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It therefore 1s possible to prediet the dissocciation constant
for a substance from the value of the constant for ite dissoc~
&ﬁﬁian in a different solvent.

This ls quite contrary to the views of Conant (5) since
he belleves that in meny cases the solvent effect is large
enough %o mask the true charscterists of the equilibrium., In
his studles of the free snergy of the reductlon of a series
of substituted quinones, (8) (7) he has shown the vslues for
the free energles referred to the gaseous state deorease in
a regular fashion as each ehlorine atom is introduced. ©On
the other hand the free snergy

values for the solutions sre
irregular, first increasing as chlorine atoms sre introduced
and then deoreasing. The results of this inveatigation are
given in Table 1, and are for the reaction

guinone + Hy - hydroquinone

TABLE 1

Free Energy of Redustion of Quinones in Different Standard
Btates at 20° C
Fg File, R0
Guinone Gaseous State D1 die. D11, Req.
| — oL, —gol.
Calories Calories

-

Calories,

Benzoquinone
Chloroquinone

3, 6-dichloro-
guinons
Trichloro~
guinone
Tetrachloro-
ﬁainﬂﬁa‘
P-iyloguinone

~-36, 300
~28, 200

-28,9860
~22,400

~33,800
-34,000
~34, 500
33,500
~33,500
37,200

~33,9800
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The free aaargiéﬁ of enolization of a series of subsii-
tuted acetoacetic esters and related compounds have been
gtudied by Conant and Thompson (8), in different standard
atates., A comparison was made between the free energies for
the compounds as determined by equilibris in the gaseous,
liquid and diseolved states. The free energy values obtained
in the different standard states are shown in Table 3.

TABLE 2
Free Energy of Enolization in Different Standard States

AF'= ~RTIn K Free Inergy of enolization at 35°

Bubstituted Gassous Equilibrium 0.1H 0.1¥
Groups  phase liguid hexane abe. aloohol
Large Large Calories sol. sol.
Calories Large Large
, Calories Calories

Acetoacetic
saster group

H 0.1 1.5 0.0 1.2
<aﬁ,) ~ 1.1 1.9 1.1 1.7
{{E Kgﬂ; 1&1 1.5 3.:1 ontaiad
ggﬁyi 1.8 1.8 1c8 o
CeHg -0.8 0.5 0.4 0.5
Qﬂaﬁgﬁﬁ 'l¢g 1 8 ”113 1&?

~ Acetyl Acetlone
Grpoup

i -1.3 ~0.7  -1.3 ~1.0
CH, 0.1 0.5 -0.3 0.4
Ca Hg Qig g}gs 0.6 g¢§
4 ; Y z - Ll ¥ N

The similarities in the substituted groups is best shown in

the results in the gaseous phase, although in many instances



the values for the dilute hexane solution are approximately
the same. The divergence was greatest betwesn the values

for the equlilibrium 1iquid and the gaseous phase, inmany cases
belng equivalent to a power of ten in the egullibrium consgtant.
According to the results obtained in the gaseous phage the
alkyl proups are practiecally ecuivalent and the benzyl radiecal
ig very like the alkyls. The secondary alkyl is more effective
in deoreasing enolization then the primary group, while the
phenyl group has s declided tendency to increase enolization,

The valaes for free energy shown in Table 2 are plotted
agalnet the electron sharing ability in Graph 1. In the aceto-
acetic ester series the general trend of the ocurves for the
different standard states ig qualitatively the s&me, any
&iffarﬁﬁﬁea being in degree of éi&@l&@aﬁ&ﬂ%; In the alkyl
part of the series the points fall closest to the curve for
the gaseous reactions and the hexane solution r&aeti@né;

In all instaness the hydrogen substiftutlion compound wae
far below the surve. In the acetyl acetone series the points
are too few to well characterize the ourves but it is apparent
that %her& is little to choose between them. Since the curve
for the hexane solution is establish-d by only two pointe, it
is of 1little significance. The ourve for the amines by which
the electron sharing ability va1aes of the radicale are estab-
lished is shown as a basls for comparison, The ourves for the

amines in methsnol anﬁ ethanol are also shown.
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THEORETICAL DISCUSSION

The difference between the conventional equilibrium con-
stents as determined for & reaction in the gaseous phase and in
solution lies in the effect of the solvent upon the solutes.

The equilibrium constant for a gaseous raaatiaﬁ is
determined solely by the free energy change for the reaction
whereby the reactants in their standard states form the prod-
ucts in their standard states, The constant for the same reac-
tion cerried out in solution will be affected by an additional
factor, the effect of the solvent molecules upon the escaping
tendency of the esm@aaants.

Consider the equilibrium xaaetian in the gaseous phease
where A dissociates into B and C according to the equation

AMv)y = By * S
where the notation (v) indicates that the gaseous phase is
the stendard state. ;

The standerd state for a gas is chosen so that the
activity approaches the pressure as the latter approaches
Zero, S0 in dilute gaseous systems pressures may be substi-
tuted for activities. This leads to the equatien
PB(v) * Fo(v)

~ Fa(v) o
Pﬁ{v)t ?Siv)! Fo(y) are the pressures of components A, B, ¢

Kpiv) = where

measured in atmospheres and E?{v) is the dlssoclation constant

13 the vapor state calculated from actually measured pressures,



When the eguilibrium ig established in solution we have
Ay = Bay * S
where the notation (1) indicates that the dlesolved state ig
the standard and the same three components exist in a hypo=-
thetically ideal solution.

