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The positive entropy change indicates a greater
degree of disorder in the activated complex than in the
reactants. Such a result would be expected if a
stretching and loosening of bonds occur in forming the
activated complex.” The lack of a deuterium isotope
effect, the insensitivity to changes in ionic strength, and
the pseudo-first-order kinetics are all compatible with
such an activation process.

Acid catalysis is frequently observed when the dis-
placed ligand is the anion of a weak acid or has a strong
tendency to form hydrogen bonds.® In the case of
nitro complexes, the mechanism is believed to involve
the rapid protonation of an oxygen atom of the coor-

(7) J. P. Hunt, “Metal Ions in Aqueous Solution,” W. A. Benjamin, Inc.,
New York. N. Y., 1963, p 93.

(8) F. Monacelli, F. Basolo, and R. G. Pearson, J. Inorg. Nucl. Chem., 24,
1241 (1962).

Inorganic Chemistry

dinated nitro group followed by the slower displacement
of HNO, by water.?'0

The absence of an acid-catalyzed pathway in our
system may indicate that the nitro ligands are not
protonated. The oxygen atoms of the acetylacetonate
rings are known to be bridged in the structures of
(Ni(acac)q)s!! and (Co(acac)s)q!? and in the adducts of
Co(acac); with silver nitrate.’ Therefore, these basic
sites may be preferred to the oxygen atoms of the nitro
ligand in forming bonds to the protons.

(9) M. L. Tobe, J. Chem. Soc., 3776 (1959).

(10) D. N. Glew and E. A. Moelwyn-Hughes, Proc. Row. Soc. (L.ondon),
A211, 254 (1952).

(11) G. J. Bullen, Nature. 1T7, 537 (1961).

(12) F. A, Cotton and R. C. Elder, J. Am. Chem. Soc., 86, 2294 (1964);
Inorg. Chem., 4, 1145 (1965).

(13) R. J. Kline, C. 8. Ginsburg, and C. H. Qestreich, Spectrochim. Acta,
22, 1923 (1966).
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The kinetics of the aquocobalt(Il) ion reacting with two branched poly(amino alecohol) ligands, N,N,N’,N’-tetrakis(2-hy-
droxyethyl)ethylenediamine (TKED) and N,N,N’,N'-tetrakis(2-hydroxypropyl)ethylenediamine (THPED), have been
studied at 25°, u = 0.1, over the pH range from 5.7 to 7.2 using the stopped-flow technique. The reaction rates are
slower than would be predicted for a simple dissociative mechanism and the kinetic behavior is found to conform to a
mechanism in which first-bond formation involves an alcoholic oxygen donor atom followed by second-bond formation to a

nitrogen donor atom as the rate-determining step.
holic oxygen bond rupture equal to 6 X 109 sec™L.
effect for the aquocobalt(II) ion.

Introduction

For complexation reactions involving an aquometal
ion, M(H,O)»n**, and a unidentate ligand, L’~, the
general dissociative mechanism?

Kos RM—H0
M(H,0)e™ + Lt~ == M(H,0),¢" ... L7 ——>

fast
M(H0)p—v* - Lt~ 4+ HyO —> ML(H0)p 1t (1)

(involving formation of an equilibrated outer-sphere
complex, M(H,0),*--.L°~, preceding metal-water
bond rupture, £M~™:0 a5 the rate-determining step)
has been thoroughly tested and found to be applicable
almost without exception.® Even for multidentate

(1) Paper I: D. B. Rorabacher, T. 8. Turan, J. A. Defever, and W. G.
Nickels, I'norg, Chem., 8, 1498 (1969).

(2) M., Eigen in “Advances in the Chemistry of the Coordination Com-
pounds,” 8. Kirschner, Ed., The Macmillan Co., New York, N. Y., 1861, p
373.

