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PART 1

ANTHRACENE, TRINITRCBENZENE, AND THEIR l:1 COMPLEX

Introduction

Oomplexes betwsen arcmatic nitroc compounds and aromatic
hydrocarbens or awines ares lmown ae stable compounds, ususlly
highly colored and of e definite melting point. The naturs of
the forses holding the componants together is not definitely
established (c.f. the section on literature background). Various
theories have been put forth including covalent bonding (1),
dipole effesct:(2), snd ifonic bonding (21). It was the purpose
of this research tc measure ths conductivity in liquid sulfur
dioxide of trinitrobenzene, anthracens, and the 1:1 complex from
these two to ses whethsr there was any conductivity et all, and °
in the event of Fuch canductivity whether the complex conductad
mora than the sdded conductivities of the two components., It
was hoped that the results would give evidence dirsctly bearing

on the binding forcesz of the complex.

Literature background

Briegleb (2), in a study of molecular complexes, concluded
that the binding mechenisy was the result of a dipole-induced
dipole interaction, the moment of the nitre group polarizing the
electrons in the unsaturated bonds of the hydrocarbon. He thought

that in complexes of thie type in which s strong dipole could
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intersct with a strongly polarized system, the polarization effect

was of considerable importance as compared with dipole-dipole inter-

actions and dispersion forces, the twoc other types of ven der Waals

forees. The energy of binding depended on the number and position

of the nitro groups and on the polarizability of the unsaturated

hydrocarben. Table I shows the binding energies of various complexes

measursd in carbon tetrachloride sclution from the relative intene-

ities of the absorption bands with temperature changaes.

OJomplexes of naphthalens with:

TABLE I

Binding energy in kesal.

cbsarved caleulated
s~trinitrobenzene 3.6 4.6
m~dinitrobenzene 1.5 1.6
o-dinitrobenzene 2.9 5.0
nitrebenzene .6 .6
Couplsxes of tri- Binding energy in keal. Polarizability
nitrobenzens with: observed calculated of hydrecarbon % I10
anthracens 4. 4 4.6 30.8
phenanthrene 4,0 3.9 26.4
benzene .6 1.0 10.4

I% is seen that, with a given hydrocarben, the binding energy increases

with inereasing nitro groups, and that, with o given nitre compound,

the energy increases with the polarizability of the hydrocarbon.

The caloulated energles are derivaed on the basis of induced dipole
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effects using the stendard aquatiqn.* In the case of the anthracene-
trinitrobenzens complex, the consentration of the anﬁhracene was
.028 moles/liter and the nitrobenzene was .01 normal (5).

B8ince the intsraction energy was dependent on polarization
effects Briegleb concluded the 77 elactrons, since they are so
easily polarizaed, were of special importance. The cloud of
elactrong of an eromatic system would be pulled toward the polar
groups of the nitro compound and "the coverlapping of the cloud
systems constitutes e non-classical binding energy which is super-
posed on the claesical polarization energy® (2).

That the binding energy of molecular complexes is dependent

on the substituents of the hydrocarbon is shown in Table II (3).

TABLE IX

One %o one molecular complexes of trinitrobenzene:

Hydrocearbon Binding energy in koal.
benzens 5

styrene 1.81t.11

stilbans 3,.21:.04
phenylbutadiene 2,15%.17
diphenylhexatrisne : 2.45%,02

* In ite simpleet form Uz%_,f——l:";where U= energy of binding due to
induction effect,«~ polarization of hydrocarbon, eand € the field

resulting from the moment of the polar group.
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Briegleb visualized the trinitrobenzene molecule being in close

aspacistion with the phenyl ring: NoO,

ON e A

T —————

. ‘ ’H ﬁ NO,
i i
H

H

The increaese in binding energy from benzene te atilbene shows
theé effect of the phenyl groups. Field interaction to ring I from
the trinitrobsnzens molecule directly ls imposaible since the dis-
tance is more than 5 A. The disturbance of the electron cloud in
one part of the melecule is carried through the conjugated system
80 that the whols molecule takes part in the binding. He calculated
the interaction energies for all possible positions of the two mole-
cules end concluded that the most probable one was with the planes
of the hydrocerbon and nitro compeund parallel. The binding energy
decreases rapidly with distance, therefare ths poiar groups tend to
be a8 near as possible to the polarizable bonds. Such_a configura-
tion is best achieved by a parailel orientation. This would explain
why aromatic hydrocarbona form compleies mers rgadily than aliphatie
compounds, since arcmatic compounds are planar.

Bennett and Willis (1) conaidered the componente held together
by a covalent bond, the union being through the basic nitrogen atom
in the case of amines. They visualized the nitre groups as heing

activated as indicated in the following reactions

+ ;;?C) v O + O
/\vrq\\c)“-————_* ArN~ JthE—*tqviﬂ\\\C)_
|

o
R,—MN
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The dirsct participation of the basic group was indicated by ths
formation of color with poly-nitre compounds and alcchellc smmonia,
or piperidine and trinliroe aniscle beéausa in theze c;see there was
no point of attachment bwut the basic group.

The authors concluded that the complexes of polynitro compoundas
and aromatie hydroccarbona ﬁere quite similar, snd the mathod of unicn

was the ssme. The hydrocarbon, like the base, is a donor molecule.

The complex would then look like this: 0

However, this was completely disproved by Powell and Huse in
193¢ (15). These workers examined the crystal structure of a large
number of complexes and found the molecules arranged in parallel
planes. The particular example they described was the l:1 mclecular
compound of pieryl chloride and hexeamethyl benzens. All the picryi
chloride molecules lay in two sets of parallsl plenes, one above the
othar, separated by a distance of 7 ;. All the hexamethyl benzene
molecules lay in wo sets of planee parellel to and half-way between
these; i.e., sapafuted from them by 3.5 ﬁi‘ In this case there was
no poesibility of covalent bonding between the coemponents.

In 1943 Powell, Huse, and Oookse (16) examingd th;-crystal struc-
ture of the complex of p-icdo—-aniline and trinitrobenzene by means

of x-ray diffraction. The atomic pesitions were determined by two

and three dimensional Fourier analysis. Between the p-iocdo-aniline
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and trinitrobenzene moleculas the interstomic distance wes equal to
or greater than 3.5 A,as would be expected for unlinked atoma. Thers
was no distance of the order of wagnitude of 1.5 A which would be
axpacted for a covalent link. Thereforse, covalency between the com-
ponentes was excluded. Thers might be very weask hydrogen bonds bet-
wean the amino gr;;ps and oxygen atoms of the nitro groups, but these
are not essential for compley fermetion. However, the authors peint-
ed out that what was true for one complex might not necessarily be
true for enother and they made no ébaolute ¢laime as to the general-
ity of their conclusicns.

Weiss (21) considered the complex esaentially ionic, there
being an actual elsctron transfer from the donor hydrocarbon to the
accaptor nitro compound. He fslt thet th; complex was held toge-
thet more firmly than by dipole interaction or dispersion forces
8ince thej oexisted in solution and their color could not be due to
a saturation of residual valencies. The usual simple steichiometrical
ratic of 1:1 or 1:2 was etrong evidence against ordinary polarization
interactions.

