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Figure 1. Schemaric diagraw showing the relation between the
camera length L oaw! the first diffraction maximum o tho
diffraction pattarn,
Equation 4 inte Equation 5, we get the equation
Egq. (6) Ly = dx
The term LA is known as the camera constant and is determined frem
megsurements of x ou a diffracticn pattern of a substance of

accurately known spacing. The procedure to index the diffraction
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pattern using the canaera coustant worked is te measure the x value for

each spot and caleculate its d spacing from Equation 6.

17 . LELONGATION OF 'Tdll RECIPRGCAL LATTICL POINTS

.

A ray diapram showing the elonpgation of a recicrocal lattice

spot penerated from a diffraction grating is shown in Figure 2.
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Berzer (30) listed some of the inacecuracies associated with the
specimen. Compression of the material during sectioning can make
lattice determination difficult since the analysis is based upon the
combinztion of reciprocal lattices wi;h identical periodicities. Some
inaccuracies wmay be due to swelling or shrinking of the specimen during
fixation and dehydratioa. bBerger (2) states that is some cases there
may be more than one type of crystal lattice in a single specimen.
However, if enough secticus are analysed some discrepencies should be
apparent which prevents construction of the wnit cell structure.

A serious source of error can be velated tc the type of symmetry
of the crystalline materisal. LI the crystalline material nas a glide
or screw axis, the lattice parameters may have the wrong dimensions.
lowever, the constructed unit cell is useful information in these cases
bacause it is related by some constant to the real repeating pattern.
dtner methods can be uscd to determine the value of this censtant.

The diffraction maxima in the rcciprocal latiice are generally
not lattice points. Decause of this there is-a certain amount of error
introduced in combining reciprocal lattices with identical
pevicdicities., When the eloungated rveciprocal lattices are combined
thierve is a rvange of orientations possible. The elongation of the
reciprocal lattice point can be magtiematically expressed by Equation 9,
This equztion shows thét the reciprocal lattice maximum is a point
when the numbar of'scatteriug objects is infinite. Ideally, the‘
experimental apparatus shwould proviﬁe the larpest possible number of

scattering points without producing unvantad other effects. The
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laser bean diaveter can be chogen or else expanded so. that the maximum
nunber of scattering objects will be intercepted without introducing
abberation or distortion of the optical diffraction pattern due to the
dimensions of the lens.

For ‘a toin lens the focal point for the rays coming from the
outer part of the lens is closer ro the lgns‘thah the rays froa the
inner part of the lens., This effect cannot be totally eliminated but
it can be reduced by selecting only the rays near the optical axis.

Another method»of increasing the number cof scattering points is
by selecting an optimuw magnification for the electron micrograpn -
imapo. There will be a range of magnification possible for the
analysis of electron micrograph images using optical diffraction. This
range will be limited at one eﬁtreme by the resolution of tne electron
microscope and/or sample preparation znd at the other extreme by the
nunber of scattering objects intercepted byAthe bean of radiation of a
finite diameter incident op the electron micrograph.

One attempts to establish the optimum conditions for the
determination of the reciprocal lattice. Tnis will genarally mean
generating a diffraction pattern wihich is an optimum betwﬁen the angle
of the diffracted beanm being small and the number of scattering objects
beivg large,

Knowing the numbor of scattering objects and the magnitude of a
pavticular reciprocal lattice vector, tine elongation of that point can
P

be determined. hils elongation can be used to indicate the range of

possible orievtations when two diffraction patteras are combined,
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CHAPTER 1V
MUETHODS AND TECHNIQUES
I. SAMPLE AND SAMPLE PREPARATION

The three dimensional structure of msny crystals which have a
repeating structure which is resolvable with the electron microscope
has becen determined., p-Lactoglobulin is one such crystal.

