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GENSRAL JNTRODUCTION

Since Birge end Menzel in 1931 first sugcested
that an isotope of hydrogen of mass two might possibly
exist, chemistry hes experienced the development of a
new and exceedingly importent ficld of resesrch.
Spectiroscopic studies showed the existence of the
heavier isotope which cor:eaponded 10 & mess of two and
en atomic number of unity. The problem of concenirating
this heavier isotope was greatly simplified when
Washburn and Urey, in the spring of 1932, reported that
t@g water obtained from industrial electrolytic cells,
which hed been used for the production of oxygen eand
hydrogen had a merkedly higher density than ordineary
water. The higher density wes attributed to the
presence of the heavier type of water ?HQO and 1t wes
suggested that conpinued electrolysis of an agueous
solution might yield pure "heavy water" in the residual
weter the light hydrogen being more readily evolved
than the heavy. This wes actually the case and was
echieved in 1933 by Lewis and liacdonald who obtained



heavy water _containing 707 of hydrogen m the form of
the hegfier isotope. Advence in this field was so
rapid thet within the short space of & fow years waler
cornteining at least 99% of its hydrogen in the form of
the isotope two, later named deuterium, could be _
produced commerciclly at a comperatively low price.

The availability and the extraordinery property of
cdeuterium in that it is an isotopic form twice as heavy
as hydrogen has resulted in extensive resecrches not
only into the properties of its compounds but also, by
virtue of its comparatively lerge differences in
physical properties, to ite use as a me:ns of invesitigating
the mechenisms of reactiong in which hydrogen or iis
compounds are involved. Hecent work has dealt with
other methods of separation, methods of analysing
isotopic mixtures, and general properties of deuterium
end deuterium oxide.

In the work to be described in the following pages
we are concerned with (a) the comparison of the absorption
curves of anhydrous cobaltous chloride dissolved in
ordinary water and in deuterium oxide, (b) the
determination of the ratio of the dissociation constants
of certain or&a;zic compounds in ordinery water and
deuterium oxide.

Some investigations on the mutarotation of

galactose are also deseribed.
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INTRODUCTION.

In 1930 Joos and thm (Physik. Z. 3€, 826, 1938)
noted that if the water of crystallisation in the
compound potessium chrome selenium alumy KCr(Se0),12 HpO
was exchenged with deuterium oxide an spprecicsble
displacement in the absorption lines in the spectrum
wes obteined. Duhm (Physik. Z. 107, 559, 1937)
reported a similer displeccment in the case of copper
sulphate CuSQ45H0. Bell (ature, 137, 534, 1936.)
noticed that a solution of amhydrous copper sulphate
in 99.57 deuterium oxide was a different tint to the
solution in ordinary water, the former being greener.
Colorimetric measurement revealed that the blue colour
was noticesbly less intense, vizie-

Dp0 solution & HpO solution
5.0 cm. : 4,1 cm.

Confirmetion of Bell's work was forthcoming in a paper

by Brodsky and Zenko (Acta Physicochemica U.R.S.5. &,



919, 1936.) who made spectirophotometric mezsurements
with copper sulphate in pure Hp0O, 43.6/ end 92.7% Dp0
mixtures. These were of a preliminary nature but
seemed to show that the absorption spectrum differs
slizhtly when DpO is present and that the amount of
absorption is‘approximately proportional to the deuterium
oxide content. These workers conclude that the difference
is due to & displacement of the sbsorption region as in
the czse of potassium chrome selenium alum and that such
displacement should be ascribed to the alteration of the
vibration terms which results from the difference in
mase of the hydrogen and deuterium atom. A similer
explanation is put forward by Duhm (4. fur physikal.
Chem. 438, 309, 1937. ) to explain the change in the
absorption spectra of complex chromium salts by
replaccment of HoO by DpO and Niz by ND3 whilst Hein

and Bshr (Z. fur physikal. Chem., 38, 270, 1937.)

report & difference in colour when silver permengznate
is dissolved in deuterium oxide and ordinary water,

In all cases the difference reported is very clight.

Bell as well as Brodsky end Zenko promise further
communications on this subject but up to the commencement
of the investigatian described below such communications
were not forthcoming. In the present experiment an
endeavour to compare the absorption spectra of solutions
of cobaltous chloride in [0 and D0 is made using a
spectrophotometer, The absorption spectra of these
solutions lie wholly in the visible region and consequently

are particulerly suiteble for this type of experiment.
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S X PERIMENTAL

Ihe Instrument.

The gpectrophoiometric readings delerminmed during
these investi etions were obtained using the instrument
shown in Figure I. By the combination of a wavelengtih
spectrometer with a Hilger-Nutting Photometer any small
wavelength renge of the visible spectrum selected for
an individual measurement can be isolcted and the iwo
beams of light entering the instrument are brought to
equality by the photometric pert of Ulhe apparatus on
which the ?eading is taken which gives the mecsure of
absorption.

The opticel system of the Hilger-Hutting Fhotoweter
is shown in the accompenying diasgram, Figure I1I.

Light from a 100 c.p. Pointolite lamp for direct current
enclosed in a lamp house H, which is provided with an
adjustment for centring the lamp in the house, falls on

two achromatic deviating prisms E, on a stand C from
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which it emerges as two axially parellel pencils.
These pess lhrough absorption cells D into the photometer
through windows A and B. Two square-ended polarising
prisms J whose planes of polarisation are mutually
perpendicular, receive the two pencils, which are later
combinqd to form two closely juxtaposed fields by a
prism K. The object gless O focusses an image of the
dividing line on the slit of the accompanying spectrometer.
A Third polarising prism N mounted in the circle G
produces when rotated a veristion in the relative intensities
of the two beams such that
Io/I = ten:é
where I, = Iintensity of light incident upon A
I = intensity of light incident upon B

and & = the angle through which the prisu N must
be rotated in order that equality of intensity may Dbe
obtained in the two fields.

The divided circle is engraved with a scale of
densities as well as degrees. If a reading d on ihe
"density" scale be obtained with a thickness 1
centimetres of liquid or other absorbing substance, then
the extinection coefficient is d/1. Leadings may also
be teken on the angular scale. The density scale is
derived from the angular scale by the use of the formula

d = 4,log;gten
where 8 = +the reading given by the angular scale.
A reading lens L is so placed that readings mey be



made without quitting the spectrometer eyepiece.

The spectrometer is eguipped with a Constent
Deviation Prism (n; = 1.65) firmly placed on & table
which is rotated by mesns of a micrometer screw o which
is fixed & drum of duralumin W, on which the wavelengih
of the line under observaﬁion is resd by the observer.
Th& calibration is permenent. The telescope T and the
collimator R are both rigidly fixed since 1o pass through
the spectrum it is only necescary 10 rotate the prism.

A prism cover P completely encloses the priem table and
slow motion, and as it fits closely Lo ilhe telescope
and collimator bodies it proﬁides an effective mezns
for excluding extraneous light and for the avoidance of
spurious reflection thereby producing a background to
the field of exireme blackness. The slit has fine
screw adjusiument with e divided drum, end sliding
Hartmenn disphrasgm. The eyepiece Y is fitted with
shutters which allows a very small part of the field 1o
be examined.

The whole assembly is securely fixed 1o a rigjd

bar which is in aligament with the collimator axis.

Ihe Cells
The cells, shown in skeich, were parallel sided

silica cells of cepacity of l.c mls.
end length 1 cm. These small volume

cells were used since the expense of

deuterium oxide necessitated economy of meterial.



The substance whose absorption is to be mecsured
is interposed in the lower besam. An icentical cell
containing the solvent is placed in the upper beam.

The shutters in the eyepiece are set to contein a range
of spectrum whieh should not be greati enough to show

any veriation in brightness or huej hence it will

depend on the steepness of the edges of the zbsorption
bands to be invesctigated and on the part of the spectrum
under observation. The slit is set al such a width

(sey 1 to 4 drum civisions) that the purity of the
spectrum is not marred, while sufficient light is admitited
to the field of view.

On rotating the circle the two portions of the
field of view are seen to alter in their relative
intensities until they match exactly, @nd this positbn
being attained the circle rewuding is noted. In the
present investigations all resdings werc tleken on ihe
density scale.

Readings can be teken at any desired wavelength
interval (read from the spectrometer drum) throughout
the range of the spectrum showing ebsorption, the cloeencss
of the intervalg being regulated by the steepnes: of the
ebsorption curve. The correctness of Lhe wavelengith
setting was checked by meens of sodium lemp and the
comparison prism attached to the slit of the

spectrometer.
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All mezsurementis are ma.e in a derkened room and
the photometer pert of the apparatus is encased in a
box to dqcrease the amount of scatiered light from the
lamphouse. Since the observer's eyes need to become
accustomed to the comparatively dim illumination of the
field of view, espeecially at high densities znd it is
impoprtent that the scales from which recdings are teken
should not pe more brightly illumineted than is
aebsolutely essential, if loss of sgensitivityy is to be
avoided, a dimming switch is employed.

When teking rezadings & number of setiings are
observed, recprded end averagsed as exemplified in
Teble I below. In general experience it is found that
a number of gquickly tsken reacings give a more accurate
aversge than & few readings teken with long periods of
viewing.

The zero reading for the density scale wes adjusted
and determined from time to time curing these

experiments.

Preparation of Solutions.
(a) Solution in HoQ
A.R. cobaltous chloride with six molecules of

water was dissolved in pure water (H;Q) to & suitesble

concentration.

Molerity of solution = 0,4961 M.



(b) Selution in DoQ.
The deuterium oxide employed during the

following experimentis was obtained through Imperial
Chemical Indusiries Ltd. from Norsk Hydro-ulektrisk
kvaelstofektielskab and wee 99.6% pure.

The A.L. cobaltous chloride hexahydrate wae
completely dehydrated by heating at 160°C, in an
electriec furncce, a specimen of the substanégxgbntained
in a Pyrex tube through which a current of dry air was
passed. A small quantity was transferred to an air
tight weighing bottle and phe celeculated weight of
99.67 deuterium oxide edded. |

Molarity of solution = 0.49358.

Small equivalent quentities of HCLl and DCl had to
be added to the respective solutions in order to
hydrolyse the small quentity of hydroxide and ceuteroxide
formed. These solutions were very similar in appesrance
but & slight difference in tint was discernible the D0
golution having a slightly more purple tinge.

Determination of AbLsO C .

