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The complexes [Co(Chel)(PBu3)]ClO4-H>O [Chel=BFE (bis(1,1,1-trifluoroacetylacetone)
ethylenediimine) and BCE (bis(3-chloroacetylacetone)ethylenediimine)] and
[Co(Chel)(PPh3)]CIO4 - H,O, (Chel =BBE = bis(benzoylacetone)ethylenediimine and BFE),
were synthesized and characterized. The spectroscopic and electrochemical properties of
cobalt(III) derivatives of BAE (bis(acetylacetone)ethylenediimine) and related ligands have also
been investigated. Electronic spectroscopic data indicate that the absorption between 600 and
760 nm in Co(III) BAE complexes is related to the lowest d—d transition. Axial ligands affect
this transition and the reduction potential of Co(III) to Co(II) through o-interaction with the
dz* orbital. The 7 acceptor property of Schiff-base ligands increases in the order:

BFE>BCE>BBE>BAE

Keywords: Phosphine; Cobalt; Spectroscopy; Schiff base; Electrochemistry

1. Introduction

Transition metal complexes with tetradentate Schiff-base ligands have been extensively
investigated as catalysts for oxidation of organic compounds and electrochemical
reductions [1-4]. Schiff-base complexes have also been used as catalytically active
compounds to develop surface-modified electrodes as sensors [5, 6]. Cyclic voltammetry
has been useful to investigate the mechanisms of catalysis and structure-reactivity
relationships by Schiff-base complexes [2, 4, 7].

The electrochemical properties of Co(I1I) Schiff bases have been extensively studied
[8—14]. In continuation of our studies on spectroscopy and electrochemistry of Co(I1I)
Schiff-base complexes [15, 16], we report the synthesis and spectroscopic characteriza-
tion of [Co(BBE)(PPh;3)]CIO, - H,O, and [Co(BFE)(PR3)]ClO,4 - H,O, where R =Ph, Bu
and [Co(BCE)(PBu3)|ClO,4- H,O. We have also studied the electronic spectra and the
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electrochemical behavior of a series of Co(IlI) BAE complexes with the goal of
evaluating the effect of axial ligand and equatorial substitutions (figure 1).

2. Experimental

All of the scanning UV-vis spectra were recorded by a JASCO V-530 spectro-
photometer from 190 to 900 nm. The NMR spectra were recorded on a Bruker Avance

Co(OAc);-4H,0 + PR3

X ™ Co il : X
O
| R
FR,

Chel R R X
BAE CH3; Ph, Bu H
BBE Ph Ph, Bu H
BFE CF, Ph, Bu H
BCE CH; Bu Cl

Figure 1. The structure of Schiff bases and [Co(Chel)(PR3)]ClO,4- H,O complexes.
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DPX 250 MHz spectrometer; IR spectra were recorded by a Perkin Elmer 781 infrared
spectrophotometer from 400 to 4000 cm™'. Elemental analyses were performed by using
a Heraeus CHN-O-RAPID clemental analyzer.

2.1. Materials

Ethylenediamine, cobalt(Il)acetate tetrahydrate, tributylphosphine, triphenylphosphine,
acetylacetone, benzoylacetone, 3-chloroacetylacetone 1,1,1-trifluoroacetylacetone,
tetrabutylammonium perchlorate, dimethylformamide, acetonitrile, methanol, ethanol,
chloroform and sodium perchlorate monohydrate were purchased from Merck, Aldrich
and Fluka.

2.2. Synthesis of the Schiff-base ligands and their Co(IIl) complexes

The ligands bis(acetylacetone)ethylenediimine (BAE), bis(benzoylacetone)ethylene
diimine (BBE), bis(3-chloroacetylacetone)ethylenediimine (BCE) and bis(1,1,1-trifluor-
oacetylacetone)ethylenediimine (BFE), were prepared according to the literature
[14, 17]. Co(BAE)(PR3)]CIO4-H>O (R=Ph, Bu) and [Co(BBE)(PBu3)] ClO,4-H,0
were prepared as described previously [18, 19]. The general procedure for synthesis of
[Co(BBE)(PPh3)]ClO4 - H>O, [Co(BCE)(PBu3)|ClO4-H>O and [Co(BFE)(PR3)]CIO, -
H»>O, (where R=Bu and Ph) follow. To a refluxing solution of Schiff-base ligand
(1.0mmol), in methanol (100cm?), Co(CH;COO),-4H,O (1.0mmol) and PRj
(1.0 mmol) were added. The formed Co(II) complex was oxidized by blowing air into
the solution for two hours, and then the solution was filtered. To the filtrate, an
appropriate amount of sodium perchlorate was added. Green precipitates formed after
addition of water. The precipitates were washed with water and dried in vacuum at
T=343K.

