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ABSTRACT

Several copper, cobalt and nickel complexes of 3-(2-acetyl pyridylidene) hydrazino-
5,6-diphenyl-1,2,4-triazine (L) were prepared and their structure assigned through IR,
electronic spectra and magnetic moments at room temperature. The IR data suggested that
the ligand (L) acts as a neutral tridentate chelating agent in [LCoCl,], [L,Co] Ac2.4H20,
[L, Co] (ClO4) ,.2H,0, [L Cu Cl,].2H,0 and [L,Cu (H,0)] (ClO,), complexes, but as a
neutral bidentate chelating agent in [L, Ni] Ac, .H,0, [LCuCl,], [L, Cu] Ac, .2H,0 and [L,
Cu] (ClOy),. The electronic spectra and room temperature magnetic moments of the
complexes indicate a distorted triagonal bipyramidal structure for [LCoCl,], [L Cu
Cl,].2H,0 and [L,Cu(H,0)](ClOy); ; and the existence of high spin-low spin cobalt(II),
while electronic and ESR spectra of [L,Co]Ac,.4H,0 and [L, Co] (C104) ,.2H,0 indicate a
distorted octahedral. In case of [L, Ni] Ac, .H,O complex, the room temperature magnetic
moment indicates that there is equilibrium between square planar and tetrahedral
configurations and the percent of the tetrahedral geometry was estimated and found to be
30.4%. This geometry was changed into distorted octahedron if the electronic spectra was
recorded in pyridine or o- picoline. The electronic and ESR spectra of the two complexes
[L, Cu] Ac, .2H,0 and [L, Cu] (ClOy), confirmed the presence of distorted tetrahedral
copper(Il)complexes with d . 22 as a ground state. Finally, upon heating the green
complex [L Cu Cl,] .2H,0, the square planar brown compound [L Cu Cl,] was obtained.
Some compounds were tested for their antifouling activity by measuring their toxicity
against barnacle’s larvae.

INTRODUCTION facts have initiated a programme in 1991 for
the synthesis of metal complexes of nitrogen-
Fouling of ship hulls and marine containing heterocyclic compounds having a

installations by plant and animal organisms is
a well known, world problem which results in
significant economic loss due to structural
damage or increased fuel consumption.
Organotin-based paints are the most
commonly used antifouling paints. Due to the
lipophilic nature of organotin compounds,
they can enter human body either directly or
through contaminated seafood (Krowke et al.
1986, Adamson 1935 and UNEP1988). These
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triazine ring that might have significant
toxicity against barnacle larvae and less
hazardous to the marine environment.

The present study deals with the synthesis
of several copper, cobalt and nickel
complexes of 3-(2-acetyl pyridylidene)
hydrazino-5,6-diphenyl-1,2,4- triazine. The
incentive in this direction was based on the
fact that several 1,2,4-triazines are known to
possess antiviral, fungicidal, antifouling and
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antibacterial potencies (De La Court et al.
1973, Labouta et al. 1988 and Eshba et al.
1987). In addition, salts of copper (II)
complexes have been reported to most
acceptable one in the formulation of
antifouling paints (US. NAVAL INSTITUTE
1952).

MATERIAL AND METHODS

1. Preparation of 3-(2-acetyl pyridylidene)
hydrazino-5,6-diphenyl-1,2,4-triazine (L)
To a stirred solution of 3-hydrazino-5,6-
diphenyl-1,2,4-triazine (0.01 mole) in ethanol
(20 ml), a solution of 2-acetyl pyridine in
ethanol (5 ml) was added gradually, then
heated under reflux for 30 minutes. The
precipitated product was filtered and purified
by crystallization from ethanol. M.p. 186 -
187. 'TH-NMR 6 (ppm): 9.00(s, 1 H, N-H),
2.60 (s, 3 H, CH;), 8.43 — 8.63(d, 1 H, Py-H
at C¢), 8.23 —8.37(d, 1 H, Py-H at C3), 7.10 —
7.80(m, 12 H, aromatic and pyridine).
Mass(m/z): 366(86.3), 351(85.0), 337(10.7),
288(100), 185(7.8), 178(75.0), 160(53.1),
152(7.8), 104(19.0), 89(6.3), 79(31.0).

