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Intrqduction

The electronic theory of valency which has been
developed so extensively since the discovery of the electron
fénd the phenomens of radioactive disintegration hes been
‘;@plied by H. 8. Fry'in & remarkably adapteble theory of
?ubstitutign. ASsuming that the étoms can either give up
ﬁgr;absdrbjéléctrons, consequently functioning either with
Positive or negative valencies, and considering‘the afoms
in the molecule to be bound by this opposition of electronic
iéharaeters,]the following electronic formula for benzené has

;ggsn'proposé&:

H
+
H—+ + -l
R+ — -4
5
H

zene is represented by a ring of six cerbon atoms bear-
jiﬁg aiternately'positive and negative charges, by means of
Qﬁich are linked hydrogen stoms With negative and positive
égiencies respectively. A Fform of dynamic change within

%ﬁe:molecula, termed electronic tautomerism, is supposed to

éontinually taking place in which the valencies undergo

#rSal, the“positive valences of carbon and of the posi-
Q hydrogen atoms becoming negative, and the negative

velences becoming positive, as follows:
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&
=
+
1 +
T x

fﬁbr any substitution product of benzene obviously, two such
felectronle madlflcatlons may be assumed to be present. It

““be expeotea ‘et the groups substituted for hydrogen

1 be either dominantly positive or negative, S0 that one
ectronic modification on the other will be the relatively

’stable form. That electronic formulas can be assigned to

&”nzene derivatives is bormne out by regularities in 1the mole~
ar volumes¥of the chlorbenzenes, which seem to indicate
et when the chlorine atom functions positively, it has s
ferent atomic volume than when it functions as a negative
Stifuent. |
Other additive physical properties might be expected
f£0’éhow similar regularities. The purpose of'this investi-
égatlon was to prepare in a state of guaranteed purity as many

‘?hlorusubstltuted derivatives of benzene &8 time would per~

t and to determine, in all cases in which dats was not

ilable, the values of the two additive properties - mole-

af volumes and molecular refractivities - and to calculate
m these the stomic vodumes and atomie refractivities of
orine in the various compounds. It was hoped that any

,gularlties observed could be correlated with the electronlc

,;ffﬁrmula for benzene of H. S. Fry.
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Historical

Molecular volumas

The quotient of molecular welght divided by the den-
sxty of a substance eXpresses the volume occupied by one gram

‘molecule of the substance.

v - mol. wt.
molecular density

We may suppose the speace ocoupied by the molecule

fa‘whole to be the sum of the volumes occupied by the atoms,
Vm = 275 :
A volume effect for eachiafom may be assigned by
lparisons made between pairs of substanéeS~having~fhe same
errendes'of composition, and the moleculsar volume can be
onstructed from these atomic volumes. The degree of con-
ancy of the atomic volumes deduced in various weys end the
'ﬁracy with which molecular volumes are reppoduced are
zénres of the additive character of this property.
| As early as 18565 Kopp showed that the numbers ob-
taine& by dividing the molecular weights of members of an

' gmologous series of carbon compounds by their respective
ensities at the boiling points showed a regular increase.
a making these first investigaticmns, Kopp was quite aware
ffthe digturbing influence of temperature, and recognized
»iexwreme importance of securing comparable conditions.
fédbptad the boiling points at atmospheric pressure (tem~

?p_fafures of equal vapor pressures for all liqui&s); B
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4 wlarly happy choice, for it was later éhéwnkby G‘m.ylé.‘rae:c'g"f
*the aﬁsolute boiling points of most liquids are approxi-

,ately two thirds of their absolute critieal temperaturea, 80

«that the substances are virtually in "corresponding states”

fr, ér methods have since been recommended and give interesting
Qresults but since the method of Kopp is supported by theore-
;tieal ressons, it is generslly accepted as the best. The

erimental procedure was to determine the boillng point

‘ately to obtain the density of the liquid at some fixed
perature, then to calculate from these data and the experi-
‘maﬁtally determined coefficient of expansion the volume aﬁ
‘77e7beiling point. The process gave good results but was
)ﬁlaus and required complicated appasratus.

In order to simplify the determlnatiam of densities,
aay deV1sad g process for determining directly the Weight
iknown volume of ligquid at its boiling point. A thin

ass bulb shaped like a lemon and having at the upper end a

: agillary tube bent in the form of & hook was used to contain
e 1iquid. " The bulb nearly filled with the liquid under
ﬁé@rva@ian.was susPGndéd in the vapor of another portionm of
Jo seme 1iquid which wes kept boiling in a flask. After

plete equilibrium was attained, +the bulb was allowed to
l and was then weighed. A correction was applied for the

snsion of the glass and the difference between the temper-
re of the liquid in the bulb and its resl boiling point,
5&ﬁthe molecular volume of the liquid was then caléulatéd.

On the whole. the results were remarkably in concordance with

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7o

1&%@83 obtained by Kopp. Anomalous results were s8cribed by
Eyé;#jitmsay to the following causés:
‘First. The substances examined may not have been quite pure.
Segond. The boiling point may not be a fit point of comparison,

Third. The elements may not possess the saﬁe value in dife
ferent compounds.

For many substances, an expression of the form
me ¢ nh + po

was found to give the molecular volumes of a series of sub-
 §ﬁances cmﬁnop with great accuracy. In other cases the error
was greater then could be attributed to experimental error,
and could only be ascribed to the influence of constitution,
or arrangement of atoms within the molecule. Xopp showed
that a similar expression could be applied if account was
1taken of the position of oxygen ~ whether it were carbonyl

or hydroxyl oxygen.

Table L',
Atomic Volumes of the Elements

Atomic volume
Carbon 11
‘Hydrogen | 6.5
Oiyéen (carbonyl) 12.2
Oxygen (hydroxyl) 7.8
Sulphur 22.6
Chlorine 4 22,8
Bromine | 27,8
Iodine _ 37.8
Nitrogen (ammonia) 2.3
Cyanide redicel 28
Nitro group ' 38
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The last three values in the above table for nitrogen
kand its compounds cannot be reconciled with the valuss of car-
ban, hydrogen and qugen. Kopp did not decide whether the
nitrogen atom alone was responsible for these variations or
whether the carbon‘gtom also varied.
| For & compound of the type CyHy0p0'y in which O re-
presents carbonyl oxygen and O' hydroxyl oxygen, the molecular
volume is given by the following:

e Vmol, = 11.0m + B.5n « 12.2p + 718q.
f#bgreat variety of materisls were ihvestigated, and in no csase
did the difference exceed 4% of the sum of the atomic volumes.
Kopp also introduced the idea that the atomic volumes of the
élements were approximately integral multiples of a universal
oonstant, the value of which varied between 5.1 and 5.9.

(0 Buff7proposed the hypothesis that the carbon atom in
~§h@ unsaturated compounds possessed & greater value than in
the saturated ones, for the values were uniformly higher than
the calculated ones. The differences, however, were so small
as to lie.within the limits of experimental error, so the di-
rection of the variation only was indicated. The atomic
volumes, he thought, depended on the valence.

Thorpe?determinéd the boiling points, specific volumes
and coeffiéients of expansion of a great number of materials.
Be used the experimental method of Xopp wifh many refinements
of procedurse. Other inwestigatbrﬁm: Lossen? L. Meyefoand

Schiff? contributed a large quantity of data.  Lossen con-
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d thet Kopp's additive rule could be applied to any single

of boaies if the constants for that class were determined.
hiff confirmed Buff's view in regard to the increased value
af the ethenoid liﬂkage and calculated that the inorease for

, 1e unsaturation was 4.0 units approximately. LeBas;haa

puhllshed a monograph on the subject, and finds that using the

EQW‘numhers which he has calculated unsaturation is respcn-

67 le for no special effect!

Traube has ascribed the non-application of the rules
} ‘Kopp to assoclatlon of molecules in the liquid state. He
ﬁevelopad the 1dea of the "co-volume" which was an additionsal

4 aea Occupied and defenaad by the V1brations of the molecule.

‘s molecular co~-volume for many substances appeared to be a
arly constant quantity and by its means molecular weights
uld be selected. Traube worked out a series of constants

: h must be deducted to allow for ring formation and for
vaﬁle‘and treble linking. Traube's theory has not been very
EQ@cééssful, and apparently has not led to any extensivé'results.
 i :éxperimeﬁtal results show that no constant values can be
ssigned to the elements, and it seems impossible to derive
leculer volumes from the summstion of stomic volumes. The
}j’profitable method seems to be & comparison only‘of simi-
;iy constituted compounds in which the elements bear the

ﬁmé relation to each other. This is true of the series of
fﬁfbenzenes,‘and &f any regularities exist, they should be

’fetahle<in these compounds.
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LeBag has attempted to apply the thabry of molecular

 umes to & study of the constitutions of organic compounds.

e points out that it is Just these limitations of the sdditive
??ﬁle in most physical properties which have been so useful in
working out details of structure, and indicate the keen need
ffor s unifying principle.

