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SUMMARY. 

The preparation by the late Professor w. Pugh and his collaborators 

of componnds assumed to be salts of d:imethylketazine raised 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 d:imethylketazine 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 supposed 

ketazinium saJ. t in this solvent with similar measurements on aqueous 

solutions of the corresponding hydra.zinium. salt. Attempts by earlier 

workers to prepare simple salts of dimethylJ<:etazine were tmsucoess:f"ul, 

only complex salts being orystallisable, and, as a first step, the 

conductances of aqueous solutions of hydrazinium chloroplatinate, 

perchlorate, and picrate were measured on a conventional Jones-type 

bridge at 25°0. 

The chloroplatinate ion was fotmd to be reduced by hydrazine 1 

and this process was followed conductimetrically, the order of reaction 

being determined. Since the reduction was ca talysed by pla tinised 

platinum, the measurements were repeated using a new A.C. potentio­

metric method for the determination of electrolyte conductance which 

employs polished electrodes. 1his method, which had been developed 

by the Oceanographic Division of the Nat:i,.onal Physical Research 

I.e.bora tory and the Depar"f:r'oont of Electrical Engineering of the 



~ ! 

University of Cape Town, was first tested on solutions of potassium 

chloride, the measurements being shown to be independent of frequency 

and in reasonable agreement with the results of earlier workers 

(cf. Chen. and Ind. 1 1953, 732). The ra·res of decomposition of the 

hydraziniurn salts c.btB.ined by this method wro. ... e lower than those 

measured on th.e'; Jones bridge, 'Wh:i!le' their ~quivalent conductances 

were found to be somewha:b higher. New values for the limiting 

equivalent conductance of ~1e hydraziniura ion, and a value for the 

.limiting conductance of the chloroplatinai.:e ion have been determined. 

[N2 Hs +: potentiometer 60$0, Jones bridge 5D.6; 1,., Pl;CJ.e 2
-: 

potenHometer 59. 5, Jones bridge 59. 4 ]~ 

·The solubil:t-C;y of d~11ethylketazinium chloroplatinate in 

anhydrous acetone was too lovv to allow the preparation of solutions 

of suitable concentration for conductance work~ Since simple salts 

could no·~ be crystallised, an attempt was made to prove the erlstence 

of the k.3taziniurn ion by conductimetric ·!;itrations of dimethylketazine 

with hyfu."''gen chlorid~ and cu.lculation of i.~Gs limiting equivalent con­

ductance from the neutralisation points. Iii was ::intend.ed. to compare 

this val;.A.e with a value for the hydrazi..""lium ion in acetone calculated 

from its limiting conlucta:."l.ce in aqueous ~olution. No lirni ting con­

ductance could be obtained by this pr<Y'Ad.ure, but the titration 

curves showed tr...!:l.t p:i:''00.-.tcta ionic in cha.rn.e-ter result f'rom the inter­

action of the ketazine w.!.·ch hydrogen chloricle, and the form of the 

curves -t~ consistent vdbh tho view that dimethylketazine is a weak 



monoacid base in acetone. T.his·conclusion was confirmed by potentia• 

metric titrations in the cell 

pt' chloranil j ~e~rlketazinell LiCl tH& 012 'Hg, 
from v.rhich it was possible to calculate that d5.methylketazine has an 

ionisation constant in acetone of about 10-11 • 

A knowledge of the behaviour of hydrogen chloride in acetone vvas 

necessary for the interpretation of the I'esults of the titrations, 

and, since the results of previous vrorkers were either not repro-
I 

ducible or not published in detail, the conductances of a series of 

such solutions vrere measured. Hydrogen chloride molecules were shown 

to be associated in this solvent, and over the concentration range 

2.75 x 10-4 to 9.3 x 10-4 mole 1.-1 it was estimated that the 

associated groups contain about ten monomeric molecules. The 

electrodes used in the potentiometric titrations were also studied, 
' 

the following cells being investigated: 

Ft,E6IHOlllLi01IBg2cl2,Hg 

Ft,choraniljHOlj!LicliHg2 Cla ,Hg 

Hg,E'g2Cla IL:iclliiiDliAgcl,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 Ft 1~ jHOljAgCl,Ag calculated to be -0.56 volts, in reasonable 

agreement with Everett and Rasmussen's value (-0.53 volts). 
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I N T R 0 D U C T I 0 N. 

This investigation was undertaker in an attempt to demonstrate 

the existence of the dimethylketazinium ion in acetone solution by 

electrochemical methods. since the only supposea d:ilnethyDcetazinium 

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 there was much 9onflicting evidence relating to the electro­

chemistry of solutions in acetone, conductance and potentiometric 

experiments '?Crc carried out on solutions of hydrogen chloride and 

otlwr electrolytes in t4is solvent to facilitate interpretation of 

the results for dimethylketazine. 

This thesis therefore opens vdth-an outline of the hist~ of 

complex salts of hydrazine and other azines, and an account of 

previous electrochemical studies in acetone solution. 

1. 

Part II deals 1¥ith measurements on aqueous solutions of hyora­

zinium chloroplatinate, perchlorate and picrate, and contains a 

description of a neiY A. c. potentiometric method for tho determination 

of electrolyte conductance. 



In Part III are the results of measurements of the conductance 

of solutions of hydrogen chloride in acetone, while Part rl is con­

cerned vvith potentiometric studies on· solutions of tetruhydro­

quinoline, tetrahydroisoquinolinc and dL:nethylketazine in aqueous 

and anhydrous acetone. It includes potentiometric·titrations of 

dimethylketazine with cydrogen chloride, and details of the electro­

chemical cells used. 

Conductance studies on solutions of d:imcthylketazin~ in 

anhydrous acetone are described in Part v' and the final part 

collates evidence for the .oxistenco·of the dimethylketazinium ion. 



PAR T I. 

HISTORICAL SURVEY OF TEE PROBlEM. 

1. Salts of gyW;azine and the Azines. 

Both during and since the v\lar much attention has been directed 

to the chemistry of hydrazine and to solutions in hydrazine, but 

its aqueous solutions and salts have attracted very little attention 
l 

since 1950 when Gilbert studied the equil;i.brium between the 

hyc1razinium ion, ammonia and hydrazine. 

How·ever, since 1950, the hydrazine-"llva ter system has been studied 

by several authors, and surface tensions, parachors, and freezing ~na 
2 

boiling points of aqueous solutions have been reported • 
3 4 

Higginson and Cahn and Powell have examined the oxidation of 

hyd.razine in water by an isotope teclmique, and Vivarelli at the 
5 

dropping mercury electrode • 
I 

Extensive hydrogen bonding has been 

shown to occur both betvveen the hydrazine molecules and "llvith tl~ 
6 

water , and the pioneer work of Gilbert has shmm that there is also 

limited reaction with vvater resulting in the formation of 
l 

hydrazinium (N2 B5 +) and hydroxyl ions • He determined the ionis-

ation constant of the base_, but a later potentiometric study by 

SchYvarzenbach provided values of Kb for both the first and second 
.., 

ionisations • These values are compared in Table I. 



TABlE I. 

The Ionisation Constant of fiydrazine. 

I First Ionisation J Second Ionisation 

8 9 10-16 
• X 

I 1 
j Gilbert 

I Schvva.rzenbach 
7 

1.1 The Work of the Cape Tovm School. 

In 1952 the late Professor W. Pugh prepared the chlorostannate 
a 

of hydrazine anCl followeCl this w:i.. th hydrazinium salts of complex 
1 0,14 12 

halogeno-acids of tin, antimony, bismuth , aluminium 
18 

gallium, indium and platinum In an early attempt to prepare 

hydrazinium chlorostannate by precipitation with acetone, Pugh 
9 

and Stephen obtained a compound vvhich on ana~si~ gave figures 

consistent vvith the chlorostannate of dimethylketazine (N:N' 

-diisopropylidenehydrazine) , vvhile heating under reflux for 

several hours produced bis-1-isopropylidene-3:5:5-trimet~l-
8116 slG 

pyrazoliniumchlorostannate As it was previous~ 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 o.ifficulties, attempts to prepare 

complex and simple salts of a series of aldazines, ketazines and 

pyrazolines were immediately undertrucen. Thus bromostannates and 
11 

bramostannites of dimet~lketazine and pentan-3-one hydrazone 

4. 



halogcno-antimoniJces and bismuthi tes of d.imethylketazine, butanone 
13 

hydrazone, pentan-3-one hydrazone and heptan-4-one hyaxazone w~re 

prepared, and soon followed by ten halogeno-antimonites and 
1'7 

bismuthites of benzaldazine, salicylaldazine and anisaldazine • 

Pugh and his school also prepared eleven halogeno-stannates 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 aldehyde and acetone per molecule of 

hydrazine, gave salts most readily. Complex salts of dimethyl-

kotazine vroro obtained, but no ~ple salts, while higher ketones 
17 

yielded COmPlex salts of the corresponding hydrazones • Efforts' 

to prepare hn.logeno-aluminates.of dimethylketaz:i.ne and 1-iso­

propylidene-3:5:5-trimethylpyrazolino were unsuccessful, the hydro-
12 

chloride resulting ill. the latter case and an oil in the former • 

It has been convenient to refer to all these con~ounds as 

complex salts, but although Schaffer has. verified the presence of 

the chlorostannatQ ion in hydrazinium chlorostannate by x-ray 
19 54 

cr,ystallography , and Flora has shov~ 1~isopropylidene-3:5:5 

-trimethylpyrazolinium chlorostannate to be a complex salt, it 

is by no means certain that. all the others are true salts of 

complex halogeno-acids. Indeed the only other salt investigated 



crystallographically has been trihydrazinium hexachloroaluminate 

hexahyo.ra te in which Tessche showea thn. t the aluminium ion is 
20 

surrounded by six vvater molecules ; this is confirmed by the 
21 

molar conductance measurements of Morrison 1 who found that the 

chloro- and bromoaluminates vrere completely broken dovm in aqueous 

solution. Hydrazine complex ions have been studied potentio-
22 

metr:i,cally by Scmvarzenbach and Zobrist , and polarographically 

by Rebertus,IAitinon and Bailar who have shown that the zinc ion 

adds successively four molecules of hydrazine to form 
2+ 23 

(Zn (N2 I-J4 )4 ] • 

lB 
Marks found that ~everal hydrazinium hexafluorogallate pre-

paration~ appeared to have extra HF present. He unsuccessfully 

tried to distinguish betvveen N2 E5 + and N2 He ++ ions by Raman 

spectroscopy, and then resorted to conductimetric and high frequency 

titrations of hydrazinium dihydrofluoride, gallium trifluoride, and 

the hydrazinium hexafluorogallates with lanthanum acetate. He also 

carried out molar conductance measurements on gallium trifluo.ride 

and the hexafluorogalla tes·, and high frequency ti tra tions on one of 

the complex indates in an attempt to determine the state of the 

additional HF molecules. 

As all ketazines and aldazines are readily hydrolysed by small 
24 

traces of moisture, Sohn used dioxan as a solvent in \7.hich to 

measure spectroscopically the ionisation constant of benzaldazine 



25 
as a base. Using Hmrnnctt and Dcyrup 1 s equn. tions , she vro.s able 

to calculate an approximate value for Kb 1 and thus for the first 

time indicated the existanco of an aldazinium ion in solution. 

1.2 Electrochemical Studies on Solutions of Hydrazine Salts. 

·while much electrochemical work has been done on solutions in 

hydrazine; none of this is relevant to the present problem. Only 
26 27 28 

Brcdig 1 Gilbert , and Seward had made conductance measurements 

on salts of hydrazine in vvater, and no work on solutions of salts 

of complex acids could be traced. Sevroxd. measured the conductance 

7. 

and viscosity of highly concentrated aqueous solutions of hydrazinium 

chloride and nitrate as a contribution to the theory of concentrated 

solutions, and Wcl.S not able to determine a value for the limiting 

conductance of' hydraz~um ion. Gilbert 1 hovrever, worked "Vd th 

hydrazinium picrate, perchlorate and trinitro-m-cresylate and obtain­

ed values for A.~, but much of his vrork is open to criticism. 

This work vro.s done before the accurate Jones and Josephs and 

Shedlov~ brio~es c~une li1to general use; moreover no correction 

for the hydrolysis of the hydrazinium ion vro.s made, polished 

electrodes were used in a two-electrode cell to minlln.ise decom-

position of the hydrazine, and his ion conductances were based on 

values for the picrate and perchlorate ions Yvhich have since been 

modified. It therefore seemed desirable that Gilbert 1 s vvork should. 

be repeated with better a-pparatus and grey platinum electrodes to 

facilitate the inter-pretation of the results for hydrazinium 



chloroplatinate. 

As a result of this work, it appears that Gilbert's app8xatus 

was not sufficiently sensitive to detect a slow reduction of the 

picrate and perchlorate ions by tho hydrazine. While it is vrell 

knovvn that platinum black catalyses the oxidation of hydrazine in 
2 

solution , grey platinum does not appear to be so effective a 

a. 

catalyst, but repetition of the rooasurcments by a new potentiometric 

method using bright platinurn electrodes shcrvred that tho reduction 

process still occurred under these conditions, although more slowly. 

2. Electrochemical Studios in Acetone. 

2.1 Conductance Studies on Solutions of Salts in k1hydrous 
Acetone. 

As dimethylketazinc and its supposed salts are rapidly 

hydrolysed by small traces of moisture, potentiometric and conduct-

ancc measurements must be carried out in a non-aqueous solvent. 
29 

Gilbert had studied the equilibrium betrmen hydrazine and 

dimethylketazine and found that in the presence of excess anhydrous 

acetone conversion to the azine v~s virtually complete; accordingly 

acetone v~s selected as the solvent for this work. 

A survey of the literature revealed that the electrochemistr,y 

of acetone solutions v~s not only a largely untouched field, but 

what little information existed v~s contradictory; for example, 

widely differing results for the equivalent conductance of potassium 

iodide were published in seven papers which a:J?pearod between 1926 



and 1954. 

Walden, U1ich ana_ Busch measured the conductances of solutions 

of lithium picrate, sodium and potassium iodid.es anc1 several tetra-
30 

othylruwuonium and related organic salts in acetone • They found 

that the Kohlrausch-Debye and Htickel square root law vro.s valio. in 

Ilk'Ul.Y cases 1 but that all the slopes ,Ncre greater than those cal-

culated by the Chsager equation. 

31 
Ross Kane's results for tetraethylammonium salts agreed 

fairly well with those of -11alden, but his limiting equivalent con­

ductances for the alkali metal salts vrere all about 5% higher. 

VVh:i.le the alkali picrates, thiocyanatos and iodid.es Yfere fotmd to be 

v10alc electrolytes in acetone, all the perch1oratos appeared to be 

strong, an observation ·which is at variance with the results of mqre 
32 

recent Yrork • Ross Kane usoc1 Walden 1 s rule to calcula to the 

limiting conductances of several ions; these values were generally 

slightly higher than those determined subsequently by Reynolds and 
33 

Kraus • 

Th.e conductanc~s of calcium and m::1gncsium perchlorate were com .. 

pared with Vvalden 1 s values for barium pcrcblora to by V."'.Jl Ryssclberghe 
34 

and Fristrom 1 who found that the conductance-viscosity products 

vmre not as constant as previously claimed. Transport number 

calculations from their data produced ~possibly large values, and 

they stated that the conditions appcDX to be different from those 
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postulated in the foundations of the Onsagor theory, equilibria 

bet\vccn s:i.Jrrple ions, "neutral molecules" and complex ions affecting 

the lliniting slope. 

35 
]\loss and Kraus had derived equations which accounted for the 

behaviour of ions iri solutions of lovr o.ielectric constnnt, and those 
32 

were useo. by Aecascina ano. Schiavo in tho interpretation of their 

results for the conductances of the aDcali pcrchlorates. They found 

that these salts behave as i''iOak electrolytes and do not obey tho 

Onsager equation. Calculateo. cation mobilities vrero found to be out 
33 

of line vvith the corresponding series of picratos -, and this 1-ro.s 

attributed to specific solvation of tho perchlorate ion. 

33 
Some of Walden 1 s work vro.s repoa ted by Reynolds a..'"ld Kraus , ·who 

also measured tho conductances of several substituted ammonium salts. 

Their results were the first on acetone solutions to be analysed by 

the Fuoss procodure,and values for the limiting equivalent conduct-

ances and dissociation constants were calculated. Ion conductances 
36 

were determined by Fowler is method , assuming that the conductances· 

of the totrabutylamrnonium ru1.d t:dphenylborofluoride ions were equal • 

.Anion conductances were founa~ to be greo.ter than the corresponding 

cation conductances, an observation in accord with an earlier 
31 

suggestion made by Ross Kane that specific interaction occurred 

be'b<veen solvent nnd cation. The conCJ.uctanco of the fluoride ion 1 

however, iivas abnormally loy.;. The effects of ionic size on the 

solvation of all{ali metal ions and stcric effects on the dissociation 
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constants of salts of both the organic acids and bases were also 

discussed, and the purity of the acetone used by earlier vrorkers 

criticised. 

In vicv-r of the discrepancies i.J.1. the measurements on potassium 
37 

iodide, Dippy and Hughes redeter-mined its equivalent conductance, 
38 

and dielectric constant. They used Bjerrum's and Stokes' 

equations to cstliaate the radii of tho ions,and extended the Fuoss 

treatment to all the earlier i70rk for comparison. 

Limiting equivalent conductances of the ammonium,tctramethyl-, 

tctrapropyl~ and totraamylammoniurn ions and also the chloride ion 
39 38 

were a.cterrninecl by liJ:cDowell and Kraus by Fowler 1 s mcthoc. Their 

results "1-vere also handlca. by the Fuoss procedure, anc1 they made com-

parisons of dissociation constants and ion conductances in water, 

pyridine, ethylene dichloride ru1d nitrobenzene as well as acetone. 

They regarded the yiscosi ty change as being insufficient to account 

alone for the change in mobility and state that structural and 

constitutional properties of the solvent must also be considered. 

40 
An opinion has been expressed that the Shedlovsky extrapolation 

41 
function , while providing the same value for the limiting equivalent 

36 
conductance as that of Fuoss , is more suitable for tho calcu~ation 

of the dissociation constant of a weak electrolyte in a non-aqueous 

solvent when it is above 10-3 ~ TI~cn K is less than 10-3
, both 

functions give the same results, but although most salts in acetone 

appear to have dissociation constants between 10-3 and 10-1 1 only 
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one calcula ti9n involving the usc of the Shcdlovsky function ap::;>cn.rs 
45 

to have been mady on a solution in this solvent 

2.2 Conductance Studies on Solutions of Acids in Aril1yclrous 
Acetone. 

The conductances of solutions of picric and porchloric acids 
31 

in acetone vvere measureC!_ by Hess K::me , who reported tho. t the former 

vvas n. vveak acid and the ln.tter n. strong acid, while hydrogen cbJ_oride 

did not give reproducible results. He also noted that tho porchloric 

acid solutions became brdv-m on standing and the hyc1rogen ion con-

centration decrcasea_, but solutions contn.ining small runounts of -vvater 

appen.rea_ to be more stable. In vioYv of the uncertainty as to the state 
32,34 

of perchlorates in acetone solution , new measurements on porchloric 

acict seem to ·oe desirabfl_e. 

Hess Kane calculated Jche limiting conductance of the hydrog(m 

* ion in acetone to be 88 • This lmv value vvas thought to be due to 

non-formn.tion of tho solvated ·ian Me2 0-:;: OH+, so that a Grotthus-

typo proton transfer mechanism could not occur. However, it is not 

easy to imagine tho exi_stonce of an unsolvato<1 proton in acetone 
42 

solution, and. Braude's calculation from spectroscopic data of tho 

equilibriura constants for proton transfer reactions from solvated 

protons in several solvents hn.vc incticn.ted that tho Mo2 0 = OI-t ion 

exists. Grotthus conduction woulo_ not be as easy 1:vi th an ion of 

this type as it is in. aqueous solution, ano_ this alone may be an 

adequate explanation of the lm; value of the ion conductance. 

* All limiting equivalent conductances arc exprossecl_ in obrn-1 2 
em. • 



The conductances of solutions of hydrogen chloride in acetone 
47 

have also been measured 1 by 1viackor He states that his results 
47 

13. 

indicate a dimorisation of tho solute, &~d ~Jarnaay has confinnod 

that it docs not behave as a s:im]?lc acio., other equilibria being 

involv~d. Although neither were able to obtain very reproducible 

results, both found that hydrogen chloride Ym.s a Yvcak acid in acetone 

solution hav;~a K 10-e to 10-8 
-"'"0 a • 

In vie~ of the uncertainty as to the state of hyo~ogen chloride 
48 

in acetone, Everett and Rasmussen measured the solubility of silver 
58 

chloride in HOl solutions. Wnckor had shovin tho 'complexity 

constant for the reaction 

to be about 5, so that if hydrogen chloride 1-m.s completely dissociated 

in o.cetone,silvor chloride would be very soluble in HOl solutions. It 

is, in fo.ct, very sparingly soluble and they calculated the dis-

sociation constant to be of the order 10-8
• 

Using the Hammett acidity function, Braude fow1d dissociation 

of hydrogen chloride in acetone to be virtually cornplete. This is 

at variance vdth all the conductance work, including that described 

in this thesis, 
86 

ruJc Bro..ude 1 s calculations YV"Orc based on Sackur 1 s 

inaccurate limiting slope as Ross Kane's results had never been 

published in detail. 

