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QUALITATIVE ANALYSIS BY X-RAY EMISSION

The sample is excited by irradiation in the X-ray

be converied into wavelength using the equation ni = 2d
then be made by reference to tables for emission lines of |
the elements. In Fig. 9 there is one K, line for EDDT, '%° !

topez, LiF¥ and two K, lines for NaCl The qualitative or
informstion obtained from the Fig. 9 can be converted g
into semigquantitative data by measuring the peak
beights. This measurement consists in setting the
gomiometer to the appropriate angle 26 and then 7 5ol
counting for suitable period. The concentration can be
roughly estimated by the relation, P =P . W_ where; 40
P_ = relative line intensity measured in terms of number 301
of counts for a fixed period. W, = weight fraction of the 20}
element in the sample. P = relative intensity of the line 10k bg
that would be observed under identical counting
conditions when W_ were umity. The value of Py can be
calculated by using a standard sample of known

composition with rtespect to the element being 9.,
determined. = T

Exercise. What is meant by enhancement effect?

70+
60}

]

“varlous crystals,

Solution. When the sample contains an element whose characteristic emission
spectrum is excited by the incident beam and this spectrum in turn causes a second matrix 3
effect which is known as enhancement effect. The results so obtained are greater than
expected owing to this effect. Procedures like comparison standards, internal standards,
dilution techniques and preparation of thin films can be adopted to eliminate this effect.

X-RAY EMISSION vs X-RAY ABSORPTION

ay tube and-subsequently yegf
The abscissa in Fig 9 has been plotted in terms of angle 28 whj

sin 8. Identification of pegiy
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- synchrotron sources which can emit intense polychromatic pulses of X-ray radiation witn
e wwidths varying from 100 ps to 200 ps. The technique in millisecond can identify 2
ber of structural changes that follow electronic excitation of the chromophore with a laser

se, i.e., isomerization, ejection, protonation of the exposed chromophore and a number of
ino acid motions,

Four circle diffractometer is used for measuring single crystal diffraction patterns. The
puter linked to the diffractometer determines the unit cell dimensions and the angular
ogs of the diffractometers. The computer controls the settings, moves the crystal and
itector for each one in turn. At cach setting, the diffraction intensity is measured and
%sckground intensities are assessed 2t slightly different settings. Computing Sn_::n:hl«ma
fet only to automatic indexing but also to the automated determination of the u@.ﬁ.
mmetry and size of the unit cell. : o

: MILLER INDICES P
Miller indices are a set of mlegers (h, k, [) which are used fo describe a given -? in
8 crystal. Miller indices of a face of crystal are inversely proportional to the E”mnnmgw/ohﬁ
e on the various axes. If the face is parallel to an axis, the intercept is L and Mill
omes La or 0. Miller indices for a plane may be obtained from Weiss indices (coefficie
{ the vnit length as b andc of the plane) by taking the reciprocals of the latter
sitiplying throughout by the smallest number in order to make all reciprocals as i tegers.
‘Determination of Miller Indices. (i) Prepare a three-column table with the m ell
es at the top of the columns. (i) Enter intercept {expressed us a multiple of a, b or ¢, he
glanes. (iii) Invert all the numbers. (iv) Clear fractions to get bk, 1

ercise. Calculate Miller indices of crystal planes which cut through the crystal nw at

X

%) 2a, 3b, c (ii) 2a, - 3b, ~ 3c.
Solution.

1. X-ray emission is more versatile than X-ray absorption for general elemental (i) a b c (i1) a b ¢
analysis. Intercepts 2 3 1 = 2 -3 -3

2. Speed, good precision, spectral line specificity, applicability to a wide range of Reciprocals V2 13 1 /2 -8 -13
elements without changing any instrumental parameter other than the Bragg angle Clear fractions 3 2 6 3 2B e
make X-ray emission spectroscopy more useful than X-ray absorption. Miller indices are (3 2 6) Miller indices are (3 2 2)

3. X-ray emission Bw»w&m are applicable to all elements having atomic number 11 to i Note. The negative sign in the Miller indices is indicated by placing a bar on the integer.
92 s:p.r some limitations. Praga . . . 3 Interplanar Spacing in a Crystal System. The interplanar distance dj; in different

4. An unique advantage of the absorption edge method over emission is the mrgug.u “bic lattices is given by

" of matrix effect which is inherent in emission analysis.
5.

background ratio and the number of photons counted:

X-RAY DIFFRACTION

Max Von Laue (1912) suggested that X-rays might be diffracted while passing through 7:
a crystal where it acts as a three dimensional diffraction grating and produce interference
effect. He realized that the wavelength of the X-rays are comparable to-the separation of
lattice planes (inferatomic distance is-of the order of 107 cm). Laue’s suggestion was
confirmed immediately by W: Friedrich and P. Knipping and has grown since then ifito a °

The lower limit of detection by emission method is a function of the pesk

e . - U () = (Way? + ki) + (lic)? 9)
@here h, k, [ are the Miller indices of the planes-and a, b, ¢ are dimensions of the cell.
For a cubic system, a = b = ¢ so from the equation (9)
dpy = al(h® + k% + 1H)V2
For tetragonal system, a=b # ¢, so that
S N 1/ dy% = (W% + k%) 1 a® + 122
G For. olro..—.—vadmn m%m...nn\u. a#b+c¢, thus

I VT e e o LR i
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BRAGG'S CONDITION FOR DIFFRACTION

Ww.L. Bragg (1913) showed that scattered rediation from a

crystal behaves as if the diffracted beam were reflected from a plane

passing through points of the crystal lattice in a manner that makes
these crystal Jattice planes analogous to mirrors (Fig 10)

Bragg's Law. The conditions leading to diffraction are given by

Bragg's law. Consider the reflection of two parallel rays of the same

wavelength by two adjacent planes of a lattice, as shown in WWV

Fig. 11. One ray strikes point D on the upper plane but the
other ray must travel an additional distance AB before
striking the plane immediately below. Similarly, the
reflected rays will differ in path leagth by a distance BC
a=—The net path length difference of the two rays s then
= ‘ AB~BC=2dsn8 . e s
wkere 8 is the glancing angle. For many glancing angies
tng;m:mﬁ difference is not an wagmglu.:._awmﬁ of -
velengths and the waves interfere largely destructively.
wever, when the path-length difference is an integer
mber of wavelengths (AB ~ BC = nk), the reflected waves
e in pbase and interfere constructively. It follows that a

ection should be observed when the glancing angle
sat’sfies Bragg’s law

Fig. 11.

Geomelry of diffraction
and its relation 10 Bragg's law.
Constructive interference
(reflection) occurs when AB; BC

is equal to an integral number of
wavelengths. :

nh=2d sin§ =2d;;, sin 6

denotes the perpendicular distance between adjacent
W»anm with indices hzl)
Reflections with n =2, 3,
rrespond to path-length differences of 2, 3, ..
hen n = 1, ie., first order diffraction, then A
o Bragg’s reflection can occur
x The primary use of Bragg's law isin
th the lattice for, once the angle 6 cor
readily be calculated

..\ Exercise. A first order reflection from the (111) planes of a cubic crystal was observed at @
gloncing engle 11.2° using CuKa radiation. Calculate the length of the side of unit cell
Solution. According to A = 24 sin 8, the (111) planes responsible for the diffraction have

. wavelengths.

=924 sin . Since |sin@] < 1 for all values of §,
for wavelength A < 2d

responding to a reflection has been determined

separation
dy =M2sm6
The separation of {111) planes of a cubic-lattice of side a is given by dyyy = a3V?
3125 32 x154 pm
. - 2 2292 F" _ 687 pro.
: Srae Tl Y
i Geometrical Description of Diffraction by P. Ewald. Ewald construction provides

a geometrica} relationship between the orientation of the crystal and the direction
X-ray beams diffracted by it As illustrated in~Fig 11, the Bragg's condi
pccurs when a set of Jattice'planes, with defined dyz spacing, are’in

of the,
tion for diffractioa
chined.with respect 1o the.

 are called second-order, third-order, and so on. They

the determination of the spacing between the layers
d may

-Jent beam by an angle 8, The diffracted
¥ o (Bragg reflection) occurs at 28 from
; { beam. The diffraction vector
@#¥);fined a5 H=(s-sgfhl is perpendicular to
Y. lattice plances (Fig. 12).

