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SPECTROPHOTOMETRIC INVESTIGATION OF THE ANALYTICAL

REAGENT 1-( 2-PYRIDYLAZO)-2-NAPHTHOL, PAN, AND
ITS COPPER, NICKEL and PALLADIUM CHELATES
CHAPTER I
INTRODUCTION

The use of metal chelates in analytical chemistry is
a rapidly expanding field., The growing importance of these
compounds may be visualized by surveying a recent repre-
sentative issue of Analytical Chemistry (2). Out of a

total of forty-seven articles in this issue, six are
concerned either directly or indirectly with metal chelates.
Another issue (1) of the same Journal, published Just six
years previously, contains a total of forty-two articles

of which only one is concerned with this type compound,

The term “"chelate" was proposed by Morgan and Drew
(21, p. 1456) to designate the oyclic structureswhich
arise from the combination of metalliec ions with inorganic
or organic molecules.

In order for the formation of a metal chelate of an
organic compound to ocour the compound must contain two
or more atoms, usually oxygen or nitrogen, capable of
coordination with a metal ion; that is, it must be a base
having a pair of unshared electrons available for
coordination. These coordinating atoms are so arranged
that rings of five or six atoms, including the metal,



will be formed in the process (30, p. 85%).

In addition to having electrons avallable for
coordination the organic molecule must also contain one
or more replaceable hydrogens.

The coordination compound of nickel and dimethyl-
glyoxime is a typleal example,

OH 0 HO
CH,—C=N" CHa—C=NZ = >N=C—0CK
3 aratt —— 3 \ T / 3 S
NIttt — é NLAC | +2H
CHy—C=N CHy—C=N N=C—CH,
“NoH 0H 0¥~

dimethylglyoxime nickel dimethylglyoxime

The = NOH groups are both acidic and basiec, One loses a
proton while the other coordinates with the nickel through
the nitrogen forming five-membered rings, Since hydrogen
lone are released, the formation of the compound, as in
other chelates, is dependent upon pH,

The stability of the complexes of a given chelating
agent with various metal ions will depend on the size of
the cation, its oxidation state, 1ts coordination number
and the geometric distribution of its valence bonds (30,
p. 86).

An excellent discussion of the theory and uses of
chelation is given by Martell and Calvin, Chemistry of the
Metal Chelate Compounds (19) and more recently by Ballar,

The Chemigtry of the Coordination Compounds (3).




The metal chelates resulting from a combination of
metal ions and organic molecules are largely organlie in
character, Their low solubility in agueous solutions,
high molecular weights, sensitivity and selectivity lead
to widespread use as precipitating agents.

Many of these chelates have a characteristic color,
thus their concentrations may be determined by colorimetric
analysis. If the chelate is not water soluble it may be
extracted by an organic solvent and determined photome-
trically in the latter,

Those metal chelates which are water soluble are also
used to suppress the reacetion of an interfering cation by
the formation of a stable complex. They are frequently
used to hold a metal ion in solution at pH values where
the hydroxide or oxide would normally preeipitate (30,

P. 110).

Varlous organic dyes have been used as metal indlicators
in the titration of metal ions. In thls procedure the dye
and the metal form a colored complex. When a solution con-

taining this complex is titrated with another stronger

complexing agent the color will disappear or change
depending upon whether the second complex is colorless or
not, The most common use of this type reaction is the
determination of calcium and magnesium in water, With the
dye, Eriochrome Black T, magnesium forms a red complex
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at pH 10 which is subsequently destroyed by versene, the
tetrasodium salt of ethylenediaminetetraacetic acid (19,
p. 811),

The versene complexes with the free calcium ions
and then removes the magnesium from the Eriochrome Black
T. Both the calecium and magnesium versene complexes are
colorless but the solution at the end point of the titration
is blue. This is the color of the Eriochrome Black T at
this pH.

Although many reliable empirical procedures have been
developed using metal chelates in colorimetric and
titrimetric analysis it is nevertheless desirable and in
many cases necessary to gain more fundamental knowledge
regarding the nature of the processes involved, For this
reason in recent years there has been a greater tendeney
toward studying the dye itself, the metal to dye ratios at
various pH values and determining the dissoeclation constants
of the dyes and their metal chelates,

A variety of procedures are avallable for the deter-
mination of these constants, for example; polarographic,
lon exchange, spectrophotometric, oxidation potential and
solubility measurements have all been used (19, pp. 76-133).
The potentiometrie procedures of Schwarzenbach (23) are

perhaps the most popular and accurate but are unsatisfactory

in many instances if the organic compounds or metal chelates
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are but slightly soluble in water., The resulting solutions

are often too dilute to be studied by this means, On the
other hand, since many of the dyes and chelates are highly
colored the more dilute solutions easily lend themselves
to spectrophotometric studies either in aqueous media
or by extraction with an organic solvent,

A typical study of this type was performed by
Hildebrand and Reilley (16) on the o,0' dihydroxyazo
napthalene dye, Calcon, and its calcium, magnesium and

zine complexes,
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CHAPTER II
SURVEY OF PREVIOUS WORK ON PAN

Tsehitsehibabin (25, pp. 513=516 and 26, p. 1582) in
1915 and 1918 reported the synthesis of some o-hydroxyl
eompounds, One of these, 1-(E-pyrldylago)-avnaphthol,_
PAN, an orange-red dye was studied further by Liu (18).

(=

H

Through magnetic measurements and elemental analysis 1t
was found that the metal-dye ratio of the solid metal
chelates was approximately 1 to 1 for Cu (II) and Ni (II)
(18, pp. 22 and 43) and the ratio for Fe (III) was inter-
mediate between 1 to 1 and 2 to 1 (18, pp. 43-44), All
of these metal chelates were separated from alcohol
solutions.

In addition to the work on the solid substances she
also found that the ratio of metal to dye in 95% alcohol
wag 47 to 53 for Cu (II), and 31 to 69 for Ni (II) (18,
Pp. 35-36 and 41-42), Cheng and Bray (9, p. 783) have
reported the exlstence of a 1 to 2 Co (III) chelate in
aqueous solutions,

Since all of the metal chelates are highly colored



Cheng and Bray (9) recognized the possibility of using
this dye for analytical purposes, It was applied by them
as a metal indicator in the direct titration of copper,
cadmium and zine with ethyloﬁadiaminetotraaoetio aeld,
EDTA (9, p. 783). It was later extended by Cheng (8,
pp. 1582-1583%) for the determination of indium and by Cheng
and Williams (10, p. 96) for seandium, The latter workers
also introduced the back titration of excess EDTA with
standard copper solution (10, pp. 96=97) for the determina-
tion of scandium, Flaschka and Abdine have applied this
back titration technique, using PAN as the indiecator, to
iron, copper, nickel, cobalt, zine, cadmium, lead, gallium,
caleium, magnesium, manganese, mercury and vanadium (12,
pp. 2-3 and 13, pp, 58-61).

Cheng and Bray (9, p. 783) have suggested and surveyed
the possibility of using PAN as a color forming agent
for the spectrophotometrie determination of Co (III), Co
(1I), Cu (II), 2n (II) and Ni (II). All of these metals,
with the exception of Co (III), form red chelates with
strong absorption bands in the 550 to 560 mu wavelength
region, Co (III) and Pd (II) were reported to form green
chelates, These workers formed the metal chelates in
aqueous buffered sovlutions and extracted them with
isoamyl alcohol. The approximate molar absorbaney
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1nd100§3 calculated from Cheng and Bray's data (9, p. 784)

are gummarized in Table l. For comparison, the molar
absorbaney index of chromium diphenylcarbazide, one of
the better known and more sensltive colored eompounds,
is included.

In addition to the previously mentioned work Cheng

and Bray have also studled the effect of various masking
agents on 16 different PAN chelates (9, p. 784).

1A:: abg

a,—(A.W.) (a)

A — absorbance

a — absorbaney index

ay— molar absorbancy index

b & cell length in em,

¢ — concentration in g/1l000 g of solvent
A.W.=atomic weight of metal



TABLE 1

MOLAR ABSORBANCY INDICES OF PAN CHELATE

Metal gsolvent molar absorbaney
ion index
Co(IIX) water 36 X 107
Zn( II) isoamyl aleohol 27 X 103
Cu(II) " " 22 X 103
co( III) u u 17 X 103
N4(II) U i 9 X 107
or{ VI)2 ‘water 34 x 107

Reference (&, p. 784), a. Chromium diphenyloarbazide
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10
7 CHAPTER III

THE PREPARATION AND PROPERTIES OF PAN
Preparation of PAN

The dye, l-(2=-pyridylazo)=-2=-naphthol, PAN, was not
commerclially available at the beginning of this investi-
gation, therefore it was prepared according to the
procedure of Tschtschibabin (25, pp. 513-516 and 26, p.
1582), The dlazotate is obtained by the addition of a
mixture of 2-aminopyridine and n-butyl nitrite in absolute
ethanol to a solution of sodium alcoholate., After re-
fluxing for several hours the diazotate precipitates,

E”j—” —N—ONa sodium pyridyl dlazotate

The resulting dliazotate is coupled with 2-naphthol
in absolute ethanol with the passage of carbon dloxide
through the solution and the dye, l-(2=-pyridylaszo)-2-
naphthol is formed.

1-( 2-pyridylazo)=-2-naphthol
N N =N
HO



Reagents

Anhydrous ethyl alecohol,
The starting material used was 100% alcohol ob-

tained from Commereial Solvents Corp., Agnew, California,
This was further purified by distillation from magnesium

othoxidg according to the procedure deseribed in Fleser
(11, pp. 358-359).
Anhydrous ethers.

The starting material was commerclal grade ether

obtained from Carbide and Carbon Chemical Company, 3404
4th Avenue, Seattle, Washington, It was further purified
by refluxing and distilling from concentrated sulfurie
acid according to the procedure described in Fieser

(11, pp. 360-362) with one modification, The volumes of
all reagents were cut 1 to 4,

Other reagents.

The n~butyl nitrite, 2-amino pyridine and 2-naphthol
were Eastman grade chemicals, numbers 57, 4741 and 171
respectively, and were used without further purification.

Procedure

To a 500 ml, 3-necked flask, equipped with a reflux
condenser and stirrer, was added, with constant stirring,

300 grams of absolute ethanol, 7.2 grams of sodium metal,
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39.6 ml, of n-butyl nitrite, and 30 grams of 2-amino
pyridine, This mixture was refluxed for 3,5 hours,
allowed to cool to room temperature, diluted with approxi-
mately 1800 ml, of anhydrous ether and placed in the
refrigerator (approximately 5°90.). After 48 hours the
light yellow preciplitate formed was separated from the
solvent by decantation, filtered and dried in a stream
of room temperature air for 3 hours., The yield was 33.l1
grams before drying; 25.4 grams after drying,

Twenty-eight grame of 2-naphthol were dissolved
in 75 ml. of absolute ethanol, This solution was then
added to another solution containing all of the previously
prepared dlazotate in 600 ml, of absolute ethanol. After
being stirred for two hours the resulting solution was
allowed to stand overnight in the refrigerator. It was
then divided evenly among fbﬁr 250 ml, gas-washing bottles
which were immersed 1n an ice bath while a stream of COp
gas was passed through them for 6 hours. The light
yellow precipitate formed was mainly Na2603. The dark
red supernatant liquld was decanted and the NapCOs
precipitates were combined and extracted with four 50 ml,
portions of boiling anhydrous ethanol.

