
1. Introduction
In recent years, the search for thermoelectric

materials has renewed research interest in the
two classes of semiconducting clathrate materi-
als. According to Nolas et al. [1] the best ther-
moelectric material should possess thermal
properties similar to that of a glass and electri-
cal properties similar to that of a perfect single
crystal material, i.e. it should be a poor thermal
conductor and a good electrical conductor.
Open-structured (cage-like) semiconducting ma-
terials have potential applications as thermo-
electric materials, because the lattice thermal
conductivity of these compounds can be re-
duced with guest atoms placed into the cages.

In the 1960’s, Kasper and coworkers [2] were
the first to associate silicon compounds
(Na8Si16)Si30 and NaxSi136 (x�24) to the Type I
((CH4)8(H2O)46) and Type II ((C3H8)24(H2O)136)
clathrate hydrate structures, respectively. The
Type I clathrate has the general formula A2B6E46
(or X8E46), where E (with negative oxidation
state) is an element of group 14; A, B, and X
represent atoms in the voids or cavities. The

Type II compounds are represented by the for-
mula A8B16E136. Up to now, the Type I clathrate
materials have been studied much more exten-
sively than the Type II compounds. The first sin-
gle crystal structure refinements of the Type I
clathrates were obtained for compounds with
Si, Ge and Sn using film data collected with a
Weissenberg camera [3]. In 1999, the structure
of Type II clathrate Cs8Na16Ge136 was reported
by Bobev et al. [4], who recognized that the two
types of cavities in this type of structure are sig-
nificantly different in size.

As the two types of cavities are similar in 
size in the Type I clathrates, cations of similar
size will facilitate the formation of this type of
compounds. A variety of Type I clathrates are
found in binary systems with the structural 
formula X8E46, where X are alkali or alkaline-
earth metals (E�Si, Ge, Sn, Al, Ga, Al, In; X�
Na, K, Rb, Cs, Sr, and Ba) [1, 2, 5–10]. Nolas et 
al. have investigated a variety of multi-compo-
nent Type I clathrate compounds, including
Cs8Ga8Sn38, Cs8Zn4Sn42, Ca6Ga16Si30, Eu8Ga16Ge30,
Sr4Eu4Ga16Ge30 [11, 12].

In recent years, Nolas et al. [9, 11] and Cohn
et al. [13] introduced the concept of a “phonon
glass and an electron crystal” (PGEC) materials
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which would possess electronic properties nor-
mally associated with good semiconductor sin-
gle crystals but with a thermal conductivity nor-
mally associated with amorphous materials.
They confirmed that Sr8Ga16Ge30 is a PGEC ma-
terial where the thermal conductivity is drasti-
cally reduced while good electronic properties
are maintained. These porous materials have
additional attractive properties. For example,
superconductivity was also reported in the
Na–Ba–Si compound with the Type I structure
[14–16]. Extensive characterization studies in-
clude high-pressure Raman and NMR studies
[17], thermal conductivity measurements [18],
electronic property measurements, and trans-
port properties [17].

As the powder X-ray diffraction technique is
of primary importance for phase characteriza-
tion, extensive coverage and accurate reference
diffraction patterns of PGEC phases in the Pow-
der Diffraction File (PDF) [19] is essential for the
scientific community. Presently, no reference
diffraction pattern is available in the PDF for
identification of Type I Sr8Ga16Ge30 and Type II
Cs8Na16Ge136 phases. The main goal of this in-
vestigation was to derive the reference diffrac-
tion patterns of Sr8Ga16Ge30 and Cs8Na16Ge136
using X-ray Rietveld refinements [20].

