
!1

rlJtiJt ,!.ilt

'a{

l|lall llgllüdlafg 4t rtltgJe
Binding forces and classification of solids
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&

?,J..aJl rl3Âl ü*.ir.êi_, .t+t>l t ltJE

ÉJtll§,JdiJl

A*d rlgll ügrig ltllt,Jgs
Sotids properties classification 'rrl3'rJl ç,.a3lJzi rf-SÉ 3.1

Jl ü",1é-l oi.-Â i,,x-t yJ W:-lt{ k l.tt ;é ,-elf .t"lr}l e.lJ$

:.rt-''^ll

JJYI J. Jl j L-,;r :çJ'+Jl1J3t4:JIJJJüitl:lJ| é.c,l,c:.ri s:JloÉbÉrJl .1

U ,F ùtr q-,y'J1 .:lrt+Jl 6't;W ler: 14 dJJtjÂ ùl bf : ,:t-Nl :-srt
i-71: .r-e--73 d:A:Jf ftlà ,J, -r'":;6ll uat*Ll f^t .f ùl .4.aJt^4, t$r

i,-:Yl .r-o--> i-1..J ô.;=,uo Ci.r -tLil 4ÿ * qltiJll ;k,-:)lJ ô:JJ 6Jl-,>

.r.tÿ ;rr-Lll rlrJl gte üJSl; .lJi5j .rtly-,ÇYl 3Ï.rt;3;ll tl qlJl

. ijJJl .:l.,a.ryJl üà'1) -ti<Jl t-a1l .rüll ;,.3 anisotropic q+t+Yt üol-*l
rlell j;lf V çe etJ.iSr.r"$l 1Ç..ajl .to,)st r1 Ç15 'S;,>li'Àl 

oi.o ù1

i.o"LtriJl; .-;.Jl ÊU-"jl-, L.6*§-; a{lJ^b r71*i .:lJiJ ;r;LIl *j ! , tt
\

ô:_§:;;lrJl .rÇt: ;-. dl=* ,5.t" J)ti ;rrLll a.c :l.2ll )4-,âS d.i'ct+i

F it* ùJSjJ ,;t<- L;"Jl i-*-!Yl ; j.> .L.c -ttâ:Jl ," î,J,;,J;;,- i.l§:;

re!.i Y 6Ï ,isotropic i-=,rÇYl ,flèl LIt";" ù-É LJ .;5J,1 ;.t-.:." .:Lil-
.Wl-i,,le *,b.t+Yl

&t+l i4.t .:I.eLi:ll É," ,,|o,l"; ,r.o.9 :l3l,to.llc,yt-arl .,lê.r.c:ri afll o.el1,âJl .2

jl;:.ol .rJc "t-:,; ël 'et_*l 
.llb ,|"*tJ él,liS; .,rr-bl;*:ti6Jl 1tJYl3

. \:lèl4*rflt 1r--ll etl)ts ô.,1;JJl .rl.,1i

H 'âël .P t*! | l1 .fÇ ..§.r :e-s1$jplïJ{,'JlsJê ü4:.ri o.bL '3

J- .,tAlJ ùrlJl .J*Jl JtfuÎ oàru.t ùb*Jlr ôrLiJl ùlJ!lJ,-,i#l bJhr-

,
I

I

i
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â

d,,Jtill eLogjl

.t:c ôsr orlè\.jo 6a ùl . ÇJ{!lr Àl--tll # olr-ÀJl ,ÿ'),J!X<lt
, .l!x6tt ,k/t l't'c 1t'6-a:Yl

jlPYlJ q-LJl ;.I^/llJ jjt*-!l J*jJJ :etâr''rjlc'L'{â (,Jc '!':li oolt' '4

. adsorption

ülriJl ilr+*., +U-âi!lJ qX.aJ J*JJ :J-+lJilla.âü' r,Jê üli.ri ,Flg' '5

.iJt - Jl oJl- 
"f 

JtiJ!l i1l-r>,>Çs;-5 6,jrLl:uJl3
..r113!l + lUlt 6-fl V") Je;lt tb é ,r.*t

Nature of binding forces ùLuûJl&J+lJill 5993zaaÿ3'2

Y litJ d ,r1r oà.ll k"-., .. u^.oJl irül j .rl.2jJl * ç-iJt u UJL ,
OI .r-rY dil e.;lrl i/ f4J ,î)é L;ÀtsPr,, ùl+ tl"ll 'Jlll 'ti"e ù54

;5J3;; tJ.iJl J-rlll ôJ* l.,.r:-c.rl1.rJl iry.f!ta.,Jl Ay U t'i iJUÂ ÔJ<i

eS ô*,*" tr.iJl J.rlll ü,a3 t.r:r.rrkJl éÿ U t'c;:lU'" élJ'is ùé ùl :i*
iijlll .rle -r-:-.;r,/Jl )lÿrJ ùl .Uâ .f-j J.<+ q"Ân JI ./li ù1 ;" *l.ljJl

oÿs t6â-.t y *,.,*ÿ.rl-,1jJl ùf t".r-rr;.'tr*ll ..P ù-É éJl jt:Jl éÿ q.

dlJL J;.,liil J<+ t+;" f ib}.rl.,1"rJl ùf t -r..r L-6-. ùr-< çJl -'ila-:Jl

, oï ôT J* .rl-,1.r.!l .rn.pkJtl ./!Ç:Jl o-fl ÜyÀL i+'ul 1**'ùÏ T 
*'

