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Abstract

:

In this study, 4-Biphenyle-4′-alkyloxybenzenamines were synthesized as a homologous series of liquid crystals based on the biphenyl moiety. Their mesomorphic and optical properties were examined for both pure and mixed components. Elemental analysis, NMR, and FT-IR spectroscopy were used to determine the molecular structures of the developed materials. Using differential scanning calorimetry (DSC), the mesophase transitions were studied, and polarized optical microscopy was used to identify the textures of the mesophases (POM). The obtained results showed that all compounds are dimorphic and only have smectic B (SmB) and smectic A (SmA) phases for all terminal side chains, which are enantiotropic. With variably proportionated terminal side chains and a focus on the mesomorphic temperature range, binary phase diagrams were constructed and an induced smectic C phase was achieved (SmC). It was found that terminal chain length affects both conformation and steric impact in the mixed states. The absorption and fluorescence emission spectra of pure as well as their binary mixtures liquid crystalline films were recorded to investigate the optical and photophysical properties. It was noted that, with the increase in alkyl chain length, the energy bandgap increases from 3.24 eV (for C6H13) to 3.37 eV (for C16H33) and charge carrier lifetime decreases, ascribing to the increase in stearic hindrance causing, consequently, the faster decay of charge carriers.






Keywords:


liquid crystals; induced phase; polymorphic; optical properties; thin film; binary phase diagrams; energy bandgap












1. Introduction


Due to their fascinating optical properties, which enable numerous electro-optical applications such as optical storage devices, switching, and holography, liquid crystalline materials with a Schiff base moiety in the mesogenic part of monomers, dimers, oligomers, or polymeric in nature are frequently studied [1,2,3,4,5,6,7,8,9,10]. The phase behavior and optical features of numerous LC materials are controlled for such materials using the photochromic azomethine group phenomena [11,12,13,14,15]. The reversible trans–cis isomerization caused by ultraviolet radiation stabilizes the LC’s mesophase structure by bringing about molecular ordering in the trans isomer, whereas disordering the cis isomer disrupts the phase structure. As a result, the cis isomer will have a lower clearing point than the trans one [15,16,17].



According to reports, the central linkages, terminal groups, and molecular structures all play significant roles in the formation, character, thermal stability, and temperature range of the liquid crystalline compound’s mesophase [18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33]. J. Goodby et al. have illustrated the impact of the reduction of the free volume on the mesophases of the LCs, for example, (a) SmA phases with variable layer spacing, (b) SmC phases without layer shrinkage, and (c) lattice structures of available space and fibers in twist-bend nematic phase [34].



Calamitic molecules are linear and have two terminal groups, which may or may not be the same. In the construction of LCs, a variety of wings units have been created, but the most common method [35] is to utilize an alkyl/alkoxy chain or a short, compact polar substituent [36,37,38,39]. These groups serve as a dipolar component that introduces anisotropy in physical properties. Several interesting investigations [40,41,42,43,44,45,46,47] have produced liquid crystal-based Schiff base linkages and examined them. A mesogenic core, connecting group, and terminal functional substituent must be carefully chosen in order to build and investigate novel advanced functional thermotropic liquid crystal materials [48].



From the viewpoint of its applications, liquid crystals (LCs) have attracted significant interest. They are recognized for their unique textures as well [49]. A certain set of properties, such as viscosity, birefringence, dielectric anisotropy, and elastic constants within a certain range, are necessary for a particular application of a liquid crystalline substance. A single LC might not be able to satisfy every requirement of a specific application. In order to maximize the required physical properties for a given application and to support the thermal stability of their mesophases, liquid crystalline mixes of two or more compounds are typically used [49,50,51]. Eutectic blends of two or more LC materials are in large-scale use in display technology; these mixtures have the lowest melting temperature. A binary mixture made up of two LC components is the most basic type of mixture. The development of a considerably more ordered induced smectic phase from components that only exhibit nematic phase in their pure forms is an attractive characteristic of binary or multi-component LC mixtures [52,53,54,55,56]. A binary mixture made up of two LC components is the most basic type of mixture. The creation of a considerably more ordered induced smectic phase from components that only exhibit nematic phase in their pure forms is an attractive characteristic of binary or multi-component LC mixtures [52,53,54,55,56].



