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ABSTRACT

A SPECTROPHOTOMETRIC AND SPECTROFLUOROMETRIC
STUDY OF SOME LANTHANIDE (III)-MORIN COMPLEXES

by Ronald H. Van Eenenaam

Morin forms complexes with dysprosium (III), erbium (III),
europium (III), holmium (III), and ytterbium (III) which do not
fluoresce significantly, The various factors which effect the absorb-
ance of these complexes in 50 percent dioxane-50 percent water and
the nature of these complexes were investigated.

Morin forms a 1:2 complex (lanthanide (III) : morin) with
europium (III) at pH 5,50, and with dysprosium (III), holmium (III),
erbium (III) and ytterbium (III) at pH 5.00. The values of the
equilibrium ratios for these complexes are 15.1, 19.4, 20.9, 24,6 and
31,5, respectively,

The complexes fluoresce only slightly more than morin when
exposed to 365, 405 or 436 mp. radiation, while the complexes of
lanthanum, gadolinium and lutetium fluoresce under these conditions.

The absorption band peak of morin occurs at 356 mp., while
the complex absorption band peaks for europium, dysprosium and
erbium, holmium and ytterbium occur at 408, 414 and 419 mp.,
respectively,

A single isoabsorptive point exists in the absorption spectra
of each of the complexes. The isoabsorptive point for the europium-
morin system occurs at 376 my., the erbium-morin and ytterbium-
morin systems at 380 my., the dysprosium-morin system at 382 my. ,
and the holmium-morin system at 388 my. |
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The absorbances for the complexes change linearly with
change in lanthanide (III) concentration over the approximate concen-
tration ranges, 0 to 1.4 x 103 M., in the presence of excess morin,
1.32 x 10-* M,

The ionic strength effect by sodium perchlorate, up to 0.1 M.,

was negligible.
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INTRODUCTION



The analytical chemistry of the lanthanum series elements
began in 1794 when Gadolin (26) examined the mineral which is now
known as gadolinite. Since then the analytical chemistry of the
lanthanum series elements has developed at a rate closely associated
with the general interest in the lanthanum series elements.

Before 1945, the lanthanum series elements were frequently
determined as a group with a nonselective precipitant. The oxalate
method was most frequently used, and the most extensively studied.
The lanthanum series elements were precipitated as their oxalates
with oxalic acid (20), ammonium oxalate (11), dimethyl oxalate (118),
and diethyl oxalate (33). Occasionally, the lanthanum series elements
were precipitated as fluorides or hydrous oxides.

Cerium (IV) was first used as an oxidizing agent in titrimetric
analysis in 1861 (52), but it was not until 1928 that Willard and Young
(119) and Furman (25) established cerium as a versatile oxidizing
agent, Cerium can be determined by oxidizing to cerium (IV) with
peroxydisulfuric acid in the persence of silver ion, adding an excess
of iron (II), and titrating the excess iron (II) with standard cerium (IV)
sulfate solution, Europium can be determined volumetrically after
reduction to europium (II), collecting in an excess of iron (III) and
titrating the iron (II) with standard permanganate (23). This method is
applicable only to materials containing relatively high percentages of
europium, Ytterbium can also be determined in this manner,

Nonselective titrimetric methods have been used to determine
the lanthanum series elements as a group. Ethylenediaminetetraacetic
acid (EDTA) is most frequently used. Several indicators have been
used for this method (7, 10, 12, 21, 24, 28,43, 54, 55, 92, 99). Complexone
III (49, 68, 69) and Trilon B (48,50, 64, 101) are also frequently used.

Activation analysis was first employed by Hevesy and Levi

(38), Seaborg and Livingwood (87), and Grinberg (30). The first work



in this field made use of the strong activities of dysprosium and
europium induced by slow neutron capture. Procedures for the
determination of small or trace amounts of lanthanum series elements
have been developed (36,67,121, 122), However, radioassays are sub-
ject to considerable variation in precision and their accuracy has
never equalled that of the best analytical methods.