..r1.23JJl ù" ÂiL; (i\ >rt
.rl1;JJl ç r.-!t ,rà4lW e.l"it-", iiltll .rll.rJl 

'Jn 
dl ,JJiJl Ôt

6ÿ q§ t+ I .i:sJU-rJs JT i-JUi" yT çiÇ ÂJ ..rl3 Uf ,irÉ ùÏ \#
g-. el.,rjJl ,t4! C F t-iL Jr{ t*-tt^ll 6ll .1ü ,üp; i"Ul !3t+t
qjtJl i:J.Jl ,:,1:1 vlL*l ,frut.é1l J'rtÀJl .i;<1 oT:.+ ljÂ ut .t+a*

Lpl r.il .Ll"aJl ;rljl él*,Li Ü-9 J-f*lt ÿ é-» q.Jl L,JJll "rujjÇ)U
!{1jI-USJI .-rit+u,Jl 6ÿ '4", 'J l-e1r' iê*a;":â "lt'=l'L''^ 

o ,5rU ,-[.i.Jl

Ç-*ÿr \l:)l: lti r*r ,iti gy .rt-.Lb-all ojr 14 ' ü!3 tèt\ 'iô +L-!l
..jorl Jlri:-Yl ;it-br iitUl J:Ç3 Ç.r.11 Lrl3Jl3 q*^L-Jl \b)lt
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.li

f,rl, tl sljÀl qa.ti-lail .Ljljjl grJe

.j ..l>\:..-Yl J)\.i ü-,,t4- llrll :l3"ll Jt<.!Ï üH t+U-)Âj 11 j"elt ;l
ô--: ,:A oàA.'ÿs ç1 é:.ü31Y1 :Çy 4iYl é>tjJl .rui§]l gj-d
n'h ü;lÀ Cf, l"6J..1.:'ly c r .:l.2-rJl èH q#l i.itJl rl.rj L".r:.c ;ç.;i .tr VitauJl

:j)ts t<- rr,rlt ;* :;t+U Â:"t<Jl iit-ut ùl J+ UÂ U: a.,(ât

U
A 3-l

alt

,..,,,,,,.,3.2

-t49-

r'
,sJl ..+ .rlljJl ù! I iJt4,./!tâJl ül't ÔÉ litl '*'!tll ç>t$ A ùl il

tr-l -,rull eÿ :-*s l.trs.ry§ u-* +*Jl ô:ül.+- *îj,'f 
*

,)13..rl-,1J-ll ;tr.l;;.r.!l q#l .r[iLJl üp L;i Uâ;4é;r;Jl .j,o dt.rll-tll
,fY t-r.1" üJ<i ùl { Y3 .rl.,1jJl .a1 At^el,iJ m'h ;3ill e É ,.*,L:i ôJ'iJl .iÂ

:4*y ,dâ^Jl t+-â*, Jl .rl;"rJl :J4.;t+t d/ -qV q?JB )\i-,

B
-a-reD, - ' m,r

_it-rJl æ ü*,.rl,j-Jl iH itiJl Pç:.-& ..it-"Jl ii ùtj B ùl !l

ù+ Y ,,Jrt-.,h-J t + .rt"r:-XJ Jr! 1+r LtJl C-ry "|-t*l *$t'-rxSt
i""<lr iJÉl >\i-! ùl .4.;.,j<J) ù54 Y c;T) k; !§Jl rl"rcll iy:"l ..yréJ)
" / ;r3 d,r- .rt-;ejÇ>\J J-.n d!t- ùé..ry-,i .rb*-.i ëjy "}-ls 

"ur .(t6*A

.r*l,Jl3 .B ;rjJl .rtjy§.Jt t-Ll ÂJJjü.Jl B ;r! ;-" e1,..9"-- Ç;, $*l
J41ùl ù-({J cmultiple occupancy.jrté-Il tJti*iyl g.ç dr! l"r- ùl

ëî Jtàiti ?-p l3l -bji ;ry' i-iliÏ ,.rli .rl1! ;--. ù;j#l A)l J,l$
JÉl,.r.j ùt r+ Lj,o i-.j.rllrjJJ iJ;"1- * *l üU .rt;:*. Jl ..rUyrÇ>tJ

.J"9tÀlJ t;t ut*t ,ÿ-: ftb.lJ À:lrlrjl ütul {; ùrj#!l

,i,l;

U

i

,d
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È
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3-1 J*Jl
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I
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Attractive

I
I
I
t
I
ù

I
I
I
I
I
t

.i

.:l

:;;!Lf ùJ"U, .*,-r3 .lr a-t<Jl ülul it^' its ù*

_AB
(J =U*,1U,er=7+-;'

t,,p;ilL,l .)lJiJl ..r,o ;ç ;f

3-4

üA-i ii;âJl aju*-JJ UUs F ôll: u i:^|,<Jl Àitljl fîi e*3-1 J'*Jlr

J-rL/ ,gr!1-r r â-itJl üâ#: Jrt/ L'"-r-l) ùÉJtdll e'jÂ!l ô-Jl: ' r ;xi;"tJl

i-ik Jl ùl .ülrYl il*ls r, iitJl ,rr;üe Y =Yo 'i§ t"'r:" ;:lÿl ÿ: d (t+'U.-l

:ùJ* ù1 .-lhi r s*b (l ilt<Jl aiU"Jl ,rx" Q ' = ro J:e érÀl
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(#),.=o ' (#),=,.,0

