
1. Introduction

Scientists and engineers face obstacles to control the

melt-processing of ultra-high molecular weight poly-

ethylene (UHMWPE) with conventional methods

due to chain entanglements, causing extremely high

viscosity [1, 2]. The introduction of synthetic meth-

ods based on single-site catalysts has allowed the

production of low-entanglements-density polyethyl-

ene material (dis-UHMWPE), showing improved

processing and manufacturing features [3, 4]. This

concept has also been observed via Scanning Elec-

tron Microscopy (SEM), where the dis-UHMWPE

sample exhibits a ‘rose flower’ morphology, with

petals originating from crystalline lamellae [5]. The

thickness of said lamellae is about 25 nm that, accord-

ing to the Gibbs-Thomson equation for polyethylene

(Tm = 414.2–259.7/l), should correspond to a melting

temperature of about 131°C [6, 7]. However, nascent

dis-UHMPE has a considerably higher melting tem-

perature (~140°C), where the value drops to the ex-

pected one only after the sample has experienced a

melting-recrystallization cycle. This observation has

been attributed to the fact that nascent UHMWPE

crystals, especially for dis-UHMWPE, are formed

by few chains, with many consecutive re-entries of

the same chain in one crystal. These tight folds in-

crease the energy needed to melt the crystal. When

the nascent crystals are molten and re-crystallized,
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the crystals formed from the entangled melt do not

present consecutive re-entries, as they are instead

formed by many chains’ segments randomly entering

the various crystals. Several papers have discussed

this aspect through DSC experiments [8–10]. The

disentangled character is, however, a metastable con-

dition for the material. Once the melt state is reached

above 140°C, the mobility of the polymer chains in-

creases, resulting in an increase in chain reptation.

With the evolution of time, the metastable state tran-

sitions towards the thermodynamically favored, fully

entangled configuration. We have recently reported

that, in principle, entanglements are energetically fa-

vorable in the disentangled amorphous parts of the

polymer at temperatures just above 55 °C, but the

process is kinetically hampered by the presence of

crystals [11]. Rheological and dielectric studies have

shown that the values of the real part of modulus (me-

chanical and electric respectively) of dis-UHMWPE

increase with time, approaching the equilibrium

value in the fully entangled state, as expected from

the progressively reduced mobility of the increasing-

ly entangled chains [11, 12].

The molecular dipolar fluctuations, thermal transi-

tions, charge transport, and interfacial phenomena as

a function of frequency and temperature in polymeric

materials can be monitored by means of broadband

dielectric spectroscopy (BDS) [13]. Dielectric data

can be analyzed employing different formalisms, such

as electric modulus, dielectric permittivity, imped-

ance, and ac conductivity [14]. Depending on the spe-

cific phenomena under study, a particular formalism

could prove more effective in providing information

for the physical mechanisms of interest [15, 16].

Polyolefins like polypropylene and polyethylene are

being employed as dielectric materials for capacitive

electrical energy storage applications due to their

highly insulating character [17, 18]. The use of poly-

mers in such applications offers advantages in terms

of mechanical, lightweight, and processing proper-

ties [19, 20]. To enhance the dielectric properties of

polymers, nanofillers of various shapes (nanoparti-

cles, nanofibres, and nanoplates) and electrical char-

acteristics (from insulating to conducting) have been

employed [21]. Gold nanostructures, for example, are

used as fillers to increase electrical conductivity and

hence increase the charge flow and energy recovery

speed in supercapacitor applications [22, 23].

In general, polymers build up heat due to their very

low thermal conductivity; however, it has been shown

that semicrystalline polymers, where high orientation

is induced through processing, are able to dissipate

more efficiently thermal energy through lattice move-

ment [24, 25]. Recently [26–28], it has been reported

that oriented dis-UHMWPE exhibits an increase in

thermal conductivity of about 10 to 200 times, de-

pending on the draw ratio: this could potentially

open the possibility to dielectric materials with a bet-

ter life performance.

