STUDIES ON STATISTICAL INFERENCE FROM X-RAY
AND OTHER SPECTROSCOPIC DATA

By

PHLISDAMON NONGKYNRIH
DEPARTMENT OF PHYSICS
SCHOOL OF PHYSICAL SCIENCES |

A THEESIS .
SUBMITTED IN FULFILMENT OF THE
REQUIREMENT FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

[.EASTERN HILL UNIVERSITT
SHILLONG - 793001 ‘
MEGHALAYA, INDIA

NOVEMBER, 1985



“The fear of the Lord is the instruction of wisdom ;
‘and before honour is humility”

( Proverb 15: 33 |



DEDICATED TO
MY PARENTS

Whose guidance had been the source of this goal.



’E#___;

AN LR

AD N

529744
NON



O
CERTIFICATE

I certify that the dissertation entitled ”STUD;ES oN
STATISTICAL INFERENCE FROM X-RAY AND OTHéﬁdsPECTROSCOPIC
DATA" submitted by Miss Phlisdamon Nonmkyqrih in fulfilment
pf‘the requirements for the decree of DOCTOR OF PHILOSOPHY

1s the outcome of a studY*undéptaken by the candidate.

I certify that the sources from which ideas have been
borrowed have been duly referred to and acknowledged.

) \\ : -..:
The material in this dissertation has not been pre-
sented for award of a decree in any Uniyér§i£§'before.

This dissertation may be pléced before th¢ examiners for

evaluation and necessary formalities.

The work for fhis thesis is'é continuatiph.offthe
Véandidate;s M;fbil; dissertation éﬁtitled "Nuclear
Techniques in Trace Element Analysis", The ideptificagion
of Titanium and the observations on the Crystal Structure
Chanaes are worthy of consideration by the examiners for

the award of the dearee of.Doctor:of Philosophy,

Yol W

Y.S.T. RAO
Supervisor November 15, 1985.
Physics Department K
North - Eastern Hill University
SHILLONG.



ACKNOWLEDGEMENTS

I wish to express my -heartiest aratitude-
to my guide, Dr. Y.S.T. Rao, Reader, Physics Department,
North-Eastern Hills Univers ity ( N.E.H.U) for his
Supervision and-constant guidance in making me able to

complete my work.

I am greatly indebted to Dr. D.T. Khathing,
Physics Department and Dr, M,K, Choudhury, Chemistry
Department, N.E.H.U, for sparing no pain in helpina me.
My sincere thanks also go to Dr. P.V.R. Rao for supplying
the synthesized apatites for the I-R work and also for
the Chemical confirmation of the elements,

I express my sincere gratefulness to
prof. T.S.B. Narasaraju, Dr, S.K. Gupta for supplying me
the synthesized apatites for X -Ray work, Thanks be to
Dr. (Miss) P, Lahiri and Dr. V.L.N. Rao of Baneras Hindu
University for their works which served as starting points.
for my work on Crystallography.

Thanks are to Dr., R.Ramanna, Drs.P.K.Iyengar
and S.S. Kapoor of B,A.R.C., Bombay for giving me the
privilege of using laborator%fs facilities.

I am also thankful to Drs. S. K.Kataria,
Madan Lal and Rekha Govil of Nuclear hysics Division,
B.A+R.C., Bombay who have helped me in doincg the analysis
by XeReF. |



(iid

Cﬁu&moﬁny thanks extend to lLate D. B. Ghosh, Deputy
Director,of Geological Survey of India (GeSsI.), North-
Eastern Recion ( N.E.R.) whose inspiration and encouragement
were part’of the fulfilment of this work. Thanks be to

Dr. D. K. Ray ( The then Adviser, Minerals, North-Eastern
Council) whose suggestions are highly appreciated. I am
highly obliged to the present Deputy Dire€tor Generol G-SI
N.E.R. for kindly permitting me to use the official data

as the references.

I really owe to Dra, A.C.Goswami, E.V.R.
parthasaradh), R. N. Banerjee, R.G. Joke, L. Sanoma,
A.Ma Gautam; Ram Pratap, E.R. Tagore, R.G. Verma, P.C,
Mehotra and Miss B. Lily Kharkongor of GeSe.I.( N.E.R.)
for supplying all the relevant information and extending
the facilities of their laboratories whenever needed,

Thanks be to the MAtomic Mineral pivision
people of North-Eastern Region for discussion about

geochronical significance of Trace elements in the North
~Eastern Region,

- My thanks go to Dr. U.N, Changagoti, Deputy
Director of Directerate Mineral Resources (D.M.R.),
Government of Meghalaya, Mr. M. Kamal, Mr. M.K.sarma and
Mr. S. Sohtun of D.M.R. for providing the facilities and
help in sample collection, Thanks also to the Directorate
of Geology and Mining, Qovernment of Nagaland for supplying
samples, '

I also owe to the University Grant Commission
for the financial assistance rendered to me under the U.G.Ce.
Minor Research Project Wo.F-25-~ 1{(13142)/83 (S.Rel).



(iv)

The first Chapter of the present thesis is taken from
my M. Phil, Thesis which was done with the kind finan-

cial assistance of U.G.Cs ( JeR.F. Scheme).

I acknowledge a minor financial help from
the sState Government, Meghalaya for participating in
the symposium, Bangalore in 1984,

I also like to express my thanks to the
Principal of st. Mary's College, Rev., Mother Anne for
giving permissiondb do the Research work,

Finally, I am also grateful to Mr, Macdonal

Lakiang for his kind effectively doing the photocopying
work, ‘

OOOO'O

F. j\{mﬂk wril).

( P.Nongkynrih )
th
I . Qec . 785.



™)

CONTENTS PAGE,
éERTIFICATE ‘ ' | (1)
ACKNOWLEDG ZMENTS | (11)=(iv)
TABLE OF CONTENTS | | (v)
CHAPTER 0: INTR)DUCTION 1-4

CHAPTER T1: TwACE ELEMENT DISTRIBUTION
IN COAL FIEZELDS OF
NORTH-EASTERN INDIA 5-24

CHAPTER 2: STUDYING OF THE AESULTS -
OBTAINED FROM THE XRF
ANALYSIS 2542

- CHAPTER 3: ANALYSIS OF THE X£RAY
DIFRACTION DATA OF THE

SUBSTITUTED APATITES : 43-74
CHAPTER 4: ANALYSIS OF THE I.R. SPECTKA

OF THE SUBSTITUTED APATITES 75-93
CHAPTER 5: CONCLUSION 94-96:

APPENDIX. A: MEGHALAYA COMES ON THE -
BAUXITE MAP OF INDIA 97

APPENDIX B: PETROLOGY OF THE -
CARBOWATITES AND ASSOCEIATED
ROCKS OF SUNG VALLEY, JAINTIA
HILLS DISTRICT, MEGHALAYA,
INDIA 98-105

APPENDIX C: PREPARATﬂ)N AND;CHARACQERIZATION
" OF SOLID SOLUTIONS OF PHCSPHATE
AND VANADATE _APATITES OF LEAD 106-109

APPENDIX D: PREPARATINN AND -CHARACTERIZATION
OF SOLID SOLUTIONS OF PHOSPHATE -
AND VANADATE APATITES OF CALCIUM
| 110-112



CHAPTER- O

INTRODUCTION

Physics is a branch of Science which is inv@tved
mostly with experiments. One performs the experiments,
thoroughly takes the measuremenﬁ and checks its reoro-
ducibility. The data obtained areanalysed and conse-
quently the theory often follows fo explain and give
a proper understanding of the experimental results. In
any experimental study, the understanding of the system
we study depends upon the pfecision and reliability of
the measurements. In most cases, a systematic logical
theory is proposed to give a picture of the phenomena
which have not yet found by experiments. This systematic
understanding of the physical process becomes a law, If
the errors have been taken care of and also if all sorts
of precautions are adopted yet if found that the experi-
mental findings differ £rom the prediction of the law
by many times the estimated error,theﬁ the law needs

modification.

Phvsics deals mostly with quantitative measurements
of physical properties of objects and precise relation
between these properties. Hence, Mathematics plays a

vary important role in Physics,



As our resources are limited and that there could be
some factors influencing our measurements which have not
been taken into account,the theory of Errors,Analysis of
Rariance, Design of Experiments, Estimations or in géneral
the secience called Statistics is to be used. "By Statistieé,
we mean aggregates of facts affected to é marked extend by
multiplicityféf causes}numérically expressed, enumerated
according to resonable standards of accuracy,collected in

a systematie manner for predetermined purpose and placed

in relatiop to each other" as defined by Horace Secrist.

The philosophy of Statistical techniques is not well
appreciated in our Sister Disciplines and more so in inter-
disciplinaryv research. In this thesis,two préblems of in-
terest to our friends in sister disciplﬁnes- Geology and
Chemistry are analysed to demonstrate what they. have 1bst
sight of and then the new results brought by the diverse

physical ( experimental) techniques will be discus=zed.

The fipst chapter deals with the X-Ray: Fluorescence
Téchnique (XRF) used for detecting and estimating the
trace elements in samples, This fechnique is. dbweloped
in the last few years and has become ap important tool,
ﬁo the geolo?ist@ envifonmentalists, health scieﬁtists,

etCe.
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The use of the XRF technique in analysing the trace
elements in the coal fields @fiNorth-Eastern Region of
India 1s described in the second chapter. The region has
got a good: vesevve of cmal, Coal was chosen as it 1s a
repository oflelgments that are likely -to be present in
the neighbourhuod.‘The analysis of coal can therefore
serve as a precursof in identifying possible location
of mineral wealth. in the region, Further‘such analysis

may have a bearing on geochronological studies,

The uwrwsial finding >f large quantity of Titanium
ih Bapung (Jaintia Hills Districﬁ,Meghalaya) which all
the previous workers using chemical techniqug have
missed 1s an important contribution.‘Follﬁwing Sur
work;, the Geclogical Survey of India has identified a
rich source of Titanium in Sung Valley (Jaintia Hills
Uistrict, Meghalaya) close to the fields where our

study was carried outs

The third chapter deals with the gtudies invol-
ving thé analysis of the X-Ray diffszaction data of
the substituted apatites:, Apatites. are importaht
constituents of human bone and teeth; Their decay is
due to isomorphic substitution of the constituents
which affect the changes in crystal strﬁcture. The
lattice of the apatites is in generéi hexagonal in

structure. According t~ Vegard's Law the lattice



constants 'a' and 'c' of hexagonal lattice are expected
to change linearly with the degree of substitution. So

far, it appears that all experimental evidence suppert

’
this law, we show that the law is violated and that
two distinct and different: linear behaviors in the
ranges O - 50% and 50 - 100% dégree of substitution

‘are obtained,

The fourth chapter deals with the use of Infra Red
absorption spectroscopy technique for the substituted
apatites, The results confirm our donclusion that some-

thing happens around 50% degree of substitution,

The fifth and last chapter summarise the work
described in the previous chapters., It also emphasizes
the importance of using statistical and physical
techniques in analysing results of important to

sister disciplines,



CHAPTER - T

TRACE ELEMENT DISTRIBUTION IN COAL FIELDS

I
e e e W — pedBungberd

OF NORTH-EASTERN INDIA
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-

1,0 Intreduction

The X-Ray fluorescence Technique (XRF) ¢ffers simul-
taneous quantitative analysis of several elsments by a
single scan (1.1), It has been extensively used and im-

proved upon by several workers (1.2), It is rather an

inexpensive technique and very simple to use.

O+

151 X-Rayv_Flugrescence Technidue (XRE).
(Principle znd Analysis) '

The basic ﬁ}inciple of the XRF is that when incoming
photons from radio-isotopes or X-Ray tubes are allowed to
‘fall on a specimen,photoelectrons are rejected Creating
vacancies in the inner shells of the atoms of the sﬁeci~
men, These vacancies are then filled by tréhsitions of
electrons from hich empergy orbifals leading to emission
- of a spectra of characteristic X-Ravy, Measurément of the
energies and intensjities of such characteristic X-Rays

is the basis of Energy Dispersive XRF technique.



