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- The smallegt parhele of solids ave atomé, fong ox molecules

\Epes of so\l‘gl

Q Cvas}o\h‘ne golrd

@ Amovphous solid

®Cv3s¥a|h‘_nt solid =

- There is o 7e3u\a~f“w3" and per?oéfcﬁg (n the avvangement of
tonghtwent payHdes in t'rxs’raﬂ;ne go\d

— T™e opydered qrmngemen’r oF pashdes exdends overa leng ¥ange ¥
Cvystalling  gouds  have sharp me\H‘ng poinks’, i.c. they melt at
& deWnite ‘temperatare.

— 8 U\gsh\\?ne sulostances  except those hcw‘mg cubic styochure

ave  an etropid.

Tn other wovds thelv properHes \.ke refrach’ve (adex , Hhermal €

electrical conduckivify , etc: are different {n diffevent divetiens.

@ Amoyphous so\'d = '
—  The wneHiaent porHdes “tn ameyphous se\id arve 'fandom\g arranged .
— pavhcles do mot wave long yonge ovdeved s-H'UCWF but Fhey

do hoave a  ghoxt Yange. ovded:

—  Amoyrphous  golid  do .not have ghavp melh‘ng~ points.
They  melt  gyadualy ovey a tempevatuye Jotevval.

- These selids are jgobyepic:

[amorphows. golrds )

~ Regulay’ amongement éf = Enegul oy caravgene -
pain'eles o 8 pashe -
T lbng oder Ty amrangement | = gho'l  ammmmp ader ),
a& Peu(hou/s | i gtnea - 9 pemloey_
- e gold R ~ Peeudo spuld | Sulpertoetal Uy,
—%W me{ﬁv\g,'\Po)Y\}’*' . PRN)@Q&[ m{j}h"y\g p(r;\r\_)\.
= AP ) poduree



Dlamond — Nttt W’%‘[  fo TMF_‘O/_‘W/

= Twe av move sukstantes having the same evystals ghroctave

* Lsomorphism =

ave said to e ;aomorp)‘OU$£'

— T these gubstances

the ehemical composiHon hee  the same
atomic yohb-

E ‘ »
EXL D Naf and Ma 0 %) NaNOy and Caton
.&"‘_‘\"_’H‘"‘_"_ - 15 atomie l‘oh'p S 4y 2

* Eg !Y\ovp\'\;sm =

- A s;na\e substance that exigts in +wo of

move Foyms sx cryspanine
shruckures sald 4o be —

pelymorpho us.?

| £,
Pelymovphs of o substance are Formed under different condions.
X ) i
EX 1) caldte ¥ avogonite ave twe Feyms of  Calilum caylbonate.

D de - : ]
D &-quarkz, B-quartz £ cyisth \oah‘%:e ave three of the seveval Fayms

of —'_s_llia_\_(_g;g_a;z |
When POl MaYPhISM  accutrin

S thme  pgrmowhic fooes Y o™ are  dismond,

-—

g In elements is called allotyepy s

tat \ > > hl""e
iC.\ussﬁ-lcaho'n of C?gs}a\h‘ne solids , Fullevere. ITYhire.
' g , hawelest Jsnazon
@ Tone Crystal ‘ | Ml -

& Covalent network erystals

8 wealk dipole -dipole 1 keyackons
moleculay crys tal ‘——E verg weak dispevsion or Landop Forces

@ Metallic Crysta) (0 A Intermoteculay Hgdrogen bandg.

® Tonic Crystal =78 o5

— (onsHient parHeles oF fonie evystals  ave ehay
The cation and anion mgy differ Tn size.

rged tong -

~ The parhdes of  fonl erystals ave held by electrostamc
Fovee of attvacton, beth opposﬂelbr charged fons-

~ Tonic evgstals ave Rawd and eRIne.

e ﬂweg have hfgh» me\ﬁng pointse /

— These ove. msngsndaciory’ oF elechricity th sold state.
Howevey, they are good (onductoxs uhen M_Q_\Eé LA
Alsso\ved in water.