The acceptor molecule muet have a positive elactron affinity
so thet an increase in slectronegative groups favors formstlion eof
s moleocular compound. This ia borne out by the fact thet complexaes
from di- and trinitre compocunds are more stable than those from theh
monoe gompound.

From n consideration of energy curves, Welss concluded an
ionic bond wes far more probsble. In figurs I {21), i and i' are

the potential curves, i.s., the anergy of interaction pletted against
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intermolecular distance, if the comwplex is considered to be the result
of en electron trensfer. 1 end i' correspend teo different values of
E_which is equal %o I -E whers I, is the lonization potential of
the donor molecule and E, the elsctron affinity of the acceptor mole-
cule. t represents the potential curve if the complex iz conaideraed
to be held together by van der Wamals forces. The dispersicn and
dipole potentials fall off much more rapidly than the ionic potential
and the lower energy valuass for the ionlc state are abvious. Whare
the curvas creses at R, both potentials have an appreciamble velus
so that a linear combination of both is neceseary, but at least thease
curves indicate the presence of ionic bonding in the complex. As
further support he pointsd out that the fomatio;l of the complex is
fairly rapid and there is a low heat of activation which point to
an ionic bond. According to Weliss, the donor mclecule has a low
ionization potential; the transitieon complex is first formed through
dipole and dispersion interactions. This is then followed by an
actual eleckron transfer, the whole procedure visualized as follows:
A+B — (AB)e —— (AY + (B)

Weies explained the formetion of color as due to the fact that
the ions each have an odd elsctron. This means a small excitmtion
anargy which leads to light absorption in the visiblae.

More corrobprative evidence was obtained from sorystal data;.
the interionic distance of 3 to 3.5 Adaa measured by x-rays wers
of the same order of megnitude as other univalent.ionic cryetels,
like KGl(}.lﬁ; }. The NaCl structures was observed in the camse of

the complex betwesn acensphthene and 2:6 dinitro-m=-xylene {9).
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From this theory ons would sxpect the molecular complex te
have a measurable dipole mement due to the separate cherges of the
ions. It was found in pany oamses {4) (13) thet compounds with zerc
dipole moment aB trinitr%bcnzane, geve a measurable moment in eol-
vants with which they foémed complexes, as banzene, but not irn sclvents
tiks carbon tetrachloride where there was ne complex formed.

In discussing electrical properties of the complexes in sclu-
tion, Weiss mentioned in particular the complex between trinitrobsn-
zene and snthracens. Thie gave & yellow color in liquid sulfur dioxide
and a small but messurable conductivity. At e concentration of 10-3
moles per liter the equivalent conductance wee of the ordsr of .1
at 0 C. He also mentioned data which he felt indicated the hydro-
carbons as donor ions. Walden (16) had found that sclutions of an-
thracens in liquid sulfur dioxide were desep yellow and shewed a
measurable conductance of approximately .1 at a concentration of
ldﬂ:oleé per liter a% 0‘0. Waiss considered this to demonstrate the
poaitively charged anthracene ion; the conductance was due to ths
presancae of (qgi- and (qu-. According to Weiss (21) any system
of conjugated double bonds is capable of forming fons; the” electrons
wore essantisl. He mede several salts to prove this, among them
enthracens perchlorate. The solution of this selt was & good conduc-
tor of electriﬁity in acetone.

In 1943, Powell and Huse (17) reported some experimental data
which they felt was evidence against the preszance of ions in the
crystel siructure of such a complex. They maintained that an ioniec

erystal of the type envisaged by Weiss would have greater strength
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than one held together by van der Waals forces. This greater
strength would be evidenced by grester hardness and high melting
point, which wae not cbserved.

Moresover, asccording to Weiss (21), the carbon atoms of the
component ions would be abaut 3.2 An from esach other which was net
the case for the complex studisd. The authors showed tables of
melting points of complexes and their components. The melting point
of the complex was usually lower than that of one of tha components
and in some cases the melting point of the complex was lower than
that of seither component. Thae i—rny photagraphs they obiained did
not show any evidence of the inc¢reased hardness that would be ex~
pacted for an lenic erystal.

It must be remembered, however, that = melting point is nei
in itself a disgnostic test of the type of bonding present in a
systen. Aocordi#g to Pauling (14) the melting point is rather s
function of the number and distribution ¢f bonds and this type of
complsx way be similar to 3iF, which Pauling describes as having
ionic bonde but & wmuch lower melting point than,‘e.g., NaF. Thie
is because whereas NeF is a gient crystal with every positive ion
essocisted with six negative lons, SiF, has every positive ion
associated with four fluoride ions with the different SiF, molacules
held together by weak ven der Weals forces, It is these wesk fores
which srea dastroyed when ths compound malts, and not the lonic bonds.

Rapson, Saundsr, ani 3tewart (18) considered the Weise elsctron
transfaer theory valid only in cértain cases where deep color axisted

and the pressncs of ione was supported by other evidence. They thought
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the interaction of dipolan, perhapa leading to an inciplent cxidetion-
reduction was a mors prebable explanation of the observed phenomenon.
As support of their conmtention they pointed to examples of complexes
whers the ratio of compenents was lese simple than the 1:1 or 1l:2
mentionead by Weies. ¥For example, the complex of trinitrobenzena

and fluorens was in the ratio of 4:3. They themselves prepared com-
plexes using 4:4' dinitrobiphenyl with 4:4' dimcetoxybiphanyl, 4-ace~
toxybiphenyl, 4:4' dimethoxybiphenyl, and biphenyl and obteined
ratics 6% 5:1, 4:1, 3.5:1, and 321 respectively; the colors renged
from cresm toc red. In & series of x-ray crystallographic studiea
they exemined the crystal structure of various complexes and found
that the scceptor dinitrebiphenyl molecules lie in planss one above
the other separasted by 3.7 A: while the donor molecules lie with
their sxes perpendicular to these plenes. In Figure II an example

of the complex batwasn p~hydroxy biphenyl and 4:4 dinitrobiphenyl

is presented. It was found that all the molecules wers equally
spaced from each cther; there was no intermolecular distance shorter
than that normelly found in aromatic nitro compounds. There was one
exception in that one OH...0 bond distence was 3.0 A? Here, hydrogen
bonding might be possible but it would not explain the ebserved ratio
of 3:1. The epproach of the nitre groups to the rings of the hydroxy
compound was no closer than to the rings of the dinitribiphenyl mcle~
oules themselves which indicated no iocalized bonding between units
in the crystal structure. This analysis was representative of other
complexes examined. The authors finally concluded the molecular

ratics ware determined almost entirely by geowetrical considerstions;
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the number of molacules of nitro ecompound that could ba accomodmted
by each walecule of the donor component depended on the length of
the latter. The comparison of observed ratioe and those celculatsd
on this hasis waere quite good; they calculated how many nitroe com-
pounds 3.7 i’apart could be accomodatad at right anglas tc the danor
melecules.

