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Abstract The ac impedance and conductivity properties of

Dy doped Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and 0.20)

ceramics prepared by solid-state reaction technique, in a

wide frequency range at different temperatures have been

studied. All the samples exhibited b-type phase

orthorhombic structure at room temperature. The Nyquist

plot confirmed the presence of both grain and grain

boundary effects for all Dy doped samples. Double relax-

ation behavior was also observed. The grain and grain

boundary resistance decreases with rise in temperature for

all the concentration and exhibits a typical negative tem-

perature co-efficient of resistance (NTCR) behavior. An

analysis of the electric modulus suggests the possible

hopping mechanism for electrical transport processes of all

the materials. The ac conductivity spectrum obeys Jon-

scher’s universal power law. DC conductivity of the

materials were also studied and values of the activation

energy found to be 0.40, 0.49, 0.73 and 0.78 eV for the

compositions x = 0.05, 0.10, 0.15 and 0.20, respectively,

at different temperatures (150–375 �C).

Keywords Solid-state reaction � Aurivillius � X-ray
diffraction � Grain boundary � Conductivity

Introduction

Layered bismuth oxides of the general formula (Bi2O2)
2?

(Am - 1BmO3m ? 1)
2- discovered by first Aurivillius [1].

Where A cations are generally K1?, Ba2?, Sr2?, Ca2?,

Bi3?, etc. while the B cations are Fe3?, Ti4?, Nb5?, W6?

and m ranges between 1 and 8 [2–4]. Crystal structures of

these oxides consist of Bi2O2 layers interleaved with

m-perovskite layers of the composition Am - 1BmO3m ? 1.

When m = 1 and B = V5?, the formula can be written as

Bi4V2O11. The oxide Bi4V2O11 with the Aurivillius layered

perovskite structure was first reported by Venevtsev and

later studied by Nowogrocki’s group [5, 6].

Abraham et al. [6] characterized the parent compound

(Bi4V2O11) by three essential polymorphs phase; a, b and

c. a (monoclinic and orthorhombic) phase exists at room

temperature (RT) range and stable up to 440 �C; b
(orthorhombic) phase is stable in the temperature range

(440–560 �C) and c (tetragonal) phase, which is fully

oxygen disordered and found beyond 560 �C. The highly

pure a-Bi4V2O11 - d phase has monoclinic structure. If the

compound contains low level of impurities in the starting

material, it stabilizes to a closely related orthorhombic

form. The c-polymorph phase is a good oxide-ion con-

ductor at moderate temperatures because of the fully dis-

ordered oxygen vacancies in the perovskite vanadate

layers. Solid solutions with high oxide anion conductivity

derived from parent compound Bi4V2O11 by partial sub-

stitution for vanadium site possesses good oxide anion

conductivity at intermediate temperature. These materials

are used for various applications such as catalysts, gas

sensors, solid-state electrolytes, fuel cells and oxygen

pumps. Sei-Ki Kim et al. studied the Co doped at the B site

of Bi4V2 - xCoxO11 - d and confirmed a high anisotropy of

the ionic conductivity between the directions of both
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parallel and perpendicular to (Bi2O2)
2? layer [7]. Gupta

et al. studied the Barium doped Bi4BaxV2 - xO11 - d

(0.0 B x B 0.15) using melt quench technique [8]. Ravi

Kant et al. also studied the Ti doped Bi4V2-xTixO11 - d

(0 B x B 0.4) [9]. Gupta et al. again studied Bi4V2 - x-

MgxO11-d (x = 0.05, 0.10 and 0.20) and Bi4V2 - xCax-
O11-d (x = 0.05, 0.10, 0.15 and 0.20) [10]. Yasuda et al.

studied the impedance analysis on electrical anisotropy of

layer-structured Bi4V2(1 - x)Co2xO11 - d single crystals

[11]. Neelam Kumari et al. studied the dielectric, impe-

dance and ferroelectric characteristics of C-oriented bis-

muth vanadate films grown by pulsed laser deposition [12].