, ' th
The intensity I, of the characteristic X-Ray of the j

3

element of a given sample is related to the concentration

Mj of the same element as (1.3).

b

3

Where I_ = the incident photon flux on the sample

= Io C; kﬂ A4‘.A ****** /'0\
d 3 A ( ,)

G = the'géometricél factor

K = the relative ability to excite and detect the

- X-Ray line of interest.

and - A = total absorption, which is due to absorption of
exciting and fluorescent radiation in the sample

matrix,

The matrix enhancement effects are neglected here as
the sample are considered to be'thin. The matrix enhancement
effects occur when the fluorescent X-Rays of one element act
as an exciﬁing radiation for other elements which have ab-
‘sorption edges iower than the energy of the fluorescent ra-
diation oflthe element. This effect is severe for thick
specimens and is difficult to correct for without a prior

knowledge of the specimen,
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The total absdrption 'A' is obtained by considerina the
absorption at a small clement thickness in the specimen and
then integrating over the entire specimen thickness. It thus

follows that (1.3)

Where () and 52} are the average ancles of incident and
| 2 - |

fluorescent radiation with respect to the sample surface as
shown in Fig : 1,1 and m is the mass of the specimen per

unit area for the geometry chosen., /u and‘/ilare the tpeal
, |

Sbsdrption coefficients of the specimen for the exciting

and fluorescent radiation respectively. The values of /“7

and /ulare not -véa$y‘4 to estimate for any unknown matrix.

Tc detenndne /ﬁ and4/¢,dilution technique has to be adopted.
2

The method involves the dilution of the sample by mixing it
with a large amount of a ldw Z2 material such as pure cellu-
lose powder, borax etc. The diluted samples have low analy-
tical sensitivity but the method has overriding advantages.
The first advantage is that the mass absorption,coefficienté,

/4 and//l are the well known quantities as they are largely
! pa : .

determined by the diluting agent (i.e cellulose etc).
Secondly, the matrix enhancement effects of the diluted sam-

ple arc neglicenc:. Therefore, only relativelyus&mple matrix



absorption corrections are required to be made according
to Egn : 1.1, In the case of thin, diluted samples, the
compton scattered peak of the primary monoenergetic beam
is also determined mainly by the celludose matrix, The

ratio of the fluorescent peak intensities to the inten-

sity of the compton scattered incident beam 1s dependent
only on the concentration of the respective,element with
respect to the cellulose, In this method, therefore, the
system can be easily calibrated usinag a set of multiele-

ment standards prepared in the above mentioned manner,

The relative ability Kj is civen by

Kiz=0y o, (1- 4+~ \NT€E ____[1
a K&' X’L”‘ Ty L ) FE o OQ)

Where GL==Photoelectric cross section of the element

d

j and of the atom in the K shell

('Jk = The fluorescent yield

4

w———

Jk L

/

T

The jump ratio for the element j

i

Transmission of the fluorescent radiation

in its path.

f:= fractiondl intensity of the X-Ray line

under anélysis.

Eh= Detector efficiency,
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The values @f A)K'L: I 19 T and £ are known
o ’ ’ , 3

from the literature and with the known values of T, E

forfthe-detectorf, the factor K, can be evaluated for -

]
given system., Now the only unknown factor is IOG- Tts

value can be absolutely determined by takino one non-

interfering element of known concentrationﬂcan elther
be added in the specimen or it can be taken as a sepa—_

rate Specimen. The factor I,G can then be computed from

the 1nten51ty of characteristic X~Ray of known elements
using Egn : 1 O. This procedure is callea one element

standard method.

In some cases, the separation of the Kﬂ 1line of

one'element with the K«" line of another has to~be done:

In.other cases the L X—Ruys of the higher elements might

'overlap with the K ? rays of the lower elements, A
y -
knowledge of the Intensity ratios of all the X-Ray.

components is required and applied to resolve them,

1.2 The Experimental Set Up

The analyeis of the coal and ore samples collected
from the different parts of’North'- Eastern Region of
Indié by the XRF technique was. carrleﬁ -out at the
Nuclear Physics Division, Bhabha Atomic Research Centre,

Bombay.
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Fiqure 1.2 shows the Schematic experimental arrangement

of the X-Ray-tube-excited X-Ray Fluorescence system used,

For quantitative analysils, a computer Code XRS Was
written., Most of the quantities glven in Egn : 1,0 are
fixed. The Kj_factors with respect to cellutose had
been earlier fed into the programme, For coal sampleg;'
both_éellulose and carbon were taken into account for
the absorption coefficienﬁ while for miheral_samplesh
the absorption coéfficient is due to cellulose onlf,
as the specimen is made up of 90% cellulose, The only

variables which were to be fed were the Compton peak

area (I ) and the peak areas of the elements {(I,)e
comp ‘ b

X=-Ray Tube Power Supply :- The High Voltage unit was

made Indigenously by the High Voltage section of the
Variable Energy Cyclotren Centrea Caicutta‘ The High
Voltage (H.V) Supply providés_a continously adjustable
source of well -~ regulated D.C Véltage from 0 to # 50 Ky

with a maximum current capacity of 1 m.A, The unit has

0.1% regulatioﬁ, 0.1% ripple at maximum load and a
gtability of O.E% for 8 hours after % hour warm-up
time, The High voltage common is grounaed‘through
sampling resistors whose ocutput 1s used to adjust
the X-Ray tube current, The filament power supply

is a voltage regulabed D.C.  supply with output



voltage varying from 0 to 5 voltse The tungsﬁen filament
is of 10 mem ddameter and has a length of about 2 cma
The error signal obtéined by comparison of the cutput
of the sampling resistance and the standard current
setting reference vcltage 1s fedback to the fillament
D.C supply to keep the tube current constant, A
Wehlnet—cylinder type intermediate electrcode is used

in the X-~Ray tube to focus the electron beam spot in
the centre of the target anode to a size of the order
of 4 to 5 m.m, so that the beam does not 1&ninge on the
‘stainless steel holder. The grid bias used on the cylin

der 1s kept in the range 300 to 600 volﬁ, without any

feedback loop,.

X-Ray.tube :~ The ¥-Ray tube with Molybdenum targek

was used for the analysis, A target vbltagé upto 35 Kv
and a target cufrent upto 2001/4A were used, ' The maximum
beam power of 10. watts was dissipatéd mostly by radiationm
frbm the anode structure, The high vacaum in the X-Ray
' tube does not deteriorate due tc this héating. Using
the voltage regulated fllament and the feedback sta-
bilisétion f£rom the target current; the tube output
was found to be stable within 2% during the daf; after

an initial wérm;up period of about half an hour. The,
| filament voltage and filament current are &f the order
of 2 to 3 volts and .l tc 1.5 amperes for a tube output

current of 200/}LA. The intermediate electrode



potential was kept at 500 volts, which gave stable target

current.

si(1l) X-Ray Spectrometer :~ The system included a cooled

S1(L1i) detector mounted in a vertical cryostat with a pul-
sed opto-feedback pre~amplifier. The Si(Li)detector em—
pléyed had an area of 30 mm2 and thickness 3 mm and this
detector system gave an énergy reéolution of about 200 ev
for 5.9 kev Mn KQQ-XARays. This resolution is maintained
upto a count rate of 20,000 cps, though the usefwul count
vate was limited to only about 12,000 cps owing to large
pile~ up rejections at higher count rate. The shift in
the peék position as a function of.count rate was neg-
ligible. In the set up, the main amplifier (X-Ray pulse
processor ) had an option of inhibiting the main ampli-
fier action to avoid overloading due to large amplitude
pulses aiong with the pile up rejection. In the ampli-
filer a Gaussian shaping network was used with a peak
width of 15/*Sec. The pﬁlses from the amplifier were

then fed to a 2048-channel analyser (Canberra Seriles 80),

1.2 XRF Calibration s- The relative factor K

3

was not estimated exactly as defined.iﬁ'Eqn. 1.2 since
the contribution of the continﬁh'Bremstahiung radia=
tion, in addition to the characteristic Mo- K, -X-Rays
in the X-Ray tube output, made the results less relia-

3

1
ble. The relative factor K; for elements with Z in the



et
o

t
range 18-38 and 54-90, was determined experimentally. Kj

was determined at three target voltages-25, 30 and 35 Kv,
The three different target voltages had to be overated

as the analytical sensiti&ity was dependent on the ope-
rating cbnditions of the tube. Fig: 1.3 shows the ex-

perimental Ky factors (counts/ compton K o counts /ppm) -

as a function of the atomic number at three different
Mo-tarcet voltages namely 25 Kv (o ¢<); 30 Kv(+--)and
35 Kv (*xx), This was done using a number of thin multi-
element standards with cellulose as hase material, "
These multi-element standards were prepéred'by absér—
bing known.concentrations of the elements in solutions
on the cellulose powder and drying at approximately
80°C. The dried mixture was weighed and pulverised
-and a sméll amount cf it was pressed into a thin pe-~
llet which was then weighed and analysed, The,éhoice
of elements in any one standard was made such that
their fluorescent X-Rays were separate and the peak
areas could be determined, The concertration of the
elements taken was in the range of 500 to 5000 ppm;
with respect to cellulose sc that the absorptien
correction could be easily made with the use of oniy
the cellulose mass absorption coefficients for exci-

ting and fluorescent radiation,
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In these calibration standards, the comptcon sca-
ttering of the excited radiaticn was essentially Aue to
the cellulocse matrixdnly° Therefore the ratio of the
flucrescent peak to the inteﬁsity of Compteon Séattering

Mc K -X~-Rays was only dependent on the concentratien

X
of the respective element in ppm units and on the de-~

sired relative excitation factors Kj‘ Using these

'ﬁﬁltilelement standérds,the experimental set up was
calibrated for ccnversicn of the ratios cf fluorescent
peak counts to the Compton peak counts of Mo K.x

X~Rays, into the concenﬁraticn of elements in ppm with
respect to cellulose matrix,‘A smocth variation cf these
facters with Z was found. Values for the adjacent ele-~
ments cculd therefofe'be obtained by interpolating this
curve, The amcunt of the element in ppm was obtained

by multiplying the ppm units by the ratie of the

weight of the sample to the weight of the cellulose.

1.4 Minimum Detecticn Limits (m.d.1):~- Thevm.d.lis

were calculated from the observed fluorescent X-Ray
spectra of thin multi-element standards. The observed
med.l values as'séen in Fig: 1.4 were found tc be de-
pendent on the target vcltage. The optimised target
voltage was found tc be 35 Kv for a counting time

of 500 secs. Fig : 1.4 shcws the lowest m.d.l values

as a functicn of atomic number 2 for a target



voltage cf 35 Kv and for a coqnting‘time of 500 secs.
It can be inferred from Fig : 1.4 that in the low 2
region the m.d.l's are typically of the crder of a few
ppm and the minimum value occurs arcund Z <« 30 for

K-X-Rays and arcund Z az 75 for L-X-Rays.

1.5 Sample Ccllectiocn

The samples analysed were ccllected from selected
areas of Norf-Eastern India. In Meghalaya,the samples
were collected perscnalily frem the sites an@ through
the Directbrate of Mineral Rescurces. The seleé;ed
coal mines included Banung in the.Jaintia Hills,Bor-
sara inlWest Khasi Hills and Nongwalbibra in West

Garc Hills.

The core samples were from the Phek District
of Nagaland and were obtained through the Directorate
of Geoclegy and Mining,Government of Nagaland. Some
ore samples from Hkhrui in Manipur were cbtained |

through personal contacts,
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1.6 Samnle Prenaraticn

As the absorntion effects increase more rapidly fer
the fluorescent'X—Rays than fcr the scattered exciting
X-radiaticn in the case of thick samnles,higher sensi-
tivities are robtained with relatively thin samples.
Thin samples were prepared by using cellulcse powder
( E Merck, micrccrystalline cellulose used for thin
layer chromctography) as the binding material. The
abscrmtion ofvfiuorescent radiation in the cellulcse
Was_comparatively small, The samples were thorcughly
homcgenised by grinding te almost the size of the
ceilulose“:particles. Thé grounded coal. and mineral
samples were mixéd with the cellulose in the ratios
cf 1:1 and 1:9 respectively by weight, The mixtures

wore pelletised tec a size of thickness about -

) ) :
30 - 40 mg/cm”. The pellets were weighed and used

as the specimens.

