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INTRODUCTION
gawnu Refraction

| The effect of chemlical constitution on the refractive
properties of compeunds has been extensively studied since
Gladetone and Dale {1) empirically established the formula
which bears thelr neme; gwﬁ
| ael |
imw,ﬁ r = a constant, | (1)

;xwaas n is the refractive index, 4 is the density, and » is
termed the specific refractlion, . Their studlies, beglnning in
1858, marked the first successful attempt to systematlize ree
- fragtion data of compounds., They suceseded in showing that
r was reasonably constant for sny one @w@am‘aeaﬁﬁgﬁﬁ over a
range of temperatures, Since 1t 1s oustomary for the chemist
to express constants in terms of m&&ﬁi&&p&&s&awm molegular reo-
fraction, ebtained by multiplying the above constant by the
molecular weight of the compound, largely replaced spocific re-
fraction, |

The formula of Gladstone and Dale was extensively used
until 1t was supersedsd by the theoretiocally deduced Lorentz
(2) and Lorenz (3) formula, |

n2.1 M

e = R (& conatant) (2)
e 4
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This constant has proved to be independent of tempersture and
presgure and guite largely of physical atat@;' It i8 not, howe
aver, independent of the wave~length of light used., This will
be discussed later under Dispersion,

It was early recognized th@t molecular refraction is an
additive property, as shown by the fact that lsomers have the
same or neerly the same constant, . By comparing the molar re-
| rmgéﬁm@ﬁaiar & series of amﬁpeuaﬁa with those of ompounds dife
fering by only one atﬁﬁ or gr@ﬁpﬁﬂf atomg, the refractivities
dus to ﬁh@ atom or group can be calculated; for exeample, come
paring ethers with hydrocarbons for oxygen, or successive memse
bers of an_hnmaia@aua‘ﬁariag f@f the Eﬁ@‘gvﬁaﬁaé in this way
tables of atﬁmxa‘rafraﬂtgvitiaé have been kui&t ups Mueh of
this early work waskﬁgmﬁ by Brihl (4), but his tables hava‘éaw
been largely au@@raaﬁ@aﬁhy;thaaa of Auwers and Eigenlohr (5).

That molecular refraction is not entirely an additive
~prépar%y but ala& a @éna%iﬁuﬁiva property is made ¢lear by
nating the usually small; but occasionally lar@é; diserepancies
in the values caleulated from the atomlc refractivities and
those actually observed, Certain comstitutive features are
auffic&aﬁtly constant to allow definite values to be assigned
to them; for example, the double and triple bonds; ring for=
matian;,primary, gecondary, btertliary, and nitrile nitrogensj
ﬂarbanyl; ether, and hydroxyl axygenaﬁsﬁbﬁ* - The amn&titﬁaianw
al effect on moler refraction has, in some cases, Droved usew

ful in establishing molecular structure,
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4s has b@@ﬁ noted, the molecular refraction of & compound
is not independent of the wavew~length of light used. Hawa#a&»
the value always varies in a regular manner with the wave-length,
Korff and Breit (6) gilve an excellent review on optical dlg-
persion, treating both the eearly theories and the ma&@rn'qumnt*
um theory, Cauchy in 1836 ﬁa&m@@&'ths‘aquahiaﬁ,
b a4 £ : .
n=a4d o Tt Feteeecsnerns (3)
vhere a,; b, 4, f, etes are constants,; on the basis of the elase
tle theory of ether, Thls agma&i@a‘ﬁarva&"raaamna&ly weall raé
most tra&aparaﬁﬁ substances, but falls to a&a@ﬁnﬁ for "anome
alous" dispersion. It is observed experimentally that as one
a@pﬁwaﬂhéﬁ‘&n absorption line from the long waveslength alde,
the refragtive index inereases sharply, while approaching from
the short waﬁg&l@ngth gide 1t ﬁaéraaaaa gharply, To account
for this,; Bellmelier (?J'ﬁ&&a@aa»tﬁm gguation,
‘ﬁ'aa‘
At - nE

ne = 1+ ' (4)

where A, represents ﬁh@bah&@rytimn line concerned. BSince moat
compounds have several ab@arpﬁiﬁn~linamﬁ the squation begomes,
‘ a A

A AT

nf =1+ %

where the summstlon is taken over all the sbsorption lines,
The Csuechy formula i seen to be a special case of this equaw

tion when far removed from absorption lines. The Sellmeler
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squation gives good results when not too near resonance, It
ie seen that this equation ylelds a discontinuity for the pre=
fractive index at the &bﬁﬂ?ﬁt&#ﬁ'l&ﬁ@; while this 1s not true
@xmrimmm&lya Ketteler and Helmholtz introduced 3. "friction~
&:i.:‘ or "damping" term into the Sellmeler a@uﬂim to avoid
@ﬁig éigﬁmntinﬁiay,

21+ 8 et e | (6)
- : A* Ak 4+ b a* *
: t,w‘ B . ,
This equation fits dlspersion curves within experimental error,
Drude and Voigt led the way to a new deduction, and Lore
entz (8) made the rigorous development from classival mechanics
of & dispersion equation relating refractive index to the abe

sorption coeffieient of the substance, He obtalined,

n?(1-1k)2'= 1 + £ - D'% s (n
o Vo - V' GV

where k is the absorption coefficlent, 1 is =1, N is the num~
ber of dispersion electrons per unlt volume, e is the charge on
“the electron, m is itiﬂ" mass, V. 1g the absorptien frequency, V
is the frequency of light used, and G is the damping eonstant,
Assuming only one important absorptien freguency and separating
equation {7) into its real and imaginary @af@a,%wa equations
are cbtained,

2 L L
n2(1?) = | ¢ N Yo 2V (8)
m (roa.—r;) + Gz.ra. 3
and : :
= N6V, (9)
Mo (vs -vser -
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wave~lengths Tor all compounds for the purpose of comparing

"diepersivity” of these compounds.

Relation of Molar Refraction %ﬁ‘ﬁalar«%alari&atiaa

When & dielectric 15 placed between the plates of a cone
denser, the capscity of the gondenser inaraaﬁﬁa due to the en=
ergy required to set up small dipoles in the dielectric, The
éiaiéehria eongtant ia*ﬁa@ima& aﬁ the ratio of the capaclity of
the condenser with %h@*ﬁ%#&@@ﬁrie bé%waen the plates to itas
cupmeity when the ky&@& %8 evaguated, |

- Ly , ‘
. (13)
G B |
Molar polarization as aafinadfhy‘ﬁha Mosotti«Clausiue
eguation, B o o |
: | (~1 M | |
| ez a |
is not entirely independent of temperature for polar compounds,
and ite dependence on temperature 1z expressed by the familiar
Debye squation,
(=3 M " N o
Where W is &?@g&ﬂ?ﬁ’3 ﬁﬁﬁb$Pj « is defined as polarizebility,
b ie dipole moment, k ie Boltzmann's constant, and T is tempere
ature. Polarizabllity,« , 18 defined as the ratio of the elegw
tric field strength acting on the molecule to the induced elaow

trical moment in the moleculs,



v ,
7 QI I {14)
® , i
and 1s, therefore, &4 meassure of the deformability of the mole
ecule,

If one examines the nature of the dipoles set up in the
dielsctric when under the influence of an electric flelid, it
becomes clear why the molar polarization of polar molecules is
and permanent, The permanent dipoles tend to line up under the
influerice of 8n electric field, but this is opposed by the kine
stic aatién of the molecules which, of course, varies with the
temperature, _ | '

The total ﬁ@lariz&ﬁiaﬁ, then, 1s made up of two parts,
that due to orientation, the second term in the Debye equation,
and that due to &iétav%&a&;'hha first term in the Debye eguation,

PePgt Pyoo (15)

If one examines the polarization due to distortion, one
sees that 1t ean be further broken down to that due to elege
tron displacement, F,, and that due to atom displacement, Py,

| | Py = Po + Py = J7Nae (16)
| The molar refraction of light, wh&ah;ia an osolllating
eleotric fleld, in the ultra-vioclet and viaiwié regions is
& measure of the deformability of the electron shell, but is
no measure of the stomiec polarization, becauss the atoms are
too slugglieh to reaset to suech high fregquency esecillations,

However, molar refraction meassured in the infrae-red region is
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& meagure of the distortion polarization due to both, If it
is measured through the infrea-red ﬁ@gﬁﬁn and extrapolated ﬁw
iﬁraﬁitaiy long waves, it is identical with the dlstortion
polarigation; thus,
- ng =1 "
Ry = o o & Py =YarNe . . (A1)

_ nw*ﬂﬁ S
This'fn¢%~1m utilized in measuring the dipole moments of come
p@unﬁa»"in actual practice it is difficult to measure refrac
tive index in the infra-yed, snd the usual progedure is to get
the molar refraction for the Na D line and arvitrarily add five
percent for the atomic polariszation (10).

It might be well at thig polint to say a word concerning
the ynyaiaal~&ﬁﬁar§rﬁtaﬁi&n'ar“mﬁﬁar,rﬁfvaaﬁian; A glance at
the Lorentzelorenz formule shows that its units are cubic
centimeters, This suggests that it may be the actual volume
oocupted by the molecules themselves in a mole, That this is
a legitimate interpretation is borne out by the fact that ione
ic radil caleulated on thig basis by’Fasﬁﬁs'iil}.nra of the
same order of magnitude aﬁ those found by experimental methods

such as electron diffraction ilﬁ}#v

Studies on Inconstancies of Atomic Refraction

Not much has been publighed on attempts to systematize
inconetancies of atomic refractions., Krause and co=workers

have pa%iiaha& sevaral papers on chenges in refractivities of
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the metal atoms in some series of organometallics, Their

studies include compounde of zine (13), t&a*{lﬁ)@;&aaa (15),
silicon (16}, esdmium (17), and
the He and the ¥a D lines for illumination.. To ebtain the
refractivity of the metal stoms, they subtracted the molar

mereury (18).. They used

refractions of the substituted groups as caloulated from
Eisenlohr's table of atomic refractivities from the molar
refractions of the compoundss Their results for the Na D line
are summarized in table I. They concluded that the mass of
the substituted groups was tha.&myﬁr%&n% factor in influeng-
ing the atomie r@xrmaﬁiviﬁy*ﬁﬂ‘ﬁhs.w@ﬁal,ﬁu@m* In all cases
“they found the atomle refractivity increases as the molsoular
waigh%~@f the compound increases.

