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Copper(ll) Complexes of Diamino Diamide and Diamino Diamine in
Aqueous Solution

Min-Shiun Chao* ( * * < ¢)and Shih-Liang Huang (* * * *)
Chemical Engineering Department, National Chin-Yi Institute of Technology, Taichung, Taiwan 41111, R.O.C.

In order to study the difference on the equilibrium, spectral properties of copper(Il) complexes of diamino
diamide and diamino diamine, new tetradentate ligands, 4,7-dimethyl-4,7-diazadecanediamide (4,7-N,N’-
Me,-1-2,2,2) and 1,10-diamino-4,7-dimethyl-4,7-diazadecane (4,7-N,N’-Me,-3,2,3-tet), have been synthe-
sized. Synthetic procedures for these new ligands are described. Their protonation constants have been deter-
mined potentiometrically in 0.10 M KCl at 25.0 °C. The formation of their copper(Il) complexes have been in-
vestigated quantitatively by the potentiometric technique and by the measurement of their electronic spectra.

INTRODUCTION

Metal-containing polymer has become more and more
popular for use in gas separation. Sakai et al.' prepared
Nafion-silver microcomposite membranes having a signifi-
cantly improved O»/N; selectivity ratio because of the affinity
between oxygen and silver. Lai and coworkers™ reported that
gas permeability of polycarbonate (PU)-dimethyl formamide
(DMF)-CuCl, or Poly(methyl methacrylate)(PMMA)—
DMF-CuCl, membranes were significantly improved as com-
pared to pure PC or PMMA membranes. There are many stud-
ies about the use of cobalt compounds for oxygen enrichment
from air. "'

Polyurethanes (PU) are multiblock copolymers usually
consisting of hard segments and polyether or polyester soft
segments. These materials have been used to separate oxygen
from air.""""> The complexation of PU polymers was generally
obtained by incorporating a chain extender containing tertiary
amines and then reacting with alkyl halides'® or glycolic
acid.'” Others are formed by the use of sulfonate containing
chain extender'® or by the addition of LiC10, to the PU."**

Previously we have reported N-methyldiethanolamine
(MDEA) as chain extender based PUs to study the gas perme-
ability of polyurethane complexes.”’ The purpose of this
study is to synthesize 4,7-dimethyl-4,7-diazadecanediamide
(4,7-N,N’-Me,-L.-2,2,2) and 1,10-diamino-4,7-dimethyl-
4,7-diazadecane (4,7-N,N’-Me,-3,2,3-tet) and investigate the
formation of their copper(Il) complexes in aqueous solution.
These two types of diaminodiamide and diaminodiamine can
be used as chain extenders for the preparation of polyure-
thane-urea polymer and then complexed with cupric chloride
or nickel chloride. This metal-containing polyurethane-urea
can be used in many fields, such as the separation of oxygen
from air. All the above programs are under further investiga-
tion in our laboratory. These ligands are depicted in Chart L.

Their complexes with copper(I]) have been studied by poten-
tiometry and visible absorption spectrophotometry.

Chart 1
H H
HsC. 2| | 2 CH,
H,C——N N=—CH,
/
H20\ /CHZ
HoN NH;
4,7-N,N'-Me,-L-2,22
H,C=————CH
H3C\2 /ZCH3
H,C—N N—CH,
HoC /CHz
H,C——NH, H,N——CH,
4,7-N,N'-Me,-3,2 3-tet
EXPERIMENTAL
Reagents

The ligand 4,7-N.N"-Me,-1.-2,2,2 was prepared from
N,N’-dimethylethylenediamine (13.2 mL, 0.2 mol) and acryl-
amide (28.4 g, 0.4 mol) in 50 mL of acetonitrile by heating un-
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der reflux for 1.5 h. The solution was cooled and the product
filtered off, washed with chloroform, recrystallized from
chloroform, and dried 1n air; Anal. Caled for C10H22N4O,: C,
52.1;H,9.63; N, 24.3. Found: C, 51.3; H, 9.54; N, 23.6. °C
NMR spectra (D0, DSS), & (ppm): 33.17, 42.14, 53.58,
54.02,178.07.

