THE DIREGT MEASUREMENT OF THE
© OXIDATION-REDUGTION POTENTIAL OR ALCOHOLS.'

By

Malcolm G. ﬁbcre

A, B,‘Univérs{ty'of'zhnsas 1924,

Submitted to the Department of
chemzstr;y ‘end the Faculty of the
Graduate School of the University
 0f'Kansas_in‘parﬁ1a1 fulfillment of
the recuirements for the depree of

MASTER OF ARTS.

Approved by:

T @a_o‘y

Chairman of Depafrtment.

August, 1925,



| if‘his page iw reserved for the 80X~
Vpression Of my ag;;;:reciation to Dr. R. -
Q. Brewster :i:'ar his timely haly an&
| .sympathetie airaetion af the work, and
| to Dr. H P, cady for hm interest and
. many helpful snggestians. I also wish
ta thank: 3)1'. H. ¥, Elsey for his ag-
sistama in thef &esign o:E’ apparatus.



- DABLE OF CONTENTS,

1 PQEG v
INTRODUCT Ol o ot s e e s o 1

4. PURPOSE OF INVESTIGATI Olf-mmmmm===mmmmmm s mmme 1
B. HISTORICAL AND THEORETICATm--=-mmmm=m=memmmmen 1
‘EX?ERX%E%@A&—-~f‘“';*“““ff*f*“'“?***“;*“~~~*~“*~fﬁ*** 9
A. PART I.
GENERAL METHOD; FIRST TYPE OF CELIme-==---mm=mm 9
OBSHRVATL ONS=mmmm s m mmmmmm e e e 1]
B. PART IT, |
EFFECT OF DISSOLVED OKYGRIn-nmnmmmnmmmmacomomem 16
SECOND TYPE OF CELLenmmem==emmmsmmmmammmaomamm 17
OBSFRVATT OlfS=mnmmmmmmmmm e mm e o w e em e 19
C. PART III,
THIRD TYPE OF ORLIL~icmmmmoomm o o s e e 20
OBSERVATI ONGmm == mmmmmemm e 25
SUMMARY AND coxczwsr0§s~~~~~~~-~~~-~~~~5-~«~~~~-~~~-~ 29
BIBLIOGRAPHY = mmmmmmm s s s ot et e 32



4, PURPOSE OF THIS INVESTIGATION, ,

For meny years Organic Chemistry has been developed en~
tirely apart from inﬁrgﬁnia, With,tﬁe bellef that the two
were entirely separate snd distinet, but in recent years Or-
ganic and Physiceal chemists have been led %o investigate this
difference, taA&stérmiae whether it is really one of kind or
only one of degree, v ,

It was with‘thé idea of helping to clear up this situa-
tion that Dr,:Brewater,starteé an investigation into the na-
ture of some orpganic oxi&aticn:an&.radﬁetion cells, with the
~ idea that from the data obtained one might build up an elec-
tromotive series of the orgeniec groups, methyl, ethyl, pro-
pyl, ete, just as has been done with the metals in Inorganic
Chenistry, |

. B, HISTORICAL AND THEORETICAL, ,

Dr, F. B. Dains, Mr. Merkley® and lir, Shields®, of this
University, made s study of the relative ééactivity of cer-
tain orgsnic esters such as‘methyl,‘ethyl, propyl, butyl form-
ates in ona series and methyl,éthyi,rprbgyi, and butyl oxa- ;
lates in another series with organic bases such as aniitne;'W 
The'exnerimeniers foun&lthaﬁ'with each series the péfcentage
yield of formenilide or oxanilida'ran in the order of in-
creaging yield as follows: methyl, ethyl, propyl. The maxi-
mun yield was with propyl and the yield dropped off with
butyls. |
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Other remctions such as the change of propyl alcohol to
isopropyl on heating,’ate, point to the.fact that there
mipht be a difference in energy content of sn orgenic com-
. pound depending on the groups sasociated with it.
| Until very recently, but very little work hss been
’ﬁﬂﬁéné_in aonnectignrﬁith\this‘suhjeet of the potential of
f §réania oxidation and reduction cells, »In;1892, Baneroft
made g study of = large number of more or 1§ss eommon oxi-
frdiéimg;&ﬂﬁ.reaucing‘agenﬁs and thege included slkaline so-
- lutions of,pyrogﬁllol eﬁd\hydrequinone. In thié*wofk, Ban-
, §roft measured the potential against atharjoxldizing»aga
reducing agents but not against a standard electrode, 4
few years 1ater,»§enmann5‘put Bancroft's work upon a bet-
'tér‘basiS'by repeating his work and determining the poten-~
.tials of the solutions against & calomel electrode,
~ In 1892, Slaboszewicz made some sdmittedly rough
measurements an,acetal&ehyda an&‘ethyl-alcohol‘in 21 He S04,
Briefly, he measured the potential of the sleohol solution
againgt the aidehyde using a salt bridge of XC1 and platiné
1z6d platinum electrodes, He checked the potentials of
aldehyde agsinet aleohol by measuring‘aadh'against a ¢alo-
mel electrode, He allowed his solutions to stand over
‘relatively long periods of time and at concentrations vary-
ing from one per cent, to thirty per cent. alcohol, He
| found that after the first twenty-four hours there was less
change in the potential difference though it was only after
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120 hours the change ceased in the cenbivolt column, He
does not mention any attempt to repeat his’results,