43 
French and Roe have measured the conductances of solutions of 



picric acid :iri acetone at 15° ~ 25° and 4dlc, and developed a new 

conductance equation based on the assumption that triple ions of 

only one type are formed. They believe this to be (Pi - H- Pi)-, 

ar.d the re.sults are analysed on the basis of triple ion, ion pair, 

and. modified. triple ion formation, it being shmm that this 

assumption best explains the variation of eo:nd.ootance• Triple ion 
- 44 

formation was first suggestecl by Fuoss and .Kraus 1 but while agree·-

ing that these conglomerates are likely to have a finite existanee, 
46 

Griffiths and !Awrenoe consider that as the dissociation constant 
\ 

for ion pair formation of silver nitrate in acetone is of the.same 

order as that obtained by the ShedJ.ovsky e:~ctra.polation method, the 

triple ions are largely dissociated into simpler entities., · 

2. 3 Potentiometric Studies op. Solut.ji.ons of Acids in .Anhydr~s 
Acetone. · 

As few non-aqueous cells without liquid. -jlmction had been 

investigated, and in view of the conflicting evidence regarding ~he 

state of hydrogen chloride in acetone 1 IDverett and Rasmussen studied 
48 

the cell Hia (Ft)fmlf.AgAgCJ. in this solvent • ~cir results 

showed ECl to be a very weak acid in acetone, and, using an approximate 

dissociation constant, they calculated tho standard potential of the 

silver-silver chloride electrode. Measurements of the solubility of 

silver chlorid.e made 'possible a determination of the standard 

potential of the silver electrode in a.cotone... Molal. activity 

cooff'ic:i.en:t.s we.:re al~ ca.loula.ted. 
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A 0.01 N/0.1 N HCl concontro.tion cell has been usod by Erd.ey-

Gruz to determine transference numbers in. acetone and acctono-'lim ter 
49 

nrl.xtures Although his values for the cation transference nun1bcr 

of 0.22 and tho anion transference nurnber of 0.79 load to a low 

value for the limiting equivalent conductance of HCl, it does not 

affect the order of magnitude of the approximate dissociation 
50 

constant. Birkenstock publi~!ed transference numbers for lithium 

chlorid.e and bromide ano. sodium iodide, but his results are not 

relevant to this work as he gave no concentration dependence. 

51 
Ulich and Spiegel made a study of metal-metal halide electrodes 

in acetone and reported that most of these systems gave irreproducible 

potentials. 

complex ions 

They considered this to be 

(n-m)­
of tho tY,pe ~m X n · . , 

due to the formation 6¥ 

this vievv being supportecl by 

the observed increase in the solubility of mercury and si~ver halides .. . ~ . 
l 

in acetone on the addition of lithiurn halides. Hovrever1 Everett and 
48 

Rasmussen foutJ.d that the silver-silver chloride eloct;rode behaved 
1!';2 

satisfacto1~ly, and Arthur and Lvons have uscg calomel electrodes 

for the polarography of acid halides in this s?lvont afte;r. thorough 

tests for reproducibility. These electroo.cs were used in this Ymrk 

and founa to be satisfactory. 

2.4 Electrochein:tcal Measurements in Acetone-Water Mixtures. 
53 

Feakins and French rmve recently published a general 

discussion of the colJ. ~ (?t) I HCl J AgClAg in which standa.ra 

potentials in aqueous and anhydrous acetone and scv~ral other organic 

-----------



by refluxing CJVGr calcium chloride, potassium carbonate, sodium 

sulphate and coppor·sulphate, follov~d in each case by fractional 

distillation; and a wide range of specific conductance has been 
. 38 

reported. Reynolds and Kraus used activated altnnina. as a 

dessicant and, obtaining a specific conductance of 10-9 a.:f'ter 

fractionation,cla.imed 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 Ifughes , who also used the alumina method, but Everett and 
48 

17. 

Rasmussen preferred repeated distillation, since the usc of strong 

dehydrating agents leads to condensation reactions. As it seemed 

likely that careful fractionation would remove such condensation 

products as well as water; a modified alumina methocl. was used in 

this work. 

59 
MYsels used the conductances of sttturated sodium chloride and 

other salts to determine the rooisture content 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 
60 

mcto.l halides are close to zero. Everett has expressed the view 

that acetone condenses under conditions of low water concentration 

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

are preferentially solvated by water molecules, the presence of small 

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

It seems possible that the conductance of acetone may 

be due to ionisation of the enol form which exists to the extent of 
46 

2.5 x 10-4 percent according to the reaction 

CH3 Clfe CH3 Clfe 
I I I I I 
c·- OH + C = 0 ¢ c - o- + c- ow 
l! i ~ I 

CB2 CH3 CI-]2 Cfls 

61 
but Eck 1 in a discussion of the theory of semi-conducting liquids, 

has claimed that acetone is a semi-conductor and therefore no fixed 

resistivity can be stated for it, 

His eJq?eriments indicate that large ion:. similar to those 

occurring in gases appear to exist in acetone 1and are responsible 

for its conductance. ·These ions have mobilities of less than a 

micron per second under a potential gradient of 1 volt/em., and 

although the ions move more slowly than those of electrolytes in 

solution, acetone ·would be expected to show rome of the properties 

of both electrolytes and ionised gases;depending on the experimental 

conditions. 

On Eck 1s hypothesis there would be no reaction at the electrodes 

in pu:r.e acetone as the ions ar~ groups of molem~les and not produced 

by dissociation, but absolute purification, ·~~ether by successive 

fractional distillation or by prolonged passage of electricity is 

impossible, and Slnall traces of moisture always persist. If there 



are only a fevv oxonium and hydroxyl ions present they ,:dll become 

attached to the larger ions or provide charges for assemblages 

which arc initially neutral, and will consequently not be easy to 

remove. Large amounts of moisture or other ionic ~purities 

present in concentrations too groat for all the ions to become 

attached to the groups of acetone molecules vdll be responsible 

£or the conductance, so that in solutions of electrolytes the 

semi-conducting properties of acetone ·will be masked. 

19. 
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PAR T I I. 

T'".rlE ELECTROLYTIC CONDUCTANCE OF HYDRAZINIU:M SALTS IN 
AQUEOUS SOI~TION, -----

1, An Outline of the Methods and Results. 

It appeared that evidence of the existence of' the ketazini'lllll 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 hydrazinium salt in vv.lter, The only stable 

ketaziniwn salts are salts of complex halogeno-acids, ro1d although 

the chlorostannate appeared. to be the most satisfactory for this 

pur-pose, preliminary potentiometric measurements showed the chloro-

stannate ion to be extensively hydrolysed in aqueous solution. As 

the chloroplatinate ion, a complex of' similar shape and size, was 

lmovm to be stable in water, it was decic1ed to measure the resistances 

of aqueous solutions of its hydrazinium salt, 

~1e resistances of these solutions at constant temperature were 

found to vary with tirne, first a.ecreasing and then increasing after 

passing through a minimum. When the cell vvas removed from the 

thermos-Gat,its walls v-v-ere seen to be coated -vvith finely divided 

platinum, and analysis indicated that the chloroplatinate ion had 

been reduced by hydrazine. Tho reduction process was then followed 

by measuring the resistances of' the solutions at fixed time intervals 

and the results extrapolated to zero time for calculation of' the 

equivalent conductance, This proce~ure was carrieO. out at frequencies 
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of 80 c./sec. and 1000 c./sec. at 20. 7°C, 25°C anc1 31. 7°C, and apparent 

activation energies detennined. 

'Ihe conduc·tances of aq_ucous solutions of hydrazine perchlorate 
27 

and hydrazine picrate were measured at 25°C to check Gilbert's 

results for the limiting conductance of the hydraziniwn ion, and 

in both cases a w~ry slow reduction of the anion was observed. 

Gilbert's apparayus vvas not sufficiently sensitive to detect this; 

he r~d also worked vdth polished platinwn electrodes which, although 

catalytically less efficient than the grey platinurn electrodes used 

in t~-:te present work, may have led to polarisation errors. A new 

A.O. potentiometric method for the detennination of electrolytic 

conductance was c1evelopcd in collaboration with the Department of 

Electrical Engineering of the University of Cape Tovm and the 
62 

Oceanographic Division of the National Physical Research Laboratory 

~1is circuit enabled bright platinurn electrodes to be used with great 

precision, errors due to polarisation being avoided. The ~pparatus 

vv-as tested on solutions of potassiwn chloride, after which the con-

• 

d:uctances of solutions of the hydraziniurn salts were redetermined, the 

results indicating that the reduction reactions still proceeded, 

albeit at a much rea.uced rate. 

'Ihe results of the conductivity measurements were used in con-

junction vvith measurements of the change in pH during reduction to 

indicate a possible mechanism for the reduction of the chloroplatinate 



2. The Instruments. 

2. 1 The Oscillator. 

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

Gingolcl., B.. So. (Elect. Eng,) was used. This instruinent employs a 

bridged double 11 T11 R-C net\.vorlc which provides positive f'eedback at 

the frequency desired. This netvvork gives a large phase change at 

other frequencies, ensuring stable frequency of oscillation, and the 

ma~1itude of the feedbacf is adjusted to obtain a good sinusoidal 

wave form. A push-pull power amplifier is incorporated and f'ixed 

frequencies of' 80, 240, 480 and 1000 c./sec. were originally pro­

vided, ·~··.1t the range -vvas later extended to include frequencies of 

800, 2400, 4800 and 9200 c./sec, These frequencies '~re measured 

by comparison with a calibrated oscillator. 

A circuit diagram is given in fig. 1, 

2.2 The Tuned Detector. 

An R-C ne~vork identical to that of' the oscillator is 

em2loyed here, but the positive f'eedback is adjusted to a point 

below c.-;cillation to obtain a<lequate selectivity. Fine tuning to 

match the frequency of' the oscillator is provided by an additional 

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 requireQpattern on the cathode ray tube 

screen. 
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A circuit diagrrun of this instrument, which i7as also designed 

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

2.3 Measuring Systems_ 

25 .. 

Conventional ~vo-electrode A~C. systems for the measurement 

of electrolyte conductance arc all in some degree liable to errors 

due to polarisation or the state of the electrode surfaces. V~le 

this work required the usc of unplatinised electrodes and the 

avoidance of errors arising from changes in their contact resistance, 

workers on the conductivity of sea water required an accuracy of 1 

part in. 6000 which could not be obtained conveniently in the usual 

conductance cells. 

While such difficulties o.o not arise vvith D.C. systems, it is 

not alvmys possible to find suitable reversible electrodes to use 
64 65 

vrith these circuits , although Elias and Schiff have recently 

published a D.c. circuit for vmich they cla~~ that such electrodes 
66 

are not necessary. Ivcs ru1d &varoopa have described a modified 

di:c0~t current method which permits the use of a variety of reversible 

electrodes vnthout the restriction of small size and accurate 

location vii thin the cell. 

For these investigations a four-electrode A.C. circuit based 
67 

on that originally published by Wenner for measuring resistivity 

in geophysical prospecting vvork was developed. This instrument is 

described in§ II, 2.3.2 (page 29). 
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2.3.1 The Jones-type Bridge. 

The circuit used -vvus very similar to that described 
63 

by Bender, Biermann and Winger 1 but a few modifications were 

incoi1?orated.. A circuit diagram is given in fig. 3, 

The measuring arm MA consisted of a series of Muirhead type A5 

decade resistance units,covering a range from one ohm to one megohm, 

and s11 A2A 1. 2 ohm slidc-vr.i.re. Every setting of these units vms 

cali.brated using NPL-certified Muirhead D333 ceramic encased 

rcsis-t:;o:t:"s, which '\<vcre subsequently mounted on Muirhead type B704-

B/4: swi~;ches and built in as the ratio arms. These ratio arms, RA, 

pcrmi t·l;od. a choice of ratios between 10000 : 1 and 1 : 10000 in 

tenfold steps and different combinations for greater sensitivity. 

The Wagner Earth, W, was made up of b-;o banks of stable wire-

vround resistances joined by a 50 ohm 10 watt potentiometer; for 

satisfac·:-m~y balancing of the earthing system it vms found necessary 

to cor .. nect an 800 pF variable air condenser, <; 1 from each bank of, 

re.sic:tances to earth, 

A bmik of variable air and fixed mica condensers, 02 , having a 

range of 0 - 2200 pF, vm.s connected in parallel with the measuring 

arm to balarice the capacity of the cell. Vfuen the bridge was used 

-..vith solutions of very high resistance, it Iivas found that the 

capacity of the measuring arm was·greater than that of the cell; 

accordingly a 120 pF mica condenser, 031 -..vus arranged in parallel 

27. 
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with the cell and switched in when required. 

Both the input from the oscillator and output to the detector 

were' transformer coupled to the bridge, the input transformer having 

tappings which penni tted a variation of input vol tagc. This \ffiS 

used as an additional control together v?ith the output gain,of the 

oscillator. An additional output,which by-passed the output trans~ 

former through a double-pole double-throw sv?itch, was incorporated 

to permit the use of earphones or other detectors if require~. 

The measuring arm, ratio arms, Wagner earth system, balancing 

capacitances and transformers vvere each encased in an ~arthed screen, 

ano. the cell leads wre carefully shielded and let out through the 

bridge casing directly into the air thermostat. Lengths of internal 

wires vrere kept as 'short as possible and shielded only where 

necessary to ayoid large internal e~th capaci~ances. T.h~ bridge 

'\ms connected to the oscillator !illd detector through short leads of 

heavy coaxial cable. 

2. 3. 2 The A. c. Potentiometric ·Method. ' 

The· circuit diagram sh6wri in fig. 4 illustrates the 

principles involved. Current is supplied to the solution by the 

electrodes cl and c2, and the potential difference be~?een 'the probe 

electrod.es P1 and P2 is measured; the conc1uctance of the solution 

being given by the ratio of the current to the potential difference. 

This ratio is measureo. directly using an .A..C. potentiometer, R; in 



conjm1eticn vn:th a transformer, W, which is placed in the current 

circuit, its output being applied to the 11battery11 terminals of the 

potentiometer and used as a reference vvith which the e.~f. from 

electrodes P1 and P2 is com.J?are<I. Fluctuations in the primary 

31. 

current caused by oscillator design and the possibility of variation 

of the contact resistance at the current electroa£s arc thus 

reflected in the secondary, and the ratio of the transformer remains 

constant even Yrhen t~c current through the cell varies. The 

measurement is also independent of the contact resistances of the 

electrodes P1 and P2 as they carry no current at balance. The 

variable condenser, L, is used to balance phase changes due to 

reactance in the transformer and cell. 

Small circul~ting currents, vmich arise from interw:i.nding and 

other stray capacitances, pass through the electrodes P1 and P2 

producing contact resistances and false null balances. The 

effects of these currents arc balanced out by the more elaborate 

circuit of fig. 5. A double current transformer 1 CT, and double 

potentiometer, M, tho centre point of vv.h:ich is eorthod, are 

employed to make the whole system s~trical with respect to both 

resistance and capacitance; the circulating currents are thus 

ei::ther balanced out or by-passed through screenst 

2o 3. 2(a) Tho Current Transformer. 

Standard Mu-meta1 stampings were used for the 

core of the transformer, CT, and no. 40 s.v.G. enamel-covered 
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copper wire for the vv.indings. 

Primary: 

Secondary: 

Tertiary: 

The number of turns were as follows~ 

320 turns (total) 

300 turns (total) 

600 turns. 

A resistance of 50,000 ohms vvas placed in the primary circuit 

to force this transf6r,mer to act as a current transformer. The 

33. 

current is then determined by tho fixed resistor and not affected 

by fluctuations in the cell resistance or the input impeclance of the 
' 

current transformer. < The high input i.mpec1ance of the primn.ry 

·circuit required a matching transformer so arranged that the 

oscillator output impedance vrould be about 400 ohms. The centre 

point of the circuit is earthecl. (W, fig. 5), and two coupled variable 

condensers nrc provided to balance the earth capacity from each side 

of the circuit. This centre point is accurately found by placing a 

resistor with an earthed sliding contact across the circuit. The 

milliammeter, A, is placed iri the centre of the secondary of the 

matching transformer to keep earth capacities as .nearly balanced as 

possible. 

For the same reason, the cell is placed be~voen the tvfo halves 

of the pr~nary of the doubl~ current transformer CT; the earth 

potential point is thus in the centre of the cell. A tertiary 

vr.inding with a variable condenser and resistance was fitted to 

enable c1ifferent currents to pass through the poJcentiometer circuit 

vd.thot;tt altering the primary, the ratio of the transformer being 
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changed by variation of the load. In audition to the normal earthed 

screening 1Jetvreen windings,each half of the pr:ilnary is completely 

enclosed in a copper screen which is connected to tho side of the 

circuit furthest from the cell. This prevents leakage currents 

which pass from one half of the Yvinding to the other f'rom having 

any transformer· action. The current leads f'rom the transformer to 

the cell were thus doubly screened, the inner screen being connected 

to the primary vvinding screen, and the outer to earth. .All the 

other leads, .both internal and external, were enclosed in earthed 

screens. 

2.3.2(b) The Potentiometer. 

The secondary vvinding of the current transformer is 

connected to a balancccL potentiometer, M, which is shmvn in greater 

detail in fig. 6. MUirhead 10 ohm A70 resistors were matched and 

mounted on Muirhead type B710A/4 rotary stud Siivitches, 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 

± o. 1% fitted vvi th a duodial. 

As it vms not convenient to detect less than one microvolt 

electronically, and an accuracy of one part in ten thousand vms 

desired, it vvas necessary that one division off balance on the· 

helipot (i.e. 0,1 omn) 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 



FIG 6. DETAILED CIRCUIT OF BALANCED POTENTIOMETER. 
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inserted at D and E in fig. 6. ~vo n1atchcd pairs of fixed resist-

ances vvere arranged to be swi tchcd into the first stage of tho 

inst~~aent at positions X to extend the range of the potentiometer. 

~m of these resistors were 234 ohms, the other pair being 177.7 

ohms, and the s'\lvitch wn.s vvired so that (a) al1 the extra resistances 

could be shorted out, (b) one matched pair or (c) both matched pairs 

were in the circuit. The resistance values were selected to allow 

overlap of the ranges to such an extent that only one int0rnal 

standard was necessary, but a separate calibration had to be made 

for each range. The internal standard was a 160.840 ohm vvoven 

resistor vihich v~s switched in by operation of tho change-over 

svvi tch, 3:J. (fig. 5 ). 

False null balances may be caused by unbalanced earth capacitances 

in the detector coupling transformer T2 ; tho reversing switch 82 

allovvs the two halves of the primary of this transformer to be con-

nected additively or in opposition, and the potentiometer setting 

is adjusted u..Dtil no current flovv-s in the secondary of T2 , whichever 

the position of the svdtch. 

2.3s2(c) Qpcration of the Potentiometer. 

The oscillator gain control ru<d the fine current 

control, I, are adjusted until the meter reads 0.8 milliamps, as the 

current through the instrument must reilk'l..in fairly constant. 



The built in stap-dard resistance ( B1 fig. 5) is used to set 

the potentiometer in the f'ollmving IIk'lilller: 

(i) Key A (fig. 7) is pressed dovvn to 11 stn.ndard.ise 11
, srdtching 

the resistor into the circuit in place of the cell. 

(ii) With key A on 11 stanclard.ise 11 
1 key 3:a is svJitched to 11 earth 

balance", reversing one half of the primary vrlnding of 

the detector coupling transforn1cr T2 (fig. 5 ). 

(iii) The resistance and ca-2acity aCJ.justments C and D arc then 

adjusted for null balance, scttll1g the earth position in 

the midpoint of the stanCl.ard resistor. 

(iv) The reversing key 82 is then releasea. ana 

(v) The potentiometer is set to its standaril. reacting. 

37. 

(vi) The instrurnent is adjustea for null balance using the capacity 

control E and the ratio control F, vmich sets the tertiary 

of the current transformer CT (fig. 5) to its required 

value. n1e position of the ratio control must not be 

a1 tared during the course of a measurement. 

To, measure the resistance of the cell, the key A is released to the 

11 cell11 position and the procedure from (i) - (iv) above repeatoa., 

after which the potentiometer and capacity control E are adjusted 

f'or null balance. The switch H serves to extend the range of the 

potentiometer by adding adB.itional resistances to. its eru1s. 
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2.4 Conductance Cells. 
57 

2. 4. 1 The Dal.y and Smith Cell. 