(8) M, Eigen and R. G, Wilkins in ‘““Mechanisms of Inorganic Reactjons,”
Advances in Chemistry Series, No. 49, American Chemical Society, Wash-
ington, D. C., 1965, p 55.

The data permit an estimation of the rate constant for cobalt(I1)-alco-
In addition, the first evidence is found for an internal conjugate base

ligand reactions, where the formation of multiple co-
ordinate bonds to a single metal ion raises the possibility
of a more complicated mechanistic behavior, there is
much supportive evidence for the applicability of the
simple dissociative mechanism. In fact, conformance
in the mechanism described by eq 1 can be tested
readily by comparing the observed overall second-order
rate constant, ky® (M ! sec™?), to the value predicted

by
Eul = KookM—H:0 (2)

where Koo (M~1) represents the diffusion-controlled
equilibrium constant for formation of the outer-sphere
complex and EM~H© (sec™') represents the first-order
rate constant for unaided metal-water bond rupture
from the aquated metal ions.

Recent studies on multidentate ligand reactions with
aquonickel ion, however, have shown evidence of
modified behavior resulting in observed rate constants



Vol. 9, No. 6, June 1970

which are both faster® and slower! than values pre-
dicted by eq 2. In both cases the kinetic behavior
can be explained in terms of the basic and steric prop-
erties of the multidentate ligands involved.

In the current study we have extended our investiga-
tion to include reactions of the aquocobalt(II) ion
in order to compare the influence of the electronic
structure of the metal ion and to eliminate the pos-
sibility of ‘‘uniqueness” for the aquonickel ion in ex-
hibiting the previously observed ‘‘anomalous’ rate be-
havior. Two poly(amino alcohols), N,N,N’ N’-tetra-
kis(2-hydroxyethyl)ethylenediamine (TKED) and N,-
N,N’,N’ - tetrakis (2 - hydroxypropyl) ethylenediamine
(THPED), were selected as the reacting ligands since
our previous work indicated that these ligands possess
properties tending to promote both enhanced and de-
pressed rate behavior. In addition, the structural
similarity between these ligands and ethylenediamine-
tetraacetic acid (EDTA) permits the resultant con-
clusions to be applied to explain the behavior of EDTA
as well.

Whereas two alternative mechanisms were previously
proposed to explain the kinetic behavior observed for
the aquonickel ion reacting with these poly(amino
alcohols), a comparison with the aquocobalt(1I) data
permits the conclusion that the dominant reaction
path involves a shift of the rate-determining step
to the point of second coordinate bond formation
following a prior equilibrium involving the formation
and dissociation of a weak metal ion-alcoholic oxygen
bond. The data thus permit an estimate to be made
for the dissociation rate constant of this latter bond.
In addition, the results indicate that the internal con-
jugate base (ICB) effect, previously reported only for
aquonickel ion, is also operative in the aquocobalt(1I)
reactions.

Experimental Section

Reagents.—TKED (a gift of ICI Organics, Inc.) and THPED
(a gift of Wyandotte Chemical Corp.) were purified as previously
described! with the following modifications. Initial treatment
with activated charcoal was used to effect removal of colored
impurities. The methanol solution of impure ligand was cooled
in Dry Ice, and 73.69% HClO, (G. F. Smith Chemical Co.) was
added dropwise while stirring. When 2 equiv of acid had been
added, the white crystalline salts, TKED-2HCIO4 or THPED-
2HCIO,, precipitated. The salts were recrystallized from abso-
lute methanol and the excess acid removed by repeatedly sus-
pending the salt in ether until the ethereal layer was neutral to
litmus after which the salts were dried. Solutions were prepared
and standardized by potentiometric titration with base.

Cobalt(I1) perchlorate was prepared by suspending ~100 g of
reagent grade CoCO; in 400 ml of water and adding 140 ml of
73.69, HCIO, dropwise with stirring. A small amount of black
precipitate, presumably the oxide, was removed by filtration.
After evaporating to about half-volume, the solution was cooled
slowly precipitating out Co(ClO,)s6H,0 crystals. The salt was
washed with ether until the washings were neutral to litmus and
allowed to air dry. Stock cobalt(ll) solutions were prepared
and standardized by EDTA titration.

