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o PART I
THE POLAROGEAPHIG BEHAVIOB OF SIMPLE
CHLOBINATED ORGANOSILANES
| Introﬁucticn, ‘

'Alkyihalésilanesyara'particuiarly important today as
intermediates in the field of’ sili¢one polymers. Because
of thelr ease of polymarization, the problem of chemical
analysls haa been a’ ﬂifficult~one and has usually con=
" gisted of analyzingrthe'particular alkylhalosilane in terms
of the respective elements present. Silicon has been de~
termined by various wet oxidation procedures using sulfuric
acid or mitric acid or, in the case of micro amounts, by a
colorimetric procedure as the‘bluefsilicomalybaate;‘ When
the halogen present is fluorine, it'may be determined fol-
lowing hydrolysis by the lead chlorofluoride method, Carbon
and hydrogen present in the organochlorogilane have been
determined by normal combustion methods with some modiiicé-
tiéns. The determination ofiﬁhe halogen present may be done
by hydrolyzing the sample in water or agueous alkali, neutrale-
izing, and titrating the halide ion with a standard solution
of silver nitrate using potassium chromate as an indicator.
A variation of this is to hydrolyze the sample in an ice=-
water-ether mixture, the‘resniting acid being titrated with
a standard base. This latter method gives very accurate

results'fer*9ubétancqs such as dimethyldichlorosilane whose



hydrolytic products are soluble in ether; but for substances
such as silicon'tetraohloriéé,fwhich'hydrélyzakto give ether~
insoluble products, the accuracy is impaired. This ié due
to retention of some of ‘the hydrolyzable halogen~by"the;‘
precipltate causing lew-attaiﬁmentvbfﬁﬁhe end point. In
dases‘Whéréfthé%haiogeﬁ does not hyﬂrolyﬁe?réadily‘a‘pre—
liminafy‘fusienrin_é'?arﬁxbomb is necessary. Gravimetric
procedures, aithoughfﬁd331hle,Jare‘nctideéirabléwbecause of
the problem of removel of gélatindusihydralysisrpﬁodﬁcts* :
beforé'preéipiﬁaticn,ofvthe halide dion. ﬁmblar‘fefréctions
have‘beeh*msédfﬁo“confirm”the'¢aﬁpasiti¢n of crgaﬁnsiliconﬁ
'ﬁompoﬁndszflg‘é)gfﬁ | | |

The mass spectrometer has been used fbﬁ’analysis’Ofi
methylchlorosilanes by determiningftﬁe;relaﬁiﬁe héights’ofx
several predetermined peaks characteristic of the individual
ma%hquhlarésilanes?(3).,fTo‘minimiZQ,hydrélysis effects it
was necessary to uge 25«50 gramfsam§1es;ﬂfﬂbre‘recently
Gilman and Miller (%) have determined silanols with the Karl
?isch@r reagents With some modification this reaction could
be adapted %o the analysis of eeftaincorganochloresilanes'
by first hydrolyzing'thé organbehloresilane and then titrating
thevresulting silahpifwith the Karl Fischer reagent,

;“'Sincefboth;chlorcform;and carbon,te%rachloride’are

reducible at the dropping mercury electrode (5)y it was
thought that perhaps methyltrichlorosilane and other alkyl
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‘5nbstituted.chlarosilanes.mighﬁ alﬁoybeqreducible.at‘ﬁhe o
‘dropping,mercury‘eleetradeg leading to an analytical determi-
nation of tha~alky1ha1¢silanss; 'prever,-ahlorofcrm‘and;.
fcarbon?tetrachlorida.ba%h,require,tha=presén¢e,offhydrogen
ions~fcp»reductionvat'thekdrapying;mercury electrode and-
the organochlorosilanes undergo solvolysis in protonated.
‘solvents. Therefore, it was decided to carry out the in-
vestigation in non-agueous solvents; 4P any reduction
occurfed it would have %o be\by-a~¢ifferent;mechanism\than
that proposed for chloroform and carbon tetrachloride.

The choice of 2 solvent involved %he~fsllowingucoh~~
siderations: 1. to choose a solvent in which the organo-
chlorosilane was soluble without reaction, or with which
the organochlorosilane reacted to give reducible productss
2+ to choose a solvent in which suffieient suppcrting~;n¥>5
electrolyte could be dissolved to give a solution of suf=
fieientlyflow résistance far~palaregrabhic.work,,and-3s to
choose a solvent which does not itself reduce or one which
reduces,aﬁ such extremely negative potentials that a « -
workabla_span‘af potential is~pbssible; Up to the present
"timefthe‘inyfpolarsgraphiclwork in non-agqueous solvents: -
\has{beenfthe;wqu‘of'Laiﬁinen and Nyman in liguid ammonia
(6;7,8),‘thémwork,oiﬂBachman;ané.Astleﬁ'Macﬁillavfy&and,~;
Hala in acetic aﬁid (9,10,11,123, the work of Sartori@in‘
alcohols;(l3gl%)g:the'wcrklbf:Zanfko and Manuscova in -
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‘fbrmami&efand~alcohbls (15), the work of CGentry in ethylene
glycol (16), and ﬁhe:Wgrk*Qf‘?erabchiaVand~Méloéhe=in;:fﬁ“~'
aleokols (17)s The organochlorosilanes would be solvolyzed

by 'the 11quid‘ammbnia;‘the‘alcchals,tar'by the1glycclg:hénee
these solvents would not be suitable. Acetic acid may be

a possible solvent, however there is some indication that

1% is not entirely satisfactory dueiﬁeﬂdiscontiﬁuiﬁies“39
thétfappéarvin many of the pclaragraphidﬁWaVes; iThéicrgano~
chlorosilanes are soluble in ether, benzene, carbon tatras
ehloride, chloroform, hydrocarbons a&a'carbcn'disulfidefu;
without any reaction. All these Wina'be~pc$éibilitieé?if'
sﬁfficiéntisupper%ing elac%rqute<¢auld be'ﬂisSclved in -
thems = Other solvents which were deemed possible were acetone,
methy1,eﬁhylfkﬁt@nﬁgwpyriﬁime;:%eﬁrahydrofuran,'acetonitrilé,
and formamides Acetone and methyl ethyl ketone are fairly
gaad‘solvents‘for some,inarganic>salts‘alﬁhnugh some reaction
might be ex@eaﬁad‘with\the'arganaehlorosilane. Acetone reduces
at 1.7 volts against the saturated calomel electrode (18)
with hydrogen ion present, hence there should be o large
operable span of potentizl available, Methyl ethyl ketone
does not give a reductlon wave. Pyridine has execellent solvent
properties and, although it reduces at a potential of ~1.45
volts against the saturated calomel electrode, hydrogen ions
are necessary. Tetrahydrofuran has been used as 'a solvent

fo:,yctenﬁiometric titrations (19) and it forms conducting



solutions with lithium bromide, lithium lodide and tetra=-
butylammonium iodides Evidence for an'additiOnfcompouhd

of trichlorosilane and teﬁrahydrofuran‘haa=been*found;(20)
whibhvcanceivably?mayxundarg0~réducti¢n;'ﬁAeetcnitrileéiS“-*‘
also an excellent solvent for many inorganic salis andﬂno
reductiangWaVéfforqiﬁ*is*reportsa.iiFQrm&miée‘hasiavhighf
dieléctric:echsﬁénﬁ'an& is‘an'ex¢ellenﬁréélveni.forﬂmany‘
inorganic salts and has been;ﬂsedfas‘a“pblarographicSééivenﬁ'
(15). It was*also=décidea“toftryvsécandayy%isGamyl*aléOhol,~
the thought being that perhaps the hydrolysis might be slow
enough to allow tlme.studies to be made should elther the
crgénobhlérQSilané?re&ubafor should the reaction prodﬁéts'
be radaﬁiblea.iShaulé*thisVocaur:anfanalyﬁical“proeadﬁre
might be developed based on these time studles.



- Experimental Methods

‘For all the work a Sargent Hodel I visible recording
pclarograph vias use&;r All'values‘afrpotantial‘set'on the
span were checked with an auxiliary potentiometric cireuit.
The rate of flow of ﬁefcﬁry\perisecénd”wasTdeterminedfwith
an open eircuit with the mﬁréury‘ﬁrealy‘drépping‘in air and
the drop time was determined at the half-wave potential in
the respective medium. ALl curves were caleuleted by the
method ‘déscribed in the manual of instructions for the -
Sargent Model XXI 1 golaregraﬁn‘v A conduc%lvity Pridge deel
RCQIB‘made‘by'Industrial‘Znstrum@nﬁs was used'for.all re-
sistance messurenents which were made with an open eircuit
through the eell and*cblumﬁ_of7mercury;‘”ﬁ‘Eeckman‘Mbdei G
pﬁ"meter'was7ﬁsea‘fbr‘%hé pH‘meaSurementS'Qﬁ the hydrochlorie
acid solutions. In all measurements against the saturated
calomel electrode an H-cell was used with a fritted disc to
separate the solution from the saturated calomel electrode.
The cell was equipped with a stopecock in one leg to allow
the solution to drain after polarographic measurements.,
For measurements using the quiet pool of mereury as anode
either a Heyrovsky Erlenmeyer-type cell was used with a cork
stopper to minimize contact with the air or a %wo piece
electrolysis cell,’catalbg number 5-29306, nade by E. H.
~Sargent and Company_was”uséd, ‘The solutions were not

thermostatted during’'a run but were brought to constant
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temperafn:e~in a;constant,ﬁemperature watar_bath;at =
25° & 0.2° previous to thé'run; All solutions wérek
bubbled with commercial nitrogen entrained over alkaline -
pyrogallol and magnesium_perchlorate to:free‘thgmvfrqm,i‘*
oxygen, previous to running the polarogram. - B

~The mercury was purified by bubbling with air for 2k hours.
It;waé;ailoWed to spray from a funnel through 10% sodium hy-
droxide, then through dilute nitric aéia, followed by filter=
ing through a Bethlehem Type F mercury filter. It was finally
di&tilléd'through‘an evacuated one piece mercury still,..

All the organocﬁlorcsilanas used were products. of the
Anderson‘Laboraﬁories,_Adrian,5Miehigan, with the exception -
‘ofythe~viny1triehloroai1an6’whichwwas’frcm:the Linde’Air
Prcducts Company. The alkylhalosilanes were ﬁsed as
reeeivedfﬁecause of the lack of extensive equipment to
purify them by fractional distillation and because of the
corrosive nature of the organochlorosilanes. In most of
the cases they were from ninety to ninety-nine per cent pure.
The methyl ethyl ketone was an Eastman product and was
distilled, collecting that portion boiling between 79° and
80°. It was then dried over calcium chloride. The chioro=
form was Mallinckrodt technical grade and was twice distilled,
the second time in an'allﬁglaés apparatus, The fraction
boiling between 60° and 62°‘was‘écllected for use. The

acetone and secondary isoamyl alceohol used were Bakét*s»



ﬁnalyZed“andfﬂerck;*respectively;*an& were used without

any further purificabion. The scetonitrile was a Cu Po
Fischer Scientific Company product and was used after .
drying over phosphorus pentoxide. ~ The tetrahydrofuran
was an. Eastman product and was redistilled over sodium
hydroxide; the portion boiling between 62° and 64° being
collected and then dried over metallie sodium. - The form-
enlde was an Bastman prodngt'andfmas«used asvreceivéd for
preliminary experiments. ~The pyridine was Baker's Analyzed
and was sultable for use after being drled over potagsium
hydroxide for a few days, redistilled and dried over barilum
oxide, ' The pyridine was recovered from,ﬁhe pyridine-water-
salt mixtures by distilling the pyridine-water azeotrope
~ﬁmmmsﬂhmmmmgma%mrﬁmtmammNMcg
mixture with repeated treatments with potassium hydroxide,
redistilling over barium oxide and collecting the portion .
:frmm~ilh°,to 1i6°aﬁ The lithium chloride, potassium chloride
and zinc chloride used as supporting electrolytes were
Beker's Analyzed products and were used after drying in an
: ovenﬁaﬁ,llcé‘for three,hcnrs‘x Tatxabuty1ammoninm iodlde
wag reerystallized from ethyl acetate~sthanol mixtures (21),
and the reerystalllized product melted at 146°, . .

.+ In the preliminary runs to determine whether or not
‘reduction was possible inlmagykof,tﬁa_golvqnts,.ghe‘ergano-

chlorosilane was welghed directly into a volumetric flask



contalning the;solvent*ana*suppqrting'eleétrolyhe from a
60 ml, welghing burette tared with another 60”m1;'weighing
burette, Tetrgbutylammonium iodide was“uséd*as supporting
electrolyte in chloroforms Lithium chloride and zine
chloride were used as auéporting electrb1ytés in methyl
ethyl ketane‘and;aCetone; Lithium chloride was used és
supporting electrolyte in acetonitrile, formamide, iso~
amyl alcohol, tatrahyﬁrofuran and pyridine. = |
Some difﬂ;culty¢waa encountered in the early experi-
ments in‘preﬁéfing~pyridins solutions of the prgandchloro~
silanes. A ebmpbuna; analogouskto ammoni.um chloride, was
formed which passed into the air as a smokejmaking the
concentration of the solution uncertain, This problem was
solved by the use of two 500 ml., Erlenmeyer flasks equipped
with 24/40 female ground glass joints which could be joined
by a glass joint in the shape of a V equipped with two 24/40
male ground glass joints.‘ The organochlorosilane was wéighed
into one of the 500 ml. flasks and a volume of pyridine less
than that required for the final solution was put in the
other flask., The flasks were then joined with the VAjoint
and the solutions mixed. After vigorous shaking the smoke
dissolved in the pyridine and the mixture was transferred
to the required volumetrie flask and was diluted to volume
with the pyridine vhich was used %o rinse the Erlenmeyer
flasks. | |
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In the experiments involving pyridine and pyridine-

water;mixtures as solvents, stock solutlions of the organo-
chlbros;lanes¢in pyriﬂine'weré,made up as described ébove.
These‘stock.solutions_ﬁerg;usnally.made,up in concentrations
of approximatelY,G.Oa molar.  When pyridine was used as a
361vent, aliguot portions of the stock solution of organo-
chlorosilane invpyriﬁine were adﬁea'tcAa 50 mle volumetric
flask, weighed amounts of salid lithium ah;oride were added
and the resulting solution diluted to 50 ml. with pyridine.
Two different stock solutions of lithium chloride were
prépafeﬁ in water, one 6 molar and one 5 molar. VWhen pyridine-
water mixtures were used with lithium ciloride as supporting
electrolyte, aliquot portions of the stock solution of
organochlorosilane in pyridine were‘added to a 50 ml. volue
metric flask, pyridine added to make 374 ml. of solution,
the required amount of stock solution of lithium chloride
to make the desired normality in supportingkelectroiyte added,
and the resulting_sélﬂtion diluted to 50 ml. with water.
In the case of pyridine-waber mixtures using potassium
chloride as supporting electrolyte, aliquot portions of the
stock solutions of organochlorosilane in pyridine were added
to a 50 ml. volumetric flask, 5 ml., of 3 M. potassium chloride
in water plus 20 ml. of water were added and the resulting
solution was diluted to 50 ml. with pyridine, ,

The hydfochloric acid solutions in pyridine-water
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mixtures using potassium or 1ithium chloride as supporting
e'léc-i;roly—he were prepared in a similar manner. The hydro=-
chlorie acid stock solutions were standardized against
sodium hydroxide previously standardized against potassium
acid phthalates '
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Data and Discussion

" ‘Bincey in working in ncnﬁaquééus solvents hydrogen ion
18 ot prasent unless the solvent itself ionizes, the
quéstion arises as to what kind of mechanism of reduc*ion
would ba expacted should the organochlorosilanes be: found
reducible. It was postulated that such’ a reduction might
invalve‘formation of anfadﬁition“eompougd'between‘the
501Vén£%and the organochlorosilane. Such an addition —
compbunéjeeul&:ébnéeivﬁbly:undafgo'reduétEOn*by\aécgpting
an electron from ‘the &rd?piﬁg'mercuryféaﬁhaae}"%hé'addiﬁion
compound then”decompaéiﬁg\té>£ofmfthe_solvent agéin;and‘a
free;radieal,“twc‘6ffwhieniwau1a’unite*imméaiately.if 2
This could be represented in the following manner using’
trimethylchlercsllane as an example and 1etting R: represent

the selvant.