The crystal can be physically oriented
|5 that a required reciprocal Jattice point
% ntersect the sphere. From there, sg (the
oction of the diffracted beam) can be
ieguced from H. As the crystal is rotated, so
its crystal lattice and thus also the
reciprocal lattice. If during the rotation of
e crystal a reciprocal lattice pomnt (kD)
3, uches the surface of the sphere, Bragg's law is satisfied. The result is 2 reflection in the
q sirection sg, with values of A, k,1 corresponding both to the value of the reciprocal lattice
i wint and for the crystal lattice planes.
X-RAY DETECTION AND MEASUREMENT

X-ray detection and measurement is accomplis -ed by energy dispersive and wav
spersive spectrometer. In case ofwavelength dispersive X-ray
roperty of a.single analyzing crystad 3s used to disperse the polychromatic beam of emitted
radiation from the specimen.’ The basic principle underlying this technique is the Bragg's
w of diffraction (nA = 2d sin 6). For wavelengih’s which satisfy Bragg's law, the charactensuc
ays are diffracted from the crystal through ae angle of 26 into the détector thereby allowing
4 he measurement of just one X-ray line, and.therefore one element at a time.
~ In the energy dispersive X-ray floorescence (EDXRF), the proportional
‘tharacteristics of the semiconductor detectors to produce a distribution of voltage pulses
proportional to the X-ray energies-emitted from the specimen are used. With these detectors
Y-rays of different energies emitted from a sample can be detected simultaneously wheress
this characteristic is missing in the wavelength dispersive systems. EDXRF is a more
accessible technique because
o All the elements with Z > 11 can
It is non-destructive in nature.
Specimen in any physicel form can e analysed.
The technique has multi-eiemental capabulity.
Elements present in a sample upto ppm can be detected readily.

" STRUCTURAL ANALYSIS OF CRYSTALS
Following diffraction methode are
geverally used for the determination of
internal structure of crystals.

1 Fig. 12. Ewald sphere showing orientation of the
reciprocal lattice with ils origin (hid = 007) at O.

2

an

be guantified.

o o Diffracted beam _~ =

1. Laue Photographic Metbod. A i 1.~ yk-3
single small crystal is placed in the path of \ - ..,\.,\.u\\\« i 2
a narrow beam of X-rays from a tungsten A Sl-—- .y_l/. RO W
anticathode and the resulting diffracted i § G crysal g

! beam is allowed to fall on a photographic Reileciad beam &

plate. When the photographic plate 1s
developed, a charactenistic pattern, known _
as Laue pattern of spotsis se2n. From the

Y

Fig. 13. Laue photographic methed.
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~of the planes AB. A set of spots in a transverse direction

e

< L god m all poamble oneniations Heoce a large \ﬁ |
-

SR er of them will have their lattice planes in correct A (

~ ' 4
g hetons for maumum Lray reflection to coour Thus we C

NP 5chted areas i the form of arce of hines at different | £Y/

S Rooces from the incdent beam These distancer can i

Evercise. Show tha? N7

Solution. o case of N

sin 59  =n 84 wn 52 .‘

= 1701028 . 170146 : 1700908 =
=1:1/42:2/3

The sbove value is in foll gzlrnu with the ~ralues predicted theoretically Them
Na(l crystal has a for battice ’

3. Rotating Crystal Method. The method developed Schiebold
Polanyi (1911), is perhaps the most widely used method in c‘gﬂcmw lLﬁ”
this methad 3 beam of homogeneous X-ray is allowed to penetrate a small crystal at right
angles. The crystal peing rotated around an axis parallel to ope of the orystal axes. Drring
the retation of the crystal various planes come successively into suitable positions fr
diffraction to octur and the corresponding spots are observed on a photographic plate.

in Fig. 14 A and B show points on two successive 5
atiee planes. For 2 diffraction maxima to occur the =
nv.gi‘:w.ﬂ m the path of two diffracted rays must be
excal to whole number of wavelengths (e, equal to 2 A Since
the valve of n depends on the angle 6 (BAR), a series of
.#glgg carresponding to increasing value of
u i3 sbtaned on the photographic plate Honzontal lines are
seen for ot lattice planes having the same spacing (AB) in  Incident X-ray
the direction parallel to the axis of rotation. Such lines are g 3
referred to as layer lines If the L of incident X.rays is P R R
Euiﬁng?ﬁ?aﬁhsgg_&z
piste and vertical distance between the layer lines is
determned. it is possible to calculate & and hence the spacing

1:0704:1188 °

¢alled row Lines is also observed on the photograph which is z§< g crystal
used to deduce latlice spacings and the size of the wnit cell.. - Io...u.n.ne.on.. ’ -

