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SUMMARY.

The preparation by the late Professor W. Pugh and his collaborators
of compounds assumed to be salts of dimethylketazine raiéed the
problem of the existence of a dimethylketazinium ion, as the base
had previously been thought too weak to form salts, Acetone is the
only solvent in which dimethylketazine is known to be stable, and
it seemed that the occurrence of the ion might be demonstrated by
comparison of conductance measurements on solutions of a éupposed
ketazinium salt in this solvent wﬁ.th similar measurements on aqueous
solutions of the corresponding hydrazinium salt, Attempts by earlier
workers 'Eo prepare simple salts of dimethylketazine were Lmsuccessﬁﬂ.,
only cdmplex salts being cr'y'stallisablé,'and, as a first step, the .
conductances of agueous solutions of hydrazinium chloroplatinate,
perchlorate, and picrate were measured on a conventional Jones-type

bridge at 25°C,

The chloroplatinate ion was found to be reduced by hydrazine,
and this process was followed conductimetrically, the order of reaction
being determined, Since the reduct;’.on was catalysed by platinised
piatinum, the measurements were repeated using a new A,C, potentio-
metric method for the determination of electrolyte conductance which
employs polished electrodes, This method, which had been developed
by the Oceanographic Division of the National Physical Research

Ia'bbratory and the Department of Electrical Engineering of the



University of Cape Tobn, was first tested on solutions of potassium "
cnloride, the measurements being shown té be independent of frequenc&i
and in reasonable agreement with the results of earlier workers

(cf. Chom, and Ind,, 1953, 732), The rates of decomposition of the
hydrazinium salts cbtained by this method were lower than those
measured on the ' Jones bridge, whiié’theiryéqﬁivalent conductances
were found to be somewhat higher, New values for the limiting
equivalent conductance of the hydrazinium ion, and a value for the
1limiting conductance of the chloroplatinate ion have been determined,
[N,B*: potentiometer 60,0, Jones bridge 59,65 14 PtCle®”s

potentiometer 59,5, Jones bridge 59,41,

“The solubility of dimethylketazinium chloroplatinate in
anhydfoué acetonc was too 1dw to allow the preparafion of solutions
of suitable concentration for conductance work. Since simple salts
could not be crystallised, an attempt was made to prove the existence
of the ketazinium ion by conductimetric Jitrations of dimethylketazine
with hydirogen chlorids and celculation of its limiting equivélent con-
ductance from the neutralisation points, It was intenaed to comparé
this value with a value for the hydrazinium ion in acetone calculated
from its limiting conductance in agueous sgolution, No limiting cone
ductance could be obtained by this procedure, buf the titration
curves showad that pioducts ionic in choracter result from the inter-

_ action of the ketazine with hydrogen chloride, and the form of the

curves is consistent with the view that dimethylketazine is a weak

L Y
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monoacid base in acetone, This conclusion was confirmed by potentio-
metric titrations in the cell
Dimethylketazine). .
. B HD lmcli.Hggclz,Hg,

from which it was possible to calculate that dimethylketazine has an

Pt,chloranil

_ionisafion constant in acetone of about 1071,

A knowledge of the behaviour of hydrogen chloride in acetone was
necessary for the interpretation of the results of the titrationé,
and, since the results of previous workers were either not repro-
ducible or not published in detail, the conéuctances of a series of
such solutions were measured, Hydrogen chloride molecules were shown
to be associated in this solvent, and over the concentration range
2,75 x 107 %0 9,3 x 107 mole 1.”! it was estimated that the
associated groups contain about ten monomeric molecﬁles. The
electrpdes used in the potentiometric titrations were also studied,
the following cells being investigated:

Pt, 4, |Ke1] e [ He, 01, , He
 Pt,choranil |HC1[T4C1 |He,C1, ,He
| Hg,Hg, CL, |1aC1]|H01 [Ag0 , Ag.
The standard emf, 's of these cells were calculated by the procedure
adopted by Everett and Rasmussen (1954) and the standard emf, of the
cell Pt,H; |HCL|AgCl,Ag calculated to be -0,56 volts, in reasonable

agreement with Everett and Rasmussen's value (=0,53 volts),
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1.

INTRODUCTTION,

This investigatioﬁ was undertakep in an attempt to démonstrate
the existence of the dimethylketazini;m ion in acetone solution by
electrochemical methods, Since the only supposed dimethylketazinium
salts which had been crystallised were salts of complex halogeno-
acids, it seemed desirable to examine the electrochemical behaviour
of the hydrazinium salt of at least one of these complex anions in

aqueous solution,

As fﬁere was much conflicting evidence relating to the electro-
chemistry of solutions in acetone, conductance and potentiometric
experiments wete carried out on solutions of hydrogen chloride and
other electrolytes in this éoivent to facilitate interpretation of

the results for dimethylketazine,

This thesis therefore opens with an outline of the history of
complex salts of hydrazinc and other azines, and an account of

previous electrochemical studies in acetone solution,

Paxt 11 deals with measurements on agueous solutions of hydra-
zinium chloroplatinate, perchlorate and picratc, and contains a
description of a new A,C, potentiometric méthod for the determination

of clectrolyte conductance.



In Part III'are the results of measurcments of the conductance
of solutions of hydrogen chloride in acetone, while Part IV is.con-
cerned with potentiometric studies on' solutions of tetrahydro-
quinoline, tetrahydroisoﬁuiholine and dimethylketazine in aqueous
and anhydrous acetone, It includes potentiometric -titrations of
dimethylketazine with hydrogen chloride, and details of the clectro-

chomical cells used,

Conductance studies on solutions of dimethylketazine in
anhydrous acetone are described in Part V, and the final part

collates evidence for the existence of the dimethylketazinium ion,



PART I,

HISTORICAL SURVEY OF THE PROBLEN,

1. Salts of Hydrazine and the Azines.

Both during and since the war much attention has been directed
to the chemistry of hydrazine and to solutions in hydrazine, but
its aqueoﬁs solutions and saltsvhave attracted very little attention
gince 1930 when G-ilber't1 studied the equilibrium between the

hydrazinium ion, ammonia and hydrazine,

However, since 1950, the hydrazine-water system has been studied
by several authors, and surface tensions, parachors, andAfreezing and
boiling points of équeous solutions have been reported?.

Higginson3 and Caehn and Powell4 have examined the oxidation of
hydrazine in water by an isotope technique, and Vivarelli at the
dropping mercury electrodes. Extenéive hydrogen bonding has been
shown to occur both between the hydrazine molecules and with the
~water6, and the pioneer work of Gilbert has shown that there is also
limited reactidn4with water resulting in the formation of
hydrazinium (N;H;*) and hydroxyl ionsl. He determined the ionis-
ation constant of the base, but a later potentiometric study by
Schwarzenbach provided values of KB for both the first and second

7
ionisations ., These values are compared in Table I,



TABIE T,

The Tonisation Constant of Hydrazine.

First Tonisation | Second Tonisation

1
Gilbert 1,4 - 1,7 x 107° -

? -7 ' ~18
Schwarzenbach | 8,5 x 10 8.9 x 10

1.1 The Work of the Cape Towm School.

In 1952 the late Professor W, Pugh pfepared the chlorostammate
of hydrazinee and followed this with hydrazinium salts of complex
halogeno-acids of tin, antimony, bismuth ', aluminium ,
gallium, indium and platinumle. In an early attempt to prepare
hydrazinium chlorostannate by precipitation with acetone, Pugh
and S’cephen9 obtained a compound which on analysis gave figures
consistent with ““bhe chlorostannate of dimethylketazine (N:N!
~diisopropylidenehydrazine) s while heating under reflux for
several hours produced bis-1-isopropylidene-3:5:5-trimethyl-
pyrazolinium .chloros‘l',a.nna'i:e8 ’18’16. As it was previously thought
that the strength of dimethylketazine was too low for salt form=-
ation, and the postulation of a 1-isopropylidene-3:5:5~trimethyl-
pyrazolinium ion proposed great dif;ficulties', attempts to prepare
complex and simple salts of a series of aldazines, ketazines and
pyrazolines were immediately undertaken, Thus bromostannates and

11
bromostannites of dimethylketazine and pentan-3-one hydrazone |,



halogeno~antimonites and bismuthites of dimethylketazine, butanone
hydrazone, pentan-3-one hydrazone and heptan-4-one hy‘drazone13 were
prepared, and soon followed by ten halogeno-antimonites and
bismuthites of benzaldazine, salicylaldazine and anisaldazinelv.
Pugh and his school also prepared eleven halogeno-gtannates and
-platinates and ten halides and sulphates of these bases, and
found that (1) aromatic aldazines and ketazines yield halides and
salts of complex acids, (2) aliphatic ketazines gave salts less
readily, no simple salts being obtained, (3) aliphatic aldazines
yielded no crystalline salts, and (4) "mixed" azines, containing
one molecule each of aromatic aldechyde and acetone per molecule of
hydrazine, gave salts most readily. Complex salts of dimethyl-
ketazine werc obtained, but no simple salts, while higher ketones
yielded complex salts of the corresponding hydrézoheslj. Efforts
to prepare halogeno-aluminates of dimethylketazine and 1-iso-
pfopylidene—5:5:S;triméthylpyrazoline werc unsuccessful, the hydro-
chloride resulting in the latter case and an oil in the formcrlg.
it has been convenient fo refer.to‘all these compounds as
cbmplex salts, but altﬁough Sghaffer_hastverified the presence of
thg chlpréstannatg ionvin ﬂydrazinium chlo?ostannate by Xeray
c;ystallography}e, and Floraé4.has shown 1fisopropylidene-5:5:5,
~trimethylpyrazolinium chlorostamate to be a complex salt, it
is by no meaﬁs certain that all the others are true salts of

complex halogeno-acids. Indeed the only other salt investigated



crystallographically has been trihydrazinium hexachloroaluminate
hexahydrate in which Tessche showed that the aluminium ion is

20
surrounded by six water molecules ; this is confirmed by the

molar conductance measurcments of Mbrrisonzl, who found that the
chloro- and bromoaluminates were completely broken down in aqueous
solution, Hydrazine complex ions have been studiced potentio-
metrically by Schwarzenbach and Zdbristzz, and polarographically
by Rebertus,laitincn and Bailar who have shown that the zinc ion

adds successively four molecules of hydrazine to form
23

()T .

Mnrksle found that several hydrazinium hexafluorogallate pre=
parationg appeared to hﬁve extra HF present. He unsuccessfully
tried to distinguish between NH b and N§H§++ ions by Raman
spectroscopy, and then resorted to.condﬁctimetric and high frequency -
titratigns of hydraziniumvdihyﬂrofluoride, gallium trifluoride, and
the hydrazinium hexafluorogellates with lanthanum acectate. Hg also
carried out molar conductance measurements on gallium trifluoride
and the hexafluorogallates; and high frequency titrations on one of
the complgx indates in an atterpt to_determihe the state of the
additionai HF molecules. |

As all ketézines and aldazines are readily hydrolysed by small

traces of moisture, Sohn24 used dioxan as a solvént in which to

measure spectroscopically the ionisation constant of benzaldazine



' ' 26
as a base. Using Hammett and Deyrup's equations , she was able

to calculate an approximate value for KB, and thus for the first

time indicated the existance of an aldazinium ion in solution.

1.2 Electrochemical Studies on Solutions of Hydragine Salts.

While much electrochemical work has Eeen done on solutions in
hydrazine, none of this is relevant to the present pfoblem. Only
Eredigae, Gilbert27, and Seward.ze had made conductance measurements
on salts of hydrazine in water, and no work on solutions of salts
of complex acids could be traced. Seward measured thc conductance
and viscosity of highly concentrated agueous solutions of hydrazinium
chloride and nitrate as a contribution to the theory of concentrated
solutions, and was not able to determine a value for the limiting
conductance of hydrazinium ion, Gilbert,'howeVGr, worked with
hydrazinium picrate, perchlorate and trinitro-m-cresylate and obtain-
ed values for 'Ki, but much of his work is open to criticism,

This work was done before the accuratc Jones and Joscphs and
Shedlovsky bridges came into general use; moreover no correction
forlfhe hydfolysis of the hydrazinium ion was made, polished
electrodes were used in a two-electrode cell to minimise decom-
position of the hydrazine, and his ion conductances were based on
values for the picrate and perchloratc ions which have since been
modified, Tt therefore secmed desirable that Gilbert's work should
be repecated with better apparatus and grey platinum electrodes to

facilitate the interpretation of the results for hydrazinium



chloroplatinate,

As a result of this work, it appears that Gilbert's apparatus
was not sufficiently sensitive to detect a slow reduction of the
picrate and perchiorate ions by the hydrazine, While it is well
known that ﬁlatinum black catalyses the oxidation of hydrazine in
solutionz, grey platinum does not appear to be so effective a
catalyst, but repetition of the measurcments by a new potentiometric
method using bright platinum electrodés showed that the reduction

process still occurred under these conditions, although more slowly.

2, Electrochemical Studics in Acetone,

2.1 Conductancé Studies on Solutions of Salts in Anhydrous
Acetone, - , '

As dimethylketazine and its supposed salts are rapidly
hydrolysed by small traces of moisture, potentiometric and conduct-
ance measurements.musf be carried out in a non-agueous solvent,
G-ilber*t29 had studied the equilibrium between hydrazine and
dimethylketazine and found that in the presence of excess anhydrous
acetone conversion to the azine was virtually complete; accordingly

acetone was sclected as the solvent for this work,

A éurvey of the literature revealed that the electrochemistry
of acetone solutions was not only a largely untouched field, but
what little information existed was contfadictory; for example,
widely differing results for the equivalent conductance of potassium

iodide were published in seven papers which appearcd between 1926



and 1954,

| Walden, Ulich and Pusch measured the conductances of solutions
of lithium picrate, sodium and potassium lodides and several tetra-~
ethylammonium and related organic salts iﬁ acetoneso.‘ They found
that the Kohlrausch-Debye and Hiickel scuarc root:law was valid in

many cases, but that all the slopes were greater than those cal-

culated by the hsager equation,

Ross Kane'sal results for tetracthylammonium salts.agreéd
fairly well with those of Welden, but his limiting equivalent con-
ductances for the alkali metal salts were all about 3% higher.

While the alkali picrates, thiocyanatcs and iodides were found to be
weak electrolytes in acetone, all the perchlorates appeared to be
strong, an observation which is at variance with the results of more
recent worksz. Ross Kane used Walden's rule to calculate the
limiting conductances of several ions; thesc values werc gencrally
slightly higher than those determined sdbseqﬁéntly by Reynolds and

i 33
Kraus

The conductances of calcium and magncsium perchlorate were com-
pared with Walden's values for barium perchloratec by van Rysselberghé
and Fristrom?4, who found that the conductance~viscosity products
were not as constont as previously claimed, Transport numbcr

calculations from their data produced impossibly large values, and

they stated that the conditions appear to be different from those
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postulated in the foundations of the Onsager theory, cquilibria
between simple ions, "ncutral molecules" and complex ions affecting

the limiting slopc,

Puoss and Krausas had derived cquations which accounted for the
behaviour of ions in solutions of low dielectric constant, and these
were used by Aescascina and Schiavo32 in the interpretation of their
results for the conductances of the alkali pcrchlorates. They found
that these salts behave as weok electrolytes and do not obey the
Onsager equation, Calculated cation mdbilities were found to be out
of line with the corresponding series of picratosaq, and this was

attributed to specific solvation of the perchleorate ion,

33
Some of Walden's work was repeated by Reynolds and Kraus , who

also measured thc conductances of several substituted ammonium salts.
Their results were the first on acetone solutions to be analysed by
the Fuoss proccdure,and values for the limiting cquivalent conduct-
ances and dissociation éonstaﬁts were calculated, Ton conductances
were determined by Fowler's methodae, assuming that the conductances
of the tetrabutylammonium and triphenylborofluoridec ions were cqual.
Anion coﬁductances were found to be greater than the corresponding
éation conductances, an observation in accord with an carlier
suggestion made by Ross K'a-no31 that specific interaction occurred
between solvent and cation; The conductance of the fluoride ion,

however, was abnormally low, The effccts of ionic size on the

solvation of alkali metal ions and stcric effcets on the dissociation
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constants of -salts of both the orgenic acids and bases werc also
discussed, and the purity of the acetonc used by earlier workers

criticised,

In view of the discrepancics in the measurcments on potassium
37
iodide, Dippy and Hughes' redetermined its equivalent conductance,
38
and diclectric constant, They uscd Bjerrum's  and Stokes!

equations to estimatc the radii of the ions,and cxtended the Fuoss

treatment to all the earlier work for comparison.

Limiting equivaient conductances of the ammonium ytctramethyl-,
tetrg?ropyla and totreamylammonium ions and also the chloride ion
were determined by McDowell and K’rausag by Fowler's methodae. Their

results werc also handled by the Fuoss procedure, and they madc com-
'parisons of dissociatioﬁ constants and ion conductances in water,
pyridine, ethylene dichloride and nitrofenzene as well as acetone,
They regarded the viscosity change as geing insufficient to account
aloﬁe for the éhangc in mobility and statec that structural and

congtitutional properties of the solivent must also be considercd,

An opinion has bcen expressea4o that the Shedlovsky cxtrapolation
function4l, while providing the same value for the limiting equivalent
conductance as that of Fuossas, is more'suitable for the calculatioﬁ
of the dissociation constant of a weak clectrolyte in a non-aqucous
solvent when it is =bove 107%, When K is less than 1072, both
functions give the same results, but although most salts.in acetone

appear to have dissociation constants between 1072 and 1071, only



12..

one calculation involving the use of the Shedlovsky function appecars
45
to have been made on a solution in this solvent .

2.2 Conductance Studies on Solutions of Acids in Anhydrous
Acetona,

The conductances of solutions of picric and perchloric acids
in acetone were measured by Ross Kﬁneal, who reported fhat the former
was a weak acid and the latter a strong acid, while hydrogen chloride
did not give reproduciblec fesults. He also noted that the perchloric
acid solutions became brown on standing and the hydrogen ion con-
centration decreased, but solutions containing small amounts of water
appeared to be morc stdblé. In view of the uncertainty as to the state

82,34

of perchlorates in acetone solution , new measurements on pcrchloric

acid scem to be desirable,

Roés Kane calculated‘theklimiting conductance of the hydrogen
ion in aceténe to be 88*. This low value was thought to bc due to
non-fofmation-of ‘the. solvated ion Me, C-= OH*, so that a Grotthus-
type protén‘trénsfer mechanism couid not occur, However, it is not
easy to imagine éhe cxistence of an unsolvated proton in acetone
solution, an.dera'ude’s42 calculation from spectroscopic data of the
equilibrium éoﬁstants for proton transfor recactions from solvated
protons in several solvents have indicated that the Mc,C = OHf ipn
exists, Grotthus conduction would not be as casy with_an ion of
this type as it is in agucous solution, and this alonc may bc an

adequate cxplanation of the low valuc of the ion conductance.