The gfendard state for a solute is chosen so that the
activity equals the mol fractlon as the wol fraction approasches
zerc, This leads to the eguation

K, - ¥5(1) ; Seqa)
' ‘A1)

Na(1) ¥p(1)» Hg(1) are the mol fractions of components A, B,

where

¢ in the golution and Ky is the dlssocistlion constant determlned
in a sufficiently dilute golution. In this range of concentra-
tiong, Henry'es Law glves
?g = kﬁ& or By M‘*é%“”

where P ls the pressure of substance A agbove the solution, ¥,
is the mol fraction of A in the seolution and k is a constant
charsoteristio of the ssecaping tendency of the solute A.

The substitution of this value leads to the equation

Ri: Y . Pag1)
kg kg

kpry = ' "
( Faqu)
EA



Par) * Poqu)
P
where Py(q) is the pressure of B in the vapor above the liquid,

Ep=ky x ko/k, and

K?{l) is the dissceciation constant for the dissolved state

or Ky) = x Ky

as @ﬂtarmiﬂaﬁ in the solution.

“ﬂin@a at equilibrium F&Q?} = ?éfi)’ ?B{v) = Fafl} and
?G(V} ” Fﬁ{},) s 1t 1g spparent that x?{:i} = Xﬁ,(v} x kn*

8ince the above aqaatian #@qﬂixﬁa the equilibrium to be
e&%&bl&ahﬁﬁgin perfect solution, the value for the dissooclation
eonstant determined in solution will vary as the solution
deviates from Henry's Law. A change of solvent should change -
the value of the econstant. |

The solution may deviate from Henry'e Law in several
ways. The cheulceal nature of one or more gomponents may be
changed by reactlon with the sclvent, such as hydration, or
the solvent may oause asgocistion or disgsoclation. These
possibilities will be coneidered briefly. |

In the oage in which comblnation ccours between the
golute and the solvent, two equilibris must be considered.
The first exists between the uncombined sclute molecules and
molecules in the vapor state; the second exists between the
combined and uncombined solute mblecules,

Sinoe Henry's Law applies %o the first equilibrium



where P 1a the pressure of the uncombined solute moleocules
above the solution, Ny 1s the mol fraction of uncombined
moleoules in the polution and k 1g the oconetant characteristic
of the escaping tendenoy.
.wwﬁ pecond equilibrium le governed by the mass law and
B x (5"

H
2

= Ky

where Ny is the mol fraoction of the solvent moleocules, n is
nunber of solvent mplecules combining with one solute molecule,
Hg 18 the mol fraction of solvated moleoules, and ww ig the
squilibrium constant. Since the mol fraction of solvent
molecules is very large and does not vary appreciasbly in a
dilute solution, Amew is a conatant and the above squation

begomes

X, : R
e B! or i . g,

mw ‘mmwwﬁ mw

Inverting this equation and adding 1 to each member glves
1+ K
- B

¥y ka

Hg + By

The squation for the first equilibrium is divided by the

avove equation and




where ks has the velue k x Ka/1 + K5, and Ny + ¥y, 1g the
total mol fraotion of the solute as 1t would be determined
by analysls.

It is therefore apﬁaraﬁt that the only effect dus to
solvation would be a change in the value of the characteris-
$io constant, k, which relates the pressure sbove the solution
to the mol fraection of the solute in the solution, and a re-
sultant ochange in the mumerdeal wvalue of the @qﬁilibﬁmum
constant for the reaction in the dissolved state, _

The cases in whioh a solvent causes sssociation or dige
soeiation of one of the components are sonsidered in a similar:
manner and therefore only the case of dissocliatlon will be
eongidered. Agaln in this ocase Henry's Lew applies to the
equilibriun between the undissociated molesulesz in the solu-
tion and the molecules in the vapor phase. Accordingly

| Po=
where P is the pressure of the solute molesulee sbove the
solution, Ny is the mol fraction of the undissociated mwole-
oules in the solution and Ey s scongtant characteristic of
the solute and solvent,

In the case of a substance which dlssoclates to form
two products the squilibrium belween the undlssoslated mole~
oules and the products of the dlesoclation may be expressed

by the mass law squation. 2 )
(Bp a)® _ nge®

K ,
a= Eg =7 1 - &



where K3 is the dissociation constant, Ny is the total mol
fraction of the solute as it would be determined by analysis,
and is the degree of dissociation.
If the above equation is solved for  the result is
T )
2Bg

8ince Ny = Np (1 . ) and the value of is given above we have

31“3&3*%& Kg*%gg
5

If this value of Nj is substituted in the equation for the
first equilibrium ,
the result is
P = (2N, fziﬁ P OKf v aKgNp ) Ky =
2

Kam*m K§ + 4KqNp

¥rom this aquatimn it is apparent %hat théhgraaaura sf
the solute above the solution will be influenced by the equi-
librium constant for the dissociation ocourring in the sclutiun,
as well as the mol fractlon of the solute in the solution and
 tna constant characteristic of the escaping tendency of the
solute, ’ |