In the present work, we have followed the entangle-

ments formation, applying the electric modulus for-

malism and dc conduction to uniaxially oriented dis-

UHMWPE/gold nanocomposites progressively tran-

sitioning to the melt state. The dc conduction values

are calculated via the logarithmic derivative of di-

electric permittivity as an approximation from the ac

spectrum. A strong peak is obtained when the con-

ductivity contribution is excluded due to the dipolar

contribution of the Maxwell-Wagner-Sillars interfa-

cial polarization between the gold nanoparticles and

the polymer chains. The dc conduction is found to

decrease significantly with the formation of entan-

glements, even more, when the higher draw ratio

samples are considered, a phenomenon that can be

attributed to the more severe transition from highly

crystalline/highly ordered amorphous to fully disor-

dered melt state.

2. Experimental methods

2.1. Chemical synthesis of dis-UHMWPE

The synthesis of dis-UHMWPE was done in-house

following the procedure described elsewhere [29].

The polymerization reaction was quenched with acid-

ified methanol (methanol (CH3OH)/37% w/w hy-

drochloric acid (HCl) 95/5 v/v) in order to avoid the

formation of aluminum oxide (Al2O3) catalytic ashes

from the methyaluminoxane (MAO) co-catalyst em-

ployed. The presence of TiO2 catalytic traces is below

0.0005% w/w, and thus its contribution to dc con-

ductivity is considered unsubstantial. The weight av-

erage molecular weight, Mw, was determined by rhe-

ological measurements to be Mw = 5.6·106 g/mol

[30]. Dodecanethiol functionalized Au nanoparticles

(2–5 nm in diameter) in toluene (2% w/v) were pur-

chased by Sigma-Aldrich and used as received.

2.2. Specimen manufacturing

Dis-UHMWPE powder was suspended in acetone

and mixed with the dodecanethiol functionalized

gold (Au) nanoparticles in toluene (C7H8) solution
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under magnetic stirring for a few hours, while the

solvents were evaporated under a fume hood. The

residual solvents were removed by heating the com-

posites at 50°C (a temperature below the activation

temperature of entanglements formation [11]) under

a vacuum for 6 hours. The concentration of gold

nanoparticles was set at 1.0% w/w. The composite

powder was solid-state compacted with a hydraulic

press at 125°C according to the protocol previously

described [11]. The unoriented sample was compacted

in a cylindrical disc of 25 mm diameter and 1.1 mm

thickness, and it is indicated as DR1, while the sam-

ples intended for drawing were prepared as rectan-

gular films of 5 mm × 6 mm with an initial thickness

of 1.9 mm and uniaxially oriented by means of a

twin-roll mill at 125°C reaching draw ratios of 2 (in-

dicated as sample DR2) and 3 (indicated as sample

DR3). The manufacturing process flow is also de-

picted in Figure 1 below.

2.3. Characterization

Raman spectroscopy
The Raman spectra of the samples were acquired by

means of a LabRAM HR provided by Horiba Jobin-

Yvon (France) in the wavenumber range of 1500 to

1400 cm–1 at room temperature employing a laser

beam at 633 nm.

Vis/NIR spectrophotometer
The optical absorption of the samples was investi-

gated via a Cary 5000 UV-Vis-NIR spectrophotome-

ter from Agilent Technologies (Santa Clara, Califor-

nia, United States) in the visible wavelength range

of 400 to 800 nm at room temperature.

Dielectric spectroscopy
The dielectric response of the samples was investi-

gated by means of BDS using an Alpha-N Frequency

Response Analyzer. The voltage amplitude of the ap-

plied field was kept constant at 3 V, the distance be-

tween the electrodes was constant and equal to the

thickness of the specimen (the employed dielectric

set up ensured the application of a homogeneous elec-

tric field), and frequency varied from 100 to 104 Hz

employing a two-parallel gold-plated electrode ca-

pacitor BDS-1200. The temperature was controlled

employing a Novotherm system and was set at

160°C, with an accuracy of ±0.1 °C, for 21 consec-

utive frequency sweep cycles with a total duration

of approximately 1 hour (1 frequency sweep: 173.5 s).

Upon reaching the set temperature (160°C), an equi-

librium time of 3 minutes was considered reasonable

for reaching thermal equilibrium before the measure-

ment started. Notably, that temperature is measured

via a Pt100 thermocouple at the specimen’s surface.
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Figure 1. Flow chart of the samples’ manufacturing process.

