The oxidation of hydroquinone catalysed by Cu(II) ions immobilized on acrylic resins
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Systems that mimic proteins containing copper have been recently of great interest for organic chemistry. In biological systems metalloproteins with copper in active centres are highly efficient oxidation catalysts due to their ability to dioxygen activation. The synthesis and investigation of functional complexes of transition metal ions with chelating polymer resins is an important stage in development of new catalysts for oxidation reaction [1,2]. Ionic liquids represent a new class of reaction solvents which may change catalytic activity of different systems. They possess negligible vapour pressures, large operating range of temperature, high ionic conductivity and they may be recycled.
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Series of heterogenized catalysts with immobilized copper were prepared by aminolysis of nitrile groups in acrylonitrile (AN), vinyl acetate (VA) and divinylbenzene (DVB) terpolymer (KA) using aminoguanidine bicarbonate and subsequent complexation with copper(II) acetate. The modification conditions were described earlier [3]. Their catalytic activity was measured in the model oxidation reaction of hydroquinone (H2Q) to p-benzoquinone (Q) using hydrogen peroxide as described previously [4]. The catalyst was tested in the same reaction in the presence of ionic liquid [bmim]BF4 (1-butyl-3-methylimidazolium tetrafluoroborate). Results are shown in Figure 1.

Figure. 1 Influence of Cu(II) loading and ionic liquid concentration on loss of hydroquinone (LH2Q) and yield of p-benzoquinone (YQ)


The oxidation of hydroquinone by hydrogen peroxide in water solution depends on many reaction parameters i.e. ion-exchange groups after sorption and ionic liquid concentration. According to the price and environment pollution application of ionic liquid is insignificantly favourable. 
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Characteristics of catalysts 1


KA-A: ZNH2=1,86 mmol/g, ZCOOH=2,46 mmol/g, S=0,31 mmol/g


KA-B: ZNH2=1,62mmol/g, ZCOOH=2,29 mmol/g, S=0,32 mmol/g


KA-C: ZNH2=1,62 mmol/g, ZCOOH=2,29 mmol/g, S=0,22 mmol/g





1 ZNH2 – concentration of aminoguanidyl groups, 


  ZCOOH – concentration of carboxylic        groups, S – Cu(II) loading
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CieczJonowa

				A (289nm)		A (246nm)		C H2Q		C Q		L H2Q		L Q		V H2Q		V Q		Numer próbki		V cieczy		%-vol

																						w 10ml mieszaniny reakcyjnej

		0		0.526		0.000		3.32E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		18

		10		0.447		0.638		2.71E-03		4.02E-04		18.42		12.12		1.02E-06		6.70E-07		935Aw5 (H2Q - woda)		0		0

		60		0.359		1.739		2.03E-03		1.25E-03		38.73		37.83		3.57E-07		3.49E-07		S=0,347 mmol/g

		0		0.491		0.000		3.04E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		18

		10		0.466		0.357		2.86E-03		1.84E-04		6.21		6.03		3.15E-07		3.06E-07		935Aw5 (H2Q:CJ = 1:4)		1		10

		60		0.409		0.973		2.42E-03		6.61E-04		20.60		21.70		1.74E-07		1.84E-07		S=0,347 mmol/g

						to poprawione było 1,000

		0		0.721		0.000		4.81E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		18

		10		0.538		0.319		3.41E-03		1.54E-04		29.23		3.21		2.34E-06		2.57E-07		935Aw5 (H2Q:CJ = 1:1)		2.5		25

		60		0.499		0.757		3.11E-03		4.94E-04		35.35		10.26		4.73E-07		1.37E-07		S=0,347 mmol/g

		0		0.518		0.000		3.25E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.419		1.082		2.49E-03		7.46E-04		23.35		22.93		1.27E-06		1.24E-06		935Aw7 (H2Q - woda)		0		0

		60		0.338		2.087		1.87E-03		1.52E-03		42.48		46.89		3.84E-07		4.24E-07		S=0,3147 mmol/g

						to poprawione było 2,221

		0		0.525		0.000		3.31E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.421		0.819		2.51E-03		5.42E-04		24.22		16.39		1.33E-06		9.03E-07		935Aw7 (H2Q:CJ = 1:4)		1		10