1.7 Calculation :

The cnly variables present in the final equaticrn
used for the calculation of the elemental concentra-

tion were the Compton peak area (IC mp) and the neak

@

areas ( Ig) of all the elements. Earlier, the other



variables had been calculated according to the follcwing

stens

(a) Calculation of the Absormtion Correcticn

For cecal samples,the absorption corrections in the
matrix were calculﬁteﬂ for cellﬁlose and carbon, while
in the case»of mineral samples, they were calculated
- for cellulose only, as 90% of the cellulose was pre-

sent in each s»ecimen. . ~
The abscrption coefficients for ccal samnles

( ) and mineral samples( . Jwere given by

/“éoai;:l <:/f*t;¢u. *Q/»kcz)//gl
‘The abscrntion correction (A) which is fO&

the f.}:..._-gou_ow.(ag , %le :
- o
Ao _l-e

/u.w.

.. was calculated by adopting an Iteration Method, =

]
(b)  Calculaticn cf Corrected peak area ( Ig)



(c) Normalisaticn

For Normalising, the corrected neak areas were

divided by Cecmnton neak area.

I
comp

(d) The_relative ability}(Kj)
The Kj factors with resnect tce cellulose were

included in the »nrogramme.

(e) Amount of the element with resmect to_cellulose
The calculation cof the element concentration in oM

with respect to cellulcse i3

)(' N .
Ky

B
>

is calculated,

(£) Amount cf the element

The calculation of the element ccncentration in

ppm is

]
Amount of element in pom = X (weight of the samnle)
(weight of the cellulcse]




CAPTIONS FOR THE FIGURES.

FIG : 1,1 shcws the incident and flurrescent radia-
ticn where () and (J),the average angles of
! 9? , _
incident ‘and fluorescent radiaticn res-

nectively.

FIG :. 1,2 Shcows the schematic aiaqram of the exne-
rimental set up of the XRF system.
FIG : 1.3 ‘Shows the experimental values of Kj
 factoers (counts/Compton K, counts/ppm)

versus the atomic number,

Kj at 25 Kv Mo- target vrltage{ oo o)

K; at 30 Kv Mo- target veltage. (- --)

Ky at 35 Kv Mo- target veltage, (x x x )
FIG : 1.4 Shows the minimum detecticn limits ver-—

sus the atomic numher for taryet voltage « °

of '35 Kv.



ppPans

PRIMARY

2(

Q. SAMPLE

<—— CHARACTERISTIC
FLUORESCENT
X -RAYS

R

FIGAM




THIN MOLYBDENUM DISCS |

SAMPLE

X-RAY TUBE

POWER SUPPLY | - . ) | PULSE
H.vV | PRo]cesso;Q
LV  FILAMENT | PR!E v

AMPL |

CRYOSTAT

FIG-12 : X-RAY TuBe Excitep XRF SYSTEM . | ot



T
Y
e’
>
Q.
ACL

\
7))
-
Z
-}
e
O
Z
O
%
QO

o
—
Z
-
O
(@)

| | [ |

10 20 30 20 50 &6 80 90 100

FIG :-13



24
23

M5 TUBE CURRENT 10044

TWBE ~ VOLTAGE® 35KV

500 SECS COUNTING
TIME

L X-RAYS

"
=

Z
5
aQ

- Q
-
Q
2

1 A 1 1 1 !

1 1 1 i
30 40 50 60 70 80 90 100 10

- ATOMIC NUMBER Z—/™




Te1

1.3

REFERENCES o

Tominagay, Hey; Nucls' Instr, and Meth.

114 (1974) 65,

Fricdman, He and Birks, L43;3 Rev. Sci.

Instrume 19 (1948) 323,

Kataria, Sekey Kapoor, Se5.y Lal, M, and

Rag, B.V.N.} Quantitative Analysis with

Energy Dispersiva X-Réy F Luorosconce Anal&sis

Internal Report of

- Bhabha Atomic Rasaarch Contre B8ombay, 1977,



CHAPTER - 2

STUDYING  OF/PHE. RESULTS_ OBTAINED
FPROM THE XRF ANALYSIS

2,0 Introduttion

The selected areas of the North-Eastern Region of the
country, where from the samnles have been collected for

study are shown in the accompanying map (Fig : 2.2).

£_tbe_ results_by Chemical Apalysis.

e B < A < b et A e e+ WO P Sy + " -

The samples collected from the mines of Bapung area

(259 25" N : _920'19l E) in Jaintia Hills District,Megha-

laya (Fig: 2.3) on being analysed by XRF technique showed
a high content of Titanium (Table 2.1). Accordingly, it
was thought desirable to analyse some samples by other
Physico—éhemical methods in order to confirm the results,
The Physico-chemical method selected for the purpose is
the Colorimetric detemination of Titanium by following
the standard procedure (2,1) using a spectrﬁphotometer

Model ECIL - (GS -866),

2.1.2 Preparation of sStandard Titanium Solution.

An acCurately weighed amount of 0.5 om of reagent

grade Titanium dioxide was dissolved in 1l:1 HZSO4. The

solution was heated o fuming and then cooled to room



temparature, The solution thus obtained was transferred
quantitatively to a 500 cm3 volumetric flask and the

volume was made Up to the mark with distilled water(1l cm3

of the solution contains 1 mag.of Tioé).

2.1.3 Preparation of the Solution for the Standard Curve.
FQur different portions namely, 1'cm3, 2 cm3, 4 cm3
and 6 cm3’of the abgve mentioned standard Titanium solu-
tiont"wete pipetted out in four different 100 cm3 volume-
t?i¢ flasks., To each of these flasks were added 10 cm3 of
1l:1 H,S0, and 5_cm3 of concentrated H3P64 followed by the
addition of above 25 cm® of distilled water. An amount of

5 cm3 of 3% H,0, was added to each of the flasks and the

contents were shaken thorcuchly. Further amount of dis-
. © 4the moxk Oﬁ .

tilled water was added tc make upAthe volumetric flasks,

The abscrbanCe of each solution was measured against a

reagent blank. The readings recorded for absorbance were

plotted against the amounts of TiO,(mg) (Fig: 2.1).
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2.1.4 Preparation of the Solutions of the Samples,

under analysis.

An accurately weighed amount ofAO.S gm of a finely

ground samples was taken in a small platinum bowl and the

S

ésntent was dissolved in 10 cm3 of 1:1 of H,S0,. ToO this

4.

3 .
15 cm™ of 40% HF was added and heated to fuming . Heatilng
was continued for a further pericd of 20 minutes and then

cooled.»The solution was diluted with 15—20 crn3 of dis-
tilled water and then filtered, The filtrate and washing

were collected in a 100 gm3 volumetric flask and the vo-
lume was made up to the mark with distilled water, A

3

portion of 10 cm” of the afore-mentioned solution was

3

pipetted out in a 100 cm”™ volumetric flask followed by

3 3

the addition cf 5 cm”™ of 1:1 if H,50, and 5 cm

of H3P040

The»solution was diluted with about 20 cm3 of Aistilled

water and then an amount of 5 cm3 of 3% H,0, was added

te it. The wheole was thoroughly shaken and finally the

volume was made up to the mark with distilled water,

The vabsorbance of the test solution was recorded
at 410 T/; against the reagent blank, The test sclution

as well as the standard were maintained at the same

temparature (27°C). The amount of Ti0, present in the

test solution was determined from the standard curve.
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The-fnllowing empirical relaticn was used to calculate

the Titanium content in temms cof Tioz.

o Tio. o XX 1073 % 100 X D.F... ..
* 1102 = {Gight of the samplo-tiken

Where D,F = Dilution facter = 10 (in the present case) .-
x 1is the amount of TiO, in mg as determined from

the standard curve,

% T1 =

% Ti0, X Atomic Weilght of Ti
Molecular Weight of Ti02

Atomic weight of Ti = 47.9

Molecular weight of TiO, = 79.9

The details of the readingé for the standard solutions
and the readings for the test solutions are given in Table 2.:

ahdcfable 2.3 respectivély.

2.2 ~Analysié'of the XRF Ré€sults obtained,

It iS'intefesﬁinq.tO note that the results of analysis
by XRF technique of Ehe éamples collected £rom the ccal mines
of Bapung area, Jaintia Hills.3howéd not cnly the presence
of Titanium (Table 2.1) but alse its occurence in a high
quantity which has escaped frem the sight of previocus wor-
kers (2:2; 2.3). Similar analysis cn the samples obtained,
from various:other areas of the North-Eastern Reginn}howeVer

showed a very low concentraticn of Titanium,The occurence



of Titanium was found (2,4) tc be generally of the dpﬁer
of ppm in the two ceal and five rmCk samples of Nnngwalbibra

(25°

28' N: 90° 42' E) in West Garc Hills(Meghalaya),six
coal sampies obtained from Bdrsara‘(250 12¢ 03" N: 91° 11t
04" E) in West Khasi Hills(Meghélaya); one ccal sample from
Ukhrul (25O 07* N: 94° 225 ﬁ) in Manipur angd eight rock

| _, . . |
samples collected frem Phek (25 © 420 30" Ns 94° 28' 00" E)

, A perusal cf the resultsv(Table 2.1)makes if evident
" that while the Titanium_conteﬁts in samples of West Khasi
Hills and wést Garﬁ Hills lie in the region-gf3a'few ﬁun—
dred'ppm ahd a few,thousand ppm respectivelf, the element
4content in the samples of Nagaland and Manipur is about
a few thousand ppm. On the other haﬁd we have a percen-

tage level of Titanium in fgdiﬂhbc oo Hills oond Tel T

LEe,

2.3 'Geoloqical Significance of High occurence of Titanium,.

The results cf our analytical studies reveal that
thé Titanium centents in various samples collected from
the North-Eastern Region of the country did not exéeea
an amouﬁﬁ of a few th¢usand ppm. The samplesfreferred to
above are cnes other than those obtained frem the cral,
mines. However, it is significant t~ note that the samples

collected from the cral mines of the Bapung area of the



Jaintia Hills District (alsc in Neorth-Eastern Region) on
being analysed showed not only the presence but also the
occurence of Titanium to én extent of 4%. This must be con-
sidered very immortant because it directly indicates that
there may be a reserve of Titanium nearby such an area and
should be possible tO explcre - the fea51billty of locatlng

ores of Titanium namely Rutile (Tioz etc,

In this secticn, it is worth menticning that twe Gen=-
legical Survey of India (G.S.I.) has very recently detected
a high océurgnce of Titanium in é place called Sung Valley
(25 © 35% 15" N: 92° 06' 55" E) which is incidentally a
part of Jaintia Hills district. The repcrt cof the werk of
the G.5.I.is given in Appendix-A, The people.of‘the
Atomic Minerals Divisicn had also werked in this_place;
Sung Valley and part of thelr work is given in Appendix B,

. fhe works cf other pebpie de not form part of this thesis),

Hence, we think that .the cccurence ¢f high quantity
of Titanium in the Bapung coal fields may be related tc

the occurence of hich concentraticn of Ti0, in Sung \;-

-

Valley which are both lccated in Jaintia Hills Distrbet,
Meghalaya. Fig: 2.4 shows parts of East Khasil Hills and
Jaintia Hills (Meghal_.aya) where thésettwc places,Bapung

ccal field and Sung Valley are situated,



2.4 Correlaticn Study between different Elements
detected by XRF

The absclute concentraticn level of the elements dces
not provide much. information. Variaticns in concentrations
afe obtained in samples taken from the samé‘bore hole at
different.depths and alsc from the same type of sample.
With thé available data, the €orrelaticn study was there-
vfore-done tc check if there wbuld be any correlation bet-
ween the OCCuf&ncelof one element with respect to another,
The_formula used in finding the Correlation factor (r) is

presented as follows:

N {Nztiiﬁc'*Z’LéZh } | -
(v S - )Py -Gy 1A

where x and y are the amounts in pom of any two elements

LS

considered in the 1 .. sample.

éixiyi stands for the total of the product of x and

vy in all the samples.

zzxi and;E:yi stand for the tcotals of x and y in all

the samples.

sz&z and ;E:yi2 stand@ for the total of the squares

of x and y respectively,

N stands fcr the number of the samples,.



