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Hello, in this particular lecture actually we were going to discuss about the qualitative analysis

by diffraction. So that means, if we are having any samples maybe, we don’t know the crystal
structure or maybe the elemental information’s of that particular materials. So how we are going
to know that which type of material it is? Or maybe what is the chemical formula of that

particular material?
So qualitative analysis what does it mean actually? So qualitative analysis is the identifications

of the constituents as I told already that means elements or maybe the functional groups present

in a substance.
(Refer Slide Time: 01:01)

Qualitative Analysis- Introduction:

# Qualitative analysis is the identification of the constituents, ep. elements or
functional groups, present m a substance (Phase ldentification)

# A wiven substance always produces a characteristic diffraction pattern, whether that
substance is present in the pure state or as one constituent of & mixture of substances.

# This unigue charactenstic diffraction pattern may be used as a “fingerprint™ for its
identification.

# The particular advantage of diffraction analysis 15 that it discloses the presence of a
substance as that substance actually exist i the sample, and not in terms of its
constituents chemical elements.

¥ For example: [ a sample contains the compounds A B, the diffraction methods
will identify the presence of A B, as such and not Aand B.

That means face identifications a given substance always produce a characteristic diffraction
pattern, whether that substance is present in the pure state or as one of the constituent of a
mixture of substances say suppose copper, if it is in the pure form of copper or maybe some
cuprous oxide C20 or maybe something other else. The unique characteristic diffraction pattern
maybe used as a fingerprint for its identification, so simple it will give you the whole

information.
The particular advantage of diffraction analysis is that, it discloses the presence of a substance as

that substance actually exist in the sample, and not in terms of its constituents chemical elements.
Say suppose, for example if a sample contains the compounds AX, BY the diffractions methods
will identify the presence of AX, BY as such and not A and B.



(Refer Slide Time: 02:01)
Basic Principles:

’ 1. The X-ray diffraction pattern is a fingerprint that lets us fizure out what is in our sample

Example:
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So how actually it is doing? I mean so what is the basic principles? The x-ray diffraction pattern
is a fingerprint that later figure out what is in our sample? For example, say suppose quartz
cristobalite and glass are all different faces of the silicon dioxide. They are chemically identical
but the atoms are arranged differently. As shown, the x-ray diffraction pattern is distinct for each

different face, so for glass there is no sharp peaks it is very much broaden.
For cristobalite it is showing some sharp peaks around 22° and for quartz it is showing some

sharp peak around maybe 27°. Amorphous materials like glass do not produce the sharp
diffraction peaks. Each face produces a unique diffraction pattern form this image we have seen.
The diffraction pattern of a mixture is a simple sum of the diffraction pattern of each individual

face, so suppose I am having one material in which this three faces are present.
So I will get the image like this, so this is for the quartz you can see a small peaks are coming

like this one and then it is having some broad peak which is for the glass and then it is showing

the cristobalite preachy at this particular point. So that will be a combination of all the peaks.
(Refer Slide Time: 03:31)
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Busic procedure follmved is:

| Acollection of diffraction patterns for a great many known substances 1s made.

")

2. The diffraction patter of unknown is recorded using X-ray diffraction technique.

3. The recorded diffraction pattern 1s located in the file of known patterns by matching the
pattemn of the unknown exactly.

m

Needs of the collection of diffraction patterns: 0

# The collection of known pattems has to be fairly large. if it 1s to be at all useful

# Asystem is needed for classifying the known pattems so that the one which matches
the unknown can be located quickly. Such a system was devised by Hanawalt in 1936.

Basic procedure generally which we are following is that a collection of diffraction patterns for a
great many known substance is already made. The diffraction pattern of unknown is recorded
using x-ray diffraction technique. The recorded diffraction pattern is located in the file of known
patterns by matching the patterns of the unknown exactly. So why we need the collection of
diffraction patterns, the collection of known patterns has to be fairly large if it is to be at all

useful.
A system is needed for classifying the known patterns so that the one which matches the

unknown can be located quickly. Such a system was devised by Hanawalt in 1936. Actually
simple we are having one database of all the known samples so maximum times we are matching
our samples with that database whether this is the same sample or not and if something new then
only we are trying to finds out what are the new samples? So if I go through the history first in

the year of 1936.
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Powder Diffraction File:
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The task of building up a collection of known pattern was initiated by Hanawalt, Rinn and frevel
at the Dow chemical company. In 1941, several technical’s society including the American
society for testing and materials that is AHTM began to co-operate in acquiring an,
disseminating diffraction data. In the year from 1941 to 1969 the ASTM published and sold an

increasing volume of data in the form of three into five inch file cards, one card for each pattern.
So they are having a number of cards, in number of cards each and every sample diffraction

patterns has been given with full information’s. From 1969 to 1978 this activity has been carried
out by joint committee on powder diffraction standards which is called the JCPDS, so that is why
we are calling it as a JCPDS file which in 1978 was renamed international centre for diffraction

data or maybe the ICDD.
In 1995 the powder diffraction file PDF contained nearly 62,000 diffraction patterns in 45 sets.