ex  Natl, K504 ,Caf2 , RO are Tpnic ugs"}ols-
— Tuf |
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@ Covolent netwovk eryshls =

i solfds are oloms .

e The (bnsh‘k\%* th‘des n eovalent netwoyk Soli : } :

~ The atomg W Ahese mgswlé ave |ipked bg a copkpuols  system o
tovaleny bM)A-

— Covalen} petwork evystale ave verg\haw‘- In Foct "r'nfg oxe the
havdest ond  most 7ncompr¢§$;5?€- afF all +he materrals:

— Thepe erystals  have high me\H’nJ and  boiling points- -
(oValent ¢p)'de ave ‘poox conductors of heat and etechricity .

BEF diamond, quarts. (si0y) , bovon mithie ) cavborandom . et

@ Moleculay c\rgsM's >

The conshtaent parhcles eof meleculay sollds are mlecules of +he”
Same subgiopee :

-—

The joslecules “are held degethey by various  iptermoleculay Fovcess
oF aHrocHon.

a) wealk Alpsle -4l pole: interacHons |, polay molecules such as geyd

Ha ' HLO (507. 7 wh;Ch p055e5 Perqnen} d\'Pb‘( mbmeﬂ} N

v) \!ug weak dispersion o London Fervces

n non-g)av moleeules guch ag
go\ld e, , H, -

These vortes are algo involved n

Monoatemic solids tke A, Ne.

— Becauce of peak intermoleculay  atiyachve Fovees, moleculay

Seh s dvg Usually soft substancesl with (sw mclh’nJ poinks®

- These  golds are PooY etectyical econducteYS! and are good’
insulators.

@ Merallic Cvyshals =

— Metals  are pmglieables

— Metals  aye ductile! .e.
— metalg

e they cm be hammeved nto thin sheeds.
ﬁ\eg can .be - dyawn into - wives.

have good elechica) apng +heymal fconduchivity -

E Mekﬂs SU("\ as Na ) k/ qu L"’ Fe 'ﬂu"q s (0, C\‘(.
Lot J

c} InYey mole cular hydvogen bonds ) soids  such as
H.0 gc_e) r NHz HE and  s0 tovih -



ypPe Tonie SolWlds Covalent mo\e,cu\t\'f\ metal) e
- e netuerl, so\lds selids
i selds | SR 4
| covalen bel monostemic &Y medallic, Tong
. e\ + CaMons and \ L A4 .
! Qav‘hc =s.2 aniong bonded atams | Polyatomic na sea of
anit Lol meletu)es e\eedyons
2. Iﬂ“!YPQ‘h‘c‘e E‘QC\‘YO&‘OHQ Cb\l(\\erﬁ bo“ds LDY\C\O\'\/ d!‘pb\e* me}a“l‘c,
%Yces d“pb\e %TCé QDA bea nAS
hydvogen bond
2- Havdness Havd £ byiiNe Nevy havd 3ok} Variakle Fram
very SfF o
havd -
4. we\Hn High H;ﬁ"’ Low wide Yonge
poin*sg Geo'e Yo Be0e 267 Yo Loooe ~272% 4o ubd’c | 39% o 2400 ¢
s, Thermal § | Poov lectricad end” | pooy Pooy onducters | 9004 canducter
\echyicad nsoliad shate- onducto¥s % heat and of heat and
t L) s o
(onéud—;v'ﬂg. 3008 conduchYs | eleckritity electyicity .
when mettred
6 Ex Noc) . Caf Alamond | tce, benzoie aad |Na Mg, (u, By
: ' 2
gilico
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anit cell @ The smalest wepeang_shucﬁwa\ unit oF  a

cvgskx\\\'né solid  1s caled ounit cell-

Types of Unit ceuJ o

ﬂ Pyimitve - oy simple unit cell
BY Booy -centred unit cell
B toce- centred . umb cell
@3 tace— Ceppted  unit ce\\

[CoHiTce]: ~ geomerital  grargthik o} posik -

n e 2. ()\\me(-\k\\(/n(ﬂ f)\v,))'(\ e W\U’ZJ i
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® pﬂm'\\"’\'e oy S?mp\e anit cell =

Tn  primiHue umt cell | the conshtuents parhcle are pregen

at ks eovpey only-

-

® B_odg centred u#ﬂ* cell =

In this 4ype of unit cell ,one consktuent pavkele saxe present
ab  cenlve oF the body in oo\df&éon to  corney parkcle -

@ Face Cenwea- ani + cell =

The umt  cell tongists of a payﬁde ot  Yhe é_cn«}rc of
each of +the Faces |, addiHon with cavner paviicles.