This extract was added to the supernatant liquid
and the resulting solution was evaporated to approximately

300 ml, with a stream of room temperature alr, The dark
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red orystals (13.3 grams) formed were separated from the
mother liquor and redissolved in another 300 ml, of
anhydrous ethanol, Upon standing at room temperature for

three hours a sponge like mass of dark red erystals
dropped out carrying the mother liquor with it, The

resulting mass was separated from the liquor by filtration
and the erystals were dried in a vacuum dessicator over
P05 at 20 mm, pressure for two days.

The yield was 7.47 grams or 9.4 of the theoretical

yield of 79.6 grams based upon the limiting quantity of
2=-amino pyridine. An analysis of the prepared compound,

1-( 2=-pyridylazo)-2-naphthol, by Weller and Straus,
Microanalytical Laboratory, 164 Banbury Road, Oxford,
England showed that the compound contained 71.3% carbon,
4,46} hyarogen and 16.7% nitrogen. The calculated values
are 72.4h, 4.45% and 16.9% earbon, hydrogen and nitrogen

respectively,

PROPERTIES OF PAN IN ALCOHOL
Since the dye 1s qulite insoluble in HpO 1t was
desirable to check the suitability of methyl or ethyl
alcohol as solvents for stock solutions. The dye became
commercially available (4, p. 37) from the J, T, Baker
Chemical Company, Phillipsburgh, New Jersey about 6 months

after the start of this investigation, therefore a comparison
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test between the author's and Baker's dye also seemed

advisable, It will be shown later by spectrophotometriec
titrations with Cu (II) in 20% dlioxane and absorbance
values in methanol that the commercial dye is of slightly
higher purity,

Reagents and Equipment

1~(pyridylazo)=-2=-naphthol,
Unless stated to the contrary the solid reagent

prepared in this laboratory by the previously described

procedure was used, The commercial sample was Baker
Analyzed Reagent #8994,
Methyl alecohol.

The methanol was commercial grade obtained from

Carbide and Carbon Chemieals Corporation, San Francisco,
California, Semples were obtalned from two separate

55 gallon drums of this solvent, For identification
purposes they will be referred to as "drum" 1 and "drum"
2. In addition a portion of the "drum" 2 aleohol was
redistilled and the 64° - 65° ¢. (uncorrected B,P.)

fraotion was used,

Ethyl aleohol,
The 95% U.8.P. ethanol obtained from Commercial

Solvents Corp. was uged without further purification.
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Spectrophotometers,

The Beckman Model DK-2 Ratio Recording and the Beckman
Model B Spectrophotometers were used with 1 em, matched

silieca cells,
Procedure

Solutions of PAN in "drum" 1 methanol and in ethanol
were obtalned by the addition of 374 mg, of the dye to
each of two 100 ml, volumetrie flasks and diluting to
volume with the respective solvents, Two ml, aliquots
of each of these solutions were then transferred to other

100 ml, volumetric flasks. After diluting to volume

with the alcohols the absorption spectm were obtained
using the Beckman DK-2 Spectrophotometer. Although the
curves are plotted on log scale peper with this instrument

they have been transferred to a linear scale for ease of
comparison, Figure 1 shows the resulting curves,

The presence of a slight absorption band at 550
millimiorons in the methyl aleohol dye solution prompted
a further study on this solvent, A comparison of the
author's and Baker's compounds was also made at the same
time,

Six dye 1in alecohol solutions were prepared by the

previously described procedure, Baker's dye was used in
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three of these while the other three contained the
author's compound, Three different methanol samples
( *arum" #1, "drum" #2, and redistilled) were used for
each solid reagent, i.e., there was prepared a total of
six samples of PAN in methanol., All of these solutions
were allowed to stand in the laboratory exposed to the
normal amount of light, In addition to this, portions
of the dye in redistilled methanol solutions were exposed

to a 150 watt lamp for two hours,

The absorption spectra in Figure 2 and all of the
resulting absorbance measurements in Tables 2 and 3
were obtained using matched, 1 em, silica cells and
the Beckman Model B Spectrophotometer, the instrument

being balanced against a blank of redistilled methanol.

Discussion of Results

The solutions of the dye in the commercial solvents
both show a strong absorption band at 550 mp, It will be
gshown later in thie work, in addition to the information
of Cheng and Bray (9, p. 783), that most of the heavy
metal chelates have a strong absorbance in this region,
In addition to this it will also be shown that there is

an inecrease in absorbance in this region with an
increase in pH in aqueous and 20% dioxane solutions.

Further work needs to be performed before the cause of
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TABLE 2

COMPARISON OF METHANOL SAMPLES AND

DYE SAMPLES
Methanol Absorbance of dyes at 550 millimicrons
gample | author's Baker's
*drum® 1 0,118 0,104
"drum*® 2 0.2 0.260
redistilled 0,005 0,002
time of A at 460 mu A at 465 mp A at 475 mp
gtanding redistilled *drum* 1 "drum® 2
author's Baker's aubhor's Baeker's aubthor's Daker's
1 hour 0,460 0,497 0,422 0,460 0,390 0,400
12 hours 0. L6k oﬁ@o 0123  0.462  0.390  0.400
24 hours 0,458 0,498 0.422 0,460 0.380 0.390
36 hours 0.458 0.496 0,420 0,457 - -
1 month 0,462 0.502 = - o —
6 month |- . 0. 424 0464 - -
2 ho 0.462 0.498 - - - -

8. These partions'or the samples were exposed to a 150 watt light at
a distance of 30 inches for 2 hours, All other samples were
allowed to stand exposed to a normal amount of light,

61



TABLE 3
ABSORPTION SPECTRA OF PAN IN METHANOL

Wavelength Absorbance Absorbance Absorbance
in mu redistilled *drum* 1 "arum® 2

350 0.067 0.083 0.080
360 o;mgz 0.120 0.105
370 0.1 0.170 0,150
380 0.220 0.228 0.202
zgg 0,278 0,278 0,248
0,320 0,318 0,272
405 0,343 0.338 0,282
410 0,361 0.3 0.285
415 0,370 0,358 0,282
1% ol413 01362 o 282
4 L] L ]
ut:'g 0,438 09303 0,297
450 0,482 0. 448 0,333
223 0.496 0,462 o,;zo
O.Ego 0,470 0,363
u65 0.496 0.472 0,380
470 0,488 o.ﬂa o,zgs
tsg 8.472 g. 5 g. 5
185 o,ﬁgg 0k oﬁuog
490 0,367 0.397 0,400
495 0,305 0,321 0,39;
505 0.172 0.201 0.3
515 0.072 0.175 0.3
525 0.030 0.130 0.288
gzg 0.018 0.122 0.328
0.01% 0.1 0.350
550 0.013 0.124 0,258
555 0.010 0.094 0.210
565 0.005 0.004 0.078

580 0.002 0.010 0,016
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this absorbsnce in the commercial methanol solutions

can be specified, For the purposes of this investigation
it ig sufficient io redistill the alcohol before using
1t for a solvent for stock dye solutions,

As shown in Table 2 the Baker's dye has a greater
absorbance in 460-470 mu wavelength region, This would
indicate that their dye is slightly more pure (about &)
than the author's. This is also verified in Chapter v
by a titrimetric procedure, Howeéver much of the following
work was performed with the author's dye before the
commerclal sample was avallable, The determination of
the dissociation constantes in the following sections
depended upon the ratios of different forms of the dye
rather than absolute concentrations, therefore the

impurity present would not change the obtained wvalues.
Table 2 also demonstrates that both of the dye

gsolutions in redistilled methanol are stéble to not only
the normal but also to an abnormal amount of light.

In addition to the information on the dye in
methanol solutions, melting point comparisons were made,
The melting characteristics of the author's and Baker's
dyes seemed to be identical, Both melt at 137-138°C.
(uncorrected) and decompose around 141°¢, The two solid

samples appear the same reddish-orange color,
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As a result of the study, 1t was concluded that
redistilled methyl alcohol is a suitable solvent for
stock solutions of the dye.,

PROPERTIES OF PAN IN WATER

It has previously been reported by Cheng (8, p. 1583)
that the dye, l-(2=-pyridylazo)=-2-naphthol, is an acid-
base indieator in agueous medlia, being yellow in neutral
solutions and red in the strongly basic range, Pre-
liminary test tube experiments by the author indicated
the existence of a third form of the dye below pH 2,

This form 1s yellow green,
Reagents and Equipment

Buffers,
Standard pH and constant ioniec strength (0.05 and
0.10) buffer solutions were prepared from reagent grade

salts according to the procedure in Bates (5, pp. 117 and
118). The constant ionic strength solutions below pH 2
were prepared by varying the ratio of 0.100 N HCl and
0.100 N KC1 solutions.
The Beckman lModel H-2 pH meter equipped with glass
and calomel electrodes numbers 4990-%0 and 1170 respectively

was used for all pH measurements, This instrument was

calibrated against National Bureau of Standards buffers
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e3
(5, pe 118).

Stock dye solution,

The stoek dye solution consisted of 37.4 mg., of PAN
dlssolved in 100 ml, of redistilled methyl alcohol, The
concentration of this solution was 1,50 x 10™7 M based
upon the weight of the dye taken. In the next chapter

a standardization procedure for the dye will be given,
This shows that the true concentration of the stock
solution was 1,32 x 10™2 molar, All of the figures,
tables and calculations in both the preceding and
following portions of this thesis, with the exception

of Job's method, have been corrected to this concentration,

Spectrophotometer cells and cell holders,
Five cm., cylindrical Teflon cells, equipped with

sllica windows were obtained from Mierochemical Specialties
Co., 1834 University Avenue, Berkeley 3, California, and
were ugsed to obtain all of the absorption spectra in

water, In order to prevent the formation of air bubbles
in the 1light path and reflection of the light from the
white sides of the cells, the inside bore was inecreased

to 1,1 ecm, The bore in the cap of the cells was left

at 0,6 om, thus there was 0.25 em. of solution between

the edge of the light beam and the walls of the cell,

8ince there was no 5 cm. cell holder available, it

wae necessary to devise one, It was found that a block
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of wood with the dimensions of 16.0 em. x 7.5 em. x 6.2
em. could be used in the Beckman Model B instrument,

Several metal strips (7.0 om. long and 1.2 em, apart)
were placed on the top of the block and parallel to the
light path, The cells will lay in the groove formed by
the strips and the entire apparatus will fit snugly in
the cell compartment of the Beckman Model B,

The beam of light entering the cell compartment was
larger than thé outside diameter of the cells, therefore
a portion of it was cut off by means of a plece of black
electrician's tape., The cover for the cell compartment
is the one devised for the spectrophotometrie titrator
deseribed in the following sqotion. It was found that
absorbance readings in the 0.4 region could be reproduced
to within 0.003 units using the 5 em, cells and holder.

It was also necessary to make some slight modifications
on the cell holder of the DK-2, Blocks of wood, 10.0
em, x 1.8 em, x 0.5 om, were placed in the base of this
eell holder in order to align the cell windows with the
incoming beam of light, Again 1t is necessary to diminish
the eross section area of the incoming beam, This was
done in the previously deseoribed manner,

Spectrophotometric titrator,

The spectrophotometric titrator designed and bullt
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by the author is shown in Flgure 3. A 250 ml, beaker,

with the lips removed, was used as the cell. The electrodes

and pH meter have been described. A constant rate of
stirring 1s necessary and was attalned by the use of a
voltage regulator, Since Flgure 3 is drawn to scale

the dimensions will not be repeated here,

Procedures

Absorption spectra of PAN in Héo.