The results of the element-to-element qu:elatibn
study are given in Table.2.4,ﬁsome elements are strcngly
correlated irrespective of the bore holes,depths énd ty?es
of the samples. Perhaps, these elements may‘haVe‘come'
from the same source, Hence, the Correlation study may

throw some light on the'occurancé of the elements,



TABLE

TABLE

TABLE

- TABLE

CAPTIONS FOR THE TABLES.

gives the Multl -~ Element Analysis of the.
samples ccllected from different places of
North - Eastern India by ‘X-Ray Flourescence

Technique (XRF).

gives the Absorbance readings at 410 m
of the prepared standard solutions of T102

(in #mg).

glves the Absorbance readings at 419‘mfp

of the Test Solutlon containing Titanium,

gives the Correlation Coefficlemts of the

amounts of various elements detected by XRF
in samples collected from Bapung Coal-field
(Meghalaya) irrespective of the bore holesg

depths and types of samples;



" TABLE 2,1 Multl -~ Element Analeis by XRF in ppm

Ele- 1 2 3 4 5 6 7 8
mert, :

. - - - - - - - 2040
Ca 254 =~ 184 - - 2031 -
TL 24 1944 804 44628 21145 34838 2338 1226
or - a5 - < - . -~ 33
Mn & - = e o L. - 4632 10
Fe 20 6108 2038 37525 95012 185532 38424 11087
N1 2 - - - - - - -
Cu - - - - - - : - -3
Zn - - - - - - 18 38
Ga - 14 13 - - - S
Ge 1 - 3 - - - T - -
Br - - : - - - R | -
Rb - - - - 6 24 38 108 ' 144
sr 26 29 102 42 81 37 105 99
Y 17 66 26 28 69 120 - 57
z2r - 75 18 55 853 1950 - 55
Nb - - - 13 44 45 - -
Cs - - - - 8 50 - -
Ba - - - 22 282 325 - -
La - -~ - 7 42 90 o~ -
Ce - - - 7 241 288 - -
Pb - 521 32 52 413 374 448 @ -

Index ton sanple Nos,

- Coal sample frum Nongwalbibra (West Garo Hills)

Sample 1
Sample 2 -~ Ore sample from Nongwalbibra (West Garo Hills)
Sample 3 ~ Coal sample from Borsara (West Khasi Hills)
Sample 4 - Coal sample from Bapung (Jaintia Hills)
Sample 5 ~ Ore sample from Bapung (Jaintia Hills)
Sample 6 - Sand-~stone s mple from Bapung (Jaintia Hills)
Sample # - Ore sample from Phek (Nagaland)

8 ~ Ore sample from Ukhrul (Manipur)

Sample
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 TABLE 2.2 Readings for Ehe:i§bandard Curva

P S AR

Amounts of TiO2 in mg;'g Absorbance rsading at 410 m}i

P

1.00 - 0.06
2.00 | | 0.13
4.00 0426
6400 ) 0.38
8400 0.51

TABLE 2.3 Readings of the Jest Solutions,

X TS ey A

Sample Nature Bore Dis= Mean Amount Amount Amaunt

NOe hols tance Absor- of TiO2 of Ti - of Ti
NO . from bance in per- in per- in per=
the rea=- centage centage centags

sur= ding by X&F
. face at
410 m})\
4 COal 21 4.9 m 0023 702 4.3 4.463
5 Sand 22 32,55 m 0.11 335 241 2.115
Stone to |

33;85 m




TABLE 244 Correlation coefficlents of the Amounts of various elements

T1(Z
FekZ
Rb(z
sr(z
Y(Z

Zr (2
Nb(Z

Ba(Z
La(2
Ce(2

Pb(Z

T1

Sampies obtained from Bapung Coal ~ field by XRF,

Fe

Rb Sr

22) 1.000 04277 0.173 0,319

26)
37)

38)

= 39)

]

40)
41)
56)
57)

58)
82)

1.000

0,158 ~0,062
1.000 0.356

1.000

Y
0.435
0,202
0,558
0,526

1,000

Zr

04372
0.459
0,786
0.430
0.851

1,000

Nb
0.387

0.671

0.657

0,720

04699

1,000

'Ba

0.438

0,256
0.638
0.668

0.840

0.771

0.969

1,000

La

'0.380

0.330
0.774
0,672

0,830

0.896
0.766
0,832

1,000

detected in

Ce

0.260

0,077

0,742
0,724
0.843
0.782
0.806
0.912
0,914
1.000

Pb
~0.161
~0,196
-0,195
-0.186
0,143
~0.165
~0,021
0,088
~04100
0.113

1,000

38



FIG:

FIG?

FIG:

FIG:

2.1

242

243

2.4

37

CAPTIONS FOR THE FIGURES,

shows tha Calibration Curve of the Absor=
bance readings at 420 mﬁx varsus amouhts
’I

nf T102 in mgd

shous thc map of North = Eastorn India
with the locations of tho places: from

whaero the samples are colloctede

shows tho goological map of Moghalayas

shows the goological map of East Khasi
Hills and Jaintia Hills {Maghalaya) in
parts wherc Bapung area and Sung Valley

are locatode
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MAP OF NORTH-EASTERN INDIA SHOWING SAMPLE LOCATIONS
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GEOLOGICAL MAP OF EAST KHASI HILLS AND JAINTIA HILLS (MEGHALAYA)
IN PARTS SHOWING BAPUNG COAL-FIELD AND SUNG VALLEY.
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CHAPTER--3

ANALYSIS OF THE X.RAY DIFFRACTION DATA* OF THE SUBSTITUTED
~ ADATITES,

3.0 Introduction

Apatites are essentially vhosphates of calcium with
chloridé,hYdroxyl,flouride or carbonate acting also as
anions and therefore placed just before the phosphate in
the formulde.A wide rance of substitutions is vossible
among thesé anions and cmtions resulting‘in a broad vari-
ety of species.The series wontains flourapatite chlorape-

tite hydroxyl apatite,etc,

Substituyted apatites are important because of their
biological sionaficance and have been investigeted Ly samy
workers(3.1), Human bones and‘teeth contain calcium phos-
phrate spatite, Ca10<PQA)6(OH)2 which is also called Hydio-—
xyl apatite as the principal inorgenic constituent(3.2),
This belongPto the isomorphous series of apatites.Isomor-
phous substitution may be defined as the replacement of
one ion by a similar ion in a crystal lattice without dis-
rupting its geametry violently, The members of apatites
aroup can aléo enter into a wide'range'of substitutional

solid solutions. The study of the Solid State Chemistry of
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substituted apatites is important in understanding the pro-
cess of decay and growth of bones as well as that of teeth,
The substituted apatites are exepected to be hexagonal .in

structure,

In isomorphous substitution,it is generally observed
that the unit cell parameters(and hence the unit cell vo-
degree
lume)change smoothly with thel # -, of substitution. Vegard's
Law,in fact,implies a linear relationship between the unit

cell parameters and the precentage of substitution.The 1li-

near dependence was illustrated by means of two examples,

In the substitution of Ca'

+ by Batt on Calcium.Hydroxgp
apatite, (3.3), the variations of the unit cell parameters
'‘a' and 'c¢' of which were ghown in Figures 3,0-3,1. Fign%as:
3.2-3i4ng§we the variation of the unit cell parameters'a':

and 'c' and unit cell volume of hydroxyl apatite of Arsen~

ic(3.4),Ca10(As2)6(mH)2 when OH~™ is replaced by C#7.0n the

basis of these figures, it was woncluded thet Vegard's
~ law was satisfied qualitatively. Same conclusions were

reached in an extended study of similar substituted apa#

tites.

A closer look at Figures 3.0-3.4 suggested that the .
unit cell parameters ‘'a’ and 'c' had two different linear-
behaviéqrs in the range 0-50% and in the range 50%~100%

as reprasented by dashed lines. A oUreoyy glance at a few



more substituted apatites supvorted the feeling of the de-
biation of'a' and'c' from Vegard's Law, As the substitution
level and the unit cell parameters were not reported to
sufficient accuracy,it was difficult to arrive at definite
conclusion.The remaining part of the chapter deals with
the careful énalysis of the powder X-Ray spectra. invel—
ving a series of substituted apatites in 6ne particular

case,where the level of substitution was known accurately.

C;léium Hydroxyl apatite (in which Phosphate was sub-
stituted by Vanadate) was selected for the thyough study.
The procedure for the.preoarafion of these samples was
given in Appendix D (3.5). Substituted apatites could be

represented as

Coy (o) CVea), (on),

Where x dencted the molar fyaction of Vanadate

3;1.1 X-Ray Diffraction

Crystals are substances which have definite stru-
cfures. They are made up by the identical sﬁ;uctural
units which repeat regularly in space. When X-Ray radia—
tion is incident on a series of parallel lattice planes

of atoms in the crystal,diffracted beams are found when
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the reflections interfere constructively, The condition
for constructive reflection is given by Bragg's Law.

9 2,

LCLS‘LY\.Q = W.X ——- - - (3]) .
Where d is the perpendicﬁlar distance between two adja-

cent planes.

>k is the wavelenath of the incident radiation.
@ is the angle made by the incident radiation with
the plane {(or by the diffracted ray with the plane)

N is an integer,

The method of synthesis of the substituted apatites
yields‘the substance in the form of powdered microcrysta-
lline structure. The incident X-Ray‘fadiation would find
at least some microcrystals,properly'pfiented so as to
satisfy Bragg's Law for a given set of parallel lattice
planes.The Poﬁder Method is also ¥nown as Debye-Scherrer

Method.

The apatites are believed to belong to hexegonal
system in structure.In the hexagonal systam ,the conven-
tional unit cell chosen is a right prism based on a rhom-
bus with an angle~60”. The axes and angles of a conven-

tional unit of a hexaconal crystal are restricted. as .&QUQms T

CL:b#C') oi:/g:%" ) Y = 120° ~-——-(3-2>



The interplagmar spacinc ¥d' is related to the Miller
Indices (hkl} for the hexagonal system by the following

eguations:

273 a2 e o8

using Brago's Law

coo. ~ | ;
Dinp = ZE (kl+ hk + Kl) + .-/-L-fl lz? |
- 3ar ' hC %

34)

-

— ol (L\l-{-— Rk 4 KQ) + [3[2 U}

, : o - A | |
LOL.P,LE i - : .’_:'\_y\,(;l_ F X - - - (35)

3ot |

ke*
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3.1.2 Instrumentation

The X~Ray diffraction patterns of the powdered samples
of substituted apatites were recorded on a film with the

help of a Debye-Scherrer Camera of diameter 114.6 m.m. The

%éféé% used was copper,Cu %iradiation of wavelength 1.5424 A‘°

was then emitted under 40 Kv of voltéQe and 25ﬁktiof current,
The X-Ray beam coming from the target was first collimated.
The sample is introduced in the path of X-Ray beam.A photo-
graphic film is then placed normal to the X-Ray beam in

a circular path such that the distancé represents the di-

ffraction anole,

The po&ér cgratns which are so oriented that their pla-
nes satisfy.Bragq's law are in a position to reflect X-Rays.
The reflection occurs in a diyrection making an angle 2§

(8 = giancing ancle for a particular planel)with the dire-
Qtion of X-Ray beam. The 19cus of directions making an
angle 20 with a ¢given direction is a éone of half open-
ing angles 2 @ . The ancle 6 is determined by measuring

the distance between the similar arcs which correspond to

49 .



3,2 Previous Work on Substitutced Apatites.

Previous workers (3.3, 3.4) assigned the Miller Indices

to the spectral lines by solving the linear equation in &

and f&.

For hexagonalAcrystai,the measured glancing angle e
the Miller Indices -(hkl) and the lattice constants'a' and
'c' are governed by the relationship given in Egns. 3.4
& 3.5, Knoy;ﬁng the values of 'a' and 1c! for compounds
from the literature and with the known values of B as re-
corded by the instrument,the values of hkl were assigned
by the previous workers within tolerable error.This was
done for a few lines having lower values of»9 .It was
obvious that lines with high values of 8 would have mul-

tiple assignments.,

The smooth dependence of the unit cell parameters with
rgspéct to the levels of substitution gave an idea of
assigning hkl values. This was done to the spectral iines
of a compound of next higher substitution by comparing
the spectrum with that of the pure compound. All the ldnes
belbnging to.a lowest nquéro degree of substitution
which had the § values very c1ose to those lines of pure
compound were given the same values of hkl, Three or

four pairs of these lines then were chosen for solving



of and ;3 by using Eqn. 3.4. If the values of of and P
obtained from the different pairs were found toO agree,the.

