IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1955

An indicator electrode for metal ions

Frederick Herman Lohman
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Analytical Chemistry Commons

Recommended Citation

Lohman, Frederick Herman, "An indicator electrode for metal ions " (1955). Retrospective Theses and Dissertations. 13636.
https://lib.dr.iastate.edu/rtd/13636

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/132?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13636?utm_source=lib.dr.iastate.edu%2Frtd%2F13636&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






AN INDICATOR ELKCTIRODE
FOR
METAL IONS

Yy
Fred K. Lobman

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfiliment of
The Requirements for the Degree of
DOGTOR OF PHILOSOPHY

Majoie SubJaats - Analybfodl Chemistry

Approveds

Signature was redacted for privacy.

In Charge of Hajor Work

Signature was redacted for privacy.

‘Head of Major Department

Signature was redacted for privacy.

Pean or Uraduate Goliege
Iowa Btate College
1958



UMI Number: DP12825

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alighment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12825
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



I.
II.

III,
Iv.

v.
vI.
VII,

INTRODUCTION

TABLE OF CONTENTS

® & & & & @ & & 6 6 & & O ¢ b 0 0 & 0 s 20

mmmm....oa-.-.o.o-..o.oo

A
B.

mwmmmdﬂ s 6 8 0 6 6 0 6 & 0 0
mch‘h‘.m‘ @ 5 0 6 @0 0 08506 5 0.0 0 000

THEORY OF THE QUINHYDRONE ELECTRODE FOR METALS . . « « o

mmmﬁm.-.so-a--...........

Freperation of Speocial Reagents . ¢ ¢ ¢ ¢ ¢ «

The Potential of 5,8-Quinolinshydrone As a
Funotion of pH. The E° of the System
Q*en""z.. Q0.0..‘.OO..

A.
B.

Ce

D.

| B
r.

SUMMARY OF RESULTS
BIBLIOGRAPHY
ACKNOWLEDGMENT

The Potential of the Sys

s3=Quinolinedione~
%,8-Quinolinediol As & mmn of Nickel

Ion Conoentration . . . «

The Solability of Nickel hh—S, B-Quinonmdiol

and S,B-Quinonno

hydrone .
The Calculation of the Term E° of Equatiom 3.7

Applications and Interference

T\589

® & & @ » & & & ¢ 0 & & 5 & & o & o 0

® ¢ & o 9 & 2 & o & O & & 2 & & ¢ 0 o & s 9

)/751'/,7
Page
1
b
h
6
10
16
16
2
¢ & & o 9o ¢ ¢ s @ 29
ﬂis...... m
60
¢ & & o & 0 0 ¢ @ 62
6L
68
70

¢ & 6 0 & 5 4 & & @ & € 46 6 O & & & ¢ @



I. INTRODUCTION

Scientists have for several decades been aware of ths important
rols played by the hydrogen ion comgentration in the equilibria of
aqueocus solutions. As & result, several reliable potentiometric
methods have been developed for its determination whish do not disturb
the equilibria of these solutions. The determination gensrally
involves a single measurement of the potantial of a cell which consists
of a suitable refersnce eleotrode and an electrods revarsibls to
hydrogen ions, called the indisator slectrods. The most widaly used
indigator elestrodes for hydrogen ions ars the hydrogen elecotrode, the
glass electrode and the quinhydrone electrode.

In ocomparison, the determination of metal ion gonsentration has
not been deweloped to such a high degres; indeed, the polarographis
method is the only genmerally applioable msans of accomplishing this
without disturbing the equilibrium of the solution. The potentiometrie
determination of metal ions, like the determination of hydrogen ions,
involves mesasuring the potential between an electrode which is revers-
ible to the metal ion in question, the indicator electrods, end a
standard or refersnce slsotrode. The potential of the indicator
elsctrods, called the single elegtrode potential, or half-gell
potential, corresponding to a given half-gell resgction is related to
the astivities of the rescting substances by the Nernst sequation

(1.1) E »E° - BT/nF 1n Q,
wherar Q 4a & ratio of the product of the astivities of the producte



of the hslf-gell reaction to the product of the astivities of the
reacting substances each raised to the power of its coefficient in the
half-cell resction; E°, called the stendard elestrode potential, is the
potentisl of the halfw-gell when all of the activities in Q are unity)
n is the number of Faradays, F, involved per mole of chemioal change)
R is the universal gas constant, 8.31h joules/*C./moles and T is the
absolute temperature.

Perhaps the simplest and most common indicator slectrode for metal
ions consists of a piece of the solid metsl dipping into a solution of
its ions, Thus, measurement of the potentlial of a oell of the type

0 K%, // 01(0.10 N.)5 Hg,Gl,} Hg
enables one to caloulate the activity of M'® by the equation
o
(1.2) B +Bg = ‘u,u’“ + 0.059/n log (W'™®),

where the values of R, F and 2,303 have been substituted, and the
temperature has been taken as 25°,

While oslls of this type have been used extensiwvely to determine
standard potentials and equilitrium constents (1, 2, 3), they have not
seen wids application in analyticsl chemietry. There are several
reasons for thist (a) the EMF of such cells usually depends upon the
physical state of the solid metal elestrode, with the result that the

- EMF msasurements often are neither constant nor reproducible; (b) many

solid metal elsctrodes are attacked in asid solution, or oxidized by
oxygen in alkaline sclution, and thus sannot be used in such solutions;
(c) such systems frequently attain equilibrium very slowly.



It is the purpose of this work to describe an electrode anal-
ogous to the quinihydrone electrodea which is reversibvle to metal ions,
The theory underlying its operation is developed and tested, and the
experimental detalls of its use have been worksd out,



‘II. HISTORICAL REVIEW

A. The Quinhydrone Electrode

The first reported application of a Quinhydrones in analytical
chemistry was the clsssic paper "Sur L!'Hydrogenation des
Quinhydrones® by Einar Biilmenn $n 1921 (L). In his paper Biilmann
denonstrated that it was possibls to determins the concentration of
hydrogen ions in a solution by msasuring the potential of the sell,

© Py HY(x M, satd. lzﬂz) / XC1(3.5 ¥)3 Hgelly(s)s Hg,

where § indicates a phase boundary, and / a 3.5 N KC1 agar bridge.

In developing the theory of the quinhydrone electrods, quin-
hydrone, which dissociates into ons mole of hydroquinone and one mols
of quinone in aqueous solution, is considered to have associated with
it a certain pressure of hydrogen gas equal to that of an equivalent
hydrogen electrods.

The constangy and reprodusibility of potential messurements with
the quinhydrone els¢trode were studied in dilute solutions of the
strong solds, various arganic acids and their salts and phosphate
wixtures. Exsellent resulis were reported in each oase. Potentials
of thres quinlydrones, bensoquinhydrons, toluquinhydrone and xylo-
Quinkydrone, wers measured. .

S3rensen (5) studied the effest of salts on the potentiasl of the
quinhydrone electrode and attributed the change in potential to a salt



effest on the solubility of the quinone and/or hydroquinone. To
eliminste this difficulty he suggested that the solution be saturated
with respect to quinons or hydroquinone and gquinhydrons. These were
termed, respectively, the "quinoquinhydrone” and "hydroquinhydrone®
eleotrodes.

The standard reduction potentials of a mmmber of other quinhydrone
systess were also measured (6), smong them the 2,li-dichloro- and

2,i=dibromobensoquinhydrones, 1,2-dicyanoquinhydrone (7) and the
corrssponding chlore- and bromo-substituted teluquinhydrones.

The quinhkydrone electrode, after its discovery by Biilmann, found
almost immediate application in the determination of hydrogen ions.
La Mer and Parsons (8) applied the eleotrods to ascid-base titrstions
in biological systams. Barris (9) suggested and studied the use of
the quinhydrone elseirods for the estimation of mmino acids and soid
and basic funetions, Kolthaff (10) studied the effect of protein en
the potential of the quinhydrons electrode and its reliability as a
hydrogen ion elesctrods in unbuffered and buffered solutions. HNe reporte
excellent reproducibility for the electrods up to pH 9 Af the soluticn
was well buffered, slightly lower if not well buffered. The new elso-
trode was alse used and recommended as a reference electrods (11), the
refersnse solution being a solutien of HC1 (0.01 M) and KC1 (0.09 ¥)
saturated with bensoquinkydrene.