2. Preparation of metal complexes

Cobalt (II), nickel (II) and copper (II)
complexes of the ligand (L) were prepared
according to the following procedure: To a
solution of the ligand (0.01 mole) in ethanol
(100 ml), an ethanolic solution of the divalent
metal salts (0.01 mole); namely CoCl,.6H,0,
Co(Ac),.4H,0, Co(Cl0,),.6H,0,
NiCl,.6H,0, Ni(Ac),.4H,0, anhydrous
CuCl,, anhydrous Cu(Ac), Cu(ClO,),.6H,0O
was added for 1:1 (M:L) complexes. The
addition sequence was revered in case of 1:2
(M:L) complexes. The reaction was heated
under reflux for 0.5-5 hours depending on the
nature of the metal salts. After cooling to
room temperature, the precipitated product in
each case was filtered off, washed with
ethanol and dried in vacuum over P;Oqo. It
was observed that under heating the green [L
Cu Cl,] .2H,0, the brown complex [L Cu Cl,]
was obtained.
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3. Analysis

Carbon, hydrogen, and nitrogen contents
in each sample were estimated at the micro-
analytical units on PERKIN ELMER
CHNS/O 2400 series (II) at the Faculty of
Science, Alexandria University. Copper (II),
nickel (II), Cobalt (II) in each complex was
estimated by the standard complexmetric
methods(Vogel 1957).

4. Physical Measurements

The mass spectra of 3-(2-acetyl

pyridylidine)hydrazine-5,6-diphenyl-1,2,4-
triazine(L) and its related copper, cobalt and
nickel complexes were recorded on gas
chromatograph mass spectrometer at Cairo
University, Cairo, Egypt.
The 'HNMR spectrum was recorded on a
EM-390 90 MHZ NMR spectrometer in
absence and presence of D,0.
tetramethylsilane (TMS) signal (6=0) was
employed as an internal standard.

The IR spectrum was made on a
PERKIN-ELMER  1430-Ratio  recording
infrared spectrophotometer. Calibration of
frequency reading was made  with
polystyrene. The KBr disk technique was
followed.

The electronic spectral measurements in

the visible and ultraviolet regions were
carried out on a Shimadz U.310/PC
spectrophotometer. The spectra of the
complexes were measured in nujol mull and
in some cases saturated solutions in pyridine
or CHCI; were employed.
The ESR (X-band) spectra for the
polycrystalline samples were recorded at
room temperature using a Radiopan
SE/X2543 spectrometer (pazn) with a
rectangular TE102 cavity and 100KHZ
modulation field.

The molar conductivity = was measured
for 107 M solution in different solvents at
25C using systronics (303 model) direct
reading conductivity meter.



5. Bioassay

The evaluation of antifouling activity of
the ligand and some of the prepared metal
complexes was carried out as follows:
a. Appropriate amounts of solution (10, 100,
1000 ul for 10, 100, 1000 wug/ml,
respectively) from the tested compounds
were transferred into vials 15 ml capacity.
b.Certain number of barnacle larvae was
transferred to each sample vial and artificial
sea water was added to make 5 ml.
c. After 24 hours, survivors were counted
microscopically. The net percentage deaths
were calculated.
d.LCsy values were determined from the 24
hours counts, by applying the graphical
method of calculation on Miller and Tainter
(1944), for comparison of the potency.
e. The data statistically analyzed according to
Bancroft (1963) to calculate the mean,
standard deviation and 95% confidence
interval of LCs.

RESULTS AND DISCUSSION

1. Chemistry

The synthetic sequence and molar ratio
are given in scheme 1. The elemental analysis
and some physical properties of the ligand
and its metal complexes are listed in Table 1.
The ligand, 3-(2-acetyl pyridinylidene)
hydrazine-5, 6-diphenyl-1,2,4-triazine, (L)
was prepared by condensation of 3-
hydrazine-5, 6-diphenyl-1,2,4-triazine (1)
with 2-acetyl pyridine (2). The mode of
fragmentation of L is shown in scheme 2.
Cation (A), m/z=351, is formed from the
parent ion through elimination of CH;
radical. Then it undergoes fragmentation
through the triazine and the pyridine ring
bonds to give ion (B), m/z=178 and ion (C),
m/z=152. the parent also undergoes cleavage
through =C-Py bond giving the pyridine ion
(F), m/z=79 after combination with one
hydrogen radical and cation (G), m/z=288 as
base peak.