The linearity of the biphenyl group is maintained despite its stepped shape, making it more stable and enabling the mesophase to develop. Furthermore, non-symmetrical biphenyl derivatives’ mesophase behavior has recently been studied [57,58]. A new linking group was also added, and the rigidity component suffered a modification, which stabilized the mesomorphic behavior and may have resulted in the appearance of new phases [59,60].



Materials that exhibit their mesophases at room temperature and maintain their liquid crystalline characteristics over a large temperature range are desirable for practical applications. Utilizing mixtures is one approach to this because, in these cases, the mesophase–isotropic line is linearly or slightly improved with composition [61,62,63,64,65,66]. Additionally, the low-melting eutectic combination has a wider temperature range for the mesophase at the eutectic composition than either of the two pure components. In order to develop phase diagram mixtures, specific liquid crystal derivatives were designed. This was performed for two reasons: first, they can induce liquid crystalline phases when mixed with them and, second, they can significantly alter the phase behavior of liquid crystalline materials when mixed with mesomorphic materials, as has recently been demonstrated for the induction of liquid crystal phases [62,63].The purpose of the current research is to design three rings of liquid crystals based on derivatives of the biphenyl moiety (Scheme 1) and to analyze their thermal and optical characteristics in pure and mixed states. The mesophase of their binary mixtures generated from any two extreme homologues with varying alkoxy chain lengths should also be investigated (n). The absorption spectra, steady-state, and time-resolved fluorescence spectra of developed samples were used to evaluate the optical and photophysical properties for pure and blended components.




2. Results and Discussion


2.1. Mesomorphic and Binary Phase Mixture Investigations


Transition temperatures for the prepared homologues In, as given in previous investigations, Ref. [66], are collected in Supplementary S1. As can be seen from the table, according to the increase in temperature, the related endotherms were recognized as the following: crystalline to SmB, SmB to SmA, and SmA–isotropic phase transitions. All synthesized homologues I6, I8, and I16 are dimorphic possessing enantiotropic SmB and SmA mesophases. The presence of the typical textures acted as a defining characteristic of the SmB and SmA mesophases [66].



In general, molecular–molecular interactions, along with the stereo and/or mesomeric features of the molecule, have a direct impact on the mesomorphic trend of a certain calamitic mesogen. The molecular association of the rod-like molecules in the current series of compounds and, subsequently, their mesophase thermal stability, whether in their pure or mixed states, are primarily influenced by different interfering variables in, first, increased lateral adhesion of linear molecules as the length of terminal alkoxy chain increases (n). Secondly, the end-to-end connection varies depending on the polarity of the terminal substituent, and produces various mesomeric effects, which in turn produce various dipole–dipole interactions and, finally, the molecular structure of the whole molecule. These factors are shared in various ratios to the mesophase behavior of the different binary mixtures investigated.



Table 1 lists the transitional temperatures and their related enthalpies for three homologous binary mixing systems (I6/I8, I6/I16, and I8/I16). Previous reports on specific chemicals exist [66]. Figure 1a–c graphically illustrates the temperature transitions of the pure compounds as well as their mixtures. As shown in Table 1 and Figure 1, when homologues with varied alkoxy chain lengths were mixed, they all displayed enantiotropic characteristics that applied to all compositions.



For the binary system I6/I8, all mixtures exhibited enantiotropic LC phases, as seen in Table 1. Furthermore, each of them only displayed the same type of mesophase with LC phase at various temperatures, except for 50 and 75 mole % of I6/I8 mixtures which possessed an induced new phase, with the thermal stability varying according to the length of the terminal alkoxy substituent. Additionally, under crossed polarizers, a typical image was observed for SmC phases exhibited by conventional rod-like LCs mixtures at 50 and 75 mol% of I6. The same trend occurred for the binary system I6/I16; all mixtures exhibited enantiotropic LC phases and displayed the same mesophase type at various temperatures. However, for 50, 74 and 90 mol% of I6/I16 mixtures, they observed induced SmC phases. In the final binary system I8/I16, the induced SmC phases covered all the binary phase compositions.