. s . . -1 2
¥ A1l limiting cquivalent conductances are expressed in ohm  c¢m, ,
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The conductances of solutions of hydrogen chloride in acctone

47
have also been measured'by Mackor . He states that his rcsults

indicate a dimerisation of the solute, and Sparnaay47 has confirmed
that it does not behave as a sinmmle acid, other equilibria being
involved, Althéugh neither werc able to obtain very reproducible
results, both found thaf hydrogen chloride was a weak acid in acetone
solution having K 107¢ to 1078,

In view of the uncertainty as to the state of hydrogen chloride

48
in acctone, Everett and Rasmussen measured the solubility of silver

chloride in HC1l solutions. M'ackor58 had shown thc‘complcxity
constant for the reaction
AgCl + C17™ = AgCl,”
to be about 5, so that if hydrogen chloride was completely dissociated
in acetone ,silver chlorido.would be very soluble in HCLl solutions. It

is, in fact, very sparingly soluble and they calculatcd the dis-

sociation constant to be of the order 1078,

Using the Hammett acidity function, Braude found dissociation
of hydrogen chloride in acetone to be virtually complcte., This is
at variance with all the conductance work, including that described
in this thesis, Ttut Braude's calculations were based on Sackur’s86
inaccurate limiting slope és Ross Kane's results had never been

published in detail,

. 43
French and Roe have measured the conductances of solutions of
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'
picric acid in acetone at 15°, 25% and 40°C, and developed a new
conductance equation based on the assumption that triple ions of
only one type are formed., They believe this to Ber (Pi -~ H=- .Pi)‘,
ard the results are analysed on the basis of triple ion, ion pair,
and modified triple ion formation, it being shown that this
assumpﬁon best explaing the variation of condiactancé; Triple ion
formation was first suggested by Fuoss and Kraus“, but while agreee
ing that these conglomerates are likely to hawve a finite exﬁ'.s"tance,
Griffiths and ’It'.ea.vnr'enc‘:e"'B congider that as the dissociation constant -
for ion pair formation o:i’ silver nitrate in acetone is of the same

order as that obtained by the Shedlovsky extrapolation method, the

triple ions are largely dissociated into simpler entities, -

2.3 - Potentiometric Studies on Solutions of Acids in Anhydrous
Acetone, |

As few non~agueous cellé vithout 1liquid ~junction had been
investigated, and in view of the conflicting evidence regaxrding the
state of hydrogen chloride in acetone, BEverett and Rasmussen studied
the cell H,(Pt)|milActigOl 1in this solvent . Their results
showed HC1l to be a very. weak acid in acetone, and, using an approximate
dissociation constant, they calculated the standard potential of the
silver-silver chloride eiectrode. Measurements of the solubility of
silver chloride made "pb'ssible a detemiﬁa‘bion of the standard
potential of the silver electrode in acctons, Molal activity

cocfficients were also caloulatbed,
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A 0,01 N/O,1 N HCl concentration cell has becn used by Erdey-
Gruz to determine transference numbers in acetone and acetone-water
mixtures49. Although his values for the cation transference number
of 0,22 and the anion transforence number of 0,79 lecad to a low
value for the limiting equivalent conductance of HCl, it does not
affect the order of magnitude of the approximate dissociation
constant, Birkenstock:a0 published transference numbers for lithium

chloride and bromide and sodium iodide, but his results are not

rclevant to this work as he gave no concentration dependence,

Ulich and Spiegel51 made a study of metal-metal halide electrodes
in acctone and reported that most of these systems gaVe irreproducible
potentials, They considcred this to be due to the formation'o?
complex ions of the type M X (n m) , this view_being suppo:ted?ﬁy
the observed 1ncrease in the solublllty of mercury and 511vcr halldes

it

acetone on the addltlon of 11th1un halldes. waever, Everett and

48
Rasmussen found that the s1lver~s11ver chlorlde e]ectrode behaved

’ 52
satlsfactorlly, and Arthur and Iyonc have used calomel electrodes
for the polarography of acid halides in this solvent after thorough

tests for reproducibility, These clectrodes were used in this work

and found to be satisfactory.

2.4 ElectrOChemical'Méasurements in Acctonc-Water Mixtures.

53
Feakins and French  have recently published a general
discussion of the celli H, (Pt)l HCI! AgOlAgz in which standard

potentials in aqueous and anhydrous acetone and several other organic
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by refluxing over calcium chioride, potassium carbonate, sodium
sulphate and copper - sulphate, followed in each case by fractional
distillation; and.a wide range of specific conductance has been
rcported, .Reynolds and K'ra’ﬁsa3 used activated alumina as a
dessicant and, obtaining a specific conductance of 10~° after
fractionation,claimed that the discrepancies in the results of
earlier workers could be ascribed to the degree of purity of the
solvent, Substantially the same conclusions were reached by Dippy

37 _
and Hughes , who also used the alumina method, but Everctt and

48
Rasmussen  preferred repeated distillation, since the usec of strong
dehydrating agents leads to condensation reactions, As it seemed
likely that careful fractionation would :émove such condensation

products as well as water, a modified alumina method was used in

this work,

59
Mysels used the conductances of saturated sodium chloride and

other salts to determine the moisture comtent of acetone, and expressed
the view that it was not possible to obtain a water content of less
‘than 0,05%, extrapolation of his results indicating that in truly
anhydrous acetone the conductances of saturated solutions of alkali
metal halides are close to zero, >Everettao has expressed the view
that acetone condenses under conditions of low water concentration

and that consequently "anhydrous acetone” does not exist.s As the ions

are preferentially solvated by water molecules, the presence of small

amounts of moisture would greatly affect clectrochemical measurements,.
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(b) The Mechanism of Conduction in Pure Acetone.

It seems possible that the conductance of acctone may

be due to ionisation of the cnol form which exists to the extent of

48
2.5 x 10™ percent according to the reaction

CHa CHs CHa CH,
| l i ,
C-0H+C=0 = C=~0" +C~- OH
n o |

CH, CHs CH, CH,

61
but Eck , in a discussion of the theory of semi-conducting liquids,
has claimed that acetone is a semi~conductor and thereforec no fixed

resistivity can be stated for it,

His experiments indicate that large ions Similar to those
occurring in gases appear to exist in acetone,and are responsible
for its conductance.' Thcsc 1ons have mobllltles of less than a
micron per second under a potontlal gradlent of 1 volt/cm., and
although the ions move more slowly than those of’ electrolytes in |
solutlon, acetone would be expected to show some of the propertles
of both electrolytcs and ionised gases,depending on the experimental

conditions,

On Eck's hypothesis there would be no reaction at the electrodes
in pure acetone as the ions are groups’ of molecules and not broduced
by dissociation, but absolute purification, whether by successive
fractional distillation or by prolonged passage of clectricity is _

impossible, and amall traces of moisbure always persist. If there
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are only a few oxonium and hydroxyl ions present they will become.
attached to the larger ions or provide charges for assemblages
which are initially neutral, :md will consequently not be casy to
remove, lLarge amounts of moisture or other ionic impuritics
present in concentrations too great for all the ions to become
attached to the groups of acctone molecules will be responsible
for the conductance, so that in solutions of electrolytes the

semi~conducting properties of acetone will be masked,
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PART TITI,

THE EIECTROLYTIC CONDUCTANCE OF HYDRAZINIUM SALTS IN
AQUEOUS SOLUTION,

1. An Outline of the Methods and Results,

It appeared that evidence of the existence of the ketazinium ion
in acetone solution might be obtained by comparison of the conduct-
ances of a supposed ketazinium salt in this solvent with those of
the corresponding hy@razinium salt in water, The only stable
ketazinium salts are salts of complex halogeno~acids, and although
the éhlorostannate appeared to be the most satisfactory for this
purpose, preliminary potentiometric measurements showed the chloro-
étannate ion to be extensively hydrolysed in agueous solution, As
the chloroplatinate'ion, a complex of similar shape and size, was
known to be stable in water,it was decided to measure the resistances

of aqueous solutions of its hydrazinium salt,

The resistances of these solutions at constant temperature were
found %o vary with time, first decreasing and then increasing after
passing through a minimum, When the cell was rcmoved from the
thermostat,its walls were seen to be coated with finely divided
platinum,.and analysis indicated that the chloroplatinate ion had
been reducecd by hydrazine, The reduction procecss was then followed
by measuring the_resistances of the solutions at fixed time intervals
and the reéﬁlts extrapolated to zero time for calculation of the

equivalent conductance, This procedure was carricd out atfrequencies
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of 80 e,/sec. and 1000 ¢, /sec, at 20,7°C, 25°C and 31.7°C, and apparent
activation ehergieé determined,

The conductances of aqﬁcous solutions of hydrazine nerchlorate
and hydrazine picrate were measured at 25°C to check Gilbert‘sg7
results for the 1i@iting conductance of the hydrazinium ion, and
in both cases a véfy slow reduction of the anion was obscrved,
Gilbert's apparatus was not sufficiently‘sensitive'to detect this;
hé had‘also worked with polished platinum electrodes.which, although
catalytically less efficient than thé grey platinum electrodeé used
in %he present work, may have 1éd to poiarisation errors. A new
A,C, potentiometric method for the determination of electrolytic
conductance was developed in collaboration with the Department of
Electrical Engineering ofvthé University of Cape Town and the
Oceanographic Division of the National Physical Research Laboratorysz.
This circuit enabled bright platinum electrodes to be used with great
precision, errors due to polarisation being avoided, The apparatus
we.s tested on solutions of potassium chloride, after which the con-~
ductances of solutions of the hydrazinium salts were redetermined, the
resuits indicating that the reduction reactions still procceded,

albeit at a much reduced rate.

The results of the conductivity measurements were used in con-
junction with measurements of the change in pH during reduction to

indicate a possible mechanism for the reduction of the chloroplatinate




23, -

2+ The Instruments.

2«1 The Oscillator,

An R-C oscillator designed and built by the late Mr, Charles

Gingold, B,Sc, (Elect, Eng,) was used, This instrument employs a
bridged double ™I R~C network which provides positive feedback at
the frequency desired, This network gives a large phase change at
other frequencies, ensuring stable frequency of oscil"lation, and the
magnitude of the feedbaqg is adjusted to obtain a good sinusoidal
wave form. A push—pull éower amplifier is incorporated and fixed
frequencies of 80, 240, 480 and 1000.c./éec. were originally pro-
vided, but the range was later extended to include frequencieg of
800, 2400, 4800 and 9200 c,/sec, These freguencics were measured

by comparison with a calibrated oscillator,
A circuit diagram is given in fig, 1.

26 2 _The Tuned Detector,

An R-C network identical to that of the oscillator is
employed here, but the positive feedback'is adjusted to a point
below cacillation to obtain adequate selectivity. Fine tuning to
match the ffequency of the oscillator is provided by an additionél
trimming condenser across the bridge., The amplifier drives the
Y-plates of a cathode ray tube which serves as a balance indicator,
The X-plates are driven from the oscillator through a phase shift
amplifier to obtain the required\patfern on the cathode ray tube

screen,
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A circuit diagram of this instrument, which was also designed

and constructed by Mr, Gingold, is given in fig, 2.

2,3 Measuring Systems,

Conventional two-electrode A4C. systems for the measurement
of clectrolyte conductance are all in some degree liable to errors
due to polarisation or the state of the electrode surfaces, While
this work required the use of unplatinised clectrodes and the
avoidance of errors arising from changes in their contact resistance,
workers on the conductivity of seca water required an accuracy of 1
part in'6000 which.could not be obtained conveniently in the usual

condtuctance cells,

+ While such difficulties do not arise with D,C. systems, it is
not always possible to find suitable reversible electrodes to use
with thesc circuits64, although Elias and Schiff65 have recently
published a D,C, circuit for which they claim that such electrodes
are not necessary, Ives and Swaroopa66 have desoribed a modificd
dirset current method which permits the use of a variety of reversible
electrodes witﬁout the restriction of small size and accurate
location within the cell.

For these investigations a foﬁr-electrode A.C, circuit bascd
on that originally published by W’ehners7 for meaguring rcesistivity

in geophysical prospecting work was developed, This ingtrument is

described in § II, 2.3,2 (page 29 ).
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2.3%1 The Jones-type Bridge.

The circuit used wos very similar to that described

83

bbeender, Biermann and Winger , but a few modifications were

incorporated, A circuit diagram is given in fig, 3,

The measuring arm MA consisted of a series of Muirhead type AS
decade resistance units,covefing a range from one ohm to one megohm,
and an A2A 1,2 ohm slide-wire, Bvery setting of these units was
calibrated using NPL~certified Muirhcad D333 ceramic encaséd
rcsistors, which were subsequently mounted on Muirhead type B704-
B/4 switches and built in as the ratio arms, These ratio arms, RA,
permitted a choice of ratios between 10000 ¢ 1 and 1 : 10000 in

tenfold steps and different combinations for greater sensitiviﬁy.

The Wagner Earth, W, was made up of two banks of stable wire-
wound. resistancés joincd by a 50 ohm 10 watt potentiometer; for
satisfactory balancing of the earthing system it was found necessary
to connect an 800 pF variable air condenser, G, ,from cach bank of

resistances to earth,

A bank of variable air and fixed mica condensers, C,, having a
range of O - 2200 pF, was comnected in parallel with the measuring
arm to balance the capacity of the-ceil. When the bridge was used
with solutions of very high resistance, it was found that the
capacity of the measuring arm was greater than that of the cell;

accordingly a 120 pF mica condenser, Cy, was arranged in parallel
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with the cell and switched in when required,

Both the input from the oscillator and output to the detector
wére'transformer céupled to the bridge, the input transformer having
tappings which permitted a variation of input voltage, This was
used as an additional conbrol together with the output gain of the
oscillator., An additional output,which by-passed the output trans-
former through a double~pole double-throw switch, was incorporated

to permit the use of carphones or other detectors if required.

The measuring arm; ratio arms, Wagner carth system, balancing
capacitances and transformers were each encased in an earthed screen,
and the cell leads were carefully shielded and let out through the
Eridge casing directly into the air thermostat. Tengths of internal
wires were kept as ‘short as possible and shielded only where
necessary to ayoid large internal earth capacitances. The bridge
wa.s connected %o fhe oscillator and détector through short leads of

heavy coaxial cable,

2,3,2 ‘The A,C, Potentiometric Method,

The circuit diagram shown in fig, 4 illustratés the
principles involved, OCurrent is supplicd to the solution by ‘the
electrod.es'c1 and G,, and the potential difference between the probe
electrodes B} and P, is measured; the conductance of the solution
being given by the ratio of the currenf to the potential difference.

This ratio is measured directly using an A,C, potentiometer, R, in
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conjunction with a transformer, TC, which is placed in the current
circuit, its output being applied to the "battery" terminals of the
 potentiometer and uscd as a reference with which the e.m.f., from
electrodes P, and P, is compared, Tluctuations in the primary
current caused by oscillator design and the possibility of variation
of the contact resistance at the current clectrodes are thus
reflected in the sccondary, and the ratio of the transformer remains
constant even when the current through the cell varies. The
measurement is also independent of the contact resistances of the
electrodes P, and P, as they carry no current at balance, The
variable condenser, L, is used to balance phase changes due to

reactance in fhe transformer and cell,

Small circulating currents, which arise from interwinding and
other stray capacitances, pass through the electrodes P, and P,
producing contact resistances and false null balances. The
effects of these currents are balanced out by the morc‘elaborate
circuit of fig, 5. A double currcn£ transformer, CT, and doublec
potentiometer, M, the centre point of which is earthed, are
employed to make the whole system symmétrical with respect to both
resistance and capacitance; the circulating currents aretthus

cither balanced out or by-passed through screenss

2.3.2(a) The Current Transformer.

Standard Mu-metal stémpings were:uséd for the

core of the transformer, CT, and no, 40 S,VW,G. cnamel-covercd.
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copper wire for the windings, The number of turns were as follows!

Primary: 320 turns (total)
Secondary: 300 turns (total)
Tertiary: 600 turns.

A resistance of S0,000 ohms ﬁas placed in the primary circuit
to force this transformer to nct as a current transformer, The
current is then defermined by the fixed resistor and not affected
by fluctuations in tﬁg cell resistance or the input impedance of the
current transformer.l The high input impedance of the primary
‘circuit required a matchingvtransformer so arranged that the
6sci11ator output impedance would be about 400 ohms, The centre
point of the circuit is earthed (W, fig. 5), and two coupled variable
condensers arc provided to balance the earth capacity from each side
of thé circuit, This centre point is accurately found by placing a
resistor with an earthed sliding contact across the circuit, The
milliammeter, A, is placed in the centre of the sccondary of the
matching transformer to keep carth capacities as nearly balanced as

possible.

For the same reason, the ccll is placed between the two halves
of the primary of the double currentbtransformer CT; the earth
potential point is thus in the centre of the cell, A tertiary
mdnding with a variable condenser and resistance was fitted to
enable différent currents to pass through the potentioﬁeter-circuit

withogt altering the primary, the ratio of the transformer being
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changed by variation of gﬁc load, In addition to the normal earthed
sereening between windings,each half of the primary is completely
endlosed in a copper screen which is connected to the side of the
circuit furthest from the cell, This prevents leakage currents
which pass from one half of the winding to the other from having

any transformer action, The current lcads from the transformer to
the cell were thus doubly screcned, the inner screcn being connected
to the primary winding screen, and the outer to carth, All the
other leads, both internal and external, were encloscd in carthed

screens,

2.3.2(b) The Potentiometer.

The sceondary winding of the current transformer is
connected to a balanced potentiometer, M, which is shown in greater
detail in fig., 6, Muirhead 10 ohm A70 resistors were matched and
mounted on Mhirheadltype B710A/4 rotary stud switches, the best
matched units being fitted in the first stage, The final stage is
a double ganged 100 ohm - 10 turn model A Helipot of linearity

¥ 0,19 fitted with a duodial.

As it was not convenient to detect less than one microvolt
electronically, and an accuracy of one part in ten thousand was
desired, it was necessary that one division off balance on the-
helipot (i.e. 0,1 ohm) should correspond to this potential, For
the current through the various sections of the potentiometer to

have the correct value, fixed resistances of 62 and 80 ohms were
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inserted at D and E in fig. 6, Two matched pairs of fixed resist—
ances were arranged to be switched into the first stage of the
instrument at positions X to extend the range of the potentiomcter,
Two of these resistors were 234 ohms, the other pair being 177.7
ohms, and the switch was wired so that (a) all the extra resistances
could be shorted out, (b) one matched pair or (c) both matched pairs
were in the circuit, The resistance valueé werc sclected to allow
overlap of the ranges to such an extent that only one internal
standard was necessary, but a scparate calibration had to be mado
for each range, The int;rnal standard was a 160,840 ohm woven
resistor which was sﬁitched in by operation of the change-over

switch, S, (fig. 5).

False null balances may be caused by unbalanced earth capacitances
in the detector coupling transformer T,; the reversing switch S,
allows the two halves of the primary of this transformer to be con-
nected additively or in opposition, and the potentiometer setting
is adjusted until no current flows in the secondary of T,, whichever

the position of the switch,

2.3.2{(c) Operation of the Potcntiometecr.

The oscillator gain control and the fine current
control, I, are adjusted until the meter reads 0,8 milliamps, as the

current through the instrument must remain fairly constant,
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The built in standard resistance (B, fig., 5) is used to sct

the potentiométer in the following manner:

(1) Key A (fig. 7) is pressed down to "standardise®, switching

the resistor into the circuit in place of the cell,

(i1) With key A on "standardise", key S, is switched to "earth
balance", reversing one half of the primery winding of

the detector coupling transformer T, (fig. 5).

(111) The resistance and cepacity adjustments C and D arc then
adjusted for null balance, setting the carth position in

the midpoint of the stondard resistor,
(iv) The reversing key Sy is then released and i
(v) The potentiometer is set to its standard reading,

(vi) The instrument is adjusted for null balance using the capacity
control E and the ratio control F, which sets the tertiary
of the current transformer CT (fig. 5) to its required
value; The'position of the ratio control must not be

altored during the course of a measurement.

