}fimg- Fundamentads of |pser Spectoscopy ot Molecutnr Spectra
T Tateduction o/ ?/ 206 @
¥ In 3%@!}&, losex emete Seneg iy an a,ppl»zahbn af lager
SPQCﬁb&C@P\/, L hoch ’,\nc)wlea +he SFec—HBS@]r\/ not onhy between
oo o~d gtoms, bud” also between |oaer ol moleculeg,

x Todny | we wiil con centide on the laser spectoswepy Wi
qtoms, and olso menton Romethy Wirh mokecules,
The furdamentals of AM, Ofemic Stuchie ot aforic

trangition @ the q)re,poumﬁbﬂ %T H’\@ SFeCWS@Tﬂ/.
% Why do we case abot the spectwscopy 7

— Spectmescely s like ‘angmrpﬁn‘ig) Lhich Can be
used o identify S’FQC‘\% o—f afoms, molecules, etz

— Spectrescopy is also effected by Surrounding
envfronmewf" SUch as Wmﬁv@) M\nl) P)’e‘ifw‘e/
So 'f'he7/ can Sevve ad ggod e cery :ﬁg Jg}‘ed——
Ob”"'?’%fherel oecean ,‘.e./ @m/(‘rbnmenf/' rnteresfesd

% A broadband [idar ystem, Whizh carnet™ diztinguzh
the fetwrn ~Ph0‘f“o“ Spectfum, be uged for -those
measutements that” depend only “on %Fed'l'hj infensity

e.qg., &#L&}k, Mie h&wl Resonance vplut)mscance —Pof&ns,?;{

* A narmagband  hdec Cycfem) Which can digtnswish Spectum
MM/ be used forr those Meatutements that Oﬁéfw/nd on
+he 'G‘%m"i position ad width af a gpuha/ feature

e.§., Doppler lidar (resonane {horscence gnd &4@}6
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T, Loser Spectroscopy - oy
&)(nj‘ we tencert here & "/AL Width and sﬁ,a,lbe yﬁ

gFear{AQ [She s ‘?ra—m Qj‘om ol (aser (/l}/d’) Thleyachion,

1 Naterald linew idth

—The Mh&ﬁw‘n’ry Pﬁ‘ncﬁ»’e tells us |
AE -at =k )
.
= F AL - at =h = aw =

< _ a4l !
~oay= >t 2m4t (42)

|
T+ means +that +hosa eneryy levels of an atom WOAireh
pore \C}m‘re yodiative [t{e‘f‘!Mes( Cannot be considered
to be Tnfl‘nﬁ‘elrg jwv(p The energy [eved has cevtrm

Width | given by Es. (u2).

X ’T’If mdn‘a;h‘ve [tfgﬁ‘m@ s Je/-f}\ned al be/ﬁa):

let us consder an assembly of atomg ohieh |
N (o) ofoms pey wnt volume ap exzE MM TAQYQKC(fQJ_
§h~j‘ g at +me t=0. In g@,nemj/ -n{;:e afoms ;w//
Jetﬁgt L\[ onnfunwm emizson To a numbexr ot (ocrer
levels ¢. In absence of Colle<isn Aepopulation

the po?u,La/h\Bﬂ war?{ n leved k decreaseg @t
a e given by _f%{__k; e Sihke, (43

Whete Prime rndveates Hat 4 etk cumg ony over
those levels that have (onser enexgy +Hhan W@F k.
N NK&L) = N (9 exp['——f/&], (#%w)
Lohere s the mdiakve (fetime

—

|
e = = A
5




G
% The haff -width sf the enegy leved K i defermined by the
N md\\o:h\le l\‘fﬁ ‘\”\‘me,;

[ =4tk = abe /= V‘z; = %’Aki (4.6)
hete Arg are the Tronsien pobablibes of the allowed
electric dipele transiFions fiom Jeved Kk To @il possible (awer

leveds, ¢ .