6 made a stu--

In 1921, ¥. S, Granger and J. I, Nelson
dy of the potentlals of mixtures of an arg‘smic\ compound and
its ozélﬁétion | pro&mt,,namély hydroguinone and guinone,
rimhé solntianalwere,maas_up'0f3301 Vﬁrylﬂs'ffom molar to
‘ .'0'1 molar amcentm“jciqn and a saturated soiu'tidn of hydro-
guinone and zguirmne;‘ The bridge between the saturated
calomel half cell and the guinone-hydreguinone cell was
‘a'saturatea golution of X1, Possible contact potentisls
atfthe houndariésfwere pct taken 1ntetcensideration.’ A
Vk‘platizmm electrode was used in the guinone~hydroguinone
cell end nitrogen was bubbled through at the start to pro-
- vide aglitation snd remove the air. The nitragenwas later
cut off and the cell sealed off when it remained fairly
constant for 180 hours, They found that most of the ir-
regularities disappeared after the :i’ira;tv% nowrs, The po-
tantiai diﬁ‘er’ancés which they measured were ~v1n good agree-

“ment with those caleulated from the Van't Hoff equstion:

(omin), . 1p. (Guin),
!Hy oquin), (Hyﬁro aum'ﬂ'

 since the eoncentranon of the ”uinone and Hydroquinone in

saturated solu‘cions ‘were known, Granger and Helson empha-
size the fact that in order for this methad ‘to work the
reaetion by which the quized proaw:t is ehangeﬁ to the
reduced proﬁuét'must ‘be ’a‘reversible reaction, They men-

tion the fact that since an alcohol and sldehyde mixturs
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does not give a reversible reaction their method is not ap-
‘plicable to this systen, o 7
| In 1922, J. B. Conant” of HarVarﬁ,and his students un-
&@rtodk an glectrochenical &tu&y.ofysystems similar to qui-
neneuﬁyﬁTOquinbne'inVacia‘soluti5ﬁ in’or&er to de+ermin9, if
possible, the aifference between the reversihle reaction in-
vclvea in the change of nuinone to hydreawinone and the ir-
reversible reaction involved in the change ofvalcohel‘to alde-
'hyﬂe.~ Conant seys taat slnce the renction in the former case
'is strictly reversfble the oxidatien~reducticn potential
ghould be easily msamured Just as thgt-af ferric~ferrous salts
and goes on to say that such reaetions involve merely the loss
or gain of alectrons. The applieatien.of the principles of
electrochemistry is smply justxfle&,byvthe results although
meny of the more usual cases df~reﬂmaticn of organic substan-
ces do not seem to involve electron transfér alone, It is
worth while to note at,this,point‘ﬁhat while‘the oxidation of
‘hydroquinone to quinone.is strictly reversible in scid solu-
‘tien,'in alkaliﬁe'solutlcn.it I's not and no constant B.LTA,
values could be obtained with qﬁinoneahydréquinone,in alka-
line Solution, For this reason Gonant chose salts of snthra-
quinone aulfohic‘acias sinee the oxidation end re@ﬁc%lonvof
these salts is s reversible reaction in either slksline or
acld solution, ,‘ - , _ o

Briefly, Gonsnt's method was as follows:- He intro-
auced 350 e;c. of a 5uffer soluxion intq:a 400 e,c, glass
cell an&‘determined the hydrogen lon concentration by

means of an electrode of the Hildebrand type, Then, he



5..
introduced 171000 of a mole of anthraquinone sulfonic acld
in the form of its sodium salt, The cell was swept free from
olr by mesns of oxygen-free nifrogen and ‘the stirrer started,
 The reduwsing agent, 'titaneﬁs chlori&é, was edded in sulitable
incraments from a burette.
| ~ &fter the &dﬁi‘tian of each lncrement the pntentials
oi’ tha solution in the cell was measured, The course of the
m&uetian was fo?.ls* gd by plotting the patentlal sgeinst the
izxcrewerts of reducing agent added. By 1nsyectlon of these
eurves, it was possible to determine the end point of the
titration; thi‘a‘value was tsken as 100% reduction, The
velus of the potentinl at the mid point, 507 reduction, was
then dstermined by graphical interpolation of the curve,
ioreover, the dats on the potentisl so measured and the -
amount of reducing agen‘h added enabled them to calculate
the value of the ratio of

(&)

R AHgz | 7 ‘
where (4) = coméntratvion of unmduc.éd and (AHe) -.=‘oonc’en-
tration of reduced material. }Z!Jhenthe‘ reaction was aairiea
out in scid solution, the results so obtained were in ac-

< co'rd‘with the following equation:
T=Ty + .0295 log (1%217) - .0295 log K:Xe + ,059 log(H')

