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Experimental section 

Material characterization and module testing

Thermal conductivity (κt) was calculated as κt=dCpD, where D is the thermal diffusivity 

measured by a laser flash technique with the Netzsch LFA467 system, and Cp is the 

heat capacity estimated by Cp(kB/atom)=3.07+4.7(T/K-300)/10000.1,2 Ignoring the 

bipolar thermal conductivity (κbip), lattice thermal conductivity (κl) was directly 

obtained by subtracting electronic conductivity (κe), calculated using the Wiedemann-

Franz relationship, κe =LT/ρ, where L is the Lorentz number.3 L was derived using the 

single parabolic band (SPB) model.4 

Electronic band structure calculations

We employed the Korringa-Kohn-Rostoker (KKR) method and the coherent potential 

approximation (CPA) within the AkaiKKR (Machikaneyama) package to calculate the 

electronic band structures and densities of states (DOS) of SnTe, SnSb0.16Te1.24, and 

Sn0.88Mn0.12Sb0.16Te1.24.5,6 The exchange-correlation energy was parameterized using 

the Moruzzi, Janak, and Williams form,7 and spin-orbit interaction was included. Dense 

meshes with 2858, 4542, and 4242 k-points were utilized for self-consistent 

calculations of electronic band structure and DOS, respectively. Magnetic calculations 

were conducted for Sn0.88Mn0.12Sb0.16Te1.24. Experimental lattice constants of SnTe, 

SnSb0.16Te1.24, and Sn0.88Mn0.12Sb0.16Te1.24 were used in our calculations: 6.320 Å, 

6.278 Å, and 6.239 Å, respectively.
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Modeling study on electronic transport

The single parabolic (SPB) model8

The Seebeck coefficient S:

(S1)
S =

kb

e
[
(r + 5 2)Fr + 3 2(η)

(r + 3 2)Fr + 1 2(η)
- η]

where  is the reduced chemical potential, kb is the Boltzmann constant, e is the electron 

charge, and r is the scattering factor.

The carrier concentration :𝑛𝐻

  (S2)
nH = 4π[

2m * kBT

h2
]3/2 F1 2

where m* is the effective mass of the density of states, accounting for band degeneracy, 

h is the Plank constant, and T is the absolute temperature.

The mobility H: 

(S3)
μH = μ0

F - 1/2

2F0
=

τ0e

m *

F - 1/2

2F0

where  is the relaxation time closely related to the energy in the case of acoustic 𝜏0

phonon scattering: .9 Here, Cl is a parameter determined by 
𝜏0 =

ℎ4𝐶𝑙

8 2𝜋3𝐸𝑑𝑒𝑓
2𝑚 ∗ 𝑘𝑇3/2

the combination of elastic constants,10 and Edef is a combination of deformation 

potentials for multivalley systems.11

The Hall factor A: 

(S4)
A =

3
2
F1 2(η)

F - 1 2

2F2
0

The Hall factor reflects the energy scattering mechanism and the anisotropy of the 

energy band. In the SPB model, anisotropy does not need to be considered.

The Lorenz number L:

(S5)
L =

κ2
B

e2

3F0F2 - 4F2
1

F2
0
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In the equations above the integral  is defined by𝐹𝑗

(S6)
Fj(η) =

∞

∫
0

ξjdξ

1 + e(ξ - η)

The single Kane band (SKB) model

Assuming the light band is nonparabolic and the heavy band is parabolic, the SKB 

model and SPB model are applied to the light band and heavy band, respectively. It 

should be noted that the rigid band approximation is adopted, which assumes that 

changes in carrier concentration only adjust the position of the chemical potential  and 

not the shape or position of the bands.8

As for the SKB model:4,12,13

The Seebeck coefficient S:

(S7)
S =

kB

e [F
1

1 - 2

F 0
1 - 2

- η]
The carrier concentration :𝑛𝐻

(S8)
nH =

1
3π

[
8m * kBT

h2
]3/2 F 0

3/2,0

The mobility H: 