The ligand 4,7-N,N’-Me,-3,2,3-tet was prepared from
4,7-N,N’-Me,-1.-2,2,2 (20 g) and lithium aluminum hydride
(10 g) in 100 mL of THF by heating under reflux for 24 h. The
solution was cooled and added 30 mL. 5N NaOH solution to
precipitate AI(OH)s, filtered off, washed with THF. The solu-
tion of filtration was concentrated to dry. The residue was
separated by reduced pressure distillation. The product 4,7-
N,N’-Me»-3,2,3-tet was a colorless liquid. Anal. Caled for
CioHaeNa: C, 59.4; H, 12.9; N, 27.7. Found: C, 58.7; H, 12.6;
N, 27.1; *C NMR spectra (D,0, DSS), & (ppm): 24.16, 38.77,
42.79, 52.12, 56.17. Before titration, 4,7-N,N’-Me,-1.-2,2.2
was prepared to be diprotonated and 4,7-N,N’-Me,-3,2.3-tet
to be tetraprotonated by adding HCI solution. These ligands
were 99.8% pure as determined by titration with a standard
base. All other chemicals used were of reagent grade from
Merck. A saturated solution of sodium hydroxide (reagent
grade) was prepared to precipitate sodium carbonate. A sam-
ple of this was diluted with freshly boiled, distilled, deionized
water and stored in a Nalgene Teflon bottle. It was standard-
ized against weighed amounts of potassium hydrogen phthal-
ate. The copper(Il) ion concentration was standardized by
EDTA titration.

Measurements

For pH measurements a Radiometer VIP-90 instrument
was used. The pH was standardized with NBS buffers. The
hydrogen ion and hydroxide ion concentrations in 0.1 M KCI
were calculated from -log[H"] =pH-0.11 and K, = 107178 2223

Appropriate aliquots of standard solutions of ligand or
ligand and metal were titrated with a standard sodium hydrox-
ide solution. In all titrations the ionic strength was maintained
relatively constant by using 0.10 M K.Cl as supporting electro-
lyte. The solutions were protected from air by a stream of hu-
midified prepurified nitrogen and were maintained at 25.0 £
0.1 °C during measurements. The equilibrium constants were
obtained by using software-PKAS, BEST and SPE program
by Martell.** A Hitachi 3410 uv-visible spectrophotometer
with a thermostated cell compartment was used to record ab-
sorption spectra.

RESULTS AND DISCUSSION

Protonation Constants
A potentiometric titration curve of the chloride salt of
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diprotonated ligand 4,7-N,N"-Me,-1.-2,2,2 with standard base
yielded the experimental data shown as the smooth curve 1 in
Fig. 1. In this Figure a represents the number of mols of hy-
droxide ion added per mol of ligand present in the solution.
Equation (1) and (2) are obtained from the usual mass- and
charge-balance relationships, where Cuyy, s the total concen-
tration of ligand.*® The values of the protonation constants of
this ligand obtained from these experimental data are listed in
Table 1. The non-methylated ligand, 4,7-diazadecanediamine
(L-2,2,2), 1s also given for comparison.26

(2 - a)Car, + [OH™] - [H]

——log[H'] (1)

logKiF =1
O O T ) Cr —[OH | +[H ]

(1 - a)Crar + [OH™] - [H]
aCrnr — [OHT] + [H']

log KoM =1log ~log[H'] (2)

Another potentiometric titration curve of the chloride
salt of tetraprotonated ligand 4,7-N,N’-Me,-3,2,3-tet with
standard base yielded the experimental data shown as the
smooth curve 1 in Fig. 2. The protonation constants of
polyacidic bases can be determined by Schwarzenbach’s

method?”?®

if the difference between the logarithms of the
sucessive constants is smaller than 2.8. The KiF and K, of

4,7-N,N’-Me;-3,2,3-tet are obtained from the following equa-

121

Fig. 1. Titration curves for4,7-N,N'"-Me,-1.-2,2.2 in the
presence and absence of Cu?"at25 °C and 0.1 M
KCl1. Test solution: (1)20.0 mL, 0.00553 M [H,