@ Base centred anit cell =

Thie unit cell consist af parh’clés at the cenlre 4f any
Hedo  of Ths aspposite Foces In addiHon to wyney parheles -

¥ C(vystal Shructuve

=1y latHees , which o\gscr;be the cyysial
structure | are called Braweds latices -

J

/g g % : ; - 5c;vcn vcrgs#od systems aye associated

g SY) ‘Zi :5 %E §° UN.HQ,.H Bravads !q'tﬁces also called
O’%'\L' t\% _Z }T/_fr_ - 'ﬁ\e’ wmme named as
] [ T Qubic, "feW°<9°hal, ovthoshomb ¢,

“d o 7‘)10Yn190hedmj' monbcﬁn;c,/ firclinfe §

HC'MS""“J System.

W
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g
7
I
=



] Cubie System

) Simple cuble anit W €5) hag o parHele at  each of the
e\\g\’\* cernevs of cube-

] Body - centred cublc unit celf’ Cbee) has pavheles ab jts e1ght

YNeYS and an addihonal pm—h‘cle in the cteptve of the cube.

W] face - centred cubie anit W (Fe)  hag parhele ot the centre

of each ofi‘six TOeS I addiHon do the parhcdes af
e\\%M coynevs of the cube.

Eun’\\ou of parhcles in cubic unit ce@

3} Aimitive o simple cublec unit cell -

\ " lcles ot its covney.
- simple  cubie upit cell Containg eight _parheles ot

. ; i . = 1
- When +these umt cells are staclked ‘roge‘rhe\’ then +he parhcle

at each cevner 1S ghared by eight other payhicles.

aise

o © o § ‘ 5 & °
—  No-of paykeles in simple cuble unit cell ISt g x8| = 1 pashiele.

’3 Bodg - centred cu\;ic un‘\+ cell -

- “Tn Hms umt cell cigh’f Porhc\es are present ab i4s covnevw in

\\.
odditlon with one particle in centre of he unit el
£y © e ?.,_L o N.\t b - :
— N of parﬁcles In ‘Bodg—- centred umt cell —-5\;\’5‘7:8“4-\»‘. = 2 par¥icles

e

4

3:] Face —centred cublc anit cell 4~

— B¢ unit cetl coptains g‘ighfpar.‘r?c\_es- ot 'S ecorneY  in
addition  ith pne pavfigle present In the centre of each
face.

= Toch partices of ihe centve of Race {5 shayed with

nef ghbourt ng cube.

-

Ne- of par’ﬁcles n wee s

%7\‘8 £ bR

= pa\’*’tﬂr\‘”

k] Bage - (entred unit el - no.of portcles = 2 Pavhoes.
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Relanonship between molar mass, density of

Unit cel edge length

the substance apd

Gm

118 the fdge length ofF unit Cell is’a¥ and yylume of unit cel) is 'ad’

vl onsidey the mass of one pa‘H—?c‘e 15 ‘m' and no . p‘f“pﬁm‘H‘(leS‘ 1s m’.

s Moss of unik cetli= mxn im0 @
nJ The clenshg_é of umt cell fs given by,

gi= Moss of umt cell
- o —
Volume af unit cel)

ggg m xn

a3

@

] Mo\m - Mogs of a substance g ST\Jen bg,

M= mass 6f one particle X No- of parhcles pey mole”
M = m % Na” ‘ v

‘ Nﬂ?——o wheve, Ngq = ﬂvuaadm numbev

vJ Subshiate  equation ® n equaton (3)