Bach solution was exemined by plecing it in the
lower beam and & reference cell containing the pure
solvent in the upper beam. The ebsorpition curve is
obtained by plotting the spectrophotometer reading
againet the wavelength. Bech reading is the average
of at least four observations ss is shown in Tseble I

which is jiven as an example of the method of obtaining



readings and the extent of the experimental error.
The wavelength interval is determined by the steepness

of the absorpition curve.

TABL Ie

Solution (&)

A Spectrophotometric Readings No. of Average Av. Dev.
mM. on 'd' scale. Readings from mean.
540 1,415 1.415 1.410 1.390 4 1_.407 O 009
638 1.495 1.460 1.450 1.480 4 1.464 0.016
&3¢ 1.868 1.54 1.56 .57 4 1. 562 C.0l2
634 1.66 1. 66 1.63 1.66 4 1.662 Je ULO
632 1.73 L.72 1.73 1.72 L 1.726 Je oo
530 1.86 1.79 l.82 1.79 8 1.621 U. 013

1.84 l.82 1.82 1.83

The reading on the density scale gives a direct
value of the decadic extinction coefficient K which is
defined by the ejuation

I & Iy 10“Kl
where I, is the intensity of the incident light entering
the mediumy I is the intensiiy remaining after its
subsequent pessage through the path length 1 (in cms.)
end 1/K the path length pessage theouth which reduces
the light intensity to 1/10th. Since the density of
a medium is defined by the equation

-d
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we see that d = KIl.
and since in this particular cage we are employing a
cell of length 1 cm.

= K.

Beer's Lew states that if the absorbing substance
is dissolved in & non-abesorbing medium, the absorption
will then be proportional to the concentration of the
solution,

' -cl

i.e. RS A
where « is & constant for the abgorbing solute, ¢ is
the concentration, and tke other symbols have the
signifiicance given above.
Writing e = /g

' -leQ

we heave I=m JIs ¥ 10
i.e. the extinction coefficiént for & given wavelength
of & solution of concentration ¢ is ¢ times that of a
solution of unit conceniration while for a given
substence ¢.1 is & constent for a given ratio of I/I,.
VWhen ¢ is expressed in sramme-molecules of sbsorbing
substance per litre of solution, ¢ becomes a measure of
the ebsorption due 1o & single molecule and is known

as the molecular extinction coefficient.

In the present cese d = s¢ or £= d/ec.

Results.
The results are given in Teble II., where ¢ is
calculated from d for various wevelen;ths, and the

ebsorption curves obtained ere shown in Figure I1dl1.



TABLE II.
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Solution (&) HpO Solution (b) DpO
7 da. £ A de £

e mp

650 0.019  0.038 650 0.061 0,124
600 0.148 0.298 €00 0.088 0.178
6§90 0.122  0.246 590 0.069 0.140
680  0.177  0.357 576 0.134  0.272
670 0.335 0,675 560 0.514 1.042
560 0.694 1.198 660 0.837 1.€96
586 0,757  1.626 540 1.262 2.537
650 0,942 1.899 635 1.476 2.990
544 1.180 2,379 632 L.677 3.196
6§42 1.335 2.€29 630 1..627 3.203
540 1,407 2.836 £28 1.762 3.550
§38 1.464 ' 2,951 §26 1.808 3.666
536 1.562 3.148 6526 1.820 3.689
534 1,662 3.330 524 1.838  3.726
632 1.726  3.477 622 1.899 3.860
630 1.821 3.670 520 1.950 3.962
526  1.888 3.806 6§18 1.976 4.033
626 1,930 3.890 §16 2,076 4.084
6§26 1.938 3.906 £14 2.040 4.134
§24 1.999 4.029 512 2.034 4:. 122
§22 2,086 4,143 510 2.040 4.134
6520 2.062 4.156 508 2,036 4.127



T CONT0.

A d. n d. £
L o i
6518 2.122 506 1.976 4.008
516 2.142 504 1,966 3.985
514 2,166 502 1.922 3.896 .
512 2.170 500 1.934¢ 3.920
610 2.150 498 1.840 3.729
508 2.142 496 1.796 3.639
506 2.142 494 1,732 3.612
504 2,067 492 1.728 3.602
§02 2,072 490  1.708 3.466
500 1.995 488  1.678 3.401
496  1.945 485 1l.648 3.340
494  1.882 a4 L 676 3.193
490 1.765 480 1.663 3.167
486  1.656 476 1.612 3,065
480 1 680 470 1.390 2.817
476  1.635 464 1.350 2.736
470  1.432 460 1.183 2,463
466  1.350 450 0.819  1.660
460 1.248 440 0.4456  0.902
466 1.001 430 0.144 0,202
450 0.851 420 0,063 0.107
440  0.529
430 0.269
420 0.126
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DIS S O 1.

Figure III. shows the absorption curves of
enhydrous cobaltous chloride dissolved in HpO and 99.6%
D3 0. These curves lie within the visible region
between the wavcelengths of 4000 A.U. and 6000 A.U.
Distinet differences are apparent, the molecular
extinction coefficient in DpO being smaller throughout
the region of absorption, and the height of the meximum
is lower; up to 4900 A.U. the difference is practically
insignificent, above 4900 A.U. it increases and appesrs
to be greatest between 5300 A.U. apd 6400 A.U. i.e. at
lower frequencies then the meximum. These differences
are of the same order of magnitude as those reporied by
Brodsky end Zanko (Acta Physicochemica U.R.S.8. §, 919,
1936.) for copper sulphate in H,O and 92.7% DpO.

Closer examination of these curves might suggest

that each is built up of two individual curves



lg.‘;.

(a) extending from 4200 A.U. - 4800 A.U. and

(b) extending from 4800 A.U. = 6000 A.U. Curve (&)
does not appear to be affected by the change of solvent
whilst (b) shows a decided difference. Ve mgy conclude
therefore that the vibrations resulting in ecurve (b)

involve deuterium whilst those in curve (&) do not.

x
kovo Soob

_‘—-\o\/ave J’ength AV————

FPIGURE IV.

The vibrations involved here are very complex and an
enalysis of them is too difficult to be attempted.
A qualitative graphical representation of the ideas
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set down here is given in Figure 1IV.

The energy associated with the meximum of curve
(a) is £8.5 k. cals. and that with the meximum of curve
(b) is 66.6 k. cals.
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INTRODUCTION.

The tendency of a molecule to donale or accepl a
proton i.e. its acidity or basiciity is one of itls
fundamental chewical properties which it exhibits in
many reactive ways. The escidity constant has menifold
relations to the velocity constant of many possible
reactions. The introduction of deuteriun has opened
up new possibilities in the investigation of a large
number of proton trensfer processes and allowed & new
kind of insight into the acidity processes. The
study of acid equilibrium in both kinds of water HpO
end Do O therefore is of importance in throwing light
on the nature of the binding of the proton and deuteron
in acids, in the interpretation of reaction kinetic
problems in scid and base cstalysis in both kinds of
water, and in the treatment of ionic equilibria in

both solvents.
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In a jaseous molecule which mgy be represenied by
the formula :ﬁ:ﬁ we mey consider the potentisl, as a
function of the distance, when the hydrogen ion is
moved away from the bonding electron pair. VWhatever
the potential curve mey be it will be almost the same
for the molecule =§=D « Neglecting the small difference
erising out of the so called electronic isotope shift
we may consider the two potential curves as identical.
There remains however an importent cifference between the
two molecules in that the lowest state of vibration the
deuteron, becsuse of its greater,mass, occupics a lower
sosition on the potential curve than the proton.
lioreover on account of this the difference will be greater
the more ti htly the two ions are held together. Thus
on account of the difference in residual energy of the itwo
molecules the energy required to remove a deuteron by
ionisction is slways grealer then thal required to
raumove a proton.

Consider now the resctions in dilute agueous
solution and the relative dissociation constinis of
weak organic acids. if K, is the dissociation
constant of HA in HpO and Ky is the dissociation
constant of DA in Dp0, vizi-

HA + Hp0 = H30+ + Af H Kh MRS o )

DA + DO = Dg0* + A7 1 Kg o0e0e(2)
we see that the ratio 1, /Kydepends on the relative
magnitude of the binding forces acting on the ions
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when attached to the anion A or the neatral water
molecule. ilalpern (J. Chem. Physicsy 3, 469, 193&.)
hes forwerded an approximate theory in which he

assumes that the energy chenges of the reactions (1)
and (2) differ only by the respective residual energies,
end the entropy changes are ldenticel. lle obtained
the relztion

P A W T-ﬁ
Kp/Kg = expe= Fh( U, - Vo= U+ 05 NPT
2kT

where F = nuuber of degrees of freedom of oscillation.

ra

. = frequency of oscilllation of proton atteched
to the anion
U, = frequeney of osecillation of proton attached
to the neutral water molecule.
Uy = frequency of oscillation of deuteron
atitached to the enion.
\j: = frequency of oscillation of deuteron
attached to the neutral water molecule.
h is Planck's constent, k is Bolizmenn's coustent end
T is temperature on the Kelvin scale.
If we write ‘J,, = /Z VU, on account of the difference
of mass we obtain _
K/x = expe= (Lol /Z0m(U,=V0) ..
2kT

Since JH incresses with the binding energy, for all
acids wesker than Hn0", K,/Kg is positive and increases
with increasing weakness of the acid.

A more quentitative development of this equation
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weas mede by Hormel end Butler (J.C.S. 1361, 1936.) who
showed thet if the binding eneryy of & proton is
expressed by Morse's equation (Phys. Lev. 34, &7, 1924.)

Q & QLetsr=n) g ge =Ml g elB)

the fundemental frequency is
= eo/m. (Q/u)F s 48

where i = reduced mass of the vibra.ing system

a = force constant and r = interatomic distance.
If a; be the force constint for a proton attached o a
neutreal vater molecule, a be the force constant for a
proton attached to an anion, Qv be the binding energy
of & proton attsched to a neutral water molecule and Qu
be the binding energy of a proton attached o an anion
egquation (4) becomes

K /Ky = expe=(l~ 1/ /2 ).Fh. Iawg::% aAQgéh Ve (7D

2k u?®  uf®

weking the assumption that the relation between the
dissociation constant cnd the engrgy cheange in the
dissociation is Q4 = Q, = ~kT log K, these aulhors

obtein a relation which may be approximsted to
3
108 K. /Ky » +(1 = 3 JE X \fH.{ &y "'wﬁ_ KT.log Kh)
23

cee(8)

Taking \Lh/2 s the residual energy of the proton in .I*I3O+
: 0
as £.17 kgo cals./gn. mol., and Q, = 180 kg. cals./

i

gn, mol,, and putting N = H%, and F = 1 the
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following relation is obtained

logy, ;ih/Kd = «2,21(1 - aA/an - O. 0042 (aA/aw) log; oK,
seedsl9)

If a, is assume. (o0 be the same for & scries of acids

the variation of Kj/Ky with K will be small.