N

—t
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L Oscillating Crystal Method. [a escillation method the cryatal iz oscillated through
Logte of 15" to 207, But (he oumber of reflecting positions exposed 10 the incdent Xerays
Beoited The sacillations of the crvetal are synchronised with the movement of the
real phetegraphc film. The position of a spot oo the plate indicates the anentation of
arvetal st which Lhe spet was formed
5 Debrye and Scherrer Powder Method. Fowder method was devised independently
?fqn and PScherver {12168) and AW, Hill (1917), It employs finely powdered
s b5 the form of a cylinder inside a thin glass tube. A narrow beam of X-rays is allowed
Bl on the powder The diffracted X roys strike a strip of photographic film arranged in
frm of 3 arcular are (Fig. 15). The scattered rays from all sets of planes (eg., 100, 110
s are detected by using an Xaay sensitive film
1 this method, po rotation is pecessary sioce the
od sample alreody _contuns microcrystals

eaverted into scaltering anges to be vded in bragg
tion for different planes of the crystal ”M!
Seeman-Bohlin focussing camera is also used for e
raphic recording of powder diffraction The
=stric arrangement of the specimen in the camera
which diffraction pattern is limited to 26> 80°) 1s
in acrurate lattice paramelsr measurements.

Powder
specmen
Fig. 15. The powder method for "5
X-ray diffraction.

b Y
SIMPLE LATTICES AND X-RAY INTENSITIES e
A crystal may be regarded as a three dimensional natural grating in which o
sznged in a definite geooetrical shape with flat faces and sharp edges. The classifi
12l was mainly studied by L. Sohncke, E. Fedoroff, A. Schonflies and W. Barl, e
2r repetition of identicol waits in @ crystal is called unit cell. Unit cells are cl
z seven cTystal systems by noting the rotational symmetry elements they possess.
14 distinct space lattices in three dimensions. These Bravais lattices may be primiti¥e
nit cell, (with lattice points ondy at the corners), body centred, face centred or 2 side centred
gt cell 5
Intensity of X-rays reflected from the planes of a crystal. Since the crystals are
P and the exteat of imperfection is not known, certain assumption has been made to
piculate the intensity of X-rays. A mosaic crystal, which is made up of a number of small
prfect, crystalline units inclined at small angles to each other is postulated. From the face
“Weuch crystals the reflections change over 2 small angle. It is possible to measure the total
mount of reflected radiation by turning the crystal through a small range in the region of
Blection. The integrated reflection, R is considered as a measure of intensity-ef-the—
#lected beam.
i R=Eo/l £
E is total reflected energy, | is total incident radiation falling on the erystal face per
Esﬁ%%&g&gmg%&o%?xg (hkl) plane of a crystal
2 glancing angle 8 is %@&g&%uﬁ%{ogﬁgv i
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light atoms  ‘This dependence on the number of

Hectrons is eapressed in terms of the senttering
factor, [, of the element 1f the scattoriog factor ia large,
the atoms seattur Xoraye strongly The scatbering

futdgr of an atom is related to the electron density
é:_:_:c: in the atam, plr), by

[l an ’
m [= 4t _: olr) 3 L13)
\ The value of 8 greatest in the forward direction
; smaller away from the forward diréction (Fig. 16).
The detarled analysis of the intensities of reflections
must consider this dependence on direction. The
seattening factor in the forward direction (at 0=0,

ntormie /

SCATTERING FAGTORS

gin br .
= ~1.> I sin fl

Iy

hence sin0/4 = 0) is equal W the total number of
electrons 1n the atom

As 0= 0,50 k - 0. Becavse sina=x - 1.9, 702} H
13 6 — e
gin e T Xo¥ 0 0.2 04 06 08 10 12 -
hmit == Jmit s St (sin 0)/
£ P 240 2 p Fig. 16. ‘The variation of the
3 s e G & s ‘scalteting factor of atoms and
’ 4 .:_”_s i e iR v o Ll - lons with atoml¢ pumber and angle:”
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e ::__Lmz,_._m_nwﬁ._oz OF UNIT CELLS FROM SYSTEMATIC ABSEHMCES IN

DIFFAACTION PATTERM. e

H H /4 s

Consider the following phase differences to identify the unit cells from systém

15 1 iffracti attern, SRR

:rﬁ..__.nmww_._w-__s.w__hﬂw.m..:..mh._ew..,“uw. ___— in the unit cell there i3 an A atom at the a:m;“ ‘.:\_Qn.. .ﬁ_m

al the coordinates (xa, yb, z¢), where x,yand z lie in the range 0 to 1, then the p ’
difference, ¢, between the hikl reflections of the A and B atomns 15 ¢