| Carr (19) é@ﬁarm&n@& the atomie refraction of meroury
in akﬁgrﬁaa,af~ﬁmﬂgwaﬁ‘aamﬁauﬁﬁa and in a eerlies af'aéﬁ$%R
gompounds in scetone a@l&t&ﬁg&; since most of the compounds
are sollds. He @ht&&&&é:%h@'?ﬁl&@“f@# tha‘marﬁﬁry'ataw»%y‘
pubtreeting the measured value of the molar refractions of
the R«CH and ReR ocompounds from that of the aérraapamﬁin&
m&raﬁry a&mp@unﬁa; ‘He found a correlation between ithe atomie
refraction af.mareury'aﬁ& the degomposltion temperature of
the compound, Those ¢ompounds having a value for mercury
aﬁﬁr@&ahﬁng‘tha value found for free mercury vapor have a
l%ﬂ’&@@9%@%%2%&&&“%ﬁmﬁwﬁaﬁﬁrﬁ& His results are summarigzed in
table Ils The aceuraey of these aaiarminati@ng is limited
ginee they were ma&é with very dilute solutions, and small
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Table 1. Rafraatianx of the maﬁal atoms for the ﬁa D 1ina
A in sam@ &rgaa@maﬁalli@ aamy@nnﬁny C

T ’3353 Zn{ n*ﬁ?,ﬁ’f) 4 17.31
(n=CsHiy) pZn 9.352  (CgHg)4Pd 28,10
(GoHs) Zn(1-C4Hg) 9.365  (CsHiy)aPb 18,78
(n-CsHy) ZuassCaHig) 94529  (1=Cylg) 4PD 19,12
(1-CiHgptn 9.640 |

(i-cylg)an(i=Cglyy) 94757 [Cy)p0d 12.61
(1-CgHiyp)g2n . 94825  (CpHglaCd 13,00
t‘b' pe | .iawﬂgﬁyigﬁa o 13;21
‘%%§§573aaagﬂgem TaTh €G¢ﬁg}gﬂd - 13.21
(CoHg) 381CEHABY 8.32 "(1*G§ﬁll}gﬂﬁ 1333
(Cpln)5310gHAT 9489 | |
( ‘ﬁaﬁgﬁylgﬁiﬁgﬁﬁﬁi 8.26

la2.282
12.591
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Table II, The atomic refraetivity of mercury and decomposition
temperature for some organomercurials.

‘ E ﬁaa@m?$ﬁ$£1¢n7!*‘atamie‘?ﬁfwa¢£ian

Compound t . temperature ¢ of Hg
KGN b fdeprees) 4
CHyHgoN 260-270 1009
CpHgHECH 2454265 11,53
CgHBCHRHEON 208-216 13,07
0-C1CgHACHpHECK 210-215 13,07
CeHsHEON above 250 10,58
PCBsGHABEOY  above 250 9.3

( Cytiy) plig o 190 12,25
( CgHeCHy) gHg o aro | 13.81
(Cgiig) ol 300 | 11,42

Hg vapor o | 13,95

errors in refractive index and denslty meagurements would be
greatly magnified in the values of the molar r@fraémiana'af
the mercury compounds obtained, However, the trend ig sige
nificant,

Devker (20) caloulated the atomie refraction of mercury
in diemethyl mercury and di~ethyl mercury from measurements
in the ga@@auafﬁhaaa made by means of an interferometer, He
subtracted the measured molar refractions wf ethane and butane,
respeetively, from those of the mercury compounds, He obtained

a valus of 12,95 for the mercury atom in diemethyl mercury,



and & surprising value of 14,93 in aam@ahyz mﬁraury¢

Johnson (21) é@termined the atamia varr&etian of pnaaw~
‘gh@vua for the Na D linﬁ in various ai&@ha%&@ and arcmatic
'subatitaﬁaﬁ‘eempnun&s by’subtrawt&mg tﬁa valuaa of the subw
.aﬁi&ﬂtaﬁ\graaga, ealaﬁiaﬁ&ﬁ f&am atomic refraaﬁivétiaa, from
_ the molar réfraatién of the ﬁ@@y&ﬁﬁ&ﬁ* @hé series of @aﬁﬁaunﬂa,
uged to ﬁé%a&minm the valus for phosphorus varied in more
vthan one’ mubatitman& almulhanaaual&; and thus nave very little
| e@mpﬁr&tive valua far determining the effect of any individual
substi%uﬁﬂ% group., For the aliphatic aubat&tateﬁ ‘compounds .
ne abtainaﬁ values ranging from 6.84 for P &n,€33ﬁ5¢@}§?33é
8.67 in: wﬁﬂg@m The reéfraction of P in his aromatic come
| pounds rangaa fram 9487 to 10.65,. It is interesting to note
%naa aampaundﬁ amntaining the =P=0 group gave values for this
@rwup that were 1aw$r than tna values for P 1ts@lf 1a tha )
'a@rr@apandin@ aamyaunﬁs withauﬁ the a@mi~p&1ar ‘bonded axygan@'
Farfaxamgla, the value for the=P=0 group in Cﬁgﬂﬁ,aig?»a |
wasg faunﬁ to be 5«?3 wamparaﬁ to the valuﬁ wf gﬁé? for ¥ in |

(CoHg.0)P, '

e ~Jannﬁmymi} sunnarizes va&ﬁas‘abﬁa;nﬁﬁkfor As by
| &ryaaki&wiamw?réﬁhimmw$ki anﬁ'ﬁik@raki in & 2imilar manner,
Only one gonatituent is variaa in this series snd thus 1t
has some value in aat@wmsning the effect of apaa&f&a Bubstite
uent groupe, These data’ are praaent@a in table III.

Btevels (23} nade mn im@@ﬁ@iva study of the refraction

data mf.h&l@g&n&taﬁ;wa%hana derivatives, He came to the



Table I1I..

0;§h’

The atomic r@frautivity of argenic in some @rgaﬁam

armn& @alas

i@mpﬁuﬂﬁ

of 4s

A@@miﬁ r&ﬁra&tia& ‘

?hanylw&inhléyars&na

mw@hl@vaphanylndi&ﬁl@r&fﬁin&

émﬁramaﬁhény1waiahi@raraina

mwﬂra@hanﬁudmhi@mmm

B m&mamvinyhﬁmm«wwsim

Bs8 «Dichlor=divinylschlorarsine

B g sg=Trichlor«trivinylearaine

'n11*36‘

11*43

v&lﬁ?ﬁl

11.36
11.49

12,20

12,47

conclusion that successively mmmmmxg halogen atoms on

methane for hydrogen atoms cauged a;mmai;ama increases in the

bm@ﬁ refractivities of both the C»H and U=X bonds,.

He. further

concluded that the CeH bonds in CHyX inoremse in refractivity

a@ the atomic weight of X becomes larger.

summarized in table IV.

Table IV,

sm of his date are -

The mfrmmvmma of CwH and CeX bcamim in some
‘halo-gubstituted mamm&m

ﬁuba%mm

i

g?ﬁﬁa @f t

R@fc Qf

-

g&ubaﬁma@ 3 Ra@f; a’f"

CeH

L

H R@?# ﬁf

. T

CHy
CHsCL

. CHpCly
Qﬁﬁl@v‘
0Cly

‘ 1;6%'
T

1.89
2.01

b
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ﬁawat$r;ﬂvaluaa,ha_f@umﬁ for some of the compounds Q;@ggr marke
edly from those found by other careful imvﬁatigat@rﬁ»

It is noted that mmat invaatigatarﬁ in stu&yzng incongtane-
cles of the r&fraetien @f &ﬂy giv&n atom abt&in theirp V&luaa
Tor that atom by subtracting values of the substlituted groups,
as aaleulatgé fram atomic r@fr&atﬁvity %ahl&a. from the molar
refragtions of the awmﬁaunﬁa eantaining tha glvaa atom, It
would seem to the suthor to be & much sounder procedure to mea=
sure the molar rarraatian éf the parent hydﬁaaaﬁban and sube
tract this from bﬁ@hwaiﬁawf@r the compound containing the atom
in guestion, making allowance for the hydrogen atom or atoms
replaced, . Atomlic refractivity tables are admittedly only ave
}araga valu@a;'aangtitﬁtiamal snvironment &@éavmmka small dife
ferences in all of them, By the former method, all thege de-
viations from the avar&gé are thrown into the value caloulated
for the atom in questions By the latter method, nearly all
these deviations would cancel @ﬁt, and a more significant vealue
should be obitained far the given atom,
| A&ﬂma of high atamiw welght are much more highly polars
izgable than those of lower stomic welghts and should be much
more sensitive to effects of substituted groups. It was thought
by the author that the iodine aﬁmﬁ with an atomie refractivity
given by Auwers snd Ei&enlahr (5) of 13,900 ﬁheul&‘sarV$ ﬁ@
 register these effects wiﬁhAmaaauraabiﬁ differences in 1ts re=
fraction. It #aﬁ thmughb"fur@har‘that'any series arranged on
this basis should be capable of being checgked by corresponding
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series of bromides and chlorides. Preliminary calculatlons
made from the values given by the International Criticol Tables
for the organic halides failed to give any regularity when
effacts on the lodide, bromide, and chloride atoms were comw
pared, although appreciable varlations in the atomic refrace
tivity values were found in all three cases, However, liters
ature values of refractive indices and ﬁéﬁmiﬁiaa of even the
fairly common compounds differ so markedly that it would seen
na@aaﬁawy\far all messurements to be made by the same observer
and with the same instruments if they are to have any compar-

ative value,
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STATHFMENT OF THE PROBLEM

A series of organic iodides, bromides, chlorides, and
hydrogarbons ﬁ@ra ahaaan for refractometric studies in order
to ascertaln whether the varying af the orgsnic radical |
causes measureable variations in the atomic refractions of
the halegens, and if such measureable variations are found,
o awt@rmim§ if the radicals when arranged in ordsr of efe
fect on one halogen atom retain the same order with the
@ﬁh@r h&k@g&naﬁ‘

It was further sought to determine if measureable dif-
ferences in effect are observable b@ﬁwasn igomeric ortho~

and meta«substituted h&&sbaﬁsaﬁaﬁn

It was also desired to obtain the molar refﬁact&anﬁtﬁf,

the compounds for various spectral lines in the visible
region in order to determine the effect of wawaaxéﬁgﬁh‘an
the order of the organic radieals in thelr effects on the
atomlc refractions. Dispersion equations for aaéh.aempgun&
were deslred in order to @xt?ﬁ?ﬁléﬁa the maiar\»afrgétiwaﬁ’

to infinltely long wave«length for comparative purposes.
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@@néral Methode