It will be useful to mention at this point the
results oblained by previous workers in this field.
These are summarised in the aeccompanying Table I. The
seme methods which are saiisfactory for the determination
of such constanis in ordinery weter cean be employed for
deuterium oxide solutions. Up to date the following
methods have been used
(a) the conductivity method, by Lewis and Sehutz who
obtained rough values for deutacetic acid and
chlorodeutacetic acid in 1934;
(b) the potentiometric method with the hydrogen or
quinhydrone electrode, the former Ly Schwerzenbach and
coworkers and theblatter by Kormen and La Mer in 1936;
(¢) the catalytie method, by lornel and Butler on the
rates Qf hydroiysis of acetal and ethyl orthoformate
in 1936.
(d) the measurement of distribution concentrations of
an acid in benzene and water, by Cross and Wischin in
pieric acid in 1936.

In Table I. are set out the ratios K, /Kq. In the

second column the negative logarithms of the most



TABLE 1.

Aecid pPK Ky/Ka T liethod hef.
1. Hy0' -1.74 1 - - -
2. Pierie Acid eca.l  4* 18° Distribution 1
3., Oxelic Acid 1.62 1,04 15° Ceatalytic 3
4. HSO,~ 1,90 2% 20° D, Blectrode 2
5. *NH CHpCOOH 2.36 2.54 20° Dy Electrode 4
6. HyPOs 2.37 1.6l 20° D, LElectrode 4
7+ C1~CipCOOH 2.86 2.7 - Conductivity €
8. Salicylic Acid 2.97 4.06 26° Quinhydrone o
9. Formic Acid 3.76 2.60 20° Dp Glectrode 4
10, Anilinium Ion  4.60 3.07 20° D, Electrode 4
11, CHSCO(EI 4,76 2.87 20° Dp Electrode 4,
12, Cacodylie Acid 6.26 3.30 15° Ceatalytie 3
13, HpPOs~ 7.22 2,89 20° Dy Hlectrode 4
14, NHy' 9.26 3.12 20° D, Llectrode 4
15. (CH g)qNH" 9.90 3,92 20° D, Llectrode 4
16. -00C=CHpNH3®W  .9.90 3.41 20° Dp Electrode 4
17. Hydroquinone 10.0  3.36 26° Quinhydrone &
18. Vater 15.21 6.43 20° Dy, Blectrode 4

* LHough measurements only

Leferences '
. Cross and Wischin, Trans. Far. Soc.,32, 879, 1l936.
2. Drucker, Trens. Far. Soc., 33, €60, Eé'?.

3. Hornel and Butler, J.C.35., 13€1l, 1936,

4, Schwarzenbach, E;iprecht and n‘.rlenme{gr

| Helvetica, 18, 1202 at. :

5. Kormen and La ler, J.A.C.5., 58, 1396, 1936.
6- L@Wis and SChutZ, JoAcC.Sag §§, 1913’ 1934.




probable value of the digsociation constants in
ordinary water determined by other methods are given.
Since micro-methods must be employed in these
determinations, because pf the expense of the solvent,
unavoidable errors oceur. By performing the
experiments in essentislly the same way in both kinds
of waler these errors are substantially reduced
since they will largely c:cncel in the ratio.
Nevertheless the values of X; /Ky given in teble I must
not be teken &s being particulerly sccurate, an
estimate of the error might be set down as 10%.

As Teble I shows the ratio Kh/Kﬁ is greater than
one in all ceses and amounits to about three in &ll
the acids. Grester deviations from this number only
occur in oxalic acid, phosyhoric acid and water.
The first of these is much smaller and that of water
ie ebnormelly high. The value of the oxondum icn is
by definition equal to one.

Originally the value of Kh/Kd was regerded as
being the difference in acidity between a proton acid
end a deuteron acid. This is incorrect since such
a difference cean only be measured by the exchange of
a proton and deuteron scid in the same medium with
the same base i.e. by the constants of the following

equilibria,
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DX « ¥Y' = DY + X! P Ky seese{10)

B s ¥ & BY + X' v ¥ K susweldd)
The ratio K;/Kp signifies the constent of the excheange
equilibrium

( 8 ].[ DX ]
(X Jel DY ] &

Such are accessible from direct measurement for many
cases in whieh the acid is uncherged but the base is
an negative ion.

Since both dissociations (1) and (2) will not
teke place in the same medium we camnot compare them
without further informeation. We can however examine
the reactions in which the deuteron ascid and the
proton ascid recet with verious Qesic molecules such &s
D0 and HpO. It is therefore desirsble at this point
to consider some aspectis of the equilibria existing
in isotopic water mixtures. These are complicated
systews conteining three neutral molecules, :0, HOD,
D20, four positive ions, H30*, D30%, HDO*, .Dp0*, and
two negative ions 0D end G .

All the possible egquilibries between these species

caen be represented by the folloring scheme where

X - [430] 3Ky = L0071 ete.
X g+ [1,0] Ap*[He0]

The symbols in brackets represent the activities of the
verious species whiled ,, and o, ere the activities

of proton and deuteron respectively. The numerical
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coefficients are statistical factors.

Hy 0"
R R
1
\ :
HpO
-l-D/ T
1

3K iy
ﬁgDo*‘/ T g
"\3 Jorct w7
\11130 sz}
ajat® T g

1
&

Y #il, 4l .

The ratio ke /kl is a measure of the influence of

substitution of one deuterium atom in the water

molecule in the reaction with a proton acid, whilst

+4 +H

k.3 /kll ies a mescure of the substitution influence of
s +D .  +D +D 4D

the two deuterium atoms. ko /Il and k, /kl heve

the smme significence for a deuteron acid.

Other known equilibria are

K = (0] cesinl18)
(Hp0].[Ds 0]
2
oK . LDeO]
2 2 H* et tis)
2

Ky (H20]
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[8,6"1%.[D,0)°

1‘1 = casae e ( 14)
+ L 3
[Dq0°] «[HpQ]
from which can be derived
Sk:{D/ B/Ek;ii = ,fEEcL EEEE {15)
+D +i
3/2k? /‘3k3 = /m 00000(1.6)

; +il 4D o
i = L (kl /k3 ) = L if we define the
+id
proton and deuton activities by putting k, = 1 and
+D
=

ks

1.

Kecently Schwarzenbach (Z. fur slektrochemie 44,
48, 1u38.) suggested an assumption which permits of
the theoretical cclculation of thesc constants. This

assumption is equivalent to

+id +1 +I1

kll = kgr = ks s s 88 tl(’)
+D +D +D

kg k, ks

by which the equations connecting these constenis can

be solved giving

+i1 +D ;
_k2_ - _]f_z_ 2 seeee ( b)
r +D o |
k;“ iy ?.ifKt
+1 +D
I G,
..;_ = ._:__ = LN BN BN N 1 (3-9)
+H +D - 1/3
k‘l kl M

Teking K = 3.27 (Topley end Byring J. Chem. Phys. 2,
68, 1396, 1936. ) Nelson and Butler (J.C.S., 967,1938.)
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£ind that 3/2k; = 1.06 and 3ki> = 1.21. These velues
ére in ressonsble agreement with the constants
obtained empirically by Or: end Butler (J.C.8., 330,
1937.) i= viz., 3/2k3" = 1.06 end 3kj = 1.10.
These considerations seem to Justifly the assumption
made. This assumption also made possible the
caleulation of the variestion of the velocity constant
of acid catelysed reections in isotopic water mixtures
assuming thermodynemic equilibrium betlween the reaction
complex and the solution. (Welson and Butler loc. cit.)

From (1s) end (19) lkj /ky is found to be 0.789
end ky /K, to be 0,604, HDO and DpO are thus less
besic than Hp0 end the influence of D substitution is
extraordinarily high. Cenerally speaking therefore
acids in Dp0 are less dissoclated than in ip0 since the
solvent is less basiec. Also a proton acid is less
dissociated in Dy O than in HoO quite apart from the
statistical fector. This substitution effect is the
same for all acids and explains the reletion of the
K,/Kg velues of the verious acide which are set out
in Teble 1I.

If this were the only influence which existed i.e.
if the proton acids were exactly dissociated by equal
amounts from the deuteron acids we would obtain the
game value of 1.98 (= k{H/kgn) for all acids. To
determine the ratio of a proton acid and deuteron scid

Kﬁ/ﬁb we must teke this influence of substitution into
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account - viz ,

H +H
Kofky = (Kp/Kg)i(ky /ky ) = 0.608 Ky/Kg +..(20)

We have assumed so far thal the sume_simple
equilibrium constent holds in D0 snd HpO. This is
only an epproximation since the solvents possess
different di-electrie constents, that of DpO beimg 1%
lees than that of HpO. This is correcied for by &
fector £ which in those ceases in whidp only & single
charged ion perticipates is very small. If 2z is the
charge on the ion £ hes the following values,

Z = fl Q +;

£ = Q.86 0.96 1.0
Bquation (20) now reads

i\ZH/KD = 0.604.£. Kh/Kd '.'....(21)

The values of K /K set out in Table II. for the
acide in Teble I; are calculated using equation (21)
end signify the constent retio of a proton trensfer
and deuteron fransfer in the waler molecule under

equal conditions.

ABLE II.

Acid (No, in Tedle I,) 1 £ 8 4 6 ‘6 7 8

KE/KD 1,0 1.9 0,6 0/9 1.3 0.8 1:3 1.9

Aeid (No. in Table I¥) © 11 12 13 16 17 18
K /K 1.2 1.4 1.6 1.8 1.9 1.6 1.6
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Recently Kule and Ls ier (J.A.C.S., §@, 1974,
1938. ) employing a guinhydrone electrode redetermined
the retios K /Ky Tfor a number of seids and found a
a steady ingrgase in the ratio as the strength.of the
acid decreuses. :

Sumnming up we note that the zccuracy acheived in
the experimentel work in determining these ratios has
not been high and in the present state of knowled;e
there are three points of view which c:n be adopted
regarding these values, (1) Kh/ls’.é is & function of the
strength of the acidy (2) Kh/Kd is congtent for acids
of a given typej (3) K, /K4 is a constant regardless of
type.