Hunter, Qureishy, and Semuel (10) were of the opinion that
the complexes were sssociations produced by van der Weals forces
rather than the results of an ionic bond and as support of their
contention they reported data on the abaorption epaectre of various
complexes in ethyl alcochol and hexane. They measured the spsctra
of naphthalene and picric acid, m-dinitrobenzens and % -naphthslamine,
and their respedtive complaxes. In each cass thesy found that the
spactra of the complex wass a supsrpcsition of the curve of the first
component on that of the second, with neither thq position aof the
meximanor log k indicating anything more than a small interaction
between the components. They compared thae log k of the complex with
the seuw of the values for the twe components and found that devia-
tions from the lew of addifivity were quite small, of the order of
.2 which is of the eame order as that ocbserved for change of aclvents.

Further work on absorption spectra was done by Jones and Neu~
worth (11) who measured the spectra of trinitrobenzene with such
hydrocerbeons as naphthalene, anthracens, phenenthrene, and chrysens,
in wethanol. They chbaerved that at the concentration used (lo"smclnr)

the complexes wers complstely dissociated. They added the wmolar
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axtinction coefficients of the hydrocarbon and trinitrebenzene at

8 given wave length snd compared the sum with the experimental wolar
sxtinction coefficient of the complex and found excellent agreement.
The comparison between observed end calculated values in the anthracene

trinitrobenzens complex ie shown below:

TABLE III
Bk calc. gbs.
252 5.29 5+30
298 3.07 3,08
311 3,23 3.23
325 39 3.49
340 3.92 3.90
358 3.90 3.87

578 3.76 3.74

Recant avidenoe that the complex doee not exist as such in
liquid sulfur dioxide has recently been cbteined by Dr. Ralph
Weston (23), who, while doing ebsorption studies in that solvent
at Harvard Univereity, was kind encugh to meazure the spectra of
anthracens, trinitrobenzene, and their complex in a concentration
ranga of 40 to 20,000 liters per mocls. His deta show that the com-
plex does not exist in liquid sulfur dioxide; the spectrum of the
complex is just the sum ¢f the spectra of the two components within
sxperimental error. The deta are shown in Teble I¥; the figures

-3
refer %o the extincticn coefficients x 10,
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TABLE IV

Wave length, me Anthracene Trinitrobenzepe Sum Complex
340 8.55 243 6.72 6.24
345 6.42 + 230 8.65 6.15
355 S5.77 .183 5.98 5.52
365 5.41 «131 5,54 5.09
375 5.14 .0835 5.22 4.8l
585 4.73 0485 4,78 4.40
395 4.12 «UR48 4,14 3.81
410 3.00 0078 3.00 2.80

4303 1.70 _— 1.70 1l.62

According to Weston, "Further evidence for complete dis-
gociation lies in the fact that both the complex and anthracene
obey Beer's Law at 430 ms, and a,®* of the complex al this wave

length is the same as that of anthracene alone.”

% TFrom absorbancies at four concentrations at this wave length,
3
2, = 1.45610 for anthracene

3
8y = 1.35%x10 for the molecular complex

XL

—
#% a, molar absorbancy indexslog T where ¢ ig concentration
b

in moles per liter, and b is the cell thickness in centimeters.
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Results and discussion

The reaults of the first run on anthracene weres in genaral

agreement with those of Welden (20) who reported:

0 0. Dilution, lit/mocle 20 68 161
. ohms om. /mole 105 .110 .107

Attmepts to duplicate these resulis with more highly purified
material led to lower results (ef. Table IV) which might con-
caivably have besn due te elimimnation of impurities through
vacuum sublimation.* # The revovered material had a slight
yellow tinge and showed ﬁo obvicus fluoresocence; m.p. 215.2~
216.8.0. The meterial hsad not been oofered during evaporation of
the-Solvent end possible resulting impurities way have caused a
range in the melting peint. There was not enough meterial to
recrystallize.

The introduction of pumping in the measurements on anihracene
led 4o 8%till lower values of £~(cf. Tables V-VI). There was no
apparent sublimation along the walls of the cell and exemination
of the oold trap in the line revealed only water. It was felt,
therefore, that the conductance of anthrascena waes so low that exact

reproducibility was impossible with the apparatus used. The resulis

* The tempsrature recordings for the last three resdings are lascking
bacause the Backmann wes broken, but the thermostat had maintained
a fairly conatant tempdrature, in general, not varying by wmore than .02.

# Temperature of sublimetion 120°
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of ths measurements on conductivity of trinitrobenzene are seen
in Tables VII-XII. The conductivities seem tc lie within a cer-
tein range es depicted on the ourve (of. end of section), the agree-
ment being better at higher concentrations than in the more dilute
regions.' Purification, which consisted of vacuum sublimation,* re-
sulted in slightly lower wvalues, while pumping seemed to have no
offect. There was nc apparent resson for the lack of reproductivity,
and again it was felt the conductivities were 8o low, no bettsr pre~
cision wes possible with this apparatus. Thus, the velues of k for
the solution run from sbout 93x10™ ohme st s dilution of 145 liters
per mole to 12x10 ' ohms et & dilution of 27,000 liters per mole while
the values of k for the solvent run from 5 t¢ 14x10" ¥ obme.. In run
X-7, page 27, 8.g., the specific conductance of the selvent st the
firat point (93.9 liters per mcie) is 15% of that of the solution; at
a concentration of 88,000 litere per mole k of the solvent ia eas
much as 57% of that of the solution. The melting point of the re-
coverad matarial averaged 12560., and was fairly sharp.

The initial measurements on the complex, cf. Table XV, eeemed
promising in that the equivalent conductance was relestively wmuch

greater than that of either of the twe components.””

* Temperature of sublimetion 100°
** The remson for the high resistance of the sclvent (cf. page 30) ise

not understood since fair agreement wae obtained with 50,000 o¢ims in
parallel as well as 11,000, However, whether it wes 17, 18, or 19
©illion ohms, the specific conductance wes still 1x10, and the

resulting valuee for J\ were unaffected.
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The solution of the complex in liquid sulfur dioxide is
deep yoallow. The recovered msterisl loocked unchanged, but e
sharp melting point could not be obteined. The crystals wers
in a semi-melt stage from 140-170 degreee; thers wes no home-—
geneous. liquid. This ococuld be dus to diasseciation 6f the com-
plex with resultant formation of a mixture of complex, trinitro~
benxene, and anthrzcene or psrhaps a further complex fermed between
the sclvent and the complex. Subsequently, evidence in faver of
the former wes obtained from spectroscopic measurements (cf. pege 12.)
In connsction with the indefinite melting point of the re-
covarad material, & wmixturs of equimclecular amounts of anthracenel
and téinitrobenxane wag prepared and its welting point determined.
The mixture turned deep orange in part and melted from 160-162
degrees. In this range the ssmple presented the same semi-melt
appearance as the recovered material; agein there was no homo~
geneous liquid. A second melting point was taken on a mixture of
about.lo% complex and 907 of a mixturs of sguimoclecular eamocunts of
anthracene snd trinitrobenzens. This mixture melted from 154-158
degrees, i.s. dark orange droplete formed throughout the mimturs.
Further runs on the complex madé from vacuum sublimed materials
lad %o mucﬁ lowsr results, of. Tebles XV-XVI. It seemed fairly
gvidant that the conductivity of the complex is the sum of the equi-

valent conductances of the two componehﬁa or ¢f their iwpurities.
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This means that there are no detecteble ions in the sclution which
might be accounted for by either of two reasons. Either thera was
never an ionic bond helding the components together or the complex
dissoclates in liquid sulfur dioxide to such an extent that the
eonductivities of anthracene and trinitrobenzere, distinet in them-
selves are measured. The following beble showa how the sum of the
conductivities éf the components compares with the conductivity of
the complex.

