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Kinetics of Acid and Base Hydrolysis of Azido[(RR)-1,11-diamino-3,6,9-

triazaundecane]cobalt (i)

By Abbas A. El-Awady, Department of Chemistry, Western lllinois University, Macomb, 1llinois 61455, U.S.A.

The kinetics of hydrolysis of the ion [Co(Hdtu)Nz]*+ [Hdtu = (RR)-1,11-diamino-3,6.9-triazaundecane] in

perchloric acid solutions has been investigated spectrophotometrically and by N3~ release.

Over the range 0-05—

0-52M-HCIO4 [/ = 1-00M (NaClQ,)] the reaction follows a rate law of the form ~din[Co(Hdtu)N,2+]/dt = k,,

where &, = k; + ky[H*].

Over the range 0-006—0-03M-HCIO, [/ = 1-00m (NaClQ,)] the reaction follows a rate
expression for opposed first- and second-order reactions.

The pseudo-first-order rate constant for the forward

reaction has an inverse hydrogen-ion dependence of the form &, = &' + (k3/[H*]). while the second-order rate
constant for the reverse reaction shows a complex dependence on [H*], of the form &k, = (k/[H*]) + (ks/[H*]2).
Activation parameters and a mechanism for the overall reaction are given,

IN previous publications -2 we reported the kinetics of
isomerization, as well as the acid and base hydrolysis, of
[(RR)- and (SS)-1,11-diamino-3,6,9-triazaundecaneliso-
thiocyanatocobalt(r11) ions.* In addition Ni and
Garner 3 have reported the kinetics of hydrolysis of the
chloro-analogues of these complexes. The X-ray crystal
structures of the optically active chloro-complexes
correspond * to diastereoisomeric forms arising from
alternative configurations about the secondary nitrogen
atom (at the 6-position) common to the two near-coplanar
chelate rings. The structures of the other complexes
were assigned based on similarity of the i.r. spectra,
especially in the NH, stretching and bending regions, to
those of the chloro-complexes.

In an attempt to provide further insight on the effects
of chelation, as well as stereochemistry, on hydrolysis
rates of related cobalt(i11) complexes, we report here the
kinetics of acid and base hydrolysis of azido[(RR)-1,11-
diamino-3,6,9-triazaundecanelcobalt(111), [Co(Hdtu)N4]2*.

EXPERIMENTAL

All reagents were of analytical grade. The water was
doubly distilled and then passed through a mixed-bed
cation-anion-exchange resin. 1,11-Diamino-3,6,9-triaza-
undecane (Hdtu) (practical grade) was used as obtained
from Matheson, Coleman, and Bell. Sodium perchlorate
was prepared by neutralization of reagent-grade 709, per-
chloric acid with reagent-grade sodium carbonate and re-
crystallized three times from hot distilled water. Sodium
azide (practical grade), employed in the synthesis of the
complex, was used as obtained from Eastman Organic
Chemicals. Sodium azide, used for determination of the
ionization constants of hydrogen azide, was recrystallized
from water as described by Browne.?

Preparation of Complexes.—Chloro[(RR)-1,11-diamino-
3,6,9-triazaundecane]cobalt(i1) diperchlorate was prepared
and characterized as described in the literature.®

Azido[(RR)-1,11-diamino-3,6,9-triazaundecane]cobalt(111)
diperchiorate. Reddish orange [Co(Hdtu)N,](ClO,), was
prepared from the complex [Co(Hdtu)CIJ(ClO,), by the
anation reaction with azide. In a typical preparation, the
chloro-complex (5 g) was added to 0-4mM-HCIO, (50 cm?®) and
sodium azide (5 g). The mixture was then heated to 80 °C
and maintained at this temperature for 30 min. The solu-

* The trivial name tetraethylenepenta-amine has previously
been used to describe the RR and SS ligands.

