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INTRODUCTION

For many decades, researchers have been interested in
the coordination chemistry of both non-transition and transi-
tion metal dithiolates [1-3]. This passion has shown itself in
“biological inorganic chemistry” and the broader subject of
new complex synthesis. The compounds formed by these ligand
systems have found many applications e.g. as semiconductors,
insulators, vulcanization accelerators, bacteriocides, phyto-
cides, pesticides, herbicides, fungicides, UV stabilizers for nylon
as well as polyethylene and, recently in the CdS or ZnS thin
films’s deposition by metal organic chemical vapour deposition
[4-11]. The metal complexes of some S-containing compounds
were also examined for their radioprotective effects [12].
Gallium complexes of dithiolate ligands have been studied
for their anti-tumor activity and it has been found that doses
ranging from 1-50 mg/kg in vitro in mice are efficacious [13].
Extensive research into 1,1-dithio ligand complexes and their
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applications to processes of commercial and biological impor-
tance has resulted in a large number of published patents [6,13].
In heterobimetallic, ternary, binary complexes [6,14-17], 1-cyano-
1-carboethoxyethylene-2,2-dithiolate ion (CED2−) displays
intriguing coordination features due to its chelating and bridging
behaviours.

According to the literature, Mecleverty et al. [18] synthe-
sized a variety of cobalt mixed ligand complexes containing
1,1- and 1,2-dithiolates. Das et al. [19] also reported the mixed
ligand Co(II) complexes viz. [Co(OPD)(CED)L2], where OPD
= o-phenylenediamine, L = γ-picoline, β-picoline, α-picoline,
pyridine, H2O] complexes are the only known mixed ligand
complexes including CED2− and nitrogen donors [20]. None-
theless, no report is present on Co(II) mixed ligand complexes
with aromatic diimine (such as 1,10-phenanthroline and 2,2′-
bipyridine) and CED2− in the literature. Therefore, it is intere-
sting to assume the synthesis of cobalt(II) mixed ligand comp-
lexes with nitrogen donors such as aromatic heterocyclic diimine
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and CED2− ion and their structural characterization by magnetic
and spectroscopic methods.

EXPERIMENTAL

Aldrich Chemicals Company provided the α, β- and γ-
picolines, while all other chemicals utilized in the research were
procured from E. Merck.The method for preparing K2CED·
H2O is well documented in the literature [21].

Characterization: Traditional methods from the literature
[22] were used to evaluate the cobalt(II)  complexes. Micro-
analytical determination of nitrogen, hydrogen and carbon
were performed on CE 440 Exeter, USA and a BaSO4 gravi-
metric estimate has been obtained for sulphur. The weight loss
caused by heating the sample at 110-2000 ºC in oven for 4 h set
between allowed us to calculate the number of water molecules
present.

Physical measurements: A Systronics 304 direct conduc-
tivity instrument containing platinized electrodes and a dip-
type cell was used to determine the molar conductance of the
synthesized Co(II) complexes in the DMF solutions. The
sample magnetometer used to assess the magnetic suscepti-
bility at room temperature. As described by Figgis & Lewis [20]
as well as Earnshaw [23], the diamagnetism correction appro-
aches to the experimental magnetic susceptibility data was
applied. Using a Bomem DA-8 FT-IR spectrophotometer equi-
pped with KBr along with CsI lenses, infrared spectra of KBr
pellets (4000-400 cm-1) and nujol (4000-200 cm-1) at two diff-
erent wavelengths were obtained. The electronic spectra of
the synthesized complexes were acquired in the region of 1100
to 200 nm using a Perkin-Elmer model Lamda-25 UV-Vis
spectrophotometer in nujol nulls and a Chemito DU 2600 twin
beam UV-Vis spectrophotometer in DMF.

Synthesis of Co(o-phen)(CED)·2H2O (1): A solution was
prepared by adding ethanolic solution of 1,10-phenanthroline
monohydrate (0.9912 g, 5 mM) to an ethanolic solution of
Co(NO3)2·6H2O (1.4552 g, 5 mM) while stirring. The resulting
solution was then added while being stirred with an aqueous
solution of K2CED·H2O (1.4171 g, 5 mM), which results in the
precipitate colour changed from green to yellow. The
precipitate was filtered using suction filter and washed with
ether, alcohol, water, then dried in a vacuum on fused CaCl2.
When completely dried, the product had a pale greenish yellow
colour. Yield: 1.5310 g (66.2%).