The most important prerequisite to measuring phyeical aaﬁ~
stante of compounds is to secure the compounds in & high degree
of purity, 4ll compounds used were Eastman €, P, chemicalp ex=
cept dioxane, Carbide and Carbon U. 8, P, grade; pwb#@ma%@luane.
mede by Dr, Theodor Schuchard for the Henry Heil Chemical Co.j
and benzyl chloride, a Baker's Analyzed grade, |
Liguidet=~A special fraaﬁi@mat&ng ﬁalﬁmn was designed and made
for the liguids, The column was made of Pyrex glass and meas=
sured 60 em, from the base to the outlet arm. The outslide
diameter of the column was 28 mm. A Hopking«type reflux cone
denser was gealed into the upper 16 om. of the column in order
to control the reflux ratie, The rest of the column consisted
of & 12 mm, tube sealed cosxially into the outer tube. The
inner surface of this outer jacket was silvered by the usual
method, and the space evacuated to & fraction of a millimeter
pressure by means of a @amaury punp. The whole column was then
ingulated with a one~half inch steam-pipe insulation, The ine
ner tube was packed with one-sighth inch, single~turn, glaas
spirals, The outlet tube conslsted of an'a‘mé* tube which ex=-
tended out perpendicularly from the column for about 1 om.s
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then turned upward, exﬁa&dﬁd 1n§a‘a 12 mms . tube for a length
of 2 em, to gerve as & bath for a iharmsma%@r bulb, then con-
tracted back to 8 mmw'ana extended upward about 30 ems Lo serve
a8 & sheath for the thermometer. The upper end was agaln ex-
panded to secommodate a rubber stopper for the thermometer,

At the upper anﬁ_ef‘ﬁﬁ@'lawaw expansion bulb was sealed & 1 cm.
‘tube wiich extended downward at an angle and sealed to a
Liebig-typs condenser, The lower end of the condenser was
anchored to the base of the column by means af a‘g;asa rod
sealed ah bath ends. The column was ﬁadé with glass seals
-thraughau% to ﬁavm&t vacuum distillation,

Thw llquida to be distilled were placed &n a 250 ml,
waunawbahtamaa flaak packed with glage wool to prevent bump~
ing,. The flaak'waa connected to the base of the e¢olumn by
means of a Qalxwraliﬁé, charred, eork stopper. The receiving
flasks were 125 ml, Erlenmeyer fi&aka fitted with side arms
near the neck of the fl&aka‘ @h@g& we%a @wnnaatéa 1o the oonw-
denser by means of & rubber stopper. |

The liquids ware heated by means of an oll ba&h, and the.
vapors allowed to reflux in the ¢olumn for ‘two hours to bring
the column to eguilibrium conditions. The ﬁmflux was eoﬁ%ral»
led by blowing compressed airfﬁnraggh the reflux condenser,
Afﬁer the column had reached equilibrium, the rate of alr flow
thrmugh the reflux condenser was ra&u¢$ﬂ te permit one drop
of distillate to form for about fifteen %o tweniy dropes of re-

flux return, The distillations were carried on at & slow pace,
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one drop of distillate condensing every ten to fifteen segonds,.
The middle one-third of the distillate was saved, and re-dise
tilled, and about the middle three-fiftha of this distillate
wag gaved for the physical messurements, in mest cages, wo
distillations were considered sufficlent.  Im ne cape did the
temperature range of the distillate exceed two-tenths of a
degree, and in m@&i capes no change in the temperature read
inge ganla be noticed at all, However, changing the rate of
distillation did have some @ff@@t‘mﬂ tna temperature, Rapid
distillation would cause & rise of one to two degrees, A4
calibrated Wilkaﬁ$~ﬁmﬁer$am 360° thermometer was used,

All the ligulds were dried at least fortyeelght hours
ever godium wire; anhydrone, or sodiunm sulphate before distile
lation as is indlcated for each compound,

S01idse--Al1 thé golide were purified by successive recryse
tallizations from absolute alcohol., A sharp meliing point was
 taken as the criterion of purity, In some cases, two recrys-
tallizations were sufficlent, and in others, as many as five

or gix were reguired. Meltlng pointes were taken on the s@an&ard
micre melting poilnt aparatus conslsting of an electrically
heated aluminum block in which s imbedded the bulb of & ther-
»mamatarnd o

All compounds were dried over waa&?vam least fmrtymeight
hours in a vacuum aaiiaaamar; evaguated to one to five milli-

meters,
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All density measurements were made with two capillary
pynhmme%@rﬁ af'aﬁéugvla and 14 ml, capacities blown from Pyrex
caplllary tuhihg of about lmm, bore, The necks were about
65 mms long and fitted with ground glass caps. They contained
about fivemténthu~m1q,axp&nmism bulbs just beneath the ceaps,
and were marked about half way up with a sharp ring by means
of & carborundum erystal, |

The pyenometers were filled by means of & capillary funnel
drawn from 20 mm, glass tubing. They were fllled above the mark
and placed in a conatant temperature water bath held at QG*QOQ

C. After rsmainﬁna in the béth for one«half hour, the excess
| ligquid was érawn_éuﬁ with & aapillary glass pipette; the walls
were allowed to drain for ten minutes, and the rﬁnalladjuat~
ment made with a fine capillary glass tube, They were then
taken from the bath, rinsed with distilled water, wlped thorough«
1y drg with a clean 1imén towel, and set in the balance case
for one~half hour to allow them to reach eguilibrium, A third
pycnometer, which wag alwaye used as a tars, wae rinsed with
distilled water, wiped thoroughly dry, and set in the balance
case beside the filled pyanomﬁtaﬁ,' )

A1l welghinge were made on a Christlen Beecker, four~,.lage

chainomatic balance by the method of swings, The sensitivity
of the balance was sbout four=tenths of a milligram per scale
division,s The welghts were calibrated by substitution on the
same baianas against & set of weights that had been ealibbﬁted
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and Physiecs. The data obtained in callbratling the pyoce

nometers are given in table V» The weights glven are in addi~
tion to the tare. These values were checked from time to tinme

throughout the course of the investigatlion.

Table V. Calibration of the pycnometers.

1 Weight of

, et pLY PYCs 1. PYCs ¥ water
5,954 gm, 16,0116 gm.:  2,4836 gn, 16,7974 gm.
5.9548 16,0116 | 2.4835 16,7976

5; 9%@ ‘ 16,0116 .1 4836 ' , 16 «T975
B.9581
59550

AV, 5.9549 16,0116

Wb ie
o

adi - K C B N N

2,4836 16,7975

 Wte HpO in alr = 10,0567 gm.  iWi. Hs0 in alr = 14,3139 ga.
Wi, HaO in vac,= 10,0674 tWhs HaO 1In vac.= 14,3291
ot

Volume = 10,0855 eca. t  Volume = 14,3549 oc.
— ‘ N b N in———

A

General:~-There are four a§ﬁm@n types of instrunents deslgned
to measure ihe rafraeﬁiva index of liguids to a high degree
&f pregigsion, the Abbe refractometer, the immersion refrage
tometer, the Pulfrich refractometer, and the spectrometer fite
ted with & hollow prism, @r“tb@éa,'enly the last two are ca~
pable of meaguring disperslion, Since 1t was one of the obw
jeativag af the author to maaagra‘éisyﬂraiﬁn, and aince a Pule
frich refrectometer was not available, the spectrometer and

hollow prism method was chosen.
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Ihe Speetrometerte~A Gaertner type L4020 spectrometer was gene

erously loaned by the Physics Department, The telescope was
attached to & movable, calibrated, elrcular ba&a‘iéfum, in
dismeter, The scale was fitted with a vernier which enabled
one %@»raaﬁkaag&ag‘%@ twenty seconds. As originally designsed,
the table of the instrument could not be rotated by fine ad~
justment independently of the scale. This was an objections
sble feature since it was necessary to set the prism at the
angle of ﬁiﬁﬁma&‘éaviatiaﬁ'far each speetral line, and a new
" gero resding for each line would have been necessitated if
the table gould not have been rotated indepondently of the
soale, The instrument wase m@ﬁ@ﬁi@ﬂﬁﬁ*’ﬁhﬁ inner scale anchored
to the collimator support, and the table anah@raé,ﬁé an arm
which was filtted with a fine adjustment serew, This enabled
the table to be finely adjusted independently of the scale,

-~ The jeleacope ﬁa& ad justed for parallel light by foousge
ing'it on & distant object. It was then replaced on thé 1o~
a&rﬁmant,’ginaa uﬁ wﬁﬁh the eollimator, and the collimator
a&;un%@a:fﬁ@;ﬁavallgi‘&xgn£~&a determined %y the sharpness of
the image of the slit when viewed tnﬁaugh~tha ﬁslaamapég The
telescope was made perpendicular to the axls of the rotation
of the table by placing & plans, parallel glass plate upright
'@ﬁrﬁm@ table, a@ttiﬁﬁ the telegcope perpsndicular to it as
determined by the a@imaidanﬁm,ef;ﬁh@ refletted image of the |
eross~hairs and the oross-hairs themselves as obtained by u&a’

of the @ausa eye~plece, then rotating the table through an
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angle of 180° and again observing the position of the image
of the reflected orossshairs with respect to the cross~haire
themselves, If they did not coineide, both the level of the
telescope and the level of the table were adjusted to bring
them into coingidence, The table was then rotated to its
original pesition and the image and the cross~halrs sgain
br@uﬁhﬁ into colncidence by adjusting both levela. ?hia
pvﬁamﬁs was repeated until coinelidence was observed without
reed justment by rotation of either the teloscope or the table
through an angle of 180° The collimstor was made perpendice
ular with the axie 6f rotation of the table by covering the
upper half of the slit, and adjusting its level until the line
of demarcation on the glit made by the covering appeared in
the center of the field ae viewed through the telescope,

In order to maintaln s constant tempersture on the spaméu
trometer table, & tin can 11 em. in diameter and 20 om. high
with the bottom removed and fitted with & tight 1id was placed
over the table, A hole was cut in the side of the can for the
soliimator tube, aﬁa‘a 8lit 3 ems wide and extending through
an angle of 75° was cut for the telescope. This 8lit wasg fite
ted with a8 eliding door in which was cut a hole the size of the
telaaampa'ﬁub@w The inslide of the can was lined with cloges
fitting colls of 3 mm, bress tubling. The colls were separated
by 2 em. at the level of the telescope and collimator, The
outeide of the can was covered with asbestos paper. The tem=

peraturs could gquite easily be maintained at 20,0° by regu~
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lating a slow stresm of tap water through the colle, It was
”m@aauradeiﬁh 8 ?iahar'%¢ientifia Cos,s 10«degree range, tenthe
degree, precision thermometer whiéhvwaa tightly stoppered
in & hels in the 1id of the ogan, The bulb of th@«%hafm@m*
ater wae placed about half way up the prism and removed from
it about 5 mm, |

The prism wes held in place on the teble by a triangular
hole cut in a onewelighth inch rubber mat gluéd to the table.
The Prismi--Being unable to obtain a swmall hollow prism from

any of the seclentific instrument companies, the author cone
structed one. 4 small glass-stoppersd bottle of about 4 ml,
capaclity was selected, Two sides were ground off the bottle
te make an angle mf:&kau% 60% by means of a cast iron wheel
with 60-mesh carbvorundum,

