevers are only
100-200 micronslong, and about 50 micronswide. These
cantilevers contain an internal channel of piezoresistive
material, connected to two tiny external electrodes. The
non-stressed resistance of these cantileversison the order
of 2 k ohms, but changes rapidly and measurably in re-
sponseto any bending of the cantilever. In fact, these can-
tilevers are sensitive enough to measure bending strains
of only afew A. Any swelling of the active material in
contact with the cantilever tip (organic polymer, bio-layer,
etc.) will resultin animmediate, easily measurable change
in the cantilever channel resistance. This change will be
in exact proportion to the amount of the vertical swelling,
asimple ohmmeter isthus sufficient to record the sensing
activity.

We fabricated an active biological sensing layer by de-
positing agold layer atop amicasubstrate. This layer was
functionalized by exposing it to thiol-derivatized single-
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strand DNA. The DNA chosen was consisted of 25 base
units with athiol group attached to the 5 end. The thiol
group tethersthe DNA moleculeto the gold substrate, pro-
ducing alayer of single strand DNA on the substrate. The
piezoresi stive cantilever isthen brought into gentle contact
withthis“sensing layer”. All tests of this piezoresistive bi-
ological sensor were performed in aqueous solution. In
order to test this sensor configuration, three sets of single-
strand DNA in aqueous solution were used as analytes.
The concentration of the analyte solutionswas5mM. The
three sets of analyte DNA consisted of the exact compli-
ment to the DNA layer on the gold substrate, the exact
compliment with one base substitution, and the exact com-
pliment with 5 base substitutions. Separate areas on the ac-
tive sensing layer were used for each test.

Upon exposure to the analyte solution consisting of the
exact complimentary DNA strand, animmediate response
of 0.5 ohms (resulting from cantilever bending) was
recorded. Thischangein cantilever resistance was stablefor
15 minutes, at which timethe sample began to dry, and the
cantilever wasretracted. The measured resistance changes
due to cantilever bending are the direct result of the bind-
ing of the complimentary DNA (analyte) strand to the
DNA layer tethered to the gold substrate. For the analyte
consisting of the complimentary strand with 5 base substi-
tutions, a resistance response change of 0.02 ohms was
measured. In the case of the complimentary strand with
only a single base substitution, a resistance change of
0.2-0.3 ohmswas measured. These preliminary resultsin-
dicatethat for asensing layer consisting of 25 base strands,
the sensing of the exact complimentary strand is easily
achieved, with good differentiation on analyte DNA strands
differing by several bases. Only moderate to poor differ-
entiation occurs for analyte strands differing by a single
base.

Microcantilever biosensors

T. THUNDAT

Life Science Division, Oak Ridge National Laboratory,
Oak Ridge TN, USA

The advent of inexpensive, mass-produced microcan-
tilevers, such as those used in atomic force microscopy,
promises to bring about arevolution in the field of chem-
ical, physical, and biological sensor development. The
microcantilever resonance response such asresonancefre-
quency, deflection, and Q-factor undergo variation dueto
external stimuli. The resonance response variation can be
due to mass loading, surface stress, or damping. When
molecules adsorb on surfacesthey can al so produce asur-
face stressdueto forcesinvolved in the adsorption process.
These surface stresses can be observed as changesin de-
flections of athin microcantilever. Microcantilever biosen-
sors have been made by coating the cantilevers with se-

lective layers, such as antibodies, DNA, enzymes, etc.
These bio-coated cantilevers have been used to detect an-
alytes by either stress or heat-induced bending of the mi-
crocantilever. The arraying of bio-molecules on micro-
cantilevers have great potential in high throughput
screening applications.

High-sensitivity mechanical resonant mass sensor

H. G. CrRAIGHEAD, B. ILic, D. CZAPLEWSKI,
M. ZALALUTDINOV

School of Applied and Engineering Physics,
Cornell University, Ithaca, NY, USA

Engineered micro- and nano-mechanical systems!:4®
can provide multi-functional, highly-sensitive mass sen-
sors. We present aresonant frequency-based chemical and
biological mass sensor, comprising nanofabricated silicon
or low-stress silicon nitride cantilever beams. We have
demonstrated these devicesto detect, for example, molec-
ular monolayers and single Escherichia coli (E. coli) cell-
antibody binding events.

The highly-sensitive sensors considered here are ares-
onating cantilever beam made of thin silicon or low-stress
silicon nitride, using nanofabrication methods previously
reported.’23 Because the mass of the resonant devices can
be made extremely small, significant resonant frequency
shifts can be obtained by remarkably small added masses.
Signal transduction was achieved by employing an optical
deflection system, similar to that used in atomic force mi-
croscopes, to observe the mechanical resonance and to
measure the resonant frequency shift resulting from added
mass. For bacteria detection cantilevers were coated with
antibodies reactive to E. coli serotype O157:H7 and then
immersed into solutions containing E. coli cells.? In order
to remove loosely bound cells, devices were rinsed in
deionized water and blown dry with nitrogen after eachim-
mersion. The resonant frequency spectraof the cantilever,
inair, before and after antibody and cell attachment, were
measured. The binding of a single cell with mass on the
order of 0.5 picogram was easily detectable.

To further enhancethe sensitivity of our devicesweem-
ployed vacuum encapsul ation. Because the air damping is
eliminated the quality factor increases and resonant fre-
quency linewidth decreases. Thisallowsdetection of much
smaller frequency shiftsin vacuum thanin air. Inthis case
the binding of a monolayer of Aminopropyltriethoxysi-
lane (APTS) isreadily detectable.

Resonant Si wiresas small as20 nm can befabricated by
electron beam lithography. With the combination of ultra-
low mass devices, driven resonance, and optical detection,
arrays of high sensitivity mass detectors can be formed.
With selective coatings these devices can become highly
sensitive chemical or biologica sensors.
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Electrostatic potentials measurement of single
photosynthetic reaction center by kelvin force
micr oscopy

I. Leg," T JW. LEE,” E. GREENBAUM"

*Chemical Technology Division, Oak Ridge National
Laboratory, Oak Ridge; "Department of Electrical and
Computer Engineering, The University of Tennessee,
Knoxville, TN, USA

Photosystem | (PS1) reaction centers are nanometer-size
robust supramolecular structures that can be isolated and
purified from green plants. The PS | reaction center is a
molecular diode! and photovoltaic device? made by na-
ture. We have demonstrated that PS| can be selectively ori-
ented by chemical madification of asurface without dena-
tured.® Using the technique of Kelvin force probe
microscopy, we report here the first measurement of ex-
ogenous photovoltages generated from single PS| reaction
centersin aheterostructure comprised of PS 1, organosul-
fur molecules, and atomically flat gold. Illumination of
the reaction centers was achieved with a diode laser at
A= 670 nm. Data sets were obtained consisting of 22 indi-
vidual PSIsmeasured entirely under laser illumination, 12
PS Is measured entirely in darkness, and four PS Isin
which the light-dark transition occurred in mid-scan of a
single PS|. Theaverage values of thelight minusdark volt-
agesrelative to the substrate for the four PSIswere—1.13
+0.14V and—1.20+ 0.19V at diametrical peripheries, and
—0.97 £ 0.04 V at the center. Under illumination, the po-
tentials of the central region of the PS Is were typically
more positive than the periphery by 6-9 kT, wherekT isthe
Boltzmann energy at room temperature. These energies
suggest a possi ble mechanism whereby negatively charged
ferredoxin, the soluble electron carrier from PS | to the
Calvin-Benson Cycle, isanchored and positioned at there-
ducing end of PS | for electron transfer. From our mea-
surements, we found that the polarity and magnitude of the
light-induced voltage are consistent with the known struc-
ture and energetic features of PS | but with the ability to
measure PS | in air and bounded with various manmade
structures.
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Thestructure and chemistry of a hydrogen cyanide
polymer: Implicationsfor chemical
evolution and theorigin of life

M. P. EAsTMAN, F. S. E. HELFRICH, T. L. PORTER

Departments of Chemistry and Physicsand Astronomy,
Northern ArizonaUniversity, Flagstaff, AZ, USA

Hydrogen cyanide in basic aqueous solution reacts to
form a heterogeneous cyanide polymer, containing para-
magnetic sites, capable of rel easing biologically significant
molecules such as adenine.r2 Since radio astronomy
showsthat H,0, HCN and NH, are among the most abun-
dant moleculesin the universe, the nature of this reaction
has implications in the areas of chemical evolution and
the origin of life. For asynthesis carried out at room tem-
perature, under aerobic conditions, with no agitation of
the reaction medium, the polymer formsavariety of struc-
tures reminiscent of those formed by ice. The polymeric
material appears to coalesce in water and disperse in di-
methyl sulfoxide and dimethyl formamide. The material
produced in thisreaction contains a substantial concentra-
tion of paramagnetic siteswhose magnetic parametershave
been determined by x-band and w-band paramagnetic res-
onance. Microscopy of the polymeric material showsden-
dritic structures, often with ahexagonal core, about 10w in
diameter. Scanning force microscopy (SFM) of fine struc-
ture emanating from the dendrites shows hollow tubules ap-
proximately 0.5 um in width; other SFM images show el-
lipsoidal structuresreminiscent of the Arime or graupel @
formed by ice. Evidence for Mullins-Sekerkainstabilities
during the growth phase can be seenin the polymeric struc-
tures observed by microscopy and SFM.2 The polymer
systems studied have structureswith large surface areas; the
tubules may include solutions and enabl e the transportation
of dissolved speciesfrom oneregion of the structureto an-
other. Itispossiblethat the varied structural featuresof the
dendrites produce an array of microenvironmentsfor sub-
sequent reactions and that the structures and chemistry of
the polymer can undergo evolutionary processesif left for
extended periods. At present, it isunknown to what extent
the tubule walls are permeable to solvent, ions, or dis-
solved organic species.
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Scanning tunneling microscopy spectroscopy
of biomolecules

J. STEIN, F.R. ZYPMAN

Yeshiva University, Department of Physics, New York,
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Introduction

It has been found that tip-sample, current-voltage (1-V)
curves are related to global and local density of states
(DOS). Although there have been various attemptsto find
general concrete rulesrelating these quantities, and exten-
sive advances have been made, the problem remains an
open one. Here, we study scanning tunneling microscopy
(STM) spectroscopy of carbon chains. Inthe next sections,
we present the theory, and show results for akane and
alkene macromolecules. Thismethod isan extension of that
devel oped to study scanning tunneling spectroscopy (STS)
on Si samples.

Theory

Consider the system under study to bethe union of three
regions. Two conducting tip regions, and an organic chain,
the sample under study, which serves asthe channel for cur-
rent between the conductors.

The energy states are obtained within the tight binding
(TB) approach. TB has been used in the past to study
chemisorption on surfacesand density of states (DOS) of
surface electrons. Within TB, thewave function hasthefol-
lowing expression.

m=atomic sites

1)

where k is the electron crystal momentum, @, are atomic
orbitals, and C,  are the expansion coefficients. The vec-
tor m labels both tip and sample atomic sites. Weimpose,
as aboundary condition, that the wave function, far away
from the interfaces, be a Bloch wave:

Com O €™ for | M2 mo @

wherem, givesanideaof the extension of thetunneling re-
gionand zisperpendicular totheinterfaces. M jisasingle-
digit number, because bulk properties are recovered afew

atoms away from a perturbation to the perfect crystal. @is
defined ask times the tip lattice constant.

At the positively biased conductor, we consider the sum
of spherically scattered electronsthat move away from the
tunneling region, with amplitude f(¢, ). To obtain the cur-
rent, weevaluatef(q, ), together with C_. The amplitude of
the spherical wavesis?

f(Qrﬁ) = ma e—ime* Cm,é-

3

where @* isafunction of ¢~ correspond to the positive and
negative region respectively, and aisthe lattice parameter
of thetip. The current for state ¢ is,

_engt . 1
lg = 72|f§
a rnePaner

-7 r2dQ

(4)

The total current is the sum of all the contributions from
states @ with energies below the Fermi energy:

| = Z) |§7
G1/E(9-)<Er (5)

Thisexpression hasan implicit dependence on the voltage,
sincethe energies and states depend on the applied voltage.

Application to Organic Macromolecules

We applied the genera theory outlined in the previous
section, to detect DOS variations due to changes in mole-
cular bonds. For that purpose, we considered two 100-
atom long hydrocarbon chains: a simple akane, and an
alkene with alternating double bonds. Within TB, the two
molecul es are characterized by different Coulomb and Res-
onant integrals. These TB parametersarereadily available
in the published literature. We take the tip to be made of
Tungsten and, accordingly, used the TB parameters and
Fermi energy from Zypman at a. The curves di/dV vsV
show sharp peaksat the positions of the energy levels. The
presence of more hydrogen atoms in the alkane, induces
typical “hydrogen spikes’, less frequently present in the
alkene molecule. Thus, our method servesto differentiate
between hydrocarbonswith different bonds. Currently we
areinvestigating whether this method can be used to iden-
tify alkene isomerswith only one double bond.

