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Calorimetric Determination of Macrocyclic Enthalpy. Copper(ir) and Zinc(ir)
Complexes with 1,4,8,11-Tetra-azacyclotetradecane
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Summary The first direct calorimetric values for the
enthalpies of formation of macrocyclic complexes in
aqueous solution show for the title systems the existence
of a macrocyclic enthalpy (Cu!! 47 and Zn'! 3 kcal
mol—1);t for the Cu'! complex the enthalpy of formation
fits the linear correlation with spectral energy as previously
described for noncyclic nitrogen ligands.

THE thermodynamic interpretation of greater stability of
aqueous complexes of metals with tetra-aza cyclic ligands
compared to that of complexes with analogous linear
ligands (the macrocyclic effect)! is controversial since the
reported enthalpy data are conflicting and all have so far

1 kcal = 4-184 k]J.

been determined indirectly.? We report a direct calori-

metric determination of the enthalpies of formation of the

Cul! and Zn"l complexes of 1,4,8,11-tetra-azacyclotetra-

decane, [14]aneN,, (1) in aqueous solution at 25 °C. Both
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SCHEME.

BATCH (LKB 10700-2) and FLOW (LKB 10700-1) micro-
calorimeters were used to measure the AH® values (Scheme).
The extreme conditions (pH 14) were necessary to avoid
interference from the protonation of the ligand (log, K, =
11-5)2P and to ensure that the reaction proceeded rapidly,
the rate being strongly pH dependent.?

For both copper(11) and zinc(11) complexes, the enthalpy
of formation exceeds that of the most stable analogous
linear system* (2) by 4-7 and 3-0 kcal mol—1, respectively.t
These values are much lower than the value of 11-6 kcal
mol~! reported?? for the analogous nickel(11) system which
has been attributed to the difference in the solvation
enthalpies of cyclic and linear ligands,

The reported linear relationship between the enthalpy of
formation and the energy of the visible band [AH (kcal
mol~!) = — 54:43 4 0-00433 v(d—d) cm~1] was found to be
valid for about thirty copper(i1) complexes with linear
polyamines.® A good correlation also exists for the Cull
complex of (1) [v(d—d) = 19,880 cm—1, AH¢ae = — 31-7,
AHops = — 32-4 kcal mol-1). The energy of the (d-d)
band has been associated® with the energy of the in-plane
interaction, for copper(i1) complexes showing tetragonally
distorted geometry with the 4 nitrogen atoms in the
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AH,® values: Cull, —32:2 and —32-5 (mean, —32-4 4 0-4); Zn!I, —14.7 and —14-9 (mean, —14-8 4 0-3) kcal mol-?,
respectively, for Route A (based on BATCH measurements) and Route B (based on BATCH/FLOW measurements).
via an identical cycle using (2) as ligand and the known value of AH,° of the copper complex.

a Determined
L = Ligand (1).

equatorial sites. This correlation suggests that, for the
Cu!! complex of (1) in which the chelate rings are arranged
in the most favourable 5,6,5,6-sequence, the formation of
strong Cu-N bonds takes place within a CuN, plane, the
geometry assumed for complexes with linear ligands. Thus
the solvation term (the difference between the enthalpy of
hydration of the complex and that of the ligand) must be
the same for the Cu([14]aneN,) complex and complexes with
linear ligands, indicating that this term cannot play any
discriminating role in the co-ordinating ability of different
ligands, in contrast to the previous interpretation for nickel-
(1) compounds.?? For zinc(i1) which forms tetrahedral
complexes much more readily, it is very difficult to draw
meaningful conclusions without further structural or
entropy data. However, in this case the macrocyclic
enthalpy does contribute to the overall stability of the
complex.
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