2.1.1. Binary Mesophase Thermal Behavior of I6/I8 Derivatives


Figure 1a shows the binary mixtures of 4-biphenyle-4′-hexyloxybenzenamine (I6) with its corresponding homologue 4-biphenyle-4′-octyloxybenzenamine (I8), where the mixtures are formed from one lower homologue I6 and higher homologue I8. Both components are dimorphic exhibited SmB and SmA phases with different thermal mesophase stability. As can be seen from Figure 1a, the addition of I6 component to I8, both bearing dissimilar alkoxy chain length, resulted in an increment in the melting temperature, covering all composition ranges of I6. Moreover, the SmB–mesophase of all binary mixtures gradually varies with composition, while the SmA–I temperatures virtually linearly depend on composition. This pattern suggests that the molecular arrangements between the two components being mixed are unaffected by the addition of I6 to I8. On the other hand, the addition of nearly 25 mol% of I6 to I8 resulted in an appearance of induced SmC phase until approximately the addition of 90 mol% of I6. No eutectic mixture of this system has been observed, while the 1:1 mol% of the mixture (50 mol% of I6) exhibits a wide mesomorphic temperature range, 31.2 °C. The DSC thermograms of 50 mol% of I6/I8 are presented in Figure 2, as an example. POM textures of observed mesophases are depicted in Figure 3.




2.1.2. Binary Mesophase Thermal Behavior of I6/I16 Derivatives


Similarly, the binary phase diagram of the 4-biphenyle-4′-hexyloxybenzenamine (I6) and 4-biphenyle-4′-hexadecyloxybenzenamine (I16) is illustrated graphically in Figure 1b. As can be seen from Figure 1b, the binary mixture (I6/I16) exhibits gradual variation with composition of the crystal–SmB transitions and nearly negative deviation composition dependence of the SmB phase temperatures. This behavior indicates that the introduction of the different proportionated terminal chain length derivatives in the mixture slightly affects the molecular arrangements between the two components being mixed. Furthermore, the two homologous I6 and I16 had different sizes, suggesting that they would be placed in an opposite-directed structure; as a result, it is probable that the addition of the higher-length derivative I16 affects the way the compound I6′s molecules are arranged. When the two components are mixed, the SmA stability of both components is frequently impacted and was observed at first drop and then increased with the mol% of I6. A good induced SmC mesomorphic range encompassed the mixture’s whole composition range starting at 24 mol% I6. The DSC thermograms of the 50 mol% of I6/I16 are presented in Figure 4 as an example.




2.1.3. Binary Mesophase Thermal Behavior of I8/I16 Derivatives


Similar behavior was observed for binary mixture of homologues of I8/I16 (Figure 1c), while the induced SmC mesophase covered all composition ranges of the I8 component. It can be also deduced when comparing all phase diagrams that the mesomorphic thermal stability decreases as the alkoxy chain length increases. The DSC thermograms of the 50 mol% of I8/I16 are presented in Figure 5 as an example.



To achieve wide temperature ranges for liquid crystalline states, binary systems have frequently been used. If an electron donor–acceptor charge transfer interaction provides the orientational forces in binary mixes of electron donors and acceptors, parallel molecular arrangement, which is necessary for the formation of liquid crystals, becomes evident [67,68]. Park et al. [67] examined the nematic-to-isotropic liquid transition temperature (TN-I) in the binary system of N-(4-methoxybenzylidene)-4′-butylaniline and 4-cyano-4′-pentylbiphenyl, whereby a weak charge transfer interaction occurs between the donor and the acceptor. In this case, although both components exhibit the nematic phase, the composition dependence of TN-I is proved to show a broad curve, whose maximum is located near 1:1 molar ratio, and TN-I higher than that estimated from the straight line joining the TN-I of both components.



Sometimes, in binary mixtures of donors and acceptors, even if both components are non-mesomorphic, their mixture is shown to be potentially mesomorphic. This was achieved by Araya and Matsunage [68], who observed nematic phase in the binary mixtures of potentially mesomorphic electron donors and acceptors of type N-(4-X-benzylidene)-4′-Y-aniline. It acts as a donor if X or Y is dimethyl amino group and as an acceptor if X or Y is nitro group.



The production of mixed mesomorphism by combining compounds where none, one, or both are mesogens has been proposed by another study [69]. A considerable amount of focus has been given to the mesophase’s emergence [70], changes in mixed mesomorphic ranges and thermal stabilities, and research into the variables that affect modifications.



