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Abstract

:

The coordination polymer [Fe(NH2trz)3](2ns)2 (NH2trz = 4-amino-1,2,4-triazole and 2ns− = counterion 2-naphthalene sulfonate) exhibits the rare phenomenon of spin crossover in an attractive temperature range, i.e., somewhat above room temperature. Spin crossover in [Fe(NH2trz)3](2ns)2 is manifested by thermochromism, which is accompanied by a magnetic transition from diamagnetism to paramagnetism. However, [Fe(NH2trz)3](2ns)2 is brittle and difficult to process, which limits its use. In this study, we show that [Fe(NH2trz)3](2ns)2 can be co-processed with ultrahigh molecular weight polyethylene (UHMWPE), which possesses outstanding mechanical properties, particularly when tensile-drawn. Therefore, [Fe(NH2trz)3](2ns)2–UHMWPE blends were gel-processed by extrusion, employing a relatively poor solvent, which has recently been shown to offer advantages compared to good solvents. Uniform and flexible films, ribbons and fibers with [Fe(NH2trz)3](2ns)2 fractions as high as 33.3% m/m were obtained that could be readily drawn. Spin crossover in the coordination polymer is retained in these materials, as evident from their thermochromism. The tensile strength and Young’s modulus of the blends exceed those of typical commodity polymers. Thus, the films, ribbons and fibers constitute a special class of multifunctional materials that combine the flexibility and excellent mechanical properties of drawn UHMWPE with the spin crossover behavior of [Fe(NH2trz)3](2ns)2.
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1. Introduction


Coordination polymers of iron(II) and 4-amino-1,2,4-triazole (NH2trz) (Figure 1) of the generic formula [Fe(NH2trz)3]X2, with X a negatively charged counter ion, have attracted attention for their spin-crossover behavior [1,2,3,4,5,6,7,8,9,10,11,12]. Spin crossover is a rare phenomenon that designates a reversible change in spin state of a compound by an external trigger, for instance a change in temperature [13,14,15,16,17,18,19]. In the case of iron(II), a d6 ion, spin crossover originates in a change of the low spin state with S = 0 to the high spin state with S = 2 upon increase in temperature and vice versa. That change in spin state is reflected by a transition from diamagnetic to paramagnetic behavior and also vice versa [20]. That transition from the low spin state to the high spin state is associated with a reversible color change, i.e., those compounds exhibit a thermochromic behavior [21,22]. In complexes of iron(II) and NH2trz the low spin state typically manifests in a pink color and the high spin state in a white color [1,10,11]. Notably, the spin crossover temperature markedly depends on the counter anion X [4,23]. In this study emphasis was put on substances with spin crossover occurring somewhat above room temperature, as such compounds can potentially be used as active components in temperature-initiated switchable devices [18,24,25,26,27]. This is the case, e.g., for X = 2-naphthalene sulfonate (2ns), which has been studied extensively in solution and in the solid state [4,10,11,12].



There are a number of reports on the processing of spin-crossover coordination polymers, in particular [Fe(NH2trz)3]X2, a prerequisite to obtaining materials that can be useful in technological applications. Processing of related compounds has been conducted by solution casting of iron(II) complexes with alkyl-substituted 1,2,4-triazole ligands (Rtrz) to films of the neat polymers [28,29] or of blends with poly(methyl methacrylate) [30] or polystyrene [29]. Films of [Fe(NH2trz)3](2ns)2 were prepared from gels on glass [11] or quartz substrates [12] or from a suspension of [Fe(NH2trz)3](NO3)2∙0.5H2O in dissolved polystyrene deposited on glass [9]. Moreover, thin films of Rtrz and Htrz (1H-1,2,4-triazole) or NH2trz complexes were prepared by stamping microcontact printing or spin coating, respectively [31,32]. Suspensions of nanoparticles of complexes with mixed Htrz and trz (1,2,4-triazolate) ligand sphere were also used for the deposition of thin films [32]. Patterning of spin-crossover films can be performed by lithography [31,32]. Spin crossover was observed in all those films.