, =# =-#. ff, u.:L* u (#),=,

i*t. tt .:l3ll ' :J 1' î-, JârlJÂll ütJ§

m-nBm
,^ An

=o btill ;-,b: "t:e

:ÿÿt
3-5

d'u
:")c ÿl La.*ô UslJl .rlr dr

>0 bpl 6r,L:,s*32

i{ -n (n + l),1 
,

{'-
m m+l

m+2
ro

>0

3-6

t+i*

ro

_n -B m
,A 

N (n +1)
I

t. qJ ù-É 3-6 3 3-5;lrtJl €rLi UJ

m>n

-.,3[-1all étr é.b U r*tl6Jr el! .i;* Af \# rtj'Jl et Ül oL" li'43

.t-,t"sJl ;l"ilrl U-& ,f -t
Binding energy J+lJill a-âüâ 3'3

iJ#) ;.rtll ;')jJ qsÉl iitul J-r," ü15 lili,;a§ q,"rl §}13 L,lrJl iitl r'i
.qjuJl ri ÂJ.,LJI Jl iJ.4J1 kJt-.r J:;: â)Ul ùU,.h.tljJl irt!.r Ji'Î (ÜL- r1

iirti, Çtr> q5-/.1 iitbJl J.r.";§ i-;U iJl- dl ÂltJl ;Jtrl JJd, t".r..e.1J§3

.ihlr rl af ,F Q.01eV ) 
"JU 

Jcr ùu *ti &:^htJ lljJl itq'J

$

lrl
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dJliJl Jtâ;Jl

y çJÇ )r, iil.t U, i;)*;:-* * .lqt-^, ,,oe rrl-,1.rJJ iJÉt üt'ul d§
Liu- çj)uiYl li-è ç*J,qÇ) J*l_ÿ.,ü" ùJt t,.rr l/l ij:t^:ll \rl;.tJl

:dJJt . ;»!l ;.:tl dLLJI r1 Ltlrl

i,r-y'Jl irtL - ô.,2 6.23 iitL = JqljJl $tl,

rdissociation energy dJlÀJl ÂrU- éU.r5 !1rl Â3lL ueti ùt.-ll 
"a-; 

Q:
qrÇ y J*l-ÿ Jl ;rr!U i;-§ll .rl.;jJl Ja.il Lj>\Jl iil'LJl t{jY

ci:,6 LiU t-trÏ ulLi ,rl etlu ,ra lJl.i:-l jsYl u-r!l #lrl ,-a!ê 3l

y r =r, i,)-eVll.r-re iil-b U:\ * ôrelt ,*1.p! U ô-5." ftJàrJ ÇJt+
:3-3 aJ:tJl

( roU )
-AB

nmrroo

:Q.rJ ùÉ B =A' ,{-' i.; 3.5 aJ:LJl Ul** -):
m

1+L
mu (r")

A

Zu (r,) = !t-;tt iit1.......

.3-7

:!l,i ,.rl1"rJl ," N U f -6";..,-rUl c.its lib

.3-8

.f
r

tiUJl éb é: L)Al Jr.rll ,-,1^-.- ê Y o)\pT iJrtJl ùl t'"tJtr;"ta

e)i i-J Âir.,.. LL-T.-ItJ .hiljJl iitU ;*,Ull Ai)\,Jl Ùlr 3-3 iJ:tJl j ;tLll
' +, î ù(4 -pt*Jl .rlj3r,^{l Âb*, oêJe!'l q-t *t.ll.l"rJl !'àL} i LJI

:.iLpT U,*t" i Jit*Jl .rtiejÇl $i y'y\ ,-rÇ1 ,ÿ.r1.,1;J.Jl

.(Jit*Jl .rUj;Çl Jtisl) Ç:*ÿl .rl;;Ul .l

.(ÿl*jl oti3rÇl asJLl") q^rLrjl ,rl',-,J.Jl .2

.(qJ.."ll qjâ.lJ +te .:Ue;ÇYl ,q) ql*l .rll;Ul .3

.(;r- 9t-*Jl c.,lJjj{l) Ç-t ll .rl.,1y[rJl .4
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7 / l. rl rljll , :*ï. ï_g .t +t-",f t Ég9

.ii*lrtÂt Âlalrt .:tr} ,s

d;Ï,:y cii!Àll lnl;Jt Âilb (j\ ,rà ,rb,+."r:Jt tr^ f+, éIJJS ùS{r
o){.cÏ.:t-p..,,^rll 

"41;^:Jl 
ùl t'ijt J_+J.ij!} üt! rlü, Jl ,frÿ:jl:;jt \l:}l

æ Up.ls;-L;t i ùYÎ ç./ur.+""i U .§1,.J1 ,J,ü tal rl;Jt oÉ+ lrt - uJ
t<!t; iit-be.rt.;_eUl .j^ drjl

Ionic crystals zl U*ÿt ùLUûJI 3.4

g t-.it.".' Z:Jz.ù .rUyT ;Ç:Jl ül-r t6+ J*; .rl;y"[Jl (rl U L,ci iJ5tJ çJi oêtabtr Ç-,111 ;trLJl f* ,.§;t- _rré ,ÿw J)t- g* Çi.
ér }*. (Jt-itl \r+jJt .r ô,rAJt étit 6T) ltiJt ./r.,Jt )ÿ_y,s . lrÀt
itu Jr ç *ut Js ü_É 4i *,.,, çqJ,6<Jl iH.Jt 8r Jt ,5r? ét.rrjyyt.+qré erLr', qr[:cYt no*5ll .r!.,1;JJl eILi ..ruyyt :J.,*s y., iJJij" Utjlt

.iill ;_,1lrr &ttr r:.c #l ul 10 ,, (Acm)-' ç, U
,P,S;Ï;li 

"ll 
t^rt* ù;i{l Na çy-tsÀt Ji, ôJj ,b; ^;nt;rl C

6J.Jt 
"ptlt 

;uJ jU<Jyt lJtt é*,r!t ètt U Js._*d t4 Ct JJ<J|
ùr--Y çrrj<JYl .Jr! ùr4.>\r1 LrJt" C .Çrt.rJt Jy-r*l ,,, L<j" ./-,.jt, iq
ot* L"* ùJ+Jl :-,as-ir- \a-rsiJl l.i"ô ù! ÿlss (tt'zt'2po) ÿ Not