A plane, parallel miar@aa&yé glide was used fmr‘nha winw
dows, The slide wae tested for parsllellism by placing it up-
right on the spectrometer table and, by means of the Gauss
eye-piece, viewing the images of the reflected erosse~hairs from
the two sides of the slide, If the two lmages were far enough
apart Lo be mwéﬂurﬁahlﬁ aﬁ the spectrometer (corresponding to
about 10" of noneparallelism), the slide was rejected, The
‘alide was tested for optical clarity by setting it uprignt
on the t&bl@ and viewlng the transmitted image of the slit
through the telescope, If the image was not sharp, the sllde
was rajéat&a. Qut @f_a~hwx of 100 slides only three werse

found to pass the sbove teste, The edges o¢f the windows
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wara roughened and cemented onto the priam with water glass.
| In grinding the B@%%la, no special pains were taken to
make the sides exactly perpendicular to the base of the bottle,
since 1t 1e only necessary that the faces be in a perpendice
ular position vhen on the spestrometer, and aha{tahle of the
&paatv&m@%&r gould easily be adjusted to yrﬁvadaqfﬁr thia,
After the telescope and the collimator had been adjusted per-
pendicular to the axls of rotation of the table by the method
?ravimuwly deseribed, the prism was put in place on the table
and the level of the table adjnstea‘unﬁxi both sides were pere
pwﬁaiauiar #a determined by the Gauss eye~plece. Since the
prism wes always put on the table in the samé position, one
adjustment was all that wae necessary. ,

| In finding the #riam angle, tw&.math@&a were usped, the
usual Gauss eye~plece metnwd for the two sides, and that of
meaguring the angle of deviation of light by the prism when
filled with standard liquids, The refractive indices of the
reference 11qu1davusaﬁ were measured with g Bausch and Lomb
' dipping refractometer illuminated with the: Na D line, The
average value for the prism angle was %@uﬁé to be 64° 37' 32,
le obtalned ars

The substances used and the values of the ang
given in table VI, The refraeﬁ&v@vindax of alr wes taken
inte a%eeﬁnﬁ in obtaining these values and was taken as
1.00027 as glven by the Intsrnatianalvﬁritiaal Tables. The
manner of eorrecting for the refractive index of aly is given

in the pection on Calculations.
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Table VI, Calibration of prism angle.

“Bubstance 1 Ref. index  t  Prism Angie
e s s o 't #

o

Dioxane + '
Eth, .Acet. 1.5048a7 64 37 30

Dioxane 1.42238 64 37 48
CCly 1,46024 64 37 42
Cals. | © 1,49952 64 37 18
Gauss eye-piece method 64 37 32

Average 64 37 32

After sach use the prism was rinsed several times and

placed on top of an oven for several hours to dry.

ght Sourges--Seven spectral lines, covering the visible
region,; vwere used for all compounds, The seven lines used
and their wave-lengths in &ng&%r@m units weres -
He 6363 Hs - des1
Na D 5893 Hg blue 4358
Hg yel. 5770 Hg viol. 4047
- Hg grn. 5461
In certain cases, the Hg blue-~green line, 4960, was used in
addition, ‘ | |
%né hydrogen lines were obtained by means of & discharge
tube made from Pyrex glass. It consisted of & capillary tube
of 2 mm, inslide &iamete@ snd 35 mm. long on the ends of which
were gealed 12 mm. glass tubings 4 om, lan@,‘»wﬁe electrodes
eénaiataﬁ of seven or eight turng of clogely colled nﬁ&bar

14 sluminum wire which were pinched onto tungsten wires sesled



through the ends of the tube with nonex glass, The distance
between the electrodes was approximately 8 em. On the slde
of one of the ends was sealed a glass tﬁba, which was in turn
aaalma'té:abauﬁ a8 50 ml, expansion bulb, On this was pealed
& tube eontaining & stopcock. The expansion bulb served to
ke@y‘tha pressure falrly constant in tha tube as 1t heated

up due to discharge,

Water vapor was used in the tube instead of hydrogen gas
in order to keep the band spectra at & minimum. A few drops
of water were placed in the tube and the tube evacuated with
an oil pump to a fraction of a millimeter until the lines
reached a,maxiﬁum brightness, The @ﬁ&@ﬁ@@k waeg then c¢losed.

A Sola gaswtube t#&aaf&r&ar‘nnmbem,ﬁ3ﬁﬂ with & secon~
dary voltage of 3000 was used for the excitation,

The sodium line was obtained from en electric sodium
vapor light made by Franz Schmidt in Germeny, Thisg burned
out during the course of these experiments, aﬁ& & new source:
was devised by supporting a,ﬁeéium chloride 1mpreénated Bg-
bestos pad on a Bunsen burner with s nichrome wire, This
gerved very well, |

The mercury lim@s were furnished by a 100«watt, Genersl
Electric type H4 mercury vapor lesmp. The lines were extremew
1y bright. " |
he R adingsi«-After the prism had béén filled with the lige-

uid to be measured, it was placed on the spectrometer table.

The table was turned to the approximate minimum deviation



sngle for sodium Iight, and then the 1i4 placed on the conw
ataﬂﬁ‘ﬁamg@raﬁup@ bath, The temperature was brought to 20,0°
and held there for onew-half hour before any readings were taken,
It was not &iiawaﬁ to flustuate maré than ;0% of a degree dupre
~ ing the readings,

| After th@fpriamyhaﬁ reached ‘.equilibrium, the readings
were taken, The crose-hairs were glways set on the stationary
side of the glit imaga;. Bafore taking any r&ﬁ&inga on each |
line, ‘the table was rotated by mesns of the finee-adjustment
soerew until the prism wag set at the angle of minimws devia-
tion for that line,  Two ak three readings were ﬁana&&&re&
‘sufficient for each line if they 414 not vary over 20", as
olose va the gspectromster could be read, After a geries of
readings had been teken on each line, they were all gone over
once more as a check, If this last value checked within 20"
of the first readings, no more readings were taken, but if
the %ariatian was greater than that, several more were tsken,
After all the resdings had been taken and checked, the prism
waa*ramm?@d and the zero reading checked three opr four times,
The aﬁglﬁ'ﬁf ﬁ@viatxan»waﬁ obtained by subtracting the zero
reading from the average of tnevether readings for a&@h‘linsf
The methed of eaiau&atiﬁg'th@”fﬁ@?&ﬁ%iv&’1nﬁax.fr@m thie 18

disouseed under the section on Caleulstions,

For substances whose molar refractions were measured in

solution, two concentrations were used, 0,2 mol fraction and.
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0.4 mol fractiond The .solute was weighed in & wéighin@ bottle
in which was kept & ghort stirring rod throughout all the welghw=
ings. The approximate calculated welght of solvent was added
and the solute allowed to dissolve with ocecasional stirring
with the stirring rod, After the solute was all diesolved,
the solution was allowed ten minutes to reach room temperaw
ture, since the aalutimn usually cooled during the dissolving
due to the heat of solution, The solution was vigorously stipr-
red and an accurate welghing made to oblain the exact amount
of solvent, The solution was gquickly ?&ﬂpé& into the capile
lary funnel used to fill the pyc¢nometers, and the top of the
funnel wag covered, While tha‘amlution was draining into the
pycnometer, enough of it was withdrawn from the funnel by
means of an eye~dropper to flll the prism. The eyewdropper
wae dipped at least one centimeter below the surface of the
solution in the fummel each time to avold having the concen=
tration changed by evaporation from the surface, Enocugh of
the solubtion was alwaye mede up s that four or flve mllli-
liters remeined in the funnel when the pyonometer was filled.
This prevented the mmiut&mn that went into the pyanomat@r from
ghanging concentration due to evaporstion at the surface of
“the solution in the funnel., It required three or Tour mine
utes to fill the pyonometer,

All weighte were reduced to vacuum by the methode indi-
eated in the section on Calculations. The densitlies of the

golide needed in these csleulations were sstinmated by extrap-



olating the densities of the two sclutions taken at the two

concentrations to & mol fraction of one. Thiz was sufficlents

1y aeourate for this purpose,

orre : Helghts 1 iguumi--The true welght of.a body
caleulated to a vacuum is @1van by the expression (23)
| g,ww 0,0012 o
A

wharﬁfﬁg‘ia the welght in vecuum, W, is the weight in air,

_a is ﬁﬁ&ﬁi%y of the body being welghed, 0.,0012 is the avsrage
ﬁamwiﬁy'@r air, and 8,5 is hha density of brass weighta, By
k&king emtram& cases, the fluctuations in the density of the
air/du@ t@ changes in humidity sand barama%r&a pressure were
faun& %0 be insignifiecant.

awmhining the rivaﬁ and 1&@& tarmﬁ of aqua&ien (18),

; 00,0012 '
Wy = Wg(0,99986 + *wfgf*)a (1)

For a density of sbout 1,8, the higheat density of any

of tﬁa compounds or solutions used, the gorrection on the |

true density proves 0 be about five garts in ten thousand,

¢ Indext«+The relation between the refractive index

(20}




where A is the prism angle, and D is the angle of minimum
deviation for the particular line in question, This, how=
ever,; is not the true w@fﬁaag&va index, but anly’tha refrace
tive index as compared to that of silr. The true value, that ls,
conmpared to a vacuum, ie glven by

n=ngm (21)
where ny 18 the refractive index of air, 1.00027. Teking the
prism sngle as 64° 37' 32", the value of wr—-fureve le 0.187127,

Therefors, the refractive index for any spectral line of wave~

length A for any given substance is given by

| A+ D |
n, = 0,187127 aanﬂuwzwmﬁ (22}
#8ix-plece sines were taken from tables compiled by Gifford (24).
Mola
caleulated by means of the Lorentz-Lorenz formula,

n§ - 1M

n?+24d

r Refragtions~-Molar refractions of pure compounds were

where ¥ ig the molecular welght of the compound ealoulated
from the 1?&1 values of the International Atomle Weights, and
4 ie the density of the awmy@anﬁ'waaaiﬁulaﬁﬁa o & vacuum,

The molar refraction of a solution of xy and X» mol frage
tions, respectively, of two substances of molecular welghts
My and Mp is defined as (25)

| 0§ - 1xMy + XMy
(R)y,p = = e
| af,o+ 2 &y,

and fs related to the individusl refractions by

(24)
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(R}z;g‘@ xRy + xolla. | (25)
Thus, 1f the molar refraction of the solution be measured and
the molar refraction of one of the gomponents be known, the
molar refraction of the other component can be caleulated
from the @empﬁeitiwﬁwaf the solution. |
If equation (25) be solved for Ry and %%gi get egual
to G, eguation (%6},ia‘m@a&iaa&,_ | ,
&y = ni;g *1a+m ” £§ sie
" nfa+2 a1, nfr2q

It is seen that G ig the number of grams of the solvent as~

(26)

soclated with one mole of the solute, and can be caloulated
from ¢ = ﬂ%ﬁﬂ‘, where gy and gp are the grams of the solvent
and solute, reapectively, used in making the sclutlon, With
dloxane as & solvent the values of G for concentrations of
exactly 0,2 and 0,4 mol fractions are 264,312 and 132,156 gnm.,
raﬁp@ati?elyg‘