The IR spectrum (Table 2) of the free
ligand displays a narrow medium band at
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3229 cm’ indicating existence of free NH.
While the spectra of all complexes show blue
shift with some broadness relative to that of L
for NH and appeared in the range of 3405-
3500 cm™ In all cases it may be overlapped
with that due to stretching of OH of H,O
molecule. The bands at 1637, 1611, 1545,
992 and 1466 cm™” for L are assigned for
(C=N) azine, C=N of the pyridine moiety,
C=N of the triazine moiety, N-N azine and
N=N of the triazine moiety, respectively
(Nakanishi 1962). While the bands at 1637
and 1611 cm™ are red shifted and the band at
1545 cm™ is blue shifted in the spectra of all
complexes. These observations can be taken
as evidences for the tridentate nature of L in
these complexes (Fig.1). Furthermore, the
appearance of the NH indicates the neutral
nature of the L in all these complexes.
Accordingly, L bonded to the metal ions via
azine, triazine and pyridine nitrogen atoms.
The shift of N-N hydrazone band from 992
cm’ in the free L to 1021 — 1025 cm™ (Table
2) in the complexes support the bonding
nature of the azine nitrogen atom. The
bonding of the triazine nitrogen is proved
from the shift N=N to lower frequency in the
complexes. Furthermore, three new bands are
appeared characteristic of M-N of azine,
pyridine and triazine in the ranges of 444 —
454, 408 — 409, and 315 - 317 cm’,
respectively, indicating the bonding of metal
(I) ion with three different nitrogen
atoms(Nakamoto 1986). The far IR spectra of
all chloro-complexes display bands at 308 —
316 and 269 — 280 ¢ cm™' characteristic of M-
ClI in which their chloride ions are terminally
bonded to the metal complexes and the two
M-CI bonds are not identical. ~On the other
hand, the IR spectra of [L, Ni] Ac, .H,O, [L
Cu ClL], [L,Cu] Ac,.2H20 and [L, Cu]
(Cl04) , complexes display the band of C=N
of the triazine moiety almost at the same
frequency while the bands due to (C=N)
azine and (C=N) of pyridine moiety are
shifted to lower frequency indicating the
participation of hydrazone and pyridine
nitrogen atoms in bonding to the metal ion.
The appearance of new two bands at 440 —
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461 and 407-408 cm' due to M-N of
azomethine and pyridine, respectively,
support the bonding of these two moieties to
the metal ion (Covacis 1967 and Teyssi et al
1963). Accordingly, L acts as a neutral
bidentate coordinated to the copper and
nickel ions via azomethine and pyridine
nitrogen atoms The band appeared at 278 cm’
in [L Cu ClL,] is assigned to the Cu-Cl and
indicates that the chloride ions are terminally
bonded to the copper ion. The spectra of the
acetate and perchlorate containing complexes
indicate their ionic nature (Nakamoto 1986).

The reaction of L with CoCl,.6H,0,
Co(Ac),.4H,0 or Co(ClOy) ,.6H,0O in a molar
ratio 1:1 or 1:2 under refluxing conditions in
ethanol gave only the complexes [L CoCl,],
[L/ZCO] AC24.4H20 and [L2 CO] (C104) 2. ZHzo,
respectively (Table 1).

The room temperature magnetic moment
values (Table 3) for the prepared complexes
are 3.77, 2.05, 2.28 BM for [L CoCl,], [L,
Co] Ac,.4H,0 and [L, Co] (ClO; ), 2H,0,
respectively. The magnetic moment value for
[L CoCl,] is found to be in the range reported
for high spin cobalt(Il) complexes, S=3/2,
which have quartet spin state.

The electronic spectrum (Table 3) of [L
CoCl,] showed a series of bands at 15700,
17500, and 19200 cm™ corresponding to
*A;—E(F), “A;—'Ay(P) and *Ay(F)—"E(P),
respectively (Boca et al. 1998).

The X-band ESR of [L CoCl,] as
polycrystalline sample (Table 5) were
recorded at various temperatures. The
spectrum at room temperature displays only
one signal at 2998 G (g=2.22) and the same
shape was obtained down to 185K. when the
temperature is cooled to 70, 30, 6 K, new
lines at 1105 (g=6.03), 1886(g=3.55)
2786(sh)(g=2.40) and 3230 G (sh) are
obtained. When the temperature raised from 6
to 70 K, the intensity of the first two lines
broaden and their relative intensities
decreased sharply at 70K. on the other hand
the intensity of the lines at 2786(sh), 2998
and 3230 G (sh) decreased upon cooling and
shoulders at 2786 and 3230 G are diminished.
In view of these results the signals at 1105

EA

and 1886G are assigned to a high spin species
where relaxation time is expected to be small.
The signals at 2786, 3230 G and 3230 G (sh)
are assigned for the low species. The
observed ESR data (Table 5) as a function of
temperature suggest the existence of a
temperature dependent population of two
geometrically different forms in two different
spin states (Boca et al. 1998, and
Nivorozhkin et al 1994).

