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Molecular Dynamics Simulation of the Spin Transition Temperature
in a Two Dimensional Spin Transition Model
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(School of Physics and Electronic Engineering, Shanxi University, Taiyuan 030006, China)

Abstract: In the spin-transition materials, the size of each molecule changes with the spin state, which cause lattice distortion. The in-
termolecular interaction affected by the lattice distortion will lead to the synergistic behavior of spin states, in turn, cause the abrupt
transition between the low spin state and the high spin state. Here we consider a two-dimensional spin-transition model incorporat-
ing the intermolecular and the intramolecular interactions and investigate the effect of the intramolecular interaction parameters on
the spin-transition temperature and the average occupation number based on the Nosé-Hoover molecular dynamics method. Numeri-
cal results show that during the hysteresis the spin-transition temperature increases with the increase of the intramolecular coupling
parameter and the energy detuning between the high spin state and the low spin state, yet decreases with the increase of the ratio of
the degeneracies between the high spin state and the low spin state. The width of the hysteresis decreases with the increase of the in-
tramolecular coupling parameter and the energy detuning, yet increase with the increase of the ratio of the degeneracies between the
high spin state and the low spin state. There is a lower limit for the intramolecular coupling parameter and the energy detuning and
an upper limit for the ratio of the degeneracies between the high spin state and the low spin state. when the hysteresis can exist.
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Fig. 1 Schematics of the electron occupation, single molecule and square lattice of a transition metal ion with d° electron configu-

ration for the low and high spin states

(a) The electron occupation and a single molecule in the low spin state; (b) The electron occupation and a single molecule in the high

spin state; (c¢) The square lattices composed of molecules in the low spin state; (d) The square lattices composed of molecules in the

high spin state.
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Fig. 4 Statistical distribution of molecular radius and the two-dimensional center-of-mass momentum at high and low temperature,

position configuration of particles at high temperature and effect of transition temperature with number of particles

(a) Statistical distribution of molecular radius at 7= 0.5; (b) Statistical distribution of molecular radius at 7= 1.9; (c) Position

configuration of particles at 7= 1.9; (d) The two-dimensional center-of-mass momentum P, at T=0.5 and T=1.9; (e) The two-

dimensional center-of-mass momentum P, at T=0.5 and T= 1.9; (f) Boundary effect of the transition temperature.
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on temperature T for /= 0.01; (c) Dependence of {r) on temperature T for /= 0.026; (d) Dependence of {x) on temperature T for
J=0.06.

BRI LS R4 HS AU E T N A BRI 12
B, M HS BRA RN LS SMIRE T, 1444
AR TR — Ml A SFE, HiZiRE
Bl J 3 B K . XS B RS R TN
A e A AR A 5 T AR AL B R oRT LA R —
X (AES5(b)—F5(d) ). MEkAES
() R B ik B B /NI, 2R G B A IR R 1 B T ] L
LS 5678 S HS 25, 1 Bl & 1R 0 T R, R
SAEMF R IR LR (0.1 << T<<2.0) N&A M
W) 7 e R AR IE W& 5 (b) R s, LS
G278 S HS W BE T A7 76, 1 N HS B A8 hy
LSEMRE T, AFE. YEMAKRSWHEG
o J KR, N HS RN LS SRR E T,
HEAAR ST B, XA RGN A S
PR AT M (E 5 (e)) . B UE
2| Fifi & = AR A HE A R 5 5 BE T B OR R [B]

KU (T — T,) & W o B 4> 7 A 5 1K
FIE A A RS & o B T E— 2B IO, TV 5 T,
VAR BT AR [R) — Uk R R AR B R A e A
AR B UL AT O K H I e AR AT SR R Y
(A 5(d)) o B 73 AN AR IE S 891 &
56 J3E T B AR SR N, R I A i AE R, A
Ji€ 25 5% A8 N IEARAT D9 748 i AR AT R o

Z P LLAF AR e A5 B i A5 o, W) B b AT
DRI 5 I € O oY < e i (R (AN E ) R 2
o B T BN, R GERY E e RE AR A [R] R
AT LA B A B NE R, B AR E A R AR
A HEWE T HS WS S N E
i B s s ) T R DRI G B R (3% P W AN
or PR B ERI IR B LS 255 2 B4R 2 T, HS A2
TE AL R ME — B AE R, BRI OE — AR E 2, 2 1]



