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

By 

PHLISDAMON NONG~VNRIH 
DEPARTMENT OF PHYSICS 

SCHOOL OF PHYSICAL SCIENCES 

.A THES:IS . . 
SUEM:ITTED :IN FULFILMENT OF THE 
REQ, "'":IREMENT FOR THE DEGREE OF 

DOaOR OF PHILOSOPHY 

To 

t-E.AS':t"ERN H:ILL U"N:IVERS:IT; 

SHILLONG - 793001 

MEGHALA Y A, INDIA 

NOVEMBER, 1985 



''The fear of the Lord is the instructiop of wisdom ; 
·and before honour is humility" 

( Proverb 15: 33 j 



.DEDICATED TO 

MY PARENTS· 

Whose guidance had been the source of this goal. 





CERTIFICATE 

I certify that the dissertation entitled ''STUDIES ON 

STATISTICAL INFERENCE FROM X-RAY A~TI OTHER SPECTROSCOPIC 

DATA 11 submitted by Miss Phlisdumon Nonrrkynrih in fulfilmQvtt 

pf ~he requirements for the de0ree of DOCTOR OF PHILOSOPHY 

is the outcome of a study··.unde·z;t:J.ken by the candidFtte. 

I certify that the sources from which ideas have been 

borrowed have been duly referred to and acknowledqed. 

\ 

The materi.=J.l in this dissertation ha~ not been pre-

sented for .=J.ward. of a deoree in any Univer:~dty. before. 
· ..• 

This dissertation m2y be placed before th9 eX·J.miners for 

evuluation ::tnd necess~ry form::1lities. 

The work for this thesis is .a. continuFJ.tion of the 
I 

C'lndid,:lte' s M ~Phil. dissert:1tion entitled 11 Nuclear 

Techniques,in Tr::1ce Element An::J.lysis". The ideptific3tion 

of Titanium -::md the observ-"1tions on the Crystal Structure 

ch3.naes are worthy of consider·"1tion by the ex?.lminers for 

the award of the dearee of Doctor of Philosophy. 

ll(ii~~ ·~ 
Y.S.T. RAO 
Supervisor November 15, 1985. 
Physics Department 
North - Eastern Hill University 

SHILLONG. 



I wish to express my·heartiest qratitude· 

to my guide, Dr. Y.s.T. Rao, Reader, Physics Department, 

North-Eastern Hills Univer~ty ( N.E.H.U) for his 

$Upervision and constant guidance in making me able to 

complete.my work. 

I am greatly indebted to Dr. D.T. Khathinq·, 

Physics Department und Dr. M.K. Choudhury, Chemistry 

Department1 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 Baneres Hindu 

University for their works which served as starting points 

for my work on Crystallography. 

Thanks are to Dr. R.Ramanna, D~.P.K.Iyengar 

and s.s. Kapoor of B.A.R.c., Bombay fo'r giving me the 

privilege of using laborator&gos facilities. 

I am also thankful to Drs. s. K.Kataria', 
Madan Lal and Rekha Govil of Nuclear Physics Division·, 

B.A.R.C., Bombay who have helped me .in doing the analysis 

by X.R.F. 



MY thanks extend to tate D. B. Ghosh, Deputy 
G~~~ . 

DirectorAof Geological survey of India (G.S.I.), North-

Eastern Reaion ( 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 Direftor G~en.eY"O.l) G.s I ) 

N.E.R. for kindly permitting me to use the official data 

as the references. 

·I really owe to Drs. A .c .Goswami1 E. V .R. 

Parthasaradh~, R. N. Banerjee, R.G. Joke, L. Sangma', 

A.M. Gautam, Ram Pratap 1 E.R. Tagore, R.G. Verma,. P.C. 

Mehotra and Miss B. Lily Kharkongor of G.S.I.( N.E.R.) 

for s~pplying all the relevant information and extending 

the facilities of their laboratories whenever needed. 

Thanks be to the ~tomic Mineral Division 
pepple of North-Eastern Region for -discussion about 

geochronical significance of Trace elements in the North 

-Eastern Region. 

MY thanks go to IIDr. 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, Oovernrnent of Nagaland for supplying 

samples. 

I also owe to the University Grant ComniS.Sion 

for the financial assistance render~"'l t-o mo under the U.G.C. 

Minor Research Project No.F-25- 1(13142)/83 (s.R~I). 



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.C. ( J.R.F. scheme). 

I acknowledge a minor financial help from 

the state 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 permission(to do the Research work. 

Finally, I am also grateful to Mr. Macdonal 

Lakiang for his kind effectively doing the photocopying 

work. 

ooooo 

p Ibf~"'''fr 
( P .N ongkyn rih )) 

1 t.k. f)Q( . .> 8'5. 



(V) 

CONTENTS 

CERTIFICATE 

ACKNOWLEDG ~lJd~NTS 

TABLE OF CONTENTS 

CH lPTER 0: IN.L~~1DUCTION 

CHAPTER I: TrtACE ELE1•1ENT D ISTHIBUTIO N 
IN COAL FIELDS OF 
NOrtTH-BASTBRN INDIA 

CHAPTER 2: STUDYING OF THE itE'SUL·rS -_ 
OBTAiijED FRQl\;1 THE XRF 
ANALYSIS 

CHAPTER 3: ANALYSIS OP THE XfRAY 
DIF'nACTION DATA .OF THE 
8UBSTI·ruTED APATITES 

CHAP'l'ER 4: ANALYSIS OF THE I.R. SPEC·rRA 
OF THE S'UBSTITUTED AP1UITES 

CHAPTER 5: CONCLUSION 

PAGE .. 

( ii) -( iv) 

( v) 

1-4 

5-24 

25742 

43-74 

75-93 

94-96' 

,~PENDIX. A: MEGHALAYA COMES ON THE 
BAUXITE IVHP 0 F INDIA 97 

APPENDIX :S: PETROLOGY OF THE 
C ·~RBOl'J'\TITES AND ,~SSOCillATED 
HOCKS OF SUNG V :\LLEY, J A INTI A 
HILLS DISTRICT, l"lEGH.,'\I~AYA, 
IND I A 9 8-1 0 5 

APPE1'1HX C: P.ttEP.:\RNI'ION AND-CH<lRAC.illERIZi\TION 
OF SOLID OOLUTIONS OF PHO SPHiiTE 
AND VAN'1D,\TE .1tP'\'riTES OE; LEAD 106-109 

APPENDIX D: P.ttEPARATION AND ·CHARACTERIZATION 
OJ? SOLID SOLUTIONS OF PHOSPH.\TE 
AND VA.NADATE APA·l'ITES 01'' CALCIUM 

11 0-H 2 



. ..; ; ·. 1 

CH..":.PTER- 0 

INTRODUCTION 

Physics is a branch of Science which is inv<ll:lved 

mostly with experiments. One performs the experiments, 

thorou<;:rhly takes the me3surement. and checks its repro­

ducibility. The dat3 obtained areanalysed and conse­

quently the theory often follows to explain and give 

a proper unde-rstanding. of the experimental results. In 

any experimental study, the understanding of the.system 

we study d.epends upon the precision and reliability of 

the measurements. In most cases, a systematic logical 

theory is proposed to give a ~icture 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 from the pr~diction of the law 

.by many times the estimated error,then the law needs 

modification. 

Physics deals mostly with quantitative measurements 

of physical properties of objects and precise relation 

between these properties. Hence, Mathematics plays a 

ve.ry important role in 'P·hys ics. 



A~ our resources are limited and that there could be 

some factors influencing our measurements wh~ch have not 

been tak~n into account,the the9ry of Errors,Analysis of 

llariance, Design of Experiments., Estimations or in general 

the sc::P,.ence called statistics is to be used. "By statistic,s, 

we mean aggregates of facts affected to a marked extend by 

multip1icity of causes, numerically expressed, enumerated 
I 

according to resonable standards of accuracy,collected in 

a systematie manner for predetennined purpose aod placed 

in relatiol) to each other" as defined by Horace Secrist. 

The philosophy of Statistical techniques is not well· 

aooreciated in our sister D isciulines and more so in inter--.. .. . 

disciplina~r research. In this thesis, two problems of in-

terest to our friends in sister disciplines- Geology and 

Chemistry are analysed to demonstrate what they.have lost 

sight of and then the new results brouqht by the diverse 

physical ( experimental) techniques will be discussed. 

The fiust chapter deals with the X-Ray~· Fluorescence 

Technique (XRF) used for detecting and estimating the 

trace olements in samples. This technique i•s. Ba'0eloped 

in the last few years and has becom~ a.p important tool. 

to the geolo~·ist$; environmentalists, health scientists 1 

etc. 



The use of the XRF technique in analysing the trace 

elements in the coal fields ~:E North-Eastern Region of 

India is described in the second chapter •. The region has 

got a good: Y"'esQ....,-ve. of C~""~al •. Coal was chosen as it is a 

' repository of· elements that are likely to be present in 

the neighbourhuod. ·The analysis of coal can therefere 

serve as a precursor in identif¥ing ?Ossible location 

of mineral wealth in the region. Fu.rther such analysis 

may have a bearing on geochronological studies. 

The u.nus.tial finding ::>f large. quantity of Titanium 

in Bapung (Jaintia Hills District,Meghalaya) which all 

the previous workers using chemical techniqu~ have 

missed is an important contribution.Foll~wing )Ur 

work.; the Geological Survey of India has identified a 

rich source of Titanium in Sung Valley (Jaintia Hills 

llistrict', Meghalaya) close to the fields where our 

study was carried out., 

The third chapter deals with the s.tudies invol-

ving the analysis of the X-Ray diff~action data of 

the substituted apatit~s.J. ApatitQ..S .. are important 

constituents of h~an bone and teeth. Their decay is 

due to isomorphic substitution of the constituents 

which affect the changes in crystal structure. The 

lattice of the apatites is in general hexagonal in 

structure. According t,.., Vesa3.rd' s Law the lattice 
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constants 'a' and 'c' of hexagonal lattice are expected 

to C?hange linearly with the degree of substitution. So 

far it appears that all experimental evidence supp0rt , . . . 

this law~ we show that the law is violated and that 

tw() distinct and different:~ .. linear behaviors in the 

ranges 0 - 5~fo ·and 50 ~ 10ryfo degree of substitution 

are obta~ned. 

The fourth chapter deals with the use of Infra Red 

absorption spectroscopy technique for the substituted 

apatites. The results confirm our conclusion that some­

thing happens around 5~/o deoree of substitution. 

The fifth and last chapter surrnnaJ:""iSe the work 

described in the pr2vious chapters. It also emphasizes 

the importance o£ using statistiCQl·and physical 

techniques in ~nalysing results of import3nt to 

sister disciplines. 
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CI-1\PTER - I 

The X-Ray fluorescence Technique (XRF) o.·ffers simul-

taneous qu~ntitative analysis of several elements by a 

si~n9le scc:m ( L 1). It has been extensively used and 

proved upon by several workers (1.2). rt 

inexpensive technique and very simple to 

1,:1 ~y_F1~9£§SC~!}9e Tecbnigug_ (XRF). 

(Princ~ple 2nd An~lysis) 

is rather 

use. 

im-

an 

The basic principle of the XRF is that when incoming 

photons from radio 7 isotopes or X-Ray tubes are allowed to 

fall on a S;:_)ecimen_,photoelectrons are rejected creating 

vacancies in the inner shells of the atoms of the spec~-

men. These vacancies are then filled by transitions of 

electrons from hiah e~ergy orbitals leading to emission 

of a spectra of characteristic X-Ray. Measurement of the 

energies and intensities of such characteristic X-Rays 

is the basis of Energy Dispersive XRF technique. 



c 

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

j 

element of a given sample is related to the concentration 

Mj of the same element as (1.3). 

T. 
~J = I G k. I\1J· A 

0 J ------ (1·0) 

Where I = the incident photon flux on the sample 
0 

G = the· geome~rical factor 

K. = the relative ability to excite and detect the 
J 

X-Ray line of interest. 

and A ~ total absorption, which is due to absorption of 

exciting and fluorescent radi.3tion in the sample 

matrix. 

The matrix enhancement effects are neqlected here as 

the sample are considered to be thin. The matr.Lx onh:=mcement 

effects occur when the fluorescent X-Rays of one element act 

as an exciting radiation for other elements which have ab-

·sorption edges lower than the energy of the fluorescent ra-

diatioh of the elem2nt. This effect is severe for thick 

specimens and is difficult to correct for without a prior 

knowledge of the specimon. 



