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tmrUm the p««t twentj jetrs «1m «m of isicrafaffmi m « vmarvh tool

IMS bMB lmr»«tlc««*d «Et8i»lirftljr» Roberta and von Hlpp«l (25) ^ttd

BCMi of thi •arljr work in th« qmi of aderoiravcB to detendm dioloetrie

prtportlM* Tbelr Mthod! utlUsed tlw roflsetlon of ideroiravM Insidi

cyliiKine«l ««v^ptidM« ViriatiaM and rofia—nto «2Md «t ftla|>lifjriDS

tlM MitliMatlot «Bd iitfVorlAK tho «39oHatnt«l tedmiqnes (16) (3) (10)

(20) have since oppecred*

Once tho oonplex dielectric ecmstant of a dieloetric it koam, the

tiMory duwlaped t(f Dotagpe (U) flUoiiiDe tiio r«XtttionGhip belii—B ecnplox

dUUileetric eorustotit, the electric dipcAe menent «d the relexatioo tlM

owdid \m «Md to detendJM the lattiar t»o viaiitities* TIM dlpolft iiBwent .

end relaxetlaR tine are of pMrtienlar interest to the ji^^ical etenoist

•tndying aoloettlca* etruotiare end beib«ri«r*

The aethed duorlbed tn tMs pepor is « ariation of tbe one vaod

tgr Retoerto end Ton {{ij^pel* i^lndle'e (20) eolution to ttM» tniped«noo

wioation weo used in conjunction i«ith a digital eonptttar to detandiia

the conplex dielectric caaatsnt, dipolo Mnaat and relaxati<Hi tiirse for

various ccncentratioia of a polar liquid in s non«ipolar aolvmst*

Im anpirical correction! faetm* waa added to the aaasnred optical

tndex of roft'aeticn to correct it to the index in the f«r InfnNrad

emamnHly found Ij mx^r»p6l$ctlcn of iSm •odim line to "infinite

vavelMgtIt* ti/ oae of a di^Nsraion forMGiLa* The dipoXe mwnt waa tlsaa

tarot^ht within the r«Bc» of values detersBiiMid tgr othnr flMtt0di#



tBCBJ

In atmenX «ben « nonccmducttnK mdagtatnce or dlcloetrie is pXaoecl

b»t«««ii the plaiM of a ctipatAUjtp th» ea{«eitaiM Ut foond to b» gf«»ttr

tiHa lAttn v«cutai is ttM di0lectrlc» Tht ratio of tJM o<pafit,tiHMi with the

dielectric In piece to the capacitance of a Taooiai cu^tftoitc^ is called

the dieleetric conetant k of the dieleetrio^

^ . k a)

vim • nqptdly alternating electric field ia applied to the capacitor

ooBiaiidat the dlieleotrle« a charging ciorrent 5K>^ out of phaae with the

iqjplled v^tage and a losa current In i^iaee with the applied vclti^e

are found to flev* A cerqplex dielectric cccMrtMMi k* 1« then introdaeed

tiMk

k* - k* • J k" (1)

k* is nou called the dielectric courtani tad k* is the loee faeter

ant the ratio of k to k ie Uw loes t«afeats

For static and loir iVeqneney electric fields for which the pol^isation

is in phase with the if^led fleld^ a phisicwl ei^>aelt«r mgr be set vp

mA the dMOge la efyacitene^s aa the dielectric is introduoed m^ b»

raidlljr detasradaed and the dieleotric constant directly wyuUd togr «a»

of eqfoaticn (!}• HoMsver^ for fields in the cdcrotfavc tnqaaaay rai«»

the phase dlff«renee between tlie potential aad trae eh»ri>^8 on the

eapaeitor aake it iMpesslble to nse •quattlea (1) to find k*^ (1) and

«MMr Methods of finding k* nnet bo utilised* Roberts and von Hlppel

(1^) developed a Method lAereby the reflection prqperties of nicroiMvea



in w«f« KoidM weald yieild tlut ocaplAX dlolectrlc cacmtwif loss factor

wbA loss tsDgect*

h»t m •IsetMMfBstie w«ve traveline in the x direction in a w«<pt

(pdtte ttrilBs tbe Istsrfses bstiiSSB two asdis and 1st the first nsdlias

(sMdltM 1) be sir sod the second medlw be the dielectric for idtlch the

dlelsetric pr(^)ertie0 ere to be detemdasd* Tbe interfsee between the

etr md dielectric is st x • and the dielectric is twmdnated by s

nstel ehert at x • d. a standing vave pattern is set up in tx>th wediat

let xo be the aagnittxie of the distanoe trm the Interfeee to the first

KiJiiaBW of the electric field in the air filled veve guide* AM«dl« •

Bcn-eiagsetic dleleetrle and a Iom fVee aedias 1, Hoberte mad rcn Hippel

eMeined the iwpod^we oqpitioR,

if 2 **

, 1 ^^ndxAiex) - J tan |J^x^

^2 d J |?id 1 - J(fiBiB/E«ax) tim^ixo
*

<W

Ite mteerlpts refer to the siediay ^ is the prt^t^ation faotor^

^tSx/^mMx. ^^ inverse Yoltage standing wave ratio In the air filled guide

«Dd (3 •> 2nA the niiMm faetor. ^ and ^ ai^ related faj

^ • ^ J f^ (5)

whasr* CX is called the attenuation factor*

Crawford (3) ezpraeeed s relaUcn between ^Tg and k%

X« la tbe entoff wavelmgtli* ?^ is the free epeoe ««veUi«th WBd Xi is

the wavelength in the air filled wave guide* Ttum, a eolution of the

lapedance oquatioo (U) and detemiaatioo of the X*8 is nqalfod to

obtain tc*.



tk4^ (8) tat ihMti tkt iarcrwi voXtagt «t«idiQg wave ratio mqt

te tljIHHilHl M '

«ter« Ax is the diat^iee betiiemi tlw positions of tirlce tbs alnla* of thii

•lectrlc field in mkHiw 1« xj, ' Xm%r* t '^^2 and %g^ is tbt position of

t^p froB tM interface* ; proi« in a eecticm of slotted wave guldtt is

cften uMd to detendoe the field inside thi w«*« guSds* ijlnlle (20)

sssoaed the probe to contain a crystal detector of reiqponae law n« WtaM

the ratio of the voltage £ttm the deteetor at atj^ to that at x^^n «ss Mi

at 2, he obtained

Uindle (20) solved ti» i^pedanee equation by iteratioa as folloirs.