Synthesis of Co(o-phen)2(CED) (2): A pink solution was
obtained by adding 1.9823 g of 1,10-phenanthroline mono-
hydrate (10 mM) to 1.4552 g of cobalt nitrate dihydrate (5 mM)
in 50 mL of ethanolic solution while stirring. Now, K2CED·H2O
(50 mL aqueous solution, 1.4171 g, 5 mM) was added to the
pink solution while being stirred, producing a dark yellow
precipitate. The precipitate has been filtered through suction
filter, washed with ether, alcohol, water and then dried in a
vacuum on fused CaCl2. Yield: 1.6240 g (53.5%).

Synthesis of Co(o-phen)(CED)(py)2 (3): A dark-coloured
solution was obtained by adding Co(o-phen)(CED)·2H2O
(0.924 g, 2 mM) to 10 mL of pyridine while vigorously stirring.
After the dark-coloured solution naturally evaporated, a black
precipitate was formed. It was repeatedly washed with ether

to obtain a dark-brown precipitate. Suction filtration and air
drying were used on the precipitate. Yield: 0.962 g (82.3%).

Synthesis of Co(o-phen)(CED)(ααααα-pic)2 (4): While stirring,
0.924 g (2 mmol) of Co(o-phen)(CED)·2H2O (0.924 g, 2 mM)
was added gradually to 10 mL of α-picoline, producing a black
solution. The filtrate yielded black sticky mass after evapo-
ration at room temperature, which was washed with ether till
the precipitate became free from its sticky nature. The resulting
brownish precipitate was filtered undeer suction and then
finally air-dried. Yield: 0.335 g (27.3%).

Synthesis of Co(o-phen)(CED)(βββββ-pic/γγγγγ-pic)2 (5/6): Both
Co(o-phen)(CED)(γ-pic)2 (6) along with Co(o-phen)(CED)(β-
pic)2 (5) were synthesized in similar way as Co(o-phen)(CED)-
(α-pic)2, with the exception that α-picoline was substituted
for γ-picoline and β-picoline in both cases. (5) Yield: 0.5585 g
(45.6%) for Co(o-phen)(CED)(β-pic)2 and (6) Yield: 1.1328 g
(92.5%) for Co(o-phen)(CED)(γ-pic)2.

Synthesis of Co(bipy)(CED)·2H2O (7): When Co(NO3)2·
6H2O (1.4552 g, 5 mM) was added to 50 mL ethanolic solution
of 2,2′-bipyridine (0.7809 g, 5 mM), the solution turned from
pink to yellow. K2CED·H2O (50 mL aqueous solution, 1.4171 g,
5 mM) has been mixed to this mixture while stirring, resulting
precipitate that became a dull yellow after 30 min of mixing.
The precipitate has been vacuuming dried on fused CaCl2 after
being suction filtered, then washed with ether, alcohol followed
by water. The precipitate dried to a pale greenish yellow colour.
Yield: 1.451 g (66.2%).

Synthesis of Co(bipy)2(CED) (8): The pink solution was
turned into an orange colour when 25 mL of ethanolic solution
of 2,2′-bipyridine (0.7809 g, 5 mM) was mixed to 50 mL of
Co(NO3)2·6H2O (0.7276 g, 2.5 mM) while stirring. A brown
colour precipitate was obtained after adding 25 mL aqueous
solution of K2CED·H2O (0.7085 g, 2.5 mM) while mixing.
The precipitate’s colour become changed from brown to dull
yellow when 75 mL of water was added gently. After being
suction filtered, then washed in ether, alcohol, water and dried
in a vacuum on fused CaCl2. Yield: 0.615g (44.0%).

An attempt was made to synthesize Co(bipy)3(CED) under
similar experimental circumstances but Co(bipy)2(CED)was
the final product.

