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The science Known as specroscopy i's a branch of physics thal deals
with the sludy of The radialien absorbed ,reflected , ennlflec . or
scalfered by a substance. Althoush. slriclly speafing , e Teprm
radialion onjy deals with pholons (elechomagnetic radialyon), spectio
S@pY alse /nvolves The inleraciions of other TiPeS of pariic/es. such as
Geulyons » and protons ,which are used 7 intestiaade motler.
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ATomic Structure :

In 1898 The Brifish physicist J.] Thomson suggested that the alome are
Just positively charged lumps of malfer with electrons embeddect
jn Them [ike rassins in frudfeake Fio(2) . because Thomson had
playedl an imporfant role in discovering The electon.. his idea was faken
SenouséL éofﬁereap alorm furned oul To ke guile oljfferent .

Rutherferd
Model

In /911 Geiger aml Ernes! Marsden a5 The Rutherford suggested ,

7hey used The alpha periicles epyHed by cerfam radjoacrive elem .-

enls. Alpha parficles ore helium aZoms 7ha have los? Fwo elecrons

/eou,'y ZBem wilh a charJe of (+28) . 7hese parfic/es can rave) inar

a few centimeters before They-are Stoppeol » bul'in a Vacuvm They-Tra .-
vel long distance wilhoul’ bsing energy.. Rutherford cpparelas is

shown in Fig C3)

€ Zine sulfide
screen




3

Radium was placed in a cavify a the end of a narrow Funnel ina lead
block. Alpha particles were emitiod in random &ireectoons by This
Sevrce and Fhe Lead absorbed all excep] 7hose emiHod along He
axis of 7he funne/. Hh's beam of (a- pa»/?c/es) was direcled a’ «
Yoin gold fo/! . a 2imne sulfick screen ,which D/ves off a vissble Flash
OF lipht when struck but (& - parTicles) , was se? on The other s/de
oFThe Foil with a microstope % see e Flashes .
according 7o The Thomson mecle/ jn which the eleclit charge inside an alom
15 assumed % be uniformby spreaa fhroush il tolume » Hence Z was exp.
ected el The & - particles would Fo rizghl Through The foil . but 7hey. Found
Thal although most of (& - Parlicles) indeed were not deviated ba much
but “ﬁ""“/t'rc scalterec!/ Throush very Lar i aa,,& sand seme wiere even
scallerea /n The backiarcl civectoon . Ru therford assumed That 7he posdt-
lve massive part of e akm was concentiatiol in a very-small volumal He
cenfer of the alom , Hiis core » now ecalled the nucleus, is suprounded by a
cloud of elecTrons ,which makes the entire alom elec #fcaﬂ;. nevtad

.Spgcfia( Series ».

A cenfury. ago the wawvelenath in the spectium of an element were fou.
nd o fall inle sets called & spectral seriesy he first series was discs -
vered by J.J Balmer in 1885 oF The Wra;aﬁ ?«Mm Fial(Y) shows
he Balmer seres .
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The line w/th longes/ wnvelenglh 6563 A'i5 designaled (Hx) and the next
wavefenzalkh 863 A’) is dlesignnied (Hg) . as the wavelenglh decreases
s e lines are Fovnd closer fosther and weaker /n Infensify until th-
ere are no Furfher separale lines ; just contnuous speckum . [Balmer

Formula For 7he wate/englhs which is emperical Formula of s
Series js -

-%\- = R (.12;--..:.;;) N= 3 48— |wcceas(d)

the gquanfile-(R), knwon as e Rydberg. constant has the value

£ R = /. 07;)(/:0;/ = /-OI?X/Zz ' 1. The Hx line corresponds
Yo n=3.7he fHa lne BNh=Y and so on. The Balmer Series confined
In The viscble region of The Hydrogen spectrum . /nthe wuitraviolel and
Infraved regions Fad iale Several offier series . Lyman Series in The
ultravjolel and Hese wewrelenghs are zsven by.7he formula .

Lymaon .%.R (‘:& - ‘:1‘) n= 2,34

in e /nprared reqion , hree 5,0«7%0 series have been found ,and
which fhe wavelensfhs mre given by The formular .