The electron sharing ability of an organic radical is a
measure of the influence of that radical upon the poler chare

acteristies of compounds. The numerical value of ths electron
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sharing ability for a radical is arbitraerily established from
the best values obtainable for the dissociation constant of
its amine, and these values were measured in solution. If
the solvent effect upon the value of the disscciation constant
is large in proportion ta'ita value, the true polar charac-
teristics of the compounds would bé masked by the solvent
effect. From the work of Goodhue (11) the effect of the sole
vent is seen to be purely additive. Results obtained in the
vapor phase should therefore show am equally good relatione
ship between F and the electron sharing ability. tha |
concept permits the &issweiatiaa constant of a member of any
series to be calculated from the corresponding member of
another series providing the characteristic equations for
the two series are known. It should then be possible to
calculate the value for the dissoclation constant for a
reaction in the vapor phase if the equations for its series
are known as determined in the vapor phase and in a solu-
tion. S « - e
The determination of gaseous equilibria is a tedious and
tiﬁa»eenauming matter at best and is further complicated by
the limited number of possible reactions, since in many cases
the equilibrium is not established at ordinary temperatures
in any reasonable length of time. The problem may be attacked
by either of two methods as illustrated by the work of Conant
{6) and Conant and Thompson {8}, A modification of the second
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method VYo permit the direot nessurenment of the pressures in a

gaseous equilibrium 1z of great interest and constitutes the

nethod employed in the present investigation.

The dissoclation constants in benzene for s serles of
hemimercaptals had been determined in this laboratory (13).
These hemimercaptals seemed to be adapted to a determination
of the egqullibrium in the geseous phasge since thelr vapor
preassurss were moderately high, thelr equilibrium in the
goaeeous phasge was establisghed in s ressonsble time, and
thelr reaction had been ghown to be free of complieations.

The method seleclted %ﬁa&iaﬁaﬁ'in relenging a trace of
dry hydrogen ¢hloride, in an evasuated repcilon flask and
determining the pressure. Lnowwelghts of chloral and
mercapban were then released and thelir pressures messured.
¥hen equilibrium was established and its pressure neasured

the dissociation consgtant sould be caloulated.

THE GAUGE FPROBLEM

The nature of the pressure measurements attempted re~
guired a gauge with very definite aharaﬁtwvaatiéﬁﬂ 8ince the
reactants and products were llquide or solids the range of
pressures uged sust fall below the ?ap@r‘yr@agara of the
least volatile aumatitnant» The scouracy and reproducibllity
of the messuring device must be good over the entire range
sinece the shange in pressure due to reaction is the signifi-

eant faoctor. Very few of the gauges desoribed in the litera-
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ture are capable of operating conveniently over the desired
range with the necessary accursey. If the reaoting substances
are o be welghed acourately so %hat‘naariy equal molayr quan-
titlea may be provided, the resultant pressgures may go as

high as 1~2 mm, In order to oaleulate satisfactory equilibrium
conetants these pregsures must be measured to 0,001 mm,

The Heleod gauge oannot be used to meseure these equi-
libriun resctions. The pressure recorded would not be the
pressure of the reaction mixture. The equilibrium would be
shifted to counteract the compression and the ligquid or solid
phage would aeparate.

The Piranl gauge operates in a slightly lower pressure
range and depends for ite action upon the propertionality
between the pressure of gases a% low pressure and thermal
conduotivity. It muat be calibrated for each gas used and
the presence of g heated wire in a reactlion chamber would
disturb the established eguilibrium.

An 01l manometer described by Bureh (3) makes uge of a
Uwtube having one 1limb larger than the other. The menlsous
in the small arm is read with a microscope., This manometer
operates over the desired range and has the required sensle
tivity but cannot be uged in many inetances because the oll
absorbs many gages and as a result the pressures read would
not be signifiocant.

Many modifioations of the Bourdon geuge (18) (15) arve
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deseribed. These gauges reglster pressure changes Sthrough the
movement of a thin glass dlaphragm. Various means are used
30 record this movement, one of the ﬁ@rﬁ'r@ﬁ$§§ belng to make
the dlaphragm the moving plete of a variable condenser, and
to uesgure pressure changes by the shange in capacity of the
eondenser (19) (21). These gaugez are all Pfragile and as
their sensltlvity is increased thelr acourasy is seriously’
affected by vibration.

The sccuracy of all dlrect reading mercury manometers
1s limited by the tendency of mercury to stlek to glass. The
glupleat type conglets of inelined limbs, the pressure change
belng proportionsl to the movement of the mercury in the
limb. A modification of this type 1s deseribed by Smith {(28).
A geoond type is eongtructed by Joining the two limbs of a
U~tube with & horlzontal capillary tube conltalning a bubble
of alr {or suixagie acid) whiech separates %hé meroury in the
two limbs. The pressure change is megnified secording to
the ratic of the areas of the limb and the capillary tube (233).