Heating up the
dis-UHMWPE/gold
powder to remove
residual solvents

Solid-state compression
molding of the

nanocomposite powder

Uniaxial orientation 
by twin-roll calendering 

at 125°C

▪ Magnetic stirrung at room
temperature for a few hours

▪ 50°C for 6 hours

▪ Applied 5 tons for 5 minutes,
10 tons for 10 minutes and
20 tons for 5 minutes all at
125°C

Dis-UHMWPE/aceton
suspension; gold

nanoparticles/toluene 
solution



All the BDS parts were supplied by Novocontrol

Technologies (Hundsagen, Germany).

3. Results and discussion

The Raman spectra at 30 °C of the composites are

presented in Figure 2a, with the intensities of the

peaks changing due to the uniaxial plastic deforma-

tion in the examined 1400 to 1500 cm–1 range. The

CH2 bending vibrational mode is split into two com-

ponents at 1440 and 1417 cm–1, indicative of an or-

thorhombic crystal structure [31].  For the two amor-

phous peaks, at 1463 and 1440 cm–1 (corresponding

to amorphous modes as reported by Strobl and

Hagedorn [32]), a decrease in intensity is observed

as a function of progressive plastic deformation,

while for the 1417 cm–1 crystalline peak, the intensity

is found to increase: these observations indirectly in-

dicate an increase in crystallinity due to orientation

[33]. In Figure 2b, the optical absorption due to the

presence of gold nanoparticles is examined and pre-

sented in the visible spectrum at 30°C. The peak ob-

served at 539 nm is attributed to the transverse plas-

mon resonance of the Au nanoparticles [34], as

polyethylene is otherwise transparent in this region.

The peak is observed to become narrower with plas-

tic deformation, especially for the case of DR 3. This

is an indication that the average size of gold nano -

particle aggregates is decreasing, with some clusters

breaking apart due to orientation. As it can be ob-

served in Figure 2b, the intensities also decrease as

a function of draw ratio, as a result of the decreasing

thickness with increasing plastic deformation.

The dielectric response of the three samples is pre-

sented in Figure 3, where the real part of dielectric

permittivity as a function of frequency is shown, in-

creasing the time at 160°C. As an inset, the imagi-

nary part of dielectric permittivity is also presented.

The complex dielectric permittivity ε* is defined as

Equation (1):

(1)

where, ω is the angular frequency, ε′ and ε″ are the

real and imaginary parts of dielectric permittivity,

respectively.

It is observed that the values of the real part of di-

electric permittivity increase significantly with fre-

quency decreasing, indicating a strong dipolar po-

larization for all samples. With the evolution of time,

the relaxation tends to lower frequencies, as it can

also be observed in the imaginary part of dielectric

permittivity, presented as an inset. The loss permit-

tivity versus frequency in the log-log representation

shows a linear behavior in the lower frequency range,

attributed to the contribution of dc conduction, mask-

ing the dipolar polarization peak. An effort is made

to remove the conductivity term in order to appreci-

ate the dipolar contribution alone, as seen below.

The frequency-dependent expression of the Maxwell-

Wagner-Sillars (MWS) interfacial polarization phe-

nomenon consists of a Debye dispersion model plus

the dc conduction contribution and is given by Equa-

tion (2) below in its complex dielectric permittivity

representation:

(2)

i
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Figure 2. (a) Raman spectra as a function of wavenumber and (b) optical absorbance as a function of wavelength at room

temperature varying the draw ratio for the samples under study.



where τ is the Debye relaxation time, lim(f→0)ε′ = εs,

lim(f→∞)ε′ = ε∞, σdc is the dc conduction, s a parameter

that depends on the examined material (0.5 ≤ s ≤ 1.0)

and conduction process is considered as Ohmic

when s = 1 while deviations originate because of ionic

impurities, electrode polarization, hopping conduc-

tivity etc.) [35], and ε0 is the dielectric constant of

vacuum (8.854·10–12 F/m). In disordered systems,

the current density is composed of three additive

terms, namely: (i) Ohmic conductivity, (ii) diffusive

contribution, and (iii) displacement current density

being equal to ∂D⁄∂t, where D is the electric dis-

placement [36]. At low fields, under steady-state

(∂D⁄∂t = 0) and constant carrier density in the whole

bulk material, Ohmic conductivity appears to be the

only contribution. Values of the semi-empirical pa-

rameter s tending to unity express the agreement of

a system with the aforementioned conditions and the

presence of an Ohmic behavior. On the contrary, dif-

fusion current and time-varying fields (∂D⁄∂t ≠ 0)

contribute to the system’s conductivity compensat-

ing the Ohmic component and thus leading to lower

than unity values of s. After implementing Equa-

tion (1) in Equation (2), the frequency-dependent ex-

pression of the MWS interfacial polarization can be

split into a real and an imaginary part, as shown by

Equations (3) and (4):