To each of a series of 0.10 constant ioniec strength
buffered solutions in 100 ml. volumetric flasks was
added 0,50 ml, of the stock dye solutions, They were
then diluted to volume with the buffers and the
absorption spectra were obtained within 3-5 minutes.

The reference cell contained the respective buffers,

The pH of all the solutions were measured, The resulting
absorption spectra and pH measurements are shown in
Figure 4,

Curve 6 of Figure 4, like all of the other curves,
was obtained in 3~5 minutes, however it should be
mentioned that the dye is slowly changing from one form
to another at this 9.8 pH value, The spectrum of this
solution showed an inecrease of absorbance with an increase
in time in the wavelength region above 500 mu and a
corresponding decrease in absorbance in the 450 mu region.
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The absorbance at 500 mu was constant with time, in-

dicating an isosbestic at this wavelength, A total of
8 spectra of this solution were obtained within 30
minutes and during this time the absorbance at 530 mu
increased from 0.32 to 0,.38. The strong absorbance
bands at 530 and 580 mu became much sharper and more
pronounced when the solution was allowed to stand, This
red form of the dye, like the strongly acid yellow=-green
form, and in contrast to the intermediate speclies was
found to be very soluble., More will be sald concerning

the speetra and specles of the dye.
Dissociation constant of PAN in HpO,

To each of ten 250 ml, volumetrie flasks containing
about 200 ml, of the 0,10 1lonle strength buffers was
added 1,0 ml, of the stock dye solution, The flasks
were then diluted to volume with the proper buffers,
mixed thoroughly and read immediately at 430 milli-

microns on the Beckman lodel B instrument. The cell in
this case was a 250 ml..beaker, i.e., the bottom part
of the spectrophotometric titrator. Water was used as
a reference solution, The results are summarized in
Table 4 and Figure 6. It was noted that the greatest
ecolor change from the strongly aeld yellow-green to the

yellow color occurred between the pH 1,8 and 2,0, This



TABLE 4
VARIATION OF ABSORBANCE OF PAN WITH pH

Absorbance at 430 mu

Solution pH Run #1 Run #2
1 1.2 0.610 0.59
2 1.4 0,600 o;ssg
i 1,6 0590 0.578
1,8 04565 0,535
2 52 Oi%0¢ 0250
I 2.4 0. 46Es o'haes
9 3'2 Siigen  Ouvo
L L | o=
10 20 06 . 0044 a
1l 2.9 o‘ggg‘ - .3

a. showed a colloidal suspension or
precipitate
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change in color was sharp enough to be easily deteoted
by the eye.

The above experiment was repeated and these results
are also given in Table 4 and Figure 6. It should be
pointed out that there is a reason for the absorbance
readings in this run being lower than those in the first,
Rememberirg that the eell is a 250 ml, pyrex beaker, it
is not expected that all portions of the sides will
transmit the same amount of light, No attempt was made
%o replace the beaker in the second run to the exact
position used in the former but the position of the beaker
with respect to the light path was held constant for all

the measurements within one run,

Discussion of Results

The resulting absorption curves shown in Figure 4
clearly ihoi the existence of two forms of the dye in
the 1 and 2 pH range, There 1s a decrease in absorbance
with an increase of pH at 275, 323 and 425 millimierons,
There is a corresponding increase of absorbance at 540
millimierons, It was observed that the dye is very
soluble at pH of 1 and 2 but at a pH of 3 it forms a
colloldal suspension and slowly starts to precipitate.

This should not affeot the general shape of the curve
but it will lead to a deorease in absorbance and will
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prevent the curve at pH 3 from ecrossing the isosbestiec

points at 312, 335, 360 and 485 millimicrons. The spectra
also indicate the existence of the quite insoluble neutral
form in the intermediate pH region. The spectrum obtained
at pH 9.8 in 3~5 minutes, combined with the information
obtained from the repeated runs at this pH and at various
times up to 30 minutes points out the strong possibility
of a third specles in the strongly basic region, This
specle: appears red in water solution, is soluble and has
strong absorption bands at 530 and 580 mu, There is an
isosbestic point for the second and third specles at 500
o

In order to compare absorption spectra of solutions
which are different in concentrations it is common
practice to plot the logarithm of absorbance against the
wavelength (20, pp. 307-311). If the solutions are the
same, but concentrations are different, the obtained
curves will be ldentical but displaced, Since the inter--
mediate form of the dye was coming out of solution, the
concentration would be different than that in the
solutions in the very low or high pH range. The plots
of log A ys. wavelength for the same solutions have been
plotted over the 350~-680 millimierons range, These
plote, shown in Figure 5, demonstrate more clearly the

existence of three forms of the dye.
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Concerning these three dye specles, it 1g quite

conceivable that the neutral yellow form ( HKE) may add
a hydrogen on the pyridine nitrogen to give the yellow-
green acid form (HoKE?).

’ +
— — O*M: .
N N =N N N
Ht Ho Ho '

yellow green yellow
néxn'+ — HKE + H” (1)

Likewise, the yellow neutral form may dissoclate
to form the red basic specles (KE™).

Ohizs $ea
Ho “o

yellow red
HKE = ke~ + Bt (2

The equilibrium oonstant, Kay for equation (1) may

be written

- [l [mg]
ni..
[BKE"]
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At the point where [HKE] = [HoKE'], log Kgy = log [H']
and pH - pKgy.

. Similarly, Kgp = [%m[gj and when

[ke] = [MXE] the pH - pKga.

According to Figure 4, as the pH 1s raised from 1
to 4 there is a deorease of absorbunce at 430 milli-
miocrons and as the solution is made more basie, there
is a further decrease in absorbance. I% will be shown
later that this is also true in 20% dioxane solutions
of the dye.

At the point (Figure 6 and Table 4) where the

change in absortence per unit change in pH is the
greatest, [HKE]: [HoKE'] and pH = pKgy (6, p. 248).
The attempts to determine the previously mentioned points
and pKy, speectrophotometrically in aqueous solutions were
unsuccessful due to the precipitation of the neutral form
of the dye.

Since the pH 1,8 buffer solution appeared yellow-
green whereas the 2,0 solution appeared yellow, it is
likely that the pKyy of the dye in agueous solutions is

between these two numerical values,
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PROPERTIES OF PAN IN 20% DIOXANE

S8ince the neutral form of the dye i1s quite insoluble

and forms a colloidal suspension or precipitate in
water, the previously mentioned curves in Figures 4 and
5, for this form can only be used for qualitative
estimations. In order to obtain quantitative data and
dissociation constants 1t was necessary to use a
different solvent, Calvin and Wilseon (7, p. 2003) and
later Van Ultert and others (27, 28, and 29) have shown
that 1t is possible to measure aeou:ately the pH of
agueous-dloxane solutions by means of glass and calomel
electrodes, For this reason and also since all three
forms of the dye are soluble in 20% dloxane, giving
absorption spectra similar to the water solutions, this

was chosen as a convenient solvent for future experiments.

Reagents and Equipment
1,4 Dioxane.
Commercial grade dioxane, obtained from Carbide
and cnrbon‘Ohemioal 06. 3404 4th Avenue, Seattle,
Washington, was purified as follows. To 1 kg. of

dioxane was added 15 ml., of concentrated HCl and 70 ml.
of HpO., The solufion was allowed to stand at room
temperature for 1.5 hours, 15 g. of KI was added, the
mixture was stirred well for 15 minutes and then
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gaturated with KOH pellets, The upper dioxane phase

was separated by decantation through filter paper and

the filtrate was distilled from KOH pellets, The tested

peroxide-free dioxane fraction (B.P. 100-101%C., un- .

corrected) was used throughout all of the experiments.
All the other reagents and equipment have been

previously descoribed.

Proecedure

Absorption spectra of PAN in 20% dloxane.
A series of unbuffered solutions were prepared by

the addition of varying amounts of 0.10 N HClL or 0.10

N NaOH, 20 ml. of the repirifled peroxide-free dioxane,
0.50 ml, of the atock dye solution and the dilution

.to 100 ml. with C.100 N KC1. The spectra of the

resulting solutione were then obtained using the recording
spectrophotometer with the 5 em. cells. The pH values

of the solutions were obtained within an hour, The
details of the composition of the solutions, measured
pH values and time of standing before running are
summarized in Table 5 and the resulting absorption
gpectra are shown in Pigure 7. The spectra of the
solutions in the lower wavelength region ecould not be
obtained, Dioxane has an appreciable absorbance in
the ultraviolet region (15, p. #12), This, coupled
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TABLE 5

DATA FOR ABSORPTION SPECTRA OF
PAN IN 20% DIOXANE

Solution ml. 0.10 HCL Measured Time of Standing Color

or 0.10 NaOH pH minutes
1 8o (HOL) 1 | 3=-5 yellow-
. . green
2 8,0 (HCL) 2,0 4 - 6 yellow
3 0.8 (HOL) 2.9 4 - 6 yellow
4 none 3.5 5 -7 yellow
5 0.8 (NaOH) k.2 b - 6 yellow
6 2,0 (NaOH) 6,1 b - 6 yellow
) red

T 80 ( NaOH) 12.6

All solutions contained 20 ml. dioxane, 0.50 ml. stoeck dye,
and were diluted to 100 ml. with 0,100 N KO1.
a, Fades rapidly upon standing.
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with the loang 5 cm, light path, required greater slit
widths than were avallable.

411 of the solutione appeared stable except the
red one cbtained at pH 12,6, This solution faded
rapidly upon standing and became clear and colorless
within two hours. |
Stability of PAN in 20% dicxane,

Singe the previous experiment indicated the red

strongly-basic form of the dye was unetable it was
desirable to check the stablility of all three forms,

To each of four 100 ml, volumetric flesks was added
20 ml, of dioxane, 1.0 ml, of the stock dye solutions
and varying amounts of 0,10 N HCl or NaOH, The solutions
were then diluted to volume with 0,100 N KCl and mixed
thoroughly. Using as a reference, a solution con-
taining 20 ml, of dloxane and 80 ml, of the HCl, the
absorbances in 1 em, cells were obtained through the
use of the Beckman Mcdel B operated at maximum sensitivity.
The detalls of solution composition, pH values, absor—-
bances, wavelengthe and times are summarized in Figure
8 and Table 6.

Determination of dissociation constants,
Experiment 1

To a serles of thirty-eight 25 ml, volumetriec flasks
was added 0.85 ml. of the stock dye solution, 20 ml. of
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TABLE 6
STABILITY OF PAN IN 20% DIOXANE

Solution 1 2 3 4
M. 0.10 N HCL ) _

or 0,10 N NaOH &0(HCL) 0.8(801) 2 huon) 15( NaOH)
Measured pH 1.0 12,2
Color yel .-gr. rlllow yollow red

Wavelength, mu k30 ]g.n 4
Time in min, Absorbance Abs ce Abuor ance Absorbance
3 » " - 0.237 >
? 0-237 - 00235 011&5
- - © 0.226 - - -
8 - -, - 0Q179
10 - ' - ' 0.239 -
1l =D - - 0.174%
12 o 0.227 - 0.167
15 0.237 - -
18 - 0 22 - -
24 - - - 0,151
25 00235 o 00239 &
30 " - » 0,143
32 - 0.227 - -
g e = oy 0,135
tg - - - 00125
- 0. 227 - -
2 s - - 0.10
0 - - - 0.09
I 0.237 - - -
- 0.227 0.240 0-694
50 00236 = o -
65 = - - °-°$
u? = £ 0.238 -
11 0.237 - - -
119 - 0.227 - -
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dioxane and varying emounts of 0,10 N HCl, 0,10 N NaCOH,
0.10 N KC1 or buffered solutions. The absorbance
values were obtained at 425 mu every two minutes until
the readings were constant,  All of the solutions were
read ageinst a 20% dioxane in water reference on the.
Beckman Model B Speotrophotometer equipped with 1 em,
eells, The resulting absorbanee, pH values and
composition ¢of the solutions are summarized in Table 7
and Figure 9.