Cases of liquid crystallinity in mixtures of two non-mesomorphic components have also been reported. For example, Mlodziejowski [71] claims that mixtures of cholesterol and acetyl alcohol and of cholesterol and glycerol yield mesomorphic phases and, earlier, Gaubert [72] obtained mesomorphic systems by mixing molten cholesterol with succinimide and with either malic, maleic, malonic, succinic, anisic, cinnamic, or lactic acids. Gaubert also examined the liquid crystalline mixtures obtained by heating ergosteryl acetate, propionate, or butyrate with glycollic acid, with glycerol, and with orcin, and the mesomorphic mixtures obtained on melting certain cholesterol and ergosterol derivatives with urea. Kravchenko and Pastukhova [73] have also reported mesomorphic properties for mixtures of non-mesomorphic compounds such as the hydrocarbons, indene, and naphthalene.



By comparing the mesophase behavior of four binary systems made up of structurally related mesogens and a nematogen containing terminal group, Dave et al. [74] investigated the impact of mixed mesomorphism that results from these variations. The mesomorphic azo and esters derivative made up the binary mixes under investigation.



The analysis of these binary systems revealed that N-I, SmA-N, and SmA-I curves depart from linearity as the molecular geometry of the two components in the binary mixture changes. This non-linear tendency can be caused by various moieties comprising the central bridges and terminal groups. Some researchers have reported on the nonlinear behavior of binary phase diagrams where one of the components includes a strong polar end group [75,76,77]. The great propensity of the nitro group to facilitate the production of orientated fluids in these binary systems was identified as the cause of the deviation from linearity.



In a study to investigate the effect of molecular length on the mesophase behavior of some liquid crystalline compounds and their binary mixtures, Saad and Nessim [78] examined new model compounds in order to investigate the effect of the terminal chain length on the liquid crystalline phase stability in their pure states and their binary mixtures with each other as well as with their nitro analogue. In the investigated range (C12–C20), no pronounced differences were observed either in the mode of phase behavior or in the mesophase stability of the eutectic mixtures. The only effect observed was in the eutectic compositions, which vary according to the differences in the length of the chain attached to both components of the mixture. Since, the stability of the liquid crystalline molecule increases upon introducing an extra benzene ring (biphenyle moiety) to the molecular structure.



The mesogenic properties of biphenyl groups have been utilized to create liquid crystalline materials with nematic, smectic, and cholesteric phases [75,76]. Furthermore, ℿ-ℿ stacking interactions can be used to interact between biphenyl moieties. Self-assembled monolayers and molecular recognition research have all benefited from the use of these ℿ-ℿ stacking interactions. [77,78,79]. Prior studies suggest that molecules with biphenyl rings bind with high affinity for molecular recognition as a result of the existence of aromatic domains that result in strong ℿ-ℿ stacking interactions [79,80]. The interactions between biphenyl molecules can be observed as well.





2.2. Absorbance Spectra


The absorbance spectra of 4-Biphenyle-4′-alkyloxybenzenamine and their mixtures are shown in Figure 6. The absorbance spectra show that the synthesized liquid crystal materials absorbed in the UV region and absorbance reduced to zero for the wavelength higher than 400 nm. These samples exhibit a peak at approximately 240 nm that corresponds to the π→π∗ transition in the benzene ring [81,82] and a shoulder at 340 nm. It can be noticed that the mixed liquid crystalline material has slightly higher absorbance as compared with pure materials. The energy bandgap of these materials was evaluated from the extrapolation of Tauc’s plot to the energy axis, as shown in Figure 7 [83,84,85], and the corresponding bandgaps are listed in Table 2. The bandgap of sample I6 was evaluated to be 3.24 eV and slightly increases with the increase in the alkyl side chain with a bandgap of 3.31 eV and 3.37 eV for I8 and I16 samples, respectively. The bandgap of mixed liquid crystalline samples was found to be further increased to 3.48 eV, 3.54 eV, and 3.55 eV for I6/8, I6/16, and I8/16, respectively. The increase in bandgap with the increase in alkyl side-chain length is associated with the increase in stearic hindrance in longer-chain-based LC materials. Moreover, in mixed liquid crystalline samples, the stearic hindrance further increase as a result of the further increase in band gap.