Manufacture of continuous objects was achieved by their incorporation in silica monoliths prepared by a sol-gel process or by growth of spin-crossover nanoparticles in cylindrical pores of preformed silica monoliths [32,33]. There are several reports of freestanding films prepared by solution casting, such as of polymers based on vinylidene fluoride containing an iron(II) complex with Htrz, trz and NH2trz, of poly(methyl methacrylate) or polystyrene and Rtrz complexes, of poly(oxetane) and a complex with hydroyethyl-substituted 1,2,4-triazole, and of poly(vinyl pyrrolidone) and NH2trz complexes [32]. In addition, preformed films of Nafion can be impregnated with solutions of Htrz or NH2trz and iron(II) ions to yield films with spin-crossover properties [32]. Further, films of natural polymers based on cellulose were impregnated with solutions of iron(II) complexes and Htrz/trz or NH2trz ligand sphere [33]. Cellulose was also employed as the matrix for sheets of 15 mm width comprising Htrz/trz complexes [33]. Composites of polypyrrole comprising an iron(II) complex with Htrz/trz ligand sphere were obtained upon in situ polymerization of pyrrole, and the materials thus obtained were further processed to films by sintering under pressure [33]. The conductivity of those materials changed at the spin crossover temperature of the incorporated complex, which is assumed to be a consequence of the thermally induced volume change associated with the spin crossover [32]. Objects of various shapes were produced by 3D printing of a photoresist with [Fe(NH2trz)3]SO4 [33].



Electrospinning was applied for the preparation of fibers of polystyrene with a Rtrz complex (about 3 µm fiber diameter) and of poly(lactic acid) with Htrz/trz of NH2trz complexes [33]. Fibers consisting of a blend of a complex with Rtrz and ultrahigh-molecular-weight polyethylene (UHMWPE) were manually drawn from xylene solution and varied considerably in thickness along them [34].



Notably, the fraction of active spin crossover centers in complexes with NH2trz ligands is strikingly higher than with Rtrz ligands [10]. On the other hand, free-standing films or fibers of [Fe(NH2trz)3](2ns)2 could not be obtained due to the high brittleness of this coordination polymer [11]. Therefore, blends of [Fe(NH2trz)3](2ns)2 and UHMWPE are of particular interest since those materials might combine the outstanding mechanical properties of drawn UHMWPE and the spin-crossover behavior of [Fe(NH2trz)3](2ns)2. For this purpose, the solution-spinning/drawing process, which came to be known as gel-spinning, appears suited as it allows the fabrication of ultrahigh-modulus and ultrahigh-strength UHMWPE fibers, ribbons and films processed from semi-dilute solutions [35,36]. Accordingly, this study explores processing of UHMWPE–[Fe(NH2trz)3](2ns)2 blends into uniform objects such as ribbons, films and fibers, which are designed to possess extraordinary mechanical properties combined with spin-crossover behavior.



Noteworthy, processing from solution basically involves less shear-induced degradation of fillers than melt processing and thus the macromolecular [Fe(NH2trz)3](2ns)2 is better preserved during processing of the blends. Common processing of UHMWPE (including blends) proceeds by solution-spinning into gel precursors with good solvents such as decalin (decahydronaphthalene) [35,36,37]. Interestingly, it was shown recently that relatively poor solvents such as stearic acid are advantageous as they lead to higher maximum draw ratios and accompanying higher Young’s modulus and tensile strength at the same volume fraction of UHMWPE [38]. The maximum draw ratio increases with decreasing volume fraction of UHMWPE and reaches, e.g., a high value of 65 at an UHMWPE–stearic acid mass ratio of 1:9 [38] (N.B. since the density of UHMWPE, 0.93 g/cm3–0.94 g/cm3 [39], and stearic acid, 0.94 g/cm3 [40], are similar; the mass fractions are also close to the volume fractions). Resulting UHMWPE materials were found to exhibit mechanical properties in the very high-end region of polymers, namely a tensile strength of about 3.6 GPa and a Young’s modulus of about 185 GPa [38]. Accordingly, a similar procedure was adopted to prepare and study blends of [Fe(NH2trz)3](2ns)2 and UHMWPE. In addition, employment of stearic acid permitted the formation of homogenous blends of the inherently polar [Fe(NH2trz)3](2ns)2 and the non-polar UHMWPE, as elaborated on in the Discussion.




2. Materials and Methods


2.1. General


Ultrahigh-molecular-weight polyethylene (UHMWPE) GUR4120 (weight-average molecular weight approximately 5 × 106 g/mol) was obtained from Ticona (Sulzbach, Germany) and stearic acid from AppliChem (Darmstadt, Germany). Both substances were used as received. The coordination polymer [Fe(NH2trz)3](2ns)2 was synthesized as described previously [10].