 The object of the work recorded below is o
supplement such informetion and by the cuaoice of
substances endeavour to gain further insight into these

equilibria.
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INDICATOR-BUFFER EQUILIBLIA

If we regard an acid in the sense of Bronsted and
Lowry i.e. &8s eny molecule in the charged state which
can give up a proton or deuteron the two forms of any
indicator function respectively as an acid and as a
bease. If HI denotes the aclid and I the beasic form
there is an equilibrium of the form

2 » I + ®H vasnes kg
The electric charge of the acid form HI may be positive,
zero, or negative according tc the nature of the
indicator. The electriec charge of the basic form I
ie alweys algebraically one less than that of HI.

A buffer solution cen be considerea likewise &s
being a mixture of sn acid HA and & bese A which ceontrol
the hydrogen ion coneentration sccording Lo the equatiun

HA = A + H' vesseolR)
where the electric charge of the acid form HA may be
positive, zero, or negative, whilst that of the basic
form A is algebraically one less than thatl of HA.

Bronsted (J.C.S8., 119, &88, 192l.) has given the
exaect thermodynamic treatment of such equilibrisa. Let
C = concentration and £f = activity coefficients
then the thermodynamié equilibrium conditions are

CI'CH' .fﬂi

R 7 -
= TEYHT ) T

cl‘l'f- f lf

o s 2

s ednesl3)
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C . C + _— = f P
A H = ‘\ECJHR = éﬂ HA EEEEE k‘d:)
Cos 2,8,

where K, is the thermodynamic ecid constant of tlhe

indicator and K,, is the thermodynamic acid constent of

the acid constitutent of the buffer. For & given temperature
and solvent K,; and K,, are true constnats. The

equilibrium concentrations products K ., end K, , on

the other hand are not constants but depend on the
concentraetion of elecirolytes present.

Brgnated further pointed out that we can consider
double acid-base equilibrium between the incicator amd
the buffer instead of (1) and (2) separately 3~ viz.

HI + A = I ¢+ HA ivne s ekB)
The thermodynemic equilibrium condition is
C,.C, K E £ £

= K = (ednr = HI “HT A 101.0(6)

v

c S

c..c Kk kL2

HL A

The substances employed in the present
investigations were nitropihenols end the indicator

equilibrium may be represented zs follows

OH i 5
o + H*
0o Oo
1 ¥ 3
Colourless Yellow

Form I mey be represented as HI and form II the yellow
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basic form with a single negative charge ws I

HI &« I +# H+ seseasl?)

Tne buffers chosen for the following investigations

were of the types:~

HePO; = HPO + & cenena(8)
end Hie = Ae” + H' sanseutig
The indicator-buffer equations for these combinations
are

HePO,™ + I = HPO,® + HI  ......(10)
IIAC + : = ﬁ(!- + HI co..cc(ll)

The thermodynamic equilibria are

K = c"" c”‘-P": o= K"'L . f"tf”?“f eossasdB)
B, G By o Bk
and
K = e CH*:*__ = 'K"z 3 £ Ta- ovevesCID)
C:Ca | fl“ i

From the theory of Debye end Huckel (Physik. Z. 21,
186, 1923; 286, 97. 1924.) the sctivity coefficients
mey be calculated according to the formula

]
oo logfb fc = \)iso z: ‘//Z -00-0(14)
i + 0.33a v«

where £ denotes the activity coefficient of the ion |
of valency 2 R is the ionic strength end g is a
certain mean louic diameter in A.U. of the given ion
end other ions in the sclution. A similar formula

which is equelly epplicable at ionic streungths up to
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0.1 is the follewing (Gug;enheim J. Phys. Chem. , 38,
643, 1934.) " '
2 oo
< logf. = 0.60 BovE <88, Vo ren L)
1 +V«

in which the coefficient of /4 in the denominator is
given the value unity, the specific differaln'cés between
verious ions being teken cere of by the term { B,.Cy
where C, Genotes the concentration of the ionic speeies
4 : the wantities B, are constents, and the sukmation
Z extends over all ionic species 4 of opposite sign to
't&hat. of the species . . |

Applying equation (15) 1o &fenex;al indicator~buffer
equilibria (€) we have

j 1
- lcg_-w £ Ia = Q..ﬁo_&(z:r-r Z: o &) 4-2‘3%04é .o (16)
A

fj_ f,m 1 + \//-5.
which for phosphate buffer-indicator equilibrium (12)

becomes . |
A _ Ly
- lD&roih“ ;&Poﬁ" w: laé \/£ 4+ ZBIACé aooon(l?)
f1 = f"’-yp"h. i+ V;Z « !
end for acetate bufferwindicator eguilibrium (13)
becomes
- lo& M - (4] + é:B. Cé .c-.-(lﬁ)
fo l‘é
f_T" ff’.‘ﬂc .&

Teking logerithms end substituting the zbove relatious
we heve from equation (12)

log C..+ logC,,. . logK =~ log.K + l.bVi- ‘Zsré €s
¥ Sl h e Lt L Ol
¢ C neof i b \Cu +

HL

or



1@3*3‘; - ‘10‘ i":’{'_.;. s 1@& eHa:Po; > 10&0 AT i.t\.f':f
| Cuz € weos , C dava
-58,,0 sneaalang
T |
Similecly for equation (13)
i €. - . _
logek, _ Mgl legle | wex, | ZBM%
a',q“ cn‘t Eif
ses el B0} |

if weo now voneicver Whe¢ sute egudiluris in saother
sodvent We syuelion: e Lo sewe =lliough Wwe valuss
e GaTferent. ibue 4f ve wro oxasicing the Gissogistiun
emsum@ of the substence HI dn lpv wd D0 ad we

uwim«w iie disgocdstion constent in the fowug by K |
.uad in the latter uy Kﬁ we ovtadn u':.e followidng ml.au'on&
fopr phespbate Dulier solutions pi wia..w. wet e loaic |
etrength tewe e sgual,

ok Gy/kg o Jegloi) /Si) o M(‘H,Pa,;) (c,,pa:;)
; € eﬁﬁa;ﬁ _ oo, A

btao.{ﬁla

Et _b\_?ﬂq-

5&&& it the buffer retio is made the swe in LOW Cuess
e middle term of the D.0.5. Docores serd end we Luve

Iloé. ‘1‘/*& & 19&_‘_) e La‘_ amu p— gl
- HI € d. KD

'l-

The corregponding egetate dullferw-indicator
equiliberiuwe gives the eguotion,



log Kp/Kg = lOL(S}_’_) (E_:__) o~ log& eeeee(83)
¢

Cut E prre

In the work to be described in the following
pages determinations of the first term on the K.d.S.
are made using a specltrophotometer and since the
values of log K, ,; /Kb‘%. end log K, /K,, are already
known (Schwarzenbach, Zpprecht and srlenmeyer,
Helvetica 18, 1293, 1936.), values for K,/Kg are

obtained.
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The instrument employed in obtaining the results
given below was the spectrophotometer desecribed in
Part I.

As was shown in the Introduction pp. 36 - 40 if
conditions were chosen.suitably we have the following
relations for (&) the ratio of the dissocistion
constents of an acid HI, which is an indicator, in 0
and DO using phosphate buffers, snd (b) the same ratio

in acetate buffers.

log K,/Kg = 103(2;‘2/(23;J + 108 iﬁwm' veeee(l)
HI i LY

log K, /Ky 1%(9:_9
.

/&

+ log X TP

HL d
5 5 kP
: w4 K pae
where K = dissociation constant of HI in ip0
K, = dissociation constent of HI in [p0

K, ,.-= dissociation constent of HaPOy in ip0
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mo = dissociation constant of Do POZ in DuO
K = dissociation constent of HAe in HoO

K., = ddissociation constent of DAc in Dy0

(C;- /C 5 ). is the ratio of concentrations of
coloured snion to undissociated HI, which is cplourless,
in Hp0. (C;-/C.y Ju is the seme ratio im Dy O.

The C;- /C.; terms are determined experimentally
as follows. A solution whose pi or pD is determined
by the buffer retio Cpu,,-/C.p> 0r C.,/Ch. contains
a concentratiun of HI which is suiteble for examination
in the specirophotometer. Preliminary experiments are
performed to determine the sbsorption reglon of the
compound being investigated and a suitable wavelengih
chosen. A reading d' is then mede on the censity
gcale with the dilute buffer solution of iUI in the lower
cell, A very small gquantity of strong alkali (uU.Jl
ml. of &N. NaQil,) sufficient to fully _dissociate HI is
then added and another reading " made. da! is
proportional to the concentration of the anion I¥
present in the solution at the given pH or pb end d" is
proportional to the concentration of the snion 1~ at
complete dissociation, thus

' / @' -« a* = C;-/C,; esese(3)

The conditions necessery before equstions (1)
and (2) are true are that (&) the retio of G /cﬂ;paf
be the same as ngpo;/cmf in the cace of the phosphate

buffers and thet C,,/C,- be the same as C,, /C,- in the



case of acetatc buffers; (b) the ionie strength of the
lpO solution be the seme as the ionic strength of the
DsQ solutioﬁ. These conditions were acheived as far
as is possible by performing the experiments in
essenticlly the seme weay in both kinds of water thereby
reducing the unevoidable errors considercbly since these
will cancel out in the retio. Before K;/Kyq can be
determined we require ﬁo know K, ,,-/K,p,. @nd K, /K,, .
These values have been determined by Schwarzeﬁbach,
spprecht end Hrlenmeyer, (Helveties, 18, 1293, 1u36€.)

using a deuterium electrode and eare set out in Teble I.

lp PO, 7.207 7. 666 0.45%
CH;COOH  4.748 5.208 0,456

The velues of log K,./K, recorded below are

obteined by mezns of equations (1) and (2).

erminatio zde usi Phosphate Buffer So ionsg.
(1) 0= end P= Nitrophenol.