Elemental analysis for [Co(BBE)(PPh3)]ClO4-H,0, C40H39CoCIN,O,P (785.06),
yield: 75%. Caled: C 61.19, H 5.01, N 3.57. Exp.: C 61.81, H 5.05, N 3.63. '"H NMR
(250 MHz, DMSO-dg, room temperature, TMS): § =2.40 ppm (s, 6H, CHj3), 3.44 ppm
(s, 4H, CH,CH,), 5.45ppm (s, 2H, CH), 7.21-8.22 ppm (m, 25H, Ar).

[Co(BFE)(PBu3)|ClO4 - HyO, Cy4H4 CoCIF¢N,O,P (708.91), yield: 80%. Calcd: C
40.66, H 5.83, N 3.95. Exp.: C 41.01, H 5.81, N 4.01. "H NMR (250 MHz, DMSO-dg,
room temperature, TMS): § =0.57 ppm (t, 9H, P-CH3), 0.80-0.85 ppm (w, 6H, P-CH»),
0.97-1.10 (w, 6H, CH,), 2.50 ppm (s, 6H, CHs), 3.91 ppm (s, 4H, CH,CH,), 5.74 ppm
(s, 2H, CH).

[Co(BFE)(PPh3)]CIO, - H,O, C39H»9CoCIF¢N,O,P (768.88), yield: 70%. Calcd:
C 46.86, H 3.8, N 3.64. Exp.: C 47.10, H 3.82, N 3.75. '"H NMR (250 MHz, DMSO-
dg, room temperature, TMS): § =2.48 ppm (s, 6H, CH3), 3.60 ppm (w, 4H, CH,CH,),
5.23ppm (s, 2H, CH), 7.21-7.65ppm (m, 15H, Ar).

[Co(BCE)(PBu5)]ClO4 - H,O, C,4H45CoCI;N>O,P  (640.7), yield: 65%. Calcd:
C 43.16, H 6.79, N 4.20. Exp.: C 43.68, H 6.83, N 4.24. '"H NMR (250 MHz,
DMSO-dg, room temperature, TMS): § =0.81-87 ppm (t, 9H, P-CH3), 1.30-1.41 ppm
(w, 18H, P-CH,), 2.10 (s, 6H, CHj3), 2.40 ppm (s, 6H, CHj3), 3.70 ppm (s, 4H, CH,CH,).
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2.3. Electrochemical measurements

Cyclic voltammograms were performed using an autolab modular electrochemical
system (ECO Chemie, Utrecht, The Netherlands) equipped with a PSTA 20 module and
driven by GPES (ECO Chemie) in conjunction with a three-electrode system and a
personal computer for data storage and processing. A Ag/AgCl (saturated KCl)/3M
KCI reference electrode, a Pt wire as counter electrode and a glassy carbon electrode
as working electrode were employed for the electrochemical studies. Voltammetric
measurements were performed at room temperature under argon in DMF solution with
0.1 M tetrabutylammonium perchlorate as the supporting electrolyte.

3. Results and discussion

3.1. IR spectra

The IR spectra of all Schiff bases and their complexes have several prominent bands
(tables 1 and 2). A keto amine structure (figure 1) for Schiff-base ligands derived from
diketones and diamines were proposed and show that the hydrogen is bonded to both
oxygen and nitrogen (NH/OH) [20-23]. The vibrational band of (NH/OH) is observed
in the range 3070-3200cm~' and disappeared in the spectra of the complexes.
The strong band at 1600cm ™' can be related to C=N and/or C=0 bonds [20].

The IR spectra of the complexes show a strong band at 1568-1619cm™" due to
v(C=N) [14, 19]. The v(C=C) appeared in the range 1452-1534cm~"'. While the CI
functional group shifted the v(C=N) and v(C=C) stretching to lower frequency, the
CF; functional group shows a reverse effect and vibrational energy of (C=N) and
(C=C) is higher. A band due to ClO, is around 1089-1140 cm ™! [24]. The peaks about
2960cm~! and 3100cm ™' indicate that PR; coordinates to Co(III). The vibrational

Table 1. IR characterization of the Schiff-base ligands.