The sodium perchlorate (G. F. Smith Chemical Co.) used for
ionic strength control was purified by dissolving in water, filter-

(4) D.B. Rorabacher, Inorg. Chem., 8, 1891 (1966).

(5) D.W. Margerum, D. B, Rorabacher, and J. F. G. Clarke, Jr., ibid., 2,
687 (1963).
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ing, and recrystallizing. All other chemicals used were reagent
grade and were used without further purification.

Kinetic Measurements.—The Co(II) complex formation
reactions were followed spectrophotometrically at 240 nm using
the stopped-flow technique. The TKED study utilized a Dur-
rum stopped-flow spectrometer while the THPED investigation
was carried out using an Aminco-Morrow stopped-flow mixing
chamber mounted in place of the cell compartment on a Beckman
DU-2 spectrophotometer. For the latter instrument, the photo-
multiplier output was fed directly to a Tektronix Type 549
storage oscilloscope, without further signal modification, and
recorded photographically. The solutions used in both instru-
ments were thermostated at 25.0 = 0.4°. The pH was con-
trolled with a borate-mannitol buffer’ and ionic strength was
maintained at 0.1 M using NaClO,. Molar absorptivity values
determined for 240 nm are: ego2+ 0.30, erxmp 93, emrxrp+ 20,
ecoTKED 395, errpED 285, eaTHPED * 25, €corupEn2 + 419.

Results

The stability constant for Col!TKED was deter-
mined potentiometrically by titrating the ligand in the
presence-of a fourfold excess of cobalt(II) perchlorate.f
For Co'THPED the stability constant was determined
simultaneously with the molar absorptivity of the com-
plex by iterating absorbance data taken at several pH
values. In the course of obtaining these values, the
protonation constants of the ligands were redetermined
by means of potentiometric titrations of the perchlorate
salts with standard base. The pertinent constants are
listed in Table I where they are compared with pre-
viously determined values and the stability constants
calculated from the kinetic data.

TABLE I

PrROTONATION CONSTANTS AND CoBaLt COMPLEX
StasiLity CoNsTanTs ¥FOR TKED anp THPED ar 25°

Tonic
strength, M Log Km1 Log Ka: Log KcoL Ref
TKED
0.1 (NaClO,) 8.35 4.29 5.13 (titrim) a

e ce 4.9 (kinetic)
.1 (NaClOy) 8.38 4.37 .

0 . b
0.5 (KNO;3) 5.04 I
THPED
0.1 (NaClOy) 8.70 4.12 6.1 (spectro) a
0.1 (NaClO,) 8.75 4.24 b
0.5 (KNO3) 6.33 ¢
0.05 (KNOy) 5.7 d
@ This work. ° Reference 1. ©J. L. Hall, W. E. Dean, and

E. A. Pacofsky, J. dm. Chem. Soc., 82, 3303 (1960). ¢ D. A,

Keyworth, Talanta, 2, 383 (1959).

The kinetics of the complex formation reactions were
found to obey the reversible mixed second- and first-
order rate equation

—d[Co?t

T = Ei[Co?*][ZL] — ka[CoL2"] (3)

where k: and k4 represent the observed formation
and dissociation rate constants, respectively, for each
pH studied and [ZL] represents the total concentration
of uncomplexed ligand. The method for the resolution
of the kinetic data was identical with that previously

(8) J. Bjerrum, “Metal Ammine Formation in Aqueous Solution,”’ P.
Haase and Son, Copenhagen, 1941,
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TasBLE II