The following year Trens (12) desoribed a simplified cell for the
determination of pH with the quinhydrone electrode. In essence, it
vas & concentration cell of the type

PLIH,Q, (setd), 0.01 N K01, 0.09 ¥ KG1 // B (x M), Egtp(satd.); Pt,

where the liguid jJunotion is mads Ly means of a diaphraga saturated
with K01, Other adaptions soom followed: Nislowitser reported a new
"double electrode® (13) in both macro- and micro- sisesy Mosolowski
and Parnas (1)) designed an elsctrode vessel about the sise of the
current glass elsotrode and which could be used repsatedly without
replenishing the solid quinhydreone., This model approaches, if not
exceeds, from the point of view of convenience, even the present~day
glass elscirodes.

As the undsrstanding and development of the glass electrode
progressed with the work of MacInnes and Dole (15) and others, the
investigstion and application of the quinhydrons electrode slowly
waned, until in 19kl it practically dissppeared from the laboratories.

Bs The Chelate Rings

It 412 an inherent property of metsl atems, and in partioular of
those of the transition series of the periodic chart of the elements,
that they farm coordination compounds. Coordination, as used hers,
refers to the fact that both of the slectrons having a part in the
bonding were furnished ky the “coordinating group®; it is, therefore,

a distinetion of the history of the bond rather than one based upon the
nature of the bond itself,



When the coordinating group has two or more atams which readily
furnish a pair of eleotrons for coordination, a "chelate ring® is
formeds the coordinating group is called a chelating agent, and the
resulting compound a metal chelate compound (16). The term "chelate,®
sccording to Diehl (17),; ie derived from "chels," a Greek word refer-
ring to the claw of a lobster, and, therefore, appropriately connotes
the ring structure and great stability of these ccmpounds.

Two classes of donor atons (donor groupe) are usually recognisedee
asidic groups and coordinating groups. The formation of a bond between
an seidic group and the metal is accompanied Yy the loss of a proton
or hydrogen ion,® while in the case of the coordinating group the bond
is formed by simple coordination,

Obviously, a chelating agent, if it has two donor groups, may have
(a) two coordinating groupsy (b) one asidic group and one coordinating
group; and (¢) two acidic groups. Two coordinating groups usually
give rise to soluble complex ions such as ferrous tris-l,lO-phenanthroe
line; one acidic and one coordinating group usually give rise to ine
soluble chelats compounds, since the charges of the metal ion are
neutralised by the chelating agent; two acidie groups may give rise to
either soluble complaxes or insoluble aalts.

The combination of an acidic and a coordinating group in a chelat-
ing agent is well illustrated Yy S8-hydromyquinoline, which forms

S7his has besn called a semi-polar double bond since an iomic
character is added to the bond by the loss of the proton.



colored insoluble compounds with many of the transition metals.

\

s QO —— Q% o+ w
OM o

Begause of their insolnbility, and in spite of their generally poor

selectivity, these metal 8~hydroxyquinolates hawe found extensive use

in analytiosl chemistry (18),

¥hile there are no reports in the literature dealing with a
quinhydrone oxidation-redustion aystem in equilibrium with metal lons,
it was thought that this condition might be realised if the funstioms
of both a reversible oxidation-redustion couple and of chelate ring
formation could be combined in the same molecule. One suoh compound
is 5,8=quinolinediol (I), which can be exidised quantitatively and
reversibly to 5,8-quinolinedions (II) or msy combine with metal ions
such as niclkel, zinc or copper to fowm imoluble chelate derivatives
(II1). In addition, 5,8~quinolinediel (I) and 5,8-quinolinedions (II)
combine to form 5,8-quinolinehydrone (IV) in a manner aimilar to
bensequinhydrane.

@o@o %*M/,. oyl

OH (1) o
The pr.ptuuon and oxidation of S,B-quinonmdiol to 5,8«
quinolinedicne ware first reported by Fischer and Renouf (19) and
later by a separate procedurs by Matsmura and Sone (20). The quanti-
tative oxidation of 5,8-quinolinediol by potentiometric titration has
been reported.



In an earlier study 5,08~-quinolinediol was found to form insoluble
chelate compounds with nickel, copper(II), sinc, megnesium, cobalt(II)
and iron(II). The composition of the precipitate obtsained with nickel
was shown to depend upon the pH at which the precipitation is carried
outs at piH 5 and below, the precipitate contains four moles of
S,8=quinolinediol per mole of nickel; at pil 6 and above, it has the
normsel composition, two moles of 5,8-quinclinediel per mole of nickel,
corresponding to the formation of chelate rings.

5,8-Quinclinelydrone has not besn previously reported in the
literature,



10
IIX. THEORY OF THE QUINHYDRONE ELECTRODE FOR METALS

The oxidation-reduction equilibrium between 5,8-quinolinedione
and 5,8-quinolinedicl is represented Ly the equation
vQ#éE’-rzo‘raxzﬂ, |
in which Q represents 5,8-quinclinedione and H,Q represents
548=quinolinedicl. The potential of this half cell is given in
equation (1.1) as

+2
(3.1 E= x"Q,an + RT/2F 1n %%l— .

As previcusly mentioned, 5,8-quinclinediel under suitable condi-
tions forms an insoluble salt with a musber of bivalent metal ions, so
that the following equilibrium also exists:

znzqssu”—-n(m)aozn’.

The equilibrium constant for the reaction as written is

M), (1")?2

(3- 2) | S
(nzﬂ)!(u“)

Rearranging,

(u(m),) (12

303) (3 Q) " »
( 2 K, (1,0) (™)

and substituting into equation (3.1), there results
@ EQ ()

<}
(3.4) B xQ,H:Q + RT/2F¢ In W .
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Sinoce n(mt::)2 is insoluble, its activity is unity by definition, so
that

(Q) (B,Q)
LU
If, further, 5,8-quinolinedicl and 5,8-quinclinedione form a quin-
hydrone which is reasonably insoluble, the following equilibrium
bstween 5,8~quinolinedicl and 5,8-quinoclinedions is also set up:

(3.5) E= + RT/2F 1n + B7/2r In (M™*)

‘3.5241

-H;z-Q-g #Haq “' Q.
The equilibrium censtant for this reastion, the solubllity produet of
the 5,8-quinolinehydrons, is expressed as
(3.6) K - (Kaﬂ)(Q) .
Substituting equation (3.6) into equation (3.5), converting to common

 logaritims and substituting values for T at 25°, R and P, equation (3.7)
is obtained as follows:

(3.7 B = EQ,qu + 0.059/2 log (Kz/ll) - 0.059/2 pu** ,

where pM'" is dafined as the negative logarithm of the metal ion
mﬂdﬁ.
By measuring the potential of the cell,
‘ satd. l!(m)
Poy M (x M. 044 Ry 2) // xoi(satd.) s HgOlys He,

it is, therefore, theoretically possible to determine the sctivity of
the metal ion by the equation
(3.8) E = 2° ~ 0.0591/2 pit,
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The cell reaction may be represented by the equation
nznzc»x"ozcr«r 2 Hg == M(HQ), + Bg,01, ,
vhere the reaction proceeds to the right when the electrode on the

left of the cell is negative, and to the left when the calomel is

negative,

Baquation (3.7) is the fundamental equation for the elsctrods
‘tested in this work. The graph of EMF vs, pM** should be linear with
]
2 slops 0,059/2 and an intercept of E° = x°’“e° + 0,059/2 log (xg&).

Like bensoquinhydrons, 5,0~-quinolinelydrone can function as a pH-
indicating electrode., The theory, however, must be slightly modified,
sinoce 5,8-quinolinediol has an additional acidio group.

Consider the equilibrias

Qe3E" +2¢° = HRQ'

Qe2H +26° = HQ

Q+eE 120 =

Qe 2e¢ & Q™ ’
any one of which might under suitable conditions of pH be chosen to
express the potential of the indicator electrode. It has been shown
ly the potentiometric neutralization titratien of 5,8-quinolinediol
hydroehloride, however, that up to pH 7 the reduced species is m
equilibriun mixture of HyQ* and HQ only. The oxidised ar quinone
spscies, however, shows only very wakly basic properties (19); it can
be extracted from 10 per cent sulfurie acid with chloroform, It has
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also been reported (19) that the hydroohloride of 5,8-quinolinedione
mhobwwmrum standing in 25 per eent hydrochlorie
acid, Thus only the first two equilibria need be considered in
deriving the relation between EMF and hydrogen ion astivity,

The EMF of the first half-resction above is, by equatiom (1.1),

. Q ’)3
(3.8) x-x{ar/zrh.‘.z.%%.)_ ,

where KSQ’ is in equilibrium with ﬂaﬂ by the equation
+ *
n,e =t le «H .
The equilibrium constant for this resetion, the asid dissociation
constant, is
(1R (K")
(309) K= .
mﬁ )

Now let h and q be the total concentration of hydroquinone and
quinone, respectively, in all states of agidic dissociation, and let
= be the total quinhydrone, dissociating according to the equation

neq+ h,
so that if m is the only source of q and h,

(3.10) g = h .
(3.11) Q= EQ" +HQ .