(3)

(4)

In the case of the imaginary part of dielectric per-

mittivity, the first part of the equation corresponds

to the dipolar contribution and the second one to the

dc conduction contribution. In materials with rela-

tively high values of electrical conductivity or weak

dipolar response, the presence and the migration of

charge carriers can mask the dielectric processes and

obscure the dielectric analysis. This effect is pro-

nounced especially at low frequencies because the

contribution of the conduction term (σ
dc

ε
0
–1ω–s) to the

loss, permittivity augments with decreasing frequen-

cy. Since the dc conduction is present only in the loss

permittivity part, following Equations (2)–(4), a way
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Figure 3. The real part of dielectric permittivity as a function of frequency varying the time for the samples under study:

(a) DR 1, (b) DR 2, and (c) DR 3. As an inset, the corresponding imaginary part of dielectric permittivity is pre-

sented.



to remove the conductivity term, or in other words

to determine the dipolar losses, is by applying the

logarithmic derivative on the real part of dielectric

permittivity as shown in Equation (5) [14]:

(5)

thus, making the ε″
der

approximately equal only to the

dipolar contribution of the imaginary part of dielec-

tric permittivity. Both the ε′ and ε″ carry equivalent

information as they are connected through the

Kramers-Kronig relation. Dielectric processes are

detected in the spectra of the real and imaginary part

of dielectric permittivity in the form of steps and

peaks, respectively. Thus, using the real part of per-

mittivity to calculate only the dipolar loss contribu-

tion (excluding the contribution of dc conduction) by

means of the logarithmic derivative technique is a

useful mathematical tool in order to investigate the

aforementioned dipolar processes that are shadowed

[14]. In Figure 4, the logarithmic derivative of the real

part of dielectric permittivity as a function of fre-

quency varying the time is presented. A peak is clearly

shown for all the samples and is attributed to the dipo-

lar contribution of the MWS interfacial polarization

that forms due to the accumulation of charges (most-

ly electrons) at the interface of the insulator/ conduc-

tor system, which in this case is polyethylene/gold

nanoparticles [15, 37]. Even at these elevated tem-

peratures, no evidence of the parasitic phenomenon

of electrode polarization is observed, as that would

give rise to very large capacitances and lead to enor-

mous values of the real and imaginary part of dielec-

tric permittivity.

As can be appreciated from Figure 4, the peak moves

to lower frequencies with the evolution of time for

all the draw ratios considered. This is in agreement

with previous studies of unoriented dis-UHMWPE

that showed how, at temperatures above 58°C, en-

tanglements are energetically favored and is there-

fore associated with the entanglements formation.

The re-entanglement process hinders the achieved

polarization by partially reducing the macromole-

cules’ mobility, increasing the relaxation time of the

process, and shifting the loss peaks to lower frequen-

cies [11]. In addition, it seems that the relaxation

=-
ln2der 2

2
f r

~
f ~

m
lQ V
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Figure 4. The logarithmic derivative of the real part of dielectric permittivity as a function of frequency (following Equa-

tion (5)) varying time for the samples under study: (a) DR 1, (b) DR 2, and (c) DR 3.



strength (associated with the peak intensity) is de-

creasing, although since it is shifting towards the

lower frequency edge outside the observational win-

dow of the experiment, it is not possible to analyze

the effect for the overall time frame.

To approximately calculate the dc conductivity, we

can subtract the calculated dipolar loss part ε″der from

the total recorded losses ε″, as we have shown some-

where else [38] and describe here in Equation (6): 

(6)

Equation (6) is a line with a slope equal to s and an

intercept equal to log(σdc/ε0). Equation (6) originates

from subtracting the calculated, via Equation (5),

values of dipolar losses from the experimentally

measured imaginary part of dielectric permittivity.