1corresponding values of 'a' and 'c' weré accepted as valid.

In the same WRY, the assigmment was done for the
next higher substituted compound which came in the series.
'The lines were assigned the same values of hkl of the
' immédiate previous compound. The values of & and /3
- were then estimafed as before, This protedure was repeated

for successive higher degree of substitutions.

The feregqing method dealt with the low x}a_lues of )
and d1d not use all the diffraction data. We adopted a
procedure using all the available data in evaluating ;ch_e
values of ‘a’ and ‘c* and obtaining error estimates using

the Least-Square~Techriique.

3.3 Indexing Procedumne

On looking carefully at the low values of the mea-
syred 8§ , attempts were made to identify (5 of 6) lines
which have a reasoneble Greatest Common Factor for 'Sinza‘
such that the ratig of the Si_n2 9 to the Commen Factor
is an integer.of' th'e form "’\24- ‘\k-}-}(z .where h and

k are integers, Tlhis common faetor was identified with of .



This was achieved usually with an accuracy better than 2% .
Using Egn. 3.4, the value of Sin29 were calculated for

different h.and k (with 1=0),

14

The lines corresponding tc the calculated values of

Sinsz with fixed values of h and k were drawn parallel
to X~axis,(Fig. 3.5). These lines were associated with the
values of h and k as assigned to them while '1' was zero.

Using the same scale,the lines which represent the observed

vatues of Sin29 were graphically drawn in a separate sheet
(Fig.3.6), The two graph sheets were placed side by side

and compared tﬁ%oughly.These lines which agreed in the

values of Sin°® were assigned values of h and k
(with 1=0), The remaining lines were considered to be

associated with non-zero values of 'l1', The graph which

contained the calculated Balues of sin? p (with 1=0) was : .
raised up by such a: distance that there was an agrecment
between a few lines in both the gravhs ( Compare Fioures
3.6 and 3.7). The distance by which the graph sheet was
moved up is taken to be F tentatively,These lines were
~alloted with proper h and k and 1=1,Then the graph sheet
was moved up further by 3B (i.e.the total distance mo-

' véd was 4{3 ) and noted if there were some more lines
agreeing with observed spectrum (Compare 3.6 and 3.8).

These lines were assigned the respective h and k values



(with 1=2.) Same procedure were tried by shifting the graoh

sheet with a distance of 9%5 ,16 g and so on for assigning
: i

the rest of the lines of the observed spectrum, The lines

which agreed with the measured diffraction data were civen

the same h and k values and the corresponding 1 value was

put depending on the distance shifted,

The lines of higher values of # werc found to have
multiple assiqnments.With the accepted values of « and
ﬁ ysome &ines could not be assigned within tolerable errore.

This will be discussed later.

——— o + s—

3.4 Refinement in the values of ‘'a' and 'c!

The graphical method used was quite successful.The
values of 'a' and 'c' were quite acceptable as most of the

lines could be assigned within allowable limits ( of 4%4),

i

Using the above mentioned method, it was noted that
lines of the observed spectrum with higher values of 6
had multiple assignments, A standard technique was adopted
for refinement the values of 'a' and 'c' determined gra-
phically.This had impgoved the assignment and also the
best values of hkl could be selected for those lines having
multiple assignments.The technigue could be briefly des-

Ccribed .



The principle of the technique was that the best values
of 'a' and !c' were those which made the sum of the squares

of" the residuals a minimum. Now, from Eqn. 3.4,
¥ = 0(7(.‘-}-?7(2_ - - (3'L’\)
wt\'w/ U: S’C“le = k2.+ hk + K*d ‘Lz:'éz

Z {\d (oU(. + ]3}(1))
- (3.¢)

where N is the number of -.liries observed., R was minimised‘
which gave the best values, (jc( 'andP Yof & and Pas fo-
' o , , _

llows in terms of X1 X2, and y.

 °(0 Z 2 3ﬁ2w19~§:xzz 7.\
. g‘(_z (Z—W )Ll)z ‘ - |
l‘,‘"‘ -(3-3)

B - Z“ 2*2}1“2* "*22"!7
2y St (Z’“‘-z) )

Once o( and 13 were determined best - Values{ ao- and )

-could be found

3.5 Estimatihg the Errors .in a(') and c

O

A typical Qob"sej:vec‘i

“in Table 3.1. |



<N
b’}a

The best values of ag and c, waere then obtained after

refinement, The errors in them were also calculated.

The ranges of % and Powere determined by multiply -
ing R® of Ban. 3.6 by 2. Table 3.2 gave the best values
of a, and c obtained for different compounds at di-
fferent déyees_of substitution together with the esti-

mated errors in them,

3.6 Relation betwecon the Lattice Constants and the

Degree of Substitution.

The best wvalues aé and ¢ obtained at different
levels of substitution were examined to see their re-
lation with the degrees of substitution.To test this,
the entire series of substituted compounds were grouped
into two parts i.e. 0% -50%4 and 50%%-100%.For the sake
of comparison,the slopes and intercepts of the two

lines at 50% were determined,

The method of Least Squares (3.6)was adopted to ob-

tain the values of the slope,intercent and the errors

Y

in them,



Tha intcrcept (b}, ths slopo {m) and th: crrors
Ty ~nd T in thz intorcept and slopc rovpuctivuly
. m _ _

vere givoen by the Follouing cquations =

)

L:Z}(ZKD’) - Z\LZ&}
— 3
Vhere D = “(g,&) - (5x )jL %“-(3-?)
PR ST i
M e.( ._.5.> | J

™ - n(Sxy) - (i;t)(iz)
. D

---(3-10)
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x — (degree of substitution -50%

y = Lattice constant (a)

v is the probable error of the point as calculated by ex-
A ;

ternal consistency,

: i
- | < v2\/2
rs O 6145(4-\‘/~ ) N ERD.
e n-2 .
' ' 2
2 ,
where 2 V=sum of the squares of the f 3 }

('piojﬁ \JC‘_\(‘)

n = number of substituted compounds.

sihilarly,the method was applie-d for the lattice con-

stant (co) and the unit cell volume (v).

‘The analysis of the X-Ray diffraction data of the sub-
stitutgd .- & apatiteS"showed that the lattice constants
(a and <) foilcwed different behavioﬁrs in the two regions.
The vﬁmiaﬁion between the léttiCe éonstants obtained from
our analysis with respect to the degfée of substitution
was presented in Figures 3.9 and 3.10 . As seen from |
Table 3.3, there was a mérked differences in the slopes
of the two lines fo: both the constatts The éifferences
between the two intercepts were not significantly larger

thah the uncertaiﬁties (for both a and ¢ ) in them, ’

As a consequence of the above,it easily followed that
unit cell volume also behaved in the same way i.e.inter~
cepts are the same but slopes are different.In short,it
meant that unit cell parameters change continously but

not strictly linear,



Table 3.4 supoorted the conclusion drawn from the above
analysis. It presentad the number of lines observed and the
number which could be assioned within an error of 1% usin-g

the calculated values of the lattice constants ( a..and c){

As éan be seen from the Table 3.4 the number of lines
observed was more than 20 in the higher substituted com-
‘pounds i.e. 504 - 100% . In the case of lower substituted
compounds ( i.e.0% - S0% ); the number of lines observed
was less than 20 escept in one case (i.e. at 18,3% of.
substitution). The accuracy of the assignment with cal-
culated values of a and ¢ was found to be better for
lower ( 0% -~ 50%) substituted compounds compared to the

higher substitoted compounds {504 - 100%4) .

The above analysis clearly showed the inadequacy
of the Vegard's law for the whole range of substitution
but separately valid in the two dAi{fferent fahges i.e.
0% - 5046 , 506 - 100% . The’implicétion.of this would

be discussed in a later chapter in detail.



TABLE 3,1

TABLE 3,2

TABLE 3.3

TABLE 3.4

08

CAPTIONS FOR THE TABLES

gives the values of 8 _, - and

calculated ©f @ pure compound.

gives the besﬁ values of the lattice
constants 'a' and 'c¢' as determined,
together with the estimated errors

in them,

gives the slopes and intercepts of the

calculated lattice constants 'a' and

*c' in two different regions i.e.

0% -~ 50% and 50% - 100%  degree

of substitution of Vanadate.

‘gives the number of lines as obserged
in the spectrum for different levels
of substitutions of Vanadate and the‘
number of lines that can be fitted to

an accuracy of 1%,



3,1 . ) (OH)
TABLE. 3.1, Pure Compound  Ca,; (PO,) . (OH),

Observed ! Observed § Calculated § % difference Assigned
values § Values Values of » betuesen ob=~ Valuss df
of +6 in of Sin291 Sin2 o served and (hk 1)
degres {(x 10 ~2) (X 10 —2) calculated
: Values of
= §sin” 8
—i . ,
10.91 3.582 3.549 0.920 200
12.89 4,977 4,988 0,230 00 2
15.85 7 +460 " 74458 0.024 ' 211
16441 7 «981 7986 0.056 300
17413 8,675 8.537 1.590 20 2
17.71 8.254 9,233 0.230 30 1
19,82 11.608 . 11.535 0,630 310
23,29 15.633 - 15.635 0.015 2 2 2
23485 164479 16,523 04260 . 31 2
24,71 17 4474 17,434 0.230 213
25,16 18,075 - 18.105 0.170 32 1

27,83 21,795 214870 0.340 223

LV o S O B AATY  AME AL AT LB L N Kt T4 e MTER e e DK L SR LA AT TS Tl IO T B ot IR WA
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TABLE 3,2

i

A BT T L ST A Wk b i T

Sample No. % of substi- aO(AO) ! a’O(AO‘) !

ERY PTEr Y

0, (A%} o (n°)

tution of (exoxex )} (€rrax in)
Vanagate : ' - 3' |

1 0.00 9.464 0,628 6,913 0,036
2 5,70 0.415  -0.008  6.886 0.008

3 10,00 9,343 0.112 6,956 0.0622
4 18430 - 9,463 0.065 6,993 0,0749
5 36,67 9.498  0.039  6.920 0.0333
6 37450 9.488 0,043 6,903 0.034
7 49,16 5.790  0.104 7.260 0.055
8 61033 1 9.632  0.0744 7,080 0.052
9 74417 9.7ég . 0.075 7,023 0,070
10 8666 9,731  0.056 7,037 0.060

11 100.00 9.8059 0.033 6,969 0,066

ey e PR




TABLE 3.3

LATTICE CONSTANTS

B I CUL TR PRSP SR S

f

UNIT CELL VOLUME

gag(Aof)-% Error { o, (A°) § Error g v, (a°)3 5 Error
Intercept ({50%)  9.651 0.0480 7.0820 0.052 571,600 19,400
Intercept ()50%} 9,720 0.0400 7.1803 0.0279 588,000 6.230
Difference 8,069 0.062.  0.0980 0.059 16.400 11.300
siope  (<50%) 0.0057 0.0015 0.0040 0.0016 - 0.974 0.288
slope = (H50%) 0.,0011 0.,0013 =0.0046 0.0010 ~0,255 0.206
Difference 0.0046 - 0.0020 0.0086 0.0018 14229 0.354

o



- <2 L ST B S P AP PSR- Y crm

- o e

f

Sample No. { Molar % of sub= § No of lines g No, of lines

stitution by observed filted with-
Vanadate [ in an error

- B
1 0.00 12 11
2 5.70 15 15
3 10,00 | 17 | 9
4 18430 23 ' 17
5 36467 13 11
6 37,50 13 -
7 49.16 17 8
8 6133 20 e
9 74,17 28 14
10 86.66 - 29 19
11 100,00 | 25 18

. B! 1. i s i B e g A AP Nl T T M 4 s G i s ey O ety



FIG

PIG

FIG

FIG

FIG

FIG

.0

3.5

CAPTIONS FOR THE FIGURES

Shows the-behavior of the lattice censtant

'at versus the molar % of Ba++(adapted from

Ref. 3.3 )

Shdws the behavier c¢f the lattice constant

att (acdanted from

'c! versus the mclar % of B
rRef, 3.3 )

Shows the behavior of the lattice constant

'a' versus the meolar % of ClZ. in hyéroxyl

apatite of Arsenic (Adapted from Ref., 3.4 )

Sh8ws the beéﬁavior of the lattice censtamt
o

7/ -
fc' versus the molar;bf Cl in hyAdroxyl

anatite of Arsenic (adapted from Ref. 3.4}.