No. Schiff base OH/NH (cm™) C-H (em™) C=N/C=0 (cm™") C=C (ecm™)
1 BAE 3170 3000 1610 1563
2 BCE 3145 3000 1592 1557
3 BBE 3075 2905 1600 1539
4 BFE 3175 3010 1615 1578

Table 2. IR characterization of [Co(Chel)(PR3)]CIO4- H,O complexes.

No. Chel H,0 PBu; PPh; C=N (cm™") C=C (cm™") ClO4 (em™)
1 BAE 3415 2955 - 1589 1508 1097
2 BAE 3455 - 3110 1586 1507 1088
3 BCE 3430 2965 - 1568 1452 1102
4 BBE 3425 2955 - 1591 1507 1089
5 BBE 3435 - 3070 1592 1505 1089
6 BFE 3430 2970 - 1615 1528 1117
7 BFE 3405 - 3120 1619 1534 1105
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peak of H,O is in the range 3400-3450 cm ™. The absence of coordinated water in the
complexes was confirmed by the absence of an absorption at 3100 cm™" [25].

3.2. Electronic spectra

The electronic spectra of the Schiff bases and their complexes were measured in ethanol
and acetonitrile and the results collected in tables 3—6. The electronic spectrum of BAE
shows an intense band with maxima at 305nm and 323 nm (¢ =3500M~'cm™") [14].
The splitting in the system has been attributed to coupling of the two azomethines.

Table 3. UV-vis bands of the Schiff-base ligands in EtOH.
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No. Schiff base Jonm (EMTem ™)
1 BAE 323(36034) 305(32896) -
2 BCE 342(26539) 323(26065) 203(23653)
3 BBE 348(43754) 245(19456) 204(16993)
4 BFE 332(30465) 323(30828) 310(29019)
Table 4. UV-vis bands of the Schiff-base ligands in CH;CN.
No. Schiff base Jnm (EMTem™")
1 BAE 313(36617) 300(36598) - -
2 BAC 338(27147) 322(26971) 226(13088) 208(12882)
3 BBE 348(40584) 242(24342) 204(16993) -
4 BFE 332(29545) 323(29689) 310(29689) -
Table 5. UV-vis bands of [Co(Chel)(PR3)]CIO4- H,O complexes in EtOH.
No. Chel PR, Jonm (EM " Tem™h
1 BAE PBu; 650(367) 4224,(776) 355(5019) -
2 BBE PBu; 652(500) - 392(11188) 322(18243)
3 BCE PBu; 661(295) 453,(481) 373(3415) -
4 BFE PBu; 611(348) 488(333) 359(4173) -
5 BAE PPh; 758(196) 454(669) 3524,(5860) 3104,(11462)
6 BBE PPh; 754(215) _ 382(8724) 320(16749)
7 BFE PPh; 691(207) 444(1183) 332(12888) -
Table 6. UV-vis bands of [Co(Chel)(PR3)]ClO4 - H,O complexes in CH3CN.
No. Chel PR, Jnm (EM " 'em™h
1 BAE PBu; 649(202) 423,,(839) 355(5577) -
2 BBE PBuj 652(229) - 389(10139) 318(14522)
3 BCE PBu; 659(212) 4554,(540) 368(3806) -
4 BFE PBu; 599(274) 4994,(370) 357 (4707) -
5 BAE PPh; 751(122) 470(835) 3564,(7150) 302(14192)
6 BBE PPh; 748(115) - 376(9384) 321(16643)
7 BFE PPh; 680(166) 457(1596) 334(14551) -
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In BBE, absorption bands are observed at 350nm (¢ =4000M~'cm™') and 243 nm
(6=20,000M~'cm™"). The bands at lower energy are attributable to the m—m*
transition assisted by azomethine, and the band at higher energy arises from m—m*
transitions within the phenyl rings. The absorption spectrum of BFE shows three
absorptions at 310 nm, 323 nm and 332nm (¢ =3000M~'cm™").

After complexation, the Co(IIT) BAE complexes show absorption bands red-shifted
approximately 40-50 nm relative to those of their respective uncomplexed ligands [14].