The total absorption 'A' is obtained by considerina the 

absorption at a smn.ll clem.:mt thickness in the specimen c.nd 

then integrating over the entire specimen thickness. It thus 

follows that (1.3) 

A 

Where ~ 
I 

-()!-.
1 

Co·;u::_.¢1 + f 2 Cose.c }t>Q)tn 
I- e. -- -- 6 ·1) 

and ~ are the average anales of incident and 
~ ' . 

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 aeometry Ch0sen.. t-l and rl are the ~al 

8b&6rption coefficients of the specimen for the exciting 

and fluorescent radiation respectively. The values of M 
/ , 

and rl are not .. _.ea_s't- ..; to estimate for any unknown matrix. 

"To ooterrilltne ,., i'lnd r2_ dilution technique has to be adopted. 

The method involves the dilution of the sample by mixing it 

with a large amount of a low Z material such as pure cellu-

lose powder, borax etc. The diluted s:1mples have low analy-

tical sensitivity but th2 method has overriding advantaqes. 

The first advnntaoe is that the m"l.ss absorption coefficients', 

f 
1 

and fr;_ are the well known quantities as the!' are largely 

determined by the dilutina agent (i.e cellulose etc). 

Secondly, the m~trix enhancement effects of the diluted sam-

plc: :J.rc nccrl i(<:mc::. 'I''lcrefore, only relatively. :.s.{:rvrpLe matrix 
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absorption corrections are require? to be made acco~ing 

to Eqn : 1.1. In the case of thin, oiluted samples, the 

compton scattered peak of the primary monoenergetic beam 

is also determined mainly by the cellllilose matrix. The 

ratio of the fluorescent peak intensities to the inten-

sity of the compton scattered incident beam is dependent 

only on the concentration of the respect~ve.element.with 

respect to the cellulose. In this method, therefore, the 

system can be easily calibrated usinq a set of multiele-

ment standards prepared in the above mentioned manner. 

The relative ability Kj is c:iven by 

- -- -(t·Z) 

Where <J.k,== Photoelectric cross section of the element 

0 . 
j and of the atom in the K shell 

Wk = The fluorescent yield 
,L 

J = The jump ratio for the element j 
KL ) 

lr = Transmission of the fluorescent radiation 

in its path. 

f = fractionql intensity of the X-Ray line 

under analysis. 

f = Detector efficiency. 



CJ K and f are known 
. J 

from the literature ::1nd with the knowrn V'1lues of T', E 
. . 

' I for the detector , the factor Kj can be evalu~teo for 

given system. Now the only unknown factor is I 0G. Its 

value cu.n be absolutely aetermined by takina one non-
'Wk~ 

interfering _element of know-n QoncentrationAc3n either 

be added in the specimen or it_can be ta}<:en as a sepa­

rate specimen. The factor I 0G can _then· be computed from _ 

the intensity_of characteristic X-Ra:y of known elements 

using Eqn : 1.0.., This procedure is called one element 

standard method. 

In some cases1
, the separation of the K~ line of 

... 

one element with the _K«. line of another has to be done. 

In. other cases the L- X-RCJ.ys of the higher elements might 

overlap with the K~J~ rays of the lower elements. A 

knowledge of the intensity ratios of all the X-Ray 

components is required ann. ·J.pplied to resolve them. 

1.2 The Experimental Set Up 

The analysis of the cou.l and ore samples collected 

from the different parts of North - Eastern Region of 

India!, by the XRF technigue was carried out at the 

Nuclear Physics Division', Bhabha Atomic Research Centre, 

Bombay. 
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Figure 1. 2 shows the schem::~tic experimental arrangement 

of the x-Ray-tube-excited X-R3Y Fluorescence system used. 

For quantitative analysis, a computer Code XRS 'Ras 

written. Most of the quantities qiven in Eq~ : 1.0 are 

fixed. The Kj factors with respect. to cellutos-e had 

been earlier fed into the programme. 
. I . 

For coal samples, 

both cellulose and carbon were taken into account for 

the absorption coefficti:.ent while for mineral 
I 

sample9, 
I 

the absorption coeffic.•l:ent is due to cellulose only, 

as the specimen is made up of 90"/o cellulose. The only 

variables which were to be fed were the Compton peak 

area.(I ) and the peak areas of the elements (Ij). 
comp 

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

made inCiigenously by the High Vci~tage section of the 

Variable Energy Cycloti.--cm Centre!, C.:1lcutta.- The High 

Voltage (H.V) Supply provides a contj-nously adjustable 

source of well ·- regulated D .c Voltage from 0 to .f. 50 K\t 

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

I 
Q .1% regulation, 0.1% ripple at maximum load and a 

~tability oi 0.1% for 8 hours after ~ hour warm-up 
. ·.:..• 

time. The High voltage common is grounded through 

sampling resistors whose output is used to adjust 

the X-Ray tube current. The filament power supply 

is a voltage regulated DvC. supply with output 
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voltage varying from 0 to 5 volts. The tungsten filament 

is of 10 m.m niameter 3nd has a length of about 2 ern. 

The error signal obtained by comparison of the output 

of the sampling resistance and the standard current 

setting reference voltage is fedback tc the filament 

D .c s').lpply to keep the tube current const:=mt. A 

Wehlnet-cylinder type intermeoiate electrone 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.m1 so that the be2l.m does not impinge on the 

stainless steel holder. The grid bias us~d on the cylin 

der is kept in the range 300 to 600 vol~, without any 

feedback loop. 

X-Ray tube :- The X-Ray tube with Molybdenum targe-t 

was used. for the an:1lysis. A target voltage upto 35 Kv 

and a target current upto 200 }J-1\. were used. · The maximum 

beam power of 10 watts was dissipated mostly by radiation· 

from the anode structure. The high·-vacuum in the X-Ray · 

tube does not deteriorate due to this heating. Using 

the voltage regulate~. filament and. the feedback sta­

bilisation from the target current, the tube output 

was found to be stable within 2'/o during the day, after 

an initial warm-up period of about half an hour. The. 

filament voltage and filament current arc ~f the orrer 

of 2 to 3 volts and ,1 to 1.5 amperes for a tube output 

current of 200~.A. The intermediate electrode 
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potential was kept at 500 volts~ which gave stable tarqet 

current. 

Si(Li) X-R~Y- Spectrometer :- The system included a cooled 

Si(Li) detector mounted in a vertical cryostat with a pul­

sed opto-feedback pre~amplifier~ The Si(Li)det_ector em-
. 2 

ployed had an area of 30 mm and thickness 3 mm and this 

detector system save an energy resolution of about 200 ev 

for 5.9 kev Mn I<ti(·.::. X"'-Rays. This. resolution is maintained 

upto a count rate of 20,000 cps, ~hough the useful count 

11ake was limited to only about 12,000 cps_owing to large 

pile~ up rejections at higher count rate. The shift in 

the peak position as a. function of count rate was neg:­

·li~ible. 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 along with the pile up rejection. In the ampli-

£ier a~aussian shaping network was used with a peak 

width of 15/ Se..c. • The pulses from the amplifier were 

then fed to a 2048-channel analyser (Canberra Series 80). 

XRF Calibration :- The relative factor 

was not estimated exactly as defined .in Eqn. 1.2 since 

the contribution of the continqn Bremstahlung radia...; 

tion, in addition to the. characteristic Mo- KC(- X-Rays 

in the X-R3.y tube output., m3.oe the results less relia-

' ble. The relative fac~or Kj for elements with Z in the 
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range 18-38 and 54-90, was determined experimc:mtally. Kj 

was determined .3.t three target voltages-25, 30 and 35 Kv. 

The three different target voltages had to be onerated 

as the analytical sensitivity was oe-r:>encent on the ope­

rating conditions of the tube. Fig: 1.3 shows the ex­

perimental Kj factors (counts/ compton Ko( counts/ppm' 

as a function of the atomic number at. three. o.ifferent 

Mo-tarqet voltages namely 25 Kv (o o a)) 30 Kv(• • ·)and 

35 Kv (w~~). This was done using a number of thin multi-

element stan0.ards with cel~ulose as_base material. 

These multi~lement stand<:1rds were prepared by abscr-

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 small amount of it w~s pressed into a thin pe.;..· 

llet which was then weighed and analysed. The choice 

of elements in any one staridaro. was mad.e such that 

their fluorescent X-Rays were separate and the peak 

areas could be Cl.etermineo .. The concentration of the 

clements taken w.as in the range of 500 to 5000 ppm, 

with respect to cellulose so that the absorption 

correction could be easily made with the use of only 

the cellulose mass absorption coefficients for exci-

ting and fluorescent radiation. 
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In these calibrati0n standards, the compton SC<:l­

ttering of the excited rU:diation WQS essentially r'lue to 

the cellulose matrix only o Therefore the ratio of the 

fluorescent peak to the intensity of Compton scattering 

Mo Ko( -X-Rl.YS was only Clependent on the concentration 

of the respective element in ppm units and on the de­

sired relative excitation factors Kj. Using these 

hiUlti:..:element standaros,the experimental set up was 

calibrated for conversion of the ratios of fluorescent 

peak counts to the Compton peak counts of Mo K~ 

X-Rays, into the concentraticm of elements in . ppm with 

respect to cellulose matrix. A. smooth vuriation of these 

factors with Z was founo. Values for the adjacent ele­

ments could thercfore·be obtained by interpolating this 

curve. The amount of the element in ppm was obtainqd 

by multiplying the ppm units by the ratio/ of the 

weight of the sample to the weight 0f the cellulose. 

1.4 Minimum Detection Limits (m.n .• l):- rhe m.d.l!s 

were calculated from the observed fluorescent X-Ray 

spectra of thin multi-element stanoards. The observed 

m.d.l values as seen in Fiq: 1.4 were found to be cle­

pendent on the target voltage. The optimisecl target 

voltage was found to be 35 Kv fc,r a counting time 

of 500 sees. Fig : 1.4 shews the lcwest m.d.l values 

as a -function of atomic number Z for a target 
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voltage of 35 Kv ano fc,r u counting time of 500 5;ecs. 

It can be inferred .from Fig : 1.-4 that in the low Z 

rec;ion the m.a.lrs :3.re typically of the crn.er of a few 

ppm and the minimum value occurs around Z ~ 30 f0r 

K-X-Rays and around Z ~ 75 fr--r L-X-Rays. 

1.5 ~ample Collection 

The samples analysed were collecte0: ~mm selected 

h. 
areas of Norq-Eastern India. In Meghalaya,the samples 

were collected personn~ly frcm the sites an0 through 

the Direct0rate of Mineral Resources. The selected 

coal mines inclunefl. B:::t:mng in the Jaintia Hills 1 Bor-

sara in West Khasi Hills and N0nqwalbibra in West 

G3.ro Hills. 

The ore sam';)les were from the Phek District 

of Nagalan0. anCI. were <:btaine<"' thr0ugh the. Directorate 

of Geology and Mining,Gcvernment of Nagaland. Some 

ore samples from Hkhrul irt Manipur were rbtained 

th~h personal contacts. 
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1. 6 ?2m-)lc P re'1urc:tticn 

As the absor)tion effects increase more rapidly for 

the fluorescent X-R3ys thc:m fer the scattere<:l exciting 

X-rudiation in the cuse _of thick sam;::>les,higher sensi-

tivities are -:-Obtuined with relatively thin samples. 

Thin samples were prer)3red by using cellulose powfler 

( E Merck, microcrystalline cellulose used for thin 

layer chromotography) as the binding material. The 

absorption of fluorescent radiation in the cellulose 

was compamtively sr:n<;lll. The samples were thoroughly 

homoryenise0 by grinding t0 almost the size of the 

C?llulose~ 'particles. The qrounoed coal and mineral 

samples we~e mixed with the cellulose in the ratios 

of 1:1 an0_ 1 :9 res;~cctively by weight., The mixtures 

wo!:-e ~llet-:i.sed tc a size of thickness about 

2 
30 - 40 mg/cm • The pellets were weighed. and usee 

as the s:;,.1ecimens •. 

1.7 Calculation : 

The cnly vari-:tbl.es present in the final equatirn 

used for the calcul::1tion cf the eLemental concentra-

tion were the Compton peak area (I ' ann the peak comp . -· 

areas ( If) of all the elemeryts. Earli2r, the other 
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vari~bles had been C3.lculated according to the following 

steps 

(a) Calculation of the AbsoPJtion CorrectiC'n 

For coal sam:7les,the absorption corrections in the 

matrix were calcul:J.ted for cellulose ann carbon, while 

in the case of mineral samples, they were calculated 

. .for cellulose only,_ as 90"/o of the cellulose was pre-

sent in each s:7ecimen. 