To measure the resistance of the cell, the key A is released to the
icell" position and the procedure from (i) -~ (iv) above repeated,
after which the potentiometer and capacity contfol.E are adjusted
for null balance, The switch H serves to extend the range of the

potentiometer by adding additional resistances to.its ends,
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2,4 Conductance Cells,

' 57
24,1 The Daly and Smith Cell,

The Daly and Smith cell shown in fig, 8a was
used with the Jones-type bridge, It was designed to reduce Parker

a , _
as much as possible, and therefore has only one filling tube,

8
effect
Platinmum electrodes 1 cm, in djameter were backed with glass and
sealed into the walls approxinhtely 2.5 cm, a.part, electrical con-~
nections being made through mercury cups. The cell was built into
a jacket through which oil from a themostatigally controlled
reservoir was circulated, The oil in the outer jacket was main-
tained at a coné‘c-a.n‘b level by means of an overflow tube., The cell

was closed with a B7 groxmd-—glass. stopper into which a thermistor

could be sealed to measure the temperature of the solution,

2.4,2 Cells for use with fhe Potemtiomotor,*

A series of glass cells with platinum electrodes
w:as made, the dimensions selected depending on the conductance ‘of the
solutions used (fig. 8b). The electrodes C,C, consisted of plates
#ar‘ying from 2 cm, to 4 cm, in diameter and between 0,8 and 1,5 cm,
apart, while the probe electrodes were platinum wires sealed between
the current clectrodes and about 0.5 ecm, apart., Electrical contact

was made through mercury cups,

The current through the cells was kept as low as possible to

* These cells will, for convenience, be referred to as
"potentiometric cells",

e BT

ot
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minimise heating effects, and contact or thermal emf's were avoided by

using alternating current.

- A1l solutions gsed were prepafed and handled iﬁ a "dry box"
maintained under a élight positive pressure of nitrogen at constant
humidity fgr agueous solufions, and as free from moisture as possible
for acetone, Carbon dioxide was excluded in both cases, and_thé

cells could be filled and sealed through B7 ground glass joints,

2.5 The Thermostats.

Control of temperature to within £ 0,01°C was
achieved by using an independent circulating oil'system, enclosed
in an air thermostat, The function of the latter was to avoid

excessive fluctuation of the temperatﬁre around the oil system and

to ensure a fairly. constant rate of heat loss from it,

The air thermostat was a felt-lagged hardbosrd box with a
perspex front, It was built on a metal frame 30" x 18" x 12", and
the air inside maintained at a temperature 1,5° % 0,5°C below that
of the oil thermostat by a Sunvic bimetallic strip thermoregulator
connected.%o a Sunvic type 102 relay switch, Thé heating element
was a 25 watt electric lamp, and air was circulated by a fan driven
off the shaft of the oil pump, When measurements were made at
21, 7°C, the temperaturc of the room was maintained at 15 - 417°C
with a Frigidaire air conditioner kindly loaned by Jiodern

Appliances Ltd,
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A 12.5.watt_heating element and a toluene-mercury thermorégulator
of spiralvpattern, operating through a Sunvic type 104 relay switch,
were fitted in an oil reéervoir near the roof of the air thermostat,
and Shell Diala B transformer oil allowed to flow under gravity
through a lead pipe figted about half-way up the tank. The oil
flowed through a two—wéy tap, either through the outer jacket of
the Daly and Smith cell or through a perspex tank 5" in diameter,
which contained a special perspex frame to hold the potentiometric
cells, Constant levels were maintained in the upper oil reservoir,
the perspex tank, and the Daly and Smith cell, oil overflowing into
a lower reservoir from which it was pumped back to the upper tank,
The pérspex tank contained a stirrer driven off the pump shaft,

temperatures in the tank being read on a calibrated thermometer,

The pump motor was enclosed in an earthed screen, and the frame

and all metal parts of the thermostats were earthed.

2.6 Tegts and Measurements on Potassium Chloride
Solutions,

Tests over a range of frequencies from 480»0./5@0.
to 9.2 Ke./sec. showed that the results are indepéhdent éf‘frequency
within the limits of accuracy of the resistances used in the coh;
struction of the potentiometer (1 part in 30,000 up to 4.8 Ke./sec.,
but falling to 1 part in 6000 at 9.2 Ke./sec. on account of skin

effects, etc, ). The results are summarised in Table IT,



Frequency Devnendence of Potentiometer,

TABLE IT,

43,

c x 10° Instrument settngs
—1 f )
mole 1 480 c./s. | 1 Koo /s. | 2.4 Kou/s.i 4.8 Ko, /s.]9.2 Ke. /s,
y : + 1 ‘
} H
9,895 7521, 9 7522, 0 7521, 5
6,502 15115,0 | 15113,0 | 15114,0 -
2, 397 39141,5 | 39140,0 | 39142,1 [39142,2 | 39146,0
0. 6465 99444,8 | 99445,3 | 99445,7 |994486,3
0. 3106 8837,2 *| 8837,7 *| 8837,4 ¥
Range III, remainder on range I
c x 10° ‘ Registances-ohms
-] ) )
mole 1 480 c./é.= 1 Ke./s. | 2.4 Ke./s.! 4.8 Key/s.19.2 Ke, /s.
9,895 12, 310 12,311 12,310
6. 502 24, 721 24, 717 24,719 |
2, 397 63, 989 63,987 63,990 63,990 63, 996
0, 6465 162, 55 162,56 162,56 162,57
| 0,3106 330, 52 330, 33 330, 32

Measurements were then made on a serics of solutions of Merck

AR potassium chloride which had been recrystallised three times

from good distilled water and twice from conductivity water, two

separate_samﬁles of the salt being prepared and used in this work.
oy :

Conductivity water, prepared according to the mixed~bed ion.

exchange resin procedurc described by Jacobs

to have a specific conductance of 0,076 x 10™° mho cm. ™,

89

» Wwas used and found

The
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cell constants of two cells, labcelled b and S, were determined using

Jones and Bradshaw!s

70

aluc for the spccific conductance of O, 01

Demol potassium chloride, and found to be 0,014172 and O, 024591

respectively,

TABLE ITI,

Eqpivaleﬁt Conductance of Potassium Chloride in Water,

Bquation of Gunning and Gordon

|

‘ ;°§elgil ££§ iﬁf-l , Ameasgred doaie, r dneas,” Acal_c.
0.36375 | 5,3845 | 148,03 148, 09 -.08
0, 45865 6, 7779 147,78 147, 88 -.10
0.79893 | 11,774 147, 26 147,25 C+.01
1.1834 17, 365 146, 67 146, 70 -, 03
2.4493 35,731 145, 31 145, 37 -. 06

| 3.0601 44,342 | 144,88 144, 87 +,01
5.,6221 80, 468 143,13 143, 23 - 10

| 7.1972 | 102,48 142,38 142,46 -.08
10,071 141,81 141,23 141, 27 -04
1.4353 21,011 146, 34 146, 39 - 05

| 4.6817 67,321 143, 74 143,77 -.03
83584 | 118,60 141,89 | 141,95 | -, 06

The last three measurements were made on a freshly recrystallised

sample of potassium chloride,
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The resistances and equivalent conductances obtained are listed
in table IITI, the latter Being plotted against the square root of the
concentration in fig., 9.  The values of A 2ll lic within 0, 08%
(standard error 0,049%) of thosec calculated from the equation of

64
Gunning and Gordon

A + 60,18 Vo

; 149.88 + 153,7c + 32.1¢c log ¢
1 - 0,2289 Vo &

but are, with one exception, lower than the calculated, They may
be represented (with a standard error of 0,028% - maximum
deviation 0,056%) by the equation

A + 60,18 V¢
1 - 0,2289 Vo

149,84 + 157,5¢ + 33.7c log c.

waever,.until an absolute determination of the specific
conductance of potassium chloride has been carried out by this
method,and the range of the instrument extended to permit measure-
ments on more dilute solutions, no great significance should be
attached to this equation,

2.7 Tests on the Apparent Equivalent Circuit of the
Potentiometrie Cell, \ '

In an attempt to deduce the equivalent eircuit of
the potentiometric cell, Mr, C.C, Stavropoulis set up the circuit
shown in fig. 10, using wire-wound resistors of low inductance and

good quality capacitances,

When capdcitance was placed in parallel with the standard
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resistor, it was necessary to alter only the capacity balance of the
potentiometer, the dial scttings, which arc a measurc of the

resistive component, remaining unchanged.,

No effect on the measuremcnt was produced by placing resistances
of up to 100 ohms in series with the current leads, but a resistance
of 1000 ohms required an adjustment of 1 part in 10,000 on the dial
scttings, andvio,OOO ohrs affccted the measurement to the cxtont of
1 part in 1000, These results are not uncxpccted,.as the intro-
duction of a high resistance into the primary circuit of the currcent
transformer reduces the current to such an extent that the trans-
former ratio is no lenger constant. hanges produced by.resistances
in series with the potential leads are small, 10,000 ohms being
required to produce a variation in the measurement of 1 part in
10,000.  However, the sénéitivity of the instrument is much rcduced,
since, as some current must flow before unbalance can be detected,
the poteniial diffecrence available for operating the instrumcnt

becomes smaller as the resistance increases,

o

Consideration of the ccouivalent impedances of capacitances
nlaced in scrics with the current lcads shows that the resulting
changes'are far greater than thosc which would be produced by
resistances of the same value (Table Iv). Since the effeet of a

series capacitance, the potential across which is out of phasc with

the resistance, on the ratio of the current transformer is unkmown,



TABLE TV,

The Effcct of Sories Capacitance on Resistonce Measurcment,

Serics capacitancoe
and
cauivalent impedance

Bffcet of conncction
in currcnt lead

Effcet of conncection
in potential lecad

104F (16 Q)
'1QF (160 Q)
O.1uF (4800 Q)

0, O1uF (16,000 )

Change of 1 unit in
60,000

“Change of 1 unit in

4000
Change of 1 wnit in
500

Change of 1 unit in
100 (scnsitivity
reduced )

No change in 60,000

Chonge of 1 unit in
3000

Change of 1 unit in
600

Change of 1 wnit in
100 (sensitivity
reduced.)

no rcason for this can be suggoested, However, the capacity between

the clectrodes and the solution must be very large,and any effceet
on the measwcement is probably insignificant. The effects of §on—
necting capacitances in series with the potential leads arc aimost
the same as those of copacitances in scries with the current leads

(sce Table IV),

The capacity between the clectrodes and the solutions rmust, by
its nature,be uncertain and unstable in value, but because stable
measurcments are obtained with the cell it apoears tﬂat the
capacity between the slectrode and the liquid is at least 10MF,and

possibly larger, This is corroboratcd by the fact that platinisation
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of small electrodes irmroves their gtability., Series resistances of
up to iOOO oﬁms would be tolerated befbre‘the effects of unstable
readings or loss of sensitivify are noticed, Furthermore, the
independence of frequency over the range from 480 c,/sec, to

92 Ke, /sec, shown in § II, 2.3,6 (page 44) provides additional
evidence that this insfrument measures only the resistive com-

ponent of the cell,
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3, The Reduction of Hydrazinium Chloroplatina‘bg.

3¢1 Preparation of hydrazinium chloroplatinate,.

Dihydraz:.m.wn chloroplatinate was prepared by treating
an alcoholic solution of platinic chloride with a very concentrated
aqueous solution of hydrazinium chloride, and precipitated by the
addition of absolute etherg'e, The yellow precipitate was washed
with ether, dried in vacuo and analysed, platinum being determined
by combustion to tlr;e metal, and hydrazine by titration with

97
potassium iodate ,

(Found: NpH, 64 9%, Pﬁ 22 3%; (NEHB)25*016 requires
Nﬂm: 701%, Pt 210%). '

3.2 Results,
The resistances of solutions of dihydrazinium chloro-
platinate were measﬁrea at 'f‘requencies of 1000 e, /sec, and 80 Cq /sec; .
at 20,7°, 25° and 31,7°C on the Jones-type bridge and at 1000 c,/sec,

at 25°C with the potentiometer,

When measured on the Jones. bridge, the resistances were found to
vary with time, first decreasing linearly and then, after passing
through a minimm, increasing, (Fig. 11, see also Appendix IL1,

Pe 171). DJr:Lng the course of the pmcess,vplatinu‘m was plated out
on the electrodes and cell walls, colloidal platinum appeared in the
solution, and bubbles of gas could be scen adhering to the electrodes

and walls, Chloride analysis of the solution at the resistance
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minirmm by Volhard's method  showed that the chloroplatinate ion had

been reducced completely to platinum and chloride, while titration
with potassiun iodate indicated that an appreciable amount of
hydrazine remained unoxidised,  The hydrazine titre, however,

continued to decrecase with time after this point was passcd.

The rates of change of conductance with time deponded on the

initial concentration of the solutions, increasing with incrcasing

concentration, The concentrations of the solutions investigated

ranged from 8 x 107 mole/l. to 2 x 107* mole/l. below which it

was impossible to measurc the resistance as the process vwas complcete

before temperature equilibrium could be attaincd,

Measurements of the pH of the solutions during the reaction

~were made using a Pyc Universal pH and millivoltmeter fitted with

a glass clectrode, The results obtained arc given in Appendix IT, 2,

The initial pH of the solutions was low (ca 3), There was a
slight initial drop with time, then the pH remained virtually
constant for a short while, droppced fairly rapidly, and then
decreased very slowly over a considerchble period of time,  When
a heavily platiniscd platinun strip was piacecl in the vessel to

act as a catalyst and duplicate the conditions in the conductance

cell as closgely as possible, the ratec of fall of pH was more rapid

than in its absence. Under these conditions there appoared to be

an approximate correspondence in time between the position of the
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resistance minimum and the end of the rapid fall of pH for solutions
of comparable concentration, but when the strip was absent the

reaction took several hours to run to completion (see fig. 12)e

The conductancelmeasurements were then repeated using the
four-clectrode A,C, potentiometric method with bright platinum
electrodes, detailed results being given in Appendix II, 3, The
resistances wergvagain found to deérease with time, but at a much
lower rate than before, and they contimued to fall even more
slowly when reduction was complete (figs 15). The higher rate
observed with the Daly and Smith cell is believed to be due to
catalysis of the reduction reaction by the platinised platinum

electrodes,

Measurements at temperatures other than 25°C were not carried
out as the air-conditioning unit, essential for work at lower

temperatures, was not available,

3.3 Discussion,
From the low initial pH of the solutions and the
variation of the initial slopes of the resistance-time curves with
conbcntration, it is concluded, that on solution of the salt in

water there is an almost immediate hydrolysis
NHT o+ H0 & NH o+ Hot (1T 3.4)

which is followed by reduction of the chloroplatinate ion by the

free hydrazine, possibly according to



56.

FIG. (3. DIHYDRAZINIUM  CHLOROPLATINATE
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N;H, + PtClg2~ = Pt + N, + 4H' + 6C1” (1T 3,22)

b

or  2N,H, + PtCl, ~ ~» Pt +N, +2NH, + omt + 601" (I 3,2)

This disturbs the cquilibrium of rcaction (IT 3.1) as the hydrazihe
is oxidised, and rcsults in the accunmlation of oxbnium ions in the
sdlution, e;qplqining the decrcase in pH, and the Grotthus conduction
which arises from the presencc of these ions, together with the six
chloride ions (limiting conductancé 76, 34) which replace cach chloro-
platinAm ion (limiting conductance 119)‘is responéi;ble for the

inereasce in conductance.

Decomposition of hydrazinc is also known to take place by the

rcaction
A,H, - 4N, + N, o (II 5.3)

7 '
This reaction has been shown by Gutbier to be catalysed by platinum
black and colloidal platinum, both of which are present in this case.
The ammonia produced by reactions (IT 3,2b) and (II 3,3) should

remove gome oxonium ion from solution in accordance with

+

NH, + H;0" = NH,” + H,0 (IT 3,4)

but it will be shown that thé results are most satisfactorily
interpréted by the assumption that ,during the carly stages at least,
(IT 3.2a) is the move important reaction,with (IT 3.3) becoming

significant only after the reduction is complete.
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At this stage the roduction of hydrazine by (II 3.3) and con-
sequent production of mofe oxonium ions by (II 3.1) should causc a.
further incrcase in the conductance of the solution and a fall in
its pH, While the pH does indeed drop slightly, the resistance rises
when the two-electrode Daly énd Smith cell is used, but continucs to
fall steadily in the potentiometric cell, It is believed that this
is due to the influence of electrodc polarisation on the resistance
in the former casec, the potentiometér being unaffected by changes in
the contact resistance of fhe current electrodes,

The relafionships with concentration of the two rates of change
qf specific conductance %% for the reduction period,and %ﬁ;

for the post-reduction period,werc then investigated graphically,

The plot of log -%% against log (initial concentration) at
1000 c,/scc. during the reduction of %he chloroplatinate was found
t0 be a straight line over the lower concentration range,and a
virtually straight line of incrcased slope but with a slight
curvature over the higher concentration range (fig. 14). The
curve for 80 c./sec. lies below that for 1000 c,/scc, and is almost
parallel to it, but the curvaturc over the higher concentration

range is slightly more marked,
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TABIE V.

Rates of change of specific conductance with time during and
after chloroplatinate reduction measurcd on the Jones Bridge
at 25°C,

(a) Frequency: 1000 c,/scc.

. | , H
¢ x 10* mole 17° %%xi&:mmcm:%mhﬂ %%quw7Mmcmﬂmmf{

2,107 - 1,08
2,183 1. 77 1,05
2,579 1,84 1,16
2,860 ' 1,88 | 1424
3,486 - 1,48
3,520 1,99 S L4
3,936 2,07 -

4,500 2,10 1,69
5,115 2,24 -

5,275 - , 1,93
6,073 2,37 2,39
6. 170 2. 39 -

6, 441 - 24 69
8, 689 2,48 -

6,981 2,52 3, 67
7,383 2,56 4,353
8,081 2,64 6,20
8,596 2,71 : 7 T4

Regults for the reactions at 20,69°C and 30,70°C arc listed in
Appendix IT, 4, -

(b) Frequency: 80 c,/sec,

. ' ' . :
¢ x 10* mole 171 g—%‘ x 10° mho, cm,~lmin,~? %’%— x 107 mho cm, “Imin, =}
2, 529 1,35 | o651
3. 238 - 0,697 -
5.‘ 404 1. 4‘1 -
4,168 1,40 - . 0. 749
5,371 - 1,66 0. 828
5,872 - : 1 0.928
B, 326 1,79 1,14
7,294 1,87 1,43
8,205 2.00 1,74
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Since an appreciable amount of hydrazine remains unoxidised at
the resistance minimum, it might be expected that reaction (IT 3,2a)
is predominant. The fact that the rate of change of conductance
with time during reduction is a power function of concentration is

to be expected if the reduction reaction is indced of sccond order,as

1 1
& _ /R _ a/R ar _ 2 dR & . . |
T at T T&@® cw® T O- R 31’ ap Peing the slope

of the resistance~time curve.