With a new set of about 2000 patterns being added each year, because from a material scientist
point of view, in a lab every day all the scientist or maybe the students, they are preparing the
new, new materials. So the new, new crystal structures are forming so automatically that data

base is going to be upgraded every year.
Now first, let us know what is Hanawalt method? So a powder pattern is characterized by a set of
line positions.
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Hanawalt Method:
# A powder pattern 15 characterized by a set of fine positions and & set of relative line intensities 171,
scaled relative to £, the peak in the patiern with Taximum intensity.

# Hanawalt decided to characterize cach substance by d values of its three strongest lines, namely d,, d,
and d.
# Vilues of ), dy and dy topether with relative intensities, are usually sulicient o characterize the
patiern of an unknown and enable the corresponding patiern in the file to be located,
Arringementof PDF Cards in ASTM fie:
r Ineachsel of the ASTM file, the cards were arranged in groups characterized by a certain range of d|
spacings and identified by o set number and a card number within that set,

# Wilhin each group. ¢.g.. the group covering d, values from 5.99 to 3.50 A, the cards were arranged
decreasing order of d; values,

# When several substances in the same group had entical d values, the order of decreasing d, values
was followed

# The groups themselves were arranged in decreasing order of their d ranges,

And a set of relative line intensities that is I/I1 scaled relative to I1 the peak in the pattern with
maximum intensity. So Hanawalt decided to characterize each substance buy devalue of its three
strongest lines namely, D1, D2 and D3. So I is the biggest intensity and I1, 12, I3 are the
individual intensity of different peaks. So values of D1, D2 and D3 together with relative
intensities are usually sufficient to characterize the pattern of an unknown and enable the

corresponding pattern in the file to be located.
What is the arrangement of PDF cards in ASTM file? In each set of the ASTM file the cards

were arranged in groups characterized by a certain range of D1 spacing’s and identified by a set
of number and a card number within that set. Within each group for example the group covering



D1 values from 5.99 to 5.50 which I am going to show you the example in the next slide. The
cards were arranged in decreasing order of D2 values.

When several substances in the same group had identical D2 values the order of decreasing D3
values was followed, so D1 is ranging from 5.99 to 5.50. Within that D1 range what is the D2
value? Just we are arranging in the decreasing order, then when D2 has completed and D3 also in
the decreasing order. So the groups themselves were arranged in decreasing order of their D1

ranges so how to do that one?
(Refer Slide Time: 08:13)

Hanawalt Search Manual:
Hanawalt Index

\ Extended Hanawalt [ndex Chemical Formult — Address
|
[ S

— 5992490 1£09 N
Hanawalt Indess Tis o listof the |5 00l wn o o i
. vofde AN IMe R M 2L AR, u
og Sl || - : i LAt 1t
three strongest d spacings for cach (| : an un: i i b iﬁ i 1@ ﬁ':'f:‘,' N <
material contamed in the databage || 715 b e ot -
¥ :.;;: ﬁ:‘, ::‘ 10, |J°; .:; [E. N |::E
Exiended Hanawalt Index Fig| || -iom i u sm0 20w gi_so 50 B
tended Hanawalt lt_ L
three strongest f spacings followed ||+ g, Mo s TR R t-a1
ks revt § stronoesl d enacnne || 0 R iR 3 e i (&
by the nest 3 strongest o spacings, || 1 H& G oamo an b Lo e a4
S T o T T M N T PR . 7ol
ooqM, b B, Bha, LIG LTH DM, 1M, dabyiHD ;‘IJH‘Il
The three numbers, the Hanawalt || @ 3 i i bnozm 2 i o peoeee e
3 - B oORdE L, B BR LT, 14 LHy 0B RO ;;.u:
mdex, arc usually sufficient in | ¢ s 0 am, D W e E R den -
g 5 : Toas s, Am M, Ik 1, 1 I:'\.L'.l'f. mm
practice to narrow down the search | ; s ue o oo A
o one or a few suspects which ||+ & % B B IR W W S o
could then be examined n greater i EE ﬁ :5 ;:;? i?% ﬁ ;;a .b:j':‘:.';u G }}.;ﬁ
- N 1 1 ‘l . r_n’
delail. RN WA AR N

So Hanawalt index, it is a least of three strongest D spacing’s for each material contained in the
database D1, D2, D3 and there are soon. Like D4, D5, D6 BUT d1, d2, d3 we are assuming these
are the strongest one. Extended Hanawalt index first three strongest D spaces followed by the
next five strongest D spacing so this is the, extended one. The three numbers the Hanawalt index
are usually sufficient in practice to narrow down the search to one or a few suspects which could

then be examined in greater details.
So simple you can see that D2 value just we are going into the decreasing order which is ranging

from 5.99 to 5.50 D1 value. So like this way then after that we will go for the D3 and here we

will get the fine number over there.
(Refer Slide Time: 09:10)



1CDD Diffraction Data Card: Quality of data:
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So now if we see the ICDD diffraction data card it looks like this, which one means this one is,
give you the file number to this the D1, D2 and D3 three strongest line over there the lowest
angle lines over there is the three. Four chemical formulas and the name of the substance, in this
case it is sodium chloride chemical formula and then star has been given, star means it is high
quality.

