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SpectyOscopy - Introduckion PRSI -uffar: s

m_on.ﬂ.oéaﬁmrn Radiations ( % @.@ﬂw_lv :>

Tt Was believed thot light bravels 'n o Stradght \ine ﬁvau&_‘n_m Sﬁ*ﬁﬂnq.ﬁﬂ%
Some impoxtont  phenomena \ike Inter f everce ﬁmﬂmwﬂﬂd.c. Refvaction ﬁmuﬂm.%ﬂlu ong
Diffrachon (fiadar) Can 1ot  expldn on  Yhe |loasis of particle MNature of- light.
To explaan  these phenomena , r..mZn s Supposed +o travel In Wave (AWT)

AW the  propevlies of :mjf Canbe explained on Y basis of pavticle (@or)
and Wave moture. (dual Notuve )(Za SEia)

Moxwell Teveals Yhat :w.# Woves ave associoted wWith ¢clecthie ama
ona .«59@5&.50 feld- ﬁ.@u@ﬂ a awn%m‘mumm.v

like 1ight , theve ave Vovous Fowm of  vodiation Whidn one  assodeded
Ith  elechiic amad Magmelic  felas.

Hrese vodhaohigns oxe Called
m_nn«xgo&ﬁpmn Radi ations.
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> Propexties of EMR <5

— These ave psoduced by oscillebiom Aau.ﬂﬂ_.v of eletric Ofbimm m._nw_ﬁ 3Ta9r)
and jo@ﬁmin field ﬁghw.ﬂ.v .qmm.mm;m on the akom.

- The elechde and iﬁajorn Compenents QYe ?:*cpsd pevpendiculan
(U aFgaa) ‘o each othey and o¥Ye qu_nso,«.

>
Y .P.m....l plaves of m(mngg?dﬂnfn

z - Waves

These ave chavactexised fm theivy  wavelength h.muu.,.mﬁ_.uv o dvequendes mﬂ.@.wv

oY Wave Mumbey (A@TTH@I)
= The emergy Cavved by am EMR s n_...,.,mnr_m proportional ko {4 Requency.
eneryy of EMR &« ﬂimh_c.na&..
T % E " ’ .
— The emission (3ca9A) ov oJosorption (zrasvasy) of ~vadiahem fs o_c.n,i.;&?_.mmﬂv
ond eachh quandum of ~adie¥ien is  CaMed Photop ﬁdym./ﬂc or quania ﬁ%\
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— AW ypes of ~adiabions travel Wwith sawme Velodty.

- No Wedium s vequived For thew v&avpmoioﬁ ~They can  kyavel *r,.‘acmr Vacuum.

~ When white light Is passed ‘thwough o prism, ¥ is  split tndo  seven colours.
s vfmﬁagmdo. s Called m._mvm«m._.oﬁ Q@.WE&AC

® Wave length (awraed) ) -
e distance b dwo  cwests () o boughs () v o parbicder  ave

umnid (£TE) A' o T oY Nm

LA = 107% om

L o = \0=7 cm

lanm = 1077 m

® Wave nwwher (aETwam)(V):-

—  The ~Yeciproced F@Qmﬂlu of SD/RFS&IJ is CaMed Wave mnumber Juon|\/_|

— +the dotcd no of wave WWdn cam pass ga\c.m‘f @ Space ¥ Lewm -
wniy = ¢cm- ¥y Ured WM Infraved tedhmgqua.
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© Frequency (3rgie) (V) =

—  Nuwmber

wni ;

of

waves wWhich con  poss  thyough o  piink In ane  Second-

Imd#ﬂ LHZ = Phxn_n mm_nl—

< S
Frequency o Wave length

@ Enevgy &~ Y(E):»

Enevgy of o particdar ~vadiabien s givem by

E=hV

e W& Ll
e E=h s : N
h= plonc's con stan t

V = Frequency
C = <m_oﬁj of EMR
= Wovelength
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Q
4 —— Wavelength A — -
10° 10 10° 100 1p° 1" 19" 107 10
o |Near| Far _
ultra | S Micro- ,
y-rays |X-rays | yiolet S | Infrared | waves PR " |
3800 4300 4500 4900 5500 5800 6500 7600
° =
Y
S m. S | Green = | Orange Red
> |g | @ >
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> Spectydscopy i
- Spectydscopy Moy be delined as intevachon (3eafdsar) between v atter (5)
an d &mﬁqﬂé&smin ~vadiation. e
— The study of Spectroswopy deals With emission spectva (A TWaET) omd
obssyption specbr= ( Sranivasr uw.uw._lw
-  Abssyption Spechin:- is  pPyoduced _ud obsosption
F vadiont emeyqy (fafdwet Hok )

— FEwmission specra:— 1S prodd ced _o,m emMis s\ o

of wadiomt eMevyy

l?mfuﬁc,lng,_.soﬂ, Q&uqionmq«mé.,iﬁmdo@npi%\.wgnﬁﬁﬁm _J\
. mvmn—u.agmf@ﬂ.

¢ &la
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Summary of Spectroscopic Techniques
S.No.| Radiation Absorbed | Changes in the Molecule of a Information Obtained
Substance

1. |Infra red 667—4000 Changes in the vibrational and |Detection of almost all functional

em™! rotational movements of the|groups which have specific
molecule. vibrational frequencies, e.g., C=0,
O—H, C= C, NH2 etc.

2. |Ultraviolet 190-400 nm |Changes in electronic energy levels | Conjugated unsaturation,

Visible 400-800 nm |within the molecule. conjugation with non-bonding
electrons. Extent of n-electron
system.

3. | Radio-frequency Nuclear =~ magnetic  resonance | Hydrogen atoms in different enviro-
60-300 MHz induces changes in the magnetic| nments can be detected, counted

properties of certain atomic nuclei,|and analysed for structure
notably that of hydrogen. determination.