1178

PR AE2A4R (FARBEARR)

48(6) 2025

(14 B 1) A EL A 2 B A R G b i RS o o 1
A AN HS 50 RZ, M TN RER, &8
WO R o3 IR B A R) AR HS 25, th T o 1 ) B9 Py
(] AR AR T B HS 58 h WA A, & A e S
AN S BRSO LS 2, AT 5 LS 2578 Jy i —
R RE A, U i 00 [ Hlr [ £ T, &8 48 rp e
DT ARLRNLSE . Mo T AR A RS
(4R S 2 T /N N it R R ARG, A % ST
i S N R SR H o RE U A E A R (E

1.5 0.6
L @) o T \

~ 12t . N
SN A % Jos
> T-T, o\ 19
e 09¢ e ® \\!
0 I o ® &
g o6}, o° a 02
= L i . F 1Y

0.3 ]

0.0 : : 0.0

0.50 0.75 1.00 1.25
AE
1.0
(c) e warming
08+ = cooling
l-'.".='|lil1
06+
&
04+
i AE=1.075
0.2} . (d=0.1)
L ]
0.0 anae® ° . .
0.0 0.5 1.0 15 2.0

TI(25 meVik,)

T,~T /(25 meVik,)

A BT DL R IR o T 23 1 8] B R A AR, R
—HMRFAEHSE . 2 TN EMKARSHES
SR IR B —E R, BEE R BT RS
FI P BE A S A fE A ARG S IR ) 5% 1 D T 4
S (I IR BE 1) L SR 05 4k 22 T TR EE , P AR
{EL KU AL S — AR CE R BE I )

WHEBE T 701 A RS R T A #aE & ik
I 285 A /DN L A5 B9 RE B 22 19 7R AR 20, X
ANBE I 22 T i 28 d kT (AR 6) .

1.0
(b) ® warming
08 | = cooling
pumEERS SRS anEg e
06}
3
04t
02| AE=0.692 8
o (d=0.06)
.
00 Lanee, - '
0.0 0.5 1.0 1.5 2.0
TI(25 meV/ky)
1.0
(d) ® warming
0.8 | = cooling
06| :i'l.n-l'
=
04|
02} *  AE=1.172
oY (d=0.11)
00 Lanase® N ; i
0.0 0.5 1.0 1.5 2.0
T/(25 meV/k,)

BEl6 HeASEASMIRE T, M T, — T,BEREH 2 AE RIS EHE SR80 o) BETHASIR S T A8 AL A5 0
(a) TEFHEMPFRS RS, T, T, Ty — T,BEREH 22 AEZREIE DL (b) M AE=0.692 8 (d = 0.06),{ ) i FHRARBE T 1975
TEIEML; (¢) BAE=1.075(d=0.1),{a) BEFHEIRE THIZARLIER ; (d) ¥AE =1.172(d =0.11),{ ) FIFHRFIREE T A8 1k

B

Fig. 6 Dependence of the spin transition temperature T, and T, — T, on the intramolecular energy detuning AE and dependence

of the high spin occupation fraction { ') on temperature T’

a) Dependence of the spin transition temperature [, an — 1, on the mtramolecular energy detuning H ependence o
(a) D d f the spi iti Tyyand T, — T, he i lecul d ing AE; (b) D d f
x ) on temperature 1 for =0. =0. ; (¢) Dependence of { r) on temperature [ for = 1. =0.1);

{x) T for AE=0.692 8(d=0.06); (c) Depend f{x) T for AE=1.075(d=0.1)
(d) Dependence of { x') on temperature T for AE=1.172(d=0.11).

P 6 Ca) i1, B3 23 1 P9 35 A il 2 i %
FIIE 25 /Y fE 1 22 AE RS O, T A FR(E 22 18
o, A H e 2 AE BB — E N A & AF
15 T,, HiZ i Bl fE B 22 AE #4935 R 1 K .
O 1 2 B AR FBEAS A BB i 25 AF /Y2 AL
Pl roml DA i = A X3 Can 1816 (b) — & 6
(d))o 70T NHRERAK A e R BER 2 AF
BN, R GE B I B L TR R] LD B A LS