Viscoslty pauges of numerous typee are deseribed but find
thelr usefulness in a lower range of pressures. They are very
aaﬁﬁzﬁiva to vibrationsl influencesg. ‘

The Reylelgh gauge (23) oconsists of two wide limbs in which
the meproury just touches glass y@intggk Frepaure changes are
sounterbalanced by $1lting the gauge to restore contaot be-

tween the mereury surfasces and the glase points. The extent
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to which the gsuge must be tilted 1z s measure of the pressure

change. A modification of thie gauge (24) is less sumbersome
sinee the gauge remalng fixed and the displacement of the nmer~
cury is messured by a float which ra%atas:& mirror asg the
meroury level changes. The deflection of the mirror is s
measure of the pressure ghange. Vibration affects thege
gauges to s marked degree. |

The first device tested was & dlreet readlng type whilch
consisted of a calibrated vernier sorew mounted in the olosed
end of a mersury manometer. One division on the vernier was.
equivalent %o a pressurs difference of 0.02 pa., and an
sstimation could be made to 0.2 of a divielon giving a measure-
ment to 0.004 mm. A plstinum needle attached to the serew
made contact with the mercury surface snd acted as a switch
in the oircuit of a dry ¢ell. The deflectlion of the galvanon
eter indicated when contact had been made. A change in presg-
sure could be measured &irw#ﬁly by re~establighing contact.

The fund

amenital Inaccuraey in this device was due %o

variation in the contact wade with the mercury surface. Its

socurscy was congiderably less than the 0.004 mm, ecaloulated

for it. Several trials indleated that 1t could measure pres-
gure ﬁ%ﬁﬁgﬁﬁ of about 0.02 mm.

| An attempt was msde $o econstruct a modification of the

optical lever manometer deseribed by thrader and Ryder (24)

which would have the desired characteristics., A meroury manom~
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eter wae equipped with s vertleal plene glass window Juet
above the mercury surface. This arm of the manometer was
attached to the balance chawber. The other are was attached
to the reactlion chsmber. A halr like quartz flber was sealed
with gelenlium to two glass rods extended over the mercury
gurface, These rods were cenented into socketes ground 4in
the glase window. A 1light glass lever arn was sealed to the
fiber with gelenium so that its lenpth was perpendicular to
the fiber and the window. A light mirror made from a microe
soope cover glass was mounted verbtically upen the lever at
the point of contast with the fiber. The free end of the
lever contacted the tenter of the meroury surfaes through a
pmall glass bubble. Botation of the mirror due to movement
of the meroury surface was mesguyed by means of the telescope
and scale from a wall type galvanometber.

One difficulty with thie manometer was 1is extrenme
gengitivity to shock and to vibration. The extent to which
the movement of the mercury surface is magnifled is deterw
mined by the raitio between the length of the lever avm and
the distance betwsen the mirror and the scale. The novements
due to causes other then pressure change were magnified %o
the sans degree. The agreement between the zero polnts eg-
tablisghed at the beginning and conclusion of a reaotlon was
poor. Since a vibratlonless pler and constant temperature
room were not available this diffioulty could not be eliminated.
A second difficulty was the variation in the effective length
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of the lever arm over the range of pressures %o be messured,
The desired sensltivity reculred s short lever arm. The
effective lever am length 1z deternlined by the gosine of
the angle of rotation of the mirror, and this angle can only
be saall if the lever arn is long in comparison to 1tes verti.
eal displacement. The desired gensitivity recuired a ratio
of 4 -~ § %o 1 between the lever arm length and the vertlesal
dleplacsement. Due to these difflcultles the use of this
gauge was lmpractical.

The geuge finally chosen oconslisgted of s wodified, direct
resding, mercury Ustube manometer. The limbs of the U-tube
were large to deerease the tendenoy of the mersury to stlek
to the walle., A non-volatile, non-viseoous liquid, dloyoclohexyl
was placed above one mercury surface and allowed %o extend into
& horizontal capillary tube. The magnification of the movement
of the mercury surface due to a change in pressure ls deter-
mined by the ratic of the areas of cross seotlon of the limb

of the manomster and the capillary tube.



STATEMENT OF THE PROBLEM

The purpose of this investigation wass

1. To determine the relationship which exlislts between
the electron sharing ability of the radicals and the dlssocla-
tion constantie in the geseous phase for a serlies of hemimerw
captale formed by the vondensation of ohloral with s series
of mergapbans.

2. To compare the free ensrgies of the reaction in the
gaseous phase with those previougly obtained in benzene soluw
tion. |

3.« To design an spperstus and a pressure messuring
device to permit the determination of the dlssooiation con-
gtanta.

4., To determine, Af possible, the role of the catalyst

in the resetion.




MATERTIALS

Chloral was prepared in an apparatus consisting of a U
~ tube Joined through a stopeock to small distilling flask and
condenser. The condenser delivered into a "multiple ?aaaivar”
8o congtructed that welghed capillary tubes could be placed
open end down in one arm., The entire apparatus was %hamughly’
&maﬁ by passing dry air through it., Chloral hydrate was
trepped in the closed erm of the U tube by concentrated sule
furic acid. When dehydration was complete the chloral was
pulled by gentle suction into the distilling flask. The
chloral was then distilled and & small portion boiling at 97*
was caught in the arm containing the capillery tubes.