Substituting the valus of Q from equation {3.11) into equation (3.8t
[(5,0" + (1,0)] @*?

3




u

and rearranging equation (3.13) is cbtained:
(3.13) & = E] + RT/2F wiE"3 1+ (H,2) /(8,Q") }.
Now by equatien (3.9) |
(8,0 /(8,0") =k /(H*) .
Substituting, introducing sppropriate values for R, T and F, and
rearranging, equation {3.1h) is obtained:

(3.14) B = B} + 0.059/2 log{[1 + K, /"] ()3},
Eliminating (H') and separating terms, the following equatiom is
finally arrived at:

(3.15) & = B} + .059/2 Jog [(R) + K] + .059/2 log @,

Equation (3.15) expresses the EMF of thé half-gell as a funetion
of (H*). If this equation is differentiated with respect to log (H*),
ths slops at any pH betwesn sero and seven is

(3.16) "u'aﬁ?r" - 00‘059/2 ‘Ln:%—m + 060591 .
al

Now consider the limiting situations whan E is plotted against pi:
() m(ﬁf)'lnx"‘g:
(v) when (H*) >> LR ®*) = (H*"); elope = 0.089,

(c) when (H*) = LR W (8") = 2(H*); slope = 0,07k,
(@) when (B") << K3 K ¢ (B) =K 5 (5)/ K, + (@8 =

1= (K,y/ Ky + (8%)] == 05 slops = 0.059 .
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Thus ﬁhtupmd-moftbpomudofs,&quimnmlvdrmh
not lineer with respsot to pH throughout the range pi 1 to the pH 9
as is the case with bensoquinhydrone. A kmowledge of the dependence
of the potential of the system on p will, howsver, prove to be
valusble later in this work.
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IV, EXPERIMENTAL WORK
A. Preparation of Special Resgents
1, 5,8-Quinolinediocl ochloride

5,8-Quinolinediol hydrochloride was prepared sscording to the
procedurs of Fischer and Reneuf (19).

HSOS
A0 (S . wpe O
N’ 0-¢° 7 \V
i, s \ 7

3 NH,
G e 0 @
OH HSO,
N")_
o e o w0
¥ T HCT
OH

These authors carried cut the oxidation of S~amino-8-hydroxyquinoline

to 5,8-quinolinedione in dilute sulfuric acid and obtained the sulfate
salt of 5,8-quinolinedicl upon subsequent reduction. In the present

work a dilute hydrochloric acid solution (0.6 M) was found to be a

more suitable medium for this step. 5,8-Cuinolinediol hydroehloride

was obtained as soft ysllow-orangs needlss after sswveral recrystallisations
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from 10 per eent hydrochloric soid; m. p. with decomposition: 220° to
230°,

§

2. 5;8-Quinolinediol

The fres base was prepared from 5,8-quinolinediol hydroshloride
ss follows. Ome g, of 5,B8-quinolinediol hydrochloride was dissolved in
50 ml. of water and neutralised with an exscess of sodium bisarbonate.
The rixture was extracted immediately with three sucesssive portions of
ether, the combined extrasts washed with a small amount of water and
the ether solution then dried over anhydrous sodium sulfate. Evapora-
 tien of the ether ylelded 0.60 g. of 5,8-quinclinediol; yield, Tk per

sent, The pals yellow crystals melted at 181° to 183°; reported,
181° to 183° (19).

3. 5,8-Quinolinedions

5,8-Quinolinedions was prepared from 5,8~quinolinediol kydro-
chloride Ly the same procedure reported for the preparation from
Seamino-8-hydroxyquinoline by Petrow and Sturgeon (21). Two g. of
5,8-quinolinediol hydrochloride was dissolved in 10 ml, of 10 per cent
sulfuric acid and oxidised with 1.00 g. of potassium bichromats in a
Jittle vater. The mixture was izmediately extracted four times with
chloroform, wagshed with a little water and dried cﬁr anhydrous sodium
sulfate. The combined extrasts were concentrated to approximately
2 nl, and an equal volume of petroleun ether was added. Upon evapo-
ration in air, 1.26 g. of yellow crystals of 5,8-quinolinedions was
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obtained; yield 77 per cent. The orystals melted with decomposition
at 111° to 112°; reported by Fischer and Renout (19): 110° to 120°,
with decomposition.

ks 5,8-Quinolinehydrone

5,8-Quinolinediol (0.546 g.) was dissolved in ether, and 0,539 g.
of 5,8~quinelinedione was dissolved in an equal volume of petroleum
ether, The warm solutions were mixed and the resulting solution was
refluxed for one-half hour. Tiny blask needles separated a short time
after the solutions were mixed. The arystals wers collscted on a
filter, reorystallised from ether-petroleum sther mixture and air-dried.
The compound decempesed between 112° to 113°,

An amount of 32,h0 mg. of the above orystals was dissolved in
50 ml: of 1,0 M perchloric soid and titrated with potassium bichromate,
0.0500 N, The titration was followed potenticmetrically with a
§hﬁ1m~ntmhd calomel electrode systam. The titration curve is
shown in Pigure 1. Caleulatiom:

022 ‘1. o.o L] [ 3
b - _. = 2,08 meq./mmol. ,

where 320.2 is the molecular weight of (0911502!)'(69!792!) .

The infra-red spectrs of 5,8-quinolinedicl (in majol), 5,8~
quinolinedione (in chloroform) and 5,8-quinolinehydrone (in nujol)
were obtained with the Baird Aiooshtu Model B double-beam spectro-
photometer. Ths spectra are shown in Figures 2, 3 and k,



Potential - Volts vs. SC.E.
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Figure 1. Potentiometric titration of 5,8-quinolinehydrone
with potassium bichromate in 1.0 M perchloric acid



Figure 2, Infra-red spectrum of 5,8-quinolinediol in majol

Figure 3. Infra-red spectrum of 5,8-quinolinedione in chloroform

Figure Lk, Infra-red spectrum of 5,8-quinolinshydrone in mijol



20b

WAVE NUMBERS IN CM! WAVE NLU
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900
100
80
w
g -
< I/,
E 60 4
2 = —
% A e A
o« < - .
[= ~
- N /
")
Q - \
-4 B
W M ' :
20 i
ﬁ | i
° . |
2 3 4 5 3 7 8 9 10 n 12
_ WAVE LENGTH IN MICRONS WAVE L
‘ WAVE NUMBERS IN CM! \ J ~—WAVE NL
5000 4000 3000 2500 2000 1500 1400 1300 _\mco/ 1100 1000 7 900
100 , - :
\ /
80 >J - \/ \ \: ; [
J\ T
w /\/ | \. !
Q i/ \
Zz
2 / J |
E w0 +
3 S ! I
3 i
z
Z | :
o
- i
5 40
')
Q
o . B
& to
20 . - j
0
2 3 4. 5 3 7 8 9 10 1 12
WAVE LENGTH IN MICRONS WAVE L
WAVE NUMBERS IN CM: WAVE NL
5000 4000 3000 2500 2000 1500 1400 1300 1200 1100 1000 900
100 RN 2 I S N L
80

PERCENT TRANSMITTANCE
]
‘?\\

|

,., o | 1
i

20

—
-

5 3
WAVE LENGTH IN MICRONS WAVE L



['4

a

5. Miswsl(IT) bie-5,8-quinelinedisl

S’G-QMMOl lvdrochlorido, koo NEe (200 ml.) in 50 ml. of

water, was added dropwise to a solution of 1,00 mmol. of nickel

perchlorate in 50 ml. of water. The pH was mainteined at pil 7 * 0.5
by tho dropwise addition of 0.10 N sodium hydroxide solution from a
burette. A stream of nitrogen was passod through the solutiom to .
exolude oxygen, Tho system was stirred for one houwr after the addition

of reagents wes complete.