2. Experimental

2.1. Sample Preparation
The Type I Sr8Ga16Ge30 clathrate sample was

prepared by mixing and reacting stoichiometric
quantities of high-purity elements in a pyrolitic
boron nitiride (BN) crucible, which was sealed
inside a fused quartz ampoule. The quartz am-
poule was then evacuated and backfilled with
argon gas to a pressure of �0.07 MPa. The heat
treatment was conducted at 960°C for three
days and then at 700°C for four days. The Type
II clathrate Cs8Na16Ge136 was synthesized by
mixing high-purity elements in an argon atmo-
sphere glove box, and reacting them inside a
tungsten crucible that was itself sealed inside a
stainless steel canister. The canister was evacu-
ated and backfilled with high purity argon gas
before sealing. After maintaining 650°C for
three weeks, the contents were then cooled to
room temperature at a rate of 0.2°C/min. The
product consisted of small polyhedral crystals
with a shiny bluish metallic luster. The crystal
were not reactive toward air or moisture. Sin-
gle-phase material for Cs8Na16Ge136 is difficult to
prepare, and an unidentified second phase is
persistently present.

2.2. Rietveld Refinements
The Sr8Ga16Ge30 and Cs8Na16Ge136 powders

were mounted in zero-background quartz hold-
ers with double-sided adhesive tape. A Scintag
PAD V diffractometer equipped with an Ortec in-
trinsic Ge detector was used to measure the
powder patterns (CuKa radiation, 40 kV, 30 mA)
from 3–140° 2q in 0.02° steps, counting for
10 sec/step.

The structure of Cs8Na16Ge136 has been re-
ported [4] in space group Fd3̄m. A strong
(�20% relative peak height) peak at 11.3° 2q
corresponded to (200), which is absent in this
space group. A number of other weak peaks not
indexed by this cell were also present. All of
these peaks (in addition to those of cubic
Cs8Na16Ge136 could be indexed on a number of
lower-symmetry unit cells (including rhombohe-
dral, orthorhombic, and monoclinic distortions
and subcells of the cubic cell), but no satisfac-
tory refinement could be obtained in these
lower-symmetry space groups.

Accordingly, an additional pattern of
Cs8Na16Ge136 was measured from a rapidly-spun
0.7 mm capillary specimen at the MR-CAT ID10
beamline at the Advanced Photon Source at Ar-
gonne National Laboratory using 27 keV radia-
tion (l�0.459141 Å). The pattern (Figure 1) was
measured from 1.000–30.000° 2q in 0.002°
steps, counting for 1.5 sec/step. Analysis of the
peak widths (interactive deconvolution using
Pearson VII profiles in SHADOW) indicated that
there were two populations of peaks (Figure
2)—narrow peaks corresponding to the cubic
Cs8Na16Ge136 unit cell, and wider peaks. Some
of these wider peaks correspond to peaks for-
bidden by the Fd3̄m symmetry; these include
200 and 420, which are also split (Figure 3).
Other wide peaks occur as shoulders on the
peaks of the major phase. These shoulders
occur on the high-angle side of Cs8Na16Ge136
peaks with hkl even, and on both low- and high-
angles sides for hkl odd (Figure 4). It is clear
that these peaks come from a phase with a unit
cell closelyrelated to that of cubic Cs8Na16Ge136.
The broad peaks could be indexed [21] on a
body-centered tetragonal/orthorhombic unit cell
having a�10.9399(2), b�10.9376(2), and c�
15.4899(2) Å. A possible space group is Ibam
(#72). A few very weak peaks in the synchrotron
pattern suggest the possibility that the cell is
primitive, rather than body-centered. A search
of this reduced cell in the Inorganic Crystal
Structure Database yielded tetragonal com-
pounds of the formula Ho11M10, where M�Ge
and/or Si. Complete characterization of this new
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Fig. 1. Synchrotron X-ray pattern of Cs8Na16Ge136, measured at MR-CAT/APS.

Fig. 2. Peak widths in the synchrotron pattern of Cs8Na16Ge136.

Fig. 3. The 200 and 420 peaks of Cs8Na16Ge136.



phase will require extensive work in an electron
microscope, including both electron diffraction
and energy-dispersive X-ray spectroscopy.
Once a structural model has been derived, it
should be possible to refine it using this syn-
chrotron data. This phase was included in the
Rietveld refinement using Le Bail fitting of its
peaks.