Experiment 2

To the previously deseribed 250 ml. titrating vessel
was added 36 oc. of peroxide-free dioxane, 0.61 grams
of sodium formate, 130 cc. of 0.2 N HOL and 13 ce. of
Hy0, The transmission of the resulting solution was
set at 100% requiring a slit width of 0,56 mm, at
sensitivity setting 2 and a wavelength of 550 millii-
mierons. To this was added 1,00 ml, of the stock
dye in methanol solution,

The pH of the solution was varied by the addition
of a titrent which contained 8 grams of NaOH and 20 ml,
of dioxane per 100 ml, of solution. The pHE values and
- abgerbances were measured throughout the titration and
are summarized in Table & and Figure 10. The above

progedure was repeated, These results are also
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TABLE 7
VARIATION OF ABSORBANCE OF PAN WITH pH
IN 20% DIOXANE; A= 425 mp

fiolution Measured Absorbance ML, 0.10 N HC1 Dilute to
pH or 0,10 N NaOH 25 ml, with
1 0.4 0,397 none 0.18 N HOL
2 0,96 0,389 to vol. {Hc1 e
‘ 1,70 0,352 15 ml, (HC1 0,100 N KC1
2 24 g 0.3 10 ml1, (HC1L 0,100 N KC1
7 2,58 0,298 7 mi, (HC1 0,100 N KC1
8 3,08 0.2 1 ml. (HC1) 0,100 N KC1
9 3.22 0,28 none 0,100 N Kgi
10 3,62 0,28 none 0,10 N
11 3,90 0,280 1 ml, (NaOH) 0,10 N KHP
12 5410 0,280 5 mi, (HC1 0,10 N NaA
1 2,45 0,282 2 ml, (HC1 0.10 N NaAgQ
1 + 10 0,287 none 0.10 NaAC
1 71+25 0,280 2,0 ml, (HCl) phosphate®
1 {+30 0,282 _ none phosphate
18 T'ig 3'5?% 1,0 ml, (Na §§§“§E:§'
o o v 5 8 e
19 ;, 8 0,280 1,8 ml, (NaOH) phosphate
20 ;,98 0,282 2,0 ml, (NaOH) phosphate
21 018 0,282 2.5 ml, (NaOH) phosphate
22 8,48 0.262 .3.0 ml. (NaOH) phosphate
2 8,90 0,282 0,10 ml, (NaOH) 0,100 N KCl
2 9,18 0.223 0,02 ml, (NaOH) 0,100 N KCl
22 9,30 0,2 O.gz ml, (NaOH) 0,100 N KCl
2 10,0 0,265 0,04 ml, (NaOH) 0,100 N KC1
27 10,% 0,262 0,05 ml, (NaO 0,100 N KC1
28 10, 0,258 0,05 ml, (NaCOH) 0,100 N KC1
29 10,3 0,2%& 0,05 ml, (Nao 0,100 N KC1
30 i1, 0,252 0,08 ml, (NaOH) 0,100 N KC1
31 11,5 0,25? 0,10 ml, (NaOH) 0,100 N KC1
32 11,5 0.25 0,15 ml, (NaOH) 0,100 N KC1
32 % 0.252 0.20 ml, (NaOH) 0.100 N KCl
3 12,5 0.229 0.30 ml, (NaOH) 0.100 N KGC1



TABLE 7 (eontinued)

VARIATION OF ABSORBANCE OF PAN WITH pH
IN 20% DIOXANE; ) = 425 mp

ML, 0,10 N HC1 !
Solution Measured Absorbance or 0.10 N NaOH Dilute to

pH 25 ml, with
gg 12, 0,220 1.0 ml, ima} 0.100 N KC1
12, 0,217 1.0 ml, (NaOH) 0.100 N KC1
37 13.2 0.208 none 1 N NaOH
0.187 1 N NaOH

38 13.8 none
a, KHP = 0,05 molar potassium acid pthalate
b, NaAC =0,10 molar sodium acetate

. = 0,025 molar potassi t
e SRS, mgzg.gg5 mo 3:-:1;:: osgﬁ%ﬁ:ﬁ:.
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TABLE 8

VARIATION OF ABSORBANCE OF PAN WITH pH
IN 20% DIOXANE,)= 550 mp

Run #1
pH A pH A pH i

1, 0,02 1,68 0,090 2,12 0,172
1,33 0,03 1,75 0,835 2,26 0,156
1,41 o,oas 1,82 0,110 2,2% 0,198
1.32 0,0 1,83 0,117 2. 0,210
34 0.04 1.91 0.131 2.6 0,222
1.51 o;ogi 1;92 0.137 2. 0.232
1.57 0.0 1.9 0.152 2.77 0.238
1.63 0.076 2,08 0.167 2,85 o.aﬁk
A Abgorbance corrected for dilution

phm

= 1.8
Run #2
pH A pH 2
1,20 0,000 2,03 0,193
1,&; 0,012 2,10 0,217
1 0.02 2,20 0,239
1.4 0,03 2,27 0.257
1.27 0.056 2,42 o.agz
ot - A S
1,82 0,128 2:20 ozgoh
1.88 0.141 2,68 0.314
1.9% 0.170 2.76 0.322

47
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summarized in Table & and Figure 10.

Discussion of Results
It 18 interesting to note the similarities between

the absorption spectra of the dye in 20% dioxane, Figure
7, and the corresponding spectra 1s aqueous media, Figure
4, Again the yellow-green species shows a strong
abgorption band around 425 millimierons. As the pH is
increased from 1.1 to 2.9 there is a deorease in ab-
sorbance with an inorease in pH at this wavelength.

There is also a corresponding inerease in absorbance at
the right of the 457 lsosbestic point as well as an ab-
gorption band at 550 millimiorons, .

The two i1sosbestic points, i.e. 457 and 382 mu,
are formed by the conversion of the HpKE' to HKE (equation
1).

S8ince curves 4,5, and 6 of Figure 7 are identical,
essentially all of the dye is in the neutral, HKE, form
between the pH values of 2.9 and 6.1. o

Curve 7 of Figure 7 was obtained at pH 12.5. This
would represent the KE™ specles.

It has been found that the acld and neutral forms
are quite stable in 20% dioxane, however the negative
speclesis unstable. This prevents the ascumulation of
rellable quantitative data in basiec solutions.



The discussion concerning the three dye speclies
and the determination of pK, 4 and plha has been given
in the preceding section and will not be repeated here.
The variation of pH with absorbance at 425 and 550
millimierons has been studied in order to determine

these constants. The average pK,y of the three values
determined graphieally in Figures 9 and 10 is 1.9 and
Kqq 18 1.26 x 1072,

In addition to the instability of the KE™ speecie
there is another factor which makes it difficult to
obtain an accurate value for Kgzo. When using the glass
and calomel electrodes in basie 20% dloxane solution,
the pH scale must be calibrated (?. P. 2003 and 29,
pp. 451-455). The approximate p!nglas determined from
Figure 9 1s 12.2, corresponding to a value for Kgo of
6.3 x 10'13. but further work must be performed in this
range in order to obtain a more exaect value,

In addition to the two inflection points determined
on Figure 9, the possibility of a third one at pH 8 cannot
be ignored. Further work must be done in this pH reglon

before any definite conclusions can be drawn. All of
the work in the following portions of this thesis has
been done below pH 6 in order to avoid this region.
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CHAPTER IV

PROPERTIES OF THE Cu ( II)-PAN CHELATE

When Cu (II) is added to a solution of PAN in 20%
dioxane, the light yellow color of the dye changes to
a deep red due to the formation of the copper-PAN
chelate, This color appears violet in very dilute

solutions, The reaction is postulated as follows

(9' p. 782 md 18. p. 18). = _1 -+
eutt —> +
HKE + Ou'* <= OukE®™+ H' (3)

It is the purpose of this investigation to verify
the formation of a 1 to 1 Cu-PAN chelate in aqueous and
20% dloxane solutions and to determine the equilibrium

constant for reaction 3.

Reagents and Equipment

andard Cu (II) solution

This solution was prepared by digsolving 1.6143
grang of electrolytic copper in 25 ml, of 1-3 nitrie
acid, The solution was then boiled for 20 minutes to
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eliminate oxides of nitrogen, cooled, and diluted to

500 ml, with distilled HpO. This copper solution was
gtandardized against ﬁqth gsodium thiosulfate and
potassium ferrocyanide. An aliquot wag diluted to form
a 3,00 x 1072 M stock Cu (II) solution.

Buffer solution, , :

Solution A, Sodium formate {6,801 grams) and 10.11
grams of I$q3 were dissolved and diluted to 2 liters
with water. :

_ Bolution B, Potassium nitrate (10.11 grams) and
16,6 ml. of 6 N HNO3 were dissolved and diluted to 1
liter with water. . '

The constant ionic strength (0.10 in Hy0 and 0,08
in 20% dloxane) buffer solution was prepsred by adding
14 ee. of B to 1 liter of A,

All other reagents and equipment have been previously

deseribed,

Procedure

Determination of absorption spectra.
The absorption spectra for the copper chelate shown

in Figure 11 were obtained through the use of the Beckman
DK~-2 Recording Spectrophotometer. . .

For each chelate spectrum, curves 1-5, 5.00 ml,
of dioxane, 0,30 ml., of the standard copper solution and
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0.15, 0.30, 0.45, 0.60, or 0,75 ml, of the stock dye in
aleohol solutions were added to each of the respective
flasks, Curve 6, the spectra of 0.60 ml. of the dye
was prepared in exactly the same manner except the
copper was omitted, These 6 solutions were then diluted
to volume with the sodium formate buffer and the spectra
were obtalned. A
Job's method in 20% dioxane at pH of 5.0,

To each of a series of ten 25 ml. volumetric flasks

was added 5 ml, of the dloxane and varylng volumes of the
stock. dye and copper solutions, They were all diluted to
the mark with the sodium formate buffer and the absorbance
values at 550 mp were ohtnngd on tl}e Beckman Model B

Spectrophotometer using 1 em. cells, The data is
summarized in Table 9 and Figure 12.

Job's method in water at pH of 3.0,
To each of a series of twenty-one 100 ml, flasks,

wag added 20 ml, of the dioxane and varying volumes of
the stogck dye solution, copper sclution, and methyl
aleohol. These flasks were then diluted to the mark
with the sodium formate buffer and the absorbance values
at 550 mpu were obtained through the use of the 5 em.
cells and the Model B spectrophotometer,. These results
are summarized in Table 10 and Figure 13,
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TABLE 9

ABSORBANCE VS, Cu(II) AND PAN VARIATION IN
20% DIOXANE; pH = 5.0
++

. . Cu
Solution ml., CuIl ml. PAN A at 550 mp A Ou'’+ PAN

1 '. o,oo 'o.fg.; 0,047 0,000 0,00
2 . 0,04 0. 0,128 .08 . O3
oo om o om am om
PoBE ok SE fa on
7 ok o0i3h 01509 0'29» - S
& 0,28 0,16 0.207 0,197 0e78
9 0.3 0.08 0.103 0.097 0.89
10 0. om - 0.000 1.m

A = 550 mu, Total volume = 25 ml, 1 om. cells.
A = Absorbance corrected for line of no reaction
PAN =1,50 x 10~ molar before dilution.