Itpiatioo (8) was •ebsiituled into eqxiation <lt) and the left side of

equation {U) was transfcnaed azid «qwBded in terns of trigononetrie

functions, with d 2!^ ' ^ «wS ot 2'* • Y* ''^ rifjht side of equaticxi ih)

ves sieplified by eettiag it equal to A -» j B* After rationalisation,

the real pert of the left side of equation (It) mixem ^ vas set equal to

f(Xj^I) • and the Saagisar/ part mUms B vas set equal to g(%Y) • 0«

After espamion in a first order Taylor series in tuo variables, for an

Ixiitial guBSS of X • X^ and I • Ip one obtains

f(Xi,Ii) • f(Xo#Io) * ^ J"^

(9)



For a solution, Xx end Ti moot bt found such that f(^x»^l) * 8^^1#^l) " 0»

By MUttlng equations (9) equal to aero one obtains for h and k

h - ft

af 3g _ Sf 3£

H, f

(10)

-€^Wo)f ^f^'^o^^o)^

(U)

'ix cy oy oi

"§ " -^ • (1 - A) cosY coshC - (AX • BX) oosY slnhX

(AY BX) slnY coshX 8 slal sinhX

•J
• - ^ - (1 - A) slnl sidbX . (AX • BDsiril osiU

• (AX B9C)eo8Y siofaX « BcosY co^T

^ Itsratioo « solution for iTg-o^g + Jf^S^^ equaUon (I) nay be

obtained to the accuraey dtslred. k* la then found fJron equatlc« (6).

Debgre (U) was tbe first to suewssTttUy rslats the dielectric

constant to the dipcls wmmnt U of a polar molecule. The Debye eqoatioo

is glvSD MB

P|i Is called the polarisation. The first terra or the right la the Clauslus*

ItosMtU «i9rstsleii for n«3 polar dielectrics

frrf f -f^ (13)

wbnre K la tlis wOseialar veightf f is the density, V is A««ei4ro*s

and ex Is the polarisability*



Tte mtcnd t«ra on the right elde of eqaatioo (12) is dmtind Aroa

the BoltaMm principle for the relative probability of a dipole ^^<* in

«B elaaent of voIom »alcliis an angle 9 with the direction of the electric

field E* Tbe avarage value of tlia eaqpenent of ^ in the direction of

E is given by (13)

f?"^^ cos » « ^^^Wa .IbB d» d4

f^'fp 9^- """^^-^ ainO da c^

irtmni K ia dtHtauaa^B eooatant and T is the absolute tMqperatiare«

Scj^ti&%. ylZ) Is ^'ewritten to inclttde high fr«(|ttMwy effeeta

(l^im'allj above one angaeyela par aaeood) aa

Haray cc is the ai^ulfr frequemcy nnd r ie the relaxation tlae defined

aa the tiws in which tbe polariaation deoreaaea to 1/e of ita original

value after the electric field iiaa bean raaoved*

The firat tam on the rUS^ ^ aqpation (lU) ia the contributicm to

th« total polarisation di» to induced polarisation P^* When an elaetrle

field ia applied to the dielectric ^ the electrcoay aod to aea» axtwnt the

atflBB of the noleottlea m allghtly diaplaoad* Thns» in the sbaaaee af

p«nMH»nt dipolcs or in the praaaaea «f flelda ao high in fraquancgr

pewaneat dipolee eaoDot follow « the polarisaticm ^m * ^1 " ^% * ^a

\^bmrm ^« ia the electronic polariaetlon sad F^ ie the atoaie pdariaatioiu

\}oSmr thaae conditions the second term en the ri|^t side of eqtiation (lU)

ia xero giving a aathod for detandning oc aa k* iqqjroeehee n^, the

aqoara of the optical index oi refraction iriiara oacillfiting elaetroaa

aan etlll contribute to th«; dielectric constant* <<e have



P|, «nd oc «re then found fron eqxuttlon (15) •

Electronic polarisation is a proc«s« having « relaxation tiote of

about TJy^ aeconds toA atoaic polarisaticm about lO""!^ to lO*-^ aaoonds^

while for aaall nmleeulae in liquids of l<w viscosity the tine requlrad

is about 10"^ to 10"^ seconds (16). To find i\, then, the Index of

refraction in the infrared reglcn M»t be Qaed« at a ftequancy too larg*

for penMOMtnt dlpola orientation but appreciably stnaller than any vibration

or rotati(»i freqtiency (12) so as to avoid an anoiaalous dispersion region*

In praeiioe it is quite difficult to obtain a refractive index

alae at a frequency which will satisfy the above requin^enta* Mmij

•oiistntces have strong absorption bands in the infrared and henoe dia*

persion aay limit the usefulness of a refractive iadsix aMasurensat*

To see this, consider the case of the chrraetcristic frequsncy cu ^ of

an electron elastieally botmd to an isolated aton (1)* There is an elaatio

restorirc force prop<rtlotMl to the displsceanentf s, of the electroni a

ilMyiHg force proportional to its velocity, and an additional force due

to en external electric field of s linearly pol«iJMd li|^ ««ve of

intensity SeJ *^ *• The equation of •otion is

n£a rajr^ mo^ls • -SoEe^'*'* (16)
dt*" dt

where is tlis aasa of an electron, e^ ie its charge and ^ is the daa^iitv

oooatoit*

A solution is

which leads to



• • -
e.. F

ry.co o^ . to 2 # j y £u

)

In ^>e ateady 8i«t«

^ ^ (17)

The j T 6l^ in the dnMninator taeosta the elongation is not in phase vith

^0 alternating field.

To Show mof explicitly the ph«e> differ«nc« eqoatioo (17) bmjt be

MTitten as

1 e ie3(
'*^ t - 6-

)

s - - - ^ (18)

mA iina phase differenea ^ la given by

tan 6" • "..'^ „

The indiHwd dipola aoMHt is

P • c<'ieJ'^*^.-«eo C19)

lAiare o< is the pclnrlaabllit/ of equation (13)* Thus

Pirtilllnj aqiaatloiui (1?) end (20) we hrve

cpc -^2 5 L- (21)

NoMT using the HajcMll ralation «id that for a g«i at noraal

prssime the refractive ladss differs only slightly from 1« eqnaUoD (13)

i^ be vrltten

n* • 1 2bKj^c<: (22)



fAimFtt Ki Is the ntantoer of psrticloa of the 1*** WLnd per e*', Caia>lnliif

«q[aitiQRs (21) sad (22) wa hav«

n;[(u>^2.^2)2 . y2a.2]

?hus« it is seen n* decresMS each tiae u) increeses through «kl bscoaes

far reaored fron t resooance treqvMrvcy ut^.

