2. Solid _as a_quontun sashm

I 3@«@&[, a sbid comisls of tons, fe. nuce and Hue %3&7‘67 bownol,
clectfrons of +Hhe tnnes shells, aud valence electrus.

Note : The separafion of core aud valence electrons iy not wuigee acd
cdepevds on the mafenal, coufext, ete.

The HauwaPiou ope;c"?[or of Has ey - par ecle SUS"LGM encompasses. Hee
foll o coutnbubons
{H - fHee * 4’ 701 ‘

el - Tou
Loy H

p; — e? Spiu-ocbr’t

fHee = Z.."' 2m T ‘Z:; I%- 1) T correcton ckcton mass m
M N

P?. - —

3 .
,’H.-W = % Q_Hn + '% \/z'ou (Qn— ?r,‘) ou Mas Hn

- 2re’

\/iou (F) = \Fei & Cor(Cc*\'o\A ;Fvow o electrons
2
_ Z ?,e_\ 2e 2 C_ha.r\se of au 7ou

el- Tou LN \Fi'Qu‘

tohere e [ave wot exPL:c:/€7 2ucCuded, e.ud rRlafwshe effecfs Sweh as
Spru - orb~1 Coh—PL:n(% ( olicle , loweves, fure 2t fo be eseahal for Hie
Alesenpfons  of Some solols  Sweli  as -/'DPD €org/:ca/ tusalators —> Cafes)

Tlris  Howw Clouiau 13 c;-u.'-fc well- buoon  awd tallislhes  tHee fuudammr’c’./
ImcroScopie dc&cripl»‘ou of a Slol. Howeves, 24 s ky f“" foo CoLupL’car‘ec[
o be solueel e><ac4€{1. Numm’a//a, even on @  Spescomipud<s ouly a Jeeo
parbicles cau be treated but uot 407!

e +hus neecl _q-pproxfma%'on& , for whicl ac audo:k‘uob'c,\.g Qf +tlee
Sundamental  deprees of freedom & essewdel !



But low cou we ldwﬁjv the relevaut d%?m of quﬁdom 2 — 14—

Consicled He HowiClowiau tu atowe uwite : (CBS wuite bre, — {)
z S
s MeasSure _6_5'*84_14 Zu erts of Boler  tedied QO:n—v—i_z = 0.5 A
e 2
. and enog\cs Zn Ltw‘/& Of ZXdebeeg (eno&vc&) 2(12 ‘——hz— ":?:_'-12'13,6QV

1o obfain ( us"g f—; —> — 2 ﬁ )

1 lr —r n Q Q ‘ in l"::.:én‘
A — — -— —_—

-~

V{z m Vnz T
ue e pre 22 00 A% I
1{:2 4_";00\

APe.r‘)L ffOM 'HAC a'fou,u'c numbos Zn H(e -Hawf@ﬁocu'oa r'u\/o/ves oueg a.
Siugle pecametes, te. the mass rato befueen the mastes of elechons acd jon

m ~ -3 -
Mn

Sha’teﬁj Dewvelop a Sds%emaﬁc_ Cxpaulion it Swall fxzro.meﬁv
ba 'ILrCcJ\rg the kinebc port of Hhe ions, T, as a Pen‘w'énﬁm

1o 7

Ne Mo+ T, it Tw=2r (- %" )

u 2



—-[S—

2.4 Adiabatc approximadion  ( Boru - Oppenheimes )
Defuibon : adiabahe | cielbebe
G‘L@”’IOIOSG‘ gree.é,, uuwable [able 4o be crossed

asasc Tta -H')Umoolynamfcs :

adiabatc process 2 frauwsde of vork  cateout Frons fer of heaf
( at Constant en'ffop@)

LLSase 2t .(}LLOVH[U.M/I meclh awics :

adiabete process = 8radua//(7, S/ou/\7 clncng;r(,g Coudihont allow
the Sdskm +o ad.a.P-[- as a J(uuc'/\'on Of Fme . 1§ the Sy&-/em
Stertfs  du au eigen&‘a-k of Hee duwtal HawnClouiac, o I end
1w +the Corre.Sponcl;nﬁ eicensfale of e Fual Hamioudau.