:+jjl uÂ ôt ùtss (tt'zr,2po 3s,3pu) ÿ Ct- ùriy;rj<Jyt lJjJt
.:rr .-"-r,é./iL+ ;i t{+ ü-Jc ù--b. k",à .rtjyYl +i, .ù,'7lyt :.sy;^
t+.,i ;Jt*i)l U CJI .rUyalt ,hr .*yJé tUi ôÿ U éÿI;rU)t ;Jt,:, .rl;3ayl

J-.t41 ;tJl .rt.1i 4i LJ U;,S #b .rLiyyt ,;, ;:*..l.Jt 61r ôé et,{.r

J*! -+!x<Jl ajujl üà-Ltr.(JL."iYl iiL- 'ts L* ?tkl ôr,Jt,éutb)
Çr .i--St^. i:2.-! .rl3 .rLtyL tJtc Olt ,y ô-&* ç"rJl, .à^*ll :_S+Jf -itif
L*,113 n*j +«t,l;tt .rl.,1iJl Crc + ùr5. 6, 

tJl 6.23-rJl -i,att 3T 1t -:Jl

çt,,4s ilrL:,. Ç*§lt ;rrçf .i§ .r# ,lk ùé iJtJtr q.-rlt .rg..-Ltt

NaCl ;-. .:L-L:. :^--<" *-Sli J<i,., ;:LJl + Ç*Tf ;-,-!Jl t#
.il*Ldjl d-itt rl-La" ùr4; ..ry.r.Y| ,t-L;Î -iLr :1 i*;,rle .r^:,; @l CsCt .9

.+y i!l_, i;l 7.BeV içJl ü-É NaCl .r.i+ !*ll! s ,qr JKJ 
j *10 eV
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î

ÉdtiJl LLa.4jl

Q:;.:1-2yUl ..r.^ ùÉl 't*, çtr.l[Dl ùUJi ÂL.ô.:1i3 q."Li;-,rUl 
"Fl'W

Jr n+l.irÉJl iiJï+ll :-*:Siir r-,.:!:rYl ôJlrll ..rÇr) "r:r Çtra§'lJ ,; ;.-il

J, -l$r #É1 + qrr>tt Â.tU ;+r{Yl .r1,,1;Ul ô-É t, UEl 'iJUl ;Jlll ..:Çr)

ôrtJl r.-t51-r elÇtÀl Cf §y ' ôy oly.l Jl #"-':Jl !lt" Wti ù§3 'ü1

.Ç.t!l .1113!1 .rl, Âl-1,1 q-rliJl

,llgfïl ùlJJrl{lJ .,l+liJl A.âUâ

*r ç-x!l iJ"ilJt .i-{ i}-É- Ç*Tl ;-,r$ À}KJl ütLJl ," ./!t-n:Jl ty ôl

Â^,ô1"-- éLJU^J -q' I k, ?-)é Âitl U c*J ,,r'.r ÇtJt: nr./l 'rti;aYl
Van der lt, ,-,-, ùti Jptij oÿVy. 

"[-e+ 
-.';pl .t+,f (1 - 2 % r3J4) i$'?

.jLJrt "ih.fr-.r .,<JU*,r ré * hlrl üUJ .r-L!l ltg"yl f3' Waals

it: Jrÿl cy-1r,a: .=**.. Â:"l<Jl iit-bJl ,,. Sl)1 ,7 ùé.r .Madelung energy

y ,:é-)l JL+l ,§ r{â iUjlr A*iJl i'6'it5 '.:.,L;aYl q. -q2 lkr '-")§
(:-+rf -....-;fl s;r..3 ârlJ iL-Il iJrll ,J"lll P s I ël3l) )E-'to L{l
ürjÇl C{r, J;l*J ùJJ-l Ji t+4 éJl i"rtill Ütt,;ult çk-)t ixl f
X# ,+l.,.; ÇY I I r' Sl:Cl "tç+ q*,Jtt +Yl ià.4J1 J*'d-ir 'i.;;taull 'rl';v-)l

éf açU;U Mayer j Born tbs ôt-tt,,.rUt-*- ,rt, .,r::-r 4jlJ riEJl l1/- ,P\
:aL--y j ,e I .rtl.yaYl et q,t<Jl J"tÀ!l iitt ,rt'J ' 'rti3'i)l ê^i dê

,1

{

u, =Lu, =Z
jj

.3-9

t!.J ùé i ùJ,rYl .r)\pt r 6a' UL-,, tiir

2
n -r,, lP , Q

/12
4 re r,,otJ

.iilâll ot:--:ü u;/l ôrÛ»lr {ritiJl .rLr^:[J i+-)l;,t'.:)l i'Ïi ti^J

.:)§ or ùJk Y o-.;Y I =i lrc.:ü}Yl d: ê .)\.cT;JrtJl d r+l iJ^.c ù1.,

.,*;ù e j OtÿJ JrE d.rl-, tl étjuÂ

......3-10
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i ù,.)lù;rYl ,rfe U,4r^:,rY NaCl;r-*&Çtÿl ,.rl.;e!l {.r
ùér et*Jl olaü§ .JL^I, et*Jl i/ çi ôé Y UU i;u t\Ç-r ôl5, Ç