' A. A. El-Awady, J.C.S. Dalton, 1972, 1463.
® A. A El-Awady and C. S. Garner, J. Inorg. Nuclear Chem.,
1970, 32, 3627.

tion was then cooled to 25 °C and propan-2-ol-methanol
(3:1, 250 cm?®) added. The excess of NaN,; was filtered off
and the azido-complex precipitated on cooling in an ice-
bath. The perchlorate salt was recrystallized from a
minimum volume of 0-2M-HCIO,, on addition of propan-2-
ol-methanol (3:1, 200 cm?®) {Found: C, 20-0; H, 4-90;
Co, 11-9; N, 23-3. [Co(Hdtu)N,](ClO,), requires C, 19-65;
H, 475; Co, 12-05; N, 22-99,}. Visible, u.v., and i.r.
spectra of the perchlorate were identical to those of the
tetrachlorozincate(i1) salt obtained by House and Garner.®
The absolute configuration was assigned based on similarity
of the i.r. spectra, especially in the NH, stretching and bend-
ing regions, to the chloro-analogue.

Chromatogvaphy of Aquated Solutions.—Solutions of the
complex [Co(Hdtu)N,]2* which had been allowed to aquate
in the dark at 80 and 90 °C for 1—2 half-lives under experi-
mental kinetic conditions (as described for low acid con-
centrations) were adsorbed on a 10 X 1 cm Dowex 50-X8
cation-exchange resin (200-—400 mesh) in the hydrogen
form and eluted at room temperature with three successive
aliquot portions (50 cm?®) of 2-0mM-HCIO, followed by three
successive portions (50 cm3) of 3-0M-HCIO,.

Kinetic Runs.—Kinetic runs were followed both spectro-
photometrically and by azide-ion release. Weighed
amounts of the salt [Co(Hdtu)N,](ClO,), were dissolved in
the desired medium made from stock solutions of NaClO,
and HCIO, of known concentrations and made up to the
desired volume. Aliquot portions (ca. 10 cm?®) were sealed
by torch in Pyrex test tubes (20 cm?). These were then
wrapped in aluminium foil to exclude light and placed in
oil-baths thermostatted at 80-00 4 0-02, 90-00 -4 0-03,
and 98:00 4- 0-06 °C. Zero-reaction time was taken as
10 min after the ampoules were placed in the temperature
bath. The ampoules were then removed at known times
and quenched in ice-water. The visible absorption spec-
trum of each reaction solution was then scanned in 1:00 cm
silica cells (against a matching 1-00 cm silica cell filled with
an identical solution except for the complex) over the range
600—340 nm with a Cary model 14 recording spectro-
photometer at 20 °C. The data were analysed at 520, 510,
and 500 nm. In certain runs the reaction was followed by
analysis of the released N,™ ion. Free N,” ion and HN,
in the reaction ampoules were separated from the com-
plexes by adsorbing aliquot portions on a 3 X 2 cm column
of H* Dowex AG50W-X8 cation-exchange resin (100-—200
mesh), prefilled with 0-01m-HCIO,. The mixture of N3~ ion

3 T. Ni and C. S. Garner, Inorg. Chem., 1967, 8, 1071.

4 M. R. Snow, D. A. Buckingham, P. A. Marzilli, and A. M.
Sargeson, Chem. Comm., 1969, 891.

5 A. W. Browne, Inorg. Synth., 1939, 1, 79.

¢ D. A. House and C. S. Garner, Inorg. Chem., 1967, 6, 272.
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and HN, was then eluted with 0-01M-HCIO,. The total
azide concentration was determined by addition of excess
of CelV and titrating the excess with standard Fe! solution
to a Ferroin end point.%#

Ionization Constants.—The ionization constants for
hydrogen azide were determined at 70-00, 80-00, and
90-00 °C. Hydrogen azide was made ## sit¥ by mixing a
standard solution of perchloric acid with a standard solution
of sodium azide.® The pH of the resulting solution was
measured with a Beckman Expandomatic pH meter, in
which the electrodes were left in equilibrium with the
solution at the desired temperature for 0-5 h. The pH
meter was calibrated against a known buffer at the appro-
priate temperature. The ionic strength of the solution was
maintained at 1-00M.