O (EY) (aET) - B} (A~
= Ko = T

Conant® =na hie students also devised an indirect me-



,thoa for the meammmmﬁ 0:?:’ the potentzals cf substances

iwhose oxi&izec‘i azz&. raﬁm ea fﬁrms are not in mo‘bile eaui-— ' |

-Vllihrinm.With the oxidizing ar reducing agents. In the re-

-. n.,&xzctisn af such aompcmas as nitro benzene, the re&ucing

~ agent is aither M’chaut affeat or causes ccmpleta reduc-—
:,,ticn. It is imwsslhle ta ﬁn& a reduc!.ng agent with wb.i.oh )
¥ the reactlcn m?il precee& ta a measurable equili.brium.
_ ‘ ‘1’0 aueta I&*. c:z:«nant »"Eowever, while no raal oxma-
tian««rednctmn yctent}.al of such 1rreversib1e aystems aan
R be farmu}.a%eé' or msasamﬁ 11: is posai’bla to charaeterize
them with eonsidemahle preciaion by determmlng the poten-
“tial of the weakast redueing agent, (1. e., the reaucing .
--lagent: Q:E,;hi.ghest,a x‘mati’on-‘reaucti.on potential) which will
-ﬂg_"jtxet’ cfausehreiaﬁetioﬁ;,‘? - If a series of reducing agelnts‘ of
fknwnpst.énf‘bial’ ara‘fa‘irailghle,e it is possidble to aetermine
which one will ';jusf 'rem‘me ﬁhe ‘compound, . For example,’ it
‘ ’}it»li‘s found that a =:compounﬁ;,aaibenzoylethylanez. V:fis‘nbt re-
duced by 8 reagent AT of potentia;.- :+,.;’31»sbut»is«réévn¢e& by
rea.gezitn g of potentisl _-«ta.a&, f:bhe‘z:. éome v*aiize ,wifbhm this =
= range.@,516to,;}2@;aaﬁ.be cépsiaerea as the potential of
 the er‘itioai ?eﬂmimg‘ageat*'t&e pOtantial of»sudh a hy-
potheﬁe&l reducing agent Conant cans the Apparent Re-
‘ c‘m,ct ion. Fatential“ o:E the snbstame in qnsstion. 3
| It is apparent ‘Ehat *.;he aaeuracy of this method is '
dependent primarily upon the possibility of obtaining a
gseries of,reﬂmingagentsamh A_‘that fhhe potential of each
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!ﬁémber is only slightly lower than that of the preceding
member, It is very difficult té get 2 series of reducing
 ageuts'e1ose1y,anéngh graded to be satisfactory, Conant ‘
aﬁmits, and in some dases the scheme fails completely,
"frzmhe cumbersomeness and 1imited application of the
foregoing experimental work together with the following hy-
f‘thheses/of the eléetronic theory led Dr, Bréwster to try
.fq ﬁoxk out a'morﬁi&ireet system of potentialymeasﬂramentA
Qf;simple organic compounds by simply introducing & plati-
num electrode into a water solution of'the_compound, using
KC1 as the elecﬁfalyte; and ﬁaasuring the E,M.F. oflthe |
‘cell against a normal calomel half cell by meansfafithe po-
‘tentiometer. K | Co | | T

- The hypbtheseé‘df the'gleetrenic theory which partial-
 f1y’1ea to this inveétigatien $re as follows: In order to
' eﬁplain the reducing sction of alcohols, the electronic
,thgery assu@es this action to take place,

R s+ H H
 HC~IC+ CHZ=—>HOC - 0 OH +,H+
| - A

H’ +H»  H
Alcohol in this form
gt#es up two‘electrona
and becomes positive.
g H
VR HC=- COH
) .

H



An OH grﬁup

.j‘ge(// adds on -

R B iri -

EC" Q OB' g_nﬁ f%te; Sgiitg’~ﬂc s CHO +Hs:~,0
B Qﬁ/ S S
ﬂaw. 1£ this theory be true,‘one shauld be able to

Ameasure this temdeney'to grva up electrons or re&ucing

| : pawer bg means Gf a glatinum electrode in contaet with ‘the

1solutian u&ing a narmal aalomel eleetrode as the other

half of the c&Il ] . : ,

"57 Likawiae. in the easa cf aldehydes, 1t is known that
L’When.viayl hrami&e is hyﬁrclyzed in plaee of’giving vinyl
'alcohol H g g ~-OB' as,wculd te expaoted it gives
Gﬁs - CHO by'the follcwing shift of the hydrogen

Aizw-—»n»cfc o
B

Since one hyﬂrogen ean shift it seems possible that oﬁhers

‘might do 1ikewise. The reducing actian af aldehydes 15 ac-

/countad for by the elactrcnie theory as follcws‘
: +

CHGC - ‘Gh—’—aﬂ C =008

, L R T
B _;‘,~,: £ ~3

#Electron free to gc aff; The ten&ency to e
1eave 88 messured by its potential would
be a measure of the strength of 1ts re&au-

Lng action,w ~ : SRR o
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m@nﬁ:&mma‘

o In recoraing the experimental work since the results
were aﬁmittedly 1ncomplete anﬁ not entirely satisfactory. it
was: thought best to record the antire history of the inves~
txgation for the benefit of those who might wish torcarry
'1t further. In cutlining’tha experimental work, it was de-
‘eiaea for the sake Qf elearness to divide it arbitrarily in-
to three stagas relate& to the three major modifications in
the type of cell and eleetrode.usea. The-funﬁamental idea
asjéllu&ag ﬁ§ in the introduction was sdhered to throughout,