All data processing and Rietveld structural re-
finements [20, 22] were carried out using the
GSAS suite [23]. The reported structures of
Sr8Ga16Ge30 [24] and Cs8Na16Ge136 [4] were em-
ployed as starting models. Included in the re-
finements were the atomic coordinates and
isotropic displacement coefficients, a scale fac-
tor, and the cubic lattice parameters. For
Sr8Ga16Ge30, preferred orientation was de-
scribed using 6th-order spherical harmonics.
The peak profiles were described using a
pseudo-Voigt function. For Sr8Ga16Ge30, only the
X, shift, S/L, S1, and S2 terms were refined
(GSAS profile function #4). For Cs8Na16Ge136,
only the S1 and S2 strain broadening terms
were refined, and S1 was eventually fixed at
zero. The Sr8Ga16Ge30 background was de-
scribed using a 14-term linear interpolation
function #7, and the Cs8Na16Ge136 background
was described using the diffuse scattering func-
tion #9 (3 terms plus a characteristic distance of
3.51(40) Å). The final refinements yielded the
residuals reported in Table 1.

2.3. X-ray Pattern Preparation
Reference X-ray patterns of Sr8Ga16Ge30 and

Cs8Na16Ge136 were obtained with a Rietveld pat-
tern decomposition technique. These patterns
represent ideal specimen patterns. They are

corrected for systematic errors both in d and I.
The reported peak positions are calculated from
the refined lattice parameters, as this represents
the best measure of the true positions. For
peaks resolved at the instrument resolution
function, the individual peak positions are re-
ported. For overlapping peaks, the intensity-
weighted average peak position is reported with
multiple indices. For marginally-resolved peaks,
individual peaks are reported to more accu-
rately simulate the visual appearance of the pat-
tern.

3. Results and Discussion
The X-ray diffraction patterns of the

Sr8Ga16Ge30 and Cs8Na16Ge136 samples, with se-
lected Miller indices, are presented in Figures 5
and 6. The refined atomic coordinates are re-
ported in Tables 2 and 3, and the bond dis-
tances in Tables 4 and 5. While Sr8Ga16Ge30 was
found to be single-phase, an unidentified sec-
ond phase was detected in Cs8Na10Ge136. The
relatively high residuals (Sr8Ga16Ge30, wRp�
0.1111, Rp�0.0872, c 2�6.750; Cs8Na16Ge136,
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Fig. 4. The 531 and 600/442 peaks of Cs8Na16Ge136.

Table 1. Refinement residuals.

Compound

Sr8Ga16Ge30 Cs8Na16Ge136

wRp 0.1111 0.1589
Rp 0.0872 0.1142
c 2 6.750 9.775
R(F 2) 0.0979 0.0507
R(F ) 0.0607 0.0384
DF�, e 3.07 2.47

�, e �2.03 �1.60



wRp�0.1589, Rp�0.1142, c 2�9.775, R(F 2)�
0.0.0507, R(F )�0.0384) for Sr8Ga16Ge30 are
mostly due to incomplete powder averaging; in
the case of Cs8Na10Ge136, the high values are
due to the presence of the impurity. Figure 7
shows the observed, calculated and difference
X-ray powder patterns for Sr8Ga16Ge30 and
Cs8Na16Ge136, respectively.

The similarity of Ga and Ge precluded re-
finement of framework site occupancies in
Sr8Ga16Ge30. The occupancies were fixed at 
the values reported by Zhang et al. [24]. In
Cs8Na16Ge136, in contrast to the NaxSi136 phase
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Fig. 5. X-ray diffraction pattern for Sr8Ga16Ge30.
Selected hkl Miller indices are shown.

Fig. 6. X-ray diffraction pattern for Cs8Na16Ge136.
Selected hkl Miller indices are shown.

Table 2. Refined atomic coordinates for Type-I Sr8Ga16Ge30.