Perhaps the fact that the molecular volume is so sen-

itive to constitutive influences can be traced to the elec-

onic functionsof the atoms snd correlated with the electronic
formulss of the compounds. Compounds of the type of o, m and
p dihalogen benzene derivatives, and the tri-substituted de-

rivatives, have not yet been systematically investigated, and

‘is to these types of compounds that this investigation has
éen directed.

| Jungfleisoh'é*data for the volume changes on the
3ﬁﬁal chlorination of the benzene molecule has been inter-
 §?§£3& by H. S. Frwarom the point of view of his‘eleetronic
 £§fmula of benzene. In the present work, the sttempt is mad.e~
T16 extend this point of view to include the molecular volumes

£ other chlorine substituted benzene derivatives.

lecular refractivity

Molecular refractivity of liquids has likewise been
"1ie&,as an additive and a constitutive property to the de-
fminaﬁion of structure somewhat in the Same'way as molecular

_nma. ~ The refractive index of a substance varie8 with the
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serature; the density also varies, and seversl formulae

élheen:pxoposed to comnect the refractive index with the

'@6ﬁ§eraturé. lMolecular :efrﬁctivity'becomes 8 quantity in-
ﬁépehdent of the temperature, and in this respect it is su-

?ééfiar to moleénlar volume which is arbitrarily measured at

?ﬁﬁe boiling point. ‘}

e The relation between refrective index and density,

kaawn as the "aspecific refractivity" may be expressed in

veral ways:

_,‘The formula of Laplace'® %8 z 1w’ = constant.

2. The expression of Gladstone and Dale '

2~:EL.= r'!' = constant.

That of Lorentz and Lorenz '

2 _ .
§g~;~%* % =‘rf" = constant.

B The formula of Leplace, based on the emission theory
§f light,‘did not agree very well with experimental data and
S | | 9

has been discarded. Berthelot made use of it in calculating

molecular refractivity increases in homologous series.

'Dhe simple formula of Gladstone and Dale was pro-
égd as an empirical relation in 1858 and has given quite
xsfactory results. The Lorentz-Loreng formula was ad~-
ed, on theoretical groundg, almost simultaneously by the
éf&ﬁthorskand‘hasibeen extensively:appliei. Neither ex-

pression is absolutely accurate.
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The product of the specific refractivity and the

feulér'waight is called the molecular refractivity. It

, s,ﬁéen_possible to represantvthe molecular refractivity as
fﬁﬁézsum of the refractive effects of the compoment atoms, mo -
}gifying the stomic value according to the mode of linkege of
iﬁﬁefatom. Gladstone and Dale stated that"every 1iquid hﬁs 8
aéﬁecific refractive energy composed of thehspecific refractive

nergies of its component elements modified by the manner of

ination™.  They published a very comprehensive table of
?efimentai results>  Berthelot'Thad shown that using the
‘i@place formule and multiplying by the molecular Weight, 8
'ftﬁhﬁity was obtained which showed & constant diffeienee coxr -
sponding to a constant dlfference in composition of the ma-

rial under observation, Landolt undertook a systematlc in-

stigation of the relation between refractive index and chem-

&l composition. He introduced further the quantity which

&w¢;¢311 molecular refractivity, obtained by multiplyin5 the
1é§écific refractivity calculated from the Gladstone-Dale for-
;mnla by the molecular weight of the substance. He éhowed

fbhat isomers have nearly the same malecular refractivity, even

hﬁugh the refractive indices and the densities are quite dif-
?gnt. Similar differences of composition bring about simi-
z differences of molecular refractivity, and the average
alue of the refractive effect of the cﬂg group was 7.60.
Landolt proposed thet the refraetion equivalent of
" campound was the sum of the refraction equivalents of ite

constituent elements. He calculated the refraction equiva-
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a‘af some of the elements, for example:

Tab‘e E
Garban 5.00
Hydrogen . 1.30
Oxygen 3.00

;éﬂd7used these to calculate molecular Pefractivities from the

é;érmula
Ry = m(5.00) + n(1.30) + p(3.00)

Where m = no. of carbon atoms,

- n =-no. of hydrogen atoms
P = no. of oxygen atoms.

The calculated and experimental refraction eqﬁivalenta
ié:almost identical for a large number of liguids containing
'E,ana 0 and he proposed this as & method of quantitative
‘lysis applicable to many mlxtures.

o From old observations, Gladstone agreed that C might
taken a8 5.0 end E at 1.3, and this being settled, he cal-
»atea values for chlorine, bromine, iodine, tin and a number

af cther elements. Some fifty compounds Which'had not pre-.

‘ usly been examined, showed & remarkable agreement with the
Tleulatad values. The whole group of aromatic hydrocarbons
ﬁthelr derivatives (about fifty were examined) were cited

axceptions , giving results from 6 - 9 above calculated

:uas. Gladstone attributed this to the constltutlan of
» ha‘nucleus of the whole group. His first suggestion was
Lt}the hydrogenwatom in benzene shoﬁld be 3.6 instead of
}as in hydrogen chloride, hydrogen bromide and hydrogen

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14,

de. The hydrogen remsining unchanged in all these deri-
vQS‘waé sufficient to accoun% for thevhigh,value s0 he
ied ou$ neasurements on chlorhydranil & compound in which
fall the hydrogen atoms have been substituted by other atoms or
:grpups, and found even here results exceeding the calculated
Qvgluas by the same amount.

g mhe refraction equivalents of the elements for the

line of the solar spectrum were tabulated. Regarding the

, ' 4
nstitutive nature of the property, Gladstone wrote: "It
11'be seen that many of these elements have a double”valus.

;ﬂhis is a source of difficulty, but the &isa&vantage is far

ﬂmﬁre than ccunterbalancea by the promise it holds out 8f

iGW1ng new light on the constitution of bodies. If an
ément had always the seme refraction equivalent in whatever
y it might be.combined, the determination of the numbers
ﬁ;ﬁ‘be very easy, and there might be some curious relatlions

tween them, but beyond that they could have little intereat

;fgr £he_chemica1 philosopher. If, on the contrary, every

gi;fférenee in the manner of combination were to affect the

he rate at which light is propagated by an element, the prob-
1 would he very complex and valuable deductions would be
ﬁést hopeless. The fact, however, is intefmediate between
eée; an elemenf usually exerts the same influence on trans-
fﬁed rays in all analogous compounds, and in many that are
‘nt;analogous, but there are differences of composition which
f&fﬁgct‘this gquality, and in some cases at least theée are

R o
icident with a change of atomiecity."
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For ten years very little progress was made with the

ject. Brtini’again called attention to the subject by mesns

of & series of papers, contributing largely to the number of

ig@hd 0bservations. He pointed out especially that there was
faégreét increase of refraction, metuenly in the aromatic group,
fﬁg wag previously known, but wherever the carbon atoms were
Sﬁpposad to be united b y double bonds; so he attributed to

ach carbon atom in such a case the refraction equivalent, not

E‘O but of 6.1. He also came to the conclusion that oxygen
,fs also two values, according to whether it is combined singly
es&.ﬁoubly.

The daductlons of Br#hl led Gladstone to take up the

# t%er again and the result was a long contribution of exper1-
cntal resultgPLromzwhleh he deduced atomic refractivities for
o elements devending on their mode of combinatidn. In many
;és the calculated values agreed with the observed values;
;yexy~often they 4id not, and Gladstone recommended this problem
{fdjthe consideration of inguiring chemists.

| Br#hl contributed a large amount of experimental dats

and advanced the subject very much.

: A summery of the calculations_of the refractivities of
e elements and a list of references to the original literature
11 be found in Smiles: “The Relstion between Chemical Consti-
itutlon and some Physical Properties.’ 1

k The modern development of the relatlons between refrac-

an1ty and the problems of strueture hes not been so extremely
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sive. Measurements of refractivity have been applied to

 &etermination of the presence and number of ethenoid link-
ages in a‘substancg? to the constitution of benzeng? to de-
éﬁeimining the position of unsaturafed group;? and to &etermining
f@héfconstitution bf tautomeric substances and the conditions
fﬁﬁaer which tautomeric changes tske placefo

| Like molecular volumes, the molecular refractivities

compounas of the type of o, m and p dihalogen benzZene déri~

ives and the trisubstituted < l:rbenzenes have not before

s some of
‘been investigated. In the present investigation, these have

fhéen determined, and a comparison of values attempted.

sctronic Conception of Valency

The process of electrolysis gave rise to the first

Qtrochemieal theories of valency. According to Berzelius?'

