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Incident Parallel 

MOJIochromotic DiffrQction Diffraction 

Light Grating Piane 

I.if,:'!E£..,1.. SchcmaU.c rliagrara sho·..:ing the relation bC["C<:!ll the 
caml'l a length L ""i..1 the firs t diffraction maximum 01' tlH.: 

diffl:aC"tio1.1 pnttc;r;;. II 

Equ;1.tl.on l, into E'lllCltion 5, we gf~t the equation 

Eq. (6) D, = dx 

TIH.~ term LA is knov..'ll as the camera cons tant and is determined frcrr. 

lneasuremunts of x oll. a diffraction pattern of a substance "f 

acc:ura tely k!lm-m ~pacj fig. The procedure to index the diffrd c t.ion 

p;;ltte,l"Il using the r,:an<'::l'[l, couGtanL rnc:thod is to measure the x value for 

each 'spot ilnd calcu1att'. its d sp,,·,::Jng hom Equatiim 6. 

II. ELO::JCA'l'lO,\j OF 'Lit: RECIPROCAL LATHe!; POINTS 

A ray diar,ram s!to\;':i.ng the 010n3a tlon ofa r.e(;i!~roca 1 If!.t ti.ce 

spot ,\jeuc.raU:d [r.om £l dir:fr~ction grdLinr; is showll i,n Figure 'l. 

,lcil:d.us n;:td \/ni te (11) lis t che Htl3ular half ,~id th of any p~~i.ncip<ll 
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can be expresse.d as 

Eq. (9) flx ::.: � 2x 
N 

wllicre 7. is the 11'''''gnitude of the reciprocal lattice vector from the 

origJ.n of the diffraction pattern to the diffraction maximulU of 

Intere3t and can be mea.sured directly. The value of N can also be 

determined expcrirrlf.·ntally. Thi.s can be accomplished by photographir.g 

both the back focal plane and the image plane of the magnifying lens 

of the optical dHfract()(Lleter. The image plane w'ill contain the 

�h�n�g�~� of all the scattering ohjects \vhich scatter the radiation from 

the l.aser beam of finite diar·:eter. Another method is to prepare a 

mask for the regjon from vlhich a diffr:'action paq,et'u has been obtain.cd 

in tcrccp ted by �t�h�(�:�~� laser beam ...;>ill depe;ld on the dinKmsions of tbe 

lniclSk in. the parLi.cular direction related to a diffraction spot. One 

can photograph the mU5l< are;-), i.e., using (in enlacgcr, and count the 

number of scar:tering ohjec.ts along the direction related to a 

particular diffraction spot. In general, the value of N will depend 

upon U1C !c_'lguifJ.ea tiol1 of til'::>, (:lcctron �1�1�1�"�~�,�C�I�(�l�g�r�n�p�h� and the area in the 

elec tr.on J);,j ct'of,l'1"!ph �e�x�p�o�s�c�c�~� to the incident radiat.1-:-H. 

III. SOl'RCES or �E�~�R�O�R� 

ilecause of inberent dlfficul in the diffrci ction method of 

analysis .:1lld the numerous rIO;> lern.s a::;soc:ia ted wi tIl the specimen, til(.! 
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ne'Cg~~l" (10) listed SOil,C; c£ the inaccuracies associated with the 

speci.men. Compression of the material during sectioning can make 

lattice determination difficult:. since the analysis is based upon the 

combination of reciprocal. lattices ~Jith identical periodicities. Some 

inaf;.curacies may be due ';.:0 swelling or shrinking of the specimen during 

fixation and dehydrat.:l.o~.. berL~er (2) states that is some cases there 

may be more than one type of crys tal 1a ttice in a single sped.men. 

However, if enough sect:i.cms are analysed some discrcpencies should be 

apparent "lhich prevents construction of the unit cell structure. 

A serious source of error can be rclatc,d to the type of symmetry 

of l~he crystalline materi;d. I..f the crystalline material has a glide 

or sc:rev] axis, the 1a ttic.c parame tel'S til"! y have tlie wrong dimens:.ons. 

Hr..ly:ev(~r. the const.t'ucted tlni t CE'..l1 is u.~:d:ul iafot'l!lJltion in these cases 

because it is related oy some (~(m~,tant to the real repeati;;'1gpattern. 

,Itiwr methods can be llscd to detcl:ml.ne the value of this c.onstant. 

The diffract:1.on .naxima. in the rc~ci?roca1 lattice are generally 

r:ot lattice points. Because of this there is -u certain amount of error 

introduced in combining reciprocal lattic.?;s ,,,i th identical 

pcd.odid. ties. 1,>lhc,n the elongated reciprocal Jattices are cOlJlbined 

there is a range of orientations possible. The elongation of the 

reeipr()cal lattice point cm~ be matllnlttatically expressed by Equation 9. 