The lanthanum series elements' fluorescence spectra have
been known since the early 1930's, but their analytical applications
have not been extensive because the fluorescence spectra are weak and
the best wavelength for excitation radiation is below 250 mp. In quali-
tative detection tests, only lanthanum (III), gadolinium (III), and
lutetium (III) formed fluorescent complexes with morin (2',4',3,5,7-
pentahydroxyflavone) (70). The other lanthanide (III)-morin complexes
did not fluoresce. This is due to internal quenching caused by intra-
molecular energy transfer,

X-ray fluorescence spectra are strikingly simple compared to
the absorption spectra, but the method suffers from the basic experi-
mental difficulty of overlap of absorption edges with fluorescent
spectral lines, Recently, this method was used to determine the
lanthanum series elements over a wide range of concentrations (76).
The lanthanum series elements can be determined as impurities in
other highly purified lanthanum series elements, but adequate resolution
requires a loss of spectral intensity.

Theoretically, emission spectroscopy can be used to determine
all of the lanthanum series elements, but many experimental difficulties
exist, Lanthanum series element spectra possess thousands of lines
of uniform intensity which lack the characteristically intense lines
found in emission spectra of other elements. However, using the most
persistent lines, spectrography presents the simplest technique for the

determination of trace quantities of the lanthanum series elements.



Using 10 mg. samples, Waring and Annel (106) have shown that the
sensitivity of this method varies from 0.1 percent for cerium and
samarium to 0,0001 percent for ytterbium. By employing an internal
standard, Fassel et al. (15-19,46,47) have been able to determine
major constituents in lanthanum series element matrices with an
accuracy of 3-4 percent, Ko (45) developed two spectrochemical pro-
cedures for determining lanthanum series elements, Radwan et al,
(73-75) have used spectrographic procedures to determine trace
amounts of lanthanum series elements.

There are two methods of spectrophotometric analysis for
the lanthanum series elements. The first method utilizes the band
absorption spectra of the colored ions. The absorption spectra of
aqueous solutions of the lanthanum series elements in the ultraviolet,
visible, and infrared regions are very complex. The bands are narrow
and can be attributed to pure electronic transitions involving the 4f
subshell, The spectra of the lanthanide (III) perchlorates (2,59, 65, 66,
85,96,97), chlorides (27,40,59, 65,89,98,117), nitrates (59, 60, 79)
and acetates (59) are of interest to the analytical chemist.

Analysis of the lanthanum series elements by absorptiometry
was first proposed by Rodden (78, 79), who obtained transmittance-
concentration curves for dysprosium, holmium, thullium, and ytterbium,
employing the absorption bands at 910, 643, 521, 684 and 950 mpu.
respectively, Praseodymium, neodymium and samarium can be de-
termined using the 446, 798 and 402 mu.absorption bands, respectively.
Terbium can be determined using the 219 mpu.absorption band (65).

The molar absorptivities of the lanthanide (III) ions are low, ranging
approximately from one to ten (103), Thus the absorption bands are
used for determining major constituents.,

The second method utilizes the formation of intensely absorbing

complexes, The formation of lanthanide (III) complexes in solution



leads to variation in the structure of the ligand absorption spectra.
Moeller and Brantley (60) observed enhancement of absorption by

chelate formation in their study of the absorption spectrum of neodymium
with EDTA,

Several chromophoric agents are available for the spectrophoto-
metric determination of the lanthanum series elements. The complexes
which are formed generally absorb light at different wavelengths than
the original dye. The lanthanum series elements have been determined
using arsenazo (2-(1, 8-dihydroxy-3, 6-disulfo-2-naphthylazo)-benzene-
arsonic acid (8, 24,41,49,51,53,62,63, 83,84). The lanthanum series
elements have also been determined using Xylenol Orange (71,90, 102),
Alizarin Red S (77), sulfosalicylic acid (39), aurin tricarboxylic acid
(39), napthazarin (61), and Haematoxylin (oxidized) (81). Morin has been
used for spectrophotometric and spectrofluorometric determination of
the lanthanum series elements and thorium (22,56, 57, 107).