Jugananda Sut et al. studied the A site doped lithium (Li) of

Bi4 - xLixV2O11 - d (0 B x B 0.4) [13]. Al-Areqi et al.

studied the double substitution (Co, Ni) of A-site doped

BICO0.20 - xNIxVOx (0 B x B 0.20) and found the maxi-

mum ionic conductivity at lower temperature

(*2.56 9 10-4 S Cm-1 at 300 �C) for concentration

x = 0.13 [14]. Saba Beg et al. studied the structural and

electrical properties of Bi4CrxV1 - xO5.5 ? x - d

(0 B x B 0.20) prepared by a micro wave-assisted route

[15] and the effect of Cu–Al double substitution on the

electrical properties of Bi4V2O11 [16]. Gupta et al. studied

that the composition Bi4V2 - xSrxO11 - d

(0.05 B x B 0.20) prepared by melt quench technique and

found that the grain size increases with dopant concentra-

tion which leads to increase the dielectric constant [17].

The present paper reports the synthesis, structural, electri-

cal (impedance and modulus) and conductivity properties

of layered bismuth oxide structure compounds of Dy doped

Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and 0.20) ceramics.

Experimental

Materials preparation

Solid-state reaction technique was used for the preparation

of Dysprosium doped Bi4V2 - xDyxO11 (x = 0.05, 0.10,

0.15 and 0.20). High purity ingredients; Bi2O3 (99%),

Dy2O3 (99.9%), V2O5 (98.5%) were taken in a suit-

able stoichiometry to synthesize all samples. The compo-

sitions were mixed thoroughly using mortar and pestle, first

in an air atmosphere for 1 h and then in methanol for 2 h so

as to prepare good homogeneous fine powder. Then the fine

powders were calcined in a high purity alumina crucible at

an optimized temperature of 700 �C for 3 h in an air

atmosphere. The formation of the compounds were

checked by X-ray diffraction technique (XRD) at room

temperature. Then the fine homogenous calcined powder

were cold pressed into cylindrical pellets of 12 mm

diameter and 1–2 mm of thickness at a pressure of

4 9 106 N/m2 using a hydraulic press. Polyvinyl alcohol

(PVA) was used as binder in the fine powder which was

burnt out during the high temperature sintering. Then the

pellets were sintered at 750 �C for 3 h in an air atmo-

sphere. Finally, the sintered pellets were polished with fine

emery paper to make both the surfaces smooth and parallel.

The pellets were coated with high purity silver paste and

dried at temperature 150 �C for 1 h to remove moisture, if

any, and then cooled to room temperature before carrying

out the measurements of electrical properties.

Materials characterization

X-ray diffraction analysis of the calcined homogenous fine

powders were studied at room temperature using a

diffractometer (ULTIMA IV Model-Rigaku, Japan) using

CuKa radiation (k = 1.5405 Å) in a wide range of Bragg’s

angle 2h (20� B h B 80�) with a scanning speed of 3�/min.

The parameters such as electrical impedance (Z), phase

angle (h), loss tangent (tand) and capacitance (Cp) were

measured using a computer-controlled impedance analyzer

LCR meter (HIOKI Model: 3532) in laboratory-made

sample holder and a heating arrangement in a wide fre-

quency range (102–106 Hz) at different temperatures

(25–450 �C) of the samples.
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Fig. 1 XRD patterns of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and

0.20) at room temperature

Table 1 Values of lattice parameters of Bi4V2 - xDyxO11 (x = 0.05,

0.10, 0.15 and 0.20)

x a (Å) b (Å) c (Å) V (Å3) Structure

0.05 5.563 5.609 15.382 479.96 Orthorhombic

0.10 5.561 5.611 15.339 478.62 Orthorhombic

0.15 5.560 5.618 15.335 479.01 Orthorhombic

0.20 5.562 5.592 15.320 476.49 Orthorhombic
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Fig. 2 a–f Complex impedance plot (Z0 vs. Z0 0) with equivalent circuit (inset) of Bi4V2 - xDyxO11 (x = 0.05 and 0.10) at different temperatures
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Fig. 3 a–f Complex impedance plot (Z0 vs. Z0 0) with equivalent circuit (inset) of Bi4V2 - xDyxO11 (x = 0.15 and 0.20) at different temperatures
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Results and discussion

Structural study

At room temperature, compared XRD pattern shown in

Fig. 1 of fine homogenous calcined powders for all Dy

compositions of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15

and 0.20) were taken and confirmed an orthorhombic

crystal structure. It is observed that, all the sample exhibit

characteristic doublet at 2h & 32o and singlet at

2h & 46o, which suggests the b phase orthorhombic

crystal structure at room temperature [16]. A good agree-

ment between observed (obs) and calculated (cal) inter-

planar spacing d (
P

Dd = dobs - dcal = minimum) was

observed. The values of the lattice parameters shown in

Table 1 were evaluated using a standard computer program

package ‘‘POWD’’ [18] for all Dy concentration samples.