Shows the bhehavdor of the unit cell valume

.(Vf versus the melar % of C17 in hydroxyl

apati%e'of Arsenic ( adapted from Ref, 3.4)

Shows the lineé which are drawn narallel to
X-axig, corresnonding to the calculated
values of SinZE) fer Aifferent values of

h and k( with 1=0). Here the value of

is assumed tc be 0.009(Fics. 3,5-3.8 refer

to pure Calcium Hydroxyl avatite)



FIG

FIG

FIG

FIG

FIG

3.7

3.8

3.9

64

Shews the lines Arawn narallel to X-axis

correspond to the observed values of Sinze

for a pure compcund  Ca, g (PO4)6 (oH),

Shows the ficure: 3.5 when raiscd hy a
certain distance.‘Ié is raised by a distance
0,012 units and hence ﬁ-: 0.012 and 1=1
while the values of h and k are same as

in FIG : 3.5.

Shcws the FIG : 3.5 raised by a distance 4?
wﬁere B =0,012 units. Here 1=2 and h and k

are as in FIG : 3.5

Shows the behavicr c¢f the lattice censtant
'a' obtained frem our analysis versus the

mclar % of V84ongether with the best fit

straiqght line.

Shows the behavicr of the 1lattice constant
t'ct' obtained from our analysis versus the:
mclar % of VO4:r— together with the hest

fit straight line.
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CHAPLER =~ 4,

ANALYSIS OF THE I.R SPECTRA_OF THE
SUBSTITUTED APATITES

4.0 Introduction :

The thorougﬁ analysis of the X-Ray diffraction data of
the substituted apatites clearly showed that the lattice .
constants 'a' and 'c' did not vary smoethly with the de-
‘gree of substituticn. In fact, a break was obsérved apound

50» degree:.of substituticn.

To support the result obtained from the previous analy-
sis, Infrared abscrpticn Spectroscopy has been applied to
the analysis of?adiﬂééféﬁt_séries of substituted apatiteﬁ.
The Infrared spectra originated in transiticns between'two‘i
vibrational levels of the meolecules in the electronic
ground sﬁate and a;e“usually observed as absorption

spectra in the near Infrared region,



The Infrarcd Spectra of thesce substituted apatites
ware recorded by the Perkin - Elmer Infrared Spectrometer,
Model 983, The Substituted apatites chosen cculd be presen-

~ ted as

PL(Po,), L, Vo), (ow)

2

Where 'X' denoted the fraction of Vanadate (The prepa-
ration of this scries of substituted apatites was given in

Appendix-C (and did not form part of the thesis)

4.1 Vibrational Modes of the Molecules.

The substituted apatites under study were powdered
crystalline solide in which the crystallocraphic unit cell

contained several polyatomic ions. The internal modes of

-~ - ——

vibration of the VO4: PO4 occured in the region

700 - 1200 cm ‘1.



4.2 I.R S»ectrescopy

4,2,1 Instrumentaticn :

.The Spectra of the substituted apatites were recorded
by using the Perkin - Elmer Model 983 Spectrophotometer
with a dedicated data processor. The instrument can record
the transmittance or absorpasce of infrared radiation
through évsample during a selected time period in either the
single‘or double beam mode. Our spectra had been taken in
the double beam mode. After the radiation passes through
the sample, a monochromator is used to produce a spectrum
or a fixed frequency (expressed in wave number units) during

the recording period. The rance of frequency is 180 - 4000 cm

The sémpleé were prepared by applying Nujol technique.
The tedghnique (4.1) is preferéble compared to Potassium
‘bromide pellet technique in the sense that there micht be
a.possibility of cation exchange reaction with KBr, More-
over the material under investigaticn may élsg undergo
changes in crystalline form as a result of the high mecha-
nical pressure ( 10,000 p s i ) used in the pelleting

process.,



The spectra which gave the positions of Nujol peaks
were recorded. Fig : 4.1 was a typical spectrum taken for
the pure Nujcl. Fig : 4,2 was another typical spectrum of a
-1

pure compcund. The Vanadate peaks were found at 724 cm

1 -1

, there was an overlapping

and 808 cm~~ . At 724 cm
with the Nujol peak and hence correcticn was done when the

area under the Vanadate peaks was estimated.

The location of the Phospﬁate peaks in the spectra was
also noted down for the whole series of the substituted

apatites, The peaks occured around 972 em™! and 1154 cm-l,

The areas under the peaks were measured., Besides measuring
the areas under the Phosphate and Vanadate peaks, their

heights from the backoround were determined.

4.3 Influence of the Crystallographic_Environment _on

the Vibrational Modes of Molecules and Ions.

The lccation of the radicals (V04'-— or Poé'_ﬂ) in
the I.R Spectra differ considerably as compéred‘to'when‘
they are.in a crystalline environment. The changes in I.R
behavioﬁr may throw some licht on the crystal structure,

The crystal structure affects the Vibraticnal modes in two

ways.Unlike the free radical which héd the tetragonal



symmetry in free space, the crystal fields eiﬁher hexagonal
or monoclinic may split the natural vibraticnal modes of the
radicals, or change their frequencies. Secondly, if there
are two moleculess (as in the case of apatites) in the Unit
cell, there could be interacticn between them to modify the

frequencies.

However, these influences are rather difficult to
observed as at room temparatures, the lattice excitation
and other impurity modes spgead the absorption spectra.
Breadly speaking one expects apart from slight driftlin
the peak frequencies, the height of the peak to reflect
‘the éhanges in the crystal structure. The.relevant charac-
teristdcs of the peaks in substituted apatites is given in
Table 4.1 . Measurements for the whole series of substituted
apatites had been repeated so that the results obtained
after analysis became more reliable. Regarding the areas
under the peaks (Table 4.2), it is expected that there
should not be any change. In the case of isomorphous sub-
stitution, one expects that the area under the phosphate b
( or Vanadéfe) peak to represent the fraction of phosphate

(or Vanadate).
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A;graph of KJ = ( j:\‘~\;~— Q*O \)/'/’QJ t Ab>
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versus the deagree of-substitution clearly supports the 1i-

near behavidur as shown in Fig ¢ 4.1 .

On the other hand, a similar analysis of the heights
of the peaks rather than the areas shows some clear cut

systematic changes in crystal structure, the plot of

Z = (‘lxv ~ LLQ)/(‘('\.VA‘}' LF)

._ Ry Doar o Voo e

Dox Hoolb b Py ]& e
. OH j (AB\“ &z}.

versus the degree of substitution shows marked deviation

_T\.
G
\

Y

from the linear behaviour, This shows two distinct linear
behavio@;é on the two regions 100% - 50% and 50% = 0%. The
Least- Square-Fit estimates of the intercepts at 50% and the
slopes along with their error estimates are shown Lo inw '»

Table 4.3 .



4,4 Conclusions from I. R _Spectra

The analysis of the I. R Spectra showed that the
areas and heights when plotted versus the level of sub-
stitution (Figs : 4.3 - 4.4) supported our expectation.

PR

This comfirmed that when PO4

- — -

was substituted by VO,l

—_—

in the apatites, the behaviour of the I.R Spectra in the
regions 100% - 50% and 50% - 0% were cbserved to be dis-

tinctly different,

As seen from Table 4.3 of ﬁhe previcus section, there
was no clear cut difference between the intercepts df~the
two lines in the two regioné (100% - 50% and 50% - O%).
obtained by ploﬁting the peak heights versus the degree of
substitution. But there was the difference in the slopes
which was much more than the estimated.errors in them,the
areas under the peaks as expected showed a 1inéa; hehavié@i
with the degree of substitution (Fig : 4.3), The best fit

is presented by the dashed line.

4.5 Crystal Structure of Substituted Apatiteg,

4.,5.1 Summary from X»Ray and_I.R data,

The analysis cf the X-Ray and I.R data of the synthe-

sized apatites Calo(PO4)6(OH)2 and PblO(P94)6(OH)2 }

P



e
at different decree/of substitution of PQ, by VO

4

(in both cases)clearly succested a Phase Transition. around
50#. dearee of substitution. The results obtained from the
analysis of the two different data were very consistent as
both showed that there was a different linear behavior in
tﬁe two regions %-50% and 50%-100% separately. In both

the cases,there was a marked deviation in the slopes when
the best fit was done in two recions, Hence this is a dir-

rect contradiction with Vegard's Law,.

4.5.2 Previous Work on Mineral and Svnthesized Avatites.

The study on Crystal Structure of apatites is consi-
dered an important that International Union for Crystal-
lograchy (I.U.Cr,) (4.2) had formed a Commission on Crys-
sallocraphic Apparatus in the vear 1966 to analyse thoro-
ughly the crystal structure of apatites both mineral and
synthesized. Young (4.3) had shown marked deviation from
hexagonal structure for the substituted apatites and es-
tablished a mono-clinic phase. This was shown to be the case
for both the synthesiied and_mineral apatites. A parti-
cular sfidy on chloro-apatiter showed the establishmént of
the Hexa-mono transition in substituted apatites at 374

degree of substitution,



The failure in assicninc some lines in the X-Ray
Diffraction data within tolerable error as mentioned in
section 3.3 may be presumably exnlained as due to change

in crystal'structure.

4.,5.3 'Techniques for Studving Crystal Structures.

The techniques used for studying crystal structure
are broadly classified (43) into Diffraction techniques
and Spectroscopic techniques. The Diffraction techniques
which include the X-Ray Diffraction (XRD),Neutron Diffracs-
tion (ND) and Electron Diffraction (ED) are primarily sen-
sitive to spatial Relative Positions and Vibration Qf'
atoms., On the other hand, the departure of some‘atoms or
atom oroups from the averace structural behavior has been
studied by using Spectroscopic techniques rather than Di-
ffraction techniques. The Spectroscopic techniques include
the Infrared (IR), Laser Raman (LR),Nuclear Magnetic Re-
sonance (NMR),Electron Paramagnetic Resonance (EPR);
Optical Emission and Fiuoreseence. The Diffraction and
Spectroscopic techniques are highly complementary in
hature. It is reported that the application of both te-
chniques to the same problem and same apecimens often

can be particularly fruitful,



TABLE 4.1
TABLE 4,2
TABLE 4.3

84

CAPTIONS FOR THE TABLES

gives ths arsas undsr the Vancdate and
Phosphate peaks and the ratiocs betwesen
them for different degrecs of cubstitu=—

tion of* Phosphate by Vanadate.

gives the Peak hsights of the Vanadate
and Phosphate from the background and
the ratios between them for different

levels of substitution.

gives the slopes and intercepts of ths
ratios of the Paak haights of Vanadate
and Phoéphates in tup“diFFegent regions
that is‘1dd% ~ 50% and 50% = 0% degreas

of substitution of Phosphate by Vanadetsesr—



=

Molar Arsa

% of .(in-cmz) (in’cmz) A, - A

Arsa

o 1.167

A + A A .- A

' v P _V p

UD4-~ ‘under; ;gdi£4 (in cm)  {in cm) A, + A,

| vo, 4 |
Peak (R,) Peak (Ap§

1000 9,647 0.000 9.647  9.647 1,000
100 3,667 0,000 3,667 3,667 1,000
94 54413 0,000 54413 5,413 1,000
94 11,297 1.010 10,287 12,307  0.836

80 2,706 04400 2,312 3,112 0.743
80 5181 06906 4,275 65,087 0,702
70 3.835" 2,053 1,782 5,888 04303
70 4,228 2,106 2,122 6,334  0.335
57 3,828 1,888 1,940 = 5,716  0.339
57 5,295 3,067 2,229  B,363  0.256
50 9,348 74973 1,375 17,321  0.079
50 5,730 3,733 1,997 9,463 0.211
50 64575 44240 2.335  10.815 0.216
40 5,261 64720 ~1.459 11,981  =0.122.

