CUAPIEA - I

IETROBUCEION

1.1 Introductory Temaris :

Haterials cccur in thres states of aggregation : solid,
liguid znd gaseous. In solids znd liguids the distance between
the neighbouring atoms is of the ordsr of a few fngstrons i,e.,

. B . 22 ~23 S it
ney contain szbout 10 - 10 atoms per cm™., 1hils msy be

16 ,
9 molecules per cm8 in

compared with a density of about 2.7x10

2 gas at room tempsrature snd a pregsure of one atmosphere, This
o

corresponds To sn average distance of zpproximately 304 betwaen

molscules.

Depending nn external wnorphology and internal stoamic
arrengenents, solid materizls can be breadiy divided into two
groups - asmorphous esund crystallins with various shades of
crystallinity iyving in between. An ideal crystal is dafined to
consist of stomns stacked in & regular menner, foraing a three
dimensionnsl array, winich may be cbtzined by a three dimnansional
rapetition of a certain patltern unit. A perfect crystal should
also be infinite in size since finiteness of size neans bresk of
regularity of atomic arrsngenents ati the boundary. Ateoms in =
perfect crystal must ascessarily be stationary at latilice points.
These conditions of =2 idezl crystal sre obviously not realizable

in preoctice. A1l reszl crystaels are finlte in size and even =



go crllad single crystal consists in reslity, of small crysta-
Littes callad domeing or mossic blocs wisoriented among them-
selves by smell finite sngles. A% all temparastures - even a¥
zhsolute zero - the atoms in a ecrystalline  s0lid execute small
pacilletions about thelr mesn squilibrium position., Apart from
tnis, there may be displeceanents of the mesn positions from the
lattice site, ceused by dislocations, Strain, stiacking and

snlts and also by Introduction of foreign atoms., There

Fr

twining‘
may be vacancisz and interstitisls ond sometiws cracks and voids.
The periodicity of tThe lstiice is broken due to praesence of
these defzcls. & more sericus type of defect is the lattice
disorder where different constituent atoms randemly occupy the

lattice. sites.

for most solids the crystalline state Is the natural one
since the =nergy of the ordered atomic arvangement i1s lowesr than
that of en irrepular packing of atoms., However, whisn the zatoms
eTe not given sn opportunily to arrange themselves properly,
mostly natural but sometine lan-made anorphous materisls may be

5 one in which atoms are

e

Tormned, The idesl aworphous msiterial
distributed with perfect randomness. It is eszsy to see that
such perfect amorphous materials are very difficult to obtain
speclzlly when the finite size of the atoms produces a local
regularity of arrsngenents. 4n amorphous material is found to
1035eSs 2 short range order in ths sense thal over the range of
3 to 5 stonmic dizneters the stomic arrsngement 1s largely repe-

titive. lecroscopically spesiing smorphous substances ars



necessarily isotropic so thal thelr ik propertiass do not vary

vwith direction.

In liguids and gsses, the alomic environment =about any

aferencs atom is coastontly changing. Hevertheless, = smsll

=

H

ils in ligquids. This is demmnded by

Pl

degree of local order prev
the herd spheve model of stom - which pronivpits atoms and
molecules spgroaching each other beyond z certain distsnce known
as radius of the sphere of influenca. Additionsl nearly constant
interstomic distsnces are introduced which are deterained by the
lengths of the bonds and sny characisristic shngle between them.
Gertain polymers are composed of very lsrge =nd irregular mole~
cules =nd in such cases, closed packing may not be obsarved =nd

isotropy will wmostly disanpear.

Since early ULines, exponents of science have carried out
extensive resesrches on crystals and many new horizons in this
porticular breauch of sclence have been explored. Of late,
amorphous malterials especially smorphcous saniconductors have
attracied attention of the scientists 211 over the world snd many
Tascinating properties of these materials have been studied. This
reoidly growing field of physics has now become a very important

brenen of crystallography.

Bacruse of ths m=ny uses to which 1t is increasingly
being put - for example a8 monochrometor for X-rays aad nsutrons,
s replice amsterial for electron microscopic studies, for slowing

neutrons in nuclear reactors, as electrode materials, in the



srmmisciure of rocdet nozrles ng rubber hardeners etc., corbon

“is peing studied recantly from eny standpoints. The most

a

fuportent snd Cescinsulng aspectis ars obviously the structure-
oroperty relstions. 4dmittedly, the present investigation has

PP

been necessiated Irom this consideraticn end as such, different
saiples of carbons especislly of amorphous type have been taken

up for deteiled X-rsy anslysis.

The {col for struetural studies of carbon hag been
caosen to bz the A-rey ¢iffraction techaique. The arrangezent of

atoms can be studied by using redintions with wsvelength of the

,;;

order of intersteslc distances i.e., of tha order of 1A.U,

Usuel redistions having this order of wsvelengths are X-vays,
slactron beams snd neutron bezms, A coanbinstion of studies
using =1l of these three radistions would be very useful but
A-Tays 2re moSt essily availesble and for wide angle Studiés, very
alegant. The same sngulsr range csi be covered by Heutron
dlffrsetion studies - but neutron beams of regquired Intensity
cell be obtained only from wuclear resciors vhich are not essily
avallnble. The associsted instrumentstion is =21so vary compli-
cated, Blectrsn uicroscony and electron diffraction are both
useful tocls and hsve Dbeen used quite oftan for studying cerbon
structures. Sut the effective resoluticn of ususlly avallable
~lzctron micro ope is of the order of at mest 150 AU, =lthough
claims for spscisl Instruments with higher resclution have been
made. Tlsctron besms of wavelength of the order of K-raysg

{ 1 £,U.) present provlems of penetrabvility and high refrsctive



index caused by potentinl barrier Jdus to atoms. Shorter wave-
lengths used Lo 2void these difficulties give rise to very small
sngles of diflrsction. The measurenents in this anguler range

prenme rather inoccurate, Thus, on en oversll bssis, X-rays are

most convenieat radiestions to use - zlthough elsctron
diffraction and neutren diffraction provide very valuasble complé-
mentary dets. For L-Trays, the refractive index being very near
to unity, it is net possible to construct lenses for i-rays thus
rendering co “strucblon of K-rzy microscope a very difficult task.
S0 we sre left with a-roy diffresction snd it is this technigue

that hes been used in course of this analysis.

In the firct phose of tho prasent dissertations, carbon
blrciks obbained from pyrolysis of snslyticslly pure benzene,

a 8zaple ol ulirzcarbon have Leen

subjiected to extensive A-ray gtudy with special emphasis To

oxsnine whether the mother substance has sny influence on the

-

residusl aminorphous czrbon blsck., In the second phage, a syste-

motic gtudy hag boen ande on the nature ond extent of graphiti-

o

seticn of a few cokes and graphites prepared from naturaolly

occurring coals.

1.2 Dependence of properties of c=arbon on structure :

The alement carbon is the sixth in the periodic tcble.
Of the six elactrons in » neutrsl stem, the four in the outer
L=gshell are eveilable for the formation of chemicsl bonds., In

. 3 2“‘
tite isolsted carbon stom the distribution is 18725 p ;