(2)

PO’CAC” -,-‘;- = R (——3‘;— -~ ':1' ) Nz "'1516[- ———-(3)

Brackelt fo Ty ( Jimad | )»n‘51617 ()
A . n+

p;U”d _.'—-. = Q / J - [ ) n=46%, . (s)
2 S\ B> nt
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Fio ( 5) -~ The spxﬁJ Ser/es of-
ASeo hydrogen
A250e
oo } Lyman series
-%’;'_;.“;—‘_;
- o

The BoHR Model ond Theoty of The alont :.

Zn Bohrs model oF 1he alom an electbon of charge (€) ,mass (me) and. fan-
Jentiad speed Qp) revo/ves ina erveutar orbil of vadius (¥) around a mass—

lve pucleus /m//‘n;. Qa pos\r'fr'oe c/nr;e' 2e . The anfh}oefé( Force acffn;.

on The orbiling elechion /s the elechostblic force of alfsaction of nuclear
chatge , then

Fetg Ze0 = mell |1

From TAls eyua,&'on we find Thal

2
vi= —_—q?;mer S Fig C&)

For The hyolregen oom Bohr inTroducecd & resthveTive condions which /s
Khown of Bdw; Pﬂfﬁl/af&' . 7he ﬁrsf POSfl'I/II; /s Thal (l. )[ 0’*/}‘ 7hose
orbils occur For which e angular moemenla of the planefary electven
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] are lb@rdof mu/f,'p/er OF(%) #GT 5 .ﬂé_OJabm (n)is aq;-/n/&;er..
h is planks constant . fhe fivs? po;;a}/n.é /5

M F = 8 B w11k RO
Zn

(B) coled htbar 11 =1.2,3, -.... |
@FTer elimnaling (v)belveen egs(7)(8) we Find the permiYesl orb-
5 in hpdrogen alom are only Those thal have radi

z 4

th= Ehn'  (_____(@

T mie Z e*
t//'ﬁ mmrh‘cJ Ia&es /nseff'ec/, ﬂu-"’/aes bh= (5-29){ .o” n'm o
b= (0.829)n" 4 where Z=1 For H-alom .Hhus the Firs? Bobr has
has a radius of ©.5294 ) The second has a Fadiur of 2.116 A ete .
The Tolal er)ef;y_(E ) of The electron i H-adens |s the sum of ds Kine -
7ie and pofential energles which are .

2 - z
(é;r & ‘%McUz %) i e._. _‘;%5:_;) where Bal For H-alom

(The minus 3/gn Follows Frem The choice of Ep= o of r= oo, Thal is,
when The elecTron and profon are infinilely- Far par’.) Hence

E—-“'—Ek-f-Ep =—%£._-,Z___CL

BN&F Yher
2
Then |E=_ _Ze NOTRE
BNWE. ¥

4y using the ey (9) 1o eliminadl the (r) we fnd Thal :



Epz —MEZ e‘l‘?z ;-- --=(17)
8 & h'n®
where N=1,2,3, —... For 7€ ener gl slales fhat X is possibo/e
For The eleclron o have . The /nTeser(n) is called the 7572l or
principle quanfum number , The values of (n) olelermine The ener—
e of The stales . The energy regurred % temave an electron

From a parlicular sTa’e 7o "h/‘lblb- /s cad/ed ﬁe(gl'nal/'n g energy)
oF That" stale . which s mumerically—egualts £, .

Ecnazy(3) Lenersgev) | fee

(==n 0 o e/ecTron

nk—s - 0-8?";‘, -5 y

0% — - 036xi"? -2.85

nzs e -z.uxo;" -i.5]

Bxc/'led
” stafes
Fis (%)
Eeners levels of-

= round
nel e -20. 76X y’ ~13.6 ’gl».fg

ﬂctorcb'ng. 7o classical ﬁco’# can orb/lal electron should radiate energy-
because of ils cenlrjpefal acceleralion Bohr fad 75 devise « theory which
would violale Hhis classical prediciion and ils confarred /nhis second
posTulafe i) which statesThat ( 710 electron vadiales energy so long as il remains
/n one of the orb/lal energy stales +and 1hat racliation occurs only. whenan
eleclron goes from a higher energy.siale o a fower omes7he energs of The
Fuakiam of radialion > bV » bemng. e;wa/ % e energy oy fference of The
stules .)
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lel Hhe poanium number of higher energy stale /s ny , and For lower sTale
ny ,(na> n,) ,hen The second Bohr postulale can be wii'ffen as

bV:

na

- &

m

(12.)

