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DHODUOTION 

.J I ' 

Villi&ll Herschel is credited wtth the disconq 

ot Infrared radiation ill leOO. fhe 1dent1t7 ot this 

'*heatlf ra<li-.t:l.ol!l with "light" ' iad1ation"•••, establ1she4 
. . ' . ·rt..~ ·' ' ' 

b7 about l.84Q. 

That this radiation could be an iaportant tool in 

chemical researches was indicated b:Y the work ot w. w. 
Ooblents during the period l90cr-19l.O whe.n he obtained the 

absorption spe.ctra ot 1W:17 orgaalc liquid• e.s well •• the 

absorpt1en. emisa1ou1 and n!lection spectra ot ~uaerou 

~or~alli~ ~ater1~ls. . . W~~k ~. infrared· s~ectroscop;r 

receivea an iapetus with the discovery 1n 19l, ·ot rota-

tioXl.al absorption spectl!'a, and the developaent of the 
I,'' ,-, .• ' ' . 

···concept ·o.t · the ·Ylbr~tDi . molecule 1i1 1916·. !he .t..aportance 

and versatilit7 of lntrared absorption 1n the tundamen'al 

calculilti.Qns o£ aoleoular st.ruc~ • ehellical bon4a • and 
' . •· . ' ' . . \. . . . .. ·' .. .. ' . . . . . . ' ' ' .~ ~ 

·the thermod7naaic constants is • at present. well-

established and or growing ·illportuoe. 
• : I 

Electroaagnetic radiation •&1 be regarded eiapl7 

as a traveling field ot electric force whose direction 

oscillates with the characteristic trequency. It 1a 
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mown to extst tuougbou.t a vave•leqtll range falline; 

in betw•en 10-.6 to lo-12 oa. fhere are. however. no 

a1gn1ticant qualitative differences between infrared 

radiation. and other kinds of radiations, such u x-rays, 

vitd.ble light and radio waves. The ditrerent radiatiou 

ue Characterized b;y the ditterent method• used tor the 

production and the measureme.nt ot these radiations, and 

their interaction with aatter.. For· exuple, the irradi­

ation or ~~&tter with radiation of wavelength ehorter thtn 

1o•5 ~ reeults in either the 41esociation of the aole• 

cul.e or the ecat.tering of the radiation quantum; but in 

m.oleoulu spectroscopy we are •ore interested 1n the 

siaple ab.so:rption, and emission of radiation. 

A por:d:bion in the infrared ruse ot the electro• 

magnetic spectrWil is described usually by two inter­

changeable Ullits. These are a w•velength ( A ), the 

aioron ( f ) 1 f • 10-4 om • 104 A, and a trequeno7, or 

wave-number ( V ) , wavea per em, whic~ is written aa em-l. 

These two are 1nterrelate4 b7 a simple reciproQal rela­

, . t~on•h1p4 nqeJ.7, \) (a1) • 1/ ~ (~•) • 10~/A (f' ). 
'!he recipro~al centimeter unit, that 1s,. the waYe-awaber, 

is thus detilled ·ae the rec~prooal of .A ve.c in ca.. Hence 

V • (treq,utnc7) • .c (velocity ot light) x V ,. As the 



waYe-nuabe~ ia proportional to the tre:quext.cy 1t b.as the 

advantage that it 1s proportional to the' uergy ot the 

radiation quan~a .and independent of the ae41ua. One 

Noiprocal centueter is thus equJ:valent 'o 1 . 9863 x 

lo-16 e1"& per moleoule o·r ,2.86 oalo.riea per mole. this 

ae well as the taot thai; the wave•numb•r acale para1ta 

· both 1ntru4d and Ramu. spectra to be measured in the 

same units taeil1tat1ng, the inter-comparison ot Roan 

and infrared data present a· cogent argument in favour or 
thE! wave•number aoala (14• vol. n, P• 261-26,). 

fh$ priur7 re81on ot !unclamentel infru~ inter­

es'b is the range v • 4000 - 200 h •l or ).. • 2. 5 .. ;o r . 
!he ~ange between this and Y1s1blet 0.7 • 2.5 f ist 

called th,e overtone or the near tatrued, while the 

region beJQ!ld 50 r is spoken ot an the tu infrared. 

!he versatilit~ of intrared absorption apecvo­

photo-met.ry ln the deteraina:tion o,t aole,cular structure 

becomes obTious when we oompare this method with aomo ( 

or the other techniques a'Yailabl• tor th.at purt>Qse. 
' 