TABLE V *

i

- a
Dilution, 1;t./gple Nohms  om./mole

Anthracene Trinitrobenzene Sum COomplex

100 .03 — - e

500 075 13 205 20
1000 .12 .27 .50 540
2000 .18 A8 .64 50

It is seen in Table XVI that the conductance of liquid sulfur
dioxide is negligible; ite maximum resietence lies in the range of
sevanteen million omme. The first distillation lowered the valus
of k frou 41 %o 7.7xld-eohmidan:’ 3inoce the values of k for the
solvent are taken only at the end of each run, one might account
for the failure to obtain exactly reproducible rasulte by consider~
ing this "selvent error". The values of k for the solvent are in

many cases as much as 20 or 30% of the actual conductances of the

measured compounds.

* Data from curves at.end of section.
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Experimental

Materials of research:

1. Anthracene: This was the commercial product of Reilly Ter and
Chemieal Corporation, Scintillation Grade. The crystals as supplied
showed a pale blua fluorescencs and hﬁd a melting point of 215.4-
215.§DG. taken with a total immersion thermometer, allowing a sul-
furiec acid bath to heat up feirly rapidly until approximetaely fif~" -.
teen degrees below the melting point at which time the rise in
temparature was regulated to three to four minutes per degres until
the material melted. Subsequent melting points given in this thesis
ware taken in the sawe bath and in the same menner. Literature

valugs for anthrecene are 217‘(11), 214 (11), and 2154216°G. corr. (5).

2. Trinitrobenzene: This materiel was from the Eastmarn Kodak Co.,

while label, and had & melting point of 122.2-122.4 C.

3. The complex (5): Ethereal solutions containing .5 grems (.002
moles) of trinitrobenzene and .35 grams (.002 moles)} of anthracene
were mixed and warmed on & stesm bath. An orange soclution resulted
which was filtered to remocve any undissclved or unreacted materisl.
The solution waes sllowed to evaporate to dryness in a vacuum desic-
cator containing sulfuric acid. Long orange needles resulted, mp.

1563,8-164 0. A-multing peint of 164 has been reported (19).

4. Sulfur dioxide: This was the dry commercial product of the

Mathescn Co. (7).

The apparatus and expsrimental technique involved in the
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measursments were the same as those employed by H. Glazer (7).
The calibration dete for the cell and thermometer sre as follows:
cell caﬁatant - L2226

slectrode bulb volume -~ 43.000ml. at 1.185 ml. graduation
dilution buldb volume -~ 18.730 uml.

Beckmann ~~ 4.780=0 C.
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Data

Anthracene

Run X-1, cf. Table VI.

In this run, the material was used as supplied without further
purification. The ssmple wes pumped for a total time of tweanty-
five winutes at the same time &8 the whole system to the sulfur
dioxide tenk was pumped. The materiml wss not pumped for a lenger
period of time because it was thought the anthracene would sublimse
in part and oause errors in dilutfion values. The solution was
bright yellow in agreement with Walden's cbservation (19). For
these measurements a resistance of 10,000 olms was put in parallel
with the cell for the first reading; then 11,000 chme were used.
The cell was allowed to stay in the thermoatat thres to five
minutes after dilution before each initisl resding tc allow for
temperature equilibrium. After this initisl reading, points were

takan at five minute intervals until a conetant reading was obtained.

Run X-2, c¢f. Table VII.
The material used in this run was thet obtained by vacuum sublima-
tion of the commercial product in a cocld finger spperatus of atsnd-

ard typs at a pressure of one millimeter, m.p. 215.4-C.

Run X-3, cf. Table VIII.

At this time it wes #1t that lack of pumping in the case of anthracehe
might be responsible for spurious results; i.e., the presence of

varying amounts of water and other volatlle impurities would lemd te
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non-reproduoible results. Accordingly, the sample of vacuum sublimed
moaterial was pumped for twelve hours in en ice~wataer slush. The

vecut was 009 mm.; there was no evidence of sublimaticn.

Run X-4, of. Table IX.

A sample from the same batch as that used in the preceding run
was used; total pumping time was twelve hours at a pressuia of
.02 mm.* in an ice-water slush. As in the prededing run, there

was no evidence of sublimatioen.

* At the close of the work reported in this thesis a new McOleod
gage, of better conastruction than that used in these measurements,
was put on the line. It was found that the line gave a pressure

bettar than one micron. Since it was known that the old gage was
of faulty construction, it was concluded that the pressures glven

in this thesis should read .00l mm. or less.
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TABLE Vi- Run X-1

. - ¥ »
Temp. C. Dilution, 1it./mole k solubtion, ohms ecm. x 10 AChms cg?i /mole

120 73.9 142 088
.118 182.9 31 o182
113 418.7 71 . « 2686
Weight of sample-.0957 grams k solvent 10X 7.6 ohms" cm.”

TABLE VII-Run X-2

Temps C. Dilution, lit./mole k solution, ohms cml x 10° Aghns ~ em?/mole

.118 83.2 77 068

.118 188.4 60 .099

.113 4206.3 S0 183

.118 864.4 &2 537

.128 2180.8 33 56T

s 4931.5 31 1.18

e 11159 R7 2.23

W 252824 25 L.54

Weight of sample—.00095 grams k solvent 10 ;‘?.1 ohms-f cita !

¥A11l values of A\, are corrected for the solvent conductance; values of k are
uncorrected for the solvent conductance

# Temperature recordings are lacking as the Becimann was broken.
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TABLE VIII-Run X-3

] - -7 ¥ -
Temp., C. Dilution, 1it./mole k solution, chms “cm. x 10 Nohms ’cmﬁ/mole

.080 63.5 49 .028
.085 144.2 30 .040
.085 327.2 17 043
.020 742.5 19 112
.090 1683.8 16 .R05
Weight of sample-.11962 grems k solvent 10x3.8 ohms cm.

TABLE IX-Run X-4

Temgt . Dilution, lit./mole Xk solution, ohmsq cmlllO’ A ohms cm:[mole

.080 B5.6 24 .0l6
.080 194.6 20 ORY
«125 442.2 1g .048
115 1004.4 13 .079
.105 2280.9 12 157
- — -t
Weight of sample-.088729 grams ¥ solvent 10x5.l chms cm.

Note: Data for these two runs does not extend to higher dilutions
because the values of k were extremely low anc the conductance of
the golvent was 23% of that of the compound in table VIII and

429 in table IX at the last points.



Trinitrobesnzens

Run X-5, cf. Table X.

The méterial was recrystalliized from 95% ethyl alechel; m.p. 122.2-
122.400. The sample was pumped for a psried of forty-seight hours
at a pressure of .0l mm. The solution of this compound in liquid
sulfur dioxide 1s colorless, sxcept at very high concentrations,
e.2., & falnt yellow color was observed initially with the first

few drops of solvent. ‘ .

Run X=6, cf. Table XI.