If it is been written I that means intensities fairly reliable, if C will written over there then C is
the calculated pattern and O means it is low reliability. Next five is the data on diffraction
method used, so five here what is the data? What is the copper key A value? And what is the data
on the diffraction methods means input parameters? Six is the crystallographic data over there so
it will give you the A, B, v all the values over there. seven optical and other data given over there,
eight is the data on specimen, so this is the data on specimen and nine will be the diffraction

pattern over there that H K L value it will give you.
(Refer Slide Time: 10:28)

Procedure for Identifying Unknown Samples:

% The diffraction pattern of the unknown sample is recorded and the experimental values of
d and I/1, are tabulated.

% After that the following procedure is followed:
[ Locate the proper d; group in the numerical search manual.

1. Read down the second column of d values to find the closest maich to d,. {In
comparing experimental and tabulated o values, always allow for the possibility that
ither set of values may differ by £0.01 A),

3. After the closest match has been found for ), d, and d,, compare their relative
intensitics with the tabulated values,

4. When good agreement has been found for the lines listed in the search manual, locate
the proper PDF card and compare the @ and I/1; values of all the observed lines with
those tabulated. When full agreement is obtained, identification is complete.




So now procedure for identifying the unknown samples, so the diffraction pattern of the
unknown sample is recorded and the experimental values of D and I/I1 are tabulated. After that
the following procedure is followed, first locate the proper D1 group in the numerical search
manual. Read down the second column of D values to find the closest match to D2 in comparing
the experimental and tabulated D values always allow for the possibility that either set of values

may differ by + - 0.01 Angstrom.
After the closest match has been found for D1, D2 and D3 compare the relative intensities with

that tabulated values. When good agreement has been found for the lines listed in the search
manual look at the proper PDF card and compare the D and I/I1 values of all the observed lines

with those tabulated. When full agreement is obtained, identification is complete.
(Refer Slide Time: 11:29)

Identification of Single Phase Samples- (Example);

attern of Unknown

. Consider the given pattern obtained with Cuk, radiation m d (4)

and a Hull/ Debye-Scherrer camera, 135 |10 | oo |2
2. The experimental values of d, d,, and d; are 2.82,1.99, |i282 | 5}{1{5 095 | 5
and 1.63 A, respectively. 18| 5 | oo |0

3. By examining the numerical scarch manual, strongest |19, 000 | 089 | 20
ling is found to fall is found to within the 2.84-280 A | 171 | 5§ | 086 | 5

group of d; values. 63 | 301 085 | 20
4. Inspection of the listed , values in this group discloses 1] % o8I0
twenty-seven substances having d, = 199 A, but only | 125 | 30 | 0.79 | 10
five of these have d, = 2.82 A (shown on the nextslide). | 115 | 30 | 078 | 20

15 .

so identification of a single phase samples, so it is an example so first consider the given pattern
obtain for copper K A radiations all the hull Debye-Scherrer camera, the experimental values of
d1, d2, and d3 are 2.82, 1.99 and 1.63. Because in this case the I/I1 is the maximum so that is
why it is d1 and then the second one is sixty so that is why 1.99 is d2 and next one is the 30 that

is 1.63 is any rest of the d4, d5, and d6 like that.
By examining the numerical search manual strongest line is found to within the 2.84 to 2.80

Angstrom group of dI values. Inspection of the listed d2 values in this group discloses twenty
seven substances having d2 is equal to 1.99 Angstrom but only five of these have dl is equal to

2.82 Angstrom shown on the next slide.
(Refer Slide Time: 12:31)



Portion of the ICDD Hapawealt Search Manual:

5. The data of five substances with o, = 1.99 A and o, = 282 A 15 shown below mn the form given in the
manual. And of these five only NaClhas d, = LO3 A,

b Nole that the miensities listed for the theee strongest Tines of this substance agree firly well with the
abserved mtensities so do (he data for the other five lines hsted i the manual

Strongest oo | Chenibeal | Common 1

s Reflections o Formula B OO0 S
[+l 282, 199, [3.99, 163,141, (126, [1.07, (178, | cP 5]Cay St NbO, 4135 |08
| 12,82, (199, B.26y 163,141, |1.26, [1.15, 173, | cFlBl|  paO 461211
282 199, 230, 141,163, (089, |1.20, 115, ePi8l]  KNgF, 19-1033 | 0.9
u:rnH: ||||||||||||||||||||||||||||||||||| I- rrrrrrrrrrrrrrrrr rranramnsfrannenny n-uI I1 |||||||| ln-nl ---------- ii;;l‘iiil ||||||||||||||||||||||
] 280 199, 163,826, 126, 115, (0.9, 089, Sl NaC) 5618
I W S | O O st o snsss s sdenss e Ry s
O\, 1\1{, 1,99, 1265163, |1.15, ‘0.941 141, | cPizg_Betd 18428\