The above discussion Ixtdlcatesy then« that the induced polarisation

ia a gaa mij be evaliiated ai^oxinately from the Clausius-tiosaottl

equation by using k^ xi*^, neasurlng the refractive index at a risible

mnmlensth such as the sodium D lino ani then by use of a dispersion

fomala sxich as equation (23) extrapolate to "infinite vovelMigth'* in

the far infrared^ far fron. «n absorption band* Another dispersion

fomula mst te osed for high yg—

«

geaea or for liquids or sdLids*

Althoe^ the refrecUve latex t^ in equations (22) and (23) is a

eonplex number n* • Oreel (^ * i^^t viiere k in this ease is the absorptive

ladSKy with little loss in aeeweey tbs DebfS equation (Hi) loajr be written

as

k* 2 nj)^ 2 9KT{1 J 'o r

)

The refractive index for the sodium D line» i^^ is readily detemined and

is often used in equation {2h)» i^t n^ is not the correct refractive

index for the fre^isney used to detersdne k*^ and hence equation {2h) is

an approxlRation and a dispersion fonmLa is sooNrtines used to cenpenMte

for DD* Another Mthod of adjusting Oq to the value required by equation

(2h) is described lat«r.
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?ationallsii% equation (2li) rnd eqtwting rati md imaginary parts,

Crawfeard (3) obtainad

1^

r-
c^ (R - ?) (26)

(k* 2)2 k'^

ri • ,^ and r - "^ - ^

(27)

(k' 2)2 + k" n2 2

Tha quantitlas tf T, H^g n mid (>u are knovn or are aeasuredy and k*

k* are calculated bjr anans of equatlcns (Ii)» (5) end (5)* Hence the

mgBlt«te of tiia average dlpol* wmmA »ai the relnatlon tiae may new be

Plate I Is the cQDq;}uter^ flow chart used in the solution of equaticma*

Pertran prugrawlag ma need to solve the equationay rnvtenge the resolta

In aeta of five, «od to c<xnpute tta average deviation of thu results*

Plate II is the Fortran laegvege progrMU

^The ecapBter uaed wna m tWi type 1620 data ;»>oces8ing MdHlDe
vith floating deciaal arithaetio*
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PUTE I

I Start
I

Ifiead card |

Compute A. B, Xq, YqJM
Canpute f(Xo,Yo), g(XoiYo)

yea^ no

Compute g( 2 » j3 2

Punch<X2»62» ^^^Bl

Initialize3^

Compute k , k , R,
P, Fl,yu, r

Punch k', k", R,

no
Jcmpute 5 timesj.

yes

Average <^ 2tf^2

1
Punch averages {

-

Compute (af/ax), (8g/3x)

Compute h, k
Compute

^ \[\¥\ * H]

yes

no

h + Xo
k + Yo



BXPL&VATION or FLATS U

QjnriMls UMd IB prograaing aret

• MMns multiplication

ID

QUOk

ItSPl

CPX

ALPS

PSLK]

Ha

AIIID2

identification nvnber*

ev^off W8v»l«t]gth Xq in cm*

dielectric thickness d in en*

tibeolute tmoperatnre T«

distcDce Ax in CBU bttMsen tvo positions of twice l^oxi ^ '^^

distance x^ in en. tnxn interface to first E^ju in air.

refractive index iiq for sodivn D line

particle density %
'win

(iV -»^'(^):

correction to be added to n^*

square of free spa^e wavelet^h Xf

•

\^, PK2 • k"

^ , T(\" - t

average Xg

9x/jr

A prefix of the lettmr A on Mm above quantities refers to the

of that quantity.

U.5320 • Xx

l.lli20 - It^/" - 1

^,2065 • Xf

39.178U - Un^

l*3d026£ > 16 • Bcltssiann's constant i.

9*3ltH: * 09 - frequency of 9«3l9 kilo Mgac/cles per ieo«



Ih

PUT£ n

nnat aaam woanm, pvsh stakt

c masMM TO coHHJTE DIPOL& mxsm
C PART on* PROORAK SWITCH U OB FOR TRACK

C PROORAII SWITCH 3 OK TO 00 TO PART TrfO

8 J -1
1 FOPIUT (lU,F6«0,F10*0,F10*0tnO#0,F10.0^10,0,Ell.S)
5 READ l,ID,CIM>A,D,T£MP,Dl,X0,REFI,PD12f

J-J+l
C-SIN(3«lhl59*DXA.532)
E • C/SQT?T(l.lIi20K«C)

B1-2»0»3.1U59A.5320
SJK£-5IN(BI»XC)
Dlir»(fil)«D»((E«ii*l*0)«SIR(Bl»X0)»SlK(Bl»X0)*1.0)
A«0»$»<K«E-1.0)«SI!!(2,0»Bl»T.0)/bEir

X«0«02O
Y-2.7»D
Y«2«7«D

3 SIFHX-(BXP(X).1.0AXP(X))/2,0
OOSHX«(EXP(X)*i.O/£iP(X) )/2,0
F-COS(Y)«SIKHX-(A«»B«l)«COS(Y)»C0SaX*(A»I*D»X)«SIR(I)<tSl»ia
0<;lN(T)»C0SHX-(A»X*3#X)»G0S(Y)«CaSHX-(A«I-d»I)«SIN(l)«6imDt
IF(5i^T(F»F)*6QHT(G«G))6,ll,6

6 D?XA«(l,0-A)»COi.(y)»CC^ ' - -- ---^''-'^>S(Y)«SIKia

DFXB»(A»Y*3»X)«SIN(Y)' , IHHI

DFX«DFXA»DFXB
D0XA»(1.0-A)»3lf?(Y)«SIIIHX-(A»X-B«Y)»SI!l(T)»C0Sia

DOXB—(A»Y*3»X)«C0S(Y)<»SI8HX-&»C-aS(l)»C0iiaX
DGX«DOXA*DOXB
HH-(J?«DIXdQi«3GX)/(DFX«DPX*DOX«O0X)
HK-{-0«OrX*F«DCX)/(IJFX«DFX*DGX»DaX )

ETA«(SQWr(X»y«HH»HH/( ^*X) )*SQRT(at««K))y^
IF(ETA-.00001)ll,n,$5

^5 coRTnna
X«X»HH
I«X*HK
00 TO 3

11 AI.P2-XA»

«5r2»x/to

61 F0RMAT(l5,PlO«5,Kll»«8,El}i.8^1]i,a,EXU.8)
PCWCH 6l,n),CIltt)A,ALF2pB&T2,RLFI,PDgB

PORCH 6l,i:),511IE^,C|A^B
2 FaPMAT(l5,£lU«8,m,8)

PWfCH 2,ID,TiSHP,SIllE

IF(J^)5.l:^
U IFCSEBSE SWITCH 3)26,8

C DIPOLE MOHBIIT P;RT T«0
C noORAH SWITCH 1 OH FOR RiFRACTJ?& IIOIX CORRECTIOS
C atfirCR 2 OR TO CORRECT SirRACTIflC ISOSX
C fTfDGRAK SWITCa 3 OK TO Alffl .001 TO REFRACTIVE UBIX IMWECriQir