While the eleot.ron-dilfraot1on teoh:aique is 11m1t ,ed ~o 

uter1als in the gaseous state• and work with x-ray 

dift.raotion is confined to substances in the solid state, 

infrared absorption atethod can be appli.ed equally well to 



a'bao:-bing molecules "hether 1a ihe solid, liquid, or the 

paeous etate. !his aethod, however, cannot give ua azJY 

direct intormat1on such aa ~· bond d1atanc•s on the 

at.rueture ot the •oleeule uvolve<l' the 1nfoZ"'la1iion. pro­

vided are about ~· symaet:ry of ·the molecule • and the 

nature ot the various chemical bonds in 1t, Nowadqs 

the detel"l1linat1on of the absolute intensities or molecu.lea 

1n the aol14, liquid, or the gaseous state is giving eoae 

knowle4se oa the envuonaent ot the molecule • or the 

molecular groups unde» consideration. The absorption 

.speetJ'a ot aubstanoes in the gaseous state are leas coa­

plicated. when ooapa.red with those o£ the l'tlateriala in 

the solid, o.r liquid state" In the .gaseous state • pro­

Vided the pre•aure of the gas is not too high, the 

molecules are f~e tro• external influences, whereas in 

the condensed atates the apeetra show coaplication.s due 

to perturbations reeulting trom. the ·envirouenta. The 

nature ot such pertvbations are, however, not well­

\lllderstood at preaent i 

The interpretation ot molecular spectra in teras 

ot molecular properti.es is i:aportant in understanding 

JAole<lular aechanioe. h this conne.ction the frequency 

relationahip 



'by :Neils Bohr t . is ot .tundam.ental significance. The •­

mission or absorption ot radiation of trequ.enc7 V • , 

implies tbat the molecule is capable of existing in two 

stationf.U7 states v11h an energy ditferen.ce AE,.._ 

Experimental molecular speotroacopy leads one to 

the conclusion that for evert pure compound, neglec.ting 

those without a pe.rmueat dipole aom.ent:, strong apectral 

activity occurs somewhere in the visible ultra violet 

region, soaewhere in the i~ra.red region, and somewhere 

in the microwave region (1, P• 2-21). '!his takes place 

1ztrespeetive ot the pb7.s1ce:l state ot the compound, pres­

sure, and temperature.. The evaluat.iott o! this result in 

the light of the Bohr•s frequency condition points towar4e 

the existence ot three types ot molecular stationary 

states. each tn>e differing trom. the other in the eepar­

at1on of the energy levels; it also leada to the co-neept 

ot the· quantization ot energy. 

In the quantWil-mechanieal treatment ot the aole• 

cules in the .gas phase it is aeswaed that each molecule 

posse.sses translational, rotational, and vibrational 
I ... 0 J 

energy• and that the latter two ene.t-g1es are quanti•ed.
' ' , . . '. 

Radi~tion takes place only when there is a quantwn jwap. 

each such ~wap corresponding with the emission or ab<o­

.aorption of a quantum ot energy, or photon of energy, 

h v • • he v • Radiation is absorbed ~hen a molecule 
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undergoes a tra:ruJition from a lt;twer state (E1) to a 

highet- state (E2) and ia elld.tted in the reverse process. 

The wave-nuaber ot the emitted or absorbed radiation• 

which follows trom the treque.acy relati.on8hip ot Bohr, ia 

The spectral activity 1n the pris11 infrared (2 - 2...5 f ) 
haa been tound to be du.e to the quasi-elastic prope:rt1e8 

or the molecules. But since the in.trued absorption 

bands of substat.tcee measured in the liquid state exhibit 

no t'Otational fine structure with the 1ole exception of 

the Ram.an spectrum ot liquid h7drogen (1?, vol. IX, p. 

279•280), auch spectral acti.vi'Y as results from ohangea 

in molecular rotational energy will be neglected here. 

Considering a diatolllic molecule as a harmonic oscillator 

of .aaas r ~ whe.re r . the reduced ........1 ~/ .l + .2. 

m1 and a2 being the masses ot the atou uvolved1 

quantum-~echanical calculation allewa only thoee en•rsr 

values tor the elast1o or the vi'brational ene.rg o~ the 

harmonioalq oscillating molecule aa are given by 

where the vibrational quanta number"" can take on17 

integral values 0 1 1, 2, ••••• and \) , the vibrational
080 
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trequenc7 ot the oscillator is equal to 

For the tra:nsition \J- • 0 to ~ • l, which represents 

an absorption. process, the change' in energy is 

It Bohrts frequency rule is applied to this, one gets 

hcv =_b_.rK
1:rr VF 

~ - j_ !K
- 2ncVj 

This interpretation ot the in!~ared spectra has been oon• 

tiaed by a larg& uount ot experimental materials, 

especially by the observed absorption spectra of the 

b;rdrogen halides (;. 1>- 86-8?). The absorption tre­

qu.enoles found in the infrared region. are, therefore, 

often called the Vibration trequeneies ot the molecule. 

It the molecule eonsiets of more than two atou, 

the actual torm. of the vibrational pattern aay be quite 

complicated since such a molecule could c~r.r out an 

intitdte number of different vibrations about it• equi• 

11br1wn position. It these vibrations are no' too 
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v:lole;o.t. that i.s, it they are harmonic. it is alwqs 

possible to .regard aa,- such vibration as to.rmed by suit• 

able euperposi.tion of two or :more aimple vibrationa 

called the no:rnaal vibl."ations. In a normal vibration 

eacb: particle carries out a simple harmonic motion, and 

all the par~ielea oons'l;'ituting the &Jetem have the same 

. tl!'equea~y ot oscillation and, 1a general• movt in phase. 

For a aolecule containing N atoms the»e are (3lf '"" 6) 

a.oraal Vtbratione ( (3B - 5), 1t the molecule is linear) . 

~e (JI - 6) frequencies associated with them are called 
(< 

the tunduental trequenoies o~ tl!le aoleeu.le . It' th• 

molecule has tew elements. ot aymmet-"Yt the molecule would 

show (JN - 6) d.itterent fl.Uldaile».tal absorption band• .all 

ot which llight be •llowed both in the 1:ntrared and Raman 

spectra. Inasmuch as th• syau1utt17' p»operty ot the aole• 

cu.le determ1.ces wheth•~ a certain. number ot these fre­

quencies oocurs .in pairs or tJZ~1plea the f()XtJls ot the 

noraal vibrat1ona are strongly dependeut on the a1Qetey 

of the molecule. lor all the ('N .. 6). dif'terent modes 

of vibl'at1cm. the ene.rgy•level scheme is given b7 

JN-6 

E (\1) - l,(u-i+~)hviosc 
I i.:. I 

It the vibrations were haraonic the energy-levels of a 

single frequency would be •qually epaced, the separat1oll 



'being b. \l •, and that the lowest en•rg-level ( "'"" • 0)
.. . . 

.. . ' 

is .not at ze.r-o enei"Q' but at the •ero•point energy Jia. ~ • 1!1 

The normal Vibrations tor a rton-linear triatomic . . 
' ' 

mole~ule a.re shown quali.tativel;r in the following 

piotu.re1 
' r' ' 

... ';' ,• ; .. 1,:j 

.. ' .. ~ I 1 .· . '' 
• i 

0 
<lj ', ( 1 1 1 · ~··· · 

· ~ ~.. 
. ~ . .. . . ,· .. . · ~ . . 

. ' 
. 
. 

; \ ; i.. .. . , I . ·.·, '. 

. •, ,' .~ I' '' 

Pigu.re 1. 
:1 .' 