EXPERIMENTAL RATE CONSTANTS FOR THE REACTION OF
Co?* wite TKED at 25°, & = 0.1 (NaClO,), [Co?*] =
2.335 X 107% M, axp [TKED] = 3.115 X 107* M

a

pH 103ks, M 1 sec™! kg, sec™t Kinetic log KoL

7.55 6.56 1.47 4.51
7.33 4.44 0.924 4.73
7.00 2.41 1.02 4.74
6.92 2.60 0.639 5.06
6.55 1.72 1.05 5.02
6.50 1.67 1.01 5.08
6.26 1.25 1.13 5.14
6,23« 1.26 1.33 5.10
6.15 1.16 0.771 5.39
6.06 1.03 1.56 5.11
6.03% 1.07 1.54 5.16
6.01 1.04 1.63 5.15
5.94 0.889 1.79 5.11
5.92 0.859 1.73 5.14
5.85 0.721 1.92 5.09
5.77 0.703 2.17 5.10
I

02t] = 4.67 X 108 M, b [Co?*] = 1.86 X 1073 M.
TasLE IIT

ExpPERIMENTAL RATE CONSTANTS FOR THE ReacrtioNn or Co?t

wita THPED at 25° p = 0.1 (NaClOy), [Co?*] = 1.785 X

10—3 M, anp [THPED] = 2,14 X 107* M

pH 102%;, M ~t sec™1 kg, sec™? Kinetic log K¢oL
7.69 11.9
7.29 6.60
7.06e 5.16
6.98 6.08 0.018 6.21
6.73 4.44 0.010 6.34
6.732 5.00
6.53 3.85 0.039 6.21
6.48¢ 3.89
6.39 3.68 0.090 5.94
6.30 3.49 0.077 6.06
6.29¢e 3.98
6.19 3.15 0.140 5.89
6.15 3.47 0.104 6.08
6.11 3.47 0.102 6.09
6.09e 3.55
6.00 2.79 0.148 6.02
5.98 2.70 0.109 6.17
5.94¢ 2.83
5.04° 3.10 0.162 6.00-6.08
5.90 2.62 0.171 6.04

e [Co?t] = 1,428 X 107 M, [THPED] = 2.675 X 1074 M.
° [Cot?] = 1.07 X 1072 M, [THPED] = 2,14 X 10™* M,

described.? The values of %¢ and kg for all runs are
listed in Tables IT and III.

Since only the unprotonated and monoprotonated
ligand species are capable of reacting with the aquo-
metal ion, eq 3 can be expanded to the form
=GO et (o] L] + koo H[Co? ] [HL ¥ —

ECoL[COL2*] — kmCoL[H ] [CoL2+] (4)

Combining eq 3 and 4, the individual rate constants
can be resolved by plotting the equations

ka[Ei%‘] = kool + ko HLK g [H F] (5)
kq = RCoL - EpCoL[H *| (6)

Plots of eq 5 for both ligand studies are shown in Fig-
ure 1. Kinetic runs at pH values above 6.9 invariably
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mt] x 107

Figure 1.—Resolution of the formation rate comstants for
aquocobalt(Il) ion reacting with the unprotonated and mono-
protonated ligand species. Plot of eq 5; O, TKED data; O,
THPED data.

resulted in k; values which were too low, presumably
due to the formation of cobalt hydroxide, and these
values were omitted from the data resolution.

Discussion

Reaction Mechanism.—The reactions between the
poly(amino alcohols) and the aquonickel(II) ion were
previously found to proceed at an anomalously slow
rate.! To account for this behavior two alternate re-
action paths were considered: mechanism I, involving
direct bond formation between the metal ion and a
nitrogen donor atom, wherein steric hindrance must be
invoked to account for the decreased reaction rate;
and mechanism II, in which first-bond formation in-
volves an alcoholic oxygen donor atom to form a
metastable complex which is then followed by second-
bond formation to a nitrogen donor atom as the rate-
determining step (Figure 2).