26 CN-0,0

2r;:-5»o
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pun n oowriwitD

u-o*o
AB-O.O
ABO.0
AFI«O.0
AP2-0.0
AD-0.0
A1V0.0
J*l

9 READ 6l»IDfCLi!DA^ALP2,BST2,!i£ri»PDSII

HIAD 61,ID,SI!?E,L,C,A,D
WMD 2,ID,Ta!P

IP (SBHS SWITCH l)2Ly7
2I4 IF (S2ISE SWITCH 2)100,200
100 IP (SEKSE StrflTCH 3)90,9$
90 ciwa?*o.ooi

00 TO $3
9? CR-CR-O.OOl
52 rO^KAT(31H 7?EFRACTIVE IKDEX CCmffiCTIOK - ElU.8/)
$3 f^r?T $2,CR
200 1?£FI-!>..FI*a!

7 FSI^Q-3.2065«3.2065

1%1'i ( 1.0/( CIIIDA«CaU)J. ) )*(BETfiWtatft*4>lJ2)/39Jt78b)»y3LSQ
F1t2-2.0»/ LP2#BST2-PSLS;i/( !i.O»3.1I»l59<i3.11il^)
P«( P£l«FKI*ntl*re2»FU2-2 •0)/( ( i r> l+2.0)»( PK1*2»0) WL2»FX2
Pmwri«RIPI-l,0)/(P£F *2,0)
W«5»0»PK2/( ( f1tl*2.0)»^ r r. i^i .0) i'a2 )

0WS1»1.0*(FI/C'^-F ) )»(ri/(r?^)
Dffi-SQRT( ( l,0/( 12.5663»H)£1I) )»( 9.0«1.38026E-16)«THIPiKR-P)»DH4SB)
CWE0A-6.2832«0.3U9E*09

, ,

TAC«iW/(OHi;<JA»(R-F))

PWCH 6l,ID,^EFI,E,R,FU,PR2
PtJHca 6l,ID,'?EFI,r,FI,DfK,TAn

111 AA«AA*/LP2
AB"AB*biT2
APi«APi*tj;i

AP2«AF2-iJi2

AD*AD«ItPH
AT«AT*TAU
IF (J-6) 9,15,1$

15 AiiMS^E
AALP2«AAA
AB£T2«A'3,^
AHtl-APl/Z
APl2HLP2/i;

adw«ad/z
atau-atA
AllfQ2«2.0»3.1la.59/Afi2.T2

raOl 61, ID, CIIfDAJlALPt»ABST2aFi:i,AFK2
PWCH 6l,ID,CU!nAJlLW)2,Ar)PH,ATAn,CH
GOTO 25
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APPAnATtJS

Tha ^nwratos oaed hu bMn described adequately by a indie (20)

and nlll not i« discussed in detail* One {oodificetic«i should be not«d«

hmvnsr* wst«r ;}acket around ii» sample cell was added by Chaiteick^

to aid in naintaining a constant dielectric tttaperatore ii^ile ealibrstloii

was in prepress aatid data )itM being taAesn* After water had flowed throu^

the JaidDSt approBdMitely ane«ibali: hour, the dielectric teciperatore

waintained a constant ten^pwrature to within 1© C.

If aeasw SBsnts are desired as a function of testperature, it should

be a slnple matter to replace psrt of the water line tsj aetal or glass

weiaid wil^ a heating coil which is contacted to a variac* A tocfMrratws

range of froo below 20® to liO° or $0° C could tlMm be ciaintalr»d«

Curtis Ch«(h«lck installed the water Jacket mi took sons data as
part of a WJF wadsrgradaatc research project in i^iysics at Kmsas State
OdLversity dsring the euwuir of I96l«
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fwcExm mo msmjrs

Tte callbrati(»^. procedures described b/ ..indie (20) were luwd*

Probe calibretion vas checked periodicalljr tut adjuatoent was never

required* On tbe other hsad^ « c«libratlo» of the variable short was

required each tlae the MMplo cell was imtalled and filled* Tttia waa

neoeseary because of eohanlffisl slaok in the meohemiflH and b»o«iM the

electrical position of tlie abert was slightly dependent on the tawperatare

and ecncentration of the dielectric in tt» saa^le cell*

Calibration of the thmrt was eeeoapllshed kqr settli« the probe in

the air filled wave guide at an odd multiple of XxA fifSB the air-

dielectric interface (20) • The short was then moved until a minimn of

the standing wave occurred at the probe* Three trials were asde tor esflii

position of the short required for a sininam at the probe* The shoet

was then AMnred to the next poeition for niniena> t^fsal at the probe*

This iHroeednre was repeated until the short had traversed the entire

length of thB dielectric or sasqpls cell* As the distsaoe betsreen thest

positions of the short was X2/2 aaad —^ position was to a good spproximatiwi

a distance^ , m odd« from the interface « the position of the short

could ce calibrated by deteraining the corrected plunger reading^

corrected reading - ^ 1 , ^ ^ # » • 1» 2, 3, ...

and then by finding a correction factor to «ubtract fro« eaeh i^parcnt

I^Wger reeding* Thns, the correction factor the average of the

difference bttima the eerreeted plunger reading and the apparent plunger

reading*

c.f • averai^e of ("'^P - APn)
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AU solutlooa wtre prepared by weighir« an ft chemical bal«iee «

amall twsunt of the solute (nitre*)Oi»«») and then nixtng it with

IX ! of solvent (bewwne). The w»ber of poUr BolAeulM per ca?

wu then feoad trtm

}u - ».... g^.—rr • »(U.8938xl0^9)
^ HCIOO ml solvent;

where n is the mnber of grsM of polar solute, TI is Av«B«(lro»a nuntoer

and M ie the noleeoUr vei^t of the solute,

RMftBt grade thipphene free bUEiMne wee uaed for the solvent in

ell oaMui* Though benaens is often naed as a reference liquid in diluU

solution MBMiirasMM3ts, it ia not ideal since it is difficult to remove

any water which it aay contain (5). ^o purification or wat«r renoval

•ttea^ts w«re bhuIs tho(«h sodium ribi on could easily be pl?)ced in the

bemene to aid in water renoval, 'Reagent grade nitrobenzene was used

as tlw polar solute • It too maa xmtd without additional purification.

That the liquids were still quite pore 9mj be implied from the Abbe

refrsctOBister nadings on the pars liquids at ^^ C and for the aodiw

line.