4. |Electron Beam Ionisation and fragmentation of the | Determination of molecular weight
Impact 70 o<_ molecule into a spectrum of|(and deduction of molecular
6000 kJ mol” fragment ions. structure from the fragments

! obtained.-
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HFmvah | Q9D Q@R
Ultvo - Viok t wﬁmn«,ﬂomno_v.m....v .n_ﬂ-v%ﬁb. W TTThid]

AR

This is olso colled Electyonic spectvoscopy.( seEgtiag

Ulva-violet spectxoscopy invelves promobtion of e~ fvom gvound state (FTET 3TarT)
to meﬁ eneryy mﬁn*m.huﬂm_dm.ﬂmgv
Ultra- violet

spectrogopy involves obsoxption of  Tvadiations (fofeer) of ULlira -

Viclet ond Visible ~egion (=& gfn) of electyo magnelc mvmnchas.ﬁ_.w_.@ln_ﬂ..hﬂuw.ﬂ.gv

._”o:ocu.,sm e~ axe peomoted n UV Spectxo scopy -
® o e~

Since +he  eneryy levek of o wolecwle are

Yequived Sov exeatabion ﬁdw.._rDalllv of e- s
(LS gf\ o _uogwfnrrppd. Value

1§ the Substownce 1S @X posed

guanbised h@nﬂa@.m& " the enhergy
a dHx Quantibty. 4hus  the EMR

of  frequenty oI\ be oble 4o Cause exaGlrahon.
o vadiakion of ssme different Vaue of

fequency | emergy Wwill ot be absorbed oMd  Yhexe s wo losg of ,.%a.;??é
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- I+ ihe ~odiabtion ox light of (owvveck o¥ Jdesived frequency s fall en  Hhe
Compound oy gcample , enexqy W be oh sorbed amad eleckvans WI\l e promoted
Yo highev enevgy Stakes.

- PAltev aose plion of ~vadiation | i¥s .ﬂs.rwﬁuiq will be less o Nay be

003_.99?7\ lost.
— Substance Pswoqc?m in the Visible vonge F.mﬁq qud) @l o-ppay Colouyed

o humon evye.
- The (ovelength of particulay  Todiotion ohsstbed combe expressed in the
fevns  of  frequency o emevgy Im Kcal/wole.

ISoo pA* 2000 A° Uiroyelle k 4000 A" Visible Qococ A’

150 (odiel) E=a) 800 WML

— Soﬁrsm? —_—
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— A veco¥d ofF the owount of light olossybed Ud the Somple as a Sundhon
of the roodﬁmﬁ@rr of :ms« in - ™ML ox "M units s Called  ohsovpbion Spechum.

(Aol WP ) . Which  generolly  consist o obsorption bomds (araTvasi dss W IE)
- The fa¥ LV dnm.,aﬁ (below 2000A" ov 200 WAL) is not wnuch Studied due
to obsowpbion r,m oxggen omd i.i.o&ws. Movreovey , studies in these Yeqimns

Tequire Vocuumn [nstruments.
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Xo  Tneasure Sﬁucmnmoi ﬁuumﬂn.v ond avemotic ngwc@nioﬁ im  molecule.

5> Use of UV  Spectsoscopy -
- used
- Uused *o diffeventiate-

® nuﬁ.,_cm&mw and MNon- hos,._;dbr..n_ Eystem.
® K, - unsoturated (STHAE ) Cavbonyl compownds frem B, v - omalogues. ()
) Homo annulay (F5aam@) ond  Hetevoonnular (& dord)
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> The Absowption Law ;- ( @eneo] fFawW):»

— Thexe oxe twe laws which explaan the  oksovpbion of :mrm rw B
M Lombest's Law ( 3me famm) @ Beer's bow ( Simfaan)

(@ Lambert's Law :»
_ When o beam of Tnomochromalic  yadio¥en paswes  thvough o 7o§omasmonw

D

absox bing wedium, the ~wakte of decrease of Tntenstiy of yadiskion Wikh
thickness of obsswting medium is  prvoporkisnal to  the fntensity of the
incident vadi abon.

g Bl emmlf TEW @ fBwel BT dWdl sEAEs AT X B JER Tar ¥
Y sunes AwEE o Al & An ffEsst & dgar A wHt &S e, eefdd

S o e & IRl @l ¥

Mathernatically .

LA

die
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- Mathematically, the law expresed as
d1l

—

a2

o_n.hlle

I = Iptensity ot vodiatien atflex vou%:w.

R= hickness
dI= Small decvease 1IN Tnlensity
dw =  Small  thickness

—391 _ yate of decvease oF Trkensity of

d* Syl
¥Yadiatiom  wvHh  Hhickness of O&mo.«rw:m
nedium
- ol
(V)1 -
—= = KI g
K= peoportionality Constanl or cbssyption

Coefficient ( FmAUNAG Fwwm aT Fanes)
I )
- volue o K depends upon nature of

Ohare Ni\vna waediima .

3! + = m ‘ ‘ ‘(q q ‘ ﬂ + m\ D shapes  {I] Ink to Shape

Hvan | Q9 Q@3
Inicrdent \ Tvonsmited ¥adiation
Yadrahon \ <
e\ G 77 > qamia fafee
ﬁHOJ /
=
x=0 Rk
eq.®d Can be wntn as
.@mwl = -Kdx -®
..Ji.nu...b? e ® bl the limvts
.t > -
o= e |5 et
p x=0 = dog 2
1 _. IMl..I- QIKX
(413 (pd.d IHlﬂ - rx oFv HO




waonmervcocss 1 G £V VY TV Y 415 Bowe Grosm dywom iwn [0 9 O @3

- Hjﬁjm._+< of ~ad) aton obsoxbed NHQ.SV is .mw(.ad ,.o«_t

Tons = To71
from e3. ®
T A (1, =)

o¥ fHE..., = I,(1- )

on OTnjmmsm Naturod /om 4o  base o <4 @ Cam be (m¥Henon

; e g

H - Ho —O 2+303%
[ - Q%
2303

o= ﬂxbh_ﬁn&mg Sﬂlﬂurn..m"_. O..WI ..TT_N Okrmﬂ:\r,_ﬁ E%
%Bﬂ.uw%.. &\
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< Reex's law :~»