¥ e in éw/nem/ﬂ both e u/p/’@r”"/ lower |evels of an
electn'c A>L‘Po'e Hrransifion have Q‘m‘fz [ .‘feh?nes , {Ie_
wncertainty in the frepuency of the emitet photons
must nclude the wacertranty m the energy ot hoth
the upper and +he lower [@vejs. The ﬂ‘wj;wncé/ Aistnbution

of spectral [ine W4 obtained BM-ly by hlersskepl

ol LJ:W (19301 The result 's & Lerenllian cuxl/e.‘

T () = T, _Tze /27; _ (&7
(e ~&e) + eg i
Where T, 1s the peak /‘nf:ans#;{)

FoM= a0y, = [k = e+ 15 = S Ay + S Aoy (48)
J h '

Normd%(la,ﬂpu‘@a TFransifion  Aes ﬁa:[D—&S’
Therefore | the votwal tnewid+h

Tor N P R I
3 - _ _% . Na_ _
FO( /2, Le=1.622 X0 "8 . AUM:;I 277 X [\ 8300
-3 |
Fo | Temba¥0s | o Y Sopmy =98 Mu



2. Collision broadenyg of SP%L-HD// ['hes, (Pre%ure%v&ﬂw&)@

— * A/?%aufﬁ an 15olated gtem wit emit a Qfea-rxj /he of

Cinite width  in any real source anatom wil be supjected

'gs 7")\,2 ntexachsn ’FUTC@S 91[' 7)9_.\3/)&9144?6 ﬁ’?’ﬁ”LS) [bﬂS/ ,')’no/ecu./%‘
These collisions .1 PWB the statz 97& +he md/%)‘? aATom

o [eed +o a broacle/m::)- of the line whch s of ten o2
gW 'HIM its W [ne sidth, ThiS 1% called

collision brvadwv also called pressure bmaJWU
Ao e el in the [lnek)ml;% s @ function of He denstv%

of the perturbey gpecles.
* We do not go in detrt (e -fér?’lVVJ but- He LO//?)WS
e{-,@d“ 5 > S/Lar'fen Fhe radsaiive /ﬁv‘rme @70 atom,

; (—\ Qo a Sherter /r{eﬁme T witl be reculted, Them
the [ne -width of He W line fs sl
given &) =L [ 49)
and the [ne shape ~5 "ol a Lorentrian shepe.
T ()= 1 [’/2:’ - <30
(o + (72)

* Collision ot two afoms & the prowes thet these fuwo afomg
OpProach to each other (‘close enough) and frm o
Tempotady molecule  ard then Separate fom each other
phen they get~ close enowgh -tkenr onersy fevels Wil be

& V‘ d\od\aefd/s ’1 f Ted lf d,M'U WWC /&/e&
levels m

time | tmaciton oceurs, the ﬁ«j.
Wil be Shifred o the widsh, i
W be broadened.
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3. Depplex bwa&w«%i ]
A
K

(\ “Doppler S/ujﬂ'; () = o (|- l/ Y = o ( I- Q:}

Mawel! drstribution . .
/[ m MV,
P(V;)cll/a = ST F[—— T )C[VZ

Wm: Qfa'—‘—"_é_—df—ag—-———’c ﬁc@[fz:-‘a clcd

?

Pwrdw e pevs) Ve X
M(WO"‘)) c?
/ M _ o.dd
[~ R - A E

M}JCJ\

; {—\ O ?(w)du) =-—-\JE‘:“—" Q—\QF[" > g2
—— Ths 5 a Ganssien §ﬁ«”‘7°e-

”‘T/ug S called ?app(ﬁ/r groac/@fvv
Notice +hat the Doppler shifr s a fuadion of radhel

\)wcdy wohite He Dopplor broadensy 1S @ functron
of tempeohire. Thi iz e bass for Toppler
lders to measufe wind at fem/a

* Compadidon of Gauesien ._r/mfe gce) ‘
With Lofeng.l‘an S\}MVM : Graussion

lo ren’g ran

W
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4 Classification of Broadens @

/?M} tha braadzwf] diseussed above | tHhate ave 1290 WM

’&)’P% °f broal&n{]‘. «t—lw hﬂmogﬂﬂeaud bma.dan/} and -f/\,e
,\nhomadaeneow broade/n{-;,