Since the most azccurate results are obtained when the

acid being investigated is neearly half dissoeiszted & pH
velue is chosen which will give the ratio 4'/a" - 4t

& value approaching unity. The disscociation coustants
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of o~ and p= nitrophenol lie very close to ome another
and also to that of HQqu thus a buffer ratio of one
was cmployed. _

The buffer solution for these two seids was
prepared by dissolving equal molar quentities of the
A.R. salts NepHPO4 sodium hydrogen phosphate and KlipPOq
potassium dihy@rogen phosphate in ordinaiy and heeavy
water. Knowing the weights and densgities the
molarities of the heavy water solutions were calculated.

The ebsorption curve in both cases extends into the ulira
violet from 4700 A.U. Incrcacing absorption tskes place .
from 4700 A.U. to the limit of the visible region.

The most suiteble waveleﬁ&th was found to be 4500 A.U.
Bach d reading was lhe aversge of ten and the zero was
checked before each set of readings was made.

The nitrophenols were ohtzined from British Drug
Houses Ltd. and subjecied to several rec:ystalliaationé.
The deuterium oxide was obteined from the Norsk HLydro
Zlektrisk Kvaelstofaktieselksb and was 99.67 DpQ.
o=Nitrophenol i.P. 45° P-Nitrophenol u.P.1l14°

Tﬁe results obtained are given in Table II. The
values of log K /Ky being caleculated using eqﬁation (1),
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TABLE IL

[

Substance Solvent al log % log Kp/Kg |Ky/Kg
ar - at a" - g
iitro 0 06761 1.7598 '
O-Nitrophenol Dy : 0.4672 2.93
HpO 045861 1.7¢80
- 4 1 Q s 7382 Locesz ‘ I
P=Nitrophenol Dp 0.4621 2.90

Ho O 04 7435 1.8713

(2) E=Nitrophenol

The dissociation conmstent of m-nitrophencl does not
come resdily into the pH renge of phosphate buffers.
For this resson the determinaiions cannot be very
accurate as conditions are unfevoursble but the
following results, given in Teble III, were obtained
for verious buffer ratios which are indicated in the
teble.

The molerity of the buffer solutions was O.1
except in those caces which are merked w where the
molerity was 0.G2 I,

The m=-nitrophenol was obtained from Britdsh
Drug Houses Lid., and was recrystallised from benzene.
M.Ps 87%, .

All reedings were mede at & wavelength of 4500 A.U.
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LABLE XX

wil o 1
Solvent log [NeeHPOal @' 15g  ¢' 105 i /K, K /K,

[KHpPOsy @" = & d" -« g
= . _
Do Je 6870 0. 1914 T.2819 '
- = 0.6000 3.16
Hp O 0. 6870 0. 2093 1,3227
Dp0 0. 7162 0. 175 1.2420
’ 0.4607 3.03
Do 0 O 7962 0. 177 1.2481 S :
i 0.8070 3.81
HeO 0. 7962 0. 1977 1. 2961
Dg0Q 0.8470 0.222 1.3471
0.6387 3.46
HpO Qe 8470 De 2672 1.4268
b
Do O 1, 064 0. 2203 1.3430
0.6061 4.04
Ho O 1. 064 0.3091 1.4901

(3) 3:$ Dinitrophenol.
Various bufier ratios were employed and the
results are tabulated in Table IV. below.
Considerable difficulty was experienced in
the preperation of this compound. It was thought
likely that this compound might be obtainable most
directly by the diazotisation of 3:5 dinitroeniline

end boiling the resulting diazo compound with waier.
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No direct reference to this method wes found in the literature -
and after preparing the 3:0 dinitroaniline by oxidising
tri-nitro-toluene (Clarke snd Hartman, OTganié syntheses
2y 96, 1922.) to trinitrobenzoic ecid, decarboxylating
to trinitrobenzene (Cl&rke and Hertmen, Jrgenic
Syntheses 2, 93,1022,) and reducing by means of
Ammonium Hydrogen Sulphide (Flurscheim, J. prakt. Chem.
71, 537, 1906.) attempis at diazotisstion were made

on small portions of the 3:6 dinitroaniline according
to the following refergncesa

1. Hodgson and Welker, J.C.S. 1620, 1933,

2. lienke, Or_snic Synthesés, 8, &0, 1928.

3. Ber. 38, 3606, 1905,

4, "The Aromeatie Diazo Compounds"™ by Saunders.

None of these methods met with success.

The compound was prepared in the following wey
sterting from tri-nitro-toluene. The tri-nitro-toluene
(36 gm.) wes mixed with concentrsted sulphuric aseid
(360 gm., and stirred mecheanicelly while powdered
soGium dichromate (&4 gu.) wes added gradually, the
temperature being kept at 45-56°C during the oxidation.
The mixture was poured on ice and the crude £34:6
trinitrobenzoic acid filtered and washed (Clarke and
Hartman, Jrganic Syntheses 2, 96, 122, ). It is then
decarboxylated by neutralising with sodium hydroxide
at a temperature below 45°C, filtering off the liquid,

then adding scetic acid and heating, stirring
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mecheniecally all the time, (Clarke and Harimean,
Orgenic Spntheses, 2, 93, 1922.). The trinitrobenzcne
separates as a frothy leyer which is filtered off and
crystallised from glacial acetic aedd, .l.P. 1lz2Jo°C.

The trinitrobenzene (10 gm.) was coanverted Lo the 338
dinitrosnisole by plecing it in & flesk with 1.6 .m.
sodium dissolved in 100 ccs. of methyl alcohol and
allowing to stend at room temperature for two dgys.
Needle shaped erystels separated from the derk red
solution,(Holleman end Wilhelmy Rec. des Irave Cham.,
21, 432.). These crystals were filtered and washed.
Reerystallisation from ethyl slcohol did not improve
the .. P, 106%°c end & 90" yield was obtained in each
experiment tried. The hydrolysis of this compound
was effected by heating the dinitroenisole with 4-5
moles of concentrated sulphuric escid in an open vessel
maintained at a temperature of 130°C for a period of
six hours, (Hentzsh, Ber., 40, 341l.). Water was
ecded to the dsrk brown sludge remaining and the
resulting solution extrscted with ether. The
yellowish impure substance obtained on removing the
ether geve the colour resction but was very difficult
to obtain in the pure form. This wes achedived
eventually by recrystallising from dilute hydrochloriec
acid and drying the crystals so obtasined for several
nours. Thecse erystals were needle shieped and transperent

¢iving a reasonebly good melting point at 5C-57°C.
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This suggested a hycrsted form and sfter trying several

other methods the pure 3:6 dinitrophenol was obtlained

by placing these crysi:ls in & vacuum desiceator

containing phosphorus pentoxide.

After several hours

they Dbecame opaque giving & sharp melting point at 124°C.

All readings were made at a wavelength of 4600 A.Us

Ve

TABLE

Solvent log LieeHPia]

@t

g %

-

log Kn/Kg KpfKgq

[KHpPOs] a" - af é" - da

Dp0 1.9620 1.63€ 0. 2138
b, 0.6173  3.89

HaO 1.8620 1.871 02,2721

D50 Je QU7 1.623 iJe 1826 '

0. 4787 3.01

0 0.0091 1,693 3. 2023

DpQ 0. 0216 1,626 0.2108

HoO 0. 0216 1.882 0. 2747
s 5200 3.36

HpO Q. 1672 2.333 Je 3680

Do O 0.2683 Se338 D.3681
: 0.5120 3.2b

Hp O 0. 2693 2.637 0.4211

liean value of Ky/K4q is 3.26.
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(4) Note on the determinstion of K; /Ky for the

ice B ol-Blue,

Brode (J.A.CeB.y 46y 561, 1926.) has determined
the absorption specira of certsin indicators snd their
variation with chenge of hydrogen ion coneentration.
He found thet the absorption bends of the indicators
studied cid not shift greduelly in wavelength but
merely in inteneity. By using the same gueatity of
indicator in all solutions the hydrogen ion conceantration
of an unknown solution mey be determined by comparing

the height of the ebsorption bend with those obilaineu
from solutions of known hydrogen ion concentration.
As the phosphate buffers used in (1) above were suiteble,
en examinetion of the behaviour of this indicator in
deuterium oxide was considered worthy of investigation.
The indic:tor Brom-Thymol -Blue is a substiitution
cerivative of phenolsulphonphthalein whose dissociation
congtent is 7.01 x 107 i.e. its acid constituent is
of a strength comparsble to that of the acid
conatituent of the buffer.

The indicator sclution was prepered as described
‘in Clark "The Determination of Hydrogen Ions" &nd.
ddidion p. 80. Je 10 gm. of the powdered indicator
(obtained from British Drug liouses Lid., was dissolved
by srinding in en agate mortar with 3.2 ml. of N/2
godium hydroxide and making up to 25 ml, with
distilled weter. This gives a 0.4” solution of the
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dye iiself. The concentration of Brom-Thyuol=-3lue
used in these determinations was V.6 ml. of the sbove
J.47 golution in 100 ml. of the buffer solution employed.
Pre;imin&ny observetions revealed thet the solution
in the buffer solutions employed wes & bluisﬁ Lreen
colour in both solvents. After the addition of alkall
the colour changed to an intense blue. A Tough
spectrum analysis revealed thot there were two mein
bands thg one under investigation having a meximum at
6170 A.U. All reeadings were meaue at this wevelength.
The molerity of the buffer solutions was vU.ul M. The
results cre gaven in Teble V. Since equal guantitics
of primary and secondary phosphate were used to prepere
the buffer solution log [NepiiPOy]/[KHpPOs] = Q.

TABLE V,

Solvent da' log __ @' log K /Kg Kn/%g
dﬂ o dl dil -t
Dy 0 0. 7275 1,8618

0.,4301 2.69
He 0 0. 6806 1.8329

WITATI NS MADE USING ACEUATE SUFFAR SulUT

These solutions were prepared from A.L. reagenis
and cerefully stenderdised. Fairly concentreated
solutions (1.0 U.) ecan be prepered with zll the
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substances employed, namely Acetic scid, Sodium Aceclate
and Sodium Chloride (added to obiLain constent ionic
strength) end the following method of investijating
the beheviour of Z:4 dinitrophenol, 2:06 dinitrophenol,
216 dinitrophenol in deuterium oxide and determining
the ratio K,/K3 wes adopted. A weighed quantity of the
dinii;rOphénol was added Lo a weighed gquantity of deuterium
oxide giving a solution of suiteble concentration for
exemination in the spectrophotometer. A normal solution
of & suitable buffer mixture is then prepared and its
censity determined. A emall gquentity of this buffer
solution is then weighed ocut and sufficient deuterium
oxide dinitrc:phenol solution added wo bring the
normality to O.01 M. The analogous solution in lp0 is
then prepered by teking 1 ml. of the coanceatrsted
aqueous bufier solution and adding distilled waler so
that the normality is exactly the same as for Ulhe
deuterium oxide solutiom.