Oy = 2nlhix + by + 12)

‘ ae g

(ii) Phase Difference for (100) Reflection. Ocnm.an\d.iqm_ncs_ _.:i“ 4 .,..Q.nmm“mw_r“,

in Fig. 17. If the reflection corresponds to two ﬂwéan\bd.s u&sna.:,. plan \mm.e:;ﬁ "

difference of the waves is 2. 1f there is a B atom at a ?!»5:. z of the m_m..mi_.\@? g
two A-plancs, then it gives rise to a wave with a phase difference 2z relativ

. " & 5 1 [ ce 15
| reflection. Note that, if x = 0, there is no phase difference. If x = 5 the phase differen

Ifx =1, the B atom lies where the lower A atom lies and the phase &:.S.ésnema N:: P
(i) Phase Difforence for (200) Reflection. For (200) reflection w.d ey
difference between the waves from the two A Jayers. If B were to lie at = cna i
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B e Sp

Phase

difference = 2 x 2xx

2
|

Phase

differenco = 2n =~ —— ditterence = 2 x 2
a n

(a)

‘ (b)
Fig,
19. 7. Diffraction from a crystal contalning two kinds of atoms.

rse to a wave that differed in ph

2 from :,.a, upper A layer. Thus, for_a_general mﬁm m

. al position x, the phase difference for a (200) o 5} on? b} Q
reflection is 2 x 2nx. For s . Bgs- g 3
: . Kor a general (h00) reflection, £22 Eg 3
the phase difference js therefore h » 2nx 83, 838 M

5 i . o= 8 o - G
4 ::.?n.n:o-.. -.n:.o...: of a Cubic System. In ema w,m g m
enaa of cubic unit cells with B atom af T=y=z=1/2 [ h‘.m rm 2 m «

the AB phase difference is (h+k+ln. Therefore, all [ ]

reflections for odd values of h + k + | disa
the waves are displaced in
diffraction pattern for a cubic

ppear because
phase by n. Hence the . 2
I lattice can be obtained

?o.B that of cubic P lattice (a cubic lattice without = o
vo::u.mn the centre of its unit cells) by striking out all “ Mt
reflections with odd values of h + k+1, Recognition of wwwv
mwamo systematic absences in a powder spectrum (] Am.:w
.BEm&.me indicates a cubic I lattice (Fig. 18). The }—I 2) (220)
locations of the lines give the cell dimensions, B 221), (300)

To identify (i) primitive, (ii) body centred G
and (ili) face centred cubic lattices from

I

. [ — (222

systematic absences in diffraction pattern, S Awwwv
For a cubic system, inte lan i i

i 5 . rplanar distance gy S e | N [ S | S (400)

—1(410), (322)
(411), (330)

dpy = al(h? + k2 4 [2)12 ..(16)

ss % . . ASAV
Combining this equation with Bragg equation, _ 429
A=2d;,) sIR0,,, we get g Mwwmw
A=2asin 0y /(h2+ A2 412 _gay | 422)
A : .
< sinBhy = (AY4a?) (h2+ A2+ 12) = K (12 4+ 42 4 12 | |- (502), {430)
: ...(18)
where K =1%4a2 X has a constant value for a given faara o e o raer difiraction

patterns and the systematic absences

cubic ¢ ] 1
ibic n.,.wa..p_‘ E:_.w G.ca: im<m_.mum§. : of three verslons of a cuble cell.

ase by 21 from the ;
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B ~dicting diffraction pattern of latfices.

(i) Primitive cubic lattice. Applying equations 16 and 18 and integral values

o 1.2, ...) for the Miller indices, we can construct Table 3. Since the integer 7 (ur 15) can

be written in the form h% + k% + [2 hence sin” 8 cannot be equal to 7 K (or 15 K}, The

Table 3. Interplanar distances and angles for which diffraction lines are
observed for a primitive cubic lattice.