Oy s gHy
Rt & H3C -5 - €l ---) Rs Si* CHy + 01“
cas o -fe‘*~cH3~ug-a |
eEy o cHy
03 - S 3 )
R ~~31*w~cﬁ3 + @ =-=> Ri 4 HyC' = 'Si s
X e '
2 HSC - 31 © -y H3c - §1 - §l - CHy

a.033 ; i cn3 ‘cﬁg
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~ The chloride ion would, of course, react with the
mercury to form mercurous chloride at the ancde.v An ex-
anple of this type of Teduction is known in the case of
pyridiniu@'ion_(gz),»althnngh thistrédﬁction~aaes,involve
hydrogen iong‘whiéh takes~the‘role'of the brganochloro»v
silene in the above represenﬁaﬁian, A reduction of this
typeﬁwquld requireNa«sqlvenﬁmgnch_as_ngidine, mgthyl_
ethylgket¢ne,aacetcna,;ﬁetrahyﬁrgﬁuraﬁ,,formamida, or -
acetonitri;eﬁ‘;The;nature1éfqthis,ggductipn;shquid%not{a
prohibituusé.mf other solvents,for}oﬁher;mechénisms.of;_(_
reduetion also may be passlble,{,553,;4lpaz,:. \1-~

It was founa that, carbsn tetraehloride, benzene and

diexang, althepgh,goad»solvsnts:far,therqrganochlprosilanes,
covld not be nsadua$,solven$s,for.polarcgrapnic.anélysis, o
since it was impossible to dissolve eﬂomgh -supporting
electrolyte in these solvents to obtain a conducting
solution pf-su;ficienﬁ magniﬁuae\far.pelaragraphic analysis.
Tetrabutylammoniuﬁ,iadide Was‘quite sc1uB1e in chloroform,.
However, repeated recrystallizatians from‘ethyl.aeetatef
ethanol mixtures failed to remove a reduction wave which
occurred at approximately ~0.3 volts against the quiet pool
of mercury in a solution containing only the salt and
chloroform, The reauction wave failed to level off into a
diffusion eurrent and therefore any reduction of organochloro=-

silanes occurring beyond ~0.3 volts would be obscured.
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No reduction was. found to occur within the useable span of
0,3 of a volte Any rubber connections present 'in contact
| with' ehloroform must be elmminated for they cause the
soluﬁion to be capillary active, = PR

Many of ‘the iodides and ‘bromides are saluble in methyl
ethyl ketone but yield solutions whlch are caplllary active
and hﬂhhe"ére not suitable for use. Zine chloride and -
lithlum chloride, moderately soluble in methyl ethyl ketone,
seem to have their solublllty enhaneed by the presence of
an organochlorosilane and thus are su;table,for use. A
blank containing onlﬁithe“salt and methyl ethyl ketohe,did
not undergoe any reducﬁion”untily~l.l‘vcltés Reduetion waves
were'cbﬁained using éither lithium chloride or zine chloride
as supporting electrolyte- ‘In the case of methyltrichloro~
silane the half-wave potential is approximately «0.6 volts
measured against the qule% peol Gf mercury when the solution
1s first prepared* bux 1f the solution is alloweﬁ to age,
the half~wave potentmal shifts to more posltive potentials
and a second wave appears with approx:mately the same halfn»
wave potential asjtha_:irst wavewinitiglly. The solution
which is cclorless*wpenffifstvprepared~beccmes yellow with
stapding, and eventually becomes a deep dark red. . Similar
resvlts were obtained‘?ith dimethyldichlorosilane and tri-
methylehlorosilane, although the time for development of

the red ecolor varied in each case. The same phenomena were
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observed ﬁsing a¢¢£Qne7aé7égsﬁivenﬁ.“Th@ée'results sug=
gested thatxfimezstudi§s7be,maﬁe;“the thought being that
each orQaﬁcéhlbféSiléﬂé”ﬁightLfeact‘differently’énd there~
fore"dffér é‘poééibiliﬁy‘fér dévéldping'an analytical method.
A1l attempts to obtain reproducible results failed. One of
the main“problémé‘infattempting to standardize conditions
wa.s the'ebrrésivé“efféé%‘bf-tha“feacﬁionrn@en‘the capillary,
causing the capillary cbaracteristics to change before any
time studles could be completeds |

~ Obviously there is a reaction occurring between the
organochlorosilane and the solvent. A reaction has been
reported (2) between n@buﬁylﬁrichlarasilané~and‘acetone
vhich results in a deep red sélutiaﬁg“probably containing
mesityl oxide aﬁﬂ‘phoronég condensation products of ééetone,
which'ar@ producé& by the hydrolytie products of the organow-
chlorosilanes This could explain the reaction ocgurring
between the organochlorosilane and methyl ethyl ketone as
well as acetone. This condensation is acid~catalyzed, and
the presence of minute amounts of water vapor would be suf-
ficient to hydrolyze the organochlorosilane and cause the
condensation, The condensation products are probably
reducible due o the presence of carbonyl groups, but no
data is reported in the 11ter ture for phorone or mesityl
owlde. ‘ -

~ Wo reduction wave was obtalned using tetrahydrofuran,
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formamidegfageﬁqnitrile,‘or isoamyl‘alcohol as solvents.
This is especlally significant in the case of tetrahydrofuran
since an addition compound between tetrahydrofuran and
trichlorasilane'iéakncwn and because tetrahydrofuran is a
solvent from which all water can be removed quite readily.

A well defined reduction wave with no maximum was
obtained using pyridine as a solvent and lithium chloride
as supportingﬁeleqtroiyte;,‘Trimethylchlorosilane~gave a
half*wave'poﬁenti&l;dff%&;?%?*vglts-against the qniet~pool
oflmercurngnd,éimethyldichlérbsilane‘gave'a;half*wave
potential of <0.950 against the qulet pool of mercury. It
was found that the diffusion current was proportional to
the concentration as predicted by the Ilkovie equation,

On the assumption that the reduction followed the
previous postulated mechanism and assuming that the addition
compound of pyridine and the organochlorosilane would be
stable towards hydrolysisy water~pyridine mixtures were
tried and the resulting reduction waves obtained were even
better defined than in pyridine alone. Therefore concentration
stuaies-were made in water~pyridine mixtures. The pyridine=
water ratio was chosen rather arbitrarily. A 75%-25% -
pyridine to water ratio by volume using lithiumﬂchloride'
as supporting eleetfolyte»was sufficient to bring the ro=
sistance through the polarographie cell down to 300 ohms,
Similarly, since potassium chloride is less soluble in
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pyridine,”the,adéiﬁiqn:qf'mpze;wate?~is necessary to bring
the resistance across the cell down to a similar value,
when using potassium chloride as supporting eleectrolyte.
Therefore a:mixture;af,Sb%fwater(and»SO%vpyridine-by‘
volume was wseds o | e -

The results of the concentratian studies using the
various organo¢hlcrosilanesaare\presenﬁed in tables 1
through ‘éo.ﬁ - The .vallues’fpﬁ_::id[c,_ix; which ig is the
diffu31an\currént,ingmigxoémperes”ané.c represents the
ccncentrétiﬁn exprésagﬁ;imygiilimoles per liter; are con=
sténtqtalwithin_aﬁ indicating that the diffusion current
is a linear functiQn\of the concentration as predicted by
the Ilkovie equation;i The half-wave potentiels measured
against the saturated ealcmel electrode are consbant for ;
any one. study anﬁ,ﬁa not;snzft,with;ccncentrationa The
half-wave potentials for each separate organochlorosilane
shOW“ramarkable‘gimilarityAand,indicate~that the same
product is being reduced in ailAcasessrhThis is not in
,acéord,with the previously postulated mechanism, which
predicts different reduction potentials for the different
organochlorosilanes, sinee the ease of reduction should be
Influenced . somewhat by the alkyl groups and by the number
of chlorine atoms.presenﬁgon,thejmolecnle; It also might
be expected that a compound such as diphenyldichlorosilane

might not form an addition‘cempo&nd,with_pyridmne due to
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steriQAhgg@ranceg ‘Howevér; a reduction is obtained 1§;the
}éase ofHéibhenyldichlorpsilanagra; e
Basedacn~this§evideneé;iﬁiwas.assnmedhthat'thevpblaro-
graphic wave was due té'the.réduétion of pyridinium don
formed by hydrolysis of the erganbchlorcsilane in the presence
of pyfidine. Since pyridine is very difficult to dry and the
concentration of the organochlorosilane is quite 'small, it
is,believed‘the*Wave,cbﬁaiheé in pyridinevwas also dus to
pyridinium ion formed by sufficient water present in thé
pyridine to cause hydrolysis. It was caleulated that 0.02
ml. of:water.in'50 mle of,pyridine would be more than suf-
ficient to completely hydrolyze the largest sample ofvorgano—
chlorosilane used. To test this hypothgsis an attempt was
made to meke completely.anhydraus pyridine and run one of
the organochlorosilanes in it. If no water were present the
wave wonld(be‘elimina%ed.‘ The pyridine in this case was
distilled from the addition compound formed with aluminum
chloride, removing only the fraction boiling at 113.5°.
This was fhen'redistillea frumva mixture of barium oxide
and silica gel onto lithium chloride previously dried in an
oven at 110° for twelve hours. The solutions of the orgeno-
chlorosilane were made up with a minimum contact with air.
The solutions were run polarographically and, contrary to
expectations, a reduction wave was obtained that checked

the other values previously run. Since the arganochicrOSilanes
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are so éaSiiy hydrolyzéévby moist air, it was thought that
they might contain a certain amount of hydrochloric acid.
The presénce of any hydrochlorictacid in the organochloro-
silane itself would lead to formation of pyridinium ion
when dissolved in pyridine,'and'would‘éééount for the wave
obtained. e AT

The pcésibility of pyridinium icn‘being'reduced was
further tested by preparing similar pyridine-water mixtures
with Various'cdnGeﬂtr&tioﬁs"of”hydréchloric acid and using
both lithium chloride and potassium chloride as supporting
electrolytes. The results of these concentration studles
" arve presented in tables 21 and 22. Again the diffusion
current is found to be proportional to the concentration
within 2% average deviation. The half--wavé potentials
measured against the saturated calomel electrode are constant
during a‘series 5f runs and ag%eevqnite'wéll with those of
the organochlbﬁoéilanes; A summarykof the half-wave
potentials of ﬁha'erganechlcrosilanes“ﬁogeﬁher with those
obtained for hydrochloric acid is given in table 23. The
agreement is better using potassium chloride as supporting
electrolyte than using 1ithium chloride. This can be ex=
plaiﬁed if a'variation of the half-wave potential of the |
system as a function of the ionic Strengﬁh of the solution
is considered (18). Since three different concentrations

of lithium chloride were used ég supporting electrolyte the
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ionic strength of the solution was not constant. In the .
case of the potassium chlorids solutions the concentration
was_maintaing at_Ou3\mQ1§r,:‘?herg;qreigreater,gccuracy,is
t0 be expected in averaging the half-nave potentials of the
mixtures using potassium chloride as supporting ‘electrolyte.

-Some of the discrepancies are a little larger than can
be ex@lalned on ‘the basis of lonie strength alone. It was
believed that a part of these variations could be due fo.
the'effé@thr,the_yyridina_pﬁfthelagar plug and subsequently
upon ’she;smra??d -calomel electrode, since the agar plug .
breaks down upon contact with the pyridine-vater solutions
after a few days Qflusa,anﬁJhas‘tg be_femade.i To test this
effect threevmethyléhlorosilgnes,in,75%#25% pyridine~water
mixtures_using.a,é molar lithium chloride as supporting
electrolyte were run against,?ha_quietrpoqlfof mercury. as.
anqde,andlthebrolleingvresultsﬁwergtobtained‘~v |

- Methyltrichlorosilane =1.178 v.
. Dimethyldichlorosilane ~1.180,y,u,,
- Trimethylchlorosilane =1,188 v.
e : ’ Avg. =-1,182 ¢ .00% Ve
These results indicate that the effect is small if present
at all, :
.. .One other factor may be\cqnsidered;in regard to the

discrepancies in the half-wave potentials. It is known that
the half-wave potentiai shifts with the pyridine~water ratio.
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If the original pyridine from which the stock solutions were
prepared were not ccmyletely dried but contaxned varying
amounts of water, 1t wcula eause some shift in half«wave ~
potential frcm ‘one stcdk scluticn to another. Since pyridine
is difficult to dry this factor shonld be considered as
contributing a small part to tha discrepancies. The further
discussion of the effects cf the pyridinenwater ratio upon
the half~wave pctential”is reserved for the second part of
this thesis. | f e R e ‘
It 13 to be noted in table 23 that the half-wave

potential is mors nagativa in SOﬁ*ﬁeﬁ pyridineawater
mixtures than in 759*25% mixmures. This is merely an effect
due to the difference in water ‘content.” The value of\~1'&19
vslts for 50%«50% mixtures is in fair agreement with the
value of ~1 %29 vol%s reported by Tomykins and’ Schmidt (23)
for pyridinium ton in *601 M, Eﬁl, 0.1 m. KC1l and 0,0125 H,
pyridine. A
Purther'évidencé for the reduction of pyridihium"ién
may be obtained by consideration of the diffusion constants.
On the basis of the Ilkovie equation kS
L L 1@ w knen 2/341/6
the’quénﬁity id/em2/3t1f65 knamnvas‘the‘diffuéion7gonstant,
should‘bé'éonstanthér‘any one substance regardless of the
capillary used., According to the following equations
8 1. RgSiCl v Hp0 =-=3 RyS10H + HCL
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2. RpSiCly + 2H,0 »~->:RQS~1(OH)2: + 2HCL
- x[Bes1 ('01'1,,?2] T‘*“""E‘ésﬂf‘] x ¥ ®H0
3+ BS1Cly + 3Hp0 ---3 RSL(0H)3 # 3HCL -
T [RSi{OH)3] - [385.01,5]x . 1. 5xH20
one mole of hydrochloric acid would be expected from hydrolysis
of a monochlorosilane, two. moles from a dichlorosilane and
three moles from a trichlorasilane.: If these reactions are
quantitative and a diffusion censtant is ealculated using .
the cancentration of hydrochlorie aeid formed instead of the
concentration of organcchlorosilane, a censtant value for
the éiffusion canstant should be obtained for all the
organochlorasilanes and for hyﬁrechlcric acid. The fact
that a linear relationship exists between diffusion current
“and concent&étian fer.any”one erganocblorosilana over 1ts
regpective cancentration range indicates that the hydrolysis
is quantiﬁative. The}rgsnlts of calculating the diffusion
constantﬁon the basls of hydréehloiic aciﬁ cohcentration are
presanteé in_tabIQQ'Eh and 25. The agreement in the case
of the ?5%425 mixtures 1s good to approximately 6% if the
two values marked b in‘theAtable,ara.exeluded,from.the
average. These values are qbéiauslykin error, probably
because mf‘faulty'measureménts of the capillary,characteristics.'
The values in 75%~25%,mixturés‘are.gaod to approximately
2.5%. A possible reason for this is that thé diffusion

constant changes mgrefrapidly‘with,small variationsvin water



Table 1
Studies of trimethylehlorosilane in 75%~25%’pyridine~wéter
mixtures with 0.125 M, LiCL as sunporting electrolyte.
= 1. 909 mg./sec., 5 ' |

millmmolar el E
CONCs - vol

- 3.2 sec. A
R T B 15/
. ¥olts . mamps.

0.9600 o= L8619k
0.9600 . = 195 2.0k
4800 =175 930 1.9
9,600 =138 19,2 2400

.30 0 =375 28,0  1.95

23.90 S a378 . W9.5 2.07
28,70 - =1.385 56.8 - 1.98

38,20 1,375 7l 7 1.98

47,80 . =1,385 - 9 . 1,98
Avg. i =1.379 & ook 1.99
% Avg. Deve . 029 - 1.73




Table 2
Studies of trimethylchlorcsilane in 75%-25% pyridine~water
mixtures with 0.6 ¥, LiCl as sunporting electrolyte,
= 1. 656 mg./sec‘,‘t = 3.3 secs |

mlllimclar By 0 ig | ig/e
eomes . volts pampss s
10, 8"‘,u ' ~ -la3%0 15,0 1.38
2,70 <1337 20. 1.36
32,5 <1338 457 1.40
PERT 1,350 62,0 143
43,40 0 aa338 60,0 1.38
hvge ~1.34%0 g_*¢03 o N 1.39
4 Avg. Deve 0022 143
g |  Table 3 |

Stuﬁias‘of trimethylchIOroéilana in 75%-25% pyridine-water
mixﬁures with 0.6 M, LiCl as suppcrting elecﬁrolyte.f '

m = 1,00% mgQ/Seé,, = 3.7 sec.

 miilimolar 0 By g ig/e

conc. EE&E& | - pemps. ‘

74317 _“14340 e -

10,98 ~1.345 - -
Cahé3 “1.350 16.2 | 1.11
21.95 1,350 2k.8 1.13
29.26 ,41.350‘ 33,4 o1
6.5 <l  n0.8 1.12
Avg. | E ~1.347 3 .003‘ T 1.13

% Avg. Dev. 0,22 © 0.88



| - Table k&
Studiéﬂuof,dimethyldichlordsilane‘in 75%425% pyridine«water
nixtures with O. 6 M. LiCl as suvporting elecﬁrolyte. | |
m o= 1. 09% mg./see., t = 3. 7 sec,

millimolaz E% g ag/e
—CODCe . ml.'b.ﬁ _ ARG i
7 875 o ~1.327 18.6 2,36
e -3 2p.7 R
15.75 -1.335 375 2,38
23.62 gi;g&d‘ 5.2 2.k
350 el e 2.5
39.37 L3 95 2.1
avge j'4¢£7¢,mm o 2m
% Avg. Dev. 0.%5« AR | 1.03
| Table 5 |

Studies of dimethyldichloroailane in 75%=-25% pyridine~water
mixtures with 0.6 M. LiCl as supporting electrolyte.
m =z 1.656 mg./sec.; t = 3.3 sec,

millimoler By Tig ig/e
—COnCe . - ¥olts ‘7&.@3&5& beamis
9.350 1,34 31.0 3432
18,70 ~1,352 | 62 3434
28,04 -1:357 92k 3.29
37439 - ~1.366 127.6 341
6. O eL372 . 15640 3434
Avge | ~1.358 =009 3.3k