4,7-N.N’-Me,-L-2,2.2][Cl]»; (2) 30.0 mL
0.00352 M CuCl, and 0.00705 M [H,
4,7-N.N"-Me,-L-2,2.2][Cl]»; (3) 20.0 mL

0.00549 M CuCl, and 0.00551 M [H,
4,7-N.N’-Me,-L-2,2,2][C1],. Titrant: 0.1058 M
NaOH; a = number of moles of NaOH added per
mol of ligand. 4,7-N,N’-Me,-L1.-2,2.2 was pre-
pared to be diprotonated by adding HC1 solution
before titration.
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Table 1. Protonation Constants of 4,7-N,N’-Me,-1.-2,2.2 and 4,7-N . N’-Me»-3.2,3-tet at 25.0 £ 0.1

°C and 1= 0.10 M (KCl)

Ligand log K™ log K" log K5™ log K"
L-2,2,2° 8.78 £0.04 5.82 £0.03 — —
4,7-NN"-Mep-1-2,2.2 821 +0.04 4.59 +0.03 — —
4,7-N,N’-Me»-3,2,3-tet 9.98 £0.05 9.48 £0.03 7.21£0.04 4.14+£0.03
* From ref. 26

tion by using Schwarzenbach’s method. tained from these experimental data are also listed in Table 1.

1 The ligand, 4,7-N,N’-Me,-1.-2,2,2, has two protonation
T = AKT +B 3) constants,

Ky
[H']*(@Cpnr + [H] - [OH )
[OH ] - [H'] +(2 - a)ChnL

[H']{(a — DCrn — [OH ] +[H']}

TG o BT Ea

A and B were calculated from several sets of values of a
and [H'] taken from titration curves. The calculation of K"
and KM of 4,7-N,N’-Me,-3,2.3-tet is the same as equation (1)
and (2), respectively, because the difference in the logarithms
of K5 and K, is greater than 2.8.

The values of the protonation constants of the ligand ob-

12

Fig. 2. Titration curves for 4,7-N,N’-Me»-3,2,3-tet in
the presence and absence of Cu®" at 25 °C and
0.1 MKCI. Test solution: (1)20.0 mL, 0.00212
M [H4 4,7-N,N’-Me»-3,2,3-tet][Cl]4; (2) 20.0
mL 0.00103 M CuCl, and 0.00207 M [Ha
4,7-N.N’-Me»-3,2,3-tet][Cl]s; (3) 20.0 mL
0.00208 M CuCl, and 0.00221 M [H,4 4,7-
N.N’-Me»-3,2,3-tet][Cl]s. Titrant: 0.1062 M
NaOH; a = number of moles of NaOH added per
mol of ligand. 4,7-N.N’-Me,-3,2,3-tet was pre-
pared to be tetraprotonated by adding HCI solu-
tion before titration.

[HL*]
[H[HL"]

n
y_ HL] H_
I =————andKy =
[L][H']
but the ligand, 4,7-N,N’-Me»-3,2,3-tet, has four protonation
constants,
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The values of log K and log K, of 4,7-N,N’-Me,-
3,2,3-tet are very much greater than the corresponding con-
stants of 4,7-N,N’-Me,-1.-2,2,2. It shows that the terminal pri-
mary nitrogen is protonated during the first two stages of
protonation in 4,7-N,N’-Me,-3,2,3-tet, while the tertiary ni-
trogen is protonated in 4,7-N.N’-Me,-1.-2,2,2. For 4,7-N,N’-
Me,-1.-2,2.2, the value of K" is less than that of K, as might
have been expected on the basis of both statistical factors®
and electrostatic repulsion between the hydrogen ion and the
protonated ligand. In general, values for secondary amines
are larger than those of similar tertiary amines. The values of
K and KoF of 4,7-N N"-Me,-1.-2,2.2, which contains tertiary
amines, are all significantly lower than the corresponding
constants of 1.-2,2,2, which contains secondary amines. For
4.7-N.N’-Me»-3,2,3-tet, the value of K, is close to that of
K,". This is obviously due to smaller electrostatic repulsion
exerted by the positive terminal, which is further from the ter-
minal primary nitrogen atom. The values of log K5" and log
Ky of 4,7-N.N’-Me,-3,2,3-tet are much less than those of log
K;" and log K"
protonation involve the two equivalent primary nitrogen at-

It shows that the first two stages of

oms and the last two stages of protonation involve the two
equivalent tertiary nitrogen atoms.