The dinitrovhenols were_\abtained from Brdtish
Drug illouses Litd., and recrystallisation did not improve
thelr melting points which were sharp. The wevelength
at which all readings were mede was 4800 A.U.

The results obtained are summarised in Tables

Vi, VII’ end VIII.
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Resulig for £:4 D trophenol

solvent log LHAC] _ d' 105 _ @' log K/Ky Ky /Ky
[NeAq] @" - 4! a" - at
Dp0 1.1746  0.7641 1.8774
2 0,4403 2.76
H0 1.1746  0.7290 1.8627
TABLRE ViI

Bgsulte for 2:5 Dinitrophenol

Solvent log LHAc] at"19e At

log K /Ky K /Ky

(Nade] @" - @! d" - a!
Do O Ve 6218 1,447 0 1600
Hp O J. 6218 1.418 0. 1516

TABLE VIII,

Results for 2:16 Dinitrophenol

Solvent log LiAc] 4Y g A&
[(NeAc] a" - d! A" = 4

log /% Kp/¥g

DeO  1.000 1.928 0.2851

0.3807  2.40
HoO  1.000 1.625 0.2108
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£ Method the Dete nat f the
sntro of Ionisat

It waes thought that this colorimetric method
might usefully be extended to determine the eatropy of
ionisation of these nitrophenols and although the
outcome of this work did not prove 1o be purticularly
useful it provides a good illustration of the
.experimentel accuracy echeived in obtaining the sbove
resulis.

It was felt that if values for the entropy of
ionisation could be obtained for these nitrophenols it
might be possible to relate them to possible resonance
in the structures, (Steern end Lyring, J. Chem. fhys.,
5y 113, 1937.). The velues of entropies of lonisati.n
80 far as they haove been determined have not shown eny
regularity, (Letimer, Chem. Kev. 1o, 349, 1936.).

If we consider the nitrophenol (iI) in sn acetale
buffer solution,

HI + Ac* = I + HAe
the thermodynémic equilibrium is expressed by

K = LHIN{AC"] o x /K,
(HAe][ I¥]

—h i

. o O 8 T

c1' CHH‘ fi' f

MM,

where the Cs denote concentrations and the s activity
coefficients. The Ks are the thermodynamic equilibrium

congtants.



K. was obtained as follows,

(2 8, /€. is the composition of the buffer solution
which is known_. C,- and C,, are obtained as weight
concentrations. '

(2) C,, /C,- is obtained colorimetrically from readings
on the spectrometer as deseribed above (p. 42)

¢, /C- = 4" = '/ at,

Velues for (1) and (£) were obtlained for a series
of experiments in which the ionic strength (ﬁ‘) was
varied and by extraspolating to zero ionic strength
where the sctivity coefficient term dissppesrs K was
determined.

K, = K, /K,

) has bsen thoroughly determined by Hearned and
Zhlers (J.A.C.S. &4, 1366, 1932.) for various
temperatures so that we cen obtain K, for verious
temperatures if K. is determined over the same

tempersature rang;efﬂ? e, S

[/
&,
From a knowledie of the veriation of K. with tempersture

we cen caleulate the value of the entropy of ionisation
as follows. From the well known thermodynamic .
relat.iqn we have

AF = =RT log Ky
where AF is the free energy change, R the gas constant
and T the temperature on the Kelvin scale. We further
know that |

aar) ‘, AS
aT
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where AS is the entropy chenge in the process i.e.
the entropy of ionisation. Thus if we determine K ;
say at 256°C and 1lo°C we have

AS = AF, ~ AF,/ 10

e_Determination of the intro Ioni 3 28
Dinitrophenol

wxperimental Details

The instrument employed was the spectrophotometer
described above the only difference being that waler
Jjecketed polarimeter lubes were substituted for the
silice cells. The rete of flow of water through the
jacket, heated by passage through an electricelly
heated copper tube was veried by raising or lowering
a constant head epparatus. Thi: gave a rapid and
accurate method of obtaining any desired teuperaiure
over the range 12 - 40°c. A thermometer dipping into
the sctual solution registered the temperature. The
pointalite lamp was maintained at a constent voltage.
Solutionsg

The solﬁtiona were prepared from A.R. sodium
acetate and A.L. glacial acetic acid whilst the =1§
dinitrophenol was obtained from British Drug Houses Ltd.
The melting point of the last did not improve after
recrystellisation. The concentration of the 2:0
dinitrophenol in these solutions is that which is
suitable for observeation but it 1s too small to be
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weighed. A ratio of sodium scetate: acetic acid

= 3.448 : 1 was employed as this gave convenient
reaedings of d' end d" on the density scale. These
acetate buffer solutions are apt to decay on standing
at room temperature. This was avoided by adding a
small emount of 2:5 dinitrophenol to the stock
solution which was kept in a refrigerator.

iethod of obteining resdings.

In the upper beam of light is placed a conitrol
cell containing the solvent whilst the cell containing
the buffer solution is plaeced in the lower beeam. A
few drops of buffer solution, to which hes been added
239 dinitrophenol to give a fairly high concentration,
are then adﬁe@ to give & sulteble velue of d' on the
density scale. A series of readings (an average of
ten) is teken for each of seversl temperatures and es
the d' - temperature plot is linesr the variation of 4!
with temperature dg determined. Sufficient alkeli is
then added to fully dissociate the nitrophenol and 4"
determined. txperiments prove d" 1o be constanlt over the
renge of temperature investigated.

Results

leny experimente were performed and sample resultis
are quoted for four of these experiments to illustrate
the method. The experimental values for ¢' are plotted
against the temperature in Figure I whilst the

corresponding d" velue is also indicated.
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The velues of a' at 1l&*, 26°, and 3&6° are

obtained from Figure I and are collected in Teble IX

élong with the values of the iouic strénéth.

A
d' is

obtained from d' after correct:ing for the zero reading.

T ABLE IX,

Expt. Ionic o i 1 " n oo A an o al

No, Strength TeC a a; a" d a d___a_!tl_
L3
Ay 0. 07724 16° 0.828 0.811  1.448 0.620 0,764
Ay 0_. 07724 25° 0.886 0.868 1.448 0_. 563 0. 648
Ay 0.07724 36°* 0.942 0.926 1.448 0.506 0.548
By Q. 03984 15* 0.801 0.799 1.515 0Q.714 Je 897
By, O. 03984 285* 0.856 iﬁ. 864 1.615 0.€69 0. 774
Bg 0.03984 3&6°* 0.911 0.908 1.515 Q. 604 0.667
s 1 0.02026 16° 0.918 0.214 1.623 0.776 0U.847
Co 0.02026 25° 0,996 0,991 1.693 0.698 0.704
Cq 0.02026 36° 1.072 1,068 1.€93 0.621 0.86=
Dy 0.01069 16* 0.712 0Q0.706 1.413 0.701 0.985
Dp 0.010692 26* 0.800 0.792 1.413 0.613 0.774
Dy O. 01069 3&°* 0,886 0,880 1.413 0.827 0.6986

The hydrogen ion concentration C, for solutions

of the ebove composition and ionic strength is sbout

0. 000006 mols./ 1000 gms. HpO.

Crn.s. 8nd Cly - axe

known from the weights of sodium acectate and acetic
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acid added so that teking in sccount the dissociation
of acetic aeid we obtain
CA;' = Cm,h + C,¢
and Cup, = Chp - Cuv
‘I‘he values of C,- /C,, for the zbove experiments
ere set out in Teble X along with the value of K.
ccleculated from

K, = C, /Ch, 8% = a'/ a

TABLE X
mp;?gfmmt ™e e, /0, =8 x,
] dl‘;7
Az 26° 3.449 Q. €48 2.236
Ay 356° 3.4}49 Q0.5648 1.934
By 16°  3.4850 0.827  3.004
Bo 26° 3,460 0,774  2.670
By 36°  3.450 0.667  2.301°
C, 26°  3.4518 0.704  2.431
Cs 356° 3.4818 0. 682 < Q00

15° 3.464 0. 9885 3.402

Dy
Do 26¢ 3,4554 0774  2.674
Dy 36° 3,4654 0.696  2.085




cl.

The graph of K, againstya is shown in Figure 2
end as is indicated by theses resulis, which are
typicel of the large number obteined, extrapolation
to zero ionic strength is not an accurate processs it
was because of the erratic behaviour of these resulis

thet this piece of work had to be zbandoned.

FIGURE II.

If we assume the velues obteained by teking the
lines drawn in Figure II we find,

18 25°

K. eRie X ow L8R s 20

C
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From Haxrned and chlers (J.A.C.5., 54, 13656, 1932.)
we have
15" I -5 - -5
K, = 1.743 x 10 Koo = 1763 x 10
K2 « 1.760 x 107°
from which we can calculate that

s & 38

KS = 6.27 x 107 KX = 4.0Lx 207
KX = 3.68 x 107°
The corresponding values of AF calculated from
AF = =2.303 R.T log K ;
OF° = 6536 cals. AF’ = 6876 cals.
AP = 6260 cals.
from which we have |
AS), = 34.1cals A4S,. = 37.4 cals.
Thus for the average value of the entropy of ionisation

of 2:6 Dinitrophenol we obiain 356.7 cals.
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The resulis obtained for the series of nitroyhenols
end Brom-Thymol-Blue are collected in Table XI. The
buffer solutions employed are shown in column two
whilst details of buffer ratios elc. are given in the
tables referred to in columm three. In the fourth
column the most probsble value of Ky, teken from
Internationel Critical Tables is given in each case.
pX is equel to -log Kj.  The last coluun gives the
ratio for Kh/Kd as determined in the verious experiments.
As mentioned in the experimentsl section the heavy
water solutions were not 1007 Dp0 end a eorrection
to give the value at 1007 DoO must be made. In the
cese of the determinetions using acetate buffers 17
HpO was introduced to the 99.6%7 D0 solution. In the
cese of the phosphate buffers the Kh/Kd value is that
obteined using 99.€7 Ds0.