M xn
§ Np xad

[ﬁ: L

Volu-me-
A Al
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F Pa.ckmg tn‘{ - | Clese, P‘?Ckﬂﬂj n close Pdelﬂg
one dimension| Hwo dimension thyee °\'m€n{>|on

> >//
4//
“«
Square clog e

¢ e Stak,
pac L ;::i{?"ql B elg 'ng OgSQUOTe
g 8¢ Packed Todem
sl-qklng of twe L4
hexagen g close packed
\qgers
Placin Wivd -
he .
aganal \oge d Racked e(/
(Qger



fbcking of pavhcles in cvystal lathce

- The  numbey of ne?a\\\)ou\“l’ng spheves that fouch ang §1ven spheve
1§ s toovdinaHon numbex. 7

— f close pocked % vesalts by avvanging

to touch eoach othey N o you.

cod@der

+he spheres

— f close packed two dimensional ¢ planay) Structuse wesalrs

s&-ockh\% the yows togethey guch #hat ‘rheg are in tontact
with each other:

d

| Hwo ways to ebtain cloge packin ‘?n\ :
C—_——_—\ +WO dimensions.
Squaye close

5 Hexagqo
Pﬂckmg gonal close

pockin 9

; \
) Square q'zégn.egglstﬁg. 4

~ O0ne dimensionagl Yows of close pocked spheves are gracked aver Cach
OtheY such that the gpheves olign vevHeally and hovizontally.

PR VT R e

— IF the Eyst vow 15 labelled ag ‘B tyee  and 2™ vow Ssaleo [obelleel
g6 (QNHP"' * Hente the avyan gement ’s called QP O, . -... rype
twe  dimensional avrang ement.

& ,'.;iqi.i-i‘fl

— (Co-ovdinalon, pumbey = 41 -

Kupnt plonn or.

QL
2

L
»
fp'gj



W) Hexagonal cloge ”puckl‘ng =

= Close packed ene dimensional Yow shows “hat there are de

chss:oM be‘rmwn
*\\6 nmah\)cs\mg Sp\\eres

IF e secand wouw te avvanged in such a way that it spheves i} in

the depressions of he Myst vow , a staggeved arvangement vesulhg,

T EF the  ®ivgt vow T colled ‘B! Hygpe YoW and gecond vouw fe called
‘8" Hype vow.

P\ocmg the 39 yow in rSH!gaerec\ manney 3n° contack with secend wow
QN&S Nee +o ap ovvangement ‘N whidy Hhe stheves in the #hivd Touw

_—K_‘-,_J
ove aligned with the ¢pheres rn the Hret youw.

The YCSu)h‘ng 6 dimensional avvengement s ' pgeB....  Hype-

\ 3
- (o-oYdinakon numbey = 6 [

three dimensions’=
— stacking of Hwo dimensional lagevs gives ¥ise 4o three dimensional cyystal
styuctures .

D) Stocking of square close packed lagers =

* e

~ stacking of square close. pocked logevs genevales a three o\cmenswnal
simele  cyubie structuve -

— Heve, the second layer ig placed over +he Ryg} lager ‘soos to have ks
spheves exactHy above thase of the st lager .

— Suabsequent squave close- packed Jagers ave placed ohe adove +he
otheY in the. some mapner-

— AN the |aae)”s are |abelled os (n' lagevs - _
~ This avvangement of layers 1g described 0s 'ARAA ... 4gpe.

- (o-6vdination nambev = §



i) .S’rﬂd‘iﬂg of two hexagonal close par.!sgé_ lagers =

= To genevate o cloge pocked thvee dimensional s+ru<h\¥€,h€xadonal
Close packed layevs ave arvanged in a parhculay mannex.

- Spheves ofF  Hhe second lager ave placed in the aipression of Ihe
Hyst layey.

- 3F the fivst layey T< labelled as '@’ layeY , second lager labelled os tg!
loyey because +he kwo loyevs ave aligned  diffevently

- an +y‘§angula\’ voids of the Fxst layevs ave pot (Coveved 53 the
seheves ofF Yhe 3second layev

~ “The tviongulaY voids that ave covered by spheves of the second
laye¥ genevate tetvahedyul void:

= *e”"hedm‘ void 15 suvvounded by 4 apheves:
- Op Ammng the centres of these Four spheves o Aetrabedron
15 formed which encloses #he telvahedral weids.