39. 

The Daly and Smith cell shovvn in fig. 8a- was 

used with the Jones-type bridge. It ·was designed to reduce Parker 
68 

effect as much as possible, and therefore has only one filling tube. 

Platinum electrodes 1 em. in dj.runeter were backed with glass and 

sealed into the walls approximately 2. 5 em. apart, electrical con-

nections being made through mercury cups- The cell was built into 

a jacket through which oil from a thermostatically controlled 

reservoir was circulated. The oil in the outer jacket was main-

tained at a constant level by means of an overflow tube. The cell 

was closed with a JJ7 ground-glass stopper into which a thermistor 

could be sealed to measure the temperature of the soluti~ 

2. 4. 2 Cells for use with t'he Fotcnt~tez:. * 
A series of glass cells vvith platinum electrodes 

vvas made; the dimensions selected depending on the conductance of the 

solutions used (fig. 8b ). The electrodes C1 C2 consisted of plates 

varying from 2 em. to 4 em. in diameter and between 0. 8 and 1. 5 em. 

apart, while the probe electrodes were platinum wires sealed between 

the current electrodes and about o. 5 em. apart. Electrical contact 

was made through mercury cups. 

* 

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

These cells Ydll, for convenience, be referred to as 
"potentiometric cells". 
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minimise heating effects, and contact or thermal emf's were avoided by 

using alternating ctttrent • 

.All solutions ~sod were prepared and handled in a "dry box" 

maintained under a slight positive pressure of nitrogen at constant 

humidi-ty for aqueous solutions, and as free from moisture as possible 

for acetone. Carbon dioxide was excluded in both cases, and_the 

cells could. be filled ana_ scaled through B7 ground glass joints. 

2.5 The Thermostats. 

Control of temperature to within± O.Oi°C 1vas 

achieved by using an independent circulating oil system, enclosed 

in an air thermostat. The function of tpe latter was to avoid 

excessive fluctuation of the temperature around the oil system and . 
to ensure a fairly constant rate of heat loss from it. 

The air thermostat vro.s a felt-lagged hardboard box w:i.th a 

perspex front. It -r-vas built on ~ metal frame 3011 x 1811 x 1211
1 and 

the air inside maintained at a temperature 1.5° .:1; 0.5°0 below that 

of the oil thermostat by a Sunvic bimetallic strip thermoregulator 

connected to a Sunvic type 102 relay switch. The heating element 

ivas a 25 1-vatt 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 temperature of the room 1vas maintained at 15- 1~C 

1Yith a Frigidaire air conditioner ki.ndl_v loaned by i:v!:oclern 

Appliances Lt~ 
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A 12.5 -vmtt heating element and a toluene-mercury thermoregulator 

of spiral pattern, operating through a Sunvic type 104 relay svrl tch, 

were fitted in an oil reservoir near the roof of the air thermostat; 

and Shell Diala B transformer oil allovfed to flmv under gravity 

through a lead pipe fi~ted about half-vmy up the tank. T.he oil 

flmved through a tvro-vvp.y tap, ci thor through the outer jacket of 

the Daly and Smith ce~l or through a perspex tanlc 5" in diameter, 

which contained a special perspex frame to hold the potentiometric 

cells. Constant levels vvere. maintained in the upper oil reservoir, 

the perspex tank, and the Daly and Smith cell, oil overflmving into 

a lmver reservoir f;r-om vvhich it was purrrpect back to the upper tank. 

The perspex tanlc 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 vvere earthed. 

2. 6 Tests and Measurements on Potassium Chloride 
Solutions. 

Tests over a range of frequencies from 480 c. /sec. 
. . 

to 9. 2 Kc./sec .. showed that the results are independent of frequency 

>rlthin the limits of accuracy of the resistances used in the con-

struction of the potentiometer (1 part in 301 000 up to 4.8 Kc./sec., 

but falling to 1 part in 6000 at 9.2 Kc./sec. on account of skin 

effects,. etc. ). The results are summarised in Table II. 
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TABlE II. 

Freguency Dependence of Potentiometer. 

C X 103 
I . Instrument settings 

mole 1-1 
'd:-80 c./s. i 1 Kc./s. ! 2. 4 Kc .. / s. ! 4. 8 Kc./ So ! 9. 2 Kc./ s. 

; I 
I I 

I i I I 
i 9.895 7521.9 l 7522.0 7521.5 I 

! 1 l ' 
6.502 15115.0 ' 15113.0 115114.0 I I I 

I 39142.2 139146.0 2.397 39141.5 

I 
39140.0 39142.1 

0.6465 99444.8 99445.3 99445.7 99446.3 

0.3106 8837.2 *! 8837.7 * 8837.4 * I 
i ' I 

* Range III, renminder on range I 

C X 103 Resistances-ohms 

mole 1-1 
480 c./s. I 1 Kc./s. I 2. 4 Kc./s.!4. 8 K.c./s.j9. 2 Kc./s. 

' ' 

9.895 12.310 i 12.311 12.310 I 6.502 24.721 24.717 24.719 

2.397 63.989 63.987 65.990 63.990 65.996 

0.6465 162.55 162.56 162.56 162.57 

0.5106 330.32 330.35 330.32 ...___ j 

Measurements vvere then made on a series of solutions of' Merck 

AR potassillm chloric1e which had been recrystallised three times 

from good distilled water and tvdce from conductivity Viator, ~vo 

separate sa.III.Ples of the salt being prepared and used in this v-mrk. /s-· . 
Conductivity vm.ter, prepa.rec1 according to the mixed-bed ion. 

69 
exchange resm procedure described by Jacobs , vms used and fom1.d 

to hnvc a specific conductance of 0,076 x 10-6 mho em. -l. The 
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cell constants of n7p cells, labelled L and S1 vrere determined using 
70 

I . 0 Jones and Bradshmv's value for the specific conductance of o. 1 

Demul potassium chlor,ide, and found to be 0.014172 and 0,024591 

respectively. 

T.ABLE III. 

Eguivalen,t_.Q£,nductance of Potassium Chloride in Water, 

I j Equation of Gunning and Gordon 
C X 1()3 K X 106 

.1\neasured mole 1-1 mho em. -l ! ! Acalc. 
I 

Ameas, - Acalc, -
0,36375 5,3845 148.03 I 148.09 -.06 

0.45865 6.7779 147.78 I 147,88 -.10 

0,79893 

I 
11.774 147.26 I 147 •. 25 +.01 

1.1834 17.365 146.67 146.70 -.03 

2.4493 55,731 145.31 145,37 -.06 

3,0601 44.542 14.-4. 88 144.87 +.01 

5,6221 80,468 14-3.13 1t1r3, 23 -.10 

7e1972 102,48 

1 
142,38 142,46 -.08 

10.071 141.81 141.23 J 141.27 -.04 
I 

,1.4353 21.011 
I 

146.54 146.39 -.05 I : 

4.6817 67.321 145,74 I 143.77 -.03 
8.3584 118.60 141.89 l 141.95 -.06 

L 

The last three measurements vrere made on a freshly recrystallised 

sample of potassium chloride. 

1 
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The resistances and equivalent conductances obtained are listed 

in table III, the latter being plotted against the square root of the 

concentration in fig. 9. The values of A all lie within o. 08% 

(standard_ error 0. 049%) of those calculated from the equation of 
64 

Gunning and Gordon 

A + 60. 18 ,..fC 
~?= - 149.88 + 153.7c + 52.1c log c 

1 - o. 2289 y c -

but are, ·with one exception, lower than the calculated. They may 

be represented (vv:Lth a standard error of 0.028%- mt:..ximum 

deviation 0.056%) by the equation 

A+ 60.18 rc 
1 - o. 2289 rc = 149.84 + l57.5c + 33.7c log c. 

HmVBver, until an absolute determination of the specific 

conductance of potassium chloride has been carried out by this 

method,and the rn.nge of the instrument extended to permit measure-

ments on more dilutP. solutions, no great significance should be 

attached to this equation. 

2.7 Tests on the Apparent Equivalent Circuit of the 
Potentiometric Cell. 

In an attempt to deduce the equivalent circuit of 

the potentiometric cell, Mr. c.c. Stavropoulis set up the circuit 

shm-m in fig. 10, using vv:i.re-vvound resistors of low inductance and 

good quality capacitances. 

Bhen capacitance iWlS placed in parallel vvith the standard 

\ 
I .'\ 
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resistor, it ·r.'Us necessary to n.l ter only tho cap9-ci ty ba..1ance of ·the 

potentiometer~ the dial settings, w'hich arc a measure of the 

resistive co~oncnt, rcrm.ining unchc.mgeo .• 

No effect on tho measurement ~:vas produced by placing resistances 

of U",;? to 100 ohtns in series with the current loads, but a resistance 

of 1000 oh-ns required an adjusti.i1ont of 1 part in 10, 000 on the dial 

settings, ru1.d. 101 000 ohms afr"cctcd tho measurement to the extent of 

1 part in 1000. These results arc not uncxpcotod, as tho intra-

duction of a high resistance into tho prll,mxy circuit of the current 

transformer reduces the current to such an extent tha""c the trans-

fon1mr ratio is no lcngcr constant. c~~gcs produced by resistances 

in series with the potential loads arc sEw..ll, 10,000 ohms being 

rcg_uirod to pro?.uce a variation in the measurement of 1 part in 

10,000. However, the sensitivity of the instru.rnont is much reduced, 

since, as son1e curronJc nmst florv before unbalnnco can be dotectec11 

the potential o.iffcrence available for operating the instrunont 

becomes smaller as the rcsistnnco increases. 

Consid.oration of the equivalent impedances of capacitnnccs 

placed in series ·with tho curront leads shovrs that the resulting 

changes ro-c far greater than those which ·would be produced. by 

resistances of the smne value (Table IV). Since tho effect of a 

series capaci tanco, the potential n.cross which is out of phase i7i th 

the resistance, on the ratio of the current transformer is unlmown, 
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TA.BIE rv. 

~.ffect of Series Cn.-po.citance on Resistance j),1casurcnent. 

Series capo.citanc~ 
n...'1.c1 

equivalent irrr_pcdance 

10~ (16 n) 

1f.LF (160 n) 

o.1{J.F (iGOo n) 

Effect of co1~cction 
in current lead 

Change of 1 uniJG in 
60,000 

· Clk'111gc of 1 unit in 
4000 

Chango of 1 m1.i t in 
500 

Chango of 1 unit in 
100 (sensitivity 
reduced) 

Effect of connection 
in potontinl lco.d 

Chango of 1 unit in 
3000 

Change of 1 tmi t in 
600 

Ch<-'Ulgc of 1 unit in 
100 (sensitivity 
reduced) 

no reason for this can be suggested. Houovor, the CD:J?acity betrvccn 

the olectroc1os and tho solution must be very largo ,and any effect 

on tho :measuromont is probably insignificant. TI1e effects of con-

nocting capacit2ncos in series \dth the potential lca.cls arc a.lElost 

tho sa.me a.s those of co.paci tances in series vv-i th the current lcacls 

(sec Table IV). 

The co.jJacity between tho electrocles and the solutions E1Ust, by 

its n'lturc, be uncertain ano_ unstalJlc in value, but bocn.usc stable 

mcasurcmonts arc obtained ·with tho cell it a.p:"Jen.rs that the 

calxtcity botrmen tho 0lectroc1c and tho liquid_ is at luo.st 10J.I.F,and 

possibly larger. TI1is is corroboratec3_ by the fact thn.t l)la.tiniso..tion 
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of small electrodes improves their stability. Series resistances of 

up to 1000 ohms vvould be tolerated before the effects of unstable 

readings or loss of sensitivity are noticed. Ftu~thermorc, the 

independence of frequency over the range from 480 c./sec. to 

9. 2 Kc. /sec. shown in § II, 2. 3. 6 (page ·1-4) provides additional 

evidence that this instrument measeyes only the resistive com­

ponent of the cell. 



5~ The Reduction of Hydrazinium Chloroplatina.~. 

5.1 Preparation of hyd.razinium chlorgplatinate. 

Dihydrazinium chloroplatinate was prepared by treating 

an alcoholic solution of platin:f._c chlorid.e with a very concentrated 

aqueous solution of hydra.zinium chloride, and precipitated by the 
. . 96 

addition of absolute ether , The yellow precipitate vro.s vvashed 

with ether, dried in vacuo and analysed, platinum being determined 
~ 

by combustion to the metal 1 and hydrazine by titration with 
97 

potassium iodate • 

(Found: N2 B4 6. 9%, pt 22. $; 

~H4: 7.1%, pt 21. '7%). 

5.2 Results. 

51. 

1he resistances of solutions of dihydrazinium chloro­

platinate were measured at :f'requencies of 1000 c./sec. and 80 .c./sec. 

at 20.~, 25° and 5i.VOC on the Jones-type bridge and at 1000 c./sec. 

at 25°0 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 minirm.ml., increasing. (Fig. 111 see also Appendix II.11 

p. 171). During the course of the process, platinum was plated out 

on the electrodes and cell walls, colloidal platinum appeared in the 

solution, and bubbles of gas could be seen adhering to the .electrodes 

and walls. Chloride analysis of the solution at the resistance 
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98 
m:in.imum. by Voli1.ard 's mcthoo. shmvcd that the chloroplatinate ion had 

been rec1uccc1 completely to platinum and chloride, vvhilc titration 

'Fiith ~.?otassiur.1 iodate incUcated that an appreciable amount of 

b,ydrazine remained unoxidised. The hydrazine titre, horvever, 

continuea to decrease with time after this point was passed. 

The rates of change of concl.uctancc ·with tine c1qJcncled on the 

ini tL'U concontra tion of' the soluJcions 1 increasing -vvi th increasing 

concentratiol~ The concentrations of tho solutions investigated 

rMgecl from 8 x 10-4 molo/1. to 2 x 10-4 molo/1. below· ·which it 

was impossible to measure the rc;;sista.ncc as the process '\;rn.s COil'~Jlote 

before temperature oquilibriUEl coulcL be n.ttn.inco .• 

Measure1:1ents of the pH of the solutions during the reaction 

vvcro made using a Pya Universal pH and millivoltmeter fit·ceo. 1;rlth 

a glass Glectrodc. 'Ihc ·results obtained arc given in Appcno.ix II, 2. 

The initial pH of the solutions 1;ro.s lmr (en. 3). 'Ihcre vms a 

slight ini tiaJ. drop >vi th time 1 then the pH remained virtually 

constant for a short while, c1.ropped fairly rapio~y, and then 

O.ocrea.scd very slm-vly over a consio.erc.~Jlc per:i.oa. of' til-ne. Vlhcn 

a heavily pla.tinisea. platinum strip vro.s placect in the vessel to 

act as a ca.ta.lyst ana. duplicate the conditions in the conductance 

cell as closely as possible, the rate of faJ.l of pH -rvas more rapio. 

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

an D.J?::?rmdlna.to cor:i.~espondcnce in tirne betvvcen 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). 

The conductance measurements were then repeated using the 

four-electrode A.C. potentiometric method with bright platinum 

electrodes, detailed results being given in Appencli:l:: II, 5. The 

resistances were again found to decrease v.ri th time 1 but at a nmch 

lmver rate than before, and they continued to fall oven more 

slowly when reduction was complete (fig. 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. 

~~asurements at temperatures other than 25°C were not carried 

out as the air-conditioning unit, essential for work at lovrer 

temperatures, was not available. 

5.5 Discussion. 

From the low initial pH of the solutions and the 

variation of the initial slopes of the resistance-time curves vvith 

concentration, it is concludedrthat on solution of the salt in 

vvater there is an almost inm1ediate pyaxolysis 

(II 5.1) 

·which is followed by reduction of the chloroplatinate ion- by the 

free hydrazine, possibly according to 
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(II 3. 2n.) 

or 2- + ( ) 2N2 II4 + ptCl6 ~ Ft + N2 + 2NH3 + 2H + 6Cl- 1 II 3. 2b 

Tb.is Cl.isturbs the cquilibriun of ron.ction (II 3.1) us tho hyclro..zine 

is oxicliscd, oncl results in thJ n.ccumulution of oxoniur11 ions in tho 

solution, e~?ln.ining the clecroaso in pH, nnd tho Grotthus conduction 

"Which arises from the presence of these ions, together -vrlth the six 

chloride ions (l:irrli ting conc1uctnn.ct~ 76. M) "1ivhich replace each chloro-

platina to ion (lind ting conductru1ce 119) is responsible for the 

increase in conductance. 

DecoE~?Osi tion of hydrazino is also lmovm to take place by the 

reaction 

(II 3. 3) 

71 
This reaction h8.s 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 (II 3. 2b) and (II 3. 3) should 

remove some oxonium ion from solution in accordance with 

(II 3.4) 

but it will be shovm that the results are most satisfactorily 

interpreted by the assumption that,during the early stages at least, 

Cn 3. 2a) is the mo::;'e :i.nq:>ortant reaction ,with (II 3. 3) becoming 

significant only after the reduction is complete. 
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At this stage the reduction of hydrazine by (II 3.3) and con-

sequent production of more oxonium ions by (II 3.1) should cause a. 

further increase in the conductance of the solution and a fall in 

its p£4 W11ile the pH does indeed drop slightly, the resistru1ce rises 

when tho ~vo-electrode Daly an~ Smith cell is used, but continues to 

fall steadily in the potentiometric cell. It is believed that this 

is due to the li1fluence of electrqdc polarisation on the resistance 

in the former case, the potentiomctor being unaffected by changes in ( 

the contact resistance of the current electrodes. I 
The relationships with concentration of the tv1o rates of change 

dK (1 IC t 
of specific conductance at for the reduction period,and at 

for the post-reduction period1were then investigated graphically. 

die . The plot of log dt aga1nst log (initial concentration) at 

1000 c./sec. during the reduction of the chloroplatinate was found 

to be a straight line over the lower concentration range, ana a 

virtually straight line of increased 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./sec. and is a~nost 

parallel to it, but the curvature over the higher concentration 

range is slightly more marked. 
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TABLE]!_. 

Rates of change of specif~c conductance vdth time during and 
.after chloroplatinate reduction moasurcq on the Jones Bridge 

. ~.§.~. 

(a) Frequency: 1000 c./sec. 

60. 

c x 1cf mole l-1 l * x 10
6 

mho. 
-l . -l em. nun. diC t '1 -l • ...J. 'dt x 10 mho em. I!lJJ1• . 

2.107 1.08 
2.183 1.77 1.05 
2.579 1.84 1.16 
2.860 1.88 1.24 
3.486 ~ 1.48 
3.529 1.99 1.41 
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 2i 69 
6.689 2.48 
6.981 2.52 3.67 
7.383 2.56 4.33 
8.081 2.64 6.20 
8.596 2.71 7.74 

Results for the reactions at 20.69°0 and 30.70°0 ure listed in 
Appendix II.4. , 

(b) Frequency: 80 c./sec. 

0 X 104 
mole 1-1 j ~: x 1o" mho. em. -l min. -l 

dKI ~ 1 · dt x 10 mho em.- m:in. -l 

i 
..... 

2.529 1.35 0.651 
3.238 - 0.697 
3. 4..()4 I 1.41 -
4.168 1.45 o. 749 
5.371 1.66 0.828' 
5.872 - 0.928 
6.396 1.79 1.14 

,.7. 294 1.87 1.43 
.· 8. 205 2.00 1.74 

•. 

I 
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Since nn appreciable amount of hydrazine remains unoxidiscd at 

the resistance minirnurn, it 1night be expected that reaction (I! 3.2a) 

is predominant. The fact that the ratv of change of conductance 

-vvi th time <luring reduction is a poc.yer function of concentration is 

to be OA1Jccted if tho reduction reaction is indeed of second ordor 1as 

of the resistance-time curve. 

llic initial value of ~~ 

dR -dt being the slope 

is - R-2 £R where R0 is tho extra­a dt 

polatcd value of the resistance at zero time. This initial vnlue 

should be equal to ken where n is the order of reaction, and a plot 

of the logarithm of the initial value against log (initial con-

centration) shou1d be a strai@1t line of slope n. 

TABlE VI. 

dK 
The initial values of' dt at 25°0. 

I 
I 

dR I 
c X 104 dt R;2 dR 1 R-2 dR ·log 0 
mole 1. -l ohm m.in. -l 

at X 10S . og o dt 

3.936 3. 25 
i 

2.370 -7.625 -3.405 ' 
I 

4.500 3. 27 2,843 -7.546 I -3. &·7 

5.115 3.59 3.764 I -7.424 -3.291 

5.275 
I 

3.63 4.024 -7.395 -3.278 

6.170 3.96 5.209 -7.283 -3.210 I 8,596 4.06 I 9,383 I -7.028 I -3.066 I 
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.. :a dR 
Values of - Ro at are -~sted in Table VI, and its logarithm 

plotted against log c in fig. 15, whence n is found to be 1. 9. 