The aeintalvibra.tional .Pattern tor .aDY given electronic 
' ' 

state. ot aD1' diatomic m.ol·eGule 1 or pol7atom.tc aolecul• 
' . ' ' I 

• ' ' 'l • • •• 

ahowa that the upper enere;1'•levels are soaewhat crowded 
'l ' ,, ' • 

together. that is, are not equally spaced due to an­
:tlarm.onicitq". 
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'fhe inatrwn•nt used for obtait.aJ.hg the speot:t• vu 

a Perld.n-Elmer aodel 21 double bed spectrophotometer. 

The a'bsorpt1oh CUJ:rVe U, obtained to~ the YUioUj euplea 

represent the percentage t:-euuuaission ot the radiation 

incident in it. T4e percentage transmission ia a simple 

~atio ot the energy which passes through the absorption 

cell containing the aam.ple and that lor a sill1lu cell 

containing tlte aolventt onl;r wheJi a parallel 'beam of aono­

chromat1e .uadiation is 1ncideJ1t nonally on it. The ab­

sorpt"ion curve, therefore, is a ratio of tvo CurYea& the 

apecuum tor the :881lple:1 and the apectrtllll wbich would 

have been obtained, hacl the apectrwa been run , under 

•.xaotl,- atailar conditions, with the sol'v-ent onl7. 

la the inatnaent used to obtain the abaorptiou 

spectra, that is, the double beu spectl'ometer. the beu 

ot the incident r-.diat1on 1a divided into two parts, 

one•halt ot which gota throup the sam.ple and the other 

halt. the ~ere.renoe beam._ th»ougb. the cell conta.intng 

the solvent only. lot the latter purpose. the vU.iable 

thickneas liquid abao.rption cell is used • with the eell 

eet appronaatfil7 to a thickneae calcula.ted to be •qUi­

valent to the solvent oontent ol the aample. 'lor 
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obta1:rfb'g the beat OoDlpellh.tion ~he spectrometer is att 

to the wave•lensth or a JBOde:ratel.;r weak abao~tion peak 

ot the aol•ent. and the thiokaeas of the variable space 

eeU in the reference cell i8 so adjusted that the dr 

flection cortteaponda to the 100% Yalue. ~his settillg ia 

-th•n ohto~•d b,- .rUJUling the o_ompenaate4 condition through 

the spectral ruse or the abaorption band. 

'!he aolvent, a•hexue, was chosen beoau.ae it vaa 

·onl;y weakly abaorbins ixt the waTe-length region ot ~he 

a'b•ol'ption band lor the solute,, The absorption spectrwa · 

ot heune in the range or the wavelength considered 1a 

shoe ill Figure 2. Solutions of the •olute, chlorotoa, 

iA this solvent was then prepared b;r we1gb.ilig in a 

Hettler groavuetl"io balance. ~he aolution was contained 

in a amall slaas vial which was closed 'b3 inserting 

ttr.17 a aaall glaaa ro4 in a narrow 'e£1~ tube attache4 

tightl¥ to the taper1ns neck of the 1"1&1. To keep the 

lose due to evapor-ation ot the volatile solute &Jld the 

aolVellt at the barest aini•u, these vials nH kept, 

whueYer ut used, in a Dewu flask contain1ng a cle•ie• 

c&a'tit od stored in the dark at low teaperatuea. Siaoe 

Ohloroto~• is ausoept1ble to air-oxidation in the 

presence of dq-l1ght, or other kin4s of 'bright 
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Figure 2 

Absorption ~ectrum of Hexane in the range of wavelength indicated 
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lights (13·, p. 15,•15,5), all operations connected with 

the sample were carried out as tu •• po.asibl.e in th.a 

absence of such lights. For cur7ing the out the ex­

periae~t, the sample, thus prepared, is ~hen tilled in 

a tixed thickness cell wi tJh sodiua chlor14e wudo.w:. 

A.tter ourTinS out eaoh series ot experaent. 'the 

instrume~t wa& calibrated by running a pol7&t7rene va. 

air apectrwa in the instruaent. '!he spectrum obtained 

was then oompar•4 witb. the standard. spe.ctrwn proVided 

in the l1tert.ture ~or that purpose. The correct fre• 

que•oi•• were then usisned tor tbe X'9gion ot the abao~ 

tion band. 

!he .t'e1nalts obtained from the Perltin-Ellller model 

21 were compared b7 .l'U,J:miag the spectra to:: some of the 

eUle solutione 1a a Beekllan lR4 spectrometer. A oom.~ 

puiaon. ot both reaults is eown in J1·gures 3 and 4. 
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Figure 3 
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•o» aonoohromatic radiation ot trequenQT ~ 

the tundDental lav aasuaed to hold good tor 11qu1da and 

solution• 1s the Lambe.rt•Beer law 
-cCy Gl 

1 . =Io -e 

whel'e I and I are the incident an4 the traumitted 1n­
0 

teMit1ea ot monoe.hroaatic racU.ation,~'J' is the ad• 

sorption coefficient tor the trequenc7 '{ • c is the con• 

cent.ratipn ot the solu11e in molea per ·liter, atld 1 1a 
.. ' 

the· oell length in ea. 
I 

The true inttsrated absorption in'tenaity (A) or 
an absorption band is then defined as 

the integral being mea•ured over the limits of the ab­

eorption band. ln practice the energr •h1ch paa~es 

through the exit slit of a monochromator illuminated with 

continuous rad~ation is never truly ·aonoch.roaatie beoauae 

ot the finite width of the alit (9, p. ?'•74). fhe 

quantity measured is, therefore, not the true integrated 

absorption intensity but the appBl!"ent integrated inten­

sity (B) given bT 
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1 ( 1 ( To) dv
B • CT J og e T v, 

whe~e f and ~ are the apparent intensit ies ·or t~e in­
0 

cident and trana1~ted radiatioa .respectively with the 

specstJ>oaete.r set a.t t~equen07 'J, • Remaq (9 • p. 73•74) 

has point•d out ~at with prism 1aat~ents at present 

1n use in the tntrared, since the spectral slit wldth8 

are of the aame order as the halt•w1dths ot the abaorp• 

tion ban4a ot l,1q;u.1da • the band. intenaities t instead ot 

be11lg the true p~sieal conatuts ot the absorbing aole• 

cules, depend upon the inst.ru.aental conditions eaplo7ed. 

