MODEL ANSWER,  B. Sc. (Fifth Semester) Examination, 2013 E——

Subject: PHYSICS;  Paper: Fourth (Sdill State Physics — I), Paper Code: AS-2782
Section-A:
Answer No. -01: (i) b (ii) b (iii) ¢ (iv)b (v)a (vi)a (vii)a (viii) ¢ (ix)d (x)d
Answer No.-02(a): Intercept along three crystallographic axes: a/2 b3 o4

Division by unit translation Y 13 Y%
Reciprocals - 2 3 -
After clearing fractions 2 3 4

The required Miller indices of the plane are (234).
Answer No.-02(a): Wehave  p'oglir!whokid=1:2:3
Therefore prgir=1: %: 1/3; The ratio of actual lengths of the intercepts are:
hibih=paigbire= 1211 1.8412; 1.97/3
Smcol.ss[wenasl!l/\sol; 0.92 Aand Iy~ 0657A

Mmﬂr(‘:l)nﬁrphous solid 1s a solid in which there is no long range ordcr of the positions of the

atoms. Amorphous material can also be produced by additives, An amorphous solid is a solid
in which there is no long-range order of the positions of the atoms, (Solids in which there is
long-range atomic order are called crystalline solids or morphous). Most classes of solid
materials can be found or prepared in an amorphous form. For instance, common window
gluss is an amorphous ceramic, many polymers (such as polystyrene) are amorphous, and
cven foods such as cotton candy are amorphous solids. Amorphous materials are often
prepared by mpidly cooling molten material. The cooling reduces the mobility of the
material's molecules before they can pack into & more thermodynamically favorable
crystalline state. Amorphous materials can also be produced by additives which interfere with
the ability of the primary constituent to crystallize, For example addition of soda 10 silicon
dioxide results in window glass and the addition of glycols to water results in a vitrified
solid. In common terms, the term glass refers to amorphous oxides. and especially silicates
(compounds based on silicon and oxygen), Ordinary soda-lime glass, used in windows and
drinking containers, is created by the addition of soda and lime (calcium oxide) to silicon
dioxide. Some amorphous metallic alloys can be prepared under special processing
conditions (such as rapid solidification, thin-film deposition, or ion implantation), but the
term  "metallic  glass"  refers only to  rapidly  solidified  materials,

(1) Chnclcktic Geometry In crysfalllne sobds tbe partncles (atoms, ions, or molecules)
are definitely and orderly arranged thus these Ive characteristic geometry while amorphous
solids do not have characteristic geometry.
(ii) Melting Point: A crystalline solid has a sharp melting point, i.¢., it changes into liquid
state at a definite temperature. On the contrary an amorphous solid does not have a sharp
melting point, For example, when glass is heated, it softens and then starts flowing without
undetgoingmynbmptorshupchmge&musohdtohqmdm Therefore, amorphous
solids are regarded as “liquids at all temperatures™,
(iii) Cooling curve: Amorphous solids show smooth cooling curve while crystalline solids
show two breaks in cooling curve. In the case of crystalline solids two break points ‘a’ and
ob’ w
This is due to the fact that during crystallization process energy is liberated which
compensates for the loss of heat, thus the temperature remains constant.
(iv) Isotropy and Anisotropy: Amorphous solids differ from crystalline solids and resemble
liquids in many respects. The properties of amorphous solids, such as, electrical conductivity,
thermal conductivity, mechanical strength, refractive index, coeflicient of thermal expansion
ete, are same in all directions. Such solids are known as isotropic, Gases and liquids are also
isotropic. On the other hand, crystalline solidS show these physical properties different in
different directions. Therefore crystalline solids are called anisotropic. The anisotropy itself is
a strong evidence for the existence of orderly molecular arrangement in crystals. For
the velocity of Tight passing through a crystal is different in different directions. A
ray of light entering in a crystal may splitup i vasows cm*mmh.
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Miller indices form a notation system in crystallography for planes in crystal (Bravais)
lattices. In particular, a family of lattice planes is determined by three integers &, &, and £,
the Miller indices. They are written (hkf), and each index denotes a plane orthogonal to a
direction (h, k, [)in the basis of the reciprocal lattice vectors,  The integers are usually
written in lowest terms, i.. their greatest common divisor should be 1. Miller index{100)
represents a plane orthogonal to dircction A; index (010)represents a plane orthogonal to
direction k, and index(001) represents a plane orthogonal to £.