‘elements could be arranged in a series with oxygen, the

most electronegative element, st one end and the alkali metals

;ﬁ$ the other. Each atom of an element was supposed to have

,Qosite electrical poles with different quantities of elec-
Vicity g0 -that there would be an excess of one or other kind
charge. The metals were strongly electropositive; 80 thaf
e lower oxides retained a residuasl positive polarity while
b ﬁon~metallie oxides were electronegative. By virtue of
ese opposite polarities, a salt was formed of two oxides of
EW §§site polarity.

A more quantitative relationship could be expressed
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ﬁfthe doctrine of valency had been aeveloped; 'mhe amount

leétricity carried by the ion is counstant fOr‘eaéh unit of
miéncy, an&fﬂeiﬁholtif'reviewing faraday's convictions on the
1g§§ject,‘proposed that the forces termed chemical affinity and
!éléctricity are one and'the same. In the modern theory of va-
 iency, every ﬁnit of affinity of every atom is connected with

:bhe and oniy one other unit of another atom. Most elementary

raﬁhstances have molecules composed of two atoms and it is pro-

‘ia thet even in such cases the combination of the atoms re-
ﬁs from electric®neutralization of unlike charges.
Not only has valency been interpreted from the elec=~

;tronic point of view, but the structure of the atom itself has

. 33

een assumed to be merely an arrangement of electrons abmt &
ositively charged nucleus. The electrons are supposed to
divided up into & series of spherical layers, the auter

ng of which may tend to lose or gain electrons, and the

'ﬁ#mber of electrons which it can gain or lose is the same as
?ihe valence. Valency is regarded as a tube of force issuing

ﬁfrom & valency electron, and terminating on the positive

harge of another atom.

Many other modifioafions of this electronic theory of

? &1énoy have been suggested, but the general form is very much
he Same. The essential difference between the chemical theory
f& the eleotronic theory can probably best be given in = the
%ﬁords'of J. J. Thomson?*

"the symbol indicating & bond on the chemical theory is
.not regarded as having direction; no difference is
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_made on this theory between ene end of & b@nd and the
_other, On the electrical theory, however, there is
_a difference between the ends, as one end cerresponds
to & p@ﬂitive, the other to a negative charge."

“H. 8. Fry illustrates this view of J. J, Thomson
as follows:

"The conceptions presented in the foregoing quotation
.may be lllustrated and amplified by applying them to
the comblnation of two unlvalent atoms, X and ¥, of
such nature that X tends to lose a corpuscle, or elec-
tron, which Y tends to acquire. Through the loss of
one electron, i.e., one negative charge,(represented
by the symbol ® ), X functions positively; thus,
X- & — x*. Through the acquisition of this
electron, Y functions negatively; thus, Y+ ®—->Y .
Accordingly the electronic formula of the re-
sultant compou und, XY, froam the union of X* and YY",
is written X—Y which indicates the polarities ef
the bond of attraction or PFaradsy tube of force
between X end Y.'
“ A survey of these hypotheses leads to the con~
clusion, which is becoming more general, that, if
the foreces which hold the atoms together in electro-
lytes are electrlcal, then the same forces must alseo
be assumed to hold in combinaticon the atomsg consti~-
tuting the molecules of non-electrolytes. Hence,
it may be mainteined that chemical reactions which
involve the dissociation of molecules either of .
electrolytes or ef non-eledtrolytes are, let us
say, electronic."

in substitution reactions, diatomlc molecules take
part. Helmholtz was the first to apply the conception of
electro-dnalism to the constitution of elementary molecules,
e
W. A. Noyesa has stated this conception as follows:
"If we suppose what seems not to be improbable, that
-all reactions involving the decomposition of mole-
cules ‘are preceded by an ionization of the. parts of
- of the molecules, it would follow that elementary

molecules as well may ionize into positive and ne-
gative parts.

For any comp@und XY, two different eleetrenic for-

mulae may be written, namely, x*—"Y and X‘~* Y. For this new
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094745

37
,e of 1samer, H. S. Fry has proposed the term eleetronic

somer or electremer o Even if such 1semers uere stable,

jxhgugh, they would possess very different degrees of sta-
;hility, and consequently there would be a téndency for the
uhstable one to pass over into the stable form. This dynamiec
instability results in what is called "electronic teutomerism",
ﬁhich signifies an equilibrium mixture of two electromers in
fthe sense that one electromer may be assumed to revert to

”°nother electromer through the transposition of valence

‘electrons.

| The benzene nucleus presents a particularly diffi-
qult problem in the development of a complete theory of va-
fiéhcy. Since Kekule proposed the first structural formulsa
ffof benzene, a great varlety of other benzene formulae have
fappeared. The application of thé electronic eonception of
;pesitive and negative valences to the benzene formula is a
jvery interesting recent development. Reviewing the history
of the subject, the plane formulae of Kekuls, Dewar, Clsus,’®
Ladenburgﬁ'Armstroné“%nd Baeyer%%ay be cited as the most
important contributions. | ‘

The modern tendency has been to ascribe space fdr—
mulae to benzene. Thesé are of the dynamic type; fixed
‘three dimensional formulae belng escluded for these w§u1d
vfeQuire molecular asymmetry in the substitution produdts.

% ‘
The Collig'formula arranges the system of carbon

“atoms in such a way that movement can take place:
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l. Each carbon atom (represented by a tetrahedron) rotates
'abcut f9ts center. : '

2. All the tetrahedra rotate about the center of gravity
of the whole system.

; The various phases of the configuration include
both the Kekule and the Centric formula, these being con-
vertible each into the other, and it is perfectly in accord
éwith the formulae of Ladenburg and of Claus. It offers pro-
ébably the most satisfactory interpretation for benzene, in
its reactions, does not behave like "one particular substance
which can be represented at all time; and under all‘condi—

tions by the same rigid formula".)®

However, none of the
praposed formulae can be accepted as‘complete, for in any
;ﬁheory of the constitution of the benzene nucleus, substi-
iﬁtion andkall the anomalous reactions of benzene and.its_ﬂ
:@@fivatives must be explained. The direction, by a group,
§f substituents to the'para; ortho or mets poslitions 1s the
most fundsmental of all these unsolved problems. h

' The deficiencies of the older formulae in this
respect have been corrected by an electronic formula for

benzene derived by H. S, Fry'and proposed as a means of inter-

preting and correlating the reactions of the benzene hucleus.

The essentlal features of this electronic formula
have already been described. The hydrogen atoms in positions
1,3,5 and those in positions 2,4,6 are of unlike polarity:

nsequently if a glven hydrogen atom or substituent is nega-

t vé;yfhén the hydrogen atoms or substituents ortho and para
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yit are negative, while that one meta to it 1s positive.
w’{:fe‘fj:’fyi"e::’1-:‘Leﬂvsril'~xg substitution rule is developed:%@
L "When subsﬁituents are of the same sign or po-
-larity they will eccupy positions meta to each
other; 1if two substituents are of opposite
8ign or polarity they will occupy positions
either ortho or para to each other,"

In substitution a positive groﬁp will take the
place of a posltive hydrogen attaching 1ltself to a C- atom
énd a negative group will become attached to a G+ atom.
$f£er the group has become attached to the ring 1t may
'éithervpreserve the electronic sign which it had when sub-
étituting hydrogen or electronic tautomerism may result
in part or all of the molecules being converted into the
électronic ilsomer in which the group bears the sign oppo-
§ite to that which it possessed when it became attached
~£thhe ring. The material is supposed eventually to |
f&énsist chiefly of that electronic isomer in which the
%ehdencies of each of the groups and hydrogen atoms in
the molecule to be dominantly electro=positive or electro~
negativé in character are best satisfied. The bulk of
the material will consist then of that electronic isomer
which possesses the least internallenergy per molecule$, 
or, 1f the two isomers have more nearly equal molecular
internal energles, of an equillibrium mixture of the two
in more nearly equal quantities,

In the formation of di-substitution derivatives

éf benzene, the meta compound will be fTormed 1f the second
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roup entering possesses the seme sign as the group already

ined to the ring, while if the two groups are of opposite
gn, the product will be the ortho or para compounds or a

mixture of the two.
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- Theoretical

kThe formation of higher substitution products
proceeds in an analogous way and one can tabulate for thé
entire series of substitutioh products of benzene the arrange=-
ment of electronic characters which must exist among the
_substituted groups in the molecule in order to agree‘with

'this formula for benzene.

