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Although the characteristic bands in the absorp-
tion spectra of the 8-quinolinol chelates in chloro-
form have been of congiderable use in the colori-
metric determination of aluminum,%345 gallium,®
indium” and thallium,® no attempt has been made
to compare these spectra rigidly nor to point out
any relationships which exist among them. In-
asmuch as chelates of the tripositive ions are all
of the type M(CyHsON);, their spectra would be
expected to be similar except for small displace-
ments in the bands resulting from alterations in
the size and mass of the central “‘ion.”” Further-
more, spectra of these materials would be ex-
pected to resemble that of 8-quinolinol, except pos-
sibly for wave-length shifts because in these com-
pounds the metal ions play the same role as does
the acidic hydrogen in the parent compound.
Such relationships have been verified.

Experimental

Materials Used.—Gallium and indium compounds were
prepared from samples of the metals which contained only
spectroscopic traces of other materials. Thallium com-
pounds were prepared from chemically pure samples of
thallium (III) oxide and thallium(I) sulfate. The 8-
quinolinol used was an Eastman Kodak Co. product.
Chloroform employed contained 0.75%, ethanol by volume
as a preservative. All other chemicals were of analytical
reagent quality and were used without further purification.

Preparation of 8-Quinolinol Chelates.—The 8§-quino-
linol chelates of aluminum, gallium, indium, and thal-
lium(III) were prepared by precipitation from acetate-
buffered solutions at previously determined optimum tem-
peratures. 28" The thallium(I) chelate was obtained by
a modification® of Rey’s procedure.? All compounds were
shown to be pure by analysis. Solutions studied were
prepared by dissolving weighed quantities of the chelates
in chloroform and diluting to predetermined volumes.

Absorption Spectra Measurements.—Absorption spec-
tra were measured by means of an unmodified Beckman
Model DU Quartz Spectrophotometer, using 5.0-cm.
demountable cells with quartz windows. Optical density
readings were made at 5 mu intervals, using chloroform
solutions of 8-quinolinol and the various chelates with
chloroform as the reference liquid. Molecular extinction
coefficients were evaluated by use of the familiar relation
e = (M/cl) logi (Iy/I) and equivalent extinction co-
efficients by dividing the molecular values by the appropri-
ate oxidation numbers. Concentrations (¢) of 8-quinolinol
solutions . were expressed in grams of solute per liter; those
of chelate solutions in grams of metal per liter.

Results and Discussion

Absorption Spectrum of 8-Quinolinol.—The
absorption spectrum of 8-quinolinol in chloro-
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form is exactly similar to that reported for the
compound in 95%, ethanol® except that absorption
peaks center at 251 mu and 318 my while in eth-
anol these peaks are found at ca. 245 mu and 320
mu. Corresponding bands at 250 mu and 320 mu
are found in carbon tetrachloride and in cyclohex-
ane.’ The molecular extinction coefficient of
2.31 X 10° characterizing the 318 mu band agrees
with values of ca. 2.3 X 10% and 2.4 X 10° found
for ethanol® and cyclohexane!® solution, Al-
though the 318 myu peak shifts to slightly longer
wave lengths with increasing concentration, Beer's
law is obeyed. Chloroform solutions of 8-quino-
linol are stable indefinitely in the absence of
strong sunlight.

Absorption Spectra of 8-Quinolinol Chelates
of the Tripositive Group III-B Elements.—
In the wave length range 249-800 my, chloroform
solutions of these compounds all exhibit four dis-
tinct absorption bands. The intense bands in the
region 250-275 muy, corresponding to shifts in the
251 mp band of 8-quinolinol, were not investigated
because of the limitations of the instrument at the
concentrations under general study. The other
three bands, however, were investigated in some
detail. As shown in Fig. 1, where data for alu-
minum, gallium, indium, and thallium(III) com-
pounds at roughly equivalent concentrations are
plotted, the spectra are nearly identical except for
displacements of the bands to longer wave lengths
with increasing equivalent weight and size of the
central metal “ion.” Numerical data character-
izing these spectra are summarized in Table I.

It is apparent that regardless of the metal pres-
ent the equivalent extinction coefficients at the
390401 my absorption peaks are the same, the
average for the four compounds being 2.22 X
103. Agreement between these values and the
molecular extinction coefficient for 8-quinolinol at
318 myu suggests that the absorption bands of the
chelates in this region result from bathochromic
shifts of the 318 mu 8-quinolinol band. Although
the exact amount of the wave-length shift de-
pends upon the equivalent weight and size of the
metal “ion’’ present, the quantity of energy ab-
sorbed is determined only by the amount of or-
ganic material present in the compound.. Even a
large difference in equivalent weight appears to
produce only slight wave length differences
among the compounds since, for example, the
thallium(III) peak is only 10 mu removed from
that for aluminum. Chelation to the metal ion,
therefore, rather than the nature of the metal
“ion” is primarily responsible for the observed
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Fig. 1.—Absorption spectra of the 8-quinolinol chelates
of the tripositive elements in chloroform, concentrations in
mg. of metal per liter: Al, 0.4; Ga, 1.0; In, 2.0; T, 4.0.

bathochromic shifts. Similar shifts are reported
for chelates of the dipositive metals.??

