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A8STRACT 

The index of refraction (461A) and the dielectric censtait (1000 cycle) 

of cbtorotrifluoromethane wóre.easured as a function of dneity at a temperature 

of 900?. (slightly. above the critical temperature). The observations are .conietent 

with a molar refractivity of 12.7 and a dipole moment of 0.50 Debye units. Tbiê 

transparent material can provide a continuously variable index of refraction from 

1.0 to 1.1 at reasonable temperatures and pressures. 
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INTRODUCTION 

Many times counting experiments at the aevatrori require a counter that 

distinguishes. particles 1y velocity set lection in a momentum-analyzed beam. 

The critical velocity Is often In the region of f3 0.9. Particles can be 

selected on the basis of their production ol Cerenkov radiation in a medium 

whose index of refraction is 1.1. 

There is .a physical chemistry rule that the Index of refraction of 

materials at their critcat points is 1.126. Although this rule does nothold 

precisely, the propertieso.t materials in the region of their critical points is  

such that indices in the range of 105 to 1.15 are not obtaInable at temperatures 

and pressures greatly below the critical temperature and pressure of the 

material. 

If a counter can be designed that bees a material at temperatures above 

its critical temperature, the index of refraction can be varied continuously from 

unity to some limit determined by the upper limit of pressure that can be held 

by the container for the material. There are very few mater.als with critical 

temperatures close to ordinary room temperatures and with reasonably low 

critical preasures. 

Chiorotrifluoromethane (more commonly Imown by its commerciaL name 

Freon-13) is exceptional in its desirable properties (Table I). It is nontoxic, 

noncorroaive, nonflammable, and available commercially In almost unlimited 

quantities and at very high purity. The thermodynamic properties have been 

throughty investigated by Aibright and Martin. 
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The Ltqii4 is completely colorless, even in Large thicknesses. A 

5 	t'0 otott 	 01 	t nsmj 	 of the liquid 

indLcated a transmission of more than 0.25 even at 1Da(the short-wavelength 

'•. tirnit of the apparaitus) JnevaLuated refraction effec
. 
 ts on this measurement 

r 	 I 

make the results not inconsistent with comptetC taneparency, at all wava1sngthe 

from 2100 to 8000 A.  

In the course of considering this material for countei use, the rndex 

• 

	

	of refraction  and the dielectric constant were. measu*'ed as functions of the. V 

density of the material. $oth are similaxl1unctions of density, and the dielectrlic 
V 	

•.VV 	 •' 	 V 	
V 	 V 

constant can be measured remotely to indicate the index of refraction of the 

V  counter material during use of the counter. 

V 	 The indof refraction 1  n, for fluids follows the Loranz-Isórentz law, 

whIch predicts n to be a single-vatued function of the deniaty, p • of the 

material—governed by the molar refractivity, R and the molecular weight, M. 

•VVbe Low frequency dislectrtc constant, c , follows a siiiar CIa sius-Mosotti 

Law5  which includes a term dependent on the electric dipole moment of the 

molecule, p (usually measured in Debye uttWa of 10 18  etatcoutomb-cm), and 

the absolute temperature, T. (N is Avogadro's number and k is Bottzma&s 

constant.) Thus 

M R 
\ U2  +2 jVP 

and 

R+ 4' 	_i 
9k T 
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From these two relations, one can derive the following approximate reLation 

2T1n4) + 1/3 .(4F -r] (y4)Z 

whre 	

4itN 
ra + 

APPAATS 

The experimental arrangment Is shown schematicafly in Fig. 1. The 

gas transfer between the storage container and the experimental vesOel was 

effected by beating or coo tirig the storage container. The experimental vessel 

was temperature-controttd. 

The mass of the material transferred was measured by weighing the 

5trage container. The density in .tbe experimental Veseel was obtained by 

dividing the volume of the veae1 into the mass transferred. 

The 100O'cycte dielectric constant was determ med from the capactty 

between a series of plates in the chamber, after subtracting this capaCity 

of .tee4s, etc. The ratio of the capacIty with the material in the chamber to 

that with the chamber evacuated is the4telectrie conitent. 