Thh; equation ShOT.vS tha.t the l:eciptocal lat.tice maximum is a point 

when thl:! nm,lber' of scattering objects i.B lnfinj teo Ideally. the 

cxpf!rl.lTlQnt a) appai.H tus l:;;lould provide the larges t possible llun,ber. of 

scattedng poin~:s \Jith(.)ut producing \m".:.mtt::d other effects. The 

http:diffract:1.on
http:detcl:ml.ne
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l<~£,er he.JIll diameter can be chosen or t:lse expanded so· tlla t the maximum 

number of scattering object:,; tYill be intercepted \dthout introducing 

abberatioll or distortion of the optical diffraction pattern due to the 

dimensions of the lens. 

Fora triia lens the f{)t~al point for the. rays coming from the 

oute:r part of the lens is closer to the lens than the rays froUl the 

inner. part of the lens. 'rhis effect cannot he totally eliminated but 

it can be reduced by selecting only the rays ncar the optj.cal axis. 

Another method of inc.reasing the number cf scattering points is 

by selecting an optimum magnification for the ele.::.tron microglapn 

image. There will be a rallg~'! of magnification possible for the 

analy::;i::> of electron micrograph images u~ing optical diffraction. This 

range will. be lind. ted at one extreme by t.he r~s()llJ. tlon of .tnc elec tr.on 

micI'oscope and/or sample preparation and at the 'other extreme by the 

number of scaner.ing objects intercepted by the b'~i1.;n of radiation of a 

fin! te diameter incident on the electron mtcrogrllph. 

One attelllpts to establish the optimum conditions forthn 

deteI:lnina!;::i.cm of the reciprocal lattice. Tllis \<iill generally r:lean 

gcneratitLg il dJ.ffraction p<ltt(~rn which is an optilnUllI betw(!cn Uteang.Le 

of t.he diffractc::d bearll bein(;(;mull and the number ofscatteril1g obj(.cts 

being l<Jrg(.z. 

Knowing the number of scattering objects and the lllagniti.lde of a 

pu~ticular reciprocal lattice vector, tnc elongation of that point cau 

be d(~tt:;n:dncd. This elongat.ion can b(~ used to indicate tile. range. of 

possible [IJ,;:~eutilt:ioi13 tihen t~!O diffraction p.!tterns are combined. 

http:Uteang.Le
http:deteI:lnina!;::i.cm


..-'" t+ 

111~~l'HODS AND TECHNIQUES 

The three dit'1':::l1sionc-!i struc.ture of lllany crystals wh.ich hOlve a 

repeating struct.ure v..hleh is resolvable with the electron microscope 

has been determined. I3-Lac.toglobulin is one such crystal. 

Air dried. B-LaetoglobuHn ays tals were obtained fran the Mallll 

Rese"xch Laboratory. Senti and Harner (J2) hcr!e reported some of thF..! 

properties of R-LactoglobuJ.:Lu c.rystals they have:· gro"m. The.), reported 

an .:l.v<~ragC' value of 9,8% tJater content in air dried (S·"Lactoglobulin 

crystrtls ,-r.t til sli;.~hl vm:iations I-rmu day to day. Senti and Harner also 

found that t\'.'O typel-J of B-Lac.toglobulin crystals formed, both 

or tllCrho!:lb:i.c, but different in hilbit. One ba.tch i:w.d thick r<:.ctangular 

tdble tS ~;omeHha t f'.longatec.l along che [J.OOJ anr3. shot"ill.g (001) cl~1;J.d n.ance. 

The. othl'H batch contained pl-isms whidl w.::re. conclclE':.l'ubly elongated 

along the l010] and u51.1<:1.J.1y shO\·:ed (100) dominaat, 81 thongh (001) was 

obs(,rv(;II by Riley (13). Th:::: opti(~al prope.rtie9 of the. (S··I.acloglobulill 

Q,,;'led :i.n th'2 'ir,o:rk rC'po:r!:.~.d In this paper w,!re not examined. 

Th:ts :;.:,jvr£ililt::i.(m ) . .'l l'rob~l.bJy d:i n~ctly roLHt:'d to the sec.tion& observed 

in I:;;(~ (..J . .2(~ trol.l fiJicroscope. b<::(;c.luse of trw preferential fractud.ng along 

http:fractud.ng
http:u51.1<:1.J.1y
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microsc.ope, tht-~ crystab appeared to be translucent flakes. Figure 3 

shows typical B-Lactoglobulin crystals as (,bserved tioTith the light 

J..'licrosccpe. 