% A‘Vg; Dev. Ot66 ‘ Qs 59



Table 6
Studies of.' methyltrichlorosilane in 7‘5%-2 pyridine-water
miztures with O, 6 M‘ LiCl as supporting electrolyte.
m = 1,650 mg./%ecd, ;t\ 3s 3 sec.

millimolar | ire S B ¥ ig/c

4,836 | -1.345 22,6 467

9,672 L2 46,0 4,75
sl <35 70k 4,85
19,34 <1355 90,0 4.65
.18 -1.362 116.8 %83
hvgs " 1,350 & ,007 k75
% Avg. Dev, 0,52, L2

?able 7 :
S“Ludies o:z triathylchiorcsilane in 75%*25% Pyl‘idineuwater
miztures with 1.25 M., LICL aa supportingwelec*&:mlyte.,
me 1.09% mg;/seé;;ft@‘? see

mili:’;rgglar DR mﬂéﬁ s 1q ig/e
- 7.850. <1.3%0 R 1,19
1046 1,350 13.0 -
15.69 @1;350 19,1 1.22
20,92 | ~1,340 26,2 1.29
26,15 | ~1,34%0 31.5 1,20
Avg, “1.3%% ¢ 005 122

% Avg. Dev, 0-37 e _ - 1.6k



 Tame s
Studies of dlethyldichlorosilane in 75%-25% pyridine-water
mixtutes with 0.6 M;ﬂLiéifaS”éﬁpﬁorting-elééﬁfolyﬁé;
m = 1.288mg./secss’ b 3.7 seeu |
millimoler E} | - 14/c
..CONC. . ‘m » /li.@..l’.g.z. ...........
3400 &1;361, 113 | 3.32
6.800 1366 2.3 3.28
10,20 1360 | 33.2 3.25
13.60 “a3es b 3.19
17:00 a3 ma 3.k
avge %1359 = aoo7 | 3.2k
% Avgs Deve 052 1473
| Table 9 |
Studies of ethyltfichiardsilané in 75%~25% pyridine-woter

mixtures with 1.25 M LiCl as supporting elechrolyte.
1 969 mg /sees, 3:2 S@Gu e
millimolar Coeo s B - da - ig/e

. CONC e o Xelis ALomnse i
2,850 1,355 - 13.6 4,77

5.690 “1.342 25.6 %50
8.550 “1o3k2 40,1 4,69
11,40 «14348 54,2 %, 76
14,20 Lol 6646 % .66
17410 “1.346 . . 97.6 Yo 5
22,70  =143%5 103.0 Y o5
Avgs 1,346 & 4003 | b6k
% Avg. Dev. o2 | 2.03




| | ,ﬁiéble‘lO
Studies of'dipheﬂyidiéh?oroéjlaﬁe3in775” 25% pyridine~water
mmxtures thh 1.85 M. L101 as. supportipg elecbrolyte.
=~ 1. 969 mg«/sec., t - 3 2 sec.

milllmolar} PR E%(' B id ig/e
3.28k <1.33L 9495 3405
4,896 o e1.328 W7 2,99
 6;528  | ~1,318 19.0 2,90
8,160 -1,316 24,8 3.0
9792 1320 30,0 3406
13,06 =1.322 . . 40,8 3.12
16,32 =1,320 50 3,08

Avg, - | 1,322 & 00k 3.03

fAvge Deve 030 o 1.
S manlem

Studles of phenyltrichloroeilane in 75%=25% pyridlne-water
mmxtures uith 1.25 ﬁ. LlCl as sumporting electrolyte. .
1 656 mg./sec.; & = 3'3 sec. | |

miliggglmr 2@2%& - g ig/c
3.%00 ~1.325 10.3 3.03
13,40 =1,328 | 40,2 3,00
20,10 ~1.328 60.0 2.99
26,80 | -1,330 99.2 2,96
33.50 ~1.335 - 96.8 2,89
Avg, ~1.329 3 003 | 2.97

% J’W‘g. Dev. 0023 1‘35



Table 12 |
Studlcs of vinyltrichlorosilane in 7% ;-?5@ pyridine-water
mixbtures uith 0 6 M, L101 as. su*porting electrolyte.;
m = 1. 09% mg./sec.,;ﬁlx 3.7 sec.

millimolarr‘ | E@ | idp i4/c
oonc, N  39;§§}_ A JA2IDS. | _

%,800 o Ce1.329 17.5 3465
vgééoek‘ » ~§1;3g7 " e 3&}% ' o 3.58
1440 oo sou 3440
19.20 1335 67,2 3.50
24,00 ~1,33% 1 85.6 3.56
avg.  ~l.33Lg .003 3.5
% Avg. Dev. - 0.23 “‘ _'} N 1,146

- A Table 13 o ,
Studies af trimethylehlorosilane in 50%~3 pyridineuwafer
mixfures with 0.3 M. KCl as supporting clectrolyte.
m e 1,656 mg./See.; t = 3.8 see, |

:ld/O

millimolar = By : iag
_cones . velis  Mams, —
10.85 g ~1.%05 | 19.6 1.81
21.70 ~1,403 39.6 1.82
32,55 <1406  60.8 1.87
Cu3k0 ;1;405 82,2 1.89
Se25 ~1.410 98k 1.81
Avg, =1.406 & 0002 | 7 C1.8%

% Avg. Dev. O.k 1,74



 Table 1t
Studias of dimethyldicnlor031lane in 50%-50p pyridine-water
mi tures wzth 0.3 ¢, KCl as supparting electrolyte.
| 1 09k’ mg./see., t= b .3 sec,

mllllwolar L B o - ig ig/c
,mmggu£&~uk,;,,_ 1321§§V[ o pAomDSa e
7875 =14395 25,4 3.22
1575 =393 498 3.6
23,62 <1395 77 3.28
3150 21405 103.2 3.27
39,37 1405 127.2 3.22
Avge 1398 § L005 3423
% Avg, Dev. 036 1.11
| Table 15

| Studies of methyltriehlmrcsilane in 5 p»EO» pyridine-water
mixtures with 0‘3 M. KCl as supperting electrelyte.
m & 1,656 mg./see‘, t & 3.8

millimolay By , ig ig/e
—tomee.  olis | fna —
%,836 | ~1.406 28,8 5,96
9672 ~1,%06 59.2 6.12
L B ~1.410 91.2 6428
19:3k% ~1,409 117.6 6.08
214,18 N <120 15L.2 6.25
Avg. | ~1a%104g JOO% . | 641l



Table 16
Studies ‘of triethﬁchibrbsiiané in 50%-50% pyridinewéatér |
mn.ﬂ.m’es wi'th 0 3 h, KCl as supporting elec‘hrolyte.
= .656 mg;/g@c., t 3 3 |

millimolar K By ig igle
—fong.e .. C Xolts }ALngﬁq,; SR

523  -LMo 99 L&
7.85%0 =108 15,6 1,99
046  -lkoy 2Ll .0
20,92 ~1;noa,_ . w0 2,01
26,15  -1%08 5,3 2,04
'Avg. s ~1.%08 & .001 x 1;99
% avg. Dev.. - 0.07 He e - 1.91
‘Table 17 |
Studies of dia‘bhyldichlqro_s;lane in 50%=50% pyridine-water
mixtures with 0,3 M. KCl‘ras supporting electrolyte.
1;656 mg./sec., t = 3. 8 sec. | .
millimolar B} ia ig/c

CONCa e yelis ,;¢Lamnaa S,

6.800 B «1.393 28,5 k19
10,20 ~1.398 b1 4,32
13.60 =1.,405 o 59.2 %.35
17.00 1,402 71 %,20
| AVggﬂ =1,400 ¢ JOO% %.27
% Avg. Dev. 0.29 o i 1.6%




. TablevlS'
Studies of ethyltrichlorosilane in 50%~50% pyridine~water
mixxnres with 0.3 M, KCl as suppcrtinp eleetrolyte. |
m e 1‘09% mg./sec., t u,%‘B secs

millimoler B3 la 1g/c
—conea . ¥alis  AamDs. —
La720 ‘»1 425 : S22.5 %77
R “1»h28‘ 46.2 %89
1ha16 : ~1‘h25' - 68.0 4,80
18.88 “1.428 90.6 %79
28,32 ,;1;uuo 40,0 b, O
Avge »1 29 & 4005 ' by Bl
% Avg. Dev. 0»35 R | - L.60
B  Tablely

Studles cf phenyltrichlorosilane in 50»~50N pyridlne~water
mixxures with 043 M’KCl as supporting eleetrolyte.»

= 1. 09% mg./sec., te k.3 sec.
'millimnl&r ' 2 - ia | 1g/¢
—eGONCe o oxelts - damps.
- 3.400 o =l.h08 5.8 k.63
6.700 ;19u68 30,9 461
13,40 | <1.408 62 4,68
20,10 <1415 95k 4,78
26,80 “L23  129,0 4,81
g - ~1.412 & 005 %,70



Table 20 }
Studies of vinyltrichlorosilana in‘50%~50% pyridine=water
mixtures with 0,3 M. KCL as supporting electrolyte.
m = 1.09% mg./sece; t = .3 sec,

millimolar Ei | - ia ig/e
—conc.. . xolis . pams, —
%.800 S =l.398 21.7 . %.52
9600 S =1.395 5.2 - .71
WMo <1395 68% . 14,89
19.20 =1,398 90.6 4,72
24,00 L «1,405 112.0 %,70
Avge . - =1.398 ¢ .003 : 470
% ivgs Deve  0.21 . 1.83
Table 21

‘Studies of hydrochlorie acid in 75%-25% pyridine-water
mixtures with 0.6 M, LiCl as supporting electrolyte.
m = 1,161 ng./sece; t = 3.8

millimolar By g 14/c
6.680 . =l.36% - 8.92 1.33
9,970 O Aaap 13.7 1.37

20.89 L -L366 0 27.6 1,22
56.82 -1.359 776 1.35
78.65 ~1.348 110.% RS
97.86 -1,363 132.0 . 1.35

Avg. n - =1,362 & 4006 1.36

% Avg. Dev. Ol U ) : 1.83



Table 22

Studies of hydrochloric acid in 50%-50% pyridine-water

mixtures with 0.3 M. KCl as supporting electrolyte.
m .“.‘.’10161 mg«fs&ﬁgg Jt = 1*':5 secQ , |

millimolaxr
e BONC e,

54980
64680
70976
9.970
20,89
33.4%
b5l
56,80

6816

78,65
90,88
117.%
125.8

137.0
Avg;‘
% &?g. Dev.

pH

7.7
7.7
e

o

69
. 6.8

6.6

6.6

6ok

6

R

Iy

 xolts
ﬁ*lih33
v “"‘3- all'aé

KR
=1.421
«1,420
o1 b1k

k41;h18

~1.412
= . l!‘l"i'

c=1,413

“1.k12

alchgé
1419
szuga
-1.419 = .005
0.35

ig

| }tLé@Eﬁa

10,32

11,84

14,10

17.25
37.20
61,8k

84,30
© 105.0
1125.0
145,0
179.0
| 209.0
227.3

2%6.8

id/ c

1.73
1,77

1.78
1.73
1,78
1.85

1.86

1.85

1.85

1.8

179
1,78

1.81

1.80
1.80
2.02



Table 23 |
‘Summary of Ei's for Qrganochlérosilanes
Organochlorosilane - E} in 79% E¥ in 50%-
. 25% pyridine- 50% pyridine-
e pater water
Trimethylchlorosilane - fif; %~.Q1§379. | ~1.106
S A ams
| L “Laghy -
Dimethyldichlorosilane =~ =1.337 ~1,398
B . el o s _1.420
Methyltriahlordsiiana | ‘ ‘{f'7 ~1,350 «1.4%10
Triethyléhioroéiianeli' S I {11 ~1,408
Diethyldichlorosilane =1.359 -1,%00
| Bthyltrichlorosilame  =L.a% =129
Diphenyldichlorosilane o Ala322 -

Phenyltrichlorosilane = =1.329 ~1.412
Vinyltrichlorosilane ~ =1,331 ~1.398
twvg. 0 .1.346 s 012 -1410 & .008
Hydrochloric acid 1,362 & 2006 ~1.419 & ,005



Table 2%
Summary of diffusion:canstants.for organochlorosilanes
in 75p~25% pyridineswater mixtures with LiCl as S. E.

Organochlorosilane u?/ 31/6 13 1g
| . m'g.2/3sgg.."’?‘1 cm2/3-h1/6 nem2/3tl/(’
Trinethylchlorosilene 1 .;907,“ w0k LW
ER | _1 708 O 81 0.81
... . 1z o 86 0. 86
Diﬁéﬁhyiéiéh;qrasilgne'v 1;§21 3 1. 82v 0. 91
1 1% 0.8
Hethyltrichlorosilane - 1.708 2,78 0.93
Txiathylchlorasilane  : 1,321 , 0.92 0.92
Diethyldichlorosilane = 1,472 2,20 1.10P
Ethéitrichlormsiléﬁe_, - 1.907 243 0.81
Diphenyldichlorosilane 1.708 1.71 0.86
Pheny;trichlorQsilane .32 - - 2,25 0.75
Vinylhrichloxfosilane 1.321 2.69 10.89
% Avg. Dev. e o | ' 5.7
Hydrochlorie acid . 1.380 ' 0.99 0.99
| 1.813  0.98 0.98%

a. Product ne is equal %to millimolar concentration of
hydrochloric acid formed on the basis of complete hydrolysis.

b.’These‘values excluded in calculating average,

¢+ These values abstracted from Part II of this thesis.



;Téﬁléfég
Summdry'cf diffﬁ'ibn'édnéﬁéﬁfs'fbr organochlorosilanes

in 50p~50p pyridzne«water mixtures with fCl as S. B.

»Organochlorosilane»k~,” 2/3tl/6 1q 34
s 222350078 on?/341/6 nen?/341/6°
‘Trimethylchlornsilane * f1 49 . 1.05 1.0%
Dimethyldichlorosilane;‘;u1;35h. ‘ 2 2;39 1.19
lethyltrichlorosilane — L1.749 3.51 1.17
Triethylchlorosilane  1.749 1,14 1.4
Diethyldichlorosilane 1749 2k 122
Eﬁhylﬁriéhlbrésilane o Lu3sh 3.57 1,19
Phenyltrichlorosilane 1.35% M7 1316
anyltrichlnrosilare ;~";1:35% 3y 1.16
Avg¢“ o SRR o ) 1,16
£ Avg. Deve o 248
Hydrochlorle acid  1.419 1.27 .27
ey 1.3 1,13¢

2, Product ne is equal to millimolar concentration of
hjdruehloric acid formed on the basis of complete hydrolysis.

Ce These values abstxacted from Part II of thls thesis.
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content in the region.of 25% water by volume than in the
region of 50% water by volume, as will be shown in part IT
of this thesis. -Another reason for error is the lack of
_tempezaﬁuraﬁcontfoiquring;tha{actual‘polafographic meas=
urement, &lﬁhaugh>£em§ératﬁre changes have a negligible
effécﬁ on half~wave potentials, they do have a large effect
on the diffusion current, approximately 1.5% to 2% increase
per degree increase of temperature. ‘

: The agreement is especially good when the impurity of
%hetorganachlarosi;gges is considered. The purity of the
organochlorosilanes ranges‘fromJQO%'té 99% and the impurities
in,many éases éonsistiof,gther,chlarosilanés; For example,
a trichlorosilane containing some monochlorosilane as
impurity would tend to give low results. Low results are
experienced with all the trichlorosilanes using lithium -
chloride as supporting electrolyte. A dichlorosilane would
‘give high or low results depending on whether or not the
impurity vias af%fiahlorcsilane or a monochlorosilana,’
Similar arguments could be made for the monbchlorosilanes.
Therefore considering all the errors it is thought that the
agreement 1s remarkably good and that the evidence is
overvhelmingly in favor of a reduction of pyridinium ion,

Plots of log i/{ig ~ 1) versus E were made for waves
of hydrochloric acid using potassium chloride as supporting
electrclyte;vand a stralght line resulted with a slope of
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-~0‘055 indieating reversmble reduction involving one
'eleetron.,:Simllar;plgﬁs«forjthe organochlorosilanes also
ihdicéﬁé&'é?févefsiblé\rednetion involving one electron.
'USing'75%¥2§%ipyri&inébﬁater mixtures the reduction is not
as reverulble, bnt 1ndlcations are that it 1s also a one
electron redua%ion.\ - |

ThlS re&uctio& now can be simply adapted for analysis
df‘%he}organdchlorcsilanes;in terms of chloride content,
since the diffusion current is proportional to concontration
within 2%. All that is necessary is to make a calibration
curve for kﬁoﬁnfsalutimns,of hydrochloric acid in some
&efinite'pyridiha-Waﬁer‘mixture,'plohtihg diffusion current
%afsﬁsfqanbentfatidn of ehloride. Then by running an vne
kngwn 0rganoch1arosilane’under the same conditions and
ccmparing its diffusion current with the calibration curve,
the percentage of chloride can be obtained. The concentration
of the organochlorosilane must fall in the range of 0.15
molar to 6 x 10”3fm01ar.-=16'may be possible to analyze
smaller concentrations of the organochlorosilanes by in-
ereasing the proportion of water in the pyridine-water
mixtures since the diffusion current is greater in solutions
of increased water content., This method will not permit
the determination of one organochlorosilane in the presence |
of others. However, in a mixture of %wo known organochloro=

silanes it is possible to determine the percentage of each
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constituent, but a mixture of any more than two 1s impossible

to analyze in this way.
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| ;».sgmmary, -

Studies have béan¥madé in écetOne; methyl ethyl ketone,
tetrahydrofuran, formamide, acetonitrile, isoamyl alcohol,
pyridine and~pyridine~ﬁaﬁer mixtures in an attempt to find
& polarographic method of analysis for organochlorosilanes.
- It was definitely established that the organochlorosilanes
are not reducible at the dropping mercury electrode in
any ofuthevsolvents~ekamined..kﬂowevér; they could be
hydrolyzed in pyridine-water mixtures and the resulting
pyridinium ion could be polarographically reduced. This re-
duction was found to give a diffusion current proportional
to the concentration of the organochldrosilane.