RESULTS

The Figure presents visible and near-u.v. absorption
spectra of aquo- and azido-[1,11-diamino-3,6,9-triazaunde-
cane]cobalt(1ir). Hydrolysis reactions were studied over
the [H*] range 0-006—0-52m at 80, 90, and 98 °C and an

107> Wavenumber [ cm™
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Visible and near-u.v. absorption spectra of the salts [Co(Hdtu)-
N;HC10,), (——) and [Co(Hdtu)H,0](ClOy); (-~--) at 25 °C

in 0-1m-HCIO,

ionic strength of 1-00m (NaClO,). At hydrogen-ion con-
centrations greater than 0-03M, the reaction obeyed rate
law (1), where %, is a pseudo-first-order rate constant. The

— din [Co(Hdtu)N2t]/dt = &, (1)

reaction was studied by spectrophotometric and azide-ion-
release methods. In the former 2, was evaluated for each
kinetic run from relation (2), where 4, 4, and 4, are
optical absorbances at a given wavelength at time zero, ¢,
and 1009, hydrolysis of N,” ligand respectivelyv. The

2:303 logyo [(do — Ao)/(d — A)] = kat (2)

azide-ion-release experiments were fitted to equation (3),
where a and v are the initial concentration of the complex

2:303 1ogso [a/(a — 7)] = hat (3)

and the azide concentration at time ¢ respectively. Plots

7 J. W. Arnold, Ind. and Eng. Chem., Analyt. Edn., 1945, 17,
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of equations (2) and (3) were linear up to 709, completion of
reaction (the extent to which the reactions were followed).
Table 1 presents experimental values of %,, obtained from

TaBLE 1

Pseudo-first-order rate constants for hydrolysis of the
ion [Co(Hdtu)N,])*" at high acid concentrations *

[Complex]] [HCIO,]/
t/°C mM M 108K, f/s7!
80-00 1-656 0-1033 2-87 +4- 0-02
80-00 1-660 0-2066 4-43 -+ 0-03
80-00 1771 0-3099 6-14 -+ 0-05
80-00 1-723 0-4132 8:21 +4- 0-04
80-00 1-746 0-5165 9:67 + 0-06
80-00 8-972 0-4132 8-00 4- 0-05 §
90-00 1-954 0-1033 9-88 + 0-06
90-00 1-833 0-2066 15-48 -+ 0-08
90-00 1-938 0-3099 2264 -+ 0-09
90-00 1-883 0-4132 280 -i- 0-1
90-00 1-890 0-5165 355 -+ 0-1
90-00 14-08 0-3099 22-77 1 0-06 £
98-00 1-860 0-0516 20-38 +4- 0-08
98-00 1-806 0-0620 230 + 01
98-00 1-804 0-0723 26-5 + 02
98-00 1-696 0-1033 30-32 + 0-09
98:00 1-714 0-1550 41-1 4 01
98-00 1-673 0-2066 501 - 02
98-00 1-694 0-3099 76-3 4-0-2
98-00 1-677 0-4132 944 4 0-2
98-00 1-637 0-5165 1098 + 0-3
98-00 9-570 0-2066 530-0 =-031%
98-00 5-766 0-0516 212 +011%

* Jonic strength was adjusted to 1-00m with sodium per-
chlorate. t Weighted averages of values determined at 520,
510, and 500 nm, which agreed within experimental error;
errors are standard errors obtained from the least-squares
treatment. § From azide-ion-release experiments.

least-squares treatment of the data, which were in good
agreement with rate constants obtained from gradients of
visually drawn rate plots. The values of %, showed a
linear dependence on [H*] [equation (4)]. Values of k; and
k, obtained by least-squares fit are given in Table 2.