In the near UV-visible region for the complexes in ethanol and acetonitrile solution
there is a band between 330-400 nm (g = 4000-12,000 M ' cm ") attributable to a 7—*
interligand transition. In each complex, the band is red-shifted about 40 nm from the
corresponding absorption in the free ligand [14]. The solvent has no effect on this
transition. Also this band is constant in equilibrium reactions between five-coordinate
complexes with different donors [19, 26].

Two bands are observed in the visible region. [Co(Chel)(PR3)]* complexes are green
and exhibit a low energy transition in the 600-760 nm (& = 200-400 M~' cm™") region of
the spectra of Co(IIl) Schiff-base complexes, as previously reported [18, 27, 28]. This
band is affected by the axial and equatorial ligands and the solvent. This transition has
been interpreted as being characteristic of five-coordinate, square pyramidal complex
and assigned to the d—d transition [18, 28, 29]. For an individual Schiff-base ligand
this transition changed about 80-100 nm for different axial ligands (tables 5 and 6).
For example the A, for [Co(BAE)(PBusj)]" is about 650nm, whereas the
[Co(BAE)(PPh3)]T complex shows this transition in the range 750-760nm. In the
presence of monodentate axial ligands, the green solution of [Co(Chel)(PR3)]" changes
to deep red, and the low energy transition is replaced by more intensive absorptions
in the range 410-450nm [15, 16, 18, 19, 26, 27], due to formation of six-coordinate
complexes in the presence of axial ligands. Electronic effects of phosphines have been
expressed by o* values of Taft (Taft constants); o* values for PPh; and PBus are 4+1.800
and —0.390, respectively [30, 31]. Axial phosphine ligands have an important steric
factor; the cone angles for PPh; and PBu; are 145 and 132, respectively [32]. The
transition energy of this band decreases in the trend, PBus > PPhj. Steric and electronic
factors may contribute to the ligand field strengths of PRj;, higher for PBus than
PPh; [18]. By increasing the ligand field strength of the axial ligand in five-coordinate
complexes [Co(Chel)(PR53)]" and also in six-coordinate [Co(Chel)(PR5),]" complexes,
the antibonding character of dz* increases; dz” is the LUMO in this transition [15, 16].

The electronic effect of equatorial Schiff-base ligand on the electronic spectra of
Co(IIT) complexes is increased in the order BFE > BAE~ BBE > BCE (table 1). The
BFE Schiff-base ligand is a weak o-donor because of the CF; withdrawing group while
it is a better m acceptor (see the electrochemical results). The m-interactions between
metal d orbitals and 7* orbitals on the Schiff-base ligands increase by increasing
7 acceptor character ligands. This interaction decreases the energy level of the
d orbitals, while energy of the ligand n=* orbitals increases [15, 16, 29]. Therefore the
energy of d orbitals decreases via m-interaction with 7* orbitals of BFE ligand and
transition energy between d orbitals increases.

The 400-500 nm band is affected by axial and equatorial ligands, but there is not a
trend for this effect. The solvent affects this transition in a reverse trend relative to the
above d—d transition. The 600-760 nm band shows a blue shift in acetonitrile, while the
400-500 nm transition is red-shifted in acetonitrile relative to the ethanol.
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3.3. Coordination number of the studied complexes

Although [Co(IIT)(DH),] (DH = dimethylgolioximate) complexes appear to be invari-
ably six-coordinate, five-coordinate complexes of the type [(Co(Chel)X] (where
Chel =Salen, Salopen, BAE and their derivatives) are formed when X is a highly
polarizable, strong o donor such as an alkyl group or a tertiary phosphine [24, 29].
Many axial ligand equilibrium studies are available [18—19, 26-28, 34-37]; although the
equilibrium constants for the reaction are decreased with increasing the donor number
of solvent [26, 34-36].

[Co™(Chel)PR;3]" 4+ X <= [Co"(Chel)(PR3)(X)]"
X = P(OR);, PR3, and NHR; @)
From the results it seems that the H,O molecule is weakly bonded to this type of

complex and replaced by donor solvents or by other ligands like phosphines, phosphites
and amines.