2.2. Processing of the Blends into Ribbons and Fibers


UHMWPE solutions were prepared with three different [Fe(NH2trz)3](2ns)2 contents (mass ratios between UHMWPE and [Fe(NH2trz)3](2ns)2 10:1, 10:3 and 10:5 or 9.1% m/m, 23.1% m/m and 33.3% m/m, respectively). The mass ratio between UHMWPE and the solvent stearic acid was held constant at 1:9 in all experiments. [N.B. A formulation with a mass ratio of 10:1 between UHMWPE and [Fe(NH2trz)3](2ns)2 consists in proportions of 1 g UHMWPE, 0.1 g [Fe(NH2trz)3](2ns)2 and 9 g stearic acid.] The required amounts of UHMWPE, [Fe(NH2trz)3](2ns)2 and stearic acid were added to a 25 mL round-bottomed flask. The continuously stirred mixture was heated to 80 °C for 15 min to ensure homogenization. Approximately 6 mL of slurry was collected with a syringe and fed into a laboratory recycling twin-screw micro-compounder (CPC Eindhoven, Eindhoven, The Netherlands), operating at 120 rpm under a nitrogen blanket. Processing was performed at a temperature of 160 °C; all solutions were mixed for 10 min prior to extrusion. Subsequently, the extruded ribbons were rolled to sheets of 0.7 mm thickness and were allowed to cool to room temperature.



Diethyl ether (Sigma-Aldrich, St. Louis, MO, USA) was used as extraction agent for the stearic acid. First, three extruded samples of ~10.0 × 100.0 × 0.7 mm3 (solution-processed with a formulation of 1 g UHMWPE, 0.1 g [Fe(NH2trz)3](2ns)2 and 9 g stearic acid) were washed under constant stirring in ~150 mL diethyl ether in a 250 mL thread vial. After certain washing times, the samples were taken out, dried in a vacuum oven (~10 mbar) at 60 °C for ~10 min, and the mass was recorded. It was observed that after 10 min exposure to diethyl ether the stearic acid was essentially washed out of the extrudates. Thus, all extruded samples were washed for at least 10 min in diethyl ether.



For drawing, washed and dried extruded ribbons were cut to pieces with dimensions of 2 × 30 mm2 and tensile-drawn on a Kofler bench between 100 and 130 °C to a draw ratio (λ; =ratio between final and initial sample length) of 10 and 65, respectively.



For the manufacture of fibers, a formulation of 1 g UHMWPE, 0.5 g [Fe(NH2trz)3](2ns)2 and 9 g stearic acid was prepared as described above. Instead of washing the blends directly after extrusion, the material was pressed at 80 °C to pellets to ease feed into the syringe of a laboratory fiber-spinning-line (DACA Instruments, Santa Barbara, CA, USA). Spinning was performed at 160 °C, with an air-gap of ~1 cm between the spinneret nozzle and the quenching bath (ice water as quenching medium). The take-up speed was always maintained 10 times faster than the extrusion speed, which resulted in a draw-down ratio of ~10. The as-spun fibers were wound up on an aluminum cylinder to facilitate the subsequent washing step, also in diethyl ether under constant stirring for at least 10 min (see above).




2.3. Mechanical Properties and Thermal Analysis


A frame was made by cutting a 70 × 10 mm2 window in a light cardstock-grade (160 g m−2) paper. The films were longitudinally glued (with a two-component adhesive; Araldite® Standard) onto the frame, ensuring that variation in the initial sample length of 70 mm for tensile testing was kept to a minimum. Tensile measurements were carried out using an Instron 5864 static mechanical tester fitted with a 100 N load cell and equipped with mechanical clamps. A constant elongation rate of 20 mm min−1, determined by the cross-head speed, was used throughout. All tests were performed at room temperature (~20 °C). The cross-sectional areas of the samples were calculated from their respective lengths and masses, with the latter determined using an ultra-micro balance (UMT2, Mettler Toledo, Greifensee, Switzerland), assuming a density of 1 g cm−3.