( cf. ako "adiabahe theorem ' of guantum mechonics anedl
Joudac - Zenes Pmb/em )

Here :  electrons possess a Spaalles mass and are Haes much  fostes
fhen the fons; the electrons prccﬁ‘co.//g Sollows  insten -/anc’ous/a
the movement @of ions
- O[Unamfc.s of electrons and ions Ckcmap/e
= acliabatc approxf'Mcz.ﬁ’on S\cfsvlema-/»'c e e Suxnl pam-/cr

%,
_S_'I‘_CP__E . 2eroth ordes  iu ’T.(m: ( electouic Selersaligpes e?acr/*'m«)

Cou.sfder electrouic SubJUs-fem e flhe PIEScncc c& a Jc'xec( fou
Coaf’surcﬁ'ou { '2,, , Qz, ey, Qn} .
Desenbed. ba the electfowe Lacaa - pa.m‘:c/c Uc‘\le;yhuc_'fs‘on

'Z{/: ZP({nHer“-:rN}i{(Q‘ﬂ'QLI"';PH})
which i3 the solubon 4o Hee ev;geu\/cfue Pl‘o-(?/em Jor  tHie

adiabatke mobiou o} electons [77'0 Wy = €o<(2"""’Q")¢"} ()

_ Q!CC/‘YOU.:C
(,JLIQ)C 1{0 - ?‘{e[ t 1’&'—1’0:‘ * Viou %M?Lum Neembess




The exact sofluhon of () &5 Iu (Seuejcx/ teof Poss"ble mle-

—> fwv%c approxfnf)e.v%m are  necessary (Gter)

With the lelp of +he (Gppfm-'ma/e) grouud - stefe  enersy g, (R, )
Mhe. o’o%a:'ns ‘H/IQ CFU&"‘C‘.[ &/Y?A,QM { ’R,c:.,i bé] Mrh'hl'tu.f?n'lﬁ Lh‘l& If&f'JCC')[ fo

Hee ion coufiruraton
iy o pin (%) = e ({R0)
c

Step IL:  adtabahe covrechon
tepresent  fle  Sull  wovefuuckon du  fthe egenbags of (I)

P(IndIR) = 5 0 (R g, ({n] {R])

L——V‘-——J
§ull electvou- ton expausion elechrouic wany-particle wovefel
wane Suuef on coeffree.t Sor fixed tous S Rf

ortrogouel besis:
Jafe o f () p, (-) =8y
/,Llc, OG,J/ SJ’&’[‘;’onc:\cr &ch’;d-‘use.r ec}uc‘f\'on thec. reads
Eg = Ho = (H+ Tl = 2 (e ({RJ) + T) 4, (1R.3) % (14161
idea : Teave au elffechve ewn@onin Jor ‘expowsion pammeters” P,

bg using or%{,qosouc.@% of Yu. To this end, apply a pn\:jc-:cr’a‘m

L plyrn
KA A Wl (178, 4RF) x (fom E4)

Thés Qrves
E ¢, ({R}) = €a({r}) g, ({rE)
* 2L AT gt (o1, 1RE) T, (1RF) (13 4R2)



-

22}

2M, (- vn?.) T Ux

Wt TR W, = Z

I

"L SR NCARERICAAAA
The ScbrScL{uSc e?uo,'/\'on 'quch becomes

E9u(IRY) = (& URP) +T) 9 ({R) + S &, ({RE) R (LRY)
L-.A'!'L- 'HdC OPOC.'[‘OF
Cpu (1RY) = = Jol¥ S 7 [t oy + 2(wh T, K ]
The off—c!iasom/ Far'/s of Huic opvetor, dw peshculor, induce

fronslatons  z.e. cdiabakc procewtes  beteer, elecfouic  stafee.
To lowest orcles tlis operator cau be neglecfed.

In fotal one ames at an effechve eienvalie problem  for fhe ious o«—:{a/

E,({r}) = (T« eﬂ({ra})) “PB({RS;\ (1)

[w Fa.r-kcu/a.r, Jor the electrourc 8f0uwd Stote  Hes reads
E®i{r} = (T+ &({r})) q({r})

The Fo{'eu'['ial &£, ({Rg) 78 thus  werwwei2ed] bccJ +he Far%‘cabr
C.rgs{'c.l streee fure oj the  maetenal,

Su,mmar{j Boru - Oppmhcimcr aﬁara(ima'ﬁ'on < acliabatc aﬁoroxfm-/,.m)

4. Solve electrouic &eréolx'usc’ Q. (1) Jor fimecl Iods,%'on& ofﬁ
the  tons {ﬁi
—> e yves the Cienenogies &y ({R3)

2. Solue Hhe iowie Sdﬂéa(iud&r eg. (T) wnth He elfect ve
potevticl gvee by & ({R}) for all o
— Hes gives te crystal structure of fhe mratfenc/




-[g-
lu ordes fo cchinmmate +Hie comechou fo Hie growud -2tadfe enesy att' buted +o

the Riuehc feu T, let us cousider a Swall devvahon frons dhe eguilbim

Coufs's urc.'/\' on

SRn = QU\ - QU{Q)
audl Taylor - exparcl  the poteudia] zn SR [ 2l denveten 22 ¢ (iR3)

OR., OR,,,
£,(1RY) = & ({rR¥}) + £ SR D, IR,

L— ro ,Qrs# —order derm Since e are at
Oue amveg a"‘ a minimum of potental [

= (€ (TRD}) + W )
Wt e effectve Howillowiau [ wil R -1 )

Hy = 23 40 R0+ 2 7 3R Dw SR

“u
u H“ n,m

CDmPO“Ob“d +o & b..'slﬂgy—djmcn&'omc-/ harmom‘c_ o&‘c;//o_for.

