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The index of ref?actibn (5461A) aixd the dielectric cohetam (1000 cycle)

of chlorotrifivoromethane were measured ag a function of denscity at a temperature

'of 90°F. (slighﬂy above the cxit‘icék eemperamre) The observations are consistent

mth a molar refractivity of 12,7 2nd a dipole moment of 0 50 Debye units. This

transparent material can provide a_ contmuoua by v&riable mdem of refractmn from

: 1.0 tol.1 at.xeasenabke tempexfatures and pressurea..
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Lawrence Radiation Laboratory

; University of California
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INTRODUCTION

' Many times counting experiments at the Bevatron require a counter that
distizﬁguishe;s. pAa:r’ti'ckes hy velocity a%lectioh ina momentum-—anélyzed beam.
The critical velocity is often in the region of § = 0.9, Particles can be
selected on the basis of their production of Cerenkov radiation in a medium
wh'os‘s index of refraction {s 1.1. ’ | |
_ - There is a physical é.hetbistry rule that the index of refraction of _

g ma.téx:ials at their cﬁt*‘cal points m 1.126. i Aithm‘gh thle' rule ‘doés not hold
precwely, the propertiea of ma.terxals in the region of their critical points is
such that indices in the range ai 1.05 to 1.15 are not obt&inable at temperatures
and pressures greatly below the critical temperature and preasure of the
- material. | R

If a counter can be designed thé.t @see a material at temperatures above
its critical temperature, the index of refraction can be varied continuously from
'umiiy to some limit determined by the upper limit of pressure that can be held 'V
by the container for the material. There are -Qer‘y few materials with critical
t‘emp'eratﬁres close to ordinary réom temperatures and with reaéombly low
- eritical pfessures.

Chloretrifluoromethane (more commonly known by its commercial name
Freon-13) is exceptional in its desirable propgrtie‘sk (Table I). It is nontoxic,
nonRcorrosive, nohﬂammable. and available commercially _ig almost unlimited

qué.ntities and at very high purity. The therfnodynamic properties have been

throughly investigated by Albright and Martin, 3
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The liquid is completely colorless, even in large tﬁickneasea. A

.. A"agectrophocomator ineun"umem of the transmiuio’n-.fdg,,z in. of the liquid
PR L o 4

'indicated a transmisaion of more than 0.25 even at ,f' (the short-wavelength ‘

M. E

25 e -
‘ﬁ iimit of the appnratuc) Unevalunteé refraction effects on this tmeasurement

{ _": make the results not inconswte.nt with completb.:tranaparoncy. at all waveltngths

. from 2100 to 8000 A, - o | o

¥,

Jn the course of considering this material ior cmmter uoa. the mdex ' ‘a
‘S

S . of refz'aetion ‘and the dielectric constant were. measurad ae functions of the s g
sagods 1T Slaindiieies L oz e KU

, density of the material Bcth are similar i‘unctiona of dencity. and the dielectric
Q{M? conatant chn be measured romotely to indictte the i,ndex of refraction of the
co\mur material during use of the cmmter. E o \\

‘The iﬂd‘% 'of refraction, n, for fluids follows the Lorensz-Lorents law, 4 3

which predicts n to be a single~valued function of the demsty.{ p » of the
material-governed by the molar refractivity, R, and the molecular weight, M.
B ’I’he low frequency dielectric constant, €, follows a simxlar Clansius-Mocotti
laws which ificludes a term dependent on the electric 'dipole moment of the
wolecule, p (usually measured in Debye nnims of 10 uto.tcoulomb—cm). and

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

constant.) Thus

and
4y 2
e -1 __L_d_ané‘iluﬂ [y
€ +2 P 9k T
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From these two relations, one can derive the following approximate relation

e - 1) = 27tn1) +1/3 [sv% - 7] n-1)%,

e (8) -

‘where

%

APPARATUS

"‘i‘he experimental arrangement is shown schemetically in Fig. 1. The
gas transfer between the storage container and tho experimemta.l vessel was
 effected by heating or cooling the storage eentainer . The experimental veesel
was temperature-caatrolle&. |

~ The mass of the ma.terial transferred was meaaured by wezghing the
atﬁrage container. The density in the experimental vessel was obtained by
&ividing the volume of the vessel into the mass transferreé

The 10060 -eycle dielectric constant was determiaed from thc capacity
between & serioe of plates in the chambar, after subtracting the capacity
of leads, etc. The ratio of the capacity with the material in the chamber to
that with the chamber evacuated is t‘hg"-&ielectric éénétant.