- When ,P beamn o  vonoch¥smakic light  is passed thvough o Solubion of «
absorling mmuunog , Ythe vate of decvease of Intensity o ~adiation (57+h ’
._},,.nr:smm of +the o&uadr,,sm Seluion s proportional to  the intensity of
InCdent ~wadiaben as el as +he conc™ o} Hie Solubom.

s fedl rmlf TEN T fBwel BT d@WAl STmEs ARaT X I IR GTar ¥
Y s AE & A & AY ffest ab dwar A wH S g, aeidd

SRm A% Iw ATr faemA &t Al & weedl el el

I RN

- 39*7»33t3:<_;wv, law (s expressed as or m.wH.. = ..Hx. Cdae 1< Tnlensity of-

To e trosmibed Radiodion

-dT . k'IC
. L1 ﬂu‘H\o\m\lﬂﬂ e = Paickness of ynadium

I,° H:*m.ﬁm&l_ ot TnOdent
Radiatran

k'= molor absorption wefficient e P
Im.-ﬂuh H.Wﬂﬂd_lluﬂqﬂ.q 0% I=1 10
i+s Volue depends Lpom The Noture ! e
" ol T 0'==22_ = molax e¥hnchon Coedhicient of

C= cenc™ L. Sol- In ?Lﬁ\,\.fﬁ Soluld s
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Chyomophote :- ( @_.w_u,w.ﬂ&

S

Al those no,Bvoc._.&w Which ahsorb :msw ot Eos.._gm; between 4-00-800 miL mca.&:

Torge) oppest  Colowr +o buman eye. Exact colouy depends Lpon the Soﬁ.m:@i.
ot  the :ajw obssrbed Um the compound.

T4 Is  delined as ony 1solated nozp_nﬁr,\ bonded qvoLvp ﬁnmvm.m\—.m,ﬂm. ﬁﬁ@iﬁq@uﬂ
FP5) that Shows O Choracteristic  obsowpbion v the wlhva yiolent 0% the

\isible ~eason.

The obsowption occuvs  Twrespective of Ahe  Lact whethey colou¥ is pryoduced
o¥r ot

Sowe fmpovtant chvomophores ave —
® Ethylenic ® Acebylenic ® Cavbonyls @ Adds () Esters

© Nitsle etc.

5 nb,}qs% geoup s on Tmportant  chromophste although | the ohsorpion  of

light by om solaked qrovp does mot produce anyg  Colowy Tn LV spectroscopy.
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~ There axe

@ chysmophore in which  gyxoup Centuins

2 1 (+ = u ‘ ‘ ‘(q l«.- ‘ 1 + & [ shapes ] Ink to Shape

tuwo tyges

R e omd 5&3@0
exampe - Vnnnm
—C=Cc—
¥ - Tn  Cempounds

like

of  chremophere —
A—=T brand bon
Ethylene

Acetylene etc.

B i

ona

divan | QO O @

@ Chromophore ich  conkains  beth
R e and Mme- gmnd wnderq o
*-N* omd -~

example | — Sc=08  Covoonyls
= N Nihales
—N=N-  AZO Compoueds

S¢c-H , absovpbien oCCuys O¥DUNS

)

150 v (Vacuum OV Region) o3  Yeswk of o oo™ tHansikon.

— 10 ﬁ%ﬂgﬁmu —m " — ...0 - .Imwlnw..... . \w_- >V &t » D.Uhgrh.oj DCCUYS Q¥dund (90 mum
as  veswt of M—=> o* vansiken.
X These ave Mo setr ~yules Lor  the Vdenbibication of chremophoves [The
ofogwm o eow._rqs as  we\ as the frdensy of  alosowphtion depends L-pon

lovge no- o (adon.
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S5  Auvochsome ( STRTGMR )

~ An ouxochvome  Con be detined as any  qeovp Which  does wmot  iself ackt
as @& Cchromophore buk  (Whose presence Ud,gaw ook o shift ofF  the
obsssption  band  dowaxds wed end of  the spectrum (longer (avelengih)

—  The obsoiption of longer  Wawvelength (s due Yo combinabon o a
Chvswphore omd  om  auxochrome  *o  give ~ise o another chysmophore.

chssmophore + auxochrowe 5 WNew Chvromophoce.

—  Puxpchrsmic .w.mdc.v s alss colled cColous m.ﬁfbﬁn.\.gm YEONYp- hﬂ%.ﬂﬂm@wﬂ.ﬂmv
Auxochssmic  group do not show chasackvstic obsovpbion obove 200 Mu .
exannepled IOIhIﬁdox% , —OR ﬁb_xo&f —NK, (amine ) | —=NHR (2° amine) ,Iznpﬁw.oi_sc

—H ﬁ.ﬂ&o: etc.

- | eHed auxochteome 1 +o exlensisn in Conugahon ol n.fdﬂjodfqi
The efed of ¢! (s due ol 9 oy Sharing of

exanap\e : B
e @ Mogy = 207 This @ Mgy ” F30 1018 NN bending e
BenJene Peod ine

—_—
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< Types of Electvonic Tronsgibions > hdm.uﬂwﬂm..ﬁ TGHHOT B ABR )

— Accovding o MOT, When o Wolecwe s exciled by +the obsorption of energy

(LUV or Visible), ¥s e~ promoted Hom a Wg%ﬁm o am Pﬁtrqﬁmgm o¥bital.