(S9)
μH =

h4eCll

8π3m *
I (2m *

b kBT)3/2Edef
2

3F 0
1, - 2

F 0
3/2,0

Due to the anisotropy of both conduction and valence bands, the inertial effective mass 

 and the density of states effective mass m* are governed by the effective band mass 𝑚 ∗
𝐼

of a single pocket along two directions m∥* and m⊥*:14

; . (S10)m * = N2/3
V m *

b = N

2
3
V(m * 2

⊥ m * 2
∥ )1/3

m *
I = 3(

2

m *
⊥

+
1

m *
∥

) - 1

where NV is the band degeneracy (NV1=4 for the light-mass valence band, NV2=12 for 

the heavy-mass valence band of SnTe.15

The Hall factor A: 
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(S11)
A =

3K(K + 2)

(2K + 1)2

F 0
1/2, - 4F 0

3/2,0

(F 0
1, - 2)2

where K=  (K=4, assumed T independent), which reflects the anisotropy of the 𝑚 ∗
∥ /𝑚 ∗

⊥

energy band.11

The Lorenz number L:

(S12)
L = (

kB

e
)2[

F 2
1, - 2

F 0
1, - 2

- (F
1

1, - 2

F 0
1, - 2

)2] 

In the equations above the integral  is defined by𝐹 𝑙
𝑚,𝑛

(S13)
F l

m,n =
∞

∫
0
( -

∂f
∂ε)εl(ε + βε2)m[(1 + 2βε)2 + 2]1/2dε

where  ( is the band gap) is the reciprocal reduced band gap, and is the 
𝛽 =

𝑘𝐵𝑇

𝐸𝑔 𝐸𝑔 𝜀

nonparabolicity parameter.

The two valence bands (TVB) model

It should be noted that the relative positions of the Fermi level and the two valence 

bands need to be considered when using the TVB model. Specifically, the difference 

between the reduced chemical potentials corresponding to the TVB .4,13 And 
∆ =

∆𝐸
𝑘𝐵𝑇

the total electrical conductivity:

(S14)σ = σL + σΣ

The total Seebeck coefficient:

(S15)
S =

SLσL + SΣσΣ

σL + σΣ

The total Lorenz number:

(S16)
L =

LLσL + LΣσΣ

σL + σΣ

The total carrier concentration nH:
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(S17)
nH =

[bnLH + nΣH]2

ALHb2nLH + AΣHnΣH

where b=4, that is suitable for the PbTe/SnTe system.

The total Hall coefficient RH:

(S18)
RH =

σ2
LRLH + σ2

ΣRΣH

(σL + σΣ)2

The total Hall mobility :𝜇𝐻

(S19)μH = RHσ
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Debye-Callaway Model Simulation

According to the Debye-Callaway model,16,17 κl can be calculated as:

(S20)
l =

KB

22υ(KB

ħ )3
/T

∫
0

(x)
x4ex

(ex - 1)2
dx

where the integrand combined with the coefficient of the above equation represents the 

spectral lattice thermal conductivity (κs),18,19 can be given by:

(S21)
s =

kB

22υ(kB

ħ )3(x)
x4ex

(ex - 1)2

Here,  (  and  denote the transverse and longitudinal 𝑣 = 31/3(𝑣𝑙
‒ 3 + 2𝑣𝑡

‒ 3) ‒ 1/3 𝑣𝑙 𝑣𝑡

sound velocities, respectively) is the average speed of phonon, x = ħ/kBT (with ω 

denoting the phonon frequency) represents the reduced phonon frequency,  is Debye 

temperature, ħ is the reduced Planck constant, is the Boltzmann constant, and tot is 𝑘𝐵

the total relaxation time defined by Matthiessen’s equation as: 

. The phonon scattering mechanisms include 𝜏 ‒ 1
𝑡𝑜𝑡 = 𝜏 ‒ 1

𝑈 + 𝜏 ‒ 1
𝑁 + 𝜏 ‒ 1

𝑃𝐷 + 𝜏 ‒ 1
𝐷 + 𝜏 ‒ 1

𝐺𝐵

Umkalapp (U) phonon scattering, normal process (N), point defects (PD), 

nanoprecipitates (NP), dislocation (DS), and grain boundaries (GB). The respective 

phonon relaxation times are given by:

Umklapp and Normal process phonon scattering: 

(S22)
 - 1

U =
ħ22T

Mv2
e -  T

 (S23)τ - 1
N = βτ - 1

U

where  is the average atomic mass, γ is the Grüneisen parameter, and  is the ratio 𝑀

between normal process and Umklapp phonon scattering.