Synthesis of Co(bipy)(CED)(py)2 (9): Co(bipy)(CED)·
2H2O (1.090 g, 2.5 mM) was added to 10 mL of pyridine slowly
while mixing, producing a dark-coloured solution. On naturally
evaporating the solution, a dark precipitate was produced. After
rinsing the black precipitate with ether until the washing filtrate
was colourless. Yield: 0.7438 g (53.3%).

Synthesis of Co(bipy)(CED)(ααααα-pic)2 (10): Co(bipy)(CED)
·2H2O (1.090 g, 2.5 mM) was added slowly to 20 mL of α-
picoline for 0.5 h. The dark coloured filtrate yielded dark brown
colour precipitate after natural evaporation. An dark brown
precipitate had developed while using ether for washing the
filtrate and then dried in air. Yield: 0.433 g (29.4%).

Synthesis of Co(bipy)(CED)(βββββ-pic/γγγγγ-pic)2 (11/12): The
synthesis of Co(bipy)(CED)(γ-pic)2 (12) as well as Co(bipy)-
(CED)(β-pic)2 (11) complexes followed the identical procedure
as that of Co(bipy)(CED)(α-pic)2with the exception that α-
picoline was substituted with γ-picoline and β-picoline. Yield:
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0.7024 g (48.0%) for Co(bipy)(CED)(β-pic)2. Yield: 0.7124 g
(48.6%) for Co(bipy)(CED)(γ-pic)2.

RESULTS AND DISCUSSION

When Co(o-phen)(CED)·2H2O (1) and Co(bipy)(CED)·
2H2O (7) were treated with monodentate heterocyclic nitrogen
donors (γ-picoline, β-picoline, α-picoline, pyridine) under
various experimental circumstances after that they yielded the
product Co(N-N)(CED).L2 [N-N = o-phen or bipy; L = γ-picoline,
β-picoline, α-picoline, pyridine] indicating a ligand exchange
process where the powerful heterocyclic nitrogen donors have
been substituted for water molecules. The analytical data suggests
that the successful  synthesis of [Co(N-N)2(CED)] as well as
[Co(N-N)(CED)L2] [N-N = o-phen/bipy, CED2− = 1-cyano-1-
carboethoxyethylene-2,2-dithiolate, L = H2O, γ-picoline, β-
picoline, α-picoline, pyridine] type mixed ligand complexes
of cobalt(II) with sulphur and nitrogen donors.

Below 250 ºC, all the synthesized cobalt(II) complexes
decompose and are sparingly soluble in polar solvents for
example DMF along with DMSO, but insoluble common organic
solvents (benzene, acetone, carbon tetrachloride, chloroform,
ethanol, methanol, etc.) and water.

Weight loss experiment: Co(N-N)(CED)·2H2O [N-N =
o-phen or bipy] complexes were investigated for weight loss
was heated for 4 h in an electric microwave set to 100, 120, 150
and 180 ºC. Weight loss between 150 and 180 ºC demonstrates
the presence of two water molecules in the compounds [24].

Molar conductance: Molar conductance values in DMF
solution for the synthesized cobalt(II) compounds containing
mixed ligands (10-3 M) in the range of 29.0-54.0 ohm-1 cm2

mol-1 indicating their non-electrolytic nature [25].

Magnetic moment: Several different chemical conforma-
tion can host cobalt(II), each with its own electronic structure
and unique magnetic and spectral characteristics. The synthe-
sized Co(II) mixed ligand complexes have substantially lower
magnetic moment values than cobalt(II) high-spin octahedral
complexes, in the range of 2.09 to 3.22 B.M., which is signifi-
cantly less than high-spin octahedral complexes of cobalt(II).
When a significant binding field is present, the 2E state, which
is derived from the 2G state of free metal ion, may become ground
state, resulting in a low spin octahedral complexes with a t2g

6eg
1

electronic configuration and one unpaired electron. Spin-only
calculations suggest a lower (µs) value, but the measured µeff

is higher. A significant orbital influence is always present and
the efficient magnetic moments of these compounds are larger
than µs, which happens due to the octahedral ground state's
orbital angular momentum [26]. The values of magnetic moment
are consistent with the presence of a low-spin Co(II) ion in
the synthesized complexes (Table-1).