A method is described for the determination of
organochlorosilane in terms of chloride éontent, covering
a concentration range of 0,15 molar to 6 x 1073 molar.

This method fails in analyzing for. the presence of one

organochlorosilane in a mixture of several.
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PART IT |
POLAROGRAPHIC INVESTIGATIONS
~ IN PYRIDINE
Introduction
In the work reported in Part I it was found that
pyridine»waterimixtures and pyridine itself could be
used as solvents for polarographic investigations. Two
different ratiqs of pyridine to water by volume were
used in the previqus investigation and some differences
were noted in the half-wave potentials and in the
diffusion constants. This was to be expected. It was
thought that a knowledge of the variation of these
properties as a function of the water to pyridine ratio
over a wide range in ratios would be of value in interpre-
ting SOma of the discrepancies that were noted in Parf I
and also be of some theoretical intereste. The effects
of varying the proportions of aleohol and water upon the
half-wave potentials and diffusion constants of strontium
and barium have been studied by Zlotowski and Kolthoff (24)
and some interesting results obtained. It wounld be of
Interest to determine whether these results are character~
istic of aleoholéw&ter»mixtnres or whether a parallelism
exlists in py:idinewwater mixtures. |
Due to the current interest in non-aqueous solvents

in varlous fields of analytical chemistry and to the
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krelatiVely small number of references to the use of non-
aQneous'solventé as media for polarographiec investigatlons
(6474849,10,11,12,1331%,15,16,17,24,25,26,), 1t wvas thought
that a Study‘of the reduction of some inorganic cations

in pyfidine might be of sonme practical as well as theo=
retical interests - | ,

. In aqueous media 1t is impossible to obtain two separate
waves f@r two' cations whose half-wave potentials are not
more than 200 millivolts apart. A separation is usually
a¢aomp1ish¢d by forming complexes with the cations which
aiffer»in”ﬁheir comparative ease of reduction. as compared
to the simple hydrated cations. 8ince pyridine is known
tO'farmlcumplexeskwiﬁh many of the heavy metals in aqueous
solution, use of it as a solvent in polarographic reductions
might be effective in analytical separations impossible in
waters It might also be of practical interest to use
pyridine in\miztures with water for reductions of organic
substances whlch are difficultly soluble in water alone.

“+ It was thought that the effect of pyridine on half~
wave potentials and diffusion constants would be of some
theoretical Interest. Although some attempt has been made
to bompare'potentials obtained in non-aqueous media with
potentials obtained in water through the use of the chloranil
electrode in the case of acetic acid (9) and by direct use

of the saturated calomel electrode connected to the quiet
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pool of mercury by a salt bridge in the case of fused salts
(26),_it~is believed tha£ it is unsatisfactory to attempt

to make this correlation: A more satisfactory method is
tovcoﬁsider«ihe;selvent as an entirely indépendent medium
and obtain a table of half-wave potentials for the specifle
mediume -If this were done for each medium the ease of
reduction in each medium could then be compared, thus
furnishing the basis for a qualitative comparison from’one
salveﬁt to another. In order to compare half-wave potentlals
in one solvent 1t 1g necessary that an anode be used which
will retain a constant potential such that the differences
in half-wave potentials which are obtained are due only to
the cation reduction involved and not to the anodic process
taking places Such an electrode is the qulet pool of mercury
which remains depolarized and retalns a constant potential,
provided that its area 1s at least one squaie centimeter
and”provided that the solution contains halide ions or
Gther~iqns.that'form insoluble salts or complex lons with
vmercury (27)+ Since half-wave potentials are also functions
of ionic strengthVand‘affected somewhat by the type of
supporting electrolyte, it 1s necessary for means of com-
parison to use the same supporting electrolyte and to keep
its concentration constant. - Because lithium chloride is
quite;soluble in pyridine and becaunse it satisfies the re=-

gquirement for an anode with constant potential, it was chosen
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asvsﬁpparting éle&trolytéy‘ Lithium nitrate was used in
somalcésés‘When;lithium°chlcride was not feasible because
ofgquimgrwhich“cquld:nét;be'suppresseds ‘Half-wave
pbﬁentialswobtained;and«ﬁabulateéVfor aqueous media are
ﬁsuaily;in‘varied;SEpporting»electfolytes and very few have
béen;isteé:&sing’lithiumfchloridekas supporting electrolyte.
The concentratiQn5df suppprting electrolyte generally used
is?either”lrmblar*orﬁcglgmélaraA.To‘facilitate’a comparison

of ease of reducti@h‘in;the-twarsolventsg~manyiof the catlons
Were runfwith:iaentical~concentrations and identical support-
1ng electrolyte in water against the quiet pool of mercury as
anodeg%£In~waterjiﬁ the'presence of large amounts of chloride
icn;the;quiét pool of mercury functions as a calomel electrode.
< In general diffusion constants have been found to be
smallerjiﬁ non#aqueous solvents and, in the case of some
solvents, the diffusion current has been found to be inversely
proportional to the square root of the viscosity (16). Any
ehange in the diffusion current constant in going from one
solvent to another will be due primarily to a change in the
diffusion coefficisnt.: Silnce the diffusion coefficients are
affected slightly by the supporting electrolyte, a comparison
of diffusion constants between water and pyridine would also
require thet the type and concentration of supporting electro-
lyte Ba'maintained‘ccnstant, and thus any difference in

diffusion constant is due to the effect of the solvent alone.
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It is to be expected;th&t pyridine would offer some
possibilities as a solvent for polarographic investigations.
It has a dielectriec constant of approximately 12.5 which
indicétes that it Should:have fairly good solvent properties.
HMany salts are known to be gulte soluble in pyridine.
Although pyridine is polarographically redueible, giving two
Waves,in‘unhuffére&“méaiaAat.abaut‘~1.5‘volts and ~1.7 volts
against the saturaté& galomellglectrode (23), the reductions
are both dependent wpon hydrogen ion. Theoretieally if no
hyaregén i0n~wéré present no wave would be observed. Because
these reductions occur at very negative potentials and since
they are hydrogen~ion dependent, it was expected that
pyridine wauldinet'underga~any reduction over a wide potential
span and thus be suitable a3 a polarographié solvent.
Probably the chief disadvantage in the use of pyridine as a
solvent is the difficulty in making 1% anhydrous. Although
it is not claimed that the pyridine is anhydrous in the
following investigation, it is believed that the pyridine

does not contain more than 1% water by volume.
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| Experimental

 The equipment used for this investigation was
identical with that described in Part I of this thesis,
with the exception of the polarographic cell used for all
measurements against the quiet pool of mercury as anode.
vThis»céll, maéé in this laboratory, was cylindricelly |
Shapedgffouih%entimetérs in~diameter§;six»ccntimeters high,
with a stopcock sealed into the bottom of the cell to per-
mit arainagegaf the‘éell. A tube was'sealéd into the slde
of the vessel for the purpose of bubbling nitrogen through
the solution and a platinum wire was sealed into the bottom
Gfkthe.céllvmakiﬂg conﬁacﬁjwith;the quiet pool of mercury
and & tube of mercury sealed to the outside of the vessel,
Two femole joints, a 12/20ﬁan6-av7/25,~w0r9 sealed to the
Vtop of the cylinder for the purpose of introduction of the
capillary into the cell and fér the purpose of bubbling
‘nitrogen over the salﬁtion\dﬁring the course of a run, For
the few runs made against the saturated calomel electrode
the H-cell previously described was used. The capillaries
wore 6 tg 10 inch lengths of~Corning Glass Works marine
barometer tubing andfthe,characteristics were determined
as described iﬁ Par%fl; ‘The solutions were brought to
equilibrium‘in-a constant temperature waier-bath held constant
at 25° &+ ,02° and were'thermostaﬁteﬁgin;a second bath at the

same temperature during the polarographic determination.
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The solutions were bubbled with nitrogen which had previously
been bubbled through alkaline pyrogallol, sulfuric acid,
and pyridina,vfar teniminutes to rid them of oxygen previous
to the run, and nitrogen was bubbled over the solutlon during
the rnn.\yTheknitrngen was obtained from the Ohio Chemical
and Surgical Equi?ment~00mpany. The curves were calculated
as described in Part I of this thesis unless otherwlse
stated.: The mercury'ﬁas purified as previously'deséribed.
The lead chloride, lithium chloride, zine chloride,
antiﬁany'triehldri&e;’1ithium nitrate, bismuth trichloride,
farrie~chloriﬁalheXahydraté, chromie chloride hexahydrate,
uraﬁyl‘nitrate*hexahydrate, nickel chloride hekahydrate,
éobalt nitrate‘heXahydrate, mercurous chloride and chromium
nitraﬁe nonahydrate were all Baker's Analyzed C. P. chemicals.
The cupric chloride and cobaltous chloride hexahydrate
were Baker and Adamson reagents. The cadmium chloride,
silver nitrate, and stannous chloride dihydrate were
Mallinckrodt analytical reagents. The ferrous chloride tetra-
hydrate was a Herck:producta The above hydrated salts were
all used as racéived but those that were hot hydrated were
dried‘in an oven at 110 degrees for from one 4o six hours
depending upon the hygroscopicity of the salt. Lithium
chloride, for example, was dried for six hours. In some
cases the hydrated salts were dehydrated when this was
possible without decomposition, The nickel chloride hexae
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hydrate was dehydrated by drying for six hours in an oven

at 110° and the resulting salt was yellow in color and
erystallines An attempt was made to dehydrate the cobaltous
chloride hexahydrates If it was dried for three hours at
1109,in;aﬁ oven, the resulting blue crystals were obtained
with»éome decomyositiqng If the salt was dried for six hours
a dark blue tarry mass resulted.

Stock solutions of approximately 2 molar lithium
chlbride in pyridine and approximately 1.7 molar in lithium
nitrate were prepared as needed by weighing the dried salt
in a beaker on a platform balance, transferring it to a
volumetrie¢ flask and adding the pyridines In the case of
the 1lithium chloride it was usually necessary to allow the
-solution to stand»for two or three days before it would
completely dissolves Stock solutions of the varlous metal
salts were prepared by weighing out the salt by difference
on an analytical balance into a volumetric flask and
dlssolving in pyridine. Solutions were heated when necessary
to hasten the solution. Solutions for polarographic analysis
were made up by pipetting the required amounts of stock
solution of the cation for analysis into a 50 ml. volumetric
flask. The resulting solution was then diluted to 25 ml.
with pyridine by the use of pilpettes. The pipetteé were of
10mlsy 5 mlsy 2 mlsy, and 1 ml. volumes and were caiibrated |
‘by the Xational Bureau of Standards. All the solutions were
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made up using these four pipeﬁtes; " The hydrochloric acid
solutiéﬁs,were'preﬁared from Baker and Adamson hydrochloric
aci& and were standardized against sodium carbonate using
methyl orange as an indicator.

A1l the gums'that‘were;used in the search for maximum
sﬁppressors‘weré made;up in pyridine as saturated solutions,
since théy-were‘ail;difficultly;soluble with the exception
of_gum,gambogi,*whieh‘seemed to be a little more soluble than
the rest. A great many surface active agents were obtained
from the Atlas Fowd@rfﬁompahy~and tried »s maximum suppressors,
Hany of the more common dyes which are quite soluble in
pyridinefweré~also %ried’askmaximum suppressors. The gum
tragacanth?and>gum'gambogi~were products of the J. L. Hopkins
Company. The titan yellow was obtained from the Eastman -
Kodak Chemical Company. The Triton W-30 was a Rohm and Haas
product. Vhen a maximum suppressor was found that was ef-
fective it'wasfgénally'found that, contrary to expériences
in aqueous medié, quite a large concentration of the sup-
pressant was néeessary@ Therefore, the following procedure
was usually adopted. The stock solution of supporting elect=-
rblyte %o be used was saturated with the maximum suppressor
to be used and 10 ml, off%his stock solution was added to a
50 ml. volumetric flaskgf Aliquot portions of the stock
solution of the salt §5 53 analyzed were added and the rew
sulting solution was:ﬁiiuted to 25 ml, with the pipettes

previously mehtione@i;
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| | ?«Détawand Discussion |
- Pyridinium Ton in Pyridine-Water Mixtures

ﬁ»; Studies were made on the effect of water on the re-
duetion of pyridiﬁium\ion.inﬁpyridine using lithium chloride
as su@porting elecﬁrolyte‘ The concentration of the hydro-
chloria acid was kepﬁ constqnt at 4,408 millimolar in all
the,spluﬁlgns,an@_the conceni:aticn of the lithium chloride
WQSQQ;g mmlafﬁiﬁ §1l'the'runSa ‘Thevconcentration of the
SUpporting,elecéfélyta,ﬁas therefore approximately 200 times
: gfeaﬁér_thanvthatxéf,the reducible ion, This is more than
sufficlent to make the diffusion eurrent completely dif=
fnsion controlleds -~ , s

~ The- effects of the variation of the pyridine to water

ratio upon°the;ha1f~wave potential of pyridinlium lon are
presented in‘tables 26 and 27 and are graphically presented
in fignres 1l and 2; ;All'tha half*wave.potentials have been
corrected for resistance by using the minimum resistance
obtained with the conductivity bridge. This minimal re-
sistance was multiplied by the current at the half-vave
potential and the,result‘subtracted from the value of the
half-wave potential obtained from the wave. The use of the
minimal resistance 1s not altogether correct, since an
average resistance should be used whiéh, according to an
equation derived by Ilkovic (28) is equal to 4/3 the minimal
resistance. However, if the value of 4/3 the minimal



| o ~ Table 26
Effect of py*idlneuwater rutlﬁ on haLf—wave noﬁen**al

5 measared ageinqt the quiet pool of mercury. .

% weter uncorrected corrected

by volume Qggg ‘,f E%, volts, =~ B, volts
% 1250 -0.965  =0.960
6 850 -0.983 ~0,980
8 900 «l.007 ~1.00k
10 600 -l.023 ~ -1.021
20 %0 -la23 A2
30 300 ~1,208 ~1.207
% 200 <1265 ~1.26%
50 170 2313 “1.312

| | Table 27

Effecﬁ af pyridine~waﬁer ratio on half»wave potential

measureﬁ against the saturated calomel electrode.