Acknowledgments: Thiswork issupported by the National
Cancer Ingtitutethrough Grant # CA77796-02 and Yeshiva
University.
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Ultrastructural features of axonal cytoskeleton in
aging: A quantitative study at internodal regions of
rat sciatic nerve

C. BERTONI-FREDDARI, U. CASELLI, P. FATTORETTI,
T. CasoLl, G. DI STEFANO, M. SoLAzzI

Neurobiology of Aging Centre“N Masera” Research
Department INRCA, Ancona, Italy

Synthesis and assembling of constitutive molecules of
nerveterminasarein charge of activitiesoccurring in neu-
ronal perikaryon, however the axonal cytoskeleton also
participatesin the renewal and maintenance of peripheral
synaptic regions.! Neurofilaments, microtubules, micro-
filaments, and their rel ationships are major determinants of
the functional transportation along the axon and represent
avery dynamic system, actively supporting nerve cell adap-
tive responses to environmental stimulations.

To test whether slow axoplasm flow between nerve cell
body and synaptic regions is affected by structural alter-
ationsdueto age, we performed amorphometric evaluation
of theaxonal cytoskeleton ultrastructural featuresat thein-
ternodal regionsof the sciatic nerve of 3, 12, and 30 month-
oldrats.

Nerve segments (3 mm) were processed according to
conventional electron microscopic procedures. Axons sec-
tioned perpendicularly to their longitudinal axis at thein-
ternodal region (axoplasm area: 18.25-26.5 um?) were
analysed (Fig. 1). Asinclusion criteria, we considered
those sections showing a compact myelin sheath, while
Schwann cell nuclei, Schmidt-Lanterman clefts or ex-
panded Schwann cell myelin were not present. The axo-
plasm areas, acquired from the electron microscope by a
TV camera, were enlarged up to 200,000x at the image
analyser video. In each axon, measurements were carried
out on six fieldsto yield atotal sampled area of 4.8 um2.
Thesefields were systematically and randomly chosen by
superimposing asquare template on low magnificationim-
ages. The overall number of neurofilaments (No.Nfs) and
microtubules (No.Mts) per axoplasm area, the numeric
density (number/um? of axoplasm area) of neurofilaments
(NaNfs) and microtubules (NaMts), the myelin thickness,
the number of myelin lamellae, and the R-proportion
(No.Nfs/No.Nfs+ No.Mts) were the parameters measured
by computer-assisted semiautomatic procedures.

No.Nfsand NaNfsaswell asmyelin thickness and num-
ber of myelin lamellae were the same between 12 and 30
months of age, while a significant increase of these para-

N

Fic.1 Electron microscopic picture of arat sciatic nerve axon sec-
tioned perpendicularly toitslongitudinal axis. Theregularly ordered
myelin lamellae and the sharp bleb (upper top of the axoplasm)
clearly document the good fixation of the sample. Big arrows: mi-
crotubules. Small arrows: neurofilaments. Bar = 0.25 um.

meterswasfound in acomparison with young rats. No.Mts
and NaMts were significantly increased at 12 versus 3 as
well asat 30 versus 12 months of age, respectively. R-pro-
portion did not show any difference dueto age. The present
findings support that the dynamic condition of the axonal
cytoskeleton is substantially preserved between adulthood
and aging. Asaspecul ative explanation of the apparent dis-
crepancy between constancy of cytoskeletal elementsfrom
12 to 24 months of age and thereported retardation intheir
slow axonal transport along the axon,? we suggest that an
unaccomplished and/or defective neurofilament protein
phosphorylation may constitute a critical determinant for
the age-related axonal flow decay. An ordered process of
phosphorylation isreported to be essential for aproper set
up of neurofilaments both in the perikaryon and in the ax-
oplasm,? conceivably, irregular assembly may result from
aberrant phosphorylation patterns at selected sites as has
been documented in age-rel ated neuropathol ogical condi-
tions, such as Alzheimer’s disease and in chemical intoxi-
cation.® Abnormal neurofilament phosphorylation hasbeen
supported to occur also in physiological aging.® Asacon-
sequence, interactions may take place among proximal cy-
toskeletal eementswhich may beresponsiblefor changes
intheir packing density leading to adecreasein therate of
transport. Conceivably, intra-axonal spacing constraints of
cytoskeletal elements (e.g. neurofilaments), rather than
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their numeric density, may be supported to contribute to the
decline of the slow axonal transport of organellesand mol-
ecules reported in aging.
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An ultrastructural study of platelet activation in
Alzheimer’sdisease
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Although principally adisease of the brain, Alzheimer’s
disease (AD) hasalso been associated with peripheral man-
ifestations. Platelets have received particular attention in
thisregard, with reported abnormalitiesincluding increased
membrane fluidity,! reduced cytochrome c oxidase activ-
ity,2 and reduced phospholipase C activity.® Platelets have
also recently been shown to exhibit greater unstimulated ac-
tivation than those of controls.* To test whether platelets
from AD patientsdisplayed an increased platel et activation
in theresting state, we carried out an ultrastructural study
of platelets from healthy adult donors (n=4; mean age:
38+7), Alzheimer’s patients (n=5; mean age: 67+5), and
age-matched controls (n=5; mean age 70+3). The diagno-
sisof probable AD was made according to the National In-
stitute of Neurological Disorders and Stroke-Alzheimer's
Disease and Related Disorders Association criteria.

Platelets were separated from citrated blood by a cen-
trifugation at 200x g to obtain platel et-rich-plasma (PRP).
Platelets were separated from PRP by centrifugation at
2000x g for 20 min and washed twicein Hepes buffer con-
taining 145 mM NaCl, 5 mM KClI, 1 mM CaCl,, 1 mM
MgCl,, 10 mM Hepes, 10 mM glucose, adjusted to pH
7.4. 10 um prostaglandin E, (PGE, ) was added to prevent
aggregation. Platelet pellets were fixed overnight in 2.5%
glutaraldehyde in 0.1 M sodium cacodylate buffer, post-
fixed in 1% buffered osmium tetroxide, dehydrated in a
graded series of ethanol, and embedded in Durcupan resin.
Ultrathin sections were stained with uranyl acetate and
lead citrate.

Healthy adult donors’ platelets had acharacteristic dis-
coid shape with some extending pseudopods. Their mor-
phology reflectsthat of fresh platelets. Several types of or-

Fic.1 Platelet ultrastructure from an Alzheimer disease (AD) pa-
tient. Cells are swollen and the cytoplasm appears diluted. Internal
contraction was apparent in some of the cells (#). Granules are lo-
calized mostly beneath the plasma membrane (g). Bar = 1 um.

ganelleswere randomly dispersed in the matrix of the cy-
toplasm like mitochondria, dense bodies, granules and
small particles of glycogen. Plateletsfrom old healthy sub-
jects appeared spherical in form, demonstrated granule
swelling, vacuol e formation and cytoplasmic dilution. In-
ternal contraction was apparent in some of the cells.
Platel etsfrom AD patientswere similar to those from age-
matched controls. Physicd aterations suggestive of cell de-
struction were present in most of the cells (Fig.1). Theal-
terations were consistent with loss of surface membrane
integrity.

The present findings support the fact that platelet un-
stimulated activation isnot considerably differentin AD as
compared to age-matched controls. Both groupsdisplay a
wide variety of structural alterations observed in fresh
platelets after stimulation by potent aggregating agents.
Thus platel et activation in the resting state seemsto bere-
lated to aging rather thanto AD. It has been demonstrated
that in aging there is a significantly higher amount of cir-
culating platelet aggregates and adecreasein ADP thresh-
old for irreversible aggregation.® In addition, atheroscle-
rosis may contribute to platelet hyperactivation. All these
processes might result in the observed increased platel et ac-
tivation in the resting state during aging.
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Transmission and scanning electron microscopic
study of vertebrate oligodendroglial cells

0.J. CASTEION, H.V. CASTEION
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Maracaibo, Venezuela

Oligodendroglial cells have been extensively studied in
normal and pathological conditionsby meansof light, con-
focal, transmission el ectron microscopy and molecular bi-
ology techniques.’3 However, very few studies have been
devoted to analyzing their three-dimensional outer and
inner surface morphology. In the present communication
we have used thin sectioning transmission el ectron micro-
scopy and the cryofracture methods for scanning electron
microscopy to analyze the cytoplasmic and nuclear com-
partments of fractured oligodendroglial cells.

Specimens of two teleost fish: Arius Spixii and Salmo
trout werefixed by vascular perfusion with Karnovsky fix-
ative. Cerebellar slices, 2-3 mm thick, were cut with a
razor blade and fixed by immersion in the samefixativefor
4-5h. After washing in buffered saline, they were postfixed
in 1% osmiumtetroxidein 0.1M phosphate buffer solution,
pH 7.4 for 1 h. After rinsing in a similar buffer, tissue
blocks were dehydrated through graded concentrations of
ethanol, rapidly frozen by plunging into Freon 22, cooled
by liquid nitrogen and fractured with a precooled razor
blade. The fractured fragments were returned to fresh ab-
solute ethanol for thawing. The cytoplasmic and nuclear
soluble proteins were washed out, presumably during the
thawing step, leaving anfractuous cavities surrounding the
cytomembranes and allowing visualization of the surface
details of cytoplasmic and nuclear structures. The tissues
werethen dried by thecritical point method with liquid CO,
and coated with gold-palladium. Specimenswere examined
with aJEOL 100 B Electron Microscopewith ASID scan-
ning attachment at 80 kV.

In human cerebral cortex processed for transmission
electron microscopy, perineuronal or satellite oligoden-
drocites were observed ensheathing pyramidal and non-
pyramidal nerve cells and establishing a neuron-glia unit
fromthe structural point of view. Oligodendrocyte plasma

membrane appeared closely apposed to neuronal plasma
membrane, being separated by an extracellular space 20 nm
in width. The nucleus showed a condensed aggregation
pattern of chromatin substance. Perivascul ar oligodendro-
cyteswere also found associated to the perivascul ar astro-
cytic end-feet, at the level of the capillary wall.

Inthe mouse cerebellar cortex, interfascicular oligoden-
drocytes were observed intimately applied to myelinated
axons, revealing their myelin forming cell role. At higher
magnifiction, the oligodendroglial plasma membrane was
observed surrounding the outer myeling lamellae.

In samples of teleost fish cerebellar cortex processed
by the freeze-fracture SEM method, the cryofracture oligo-
dendrocytes exhibited the inner surface details of nucleus
and cytoplasm. Thefreezing process preserved the compact
heterochromatin masses at the nuclear periphery and the
vacuol ated appearance of subjacent euchromatin substance.
Thewashing out process of cytosol permitted to observethe
outer surface of endoplasmic reticulum and cytoskel etal
structure. The organelle region and the stereospatial
arrangement of endoplasmic reticulum were better appre-
ciated at the nuclear poles of interfascicular oligodendro-
cytes. In addition, the high mass density heterochromatin
masses exhibited a continous interconnected trabecular
system, the dark spaces corresponding to the euchromatin
substance localization, which was also extracted during
the freeze-fracture preparation procedure.

The freeze-fracture method for SEM offered new infor-
mation on the three-dimensional structure of cytoplasmic
and nuclear details of fractured oligodendrocytes. The
transmission electron microscopy images of perineuronal,
interfascicular, and perivascular oligodendroglial cells pro-
vide supporting evidence, by their localization, for the
nursing role of oligodendrocyteson neuronal soma, myeli-
nated axons and blood-brain barrier.

Acknowledgment: Thisresearch has been partially sup-
ported by aCONDES-LUZ subvention.