The crystallite size (P) of Dy doped samples were roughly

estimated from the broadening of a few XRD peaks (in a

wide 2h range) using the Scherrer’s equation [19], P ¼
Kkðb1

2
cos hhklÞ (where K = constant = 0.89, k = 1.5405

Å and b1/2 = peak width of the reflection at half intensity).

The average values of P were found to be 21–40 nm.

Impedance study

The complex impedance spectroscopy (CIS) [20] is the

most important technique to study the electrical response

(i.e., transport properties) of the material. Generally, the

contribution of grain, grain boundary and electrode effect

of a polycrystalline sample in a wide range of frequency at

different temperatures can be analyzed. The electrical

properties of the material is normally described in terms of

complex dielectric constant (e*), complex impedance (Z*),

Table 2 Values of fitting parameters of the equivalent circuits of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and 0.20) at 150, 200 and 350 �C

Temperatures Fitting parameters x = 0.05 x = 0.10 x = 0.15 x = 0.20

150 �C R1 52,700 42.66 409.9 2.384

R2 4096 8.676 9 105 13,630 0.01

R3 33,130 1.273 9 105 3.479 9 105 3.562 9 105

R4 1.168 9 105 3.561 9 105 4.216 9 105 5.852 9 105

C1 2.487 9 10-10 2.235 9 10-10 2.054 9 10-10 1.694 9 10-10

C2 6.261 9 10-9 7.154 9 10-9 9.608 9 10-9 1.412 9 10-8

CPE (Q) 8.803 9 10-8 5.611 9 10-8 1.164 9 10-8 1.993 9 10-9

Frequency power (n) 0.600 0.5544 0.8 0.7234

Chi Square (v2) 1.232 9 10-4 2.203 9 10-4 2.048 9 10-4 1.418 9 10-4

200 �C R1 614.3 48.1 576.8 72.5

R2 1856 3632 10,210 13,410

R3 6711 15,940 25,920 24,390

R4 11,140 34,710 39,420 80,480

C1 2.655 9 10-10 2.369 9 10-10 2.159 9 10-10 2.011 9 10-10

C2 7.021 9 10-9 1.466 9 10-8 3.853 9 10-8 3.557 9 10-8

CPE (Q) 5.229 9 10-8 8.128 9 10-8 7.175 9 10-9 1.882 9 10-9

Frequency power (n) 0.677 0.5856 0.8 0.8054

Warburg (W) 1.032 9 10-5 2.898 9 10-6 7.326 9 10-7 1.187 9 10-6

Chi Square (v2) 2.194 9 10-4 2.062 9 10-4 2.998 9 10-4 3.106 9 10-4

350 �C R1 96.82 105 98.61 0.01

R2 2815 302 0.001662 308.4

R3 681.2 686.3 61,640 1.000 9 1015

R4 1.980 9 1011 95.9 1.000 9 1015

C1 6.461 9 10-10 4.958 9 10-10 5.607 9 10-10 2.045 9 10-10

C2 2.724 9 10-8 1.647 9 10-5 9.507 9 10-5

CPE (Q) 0.0006123 0.0001058 0.001446 1.114

Frequency power (n) 0.2688 0.2708 0.134 0.2108

Warburg (W) 5.493 9 10-8 1.000 9 10-20

Chi Square (v2) 9.692 9 10-5 7.131910-4 3.018 9 10-4 1.279 9 10-3
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electric modulus (M*) and loss tangent (tand). These are

related to each other as (1) e� ¼ e0 � je00 (2) Z� ¼ Z 0 � jZ 00

(3) M� ¼ 1
e�ðxÞ ¼ M0 þ jM00 (4) tan d ¼ e00

e0 ¼ M00

M0 ¼ Z 0

Z 00, where

(Z0, M0, e0) and (Z00, M00, e00) are real and imaginary com-

ponents of impedance, modulus and permittivity. A com-

plex impedance spectrum of ceramic sample shows two

distinct features intragrain (grain) and intergrain (grain

boundary). Impedance data are presented in the form of Z00

(capacitive) and Z0 (resistive). The complex impedance of

the electrode/ceramic/electrode configuration can be

explained as the sum of a single RC (R = resistance and

C = capacitance) circuit in parallel combination.