Differential scanning calorimetry (DSC) was performed using a DSC 822e instrument (Mettler Toledo, Greifensee, Switzerland), routinely calibrated using indium standards. DSC thermograms were recorded under nitrogen flow at 10 °C min−1 heating and cooling rates. Samples were first heated from 25 to 60 °C and cooled to 20 °C, subsequently heated from −20 to 250 °C and cooled to −20 °C and heated again to 250 °C and finally cooled to 25 °C. The typical sample mass was ~5 mg.





3. Results


As indicated above, an UHMWPE–stearic acid mass ratio of 1:9 was applied for the preparation of homogeneous blends of UHMWPE and [Fe(NH2trz)3](2ns)2. Homogeneous ribbons (thickness 0.7 mm) of [Fe(NH2trz)3](2ns)2–UHMWPE blends were prepared by extrusion of the two components in stearic acid at 160 °C, i.e., well above the melting temperature of the acid (71 °C [41]). Thereafter, the stearic acid solvent was removed from the extruded ribbons by immersion in diethyl ether until the mass of the sample remained constant upon further immersion, which took about 10 min. Mass ratios between UHMWPE and [Fe(NH2trz)3](2ns)2 of 10:1, 10:3 and 10:5 were employed, corresponding to [Fe(NH2trz)3](2ns)2 mass fractions of 9.1%, 23.1% and 33.3%, respectively. Processing with a [Fe(NH2trz)3](2ns)2 fraction as high as 33.3% also proceeded in a straightforward manner and resulted in flexible ribbons (cf. Figure 2); despite the high brittleness of [Fe(NH2trz)3](2ns)2 itself.



At room temperature, the blends exhibited the typical pink color of [Fe(NH2trz)3](2ns)2 in its low spin state. The thermochromic behavior of [Fe(NH2trz)3](2ns)2 also occurred in the blends with the translucent UHMWPE: upon heating the color changed reversibly to white, in line with the color of the high spin complex (Figure 3), and the color transition became evident at around 40 °C, although the samples were still slightly pink at 50 °C. Eventually they become white (colorless) at around 60 °C, in agreement with thin films prepared by drying of gels of neat [Fe(NH2trz)3](2ns)2 on glass substrates [11].



Differential scanning calorimetry (DSC) of blends with 33.3% m/m [Fe(NH2trz)3](2ns)2 prior to and after drawing (draw ratio 10) featured three thermally well separated endothermic peaks (Figure 4). These are attributed to different transitions, namely (at increasing peak temperature) the spin crossover of [Fe(NH2trz)3](2ns)2, melting of UHMWPE [35] and a reversible transition at high temperature, characteristic of [Fe(NH2trz)3](2ns)2 and due to a transition from a columnar rectangular to a columnar hexagonal packing [11] (Table 1). The spin crossover temperatures (TSCO) and the reversible transition at high temperature (Thigh) of [Fe(NH2trz)3](2ns) are not shifted considerably upon drawing (see below) and are in the range of the values reported for the neat compound [11], as well as the melting temperature of UHMWPE [35,39]. A slight increase in the melting temperature of UHMWPE of 5 °C after drawing is common and associated with an enhanced degree of crystallinity of the polymer chains upon tensile deformation [35]. Hence, the extrusion and drawing processes did not affect the thermal transitions of [Fe(NH2trz)3](2ns)2. In particular the spin crossover of [Fe(NH2trz)3](2ns) is retained in blends with UHMWPE. Due to the reversibility of the transitions, the related exothermic transitions emerge also in the DSC thermograms upon cooling; as usual due to supercooling with a hysteresis of about 20–30 °C (at heating and cooling rates of 10 °C/min).