® o - «*  tronsiKion @ N — * tyonsibhon
® T > N btansitien ® n-> 7w trenskon
Al * Antibonding %q.,.l Y )

A )?Ida:&.sm ~ 'y
E
- M - Non rﬁd.mmam Frecdd

. noe* | nant
. R-N*
o Ug}sw =
Qulva.r

ﬂ—a...v <0«.5cu m’mnf.gﬂﬁ nﬁﬁ.mu Fﬁ_m

ﬂu..b Flectronmic excitation mﬁn...m._mm

¥ Ovdex ©oF enerqy for Arangians » o> e* > N> > > T2 > nows
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@ o 5 «* kransibiens >

Tt Is high evesgy pvocess because o bowds ave strong -

Soatusated Com pound ﬁﬁﬂmﬂﬂﬂ.@l&v do wot show cobsovption jm

the noomal
LV Yegion, (e 180-400 Mu .

Sotuvated Compound like wethame, propane etc. Show obsorpbion Meax
150 ™ (high evergy ov Short Wave|ength)

ﬁojw.rwmd o o= og¥% W....Bﬁm.‘,.f_a.ﬁ n o Saturated 54&40091.60.3

l/D..h/Wl o SN\ eZ

y _— qn. n.I/..._.'

Tne Wsual Speckrasopy con ot be used below 200mu , Since oxggen
(present Tn aiv) begns o obwwb m&«g@_m.

To study Such Zmr &joadm _..wd:m.L.ﬂod.w. Hhe entive Ppatlh wust be evacualed
( aave wmust be nxn_:mnnc. Thus , #nmwos below 200 WML s
The exdatubon of m..._m.?or bevnd e~ +to o
vektention of electronic spin. This s  cCalled

Called Vacuum LV I‘_Gs.

level occuvs wWIHY Med
excided singlet+ stade.
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— This ‘type of tvansition occurs Th Saturated oM pound nqswom:,_sd T
hekexs atom ﬁ.@dﬂ_‘duﬂ.@ wHh  Unshared pair hwg?)uﬂ IhH) of e,
— examples -  Saturated halides (R-%:) , olcohol ( R-0-H), ether (R-O-R).
Adehyde ﬁml.@wx ) ,  Xetome hw....w.wl ; amine ((R-NH, ) etc.

— Thi= Ywans\tisn -sequives \ess energy +han & >,

b N->c* o .
:Wnnmu = 797%

— In Saturaled alkyl halides , the JvansiHen enewyy decveases with +he
increase T the s&ize of TP’omej atem (or decyease in m_mn_naﬁmm atividy
oF okom)

CHa- C)\ Cry~ p

E.N. c\ 7 g 4

- 258 mum( longer Wavelength ov
, lower NSBJ@
- Swmloxly . omine obsovbs ok Nigher Wavelength "as  Compare 4u  Alcobhol-

= gdvogn bond Shikk LV ok sorphion to shorter wavelenghh [ due Yo non bondi ng e”)

Mnay V72 V15 wu Mooy
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— This type of transiien occurs T unsatuvatred centve of +the wolecwles, (2.
double o¥ twiple bonds amd alse In  aromakics.

exarople - olikenes , alkynes Dpioaﬁ% Compoumds, Cyanides, azo Compounds etc

- The eyavtabem o T e~ ~wequires smaller mjma.m\m ﬁﬂ, s Weaker Hhan o)
hence Arvansihisn occovs o .o:mo.... cuaﬁdm«dwy.

— (Considex an alkene -
i i -4
\D '] n /

A —-n* -
> /\O..n/

— Tws  Yvansition Tequivres  less mﬁmd.m& Ham N *
— Absowpbien Usually  occurs Within  ¥e gion of Bi...sn«m UV Yegiom.
In Fﬁnoskﬁmpr& olene , closowptien bamad oppear avoumd |70 - 190 Mk .

- TN ﬁo%,oqd“b cen pounds, olosorptien bamd oppear avDUMA 180 MM

_ Exdensizn  in masﬂ_c,mou...oﬁ also  shidts  chsorption 40w avds _oﬁmnw Spﬁ_msmza.

RK%!& eHhen Y?Qiﬂ fmo APV | P A @C.*ﬁ..k...pé Y§9¥ - 213 mu
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@ N> N* twonsitisns :»

— TIn tms type of tronsikkon, on e- of unshared e- parx on  heleyrp atom
gets excited to NM* Pﬁm.—oojm,.s& swbital .

- Tois type o bvansthon wequived less  ewergy oubt o} all bvansiiens and
hence occuvs ok longer  Wovelergth.

exomple < — R » shows lboth +ype oF transihom
_p\DHw K>7A* — |80 mum
Y\ >%* — 2 90 ™mu

MNoac* - olso ©Occurs

TIn Satusoded naa&ad&b cempeunds, Fwo types ob Honsih ms Jole place ~
@ WHigh energy transitions © low enevyy transibhomss
dy M- o* (Iniense) C.v N> N* ﬁrbmvkv
94 T = N\ ﬁn—.S.fmﬁmﬁv

4 In ODAJSJ— cowpounds , Shift (n +he obsephion depends on Hae von«mT\
s} Htne Solvent,
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= Theory of Electwsonic spectroscopy -

— when  the wnolecule  ohsorbs UV o¥ Visible light |, its electrons qets pwomoled From
the guound state +o the higher energy state

- TIn the grdund state , the spins of the ¢- fn  wolecwdax ovbital ove paived

- In e T,.arm,.n gtate, there ave two possibililes

O m.?aﬁf Excled strak @ Tiplet Exciled sState
L
—~ e~ ave pdived ¢ - e~ awve pavalle)l 1
- 5?@? eneryy - Jower everqy (e -e Jﬁﬂc.b&g AN Yhum
— Jowex stobility — Wigher Shablithy n oﬁghw.ﬂ.