@q Tetvahedrval

Vo vdl

Qo

W) P\ang vhivd he'mgonol

e ————

c\ost pocked lagey o

wi Hh +he gphevts of the Hyst layey.

e & »
— The wesuiHng pattern of the layers wsill be OBAB ... !
el avyangement Yesulte in - hexagona) close s:cked Chep) sIrudure -
mu1-eC- Metds guch as Mg Zn have hep 'zvgs+a\ $}ruetuxe -’

— The gecond way’ of placmg the  thivd hexagonal - close packed lagey
on the gecond (s 4o covey the sctahedval verds by spheres st
e  thivd layex-

\d
— The gspheses of the thivd layer dv not dhgn with *hﬁ &
spheYe gno FZF Rast seheve.
- The thivd layer s cafied €Y lagen:

™Me  ¢coheves of the uh lmuev get chgnea with the spheves of +he
Hyst lagey. Mence, the uh layey s called '0' (ayer:

- This pattern oF stacking hexcagonal close packed layeys s called
' pBePBC. -
— This

cn‘m\ngeme,n} yesolts in Cubic close Pa(keé Cepp) styuetkavye .

EEEEELELLLAR M e

ViR kL
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*  (oovdipaH \ .
Yainahen “\_{_Vj__‘ffY in close packed s{yyichwe

——

K, p )
© Tn the stmple cubie ¢s6) mrgsta\ ghruchwe | thut vesulls fyom  stacking

of square cloge pu(ked ((\3(»‘)5,

&) In both WP and Pl ® shoctuves

each sphere (s suryounded by

& “C“ﬁ"’boun‘ng gpheves , I ip its oeon layer, 1 above and Lbelsud .

Henee - (o= avdinahon  pumbey ¥ of any spheve 1n ¢ 15 6%

suryounded \93 v ne‘fghbouﬁng spheves 6 iniks own

3 above qapna 3 below
Hence the

Struckuye 15 19,

s

’SY}Q Ecklf\g QFT—\'c\encg

m\"m

-

5

&>

that yecuits Syom 5%0(k1‘ng of
hexagenal close packed layers 1 4wo diFfevent ways, each spheres{s

- Pack;ﬂ% efficienyy 15 *he Fyochon o

occupied by he spheves (parhcles).

to-ovd' pa
nation number of dny  sphere

58 (A is tre pamius ahen
O dervahedval  yerd 15
@ ocshedvd veyd s [A]

Qa

Iuger,

'n hep oy cepl fe

peveentage of the ‘ota) space

' ' e [ A
volume eccupied by parhcles tn unib el —

~ ‘Pock‘“a @‘Y{ﬁdemgf:

?ock?rq ef{«idemz ot
oy \:o\\owh\% steps-

Erom ﬁg wre,

2

=7

= Q
0 e

tep:d © Ragiug of spheve
steptd

toral volume of vnit cel)

Shep 237 nolume of sgheve
—

volume of senere 1s given by,

by
Al
2 ince
n 'TTS\Z

. Volume of gehere

N

w(®

n

2

5~

X

%

Y

aetal crystal Tn gimple cubic lathee

w

xR
'l

16 oblain ed

volume of gpheve = _n%‘r——

S————



i

iy

dhind QRS e E vl A b bk 2

StePi3 T Total volume ot parhcles

Tn simele cubre umt ten,

Me was of PO\‘Y:C\GS ?'\‘QSEH* i 32‘,\(5.,9"‘}:
el S

. &
;. Totol volume of poyveleg = 1% TTQ7

[4
° 3
E Total volume of parhcles = 1_16_0_4/

Stepin i Packing efficient Y

Totol yolume  octupied by pavticle 1n umit cen
X 100

PGC‘““% e??—\‘c{encg =
Tota) Jolume ofF omt cel

Since, Toral wolume of ik cetl = o3

Pock'\ng ;FH‘C\'gntg - %moo

‘\ (’oc\dna e“:(d&j“’ﬁ : S 28 ‘%‘5/._]

e e L

The unorupied gpace Tn umit cell Ts = 100=52-33

£ o v : - ¢ lath'ee
- Packing effrerenty of metal cyystal {n body- cenbred cubic lakhe