~ Equatlon (26) is the form used by ?ajama,(ﬁé} in deters
mining lonlc refractions in solution, It is also the form
uged by the author in calculating the molar refractions from
solutions,

Digpersion and Roo i-=A dlsperslon equation was fitted to each

gompound and solution, The form of the Sellmeler squation
adopted by Plckard and Hunter (9),
B

YL (21
g G*If{b L4 |

wos chosen as being the most sultable, By choosing three



lines ef’frﬁquenaieat:, and. the three corrssponding values of
n?, the three gonstants can be evaluated. The three lines,
ﬁ¢;~6553-&; Hg green, 5461 &, and Hg blue, 4358 A, were chosen
because they were sharply defined and they represent a wide
l‘wyraﬁa in the visible region,

%axving thaaa ﬁhmea aqu&taana for ¢, one abtaina

f{ﬁg ~r 70§ + 2 0f ~rrn5 708 - 2 08

7 i i - e =
and selving for & in terms of @,
, oo f2nid - Al (29)
Similarly, b expressed in terms of a and ¢ is
b= (c=/)nd ~ca+ ags S & ¢}

The asquares of the frmqman@i@s,,ét gzvenfby'anghar@thia
¢ 1 the velocity of light, 2.99796 x 103 on, fuec,, for
these three lines are 2,0866 x 1@39 3*913? X 1&39, and
4,7324 x iﬁag, respectively., _

With these e&naﬁag%s for the dispersion equations detere
mined, Re 18 caloulated by setting ; equal to zero, These
ﬁaﬁﬁt&nﬁag the values of n® observed and caleulated by using
t&@,&iﬂp&rﬁi@n equations, and the values of Ro are tabulasted
for the compounds in the section on Compounds and Their Phye~

jeal thatantai

Xn'ﬁhia section, the method of purification, the bollling
and/or melting points, the boiling range of the distillate
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gayed 1f not constant, @&mﬁaenaity'a% 20° caloulated to a vaoue
um, the molecular welight, and the values of the aiwpaﬁﬁién SO UGm
tion econatants are tabulated, In addition, the average values
of the aﬁa&a»at deviation messured on the spectrometer, the re~
fractive index, the value of n® galeulated from the dispersion
equation, its obeerved value,; the aiffa#@u@ai'amd the value of
the molar refraction are given for cach spectral line used,
The value of & is given for sach solution, and values of

Ry,p/%p 8nd G x r, which are equsl to the first and second
terms, respectively, in equation {26), »r being the specifie

refraction of dloxane, are givaa for each spectral line.

.Cgﬁﬂang:mmﬁriad over Na wire; fractionated twice under atmos«
‘pheric preassure; bs DPis TO8%/T43 mm.; 4, 9;%?7?#; ﬁg T8,1085
8¢ 0.72700; b, 79.084 x 10%%; o, 54,400 x 10%9,

Table VII. ﬁiap&rgi&a of benzene,

A © i w

8583 41 33 25 1.49825 *g 1

5893 42 03 25 1.50114 © 2,2534 22534 00,0000 26,220
5770 42.09 25 1.50211  2.2563 2,2567 =-0,0004 26,262
5461 42 29 15 1.508%3  2.2660 2,2660 0,0000 26,405
4861 43 1800  1,51317  2,2897 2.2900 ~0,0003 26,750
4358 44 19 20  1.52203 2,195 2,3193 0,000 27,177
4047 45 14 50 1,53165 2,3660 2.3439 0,0021 27,556

~ 50001 26,003

@ ’rl




=384

‘v;»rf*mwganﬁxwkmri@ﬁﬁwva?"anhyﬁrmﬁa;‘rrawtiwna&ad twice under

ahﬁ@ﬁph@rie'graﬁgurw; Be Dor 131,06,3/739 mmig 4, 1,10648
My 112,557} &, 1.,705325 b, 13.003 x 1@29: s 23&61 x 1099,

Tablm VIIEw

ﬁiaparaian of ahz&rab@mana,

—

1.52440

1. 52524
1,52813
1. 53642
1. 54673

- 1.55560

BRI

O oy

2.3238

243264

1&»

ﬂ* rﬁ @rﬁ

':ausﬁﬁﬁi’
R43256

23552 | o RBEY

2.3924
2.4199

2.3922
3&4@38 |

ﬁ‘?”"”ﬁ

% lﬁi "

0,0014
0,0008
0,00001
0,0005
10,0002
0,0009

‘ ’ﬁ@ﬂ_;

30,687
31,144
31,186
31.330
31,740

CAR.246

32,679

ff%%dgﬁﬁjxaﬁ?gﬁ*mr%ﬁﬁ over Eagﬁ@as fva@tiamataa twice under

atmospheric pressurej b. D., 156,0/T40 mm.; 4, 1.49543;
ﬁg 15’?;@1&3 &, 3“27715 bjr }8*55? X lﬁﬁgs By 35‘*&@9 x 1&39

T&bl@ 1X*

Elayer&i@a af bwam@banzmna*

56 42 57
57 12 49
358 - 57 52 42
5826 51

1,55948
1,56083

1. 56430
1.57317
1,58482
1.59462

24320
2,4359
24470
2.4759

2.911T
- 2,5425

0,0000
- 0,0003

33.925
33,992
34,165
34,606
35,180




%

odobe tw=Dried over NapSOyui fract. twice under red, pres.;
D Pay 63.7+49/10 mny, 183.0/737 mm.s d, 1.82903) M, 204,020
2, 1.3990; b#lma&s& x 1029; ¢, 28,951 x 1099,
Table X miﬁmratm‘ of lodobenzene, ,‘ |
6563 Bk 31 40 1,61361 a,, ;f‘a T 2,6037  0,0000 38,857
5893 55 24 35 1.62086 2.6272 2.6266 0,0006 39,226
5770 55 35 00 1,68287 2.6318 2,6319 «0,000) 39,297
5461 56 09 15 1.62690 2,6468 12,6468 0,0000 39,531
4861 57 37 40 1.63865 2.6858 2,6860 =-0,0008 40,121
4358 59 35 45 1.65393 2,7355 2,7353 0,0002 40,879
JOMT 61 2405 1,66751 2,7806 2,7784 0,0052 41,546
st D i 3TH60
Heptanes»-Dried over Na wire} fractionated Wwa under . ate-
smgphama"wwmw; bi Pes 9705754 mm, 3.4, 0.68380; M,
100,985 a, 1.0926} b, 65,101 x 102%; o, 80,667 x wﬁﬁ
‘Tama x:, msmmim t&f nubammm L - :
g e
5893 31 08 25 1.,9264 0.0003 34,582
5770 31 10 25 43 1.9276 0,0001 34,611
5461 31 16 45 1,38959 1,9310 1,9310 0,0000 34,703
4861 31 34 25 1,39280 1,9399 1.9396 0.0003 34,956
4358 31 54 35 1,39646 1.9501  1,9499 0,0002 35,245
4047 32 13 00  1,39979 1.9594 1,9585 0,0009 35,506
148996 232803




- Table XII,

mﬁfﬁﬁwf be 9*1 3?&3/3 mmcg d, 1~13§1®”ﬁ* l??&lﬂﬁﬁ &y l*kﬁﬁlg
by 54,523 x°10%9;. o, 62.636 x 1099,
  $&$@@?§&@&‘@£‘ﬁﬂhﬁﬁ§3l*%§¢miéﬁi'

4047 '

36 59 15
37 03 15
3711 55
37 34 35
3806 30
35»31'1@‘

‘1w&$$&?
145096
1.45244
1,45633
1,46176

146594

‘,a.ieﬁz ;
241083
£2,1ﬂ96
241367
; Eai‘&?ﬁ

243031
. ﬂalﬁ&& i
241096
241219
12,1367

:@;&#@ax

10,0000
: *@nﬁ A

A,:iff:ajgﬁﬁgrwtw~ﬂriaa over ﬂag&tg; tr&aﬁ; twias under rwd.
itﬁ?@ﬁqi be ﬁwt ??*3f1®mm'¢ ﬂﬂ3¢@f?39mm~; dy- 1»3&@@&; M, 236&11@5
'aa~z¢3¢1$:'b¢ 37,055 x xﬁﬁgf»&y 44,682 R‘&ﬁagf

‘ %ﬂ@l@ xlzxﬁ‘

wisyeraiaa of" nwﬁawbyi iadﬁ&a.

ﬁ '

-
{ obs

4100 25
41 04 30
41 1T 40
41 41 30
42 36 00 1.50642

43 14 35 1

1A6715
1,49085
1 pdsl
1,49368
LTS

24211 ?
2,2226 ¢ 2,
2,2R46
;@@2311
2 ealT
242693
242879

2,171

ﬁ?@é?ﬁ
47.992
484713

Lo 494213




-fle -

[alu&marmw@riaa over Na wirej fraet, twlge under ézmenphariﬂ
pressure; b. DP.y 100.9/742 mm.; 4, 0,86591; ¥, 92,134; a,
1,1066; by 45.838 x 10%9; ¢, 42.968 x 1029,

fahlaszv*  Qiﬁyaﬁai@n of teluens, | | ' |

: ?\ - e e———— ? . W‘ " ﬁifw e ‘ﬁm.....

"

ey
5693 4138 40 1.49711 2,2413 2,218 =0,0005 31,141
5170 41 45 45  1,49827  2.2448  2,2449 =0,0001 31,203
5461 A2 OA 20  1,50129 2,2539 2,2539 0,0000 31,363
4861 42 50 25 1.50875 2.2763 2.2770 0,007  3L.757

1.51839

2,3055 2.3054 0,0001 32,263
2.3309 2.3206 0,0013 32,697

"5g#a@hﬁnkiqe&*~@riaﬁ*&?ﬁ% ﬁa@ﬂﬁgx“frae&iaaataﬁ twice undexr
,'g&mﬁapmarinzpﬁaaaurﬁg be Doy 160.7/736 ma.jdy 1.069303 M, .
126,583; 8, 1,4971; b, 22.478 x 102%; o, 30,200 x 1029,

STTC 44 10 10  1.52148 2.3149 2,3145  0,0004 36,074

5461 44 28 50  1,%2444  2,3239 2.3239 0.0000 36,246
4861 45 18 15  1.53220 2,3476  2,3487 ~0,0011 36,694
4358 46 24 30  1,54248  2,3792 2,379 =0,0005 37,283
4047 47 19 55 1,55097 2,4055 2.4067 ~0,0012  37.767




p=Bromotoluenet««Dried over Nas30y; fraet. twice under red,
pres.i bu Pay 60.0/10 mm., 184,0/743 mm.; &, at 30°, 1.39296;
My 171,042; &, 1.3590; b, 32,682 x 10%9; ¢, 34,128 x 1029,

Table XVI,

Dispersion of pebromotoluene,

S,

T "n?