The initial value of %% is - R;z %% Whére Ro is the cxtra-
polated value of the resistance at zero time, This initial valuc
should be equal to ke where n is the order of rcaction, and a plot
of the logarithm of the initial valuc against log (initial con~

centration) should be a straight line of slope n,

TABIE VI,

K
The initial values of %g at 25°C,

c x 10* %% rs? &5 108 | 1og r® B log C

mole 1,7} ohm min, =} dat dt
3,936 3.95 | 24 370 7,625 ~3, 405
4, 500 3. 27 2, 843 7, 546 3, 547
5.115 3,59  B.764 7, 424 -3, 291
5,275 | 5.63 4,024 ~7, 395 -3.278
6,170 3.96 5, 209 ~7, 285 -3, 210
8,596 4,06 9, 383 ~7,028 | =3.066
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Velues of = By oo eve listed in Table VI, and its logarithm

plotted against log ¢ in fig, 15, whence n is found to be 1.9,

Wheﬁ log <- %‘_%) for the“pos‘b—-reduci(;ion period at 1000 c, /sec,
and 80 c,/sec, was plo‘tted against initial concentration, curves '
similar in appearance to those for the reduction period were obtained
(fig, 16), but the curves lay further épart and the curvature over
the higher concentration region at 80 c,/sec. was much more marked,
The slope over the higher concentration range was approxi.ma"cely
twice that over the lower for both frequencies, TWhen the reactions
were carried out at 31,70°C and 20,69°C curves of the same shape

were obtained,

As it would appear that % and _‘_3__2%%.5 are more closely
related ‘bq the actual rate of reaction than -_z%-, these quantities
were also plotted as functions of the inftial concentratioﬁ, but the
| same general trends were observed and no more detailed infomlation

could be obtained from them, (These functions are listed in

Appendix II. 5 )o

On the basis of these results it is believed that when all the
cMoroplatiﬁate ion has been reduced and renewal of the electrode
surfaces by deposited platinum is no longer possible, electrode
polarisation becomes more :i.mporfant and is responsi'blé for the
increase in resistance after the minimum, This is borne oﬁ'b by the

fact that the 80 c,/sec. curves in both the reduction and post~



FIG 16.  DIHYDRAZINIUM  CHLOROPLATINATE. o
Variation of Rate of Change of Specific

Conductance with Concentration  after
Reduction at 25°C

o 1000 c¢/sec.

e 80 c/sec.
‘ sof
logarithmic
( sgfafz )
60 |
d /
__}.c;x !O7
dt -
40 +
20+t
10
8 F
/./'/.
a4+
. { { 1 1 | ] i

2 4 6 8 ‘ ok
C:x 10*mole I



- 65,

reduction cases lic below thosc for 1000 c./éec., in accord with
expectation as decrcasced frequency increascs polarisation and a
smller arca of the surface is catalytically active. The exponential
d K! . . . s
form of the plots of logi - 5 against concentration is in con-
formity with all thc cxpressions for excess polarisation resistance
-and capacitance at A,C, clectrodes which have been derived in recent
years. It was not possiblc, however, to comparc the obsecrved results
72 74 76 .

with the equations of Jaffé , Remick , and Grahame - as no cquip-
ment for the measurement of polarisation resistance and capacitence

was available,

Jaffé has derived équations for thc conductance of solutions in
which it was found nccessary to definc two typcs of ion - thosc of
the first and second kinds ~ one of which carried the "permancnt?
current, and the other which could not cross the boundary at the
clecetrode, It his been reported by Remick and MbCormick75, as well
as by Jaffé and Chang73, that as the concentration of a solution
increases ,thc thickness of the clectrode doublc layer incrcases,

The change of slopc of log %f%-whon plotted against concontratioﬁ is
belicved to be due to ion association, and it is thercfore postulated
that to cross the polarisation layer and be discharged at the
éloctrode, the ion requires'a certain activation encrgy. Af higher
concentrations the laycr is thicker, and much of the kinetic energy '
of thc ions is dissipated byAthe formation of ion pairs,and also by

morc frcguent collisions which result only in transitory association,

S TICICNT CUErEY TO CrUSS LG UUUDLC iy Cr ol o wan -
(ii) thosc which do not, When it is remembered that in the casc of
dihydrazinium chloroplatinate there is a platinum catalysed rcaction
which gives risec to adsorbable products, the continued increase of
resistance may also be partially due to the poisoning of aétive Sitcs
on the electrode surfacc, which would no doubt tend to incrcase the
polarisation layer still furthcr, Decrecased frequency also tends to

increcase the thickness of the clectrode double layer, and almost



67.

certainly has an ceffcct on the eﬁergy of the ions as well, so it is
not surprising to find the curve for 80'0./bec. lying below that for
1000 c. /sce.  The increascd curvature of the plot of %’i—' at

80 c./sec, over the higher concentration rangec (fig. 16) may be due
to increcased ion association permitted by the lower frcquency of

oscillation,

To obtain experimental confirmation of the vicws e#pressed abova,
the rcduction and decomposition reactions were followed at 20, 69°C
and 31.70°C, and apparent activation encrgies calculated from the
rates. Some of the plots of log'%%v against‘~% for the chloro~
platinate reduction arc shown in fig, 17, and for the decomposition
period in fig. 18. The apparent activation energies obtained are
given in Table VII, In the latter case it is casy to scc that the
apparcnt activation cnergies arc indecd higher at lower frequencies

and higher -concentrations, but for the chloroplatinate reduction the

TABTE VIT,

(a) The apparcent activation encrgies for the reduction of the
chloroplatinate ion,

i ‘ . 4
c x 104 ‘
mole 171 E, at 1_Kc._/s. E, at 80 c. /s.
3,0 9.7 9,2
5.5 9,7 | 9.6
7.5 9.6 9.7
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FIG 18. RATE OF CHANGE OF CONDUCTANCE DURING

DECOMPOSITION OF HYDRAZINE AGAINST -%-,
Lo§
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(b) The apparent activation cnergies for

the decompogition of

70,

hydrazine,.
C x 104
mole 1~ EA at 1 Ke. /s, EA at 80 c,/s.
5. 0 12'8 15. 1
5,0 13,0 ‘ 13,4
765 137 i 14,7
1

values are closer together and no distinct trend is discernible,

This is probably duc to the constant resurfacing of the electrodes

with fresh platinum,producing new active sites. It also seems

likely that ions which can be chemisorbed can cross the electrode

77

double layer because of their relatively high energy of adsorption

Rates of chzmge of specific conductance with time during chloro-~

TABLE VIIT,

platinate roductlon neasured on the 'po’con'tlomctcr ot 25°C at a

' frequency of 1000 c,/scc,

c x 10* g: 107
mole 17 ‘L mho em, ™ min, ™
1,619 | 2. D8
2, 603 2,90
4,297 3. 15
6, 282 3.52
0.167 4,89
11.88 5.47
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When measurements arc made with the potentiometcer, changés in
the contact resistances of the cell do not affect the currcni-voltage
ratio, and the shapes of the resistance-time curves are conseéuently
vsimilar to those of the pH-time graphs, novminimum.being observed
(fig, 13). As the rates of change of conductance with time arc
lbwer, this curvcilies below the corresponding curve for the two-

electrode systemb(fig. 14),

The foregoing appears to Jjustify extrapolation of the rcduction
slopes of the resistance-time curves to zero time, and calculati;n
of the limiting equivalent conductance from the values thus obtained,
The values of the equivalent conductance at various concentrations
arc listed in Table IX, The plot of the ecquivalent conductance
against the square root of the concentration obtained by the potentio-
metric method at 1000 c,/sce, lies slightly above that found by the
conventional two-electrode mcthod, but both curves extrapolate
almost to the samc point (sce fig. 20). The limiting cquivalent

conductances were found to be 19,6 and 19,0 respectively.
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FIG 20 DIHYDRAZINIUM  CHLOROPLATINATE . 72
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TABIE TIX

The equivalent conductance of dihvdrazinium chloroplatinate.

(a) Measurcd on Jones Bridgc,

73,

c x 104 Specific conductance at | Equivalent conductance
mole 17 zero time x 10° mho cm, =1 mho cm, 2 '
2,579 5,998 179.9

3,529 7.787 170, 7

3, 936 84539 167, 8

4,500 9,323 160, 3

5,115 10, 24 154, 9

5. 275 10,53 154, 4

5, 675 11.15 152,0

6.170 11,47 143.8

8,596 15, 20 136, 8
94, 26 52, 92 ' 105,0
39,08 43, 30 95,61

H

(b) Measured on Potentiomcter,

c x 10* Specific conductance at | Equivalent conductance
mole 1-i zero time x 10° mho cm, =1 mho cm,?

1,619 5,182 196,5

24 603 4,857 186, 6

4,297 - 74 383 171, 8

6. 282 9,794 155,9

9,167 13, 22 144, 2
11.88 16, 54 139,1
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"4, The reduction of hydrazinium perchlorate and
hydrazinium picrate,

Gilbert measured the coﬁductances of solutions of
hydrazinium picrate, perchlorate and trinitro-m-crcsylate,and cal-

, 27
culated values for the limiting conductance of the hydrazinium ion .,

These were based on the picrate ion mobility of Thomes and Marumv8
(30,1) [which has been supcrscded in the literature by Daggett, Bair
and Kraus' value (50.59)79], and on Gilbert's own measurements on
potassium perchlorate, which differ from a more fecently determined
value by about'Z%?O. For these reasons, and because Gilbert's
apparatus was not as scnsitive as the Jones-type bridge which later
came into general use, it was decided to repeat this work, using

grey platinum electrodes with the two-clectrode circuit, and finally

bright platinum electrodes with the potentiometric circuit.

Hydrazine picrate and perchlorate were prepared by adding con-
centrated solutions of fhe pure acids slowly to 85% aqueous hydrazine
solution in an ice bath., The crystals were filtered off, recrystallised
once from ethyl alcohol, and in the case of the percﬁlorate, twice.
from conductivity water. Because of losses and handling dangers,
the picrate was recrystallised once only from conduqtivity water.

The salts were then dried in vacuo for several days and their com~
posfion checked by hydrazine analysis. (Hydrazinium perchloratas,
found NyH,: 24.2%, requires N,H,: 24.2%; hydrazinium picrate,

found NyH,: 12.5%, requires N H, : 12.3%),
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Solutions varying in concentration from 4 x 107 molar to
5 x 10™® molar were prepared in the "dry box",.using previously
warmed conductivity water to speed the attainment of temperature
equilibrium in the thermostat, and their conductances measured by
Both techniques, For both salts the resistances were found to
decréase with time, albeit very slowly, and equivalent conductances
were calculated by the extrapolation procedure. These are given
together with the rates of change of conductance of the perchlorate’

in Tables X and XI, and the Onsager limiting slopes for both salts

are compared with those of Gilbert in Table XII,

Hydrazinium perchlorate in water: Eouivalent conductance and rate
of chanse of specific conductance with time at 25°C,

(a) Measured on the Jones Rridge.

Specific ak 7 aa
c x 10 conductance Equivalent it * 10 at * 10°
mole 1= | &t zero time | conductance | mho cm, =t mho cm,?
x 10° mho mho cm, ? min, =* min, 71
cm, ~21
7.699 9,499 123,4 9,78 12,70
7,916 9. 759 123,93 9,39 11,86
10,73 13,19 122, 9 9, 67 9,012
13, 54 18, 54 122.5 11,42 8,561
17,69 21.53 121.7 10, 66 6.033
20, 39 24,72 121. 4 11,78 5.777
24,88 - B30, 04 120, 7 7.56 3, 064
37,84 45,26 119, 6 5,63 1,488




(b) Measurecment on the Potentiometer,

Specific dk 7 aa 4
| ¢ x 10* conductance Equivalent at x 10 dat x 10
mole 12 at zero time | conductance { mho cm,” mho cm, ?
x 10° mho mho crm, 2 min, "1 min, ~*
cm, <1
4,859 6,049 194,4 0,762 1,568
8,075 9.971 123.5 0.530 0. 6564
15,53 18.99 122, 3 0, 393 0, 2530
23,51 28,48 122_1.. 1 0,323 0. 1374
30,18 56, 35 120, 5 0,213 0, 07058
42,51 50, 79 119.5 0, 208 0, 04893
53,65 63,56 118.5 0,136 0,02535

76,

Note : g—lrg%-_-’f at these concentrations is listed in Appendix IL.6.

The .resistances of solutions of both hydrazinium picrate and

hydrazinium perchlorate decreased continuously with time and no

minimm was observed, One series of measurements on the perchlorate

was continued for several days, analysis at the end of this period

indicating the presence of chlorate ions.

The measurements were repeated with the potentiomcter, and sub-

stantially the same results obtained, although once again the plot
.o'f the equivalent conductance against the square root of the con-
centration found by this method lay above thosc determined by the

two-electrode system (figs, 21 and 22).
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TAPIE XTI,

The equivalent conductance of hydrazinium picrate in water at 25°C,

(a) Measured on the Jones Bridge.

c x 10% VSpecific conductance at Equivalent conductance
mole 17¢ zero time x 10* mho cm, =t mho cm, 2
4,116 0. 3638 88, 38
6,732 0, 5902 87,67
10,11 0, 8788 86,92
13,81 1,193 86, 36
19,27 ‘ 1.651 85, 68
23,97 2, 043 85, 22

(b) Measured on the Potentiometer.

c x 10% Specific conductance at Equivalent conductance
mole 1~ zero time x 10* mho cm, ! mho cm, 2
4,181 0, 3708 88, 68
4, 694 0, 4156 88,53
9, 236 0, 8094 ! 87, 64
1.3, 70 1,169 _ » 86, 79
21,00 | . 1.805 86,98
o7, 42 | 2, 515 85, 54

As the picrate did not appear to be as pure as the perchlorate,
examination of the results for this salt was not pursued beyond come
parison of ‘the limiting slope with that of Gilbert (sce Table XII).
The effect of concentralion on the rate of change of conductance

of the perchlorate wus then investigated., As in the case of the
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FIG 22. HYDRAZINIUM PICRATE.
E_quiv.alan’r Conductance.

0 measured on potentiometer:
e measurcd on Jones Bridge.

0-02 004 J—— 0-0¢
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TABIE XTI,

The Ongager limiting slopes for hvdrazinium perchlorate and hydrazinium

Picrate,
Hydrazinium Pbrchlorate% Hydrazinium Picrate
Gilbert 100 81
This ‘work on »
Jones bridge 125 126
This work on
potentioneter : 131 _ 112

chloroplatinate, all rates found by the potentiometric method were
lower than rates measured by the two~electrode system and Jones

bridge at the same concentration,

When log-%% was plotted against log (initial concentration),
the points at low concentration were so scattercd that the Shape
of the curve in this region could not be determined with certainfy
(fig. 25), but the graphs of 1og"%% against log ¢ obtained from
measurements on bofhvthe Jones bridge and the potentidmeter appearcd.
to have the same general form, although the latter lay below the
former (fig, 24). |

5. The limiting conductances of the hydrazinium and
chloroplatinate ions, -

Extrapolation of the graphs of the equivalent con-
ductance against the square root of the concentration provides

values for the limiting cgnivelent conductance of hydrazinium
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FIG 24, HYDRAZINIUM  PERCHLORATE.

Variation of Rate of Change of Equivalent
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perchlorate of 126,9 and 127,3 when measured on the Jones bridge and
the potentiometer respectively., Gilbert found the limiting
eguivalent conductance to be 125,2, and ,on subtraction of his own
linmiting conductance for the perchlorate ion (66;1),calculated the
limiting equivalent conductance for the hydrazinium ion to be 59.1.
His value for the perchlorate ion has been superseeded by that of
anesao (67.36), and use of this figure in conjunction with the
results of the present work 1eads to a limiting equivalent con-
ductance for the hydrazinium ion of 60,0 when measurcd on the
potentiometer, while thé value found by the two-electrode method

is 59,6,

Gilbert obtained a limiting equivalent conductance for hydra-
zinium picrate of 88,5, and calculated the limiting conductance of
the hydrazinium ion to be 58,4, This value wos based on Thomas

78
and Marum's picrate ion conductance of 30,1.

Extrgpolation to infinite dilution of equivalent conductances
measured on the Jones bridge provided a limiting equivalént con=-
ductance of 90,9 for hydrazinium picrate, the value obtained from
measurements made with the potentiometer being 91,0, Subtraction
of Daggett, Bair and Kraus'vg' limiting conductance for the picrate
ion (30,39) leads to hydfazinium jon conductances of 60,5 and 60,6
respectively, This value differs from that of Gilbert by 3.5%,

but since there is some uncertainty as to the purity of the salt,
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much reliance should not be placed on this figure. The date for

these salts are summarised in the following table,

Timiting conductances of the hydrazinium ion,

Gilbert This work
Original % Revised Jones DBridge ‘ Potentiometer
!
Perchlorate 59,1 | 57.8 59, 6 80, 0
| 58,1 60.5 60,6

Picrate , 58,4

Original values =

Revised values -~

those given by Gilbert,

obtained from Gilbert's valués for the

salts with later values for the anions.

Using the appropriate limiting conductances for the hydrazinium

 dion, the limiting equivalent conductances for the chloroplatinate |

ion (viz,t 34 Pt01,°") are found to be 59.5 (potentiometer) and

59.4 (Jones bridge). No literature values exist for comparison.



85, .

PART TIIT,

CONDUCTANCE MEASUREMENTS ON SOLUTIONS OF HYDROGEN CHLORIDE IN ACETONE,

1. The Prejgarafion and Héndling of Anhydrous Acctone,

In recent years most workers have started with "Analar® or
similar grade acetone,and the problem has become mainly one of
desiccation, Evercft and Rasmussen‘s , however, purificd their
acetone through the bisulphite addition compound, kept it over
potassium permanganate for several dajs and then fractionally dis-
tilled it to remove water, Their solvent had a specific conduct-
ance of 3,5 x 10™° ohm™ cm,™!, and they criticised the usc of
strong dehydrating agents, stating that these led to condensation

rceactions,

Dippy, Jenkins a.nd Pageal found that "Analar" acetonc wes
superior to bisulphite-purified acctone, and also examined the
cfficiency of several drying agents., FPhosphorus pentoxide produced
a brown colour and the mixhﬁe warmed up very rapidly, while
anhydrous potassium carbonate, sodium sulphate and magnesium
sulphate were not cfficient. Their procedure W'a.s. to keep the
acetone for two weeks over finely ground fused calecium chloride
to which a little potassium carbonatc had been added, and then to
fractionate it through a long column packed with glass becds, The

specific conductances were found to be in the range 6 - 13 x 10™8
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_ a3
ohm™ cm,™, This method was also used.by French and Roe  who

obtained a specific conductance of 9,99 X/lO"e ohm™ cm, "™ at 25°C,

30
Walden, Ulich and Busch  obtained a solvent of specific con-

ductance 6 x 10 ohn™® ™ by first distilling Kahlbaum bisulphite-
pdfified acetone and shaking it with potassium carbonate, It was
then fractionated and stored in a special container, When anhydrous
copper sulphate was uscd iﬁstcad of potassium carbonatc, the specific
conductance of the product was 1,0 x 10~7 ohm™ am, ™ , but Daly and
Smith refluxed acetone over ooppef sulpha%e and fractionally
distilled it from thé¢ fresh anhydrous salt, obtaining a ¥alue of
"6 x 107® ohm™ omi ™, o

A superior grade of acetone which had a specific conductance of
gbout 1071° ohm™ om, ™ was preparcd by Iannungsz. Merck Mpro
analysi” acctone was shaken for one day with previously dried potassium
carbonate,and then vacuum distilled from fresh potassium carbonate ‘n
an all glass ﬁgparatus.‘ The frdctionating colum was 1,25 metros
high and Packed with small pieces of glass tubing. Tonnung oriticised
the use of calcium.chloride as a dessicent as it forms an addition
cormpound with acetonq, and stated that potassium carbonate drying
followed by simple distillation leaves 0,15% water which can only be
removed by efficient fractionation,

88
Reynolds and ¥raus  prepared anhydrous acetone by sheking the

liquid with calcium chloride for several days, after which it was
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twice distilled from activated alumina, Their acctone had o specific
conductande of 1 - 2 x 10™° ohm™ em, 7} » and they deplored the use of
non=-agueous solvents of such quality as to rceguire solvent corrections.