At this time it wes thought that trinitrebsnzene might contain

some alcocholate of recrystallization and accordingly a weighed
sample was put in a drying pistel containing CaCl, and heated to
1od°c.; the vaouum was supplied by en aspirater. At the end of
eight hours a 2.2 ug. loss in weight was cbserved. At the end

of seven more hours an additional 2.98 mg. was lost. A wmechanical
pump was then used as a source of vacuum and at the end of six
hours most of the ssmple had gone over inte the cald trap. Previocus
loss in weight could therefore be attributed to sublimation as well
a8 loss of alechol. This suggested a method of purifying trinitro~
benzsne and accordingly sbout a gram of recrystallized wateriel wes
vacuum sublimed, the wacuum being supplied by the line (.02 mm.)*

The material was a yellowish white powder m.p. 123.2-123.35 C. as

compared with the light brown recrystallized product. This vacuum

ef. footnote, page 21.
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sublimed material was employed in this run. The sample was not
puaped over an hour since it wes disceveared that the material sub-
limed under a vacuum. Of courss, heat waz applied during the aub-
limation but it is conceivable that under line vacuum some semple
might sublime at room temperature. The ssmple was maintained at

~20 O. during the one hour it was pumped.

Run X-7, eof. Tabls XII,
This sample was from the same batch as that of the preceding run;

the conditiones were duplicated s& much as posaible,

Run X~-8, of. Table XIII.
The sample used was from the same batch as those of the two pre-

ceding rune; conditions were the same.

Run X~-9, ecf. Table XIV.

The saﬁpln used waes from the seme batch as those of the three
preveding runs, Before doing this run the balance used in the
welghings was checked againet another balance and found to be not

in error. The cell constant wes redetermined and found toc check

with the previous value.

Run X=-10. cf. Tabls XV.

A fresh semple of frinitrobcnzone was vacuum sublimed on the line
and used in this run. It wes felt that in the case of trinitro-
benzene as well as in that of anthracene lack of puwping might

laad to erronecus results and this sample was pumped for thirteen

hourd in an ice-water slush.
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TABLE X-Run X-3

Tempe C. Dilubtion, lit./mole Xk solutionm, ohms‘iil._._ge Aonmg 'cm.a/mole

127 197.5 46.8 .Q070

JdiR 451.9 52.6 .187

JA12 1034.6 36.5 « 283

122 2367.2 30.3 452

<102 5416;2 24,3 «709

.102 12380 23.2 1.48

«102 28345 17.7 1.84

-2 -,

Weight of sample-.04638 grams k¥ solvent 10 x11.2 ohms cm.

TABLE XI-Run X-6

o ! -
Temp. C. Dilutiom, lit./mole k solution, ohms 10’ aohms _cme/mole

.152 194.9 58.9 »103
102 44242 47.4 .184
212 1003 40.3 « 54T
.087 2R56.3 4.4 047
«142 5075.7 27.5 1.10
122 114235 26.4 Z+56
122 R5971 20.4 .51
- /-

Weight of sample-.04646 grams k solvent 10x 5.7 oh.ms- ci.



TABLE XII-Run X-7

2T«

vt -
Temp: C. Dilution, lit./mole k_ solution, ohms " cmxi0” Aohms ’qm.gmoler

.147

<322

Weight of sample-.08182 grams

Temp. C. Dilution, lit./mole

146.6
385.3
757.2
1718.3
5302.1
886L.4

20147

TABLE XITI-Run Z-8

-5 o
k soivent 10 xld4.4 ohms cm.

.116

-~/

- - -
k solution, ohms cmnl0  Aohus™ cm./mole

-270

Weight of sampie-.04715 grams

198.5
440.8
1004.2
R288.5
5209.3
11871

27021

57
29
25
18
15
14

iz

k solvent

060
»101
.186
+2B8G

«-4a8

)

37

1.70

-~ - -7

10x 8.4 ohms cm.
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TABLE XIV-Run X-9

Temp. C. Dilutiom, lit./mole k solution, ohns cixl0 pohms cm/mole

102 185.27 45 071
105 417.61 38 129
.085 241,68 30 .220
«100 R2125.4 28 o 245
.095 4787 el 694

. 360 10786 20 1.38
Weight of sample-.04860 grams K solvent 10 X 7.5 ohms” cm.’

TABLE XV- Run X-10

- =1 -
Temp. C. Dilution, lit./mole k golution, ohmg cm x 10 f;othLQEYhole

.145 95.5 51 045
.100 210.4 40 073
105 474.8 52 .128
120 1067.6 27 .254
.080 2399.3 22 .07
102 5594.9 20 .802
.110 12116 18 1.57

Weight of sample-,c961l5 grams k solvent 10x5 ohms ecm.



Complex
Run X-II, cf. Table XVI.

fhe materials used to prepare the complex were those supplied

and used without further purification. Pne sample was not

pumped as it was felt some loss would bé ineurred through
sublimation,

Run X-12, cf. Table XVII.

This sesmple and the one used in the following run were made from
vecuum sublimed materimls. Alsoc it occurred te the author that,
a8 in the cese of the components, lack of pumping would lead to
arronecus regsults, and mccordingly this sample was pumped a period
of twanty-fworhours in an ice-water slush at a pressurs of .02 um.
Run X-13, cf. Table XVIII.

This was an effort to duplicate the results of the last run; the
semple was pumped 14% hours in en ice-water slush at a pressure
of 007 mw.

Solvent

At this time it was thought that determination of the walues of

k for the ssclvent alone might prove interesting and this was

done. The dilutions were mede pouring all the solvent over each

time. The rssul$s are shown in Table XIX.
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TABLE XVI-Run X-11

Temp. C. Dilution, lit./mole k solution, ohm)s_-__zg_n".'x;loy&ohms-’ cm/mole

125 638.2 155 .98
.125 1451.7 108 1.55
117 350047 02 3.00
123 7502.7 95 7.35
.108 17054 71 12.08
.105 38674 53 £0.11
.103 88014 21 £6.08
Weight of sample-.02614 & solvent 10x1 ohms” cm.”

TABLE XVII-Run X-12

Temp. C. Dilution, lit./mole k golution, ohm ‘cm':‘xloy.hohms"cg?mole

<105 550.4 76 « 232
«080 74145 47 « 507
085 1662.9 52 <440
.020 3751.9 24 .690
020 8368.5 19 l..2
082 18840 | is 1.97

-F =f -/
Weight of sample-.04377 grams k solvent 10X 5.5 ohms cm.
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TABLE XVIII-Run X-13

Tempo C. Dilution, lit./mole k solution, ohms smw 10 Aohms cm./mole

.082 280.1 val .198
.080 626.2 42 .263
.105 1400.4 27 378
.085 512749 20 .656
095 6986.4 15 ) 1.04
.085 15623 13 2.03
- F
Weight of sample-.05851 k solvent 10X2.5 ohms ™ apm>’
TABLE XIX

Temp._C. # distillations  k, ohms .oaxdO!