Table 3
 Position of Groups Signs of Groups
1 + er -
‘1,2 . + g or =,+
1)3 syt or =,=
;1,4 +y- or =~-,+
1’2’5 ' +y -t oOr =,+,~
;I’i)214 tamy - or ~,+,+
‘,1;,'5,5 tyt,t O ==y~
1,2,3,4 | Tomst,~ or =,+,=,+
1,2,3,5 =yt t or ","',':."
1,2,4,5 Fymymyt or =,+t,+,~
‘i"2,5:4s5 Fymst, =yt Or =,+,=,+,=
1,2,3,4,5,6 Fymatym = OD =y, e, =,

The actual electronic formulas will depend on the elgtro-

positive or electro-negative nature of the groups in

positions 1,3,5 and 2,4,6 respectively and it would be
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%%ﬁeedingly difficult to determine from the constitutional
%érmula alone in the case of a complicated benzene deri=-
ﬁétive of which of the isomers the material chiefly con=-
sists. We could reason qualitatively from the known
eiectro—chemical nature of the groups in their chemical
relations, but attachment to the benzene nucleus, proxi-
mity to other strongly charged groups and perhaps even
;;smperature changes might alter their electrochemical natures.
- | If the groups are all of the same chemical con-
stitution the problem is much more simple. Each group
will tend to possess that electronic character in the mole=-
culeiwhich agrees with its electro=chemical nature. All
Vthe groups cannot be of the seme sign, however, except in
ithe case of the meta disubstituted and the symmetrical tri-
fSubstituted derivatives, and 80 it 18 a questlon of the
frelative number of groups which can satisfy this tendency.
'In the halogen substitution products of benzene, for
example, the halogen will presumably tend to function
negatively and the molecule will presumably také that form
4in which the greatest number of halogen atoms are negative.
,fbe free halogen, for example,-chlorine, supposediy CoOnm=
i$ists of a positive atom of chlofine and a negaﬁivevatom

of chlorine held together by mutual attraction of these
}épposite electronic characters and undergoing tautomeriec
reversal of electronic characters within the molecule also.

ﬁ?ﬁis can be represented by the following electronic formula:
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o - ' - .
¢1—2¢Cl = ¢l —Cl1

In substitution hydrogen chloride is formed. The chlorine
;ih hydrogen chloride is unquestionably negative and the”
hydrogen equally certainly is positive, so substitution

in the ring by chlorine apparently consists of the removal
of a positive hydrogen from the ring, the positive chlofine
§t0m taking its place, and the remaining negétive chlorine
i%iom forming with the displaced positive hydrogen atom
ﬁolecular‘hydrogen chloride.

( The chlorine atom attached to the ring then
undergoes a reversal of charge and becomes pfesumably
negative. This 1s shown by the fact that disubstitution
gilves ortho and para and not meta dichlorbenzene, indica-
ﬁﬁng that the chlorine atom already attached to the ring ~
i;ﬁd’the second chlorine atom to substitute hydrogen bear
‘ﬁﬁlike chapges. It may be that the mechanism is just"
the opposite of that outlined above, i.e., negative hydro-
gen may 1ea#e the ring, negative chlorine take its place,
negative hydrogen and positive chlorine férm the electronlec
isomer of hydrochloric acid which instantly goes over‘into
the common H™—=¢1 form, and the negative chlorine attadhed
';o the ring reverses to positive chlorine, However, we
are not concerned with the question as to Whether the
chlorine atom which substitutes hydrogen is positive or
negative, since whiehever‘it is, the mechanism will be

consistent throughout a series of consecutive substitutions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26,

_the following, We are concerned only with the relative
gmbEré of atoms which are of oppoSite'electronic éharacters,
”d it will be assumed for the sake of simplicity that the

, bstituting chlorine atom 1s positive.

In certain compounds, the positive chlorine which
joins to the ring in substitution does not undergo reversal
of charge according to this theory, in others it must. The
:££rat~type of substitution corresponds to adding to the
f@biécule a positive chlorine atom and taking aﬁay a posi=-
;tive hydrogen atom, and the second type of substitution
fesults in the addition ¢of a negative chlorine atom and a
Qecrease in the number of negative hydrogen atoms by one.
kIt is reasonable to expect that the additive properties
iér a compound should have their numerical values changed
iéifferently by these two types of substitﬁtion. Evidence
iﬁﬁét this is the case has been pointed out by H. S. Fry&
;in the mélecular volunes of the chlorbenzenes formed by
 pr§gressive chlorination of benzene, and an interesting
statement in the literature has been given an explanation.

| Where the theory leads one to expect that the
substituted chlorine atom remains positive, the molecular
’ﬁblume is changed by a different increment than is found
‘where theory demands that the chlorine atom be negative
ibut the increments within either glass are constant. It
‘appears, then, that positive chlorine atoms and negative
chlorine atoms have respectively different atomic volumes.

Since 1t is this correspondence between a physical property .
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‘the theoretical electronic formulas which suggested
present line of research, a brief outline of the sube

;__ct will be necessary.
When benzene 1s progressively chlorinated, the

reactions proceed gs follows:

GI

- QQ

Jungfleisch determined the molecular volumes of each of

G

these compounds, their constitutional formulas at the

time being of course uncertain, and pointed out the fact
that the changes in the molecular volume produced by the
entrance of the first, third and fifth chlorine atom were
iarger than the increments produced by the even numbered

atoms; 1.e., second, fourth and sixth.

Table 4

Molecular

vo lume Difference
Cgllg 96.05¢9 cec.
' 18.736 cc.
CgHsCl 114.795 "

) 16,104 "
. n
G6H4012 130.899 * 27,022 0
: # ,

05H5Cl3 147.921 ﬁ , so g @
6.H,C1, 164.258 ° a
VetioWdy ]
; : . 18.588
CLHC1. 182.846 " -
e 5 ' LR
o , . 15.070
SS | 19me16 |
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lﬁs~ recalculated the molecular volumes of the compounds
from the data of Jungfleisch. The molecular volume of
@éHB is 96.0 and every atom of hydrogen subtracted involves
é loss in volume of 3,.2. The facts brought out may be
tabulated as follows: |
Table &

ormal Abmormal
Eigmig Yolume of CI

;?‘01 = CgHsCl - CgHg = 114.6 ~ 92.8 = 21.8 | 21.8 odd
y: = 19.5 | even
| Cl,= CgH,Cly = CgHy = 130.9 -~ 89.6 = 41,3 .
= 21.4 oad

Clz= Cghslly = CgHg = 149.1 - 86.4 = 62,7 |

18.9 even‘

H

H

\914 = CgHyCl, - CgH, = 164.8 - 83.2 = 81,6 |
< 22.3 odd

i}

"

]
Ly]
2]
s
it

i

19.3 even

123.2

;1016 = 06616 - 06 = 200.0 76.8

The smaller values apply to the Cl atom
marked(::) in the drawing and the apparent result is
that one~half the chlorine atoms differ from the other

half,
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H. S. Fr%a proposed the hypothesis that differ~

qﬁcés in the relative atomic volumes of the halogen atoms
aﬁ§ direct1y related to differences in polarity. It will
‘benoted that p-dichlorbenzene, 1,2,4,5 tetrachlorbenzene
and hexachlorbenzene have no electromers; that is, the

electronic isomers formed by electronic tautomerism are

3identicél with the original. The scheme for the’progressive

St 49
_chlorination appears, then, as follows:
+ ¢l er -
SN .
== , ( feyt N~ o )
. e %
T
- + ¢
O QL KX
_ . e
' ‘|+ Cl (

Tt ar
ru_ T“‘
ol et
(RN ‘
———
ci" e

;aThe electronic formulas of the six chlorbenzenes, (assuming

for simpliclty, as previously stated, that the substituting

hlorine atom is positive and that after substitution the
iﬂghiorine~atcm, if it can, bevomes negative due to the pre-

gggminantly electronegative character of chlorine) then, may
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be arranged as follows, and the polarity of the entering

lorine atom indicated.

The simultaneous variation In polarity and atomic volume

is apparent.