It is the purpose of this investigation to extend the studies in
complexation reactions between morin and lanthanide (III) ions in 50-50
dioxane-water begun by Fleck (22) and Weiler (107). A study was under-
taken to establish light absorption and fluorescence characteristics of
the complexes formed between morin and europium, dysprosium,

holmium, erbium and ytterbium.
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Several books which describe fluorescence phenomena have
been published. Pringsheim discussed the theoretical aspects of
fluorescence, including a chapter on the fluorescence of the lanthanum
series elements (72), fluorescence theory is discussed by Bowen and
Wokes (6) and by Bowen (5). In addition, C, E. White reviews the
organic and inorganic applications of fluorometric analysis in
"Analytical Chemistry" (109-116). Approximately 1000 references are
cited in these review articles,

Morin has been tested as a reagent for the fluorometric analysis
or detection of a large number of metals (1,9, 29,58, 70,80,82,91, 95,
108),

Milkey and Fletcher (56, 57) conducted an investigation of the
thorium (IV)-morin complex in slightly acidic ethanol-water mixtures,
This investigation and the work of Fleck (22) and Weiler (107) was used
as a pattern for this work,

Studies of the absorption of visible and ultraviolet radiation have
long been used to obtain information about equilibria in solution,

Early work in the visible region involved measuring the absorbance by
subjective matching of light intensities, but, in 1924, von Halbin and
Ebert (34) reported the determination of the dissociation constant of
picric acid using a photoelectric colorimeter, The first study of
equilibria based on ultraviolet absorption appears to be Stenstrom and
Goldsmith's work on the dissociation of tyrosine in 1926 (94).

A number of methods still widely used to determine the formulae
and stability constants of complexes were originally designed for the
case in which only one complex is formed. The method of continuous
variations was first applied to the formation of complexes in solution
by Job (42), and was used by Denison (13, 14) in the study of liquid

mixtures. Vosburg and Cooper (104) and Katzin and Geber (44) have



extended Job's treatment to systems in which two or more complexes
are formed,

Bent and French (3) determined the structure and dissociation
constant of ferric thiocyanate by varying the concentration of thio-
cyanate with a constant concentration of iron and varying the concen-
tration of iron with a constant concentration of thiocyanate, The
stability constant is obtained by analyzing the interrelationship between
the logarithm of the absorbance and the logarithm of the total thio-
cyanate ion concentration.

The molar-ratio method of Yoe and Jones (120) is applicable
to very slightly dissociated complexes., By plotting the absorbance as
a function of the ratio of total concentration of anion to cation, a break
in the curve is obtained at the anion/cation stoichiometric ratio,

Several workers have developed methods of determining the
stability constants which employ equimolar solutions. Hagenmuller
(31, 32) developed a method using equimolar solutions which is applic-
able only to 1:1 complexes. The method of Betts and Michels (4) is
similar to Hagenmuller's, but employs non-equimolar solutions,
Shaeppi and Treadwell (88) have also developed a method which employs
equimolar solutions. Schwarzenbach (86) extended this method for

the special case in which a 1:1 complex is formed,
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INSTRUMENTATION

The spectrofluorometer used in this work is a modification by

Fleck (22) of the instrument constructed by Thommes (100). Figure

—

shows a block diagram of the modified instrument and the excitation

and fluorescent emission radiation light paths. The components are

listed here:

1.

The ultraviolat source is a Hanovia S-H high pressure
mercury arc lamp powered by a Hanovia 110/120 constant
voltage transformer. The mercury lines which were used
are the 365, 405 and 436 mp lines.

The ultraviolet monochromator is a Bausch and Lomb
model 33-86-40 grating monochromator, which is connected
to the cell compartment with a light-tight 0-ring gasket,
Two clear window silica cells 10 x 20 x 50 mm.,, purchased
from the Farrand Optical Company, were used, These cells
are transparent to the above listed excitation radiation.,

The cells were reproducibly positioned in the cell compart-
ment by means of a 10 x 20 mm, holder situated so that the
ultraviolet beam struck the 20 mm. side.

A Beckman DU with photomultiplier attachment powered by
an AC power source was used, The instrument was slightly
modified as indicated in Figure 1, so that the fluorescent
light entered from the position that the photomultiplier tube
usually occupies and was measured by a photomultiplier
tube at the position usually occupied by the lamp housing.
The light-tight cell compartment was equipped with a quartz
cylindrical converging lens to produce a parallel beam of

ultraviolet light focused on the center of the sample cell,
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The Beckiman Models DU, DK-2, and DB spectrophotometers
were used for the absorption measurements. The Model DU was used
for the single wavelength measurements required for the stability
and complex composition studies. A matched pair of 0.999 cm, silica
cells was used for these measurements.

