May 5, 1955

been evaluated for the system succinic dehydro-
genase—suiccinate.

Slater and Bonner,® noting that fluoride and phos-
phate are competitive inhibitors of succinic dehy-
drogenase, determined the degree of inhibition ob-
taining under conditions in which the rate of the
over-all reaction was varied by altering the concen-
tration of the hydrogen acceptor, i.e., methylene
blue. In the course of their treatment, in which
the symbols e = [E], s = [S], v = —d[S]/df and
V = k3[E] were employed, these authors arrived
at the relation given in equation 3

Vi = 1 4+ (Km/sX1 + p/Ke + f/Kr + fp/KeKrr)
(3)

where, in their symbolism, Km = (ks + k3) /b1, p and
[/ the concentrations of phosphate and fluoride, and
Kp, Ky and Kpr the respective enzyme-inhibitor
dissociation constants. It was then argued that by
expressing Km in the form of its definition equation
3 may be transformed into equation 4

1 + (ky/kis)(1 4+ p/Kp + f/Kr + fp/KpKpr) +
(V/kse)(1 + p/Kp + f/K¥ + fp/KpKpr) (4)
and that in the case in which V/2 and v are the only

variables, the relation given by equation 5 results by
setting /v = 1

1% /71 =

= kQE (5)

The constant &, was then evaluated from the rela-
tion K = (k2 -+ k%)/ki. That this practice is du-
bious is evident from the following considerations.
(a) The necessary condition for the derivation
of equation 5 is that V//v assume a value of unity.
(b) When this condition is applied to equation 3
it is seen that it is required that either s - « or
m = 0 since the quantity (1 4+ p/Ke + f/Kr +
fp/KeKpr) > 1.
(c) The condition is satisfactorily fulfilled when
s = o, this in fact being the definition of V, i.e., V

= lim v.

§ >

(d) Itisclear that the derivation of equation 3 by
Slater and Bonner® is based upon setting K, = 0.

In fact, the result itself is proof that this equahty
was assumed since I = kye and hence Ky = (ky +
k) /ky = 0.

(e) The procedure used by Slater and Bonner®
for the evaluation of %, is based upon the use of a
value of k; obtained for the condition that K, = 0,
i.e., from equation 5, and the simultaneous use of
values of Km and kj for the system under conditions
wherein Km ¢ 0. It follows that the validity of a
value of k1 so obtained is entirely dependent upon a
tacit assumed identity of the value of %, for the
condition that K, = 0 with that for the condition
that K, 3 0. There is no reason to believe that
such an extrapolation is necessarily valid.

Thus, even if it is granted that the system succinic
dehydrogenase-succinate in the presence of fluoride
and phosphate,® or of malonate,” can be described
by equation 3 under the conditions employed by
Slater and Bonner,® or by Thorn,? it is clear that
this situation does not permit an unamblguous eval-
uation of %y, k» or k./k; for the system succinic de-
hydrogenase— succinate.

The authors wish to express their indehtedness
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A phase of rare earth metal chemistry which has
received only limited attention is that of colored
complexes formed with various organic reagents.
In this connection, an early observation by Forma-
nek! on the formation of red-violet to blue colors by
reaction of the dye alkannet with thorium and rare
earth metal ions is of interest. Major light absorp-
tions in the wave length region 6120-6010 A., with
minor absorptions in the regions 5662- 5039
and 5262-5177 A., were reported, with wave
lengths decreasing in the series lanthanum to er-
bium. More recently, attention has been refocused
upon this type of reaction by the development of a
spectrophotometric beryllium determination using
either alkannin or its unsubstituted parent, naph-
thazarin (5,8-dihydroxy-1,4-naphthoquinone),? and
naphthazarin has been applied to the micro-deter-
mination of thorium.®? Since in the determination
of thorium interferences are caused by the rare
earth metal ions, it has been of interest to study
reactions of these species with naphthazarin.
Spectrophotometric studies on such reactions and
evaluations of the compositions of the colored com-
plexes obtained are reported here.

Experimental

Materials.—Rare earth metal ions were used as 0.0021 M
chloride stock solutions prepared from 989, to atomic
weight purity oxides from the University of Illinois stocks.
Naphthazarin was prepared and purified by the method of
Toribara and Underwood.* It was used as 0.0021 M solu-
tion in absolute ethanol.

Absorption Spectra.—All absorption spectra were deter-
mined at ca. 25° with either a Beckman Model DU quartz
spectrophotometer or a Cary Recording Spectrophotometer,
using 1.00 em. quartz cells with the former and 1.00 cm.
demountable cells with quartz windows with the latter.

Color Reactions.—The colored complexes were obtained
in solution merely by mixing the aqueous rare earth metal
chloride solutions and the ethanolic naphthazarin solutions.
Visible color changes resulted at concentrations as low as
0.31 mg. of rare earth metal ion per ml. In every instance,
the red color of the naphthazarin was replaced by the red-
dish-blue of the complex. For absorption spectra measure-
ments, solutions prepared from 5 ml. of the salt solution and
10 ml. of the naphthazarin solution and diluted to 100 ml.
with absolute ethanol were found convenient.