Cu"= 3,00 x 10”7 molar before dilution

sodium formate buffer
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TABLE 10

ABSORBANCE VS. Cu( II) AND PAN VARIATION

=3.0

IN WATER; pH

r*
Cu**+ PAN

A

A at
550

ml,

Solution ml,.Cu(II) ml,PAN MeOH

™

L S N T -

L SR I -

SRRWILROGARNLARII IS

."'."."I\'"""’”.I

HOO0OO0C00O0OO0O0OOCO000O0O000O0000

COAHAMAMCO0

o O~V OO MM~
2ERIRACAIRE TR ELRARE
000000001 A~~~ 00000

39828299983828R9R893

M AA~AAAOOCOO0C0O000

8RRRIRABRIJEIRAZABRIR

."'.'t"..".".".‘..

Q00000000 MHHArHArMAAHAAN

SRRVIRE

RRAFTARLRAZES

L S S T B B R I L L L

HOCOCOCOOO00000O0000O000

1,50 x 10™2 molar before dilution

cu'* — 3,00 x 10”7 molar before dilution

PAN

sodium formate buffer, 5 cm, ¢ells.

Total volume

absorbance corrected for line of no reaction
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Job's method in water at pH of 6,0 end pH of £,25.
_ These two runs were made similar to the preceding

one. The resulte are summarized in Tables 11 and 12

respectively.

Stability of the copper chelate,
Solutions number 5 of Table 9 and number 12 of

Table 10 were used for stability measurements, The
absorbances were obtained every 2 hours for the first
12 hours and at longer intervals thereafter. It was
found that both solutions were stable for at least 5
days. No maximum time limit has been obtained on the
stability of the copper chelate.

trophotometri tion o I
1) pH 3.0 in water. . .

To the 250 ml, titrating beaker was added 0.50 ml,
of the stoeck oopper solution and 200 ml. of the sodium
formate buffer. The transmission at 550 millimierons
was then set at 100% at sensitivity setting of 1,
requiring a slit yidth of 0.57 on the Beckman Model B
spectrophotometer, The absorbance values obtained upon
the addition of inerement portions of the stock dye in
methanol solution are shown in Table 13 and Figure 14,
The absorbance values have not been corrected for

dilution. This 1s not necessary since even at the



TABLE 11

ABSORPTION VS. Cu(IX) AND PAN VARIATION

IN WATER; pH= 6.0

cu*’
Cu** + PAN

A

L I B L R

.. >

Solution ml.Cu(II) ml.PAN MeOH %sio

-«
o
gutspamsggune
80121” A 196
~

0000

3832823388288

I B I B R .

21111111000 0
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00000001111112

SBREZINRPLRAR IS
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10%00000000000

laizzgmu l.ﬁ—.

Sodium acetate buffer

5 om, cells,

A

Absorbance corrected for line of no reaction

1,50 x 10'3 molar before dilution, total veol. = 100

Cu' = 3.00 x 10”7 molar before dilution

PAN



TABLE 12

ABSORBANCE VS, Cu(II) AND PAN VARIATION
IN WATER, pH = 8.25

cuf'f
X ' M, Aat _ L S —
Solution ml.Cu(II) ml,PAN MeOH 550 A Gu” + PAN
ma
1 1,00 0,00 2;00 0,000 0,00 1,00
2 0,90 0,20 1,80 o,gg 0,20 0,90
g o.gg O 1,50 O, 0,47 -o,g
¢ Tee T 133 OM3 @
2 oi@ 1,20 0.80 1.261 1,00 .olﬁg
l o.g 1.0 0,60 1,176 0O, -o,g
O, 1,60 0,140 0.9 0.62 O,
9 0.10 1.8 0.20 O. 150' 0.36 0,10
10 0.00 2,00 0.00 }o‘ 0.00 0,00

A= 550; pH = 8.25, 5 om, eells a, oolloldal
A = eorrected for line of no reaction, phosphate buffer
PAN = 1,50 x 10~7 molar before dilution :
1,00 x 10°3 molar before dilution, total vol.
=100 ml.

%
il



TABLE 13

SPECTROPHOTOMETRIC TITRATION OF Cu(II)
WITH PAN IN Hy0, pH = 3.0

E

Abs ce ml, PAN Ab

0,000 1,10 0.9
0.094 11m 0!9
0,188 1, 198%

orhkT ' %'28 | 105
| 1.70 1.148
68

88EIBEELBES
o090
BRE
&
r

HOOOODOOOOOO
*® # 9 4 4 4 4 4 M. & 9

0.837 . 2,10 . 1.19%

) = 550, Sodium formate buffer
a., preecipitate

62
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end of the titration there would only be a 1% correction.
2) pH 8,25 in water.

The above procedure was repeated except that a
phosphate buffer, pH 8.25, was substituted for the
gsodium formate buffer used in the preceding run. These
results are summarized in Table 14 and Figure 15.

3) pH 5.0 in 20% dioxane. -

The titrating cell contained 143 co. of the sodium
formate buffer, 36 ce, of dloxane and 0.5 ce. of the
standard copper solution at the start of the run, This
was titrated with the stock dye in methanol solution.
ag previously deseribed. The results are shown in Pigure

16 and Table 15. This procedure was used to standardize
the dye in methanol.

After the commerecial dye hbecame avallable an
estimate of the purity of it was made, An insufficient

number of points were obtained for a very accurate

value but it was found to be between 92 and.95% puro.-
The author's dye was found to be 87,.7% pure.

Variastion of absorbance of the copper chelate with pH.,
To each og & series of 25 ml, ?nlunotrlo flasks

wag added 5 ml, of dloxane, 0.40 ml, of the previously
standardized dye solutions, 0.22 ml, of the standard
Cu (II) solution and varying amounts of 0.10 N nitrie



SPECTROPHOTOMETRIC TITRATION OF Cu(II)

TABLE 14

WITH PAN IN Hy0, pH = 8.25

Absorbance ml.PAN Absorbance ml.PAN Absorbance

0.00 0,000 0,24 0,511 1,06 0,990
0.10 0,095 0.62 O, i.12 1,01
0,1% 0.13 0.71 0.675 1,18 1,05
0,20 0.1 0. 7% O, 1,& 1,
ol ok S SdB D@ I
O, O, * L L] L]
043 0,337 0,94 0.8 2 1,& 1,26
0,38 0'3@ 0,96 O« 1.80 1,328
0. 0.lo8 0.98 0.919 1.90 P
0,50 0.480 1.00 0.940 2.00 B

A = 550, phosphate buffer

precipltate



ABSORBANCE

I [ [ a1
o
1.2—
1.0—
Theoretical
" End Point
0.84—
oe—
0.44—
@ Precipitate
0.2}—
00 05 1.0 1.5 20
ML. OF PAN
A=550, pH = 8.25, solvent — woter

Figure |IS5. Spectrophotometric Titration of Cu (II)
with PAN



67
TABLE 15

SPECTROPHOTOMETRIC TITRATION OF Ou(II)
WITH PAN IN 20% DIOXANE, pH = 5.0

ml,PAN Absorbance ml.PAN Absorbance ml,PAN Absorbance

0,00 'o,ooo 0.60 0,64 1,20 1,232
TENEEE
o:15 o:?zz ol 5% nse e
0.'& 0.220 0.50 1,

i% % 4 M IR L
8 o B i i b
3 B 2 HE 2 8
0.55 o:?é’? 1.15 1.212 2.30 1:§§§

A= 550, sodium formate buffer




ABSORBANCE
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acid, The flasks were then diluted to the mark with .
0.10 N potassium nitrate in order to maintain the ionie
strength at 0,08, The absorbance and pH values were
obtalned, the data being summarized in Table 16 and
Figure 17.

The absorbance values of dye alone, with no copper

added, obtained in a llke manner are also shown in Figure
17.

Discussion of Results

With respect to Figure IL it is seen that at 550
ﬁm the copper chelate has a strong absorbance while
that of the dye alone 1s very small, The free dye at
this pH has its maximum absorbence at 470 mu, Curve 1
is essentially the chelate curve since excess Cu (II)
exists in solution and most of the dye is complexed.,

The 550 mu absorption peaks for curves 3, 4, and
5 are nearly the same since in these caseg most of the
copper is complexed with the excess dye and further
addition of dye would form no additional chelate, The
peaks of these curves are not ldentiecal, of course,
because of the small contributions of the free dye.
At 470 mu for these latter curves, the absorbance in-

oreases markedly because of the increase in concentrations
of free dye. From an examination of Figure 11, it seems
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TABLE 16

VARIATION OF ABSORBANCE OF
COPPER CHELATE WITH pH

Solution M., HHOJ Absorbance pH K X 107
1 15.0 0,181 1,32 .0
> 1?.& 0,202 1:%3 2:9
g 12,0 0220 e 4,0
11,0 042 1y ; 31’6
2 ]-O'O 0,' 1"14‘ '2
91‘0 0‘2 1' ;’
7 8!'0 09'22 1!‘ 3 9“7
8 ?'g g" 6 i' 2 é"g
1 %o o:%;g v 7
1l 340 Oo‘ul‘-é 2,01 Te7
12 2,0 0. 2,20 9.0
1 1,0 0,47 2,48 3.5
AR
1 0.28 0.49 a.ﬂs "
Total Cu’® = 2,62 x 102 Molar  Mean 6,4 x 103
Total PAN = 2,11 x 10~ Molar Avg. Dev. 1.7 x 103
moj - - 0.10 Normal

a 0.10 Normal NaOH



ABSORBANCE OF COPPER CHELATE
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likely that the Cu-PAN chelate forms in a 1 to 1 ratilo,

This has been verified through Job's method of
continuous variation in aqueous buffered solutions at
pH of 3.0, (Flgure 13 and Table 10), as well as at pH
of 6.0 and 8,25 (Tables 11 and 12), In addition it was
found that similar results were obtained by this method
in 20% dioxane at a pH of 5.0 (Figure 12 and Table 9).
The presence of a 1 to 1 copper chelate in the agueous
and dioxane solutions has been further verified by the
spectrophotometric titrations which are summarized in
Tables 13, 14 and 15 and Figures 14, 15 and 16.

Liu (18, p. 19) has also found that Cu (II) forms
a 1l to 1 chelate with the dye in 95% alcohol.

Nelther the PAN prepared in this laboratory nor that

obtained commereclally are pure. The spectrophotometrie
titration in 20% dioxane at pH 5.0 was chosen as a

standardization procedure, _Thc dye and the copper chelate

are both soluble and stable in this solvent at this pH.

Furthermore the hydrogen ion concentration is low enough

go that the formation of the copper chelate is essentially

complete.
HKE + Ou*™ <— Cukg*+ H* (3)

That this is the case may be seen by examining Figure 16,

The sharp rige in absorbance at 550 mu in the spectro-
photometric titration is due to the formation of the
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highly colored copper chelate, while the sharp end point

indicates that reaction 3 1is predominately to the right,
The slight rise in absorbance after the end point is
due to the excess of dye being added. This also has a
a very slight absorbance at 550 mu.

If the dye were pure, the PAN concentration in the
stock solution would be 1.50 x 10”7 molar and the end
point of the titration would correspond to the addition
of 1.00 ml, of dye. It is seen from the figure that the
actual end point is reached when 1,14 ml, of dye is
added, The purity of the dye therefore is 87,.7%. All
dye concentrations except for Job's method have been
corrected on this basis. 8Similar results were obtained
with the commerical sample of dye.