300
221

,a
a | a2 | a5 | a4 | o5 | o6 | offB [ aNG | a0 | onTT | iz |
;_ux_iﬁ n.x_;_mx,uxfi\,_:xf;

et

R T i
100 — 110 ’ 111 “ 200 _ 210 ’ 211 # Scf 10 M 311 ,»5

S

(i) Body centred cubic lattice. Use eqs. 16 and 18 and integral for A 51 to
wnstruct Table 4. Al diffraction lines for which (h + k + [) is an odd integer are misswg.

j Table 4. Interplanar distances and angles for body centred cubic _mEnr
100 | 110 | 111 | 200 [ 210 [ 21 | 220 {300,221 [ 310 | 311%™ 922

o ol I I oMo | i
zK | 4K | | 6k | 8k | | 10K | {1

(iii) Face centred cubic lattice. lere diffraction lines are observed only from
planes for which the values of &, %, I are either all odd or all even. oy

T Table 5. Interplanar distances and angles for face centred cubic attica®

hkl 100 110 111 200 210 211 220 pAY 310 an S :
& ‘ 221 L

i ; — 2 ‘alw.‘nIM._ ~ «ﬂn#m.b’ _ ﬂn»aE
A2 0y w _mxﬂaxﬂ ‘ _.mx~ # ”: &

lattices. In case of primitive cubic system, the spacing between the lines is equal to K (with -
a gap after 6, 14, 22 etc., lines) while in bee system, the spacing between lines is equal to 2
K. Thus the twe systems can be identified. Assign each line with the correct values of the
Miller indices h, k, I. From the measurement of any one of these lines, we can determine the
value of a, the length of the edge of the cube, by using the equation
. a= (M 2sin 8,) (h% + k% + 122

If the 1ines are indexed correctly, the same value of a is obtained from all the values of
sin GE = : - .
M e R PHASE PROBLEM 5 : 3
Since the observed intensity I, is proportional to the square modulus | Fjz|2, so it is

not certain to use.either + |Fy,,| or — | Fyy| in the sum in equation 15. This problem is more
severe for non-centrosymmetric unit cells because, if we write Fj,, as the complex
number |Fjuy|e®, where a is the phase of Fjy and |Fyy| is its magnitude, then the
intensity tan determine |Fj,;| but tells nothing of its phase, which may lie anywhere from
0 to 2n. This ambiguity is known as phase problem. 2SR ;

il
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Methods to Overcome the Phase Problem.
1. 113030: Synthesis. This technique is employed for determining
orientations of pairs of atoms in a given crystal structure. Instead of the strye

factors Fj. the values of [Fy,,|°, which can be obtained without ambiguity %

m>§>01>zcm>2 DIAGRAM OF .VDO,-.m._z : .
am (Fig- 19) provides better E,o.m_ﬁm:&um o.m three dimensiony] .
in consists of vo_.ﬁannaa chains. The backbone atoms of the
et Fig. 19. C1s the a-C of amino acid ¢, C'; is the carbony]
M.o». Gm_mmuum amino acid. The peptide bond is between
the carbonyl C of one amino acid and the amide N

 Ramachandran dagr
gructure of protein. A protein
ide are C2,C' and N; in
N, is the amide nitroge:
N, +1, that s, bond between

the intensities, are used in an expression that resembles equation 15.

el (2 et

Py =3 »m\ |Fapl €% (hx + ky + 1z)
Patterson equation 1s manifested m the form of a map of vector separation of at
in the umt cell. If at the coordinates (x4, y4,2,) and atom B is at (xg¥z2z) g
1! be Tti s 3 3 : ;
l be a peak at (x5 ~Xp. ¥4 ~Jp: 24~ 2p) in the Patterson map. There will also be 7 4

peak at the negative of these coardinates, because there is a vector from B to A as well as i

~ a

A st h : : -
ht of the peak in the map is vghaw:nai to the product of the

»
-
&
8
>
&
»n

2
vector from A to B. The heig
atomic number Z, 23

vy atoms dominale the s

ng C
v be deduced easily, The sign

.

e sigr
e heavy atoms in the unit cell, and to 2 high probability the phase calculated
11 heo camoe ac the shaee (o - 2 o
! be the same as the phase for the entire unit cell. Because a structure factor of
rosymmetric €2l has the form :

m.u,.uh -

Y fus
beavy =7 1 Bgh

wIRGC [, 5 15 the scattering factor of the heavy atom and fj,;, that of light atoms. The phase
of Py ;. are more or less random if the atoms are distributed throughout the unit cell. xmpom
th2met effect of the fj ., is to change F only slightly from freary Thus F will have the same %
sign 8s that calcolatedfrom the location of the heavy atom. ;m\w.vvgw can then be combined
wi the obzerved |F| (from the reflection intensity) to perform a Fourier synthesis of the
2] electron density in the unit cell, and hence to locate the light atoms as well as the heavy