'When log (- a:; )for the··post-reduc~ion period at 1000 c./sec. 

and 80 c,/sec. was plotted against initial concentration, CUX'V'es 

65 • 

similar in appearance to those for the reduction period were obtained 

(f:i.g. 16) 1 but the curves lay further apart and the curvature over 

the higher concentration region at 80 c. /sec. was much more marked. 

The slope over the higher concentration range was approximately 

twice that over the lower for both frequencies. When the reactions 

were 9arried out at 51.70°0 and 20.69°0 curves of the same shape 

were obtained. 

. aA d log K 
As J.t would appear that dt and dt are more closely 

related to the actual rate of reaction than : , these quantities 

were also plotted as f\mctions of the :initial concentration, but the 

same general trends were observed and no more detailed information 

could be obtained from them. (These functions are listed :in 

Appendix II. 5). 

On the basis of these -results it is believed that when all the 

chloroplatinate ion has been reduced and renewal of the electrode 

surfaces by deposited platinum is no longer possible, electrode 

polarisation becomes more important and is responsible for the 

increase in resistance af-ter the min:i.nrum. This is borne out by the 

fact that the 80 c./sec. ~urves in both the reduction and post-



eo 
(/oSdrithmlc) 
\ scalrz 

60 

40 

20 

10 

8 

6 

4 

FIG 16. 

0 

2 

01 HYDRA21N I UM CHLOROPLATINATE. 

Variation of Rate of Change of Spec1 f1 c 

Conductance. w1th Concentration aFter 
Reduchon at 25o C 

64. 

o I 000 c/ sec. 

• 80 c/sec 

0 

4 6 8 10 

C· X 10 4 mole ~-I 



- 65. 

reduction cases lie below those for 1000 c./soc., in accor0. with 

expectation as docruascct frequency incrcn.scs poln.risation and a 

amn.ller area of the surface is catalytically activo. TI1c c~~ponontial 

f f th 1 t f 1 ( 
a K' ) • t t t· · · orm o o p_o s o og - dt agaJ.lls concen ra J...on J...S ll1 con-

form.tty vvith all the OXl)rcssions for excess polarisation resistance 

and capaci tancc at A. c. electrodes which l1<'1.VC bGon clerivoo. in rccGnt 

years. It was not possiblo, however, to compare tho obsurvcd results 
72 74 76 

1ii!ith the equations of Jaffe , Romick , and Grahrunc as no equip-

mont for the men.surcmcnt of polarisation resistance and capacitoncc 

'\VD.S available. 

Jaffe has derived equations for the conductance of solutions in 

v;hich it was found necessary to define tvm typos of ion - those of 

the first and sGcono. kino.s - one of which carrico. tho 11pormn.nont 11 

current, and the other which could not cross tho boundary at tho 
76 

oloctroo.o. It has l)een re1=>orted by Remick and. McCormick , as vvcll 
73 

as by Jaffe and. Chang , tl'l<-'1. t as the concentration of a solution 

increases,tho thickness of the electrode double layer increases. 

TI1o chango of slope of log dd~ when plotted against concentration is 

believed to be duo to ion association, and it is therefore postulated 

that to cross the polarisation layer and be discharged at tho 

electrode, the ion requires a certain activation energy. At higher 

concentrations the layer is thicker, and much of the kinetic energy 

of tho ions is dissipated by the formation of ion pairs,and also by 

more frequent collisions v-mich result only in transitory association. 

(ii) those which do not. vVhen it is remembered that in the case of 

dihydrazinium chloroplatinate there is a platinum catalysed reaction 

which gives rise to adsorbable products, the continued increase of 

resistance may also be partially due to the poisoning of activo sites 

on tho electrode surface, '\Vhich vrould no doubt tend to increase the 

polarisation layer still further. lklcreased frequency also tends to 

increase the thickness of the electrode double layer, and almost 
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certainly has ·an effect on the energy of' the ions as well, so it is 

not su:r1>rising to find tho curve for 80 c./soc. lying below that for 

1000 c./soc. 
dK1 

The increased curvature of the plot of ~ at 

80 c./soc. over tho higher concentration range (fig. 16) ma.y bo due 

to increased ion association permitted by the lower frequency of 

oscillation. 

To obtain experimental confirmation of the views expressed above~ 

the reduction and decomposition reactions were followed at 20.69°0 

and 31.70°0, and apparent activation energies calculated from the 

rates. Some of the plots of log ¥t against ~ for the chloro­

pia tina te reduction arc shOim in fig. 17, and for the decomposition 

period in fig. 18. The apparent activation energies obtained arc 

given in Table VII. L1 the latter case it is easy to sec that the 

apparent activation energies arc indeed higher at lm-ror frequencies 

and higher ·concentrations, but for the chloroplatinate reduction tho 

T.ABIE VII. 

(a) The apparent activation energies for the reduction of the 
9hloroplatinate ion. 

C X io-4 EA at 1 Kc./s. EA at 80 c./s. mole 1-1 

3.0 9.7 9. 2 

5.5 9. 7 9. 6 

7.5 9.6 9. 7 
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(b) .The apvn~rent activation energies .for the decomposition of 
bydrazine .. 

i C X 104 
EA at 1 Kc. /s. EA at 80 c./s. I mole l-1 

12.8 13.1 I 3.0 
I 

I 5.0 13.0 13.4 

I 7.5 13.7 14.7 

values are closer together and no distinct trend is discernible. 

70. 

'lliis is probably duo to the constant resurfacing of the electrodes 

"VT.Lth fresh platinum,producing new active sites. It also seems 

likely that ions which can be chcmisorbed cart cross tho electrode 
77 

double layer because of their relatively high energy of adsorption 

TA:BT.E VIII. 

Rates of chnnge of specific conductance -vT.Lth time durin§ chloro­
latinatc reduction measured on the otcntiomctcr at 25 C at a 

C X 104 dK 10? t 
..1 

dt X 

j mole 1 mho em. -l min. -l 

1.619 2. 55 ! 
2.603 2.90 

4. 297 3.15 

6.282 3.52 

9.167 4.89 

11.88 5.47 

• 
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-when measurements nrc made vli th the potentiometer, changes in 

+.he contact resistances of the cell do not affect the current-voltage 

ratio, and the shapes of the rcsistru1ce-time curves are consequent~ 

similar to those of the pH-time graphs, no minim.U,;.ll bei...'1.g observed 

(fig. 13). As the rates of change of conductance vvith time arc 

lovror, this curve lies belov.r the corresponding curve for tho two­

electrode system (fig. 14). 

~1c foregoing appears to justify extrapolation of the reduction 

slopes of the resistance-time curves to zero time, and calculation 

of the limiting equivalent conductance from the values thus obtained. 

Tho values of the equivalent conductance at various concentrations 

arc listed in Table IX. The plot of the equivalent conductance 

against the square root of the concentration obtained by the potentio­

metric method at 1000 c./sec. lies slight~ above that found by the 

conventional two-electrode method, but both curves extrapolate 

almost to the srunc point (sec fig. _20). The limiting equivalent 

conductances were found to be :119.6 and 119.0 respectively. 
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TABLE IX: 

j:he equival~!r'c conductnnce of dihyd.razinium chloroplatinat,e. 

(a) M'casurs£! on Jones &id_gc. 

~--------~----------------------~-----------------------
C X 1Q4 
mole 1 ... 1 

2.579 

3.529 

3.936 

4.500 

5.115 

5. 275 

5.675 

6.170 

8.596 

24.26 

39.08 

1.· Specific conductance at 
zero time x 10S mho em. -1 i 

I 5.998 
I 

7.787 

8.539 

9.323 

10.24 

10.53 

11.15 

11.47 

15.20 

32.92 

48.30 

(b) IVIeasured on Potentiometer. 

I c X 10'4, 
i 

Specific conductance at 
I mole 1-1 zero time x 105 mho em. -1 

J 
1.619 3.182 

2. 603 4.857 

4.297 7.383 

6o282 9.794 

9.167 13.22 

11.88 16.54 

j Equivalent conductance 
1 mho em. 2 

I 179a 9 

j 170.7 

167.8 

160.3 

154.9 

154.4 

152.0 

143.8 

136.8 

105.0 

95.61 

i Equivalent conductance 
mho cm. 2 

196.5 

186.6 

171.8 

155.9 

14-4.2 

139.1 . ! 
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4. The reduction of_Fydrazinium perchlorate and 
hyc..razinium picrate. 

Gilbert ~asm"cd the conductances of solutions of 

hydrazinium picrate, perchlorate and trinitro-m-cresylate,and cal-
27 

culatcd vah1es for the limiting concluctance of tho hydrazinium ion 
78 

These were based on the picrate ion mobility of Thorn.e.s and Marum 

(30.1) [v;hich has been superseded in tho literature by Daggett, Bair 
79 

and Kraus' value (30. 39) ] , and on Gilbert's ovm measurements on 

potassimn perchlorate, which cliffer from a more recently determined 
80 

value by about ~ • For these reasons, and because Gilbert's 

apparatus was not as sensitive as tho Jones-type bridge which later 

came into general use, it was decided to repeat this work, using 

grey platinun1 electrodes vcith the ~vo-olectrodc circuit, and finally 

bright platinum electrodes vv.ith the potentiometric circuit. 

Bydrazine picrate and perclilorate vre~e prepared by adding con-

• 

centratod solutions of the pure acids slmvly to 85% aqueous hydrazine 

sol\].tion in an ice bath. The crystals were filtered off, recrystallised 

once from ethyl alcohol, and in the case of the perchlorate, tvd.ce 

from conductivity vmter. Because of losses and handling dangers~ 

the picrate vm.s recrystallised once only from conductivity vmter. 

The salts were then dried in vacuo for several days an<l their com-

postion checked by hydrazine analysis. (eydrazinium perchlorate, 

found N2 f4: 24. 2%, requires N2 H4: 24. 2%; hydraziniun1 picrate~ 

found N2 B4: 12.5%, requires N2 E4: 12.3%). 
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Solutions varying in concentration from 4 x 10-4 molar to 

5 x 1o-3 molar vvere prepared in the 11dry box", using previously 

vvnrmed conductivity water to speed the attainment of temperature 

equilibriurn in the thermostat, and their conductances measured by 

both techniques. For both salts the resistances were found to 

decrease vvi th time, albeit very slowly, and. equivalent conductnnces 

were calculated by the extrapolation procedure, n1ese are given 

together vd th the rates of change of conductance of the perchlorate 

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

are compared '\lvith those of Gilbert in Table XII, 

TABIE X. 

E;ydrazinium perchlorate in water: Equivalent conductance and rate 
of chanf}e of specific conductance with time at 25°0. 

(a) Measured on the Jone.s Bddge. 

C X 1e>4 
mole 1-1 

Specific 
conc1uctance 
at zero time 
x 10S mho 
em. - 1 

Equivalent 
conductnnce 
mho em, 2 

dK 
-X 107 
dt 
mho em. - 1 

• -1 rru.n, 

dA 
d.t X 1e>4 
mho em. 2 

min. - 1 

7,699 9,499 i 123,4 9,78 12.70 

7,916 9,759 J23,3 9,39 11.86 

10. 73 13 .. t9 1~2. 9 9, 67 9, 012 

13.34 16.34 122,5 11.42 8,561 

17,69 21.53 121.7 10,66 6.033 

20. 39 2'1-, .. 72 121.4 11. 78 5. 777 

L..-::_:_.:_: __ ~ ____ ;:_;__j __ ~~-~_:_: __ ~_:_:_:_:_..:.,._ __ ~_:_~_:_--' 

._· 
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(b) Measurement on the Potc~i,2.mete:r. 

Specific ~ 107 dA 
-X 104 

C X 1Q4 conductance Equivalent dt X dt 

mole 1-1 at zero t:i.ple conductance mho em. -l mho cm. 2 

x10S mho mho cm. 2 min. -l . -1 
!IlJ.lle 

em, -l 

4.859 6.049 124.~ 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 28.48 121.1 0.323 0.1374 

30.18 36.35 120.5 0.,213 0.07058 

42.51 50.79 119o5 0~208 0.04893 

53.65 63.56 118.5 0.136 0.02535 

Note: d l<?B,..! at these concentrations is listed in Appendix II. 6. 
dt 

The resistances of solutions of both hydrazinium picrate and 

hydrazinium perchlorate decreased continuously with time and no 

minimum 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 repca ted with tho potcntior1ctcr 1 o.nd sub-

stantially the sam~ results obtained, although once again the plot 

of the equivalent conductance against the square root of the con-

centration found by this met.hod lay above thoso determined by the 

two-electrode system (figs. 21 ana 22). 
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Til.J3LE XI, 

The eguivalent cond.uctance of hydrazinium Eicrate in water at 25°C, 

(a) Measured on tho Jones Br:-id,ge. 

C X 104 I 
Specific conductance at I Equivalent conductance I 

mole 1-1 zero time x 104 mho em. - 1 mho cm, 2 

4.116 0.3638 88,38 

6,732 0,5902 87,67 

10.11 0,8788 86.92 

:!.3.81 1.193 86.36 

19.27 1.651 

I 
85,68 

23.97 2,043 85,22 

(b) Mcasured on the Potentiometer • 

. 

C X 104 Specific conductance at I Equivalent conductance -mole 1-1 zero time x 104 mho em, -l mho cm. 2 

4,181 I 0,3708 88.68 

4,694 0.4156 88,53 

9.236 0,8094 87,64 

13.70 1.169 86,79 

21.00 1.805 85,98 

27.42 2. 315 85,54 
.• 

78, 

As the picrate did not appear to be as pure as the perchlorate, 

examination of the Tesul.ts for this salt was not pursued beyond com• 

pro-ison of ·;;be limiting slope with that of Gilbert (see 'lb.ble XII). 

The effect of concentration on the rate of change of conductance 

of the perchloratA 'l::ru.s then ilw8stigated. ks in the case of the 
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The Onsager limiting slopes for hydraz:i.niuni. perchlorate and h,ydrazill:i..um 
Picrate, 

Hydrazinium Perchlorate! 
I 

BYdraziniwn Picrate 

Gilbert 100 81 

This ~-vork on I Jones bridge 125 126 
I 

This work on I 
potentiometer 131 l 112 

! - ·-

chloroplatinate, all rates found by the potentiometric method w~ere 

lower than rates measured by the tvvo-elcctrode system and Jones 

bridge at the srune concentration. 

d/C 1.'1/hen log dt vvas plotted against log (initial concentration), 

the points at lOIN concentration VJcre so scattered that tho !3hape 

of the c'l.l.!'Ve in this region could not be determ:(ned with certainty 

dA 
(fig. 23) 1 but the graphs of log dt against log c obtained from 

measurements on both. the Jones bridge and the pot~nt1ometer appeared 

to have the same general form, although the latter lay below the 

former (fig. 24). 

5. The l:imi ting conductances of the hydrn.zin:ium and 
chloroplatinate ions. 

Extrapolatio~ of tl•c graphs ·of tho equivalent con-

ductanco against tho square root of tho concentration provides 

values for the limiting equivalent conductance of hydrazinium 
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perchlorate of 126.9 and 127.3 vihen measured on the Jones bridge and 

the potentiometer respectively. Gilbert found the limiting 

equivalent conc1uctance to be 125.2, and,on subtraction of his own 

limiting conductance for the perchlorate ion (66~1),calculated the 

limiting equivalent conductance for the hydraziniurn ion to be 59.1. 

Fis value for the perchlorate ion has been superseeded by that of 
80 

Jones (67.36), and use of this figure in conjunction vr.tth the 

results of the present work leacls to a limiting equivalent con-

ductance · for the hydrazinium ion of 60. 0 when measured on the 

potentiometer, while the value found by the two-electrode method 

is 59.6. 

Gilbert obtained a lim.i ting equivalent conductance for bydra-

ziniurn pi era te of 88. 5, and calculated the limiting conductance of 

the hydrazinium ion to be 58. 4. This value vms based on Thomas 
78 

and Marum's picrate ion conductance of 30.1. 

Extrapolation to infinite dilution of equivalent conductances 

measured on the Jones bridge provided a limiting equivalent con-

ductance of 90.9 for hydrazinium picrate, the value obtained from 

measurements made with the potentiometer being 91. o. Subtraction 
79 

of Daggett, Bnir and Kraus' limiting conductro1cc for the picrate 

ion (30.39) leads to hydrazinium ion conductances of 60.5 and 60.6 

respectively. This value differs from that of Gilbert by 3.5%, 

but since the;re is some uncertainty as to the purity o:f the salt, 



much reliance should not be placed on this figure. The date for 

these salts are summarised in the follovang table, 

Limiting conductances of the h.}"draziniwn ion, 

Gilbert This work 

Original Revised I Jones Bridge I Potentiometer 

Perchlorate 

Picrate 

59,1 

58,4 

57.8 

58.1 

59,6 

60.5 

Original values ·~ those given by Gilbert. 

60.0 

60.6 

Revised values - obtained from Gilbert's values for the 

salts with later values for the anions. 

84. 

Using the appropriate limiting conductances for the hydrazinium 

ion, the limiting equivalent conductances for the chloroplatinate 

ion (viz.: % Ft'Jl6
2
-) are found to be 59.5 (potentiometer) and 

59,4 (Jones bridge). No lite~ture values exist for comparison, 
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PART I I I. 

CONDUCT.ANC".S ME.A.StlRE:M.ENTS ON SOLUTIONS OF HYDROGEN CHLORIDE IN .ACETONE. 

1. ,The Pre:g,o .. ration n..nd R'll1.dling of Anhydrous Acetohe. 

In recent years most ·workers have starteo .. Yvith ".Analar" or 

s:L"Dilar grade acetone ,ana.. the problem has become mainly one of 
. 48 

desiccation. Everett nnd. Ramrru.ssen 1 however, purified their 

acetone through the bisulphitc addition compound, kept it aver 

potassium pcrmanganatc for several days and then fractionally dis-

tilled. it to remove ·water. Their solvent had a specific oonduct­

~ce of 3.5 x 10-9 ohm-1 cr~ -l~ and they criticised the usc of 

strong dehydrating agents, stating ~1at these led to condensation 

reactions. 

Bl 
Dippy, Jenkins and Page found that 11.Ana.lar11 acetone was 

superior to bisulphite-purified acetone, and also o~ca. the 

efficiency of sevcrol ru..~ying agents. Phosphorus pentoxidc produccC. 

a brovvn colour and the mixture warmed up very rapicUy, while 

nnhydrous po~assium carbona tc 1 soditUTl sulpha to an.Cl magnesium 

sulpha·l:;c were not efficient. Their procedure was to keep the 

acetone for tvro weeks over finely ground fused calcium clU.oridc 

to vvhich a little potassium carbona to had been addcc1 .. , and then to 

froctionate it through a long column packoc:l vvi th glass beads. The 

specific conductances were found to be in the rnngc 6 - 13 ::c 10-
8 



43 
This moth oct \NUS also used. by French and Roe vvho 

obtained a ffi)ecific conductance of 9 99 x 10-8 ohm-1 CTI4 " 1 at 25°C. 
J: e I 

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

86. 

ductance 6 x 10-s ohm - 1 dU. - 1 by first distilling Kn.hlbaum bisulphi te-

purified acetone and shaking it vdth potassiura carbonate. It was 

then fractionated anc1 storca. in n. special container. \tfuen anhydrous 

co~ocr sulphate was used instead of potassium carbonato,~1e specific 

conductance of the product vvas 1. 0 x 10 ... 7 ohm -l ern. - 1
, but Daly and 

Smith rcfluxed acetone over cop}?er sulphate and fi'n.ctionally 

distilled it from the fresh anhJ~ous salt, obtaining a value of 

6 x 10-s olur.-1 

A superior grade of acetone which had a specific conductnnce of 
. 82 

about 10-10 olw-1 em. - 1 was prepared by Irumung • Merck 11pro 

nnalysi"n.cotonc was shaken for one day with previously dried potn.ssi'Ull 

carbonn.tc, nncl then vacuum distilled from fresh potassium carbonate :.n 

nn all gln.ss apparatus. Tho frn.ctionating column vms 1. 25 metros 

high nnd paclcccl -vvith small pieces of glass tubing. Lonnung criticised 

the .usc of calcium chloride as a dossicnnt as it forms an addition 

coErpound vdth acetone, and stated that potassium carbonate Clry:i.ng 

followed by simple di.stilln.tion leaves 0.15% 'livnter which can only be 

removcci by efficient fractionation. 

a a 
Reynolds and K'-.L'n.us prepared anhydrous acetone by shaking the 

liquid ·with calciurn chloride for several days, after which it vvns 
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tv.~cc distilled from activated almnina. Their acetone had D.. specific 

conductance of 1 - 2 x 10-9 oh.m-1 cn1e - 1
, and they deplored the use of 

non•aqueous solvents of such quality .as to require solvent corrections. 