A ;‘mm:. | |

The ariginal i&ea as conceived by Dr. Brewster was to
make up solutiona of a serles of alcohols methyl ethyl pPro-
: pyl ete. of accurately known concentration Z molar, and
when rea&y to meke a run to mix a portion of the alcohol s0-~
‘1ution WL%h an equal portion of 2 normal XCl solutlon making
the whale sqlutian.narmal with-resyectvto both the alcohol
and the KCI. Thia solution was introduoeﬂ 1nto a glass cell
;into which a bright platinum eleetro&e hasg been seale&. This
cell was comnected to a normal calomel half cell by a salt
bridge of normal %01 thus eliminating contact potential, The
E, M. F, of this comhination was measurea by means of the po-
tenticmeter scheme illustratea in the wiring diagram, Figure
I, Plate I,~page 10. A stanaaru Leeds and Horthrup Student
Potentiometer reading to .000L volt together with a Loods
Hor?hrup'Wall Galvanometer end other standsrd equipment

throughout was employed in making the potential measurements,
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. The solutions in this first4stage were made up of
~distilled water boiled aown @ne half to remove dissolved ,
oxygen, One hunﬁred fortyanine and two tenths grams af |
dry X1 (Baker’—s. or Merck's graaed as 0. P. by the makers)
was weighed out an& dissolved in eough of the distilled
'and reboiled water to make & liter of solution, 32,04,
.-46 06, anﬁ 50 08 grame of msthyl ethyl and normal pronyl
alcohol respectxvely were welghed out and each dissolved
in enough’ axstilled,and rebolled water to make 500 c.c' of
solution, Alcohols were prenared by using the best gradesI 
abtainable and. refluxing them over quicklime for four hours.
ﬁfter refluxing, ‘the aloochols were distilleﬁ from the quick-
1ime sn& redistille& ueing only that fraction WhOSe boillng
point variea no more than twe degrees from the correct boil~
1mg»pointf Salutions were,oheakea for concentr ation on the
f&ifping~refractometér; ‘Tha cell uSed is ehown in Figure II;
Plate II, page 12, and has been aesc*ibed above.

E,M.E. Reaainms for the System.

2 ﬁL Alcohol o .|  Hormal
+ ﬁ/l Kol | <Calomel
2 M. Kcl ‘ : Half cell

_ This type of aleohol cell exhibited a decided “drift"
in potentisal, that 1s,feach succeasive reading vag & 1lit-
,.‘tle greatgr»ﬁhan thé*bne just preceding, - This "drift".
slowéa‘dowﬁjiﬁ théiébursa of several hours and in some in-
stances gava»naarly,constant readings<at’the end of twenty-

four hours. However, if the cell was emptiéd and a fresh
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| "solution of the alcnhel placea 1n it, it was not possible
“to raproduce the former rea&ings, -and when fairly con-~
stont raa&ings were again'reacheﬁ they~«ould not be the
fsame as previous constant resdings for the same alcohol,
‘The accompanyrng‘téble illustrates a typlcal set of resd-
_¥lngs fbr threa alcohals) The fkrst eelumn gives the time,

v;*the sacan& grves the M.g.ﬁ of the eombination alcohol

“".:half cell and: calsmel half cell, the third. gwes the E,ILT.
(‘ of theralcohol half cell assuming the E.m F of the calomel
 ‘]%0 be ,56 volts. ,(Sea Eage 14! Y ‘

| The starre& vulue in the ErOpyl alcohol series 1n

' Tab1e I is whera tha 3&11 was placad in an ice water bath to

4’ftest the effect of temperature ‘change onvthe cell, The drop,

- as will be explaine& later, was not due to change in tempera-

ture but to shaking and gtirring the contents of the cell
)&uring~the pracsas»of‘gnttlng-it in the'ice bath,



. TABIE I.

e MRIYL ALCOd0L T YL ACON0L T W.PROPYL ALGOHOL ] .
Time in| B,IM,F, HgCl[E,ILF, Alco- |E,M.F, HgCi[E,lLP, Aloo- |&,ILF, HgCl|E,I.F, Alcohcl o
Minutes | 1/2 eell + |hol 1/2 cell . 1/2 ce11 + |hol 1/2 cell - (1/2 cell +. 1/2 cell

0 o, 3848 oy 451 S 3375 f‘+335§5‘ . 1665 | +,3935 -
& .3790 | - ,1810 , .3400 1 .2200 | L1785 |  ,3845
6 | . 3784 ©o.1816 o ,3450 | ,2180 . a1806. . | ,3795
-9 .m0 | Jies0 o | .Bes0 | ,1950»‘ : +1840 o LB760
12 - | Iz100 - ,2B00 | ,%670 | . ,19830 | = ,b1870 L3730
16 .7 | <75 8800 | 0 B880 i n | GBI | ;%ggg\~" Uiy %ggg# ;k;‘.ggggw;;;
8 |+ ,205° .| L2198 | ,3750 |  ,1880 " | , e A
21 | ,®%30 | ,2165 |  ,3800 | L1800 - .1640 | 0 ,3960 0
24 .3440 | »21656 . | ,3840° | . 1760 -~ | L1675 8925 |
y = e : Y S I A bt e ; R Sd :
33 | ,3480 - ,2120 | ,3900 | ..,1700 | . ,1639 | -, seslv,,y
36 - ,8495 . | . ,1105 | L3980 | . ,168B0 1 L1641 |- ,39B9
By . | 3495 L2105 o ‘zees |- 1635 | .1850 | .39B0 .
42 - 5496 £2104 o ,B972 | ,1688 | ,1650° P g B9B0 L
a5 | 3495 - ,2104 | - ,4000 . ,1e00 - | ,1655 ;8945
a8 | 5497 1 .2103 L4000 41600 1660 3940 7
Bl - : e LT 0 ,4020 . w1580 . | ,1690 = | - ,3910
54 o ‘ _ o ,4021 L1579 L1701 | ,3899
BT | SRR i : - ,4026 TL,is7¢ {0 ,1ms | . ,B3885
60 | PG L4030 | L1570 ¢ ,1720 1, 3880
63 re S © L4042 - ,1558 L1740 ., 3860
66 ' o ~ 4000* F e : i %’;22 : ?.'g‘gg% :
72 : +eonstant 48 hours 1% S SN
75 : i 1ot - ,1B05 3795
8 } , ater. - . L1810 - | ,.3780