Table !• True and aeavwred ladaz of refraction

aaasured true-*-»2 difference

benzene 1,<008 1.50112 .0X3

nltrobensMW 1.5520 1.55291 •0009

water 1,1^26 1.3330 .OOOL

^<:harlas D. HedilHai, ed. Handbood of Cheaiatry and Diyaies. 36th

edition. Chaaioal ^tvtobar CesfMsny, 195!t. pp. 760, 768.
2Henry Senst and R«b«rt Kata, hjrsiea. lew Xaek. Hinefaart, 1958.

o. 690.
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Tht refractomtor v«s calibratad using distilled water*

ffwsured values were all corrected to 20** C hy lasing a correction <rf

••000li/^« A» the ttaeriMMter was asrlesd only to the nearest degree,

it is felt the difference indicated ir the third coluon of table 1 can

be attributed entirely to uncertainties in teisperature aessureasnt and

eosrection*

Dipole ammt and relaxation tiMS were calculated fron ths ooHjpIn

dielectric constant determined for different concentrations of nitrobenseoe

in benseas Mid for fivt different dielectric thicknesses at each

ttOMMmtration. Table 2 shows the dats Obtained from these neasarsMRts

as well as the Index of refraction at the sodlun D line* Tb» quantities

Aown in table 2 are the actual Yaloss punched on data cards and fed

Into t)M> conpoter* The cutoff vavclength X^ was also punched on input

data cards bat reaalaed at h*572 csu All the syabols are defined on page

12.

Table ? has been included to illaglMI» Mm nature of the results

of each calculation* Whenever averagiM were coasted « the ID nimber

l<lsiil1f|1H|L the averages ware the smm as that of the last data card read

by the coaputer*

Tbe aost isportant results, arranged in order of Inoraaidat

concentration, tf« shown in table U« Note u. for solutions Bostered

526 and ^27 !• i^«r out of line in o«u|>ari8on with the otter values* A

posslbls sapIflMtion is ttis asssm^ refractive indue for these solutions

is in error* ^eftsewam to table 2 reveals nr) to be considerably higher

for these solutione than for the otliere* The oL 2 "'^ ^" ^Blues for

solution 526 indicate other err^r? are present*
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tafal* 2« Data obtained for e«^ of flw dialactrlc thiekBMtu
of ai^h ooocantratlcm of nitrobwiMna in benaane*

ID D TCKP DX
/-I REfl PI'EH

(cm) OK (cm) iCEl) xl0l9

^011 7.575.' 293.5 .333 .350 1.5005 2.5839

5012 3,375 293.5 .2U8 2.161 1.5005 2.5839

5013 8.775 29U.U .750 l.li20 1.5000 2.5839

5oUt 9.175 293.8 .333 .315 1.5003 2.5839

5015 9*.''?5 292.0 •280 2.1'45 1.5012 2.5839

5101 7.966 291.6 .3b0 .322 1.5017 2.781i6

5102 8»366 291.5 .292 2.16 1.5016 2.78I|6

5103 8.766 291.5 .858 1.U2 1.5018 2.78li6

5in»i 9.166 291.7 .3U2 .278 1.5018 2.78b6

5105 9.566 291.7 .305 2.1U 1.5016 2.781i6

5151 7.9Ji5 292.2 .238 .U32 1.5012 1.51218

5152 8.3U5 292.2 .172 2.22 1.5012 1.51218

5153 e.7li5 292.0 .365 1.58 1.5013 1.51218

515U 9.Ui5 291.3 .238 .392 1.5016 1.51218

5155 9.5U5 291.3 .172 2.20 1.5016 1.51218

5211 7.931 291.8 .335 .395 1.5015 2.li7lU

S2U S.?31 291.9 .238 2.202 1.501U 2.U71U

5213 8.731 291.6 .665 1.525 1.5016 2.1.71U

5211i 9.131 291.6 .398 .350 1.5016 2.U71Ii

5215 9.531 291.6 .258 2.178 1.5016 2.li7lU

5221 7.927 291.0 .1:55 .213 1.5022 5.1385

5222 8.327 291.0 .);£0 2.11 1.5022 5.1385

5223 9.127 291.0 .500 .160 1,5022 5.1385

522U 9.527 291.0 .520 2.072 1.5022 5.1385

5225 7.127 291.0 .390 2.138 1.5022 5.1385

5231 7.926 290.5 .U25 .308 1.5022 3.Uh03

5232 3.326 290.8 .358 2.1U8 1.5021 3.UI1O3

523? 9.726 290.6 1.152 1.U22 1.5022 3.Ub03

523ii 9.12c 290.6 .lUiO .250 1.5022 3.Uii03

5235 9.526 290.6 .U02 2.122 1.5022 3.hU)3

52ia 7.93U 290.6 .255 .502 1.5019 1.U730

52li2 3.3"?U 290.6 .158 2.258 1.5020 1.U730

52U3 8.73U 290,6 .332 1.658 1.5020 l.h730

52U) 9.13U 290.6 .270 .U62 1.5020 l.b730

52li5 9.53li 290.6 .172 2.232 1.5020 l.li730

5251 7.885 291.U .U85 0.278 1.5030 li.U338

5252 8,285 291.U .338 2.155 1.5030 li.U338

5253 7.085 291.U .350 2.^8 1.5030 h.lj338

525U 9.085 291.U .liSO 0.225 1.5030 !i.U338

5255 9.UB5 291.U .U55 2.125 1.5030 li.Ii338
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Ttbl« 2* C(»tlnued

m I! Tfc**.P DX iO REFI P!JE!I

(cm) OK (es) (em) xU^
5261 7.^00 291.5 .bh8 .318 1.5030 3.95h2

5262 8.300 292.0 .352 2.175 1.5028 3.95b2

5^3 6.900 292.2 .926 .582 1.5027 3.95b2

526U 9.100 292 .a .U55 .27i 1.5026 3.95b2

5265 9.500 292.U .h2S .215 1.5026 3.95b2

5271 6.696 290.6 .375 .U8 1.5C^ 3.9523

5272 7.096 290.U .250 2.232 1.5030 3.9523

5273 7.ii96 290.6 .6^5 1.605 1.5028 3.9523

527U 7.896 290.6 .130 .325 1.5028 3.9523

5275 8.296 290.7 .268 2.210 1.5027 3.9523

5281 7.909 290.5 .358 .1.65 1.5020 1.9b77

5282 8.309 290.6 .230 2.255 1.5019 1.9U77
5283 8.709 290.7 .515 1.672 1.5018 U%77
528U 9.109 290.8 .315 .bUO 1.5^018 1.9b77
5255 9.509 290.9 .2!i2 2.23 1.5017 1.9b77

5291 7.913 290.7 .315 *U8 1.502U 2.2080

5292 8.313 2^.7 .205 2.23 1.502U 2.2080

5293 8.713 290.7 .585 1.59 i.5otti 2.2080

529U 9.113 290.7 .335 .378 1.502b 2.2080

5295 9.513 290.7 .238 2.20 1.502li 2.2080

5301 7.961 290.8 .2? .li!X) 1.5021 l.b630
5302 8.361 290.8 .15 2.2b 1.5021 l.b630
5303 R.761 290. B .362 1.590 1.5021 l.b630