TABLE XI

Substance Buffer Table K, PK K /Ky

2:¢ Dimtrophenol Acetate VIII 2.6 m ].d-4 3,68 2.40

214 Dinitrophenol " VI 9e© x 10‘6 4,02 2,76
216 Dinitrophenol " VII 6.8 x 10°° 6,17 2.79
316 Dinitrophenol Puosphate IV 2.0 x 1077 €.70 3.25
P - Nitrophenol " II 6.8 x 1072 7.24 2.90
0 - Nitrophenol n IT | 5.6 x 1070 7.26 2.93
i = Nitrophenol 2 IIT 3.9 x 1070 g.41 3-4

Brom-ThymolsBlue n v 7.0 x 1077 6.156 2.69

Orr and Butler (J.C.S., 330, 1937., have
discussed the kinetic and thermodynamiec activity of
protons and deuterons in water - deuterium oxide
solutione and the following equation is given relating
the disscciation constents of weszk acids in isotopic
water mixtures. If we define

n = D = Deuterium fraction
D+ H
EA-]“g the dissocistion constent in pure 0
(HA)

K, = [A Je>r  the dissociation constant in pure DoO
[DA]

and the discsociation constant in water contesining =
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fraction n of deuterium as
L SH30* £[A")
S (HA].

where the guantities in square brackets represent

activities, then we have the following relation,

/Kp = ') (501 4 Ky/ky LD;»OJ"‘)
7T

where

La u[Dp0]
oy [HpO]

Vhenn = 1 1/3'(n) = VL.

Q'(n) ie a function the nature of which has been
estabiished empirically by equilibrium measurements
(Gross, Steiner and S;na, Trans. Far. Soc., 32, 883,
1936; Orr end Butler, J.C.S., 330, 1937.) and which
cen now be calculated theoretically, (Nelson and Butler
J.C.5., 968, 1938. ). The caleculated values of Q'(n)
for various values of n are shown in Figure III.

By means of this graph we obtain & series of values
of Q'(n) for values of n between 0.20 and 1.00.

Enowing n the deuterium fraction which is obltained from
the amount of HpO present in these mixtures {Dp0] end
[Ho0] cen be calculated (Orr and Butler J.C.S., 332,
1937.) The values of Kh/Kh’ for verious ratios of
Ky, /K1 obteined using the sbove ejustion are shown in

Table XII.



FIGURE 111

TABLE XII

Kn/K, velues for K,/Kj equal to
® Q'(n) [DeO) [He0) 2.0 2.6 . 3.0 . 3:6 . 4.0

0.90 0.322 0.901 0.1 1.766 2.13 2,496 2.86 3.22
0.926 0,306 0,926 0,076 1.828 2.226 2.616 3.0l 3.40
0.96 0.290 0,96 0.06 1.876 2,301 2.73 3.185 3.67
0,976 0.276 0.976 0.0256 1,936 2.399 2.84 3.315 3.77
1.00 0.260 1,00 0.00 2.00 2,60 3.00 3.50 4.00

The relation between n and the ratio K,/X, is
shown in PFPigure IV.
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From Figure IV we readily obtein the value of Kh/Kd
corrected to 1007 Dp0Q i.e. when n = 1 Dy compering the
slope of the cupve winich would pass through the point
determined for the known velue of m in the solutions
employed end noting where it cuts the axis. in the
case of the acetate buffer solutions n was found to be
U.992 and in the case of phosphate solutions n was
equal to 0.908.

The corrected values of K; /Ky ere listed in Teble

XIII along with the I.C.T. values for Lo

IABLE XIII.

Corrected value

Substence Xy, K /Ky Kp/Kg (100% Dp0)

2316 Dinitrophenol 2.6 x l(}"4 2.40 2.43
214 Dinitrophenol 9.6 x 107° 2.76 2.81
216 Dinitrophenol 6.8 x 10°° 2.79 2,84
336 Dinitrophenol 2.0 x 1077 3.25 3.27
P - Nitrophenol  £.8 x 107° 2.90 2.92
O - Nitrophenol 5.6 x 107%  2.03 2.98
M - Nitrpphenol 3.9 x 10°° 3.4

Brom-Thymol-Blue 7.01 x 10-7 2,69 2.70

Considering these results we see that in most
cases the ratios Kk /X approximete to the value of three

and comparing the ratios with the dissociation constunis



of the acid in watler we see thel with decreasing
strength of acid there is an increasing velue of tue
ratio K, /Ky which is the result originally forecast by
Halpern. It would furiher appear however that the
factor associated with the strength of the acid is not
the only one affecting the K, /Ky ratio and the unusually
high velue for the meta compounds would suggest that

we are uealing with & consti.utive effect peculier to
the meva position in unese nitrophenols.

The resulis for m - nitrophencl are not so relisble
a8 the others because the phosphate buffer did not
conveniently cover the pi range reguired in tne
investigation of this substance and no other buffer wes
evailable whose dissociation constant in deuterium oxide

was Kaown.

As was ahSwn in the introduction Hornel and
Butler (J.C.S., 13€b, 193€.) stated that the ratio
Kh/Kd is determined mainly by the force constanit belween
the proton and the acid anion a, rather than by the
strength of the bond and the following equation relating
the ratio and -logy K was givem, (p. 26.)

.1og:,_li’,h/1{d = =2.21(1 - ay/a,) - 0.0042 ( a,/a, ) log K,

The nitrophenols investigeted here sxre all the
same type of acids and we might expect to find that a,
has the same value in each case. Teble XIV shows

that this is true to & large extent.
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TABLE XIV
Asid log)okp/Kg  =logioy  @y/ey
2316 Dinitrophenol De381 3.585 1.17
235 Dinitrophenol Q.44¢ S5.1€8 1.19
338 Dinitrophenol 0.616 6.699 1.22
P - Nitrophenol 0.462 7237 1.19
Q0 = Nitrophenol 0. 467 7.252 1.10

It is of interest to examine these results in
conjunction with those recently obtained by Rule and
La Mer, (J.A.C.S., 60, 1974, 1938. ). Using a
quinhydrone electrode these workers revised several
values of K,/Ky and claim a greater sccuracy in so
doing than had been acheived previously. As Uiese
authors use different values for K,, /Ky, and
K, s /K q,- the Kp/Kq retios obtained in the present
investigationg have been recalculated using these
values. These (omitiing m-aitrophenol) sre set out

in Table XV along with the resulis quoted by Iule and



I ABLE XV

7L

No. Acid ~logky, K /Ky heference
1. Hgo* -1, 74 (1)

2e Chloroacetic Acid 2.76 2.74 i
3. 23¢ Dinitrophenol 3.68 2.84

4, 2314 Dinitrophenol 4,02 3.28

S, Benzoie Acid 4.21 3.13 3
G Acetic Acid 4.74 3.33 2
Te 2:9 Dinitrophenol £.17 3.32

Se Brom=Thymol=Blue €.16 3.40

Ge 3:5 Dinnitrophenol 6.70 4,11

10, HpPQy~ 7,19 3.62 3
11, P - Nitrophenol T.24% 3.67

12. O - Nitrophenol 7.26 3.71

13, Hydroguinone 10,866 4,16 3
Leferences

1. Lewis and Sechutz, J.A.C.S., £6, 1913, 1034.
2. Kormen snd La lMer, J.A.C.5., £8, 1306, 1936.

3. Imle and La Mery J.A.C.eS5e; .@Q' 1974, 1838.

The curve obtained by lule and La Mer by plotiing

-log K, against log gl/id is reproduced in Figure V

and the values obtained in the present investigations

are added.

refer to Table XV.

These are marked in red.

The numbers
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FIGURE V

These points lie close to the curve and would
seem to support Hule and La ier's statement thet the
ratios decrease as the strength of the ac¢id increases

and mcy become unity for acids as stirong as HSO*.



A NOTE

OF
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Introguction

Welson (Thesis for Ph.D. .=din.) in the course
of an investigation of mutsrotation under various
circumstences in heavy weter found the catalytic
coefficients of HpO and H30", from which it sppesred
thet for HeO  Keii..cose 7K civeose = 2.06
and for Ha0%  Ke,iacrose /K erocose = 1.33
Since 0 acis as a basic catalyst, it seemed desirable
to discover whether this ratio was constant for other
‘acids and bases. Therefore the catalytie constants
of the galactose resction with acetie and chloroacetic

acids and acetate and phosphate ions were determined.

uxperimental

In determining the catalytiec coefficients of the
following acids and bases solutions of weak acids in
presence of their salts were employed, e.g. if we
consider the catalysis of the mutarotation of galactose
by ecetic ecid - acetate mixtures the catalysts will be
water, acetate ion (A™) and undissociated acetic acid

(lIA). The observed velocity of reaction therefore
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will be

Vi, = X 8.+ K. .B.+» K. 8. eeswasld)
where the ke are the calalytic coefiicients and the Cs
are the concentrations of iiic virious species. If a
solution is prepared such thal the concentration of
acetic acid and acetate are equal, s&ay x, we have

Vs, = k. x + k, x + k,,C,,

w ik, + &k, )% + k,.C, eseeeel(2)

If therefore V,. is plotted asgainst x the concentration
of ascetic acid (or acetate) the slope will give the
velue of (k, + k,,) whilst the intercept on the Vo
exis will give the velocity due to the watler, By
increasing the concentration of the acetate by a known

faector, a times say, we have ithe relation

Vi & k. .nx e R,Xx + k.G, vaneeslB)
(3) = (2)
Vii ' =1 Y. = k,ax = K, X _
= kaﬁx(a - 1) sk A s s e)

In this way k,- cen be determined and since (k, + Kk, )
hes alreacy been abtained k,, is readily found.

Kinetic licasurements

The rates of the mutarotations were observed in a .
Schmidt and ‘l{aensch polarimeter reading to U.0l°,.
Since the chenge in spceific rotaetion in the conveision
of X =d-galactose to the equilibrium mixture of the
a.ndﬂ forms is fairly lacrge viz.i-

1§

Al = €0° for  —> L4+ g
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a solution of eboul two per cent { -d-galactose wes used.
A Quantity of the galactose wes carefully weighed into
& small weighing tube and cooled to 15°C in the
thermostat. The solvent conteining the catalysing
substances was also cooled to 156°C. A carefully
measured volume of the latter wes then added to the

d ~d-galactose end the mixture thoroughly sheken until
solution was complete. The solution was then spesdily
trensferred to & narrow bore two uecimetre polarimeter
tube by means of & thin capillary reaching to the botiom.
The polerimeter tube, previously brought to 10°C. was
surrounded by & water jacket through which water from
the thermostat was reapidly circulsted during the
experiment. A reading of the rotation was taken

&8 soon ae possible using the sodium D line. This was
teken as the beginning of the reaction anc thereafter
readings were taken at suitable intervals of time t mins.
Teble I shows the observetions for a typical experiment.
If we writed, = observed rotation at time t mians. from
the start of the reactiocn, o(m-: rotation on completi.n.
of the recction, we have, since the reasction is
monomolecular

Rate of reaction k = 2.303 x loglo(ole = dw)
' t

The value of k is obtained by taking the slope of the
¢reph log (K, - A.) - t as indicated in Figure I
which is the graph obteined from figures in Table I.
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I ABLE I.