The abscC)tion coefficients for coal sam,..)les . - . .. 

( fJ.: ) ano mineral s3.m::les (j.J.. • )were given by 
;eo~l / ~ 

The ahsor::tion correction (A) which is 

the 

A 
-)'-'-X 

J - e. 

. , was ca.lculated by adoptinq an Iterati0n Method • 

(b) • Calculati0n cf Corrected peak area ( If) 

I If 
If = y-
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(c) Normalisati0n 

For Nonnalis ing, the corrected ::)83.k areas were 

divideA by Ccm~ton ~e~k ~rea. 

I 
COffi? 

=X 

The Kj factors with res~ect to cellulose were 

included in the ~rogramme. 

(e) Amount of the element with resnect to cellulose 

The c3lculati0n of the element concentration in P:::ml 

with res;7ect to 

X 

is calculated. 

cellulcse _._a 

I 

=X 

(f) Amount cf the element 

The calculation of th€ element concentration in 

ppm is 

Amount of element in p~m = the 
the 



FIG : 1.1 

FIG : 1. 2 

FIG . 1.3 . 

FIG . 1.4 . 
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CAPTIONS FOR THE FIGURES. 

Shews the incir:'1en-t:- anfl flur-rescent F.l.dia­

tion where rA ano_ rh ~the Clver::J.se angles of 
il 'r9.. . 

inci0ent ,"J.nd fluorescent rafl.iaticn res-

?ectively. 

Shows the schematic diagram of the ex~e-

rimental set up of the XRF system. 

Shows the experimental values of K . 
J. 

factors ( c0un ts /Com:? ton KO'\ counts/:;;nn} 

versus the atomic num!:>,~r. 

K. at 25 Kv Mo- target V~"'l tage,.( o o o) 
J 

Kj at 30 KV Mo- target vclt-3.ge,(· .. ) 

I<j at 35 Kv Mo- t::J.r')et · v0l tage, (x x x) 

Shows the minimum 0.etectinn limits ver-

sus the 3.·tomic numh·2r f0r tn:rryet voltage -: 

of· 35 Kv. 
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CHAPTER - :-2• 
, --

STUDYTNG('·~F:fr-l'HE~, ReSULTS OBTAINED 
~ . ·-·--·-----

FROM THE XRF ANALYSIS ----------

The selected areas of the North-Eastern Region of the 

country, where from the samDles have been collected for 

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

The samples collected from the mines of Bapung area 

o o· 
(25 25 1 N : 92 19 1 E) in Jaintia Hills District,Megha-

laya (Fig: 2.3) on being analysed by XRF technique ~howed 

a high content of Titanium (Table 2.1). Accordingly, it 

was· thought desirable to analyse some samples by other 

Physico-chemical methods in o~er to confirm the results. 

The Phys ico-chemicnl method selected. for the purpose is 

the Colorimetric determination of Titanium by following 

the standard procedure (2.1) usina a s9ectrophotomcter 

Model ECIL - (GS -866). 

An accurately weighed amount of o.s qm of reogent 

grade Titanium dioxide was dissolved in 1:1 H2so
4

• The 

solution was hc"lted to fuminq and then cooled to room 
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tcmpar3ture. The solution thus obtained was transferred 

quantit-:ttively to ~ 500 cm
3 

volumetric flask and the 

volume was made up to the mark with distilled water(1 cm
3 

of the solution contains 1 mq.of Tio
2
). 

2.1.3 p reoaration of the Solution for the Stanc1ard Curve. 
--.--.. -----·- ... ~.¥- .... ____ --·-->'--·------ .. -.. ----"·----------.. ~--------_..._ .. _ .. __ .. __ 

. 3 3 3 
Four different portions namely, 1 em . , 2 em , 4 em 

and 6 cm
3 

of the above mGntioned standard Titanium solu-

t!otf'~e'fe pipetted out in four c1ifferent 100 cm3 volume-

3 ttic flasks. To each of these flasks were an.ned 10 em of 

3 . 
1:1 H2so 4 and 5 em of concentrated H

3
Po

4 
followed by the 

addition of above 25 cm3 of distilleo wate·r. An amount of 

5 cm
3 

of 3% H2o 2 was added to each of the flasks and the 

contents were shaken thorouahly. Further amount of dis-
to ~ 'lY\._=.)( ob- · 

tilled w::1ter W<"lS added to make up the volumef:t.tc flasks. 
/\ . 

The absorbance of e.C~.ch solution was measured r.tgainst a 

reagent blank. The readings recorded for absorh:mce were 

plotted against the amounts of Ti0 2 (mg) (Fig: 2.,.). 



·2t"i 
' 

2 .1. 4 Preparation of t:he Solutions of the Samples 1 

under analysis. 

An accurately wei9hed amount of 0.5 gm of a finely 

ground samples was taken in a small platinum bowl and the 

~ontent was_<iissolved in 10 cm3 of 1:1 of H2so
4

• To this 

3 
15 em qf 4ry/o HF was adned and heated to fuming • Heating 

was continued for a further period of 20 minutes and then 
. 3 

cooled. The solution was diluted with 15-20 em of dis-

tilled water ana then filtered. The filtrate and washing 

were collected in a 100 cm
3 

volumetric flask and the vo-

lume was made up·to the mark .with distilleo water. A 

portion of 10 cm3 of the afore-mentioned soluti0n was 

pipettec'l. out in a 100 cm3 volumetric flask followefl. by 

3 3 the addition of 5 em of 1:1 if H2so4 and 5 em of H3Po 4 • 

The solution was diluted with about 20 cm3 of 0istille0 

3 water and then an amount of 5 ,em of 3% H2o 2 was an0ed 

to it. The whole was thoroughly shaken and finally the 

volume was made up to the mark with nistillec water. 

,~be ~absorbance of the test solution was recorded 

at 410 ~ against the reagent blank. The test solution 

as well as the standard were maintained at the same 

temperature ( 27°C). The amount of Tio 2 present in the 

test solution was c'1.etennined from the stc:mdarr1 curve. 
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The f0llowing empirical relatirn.w.=ts use0 to calculate 

the Titanium c~mtent in terms of Tio 2 • 

-3 . . . 
% TiO x .Jc 10 '}( 100 X b .F.,," ... ,.. ,.,. 

2 = weight of the samplf?'taxen 

Where D.F = Dilution .factor = 10 (in the present case) 

x is the.amount of Tio2 in mq as determined from 

the standard curve. 

% Ti = ~- T}-9~.~~.!9El!.S~9ht of Ti 
Moleculnr Weight of Tio2 

htomic weight of Ti = 47.9 

Molecular weight of Tio 2 = 79.9 

The details of the reaoings fcr·the standard s0lutions 

and the re::l.dings fer the test solutions are given in Table 2.~ 

and Tabie 2.3 respectively. 

2.2 Analysis of the XRF' Ite!sults obtainee. 

It is interestinQ to note that the results of analysis 

by XRF techni<l':le of the sam9les collected from the coal mines 

of Bapung area, Jaintia Hills showed not on~y the presence 

of Titan~um (Table 2.1) but also its occur~nce in a high 

quantity ':lhich has escapeC1 from th~ sight of previous wor-
··: . . . 

kers (?. 2', 2. 3). Similar analysis en the samples obt?ined. 

from various other areas 0f the Ncrth-:Eastern Regir.n,however 

showed a very low ccncentr3tirn cf Titaniurn.The o~nce 
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of Titanium was fc,und (2.4) to be generally of the orn.er 

of ppm in the two coal and five rc·Ck samples of NnnQ':lalbibra 

(25° 28 1 N: 90° 42 1· E.) inWest Garc Hills(Meghalaya),,six 

coal samples obtained from Borsara (2?0 12' 03 11 N: 91° 11 1 

04 11 E' in West Khasi Hills(Meghalaya), one coal sample fro!Jl 
0 ' 0 ' ' 

Ukhrul (25 07 1 N: 94 22' E) in Manip.ur and eight r0ck 

samples collected frrm Phek (25 ° 42f 30" Ns 94° 28 1 OO" E) 

A perusal of the results (Table 2.1)makes it evident 

·that while the Titanium contents in samples of West Khasi 

Hills and West Garn Hills lie in the region ·of a few hun­

dred ppm ahd a few thousand ppm respectively, the element 

content in the samples of Nagaland anA. Manipur is about 

a few thousand ppm. On the othe:t hand we have a:.percen­

tage level of Titanium in ·:.:JcLi:n.tL:oc .. Hills.:::_:\ ~> .. ·:·: .~ 
.~· . ~~ ~, 
·,, .. 

~eological Significance nf High occur:.en.<;e of Titan._im._ 

The results of our analytical· stu<l.ies reveal that 

the Titanium contents in various samples c0llected from 

the North-Eastern Region of the count:ry did not exceed 

an amount of a few thcusano. ppm. The samples referred. to 

above are rnes. other than those obtainen from the coal. 

mines. However, it is significant t~ note that the samples 

collected from the cr,al mines of the Bapung area of the 
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Jaintia Hills District (also in North-Eastern Region) on 

being analysed showen not only the presence but also the' 

occurehce of Titanium to u.n extent of 4%. This must be con-

sidered very important bec-J.use it directly indicates that 

there may be a reserve of TitaniUm nearby such an area and 

should be possible to explore the feasibility of locating 

-ores of Titanium namely Rutile (TiO~ etc .. 

In this secticn, it is wc:rth mentioning that t~e Ge!""'·-: 

logical Survey of India (G.s.I.) has very recently ~etected 

a high occu~nce of Titanium in a place called Sung Valley . 

(25 ° 35' 15" N: 92° 06' 55" E) which is inci0.entally a 

p3rt cf Jaintia Hills clistrict .. The report of the wr:rk c<f 

the G.S.I.is given in Appendix~. The people of the 

.Atomic Minerals Division ha~. ulso worked in this place, 

Sung Valley and part of their work is given in A9pendix B. 

t'he wcrl:s of other people do not f0rm purt of this thesis)., 

Hence, we think that the cccurence ('"·f high qu.:1ntity 

of Tit'lnium in the Bapung coal fields may be related to 

the occurence of h.iqh ccncentration of Tio2 in Sung 

V2lley which are both located in J~intia Hills Dist~1 

Meghalaya. Fig; 2.4 shows parts of East Khasi Hills and 

Jaintia Hills (Meghalaya) where thesett!\Yc pl=1ces ,Bapung 

ccal field and Sung valley u.re situateo. 

·. 
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2. 4 Correlaticm study between different Elements 
--- netecten byxru" 

The absolute concentrBtiGn level of the elements does 

not provide much. information. V<J.ri::1ticns in concentr~tions 

are obtaineo. in samples taken from the same bore hole at 

different depths ann al~o from the s~me type of sample. 

With the available 8ata, the Correlation study was there­

fore done tc, check if there would be any correlation bet-

ween the occur'€;nce of one elementwith respect to another. 

The formula used in finding the Correlation factor ( r) is 

presented u.s follows: 

where x and y ::tre the "'lmounts in ppm of any two elements 
·. ····'\:.T:. 

consi0ered in the :. -. sample. 

2_ xiy i stands fnr the total of the ::;>rt"--'"luct o£ .x and 

y in all the sample-s. 

~xi and L y i st.::md fer the tctals of x and y in all 

the samples .• 

L xi 
2 

and 2. y 1
2 stand for the total of the squares 

of x 21nd y respectively. 

N st::mn.s fc r thr:: numb0r of the s21mples •. 
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The results of the. element-to-element Correlati.on 

study are given in Table 2. 4 •... some elemen-t;;s are strcngly 

correlated irrespective. of the bore holes', depths and types 

of· the samples. Perhaps, th~se elements may have come 

from the same source. Hence, the Correlation study may 

throw some light on the occurence of the elements. 



TABLE 2.1 

TABLE 2.2 

TABLE 2.3 

TABLE 2.4. 
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CAPTIONS FOR THE TABLES. 

gives the Multi - Element Analysis of the. 

samples _collected from different places ()f 

North - Eastern India by .,X-Ray Flourescence 

Technique (XRF) • 

gives the Absorbance readings at . 410 mr 
of the prepared standaro. solutions of Tio2 

(in~"). 

gives the Absorbance readings at 410 mf' 
of the Test Solution containing Titanium. 

g:tves the Correlation Coeffici~mts of the 

amounts of various elements detected by XRF 

in samples collected from Bapung Coal-field 
. . 

(Meghalaya) ir:respective of the bore holes1~ 

depths and types of samples. 
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· TABLE __h1_ Multi - Element Analysis by XRF in ppm 

--- ------
Ele- 1 2 3 4 5 6 7 8 
ment. 