The ribbons of neat UHMWPE and the blends comprising 9.1% m/m [Fe(NH2trz)3](2ns)2 could readily be tensile-drawn to a draw ratio of 65, which is reported to be the maximum draw ratio of UHMWPE at the conditions applied here [38]. Accordingly, it appears that the presence of 9.1% m/m [Fe(NH2trz)3](2ns)2 does not affect the drawing process considerably. However, with blends comprising 23.1% m/m and 33.3% m/m [Fe(NH2trz)3](2ns)2 such high draw ratios could not be achieved; as a consequence, those samples were drawn to standard draw ratios of 10. Mechanical properties of extruded UHMWPE–[Fe(NH2trz)3](2ns)2 ribbons (after stearic acid extraction with diethyl ether) comprising different [Fe(NH2trz)3](2ns)2 fractions and subjected to different draw ratios are presented in Table 2. Expectedly, the Young’s modulus and tensile strength are considerably influenced by the draw ratio: these values were 3–4 times higher at a draw ratio of 65 than 10 (for neat UHMWPE and blends with 9.1% m/m [Fe(NH2trz)3](2ns)2). The samples comprising 9.1% m/m and 23.1% m/m [Fe(NH2trz)3](2ns)2 only exhibited moderate differences in Young’s modulus, tensile strength and also strain at break within the error limits. At 33.3% m/m, Young’s modulus and tensile strength were significantly lower but still relatively high compared to typical commodity polymers. The strain at break of samples of a draw ratio of 10 was slightly above that at a draw ratio of 65, as commonly observed. Encouragingly, at a given draw ratio, the strain at break was not significantly influenced by the presence of [Fe(NH2trz)3](2ns)2 at any of the fractions of the coordination polymer investigated.



It was also possible to manufacture fibers of UHMWPE–[Fe(NH2trz)3](2ns)2 blends with high content of the coordination polymer (33.3% m/m). For the preparation of such fibers, pieces of extruded strands, still containing the solvent stearic acid (see above), were pressed into pellets at 80 °C to feed the fiber spinning line. Fibers were spun at 160 °C, rolled on an aluminum cylinder and subsequently washed with diethyl ether to remove the stearic acid. The fibers were uniform (thickness 0.35 mm) and flexible. They could readily be rewound and used for, for instance, knitting fabrics (Figure 5).




4. Discussion


As demonstrated above, the coordination polymer [Fe(NH2trz)3](2ns)2 can readily be co-gel-processed with UHMWPE by extrusion to yield uniform strands. At first glance, it might be surprising that a completely non-polar polymer like UHMWPE and a highly polar polymer like [Fe(NH2trz)3](2ns)2 can be mixed. However, the particular chemical structure of the solvent stearic acid used in the present process renders this substance to act as also a compatibilizer during processing. The amino group of NH2trz does not coordinate to the iron(II) center and thus maintains its characteristic as a Brønsted base. On the other hand, stearic acid is a Brønsted acid. Therefore, an acid-base reaction is expected between NH2trz and stearic acid, whereat a hydrogen cation (proton) is transferred from the carboxylic acid group of the stearic acid to the amino group of NH2trz. Thus, C18H37COO−·+NH3trz ion pairs are thought to form during processing, resulting in [Fe(C18H37COO−·+NH3trz)3](2ns)2 complexes. Hence, the long alkyl groups of the stearate envelop the polar core of the coordination polymer, rendering its external non-polar, which, in turn, makes it compatible with the non-polar UHMWPE.



The high contents of Fe(NH2trz)3](2ns)2 in the blends rendered spin crossover visually evident by its inherent thermochromism, occurring in the usual temperature range for this coordination polymer. The corresponding spin crossover temperatures also emerge in DSC thermograms. As mentioned in the Introduction, it is established that the spin crossover of [Fe(NH2trz)3](2ns)2 is necessarily associated with a magnetic transition from diamagnetism to paramagnetism. The characteristic high temperature transition of [Fe(NH2trz)3](2ns)2 is still present in the blends before as well as after drawing, and is influenced by neither UHMWPE nor by tensile drawing.



The results presented reveal that the blends combine the spin crossover properties of [Fe(NH2trz)3](2ns)2 with the excellent mechanical properties of UHMWPE. It is highly likely that co-extrusion of UHMWPE with stearic acid as a solvent is also feasible with other polar coordination polymers, in particular when those polymers possess basic groups that are available to take up hydrogen cations from the carboxylic group of stearic acid, as discussed above for NH2trz ligands. Noteworthy, coordination polymers can also feature a variety of other special properties [42,43], e.g., ferromagnetism, ferroelectricity, electrical conductivity, non-linear optical behavior or luminescence. Notably, as demonstrated in this work, coordination polymers themselves do not necessarily need to possess good processability, but can readily be co-processed, for instance, with UHWPE in stearic acid. Hence, it is anticipated that a variety of blends exhibiting specific properties of coordination polymers (or inorganic polymers in general) and superior mechanical properties provided by UHMWPE can be prepared by the technology presented here.
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Figure 1. Schematic representation of the structure of the coordination polymer with the generic formula [Fe(NH2trz)3](2ns)2. 
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Figure 2. Ribbon of an ultrahigh-molecular-weight polyethylene (UHMWPE)–[Fe(NH2trz)3](2ns)2 blend comprising 33.3% m/m [Fe(NH2trz)3](2ns)2 prepared by gel-processing with stearic acid as solvent (formulation of 10% m/m UHMWPE in 90% m/m stearic acid), after extraction of stearic acid in diethyl ether. The width of the ribbon amounts to ~10 mm (sample is undrawn). 
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Figure 3. (a) Ribbon and (b) fiber of an UHMWPE–[Fe(NH2trz)3](2ns)2 blend comprising 33.3% m/m [Fe(NH2trz3)](2ns)2. The ribbon was prepared by gel-processing with stearic acid as a solvent, followed by extraction of stearic acid in diethyl ether, and the fiber by gel-spinning (see above). The samples were placed on a Kofler bench, i.e., a heating bench that features a temperature gradient. 