Table 6. '
Relative | Polarity | Atomic Vol.|At.Vol.

o position negative positive
iét'chlorine atom 1 - ‘21.8

2nd chlorine atom 4 + 19.5
Sfd chlorine atom 2 - 21.4

4th chlorine atom 5 + 18.9
Sth chlorine atom ) - 22,3

6th chlorine atom 6 + 19.3

There 1s,‘evidently, a marked difference between
the atomic volumes of the chlorine atoms in positions 1,3,5
and 2,4,6 respectively which parallels the theoreticaly
ébpcsition,of polarity of the atom$in these two groups‘

of positions.
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It appeared desirable consequently to make
;gg Systematic study of the édditive properties of the en=-
:iﬁire series of chlorbenzenes, including all thé ilgomers,
1[éxamining them ﬁith respect to the information their
physical properties mlght give as to theilr electronic for-
 mulas. The data on molecular volumes Was to be made com-

~plete by measuring those of the isomers other than the

1¢ﬁes formed by direct chlorination and the molecular re-
;ffactiVities of all the members were to be measured. For
ji“ﬁhis latter purpose it was proposed to use the Pulfrich
(Hilger) refractometer making the calculations of the
molecular refractivities from the Gladstone-Dale formula.
‘It geemed probable that the values for the atomic volumes

“ihich apparently represent positive and negative chlorine

ﬁld;hold consistently throughout the serles and that a
jecrrespdndence between the molecular volumes and électronic
‘formulas could be traced throughout.  The same,thing was
‘to be done with the refractivities, for it seemed probable
“that the different types of wvalency represented by posi-
}tive and negative chlorine should give rise to different

‘atomic refractivities.
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Conclusions

The refractive indices found for the wvarious
;11Quid chlorbenzenes are tabulated on page §3, and on the
’following page the corresponding densities are given. The
interpolated values of these quantitles at even temperatures
and the corresponding specific and molecular refractivities
'are shown on page 55, The specific and molecular disper-
éicns celculated from the dispersion data are presented on
'§age 56 . Dispersions were measured to the fifth decimal
place. The accuracy of the data iIn this part of the work
is much greater than that which follows for moleculsar volumes,
and unquestionably 1s well within the limit set by the purity
of the specimens. For conveniencelin examining the mole~
énlar refractivity data, the table on page 57 was construc-
ted. The change in molecular refractivity produced by the
éﬁtrance of chlorine in any given position is about constant
for that position at the four tempersatures tébulated; the

average values of the differences being as follows:

To.bie. 7
Differences in Molecular Refractivities-
D C F

_ Benzene _
. Chlorbenzene 8.88 8.81 | 9.07
(ortho 8.76 8,68 8.986
Dichlorbenzene (meta , 8.93 © 8,85 | 9.13
" Tpichlorbenzene - 1,2,4 | 9.05 | 8.95 | 9.28
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The devliatlions of the experimental wvalues from the

"gn,are all very small except in the case of trichlorbenzené,
pf»Which only two values can be calculated. Examination of
‘the collected data will show a general trend of each of the
molecular refractivities to decrease with rising temperaturs,
so the values for trichlorbenzene at 50° are probably somewhat
in error. Estimating from the rest of'the data for this
;temperature, the most probsblyg values for the mean differ-
jéice are given in the brackets in the table.

| Examining the differences between ortho, meta and
para dichlorbenzenes and chlorbenzene, it is quite appsrent
that the ortho and para compounds differ considerably in
Zmolecular refractivity. We must conelude, then, that‘if
;ﬁhe electronic formula for benzene of H. 8. Fry 1s correct,
the'atomic refractivities of chlorine and of hydrogen (and
Egrobably all elemehts) depend upon other things than their
'électronegative or electropositive functions; probably
;chiefly upon position and proximity of other atoms or groups/
It has been’impossible to assign distinct values to the
atomic refractivities of positive and negative chlorine
respectively. One point of Interest, though, is that the
’différences in golng from benzene to chlorbenzene and from
chlorbenzene to metadichlorbeﬁzene are almost the same, and
oHs might conclude that the two chlorine atoms in metadi- '
chlorbenZene are very much like each other, and function

‘the same way within the molecule as does the chlorine atom
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in chlorbenzene. Another interesting but probably accidentsl
relationship is that the difference between metadiéhlofbenzene
;éﬁd chlorbenzene i1s almost exactly the mean of the correspon=-
ding differences for ortho and para dichlorbenzenes fof each
of the three wave lengths.,
Considering now the values for trichlorbenzene,

the differences between trichlorbenzene and paradichlorben=-
Zeﬁe are not the same as those between chlorbenzene and ben=-
liéhe for each wave length, which 1s what the theory demands
fifkatomic refractivity depends on the electronlc function ‘
6f the atom only.  There is a periodiciiy, however, in that
the lncrements for the first and third chloriné atoms (nega-
tive) are both less than the increment for the second (f)
,éhlorine atom added, which, according to the theory, ié po~
{Qitive. Another interesting relationship may be developed:
fihe change in molecular refractivity going from chlorbenzene
~£é;trich10rbenzane is almost the séme as the changevfrom
ibenzene t¢ parsdichlorbenzene. In both cases, according
{ta the theory, & positive and a negative chlorine atom are
added. The data as a whole, though, indicates that it 1s
ﬁnlikely that atomic refractivities cén be assigned to po-
éitive and negatlve chlorine without any modification bssed
on position within the molecule.

, Teking up the molecular volumes data which is pre-
éented on page 58‘, it shouid be stated that the order of

sceuracy 1s probably considerably less than that of the pre-
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35.

ing raf?activities data. The exberimental determination

enaity aﬁ the boiling point is not so easily carried out.

vertheless, the deviations between the data obtalned and

that of Jungfleisch are so astonishing that a thorough re-
vision of the whole subject ought to be made. Jungfleisch's
‘specimens were obtalned by successive chlor;nation and Werem
purified by freezing and fractionationio it seems hardly

fprobable that such samples would be as nearly pure as material

;yrepared indirectly in more modern ways from derivatives.
iiﬁ the molecular volgmes calculated, there 1s no perilodici-
ty, such as Jungfleisch found, observable. A paftial
"check on the method is given by the fact that the molecu-
lar volumes found for benzene and chlorbenzene agree fair-
giy wellywith those of Jungfleisch, considering the diffi-
féﬁlty'of fixing the density of benzene at its bolling point,
?ﬁéén which the calculations depend. Lachowic;ﬂgives

10 81196 at 80.4° referred to water at 4“, while interpo-
'f;,lating Sydney Young ssz‘data the value .8140‘7 under the same
conditions is obtained. Basing the calibration of the
;pyknometers upon the data of Young, (tables pages 3b§§ the
;molecular voiumes are uniformly 0.26% lower than theée cal=-
:gulated from the value determined by Lachowicz.

: For convenience, the two sets of figures to-
Qgéther with those recalculated from Jungfleisch's data
using the present atomic weights may be tsbulated as

‘follows:
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Table &

(see table

15)

2 Molecular Vblumes of the Chlerbenzenes

Using the density of benzens
determined by

1lorbenzene

;4 Tri-
'rbenzene

.980 114.83 18.67

1,185 130.88 16.05

1.227 147.87 16.99

L9797

1.1169

1.1060

1.1051

1.2143

1l&.87 18.71

131.60 16.73

132,90 18.03

133,00 18,13

149.42 16.42

Jungfleisch (Lachowicz ‘ Young,
Densi-Mol. Diff.| Densi~ Mol. Diff.|Densi- Mpl. Diff.
ty Vol. 1ty Vol. |ty Vol.
.812 96,16 8120 96.16 .8141 95.91

.9822 114,87 18&

1.1108 131.2616,6¢
1.1089 132.5517.9€
1.1080 132.6518.0E

1.2175 149.0316.38¢

richlorbenz

- boiling

LeBas hag recalculated the

ene.

point.

ito 213°, the accepted boiling point.

an extrapolation is questionable;

values from Jungfleisch's

‘7ée page 2% ) and gives substantially the same values as in
pééced@ng table (Jungfleisch) wifh the exception of l,2,4v
’ For this compound Jungfleisch glves 206° as

Le Bas appears to have extrapolated tﬁe den~

The vallidity of

one might rather question

purity of the sample or the accuracy of the thermometry.

iginal data of Jungfleisch in comparison shows only 8light

The moleculsr volume determined in the present

ha with that of Jungfleisch.