References

1. Castegjén OJ Low resolution scanning electron microscopy of
cerebellar neurons and neuroglial cells of the granular layer.
Scan Electr Microsc 111, 1391-1400 (1984)

2. Bjartmar C, Hildebrand C, Loinder K: Morphologica hetero-
geneity of rat oligodendrocytes: electron microscopic studieson
serial sections. Glia 11, 235-244 (1994)

3. Castgion OJ, Castejon HV: Oligodendroglia cell behaviour in
traumatic oedematous human cerebral cortex: alight and elec-
tron microscopic study. Brain Injury 14, 303-317 (2000)



Proceedings of SCANNING 2001 135

Theuse of modified flatbed and film scanners
for large specimen imaging
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The limited field-of-view of the conventional com-
pound microscope restricts the observation of organsand
large pieces of tissue sections. This becomes a difficult
task when both overall view and high-resolution study are
required simultaneously. In the course of studying the
devel opment of maize stem, we encountered the need for
digitizing large hand sections and mounted tissue slices
on microscope slides for three-dimensional (3-D) recon-
struction. Splicing a series of images that are taken at
different positions to form a montage is not acceptable,
because the jointed image suffers from mismatch due to
lens distortion. Considering the resolution needed in our
study, one alternativeisto use consumer flatbed and film
scanners designed for a personal computer. To adopt the
conventional scanner for wet tissue scanning, an Acer
620T PC flatbed scanner (Taiwan, ROC), equipped with
a trans-illuminator, was modified (Fig. 1a). Thisis be-
cause scanning wet specimens are placed in aglasstray;
the additional thickness contributed from the bottom of
the glass tray raised the sample, preventing proper fo-
cusing by the scanner. Therefore, the glass window of the
scanner should be lowered accordingly to the thickness of
the glass tray used. To do this modification, the glass
window of the flat-bed scanner was first carefully re-
moved, then aspacer (with the same thickness as the bot-
tom glass of the specimen tray) was glued between the
glass plate and the scanner body with silicon adhesive. It
is important to use silicon adhesive to prevent spilled
water from leaking into the scanner body. Thismodifica-
tion placed the sample to the original focus of the scan-
ner. A LEGOUO fence was added to prevent the transillu-
minator surface from being scratched by the tray. We
have found it is much more convenient and productive to
use afilm scanner to image tissue slices mounted on stan-
dard microscope slides. We have employed a film scan-
ner (Minolta DImage Scan Dual) for this job; the film
cartage was modified to allow slide mounting and to en-
sure proper focusing of the tissue section (Fig. 1 b).

The modified Acer 620T PC scanner allowed us to
scan an area (up to 18x13 cm) at a resolution of 21
pm/pixel (44 pixelssfmm or 1200 dpi). Figure 1c showsan
image of maize stem (Zea mays, inbred Ohio 43) ob-
tained at 21 um/pixel (44 pixels'fmm) resolution. Indi-
vidual cells can be easily identified. In contrast, the Mi-
noltafilm scanner allowed usto scan an area (up to 24x36
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Fic. 1 (a) Modified Acer 620T PC flat bed scanner showing the
LEGO fence and the wet specimen chamber. The glass window of
the flat bed scanner is lowered to take up the additional thickness
from the bottom of the specimen. (b and c): Minolta DImage film
scanner. No modification to the scanner itself isrequired, however,
the film holder should be modified to accommodate the micro-
scope slide and ensure proper focus. (d and €): Hand sections of
maize stem imaged by the flatbed scanner. (f and g): Three-dimen-
sional reconstruction of the node region of maize stem from the data
set obtained from flatbed scanner. (h): Zoom-in view of a maize
stem showing vascular bundles and ground tissue. The image was
obtained at 1200 dpi resolution on aflatbed scanner.
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mm) at a resolution of 10 um/pixel (95 pixels'/mm or
2438 dpi). Thisresolution is high enough to hand most of
the needs in macroscopy.

In conclusion, this article demonstrates the use of a
low-cost flatbed and film scanner to achieve large area
digitization for tissue and organ study. This technique
can also be used in the imaging of electrophoresis gel
commonly used in molecular biology.

Acknowledgments: Thisreport is a portion of a summer
research project of WY C from the Williamsville East High
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Thestem vasculature of nal/nal and na2/na2 in
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The stem devel opment of two recessive dwarf mutants,
nana-1 (nal) (Fig. 1) and nana-2 (na2) (Fig. 1b) of maize
(ZeamaysL.) werestudied. All the plantsused in this study
were grown at thefield station of University of Western On-
tario, London, Ontario, Canada, in the summer of 2000. The
specimens were harvested and fixed in methanol and/or
EtOH/acetic acid (3:1), serially sectioned with arazor blade
using a specialy made jig. The hand sections were decol-
ored in 70% iso-propanol for at least a month, then dehy-
drated in acetone and cleared in xylene. Digital images of
individual hand sections were obtained before/after dehy-
dration and clearing processes. Digital images were ob-
tained by using amodified Acer 620T PC flatbed scanner
in liquid (water or xylene).! The digital images obtained
from hand sectionswere aligned by using aspecial issue of
ImageAcquire™ software (Williamsville, N.Y.). After dig-
itization, the hand-sections were infiltrated and embedded
in JB-4 medium (Polysciences) for future reference. To
achieve deep tissueimaging, optical sectionswere obtained
by two-photon florescence microscopy using an Olympus
Fluorview FL300 confocal microscope equipped with a
Spectra-PhysicsMai-Tai tunable ultra-fast Ti-sapphirelaser.
Excitation wavelengthswas set at 780 nm NIR with apulse
width of 100 fs, <550 nm autofluorescence was detected.
Extended focusviewswere generated by using AutoQuan-
t's AutoVisualize-3DO software.

Different from the parallel arranged longitudinal vas-
cular bundles commonly found in the internodes of wild
type? nal/nal has acomplex stem vasculature (Fig. 1a).34
However, cross-sectional view reveals that the vascular

nat

Fic. 1 (8) Nal/nal plant. The entire stem resembles to a single
node. Notethelack of node-internode structure in the ear branch and
the elongation of tassel nodes. (b) Na2/na2 plant. Notethe elongation
of tassel nodes and insertion of ears. (c, d) Cross-sectiona views of
nal/nal stem. () Cross-sectional views of na2/na2 node. (f) Cross-
sectional views of na2/na2 internode. (g, h) Extended focus views of
nal/nal stem obtained by two-photon fluorescence microscopy. Note
the branching of vertically arranged vascular bundle (V).
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arrangements of the entire nal/nal stem (Fig. 1 c, d) re-
semble those found in the nodal region of normal plant.
Therefore, one may consider that the entire nal/nal stem
ismade up of asingle node. Similar to the main stem, the
ear branch of nal/nal also lacks well-defined node-in-
ternode structure. It is important to point out that the
nal/nal stem is composed of many interlinked vascular
bundles. The branching of vertically arranged vascular
bundle (v) isevident in the extended focusview (Fig. 1 g,
h) obtained by multiphoton fluorescence microcopy. The
complexity of the vascular bundle suggeststhat it may be
impossible for elongation to occur because of the inter-
locking of the vascular bundle. Thetassel internode, how-
ever, does elongate and consists of wild-type vascula-
ture. Heterozygous nal/+ develops stem vasculature
similar to that of the wild type.

In contrast, na2/na2 stem (Fig. 1 b) hasa“normal” stem
appearance, but theinternode length is significantly short-
ened compared with that found in thewild type. The cross-
sectional views of na2/na2 stem (Fig. 1 e, f) reveal similar
nodal (Fig. 1 €) andinternodal (Fig. 1f) vascular arrange-
ments as found in the wild type. The elongation of tassel
internodes occursin na2/na2 (Fig. 1 b). However, na2/na2
has an interesting point in that the stem isfrequently com-
posed of slanted nodes instead of the normally found hor-
izontal nodesin wild type. Heterozygous na2/+ develops
stem vascul ature resembling that of the wild type.
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Cosmetic assessment of thehuman hair by
confocal microscopy
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Introduction

Confocal microscopy provides high resolution images
with no out-of-focus areas and fits very well with non-pla-
nar surfaceslikethe cylinder shape of hair. For the past ten
years, thistechnique has been successfully applied for non-

invasiveimaging of the surface aswell astheinterna struc-
tures of the hair.* Consequently it has been proposed asan
aternative mode to the classic scanning electron micro-
scopy observation. Preserving the integrity of the sample
opensup awiderange of applicationsin cosmetic research
including almost any kind of surface deposits and repeated
chemical or physical treatments.

Materialsand M ethods

The confocal laser scanning microscope LSM 310 from
Zeisswas equipped with two laser sources: He-Ne 540 nm
and Ar-Kr 488/568/647 nm. Objective lenseswere sel ected
according to their performancein hair imaging: x20 and x50
dry, x40, and x63 oil immersion. The motorised stage (
X,Y) was computer controlled for repositioning the sample
automatically with aprecision of 0.05 um. A direct current
motor having arun of 20 mm and aZ resolution of 50 nm
assured fast focusing. Z-series of 80 optical sections sepa-
rated by 1 um steps provided either onein-focus projection
image of the surface or astack for volume rendering of the
internal structures of the hair. Using the OTIP3D software
(LISA labs, CPE Lyon), 3D reconstruction was possible.
The confocal scanner had atwo-channel configuration that
permitted simultaneous imaging of reflected light and flu-
orescence contrast. Hair samples were simply attached to
microscopic slides coated with doubl e-sided adhesive tape.
Internal structures of the hair shaft were imaged using oil
immersion in order to attenuate the strong reflection gen-
erated by the index mismatch at the hair surface.

Results

Reflection images of the surface showed that untreated
hair exhibited smooth borders of the cuticle cellswhereas
crenelated cuticle borders characterized hair fatigue. In
advanced hair degradation, local absence of the cuticlere-
vealed the cortex.

Reflection images with repositioning allowed to com-
pare polymer deposits on the hair and the remanence of the
polymer before and after shampooing.

The internal exploration of the hair structures can be
performed on white hair label ed with Octadecyl Rhodamin.
The reflection image revealed the medulla and nuclear
remnants of the cortical cells. The fluorescence image
showed the location of the probe into the medulla, in the
cortex and delineating the border of cuticle cells.

Fluorescence images of hair treated with a polymer la-
beled with Rhodamin B showed that the polymer infil-
trated the borders of the cuticle cells while the reflection
signal demonstrated the absence of polymer on the surface
of the cuticle.

Transversal optical sectionsallow follow-up of the pen-
etration of fluorescent probes. Rhodamin B in water was
absorbed by the cuticle and did not penetrate into the cor-
tex. Octadecyl Rhodamin in EtOH/H20 (9:1) penetrated
into the medulla.
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The OTIP3D software allowed volume rendering of cu-
ticle envelope and medullachannel on hair labeled with Oc-
tadecyl Rhodamin.

Summary of the Results

Confocal microscopy providesrapid, easy, €legant, and
nondestructive observation of the hair in its natural envi-
ronment.

Both the surface and the internal structures can be im-
aged without invasion providing longitudinal and trans-
versal optical sectionsfor volume rendering.

The condition of the hair surface can be evaluated ac-
cording to the chemical or physical injuries sustained.

Surface deposits can be observed in terms of thickness,
homogeneity, and brilliancy as well as their resistance to
cosmetic treatments.

Theroutes of penetration of fluorochromesinto the hair
structures can be dynamically investigated.
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Preparation of cultured cellsfor study of intra-
cellular element concentrations by x-ray micro-
analysisusing a scanning electron microscope
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Cultured cellsprovide amodel to study the composition,
distribution, and transport of ions in defined physiologic
states by electron probe x-ray microanalysiswith electron
microscopy. Different methods have been developed and
various conditions have been used to grow and prepare
cultured cells for x-ray microanalysis.'® Two methods
have predominantly been used to prepare cultured cells
for x-ray microanalysis: (1) analysisat the subcellular level
of freeze-dried ultrathin cryosectionswith scanning trans-
mission electron microscopy (STEM) and (2) analysis at
the cellular level of whole freeze-dried preparations with
STEM and scanning € ectron microscopy (SEM). However,
despite the usefulness of these methods, preparation of the
cellsfor x-ray microanalsyiswith SEM has some method-
ological problems. In spite of theselimitations, it isevident

that x-ray microanalysis of whole cultured cellswith SEM
provides a simple and very useful technique to determine
total cell element levels. We present here two simple meth-
odsto prepare cultured cellsfor growth in monolayers and
in suspension to analyze the elemental composition by x-
ray microanalysisusing SEM.

The MCF-7 (human breast cancer), LLC-PK, (pig kid-
ney), U937 (human monoblastoid), and PC12 (rat pheochro-
mocytoma) cell lineswere used throughout this study. The
cultures were maintained in DMEM and RPM 11640 sup-
plemented with 10% fetal bovine serum (FBS) at 37°Cina
humid atmosphere containing 5% CO,. To prepare MCF-7,
LLC-PK, and PC12 cell lines, cells were subcultured at a
density of 2.5 x 10* cells/ml in 12 mm polycarbonatetissue
culture plate well inserts of 0.4 um pore size (Millicell,
Millipore, Bedford, Mass., USA) placed in 24-well tissue
cultureplates. Cellswereculturedin DMEM supplemented
with 10% FBS at 37°C in 5% CO,,. After 24 t0 48 h, poly-
carbonate membrane filterswere cut from their cylindrical
polystyrene holders. To prepare U937 cells grown in sus-
pension, cellsweretransferred to polycarbonate tissue cul-
ture plate inserts placed in 15 ml conical centrifuge tubes,
and the cellswere centrifuged at 170 g for 3-5 min at room
temperature. After centrifugation, the polycarbonate mem-
branes were cut out as described above. Cells were then
washed with ice-cold washing solutions for 5 sto remove
the culture medium. After washing, cellswere plungefrozen
in liquid nitrogen and placed in a pre-cooled aluminum
specimen holder at liquid nitrogen temperature. The spec-
imen holder was then transferred to an Emitech K775 tem-
perature-controlled freeze-drier (Emitech, Ashford, UK)
and cellswerefreeze-dried under vacuum (<10 mbar) using
afast drying schedule. X-ray microanalysiswas carried out
using aPhilips XL30 scanning el ectron microscope (Philips,
Eindhoven, The Netherlands) equipped with an EDAX en-
ergy-dispersive detector. To optimize the x-ray signal col-
lection, we used arange of accelerating voltages between 10
and 20 kV. All spectra were collected in the spot mode at
10,000x magnification for 200 s live time, and only one
spectrum was acquired from each cell. Spectra were
processed, and quantitative data were derived by the peak-
to-local-background (P/B) ratio method.* The system was
calibrated against standards made from known amounts of
inorganic salts dissolved in 20% dextran.