The tubes were fllled by evaocuating the system and ad-
mitting dry air at atmospheric pressure. They were then re-
moved and warmed to expel a small amount of liquid at the tip.
When the tube ecooled an empty space at the tip permitted bet-
ter sealing. A plece of cold metal was touched to this space
and the hair like tip sealed in the edge of a micro flame,
The tubes were then washed with alcohol, allowed to dry, and
rewelghed on the misro balance,

The caplillary tubes were prepared by drawing six milli-
meter tubing down to three or four tenths of & millimster,
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This tubing was ocut into convenient lengths, end one end was
sealed, The other end was pulled to hair like dimensions in
d cut off to lesve 2 two or thres millimeter

a soft flame &
projection.
Ellis and Reild (10). I%s bolling point was 97,

Ethyl mercap *&w wag obteined from the EHastman Kodak Co.
and fx&aﬁiﬁmally‘éisﬁiliﬂét Its boiling point waa 36%.

r okan was obtained from the Eestman Kodak Co.
and fractionally distilled. Its boiling point was 6-7%, 1In
- erder to fill the caplllary tubes it wes necessary to ocool
ice bath. The filled tubes
were then transferred rapldly to a second bsth, where the

an was prepared by the method desoribed by

the recelver in an acetone-dry

open ends were aea}.aé as desoribed above. :
en was firat prepared by the gwmra}. math@ﬁ
desoribed %;y Ellis and Reid (10}. Instead of boiling at 90°

as expected, the product obtained distilled over a range of

80-139°, leaving a residue which decomposed., This behavior

has been reported by Brown apd Murjahn () who prepared allyl
mmaméﬂ by saponifying the urethan , and obtained a .
product bolling at 67-68%, The allyl mercaptan used was pre~
pared by their method, had the reported bdoiling point, and when
used in the experimental work produced pressures which sompared



favorably with those produced by equimolar guantitiss of the

other mercaptans,

A top view of the apparatus is shown in Fig. 1. It cone
sists of two one liter round bottom flasks, A end B, which
are connected through a ;a%ywcsk* €. The reaction emaz,

Ay I8 joined to the capillary tube bresker, D, by means of a
standard taper number 19/38 Pyrex ground glass joint, ¥, The
balance flask, B, is connected to a Moleod gauge at J and to
& Cenco Hyvac pump through a stopeocik, G. 4 by-pass containe
ing a stopoock, H, is bullt around a hair-like capillery, I,
sealed in tube K. | |

| The capillary tube breaker consisis of a horizontal tubde,
L, to which are joined three sidearms, M, which slant down-
ward at a slight angle. The breakers, N, slide in these side-
arms and consist of iron rods sealed in glass. 'The capillary
tube, O, is slipped through the glass loop on the breaker and
i held firmly ageinst the wall of tube L by the welght of
the breaker. ,

The energy for breeking a capillary tudbe is furnished by
an eclectromegnetic coil which operates on 110 Volts and is
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wound from 28 B. and 8, gauge lacquered megnet wire, The

Tleld strength is regulated by & variable resistance con-

nected in series, The opening in the center of the breaker
eoil just fits the sidearm, M. When the center of the coil
is approximately one half inch from the center of the iron
cors in the breaker, the switch is thrown and the breaker 1is
Jerked into the magnetic fleld, &n efficient switch must be
used or the breaker may be thrown from the field with suf-
ficlent forece to injure the apperatus,. B
 The glass plug, E, is placed in the cup of the joint, ¥,

to prevent %hg passage of a broken ecapillary into the réaatiaa
chamber. Before this precaution was taken one capillary tube
acquired sufficlent velocity, due to the rapid veporization
of the liquid content, to break a chip from the back of the
reaction flask.

The Mocleod gsuge which igyﬁ%ﬁ&ﬁh&é at J 1s s0 constructed
that each scale division measures & pressure of 0,008091 milli-
meters of merocury. Readings of the scale were made to 0.2 of
a division. _ o

The gauge, P, is used to establish a balance between the
pressures in flasks A and B. It 1s shown in detall in Fig.
2. The gauge is Joined to the apparatus by ground glass
joints, A, which permit its removal for cleaning and refilling
when necessary. All ground glass Joints in the apparatus are

of the meXre

sealed in with & beeswax-rosin cement, The arms
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Figure 2
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oury manometer, C, are construeted of uniform glass tubing
and jolned to a capillary tube, E, which is provided with a
millimeter seale end kept horizontel by leveling serews at-
tached to the apparatus. Sufficient dicyelohexyl 1s added
through the opening provided by the gxaanﬁ,g&aﬁa stopper, F,
to fill the spece above the mercury and exbtend 1a§¢ the
capillary tube. The stopper ruxniskaa & convenient means of
replscing the d&icyeclohexyl which is lost ﬁﬁ&iﬁg:%ha'avaaﬁa»
tion of the ap@aratasg Three xé&aﬁiaﬁa may be run before
aﬁéi%iﬁnal liquid is required.