) HOm,ojeneawd broad,en«%: mﬂu,mj /c\ne«)/‘cl/f) y éa//t?/b*n 6?06210416/
od Sochuration broadensy &Mﬁ%,{—he}/ are cawnsed
107 limitesd fadiative [fettme of atoms, S’o, -t—he7/ can be

Y\e,[)resud‘&d by &n effectve [ofetine T, ad :——l—;— |

~he lineshape TS & L""“’?)‘*’/’“ functon
(T
Lo =L oy ()™

PN Aa)Fk’HM = /7:: "':CL‘ Same foa//aoﬁ’ﬁls,
() In/)omogenéew‘\ bm%ﬂl&”‘a : D@PPW broaden 59520'17%
they axe camnsed 57/ +he épf}ﬁw mﬁn/ @Wﬁgr/ shifrs
‘i‘f ﬁ@ﬁﬁ[@@ﬂ’cﬂvms T& 0uwzé'/ /fnegbzfe i< A ?“f”f‘
posiiton  of the Lifferedt” s/oech (s fom Differit™

ames, —— ‘Tb/m/ﬁfe/ /};A@maézenwf/s.
Whea ofoms! meottens are Wm/ 7’%,4 /m::g/{a/be

s §ien by a Geussian g functon .

T (o2 }1]

Tooy - = ep[- S5
tOhere T < the Yme Wi dth @F Fhe Crauss lon Pealk

FOHM =T [ iz
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5. Vot Integmtion ( Vorgt 5,{@6)
The dofferent boadentys may present at the Same -}T‘rne/

2.9, When We hate Doppler ]Droadw{), We alko have the
mfwmﬁ (\‘new,‘d% e'f each SPecmu@ (ines, S, the overall
[ineshape 1s @ convolution ef phete feso [rneshapes,

4w)= yoo,[ (- G (o, ) A,

) v‘wfaj ‘
wWhexe O& () 'S -the f_ore,n’g:‘a/n Il‘ﬂeShﬂﬁDe 'Fsr na /mewzi/zf/

o Ci(@) 1% +he Gaussian thf% %‘D@FPW b;‘:{;“’é.

o . (2=w5)
S Gy=C f el mm
—% (OJ—-&)') +([,/2)’2_
here ¢ 1\ The. norrﬂﬂ/éwﬂ fnd@f‘
R e

Thic ghape 3 called Voigt Shape,
b= =) Ths ,‘nhgm/h‘&n s czlled 1/0/;* /‘nfegm/ﬁ%
th\ak a Convoeluwtiton e‘F Loreryg'm and Gaucsian S‘A!LP%.
There s no WM colutven o it,

s Usualld, the. lorenfpinn OWth (775 much  Smaller Then
the “depplex Width (7, [ << 0,
then tHe  Loreatpin. Width Can be neglected | or sy
Lotentpion Shape ad a J function Thus, ale geT

2
a pue Oaussinn Shape: g(w): C. Q_XF[— @2'(;):2 |

=> This io caled Deppler |me



6. Effect Of faStrumental §de9¢ or [aaer Shape @
A bove s’feéﬁa/ /meSW won dexived wndec the QQSWFW
Wﬂ{ﬂ?{\gw or (W( We uged to measwre the S/Dééﬁhg
|tpes have Tﬂ%nffe Smatl Specmﬁ width (re,a g functren ),
But ™ mai.‘%{) a»# SaStumet ov= ager fug faite gfedm&
Ordth | '—n\em'fom) +the ohbserved SFed‘m«ﬂ [\he i have
the l\ﬂfluencef ‘?‘(‘OW\ ~the TY\$+WW/O Pm{;"/ﬁ-
¥ The overadl observed Specﬁa/o ['heshape Wil ke a
Qonvolufion cv_F the Intrinsic MMr\c/MO/eMM S/D%"’J
(ineshape oith the nstrumental/jacey lineshape.