37 
Dippy ru1.d Hughes modified this procedure. 11.Anal1U'n acetone 

v-ms shal::en vvith calciun1 chloride for four c1ays1 rapic1.ly filtcred1 and 

reflu::::ec1 from. baked-out alurnina for tvvo to three hours. After being 

left in the dark for seven to ten clays, it ~vus rapidly filtered on 

to fresh alum:ina, rofll.Uted agam, filtered and fmally fractiontl.ted,. 

The specific conductance of this acetone wn.s 8 x 10'""9 ohm"'"1 em. -1
• 

Dippy anc1. Hughes obt::.rincd consistent results -vrlth batches of acetone 

vrhich they considefcd to be of <d-ade I qu['.li ty. The specific con­

ductances of this acetone varied between 2• 08 x 10-8 obr.1-1 em. -l 

anc1 2. 36 x 10-8 ohm"'"l em...,_ 1 and they ·concludeo. that n. moc1erate 

solvent correction '\vas permissible, but that large divergences il1. 

solvent quality nTUst be n.voidcd. 

The self condensation of acetone to mcsityl oxide is catalysecl 

by o..ctivatcd alm11ina, but tho contanlinants produced by the reaction 

should be rcmovea. by fractional c1istil1ation, and in spite of the 

wastage inherent in the alumlina methoa., this appeared to be the most 

convenient ru1.d reliable \vay in which to prepare acetone of hi@1. 

quality. 
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".Analor" acetone i:vn.s shaken with anhydrous ".Analar 11 calcium 

chloride for tl1r0e clays anc1 n'q)iClly' f:il toreCl. on to Spence type A 

alumina pellets vn1ich lli~d been activated by heating at 16000. The 

acetone •vas then refluxed for about three hours :in the dark, allowed 

to stand for tv!Clvc hours and decanted :into the reflux flask of the 

apparn.tus shown :in fig. 25. It vras again refluxcc1 from fresh 

alumina ana allO"Ned to sto..nd, this time for twenty-four hours, afJcer 

which the flb.sk >vas connected to the ary nitrogen line, and tho liquid 

blovm over on to bake<l-out glass heads :in the distilling flask, w:i.. thout 

coming into contact vt.i.. th the atrilosphere. It was then rcflU:Xcd for 

about half-on-hour in the ~ 1 metre fractionating colum11 Yvhich 17n.s 

packctl m th short pieces of glass tubing, after which the capillr_ry 

tap A (fig. 25) vms opened enough to permit a slovi drip of n.ce·bono. 

The st:tllhead and reflux condenser were so designed that most of the 

liquid returned to the distilling fln.sk, ano. all ground glass joints 

o.nd stopcocks were lubricatecl vd.th Eimer ancl Amend "Nonaq11 grease. 

The suitability of this gren.se vms tested by invcrJdng n. srcll 

"Quickfit" fln.sk fillecl. with acetone. The stopper of this flask was 

lubricated with 11Nonaq11
, and no signs of leakage; were n.pparent n.fter 

six ...-reeks. 

The distilled acetone passecl directly :into o. dry box Yrh:ich con-

Pcfore o.ny containers 

insic1e were opened, the box vvas gassecl out for hn.lf an hour \rl th 

nitrogen, which lli'ld been dried by passing through tubes containing 
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silica gel and phosphorli.s pentoxide. Apparatus was handled through 

neoprene gloves. All solutions were prepared1 and the conductance 

cells filled and sealed' in tho drybox, which was maintained at a 

slight positive p~cssurc of nitrogen. 

The acetone iffis collected in a specially designed receiver (fig. 

25u) kept in the drybox, the distillation being carried out as far 

as possible in the dark. The detachable flarucs and other small 

glassvffire were baked out ip an roven at 140°0, n.nd the condensers 

and calibrated flasks washed w~th distilled acetone and gassed out 

vT.ith dry nitrogen before usc. 

:Measurements of the conductances of solutions of potassium 

iodide in acetone were made to check the quality of the solvent 

used. Th.e concluctahces are. given in Table XIII, and compared vvith 
33 37 

the results of Reynolcls and Kraus and Dippy n.nd Hughes (for 

Grade I acetone) in fig. 26. 

TAB."ill XIII. 

The conductance of potassium iodide in acetone. 

c X 1if Specific conductance at 'Equivalent conductance 
mole 1-1 

X 1<f mho om. -1 mho cm. 2 

6.400 1.0835 169.3 

12.82 2.0230 157.8 

16.64 2.5498 153.2 

i 

J 

I 
I 
I 
J 



Fig 25a. ACETONE. R E.C..E.IVE.R.. 



2. Doter:mimtion of the Moisture Content of Acetone. 
59 

92. 

1.trsels used the concluctances of saturaJGed solutions of sodium~ 

potassium, caesium and rubidium chlorides, and caesium ana_ potassium 

fluorides,to determine the moisJGUre content of acetone,and expressed 

the view that it is not possible to obtain a vvater content of less 

than o.os%. 

As suitable modified reagents extending the applicability of the 

Karl Fisc4er titration to the deterP~tion of moisture in ketones 
83 37 

had been described , Dippy and fughes used the potentiometric Karl 

Fischer titration to determine the water conte:r\t of their acetone, 

and it vi/3.s decided to follow a similar procedure in the present work. 

Most so-callect "moisture proof11 burettes and "Karl Fischer Apparatus11 

cmmnorciaily available are scaled vvith rubber gaskets and incorporate 
84 

rubber tubing vJhich may allow considerable ingress of moisture • 

Ln. view of the hygroscopic nature of acetone, an all glass and poly-

thonc apparatus was designed to enable satisfactory performance of 

those titrations. This apparatus is shown in fig. 27. 

A special vreight pipette (fig. 2&.) vvas weighed, filled ·with 

acetone in the drybox, weighed again, and fitted on to the titration 

vessel. The apparatus Vi/3.S then gassed out -,dth dry nitrogen, after 

which the sample Yi/3.S allmvccl to run into the titration vessel, 

mixed vvi th excess pyridine from the second burette, and titrated 

with tho reagent. The end point vvas determined electrometrically 

using the circuit shovm in fig. 28b. The reagent used consisted 
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86 
of 270 ml. pyridine, 668 ml. benzene and 64 g. so2. This reagent 

was standara_iscd with vro. tor before use. 

Tho vvater content of the acetone used in this work vvas found 

to vary betw·oen o. 08 - o. 13%. 

3. The Preparation and Analysis of ijy;drogen Chloride Solutions. 

Hydrogen chloride of high :purity was prepared by treating silicon 

tetrachloride vd th distilled vm tor. ~he gas was dried by passing it 

through a !Ik'lgnesium perchlorate tmver and a trap immersed in a dry-
. 

ice-acetone freezing mixture 1 after which it v,~U.s allowed to bubble 

through an ice-cooled acetone saturator1which had been filled in the 

d.rybox (sec fig. 29 ). After about ten minutes the stopcocks vrcre 

closed and the saturator disconnected a.nct replaced in tho drybox. 

Sc7eral snirrples were then transferred to 50 ml. volumetric flasks vdth 

a calibrated 5 ml. pipette. On being removed from the drybox, about 

30 ml. distilled water was added. to e{ich flask, the contents 

quantitatively transferred to a 250 ml. beaker, and chloride dc·cermined 

gravimetrically with silver nitrate. 

Solutions of the required concentrations vrore then prepared in 

the drybox by the method of successive dilution, the concentration of 

each being checked by titration vvith standard sodium hydroxide. The 

last sample of eacl~ series i~S analysed grav~nctrically, and if 

satisfacto~ agreement n~th the titration vms not obtained,the results 

for the "~ivholc series. were ignored._ 
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Although &olutions of: hydrogen chloride in acetone turned. 

brown· on stand.ing,no appreciable changes in the conductance or tho 

potential were observed CNer\periods of up to twelve hours (see 

Table XIV); all solutions were acco~ly used on the day of 

preparation. Two b~tches of acetone wore prepared, and two solutions 

of' hydrogen chloride were made from each batch for the conductance 

studies. 

·mrn XIV. 

Stability of hydrogen chloride solutions in ~cetonc. 

Initial Potential Initial Specific 
C X 104 potentiaJ. after 8 hours specific oond. x 106 

moles 1-1 mV mV cond. x 1<J6 after 12 hours 
mho em. -l mho em. -l 

2.752 - - 1.7981 1.7979 

7.440 - - 3.5645 5.5641 

56.2 50.3 50.4 - -
185.:.0 106.5 106.2 - -

: : ' 

4. Conductance :Measurements on Solutions of Ijydrogen Ohlorid.c in 
Acetone. 

The conductances of solutions of hydrogen chloride in anhydrous 

acetone were measured on the Jones bridge at 25°C,using the Daly and 

Sm:ith cell 'vith grey platinum electrodes. It was unf'ortunately not 

possible to use the potentiometric method for ~ work in this 

solvent9 as the prototype potentiometer described in § II.5.2 

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

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

Equivalent conductances vl'ere calculated from the measurctmnts 

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

(fig. 30) 1 o.nd. a graphical extrapolation to infinite dilution gave an 
I 

approximate value for the limiting conductance of 210 ohm-1 em. 2 

86 81 
(cf. Sackur 12.7 ohm•1 em. -1 J Ross Kane 199 ohm-1 om. 2 ). 

TABlE XV. 

The. conductance of hydrogen chloride in p.nh:ysz:ous acetone - Fuoss Plot 

A0 
1 assumed 210 mho om. 2 

' 0Af2 ' Specific 
Series ·0 X 1~ cond, x 1fP A mho F(ro) f2 F(ro) F(ro) 

mole 1-1 cm,2 A 
mho em. -1 X 10S 

B2 0,0704 ' 0,9111 129,3 0,99630 0.96394 0,0077 0,8815. 
B2 0,1761 . o. 9527 54.10 0,99620 0,96516 . 0,0184 0.9211 
A1 0.4402 1,2274 27,88 0,99569 0,95822 0,0357 1.181 
B2 1.103 1.3775 12,49 0.99539 0,95580 0.0797 1,323 
B1 2, 752 1,7891 6,501 0,99479 0.94980 0,1530 1,708 
A 2 4.464 2,5239 5.654 0,99378 0.94062 0.1758 2,389 
B1 6,881 3,4.488 . 5,012 0,99277 0.93092 0,1981 3,234 
A1 7,4t1...0 3.5645 4.791 0,99257 0.92980 0,2072 3,340 
B 2 9,329 3,9649 4,.250 0,99217 0,92008 ·. 0 .. 2334 3,701 
A1 15,52 4,7050 3.032 0,99147 0,91972 0.3270 4.365 
A 2 23.25 5,5970 2,407 0,99076 0.91274 0,4116 -5.156 
A 2 ,30. 97 6,9139 2. 231 0,98964 o. 90350 0,4456 6.308 

Series lette:rs refer to batch of acetone, numbers to the E.Cl 

solutions. 

- ' 
. '( r(<g.S' X 10 -L~ 4-~ ~ ~~ ~ ~ K'J>-

_, 
w....~ 1\,. ~ "'Z..~~o. 
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42 
.~.Uthough Br-aude claimed that hydrogen chloride 11ms "largely or 

completely dissociatcd11 in acetone, the shape of this curve indicates 

thn.t it is a very vrenk ac;id1 calculation from the conductance ratio 

producing a dissociation constant of 2, 82 x 10-7 • Th:i.s compares 

reasonably well vr.ith the c1issociation constants men.surcc1 by Ross 

Kane (3,15 x 10-7 ), Mackor (10-6
) and Sparnaay (10-7 - 10-8 

). Bt-aude 

stated that :-- k vac, where k is the Onsager limiting slope, should 
0 

be an approximate measure of the Clegree of dissociation, :?.nd he based 

his calculations of this qunn ti ty on Sackur is lirni ting slope, as Ross 

Kane's rcsul ts ha.d never been published. in detail. However 1 Saclrur 

\ms obviously deceived by the apparent linearity of the curve in a 

region of quite moderate concentration,and did not extend his measure-

ments to sufficiently high dilutions, so that both his limiting slope 

ar~a li!l'.iting equivalent conductance are irt6orrect;. While Bbttude 1s 

conclusions as to the degree of dissociation are fallacious, his usc 

o~ the acidity fUnction to calculate the proton accepting strengths 

of ether, alcohol, \v.lter and acetone has established the existence of 

t!le :Me2 COH+ ion. 

For a vve::J.t uni-univalent electrolyte tho Onsager equ.c'ltion takes 

the form 

A = ex ( A0 - (A + B A0 ) ~ ] (III.1) 

where A and Bare cojstan~respoctivoly defined by 

. % 
1. 546 x 10-7 (8 J(' e2

) 
A = 6 1t '11 ( .zl + z2 ) 10do e ( T 

82,4 
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and. 
3 e ( T • (1000 e J T)% (1 + -Jq 

where q = 

= 1 h for symmetrical electrolytes where 
z.t = .z..a , whence B simplifies to 

B = a. 20 x 10S 
(eT)% 

(III,1b) 

While equation (:IIL 1) holds reasonably vroll f'or solutions of dielectric 

constant greater than 30, the limiting slopes have increasingly lovror 

values than those predicted,as the dielectric constant is reduced 

below this figure, 'lliis is due to the formation of ion pairs and 

ions of greater con~lexity so that the assumptions regarding the 
35 

activities of the ions become :L"lvalid., Fuoss and Kraus therefore 

established a method for tho determination of both the limiting . ~ . . . - . . 

equivalent conductance and tho dissociation constant vthich is based 

on a solution of the above equation below the concentration at which 

association into grorrps containing more than two ions becomes 
35 

appreciable. This critical concentration has been stated by Fuoss 
' 3 

to be equal to 3. 2 x 1o-7 s 1 and for acetone it has the value 

2,8 X 10-3 mole 1-1 , 
33 

Fuoss modified equation (III.1) to 

A 
(Ill. 2) a: = ·flo F(ro) 

where ro is the variable 
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::n = (III. 3) 

ana. F(m) is the continued fraction 

F(::n) (III.4) 

35 
Values of this function have been detorE1inod by Fuoss ,and tabulated 

to facilitate the calculations. 

The dissociation constant is given by 

(III. 5) 

but if the activity coefficient of the undissociated molecules fm 

is taken as unity, this expression becomes 

where f'± is the mean ionic activity coefficient. Fuoss substituted 

the value of' a gi von by eq_ua tion (III. 2) in equation (III. 6) and 

on renrrn.nger.'.ent obtained 

F(::n) 

A 
= 

1 cAfi 1 
+- (III. 7) 

/ 

n(..,., \ c Af2 

So t t...'·'t P plot O·f' ~ · t ± h ···,d b t · 1 t 1" f ll<... ~· A aga1ns F ( ro) s OLU.. e a s rn.J.g 1 111.0 o 

1 1 a. . t t t inf" •t -'1-1, t• 1 
s ope I\:1\o 2 an 1n creep a 111.1 e u...w..u J.on A;• 

This treatment has been shown to be so.tisfactory for several 

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

as all but tvvo of the measurements on hydrogen chloride v.~Gre made 



. c 
,.~ / 

·.~' 

'' I' , ~ ' 

104 • 

on solutions ;--;h:i..ch -rrere below the Fuoss critical concentration, an 

interpretation of the results by this methoo. vm.s attempted (sec Table 

XV and fig. 31). 
r· , __ 

:, ' 
The Fuoss plot shows marked changes of slo1)e in tho concentration 

range from 2. 5 x 10-4 mole 1. "'".1. to 9. 5 x 10-4 mole 1. -l , ru1.d extra-

polation leads to an :i.rfq?ossiblo value for the lir:ri.tine; equivalent 

conductance. The dissociation constant calculated fron tho conduct-

anco ratio ;vas found to be fairly constru1.t at (2.8 ± 0.3) x 10-7 

over this concentration range, but calculation from the slopes of 

tho Fuoss plot, asrnz,rlng A0 to be 210, gave values of 3.1 x 10-7 

over the higher ra.nge of concentration, 8.7 x 10-7 over the inter-

mediate, and 1. 45 x 10-7 in the lovvcr concentration region. Further-
99 

more, according to the treatment given by KortUm and Bockris 1 i.'1 

tho case of a we~< acid ll1 a solvent of low dielectric constant,thc 

LY6crionic forces arc relatively small, so that f:1; may be taken 

as unity and equation (III.6) reduces to the classical form of tho 

Os~vald dilution law 

K = (III.8) 

Hmmvor, if the dissociation consto...'1t is very small, (1 - a) will 

also approx:i..r!latc to unity, nnd the clissociat:i..on constant will be given 

by 

(IIJ;. 9) 

(III.9a) 
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On taldng loga.ri thms the expression becomes 

log A = ~ log K Ao 2 ... 1h log c. (III.10) 

lDg A should therefore be a linear function of log c 1 and at low 

dilutions, where only ion pair formation is expected, the straight 

line should l1ave a slape of -0.5. Values of log A and log c for 

hydrogen chloride in acetone are given in Table XVI and the plot 

shovvn in fig. 32,whence the slope is found to be -0.8. 

TABlE XVI. 

C X 104 - log c log A mole 1-1 

0.0744 5.1522 2.1116 

0.1761 4o7543 1.7332 

0.4402 4.3563 1.4453 

1.103 3.9575 1.0965 

2. 752 3.5604 0.8130 

4.464 3. 3503 o. 7523 

6.881 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 chloride does not 
47 4'7 

behave as a simple acid in acetone, and both Mackor and Sp~~y 

appear to have reached similar conclusions 1 but neither published 

details of their work. Mackor has stated that his results might 



FIG 32. 

18 

1·6 

lA-

1·2 

10 

OS 

0·10 

04-

-50 

HYDROGEN CHLORIDE IN ~CETONE 

I og f\, oga;ns+ I 09 C 

\ 
\ 
\ 

\ 
\ 

\ 
\ 

-4 0 

107. 

-3 ·0 
I og c.-. 



108. 

indicate a d:i.merisa tion of H.Cl in acetone, but while it seems evident 

from the present work that association ~ust occur, the aggregates 
43 

appear to be nruch larger than d.:Uners. French and Roe have explained 

the variation of the conductance of picric acid in acetone on the 

basis of triple ion formation, but due to the shape and size of the 

picrate ion, their treatment is not applicable in the case of 

hydrogen chloride. 

86 
It has been mentioned that Sackur was deceived by the approach 

to linearity of the plot of the equivalent conductance against tho 

square root of the concentration at quite moderate concentrations. 

However, this linearity indicates the presence of an electrolyte 

which obeys tho Onsager equation, t.e. 

(III.11) 

a.lthough this equilibrium will be complicated by dissociation of th.? 

hydrogen chloride polymers into simpler aggregates. Ross Knne 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 \large anion would seem to be about 12, so that A0 might be 

expected to be about 100. Sackur's extrapolated value for the 

limi t:i.ng equivalent conductance of hyc3.rogen chloride was 12. 7, and 

extrapolation of the intermediate concentration section of the Fuoss 

plot (fig. 31) shows A0 to be about 12.4, indicating tl1at possibly 

* All limiting conductances are expressed in ohms-1 cm2
• 
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eight molecules might be associated over this range of concentration. 

If the polymeriscd hydrogen ch.lorid.e molecules are ionising 

according to reaction (III. 11), tho equivalent conductances should 

be calculated for molecules of equivalent weight 3G.49ro. If a 

Fuoss plot is made us:ing the values :in the concentration range 

2.75 x 10-4 to 9.3 x 10-4 mole 1~ assuming that the polymer con­

sists o:f eight molecules, the lim:i.. ting conductance is found to be 

80.6, an impossible value since it is below Ross Kane's va~ue for 

tho limit:ing conductance of the hydrogen ion. Calculation on tho 

basis of tho association of ten molecules provides a value of 101.5 

for A0 mid o. dissociation constant of 3. 2 x 10-s, while the assumption 

of tv.relve moiecules result::dn values of 119 for tho limiting 

equivalent conductance and 2.9 x 10~ fot the dissbciation constart~ 

(Table XVII, fig. 53). As the observca dissociation constant 

decreases vcith increasing lllniting conductance, it seems that the 

hydrogen chloride polymer consists more probably of ten molecules 

than ~-relvo. However, since association is almost certainly due 

to hyarogen bonding, tho aggroga tes vvould be expected to be chains 

of indeten~inato length, so that this treatment nmy only produoe 

an average or most probable estimate of the number of molecules, 

and tho changes of slope in the Fuoss plot may represent changes 

in this quantity. 
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TABlE XVII. 