Composition of the Copper(Il) Complexes
Job’s method of continuous variations® was used to de-
termine the composition of the copper(Il) complexes. Fig. 3
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shows Job’s plot in which the absorbance is plotted against the
ratio [Cu®"]/([Cu®"] +[4,7-N,N’-Me,-L-2.2.2]). The pH of the
solution was kept at 5.34, and the total molarity of Cu*" and
4,7-N N’-Me,-1.-2.2.2 was 4.50 x 10> M. From the experi-
mental results shown in Fig. 3, it is evident that copper(I])
forms 1:1 complex with 4,7-N,N’-Me,-1.-2,2,2. Copper (II)
also forms a 1:1 complex with 4,7-N,N’-Me,-L.-3,2.3-tet by
using the same method.

Equilibrium Constants of Copper(I1l) Complexes

The titration curves for copper(Il)-4,7-N,N’-Me,-L-
2,2,2 systems are shown in Fig. 1 (curves 2 and 3). The reac-
tions are fast. At the start of the titration the reactants exist as
Cu®" and H,L*", during titration the color of the solution
changed from blue, through deep blue, to violet. For the 1:1
copper(I1)-4,7-N,N’-Me,-1.-2,2,2 solution (curve 3) a definite
break ata =2 is seen. In the first sloping buffer region, the two
protons attached to the amine groups of the ligand are dissoci-
ated by the copper(Il) ion. In the second sloping buffer re-
gion, the two amide protons are dissociated in overlapping
steps.

The following complex equilibria were found to de-
scribe the reactions of copper(Il) with 4,7-N,N’-Me,-1.-2,2,2

[CuL?*"
Cu* +L - CulL?, Keu 2t = ——>—— 4
u u > INCul [Cu2+] [L] ( )
CuL?" - CuH. L +H"
[CuH. L™|[H"]
Ka= w )
0.5
04
A 03
0.2
0.1
0 053 0

[CU(ICu* 1+[4,7-N-Me,-L-2,2,2])

Fig. 3. Determination of compositions of copper(Il)-
4,7-N,N’-Me»-1.-2,2.2 by continuous variations,
[Cu(Il) 4,7-N.N"-Me»-1.-2,2,2] = 4.50 x 103 M,
PH = 5.34, 664 nm.
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Cul L™ — CulL,L +H'
[CuH.,L][H"]
Ke=s—F—7— ©)
[CuH.,L"]

in which L presents the 4,7-N,N’-Me>-1.-2,2,2 and the nega-
tive subscript on H represents the number of amide protons re-
moved from the complex. The possible solution structures of
the three complexes CuL+2, CuH.1L", and CuH.,L are shown
in Chart II. Below a =2 for the 1:1 titration (or belowa =1 in
the 1:2 titration), only reaction 1 (Cu?" +L — CuL?") takes

Chart II
—_— -_— 2+
o
AT — M2
HoC \Cu/ CH,
\N_/ N_/
C—0 o—
/ \
H2N NH2
Cu(4,7-N-N'-Me,-L-2,2,2)**
— -+
e R LY
N R Vot
A - CHp
L \C / N
2! u 2
N_ /"N [/
=0 HN—C
/ N\
HoN fo)

r— 0
Hac H.C CH, CHa T
N R Vi
Hzc/ \ Cu/ CH>
\C— NH/ HN— C/
o// \

Cu(H -4,7-N-N'-Me,-L-2,2,2)°
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place. For this reaction, the following equations are obtained
from the usual mass-balance and charge-balance relation-
ships.

n
log Kr=1log TS —log[L] @)

L= (2CHnr —aCym + [OH ] - [H])

’

o

(Canr — LD
Cm

n=

o = 2K, BIGHEH P + K F

o =K "KM H PP+ K H 1
where Cpyr and Cy are the total concentration of ligand and
metal species. The stability constant obtained is listed in Ta-
ble 2.