+0 | g
g(a))-—:-—f’b% (0! @) ?L(W—w) »

1) heve ?ﬁ () is she  Iatftinsic S’fec%mﬁ st bufirm 574
He afom , A G () 73 the g‘/aecl'mj Atibuction af
+the [aler,

* If both dichnbutiens  tan be YILP@QW by. Qaussian
SW% Oith  YMS LOrdths Of{j} ot (j"z/ ~+Hen
Hhe CoMvoluted lineshape Wil be SHH a Coussin,
Jr;m*bm‘w/ With a ned rms width



. Satwratton and Safuodion %fm&w}%
when Yodiation ((aner) {}vjma;/ (s

l N=
N Tesonance With an afomic
‘lfTamehW) absmpﬁm Wi ocewr,
N‘ } gomejT\rneg/ an @Eﬁorfﬁb—n ,coeff:‘c.‘enf oY

IS used Ho deSeribe an afemic Sytent
eﬁéd’ on the Imcident [M,ef ll}h‘l“ H)rwuglq djas’orpfﬂm‘
0? IS cpe,fr\ned an

dI=—Totdx
o X

L

Whee T is I.‘SM" :‘n?‘ensny
= T(xy =71, €& )
The aksorption coefficent & ( m™y s a consterd twn
C[OLQS\\QQQ PhYSl\CS7 and [ Cneax ajogarfl-p’ﬁ\m’l fe/aj#ﬁ??S'/ff“
* Hovevet | when incident” lager light s Shotg, e atomie
absorption Coefficiet™ i noT & constant” angmore | but-
decrea/wo ?mclmﬁég This chm?e e a,égoyahbw aaeﬂé?c"mif‘
e called  Qodwratten ‘
¥ The Sahuniton Phenomenor\ con be e/wf(w‘ne/o' (,L&/\-] E/hsfah %@%
N+ Nz = Mo '{%V a 2-eneigy /e‘/eﬂ s/gﬁem.
(ohen mo laser adiation, AL =0 Al =
Oher (aser iy DekSy on the afomic © cleon three fprocessed
Lot happen a)osmph‘ow , Sh“mulajlvl emrss.‘m,/ o Spontaneouy
| onission. ) populaton Yelo gguation o ke ab¥on ag
0
- — sz&,?ﬂﬁﬁg d NzA'u
::-‘:M 812 j(c‘))(a—"\}z Bz; ﬁcw)e- :)‘jﬁzr

-




,LJ/»en 'fear/l“':y gﬁwoﬁ)/ g«/—aIZ/ e howe_é;"_t/_’_ —_ a//l/z @

p =g =
NN - A i E— _
Ni =N 28@%(@—%2\/\}" s Mo,

whete B =@ =Bar (ignory degeneacy) .
- 2B (LG ( S atwrakion ACW,W>
Az
Lohen W Fn%msﬁy Jnereanss
= phe = Bg) e
= ), on the upper leyed can not be meglected arynat.

—> the abgorpfon amonit of [sM & o< ()\}/"‘/\/a)
=> O il decte® o of = 7:/_50/, E/%NS%Q!

g’cw) 1S “the absorf#r*aﬂ I»‘neShaf-e of 'fke otom,

Sis o function e{ ﬂ%;vuw/i N
ot OJ;L")") 9600) s max —» S I\SMM/ fﬁ””? Sectwmifron,

Ak g 9 w) s smatl — S is gmald  fess sectoration

S the (rneslaf}e > -]G/a/ﬁ‘zf‘ - bfoaaéarwg

T
.’}:jr‘ l_ofem?/y\ow\ J)Lnf*e (/)omé)gg,nﬁm)) ’ s /‘

_ (720°
= ()(D 5 v >
(a-cf+0S (175)

_ 4B ' S
e ST (get) o= Y




é')‘ \S’Q“L‘/(kﬁ@ﬂ— Q/’D&TF/)H@W §PE¢17’:95 C,op\/ @
»% Fov fthMoa,em\@mw byoadened gr)edﬁxﬂ [V e ) +he garafaA1en

offect witl occur only on he group of atoms thal

intemet [/J\‘H\ ’H\e Wex‘ IV}H”, TA@Y&:{-@(&/ &, 4‘7_‘, vl
OW ]\1’1 %e a)’vh'\yt W Jl?W(\bm\ev\ on ZOV‘Q’Y‘ ene,f*?/ /M‘é’