40 3.151 64160 ~2,979 9,341  ~D.319
25 2.187 5,040 ~2,854  7.225  =~0,395
25 3,163 64750 ~3.587 9,913  ~0,362
25 3.903 - 7.760 =3,857 . 11.663 =0,331
10 2.454 5.120 ~2,656  7.584  =0.350
10 14129 3.547 ~2,418 4,676  =0.517
10 0.966 5,520  =4.554 6,486 =0.702
e 0.6M 7.070 -6.549  7.681 —0.841
0 0.221 5.947  =10,167 9,726  =1,045
o0 0,544 44240 ~3.696 4,784 0,773
642564 ~5.097  7.431 ~0,686

A T,
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TABLE 4.2

- .

i}"}olar Peak height Peak height

% Oi* ( in ompz; { in GT....;).. rTV - hp hu + hp hy‘;.l':n
vo, of VO, of PO, { in om) {in cm) h, + hp
100 4,00 0.00 4,00 4,00 1.00
100 0.00 6.00 2.00 2,00 1.00
94 0,70 0,70 4,00 5.40 0,74
94 2,450 0.00 2.50 2,50 1.00
80 2455 0. 60 1,95 3.15 0.62
80 1.7 0.35 1435 2,05 0.66
70 2,40 1410 1,30 3450 0437
70 2,05 0.90 1.15 2,95 0.39
57 1,85 1420 0.65 3.05 0.21
57 - 2 440 1.80 0.60 4,20 0.14
50  4.40 4,20 0.20 8.60 0,023
50 2,95 1.80 1415 4475 0.24
50 3,15 1.90 1.25 5,05 0425
40" 2470 3,05 ~0.35 5,75  ~0.06
40 2420 2420 0.00 4,40 -0.00
40 2,40 2,90 ~0.50 5,30  =0.094
25 2450 3,15 -0.65 5,65  ~0412
25 2.40 2,70 . =0.30 5,10  ~0.06
25 1455 1.90 ~0,35 3,45  =0,101
25 1.00 2,20 ~1.,70 3,20  ~0438
10 0.70 1.35 -0, 65 2,70 =0.24
g 1520 3. 60 ~1.40 3,80  ~0.37
0 1,70 3470 ~2.00 5.40 =037

0 0.95 1.60 -0,65 2470 ~0.24

B . .. Ll B M B AP AT M T £ O L SANPDY



TABLE 4,3
Ranges of the Intercept § Error in ADifferencof Error
refions rela- (X 10-2) § intercept in “in
tivo to the | § (X 107%) ] Intercopt{ tha
dogtoo of | L (x 107%) ¥ diffo-
substitution . w g Tenea.
of \IOQ | i ‘%
50% - 0% 9,023 14538
2.444 14729
100% = 50% 114167 04791
Rogions S lopo- { Error in Difference §Error
(X 10-2) S lopo # in slopes. § in
’ | (X1072) (x 10"2) __$tho
' . { diffo=- .
] ' o $ ronco.
1 - i § (x 1079
50% - 0% 04941 0.0502
04778 .0568

100% - 50% 14719 0.0265

{

4
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CAPTIONS FOR THE FIGURES

shows the locations of the Nujol peaks;

shous a typical I+R spectrum of a_pure

compound P510 (VD436 (DH32

shous the linear relationship betuwesn.
the arsas under the Phosphate and

Vanadate I-R peaks versus the degree

- of substitution by Vanadata,

skous tha bohanqu of the Peak heights
of Phosphate and Vanadate Vaersus the

dogroa of substitutions
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CHAPTER - 5

CONCLUSION

ﬁhysics, the most basic science had influenced se-
veral cother disciplines considerably. Several physical
exﬁerimental techniques played important roles in resear-
g§§§ in other disciplines ~ like C14_ dating in
Archeoloqgy History and Ge&logy; Electron Spin Reso-
nance, Spectroscopy, X-Ray diffraction, Electron.Mic£¢8—
copy, Nuclear Tracef Technique; Ion Implantation,
Atomic Absorntion s?ectroscopy,‘Mass Spectroscony - and
several other have an impacﬁ-on other brancheqof
science which lead to the new fiﬁdings; perhaps, the
help rendered by the physicists in different fields

is bheyond compartison.

Physics involves mostly experimental work. In any
experimental work, one measures snecific nhysical nara-
meters. Besides measaring, one should keep in mind that
checking the accuracy, reliability and renroducibility
of the measurement 1s to be Aone before internréting
the results. If necessary, cne should even try tc im-

prove the accuracy, reliability and minimise the errors.

-



The thecry of erross and Design onﬁexperiments both
these subjects are ﬁnfortunately not studied widely and
not used by most -experimenters in dther disciplines
(scmetimes in physics even), Consequently, full benefit
can not be obtained just by using pswerful physical tech-
niques., Combining powerful statistical technicques with
physical Analytical instruments can lead us to better
understandiﬁg in Geology, Chemistry, Biology etc. This
is' true because the results cbtained from the analysis
have been examined by estimating the error in them #n

more detail,

Simple check like repetation of an experiment,
multiole checkina of several parts, using an alternative
experiment for the same purpose make the results more

reliable,

In the present thesis, two different nroblems have
been studied. Trace elemental analysis of coal-fields
in North;Eastern}India, which is of'importanCe tc Geo-
legists, Unusually larce amounts cf Titanium was iden=
tified in an area called Bapung in Jaintia Hills Dis-
trict,Meghalaya. This occurence of a fairly high amount of
Titanium_ccmﬁamed to other areas was somehow missed by
several previcus workers. The seccnd nroblem dealt with
‘structural changes in substituted anatites- a nroblem

of impertance to nclid state Chemistry and medicine.



A definite deviaticn from Vegard's Law is established
which sugqgests nhase transiticn arocund 504 degree of

substitution,

Finally, we hcpe that we have established the
importance <f using the sfatistical techniques for
analysing the experimental data bhefrre any conclusion
can be drawn. The finﬂihgs mresented in this thesis
are the ches which have escaped frem the sight of the

nreviocus workers.



APPENDIX A

Extract from

MEGHALAYA COMES ON THE BAUXITE MAP OF INDIA.

G.S.I}; North Eastern Regional News Letter 2 (1Y,(1983),
page 15, '

Quatermary investigations by s/shri
B.C. Poddar and K.K. Sinha in Meghalaya have Lgd to the
discovery of a spectacular lateritic bauxitic weathering
profile at Lumkynthang (25% 35' 15% n : 92° 06' 55" E)
about 50 Km from shillong. Initial scanning of the scarp
sections reveals that a very thick ( + 30 m) residual,
in situ laterite - bauxite cap has developed on a sub-
strate of coarse crystalline pyroxenite which is a com-
ponent of the Sung Valley Magmatic Complex of Cretaceous
( 2 ca 85 m.y) age., This complex is intrusive into a suite
of .Precambrian metamorphites. The weathered cap lies at
an elevation of 1100 m above mean sea level. It persists
essentially as a flat relict patch of "mesa" in the lands-
cape of the Sung Valley which is dominated by polycyclic
slopes. Megascopic identification of bauxite has been
fully corroborated by chemical and X-~Ray analysis. The
dominant mineral phased are anatase, diaspore and hemaw:.
tite. Chemically, the bauxite appeafs to belong to
"tiallitic" variety characterised by uncommonly high

content of Tio2
b

The discovery marks a break~through
in our geological knowledge of Meghalaya. Investigations
are in progress to assess and evaluate the economic and

scientific value of the occurrence.
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APPENDIX [

Extract from

Petrology of the carbonatites_and associated rocks of
Sung Valley, Jaintia Hills District, Meghalaya, India.

By P. Krishnamurthy -
Atomic Minerals pivision, Begumpet, Hyderabad

Jgournal Geological Society of India 26 (1985), 361.

Sung Valley has a fairly easy access
and is located between latitude 25931' - 25-38' N and
longitude 92°°05' - 92710°* E in the Jaintia Hills district
of Meghalaya. It is connected by road from shillong -
(N.H. 44 between Shillong and Jowai) the nearest bus
stop being Mookundur situated at a distance of about
49 Km from Shillong.

The country rocks are primarily Pyro-
xenites, Peridotites, Ijolites, Cazhonatites, Syentites
Feldspathic Veins, Fenites and Melilite bearing types.
Fourteen chemical Analyses of major ahd minor element
compositions of .the .different rock types and averages ‘are
given in Tables I, II, III and IV. Assuming a magmatic
evolution among the different members of the silicate
rocks, the Variation of Metallic oxides vs Mg0 shows
a) A steep increase of Ca0 reaching a maximum in py-
roxinites fdllowed by a steep decrease.

b) Steady decrease in Fe,0,+ FeO and Mno
c) Steady increase in AL0,, Na,0, K,0, TiO,

d) Initial increase of siq, and B,Qg followed by 2
decrease, :



- TABLE I. Chemical an&lyses of carbonatites from Sung Valley,
lleghalaya, India, ’

Wt % 1 2 3 4 5
S10%. {100 {1000 <1.00 N1.00 <1.00
10, 0.01  <0,05  0.04 0,02  0.62
Aal,0,  <0.10 1,17 0,10 u.o .54
Fe,0,(T) 0,30 2.70 5.00 1.80 1.30
MnO 0.20 0.10 0.10 0.10 0.30
MgO 2.10 3.50 2.40 2.30 16.80
cao 53,20 51.30 51.80 49,80  34.70
Na,0 0.10 0.08 0.04 0.03 0.06
K,0 0.01 0.01 0.02 0.01 0.01
P,0g J0.01 9.70 6.30 2.70 4.10
*

- %
LO1 2.10 1.7 2.3 1,3 0.5
€0, 40.10 28.0 31,0 38,3 40.2

Total 99,32 98,29 99.50 96.56  100.33




TABLE I. Continued, C_t£4Lta ‘£L¢MM1”13 )

ppm 1 2 3 4 5
N | & <e s
co ¢ < IR <4
Cr 13 13 20 19 2

v BDL 57 83 39 56

Zr {10 628 117 11 16

Nb 154 503 237 - 606 - 512
La 50-100  50-100  50-100  50-100  30-50
Y 50-100 50-100 50-100 50-100  10-50
U 29 0.3 0.5 {0.3 18
Th “7.8 6.5 5.2 0.6 65.1
cu 15 45 30 14 4
Bat 523 521 513 517 622
st 3909 3609 3396 3355 1399
Ce 467 244 471 308 149
Cation Norm (%) t(partial) :

Calcite 94.62 70.26 76,44 80.52 7.38
Dolomite - - - 12,12 80.8¢
_Apatite - 20,08 12,82 5.37 0.79
Hematite 0,20 1.87 3.40 1,20 0.79

Index to Numbers
1. sovite, 2, and 3. Apatite sovite. 4, Dolomitic sovite:

S. Beforsite,
*Excluding CQ

203

+Ba and Sr data on analogous samples from Verma et al (1977)

2 (T) Total iron as Fe

- Major and minor oxides analysed by Tikoo et al 1978 ~ Rapid

methods.
Trace elements by Patwardhan et al (1979) - Optical
spectrograph,

U and Th data by Atal and Bhalla (1978)- Gamma-~ray
spectrometry.