Ra = Ry -+ Ro[HY] (4)
At hydrogen-ion concentrations lower than 0-03n, it was
observed that the spectrum of the products was #of that of
TaBLE 2

Kinetic parameters for hydrolysis of the ion
[Co(Hdtu)N,}** at high acid concentrations

e 108F, /s 1054, /1 molt 571
80-00 1-05 = 0-02 1-68 + 0-05
90-00 37 £03 59 101
98-00 115 =+ 05 197 + 06

Errors are least-squares standard deviations.

the aquo-complexes, but somewhat in between those of the
azido- and aquo-complexes. This indicates that the re-
action goes to an equilibrium mixture represented by re-
action {5). The possibility that the reaction products are

kb
[Co(Hdtu) N2+ + H,0 ===

ke
[Co(Hdtu)H,O" 4 Ny~ (5)
different from those of reaction (5) was excluded on the
8 R. G. Linck, Inorg. Chem., 1972, 11, 61.

9 B. W. Clare, D. Cook, E. C. Ko, Y. C. Mac, and A. J. Parker,
J. Amer. Chem. Soc., 1966, 88, 1911.
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basis of azide-ion-release experiments. In addition, cation-
exchange chromatography (see Experimental section) of
solutions of the ion [Co(Hdtu)N;}2™ that were allowed to
react for 1-—2 half-lives gave only two bands, which on
elution gave eluates whose spectra corresponded essentially
to those of the parent complex and [Co(Hdtu)H,0}**
(similar results were obtained for the equilibrium mixture).
No coloured band remained on the resin column after
elution of the aquo-ion.

Experimentally it was found that the reaction followed a
rate expression for opposed first- and second-order reactions
{equation (6)]. The free azide-ion concentration was calcu-

—d[Co(Hdtu)N,2*]/d¢ = k,[Co(Hdtu)N,>"] —
k[Co(Hdtu)H,O*"][N;™1  (6)
Jated from the ionization constant, K,, of hydrogen azide

and the total azide concentration Z[N;] by use of relation
(7), where K, € [HY]. Experimental determination of K,

- K XE[Ny] K,X[N,]

N _ a=ital _ fla 3

S T mg T TET g
gave values of (57 4- 0-1) X 10 and (6-25 4- 0-1) X

107% mol I't at 80-00 and 90-00 °C respectively. The start-
ing solutions were chosen so as to satisfy the following
conditions: at time f¢=0, [Co(Hdtu)N,;**] =a and
[Co(Hdtu)H,03%] = [N,7] = 0; at time ¢ = ¢, [Co(Hdtu)-
N2l = (@ — ) and [Co(Hdtu)H,0%*] = X[N4] = #; and
at equilibrium, [Co(Hdtu)H,0%"] = X(N,] = #,. The sim-
plified expression for opposed first- and second-order reac-
tions is 1° (8), where &y, represents the pseudo-first-order rate
constant for the forward reaction.

laxe + x{a — %))

2-303 log,, pTE—
e !

= kb[@“ - A’e)/xe]t (8)
The reaction was followed both spectrophotometrically
and by azide-ion release. In the former, the quantities a,
#, and x, were calculated from the changing absorbance of
the reaction mixture and those of pure [Co(Hdtu)N,]*" and
[Co(Hdtu)H,01*". Values of £k, were obtained from
gradients of plots of log {[ax, + x(a — #e¢)]/a(xe — %)}
against time. These plots were linear over the extent to
which the reaction was followed (50—809, completion).
Second-order rate constants, &, were calculated by use of
equation (9). Table 3 lists values of £, and %, obtained
over the [H*] range 0-006—0-03M, and at 80-00, 90-00, and

ko = kp[H](a — o) [Ka(xe?) 9

98-00 °C. At 98 °C, however, it was observed that the
reaction mixture developed strong odours due to what we
believe to be thermal decomposition of hydrogen azide
and/or azide ions. At 80 and 90 °C values of ‘ x, * obtained
from spectrophotometric and azide-ion-release experiments
were in good agreement. At 98°, however, the spectro-
photometric x, value was much larger than that from azide-
jon-release experiments. This difference was not observed
for values of * »’, however, and only prolonged heating of
the solution resulted in decomposition of azide. That no
reduction of Coll was taking place was determined by
base hydrolysis of the equilibrium mixture, followed by
acidification to obtain the aquo-complex, and comparison
of the resulting solution spectrum with that calculated from
the original concentration of the azido-complex.