. Direct Methods. Direct methods, developed by H. Hauptman and J. Karle, are
7 on the possibility of treating the atoms in a unit cell as being virtually randomly
istWgutled and then to use statistical technigues to compute the probabilities that the phases
-._a a particular valye. It is possible to deduce relations between some structure factors and

s (and sums of squares) of others, which have the effect of constraining the phases to 3 % 1 e h e : 00 i
p .n_wn. values ...&n.r high probability, so long as the structure factors are large). The Sayre The torsiop angles in Ramachandran diagram are 9,4 and ©. 015 &o.mm B 180° sinct
pwbability relation has the form 3 5 ; C’. ,and C’; are nearly trans to each other. If ¢ is turned clockwise in the direction of arrow
X sign of Fy, . v 4 . 4.1+ 1 18 probably equal to (sign of Fpyp) % (sign of Fpyq)  ..(20) Q.m%: Qmuﬁwmww ; -
For example, if Fyz, and Fyy, are both large and negative, then it is highly likely that = = =
Fs4. provided it is large, will be positive. # Table 6. Smallest nucleus-nucleus distance (in nm) for
; - 2 % _ different atom-pairs in polypeptides.
PROCEDURE FOR X-RAY STRUCTURE ANALYSIS - 4 T o | Nocmal ] doner Atom—| Normal | Inner Atom .zaw:mn._ __n_“.m
The analysis of diffraction pattern produced by crystal involves study of Bragg’s 1aw, - pair limit limit | _ pair Timit limit pair limit =
scatiering factore, structure factors m:m their relation to electron density described earliar. y T—C 028 _ 027 o 028 | 027 C_N 029 0%
Structure Refinement. In the final stages of .":w n_namn.umm_m..wg. of a naﬁ.& structure, —H 004 _ 022 0—0 028 027 0—N E 026
the parameters describing the structure (atom positions) are adjusted systematically to.give E - o R E 022
the best fit between the observed intensities and those calculated from the model of the O0—H 024 ~ 022 z|7.~ 027 g =
structure deduced from the diffraction pattern Modern computers provide accurate Secondary Structure of Polypeptide. It can be determined by three torsion an

structural information (Jike position of 2ll the atoms in unit cell, bond lengths, bond angles,

5 s : - ween C7%
vibrational zmplitudes of the atoms) from X-ray diffraction data. -0 between N, and Omz. v am..smmn.o..n&:a Gi and @ _.E. the peptide bond _

: 2 . - : ¢ B : arein ¢
; N+ (Fig .20). The torsion anglé is zero when the neighbouring wmnrvo_m,w. wSﬂ.m.»M way
B 2 - = 2 S conformation. A-positive value corresponds to a twist of the torsion uaw.r.\ in the muu.u‘
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Fig. 20. Different secondary structure areas in a3 Ramachandran diagram. For a-helix, ¢ = 57° and
W =—47° and for a f—strand ¢ = -139° and y = +135°,

The peptide bond has partial double bond character and is in trans form as this

m conformation is more favourable. Thus, angle o is fixed and the area betwen two consecutive

. a-C can be regarded as rigid and planar peptide unit.~ s
|
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SELECTED TIPS

Von Laue method consists of in passing a broad-band beam of X-rays into a single crystal
and recording the diffraction pattern photographically.

The intensity of the secondary X-rays is directly proportional to the amount of element
present. ;

White radiation is obtained from a tungsten ...Edn_. at about 60,000 volts, o

The emission behaviour of molybdenum is typical among all the elements having atomic
number greater than 23,

Elements having atomic number less that 23 produce only K-series (lower wavelength
group).

_
* The relative intensity of the diffraction pattern of a component in a mixture is directly
 proportiopal to the concentration
‘coefficient of the mixture, 4
iy . o % b s S

: 703
Y-RAY SPECTROSCOPY — ¥
>
NUMERICALS
1. The first maxima for Brogg diffraction of X-rays from KQ crystel(d = 0314 am) eppears
. Tkefirstn g Taction of X-ra)
at 1£. Calculate the energy of incident X-reys.