He has show that with a alit-width equal to one-halt' the 

true halt-v14th ot the absorption. the true and apparent 

integrated inteuities titter by about 2-'"' asaumi.ns the 

Lorents shape tor the absorption curvea. The decrease 

in peak intensity produced. b7 the tinit.e slit width is 

coapensated roughly b7 an increase in the band width. 

!he envelopes of the intrared absorption banda of 

liquids, aas'Wiled to be 17JIIIetri~l about the trequeno7 

ot the aba·orption max1au.,, ia tittecl by an equation ot 

the lora analogous to that derived th•oretical~ b7 

Lorents to fit the infrared abaorption baads ot gaaea 

obaened under high preas\U'ea ~ where the rotational till• 
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structure is le.rgel;r suppre•a•4• an4 heace. called the 

Lorents tunot1on.. Such a furiotion which haa been used 

to describe the shape ot the vibrational bands is given 

b1 

a 
2. t2 

( \1- 'Yo) +D 

*•" 'V 0 ~s the trequenoy QL· the band cexa.ter and a and 

b are constut••· It has been observed that for •u1tabl7 

isolated bands, the agreement vith the Lorenta curve • 

suitabl7 modified by mathe•atically scanniDg with a tri• 

angular ali.t .tlUlction. 1a ve117 olo••·· Bece.uae oZ the 

tinite al.it widths the energy which passes through the 

exit 1l1t of the spectro~eter eet at any t requency VI ' 

instead of being •onocl:u'omatic• contains a ranse of tre• 

queneiea oa either side of 'J, • The energy distribution 
I 

can, however, be represented b7 a tunc't:iOXl e('J t \f.•) t 
called. the slit tunction. The apparent abaorption ban4 

whieh. is obtained by sc•rmins e.n absorption band,. usuaed 

to b4t exactly represented by· the l4ren1;z equation · 

••ntioned above• by a $peatrol4eter of tin!te resolving 

power CP be eXpt'e8sed b7 meaas ot the equation 
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On the asswap~ion that the intensity or the incident 

radiation 1.s constant~ ove.r the entrance slit, the dis­

persion is constQt over the e·xit slit and that the 

widths of the entrance and exit slits are •qual, the 

eli~ fWlction tor pr1SJD spectrometers tor which 'bhe r'e•o• 

lut1oa of the priam in cm.... 1 is •mall coapued with the 

meohanical widths ot the slits also in ca·1• can be 

represented to a t1r1Jt. appJ:toxiaation by a triangle vith 

a half energy spectral alit width given b.y 

2 . 2 l 1/z 
_ 'V (1- n sind; 2.) S1 + Sz +5 

8 sin ri/2 dn f 
dA 

where V 18 the frequency in Cll•l, n is the retracti.,e 

index ot the priam at the· frequency 'V , u 18 the priam 

ansl•• dD/d.>t 1s the dispersion ot the prism u.terial 1a 

~·l, t is the toca.l leagth in c•• b the leagth of the 

pristn baae 111 c.m., u4 l'(a) • quan,ity varying f.roa about 

0.9 tor • • 0 to 0.5 for a • "'l2bft. file spectral alit 

width (a), defined as a quantity that represent.• the 

separation in wave number units of two monochromatic 

lines auch that they fail to be resolved, auq theA be 

taken as the sum. total et two contribut1oDJJ, a aontri• 

button due to the finite alit widths, represented b;r the. 
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t1.r.st ttrlll (l)f the abo'Ye equat.ion, and atU),her ooD.tri• 

bution du.e to the tinite resolVing powe:r ot th.e priam, 

rep~esented b7 the second term. the tollowiag ti~• 

abowa the triangular spectral energy distribution 

( ~ ( )) f ':J1')} for the •ne.rgy pa88.1Dg through the e.xi't. 

slit ot 'the spectrometer eet at a frequency 'J,' , e b•ing 

the apectr~ slit width. 

Furthermore • the assumption. ot the Loreat• curve 

ahape has been to\Uld to give uaetul. corrections tor the 

areas under the wings ot the absorption banda beyon.d the 

limits of the experimeata.l 111easurementa which re.np. tq 

about 50 om•l oa either side of the bed center. Th• 

aeauap~1on that the band extends 1ndet1n!tely U7 make 

the area under the wings a significant f»aCtion ot the 

total area of the band whtoh neeetsitates thia aorreotton. 

Vuious investigators ha•e examined the pfoblea 

of determinins tbe ~rue integrated absorption 1nt~1t7 
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of the abaorbug molecule from the experimentall7 

measured quantiq1 B tor known values of the spectral 

alit width (s). · 

'the aetho4 ttsedhere .ia due to Wila•n....Wella 

(15._ p .•. 578-581). Th.ey studied the absorption banda of 

sases under pr•asures· so as to eliminate tne effects ot 

the .rotational fine structlU"e. Wilson ud \lells eatab­

liahe4 ·that the ~rue ill:tegratfitd absorption i.Dtenaity 

could )e obtained by measuring. B at s&veral coaoentrationa 

and extrapole..ting tb.e b$1Ld areas so obtained to zero eon• 

centra"tio:n• For ~btain!D.g a good extrapolation• since 

aeve~al points are. needed, it beooaee necessary ~o· 

meaaure B at low o.ptioa.l dens!ties which• unto~tUDatel-7• 

involve rather large experiaental errors• 

. thus. a.ccording. to Wilson ana Wells, 

Lt.m ( Bjcl) =A · 
d ~0 

'1'£M;e lQttsrtt!d AbaorpJ!on .InjtU!!ii!i! !9 ;the . Gas 94 
§9t,1l~iop fl}asea 

The poaitiona ot the atoms in the mol•cule are 

equilibr:Lwa posi.tiona, and henco one can cona1d•~ a 
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~oleoul• u a oohtigu.ratton of JD&tl~pouta J.'epreaentins 

~he nuclei of the conatitue».t atoma 1 'bolltld together 1n 

an equilibriWii state. On the application of some <U.s• 

torting tore•• ~he atoms caa be forced closer together 

or pushed tutb.er apart., and the bolld angles Ca:tl be b• 

-creaaed or deoJr•asec.. And provided the Ustortins torc.e 

.is not too peat~ t~e . restoring force which bind• the 
. . 