Fuoss Plot drl. ta for hydrogen chloride polymers; A0 ' assilined to be 

100 mho cm. 2 • 

(a) Polymer consisting of eight molecules (HeC18 ~ If + ~Cla -) 

C X 1Q4 I A I F(ro) I f2 I ~l I cAf2 

mole 1-1 mho cm. 2 I A F(ro) X 103 
··' .. . "' 

o •. :JtlAO 52.01 o.97:Y:-'1 0.9273 o.o1s72 1.704 
1 o. 5580 45.23 0.96840 0.9142 0~02141 2. 383 

0.8601 40.10 0.96291 o.9ooo 0.02402 3.224 
0.9300 I 38.33 0.96229 0.8984 0.02511 3.328 
1.166 M.oo 0,9602± 0.8930 0.02824 3.687 i 

. I 

(b) Polymer consisting of ten molecules (H, 0 Cl1 0 ¢ IF + :age~ 0 -) 

C X 1()4 A 
F(ro) f2 I F~) ~t~ X 10

3 
mole 1-1 rnho em. 2 ; 

o. 2752 I 65.01 o.97:Y...4 0.9272 0.01497 1.'704 

r·*M 56.54 0.96840 0.9142 0.01713 2.383 
0.6881 50.12 0.96291 o. 9ooo· 0.01921 3.224 
0.741-0 47.91 0.96229 0.8984 0.02009 3.328 
0.9329 42.50 0.96021 0.8930 0.02259 3.68'7 

-·-

I 

P X 1Q4 
mho Acm. 2 1 I 

' F(roJ cJI.£2 1Q5 F(ro) f2 
mole 1-1 A FTroY X 

' ' 
0.2293 78.01 0.97344 0.9272 0.01248 1.701-
0.3720 67.85 0.96840 0.9142 0.01427 2.383 
0.5734 60.14 0.96291 0.9000 0.01601 3.224 
0.6200 5?.49 0.96229 0.8984 0.01674 3.328 
0.7774 51.00 0.96021 0.8930 0.01883 3.687 

I 

., 
I 
I 

l 
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P 4 R T IV. 

POTENTIOMETRIC EXPERD.mmTS :rn MOIST AND ANHYDROUS ACETONE. 

1. Introduction. 

P.cior to 1952, dimethylketazine -,..ras thought to be too weak a 
8""3,8 

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

of salts which appeared to contain a dimetlzylketazinium ion resulted 

in speculation as to their true nature. 

T!1e base is extensively hydrolysed by small traces of moisture, 
29 

, but Gilbert has shown that in excess acetone the equilibrium 

mra CI-Is 
...... ./ 
"c = N - N = C + 2~0 

c~ "ells 
(IV.1.1) 

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

ketazinc 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 potentiometric titrations of d:imethyl-
92 

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

fact that the validity of the Henderson equation 

- log [H+] = - log Kb + log ~salt j base 

in non-aqueous solvents is uncertain. Furthermore, comparison of the 

titration cu_~ of dimethylketazine in acetone vdth those of other 

bases in tho same solvent might be expected to provide some 
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information as to its relative strength. 

Potentiometric titrations of dimethylketazine with solutions of 

~drogen chloride in moist acetone were therefore performed, and the 

results compared with those of titrations of 1:2:3:4-tetrahydro-

quinoline, 1:2 :5 :4-tetrahydroisoquinoline and piperidine which had 

be~n carried out in c6nnection with another research project in 

progress in this laboratory. While these titrations indicated the 

presence of a basic substance of low ionisation constant, this 

constant could not be determined acCurately. Since no standard 

potentionals fCYr the electrodes used were available, it was apparent 

that more comprehensive investigations on solutions of ~drogen 

chloride in anhydrous acetone were necessary, and the succeeding 

pages describe (1) E .. M.F. measurements on solutions of hydrogen 

chloride in acetone, using the calomel and chloranil electrodes, 

(ii) potentiometric titrations of tetrahydroquinoline, tetrahydro-

isoquinoline and piperidine vvi th HOl in moist acetone 1 and finally 

(iii) potentiometric ti tra tions of dimethyJ.ketazine in moist and 

nnbydrous acetone. 

2. E.M.F, Measurements on Solutions of Hydrogen Chloride in .Acetone. 
61 

Ulich and Spiegel studied several metal-metal halide electrodes 

.in acetone, and foupd that most of them gave unstable potentials 

which were not reprod.u.gible_. They explained this by postulating 

·the formation of comp~e:x: ions of the type 1fa.Xb (b-a)-, and cited as 

evidence the fact that :tpe addition of lithium halides increased 
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the solubility in acetone of the corresponding mercury and silver 

halides. 

52 
Contradictory results were obtained by ilrthur and Lyons , vvho 

constructed cells consisting of tv7o saturated lithium chloride 

calomel electrodes, and demonstrated their suitability for polaro­

graphic work in acetone. The cell Hg,Ifg2 Cl2 ILicli!LiC1IHg2 01:u Hg 

had zero emf. to within one mUlivolt both before and after the 

passage of a current of 50 micro~s for one hour, and a cell con­

sisting of one freshly prepared electrode and one several ·weeks old 

still shovved no difference of potential betvveen the electrodes. 

Current through the cell was found to be a linear function of the 

applied voltage over a range from 0 to 2 volts. These tests showed 

that the electrode j.s reversible, stable and reproducible. These 

authors also showed that when acetone saturated with lithiura chloride 

is brought into contac;,G 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. 'lhe water content of their acetone was determined by Karl 

Fischer titrations and was found to be slightly less than 0.1f~ 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. Ilfons made no attempt to measure the 

potential of the lithium cl>.loride saturated/calomel electrode against 
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n. standard -hydrogen electrode in acetone, no standard potentials. 

wore avo.iln.blc. 

48 
Everett and Rasmussen investigated the cell 

Ft8 H2 ( 1 atm) IHCljAgCl,Ag and found that the silver-silver chloriC1..0 

electrode behaved satisfactorily in dilute solutions in acetone, and 

they calculated the standard potential by the follovdng procedure: 

Since hydrogen chloride is a vroak electrolyte in solution in 

acetone, the e.m.f. of the cell Ft, B2IHCllAgCl,Ag should be given 

by 

(IV. 2.1) 

in ~mich a is the degree of dissociation, ~l the stoicheiomctric 

molali·ty of hydrogen chloride,and Y:t; the mean activity coeff'icient 

of the ions. Introducing the dissociation constant 

K a = 

into equation (IV.2.1), Everett and Rasmussen obtained 

= E0 .. ]lT ln K - RT ln (1 - a) 
F a F 

RT - F ln ~HCl 

vv:hlch reduces to 

(IV. 2.3) 

(IV. 2.4) 

because (1 - C{) may be taken as unity. They assumed Y:ar:a to va:ry 
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linearly vv.i.th the molality of hydrogen chloride, so that a plot 'of 

E + ~T ln ~l against llJicl might be expected to be linear, having 

an intercept of E0 _liT 1n K and a slope representing the 
F a 

variation of yHCl \"lith ~1• This assumption v~s justified since 

Everett and Rasmussen's points for conc~ntrations above 0.01 molal 

were found to lio on such a straight lino, but tvro points meo.sured 

below this concentration were above tho line, 

1he fact that the plot of E + f ln mg,1 o.ga.inst the molality 

is linea.r,indicatos ~ (i) that the apparent K is ei'feotively a. 

constant over the concentration rang~ in which measurements \VOre 

made and that yHCl varies linearly with the molality, or (ii) that 

the apparent dissociation constant varies and YHCl is not linear 

with the molality 1 but that the variation of the t\vo combil1ed pro-

vides a linear function, Tho latter possibility seems most improbable, 

and evidence for the former is provided by the shape of tho graph of 

the apparent dissociation constant against the concentration of 

hydrogen chloride measured in the present trork, which is alr.aost 

parallel to the concentration axis over part of t~e concentration 

range concerned (fig. M ). 

Using Mackor 's value for the o.issociation constant 

of hydrogen chloride in acetone (10-8
), Everett and Rasmussen obtained 

a standard potential for the silver-silver chloride electrode of 

-0. 53 volts. Their treatment should be applicable to all cells of' 
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the type Pb1EG jHCliMCl,M in acetone, irrespective of the metal useo .• 

In solutions containing o~methyllretazine,the silver-silver 

chloride electrode did not function satisfactorily, and since the 

usc of a hyorogen electrode in a direct potentiometric titration 

vrould have complicated the design of the cell, the chloranil and 

lithium chloride saturated/calomel electrodes were selected for the 

present 'Vrork. 

93 
Tho quiriliydronc electrode had been used by Izmailov and Zabara 

in acetone-vmtcr mixtures, but quinbydrone appeared to be too soluble 

in anhydrous acetone. Previous usc of the chloranil electrode in 

this solvent coQld not be traced, and no stand~d potentials of the 

calomel electrode had been recorded; accordingly the cells 

ft, EG .I HClll LiCll Hg2 012 , Fig 

Ft, chloranill ROlli LiCll Hg2 012 , Hg and 

Hg,HgaClaiLic111:srai.Agcl,.Ag 

\vere investigated to facilitate the interpretation of the potentio­

metric titration. 

3. Studies on the Calomel and Chloranil Electrodes in Acetone. 

In cells with liquid junction,diffusion between the solutions in 

contact must be reduced to a minimum, but the convcntionnl gel-type 

salt bridges ~c soluble in acetone, and the usc of saturated 

solutions for this purpose must await the measurement of transference 
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numbers in this sol vent. 'I'he problem of diffusion betYmen the calomel 

electrode and the hydrogen cl1lorido solution was overcome by con­

structing an H-shaped vessel in which the calomel conrpn.rtm.Gnt 'Iivas 

separated from the hydrogen CP~oridc solution by a sinterod glass 

elise of low porosity. (Sec fig. $5). A platinum vri.rc 'f•lUS scaleo. 

into the solution compar~nent for use vdth the chloranil electrode 

during potentiometric tit;r:-n.tion, and the Bi!,; ground glass joint so 

arranged to tcl{e either ~· specially designed burette or a platinu~ 

plated glass rod for the hyo.rogen electrode. A nozzle vms provided 

to supply either hydrogen for tho electrode or nitrogen for stirring 

during the titration, 

~1e saturated lithiun1 chloride/calomel electrode vms prepared 

in the follo'\IT.i.ng ma.:rmer: a paste of' acetone, calomel, lithium 

chloride a11Cl. mercury \VUs macJ.e by mixing a11d grinding the dried con­

stituents in an agate mortar in the Cl.rybox, and poured on to a pool 

of redistilled electrolytically purified mercur.y in the saaller limb 

of' the cell. This was covered. with acetone which haa previously 

been saturated. vri.th calomel and lithium chloride, and contact with 

the mercury pool ii!JaS made by means of' a platinum vvire sealed into 

a glass tube internally scaled into a B14 ground glass joint 1by 

means of which this limb of tho cell -was closed, thus preventing 

evaporation. The -v1iro vms prossed through the paste into the mercury, 

and electrical cont~ct ~ado through a mercury crrp f'ormea by pourll~ 

the metal clovm the tube. 
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The hydrogen electrode consisted of a glass tube joined to a 

B11 grom<d joint at one ond~v.ith a platinun contact sealed at the 

other. Platinur.~ vvas plated on to the glass by tho usual reduction 

method, heated until it just glowed1 and stored in a hydrogen-filled 

desiccator until used. Hydrogen vvns prepared by the electrolysis 
' 

of aqueous sodiurn hydroxide solution and p~ssod through drying tubes 

containing indicating silica gel anc1. magnesiu"i1 perchlorate# after 

which it was allovved to bubble through an acetone sa turn tor 

imrnersed in the thorn1ostat. Follmving the recommendation of Everett 
48 

and Rasmussen , the volume of the saturator was about three times 

that of tho cell. The gas outlet was protected from annospheric 

moisture by tubes of magnesium perchlorate and silica gel. 

Tetrachlorohydroquinone was prepared from tetrachloroquinone 

(chloranil) by reduction ·with sulphur dioxide. A mixture consisting 

of equimolar proportions of chloranil and the reduced fonn was dried 

by .storing in a vacuum desiccator over phosphorus pentoxide for 

three vveeks. Enough to sat-urate the solution (about 2. 5 grn.) vvas 

placed in the cell before the solution was poured in, and the 

electrode system completed by connecting the platinmn vdrc 1sealed 

into the vessel 1 to the potentiometer. 

n1e silver-silver chloride electrode was prepared by first 

plating the platinum w:i.re vd th silver 1 and then making it the anode 

for the electrolysis of dilute hydrochloric acid. The cell vvas then 



vvashed thoroughly ,T.tth acetone and dried in a stream of nitrogen. 

Since it vvas easier to prepare solutions of' knovm molarity 

than of lmmm molality, a molarity-molality conversion curve \vn.s 

const1~cted from tho res~ts of' ~.vimetric analyses of' a series 
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of solutions of hydrogen chloride in acetone. Solutions were then 

nuo.c by the method of successive dilution, analysed as described 

in § III. il, (page 96), a.nc1 the corresponding molality read off 

the g;:·o.:;;>h. Owing to the high resistances of the solutions1it was 

not possible to measure the potentials of cells containing hydrogen 

chloride solutions of concentration loss than 2 x 10-3 molal. 

The cells Ft ,~ I Irnll Li.Cll Hg2 Cl2 ,Hg were made and sealed in 

the drybox, all joints and stopcocks being lubricated vdth "Nonaq" 

grease. Two separa to batches of acetone were used for the vrork on 

these cells. The vessel vms then placed in a vmter thermostat 

maintained at 25 ±. 0.02°0, care being taken to keep ·the 11 Nonaq" 

sealed joints away from the vmter, and the potentials measured, 

first on a Pyc Universal pH ana. millivoltmenter and then vvith a 

Cambridge slide vdre potentiometer and a Cambridge d'Arsonval 

reflecting galvanometer,which gave a deflection of 1000 nva. for 

one inicrorurrp at a distance of one metre. This procedure enabled 

accurate measurements to be made without dravr.ing large currents 

from the cells. 
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TABIE XVIII. 

The cell ?t,:H2 (1 atm) IHCl~LiCl}Hg2C~ ,Hg * 

J 
I I I 

Series I Molality I E -(E + R; ln m) -(E + ~T ln m) ! millivolts l 
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 

A 0.0274 -106.5 198.9 291.3 

B 0.0305 -112.2 201.9 291.5 

B 0.0392 -12-'1-. 0 207,.2 290.4 

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 -181.1 2<1-0. 7 299.9 
' 

differing molalities are given in table XVIII. The results vrere 

investigated by Everett and Rasmusson's method, when the graph of 

E + ~ ln 11Jicl against the molality, shown in fig. 36 ,provided a 

standard potential for the calomel electrode of -0.654 volts. This 

value is based on Mackor's dissociation constant (10-8
) for ease of 

comparison with Everett and Rasmussen 1 s results, since this is near 

enough to the value calculated in the present work (3 x 10-?) to 

* The sign of all potentials is that of the right h...'U'l.d electrode 
of the cells as vv.ritten. 
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make no significant differences. 'While the use of apparent 

dissociation constants base~ on the conductance ratio might seem 

out of line 1v:tth the treatrx:;:mt given in § III.41 it vvas not 

possible to ma~e c.m.y estinJB.tes of true dissociation constants, 

becatlcc :'LJ. th~.s concentration range the equilibrium between 

sol va tee_ protonro~, polymeric ions and molecular polymers would 

be very cor.rplica ted; moreover, since the potential depends on 

the molality of protons, the apparent constant provio£s a suffic-

iently good approxlin.a.tj.on0 and its constancy h.a.s been shovm by the 

discussion given in e "'N;. 2, page 116). 

The limiting ·slope at 1ow hydrogen ion concentrations of the 

l . f E 2RT - . p· o·c o + ~- .Ln m .. ,..
1 J!· .tiv 

agaL"1st the square root of the molality 

'VVUS fcund to be 0. 60 (fig. 37), a Value Which agreeS reasonably 

well with thc:t.t of o. 51 obtained by Everett and Rasmussen for the 

cell Pt,H2 lHCa!Ag01,Ag (fig. 38), but the curve differs from 

)choirs in having a prononnced maximum. This occurs at 0.03 molal, 

bu.t :IJ?rerctt 1s results shovred no maximum up to a concentration of 

0.!.5 molal. 

V\~ile no adequate explanation for this effect can be given, 

the discussion in § III~4 might indicate that it is caused 

by the association of a larger number of hydrogen chloride 

~:,::>leeu1c;r.lJ but neither of tho cells Pb,chloraniliHClj!Id.CljHg,Cl2 ,I-Ig 

lK·:r IL'?·1 Ifg2 C1:d jLiCl!l:a:cljAgClAg exhibit this feature (sec figs. 59 

ar.Jl 4.-4) ). N<Jvorthcless in all cases, including Everett 1s work, 
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points at concentrations below o. 01 molal lie above the straight 

line plot of E + R: ln m against the molality; this may well 

be caused by the onset o:f' polymer dissociation, leading to a higher 

apparent dissociation constant. 

TABIE XIX. 

The cell pt,chloranil I HCJ.II Id.Cl I Hg2 Cl2 -.,Hg 

I ' I 

Molality E ( RT 2RT. 
millivolts - E + F 1n m) -(E +Fln m) 

0.0023 -518.0 674.1 l 850.2 

0.0088 ·557.2 678.9 800.6 

0.0168 -576.2 681.2 786.2 

0.0552 -595.9 683.5 771.1 

0.0683 -620.6 689.6 758.6 

0.1057 -655.5 695.6 753.7 

TABIE XX. 

The cell Hg,Hg2 Cl2 I Id.Clll HCl I AgCl,.Ag 

! : 

Molality E ( RT ) -(E + ~T li1 m) millivolts ~ E + F ln.m 

0.0023 543.5 581.1 218.7 
0.0060 511.2 3'79.8 248.4 
0.0145 484.6 375.9 267.1 
0.0287· 464.9 :375.6 282.4 

0.0427 450.7 ~69.7 288.7 
0.0611 457.8 366.0 294.2 , 
0.1052 411.8 558.2 504.6 

···. 

128. 
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FIG 39. THE CE.LL Chloranll/HCijLiCijHg 1 Cl2 , H~. 
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The potentials of' the cells Pt,chloraniliHCli!L:LcliHg2 Cl:a,Hg 

and Hg,Hg2 Cl2 ILiCli!HcliAgel,Ag are given in tables XIX ana. XX. 

The results were analysed by Everett and Rasmussen's procedure, 

131. 

their stand~ emf's being -1.151 volts and -.092 volts respectiVely 

(see figs. 41 and 42). The standard potential of the Ag,AgCl 

e~ctrode fotmd by co:rqparison with the calomel electrode is -o. 56 

volts, which is in reasonable agreement with Everett and Ramnussen's 

value (-0.53 volts). 

4. ?otentiomctric Titrations of 1:2:3:4-Tetrahydrosuinoline~ 
l:2:3:4-Tbtrahydroisoguinoline and Piperidfnc in MOist Acetone. 

94 
Enrrer and Schmid quoted measurements mado by Schwarzenbach 

of' the ionisation constants of 1:2:3 :4-tl3trahydroquinolinc ana. 

1:2:3:4-tetrahydroisoquinolinc by potentiometric titration of the 

hydrochlorides of the bases w1 th sodium hydroxide in solution in 

water and 79,1o ethanol. No details of the electrodes used were 

given-; moreover, the reading of the pH meter was apparently used 

to calculate values for the ionisation constant in alcohol, 

neglecting the changes in the activities ·of the ions, and no 

allowance vms made for the extremely low solubility of tctrahydro-

isoquirPline in vvatcr. 

Pctontiometric titrations of 1:2:5:4-tot~quinolinc, 
. ::-:-..:: . 

1:2 :5:4-tetrahydroisoquinoli.na and. piperidinp vdth hydrogen chl?ride 
,, 

in acetone were performed, using a glass electrOde in conjtmcti()l} · 
~~ '• 

·with m. acetone/saturated lithi;# chlorid.c/cal9ffi0l clectrodo anc1 
·l ~ 

-
. ~,·.;" ·:, ·. '. 



E+ RT lnm 
J 

-G70 

-680 

-6.90 

FIG 41. THE CELL Chlorand jHc1pLiCI/H9 2 Clz,H~ 

0 

0 

0 

-02 

0 

·04 ·08 

molald'j. 

132. 

0 

·10 



133. 
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a Marconi type TF '717 pH meter. "Analar" grade acetone '\'vas used, 

but no further drying ·was attempted, so that ·while the moisture 

content was fairly low (probably about o. 5%) 1 it was somewhat 

uncertain. 

134. 