.Saés/;')hﬁy.ﬁr e energies From eg(jo) ,we have for The frequency-
oF te emled raciation

¢ =2
U:M(‘ p b
ng n?

geih’

3

)

/n Terms of wave number

(73)

2.;_32

c

(%)

e o -

)

comparing. eq(il) with any. equadion of hydrogen spectal series Iike Balmer

:Lym IPQSCbln) - ~= Shows 7‘6¢ bo7h have#ae-‘mﬁm awmb"ﬁ&“
Faclor of The Bohr Formula is The ﬂ;dbe»} conslani . we Find Thal, since

Z=1 Fer bydrojen alem

R =

9
Me €
gerh €

= 7.09F3731 X10 m

F

!

— (5)
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Egealion (14) stules Thal The racialion emitfed by excited (H- alomz)where
(2=1) should conlaip ceriamn wavelenglhs only-. These wavelenyihs Fur-
Thermore  Fadl inte definie seguences hai dlepend upon The FanTum num -
ber llg (F-fmaf) oF The Final energy level of the election here (rig)url/be
egued % () in The cguaZion (14),te(N = ny) , Fig(B) »7hen e calculated
Formulas For e Firsl Five series are :

Lymen n.=n =1 : -ﬂ' #= .?c_.(.}; & %’.)nsz,z...

Ba/mr n;.rq-:z: -E" (—1—- ——)n:B;%

f-l < L., —51 : 1 - - -
Pakben £ =n; =3 2 = e 37 ;‘1—_‘ n=4,5%,

{ - & 1 1
Bmc&# ﬂ;aﬂcﬁ‘f J -5- = h; - 7-;)”’5)‘)-

PFund /7/.' 2 =5 ¢ ﬂ .hf" ( ‘-g;') M=% .-

/1=00 -
=5 gy E=0

n=y
m=3

nvt 11

Fis (8) \ \ Tﬁfﬂ'w
Specirel lines okiginale ——

In Transiliens betieen ‘L l + / limit

energy Levels #+

— —

Lyman Balmer  paschen
Series series ser/es
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Sc/rraa//ageré Equdlien For The Hydrogen Atom K

A hyclrogen alom consist of a Prefon . a pariicle of electric charge +€ and an
electron , a parcle oF charge - which is 1836 times lishTer #an The profon.
Schrodinger 5 egualion For the eketron in Tiree dimensions , which is what
we must use For the H-_alom is

i‘(é'z,,éx,,éy_ + VYV e BY - w

2m ox o 2z

3 >
and 2Y. 2Y 3y m Y =0 — ()
= + = “+ = + e (E Y =0

The polential entrgy Vir) here is the electic polential energy of a charge (-€)
when i is the disfance (V) frem anclhes charge (3¢) -

V= =€ @)
Ywear

since Vs a Function of <) rather Than X,Y,2 . we cannol cubsihTut: eq(3)
directfy. Info €9(2) , and one'ds can be express \/ in Terms of The (arleslan o
ordinales x,y.2 by replacing(F) by X* 1y . 2% or another one can be exp-
ress schroelinger’s eguation /n Torms of #he spherical polar Ceordinales

(r, €.@) as defined in Fre (1) ZT

P(n&d)

= YsinSCoS¢
= ¥sin@sing
= Vcos ©

X
y
2
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The sphericdd polar coordinales r, 6, @ oF The poinl (p) shown in Fre 1) have

The Foljousing. /b?@rprefiﬁ‘ons :

¥F = leng# of radius vector From orinin(Q) fo poin? (P) .

r= s/x‘*w‘, 2>
8 = ansle befieen radius vector and +32 axjs (Zen'?h ansle) .

- -
¥

8 = tes
SRy T

¢5 = ansle belwesn e projection of The radius vector inThe(XY)
Plane and e+ X-axis) mea sured in the direcvon shown (azimuth angle)

-
@ = tan 3
X

I spherical polar coordinates schrodingers eguddion i writfen

/ "a‘V 2'” v)Ya
) r‘“’a gt + (E )q/ o

r? Br ) r‘smp =2 (Sd’n?