A Sargent constant temperature bath employing a Princo-
Magna-Set mercury temperature control was used to maintain the
temperature of solutions at 25,0 £ 0.02°.

A Beckman Model G pH meter equipped with a glass-saturated
calomel microelectrode pair was used in all pH measurements. The

instrument was calibrated with a Beckman pH 4 buffer,

REAGENTS

Ammonium Hydroxide

Mallinckrodt Chemical Works, Analytical Reagent Grade,
distilled and stored in a polyethylene bottle equipped with an

ascarite protection bulb,

Dichlorofluorescein

Eastman Kodak White Label.

Dioxane

Baker and Adamson's Commercial Grade.

Dysprosium, Erbium, Gadolinium, Holmium, Lutetium and Ytterbium
Sesquioxides

Michigan Chemical Corporation, St. Louis, Michigan,

Labeled 99.9% pure.

Europium Sesquioxide

Michigan Chemical Corporation, St. Louis, Michigan.

Labeled 99.8% pure.
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Hydrochloric Acid

Baker's Reagent Grade.

Lanthanum Sesquioxide

Optical Grade, Heavy Minerals Company, Chattanooga,

Tennessee,

Morin Dihydrate

Dr. Theodor Schuchardt, Miinchen, Germany.

Perchloric Acid

Baker's Analyzed Reagent Grade, 70-72%.

Sodium Perchlorate

Baker's Analytical Reagent, recrystallized.

Water

Distilled from potassium permanganate,

PREPARATION OF REAGENT SOLUTIONS

Ammonium Hydroxide

The ammonium hydroxide used for pH adjustment was about

0.1 M and was prepared from the distilled material.

Dichlorofluorescein

A 0.4 v per ml, solution in 4% ethanol was prepared by dilution
of a stock solution prepared by dissolving a weighed quantity of the

reagent in 95% ethanol.

Dioxane

A modification of the procedure of Hess and Frahm (37) was used
to purify commercial grade dioxane. A mixture of 4 1. of dioxane, 400
ml. of distilled water, and 54 ml, of concentrated hydrochloric acid

was refluxed for 12 hours, during which time a slow stream of nitrogen
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was bubbled through the solution to sweep out aldehydes. The solution
was cooled, and potassium hydroxide pellets added slowly with mixing
until the solution became saturated and a second layer formed. The
dioxane was decanted and treated with additional potassium hydroxide,.
The partially dried dioxane was then decanted into a screw-cap bottle
containing anhydrous calcium chloride., After standing at least over-
night, the dioxane was filtered into a 5 liter round-bottom flask,
refluxed over calcium hydride for 12 hours and distilled. A 50 ml,
forecut and about 300 ml. heel were discarded. The product, distilled

at 100 + 0, 5°, was stored in an amber-colored screw-capped bottle,

Lanthanide Oxides

Portions of the various oxides were ignited to constant weight
in platinum crucibles at 750 £ 250. The ignited oxides were dissolved
in a measured amount of perchloric acid so that the final solution had a
0.2 M. perchlorate ion concentration and a 1.0 mg, per ml. cation
concentration. Since the claimed purity of these reagents was high,
the solutions were not standardized. Aliquots of these solutions were
taken for the preparation of the working solutions of 0.1 mg, of

lanthanide (III) ion per ml.

Morin
A weighed portion of morin dihydrate reagent was dissolved

in purified dioxane to produce a solution of 1.655 x 107> M,

Perchloric Acid

The perchloric acid used for pH adjustment was about 0.1 M

and was prepared by dilution of the reagent acid.
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EXPERIMENTAL PROCEDURES

All experimental work was carried out at 25 t 1°.  All solu-
tions were placed in a constant temperature bath maintained at
25,0 £ 0,02° for a minimum of one-half hour before making measure-

ments,

Method of Sample Preparation

The desired lanthanide perchlorate working solution was
measured quantitatively into a 30 ml., beaker and the morin solution
quantitatively added to it. Pure dioxane was added to it to give a
total dioxane volume of 12.5 ml. Distilled water was added to give a
total volume of 21-22 ml, The pH of the solution was adjusted with
dilute ammonium hydroxide and/or perchloric acid until the desired
pH was approximated. The resulting solution was transferred to a
25 ml. volumetric flask! and the sample was diluted to the mark,
Exact pH was measured after the solution had been equilibrated for

one hour in the thermostated water bath.