The precipitate of nickel bis-5,8-quinolinediol was allowed to
settls, the supernatant liquid was M off and the precipitate was
washed four times with water with intervening centrifugations.
Finally the compound was dried in vacuum at 50° for three hours. The
compound puci.pttah& in this manner hes been shown to have the
somposition Ni(HQ),x H,0 (22). '

B. The Potential of 5,8-Quinolinshydrons As & Punction of pil

mxoo:ms;mqun"n-‘-nzc

1. Reagents
A series of buffer solutions of ionic strength 0.10 was prepared

covering the range pH 1 to 10. The composition of the buffers with
their approximate pH is given in Table 1,

Crystelline resgent-grade buffer salts (meeting AGS specifications)
were used in the preparation of this series of tuffers. Reagent-grade
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Table 1. Composition and Ionic Strength of Some Buffer Solutions

Camposition Ionic strength i
1, HCY (0.10 M) 0.10 1.09
2, HC1 go.ol 0.01 2,10
k¢l (0,09 0.09
. 3. Citric acid (0.01 M) 0.0025 2,62
XC1 (0.098 M) - 0,098
ke Potassium acid tartrate (0.03 X) 0.036 3,57
XCcl (0,064 M) O 0.084
Se Potassium seid phthalate (.05 M) 0.053 4.01
KCL (0.0h7 M) 0.047
6. Acetic acid (0010 H) ' ho“
7. K (0.045 M) 0.0L45 5.90
{0.005 M) . 0.015 -
Oh W) 0.040
8., KH,P0, (0.025) (N. B, S. Standard) 6.860
| (0.025)
9. Sodium tetraborate (0-01 H) 0,02 9018
KC1 (0.08 M) 0.08
10. Sodium carbonate (0.025 M) 10.02
Sodium bioarbonate (0.025 M) 0.10

potassium chloride was used to adjust the ionic strength to 0.10, and
the salts were dissolved and diluted to volwume with deionised,
‘distilled water, The ionic strengths listed for the buffer salt-scid
systens alons are those reported by Bates st al. (23)s The hydrochlorio
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agid and acetic acid buffers were standardiszed by titrating with
© 0,1088 ¥ sodium hydroxide. |

The hydrogen used was a highly pure produst, prepared by the
- electrolytic process for liquefaotion work in the low temperature
laboratory of the Physics Depertment, Iowa State College.

2. Apparatus and procedure

The ocsll employed for the EMP measurements was a standard sise,
8 om. x L 1/2 cm., glass weighing bottle. The cap was adapted to
permit the introduction of the elestrodes through smugly fitting
slesves and was fitted to the bottle itself with a ground-glass joint.

Soluticns for measurement were brought to and maintained at
25 = 0.02° C. in a precisely thermostated water bath. All potentials
were measured with a Leeds and Northrup Type K potentiometerj the
standard cell was oalibrated with a cell recently checked by the
Nationsal Buresu of Standards. The potential balance was indiocated by
2 Leeds and Northrup lamp and scals galvanmmeter having a sensitivity
of 0,50 microvolts per millimeter, The final assesbly is pictured in
Figure 5.

The pH of the buffer solutions was determined with a hydrogen
elestrode used in conjunction with a saturated calomel electrode. The
platinised platinum elsctrods was prepared and asssmbled in the mamner
described by Perley (24). The pH values reported ars based upen two



Pigure 5: Assesbly of the apparatus for potential messurements
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successive EMF measurements which agreed within 0.1 millivolt and
ware caloulated by the equation

pi = (B - B9 /0.0591,
vhere E° was determined by messuring the EMP of the same cell when it
contained the M. B. S. mixed phosphate buffer, pH 6.860 at 25°.

The EMF of the quinoline dione-quinolinediol system was measured
with the apparatus described above. The eells, carefully cleaned and
rinsed with the solutions to be measured, were filled and placed in
the cocnstant temperature bath. Nitrogen, previously purified by
passage through 0.1 M vanadium(II) sulfate solution, 10 per cent sodimm
hydroxide solution, water and s portion of the solution to be measured,
was passed through the cell in a slow stream for a period of 30 to LS
minutes. A small amount, 1 to 2 mg., of 5,8=-guinclinehydrons was
carefully introduced through a small port in the cell top. Steady
potentials were usually obtained within 30 minutes after the sddition
of the reagent; the results reported were constant to 2 0.2 milli-
volts for a period of five minutes. The data are summarised in
Table 2 and are showm graphieally in Figure 6,

3. Results

The slope of the curve of Figure 6 in the acid region is found
experimentally to be 0,081 compared to the predicted wvalue of 0,089.

If this portion of the curwe is extrapolated to pH O, the value of the
ordinate gives the standard potential for the half-resstion

Q+3H + 20" = HyQ". The valus so obtained is 0.L16 volts ys. S.C.E.
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Table 2, Hydrogen electrode and 5,8-quinolinehydrone electrods
potentials of same buffer solutions at 25°

EMF, H sles, : EMF Pt - SGB
Buffer {volte) i (volts)
1 - 0.3061 1,09 0,3470
2 - 0,3649 2,09 0.26k7
3 - 0.3960 2,61 0,2270
b - 0.L501 3.53 0.1505
5 - 0.h757 3.96 0.1180
6 - 0.5176 h.67 0,0558
7 - 0,5886 5.88 - 0,006
8 - 0.6471 6.860" - 0.0962

9 - 0,7806 9.13 - 0,2058"*

10 ~ 0.8312 Y - 0,260 **

*¥. B. 8. standard buffer,

e
Potential drifted badly.

The standard potentisl, E°), for the half-resetion Q + 2 H' + 2 ¢”
== K, can be caloulated frem the memsured valus, E°, above very
simply as follows. Consider sgain the equilibria jult listed, either
of which may bs chossn to express the potantial of a solution containe-
ing the above species. Hence,
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pH

Figure 6. Potential of 5,8-quinolinehydrone as a function
of pH
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5*)3
Q" ’
(Q)(e*)2
(BgQ) °
Equating equations (h.1l) and (4.2),

3 2
(hoz) ‘01'.' 00591/21081?%‘3%’—;-']02" 9110‘%2%-L ™

(b.2) B =5°) ¢ .0591/2 og

and (k.2) E =X° + ,0591/2 log

Now, n3q’ = EQ+ i,
so that
(k) X, = (BQ) (x’)/(n,c*) .
Combining equations (k.3) and (L.k) and eliminating (n,q'). there
“'ﬂlﬂ,
(L.5) x°1 + .0591/2 log K, = E°,

al
° _
(h;é) B 2 - 2°1 - '0591/2 P‘.l .

The walus previously reported for P, is L.5, as determined from

the midpoint of the neutralisaticn titration curve. Substituting this
vith the experimentally deterwined value of E°, into squation (L.6),

one caloulates E°

o = 0421 volts ws. S. C. E,

L. Diseussion

The standard potential, E§ , of the half-cell reastionm,

Q+33‘-2.‘.——~n,q’, hae been messured, and from it the standard
potential, ng, of the half-resction, Q + 2 H' + 2 ¢ = B, has been
caloulated, The sxperimsntal curve of pH vs, EMF of the
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5,8-quinclinehydrene system doss not show exaot agreement with the
ourve predicted theoretically; however, the curve is sufficiently well
defined in the acid region to permit the reasonably precise determina-
tion of :‘1. The value obtained, +0.662 volts (hydrogen scale), is in
good agreement with the value +0.666 volts determined from the mid-
point of the potentiometric oxidation titration curve of 5,8-quinoline-
diol hydrochloride in 1.0 M perchloric acid (22),

' C. The Potentisl of the System 5,8-Quinclinedione-5,8~Quinolinediol
As & Function of Nioksl Ion Comoentration

1. Reagents
a., Stock nickel pershlorate solution. Pure Mond niekel, 0.5860 g.,

was disselved in two to three ml, of perchloric ssid, and the solution
.evaporated to dryness on a steam plate under a heat lamp, The residue
was dissolved in deionised, distilled water and diluted to one 1. The
resulting selution was 0,0100 M.

b Stosk sodium scetate-acetic asid buffer. Romnt-grado_ sodium

acetate, 27.22 g., and 0.726 g. of reagent-grads glacial acetio acid
were dissolved, mixed and diluted to two l. with deionimed, distilled
water,

¢. Steck sodium fluoride-hydrofluoric acid buffer. Reagent-grade
sodium fluoride, 8.k g., was dissolved and diluted to two 1, with

deionized, distilled water. dJust sufficient coneon"hraud hydroflunoric
acid (a fow drops) was sdded to bring the pH to 5,93, The resulting
solution wvas 0.10 M in sodiun fluoride.
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d. Stook sodium fluoride 51.00 gz-ydrormm sold buffer,

Reagent~grade sodium fluorids, k2.0 g., was dissolved and the pH

adjusted as in (o) above.

e. Stosk sodium fluorids g;_[g .!_Q-ydrofluorio aoid buffer.