070 0 a1

.050 1 7.7
113 o a.]
.030 3 4.7
+110 4 5.5
.045 5 R
«Q50 & 2.1
+090 7 1.3

032 8 1.4
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ABSTRACT

It has been proposed in the literaturs (18) that complexes
between aromatic nitro compounds and aromatic hydrocarbons are
the result of an electron transfer from the hydrcoarbon to the
nitro compound with the resultant formetion of ions. The con~
ductivity of such a complex, that between anthracens aﬁd trini-
trobenzena, was measured in liquid sulfur dioxide to test thias
hypothesis. The conductivity of the ocomplex was found to be the
gum of the twe components, whi;h indicated no ione present in
solution and pointed te the ﬁonQeiiatenoe of the complex in
solution. Spectral work done by R. W. Westén (20) supports the
contention that the complex does net exist in solution. Ultra-
violaet absorption spectrum of.the gomplex in liquid sulfur dioxidse

was the sum of the spectrs of the two components.
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PART 11

TRIPHENYLQARB INOL

Introduction

Walden (6), in 1902, measursd the conductivity of
triphenyloarbinel in liquid sulfur dioxide and obtained date
indicating that tho material showed a large drift at the
firet peint; i. e., the resistance which was initially obeerved
tlowly decressed until it reached a limiting value afier about
twelve hours. On the other hand, Glazer (1), on the same com~
pound, demonstrated the lasck of a drift. Alse, the values of
the equivalent conductsnce obtained by Glazer seemed high in
comparison with theee of triphenylchloromethene, cof. Fig. 6.

In general, there are two affects tc be considered in comparing
conductances of different coclutes: +the degree of dissociation,
i. 8., the number of ions; and the mobilities of the icns.
Triphenylchloromethance would be expected to have a greater
conductanca than triphenylearbinel inasmuch as the chlorins,
being more elactronegative than the hydroxyl group, would facil-
itate ionizetion, and the degree of dissociation would be corres-
pondingly greater. At lower diluticns, this effect would be

more important. The effact of the different ionic mwobilities

becomes more important as the dilution is incressed, since et



infinite dilution the total charge of the ions is the same for
equivalent solutions. At the present time, however, there is no
data available in the litarature for the mobilities of these ions

in liguid sulfur dioxide so that a comparison of the curves from
this point of view is ﬁot possible. However, referring to Figure 6,
on the basis of the degree of dissociation it would appear that

the differences between tri-phenyicarbinol and triphenylchloromethane
at lower dilutions are not as striking as one might expect from
general considerations.

Glazer (1) aléo measured the conductivity of tris-p-tertiary
butyl triphenylearbinol and found that he could not obtain repro-
ducible results. In a number of runs on this compound the values
for the egquivalent conductances were found tc be lower each time the
compound was investigated.

The purpose of this research, therefore, was twofold: to
measure the conductivity of the substituted carbinol in order
to obtain reproducible results: and to resolve the discrepancy
exlsting between the work of Walden {6), on the one hand, and

Glazer (1), on the other.

Experimental |

The triphenylcarbinol (triply recrystallized) used for the
first four rumns, X-L, to X-4, was supplied by Dr. Lichtip
and wag drawn from the same_sample as that used by Glazer (1),

m.p. 165.4° corrected; materisl used for the last two rums,



X=5 and X=5, was the white label commercial product of East-
wan Kodak Company, recrystallized from 95% ethyl alechol,
The recrystallized material was pumped overnight in a veacuum
desiccator to remove any remaining traces of alechel; m.p.
163.2 - 163.3° ocorrected.

The samples were pumped for from twelve to twenty hours
before admission of 805. ¥nhe selution of triphenylearbinol
in liquid sulfur dioxide 15 bright yellow; the color is cobser-
ved immediately. The experimentsl technique wes almost iden-
tical with that employed by Glazer (2). The data ars pre-
sented in Tables I-XI: the drift for each run is reccrded in a

table preceding the conductivity data for that run.



Results and Discussion

The data for triphenylearbinol contrast sharply with those
obtained by Glazer (3), but agree with those of Walden (6), in
that a sizable drift wes observed at the initial cancentration,
ef. Table I, Run X~1. Moreover, the values of the equivalant
canductances in Teble II are, in general, about 50% lower than
those obtained by Glazer. There was nc apparent resson for the
disorepancy between the work done by Glazer and that of this
author; <the weasurements were performed with the eams apparatus
and technique, and with material from the same source.

Run X~-2, cf. Tables III-IV was an attempt to reproduce the
results of Run X~l. A8 can be seen in the tables, ths condu-
tence at the initisl coneentration still continued to drift in
a regular fashion and at all dilutions was #till at least S0%
below that obtained by Glazer. The percent deviation between
Rung X~1 and X~2 varied from O tc 20%, the two curves crossing
at about 7500 1iters per mole. At higher dilutions the curve
obtained by Glazer crossed these curvea. These data, as well
a8 thoee of Runs X-3 and X~4 are graphically presented in
Figure 6. |

Runs X-3 and X-4, cf. Tables V-VIII, were sdditional
attempts to reproduce results and, as shown on the curva, the
values were in the same range, with deviations up to 10%, all

of these values being 50% lower than those of Glazer at lower



dilutions, and crossing over at more dilute points.

At this time & run was made on triphenylchloromethans in
a concentration range of 246 te 169,000 liters per mole to
astablish with certainty that the anozalous results ware due
to the compound and not dus to errors in technique or faulty
equipment. The values obtained fall exactly on the smoothed
data curve cbteined by Liehtin (5). There was no drift observed,
which agreed with the data of Lichtin (5), and Glazer (3).

The materiel used in run X-=5 was tsken from another scurce
to test whether or net the difference was a fumetion of the
sample used, but ms osn be seen in Tables IX and X, the drift
was 8till cbserved ae well as the louqr conductance.

The teohnique and appnragu- enmployed by both workers was
cersfully re—examined and only one difference was noeted: Glazer
had used as drying sgents for 0, in the vacuum line one column
of 0all, and one oolwmn of Drierite (0aS04). The present work
on triphenylcarbinel was done with magnesium perchlorats and
indicating Drierite in both columns.

There are three phencmena to be accounted faor: (1) the
presence of the drift, (2) the lower conductivities at the
higher concentrations, and (3) the lack of reproducibility.

Hammett (%) has interpreted Walden's results (6) as being
due to a slow equilibrium ionization of triphenylcarbinel:

1. Q,C0H + SO, &ows @07 + HSO/S
This would explain the drift at the first point but would not



explain the lmek of drift at subsequent dilutions. This drift
at the first point only mey possidbly be explained by means of
a two-step mechanism. The first step mey be & slow and com-
plete formation of some intermediaste compound such ss the

following:

2. QC0H +S0, aww a @ COSO.H

The sacond step may ba a fast equilibrium ionization:

5- ,60SO,H za:z~ Q0" + SO,H

The SOBH—reacta furthsr to produce H,630,:

b aHSOT ——= S0, + 2 H, 50,

The presence of trace smounts of some impurities to account
for the lack of reproducibility in the rate of ionizetion as well
as in the equilibrated systome is assumed. The purity of the SQ,
supplied Part I, (7) ies such that water seams the most logical

imourity. Thus a set of reactions can be set up rs follows:

e H;O + SO; o H:.SO_S

The stq;‘formad then rescte as an acid:

6. H,50, +@,C0H —[Q,COH, | + HSO]

+ +
7.[g,coH, ] @,07+H,0 282> 1,30,
This weuld explain the laek ef repr&ducibility in the rate of
ionizaﬁion inssmuch ae the rate in this set of reactions depends

on the water concentration, sc that varying amecunts of water would



give rise to varying rates.