\ N P 5
Quality Marks (M) Tuensly fx = 1004mf Fearsan Reavah kaftice memonk No. of atams i he it cell FOF Card Na
'I'flf‘l; yrintiy, ST =000 L) e i 2 Favecenserd P Primiti

¢ fealrnlared pareeay

So in this particular case you can find that 2.82 and d2 is matching 1.99 over there. so now five
is the data five substances with d2 is equal to 1.99 Angstrom and d1 is equal to 2.82 Angstrom is
shown below in the form given in the manual and of this five only MACL has d3. So first we
have matched d1, then we are matching the d2 and then we are matching the d3. Note that the
intensity is listed for three strongest lines of this substance agree fairly well with the observed

intensities, so do the data for the other five lines listed in the manual.

So when d1, d2, d3 matching has been completed then we will go for the rest one, so from these
we can get that it is C, C means already I told you that is calculated patterns if it is some kind of
mark astorics so it is high quality, then X is the intensity say suppose 100%, 30%, 40%, 60% like
that. Then CP C is the cubic F is the face centered and P is the primitive, here two means number

of atoms in the unit and this is the PDF card number that is 5-628.
(Refer Slide Time: 13:50)

Continued..

T Tuming to PDF card 5-628, companison of complete pattern given there 15 done
with the observed one.

8. In general the agreement is good, but there are some discrepancies, and these
must be resolved before the identification as NaCl s accepted.



So now turning to PDF card 5-628 comparison of complete pattern given there is done with the
observed one. In general the agreement is good but there are some discrepancies and this must be
resolved before the identification as sodium chloride is accepted.
(Refer Slide Time: 14:10)
Discrepancies:
Lo Avery weak e with d = 218 A, not Tisted on the file card 15 observed. Caleulation shows that this line 15 4 220
teflection of Cu Ky radiation not removed by the flier

i The 330 line (o 1294 A) Disted on the file card 15 not observed. However, 1ts intensity s expected 1o be very low

i Two high-angle Tines (o~ 0,79 and 0.78 A) are ohserved but are not Tisted on the PDF card. Oflen the file cards’
data do not extend to highest-accessible values, However, these lines can be indexed as 711-531 and 640 lines,
which are the next expected hnes after 444 1 the FCC sequence.

1. After the fifth observed line, observed intensities on the Hull Debye-Schermer pattern are all higher than these on
fhe file patter, which was abtained with a diffisctometer. These differences are due o abse I|]Jli||:| effects
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What are the discrepancies? A very week line with d is equal to 2.18 Angstrom not listed on the
file card is observed, calculations of this one. Calculations show that this line is a 220 reflection
of copper K P radiations not removed by the filter itself. The 331 line which is nothing but d is
equal to 1.294 Angstrom so listed on the file card is not observed over there, so in this particular

case however it is intensity is expected to be very low.

Two high angles that is d is equal to 0.79 and .78 Angstrom are all observed but are not listed on
the PDF card, often the file cards data do not extend to highest accessible values. However this
line can be indexed as 711-551 and 640 lines which are the next expected lines after 444 in the
FCC sequence. After the fifth observed lines observed intensities on the hull Debye-Scherrer
pattern are all higher than those on the file pattern.

Which was obtained with diffractometer, this differences are due to absorption effects over there.
(Refer Slide Time: 15:34)



Identification of Phases in Mixtures- (Example):

Case (i): Assuming the sample as single phase material.

1. Consider the pattern obtained with Cu K, radiation and
a diffractometer, for which d, = 209 A, d, = 247 A,
andd,= 180 A,

(o ]

Examination of the numerical index in the d, group
209 to 205 A reveals several substances having d,
values near 2.47 A, but in no case do the three strongest
lings, taken together, agree with those of the unknown.

3. This impasse suggests that the unknown 1s actually a
mixture of phases,

d(d) I,
m 5
r iy 7]
L1 M
Ly 209 1
= LKl 51
1.50 b1}
.19 o9
1.28 I8
1.1 4
1.08 0
w3
098 5
0.91 4
183 §
081 10

Now identification of faces in mixtures, say suppose I am having a combinations of materials so
how to do that? First case 1 assuming the samples as single phase material, so first consider the
pattern obtained with copper K A radiations and diffractometer for which d1 is equal to 2.09 here
then will be d2 2.47 and d3 will be 1.80 Angstrom. Examination of the numerical index in the d1

group 2.90 to 2.05 Angstrom reveals several substances having d2 value near 2.47 Angstrom.
But in no case to the three strongest lines taken together agree with those of the unknown. This

impasse suggests that the unknown is actually a mixture of phases.