3.4. The electrochemical properties of cobalt Schiff-base complexes

A typical cyclic voltammogram of [Co(BAE)(PBus)]" in the potential range +0.2 to
—2V (vs. Ag/AgCl) in DMF solution is shown in figure 2(a). A first reduction peak is
observed about —0.479V due to:

[Co™ (BAE)(PBus)I* + ¢~ — [Co" (BAE)] + PBus )
(b)
1opA I
<<
]
a (a)
lopA
-2 -15 -1 05 0 0.5 1
Potentiallv

Figure 2. Cyclic voltammogram of [Co(BAE)(PR3)]ClO, - H,0, (a) (R =Bu), (b) (R =Ph), in DMF at room
temperature. Scan rate: 100mVs~".
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Table 7. Reduction potentials (V) for [Co(Chel)(PR3)]ClO,4- H>O complexes in DMF.

No. Chel PR; Ep,(IT— TIT) E, (1T — 11) E p(IT<T)
1 BAE PBus —0.274(0.116) —0.479 —1.790
2 BAE PBu; (excess) —0.313 —0.498 —1.790
3 BAE PPh; 0.136 —0.225 —1.795
4 BAE PPu; (excess) 0.009 —0.225 —1.795
5 BBE PBu; —0.254(0.174) —0.440 —1.605
6 BBE PBujs (excess) —0.293 —0.488 —1.605
7 BBE PPh; 0.165 —0.176 —1.644
8 BBE PPu; (excess) 0.048 0.048 —1.634
9 BCE PBus —0.229(0.175) —0.367 -1.5

10 BCE PBujs (excess) —0.325 —0.473 -1.5

11 BFE PBu; —0.181(0.202) —0.377 —1.298

12 BFE PBuj; (excess) —0.207 —0.394 —1.298

13 BFE PPh; 0.271 —0.074 —1.267

14 BFE PPus (excess) 0.094 —0.092 —1.280

The electron is added to the antibonding dz? orbital and the product Co(II)
complex loses its axial ligand in weakly coordinating solvents [14-16]. The second
quasi-reversible process at ca —1.790V is observed with about unit ratio of anodic to
cathodic peak currents (ip,/iyc), corresponding to the simple one-electron process:

[Co"(BAE)] + e~ — [Co'(BAE)]™ (3)

Upon reversal of the scan direction, the Co(II) complex is oxidized to Co(III) at higher
potentials (about 200mV). Then, in a rapid consecutive reaction, the five-coordinate
[Co"™(BAE)(PR5)]" is formed again (i.e., the electron transfer is followed by a chemical
reaction) [14-16]. Multiple scans resulted in nearly superimposable cyclic voltammo-
grams, thereby showing marked stability of the three oxidation states of cobalt involved
in the electrochemical study. The reduction and oxidation potentials for the different
complexes are presented in table 7.

The formal potentials for the reversible Co(11/I) redox couple were calculated as the
average of the cathodic (£,.) and anodic (£,,) peak potentials of this process. The effect
of phosphine as axial ligand and equatorial Schiff-base ligand on the electrochemical
behavior of Co(III) Schiff-base complexes are described below.

3.5. The effect of the axial ligand on electrochemical properties of Co complexes

The observed cathodic peak potentials E,. for the reduction Co(IlI)+ e~ — Co(II)
strongly depend on the o-donor strength of the phosphine axial ligand [14-16, 18].
The o-donor strength of the different axial ligands is also reflected in the spectra of the
complexes. The energy of the transition between 600-760 nm decreases in the order
PBus > PPh;. Similar trends are observed for the reduction of Co(III) to Co(II) and
oxidation of Co(II) to Co(IIl). The BAE complex involving PBuj as axial ligand is
reduced at —0.479V, whereas the reduction wave for PPh; as axial ligand anodically
shifts to —0.222 'V (table 7 and figure 2b).

The oxidation of the Co(Il) — Co(III) also depends on the type and concentration
of axial ligand. In general for [Co(Chel)(PBus)]* two peaks appear for oxidation of
Co(IT) (figure 3a and table 7). The following two reactions are responsible for this
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(b)

1opA I

Current/y A

(a)

1opA I

-2 -15 -1 -0.5 0 0.5 1
PotentiallV

Figure 3. Cyclic voltammogram of (a) ((Co(BAE)(PBu3)]ClO, - H,0), (b) (0.001 M, PBu;) in DMF at room
temperature. Scan rate: 100mVs™.

observation:
[Co"(Chel)] — e + [Co™(Chel)]" FPhy [Co™(Chel)(PBu3)]" 4)

[Co'(Chel)] + PBu;y <—= [Co" (Chel)(PBu3)] — [Co™(Chel)(PBu3)]" +¢~  (5)

Oxidation happens at higher potentials and also depends on the equatorial ligand
(table 7) while [Co(Chel)(PBus;)] is oxidized at lower potentials. At low scan rates the
concentration of [Co'(Chel)(PBu;)] is important and the current is higher at lower
potentials (reaction 5). By increasing the scan rate, reaction 4 is more important and the
peak at positive potentials has a high current.