Polarimeter A
t mins. Reading (K = Aoo)  Lloge(A, = Xoo)

0.0 5.6b°

2.32 Je 366.
2.83 6.82° 2,19 Q. 340
£.2€ £.44° 2.11 C.324
7.80 6.31° 1.98 0.287
11.43 6.21° 1.88 0.274
15,60 o.08° 1.76 0. 243
18.17 O, 04° 1.71 Ve 233
21.33 4,96° 1.63 O.212
=5.26 4,86° 1.62 C. 182
29.20 4,.76° 1.43 0. 155
32.88 4,68° 1.38 Je 130
38.83 4,80° 1.26 . Je 100
42,27 4.48° 1.18 Je 067
48,48 4,41° 1.08 0. 033
54.75 /‘_. 28. 0. 95 ;. 5577 io (=18 -'\J. \}23
61. OO' 40 20. Qs 87 ;.‘%J IV - UE0
70.13 4,07° 0. 74 1.869 " -0.131
79.772 4,00° D. 67 1.826 " -Je L74
87'0 15 3 . 9"3\. 0. 61 .;!."' 785 " "'\J- 215
9777 3.83° Je &0 1.699 "  ~U.301
107.17 3.75¢ 0,42 .623 " <0.377
120o bfi 3- 69. 0036 .556 " “’00444
132.41 3.67° 0. 34 6328 " -0.478

Coneentration of acetic acid and scetzte = .08 M.
Temperature = 15,00 * O,06°
Reading after 24 hours = 3,33°

Wavelength of source of light = 8900 A.U.

Materials

The X ~d=; alectose was the pure comwercial product
end the salis and escids used were all A.R. reagents
supplied by'British Drug Houses Ltd. All weighing
tubes, ete.,, were carefully cleaned using chromic acid

and steam.,
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Lesultis

Acetic_Acic - Sodium Acetete Solutions

Using the procedure described above the ratgs of
reactions in two series of acctic zcid - gcodium =scetzte
solutions were determined. The first series were
performed with solutions in which the concentralicns of
acetic acid and sodium ecetate were identical i.e. the
retio [HAc] : [NeAc] = 1 and the second series with
solutions where [HAc] : (Nase] = 13 2.5. on tae
basis of the theory given sbove only one reasding of the
second series would be required to obtain the desired
catalytic coefficients but several velues of the welocity
constaent were mede and & greph obtained to meke the
value as exact as possible. The resulis obtained ere
collected in Teble II and the concentration - velocity

graphs drawn in Figure II.

TABLE II

k x 103
Concentration of HAc s NasAc HAe 3 NaAe
Acetie Acid 4 e s | 13s 2,86
0. 016¢€ Uu. 13.92
0. 020 . 14.20
J. 0248 i, 12,87
0.0832 M. 15.16
U. 020 M. 12,77
0,080 1. 16.76
0. 0€64 M. 14,96
'Jo 080 ll‘r"-'.. Ei45

0,10 I 16.30 21.80




FIGURE II.




Calculation of the Catalytic Coefficients.

Applying the ebove equations (2) end (4)
respectively to the case of ccetic acid - acetate
mixtures we heve the relctions
Vs = (koo + ku,)x + k,C,,
_and L AP - V. = k,-x(a-=-1).

From Figure II for the velue x = 0.1 il we have
Vi = 21l.6 from graph B and V,,s. = 16.156 from graph
A and since @ = 2.5 we have

(2146 = 16.,16) x 10™ u k,-.0.1x L6
or k,. = 6.35x 107°/0.16

= 38.7 »x 103
The slope of graph A which we have alrezdy shown

tobe Vi/x = k,. + k,, = 42.6x 107

therefore k,, & 6.9 x 107,

The two lines intersect at k¥ = 11.9 x 10=3
at x = 0. Ve therefore have this &s the water rcte of

cetalysis of the mutaxrotation of galaclose.

Phogphate Solutions

The seme method was used in the case of mixtures of
primery and secondery phosphates. The salts used were
poteesium hydrogen phosphate (KHp POy ) &nd sodium
phosphate (I-Tse'_I-IP04J. The results obtained sre set out
in Teble III and the variation of the velocity constent

with concentration shown in grephs ITIa and IIID.
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fhe accurescy obtained in these determinstions was not

80 high as in the other cases and the extent of the

experimental error cen be estimated from the figures

given for dup.iicate experiments in Teble III. In

- all cases good linesar graphs were obtained in the

determination of k.

from 0.002 to 0.02 il

The concentration renge wes

TAB i .
: k x 103
Concentration of Iilp PO4 3N&9£{P04 KH%P% sNag:IPO4
NapilPQq
0. 020 M. o 49,78
0.016 ., 42,93
Q.014 1, 36.38
0,012 i, -‘36.26
0. Q08 i, 21.74 24,84
0. 006 M. 22 77,22, 27,;#.79. 24,41
Aver. 23.28
AVQI‘- 17.66
O. 002 M, 14,65 15,92
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uletion of the Cetelytic Coefficients.
For these phosphate solutions eguations (2) and (4)
respectively become

v = (k

obs.,

+ kn,Po,; I)x s X, B

HPo,= o " Hyo

Vi, = Vas. = ky p- oX.(a=1)
Consideration of greaphs Ille end IIIb however show that
ky p,- must be very small end as IIIa shows the resultis
are not so accurate for these solutions as for the sc.iate
solutions. We come to the conclusion therefore thet
we would not be justified in aécribin& any defindte
value to the HQPOE_ ion end theat the slope of greph Illa
ie eluost entirely due to the HPOZF ion for which
therefore we have the following figure |

k T

HPoy

The water rate &s before is 1ll.9 % lO""3

uonochloroacetic Acid Solutions.

In a solution of monochloroacetic acid the
observed rate of mutarotation can be represented as
follows

Y = V TG SR T B

085,

where V, , is the water rate
V.. is the rete due to the undissociated acid
V. is the rste due to the chloroacetete ion
V., is the rate due to the hydrion.

V.. was obtained for a series of concentretions of
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acid ranging from 0.06 ii. to 0.4 M.

To determine V, we must know the value of V4 ena V. as
well as V., . V., is known from the foregoing
experiments to be 1L.U x 1077, V. = k.C, where K, is

is the catalytic coefficient of the hyurion. ihis

has been determined and has the value £02 x 10-3 (Nelson
Thesis for Ph.D Ldin.). Cy the concentration of

hydi*ion is calculated from a knowledse of tue
dissocilation constant at 16°C. Thie hss the value

K = 1.458 x 10~ (Wright, J.A.C.S., 56, 314, 1934.).
V. is very smell but en estimate of its velue has been
made assuling th:t |

k;/ky in glucose reaction = kj/kg in galactose recction
Since Ca is obtained from a knowledge of K anc kh- is
known i‘br glucose and gelactose as well as k., in
glucose V, = k,C, is obteined. The v.lues of V
end the celeulated values of V,; and vV, ere tebulated

in Table 1V.

V,M = VMS, - (VH}O + Vl.i + Va )
The plot of V, = concentration is piven in Figure IV.

The slope gives the value of ky = 36.0 x 2073

T ABLE 1V

c e & (R =L : S Ou
Voss x 103 = 3€.08 2970 28:86 200 191
V.rh'o x 10..3 = ll. (d 11»9 11.9 11.9 ll-g
vh b4 10‘3 = e O 7.45 7. qz 6. 02 40 24
Vi x 10 = 14,92 10.03 7.13 3,20 2,85




~ The results along with those obtained by Nelson
(loc. cit.) are collected in Teble V and the values
for glucose calculatad from the determinations of
Smith and Smith (J.C.S. 1&;8, 1937. ) are appended

for the sake of comparison.
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IABLE V.

(a) Agids.

liz0"
Chloroacetic Acid

Acetiec Acid
(b) Bases.
Hp0

Agcetate
l‘lPOz;lL .

log Ky

1.74
-2084
-4, 76

log Ep
-1, 74
4,76
728

Ky kg ky/kg

602 % 107> 243 x 107 2.06
36.0 x 10™° 18.86 x 107 1.86
6.9 x 1070 4.63 x 10™ 1.49

ky ko k;/kg
21,8 ¥ 10™ 16:3 x 10™3 1.32
35.6 ® 1.0 4‘4—.1 x 10 Oidl
1.77 1.38 1.28

log Ka is the logerithm of the dissociation constent of

the acid while log Ky is the corresponding term for the
base. k, is the cetalytic coefficient of the galactose

reaction and k, is the catelytic coefficient of the

glucose reaction.

Consideration o0f these resullts reveals that the

rate of mutarotation of galactose is appreciably
greater than thet of glucose with acid catalysts and

the ratio incresses with the strength of the acid.

The ratio of the rates with the base catalysed reaction

appesars to be rather irregular and no generalisation
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could be mede without further date. It is to be
noted in this comnection that the agrecment of Smith's
data with the figures of Hamill and La Mer (J. Cheu.
Phys. 4, 396, 19'6.) is not at all good and there may
be some doubt about the glucose values.
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The sbeorption curves of cobaltous chloride dissolved
in HpO end DoQ have been determined. Distinct
differences were observed in the value of the

moleculer extinction coefficient.

A colorimetric method has been employed to determine
the ratio of the dissocistion constants in light and
heavy water of a series of mono~ and di- nitrophencls
as well as the indicator Brom-ThymolsBlue. Ihe
results show that with a decrease in the acid
strength there is an increase in the ratio. In the

case of the meta compounds this ratio is unusually

high,

The catalytic constants of the mutarotation of
galactose with acetic and chloroacetic acids and
acetate and phosphate ions have been determined and
& comperison made with the corresponding values

for the glucose mutarotation.
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