530b 9.161 290.8 .230 .U20 1.5021 l.b630
5305 9.561 290.8 .16 2.22 i.5oa l.b630

5381 7.966 290.1» .3li5 .265 1.502U 3.b526
5182 8.366 290.U .330 2.12 1.502U 3.b526
5383 3.966 290.li .730 .U95 1.502U 3.b526
538U 9.366 290.1* .322 .028 1.502U 3.b526
5385 7.366 290.U .U38 1*878 1.502b 3.b5a6

5UU 7.963 290.8 .392 .232 1.5023 b.0d68
5U12 8.363 290.8 .U02 2.155 1.5023 b.Od68
5U13 8.963 290.8 .662 .UiO 1.5023 b.0868
5U11* 9.363 290.8 .358 .015 1.5023 b.0866
5U15 7.363 290.8 .565 1.858 1.5023 U.0868

5li8l 7.961 291.U .b62 .11)2 1.5012 5.91b2
51»82 8.361 291.U .630 2.05 1.5012 5.91b2
5U83 8.961 291.1i .730 .256 1.5012 5.91b2
5U8b 6.961 291.U .370 2.259 1.5012 5.9Ui2
5^85 7.761 291.1; .678 .3ii5 1.5012 5.91b2
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"able 3. Typical valuos obtained In the computstion of

the dipole moMnt and relaxation time for

solution No. $hX} 8.53 igA"!*

ID £ iillC A B

5iai .210* .316 •.023 -.02U

5U12 •2U9 .207 .017 +.022

5U13 .392 .573 ..olh -.OUi

5U1U .22U .021 —002 -.017

5105 .336 .536 .053 .OUi

ALP2 6ET2 PKl FS2

5U11 .0159 2.681 2.36U .06U2

ShX2 .055U 2.683 2.366 .0775

5ia3 .Oi»21 2.687 2.372 .0590

5U1U .Oli93 2.678 2.359 .0687

5U15 .Oii99 2.69U 2.381 .0700

5U15 .OU85 2.685 2.36a .0679

Dm TAU

t P n debje xlO-U

5U11 .3127 .29526 .0101 U.oU .986

5102 .3131 .29526 .0121 U.28 1.159

5U13 .311iO .29526 .0092 U.oli .83?

5U1U .3120 .29526 .0108 u.o.'^ 1*100

5I05 .315U .29526 .0109 U.2B .922

5105 U.15 1.001
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Table U« ^••ults obtained for vsrtoiw concentrstions of nitrob«a»a«»

ia bwoene*

ID Density 0^ 2 (3 2 k' k" >^
^ secdebye 10"

550 2.99 .0193 2.6U3 2.312 •0265 U.68 •SUt

52U 3.01 .0202 2.6U5 2.313 .0278 U.76 .81U

$IS "».09 .0206 2.652 2.323 .028U 5.01 .668

528 3.99 .0290 2.65U 2.326 .0U02 U.7U .950

529 !i.53 .023U 2.661* 2.3U0 .039U U.62 .795

5a 5.05 .0315 2.662 2.337 .0U37 h.hl .877

501 5.28 .0317 2.657 2.330 .0U39 U.3U .938

510 5.69 .0351 2.665 2.3U1 .Oli87 U.36 .9U3

527 5.97 •03^ 2.672 2.352 .0535 3.81 .956

523 7.03 .0Ui8 2.680 2.362 .0625 U.37 .969

538 7.06 .0U19 2.678 2.359 .0535 U.25 .9U8

526 8.08 .0221 2.686 2.170 .0310 3.95 .U89

5ia 9.53 .ob«5 2.685 2.363 .0679 U.15 1.00

525 9^06 .055U 2.69U 2.381 .0777 U.21 1.0U

522 10.50 .0602 2.698 2.386 .08U6 h.o5 1.05

51*8 12.08 .0666 2.710 2.U0U 09U1 U.oi 1.01

Plate III la a grtiph of the dlpol* MMant values in table U as a

function of concentration. Points for solutions 526 savX 527 have beerI

j^ored.

Himn a aawll correction factor was added to nj), the calculated

value of j< changed radically, especially at the lower concentrations1.

Piatt IV shova the variation of dlpol* mo—int with concentration for

correction factors of 0.000, 0.010, 0.013, and 3.017. Corrected y*

valnea for the point at 12..08 tmM Here not available. Points which were

far out of line with the others were omitted for clarity though more

data should be taken to further justify the omission of the points.
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Values of R, P and R - F are shewn in table $ and B • P is plotted

against the concentration in Plate V. Plate V also shova the effect en

R * F of adding .013 and .015 to the index of refraction. As R is a

function of k' and k" which are determined for each dielectric thiclcnes*

and P ia a function of nj} only aiKi is dafpendent on the twiperature, average

alwMi of H and P art Bearincleas* Therefore, Just the first value of

R and P for each cmcentration was used.

in error in t^e expression for R was discovered in the 650 coa^uter

pregnou raneoqnrntljr, coaputationa of ^^ and f made by the 650

ecnpfoter vera incorrect. Plate VI aiumB the effect this err<^ had cm the

calculated value of z^. , the upper curve corresponding to trie incorrect

altie of n. The reealts of data taken by Chadwick^ are shown as calculated

by eeeh cojsputer. The circles represent points computed by .vlndle (20).

Table 6 !^0tfs the recoaqwted values of y^ and T originally ocnputed

by Windle (20) on toe 650 conputer. The ^ of equation (26) has been

corrected in these calculations.

-kliadHriek, op. cit.
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Tabl« 5» F, P unrt n • P Talues.

Density ID R P H - ?

««M

2.99 5301 .30UU .2952 .0092
3.01 52U1 .30U0 .2951 .oor^9

3.09 5151 .3059 .29U7 •0U2
3.98 5281 .3067 .2951 .0116

U.53 5291 .3089 .295U .0135
$.05 5211 .3078 .291^9 •0129
5.28 5011 .3065 .29U* •0121
5.69 5101 .3085 .2950 .0135
5.97 5271 .3107 .2955 .0152
7.03 5231 .3113 .2952 .0161
7.06 5381 .3111 .2953 .0158
8.08 5261 .3iiai .2956 0188
3.53 5M1 .3127 .2953 .0171*

9.06 5251 .3151 .2956 .015^
10.50 5221 .3157 .2952 •0205
12.80 5U81 .3176 •291*7 .0229
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Table 6. Dipole moment and relaxation time for various materials

•

Molecule density
rag/ml

r
xlO'-'-^sec Debye

values in
literature

Acetone 15.8U
7.92
3.92
1.98

2.09
2.01
1.65
1.91

2.85

3.05
li.U8

3.89

2.85^, 2.752 (16)

2.87 - 2.89^ (9)

3.0U3 (3)
2.72 - 2.78 (18)

Acetonitrile 7.83
3.92
1.96

2.35
2.71

2.U7

3^U9
3.70
U.13

3.9U1, 3.a - 3.5 (16)
3.8 - U.ol (9)
3.2 - 3.63 (6)

Dinethylamine 1U.22,
7.111*

3.56
1.78

2.U6
2.11
2.80
1.92

2.39
2.08

2.1i9

3.59

.9I, 1.132 (16) (18)

.89 - .951 (9)

Nitrobenzene 17.U1
10.93
5.68
2.55

10.86

7.76
7.U

10.69

3.81
3.97
U.29

U.U5

3.5I, 3.22 (16)
3.92 (19)

3.90 - U.05 (18)

lvalues obtained in vapor state.
^Values obtained in solution.
3obtained using apparatus and method similer to that used in this work.
UAverage of U seta of data.
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DI3CU33iat

The re-der la referred to other works for a thorough discussion of

•rrors (20) (16) (10) (11).