81 : R , - | L,isas | .s7E5
84 B ‘ , _ g ‘1850 | .3750
a7 ; c .1850 . 3750

9T
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The data in Table I shows that there is a tendency
- for the’ﬁrift“ to slow aown_the end of about forty-five
v'minntes anﬁ to become fairly constant at the end of forty»
eight hours, However, the results do not ;ppear to be re-
~ producible as the fbllowing Tablé II shows: The results
glven in this table were obtained with new solution of two
. molar propyl alcohol freshly made up aad two molar Xcl,

. The B,M.F. rea&ings are in volts and the results were all

positive, (
" TABIE II.
Time in| E,M.P, 7 | E,M.F, of
Minutes Calomel | Aleohol
Half Gellt Half Cell
0 1385 4215
3 » 1390 +4210 -
6 1398 .4208
9 L1402 #4198 -
12 1450 4150
15 . 1449 - .4151
18 21446 ,41564
21 1445 ,4155
24 L1475 | L4125
27 | .1490 4110
30 1515 .4085
33 - ,1550 L2050
36 -« 1595 L4005
39 » 1595 « 2005
42 .1595 .4005
45 L1595 4008
48 1595 ~,40056
PART II.

In the BXperimental work of Part I, an attempt was made
to investigate the effect of temperature éhanges on the E.I P,

of the aleohol cells. 4 cell, formerly at room temperature,



was pléced’in &ﬁ_iee‘water bath and a very decided rise in
the E,ﬁ,?"ofgtheiaélllwas observea#.~ As this was in the
‘direction opposite tdjthaﬁ wh ich Was‘expected; the phénome~
| non was fﬁrtherixﬁﬁestigated and it wes found that shaking
‘the cell snd contents incident to putting the cell in the
ice bath caused the rise xn-E;é;?.9; and that if the shak-
‘ing‘Waa done before cooling the cell and continued while
‘the cell was in the bath there was no sudden change, the
‘E.NQF.'beginning*to "drift“ down agsin as before but more
| gslowly so 1ong<as the shaking was continue&.
Tests on- the ﬁistilleﬁ and . rebciled water which had

been used for mgking up alcohol anﬁ,Kpl solutions showed

that not all of the &Lssolve& oxygen ha& been removed by
boiling the distilled water down to bne»half its original

lvelume. The test wasg aarrieﬁ out by the Winkler method for

diggolved oxygan,gutlined in.Sﬁanﬂara\&ethods of Water Analy-

Csis,

The wxnkler test is as fbllews. Fill a 300 c.c, bottle
fitted with a graund glass stopper with the water in which
the dissolved oxygen is ta he determinea completely full and
| put in the stoyper baxng caraful that ne air bubbles are
trapped in the bottle. Remove the stapper and add success-~
ively one o,c, df‘ﬁnsbg,(azs.s grams per liter) and 3 c.ec.
of alkaline KI (700.grams NaOH and 150'gréms KT per liter).
‘Replace stopper, shake contents of bottle and -allow to set~

| #See starred value in propyl alcohol eolumn in
Table I, yage lé
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tie. ‘Add 1 C. c;~of‘eaneantrateéfﬁasoé‘and ﬁhen the prec1pi-
’tate is dissolved measure out 250 c,s. of the contents of

: the bottle into » volumetric £1ask and titrate to faint yel-
low with Fagsgﬂa selution eontaining 025 grams of NapSz0a
:’ per liter, aa& starch solution and” cempleta titration. The
yiumber of a.c. of ﬁaasgoa solution is the number 6f parts

'fyer million of dissolved Oas '
 , - The f&ilure to remove all of the dissolved oxygen and
\fthe dasir@ to try. agitating the solution in the eell 1ed to
' ;the ﬂesign Qf th@ seaonﬂ typo. of the call illustrated in
,;;Figure 11T, Piate II, page 12, 1In this cell gas was bubbled
‘Hup thrsugh the solnticn in. the eell by means of the gide

%ube A" and the'hgle in;the hottom of the cell. The gas

was to eexve tha_double gnrpase of pwoviding agitation and
_i_removing the remaining axggen. The gas chosen for this pur-
i_fpose was nitrogen, ﬁs no tan& nitrogen was aVallabla, it
}{fwas generated from EH4GI anﬁ ¥alOz hy heating a solution of
fyyﬂgdcl to boiltng and'adding a selution-af Hall0: slowly drop
by-&rap.'~A stea&& anﬁ'fairl&‘uniform gtream of nitrogen
"was thus generated and stered in 8 large gas holder over
water. ‘This nitragen gas was analyze&# for oxygen and found
to contain from ,09 to .11@ Oze Before ‘bubbling it through
the cell it was‘passe&'ﬁhroughvavwash tower of alksline pyro-
gallol and ‘another of sulfuric acid the pyTe. to remove as.

much oxygen s possible and the acid to remove sny NHs which

#This gas analysis through courtesy of I. L, Malm,
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might have,eome-c?er fromAhy;rq1§éisfpf;§E¢Cl.'