Deprotonation reactions of Cu(4,7-N,N’-Me,-1.-2,2,2)**
take place in the region from a =2 to 4 of the 1:1 titration curve
(or in the region from a = 1 to 3 of the 1:2 titration curve). For
these reactions, the relationship between K, and Kg is as fol-

lows.
1

—=AxKg+B ®)
A
_ (2-a)Cha +2Cu - [H']+[OH ] - o/[L]
 [H'1((a— 2)Chnt. + [H'] - [OH ] +o[L])
B (a —2)CHar — Cm +[HT] - [OHT] + o[L]
" [H'1(2 - )ChnL — [H] + [OH ] - o[L])

L] = (Crar — C)

o

A and B were calculated from several sets of values of a, [H'],
Cw and Cinr, taken from each of the titration curves. The val-
ues of K4 and Kp obtained are listed in Table 2. The Cu-O to
Cu-N bond rearrangements at the two amide sites occur in this
region.

Above a =4 for the 1:1 solution and above a = 3 for the
1:2 solution the titration curves are the same as those calcu-
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lated assuming no further reaction between [CuH.,L] and hy-
droxide ions. For the purpose of comparison, the correspond-
ing values for the stability constants of Cu(L-2,2,2)*" are also
given in the Table 2.%°

The titration curves for copper(Il)-4,7-N,N’-Me,-
3,2,3-tet systems are shown in Fig. 2 (curves 2 and 3). At the
start of the titration the reactants exist as Cu”" and H,L*". Dur-
ing titration the color of the solution changed from light blue
to violet.

The equilibria 9-10 show the reactions of copper(Il)
with -4,7-N,N’-Me»-3,2,3-tet.

Cu*" +LH" = CuHL?

3+
Ke HL3+ :w 9)
" [Cu®"|[LH"
Cu¥ +1L - cul”
[CuL?*"
Kot =———— 10
CuL [CuT L] (10

The structural formula of the two complexes CuHL?*"
and CuL*" are shown in Chart ITI. The calculation of stability
constants is also obtained from the usual mass- and charge-
balance relationships similar to the Ka and Kg of Cu[4,7-
N,N’-Mez-L-2,2,2]+2. The stability constants obtained are
listed in Table 2.

The result indicates that Cu(Il) and 4,7-N,N’-Me;-
3,2,3-tet form a normal complex CuL.** and a protonated com-
plex CuHL?" because CuL*" has 6-5-6-membered ring struc-
ture. The steric strain makes CuL*" complex easily form a
protonated CuHL>" to release the ring strain.*!

Comparing the stability constant of copper(Il) of 4,7-
N,N’-Me,-1.-2.2,2 with the corresponding constant of 4,7-
N,N’-Me,-3,2,3-tet, the value of log Kea® for [Cu(4,7-N,N'-
Me;-3,2,3-tet)”" given in Table 2 is about 7 log units higher
than the corresponding constant for [Cu(4,7-N,N’-Me,-L-
2,2.2)]*". The significant higher stability in the former indi-
cates that the amino groups are much more strongly bonded to
the metal ion in [Cu(4,7-N,N’-Me;-3,2,3-tet)]*" than the am-

Table 2. Equilibrium Constants for the Interactions of 4,7-N,N'-Me,-1.-2,2.2 and
4,7-N.N’-Me»-3,2,3-tet with Copper(IT) at 25.0 £ 0.1 °C and u = 0.10 M (KC1)

Ligand log Keum3+ log Ky 2+ log Ka log Kp
L-2,22% — 12.58 £0.07 -8.08 £0.06 -9.33 £0.05
4,7-N,N’-Me>-1.-2,2 .2 — 9.25+0.05 -7.32 £0.05 -8.97 £0.06
4,7-N,N’-Me»-3,2,3-tet 19.28 £0.06 16.54 £0.07 — —