The steady-state fluorescence spectra of 4-Biphenyle-4′-alkyloxybenzenamine based liquid crystalline materials in pure and mixed states are shown in Figure 8a. The steady-state spectra were recorded by exciting the samples by a laser diode of 319 nm ± 10 nm. The steady-state spectra show a broad emission between 400 nm to 580 nm with maxima at approximately 465 nm, and no significant shift in the peak position was noticed for any sample. The photoluminescence (PL) intensity was found to be quenched with the increase in alkyl chain length. This might be attributed to the creation of defect states where charge carrier gets trapped before returning to the ground state. The time-resolved fluorescence decay spectra of synthesized liquid crystalline materials were recorded at 465 nm and the results are illustrated in Figure 8b. The decay spectra were fitted with a single exponential decay function [86,87,88,89]:   I  t  = A + B  e  − t / τ    , where τ is the lifetime and A and B are fitting constants. The lifetime of I6 sample was extracted to be 533 ps and found to be slightly increased with the increase in alkyl group length. The lifetime of I8 and I16 were evaluated to be 629 ps and 638 ps, respectively. The decrease in lifetime ascribes to the trapping of charge carriers in trap states associated with the increase in alkyl group length in 4-Biphenyle-4′-alkyloxybenzenamine-based liquid crystalline materials. Moreover, the defect states in the mixed LC samples further increase as a result of the further drop in PL intensity and, consequently, the decrease in charge carrier lifetime, as evident from Figure 8a,b.




2.3. Experimental


The compounds used in this investigation were prepared and characterized according to earlier descriptions [66].




2.4. Instrumentation


A Q20 Differential Scanning Calorimeter from TA Instruments Co. was used to conduct the calorimetric experiments (DSC; Des Plaines, IL, USA). Utilizing the melting point and enthalpy of indium and lead, the DSC was calibrated. DSC analysis was carried out on little samples (2–3 mg) that were deposited in aluminum pans. In an inert atmosphere of nitrogen gas, all measurements were made at a heating rate of 10 °C/min, with all transitions being recorded from the second heating scan.



Using a common polarized optical microscope (POM, Wild, Germany) connected to a homemade hot stage, transition temperatures were verified and the type of mesophase identified for all products synthesized.



In order to prepare binary mixtures, carefully weighed samples of the required amounts of each individual component (±1.0% in composition) were mixed, melted to create an intimate mixture, and then cooled to room temperature while being stirred. The absorption spectra of liquid crystalline samples were recorded on glass slides using an Agilent Cary 5000 UV-Vis-NIR spectrophotometer. The steady-state fluorescence spectra and time-resolved decay spectra were recorded by DeltaFlex time-correlated single photon counting (TCSPC) system from Horiba. To measure the emission spectra, samples were exciting by a Delta-diode laser of peak wavelength λ ~ 320 ± 10 nm, whereas the decay spectra were recorded for λ = 465 nm.





3. Conclusions


A series of biphenyl liquid crystal homologues were constructed and their mesophase and optical behavior were investigated for energy investigations in pure and mixed states. Depending on their side-chain length, all individual materials show dimorphic SmB and SmA mesophases enantiotropically with varying thermal stabilities. In order to better understand how mixing liquid crystalline molecules with various terminal alkoxy chain lengths affects the mesomorphic and optical properties of the mixtures, the current investigation was carried out. Intimate blends were produced by mixing compounds of various sizes bearing different terminal alkoxy side chains. Binary mixtures demonstrated that the stacking interactions between the biphenyl rings in the mixture improve the mesomorphic characteristics and result in an induced SmC phase. The energy bandgap was found to increase with the increments of alkyl side-chain length and further increases in mixed LC samples. The PL intensity quenched for longer alkyl side-chain length-based LC and further decreased in mixed samples. Moreover, the longer alkyl side-chain length and mixing of two LC materials create the stearic hindrance and defect states which results in the faster decay of charge carriers.
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Scheme 1. Investigated mesomorphic compounds, In. 






Scheme 1. Investigated mesomorphic compounds, In.



[image: Crystals 13 00645 sch001]







[image: Crystals 13 00645 g001 550] 





Figure 1. Binary phase diagrams for (a) system I6/I8; (b) system I6/I16; (c) system I8/I16. 






Figure 1. Binary phase diagrams for (a) system I6/I8; (b) system I6/I16; (c) system I8/I16.