TlM Dsbjre equation (2!t) was deriiwd f<a* gssss only snd under ths

sssoaption th« polar noleeulss are so far ntp^rt they sxart negligible

foroes on eaeh other* This pap«r deeerlbes dilute solutions of polar

aolecules In a nonpolsr solvent* In the linlt of infinite dilution it

was astOMd that tlie poler nolceules in liquids were also f«r tpmet from

•1^ other there was no mutual interaction* However, as ^lie dlp^e

BiMCt was a function of concentration, it was evident the aolecules did

interact* Moreover, aMSsnreiMmts In the linit of infinite dilution vers

not possible beeattse atteimaticn due to wall loatMS md other side effects

beeaae significant and could net be Ignored, but i^^^ could not be

det«ml»ed beeanse It beeam so small It fell below the noise level*

Presunablj' cne could ssjr extrspolatloo to infinite dilution eliminated

both dlpole-dipole interaction sod also dipolc-solvent int«raction cf=lled

Utt solvent effect* Ksvcrthelesey the Debf* stoA Lorvnts field trestawni

glvss rise to dlpols aoMBt csletsXatlons fros aolutlcn drU which diffwr

tnm Mssoreasnts sad* on gases* Althmigh ao w>diflc»tlon to dats has

been entlrsljr tstlsfaetory, Onsagnr m& Kirlwood Mde the first fundsasntsl

progress in rnn dtjfiag the deficiencies in the lorentz field (5)*

In spite of this difficulty the Dcbye theory is still often ussd

for MsmrsiiBnts on dilute solutions* Piste III gives an extrapolated

value of y^ • h*l5 I 0*05 for infinite dilutlofJt Plate TI indleates

^ " U*18« Seas Kitrobensune dipole moment values In the litersture sre

li*2 (1), Uoa CU), U.2U(2)# 3*9 - U.1 (16), 3*!?3 (13) and 3*92 (19)*
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iJliKi theae ere contraated vith the vapor vcilues of li*23 (16) it la aeta

thara is close agreeiient*

'dditi(»i»l eritlcisBi of the Deb^ equation aa spiled to tlqnldi

hsa tlM aolMititution of n^ for k« Aa hsa ba«a nanilooedf i^^^ vimx9

Vq la the Indax of r«flr«etl<»i at the aodlua D linc» Uea often been used

alone with a dlaper8i(m fonaula to extrapolate to Infinite tfanrelength*

In this way only the electronic polarization wae obtained, the atauic

poleriastion being Ignorad aa it la leaa than 10;C of P^ (11) (12). Also,

^liqpersioo r^ona ar« tonoim to axiat for benzene and nitrc^jcnsene in

infraarad and centimeter uavelenfth regiooa (Ih) (?)• Bnt HwiaHiuiaiiaiitai

in the eubKHliawter rerion are Vw ^ limited (5) and it is posaible «iat

dispsreion formixlaa spiled to the centimeter through anbRllllnat«r regioB

would yield n jsore precise value for the total induced polarisation.

The nathod of finding the liidvxad polarisation used by this trriter

vaa direct atdaatitutlon of Bq^ for k« Debye (U) argued thit waa valid

since P, for r^, was greaUr than P^ for X„ and thus partial ccapnmitttm

WM aads for the aagleet of l)^» Foley (lU) eatiKated the error in oakini

this asMspUon ims not mu^ man than ana parcassi* But on&o the dipola

WMorit 9t e aubstaaoe is known, perhaps by naass of another ae^iod svKsh

as Implication of the Stark effect (17), the Debye equation can be oasd

to find the total induced polarisation and hence, as was the case in this

paper, the index of refraction in the ocntiaeter waiPaM«th region,

FroR the theeory of dispersion it is m«b an iBMPSMe in n should

occta- whan an abswption band ia passed thnio^i fron a shorter to a

longsr wavelength* Flats V ahows the «ffeet an of adOU^ «fii

correction faotars to the index of refraction. The entire carv«
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flatter and lower, as the dlpol* mamat decreased euxre for the Iohw

concentrationa than for the higher eonewntratlons* Tho* the extrapolat»d

dlpole «oa«it value Is louer tend sore in line with the majority of

solution Taloes* A correction factor of aOlB gave a curve which uaa

quite flat end iihen extrapolated to infinite dilution gave ^ • h«OU D

which was well within the range of values in the literatnre* As the

correcticaj factor was increased beyond .OlSt yi^ at low concentrations

started to T±oe, quite rapidly in some cases. Indicating an optia«

correction factor had been peased* At Moderate dilution lc continued

to deoreaae very slowly as the correction was ineresMKl pMt •017* For

this reason it was the •013 curve which was extrapolated to aero concentration*

tb* drop jsnd then rise of the curve can best be seen by following the

flfvewent of zc for a given ccmcentration as the correctiiai factor is

increased*

Plate V gives a Kore vivid exaeple of the effect of addlBf •

correction to n« Sei>aratic» of the ecnqplex Detgre oqiiation into real

and iasginary p«rt8 gives

R • jl - F ^^S 3 hm/^S (28)

9ILT(1 CO 2 2: 2j fJ;^n^ ^ ^ 2 ^2^

For the real pert ve have

U« " ^
t . r -—iil^ii—2—y- Bi (29)

9K.T(1 * oo f )

Plate V Is a graph of this equatloni the plotted points fall along a

straight line as ant> would expect if Z' were not a fiaaetion of the

coeeentration K^ as table U abewe it is* Itet over the Halted range of

concentratloM eoneidered here, one any assum r to be constant. T

Mist be constant and is nearly soi ^^ la a function of T also*
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At aero concentration the right side of •quation (29) ia wro and

henc6 H • P nost also be aero. This condition is easily obtained by

addliV a correcticm factor of approxinately •013 to np. Kote, however,

the relaxatico tia«t equetion (26), is still a well behared fmiction nA

talW8 ttw IndatemiBable fors O/O*

Aasmir^ T to be constant, the slope of the grafh of equaUon (29)

yields the dipole moBent. /iith T • 291*» li and 2" - 8.93x10-12 ^ec,

the TsloB obtained for yU- to 3*97 ^* It appears, then, this is a

valid WBihod for obtaining a corrected refractive iKlex which is at

iMWt equivalent to the index obtained by s dispersion formula. In

addition, the corrected index cerreflpKmds to the frequercy used in

MMtfurlng k* (16) naking it xameeescary to know the often pocnrljr

establish^ ilworption coefficients as is required in aany dispwrsion

fensulas.