(Refer Slide Time: 16:32)

Case (ii) Assuming the sample as mixture of two phases

Table-1

Fattern af Unknon

1. Suppose the strongest ling (f = 2.09 A) and the second-strongest

line (i = 247 A) are Tormed by two different phases, and that | | a1 ! Tahle-2

the third-girongest line (d = 180 A} is due 10, sy, the fiust || 20

FPattérn af Cojiper

phase 1 B diy) 1,

1 Inother words, assume that d; = 209 A and o, = 180 A forone | |20 | 00 Lo |
phase. =B EE N gy g
. . K
3. Asearch of the same group of d, values. but now in the viinity | |12 | *
TR

ol d, = 180 A, discloses agreement between the three strongest
lings of the pattern of copper. FDF card 4-0836. and three lines

in the patiern of our unknown

4. Tuming to PDF card 4-0836, all lines of the copper pattem,

& il s |3 Fl s | o
deseribed in Table-2, agree with the highlighted values in Table- | / /

19 ! 0808} | 8
I, the pattern of the unknown, Y F
§. One phase of the myxture is copper. providing that the remainder | =& T i /
of the lines can be asstgned (o some other substance. il w

Case 2, assuming the sample as mixture of two faces, so in
Suppose the strongest line d is equal to 2.09 and the second

this case what we are going to do.
strongest line d is equal to 2.47 and

are formed by two different phases and that the third strongest line d is equal to 1.80 is due to say
the first phase. In other word assume that d1 is equal to 2.09 Angstrom and d2 is equal to 1.80
Angstrom for one phase is search of the same group of d1 values, but now in the vicinity of d2



1.80 Angstrom discloses agreement between the three strongest lines of the pattern of copper.

PDF card 4-0836 and three lines in the pattern of our unknown.
So in this case actually what happen two peaks are matching properly, this two peaks and this is

one matching. So first we have identified the copper and then again we will go for the unknown
peak and then through that unknown peak also we will get the d1, d2, and d3 value and then on
that peak, again I am going to match you with the JCPDS file or maybe with the PDF card.
Turning to PDF card 4-0836 all line of the copper pattern described in table 2, agree with the

highlighted value in table 1, the pattern of the unknown itself.
So this two are matching properly and rest of the lines we are going to match means this two are

matching, this 1,2, 3, 4, 5, 6 and 7 seven these seven peaks are not matching and these rest of the
peaks also are matching with these table two. One face of the mixture is copper providing that

the reminder of the lines can be assigned to some other substance.
(Refer Slide Time: 18:29)

Pattern of Unnlepronn

J.HI FPattern of Cuf)

| 6, Normalization of remaining lings is done by did)

; &l ; vitt | i didl

staltiplying them by a normalizing factor of Observed  Normalized | 4(4)
1.39, so that the intensity of the strongest LU 7 |
| line is increased 1o 100, M| on 100 1468 | 1w
e . ) L3 | bi i 1138 »n

(7. Searching the index and PDF in the usual 1 -
way reveals that these remaining lings agree | - ;}""” '
| with the pattern of cuprous ovide, Cu,0 1w u " e |
119 9 13 L |1
12| 6 1|
| Lt | 2
0.8 5 7 wms |
158 3
14715 3
|M'I'he unknown is found to be a mixture of capper and cuprous oxide, ‘ Wi | 3

How normalization of remaining lines is done by multiplying them by a normalizing factor of
1.39, so that the intensity of the strongest line is increased to hundred, so you can see that
observed we have got the 72 intensity, now we are taking 72 as a 100 and then we are doing the
normalizing one. So in this particular case 2.47 will become the d1 value, and then the next one
will become 2.13 and 1.50.

Now we are going to match with some other card so this is matching with Cu20. Searching the
index and PDF in the usual way reveals that these remaining lines agree with the pattern of
cuprous oxide which is nothing but the Cu20. Result, the unknown is found to be a mixture of

copper and the cuprous oxide.
(Refer Slide Time: 19:25)



Plot-replot Method; (Used for Overlapped Diffraction Lines)

[ Make astick plotol £/1; vs ol for the unknown misture

£y

Select Tikely possibilities (three strongest lines) and make stick plots for these knowns based on FIDF cards

Graphically subtract the relative antensities of the first identified phase of the mixture and seplot the residual aftes
renormilizing 1o the strongest peak.

4 Try o fmd another match o what remams. Subiract this, replot and try to match

5 Keep going until nothing remains. All Tines of significant intensity must be identified for the analysis to be considered
complele

On completion:

+ Fvery line in the pattern must be assigned to some matenal.