&tOllla together ·in the lllelecule and which is aasue4 to 

· -.e;ey linearly w1th the displ•cements ot the aa.sa-point8 

tro• the center ot o»igin ot any suitable co-ord.illate 

ayetea fixed within the molecule, will h.ri.ng the aaaa• 

poiata back to their ~.riginal equilibria poa1tiou OJ1 

removal of the d1atortiq for~rl. 

lntoract1on of the molecule with incident electro• 

aapetic wa••• senea to inten81t:r the vibratio.ns ot the 

mue--poia•• owias to the electric 1'1•14 associated with 

the wavea. It this fl.."bration caus•s a change in the di• 

pole amaent ot the aolecule • then kec~~g to olaaeioal 

electrod11'1.-1ca,. .radiation is e1ther absorbed or ea1tted. 

4fhe vibrational motion of the, molecUle assum.ed to be a 

aiaple ptriod1c motion. can be resolved into a sua ot one 

or aore ot the fund.amen1Ull moct.a ot vibration, (3N .... 6) 

tor ,a nOA•liJ;l.e~ molecule cona1st1ng ot N atoms. Hence 

the rrequenoiee ot the absorbed or emitted radiation are 

those ot the modes composing the aotion. For aoleeular 
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vibrations these trequncies are round to lie in the 

taf'rared region ot the , electromag.net1c spectrum (4, P• 

239-240). Those vib~ations which are associated with a 

Change of the dipole moment and thus cause the absorption 

ot light in the i.nfrared region are called illtrared 

active. 'Whereas for non•symmetr1cal moleoules all normal 

vibrations cause a change or dipole moment and are intra­

red active, tor .symmetrical molecules, because ot the 

possibility that some ot the vibrations may cause neither 

a change in the Pgnitucle nor in the direction of the 41­

pole momeat, all vibrations aa)' not be infrared active. 

~he dipole lllom&nt ~ ot a s7stem is 

where •k is tb.e charge on the mass-point. and ·2k ia the 

vector distance of the point tl'om the origin ot a auit­

able eo-ordinate system fixed ill the molecule. In a 

Oar'l;esiaa systeJa, 

Since !or vibrational transitions the vector 
\,. 

d!atanees xk' 7k' etc.. ohanse during vibrations the di­

pole moments conaideredmuat change with distaacea. Por 

at.ll displacements• -that is, when the nuolei ue not 
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displaced too au.oh from their equ1libll'1Uil poaitiona· 

during the vibration, the dipole m.o:ment r oan be ex­

panded in a power series 

vhe:r;e X:kt rk' *k reter ito the displacement co-ordinate& 

ot the nucleus k1 and the auascript zero means that th• 

derivatives are evaluated at the equilibrium positions 

ot the lllaea•pointa.- It the Tqlo~ expansion ia done in 

nomaal oo•ordinates in Q1, ~ • ~••••••. • then 

(2) 

r7 an.d r. oan be expanded in the same wa:y. 

Por aD¥ normal Vibration 1 with a frequency Vl' 

where Q~ is the amplitude, t the time, and 'f1 a phaa• 

coutant. It foilows troa (2} that the dipole moment ot 

the aysitem will change with the tr4tquency \11 or a. nol"'ial 

'fibration only it at leas1i one of the clerivatives 

(~r.. ) (Jr.,) ( arz.) is ditteren~ trom zero.~ 0 , ~~] 0 ' JG.] 0 

intenait7 ot this 1ntrared fundamental band turns out 'o 

'be proportional to the aqua.re of the veetor repreeenting 



the chsnse ot the dipole QllleAt tol:' the oo».responding 

110rma1 vibration aeu the eqUilibrium position1 ~at 1•, 

it .ia proportional to 

f'o oaloulate the exact tcu:-. ot the .:.relatioaahip betw••n 

the inte~•ted intensity' of u in!rued. hand and the 

aqu.are ot the vector men-Gioned above, use is ude of 1ihe 

time de~ndent pertu.t.-l>ation theoey.. According to the 

la'Oter theor7, the 1nteWJ1ties ot tranaition 'betweea two 

eu.rgy etatea n and m ot a m.olecule ue detehine4 

theoretieall.7, lt7 iD.tegrals ot the tora 

whe.re F te some pb7sioal vecto.:c quanid.t7 which depends 

upoa the ("B .... 6) oo•o.rdiflatea ot tht 1f partiele.s u \he 

a7stem• and "o/ n an4 'IT • ue the eigentllflotioas of the 

two states, the integr.al l)e.ine; taken over the whole $1)&08 

.ot the 'N co•ordiilates. 

In cons14e.rue; lhe atrared absorption epeotra, 

the quantit;r :P may be J.deatitied simply as the dipo.le 

l'lomentJ t' ., Uain1 
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Subatitution ot this in the abon exp.Aaaion giTea 

r :a •Jt(~ e·"·J 'lC dv 

r ~ ·J~"(~e.v.)t~Cdv 

as~d f :- . jt (z:e.z.py;dv 

where r - ia called the aatru •t.•enti of the dipole 

moment ot the ayatem. Fo~ a dipole transition to be 

pos.sible the matrix element r - must <litter from aero 

for ta• two states. Xn other worde, if ~uat one ot the 

above integrals differs troa zeJ.">o the two states can 

combine with one another with a certain probabil1t1 with 

emission or absorption ot radiation, and the dipole 

transition is permitted. The p.robabilit;;y o! a transition 

between two energy states, accordiJlg to the t1ae depen•· 

dent perturbation theory, turu out to be proportional 

to the square ot the Jll&gzUtude of the aatr1x eleaent r-. 
That is, proportional to 

(,:x,y,z 
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On the othe:l' hand, tra».sitioa p.robab111ties Otm 

be •JCP~esstd 1>7 the Einstein ooetfieieaua. The ex,H•s1Gl'l 

tor 'the Einstein eoetticient ot epontaneou.a abaorpt1ou9 

Btlll, where the subscript a refers to the upper state , and 

the transition is from n to a (l~. P• 162~164), is 

C~) 

These absorption oo•tt1o1ente can be related to the de­

crease in the inteneity ot the intrued beam.. -di, ill 

the following aanne~ 

.Also aiJloe - I • XI dl 

'.r - h1>nm .B I N )• • -z- \ Nnhm WI ­

where K ie' the a.bat>rption coef'tio1ent. 