K - - 2040 

Ca 254 184' .Q031 

Ti 2-!- 1944 804 44628 21145 34838 2338 1226 

8r -45 - 33 
Mn - - 4632 10 
Fe 20 6108 2038 37525 95012 185532 38424 ·-~1087 
Ni ·2 -
Cu 3 
Zn - 18 38 
Ga 14 13 

Ge 7 3 

Br 2 

Rb 6 24 38 108 144 
Sr 26 29 102 42 81 37 105 99 
y 17 p6 26 28 69 120 57 
Zr 75 18 55 853 l-9 51) 55 
Nb 13 44 45 
Cs 8 50 
Ba 22 282 325 
La 7 42 90 
Ce 7 241 288 ~ 

Pb 521 32 52 413 374 448 

Index to san•ple Nos. 

Sample 1 - Coal sample frum Nonqwalbibra (West Garo Hills) 
Sample 2 - Ore sample from NonoWalbibra (West Garo Hills) 
Sample 3 -Coal sample from Borsara (West Khasi Hills) 
Sample 4 - Coal sample from B.:=tpung (Jaintia Hills) 
Sample 5 - Ore sample from Bapunq (Jaintia Hills) 
Sample 6 - Sand-stone sctmple fr':>m B:qpun9 (Jaintia Hills) 
Sample + - Ore s::lmple from Phek (N.::lg<'lland) 
Sample 8 - Ore s-::cmpJ.c f rem Ukhrul (Manipur) 



Amounts of T i0 2 in mg. I Absorbance reading. at 410 my 
.~....-.............,_u,a~~~~·r.• -"*·'*-=-=-~----~.-.....: ----.:.--...-::~·~---- -·- ---.:-...---

1.00 0.06 

2.00 0.13 

4.00 0.26 

6.00 0.38 

s.oo 0.51 

Sample Nature Bore Dis- Mean Amount Amount Amount 
No. hole tance Absor- of T i0

2 
of T i of Ti 

NO. from banes in per- in per- in per.;:. 
the rea- cent age cent age centaga 
sur- ding by XRF 
race at 

410 my 
----.-.-..-----~ .... -~-----------·--·-.... --...... -...- .. --... --............ -.--~---··-~----- .. -·-· ~•·-.------~----

4 Coal 21 4.9 m 0.23 7.2 4.3 4. 46.3 

5 Siand 22 32.55 m 0.11 3)5. 2.1 2.115 

Sitone to 

33.85 m 
--~·r--=:.:·~ ~--,..- ..... --.~~0,...~ 



TABLE 2.4 Correlation coefficients of the Amounts of various elements detected in 

Samples obtained from Bapung Coal - field by XRF. 

Ti Fe Rb Sr y Zr Nb Ba La Ce Pb 

... ' "···· 

Ti (z = 22) 1.ooo 0.277 0.,173 0.319 0.435 0.372 0.387 0 .• 438 0.380 0.260 -0.161 

-· 
Fe(Z = 26) l.ooo 0~158 -0.062 0~202 0.459 0.165 o.256 0.330 0 ~ 0 7 7 -0 '!' 19 6 

··--
Rb(Z = 37) 1.ooo 0.356 0.558 0~786 0.671 0.638 0._774 o. 7 42 -o .19 5 

"" .... C') 
Sr(Z = 38) 1.000 0.,526 0.430 0'!'657 0.668 o .. 672 0.724 -0.186 

··-
Y(Z =39) 1.000 0.851 0.720 0.840 0~830 0.843 0.143 

Zr(Z = 40' 1.ooo 0.699 0.771 0.896 0.782 -0.165 

. -
Nb(Z = 41) 1,.000 0.969 o.766 o.ao6 -o.o21 

•... 

Ba(Z = 56) 1.ooo o .. a32 0.912 0 ,;0.88 

La (Z = 57) 1.ooo o.914 -o.too 
··-

Ce (Z = 58) 1.000 o .. 113 
. -

Pb(Z = 82) 1.000 



F" IG;: 2.1 

FIG: 2.'2 

FIG: 2.3 

FIG: 2.4 

3 ... 1 
f. 

CAPT IONS FOR THE FIGURES • 

shaws tho Calibration Curvo af tho A.bs-or-

bBnco roadings (]t 420 mf-
I 

Vorsus amounts 

of T i0
2 in mg.' 

shows tho map of North - Eastorn India 

with tho locations of tho p lacos from 

whoro the samples are collactod. 

sh'JWS tho goological map of Moghalaya. 

sh'JWS tho goo logical map of East Khasi 

Hills and Jaint.ia Hills {Moghalaya} in 

parts whoro 8 apung aroa and Sung Valloy 

aro loc·atod.; 
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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 

Apatites are essentially ~hosphates of calcium with 

chloride,hydroxyl,flouride or carbonate acting also as 

anions and therefore placed just before the phosphate in 

the for:mu.la:e.A wide ran0e of substitutions is possible 

among these anions and cations resulting in a broad vari­

ety of species .The series contains flourapatite
1

.cb.lora'!;>a­

tite~Iych:·oxyl apatite.,. etc. 

Substituted apatites are. itnpo!.·ta.nt because of their 

biolosrical sianaficance and have been invest:i.oa"ted by -JQany 

workers(3.1). Human bones and teeth contain calcium phos-

ph-at~ ~it-e.~' ca10 CPo4 ) 6 CoH) 2 which is also called Hyd~u­

xyl apatite as the principal inorganic constituent(3.2). 

This belonq7to 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-

ruptin~ its 0eametry violently. The members of apatites 

<;roup can also enter into a wide range of substitutional 

solid solutions. The study of the Solid State Chemistry of 



44 

substituted apatites is important in understanding .the pro­

cess of oecay ano. grO\.Jth of bones as well as tha-t 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 _the-:~-·, of substitution. Vegarots 

Law 1 in fact,implies a linear relationship between the unit 

cell parameters and the precentage of substitution.The li-

near dependence was illustrated by means of two examples • 

.. , 

In the -f:>Ubst~ti.on O'f ca-t:+ by Ba ++ on Calcium Hydro~lj-1 

apatite, (3.3) 1 the variations of the unit cell parameters 

'a' and 1.c 1 of whic}!. liTere sh-o~m :i.n Eiqures 3.0-3.1. Fig~ 

3. 2-3.,..-4.. ~a.ve t'he variation of the unit cell parameters' a 1 

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

basis of these fUgures, it was ~ncluded that Vegard's 

law was satisfied qualitatively. Same conclusions were 

reached in an extended study of similar substituted apa­

tites. 

A closer look at f'igures 3.0-3.4 suggested that the 

unit cell parameters 'a • and 'c' had two different linear 

behaviours in the range 0-50"fo ano in the range 50"/o-lOOC/o 

as repn;sented by ·dashed lines.;';A :~ -glance at a few 
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more substituted apatites supported the feeling of the de­

biation of'a' and 1 c 1 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 remainin0 part of the chapter deals with 

the caro2ful analysis of the powder X-Ray spectra inv0.t-' 

ving. a series of substituted ap.::1tites in one particular · 

case,where tre level of substitution was known accurately. 

;- ... 

Calcium Hydroxyl ·apatite (in which Phosphate was sub-

stituted by Vanadate) was selected for the t~ugh study. 

The procedure for the preDaration of these sam!_Jles was 

given in Appendix D (3.5). Substituted apatites could be 

represented as 

Where x denoted the molar fraction of Vanadate 

s .l.l ~-Ray Diffraction 

Crystals are substances which have de£init€ stru-

ctures. They are made up by the identical structural 

units which repeat regularly in space. When X-Ra~r radia­

tion is incident on a series of parallel lattice plane~ 

of atoms in the crystal,diffracted beams are found when 
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the reflections interfere constructively. The condition 

for constrlictive reflection is aiven by Bragg's Law: 

= Yt A.. - - - ( 3 ·I) 
Where d. is the perpendicular distance between two adja-

cent planes. 

\ is the wavelenoth of the incident radiation. 

e is the angle made by the incident radiation with 

the plaue (or by the diffracted rav with the plane) 

-n is an integer. 

The method of synthesis of the substituted apatites 

yields the substance in the form of powdered microcrysta­

llin~ structure. The incide~t X-Ray radiation would find 

at least some rnicrocrystals,.properly priented so as to 

satisfy Bragg's Law for a civen set of parallel lattice 

planes.The Powder Method is also 1nown as Debye-scherrer 

Method. 

The apatites are believed to belong tq.hexegonal 

system in structure.In the hexaqonal sys~,the conven-

tional unit cel.l chosen is a right prism based on a rhom­

bus with an angle 60._.. The axes an<il angles of a conven­

tional unit of a hexa<::onsl crystal are restricted. as ~s 

) ) 0:= 
0 

120 - - - . (3.2) 



4H 
I 

The interplao2r spacing ~d' is relatGd to the Miller 

Indices (hNl") for the hexagonal system by the following 

equations: 

4 k :t. ki<. 2. l2. +- + k ( ') ,. ) 
d.?· = - + cl. - - - - - . .. \,oi' :.., 

3 a_.l 

using Braaa1 s Law 

ttl . 
f-- -(3 ~) 
.1 . 

t./ 

.::<__.v\ .. ..:1 f - - - - - ( 3. s) 
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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 Camer.a of diameter 114.6 m.m. The 

i:arg~t used was copper
1

Cu ~radia~ionof wavelength 1.5424 Afj 

was then emitted under 40 Kv of voltage and 25~1. of current. 

The X-Ray beam coming from the tarzet 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 distance represents the di-

£fraction anole. 

d 
The power 9rains which are so oriented that their pla-

nes satisfy Brag0,'s law are in a position to reflect X-Rays. 

-:rhe reflection occurs in a direction making an angle 2 e. 
( e = glancing anc;le for a :9·-=trticular plane)with the dire-

ction of X-Ray beam. The lOcus of directions making an 

angle 2 e with a given direction is a cone of h3.lf open­

ing angles 2 e . The anale 6 is determined by measuring 

the distance between the simil~r ~res which correspond to 

4 e . 
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Previous workers (3.3, 3.4) assiqned the Miller Indices 

to the spectral lines by solving the linear equ~tion in ~ 

and ,~ . 
For hexagonal crystal, the measured glancing angle 9 

the Miller Indices ·(hkl) and the lattice constants'~' and 

'c' are governed by the relationship given in Eqns. 3.4· 

& 3.5. Kno~ng the values of 'a' and 'c' for compounds 

from the literature and with the known values of 9 as re-

corded by the instrument,the values of hkl were assigned 

by the -p7='evious workers ,.,ithin tolerable error .. This was 

done for a few 1 ines having lower values of 9 • It was 

obvious that lines with high values of 9 would have mul-

tiple assignments. 

The smooth dependence of the unit cell paramo.t"...ers with 

respect to the levels of subetitution gave an idea of 

assigning hkl values. This was done to the spectral lines 

of a compound of next higher substitution by comparing 

the spectrum with that of the pure compound. All the l"dmes 

belonging to a lowest no~zero degree of substitution 

which had the e values very close to those lines of pure 

compound were given the s-=:tme values of hkl. Three or 

four pairs of these lines then we~e chosen for solving 



o( and f3 by using Eqn. 3.4. If the V'ilues of o<:.and ~ 

obtained from the different pairs were found to agree,the 

corresponding values of 1 a 1 and ·1 c' were accepted as valid~ 

In the s~me way, the assigmment was done for the 

next higher substituted compound which came in the series. 

·"!he lines were ·'1Ssigned the S'"lme V"llues of hkl of the 

immediate previous compound. The values of «.. and ~ 

were then estim::tted as before. This prdCedure was repeated 

for successive higher degree of substitutions. 

The foregoing method dealt with the low values of 9 
·:ind did not use all the diffraction d.-,.ta. We adopted a 

procedure using all the av"lilable data in evaluating the 

values of 'a' and 'c' and obtaining error estimates using 

the Least-Square-Technique. 

3.3 Indexinq ~roced~ 

On l<?oking carefully .at the low values of the me~­

xlired G , attempts were made to identify ( 5 or 6) lines 

which have a reasonable Greatest Common Factor for Sin2 & 
such that the rati~ of the 

is an integer of the form 

Sin2 g to the Common Factor 

~ +. hk ~ .)< ~ .where h and 

k are integers. rrrpis common f."lrtor w:=ts ioentifieo. with ol.. 
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This was achieved usually with an accuracy better than ?/o • 

Using Eqn. 3.4, the value of Sin
2 e were calculated for 

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

The lines correspondinc; to·the calculated values of 

Sin
2 9 with fixed values of h and k were drc:n,rn p3rallel 

- . 
to X-3xis,_(Fig. 3.5). These lines were associated with the 

values of hand k as_assigned to them while '1' was zero. 