[image: Crystals 13 00645 g001]







[image: Crystals 13 00645 g002 550] 





Figure 2. DSC thermogram for 50 mol% I6/I8 binary system during heating and cooling states at rate 10 °C min−1. 
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Figure 3. POM textures of 50 mol% of I6/I8 during heating (a) SmB phase at 142 °C; (b) SmC phase at 150 °C; and (c) SmA phase at 158 °C. 
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Figure 4. DSC thermogram for 50 mol% I6/I16 binary system during heating and cooling states at rate 10 °C min−1. 
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Figure 5. DSC thermogram for 50 mol% I8/I16 binary system during heating and cooling states at rate 10 °C min−1. 
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Figure 6. Absorption spectra of investigated materials In and their binary mixtures. 
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Figure 7. Tauc Plot (black line) of (a) I6, (b) I8, (c) I16, (d) I6/8, (e) I6/16 and (f) I8/16. The evaluation of band gap was carried out from the intercept of tangent (red line) on energy axis. 
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Figure 8. The steady-state (a) and time-resolved (b) PL spectra of investigated materials In in pure and mixed states. 
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Table 1. Phase transitional temperatures (°C) and related enthalpies ΔH, kJ/g for binary mixtures.
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	% Compound (System I6/I8)
	TCr–SmB
	ΔHCr–SmB
	TSmB–SmC
	ΔHSmB–SmC
	TSmC–SmA
	ΔHSmC–SmA
	TSmA–I
	ΔHSmA–I



	0% I6
	113.0
	51.78
	146.0
	28.11
	-
	-
	168.0
	3.22



	24% I6
	135.9
	49.27
	149.3
	23.22
	-
	-
	166.3
	3.27



	50% I6
	136.0
	43.62
	149.1
	30.25
	152.3
	4.21
	167.2
	3.18



	75% I6
	137.3
	50.29
	149.7
	27.21
	152.4
	4.36
	168.4
	3.12



	90% I6
	140.7
	46.20
	148.8
	21.72
	-
	-
	169.4
	3.00



	100% I6
	121.0
	51.00
	150.0
	25.84
	-
	-
	171.0
	3.92



	%Compound (System I6/I16)
	TCr–SmB
	ΔHCr–SmB
	TSmB–SmC
	ΔHSmB–SmC
	TSmC–SmA
	ΔHSmC–SmA
	TSmA–I
	ΔHSmA–I



	0% I6
	132.0
	31.50
	143.0
	29.91
	-
	-
	166.0
	3.00



	25% I6
	128.7
	39.20
	137.8
	33.92
	-
	-
	148.9
	3.95



	50% I6
	129.9
	43.67
	139.6
	30.20
	146.5
	3.82
	151.9
	2.19



	74% I6
	132.2
	46.21
	139.0
	28.29
	144.0
	3.99
	157.9
	2.96



	90% I6
	127.0
	40.25
	140.8
	31.88
	145.6
	3.89
	168.4
	3.10



	100% I6
	121.0
	41.40
	150.0
	35.44
	-
	-
	171.0
	3.72



	%Compound (System I8/I16)
	TCr–SmB
	ΔHCr–SmB
	TSmB–SmC
	ΔHSmB–SmC
	TSmC–SmA
	ΔHSmC–SmA
	TSmA–I
	ΔHSmA–I



	0% I8
	132.0
	44.52
	143.0
	37.11
	
	
	166.0
	3.29



	25% I8
	134.0
	39.10
	144.0
	32.78
	153.0
	4.00
	160.0
	3.66



	50% I8
	126.4
	37.50
	140.6
	25.90
	151.2
	3.36
	154.0
	3.10



	75% I8
	127.3
	46.00
	142.0
	29.09
	150.8
	3.71
	155.8
	3.02



	90% I8
	127.3
	42.27
	145.5
	30.80
	151.9
	4.16
	161.5
	3.57



	100% I8
	113.0
	40.49
	146.0
	31.64
	-
	-
	168.0
	3.84







Cr–SmB = solid to the SmB phase transition; SmB–SmC = SmB to the SmC transition; SmC–SmA = SmC to the SmA transition; and SmA–I = SmA to the isotropic phase transition.
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Table 2. The optical parameters evaluated from absorbance and fitting of time-resolved fluorescence spectra.
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	Sample
	Eg (eV)
	A
	τ (ps)
	χ2





	I6
	3.24
	434
	665
	1.15



	I8
	3.31
	464
	638
	1.21



	I16
	3.37
	444
	629
	0.98



	I6/8
	3.48
	456
	600
	0.92



	I6/16
	3.54
	464
	513
	0.99



	I8/16
	3.55
	351
	582
	0.94
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