——)
substilufing eq(3) and mulljplying the entive egualion by rsin & we obtain

2z
sina.a_ r‘}L sinB2_ (sinb - *ag ZMV'SM&'
Br( ar)"' 'gae(m }a'g)"" z}"* tz.

il =6 i
Wre-r-"é)w = &

Egualren (5) isthe partial olifferential equalion For The whave Funclion
YW oF the electron in( H-adom) .which its obey e tondifiens of The wave
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Funclion sueh as el Y be rormafizeoble and & devivalives be confinuous,
single valued ot each point(t. 8, ) .

Separalion of Variables .
7he advantage of wriling schrodingers cualion in sphericad polar coorolin-
ales for (H - abom) in This Form €g¢Y) and e9(S) jshal canbe Sep araled
Inlo Three independlen’ e,uaj-n.r, each involuing only a single coorolinale .
and this separation is poss;/ble because The wave Function Yer6.9)kas the
Form of aproduct of Three djfferen] Funclions as Followin? .

Yero.d) = R B¢s) 95(«» (6

Rers describes The ¥ of elecHon Varjes along a Fadsus Veclor(F)uw/Th
B and @ constan/-and (Fre) P @) are descrbe how Y varjes with
#he (8 and &) respec/iVely with anofler Vatinbles which are constanlike
Vi d For The Funcﬂ'on[&) and ¥, 8 for The FuncTion @

7 %bﬁ dR
ﬂmwsa-ﬂmf : 8 9§7

29 Y dg d#r

when we substriufs R 6 ¥ Eor Yin schrodinser’s €9(5) and divide 7% e
enfire egualion by ROF we find Thak

2 iy 5
_SIEL" gd;(r Jf) + ""9i (sine ‘/&) +§’ ji 2”;'251’_?

+E) = o (8)

Ymesr
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7he Thivel Term of €9(8) is a Funclion of anole ¢ wihereas The ofher formsare
Funciions o;(r and 6) only.. Letus rearrange eg9(8) 7o read

2
sind o (24P Sin@ ¢ ZMr.v'ﬂ e*
Lo g 4 oy 2 (g )

Rery dr yneor
2
pt M

7his eguetion can be Correct only if- boTh sides of it are egualts The same
consTan] and scince Yhesare Functiens of oifferen] Variables , Then ds con-
venient 7o cadl This c-n.s?‘mf'(ml) Therefore Yhe differenial cquation For

The Funelion ? /s '

s _d_i = M'} f— . {l0)
3 de

Next we subsTifule mg For The Woht— hand side of €9(9) and divide The
enlire eguation ky. sin® we el

’ d r‘dk(') I sing ® zmrl c!- 5
Ren or 9 Sihg o6 ( ’ e ) w2 (amer T )

2
— O SRy (|
51»‘6 )

%—7('& o 2mr (‘M‘&r +E)~sm'b Bsmﬂda(sma 9.)—(,2)
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A 2am we have an eguaiion in which difFerent variables appear on each side
) reguwing that both sides be egual 1o The same consTant,this constant is
called L(8+1) ), Therefore The eg(Ci2) will be

me _ | /B e
o a’ha% (:».&7;) Llr1) — (13)

d thp zmr?

p_‘ e ) At Cﬂu.r * ) = £0f+1) —~—11)
w/nf{e' K= o, h 2% sce

Egs (lo) (130(19) are usually wr.fén

epuation for | dEr 4 mg Fpmo| —ge)

dg+

esuaton Forld| 1 __d. L”' (ma 4. [1(14 1) - '”4’ ](9(0)= o | —{1é)

eyaaﬂonﬁork i(r%.!_) “ Wé. ) _g:_') R =0 ——(I?)

each of fhgse js an ora'/'nm#— di'frerential equalion for & singk Funclyon
oF & Single Vatiable . when fhe aguations (15)(16)(17) are solved.d Furns
out That Three guanium numbers are reguired o describe the election in (H-
alom) inplace of v/ P sihgle Fuanim number o Bohy theory«[Henee we may—
fabulale The three quanfum numbers(ﬂ, £ and m)fbge Ther with Their permissible

Values as Follows,
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principd querfum number  N= 1,2, 3, e
orbital guanfum pumber A= 0,1 ,2 ,--. (r1-1)
m’"’l‘t 7”‘",“'" n‘Wber m“: 0)-:1 ) ;2,;3 : [