We report two simple methods for cultured cells grow-
ing in monolayersor in suspension for measurement of el-
emental composition by x-ray microanalysis with SEM.
These methods have several advantages over previously
published methods: the substrates are available commer-
cially, no specia equipment needsto be built, the samples
can be handled easily, and parallel experiments can be
doneunder identical conditions. In addition, these methods
make it possible to prepare cryosections of samples si-
multaneously for STEM.
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Candy anatomy: A microstructural survey
of aerated confections

N. R. DEckER AND G. R. ZIEGLER
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Many of the confectionery products we consume on a
daily basisinclude an ingredient not listed on the label—
air. Air haslong been recognized asan essential component
of foods such as beer, bread, and ice cream, and consid-
erable microstructural analysishas been carried out to char-
acterizeair cell size, bubble sizedistribution, and extent of
aeration inthese products. Whilethere are afew published
examinations of the microstructure of such confectionsas
toffee, hard candies, chocolate, and caramel, very little
work has been conducted on aerated products. Kaletunc et
al.? investigated marshmallow compressibility and elas-
ticity, but did not include microstructural analysis. Air cell
size, shape, and sizedistribution areall important parame-
terswhen producing quality aerated confections.

To better understand the structure of aerated confec-
tions, an examination of a wide variety of commercial
products was undertaken. Six aerated confectionery prod-
ucts were purchased from alocal supermarket. These in-
cluded starlight mints, butter cream mints, circus peanuts,
jet-puffed marshmallows, taffy, and a chocolate-covered
nougat bar. The sampleswerefrozen, fractured, and freeze-
dried to stabilize theinternal structure. They werethen ex-
amined using scanning el ectron microscopy (SEM). A sev-
enth sample, an ungrained flavored nougat stick, was
obtained from industry and viewed using cryostage SEM.
Images obtained were subjected to analysis by eye and by
an image analysis program. Differences in air cell size,
shape, and distribution were observed. Grained and un-
grained products were easily distinguishable by the pres-
enceof sugar crystalsin thematrix. From thissurvey, agen-
eral understanding of the microstructure of aerated
confections as well as sample preparation methods was
obtained.
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Cytochemical assessment of succinic dehydroge-
nase activity by computer-assisted stereology in
nerve and muscle cellsduring aging
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T. CasoLl, G. D1 Sterano, M. SoLAzzl, G. FELzaNI,
J. VECCHIET"

Neurobiology of Aging Centre, “N Masera’ Research
Department, Ancona; and “Department of Internal
Medicineand Aging, University “G. D’ Annunzio,”
Chieti, Italy

Animpaired mitochondrial capacity to provide adequate
amounts of adenosinetriphosphatein duetime hasbeenre-
ported to constitute an adverse condition predisposing to
organ and system dysfunction.! With advancing age, this
metabolic decay may be particularly critical in nerve and
muscl e cellswhich are characterised by frequent bursts of
high energy requests. As a constitutive molecule of the
respiratory chain (complex Il), succinic dehydrogenase
(SDH) plays akey rolein cellular bioenergetics at maxi-
mum respiration rates and is reported to be a sensitive in-
dicator of mitochondrial oxidative metabolic capacity.! To
test the effect of age on cellular bioenergetics, we carried
out a computer-assisted morphometric study on mito-
chondriacytochemically stained for SDH activity in Purk-
injecdlsof 3,12, and 24 month-old ratsand in bioptic mus-
cle samples from young (25.0 = 4.4 years), middle-aged
(50.4+ 7.5years), and old (75.5 £ 3.9 years) human beings.

SDH activity was preferentially evidenced by the copper-
ferrocyanide method.? Freshly excised rat cerebellar slices
and human bioptic muscle samples wereincubated for 45
min. at 37°C.2 Control sampleswere processed asabovein
a substrate-free incubation solution. In rat Purkinje cells,
SDH-positive mitochondria were systematically and ran-
domly sampled: 1 slice was chosen with afixed periodic-
ity of 10 (currently denoted as section separation = 10). The
ultrastructura features of the positive mitochondria(Fig. 1)
wereacquired by aTV cameraand anaysed by acomputer-
assisted image analyser. The number of organelles/mm? of
Purkinje cell cytoplasm (Numeric density: Nv), the aver-
age mitochondria volume (V) and the mitochondrial vol-
ume fraction (Volume density: Vv) were measured. Nv
was significantly higher at 12 than at 3 and 24 months of
age. V wassignificantly decreased in adult and old rats, but
was the same at 12 and 24 months of age. Vv was signifi-
cantly decreased in old animal s versusthe other groups. In
bioptic samplesfrom human muscles, to get information on
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Fic.1 SDH-positivemitochondriainarat Purkinjecell: theelectron
opaque, insoluble copper ferrocyanide precipitates are trapped within
the mitochondria at the inner membrane of the organelles. Bar=
0.5 pm.

the mitochondrial metabolic competence versus the or-
ganelle's size, we calculated theratio (R): overall area of
the SDH precipitates/area of each mitochondrion. Despite
an 8% increase of R in adult versusyoung and old groups,
no significant difference wasfound among the three groups
of age.

These data document that SDH activity can be cyto-
chemically shown and morphometrically evaluated as sharp
copper-ferrocyanide precipitates both in nerve and muscle
cells. Theferricyanide used to visualise SDH activity read-
ily accepts electrons from the respiratory chain and isre-
duced to ferrocyanide which is captured by copper at the
site of enzyme activity. In addition to these reactions, SDH
is a flavoprotein able to react directly with ferricyanide.
Conceivably, the copper-ferrocyanide procedure can bere-
garded asareliable method for quantitative studies of both
SDH activity and the efficiency in energy production by the
Krebscycle. Morphometric quantitation of the precipitates
asaresultsof SDH activity isof reliable scientific relevance
sincethe molecules of thisenzyme arelocated at theinner
mitochondrial membrane, thus offering the possibility to
map the metabolic competence of discrete populations of
organellesin different experimental models. With specific
reference to the present study, weinterpret our findingsto
denote age-related rearrangements of the mitochondrial
morphofunctional features.
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X-Ray microanalysis of frustulesfrom edaphic
diatoms

M. GANGER, S.J. Koerp, J. M. McCoRrMmICK
Montclair State University, Montclair, NJ, USA

Silicon dioxide (SiO.nH20) contained within diatom
frustules (skeleta) forms an intricate structural framework
that allowsthe cell to become stronger but allows the con-
tinued exchange of gases, nutrients and metabolites be-
tween the cell and its surrounding environment. A number
of authors have previously reported avariety of elemental
contaminants contained within thefrustule of diatoms. On
that premise, diatomswere collected from three distinctly
different aquatic habitats in Northern New Jersey, USA.
Thesethreelocationswere Sandy Hook Bay near the mouth
of the Hudson-Raritan estuary, an intertidal beach in Bay-
onne, New Jersey on Newark Bay representing an estuar-
ine environment, and from small submerged rocks in a
creek confluent to the Passaic River representing a fresh
water habitat.

The samples from each area were collected, cleaned
with hot HCI to which asmall amount of potassium dichro-
mate was added, subsequently dried onto millipore filter
paper (.45 um) and mounted on carbon SEM stubs. Each
samplewasfirst coated with gold/palladium to accentuate
signal production for high resolution photography and re-
lated identification of species. X-ray microanalysis was
carried out on each of the samples using a Hitachi 2460N
SEM coupled with a Princeton Gamma Tech (PGT) IMIX
analysis system (software version 8.12B). Since detection
of trace elements was the goal of this detection sequence,
reference spectrawere obtained for the following: acarbon
stub with clean filter paper, coated with gold/palladium
and aseparate spectrum for silicon dioxide collected from
asdilicareference. These particular spectra were obtained
and classified as known constituents of the frustules and
therefore not required for spectral analysis. Subsequently
afresh reference spectra was obtained and the two above
mentioned spectra overlaid and subtracted out to produce
a final spectrum that contained the elements contained
within thefrustule, ruling out the possibility of masking el-
ementsthat could possibly have energy overlapsto known
contaminants (i.e. silicadioxide).

Analysisof frustulesrevealed significant contamination
of some of the siliceous frustuleswith strontium and other
elements such as rubidium, tungsten, and aluminum. The
non-siliceous elements observed appear to beincorporated
asanintegral part of thefrustule, but it is possiblethat they
are adhering to the frustule surface. The source and form
of the contamination, however, was not determined and was
not a subsequent focal point of this study.
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The over plus phenomenon of Gloeocapsa alpicola
and heavy metal uptake

J.J. GOLDBERG, T.E. JENSEN, M.J. BAXTER

Department of Biological Sciences, Lehman College,
Bronx, and The CUNY Graduate Center, New York,
New York, USA

It has been previously shown by Jensen et al .2, and oth-
ersthat microbial polyphosphate bodiesarethe main sites
for metal sequestration. In our present study we have ex-
posed cells of Gloeocapsa alpicola, grown to log phase
and to overplus phase, to 20 PPM of seven different heavy
metals. Cells of Gloeocapsa al picola were grown in mod-
ified Fitzgerald’'s media and harvested after alogarithmic
growth phase of 14 days. The overplus cellswere grown,
as has been previously described.? The heavy metalsin-
cluded Al, Cu, Mn, Ni, Pb, Zn, Cd (5PPM), and acontral.
Cells were either placed on formvar coated grids or em-
bedded in Epon according to L uft’s procedure. Cellswere
analyzed using the scanning transmission electron micro-
scopy mode of atransmission electron microscopein con-
junction with aPGT IMIX energy dispersive x-ray spec-
trometer. The data were then analyzed using the bulk
sample analysis program (ZAF method) in standardless
mode (w/w) based on the Hall continuum theory.® Ap-
proximately 60 cellswere analyzed; welooked at the cap-
sule, cell wall, cytoplasm, and PPB, and the averages of the
elementswere calculated. The volume of the cell wasthen
determined by using the formulafor calculating the volume
of acylinder, that is, V=mr?h, and the volume was obtained
using V=4/3rr for aspherical body. All calculationswere
done at the same magnification of 40,000x.2 The volumes
of the various components were calculated. The quantita-
tive analysis of the cellsrevealed that cells exposed to Al
showed a capsule containing 0%, the wall contained
3.04%, the cytoplasm contained 2.89%, and the PPB con-
tained 6.24%. Cells exposed to Cu showed a capsule con-
taining 0.23%, the wall contained 2.33% the cytoplasm
contained 4.65%, and the PPB contained 7.40%. Mn
showed up as 0.053% in the capsule, the wall contained
2.00%, the cytoplasm contained 3.65%, and the PPB con-
tained 5.78%. Upon analyzing Ni we found a capsul e con-
taining 0%, wall 2.30%, cytoplasm 4.89%, and the PPB
contained 5.53%. Cellsthat were exposed to Pb showed a
capsule containing 1.69%, awall containing 2.84%, the cy-
toplasm had 6.00% and the PPB contained 8.93%. TheZn
exposed cellshad 0.66% in the capsule, thewall 6.62%, the
cytoplasm 8.99% and the PPB contained 19.04%. The
cellsexposed to 5 PPM of Cd, contained 6.00% in the cap-
sule, thewall had 8.56%, the cytoplasm had 5.51%, and the
PPB had 18.40%. These results brought usto the conclu-
sion that even though the cell on awhole has morevolume
than the polyphosphate bodies the polyphosphate bodies,
will bio concentrate more of the metal then arest of the
cell.?2 The analysis of the overplus cells further supports

this; sincethe PPBsarelarger and more numerous, they oc-
cupy agreater volume of the cell. These datawould indi-
cate that Gloeocapsa alpicola sequester metals differen-
tially, and that different metals are also sequestered
differentially in the different cell components.
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Examination of nonwoven textilesusing scanning
electron microscopy

W. R. GoyYNES, D.V. PARIKH

USDA, ARS, Southern Regional Research Center, New
Orleans, LA, USA

Typical commercial textilefabricsare produced fromyarns
using either weaving or knitting processes. Other typesof tex-
tiles known as “nonwovens’ are mats formed by processes
such as needle punching, hydro-entanglement, chemical bond-
ing, or heat-setting. These products are becoming commer-
cially important for use in disposable products such as hy-
gieneand medical supplies, aswell asinfurnitureand carpet
backings. Development of these products requires better un-
derstanding of production processes, and of theinteraction of
different kinds of fiberswithin the product.