Titration curves were constructed by plotting the reading of 

the pH meter against the calculated percentage neutralisation of the 

base. llie curve for tetrahydroisoquinoline vvas found to be very 

close to that obtained for the titration of piperidine vdth hyoxogen 

chloride in moist acetone, and it seemed reasonable to suggest that 

the ionisu tion constants of these bases vrere of similar magnitude 

(about 10-3 in vvater ). These curves are plotted in fig. 43 and 

detailed results given in appendix IV.1. 

llie solubility of 1:2:3:4-tetrahydroquinoline in vvater is 

sufficient to allow potentiometric titration of its hydrochloride 

with aqueous sodium hydJ.~oxio.e (fig. 44), leading to a value of 

Kb = 1.09 x 10-9 (I~er and Scl~d 1.07 x 10-9
) 1 but tetrahydroiso­

quinoline is only sparingly soluble and the titration curve of its 

hydrochloride is not easily interpreted. Nevertheless, Karrer 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

q·uinoline hydrochloride is lovr, a rapid change of pH is expected to 
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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 electrodes show an abrup·t inflexion at the 

point A in fig. ~1:.0. This is believed to be caused by saturation of 

the solution with the liberated base1 although no precipitation was 

ever observed, but the base may ei thor be colloidally dispersed or 

aisorbod on the electrode. TI1e latter possibility might account for 

both the difference in slppo betvreen the curves obtained vvi th the 

glass and antimony electrodes and the failure of the hydrogen 

electrode to reach equilibrium beyond 5o% neutralisation. [cf. 

tho effect of iietralwdroquinoline and piperidine on the activity of 
95 

platinum and palladium as hyclrogenation catalysts • ] 'llie small 

inflexion B occurs at the point corresponding to complete neutral-

isation. 

The solubility of the base was es~imated from inflexion A# and 

this value (0.075 g. litre-1
) was used to calculate tho point where 

the concentrations of ion and base in solution \vere equal. From the 

pH at this point the ionisation constant 1 Rl:,, was found to lie 

betvroen 10-3 (antimony electroCJ.e) and 10-4 (glass electrode), which 

is somevrhat lower than expected from the acetone titration, but this 

may be a further consequence of adsorption on the electrodes. These 

~vo values are, nevertheless1 not inconsistent, and it is therefore 

suggested that an approximate estimate of the ionisation constant 

of a base vvhich is insoluble in,or hydrolysed by1 water can be 
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riG 45. POTENTIOMETRIC Tl TRATlON OF TETRAHYDRO ISO quiNOLINE 

HYDROCHLORl DE WITH SODIUM HYDROXIDE. 
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obtained by potentiometric titration in a suitable solvent, provided 

that a reference substance of lcnown ionisation constant is available 

for corr.:rr?ari'Son. 

5. An Irivcsti_gation of the fusic Character of DimethyL1<etazinc. 

5.1 of d.irneth lketazinc N:N'-d.iisonro lid.ene-

18 c. c. 60}& hyo.razinc hydra to "Vvas cooled in an icc-salt 

freezing mixture and 27 c. c. acetone added. slowly, the temperature 

being kept below 10°C. Anhydrous potassium carbona to vvas ad.d.ed 

until the mixture became pasty, when the container was stoppered. and 

allovmc1 to stand in the dark for several days. The azinc was then 

extracted. Ynth ether, which ~~s distilled off, and the residue 

fractionated.. The fraction boiling be~veen 128°C and. 133°0 vms 

redistilled., and. the 131° - 132°0 fraction finally collected.. The 

azine ,contained. in a flask closed. vdth a gronnd. glass stopper 

lubricated vvith 11 Nonaq11
, vms stored' in a deep freeze and. redistilled. 

before use. The hydrazine content shovvn by iodate titration vvas 

28.3% (d.imethylketazine requires 28.6%) and the refractive index 

nD 6 vms 1.44.4 (Bcilstcin, 11 Handbuch11 q_uotcs nJ)4 •
5 1,45102). 

5. 2 Potentiometric titrations of dimeth,ylketazine vvith h,ydro~en 
chloride in moist aceJcone. 

In order to demonstrate the basic character of dimethyl-

kctazino, potentiometric titrations of solutions of the azine vdth 

hydrogen chloride in moist acetone were performcd,using a glass 

electrode in conjunction vvith an acetone/saturated lithium chloride/ 
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calomel clectroa.e. The results of' this work are tabulated :i..n 

Appendix IV. 2. 

When the readli1g of the pH scale of' the meter was plotted against 

tho percentage neutralisation calculated on the assun~tion that the 

azine is a monoacid base, a distinct inflexion occurred :i..n the region 

of' 10o% neutralisation ( f'ig. 4S). The titration curve was found to 

lie · close to that obtained for the titration of' 1:2:3:4-tetra-

hydroquinoline with hydrogen ·chloride in acetone, the tre:?tmont 

given in § IV, 4 (page 137) indicating that the ionisation constant 

of dlinethylketazine in water is of the order 10-9
• Although it is 

not possible to calculate the ionisation constant in acetone by this 

procedure, it does show the presence of a basic substance in this 

solvent and provides an in.dication of' its relative strength. 

5. 3 Potentiometric Ti tra tions of Dimethylketazine vvi th h,ydrogen 
chloride in anhydrous and aquemls acetone. 

1~though the preliminary measurements indicated the presence 

of a basic substance, it vvas not clear whether this vvas, in fact, 
.• 

dimethylketazine, or hya.J.~azine, or a hydrazone produced by hydrolysis. 

The titrations vvcre therefore repeated in anhydrous acetone and 

acetone containing small Jr-.novm amounts of' water. Since it vvas -

inrposs::i.ble to seal a glass electrode into the titration vessel, the 

chloranil electrode vvas used in conjunction with the acetone/saturated 

l:l.~chium chloride/calomel electrode and a Pye Universal pH and milli-

vul tmeter. A special burette which balanced the pressurEE throughout 
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the system during addition of the hydrogen chloride solution was 

designed, and the apparatus vro.s assembled in the drybox. The 

liquid in the titration vessel ~~s 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 anhyCI.rous acetone and 

acetone to ·which o. 2%, o. 65% and 1% water had_ been added. 

'llie curve for anhydrous acetone shows an inflexion near 100% 

neutralisation, and no further inflexion could be obtained even when 

addition of hydrogen chloride was continued beyond twice the quantit.y 

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 l:l.yYl-...razone, which might have been 

produced by hydrolysis ,could be a monoaci_d base 1 but would be 

expected to be stronger than the ketazine, so that its formation 

does not seem likely here, and the vveakness shovv.n by curve II (fig. 

46) may well be due to the increased dielectric constant of the 

solvent. 'llie curves obtained in 99. 357'b and 99. CP/o acetone show two 

inflexions, one near 1oo% and the other near 2~ neutralisation. 

'llie first ionisation constant of" hydrazine in water is about 10-6 

and the second approximately 1<Jl 6 _, one of the smallest known 

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



TAB.TE XX:I. 

Potentiometric titration of solutions of d:i.methyllwtazinc vr.ith 
HCl in anhydrous and aqueous acetone. 

.Anhydrous o.2% water I o. 65% vva ter 
. I 1% vvatcr 

% neut. % ncut. ' mV mV % neut. mV ~b ncut. 

o.oo 290 o.oo 279 o.oo o.oo 
2.87 305 5.98 320 0.91 275 7.14 
5. 75 320 11.76 550 7.30 550 14.5 
8.62 333 17.64 365 11.8 542 21.4 

11.5 350 24.0 373 16.4 554 28~ 6 
14.4 359 29.4 577 20.9 564 35.7 
17.5 566 35.3 385 25.4 570 42.8 
23.0 574 41.2 587 30.0 575 50.0 
28.8 580 47.1 390 5fl.c. 6 579 57.2 
54.5 585 52.9 595 45.6 385 64.5 
40.3 588 59.8 596 52.7 390 78.6 
46.0 592 64.7 599 61.8 595 92.8 
51.7 595 70.6 4:01 70.9 597 100.0 
57.5 598 76.5 405 80,1 400 107.1 
65.8 402 82.4 109 89.2 405 114.3 
69.5 406 88.2 415 98.3 410 121.5 
74.7 409 94.2 420 107.5 417 155.8 
80.4 41t1.: 100.0 426 116.4 420 150.0 
86.2 422 105.9 451 125.5 425 164.3 
91.9 431 111.8 456 154.6 426 178.5 
98.8 4..LJ:.1 117.6 4....-1,.0 145.8 428 193.0 

103.'~ L151 125.5 4-:1,..-1,. 152.8 450 207.4 
109,2 460 129.5 ~ ... 8 161.9 452 221.5 
11, ... 9 466 155.2 450 171.0 454 2~.5. 8 
120.7 472 141. 2 4..53 180.0 1-36 
126.4 478 147.0 456 189.2 1-38 
138.0 485 158.9 460 198.3 41-0 
149.6 4.-90 207.3 4"..:5 
161.2 494 216.5 450 
172.4 497 222.5 452 
181-.4 498 21-3.4 456 
196.1 500 
202.8 501 
217.9 502 
229.5 503 

142. 

: 

mV 

302 
315 
327 
540 
352 
560 
568 
572 
377 
579 
381 
585 
388 
592 
395 
594 
396 
598 
<!.00 
402 
403 
404 
<1-09 
411 



-

~ ~ POTENTIOMETRIC __ TITRATJOrL:OF OJME.THYI..Kf.TAZlNE._ 
WITH HCI IN ~CETONE. 

s 
mV 

.480 

A60

1 
440 

420 
I /.../ 

I /// 
400 

3 

3GO 

~ ~40 

320 

~0 

280 

0 '10 40 so 80 

I 
.JT 

100 

~ ~ 

110 

~-

)( .&.NHYDIIOUS Ac.ETONE 

e 0·2 Ofo WATER. ADDED 

0 0 · 65 ~. WATEil ADOf.O 

e 1",' WATER A.l>DEO. 

140 u;o rao, zoo 
6/o ncu+r.thuhoo. 

( I 

2~0 Z40 

I: 

1L 

1!1 

~ 

~ 
C,R • 

/ 



144. 

to be of the order 10-9 in water (p. 140), so that a second ionisation 

constant vvould. be too small to measure. In anhydrous acetone only 

one inflexion is obtaine:o. on potentiometric titration with hydrogen 

chloride, so thnt the appearance of a second inflexion on the 

addition of an appreciable amount of ·water indicates th.'l.t a mono-

acid base has been converted to a diaoid bare (f:i.g. 46). This 

is consistent with tho hydrolysis of dimethylkctazine to hydrazine. 

Throughout this work it has been assumed that the presence of 

a base stronger than acetone vvould disturb the equilibria betnecn 

tho hydrogen chloride polymer, monomer and. ions, and that reaction 

to form the conjugate acid of the base will tc.'1.kc place. 

The potentials of half-neutralised 'vven.k acids and -vreaJ.{ bases 

in non-aqueous solvents seem to bear a linear relationship to the~~ 

ionisation constants in aqueous solution, but the slope of the 
elF'~~ 

line ~ varies and is generally greater than the theoretical 
dpK 

value for aqueous solutions (59 mV. at 25°0 for a cl~<gc of 1pK 
l 00 

unit) • Tho relationship be~vuon the mid-titration potentials 

in non-aqueous solvents of organic bases and their ionisation con~ 
108 

stunts in 'vvator has been examined by Hall in glacial acetic acid, 
101 

Lykken, Porter, Ruliffson and Tuember in benzene/isopropanol and 
92 

Fritz in ace toni trilo, but their comparisons vri th tho aqueous 

ionisation constants arc not relevant to tho present work because 

the object of the investigation vms to calculate the ionisation 

constant of dDncthylketazine in acetone. The theoretical value 

·was therefore u:o>cC!. f'or the c2..lcuL':l.tions on sol.utions in this solvent. 
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I"!i ~7ould appear that assumption of the Henderson equation 

(DT.1. 2) might give some idea of the order of :magnitud.e of the 

ionisation constant, since at tl1e r~f-neutralisation po~t the 

system here described is assurned to be uncomplicated by the presence 

of hydrogen rJhloridc polymers (p. 108 ). 

The dissociation constant of the conjugate acid of the UZll16 may 

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

-log[W] = pK a = 
~ E h-~ 

59.12 

·;:here E f is the potential of the reference electrode. The half­rc 

_neutralisation potential interpolated from curve I of fig. 46 is 

-395 mV., and the potential of the calomel electrode is ~654 mV.~ 

·whence 

K -395 + 654 
P a = 59.12 

which leads to a value of K .= 4-. 2 x 1o-5 • An est:Lua. te of the ionic a 

product ·of acetone, to enable calculation of a value for the ionisation 

constant of dimethylkctazino, may be obtained by tho follmving pro-
4e 

cedure. Schwarzonbach has shovm that the enol form is present to 

t:1e extent of about 2. 5 x 1o-4 percent in acetone. If the conduct-

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

CF"3 c.,.T OH3 Clfe -t:ia 
I I 

6- o-
I 

0 - OH + 0 = 0 ¢' + c-ow (IV.,5.1) 
il I " I 
Cl-~ CH3 0:82 Clfe 

nnd ionisation is assume~ to be complete, the concentration of each 
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ion 1vill be 4. 3 x 10-5 g. ions 1 -l 1 and the ionic product given by 

(4. 3 x 10-s )
2 = 2 x 10-9 

o .Complete ionisation, however, ·would 

affect the keto-enol equilibrium, so that the ionic product must be 
31 

consid9rably lovver than this value. Ross Kane has shovm the 

lirrd:Ci!lg conductance of thG. solvated proton in acetone to be about 

88 olnn-:'. em. 2 1 and taking a similar value for the l:i.mi ting conduct-

ance of the anion, because the tvvo ions are about the same size, 

A0 would be about 180 ol'un-l. em. 2 • The limiting equivalent con-

ductance is gi von by the eg:ua tion 

= J.Q90 K 
c 

and since acetone has a specific conductance of' about 10-9 ohm-l em. -1, 

the concenirat~ion of ·tho ions vvould be 

c = = 

leading to an ionic product 3. 1 x 10-1 7 • The conductance of the 

cation may be due in part to proton transfer ,which vvould 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. 

1 .. 1 

.......... 
Tho C OH group is found both in phenol (K = 

~ a 

x i0-1 0
) a..'1.d. hydroq't.i.inone (K = 1. 3 x 10-10 ), and taking tho 

a 

d.issociat::i.on co:nstru .. t of the enol form, 
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CIJG 
""'c OH 

CI-J2 /" 

to be of the same order of magnitude, the expression 

is obtainea. 

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 10-5 moles 1-1 ), so that the ionic product 

and 

Substitution of this concentration in equation (IV.5.2) leads to a 

l~niting equivalent conductance of 15.2 ohm-1 cm. 2
1 which is 
. 

impossibly low in vievT of Ross Kane's value for the limiting con-

duct~ce of the proton, but the dissociation constant of the enol 
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acid in acetone might be expected to be rather less than 10-10 ,thc 

constant determined for phenol in -vvater1 and the value 4.3 x 10-15 

may provide an upper limit for the ionic product vdth 3.1 x 10-17 

as a lovrer lind. t. 

Ttucing the ionic product of acetone to be 10-16 , the ionisation 

constcrl!:c for ci.imcthylketazinc in acetone is found. to be ~ - 10 .. 11 • 

This :i.s reasona"!Jly consistent with the value of 10-9 in vva.ter1 -rmich 

vro.s determined by compnrison of its titration curve in moist acetone 

vr.i th that obtained for 1:2 :3 :4-tetra.hydroisoquinoline (sec § IV, 5. 2, 

page 140). 
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PART V. 

CONDUCTANCE STUD~S ON SOLlY£IONS OF DJJI:1ETHYLI\ETAZINE IN ACETONE. 

1. . The Conductimetric Titration of Dimethylketaz:ine ·with !{yd.rogen 
Chloride in Anhydrous Acetone Solution. 

A lower limit for the limiting equivalent conductance of a 

hyd.razinium salt in ncetone can be co.lculnted from the equivalent 

conductnnce of the so.lt in aqueous solution by correcting for the 

solvent viscosity anddielectric consto.nt. Assuming that the ions 

are spherical and that the mncroscopic dielectric constant of ~1e 

solvent v~ll not affect primury solvation mv.ing to dielectric 

saturation, the solvation energy of hyd.rn.zinc is found to be lower 
ld2 

in acetone than in water • Solvation in acetone will therefore 

be less than in water, and this factor will tend to increase the 

conductance so that Ao vdll be considerably higher than in ·water. 

Owing to tho larger size of the cation, the corresponding d:hne·chyl-

ketazinium salt will have a lower limiting equivalent conductance 

in acetone, and it appeared that it mightbc possible to demonstrate 

the existence of the dimethylketazinium ion in this solvent by com-

parison of the measured limiting equivalent conductance of a supposed 

kotazinium salt with values calculated for both this &'1.1 t fmd the 

hydra.zinium salt of the same acid. To this end, the conduc·cances 

of aqueous solutions of hydrazinium chloroplatinate were men.sured 

n.s described in § II. 3 (page 51), but the solubility of dimethyl-
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ketazinium chloroplatinate in acetone was found to be too low to 

allow preparation of a runge of solutions of concentrations suitable 

for conductivit,y measurements. Although no noticeable dissolution 

of' the salt had occurred, the conductance of a satm-ated solution 

was measured, and a calculation based on a reasonable value for Ao 

indicated that the solubility was of the order 10-7 mole 1-1 • This 

low solubility is consistent wvith Pugh*s preparation of' d.imethyl-
s 

ketaz:i.ri.ium salts by pre·oipitation with acetone • 

Although efforts to prepare crystalline simple salts of aliphatic 
1~ 

azines had been unsuccessful · ~ the potentiometric studies described 

in § IV.5 (page 140) indicated that dimethylketazine was a mono-

acid base of lovt ionisation constant. A range of mixtures of varying 

proportions 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 vvere then found by interpolation,and used to construct 

conductimetric titration curves and find an equivalence point,which 

·would correspond to a solution of the 11 salt11 C6 }\ 3 N2 +cl-. It was 

assumed t~t hydrogen chloride would behave as a sin~le monobasic 

acid in its reaction with dimethylketazine since presence of the 

base vrould disturb the equilibria betvroen HCl polymers, monomers 

and ions (see §§ III.4 (p. 108) and IV.5 (p. 144)). 

The required amount of' dirnethylketazine was added to acetone 
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solutions of hydrogen chlorid.e in a oalibra ted 50 ml. volumetric 

flaru:; which was then filled to the ~~k vcith acetone, the entire 

opera tiDn being performed in the drybox. f..i'ter thorough mixing ,a 

sample YJas taken for gravimetric chloride analysis. Series of 

dilutions of the original solutions vrere then made, and the chlorio.e 

analysis repeated on the last of each series, the results being 

disr~garded if these did not agree with the calculated values. TI1e 

resistances of these solutions were then measured on the Jones 

bridge, and the results are listed in Appendix V.i. 

TA:BiiE XXII. 

Conductimetric titration of d~ncthylketazine with hydrogen chloride 
in acetone intc:ryolated conductances. 

Percent- I I 
: 

f age I 25.23 38.59 86.09 100.9 116.1 151.4 207.8 l ' Neutral- i 
; 
i I 

isation 1 
! I ' 

I 

it( ' 
X 106 ! K X 1013 C X 103 

X 106 iJ< X 1oe /( X 106 IK X 106 K X 106 K 
mole 1-1 I ohm-1 j ohm-1 ohm-1 johm .. 1 ohm-1 ohm-1 ) ohm-1 i 

I em. -1 , em. -1 jCtn. -1 icm. -1 . em. -1 em. -1 ~ cm.-1 
! l 

: I i 1.87 2.0 ! 1.42 : 1.64 1.70 2.14 2.48 3. 25 
) I 

; 

5,0 i 2.02 ! 2,36 -2.95 
I 

3.22 3.50 3. 75 i 4.32 

I I I 
' i 

8;.0 ! 2. 29 2. 72 3.85 I .4.36 4.70 4.98 ' 5. 71 I I ' 
! ' ! 

' 

l 

' 

I 

I 
The specific conductance for each series of dilutions vms plotted 

against the concentration of dirnethylketazinc 1 and interpolated values 

for 2.0 x 10-3
, 5.0 x 10-3 and a.o x 10-s moles 1-1 read off. These 

were plotted against the theoretical percentage neutralisation of the 
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azine, and t..h.e titration curves shovm in fig. 47 were constructed. 

The interpolated conductances are given in Table XXII. 

2~ Discussion. 

lf the ciimethylk:etazinium ion exists, its concentration will be 

greatest at the equiva.J..t,."100pbint of tlie titration curve, where 

interference from other ionic species is minimal, and the solution 

should. consist of dimethylkEftazinium chloride, hydrazinium chloride 

or a mixture of the tvro, al'FhoUgh the emf studies described in 

§ IV.5(p. 14.4) indicated that
1
· the hyd.razinium salt is unlikely to 

be produced in anhydrous acetone. JiJquivalent conductances 'Vrere cal-

culated from the series of dilutions of coraposition nearest to that 

of the equivalence points (see Table XXIII), and the plot of A 

against the square root of the concentration is sho~n in fig. 4~. 

TABIE XXIII. 