10 A A. Frost and R. G. Pearson, ‘ Kinetics and Mechanisms,’
2nd edn., Wiley, New York, 1961, p. 187.
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Examination of Table 3 shows that the values of 4, de-
crease with increasing hydrogen-ion concentration. When

TABLE 3

Rate constants for hyvdrolysis of the ion [Co(Hdtu)N,]2*
at low acid concentrations *

[Complex] [HCIO,] 1054, ¢ ket
t/°C mM mM s-1 I mol1s?t
80-00 1-729 6-20 37 4+ 01 98-0 £+ 2-0
80-00 1-687 8-26 3:02 + 004 645408
80-00 1-695 10-33 2:62 + 004 455 4 07
80-00 1-600 12-40 2:38 + 0:05  34-5 4- 0-7
80-00 1-797 14-46 227 + 003 2774 04
80-00 1-677 16-53 217 - 0-05  23-3 4- 05
80-00 1779 18-59 2:10 £ 0-04 186 4- 0-4
80-00 1-414 20-66 2-:00 4 0-04 166 +- 03
§0-00 4-976 12-34 23 £017% 8304101
90-00 1-679 826 11-8 + 0-1 792405
90-00 1-677 10-33  10-22 4- 0-08 566 + 0-4
90-00 1-640 12-40 912 4 008 416 -+ 0-4
90-00 1-615 14-46 8:36 4+ 0-04 31-3 +0-2
90-00 1-633 16-53 8-02 4+ 0-05 258 4 0-2
90-00 1-698 18-59 7-84 4 005 219 + 01
90-00 1-652 20-66 73 4+ 0-1 182 £+ 03
90-00 1-806 25-80 715 + 008 137 4- 0-2
90-00 1-788 30-99 7-14 4 0-07 101 +- 01
90-00 5-850 14-46 834 - 0071 3164031
90-00 6-230 10-33 9-05 4 0-08 ¢ 560 4+ 051
98-00 1-750 8:26 305 + 01
98-00 1-694 10-33 272 402
98-00 1-725 12-40 243 402

* Tonic strength adjusted to 1-00m with sodium perchlorate.
+ Weighted averages of values determined at 520, 510, and 500
nm. § From azide-ion-release experiments.

kp was corrected for the acid-concentration term (see Dis-
cussion section), an inverse [H'] dependence [equation
(10)] was apparent. The second-order rate constant, %,

ko = Ry’ + (ky/(HY]) (10)
however showed a complex [H*] dependence Tequation (11)].
ko = (ky/(HY]) + (R5/[HT]?)

Table 4 gives the kinetic parameters of %;, and %, at low
hydrogen-ion concentrations.

(11)

TABLE 4

Kinetic parameters for hydrolysis of the ion
[Co(Hdtu)N,]** at low acid concentrations

10%%,/ 108%,K,/ k4l k_yKf
t/°C st moll1s1 I mol-lst st
80-00 0-89 4 0-03 1:63 4- 0-05 3743 50 4+ 4
90-00 31 +03 66 -+ 03 32+ 2 61 + 1
98-00 10-8. 4+ 1-00 154 -+ 1-0

Errors are least-squares standard deviations.