MQWM sodium fluoride, 23.33 g., was dissolved and diluted to
one 1, and the pH adjusted as in (¢) abows,

f. Stesk sodium asetate (1.00 M)-acetic acid (0.05 M). This vas
prepared as in (b) above,

g« Irimethylacetic ascid-sodium trimsthylaceiats solution.
Esstman Kodak trimethylacetiec ascid, 10.21 g., was dissolwed in 700 ml.

of deionized, distilled water and neutralised to pH 6 with standard
0,1 N sodium hydroxide solution. The resulting solution was diluted
to ons 1,

2, Apparstus snd prosedure

The apparatus employed is exactly that desoribed in the preceding
section. The solutions to be measured were placed in a rack in the
constant temperature bath, and nitrogen was allowed to pass through the
solutions for approximately LS mimutes to remocve oxygen. A small
amount, two to thres mg., of nickel bis-$,8-quinelinediol and a like
amount of 5,8-quinolinehydrone were introduced through a small port in
the top of the cell., The potential of the platinum-8.C.E. system was
measured and reoordsd when it became and remsined cemstant to within
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2 0.1 millivelts for a pericd of five to ten minutes. A alow stream
of nitrogen passed through the solution during the measurement.

Except where otherwise specified, pH measurements were nade with
a Beckman Model G pH meter celibrated with the Mational Buresu of
Standards mixed phosphate buffer st pH 6.860,

Solutions for measurement were prepsred hy pipetting the
eppropriate amount of standard nickel perchlorate solution and stosk
buffer solution, and diluting to 250 ml. Where this procedure was not
feasible, the required smount of nickel perchlerate solution was
evaporated to dryness and redissolved in a ﬁrm- of the desired con-
centration and pH,

3. Resuits

a. Unbuffered nicksl solutions. Standard niokel perchlorate

\ solutions covering the range piii 1 to 7 were prepared and the potential
vas messured as just desoribed. The potentials commonly showed rather

serious drifting over a range of approximately five ﬁui.voltu and, in

écmral. wers not reproducibls. The results ars summarized in Table 3

and are shown graphically in Figure 7,

b Mioke) perchlorate in sodium mtmgo.m u)-uom acid

(0,006 M) solutions. Solutions for measurement were prepared as de-

soribed in section b under Reagents. Potentials were neasured as

described above. Stesdy potential values were obtained, usually within
30 minutes, mmmm«dmwmdmnmtfora
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Teble 3. The potentials of 5,8-quinolinedione=5,8~-quinolinediol
in unbuffered nicksl perchlorate solutions saturated
with 5,8-qu1noline!vdrom and nickel bise5,8«

quinolinediol
' My (SOGQEO)
Soln, NL(010,) P (vol.ta)
1 0.010 2,00 0,0830
3 0.0010 3.00 0.08kS
h 5,0 x 10°% 3.30 0.0321 (drifting)
5 1,0 x 1070 4.00 0.0125
6 5,0 x 10 b3 - 0.0035
7 1.0 x 10°5 5,00 - 0.0065 (drifting)

period of five to ten mimites. The averages reproducibility over the
entirs range of pi measured was = .5 millivolts. The rasults are
lieted in Table l and are plotted graphically in Figure 7. Activity
coefficients are from Curtman and Edmonds (25a), "Caloulations of
Qualitative Analysis," p. 57 (1941). DMeasurements of pil on a large
mumber of solutions rewealed no difference in pH before and after the

EMF meagsurements were nade,

¢s MNicksl perchlorate in sodium fluoride-hydrofluoric acid

solutions., Three series of standard nickel perchlorate solutions in
0.10 M sodium fluoride, 0.50 M sodium fluoride and 1.0 X sodium fluoride,
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Table k. The potentials of 5,8~quinolinedicne-5,8-quinolinediol
in nicksl perchlorate solutions buffered with sodium
scetate-acetic acid and saturated with 5,8-quinoline~
hydrone and nickel bis~5,8-quinolinediol

EMP (8.C.E.)
MLy, £~ P W (voltes)
0.01 0.13 0.37 2.43 5.88 313%
’ 0,&1 0011 0.39 3&“ 50” 0.m9
0.0102
OQWOl ’ 0.10 0.1‘0 lhhﬂ SQ” - 0.0236
- -~ 300236
0.,00001 0.10 0.40 5.0 5.50 - 0.0327
- 0,031
0.00000 0.10 0.0 6.40 5.9 - 0.0349
‘ - 0.0366
Buffer only 5.90 - 0,039

respectively, were prepared and adjusted to pH 6 Ly the addition of a
few drops of concentrated hydrofluoric scid. Serious drifting of the
potential was obserwed vhen mnud in the usual manner. The pii of
the solutions was measured before snd after measurement of the
5,8=-quinolinehydrone potential, and these values are reported with the
RMF data in Tabls 5. |

The sodium fluoride<hydrofluoric asid buffer system has almost no

buffer capacity toward alkali at pH 6. Even the 1.0 X sodium fluoride
bvuffer shows ths variation of pH and unsteady potentials characteristic



35

Table 5. The potentials of 5,8~quinolinedione«5,8-quinolinediol
in nickel perchlorate solutions buffered with sodium
fluoride~hydrofluoric acid and saturated with 5,8«
quinolinehydrone and with nickel bis«5,8-quinolinediocl

ﬁ(cmh‘)z ~1og Oy, (hngn) (tfl:r) nfvﬁgix')
0.01 2.00 6.0 6.1t 0,02
0,001 3.00 6.0 6.5 - 0.006
1.0 x 10~Y .00 6.0 6.6 - 0.040
1.0 x 1075 5,00 640 6.6 - 0.057
1.0 x 107 6.00 6.0 - 0,053

of the unbuffered system. The results are shown graphically in

Figure 7,

he Nicke) hlorate in trimethylagetic ~sid-sodium trimethylacetate
solutions

Solutions for measuremsnt were prepared in the same manner as the

sodium acetate~scetic acid buffered solutions: The potentials measured
are summarized in Table 6 and are plotted in Figure 7.

Whils reports of the formation of complex ions of nickel by coordina-
tion with oxygen are few (25b), it was considered possible that nickel ion
¥was being complexed Ly acetate ion in the acetic aclid-sodium acetate
buffered systems. To test this proposition, and perhaps determine the
ionlc strength effeet on the measured potential of these systeams, a
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Teble 6, The potentisls of 5,8~quinolinedione-5,8~quinolinediol
in nickel perchlorate buffered with trimetlylacetic acid-
sodium trinethylscetate and saturated with 5,8-quinoline-
hydrene and with niockel bis-5,8-quinolinediol

EMF (S.C.E.)
Soln, ¥1(c10,), ~log Oy M (volts)

2 0.010 2.00 $.95 0.024 (mtg
0,010 2.00 5.99 0.025 (unst

3 0.001 3.00 5.98 0.0089

0,001 3.00 5.98 0.0091

h 0.0001 4.00 5.98 - 0,025

0.0004 4,00 5.98 - 0.0228

s 1.0 x 10 5.00 5.98 - 0.0430

1.0x 10 5.00 5.98 - 0.0375

6 Buffer soln. alone 5.98 - 0.0L59

series of sclutions was prepared in which the consentration of sodium
acetate and scetic acid were varied, vhile the ratio of (Iﬁg,ﬁz)/
(nczugoz) s and hense the pH, was held constant, The li(clﬂh)z
oconsentration was held constant at 0,001 M,

Solutions for measurement wers prepared by taking 25.0 ml, of
standard nickel perchlorate solution, 0.0l N, and varying known
amounts of a stook sodium acetate-scetic acid buffer solution (MNakc,
1.00 M3 HAe, 0.05 M), and diluting to 250 ml. The final consentration
of nickel perchlorate thus wes 0,001 M for each solution, and the
final ratio (NaG,H,0,)/(HOgl30;) remsined constant,
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The EMF of the Pt-S.C.E. system in these sclutions was measured
as described above, The pH was msasured before and after the EMF
measursments, and no change in pH was observed in any case. These
resulls are sumaariszed in Table 7.