TABLE I
ABSORPTION SPECTRA DATA FOR 8-QUINOLINOL CHELATES
Equiva-
Molecular lent
Ab- extinction extinction
Ionic sorption coeffi- coeffi-
radius, peak, cientbd cientd
Chelate . mpu (X 10-%) (X 10-%)

Al(CHgNO); 0.50 303 10.9 3.63
334 3.38 1.12

390 6.61 2.20°
Ga(CsHNO); 0.62 320 3.34 1.11
335 3.67 1.22

392.5 6.47 2.16°
In(CsHeNO); 0.81 320 3.08 1.03
336 3.58 1.19

395 6.67 2.22°
TICHNO); 0.95 328 4.20 1.40
338 4.62 1.54

401 6.79 2.26°
TICHNO 1.15 310 1.96 1.96
325 1.92 1.92
338 1.93 1.93

395 2.27 2.27°¢

¢ Listed only for rough comparisons since all com-
pounds are covalent. Covalent radii permitting strict
comparisons are inexactly known. ° Calculated for 5.0
cm. light path, using logarithms to base 10. ¢ Average
2.22 X 10%for peaks at 390401 mgu.

The other absorption maxima appearing in the
range 303-338 mu are apparently characteristic of
these chelates but cannot be related as precisely
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to the spectrum of the parent compound. Al-
though adherence of absorption at these peaks to
Beer’s law is less rigid than at the 390-401 myu
peaks, detailed studies with the gallium chelate
have shown fairly close dependence on the rela-
tion.® Itisinteresting that the equivalent extinc-
tion coefficient of the gallium compound at 320
mu is exactly half that of 8-quinolinol at 318 mu.

The absorption spectra of the 5,7-dibromo-8-
quinolinol chelates of aluminum and gallium!! are
exactly similar to those of the corresponding 8-
quinolinol chelates except for further batho-
chromic shifts and increases in equivalent extinc-
tion coefficients at the absorption peaks. For ex-
ample, the molecular extinction coefficient at 328
mu for 5,7-dibromo-8-quinolinol is 2.95 X 103,
while equivalent extinction coefficients of 2.88 X
10% and 2.95 X 102 are noted at 405 mu and 409
mu for the aluminum and gallium chelates, re-
spectively.

Chloroform solutions of the 8-quinolinol che-
lates are light sensitive.® Photochemical decom-
position is characterized by a decrease in the
height of the absorption in the region 390—401 mu
and the appearance of a peak in the region 315-318
mu. This is shown in Fig. 2 where data obtained
for a given gallium chelate solution immediately
after its preparation (20 min.) are compared with
those obtained after exposure to sunlight for vary-
ing periods. The rate of decomposition increases
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Fig. 2.—Photochemical decomposition of chloroform
solution of the gallium chelate: concentration, 1 mg. Ga
per liter.

as the equivalent weight and size of the central
metal “ion’’ increase as shown by the data in Fig.
3. These values are to be compared with those
given in Fig. 1 for protected solutions of the same
concentrations. The natures and kinetics of
these photochemical decompositions have not been
fully characterized. Products are formed con-
taining the metals in question, which are insoluble
in water, ethanol, benzene, acetone and ethyl
ether but which dissolve in quinoline. Lack of
complete agreement in equivalent extinction
coefficient values for the different chelates in the
(11) Moeller and Cohen, Aral. Chim. Acia, 4, in press (1950).
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Fig. 3.—Comparison of photochemical decompositions
of chloroform solutions of gallium, indium and thallium
chelates: curve, Ga, 1.0 mg. Ga per liter, 7 months; In,
2.0 mg. In per liter, 6 months; TI, 4.0 mg. T1 per liter, 4
hours.

300-340 mu region is probably due to interfer-
ences by the absorption bands of the decomposi-
tion products which constantly increase in mag-
nitude. Photochemical decomposition may be
prevented by preparing solutions under red light
and keeping them either under red light or in dark-
ness.

Absorption Spectrum of the 8-Quinolinol Che-
late of Thallium(I).—The absorption spectrum
of a chloroform solution of this compound is
given in Fig. 4. Apparent similarities between
this spectrum and those of the tripositive ma-
terials are summarized in Table I. The equiva-
lent extinction coefficient of 2.27 X 102 at 395 myu
together with the difference of only 6 mu in the
position of this band between the thallium(I) and
thallium(III) compounds gives further support to
the conclusions drawn above.

The extreme thermal and photochemical sensi-
tivities of this compound apparent in Fig. 4 re-
quire preparation of solutions at low temperatures
under very diffuse red light and limit the utilities
of absorption spectra measurements.® Values
given in Table I are for an undecomposed solution
measured as soon as possible after its preparation.
Photochenical decomposition is accompanied by
changes from clear yellow through cloudy red,
brown, green and bright blue to pale yellow with
the deposition of a white solid. The true natures
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Fig. 4 —Absorption spectra of chloroform solutions of
thallium(I) chelate: curve 1, 14 mg. T1 per liter, measured
7-27 minutes after preparation; curve 2, same solution,
measured 99-119 minutes after preparation after storage
in dark at room temperature; curve 3, same solution as in
1 measured after 195 minutes in dark plus five minutes
exposure to 100-watt Mazda No. AB4 mercury vapor
lamp.
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of these transformations have not been estab-
lished.
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Summary

1. The absorption spectra of chloroform solu-
tions of the 8-quinolinol chelates of aluminum,
gallium, indium and thallinm(I and III) have
been observed in the wave length range 300-800
mg.

2. In this range, three absorption peaks char-
acterize all the absorption spectra.

3. Absorption peaks in the 390401 mu region
have the same equivalent extinction coefficients
as does the 318 mu peak of 8-quinolinol and appear
to be due to bathochromic shifts of this peak as a
result of chelate formation.

4. The wave lengths of the various absorption
bands increase with increasing equivalent weight
and size of the metal “‘ion.”

5. The photochemical stabilities of such solu-
tions decrease with increasing size of the central
metal “ion’’ in the chelate present.
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