Instrumental Measurements

Spectrofluorometric Measurements

All spectrofluorometric measurements were made with the
spectrofluorometer described in the instrumentation section and shown
in Figure 1, The Beckman DU, its AC power supply and the mercury
arc lamp were allowed to warm up for at least thirty minutes to insure
instrumental stability., The photomultiplier sensitivity control knob

was set to the '"full'" position and the Beckman DU knob set three turns

'All work in this investigation was carried out using 25 ml.
volumetric flasks unless otherwise stated,
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from its clockwise limit. The monochromator entrance and exit slits
were set to 1.0 and 0.5 mm, respectively, and the Beckman DU slit
adjusted to approximately 1.0 mm,

To standardize the instrument, the ultraviolet monochromator
was adjusted to pass the 365 mp mercury line. The Beckman DU
selector switch is set to the 0.1 position, and its monochromator set
for 530 mp, The 0.4 ¥ per ml, dichlorofluorescein solution was
placed in the cell, the shutter opened and the instrument balanced by
adjustment of the Beckman entrance slit so that a "%T'" reading at
50 was obtained.

After standardization, the Bausch and Lomb, and the Beckman
monochromators were adjusted to the desired wavelength and measure-
ment of the samples' fluorescence intensities recorded as "%T"

readings.

Nature of the Complex

Isoabsorptive Point

In order to determine the number of complexes which might be
formed, and to determine whether the reaction is stoichiometric, a
series of solutions containing 400 v of morin and amounts of lanthanide
(III) varying between 0.0 and 0.8 mg. per 25 ml. as indicated were
prepared and adjusted to the desired pH. The absorbances of these
solutions were recorded from 340 to 660 mp. using the Beckman

DK-2 or DB.

Method of Continuous Variations

Job's method of continuous variations (42) was employed to
determine the empirical formula of the complex formed. The absorb-
ances for dysprosium (III) and erbium (III) systems were measured at

356, 390 and 414 mp., for holmium (III) and ytterbium (III) systems



17

at 356, 390 and 419 mu., and for the europium (III) system at 356,
390 and 408 my.

Slope-Ratio Method

In order to confirm the composition of the complex, the slope-
ratio method of Harvey and Manning (35) was employed, Twelve
solutions containing lanthanide (III) ranging in concentration from
approximately 0.7 x 107 M. to 12,1 x 107® M. in the presence of a
large excess of morin, 1,32 x 10-* M., were prepared. The absorb-
ances of these solutions were measured at the desired wavelength
and plotted against concentration of lanthanide (III) ions, and the slope
of the line determined. Twelve solutions containing morin in the
concentration range of approximately 0.6 x 10®> M. to 7.0 x 1075 M,
in the presence of a large excess of lanthanide (III) ion were also pre-
pared. The absorbances were plotted against concentrations of morin

and the slope of the line determined.
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General

Morin (2%, 4', 3,5, 7T-pentahydroxyflavone) forms complexes
with dysprosium, erbium, éuropium, holmium and ytterbium, The
absorption spectra of morin and the complexes are shown in Figures
2-4, The reagent has an absorption peak at 356 mp,, and 408, 414, and
419 mp, are the absorption peak wavelengths for europium, dysprosium
and erbium, holmium and ytterbium complexes, respectively.

Figures 11-15 show that the complexes do not fluoresce signifi-
cantly when exposed to ultraviolet radiation., Figures 8-10 show that
the complexes of lanthanum, gadolinium and lutetium flouresce under
these conditions, These results confirm the observations of Pollard
et al, (70). It should be noted that morin also fluoresces to a slight

extent at pH 5, 00,

Parameters Effecting the Absorbance

Effect of pH of the Solution

Figures 5-7 show the effect that change in pH has upon the
absorbance of the complex. The absorption maximum of the complex

shifts to higher wavelengths with increase in pH.

