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%2 25CF CrN B AL T AHRRUNAH p

Table.2 Inter-atomic correlation effect values (i) for various atomic neighbors in CrN at 25 C.

r (A) z U
Cr-N 2.0687 6 0.71
Cr-Cr 2.9256 12 0.56
Cr-N 3.5831 8 0.49
Cr-Cr 4.1374 6 0.41
Cr-N 4.6275 24 0.32
N-Cr 2.0687 6 0.71
N-N 2.9256 12 0.56
N-Cr 3.5831 8 0.49
N-N 4.1374 6 0.41
N-Cr 4.6275 24 0.32

# 3 600°C T~ CrN FZIT 4R R T AR R NAH u

Table.3 Inter-atomic correlation effect values (i) for various atomic neighbors in CrN at 600°C.

riA z U

Cr-N 2.0732 6 0.71
Cr-Cr 2.9320 12 0.55
Cr-N 3.5910 8 0.48
Cr-Cr 4.1465 6 0.40
Cr-N 4.6359 24 0.31
N-Cr 2.0732 6 0.71
N-N 2.9320 12 0.55
N-Cr 3.5910 8 0.48
N-N 4.1465 6 0.40
N-Cr 4.6359 24 0.31
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K 25 "C T BB TR AR R BUNARL po AN BT AR B0 2% 17 R PR E 7 BELARN
Ry A (1)
8r°KT .

@3B, + B )(L- )
THHEAE BT AR R T8 15 8 o, TNER 4 Fios. Hodr k ARG 8 W& . 25°C

(11)

R T HIREh & 1 R PR EE N BN Be,=0.576 A%, By=1.674 A%, WK, JR
FIEIIEH o ik 2B, (55 20 48RF Cr-Cr [H 1 Hk T4 1 148 JH
F Cr-N [ /385, /NT55 33 AREF N-Cr [ /1% % 58 4 IE48JET Cr-Cr [A] /)
WHORT 58 3 1L AR R 5 Cr-N [A] )8, /T3 5 I AR5 N-Cr [8] /)% £ XUt
W 7 18) AN S IR TR A %, 5 R 7K. ARKNETFAEGS
AR R AL o, X e B e . S AT IS5 28 & ANHH ]
AN TRl 2 5 PR I ) 08 BT AE S 35 X0l

4 25CT CrN S SR T AH R BN o AR 8] S H AL o
Table.4 The nearest-neighbor correlation effect values (1) and interatomic force constant («)
for CrN at 25°C.

r(A) 1 a(eVIAY
Cr-N 2.0687 0.71 0.745
Cr-Cr 2.9256 0.56 0.788
Cr-N 3.5831 0.49 0.292
Cr-Cr 41374 0.41 0.430
Cr-N 4.6275 0.32 0.143
N-Cr 2.0687 0.71 0.745
N-N 2.9256 0.56 0.257
N-Cr 3.5831 0.49 0.292
N-N 4.1374 0.41 0.140

19



N-Cr 4.6275 0.32 0.143

FN(AD)FE 2 - T AUHE S A9 /0 H B SR A 2. 600 °C 24%3E CrN >
FRRHIEIR I, JR T RIRSNIERE LB K, FE R e TER, Soho ik
R RSB TEH . Bk, ES iRt T, 75N I 2 ISR H A
P55 R DA B I FEE A 1 0 3 B S

4 4w

CrN ¥y KAE 25 ‘C-600 CURIEE HI N, di AL/ K A3, JRILTT i R
2% [B)#E N Fm-3m(No0.225). #&F-7F 25 “CH1 600 ‘Ci/E N X fifhtsei, % CrN
(RIS O SR B BEAT R . AR, AR B S 2RI T Cr i T
MALIRS), ZRET Cr TR TFEORNT N R T, R R8R, Hrx
ST, HUR X SHZRIRE TR T RGBS BRI S S B T
MR ¥ 000 52 565 5 I 4B 51 1B) Cr-N FIAHORRURE, 3X 2 158 5 1L 4B J5 - I Be Ay 0
K, N2ANET . ZJEld W EiEiH &, 15 25 C R EIEMIR T 25 5 IT4RJ5
TR A SR RNAR e fK VKA 0.71, 0.56, 0.49, 0.41, 0.32. {EptEEAE -, 4347 600 C
T CrN POUBHUN AL, KUBEER T, IS HUN A R, HIRR
J5 - FAIR BN H K, AR I B T AR R AR B AR A, T (R DG U TE A8 A
HESH T 25 CF R 48 IR F 4558 5 U 485117 /7% $ o 7y 0.745.0.788..0.292,
0.430 Fi1 0.143 eV/IA?, FHAJE-FI J)H BN S R -FIRFE AT 5%, 5 R 7Rk
Ko XL AR B A (L HOC R LU RN SR AL T AT S22, 2 7 8

P B 5 R S P JSORT R S P o ) B B PR A
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Interatomic Thermal Vibration Correlation Effect of CrN at
Different Temperatures

Xianglian"" Cheng Jia-Ling" Wang Rui-Gang? Sun Yong" Liang Zhi-Hui”Bao Gui-zhi Sachu

Ronggui®
1) (College of Physics and Electronic Information, Inner Mongolia Minzu University, Tongliao,
Inner Mongolia 028043, China)

2) (Naiman Banner No. 1 Middle School, Tongliao, Inner Mongolia 028300, China )
Abstract

When analyzing the crystal structure through diffraction experiments,
the thermal diffuse scattering intensity is often deducted as the
background. However, when studying the thermal properties of materials,
this part of strength can not be ignored. It contains important information
of atomic thermal vibration and lattice dynamics. Chromium nitride (CrN)
material, a material possessing distinctive physicochemical properties,
has garnered considerable attention in recent years, accompanied by a
continuous stream of theoretical and experimental investigations. X-ray

diffraction (XRD) experiments were performed on CrN powders at 25°C
and 600°C, and the TDS intensity was found to display remarkable

oscillatory features. Through fitting theoretical predictions to
experimental data, it is revealed that the TDS intensity of CrN is
predominantly contributed by the independent thermal vibrations of Cr

atoms. The significant contribution to its wave shape is that thermal
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vibration correlation effect for the 5th nearest-neighbor atomic.

At 25°C, the interatomic thermal vibration correlation coefficients u
for the 1st to 5th nearest-neighbor atomic pairs are determined to be 0.71,
0.56, 0.49, 0.41 and 0.32, respectively. The interatomic force constants o
are calculated to be 0.745, 0.788, 0.292, 0.430 and 0.143 eV/A=2which
show an overall decreasing trend with increasing interatomic distance r
and are also dependent on the atomic species. In addition, the TDS
intensity of CrN increases significantly at 600°C, because the increased
temperature leads to enhanced atomic thermal vibration. It is worth
noting that the correlation coefficient x of thermal vibration between
atoms remains almost unchanged relative to their values at 25°C.These
findings provide necessary quantitative parameters for studying the
thermodynamic properties of materials, and lay a solid foundation for the
subsequent calculation of the relationship between specific heat capacity

and phonon dispersion.
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