:.:U;xl çsi U N 31 .rl,;yYl ,,. 2 N ;Le éÿ;»L] U i-KJl iitul

U =NUi IJ

Â ,lt it trr=p;1Rçü-É ,9, pur.é,J-rÏ:ffi:Jril'O'
:3-10 nJ:LJl 

ç,,z.J 
eUt_r;_,-rul C,Ç AteU..,ril 

"$

)p-Pi1 
RtP 

t 
q'

3-t2
P,iR

v. tt rlJ,l,l . :./:. ij.l+t*ltr.lîJÀ

U,i = )c-R

.rJ .ir<* E rÇ .7;! ;ult Jet-àr li 
l.r

U^**.â

:ùJ<J tÀJüJl (tÇ lÿl)

3-15

11

u =ÿ['71

u,, =;J-{"'PuR

U,=ZUr=7)s-Rtçt- dq2

, 4 teoR

d=»

3- 13

-r ùJiY ù14+l .,-rril rJ.e 6T ,Coordination number J3tll ,J" #{ z tsl3l

I+-.......,. ...3-14, 
P,i

:3-l I iJsLJl .r ;trl.U hlrl Âllb eaiJ,dlJ:1, c^rü .r^**.r

U =N z )c-Rrp - 
dq'

4 nerR
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,^:lJliJl dlldJl

:ù.<4 L. Url iittJl ù-É Â =ro brgi r:^> g1;y1 ,:r,
(au,\
I dR )o=,"

-0

3-13 ilrLJl i/ l.,rJ ù-É.r
^ -, ln )

-z tl.e 'o' ' d.q', 

-_n

p 4 ft€oro'

:Ol .t* t<.".r

, GN2
n = 

4 ou.r'u-'n 3-t6

ç,,À üliYl .ur q§ll lljJl üU tlJ ôr<i 3-15 +JrtJt Q f ,r*.*,

Uo = -N 
oq'

4 7T€oro
I _p

ro

dÎ) J';t ut! LJ Jl .r.:T tJs ,*s t a 4i sirs L"Js $t eài nJrut oj-o3

,.jLJ;t" c^.1ti eIJ:i dt .* Çtll .rltÂ!;.I-É,itt :",strl ùJ<j étJiJ_,.(qJt- isl
dl-U.ir xâct ;-,1 d c,,)ü ÀL;jIl Çr{!l ,.rt.2;JJl :-él.i étl cry +§
UJ.a=,'1.6381 .:l§ éJl ZnS 3 a=1,7627 .!bi §l CsCt t d:1.7476
iillr L+ ,!Li §t ZnS *5, ç rÂ, t" l.,l:U ;4Llt çt".rl;3!t ùt Jrii UÂ

#-." üà-r, !t àjtl j-a NaCl :^é; ùl r+ ,ri +Ç d/ L";l ,.ilJ.rL .:,[J
.Çr!t .rl;3JJl

iirLâ, y.â-i" 
"J Çt, dIJsL c^it Ç eJIa 6.tJl CsCl ,-§; ùé l3U

,.rLjyl üL"i ilLJ, ùérll .lll §y * ;s\ CsCl :.5, ül l NaCl :#-^r
**:-Al CsCl jNaCl ;r-/J c'""r^Àl J*Jl 4U dK-§);JL":".r1^*! ol3.i

!-.iliJl Àitl Jl ,rJ.'Î eLlrt iit! i"âL*" istlL "r-l.e :e.r.4 .I1.[4 (Jy!t ,J4.il1 L3

CsCl 6 ùl-F. vl! .iU elJb ;5J: ,k*ô ;Ç 9it Â3-*q NaCl \i5ij t "
CsCl ay) C;t*tt titl ôÉ 4+_, .i51 ,il+a rr- [À $lNaCl;rA d k
iJ<Jl iitlJl ur 

'/.10 4& NaCl a:A Q,txJl irU ùr* . NaCl;r-À d tc ,15t
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àr.l,.all rl3'l,l , :l'r' ij .l+tlf t g;J3

.r-r ;.rL.Jl oj-o3 . l0 x8 l6 =13 ssrl CsCl 6 iUJl iit.bJ Erdl +;Jl i:-&:
. NaCl ôJ/ iJÉi1 + ?.*Jl

Evaluation of madelung constant .âiJ.rLr ctrB a.rr,.â 3.5

crl., .i.r,l-r ç*!l el;3Ul \-b Ç\§y q".oT c,li dIJrL c.1tj Ç r,ü

,+ LJ dlJrt"

,l
a=ÿ+':Rÿ+-.,,,.....,. ,,,3-18

lPa 7rj

,f;.rL- -'yl i.iL*' R ù1.r ,f)l ùaYl ;r i'o Üse1yl iit".- 1 ùl il
;J!,-!yl ,j-*, t+t 4+iL*Il a;.rUr.:Jl a1 ÿti:Jl o)\.eÎ nJrLJl C -*.1It ;JUyl

ül u. =z ),e-Rtp 
#, 

*JrLJl U *r.i6.itjil ollt:)l a,l:.r JrtÀJl UlJl

,trtl Li3 tL.-!tl i;L,ft ilt- d J*Vl tf..l -^^e, üV -* dlJrl," r:"tj
.q$! l:l"r:,1 ùlall J5.ltt ül ;,. )"r, ü14+l

3-t Jr-tll
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edEJli!6-àJl

dlJ.r-J;.,1-,!l Ç)ti K#,.J X.g., >t"r,;3-18 iJ:[Jl .j c"+l il*' ül

oi-o.t--l üb li!** j,-l Frant< ül;u Evjen ùFilJ Ewald.rJlll u,. JS fS
:aïJUJI ÂirêJU 3-18 aJ:LJl yt é,ra ,.:Jl:Jst" .rtj -,L.- ç lrUt

o=RZ n,.