155202
1.5608%

1.57187

1:5816%

243989
2,404
- 2,4363
2,4708
2,5016

2.3952
2.3989
| 2,4094
2,43568
2.4708

- 2,5001
243166

»0,0008

0,0000

{}ﬁ @@Q@
0,0015
314452

s  = :l , 1@{* 1"*3}”3&@1 ‘@?ﬁz*‘ 3%@@4; f’ragt, * 'uﬂ’i .ﬁe am er N d"

pres: b;‘p«, 64,0/3 mmi, 210.7/735 mme; 4, at 40°, 1.67267;
M, 218.0463 a8, 1,7689; b, 14.553 x 1029; e, 21.365 x 1029,
: Tablq X¥IXs Dlspersion of pelodotoluene, |

- S N | A

52 19 25

52 29 55

52 5830
- 54 319 20

1462597
57 37 15

1,63860




é£ ¢‘

oizyl ghlorides--Dried over NesS04; fracts twice under red.
pres.; b. p., 53.0/9 mm., 177.7/T741 mie 3 4y 2.099281; M,
126.5683; &, 1.5241; b, 23,198 x 10%9; ¢, 30,078 x 1029,

Table XVIII,

Dispersion of benzyl chloride,

46 08 40

46 28 50

&7 23 05
48 3205
kg 33 10 ¢

. 1,53879

14 54003

- L.54314
1.55145
157096

2:3679

243717 24

2.3813

2,4070

2.4304 2,4

244679 2.

37,339

o BT4835

34,728

‘#fy[srf«:x;zmwﬁriﬁa over ﬁagﬁﬁg; fraat‘twie@ under reds.

P?@E;; by Py %#%/1 i 2 19?51@[734% mmg; ﬁ, 1&#38#’_5& ﬁ*
171:0425 &, 1,1563; b, 45,436 x 1099 ¢, mws x m%
Table xxx*

@1&@@?@1&3 af h@nﬂyl hr@mi&a,

50 12 10

50 21 30
50 47 55
51 85 85

53 2635
54 4T 20

1, 57671
1, 57807
1.58193
L.59373
1.,60457

1,61576

2,6107

»04,0012

*’ﬁ y@ﬁ@l o
- 040017




pengenst««hDried over NesS04; fractlonated twice under

stmospheric pressurej b, Pu, 209,1/740 mm.; 4, 1.203063 M,

123,100} &, 1.8110} b, 8,178 x 1029; o, 16,270 x 1029,

Tabl&~xXa ﬁiayarai%n*@f“aﬁ%&ﬁb&m&anwg:

~
550 3
589
8770
5461
H960

O

g 1 n

47 26 55

&1 37 25
48 OT 35
49 21 05
4861
4358

49 29 05

512545

T

1,55203
155363
1.85810

1.56918

1.58740

2.4623

ne_

L 4250]

2.4138

24580
2.5198

2,4088

€3

CRaH626

2,4670

2.5198

2. 4087

0,0001
0,0001
~0,0003
<0.0010
0,0000

o
T
32.696
32,775
32,998
33,531
33,588
34,407

31,160

Dioxanei--Drlied over Na wirej fractionated twice under ate
mospheric pressurej b. Dy 101,24.3/740 mu.; 4, 1,03386; M,

88,104; a, 1,2523; b, 50,221 x 1029; o, 67.750 x 1029,
Table XXI.

Digpersion of dloxane,

s

—
o t n

s

~ ST

34.19 25
34 22 20
34 29 10
34 46 30

34 48 20

35 11 35

"1, %2088

1.42239

1.42411
1,42716
142748

1,43157

A

ne
Lobs)

23,0170

2.0232
2,0246
2.0281
2.0368
2.0377

- 2.0494

2.0230

2,0243
2.0281
2.0358

2.0377

0, 0000
0,0002
0,0003
0.0000
0,0010
0,0000
0.0002

0.245994
0, 246254
0, 246871
0,248424
0,248586
0,250661 1




alﬁﬂlg B E’a #5‘;@@; M, 1@7,5@9‘ |
13¢#3§33.&@¢ $QQ16Q?\@}‘2£#§9365 ﬁi;a§:14339391 8
b, 68233 x 10%%; ¢, 57,500 x 10%9,. 0,4 mol fragtion--gy,

843351; gps

b, 15,185 x 1029, o) 26,939 x 1029,
Tabl& XXIIQ

38 57 20

aa’y&gag

O w A

L 39 11 45
39 43 55
39 45 25

wéﬁgﬁt Gy 15&4@@63 ’33.*3* 1@13@&33 By 3»&59&93

kﬁiaparaian of mﬁahlﬁranikrbben%ﬂna ﬁﬁlﬂtl@ﬂﬁi‘

’2 mﬂ}" frﬁétx@ﬂﬁrgaﬁ .

2,1680
2.1601
Q.g 1359

21857
| e»;éa

uﬁ B S P

'Ealﬁgﬁ“
2,1619
2.1601
2,1840

1+ 6%1

0.0000

0,000

k”a 4 mo!lF

";58@5’“&m 46 50
5770 40 52 15
5461 41 08 45
4960 41 46 30
4861 42 19 05
4358

ovey

42 50 05

550 w

2.2154
2,2186
2.2267
2.2452

2,2611
25 37&3

‘ iR EB&"&

21596 10,0008

103,187
103,307
0 103,765
104,775
104,822
106,338

Z.20350
2,2156 =0,0002
2,2185
2.2967
2.2441
2.2484
2.2758 .

0.0001
0.0000
0.0011
0.0127

7§;§§g’ "A'?

egmmxk

Ly 3N « D¢

65,017

65,180

65,590

65,633
66,181,

37 435

37.528
37.764
37.769 3
38, 104

v §2“

38,208
. 38,290

38.585
39.185

39,189
40,157




13,8045} g, 10.5219; @, a&gwm 83,2 14%&@9; &, 1,5381;
b, 18,509 x 10%9; os 31.194 x 209, 0,4 gol frastio
| 8,51793 ggs 13.02111 G, 132.1465 dy,a, 1,3%23.: 8 1.@?;:1.9:
by 14,454 x 10995 ¢, 25,136 x 1099,

Table XXIII. ‘Dispersion of mﬁbﬁmmmwmmmm

| 45 2,740 2.1740 0,0000 105,506 64,908 40,598
5893 39 &4 40 2,1853 2,1851 0,0002 106,234 65,196 41,038
ST70 39 49 35 2,1878 2.1877 0,0001 106,390 65.265 41,125
5461 40 04 10 2,1049 '2.1949 0,0000 106,849 65,429 41,420
4960 40 36 A5 12,2110 2.2102 0,0008 107,872 65.840 42,032
4861 4D 40 20 ﬁgﬁxga.'ggalggv?ﬂfmﬁxzi 107,984 65.883 42,101
4358 4131 00 2,2376 2.2376 0,0000 109,550 66,433 43.117

s e

636, 1556 2,2590 2,2500 0,0000 72,880 32,364 40.525
5693 42 43 55 2,2732 2,2729 0,0003 73,464 32,507 40,957
5770 42 50 05 2.2762 2,2761 0.0001 73,585 32,541 41,044
SH6L 43 0B 55 2.2853 2,2853 0,0000 73.95+ 32,623 41,331
4960 43 41 25 23011 2.3047 ~0.0036 Th.586 32,828 41,758
4861 43 57 05 2.3086 2.3095 <0,0009 74,808 32,850 42,038
4358 4503 35 2,3406 2.3403 0,0003 76,153 33.124 43,029

__2.2069 PRRN |

e



il

. Kg; lﬂ,éaéﬁ; ﬁ@ﬁ 10,0128; @, 26A*7xﬁ; ﬁi*gt 1*349??’ 8,
1.7851; b, 8,330 x 1029 ¢4 20,831 x 1@@9 ). 4.4

g1s Tu44385 oy m.mm s;, 132,216; a«,ﬁ 2 :s.&mm 8, 1,,5:339:
b, 16.721 x 1@293 o) m.m@ x w@?

Table XKZVa

m&ﬁyarsi@n of mwiadanitr@b@nzﬁnae

,f§ﬁ&ﬁii

R EE

Rm,a/%

41 38 50
41 45 45
42 01 45
42 41 15
42 45 10
43 4420 2

2.2295% %w&m

242417 ~0,0003

2.2445  0,0003

C 2488526  0.0000

2.2700 ©,0019
2,2743 =0.0005
243025 +0,0001

LTy g

zm«sw
111.398
111,613
112,106
113,316
113,435
115,212

45 46 05
4 08 50
50 46 59 10
. 471110
- 48 27 55

Qﬁﬁﬁ&g
2.3610

2.3718
243957
W'ﬁgé@;#'
22,4375

2,3404 0,0000

3@}5?1 *Qf@QQB

2. 3609 0&1 ~

2.3718 ‘ﬁxﬂﬁeﬂ

2.27

?7@9&?

78,614

78,778

79,208
2,3975 =0,0018 “
244007 0,0007 |
2,4376 =0,0001

80,150

80,371

'81»??‘3

32,381

32.524
32,558
32,640
32,845
32,867 &
341




51; 3.5#7?313 ﬁg; 10.0079; @, %&a%kz ﬁgig; 1}»3—38“93 By

1&@9?65 by 33*953 4 1@@9; Gy 4@*&?3 ® 1@29

81 1@465?3’ Bos 12,0131; G 331(&?9} ﬁigﬁ* 191937§; L

b, 6.495 x 10%9; o, 18,849 x m@?
Table XXV. mﬁmmim of mmmr@mm&mﬁamm

o

FEP

- éi?. ' R{%g{ﬁ@

T30 18 05 mzéaﬁ a.».;ma;ﬁﬁa,mm 102,127
5693 38 40 40 2,1537 2,1531 0,0006 102,850
ST70 38 46 05 2.1564 2,1556 0,0008 103,023
5461 38 58 15 2,1624 2.1624 0,0000 103,411
4960 39 29 05 2.1T76 12,1782 ~0.0006

4358 40 18 10 22018 2,2020 0,0002 105,916

5770 41 03 25 2.224) maaw 0,0001 %,%5
5461 41 19 35 2.2320 2, 23@@ a.cm@ 70,568
4960 41 57 40 2,2506 2,2511 #@&mﬁ 71,340

| 4861 42 04 40 2,2540 2,2535 0,0005 T1.478
4358 43 01 55 2.2819 12,2819 10,0000 725590

2 ,166#

104,383
4861 39 32 35 2,1794 2.1802 -0,0008 104,494

320 2.2094 2,2093 0,0001 - 69,664
5893 40 58 10 2,2205 2,2212 -0,0007 70,120

64,664
64,951
65,019

‘ﬁ5yl®§

65,592
65,635
66,183

324303
xe gk&é

32,481

32,562

3%576‘%
32,788

37,463

| 37.889
'3$¢@®§

38,229
38.791
38,859
39.7T33

37*3&3.
37,674
37,784
38,026
38,573
38,690




Ry

.éi’ 1§¢?£}

27.696 x 1029; o, 5?.&3@ x 1029, 0.4 mol frac
Q};; 9*&@13‘5 gg; 1@*&@,‘} ;r l}&%@@@; &g,g, 343@75#; By
by #?,975 x 1@39; e, 42,485 x 1029,

@&blﬁfxxyxa

ﬁiug@raian af aw%r@maniﬁrﬁbanaanay

103 Sos xz¢sa53; &, ﬁééiééT; ﬁi'g. 1.24685; & 1‘33333

1,0862;

mﬁx{i  » - .

v o

Taif.