— WWhplichy of stk = 25+1 S=Sum of spin quanrlum mo.
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Relension of spin chomge n Spin
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>rmo$¢. - Ewmisson
oF UV or ot
S —
Visible ﬁ Q..MMdd %

Twiplet Excite d
State

%

Si ng let Exdited
Stoke

Symmehny fosbidden
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> Absowption and Tntensity ahitts 1— ﬁﬁdn%.ﬂmd.— a %ﬂﬂﬂ.@gﬂﬂuhw

= Absorphion Shifts

(™ Bathochvemic shifk (dofcndl faamd ).
In 4this  ohitt , obsorphien woximum my_sav

s shitHed Towords longew qulojaio
due +o preserce of On  auxochyome o

%

This

—

change of  Solvent.
is olso Colled Red Shift | because

absoxpbien shifts towasds 5&3. Spﬁ_ﬂqi

Exlension of nchmPTa.: olso Caure +Hnis

mfﬁt. Ha
example ® @ dwox= 2541m @ Moo=
Na_ss..

® The v>1* transttion for Cawbonyl Comp.
expevienceS bothochrsmic shift (When

-

® Hypsochvomic shift (aonuad] forama):»

- In ts snitt, adosowpbion maximum (s
shitted +owavrds shovler wavelength duc
o wvemovel of Cenjugaon oma adso
by changing polavity of 4he Solvent.
colMed Blue &hilt

- This s also
+ W3
exompe: - mzv &

Arnilinium ) ow

Aniline
CAddic mediom)

+he polodty of  Solvent s decvease.
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5  Tndensiyy sShitt:»

O Hyperch¥omic shift mua@qamd.u gﬂv
In +his shift, intensity (draar) of

obsovption Moaximuwm Incrvesdes (. e.
mgnx incveases . Evnox= Extincteon Coefficient
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—

The Introduckion of o auxodrreome

—

Cmcbsa {ncreasgey _.:K:m,_.f aﬂ Pcmo,%m.._as.

example * -
O $
RN Hy
Pyxidine 2-Mekhy pyndine
Emoy = 2150 Enoy = 3960
ooy = 2870 (O)  pax T 262 Yo ()

YV & 5 Do Tmkioshpe

——

— The

M
AR

Hvn (D O O @&

@ Hypockeomic Shitt hﬁawﬁmm& faamae)

In Yas wrhhw\ ntensity o ob sowply on

naximum decveades [,€- €qnay decreases

Inhoduckon  oF  gxoup  Which

distoet (f0Ta) the geomebry of the
molecule , decveases ._srnsm..f_‘ ot absowpXem

m,%sm, 2- zn;u_ 5{3,
mga > /QOOO mgg = \0258 0
Amox 250 nm Ao = 233F nm

B W is due o distochion (agfd)Comsed
by —cHy(Methg| gvoup)



Dr. Arun Kumar's Notebook = 3 I (L =+ m * ‘ ‘.{i .ﬂ ‘ q + | § Wshapes Tinktoshape 5 ink o drmath | QD ¢ an

Hypex deomic shitt

r

Hypsochvami ¢
shift

% Bathochromic shift ﬁw& Shif .L

-
@.cn shit)

mi.ﬁ.x

fodﬁﬂmﬁmg my?n—xv S——

Fig- Absowpbion amd TIndensihy skt
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> Woodwovd - Fiesexy wules o ﬁnr_nrr_pid 00 50% pli o YA MU (Amax ) N Dienes 1

— Absosptien MHaXimum mygoi oA r@:mI... oF naj.._CmPTn. SysStem.,

— The naj,._cac»& polyene oSystem oppears coloured 4o the eve if taﬁ.m are
vnore ‘+Hhon Hive double bend n noﬁ,._cmcm.aﬁ QH.M,WHQ amnd alosoywhien occuYs ohove
400 N & MM A<._a.&_w .,.63&3 ann.m»wv

—  Types of double bend fn noﬁ,._c.mOIoS ave -

® Aliggic dienes (Fodmr £1¥5) ox dienes contuiped in  opem chaln Syskem.
— basic unit is butadiene system

® Homo-onnulay (IwaEd ) nqj.gcmurn_ doub)e UOj%hIo«saEms@v
—  (When n.qﬁ,.ucdn.ﬁ» dosble bends present in Same ;\Ajm

o0 U

©®  Hetero- annulay( fIERam™) Conjugated double bomds
- e naﬁwc&o&nw doukle bends oze mot predent in Some ).u.s.a)

GCHNSSRReY
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© menan:n and Endocyclic noﬁ.._r&?Tmm double bhond

Q. ey e

T clic o
g CM9° s Exocyclic lbonds.
¥ing A

— lyoodward Fovmulated Cextain woles Hov Dn.,nc(_ni:m‘ Mhax M Case of

dienens . These ~Yuwles (Were wodified U& Feser 1w 1948.

- )_nnoﬁ@..:& o these 7woles, each type of diene has a fixed bosic Volu e
ond  value Qw y,33. hbcmgmg ™Max.) nrm_ams.wn UPpon ; -

® The mo- olkyl gvoup e wing vesidue (@eg 37a3@) 6N +he double bend.

® WNo. of double bends exkending ﬁos..._réPIqs

® The presence o _vo_ne. greuP Sudh an
=€l ,—8By, —SR Ok et
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Conjugated dienes and Trienes.

Solvent-Ethanol

Transition involved—n — n*

Parent value for Butadiene System or a cyclic
conjugated diene

Acyclic Triene
Homoannular conjugated diene
Heteroannular conjugated diene
Increment for each substituent
Alkyl substituent or ring residue
Exocyclic double bond
Double bond extending conjugation

Auxochrome
—OR
ok $ Tn Case ofF cydic or spen
—CI*, —Br* Chain diene ,1F muw ave
|Zmﬂu o dded
OCOCH,

217 mp (o)
245 my (nm)
253 mu (nm)
215 mpu (vm)

S mu (nm)
5 M ()
30 mu ()

+ 6 mp (nm)
+ 30 mp(nm)
+ 5 mu (nm)
+ 60 mu ()
0 mp ﬁj«iv
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= Examples © -
:nn:..m:nnE@
0 [oplozen
RBasic Volue == 21 F nm
2 My ganp - [0 nm

= 22N
Moo Nt

o (A0 % Ok

B.V. = 215 Twm
235 nm

Ko D=

g G+ BV VPYTVY 6 Bone Bunome s

_o @@L@

o Hvan | QD O

n.N- D 21 F oW

pw,xapdéb 10 B
T RR D .0 ikt

P E=wo nln’:. .\u

mv
50 5 x\\o

\unn‘ll

BN. D 253 wm.