+ Al major lines of each component identified (1.e, of each card) must be present,

+ Al entainders from subtiactions must be zeo of higher sifce tegative intensities
do ot exast, Inpractise, negative remaimders 1/1, less than 0.05 are acceptable

Confirming Your Analysis:

1. Prepare mistures of the wlentified components unbil the ongmal diftractien pattem 15 duplicated. This step adds
cansiderable sehiability o the wentification

2. Compare absolute infensitics of the peaks m the unknown and duplicating mixtures to see 1f there is any mone
ervlalling material in fhe unknown

Next is the plot- Replot method used for the overlapped diffraction line, sometimes it may
happen for different materials the line has been overlapped each other then how to distinguish
them, make a stick plot of I/I1 versus d for the unknown mixture. Select likely possibilities, three
strongest lines and make stick plots for these known’s based on PDF cards. Graphically subtract
the relative intensities of the first identified phase of the mixture and Replot the residual after

renormalizing to the strongest peak.
Try to find another match to what remains, subtract this, replot and try to match. So simple

whatever the plot we are getting and after that matching samples pot we are removing, then next
matching samples plot 2 we are removing like that we have to make it O that there should not be
any peak. Keep going until nothing remains all lines of significant intensity must be identified

for the analysis to be considered complete.
On completions, every line in the pattern must be assigned to some material all major line of

each component identified that is of each card must be present all reminders from subtractions
must be 0 or higher since negative intensities do not exist. Impact is negative reminders I/I1 less
than 0.05 are acceptable. Confirming your analysis what to do first prepare mixtures of the

identified components until the original diffraction pattern is duplicated
This step adds considerable reliability to the identifications. Then second compare the absolute

intensities of the peaks in the unknown and duplicating mixtures to see if there is any non

crystalline material in the unknown.
(Refer Slide Time: 21:20)



Example:
I Graphical Hlustration of the Plotreplot Method:

Step-d | Step-3 |
Consider the peaks with intensities greater f—
tha or equal to 20%, - Zincite Zirtoiia
— : dih) ahy dhi
‘Hu}‘mman patter of nualti-phase sample. | | 1o o1 T
1] T L1l |
(B3 Pl -fail FXF fnl} - ik
4 0 Bl
nl I SN[ Y [ S N S B
"Hﬂ‘“' " : Ll .
-y IW W bu 1% :| ] L —— Pl e .
" u 0 E
\ |~ | h i 1 o i |1
AMANMAL
W e w w & Peaksof phase || Peaksof M phase || Peaks of 3 phase
identled: Znl, ientified: identiled: Nath
sincit, curd 361437 || Zri0, Zr,cand J7-1484 | | i, cord 562

%)

So examples, graphical illustrations of the plot-replot method considered the peaks with
intensities greater than or equal to 20%. So in this particular case diffraction pattern of multi
phase materials where it is mixing experimental peaks intensity is like that so peaks of past phase
identified zinc oxide or maybe the zincite card number 361451, so I am subtracting the peak of

zinc oxide and then again I am repolting it.
Then peaks of the second phase identified that is zirconium oxide ZrO2 and Zirconia card

371485, so I am eliminating the second then peaks of that third phase identified that is sodium
chloride or halite card number 5-628 so after that it will become 0. So first how to do it?
Experimental peak intensity is the experimental zincites and then experimental zincite and

Zirconia.
So like this way, we will characterize or maybe we will get the information of about the all the

materials, numerical illustration of the plot-replot method considered the average d.
(Refer Slide Time: 22:40)

2. Numerical Hlustration of the Plor-

Lines d(A) 1(%)| Lines dfA) I(%) | Lines d(Ay (%)

replot Method: P Py P PN PV PR N F
R RN NI

# Consider the average  and I/l for - =710, ™1™ Ty [ ENERE
the mixture obtaingd from scans of TR . | |

multi-phase sample in 2 powder
holder.

B EE TN B
L |8 A [EIE 3 Lo
# Peaks with intensities less than 3% [+ Tsa [ n | w |l |].33 1

are represented by 0" and the 5T [R@ [ 3 w o W |1
intensities and d spacings are the [ g [ I Lm0 @ Lz o
average from  three  sample re- e eI T T N

packings. R N TRE

]
]
# The ten most imiense peaks are |1 |27 o n | |31 |2 [1; o
]

high]ighlud m l|1t' Ii-lhll:. I 33 1o H 14 0 i3 1.1

i o N 1% |0
13 |3 El IR




And I/I1 for the mixture of 10 from scans of multiple phase samples in a powder holder. Peaks
with intensities less than 5% are represented by 0 and then the intensities and d spacing’s are the
average from three samples re-packing. The ten most intense peaks are highlighted in the table
itself, so we will get the number of total 43 lines over there so the most intense peaks has been

given like this way so it is 100 high percentage, so that means the d1, d2, d3 up to d10.
And first we have to match d1 to d10 and then after that the rest of the peaks we are going to

match.
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Continuel...