Using the same scale,the lines which represent the observed 

va'bues of Sin 
2 

f) were graphically c3 rawn in a separate sheet 

(Fig.3.6). The two graph sheets were placed side by side 

and compared th}oughly.These lines which agreed in the 

values of Sin
2 9 were assigned values of h and k 

(with l=O). The remainin9 lines were considered to be 

associ::1.ted with non-zero values of '1'. The graph which 

contained the calculated balues of Sin2 e (with 1=0) was , , 

r-3.ised up by such a:· distance that there was an agreement 

between a few lines in both. the graphs ( Compare Fiaures 

3. 6 and 3. 7). The O.istance by which the graph sheet was 

moved up is taken to be f tentatively.These lines were 

alloted with proper h and k and l~l.Then the graph sheet 

was moved up further by 3 p (i.e.the total distance mo­

ved was 4f ) and noted if there were some more lines 

agn:~eing with observed spectrum (Compare 3. 6 and 3. 8). 

These lines were assigned the respective h and k values 
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(with 1=2 .) Same orocedure 1,vc.re tried by shifting the gra';)h 
·~ . . . 

sheet with a dist~nce of 9 b ,~6 ~ and so on for assigning 
{ I 

the rest of the lines of the observed spectrum. The lines 

which .3.greed with the measured ciffraction data were given 

the same h and.k values and the corres:Qondinq l v.=tlue w3.s 

put depending on the distance shifted. 

The lines of higher val~es of 8 were found to have 

multiple as$ignments.With the accepted values of~ and 

~ ,;some 3iines could not be assiqned within tolerable error. 

This will be discussed l~ter, 

The graphical method used was quite successful.The 

values of 'a' and •ci were qUite accept~ble ~most of the 

lines could be assigned within allowable limits ( of~~). 

Using the above mentioned method,it was noted that 

1 ines .o£ the observed S::>eCtrtlm with higher values of (j 

had multiple assignments. A standc=:trd technique was adopted 

for refinement the values of 'a' and 'c' detennined gra­

phically.This had imp(Coved tl'1e assignment and also the 

best values of hkl could be selected for those lines having 

multiple assignments .The technique could. be briefly o.es­

cripcd 
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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. 

~ = at X 1 -t- ~X 2 ( 3 · IJ) 

ll!b) 4 ~ S .;.-,. 2- e ) x 1 , l ').. + kk + k 2.. J lL:~. "' f 
·~ ..... 

e= ii 2 I ~- &-lt~ + 

where N is the number of lines observed •. R was minimised 

which gave the best values. (o( and A )of "' and pas fo-
. ~ 0 ~ ~ . 

ll0ws in terms of x 1 ,> x 2 , andy • 

.... I xac;_ ~ x,1 - ~ -.t, x.1 L x:z. ~ 
2 x,?. rx~l_- (L~,-~2.)'-

L x.,
2 2 ~2. ~ - L '1(.., )(..1 ~ .. )(_, ~ 

L x/ ~ 'i..? _ ( .r 1t1 l(.:t )'-

-- -Q·~ 

Once o( and R were detennined:1 best -values{ a
0 

and c
0

) . 

0 ro . 
could be found. 

3.5 Estimating the Errors in a
0 

and c
0 

A typical g . and 
observed e is aiven calculated 

'... -- . . ~ . ' 

. ;in 'l'abJ;e 3 .1. 
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The best values· of a
0 

Gnd c
0 

were then obtained after 

refinemGnto The errors in them were also calculated. 

The ranqes of IX0 and ~0 W·2re detennined by multiply 

ing R2 
of Wqn. 3.6 by 2. Table 3.2 gave the best valuE:!s 

of a
0 

and c
0 

obtained for different compounds at di-
.. 

f~erent de~~s of substitution together with the esti-

mated errors in them. 

3.6 Relation between the Lattice Constants and the 

Degre~-§.~f?.~ t i tut ion. 

The best values a
0 

and c
0 

obtained at oifferent 

levels of substitution were ex.":l.mined to sGe their re-

l~tion with the de9rees of substitution.To test this, 

the entire :3Cries of substituted ccmnounds w.cre 9rouped 

into two parts i.e. Cf/o -5Cf/o and SCJ/o-100'/o.For the sake 

of comparison, the slopes ~nd intercepts of the two 

lines at 50'/o were determined. 

The method of Least Squ~res (3. 6)was ~d0pted to ob­

tain the values of the slope, intcrcent and the errors 

in them. 



Th·:; intercept {b), tiLJ slope: (m) ~end th::; orrors 

rb .::.nd r m in th:::: in tor cop t .:1nd slope r-~0p:;ct ivu ly 

LJorc giv~.!n by tho following c:quctions :-

1J 

't.)ke. 1J :: -n ( 2 lL Z) - ( 2:: X. ) 2. --- --(}·'1) 

vb - ~ ( ·~ 2_)Y2. 

- --( 3 ·lo) 
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x -7 (degree of substitution -50>/o 

y -) Lattice const:"=mt (a) 

~ ~ is "t7he probable errOr of the point as calculated by ex­

ternal consistency. 

2. Yz 
~., 0 b+4 5 ( ~ ~ i ) 

where~V~sum of the squares of the 

(3·H) 

/ (lobs- ~1:><-j> I 
2 

n = number of substituted compounds. 

s·imilarly, the method was applie:O. for the lattice con­

stant (c
0

) and the unit cell volume (v)~ 

The analysis of the X-Ray diffraction data of the sub­

stituted.- .. ,=: apatites showed that the lattice constants 

(a ;::md c~) f.0J lowed different behaviours in the two regions. 

The vEliTiotion b.etween the lattice constants obtained from 

our anolysis with respect to the de_grec of substitution 

was prese~tec in Pigures 3.9 and 3.10 • hs seen from 

Tabl.e 3.3 1 there was a marked differences in the slopes 
I 

of the two lines for both the constants.The differences 

between the two irtt~rcepts were not significantly larger 

than the uncertainties (for both a and c ) in them. ' 

As a consequence of the above,it easily followed that 

unit cell volume also behaved in the same way i.e.in~er-

cepts are the same but slopes are different. In short, it 

meant that unit cell parameters change continously but 

not strictly linear. 
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Table 3. 4 sup_oorted the conclusion drawn from the above 

analysis. It present2d the number of lines observed and the 
. 

number which could be assi0ned within an error of rto usin-g 

the calculated values of the lattice constants ( a_!and c). 

As can be seen from the Table 3.4 the number of lines 

observed was more than 20 in the hiqher substituted com-

pounds i.e. 50/o - 100/o • I~ the case of lower substituted 

comoounds ( i.e.O/o- 50/o ), the number of lines.observed 

was less than 20 except in one case (i.e. nt 1S,~·:o~:.· 

substitution). The accuracy of the assignment with cal-

culated values of a and c was found to be better for 

lower ( 0/o - 50/o) substituted compounds compared to the 

higher subet.i.tuted COm}_?OUnds (50>/o - 100'/o). 

The above analysis clearly showed the inadequacy 

of the Vegard's l~w for the whole range of substitution 

but separ~ely valid in the two dtfferent ranges i.e. 

CJ>Io - 50'/o , 50'/o - 100'.4 • The implication of this would 

be discussed in a later chapter in detail. 
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Cl\.PTIONS FOR THE Tl\.BLES 

TABLE 3.1 gives the values of 9 and observed 

e of a pure compound. calculated · . 

TZ\BLE 3. 2 gives .the best values of the latti<;:e 

constants 'a' and 1 c 1 as detennined, 

togeth.er with the estimated errors 

in them. 

TABLE 3.3 gives the slopes and intercepts of the 

calculated lattice constants •a• and 

1 c 1 in two different .regions i~e. 

0'/o - 50'/o and 50'/o - 100>/o degree 

of substitution of Vanadate. 

gives the number of lines as obse~ed 

in the spectrum for different levels 

of substitutions of Vanadate and the 

number of lines that ca.n be fitted to 

an accuracy of !%. 
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~~--="--·-.yo···-~---~~-- --·--r~-~~---~"--··---.. ~·~~~~-~--'- ·-~~· ··---~--,---~~~-

Observed ~ Observed Calculated % difference Assigned 
values ~Values Values of between ob- Values of 

g f : ... e in 0 f s i n 2 9 s i n 2 g s e r v e d an d '• ( h k 1 ) 

degree ' -2'-' (X 10 } 

12.89 4.977 

15.85 7.460 

17.13 8.675 

17.71 9.254 

1 9 • 9 2 11 • 60 8 

23.29 15.633 

23.95 16.479 

24.,71 17.474 

25.16 18.075 

27.83 21.795 

calculated 
Values of 

Sin
2 8 

3.549 0.920 

4.988 0.230 

7.458 O.OZJ 

7.986 0.056 

8.537 1.590 

9.233 0.230 

11.535 0.630 

15.635 0.015 

16.523 o.260. 

17.434 0.230 

18.105 0.170. 

21.870 0.340 

2 r o 

0 0 2 

2 1 1 

3 0 0 

2 0 2 

3 0 1 

3 1 0 

2 2 2 

3 1 2 

2 1 3 

3 2 1 

2 2 3 
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TABLE 3.2 

, 
"'"''-... -'"-· .... ....:1.~-'.a;.~,_..,_.__, ... _..s;:.-,~-.,=a.~-.: .. .:.--..--....:!oa .. a· . .a. ..... o~~ • .-..-.-.:.:.:M,c;;~.:..:.., _..,_.~,__,._. __ .,..,..,.,.~ _ _.......,.,..~~ .......... ~ ---·-q;--·---~ ... 

5 ample No. % of substi- ao(Ao) . ( 0) ( 0) ( 0) a0 A o0:A · ,:o
0

A 

tution of c eotnx. w0.. c~:n-tlL ~) 
Vanadate 

~.·-L~ .. -==·---=-=-... -=-=---=--· 

1 o.oo 9.464 0.(:,28 6.91~ 0.036 

2 s.7q 9.419 . 0.009 6.886 o.ooa 

3 10.00 9.343 0.112 6.956 0.0622. . 

4 18.30 9.463 0.065 6.993 o.D749 

5 36.67 9.498 0.039 6.920 0.0333 

6 37.50 9.488 0.043 6.903 0.034 

7 49.16 9.790 0.104 7.240 0.055 

8 61o33 9.632 0.0744 7.080 0.052 

9 7 4.17 9.780 0.075 7.023 0.070 

10 86.66 9.731 0.056 7.037 0 •. 060 

11 100.00 9.8059 0.033 6.969 0.066 

.........,........,.,_......,_-._.._.,_.,.r•--.._-.. _ _.._t-.-...........,__,.., ___ ._.._,_.,._.,.._..-....,._:~.-~...,.--=--.-wr.=-.-·--



TABLE 3.3 

---··-->.·..-.::~.-~~----===- .._ .... _......~·; ·r=-··- """"'"'~=--~·--.::.:..r.:.>.a.""..-"-'::O..:.',·:.....~· •• -o.. . ._-..-,:o:.a-. .$'ol'.:..->:..-=~.:a . ..........,.~ ~ --_..... ·-' .-.~~-,:s::.:.-=.a'--11 

LATTICE CONSTANTS UN IT CELL VOLUME ------- ,-- .. ·-r--·-r----:-r-~- ·-r--
1 a 0_(_A_0:J~:.r~-~=-1~.:_:_~2._.L Er::_t V~-~-0 )~J-~rror __ _ 

Intercept (<?a%) 9. 6S1 0.0480 7.0820 o.osz 571.600 ·9~400 

()so%) 588.000 
0".) 

Intercept 9.720 0.040 0 7.1803 0.0279 6. 2'] 0 ........... 

Difference 11.059 0.062. 0.0980 o.os9 16.400 11.300 

Slope {(so%) o.oos7 0.001S 0.0040 0.0016 - 0.974 0.288 

Slope ()so%) o.o011 0.0013 -o .o 046 0.0010 ~.2S5 0. 206 

Difference 0.0046 0.0020 0.0086 0.0018 1.229 0.3S4 

---~--.......... ,r._~~"'"·--~-~~-~_..:,a·.~ ...... ~ .......... , ...... ~ ....... ·--~------·-.e .... -:~;-:a:a.;~..-.. .......... ---..... ....__..z.-..~-~·-- ·--~~-....,._,....,..__,...__. - --~ 
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Sample No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Molar % of sub­

stitution by 

Vanadate 

o.oo 

5.70 

10.00 

18.30 

36.67 

37 .so 

49.16 

61.33 

74.17 

86.66 

100.00 

--~0-~---~-·----y:~·-'-... 