Evaluation of effects of variationsin processing and of
fiber content on structures of these materials can be ac-
complished using microscopic procedures. Scanning elec-
tron microscopy (SEM) allows study of fiber interactions
and bonding processesto show changes on fabric surfaces
aswell asoninternal regions. Fabricsin this microscopic
study included (1) a high-loft perpendicular-laid fabric
made of cotton, polyester, and bicomponent bonding fibers,
(2) fabricsincorporating short cotton linters, (3) insulating
fabrics blended of recycled polyester fibers and cotton.

Cotton fibers can contribute desirable properties of soft-
ness and absorbency to these products. However, incorpo-
rating cotton into nonwovens can require novel approaches.
The nonwovens market ishighly oriented to synthetic fibers
and some current methods for producing nonwovens de-
pend on fiber fusibility and require fiber lengths that can
only be provided by synthetic or high quality cotton fibers.
Because most nonwoven materialsareintended for markets
of low-cost products, use of premium cotton fibers should
be avoided where possible. Lower quality cotton fibers or
linters can provide many of the same property benefits to
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nonwoven goods as do premium fibers. Devising ways to
incorporate low-grade, waste cotton fibers or linters into
blended cotton/synthetic productsisachallenge. Lintersare
short fuzz fibers that undercoat the lint on the cotton seed
surface and remain on the seed after ginning lint fibers. The
averagelength of these sheared fibersis5 mm. They aredif-
ficult to separate into individual units and usually remain
clumped in small bundles. Blending with longer fibersis
difficult. Use of fusible synthetic fibersis one means of in-
corporating cotton linters into nonwovens. Fused fibers
can attach to the short linter bundles, immobilizing them
within the fabric structure. Webs of fused synthetic fibers
can aso beused to form networksthat entrap thelinter bun-
dlesto prevent movement. The added body provided to the
material by the linter bundles produces nonwoven sheets
usable as padding or fillers. Novel methods of folding and
heat-setting the nonwoven sheets can provide thick, re-
silient cushioning materials. Examination of these blended
products by SEM shows extent of blending of component
fibers. The nature and number of the bonds formed by the
fused fibers are also evident.

Cotton fibers can a so be blended with recycled polyester
fibersto form nonwoven productsthat are thermally insula-
tive. Waste polyester fibersand cotton fibersthat required no
chemical processing were used to produce alow-cost, semi-
durable nonwoven product. Materials used were 60% re-
processed polyester and 40% greige cotton. These products
were tested for use as thermal blankets, intended for short-
term uses asin medical or military facilities, and in disaster
relief centers. They were structured to be durablethrough lim-
ited launderings. Fabricsweregiven acarboxylic acid finish
to improve structural stability during use and laundering.
The finish greatly reduced surface matting of loose fibers.
These blanket material were light-weight, had agood hand,
and exhibited excellent thermal and comfort qualities. Scan-
ning electron microscopy showed that fiber tangles formed
during laundering of unfinished materials were not formed
when chemically finished fabrics were laundered.

Light and scanning electron microscopy of these novel
nonwoven material sindicated the necessity of incorporat-
ing short fiber bundleswithin thefiber networksin order to
obtain maximum utility of properties of the blended fibers.
Dyeing techniques al so showed | ocations and functions of
various types of fiberswithin the products.

Spatial distribution of acidulantsand humectants
in model food by confocal laser scanning micro-
scope fluorescent detection

LINNEA M. HALLBERG, IRWIN A. TAUB

U.S. Army, Soldier and Biological Chemical Command,
Natick, MA, USA

Our previous study used a confocal laser scanning mi-
croscope (CLSM) to track moisture migration to map dis-

tributionsin amixed moisture bilayered system. This study
extendsthat capability to pH distributionsin the matrix. In
food, it is crucial to ensure that regions of high water ac-
tivity (A,,) and neutral pH are avoided in order to achieve
microbiological stability. The resulting pH and mositure
maps are relevant to future efforts to model pathogen
growth potential. The main objective of this study is to
map the non-homogeneous distribution of pH and moisture
in model food matrices by monitoring the fluorescence of
dyeswith a CLSM, and to determine the factors that pro-
mote or prevent the dispersion of the associated acidulants
and humectants. Model matrices os whey gels were for-
mulated with varying amounts of acidul ants (glucono delta
lactone) and huectants (glycerol), and measured globally
andlocally for pH, and A . Model matrices were madein
waysthat create adispersion in the distribution of compo-
nents so that there will be microscopic regions in which
their concentrations differ, thus affecting localized chem-
ical and microbial stability. An apporpriate dye with se-
lected pK values near 5.5 was added. The dye distributes
among these regions until thermodynamic equilibrium is
achieved and they dissociateto alesser or greater extent de-
pending on pH.

The scanning was performed with areal-time, dlit-scan-
ning, upright confocal microscope using an air-coooled
Argon laser to excitearhodol dye (DM-NERF Moleculare
Probes) at 488 nm. A charge-coupled device, and band
passfilters (530/30 and 580/30 nm) were used to detect the
emission from either the basic or acid form of the dye. A
series of optical sections (25 W apart) were auto-collected
by acomputer controlled z-drive. These sections provided
two-dimensional and constructed three-dimensional im-
ages. Theratio of basic-to-acid emission intensities were
converted into alocal pH value, and the total emission in-
tensity from alocal region was associated with the local
moisture level. The maps of the intensities obtained were
drawn to represent microscopic regions of differeing pH
and/or moisture content. These maps, and the influence of
level of added components on them, can be used to deter-
mineif all regionsconformin A and pH for the conditions
of “no growth” that have been established for food safety.

A scanning electron microscopy study of needle-
shaped processes of Japaneserice hullsand micro-
scopic crystal-like substancesin thelung

T.Hoxo

Institute of Anatomy & Anthropology, Kitakynshu City,
Japan

Needle-shaped processes of Japanese rice hulls are
scattered and floating in the air of thericefarmers’ houses.
These needl e-shaped processes may be mixed in the dust,
and may have some effectson their lungs, eyes, and other
organs of their bodies. The features of the needl e-shaped
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Fic. 1 An SEM micrograph of the needle-shaped processes of
Japanese unhulled rice. Bar = 100 microns.

Fic.2 Somecrystal-like substancesin the human aveoli. Bar = 3.3
microns.

processes of two kinds of Japanese unhulled rice, Oryza
sativa, were examined using an SEM? (Fig. 1).

The figures were taken using an SEM with a digital
camera, and analysed.

The basal parts of the hulls showed fewer needle-
shaped processes than those of the upper part of the hulls.
These processes were cylindrical in the shafts and had
needle-shaped points. The shapes of the processes were
compared with those of fibers and crystalsin the alveoli
of the lungs. The results of the SEM probe showed the
shapes of the needle-shaped processes were different
from those of the fibers and the crystalsin the alveoli.

The SEM of the alveoli made from the lung cast
showed some kinds of fibers and other artificial sub-
stances? (Fig. 2). The crystal-like substances were differ-
ent from the processes of the rice hulls. These results
show that SEM studies are useful for probing fine sub-
stances.
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New observations of human chromosome scanning
electron microscopy and transmission electron
microscopy
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Introduction

Two new observations have been made on human chro-
mosome ultrastructure using both Chromosome Scanning
Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM). A bipartite, apparently half-chromatid-
like structure was observed when whole human chromo-
someswere studied with SEM and when longitudinally sec-
tioned chromosomeswere anayzed with TEM. In addition,
we also observed a zipper-like configuration as the paral -
lel sister chromatids separated likely dueto the supercoiled
structure of the chromosome and chromatid.

M ethods

Human chromosomesin metaphase were obtained from
short-term whole blood cultures from an anonymousindi-
vidual previously determined to have an apparently normal
male karyotype of 46 XY. Cell cultureswere processed ac-
cording to standard methodology for chromosome prepa-
ration including hypotonic solution and colcemid treat-
ment. However, the cells were not allowed to air-dry® but
were mounted with acoverdipin pH 7.0 phosphate buffer.

Chromosome preparations were prepared for SEM by
post-fixation according to a modification of a previously
published protocol?. Our modification callsfor prefiltering
all solutions with a0.22 :m Millipore filter. The chromo-
some preparations were then gol d-coated and studied with
an | SI-S40 SEM. For TEM, the chromosomes were pre-
pared as already described except they had to be removed
from the glass slides using our “repeat chill” protocol® so
that whole chromosomes could be serially sectioned lon-
gitudinally, including the entire metaphase, and examined
by an Hitachi 7,000 TEM.

Half-Chromatid Structure

Scanning electron microscopy studies revealed that the
chromatid isbipartite longitudinally. We have been calling
that structurea* half-chromatid.” Inan analysisof 12 cells
in metaphase, all exhibited a majority of chromosomes
with half-chromatids. Since all the cells were not com-
plete due to protocol-related limitations, such as unseen
chromosomes blocked by the grid window barsin TEM, the
total number of chromosomeswere analyzed such that 268
of 290 or 92.4% of the chromosomes exhibited this half-
chromatid structure. For TEM, thishalf-chromatid structure



144 Scanning Vol. 23, 2 (2001)

was also visible. Among 5 cells analyzed, all exhibited
chromosomes with this half-chromatid structure. Of 75
chromosomes studied, 39 or 52% showed the half-chro-
matid structure.

Zipper-Like Configuration of Sister Chromatid Borders

Additional studies revealed that sister chromatids sepa-
rated from each other symmetrically indicated by the con-
figuration of their parallel inner borders. That is, the sister
chromatids would separate similar to coming apart like
pieces of apuzzle or a zipper opening. Thiswas observed
in al of nine cells studied with SEM. Among 91 chromo-
somes studied 48 or 52.7% exhibited this observation, while
five cells examined by TEM also had this configuration
among 49 of 74 or 66.2% of chromosomes analyzed.

Conclusions/ Discussion

We have demonstrated ultrastructurally that chromatids
exhibit alongitudinal bipartite structure that we areterming
“half-chromatid.” And, we have also shown that symmet-
rical sister chromatid separation is indicated by parallel
configurations that resemble a puzzle separating or a zip-
per opening. Our images show thisand also show acoil-like
structure, as expected, along the longitudinal axes of both
SEM and TEM chromatid preparationsthat likely account
for the configuration along the inner longitudinal borders
of the chromatids. This study wasfunded in part by agrant
from the Aluminum Association, and in-part by the New
York State Office of Mental Retardation and Develop-
mental Disabilities.
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A complex method for reconstruction of specimen
image using a backscattered electron signal

D. KACZMAREK, A. MULAK, J. DOMARADZKI

Ingtitute of Microsystem Technology, Wroclaw
University of Technology, Poland

Introduction

The methods of shape forming shading, shaped from
stereo! and Monte Carlo? are the most frequently applied
for reconstruction of three-dimensional (3-D) image of
real surface topography in scanning electron microscopy
(SEM).

The development of multiple detector systems for
backscattered el ectron (BSE) signal detection and the meth-
ods of digital processing of the signals have enabled re-
construction of thethird dimension on the basis of two-di-
mensional SEM images.

The method shape from shading consists of application
of at least two pairsof detectorssituated perpendicularly to
each other (detectors D1, D2 and D3, D4). The third di-
mensioniscalculated either by iteration or by Monte Carlo?
method. Simultaneous presentation of 3D sample topog-
raphy and composition is also possible.?

Method

The proposed method of 3D reconstruction of surface
imagein SEM is based on the measurements of BSE cur-
rents sensed by four detectors (D1+D4) versus the incli-
nation angle d of Au samplewith specially prepared smooth
surface (I go=f(d)characteristic). The measurements were
done after accurate alignment of electron beam at every
point of the surface. Semiconductor detectorswere placed
at medium angles (~60°) with respect to the specimen sur-
face. The normalised signals (Tx, Ty) versus the angle of
3, where: Tx=(D2-D1)/(D1+D2) and Ty=(D4-D3)/
(D3+D4), were strictly connected to theinclination of the
elementary section of the surfaceinthe x and y direction,
respectively. Theexperimental characteristics T=F(d) were
then transformed into the characteristics tgo=f(T) and ap-
proximated with 8-th order polynomial (Fig. 1).

The knowledge of tangent & value enables us to recon-
struct theinclination of the surfaceinrelationto D1 and D2
detectorsin x-z plane and D3 and D4 detectors with rela-
tion to they-z one. Thereconstruction of specimen surface
is made for each of the detector pairs separately, starting
from point x=0 (y=0); z=0. Fig. 2 presentsthe microscopic
image of aspecimen in TOPO mode and theimage after 3-
D reconstruction.