In order to calculate Ky for reaction (3) it is
necessary to obtain the concentrations of Cu*’, HKE,
CukE™ and HY,

With reference to Figure 17 and Table 16, all of
the copper 1s present either as free Cu’’ or GukE~’,
Therefore it may be sald that

[%cg.l] = fou*] + [oukE’] , (%)

Because pK,o 1s approximately 12,2 and the
experiments are being conducted at pH values below
4,2, 1t may be assumed that
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[Pagggqy] = [ouke ]+ [ime] +[HpxE’]  (5)

For solutions 15 and 16, Table 16, the absorbance
is due almost entirely to the CukKE™ gpecies at a concen-
tration of 2,11 x 105 molar, This absorbance of
0.497 was also obtained at a pH of 2.2, with the same
concentration of dye as previously used and a thousand-
fold excess of copper. The molar absorbancy index of
the copper chelate caloulated from this data is
2.4 x 10%%, .

Since the unchelated PAN, 1.e, HKE and HpKE®,
also make a slight contribution to the total absorbance
at 550 mu, the absorbances of a series of dye solutions
has also been determined at various pH values and are
plotted in Pigure 17.

Using the known absorbance of the copper chelate
and the absorbance of the dye alone, the contribution
of the chelate and of the free dye to the total
absorbance may be calculated. From this may be cal-
oulated the [CuKE'] and also the sum of [HoKE'] and

[mxe] .

Using equations (4) and (5) and the known Kay from

equation (1), Ky for reaction (3) may be computed. The
results are summarized in Table 16, The mean value of

13 determinations for K, is 6.4 x 107 with an average



deviation of 1.7 x 103,
The stabillty constant, Ky, for the reaction
cu’+ KB & OukE (6)
is represented by the expression

+

= &
"" aumff X

and may be obtained by dividing Ky by Kap. Beeause of
the uncertainty in the determination of Kap only an
approximate value for Ky of 1026 nas been obtained,

This indicates that the copper chelate is very stable,

but not as stable as the comparable eopper-versene complex
which hes a stability constant 2,0 x 1018 (19, p. 538).
This is one reason that the Cu~PAN indicator may be

successfully used in complexometric titrations of metals
with versene (8, 9, pp. 782-784; 10, 11, 12 and 13).
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CHAPTER V

PROPERTIES OF THE Ni (II)-PAN CHELATE

Upon the addition of Ni (II) to a solution of
PAN in 20% dioxane the light yellow color of the dye
glowly changes to red due to the formation of the
nickel~-PAN chelate. It was felt that perhaps the ex-
perimental methods employed in the study of the copper
compound could also be used with the nickel chelate,

Reagents and Equipment
Stan Ni (II) solution

Baker's analyzed Ni (!03)2 was used to prepare a
0.10 molar Ni (II) solution., This in turn was diluted

to form a 1.53 x 1077 molar solution. Another dilution
was made to give a 2,63 x 10™* molar standard nickel
solution, The two weaker solutions were standardized
with KON by the procedure of Soine and Freund (24),
Standard dye solutions, _

Dye solutions of 1.26 x 10~3 and 2.63 x 10™'
molar were prepared and standardized with Cu (II) in

20% dloxane by the nreviously deseribed procedure.

Procedure
Determination of the sbsorption gpecotra.

Curves 1 to 4 of Pigure 18 were obtained from a



ABSORBANCE

7

1.4
[ | l | | |
PAN /ni++
. 0.55
2. 0.82
12— 3 1.10
a .37
5. 0.12 ml PAN,
no Ni**
1.0}—
4
3
08— 2
0.6}— '
aar—
02}—
oL 1 | | |
400 500 600
WAVELENGTH IN MILLIMICRONS
u= 0.08, Scm. cell, pH = 5.4

Figure

Absorption Spectra of Nickel Chelate
20% Dioxane



78
geries of solutiong containing nickel and dye. For each
of these eurves, 5.00 ml. of dioxane, 0.30 ml, of the
1,53 x 1073 molar nickel solution and 0.20, 0.30, 0.40

or 0,50 ml, of 1,26 x 1073 molar stock dye solution
were mixed, Sufficlent volume of the sodium formate
buffer solutions were used to bring the total volume
to 25,00 ml, The ﬁaasurod pH of the resulting solutions
was 5.4 and the lonic strength was 0.08., After allowing
the solutions to stand for 25 minutes after mixing the
absorption spectra were obtained with the Beckman DE-2
Recording spectrophotometer and 5 em. cells. The
reference solution eontained the buffer, dloxane, and
nickel.

Gurve 5 is the absorption spectra of a golut19n

prepared in the same menner but eontaining 0,12 ml, of
dye and no nickel., Thls was obtalned for comparison

purposes.

Yariation of absorb £ el chelat th &
To a 25 ml., volumetric flask was added 5 ml, of

the dloxane, C.48 ml, and 0,42 ml., of the 2.63 x 10~%
molar nickel and dye solutions respectively. The flasks

were then diluted to volume with the sodium formate
buffer and the absorbance values obtained on the Begkman
Model B Spectrophotometer with 5 em., cells, the reference
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solution being the buffer, nickel, and dioxane., The

results are glven in Table 17.

Determination of molar absorbancy index of the nickel

chelate,
To each of three 100 ml, volumetric flasks was

added 20 ml. of dioxane followed by 0.10, 0.20 and

0.30 m1., of 2.63 x 10™% molar dye respectively, and 1
ml, of 0.1 N Ni(NO3)2. The solutions were then diluted
to volume with the sodium formate buffer and the
absorbances were obtained in 5 minutes on the Model B
with 5 em, cells,

The three values, 0.140, 0.282 and 0.419,
corresponding to0 1.26 x 10‘6, 2.52 x 1076 ana 3.78 x
10~% molar nickel chelate concentrations were used to
calculate the molar absorbancy index for the nickel
chelate, The average value, based upon a 1-1 nickel-
PAN chelate and the above dye concentrations was found

to be 2.2 x 10%.

4) Job's method of continuous variation.

To each of a series of 25 ml, volumetric flasks
was added 5.00 ml, of dioxane and varying amounts of
2.63 x 10”4 molar dye and nickel solutions, at all
times maintaining the sum of the dye and nickel conecen-
trations constant. The resulting absorbance values were

obtained with 5 em. cells.



TABLE 17

VARIATION OF ABSORBANCE OF NICKEL
CHELATE WITH TIME

Time in Absorbance
minutes at 550 mu
9 0.
11 : O
19 09%
20 0.29
% 01313
2 B
Wl 0.295



8l
S8ince the absorbance changes with time, 1t was read
every three minutes, The maximum absorbances obtained
are shown in Table 18 and after being corrected for the

line of no reaction are plotted in Figure 19 against
the molar ratio of

V
NLYT +  PAN,

Determination of the dissociation constant of the nickel
ﬂluﬁe °
To a series of four 100 ml., volumetric flasks was

added 0.30 of the 1.53 x 10”7 molar nickel nitrate, 0.30
ml, of previously standardlzed 1.26 x 10”3 molar dye

solutions, 20 ml, of dioxane and varying amounte of a
solution which was 0.2 M HNO; and 0,1 M KNO;. The
solutions were then diluted %o volume with the sodium
formate buffer. The ionic strength was maintained at
0.08, The maximum absorbance values obtained and pH
readings are shown in Table 19 along with the caloulated
values for the dlssociation constant of the nickel
chelate.

To another series of four 100 ml., volumetric flasks
was added the 20 ml., of dloxane and varying amounts of
the same nickel and dye solutions. These were also
diluted to volume with the sodium formate buffer
maintaining the pH and the ioniec strength constant at



TABLE 18

ABSORBANCE V8. NA(II) AND PAN VARIATION
IN 20% DIOXANE, pH = 5.5

Lad

Solution ml.Ni(II) ml,PAN A A  Ni¥ +PAN
1 0,00 0,90 0,12% 0,000 0,000
2 0,06 0.84% 0,18% 0,070 0,066
z 0,12 0,78 0,284 0,167 0,133

0,18 0,72 0.228 0,190 0,
2 0,24 0,66 0,3 0.220 0
0, 0,60 o0, 0,22 o,ggg

7 o' OQE: 09 0923 L ]
8 0. 0, O, 0.23 0,46
9 0,48 o.42 o, 0,2 0.933
10 0' 0'36 0,271 °Q2 0‘
11 0, o,ga 0,232 0,187 0.66
12 0,66 0. 0,215 0,182 0,73
1 0,72 0,18 0, 2 °'{ﬂ .&o
1 0.78 0.12 o%ge O, 0,867
12 0.84% 0,06 0. 0.035 0.933
1 0.90 0.00 0,000 0.00 -

PAN = 2,63 x 10% molar before dilution

A = 5% m ;

M = 2.63 x 10°% molar before dilution 5 em. oell

ionie strength = 0,08 .
total volume = 25 ml.,
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Figure 19. Absorbance Vs. Variation of Ni(II) and PAN
in 20% Dioxane



TABLE 19

VARIATION OF ABSORBANCE OF
NICKEL~-PAN SOLUTIONS

ml,
PAN

Solution  pH Absorbance
No. at 550 mu Ni(II) K
1 5.110 0,2 o,Jo 0,30 ' 1,28
2 .18 o a 0,30 0,30 ° 1.98
g 06 0,30 0,30 ' 2,05
94 .217 0,30 o.& © o248
Z 5.% 2 Oog% O, T 0491
. i-’ Q¢ 0,50 1,00
Z .g 0.30 o.zg " 1.00
. 0.30 0. © 1400

Total volumée = 100 ml,

NL* = 1,53 x 103 molar before dilution
PAN = 1.29 x 1077 molar before dilution

ixg’/ I m"l
[w"]  [HxE ]



5.39 and 0,08 respectively. These results are also

summarized in Table 19.

Discussion of Results

Since the nickel is in excess and most of the dye
is complexed, Curve 1 of Figure 18 1is essentially that
of the nickel chelate. Thls chelate has strong absorption
bands at 410, 510 and 550 mn,

Solutions 1, 2, and 3 show an increase in absorbance
because the amount of dye added is inoreased followed by
a subsequent increase in nickel chelate concentration,
However, with respect to solutions 3 and 4 there is only
a slight difference in absorbance at 550 mu. There 18
a strong increase at both 410 and 510 mu because the
free dye has an appreciable absorbance at both of these

wavelengths, An examination of Figure 18 seems to
indicate that nickel and PAN combines in a l-1 ratio.

Job's method of continuous variation shown in
Figure 19 and Table 18 verifies the formation of a l
to 1 nickel-PAN chelate., The faet that this ocurve is
rounded at the top, instead of being a sharp peak,
indicates considerable dissociation of the nickel complex
at pH 5.5. It should be pointed out that Liu (18,
P. 21) found the nickel-PAN ratio 4in 95% aloohol to be



0.31 to 0,69, She has also found that a 1-1 nickel-
PAN ratio existed when the solld nitrate complex was
precipitated, The possibility of a 1-2 complex or even
a mixture of 1-1 and 1-2 complexes cannot be dismissed.

Although the nickel compound requires a higher
pH for formation than does the corresponding copper
chelate, it was felt that perhaps the constant for
equation 7 might be determined by the same procedure

MY + mE & MEE*+ HY (n
as previously used, When the dye and nlckel are in
approximately equal molar amounts the chelate will not
form to any extent below pH 4.5. On the other hand 1t
is very desirable to perform the work below pH & until
more is understood about the dye in this region.