Electronic spectra: Cobalt(II) octahedral complexes with
high spin have a ground state of 4F, whereas those with low
spin have 2G ground state (II).The ground state of the electronic
spectra of Co(II) high-spin octahedral complexes is a quartet,
but the excited states can be achieved via three spin-allowed
electronic transitions that can be assigned to different atomic
orbitals 4T1g(F) →4T2g (ν1) (occurs generally in the near I.R.
area),4T1g(F) → 4A2g (ν2), 4T1g(F) → 4T1g(P) (ν3). Transition
4T1g(F) → 4T1g(ν3) has the greatest energy and so dominates
the visible spectrum. Notably, the transitions in octahedral
structures to the 4A2g level and the 4T1g(P) level are rather close
together. The 4T1g(F) → 4A2g transition is the weakest of the
three because it involves only two electrons and both the 4A2g

TABLE-1 
ANALYTICAL DATA, MOLAR CONDUCTANCE AND MAGNETIC MOMENTS FOR THE MIXED LIGAND COMPLEXES OF Co(II) ION 

Elemental analysis (%): Found (calcd.) 
Complex (Colour) 

% Yield 
(Dec. 

temp., °C) Co S C H N 

ΛM (Ω-1 
cm2 mol-1) 

(DMF) 
µeff (B.M.) 

Co(o-phen)(CED)·2H2O (1)  
(Greenish yellow)  

70 
(205) 

12.34 
(12.74) 

13.18 
(13.86) 

46.85 
(46.74) 

3.62 
(3.70) 

9.00 
(9.08) 

29.00 2.84 

Co(o-phen)2(CED) (2)  
(Dull yellow) 

65 
(210) 

9.30 
(9.71) 

10.49 
(10.56) 

59.20 
(59.39) 

3.32 
(3.48) 

11.23 
(11.53) 

37.00 2.39 

Co(o-phen)(CED)(py)2 (3)  

(Dark brown)  
60 

(198) 
10.21 

(10.08) 
10.63 

(10.96) 
57.23 

(57.52) 
4.23 

(3.96) 
11.72 

(11.97) 
54.00 2.37 

Co(o-phen)(CED)(α-pic)2 (4) 
(Brown)  

55 
(220) 

9.34 
(9.61) 

10.20 
(10.46) 

58.62 
(58.81) 

4.10 
(4.33) 

11.21 
(11.42) 

51.00 3.22 

Co(o-phen)(CED)(β-pic)2 (5) 
(Black)  

60 
(210) 

9.48 
(9.61) 

10.60 
(10.46) 

58.40 
(58.81) 

4.12 
(4.33) 

11.31 
(11.42) 

37.00 2.46 

Co(o-phen)(CED)(γ-pic)2 (6) 
(Deep Brown)  

70 
(230) 

9.50 
(9.61) 

10.30 
(10.46) 

58.32 
(58.81) 

4.01 
(4.33) 

11.12 
(11.42) 

32.00 2.88 

Co(bipy)(CED)·2H2O (7) 
(Greenish Yellow) 

80 
(210) 

13.36 
(13.44) 

14.34 
(14.61) 

44.10 
(43.83) 

3.73 
(3.90) 

9.21 
(9.58) 

31.00 2.71 

Co(bipy)2(CED) (8) 
(Dull yellow) 

70 
(205) 

10.20 
(10.55) 

11.37 
(11.47) 

55.72 
(55.90) 

3.53 
(3.78) 

12.12 
(12.53) 

42.00 2.09 

Co(bipy)(CED)(py)2 (9) 
(Black)  

65 
(230) 

10.30 
(10.51) 

11.30 
(11.43) 

55.42 
(55.70) 

3.92 
(4.13) 

12.01 
(12.48) 

45.00 2.78 

Co(bipy)(CED)(α-pic)2 (10) 
(Brown)  

60 
(140) 

9.90 
(10.01) 

10.53 
(10.88) 

56.97 
(57.13) 

4.40 
(4.61) 

11.53 
(11.89) 

35.00 2.46 

Co(bipy)(CED)(β-pic)2 (11) 
(Black)  

70 
(120) 

9.76 
(10.01) 

10.60 
(10.88) 

56.85 
(57.13) 