1s ebtained by Following steps :
Tn HADF ,LD'—'-E]OO
B L —
A« 4o pythagoyas +hweo,
AFT = RO +FD°
as* = o+ 20
At = 38" —@

Fyom \'.1‘3,
AF =LY
Subsktutein eq” @
Stee '\ Radivs of spherve A o )
_— (A;-)iz 24

ii»\'\ D F_.E-OI B LT =980 “‘Qk:ng SQUQTQ 20aet on bb“h S;C\e

At 4o pythageros theo, 4qv = Ba

A NS ¥= 34
: !

3“‘\(6, E_D::EF:Q

FD‘L:?—QZ @

LTI 999949% 990"

(N

el

{

N7

y
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Steprat
.\—-—n

Velume of gpneve
Volume of gpheve = %m3

5;\\(f, Yy = J2a
G

K
Neolume &¢ ¢pheye = %KUC{—%Q) Qe M x T * A3 a?

Axuxy
3 ,
@we of sphere = J"B"Tj
6

Stepiaer

Tota\ volume of parhcles

- In body centred cubic cel), +heve ave oo payteles pyesent »

o E)
Total volume oF porhces = Zx JaTra s ,j?')ﬁq3
L8 8
Shee ius

Packi g ethd enty

Patk?ng c?ﬁcfemg = Total Volume oF pavk'cles in unit ten

oo
Total velume of unit cell

= Hr SF
- K = 9 %z
8*96' L g XIbo

EDWW EGREIRIY = 97, |¢

Eo s

The unoctupred gpace

n umttell 15 = 100-¢9

T™AQa) ) -

race ce

B

Cox CLP oY hep lathee

- The pad«?ng eFH‘u’encg of metal crystal n Foce centred cubic lath'ee
myo\ves Follow‘»\g gleps.




Step i 1= Rodius ofF sphere

In H ADE , Lnbe=Gp°
Aee: Yo Pythagovas thee.
Act = AT+ 0

a2 o hoh -—(E')’on\ H‘a}

ac = 20"
AC=J7 a
Since,
fac =0y
Soay = Jzaa
b‘ - J.L S\
= 5
__ JeXfza : =
NS = Crouitily numevatey §depsmingtor ‘vaﬁ]
N = ZXQ
Zrays

~l= Q_—“
s N 5 }

SteP 12~ Us\ume of spheve

R N

Volume of sphere = % "y 3
3
: a
4 *(%5)

ng;_ X 2.‘5—7_

"

A
Go\uma of spheve= V’q‘ﬂ - "
B 2473 Q
Stepi3~ Tova\ wolume of partcles Q
- ITn T | heve ave 4 pmﬁ’c\es- (x
7 Tota) Velume of parhicled = G % Nolwme of spheve . Q
= wx wo > ‘
g on
—_— e 3
{ Total
\IDUA\h\g o(_ PQ'YH'(\GS? = “-q3 q
e 31" '
— i 2 ) N
+ i s ! v
KA, Pdtk'ﬂg eFF«"cganH _ N
packing efhiiency = Toto\ volume of parheles i unit cell X 106 (
VelmE of  apit Cell N
- T "
WX‘OO = %Lxloo = T4 /o n
| | | 0
[focing_eFfieng =7c'] ¢

The Unotwpled spatd fn antt cell is 160~ :{26"/0’ s

il AniaW o ooonf o ..
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A \ | |
anit cel) | Relaton bet | volume of | Tetal velume Packing ““""""13
o and ¥ qu‘ﬂ_:(\e O(llw1ed b‘é ___
parheles 'n MOCW{”‘J
unit cel o e
Sc v= 9 . e . st | (767 % .
6 ’ -
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