Substitution of thi8 •al~• ot X in (-') giv•• 

Thi• equation refers to a siJ1Sle t~ansition t.roa a 

rotation•vibrat.ton state • to n~ By sunins the line 

inteaaltT over all rotational lines and using tbe 
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huaonio oscilla.to:z.. app:r:-oxim.a'bion and aclding up all con-­

tr1butiou ot equal frequency vibrational trus1t1ona 

(15, p. 162-166)• the following relationahip is a.rriYed 

at 

(!<) :Z. (k) '-- lK) ~ 'l 
A • K(vJd\) :: ~ {[/\) + [tv J+ [/\] jf\,and 6V~=I 

!his .relation.Up is, as atorteaid, true tor ime absorb­

ing aoleeul.e in the gaseoua phase. When one tries to 

obtain an analogous equation tor the liquid or solution 

phue, one has to take aote ot the d1tterenees in the 

envtroxaaenta of the abeorbing m.oleeules in the two 

phaaes. Whereas in the gaseous phase (at suf'f1c1entl7 

low peesures), the vibrating m.olecules being tar from 

oJle another; and auttering l"elati't'elY Wrequent col• 

llsions m.q be conai4ered aa essent1alll' 1nd.ependen1i 

878te•s •· th.e situat1on in the 11.qu14 pllase or· in solution 

is tundamentally d1ffe.rttnt. In the latter case the JD.Ole­

oul•• are aore crowded together, 8lQ' one aoleoule being 

u general a~ closer dista.n.c•• fro• its neiS}lbors, ancl 

aa 11 reeult autterins aoM eo111a1ona. the vibration ot 

8JQ' partieula%" aolecule would, the~tore • be in.tlueDced 

-Y its neighboring molecules, such intlueu.ces ~teating 

themselves through collisions and through interaoleoula.r 

forces. . Thus t,p.e dipole •o•ent o~ the molecule in the 
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s•• Jib.••• may 'b'e d1tter$:n1 !l?'oa that in the solution. 

Also e.tnoe the ue;nitude ol the etfeet.tve tl.ectrtc titld 

in the aolut1on 1081' dep•nd u;po~ the 41electr1c prope.t.-t1ea 

ot the solveat as wtll as upon the eleotrio field 

usooia.ted with the iatru-.4 radiation absorbed,_ the 

•nuse ta the u.pit'Ude ot the electr1e field duillg the 

htrcu-ed absorpti,on measurement m.ay 'be a1gni:tica:ntl3 

titte~en" ia the solution. as toapared with that' 1rt the 

sa•eoua phaee.­

l•llt\an !!'ti••P~!AJtn•&$&ee et .a .lnlrt£td .Band !e. »:• 
Gas Jt.l!& .!t!gl.Qd D•!tl 

Polo aa4 Wtlaoll (8, P• 2J7~2J77) have related 

the 1atena1tie• of en 1ntrare4 alu•orption ban4 in the 

liquid .and the sas phaats. b;r the tollowing expl."easion 

2. 

Asoa.N ESOLN 
or = 

AC4-AS ~ ~ 

where :s1 ia the ettectJ:ve tield actbg in the uaper­

tubed moment 1a the liquid phase .and. 1 ia the tiel4
1 

e.cttag in the ••• aoment in the pe phue l lA ot m.B80

•• be aons;14e~d as the field aotins upon the Wlp•r­

turbed m.oaent ot the solute• 

.A.ocorCJ.iJ:Ls to On•as.er (3. P·• 260•265) the total 

e.tf'ective field aeting on a spherical aolecule 1a a 
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poluiaed dielectric is 

wh•r• &, Clllled the cavity tield9 is the t1el4 which 

would be obtained in a aphel'ioal cavit~ oontaining thf 

aoleoule under cons1d&Jr«il.t1on it the l•1iter were reaon4 

from th1a cu1vit7, a11d. a ia the reaction tield u1aing 

from the effect ot the molecule o:o. itselt through the 

induoe<l polarization or the eu..rroun<lUig dielectric b~ 

the dipole moaent of the molecule in question. !fhe re­

action tield. is taken aa being. proportional to the to•u 
dipole ao11ent (both in4uoed and permanent) ot the aole­

eule, that is, 

R • I X p 

whtre p 1a the total 41pole aoaent, and g, a eonataat 

ot proportionalit7• ia pve.n b7 the relatien 

where a, the molecule» radius, is defined b7 the eX""' 

p.reasioa •' • 3/4n N, B being the nuaber of aolecul.ea 

per 4C, and n 1a the refractive index of the aedium. 

According to Onae.ger the total electric field 

turns out to be 
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= ~ E 
2E- +1 

where E is the average macroscopic field within the di­

electric, E the dielectric constant, a the cavity 

radius. The first term on the right hand side of this 

expression is taken to be the contribution from the re­

action field and the second term that due to the cavity 

field. 