No of lines · No. of lines 

observed 1 filted with­
. in an error 

· of 1% 
_______ , __ ..-. ................ :..-.... .... . . ....... -- ...... -.~--·"""----·;..r.-.:..::---

12 11 

15 15 

17 9 

23 17 

13 11 

13 9 

17 8 

20 9 

28 14 

29 19 

25 18 ___________ , __ ....,__, ______ .. _______ ..... --...- .. -........... ,.. .. _.. __ ... _. ___ . _,.., _____ ---- ....- -·------



FIG : 3. 0 

FIG : 3.1 

FIG : 3.2 

FIG : 3.3 
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ChPTIONS FOR THE FIGURES 

Shows the-behavior of the lattice constant 

'a' versus the molar% cf Ba++(af.l.a;::>ter. from 

Shows the behavior cf the l.:J.ttice const'1nt 

'c' versus the molar% of Ba++ (ar1a:;ted from 

Ref. 3.3 ) 

Shows the behavior of the lattice constant 

1 a 1 versus the molar % of Cl:~ in hyrroxyl 

a~atite of Arsenic (hdapted from Ref. 3.4 ) 

Sh§ws the be.Jtavior of the .. lattice C'Mlstant 

% -1 C 1 versus the molar of Cl in hy0roxyl 
" 

a")atite of Arsenic (<l0anted from Ref. 3.4,. 

FIG : 3. 4 · Shows the 1Jehavmor of the unit c,?ll volume 

FIG : 3. 5 

_{V' versus the molar % nf Cl- in hyflroxyl 

-
a;::>atite of Z\.rsenic ( aoa;:->ted from Ref. 3. 4' 
Shows the lines which are a rawn 9arallel to 

X-axi$: corres:xmding to the calculated 

values of Sin 
2 8 fer ilifferent values of 

hand k( with 1=0). Here the value of.c( 

is assumerl. tn be 0.009(Ficrs. 3.5-3.8 refer 

to pure Calcium Hydroxyl a'Jatite) 



FIG : 3.6 

FIG : 3. 7 

FIG : 3.8 

FIG : 3.9 

. 6<1 

Shows the lines ~rawn ~lar.::tllel to X-axis 

2 corresponc t.-:-. the observed values of Sin fj 

Shows the finure: 3. 5 when raiscc~ J-:Jy a 

certain ~istance. It is raiseO. by 0 0.istance 

0.012 units anfl. hence p = 0.012 G.nfl 1=1 

while the values of h and k are same as 

in FIG : 3. 5. 

Shews the FIG : 3.5 raisec. by a 0.ist.::lnce 4 ~ 

where p =0.012 units. Here 1=2 anfl. h an0. k 

are as in FIG 3.5 

Shows the behavior cf the lattice constant 

• 3. 1 cbtainec1 frnm our unalysis versus the 

mclar % .of v8'~:;::to']ether with the best fit 

straiqht line. 

FIG : 3.10 Shows the behavirr of the lattice constant 

•c 1 obtained from our analysis versus the· 

molar 'Yo of vo4-::~- together with the best 

fit straight line. 
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ANALYSIS OF THE I.R SPECTRA OF THE 
-·-susSTIT.uTE.o APATITES -·- -··---

----·- ---. --- --

4.0 Introduction 

The thorough analysis of the X-Ray diffraction data of 

the substituted apatites clearly-showed that the lattice 

constants 'a' and 'c' did not vary srn~thly with the-de­

gree of substitution. In fact, a break was observed around 

50'/o degree.:_of substitution. 

To su9port the resu1t obt~ined from the previous analy-

sis, Infr-:tred absorptic:n Spectroscopy has been applied to 

the. analysis of )l dif-fe:)::":errt- series of substituted apatites. 

The Infrared spectra oriqinated in transitions between two 

vibrational levels of the molecules in the electronic 
~-

ground state and are"usually observed as absorption 

spc~ctra in the ncar Infrared region. 

...... 
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The Infrared Spectra of these substituted apatites 

WBrc recorded by the Perkin - Elmer Infrared Spectrometer, 

Model 983. The Substituted apatites chosen could be presen-

ted as 

[ Pb( Po ) (. Vo ) 
. 5 · 4 3 (I - )() ~ 3 X 

(oH) J 
2.. 

Where 'X' denoted the fraction of Vanadate (The prepa-

ration of this series of substituted apatites was given in 

Appendix.rC. (and did not form part of the thesis) 

The substituted apatites under study were powdered 

crystalline solide in which the crystalloaraphic unit cell 

contained several polyatomic ions. The internal modes of 

vibration of the VO 
4

, 

700- 1200 em -l. 

occured in the region 
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4.2.1 Instrument~tic~. 

The Spectra of the substituted apatites were recorded 

by usinq the Perkin - Elmer Model 983 Spectrophotometer 

with a dedicated data processor. The instrument can record 

the transmittance or absorpamce of infrared radiation 

through a sample 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 
. -1 

the recordina period. The ranae of f~equency is 180 - 4000 em 

The samples were prepared by applyinq Nujol technique. 

The technique (4.1) is preferable com~red to Potassium 

·bromide pellet technique in the sense that there micrht be 

a possibility of cation exchange reaction with KBr~ More-

over the material under investigation may also undergo 

changes in crystall~ne form as a result of the high mecha­

nical p.res.sure ( 10,000 p s i ) used in the pelleting 

process. 
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Tho spectr;:t which qave the positions of Nujol peaks. 

were recorded. Fig : 4.1 was a typical spectrum taken for 

the pure Nuj8l. Fiq : 4.2 was another typical spectrum of a 

pure compound. The Vanadate peaks were found at 724 cm-1 

-1 . -1 1 . and 808 em • At 724 em , there was an over app1ng 

with the Nujol peak and hence correction was done when the 

area under the Vanadate peaks was estimated. 

The location of the Phosphate peaks in the spectra was 

also noted down for the whole series of the substituted 

apatites. The peaks occured around 972 cm-1 and 1154 cm-
1

• 

The areas under the peaks were measured. Besides_measuring 

the areas under the Phosphate and Vanadate peaks, their 

heights from the backGround were determined. 

4. 3 Infl~_of the g,nr§ta.J.loru-2:I?.b~DYiLO..nrD.£IJ.Lilll 

the Vibrational Modes of Molecules and Ions. -· --~- .. ··--·----·· --- ·-·-

The location of the· radicals (VO i -- or PO 4 --} in 

the I.R Spectra differ considerably as compared to -when · 

they arein a crystalline environment. The changes in I.R 

behaviour may throw some liaht on the crystal structure. 

The crystal structure affects the V~brational modes in two 

ways.Unlike the free radic?.ll which had the tetragonal 
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symmetry in free space, the crystal fields either hexagonal 

or monoclinic may split the natural vibrational modes of the 

radicals, or change their frequencies. Secondly, if there 

are two molecuL=s (as in the case of apatites) in the Unit 

cell, there could be interaction 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 sp~ead the a~scrption spectra. 

B~adly speaking one.expects apart from slight drift in 

the peak frequencies, the hei~ht of the peak to reflect 

the changes in the crystal structure. The relevant charac­

terist~cs 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 ~eliable. 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 c.rea under the phosphate 

( or Vanadate) peak to represent the fraction of phosphate 

Cor Vanadate). 



A· graph of 

W L . .,.ex.-<2. 4y 
. ~ ·~; J 1--- -fL~l -- 1 -lc-·.t_ V 0....-1"-- o . ..G .. O- _ e - -J\.t.~ --'--"'-C.:..· ~ . 

GLvd n t~ l't..c.a.. u 1- J .... ,. PLQ-B j,.\.L.~J; r-~ - _. '...{:;~ ~-"-· -· 

versus the dearee of substitution clearly supports-the li-

near behaviour as shown in Fig : 4.1 • 

On the other hand', a similar analysis of the heights 

of the peaks rather than the areas show~ some .clear cut 

systematic cnanqes in crystal structure, the plot of 

versus the degree of substitution .shows marked 

from the linear behaviour. This shows two distinct linear 

behavioUrs. on the two regions 10~/o - 5~/o and 5~/o - ~lo. The 

Least-Square-Fit estimates of the intercepts at 5~/o and the 

slopes along with their error estimates are shown : .. < ·i.n.·. _., 

Table 4.3 • 
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The analysis of the Ie R Spectra showed that the 

areas and heights when plotted ver,sus the level of sub­

stitution (Figs : 4.3 - 4.4) supported our expectation. 

This comfirmed that when P04 was substituted by vo 4 

in the apatites, the behaviour of the I.R Spectra in the 

regions 10ry1o - 5~/o and 5~/o - ryfo were observed to be dis-

tinctly different. 

As seen from Table 4.3 of the previous section, there 

was no clear cut difference between the intercepts of the 

two lines in the two regions (lorylo - 5~/o and 5~/o - ~/o) 

obtained by plotting the peak heights versus the degree of 

substitution. But there was the difference in the slope_3> 

which was much more than the estim~ted errors in them,the 

areas under the peaks as expected showed a line::n:· hehavic;~;r 

with the degree of substitution (Fig : 4.3). The best fit 

is presented by the dashed line. 

4.5.1 Summary from ~-Ray apd_I,R data. 

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

} 
I 

sized apatites l Ca 10 (Po
4

) 6 (0H)
2 

and Pb
10

(P94)
6

(0H)
2 



:,s 
at different der~ree/of substitution of Pq4 --by VO ~--

(in both C3ses )cle"lrly suqcrested ,"J. Plhase Transition. around 

50'/c.dearee of substitution. The results obtained from the 

analysis of the two different oata were very consistent as 

both shovrecl that there was u different linear behavior in 

the two regions 0'/o-50'/o and 50'/o-100'/o separately. In both 

the cases,there was a marked deviation in the slopes when 

the best :fit was done in two rea ions. Hence this is a air 

rect contradiction with Vega.rd's Law. 

The study on Crystal St~Jcture of apatites is consi-

de red an important that International Union ·for Crystal-

loaraphy (I.U.Cr.) (4.2) had formed a Commission on crys-

sallographic Apparatus in the year 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 synthesized and mineral apatites. A parti­

cular s~dy on chloro-a?atiter showed the establishment of 

the Hexa-mono transition in substituted apatites at 3T/o 

degree of substitution. 
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The failure in assicrninc: some lines in the X-Ray 

Diffraction data within tolerable error as mentioned in 

section 3.3 may be presumably explainea as due to change 

in crystal structure. 

The techniques used for studying crystal structure 

are broadlliy classified (4~3) into Diffraction techniques 

and Spectroscopic techniques. The Diffraction techniques 

which include the X-Ray Diffraction (XRD) ,Neutron Diffrac~~ 

tiori (ND) and Electron Diffraction (ED) are primarily sen­

sitive to spatial Relative Positions and Vibration of 

atoms. on·the other hand, the departure of some atoms or 

atom oroups from the avera0e structural behavior has been 

studied by usinq Spectroscopic techniques rather than Di­

ffraction techniques. The Spectrosc9pic techniques include 

the Infrared (IR), Laser Raman (LR),Nuclear Maaneti9 Re­

sonance (NMR), Electron Paramaqnetic Resonance (EPR), 

Optical Emission and Flooreseence. The Diffraction and 

Spectroscopic techniques are highly complementary in 

nature. It is reported that the application of both te­

chniques to the same problem and same specimens often 

can be particularly fruitful. 



TABLE 4e1 

TABLE 4.2 . 

TABLE 4.3 

CAPTIO~S FDR THE TABLE~ 

gives the areas under the Von2date and 

Phosphate peaks and the rntioo between 

them for different degrees of substitu­

tion of Phosphate by Vanadate~ 

gives the Pa·ak heights of the Vanadato 

and Phosphate from the background and 

the ratios between them for different 

levels of substitution. 

gives the slopes and intercepts of the 

ratios of the Peak heights of Vanadate 

and Phosphates in two diffei;ent regions 

that is 100% .;.. SO% and 50~ :~··0% degreae 

of substitution of Phosphate by \Jan~-----



TABLE 4.11..~ 

Mala~ Area Area 

% of .. 