Early results were obtained with an XM 650 coraputer. Later, the

650 was replaced by an liK 1620 computer. This change necesaiUted

re»rltii« the iiiipiilei prograai for ti» saw andilas* Daring the rewritii^f

pr«eedlBg thesM were tised as a guide, and i^ien the new prograM did not

give results idMitieal with iriuit had \mm obtained before, a close

exwlnaldaB was Bads of each step in Vtm dnrivaticm of eaoh equatlor. and

In each ati^ tf both the old and new con^putmr prograw* As a result

several typeggaptdcal errors were found in tte oqttatione in several of

ttw theiss I These errors were not present in the 6^0 ocnpotar prograt*

Hare important, however, was the discovery of as error in tbm 650

MHpater progrem in the foraation of P o£ eqastions (27). The wqwoMlen

for ^ is repeated hero for convenience as



39

(k' ^ 2)2 * k"

In th» 6^ prograHf k" In the ntawrator was not s<juar*d« CooseqTieBtly

the cor)put«d values fear bo^Ji^ and r wero in error. The data taken toy

Wlndle (20) has been recclculatbd and the new z^ and r values ar«

{flTMented in table 6. It should be aentioned the crystal detector

fapmm Im assmed by ./indie for liis nitrobmMa* asatoraMnts was

not knovn with certainty.

For nitroc«B»eni in benzene, the index of refraction shouli increage

unifomly with an increase in the concentration of nitroben»«ne» In

table 7 refractive index values were corrected to 290© K end ca^jsred

with COTcentraticn. Coliann five is n^ corrected to 290** K by uslz^ a

correction of -•O005/C<»j colman six is the corrected Index using ••OOOli/C®

as the correction factor. Ab considerable variation was fowid to exist,

it beeene evldwit a graphical oethod of datemining no might be mora

sppropriate. For basnani nd nitrobetmace the indices of refracUon arc

additive and henee a preolae and carefully constructed straight line gr^
would teia given more precise and consistant index dataminaticns.

Though the Oetgfa aqastion used here does not take into jccount all

tte affects aeeesasry In a precis© theory, the results fron the .)eby

equation differ little from those of iwe precise theory. On the other

hsBd, eaee a preelae dlpola MOMnt volue la established for a polar liquid,

it is here indicat«l the Dabya aquatian can be aaed to find the total

indooed polarisetion, the atonic polKriastloo and hence the refractlva

iadox of that polar liquid which corresponda to extrapolation to "infinlU

wPVGlenrth" In the far infrarwJ as is done with dispersion fonnlas but

without the nead to know the iiaaber end intensities of the absaptioo banda.
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itkUm 7« Check on Ihdaz of 'Refraction

ID Otnslty «D T H at 290OK R «t 290OK

«gM aeaaured OK -.0005/CO -.O00h/C»

530 2.99 1.5011 292.8 1.5025 1.5022
S2h 3.01 1.5019 290.6 1.5022 1.5021
515 3.09 1.5012 292.2 1.5023 1.5021
528 3.9a 1.5018 2:a.o 1.5023 1.5022
529 1;.53 1.5030 290.0 1.5030 1.5030
S21 5.05 1.5015 291.8 1.502h 1.5022
501 5.28 1.U973 299.8 1.5022 1.<012
510 5.69 1.1976 299.8 1.5025 1.5015
527 S.91 1.5028 290.6 1.50.U 1.5030
523 7.03 1.5025 290.0 1.5025 1.5025
538* UQo :.50i6 292.0 1.5026 1.502U
526 6.08 1.5038 290.0 1.5038 1.5038
5ia* 8.53 1.5020 291.6 1.5028 1.5026
525 9.06 1.5033 2*?9.8 1.5037 1.5o>7
522 10.50 1.5027 290.0 1.5027 1.5027
$iM 12.08 l.!i999 29U.O 1.5019 1.5015

•Average of tvo readSa^ earreapaadlng to two "focue" eettinse of
Abbe ^efrsctcneter.

'"i
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ttw aathor is InMited to Br* Looia D« lOlairorth tor his e^qperienosd

•dvles and gulduoce throughout this study*
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Nleraw8¥« standine wares of thre« centimeter wavelength were MManred

to determine the pi^pegatlon factor required for the solution of a ecmplMX

impudaMOB efoatlon and conplex la^edenee eqaatlc^ was expanded Into «

first ordtr Taylor series In two rsriables and solved by Iteration. In

this way the eonplex dielectric constant of nltr(^>eBseM was detennlned*

The nitrobensene wes contained in an upright saDiple cell fitted with a

yH,^yHM» Bechanlsm whereby the thickness of the nitrobenzene dielectric

could easily be varied. A water jacket surrounded the cell and running

tap water helped Maintain a constant dielectric tenperature*

The propagation factor was used to detenoine the conplex dielectric

constant in the complex Debye equation from which dlpole inoBsent calculations

war* made*

riaaauraamnT n were nade at five different dielectric thicknesses and

an average dlpole owent and relaxatlcm tlae was ccnpated* Data was taken

on various concentrations of nitrobenaene in a bensene solvent and the

dlpole TOoiaent of nitrobenaene was plotted i^ainst concentration.

ka lEM 1620 digital ooqmter was used to solve the is^Mdanee equatl<m»

eeapote the dlpole aonent lynd rel&£:ati(Mn tine and to average the results

in sets of five. A eoTTtction «•• aad* on \im Wlndle eon^uter program*

Iaa»x of refraction measureaftnts for the sodium D line w«re uMd to

dvtenalne tibe Induced pol8rlaati<» in the Debye equation. An Increase

of approximately one percent in the Index of refractlor. was shown to

yield dlpole laoraent values in line with those obtained by use of

dlepersion formulae requlrt>d to extrapolate refx«etiv« Indioc maaaur—nts

at the eodium D line to a value which it should be for the liaxmelX

relation nj)^ k* to hold at the frequency for which k* was deterainod.



A graphical msthod vaa tued to Indicate the required correcticai to add

to tiM masured sodittn D line refractive index.

It ai^pearSf then, one can obtain aa eaqpirieal correction factor to

9M to the ind«c of refraction at the sodltm D line and obtain the inlex

of refraction for nitrobensene which corresponds to the index extrapolated

to the far infrared region by use of dispersion fomalss but without tiie

Bted to know t^ number snd intensities of the absorpticm bands in th«

infrared*

\ \ /•