[ Consider the ten most intense peaks of the misture hsfed i the table
2. Check for triplets Llu:" |1L'.‘1E€ 1-xl|'. dy, dyi and seareh for Hanawalt [ndex
o Lises L, 0 aund & atel zneite 12000, cand 36-1451) s 248, 286, 260,
o Comparizon of eomplete pattern grves mateh of lines 27, 33, 37 & 20 with 16253, 147755, 13785, 1911, lines of FOF card 3-] 431
3 Subtract the zineite peaks” intensities from the observed data and report the intensities remaiming in the experimental
pattern in fourth calumn,

4, Normalization of the remaming | |1 e e T e L B
lines is done by mullipling the | | 0| 247, |24%, | 4 [
rematnder shown mealumn four i 180y (ZBl4g| 26 3 . i 180, 282,
by 235 whieh wields the | | & | 260, [2603,| 2 160, : i .50,
enormalized setof lines showuin | | 4 | a1, | - : 115, |1, I
column five, 7| vity |1635e

3 Lmes d and 3 makeh the Index’s | | 45 | Lély [L#79| 4
enfry for baddelevite (20, card | | 5 Eﬂ;‘_, o _28-4.,,_ 1 sd,,T I
AT-146d4. and the remaining lines | | o7 | 138, [1378,] o
match halite (NaCl, card 3-628) | ey, | : 189,y : " Lon |Lag,

10y LMy 2

Consider the 10 most intense peaks of the mixture listed in the table. Check for triplets of peaks
like d1, d2, d3 and search for Hanawalt index. Lines 10, 6 and 8 match zincite Zn O card 36-
1451 lines 2.48 X, 2.866 and 2.604. So 60%, 40% like that. Comparison of complete pattern
gives match of lines 27, 33, 37 and 20 with 1.625 32, 1.47 29, 1.378 22, 1.911 23 lines of PDF

card number is 36-1451.
Subtract the zincite peaks intensities from the observed data and report the intensities remaining

in the experimental pattern in fourth column. So simple whatever the peaks has been confirmed
we have to delete it and then we have to go for the further one. Normalizing of the remaining
lines is done by multiplying the reminder shown in column four by 2.5, so simple the column
four we are multiplying with the 2.5

Which yields the renormalized set of lines shown in the column five, so line four and five match
the index entry for baddeleyite Zirconia oxide card 37-1484, and the remaining line match halite

sodium chloride card 5-628.
(Refer Slide Time: 24:54)



Computer Search Method:

# |dentification of components ina mix is often done using computerized matching alzorithms,

# As the mumber of phases in the unknown increases beyond two, manual searching becomes very
diffieulr and time consuming, computer searching 1s then more efficient,

¥ The results depend on the data quality, the data base quality and the criteria used in the seareh.

# Matches are usually ranked using a figure of ment, which is defined as;
P 1 N
i} = ,__
1826 Nyoss
N = number of observed Bragg reflections
Npuus = tumbier of independent diffiaction Tines possible up to the N ghserved Tine
|ﬂ25‘| average absolute discrepancy between calculated and observed 20 values
# The units of Fy are reciprocal degrees, and the higher the aceuracy or the more complete the pattern, the
larger 15 Fy,
# Fy =100 means that the average 26 difference was £ 0,01°
# Search-Match Programs: EVA software, TOPAS software,
Now this is one is actually the computer search model, so generally the computer how the
computer is doing. Identification of components in a mix often is done using computerized
matching algorithms. As the number of phases in the unknown increases beyond 2 manual
searching becomes very difficult and time consuming. Computer searching is then more
efficient, the result depend on the data quality the data based quality and the criteria is used in the

search.
Matches are usually ranked using a figure of merit which is defined as F n is equal to 1 by bar

A20 into N by N poss. So N is equal to number of observed back reflections N poss. Number of
independent reflection lines possible up to the N™ observed lines and bar A20 average absolute
discrepancy between calculated and observed 260 values. So here is the vector, so vector bar A20

is equal to average absolute discrepancy between calculated and observed 26 values.
The units of F n are reciprocal degrees and the higher the accuracy or the more complete the

pattern the larger is F n. F n is equal to 100 means that the average 20 difference was less than is
equal to 0.01°. Search match programs like generally we are doing by the EVA software or

maybe the TOPAS software.
(Refer Slide Time: 26:29)



Practical Difficulties:

% Errors Alfecting the Observed Positions and Intensities of the Diffraction Lines:
(**have been discussed in chapter Precise Parameter Measurements)

2 Abnormal Intensities due to Preferved Ovientation or Graininess

o Sample Characteristics-
¢ Denselv packed
¥ Randomly onented gramsfcrystallites
v Gram size less than 10 microns
¥ Homogeneous
o If the crystallites m a powder sample have plate or needle ke shapes it can be very
difficult to get them to adopt random orientations

o Preferred orientation is particularly common in surface deposits an metals, such as oxide
or sulphide layers,

o I the deposit s very thin, its removal may not wield enough material for examination.