A RR. D
L. Exo <)

IS nm
5 nm

273 Mnm

- 8 4
E
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—B-V. = 253 mm
L5 MR T 25 nom
(\.— Ex0o < 5 bm
2 Bxenfik. = 6O vm
= 343 nm

MARY

S
AR
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% Woodword - Fiesey wules For Calculobing absosption  moxivm (hy,,) in o B- Wnsoturated
Covbonyl compounds .

m_.w Math D 'y ﬂv_ —m N

AR

- WoodwWasd and fiesew Framed cerkain wules Lo ﬁwigoﬁﬁm the obsorpbion

waximum (Mmox) For o, 3- unsatuvolted Cavbony) Compounds. (« 8- HAqA FHTalfae ad)
— These ~wules weve lavex Modified _vm gcoxt.
- Rules axe—

@ The basic Value for o«p- Unsatuvaked Ketme — 215 nm (rmad
X Kebtone moybe cyclic 0¥ Six mMembevcd

Muom..mlx X = Alkyl group - 2|1S "M
. ¥x = H rp&uri&& 20F YM

w = —=0OH Oo¥ -O0R = \33 ym

® TIf btoe double bond omd  the nQiuasu, gyoup ave ConYuwined in

five nembered wing (cyclopentenon) — 202 vm



31 0 + B Y VNYV VY o oo Fincosmpe v [Q O O &2

Dr. Arun Kumar's Notebook » 2

T'he structural increments for estimating A, for a given o, B-un.
saturated Carbonyl compound are as follows :
(1) For each exocyclic double bond + 5 mu
(11) For each double bond endocyclic in
five or seven membered ring except

cyclo-pent-2 enone + 5 mu
(z11) For each alkyl substituent or ring residue at the
O-position + 10 mp
B-position + 12 mu
Y- or O- or higher position + 18 myu

(1v) For each double bond extending conjugation  + 30 mpu
(v) For a homoannular conjugated diene. + 39 mu
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Chromophore increments in Carbonyl Compounds

e QO O 2|3

-
K

Chromophore Increment in nm (or my) for position w.r.t. the carbonyl group

- - B- Y- d- or higher

__OH 435 +30 _ 450
—O0AC +6 +6 +6 +6
—Cl +15 +12 — —
—Br +25 +35 — —_—
—0OR +35 +30 17 31
SK - +85 — —
+95 —




V-H _..M.._. IHI u ‘ ‘7_5‘ ﬂ ‘ ‘ + IO shapes ﬁ_:raﬂ_mﬂm s In

m_rm_smn.. D _.0 A,.,z _m 1

by
@) og oqﬁ/u.........
C O |

| ®
Bosic valr - 215 1m

Rose Volut 4 21 nm™

2p- RR (2x2)- 24 7
| excocyle = 9
x 239 Mmm

ll\\\\‘

/é§ﬁ09»+ o
\@%@0%

240

2 B- Eio qé£¢ L

Bodv¢ Vol z 202 N
@Pﬁ..ﬁ/\ - 215 " 1 1?19:9.‘ - 12~ nm
. nm
LB - AR __w L excocpelic = 5 hm
Lp - RE - R
) -oH@4q 35 M

| doudbt losnd exie

- 30 Nm
\'v - Rk = \8 m
v,s:sv.. 2% 4 nw»™ i ol

x 28 oarm
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Hemoonnular = 39 vm
L extenka = 30 hm

Mrooy? 31F m

e

1 G+ B Y VIREY VYV o R Binosne

fikoter Fwen [ QD O @ 3

i
ogp &P
“« ¥ P
ve b
BV = 2\5 Mm
1p-RR D 2 e
LS -Re D |18
28-p+ = 36T
2 dadle = 60 nhm AQOXNV
2 n%Onu.‘r.n |\E
35\

Iewed? ———
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1

— The wolar extinctian coefficient is a Mmeasure of ‘_5+mjm‘_¢u of obsowption.

5 OR
- Atk s the measusement of absovption mhrm._mjnu at the m..Smj ED(&.@5®¢7.

; A
A= €lc = FOQ_O.HIO. OR| € = .mlH-
Wwhese .~ T = Intensity of the incident Iight
I - Hsgjn._& of the tvanswitted _.,m_i,
e =

Mola¥ Pwmo.qviifm o¥ vnolax extinction coefficient:
C = concentvation ( mole/t)

L= poth length (cwm)

= The ?&mjm..»& of absowption is m,gnim propovtional ‘o +the t¥ansition v%DUD_o._:.wm. A ﬁc:m
ollowed transition will have & value Queater +than 109 While those with
vdogd._:\nm
3y

LT G

low tramsition
wil\ have £ value less than |0°.

€= Aflcs

€= L/ (mol ') % (cm)

= L wmol” em~
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E+tect o COoT .b_.» QatTrOnN w1 UV S r, OFA. OT Ai@nes

S e — - ..L ekl e

— A Cenjugated m&mwmg vequives |owes enesyy ﬁf_nmfmu EDQm._mjmkrw Lox A—-T trapsition
than Ejnqj.\_ﬁ.abwmn_ Sy te.