The wave functoons R, O ,P Tsoeher with ‘V are 2/ven in JTable (1) For n=l,2

n |2 (me | Feo) | Besd | R G V0.9

1 o |l o (';TL J"Jg_-' ;fﬁi -g/a- fii"_;‘w E\'Iao

2 oo | L | & |dEmb-pdie| gL
2 1 o) ,[';—lf ff-.c“ﬂ 2%-3.-;?-’-5 é%“ u;—z-,,'-;.ﬁ'ae:m'“"
a |1 |o ﬁ;*é" 500 A & Pics - Z";i‘.o‘éf

| 7able (l) Mormalized wave Funclions of the Hydveoen alom For n=i.2

; ~
X % X A
p
2

~/sm=e) Px (=1, m=al) A ([-I .m --1) S (g=0»m=0)

o Fis¢ )
i 16 FormsoForbitals ]
Y {6 5P and d) For H-atem

d’!-(?t'l; m= -\)
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Q'Ua.n Tung Mumbers :

JF we veturn 75 The equalions (15)(16)(13) which (Ut?—efua/?m /s dep-.
end on one variable , we see e egualion () is readily solved and The re— |

sult /s p ’
”
é(ﬁ) = A& i RV ([8)

As we know .one of The condilions Thal a waveLunclion and hence f » which
is a Component of The ¥, have a single volue at a oiven poinl in space , bul’
From 7he fis (3) J is clear Thal @ and @ w27 ldmf;}:’. The same merjdian
plane , it mean .

Prg) = f(nu) —(19)

ime 7
/3 cm, (@+2r) (2 o)

Ae = A
Aé'ndz ,qé"". cenzt s

and From The boundray condilions and accwah‘, tothe eq (20) i mus? be
ime2x '
e al a—22)
hence The me must be an inTeoer and equal 75

Mg =0, F| ,52,F3, ~-~ (23)
7A€ constant myp is Known as The magnele FUantum number of ( H -~ alom)
which is Jefermine he omponent of e angular momentom along 2- axis(Lz)
OF in The magnelic Field direction IF an external magnetic Field(B) was app/.-.

ted in parale/ to 2 divection .

La=meh|__(24) meac,31,52,..34
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The possible Valves of Mt For @ 2jven value of £, ranse From +¢ 7hroush(o)
T —4 , S0 Thal The number of possible orienTations of 1he ansular momen-
fom Veclor L in a masnelic Freld /s (@2+1).when €=0 , Lz can have enly
e single value of(0) »when @ =1 , Lz may be b ,0,-h ; when {=2
1Lz may be 2K,B 05K -K,2k .

F7'9(5) The ansutlar momentam FracH) space quantszalion
veclor '8 Precesses constant(y of orbifal aneular momenium
aboul 7he Z-axis. each value of my a;rgpmdmg o a diff-

erenf orienfa fion relatie #% 7he 2-aX(s.

The guanlum number ;. 1his quanium number defermines the masniiude
oF The eleclions anoular momenium(L.)

L= \tcoar) A (25)

G is Casfomu;,fo specify electron ongv/ar momenfom stafes by a lelér,
with S corresponding #s P=o,p % P=1 and soon -
I‘ ©s 1 22 +3 .4.58,6
S, Pd E,9,h,i
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/

The Solufion of the equalion (I7) for The radial part R(r) of 7he hyolo-
gen alom wave Fenclion ¥ alse reguires Thal a cerfain condsZson be Fulfilled.
This condyfyon is Thal (E) be posilive or have one of 7he negative values
En ( S92 £ying #aZ The electron /s bound 7o The afm:) spec/fred by

e

£

me?

/

32722 4?

(

nl

)

n=

—{(26)

we recognize Thal This is precisely The same Formula For The energy levels of
The hydrogen aZom #az- Bokr obtained « Another condifion Thalmus? be obeyed
in order T solve equalion (IF) is Thal (), Known as The principaf quantum

numbey > must be equalts or grealer Thapflt1) - This reglurement maybe exp-
ressed as a Gndifron oh £ in e Form .

j: o, 112’ 3) --(n—')
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Resions of The SPe€+mm

11 |
e.5.r Mictowave Zofra-red ‘.‘XJﬂbe

s+ m.¥F Vitrg-walt X —ray Y- Yay
o—¢ | C D ) °—30 .

t e | o © 9| € -0
o [€73 Al

¥ et % o ffveerendd ()
| lom logem Aem tooum 1{@ ~ p:vn@uknsqg'?pm (3)
;:.x«g 3::3 3x:5° 3\:!'3 3x.a': HE 3,:.,.‘,‘(5"7"":) gtxc:’s (M)
v w-.l lo |93 16 Toules/mole (C"lt}';g) 'l°, (E)
Fi9(3) The regions of The elecfromasnetic 9;«#00'4 .