Point defect phonon scattering:

(S24)
 - 1

PD =
V0

42υ
4

where V0 is the average atomic volume, and  is the point defect scattering parameter. 

Disorder scattering parameter  are derived from the Slack and Abeles models,  Γ
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assuming ,20,21 where the scattering parameters  and  are due to mass Γ = Γ𝑀 + Γ𝑆 Γ𝑀 Γ𝑆

and strain field fluctuations, respectively. The mass and strain fluctuation scattering 

parameter is given by: 

(S25)

ΓM =

n

∑
i = 1

cj(M̅i M̿)2f1
if

2
i[(M

1
i - M2

i) M̅i]
2

n

∑
i = 1

ci

(S26)

ΓS =

n

∑
i = 1

cj(M̅i M̿)2f1
if

2
iε[(r1

i - r2
i) r̅i]

2

n

∑
i = 1

ci

where n, cj, , , , ,  and ε are the number of sublattice, relative degeneracies, M̅i M̿ Mk
i  rk

i fk
i

average atomic masses, average atomic mass of the compound, atomic mass of the kth 

atom of the ith sublattice, the atomic radius of the kth atom of ith sublattice, fractional 

concentrations of kth atom of the ith sublattice, and lattice inharmonic parameter, 

respectively. In particular, the mass of the Sn vacancy is estimated to be 0, and its radius 

is 0.5-0.6 times the ionic radius of Sn.

Nanoprecipitates scattering:

(S27)
 ‒ 1

𝑃 = 𝜐((2𝜋𝑅2) ‒ 1 + (4
9

𝜋𝑅2(Δ𝐷
𝐷 )2(𝜔𝑅

𝜈 )4) ‒ 1) ‒ 1𝑁𝑝

where R and D are the average radius and density of nanoprecipitates, respectively, and 

ΔD is the density difference between the precipitated phase and the matrix material, and 

NP is the density of nanoprecipitates.

Dislocation scattering: 

(S28)
 ‒ 1

𝐷 = 𝑁𝐷

𝑉0
4/3

𝜐2 3 + 0.06𝑁𝐷
2𝐵𝐷

2{1
2

+
1

24(1 ‒ 2𝑟
1 ‒ 𝑟 )2[1 + 2(𝜐𝐿

𝜐𝑇
)2]2}

where ND is the number of dislocations crossing a unit length, BD is the magnitude of 

the Burgers vector of the dislocation, and r is the Poisson's ratio.

Grain boundary scattering:
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(S29)
 ‒ 1

𝐺𝐵 =
𝑣𝑠

𝑙

where vs is the average sound velocity, and l is the average grain size in the material.
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Prediction of conversion efficiency

Based on the Seebeck effect, when there is a temperature difference ΔT=Th-Tc between 

the upper and lower ends of the thermoelectric device at Th and Tc, the open circuit 

voltage Voc generated in the circuit is given by:

(S30)

𝑉𝑜𝑐 =

𝑇ℎ

∫
𝑇𝑐

𝑆𝑝𝑛(𝑇)𝑑𝑇 = 𝑆𝑝𝑛(𝑇)(𝑇ℎ ‒ 𝑇𝑐)

where Spn is the average Seebeck coefficient of a pair of p/n-materials, estimated as Sp-

Sn.22

Ignoring the surface effects of each unit of the device, the internal resistance Rin of the 

device can be approximated as the sum of the resistance values of the thermoelectric 

materials:

(S31)
𝑅 = 𝑁(𝑅𝑝 + 𝑅𝑛) = 𝑁(

𝐻

∫
0

𝜌𝑝(𝑇)

𝐴𝑃
𝑑𝑥 +

𝐻

∫
0

𝜌𝑛(𝑇)

𝐴𝑛
𝑑𝑥)

where N is the number of couples, H is the height of the thermoelectric legs, Ap is the 

cross-sectional area of the p-type leg, An is cross-sectional area of the n-type leg, ρp is 

the resistivity of the p-type material, and ρn is the resistivity of the n-type material.