,estigation for trichlorbenzene (149.03) 18 in better agree-
though, with the recalculated value of Le Bas (149.1)
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In order finally to deéide which sét of data most
‘nearly repﬁeéents the facts, an independent determination of
he densities of paradichlorbenzene and trichlorbenzene at
their bolling points should be undertaken. If Jungfleisch's
felationship is true of the chlorbenzenes, one would expect
it to hold for analogous series, and the generallty ought to
be investigated by measurements on the brombenzenes, for
féXample. .

o However, if the conflict hoted above is due to the
xméthod of heating and not the specimens themselves, it should
yhot interfere appreciably with the pr;mg*purpose of this in-
vestigation; a comparison of the molecular volumes of ortho,
meta and paradichlorbenzenes, The experimental condlitions
;éurrounding each of these measurements were the same,-for
fﬁﬁe temperatures of boiling lie very near each other. The
i;greement among & number of weighings for each specimen'was
éll that could be expected; the greatest deviations from the
méans in a total of twenty one welghings being almost uni-~
fomly .008% and the average deviation from the means .004%.
It is apperent that ortho and para dichlorbenzenes do not |
'have the same molecular volume, just as with molecular re-
‘fractivities the values increase in the order: ortho, meta,
para. The increases are less uniform than with refracti-
vities, the meta and para values being almost the ssme. Con-
sequently, it is quite impossible to assign definite incre-
ments in moleculgr volume based on the electironic functions

fafithe chlorine atoms only, and the conclusion must be drawn
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- 58.

ﬁ‘atomic~volumeS'like atomic refractivities, are consti-

tive énd depend upon the configuration of the molecule.
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Bxperimental

The sample of benzene used was prepared from Kahl~
baum's (K) Thiophene-free benzene for molecular weight deter-
lmination;" Thetdifferent lots of the material were subjected
to slow freezing, allowing about one third to solidify. The
Eéblid portions were collected, combined, and fractionated
}ﬁith a Hempel two-bulb column into four portions, the boiling
;pcint showing no observable change as the fractionation pro=-
ceeded, The first and last portions were rejected. The
two intermediate fractions were fractionated once more and
ihe first and last fractions again rejected. The boiling
fﬁ@int range of the two intermediate fractions was less than
i%ﬁe hundredth of one degree so they were combined and kept
?ﬁﬁbr sodium wire.

Chlorbenzene

Stearting with about one kilogram of dry Elmer and
Amend chlorbenzene, five consecutive fractionations with a
‘two bulb Hempel column were made, rejecting the first fifth
and the last fifth in each case. The boiling point of the
product was constant within one hundredth of one degree.
‘Bolling point 130.4° at 735.9 mm. corrected. The semple
was preserved over fused calcium chloride.

Orthodichlorbenzene

Starting with sbout two hundred grams of orthodi-

Qchlorbenzene from the Eastman Kodak Résearch laboratory, a
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‘product was obtained after elght successive fractionatlons

' ﬁejecting in each the first and last portions) which boiled
;thin & range of one tenth degree.

ik‘iétadichlorbenzene

~’The sample was prepared from recrystallized.meta?
nitraniline by consecutive Sandmeyer reactions. The meta-
’chlernitrobenzene,prepared was purified by distillation ﬁith
;éﬁperheated steam, reduced with tin and hydrochloric acid,
?éﬁé mixture made dlkaline, andkthe metachloraniline distilled
ﬁith'steam. The 01l was converted into the hydrochloride
and frectionally crystallized several times. the product
was dlazotized, trested with cuprous chioride solutlon, and
the metadichlorbenzene distilled with steam. The dried
@aterial was distilled through a two~bulb Hempel column, re-
fﬁecting the first and last portions. The boiling point re-
ﬁéined practically constant, and a second distillation gave
5 §roduct which Showed no observable variation of boiling

point.

faradichlorbenzene

| About one killogram of solid obtalned from the
Eimer and Amend Company was melted and the fused materilal
‘fractionally crystallized. This process was repeated with
 £he intermediate portions. = The fractions obtained from
the second crystallization were diésdlved in alcohol and
gllowed to cool slowly, crystallizing in fractions from the

solvent. This was repeated with the intermediate portions,
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The purest crystals were washed with ajcohol, dried, and

éﬁ?ctionally distilled several times, rejecting the first
:#hd last portions. The boilling point of the product showed
ﬁfﬁénge less than one tenth degree.

1,2,4 Trichlorbenzene

This compound was prepsred by nitration of paradi-
éhlorbenzene, fractionsal crystallizastion of the carefully
~?ashed dichlornitrobenzene, reduction and distillation with
steam, fractional crystallization of the aniline snd hydro-
%éhloride of the anidine, diazotization and decomposition with
cuprous chloride snd distillation of the product twice with
steam. An ice funnel was constructed and the trichlorben~
 zéne repeatedly fractionally crystallized. The final pro- o

;duct showed no observable freezing point range.

;153,5 Trichlorbenzene

/ This material was prepared by dichlorination of
‘acetanilide, hydrolysis and steam distillation of the di-
’chloraniline, chlorination of the dried aniline suspended in
dry carbon tetrachloride with gaseéus chlorine, and con%
version.of the steam distilled trichloraniline into trichlor-
benzene by diszotization in aléoholic solution. The product
was distilled repeatedly with steam, recrystallized several
!’times from alcochol and finally was distilled. The smount
‘of material was too small to obtain a steady reading of the

‘thermometer during distillation.
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paratus snd Procedure

’aj7ne£erminati0n of Densitles g& low tempefaturas

The densities of the liquids were determined up té
”5mperatures around thirty degrees (the maximum range of the
Anstrument) by means of a Becker Chainomatic Speciflc Gravity
Balance. 'The‘liq11d was placed in a small test tube and im-
mersed in a beaker of water at room temperature. The float

;@hermometer was compared and readings adjusted throughout its

‘nge'with a recently certified thermometer used with the
f%ﬁlfrich Refractometer for refractivity measurements. For
‘féadings above room temperature the liquid was warmed b&
mearis of san electrically heated spiral of chromel ribbon,
wrapped on an‘air-jacketed glass cylinder. Temperatures

could be held constant for an hour at a time without any dif-

culty whatever, and the high degree of heat insulation

égffOPded by the wide alr jacket insured the absence of appre-
1§iable convection currents of air. A series of readings in-
?éentical to one ten thousandth of a unit could easily be ob-
talined, but'temperature readings were subject to an error of
ébout one tenth degree.

Observed readings were corrected for the change in
volume of the float due to thermal expansion. This correc-
iion was made as follows:

Let V;5 be the volume of the float at 15°C (the refer-
‘ence temperature of the float). a

Let Vi be the volume of the float at any temperature t.
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«Then th= Vis [1 + k(t-l5ﬂ where K is the coefficilent

Eéf”cubical‘expansion of the glass, and t = Centigrade temper-

‘ube. At temperatures above 15°, v, will be larger then Vg,
and the observed density will be larger ih the same proportion,
- The observed density dt can be corrected, therefore, by mul-

1ti§1ying‘by the ratio V15 |
v t ;
Let dL be the density correctéed in this way for expan-~

sion ef the float.

al = N5 (4

t' ————

1

-

di = TR %

‘Since k 1s so extremely small and (t-15) is also small,

G 1 = :

1 = - -
Then d! = [1 k(t-15)) a,
t = - - .ov
and dt' dt kdt(t 15°)

The value of k was faken as 0.000025 (the value for
~ordinary glass) and a graph was constructed in which the
‘Value of kdt(ths) for a series of densitles was plottéd
~against température. The correction to be éubtracted from
1the observed density couldthen be read off directly.

The instrument was calibrated with bolled distllled
;Water and with the purified benzene prepared as described
féﬁeve, referring all readings to water at 4°C. Practically
1the same factor for the instrument was found in both sets
;df readingé,rthe average factor for water being .99931 and
;ﬁhat for benzenev.99924; the average_of the two, .99928 was
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The f,oliomng table shows the densities obtained

Table 9
Densitx of Benzene
Temp. | Denalty~- Perkin 'Density‘-‘ebaerved-‘
21,6 | 8777 8779
25.4 .8738 8739
8704 .8704
8702 .8701

The agreement is quite satisfactory. Both sets

of values refer to water at 4°C.

(b)'Bans;ties at temperature higher than 30°C and lower than the
i béiling points

‘The densities of the 1liquid chlorbenzenes were de-
ﬁermined in the usual manner with Ostwald-Sprengel pyknoﬁeters=
ijﬁéing a water-bath which could be kept within one hundredth

~ degres of s constant temperature. The usual corrections

far buoyancy of the air were made, and the densities refer

" to water at 4°C.