The presence of varying amcunte of water can alsc explain
the diffearence in donductance yaluea et corresponding dilutions
far each run, as well as the lowar conductances obtained by
this euthor relative to those of Glazer. In the presence of
more Hzo the equilibrium of slikp 5 is driven to the right with
the result that at equilibrium , ihe concentretion of HaSg and
thus the values of the conductivity (by steps 6 and 7) would
be grester than in e dfier medium. The differance in the
equilibrium values of the oanductivifiea may be due to the
influence of H,O on equation 4 since both the degree of dis-
soclation and the mobility will depend on relative amcunte of
HSQ, and SQ:. This explanation of the higher values cbtained
by Glazer seema ressonable in view of the fact that Qall, is
a far less efficient drying agent than magnesium perchlorate.

The abovae reascning could alsc be appliad to explain the
lack of a drift in Glazer's work since a comparatively high
concentration of water would result in s concentration of H,S0,
high enough to effect the ionization of P, COH (by steps 6 and 7).
The mechanism ocutlined in steps 1 and 2 would thus be nullified.
An alternative explanation might be = reaction et the drying

A

tube as followa:
8. H:_O + GACL_A *SO:.. ——--=CASO_, + 2HCL

According to Hemmett (4) triphenyloarbonium ion may be produced



by the actior of & streng acid on triphenyloarbinol; and the
HCl produced in this reaction may be sufficient to account for
the lack of a drift.

To test the validity of the assumption that the differencs
in values cbtained by Glazer and the present author was a re-
sult of the change in drying agent, the magnesium perchlorate
wae removed from ths line and caleium chloride substituted in
ite place; the meassurements were carried out in the same manner
e2 before. No drift was observed in this run, X-§, and, as
seen in Table XI, the values for J\ are about 50% higher
than those obtainad by this author previously; 1i. e., they
agree rather closely with those obtained by Glazer. Thars can
be little doubt, therefors, that the bshavier of triphenylearbinol
is & function of the drying agent used in these two cases,

It was felt that an interpretation of the kinetics of the
resction might preve instruetive, and the conductivity date
was gdapted for this purpese in the following mennsr. If the
repction procesds in the msnner postulated, an exsumination of
the kinetics should lead to a first order reaction eince the
solvent is present In such great excess in the rate determining '
step. To arrive at the concentrations of unresacted triphenyl-
oarbinol the specific conductance of the first few pointe was
plotted against dilution for each run (cf. Figures ls, 2a, 3e,
4a, end 58). Then to obtain the dilution of triphenylcarbonium

ion (whioh is equivalent to ths dilution of reacted triphenyl-
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carbinel by steps 1 and 2) at any time during the drift period,
it was necessary only to look up the specific conductance at
any time in the drift tables and find ite correspondins dilut-
ion on the curve. The dilution was that of the intermediste
present and the concentration of intermediate was then obtained
by eveluatimn of the reciprocals of the graphically determined
dilutions. The concentraticn of unrsacted triphenylcarbinol
was then csloulated by subtrabtion of the respective values of
the concentration of intermediste from the initiel concentrat-
lon of unreacted triphenylearbinel; +the latter was independ-
ently determined from a knawleéga of the weight of the samplae
and the volume of the solution employed. These concentraticn
valuss were then used to plot rate curves, cf, Figures 1lb, 2b,
3b, 4b, and Sb.

With the exception of Figure 1b, the reection follows
Piret order kindtics for the first three hundred minutea, at
which time the pointe start %o deviste from the line. This
behavior is typieal of complex systems in which there is
more than one ocompeting reasotion. In this case, the rate
determining step (2) is Pirst order since the solvent is present
in sueh great excess. After about three hundred minutes, the
reatalytic effect of step (6), using H 50, formed in (7), is
snocugh to oause deviations from simple firat order kinetica.

The sugrested mechanism actounts for all the data available

on this aystem at the present time; the drift (steps l-and 2),
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the laok of reproducibility (steps 5, 6, and 7),‘the deviation
from first order kinetics (steps 5, 6, and 7, and the reverse
of step 3), and the lower conductence values (steps 8 and 9).
This mechanism attempts te analyze the data in a qualitative
fashion only, end is meant to serve as a working hypothesis

for future experimentel work; it might prove tc be anly partly
true, or it might be completely drronecus.

Further work on this problem might take seversl courses.
Direct analysis of the solption for 01 is not feasible as it
is probably present in amounts tco swall toc be detected. A
series of messurements might be underteken with magnesium
perchlorate as the drying agent and some centrclled source of
moisture to determine if the presence or absence of water is
a8 factor. Or perhesps the sulfur dioxide could firat be passed
through & column of magnesium perchlorate with more or less
essurance of the sboence of woistures end then through a fresh
column of caleium chloride since it is f:oncaivable that the
solvent ia extracting something from the drying sgent which
might cause the observed discrspancy. {(The drying agents em-
ployed were the standard commercial products and not highly
purified.} It might be femsible to admit moleculer HOL to the
system (using magnesium perchlorate as ths drying agent) and

chserve whether a drift was obtained or not.
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TRIS-p-TERTIARY BUTYL TRIPHENYLOCARB INCL

Expsrimental.

The meterial wes supplied by Dr. Lichtin, m. p.
216.2-216.9° ¢. ‘The axperimental technique was idantical

with that employed by Glazer (2).

Results and Discuseieon.

As steted in the introduction, the purpose of this part
of the resesrch was to invesiigate the descending conductivity
values of tris-p-tsriiary butyl triphenylcarbincl. The raesults
arqe presented in Tables XII and XIII, from which it is seen
that this investigator found the same phenomsencn of decraasing
conductivity values for each run. At this pcint, work was -
begun on triphenyl carbinoel, snd it is felt that in view of the
small amount of work done on this substituted cerbinol, ne

conclusions can he drawn with any degrese of certeinty.*

* Magnesium perchlorate was used as the drying agent in the

work done on this compound.
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TABLE II- Run X-1

t

—t ot b _t oa
TemQ: C. Dilution, lit./mole k solution, ohms ’mello Lohms cm. /mole

.100 667.9 23.08 15.34
.110 1504.4 14.44 21,57
.083 3385.9 8.98 30.06
.082 7616.9 5.92 44.33
100 17134 4.58 76.76
.100 38544 3,75 140.68
.072 86708 2.07 170.81

195058 1.06 187.25

’ -/

-l -
Weight of sample .01646 grams k solvent .098x10 ohms conm .



FERTRY

TAELE III - Run 3-8

-/

 time  Resistence kx10°chgs” ea dilution@C®  Couentration Goacentration (x10°)
{ntentos) (obms) | { dliutien reactsd  Reacted ou(xm" ) Uuresated PaCOW
§,con, 1iters/mole) wolen/liter
5 10080 20.3 498 2,02 1.87
18 10747 20.7 482 2.07 1.62
57 10428 £1.5 860 2,17 1.52
124 9910 £2.4 422 2,87 152
189 9438 25.5 392 2.55 2.14
251 9088 24,8 565 - 2.7 0,95
561 8529 28.1 %0 5.08 0.88
1385 7569.0 . B0.2 2N 5,89 0.00
1468 7865.0

1519 7860.7

initial como'n {x10°) 5.69

The time from shen the sulfur dioxide was admitted to the eell to when the cell was put in the
Thermostad was 9% aimates. The dilutions at this £i¥3 point was ZI0W80 liters per mole.