The room temperature magnetic moments
(Table 3) of [L, Co] X, n H,O where X= Ac,
or ClIO; and n=2 — 4 are 2.05 and 2.28 BM,
respectively, reveal that the complexes are
low spin (S=1/2) systems and indicate that
the values depend on the nature of the anion
and number of water molecules (Harris et al.
1969 and Kremer 1982). The ESR of both
compounds at 200K display only one broad
signal at 3026G (g=2.21) which is the low
spin region. At 120 K, the spectra exhibit two
resonances at 3026, and 3215G for [L CoCl,]
Ac,.4H,0, and at 150 K, the spectra exhibit
two resonance at 3026 and 3199G for [L, Co]
(ClOy) . 2H,0. These spectral features are
characteristic of axial type with g| » gt. The
value of g| is 2.21 for both complexes and g.

are 2.08 and 2.09, respectively. At
temperature < 70 K a distinct splitting of gu is
observed leading to an orthorhombic
symmetry pattern g =2.03(3262G), gy

=2.12(3154G), and g, =2.22(3262G) for Ac
and g, =2.03(3262G), gy =2.11(3185G), and
g, =2.21(3026G) for ClO4. The spectra at 30
and 6 K for both complexes exhibit another
signal at g=0.95 and 6.23 corresponding to
962 and 1073G, respectively. This signal is
attributed to high spin state supporting the
existence of a significant amount of the high
spin species at T< 30K.

The electronic spectra (Table 3) of [ L
COClz] AC2}.4H20 and [L/Z CO] (CIO4 ) 2. ZHzo
are similar and displaying bands at 9300,
15600, 17300 and 19800 cm™ for acetate-
containing complex and at 9300, 15400,
17200 and 20200 cm’ for the perchlorate
complex. The bands at 15400 — 15600 and
17200 — 17300 cm™ are attributed to the spin
allowed d-d transitions (Kremer 1982). The
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the Janh-Teller effect and the tetragonal

ligand field, “A,—*Bg.

in both complexes

weak band at 9300 cm’

is assigned to the transition within the
octahedral “E ground state which is split by
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Table 1: Elemental analysis and some physical properties of L and its metal complexes

Compound Colour | M.p. (C) % Found/Calcd
C H N M

L yellow | 185-86 72.00  4.90 22.10
C »,HsNg 72.10 490 22.90
[LCoCl,] brown | > 300 5290  3.30 16.80 11.80
C,,H 3N¢Cl,Co 5320 3.60 16.80 11.90
[L,Co]Ac,.2H,0 black 282 - 84 5830  5.10 17.00 6,00
C43H550N1,05Co 5870  5.10 17.10 6.00
[L,Co](ClO4),.4H,O | black > 300 51.50  4-10 16.60 5.70
C44H4oN1,044 CL,Co 51.50 4.10 16.60 5.70
[L, Ni]JAc,.H,0 red 263 - 66 61.60  4.30 18.00  6.50
C4sH5,,N,O5Ni 6220  4.70 18.10  6.30
[LCuCl,]. 2H,0 green | 250-52 49.60  4.30 1550 11.70
C,,H,,Ng O,CL,Cu 4920  4.30 1570 11.80
[LCuCl,]. brown | 204 -07 52.40 3.90 16.70  12.70
C,,H 3N¢ClL,Cu 5270  3.60 16.70 12.70
[L,Cu]Ac,.2H,0 violet | 218-20 60.30  4.50 17.80  6.60
C43H546N1,06Cu 60.70  4.80 17.80  6.70
[LCu (H,0),](ClOy), | dark > 300 39.30 3.60 1280  9.50
C,,H,»N¢Oy C1,Cu green 39.70  3.30 12,60  9.60
[L, Cu ](C10y), green | >300 51.40  3.50 16.70 6.50
C44H;36N304 CL,Cu 52.1 3.60 16.90 6.40
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The reaction of L with Ni Ac,.4H,O in a
mole ratio 1:2 under refluxing conditions in
ethanol gave [L, Ni] Ac,.4H,0 (Table 1).
The complex [L2 Ni] Ac,.4H,0. exhibits
anomalous magnetic moment (Table 4) of
1.82 BM at room temperature which is lower