: 2447089

5893 39 40 25

39 45 50
39 58 45
40 29 20

41 26 0%

40 32 4O 2,20

12,1833

2,1846
2,1923
2:2074

;iggzﬁaf,

2.1709  ©,0000

(obs)

Ri,a/% GxF

2,1823 0,0010
2,1845 »0,0003
2.1922 0,0001
2,2077 =0,0003

02,2114 -0,0024

2.2350 0,0002

ks

42 31 55
42 37 30

42 55 40

44 48 05

433530 2,
43 38 35 2,

3§33$3

105,071

105,864
'i9§§§50

106, 442
107,401
107,505
108,155

04,0000
0,0012

2,2515
2,2661
ﬁﬁﬁﬁﬁﬁ
2.,2?~ 0.0001
Ea&@&ﬁ w@.ﬂﬂﬂﬁ

'2*3‘52 «0,0035
ga3§31 aﬁﬁggl 75

0,.0008

72,442
73,085
73:195
73,552

?4@5&$'

64,814
65,102
654170
65334
65,745
65,788

‘6&*35?

324352

32?ﬁ9@'&

40,257
40,762
40,780
41,108
41,656 |
41.717
42,818
38, 499

32,530 40,66

32,611
52,817

33;3&%
15 3?&1;3




€1 12&7?#33 5’@ 1%91 ﬁ"s ﬂﬁﬁ*ﬁé@; 3‘1 S5 1&3&11?# oy 3.4584;
by 58,045 x wﬂi”; & mﬁ,@u x mﬁ? ' ' -

"?abim xxv;;* ﬁag@arﬁi@n of a»&ad@aiﬁrﬁbaaaanawa | N
PR A N R

2056 aﬁaaﬁvfiégﬁwaz 110,352 64,915 45,437
5803 41 31 20 2,2377 2:2387 -0,0000 111,121 65,203 45,918
ST70 41 39 00 2,241 ©2,2815 0,0000 111,361 65.272 46,089
5461 41 55 30 2,2496 2,2495 0,0001 111,871 65.436 46,435
h960 42 32 05 2,26Th 2.765% 0.,0020 112,993 65.847 47.146

2,1685 106,650 63,787

REA520  2.3333 2,3333 0.0000 77.835 32,629 45,206
5893 45 20 30 2.3487 2,3502 ~0,0015 78,456 32,774 45.682
5TT0 45 31 15 2,3538 2,3539 «0,0001 78,663 32,807 45,856
5461 45 52 25 2.3639 2,3639 0,0000 79,067 32,891 46,176
4960 46 40 45 2,3869 2,3834 0,0035 T9.978 ' 33,098 46,880

g .
m,,

# Dispersion equation constants ¢sloulated from the 6563s 5??@,
~¢ %g& 5461 linea,

4861 aina was very faint, the 4358 line was absorbed,



“”éfﬁaétﬁsﬂ~mrieﬁ over ﬁagﬂﬂ@; fract. twice under stm.

‘ ¢§;ﬁ

Pres,; bs pu, 209.1/740 .y M 123,100, a;»‘fa@-¢:;¢¢;.,va'
3}9 3‘5%@59&3 3&3‘% 7&*&?6: ‘*; %&*Wﬁl &1,g; 3&5&2“1 a; 1

by &*?&8 x wﬁ?; e, 17,969 x 1089,

04 mol £

1.8239;
~ff!1 N8y s

mmm, gz 10,0079; @, 133«%% ﬁz;m 1.10993; &, 1.4065;
b, 23.262 x 20%%; o, 32,098 x 1029, |

T&hle XX?XXiq

Dispersion ag n&@r&bgaaan&ein golution,

i R ~.,“ﬁ‘ ) ng

dir,

adxr

241538

38 00 30
38 05 40

38 17 55
38 48 35
38 52 45
39 39 25

ﬁa@ﬁ?&

;ﬁxigﬁa

c©

2,1414 2,141

241591
241826

0.0000
0.0012

2.1229
2+1326
2.1349
10,0000
06,0005
0,0006
0,0008
2,0881

inﬁ?i

97,408

98,092

98,573

99.584

99,711
101,134

2.1922
2.1976

40 04 15
4009 25
40 27 15
41 ﬁs 05
43 11 20

42 09 40

Q*QQ&Q

2,2565

2,187

2,2063

2,2280

2,1816 0©,0001

2,1978 +0,0002
2,2063 0.,0000
2,226 -0,0013

2.2267 =0,0007
2.2565 0,0000
21302

5§w9§$,

ﬁﬁg%@@
65,616

65,957

66,678
66,797
67,890

64,696
64,983
65.052
65215
65.625
65,668
66,216

32,369

32.512

32.547
33,329

52,628

32,855

334,329

31,806

3@»7 12

33,109

33.202
354358
326959
34,043
34,918

32,620
32.894

33,069

33.845
33,942
34,761
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An error of a@“ in the angle of deviatlon produces an
error of 3 parts ini&h@ third decimal of the molar refraction
mf‘i@d@b&nm@na;“the'ﬁ@m@@aﬁd‘wiﬁh the highest refra¢tive ine-
dex msssured 1ﬁ thﬁﬁafaxparimanta, and it produces an érrmr

of 4 parts in the third decimal with nwhaytanﬁg the compound
'with the lowest refractive index m&&ﬁﬁrﬁﬁa

It waa found in eai&hr&ting the ﬁyanﬁmmt@ra that the
maximmm devistion from the mean of sugcessive welighings,
sven wh@n the pyanemat&ra were emptied and r@fi&l@ﬁ, was
@,Gﬂﬁﬁ gm., whila th& averagze dﬂviati@n Wag ' Qﬁeﬁel gm.  Al=
1awin5 an’ wrrar*af 0,0003 in @a@& @f tha threa waighingn
1avakvea 1n 8 denalty maasur@mama, anﬁ assuming them to be
all in the same direction, a maxxmum error of about one part
in the f@u@tﬁ,ﬁ@aima1~wau&a &wsui& with & 10 ml..pyenometer.
_An error of this msgnitude in the density of elther lodo-
benzene or n~heptans, the most and least dense compounds
‘measured, respectively, uﬁﬁ&ﬁ cause an error of 5 parts in
the third ﬁ@@im&i of thely respective melar w@fraﬁtiﬁnﬁu

Assuning an error of %@” in the angle of deviation,
ao” in ﬁh@lgrism angle, and 1 part in the fourth declnmal
in the density, and assuming that all the errors are in the
same direction, the maximum error in the molar refraction
of heptyl inﬁiéﬁ, the compound with the higheat molar re-
fragtion, would be U parts in the third deeimal., Similar
errors for benzense, the compound with the lowest molar rew

| fraction, would produce a maximum error of 7 parts in the



%hzr&'&aaimal'ln7ihs'vak&a*"

“Assuning the same errors in th&'ﬁﬁgl@'r@aﬁinaa and weighe
ings given above, and sssuming them all to be in the same
direction, thﬁvmazimam‘@rrara in the molar refractions of
the solutes measured in 0.2 and 0.4 mol fraction solutions
uwaumavb@~abwut 34 and 20 parts in the third decimal for these

respective concentrations.
Comparison of Atomic Refractivities

In @gﬁ@r to determine the rafra@ti?&ty of ﬁﬁa\hélagan
ath'in‘%ﬁéfﬁampaan&a studied, the ﬁ&l%ﬁ'r@:baaﬁinn-valﬁa
mr‘th¢ au%§£1tu§aa‘r&ﬂiéal;.aﬁﬁgiﬁadfﬁéfﬁubﬁraaﬁxng the
_aﬁgmiéfééfrmatﬁan of hydrogen given by Auwers and Eisenlohr
(5) from @n@'maaaurQ& molar refraction of the unsubstituted
parent compound, was subtracted from the measursd molar re-
fraction of the halogen compoundy That a very definite
measureable variation in the atomioc refractivities of the
halogens does ocour in & series of organic halides is made
'appﬁran&‘by table XXX, which gives the valaa&-ﬁgr»tha:naie@@n
atoms for %na Ne D 11na as well &ﬁ the ﬁifr@ranaaa betwaen
' %&& zaaina and bromine, 1&&1nw aﬂa a&lmrina, and tha bramiae
an& ehlorine within each a@rie@. The ﬁalaaulav vafraaﬁiam& |
- of the eampmunﬁa and th@ caleulated valu&m tmr %ha r&diaak&
from whiah‘aha atomic rafra@ﬁienﬁ are Q&lﬁﬂl&tﬁ&.ﬁ?@ given
iﬁ,ﬁabie XXIX, The astomie refraction of hydrogen for the
Na D line was taken as 1,100, It is to be noted that the
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at@mﬁa‘rafr&éﬁi@n“af“a&ﬁh”halagwn'&aarﬁaaas‘aa one goes down
the a@r&aa of radicals; bsmﬁy&; p~%¢1yl. phenyl, and heptyl,
 wzth the one exception of chmaéaaﬁmasna, and that this same
‘order of radicals is retained when the differences between
the halogens are eampara&¢

Table XXIX, Eal&r rﬂfraﬁﬁiana wf the &iqaada f&r Ha D line,

Rel _ R ﬁmm% o BoH

o 3@ 3&@ ﬁ&g@é& 31;1&@
p=tolyl 44,300 38,968 36,016 31,140
phenyl 39,286 33,925 31,144 v;mégaaa
Beheptyl AT, AML 42,377 se 34,5

 Table XXX, Atomie refractivities of the nazagenu snd their
differences,

A T B B

benzyl = - 9.348 6.024 - s Bed24
p-tolyl 14,260 8,928 5,976 5,332 8,284 2,952
- phenyl 14,306 8,805 6,024 5,301 8,082 2,781
eptyl 13,950 8,795 == 526k e» | ee
'aﬁw ﬂ%h@v iine @ﬁ@éﬁn for comparison yia%ﬁa the sane
order of radiecals,

For ~m‘é.wm‘ discuseed in the introduction, it was dew
airm& to compare the molar rafraaﬁiéna at infinite wave-
%eagﬁhg ?hasa va&uagg wbtaiuéﬁ in the manner specifisd in
the section on ﬁ&laﬂl&ﬁi&ﬂﬁ; axw given in table XXXI. The