Figures 2a–f and 3a–f shows the complex impedance

spectrum (called as Nyquist plot) i.e., Z0 vs. Z00 of Bi4-
V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and 0.20) over a wide

range of frequency (100 Hz–1 MHz) at different temper-

atures (100–375 �C). Generally, the semicircle at higher

and lower frequencies represents grain and electrode effect,

respectively, while at intermediate frequencies it represents

the grain boundary contribution. In these cases, two

semicircles are observed in the Nyquist plot; first semi-

circle at low frequency represents the resistance of the

grain boundary and second at high frequency represents the

resistance of grain properties. It shows from the Figs. 2a–f

and 3a–f that a single semicircular arc appears for all the

concentration up to 125 �C. Above 125 �C, two semicir-

cular arcs are formed, which shows the contribution of both

grain (at the higher frequency side) and grain boundaries

(at the lower frequency side) effect with their centers lying

below the real axis. This confirms the existence of non-

debye type relaxation. Similar type of behavior is also

observed in other Bi-layered structured compound [21].

The above property of the material arises due to the double

parallel combination of resistance and capacitance. From
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the complex impedance spectrum, the intercept point on

the real axis shifts towards the origin with the increase in

temperature. It indicates the decrease in the resistive

property, i.e., grain and grain boundary of the materials like

a semiconductor. The impedance data are well fitted with

the ZSimpWin software with an equivalent circuit as

shown in the Fig. 2a–f (inset) and Fig. 3a–f (inset) at

temperatures 150, 200 and 350 �C for x = 0.05 - 0.20,

where R, C, W and Q are resistance, capacitance, warburg

and constant phase element (CPE). The values of fitting

parameters of the circuits are shown in Table 2.

Figure 4a–d shows the variation of real part of the

impedance (Z0) with frequency at different temperatures

(250–325 �C) of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15

and 0.20). It is observed that at lower frequency range, the

magnitude of Z0 (grain resistance) decreases with rise in

temperature and appears to merge in the high frequency

region. This may be due to the release of space charge

polarization with rise in temperature and frequency [22].

On increasing the Dy concentration, the occurrence of

space charge shifted to the higher frequency side. This may

be due to the reduction in barrier properties of the materials

with rise in temperature and responsible for the enhance-

ment of conductivity. The space charge polarization occurs

maximum at higher frequency side for x = 0.20 as com-

pared to the other Dy compositions. This may be possible

due to the Dy doped on vanadium sites of the samples. It is

also observed that the value of same resistance for

x = 0.15 and 0.20. Similar type of behavior is also

observed in other studied material [17].

0.1 1 10 100 1000
0.0

-0.2

-0.4

-0.6

-0.8

-1.0

-1.2

-1.4

250 oC
 275 oC
 300 oC
 325 oC

Frequency (kHz)

x = 0.05

Z'
' (

k Ω
)

(a)

0.0

-0.4

-0.8

-1.2

-1.6 250 oC
 275 oC
 300 oC
 325 oC

Z'
' (

kΩ
)

x = 0.10
(b)

0.0

-0.7

-1.4

-2.1

-2.8

-3.5

250 oC
 275 oC
 300 oC
 325 oC

Z'
' (

kΩ
)

x = 0.15
(c)

0

-1

-2

-3

-4
250 oC
 275 oC
 300 oC
 325 oC

Z'
' (

kΩ
)

x = 0.20
(d)

0.1 1 10 100 1000
Frequency (kHz)

0.1 1 10 100 1000
Frequency (kHz)

0.1 1 10 100 1000
Frequency (kHz)
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Figure 5a–d shows the variation of imaginary part of the

impedance (Z00), generally called as loss spectrum, with

frequency at different temperatures (250–325 �C) of Bi4-
V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and 0.20). From

Fig. 5a, b, it is observed that, at low frequency region, Z00

initially decreases sharply with the increase in frequency

and temperature but some peaks appear at intermediate

frequency. These peaks are shifted towards higher fre-

quency side in a decreasing manner, and finally, merge in

the high frequency domain. From Fig. 5c, d, two peaks

appeared in Z00 at low and intermediate frequency region.