than the values reported for regular
octahedral, tetrahedral or high spin five
coordinate nickel (II) complexes. The
electronic spectrum of this complexes

displays a broad band centered at 18000 cm'
which could be assigned to a composite of
the tetrahedral, 3T1—>3T1(P) and the lowest
energy spin allowed transition. This in
addition to a broad band centered at 20000
cm’. This band is intense that it can be
assigned to LMCT under which the transition
due to square planar conformation may be
hidden. The CH,Cl, is very similar to that
obtained as nujol mull. The percent of the
tetrahedral geometry was estimated (Sacconi
et al 1964) and found to be 30.4%. While the
spectra in pyridine and a-picoline are quite
different and display bands at 9200 — 9600,
15100 — 15300, 22900 — 23050 beside a very
intense one at 24600 — 25800 cm™ . The band
positions and intensities are consistent with
tetragonal distorted complexes.

The reaction of L with copper (II) salts in
a mole ratio 1:1 or 1:2, gave only the
complexes given in Table 1. Reacting copper
(II) chloride with the ligand in a mole ratio of
1:1 at room temperature gave a green
complex [L Cu Cl,].2H,0, while under
refluxing condition the brown complex [L Cu
Cl,] was obtained. The complexes [L, Cu
(H,0) 2] (ClIQy),, [L, Cu] (ClOy), and [L, Cu]
Ac, .2H,0 are obtained upon the interaction
of L and the corresponding copper (II) salt in
1:1 or 1:2 mole ratio. Only one product was
obtained in each case.

The room temperature magnetic moment
values of these complexes (Table 3)are in the
range of 1.78 — 2.18 BM characteristic of one
unpaired electron in the copper(Il) ion (El-
Dissouky et al 1986 and El-Dissouky et al.
1990). The nujol mull electronic spectra
(Table 3) of all complexes display intense

oy

bands at 40000, 35000, 33700, 28600, 25600
cm™" The spectra of [L Cu Cl,].2H,0 and [L,
Cu (H,0) ,] (ClOy), are similar and display
bands at 15600, 13300,and 15800, 13700
em™ Besides another band at 10400 and
10800 cm™ for [L Cu Cl,].2H,0 and [L, Cu
(H,0) ,] (ClOy),, respectively. The spectral
data are in consistent with those of five
coordinate and cis-distorted octahedral (El-
Dissouky 1987, Suzuki et al. 1984 and
Proctet et al. 1960). The broad bands at
15600, 13300 and 15800, 13700 cm™ for the
chloro and aqua complexes, respectively, can
be assigned to symmetry allowed ’A)'—’E
and *A,'>’E" transitions, respectively in Dj,
symmetry (Reonen and Atanasov 1989).

The X-band ESR spectra of (Table 6)
both complexes either as polycrystalline
sample or in CH,Cl, at room temperature or
at liquid nitrogen temperature show rhombic
type with g, . g, . g, The g-values observed
for the powder samples at room temperature
were almost the same as those for the frozen
CH,Cl, sample. This suggests that the
powder g-tensors also equate the g-value of
local molecular structure with no exchange
between the neighboring copper (II)
chromospheres. The ligand field and ESR
spectral parameters found for of [L Cu
CL,].2H,0 and [L, Cu (H,0) ,] (ClOy), are
very consistent with those reported for
CuN;Cl, and CuN;O, chromophores,
respectively. The distortion of triagonal
bipyramidal to square based pyramidal was
proven by applying the method given Reinen
et al. (Reonen and Atanasov 1989and Reonen
et al. 1991) the electronic spectral feature of
both complexes are similar to those reported
for coppler (II) ion in a tetrahedral
environment and rather similar to those
reported for CuN, chromospheres.

2. Biological Evaluation

The potential of 3-(-2acetyl pyridylidene)
hydrozino-5, 6-diphenyl-1, 2, 4-triazine and
its copper and cobalt complexes as
antifouling agents was evaluated by
measuring their toxicity against napulius



larvae of balanus amphitrite. The results
indicate  that [LCuCl,]. 2H20 and
[LCu(H,0),](ClOy4) complexes where
M:L=1:1 have a higher toxicity against
barnacle larvae compared with the organic
ligand (Table 7), while [L,Cu](ClO,), and
[L,Cu] AC,.2H,0 complexes where M:L=
1:2 have lower toxicity than the organic
ligand. 1:2 copper complexes have high
molecular weight and so its penetration
through the thin layer of the larvae might be
restricted, which could inprete their low
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The high toxicity of the copper complexes
against barnacle larvae may be attributed to
their ability to penetrate the cell membrane of
the tested larvae and inhibited some essential
biochemical pathways.