\ID 4 

100 
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94 
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80 
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57 

57 

50 

sc 
so 
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3.733 
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9.947 
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-2.656 
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9.647 
3.'667 

s.413 
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3.112 
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s.sso 
6.334 
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8.363 

17.321 

9.463 

10.815 

11 a 981 

7.22G 
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7 .t~31 
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~ 

Av + A . p 

1.000 

1.000 

1'.000 

0•836 
o.743 

o.7o2 
0.303 

0.335 
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0.266 

0.079 

0.211 

0.216 

~.122 

-0.319 
... 0.395 

-o.362 

-0.331 

-0.350 

-D.517 
-0.702 

-G.841 

-1.045 

-o.773 

-o .666 
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100 

10 0 
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94 

80 

80 

70 
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57 
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2,40 
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2 .. 40 
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2.95 

3.15 
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2.20 
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1.55 

1.00 
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()1.00 
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1.95 

1.35 
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-0.30 
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-o.65 

•1.40 

-2.00 
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4.00 

2.00 

5.40 

2.50 

3.15 

2.05 

3,50 

2.95 

3.05 

4.20 

8.60 

4.75 

5,05 

5.75 

4.40 
5.30 
5,65 

5.10 

3.-45 

3.20 

2,70 

3.80 

5.40 

2:.70 

'~ .oo 
i.oo 
o.:74 

1.00 

0.62 

0.66 

0.37 

0.39 

0.21 

0.14 

0.023 

0.24 

0.25 

-o.o6 
·0,00 
-0.094 

-o.12 

-o .o6 
-o.101 

-0.38 

-o.24 

-o.37 

-o.37 

-o.24 



TABLE 4.3 

Ranges of tho Intorcopt Error in Difforenco Error 
regions rola- (X -2; 10 ' intorcopt in ·in 
tivo to tho {X 10-2) Intorcopt · tho 
dog too of J( (X -2; diffo-

~ 
10 I 

substitution ·~·- ronco • .. 

of vo--
'1 

SO% - O% 1.'S38 

2.444 1.'729 

100% .;. SO% 11 .-167 0.791 

I I 
Rag ions S lopo Error in Difforonco Error 

(X 10-2) Slopo in s lopos. in 

(X1o-2) (X 10_2, tho · 
~ iffo- .. 

ronco. 
(X 10_2, 

SO% - O% 0 •'941 o.oso2 

o.77B .OS68 

100% - SO%. 1.-719 o.026S 
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CAPTIONS FOR THE FIGURE§ 

FIG : 4.1 shows the locations of the Nujol peaka.: 

FIG : Lt. 2 shows a typical IT~ spect~um of a.pure 

compound 

FIG • 4.'3 shows the linear relationship between. • 

the areas under tho Phosphate and 

Vanadate I ··R peaks versus tho degree 

of substitution by V a.hadata.' 

FIG .. 4.4 sR.ows the behaviour of the Peak hejt·gh ts • 

of Phos.phato and Vanadate Vorsus the 

dogroo of substitution.' 
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REf. VALUES : 4000 62 .s 2000 71.8 PAGE I 
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CHZ\PTER - 5 

CONCLUSION 

Physics, the most basic science ha~ influence~ se-

veral other disciplines cons i0erahly. SeverJ.l ]/hysical 

ex~)erimental techniques played imDortant role~ in resear-

,,;,~,.<{ 14 
aH~~ in other disciplines - li~e c nating in 

Archeology Hist0ry ·~nd Geoloc;y; Electrc:-n Spin Reso-

n:nce, Spectroscnpy, X-Ray dif~raction, Electron. Mi~~ 

copy, Nuclear Trac~r Technique.; Ion Implantettion .. · 

Atomic .t)bsoJ:"!)tion S:)Gctrosco:.;y 1 ·Mass Spectroscopy· and 

several· other hav~ an imp·:=tct on other J?rancheSjo~ 

science wh~ch le:J.d to the new fincings; perhaps, the 

help renderen by the physicists in different fie10~ 

is beyond com?atison. 

Physics involves mostly ex-~)erimental work. In any 

ex~erimental work, one me?sures s~ecific Dhysical ~ara-

meters • Besides meas·tt:ring, one shoulo kee:9 in mine, that 

checking the accuracy 1 reliability ano reJ?roCI.ucibility 

of the measurement is to ~e cone before inte~reting 

the results. If ne<;::ess"'lry, one should even tcy to im-

~rove the accuracy 1 relL'lbility ann minimise the errors. 
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The theory of erro$'8 7lnd Design onr1·experiments both 

these subjects :J.re 1il.nfortun:~tely not studied widely and 

not used bv most exnerimenters in other 0isciplines . .. -· . . .. 

(sometimes in physics even). Consequently, full benefit 

can not be obtained just by using plliwerful :;:>hysical tech-

niques. Combining 1')0Werful statistical techniques with 

physical Ane1lytical instruments can_lead us_to better 

understanding in Geoloay, Chemistry, Biolo0y etc. This 

is true because the results obtained from the analysis 

have been ex~mined by estimating the error in them ~n 

more detail. 

Sim-:_Jle check like repet3tion of an experiment, 

multi·)le checkinr; of several parts, usinq an alternative 

ex:?eriment for the same purpose make the results more 

reliable. 

In the present thesis, two different ~')roblems have 

been stu0ied. Tr3ce elemental analysis of coal-fields 

in North-Eastern .India, which is of importance tc Geo-

lcsrists. Unusually larc:;e amounts of Tit:mium was inen-. 

tifie0. in an area called Bapung in Jaintia Hills Dis­

trict,Meghalaya. This occurance of a fairly hiqh amount of 

Titanium ccmpemBd to other areas was somehow missed by 

several previous workers. The secnnd ~roblem neal t with 

structural chanc;es in substitute0 a~')3tites- a :s>roblem 

of import::J.nce to ~:C'lin st:1te Chemistry ,:tnd me0icine~ 
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A definite neviaticn fr0m Ve(yn-d 's Law is established 

which su<y;ests '1hase tr:ms it ion arcu·no 50>/o C!eqree of 

substitution. 

Finally, we hope that we have established the 

importance cf using the statistic"ll techniques for 

analysing the ex~:;eriment."ll riJ.ta befr:re any conclus.ion 

can be 0.rawn. The findings ::_)resented in this thesi$ 

are the ohes which have .e:scaped from the si<]ht of the 

~revious workers. 
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AP~~!ID-IX-...;....A.._. 

Extract from 

t.1m~~~ YA COME:.§__QN THE BAUXITE MALQfJNDIA • 

G .s .I. 
1 

North Eastern Regional News Letter~.2 ( 1 )
1

1 ( 19E33), 

page 15. 

Quaternary invest·igations by S/Shri 

B.Co Poddar and K,;K. Sinha in Meghalaya have led to the 

discovery pf a spectacular lateritic bauxitic weathering 

profile at Lumkynthang (25QJ. 35 1 15 11 N : 92f!J 06' 5511 E) 

about 50 Km from Shillong. Initial scanning of the sca:rp 

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 

( ? 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 11 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 hema•::. 

tite. Che~ically, the ba~te appears to belong to 

"tiallitic11 variety characteris·e<;i by uncorrmonly high 

content of Tio2 , 
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 r, 

Extract from 

Petrologl:: of the 3:E.~!.lf:l!2-~~ and ~~~-'t:~~-;:_c~c~ of 

sung ~~!~~~Jaintia H!}l~ Dist~c~~-~:~h~la~aA_!~}2· 

By P. Krishnamurthy 

Atomic Minerals Division, Begumpet, Hyderabad 

Journal Geological society of India £.2. ( 1985), 361. 

sung Valley has a fairly easy access 

and is located between latitude 25°31' - 25·- 38' N and 
long.i.tude 92'··os• - 92'-l.O• 1!: in the Jaint:i.a Hill.s d.i.strict 

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, Carbonatites, syentites 

Feldspathic Veins, Fenites and Melilite bearing types. 

Fourteen chemical Analyses of major and 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 MgO shows 
a) A steep increase of cao reaching a maximum in py­
roxinites followed by a steep decrease. 

b) steady decrease in Fel.0'5 + FeO and MnO 

c) Steady increase in ALz:t>3 , Na~o, K201 TiOz 

d) Initial increase of SiO:t 3.nd s2 o5 followeO. by a 
decrease. 
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TABLE I. Chemical analyses of carbonatites from Sung Valley, 

1:eghalaya 1 India. 

Wt% 1 2 3 4 5 ----------- ..... ·--·&ii.·-~·--·---
'Si02 , 

<1.00 <1.00 <i.oo <.~.oo \\1.00 
'· ..... 

Tio2 ·' 0.04 0.02 o. 62 o.o1 <p:.os 
<' 

<?~10 
/ Al 2o 3 ( 0.10 1.17 ~-10 ·1. 54 ··~ . 

Fe2o
3

(T) 0.30 2.70 s.oo 1.80 1.30 

MnO 0.20 0.10 0.10 0.10 o. 30 

MgO 2.10 3.50 2.40 2.30 16.80 

cao 53.20 51.30 51.80 49.80 34.70 

Na2o 0.10 0.08 0.04 0.03 0.06 

K2o 0.01 o.o1 0.02 o.o1 o.o1 

P205 . 0.01 
'· 

9.70 6.30 2.70 4.10 
* H2o 0. 40 0.30 0.40 0.20 0.20 
* LOl 2.10 1.7 2.3 1.3 o.s 

C02 40.10 28.0 31.0 38.3 40.2 

Total 99.32 98.29 99.50 96.56 100.33 

--------------
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TABLE I. Continued. c :froee ~ ) 
-~-·-·-· .. ------·--· 

ppm 1 2 3 4 5 

Ni (4 <4 0 
Co ~ (4 <4 (,4 (4 
cr 13 13 20 19 2 

v BDL 57 83 39 56 

Zr (io 
' 

628 117 11 16 

Nb 154 503 237 606 512 

La 50-100 50-100 50-100 50-100 3,0-50 
y 50-100 50-100 50-100 50-100 10-50 
u 29 0.3 0.5 <p.3 18 
Th . 7 .s 6 .. 5 5.2 '(0.6 65.1 
Cu 15 45 30 14 ~ 
aa+ 523 521 513 517 622 
sr+ 3909 3609 3396 3355 139~ 

Ce 467 244 471 308 14? 

Cation No:r:m (%) \Partlal) 

Calcite 94.62 70.26 76.44 80.52 7.38 
Dolomite - 12.12 8o.ao 

.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. sovit:.e: 

5. Beforsite. 

*~xcluding CQ4 (T) Total iron as F~2o 3 
+Ba and Sr data on analogous samples from Verma et al (1977) 

Major and minor oxides analysed by Tikoo et al 1978 - RaP,id 

method~. 

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 - Belo.,; Detection Limit ( <4 ppm). 
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Table rr. Chemical analyses of silicate rocks from sung Valley, Meghalaya, 

India• 
·-· 

Wt,% 6 7 8 9 10 11 12 13 14 -
Si0

2 
48.80 45.50 42.50 44.50 67.30 67.30 42.80 33.10 39 .1') 

Ti02 0.!93 0.76 0.55 0.38 0.89 o.11 0.42 1.08 o.o9 

A1
2

0
3 

2.12 3.70 17,;40 20.20 15.00 16.90 2.10 <0.10 o.so 

Fe2
o

3 
4.60 4.20 3.90 5.70 -·· 5.1 2.70 2.20 15.20 9.1C ~ 

0 

FeO 3. 3·3 3.40 4.10 3.30 -1.2 o.so 2.50 2.90 1.50 !-·"" 

MnO 0.10 0.10 0.13 0.20 0.10 0.20 0.40 0.30 0.20 

MgO 17.50 13.70 4.70 3.50 0.4 o.so 0.30 32.20 34.30 

cao 21.00 23.80 15.30 9.40 1.50 0.90 42.00 0.30 0.30 

Na
2
o 1.18 1.05 5.05 5.39 4.97 3.96 0.97 o.o~ o.oa 

K
2

0 0.75 0.22 2.56 3.32 4.07 6 .. 21 0.30 0.01 0.03 

<.o.o1 .-.:·o.o1 
; 

<?~01 <?·01 P205 1.24 . 0.09 Q.10 <o.ot 1.59 
'· ' . '"' H o+ 0.20 0.30 0.60 0.30 0.4 0.3 0.3 2.30 2.90 \,) 

2 ' ~ 
LOI 0.20 1.10 2.1(. 2.30 0.4 0.9 0.6 12.11 12._52 ~ 

~') ---.,........--
Total 100.31 9'7.83 100.13 98.48 99.93 100.18 96.48 99.;.55 100.62 



TABLE II..!_£ontinued 

ppm 6 7 8 9 10 11 12 13 14 
-----· 

Ni 502 462 16 22 21 20 1115 

Co 41 25 10 14 ..... 4 ""--. <.__4 141 

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 t15 ....... 
0 

(30 <.30 (~O <30 .('30 <30 ...:../30 
p.) 