Again these two peaks are shifted towards higher frequency

side. The Z00 peaks shifts to the lower frequencies with

increasing Dy content, which indicates the presence of

composition dependent electrical relaxation phenomenon

in the system. This may by due to the immobile species at

low temperatures and defect or vacancies at high temper-

atures [23]. The magnitude of Z00 decreases with increase in
frequency, as well as with temperature for all the Dy

concentration. At higher frequency, it is clear that there is

an absence of space charge effect in the materials. Similar

type of behavior is also observed in other studied material

[16].

Modulus study

The complex modulus spectroscopy is a very convenient

tool to study the dynamical aspects of electrical transport

phenomena in the materials. Generally, the complex elec-

trical impedance spectrum gives more emphasis to ele-

ments with large resistance, whereas complex electric

modulus spectrum plots highlight those with smaller

capacitance. Using the complex modulus formula, the

inhomogeneous nature of the polycrystalline materials with

grain and grain boundary effects can be probed easily,

which cannot be distinguished from complex impedance

plot. The other advantage of the electric modulus spectrum

formulae is the suppressed electrode effect. The real and

imaginary components of the complex electric modulus

(M*) were calculated using the relation M0 = xC0Z
00,
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M00 ¼ xC0Z
0ðx ¼ 2pfr;C0 ¼ e0A

t
Þ, where x;C0; e0;A; t and

fr are the angular frequency, geometrical capacitance,

permittivity of free space, area of the electrode surface,

thickness and relaxation frequency.

Figure 6a–d shows the variation of M0 as a function of

frequency of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and

0.20) at different temperatures (250–325 �C). For all the

samples, at lower frequency region, it shows a very low

value (*zero) of M0. It shows a continuous increase in the

dispersion with increase in frequency and then saturate at a

maximum asymptotic value (i.e., M?) in the higher fre-

quency region. This may be due to the presence of con-

duction phenomenon, short range mobility of charge

carriers and also may possibly be related to a lack of

restoring force for flow of charges under the influence of

steady electrical field. The value of M0 decreases with rise

in temperature in the high frequency region for all the Dy

concentrations. Similar type of behavior also observed in

other reported materials [24, 25].

Figure 7a–d shows the variation of imaginary part of

electric modulus (M00) with frequency of Bi4V2 - xDyxO11

(x = 0.05, 0.10, 0.15 and 0.20) at different temperatures

(250–325 �C). A well-defined relaxation mechanism are

observed for the concentration x = 0.10–0.20 at different

temperatures expect x = 0.05. The relaxation peaks shift

towards higher frequency side with increase in temperature

which correlates between the motions of mobile ions [26].

This suggests that the relaxation is thermally activated pro-

cess. The asymmetry of peak broadening shows the spread of

relaxation times with different time constant and hence the

relaxation in the all compositions is of non-Debye type. The

magnitude of the peak increases on increasing temperature.

It is also observed that no peaks are obtained at 325 �C for all

the Dy concentration of x = 0.05–0.20.

Figure 8a–d shows the complex modulus spectrum (M0

vs. M00) of Bi4V2 - xDyxO11 (x = 0.05, 0.10, 0.15 and

0.20) at selected temperatures. The impedance data were

again re-plotted in the modulus formula. A single
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semicircle is formed for all the Dy concentrations. It also

confirms the presence of electrical relaxation phenomena in

the materials. On increasing temperature, the intercept on

real axis shifts towards the higher value of M0. It indicates
the increase in capacitance of the all Dy concentration of

the materials. The intercept point on the real axis indicates

that the grain effect contribute the total capacitance. It also

supports the negative temperature co-efficient of resistance

type behavior of the materials since the grain capacitance

(Cg) is inversely proportional to the grain resistance (Rg).

Similar type of results also observed in other reported

material [25, 27].

Electrical conductivity study

Figure 9a–d shows the ac electrical conductivity as a

function of frequency of Bi4V2 - xDyxO11 (x = 0.05, 0.10,

0.15 and 0.20) at different temperatures (250–325 �C). It is
observed that the value of r (x) increases with increase in

frequency, as well as temperature for all Dy concentration.