rk

..,1*-- ;*t .*.rtl ,lr,1Yl æ k'o ü14+l iiL-y ,J, #i 11, I np isl'sl

olrÀi C J;l*r é;t* ùr.(ir;r-;lJl :#r./rÀl J.*,Jl U h s no É
.-lll .rlty'J /r, J nr Ë,fu.3-l JJr-+l ,ÿrt.€ty':Jl :#rl.i i-1,

...r!l ;s; .Jllr f-+t t' r sJIl; Lr",,1l

,f dt -*rlt ùl; lLa,-i .r'ly "rr IÇtJ i';J! .jJ.Jrt" c.rti .rL-- ù,.(1

æ Ll,) j;Ï; 1;r, .rL-,T e,.iÿ.:, Âfu.J ,*i éJl etlo ,c lj:S .iLI Y t"6+

+Ul ùriYl uirl!l .ful ù.lYl3.râJl ô;a!l ui +t,..r-ly u:r.rl,iyl

dr- t{-LJ ùJ4 -rl*i;.rel.4:ll .rUyYl ;p1 aiLJl clti Â tJ,er f -r ôy-V

:3-18 iJ:tJl

a=2R ltI -:a-

Ln

'I

.3-19
k

i
t

111 --+...2R 3R 4R

_1

iiL*- J:.ey ;L :lt .11 ,;!le i,FJl Jl L,nu-Î .ri*Y lré or.A- 2 J,âl
:ijÿ*Jl jiL ,it l+!e .>t l iJrtJl -.d J+ é: .r., L;1.."*

234
ln(l +x ) =, -' *I--I-*...\'/2i4

: d^.:4 3-20 iJ.:LIl ,rb ,f ')y x =/ LLr l3l.l

l
.t 11I --+---+2 34

2log,o 2

0.4i43

.3-20

,,,,,,,,,,3.21a=21lil2 = =1.361
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:r/t. tl sl3ll, :*i, ij.LjUlJl gtg§

..r-ly t"* i<"-r,, .ilJrt" c"iü iÇ p li^-l

Covalent crystals a1.côL..iJl i:,blt{Jl 3.6

6Jrt-dll .rl;iJl c^i ÉrtJti q"^kJl .r1.2./Jl + yt*lt .rtjyrÇl i.,lU§

çJl .:,lljJl élil J*/..:l ;É:.;r-/Jl .7-t"ei ÂbJ" éÇ éUUÂ ôÉ Y c*4
.,ÿ ,{:é .l)\} U ùr<i ôl i/ -;51 31 ùy§Jl Ç, t'*

il

i

dl o-ri

o,.l+ .!9..i cÇ11.r" cll.t;.i.î4 t6.à4 ),:' Cl rrKJl 
",r".ryt3 

t&,
J.<J r,ilt ùrj<âJYl ;i,*-, L# lt-ilr ,J,.A *'!l 6;jJl

JJ-KJI i:.,"y ùJ<J i*5 .)tiÏ J,*.Jl 'e-*s.t-"{t i

i;J
,5iJl

'ëly
;u;rrülrrt4Àl.r

.IL,JI ojr ilL-y ebrls;*Àl Vx

.rl;iJl üU A*sU:" l,.JJ,, ùÉJL*ll ,.p-^<J)l éll:{ L.ur cl t'jJt
g4.covalent bond rr.".okJl il,.t!l.t i+tjJl iLiul u"-;1ri§ll L^r*l

,læ i,;tu, i&lr .Jl çrJ- *JLJI iitUl ùl Ji>)Âj il ir17l+Àl ill"- 3

,-1, i.b1ll rL^:cYl li-o ùlt .iJL':. UrL*ll .rtj;j.(lYl çU ür* L,Jr, tii
A,ét lrrl iti n+ll ,r*:tt*t +*' q5, *r.^Jfrl qJl .gYl

. çlt **l t^n i:^,iJl eli L*.lltr h.,.)l ilrl
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&Jlill i-1,â4jl

t+lLl qi.r. i+FYl.r C-LJI L*Â ùU;", q"^kJl il"ilrl .rl; 
a.ol ;*

:L4l r-.r .}jj Ote+l ;r :J3 ,& e i#tr 
^ht., 

ùts ùl ù.* ;.,! J5 ùl drll
;JiJl t (^i t>àJ tl .:lll :J-c N ôl !l c8 -N ;"r.cLi +!Ly l,.pr :-t Jl l"to

L.tttùii- ùt (tt' zt' 2 p'),:47rj+U ,:* Jutr k ,rb. fry-rJt Jr**l Ç

g. qnrL; \l» ùr5,. ùl ;-<{ (ls' 2s'2 p' ) .lo-srllr ô)Âj e q^.ol-

,*.:.r-*Jl li--o f l; .J.-13 g Ulr ù:6{ ôl A*(lr' 2s' 2 pt ) ..crrl;Jt: .-t*t

iJ:"Î ..,;.j . (i"r;jl a1) ;rlJl .:Uy;{!l ,y 2 p .i)\iJl .rl;I.t" s"t-c dlJ.t5

ù'* !.{-1'1 t (C , Si , Ge) tV yv Âe .*+ C qsâ-y$l !.akJl .r113!l

.o*!-, tllj.r- ;;Ç,.:l.1! ëJl e L*ÀL*j LIIJJ

ç Oe1;t5Jt ;;i Ut- Q \l; iiü dlJ:i ,é4' \ÿ nhl., !*tJl iJ,lrl
i!t-, ;3--l æ ?--p l.r.a.e ,i,JrL:" il,.z'-àb.rl;i Jl !.Jtr 7.3 eV Jl i,.rt*. o/Ul
illrl .r-*; .UrL:, .rl;! ;51 Ji-.rJ q^Ât,iJl i.J-Ul Ol "f f"rJti çr*!l ;-,y'Jl