4.32 
(4.61) 

11.48 
(11.89) 

36.00 2.16 

Co(bipy)(CED)(γ-pic)2 (12) 
(Brown)  

65 
(130) 

9.97 
(10.01) 

10.40 
(10.88) 

56.92 
(57.13) 

4.34 
(4.61) 

12.61 
(11.89) 

53.00 2.78 
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state and the 4T1g(F) ground state originate mostly from t2g
3eg

4

electronic configurations.
An excessively strong ligand field in low-spin octahedral

cobalt(II) complexes may convert the 2E state, which originates
in the 2G state of free ion to ground state. Since the predominant
electron configuration is t2g

6eg
1, which is attributed due to the

Jahn-Teller distortion.
The electronic spectra in DMF solution in the mixed ligand

cobalt(II) complexes demonstrate the three bands in ranges
10,000-11,148, 14,577-18,553 and 19,342-22,371 assignable
to 4T1g(F) → 4T1g(P) (ν3),4T1g(F) → 4A2g (ν2),4T1g(F) →4T2g (ν1),
respectively signifying distorted octahedral stereochemistry
around Co(II) in its complexes. The ν1 bands observed in the
synthesized mixed ligand complexes are very weak intensity
while ν2 bands are very broad and of weak intensity. The ligand
absorption band indicates that the ν3 bands, which are strong
absorption bands, are not distinguishable at higher concen-
trations but do show as a distinct band at low concentrations.
The electronic spectra of Co(II) complexes with mixed ligands
were analyzed and compared to prior studies. The ν3 bands
exhibited the strong absorption bands are not distinct at higher
concentration as observed by the ligand absorption band but
appear as distinct band at low concentrations [27-29]. Table-2
provides the essential spectral data along with their respective
assignments.

TABLE-2 
ELECTRONIC SPECTRAL (cm–1) DATA OF  

Co(II) MIXED LIGAND COMPLEXES 

Complex 

4T1g(F) 
→ 4T2g 

(ν1) 

4T1g(F) 
→ 4A2g (ν2) 

4T1g(F) 
→ 4T1g(P) 

(ν3) 
Co(o-phen)(CED)·2H2O (1) 10638 18215 21368 
Co(o-phen)2(CED) (2) 10650 18050 20704 
Co(o-phen)(CED)(py)2 (3) 10718 16051 21322 
Co(o-phen)(CED)(α-pic)2 (4) 10707 16129 – 
Co(o-phen)(CED)(β-pic)2 (5) 10000 18553 – 
Co(o-phen)(CED)(γ-pic)2 (6) 11086 16750 21598 
Co(bipy)(CED)·2H2O (7) 11236 17065 22075  
Co(bipy)2(CED) (8) 11098 16667 22371  
Co(bipy)(CED)(py)2 (9) 11148 14577, 16806 22172 
Co(bipy)(CED)(α-pic)2 (10) 11013 14641, 17123 19531  
Co(bipy)(CED)(β-pic)2 (11) 11148 17361 19342  
Co(bipy)(CED)(γ-pic)2 (12) 10952 16778 22321 

 
Infrared spectra: Previous studies [4,5,30,31] on non-

transition along with transition metal 1,1-dithiolates have
guided the interpretation of the mixed ligand complexes’ IR
spectra. Resonance structures in CED2− ligand ion complexes
as shown in Fig. 1, which can be used to characterize the ion.
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Fig. 1. Resonance forms of CED complexes

Each moiety in the complexes experiences its own set of
vibrations and provides its own set of peaks to the IR spectrum.
Some bands in IR spectra show pure vibrations due to electron
delocalization in the chelated CED2− ring, which causes coup-
ling of vibrational modes. Some of the most distinctive features
of the mixed ligand cobalt(II) complexes are the stretching
frequencies linked with M-S, C-S, >C=CS2, >C=O, -C≡N, from
CED2−; aryl ring vibrations with metal heterocyclic nitrogen
vibrations from bipy, o-phen, γ-picoline, β-picoline, α-picoline,
pyridine and O-H vibrations from water.