In a discussion of the application of the Onsager 

theory to the determinations of the absolute infrared 

intensities, Polo and Wilson (8, p . 2376-2377) have given 

the relationship 

where E is the electric field outside the dielectric,
0 

and is also called the vacuum field . By further writing 

out the dipole moment p as 

p :;: ./' + (gp)a. 

and by evaluating a. by the use o;f the macroscopically 

derivable Clausium- Mossotti equation 

f .. 1 3 a . = af + 2 
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they tound out that for a liquid 

2*(11.2 ;?.) 

fb.e retraotive index was related with the dielectric 

constant by ••ana o.t the Mowell relationahip, n2 •f 

B,r a simple moditioation ot the Olaua1us•Hosaott1 re­

lation, that is, by using the dielectric constants o! 

the solute, E , Person (?t p. 319-322) has given the 

analogous expression tor a solution whiQh is 

where n is the refractive index of the solvent, and n
0 

~· that ()f the solute. 

Buoking):LQ (2 1 P• .32-'9) has, b1' the introduction 

.. ot the Olau•ius-rtossotti •q'LiJ.tion !or the polar1sabil1ty 

or the · ~1brat1ng aol$CUle, proposed another expr•asion; 

bi.s result aay be stated u 

AsoLN-
AGAS 



B.7 using the Onsasar model tor p one obtains 

P. • r~~ • (r' • t !*'au) 
ProVided tha' f' >> p'..f' one obta1D.a 

3 
AsotN 9 ( I )- == (.t11~-t 1)-t • I - ~~ A6-M 

which reduces to the Folo-Wilson or more properly to the 

Person eXpreas1on 1! the Qle.ueiu.s•Mossotti expJ:ese1on is 

aubet1tute4 for u~ 



· RESULtS AND DISCUSSION · 

!he present work ·conoerna 1tae1t with the deter­

mination and stu¢1 or ~e absolute intensity of the v4 
bending mode o! the o-H ·group in chlorofora diasolYed 1n 

' . 

n-hexaQ.e. Table 1 giYea the fundamental infrared vi'bra• 

tion frequencies ot Chlorotorm ·iil the region ot the 

fundamentals. A. schematic representation ot the normal 

modes or vibration of <m013 (4, P• 312-317 ) is givea. in 

J'igure 5. 

fable 1 

lVN»A.MEliTAL FREQUENCIES OJ CHLOROFORM 

Aa;i~e;t- -I;r;..;e~:c:~ b.-c;·r-- p.-;o~i-;ti:n--
................. ... - ............... ..,.., ........................ ._._-- ......... ... 

'\}, (A1) 
~--

30~ 
_ 

O-H stretching
vibration 

V.t (Al) 681 •3m• 0•01 stretching
Yibration · 

\)l(Al) 364 aya. c-013 detor­
aation 

\)+ (E) 1221 :S.n41ng ot C-H group
against the rest o.t 
the. lllo1ecule 

\>s (E) 769 Degenerate C-Ol 
stretching Yibration 

260 Degenerate 0-01,
deformation 
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Ct 

Cl 

Normal vibrations of the Chloroform molecule 
Figure 5 



!he absolute 1ntena1t7 aa tound out here was de­

termined by using the principles laid down by Yilson­

1Jells, that is, by extrapolating the plot of B/c x 1 

against o x l to zero concentration, in accordance with 

the assuaptiou ot Ramsq regarding the •hape ot tbe u­
t~ared absorption band .ad the triangular spectral ener17 

distribution across the exit alit ot the spectrometer. 

on the basis of these assumptions Rama~ (9, p. 72-74) 

h.aa shown that the extrapolations c\U"Ve is a straight 

line with an almost negligible slope. The curve obtained 

in the tinal l"eault in this work shows, howeve.x-, a marked 

an4 significant deTiation trom that postulated by Rama&T1 

as can be seen trom figure 6. Alao when the •bsolute 

intenaities are compute.d b7 using tbe equation 

in which K has a value detenined by tha. ratio •/A";~ 

and ta uaua.ll7 about 1.;, the values were to\Uld to 

be consistently lower them those obtaine<l b7 the extra­

polation method regardless. o! the Yariation 1n alit width 

aa can be •••n t:rom the figu.r•a g1Ten in table 2. 

'!hoapaon (11', p. 145•160) casts doubt oa the uaetuln••• 

ot the above equation tor ·computing the absolute inten­

alt1ea since according to hia the use o~ the integrated 
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0 = Perkin - Elmer 
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2~--~------------~--~--_.--~~--._------------------~~--~0 I 2 3 4 5 6 76 c xI x 10 mole/em? 

Wilson- Wells extrapolation of apparent intensities of the bending mode of 
Chloroform in n - Hexane. 

Figure 6 
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table 2 

Comparison ·o! the Yalu•s O! a~solute ~tensitiea in 
em/mole tor acme oL the ~olutions of the aaae oonoen~ 
tra'b10l1, in each cue obtained from ditteren'C spectroa­
•tera &lid calculated trom Ramaq'a tquation. 

Obtained f»om 
Jeon•nn 

1Dat"u.ent 
(a-2.15 cm""'1) 

3.61 3.09 3.40 ,.o; 
J.98 ,.29 3.84 3.26 
}.54 2.90 3..84 ,.12
,.68 ,.06 4.12 ,.os 

band ueaa i;o obtain the X often give·a valaea llUCh 'below 

t:hoae pl.'edictecl b7 iM&$7• He· te~ds to ascribe ~h1• U•• 
c.repan.e7 to the tact that the infrared absorption baa4 

.. contour may not be relfitesented exactl-7 b1' the Lo~eti:bs 
' I ' '.. ' ' 

F.i-om wh~t . has been pointed out betore., the 

. . . . P.~e_se~t w_ork. ~.,o t .enda to ~uppc»rt the obaenatio.n ot 

Thoapson; either thaii or the assuption that the energy
' ' 

· dist.ributiott .across the· exit; •11t ot the speetroaet•r «lU 

be 'i.tuly represented b7 a triugUlu allt function. ozo 

both may have to do wi~h the obaerve4 discrepanoiea.• 

the absolute illtensities of the V&l'ious noraal 
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'' 
vtl>ratio:nai mod&a ot ohlorotcunn in tl:Le gaseous phaae were 

de:teniaed b7 Mordil1o• Herrauit and Bia.rge in 1959 (6. 