& 2h
7- Radio frqaeﬂf&k?l'an.B /8 3X10 HZ 5 dom — lem wavelenalh,Muclear
magnelic resenance (n.m.r) and electron spin resenance (e.s.r) .

A

0 H2; Tem — fooum. mvw’gﬂaﬂ&’af}'ma(
#ecﬂosap}— » amolecule suchas el in which H-adom carries a Perma -

nent pet pos;twe char oe and he other a nel negative chargess said 7o ha-
¥e a permanent electric dppole memen?. jf ils consider e potaloon of HClcmen
we see Thal The plus and minus charges change places. perisdically-and The
cemponent djevle momen? in a Yver adireclion Flucluales H’;U/a)'/}. Fi9 (2.~a),
7his Flectaodion is ploWed in fio (R-b) and.ils seen be exaclly 5imjjar
m form Ts The FlocTuading e lecric Field of radiadion , Thus inTeraction can eccuy,
energy ean be absorbed or emiMed and he rotalion 9/ves #i'se T a spectrum .
(At molecules having-a permanen] momentare said % be * microwaye active

If There isno djpole us in Hz or cly »ne intraclion can Take place and 7he
moleeule Is"mzcrawauc inaclive”,

/o '
L 458 M:’cruvcve nz/on » 3X10 - 3%/
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C‘I 6—@ ®—o I 6—0
: (@)
vertiedd
Cemponent
of dipole

_ (b)
/ \/ -

Fro(2) e reladion of a diadomic molecule , Hcl . showing the Flucluailion
inThe djpole momeny measured in a parficular direction .

3_Infra-red region .3x10° - sX10° Hz 5 locmm - Tum wavelengii

Vibradiond spectiosapy—. here in This regton it is utbratron +ether Than
rotadion which mus? give rise % a dpole change , for example carbon djsX -
Jde molecule jn which Three aloms are attﬂn_geo’//neafé-w/fﬂ, a smadl el
P 05/7570 cbar;e.onfbe_cafbm and small at}aﬁ'«e-m oXypens. .

5~ 28+ 5-
— L) e D= P -

7A/s mode ofF uibralion Known as The symmeTric sheteh ie mofecule /s st
thed ond Gmpressed alferaalely and kot C—o bonds changing 3im —
ulfan eous /}ass&bwm?ﬁs(ﬁandp/m/y he clpole moment i's Zero Throushoul The
Wwhole of This motron Thus is called infra —red inackve .
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O— c 8% stetehed
s- 15
O C -0 5- ﬂarmJ
‘ > 25+ s ”
o0——-C -0 Compressed

|
£r9(3) The symmeleic siretching vibralion of the carbon eliox,de mokeule
Hokveyer There /s aneiher sirechine vikbralron called 1he ooﬁ‘s}mmoﬁ-:'ca.(
sHeleh Fid(Y), here one bond stretehes while The otheris compressed as be

Shown jn e Fi3(4) Thus There is a per/odic alferalion inthe djpole mom.
ent anel the vibralion s Fhus infraresl active. . '

g- . o ?
L j I I i Asymmel3c
l S & strefehing

“simE i =3
Ll ] ] e

- ee mp.onenf
oF dipele

TEve

o—n

o

Fio (4 )
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T S R 6 . . I
Mo Visible and vlha violel res/ons 3x/¢'> — 3x:$ Hz 5 Jpm-lonm wa-

l/(bz,#) » E lectronic 5pec#oscop ),

5. X-ray resjon; 3x10°— 3x18° Hz; Jonm — Jeopm > wavefenolh ,
Eerergy change involuing the inner eleclions of an albm o a molecule

/8 2
£- Y- rag region ; zxre _ X0 Mz 3 loopm — 1 pm wavelensth. Enersy
changes involve the rearrangement of ruclear particles