AHGA g HS 2, 1 bl 4 U5 0 N [, R AR
Y00 T BE S B (0.1 << T<< 2.0) P %A WL 5] [
JiE A B AR IE A 6 (b) i BF/R | 3% i 4 A8 i
BE TV AFAE 1N HS 25 58 48 2 LS 78 1 76 78 il B
T A HoaFrAHEmimLhaaiREs
() AE i 22 AE 38 I, 7E0F 58 09 R B S 1 (0.1 <<
T<<2.0) T, KB, X B A RGE E e 24 bl

AE & 22 AE By 22 A i B R AT v CIn i 6



FHBUSEAE « 4 A R v (el A TR £ 01 8 ) 2 1179

(c))o #E—2L0l LIE R, BE& 5> T 09 BE 1Y AE
25 AE BB K TR [ 2R ARG e R A D
B & 5> F N BB B9 RE B 25 AF B i — 2B 3K
T 5 T/ AAE B B N A B T 7R — sk
A AR B E A e AR L B B AR 25 AE 1Y
T VAT M T O (HL I s %) 27 A AT P 5 2 5% AR 1)
(WE6(d)). FE 5 N RERE &t 22 AE /Y 4k
SEHEIN, 2 HOE A 5 I FE R, e A AR
M GEAETT R A Ry W AR AT R

KT ARERKE AR 2 AE AR AT A,
55 2L, Y 4 T SRR Y BB B 25 AE /D
BF, A AEE S [R] I BE R A7 4K mT DL B A 1
ANE R, BIDRS A 25 A RS 5 Bl o IR R 1, Ak
AR E MY LS B N WA, 1 HS W R A & 4%
A R E A BT R B R BAE A R 45
ORI FORBEEVIG LS & . 4k2ii K
ek B, HS B A A8 by M — A i 05, B E — (1 AR
FEA T R P [E A BAE S EEA R G
B F KB M HS 250 22, iR %
B, RETH KI5 FIRBEVHEHSE, BT
431 18] B B TR0 AH LA L, BRGE 2 7 HS $5 45 Sk 3
RAE HSAS T IEARLSE, HAYLSE
S Ry ME—FeE R, T TR EER, RS
PRI FASERNLSE . Y4 FHNHGE
() BE 5 25 AE B/NT, Bl 2 I R B ARG, 28R40
T BE Y BB N R G20 B BE 4R & ER A P R
ST UARR IR B i F o R E A EAEH, R 45
—HARFEEHS &, 0 TR EEMNRE & 22 AE 1Y
KE— 5 R, A T R S H R BE
PO {E A AR B ) % £k Ry BURR B A (7E — a2 iR
FESE RN, #F— 25 T m R R, A E R g8 LR
W AEL A5 Ak A B e (O v Ui BE )

NE . ZERTHTHRSHSKARSW
f I BE B A A9 AR Ab A B0, AT DL GE o A 28
a(b), T A% K E E 2 19 17 O B HL i g, i
BRI H A XN g = Ja/b , A I b
H g — 7wl LAek 28 & A e S mmi 25, 5 —
7 T 43 52 43 F P9 35 B il 2 B 25 il R B, ARG
5 AN R L (B R B ) B Ak 1 7 8 DL % g
HR/N, W, TEZIESFARSH&IKA
THE 25 19 ] 3 U AE g i AR AR B CAnEl 7)

H 7 Ca) S0, Bl 43 I8 34 B il 4 b s IR

e S Y f O BE LA g 938 K, TN FRAE 28
MW/, T, R Y 16 I B Al g ik B — & fA B
A ox B, Hoz B b B e A B R T B LA g
IR B NITTR A N vl 7 N i 1 1 o = P
RS e A IR AR L Y5 T AR
e A& 1 1 O B LAl g B/, R e b A R
() b TE 3 B0 A0 IR 1Y LS 25 3% 3 % E b HS
B ERFAEREA, W AREE T T,(anE 7
(b)) o 45+ W m AR A e A& 0 a7 JF B2 L AE 3
R o B — i S A B, 7 i BELREH0L A U B Y
(01 <<T<<20)fFE T, M T, LRARE ., X}
ARG B e AR A e R IF R L E g AR
B EEHEATIE7(c)) . F—L0LUFEF
Bl 2 FRE S 1 T 1 B HLAE g A 36 K, TR T ] 4R
() 5 B 2 W K . B A3 N A 1 i T B
OB g P dh 2 3 T, > 8 2ok B i A e, &
45 bifi 25 3 BE 09 B TE AT LU A BR 0 LS A FE AR N
HS 2, 1M Bl 5 5 BE 1 T B, &R G0 78 A 400 100 3R B2
JEHN(0.1 << T<C2.0) N ¥&A WM 2] [ eSS 05
AF CIEWNE 7 (d) B s, X B AR IR B T, A TR
MM HS A58 LS B A8 6 % T, RFAE o