DISCUSSION

In order to explain the experimental facts we propose
the following series of reactions, which provide a mechan-
ism for the hydrolysis and anation reactions over the
[H*] range covered in this work. Here (12) is a rapid,
reversible, equilibrium in which the azide ligand is
protonated. Reactions of this type usually occur when
the leaving group can be protonated, either because of
strong basic character or the ability to form hydrogen
bonds. Similar pre-equilibria were suggested for ligands
such as F~, N;=, CO,27, NO,~, ¢fc. in the ions [Co-
(NH,); X" and  Colen),X,]"  (en = ethylenedi-
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amine). !5 Reactions (13) and (17) are rapid reversible
equilibria associated with proton exchange between the
K,
[Co(Hdtu)Ng %" + H* ===
[Co(Hdtu)(N,H)13+ (12)
K,
[Co(Hdtu)N,*" ===
[Co(dtu)N,1* + H~
ks
[Co(Hdtu)N5 2" 4+ Hy0 ===

koy
[Co(Hdtu)H,0B+ + N;~

(13)

kg
[Co(Hdtu)(NgH) B 4 H,0 ==
k_q
"Co(Hdtu)H,0J3" + HN,

ka
[Coldtu)N4]" + H,O ===
k

[Co(dtu)H,02* + Ny~ (16)
[Co(Hdtu)H,03* _—
[Co(dtu)H,012+ + H* (17)

Ka

HN; ===H"* 4 Nj~ (18)
solvent and the secondary NH (at the 6-position)
common to the two coplanar chelate rings.:? This
mechanism leads to a rate law of the form (19), in which
[Co(Hdtu)N,2"]p represents the total concentration of
the azido-complex in its protonated and unprotonated
forms, [Co(Hdtu)H,03%]r the total concentration of the
aquo-complex in its protonated and unprotonated forms,
and XI[N;] the total azide concentration. It is to be
noted that the reverse reaction of (15) has a transition

[(H'] )
(HT + K, [H? + K,

’[‘Iillf) [Co(Hdtu)N,2)p —

d[Co(Hdtu)Ng*r
- dr - (

(kl + kyK[H*] +

{ (H] K, }
((H™] + Ky)([H*] + Ko)

{k_l 4 (kG K)[HY] & ]Eﬁlff} [Co(Hdtu)H,03+]1 i N,]
(19]

state witl: one more hydrogen atom than that of the

reverse of (14). Experiments at high acid concentration,

however, indicated that the reverse reaction in (15) is

negligible. Equation (19) reduces to (20), given that
d[Co(Hdtu) N2+ kK.

— HCABCIN I (3 4 k1] + 33)

[Co(Hdtu)N,2")p
koK, | kKK, + 7 -
— (% + Bafar) CotanH,00amNy (20)
*1cal = 4-184 J.

1t S, C. Chan, J. Chem. Soc., 1964, 2375.

12 G. C. Lalor and E. A. Moelwyn-Hughes, J. Chem. Soc., 1963,
1560.

B P. J. Staples, J. Chem. Soc., 1964, 745, 2534; 1967, 45.
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K., K,[H*]? K, and K, are much less than [H*] and
(k_o/Ka)[H*] <€ (k_y and k_;K4/[H*]). The experimental
rate constant %, is given by the first part of (20) while
the second-order rate constant %, will be given by the
second part.

At high [H*] the reverse of reaction (15) and the term
kyK,/{H*] are negligible. The rate constant %, is given
by the relation 2, + %,K,[H*], where the term Z£,K;[H*]
is equal to the experimental rate constant &,. Activa-
tion parameters corresponding to £, and k,K; were ob-
tained from linear Arrhenius plots; for 2, at 363 K
AH?Y = 340 4~ 0:6 kcal mol™® and AS? =10 4+~ 2 cal K1
mol?, while for £,K; AHY =35 4 2 kcal moll and
AS* =17 4 6 cal K mol1.* These values are of the
same order of magnitude as those observed for hydrolysis
of the ion [Co(NH,),N,]2+.12  Extrapolated values for the
rate constants at 25 °C are &, = (1-1 4+ 0-3) x 10710 51
and A K; = (1-56 4~ 0-6) x 10 Imol? s