. a%
Dippy and Hughes modified this procedure, "Analar" acectone

was shaken with calcium chloride for four days, rapidly filtercdyand
refluxed from baked-ouf alumina for two to three hours., After being
left in the dark for scven to ten days, it was rapidly filtercd on
to fresh alumina, refluxed again, filtered and finally fractionated.
The séeoific condtictance of ﬁhis acctone was 8 x 10°° o™ om, L.
Dippy and Hughes obtained consisi"bent results ﬁith batches of acctone
which they considcred o be of &’ade I quelity., The specific con-
ductances of this acetoné varied between 2,08 x 107 o™ cm, !
and 2,36 x 1078 ohmﬁ cm, 1, and they concluded that a moderate

solvent correction was permissible, but that large divergences in

solvent quality mmust be avoidcd,

The self condensation of acetone to mesityl oxide is catalyscd
by activated alumina, but the contaminonts produccd by the reaction
should be rcmoved by fractional distillation, and in spite of the
wastage inherent in the alumina method, this appeared to be the most
convenient and reliable way in which to prep;u'e acetone of high

quality,
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"Analor" acetone was shaken with anhydrous "Analar" caleium
chloride for three days and rapidly’ filtered on to Spence type A
alumins, pellets which had been activated by heating at 160°C, The
acetone was then refiuxecl for about threc hours in the dark, allowed
to stand for twelve hours and decanted into the reflux flask of the
apparatus shown in fig, 25, It was again refluxed from fresh
alumina and allowed to stand, this time for twenty-four hours, after
which the flask was connected to the dry nitrogen linec,and the liguid
blown over on to baked~out glass beads in the distilling flask, without
éorrﬁng :Lnfo con“bacv_t vith the atmosphere, It was then refiuxed fér
about half-—on-héur in the 1,1 metre fractionating column which was
packed w:ith short picces of glass .;‘hlbﬁllg, after which the capillary
tan A (fig. 25) was opened enough to permit a slow drip of acetone,
The s’fillhead and reflux condenser were so designed that most of the
liquid returned to the distilling flask,and all ground glass joints
and stop_cqcks were lubricated with Timer and Amend "Nonaq" greasc,
The sultability of this grease wans tested by inverbting a small
"Quickfit" flask filled with acetone, The stopper of this flask was
lubricated with "Nonaq", and no signs of leskage were apparcnt after

six wecks,

The distilled acctone passed directly into a dry box which con-
tained two dishes of magnesium perchlorate, Before any containers
inside were opened, the box was gassed out for half an hour with

nitrogen,which had been dried by passing through tubes containing
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silica gel and phosphorus pentoxide. Apparatus was handled through
neoprene gloves., All solutions were prepared,and the conductance
cells filled and sealed in the drybox, which was maintained at a

slight positive pressure of nitrogen.,

Thq acetone was collected in a specially designed receiver (fig.
25a) kept in the drybox, the distillation being carried out as far
as possible in the dark, The detachable flasks and other small
glassware were baked out in an:oven at 140°C, and the condensers

and calibrated flasks washed with distilled acetone and gassed out

with dry nitrogen beforé use.,

Measurcments of the conductances of solutions of potassium
iodide in acetone were made to check the gquality of the solvent
used. The conductances are. given in Teble XTIII, and comparcd with

3

8 a7
the results of Reynolds and Kraus and Dippy and Hughes (for

Grade I acetone) in fig, 26,

TARLE XTITI,

The conductance of potassium iodide in acetone,

c x 10* Specific conductance at | Equivalent conductance
mole 17 x 10* mho om, 2 mho cm,?
6,400 ) 1.0835 169, 3
12,82 2.,0230 157.8
16, 64 2, 5498 153, 2




Fig 25a.

ACETONE RECEIVER.
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2 Determination of the Moisture Content of Acctone,

59 o ’
Mysels used the conductances of saturated solutions of sodium,

potassium, caesium and rubidium chlorides,and caesium and potassium
fluorides, to determine the moisture content of acetone ,and expressed
the view that it is not possible to obtain a water content of 1css

than O, 05%,

As suitable modified reagents extending the appiicability of the
‘ Xorl Pischer titration to the determination of moisturc in ketones
had been described , Dippy and Highes  used the pobontiometiic Karl
Fischer titration to determine the water content of their acctone,
and it was decided to follow a similar procedure in the present work,
Most so-called "moisture proof" burettes and "Karl Fischer Apparatus”
commefciaily a&ailable are seﬁled with rubber gaskets and incorporate
rubber tubing which may allow considerable ingress of moisturce4.

In view of the hygroscopic.nature of acetone,an all glass and poly-
thene apparatus was designed to enable satisfactory performance of

these titrations, This apparatus is shown in fig, 27,

A special weight pipette (fig, 28n) was weighed, filled with
acetone in the drybox, weighed again, and fitted on to the titration
vessel, The apparatus ﬁas then gassed out with dry nitrogen, after
which the sample was allcowed to run into the titration vessel,
mixed with excess pyridine from the second burette, and titrated
with the rcagent, The end point was determined electrometrically

using the circuit shown'in fig, 28b, The reagent uscd consisted
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86
of 270 ml., pyridine, 668 ml, benzene and 64 g, S0,. This reagent

was standardised with water before usec,

The water content of the acetone used in this work wns found

to vary between 0,08 = 0, 13%,

3. The Preparation and Analysis of Hydrogen Chloride Solutions,

-Hydrogen chloride of high purity was prepared by treating silicon
tetrachloride with distilled water, The gaé was dried by passing it
through a magnesiun perchlorate tower and a trap immc_zrsed. in a dry~
ice-acetone freezing mlxturc , after which it was allowed to bubble
through an ice-cooled acetone saturator,which had been filled in the
drybox (sec fig, 29), After about ten minutes tho stopcocks were
closed and the saburator disconnected and replaced in ‘cﬁe drybox,
Se'feral samples were then transferred to 50 ml, volumetric flasks with
a calibrated 5 ml, pipctte, On being removed from thc_a drybox, about
30 ml, .distilled water was added to each flask, the contents
gquantitatively transferred to a 250 ml, bezker, and chloride de.'bermined

gravimetrically with silver nitrate,

Solutions of the require& concentrations were then prepared. in
the drybox by the method of successive dilution, the concentration of
each being checked by titration with stondard sodium hydroxide, The
lagt sample of each series was analysed gravimetrically, and if
satisfactory agreement with the titration was not obtained,the results

for the whole series were ignored,
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Although ‘solutioﬁs of hydrogen chloride in acetone turned
brovfn on standingsno Appreciable -changés in the conductance or the
potential were observed over periods of up to twelve hours (sce
Teble XIV); all solutions were accordingly used on the day of
preparation, Two batches of ;.cetone were prepared, and two solutions
of hydrogen chloride were made from each batch for the conductance
stﬁdies. |

‘TABIE XIV,

Stability of hydrogen chloride solutions in acetone,

Initial Potential Initial Specific

e x 104 potential | after 8 hours| specific cond. % 10°

moles 1= mV mV conds X 10° |after 12 hours
mho cm, ™t mho cm, ™ :

2,752 - - 1, 7981 1. 7979

7,440 - - 3.5645 3.5641
5642 50,3 50,4 - -
1855’0 ] 1060 5 106. 2 - hnd

4, Conductance Measurements on Solutions of Hydrogen Chloride in
Acetone,

The conductances of solutions of hydrogen chloride in anhydrous
acetone werc measured on the Jones bridge at 25°C,using the Daly and
Smith cell with grey platinum electrodes, It was wnfortunately not.
possible to use the potentiometric mc'bhod for any work in this
solvent; as the prototype potentiometer described in § IL.3.2

(page 29) was not suitable for the measurement of high resistances,
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and measurements in acetone solution would have required the ¢on-

struction of cells too large to be made in this laboratory.

Equivaleht conductancés were calculated from the measurcments

(see Table XV),and plotted against the square root of the concentration

(fig., 30), and a grephical extrapolation to infinite dilution gave an

approximate value for the limiting conductance of 210 ohm™ cm,

86 ) .
(cf. Sackur 12,7 ohm™ com,™}; Ross Kane 199 ohm™ cm,?),

TABIE XV,

The conductance of hydrogen chloride in anhydrous acetone - Fuoss | Plot
’ Ay ' assumed 210 mho am,? '

: _ Specific y | CAf?
Series| ° ;_t 1:?;1 cond, z 18| mho | p(a) £2 -F-%-)- F(x)

' mole mho cm, =2 Cile x 10°
B2 0,0704 0, 9111 128,3 10,99630 |0,96394 {0,0077 | 0,8815 |
B2 0, 1761 -0,9527 54,10 }0,99620 |0,96516 j0O,0184 | 0,9211

A1 0. 4402 1.2274 27,88 {0,99569 |0,95822 10,0357 | 1,181
B 2 1,103 1. 3775 12,49 {0,99539 {0,95580 |0,0797 | 1,823
B1i 2,752 . 1,7891 6, 501.10,99479 {0,94980 {0,1530 | 1,708
A2 | 4,464 245239 5.65410,99378 |0,94062 |0,1758 | 2,389
B1i 6. 881 34 4488 .5,01210,99277 §0,93092 10,1981 | 3,234
Al 7,440 345645 4,791 0,99257 {0,92980 |0,2072 | 3,340
B2 {9,329 3, 9649 4, 26010, 99217 {0,92608 10,2334 | 3,701

§f A1 115,52 4, 7050 3,03210,99147 ]0,91972 |0, 3270 | 4,365

A2 123,25 5,5970 2,407{0,99076 {0,91274 {0,4116 | 5,156
A2 130,97 6, 9139 2, 231{0,98964 }0,90350 {0,4436 | 6,308

solutions,

Lioat ag on Coen dols gino o K= 27625710

Series letters refer to batch of acetone, numbers to the HC1

Uty A, ae 2250,

=7
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FIG 30. HYDROGEN CHLORIDE IN ACETONE.
EQUIVALENT CONDUCTANCE.

0 Acetone from batch A.
® Acetone from batch B.
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Although Braudo42'claimod that hydrogen chloride was "largeiy or
completely dissociated" in acctone, the shape of this curve indicates
that it is a ;ery weak acid, calculation from the conductance ratio
producing a dissociation constant of 2,82 x,10;7. This.compares
reasonably well with the dissqciation constants measurced by Ross
Kanc (3,15 x 10°7), Mackor (107®) and Sparmasy (1077 - 10™%), Rraude
stated that 7\"—:— - k Vac, where k is the Onsager limiting slope, should
be an approximate measurc of the degree of dissociation, and he based
his calculations of this quantity on Sackur's limiting slopc,as Ross
Kanc's results had never been bublished in detail, Howcver, Sackur
was obviously deceived by the apparent linearity of the curve in a
region of quité moderate concentration,and did not cxtend his measurc-
ments to sufficiently high dilutions,so that both his limiting slope .
ard limiting oquiﬁalént conductance are incorrect, While Braude's
conclusions as to the dégree of dissociation are fallacidus,.his use
of the acidity function to calculate the proton accepting strengths

of cther, alcohol, water and acetone has established the existence of

the Me,COH' ion,

For a weak_ﬁni—ﬁnivalent electrolyte the Onsager cequation takes

the form

A = afhy- (& + Bh) Vi ] (IIL 1)

ﬁhere A and B are constants respectively defined by
-7 N &2 %
b s BEEXAT G (35855 -k
(IIi?ia) i
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and B = 2% ¢ (8 = He?) g
5ch T (1000 ¢ £ )72 (1 + Vg

B % N° N
Zy + % Zg A O+ 2y N°

3
3
e
il

i

1/ for symmetrical electrolytes where
% = Z,, Whence B simplifics to

B = 8,20 x faL'OB _ | (1T, 1b)
(e)”?
¥hile equatién (IIL.1) holds réasonably well for solutionsg of dielecctric
constant greater than 30, the limiting slopes have increcasingly lower
values than thosc predicted,as the diclectric constant is reduced
below this figure, This is duc to the formation of ion pairs and
ions of greater complexity so that the assumptions regording the

B . .
tlherefore

activities of the ions\become invalid, TPuoss and Krauss
established a method for the determination of both the limiting
equivalent conducténée and the'dissociation constant which is based
on a solution of the above equati§n below-the concentration at which
association into groups containing more than fwo ions becomes
appreciable, This critical concentration has been stated by FuOSs35
to be equal to 3,2 x 10-78?, and for acctone it has the value
2.8 x 10~ mole 171,
Fuoss modified equation (III.1) to

A

S = O | (. 2)

wherc & 1s the variable
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o = (A+§-;\.7:)'\/—GX ' | (TIL. 3)

~and F(x) is the continued fraction

Bla) = 1 - @1 ~2(l - 21 - ...) )72 (11m.4)

’ 356
Values of this function have been determined by Fuoss ,and tabulated

to facilitate the calculations,

The dissociation constant is given by

K = , faf= (IIL5)

but if the activity coefficient of the undissociated molecules

is taken as unity, this expression becomes

o2 _
K = 1_"“ fi_ (111, 6)

where f, is the meon ionic activity cocfficient, Fuoss substituted
the value of @ given by equation (IITL, 2) in equation (ITL G6) and

on rearrahgerment obtained

F(ex) 1 cAfq 1
= . + —— (]II. '7)
A KAy,2  P(x) Aq

. c A2 ’
so that a plot of El%@ agninst F{"Ti should be n straight line of
by

and intercept at infinite dilution j%-.
o

1
slope W

This tfeatmen*t has been shown to be satisfactory for several

salts in acetone and other solvents of low dielectric constant, and

as all but two of the measurecments on hydrogen chloride were made
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interpretation of the results by this method was atterpted (seec Table
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The Fuoss‘plot shows marked changés\of siope in the concentration
range from 2,5 x 107 mole 1. %o 9,5 x 10™* mole 1.7}, and extra-
polation leads to an irpossible value for the limiting equivalent
conductance, The dissociation constant calculated from the conduct-
ence ratio was found to be fairly constant at (2.8 % 0,3) x 1077 -
over this concentration range, but calculation from the slopes of
the Fﬁoss plot, assuming A, to be 210, gave values of 3,1 x 10'7‘_
over the higher range of concentration, 8,7 x 10~7 over the inter-
mediate, and 1.45 x 1077 in the lower concentration region, Furthcer-
morc, according to the treatment given by Kortiim and Bockrisgg, in
the case of a weak acid in a solvent of low dielectric constant ,the
in%érionic forces are relatively small, so that f; may be taken
as unity and equation (ITI.6) reduces to the classical form of the

Ostwald dilution law

a?c
K = 7= (II1,8)

However, if the dissociation constan®t is very small, (1 - @) will
also approximate to unity, and the dissociation constant will be given
by

K a~a2 ¢ (IIL,9)

.
b

(ITI,92)

&
o

%
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On taking logarithms the expression becomes

log A = Y, log K Ay? = 14 log c. (T11,10)

Iog A should therefore be a linear function of log c, and at low
dilutions, whére only ion pair formation is expected, the straight
line should have.a slope of -0,5, Values of log A and log c for
hydrogen chloride in acetone are given in Table XVI and the plot

shown in fig, 32,whence the élope is found to be -0,8.

TABIE XVIL,

;oielgtl % - log ¢ log A
0, 0744 5.1522 2.1116
0.1761 4, 7543 1,7332 )
0, 4402 4, 3563 1, 4453
1,103 3. 9575 1.0965
2,752 3. 5604 00,8130
4y 464 3, 3503 0. 75253
6,851 3,1623 0, 7000
7,440 3,1284 0. 6804
9,329 3, 0302 0, 6284

15,52 2, 8091 0,4817

23, 25 2, 6336 | 0,3814

It is therefore quite clear that hydrogen chloridé dbes not

47 47
behave as a simple acid in acetone, and both Mackor and Sparnaay
appear to have reached similar conclusions, but neither published

details of their work, Mackor has stated that his results might
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indicate a dimerisation of HCl in acetone, but while it seems evident
from the preseﬁt work that association must occur, the aggregates
appear to Be much larger than dimers. French and Roe4a have explained
the variation of the conductance of picric acid in acetone on the
basis of triple ion formation, but due to thc'shape and size of the
picrate ion, their treatment is not applicablc in the ease of

hydrogen chloride,

. :
was deceived by the approach

8

It has been mentioned that Sackur

to lincarity of the plot of the equivalent conductance against the
square root of the concentration at quite moderate concentrations,

However, +this linearity indicates the presence of an electrolyte

which obeys the Onsager equation, i.e.

(1), + Me,CO = Me,COHY + (#, ., 0L), (III.ii_z)

1

glthough this equilibrium will be complicated by dissociation of the
hydrogen chloride polymers into simpler aggregateé. Ross Kane has
calculated the limiting conductance of the "hydrogen ion" in acetone
to be about 88%, and a plausible value for the limiting conductance
of the Mlarge anion would seem to be about 12, so that &, might be
expected to be about 100, Sackur's extrapolated value for the
limiting equivalent conductance of hydrogen chloride was 12.7, and
extrapolation of the intcrmediate concentration scction of the Fuoss

plot (fig. 31) shows A, to be about 12,4, indicating that possibly

* A1 limiting conductances are expressed in ohms™tcm’.
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cight molecules might be associated over this range of concentration,

If the polymeriscd hydrogen chloride molecules are ionising
according to reaction (TII, 11), the equivalent conductances should
be calculated for molecules of equivalent weight 36,49, If a
Puoss plot is made using the vaiuos in the concentration range
2.75 x 10™ to 9,3 x 10™* mole 1™ assuming that the polymer con-
gists of‘eight molecules, the limiting conductance is found to be
80,6, an impossible value sincc it is bclow Ross Kane's value for
the limiting conductancc of the hydrogen ion., Calculation on the
basis of the association of ten moleccules provides a value of 101,95
for A, and o dissociation constant of 3,2 x 107°,while the assumption
of twelve molectiles resultsin values of 119 for the limiting
equivaleﬁf conductance aﬁd 2,9 x 10°% for the diksociation Eonsfaﬁ%
(fable XVII, fig, 53). As the observed dissociation constant
decreasces with increasing limiting conductance, it scems that the
hydrogen chloride polymer consists more probably of ten molccules

than twelve, However, since association is almost certainly duc
to hydrogen bonding, the aggregates would be expccted to be chains
of indeterminate length, so that this trecatment may only produce
an average or most probable estimate of the number of molecuies,
and the changes of slope in the Fuoss plot may represent changes

in this quantity.,
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' TABIE XVII.

Fuoss Plot data for hydrogen chloride polymers; A,*% assumed to be

100 who cm, 2,

(a) Polymer consisting of eight molecules (HgClg = H' + H,C1,™)

¢ x 104 4 2 - P(x chf? s
mole 17* mho cm, 2 F(x) £ ﬂ%l ( ) X 10
0, 3440 52,01 - | 0,97344 0. 9273 0. 01872 1.'704
0, 5580 45,23 0. 96840 0, 9142 Oy 02141 2, 383
0. 8601 40,10 0. 96291 0, 9000 0, 02402 3, 224
0, 9300 38, 33 0, 96229 0, 8984 0. 02511 3, 328
1,166 34,00 | 0,96021 0. 8930 0. 02824 3, 637

(b) Polymer consisting of ten molecules (Hl oClo = HY + H,Cl, o )

: : 1
e x 10% A : o F‘sw) chAfr? s |
mole 17! | mho cme? F(x) £ : Fla) * 10 !
-
0. 2752 65, 01 0, 97314 0. 9272 0, 01497 1. 704
0, 4464 56,54 0, 96840 0. 9142 0.01713 24 383
0, 6881 50,12 0, 96221 0, 9000 0.01921 Be 224
0, 7440 47,91 0, 96229 0, 89384 0, 02009 - 3,528
0, 9329 42,50 0, 96021 0, 8930 0, 02259 3, 687

| .