The aleohoiﬂsolutions,ig,the.:ugsfwith,this4type-of.
~ cell were made;ﬁpfrqméleehgl;prepared;as‘1n;Part_;~and in
 exa§t1y-the sama;cnncantratian, ete, ,th electrodes in this
type of cell weré'platiniéed nlaﬁinnm,inuplaae o£~the bright
T*.platinum used in the previous cell, - N |

The procoqdure . in- these runsg diffared a- 11ttle from
that in former runs inrthat a certain vulnme of-z molar XC1
" 801utionAwas plagéd in the eellgfirsﬁf,nitrOgen gas ‘bubbled
7 ,thrdugh it cantihuously'analthe'réaﬁinggwith“thevgnl sﬁlﬁtion‘

slone was taken, When the Kol solution and nitrogen system

r;became constant ;an equal velume of the 2 molar alcohol solu-

",tion was added to the Kﬁl end gas bubbling contimued, Read-

‘7lings were~takengat:xegglgr;igparvalsaun$11Jtha,pel; became 
‘fairiy(constant; ‘$t~m&y,§a welliﬁo,nbté gt thisfpoint;thgt;
, huty1<alsah01;wéswnstinseé;inrﬁhese~funS sinee’it ié‘notﬂsufe
ficiently soluble in’watef to~make_af2:mglar‘solutiong
Column one in Table III, page . 19, fepresents time in
minutes; eolumn,two the rea&ing of tne Kﬁl alone and the .

‘ealomel half cell; column three represents reading after add-

- ing the alcohel; and column four the aetual B.M,P. of the al-

- cohol and the-raaaing\taken bstore;adaing‘the‘alcohcl.
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éttempts to reyro&uee the fbregolng values in Table
III hy making up new selutlons an& repeating the rea&ings
. were no more auccessful than 1n the former cases as 111us-
trated in Part 1, ‘x' - | -
‘U' | Paam 111 s
Since agitation sppeared tc shorten the time required
'fbr the E.& F to hecome fai*ly eonstant it was decided to
- try a rctating electroae in place 9f bubbling gas as this
{wonld obviate the necessity of generating nitrogen and we
 haa ne direct praof at this time that the aissolved oxygen
“4remainlng in the water had any effect on the potential of |
vb‘tha solntion. i;ff‘ | o
| ; 3 ' The ﬁesign of the new and final type of cell is illns-
 :itrated in ?lgure 1v, Plate II page 12, The side arm "A"‘
' {£03 bubhling gas ap thruugh the salution in case 1t was de-

‘sired Was retainﬁa/, The cell was clcse& at the top with =

‘;_tight fitting one»hole ruhber stopper. & short plece of o

glass tubing waa fitted into this hole to aet as s bearing
'_for the rotating electroae,; Another piece of glass tuhing
of such a size as to pass smaothly through the haaring and
f’ratate in it without undue friction was ehosen and a platln-“
}‘jized platinum eleetrade ssaled on one end A cork pnlley

with & small copper burr on the under side to the plaee at

’which the pulley came in contact with the glass bearing com-
pleted the electrode as first dasigned ; Letar it was mcdi~'
fied to the form shown in ?1gure I? Piate II by snbstxtut-
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Cing a\mercury aeal for the farmer;éimpla type of bearing,
“ In experlmentlng m th this new type of cell duri.ng
preliminary rung, it was observed that when the platlnlzed
platinum electrode was remcvgﬁ from the solutlion and ex-
~posed to the air for even a.briéf pefioa of time and then
“féinsertéd in the same sdlution,there was 8 very‘aecided
- change in the E.“;F¢ of the cell, The most plausible ex-
'planation was that the electrode had adsorbed oxygen dur-
'1ng the exposure and on.reinserting the electroﬁe in the 80~
‘lution this oxygen caunsed = ‘change in the EJM P, reading,
 Tha cell aiter a few minntas run came hack to about the
1 same E.M.F, 88 it had hefore sxpasure of the electrode, but
 was never quite the seme, It was decided that if oxygen ad-
: Borhed on the surface of the electrode had such an effect
then dissolved oxygen in the golution must be a considerable
source of error,

With this faet in mind, the solutions used in the new
-design of eell;wera‘ma&e,up in a different manner from the
;@revious solutions and the procedure in making the run was
sllghtly different |