uppet | Sl This 5 called Bepnett— Hole effecs
\WQ _____A__—> (’U" U"MW‘(/:\T 07& +A‘§." :For ceXrin, ‘F’%
Nl(V) : (
Lwl@(‘\ @-f— [M,v(‘/ le. (W P)')OWS Onlx/ Swtevact—
Loved |2 U With certiim groap of atomg whos e
M\\avo \)dOC«"fél coutd oulow Hxa'b:/»,v)@(*
Shift of Hee (aner ]%j Move] on 4
the Yesmane 02 of 2romk dbsorption [ne.
~Tlms) Whenm 108ey” Tn‘r@r\sﬁy Y s%rmr?, -enmcgli, Fhere wirl be
Some populq}ﬁm« 54“%% on The uppes /&UJ ( d/nm.;’tﬁv@
== e?jwl\c\)r\\m)? Pesutt] 2 2 hole on e Sreac
lWQ -Pmpulﬂih\m\,

¥ Note that this dip oc Pear i bas»m%{ e natuel) [besyun,
So itk Dopplex ‘—-F&e/ Wwith cdidth much wuch Nanweder

thom —3\~emPplw cdrdh, Such Spectrum Can be wged o

loce Loner figunsy ~d olbale lanie flgucny

— Ths % Q@C”m‘?‘ﬂt used dw R acd k Jodanc

0= Wy ( I+ )



e dont messuce the S}%M Irsbrioutteu J,‘r%h{?) bt measvre
errhec the trmngm e l\‘glﬁ’ oY qum {,;Jg/ﬁ' :‘n"’@/ﬂS/‘v%e
T

P

Detedor
Laset ( Vf“Pof [

P o

el
Detector & [Scan /a:erﬂfg
GJ, _b{ WV&A atomic
[ e

We prefer -the fluorescence M"-#’D‘{/
becanse ot the betler SHR

I3

J
Wo

‘-? we use OW[»\/ e beam gf/a/x.w ol Scan /'\7LS _fpgj '7"40"6%@;\
the odomic abterphv [ine, e wont b S +/w hole. ",
nommalised becmuse ~the etz |ine WY/ drop” at even

- Ty | 'F@%M“&.

A

But 1§ we wse one S"f‘(bﬂ? [aser o S‘aﬁf"@j? ib//)@,.>

b o hole the adoms, and then use anmcther weak
| aser ¥ Scan %m«%—m alasUr?o'h‘en,@;m | ak Wi be
akle to See the hae. — "yﬁm;/,}u-l-—gqium%{/ a At
wRak Z'}A'f_?&/’m(; v he OppRD e d;‘mcfﬁen"}

¥ An Q%VL\\JAIG_M‘ 'W\éﬂ\od s He #dw«ﬂ ~lo4>_a4y\ zpyud’//\" ;—e””?;(
method used " the i ov & /rdars

-



T [0 understond Hha

| A (e PP 233 )
skoon — abserp i spec | See L
et ns c

[e>
i Vzb
Loy

[b> —

optical per P effect




. Molecular S’Peahh
A Molecule Consists gfl geve/fuo afoms

mnet electront T no changes
O outer electiont — %ﬂw«% CI'\"EWQ‘;@@ bound
(3 Vibotten oxournd o belomee poit
@ ODhole molecule Yetodted oayow~A oxes

Motton | Teonsitton Freghond | Enexgy (ev) | Spectra
Flectonic Sate] UV oY Visible [—-20 elechionic T
Qfed‘@
Nksl?éwl“f neay infaved | %°° 71 |remtien-vibraten
‘ N $f)ec+m
Jeewlot Lo infrared Y
M‘{\\D‘h?vh‘m’\ And WO (0 —-0\05 refatton SFQC'/W

In a first approximation, the energy of a molecule can be
represented as the sum of three parts—the electronic, the vibra-
tional, and the rotational energy:

E=E,+ E, + E. 1)

In Fig. 10 the vibrational and rotational levels in two electronic
states are represented schematically. . ‘ Lt

~ Fig. 70. Vibrational and
rotational levels of two elec-
" tronic states A and B of a
¢ molecule (schematic).

The three double arrows
indicate examples of transi-
tions in the pure rotation
spectrum, the rotation-vi-
bration spectrum, and the
electronic spectrum of the
molecule.