‘p water. R uncorrected corrected
- ohmg - Bry volts i ;
3000 -1,317 ~1.,309
1850 RS T -1.309
8 1400 ~1.317 -1,313
10 1200 -1.323 ~1.320
20 780  -L361 ~1.359
30 N5 1,388 -1.386
ko 37y anae ~1.41k

50 225 o =l.433 -1.432
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résistanéevis‘set on the conductivity bridge, no fluctuation
on the cathode ray visual null indicator is shown. For this
feason.the,minimallvaluarof the resistance was used. - From
the tables and graphs mentioned previousl&,Ait is observed
that the‘ha1£~wava potential shifts to more positive potentials
Awith'increasing;pyridine concentrations.s The relationship

is linaat;up,to}apprcximately;20%‘water concentration but
beycnd'this ﬁhegratevcf change of potential with increasing
}.w@tar concentration is not nearly as rapid. Although the
eurves are of much the same shape using either the quiet

pool of mercury or the saturated calomel electrode as anode,
the eh&ngebofvyofeutial with’inereasing water concentration
is greatervusingAthe;qui§t §bp1;ofymeroury~as‘anpde,‘ This
»is;veryglikglyjdus»ﬁd a variation in the inconsistency of
constant potentlal of the two anodes and shows immediately
why,it_is impossible to compare half-wave potentials obtained
in two different solvents. It also illustrates that any
values of potentials‘obtéined in solutions containing a
1argevprcyerhian\of;nonﬁaqueous solvent, measured against the
saturated calomel electrode, are very likely in error due

o an unknown liquid junction potential. It is also noted
that a deviatien,occurs from the curve at low concentrations
of water, in the case of values measured against the saturated
calomel electrodes This also indicates the unsatisfactory

use of a saturated ealomel electrode in high concentrations
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of non~agueous solvents in‘water'» The fact that there is
not‘a‘linear'relaﬁionship(betWeen‘gotEntial and volume
cancehtration of water is not in cbmplete,agreementlwith\
‘the~dété obtained by Zlotowski aﬁduKOIthoff (24) who found
a linear relationship,ovér:the‘whole concéntration~range,
in the case of reduction of sirentium and barium in
aleohcl'énd water'mixtﬁfesﬁ ‘This 1s not serious since
alcohol'ané waﬁeriare_very,similar solvents whereas water
and pyridiﬁe are qaite»dissimilargf The exﬁpapblated value
of the half-wave potential of pyridinium ion against the
quiet pool of‘mercuryjis»90g918Vvvits‘and»~1.283 volts
versus the saturated calomel electrode. |

- In teble 28 the effect of the pyridine-water ratio -
upon the diffusion current is presenteds The same data
are presented graphically in figures 3 and 4. It is known
that any changes in diffusion ecurrent resulting from a
change in solvent are due}ta,changés'in'the‘diffusion
coefficient of the ion an&,cﬁanges in the drop time. However,
since the drop time appears in the Ilkovie equation only to
the one sixzth power, changes in it can usually be neglected.
That this effect can usually be neglected is 11lustrated
by the values of P/ 34176 1isted in the tables = The average
deviation of all the values amounts to less than 0.2%. It
is noted from the figures that the diffusion current and

the diffusion current constant attain a minimum value in



Table 28

mffee‘c of’ pymainewva'hﬁr ratio on. diffuuion current
‘ } g‘ o m2/3t1/5 ,agﬁf]iazﬁi&ii = id
h _1 820 h.3 ,,7.85 o 98,
o 1819 M35 7.5 0.
8 186 w32 7.3 0.90
10 1820 W37 6.8 085
200 L83 M2y 7.80 0,98
30 1,809 22 858  1.08
" L A 1.816 !4-‘3% 9415 1.1%

50 1815 W30 9.06 13
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about 90% pyridine. The curves and the points of minimum
ﬁear‘a‘reméfkéble resemblence to those obtained by Zlotowski
Iand Kolthoff (2%) whe found a minimum at 80% ethanol for
ethanol~water mixtures. Extrapolation to 100p pyridine
gives a value of 0.99 for'the diffusion current. constants
The valnes obtained at 50ﬂ are very 1ike1y in error since
it is to be expected that the curves will continue to

| increass up to 160p vater, '

 Mn analysis of the plots of log 1/(1q = 1) against .,
anpliad potenﬁi&l show that the values of . the slopes range
fram ~G 050 at #% water to «o,ohz at 50% water, In these
plots the applied potential was ccrrected for resistanceb‘
The values indicata that the raéuc%ion is irreversible in
allwcases buﬁ,appraachesAthe theoretical value of ~0.059 |
more closely with-iﬁcxe&s@d,conceatrationsvof.pyridineav
Zlqtowéki:andaKolth@ff féug& that the waves of strontium
and barium were most reversible in 50% ethanol solutions'(ak).
The‘lack of agreement1between‘the values of pyridine-water
mixtureé and ethanol?water ‘mixtures is not surbrising since
the reversibllity is dependent also upon the cation ‘being

reduced and not only upon the sclvent medium. .
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Qualitative Survey =

Polarograms Tun on pyridine and 1ith1um chloride, but
containing no solnte salts, showed a small residual current
which increased rapldly with applied potential above -1, 6
volts agalnst the quiet pool of mercury. In some cases‘
a small wave was cbtained at abaut -1.3 volts which was 1
attribubed to an impurity present in the barium oxide |
whleh was»uoadvtm‘dry‘the~pryidine; If th13~wave‘occurred
abincidentally With‘reducfisﬂ of SOmé‘eétidn, a‘cbrréction
ecould be appliad sinae ‘the wave is small. If llthium -
‘nitrate is used as supporﬁing electrolyte, the small
background currenﬁ begins to increase rapldly at potentialsi
above -l 55 vglts against the quiet pool of mercury.za

' V”Many catians were investigated in an attempt to find

thasefwgich~would,give polarographic waves in the\operable
rangefj_Salﬁs,mf‘chromium were the only ones tested whi¢h'
gave‘wéll,&efined“anGSFﬁith,ﬁésembiancebf a maximum,
, Chramium,chlgri&e,héxahydrate‘in the preéence of 1i£hium«'
chloride éS‘supporting eléctreiyte gavé two well defined
waves‘which.érershbwn gréphically’in figure 5, curvé number 1.
Curve 3 is the blank of 1ithium chlorxde ln pyridine for
comparison‘ The seconﬁ mave is in‘many»cases twice the
height of-thevfirst-if«calculatad by the‘mefhod previously
| describod., This is consistent with the mechanism of reductién

"of chIII) to Cr(II) and a subsequent reduction of Cr(II) to Cr.
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According to the Ilkevic eQuation-(lB) this interpretation
would require a wave height raﬁlo of 2 51nce n would have
valuee of 1 and 2¢ If chromium nitrate nonahydrate 1s
run in pyridlne using lithium chloride as a supporting |
electrclyte only one wave is obtained within the operablei
range;’ Since it has a maximum no further work was done
on this reduction¢ With lithium nitrate, however, chromium
nltrate nonahydrate gives cne well defined wave, the secondl
reductian,presumably occurring-ccxncidentally with‘the A
cnrreﬁﬁ'rise’cf the blank, This‘cﬁrvé4isArépresentad by
eurve;a'inxfigure 5 whereésvaurvé 4 représents the blank
usang lzthium nitrate as. supporting elactrolyta. Since‘
‘the figures eantaining example curves are presented. only::
.to shbw the eharacter of the reduction waves the scale of
the ordlnate is arbitrary and is the same only for a ,
reduction wave and its respective blank If twotreduction~}
waves - are represented on the same graph, the relative .
magnltudes of each should not be eompared since tha scale
of the ordinate is nat necessaraly the same for each. )
Anhydrous chramvc chloride did not give~a reduction wave
Cin” pyridina smnce no apnreciable solutfpn resulted after
standing for a week. L B ’

Cobaltous chloride hexahydrate, lead chloride, zine
chlorlde and ferrous chlcride tetrahydrate gave waves with

smooth residuals, gmooth current inereases, but slightly
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erratic behavior in the region of the diffusion currents

In all cases it was found possibie to smooth out this

erratic behavior by using gum tragacanth as previously
doseribed. Although this behavior is very likely similar

to maxima‘in aqueous solutions, it resembles a minimum
iﬁqume cases more than it does s maximum. The usual
maximum suppressors used in agqueous solution as gelatin

and m@thyl‘aallulaga are ineffective in pyridine due to -
their>$ma11 golubility. A search was conducted for a
maximum suppressor which would prove effective in pyridine,
ﬂsiﬁg cobaltous chloride hexshydrate as the tesi ions The
following substances were tried as meximum suppressors and
found to be ineffectives indlen gum, gum copal, gum damar,
gum arabie, gum guiaiac, gun elemi, sger, egg albumen,
‘camphory methyl yeagfphaﬁol red, titan yellow, acid yellow,
naphthalene and twenty five surface agkive agents from ﬁhe
Atlas Powder Company. Gum tragacanth and gum gambogi were
found to be effective in suppressing the maximum of cobaltous
‘done. Cun gambogi yields en inereased background current

and a couple of small reduction waves. Therefore when 1t

is used as a meximum suppressor it is neocessary Yo apply

a correction for the blank. Two ml. of a gum gambogl so=
lution containing 0.5 gram in a 100 ml. of pyridine in 25 ml.
of solution was sufficient to suppress the maximum of cobaltous

ion in solubions up to 5 millimolayr, Aﬁ example of a
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pularaﬂraphia wave dne to cobaltous ion in the presance of
: guﬁ.gamhmgi is givea:in figure 6, curve 1. Curva 2 represents
afﬁiénk‘ccnﬁaining gum'gambagi,;»A well defined wave was also
oﬁféiﬁé&’far eobaltous fon using 1lithium nitrateiaslﬂunportwf
ing elec%rolyté 4n the presence af gum tragacanth as mazimum !
’3uppressarg Lead chloride gave a well aefinaa S shaped |
wavé'iﬁ!%he prosence of l&thinm chlcriﬁe,'as well as 11thiumf
'nitrata, as supnarting electfalyta in the presence of gum
ﬁragacmntht feiii) gambagi, gum damar, nacconol, methyl red
and. fuchsine were: insffeetiv@ in suppressing the lead
maximum. An example of a reduction wave of zine ion in the
§rasenea of gum tragacanth is given in figure 7, curve 2e |
Curve 1 f@yras&ntﬁ-ﬁhe'wave before addition of gum traga=
c&hﬁh"én& éarva 3 1s the blank contalning gunm tragacanth;
In figura 8, curve 1, an example of a reﬁnctionﬁﬂavé of |
ferrous chloride tetrshydrate is given, with curve 2y the

bi&ﬁkyvfﬁ? ‘comparisons The reduction of ferrous ion occurs
| atfs&eh'nﬁgativa potentials that some interference 1s |
ab%aine& with the blank and the necessary corremticn must
be anpli@& in ealﬂulaﬁimg the diffusion eurrent¢

ﬁﬁckml chlopide hemghy@rpﬁe gave a well defined wave

in 1itr dum nitrate. as auapnrﬁing electrolyte but if lithium
ehlcride neg naed as. «uﬁyaruing sleaﬁraly%e a drawmn oub wave;
was obtained glving a semb?ance of two waves, the aecond ong
canﬁaiﬁing a maximunts If»tﬁg‘nigkel chlarideyhgxahy&rate
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Fig. 7

Reduction Wave of Zn**in Pyridine
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Fig. 8

Reduction Wave of Fe** in Pyridine
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waé‘dehydrated similar‘résultéfwere obtained. These curves
are presented in figure 9, curves 1 and 2, and in this

‘ particular casa the same.. concsntration of anhydrous nickel
chlorida was used in bcth cases so that the relative heights
of the tws eurves could be compare&. Curve 3'rep:esents;‘
th& blank éontaining litu,um.nitrate. All attempts to |
suppress ﬁne maximum in the case of the reduction wave in =
the presence of 1ithium chloride failed but the presence of
largayamonnts of Triton W-30, which gave partial suppressiop¢
seémé&itc7indicate thaﬁ onlyvcgs‘wave was present. Similar
resulfé we?a obtained inftgg pfesenéevof 1ithivm chlpride"'
if methyi cellulose, digsolved in water, was added to the
solutian«, Figure 10 shcws the effect of adding suceessive ,
‘ incraments of 10 ﬁrOps of al% sclution of methyl celluloseg
dissolved in water, to ‘the nickel chlorlde selution using
1ithium,amlorida as supporting eleetrolyte, curve 1 repre~’ 
¢senting thelinitialjwavei It 1s possible that the appearance
of two possible waves 1s due to the presence of both a
nickei’pyfidine‘eomplex andla'nickellchloride c&ﬁplex in
equilibrium with each other in solution, each of which
,reduce at different yotentials.‘ Nickel chloride oomplexes

- are known te form in the presence of concentrations of |
dehydrat&ng chlarides of about 6 molar in aqueous solution ( 2
It is signmficant also, that in the presence of 1ithium
nitrate only one wave 1s obtalned, the height of which is



‘ Fig.9‘

Reduction Wave of Ni** in Pyridine
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Fig. 10

Effect of Me'rhyyl Cellulose on Reduction Wave of Nit?
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approkimatgly_QQua};tp‘thaﬁTobtained following the maximum
when 1iﬁhium chlcride is'uwau*aS‘supporting electrolyte. i
, It is thcurht that %he addition of me'{:h.;sr'z cel7ulose dis~ }
aOlVGd mn aata¢ cr Tri ton V=30 shift- the equilibrium be~
ﬁween the Lvo aemplexes in faver of the pyrmd;ne compleA
and hance in their pre erce only one wave . 1s indicated. o
B well definea wave is obtained with cadmium chloride
using lmthium nitrat@ a8 supperting electrolyte if gum
uragacanth is praﬁept as a maximum suppresgsor. However,
thm current risa s&ems ﬁo undergo a change of slope before;ﬁ’
the¢diffuslon current is reached as is shown by curve 2,
figuré 11.. Curve 1 represents the same . sclution with no
‘ gum ﬁrag&camﬁh praseni and curve 3 is the blank. No exp1a~}“
nauion is offer@d for- the two slopeg auring the current rise.
USing 11thium chloride as supparting electrolyte and in the |
\pre ane gf gum.trag&eanth, cadmium ion exhibits a wave which
is much maré'&rawn out and which is not too reproducible., E
,Uranyl nitrate hexehydrate, which seems to be quife,‘f‘
soluble in pyridine, in the presence of Lithium chloride’38 
supporting electrolyte gives a wave containing a maximm
Which'is neither}su?presseﬁ by the maximnmtsuppressors |
previously mentioned nor by caffeine, meta cresol purple,
thymol blue, bronithml blue or thymolphthalein, Using
lithium nitrate as supporting electroTyte and gum tragaeanth

as naximum_guppresaor,;three‘waves are obtained which vary
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Fig. Il

Reduction Wave of Cd** in Pyridine
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in_their;dggraé~ofdefini%ion éepending upon the concentration
ofﬁthe.u?anyl ion. At ccncentrations below 0. .9 millimolar
theJS@cond‘wave is vall defined._ ﬁt the same concentration
the first wave begins to fade cut since the instrument is

not. sen itive enough to give a vave 1arge enough to be o

A measured easlly.A Curve 1, figure 12, lg an exanple of the
wave abtaine& with nranyl ion. in the presence of lithium
nltrate aad eurve 2 is the refarence blank. )

Cupric chloride, ferric chloride hexanyarate, bismuth |
trichloride, silver nitrate and mercurous chloride all yield E
waves with very pronounced maxima which begin at apnlied

zero vcltagesi The maxima are straight lineg of rapid
’surrent increaéa whxéh decrea se rapidly and dxscontlnuously

‘ after the max;mum. _These jons are all szmilar in that in |
1aqueous meﬁla they all begin to reduce in the region of zero
,applied potential irf an internal mercury anode is usad. It
was found that by usxng titan yellow as a maximum suppressor,
the maxima could be nompletely suppressed in all cases except
in that of silver nitrate. Titan yellow was effective in
the case pf silyerjnitrate when,ﬁha_concentration of silver
nitrate vas less than 3 millimolar. All attempts to begin
these curves at positive potentials in order to obtain a
residual/burva failed.soithe Standard,prbcedure fof calcu~ ”
lating diffusian currents and half-wave potentials had,to‘bé

modified. Since a blank gives a residwal current which |
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increases very slowly, a line was drawn parallel to the
base,line gﬁ fhewpoiné‘éfwéérd ﬁétéﬁtiai aﬁd ﬁhe‘étandard‘
’pracedure was then usedg Cupric ion gives two waves in ﬁhe'

presence of titan yellaw and uoinﬂ 11thium chloride as

o sunparting electrclvﬁe.. Curve 2, figuze 13, is an examnle

of the eenper mave in ﬁaﬁ presence of titan yellow whereas
curve 1 is tae same curve in %ha absence of titan yellow"
Curve 3 is a blank af titan yellow and 1ithium chloride, ; |
The\ratiq_ef the height of the first wave to the height of |
the. éeecﬁd wave 1s one which is consistenﬁ'with a reductﬁbnj
of Gu(II) to Cu(I) and a subsequent reduction of Cu(I) to |
Cu Ferric chloride hexahydrate yields two waves in the ;f@
‘p:esgﬂce;of 1ithinm chlor+de as supporting electrolyte and |
,gitaﬁ yellcw as ﬁaximum suppressor, However, the Secénd |
wave cannoﬁ b@ calculated because of interference with the |
blank containing titan yellaw. These two curves are repre~ -
senteﬁ by figure 1k, Mercurous ion and silver ion cach give‘
one wava vhich is similar to the first waves of coppar‘and :
iron ‘and henae are not illugtrated graphlcally. Although
bismuth tric%lcri@e is not very soluble in pyridlné, a
saturatad solution was prenared. In the presence of titan
yellow and 1ithinm chlori&e ag supporting electrolyte,
bismuth grichloride gave one well defined wave followed by
a secund!wave with a maximum present. If tragacanth is also

added to - the solution the maYimum disappears and 2 third |
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Reduction Wave of Cu*™ in Pyridine
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‘wave alqo mppears., This is:ehown dlagrammatically in
figure 15, burvm 1, and tho blank containing titan yellow
anJ tragacanfh js shawn in curve 2.} It is posvible that
the third wave is due to nywmdlnium ion which results from
nydralysis due 0" the presence of some. watnr in the salt, ‘f
The rirst;and seconé,wavgs may be due_to a reduction of
tr_ipés_itive_bj.sg;;zthfté miwasiﬁive bismith with subsequent
reﬂuétibﬁito bismuths Evidemae for such a reduction has
been thained im alkaline citrate media (30).