(c) Polymer consisting of twelve molecules (}QQCIIZ. = B + 1,01,,7)

| e X 104 . A 3 . gﬁﬁﬁ. CAfz
mole 17 | mho cm,? F(w) R A Fla S x 10°
0, 2293 78,01 0, 97344 0.9272 0,01248 1.70/
0, 3720 67.85 0, 96840 0, 9142 0, 014:27 2 383
0,5734 60, 14 0. 96291 0, 9000 0,01601 B4 224
0. 6200 57,49 | 0,96229 0, 8984 0, 01674 3¢ 328
0, 7774 51,00 | 0,986021 0, 8930 0, 01883 3, 687
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PART IV,

1

POTENTIOMETRIC EXPERIVENTS IN MOIST AND ANHYDROUS ACETONE,

1. Introduction,

Prior to 1952, dimethylketazine was thought to be too weak a

88
base to form salts, and the preparation by Pugh and his co-workers

of salts which appeared to contain a dimethylketazinium ion resulted

in speculation as to their true nature,

The base is extensively hydrolysed by small traces of moisture,

29

but Gilbert has shown that in excess acetone the equilibrium
CH, CHy CHg
N N ./ ]
CNpH, + 2 /co e C=N=-N c\ + 2H,0 (IV,1.1)
CH, CHa CHa

lies well over on the azine side, so that conversion of hydrazine to

ketazine is almost complete, It appeared that some measure of the

order of magnitude of the ionisation constant could be obtained from

the half neutralisation point of potcentiometric titrations of dimethyl-
' ' 92

ketazine with a suitable acid in acctone solution , in spite of the

© fact that the validity of the Henderson cquation

salt
base

~ log[H+] = -log'Kb + log (IV.LZ)

in non-aqueous solvents is uncortain, Turthermore, comparison of the
titration curve of dimethylketazine in acetone with those of other

bascs in the same solvent might be expeocted to provide some
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information as to its relative strength,

Potentiometric titrations of dimethylketazine with solﬁtions of
hydrogen chloride in moist acetoﬁe were therefore performed; and the
results compared with those of titrations of 1:2:3:4-tetrahydro~
quinoline, 1:2:3:4-tetrahydroisoquinoline and piperidine which had
bekn carried out in commection with another research projecf in
progress in this laboratory., While these titrations indicated the
presence of a basic substance of low fonisation constant, this
constant could not be determined accurately, Since no standard
potentionals for the electrodes used were available, it was apparent
that more comprehensive investigations on solutions of hydrogen
chloride in anhydrous acetone were necessary, and the succeeding
pages describe (1) E,MF, measurements on solutions of hydrogen
chloride in acetone, using the calomel énd chloranil electrodes,
(ii) potentiometric titrations of tetrahydroquinoline, tetrahydro~
isoquinoline and piperidine with HCl in moist acetone, and finally
(111) potentiometric titrations of dimethylketazine in moist and

anhydroug acetone,

2, BMPF, Measurements on Solutions of Hydrogen Chloride in Acetone,

61 .
Ulich and Spiegel studied several metal-metal halide electrodes

in acetone, and found that most of them gave unstable potentials

which were not reproéugible, They explained this by postulating

(b~ )~

‘the formation of complex ions of the type MyX, » and cited as

evidence the fact that tpe addition of lithium halides increased



the solubility in acetone of the corresponding mercury and silver
halidesg,

‘ 52 .
Contradictory results were obtained by Jrthur and Lyons , who

constructed cells consisting of two gaturated lithium chloride
calomei electrodes, and demonstrated.their suitaeility for polaro-
graphic work in acetone, The cell Hg,Hg,Cl, |Tac1llTacy [Hg,01,, B
had zero emf, to within one millivolt both before and after the
passage of a current of 50 microemps for one hour, and a cell con~
sisting of one freshly prepared electrode and one several weeks old
still showed no difference of potential between the electrodes.
Current through the cell was found to be a linear function of the
applied voltage over a range from O to 2 volts, These tests showed
that the electrode ie reversible, stable and reproducible, These
authors also showed that when acetone saturated with lithium chloride
is brought into contact with calomel, some of the mercurous ions are
reduced to metallic mercury, and some oxidised to a mercury complex
which.is soluble in acetone, the system reaching equilibrium very
rapidly., The water content of their acetone was determined by Karl
Fischer titrations and was found to be slightly less than 0,1%, The
addition of acetic anhydride to remove the last traces of moisture
did not affect their polarographic results, which they interpreted to
mean that the presence of water is not essential to the electrode
reaction, Since Arthur and Lyons made no attempt to measure the

potential of the lithium chloride saturated/calomel electrode against
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o standard hydrogen. electrode in acetone, no standard poteﬁtiang
~.were available,

48
Everett and Rasmussen  investigated the cell

Ptgﬂa(l atm\iHCllAgCl,Ag and found that the silver-silver chloride
7
electrode behaved satisfactorily in dilute solutions in acctone, and

they calculated the standard potential by the following procedure s

Since hydrogen chloride is a weak electrolyte in solution in
acetone, the e,m,f, of the cell E&;EQIHDl[AgCl,Ag should be given

by
- o _ ZRT
E o= B -F Inamgy s (xv.2.1)

in which a is the degreec of dissociation, o] the stoicheiometric
molality of hydrogen chloride,and y,; the mean activity coefficient

of the ions. Introdueing the dissociation constant

2 3 . .
k= w1 Y (IV.2.2)
a 1—“ Y o He
HCL

" into equation (IV.2.1), Bverett and Rasmussen obtained

g .+ BT . ogo JRT, . BT - a) - BT
E+gInm,, = B & In K 13,3_n(1 o) Fln’rHcJ_

(IV, 2.3)
which reduces to
.l . -0 _RT RT
E+minme, = B -F Ik -3y (IV,2.4)

because (1 - &) may be taken as unity, They assumed Yooy to very
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lincarly with the molality of hydrogen chloride, so that a plot of

RT . . ' M fennee Tmard
E + Fvln M against My might be expecte@ to be linear, having
an intercept of E° - %; In K, and a slope represchting the

variation of Vi1 with _chl' This assumption was Jjustified since
Bverott and Rasmussen's points for concentrations above 0,01 molal
wore found to lie on such a straight line, but two points measured

below this concentration were above the linec,

Tho fact that the plot of B + 3¢ In my,, ageinst the molality

- ig linear,indicantos cither (1) that tho apparent K, is effectively
constant over the concentration rangs in which measurements wore

made and that Yy, varies linearly with the molality, or (41) that
the apparent dissociation constant varies and Yﬁnl is not linear
with the molality, but that the variation of the two combined pro-
vides a linear function., The latter possibility scems most improbable,
and evidence for the former is provided by the shape of the graph of
the apparent dissociation constant against the concehtration of
hydrogen chloride measured in the present work, which is aﬁnost
parallel to the concentration axis over part of the concentration

range concerned (fig, 34).

Using Mackor's value for the dissociation constant
of hydrogen chloride in acctone (10~°), Everett and Rasmussen obtained
a standard potential for the silver-silver chloride clectrode of

-0.53 volts, Their treatment should be applicable to all cells of
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FIG 34 HYDROGEN CHLORIDE IN ACETONE.

Variation of Apparent Dissociation Constant
with  concentration,
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the type I%,Hg'HCl]MCl,M in acetone, irrespective of the metal used.

In solutions containing dimethylketazine,the silver-silver
‘chloride eleétrode did not function satisfactorily, and sincc the
usc of a hydrogen electrode in a direct potentiometric titratioﬁ
would have complicated the design of the cell, the chloranil and
lithium chloride satur;tcd/balomel electrodes were selected for the
present work,

. 98
The quinhydrone electrode had been uscd by Izmailov and Zabara -

in acctone-water mixtures, but quinhydrone appearcd to be too soluble
in anhydrous acctone, Previous use of the chloranil electrode in
this solvent could not be traced, and no standard potentials of the

caléﬁel clectrode had been recorded; accordingly the cells

Pt, 1, [Ho1f|1d0n Hg, 01, , He
Pt,chloranil |Ho1| 14Cl [He,C1,,Hz  and

Mg, HeaCL, | 1ac1llmo1 |age1, ag :

were investigated to facilitate the interpretation of the potentio-

metric titration,

3. Studies on the Calomel and Chloranil Flectrodes in Acectone.

In cells with liquid junction,diffusion between the solutions in
contact must be reduced to a minimum, but the conventional gel-type
salt bridges are soluble in acctone, and the usc of saturated

solutions for this purpose must await the measurement of transference
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nunbers in this solvent, The problem of diffusion bebween the calomel
electrode and the hydrogen chloridevsolution was overcome by con-
structing an Hhéhaped vesdgel in which the calomel compartment was
scparated from the hydrogen chloridcvsolution by a sintercd glass
disc of low porosity., (Scc fig, 35). A platinum wirc was scaled
into the solution compartment for use with the chloranil electrode
during potentiometric titration, and the Blié ground glass joint so
arranged to take either a specially designed burette or a platinum
plated glass rod for the hydrogen electrode. A nozzle was provided
to supply either hydrogen for the electrode or nitrogen for stirring

during the titration,

The saturated lithium chloride/calomel electrode was prepared
in the following mamner: a paste of acetone, calomel, lithium
chloride and mercury was made by mixing and grinding the dried con-
stituents in an agate mortar in the drybox, and poured on to a pool
of redistilled electrolytically purified mercury in the smaller,limP
of the cell, This was covered with acetone which had previously
been saturated with calomel and lithium éhloride, and contact with
the mercury pool was made by means of a platinum wire sealed into
a glass tube internally scaled into a Bl4d ground glass joint,by
means of which this linb of the cell was closed, thus preventing
evaporation, The wire was pressed through the paste into the mercury,
and electrical contoct made through a mercury cup formed by pouring

thc metal down the hube,



FIG.35. ELECTRODE VESSEL
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The hydrogen clectrode consisted of a glass tube joined to a
Bi4 ground joint at one end ,with a platinum contact secaled at the
_other, Platigum wa.s plated on to the glass by the usual reduction
method, heated until it just glowed,and stored in a hydrogen-filled
desiccator until used, Hydrogen was prepared by the electrolysis
of aqueous sodium hydroxide solution ané%bgssed through drying tubes
containing indicating silica gel and magnesium perchlorate, after
which it was allowed to bubble through an acetone saturator
immersed in the thermostat, Following the recommendation of Everett
and Rasmussen4a; the volume of the saturator was about three times

that of the cell, The gas outlet was protected from atmospheric

moisture by tubes of magnesium perchlorate and silica gel,

Tetrachlorohydroquinone was prepared from tetrachloroquinone
(chloranil) by reduction with sulphur dioxide. A mixture consisting
of egquimolar proportions of chloranil and the reduced form was dried
by stoxring in a vacuum desiccator over phosphorus pentoxide for
three weeks, Enough to saturate the solution (about 2,5 gm, ) was
placed in the cell before the solution was poured in, and the

electrode System completed by connécting the platinum wire ,sealed

into the vessel,to the potentiomecter,

The silver-silver chloride electrode was prepared by first
plating the platinum wire with silver, and then making it the anode

: fpr the electrolysis of dilute hydrochloric acid. The cell was then
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washed thoroughly with acctone and dried in a stream of nitrogen,

 Since it was easier to preparé-solution$ of knovm molarity
than of known molality, a molarity-molality conversion curve was
constructed ffom the results of gravimetric analyses of a series
of solutions of hydrogen chloride in acetone, Solutions were then
made by the method of successive dilution, analysed as deseribed
in 3§ TII, 3, (page 96), and the corresponding molality read off
the greph. Owing to the high resistances of the solutions,it was
not possible to measure the potentials of cells containing hydrogen

chloride solutions of conoentration less than 2 x 10~ molal,

The cells Pt,H, |HoillTic1lne,01,,0z were made and sealed in
the drybox, all joints and stopcocks being lubricated with "Nonag"
grease, Two separate batches of acetone were used for the work on
these cells, The vessel was then placed in a water thermostat
maintained at 25 ¥ 0,02°C, care being taken to kecp the "Nonag"
sealed joints away from the wafef, and the potentials measured,
first on a Pye Universal pH and millivoltmenter and then with a
Cambridge slide wire potentiometer and a Cambridge d'Arsonval
reflecting galvanometery which gave a deflection of 1000 mm, for
onc microamp at a distancc of one metre, This procedure enabled
accurate measurcments to be made without drawing large currents

from the cells,
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TABLE XVITT,

The cell Pt,H, |moa zact [He,0n, ,He ¥
(1 atm) v i

Series | Molality mill?volts -(B + Bi?- Inm) | -(B + 2%?- In m)

A 0. 0020 18,8 178.5 | 338, 1

A 0. 0051 ~50, 3 185, 3 321, 4

A | 0,0122 ~75.4 188, 6 301, 8
At o027 | -106.5 198,9 291.3

B 0. 0305 -112, 2 201, 9 | 291.5

B 0. 0392 ~124,0 . 2072 . 290, 4

A 0. 0580 ~145,6 . 218,8 ‘ 291,9

B 0.0650 | ~152,8 223,1 ' 293, 3

B 0, 0840 ~168, 8 232, 5 296, 1
A 0, 0883 ~174,1 236, 5 298, 8

| B 0, 0995 ~181,4 240,7 299, 9

The potentials of ‘bhe bt,H, lHCl”LiCl.IHgQGlg ,Hg cells for /
differing molalities are given in table XVIII, The results were
investigated by Bverett and Rasmﬁssen's method, when the g;aph of
E + %2 In chl against the molality,shown in fig, 36 ,provided a
standard potential for the calomel clectrode of ~0,654 volts, This
value is based on Mackor's dissociation constant (10"8) for ease of

comparison with Everett and Rasmussen's results,since this is near

enough to the value calculated in the present work (3 x 10"7) to

*  The sign of all potentials is that of the right hand elcctrode

of the cells as written,
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FIG 36 THE CELL Pt,H, /HCIJ LiCl/Hg,Cly, Hg
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malke no significant differences, While the use of apparent
dissociation constants based on the conductance ratio might seem
out of line with the treatmentvgiven in § IIL4, it was not
possible to make any estimates of true dissociation constants,
becaure in fals concentration range the equilibrium between
solvated proteons, polymeric ions and molecular polymers would

be very complicated; morcover, since the potential depends on
the molality of protons, the apparent constant provides a suffic—r
iently good approximation, and its constancy has been shown by the

discussion given in § IV, 2, page 116),

The limiting slope at low hydrogen ion concentrations of the

plot of B + ?i? in mﬁci against the square root of the molality
d(‘ -

was found to be 0,60 (fig. 37), a value which agrees reasonably

well with that of 0,51 obtained.by Everett and Rasmissen for the

cell Pt,H, |HC1|AgC1,Ag (fig. 88), but the curve differs from

thelrs in having a pronoﬁnced maximum, This occurs at 0,03 molal,

but Everett's results showed no maximum up to a concentration of

0,15 molal,

Whiie no adequate explanation for fhié effect can be given,
the discussion in § TIL.4 might indicate that it is caused
by the association of a larger number of hydrogen chloride |
moleculey, but neither of the cells E%,chloranillHCl”IiCl,Hg,Clz,Hg
nce Ha, Hg, Cl, | 1401]|#01 | AgClAg exhibit this featurc (see figs, 39

and 44), Nevertheless in all cases, including Everett's work,
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~ F16 37 THE CELL Pt Hy/HCI/LiCI/Hg, CI, Hy.
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points at concentrations below 0,01 molal lie above the straight

line plot of E + 5% Inm against the molality; this may well

F
be caused by the onset of polymer dissociation, leading to a higher

apparent dissociation constant,

TARIE XTX,

The cell Pt,chloranil | wonll zac1 | ng 01, .5

. B RT
{ Molality mi1livolts -(B + 3 1n m) ~(E + ————1n m)
0, 0023 ~518,0 67441 830, 2
0, 0088 ~557,2 678, 9 800, 6
0,0168 ~576, 2 681, 2 786, 2
0, 0332 ~595, 9 683, 5 771.1
0, 0683 ~620, 6 689, 6 758, 6
0, 1037 ~633, 5 693, 6 753, 7
TARTE XX.
The cell Hg,Hg,Cl, | 1aca || mon | Agcn, 4
| ’ B | RT oD ..
Molallty mi11ivolts -(E 5 ln‘m) | ~(B 5 Inm
| 0,0023 543, 5 381.1 918, 7
| 0, 0060 5112 579, 8 248, 4
0. 0145 484, 6 375,9 267, 1
0, 0287 - 464,9 373.6 282, 4
0, 0427 450,7 369, 7 288, 7
0, 0611 437,8 266,.0 294, 2
0.1032 411,8 358, 2 304, 6
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FIG 33, THE CELL Chloranil [HCI/LiCI/Hg, Cly, Hg.
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FIG 40, THE CELL Hg,Hg, Cl, /LiCI/HCI /AgC! Ag.

Inm

2RT
E+3

300}

290 |-

280 |

270 |

260

250+

240}

230

220}




131,

The pétentials of the cells Pt,chloranil|HCL||T4ct |He, 01, ,He
and Hg,Hg,01, |1401]|H01 | Ag01,Ag are given in tables XIX and XX,
The results were analysed by Everett and Rasmussen's procedure,
their standard emf''s being =-1,151 volts and -,092 volts respectively
(see figs. 41 and 42), The standard potential of the A.g,A.gdl 4
electrode found by comparison with the calomel electrode is =0, 56
volts, which is in reasonable agreemcnt with Everett and Rasmussen's
value (=0,53 volts),

4, Potentiometric Titrations of 1:2:3:4-Tetrahydroguinoline,
1:2:3:4-Tetrahydroisoguinoline and Piperidine in Moist Acetone,

Forrer and Sclr:mid’.g‘1 quoted measurcments mado by Schwarzenbach
of the ionisation constants of 1:2:334~tetrahydroquinoline and
1:2:314=tetrahydroisoquinoline by potentiometric titration of the
hydrachlorides of the bases with sodium hydroxide in solution in
water and 79% ethanol, No details of the electrodes used were

given; moreover, the reading of the pH meter was apparently used
| to caleulate values for the ionisation constant in alecohol,
neglecting the changes in the activities of the ions, .and no
allowance was made for the extremely low solubility of tetrahydro-

isoquimline in water,

Pcetentiometric titrations of 1:2: 5u—-tetrakwdroqumolme D)
1:2: 5°4~'betrahyﬁr01soqu1n011ne and piperiding 1.’i‘bh hydrogen chlor:.de
in acefone were performed, us:.ng a glass electrode in congunct:.on

with m acctone/saturated 1:.th1um chloride/calomcl clectrode and
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FIG 41 THE CELL Chloranil [HCI[LiCI/Hg, Cly, Hg
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| a Marconi type TF 717 pH meter, "Analar® grade acetone was used,
but no further drying was attempted, so that while the moisturc
content was fairly low (probably about 0.5%), it was somewhat

uncertain,

Titration curves were constructed by plotting the reading of
the pH meter against the calculated percentage neutralisation of the
base. The curve for tetrahydroisoguinoline was found to be very
close to that ébtained fér the titration of piperidine with hydrogen
chloride in moist acctonc,‘and it seemed reasonable to suggest that
the ionisation constants of these bases were of similar magnitude
(about 10™2 in water), -These curves are plotted in fig, 43 and

detailed results given in appendix IV,1,

The solubility of 1:2:3:4~tetrahydroquinoline in water is
sufficient to allow potentiometric titration of its hydrochloride
with aqueous sodium hydroxide (fig. 44), leading to a wvaluc of
Ky = 1,09 x 10™° (Karrer and Schmid 1,07 x 10‘9), but tetrahydroiso=-
quinoline is only sparingly soluble and the titration curve of its
hydrochloride is not casily interpreted, Nevertheless, Karrcr and
Schmid calculated an ionisation constant from its half neutralisation
point of 3 x 10'5, a value considerably lower than that indicated from

the titration of the base in acetone,

Since the buffering effect of a weak acid such as tetrahydro-

guinoline hydrochloride is low, a rapid change of pH is expected to
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FIG 44, POTENTIOMETRIC TITRATION OF
1:2:3:4-TETRAHYDROQUINOLINE
WITH AQUEOUS 50DIUM HYDROXIDE.
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occur on the first addition of sodium hydroxide, Thereafter the pH
should increase more slowly, but the curves obtained with both the
antimony and the glass clectrodes show an abrupt inflexion at the
point A in fig, 45, This is believed to be caused by safuration of
the solution with the libcfated base, although no precipitatiqn was
ever observed, but the base may either be colloidally dispersed or

adscorbed on the electrode, The latter possibiiity might account for

~both the difference in slope between the curves obtained with the

glass and antimony electrodes and the failure of the hydrogen
electrode to reach equilibrium beyond 30% neutralisation, [ef,

the effect of tetrahydroquinoline and piperidine on the activity of
platinum and palladium as hydrogenatién cataiystsgs.} The small

inflexion B occurs at the point corresponding to complete neutral-

isation,

The solubility of the base was estimated from inflexion A, and
this value (0,075 g. litre“l) was used to calculate the point where
the concentretions of ion and base in solution were equal, From the
pH at this point the ionisation constant, X,, was found to lie
between 1073 (antimony electrode) and 10™* (glass electrode), which
is somewhat lower than expected from the acetone titfation, but this
may'be a further éonsequence of adsorption on the electrodes, These
two values are, nevertheless, not inconsistent, and it is therefore
suggested that an approximate estimate of the ionisation constant

of a base which is insoluble in,or hydrolysed by,water can be
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Fig 45  POTENTIOMETRIC TITRATION OF TETRAHYDROISO QUINOLINE

HYDROCHLORIDE WITH SODIUM  HYDROXIDE
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obtained by potentiometric titration in a suitable solvent, provided
that o refcrence substance of known ionisation constant is available

for comparison,

5, An Tnvestigation of the Basic Character of Dimethylketazine,

5,1 The preparation of dimethylketazine (N:N'-diisopropylidenc-

hxdrazinez.