Cation norms following the methods of shaw (1969),
BDL - Below Detection Limit ( {4 ppm) .
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Table II, Chemical analyses of silicate rocks from Sung Valley, Meghalaya,

India,
Wt % 6’ 7 8 9 10 11 12 | 13 14
510,  48.80  45.50  42.50  44.50 67.30 67,30 42,80 33.10  39.19
Ti0,, 0.93  0.76  0.55 0,38 0,89 0,11  0.42 1,08 0,09

Alzoé 2,12 3.70 17.40 20,20 15,00 16.90 2,10 <0.10 0,50

Fe,0,  4.60  4.20  3.90 5,70~ 5,1 2,70 2.20 15,20  9,1C - =
FeO 3,33 3,40  4.10  3.30 1.2 0.50  2.50 2,90 1,50 -
Mno 0.10  0.10  0.13 0,20  0.10 0,20  0.40  0.30
 MgO 17.50 13,70 4.70 3.50 0.4 0.50 0.30  32.20

Ccao 21.00 23,80 15.30  9.40 1,50  0.90 42.00 0,30

Na,0 1.18  1.05 5,05  5.30 4,97  3.96  0.97  0.05

K0 0.75  0.22 2,56  3.32  4.07  6.,21  0.30 0,01

PO,  <0.01 <0.01  1.24 .0.09 Q.10 {@.01 1.59 0,01

H,0" 0.20  0.30  0.60  0.30 0.4 0.3 0.3 2.30

LOT 0.20  1.10  2.1C  2.30 0.4 0.9 0.6 12,11

Total 100,31 97.83 100.13 98.48 99,93 100.18 96.48 99,55 100.62




TABLE II. Continued

ppm 6 7 8 9 10 11 12 13 14

Ni 502 462 16 22' 21 20 1115

Co 41 25 10 14 CIRY 141

Cr 843 916 11 19 16 16 1635

v 126 172 300 137 36 104 105

zr 55 139 457 267 1037 57 27

Nb 66 57 198 56 370 145 45 =
La {30 <30 <30 <30 <30 <30 <30 ™
Y {10 {10 10.50 <1000 ®mso 1o {10

U 0.3 0.3 0,6 0.4 2.3 0.8 0.8 0.2 0.2

Th 1.6 1.7 4.7 4.9 11,0 0.7 4,7 0.5 0.7

Cu 18 13 8 9 12 9 8

Ba® 540 481

st 313 360

e 2,

Index to Sample Nos, : -
6. Medium-grained pyroxenite. 7. Coarse-grained pyroxenit¢ 8. and 9, Ijolite,

10, Syenite, 1l1l. Fenite. 12. Wollastonite rock, 13, Perid¢tite (magnetite-rich type).
14, Peridotite.
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These features seem to suggest a mineral controlled mag-=

matic evolution for the parental léquid of the suite, .

Evidences from the major, minor and

trace elements variations among the different silicate

rocks and their mineralogical compositions suggest that

the different rock types encountered in Sung Valley could

be derived from a parental alkali pricritic or melanephe-

linite magma, although there is no direct evidence on the

surface for the availability of such a liquid.

TABLE III. C&tdan norm (%) of silieate rocks of Table II

6 §7 8 9 10 211 12 | 137 % 14
Q|- - - - 16.98%16.00%- - -
or | - %- - 15.0 24.10%36.90%1.95 0.051 0.20
Le %4,80?0.81 12.16| 4.0 |- %- - _ -
ab - - - - 44.70?35.75?9.50 io.so% 0.70
Ne %3.21 4.20 | 27.33| 29.64] - [ R é-
an - .56 | 27,80 34.52{5.44 |3.60 0.88 |- 11,28
Acm§3.6o } - - - - :- - %- -
Di (65.8075.40 | 12.48 | 3,08 |2.28 |2.07 | 7.00 |1.32 -
Wo i" ; - - - - 47,57 | {-
cs 15,95 F.ls 5.34 | - - - b6.37 | %
ry - L - - = e - i33.90&49.14
ol 116.68;2.25 77.41 ) 6.94 |~ - - 48.90340.29
II { 0.74:1.10 | 0.78 | 0.54 |1.24 o.16‘ 0.64 | 1.68 |-
Mt g 3.3654.54 4,09 | 6,09 {0.93 |1.41 | 2.52 | 5.0113.78
Hm % %- 2.94 0,95 |~ 8.48 (4,36
Ap } §- 2.61 |0.19 |o.21 |- § 3.62
Cor % %w - - 1.30 3;155 - I y0'07




TABLE IV, Average compositions of some representative :
samples of Sung Valley along with averages of

similar rock types.

b ————

Wte % - 1 2 3 4 5 6

........

810, 42,40 47.55 43.50 67.30 41.55 38.12 - 47.26-

Al,04 0.59- 2.91 1é.80 15.95 7.25 11,99 - 20.82
Ti0, 0.69 0,64 0.46 0,50 3,31 0.32 ~ 3.90
Fe,05 14.29 4,40 4,80 3,90 6.80 3,53~ 7.08
Feo 2.58  3.36 3,70 0.63 7.77 2,16 - 6.46
MnoO 2.29 0,10 0,16 0.i8 0,20 0.11 - 0,35
Mg0  39.06 15.50 4,10 0.45 13,02 3,30 = 5,70
Cao 0435 22.40 12,35 . 0495 16,93 6,45 - 22,56

Na,0 0,07 0,96 5,22 4.46 1,38 4,65 - 11,69

K,0 0.01 0 63 2,94 5,14 0,70 1,35 - 3,84

P2% o.01 0,01 0.66 0,10 0,5 0.16 - 1.87
co, - - - - - Nil - 1,66
H0, - 0.25 0.45 0.35 0,50 0,11 - 2.94

Totat 100.33 98,30 57.14 99.88 100,00
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TABLE IV. Continued.

ppm 1 2 3

e e T g - BB e B B o iy o i T T M M D P

Ni 11158 482 19

Co 141 33 . 12
Cr 1635 879 15
v © 105 149 218
zZr 27 97 362
Nb 45 61 127
La ¢30 {30 <30

Y {10 .10 :
o . N

Sr

Rb

U 0.3 0,4 0.6
Th 0,7 1,85 5,5
Cu 8 15 8

Index to numbers in Table IV

1, Average of two peridotites 13 and 14 of Table I
recalculated loss on ignition free,

Average of two pyroxenites (No. 6 and 7 Table II),
Average of two ijolites (No. 8 and 9 of Table II)

Average of syenitic types (No. 10 and 11 of Table II1),
Average alkali pyroxenite (Nockolds, 1954),

Range of ijolite compOSLtlonsf Samples included are
from complexes such as Fen, Napak’and Budeda (Tuttle
and Gittins, 1966, p. 235, 212, 103 and 78 and East

Africa Le Bas, 1977, De 307)

L] L]

O b W N
.
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APPENDIX - C_

Extract from

Preparation and Characterization of Solid Solutions &f
Phosphate and Vanadate Apatites of Lead,

T.S.B, Narasaraju, S.K. Gupta and P.V,R. Rao
Department of Chemistry, School of Physical Sciences,
North - Eastern Hill University, Shillong'- 793003,
India,.

Current Science, 54, No. 2 (1985), 63

EXPERIMENTAL
The preparation of the samples was based on
the following equations : '

0P 4 6x0;7+ 20k = Pb (x0,), (OW),
Where X = P or V or (P + V). While stock soiutions of
Pk?+and poz' were prepared from lead acetate and diammo-
nium hydrogen iaphiesphate in double distilled water,
sodium orthovanadate solution was obtained by dissolving
vanadium pentoxide in sodium hydroxide sblution:“hll R
these solutions were preserved in polyethylene containers,

The amounts of lead, phosphorus and vanadium present in the
11

respective solutions were determined by complexometric™,

Washburn and Shear's12 and iodometric13 methods respec-
tively., Aqueous solutions of the reactants containing
stoichiometric quantities required for an yield of 30 g .
of the sample were used. An appropriate volume of lead ‘
acetate solution added to a required volume of ethylene-
diamine 91%15 o naintdin a pH of 12 on dilution to

1000 ml was taken in a 3 litre round bottom flaske
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Diammonium hydrogen phosphate and/or sodium
orfhovanadate solutions stoichiometric with that of Pb2 +
solution taken were treated with ethylenediamine and
diluted to 1000 ml such that the pH of the resulting so-
lution was 12, This solution was added dropwise to that
§b2 * . The precipitation was done at 37 C to samulate
biological conditions. Air (free from COp} was bubbled
through the medium to eliminate the formation of carbonate
apatite, The precipitate was refluxed for about two hours
in contact with the mother liquor, left overnight, filtered
through a IG4 sinterea,glass crucible and washed with .
water till the washings were neutral. In order to elimi-
16 likely to get co-precipita€edi:h
with the sample, the latter was-equilibrated for about
6 hr with 2% EDTA solution maintained at a pH of 10, The
sample was washed with acetone and air dried., A part of
. the sample was heated to 300 C for 6 hr14 and cooled in

a desiccated atmosphere, This was used for chemicaI, X=-ray

nate extraneous: phases

and IR analyses, The weight per cents of Pb, P and V of
the samples were determined by methods17 specially worked
out by us for the purpose and reporteé in columas 3,4,5
of table 1, From these results the molecular formulae were
calculated and given in column 7 of the table., The g atom

ratio, Pb/(P + V) was calculated and included in column 6,
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Table 1 Chemical Analyses of Solid solutions of Phosphate,énd Vanadate apatites of Lead,

stoichiometric,

wt (%) g atom

Sl. ratio, :
No Sample Pb P v Pb/(Pp + V) Molecular formula*
v 2 () -9 (5 (6 (7)
1 Lead Phosphate apatite 77.86 6,97 = 1.67 an)<$%h)6 (OH)2

(LpA)
2., 8olid solution I 76,61 6,19 1,16 1 .6¢ (PO 0
. . e evi0 (P0);, (10, (00),
3 1id soluti 7. . . . :

solid solution II 77.36 5.13 2,74 1.70 pbg (o), 5 (VO,), 5 (OR),
4 solid solution III 76.69 4.15 4.22 1.7 eby, (Po,), o (Vo). (oK),
5 Solid solution IV 75.46 2.99 6.40 1.64 pb
6 Solid solution V 75,26 2,15 7.54 1,67  pb 0 '

. 7 wmy (P0),, (V0),, (o),

7 8olid solution V 75.69 1,32 8,81 1,69 Pb
8. Liead Vanadate apatite 74,37 = 10.80 1.69 pb

(LvAa)
* Based exclusively on Pb, PO4 and VO contents, (OH)) content being assumed to be

/A
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APPENDIX -~ D

Extract from

Preparation and Characterization of solid
sclutions of Phosphate and Vanadate Apatites

of Ccalcium,

GUPTA, S.K., RAO, P.V.R. and NARASARAJU, T.S.B.
Indian Journal of Chemistry (in print)

Materials and Methods.

The sample were prepared based on the following equation :-

10 ca S0, + 6 Na, X0, + 2 Na OH = Ca,, (X0,) ¢ (oH), + 10na, soO,

Where 'X' =P or V or (P+V) of desired proportion,.
Stock solutions of phosphate and vanadate were prepared
by dissolving disodium hydrogen phosphate and vanadium
pentoxide respectively in 0,5 M sodium hydroxide solution,
preserved in polyethylene céntainers and analysed for
phosphoruslo.and vanadiumll .

Appropriate volumes of the above solutions maintained-
at a pﬁ of about 12 were mixed with a stoichiometric
amount of calcium sulphate suspended in 0,5 M-sodium

hydroxide solution under CO,- free atmosphere, the sus-

-pension being maintained at?its boiling'point. The pro=-
duct was aged for about 2 hrs.and left overnight to
facilitate hydrolysis and to improve crystallinity, It
was them filtered through a 1 G4 sintered glass funnel
and washed till the washings were neutral, In order to
eliminate extraneous phases likely to get co-precipita-
ted with the sample, the latter was equilibrated for |

about 6 hours in a 2% EDTA12

solution at a pH of about
10, Each sample was washed with acetone and air-dried,

A part of each sample was heated to about 300° ¢ for
about 6 hrs.13 and cooled in a desiccated atmosphere for

use in chemical, x-ray and infrared analyses,



For the preparation of the samples, a preference
for a co-precipitation technique to crystallization from
fused mixtures was justified by the considenation that
fusion needs different temperature for the end-members
resulting in decomposition due to inequalities in indivi-
dual thermal stabilities, Formation of tertiary phosphates
of heavy metals through a conventional precipitation from
aqueous media is complicated due to co-precipitation of

23 . Mayer, et. a124 .

their hydroxides and acid phosphates
suggested a method for the preparation of apatite based
on the use of a reactioﬁ between solid lead sulphate and
a highly alkaline solution of sodium ortho-phosphate, It
is claimed by them that the method is capable of applica-
tion to prepare a wide-ranging series of apatites, With
appropriate modifications of thé method24 , appreciable
quantities of CPA,CVA and a series of their solid solu-
tions over the entire compositional range could thus be
prepared, It is evident that the mechanism of precipita~
tion operative in the method adopted is based on a pre-
ferential precipation of CPA, CVA and their solid solu-
ticns controlled by a consideration of their solubility
products.,
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