Equivalent conductance of "d.imetl:wlk:etazinium chloride". 

i C X 103 Specific condilctance 
x 106 ohm-1 em. -1 

Equivalent conductance 
obm-1 em. 2 

I 
l 
I 7.471 

5.977 
4.781 
3.825 
2. 295 
1.377 
0.5508 
0.2203 

11.842 
12.850 
11.715 
12.168. 
8.498 
6.066 
3.3492 
1.8873 

1.585 
2.150 
2.450 
3.181 
3.703 
4.405 
6.081 
8.567 
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As tho "salt" appeared to be a weak electrolyte. ana measure­

ments could not be carried out at extreme dilutio~s, extrapolation 

of this curve to obtain a provisioTh~l value for the limiting 

equivaleht con4uctance vvas not feasible. Nevertheless, it seemed 
. - 1 

likely ~hat valtws far Aa for both dimethylketazinium and hydra-

zinium chlorides could be calculated,using the observed values of 
67 

the equivalent conduotancc in tho Falkenhagen equation • , 

155. 

• -If. ) (V.1) 
1 + Ka 

whore K is defined by 

(V.1a) 

and. the sum of tho ionic radii is represented. by n, the valanoos of 

the ions by z+ and. s.. and tho mobil~. ty 1Wlction by q, which ia 

def;tncd by 

= 1h for symmetrical electrolytes where 

a+ = ~-· 
35 

The values of Ao so obtained could then be used in Fuoss plots , 

and it v:~as expected that the curve providing the best straight li..."1.e 
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vrould indicate the ionic species present. 

Two sets of calculations using this equn.tion vvere made, one 

employing the van dcr Waals 1 radii ,and the other the crystal radii 

for tho dimethyncetazinium and hydrazinium ions. These calculations 

provided approx:L.>nately the sar!le values for the limiting equivalent 

conductances of both the salts, viz. : cl:imethylkcta.zinium chloride 

14. 3L1J: and bydrazinium chloride 14. 40. Since the limiting con--
1 05 

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

The lack of diffusion coefficients appeared to close the approach 
l 04 

offered. by the Nornst-Bartly relation 

D = 

sa 

RT 

:IF 
(V. 2) 

but Edward has shO\m the applicability to diffusion in water of a 

modified Stokes-Einstein equation 

D = H.T (V.3) 

in which r is the van der Waals ' radius and X • the frictional 
w 

89 
coefficient t0 correct for t~e shapes of non-spherical ions • 

Although this equation is not valid for solutions in non-aqueous 
90 

solvents, White has shown that the diffusion coefficients of 

fatty acids in n-decane at 30°0 are represented satisfactorily by 

D ::: (V.4) 



r'M being the molecular radius, and .Edward has aJ. tere<l, the :form of 

this expression to 

157. 

(V.5) 

the change in the numerical constant accounting :for the difference 

introduced by substitution of' the van d.er Waals' radius :for the 

molecular radius. 

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

modified Stokes-Einstein equation ( V. 5) the eq1,1a tion 

{?.6) 

is obtained. d ln :f 
Assuming that in dilute solution de = 0 1 .this 

equation becomes 

= 
tT -----. 

3.4 7trw- nXl 
(V. 7} 

Hovrever; calculation on the basis of' Ed,vard 's e~pirical constant 

produced impossible values :for the lL~ting conductances of both the 

dimcthylketaziniun and hydraziriium ions in acetone solution. 

( d:irncthylketazinium 298; hydrazinium 2713). Edvmrd 's empirical 

constant might be expected to va:ry from solvent to solvent on 

account of differing solvation effects, and it therefore seemed 

reasonable 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 

_e = 8.0850 X 10 (V.8) 
b r X' 

w 

for a uni-univalent electrolyte, For ammonium chloride (\~8) 

becomes 

10550 8.0850 X 10-6 

= 
205.9 b X 1.65 X 10-s X 1,0 

whence b is found to be 9. 581 so that Edward.' s factor 

(5,4?tr nX') of eauation V,5 should be replaced by (9.58?tr 'l"lX.'). w ~ w 

This factor might seem large in comparison with the factor ( 5) for 

aqueous solutions, but although solvation is greater in vmter than 

in acetone, the effective radii of the ions produced vdll be 

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

Substitution of' this factor in equa. tion ( V. 8) produced limiting 

equivalent conductances of 149.7 for dimethylketazinium chloride and 

168, 4 for hydrazinium chloride in acetone. Fuoss plots were then 

made using these figures as provisional values fbr' Ao 1 but both 

series of points 1~ close together and nq straight line could pe 

ara,~ through either set (fig. 09). (It might be worthy of remark 

that a Fuoss plot calculated trom the provisional value of 14.4 

for A0 provided for the hydrazinium salt by the Falkenhagen Equation, 

produced points which lie on almost the same curve). 
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FIG. 49. "D'l METHYLKETA"ZINIUM 
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TABLE XXIV. 

Fuoss plots for eguivalcnt mixtures of dimethylketazinium and hydrogen 
chloride in acetone. -

(a) DimethyU:etazinium chloride 1lo assumed 149.7 

0 X 103 A I F(ro) I f2 F( ro) cfrf2 x 103 
mole 1-1 mho em. 2l A F(ro) 

I 

2. 295 3,703 0,98599 0,87498 0.2663 I 7.541 

1.377 4,405 0,98812 0.89339 0,2243 5,485 

0.5508 6,081 0.99117 0.91976 0.1630 3.108 

0.2203 I 8,567 0,99338 0,93922 0,1160 I 1.784 
' 1 

(b) Hydrazinium chloride Aa assumed 168, 4. 

I 

ox 103 A F(ro) f2 
F(ro) cAf2 10S 

mole 1-1 mho cm. 2 A 'F(ro) X 

2.295 3.703 0,98691 0,88172 0.2666 7,592 

1.377 4.405 0,98894 0,89670 0.224g 5.500 

0,5508 6,081 l . I 0,99187 0,92420 0.1631 3,121 

I o. 2203 8,567 1 o.99388 0,94278 0,1160 1.790 
' ' ' ..._. . 

Handling and analytical difficulties precluded measurements at lower 

concen~rations, but trials with Catalin molecular models' indicated 

that dimethylketazinium ions vrero sterically capable of associating 

in groups of six to ten,throuw1 the formation of proton bonds betvreen 

the coordinated hydrogen atom of one ion nnd the "available" 

nitrogen atom of another, 



i.e.: 

• 
H 
• 
: + /" 

=N-N=C-,._ 
• • • 
H 
• • ........... + ....... c ::: N - N ::: c .. ---­

.F • ........... • 

• • 
The low mobility of the large aggregates so formed would explain 

the low value of the limiting conductance obtained from the 

Falkenhagen equation,and variation of the mean size of the 
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groups vdth concentration may be responsible for the fniluro of the 

Fuoss procedure, 

~Ihe shapes of the conductimetric titration curves are typical 

of those obtained for neutralisation of a weak base by a wcru< acid 

(see fig. ~7). Over the portion of the curve where insufficient 

acid for neutralisation has been added
1
the conductance dependa on 

the concentration of ions produced by equivalent neutralisation of 

the base, and the slope vrould therefore be expected to be steeper 

at higher concentrations of the base than at low-er, as is observed, 

Beyond the equivalence pou1t, 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 with conoentra tion. . A plausible 

explanation of the virtunl constancy of this slope with concen-



tra tion might be provided by the existence of hydrogen chloride 

polymers a.s described in § III.4 (p. 108 ). 
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PART VI. 

CONCLUSION. 

Prior to the commencement of this investigation, only the 

analytic~ resu~ts of Pugh and his co-v~kers provided any evidence 

for the existence of salts of dimethylketazine. Consideration of 

all the results together ,affords circumstantial support for the 

existence of the dimethylketazinium ion in solution in acetone, 

but no single line of approach un<Iertaken vvas sufficient to prove 

it conclusively. 

Probably tho strongest evidence is provided by the curves 

obtained from the potentiometric titration of dllnethyketazine 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 small amounts of v.rater produce a diaci<I base, results 

which are consistent with the hycl.rolysis of <Iimethylketazine. 

Furthermore, it \'laS possible to calculate that the ionisation 

constant of the base in anhydrous acetone is of tho order 10-11
• 

The variation of tho slopes of'those portions of the con­

ductimetric titration curves where insufficient acid for' neutral­

isation had been added shovved tl~t the products of tho titration 

vrere ionic in character, and . that dimethylketazino is a weak base 

in acetone~ but it was not possible to determine a limiting 
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equivalent conductance f'or 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 Vf:as the minimum attainable1 and that the 

moisture cont~nt remained constant from sample to sample. An 

independent investigation of these assumptions appears desirable. 

It appears from tho present"vmrk 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 resistances lmver than tl1ose of which the 

prototype is capable,and obtain results for solutions of lrnver con­

centration than hitherto possible. 

FUrther projected work includes attempts to measure ,the diffusion 

coefficients of dirnethylketazine using isotopicttlly labelled "ions", 

and. it is hoped that the Department of Physics of this University 

vdll shortly commence a crystallographic investigation of dirnethyl­

ketazinium chlorostannate. 
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AP.FENDIX II.i 

Dihydrazinium Chloroplatinate. 

JYpical data for the variation of resistance with time measured 
on the Jones Rl:-idge at 25°C. · 

Concentration: 30 936 x 1o-4 mole 1-1 

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 
32,0 979,3 
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 
136.0 823.0 
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APPENDIX TI.2 

Dihydrazinium Chloroplatinate. 

6ypical data ~or the variation o~ pH 'v.ith time at 25°C. 

(a) With added platinum. (b) No platinum added. 

Concentration: 4. 34 mole 1-l Concentration: 4. 62 mole l-1 

Time (minutes) pH Time (minutes) pH 

8.0 2. 97 10.0 2.84 
10.0 2.88 12.0 2.73 
12.0 2.85 29.0 2.76 
15.5 2.85 49.0 2.81 
18.0 2.84 . eo.o 2.81 
21.0 2.84 77.0 2.'!9 
24.0 2.84 95.0 2 •. 79 
27.0 2.83 105.0 2.80 
30.0 2.83 125.0 2.79 
311 ..... 0 2.82 137.0 2.79 
58.0 2.82 180.0 2. 79 
42.0 2.82 217.0 2. 78 
46.0 2.82 240.0 2. 76 
50.0 2.82 270.0 r 2. 71 
60.0 2.82 280.0 2.67 
65.0 2.80 294.0 2.64 
69.0 2. 76 309.0 2.62 

- 82.0 2. 70 
86.0 2.67 
88.0 2.65 

314.0 

t 
2.60 

324.0 2.60 
329~0 2.57 

92.,0 2.63 353.0 2.56 
100.0 2.63 362.0 2.55 
166.0 2.62 376.0 2.53 
217.0 2.61 390.0 2.52 
242.0 2.60 411.0 2.51 

455.0 2.49 
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APPENDIX IT. 3 

Dihydrazinium Chloroplatinate. 

6Veical data for the variation of resistance \v.ith time measured on 
the potentiometer at 25°0. 

Concentration: 1. 619 x 10-4 moles 1-1 

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 
24.0 371.1 
25.0 369 .• 5 
27.0 368.0 
29.0 366.7 
31.0 366.1 , 
33.0 365.5 
35.0 365.1 
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 
7o.o 360.6 
8o.o 360.4 

---
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APP.&IDIX II, 4· 

Dihydrazinium chloro;e_latinate. 

Rates of change of specific conductance vdth time at 31.70°C and 
20,69°C measured on the Jones Bridge at frequencies of 1000 c./sec. 
and 80 o. /sec. 

(a) 31. 700C. 

C X 1<J4 Frequency d/C I dJC' 
-X 106 -x 107 

mole l-1 c. /sec. dt dt 

2.330 1000 I 3.52 i 3.36 
3.6.'38 1000 4.19 4.33 
7.803 1000 6.4.-2 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. 

j ., 
C X 104 1 Frequency ~ 106 dK' X 107 
mole 1-1 c./sec. at x dt 

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 

-
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APPENDIX II. 5 

Dihydrazinium Chloroplatinate .• 

V • t• r a..l! a a log K • th tr t · t 25°0 ar~a ~on o dt an at ~ concen a ~on a • 

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

0 X 104 a log JC x 103 I d.A I 
mole 1-1 at dt X lOS 

2.579 13.3 7.14 
3.529 11.1 5.64 
3.936 10.5 5.26 
4.500 9.77 4.67 
5.115 9.51 4.38 
6.170 9.03 3.87 
8.596 7. 73 3.15 

I 
24.26 50 60 1. 75 
39.08 ! 5.04 1.44 

1 I 

(b) Measured on potentiometer, frequency 1000 c./sec. 

C X 104 ! 

I dA I a log K lOS I dt X 104 mole 1-1 I at x I 

1.619 3.34 15.1 
2.603 2.59 11.1 
4.297 1.85 7.33 
e. 282 ' 1.56 5.60 
9.167 

I 
1.61 5.34 

11.88 1.44 4.61 



AJ?J?ENDIX II. 6 

gydrazinium Perchloratery 

Variation of ~~with concentration at 25°C. 

(a) Measured on pct.en-'G:1"Dmoter,frequency 1000 c./sec. 

-

C X 104 d log K 104 
mole 1-J. dt X 

4.859 5.490 
8.075 20 308 

15.53 0.8990 
23.51 0.4924 
30.18 0.,2545 
42.51 0&1778 
53.65 0.0929 i 

{b) Measured on Jones Bcidgc, frequency 1000 c./sec. 

7.699 
7.916 

10.73 
13.34 
17.67 
20.,39 
24.68 
37.84 

d log K 104 d·b X 

0.4473 
0.4179 
0.3184 
0.3035 
0.2150 
0.2061 
0.,1093 
0.0540 
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APPENDIX IV. 1 

Potentiometric titrations of organic bases with h,Y:drogen chloride 
in moist acetone. 

(a) 1:2:3:4-Tetrahydroquinoline. 

% neutralisation pH mrlts 

o.oo 4.89 
22.6 1.70 
44.5 1.44 
67.0 1. 28 
89.0 o.9o 

111.0 o.o5 
133.2 -0.21 
156.0 -0.35 

(b) 1:2:3 :4-Tetrahydroisoquinoline. 

% neutralisation 
' 

pH mrlts ' 

o.o 7.33 
11.0 7. 22 
22.1 7.15 
33.8 7.07 I 44.6 6.99 
55.0 6.87 
67.0 6.64 
78.0 6.26 
90.1 5.36 

104.0 2.15 
112.0 1.33 
123.0 1.15 
133.5 1.08 
156.7 0.86 
179.2 0.74 
200.0 0.65 



(c) Piperidine. (d) Dimethylketazine. 

% neutralisation pH units % neutralisation 
i 

pH units 

o.o 7.05 o.o 3.28 
11.0 7.01 10.0 2.64 
22.1 7,00 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 
78.1 6.60 I 

89.0 6,30 I 94,5 5.81 
100.0 Ll..-,15 
105.8 2,06 

60.0 1.42 

I 70.0 1.30 
80.0 1.16 
90,0 0.84 

I 100.0 0.55 
110.0 0,30 

111.0 1. 78 
122,5 1.50 
134.0 1.25 

120.0 o. 22 I 130.0 0,10 
140.0 o.o6 

144.0 1.01 150,0 -o.oo 
156,2 0.90 160.0 -0.08 
16'7.0 0.84 1'70.0 -0.10 
178.3 o. 79 180.0 -0,22 
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Potentiometric titrntions of agueous solutions of hydrochlorides 
with sodium hyd.roxide. 

(a) 1:2:3 :4-Tetrahydro­
quinoline hydrochloride 
(glass electrode). 

% neutralisation pH 

o.o 3.41 
8.3 4.00 

16.7 4.32 
25.0 4.52 
33.4 4.73 
41.6 4.88 
50.0 5.05 
58.4 5.20 
66.6 5.36 
75.0 5.51 
83.4 5.79 
91.6 6.20 
95.0 6.45 
98.4 7.07 

100.1 9.01 
101.8 9.98 
103.2 10..30 
105.0 10.50 
106.e 10.61 
108.5 10.68 
112.5 10.84 
116.8 10.95 
124.9 11.10 

i 

· (b) 1:2:3 :4-Tetra.hydroiso­
q.uinoline hydrochloride 
t}zydrogen electrode). 

% neutralisation pH 

OoO 4.25 
5.0 7.91 

10.0 8.50 
15.0 8.73 
20.0 8.82 
30.0 8.99 
40.0 8.46 

(c) 1:2:3:4-Tetrahydroiso­
q.uinolirie·hydrochloride 
(glass electrode). 

% neutralisation pH 

o.o 4.75 
5. 7 8.17 
8. 6 8.40 

14.3 8.65 
21.4 9.76 
28.6 8.89 
42.8 9.15 
57.1 9.34 
71.4 ·9.42 
85.6 9.54 

100.0 9.80 
114.2 10.00 
142.9 10.15 
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(d) 1:2:3:4-~t~droisoquinoline hydrochloride (antimony electrode) 

% neutralisation pH 

o.o 5.45 
1.8 7. 71 
2. 7 7.90 
4.5 8.12 ' 

10.9 8.50 
13.6 8.64 
18.2 8. 77 
20.9 8.85 
22.8 8.96 
27.3 9.00 
31.8 9.12 
36.4 9. 25 
41.9 9.33 
45.5 9.40 
50.0 9.52 
54.6 9.64 
59.1 9.75 
63.6 90 85 
68.3 9.95 
72.8 10.10 
77.3 10.24 
81.9 10.33 
86.4 10.42 
90.9 10.50 
93.4 10.55 

100.0 10.77 
102.0 10.85 
103.7 10.90 
105.5 11.00 I 

107.2 11.05 
109.1 11.11 
113.8 11.17 
118.2 11.22 
127.3 11.31 
136.5 11.43 

' 
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.A..PPEJ'iJDJX V.1 

Conductimetric titration of dimethylketazine vT.ith hydrogen chlorine 
in anhydrous acetone at various concentrations. 

Note: C~mcentrations refer to dimethyll:etazine. 

' 

HCl added to azine. 

25.2~ neutralised. 
Azine 7.471 x 10-8 g. mole 1-1 

Eel 1.885 x 10-3 g. mole 1-1 

I 

C X 104 Sp. cond. X 106 

mole 1-1 mho em. - 1 

74.71 4.6578 
59.77 4.9552 
35.86 4.2239 
21.52 3.1759 
12.91 2.9183 
5.164 2.0337 
3.098 2. 2455 

86.09% neutralised. 
Azine 7.471 x 10-3 g. mole 1-1 

Eel 6.432 x 10-3 g. mole 1-1 

C X 104 

mole 1-1 

-\, 
" 1 

74.71 
59.77 
35.86 

-21.52 
12.91 
5.164 
3.098 

Sp. cond. x 10S 
mho em. - 1 

6.9540 
7.2621 
6.0218 
4.7318 
4.1376 
2.9424 
1.9160 I 

38.59% neutralised. 
Azine 7.471 x 10-3 g. mole 1-1 

HOl 2.883 x 10-3 g. mole-1 

C X 104 

mole 1-1 

74.71 
59.77 
35.86 
21.52 
12.91 
5.164 
3.098 

Sp. cond. x 10S 
mho em. - 1 

4.5267 
5.0899 
4.7463 
4.0195 
3.3761 
2. 3830 
2.1915 

100. 9% neutralised. 
Azine 7.471 x 10-3 g. mole 1-1 

HCl 7.541 x 10-3 g. mole 1-1 

C X 104 I Sp. cond. x 10S 
mole 1-1 mho em. -l 

74.71 11.842 
59.77 12.850 
47.81 11.715 
38.25 12.168 
22.95 I 8.4975 
13.77 6.0662 
5.508 3.3492 
2.203 1.8873 



·I 

I 
'. 

116.,1% neutralised. 151.4% neutralised. 
Azine 7.471 x 10-3 g. mole 1-1 
HCl 8.672 x 10-3 g. mole 1-1 

1\.zine 7.412 x 10-3 g. mole 1-1 
HCl 11.22 x 10-3 g. mole 1-1 

C X 104 

mole 1-1 

74.71 
59.77 
35.68 
21.52 
12.91 
5.164 
2.066 

I 

Sp. cond. X 106 
C X 104 

mho em. -1 mole 1-1 

11.115 74.12 
10.844 44.77 
11.080 26.30 

8.3320 15.38 
6.7389 9.228 
4.1742 3.691 
2.7641 1.476 

207.sfo neutralised. 
Azine 7.471 x 10-s g. mole 1-1 

HCl 15.53 x 10-1 g. mole 1-1 

I 

C X 1()4 Sp. cond. x 106 

mole 1-1 mho em. - 1 

74.71 24.112 
. 29.88 13.858 
11.95 7.5622 

7.172 5. 6729 
-4.303 3.9959 

Sp. cond. x 106 

mho em. -J. 

13.732 
10.648 

8.5385 
6.4934 
5.2120 
3.0860 
1.8118 
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