(c) Densities at the Boiling points
o The first plan thet suggested itself was to use &

%fﬁ-shaped device of the expansimeter type, made of a pipette
]7ﬁith capillary tubing, one tube of which was bent through
 an angle of 180°.  The capillary tubing available, however,

5[?&8 far;frbm~uniformf1n bore and too much difficulty was

experienced in calibration. A second method based on the -

~ ‘flotation of little bulblets of Pyrex glass was found to
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w u1re more preliminary work end accurate temperature data
,n‘eireumstances allowed 8o finally the densities were

,’ tarmined directly with tiny pyknometers of Pyrex glass

;rhich were heated to the boiling point by vapor of the 1li-
quid under observation in an airjacketed Beckmann bolling
:tube.

| The usual type of boiling tube sbout 3 om., dleme-
fter with a platinum wire sesled in the bottom was faatened
}in the center of a glass tube about 4.5 cm diameter and 14 em.
i1ength by means of two stoppers at top and bottom made of
strips‘or asbestos paper cemented toBether with sodium si~
liegté. A small condenser was attached te the side afm of
the boiling tube and a portion of about 20 cc. of the li-
'quid'ander observation boiled gently by means of a small
'gas flame, shielding the apparatus from the fleme with a
;perforated~screen of asbestos board. The pyknometers, of
Pyrex glass with single deiivery tubes bent through an angle
of iéé’,an&"terminating in hooks under the bulbs, were sus~
pended éne at & time in the vapor by means of a platimum
wire loop passing through the cork. The pyknometers were
filled by placing them in a test tube with the deli#ery
tubé under the surface of the liguid and alternately\apply-
ing suction and opening to the air. They were emptied in
the slme fashion but with the pyknometer inverted. The
ynearly filled pyknometers were then suspended in the tube

and heated by condensation of the vapor. When vapor no
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'ﬁger appeared to be condensing on the pyknometer in appre-~

eblé‘Quantity, (shown by the absence of drops of condensed
éor) the pyknométer was removed for weighing. The liguid
‘yithiﬁxthe pyknometer expands and the excess escapes through
the delivéry tube. No drying of the pyknometers was needed
;fcr the liquids evaporated sufficlently rapidly from the hot
hﬁrfaees during cooling. |

o ~ Te densities were calculated from the following
;fbrmula which takes into account the buoyancy of air and the

fexpansion of the glass:

’dto‘ =: W'D 0.0012(W* '
4 YT o; (w‘-w) .w.? x 0.0000096( t-t')
in which

W is the apparent weight of benzene in air at the tempera-
ii'ﬂture t, | |
;if‘is‘the apparent welght of the liquid in alr at the tem~
‘ fperature t', |
‘D 18 the denéity of benzene at the temperature t.
(G.OOOOOQG was taken as the coefficient of cubical expansion
of the Pyrex glass, and 0.0012 as the mean density of air.)
The aversge apparent weights and the correspondiﬁg
gbarometric pressures are tabulated in table 15, The den~ |
?ities are calculated corresponding to these pressures. ’Fbr
'the égmparisons it was necessary to have the densities for
all the materials boiling under the same pressure (760 mm. ).
‘Thevsmall éhangea of density corresponding to this;rednctién

‘ﬁoiatandard pressure were calculated with guite sufficient
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racy by means of two general expressions:

  Eamsay and Ebﬁng'gsgxpféssion for correction of bolling
'point to 760 mm. pressure;

At = 0.000120 (A p)(T)
in which A p is the difference between the observed bar-
ometric pressure and 760 mm.. T is the absolute boliling
point of the liquid send A t the desired boiling point
correction. The value of the constant 0.000120 is that
for benzene, fiuorbenzene, chlorbenzene, brombenzene and
iodbenzense. The calculated temperature corrections aré
all abag&%i‘, 80 the corresponding density corrections
are very Smglio ‘ |
{2) A mOdification of LeBaanformula for extrapolating den-

gsitlies at the boiling péint. LeBas' equation is:

- 273
.d..?.. - 1 + c( l - Bo P':')
dy :

in which
do = density at 0°

dy = density at the boiling point

¢ = a constant (for benzene = 0.47)

‘Rearranging
dg = d¢ - o T » 273
dg T

in which T = absolute boiling point. This states that
the relative change of density is proportlonal to the

relative chenge of temperature from the bolling point.
‘Using a simpler notation, and.agranging £he expreésion

for extrapolation from any temperature to T,, We have
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% %o
e A
‘,mhen Ad ='°°db'fTE’ |
The value ¢ = 0,47 for benzene was used. The mean value
of ¢ for a variety of organiec compounds 1s 0.463. As
explained above, A t was calculated from Young's formula.
From the sbove expression, the density corrections
were cdlculated for the changes of boiling point A t cor-
é&aponding to the observed barometric pressures. Instead of
éb, the observed densities were used; the error dﬁe tovthis
substitution is insignificant. Obviously, since the extra~-
polation is carried out only over about 1° change of tumpet«
ﬁture, the corrections could be very much ﬁore approximate
ﬁithout‘serieusly changing the accuracy of the molecular
leumes.
i ‘ The corrected densities and the molecular volumes
éélculated from them at the bolling points at 760 mm., pres-
éuré arektabdlated in table 1S5 . The dlscussion of the
collected dats will be found on pagé 3% .

(d) Measurements of Refractivities

The indices of refraction of the liquid compounds
~were measured with a Pulfrich Refractometer of Hilger make.
;Qhe'lave 1engths usgd'were those of the sodium flame and
the € and F 1ines of the hydrogen tube spectrum. Constant
temperature was'maintained by a stresm of water from a

;@@rgprwall stirred constant temperature Bith girculating
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: 1t the prism snd through the plunger immedeed in the
a;ﬁﬁ&&}Q ”At‘h1gh temperatures it was found‘advéntageous

- surround the cell and cover the prism with batting to
 imize'any71rregu1ar cooling due to drsughts. Disper-
sions were read on the micrometer drum and calculated to the
fifth dscimal and consequently differ somewhat from the dia-
pcrsions obtained by subtraction which give only the fourth
éigfe'c‘imal. '

. A modification of the equations usually used with
the Pulfrich instrument was made. The refractive index for
the sodium line 1s ordinarily obtained from the angle of

the refracted ray by mesns of a teble, adding a correction
for the effect of temperature change on the prism obtained

frem another table:

, ES ]; B VB]B ¥ IA D']t.At (1)
m which |

.-[nr]t = refractive index for the D line at a temperature t.

&ub} = refrective index for the D 11ne unoorrected for
temperature (table ).
: ZXD = coefficient for temperature correction of the re=-

Practivity M, for the D line (table)

AT = rise of temperature above 20°C.
For the refractive index for the C line, we

have:
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&fka] = refractive index for the C line uncorrected for

refractive index for the C line at a temperature te

temperature and for the prism used. (table)
prism gorrection for the C line. &(table)

i@icl = coefficient for temperature correction for the
€ line. (table)
Dt = rise of temperature sbove 20°C.

Likewlise, for the F line we haves

L“r]:: ‘}[“nl o LL\F]‘At ($)

jin which the symbols have the corresponding meaninga for
‘the F 1ine.

Calculating the dispersions,
t

(] - [nr}: = [8];_3

Lnrivl; g [nr]; = (81,
} Voe @"LB]B V’D] * Bg V\ - Acl At (9
1S ];-D - }( L‘ﬁ;ﬂﬁ, - L‘“n]n) i lAP - An]t At (5)

and
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t " t
5, + 1L (6)
The three dispersions are easily calculated from

these threé expressions with much greaster accuracy than by

subtraction of the refractive indices, for the differencea
»fﬂ‘ ~ - if*Iﬂ and ( &Mw ] can be ob=

iéined'tc the fifth decimal directly from the angular d4if-

ferences measured on the micrometer drum and the change ‘a/u-
per mimute. XA - N -LV and &AF D‘Xf arg, of
course, directly obtainable from the tables.

To simplify the rather extensive calculations ag
much as possible, the refractive indices for tho C and F
linea vwere caleulated from the dispersions and the mean
refractive index of the D line. To decide more exactly on
fﬁha‘position for the D line, the éngle readings were welghted

:iﬁ(the order of distiﬁctness of line as follows:

D x 3
G b 4 2
F b 4 1

gpd the mean posiﬁion of the D line estimated from the dis-
ﬁéarsion angles and the various settings accordingly. About
ghhalf dozen settings for each line were made, and the aver-
age readings used. The refractive indices and the disper-
sions are colleeted in tables 1o, 12 l3

. ~ The rrefractive indices Were plotted against tem=

y%ratures ‘and the values at even temperatures read from the
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turves. The data for densities was likewise plotted, but

ce praéticélly the same vaiues for both sets of megsur'é-
ts are given by interpolation the curves are not included.
jé‘rhe’VMOlecular refraciivit;i’es ‘and dispersions are based on
the atomic weights for 1922, The discussion of the data
will be found on page 3% . '
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"Ta..ble o

ZFRACTIVE INDICES OF THE LIQUID CHLORBENZENES

Dy o C ¢ VF,gp
T (mly (ndg.  (mndy.