In K2CED·H2O, as expected, the ν(C≡N) band is observed
at 2190 cm-1, whereas in cobalt(II) mixed ligand compounds
it is observed in the range of 2192-2180 cm-1, which is consis-
tent with the ligand’s non-involvement of the nitrile group in
bonding. Ester compounds exhibit ν(C=O) bands at 1750-1720
and 1630-1620 cm-1 region, depending on whether the ester
group is unconjugated or conjugated (with benzoyl or acetyl
group). The delocalization of ν(C=O) group in the neigh-
bouring C=C bond manifests as a strong band in 1625-1604
cm1, which is lower than typical α,β-unsaturation. The carbonyl
oxygen is not participated in the bonding since the ν(C=O)
frequency of such mixed ligand complexes is identical to that
of K2CED·H2O.

The complexes exhibit three prominent bands at 933-930,
1030-1027, 1397-1384 cm-1, which are attributed due to the
ν2[νs(=CS2)], ν4[νas(=CS2)], ν1[ν(C=C)] vibrations of >C=CS2

structural unit, which was observed in K2CED·H2O at 930,
1020, 1320 cm-1, respectively [32]. A few metal complexes
exhibit split (triplet or doublet) ν(C=C) symmetry, suggesting
a reduc-tion in the symmetry of the structure. Resonance form
(Fig. 1a) seems to be predominate in 1-cyano-1-carboethoxy-
ethylene-2,2-dithiolate complexes, as observed by the changes
in ν(C≡N) and ν(C=C) bands. These mixed ligand complexes
exhibit symmetric bonding between ligand’s two sulphur atoms
and metal ion, as shown by the presence of weak to strong
band in 869-845 cm-1 region for ν(C-S). The changes in the
spectra of out-of-plane and in-plane and ring deformation
bands at 425-416 and 651-642 cm-1, in mixed ligand complexes
with hetero-cyclic nitrogen donors indicate coordination via
the nitrogen atom [33]. A weak to medium intensity band can
be seen at 1095-1070 cm-1 region, which has been attributed
to the ring breathing mode of heterocyclic nitrogen donors in
the Co(II) complexes. When this band is present in complexes,
it means heterocyclic nitrogen donors are being coordinated
to the metal centre [32]. The weak band(s) between 3083 and
3061 cm-1 are attributed to the n(C-H) (aromatic ring) formed
by the heterocyclic aromatic ligand in these complexes. The
coordination of CED2− and/or γ-picoline, β-picoline, α-picoline,
in the mixed ligand complexes is confirmed by the presence
of weak intensity bands for the ν(C-H) (aliphatic) for compl-
exes at 2979-2975 cm-1. In the symmetric and antisymmetric
stretching mode of coordinated water, the ν(O-H) frequency
emerges as wide band in range 3500-3000 cm-1, whereas
H-O-H bending modes appear in the 1630-1610 cm-1 region
that overlaps with ν(C=O) of CED2− ion. Two water molecules
are thought to be in the outside the coordination sphere surroun-
ding the metal centre because of the weight loss shown by
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complexes 1 and 7 between 150 and 180 ºC [24]. The non-
ligand bands in the mixed ligand complexes are probably
attributed to ν(Co-S) [33] along with ν(Co-N) [34] modes,
appeared at 322-299 and 423-382 cm-1, respectively. Table-3
lists the impo rtant key IR bands of the synthesized cobalt(II)
mixed ligand complexes. The tentative strucutres of the synthe-
sized cobalt(II) mixed ligand complexes are shown in Fig. 2.

Conclusion

In summary, it was determined that Co(NO3)2·6H2O reacts
with K2CED·H2O in presence of o-phen or bipy in distinct molar
ratio and resulted in the formation of several cobalt(II) mixed
ligand complexes. The synthesized complexes Co(o-phen)-
(CED)·2H2O along with Co(bipy)(CED)·2H2O yielded substi-
tuted products after reacting with monodentate heterocyclic
nitrogen donors (γ-picoline, β-picoline, α-picoline, pyridine)
where water molecules were replaced by nitrogen donors. The
physical, chemical and spectroscopic analyses of these synthe-
sized cobalt(II) mixed ligand complexes have led to the hypo-
thesis that cobalt(II) complexes adopts a deformed octahedral
stereochemistry (low-spin).
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