In an affcrt tc finé aut by what mechanisnm the titan
yellow supnres*es the maximum, elecﬁraaap*llarv curves of
1iﬁhzum chloride 1n pyridine were run with and without
titan yellaw. In figure 16, curve -1 1s the curve obtained
withoat titan yellow and curve 2 is the curve obtained with
titan yellaw; It is to be ncteé that the electrocapillary
maximum décurs atV§0.125-valtsﬁmeasufed against the quieﬁ\
pooiéaf‘mercury‘ The curve is considerably flatter than
a similar curve in water. The titen yellow shifts the
,eleéﬁrecapillary maximum ﬁo more negative values. The
maxima of the nreviously discussed cations all occur on the
‘positive_side of the elactrocapillary maximum. The suppression
of the maxima cannot be explained on the besis of shifting
the electrocapillary zero to coincide with the maximum :
since the elactrdqapillary zero 1s éhifted in the opposite

direction, However, 1t can be explained on the basis bfV,‘
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Fig. 16 |
Electrocapillary Curves
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énmpléx‘ﬁﬁrmation.be#ween the cations and the titan yellow A
which'Shifts]the discharge potentials of the cations involved,
suchithat they;practically coivcide'wiﬁh the electrccépilléry
max1mum‘ - The eleetracmpill ary maximum in pyrldine is rather
flat~1nste*d of beirg a sharply def 1ne§ point and therefore
the above eyplanatien e;ms plausible, Attembts to obtain
an electrocaplllury curve in the"presence of gum‘trabaqanth
failea since the results were not reproducible.‘ It isza |
cammon occurrence in the presence cf gum t;agacanth for a
drop ‘of mercury to dislodge prematurely. This did not pre~’:
vent prcper calculaticn of curves but did affect the repro~ -
ducibility of taking electrocapillary measurements"b E
i In,tle presence of lithium chloride as supporting
elecﬁrolyte, stannous chlaride dihydrate yields a curve
conta¢n;ng 2 maximum, This maximum,yalbhough in ev1dence

in Soluticns immediately after preparation, disappear as the
solutlan agus and a second w%ve appears. If the solutiqns o
wer@;prepareé with one half a ml, of Triton W-30 present fof,
every 25 @1; of solution, the maximum was suppressed. Curve
1,‘?§guré 17, represents a‘pélarographic‘wave of stannous :“
chloride aihydraﬁe in the presence of Triton W-30 obtained:f
after the solution had stdod 22 hours, Curve 2 represents{‘
a blank containing Triton W-30. The second wave which occurq
is due ta pyrjdinium ion which TGuultS from the hydrolysis

of the st&nnoas ehlorxde.’ Studies made against time show |
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 that thé heightAéf the firéﬁ'wéve"déereases whereas the
secona wave increases in supnort of the reduction of
pyridlnium ion. Slmilar results were found Wlth antimony
‘triehloride, altnough in thls case the waves contained
maxuma which did nﬁt disappear with time nor were they
T capable of - suppres ion wzth gum tragaeanth or Ariton W30,
Maﬂnesium perchlarate and manganese chloride tetra=
hydraﬁe did not yield a reduction wave. within the operable
span. ﬁickal cyanlde seemed to be practically insoluble
iﬁ pyridine and a»saﬁurated solution did nqt exhibit any
}éVékﬁiﬁﬁiﬁ thé w0rkab1é rénge.ofxﬁbténtialg” Anhydfous
aluminum chlaride dlssolved in pyrldine was hydrolyzed b} .
| the pyesenee of waﬁer 1n the pyrldiﬁe and gave a wave due

%o the pyrad niun ion forme&.
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Test of the Ilkovie mquutlon
: The Ilkovie eqnation, derived for the diffusion current .
obtained with a drepping elecﬁrodo can be written in the
fﬂllowing mﬁnnar . L
| ‘ ___,,____;,3____ 605:&33
T L en/3e6 : ) o
' in Which iﬁ ms the diffusion current of an ion in micro—
'amperes, n is the number of faradays of electriclty Tes
‘ quired per mola of electrode reacﬁion, D is the ionic dif-
fusion coefficient, e is the eoncentraticn of reducible
ien in mlllimcles per liter and m(mg./sec.) and t(scc )
are the capillary charaaternsties.w The quantity on the left
hand side af the equation whlch can be referred to as I,
the diffasmen current constant, can be determined from eX=
perzmental da%a and shculd be a constant for a given ion
at a glven ﬁemperature if the Ilkovic equation is obeyed; |
Canentration stu&zas were run on the various ions mentianed
inythe}qualiﬁative survey‘under‘the conditions which produced
well defined waves. Bither 0.8 molar 1ithium chloride or
0 7 molar 1ithinm nitrate was uved as supnorting electrolyte.
The range of concantratlons used for each salt depended upon
the solubility of the particular salt in pyridine, Data
for these cancantration.studies are presenaedyin tables 29
through 53 and.the results indicate that the Ilkovie équation
is abeyed to within an average deviation of 2% for the salts,



Table 29

Stvdles of Tirst wave: o" Cr013t61{20 with I:lCl as S, Es
o Cor?. EL o T m2/3t1/6 '

mmuﬁLn QnmsA volts © /ﬂéﬁﬂég C— m£-2/3sec-”%
2.y 6500,‘_‘,.;,,&,—-0 1+39,,,;,\ M00 0001 1,800
2.4301 5600 ~0430 3439 0,79 ";J779 
2,187 6100  -0M36  3.36 087  L.779
2,21 6900  -0.436 346 091  1.600
Lgh2 6600 =036 - 2,85  0.86 1793
1,631 7000 =042 2.8 0.87  1.800
1.578 6100 -0433 . 2.23 079  1.793
1468 6200  -OM3 - 2.26  0.87  1.800
1458 6300 ~0430 - 2,16 0.8%  1.789
131 5800 © -0439 . 2,09 0,89 1,789
1.3% 6200 -0439  1.80  0.88 1,800
1,105 . 6400 -0MH7 - 1,68  0.86  1.779
1,053 6500 -0M%5 . 1.53  0.85  1.793
0,9787 6700 =037 140 0.79 1,800
0.8158 7000 <0443 1.21 0.82 1.800
0.7891 6500  -0.436  1.18 0.8  1.789
0.6576 6800 =02 1,00 0.87  1.793
Avee =038 g .oou 0,85
% Avg. Deve 091 3.53



; Table 30 o
Sﬁudies of secona wave of Cr813.6ﬁzo with LiCl as S, E.
m?/3£1/5 » 1,698 |

R Corr. Ex ,x, : id | | I
mwuﬁms - gms . wolts ©  pamps.

2427 6500  -1.387 10,28 BBy
2,21 6600 . -1.38% 9,06 2,52
1.631 670 L3 6.0 2,47
1468 6200 . ~1.360 6.35 2.55
1,305 6500 <1351 5.5 2.5
1,134 6500  ~1.368 %.93 256
0.9787 6700 @1;342 k29 2,58
0.8156 6400 . -1.359 3.1 2.53
0.6525 © _ 6500  ~1.367 2,72 2.4
043262 6600 o =1,368 1.k - 2.59°
S 1,366 2,00 2,5
% Avg. Dev;"f B L 0.73 R 1,50



 Table 31 |
Studles of 00612-6320 with Licl. as. S. E. in the presence
of gum gambogl.. 2/3t1/5 = 1.769 :

| 35 - ‘Corr. E% I
,‘@mmémkv - ahﬁﬁ_;,_.;ﬁsﬁéhg,. /Mﬁﬁﬂﬁa. -
e L

2,204 6100  =0,921 2.33
2.003 6400 -0.930  BSL 2,39
1611 6400 =0.926 6.7 2,36
1.208 @00 -0.919  5.32 2.0
| 1,007 5800 © -0.920 h.32 2.2
0.805 6800  =0.917  3.26 2,29
0.60% 6800 -0.931 2.57 2,40
Avge 0 =0.923 & *ons e 2,37
% Avg. Dev. Lo ”klsﬁgE%,f o e 1.56

L | Table‘32“ - .

Studies of. CoClg¢6HQO with LiCl as S. Ee in the presence
of gum trag“canth. m2/3ﬁ1/6 - 1¢876

e R ?v-cOrr‘,E% iqa I
e/Le ohms ~  .yolts . pamps.. ——e

3,180 5200  =0.961 12,30 2,06
2,953 5600 =0.9%2 12,00 2.16
2.498 5300 -0.949 9.96 2.13
2.08% - 5400 =0.941 R 2.21
1.500 6000  =0.937 6.56 2.20
1.136 5900 -0.931 k.35 2,04
0.6818 6000 ~0.960 2,87 2,24
Mg, =0.945 & ,009 2,15
% Avg. Dev. 0.95 i‘ ' 2.80



. o ' Table 33
Stuﬁies of coczg~6ﬁga with IACL as s. Be m2/3t1/6 = 1.876
G SRR  "-;*”’ ";”';Corr; }3.} | '16 | O
3407 5600 .ﬂff,}~0'932;wm ‘ ,ﬁln 55;‘ . 2.31
20953 6200 <0.928  13.00  2.35
2.725 6000 ~0.929 1232 20

hga,‘f - ‘ 5500 "Lixeoggaa;J"‘_ 11.00 2.35
2270 5500 -0.925  9.87 2.32
2.0 6600 -0.919 9.2 2,38
1.817 6200 =0.922  7.98 2.3k

1.590 6200 =0.928  7.08 2,37

C1.362 0 6200 =0.,918 6.2 2.39
1‘136~f‘; 6000 - =0.91k% 502 2.36
0,9085 %00 o =0,91% o W17 . 2.45
0.1542 .@,;ﬁ;féaeo w ffr;wé.929;~” 2,04 2,39
bz » '_*0,923 a005 2.37



Table 3%
S‘i;udies of 00612~6H20 with LiNOS as S. E. in the presence
of gum tragaeanth. mg/ 3t1/6 - 1.636 '

¢ R Corr.Ey - ta 1
mm./l.  ohmg  ¥olts . pamps, R
2,239 12000 -0.9%2 8,00 2,18
1.866 2000  -0.928 6.2 2.17

1493 2000 -0.929 5.2k 2.5

‘1aoiv . 2000 Ry 928 3.88 2.12
o¢746u 2000  ‘t;we;925 - 2.61 2.1k
0.3732 2000  =0.925 B 1.26 2.06
Ave. S =0.930 = .005 - 2.12

B &vg. Dev. | : o 172
- Tabla 35 -

Studies of Pbclg mth L:H\IOB as S. E. in ﬁhe presence of
gun tragacan%h. 2/ 31:1/ 6 .1 635 |

C- - R , Carr. Ils.. . | I
m./l.  chus - wyolts © /uamaa; —
1.063 2000 -0.398 4,95 - 2.85
0.8501 2000  =0.398 13.82 2,75
04708k 2000 ~0.399 3.26 2.81
0.5667 2000 ~0.397 2,60 2.80
0.4250 2000 ~0.396 1.96 2,82
0.2833 2000  ~0,389 1.35 C 2.91
Avg., | ~0.396 & 003 2.82

% Avg. Dev. | 0,76 | 1.66



Table 36

Studies of Pb612 with LiCl as S. Ee in the presence of gum

tragacanth.
1.683 6900 ~0.321? 7.8
1.063 6800 -0.322 4,50

0.8976 6050  -0.313 .36

0.8501 6400 =032k 3,74
0.708%  6400°  ~0.323°  3.21
0.6732 6500  =0.31% 3.23

0.5667 6400  =0.322 2,52

0.5610 6300  =0.319 2,70

04250 6600  =0.32% 1,91

0.2833 6700  =0.321 - 1.29
0.1417 6500  -0.323 0,636

Avgi,,_ - . =0.321 = ,OO4

4 Avg. Deve 1.25

2.23

. 7 Y
2,61 1,819
2.60 1.629
2.67 1.819
2,70 1.629
2,78 1.629
2,63 1.819
2,73 1.629
2.65 1.819
2.76 - 1,629
2479 1.629
2,75  1.629
2.66 |



{tr%gmcanth.
19,20 |
38 504 |
o *332,'
54530
- 5.102
302
3.318
.1?791f |
Aves

4500
%500

4900

‘% Avg. Dev.

trggacanth.
mme/le
1,496
0.9972
10,7978
0. %157
0.3326
0.2772

0.2217

Avge

% Avg. Dev.

R .

ohms 
5600

5800

5300
6500
6600
6600

6000

Table 37
Studles of Znﬂlz wiﬁh;L101 as S. B in the presence of gum

COrr.‘Eg

dg

~volts ,asaaxa.

Moz

‘w1210

-l.222
~1.221
1222
“1,22%

-1.209

@1;217

33,20

27,80

23,60

17:25

16,28
10,75
10,80
5452

©1,218 & ,005

SRR A

o Table 38 -
stuaias of caclg with LiCl as Se E. in the presence of gum

‘ Ccrr*,p.%,,
~olts *

~0.829

0,828

$-0.825
~0,783
-0 7%
~0,789
=0,807

,id ~

/LamQSn '

5.76
L, Ok
35k
1.36
1.15
1.03

0,83

-0,808 ¢ ,017

2,10

:I

1.95
1,96

1,97
1.91
1.91
1.89
1.99
1.95

1.9
-‘1*h9

I

2/3@1/6

me

2/3~ec.

m2/3t1/6
2/3sec, "2

2.05
2,17
2.37
2.05

2432
2435

2,21

5.9

1.871
1.871
1.871
1.603
1.603
1.603
1.603



Table 39

Studies ef GdClE with LiNOB as u, 3, 1n the presence of gum
tragacunth e . : ‘

el R'"“ Cerr.gﬁh ‘:;idxj ‘ ‘nji‘; m2/3t1/6
e/l ghns volts © S 9/35
2,020 2000 -0.765 8.2 236 1.702
148 2000 ‘»0.~»762  ?,,06 2437 1.702

1,326 2000 0,762 5.5 2. 1.702
1,077 2000 w0756 W 2.48 1.702
0.8078 2000  -0.749 341 2.48 1.702
0.3326 2000  -0.723 1.2k 2.32 1.623
02217 2000  -0.719 0849 2.36 1,623
0,1109 2000  =0.705 o411 2.28 1,623
Avg.H  RN ‘ivﬁ 7%3 * .020 . 2,38 -
% Avg. Dev. 2,69 2.33




Table EO
Studies of first wave of Fe013~6ﬁ 0 with LiCl as S. E. in

the presence of titan yellow. ,m?/s 1/6 = 1,901
R T P SR
2,031 ‘f_‘éioo"ﬂ‘ f'~o,o19f - 5.28 1.37
162 6300 =008 432 1.40
1,354 6300 =0.016 3460 1440
1,083 6200 0,017 2490 1
0.812# . 6600 f,_,;sogolél‘, 2,12 1.37
0.5415 i '6660 ff]fiioialh"‘v 146 1.1
0. 2708 6600 ,f 0,015  0.23 1:39
AvE. IR "‘, 0,016 % .001 > 1.39
%"Avg“.‘f!})ev;_ SR ' ‘25. : | , 1400
i  Table Bl - | |

Studies of Feclgohﬁzo with LiCl as S. E. in the presence
of gum tragaeanth. m?/%t;/é = 1.736

c R Corr. Ep  ta - 1
nme/Ls ohms Jolts Jiemps. —
3.407 6700 -1.316 12,10 2,04
2,726 6700  =1.30L 10410 2.11
272 6700 =1.298 8.28 2,10
1.577 6700  -1.296 6.148 2,06
1.363 6200  =1.308 - k.92 2,08
0.9086 7000 - -1.298 3.36 2.13
Avg., | ~ =1.303 2 .006 2,09

% Avgﬂ.Devf | O¢¥6 '. ,lﬂ . 1.27



| Ta‘ble hz |
S’cud:!.es of R‘:.C}Q with L:LNO3 a.c.;m. E. in the presence of gum
'braga,can’ch., m?/ 3'1;1/ 6 - 1‘6‘40 : |

mme/Ls - ohmg miﬁW___x;AJsL_. /ﬁdﬁﬂﬂ~z e

5.153 2000  «0.679  15.20 180
Y122 2000 =0.689 12,90  L.90
3,602 2000 =0,685 11,00  1.86
3435 2000 -0,68% 1032 1,83
2.88L 2000  -0.689  9.03 1.91
2501 2000  -0.688 758 1,93
1.921 2000 =0.680 - 6.09 1.93

- 1.201 'fh'v‘,aooo» | =04681 ~;,?3~78' 1492

0.9605 ~ _ 2000  =0.675  2.98 189
Avge SRR SRR *0;683 2 gQOli- BoonL ,r,l.‘89‘“
CBAvg.Dev. . 059 185



Table h3

Studies of NiCl3 with LiCl as 8. F.. n2/3¢1/6 2 1,797

316,
’2;928
2.0
,1;952 o
16
1;\220
0;?32 .
Avge

'%UAvg“Dev;

R~ i" "Corr. By ia
© oohms | _yolts Langs
6700 .-0.626.. 2,93
6200 _}&0.625V o 2,64
6200 o -0.621 2,18
7100 -0.630 1.88
6600 ~0.628 146
7000 ~0.630 1.0%
- 6300 f»o,sak 05
A““0§623ita;Q06 o
096
Table BN

I

o
0.50
0.50

0.5

- 0.59
047
R
050
5420

Btudies of first wave of CuClg with Licl as Se Bs in the
‘presenﬁe of titan yellow.‘ m?/3t1/5 = 1, 912

RN
mn, /1

5,175
%140
3.450
3421
2,070
1.380
Ave.

% A&ga'DQVo

R
ohms

6100

5600
5900
5900

6600

- 6600

 =0.021% OOk

19.0

Corr. Ey iq
f_mglwa-, /ﬁﬁﬁmxiz
«0,027 12,90
'=0,02L 10,70
0,022 19,00
=0,020 8.70
" =0,016 540
~0.016 3.63

1.37
1.37
1.33
1.37
1.38
1.35

1.97



| Table ks

Studles of second wave af CuClg With LiCl as S. E. in the

presence of titan yel ow. =v‘

S
ohmg

5600
6000
5300
5600
6700
6000

pm ﬁl

§.175
b 485
%{1%05;'
3;7?5-
3450
3.421
3.105
2,115
2,00
,380 |
| 1 033_& |
.6900 .
Avg.