48
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TABLE IV - Run X-2

L] ' ~f - [ -
Temp, C. Dilution, lit.{mola k golution, ohms cmf&lo Ay obms cmf[mole

082 270.8 350.20 8.14
.082 614.6 17.78 10.85
<115 1395.8 10.76 14.85
070 8176.5 7,98 24,73
.058 7193.2 6.08 42.72
070 163186 5.52 86,80
.050 37009 3.88 136.93
.095 . 83887 1.86 156.03
7 Weight of sample .04080 grams k solvent .121x10-60hméd'mm:’



TABLE V - Run X-§

R -t
Time Resistance k‘xla‘ohms em.”  dilutiongc’ Concentration ,  Concentration >
(minutes) (ohms) ( dilution reacted f,<oB Reactedco{x10 ) Unreacted?scon(x10
liters/mole moles/liter moles/liter
3 10560 21.1 440 2.27 2.29
13 10144 21.9 408 2.45 2.11
28 10052 22.1 402 2.49 2.07
7% 9780 22.7 382 2.62 1.94
156 9401 2%.6 355 2.82 1.74
299 8463 26.3 205 3.39 1.17
539 7285.5 30.5 238 4.20 0.36
684 6976.9 31.9 228 4,39 0.17
1259 6672 33,3 220 4.55 0,01
1355 6662.6 33.5 220 4,55 0.01
1357 6662
1372 6661.6
1388 6660,4
. 3
initial con'n (x¥10°) _ 1 4.56 mole/liter.
: 219,40

The Time from when the sulfur dioxide was admitted to the cell toc when the cell was put in the
thermostat was 75 minutes. The dilutions at this finsl point was 219.40 liters per mole.

09'1':
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TABLE VI - Bun X-3

Py [

f
o - 2
Temp. C. Dilution, lit/mole k golution, ohms cm. x10 aohms cm/mole

.088 219.4 55.41 7.51

030 495.3 19.98 9.85
063 1117.6 15.08 24.50
.090 2521.9 9,75 23.%3
032 5690.7 8.41 47.40
062 12838 7.57 96.15
.030 28969 4.72 134.4
.050 65364 2.48 156.8
0352 147369 1.25 172.4

-r

-b -~
Weight of sample- .050R3 grams k solvent .08x1C ohms cm.
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TAELE VIII- Run X-4

o ~f - lo -
Jemp. C. Dilution, 1lit./mole Xk solution, ohms cm.'x 10 pohms ’cm?(m_ole

.023 242.7 34.04 8.23
.030 552.5 17.16 9.42
.010 1257.8 110,16 12.64
.065 2863.1 6.92 19.49
086 6517.2 5.91 87.79
0285 14824 5.76 83,75
.093 33720 4,19 137.57
023 76702 2.25 162.60
045 174473 1.11 174.47

- -t

-/
Weight of sample-.04574 grams k solvent .111xI0 ohms cm.



TARLE IX ~ Bum X~5

{minotes) {odme) wao®om” ) (w-uf ;um 3 WW x10%) cofx10°)

tezs/mole
4 15180 18.5 540 185 .41
14 15074 171 535 1.87 .58
3] 19258 17.2 550 1.59 1,57
48 12868 17.5 525 180 1.8
129 12067 18.4 480 £.08 1.18
n 12035 18.5 475 £.11 1215
292 11256 19.8 420 2.38 0488
k14 968 2.4 5 £270 D58
550 Fu3Y , 2.4 o 2.70 .58
1242 8589.0 22.8 570 : 270 0.58
izs 8598.,0
1294 8554.7
1514 BETR.0
1418 655644
1482 2554.3
1260 BS45.8

fnstial contn (x16%) 1 . 5.26 wk/liler
= TE57.1

i

Toe Time Prom ben the emifur dloxide wa:z admitted tc the eell %o shep the cell wes put in ithe
thermogtat was 6l sisntes. The dilutiom st this £irsl oist was 30%.1 liters/wole.

02
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TABLE X -Run X-5

o - - (4 - S
Temp. C. Dilution, lit./mole k solution, obhms cm:r %10 hohmgfcm.(mole'

-.040 307.1 25.88 7.90
~e037 896.6 14.32 9.86
-.032 1580.2 8.53 _ 12.91
.012 3584.3 6.2¢ 21.79
0 8125.4 5.86 46.51
.020 18409 5.46 97.56
.020 41707 3.65 145.55
.010 94436 1.95 167.15
—la -t -/

Weight of sample-.03603 grams k solvent .16x10 ohms cm.
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TABLE XI- Run X-6

o -~ - <
Temp. C. Dilution, lit./mole k solution, chms ’cm.;q o Hohms cm./mole

.025 282.1 59.13 16.64
.022 639.5 41.31 26.30
.032 1448.4 31.87 - 45.63
.010 3281.5 20.83 67.82
032 7430.2 12.45 91.16
.030 16833 7.13 117.52
.012 38114 3.92 143.30
012 86290 2,11 168.26
Weight of sample-.039L7 grams k solvent .16x10 ohms cm

Readings during equilibration of first point

Time¥ Registance, ohms

1152 3910
11:57 5772
12:03 3764.9
1212 3764.9
1:14 3761.0

¥ The cell was put in the thermostat at 11:50.
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TABLE XIT

Tris-p-tertiery butyl triphenylcarbinol

' _ - -t 4
Temp? C. Dilution, 1it./mcle k solution x10 ohms'cm.’y ohms cmi/mole

.103 540.14_ 136.2 48.29
.100 772.44 85.76 50.71
.090 1753.7 31.21 54.55
.0956 3981.6 14.61 57.77
080 90355.6 6.96 61.98
-t . -y
Weight of sample-,0556€ grums k solvent .116x10 ohms cm. -
TABLE IIII

Tris-p-tertiary butyl-triphenylcarbinol

-/

° ’ b add - =
Temp. C. Dilution, lit/mole k solutionxl0Q ohmg mn..4ohmslcm.gmole

.102 342.85 122.8 42.03
.152 780.19 59.55 16.28
.082 1775.9 28.24 48.79
111 4039.6 13,18 52.45
.092 9188.8 6.202 55.15
.085 20901 v 2.984 58.18
.090 47521 1.614 67.19
.120 108044 .941 80.06

4

4 —{ -
Weight of sample-.05335 grams k solvent .188x10 chms cm.
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24.

ABSTRAOT

The ocnductivity of triphenylearbincl was measured in
liquid sulfur dioxide in a concentrstion range of 200-19%5,000
liters per mola. With magnesium perchlorate as the drying
agent in the gas train a drift at the initial concenfretion,
88 wall as lower conductivities at the higher concentrations
was noted, in conirast to the work of Glazer (3). With Ca0Ol,
a8 the drying agent, no drift wae observed, and conductivity
values were in genersl agresment with those of Glazer. A

possible wechanism for the cbserved results hss been suggested.
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