su iio-iai). A comparison ot their results with the 

reaulta obtained in the· cour•• ot the present wuk·t e.a 

tat u the \> 4 bending aode is concerned in ahoe in 

fable J and. aiso in ltSUl'• ? • The .reau.l"• ot Sll1.l-nov 

(iO; lh ~~~5); who dtterd~ed the intensities ·ot aou 

of the vibrational modes o.t chloroform dissolved tn noa­

poia.r a<>l•enta l!k• carbon tisu.l.phide and carbon tetra­

chloride in ·low eon.cent:ratio1Ui are also included 1n 

'l!abie J to~ oo~tpuiaon• trll.e Jee.r•a l.aw plot; whioh turned 

~ ~ . ,... ,. . ~- _,. '"'._ ... - .__ ..._. .. ~- ., 

Compar~eoa ot the absol11te lntensities ot the bendillg 
.Ode Of 'OhlcUi'OfQR obtai:aed 1a the gas phase and in 
so,1ut1on bJ vuioua workel!'•s. Abeolute lntenait1es .ueQpr••••<l in ·cmJmol.e .. 

MorQ-ill:o, He~rauz, Bi~gt)l 
Absolute iatensit7 u the. gas phue 

Sld.mo:Y-. . . . 
Ir.ltene1t1' in. cs2 s.olution ot lO\r 
conoeatration (0-.6198 aol&/lite.r.) 

Absolute intensit7 ae ·o'Qtained in the 
p.reeent wo.t­

out .. anticipated to be a at:-aigb.t line paasias tilrou.p 

the o~1g1n i• shown 1n ligurt ?. 
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Comparison of the absolute intensities of 

Chloroform in the gas phase and in 

m 

300 

600 

-
'<.i 

Q) 500 
(/) 

-·e 
0 

0 
12 400 

Hexane solution· 

o = gas phase 

(:) 

0 

0 

0 0·4 0 ·8 1·2 1·6 
p xI in otm· em· 

Figure 7 
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Some ot the ditt1culties encountered in the ue 

ot the above e.qu.ations p.artioularly that ot Buokinghaa. 

for calculating the ratio of the absolute intenaitiea of 

liquid (or solution) and the gas phase of: any particular 

mol,eoule are clue to UllC·erta.Uties rega.rding the 'evaluation 

or a and n whioh ooour u 1;hese equ.ations. Re.traot1•• 

indices ot n-he.xane, ln. the :region ot the .frequency ot 'the 

1ntrared abaorption could not be tound 1a the literatll.r'e 

because of which the Yalues ot the refractive 1ndice• re­

ferred to a wave-length ot 656., mp ••r• used in the cal• 

culations. the aae ot such values or the refractive in­

dices may not, however• arteot significantly the nW!leri• 

cal values ot the iutenaity- ratio since the latter is not 

particularlY susceptible to small changes in the values 

ot t he refractive indices. But the situation with reg~ 

to a which Onsager refers to as the molecular radius is 

different and still more UJ:Lee.rta1n. In the first place, 

it is not uplicit in the literature as to whether a 

refers to the radius of a hole in the continuous di'"" 

electric with the solute molecule in the center of it, or 

is merely equal to the radius of the solute molecule cas-d 

in on all sides by the sol'V'ent molecules. 

According to Onsager the size ot the molecular 

radius, a, is given by the relation 



where N ;i.s. the num'ber o.f the molecules per un1t volume. 

N was evaluated here fl"om the expression, N • lfA x d/M, 

N A bfiUg Avogadro • s ~\Uiber and d the den.s1ty ot the 

substuoe ot moleculat' weiSht M. 

the values of a calculated tor chloroform 

aceo.rding to the Onsagel' expression as well &$ that 

obtaine4 from consideration of the Van der Waals radii 

of the chlorine atom are compared together with the values 

ot the intensity ratios obta1ned from the respective 

values of a. .Since it is not certain whe$hel' the mQle­

cular radius to be used is definitely that of the solute 

otl'ly, a vas calculate<! tor hexane also according to the 

Onsager ~elation, and the .intenaity ratio was also deter­

mined for this value ot a. The expe.x-imental value ot 

the intensity ratio together with the value ot a which 

would give the HJrle ratio are also given for comparison 

(see ~able 5). All the intensity ratios given in Table 5 

were obtained by the u.ae or the Bu.ckingha.m equation. As 

oaa be aeen fro~ the calculations, the value or the tn­

tensity .l'atio • AxfA1, as obtaln•d e:xpe.rimentall.y differs 

significantly tl."om the values calculated ei ther .from the 

Person equation or from that of :aucld.npam. .Apart from 

the \U10elo'taint1es pointed out above in the uae ot th• 
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Oompuiaon of the absolute intensity ratios, theoret1... 
cal and experilaental. · 

Ex.P•rlaeD.tal 1.00 

Oalo.ulated from Peraon equatioa.. 1.26 

Calculated from Buckinghaa
equation 1.as 

fable ' 

Chlorotora 
a • Van 4er Valla 

2.57· A• 

Bexaue 
a • Onaaser 

3.7J A• 

Experimental 
Ar./A.o a. 

l..O 6.·96 A 
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tquatioas mentioned, it is ~uat possible that the dia­

crepencies obserV'ed in the calculated and the exper1• 

mental values ot the intensity ratios may be as.oribed 

to some inadequaciea in the On.sager equat1on tor the 

total electric tield acting on a aphe.t-ioal. molecule in 

a polarized dielectric sin'• both the Person and the 

Buckingham equation• ar• derived trom the Onsager equ.• 

tion. 

!be present situation with regard to the deter­

mination and stuq of the absolute inteneities ot siaple 

aoleoulea in gaseous, a.nd in condensed phas••• and in 

solution is not particularly a cle.~cut one.. Absolute 

1atens1ties of very few simple molecules have been deter­

mined so tar, and even in those few cases in which data 

is available, the results are contlic.ting. !he aim ot 

th·e present work was to obtain some more into.rmation 

concerning the absolute intensities b7 studying the 'ben­

<lixlg mo4e of the ohlol'Oform molecule in n-hexane, and by 

oomparins this data with the resul~s of previous worker• 

on the gaseous •olecule. 
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