La 
" ....... ' ·. 

y_ <.10 (1o 10.50 ~/10 lQ. 50 (~o < .... 10 

' ' u 0.3 0.3 o.6 0.4 2.3 o.a o.a 0.2 0.2 

Th 1.6 1.7 4.7 4.9 11.0 0.7 4.7 0.5 0.7 
0 

Cu 18 13 8 9 12 9 8 

Ba+ 540 481 

Sr+ 313 360 
------------ . ----· 

Index to sample Nos. . . 
6. Medium-grained pyroxenite. 7. Coarse-arained pyroxenitt 8. and 9. Ijolite. 

10. Syenite. 11. Fenite. 12. ~~aston~te 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 l~quid of the suite. 

Evidences from the major, minor and 

trace elements variations among the different silicate 

rocks and their mineralogical compositions sugqest 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. ~ norm (%) of silieate rocks of Table II 

---+i-6----!-7----~~----~--9--~-1-0----:::_1_1--~1,.-12--~l-1_3_r ____ l_4 ___ 
! l ,. l 

~ \- . 16.98! 16.00(- \- ·j -
u I- \ I I : I l Or\- l- 15.0 ! 24.10 36.90i 1.95 1 o.os 0.20 

'i . iQ .81 l \ \ Lc i 4.,80 12.16 4.0 i- - : 
\ I i ; ! ! { 

Ab 

3.21 '4.20 

\ 

27.331 
I 44.70135.751 9.5o \ o.5o i o. 10 

29. 641- l- ; i ( -Ne 

' f 
I 
i l 

An ~.56 1 27.80 

: \ I 
34.5215.44 j3.60 0.88 !- ) 1 • .28 

1- 1- ~- \- ' Aero: 3.60 t I -
Di !_65.80 5.40 12.48 

Wo 

3 • os , 2 • 2 8 . 2 • o 7 I 7 • oo \' 1 • 3 2 

;17.57 

I !I 1 
,- p6.37 

I 

I 

5.95 r·15 Cs 5.34 

I I I 
! - :1- j- 33.90 49.14 

1- l- !_ 
\- t Hy 

Ol )16.68!2.25 77.41 6.94 
I J I . 

II 

Mt 

Hm 

' 3.36) 4.54 

0.78 

4.09 

0.54 

6.09 

111.24 (0.161 0.64 

0.93 11.41/2.52 
I 
\ 

'-
1 
i 

i· ! I t- ,2.94 0.95 1·-
l r i 

48.90\40.29 

I 1.68 -

5.01 3.78 

8.48 4.36 

+- 2.61 o.19 lo.21 1- l 3.62 

. 
1 ,11. 30 I l ~ Cor i- • · 3 15 · ! : - I I • I -

, • 1 I 

r Ap 

0.07 

---;---1-·---+---+---i---,------·--~ 
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TABLE IF Average compositions of some representative -. 
" 0 

~ 

samples of sung Valley along with aYe rages of 

similar rock types • 

...... ~ .... ------~· 

wt .. 'Yo 1 2 3 4 5 6 

.__ ........ -... -.. ---····---:.---.----·-- ............. _____ .,_ 

Si02 42.40 47.55 43.50 67.30 41.55 38.12 - 47.26 

Al 2o 3 0.59 2.91 18.80 15.95 7.25 11.99 - 20.82 

Tio2 0.69 0.64 0.46 o.so 3.31 0.32 - 3.90 

Fe2o 3 14.29 4.40 4.80 3.90 6.80 ).53- 7.08. 

FeO 2.58 3.36 3.70 0.63 7.77 2.16 - 6.46 

MnO 2.29 0.10 0.16 0.18 0.20 0.11 - 0.35 

MgO 39.06 15.50 4.10 0.45 13.02 . 3. 30 - 5.70 

cao 0.35 22.40 12.35 0.95 . 16.93 6.45 - 22.56 

Na2o o.o7 0.96 5.22 4.46 1.38 4.65 - 11.69 

K20 0.01 0 63 2.94 5.14 o.7o 1.35 - 3.84 

P205 {::o. 01 
/ 

0.66 1.87 < o.o1 o.1o o. 59 0.16 -"-

co2 Nil - 1.66 

H20+ 0.25 0.45 0.35 o.so 0.11 - 2.94 \ 

----~ 

Totat·.1oo. 3 3 98.30 97.14 99.88 100.00 
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TABLE IV. Continued. 
--------·---·--··--·----·--·--·-··-·--·--·---

ppm 

Ni 

Co 

Cr 

v 
Zr 

Nb 

La 
y 

Ba 

sr 
.Rb 

u 
Th 

cu 

1 2 3 

--· ---------·------··-··-·•·-··---...-----... ----·--~:·--·-·M• ... ~., ..... ·- -.••-..-•• -·····-' 

1115 

141 

1635 

105 

27 

45 

<30 
(10 

-.... , 

482 

33 

879 

149 

97 

61 

/3o 
\ 

.··1o 
"--, 

19 

12 

15 

218 

362 

127 

~0 

0.3 0.4 0.6 

0.7 1.85 5.5 

8 15 8 

Index to numbers in Table IV : 

1. Average of two peridotites 13 and 14 of Table li 
recalculated loss on ignition free. 

2. Average of two pyroxenites (No. 6 and 7 Table Il). 

3. Average of two ijolites (No. 8 and 9 of Table II) 

4. Average of syenitic types (No. 10 and 11 of Table II). 

5. Average alkali pyroxenite (Nockolds, 1954). 

6. Range of ij olite compos itiO!lS •. Sflmples inc_luded are 
from co~plexes such as Fen, L~~ldp~kJ and Budeda ('Iuttle 
and Gittins, 1966, p. 235, 2'12. 103 and 78 and East 
Africa Le Bai, 1977, p. 307)~ 
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APPENDIX - C 

Extract from 

.Preparation and Characterization of Solid Solutions of 

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~~ No. 2 ( 1985 )', 63 

EXPERIMENTAL 
-~·-·-------~--

The preparation of the samples was based on 

the following·equations : 

10 'Pb:L+-+ b xo%- + 2-01-t . ) Pb
10 

(xDLJ{:, (oH.)2_ 

Where X = P or v or (P + v). While stock solutions of 
.:2+ . 3-

Pb and PO~ vJere prepared from lead acetate and diammo-

niurn hydrogen j~hate in double distilled water 1 

.sodium orthovanadate solution was obtained by dissolving 

vanadium pentoxide in sodium hydroxide solution~- All ::: .. : :.-. 
thes~ solutions were preserved in polyethylene containers. 

The amounts of lea<)', phospho:r:us and vanadium present in the 

respective solutions were determined by complexometric
11

, 

Washburn and Shear•s12 and iodometric
13 

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 10 , 14, 15 to maintain a pH of 12 on dilution to 

1000 ml was taken in a 3 litre round bottom flask. 



Diammoniurn hydrogen phosphate and/or sodium 

orthovanadate solutions stoichiometric with that of Pb
2 

+ 

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 
' 2 + 

Pb • The precipitation was done at 37 C to ~mulate 

biological conditions. Air (free from co2 ~ 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 sintered glass crucible and washed with .. 

water till the washings were neutral. In order to elimi­

nate extraneous phases16 likely to get co-prec~.L:l: 
with the sample, the latter was equilibrated for about 

6 hr with ~/o 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 hr
14 

and cooled in 

a desiccated atmosphere. This was used for chemical', x-ray 

and IR analyses. The weight per cents of Pb, P and V of 

the samples were determined by methods 17 specially worked 

out by us for the purpose and reported in columns 3 1 4
1

1 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) \vas calculated and included in column 6 • 



Table 1 Chemical Analyses of solid solutions of Phosphate and Vanadate apatites of Lead. 
p.·--------

wt (%,) g atom 

sl. ratio 1 

No Sample pb p v Pb/(P + V) Molecular formula* 
.-----··- -··--
( 1) ~2) (3) ' ( 4) ( 5) (6) ( 7) 

1 Lead Phosphate apatite 77.86 6.97 - 1.67 Pbto ( 'Po4 )" (o~-t )2 
(LPA) J-6 

0 
2. Solid solution I 76.61 6.1, 1.16 1.66 Pb•o (?04\-.~ (\Jo~)o.b (_ot-t)2 eo 

3 solid solution II 77.36 5.13 2.74 1.70 Pb1o (1>ol4 )lt.5 (\104\.5 (OH)2 

4 solid solution III 76.69 4.15 4.22 1.71. pbiO (Polf ).~. ~~ (\Jo~ )2 ,.~1 ( Ol-t \ 

5 solid solution IV 75.46 2.99 6.40 1.64 PblO ('PO~ J ( \10 ) (ot-t) 
2· b 4 '?>·lt 2. 

6 Solid Solution V 75.26 2.15 7.54 1.67 . Pb10 ('Po4 ),.q (\Joi()4.1 (OH) 
2. 

7 Solid Solution VI 75.69 1.32 8.81 1.69 pb\0 (?o4\.:L ( vo4 '\.ca (DH \ 

8. Lead vanadate apatite 74.37 - 10.80 1.69 Pb1o (vo~)b (o14).2. 
(LVA) 

----------·- ----------------------.--··~----- . -------··· ..... ·~--·····-· 

* Based exclus!vely on Pb, Po4 and vo
4 

contents', (OH)) content being assumed to be 
stoichiometric. 



10. Narasaraju, T.s .. a., Singh, R.P. and Rao,·V.L .. N.', 

J. ·Inorg. Nucl. Chern.·, 197i1 2072 - 2074', 34. 

11. West, T.S • 1 Comp1.exometry with EDT~ ano Re1.:at:e0. 

Reagents', · 3rd Edition', Completely revised and· 

rewritten, B.D.H., Chemicals Ltd.', Poole, 1969, p. 190. 

12. Washburn, M.L.·and shear, M.J., J. Biol. Chem., 

1932 -1933 1 2~1 9S. 

13. Vogel, Arthur, I., ·A Text Book of Quantitative 

Inorganic A.nalysis, Including Elementary Instru­

mental Analysis, Low-Priced Text Book, 3rd Edition, 

The English Language Book society and Longman's 

Green & Co. Ltd.', 1961'1 p. 361. 

14. Collin, R.L. 1 J. Am., Chern,. Soc., 1959, 81, 5275,. · 

15. Keller, R.N .. und Eyke, D. 1 Chern. Pharm., 1961'1 19', 3. 

16. NarasarajU: 7 T.s.B., Lahiri, P., ·Yadav, P.R. and 

Rai, U.s.·, Curr. Sci., 1982, 51', 772. 

17. Narasaraju, T.S.B._, Gupta, S.K. and Rao, P.V.R., 
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APPENDIX - D 

Extract from 

Preparation and Characterization of Solid 
§olutions of Phosphate and Vanadate Apatftes 

of calcium. 

G~'fA, S.K.i, AAd, P.V.R. and NAAASAAAJU1 T.S.B. 

Indian Journal of Chemistry (in print) 

Materials and Methods. 

The sample were prepared based on the following equation :-

10 Ca so 4 + 6 Na
3 

xo 4 + 2 Na OH = ca10 (X04) 6 (OH) 2 + 10Na2 so4 

Where 1X 1 = p or v or {P+V) of des·ired proportion. 
stock solutions of phosphate and vanadate were prepared 

by-dissolving disodium hydrogen phosphate and vanadium 

pentoxide respectively in o.s M sodium hydroxide solution, 

preserved in polyethylene c~ntainers and analysed for 
10 . 11 phosphorus . and vanad1um • 

Appropriate volumes of the above solutions ma"intained. 

at a pH of about 12 were mixed with a stoichiometric 

amount of calcium sulphate suspended in 0.5 M·sodium 

hydroxide solution under co
2

- free atmosphere·, the sus-

-pension being maintained at.its boiling point. The pro­

duct was aged for about 2 hrs.and left pvernight to 

facilitate hydrolysis and to improve crystallinity. It 

was tpem 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 ~/o 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° C for 

about 6 hrs. 13 and cooled in a desiccated atmosphere for 

use in chemical, x-ray and infrared analyses. 
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For the preparation of the samples 1 a preference 

for a co-precipitation technique to crystallization from 

fused mixtures was justified by the considei:tation 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 

their hydroxides and acid phosphates 23 • Mayer, et. a1
24 

• 

suggested a method for the preparation of apatite based 

on the use of a reaction 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 
. 24 

appropriate modifications of the method , appreciable 

quantities of CPA 1CVA 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

tions controlled by a consideration of their solubility 

products. 
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