~ 19.78° 1.5013 1.4966 - 1,5130
Benzene 35.47 1.4914 1.4868 1.5031
1.6230 1.5182 1.6362

1.5190 1.5142 1.56310

1.5142 1.5094  1.5261

1,5087 1.5041 11,5206

- 8,7° 1.5618 1,5468 1.5648
Ortho-  30.45° 1.5463 1.5413 11,5891
dichlor= 39,8° - 1,5418 1.5368 1.5543
benzens 39,5° 1.5419 1.8370 1.5545
 49.85° 1.5368 1.5319 1.5495
1,5463 1.5413 1.58501

1.5418 1.5368 1.5543

1. 5370 1.5320 1.5493

1.5317 1,.5269 ———

1.5307 1.5257 1.5433
1.5289 1.5239 1.5416

1.5263 1.5215 1.5389

1.5656 1.5603 1.5791

1.5614 1.5662 1.5749

. 1.5878 1.5526 1.8712

benzene b57.95° 1.5535 1.5483 1.5670
i 65. 5’- 1.5495 1.5445 1.5624
.5 65, 2° 1.5447 1.5388 1.5576
1.5442 1.6391 - 1.5569

Trichlor-66.2°
;benzene ‘
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DENSITIES OF THE LIQUID CHLORBENZENES = d

~ _Apparent  Gorrection Apperent den- Corrected
p.  Density for thermal sity correc~ dnnsitg
R expansion ted for ther- d
; of float  mal expansion _ g‘
25.8° ¢09785 -.00027  .9976  .996p ¥

1bration Data —

21.6  .8787 ~ -.00014  .8786 vk
25.8  .8749 : -.00022 .8747 ‘ 8741
25,4 .8747 : -.00022 .8745 8739
. 2846 | .8713 ~.00029 «8710 +8704

. .,28.8 - «8710 =.00030 : .8767 +8701

00041

- 1, essvm”

- 1,085144¢
- - .@'ngw ‘
1.3050 1. 5041 |
1.3048 1.3039
1.2982 o 1.2973
1.2087 1.2948
1.2084 1.2945
1.2982 1.2943
-.00049 1.2949 1.2941
21,7 1.2888 -,00022 l.2886 1.287%
29.3 1.2807 -.00046 1.2802 ; 1.8793
29.4 1.2801 1.2792
e (1.2563)~u3
: gy l. O] BRI
SR
st i
/ 1.4538 Iz
! Oe2 1.4537 .GQQLQ , 1.45356 : 1.4521
hlor . 1.4526 «. 00020 1.4524¢ 1.48156
zene  28.9 1.44356 ; -.00080 1.4430 ] 1,4480
o 303 1l.4420 -.00085 1.4415 , 1.4404
§0.0 - _ Lo \ - (1.4169)pﬁ‘

#Landolt~-Bimmstein Tables
##Perkin,J.C.5.69,1101
WPerkin,J . GOSO_Q?-, 1202
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Table

[ 3a o

Molecular Refractivity Increments

D ¢ - F
Mol. Mol, Mol. ~
Refr. Diff{ Refr. Diff.| Refr. Diff.
‘ . 20°| 44.47 -G | 44.06 - 45.51 -
Benzene 30°|44.45 84.02 -~ 45.50 -
S 40°| 44.41 - | 43.99 - 45,47 -
: 50°44.38 - | 43.94 - 45,83 -
Culor- 20°53.34 8.87| 52.84 8.78 | 54.58 9.07
1 53.29 8.88| 52.79 8.80 | 54.53 9.06
| 53.28 8,90| 52.79 8.85 | 54.54 9.11
Ortho~  20°]62.07 8.73) 61.51 8.67 | 65.51 8.93
‘dichlor- 30°| 62.05 8.74| 61.49 8.66 | 63.50 8.95
benzene 40°% 62,06 8.77| 61.49 8.70 | 83.51 8.98
o BR% 62,06 B8.78) 61,48 8.69 | 63.51 8,97
Me ta- 20°|82.26 8.92| 61.69 8.85 | 63.71 9.13
‘dichlor- 30° 62.24 8.93| 61,67 8.84 | 63.69 9.14
henzene 40°62.24 8.95| 61.66 8.87 | 63.67 9.14
o 50° 62.19 8.91| 61.63 8.84 | 63.64 9.10
ara- |
‘dichlor- ‘
benzene 50°62.35 9.07| 61.76 8.97 63.82 .9.28
o 0% 62,33 9.08) 61.76 8.99 63.83 9,33
1,2,4 30°71.35 70.67 73.07
Tri- 40°] 71,36 70.71 73.09
enlor- 50°71.46 9.11| 70.78 9.02 | 73.18 9.36
benzene 60° 71.31 8.98| 70.64 8.88 73.02 9.19
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| Mole-

oint |~ _density DensityTy « r | cular
corr. | ‘ | o Vol.

Benzene | 1.5111 738,56 +91°% | .8151 -.000909 - ‘.8].41')’f 78.08 95.81

IR e . (Calc.) : ‘ Eae
Chler~- | ‘, '~ : ‘ , AR
Benzene 1.8246 738,7 | 1.03° .9834 -,.00118 9822 112.53 | 114.57 18,66
ortho- ’ . , ) ‘ ~
dichlor~| 2.0816 737.1 ) 1.24° 1.1213 -.00145 | 1,1198 146,98 | 131,26 16,89
benzene . '
Meta~- ~ .
diehler-| 2.0609 730.5 | 1.09°| 1.1102 ~-.00128 1.1089 146,98 | 132,55 17.98
benzene ‘ g : ’ B
diehlor-| 2.08582 739.7 | 1.08°] 1.1093 -.00127 1.1080 © 146,98 | 132.65 18.08
benzene : :
1,2,4, ~
Trichlor+ 2.28B37 740.1 | 1.17°| 1.2189 -, 00137 1.2175 181.43 | 149.03 16,38
benzene ' . : '

¥* Young, J.C.5. 65, 504

@S




Sumnmary

The object of ths investigatlon was to determine
the tuo additive Froperties - molecular volumes and moleaa -
lar refracti#itieé'- for the 1liquid chlorbenzenes, and to
»1nterpmet the date and correlate any observed regularitiea
f}uith the electronic formula for benzene of H. S. Fry. The
{ggsignment of distinct increments of molecular refractlﬁity
i;éfpositive and negative chlorine was hoped for, but not
%@élized. The essentlal portions of the theory of addi~
tive properties, the electronic conception of valence, and
the formula of benzene have been reviewed, and the molecu-
lar volumes determined by Jungfleisch for some of the chlor-

m?nzenes and interpreted by LeBsas and H. S. Fry Bummarized

;@nﬂ,reealeulated. The densities and indices of refraction
;“ﬁ the C, D and F lines have been determined (in some cases
é%r’thé‘first time) for specislly prepared and‘pufified
jspeeimana of benzene, chlorbenzene, ortho, meta and para
,dichlorbenzenes and 1,2,4 and 1,3,5 trichlorbenzenes; the
~Qispersions were measured and the molecular refractivities
ignd moleculsr dispersions calculated and compéred. Advan~-
@Eageous modifications of procedure and calculation are
described. Ortho and para dichlorbenzenes are shown not }
tc have the same molecular refractivity, contrary to what
ypuld be required if the electronie formula for benzene of

iﬁ;[S.fF?y*were"correct and 1f atomic refractivities depended
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fmgiyiﬁpen‘the electropositive and electronegative functions

? the atoms. Definite increments of molecular refractivity
‘could not be assigned to positive and negative chlorine, and
no markedfperiodieity is observable. | The molecular volumes
at the'boiling points of these chlorbenzenes have been deter-
;m;ﬁed and found to differ from those caleulated‘by,Jungflaisch
;?ﬁd recalculated by LeBas sufficlently to remove thé‘periodi—
;gity pointed out by these investigators. The regularities

, finted out by Jungfléisch are not very striking and the
f§§11dity;of the recaleculation of LeBas is questioned. The
 mo1eculaf volumes of ortho, meta énd pera dichlorbenzeneé
have been ccmpared,‘and found to inerease in this same
;grder, just like molecular refractivities. The conclusion

is drewn that it is not possible to assign definite incre-

: ents in molecular volumes based on the electronic functions
fﬁf,the atoms only, and that configuretion of the molecule
‘must be the determining factor.
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