		60		0.276		2.289		1.40E-03		1.68E-03		57.75		50.83		5.31E-07		4.67E-07		S=0,3147 mmol/g

		0		0.605		0.000		3.92E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.493		1.266		3.06E-03		8.89E-04		21.96		22.67		1.43E-06		1.48E-06		935Aw7 (H2Q:CJ = 1:1)		2.5		25

		60		0.368		2.628		2.10E-03		1.94E-03		46.38		49.59		5.05E-07		5.40E-07		S=0,3147 mmol/g

		0		0.489		0.000		3.33E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.387		0.911		2.47E-03		6.75E-04		25.84		20.23		1.44E-06		1.12E-06		94 AR (H2Q:woda )		0		0

		60		0.236		2.080		1.20E-03		1.67E-03		64.09		50.11		5.94E-07		4.64E-07		S=0,324 mmol/g

		0		0.520		0.000		3.60E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.387		0.944		2.47E-03		7.03E-04		31.24		19.54		1.87E-06		1.17E-06		94 AR (H2Q:CJ = 1:4)		1		10

		60		0.263		2.695		1.43E-03		2.20E-03		60.37		88.78		6.03E-07		6.10E-07		S=0,324 mmol/g

		0		0.469		0.000		3.17E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.372		0.825		2.35E-03		6.01E-04		25.89		18.99		1.37E-06		1.00E-06		94 AT (H2Q:woda)		0		0

		60		0.138		2.569		3.69E-04		2.09E-03		88.33		65.96		7.77E-07		5.80E-07		S=0,220 mmol/g

		0		0.500		0.000		3.43E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		2

		10		0.368		0.803		2.31E-03		5.82E-04		32.53		16.99		1.86E-06		9.71E-07		94 AT (H2Q:CJ = 1:4)		1		10

		60		0.207		2.760		9.52E-04		2.25E-03		72.22		65.67		6.88E-07		6.25E-07		S=0,220 mmol/g





EtOH

				A (289nm)		A (246nm)		C H2Q		C Q		L H2Q		L Q		V H2Q		V Q		Numer próbki

		0		0.552		0.000		3.52E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		19

		10		0.554		0.000		3.53E-03		-9.28E-05		-0.28		-2.64		-1.66E-08		-1.55E-07		935Aw7

		60		0.547		0.000		3.48E-03		-9.28E-05		1.16		-2.64		1.13E-08		-2.58E-08		S=0,362 mmol/g

		0		0.558		0.000		3.56E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		20

		10		0.555		0.000		3.54E-03		-9.28E-05		0.76		-2.60		4.53E-08		-1.55E-07		935Aw8

		60		0.551		0.000		3.51E-03		-9.28E-05		1.52		-2.60		1.50E-08		-2.58E-08		S=0,528 mmol/g

		0		0.551		0.000		3.51E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		18

		10		0.558		0.000		3.56E-03		-9.28E-05		-1.43		-2.65		-8.33E-08		-1.55E-07		935Aw4

		60		0.555		0.000		3.53E-03		-9.28E-05		-0.76		-2.65		-7.42E-09		-2.58E-08		S=0,337 mmol/g

		0		0.562		0.000		3.59E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		18

		10		0.569		0.000		3.64E-03		-9.28E-05		-1.50		-2.59		-8.97E-08		-1.55E-07		935Aw5

		60		0.568		0.000		3.64E-03		-9.28E-05		-1.39		-2.59		-1.38E-08		-2.58E-08		S=0,347 mmol/g

		0		0.544		0.000		3.45E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		21

		10		0.550		0.000		3.50E-03		-9.28E-05		-1.45		-2.69		-8.32E-08		-1.55E-07		935Aw9

		60		0.544		0.000		3.45E-03		-9.28E-05		-0.01		-2.69		-1.07E-10		-2.58E-08		S=0,3147 mmol/g

		0		0.553		0.000		3.52E-03		0.00E+00		0.00		0.00		0.00E+00		0.00E+00		26

		10		0.562		1.266		3.59E-03		8.89E-04		-2.00		25.23		-1.17E-07		1.48E-06		935Aw3

		60		0.564		2.628		3.60E-03		1.94E-03		-2.34		55.20		-2.29E-08		5.40E-07		S=0,278 mmol/g





Arkusz3

		