18 c,c. 60% hydrazine hydrate was cooled in an ice-salt

freezihg mixturc and 27 c.c, acetonc added slowly, the tempcrature
being kept below 10°C,  Anhydrous potassium carbonatec was added
until.the mixture becamé'pasty, when the container was stoppered and
allowed to stand in the dark for several days. The azine was then
extracted with ether, which was distilled off, and the residuec
fractionated, The fraction boiling between 128°C and 133°C was
redistilled, and the 1510 - 132°C fraction finally collccted. The
azine ,contained in a flask closed with a ground glass stopper
lubricated with "Nonaq", was stored in a deep freeze and redistilled
before use, The hydrazine content shown by iodate titration was
28.5% (dimethylketazine requires 28.6%) and the refractive index
n’® was 1444 (Beilstein, "Handbuch" quotes nf*+® 1,45102),

)

5.2 Potentiometric titrations of dimethylketazine with hydrogen
chloride in moist acetone,

In order to demonstrate the basic character of dimethyl-
ketazine, potentiometric titrations of solutions of the azine with
hydrogen chloride in moist acetone were performed,using a glass

electrode in conjunction with an acetone/saturated lithium chloride/
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calomel. clectrode, The results of this work are tabulated in

Appendix IV, 2.

When the reading of %he PH scalc of the meter waé plotted against
the percentage neutralisation calcuiatod on the assunption that the
azine is a monoacid base, a distinct inflexion occurred in the region
of 1006 neﬁtmlisation (fig, 43). The titration curve was found to
lie - close to that obtained for the titration of 1:2:3:4-tetra-
hydrogquinoline with hydrogen chloride in acetone, the treetment
given in § IV, 4 (page 137) indicating that the ionisation constant
of dimethylketazine in water is of the order 10~?, Although it is
not possible to caldulate the ionisation constant in apetone by this
procedurce, it does show the presence of a basic substance in this
solvént and provides an indication of its relative strength,

5,3 Potentlometrlc Titrations of Dimethylketazine w1tn hydrogen
chlorlde in anhydrous and agueous acetone,

Although the preliminary measurements indicated the presence
of a basic substance, it was not clear whether this was, in fact,
dimethylketazine, or hydrazine,or a hydéazone produced by hydrolysis,
The titrations were therefore repeated in anhydrous acetone and -
acetone containing small known amounts of water., Since it was’
impossible to seal a glass clectrode into the titration vesscl, the
chloranil electrode was used in conjunction with the acetonc/saturated
1ithium chloride/caiomel clectrode and a Pye Universal pH and milli-

voltmeter, A special burette which balanced the pressures throughout
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the system during addition of the hydrogen chloride solution was
designed, and the apparatus was assembled in the drybox,  The
liquid in the titration vessel was stirred with dry nitrogen after

each addition of hydrogen chloride solution,

The potentials measured are listed in Table XXI, and plotted
against the calculated percentage neutralisation (assuming the
azine to be a monoacid base) in fig, 46, for anhydrous acetone and

acetone to which 0, 2%, 0,65% and 1% water had been added.

The curve for anhydrous acetone shows an inflexion near 100%
neutralisation, and no further ihflexion could be obtained even when
addition of hydrogen chloride was continued beyond twice the quantity
required for neutralisation., The same effect is shown by the
curve for 99, 8% acetone, although the base appears to be stronger
in anhydrous acetone, Acetone hydrazene, which might have been
produced 'by hydrolysis ,could be a monoacid base, but would be
expected to be stronger than the ketazine, so that its formation
does not seem likely here, and the weakness shown by curve II (fig.
46) may well be due tb the increased dieléctric constant of the
solvent, The curves obtained in 99,35% and 99, 0% acetone show two
inflexions, one near 100% and the other near 200% neutralisation,
The first ionisation constant of hydrazine in water is about 10™°
and the second approximately 10718, one of the smallesf known .

(see Table I), The ionisation constant of dimethylketazine appears



TARTE XXT,

Potentiometric titration of solutions .of dimethylketazine with
HC1 in anhydrous and aqueous acetone.

Anhydrous | O, 2% water 0, 65% water 1% water
% neut, | mV | % nout, | mV | % neut, mV | % ncut, nV
0, 00 290 0, 00 279 0,00 0. 00 302
2,87 305 5,98 320 0,91 | 275 | 7.14 | 3153
5,75 320 { 11,76 350 7.30 | 330 14,3 | 327
8,62 333 17,64 | 363 11,8 | 342 21,4 340
11,5 350 | 24,0 | 373 | 16,4 354: 28,6 352
14,4 359 29,4 377 20,9 364 35,7 360
17,3 366 3543 383 25,4 370 | 42,8 368
23,0 374 | 41,2 387 30,0 375 | 50,0 | 372
28, 8 380 | 47,1 30 | 34,6 | 379 57,2 | 377
3,5 | 385 52,9 393 43,6 385 64,3 379
40,3 388 | 59,8 396 52,7 390 78,6 381
46,0 392 64, 7 399 61,8 | 393 92,8 335
51,7 395 70,6 401 70,9 397 { 100,0 388
57,5 398 76,5 405 80,1 400 | 1071 392
63,8 402 89, 4 409 89, 2 405 | 114.3 393
69,3 206 88, 2 415 98,3 410 } 121,5 394
74,7 409 94, 2 420 { 107.5 417 | 135.8 396
80,4 1 414 | 100.0 426 | 116,4 420 } 150,0 | 398
86, 2 422 | 105,9 431 4 125,5 | 423 | 164,53 | <400
91,9 431 | 111.8 436 | 134.6 426 | 178,5 402
98,8 441 | 117,6 4.0 | 143,8 428 1 193,0 403
103, & 451 | 123.5 4t | 152,8 430 | 207,4 404
109, 2 460 | 129.3 448 | 161,9 432 | 221.5 2409
114, 9 466 | 135,2 450 | 171,0 434 | 245.8 411
120.7 | 472 | 141.2 453 | 180,0 436 '
126, 4 478 | 147,0 456 | 189, 2 438
138,0 485 | 158,9 460 | 198,3 440
149, 6 490 207, 3 445
161, 2 494 216, 5 450
172,4 | 497 222, 5 452
184,4 498 | o243,4 | 456
196,1 500
202, 8 501
217.9 502
229, 5 503
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to be of the order 10~° in water (p. 140), so that a second ionisation
constant would be too small to measure, In anhydrous acetonc only

onc inflexion is obtained on potenfiometric titration with hydrogen
chloride, so that the appearance of a second inflexion on the
addition of an appreciable amount of water indicates that a mono-
acid base has been.converted to a dizeid base (fig. 46). This

is consistent with the hydrolysis of dimethylkctazine to hydrazine,

Throughout this work it has becn assumed that the prescnce of
a base stronger than acctone would disturb the equilibria between
the hydrogen chloride polymer, monomer and ions, and that rcaction
to form the conjugate acid of the base will take place,

The potentials of half-neutralised weak acids andeeak bases

in non-aqueous solvents seem to bear a linear relationship to their

ionisation constants in agueous solution, but the slope of the

&,
line 3 ﬁ? varies and is generally greater than the theoretical
P
value for aqueous solutions (59 mV, at 25°C for a change of 1pK
100

unit) . The relationship betwecen the mid-titration potentials
in non-aqueous solvents of organic bases and their ionisation con=
stants in water has been examined by H’alllaa in glacial acetic acid,
ILykken, Portcr, Ruliffson and Tuember}01 in benzenc/isopropanol and
Fritz92 in acetonitrile, but their comparisons with the agqueous
ionisation constants are not relevant to the present work because
the object of the in#estigation was to calculate the ionisation

constant of dimethylketazine in acetone, The theoretical value

was thercfore used for the caloulations on solutions in this solvent,



T4 would appear that assumption of the Henderson equation
(IV,1,2) might give some idea of the order of magnitude of the
ionisation constant, since at the half-neutralisation point the
system here described ié assuned to be uncomplicated by the presence

of hydrogen chloride polymers (p. 108),

The dissociation constant of the conjugate acid of the azine may

then be obtained from the half-neutralisation potential by the equation

~log([H'] = pK =

where Ercf is the potential of the reference electrode, The half-
‘neutralisation potential interpolated from curve I of fig, 46 is
-395 mV,, and the potential of the calomel electrode is =654 mV,,

wvhence

_ =395 + 654
PK, = 50,12

which leads to a value of Kﬁ.: 4,2 x 1078, An estimate of the ionic
product of acetone, to enable calculation of a value for the ionisation
constant of dimethyiketazine, may be obtained by tﬁe following pro=-
cedure, Schwarzenbach.‘;6 hags shovm that the enol form is present to

the extent of about 2,5 x 107 percent in acetone, If the conduct-

ance of acetone is due to the ionisation of the enol according to

CHy Cllg CHy CHy
T i
(u)'-OHA+ c=o;sc-o-+c‘:-or1+ (1Iv,5.1)
. | I
CH, CH, CH, CHy

and ionisation is assumed to be complete, the concentration of each
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ion will be 4,3 x 10~ g. ions 17%,and the ionic product given by
(4,5 x 10°5)° = 2 x 10~°, Complete ionisation, however, would
affect the keto-enol equilib?ium, so that the ionic product must be
considsrably lower than thigtvalue, Ross Kane31 has shown the
limiting conductance of thefsolvated proton in acetone to be about
88 ohm™ cm,?, and taking a similar value for the limiting conduct-
ance of the anion, because the two ions are about the same size,

Ay would be about 180 ohm™ cm.?,  The limiting equivalent con~-

ductance is given by the equation

; 1000 ¥
A'(J = ""“5_—- (lvc 5- 2)

and since acetone has a specific conductance of about 107°ohm™em, ™,

the conceniration of the ions would be

1000 ¥ _ 10° x 107° -9 -1

leading to an ionié product 3.1 x 1017, The conductance of the
cation may be due in parit to proton transfer,which would make its
conductance greater than that of the anion, so that assumption of
an equal value for the limiting conductance of the anion may not be
justified._

The \:;C ~ OH group is found both in phenol (Ké =
1.1 x iO"lojfand hydroquinone (Ka = 1,3 x 1071°), and taking the

di.ssociation constant of the enol form,



CH,

\ 7

CH, °

to be of the same order of magnitude, the expression

[ o]

‘: ~e - OH]
§ //:_/

CH,

= 10710 (1V.5,3)

is obtained,

In view of the small dissociation constant, the concentration
of undissociated acid may be taken as equal to the total enol con-

centration (4,3 x 10”® moles 1), so that the ionic product

[ :I [ c - o-] = 4,3 x 107*°
— CHa '
and [H“] =[ >c - o-:l = /4,3 % 107% = 6,6 x 107 g, ion 17
. on, 7

Substitution of this concentration in equation (IV,5.2) leads to a
limiting equivalent conductance of 15,2 ohm™ cm,>, which is
impossibly low in view of Rosg Kane's wvalue for thc-; limiting con=

ductance of the pfoton, but the dissociation constant of the cnol
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acid in acetone might be expected to be rather less than 1071 9,the

constant determined for phenol in water, and the value 4,3 x 107°

may provide an upper limit for the ionic product with 3.1 x 1077

as a lower limit,

Talcing the ionic product of acetone to be 10'15, the ionisation.
corgtant for dimethylketazine in acctone is found to be K ~ 10711,
This is reasonably consistent with the value of 10~° in water, which
was determinced by compafison of its titration curve in moist acctone
with that obtained for 1:2:3:4~tetrahydroisoguinoline (see § IV, 5.2,

page 140).
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PART V,

CONDUCTANCE STUDIES ON SOLUTICNS OF DIMETHYIKETAZINE IN ACETONE,

1. The Conductimetric Titration of Dlmcthylketazinc with Hydrogen
Chloride in Anhydrous Acetone Solution.

A lower limit for the limiting equivalent conductance of a
hydrazinium salt in acetone can be calculated from the equivalent
conductance of thevsalt in aqueous'solution by correcting for the
solvent viscoéity and dielectric constant., Assuﬁing that the ilons
are spherical and that the mocroscopic dielectric constant of the
solvent will not affect primary solvation owing to dielectric
saturatioh, the solvation energ& of hydrazine is found to be lower
in acetone than in water}dz. Solvation in acetone will therefore
be less than in water, and this factor will tend to inerease the
conductance so that A, will be considerably higher then in water,
Owing to the larger size of the cation, the corresponding dimethyl-
ketazinium salt will have a lower limiting equivalent conductance
in acetone, and it appeared that it might be possible fo demonstrate
the existence of the dimethylketazinium ion in this solvent by com-
parison of the measured limiting equivalent conductance of a supposed
kctazinium salt with &alues calculated for both this salt and the
hydrazinium salt of the same acid, To this end, the conductances
of aqueous solutions of hydrazinium chloroplatinate were mea sured

as described in § IL 3 (page 51), but the solubility of dimethyl-
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ketaziniun chloroplatinate in acetone was found to be too low to
allow preparation of a range of solutions of concentrations suitable

for conductivity measurements, Although no noticeable dissolution

~ of the salt had occurred, the conductance of a saturated solubion

was measured, and a calculation based on a reasonable value for A,
indicated that the solubility was of the order 10~7 mole 1™, This
low solubility is consistent with Pugh"S preparation of dimethyl-

8
ketazinium salts by precipitation with acetone .

Although efforts to prepare crystalline simple salts of aliphatic
azines had been 'unsuccessﬁﬂl'v » the potentiometric studies described
in § IV.5 (page 140) indicated that dimethylketazine was a mono-
acid base of low ionisation constant, A range of mixtures of warying
prpportions of dimethylketazine and hydrogen chloride in acetone was
therefore examined, the conductance of each being measured at several
dilutions, Values of the conductance at three selected azine con-
centrations were then found by interpolation,and used to construct
conductimetric titration curves and find an equivalence point,which
would correspond to a solution of the "salt" CeHy Ny "'Cl'.. It was
assumed that hydrogen chloride would behavé as a sinple monobasic
acid in its reaction with dimethylketazine since presence of the
base would disturb the equilibria betwcen HCL polymeré, m&nomers

and ions (see §§ ITL4 (p. 108) and IV.5 (p. 144)).

The required amount of dimethylketazine was added to acetone
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solutions of hydrogen chloride in a calibrated 50 ml, volumetric
flask, which was then filled to ‘the mark with acetone, the entire
operatitn being performed in the drybox, After thorough mixing,a
sample was taken for gravimetric chloride analysis, Series of
dilutions of the original solutions were then made, and the chlopide
analysis repeated on the last of each series, the results being
disregarded if these did not agree with the calculated wvalucs, The
resistances of the;se solutions were then measured on the Jones

bridge, and the results arc listed in Appendix V.1.

 TABLE XXTT,

Conductimetric titration of dimethylketazine with hydrogen chloride
in acetone interpolated conductances,

{ Percent= I ’
agO t ' 4 ’ l
Neutral- | 25,23 | 38,59 | 86,09 | 100,9 | 116,1 | 151.4 ! 207,8
isation | f :

¢ x 10° |k x 10°[Kk x 10° |k x 10° |k x 10%|k x 10° |k x 1081k x 10°
mole 1% | ohm™ {ohm™! |ohm™ |ohm™! |ohm™ lomn™* ohm™
om 7 lem,=!  jom,!  jem,™? jem.! eme™! lem,7?

I

2.0 | 1.42 1,64 [ 1,70 | 1,87 | 2,14 | 2,43 8,25
50 | 2,02 | 2,56 |29 |3.22 |550 |57 | 4,52

8,0 2,20 | 2,72 | 3.8 |43 |47 |a98 |57

{ . > ‘

3

The specific conductance for cach series of dilutions was plotted
against the concentration of dimethylketazine, and interpolated values
for 2,0 x 107%, 5.0 x 10™° and 8,0 x 10™® moles 1™ rcad off, These

were plotted against the theoretical percentage neutralisation of the
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azine, and the titration curves shown in fig, 47 were constructed,

The interpolated conductances are given in Table XXII,

2:‘1. Discuséion.

If the dirriethy]keta.ziniﬁn ion éxists, its concentration will Se
.greﬁ'test a%‘ 'thé eqﬁivavlfmco.pbint of the titration curve, where
interference from other iénic species is minimal, and the solution
should consist of dimethylketazinium chloride, hydrazinium chloride
or a mixture of ‘}the éwo, although the emf studies described in
§ Iv.5(p. 144) indicated that the hydrazinium salt is unlikely to
be 'p>roduced in anhydrous acetone, Xquivalent conductances were cal=~
=§ulated from the series of dilutions'of composition nearest to that
of the equivalence points (see Table XXIII), and the .plot of &

against the square root of the concentration is shown in fig. 48,

TARTE XXTIT,

E@i*mlent conductance of "dimethylketazinium chloride",

3 Specific conductance | Equivalent conductance
¢ x 10 x 10° ohm™ cm, -1 ohm™ cm,?
5,977 12,850 2,150
| 4. 781 11,715 2,450
3,825 12,168 3,181
2,295 8,498 : 34703
] 1. 377 6, 066 4,405
0, 5508 ' 3, 3492 I 6,081
0. 2203 . 1.8873 8. 567




FIG 48

EQUIVALENT CONDUCTANCE OF
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As the "salt" appeared to be a weak electrolyte, and measure-
ments could not be carried out at extrcme dilutions , extrapolation
of this curve to obtain a provisional value for the limiting
equival;a‘nt cqné;uctance was not f‘easible. Nevertheless, it scemed
likely that valtes for A, for both amethyucet;zipium and hydra-
zinium chlorides could be calculated,using the observed valucs of

Y
the equivalent conduotance in the Falkenhagen equation . -

a(l-‘/—)

A =< 41,25 (2, + 2.) (1 2.801 x 10° (z.2.)q |
(eT)/a(:L . k) (1) (1 + Vg) ke (1 - V)

Q. ) (vo1)

1+ Ka

where K is defined by

Y.
87( l’ 2 3 .
= (1000 = T) I, (V. 12)
and the sum of tho ionic radii is represented by a, the Valenceg of
the ions by 2, and &. and tho mobility function by q, which ia .
defined by |
Z % 13_ + Al

= L] 0 19
4 Gy +F. Ba M+ zy Al

1/ for symetrical elcctrolytes where
4y = %o

35

The values of A, so obtained coulc'[ then be used in Fuoss plots 3

and it vas expected that the curve prov:.dlng the bcst straight line
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would indicate the ionic species present,

Two sets of calculations using this equation werevmadc, one
cmploying the van der Waals' radii,and the other the crystal radii
for the dimethylketazinium and hydrazinium ions, These calculations
provided approximately the same values for the limiting egquivalent
conductances of b&th the salts, viz,: dimethylketazinium chloride
14, 34 and hydrazinium chloride 14,40, Since the limiting con-

L 106
ductance of the chloride ion is 111 , this approach was abandoned.