Table 7. The potentials of 5,8-quinolinedigne«5,8-quinolinediol

at varying ionic strengths in 10~3 M nickel perchlorate
and saturated with 5,8-quinolinehydrone and nickel

bis=5,8=-quinolinediol

BY¥ (5.C.E.)
Soln, )| (NeAc) /v log (NaAc) (volts)
1 6.% 0.80 0.30 - 0019 - 0.0070
- 6.0070
2 5.96 O.ho Ooho - 0039 - Onomh
’ - 0.0005
3 5.98 0.].0 0.10 - 1000 0.0052
0.007h
0.0063
0.007TL
h 5.97 0.06 0,063 = 1,22 : 0.0087
0.0092
5 5.97 0.02 0.023 - 11..70 0.0146
0.0148

The formation of complex ions between nickel and acetate ions may
be represented in general Wy the equilibrium

B e nae” =+ Nue 2T,

and the formation constant for the complex ion can be written as



(ho?) K= (su°n)
(W1**) (a0")"

Now, asecording to equation (3.7),
(b.8) E = E° ¢ 0.059/2 log (Ni**),
so that, solving equation (L.7) for (Ni**) and substituting,

(L.9) E=E® +0.059/2 1og FHon) _ o 05972 20g (ac)D,
.4

(Kucn)

(4.10) B = E®' + 0,059/2 log = n/2(0.059) log (Ac™).

In the presence of relatively large consentrations of sodium
acetate (NiAe,) would be relatively constant, so that the graph of
equation (4,10) should be a straight line with a slope of n/2(0.059).
In Pigure 8 the acetate concentration and the logaritim of the scetate
congentration are plotted as a function of EMP. The graph of log (Ae™)
¥s. BMF gives a slope of =0,011; this wo;xld require a value of n equal
to approximately 1/3 if the change in EMF with sodium acetate concen-
tration is due to complex-ion formation. Since a coordination number
of 1/3 is very unlikely considering the ions involved, it appears that
.complex lons are not formed between nickel ion and acetate ion in the

range of concentrations being studied.

The curves of Figure 7, with the exception of the 1.0 M sodium
fluoride~hydrofluoric acid system, are practically superimposed one
upon another. The krogicn piii 3 to pi L appears to be linear, while
the EMF reaches limiting values above and below this region.



Figure 8. Effect of sodium scetate concentraticn on the potential
of 5,8-quinolinehydrone in 0.001 M nicksl perchlorate
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The limiting valus of EMF in the region above pii L oan be
attributed to the solubility of nickel bis5,8«quinolinediol., That is
to say, the EMF approaches that valus given by the btuffer solution
alone when saturated with nickel bis«5,8~quinolinedicl.

The limiting value attained ty the curves in ths regicn below
PiS 3 was thought to be due to complex~ion formation between Ni** and
the anlon of the buffer systemj howewer, in view of the results
obtained in the preceding sectliom, this cannot be trus. Hydrolysis of
¥1** in the more consentrated solutions might be a possible explanations
however, Gayer and Woontner (26) determined the equilibrium constants
for the hydrelysis of nickel chlorids and reported a value of
Kp = 2.3 2 10733, There is, therefore, prastisally no hydrolysis of
nickel ion st pH 6.

While no precipitate could be observed in the 10-3 K nickel
solutiens at pH 6, it is possible that a colloidsal suspension of the
basic scetate of nickel is formed and is the cause of the limiting
potential in the low pli range. According to Britton (27) miclsl
hydroxide doss not begin to precipitate frem dilute moluticos until
pH 6.73 however, the precipitation of basic salts frequently precedes
the precipitation of the hydroxide as the pH of the solutions is raised
and, further, these are often present in the form of invisible
colloidal precipitates. HNo mwﬁon ocould be found concerning the
pH at which the basic acetats or basis salts of nickel are formed,
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The genera) slope of the EMP-pNi curve suggests that equation (3.7)
might be tested experimentally in the range pii 3 to pMi k. Accordingly,
a series of standard nickel perchlorate solutions of ionic strength 0.10
and covering the range pNi 2.3 to pii L.k in tenths of a pNi unit were
prepared. The solutions were buffered with sodium acetate-acetic acid
buffer at pH 5.95.

Solutions for msasurement were prepared by measuring the appropriate
volume of standard d.o:w M nickel perchlorate solution from & burette.
A volume of 25,0 ml. of stock buffer solution (Mahc, 1.0 Mj Hho, 0,05 M)
was added from a pipette, and the resulting solution diluted to 250 ml,
with deionized, distilled water.

The solutions were placed in the cells, brought to 25 = 0,03° in
the constant temperature bath, and nitrogen was passed through the
solutions for a period of L5 mimites. A small amount (1 to 2 mg.) of
nickel bls—E,S-qnhwlincdial and a 1ike smount of 5,8«quinolinehydrone
were added through & small opening in the top of the cell. The
potential was mnurpd as previously deseribed. From two to fiw
indepsndent measuremente were made on each solution. The results are
listed in Table 8 and are shown graphically in Figure 9.

The most probable values of the slope and y~intercept of the line
in Pigure 9 were determined by the method of lsast squares. The inter-
cept a and slope b of the equation of a line

y=a+bx
were caloulsted from the following equations (28)1
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Table 8, The potentials of 5,8-quinolinedione-5,8«quinolinediol

in nickel perchlorats solutions tuffered with sodium
acetate-ssetic agid and saturated with 5,8-quinoling
hydrone and with niokel bis-5,8-quinolinediocl

50 stook ny nmoﬁgﬂov
pits. Eﬁorvn 250 ml, " (volts)
2,80 1.58 x 1072 ' 39.5 5.92 0.0112
2,80 1.58 x 103 39.5 5.92 0.0097,
0.0104
2,90 1.26 x 10~3 31.5 5.94 0.0112
2,50 1.2 x 10~3 3.5 5.9h 0.01k5
2.90 1.26 x 103 | 31.5 5.94 0.0073
&fWO chm b 4 M.OIU Wu.om Wo‘r 0082
0.0077"
3.00 1.0 x 103 25,0 5495 0.0063
3,00 1.0 x 10™3 " 25,0 5.95 0.0050
3,00 1.0 x 10-3 25,0 5.95 0.0052
3,00 1.0 x 1073 25,0 5.95 0.0067
0.0058"
3.10 7.95 x SH 19.8 5.95 0,003
wcs ﬂcwm x 10 H.QQO mowm Oosx
0.0035"
Wt”u OQD x Hﬁ!—wﬂ Hmos WQ‘W - o’gg
3.22 6.0 x 10™ 15.00 5.95 - 0.,0013
3.22 6.0 x S...w 15.00 5.95 - 0.00L3
w.&n 000 x 10 P“Qg m.a - chﬁ
3.22 6.0 x Eu_n 15.00 5.95 0.0008
wa”& QQO x 10 HM.OQ Mowm 00800.'
0.0007
3.3 5,01 x 10-h 12.5 5.95 - 0.0028
3.3 5.01 x 10~h 12.5 5.95 - 0.0028

t»g-g potential for a given piii value,
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Pigure 9. Potential of 5,8«~quinclinehydrone
as a fuction of nickel ion
congantration
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‘ &x) X - 1
(L) g = W“‘)] T
' i(x) !S# - 3@

m:--logcﬁ,yum_g.s.c.x., and n is the number of cbasrva-
tions. The data and oaloulations are listed in Table 9.
Table 9. Data and caloulations for the determination of slope

and intercept of the line defined YWy the points
given in Table 8 by the mathod of lsast squares

obe. B - l0g Oy (- 20g gy ? P 108 )
1 0,0058 3,00 9.00 1.7
2 0.003% 3.10 9.61 1.08
3 0.0007 322 10. 0.225
k - 09,0028 3. % 10.9 - 0,925
5 - 0.0074 3.0 11.6 - 2,52
é - 0,008k 3.50 12,3 - 2.9
7 - 0,010 3.60 13.0 - 3.96
8 - 0.0158 3.70 13.7 - 5.85
9 - 0.0186 3.80 1.k - 7.07
w0 - 0.0218 3.9 15.2 - 8.50
n - 0,02hks koo - 16,0 - 9.76
12 - 0,0272 k.10 16.8 «11,20
13 - 0,030k h.20 17.6 ~=12,80

Totel - 001578 h6.32 170 os "62.”
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Table 9 (Contimued)

Calculations for sbove data

z 1 - 2{x€) X
[2(x)] © - nB(x

2,196 - 13(17005) ‘

a + 0,098
b Zlx X - N
[2(x)] 2 - n!(x%)

b 16,82)(-0.1578) - 13(~0.6248

} .

b - 000”6

he Disgussion

It has been shown by experiment that the potential of the electrode
system, Q + 2 ' + 2 o™ = H,Q, 1n a buffered soluticn containing niskel
ion is a funotion of the (Mi''). The dependence of BMF upon (Ni'') in
the renge 1072 to 10”7 M has been investigated. It has been found that
the EMF of the system approsches limits at both extremes of this range
of nickel comgentration; the lower limit has besn shown by messurements
of the EMF of the system in the buffer alone, in the sbsence of nickel,
to bs due to the solubility of nickel bis«5,8~quinclinsdioel; it is
suggested that the upper limit is due to the precipitation of basis
nickel salts.