Atom x y z frac Uiso, Å2

Sr1 0 0 0 1 0.0150(7)
Sr2 0 0.2387(5) 0.4623(3) 1/4 0.0150
Ge3/Ga3 1/4 0 1/2 0.24/0.76 0.0098(2)
Ge4/Ga4 0.18459(8) 0.18459 0.18459 0.76/0.24 0.0098
Ge5/Ga5 0 0.30949(10) 0.11770(10) 0.56/0.44 0.0098

Space group Pm3̄n (No. 233), a�10.73377(8) Å.

Table 3. Refined atomic coordinates for Type II
Cs8Na16Ge136.

Atom x y z Uiso, Å2

Cs1 3/8 3/8 3/8 0.0532(9)
Na2 0 0 0 0.047(4)
Ge3 �1/8 �1/8 �1/8 0.0263(13)
Ge4 0.78206(8) 0.78206 0.78206 0.0283(8)
Ge5 0.81758(5) 0.81758 0.63007(11) 0.0252(5)

Space group Fd3̄m (No. 227), a�10.73377(8) Å.

Table 4. Bond distances (Å) in Sr3Ga16Ge30.

Bond Distance Bond Distance

Sr1–Ga4 3.4317(15)�8 Sr1–Ge5 3.5541(11)�12
Sr2–Ge3 3.732(4)�2 Sr2–Ge3 3.614(5)
Sr2–Ge3 4.171(6) Sr2–Ge4 3.6264(25)�2
Sr2–Ge4 3.8247(20)�2 Sr2–Ge4 4.156(6)�2
Sr2–Ge4 4.223(6)�2 Sr2–Ge4 4.316(6)�2
Sr2–Ge5 3.777(4) Sr2–Ge5 3.294(4)�2
Sr2–Ge5 3.762(5)�2 Sr2–Ge5 3.851(4)�2
Sr2–Ge5 3.576(5)�2 Sr2–Ge5 4.571(7)
Ge3–Ge5 2.4896(11)�4 Ge4–Ge4 2.4323(29)
Ge4–Ge5 2.4977(8)�3 Ge5–Ge3 2.4896(11)
Ge5–Ge4 2.4977(8)�2 Ge5–Ge5 2.5268(22)

Table 5. Bond distances (Å) in Cs8Na16Ge136.

Bond Distance Bond Distance

Cs1–Ge4 4.212(2)�4 Cs1–Ge5 4.218(1)�12
Cs1–Ge5 4.145(2)�12 Na2–Ge3 3.352(0)�2
Na2–Ge4 3.447(1)�6 Na2–Ge5 3.539(1)�12
Ge3–Ge4 2.493(2)�4 Ge4–Ge3 2.493(2)
Ge4–Ge5 2.479(2)�3 Ge5–Ge4 2.479(2)
Ge5–Ge5 2.515(2) Ge5–Ge5 2.500(2)�2
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Fig. 7. The observed, calculated and difference X-ray powder patterns for Sr8Ga16Ge30 and
Cs8Na16Ge136. The difference patterns are plotted at the same scale as the other patterns. The
rows of tick marks indicates the calculated peak positions.



by Kasper et al. [2] with only partial occupancy
of the alkali metals inside the polyhedral cages,
it was found that all positions (framework and
cationic) are fully occupied, and with no mixing
of cations. Final refinements were carried out
with full occupancy of all atoms.

The structures of both Type I and Type II com-
pounds were confirmed to be of the clathrate
type found for gas hydrates, in which there are
tetrahedral networks of (Ge, Ga) or Ge. The
numbers of (Ge, Ga) and Ge atoms per unit cell
in the tetrahedral network are 46 (Sr8Ga16Ge30)
and 136 (Cs8Na16Ge136). Each clathrate com-
pound has two crystallographically distinct cavi-
ties. The framework in both clathrates is com-
prised of two different polyhedral motifs that
are connected to each other by shared faces.

3.1. Type I Sr8Ga16Ge30
Nolas et al. [18], using single crystal X-ray dif-

fraction, and Chakoumakos et al. [25], using
neutron diffraction, have conducted extensive
structural characterization of the Sr8Ga16Ge30
phase. While results of refinements from both
compounds in general agreed with each other
that Ga and Ge atoms were disordered, Chak-
oumakos et al. further determined the individ-
ual contribution to each site.