In view of the accumulated evidence relating to
the weak bonding ability of alcoholic oyxgen, it was
concluded that mechanism IT would become the pref-
erential reaction route only in the event that the
approach of the aguonickel ion to a nitrogen donor
atom were severely hindered, thereby making the
formation of intermediate I in Figure 2 unfavorable.

From the results of the nickel study alone it was
not possible to distinguish which mechanism was
operative. However, the results of the aquocobalt(II)
study provide additional information permitting a
definitive decision to be made.

On the basis of arguments previously presented,!4
the experimental rate constants for aquocobalt(II)
ion reacting with ammonia and monoprotonated ethyl-
enediamine, Hen*, may be taken as representing the
theoretical rate constants predicted by eq 2 for the
reactions of monoprotonated and unprotonated poly-
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(amino alcohol) species, respectively. Unfortunately,
no experimental rate constant for the Co(II)-Hen*
reaction has been reported. However, the excellent
agreement obtained between the calculated and experi-
mental rate constants for the Ni(II)-Hen* reaction
lends confidence that a similarly accurate value may
be calculated for the Co(II) reaction as well.” These
values are listed in Table IV along with the resolved
rate constants for the poly(amino alcohol) reactions.

TaBLE IV

ComparisoN oF RATE ConsTanTs FOR CoBaLT(11) COMPLEXES
IN AQUEOUS SOLUTION AT 25° AnND u = 0.1

kCoL, kCoHL, kCoL, kHC°L,
Ligand M1 sec™ M1 gect sec ™1 M1 sec™?
NH; 1.1 X 105
en 1.4 X 10¢?
TKED 6.2 X 104 7.5 X 102 0.77 8.5 X 108
THPED 2.3 X 104 2.7 X 10? (0.05?) (1.3 X 108)

e Reference4. b Calculated value.”

It is obvious from Table IV that the experimental
rate constants for the aquocobalt(II) ion reacting with
HTKED* and HTHPED™ are significantly smaller
than the calculated value for Hen+. Since the mono-
protonated species are incapable of exhibiting an ICB
effect,! this comparison provides the most reliable evi-
dence that some other perturbing influence is affecting
the poly(amino alcohol) reaction rates. This is in
qualitative agreement with the results of the aquo-
nickel ion study.!

Consideration of Mechanism I.—If mechanism I
represents the operative reaction path, the difference
between the ‘‘theoretical”’ rate constants and those
determined experimentally for HTKED* and HTH-
PEDT in this study may be attributed directly to
steric blocking of the metal ion as it approaches the
available nitrogen domor atom. In accord with the
treatment applied to the corresponding nickel data,!
the magnitude of this apparent steric effect may be
calculated as the logarithmic ratio, E

E. = log (k/ko) (N

where k represents the rate constant for the ‘‘sterically
hindered” reaction and k; represents a reference rate
constant for a corresponding system presumed to be
free of steric effects.

Using the rate constants for the NH; and Hent
reactions as the ko values, the resultant E. values
for the aquocobalt(II) reactions are listed in Table V
along with the values previously reported for Ni(II).!
These figures indicate that HTKED T reacts 16 times
slower with Co?* and 60 times slower with Ni?t than
does Hen™ while the corresponding values for HTH-
PED* are 50 and 200 times.

Whereas the threefold difference in the reactivity
of Ni?+ toward HTKED ™ and HTHPED* could pre-

(7) The Kos value for the reaction between Co(H:0)s2* and Hen* may be
presumed to be identical with the value calculated for the corresponding
reaction with Ni(He0)s?*, i.c., Kos = 0.018 at 25° (ref 1, footnote 13). For
£Co~H0 g value of 8 X 105 sec~! is used preferentially since this value is

consistent with the Co(II)~NHs data.* Substituting these values into eq 2
yields kcoBe" = 1.4 X 104 M ~1sec™!at 25°.
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Figure 2.—Schemiatic representation of the two alternate re-
action mechanisms proposed for aquometal ions reacting with
the poly(amino dlcohols). Intermediate I represents the re-
action path desighated by mechanism I while mechanism II is
represented by intermeédiates I1a and IIb.