Air dried B-Lactoglobulin crystals were obtained fron the Mann
Research Laboratory. Senti and Warner (12) have reported some of the
properties of R~Lactoglobulin crystals they have- growa. They reported
an avaerage value of 9.8% water couteut in air dried [-Lactoglebulin
crystals with slight variations frow day to day. Senti and Warner alsc
found that two types of f~Lactoglobulin crystgls formed, both
ertiucrhonbic, but differvent iu habit. One batch had thick rectangular
tablets sonewhat elongated zlong the [100] angd showing (001) doamivance.
The othar batch contaived prisms which wore conslderably elonpgated
along the [016] and usuwally shoved (100} dowinaat, although {(001) was
sowctines zs developed as much as (L0Q). These differcnces were also
observed by Riley (13). 7Thz optical propayvtles of the B-Lactoglobulin
cerysinlas used in the work roported dn this paper were not examined.
This nformation is probubly divectly related to the sections observed
in the elzotron wicroscope bacause of the preferential fracturing along

eviatn planes of the crystal dueviug sawole preparation. In the light
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microscope, the crystals appeared to be translucent flakes. Figure 3
shows typical B-Lactoeglobulin crystals as observed with the Iight
microsacype.

There have been several reports of the three dimensional unit
zell structure of B~Lactoglobulin. There is a certain amouﬁt of
difference in the values for the lattice paraneters. Much of this
disérepency is due to the uncertainty in the water coatent. For air
dricd crystals Crowfoot (l4) reperted unit cell dimensions of a = 603,

b = 638, ¢ = 1108, Fankuchen (15) reported a = 608, b = 62%, and

1

¢ = 1112, and the values of a = 60.7K, b = 61.0% and ¢ = 112.4% were
found by Senti and Warner (12). The error in the Senti and Warner
lartice parameters is estimated to be no greater than 0.537 (12). To
give an idea of the wvariation possible in the lattice parawmeters duae .
to the water contenr, Senti and Warner reported the following valuos
for the lattice pavameters with crystals having an average water
content of 46.2%: a = 69.29%, b = 70.42R and ¢ =~ 156.5A.

The lattice parameters of B-Lactoglobulin are well within the
vesolution limit of the electron microscope. Dawson {16} has recorded
electron Images which show plares of unit c¢ell dimeusions for
B-lactegleobulin, He veported & view of the (LQQ}kface‘of
B-Lactoglobulin crystal with a periodicity of c = 105:54. In addition,
from a mewsurement of sbadow lenptin he detexmined a = 50+104, with b
being undeterndued. Considering that the water content was probably
redaced b the cvaporater during sawple prepuration. the results are

in good agroeneas with ho Y-vay diffraction vesults for the
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Figure 3. Photograph of a typical collection of g-Lactoglobulin
crystals as seen in the light microscope. Magnification 240X.
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determinarvion of the onit czll disensions.

Initially. an attempt was made to view the lattice planes of
f~Lactogiobulin directly and correlate the planes of the crystal with
the selected area electiren diffraction pattern. pg-Lactoglobulin
erystals were crushed iloto a wvery fine powder. This powder was dusted
onto a copper mesh grid which was coated with a thin carbou fiim
substratc. The grid was then shaken to remove any crystals which did
not zdhere to the carbon £ilm. The crystals were then viewed directly
with 50kv and 125kv Hitachi e2lectron microscopes, These crystals
were vory unsiable oven under very low beam currents, eg. 5 waups . Any
repeating structure in the crvstal was not readily appareht. The
electrou image cuanged from davk to light when viewed with bright field
with very little contrast except when grossvchdnges Wwere occurring. HNo
repeating structure was apparent using dark field imaging. The initial
electron diffraction pattern was genérally very strong and faded in a

short lewpth of time (generally in a few minuies). These effects made

=y

rect viewving of the crystal lattice plaunes iwpossible.

a

#

Fi

e,
50

ure 4 shows a print of a bright field image of a single
E-lactoglobelin crystal, Tigure 5 shows a print of a bright field
image of the came f~lLactoglobulin crystal aiter exposure to the

.

clectron bzam for agbovt 4 pinutes, During this time theve were

H YL

nunerous dynanmical chovges in contrast conditions., Not shown in the

»

print iz 2 hals of material which bas presumably resulted from a

reaciion of the electyon beam with the 3-Lactoglobulin crystal. Dark

tield innges for B-Lacroplebulin crystals were vecorded but not used
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Figure 4. Photograph shows a bright field image of a single
B-Lactoglobulin crystal as recorded using a Hitachi HS-7S
electron microscope. Magnification 52,500X.