The simultaneous presentation of TOPO and COMPO
modes has been named as acomplex method. It consists of
an application of colour simulations for indicating partic-
ular values of atomic numbersZ of the elements occurring
on the specimen surface. The digital simulation of the
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colours was done after application of the method of lin-
earization of backscattered electron characteristics versus
Z2. Below, the single stages of the complex method have
been presented:

1. Recording of microscopicimagesintheform of dig-
ital bitmap*

2. Typical separation of TOPO and COM PO modes®

3. Correction of TOPO and COMPO modes based on
theoretical analysis®

4. Linearization of backscattered electron characteris-
tics?

5. Simulation of colours for specimen composition
analysis

6. Three-dimensional reconstruction of surface topog-
raphy image

7. Setting up a colour bitmap showing material compo-
sition and profile of 3-D surface

Conclusions

The proposed method can be used both for correct 3D re-
construction of surface topography and evaluation of its

composition. The method is competitive to the other ones
because it enables the reconstruction of 3D surface within
the angles of inclination of a surface section of up to 60°.
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Secondary electron image profilesusing the
bias voltage techniquein deep contact hole

Y.-U.Ko,” D.C. Jov,"t N. SuLLIVAN¥
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Ridge, TN; *Schlumberger, Concord, MA, USA

Asthe size of semiconductor devices shrinksthe cost of
wafer fabrication increase and it becomes more important
to use non-destructive techniquesto monitor all aspects of
production. Though current critical dimension (CD)
metrology tools can give reliable, in-line measurement of
lines, spaces, pitches, and contact holes, information on
side-wall angle or resist profileis needed for quality con-
trol, which is atime consuming and tedious process. It is
alsoimportant to determineif the deep contact holeisopen
or closed by analyzing the scanning electron microscopy
(SEM) signal collected from the bottom of the contact. To
enhancethisbottom image, the technique of applying high
bias voltage between objective lens and sample ground
has been developed. But the mechanism of the extraction
of secondary electrons (SEs) from the bottom is not clear
and it is necessary to know the degree of improvement
quantitatively using this technique. In this work, we have
used Monte Carlo simulations for modeling the charging
phenomena and for calculation of the resultant SE beam
profilein contact hole. Firstly we calculate the spatial dis-
tribution of charges when e-beams are incident onto the
sample. A potential results because positive and negative
chargesare placed in different areasand currentsflow asa
result of EBIC and therefore the potential is decreased.
We can then calcul ate the g ected SE trajectoriesfrom this
potential distribution. We quantitatively compute image



146 Scanning Vol. 23, 2 (2001)

profiles errorsin various operating conditions and dimen-
sions of contact hole. We have used etched oxide/Si and
UV5/AR/SI aspattern material and the substrate. We have
cal culated and observed brightness of deep contact holefor
the changing of operating conditions such aslanding energy
and current and also time sensitivity. To enhance the bright-
ness of the bottom we have used pre-dose processing under
low magnification. The positive charging around the hole
makes high extracted fiel dsthat can escape the emitted SE
from the bottom without collision against thewall. There-
sults show that the brightness of bottom imageishigher as
current and yield are increased. As time has passed the
brightness isincreased until saturated and then decreased
because of dominant positive charging around the holeand
finally fades out. But thisresult shows we can observe the
bottom of contact holewithin certain limit of time. The ef-
fect from high yield is most influential and the time is
shortest to reach the saturation point.

AFM studies of fracture surfaces of composition B
energetic materials

Y. D. LANZEROTTI

U. S. Army ARDEC, Picatinny Arsenal, NJ, USA

Scanning electron microscopy (SEM) studies of thefrac-
ture surface of Composition B (59% cyclotrimethylene
(RDX), 40% TNT, and 1% wax) has revealed the charac-
teristics of the RDX fracture surfaces.® However, attempts
using SEM to view thefine surfacedetail of TNT wereun-
successful.® Although the original work was carried out
sometime ago, the characteristicsof TNT crystalsremain
a subject of investigation in melt-cast TNT formulations
that arefilled with alarge percentage of RDX. In this paper,
the characteristicsof TNT crystalsin Composition B at the
fracture surface using atomic force microscopy (AFM) are
presented.

Thesizeof the TNT crystals has been determined by an-
alyzing the surface structure that is exhibited after me-
chanical failure of the Composition B. The sample of melt-
cast Composition B used for the AFM studiesfractured? at
46 Kgin an ultracentrifuge at 25°C. Atomic force micro-
scopy examination of the topography of thefracture surface
of the Composition B reveals fracture across columnar
grains of the TNT. The AFM scan sizeswere increased in
steps from 2 to 13.6 um with the maximum scan size ulti-
mately limited by the curvature of the fracture surface.

The measured width and height of the TNT columnar
grainsaregiven asafunction of the AFM scansizesintable
|. The compiled datain table | show that the width of the
columnar TNT grainsrangefrom ~1to~2 um. Theheight
of the columnar TNT grains range in size from ~ 50 to ~
300 nm. To the best of our knowledge, values of these
quantities for TNT in Composition B have not been re-
ported before (and were said to be unsuccessful).®

Themicrostructure of the matrix of TNT isnormally one
of highly oriented columnar grains. Therefore, theresults
of table| suggest that the fracture of the Composition B is
occuring withinthe TNT of the Composition B.

TaBLe | TNT columnar grains in Composition B atomic force
microscopy scans

Scansize TNT

(nm) columnar grains Width (um) Height (nm)
20 2 1 60-300
4.0 4 1 50-300
8.0 5 1-2 100-300
136 7 1-2 100-300

Ultimately such knowledge can lead to better formula-
tions of these materiasthat might result in lesssensitiveen-
ergetic materials.

We haveintroduced AFM techniquesto characterizethe
fracture surface topography of Composition B obtained at
high acceleration. Using AFM we have measured the size
of thecolumnar TNT grainsof Composition B and have de-
termined that the fracture of the Composition B occurs
within the TNT.

Acknowledgments: Wethank Dr. S.A. Mogren, Columbia,
MD for assistancein obtaining the AFM scans.
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I nteractions between cellsand the extracellular
matrix: Therole of chemical ver sustopographical
signalsin muscle development

M.A. LAWSON, S. MOSLER, * S. ARNESEN,
N. GADEGAARD," N.B. LARSEN," PP. PURSLOW

Department of Dairy and Food Science, Roya Veterinary
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Background and Objectives

Cells respond to a variety of cues from their environ-
ment, which can include chemical, mechanical, and topo-
graphical signds. Thedifferentiation of myoblastsrequires
a combination of signals. It is well documented that my-
oblast fusionisstrongly influenced by the chemical nature
of the surrounding matrix and can be affected by mechan-
ical stimulation. Studies have additionally shown that a
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large variety of cell types are also influenced by surface
topography of asubstrate.! Thereisevidence? that cellscan
recognize and interact with surface topographies as small
as 30 nm.

Cdlls grown on a collagen-coated surface differentiate
more readily than those grown in the absence of the extra-
cellular matrix protein.2 It isnot known whether the effects
of myoblast interaction with collagen are due solely to
chemical interactions. The 67 nm periodicity of collagen
fibersmay aso providetopographica signalsthat affect the
growth and differentiation of myoblasts during the devel-
opment process.

The purpose of this study was to investigate the behav-
ior of myablasts on biologically relevant collagenous sur-
faces with identical chemical characteristics but varying

topography.
Materialsand M ethods

C2C12 murine myablasts (ATCC, Gaithersburg, MD)
were cultured on surfaces coated with 100 pm molecular
collagen | or 20 ng/mm" fibrous collagen |. Cells were
stained with rhodamine phalloidin and DAPI for adhesion
spreading and proliferation assays. | mages were obtained
using aL eicaDmiRB inverted microscope (Leica, Herlev,
DK) coupled with an Image Pro Plus digital image analy-
sis system (Image House, Copenhagen, DK). For further
morphological analysis, AFM imageswere obtained using
aDigital Instruments Dimension 3000 operating in tapping
mode. Imageswere recorded using super sharp silicon can-
tilevers (Nanosensors, Wetzlar, Germany). Scanning pro-
ceeded et arate of 0.5 lines/swith asampling density of 512
x 512 pointsimage. Height image is supplemented with
20% artificial illumination. For detection of adhesion
plaques, cellswereimmunostained using an anti-talin pri-
mary antibody (Sigma, ST. Louis, MO) followed by aflu-
orescently labeled secondary antibody. |mages were ob-
tained using a Leica TCS scanning confocal microscope.
All micrographs were prepared using Adobe Photoshop
(San Jose, CA). Differentiation of myoblasts was deter-
mined using acreatine phosphokinase activity assay, as per
manufacturersinstructions (Sigma, St Louis, MO).

Results

Our results indicate that myoblasts can recognize and
react to the specific topography of collagen fibres. Asseen
by atomic force microscopy and scanning confocal micro-
scopy, myoblasts spread more quickly and completely on
fibrous collagen-coated surfaces. Numerous cellular
processes can be seen attaching and extending along col-
lagen fibers and the ends of these processes attaching di-
rectly to individual fibers using integrin-containing focal
adhesion complexes. This increased spreading leads to
both stronger adhesion to the fibrous surface and an in-
crease in cellular proliferation. These differences do not
lead to anincreasein myoblast differentiation however. Our

dataindicatesthat topographical signalsplay arolein early
muscle development, but that other signaling pathways
regulate myoblast differentiation.

Conclusions

Our results show that cells plated on fibrous collagen sur-
faces exhibit a more spread morphology with numerous
small surfacefilopodia. Cells adhere to, and spread on, fi-
brous collagen surfaces more readily than molecular col-
lagen surfaces. Interactions of cells with fibrous collagen
lead to higher proliferation rates than interactions with
molecular collagen. The differencesseenin theinteractions
of cellswith fibrous collagen do not lead to significant dif-
ferencesin cell differentiation rates. Therefore, cells rec-
ognize and react to the surface topography of collagen
fibers, but these topographical signalsdo not lead to large
differencesin cell differentiation.
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Endothelial transport in fast and slow twitch
muscles

T.G. MANFReDI, A.C. ComAS'
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Endothelial permeability is modulated by the fusion of
vesicles into clusters, which may act as transendothelial
channels. Vesicle numbers are tissue-specific and are con-
trolled by acute environmenta changes'. Ultrastructural
alterations associated with vesicle fusion leading to trans-
endothelia channels canincreasethe capillary endothelial
surface by afactor of 0.5 to 2.0. We reported that diet and
exercise alter myocardial capillary ultrastructureinrats, in
particular in the vesicle profiles’.

It iswell established that the oxidative capacity of fast
and sow twitch muscle differs, however, no information ex-
ists regarding the capillary ultrastructure of these fiber
types. The purpose of this study was to compare morpo-
hometric profiles in capillary endothelium in response to
anesthesiaand electrical stimulation intwo muscles of the
rat hindlimb, the capillary enriched slow-twitch soleus as
compared to thelow oxidative fast-twitch plantaris. Twelve
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Sprague-Dawley rats were divided into 3 groups: 1) rats
programmed to 45 minutes of electrical stimulation, 2)
rats under anesthesiafor 45 minutes, and 3) acontrol group.
Electron microscopic analysis of capillaries from anes-
thetized animals was dightly larger with thinner endothe-
lium which occupied alarger percent of thetotal capillary
area (p <0.01). The size distributions of vesicles across
and within treatments differed. Treatments had no effect on
vesicle concentrations (vesicle numbers/unit of capillary
area) or size. Vesicle concentrationswere greater in soleus
capillaries (p<0.01). Anesthesiaand stimul ation posed op-
posite effects on vesicle numbers/capillary in soleus and
plantaris muscle (p <0.05), suggesting that changesin vesi-
cle concentrations within treatments reflect alterations in
vesicle numbers and not size. We suggest that fast and
slow twitch muscle synergists display unique capillary en-
dothelial morphometric profiles and that vesicle fusion,
diffusion distance, and endothelia surface areaare postu-
lated mechani sms associated with acute cell environmen-
tal changes.
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Theeffect of ingredientsand process parameters
on themicrostructure and stability of starch-meat
extrudates
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The influence of meat type and preliminary thermal
treatment on the microstructure, texture, and stability of in-
termediate extruded starch-meat extrudates was studied.

Food extrusion involves applying thermal and mechan-
ical energy to food ingredientsin aprocess of mixing and
cooking. The idea of combining carbohydrates and meat
proteinsand producing nutritionally balanced snacksusing
extrusion recently gained alot of interest, sinceit can pro-
vide the consumer with the necessary nutrients “in one
bite” One of the challenging aspects of thisapplicationis
obtai ning a homogeneous matrix with acceptable and sta-
ble structure and texture, since proteins and carbohydrates
are thermodynamically incompatible biopolymers, which
both undergo detrimental changes during storage.