Figure 3(b) shows the effect of PR3 concentration on the electrochemical behaviour
of [Co™(BAE)(PR;)]". Upon addition of phosphine (0.001 M), both peaks disappear
and oxidation occurs at lower potential and the reduction wave shifts in the negative
direction (six-coordinate complex is formed). In the presence of phosphine the following
reaction occurs:

[Co"(Chel)] 4+ 2PBu; <— [Co"'(Chel)(PBu3),] — [Co'™(Chel)(PBus),]" +e~  (6)

The changes are due to increasing the antibonding character of the dz? orbital via
addition of PRj3. In contrast, the Co(II/I) couple is not affected by concentration of
phosphine.

PPhj; as axial ligand has a large cone angle and low o-donor strength so there is only
one peak for oxidation of the Co(II) — Co(III) that arises from the following reaction:

[Co''(Chel)] — e~ + [Co™(Chel)]* PPy [Co™(Chel)(PPh3)]" (7)
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At high concentration of PPhj this peak shifts to lower potentials that according to the
following reaction arises from oxidation of [Co' (Chel)(PPhs)].

[Co''(Chel)] + PPh; <—= [Co"(Chel)(PPh3)] — [Co(Chel)(PPhs3)]" +¢e~  (8)

3.6. The effect of the equatorial ligand on electrochemical properties of Co complexes

Equatorial ligand substitutions generally affect reduction potentials less than the axial
ligands, consistent with electron transfer to dz* by formation of Co(II). Functional
groups like CF3, Cl and Ph on the Schiff base lead to an anodic shift of peak potentials
(Epc) for complexes with the same axial ligand, thus making the BAE substituted
complexes easier to reduce (table 7 and figure 4). The reason for this is electron-
withdrawing character of the substituents, which decrease the electron density on the
metal [14].

The Co™"(BAE) couples are not influenced by potential axial ligands, which
indicates that only four-coordinate species are involved in the electrode reactions.
Equatorial substituents affect these potentials in the same way as for Co(III/II)
couples. However, while the maximum range of Co(Ill/II) potentials is only 100 mV
(for constant axial ligand), the range of the corresponding Co(II/I) couples are
about 492mV. The greater dependence of the Co(II/I) couple on the nature of the
equatorial ligand is due to the lower oxidation states that are better electron donors
to the 7* orbitals of Schiff base [14—16]. From the Co(II/I) couples, the m-acceptor
property of the BAE Schiff-base derivatives is in the following trend:

BFE > BCE > BBE > BAE

(d)
10pA I
(c)
i 10uA
£ !
s
o
(b)
20nA I
uA I Ml)
=25 -2 -1.5 -1 5 0 0.5 1

-0.
Potential/V

Figure 4. Cyclic voltammograms of [Co(Chel)(PBu3)]ClO,4 - H,O, (Chel = (a) (BFE), (b) (BCE), (c) (BBE),
(d) (BAE)).
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4. Conclusions

By considering the UV-vis spectroscopy and electrochemical behavior of pentacoordi-
nate Co(III) Schiff-base complexes, the following conclusions have been drawn:

(1) The ligand field strength of pentacoordinate Co(III) Schiff-base complexes like
[Co(Chel)(PR3)]ClIO,4 - H,O is arranged according to the following trend for
phosphine axial ligands:

PBU.3 > PPh3

(2) The cathodic peak potentials E,, for the reduction Co(I1I) 4+-e~ — Co(II) depend on
the nature of the axial ligand in the order:

PBLI3 > PPh3

(3) The Co"™"(BAE) couples are not influenced by potential axial ligands.
(4) From the reduction potentials the m-acceptor property of the BAE derivatives is
arranged in the trend:

BFE > BCE > BBE > BAE
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