50

The range of nickel consentration between these two limits shows
aliuarrﬁhtioahcm-loccuandm. The line obtained experi-~
mentally bas & slope of ~0.0306, in good agreement with the value
- «0,0295 predicted by equation (3.7).

D, The Solubility of Nickel bil-S.g;.Quinonmdiol and 5,8-Quinelinehydrone
at

1, MNickel bis-5,8~quinolinediol

Nickel bise5,8~quinolinediol was prepared as desoribed in
Section IV-d, exsept that the material of this experiment was not dried

bafore use,

Two 125-ml. portions of the sodium scetate (0.10 M)~-scetic acid
(0,005 M) buffer, pH 6, wers freed of oxygen by allowing s stresa of
‘nitrogen to pass through the solution for two hours. A small amount of
the freshly presipitated nickel bis-5,8-quinolinediel, which had been
washed four times with water, was introdused without exposing the
systen to air., The solution and precipitate were allowed to squilibrate
for 22 hours in s constant temperature bath at 25° ¥ 0.01°. A slow
strean of nitrogen was passed through during the equilibration period
to stir the solution. The system was filtered through a porcus bottom
filtering crucible (#10 porosity), whils the solution in contact with
the precipitate was maintained in a nitrogen atmosphers,

The pil of the filtrate was carefully msasured with the Beckman
Model G pH Meter which had been standardised with Beckman Buffer 3506,
M L.00.
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Samples of each filtrate, 100 ml., in volume, were taken for
nickel analyses. The ssmples were digested with nitric agid amd
perchloric asid to destroy organic material, teken to dryness and
leeched with a few drops of nitric acid and water. The resulting
solutions were analysed for nickel colorimstrically bty the method of
Nielsoh (29), which is based on the sxtraction of nickel dimethyl-
glyoxime into chloroform for spectrophotometric msasurement.

A calibration curve was prepared from standsrd nickel solutions.
These, in turn, wers prepared from a stock solutiom containing
0.01171 mg. of nickel per milliliter as nickel perchlorate. The
sbaorbancy was wmeasured against a reagent blank with the Beckman
Model IU Spestrophotometer at 350 my. The data are sumsarised in
Table 10, and the standard curve is shown in Figure 10,

Table 10, Absorbances of some solutions of nickel dimethyle-
glyoxime in chloroform at 350 my

Sample (wcm

no. Ml. stook (mg./25 .{.) log I%/X
1 5.0 0.058 0.125
2 10.0 0.117 0.261
3 15.0 0.176 0.hkh
k 20.0 0.23% 0.521
5 25,0 0.283 0.632
fl 0.2 0.5k
#2 0.2 0.hé68




— 070

—0.60

—0.50

Absorbancy

1 | |
0 .05 .10 15 .20 25 .30

Nickel- mg./25 ml.

Figure 10, Colorimstris salidrstion eirve for niskel dimetiylglyoxime
in chlereferm at )50 my , ¢ representing standard
mmu.mmmmm
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The calculation of results is as follows.

Sample #1 Sample #2
A = 0,54k A = 0.k68
Gyy (OHCL,) = 0.2l mg./25 mle Oy (CHOL,) = 0.21 mg./25 ml.
Gy (80) = 2.4 x 1077 mg./md, Gyy (30 = 2.1 x 1073 mg./ale
Oy (a0) = b1 %207 i Ogy (80) = 3.6 x 2075
P = 5.9 = 5.9

Aversge solubility: 3.8 2 0.2 x 10~5 noles/liter

Kl as defined in equation (3.2) may new be calculated from the
above data as follows:

- hgn’*? %3.8 x 107> E’
ll (B’) - 1. x 10

Il - 9.16

2, 5,8-Quinolinelydrone

The 5,8-quinolinehydrone for this study was prepared as describsd
in Section IV-A. The material was reorystallised from an ether-
petroleun ether mixture and obtained in the form of large blssk needles.

Two 75-ml. portions of sodium acetate(0.10 M)-scetis seid{.005 M)
nnﬁuddcwmhymsiuutmotmmwnm.
S,S-quimltwvarm was added and the system allowed to equilibrate at
25° 2 0.01°. Aliquots were removed at regular intervals from each
solution, filtered through a fine paper and the filtrate analysed polaro-
graphically.
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The polarograms of 5,8-quinolinedione and 5,8«quinolinehydrons in
0.10 M sodimm acetate-0,005 M acetic acid are shown in Figures 11 and
12, respectively., The half-wave potential for the redugtion wave of
5,8-quinolinedions is =0,085 = .005 volts vs. S.C.E. A standard
calibration curve vas preparsd by obtaining the polarograms of five
standard 5,8-quinolinedione solutions and plotting the diffusion current,
14 sgainst concentration of S,8~quinolinedione. The standard solutions
wers prepared from a stock solution containing 39.70 mg. 5,8-quinoline-
dione/250 ml., 0.001 M. The data are given in Table 11, and the
calibration curve is shown in Figure 13,

Table 11, The diffusion currents of some solutions

of 5,8-quinolinedione in sodium acetate-
acetic anid buffer

Soln, (Q) moles/liter Ml. stook/250 ml. 1q (pa)
1 1.0 x 10~3 Stock k38
2 5.0 x 0¥ 50/100 ml. 2.43
3 2.5 x 1074 | 25/100 ml. 1.25
k 1.0 x 10~k 25/250 ml. 0.602
5 5.0 x 1075 5/100 ml, 0.305

The polarogram of 5,8-quinolinehydrone shows a wave which is half

- anodic and half cathodic.,® The lower half of the wave correaponds to
the oxidation of 5,8-quinolinediol, while the upper half of the wave
corresponds to the reduction of 5,8-quinolinediens. Por this reason

%cee Otto Mfller. J. Am. Chem. Soc. Vol. 62. 1940, p. 243k



Pigure 11. Polarogram of 5,8-quinolinedions in sodium
" acetate (0,10 M)-ssetic acid (0.005 )
buffer at pH 6. Reproduced from the
originel {rscing of the automatic record-

ing polarograph.
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Figure 12, Polarogram of 5,8-quinolinehydrons
in sodium acetate (0.10 M)-scetic acid
(0.005 M) buffer at pH 6. Reproduced
from the original tracing of the
automatic~recording polarograph.
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the mmsotidrcperhdinhbh 12 are equal to one half the step
height of the polarcgraphic waves. The data for successive aliquots
of the equilibrated solutions are listed below.

Ssaple 1 Saaple #2
(a) 1.k8pa (a) 1.k0 s
(b) 1.68 yva (v) 1.37 ya
(c) 2.88 pe : (e) 3.6 Iz
(d) 1.56 va (9) 1.56 va
Aw. (3, b, 4) 1.57 a Ave. (a, b, @) L.bhi &
(@ 3.15 x 107 (Q) 2.90 x 107¥

Average (#1, #2) 3.02x lﬂ'h moles per liter
E. The Caloulation of the Term 2°' of Equatiom 3.7

It 1s now possible to calculate the uﬁelzllludoﬁmdin

[
squations (3.2) and (3.6), and iy combining the valus of this ratio
with that of I°, a8 detersined in Seotien IV-B to obtain a valus of

:Q' - :az *'_5_9152 log lexl.