During extrusion, starch undergoes gelatinization (at
m.c.>28-29%) and dextrinization (at m.c.<20%).* Appli-
cation of heat and mechanical treatment to meat can lead

to tissue disruption, protein extraction, and gelation, and
consequently a heat set matrix forms, which entraps com-
ponentslike starch or fat.2 During gelation, the salt soluble
muscle proteinsfirst suffer partial denaturation and then un-
dergo aggregation, forming a gel network stabilized by
disulfide bonds.>® Several studies showed that denaturation
of muscle protein prior to gelation results in weak gels,
while Prabhu and Sebranek® found that, if myosinisgelled
before being heated in the presence of starch, it preventsthe
uniform distribution of starch in the matrix.

In this study, intermediate moisture extrudates (moisture
content of 28-30%w/w) were obtained by extruding mix-
tures of 55% potato granules, 40% ground beef (low fat and
high fat), 2% salt, 1.5% sugar, and 1.5% spices. The mix-
tures were extruded using a ZSK-30 twin-screw extruder
(Werner & Pfleiderer, Ramsey, NJ). The microstructure of
the extrudates was anal yzed using a scanning el ectron mi-
croscope (SEM) (JEOL, JSM 35C, Tokyo, Japan) at 15k V.
Thetextural changes of the extrudates during storage were
monitored by small amplitude mechanical measurements
using RSA 1l and ARES (Rheometrics Scientific) and large

Fic.1 Cross-section of extrudate obtained from starch-low fat raw
meat mixtures.

Fic.2 Cross-section of extrudate obtained from starch-low fat pre-
cooked meat mixtures.
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amplitude measurements with a TAXT2 texture analyzer
(Texture Technologies Corp., Scarsdale, NY).

The use of raw meat led to meat-like extrudates with a
homogeneous microstructure (Fig.1), less prone to tough-
ening during storage. Thisuniform matrix resulted from the
interaction of the denatured, gelated meat proteinswith the
gelatinized starch. Using precooked meat in the formula-
tionled to a heterogeneous microstructure, where myofib-
rils, fat inclusions, and other components were entrapped
in adisrupted protein matrix (Fig.2).

Sample toughening during storage, caused mainly by
starch retrogradation, was more pronounced for the pre-
cooked than for the raw meat extrudates. Structural changes
that occurred during storage were observed by SEM. A
high fat content of meat led to discontinuities during ex-
trusion and fat separation. When 1% glycerol was added to
the matrix obtained with precooked meat, the microstruc-
ture became homogeneous and sampl es became softer due
to the plasticizing effect of glyceral.

In conclusion, intermediate moisture extrudates obtained
from potato granules-raw meat mixtures have better sen-
sory characteristics, microstructure, and more stable texture
than extrudates obtained from potato granules-precooked
meat mixtures. High fat content can result in problems
during extrusion and in fat separation, which is detrimen-
tal for the product quality and stability.
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Colour cathodoluminescence of europium-and
terbium-activated calcium tungstate phosphors
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Colour cathodoluminescence (CCL) modethat isincor-
porated into scanning electron microscopy (SEM) obvi-

oudly givesboth spectral and spatial information with high
resolution and is avery informative SEM-mode of opera-
tion®. It has been shown that the use of colour contrast in-
creases the amount information on the colour image in
comparison with its black-and-white counterpart by about
two orders of magnitude. Earlier we have used the CCL -
SEM for acomplex characterisation of different organic, di-
electric, and semiconductor luminescent materials. Herewe
describe some applications of the CCL-SEM examination
of calcium tungstate phosphors in powder form. We in-
vestigated samples, activated with different rare earth (RE)
elements: CaWO,:Eu**, CawO,:Tb* and self-activated
CawO,:W. Theline dimension of each particle (~50 um)
prevailed over an electron beam diameter as well as elec-
tron scattering volume.

To reveal the spectral composition and its variations
with an RE activator, the photoluminescence (PL) spectra
were taken from the above-mentioned self-activated cal-
cium tungstate phosphors. Depending on the activator ion
nature, RE concentration, and incorporation degree, vari-
ous partial emission bandswere observedin thetotal spec-
tra. The characteristic blue emission observed at 400 nmis
related to sometetrahedral WO, groups of the scheelite host
| attice.? The specific green emission band at 545 nm can be
attributed to the electronic transition inside the Th-centre.
Comparison of the spectra taken from different samples
showsthat efficiency of the gree PL emissionincreaseswith
the Th-activator concentration. The PL spectrum taken
from CawO,: Eu** exhibitsaspecific red emission band at
615 nm, which can be attributed to charge transfer in the
Eu* -O centre. However, because of the great generation
volume of PL, the PL spectrum could not be correlated with
adefinite point on the surface under study. PL-spectragive,
therefore, only spectral information about the role of acti-
vatorsin the PL and do not revea any spatial distribution
of the activator on the surface of the samples.

Spatial distributions of the blue, green, and red lumi-
nescence, attributed, respectively, to WO,,-group, Tb-, and
Eu®*-0 centres, were recorded in aform of the CCL-SEM
maps. The panchromatic CCL-SEM map represents a spa-
tial distribution of all the luminescent centersresponsible
for luminescence in visible spectral range (400-800 nm).
Spatial distributions of the blue, green, and red lumines-
cence partial bands of the total spectrum were mapped by
using the monochromatic CCL mapstaken at 480, 540, and
600 nm. An image analysis of the CCL-SEM maps taken
from the powders must account the peculiarities of CL
contrast, which have not been observed in the maps for
solid specimens. In the case of powders, the main artifacts
aretopographic contrast (aureoles) and the mixed CL spec-
trum displayed by particlesin contact. Some of the powders
were pressed into tablets. In tablets, distances between
particles of powder are minimal and the main artifacts,
therefore, are aureoles at the perimeters of tablets. The CL
from the central region of each tablet may be considered as
atrue CL. It hasbeen shown that the spectral compositions
of thetrue CL depend on the type of activators. For exam-
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ple, the tablets activated with Th® emit mainly blue and
green light that corresponds to the intensive partial peaks
in the short-wavelength spectral range. But the CCL-map
of the Eu-activated calcium tungstate phosphors is multi-
colour that can be attributed to severa partia peaksat both
the short-wavel ength and | ong-wavel ength spectral ranges.
Hence, incorporation of the Eu®*ion into the CawO, host
|attice creates more defect states than incorporation of the
Tb3*ion. The monochromatic maps reveal that the surface
of the Eu-activated cal cium tungstate phosphors givesin-
tensive CL emission at three partia bands: blue, green,
and red. Thiswide CL emission spectrum can be attributed
tothree different surface imperfectionsrelated to incorpo-
ration of Eus*,

The CCL-SEM method revealed that similar luminescent
materials are nonhomogeneous and possess a variable in-
corporation degree of the RE ionsinto the crystalline host
lattice. The contribution of the host lattice emission to the
apparent luminescence could be also put in evidence. The
CL-imagesobtainedin SEM inreal colourscan be used for
arapid examination of spatial and spectral characteristics
of powder materias, produced by different technologies.
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Effectsof elevated CO, on canopy carbon seques-
tration, leaf stcomatal density, and gas exchange
of quercus shumardii and liquidambar styraciflua
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Introduction

National programs to plant and steward trees in U.S.
cities are estimated to reduce annual CO, emissions by
0.510 0.2%.! Carbon storage by trees in urban forests na-
tionally has been estimated between 660 and 990 million
tons.2 Carbon storageinindividual urban forests ranges be-
tween 145,800 tons in Oakland and 854,800 tons in
Chicago.2 Many reports have detailed the effects of eevated
CO, on growth and carbon sequestration of a variety of
woody plants. Dry mass increases induced by elevated
CO, are often accompanied by increasing in net assimila-
tion rate, at least in the short term.5

This paper reports some of the results of aresearch pro-
ject aimed to assess CO, sequestration capacity of urban
tree speciesin response to elevated atmospheric CO,,.

Materialsand Methods

One-year-old Shumard oaks (quercus shumardii) and
Sweetgums (liquidambar styraciflua) were grown for 12
monthsin climate-controlled environmental growth cham-
bersat ambient (350 vpm) or elevated (700 vpm) CO, con-
ditions. Net CO, uptake rates (Pn), transpiration (Tr), and
leaf conductance to water vapor were measured during the
growing season using a portable gas exchange system
(Ciras-1, PP Systems, Hitchin, UK). During measurements,
PPFD was supplemented to ensure saturation of Pn (> 600
pmol m2s7). A minimum of 10 plants, with three |leaves
of similar physiologic age per plant, were used for each
measurement.

Total dry mass was quantified for leaves and stems
(canopy biomass). Samplesfrom each 20 plantsweredried
at 80°C to constant weight. Carbon sequestration was cal-
culated based on the reported rel ation between biomass and
carbon sequestration. Total plant leaf area and mean indi-
vidual leaf area were measured with a leaf area meter

Fic. 1 Leaf lower surface shows stomates. (2) Shumard oak, (b)
Sweetgum. Bar=20 um.
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TaBLel Gasexchange, CO, sequestration, and carbon storage of Shumard oak and Sweetgum for elevated CO, and ambient growth conditions

Net CO, uptake (Pn) Transpiration (Tr) Leaf conductance Canopy biomass

pmol m2 st mmol m2s? mmol m2s? Shoot + leaves (g)

Amb Elev Amb Elev Amb Elev Amb Elev

Quercus 6.2 16.82 14 16 104.5 110.0 25.0 72.82
Liquidambar 55 1152 0.85 11 92.6 102.2 17.2 33.07

a Significant differences between measurements at elevated (Elev) and measurements at ambient (Amb) CO,, a=0.001.

(Model LI-3050A, Li-Cor, Inc., Lincoln, Nebr., USA) on
10 leaves from each of ten Shumard oaks and 10 Sweet-
gums.

Stomatal density per unit areawas quantified from epi-
dermal impressions of the leaf surface using silicon-based
dental product (Provil M, Bayer, Lever Kusen, Germany).
Positive impressions were made with nail varnish and
viewed with alight microscope. In addition, leaveswere ex-
amined under ascanning el ectron microscope for stomatal
morphology and distribution.

Results

Gas exchange and canopy biomass production of 1-year-
old Shumard oaks and Sweetgums were measured during
12 months of growth in climate-controlled environmental
growth chambers at ambient (350 vpm) or elevated (700
vpm) CO,,. In both species, the elevated CO, treatment in-
creased the PPFD-saturated rate of net CO,, uptake (CO, se-
questration) and dry matter production (carbon sequestra-
tion) (Tablel). After 12 months at elevated CO,, Shumard
oaks showed significant increase in combined leaf and
stem biomass (191%). Similarly, after 12 months of growth
at elevated CO,,, combined leaf and stem biomass of Sweet-
gum increased by (92%). Exposureto elevated CO, for 12
monthsresulted in increased mean leaf areain both species
and increased stomatal density (Fig. 1).
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Compar ative study of pyrocar bon microstructure
by atomic force, transmission electron, and polar-
ized light microscopy

A. PFRANG, B. REzNIK," T. SCHIMMEL, D. GERTHSEN"
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Carbon-carbon composites are currently used in break
assemblies because of their high wear and corrosionresis-
tance. Pyrolytic carbon (pyrocarbon) obtained by thermal
decomposition of methane is one of the attractive matrix
materials. The pyrocarbon microstructure isrelated to the
conditions of methane pyrolysis and takes a number of
graphite-like forms, ranging continuously from the near
amorphous-like to the highly crystalline state. The de-
posited carbon layersexhibit preferential orientations (tex-
tures) parallel to the substrate surface.>? The arising struc-
tural anisotropy strongly influences mechanical properties
of pyrocarbon-based materials.3 However, therelationship
between deposition conditions and pyrocarbon mi-
crostructureisnot fully understood. For thisreason, inten-
sive attempts must be taken for the characterization of the
structural organization in pyrocarbon.

In the present study, the structural anisotropy of pyro-
carbon matrix layers in composites obtained by chemical
vapor infiltration of carbon fiber felts was comparatively
studied by atomic force microscopy (AFM), transmission
electron microscopy (TEM), and polarized light micro-
scopy (PLM). The influence of mechanical polishing and
ion etching on pyrocarbon with different texturesisinves-
tigated. The AFM surface topography of the ion-etched
samplesis compared with TEM image amplitude contrast
and corresponding el ectron diffraction patterns, aswell as
with polarized light microscopy. It isshown that the rough-
nessvalueR, correlateswith the amplitude contrast varia-
tions, radial broadening of the carbon 002 reflections, and
extinction angles. Moreover, height differences extracted
from AFM cross sections are in good accordance with the
variation of mass density in pyrocarbon. Theresults of the
present study indicate that the combination of AFM, TEM,
and PLM provides ameansfor the correlatoin of pyrocar-
bon texture, mass density, and micromechanical behavior,
and therefore allows a deeper understanding and interpre-
tation of the complex pyrocarbon microstructure.
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Microstructural characterization of serracheese
using low-vacuum scanning electron microscopy

PJ.M. Reis, FEX. MALCATA

Escola Superior Biotecnologia, Universidade Catdlica
Portuguesa, Porto, Portugal

Serracheeseisthe most important variety of traditional
Portuguese cheeses made from raw ewes milk without
added starter culture! so it has been the subject of extensive
research in the past.