Tha solutions were prepared from ahsolute aleohols pre-/_
pared as in Part I, but they were made np one-half molar in-
stead of two molar so as to include normal butyl alcohol,
The water was boliled down to oneahalf of its former volume
88 before and placed in a8 one liter volumetric flask tightly
corked with a ground glass stopper snd al}owed to cool, Up—
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‘fon cooling to 300 G ennngh ary %01 was ‘weighed out to make
2 ncrmal solution an& placed in th@ distilled reboiled wa-
Eiter and the whale made up to the mark with water which had
been similarly treated This normal solution of KC1 was
"than placed in 8 li.tar distilling flask and nitrogen gas
f;bubbled through it at a fairly rapid rate for about elght
3fhours. At the‘enﬁ‘of this time;—é 00 gxams of memhyl alco-
;ghol 5 75 grams ef ethyl alcohol 7.51 grams of normal pro~
“pyl alcohol and 9,25 grams of normal butyl slcohol were
:?weigne& out; eachfwaﬁ plaeed,in,a 250 e‘c. valumetric flask
;anﬁ mde up ta the mark with the xel soluticn Just prepareﬁ.
é?This prcceagure obviated the neoessiiidéf mixing ¥c1 and
'{alcohol,solutions Just Before the runAeliminated a poasibla
;scurce of error, h | ' |
i: »IV then rea&y to make the run, the cell was filled about
;twe-thirds full of solution; nitrogen gas was bubbled through
“the solution for a ahort time to get rid of the air above the
 golution and the motor started, The follcming readings re-
2‘pfeéént resﬁlﬁs‘befare'a meTOUry seal was designed to prevent
air getting back inmto “the}oen, The E,M,F. resdings were in
volts, wable*iv,;page'zs;éenthins'fhe/data for the first run
V‘ana'wahlé'V; page'zé,‘tﬁe aata for the second run using éifk

ferent portions of the same solutions,
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Time in [

Minutes

. METHYL ALCOHOL

ETHYL ALCOHOL

' ¥ PROPYL ALCOROL |

N BUTYL ALCOHOL

E.}.F,

-1 Cal, =

B }’i#O‘FQ Al"
cohol half
. Cell

: EQIM. ?0
G&le; -

EJILF. Al-
cohol half
Cell

E. %Iq 3‘:’ :
cal, -

EJM.F. Ale
cohol half
' Gell

E‘%OF‘

B LF, Al~
cohol half
: Osll

g
20

40

0450
L0450
 ;§455
| 0879,
| o470
o

- ,6050
,6050
.6055

L6070
46070

- .6070

,0620
0620
.0635

,0635

L0635
,0635

©.6220
6230
6235

,6235
.6255
6235

1030
,.19557
1070
.10m0
L1070
1070

’;6655/ N

6670
- .6670

| ;55?Q‘$

f;es7b;;

,0910
.0930

0935
| .o935
0935

om0

46530
6585

‘eg
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| 2ime 1n
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N BUTYL ALCOHOL

E‘ %OF' Py
- | el

E' Ugc F& Al“'
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'x;ﬁié;
gal. -

E }LI‘“ 51"
eohnl half
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BMLFL
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BMF. Al-
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0@11» :

B, P
ﬂ?li‘f
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eohal half ‘;f},

0911

;107:
20
80
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%50 |
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0455
L0870
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;}absc o
>;§dso o
;ﬁqss/'
. 6070

Leom0

6070

L0620 |
0630 |
| o630
.0630
0630

- ,6250
6230
»,szzoq
5230

.6310

.6230

| ;3050;,?

.1055

+1055 |
"1bvo»
. 1070
.1070 

,ﬁﬁﬁﬁf‘

_;565555 "

Yne
L6670

L6670

6670

.0870
0890, |
0900
.0910

1920

;¥ ;1920"H:

'»;6470;[(
Lea90
6500
L6510
6520

f§65203~‘
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; When a run Wae made on a seconﬁ portlon of the same al-
‘ cohol soluxian, it waa nacessary, in order to obtain the con-
| ‘sistent resu’lts shmm in ‘bhe ta’bles on pages 23 and 24, to
 keep the electroéa pratecteé,from the air by removing it in
;a sumll cup fitta&.witk 8 long glass rod for a handle. The

' cup, of eaurae,kwas ‘dipped into the cell and the electrode

'7f,placeﬁ in 1t, The electrode and cup were then removed and

" the alcohﬂl in the aup preteeted the electroae from the air

","nnxil it anuld be replaeed in the cell in a fresh solutlon

"‘of the sama alenhol.‘ In ehauging frcm alcohol to aleohol,

oo ecurse, ths alec%roﬂe ha&,to ba exposed to the air 1n

rinsing oﬁf and drying but befare it was placed in the cell
for the run, the most repro&ucible and consistent results
~wWere obtaiﬁs&.when the eleetrode ‘was sllowed to stand Ln the
 ,301ut1on;of the 8100h01 to be. run for frve minntes before
placing it 1n tha oell,~ This was, of course. using the
7platin£zed ylatlnnm electro&e.