On the other hand, Cobalt complexes
showed lower toxicity towards barnacle
larvae in comparison with the organic ligand
(Table 7). In general, the high toxicity of the
organic ligand may be attributed to its
lipophilic nature and its ability to penetrate
the barnacle larvae cell membrane.

toxicity than the ligand.

Table 4: Molar conductivity (ohm'lcmzmol'l), room temperature magnetic moments (B.M.) and
electronic spectral data for [L, Ni]JAc,.H,0

Spectral data
Compound P An* State P
d-d transition Nt% V2/V1 10D(] B’ B D(]/B
CH,Cl, | 1,800,020,000
[L, Ni]Ac,.H,O 1.82 | 155.96 Py 96,001,530,023,050 304 | 1.59 | 9600 | 637 | 0.62 1.51
a-pic 92,001,510,022,900 1.64 | 9200 | 693 | 0.67 1.33

*molar conductivity as 10° M DMF solution at 25 + 1°C

Table 5: ESR data of polycrystalline sample of cobalt(II) complexes of L

Compound state T(K) g-values

[LCoCl,] solid 298,185 222

70 6.03,3.54,2.39,2.22,2.06

30 6.03, 3.55, 2.40, 2.22, 2.06

6 6.03,3.55,2.23
[L,Co]Ac,.4H,0 solid 289,200 2.20

120 2.21(g)), 2.08(gL)

70 2.02(gy), 2.12(gy). 2.22(g,)

30 2.03(gy, 2.11(gy), 2.23(g,),6.95
[L,Co](C10,),.2H,0 solid 289,200 2.21

150 2.21(g), 2.09(gL)

65 2.03(gy), 2.11(gy), 2.21(g,)

20 2.03(gy), 2.11(gy), 2.20(g,),6.23

oy




POTENTIAL ANTIFOULING AGENTS: COPPER, COBALT, AND NICKEL COMPLEXES OF 3-(2-ACETYL
PYRIDYLIDENE) HYDRAZINO-5, 6-DIPHENYL-1,2,4-TRIAZINE

Table 6: ESR data of copper(II) complexes of L

2, s A107% | A#10% Aiso*10™
Compound State* or or gx em? em’? Biso em!
g gL
der(r.t 2.013 2.093 2.186
[LCuCL]. 2H,0 powder(r.)
CH,Cl, (77k) 2.016 2.104 2.19 90 108
[LCuCly] powder(r.t) 2.26 2.06
powder(r.t) 2.28 2.06
powder(77K) 227 2.06
[LoCu]Acz.2H,0 CH,Cl (r.t) 2.14 83
CH,Cl, (77k) 2.289 2.09 2.06
powder(r.t) 2.014 2.129 222
[LoCu(H>0),](Cl04).2H,0
CH,Cl, (r.t) 2.017 2.09 2.23 78 136
powder(r.t) 227 2.06
[L,Cul(CIOy), powder(77k) 227 2.06
¢ : CHCl, (1.t) 2.15 81
CH,Cl, (77k) 2.28 2.09 2.05

* 1.t = room temperature

Table 7: Barnacle larvae bioassay results for L and some of its metal complexes

Compound Concentration | %molarity-% control LCso
mg/L S.W mg/L
L 10 16.7 28
C »HisNg 20 76.7
50 93.3
70 100
100 100
[LCoCly] 50 6.7 460
C22H1 3N6C12C0 100 16.7
300 17.3
700 63.3
1000 100
[L,Co]Ac,.4H,0 300 16.7 >100
C48H50N1203C0 700 20
1000 20
[L2C0](Cl04)2.2H,0 300 93.3 110
C44H40N12010 ClgCO 700 96.7
1000 96.7
[LCuCL]. 2H,0 3 40 9
CH»Ng O,CLCu 20 90
30 100
70 100
[L2Cu]Ac2.2H,0 50 6.7 640
C4gH4(,N120(,CL1 100 16.7
300 20
700 36.7
1000 63.3
[LCu (H20) 21(ClOg)2 10 16.7 27
szszNE,Om ClgCu 30 333
50 73.3
70 100
[L> Cu |(ClOy), 300 90 130
C44H36N50s CL,Cu 700 100
1000 100

o¢
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