The lack of diffusion coefficients appeared to close the approach

104 .
offered by the Nernst-Hartly relation
o} (o]
RT oz, + 2. A A dlin f
D = — o 1= (V.2)
Fﬂ Z+z.. ?\.++7\_ de

88
but Edward has shown the applicability to diffusion in water of a

modified Stokes-Eingtein equation

&7 | .
b= Sﬂrwnx' . (%.3)

in which T is the van der Waals' radius and X' the friétional
coefficient te correct for the shapes of non-spherical ionssg.
Although this equation is not valid for solutions in non-agueous
solvents, Whitego has shown that the diffusion coefficients of

fatty acids in n-decane at 30°C are represented satisfactorily by

. AT r 4
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r,. being the molecular radius, and Edward bas altered: the form of

M

this expression to

T
D = Bed T rw'nX’ (V.’5)_

the change in the numerical constant accounting for the difference
introduced by substitution of the van der Waals' radius for the

molecular radius,

If the Nernst-Hartley relation (V,2) is equated with the

modified Stokes-Einstein equation (V.5) the equation

BT gz, v A2 dinf\ _ __ &1
o oz.z. . A+ AL ' de = 5.47trw'nx7 (¥.6)
dlnf

is obtained. Assuming that in dilute solution 36 = 0, this

equation becomes

RT &, + & 2N g7 .7)
F2ogza. 28+ A8 5.41crwn}(" e

However, calculétion on the basis of Edward's empirical constant
produced. inxpos‘sible values for the limiting conductances of both the
da‘.methylkétazinimn and hydrazinium ions in acetone solution
(dimethylketaziniun 298; hydrazinium 2713), Edward's empirical -
constant might be expected to vary from solvent to solvent on |
accoﬁnt of differing solwvation effects, and it therefore seemed
recasonable to calculate a new constant from the known conductances

91 106
of the ammonium and chloride ions in acetone.
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On introduction of the numerical constants, temperature and

viscosity of acetone,equation (V.7) reduces to

- }
AL _ 8,0850 x 10 (v.8)
S br X' ,
for a uni-univalent electrolyte, For ammonium chloride (V.8)

becomes

10530 _ 8, 0850 x 10~°
205, 9 b x 1,65 x 10~® x 1.0

whence b is found to be 9,58, so that Edward's factor

(3.4 7x,_mX') of equation V,5 should be replaced by (9.58 'JtrW‘n}‘L').
This factor might secem large in comparison with the factor (5) for
aqueous solutions, but although solvation is greater in water than

in acetone, the effective radii of the ions produced will bc

larger in the latter owing to the size of the solvent molecule,

Substitution of this factor in.equation (V.8) produced limiting
equivalenﬁ conductances of 149,7 for dimethylketazinium chloride and
‘ 168,4 for hydrazinium chloride in aceétone, TFuoss plots were then
made using these figures as provisional values for Ay; but both
series of points lay close together and no straight line could be
drawn through either set (fig. 49)., (It might be ﬁorthy of remark
that a Fuoss plot calculated from the provisioﬁal value of 14.4
for Ay, provided for the hydrazinium salt by the Falkenhagen Eguation,

produced points which lie on almost the same curve),
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FIG. 49 "DIMETHYLKETAZINIUM CHLORIDE
FUOSS PLOT

F
-/—ij—c)x o2

o /\, assumed 1497

3ot

® A\, assumed 1684
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Fuoss plots for eguivalent mixtures of dimethylketazinium and hydroppn

chloride in acetone.

(a) Dimethylketazinium chloride 4, assumed 149.7

0 x 108 A P(ax) cAf? 3
mole 17| mho cm,? F(x) #é A o) © 10
2, 295 3, 703 0, 98599 0,87498 | 0, 2663 7.541

1, 377 4., 405 0, 98812 0, 89339 0, 2243 5,485

- 0, 5508 6. 081 0.99117 |1 0,91976 0,1630 3,108

0, 2203 8, 567 0, 99338 0,93922 0,1160 1, 784
(b) Hydrazinium chloride &, assumed 168,4,

° x 10° A F(x) clf?

mole 11 | mho om,? F(x) 2 T o) * 10°
2,295 - | 5,703 | 0,98691 | 0,88172 | 0,2666 7,592
1,377 4,405 | 0,98894 | 0,89670 |  0,2246 5,500
0.5508 | 6,081 | 0,99187 | 0,92420 | 0.1651 3,181

0. 2203 8,567 | 0,99388 0, 94278 0,11860 1.790

Handling and analytical difficulties precluded measurements at lower

concen’trations, but trials with Catalin molecular models indicated

that dimethylketazinium ions were sterically capable of associating

in groups of six to ten,through the formation of proton bonds between

the coordinated hydrogen atam of one ion and the "available!

nitrogen atom of another,
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le€e 2
» \ + :_ P
/C—‘I.\IhN—C\.
H
-~ .+
~.
“/C~N~‘1.\J'—C~.‘
H
~. +
l/fC = F - N = O"\\,

The low mobility of the iarge aggregates so formed would explain
the low value of the limiting conductance obtained from theA |
Falkenhagen equation,and variation of the mean size of the

groupé with concentration may be responsible for the failurce of the

Tuoss procedure,

The shapes of the conductimetric titration curves are typical
of those‘obtained for neutralisation of a weak base by a weak acid
(see fig. 4%). Ovér the portion of the curve where insufficient
acid for neutralisation has been added,the conductance depends on
the concentration of ions produced by equivalent neutralisation of
_the baée; and the slope ﬁould therefore be expected to be steeper
at higher concentrations of the base than at lower, as is observed,
Eéyond the equivalence point, the slope of the curve should be very
much lower on account of the low dissociation constant of the acid,
but it would be expected to vary wifh conéentration.. A plausible

explanation of the wirtunl constancy of this slope with concen~
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trotion might be provided by the existence of hydrogen chloride

polymers as described in § ITL.4 (p. 108),



163,

PART VI

CONCLUSION,

Prior to the commencement of this investigation, only the
énalytical results of Pugh and his co-workers provided any cvidence
for the existehce of salts of dimethylketazine, ‘Consideration of
all the results together affords circumstantial support for the
cxistence of the dimethyikctazinium ion in solution in acectone,
but no single line of approach undertaken was sufficient to prove

it conclusively,

Probably the strongest evidence is érovidcd by the curves
obtained from the potentiometric titration of dimethyketaéine with
hydrogen chloride (fig. 46 ) These not only show that the compound
titrated is a monoacid base in anhydrous acetone, but that the
addition of amall amcunfs of wctef prodﬁce a diacid base, results
which are consistent with the,hydrolysis_of dimethylketazine,
Furthermore, it was possible to calculate that the 1onlsatlon

constant of the base in anhydrous acetone 1s of the order 10“1?.

The variation of the slopés of those portions of the con-
ductimetric titration curves where insufficicent acid for neutral-
isation had been added showed that the products of the titration
were ionic in character, and that dimethylketazine is a weak base

in acetone, but it was not possible to determine a limiting
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equivalent conductance for the assumed salt,

Much of the argument of this thesis depends for its validity
on the assumptions that the acetone used was in fact pure, that
its moisture content was the minimum attainable,and that the
moisture content remained constant firom sample to sample. An
“independent investigation of these assumptions appears desirable,
It appears from the present-work that-a study of the properties
of acids in solution in acetone should be undertaken, and to this
end, modification of the circuit of the A,C. potentiometer is pro-
jected, It is intended to extend the range of the instrument to
enable the measurement of resisfances lower than those of which the
prototype is capable,and obtain results for solutions of lower con=-

centration than hitherto possible,

Further projected work includes attempts to measure the diffusion
coefficients of dimethylketazine using isotopically  labelled "ions",
and it is hoped that the Department of Physics of this University
will shortly commence a crystallographic investigation of dimethyl-

ketazinium chlorostannate,
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APFENDIX TI.1

Dihydrazinium Chloroplatinate,

Typical data for the variation of resistance with time measured

on the Jones Bridge at 25°C,

Concentration: 5,936 x 10~ mole 172

Time (minutes) Resistance (ohms)
16.0 1068,0
18,0 1058, 6

- 21,0 1046, 1
23.0 1033, 5
24,0 1028, 0
26,0 1014.0
27,0 1006, 2
30,0 992, 8
324 0 979, 3
39,0 949, 1
45,0 922, 2
51.0 899, 4
56,0 883, 9

65,0 854,8
74.0 837.2
83,0 821, 4
89,0 819,5
96,0 813, 2
103, 0 814, 0
110,0 815, 6
118,0 817,9
125,0 820, 2
1356, 0 - 823,0

171,



APPENDIX IT,2

Dihydrazinium Chloroplatinate,

Typical data for the variation of pH with time at 25°C,

(a) With added platinum,

Concentration: 4,34 mole 17

Time (minutes) PH
8,0 2,97
10,0 2.88
12,0 2,85
15,5 2, 85
18,0 2,84 -
21,0 2,84
24,0 2, 84
27,0 2,83
30,0 2,83
34,0 2,82
58,0 2,82
42,0 2. 82
46,0 2, 82
50,0 2,82
60,0 2,82
65,0 2, 80
69,0 2,76
82,0 2,70
86,0 2, 67
88,0 2, 65
92.0 2,63
100.0 2,63
- 166,0 2, 62
217.0 2,61
242,0 2,60

(b) No platinum added,

Concentration: 4,62 mole 1

172,

Time (minutes) pH
10,0 2,84
12,0 2,73
29,0 2,76
49,0 2,81
60, 0 2,81
77,0 2,79
95,0 2.79

125,0 2,79
137,0 2,79
180,0 2,79
217,0 2,78
240,0 - 2,76
270,0 - 2.71
280, 0 2. 67
294, 0 2,64
309, 0 2,62
314, 0 2, 60
324, 0 2,60
329, 0 2,57
353, 0 2.56
362,0 2,55
376, 0 2,53
390, 0 2,52
411,0 2,51
455,0 2,49

-d
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APPENDIX IT, 3

Dihydrazinium Chloroplatinate,

Typical data for the variation of resistance with time meastired on
the potentiometer at 25°C,

Concentration: 1.619 x 10™ moles 171

Time (minutes) Resistance (ohms)
12,0 406,0 ]
14,0 398, 7
15.0 395, 5.

16,0 393, 0

18,0 . 387.5

20,0 379.4

22,0 374,6

2.0 ' 371.1

25,0 : 369, 5

27.0 368,0

29,0 366, 7

21.0 366, 1 ¢
33.0 365,5

35,0 365,11

38.0 ‘ 364, 8

41.0 363, 5

45.0 ' 362.9 %
49.0 - 362, 6

55, 0 . 361, 6

60.0 ‘ 361, 6

65.0 - 361.0

70. 0 360, 6

80.0 360, 4
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APPENDIX TIT,4

Dihydrazinium chloroplatinzte,

Rates of change of specific conductance with time at 31,70°C and
20, 69°C measured on the Jones Bridge at frequencies of 1000 c./sec,

and 80 c, /sec,

(a) 31,70°C,

c x 10* Frequency ak a ak' "
mole 172 c./sec, ag * 10 3t * 10
24 330 1000 .52 3 36
3,638 1000 4,19 4433
7.803 1000 6.42 15,4
9,120 1000 7.03 26,5
2,584 80 2,95 2,03
4,658 80 3, 68 2,61
8, 764 80 5,18 8, 20
(b) 20,69°C,
c x 10* Frequency | 4K 8 ax! "
mole 171 c. /sec, at * 10 gt * 10
2. 891 80 0,874 0, 317
4,990 80 0.998 0, 391
6,662 80 1.14 0. 550
8.610 80 1,32 0.928
2,814 1000 1.11 0,586
5,136 1000 1, 26 0, 944
6, 562 1000 1. 33 1.57
8,818 1000 1. 64 4, 64




APPENDIX 11,5

Dihydrazinium Chloroplatinate,

Variation of-%% and 9;135—5 with concentration at 25°C.

(a) Measured on Janes bridge, frequency 1000 c,/sec,

c x 10* d log ¥ 3 aa

mole 17 at~ * 10 at * 10
2,579 13, 3 7,14
34529 11.1 5,64
3. 936 10.5 5. 26
4,500 9.77 4,67
5,115 ' 9.51 4,38
8.170 9,03 3,87
8,596 , 7.73 3s 15
24, 26 5,€0 ' 1,75
59, 08 | 5,04 1,44

(b) Measured on potentiometer, frequency 1000 e, /séc,

¢ x 104 d log K an

mole 17 dat x 1° at ¥ 10°
1,619 3, 34 : 15,1
2,603 ' 2. 59 11,1
4, 297 1.85 7,35
6, 282 ) 1,56 5,60
9,167 1,61 5e 34
11,88 1.44 4,61
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APPENDIX TTI.6

Hydrazinium Perchlorate,

Variation of & 13%-—’3 with concentration at 25°C.

(a) Measured on petsntiomoteor,frequency 1000 c. /sec,

c x 104 - d log K x 10%
mole 172 dt

4,859 E 5,490

8,075 2, 308
15,53 0, 8990
23,51 0. 4924
30,18 : 0, 2545
42,51 0,1778
53,65 : 0, 0929

(b) Measured on Jones Bridge, frequency 1000 ¢, /sec,

e x 104 d log &

{ mole 172 at_ * 10°
7,699 0, 4473
7.916 0, 4179

10,73 0, 3184
13, 34 0, 3035
17.67 ' 0, 2150
20,39 . 0. 2061
24,68 0, 1023
37.84 0.0540
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APPENDIX IV, 1

Potentiometric titrations of organic bases with hydrogen chloride

in moist acetone.

(a) 1:2:334-Tetrahydroquinoline,

% neutralisation pH units
0.00 4,89
22,6 ’ 1.70
44,5 1e 44
67.0 1.28
89,0 0,90
111.0 -0, 05
133, 2 -0, 21
- 156,0 -0, 35

(b) 1:2:3:4~Tetrahydroisoquinoline,

% neutralisation pH units

0,0 7433
11,0 7. 22
22,1 7.15
33,8 7.07
44,6 6,99
55,0 6, 87
67,0 6, 64
78,0 6, 26
90.1 5,56
104, 0 2415
112,0 | 1,35
123,0 , 1.15
133.5 . 1,08
156, 7 : 0, 86
179, 2 .0, 74
200, 0 0, 65

177, -
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(¢) Piperidine. = (d) Dimethylketazine,
% neutralisation | pH units | % neutralisation pH wnits
‘0, 0 7,05 0,0 3. 28
11,0 7,01 10.0 2. 64
22.1 7, Q0 20,0 1,78
33,8 6, 91 30,0 1.71
44,6 6, 86 40,0 1. 64
- 55,0 6. 79 50,0 1. 54
66,9 6, 75 60,0 1,42
7841 8, 60 70,0 1,30
89,0 6, 30 80,0 1,16
94,5 5,81 90,0 0, 84
100, 0 ‘ o 100, 0 0. 55
1056, 8 2,06 110,0 0, 30
111.0 1,78 120, 0 0, 22
122,95 1.50 130, 0 0,10
134, 0 1,25 140, 0 0, 06
144.0 1,01 - 150,0 -0, 00
156, 2 ‘ 0. 90 , 160, 0 -0, 08
167.0 0. 84 170, 0 =0,10
178, 3 0,79 180,0 -0, 22




Potentiometric titrations of agueous solutions of

APPENDIX IV,2

with sodium hydroxide,

(a) 1:2:3:4~Tetrahydro~
quinoline hydrochloride
(glass electrode),

hydrochlorides

- (b) 1:2:3:4~Tetrahydroiso~

- quinoline hydrochloride
hydrogen electrode),

179, -

% neutralisation pH % neutralisation PH
0,0 3ol 0,0 4,25
8.5 4,00 5,0 7.91

16,7 4,32 10,0 8,50 .
25,0 4452 15,0 8,73
33,4 4,73 20, 0 8,82
41,6 4,88 30,0 8,99
50.0 5,03 40,0 8,46
58,4 5, 20 .
000 iy (c) 1:2:5:4-Tetrahydroiso-
85.4 5'79 uinoline -hydrochloride
91:6 6:20 glass clectrode).
95,0 6, 43
98,4 7.07
100, 1 9,01 % neutralisation pH
101, 8 9,98 -
103, 2 10, 30 0.0 4,75
105.0 10,50 5.7 8,17
106, 8 10, 61 8,6 8,40
108, 3 10, 68 14,3 8,65
112.5 10, 84 21,4 9,76
116, 8 10, 95 28,6 8,89
124, 9 11,10 42,8 9.15
57.1 9,54
71.4 9,42
85,6 9.54
100, 0 9,80
114.2 10,00
142,9 10,15




180.

1:21314-Tetrahydroisoquinoline hydrochloride (antimony electrode)

% neutralisation

e}
[5s

54,6
59,1
| 63,6
68, 3
72,8
77,3
81,9
86.4
90,9
93,4
100,0
102,0
103,7
105, 5
107, 2
109, 1
115,8
118,2
127,53
136, 5

e 0o & @ & 8 & & » & & a O T s & O
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AFPPENDIX V,1

Conductimetric titfation of dimethylketaziné with hydrogen chlorine
in anhydrous acetone at various concentrations.

Note: Concentrations refer to dimethylketazine,
HCl added to azine,

38, 59% neutralised,
Azine 7,471 x 102 g, mole 17%
HC1 2,883 x 10~° g. mole™!

25, 23% neutralised.
Azine 7,471 x 107® g, mole 1%
HC1 1.885 x 10™° g, mole 17

c x 10* Sp, cond, x 10° c.x 10% Sp, cond, x 108
mole 17 | mho cm, ™2 ' mole 1™ | mho cm, ™

74,71 4,6578 74,71 4,5267
59,77 4,9552 59,77 5.,0899

35, 86 4, 2239 35, 86 4, 7463
21.52 3, 1759 21.52 4,0195
12,91 2.9183 12,91 3, 3761
S5.164 2. 0337 5,164 2« 3830

3, 098 24 2455 3.098 2.1915

86, 09% neutralised,
Azine 7,471 x 10™% g, mole 172
HC1l 6.432 x 10™° g, mole 1~

100, 9% neutralised.
Azine 7,471 x 10~° g, mole 172
HCl 7.541 x 10™% g. mole 17t

c x 10% Sp. cond, x 10° c x10* | Sp. cond, x 10°
mole 1™ | mho cm,™? mole 1™ | mho cm,™?
74,71 6, 9540 74,71 11.842
59,77 7,2621 59,77 12,850
35,86 6.,0218 47,81 11,715
21.52 4,7318 38, 25 12,168
12,91 4,1376 22,95 8,4975
5,164 2, 9424 13,77 6, 0662
3,098 1, 9160 5,508 30 3492

2. 203 1.8873




i f

116,1% neutralised.

Azine 7,471 x 107% g, mole 171
HC1 8.672 x 1072 g, mole 172

151, 4% neutralised.

Azine 7,412 x 1073 g, mole 171
HC1l 11.22 x 107% g, mole 171

c x 10% Sp. cond, x 108 c x 10* Sp, cond, x 108
mole 17* | mho cm, ™% : mole 17! | mho cm, !
74,71 11.115 74,12 13, 732
59, 77 10, 844 44,77 10, 648
35, 68 11,080 | 26, 30 8.5385
21,52 8, 3320 15, 38 6,4934
12,91 6, 7389 9, 228 55,2120
5,164 4,1742 3,691 3, 0860
2. 066 2. 7641 1,476 1,8118

207, 8% neutralised,

Azine 7,471 x 107° g. mole 17!
HC1 15,53 x 107 g, mole 172

¢ x 10* | Sp. cond, x 10°
mole 17 | mho em, ™
74, 71. 24,112
[29.88 13, 858
11.95 7.5622
7.172 5,6729
{ -4,305 3,9959
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