Assuming the device load resistance Rout, the effective output voltage Vout and loop 

current of the device are respectively:

 (S32)
𝑉𝑜𝑢𝑡 =

𝑉𝑜𝑐

𝑅 + 𝑅𝑜𝑢𝑡
𝑅𝑜𝑢𝑡

 (S33)
𝐼 =

𝑉𝑜𝑐

𝑅 + 𝑅𝑜𝑢𝑡

The output power P is given by:

 (S34)
𝑃 = 𝑉𝑜𝑢𝑡𝐼 =

𝑆 2
𝑝𝑛(𝑇)(𝑇ℎ ‒ 𝑇𝑐)2𝑅𝑜𝑢𝑡

(𝑅 + 𝑅𝑜𝑢𝑡)
2

The maximum output power Pmax occurs when the internal resistance of the 

thermoelectric device equals the resistance of the load:

 (S35)
𝑃𝑚𝑎𝑥 =

𝑆 2
𝑝𝑛(𝑇ℎ ‒ 𝑇𝑐)2

4𝑅
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The open-circuit heat-flow Qoc of the module is:

 (S36)
𝑄𝑜𝑐 = 𝑁(

𝐴𝑃

𝐻
�̅�𝑝 +

𝐴𝑛

𝐻
�̅�𝑛)Δ𝑇

where κp and κn are the average thermal conductivity of the p-type and n-type materials, 

respectively.

The input heat at the hot-side Qin of the module is:

(S37)
𝑄𝑖𝑛 = 𝑄𝑜𝑐 ‒

𝑅𝑜𝑢𝑡𝐼
2 + 𝑁(𝛽𝑝 ‒ 𝛽𝑛)𝑇ℎ𝐼

2
+ 𝑁[𝑆𝑝(𝑇ℎ) ‒ 𝑆𝑛(𝑇ℎ)]𝑇ℎ𝐼

(S38)
𝛽𝑝 =

𝑇𝑐

𝑇ℎ
[�̅�𝑝 ‒ 𝑆𝑝(𝑇𝑐)] + [𝑆𝑝(𝑇ℎ) ‒ �̅�𝑝]

(S39)
𝛽𝑛 =

𝑇𝑐

𝑇ℎ
[𝑆𝑛(𝑇𝑐) ‒ �̅�𝑛] + [�̅�𝑛 ‒ 𝑆𝑛(𝑇ℎ)]

where βp and βn are the combined coefficient of p-type and n-type materials, 

respectively. The conversion efficiency η of the module can be estimated by: 

 (S40)
𝜂 =

𝑃
𝑄𝑖𝑛
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Supplementary Figures

Fig. S1 Powder XRD patterns for (a) Sn1-xMnxSb0.16Te1.24 and (c) Sn0.88Mn0.12Sb0.16Te1.24+ySn, with 

an enlarged view of the (200) Bragg peak showing the shift. Variation of the lattice parameter a 

with doping levels (b) x and (d) y.
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Fig. S2 Fracture SEM images and corresponding EDS elemental mappings of (a) 

Sn0.88Mn0.12Sb0.16Te1.24 and (b) Sn0.88Mn0.12Sb0.16Te1.24+0.05Sn.
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Fig. S3 Atomic resolution HADDF-STEM images of the uniform matrix for (a) 

Sn0.88Mn0.12Sb0.16Te1.24 and (b) Sn0.88Mn0.12Sb0.16Te1.24+0.05Sn. The insets show selected area 

electron diffraction (SAED) patterns of the corresponding regions.
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Fig. S4 Densed dislocations were uniformly distributed throughout the Sn0.88Mn0.12Sb0.16Te1.24 
sample. 
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Fig. S5 HAADF-STEM images and corresponding EDS mapping of representative nanoprecipitates 

on the grain boundaries of the Sn0.88Mn0.12Sb0.16Te1.24+0.05Sn sample.
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Fig. S6 HAADF-STEM image and corresponding EDS mapping of representative nanoprecipitates 

in the matrix of the Sn0.88Mn0.12Sb0.16Te1.24 sample.
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Fig. S7 (a) High-magnification HAADF-STEM image showing dense dislocations. (b–e) EDS 

mappings taken from (a).
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Fig. S8 Atomic resolution HAADF-STEM images showing the disappearance region of dislocation 

lines under (a) [110] and (c) [111] orientations, with the projected Burgers vector of the dislocation 

obtained by drawing the Burgers loop. (b, d) Two-dimensional projected Burgers vector of the [100] 

orientation corresponding to the three-dimensional 1/2[110] direction in space.
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Fig. S9 (a) High-resolution HADDF-STEM image of a typical edge dislocation, and (b) 