TABLE V

APPARENT STERIC FACTORS FOR THE AQUOCOBALT(II) Ion
REACTING WITH THE POLY(AMINO ALCOHOLS) AT 25°

Ligand —Log kgol— Apparent
species Theoret  Exptl Ey AEs ICB effect
TKED 5.0 4.8 —0.2
1.0 Tenfold
HTKED* 4.1 2.9 —-1.2
THPED 5.0 4.4 -0.6
1.1 Thirteenfold
HTHPED™* 4.1 2.4 —-1.7
~—Log kNiL G
Theotet Exptl
TKED 3.6 2.4 -1.2
0.6 Fourfold
HTKED+ 2.7 0.9 —1.8
THPED 3.6 2.2 -1.4
0.9 Eightfold
HTHPED™ 2.7 0.4 —2.3

@ Reference 1.

viously be rationalized on the basis of increased steric
hindrance toward the latter ligand, the fourfold differ-
ence in apparent steric hindrance between the two
metal ions, Co®* and Ni*+, with each ligand species
is irreconcilable with mechanism I since the two metal
ions. are of nearly identical dimensions. Therefore,
it is concluded that the Co?* reactions must be pro-
ceeding by mechanism II; this is the presumed
mechanism for Ni?+ as well.8

Mechanism II. Rate Constant for Cobalt-Alcoholic

(8) Since the E, values for the Ni2+ reactions represent the minimal steric
hindrance for mechanism I,! the smaller values found for the Co?* reactions
cannot be representative of this mechanism, However, this does not
definitively rule out the possibility that the Niz+ reactions are proceeding by
mechanism I,
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Oxygen Bond Rupture.—On the basis of mechanism
II the rate constant for the rupture of a cobalt(II)-
alcoholic oxygen bond, £C°—OTKEP can be estimated
as outlined for nickel in the preceding paper of this
series.! Utilizing the data for the monoprotonated
ligands, to avoid complications arising from the ICB
effect, the applicable equation for HTKED ¥ is

K o Co—Hs0p,0o~H,0

ko TTRED = = e =5TRED (8)

where k,Co—H:0 represents the rate constant for water
loss modified by the potential energy barrier for rotating
the nitrogen donor atom into a position suitable for
bonding. Applying values equivalent to those calcu-
lated for the nickel study (K, = 0.22 M1, kCo—H:O
= 8 X 105 sec™!, kyOo~HO = pCo—H:0/30) the value
of BCo—OTKED j5 calculated to be 6.1 X 10® sec™!. Simi-
larly for HTHPED™* (where kyCo—H:0 = pto—I:0/G0)
the corresponding value obtained is 6.4 X 10% sec™™

It is interesting to note that this estimated rate
constant for the rupture of a cobalt(IT)—alcoholic oxy-
gen bond is only & times faster than the value for the
cobalt(IT)-water bond whereas for nickel(II) this
factor was 25 times. As shown by the comparison
in Table VI, this fact correlates well with the greater

TABLE VI

RaTeE CONSTANTS FOR SINGLE BonND RUPTURES AT 25° FOR THE
Specres ML(H,0);27 (ALL RATE CONSTANTS IN SEC 1)

M-L bond Co(ID) Ni(IT)
M-NH; ¢ 1.5 X 103 3.6

M-H,0 8 X 108 3 X 104
M-OR? 6 X 108 8 X 108

a Reference 4. ¢ Metal ion—alcoholic oxygen bond ruptures as
estimated from poly{amino aleohol) reactions in aqueous solution
(this work and ref 1).

lability noted for Ni-H.O bond rupture relative to
Ni—-NH; bond rupture as compared to the correspond-
ing Co(II) values. The greater sensitivity of Ni(II)
bond rupture rate constants to ligand strength appears
to correlate directly to the greater stabilization pre-
dicted by simple crystal field theory for d% systems
relative to d”.