The index of refraction at 5461 A was meagured by counting fringe
shifts in 8 Fabry-Perot etalon (2.51 rom spacing) mounted ingide the chamber—~
starting from vacuum o:onditions. The li'né was waWd from the mercury«
arc spectrum by filters, and wae sufficiently monochromatic for this apﬁuc'ation. 6
The {ringe counting wae aided by measuring tho light intenqiﬁy of the central
fringe with & photoelectric ceit, then recording the mgasuéemént vs time on

- & strip-chart recarder.'
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EXPERIMENTAL PROCEDURE
Fréon-ls was slowly introduced into thc-.eﬁacmeed chamber, and
periodic measurements of the atorags tentain_,er weight and the capacitance
were recorded at appropriate pomts on the chart. recording the fringe shifte.
Aftar the chamber was filled to the maximum dencity éttaina.ble. the Freon |
wﬁih slowly returned to the storage container, and aga.fn periodic measurements
- were recorded. The temperature of the chamber wae held near 96°F. Creat
| © eare had to be taken t6 make the procedurs slow enough. &nce the material
W?waa very close to its ci-mcal point, the density at & givih pressure was a very
N Esteep {drction of the temperature. Minor temperature maqus!mn in euch a

By naterial prod&‘ﬁ grekt density and refractive~index imqé@l&tﬁu that give rise

R “@g%gjtg;tnrbuience and shimmer, which spoil fringe couiting.

3
hd

EXPERIMENTAL azsm;frs’ R

The relationships bntwun the dansity, dielectric conntant. anﬂ re!ucﬁve
index are almwn in E‘igs. 2, 3, and 4. Io these grepgc the enporimenul poinu ‘
appear to wander from simple predicted curves by tppron 0.007 in’ dcn-ity. |
0. 006 in dioleetrlc constant, and 0.0% in raimm&ivo iﬂdﬁt Each curve can . \\

'bc fmed by adjueting & aingie parametoz. and the &nt ‘M‘tmg paramctarsa*me : \\\

#“I

R = 12.7¢0.1 coo>fgm mole, . . \

N 2
R ¢ ég% -ﬂr 2 17.740.1 sms/gm mole ,
and

,//, r - i.éo&O'ex -
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From the lattor two we derive twe physical constants of the mate;ﬂa@? o -
¢4 = 0.5020.02 Debye units
and

Sl | z o '.
S A = (0.6520.018)= 2070 L
:’g,v’f."‘,",-'ﬁ?’,“ﬁ-ft‘"*‘. TR . AR |

ms@ssioxf : |
i it'had been our purpose to achicw the Mgheat accnr‘td; in: theae
mea.surem@ma of Redrd:it, further experiments waum ha.ve heen dtm@ by using -
other mmgaounds with kihown. conatamta t5 check the procedures and equipment.
| ’ ?'“@* md by making adamonal ruas vvith mas compound to prova or impraﬁ% thb
o conaiotency of the observations, For our limited mveatigaﬁion. & tmagthy | 3

icyatematte diacu.uwn of errors i hot appmpﬂm The mumemehts weré

of a 1% ordeér ef dcturacy. lmpuritiﬁu: in the ccmpeund wore len tﬁm 1% S
o @mer information in the literature. doee w séem entu-oly camsistent. and our X
.' **’*"”“’« snha are represented as useful, thongh perhspt not: ééfioiﬁm

‘i’o eur lmowledge. the mohr rdractﬁvity has n@t proviousty b«n B

. -_j:.f mqaauréd for thie compcnnd On the ethat hand. tha geaot*ut mbjec& haa
',‘been well nphnd by physzca! chemiotﬁ. ami thn \eenstamt. R, ie pxedictable
o "frotn the sum of the mmxc reﬂractivitias of the camzitmm atoins. Most }".'fi'ff, -
-"d the vaiu« quoted im tha literature are fer the wavehngch 5890 A {0 lizwh e

and the tables of atomic refractivities are 5enanlly adjunqa to te ecmiatent
with a large &mber of mcaauzemenﬁs on typicai orgamt compounﬁs._ Sevuul B

. tables u-ppeu in the literature, Ths most {requently q\wtea one predieta



value of the molecular refractivity equal to 11,7, The atornic refractivity of
fluorine appears to vary with the type of compou_ndT and other subtleties.
Von ﬁroau}. who has worked with flusrine comwpounds, has estimated the
molecular refractivity of Freon-13 to be approx 12.08 for the D lines and
not over 12.2 for 5461 A, 7

!‘uoum

measured the diatectric conataat at 60 cycles and 29°C,
and obtained a value of R ¢ 4'“ s;- = 19.8. Hs subtracts an estimated

R of 15.17, thus giving a value for the dipole moment of 0.47 Debye units.
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_ Table 1. Properties of chiorotriftuovomethane:?
cagéaiea; tormula “' . GCIFy
Molecular ﬁn’ight R ' 104.47 .
Critical temperstures - ' ‘28_.9_«,96
' ‘ : (83.9°%)
Critical pressure . '38.2 atm
o (561 gyi)-'
Critical density | | - 0. 578 g/em
. Flammability - Nonflammablé
o Toxicity | : Probib’i& Group 6%
T samitity S | Stable up to at least 3000F

in the preseéence of oil. steel, -

and eapper .

BGroup 61 ga_sée or vapors that, in concentration up to at least 20% by
vﬁlumc, do not éppoar to produce injury in exposure of the erder

of 2 hours.
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