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Microphotos of NbS3 in TEM

The samples were grown from the vapor phase by direct reaction of Nb and S in mole 

ratio 1:3 with a 10% excess of sulfur. The growth continued for two weeks in a quartz 

tube at T between 665 and 740 C in a temperature gradient ~50 C over the tube length 

(20 cm)

A 3m-long bridge,     

an AFM image



1. Introduction

a ) NbS3 I,II, …..?????.

b) Still more variety, if defects are considered. Stacking 

faults.

c) CDWs-1,2,3.

3. Shapiro steps (ShSs), what they give? 

4. CDW-1: common features of CDWs, utmost 

characteristics. ShSs up to 20 GHz. Bessel-type 

oscillations. Synchronization of fluctuations near TP1. Phase 

slippage.

5. CDW-0: high density, but low mobility. T dependences 

of ??

6. CDW-2: extremely low density and high mobility. 

7. Discussion. What the 3 CDWs form from? The nature of 

CDW-2.

8. Announcement of a poster “CDWs UNDER STATIC 

AND DYNAMIC DEFORMATION OF WHISKERS ” 

/M.V. Nikitin/. 
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Phase II

a = 9.9 Å , b = 3.4 Å , c = 18.3 Å

- A combination of 4 units of 

phase I (without dimerization)

a = 4.963 Å, b = 2 × 3.365 Å, 

c = 9.144 Å

Phase I

Structure and superstructure

But…We barely figured out phase II, as a family 

of new polymorphs were announced



RT TEM revealed only one of the two superstructures existing in 

NbS-II with the period close to b/0.352. In addition, a new 

incommensurate distortion with the period close to 2b is observed.

It was only an illusion of systematization

“We were able to locate seven different 

polymorphs with a fully optimized structure.”
“NbS3-VI contains corrugated chains with paired Nb–Nb 

and uniform chains with unpaired, equidistant Nb centers.”

Following Mark Senn we were close to exclaim:

“Welcome to the ZOO!”  + defects..



A recent TEM image in ac plane ( to chains)



The basic properties of NbS3-II

The 3 CDW transitions

R vs. T dependence (data for a low-Ohmic

whisker; dashed line – high-Ohmic). 

TP0=470 K, TP1=360K, TP2=150K

The high-T points were obtained in an Ar flow

TP2 is seen in the low-

Ohmic samples only. 

TEMs show no distortions

All the 3 CDWs can slide

S.G. Zybtsev et al., Journal of Alloys 

and Compounds 854, 157098 (2021)

Z.Z. Wang et al., P. Monceau, H. Salva, 

C. Roucau, L. Guemas, A. Meerschaut, Phys.

Rev. B 40 (1989) 11589.

e-diffraction



The basic properties of NbS3-II

Two CDWs at room Т. RT I-V curves

q1 = (0.5a*, 0.298b*, 0)

q0 = (0.5a*, 0.352b*, 0)
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What is the profit from the Shapiro steps?

0) CDW velocity, its coherence

1) From jCDW/f (= 18 A/MHz/cm2 for NbS3) one can find n:

n= (jCDW/f)/(e)

2) From (T) one can find δ and, thus,  (just above TP):

 = δ/en =  δs /(jCDW/f),

or

= L(f/ICDW) δ.

3) Also  of a CDW !
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For orthorhombic TaS3 with δs 2.5103 (Ωcm)-1, jCDW/f

=38 A/cm2/MHz and  =13 Å, =8.5 cm2/Vs, in agreement with Hall

mobility at 300 K.

For K0.3MoO3 for the 21 m-length sample ICDW/f=1.610-12A/Hz

and δ=3.410-3 Ω-1. With =30Å we get =1.31 cm2/Vs. For

T=158 K the Hall mobility 1.18 cm2/Vs can be found.



ShSs of CDW-1 – common features of CDWs.

Oscillations of ShS’s magnitudes.

VRF=0

VRF=887mV

T=300 K

f=75MHz

Illustrations of the effects of rf voltage on Vt

(a), (b) and δV1 (c). (a) corresponds to the first 

minimum of Vt , (b) to the second, and (c) 

corresponds to the first minimum of δV1.



ShSs of CDW-1 – common features of CDWs.

ShS’s at T TP .

A set of d(V) curves at different T under 

irradiation at f=800 MHz for a NbS3

sample. TP1=367 K.
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(closed circles) and 

visually. The slope 

corresponds to 

W=11000 K.

We synchronized CDW fluctuations and found their characteristic time vs. T !

ICDW/fk vs ff, at selected 

temperatures. k is the 

harmonic. – f=50 MHz, 

 – f=80 MHz,  –

f=400 MHz, ◊ – f=800 

MHz. The broken lines 

approximate the 

dependencies as A+B 

arctan(f/f0).

315 K



σd vs ICDW under RF 400 MHz 

(a) 297K: CDW-1 is sliding. (18 

A/MHz/cm2) and

(b) 122 K: CDW-2 is sliding. 

170 μm x 0.2 μm2

122K

297K

Sliding of CDW-0 and CDW-2.

Confronting CDWs at the same samples.

The closed signs correspond to 

measurements under f = 50 MHz, the 

open signs – without irradiation. 