The latter represents the total amount of losses, in-

cluding all contributions. Since the logarithmic de-

rivative technique removes the contribution of dc

conduction [14], the residual of Equation (6) leads

to the calculation dc conductivity [38]. Although pre-

sented and discussed quantities derive from experi-

mental data providing thus confidence upon their va-

lidity, direct experimental evidence is required to

show the proximity of calculated and measured val-

ues.  This is something that is planned to be investi-

gated in a forthcoming study. The corresponding fit-

tings at varying times are given in Figure 5, with R2

over 0.992 in any case, indicating the linearity of the

obtained data. The fittings were performed only in

the frequency range of 100 to 101 Hz, where the in-

fluence of dc conduction is prominent, in order to

exclude any mathematical artifacts at higher fre-

quencies where its contribution vanishes. According

to Equation (6), the contribution of dc conduction

can be approximately calculated by subtracting the

ε″der from the ε″ and by fitting log(ε″ – ε″der) versus
log(ω). The deviation from the Ohmic case (s = 1)

can be calculated from the slopes of the lines. 

In Figure 6, the obtained dc conduction from Equa-

tion (6) is presented as a function of time for all the

draw ratios under study. From the calculated values

of dc conductivity that lie in the order of magnitude

of 10–10 S/m, it is evident that the gold nanoparti-

cles are not in contact; hence they do not form a

percolating system, as expected from the employed

concentration. It is shown that the electrical conduc-

tivity is affected by the formation of entanglements,

mainly in the first hour of experiments; after this

time, a plateau region is achieved. Considering that

the measurement takes place above the melting tem-

perature, the initial dc conductivity difference

between the samples is attributed to partially oriented

.
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Figure 5. The log-log fittings of the imaginary part minus

the logarithmic derivative of dielectric permittivity

as a function of frequency (following Equa-

tion (6)) for the samples under study: (a) DR 1,

(b) DR 2, and (c) DR 3. The minimum R2 values are

given to highlight the linearity of the obtained data

The color of each curve corresponds to the isother-

mal measurement of time as with Figure 3 and 4.



amorphous segments that, over time lose their ori-

entation and thus approach a plateau value. The de-

viation of parameter s from 1 can be considered as a

deviation from the Ohmic behavior and is attributed

to the hopping conductivity of the charger carriers

due to the presence of the gold nanoparticles [39,

40]. In the inset of Figure 6, it can be observed that

for all the studied samples, there is a slight decrease

of the parameter s over time, indicating further de-

viation from the Ohmic behavior that is related to

the increase of disorder with the formation of entan-

glements and the loss of orientation. 

According to previous dielectric studies on dis-

UHMWPE that we have conducted [11], the real part

of electric modulus as a function of time shows an

increase (build-up) similar to what was observed for

the real part of mechanical modulus from melt plate-

plate rheology due to the progressive formation of

entanglements. The complex electric modulus fol-

lows the relation below (Equation (7)):

(7)

where M′ and M″ correspond to the real and imagi-

nary parts of electric modulus, respectively. Consid-

ering the equation that was first proposed by Yamazaki

et al., [41] and Teng et al., [42] to follow chain en-

tanglement and relaxation in the rheological build up

data or crystallization experiments and employed by

Liu et al., [12] for dis-UHMWPE, we have employed

it to fit the electric modulus build-up. The fitted val-

ues are presented in Figure 7, and the expression can

be seen below (Equation (8)):

(8)

where M′(t) is the variation of the real part of electric

modulus with time, M′0 is the plateau value of the

real part of electric modulus, M′i is an electric mod-

ulus increment corresponding to a characteristic time

τi. In the inset of Figure 7, the normalized M′ data as

a function of time for the investigated samples are

presented by dividing the M′(t) with the plateau

value (M′0), and their corresponding times shifted by

t0 to create a master curve.

The reported findings in Figure 7 agree with the lit-

erature [12] on the two time-regions of the formation

of entanglements at a very similar angular frequency.

The first drastic change is considered to be the chain

explosion, i.e., the formation of entanglements in the

disentangled amorphous phase that in the solid state

consisted of the pristine crystalline domains. The

slower change is due to chain reptation and further

entanglements, as shown with both rheological ex-

periments and DSC. Those experiments showed that

the low-temperature endothermic peak, associated

with crystalline structures formed in the entangled

amorphous phase, increases with the annealing time
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Figure 6. The calculated values of the dc conductivity (the

lines serve as guides for the eye only) with the pa-

rameter s being included as an inset from Equa-

tion (6).