Solution. Given, d = 0314 nm, 29=14"=8= .r=L
From Bragg’s law, 2d sin8=nA

. A=2x0314 x 10° sn?
Photon energy is given by, E = AcA

_662x10%x3x 107 _ 555,195 J= 415 keV.
0-076533 x 107~ -
y o 3. A - £ Nal™ iz
5 Determine atomic spacing in ¢ NaCl crystal having cubic latlice. The density 9,,..(..0. is
216 x i0° »m::u and the average masses of Na and Cl cfoms ere 382x 18 % and
589 x 10725 &g. \

. 9D . . 0
Solution. The molecular mass of NaCl is = a =587 wJ‘Mmﬂm» ”
Density, p =216 x 10° ke/m®
No. of B&mq&gnnx@; P — -
How: Volume M

where N, is the Avogadro’s number (molecules‘mole), M is the molecular mass
e gy
% >|<>|vu 6023 x 107 x 2116 x 10° = 2.2 x 10%8 molecules/m? = 4.4 x 210%* E.ogu,
L 58.7x 107

Therefore volume of each atom is /44 x 10 m3. NaC! has a cubic unit celi
are equidistant and separated by distance, D.

D=(44x102% 8 -282x107'" m = 0-282 nm.
3. The utilized reflecting plane of LiF crystal has @ d vaiue of 2014 A n.ﬁﬁ.&& the

wavelength of second order diffracted line which hos a value of 50-1°.
Solution. n) = 2d sin 0 or A = 2d sin &/n

.. =2x2014 x sin 50-U/2 = 2014 x 0-767/1
=1545A or 01545nm.

P\ Caléulate the distance, d in rock salt, if its density is 2 18 gice and muolecular wegh
585. . |
Ans. Rock salt (NaCl) belongs to fec and there are four atoms in a unit cell |

a = [Mol. wt. x No. of atoms/N xap®
685 x4

atoms

and inversely proportional to the mean absorption- -

_ = 563%10% e
.:T.Sx 109 x 218 . :

‘For fec lattice d=a2=2818%10% em
e oor T 0 L - . =2818A=028180m.
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12. - The parameters of an orthorhombic unit cell are g = 50 pm, b = 100 pm, ¢ =
spacing between (123) planes is

. (a) 25 pm (b) 15 pm

(c) 29 pm (d) 50 pm
(Hint. Interplanar distance dpu is given by

Udpy)? = (h%a?) + (k2b2) + (1%c2)
123 = V3750 Pm so that d 94 = 50 pm/\3 = 29 pm).
13. The hkl all-odd reflections are less intense than the Akl all-even. The Akl all-

0dd hayg
zero intensity corresponding to the systematic absences of
(a) Cubic P unit cells : (b) Cubic I unit cells

(c) Primitive centred cubjc lattice (d) None E
14.. X-rays of wavelength 1.54 A

On solving 1/d

e LN

are diffracted by atoms of a crystal. The angle at which firgt
order reflection will occyr (d=4-04 A) is 57
(a) 22° : (b) 10°59’ (c) 15°60° (d) 30° = ]
[Hint. Bragg’s equation for n =1 is 2d sin 0 < )\ e
T B=siml(i/ 24) - sin! (154 A%/8.08 A)
=sin"! (0-191) = 10°59] . % 7
15. If reflections from the crystal planes 100,.110, 210, 211 are absent in &mwmnmouIvmneﬂF
the crystal lattice is

=4 Stmple-cubte="""(b) bec

(c) fec
16. The crystal plane for which i

nterplanar spacing dpp =alN12 is

(d) Hexagonal~ i

(a) 110 - (b 111 (c) 221 (d) 222 G

17.  For a cubic crystal dyp/ a is equal to =
(a) 1 (b) V2 : (c) V4 (d) /8

18. No Bragg reflection of X-rays from a crystal will be observed if dpp 1s smaller than
(a) A (b) M2 © w3 - (d) M4

19. For a first order Bra

g8 reflection, dy /A = 1/

2 and for second order dyz /A = 1. The Bragg
(glancing) angle of incidence in first and se

cond order reflection is
(a) 90° (b) 30° (c) 60° (d) 45° 3
20. The smallest interplanar spacing in a crystal which will give nth order Bragg reflection
18
(@) djpy=n (b) dpyy=n/2 (¢) dyp =n/3 (d) dppy = n/d. _
ANSWERS

L@ 2.() 38 4 () 5. (b)

6.(b) 7.(@ 8.(0) o (d 10.(
1. (b) 12.(c) 13.(a) 14. (b) 15. (c)

16.(d) 17.(a) 18.(b) 19, (a) 20. (b)