297K: CDW-1 is sliding. 

381K: CDW-0 is sliding. 

17 m  0.013 m2. 

2e/cell (1 chain)

2e/600/cell (1/600 chain)



Densities and mobilities of CDW-0,1,2.

For CDWs 0,1,2:   n0:n1:n2 ~ (1.5-2.5) :    1   :  (1/3-1/1000) (chains / unit cell)

Quasiparticles’  :    0:1:2 =  0.05     :   0.6 :         3             (in cm2/Vs)

And  of CDWs ??

CDW-0:
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A still stronger assumption: (T) follows qp(T)??

And CDW (T) follows qp(T)??

On the origin of CDW-0,1: what is condensing therein?

CDW-0

Hopping CDW ??



Still more variety, if defects are considered

c

b

c    

A TEM image of a NbS3-II 

sample in the bc plane, obtained 

in JEM-2100. The fragment 

processed in the Digital 

Micrograph program is 

superimposed in the lower right 

part of the image. A SF is visible 

in this area: the red arrow shows 

the extra layer.

On the origin of CDW-2: stacking faults?
 

 
Фрагмент изображения NbS3 в плоскости bс (направление цепочек 

соответствует оси b) при T=160 K, - выше TP2. Виден дефект упаковки, 

содержащий 5 цепочек вместо 4-х. На всех цепочках, кроме области дефекта, 

видна модуляция электронной плотности, связанная с ВЗП-0 и ВЗП-1.  

 
Фрагмент изображения NbS3 в плоскости bс при T=140 K, - ниже TP2. Виден 

дефект упаковки, содержащий 5 цепочек вместо 4-х. На всех цепочках видна 

модуляция электронной плотности, связанная с ВЗП-0 и ВЗП-1. В области 

дефекта видна ВЗП с периодом около 2b (возможно, 2.2 b). 

 60 Å  

 60 Å  

An STM image in the bc plain. T=160 K, above TP2. 

CDW- 0 and CDW-1 are seen. The stacking fault is without 

CDW          

The same at T=140 K, below TP2. The stacking fault shows 

superstructure with 2b (or 2.2b)          



The conclusions.

1. NbS3 crystallizes in a number of polytypes, and phase II is reproducible 

with certain reservations.

2. NbS3-II shows 3 CDWs, which can slide.

3. CDW-1 reveals common features of sliding CDWs:  

-ShSs up to 20 GHz. 

-The oscillations of ShS magnitudes are periodic in CDW travel in t=1/(2f).

-ShSs are observed up to TP1. Time of fluctuations can be found.

4. ShSs allow estimation of charge density of a CDW. Knowing δ at TP

one can estimate the mobilities of a CDW and its quasiparticles.

5. For all the 3 CDWs (E )  qp.

6. For CDW 2,1,0:  n2:n1:n0 ~ (1/3-1/1000) :  1   :  2,

2:1:0 =        3            :  0.6: 0.05 (in cm2/Vs).

7. CDW-2 is seen on the low-Ohmic, S deficient, samples. It is likely, that 

CDW-2 are 2D formations on the stacking faults.

8. CDW-0 seems to form from hopping holes. Also hopping?
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1. NbS3 crystallizes in a number of polytypes, and phase II is reproducible 

with certain reservations.

2. NbS3-II shows 3 CDWs, which can slide.

3. CDW-1 reveals common features of sliding CDWs:  

-ShSs up to 20 GHz. 

-The oscillations of ShS magnitudes are periodic in CDW travel in t=1/(2f).

-ShSs are observed up to TP1. Time of fluctuations can be found.

4. ShSs allow estimation of charge density of a CDW. Knowing δ at TP

one can estimate the mobilities of a CDW and its quasiparticles.

5. For all the 3 CDWs (E )  qp.

6. For CDW 2,1,0:  n2:n1:n0 ~ (1/3-1/1000) :  1   :  2,

2:1:0 =        3            :  0.6: 0.05 (in cm2/Vs).

7. CDW-2 is seen on the low-Ohmic, S deficient, samples. It is likely, that 

CDW-2 are 2D formations on the stacking faults.

8. CDW-0 seems to form from hopping holes. Also hopping?

+ “hidden” questions:

- high-E limit of CDW conductions

- distribution of CDW between chains



Announcement of a poster 

“CDWs UNDER STATIC AND DYNAMIC 

DEFORMATION OF WHISKERS ” /M.V. Nikitin/. 
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Examples of the correlation between 

CDW (E ) and qp. TaS3 – o and m

Normalized to (300 K) (E) curves at different T

for m- (left) and o-TaS3 (right) (из [Itkis et al., 

J.Phys.Cond. Mat. 2 (1990) 8327]).

J. Bardeen, Mol. Cryst. Liq. Cryst. 81 (1982) 1.

L.P. Gorkov and N.N. Dolgov, Zh. Eksp. Teor. Fiz. 77 (1979) 396 

[Sov. Phys. JETP 50 (1979) 203].

Bardeen-Stephen : R~R0 ζ
2 nf

[J. Bardeen, M. Stephen. Phys. Rev. 136, A1485 (1964).].