corresponding GPA strain analysis.
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Fig. S10 (a) Temperature-dependent electrical conductivity , (b) Seebeck coefficient S for Sn1-

xMnxSb0.16Te1.24 (x=0-0.15) samples.
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Fig. S11 Band structures and projected density of states (DOS) for (a, d) SnTe, (b, e) SnSb0.16Te1.24, 
and (c, f) Sn0.88Mn0.12Sb0.16Te1.24, calculated using the KKR-CPA method.
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Fig. S12 (a) Temperature-dependent Carrier concentration nH, (b) Hall mobility H and (c) Hall 

coefficient RH for Sn1-xMnxSb0.16Te1.24 (x=0-0.15) samples.
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Fig. S13 (a) Temperature-dependent electrical conductivity , (b) Seebeck coefficient S, (c) Power 

factor PF, (d) Carrier concentration nH, (e) Hall mobility H and (f) Hall coefficient RH for 

Sn0.88Mn0.12Sb0.16Te1.24+ySn (y=0-0.08) samples.
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Fig. S14 Temperature-dependent (a) Lorenz number L, (b) electronic thermal conductivity e, (c) 

total thermal conductivity , and (d) lattice thermal conductivity l for Sn1-xMnxSb0.16Te1.24 (x=0-

0.15) samples.
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Fig. S15 Temperature-dependent (a) Lorenz number L, (b) electronic thermal conductivity e, (c) 

total thermal conductivity , and (d) lattice thermal conductivity l for Sn0.88Mn0.12Sb0.16Te1.24+ySn 

(y=0-0.08) samples.
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Fig. S16 Comparison of the exceptionally low thermal conductivity l in this work with previously 
reported SnTe materials.23-33
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Fig. S17 Infrared absorption spectra of SnTe, Sn0.88Mn0.12Sb0.16Te1.24, and 

Sn0.88Mn0.12Sb0.16Te1.24+0.05Sn.
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Fig. S18 Temperature-dependent figure of merit (a) zT and (b) average zTavg for Sn1-xMnxSb0.16Te1.24 

(x=0-0.15) samples.
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Fig. S19 Temperature-dependent figure of merit (a) zT and (b) average zTavg for 

Sn0.88Mn0.12Sb0.16Te1.24+ySn (y=0-0.08) samples.
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Fig. S20 Temperature-dependent zT in comparison with other reported SnTe materials.29,31-33
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Fig. S21 Vickers hardness HV of this work and comparison with other common thermoelectric 
candidates.34



S-33

Fig. S22 (a) Temperature-dependent electrical conductivity σ, (b) Seebeck coefficient S, (c) total 

thermal conductivity , and (d) thermoelectric figure of merit zT for n-type PbSe and p-type SnTe 

materials.
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Fig. S23 (a) Cross-sectional area ratio of the p/n legs at the same height, and (b) optimal device 

thermoelectric figure of merit ZTopt as a function of temperature for SnTe-PbSe-based 

thermoelectric materials.
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Fig. S24 (a) Temperature profile and (b) closed circuit voltages V of 7 pairs of p-type SnTe and n-

type PbSe-based thermoelectric modules simulated by COMSOL. The cold end temperature of the 

thermoelectric module is 300 K, and the hot end temperature is 850 K, respectively.
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Fig. S25 Typical SEM images and EDS spectra of (a, c) Ag/SnTe and (b, d) Cu/SnTe interfaces 

after vacuum annealing at 850 K for 72 hours, including surface and line scans.
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Fig. S26 SEM images and EDS mapping results of the interfaces between SnTe and eight types of 

metals after aging at 850 K for 72 hours: (a) Ti, (b) V, (c) Cr, (d) Co, (e) Ni, (f) Zr, (g) Nb, and (h) 

Mo.
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Fig. S27 EDS line scanning (along the direction indicated by the yellow solid line) of the reaction 

interfaces in the SnTe matrix after aging at 850 K for 72 hours: (a) Ti, (b) V, (c) Cr, (d) Co, (e) Ni, 

(f) Zr, (g) Nb, and (h) Mo.
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Fig. S28 Maximum output power of the module as a function of the temperature difference for p-

SnTe/n-PbSe thermoelectric modules, along with a comparison to theoretical predictions.
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Fig. S29 Heat flow of the p-SnTe/n-PbSe thermoelectric module as a function of loop current.
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Fig. S30 Continuous measurement of the SnTe-based module at a temperature difference 

(T) of 461 K.
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Supplementary tables
Table S1 Density of Sn0.88Mn0.12Sb0.16Te1.24 and Sn0.88Mn0.12Sb0.16Te1.24+0.05Sn 

samples in this work.