In this study, Serra cheese fractured samples were di-
rectly observed (without conductive material such agold or
carbon) using alow-vacuum scanning el ectron microscope
(LV-SEM). The test cheeses were manufactured in three
different dairy farms, and pieces of those cheeses were
stored in formal saline? dehydrated in an ethanol series, and
used directly for observation.

As aresult of this method (which was applied to this
cheesefor thefirst time), the microstructure of Serracheese
could be observed at > 250x magnification, and thefine mi-
crostructure of such micro-organisms as bacteriaand yeasts
could beresolved at 2000%. The microstructure of cheeses
from the various dairy farms unfolded protein matrices
with voids spaces through the protein network, but no ap-
parent microstructural differences could be detected be-
tween samples.

Fic. 1 Low-vacuum scanning electron micrographs of sections
through inner region of Serracheese. (a) Colonies of spherical yeast
cells, scale bar = 15 pm. (b) Part of colony of yeast cells, scale bar =
5 pm. (c) Elongated and spherical yeast cellswithin the casein curd,
scale bar = 25 um.
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Quantitative analytical electron microscopy of cal-
cium in hypomineralized amelogenesisimper fecta

M.C. SANCHEZ-QUEVEDO, G. CEBALLOS,"
JM. GaRcia, M.E.G. GOMEZ DE FERRARIS, "
I.A. RopRiGUEZ,T A. CAMPOS
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Amelogenesis imperfecta (Al) identifies a group of
hereditary alterationsthat affect the formation of enamel ex-
tracellular matrix.! This disorder is classified into 14 sub-
groups according to characteristics of the enamel, clinical
appearance, and Mendelian mode of inheritance (autosomal
dominant or recessive, and sex-linked dominant or reces-
sive). We used scanning el ectron microscopy (SEM) and X-
ray microprobe analysis (EPMA) to establish morphol ogi-
cal patternsinthe enamel and the concentration of calcium
inenamel and dentinein canine and premolar teeth from pa-
tientsclinically and genetically diagnosed as having Al.

Five normal canine and premolar and five of each with
Al were immersed in Freon 22-cooled liquid nitrogen,
freeze-dried, carbon-coated and examined in a Philips
XL 30 microscope with an EDAX DX-4 microanalytical
system. Ten analyses were done for each tooth (200 mea-
surements). Spectra were collected by pin-point electron
beam at 40000x. The peak-to-background (P/B) ratio
method?3 was used to measure the concentration.

Microscrystalline salt standards were used to quantify
calcium.*® The elemental weight percent (WP) of each
salt standard was cal cul ated as reported in previous publi-
cations.®” Morphological study specimens were gold
coated after EPMA analysis and examined by SEM.

Oneof themost characteristic featuresof Al that SEM de-
tects is anomalous patterns, such as a decussate or super-
imposed filamentous pattern or an arcade-shaped outline.

Quantitative histochemical data expressed as WP
showed that Caconcentration in teeth with Al was31.59 +
3.17 and 31.87 £ 3.86 in enamel and dentine of canine, and
32,92+ 3.10and 33.38+ 3.23 in enamel and dentine of pre-
molars. Quantitative histochemical data expressed as WP
showed that Ca concentration in normal teethwas 30.19 +
1.44 and 24.93 + 1.41 in enamel and dentine of canine, and
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31.16+ 2.24 and 24.84 + 1.94 in enamel and dentine of pre-
molars. There were no differences in calcium WP of
enamel between teeth affected by Al and control teeth. In
contrast, there were significant differences in dentine cal-
cium WP between canines and premolarsin Al with con-
trol values. These results showed similar patterns of calci-
ficationin both types of teeth, suggesting that the biological
mechanisms of the calcification are not altered in enamel.
However, the cal cification pattern of dentinedid show sig-
nificant differences between teeth with Al and control sam-
ples. Morphological study and EPMA showed that Al
causes morphological aterationsin enamel, with evident
signsof immaturity in differentiation. However, these mor-
phological changes were not accompanied by mineraliza-
tion aterationsin enamel with Al. In contrast, although the
microscopical pattern in dentine was normal, WP was
higher in both canines and premolarswith Al.
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I nter actions between azoxystrobin and Pucciniare-
condita, Erysiphe graminis, and Botrytis cinerea on
themicroscale

S.R. SwiFT, C.A. HART,” D.W. BARTLETT,” N.D. READ

Institute of Cell and Molecular Biology, University
of Edinburgh, Edinburgh; *Syngenta, Jeal ott’s Hill
International Research Station, Bracknell, Berks, UK

Fungicides are essentia for the control of awide range
of economically significant fungal diseaseson crop plants.

The strobilurins are a family of novel, broad-spectrum
fungicidesthat exhibit activity through theinhibition of mi-
tochondrial electron transport at the cytochrome bc, com-
plex. Azoxystrobin, astrobilurin marketed by Syngenta, is
xylem systemic and has no phloem mohility or vapour
phase effects.t

Fungicide discovery and devel opment typically rely on
large-scale, high- throughput studies to assess the biolog-
ical activity of novel fungicidesand new formulations. Al-
though the scanning electron microscope (SEM) is com-
monly employed to study formulation deposits on crop
leaf surfaces and gross effects on fungal development, the
interactions between these deposits and their target organ-
ism in the infection microarena are rarely examined.

Scanning electron microscopy studies of deposits from
0.2 ul droplets of azoxystrobin formulation on wheat leaves
have shown that within 30 min of contact with the leaf
surface, azone of inhibition approximately 100 pum around
the deposit edge is established in all directions within
which fungal spores are inhibited from germinating (Fig.
1); between 3 and 5 days spores landing between 2 and 3
mm basipetally to the deposit edge have not germinated,
and devel opment of established colonies hasbeen arrested;
after 5—7 daysthese effects are observed at distances of up
to 5 mm basipetally to the deposit edge; and acropetally,
azoxystrobin displays biological activity at >70 mm from
the deposit after 3 days.

Rates of azoxystrobin trand ocation and its effectson tar-
get organisms have been visualised using SEM and mi-
crophosphor imaging techniques.

Despite the importance of fungicides to global agricul-
ture and pharmaceuticals, littleisknown about their uptake
into fungal cells. Although passive uptake mechanismsare
certainly important, active mechanisms, such as endocy-
tosis, may provide a crucial pathway for the uptake of

Fic.1 Scanning electron microscopy image showing ~100 um zone
of inhibition of Erysiphe graminis germination around 1250 ppm
azoxystrobin deposit (3 h post inocul ation).
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Fic. 2 Confocal laser scanning microscopy image showing de-
creasein fluorescence of the potentiometric probe Rhodamine 123 in
mitochondriaof Botrytiscinerea, following exposureto 5 ppm azoxy-
strobin solution: (a) 20 sbefore treatment; (b) O safter treatment; (c)
20 s after treatment; (d) 40 s after treatment.

some fungicidal moleculesfor subsequent delivery to their
sites of activity.

Azoxystrobin must traverse the cell wall, plasmamem-
brane, and both mitochondrial membranes before reaching
itstarget sitein the mitochondrial respiratory chain. Rela-
tively littleis understood about mitochondrial physiology
in living fungal cells. We have explored the morphol ogy,
distribution, and organisation of mitochondriain severa fil-
amentous fungi using vital fluorescent probesin conjunc-
tion with confocal microscopy. Furthermore, we have de-
veloped an assay for mitochondrial activity using vital
potentiometric markers.

Fungi exhibit highly polarised growth involving lo-
calised secretion and cell wall synthesis at the hyphal tip.
Theenergy requirementsfor thisregion of the hyphamust
be considerable, particularly in species exhibiting high
growth rates.® Hyphal staining with mitochondrion-selec-
tive vital fluorescent probes reveals a concentration of
elongated mitochondriaat the hyphal tip. The maintenance
of atransmembrane proton electrochemical gradientisre-
quired for ATP production; small depol arisations of mem-
brane potential can alter ATP production significantly.?
Staining with vital potentiometric probes (whose fluores-
cence is variably dependent on membrane potential)
demonstrates that mitochondria within thistip region are
more active than those in subapical regions (Fig. 2).

Here we describe the variety and importance of tech-
niques including low-temperature SEM, ambient-temper-
ature SEM, microphosphorimaging, and confocal laser
scanning microscopy in providing insight into the interac-
tions between azoxystrobin and the pathogens Pucciniare-
condita, Erysiphegraminis, and Botrytis cinerea on the mi-
croscale, which support the conclusions outlined above.
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Electron backscattered diffraction on platinum
corrosion

C. VIERRETHER, C. CLICK

University of Missouri at Rolla, Rolla, MO, USA

Optical glassismelted in platinum or platinum-lined cru-
cibles to obtain homogeneity and batch-to-batch repro-
ducibility. Inaddition, oxidizing gassessuch asCl, and O,,
are often bubbled through meltsto remove residual water,
to influence the redox equilibrium in the melt, and to ho-
mogenize the melt. Platinum is traditionally considered
an inert metal and resistant to corrosion.! However, stud-
ies have shown that pits and striations are a product of Pt-
Rh aloy corrosion during fused quartz melts at 1300°C.?
Current experimentswith 30 Mg/10Al1,0,/60P,0, melts at
1400°C produced similar grain textures on the platium
crucible. Electron backscattered diffraction was used to
determinethe orientation and/ or misorientation of theseal-
tered grains.
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Microscopic examination of the development of
Onchocerca volvulus (filarioidea: Onchocercidae)
in the west African black fly, Simulium yahense
(diptera: Simuliidae)

W.P. WERGIN, M. TRPIS,” C.A. MURPHY

Nematology Laboratory, Agricultural Research Service,
U. S. Department of Agriculture, Beltsville, MD;
*Department of Molecular Microbiology and
Immunology, School of Hygiene and Public Health,
John Hopkins University, Baltimore, MD, USA

River blindness, also known asonchocerciasis, isatrop-
ical disease that is prevalent in humans in many areas of
Africaand South America. The diseaseis caused by apar-
asitic nematode known as Onchocerca volvulus. This ne-
matode is spread by black flies (Smulium yahense) that
transmit the parasite to humans. Humans, who serve asthe
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host for the maturing stages of the nematode, eventually be-
come blind because of theinfection with this parasite. Sci-
entists are attempting to devel op avaccine for this disease
but must have additional information about how the nema-
todes develop and how they are transmitted. The current
study uses Nomarski interference light microscopy and scan-
ning electron microscopy (SEM) to view and document the
development of the nematode in the black fly and to illus-
trate how the fly might transmit this parasite to humans.
Black flies (S yahense) werefed on volunteersinfected
with O. volvulus microfilariae and then reared in the in-
sectary of the Liberian Institute for Biomedical Research,
Liberia. The infected flies were sampled and dissected to
recover O. volvuluslarvae, which were examined and mea-
sured by light microscopy. Other samples of infected flies
were cryopreserved, shipped to the U.S., and revived by
thawing and removing the cryoprotectant. The larval de-
velopment of O. volvulus was photographed by Nomarski
interference light microscopy and by SEM. From the ex-
amined material, the developmental times and the changes
inlarval morphology from microfilariato infective larvae
were determined. Observations of the larval morphology
and organogenesis were concentrated primarily on the
cephalic and caudal regions of the developing larvae.

Results indicated that the first, second, and third stage
larvae of the nematode developed and could be found in
theblack fly. Thethird stage larvae (L 3) migrated from the
thoracic muscle tissue into the celomic cavity by swim-
ming in the hemolymph. They often penetrated fly organs
such as the ovaries, the antennae, palps, and, most fre-
quently, the brain. Perhaps the random wandering of L3
through the fly body is an effort to escape their host. The
fly mouth is the most natural opening for these larvae to
escape from thefly and to be transmitted to ahuman host.
Whether chemical signalsarereleased prior to fly feeding
to assist thisprocessisdifficult to determine. However, if
thisisthe case, the signal could assist the larvae in find-
ing the sitefrom which they could successfully escape and
enter the human body.

The destructive potential of these larvae resultsin seri-
ous consequencesfor thehost fliesand their survival. When
O. wulvulusreachesthethird stagein thefly, which occurs
at Day 7, thefly mortality rateincreases sharply; lessthan
1% of the flies infected with third stage larvae survive to
Day 10. These results, which show the different stages of
devel opment and when they occur, will be used by research
groupsthat are attempting to develop avaccine to prevent
this disease.
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