— Exanple:”? Mrnox +fox Butadiene (cH,=CH—-cH=cH,) = 217 »m
Mo % fox mtam:mjm ﬁDIuHﬁIPv = 175 nm

— Higher tHhe Tumbey ot douwble bonds Tn ﬂoj,wr»mnicﬁ_ _Djqu will be the Epc,m,mj@wr
of olbsorprion which can Mmove into the visible Yegion, (-e. the compound is colouved.

— Fuvther +he conjugation of two chyomophores Mot o,lm pvoduces a bathochyomic
shift but olse Wncyeasec the intensity of the albsovption bands.

™ cilertr of coniugatiem In Bcyclic lTenes >
(@) Etfect of conjugation in Acyclic dienes:s

- _mtg%mﬁm obssxbs  at 175 v while 1,3-butadiene absorbs at 217 nm. The e ffect of
Daﬂ.._i.@pinﬁ ™A be explained as Fgllows -
A double bond consist of two - MOs , one bonding omd osne Esﬁ_o%m_.s% But
When +*wo double honds ave 5;8?@1 nto ﬁoﬁ?ma._..n._mﬁ. Faoi Suid. A0, ciw Diiliad =
two of these (Pyoma'p,) ove faﬁa,_ﬁa amd aYe occupicd am._ paa of electron each while
other two (Y, amalp,) ave Ejfdgmﬂam.
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LUMO = Lowest unoccupied

’ T moleculay orbital

HOMO = I,.mjmmm occupied

| Weolecuwl axy ovbitn
H {Homo) ﬁ,a _
ftvf i - d- __ Mﬂ
g =" %
» W =
nIP.Il.ﬁIH... C ___F... CH=-cCcH I_,..lm..- nINIhIP

h__.m”t MQOs oﬂirfm.l mwhpdbn:m.:ﬁ
— 1t s cleax thalt enewgy of LUMo (¥,) is decweases while +hat of Homo (\,) is ‘Increases,
due to this tihe energy levels invelved 1 A-7* Xvansition come closey omd lessex
amount of enevgy 'S Yequired.
o m,u.::,_—gq,m when three double honds ave Uﬁo&jw nto ﬁnj.wr»moio.ﬁ. ‘e energy Qor bfw
LUMO and HOMO becomes gmollexy amd the X obsorption bond Shows o further

bothochramic ghift ﬁzm_rﬁ. Encmrsm?u with further increase in Eworx OF the ghsorption
band -
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LUMO
LUMO
LUMO
LUM D
!
il
- _
HoOMO
HOMO
HoMO — _
HOMO -
Ethylene Butadiene Hexalxiene Octatetvaene

W

h_.a..u As +the n%uc.mpiuﬁ incyeases enevgy gop
b/ HOMO amd LUMO increase ond abserpt or
Shifts 4o longe ¥ EES&&&IH

&) Edfect of Ezr_c,@ur._gj N ﬁﬁﬁ_.wm dienes 12

- Homoonpular dienes (two double bends yn $awme .«,.:mv o-bssxb ot rq.:ma,q wavelength hut with
lessex ..5#&5»;...#& 0s compaved Yo hetevwannulay dienes ((two double bonds in difHewemt JJSm@
Wwhich abssrb at Shoxter Eb.(ﬁ*ﬁﬁa.ﬁ.f but with jwafm/\ ,.Sk.ﬂﬂm.;#“.



Learn Chemistry Online

Homo annulay diene He tevoannulay diene
Moax = 263 Pm Aoy = 234 ™M
( Emox = 5,000- 8 ,000) C Epnax = 18,000 -20 000)

— Each exocyclic double bond increases Amox of given cyclic conjugated diene ov
_uo,am.ﬁm 6@ S TM. This Small bathochyomic shift is due o fack +that an mxonmn:ﬁ
double bend distests the strdinless m.TD@@m;:mm conformabion of 1he chaiv L
of nmn.ormyo.s.w moxe than am mjmonmn._...n double bend amd hence Qsm..,m& gop
between HoMO and LUMO decyeases ;ma.@sm AM ax shifted +towaxds _oﬂmﬁﬁ EQCN._@:Q.}.
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aya OO ._._ €1 & .

W5l5 O .x
(J——

ration ot UV

uv S P ¢ *.d.... A

hevxe A=
A = log LE

— An LV Sspectyum js a plot of & anm,mjm?ﬁv.u Versus the Pbsstbamce (A) ox optical density.

Pbsas bance
X

o= H3+m:m;m_ of vadiotion before passing +T..dc&7
solubion.

B Hsu:mjminm of vadiation oftex cnmm.:d Hrough

so\ubion.

— The gbsorptisn ..s&nﬁm?m can olse be Tmeasuved in +he fevms of wolay o._omogic.,&.mmu
o 1Ye domoﬁmrg.rcm €. It e also called Tolar extinction coelficien+.

heve

olay

obsor .ow...i.&
Absoxbance

-

i

£
A
c conc® of solution (wel/it)
L

L

thickness of sample (cm)
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it s convenient Lo mﬂumﬁmhm the olax nrmuwud.ﬁm.c,_*& (e) at 4he
lntensity of absowption within a byoad peak.