Composition
Measured density 

(g cm-3)
Relative density 

(%)
SnSb0.16Te1.24 6.257 97.491%

Sn0.97Mn0.03Sb0.16Te1.24 6.377 99.361%
Sn0.94Mn 0.06Sb0.16Te1.24 6.370 99.252%
Sn0.91Mn 0.09Sb0.16Te1.24 6.331 98.644%
Sn0.88Mn 0.12Sb0.16Te1.24 6.33 98.629%
Sn0.85Mn 0.15 Sb0.16Te1.24 6.256 97.476%

Sn0.88Mn 0.12Sb0.16Te1.24+0.01Sn 6.252 97.414%
Sn0.88Mn 0.12Sb0.16Te1.24+0.02Sn 6.221 96.931%
Sn0.88Mn 0.12Sb0.16Te1.24+0.03Sn 6.240 97.227%
Sn0.88Mn 0.12Sb0.16Te1.24+0.04Sn 6.241 97.242%
Sn0.88Mn 0.12Sb0.16Te1.24+0.05Sn 6.230 97.071%
Sn0.88Mn 0.12Sb0.16Te1.24+0.06Sn 6.231 97.086%
Sn0.88Mn 0.12Sb0.16Te1.24+0.07Sn 6.230 97.071%
Sn0.88Mn 0.12Sb0.16Te1.24+0.08Sn 6.251 97.398%
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Table S2 Parameters used to calculate carrier transport of SnTe based on the two 

band model.

Paramaters Values

Combination of elastic constants Cl (Pa) 5.8×1010 

Ratio of the longitudinal to transverse band effective mass KL 4 4

Ratio of the longitudinal to transverse band effective mass K 1 4

Band gap Eg (eV) 0.054+4.2×10-4T 35

Energy offset ΔE (eV)

Band effective mass of VL  (m0)𝑚 ∗
𝑏

Band effective mass of V  (m0)𝑚 ∗
𝑏

Deformation potential of VL Edef (eV)

Deformation potential of V Edef (eV)

0.45-2.5×10-4T 8

𝑒
𝑙𝑔0.17 + 0.5𝑙𝑔

𝑇
300

1.92

35 (this work)

25 (this work)

Light valence Band degeneracy NL 4

heavy valence Band degeneracy N 15
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Table S3 Parameters adopted in the Debye-Callaway model simulation.

Parameters Values

Longitudinal sound velocity  (m s-1) 𝜐𝐿 317136

Transverse sound velocity  (m s-1) 𝜐𝑇 122036

Sound velocity v (m s-1) 1967

Atomic mass Sn (kg) 1.97×10-25

Atomic mass Te (kg) 2.12×10-25

Atomic mass Sb (kg) 2.02×10-25

Atomic mass Mn (kg) 9.13×10-26

Atomic mass vacancy (kg) 0
Ionic radius Sn (Å) 0.93
Ionic radius Te (Å) 2.11
Ionic radius Sb (Å) 0.76
Ionic radius Mn (Å) 0.81

Ionic radius vacancy (Å)
50%
 𝑟

𝑆𝑛2 +

Grüneisen parameter γ 2.219,37,38

Point defect scattering parameters Γ (fitted)

Temperature-dependent ratio of normal phonon scattering to Umklapp scattering 𝛽 2.3 (fitted)
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Table S4 Physical and chemical properties of Ti, V, Cr, Co, Ni, Zr, Nb, and Mo.

Metal Ti V Cr Co Ni Zr Nb Mo

Melting 

point (℃)
1668 1910

190

7
1495 1455 1855 2477

262

3

Resistivity 
(Ω·m) 6.5×10-7

20.4

5
12.9 6.24×10-8 6.84×10-6 1.25×10-7 1.6×10-7 5.6

Thermal 
conductivity 
(Wm-1K-1)

14.63 0.30
7 0.94 0.01 90 16.5 0.537 138

Coefficient 
of expansion 
(×10-6 K-1)

10.8 4.8 6.2 6.8 13 3.6 4.1 5.2
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