Figure 7. The real part of electric modulus (the lines corre-

spond to fittings following Equation (8)) both as a

function of time for the samples under study at ω =

9.15 rad/s. As an inset, a normalized representation

of the same data is provided with a common fitting

as a superposition of extended time (t + t0) and

draw ratio with DR 3 being the reference sample

(t0 = 0 s). The t0 parameter for samples DR 1 and

DR 2 is 520.5 and 347.0 s, respectively. All the pa-

rameters are presented in Table 1.



[12]. However, the timescales involved in the rheo-

logical build-up experiments are significantly higher

than the dielectric experiments presented here (i.e.

in the range of an order of magnitude).

Interestingly, if the values of electric modulus pre-

sented in Figure 7 were subject to normalization, then

a similar concept as the time-temperature-superpo-

sition principle could be applied, but instead of tem-

perature, draw ratio can be employed. The specific

analysis presented in the inset of Figure 7 gives fur-

ther insights on the chain dynamic in dis-UHMWPE:

it appears that orientation hinders the formation of

entanglements over time at the initial stages of melt

state (before equilibrium), in a way that resembles

what happens to unoriented dis-UHMWPE samples

of higher molecular weights, as discussed in the lit-

erature [43]. This could be an interesting tool to pre-

dict the properties of oriented samples at different

draw ratios, and maybe it could be combined with

similar testing at different temperatures.

Comparing the characteristic times, τ, as obtained

from fittings of the rate at which the low-temperature

endothermic peak increases with the annealing time

of a similar dis-UHMWPE sample in the literature

[12] and our data in Table 1, it is visible that the chain

explosion corresponds to our 2nd mode (τ2). Consid-

ering that the real part of electric modulus ‘carries’

both information from the dipolar response and the

dc conduction (a combination of Equations (2) and

(7)) variation in either affects its values. The effect of

time in the formation of entanglements has been in-

deed observed in both the dipolar (Figure 4) and the

dc (Figure 6) response as discussed earlier. The 1st

mode corresponds to the first 3 to 5 minutes of ex-

periments. It might be associated with entanglements

forming in the unentangled areas that previously

were part of the extended nascent crystals and/or

partially oriented amorphous parts of the polymer

chain. This notion also agrees with the evidence pre-

sented in Figure 6, where a stronger decrease in dc
conductivity is observed as the draw ratio increases

since the crystallinity increases with orientation, as

presented in Figure 2a.

4. Conclusions

Broadband dielectric spectroscopy (BDS) has been

employed to understand the formation of entangle-

ments as a function of draw ratio during the melting

of oriented dis-UHMWPE/gold nanocomposites. The

dc conduction values are approximately calculated

by subtracting the logarithmic derivative of dielec-

tric permittivity from the loss permittivity values,

and they are found to decrease with the formation of

entanglements. This effect is more intense when the

draw ratio increases due to the initial entanglements

forming in the molten unentangled crystalline re-

gions and the partially oriented amorphous segments

in the oriented samples. The dc conductivity of all

the samples was observed to be non-purely Ohmic,

attributed to the hopping mechanism due to the pres-

ence of gold nanoparticles, and was observed to de-

viate further from the Ohmic behavior with time, as

a result of the entanglements formation and loss of

orientation. In addition, with the help of the logarith-

mic derivative of dielectric permittivity, a strong peak

is obtained in the absence of dc conductivity, attrib-

uted to the dipolar contribution of the MWS interfa-

cial polarization between the gold nanoparticles and

the polymer chains. With the progression of time, the

relaxation time of the MWS interfacial polarization

increases, indicating the formation of entanglements.

Finally, with increasing draw ratio, it was observed

that the formation of entanglements is hindered,

drawing a parallel with unoriented samples of in-

creasing molecular weight. This concept could po-

tentially be used as a tool to predict the properties of

oriented samples of dis-UHMWPE. 
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Table 1. Presented are the fitting parameters for the real part

of electric modulus as a function of time, according

to Equation (8) employing two modes. The fitted

superimposed data in the inset of Figure 7 are also

included.

Sample M′0 M′1
τ1

[s]
M'2

τ2

[s]
R2

DR 1 0.194 0.071 250.0 0.015 1783.1 0.99992

DR 2 0.201 0.179 227.8 0.015 1680.6 0.99979

DR 3 0.236 0.242 496.9 – – 0.99391

Superimposed 1.000 1.000 483.1 – – 0.97149
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