There are also several related notations:

« “The notation {hk() denotes the set of all planes that are equivalent to (hk() by the symmetry
of the Jattice.
In the context of crystal directions (not planes), the corresponding notations are! & b k4 and [hied7]

+ [hk(], with square instead of round brackets, denotes a direction in the basis of
the direct lattice vectors instead of the reciprocal lattice; and

« similarly, the notation denotes the set of all directions that are equivalent to [hk{] by
symimetry Chiet>, ¥
Miller indices were introduced in 1839 by the British mineralogist William Hallowes Miller.
The method was also historically known as the Millerian system, and the indices as
Millerian,”! although this is now rare.
There are two equivalent ways to define the meaning of the Miller indices:¥hvia a point in
the reciprocal lattice, or as the inverse intercepts along the lattice vectors. Both definitions are
given below, In either case, one needs to choose the three lattice vectors ay, a3, and a3 that
define the unit cell (note that the conventional unit cell may be larger than the primitive cell
of the Bravais lattice, as theexamples belowillustrate). Given these, the three
primitive reciprocal lattice vectors are also determined (deénoted by, by, and b;).
Then, given the three Miller indices h, k, £, (hk) denotes planes orthogonal to the reciprocal
lattice vector;
That is, (hk{) simply indicates & normal to the planes in the basis of the primitive reciprocal
lattice vectors. Because the coordinates are integers, this normal is itself always a reciprocal
lattice vector. The requirement of lowest terms means that it is the shortest reciprocal lattice
vector in the given direction, ®
Equivalently, (hk{) denotes a plane that intercepts the three points ay/h, ay/k, and ay/€. or
some multiple thereof. That is, the Miller indices are proportional to the inverses of the
intercepts of the plane, in the basis of the lattice vectors. If one of the indices is zero, it means
that the planes do not intersect that axis (the intercept is "at infinity").
Considering only (hk€) planes intersecting one or more lattice points (the lartice planes), the
perpendicular distance d between adjacent lattice planes is related to the (shortest) reciprocal

(SRS ko3
Iattice vector orthogonal to the planes by the formulag—» o = (;J 5 *-;;]
The related notation [hk{] denotes the direcrion:
That is, it uses the direct lattice basis instead of the reciprocal lattice. Note that [hk(}
is not generally normal to the (hk{) planes, except in a cubic lattice, asdesoriingdeboe.
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For an infinite three dimensional lattice, defined by its primitive vectors (ay, @y, ay), its reciprocal lattice
determined by generating its three reciprocal primitive vectors. This method appeals ta the definition, anc
generalization to arbitrary dimensions. Curiously, the cross product formula dominates introductory mates.
crystallography. The above definition is called the "physics” definition, as the factor of 2 comes natural
the study of periodic structures. Each point (hkl) in the reciprocal lattice corresponds to & set of lattice
(hkl) in the real space lattice. The direction of the reciprocal lattice vector corresponds to the normal to
space planes, The magnitude of the reciprocal lattice vector is given in reciprocal length and is equap
% reciprocal of the interplanar spacing of the real space planes. The reciprocal lattice plays a fundamental
vl most analytic studies of periodic structures, particularly in the theory of diffraction. For Bragg reflects
neutron and X-ray diffraction, the momentum différence between incoming and diffracted X-rays of a cryht
in reciprocal lattice vector. The diffraction pattern of a crystal can be used to determine the reciprocal vector

lattice. Using this process, one can infer the atomic arrangement of a crystal, ceveneclin aza 3\9%
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ANSWER No- £ (a) Hydrogen Bonding

