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Fig. 1. The crystal structure and electron localization function (ELF) of Bi,Ruly: (a) The crystal structure models; (b) and (c) are

the slices of the ELF cutting through the [001] planes of the halide-bridged Bi, square and bare Bi, square, [110] plane along the

Ru-Ru chain in the center of the 1D nanotube.
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Fig. 2. (a) The phonon dispersion relations and (b) the lattice thermal conductivity as a function of temperature. The circles in

a
panel (a) indicate the avoided crossing of the longitudinal acoustic mode with the flat optical mode.

DTk, A2, @G U504 i i i
) Ru JEFoimk. & 2(b) 451 T A& S A 300
F 800 K I & Ju N 1y 224k, w] LLUE I, BiyRul,
14 it A R AR T IR B BRR  BE, JT IR LEAE 1/ T
B, X I Y EEEUR LS Umklapp i3
FE BT e Ah, FEIREE A 300 K A, WY EE A FAE iy 7
[ FY) i A% B R AU 0.349 A1 1.851 W/mK, 7
800 K Hhift—EFMK 2 0.131 F10.714 W/mK. 4%
1 A% AT 3 5 SO B B Z T R
KL SnSe (0.77 W/mK )P, CuySe (0.15 W/mK )P
1 NayAgSb (0.36 W /mK)10l A1 Y | 21k 25 it — 2
R BiyRul, K IR ST 1 LM e

s R ke AT DLRIR AT TR N
DTRRZ N, Hog SCh: kL = %Zk Chvimy 4142 3
H VOREIEIARTR, Ox BN, ox A TR,
T N IR EL. O T B o — AR BiRul,
BAR AR AT R AT AR R I, i — 20 o M TR
PR R A 1A AR 3(a) B, K R LB
INYEE T RE . HAE 2—4.5 THz 18 Bl N 2%
SCHEBUEEAER /D, X 5K 2(a) VA 5 G HL
KRB WM, SRR 5= R H 2
4 0.25 km/s, /NF— S8 PR RRAE R A IR AL RL, 40
PbTel*, Bi,Tes*! Fl T1BiSe, . 7 ik H i BLHY
ARATO G2 3 S G P 2 S 2 [Tk G g S (K] 2(a)
Hh A 2 (2[5 P8 AR A R 2R ) 2 3475 1
sty NI IS I (R TP e s 2 Nk 5 3
(i) 8 e B A8 U757 2 5 i 2 PR Ak, R e A%
J 5 ARV B, DT )™ 5 BHL A A0 2 101, k4,
2R R F IR A S s g e ], e ROt

Y HOSFHE 2R 3 ps(E 3(b)), M BiRul,
LA 5 1 it R I TR 0 T e 0 A I A A B
F UL GnlE] 3(c) B, TERTE A I3 T
FEMRIEAR TRy A HE AR R, TR RS
M KAHIRE] 4.37. WAk, v B2 1.61, X
SR 2RSS AR RS AR AR A >, B
41 NaSbTey(1.6)P%, BiyTes(1.4)1 F1 SnSe(2.3)02.
FAh, 7E 300—800 K (iR JE VLI, R T 88w
£ (ADP) WIHEZ R RV, I(Ru) 5175V 7
T R SRR R (B ) (] 3(d)). s A
N FYORE L Ru T2 T8 R R Ak, 30
H ADP /NF I #l Bi Jii . #h s LA ST (online)
2 T AR BRSO S - (AR Y
653 Ty BRI ARG 75 - 1) B94R3h
RS, PR T LR VA R (R R 2
IRIFHK, RuBETFH/h, BiJEF . 1b4h, Bi i
T BBl B9 - LAl ELF BT s 1 52 2= 54
TAEH (F 1(b)FME 1 (c)), 5% Bi,Rul, &
H R B AR R 19035, DRI, B A ) R A TR
FME—ERPRL Bi,Rul, B BACARME s # 5:R
AIRRAS i A

F—J M, E—ZER R BiRul, A5G R
TP BRI 5 1) S, A ED ) AR A R A1
THENTT AL, g 1 A% 1] S 1 s A S R i R
U8, FhFEREHA S2 (online) 45 T W Bk H] F4E
D7 ] B - REER . W LA B, B RS R B
SNFEEN T ). AR, TR EE ] ) SR AR
25.26 GPa, Bl & /NF4EPN 710/ 70.53 GPa. 514
S P 1 R R R A D i () 55 1) Y T B
HA A EAE, DA K N B0 i B 5 A A A

080806-4


https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251736
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251736
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 8 (2026)

080806

1.2

(a) °ZA
s TA
~ 1.0f o LA
"{: » Optical [
£ o3 &
5 %
R . ¥
g 0.6 i'j
o) §
>
n 0.4 i b %
5 K
£ .
O 0.2 i £
. ot

-
% \ -
g
<
-
]
[
=}
2
2
=]
2
0] ° ZA
» TA
* LA
» Optical
3 4 5 6 7 8

Frequency/THz

10 kb) v zA
* TA
s LA
2 » Optical s &
£ P %
@ ?
: ?a
pe) e
g g‘a ’?%
g 10 ] i
< d W
5 %
3 |3 %
SRR\ L3 g
| % !
SR
0 1 2 3 4 5 6 7 8
Frequency/THz
42 L(d) —— Bi
—o— Ru
36 | —— 1
& 30}
& 24t
—
<
A 18+
=
12 +
6 ’%
0 : . . .

300 400 500 600 700 800
Temperature/K

K3 TR 300 K W, (a) #E—4ER R BiyRul, BREHEUEE | (b) BRI TR]H (c) A% AR CIC AR 3 B T R A2 4L s (d) T

4 (ADP) B2 1) A2 1k

Fig. 3. (a) The group velocity, (b) relaxation time, and (c) Griineisen parameter as a function of phonon frequency at 300 K of

quasi-1D Bi,Ruly; (d) the atomic displacement parameters (ADP) as a function of temperature.
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Table 2.  The optimized ZT values and the corresponding transport coefficients of the quasi-1D Bi,Rul, at 800 K.
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Abstract

The quasi-one-dimensional (quasi-1D) materials serve as an excellent platform to realize ultra-low lattice

thermal conductivity for thermoelectric applications, attributed to their reduced dimensionality and weak

interchain van der Waals (vdW) interactions. Herein, utilizing first-principles calculations and Boltzmann

transport theory, we explore the thermoelectric transport properties of the quasi-1D BiyRuly. Our calculation
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results indicate that Bi;Rul, exhibits extraordinarily low intrinsic interchain and intrachain lattice thermal
conductivity of 0.349 and 1.851 (0.131 and 0.714) W/mK at 300 (800) K, respectively. The damped thermal
transport properties originate from the low phonon group velocity and large lattice anharmonicity due to the
heavy component elements, complex crystal structure, avoided-crossing effects, lone-pair electrons, and bonding
hierarchy. Notably, the lattice thermal conductivity exhibits pronounced anisotropy, which is obviously smaller
along the interchain direction than that along the intrachain direction due to the weaker vdW interactions
between the 1D covalent chains. Furthermore, Bi,Rul, achieves high figure-of-merit (ZT) values due to the high
power-factor and low lattice thermal conductivity, which reaches maximum values of about 1.59 and 2.54 at

800 K along the interchain and intrachain directions by n-type carrier doping. These findings establish quasi-1D

BiyRul, as a promising candidate for high-performance low-dimensional thermoelectric materials.
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