Peaks iIn LV o¥ visible spectrum is quite byvad. That is, ..TYNM Spam ﬁ)DjQ Fuﬁ(ﬁ_mﬂm.wfw-

504&&3@&7 of @#nfmm, t

- Eoﬁndn.j@i., of éjﬁmo.rnmw _wjrnjml.& 1S  vwepresenied Wm Amax amd ot +this (wavelength
nolax PUmq«inJ is ghown o4 Emax.
— £ is ~eplaced by loge if & is vewy lavge.
Amax © 4225 Nin
\\/ £= 10,800
bﬁmnuvupsnn\m o \
" \ \_\ /.\\\\\\l
_G £ /
d /
Tl\-\
C i ' ] t +
200 220 4o 260 280 3p0 3o
A He

- T s ! |
O+ isopwvene (in methavol )

CH,=C—C¢H=C<H
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9] NTEpPYel A0 oY { _1.._ nNalus \.._ ») v uv SDeC Urr =

- PrEvAVOTY L i b o N ] s A el

@ A singe absorption of low ._5+n3&_¢m (e 2100) in +he Yegion 250-350 N , without any

majoy obscyphion ot Shortes Eﬂcm.m$m+5 (200-2502 "M) indicates M o N¥ transition,

m..m‘ —N=N- J I.ZON » un...nog .Hwﬁal.uz 4 ilh”n_nuom- - 0 H 3 I@lz_l..p ﬁ&lﬁ..
® A mw._j&_m absorption of low to ynedium .5+m..3m._£ (e = oo -j0000) N the ,...m_m.ﬁaﬁ
<220 ™M indicates MNov¥ Lranstion

e g - amines, alcohols , ethers, +riels , haloolkanes etec.

® Two bands of medium intensity (e = (00-10000) in +he ~wegion > 200 "M indicate
o ovomabtic m&m.fms:._

)] High ,:)#jw.,& band (€= 10000-20000) n the wegion » 210 MWW indicates o, B-unsaiurated
Ketvne Gy diene or o .uoim.ﬁm.

® Two obsovption of- low ?.T.:mwrm in Yhe vegiwn > 300 wm( M>N¥) & L2500 "W (R-n¥%)
indicete umconjuated Ketones, acids, esteys, amides eic.

@ Pn absorpbion W visible ;ﬂ.naau.j indicates Tﬂmr:_m_ colouved com pound —..:n,m te contzun

a ,ajmunfﬁvs Daﬁucmofn. MoN- QYO Maty < wam_ﬁi... ; bengencid mw_mf.,_s o¥ @o,uScnﬂnoq aX6Natic
chvomophore .
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UV Spectrosco Py =

H._n.ﬂ Qualitative ﬁ,.«.__igm._m &

Detection of Funchional groups:-

The Ultraviclet spectvoscopy has been used to detect the presence o absence of cevtain
gwoups in the deps,.o molecides.

For example, it an oﬁ&ﬁjmn compound sShows Mo Pmax CGbove 200 nm, it camot have a

ng‘._cm_ﬁw..wb chrormphere , and ...F_mmf&_mm ox ketone , bengene ,3.:& 5% T.Ppom_mu- Holoever it may
possess Lluowine o¥ Chlovine | Covboxy gwoup, cyane guoup etc

Detection ot LMmpuvities :

Compounds with _ndmm Xnax Values can ke detected when present as Tmpuwities  even

?

ot lok> impusivies | in sample of substance _ao_ﬂ_j& Mo absowpbhion in the Tegion of the
,m_gdﬂm.

Example - Benzene can be detected as low cencentralion M«j?_d...mu. n ethanel Cm.:am LV
Spectescopy . Bengene absowpts at 254 mmm bub  ethanol does nob  absowk in +his region.

Study of charge transfey complex:

The colour of the chavge tronsler complex cam be exploined &n +the basis of W s pectroscopy

Exowple:- Byown colour of  Bengene-iodine (CM-I,) complex.
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STiN« t._ Y by =i Jeen ) s \ Q » 4 ~ Y07 - ‘a1 @ " . oYY Wnhnas -
_ on ©» L ¢ ;_r_;_.L-;nc_ and Tan Fu_u..ﬁm,;m_& compounds:?

ﬁoj.ucmgm compouands absovb at o ijn« Epdm—m:m+r thayn mon- Dq&:mn#.pm Compounds -

Detern Yination ofFr extent ofr Lo Ny |d ation
Caycobex +the mumbey of ﬁaﬁ.wc.mb.w,ﬁm double bends, —.:.m.—zmd will be 4the hbn__cm.___ﬂjmr.f of absovption.

Strudy U_. aeometrical soTNeTisM |

rudy __,f
Tyans [sormex obsorbs at a longer wavelength with highey intensity thay covresponding cis
jsoMneT .

This is due +to Ynore effechve 7w .-orbital ovVerlap possible in the +trans isomex (yhevreas ip
the c(cis- isomery, the nom,njn.q:..m is lost due 1o stexic effect.

Study ofF Keto-encl taubomerism-

Keto and enol fovms existk as tautomeric mixture and +heivr UV spectra wWill show
obssmpbion chavactewistics of both kete and epol 4fems.

Keto Hfowm shews wealk absorption due +to mM-an* trapsition.

Evel Jfsomn shows styong T->1" absomption due to conjugated double bemd.

Ti.ﬁmmww D%,ulﬂm:uhg.u,ﬁ..
The progqress of a ~weaction cap be studied Y MWeasusing Lv spectra of Prm.c.ukwﬁb povtion
of a lavges Whole ©F & Sowple token for chewical 939&%& taxen Yyem the =eaction mixture

Hme Yo time-



Learn Chemistry Online
9. Detewminotion ot strength of Hydvogen bond : -

Wwhen a On.,}un.ja_ compound s dissplved n polax , protic solvents | such as Eof.dsramqomms

bonds arve Ffovmed between +the Solvent ana 1 electrons of Q..ioqsm_, OXg4gen and Causes
fdvom.unr.aﬁu,.n shift.

— On the basis of vaowo.n&,.\og..h shift 1t is possible to determine Lhe styength of the

hydwgen bord. The shift s eqal v o decvease in energy which may consi deved
to be equivalent +to the stvength of the hydvogen bond.

) uantitnd
() Quantitotive omal ysis:

Quantitative UV spechroscopy is based on Beer - Lombert

law.
_ Cw.:,m 3eew - Lambewt |law

Conconcentration of o compound cam be deteymined.
Example: .  Concentration of anthracene aomd Naphthalene in  anthrvacent —nNap h thalene
mixture can be deterined Lsing quartitative uv spectivscopy (Bees-Lambert law)
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