*" otJ-Jt ,-fu A l,;'.1 e:37t" W, UrO,l .:tsrll C rL;Yt e,-,l, i.^ÂL*Jl

I

,(,Ô)

3-2 J*.Jr

A
I

I
I
I

q
o
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z

o
>'PO()

tJ,]

Unstable State

4,ÿ I

Stable State
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?r-rl"r.all rl3ll , rl'g 'i-, J+tf.tt éJé

n**!t ,.rllyJJl r.eJ-> üry1.rlty'Jl if g-l.r 6"r" elJt"-o ù1 .rt: $J . i'.,.J"â^Jl

.L..atJlJ çyll \lt)l i1i )[- 1*"f lÇnJl 
.*..4J1 U ô-&, t-,..r.-r q-akJl3

Lry1: ollj é11 ife.*,-r Âa ü-e;tr4Jl ,H q-.j.Jt L^rt".rJl it lrl Ôl

-ptÉJl .rU3§Jl sj6 Ur .llt.o ,)!D Ç;; .IlJ§y (3000 K .r,1J4) qJtr 0!r3

4+ k iJtc.rÇ;r Jj" Vtlr<Jl ii!.211 UWç{ ôq-}l oà. Cl .J;tlt
;ï^âlJl .rl;3{l .j-^ ,ll3j . 3itÉJl .rU3rnÇl U P. r-ê \-,*;);.,.Li<Jl

i.âir, tby # ,lr" +lll d,/ )r.* -,le C ær +lll e "-Ul 
4-'L"-

i+q,45Jl ool-êl ,-), ,^ 'iJ.e,2lrll i+rr LStl C- i+tiJ.6(Jl t{iJï-rJJ rblj-r

.r113!l .jl .1,r53-r ëb ôy.^rU-9 Jb J[-..(jl ,],t*' téy'q q^^L'Jl slry'J

.r:.e L":^. ô_§: (,lr-Jl ci i,;!l ii}ü") il.+Jl qâ-Jl dlpYl .r:p iiti*i

.r*ill q..,trl Jtrtlt
a+grÿlÉIJJJ+I J+!J'Jagu"

,üU f.a: .:JJiJ alJl iLilrl iiü -tii i"ÂtJl ol;;Ul -tlli iitl ê )
.rLit^b ? # ;t' *-i hljJl ,itl, ùÉ;4.r.o e!t- Q: .L,.1.:)1.;.l;l} a1 ÿü(-/ "J

i-'F.'d,tl .:J-Js e-.tl'-l q^rU ÂJ^tlJ;*'lJ'J Ùt-'i +q t,Ï'jlîîJl

Crystals of inert gases aJrL;.JlûDlillÛ!.,,Utl.r 3.7

dl ,s;!1 :l3llj 4*l "r"lrlJ iïsî-y<Jl iu!r ;.ul ;tiJl .rl;rJr, .r,.;

irrj.<JYl ÂillYl ùl .ôJl ...4r;jJlr ù1+JrYl .* t*ra.rlr} J'<^! t"Léir

é )(J )\.- .rl.zjJl .iJ-Ui c!-rry t,Li ;,rJr ù§ .rlljJl o"tÀ ;aill À:àJtll

ljr dl-U.i ùl ù54 ) ,i-{5.1113 ,)Li L.*tl L.rt* .rtjyrn5Jl :J.,Ls rl }u;
,éil e1;!:,7y l*L -,rLÀ" +"iUj îÿ f;,.,Jl ç U O-É ù(r pt, YJ.'tii

çy q o13J.r g;jJli 'tçt-é11 Jj ,tiJl Jt+ ;"r..a,. lj-o ,=À;tl cbi ç;r rx,.-r

c"-él ,- L;tl t-i çpr rt-*!t r-E;lt s lp i^.t J"üJl ;;1 .,5;1;1i.9 *Jzits

li<^ Ji" ùl . i-^ÂtJl., iJlYl illrl ./tf d ;t*. \-t fr+ .ir .i*u !lç ,ié
.lti -,r, ùU sÉ ér: L,)-; iÿ
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t-5 dl*,Lq L+ ,if J-.tll ;tJl .r-.1r"7 C i';Lll irrj.(.JYl UE!t ,J.a;

He3 l,t-c (f . c.c ) o-<" .:J*,tq 6q^" 4{J-/Jl #liJl Ca4 üJ<'r ù-<"Ï

,Jÿl t6.à- dl .ryt* eJ*i ,:Y ,ri* Yr W 6ÿ ,-;$ JÉ) ùU 6i Ôl .H"o s

c,,ljt-c iJ,tll ,.rljtJl ù"É \=Jl I'tÀy 
'ç,:tieyl 

-Li;Jlr ijfl âJl,- Ç.1: r'r
elJ*r (O.tef ) ,* .b1li iiq i'"J,rp;J"trl .rl;tJl rrlr "ro; e;.rJl qrt-Î