' In order to eliminate the abave mentloned difficultles,
'*1t'waa aeci&ed to use a gold plated platinun electrode1

A8 8- final attempt to get reproducable and consistent

results, two sets of aolutions were made up as follows: .
two separate 1ots of water'were boiled down the same - amount
as checked bv weighing on rough balances and allowe& to k
cool ln.clcsely stoppered volumetrie flasks. . Enough dry
‘ Kcl was weighed out an& placeﬁ in each of the two flaosks to

make a nornnl solutien and the solutions made up to the



mark with a few ¢.c, of distilled, reboiled water. The KC1l
solutions were then placed in two sépérété 1liter distilling
' flasx.s and mathane bubbled throug-h them for about six hours
at a fairly rapid rate, . !Jethane was used here instead of

nitrogen because the limited time prevented the generation

"-  7 '[0:£' s0. much nitrogen. At the end of the six hours. a portion

~ of the xol solution,was tosted for dissolved oxygen and

Ti‘ffounfi to sontain leca than one part par milllon. The origl-

,'ff‘nal &&stillee. water eent&ined from seven to 8ix parts per

nn.llion before traatment

4,00, 5, ?6'”7 51 and 9,26 grans raépectivelyJOf methyl,

V'*r;?‘athyl pro;;yl ana butyl alcohols Wwere weighed and one put

,," 5.11 each of fonr 250 c.c, flasks, Ei'he alcohols wara then ai-

‘luted to the mark with one of the XC1 solutions prepared,
/ 'A seoond series of a‘loohol golutions wag similarly prepared
from the other X1 solutions, '

A gold plated electrode was ués& 'bix these runs and so

:E’ar as could be observe& the effect of exposure to the air

. was 80 slight a8 to ‘be neglipible, This made manipulation

- much easler, ’,I.'he run ‘was conducted ;}ust as in part II ard
the results are shom in the tables on page 3'7 and 28,

The pH was taken on these two sets of solutions amd it
wes found to be the same, The method used in running the
PH was the colorimetric method outlined in Standard Methods
| 'of Water ﬁnalysis for 1923 and although it is not extremely

accurate, comparative valnes should be close enough and any
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’differences in the E,H.7, reeqxﬁéa iﬁ these two tgbleskfor,‘
any_one}alcahél éoula scét§91y ba attrihute&itq that cause,
The diésolved;ox&gen content, héwsver, might have been a
factor in aauSing thev@ifférenéas shown since the solutions
“ take up«cxygen.ﬁairly‘rapialy anﬁ_ihere was, of,necess;ty,
‘some time intervening béﬁween’thg time the solutions were
made ﬁp and the time when the last sample was run, A way
Cof getting around this difficﬁlty, which was not tried out
thoroughly on account éf,fhs shortage of,time, wag to make
~up'éach alechol éolﬁtien;irsm thé axygeﬁ free KC1 solution
'3ust as needed and usingnit_immediately‘in.the cell with
the‘mercﬁry‘seal,so that aftér\the'air'abova‘the so1ut1&n
had been swept out by bubbling nitrogen thrdugh the oell
aﬁd solniian‘the mercury seal coui& be fillsd with mercury
and the danger of reabaorbing_oxygenidone away with, An-
other idea whlch,might be Qf’VBluE’ shounld further work
along this lime be~attempted; is to use a buffer solution
”With_thafaleoh§1 t0,contr01 thé’pﬁ.more carefully so that
errors from this source could be eliminated,

SUMMARY AND CONGLUSIOH.

1. FPormer methods for the measurement of the yotentiél
. of organic oxidation-reduction oell‘were reviewved,
}Need for more direct and simpler method was pointed
out, -
'8, Three different methods were attempted forlthe’diraet

measurement of the oxidatiaﬁﬁreducticn«pdtential of



X,
aleohols, |
a,votatinnarg'electroée brlgnt platinum and plati-

ni zea platinnm. :
h.,stationary electroda with bubbling gas for ag1~

tatxon. -

. G, Rotqting eleetro&e with bubbling gas electrodes

5"

eithar»platiﬁized platinnm or gold plated plati-
num.f ' l | :

Eesulta so far as work goes mnot consistent or repro-

‘ &uciblﬁ.

L 4.

.Potentials showeﬁ a decided tendency to "drift" with

,__statlonary eleatro&as but finally came to’ fairly con~

. gtant. reaﬁiﬁgs after about furtyheight hours. Poten-

tials with bubbling gas type of;cell,atill showed
"arift” but came tc-eguilihriumfsooner,"ROtating

~; e1ectro&e and gas decroased the'period of "drift"

te cnly a,few minutes,

- With one exeeption the results even in this erude

- state show & gradumlly inereasing E.M.F. to propyl

" alcohol end them 2 drop back with butyl ﬁhi@h is to

be expected from the previous wérk of ¥r, Markley

‘snd Mr, Shields on the hydrolysis of esters,

Dissolved oxygen was shbwn to have an effeet on the

potential of the alcohol cell and it is an estab-

14ished fact that‘the,ﬂlkaiinity or acidity hes & de=~

clded effect~on the B, M,F, of such cells,
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Enilé the results érevnoﬁ satisfactory, the fact re-
 ma1ns thét,théfeﬁexists;aAdifferéncevln‘eiectrode poteﬁtial
_finqdiffarent a1qého1 soiutions:an&'the ﬁethod will not be
_ proven s failure until it can be demonstrated that ell of
lﬂrthﬁ.aﬁeoh§1 sd1§£icns give thevsamsvelectrode.potential.
; Furihsr;wcszié~nee&é& in the aéfeiOPment ofypr0per'ap-\

*pératﬁs énﬂ proeéﬁure'tOVOhtaih c@ﬂsistéht results,
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