Effect of Ionic Strength

The effect of ionic strength was studied using sodium perchlorate,
The absorption spectra, not shown, indicate that the addition of sodium
perchloréte to the lanthanide (III)-morin complex has no effect upon

the absorbance of the solution.

Nature of the Complex

Isoabsorptive Point

Figures 16-20 show spectrophotometric isoabsorptive points

for the five lanthanide (III) complexes. The isoabsorptive point of the
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Figure 2, Absorption Spectra of Morin and the Complexes

of Morin with Dysprosjum (III) and Erbium (III)
in 50-50 DW at pH 5, 00,
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430
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® Ytterbium (III)-Morin Complex
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Figure 3, Absorption Spectra of Morin and the Complexes of Morin with
Holmium (III) and Ytterbium (III) in 50-50 SW at pH 5,00,
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O 400 ¥ Morin

@ Europium (III)-Morin Complex
(100 vy Eu(III))
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Figure 4, Absorption Spectra of Morin and the Complex of Morin with
Europium (III) in 50-50 DW at pH 5.50,
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Figure 16, Spectrophotometric Isoabsorptive Point for the Complex
of Morin with Dysprosium (III),
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Figure 17, Spectrophotometric Isoabsorptive Point for the

480 500

Complex of Morin with Erbium (III).
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europium-morin complex was determined at pH 5,50, while the other
lanthanide (I1I) complexes were studied at pH 5,00. The formation of
an isoabsorptive point suggests the occurrence of a single reaction

(56) between the lanthanide (III) ion and morin.

Method of Continuous Variations

The empirical formula of the complex was determined by employ-
ing Job's method of continuous variations. The total molar concen-
trations of lanthanide (III) ion and morin were maintained constant for
a series of solutions, while the individual concentrations of lanthanide
(III) ion and morin were varied. The mole fraction of lanthanide (III)
ion was plotted against Y, the corrected absorbance which is due only
to the complex,

Job (42) and Vosburgh and Cooper (105) have shown that the
value of Y at each wavelength is a maximum where the greatest amount
of complex is formed, Figures 21-25 show the results obtained when
Y for the complex is plotted against the mole fraction of lanthanide (III)
ion, The maximum or minimum value of Y appears at a ratio of one
mole of lanthanide (III) ion to tr/o moles of morin, indicating a general

formula for the complex of RM, .

Slope Ratio Method

The composition of the complexes was also determined by the
slope ratio method of Harvey and Manning (35). Figures 26-30 show
the absorbance at the maximum for the complex plotted against the
- moles of morin per liter, curve 1, and the moles of lanthanide (III) ion
per liter, curve 2, for the slope ratio method. The slope of curve 1
represents thev change in absorbance per mole of morin, and curve 2

represents the change in absorbance per mole of lanthanide (III) ion.
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The data obtained, as well as the slope ratios, are summarized in
the Appendix (Tables A-VI-A-X) These data confirm the results
obtained in the continuous variations study, namely that the general

formula of the complex is RM;.

Equilibrium Ratios of the Complexes

The technique used by Milkey and Fletcher (56) in their investi-
gation of the thorium (IV)-morin complex was employed to estimate the
equilibrium ratio of the various lanthanide (III) ion-morin complexes.
The following information was obtained to perform the calculations of
the equilibrium ratios of the complexes under the conditions of the

investigation,

Absorptivity of Morin

Solutions containing morin in the concentration range of approxi-
mately 0.1 x 10~* M, to 2.5 x 10~* M., and no lanthanide (III) ions were
prepared, The solutions were adjusted to the desired pH and the
absorbance, A, was measured, from which the molar absorptivity
was calculated. The molar absorptivity of morin at pH 5.50 and 408
mp. is 2.52 x 10* L/mole cm. at pH 5.00 and 414 mp. is 1,44 x 103
L/mole cm., and at pH 5.00 and 419 mp. is 1.31 x 10®> L /mole cm.