? From ref. 26
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Chart III

Hzc———CHz
HsC,
3 \l

H,C——N

/

HoC. cu®*
H\zc—N/
H>

NH*3

CuH(4,7-N,N'-Me,-3,2 3-tet)>*

HoC—————CH
HaC. ° 2 CHg

N\ /

HC—N N=—CH,

/N7

HoG CH,

Cu
Hzc—N/ \N_Cé
Hy Hz

Cu(4,7-N,N'-Me,-3,2 3-tet)**

ide groups in [Cu(4,7-N,N'-Mez-L-2,2,2]%. This result is in
complete accord with the base-weakening effect of the
CONH, group.*” Comparing the stability constant of cop-
per(1l) of 4,7-N,N’-Me,-1.-2,2,2 with the corresponding con-
stant of L-2,2,2, the value of K: is Cu(L-2,2,2)2+ >
Cu(4,7-N,N'-Mez-L-2,2,2)]%. This result indicates that the
bulky alkyl group attached to the donor nitrogen atom pre-
vents the coordinated diamino diamide from assuming a pla-
nar configuration, resulting in a weakening of the metal-
ligand bonds.

The values of K and Kp are Cu(L-2,2,2)*" < Cu(4,7-
N,N'-Mez-L-2,2,2)2+. This sequence indicates that the values
of both K4 and K3 increase as the number of N-alkyl groups
increases. This trend is mainly attributed to the solvation en-
ergy of the copper(Il) complex. In general, the solvation en-
ergy of a copper(Il) complex decreases with the number of the
N-alkyl groups. For each of these diamino diamides, the sol-
vation energy increases in the order CuH,L < CuHL" <
CuL”. Thus, the desolvation effect attributed to the number
of N-alkyl groups decreases in the order CuL*" > CuH ,L" >
CuH,,L.. Consequently, the values of Ka and K3 increase as
the number of N-alkyl groups increases.

Electronic Spectra
The electronic absorption spectra of copper(Il)-(4,7-
N,N’-Me,-1.-2,2,2) solutions are shown in Fig. 4. AtpH 1.32,
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the spectrum is the same as that of CuCl,. Asthe pH increases,
the band maximum increases intensity (curves 2-4). Curve 4,
at a =2, is almost entirely due to the species Cu(4,7-N,N’-
Me,-L.-2,2,2)*". Further increase in pH beyond a = 2 (curves
5-8) causes the absorption band to shift to a shorter wave-
length due to the Cu-O to Cu-N bond rearrangements and the
deprotonation reactions at the two amide sides. Curves 9 and
10 are probably due to the deprotonated species Cu(H.-4,7-
N,N’-Me,-1.-2,2,2). No further changes were observed when
the hydroxide ion was added. This result confirms the pot-
entiometric observation that above a = 4 for the 1:1 solution
the titration curve is the same as that calculated on the as-
sumption that there is no further reaction between Cu(H.,-
4,7-N,N’-Me;-1.-2,2,2) and hydroxide ion.

Using the various equilibrium constants in Table 2, the
degree of formation of copper(Il)-4,7-N,N’-Me,-1.-2,2,2 spe-
cies ina 1:1 solution can be calculated and is shown in Fig. 5.
By means of the calculated concentrations of all species pres-
ent in the solution, the spectra can be resolved into their com-
ponents by using eq. 11. The absorption characteristics of all
species so obtained are given in Table 3.

A=b(ecy? [Cu*"] + ecur2[Cul*" ] + ey, {Cull 1L 1]
+ecum,r [CuH.,L]) (1D

These results show that the crystal field stabilization en-
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Fig. 4. Visible absorption spectra of copper(I1)-4,7-
N,N’-Me,-1.-2,2.2 solutions. All solutions con-
tain 0.00105 M CuCl, and 0.00106 M [H,
4,7-N.N’-Me»-1.-2,2.2][Cl], at 25 °C and 0.1 M
KC1. The pH values of the solutions are as fol-
lows: (1) 1.32;(2) 3.32; (3)4.87; (4) 6.13; (5)
7.38;(6)8.85,(7)9.48;(8) 10.24; (9) 11.93; (10)
12.04.
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Table 3. Electronic Absorption Spectra of Copper(I) Com-
plexes of 4,7-N,N’-Me,-1.-2,2.2 and 4,7-N,N’-Me,-
3,2,3-tet in Aqueous Solution

Compd. Amax, nm
Cu(L-2,22)*"* 645
Cu(H.;-L-22,2)"® 580
Cu(H.,L-2,2,2)* 535
Cu(4,7-N,N"-Me,-1-2,2,2)*" 664
Cu(H.1-4,7-N,N"-Me-1L-2.2,.2)" 600
Cu(H.2-4,7-N,N"-Mez-1-2,2,2)° 545
CuH(4,7-N,N"-Me,-3,2,3-tet)’" 576
Cu(4,7-N,N"-Me,-3,2,3-tet)*" 554

® From ref. 26

ergy of the copper(I) complex increases in the order Cul*” <
CuH.; L' <CuH.,L. Thus, the effect attributed to the distortion
from a square-planar structure on the CFSE of the copper(Il)
complex increases in the order CuL.** < CuH,L" < CuH,,L.