6200

6300
6200

6300

400
“fk 6&064
‘5*60 ')

ﬁorr. EL

g

_1;11§__ /&@@aag

w0420
~0M0
012
-0M03

‘1»'9,@}'?15
~0,400

0,398
| a—();l?cﬁ¥ f
-0,395
*9!397k)H 
odos
;»0*4035”:
=006 & .007

TN
14,03
11,90
11.30
" 10.30
9*1*5
- 9.36
. 8.16

624

5.58
- 3.82°
2,18
“1 88

R

T

1
1.2

145

1043
149
146
1,43

1.k

1l

1.41

145
12
12
R

1.16

m2/ 3¢l 6
2/31; /

_iuh_§§§g;__
1.825
1,911
1.825
1.911
1.825
1.911
1.911
1.825
1.825
1.911
1,911
1.825
1,911



Table 46
Stu&ies of Agﬁ03 with LiCl as S. E. in the presence of
titan yellow. m2/341/6 51, 692

e - R corr, E% g T
mnefle  ghms -xolts - /%ﬁ@ﬂﬁx e

9.726 4600  =0.028 20.00 1.23
7.781 200 =0.02%  16.20 1.24
68 5100 -0,023  13.80 .27
5,187 5200  =0,020 11,76 13k
3.2%2 5200 0,018 7.8 Lo
1.945 6500  -0.00% 496 1.5
0.648% 6500 uo.cls'.g 1. 1.59
Avg, . =0,020 § .00k 1.37
% Avg, Dev. 20,0 8.25

o Tabla Y7 ‘
Studies of HgCl with LiCl as S. E, in the presence of
titan yellpw. ] 2/3tl/6 =1, ?02

R - Corr. By ;‘ I
zmuél& ohms - _volts _ /ﬁL@mﬂﬁa N

1.255 5300 ~0.012 2.9k 1.37
1,004 5200 -0.012 2.38 1.39
0.639 00 -o.0m 197 138
0.6697 5600 -0,011 - 1.57 1.37
0. 418%' ; 5500 0, 011;, 1.08 1.5
0.3347 5400 -0.011° 30.898 1.57
%vg.ﬂﬁq SO ©=0.011 £ ,0003 . 1,43
% Avga Dev. 272 , ’ 5;00



Table 48
S{,udies of 31(313 with LiGl as S, Ee in the presence of
'titan yellaw. ' ' ‘

C ‘R"i‘ | Corz*. E%. ' id 'E'-Qxlo
mle/25ml,  ohmg . _volts /ﬁl amps e ml,

S150 8000 0,049 3,00 2,00
12 6600 N ~c.062 | 2,68 2.23
L1000 6500 =0,063 220 2,20
' ‘ 6300 ~ =0,061 L.k6 1.83
53C =0,060 1.50 | 2,50
6400  «0.0%6 1.0 2460
6600 “0.053 . 0.625 3.2
Avge . =0.057 & .oo% o 2.35
% hvg. Devi_ 7,02 ko
| ' ‘Table L9 |

Studies of firsi: Wave of T0,(NO3)s with LiNO3 as S, E. in
the presence of gnm tragacanth. m2/3¢1/6 - 1,655

c. R Corr. Dx dg T
mmefl. o xolie © feinge. Te—
3.576 2000  ~0.299 3.8% 0.65
2,384 2000 0,297 PR 0.61
1.907 2000 =0.280 1.76 0,56
1.765 2000 <0277 1.27 ARIR
1L¥2 2000 -0.273 04735 0.31
0.9536 2000 -0.265 0,18k 0.31
01706 2000 -0.262 050  0.19
Avg. N 0279 £ .01 |

% Avg. Dev. 3.9%

ON
Go
o
o



Table 50

Stﬂd'j‘.efgfof ségcnd wave of U02(NO§)2 with Lill0y as S. E. In
the presence of gun tragacanth, n2/3t1/6 u 1.648

¢ R CorreEy 1a 1
mefls ey  _volts T Mamps, ..
2.861 2000 «0.789 - 3.4 0,65
2.38% 2000 *05755, 2497 0.3k
1765 2000 0,604 1.26 0443
1430 :' ,2¢oa ~0.603 0490 - 0.38
1,412 L2000 - «0.602  0.78 0.34
1.176 2000 ~0.610 0.88 045
,0;9536 2000 “0.591 0.76 - 048
0.9%11 . 2000 “0,573 - . 0,58 0437
0.7058 . 2000  =0,570 0.79 0.68
04768 2000  ~0,585 0.61 0,76
04706 2000 = «0.565 @ 0.64 . 0.85
0.238% 2000 0,589 0M8 Lz
0.2353 2000 ~0.545 10460 1.5%



Table 51
Sﬁudles of third wave of U0, (l03)5 with L1N03 as S.B. in’
‘che presenee of gum ‘aragaea.nth. m2/ 3t1/ 6 = 1,630

: ‘3 B oo Corr, E.'}? id | I
émuél@.,;.ryggémg oYeLEs B /&ﬁﬁﬂﬁ& e

3.576. 2000 -1,30L . . 3.69  0.23
2. 861, '“QQQOQ .o=~14306 - 1.08 - 0,23,
15#39 C 2000 A1216 L.oh - 05
142 L2000 -l22l 110 07

1.176 2000 1,206  1.28 0.7

0.9536 2000 -1153 Lo+ o8]

09411 2000  ~La8 - 110 0.72
| 6;7958 i 2000 - =14175 0;99 - 0.85
04768 . 2000  =1,143 0,69 0489
04706 2000 . <139 - 0,90 117



Table 52

Studies of first wave of SnCl, with LiCl as S. E. in the

bresence'deQriﬁon W=-30.
| R
 onms
3000
 wf;3o25 .
3200
3200
- 3700,
;U 250O

: ' ‘Lq;~o.u74 t .003

g
mne/le .

o
1935
1.827
1.462
1.097
0.73L
3148
Avg. ‘\

Avg. Dev.

Stuﬂies of seecnd wave of SnClg with LiCl as

Corr e By
volts b

0471
o =0, h78w
onh
’,;0§%72j  ‘
=047k ‘_‘i
j~o'%79 R

=0 470

0.63

m2/3€1/6 = 1.622

iy

/uamns ¢«

2.k
235
2,06
2.0

1,91
1.67

9.48

7438
6.12
o83

5,04

Table 53

pre ence of Triton W~30.

c
mm;/la'ff

2.9
1.935
1.827
1462
3.148
Avg,

- % Avg. Dev,

®-
ohms
13000
‘S0t
3025
13200
2500

Corr. Ez
volts °

"‘Qo 963
uo.ggu:

-0.961
. -0.962

 ~0.956
0,959 2 .03

0431

g

/Jvamgs .

0.278
1,02

1.05
0.816

I

0.99

mine

50
70
90

110

140
22 hrs.

S. E. inxﬁhe

id/c

0,12

0. 5%

0.57

- 0.56
1.60

30
50

“mine.

90

110

22

hrs,



chromium chloridé~heﬁahyﬁrgte5 ;eobaltous chloride hexa-
hydrate, ead chloride, zlnc chloride, ferric chloride
_henahydrate,.ferrousAchlorida(tetrahydrate, nickel chloride
a@dfcupric ch1oride'under:certain«cnnditions of maximum
 Suppréssienvand %3@&,§fgsupp¢$ting e1ectro1yte‘,‘Cadmium"
eﬁloride;bbeya1the“iikbﬁie equation aith.élighﬁly more
‘%han@2%lé?erage?deviétionlusing'lithium nitrate as supporting
e:z.ectm:.yte, IR R R e

" From *ables 29 an& 30 it is: obvious that the second -
Wavefcf'chromium obeys the Ilkovic equation more<accurately_
than the first weve. The Valﬁes,bf‘l for- the second wave
are greater than twice the values of I for the first wave
in contrast with what was stated previously. This is because
the &iffusicn~current,0f5the,Second'wave‘Was calculated by
drawing a line through the diffusion current parallel to
the residual current instead of using the normel procedure.
This WaS'dbﬁe because 1t gave a more linear fel&tionshipv
between 14 agd~conéenttation; If the standard prodecure
was used the second wave was usually twice the>first."Aj
 1inear“ralationshipﬂbetween ig andvconéenﬁratiOn,wag élso
dbtained'for;the>salt§ ehramium.nitrate’honahydrate, when-'
lithium nitrate was used as supporting electrolyté,'aiﬁhough
I, in this case, was found to be 2.63. This is considerably
higher than the,vglue‘o;85 obﬁaineﬁ‘for‘chromium“chlori&e
hexahydratg in the presence of 1ithium chloride as supporting



elebﬁroly%ea"This“inﬁicates~that‘é-different‘épecies was
reduced in the two cases. Zt is known‘thgt ‘'when chronium
ehlorlde;haxamydrate,is~treuted with pyridine two chlorine
atsmS'aréwreplacé&3by‘pyridine.and.twoﬁwater molecules by
hyﬁroxyl‘groups,(31)¢'1This_isﬁnot“kﬁawn o occur with the
nitrate;rfA1thomghit§é\cdmpositidn of each complex being
reduced cannot be determined, there is obviously more
pjridiﬁa“coér&inaﬁéd*%ith the chloride th&n“@ith the nitrate.

It is apparent from the tables that gum gambogi and
gum ﬁragacunth have a slighﬁly different effect on the
cobalt wave, I being smaller in the case of gum tragacanth.
Eable 33 represenxs.ealculationo in which the maxima were
igncrea,'if preseﬁt@T‘This,cculdibe done since the mayimum
wés“small'aﬁd~ﬁat rresent in some casess The results agree
withféhése ﬁ§1ng gum gambogl as maximum suppressor, even
though?ﬁ;differenﬁ'capilléry wanﬁsed,; Indications are
that gum gambogl is preferable as a‘mgﬁigum'Supp;esSor‘
althaughfa‘correction‘must‘bé\ﬁéaeffor the blank. Using
anhydrous cobaltous chloride and 1ithium nitrate as sup~-
porting electrolyte, a value of I is obtained which, al-
thaugh‘slightly smaller than when using 1ithium chloride
as supporting electrolyte, is in sufficient agreement to
indicate the same specles is being reduced. However, in
this latter caée‘tha color of the solution is pink wheress
in solution using the hydrated cobaltous chloride the
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uoluzion bécomes blue upon addition of 1ithium chloride.
If cobaltous chlaride is dehydrated for six hours and
dlssolved 1n pyridlnﬁ, the solution is blue. The value

of I in this case is much smaller, having a value of 0.40
with a corresaonding«shift of halfwwave potential indicating
a- different species is being reduceé. Again the forms of
the complex being reduceé cannct be determined from the
evidanee prasented, ‘

| although 1ead ehlori&e gives a percentage average
dcvianion of mnre than 2% using two capillarles, a value
of less than 2% is cbtalned for each capillary singly.
Good agreement is obtained for the values of I for laad
chlcriﬁe and cadmlum ‘chloride using either 1¢thium nitrate
 or 1ithium éhlorlde ‘as supporting electrolyte indicating
the same species is reduceﬁ in both case Lithium nitrate
is preferable as supparting electrolyte in the case of
cadmium chlcride. } o

BN ;Aecordmng‘ta the Ilkovie equation‘ﬁhe:Value‘of I for
the £erréus”Wav$ should’bérﬁwice'%he valus,of,I for the
feriiq;@évQ singeLthe,ratio df,thegvalues of n 1s 2, This
" agsumes that the two lons are coordinated with the same
number of*compléxing groups;‘so that their diffusion
coefficient is the same in the two cases. BSince titan
yellow is:use& as a maximum suppressor for ferric ion and

gum tragacanth is used as a maximum suppressor for ferrous
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1on, it is not surpri ing that the values of I are not .
in the ratio of 2 to 1, | |
- As in the case of cadmlum chloriée, lithium nltrate

‘is preferable as supporting alectrolyte for nickel ehloride.
»Values of 1 indicate that a. different species 1is being ,
reduced in the presence of 1ithium chloride as supporting
)electrolyte than 1n the presence of llthium nitrate as
vgupperting electrolyte, lending support to the possibxlity
of eompetiﬁicn between pyrldine and chloride ion to complex
with the nickel ion,» Tha twa waves of copper give approxi~ |
mataly equal values of I indicating that both are one .
electron reductions. Whether the re&uction is one of a
conper pyridine complex or whether it is that of a eomplex
between titan yellow and eapper can not be determined from
the data available. o ; , ,

It is not possible to evaluate the right hand side of
'th@ Ilkovie equation as a check since independent diffusion
data for the lons in pyridine do not exis%. However, in
VieW‘Of the success Of the Ilkovic equation in other
solven s there is 1ittle;reasqn\to doubt its validity in
the present case, : H,‘ | | -

The Ilkovie equation was not obeyed by silver nitrate,
mercurous chloride, bismuth trichloride, stannous éhloride
dihydrate.andkuranyl_nitrate hexahydrate. In the case of

silver nitrate and meréurous nitrate, the Ilkovie equation
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seems. to be;obeyed over a very limited concentration<range.
AIn:both'pasesjthe“valﬁsfof‘I‘begins to increase with de-
crégising,cv‘dn»centifatlimj;‘ It is believed the error lies in
thé_méthb&“of ca1culating’the diffusion current. ‘Sinbé it
was im@o$sible to obtain a residual current by beginning
the5¢uivefat_pbéitiVQipdtentials'dué to anodic oxidation
of mercury, the curves were caleulated by drawing an
arbitrary"fesiduﬁl current at‘zéroiapplied potehtial and
the standardépfocedure‘emplcyed; -
© 'The failure of»theillkOVic eqﬁation in the case of
stanncus;and“bismuth‘ians is attributed to hydrolysis,
This 1s definitely eésbablished in the case of stannous lon
by time studles shown in tables 52 and 53. The diffusion
current of the ;f:_zr‘s%:’waxre decreases with time and the
diffusianvéurrent of the second wave inereases with time.
The half-wave potential of the second wave 1s also in
agreeméﬁﬁWwith'that‘ﬁf”pyridinium'ion‘preViously reported.
The"third'wéve'of1bismuth is also very likely that of
pyridinium ion, The lack of linear relationship between
- diffusion current and concentration for the first and
second wéverof bismuth cannot be explained on this basis
and at the present remains unexplained. ,
«ﬂsfreason is known for the failure of the Ilkovie
equation in the case of uranyl nitrate hexahydrate. The

values of I for the first wave decrease with decreasing
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concentration, values of I for the third wave increase with
decreasing conceentration and the values of I for the second
wave seem to pass %hraugh a minimum with concentration,.
Tgééé}wavesAhave beéﬁ*feybfted:in'équedus solution, but
the !é%v:menee for the reduction of the +5, +4, and +3 states,
| respectively, 1s rather meager (18). Only two waves are
reparted for uranyl ion in aqueous salution us ing a pyridine-
thi@? (32}§ It is also known that in the presence of nitrate
ion, uranyl ion causes & catalytic nmtrate wave (33). This
| might explain’ the third wave. | o

Table 54 repres@nts a comparison of diffusion current
constants in water and pyridine. It is noted that in |
yractically all cases the ratic of I for aqueous solutions
to that of I for pyridine solutions varies from about 1. L
to- l.?S. The valuﬁs ‘of this ratio for copper and mereury
are a little low probably due to the presence of titan
yellow inythé’goiuxians; The value of I for stannous ion
used for comparison was one for vhich the solution had been
standing only thirty minntes and a minimum of hydrolysis had
taken place. A value of 1.55 was used for comparison in the
case of silver ion since the,maximum present did not disappear
until concentrations below 3 millimolar were‘feached. The
value of 1.t = 1.75 may be compared to values of 1.5 = 1.6
for acetic acid (9), 1.29 for ethanol (24), 2.18 for fused
salt media (26) and approximately .65 for 1iquid ammonia (6).



Table 5l

TR Cemparison of I in PYridine and vater

‘éétiéh‘

%QVI(HQO) ‘

”‘I(py;)

I(Ho0)

catt

xﬁi?¢ ;i“
';Gc**:fi;'
.f;eq*jf’7u

-Cr’**k

gt

Hzf;f=
e

cu™

3. 568
_V_VvA.,g!$3 Skb;;
P 3.86°
e 3aeb
[ 3,2@¢§,M~4;”
335
 3.18°( 
3a5°
.‘3‘2ub‘;
. iy
& .31b5
(two waves)3 28b;}',
29

.83
970

1%501

O‘7ML1FO3

1MHCL

O.BML101M7£

-

-

o, aﬁxicl;f 
ﬂfQ;8HL;Clj;
 _ummw'J
 0.8MLiCI
o.8mic

-

J‘ ~ 1uHCL
(twc waves)l 70 -

‘1mH61

9!8@L§le, .

221
»38j¢
2'661‘
2.66
1.h
1ok
1.89

2.5

2,09
242
0.86
,2,09‘ 

155
1,36
1,35

1‘hh»

ScE (Dy.\)

FO SﬁLiCI

0. 7ML1N03

0.8ME1CL
0. BmLicl )
0. 8ML101 |

0 8HLiCl

0. 7MLiNO3

0.8MLICL

0.8MLiCl
0,8MLiC1

0.8ML1CL

O‘SMLiCl

fThese values %aken from the literature (3#).