#t qJb qJtiré inl.r ,:llj ALà"1 cl;lir ,fs .t$ls ùÇL;r ùqri itij U O-É

.t*l: éy c^rti-r atll JL*Sljl ,rt"t -ç qr"Jl W\i
ryr;.r.Jt c,!.iuJ.dl J+!i litl,

aÿ obà-r.4.*1.:1.1;{l j .-,!t-aa!l J:,lÀ: zslb U y'Yl ,}l ,iy1

fjÂt ,fj J'r^. ,5T ,i!:r ) oi45.rl1! üU t'iL U/l L§sJ 'el;jJl 
"v 

i:;,'=ES
, L; L,i Jl+ eo ,9$l 6,y-1.r11!:jryy çV "b,l;i çP,.rJ:j ùSJr YliLÜ

a,*.1 J-üJl ù13 s;;!l ..rlljJl .J +., ,V ç? rL{ o;3J.r dL+l U'Â., &çt-S
;ti JiiLir) ,, Li U.: - :^tJ S J"Uf .-fJû ,.i3Ç ôi Sec;lt, ,/-!l ':Ja:tiJl

i.b1lr d lU ,-., ùLi il-lJ ôl '(London interaction ùrsrJ ,ÿW i lU;'
,§1 * o)JtàJ{.I.-,o:^J-Y J'-rtÀJl li-l' l04J/mole 4y U iiU "il}iJ V

'| '..rYliJl i:i iitKJ J'l'J
L"{;ri 

"W 
iâlrk ù}, &#li i^i+.r" .irL lU;r ùU Âllb Ue ,f

td.ÉJ *e c,tl*+)./4j,. ,§ ,H:,L.;J.!I ,U;!t iL^4j!tt ijJLi,;é r $1"''

c-.iq x *jl.r--Yl y.rt^"él 
'+s.3-3 

J,-*Jl ,2 *.LJ x, 3 x7 rrtiL^"

,F p., s Pt ô6 l3l .ao =Jt< ti 6:,Jl r:-/l .-/+j" J5':1!{ t4 K ;3i

:gfl.t).AlJxiè ftli.Jl Hamiltonian,a;iLle 3U ;qjll çlf

H^=+ü *!xri *i-pl *lxr','-o 2m'' 2 ' 2m" 2

\
eJ§.llJtâ;Jl

..3-22
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AJ.âJi rtJl,l ü*ir.â.i-, ]-it-2iJI rfj§

[*.'**i l*"--,-l
elAÂro @AAAÆ

(r-x1+x2)

s-s /,*Jl

,,+ l'"s .>\rl .1.**1t ü/ aai+.iJJ ?)-§ J,lt'ir iitL l.:t ':t ;5-53

o2 e' e' e'
r1, =-1---t r r-xt+xz t-xt r+x2

[,.t ry)'-[,
r-/ I

)l

3-23

....3-25

:11

x)
r

ù(§ !t u*lt ry.rll ôu r:r, L!, r Ul# Ül'r 3 x7 r:'iS lll-e

2
e

=-r
_xt

r
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(,
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". 2
e
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e

[,.{

x t -x zI +*'-*' +
r r )']

:Jl e.15.ij clt

-('.+.*)-?-?.9\Hr=

2

=- Ir-

H =Ho*Ht

2e2 x,x .rt - _---------J---=-tt I - -i """'r
:9 çtL^LJ,J,t.(Jl ,frtül
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ÊJlillLl,é-àJl

:r,ldll !;Jl ,-l*r4 ilLr // ùrLtÂ jy diagonalized âJL" ù.<4-,

I
xo= 

JT
x t -x z x

I
t;\z

(x, +x,)

'=l*?.#))' 
'

3-26

3-27

.-S3 ,:rt 6S-q at" = JX I * ùj1.5 UJ

(

(

)

) §as +x

!^^..l!ti ,ÿl *t.;rEL:Il *t;;rtlJl ;Sy'-l -btrl 
"[:i 

ca s i,liJl )-r]l
:Q"tJù§ x,3x, r)l

I
I n 1 ----7' 11\z

t!,J ôÉ i4t*tJ !-L*ll po J p, fJjJJ -r.Jq uii efli

r, =S@, * Po) , p, =#@,- p").

I-._
..12

x x xx( )

I
./m

:.-:(; ùl ù<{ 3-25 :J:LJI é3-28 r3-27 iJ:tJl t_p._*,s

: .i(- --)t .* ot .i(r .T)r'" t-zo

3-28

3-29 ilr[Jl uar*iqa4 3 co, çs:]l -,.r,ill çr)-i rt*lO*y

H

I

1/2

a=cù(,*4\"[ Kr')

=*l'.î(# 2e2

K7

:6kJl ,ÿ e 6rrll *s ç»)t llJxlJ,i"êJl iLÂ;it! ùyÏ.,

I
Ir(rrt, + r,) s h(co,+at,)=hao

)'.])*t

2 2
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.dn{ill i^1 it-tilJ LrtJl 6ll e L--<, -,,ita.:Jl JrLl; r+. cll*_r

.r1.,1;{l Ut- C tôl*, tj"-i.rl uJ) .rl;"r.Jl ûFi -,rt-dl JirLô ëtt ,'6li;

.ir§;r .dr! lr-." .".*i ii*.LJl g1ji Jrl*J 
'Ét -rr*Sl y[;Jl ;r (Çy.!t
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:Abl-,y..rb.r)\"tr" Oj e r)l 3l

A =4 eo6 J B =4 eo12

Lennard-Jones j* -rtÇ J{+ 3-33 U:LJI i Â-r"t<Jl iJtlJl é-és
.3-4 J,*Jl d f, ri-e potential
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I
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r/o1

3-4 J"*Jr

2tt6:1.122

t

i''

U g+ Üà-y,,:l;jJl ;.- N y rt*;Jr! qgJl i-t<Jl iit.LJl .,!-rr
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U[Il ,i:tJt -tilj iiü ,-,L""- J3t .-,3
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( 2) 4âl.r[3rÇ!l i,t .-,J i.?]l
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