Evidence of an Internal Conjugate Base Effect for
Cobalt(Il).—In establishing the hypothesis that an
ICB effect is operative for reactions involving basic
ligands reacting with aquonickel jon, the reaction rates
for polyamine reactions were compared with rates
predicted by eq 2 and found to be anomalously fast.*
In accordance with the interpretation that this rate
enhancement is attributable to hydrogen-bond forma-
tion in the outer-sphere complex between a basic donor
atom of the ligand and a coordinated water molecule,
the magnitude of this effect has been observed only
for ligand species with protonation constants on the
same order of magnitude as the corresponding constant
for the monohydroxymetal ion species; furthermore,
the magnitude of the effect appears to parallel the
basicity of the ligand.!
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For metal ions other than aquonickel ion, relevant
experimental values are almost totally lacking. How-
ever, the reactions of the aquocobalt(II) ion with the
poly{amino alcohols) should provide the needed data
to establish the existerice of such an effect for Co(II)
sinice tmonohydroxycobalt(1l) ion (log Kg < 9) appears
to be slightly less basic than the corresponding nickel
species (log Kg =~ 9)% and these ligands have already
been shown to exhibit an ICB effect with Ni(II).

If mechanism II represents the reaction mechanism,
then, combining eq 2, 7, and 8, the values of £, are
seen to represent

E, = log ksCo—H:0 /pCo—OTKED (9)

in the case of the monoprotonated ligand. For the
unprotonated ligand the E, values will then be identical
except for the inclusion of the ICB term. Therefore,
the difference between the E; values for the mono-
protonated and protonated forms of the same ligand
should give a quantitative representation of any ICB
effect inherent in the reaction of the unprotonated
species with the aquocobalt(II) ion.0

As shown by the AFE, values in Table V there is an
apparent ICB rate enhancement of 10-fold for TKED
(log Kg1 = 8.35) and 13-fold for THPED (log Kz =
8.70) in their reactions with Co(II). This contrasts
with the corresponding values of fourfold and eight-
fold, respectively, for the same ligand species reacting
with Ni(I1I).

Thus we have obtained the first evidence of the
internal conjugate base effect for a metal ion other
than Ni(II). Furthermore, the magnitude of this
effect appears to parallel the basicity of the correspond-
ing monohydroxymetal ion in the same way as it has
been found to parallel the basicity of the ligand. Al-
though more work is needed in this area, it may be
possible to establish a quantitative relationship be-
tween the magnitude of the ICB effect and the differ-
erice in basicities between the ligand and metal ions.
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(9) L. G. Sillén and A. E. Martell, “Stability Constants,” 2nd ed, Special
Publication No. 17, The Chemical Society, London, 1064,

{10) In calculating the E; values, the tentative assumption has been made
that the bond rotation, which puts the nitrogen donor atom into a suitable
position for bonding, is the same for both unprotonated and monoprotonated
poly(amino alcohols). It is conceivable that proton sharing by the two
nitrogens of a monoprotonated poly(amino alcohol) occurs to a significant
extent and that such a shared proton could affect the bond rotation of the
alcoholic substituent group which in turn would affect the E, value of the
monoprotonated species. Since the ICB effect is calculated as the differ-
ence in F; of the monoprotonated and unprotonated species, any difference
in the two rotational barrier values will be reflected in the calculated ICB
effect. However, such a rotational factor would be an inherent property
of the ligands and would affect the calculated ICB values of different metal
ions by the same amount, thus yielding correct relative values. Therefore,
since the ICB effect cannot be less than zero by definition, the fact that the
ICB valne for Co(II) is larger than Ni(II) indicates that Co(II) definitely
exhibits an ICB effect.