The sensitivity of the gauge is éataxaiasﬁ by two factors,
the ratio of the area of cross section of tube C to that of
tube B, and the rssismnéa to the liquid flow through the |
- eepillary, E. If the area of oross gection of tube 0 is 200
times thet of tube E, the deflection in tube E will be 100
times as great as the change in the levels of the mercury
surfeces, A chenge in ﬁraaguxﬁ of 0,01 mm., would move the
meniscus 1 M

The liquid used in the gauge must wet the tube and be
non~-viscous. Since its vapor pressure must be very low the
possibilities were limited. The first substance investlgated,
p-butyl phthalate, failed to flow with sufficient freedom, end
as & result small inequalities in pressure were not registered.
in a private communication Dr. Willard Ruby of the Bastman
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TABLE 3
Calibration of the Balance Gauge

Group ‘5§§&m&*ﬁ&ugg A Pyer, -'Az§$£&@/‘>§8§1@$ﬁﬁgﬁ

1 107.6 8l 0.753
108.4 82 0757
200,8 151 0,758

2 152.2 107.6 0,707
151.0 108.8 0,721
158,686 0 113.8 0,718

3 l@ﬁ -y 100.4 L6886
l61l.4 ' 3.1.3*% “ ' Qtﬁ@ﬁ o

as 1130 ml. from the weight of distilled water required to
£il1l 4t. The volume was also determined by liberating in it
known gnan%i%ias of the nmon polar compounds, carbon tetra-
ehloride, benzene, chloroform and measuring the resulting
pressure increase. | |

The procedure was as follows: The bresker device was
loaded with three capillary tubes and prepared for the deter-
minetions in the manner desoribed sbove., A tube was broken
and the resulting defleetion of tﬁa,gauga,xaagrﬁaﬁa The pPro-
cegs was repested with the other two capillary tubes. Typleal
results are shown in Table 4. |
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TABLE 4

Determination of Beaection Chamber Volume
at 25°C, Using Deflection Method

Group Compound M x 10° APp., g0 AP, x 108 V.,

o i

1 601, - 3.754 98.8 7.93 1,158
Wt Gieza 116,00 9.51 1,162

2 CHClL; 6,979  185.2 14,85 1,148
b ' %*???‘ o 1z7.8 lﬁagﬁ lgi&l
m o 1.427 . 38.0 3,05 1,145

CB.730 104.8 8.22 1,085
4.452 126.2 10,13 1,075

g  2.082 58.0 4.66 1,078
Uafwg QQ??3 ﬁ@w@' la?? l;ﬁ?ﬁ
'Ggli - ﬁaﬁﬁg‘ '1?3&5 S 15&93 lglﬁi

Ingroup one the first tube contsined 3,754 x 105 mols
of carbon tetrachloride and ﬁeflaﬁﬁaﬁ the balance gﬁﬂg@y?a*a
units. Bach of these units is equivalent to 0.754 Mcleod
gauge units as shown in column 3 of Table 3, group l. The
deflection 1s therefore equivalent 10 98.8 x U.754 or 74.5
MoLeod units. To securs the actual pressure change in atmos-
pheres this value must be multiplied by 0.008091 to change it
to millimeters, and divided by 760, This gives the value
7.93 x 1074 recorded in column 2. Substituting in the gas
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law equation V = MRT/P, we get V = 3,754 x 107> x 82,06 x
2968/7,93 x 107% or ¥ = 1158 ce, Each group in Table 4 repre-
sonts the resulte obtained from an individuasl loading of the
apparatus,

The results in Teble 3, Group 2, were obtained immediatew
ly following the completion of the work described above, The
use of 0.715, the average ratio thus obtained, in recalculating
the volume for group 4, Table 4, gave the valus 1139 cc. whiech
agrees with the actual volume.

It was evident that the decrease in the caloulated volumes
must be due to & shift in the calibration ratio of the balance
gauge. The results shown in Teble 3, OGroup 3, were obtained
as further evidence of this shift,

The d4ifficulty encountered sbove might be due to the faot
that the motion of the mercury ia menometer C, Fig. 2, varied
with the exact section of the tube at which the dieyelohexyl
contacted the mercury. The width of the strip below the mere
cury wet by the dleyclohexyl end the thickness of the adher-
ing £1lm could also csuse the observed varience, These veri-
ebles could be eliminated during & run by meking all gauge
readings es nearly identical &s possible and using the HMeleod
gauge to register the pressure changes in the balance flask,
Due to these varisbles the sbove described method of using the

& direct resding instrusent is not advisable,

@&ﬂgﬁ s




- BB -

An investigation was made &i&ilﬁr to the above bhut using

the gauge as & null instrument. In Table 5, Pﬂ‘ﬁs&atian ¥1.

is the pressure in the rsaction chamber in millimeters of
marcury as measured by the iHoleod gsuge at the beginning of

TABLE 8

Comperison of Actual anéd Heasured Pressures

P, (mm) G P, . {ma) Balance Po(mm)(2)
Resclion 71, O F ML e Shire  ofiea.
0.850 4.0 0.0 0.889 135.4 0.866
0.880 5.0 13.2 0.857 140,0 0.908
0,887 10.6 5.8 0,989 142.0 0.901

{a} This value iz P sorrected for the difference between

, MoL.

the experiment, when the zero point of the balance gauge was
GQ. The gauge shift, D, waes caused by evacuating the balance
chember., Its pressure was then increased to P, . aaaaingktha
balance geuge reading %o shift back to Gp. The correction of

ﬁ L. for the difference between ﬁg and Q? gives P Caled,,

the messured valus of the pressure in the reaction flask. The
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actual pressure and the measursd pressure agree within less

than 2 per cent, J
The results cbtained in the determination of the reaction
chamber volume by the null method are ahown in Teble 6., In