Figure 3. (a) Ribbon and (b) fiber of an UHMWPE–[Fe(NH2trz)3](2ns)2 blend comprising 33.3% m/m [Fe(NH2trz3)](2ns)2. The ribbon was prepared by gel-processing with stearic acid as a solvent, followed by extraction of stearic acid in diethyl ether, and the fiber by gel-spinning (see above). The samples were placed on a Kofler bench, i.e., a heating bench that features a temperature gradient.



[image: Sci 03 00007 g003]







[image: Sci 03 00007 g004 550] 





Figure 4. Differential scanning calorimetry (DSC): thermograms recorded during heating and cooling of ribbons of UHMWPE–[Fe(NH2trz)3](2ns)2 blends comprising 33.3% m/m [Fe(NH2trz)3](2ns)2. The ribbons were prepared by gel-processing with stearic acid as a solvent followed by extraction of stearic acid with diethyl ether. (a) undrawn, (b) drawn to a draw ratio of 10. 
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Figure 5. (a) Knitted fabric of gel-spun fibers of an UHMWPE–[Fe(NH2trz)3](2ns)2 blend with ~33.3% m/m [Fe(NH2trz3)](2ns)2 (scale bar 5 mm). (b) Magnification of a part of the fabric (scale bar 0.5 mm). 






Figure 5. (a) Knitted fabric of gel-spun fibers of an UHMWPE–[Fe(NH2trz)3](2ns)2 blend with ~33.3% m/m [Fe(NH2trz3)](2ns)2 (scale bar 5 mm). (b) Magnification of a part of the fabric (scale bar 0.5 mm).



[image: Sci 03 00007 g005]







[image: Table] 





Table 1. Peak temperatures observed in DSC thermograms (heating/cooling cycles) of UHMWPE–[Fe(NH2trz3)](2ns)2 blends comprising 33.3% m/m [Fe(NH2trz)3](2ns)2 represented in Figure 4, in the undrawn state (λ = 1) and after drawing to a draw ratio λ of 10. TSCO denominates the spin crossover temperature of [Fe(NH2trz)3](2ns)2, Tm the melting temperature of UHMWPE and Thigh a characteristic high-temperature transition of [Fe(NH2trz)3](2ns)2.
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	λ [–]
	TSCO [°C]
	Tm [°C]
	Thigh [°C]





	1
	43/13
	133/115
	222/196



	10
	43/16
	138/116
	223/199
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Table 2. Young’s modulus (E), tensile strength (σ) and strain at break (ε) of UHMWPE and UHMWPE–[Fe(NH2trz)3](2ns)2 ribbons prepared by gel-processing from stearic acid (formulation of 10% m/m UHMWPE in 90% m/m stearic acid) at different fractions of [Fe(NH2trz3)](2ns)2 (f) with respect to UHMWPE and different draw ratios (λ). The standard deviations are indicated in brackets.
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	f [% m/m]
	λ [–]
	E [GPa]
	σ [MPa]
	ε [%]





	0.0
	10
	45 (9)
	790 (25)
	7 (1)



	0.0
	65
	161 (13)
	3070 (280)
	3 (1)



	9.1
	10
	33 (8)
	820 (75)
	7 (2)



	9.1
	65
	145 (25)
	2410 (160)
	3 (1)



	23.1
	10
	37 (2)
	700 (70)
	5 (1)



	33.3
	10
	17 (6)
	440 (70)
	6 (2)
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