It is interesting to note in Table 19 that the
values obtained for equation 7 are constant, within
experimental error, with constant pH but with a variation
of nickel and dye congentrations. On the other hand
those obtained at oén.tant dye and nickel concentrations
but varying pH show an inorease in XK with a decrease
in pH, Further work must be performed before any
definite conclusions can be made regarding the composition
of the nickesl chelate or the equilibrium constant for
equation 7.
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CHAPTER VI

COLORIMETRIC PALLADIUM

Cheng and Bray (9, p. 782) observed that all of
the common metal ions, with the exeeption of P4 (II)
and Co (III) form a red complex with PAN, these two
being green, Singe they also found that rhodium,
iridium and osmium gave no detectable precipitate or
coloration upon the addition of PAN it was felt by
the author that perhaps a colorimetric procedure for
Pd (II), in the presence of the other Group (VIII)
precious metals could be developed,

Reagents and Equipment

Standard metal solutions,
Dry PaCl, {(0.416 g.) obtained from Fisher Sclentific

Company was dissolved in 12 N HCL and brought to volume
in a 250 ml, flask to give a Pd (II) solution which was
9.35 x 1077 molar (10007/ml.) in P4 (II).

mtn:,. RhCl, (dry) and Irdl; were all obtained from
Fisher Scientific Company. Solutions containing 10007
ml, of Ru (III), Rh (II), and Ir(III) were prepared by
placing 103.0 mg., 102.5 mg, and 73,0 mg. of the
respective chlorides in 50 ml, volumetric flasks and
diluting to volume with water, A solution containing
10007/ ml, of Os (III) was prepared by dissolving 150.9 mg.
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of potassium osmium ehloride, 2(95013-3K01)-6320. in
50 ml, of water. This solld reagent was obtalned from
the American Platinum Works, Newark, New Jersey.

A 5% platinum chloride solution, PtCly, was obtained
from the General Chemical Company, New York, New York,
Thie solution was dlluted 1-10 %o yield a solution which
was 2,9 x 10777 ml, in Pt (IV).

Q.1 dye solution,

The 0.1% dye in methanol solution was prepared from
the author's dye and redistllled methanol,

Solvents,
All of the extracting solvents of Tables 20 were

commsreial grade and were used without further
purification,

Soectrophotometer,
The Begkman Model D~U Spectrophotometer was used

for all of the experiments in this chapter. Matched
1 om, silica cells were used below 320 mu and matched

1 om, Pyrex cells in the visible region.

Procedure

Choice of extracting solvent,
It is necessary in choosing an organiec extracting

solvent to consider the solubility of the dye and chelate
in 1t as well as the resulting molar absorbancy index
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of the chelate, In order to obtain some qualitative
data the following preliminary experiment was performed.,

To each of ten 6 inch test tubes was added 10 ml,
of H,0, 0.14 ml, of the stook palladium solution (5.6Y .
of Pd) and 1 ml, of the 0.1% dye in methanol solution.
The solutions in the tubes were then mixed and allowed
%o stand for 1 hour, To each was added 10 ml, of one
of the more common organic extracting solvents, The
tést tubes were shaken vigorously, allowed to stand 15
minutes, aﬁa the relative depth of colors and solubilities
in the aqueous as well as organic layers was observed.
The results are summarized in Table 20.

Of the ten solvents used, chloroform was chosen
for future experiments, It not only exhibited the
deepest green color in the organic phase but the
resulting aqueous phase was colorless. In addition it
was found that the chelate was more soluble in chloroform
than in any of the other solvents.

i ctra o ium ghelate PAN,

Three solutions were prepared as follows, To one
60 ml. geparatory funnel was added 10 ml. of Hy0 and
0.20 ml, of the 10007/ ml. P4 (II) solution. After
mixing the above reagents, 0.15 ml, of the 0,1% dye
golution was added. The funnel was shaken, heated
at 80 ¥ 2°¢. for 10 minutes and extracted with two 10 ml,
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TABLE 20

CHOICE OF EXTRACTING SOLVENT FOR
PALLADIUM CHELATE

color of ®- color of 8« Amount of P.

Solvent aqueous phase organiec phase ppt.present
xylene

1 2 & 2
benzene z g 2
carbon tetrachloride
chloroform 1 10 1
isocamyl alecochol l ? l
diethyl ether
ecydlohexane 8 2 8
me eyclohexane 9 1 9
toluene g 6 5
n-amyl acetate 1 3 10

a, The depth of the green color was estimated and scaled
- 1-10, 1 being the lightest green and 10 the darkest.

b. 1 eorresponds to the least amount of preeipitate or soum
at the interface; 10 corresponds to the most.



portions of ghloroform. The chloroform extrasct was run
into & 25 ml. volumetrie flask and enough chloroform was
added to bring the solution in the flask to volume.

To the flask was added 0.3 grams of anhydrous Nao SO0y
for dryiné and the absorption spectrum was obtained
against a chloroform blank, The measured pH of the
aqueous phase was 0.8,

An absorption spectrum of the dye aolutiog at the
same pH was obtained in a like manner., The same
procedure was used except 0,20 ml. of 12 N HCl was
substituted for the 0.20 ml., of palladium solution,

The absorption spectrum of the dye solution at
oH 10,1 was obtained in a like manner. In this case
10 ml, of 0.1 N NaOH was used instead of water, 0.15 ml,
of the dye solution and no HUlL or palladium solutions
were added., All of the obtained absorption gpectra
and data are shown in Figure 20 and Table 21,

No absorption curve for the palladium chelate in
basic solution has been obtained but it was observed
that the chelate does form in basic golution and is
also green in the chloroform extraet,

Order of addition of reagenta, .
To a 60 ml, separatory funnel was added 10 ml., of

HoO and 0,10 ml, of the stock Fd (II) solution., These
were mixed thoroughly and fellowed immediately with
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TABLE 21
ABSORPTION SPECTRA OF PALLADIUM CHELATE AND PAN

Wavelength 811% in A A A
in mp

mm #1 #2 #3
20 0. 0,012 0,010 0.000
! o,g‘& : :

0,020 0,012 9,000

0 .
igo - 0,052 0,012 .022
0 0.047 0,0 0. 0,010
2&0 - 0,242 0,00 0,003
673 0.053 44 o 00 8'882

. . L] L]

é& — O,m O,mz D,OOZ
& P o 0,007 01007
0.065 0,1 0.00 0,008

&6

620 0.075 0,260 0,021 0,015
633 & 01233  0l017 olo1%
-y L] eV
600 0.087 017k 0,013 0,01
590 0.030 0.1 0,017 0,02
580 . 0.157 0,016 o0,
570 . 0,137 0,017 0,053
" 0,117 0.020 0,092
" 0, 0,023 0,097
" 0,08 0,01 0,077
5§ " 0,077 0,0 0,0
5 " 0,0 O, 0,128
510 " 0,0 0,127 0,182
. 0,070 0,22 0,276
“g : g.?g? g.agg 0,332
. . ® 0.
470 " o.zzz 0, }a 032%
0 . 0.232 0, 0, g
tgg " 0,232 o,go Oe
. 0,223 O, 0,282
k30 R o..'e?F 0.253 0,275
420 " 0,23 o,g& 0,263
4o 0,038 0,196 0,218 o,gﬂ
400 - 0.152 0,196 0.2
390 0.088 0.138 0,173 0.191



TABLE 21 (continued)

ABSORPTION SPECTRA OF PALLADIUM GHELATE AND PAN

Wavelength S81it in A A A
ian mp mm #1 #2 #3
- 0.124% 0,147 0.1

g}ﬁ - 0,%22 0,11.1 0’12%

0.12 Ge 0,082 0,090

:;a 0,10 C.17 0,083 0,098

0,17 C.17 0,090 0,087

30 0,22 Cel o.oat';)L 0,117

20 0.42 0.2 0,1 o,;;g
30 0.52 G.32 0,22 0.18
305 - Ce23 0,22 Oellh
‘302 - Goly 0.22 0,11
. o.z& G.l3 0.227 0.08

290 : 1. ©0.000 0.220 0.0C0

1 Palladium chelate at pH = 0.8

2 PAN at pH = 0,8

3 PAN at pH = 10.1

All absorpﬁon spoafra are for chloroform extracts.
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5 ml, of the 0,1% PAN solution. The chelate was extracted
in 5 min. with two 10 ml, portions of cm13 and the
extracts were combined in a 25 ml. volumetric flask.
The solution was then diluted to the mark with 01!313.
Anhydrous NapS0y (0.3 g.) was added, the solutions were
mixed thoroughly and the absorbances were obtained.

Another sample of the palladium chelate was obtained
in exactly the same manner except that the dye was added
before the palladium. The third procedure was the same
as the first two except that the order of addition was
H20, Pd, CHC13, and the dye. A blank was prepared by
adding to a 60 ml. separatory funnel, 10 ml. of HpO0, 0.10
ml, of 12 N HC1, 5 ml, of the 0.1% PAN solution, the rest
of the procedure being the same as in the preceding ex-
periment.

The absorbance readings obtained at 675 mu when the
order of addition was HpO, Pd, PAN, CHCl3 was 0.455,

When the order of addition was Hp0, PAN, Pd, CHCl3 an
absorbance of 0.226 was obtained and when the order was
H,0, Pd, CHC1l3, PAN the absorbance was 0,125,

It is not surprising that a very low absorbance
value was obtained when the order of addition was H20,
Pd, CHCl3 and PAN. Both PAN and the metal chelate are
soluble in chloroform. The PAN was extracted by the
chloroform before it had reacted with Pd to form
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the chelate. The author has no reason for the higher
absorbance value which was obtained when the order of
addition was HpO, Pd, PAN, 0H013 in contrast to Hy0,

PAN, P4 and CHC1j. |
In the following work, the order of addition was
HpO, Pd, PAN and CHOl,
Cholce of extraction procedures,
In order to find out if there was any practical

advantage to be gained from using two 10 ml. portions
of the extracting solvent in contrast to one 20 ml.

or one 15 ml, portion, the following three procedures
were run, . : .

Ten ml., of HpO, 0.18 ml. of the standard palladium
solution and 0,02 ml. of concentrated HCl were added to
each of three 60 ml. separatory funnels and thoroughly
mixed, Exactly 5,0 ml, of the 0,1% PAN solution was
added to these three funnels plus a fourth containing
everything except the palladium, After thorough mixing
they were all allowed to stand for exactly 1 hour., The
solution in the first funnel was extracted with two
10 ml, portions of ch15. that in the second with one
15 ml, portion and the one in the third with one 20 ml,
portion. The total shaking time, using a mechanical
shaker, was in all cases 6 minutes. In the firet case,

each of the 10 ml, extractions were shaken for 3 minutes
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whereas the one 15 . and one 20 ml. portions were shaken
for 6 minutee each. The chloroform extracts in all three

funnels, in addition to the blank, were brought to volume
with the solvent in a 25 ml, volumetric flask and dried
with 0.3 g. anhydrous Nay80y. Upon reading the absorbance
against the blank at 620 mu, it was found that the two
10 ml. CHOlz, one 15 ml, OHClz and one 20 ml. 53013
procedure ylelded absorbance values of 0.858, 0.800, and
0,842 respectively. |

To each of the remaining aqueous solutions was
added 20 ml. of chloroform. These were shaken vigorously
for 3 minutes, separated, brought to volume in 25 ml,
flasks, dried with anhydrous NapSOy and the absorbance
values at 620 gp were obtained. The same blank as

that used in the preceding part was also used here. It
was found that there was the least amount of chelate

remaining in the solution which had been extracted with
the two 10 ml., portions, in fact, no absorbance could bs
measured, On the other hand, there was enough palladium
chelate remaining in thoqa solutions wh;oh had been
extracted with one 15 ml. and one 20 ml. portions to
¥ield absorbances of 0.010 and 0.008 respectively.