TABLE 6

Deternination of Resetion Chamber Volume
at 25°C,. Using the Null Method

Com- ¥ x 105 .Gy Oy Polma) Pyopfmn) P mm)®I B x10% V(m1)

Gﬁlﬁ 5.395 3.0 4.0 0,008 0.8828 0,887 11,88 1140

" 5,434 5.4 1.4 0,019 0,938 a,ezs 11.76 1131

{a) @his #&ln@ is Pyer., earwwe%aﬁ for the difference haawaan

the first experiment 5,395 x 1075 moles of carbon tetrachloride
wore released into the reaction flask when its pressure was
0,008 ma. The zerc point of the balance gauge was 3.0 and a
pressure of 0,862 mm. in the balance flask was required to
return the meniscus to the reading 4.0, near the original
value., To correct for the difference in zero points, 0.008
mm.‘w&a added, giving the value 0.888 mm. for the final pres~
gure in the reaction flask. The difference between the VF
original and finsl pressure was converted to atmospheres,



giving the value 11.58 x 10~%, The volume wes calouleted from
this pressure as shown &hévawv
The null method for using the gauge

- was chosen on the
basis of the evidence given above., The results recorded in
nt between the sactual and

Table 5 show a satisfactory agreeme
messured pressures, while the rssults in Table © show that &

definite weight of material will register its correct pressure.

EQUILIBRIUM CONSTANTS
The method of procedure is perhaps best presented by the

fﬁllaﬂiég description of a typleal reaction belween chloral and
ethyl mercaptan. .

Dry nitrogen was admitted to the apparatus until it wes
at atmospheric pressure. The ground joint P, Fig. 1, was warmed
and the ospillary tube breaker removed. Capillary tubes cone
taining 6.026 mg. of chloral, dry hydrogen chloride and 2.548
mg. of ethyl maxﬁaptanfwaraﬁglaaaﬁ in the loops of the breakers,
We. The capillary %ﬁha breaker was then replaced and the ap-
paratus ﬁémgad down to e reading of 0.0 on the Mcleod gauge.
The zero faaéiﬁg of the balance geauge wes established as 28,0
and the ahimrél tube broken. The mﬂniaéua of the gauge was
daf&saﬁe& to 125.0. Dry nitrogen wes slowly admitted to the
b&l&n&a flask through the c¢epillary, IE}, until the meniscus
had moved back to 50.8, After two hours the final reading was
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28,0, The McLeod gauge reading was then 72,6,

The ethyl mercaptan ta%ag was then broken and the gauge
meniscus moved t@ 130,0, Thirty minutes later the reading
was 124,0, After an additional two hours the reading wes 112.0,
Ten hours later the final reasding of 100.4 was obtained,

The hydrogen chloride tube wes then brokem., This increased
the reading to 10l.4, and caused no subsequent dscresse in
gauge reading.

The pressure in the balence flask wes agaln increased
until the balance gauge reading wes 30.8, One hour leter it
had decrsased to séaﬁ and no further shift coccurred, The Me
leod gauge reading was 123.8, mg reading %amam* to the
original zero of the balance gauge, 28.0, was 125.2,

Since each division of the Holeod gauge is equal to
0.008081 mm, of mercury, the pressure of the chlorel wes 0.587

mm. The pressure produced by the ethyl mercaptan was caléu- 4
lated to be 0.617 mn. The squilibrium pressure was 1,013 mm,
If no combination took place, the pressure would have
been 1.204 nm,, thammm the cheange in pressure due to Com-

bination between ohloral snd ethyl mercaptan was 0,191 mm,
This 1g the pressure of the henimercaptal, The pressure of
the uncombined chloral and ethyl mercapten would be G&% and
0,426 mm. respectively. From these values the squilibrium
constant was caloulated to be 1,16 x 10~3, The data obtained
are given in Table 7.
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DISCUSSION COF RESULTS

Since the dissociation constants shown in Table 7 must be
caleulated on the basis that ell three components of the ree
action are at equilibrium in the gaseous phase, it was neces-
sary to show that a homopeneous equilibrium had been estabe
lished. This wes found to be particularly necessary because
of the unexpected behavior of the hemimercaptal of thiophenol
which was the second member of the series to be investigated.

when 2.4 x 10™5 mols of chloral and thiophenol hed been
released, the total initial pressure was 0.695 mn. If com~
plete combination had anaguaawg;«wa final pressure would heve
been 0.348 mm. Before the reaction had reached equilibrium,
the pressure had decreassd to 0.220 mm., a value which could
not well be explained except by the separation of a liquid or
solid phase, This wwwwawﬁﬁ was contrary to that predicted by
an earlier determination of the vapor pressure of this hemi-
mercaptal (13}, and prevented the messurement of the dissocia-
tion constants for the eromatic members of the series since
these vapor pressures fall below the range which can be ac-
surately measured.