1Va1ues determined in this 1aboratory.

I(py.)
1.62
1.9
145

141

1,67

1.73

':1768.
-  _ 1.1+7 :
0.8MLicl 1.
VO.SML161‘ 
0.8MLiCL

1.55

 1.68
Lo
- 1.57
161

1.32°
1.26

119

‘{Values calculated from diffusion coefficients (18).
Value of two electron reduction divided by two (34),
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| Reversibility Considerations
~:Perhaps‘fhe most useful criterion of reversibility
.of'aﬁ‘electrode reaction in polarographic-work is to plot
the applied potential against the' quantity log i/(1g - 1)
(18).. If the electrcﬁe reaction is reversible the plot
should give a straighﬁ 1ine with a slopa of -RT/nF in which
R is the molarvgas eonstant, T the temperatur“ F the value
of the faraday and n the number of equivalents involved in
the,elééﬁroéé reacticngi'Fpr a one electrbn*reductibq’the
théorétic&l vaiue’atGQSOC; would be =0,059 whereas =0.030
wbuldwbe thafthearetiaal'valﬁe_forra'th*electron reduction.
To test the reversibility of the reduction of the cations
préviausly ﬁénﬁionédathese~plotérﬁere made, in éll cases
correcting the values of applied potential for the iR drop.
In accord with results observed for cobaltous chloride
hexahydrate in water (18) it was found thaet the reduction
of‘ccbalteus fon became more reversible with increased
.conﬁentrations of chloride ion.;‘Using 0.8 molar lithium
chléride'a‘siope'of.~0;072~was obtained vhereas with 1'M
lithium chloride a slope of ~0.058 was obtained. Although
a slopq;of\éo.058'indicateé & one electron reduction, and
a’ one electron reduction cf‘Co(Ii) to Co(I) has been repor ted
in fused salt media (26) and in aqueous cyanide media (35),
it is thought that in this case the reduction is merely an

irreversible two electron reduction. In support of thig
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the value of -0,04% was obtained using lithium nitrate as
supporting electrolyte. This value, although indicating

irreveréibility,'ié'eiésef:to'the theoretical value for a
ﬁwc electron raducticn, It has also beéh\reported’that-~
eobaltous fon yields a reversible two electron reduction

In aqueous media with pyridine ‘buffer’ (36)s -

! Plats of 1og 1/(id i) versus applied potential for
chromic ¢hloride hexahydrate gave values for the slopes of
wG 066 and «0.076 for the first and second wave, respectively.
The value of ~0.066 is in sufficient agraement with the
theoretieal value of»*OgGS? to indicate a one electron re= -
‘éucfiéns; The value 6f ~0¢076~for the’sécond‘ane denotes
ifféversibilit?; This is in agreemant with reduction in
aqueous solatians as reported by Hamm and Shull (37).

Lead chloride was found to give a reversible two
electron reduction in pyridine using‘lithiuﬁ chloride as
supporting eiéetfolyfe,fgiving‘a value for the slope of
~0.033, in fair agfaémant“Withfthe>theoretical value of
-4Q§029Q - Using 1ithiﬁmini%rate,as’supporting electrolyte
a slope of‘nd.b%lvwas‘obtainedyindicating less reversibility.

 The éclaragraphic ‘waves of cadmium chloride, zlne,
chloride, ferrgus,chlaride,and nickel chloride were found
to be irreversible. Using lithium nitrate as supporting
eloctrolyte, reversibility plots for cadmium chloride gave
two stralght lines of slopes of ~0.,143 and ~0.071l indicating
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thq,pGSsibilityﬂof.ﬁwﬁﬁégééies being reduced whose half-wave
pctentials areftooicloséwtogethér'té permit complete sepa=
ratiéna*ﬂThis'may'be‘éu91€0‘an'equilibrium between two -
pyridina complexes, one- containing six moles of pyridine
and: one aonﬁaining two moles of pyridine, both of which are
kncwn (38}, or due’to an equilibrium ‘between a pyridine
camplex an& a comwlex‘between the" gum tragacanth and cadmium
fon, Valuaa of wQ«O?S and =0,068 were obtained from similar
pl@ts Eer the waves of zine ahloride an& ferrous chloridey’
1respectively; umo attempﬁs,were made to make slope calcu=-
lations for nickel chloride when 1ithium chloride was used
as~sﬁpp¢rﬁing elécﬁrélyte;since it was obviously irreversible.
When lithium nitrate was used as sﬁpparting electrolyte a
%alue"ofathe*slope'ufinaO%l was obtaineds Nickel is known
to reduce reverSibiy”in aqueous solutions using pyridine
buffer (36) or in the presence of high concentrations of
dehydrating chlorides (18). |

. For all the icﬁs which required titan yellow as a
mﬁximum suppresser;fslope plots ylelded some rather pecullar
resultaa',The:slopeé?for“the cations involved are as follows:
mercurcuskion\wb,olﬁ,;fefrie ion %0.,008, silver lon =0.025,
and for the two waves of copper =0,025 and «0,061. ' The values
are all‘abnormally smal1 except the second wave of'copper |
which checks the theoretical value for a one eléctronvre&'

duction. Although the values of =0,025 are in falr agreement
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‘With*the'thecretiéai'ﬁaiué'for a two“électron reduction,
there. is ‘no mechanism of redueﬁicn that would be consistent
;with %hese values. The relative wave heights of the two‘
.wavesifor copper'indiﬁate that both are one electron re-
ductions. Therefnre, 1t must be concluded that all are
‘irreversibla except the second wave of . copper. g .
Plets were not made for uranyl nitrate hexahydrate,
stannous ﬂhloride or bismuth trichloride since the waves

were obviously irreversiblew,'
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' Cbﬁsidsfatidns 0f-Ealféﬁave Potential
s was stated previouslyi the only satisfactory pro-

cedure for comparing ha1f~wave ‘potentials in one solvent. .
with those of another is to set up a table of half-wave.L
poﬁeniials 1n,each solvent and compare ﬁhe order of ease'
of rcdnction in each solvent; TabTe 55 and 56 contain -
a summ&ry af halfmwave potenﬁiams in pyrzdlne apd in water
'in the rder ef ease of reductian in water. All the valuevk
in pyridine were Tun using 0. 8 mnlar lithium chloride as
5upperting eleetrolyte.i In Setting up a table in wat
values were selectea in whieh the sunporting electrolyte '
'was a chloride salt of compqrable concentratlon in 80 far
as thxs was possible. &n cases whare values Were given
for 0.1 molar chloride, values were run in this laboratory
against the quieﬁ pocl af mercury using 0.8 molar lithium
chloride as ﬁupporting electrolyﬁe. | o

| lhe first sigﬁificant thing about the table is that
the iona mercurous, ferric, silver, and cupric have definite
V31UE9, Wheraas in watsr they all veﬁuce at zero applied
potentials,' Actua7ly the reduction ‘begins at zero applied
pctenﬁial in pyridine alsc, but tﬁa slope¢ are such that a
valne for ﬁhe halfmwava potential can be assigned. The order
“of ease of raductlon is considerably different in @yridlne
than 1% is in water. Lead and copper (I) have changed
places in pyridine, thevlead reducing more easily. Nickel
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Table 55-
Summary af Half-ﬁave Potentials
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~1.3032,006

1. 366¢.010

a.YValuss taken from the litera ture (18)

| b.ﬁValues determined in this laboratory.

e Value iaken from the literature (34).

d. Value determined in this 1aboratory using titan
maximum Suppressor.

es Q. P.M. represents quiet pool of mercury

S.E.

0.8MLiCL

0.8ML1CL
0. BULiCL

,o‘amL1C1

0.8HT1C1

0. BMLiCI |
0.8UL16L
0.8MLICL
0.81LLCL

0.8ML1C1

0.8ML1C1
0.81LicL

0.8ULiC1

yellow as



Table 56
Summary,of Half-Wave Potentials
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These values were taken from the 1wterature (18),.2

.2‘3"?‘ ‘
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b; These values were QEuFTminQd in this laboratory.
c; Thls value was taken from the literature (34).

df“Q.P.E.;repreaents quiat pool of mercury.
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and'6obalt‘h;VG chan§ed §la¢és*in’the £wo tables. This is
to be expeeted gince 1t is known that pyridine is used in
aqueous solutioa» to shift the potentials of nickel and
cobalt such that they can,be determined._ The relative
difféfénée“1n theith6te$tials in aqueous pyridine buffered
solu%ibﬁs“éﬁd/ingpyridiﬁefasﬂa‘901ven%‘1310f the‘samé' |
magnitude;¢ATheffirstVSﬁébfinﬂthb'reduetion of chromium
chlaride hexéhyﬁratavnndergaesﬁa'shift{toﬁa position of
greaﬁéf ease%o£‘réduatidnfinwaTidine as a solvent as coms
pared td‘iﬁs“pééiﬁiaﬂ”iﬁIWater’as a solvent. This shift
ls atbributed to- the complex of chromium and pyridine
pravicuslyvmeniione&a g chromium nitrate nonahydrate is-
ﬁun4iﬁrthe presencs of 1ithiumﬁchlorida‘only one wave is
obtained, which reducég'at ~1,300 volts against the'qniét,
p@di“of?m@rcury,”whereas'if*it'is'run using lithium nitrate
as'suppcrfing;elecﬁrolyté only one wave 1s obtained which
reduces ‘at #0995 volts against the quiet pool of mercury.
TbiSjiS[added evidgﬁ¢e_ﬁhat only the chloriaé forms the
complex ﬁith”pyriaine as~previously deseribed. Zinc is
ﬁh@ only ion which is shifted to a position of more difficult
reﬁueibzlity in the table.“This can only be attribubed to
a more gtable corplex of zine and pyridine relétiVe to the
ouher pyridinated ions. ;»

In the presence of lithium nitrate as supporting

electrolyte, there are also some changes in the order of =
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reduction as%geenyinjtablexSé;ﬁfLead*and stannous ion -
interehangeﬂplacesfin~pyriﬁiné as dc nickel and cobalt.
Ehe~reiativardifferenéa%bétWeenVthe.ﬁotentials'of‘CObalt
and nickel is 3maller when lithium nitrate is used as
supporting electrolyte, ,
BRI & wa3~fcunﬂ;tha%,it wasfpossible;to prepare both
 blue and pink solutions of cobalt in pyridine by alfferent
degrees of dehyaration of the hydreted cobalt chloride.
By;dehydratiﬁg:for-ﬁhree hours a blue salt was obtained
which“gave‘aépink solution when dissolved in pyridine. By
dehydrating for six hours a blue tarry mass was obtained
which gave a blue‘SOlutianvin&pyridine; These two solutions
géﬁeydiffetent kalf-wave potentials. The blue solution
gavé afha1f*ﬁave;potéhtiél‘afs§1¢000‘volts.v@rSus.the*l
quiet pool of;msrcuryg‘whareaé the‘pink:séluﬁion gave a
'hﬂlf*ﬂ&?é*@ﬁténtial'Of“~0¢92? volts versus the quiet pool
c?]mercﬁfy;g This*ghiftyaf half-wave potential is in the .
opposite direction to that in which the shift of half-wave
'poﬁentialﬂocéurs‘in aqueous solutions from the blue to the
pink state‘ ; |

Ga&mium chloride and. uranyl nitrate hexahydrate are
the cnly»cati0ns'in'whlch~the‘half~wave potential 1s not -
congtant with changes in concentration of the reducible ion.
In the case of.the‘cadmium“chloriﬁe; the half-wave potential

shifts to more positive values with decreasing concentratl on
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using either lithium chloride or lithium nitrate as supporting
’electrolytea;~mhis might a1so bé,explained‘on the basls of
an,equiiibriﬁm betweenutﬁg different compleXGS‘withkpyridine
as mantibnéd~before or an equilibrium between a pyridine
campléxvand«a,complex”betwaenacédmium ion and gum tragacanth.
The half?wave‘potentials‘of thé‘first, second and third
waves. of uranium shift‘to more positive values with de-
creasing concentration of uranyl ion. The only explanation
that can be offered for this non-constancy of half-wave
potentials is theqiiréversibility of the reaction. |

~ In considering water as a solvent for analytical
applications, it is‘usually stated that 1f one cation is-
to be analyzed for in the presence of another, their half-
wave potentials should differ by 200 millivolts. Since -
many of the waves are 1983 :eversib1e in pyridine and
have a greater slope due to the resistance of the solution
a sepafatiéggof 200 millivolts is not always sufficient,
but the slope of the wave in gquestion must be considered.
- It would be impossible to determine nickel and cobalt'ih
the presence of each othervusing lithium chloride as
supporting,electrolyte, since the wave for nickel requires
such a large span for development,. However, using lithium
nitrate as maximum suppressor it becomes possible. The
followiﬁg cations give waves which might be used for analysiss

lead, chromium, zine, ferrous, cobalt, nickel and copper.
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: Sumzary :

It was found that the half—wave potential of .
nyridlnlum ion was: shifteé to more p051tive potentials by
increasing %hg}percenﬁagenof pyridine by volume in the
solutions Extrapolation gives a value of =0,918 volts
fagaﬁnSﬁtﬁhe quieﬁfpbcl’of mercury and ~1,283 volts against
the saturated calomel electrode for the half-wave potential
of‘pyfiéiniﬁm*iongf5The‘diffusion,current‘of pyridiniun
ieﬁrdeéreases with the water-pyridine ratio, passing -
through a minimim at 107 water, and then increasing with
increasing values of the waﬁerwpyridine ratio.

SN survey was made of the ions which could ‘be reduced
in pyridzne; ‘The salts chromium chloride hexahydrate,
cobaltous ciloride hexahydrate, lead chloride, zine chloride,
ferric chloride héxahydrate, ferrous chloride tetrahydrate,
nickel chloride, cupric chloride and caam;ﬁm chloride were
fduhd to givefwell défiﬁed‘Waves which obeyed the Ilkovie
e@uaﬁien, Silver nitrate, mercurous chloride, bismuth
trichloride, stannous chloride dihydrate and uranyl nitrate
'heXahyd?ate all yield polarographic waves bﬁt.do not obey
'the Ilhovic equaticn. For'those'ioms that obey the Ilkovie
cquatlon it was found that the diffus*on current constant
was umaller in pyridine than in water and that the ratio
of diffusion current constant in water to the diffusion

‘current constant in pyridine varied from l.% to 1.75.
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Revers ibility plots of the salts tested indicate
that enly the first wave of chrcmic chloride hexahydrate,
the saconﬂlwave of ecupric ehloride, and the wave of lead
ehlcride are reversﬂble in pyridine, o

A table of halfwwave potentials against the quiet
pool of mercury as reference electro&e in pyridine is
presented. The changas in gase of reduction as compared

%o water are discussed.
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‘Possibilities For Future Work
~In so far as a polarographic determination of
'organochlorcsilanes through use of non~-aqueous media is
concerned; there is one solvent that might bear further
investigationa; Since it is believed that hydrogen ion
ié‘a hﬁeessity if any polarographicAseparétion of one
organochlorosilane in the presence of another 1s to be
obtained, anhydrous acetic acid might be a possibility.
It has one difficulty in that 1t has a very limited .
operable span of potential, It would seem that a better
form of analysis would result by trying other methods
than;the”pplarographa An analysis of organochlorosilanes
by use of infrared spectrophotometry seems very possible
and should be worthy of investigation. A review of the
literature indicates that:infréred'spectrophotometry has
beenkappliea‘ta only trichlorosilane (39).
 <" The suécess of the polarographic investigation of
cation reductlon in pyridine leads to three possibilities
for future work., First, it would be of interest to
investigate reductions of organic compounds in pyridine
as a solvente Presumably, many organic compounds which
are'insoluble,in Water,ahd hence cannot be tested polaro-
graphically in that medium could be treated in pyridine,
provided they did not react with the pyridine. Secondly, |
it would be of interest to investigate the effect of water
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on many of the cation rsductions tested in pyridine.
Although the effect of pyridine-water ratios was tested
Qﬁ”pyridiniUm*ion;;thig,deesanotlneceSSarily mean similar

} effectsfwbuld be observed for other eatlons. Chromium

| chlp:i&e;hexahydrate'should.ﬁg~o£ special interest in
'thié"rQSpeCt siﬁéé,it seems;to undergo the greatest change
éf ha1féwgve pdﬁéntial in the presence of pyridine.
Thif&lygiit'woﬁld be of iﬁféfesﬁ to inveStigate the Te~
duction of catiana in o%her arganic solvents more thoroughly.
Some Work bas been done in fcrmamlﬁe (15), but only in
Water mixtures; Formamide has a very high dielectric
¢onstant§,higher than_that of water,‘and for this reason
should have excellent sel%énﬁ properties. Acetamide would
be of similar'inﬁerest,,btt it has the added inconvenience
of the nacassity for wbrkiﬁg Q% elevated temperaturés"since
it 1s a sq1id_at faem temﬁéﬁature; Acetonitrile is another
séivéntfthat should be wofthy’of‘investigétion since it
has a relatively high dielectric constant and is not known
to réduce pclarographicaliyg )

Further work shonld.aisa be done on electrocapillary
curves in pyridine in an effort to determine the reason for
maxima in pyridine.?‘This”mighﬁlalsofbe?cf value in determin-
ing the mechanism of maxima suvpression in pyridine through
analogy'with aqueous sslutions. |
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