The first procedure, i.e. extraction with two-10 ml.
portions, was chosen for all of the following work,
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Effect of shaking an extraction.

The ralloving'prooedures were run as a means of
determining the minimum shaking time required.

To each of fowr 60 ml, separatory funnels was
added 10 ml. of Hp0, 0.10 ml, of stock Pd solution and
0.10 ml., of concentrated HCl, The resulting solutions
were shaken vigorously for a few seconds and then to
each was added one 5 ml, portion of the 0.1% PAN, Again
the solutions were shaken vigorously and 10 ml. CHCl
portions were added after they were allowed to stand
for one hour, The first funnel was shaken vigorously
by hand for 30 seconds. The second, third and fourth
were placed on the mechanical shaker and shaken for
5, 10, and 15 minutes respectively. The above extraction
process was repeated. These extracts were combined with
the original 10 ml, portiomns from the same funnels,
brought to volume in 25 ml, volumetrie flasks, dried
with anhydrous Nap30y and read against a blank dye
extraction at 675 mp, The first, second, third and
fourth procedures yielded absorbances of 0.532, 0.530,
0.531 and 0,529 respectively.

8ince there was obviously no advantage to be gained

from using either the mechanical shaker or long extraction
times these were dispensed with.



TABLE 22

CALIBRATION DATA FOR Pa(II) DETERMINATION
( EFFECT OF STANDING)

Y Pd ml, P4
ml. CHClg added added 620 ma 620 mn
0.8 0,02 20 0.102 127
1.6 0,04 4o 0.19 122
2.4 0,06 60 0,29? 124
E.z 0,08 80 0.39 12
.0 0,10 100 0,472 11
ll-,g 0.%;"!. hag 0.566 Es
 J o! 0.
2.& 0.16 160 0.7% 11;
7.2 0.18 180 0.826 115
&= A
eb

All solutions were allowed to stand for 1 hour
before extraction.
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Calibration ¢ for ete

A calibration curve was prepared by transferring
20, %0, 60, 80, 100, 120, 140, 160 and 180 Y samples
of Pd to 60 ml. separatory funnels containing 10 mi. of
Ho0. To each funnel was then added enough concentrated
HC1 to bring the total volume of HCl plus palladium
solution to 0.20 ml. These sclutions were thoroughly
mixed and to each was added 5 ml, of 0.1% PAN in
methanol. They were again thoroughly mixed, allowed
to stand for 1 hour, and extracted with two 10 ml.
portions of CHCl3., The extracts were brought to volume
in 25 ml, flasks, dried with Nao304, and read against
the blank at 620 mp., The results are summarized
in Table 22. The absorbancy indices have also been
calculated and are shown in this table,

The calibration curve for determination of Pd was
prepared in almost the same manner as the preceding.
The only exception was that all of the solutions were
heated af 8ot 2° ¢, for 10 minutes, cooled and extracted
with chloroform instead of being allowed to stand for
1 hour at room temperature. These results are
summarized in Table 23, The average results of the two
80° runs at both 620 and 675 mu are shown in Figure 21,



TABLE 23

CALIBRATION DATA FOR Pd(II) DETERMINATION

(EFFECT OF HEAT)

Y Pd

_ . 2, a A a

ml, 0H013 Run #1 Run #1 Run #2 Run #2
0.8 0;103 131 0,102 127
G 0,19 122 0,190 119
R A
ﬁ:o 02334 11 ozzsl 121
vl I ol 1B

o oilgg 120 0.7

7.2 0.862 120 0.8 119

-

A = 620 mp

All solutions were heated for 10 min. at 80°¢C

before extraction,
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TABLE 23 ( continued)

CALIBRATION DATA FOR Pa(II) DETERMINATION

(EFFECT OF HEAT)
Y. Pa

A A

a
ml.GHOJ.} Run #1 Run #1 Run #2 Run #2

145
1
13
13¢

i}é
1
152

0.8 0,108 135 0.11
1,6 0,216 135 0,22
2.4 o,zgo 13 o,zg;
35 S9p | i3 Sk
4,8 0030 131  odus
2!6 0,755 135 0,762
J 0. 133 0.833
T2 0.975 135 0.9

a = 13

A = 675 m

All solutions were heated for 10 min. at 80°C

before extraction.
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The aqueous layer of the heated solutions of both

the palladium chelate and dye blank was a light yellow
eolor., This color could not be extracted with chloroform,
The possibility of this being due to methanol wase
eliminated by running a methanol and HOl solution with

ho Pd (II) or dye, It was found that the aqueous and

organic layers were clear and colorless,

Interfering ions,

The following procedure was used to determine the
effect of other Group VIII precious metals on the palladium

chelate absorbanaes.
To 60 ml. separatory funnels was added 10 ml. of

Hp0, 0.10 ml, of the stoeck Pd (II) solution, 0.10 ml,
of 12 N HCL and various volumes of the previously
described interfering ion solutions which contained |
1000Y/ ml. of Qs (IIX), Ru (III), Rh (II), or Ir (III),
The Pt (IV) solution used contained 2,896/ ml, The
separatory funnels were shaken vigorously And to each
was added 5 ml., of the 0,1% PAN in methanol solution,
After thorough mixing they were heated at & * 2%,

for 10 min,, cooled and extracted with two 10 ml.

portions of chloroform, The chloroform extracts were
combined, diluted to volume in a 25 ml, flask, dried,

and‘ the absorbances obtained at 620 and 675 mpu. The



mlo Of ln-

EFFECT OF GROUP VIII IONS

TABLE 24

terferin
o
solutions 08(III) Ru(III) Rh(II) IX(III) PH(IV)
0.0 4620 0,488 0,491 0,478 0,481 0,478
:gao %2§31 ‘1)2333 %2232 32232 32233
8675 133 35 3 1337 133
0.20 %620 0,507 0,522 0,478 0,476 0,488
18 il B B i B,
: 8675 12 33 1323 ,15?.3 1.533
0. Ag2o 0,51 0,523 0,478 o0, 0,
"R KK E R
: ace 3 B 33 8 U
0.40 20 O, 0 - 0,490 -
s N0 o - Wb C
n » 0. -
. ﬁ;g 142 1’1-5’! ) - 13235 -
0. 20 - 0 0,496 o i S
e BRE T TR
: '6;5 - 13 1315; - 95¢°°
0. ‘620 - - - - 0
87 - - - - 15?
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TABLE 24 (continued)
EFFECT OF GROUP VIII IONS

.1' Of ln-

' :crror.tns
I::lllutiom Rh(II) Ir(III) P8(IV)
0.80 %620 o,u88 - 5
:‘ém (1).2236 : :
: ‘5;? 132 o -
® “20 0. 2 Oq .
B aga 52223‘ 32?3 -
: ﬁ;? 133 15?“2 -
4 Aé20 o0, 0,480 o,
OB BB
ag 143 135 13?
20.00 Ag20 - - o.gsa
v . - 02568
ag7 - - 142
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blank was prepared in a like manner except that no metal
ions were added and the HOlL volume was increased to
0,20 ml. The measured pH of the agueous phase was always

between 0.8 and 1,0. \
The results are summarized in Table 24, For con-

venience the absorbancy indlees of the solutions, based

upon the amount of known P4 (II) present, have been
caloulated, VWhen using this table, it should be kept
in mind that the average absorbancy indices of 122 and
135 were oblalned from palladium chelate solutlons at
620 and 675 mu respectively. These are the ideal values
and if the presence of a forelgn metal does not cause

& significant deviation from these 1t is assumed that
the ion will not interfere at that concentration.

Discussion of Results
The green palladium chelate shown in Curve 1 of
Figure 20 has strong absorption bands at 310, 475, 620
and 675 mp, The dye at the same pH of 0.8 also has

strong absorption bands (Curve 2 of Figure 20) at 310 and
475qu but has only a very slight absorbance at 620 and
675. Since the molar absorbaney index of the chelate

at 675 mu is about 10% higher than at 620 mu it is
recommended that the former wavelength be used for a

colorimetric palladium procedure. The molar shesorbancy
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index of the dye at 675 mp is less than at 620 mp giving
one a further incentive to use the longer wavelength.
When the solutions containing the P4 and dye were
allowed to stand one hour before extraction a straight
line was obtained in a Beer's law plot. Above 4.0
ppm, P4 there was a slight deviation from this line.
The results are shown in Table 22, It has been found
the range may be extended to at least 7.2 ppm by
heating the solutions to 80° ¢, for 10 minutes, These
results are summarized in Table 23 and Figure 21, No
upper limit of concentration of palladium has been
determined, The molar absorbancy indices of the
Pd (11)-PAN chelate are 1.3l x 10* ana 1.4 x 10%
at 620 and 675 mu respectively. _
Table 24 lists results of the interference tests,
Both Os (III) and Ru (III) were found to interfere
seriously with the palladium determination, A ten-fold
excess Rh (III) showed no appreciable interference but
a twenty-fold excess did, On the other hand no inter-
ference was obtained with a twenty-fold excess of Ir (III).
The Pt (IV) concentrations was increased until it was
approximately 60 times that of the P4 (II) and there
was 8till no serious interferences but when it is increased
to approximately 600 times that of Pd (II) it does cause

an increase in absorbance,
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CHAPTER VII

SUMMARY

The dye l=(2-pyridylazo)-2-naphthol, PAN, has been
prepared and studied, It has been shown that 1t 1s an
aclid-base indicator which may exist in three forms,
Absorption spectra of these forms have been obtained in
water and 20% dioxane at various pH values and
dissociation constants have been determined to be 1.26
x 10~2 and 6.3 x 10713 in the latter solvent. Ab-
gsorption spectra of the dye in methanol and ethanol were
found to be similar to those obtained for the neutral
form in 20% dloxane and water.

The copper~PAN chelate has been shown by Job's
method of continuous variation to be a 1 to 1 complex
at various pH's in aqueous and 20% dioxane solutions.
This has been verified by spectrophotometric titrations.
The dye prepared in this laboratory as well as commercial
samples are impure and were standardized by a spee-
trophotometric titration with Cu (II) in 20% dloxane.
The absorption spectrum of the copper chelate has been
obtained and the equilibrium constant for the reaction,
HKE + Ou'" == CukKE”+ H* , was found to be 6.4 x 103
giving a stability constant for the copper chelate of
approximately 1016. The molar absorbancy index of the
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copper chelate is 2.4 x 10%. This coupled with the
gtability of the chelate suggests the possibllity of an
excellent colorimetric copper procedure.

The absorption gpectrum of the niockel chelate has
also been determined., This as well as Job's method
indigates the presence of a 1 to 1 nickel-PAN complex.
The molar absgorbaney index of this complex based,upon
the 1imiting concentration of the dye, was found to be
2.2 x 10% at 550 millimiorons. The attempts to
determine the equilibrium constant for the reaction
HKE + NM477 == MXKE” + H? were not completely
successful, Further work must be done before any
definite conclusions can be made.

A colorimetric palladium procedure has been
developed, This procedure is based upon the chloroform
extraction of the green complex. The molar absorbanegy
indices of the palladium chelate in chloroform are 1l.31
x 10% and 1.4 x 10* at 620 and 675 millimierons
respectively.

The relative permissible concentrations of other
Group VIII precious metals have been determined, It
was found that only Os (III) and Ru (III) seriously

interfere.
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