T(ae /Zv'ue‘{\'c_ aud +he Fo{to«‘{‘fal -{'Cf‘w\ Y 4[@# are of C9—ua-/ ‘I:LMPOI')tauCC, wleel
becomes  mac( fest b(‘] re.sca/u‘ng

¥/
SR, = (—S—)q w,

-
P, = (J‘.L) q
H, Pu

So tat (oe 8"1 for a Wouod owic. Crtd&b/ (Hu= M)

m '/2 It | a2 T \
%Cﬂz(?) [%,JZPn "'Z_,Zu-u:bumu'm

n,m

T(Ae Zero—-Po{u'; (Mo?"fou ,eac[.s -'I'o au odjaén.%‘c Coﬁte'ﬁ'm -/z: %[AQ sfouuc{—&{o{t_

euusj o{- the orcdles

E = E-£,({r"]) = O(\/’%‘T_ﬂ




A

’ﬂ«_ next - ‘Io ,tce(«'us ordes CoerC_')('otn clenves ;Ffom Hre Cﬂ& opvcfor -1

=7 the adiabehe approx imaton s coutrollecl < the Par‘ome'll'tf
m \ %y
€L = (;)
st (B) ~ 05 - 1073 folovs & ~ 0 - o7

£ % is feo IGUQ, Hee ch&:‘a/ Structure I welt due fo 2oo-pout
\-f]uc;fumkous — Supoocew'd S'HQ aud q—He,

2.2 Colesive enesy of _crgs{—al.s

The crgstal structere s obfaiued 5(7 minimizip  the electrowic  grotwwd
State C“Q{SS Eq ({—R..S) il m,&Pcc-F o the dou @uﬁ'gufc%‘on {Ej

The eu033 OF flie e%v’[c'bl\'um Cou.f,;su_raﬁ'om {ifo)}, z.e, fo({ﬁ.{o’}),
Coarries 1uformeton abouf +He Colesive cuegy  or b:‘nc&'ms cnesy of +he

Crﬁ.skx! , 1.e. the amoc t of euosy 1egee irecl fo drsassewlbl £ 2ufo is
Cous#{ueu‘fs.

The funckou £ ({R3) s 2 Geuoal tuluown. Howewes , Hrere are
cestoain Cunts oleoe the orgru 07’ the colesive cuesy A be olec ke,



‘Pl«cuomwofo&fca/ C/GSSv.fs'Cc.?,\'ou of boudxug e OUS{Q/.S —20-

* vau - des - (Deals 50!40[4'145

Molecelor crtfsqla/s CouSl'&'}';ﬂS of +the poble Geses enth Jully - frllecl  elechoure
shells (uwo valence e/ec#ms) Che Ne, Ar, Kr, ..

The atoms 1uteract poir —wse s the coeak, a trachve vau - der - Leals

2unterackon an’&:‘n& \{row :S—’Iucfua#»g dz'/oo/e moments

A Fo*feu'f\'o/
Sleor f - reupe
€1 repulsive pact often modeled

- > IR, -R,I Lennerd - Jones  poteethel

12 6

2. Weak, atfcacfive V(r) = be [(—él:) - <.<_§) ]
Vet = des~ Weale pofeehal
- |
IR,- &, [¢
¢ owic bﬂ'uob‘ucg

Touic crﬁs%a/s C‘ouSiS'IIﬁ%S' oj onas.'vlc/U ClAe_rJCC[ Toul .
Tous attract eacl ofler pair - Lse bccj means of Hee &{ro,zg Cowufowb

dud eractow . Crgs-Fc‘/ Stricetres e a /o.rdg Coord wator) Puwwnbey 2 Plv:ferrcal.
GXQCMF[CS.’ M&C// Cscl , Zn&

* Covealent bouda'u&

Covelent Crvsfals are choermctenzed bf7 a distobubouw of valence elecfrons
that Subs#aw/m’a//v cffers from fhe one Jouud < the solafed atoms/ tons.
Similar fo +he chemical bOud:'ncg i weolecules  Like H, ( Heitles - Louclon Hq}
The boud,.os 25 __sfx.c:'c.//f\,, onentfedl . For exaweple, vt the CIB#G/ st fere

of C, Si, Ge a/oug the Ciuks of Hhe diemond Eathece.

* metallic bouob'u{%

Mecl:ated b& valence electrons , whiclkh  become delocalized from the Zou coree
(— conduchon electrons). No Spabal onentoton (2u coutrest 4o cowlent c‘me)