Now there are certain practical difficulties what are those? Errors are affecting the observed
positions and the intensities of the diffraction lines have been discussed in chapter precise
parameter measurements, so already we have discussed. Abnormal intensities due to preferred
orientation or graininess, sample characteristics densely packed, randomly oriented grains or

may be the crystallites, grain size less than 10 microns and homogeneous.
If the crystallites in a powder sample have plate or needle like shapes it can be very difficult to

get them to adopt the random orientations. That is why we always try to get the orientation of the
flat surface. Preferred orientations are particularly common in surface deposits on metals such as
oxides or maybe the sulphide layers. If the deposit is very thin it is removal may not yield

enough material for examination.
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o If large prams are present in a particulate sample, some diffraction lines will have
abnormally large mtensinies, (Why?)
v With a few large crystals present in an otherwise suitable sample, there is a chance that ene of the
larae ervstals is correcth onented for k! dilliaction, In this case, the mignsity of that particular
Bkt wall be abnormally hugh

1/l
B (&) Glass Slide Powder Holder  (1/1,)par
] 3
Evample: 0| 311 | 100 | 100 | 100 | 69 [ 100 | 100 | 100
v Intensity of the 400 line is W0 191 | 1| 59 | 52 | 31| M | 46 | 55
abnormally high in one case. wlie !l sl lolelslal o

¢ Therefore, 11 15 always
400 | 135 | 7 7 § (10| 7 § [}

desirable to run at least three
re-packings of a sample of an k1 NN I T A I (U O O [/ B O . i
unknown. a5 T8 |8 | 1| 12

S 1M 5 - 456 |4 6

If large grains are present in a particulate sample, some diffraction lines will have abnormally
large intensities, but the question is why? With a few large crystals present in an otherwise
suitable sample there is a chance that one of the large crystals is correctly oriented for HKL



diffraction. In this case the intensity of that particular HKL will be abnormally high. In this case
you can see that certainly it became 100 otherwise it is 7, 7 5 or may be 7 3 6 but certainly it
became the 100 intensity.

So example intensity of the 400 line is abnormally high in one case in this particular case,

therefore it is always desirable to run at least three repacking of a sample of an unknown.
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% Other Difficulties:
The Hanawalt method fails complately, when
1. The unknown 15 a substance nol Listed. i the PDF, or

it The unknown is @ mixture and the component 1o be identified is not present in sufficient
quantity to vield a good diffraction pattem.

z'f

/
{ Final Verification:
» Whenever any doubt exists in the investigator's mind as to the validity of a particular
identification, it can be verified by preparing their own standard pattern,

r Example:
1. The unknown has been teniatively identfied as substance X.
ii. The pattem of pure X should be prepared under exactly the same experimental
conditions used for the pattern of the wnknown, !
iii. Coniparison of the two patiers will furnish positive prool, or disproo. of identity, /

There are certain other difficulties also the Hanawalt method fails completely when the unknown
is a substance not listed in the PDF yes! We don’t have any archive. The unknown is a mixture
and the component to be identified is not present in sufficient quantity to yield a good diffraction
pattern and the final verifications whenever any doubts exist in the investigators mind as to the

validity of a particular identification it can be verified by preparing their own standard pattern.
Examples, the unknown has been tentatively identified as substance X, the pattern of pure X

should be prepared under exactly the same experimental conditions used for the pattern of the
unknown. Comparison of these two patterns will furnish positive proof or disproof of identity. So
now we have come to conclusions or maybe we have come to the last part of this particular
lecture so we have to summarize the whole lecture. Qualitative analysis by x-ray diffractions is

based on the following principles.
(Refer Slide Time: 29:18)



Summary:
4

lf ¢ Oualitative analysis by Xeray diffaction is based on the following principle;

v A piven substance alwavs produces a charactenstic diffraction patiern, whether that
substance s present in the pure state or as one constituent of a mixture of substances

v It discloses the presence of a substance as that substance actually exists in the sample, and
not in terms of its constituent chemical elements

¢ It can distinguish between different allatropic modifications of the same substance,

v Identification of phases m a given sample can be done using 3 different methods: Hanawalt
method, plot-replot algorithm and computer search method.

v In practice. various difficulties arise. and these are usually due either to errors in the
diffraction pattern of the unknown or to errors in the PDF.

oy
A given substance always produce a characteristics diffraction pattern we know, whether the
substance is present in the pure state or as one constituent of a mixture of substances. It discloses
the presence of a substance as that substance actually exists in the sample and not in terms of its
constituent chemical elements. It can distinguish between different allotropic modifications of

the same substance.
Identification of phases in a given sample can be done using three different methods, one is

called the Hanawalt method, then next one is called the plot-replot algorithm and the third one is
called the computer search method. In practice various difficulties arises and these are usually

due to errors in the diffraction pattern of the unknown or to errors in the PDF, Thank You.
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