Highlighted in Figure 8 are the two different
polyhedra that form the unit cell of Sr8Ga16Ge30,
with the dodecahedron at the center and the
tetrakeidecahedron to the left. The Sr atoms re-
side inside these polyhedra at the 2a and 2k
crystallographic positions. The Type I structure
consists of two pentagonal dodecahedra and
six tetrakaidecahedra (12 pentagonal and 2
hexagonal faces) per cubic unit cell. There are
eight polyhedra per cubic unit cell: the Ge20 do-
decahedral and Ge24 tetrakaidecahedral cages
are in a 1 : 3 ratio. This framework is formed by
(Ge, Ga) atoms, and the Sr atoms serve as
guests inside these cavities. The Sr8Ga16Ge30
structure can be thought of as a derivative of
the four-coordinated diamond lattice structure
of Ge. The average deviations from ideal tetra-
hedral angles are: Ga3 (0.95(5)°), Ge4�0.5(2)°,
Ge5�5(5)°).

There are a total of 44 Sr–(Ge, Ga) distances
(24 in the larger cage and 20 in the smaller one).
The Ge–Ge and Ga–Ge distances in Sr8Ga16Ge30
were found to be of 2.490(4)–2.520(3) Å and
2.502(1) Å, respectively. These distances are
somewhat longer than that in the element Ge
(2.445 Å) [25]. The elongation is possibly due to
the available “extra” electrons. The electrons
for the alkali metals in these compounds are

“extra” since all Ge atoms are tetra-bonded,
which could be either delocalized over the four-
bonded network or localized on the alkali and
alkali earth metals [4].

3.2. Type II Cs8Na16Ge136
Figure 9 shows the clathrate-II structure of

Cs8Na16Ge136 [4]. The entire framework is built
from these fused 28- and 20-atom cages
(formed by Ge atoms), which are occupied by
the Cs and Na ions, respectively. The Type II
structure features 16 pentagonal dodecahedra
and 8 hexakaidecahedra (12 pentagonal and 4
hexagonal faces) per cubic unit cell. The two
types of cavities in the Type II structure are of
quite different dimensions. Similar to Type I
structure, Ge form covalent bonds in a distorted
tetrahedral arrangement, resulting in polyhedra
that are connected to each other by shared
faces. The average deviations from ideal tetra-
hedral angles are: Ge3�0°, Ge4�2.4(1)°, Ge5�
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Fig. 8. The Type-I clathrate crystal structure. Out-
lined are the two different polyhedra that form the
unit cell with the dodecahedron (20-atom cage) in the
center and the tetrakaidecahedron (24-atom cage) to
the upper left [18]. The guest atoms inside the poly-
hedra are not shown.

Fig. 9. The type-II clathrate framework of
Cs8Na16Ge136 which consists of fused 28- and 20-
atom cages that are centered by Cs and Na, respec-
tively [4] (not shown).



4.1(39)°).
The shortest Cs-Ge and Na–Ge distances in

Cs8Na16Ge136 are 4.145(2) Å and 3.352(0) Å, re-
spectively. After substracting from these dis-
tances the van der Waals radii of Ge (2.135 Å),
the numbers become 2.010 Å and 1.217 Å for
Ge136. Since the ionic radii for Cs and Na are
1.69 Å and 1.33 Å respectively [4], they fit into
the Type II cavities rather well. Na reside in the
smaller 20-membered cage with Na–Ge dis-
tances ranging from 3.352 Å to 3.539 Å. The
larger Cs were found to be inside a 28-mem-
bered cage with Cs–Ge distances ranging from
4.145 Å to 4.218 Å. Similar to Sr8Ga16Ge30, the
Ge–Ge distances in Cs8Na16Ge136 (in the range
of 2.479(2) Å 2.515(2) Å) were also found to be
somewhat longer than that in the element Ge
(2.445 Å) [4, 25].