Absorptivity of the Lanthanide (III)-Morin Complex

The molar absorptivity of the various complexes was calculated
from the slope ratio data obtained in the presence of a large excess of
the lanthanide (III) ion. The large excess of lanthanide (III) ion in-
sured the complete reaction of all of the morin added to form the
complex, On the basis of the assumption that for each two moles of
morin added, one mole of complex is formed, the molar absorptivity
of the complex will be equal to an absorbance value divided by one-half

of the corresponding morin concentration.
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Concentration of the Components in Solution
After Complex Formation

The calculation, as employed by Milkey and Fletcher (56) to
determine the concentration of the components in a solution of the
complex, was performed with the data obtained in the continuous
variations investigation,

In the lanthanide (III) morin system only morin and the complex
absorb light. |

If: X = moles of complex per liter

(MH) = total moles of morin added per liter

(R+++) = total moles of lanthanide (III) per liter

Y = moles of uncombined morin per liter

zZ
A

moles of uncombined lanthanide (III) ion per liter

absorbance at desired wavelength of solutions containing

the complex
b = path length in cm. (0.999 cm.)

aMH = molar absorptivity of morin at desired pH and

wavelength

aRM+ = molar absorptivity of the complex at desired pH
2

and wavelength
then

A [(MH) - 200] + ag, #(X)

= 2MH
Solving for X:
A - app(MH)

+ -
2rM;, - 2y

X =

)

In addition, the concentration of uncombined morin and lanthanide (III)
ion remaining in solution may be calculated as follows:

Y = (MH) - 2(X)

+++
and Z= (R ) - X
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Calculation of the Equilibrium Ratio

Once the concentrations of the components present in solution

have been calculated, the equilibrium ratio, K'eq for the reaction,

++ + +
R s omMH=RM), + 21

and be evaluated by substitution of the appropriate values into the
expression

_ R@w); (H)?
eq  (R**)(MH)*

Kl

where
R(M): = X as calculated above
(R+++) = Z as calculated above
(MH) = Y as calculated above
(H+) = the hydrogen ion concentration calculated from the

pH of the solution

These data are shown in the Appendix (Tables A-1 - A-V), The

average values for K'eq are 15,1, 19,4, 20.9, 24.6 and 31,5 for
europium, dysprosium, holmium, erbium and ytterbium, respectively. -
These values are consistent with the values obtained by Fleck (22) for

lanthanum and by Weiler (107) for gadolinium and lutetium,
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A spectrophotometric and spectrofluorometric investigation
of the complexes which form when dysprosium (III), erbium (III),
europium (III), holmium (III) or ytterbium (III) is added to 50-50 DW
solutions of morin was completed.

The absorption band peak of morin occurs at 356 mp., while
the complex absorption band peaks for europium, dysprosium and
erbium, holmium and ytterbium occur at 408, 414 and 419 my.,
respectively.

The complexes fluoresce only slightly more than morin when
exposed to 365, 405 or 436 mp. radiation. The complexes of lanthanum,
gadolinium and lutetium fluoresce under the same conditions,

The pH of the solution affects the absorbance of the complexes.
The absorbance maximum for the europium complex occurs at pH
5.50, and the absorbance maxima for the dysprosium, erbium, holmium
and ytterbium complexes occur at pH 5,00, The absorption maxima
shift slightly to longer wavelengths with increasing pH,

The ionic strength effect by sodium perchlorate, up to 0,1 M,,
was negligible,

In the absorption spectra of each of the complexes, a single
isoabsorptive point exists. The isoabsorptive point for the europium-
morin system occurs at 376 mp., the erbium-morin and ytterbium-
morin systems at 380 mp., the dysprosium-morin system at 382 my.,
and the holmium-morin system at 388 mp. The existence of an
isoabsorptive point suggests that a single complex is formed,

Job's method of continuous variations (42) and Harvey and
Manning's slope ratio method (35) were employed to determine the
empirical formula of the complex. These studies indicate that a 1:2
complex, lanthanide (IlI):morin, is formed.

An equilibrium ratio, K'eq' for each of the complexes was

evaluated. The K'e values for the europium, dysprosium, holmium,

q



change
tratiol

1,32 x
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erbium and ytterbium complexes with morin in 50-50 DW at 25° are
15,1, 19.4, 20,9, 24,6 and 31,5, respectively.

The absorbances for the complexes change linearly with
change in lanthanide (III) concentration over the approximate concen-

tration ranges, 0 to 1.4 x 107 M., in the presence of excess morin,

1.32 x 107* M.
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