As & result only the low molecular weight aliphatic meme
bers of the series could be investigeted and care had to be

taken to keep the reactions homogeneous. Accordingly detere
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minations were made for sll members of the sﬁrias‘aﬁ varying
pressures sand values accepted only when checks were obtained
at significantly different pressures. The evidence from Teble
7 indicates that the hemimsrcaptal of butyl mercaptan cannot
exist entirely in the vapor phase at & pressure of 0,685 mm.
At a slightly higher pressure considerable aanéaﬁaatian oc-
curred. In the case of the allyl hemimercaptal condensation
occurred in the case where the totel initial pressure was
0.840 mn. ; %
The free energles of éisa@aiatisﬁ in benzene and in the

gassous yhaﬁa are shown in Table 8. The first column shows

TABLE B

Free Energies of Hemimercaptelsin
Bsnzene snd the Gaseous Phase

Homi  Kagssoo Ky . K, etm AFeCal, AFeal,
mercaptal penzene Benzene = Gassous Benzene Oassous

n-C,Hy 2.0 x 1073 1,5 x 104 6,24 x 10-5 5.2 5.7
oty 2.35x107% 2.1 x 1074 1,24 x 1078 5.0 4.0
CHy 1.26 x 1074 5.3
Colly | 1.94 x 104 5.1
CgHgCH, 2.8 x 1072 2.4 x 10~4 4.9
pCHsCgH,1.55 x 1078 1,2 x 1073 4.0
Cells 2.1 x 1072 1.63x10°% 3.8
pCl0gHy 4.1 x 1072 3.2 x 1079 3.4




the values determined previocusly in this laboratory (13).
These constants were caleulated at}tﬁa% time in terms of mols
per 1000 g. of hahaenaﬁ. folusn two shows these congtants
recaloulated in terms of mol fractions while in colum three
ares the sverage values from the present work taken from Table

?‘. In columns four and Tive ars the values for the free

energy of the reactions calculated from the relationship
AF® = «RT 1ln Kz, With the exeeption of the walue for the
ethyl hemimercaptal the trend in the gaseous phase seems to
differ iitﬁia from that in the benzene solution, Iindleating
but little solvent offect.

The free energies from Teble B are pletted in Graph 2
tagﬁthgr’ﬁiﬁa the emine curve which determines the position
of the redicals on the x-axis. Due to the short renge covered
by the aliphatic members of the series, the surve for the |
geseous phase free energles is of little value and should be
amnﬁiﬁﬁrﬁé as & group of points, It seems probable, however,
that no significant differences exist between the ocurves for
the two pheses.

It is therefore apparent that the vapor phase measure«
ments in this case have ﬁﬁ §art1ﬁa&ar advantage over the moss-
urements made in solution. They have, however, shown that the
free energy d4ifference due to the solvent is not large. The

disadvantages of the method are the characteristic inacourscy



- 43 -

ADILITY

8!
o

SHAKING

CLECTRON

[
R —

RN
2
O
kY
)
)
£
C
<
0
3
)
_L,).
) N
7 -
g
OJ/
e e -
. i ; ;
< N @) o S <t J
SHIAOTIVD dDAVT .47

GRAPH Z



- 44 -

of measurements at low pressure, and the time-~consuming nature
of the work.

The velocity with whiech equilibrium is attained is shown
in Greph 3. Curve CglgS8H(I) represents the reaction between
4.1 x 10~% mols each of chlorsl and ethyl mereaptan. In this
reaction the HCl ocatelyst was added at the end of the reaction
time end caused no additional pressure decrsase. Curve C,HgSH
(II) represents the reaction between 4.1 x 10”5 mols of chloral
and 4.2 x 10”5 mols of ethyl mercaptan. In this reaction the
HCl was added before the reactants were released in the reacw
tion flask. It is obvious thet in the gaseous phase the reace
tion proceeds with the same velocity with or without the
catalyst. As additional evidence & reaction was run qualita-
tively in the presence of & high concentration of catalyst
without appreciably increasing the wvelocity with which equi~
1ibriun was attained,

Curve CHgSH(I) represents the reaction between 6.6 x 10~5
mols of chloral and 6,8 x 105 wols of methyl mercaptan, while
in curve CH,SH(II) the quantities were 1.0 x 10~5 and 0.9 x
107° mols respectively. It 1z evident that the time regquired
to attein equilibrium varies as the initisl concentrations,
The time required alsc varies with the reacting substances,
sincs the equilibrium is established in approximsately the same
time for 4.1 x 10~5 mols of ethyl and 0.9 x 10~5 mols of
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mothyl mercaptan,

Curves of this type ofTer additional proof of the estab-
lishment of equilibriuam in the reaction, since the general
shape of the curve indicates the approach of equilibrium, If
. two pressure readings erronecusly indicate esteblishment of

equilibrium, the curve would show a sudden chenge of slope,
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An apparastus for measuring the dissociation constants of
gaseous equilibrie has been described,

The dissociation constants of the hemimercaptals formed ,
by the condensation of chloral with butyl, ethyl, methyl,
and allyl mercaptan have been determined,

It has been shown that the free energies of dissociation
of the slliphatic hemimercaptals in the vapor phase differ
to no significant extent from those in benzene solution,
There is no evidence here shown to indicate that the
gaseous phase has marked adventsges over the dissolved
state for the determinetion of the influence of radicals
on polar groups.

The catalyst hes little if eny influence upon the veloeity
with which equilibrium ls attained in the geseous phase.
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