3.3. X-ray Reference Patterns
Reference patterns for Sr8Ga16Ge30 and

Cs8Na16Ge136 have been submitted to the Inter-
national Centre for Diffraction Data (ICDD) [19]
to be included in the Powder Diffraction File.
The impurity peaks were removed from these
patterns. Table 6 lists the X-ray diffraction pat-
tern of Sr8Ga16Ge30 and Table 7 lists the pattern
of Cs8Na16Ge136. In these two tables, the d-spac-
ings, hkl Miller indices, and the integrated inten-
sity are reported. The symbols M and � refer to
peaks containing contributions from two and
more than two reflections, respectively.

4. Summary
As the powder X-ray diffraction technique is a

non-destructive method for phase identification,
the structure and powder X-ray reference pat-
terns for the Type I Sr8Ga16Ge30 and Type II
Cs8Na16Ge136 clathrates, which have potential
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Table 6. X–ray diffraction pattern of Sr3Ga16Ge30 (Pm3̄n with a�10.73406(9) Å).

d I h k l d I h k l d I h k l

7.59013 40 1 1 0 5.36703 4 2 0 0 4.80042 54 2 1 0
4.38216 14 2 1 1 3.09866 298 2 2 2 2.97709 332 3 2 0
2.86880 999* 3 2 1 2.68352 158 4 0 0 2.60339 201 4 1 0
2.53004 100 3 3 0 2.40021 26 4 2 0 2.34236 35 4 2 1
2.28851 33 3 3 2 2.19108 28 4 2 2 2.14681 24 4 3 0
2.10512 6 5 1 0 1.99327 75 5 2 0M 1.99327 75 4 3 2M
1.89753 34 4 4 0 1.84088 391 4 3 3M 1.84088 391 5 3 0M
1.81439 212 5 3 1 1.78901 220 4 4 2M 1.78901 220 6 0 0M
1.76467 35 6 1 0 1.74130 487 6 1 1M 1.74130 487 5 3 2M
1.69720 59 6 2 0 1.67638 57 6 2 1M 1.67638 57 5 4 0M
1.65630 3 5 4 1 1.60014 3 5 4 2 1.58265 18 6 3 1
1.54933 10 4 4 4 1.51803 3 5 4 3M 1.51803 3 7 1 0M
1.47444 4 6 4 1 1.46072 44 5 5 2� 1.40945 14 7 3 0
1.39746 4 7 3 1 1.37436 28 6 5 0� 1.36323 48 6 5 1�

1.33140 9 6 5 2 1.32127 61 5 5 4M 1.32127 61 8 1 1M
1.30170 18 8 2 0 1.29223 25 7 4 2 1.28297 24 6 5 3
1.26502 31 8 2 2� 1.25633 16 8 3 0 1.24781 54 7 5 0�

1.23946 10 7 5 1 1.23128 19 6 6 2 1.21539 5 7 5 2
1.20010 20 8 4 0 1.19267 7 8 4 1 1.18538 9 8 3 3
1.17822 15 7 5 3 1.17118 18 8 4 2 1.16427 5 7 6 0M
1.16427 5 9 2 0M 1.15748 66 7 6 1M 1.15748 66 6 5 5M
1.14426 10 6 6 4 1.13781 44 8 5 0� 1.13147 70 8 5 1�

1.10713 10 7 6 3 1.09554 30 8 4 4 1.08430 58 8 5 3
1.07341 21 10 0 0 1.06808 15 9 4 2 1.06283 6 10 1 1
1.05256 19 8 6 2M 1.05256 19 10 2 0M 1.04754 11 8 5 4�

1.04258 18 9 5 0� 1.02345 11 10 3 1� 1.00096 20 9 5 3
0.99663 13 8 6 4 0.96008 34 8 6 5M 0.96008 34 10 4 3M
0.95627 20 9 6 3 0.94877 9 8 8 0 0.94508 12 8 7 4�

0.94144 23 9 7 0M 0.94144 23 11 3 0M 0.93784 5 11 3 1
0.93428 25 8 8 2 0.92728 43 11 3 2� 0.92044 8 10 6 0
0.91707 5 11 4 0 0.90719 6 10 6 2 0.87643 15 10 5 5M
0.87643 15 10 7 1M 0.87065 8 10 6 4 0.85667 16 12 3 2M
0.85667 16 11 6 0M 0.85396 26 11 6 1M 0.85396 26 10 7 3M
0.84596 16 9 8 4 0.84335 25 11 5 4� 0.83819 36 12 4 2M
0.83819 36 8 8 6M 0.83312 32 9 7 6M 0.83312 32 11 6 3M
0.82570 7 12 5 0 0.82327 8 11 7 0



applications as thermoelectric materials, have
been studied using the Rietveld refinements
technique. The X-ray diffraction patterns have
been submitted for publication in the Powder
Diffraction File. Both compounds have open
structures with Sr and Cs/Na situated in the
cages, respectively. Each compound has two
crystallographically-distinct cavities. These cavi-
ties are close in size in the Type I compound
and differ significantly in size in the Type II com-
pound. In Sr8Ga16Ge30, Ge and Ga were found to
be disordered. No cation deficiency was found
in either compound.
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2.16828 63 5 5 1M 2.16828 63 7 1 1M 2.06922 76 6 4 2
2.01593 16 5 5 3M 2.01593 16 5 5 3M 1.93558 17 8 0 0
1.891753 90 7 3 3 1.87779 6 6 4 4 1.82488 999* 6 6 0M
1.82488 999* 8 2 2M 1.78801 236 5 5 5M 1.78801 236 7 5 1M
1.73123 50 8 4 0 1.69966 78 9 1 1M 1.69966 78 7 5 3M
1.68951 96 8 4 2 1.65067 11 6 6 4 1.58039 20 8 4 4
1.55626 13 7 5 5M 1.55626 13 7 7 1M 1.51839 22 10 2 0M
1.51839 22 8 6 2M 1.49696 45 9 5 1M 1.49696 45 7 7 3M
1.49001 11 10 2 2� 1.41355 10 10 4 2 1.36866 15 8 8 0
1.35290 14 11 3 1� 1.34776 37 8 8 2 1.32780 75 10 6 0
1.31339 56 9 7 3 1.30869 7 10 6 2 1.29039 43 12 0 0M
1.29039 43 8 8 4M 1.27715 99 7 7 7M 1.27715 99 11 5 1M
1.25597 193 12 2 2M 1.25597 193 10 6 4M 1.24376 28 11 5 3M
1.24376 28 9 7 5M 1.20915 13 8 8 6M 1.20915 13 12 4 2M
1.18414 18 11 5 5 1.16720 8 12 4 4 1.15738 6 13 3 1M
1.15738 6 11 7 3M 1.15416 5 10 8 4 1.13235 68 13 3 3
1.11751 37 8 8 8 1.10888 13 13 5 1M 1.10888 13 11 7 5M
1.10604 5 12 6 4 1.09493 86 10 10 0 1.08681 11 13 5 3
1.08414 13 14 2 2 1.05360 33 12 6 6� 1.04635 18 13 7 1M
1.04635 18 13 5 5M 1.03461 16 12 8 4 1.02775 32 13 7 3�

1.02549 10 14 4 4 1.01662 8 14 6 0 1.00796 8 14 6 2
0.99334 18 13 7 5� 0.96779 16 16 0 0 0.96217 51 13 9 3�

0.95301 53 14 8 2 0.94764 55 13 7 7M 0.94764 55 11 11 5M
0.93889 77 12 8 8M 0.93889 77 16 4 0M 0.93376 61 15 5 5�

0.90772 9 13 11 1 0.90617 6 12 12 2 0.90003 8 14 10 0�

0.89401 6 14 10 2 0.87246 8 15 9 3 0.86026 10 14 8 8
0.85500 5 18 2 0M 0.85500 5 16 6 6M 0.84101 9 17 5 5�

0.83488 51 18 4 2� 0.83126 68 15 11 1� 0.82533 23 12 12 8
0.82184 16 15 11 3
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