Tlwre have been several reyort:} of the three dimensional unit 

(:ell str'Llcturc of e'-Lactoglobulin. Th.ere is a certain amount of 

difference in the values for the lattice·parameters. Much of this 

discrcpcr!.c), is due 'to the uncertainty in the water content. Fot' ail~ 

dried crystals Cro-.vf('lot (14) re"orted unit cell dimensions of a ::; 601>., 

b "" 63:\, C .., l10A 9 Fcmkuchen (15) reported a "" 60A, b '" 621, and 

c "" 11ll.• ,mdthe values of a·" 60.7A, b == 6J..OA and C :::;.112.4A ""ere 

found by Senti and Warner (12). The error in the Senti and Harner 

latt.i.ce parameters is estim,ited to b,~ n') gHiute!' than 0.5% (12). T(I 

give an idea of the v.lrlntiorl possible in'tQi.": lattice parameters dtlC 

to the water conte:'H~. Senti and W;:;.rner reportf~d the fol.lowing vahK~::l 

for the l::tttice parameter'; with crystals having Hn average \vB ter 

(.:ontent of 116.21.: a = 69.29A, b ::: 70.42A and c ::0 156.5A. 

'fhfl lattice: parameters of f)-La.ctoglobulin are well within the 

resolut1oD limit of the t:~lectron microscope. Dm.15O!' (16) has recorded 

ell:~ctron i,r:l:l.ges '-'hic.h srww planes of uni.t cell dimcnsl.(')tl.s for 

S-1.actc~;lob\11in. He reported a view of the (100) face of 

S--Lacto£lobuli.l1 crystal \-lith ll. pt!xiodici-ty of c :.: l05±5.:\. In addition • 

•from a me.:I(~Ur€;r::.';;at of Hll1:1dt)i? If,',ngtil he dete:ur;J,ncd a "" 50±lOA, vith b 

be.ing \mdet'2ndw:d. Considering that the \,'.1ter con.tent was probe.b.1y 

;:.., good (':gt:Ce:;,eoi:; ",d. tIl t:h::: X-lay diffraction l:'esults Lor the 

http:probe.b.1y
http:S--Lacto�lobuli.l1
http:latt.i.ce
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Figure 3. Photograph of a typical collection of ' -Lactoglobulin 
crystals as seen in the light microscope. Magnification 240X. 
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dte'terlninat:ion of tiw un,it cell aimem:ions. 

In! tially, an d t temp twas rnacle to view the 1a ttice planes of 

~~-l.actog10bulin di ,-<;!c tly and correlate the plmv.::s of the crys tal \.Ji th 

the selectQd area electron diffraction pattern. 6-Lactoglobulin 

cry::; ta1.s w::re crus.ned into A. v2ry fine. po\vd"r. This pOVlder \;ras dUB ted 

onto a copper mesh grid which was coated "'ith a thin carbol1 film 

substr3tt!. The grid h'HS then shaken to remove Bny crystals whlch did 

not adbc!re to the carbon fil1a. The crys tals llere then viewed direc tly 

\d til 501:v and 12:ikv Hi tach;L elec tron microscopes. These crys tal:! 

\Jere very unstable o\'('n under very 1m., beam eurrcnts, e.g. 5 }lamps. Any 

repc:!ating structun' in the crystal was not re,:1dily apparent. The 

electrou image ClVll1fj,?d froHt da'!:k to light wile:! v±e'v~d -with bright field 

\,rith vcr.y litth~ contr~Bt except \-lhen gross challges weI'€. occurring. No 

rei)eat::tng ~}trt:cturc \';.1" apparent using dark field imaging. The initial 

e.l,(!ctron diffraction pattern was generally very stl:ong and faded in a 

short length of time (gen(~rally in a few minutes) • These effects mad~ 

di.reet vieVling of the crys tal la ttice planes impossible. 

figure ~ shows a p~int of a bri6ht field i~a8e of a single 

(3--LactclgloiJuUn cryst,)l. Flr,ure:> shows a print of a bright field 

i.mage of thE' Game (l--1.,wtoglobulill crystAl after exposm.e to the 

(d.E'ctT.'on b~'.um for abol'::' " .nim1tE:s. Durir:3· thin time thcrt: were 

llUElcrous djTt8111ical chc-£'ges in contra:.,t condi tlous. Not shown iu trH! 

print h~ a iwlL> of mttterial \-:hicll has presumahly resulted from a 

reLleti.on cf tile e:l(:!(:Uon b~am with Uw i)-Lactoglobulin crystaL Dark 

ti<:>ld hl;:;:~Ul for p-Lw·.togloD,tlin crystal:~ ,-,fer£, l~ec:orcled but not used 

http:reLleti.on
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Figure 4. Photograph shows a bright field image of a single 
S-Lactoglobulin crystal as recorded using a Hitachi HS-7S 
electron microscope. Magnification 52,500X. 
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