Results and Discussion

Absorption Spectra.—Spectra obtained from solu-
tions containing lanthanum, praseodymium, neo-
dymium, samarium, gadolinium, erbium and
yttrium ions were all essentially similar except in

(1) J. Formanek, Z. anal. Chem., 89, 673 (1900),

(2) A. 1.. Underwood and W. F. Neuman, Anal. Chem.,
(1949).

(3) T. Moeller and M. Tecotzky, ibid., 27, in press (1955).

(4) L. Y. Toribara and A. 1.. Underwood, 1bid., 21, 1352 (1949).
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the wave lengths of the absorption bands. The
spectrum of the praseodymium system, as given
in Fig. 1, is typical. Wave length values found
were: La™3, 5200, 5600, 6065 A.; Pr+3, 5220, 5600,
6050 A.; N3 5225, 5600, 6045 A.; Sm+, 5220,
5600, 6040 A Gd+3, 5225, 5600, 6025 A v
5225, 5600, 6020 A, Erts, 5210, 5380, 6010 A.
All spectra amount to modifications of the naph-
thazarin spectrum produced by the presence of the
rare earth metal ions.* In all cases, concentrations
of these ions were too low to permit detections of
any 05f the characteristic rare earth light absorp-
tions.
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Fig. 1.— Absorption spectrum of praseodymium-naph-
thazarin complex in ethanol; concentration, 10.5 X 107%
mole praseodymium per liter; measurements ca. 25°;
Cary recording spectrophotometer with slit control at 10,
chart range at 0-2.5, Hi-Lo Knob at Lo, gears at 60 driving,
60 driven, scanning at 5 A. per sec.; 1.00 cm. demountable
cells with quartz windows,

Compositions of the Colored Species.—Inas-
much as the absorption spectra of naphthazarin-
praseodymium and naphthazarin-erbium solutions
(taken as typical) showed no material variation,
except in absorption intensities, for naphthazarin
to rare earth metal ion mole ratios of 3:1, 2:1, 1:1,
1:2 and 1:3, the presence of but a single absorbing
species was indicated in each instance. An applica-
tion of a modification® of Job’s method of continu-
ous variations’ to both praseodymium and erbium
systems showed the colored species to contain
naphthazarin and rare earth metal ions in 2:1 mole
ratios. This is shown for praseodymium in Fig. 2.

Although this stoichiometry is the same as that
of the thorium complex,® continuous variations
data suggest the rare earth metal complexes to be
somewhat less stable than the thorium species. As

(3) T. Moeller and J. C. Brantley, Anal. Chem., 33, 433 (1950).

(6) W. C. Vosburgh and G. R. Cooper, This JoURNAL, 68, 437

(1941).
(7) P. Job, Ann. chim., [10] 9, 113 (1928).
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Fig. 2.~ Continuous variations plot for praseodymium-
naphthazarin system; measurements, ca. 25°, Cary re-
cording spectrophotometer with slit control at 10, chart
range at 0-2.5, Hi-Lo knob at Lo, gears at 60 driving 60
driven, scanning at 5 A. per sec.; 100 cm. demountable
cells with quartz windows.

with thorium,3 such species show cationic character-
istics but have many of the properties of polymeric
aggregates.

Adherence to Beer’s Law.—As shown by the
data in Table I, rather close adherence to Beer’s
law is obtained in praseodymium or erbium ion
concentrations up to ca. 40 X 107% mole/liter. The
marked similarities noted among the spectra of
these systems irrespective of rare earth metal ion
suggest adherence to Beer’s law for the entire series.

TABLE 1

BEER'S LAW ADHERENCE OF NAPHTHAZARIN-RARE EARTH
MEeTAL IoN SYSTEMS

Metal jon
concn,,
mole/1. Praseodymmm 6050 A, Erbium, 6010 A.

X 108 ke ¢ X 10-3 k ¢« X 10°2
7 68.96 9.71 65.75 11.00
14 72.00 10.13 62.35 10.43
21 69.97 9.86 67.90 11.33
28 70.48 9.93 70.15 11.72
35 67.74 9.54 70.90 11.86
42 65.92 9.29 68.40 11.43
49 63.45 9.35 85.65 10.98
56 62.11 8.75 63.03 10 54
Av. 67.58 9.57 66.77 11 16

@ Specific extinction, %, is given by the relationship 2 =
(logwlo/I)/cl, 1 being in em. and ¢ being expressed in g.
metal ion/l. When ¢ is in mole/liter, £ becomes ¢, the mo-
lecular extinction.

Conclusions.—Although the naphthazarin reac-
tion shows no specificity for individual rare earth
metal ions, it is a sensitive color reaction for any
member of the series.
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The relationship between molecular structure
and combustion behavior has been under investiga-