At low [H*] correction of &, for the high-acid-concen-
tration term %,K;[H*] gave a quantity inversely propor-
tional to [H*]. Plots of the corrected values for %,
against 1/[H*] gave good straight lines. Table 4 gives
the values of %, and £3K,. Values of %, obtained from
plots of %, against 1/[H*] are in good agreement with
those obtained from plots of %, against [H*]. Activa-
tion parameters for 23K, obtained from linear Arrhenius
plots gave AH* = 32 + 2kcal mol™and AS* = —5 £+ 5
cal K mol? at 363 K. The extrapolated value for
kyK,at 25 °Cis (32 4 0-9) X 102 moll1sl. Theterm
k3K, can be viewed as a base-hydrolysis term if it is
divided by %y, the ion product of water. The mechanism
would then involve removal of a proton from an amino-
group, in a rapid pre-equilibrium, by a hydroxide ion,
followed by slow aquation of the conjugate base of the
complex. At 25 °C the base-hydrolysis term has the
value (3-24 4+ 0-9) x 102 1 mol™? s, leading to ASt =
4135 + 6 cal K mol?!. These values are of the same
order of magnitude as those observed for base-hydro-
lysis reactions of similar systems.31216

Kinetic parameters for the anation reaction were
obtained from a plot of %J[H*]/K, against 1/[H7].
Values of %2, and %2_3K; are given in Table 4. Activation
parameters for 2 3K; from linear Arrhenius plots were
AHY =44 4 1 kcal mol? and AS?t =39 4+ 4 cal K1
mol™ at 2908 K. The extrapolated values of &, appear
to be temperature independent. A careful study of the
anation reaction at high N;~ concentrations should be
conducted, however, before any final conclusions can be
drawn. The most probable transition-state complex for
reactions (14) and (16) is a short-lived five-co-ordinate
intermediate (see hydrolysis reactions of the isothio-
cyanato-analogues of this complex, ref. 1). Such dis-
sociative mechanisms have been demonstrated for
anation reactions of the ion [Co(CN);H,0]3~ with Nj~,

11 A. D. Harris, R. Steward, D. Hendrickson, and W. L. Jolly,
Inovg. Chem., 1967, 6, 1052.

15 K. R. A. Fehrmann and C. S. Garner, J. Amer. Chem. Soc.,
1961, 83, 1276.

18 S, C. Chan, K. Y. Hui, J. Miller, and W. S. Tsang, J. Chem.
Soc., 1965, 3207.
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SCN~, SO,%7, efc.)”  Ion-pair mechanisms were suggested,
however, for anation reactions of the ion [Co(NHjy)s-
H,073+.18.19

The slower hydrolysis rates of [Co(Hdtu)X]?>* com-
pared with corresponding ammine or ethylenediamine
complexes can be explained as (z) a solvent effect,?0 in
which the organic groups tend to break up the solvation
shell of the complex, whereas the complex makes greater
demands on solvation on going to the transition state

17 A. Haim and W. K. Wilmarth, Inorg. Chem., 1962, 1, 573;
1967, 6, 237.

18 F. A. Posey and H. Taube, J. Amer. Chem. Soc., 1956, 78, 15.

19 C. H. Langford, Inovg. Chem., 1965, 4, 265.
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with separating charges, or (ii), as was suggested else-
where 2 for similar comparisons, the greater ability of
1,11-diamino-3,6,9-triazaundecane to expand the 34 shell
of the central metal ion. In the series [Co(Hdtu)X]2*,
the order of reactivity as far as the leaving group is
concernedisCl~ > N, &~ NCS~. Theanationreactions,
however, suggest that the ion N3~ is a better nucleophile
than NCS—.

13/1669  Received, 30th July, 1973]

20 C. H. Langford and H. B. Gray, ‘Iigand Substitution
Processes,” W. A. Benjamin Inc., New York, 1965, p. 67.
21 K. C. Monk and C. K. Poon, Inorg. Chem., 1971, 10, 225.
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