, From the solubility of 5,8-quinolinshydrons as determined in
Section IV-D, ons caloulates K, as follows:
Ky = (Q(HQ) = s?,
where 5 is the molar solubility of 5,8-quinclinehydrone.
K, - (3.02 x 207%)?2
K, = 9.0 x 1078
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Combining Ko, K; and l"z as indicated above, one obtains

-8
IO' = ¢ 0,281 + 2_‘_%22_1 log 2-1.3 10
2% = e 0281 + 2PR 106 5,7 x 2077

Eo' = ¢ 0,281 - 001&‘

ot

E =+ 0,097 volts ,

This is to be compared with the valus of + 0,098 volts determined
uporimu;;y md caloulated by the method of least squares in
Seotion IV-B, The greatest uncertainty in the valus of E°' as
caloulated from K , K, and K prebably lies in the determination of
Ky from the solubility of nickel bis-5,8-quinolinediol. Substitstien
.or the lower valus, 3.8 x m‘5 M, for this solubility gives a valus of
0,098 volts, or en unsertsinty of cne millivolt in the measurement of

If activity coefficients are taksn inte ccnsideration in the
saleulation of ‘1’"

K - ] o
(8")?

where £* is the mean aotivity coeffisient of nickel perehlorate, sud
the sstivity coefficlent for the uncharged spesies H,Q has been taken
to be unity. Using the value O.h of Table b for the astivity coeffisient
of niskel lon at an iorie strength of 0.10, one caloulates for K, 't

K, = (0.26)(0.50) = 0.06k.
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Assuming the sotivity coefficient of the uncharged specles Kzﬁ and

Q to be unity, muiunochmnmvm.atlzmmmﬁﬁwm.

]
Recaloulating E° using the valus of K, obtained above, there results

ot
B, = 0,108 volts .
F. Applications and Interference

1. Potentiametric titration of nickel with etiylensdisminstetracetic
[

An attempt vas made to titrate a selution of nickel perchlorste
(0,001 M) with 0,01 N EDTA solution, while the course of the titration

was followed potentiometrically with the indicator system desoribed in
this work. ‘

A volume of 35 ml, of 0.001 M nickel perchlorate buffered at pH 6
with a sodium scetate-ecetic acid system was #itrated with 0.01 N EDTA
solution in the same buffer at pH 6. The potential was measured wth
8 Pt«5,C.E, electrode system in the usual manner after each addition,
No change in potential beyond a slight dilution effect was obserwved,

| In the uswal procedure for the titration of nickel with EDIA a pH
of eight to ten is specified; a cyanide salt is added to kesp nickel
hydroxide from precipitating. In view of this, it is likely that nickel
is not complexed hy EDTA at the pH employed in this experiment.

2. Interference

The interference of metal iens was invutigaud for the case of
magnesium and sine. A volume of about 35 ml, of 0,001 M nickel
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perchlorate buffered with sodium acetate-acetic acid buffer at pH 6 was
prepared for potential measurement as described in Section IV-B. A
solution of 0,10 M magnesium chloride or 0,10 M sine perchlorate was
added in increments from a 1l0-ml. buretts, and the potential was measured
after each addition.

No variation in EMF of the 5,8~-quinolinehydrone systen was
observed when magnesium chloride solution was added in amounts up to
five ml, Steady potentials were obtained after each addition of
magnesium chlorids,

The addition of zinc perchlorate solution to the solution of nickel
perchlorate caused the potential of the gystem to drift steadily in

the negative wvoltege direction, and steady potentials could not be
obtained,

Zinc appears to interfere with the operation of the 5,8-quinoline-
hydrone slesgtrode at pH 6. Magnesium does not interfers under these
ciroumstances. Sodium ion and the anions C1°, F~ and OAe™ do net
 interfere.
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V. SUMORY OF RESULTS

1, 4 potentiometric method for the determination of the concen-
tration of bivalent metel ioms in aqueous solutions has been devised in
analogy with the potentiometris determination of pH. The method
utilises an organic material which combiunss the property of reversible
oxidation and redustion with the property of forming chelate ring
compounds with bivalent metal ions. Specifically, the method makes use
of the sequense of compounds, 5,8-quinelinedions, 5,8-quinolinehydrene
and 5,8~quinolinediol. The solution containing the matal in questiom
is buffered with respect to pi, saturated with 5,8-quinclinehydrone
and with the metal derivative of 5,8-quinclinediol, and the potential
between platimum and saturated calomel elsctrodes dipping into the
solution is measured, This potential iz a linesr funstion of the
logaritim of the consentration of the metal iomn.

2, The theory underlying the funstioning of this metal ion
indicating elsotrode has been dewveloped.

3. The elsctrode has been tested on cne metal, nickel, and shown
to function es predicted. There sre certain limitations as to the
conoentration range of nickel (pNi) over which it mzy be used,

ke The basic organic compound for this elactrode, 5,8-quinoline~
hydrone has been synthesised and charssterised ty oxidimetric titration
with potassium bichromate in perchloric acid solution. The compound
has the theoreticel, 1/1 ratio of 5,8-quinolinediol to 5,8-quinolinedions.
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The polarogram of 5,8-quinolinehydrone gives further evidence of this
composition, showing a wave which is half anodic and half eathodic.

The identification has been confirmed by the infra-red spsotrum.
/

S. The potential of a series of pH buffers of ionic strength 0,10
and saturated with 5,8-quinclinehydrone has been measured, and the
standard reduction potential, E“l,' for the half-reastion, Q + 3 H* + 2 ¢
— xsa’, obtained by extrapolating to pi O, The value so obtained
is + 0,662 volts,

6. The potentials of 5,8-quinelinehydrone in solutions of nickel
perchlorate in the concentration range 10°2 to 10*7 molar have been
meagured. The system was found to give ateady potentials in solutions
well btuffered with respect to pH. The over-all reproducibility of
these msasurements over the range of nickel ion concentration studied
is about 0.5 millivolte,

7. The variation of potential with -log (Ki'*) as messured in
acetic acid-sodiun acetats solutions at pH 6 is linear in the range
piL 3.0 to he2, The slope of the line obtained when potential is

plotted against -log Oyy 18 0.0306 in good agresment with the theoretical
slope of 0.0295,

8. The solubility of nickel bis<5,8-quinolinediol has been measured
at 25° in sodium agetats-acetic acid buffer at pH 5.95. The average of

two gmﬁrmentn_h 3.6 20.2x 105 moles per liter, The solubility

) (1.2)2
product, Ky = (M .);“2“’ » a8 caloulated from the solubility is 0.16
(&%)

moles per liter.
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9. The solubility of 5,8~-quinolinehydrons has besn measured at
25° in a sodium acetate-acetic acid buffer at pH 5.95. The awverage of
two results gives a valus of 3.02 £ 0.12 x 107" moles per liter. The
solubility product caloulated from this value is K, = (Q)(HR) =
s? = 9,20 x 108 (mores/11ter)? .

10, The comstent term, E°' = B°% ¢+ .0591/2 log (K,/K ), for the

mﬂm
E =2 + .0591/2 log (11**)

has been calculated from the independent measurements of B%, K, and
K, described, snd the value cbtained is + 0.097 % 0.001 wilts vs. the
saturated calomel electrode. The value cbtained by extrapolating the
graph of potential vs. -log Gm_ to unit congsentration of nickel is
+ 0.098 volts, in good agreement with the caloulated value.

11, It haa been shown that the potential of the cell,

satd, Mi(HQ)

L NS Mg Ry 2 /W1 (satd)slggflys He,

is related to the nickel ion astivity of the solution by the equation,
(6.1) E = E°' + 0.059/2 log (W**) .
The ocell reaction may be represented bty the equation,
HRQ, + H* ¢ 2017 + 2 Hg = Ni(K), + Hga01, »

where the reaction proseeds to the right when the electrode on the left
of the cell above is negative and to the left when the calomel is

negative,
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Acoording to the theory developed in Section III, E°' is defined
by the equation,
E = 5%, BQ* 0.0591/2 1og (Ky/K,),

where xz and Kl ars the solubility produsts of 5,8-quinolineRydrone and
nickel bis(5,8-quinolinediol), respectively. Potential messurements
nade on nickel perchlorate solutions buffered at pH 6 with a sodium
acetate-sostic acid system show that equation (6.1) holds in the range
pii 3.0 to k.2, Above pi L.2 the potentisl departs from the theorstical
values owing to the solubility of niokel bis-5,8-quinolinediol and
approaches the valus obtained vith the buffer system aloms. Below pii
3.0, the potential also departs from the theoretical valnues, perbape
because of the formation of basic nickel salts,
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