The index of refraction at 5461 A was measured by counting fringe 

shifts in a Fabry-Perot etalon (2.51 mm spacing) mounted inside the chamber 

atartng from vacuum conditons. The tine was I elated from the mercury 

arc spectrum by fitters, and was Oufficiently monochrousatiC for this appUcattou 

The fringe counting was aided by measuring the light Intensity of the Otntftl 

frInge with a photoelectrIc cett, then recording the measurement vs time on 

-. * atrtp-cbart recorder. 
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EXPt1MENTAL. ?1OCEDU1U 

Freon13 was slowly Introduced into th.eracuated chanber 1  and 

periodic meaeuremnte of the storage container weight and the capacitance 

were reo'ded at appropriate points on the chart rec.a1tng the frInge a}41t,. 

After the chimber was tilled to thi maximum density t1atflable, the Freon 

wi slowly returned to the storage container, and again p.rtodlc measurements 

wére recorded The temperature of the chamber was held near O °F. Great 

care had to bc taken to make the procedure slow enough Since the material 

was ve*"y close to its c itical point, the density at * ,tiiiwa pr..aure was a very 
teep 

Amction of the temperature. Minor tempirature inequalities In such a 

'' material produ great density and refracttv..index inequalitie, that give rise 

to tuxbutence and shimmer, which spoil hinge counting 

EXPERIMENTAL RESULTS 

The relatIonships betwean the density, dIelectric constant, and refr$tiv' 

index are shows in 1gc. 2, 3 and 4. In sites. g rai4s the espsrimentst points 

appear to wander from simple predicted curves by Spprox 9.001 in dønslty, 

0006 in dielectric constant and 0.008 4a refractive In. Each. curve :C*fl 

be fitted by adjusting a single parameter, and the beat ibig paTaneterse 

R = 1a1±01cn3/gmrnole, 

R + 	
2 	

11.7±0.1 c 3/gw mole, 

and - 

V 

11.40±0.01 
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from the Latter two we dc?tve tWophYSICA1, constata of the rnatertat: 

.. 	 .. 	 . 	.. 

 

IA 	0.50.02 L.ebye unite  

:.an4 	 .. 	 : 	• 	• 	.. 	 . . 

•:. 	

z 	 •: 	 .... 	 . 
40 .L = 

l' 	 •- 	 TR 	 ) 

DISGUSSION 

If tt had been our piu'pOse to achiev *he btgheøt accutá 	In tbto 

meaeur.n*nts of Rcaxt 	frtbcr eperinenta would have been donç by using 

other cotupounda with known constants to ebeek the procedures and equipment, 

and by making additten9l runs with this compeimd to prove or imprGe tbC 

consistency of the obsrvattone 	or our Limited lavesUgation. av Lengthy 

atic dis*on of errors is ot appropriate. The m*asuremeiite were -, system 	c uee 

of accuracy. 1mpurlt$ø in the compound werB teas than 1 

Other Information In the literature doe8 not seem entirely coneLstent, and our 

éenita are represented as useful #  though perhaps not definifrS. 

To our knowledge, the molar refractivity has not previously been 

the geosat subject ha m*asurSd for elue compound 	Oa the other hand 	 s 

been well explored by pbyaical ch*mlts, aM the constant, R, Is predictable 

Leon, the sum of the atomic refractivities of the oonetitusnt atomS, Most 

of the values quoted in the literature are for tht wavelength 56" A (D Une) 

and the tables of atomic refractivitica az's generally adjusted to ift consistent 

with a large izuibøt of measurements on typical organtt compounds. 	Several 

tables appear in the literature. 	The thost frequently quoted one predicts a 
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value of the nolecutar refractivity aqua! to 11.7. The atomic refractivity of 

fLuo1ue appears to vary with the type of compound 1  and other subtleties. 

Von Grosse, who has worked with fluorine compounds, has estimated th e  

molecular refracftvity of Freon-13 to be approx 12.08 for the D line 8  and 

not over 12.2 for 5461 A. 9  

Fuoss measured the dietecéric constant at 60 cycles and 290C. 
and obtained a value of R + 	4.. = 19.8. Re subtract, an sstin,ated 
R of 15.17, thus giving a value for the dipole moment of 0.47 Dsbye Uflitle 
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Chemca1 foruula CC 

4olecular weight 10447 

Criflcat tenperature8 Z8.. 0C 

Critical preeeure 382 atm 
(61 jS,) 

Csttical 4eit 0478g/4m 3  

Flainiabitity Nonflammable 

To3dcty Probably  Grc 	6" 

Stability 	 Stable up to at teat 3000F 
in the presonce of oil, steel, 
and copper. 

aGroup 6: gasee or vapors that. in .  concentration up toot least 

volume, do not appear to produce Injury in expoeure of the order 

ofZhot*ri. 

- 	---.-- - 	----- 	-:- 	------ 
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