Ahbydrogen  bondis  the electromagnetic attractive  interaction between polar molecules i
which hydrogen (H) is bound 0 a highly electronegativeatom, such  as nitrogen {N), oxygen (0)
or fluorine (F), The name hydrogen bond is something of @ misnomer, as it is not a true bond but
particularly strong dipole-dipole attraction, and should not be confused with a covalent bond,

These hydrogen-bond attractions can occur between molecules (imtermolecular) or within different parts-of
a single molecule (intramolecuiar)"! The hydrogen bond (5 to 30 kV/mole) is stronger than a van der
Waals interaction, but weaker than covalent or ionic bonds. This type of bond can oceur in inorganic
molecules such as water and in organic molecules like DNA and proteins.

Intermolecular hydrogen bonding is responsible for the high boiling point of water (100 °C) compared ts

the other group 16 hydrides that have no hydrogen bonds. Intramolecular hydrogen bonding is partly

responsible for the secondary and téntiary structures of proteins and nucleic acids, It also plays an important”
role in the structure of polymers, both syathetic and natural,

A hydrogen atom attached to a rolatively dlectronegative atom is a hydrogen bond donor.™ This
electronegative atom is usually fluorine,oxygen, or nitrogen. An electronegative atom such as fluorine
OXygen, or nitrogen is a hydrogen bond acceptor, whether it is bonded to a hydrogen atom or not. A
example of a hydrogen bond donor is ethanol, which has a hydrogen bonded to oxygen; an example of
hydmgenbondwcepwtwlﬁchdoesnorhaveahydmgmammbondcdtoixistheoxygenatomondiahy-t
cther.Ahydmgmauachedmarbonmahopmﬁcipminhydmgmbondingwhmdwwbonmk
bound to electronegative atoms, as is the case in chloroform, CHC),. "] The electronegative atom attract
lheeloctmncloudﬁomarounddwbydmgtnnucleusnnd,bydeemmlizinglhccloud,leavesthemomwi&
apositivcpmialchrgc.Bbcauseofthesmnllsiieofhydrogcnrehﬂvetooﬂwrmmsmdmolecula.the
mﬂﬂngchumﬁmghodypmﬁ&mmm:hrgcebmdmﬂmAhydmgmhoﬁmdemmk
strong positive charge density attracts a lone pair of electrons on another heteroatom, which becomes the.
hydrogen-bond aceeptor.

The hydrogen bond is often described as an electrostatic dipole-dipole interaction. However, it also has
aomefm:ms‘ofcovalcmbunding:itisdlmﬁondmdsﬂmg,pmduces-inmmicdismmshmum
sumofv‘anderWaalsndii.mdmually‘involvesalinmedmnnherofimgactionpmnm.whichcanbt
hwmedunwpeofvaknu.nesccwakmfenmmmmsubmﬁﬂwhenmmonbw
hydrogens from more electronegative donors.

The partially covalent nature of a hydrogen bond raises the following questions: "To which molecule of
atom does the hydrogen nucleushelong?” and "Which should be labeled 'donor’ snd which ‘acceptor'?
Usually, this is simple to determine on the basis of interatomic distances in the X-H Y system: X-F
distance is typically =110 pm, whereas H Y distance is =160 1o 200 pm. Liquids that display hydroge
bonding are called associated liquids. Hydrogen bonding is a special type of dipole-dipole attractio
between molecules, not a covalent bond to a hydrogen atom, It results from the attractive force between
hydrogen atom covalently bonded to a very electronegative atom such as a N, O, or F atom and anothe
vayelcctronegntiveuom.ﬁydmgmbondmgthsmgcﬁvom4k.l!o$0k1petmo!eofhydmgcnbond;
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