The electronic absorption spectra of copper(Il)-(4,7-
N,N’-Me,-3,2,3-tet) solutions are shown in Fig. 6. As the pH
increases, the absorption bands shift gradually to shorter
wavelengths.

At pH 4.04, the wavelength of the band maximum 1s 577
nm (curve 3). AtpH 10.30, the wavelength of the band maxi-
mum is 554 nm (curve 10). This result confirms that there are
two CuL”" and CuHL?" species in the solution.

Using the various equilibrium constants in Table 2, the
degree of formation of copper(I1)-4,7-N,N’-Me,-3,2,3-tet
species ina 1:1 solution can be calculated and is shown in Fig.
7.

By means of the calculated concentrations of all species
present in the solution, the spectra can be resolved into their
components by using eq. 12. The absorption characteristics of

100
%

[C?) [Cul?]

80} [CUH1L+]

60F
101

20

Fig. 5. Degree of formation of copper(I1)-4,7-N,N’-
Me,-1.-2,2,2 complexes in 1:1 metal-to-ligand
solution.
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all species so obtained are given in Table 3.

A =b(ecu*[Cu*'] + ecum ¥ [CuHL>"]
+eca 2 [Cul.>']) (12)

From Table 3, Cu(4,7-N,N'-Mez-3,2,3-tet)2+ and Cu(H.-
4,7-N,N’-Me,-1.-2,2,2) have similar values of Anax because
their coordinated atoms, 4N, are the same. The small differ-
ence appears to arise from different amino and amide groups.

Fig. 6. Visible absorption spectra of copper(I1)-4,7-
N,N’-Me,-3,2,3-tet solutions. All solutions con-
tain 0.00205 M CuCl, and 0.00210 M [Hq4
4,7-N,N’-Me»-3,2,3-tet][Cl]sat 25 °C and 0.1 M
KC1. The pH values of the solutions are as fol-
lows: (1) 3.40; (2) 3.85; (3)4.04; (4)4.17; (5)
4.26; (6)4.37, (7)4.52; (8) 4.75; (9) 8.07; (10)
10.30.

100

+2
g0t [CuL*?)

60t
%
40r

20r

Fig. 7. Degree of formation of copper(11)-4,7-N,N"-
Me;-3,2,3-tet complexes in 1:1 metal-to-ligand
solution.
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Cu(H.;1-4,7-N,N’-Me,-L.-2,2,2)" and CuH(4,7-N,N’-Me;-
3,2,3-tet)3+ have the same coordinated atoms, 3N and 10. We
may expect that they would have absorption maxima of simi-
lar wavelengths. The wavelength of Cu(H.1-4,7-N,N’-Me,-
L-2,2,2)" is slightly larger than that of the corresponding
CuH(4,7-N,N'-Mez-3,2,3-tet)3+. These differences are that
Cu(H_1-4,7-N,N’-M(32-L-2,2,2)2+ contains three linked 6-5-6-
membered ring and CuH(4,7-N,N'-Mez-3,2,3-tet)3+ contains
two linked 6-5-membered ring. The steric strain increases as
the number of chelate rings increases.

The wavelength for each of the copper(11)-4,7-N,N’-
Me,-1.-2,2.2 complexes is slightly larger than that of the cor-
responding copper(Il)-1.-2,2,2 species. These differences re-
flect the distorted planar structures of the copper(1l)-4,7-
N,N’-Me,-1.-2,2,2. In general, the lower the degree of distor-
tion from a square-planar structure, the smaller is Amax. The
distortions are mainly attributed to the large steric constraints
of the N-alkyl groups.
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