It can be also be explained as frequency dependent con-

ductivity of the materials by Jonscher’s universal power

law [28] by the equation: rðxÞ ¼ rdc þ Axn, where rdc is a
dc conductivity at frequency independent in particular

range of temperature, ‘A’ is the temperature dependent

parameter and ‘n’ is the power law exponent, Axn con-

sisting of the ac dependence and characterizes for all dis-

persion phenomena. It is confirmed to be a typical fit of the

parameters A, n and rdc calculated by non-linear fit of the

above equation with experimental data as shown in

Table 3. The Navy blue solid lines are the fitted line for all

the compositions. It is found that the value of the n vary

between 0 and 1 (0 B n B 1) depending on temperature.

This suggests that the electrical conduction in the materials

are also due to thermally activated process [29, 30]. The ac

conductivity is found to increase with increase in both

frequency as well as Dy concentration. The conductivity

pattern is a strongly dependent frequency and obeys a
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power relation rac a xn for all temperature. It clearly

indicates that the low and high frequency dispersive

regions are separated by a change in slope at a particular

frequency at temperature 325 �C for all concentration.

There is an appearance of plateau region in the low fre-

quency side and shows a change in slope at a particular

frequency known as hopping frequency.

The electrical conductivity (rdc) is thermally activated

process and which obeys the Arrhenius law; rdc ¼

r0 exp
�Ea

KBT

� �
; where the symbols having their usual

meaning. Figure 10 shows the variation of rdc (grain) with
inverse of absolute temperature (103/T) of Bi4V2 - xDyx-
O11 (x = 0.05, 0.10, 0.15 and 0.20). The dc conductivity of

the material were evaluated using the relation r ¼ l
RgA

,

where l is the thickness, Rg is the grain resistance (calcu-

lated from Nyquist plot) and A is the area of cross-section

of the samples. A linear fit of rdc vs. (10
3/T) plot has been

used to calculate from the slope of straight line. The values

of activation energy (Ea) are found to be 0.40, 0.49, 0.73

and 0.78 eV for x = 0.05, 0.10, 0.15 and 0.20, respec-

tively, in the temperature range 150–375 �C. The dc con-

ductivity increases with increase in Dy concentration for all

the samples. From the plot, it is clear that the grain resis-

tance decreases with rise in temperature and indicates

negative temperature co-efficient of resistance like a

semiconductor.

Conclusions

The polycrystalline samples of Bi4V2 - xDyxO11

(x = 0.05–0.20) were prepared by the solid-state reaction

technique has been studied. The phase formation is
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confirmed by X-ray analysis which exhibits b phase

orthorhombic crystal structure for all Dy concentration at

room temperature. The complex impedance plots exhibit

both grain and grain boundary effect. Both grain (Rg) and

grain boundary (Rgb) decreases with rise in temperature

indicating the negative temperature co-efficient of resis-

tance (NTCR) behavior for all the samples. All the samples

show frequency dependence of ac conductivity which

obeys the universal power law. Modulus analysis has been

carried out to understand the mechanism of electrical

transport process and also indicates non-Debye type con-

ductivity relaxation for all Dy doped samples.
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Table 3 Value of fitting

parameters obtained from

Jonscher’s power law at

different temperatures

x T (oC) rdc (/X
-1 m-1) A n Goodness of fit (R2)

0.05 250 0.00246 3.71171 9 10-5 0.40363 0.99917

275 0.00655 9.63276 9 10-6 0.50371 0.99682

300 0.01337 1.32853 9 10-7 0.80596 0.99952

325 0.02065 1.37928 9 10-8 0.96657 0.99969

0.10 250 0.00107 5.06305 9 10-5 0.35088 0.99929

275 0.00256 5.64477 9 10-5 0.35777 0.99869

300 0.0049 9.50668 9 10-5 0.33246 0.99485

325 0.0114 6.75685 9 10-6 0.52696 0.99761

0.15 250 0.00074 5.29324 9 10-5 0.32173 0.99381

275 0.00148 2.55965 9 10-4 0.24351 0.99501

300 0.00248 0.00109 0.17416 0.99427

325 0.018 5.26265 9 10-6 0.53953 0.99729

0.20 250 0.00266 2.38173 9 10-7 0.70042 0.9974

275 0.00522 9.32949 9 10-6 0.46114 0.99244

300 0.01045 1.13238 9 10-4 0.31206 0.98908

325 0.02743 3.57317 9 10-7 0.71605 0.98891
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