“atomie rafrmatian of hydrogen at infinite wave-length wag



estimated in the following manner: For heptane, Rp equals
34,582, while R. equals 33.803. Thisg 1&%%@? value 18 9T.75
pergent of the former. Since there are no highly polarige
&bl@~b@ﬂﬁn”ia.héﬁaan¢; it seems reasonsble to &&auma~%&u%
all will change about the same rate on being extrapolated
to infinity, HMaking this assumption, the walus of the atami@
rafraaﬁian af‘hgdragan aa infinlte xavanlangtk uﬁulﬁ be
1.075, |

- The aampariama& of tha atﬁmia rsfvaaniviﬁiaa mf th&
hala@ena and thaxr éiffmraaﬁwm far 1nf1niﬁs wavawlangth
are glven in takla XXXIX; It 1s seen that ﬁnm Bame @raer
of the radmmala is ratainad here with the same exception of
chl@rabennena and the sdditlonal exeeption of the difference
between iodine and br@minm 1n aaﬁ@banﬁwne ané.brwaebanaana,
?ah&a XXX %ﬁl. raf; of the 1xqu3§s at &ntﬁﬁi&e waxamlang%h,

.,W;

bensyl == 37,689 - 34,729 29,916 28,841
prtolyl 42,310  3T.452 34,648 20,916 26,841
phonyl ITH60 32,561 30,002 25,129 24,054

‘ LA1.213 - " it

Table XXXII. Atomic v@fraativiﬂiaa of the halagemm and their
, éiftaraaaaa‘aﬁ infini%& waveslengtih.

: = i A s , ; N ,‘ : 5& » T ; E
Priolyl 334409 ﬁ,é;{l  5.B0T 4 358 7+662 Qi«#'
phenyl - 13,406  B,S0T - 5,948 - 4,899  T.458 2,559
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“'Sinee the comparison of the atomic refractions at the
ﬁm:ﬁ’&iaa‘prb§aﬁvvali& in these vases ss evideneced by the
fawﬁWﬁhajwra&r”ef'tkﬁ radicels obtained at this point was
‘the s&mﬁ=gs the order obtained at~&nfiniﬁ&;wav@%langth;“it
was thought & gomparison of the dispersions for a definite
:iﬁta?vai in,%hg’viaibia’raaga'%anlﬁ,almé‘ha‘?wliﬁ,'*Tha ine
terval @hmsan“ﬁarvhhia'a@mparia@n'waa ba%weég the Hg blue
line snd the Ha line since these lines were sharp and the
ﬁiff@r&ﬂﬂa'r@@?aaanka‘a‘?iéﬁ,syra&@»af wave~lengths. 'Thw‘
atﬁaie éiapayaiana~£@r'kha halogens and their differences
are givwn‘in taﬁia XXXIXI, It is gratifying to n@@a’ﬁhaﬁ
the sam& @r&@r of radicals as found above is retained. Two
#&1u@a appear to be out of place; but in at least one of
%hﬁaa cages the Aifference is so emall that it probably does
not exceed the ﬁxp@rimanﬁal wrr&r*

Table XXXIXI,; Dispersion of stomie refractions &etwaaﬁ Hg

‘blue and He lines of the halogen ataﬁa and
thair aiffaren@eﬁg

s

Reftosl I Br @ I-br _I-ch Beecl
Benzyl e« 0,555 0,215  .es e« 0,340
p-tolyl 0,899 0,395 0,226 0,504  0.673 0,169
“phenyl 0.878 0,387 0,215 0,491 0663 0,172
Qrﬁ;;,,;"

A aamyariaan ar ahe afﬁac%a @f the armhaﬁ and maﬁa~

initrﬂynanyl radlcals by aoler ra:ravtiana maa&ura&Aia ‘#olus-
tion shows that the atomic ratramﬁiviniaa‘af,agﬁihg%%gan

P



~atoms are invariably higher in the meta aampaanﬁg than in
the arﬁhag The data @btainaﬁ with the Na D line are preﬁant-
- ed in tables XXXIV and XXXV,.. The ?&1&& of the atomie rafra¢~~
‘tivity of hydrogen is: taken as 1,100, | w
_The same order 1; raﬁ&i;aa ‘when aﬁmp&risﬂna are ma&s a&ﬁ, "

infinitely long wawa»&angﬁh. Theae ﬁaﬁa,ara.prasante& in
‘tables XXXVI and XXXVII. The value of the atomic refractive
i&y a§ hydragan is taken as 1*@?5 as axylaanaﬁ above,

Tﬁblﬁ~xxert Mol, ref, of the molids measn. in dlozane lﬁlum
tx&nn wi@h %he ﬁa«» linag .

Rl memr a*csg Rt

mwﬁ&ﬁmﬁﬁl’l | 46,281 &3&3’3 353* 33« 1” 32,009
Qmﬁgtrﬁphﬂayi 45,918 '#Qg?ﬁﬁ ﬁ?w&@? 33,109 32,009

menitrophenyl 46,090 40,957 38,089 32,894 3L.794
 eenitropongl &ﬁ,asa‘ 0,58 1.4 20654 31,?@&

Table XXXV, Atomic wafraa&ivitiaﬁ ar the halagﬁna and their
axffaramaas wxan tha Na D lina¢

menitrophenyl 14,272 9,029 6,199 5,243 8,073 2,830
o-nitrophenyl 13,909 8,753 5,890 5,156 8,019 2,863
0uk mel fractio: |
menitrophenyl  14.296 9.163 6.295 35.133 8,001 2,868
o-nitrophenyl 13,888 8,795 5,860 5,093 8,008 2,915




Table XXXVIs Mol. ref. of the molids meas: in dioxane solu~-
‘ ~ tlons ab 2ﬁfinmﬁ&kwa?ﬁ¢iana§h‘

i
t

‘menitrophenyl 44,065 38,950 35.970 31,621 30,546
o~nitrophenyl 42,863 38,499 35,863 31.621 30,546
Oe4 mol ;;aﬁk;]x‘ o ,
menitrophenyl 43,608 38,937 36.225 31.168 30,093
o-nitrophenyl 42,439 36,280 36,140 31,168 30,093

SRk

Table XXXVII, Atomie refractivities of the halogens and
their dlfferences st infinite wave~length.

_ 1 pe Gl Iemr I-Q) Breq

menitrophenyl 13.519 8,404 5.424 5,115 8.095 2,960
o~nitrophenyl 12,317 7.953 5,317 4.364 7,000 2,636
O.4 mol fraction | | .
menitrophenyl 13,515 8,844 6,132 4.671 7,383 2.712

o-nitrophenyl 12,346 8,187 6,047 4,159 6.299 2,140

It is noted that the molar refractions of thaéa com=
pounds varied considerably with coneentration, The more
dilute solutions give the higher valuem for the moler ree
fraotions, In the case of nitrobenzene where the molar re
fragtion was measured in the puvegatat@ as well as in solu~

tion, the values found in solution were higher than those
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for the pure awwpauﬁﬁ;13&11éaompariamﬁstwarm made by values
found in the aﬁme‘maizfraﬁﬁi@n ﬁ@nﬁ&nﬁr&&iﬁnﬁ where they
should retain %hﬁirﬁaamﬁaxativa values.

‘alﬁhéu&h the order of the radicals based on the nage
nitude of the effects on ﬁﬁa~atﬁgié refractions and disper-
slons of the halogen atoms seems clearly eatablished, no
1@giaal‘éx33&na£iah'éf thig order is fortheoming, It is |
undoubtedly due to a complex combination of various factors
,aﬁ%ing with different force in @pﬁéﬁin@ directions, Buch
factors as resonance and strength of bénﬁa would ﬁar%ain&y 
aunarihuﬁafﬁa ﬁh&jﬁffﬁeﬁ* It can be pointed out that certaln ‘
fa@t@ré&ra n¢$~n&@na“rﬁapwnaiﬁl@ rar"ﬁﬁaa*araarg There is
'“ggaéﬁiy no eorrelation with molecular weight, "electron=
sharing ability”;¥ﬂhara§@h?a aqwia&xwﬁ}r&ﬁi@alé*baa@é on, |
the~xréeveramb;a y@l&%ﬁi@@ of é@gﬁn@mqﬁallimg, @#f@#ﬁaiﬁgty,

Farther inslight into the problem could bé obtained Ey
extending the geries to other compounds, It certainly seems
that there should be an @nﬁim@%@ r@l&ﬁiﬁﬁ‘batwaan refraction
‘and the ghemical bond, inasamuch #a both are concerned with
the valence electrons, Purther ressarches on atomic refrace-
tions should most certainly throw more light on the nature
of the chemical bond,
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2,
3,

A
B ;
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SUMMARY

The refraptive indices of ten liquid organic halides and

three parent hydroearbons have been measured for seven
aﬁaetr&l lines in the visible region, ‘

The densities of ﬁh@ above aﬁﬁﬁﬁﬂndﬁ have been accurates
ly determined,

Their molar refractions have %@aﬁ galoulated for each

of the seven spectral Iines. |

& dispersion «q&ati@n hag been fitted to aaah awmpauna,
The'malar'wﬁfraaﬁiéa extrapolated to infinitely long

- fwavamlangﬁh has been caloulated,

5,
7.

8.

'wha/melav refractions of the six @rtﬁ@« and metawhalo-

aim#absnaaawa as well as nltrobenzene hava been measur-

ed in O.2 and 0.4 mol fraction solutions in dloxane.

The atomic refractions for th@ Na D line and far infine
itely longz wav$~xaﬁghh hava be&n aa&aui&tﬁd and compared
for the halogen of sach compound,

The atomic dispersions of th@‘h&&@g&na\hawa ba$n galoulate -
ed and compared for each of the liguid halides,
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2.

.

4,

s,

6.

Ts

8,

~62--
CONCLUSIONS

The spectrometer fitted with a hollow prism is a satis~
fn@ﬁary method of measuring refractive indices of liquids
with preeision, |

The atomie refractions of the halogens in a serles of
organic halides vary sufficiently to permit meaﬁwr@mum%"
The atomie refractions of the halogens decrease progres~-
sively through the halides of the benzyl, p-tolyl, phenyl,
and n~heptyl radicals.

The same order of these radicals is maintained in their
ef?yaﬁg;@n each halogen,

The same order is maintained in comparing the atomic

dispersions of the halogens,

Extrapolation of the molar refractions to infinitely
long wave-length gives the same comparative results as
the molar refractions for any single line,

The mehalonitrobenzenes yleld values for the atomie¢ re--
fragtions of tha‘halm@&na which are higher than those
for the corresponding o-halonitirobenszenes,

The molar refractions of the halonitrobenzsnes measured
in dioxane aalat&ana.vary with the congentration, beling

higher for more dilute solutions,
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