KT A BE e A 1 B e g B
AT, Y1 N A T B LU AE g B/, A
FH RETE A [A) UL EE T A PRl /B A 5 B Il R 3
hn, s B AR e S LS A&, W #i i A8  HS
P ERARAS, thFor T D A BEAEH , RGP
IR LS BB WIAS N HS 45 . 4kEeh KR E , HS e
BAR I ME— A A, BIME— RS A, 43 F R A P
[ A EAE 2 iR A R G i o0+ KB o e kR
HS &, M40+ W ABEARIIF B LUl g 3 R o H
I FELET , B FR BB AEAS [R) B T 47588 mT LA B0
AR /IMELS, BRSSO RR S s S AT A BB XL
B AR A5 AR ML — A [R) A AT DA it e O Ao ) 308 ¥ 1 7
Mo YA BEST IR H g 8 KB — & R R, i
FER) FIHE R S8 A e SR A (IR ) 21k
Ry R AB 5 (T — 2 W B ), i — 20 T
B, A TIE FR Gt SRR AR 85 % Ak Ry LA R 05 (T
MEERT) o RZ, YR EE N RERT, RS0 H B AR R
WA A R IR T ) 2 1k oAy U R (A 4B %) 9L 8
JLRIN ), XGRS IR T A7 AR, TR A0 1R R
Rl NG AR IR BE T, AN AEAE



1180 PR AE2A4R (FARBEARR) 48(6) 2025
1.5 0.6 1.0
| (a) e T (b) ® warming

1.2+ . /‘._-4—4 T — 0.8} m cooling
— ° x
X I -:/“ —— 7T |{04 > e " ant
gogy/q e e 2 06} .
€ — (L‘\l) S
& 06f " = 0.4}
= | - 102 'T
|\H FH : =

03r l . 0.2+ .* g=9

L / yu
0.0 . L 0.0 0O0lamme® L
8 10 12 14 0.0 0.5 1.0 1.5 2.0
g TI(25 meV/k,)
1.0 1.0
(c) ® warming (d) e warming
08¢+ = cooling 08} = cooling
LYY I LR ..-...IICIIQ'..'I..G

06} 06}
! &

0.4 04+t

02 ° g=11.5 02+t ° g=14

o
°
0.0 -.-l?'. : : 0.0 aew®
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

TI(25 meVik,)

T/(25 meV/k,)

B7  ABESHARRIIREE Ty M T — T, BRIIFEE LUAEL g R 115 o 4 20 20 (o) BRI EE T AR AR B0
(a) FEFHE BRI B , T, TR T, — T, BEFITEE LE g IR EIL; (b) 2 g=09, (o) BETFRRREE TIELEIL; (o) 4
g=11.5, () BETHAIREE THZAERIEDL; (d) 2 g=14, {x) BETHAIRIE T RSB

Fig. 7 Dependence of the spin transition temperature T, and T, — T, on the ratio of the spin degeneracy g and dependence of the

high spin occupation fraction {x) on temperature T

(a) Dependence of the spin transition temperature T}, and T, — T, on the ratio of the spin degeneracy g; (b) Dependence of {.r) on

temperature T for g=29; (c) Dependence of { ) on temperature T for g=11.5; (d) Dependence of {x) on temperature T for g = 14.

3 45k

ARICH T — R 4 [ e i AR LAY
I AL FE T 4 F )RR B AE R4 F N AR B AR
Mo 3T Nose-Hoover 153+ 3l J1 2 5 58 T
e T 1 R A A A U B R e I A e AT 3 o i
AR T o3[ AE AR S 800 A e A2 i
sZm, 138 T 5O AR —-Rdie., BEE
SUARVE T 20 WAH BAE S E06 A e e 28 I EE 1
A P g e Y A s e o = i = B N i e
SRS A P A A AR MBS Y B 22
e 285 14 1] 1 B2 FEABLRT T [ e e A28 I 5 1 52 il
TEWR O N e AR R R S e TN SR A
TS IR 9 RN 4 N = AR F S i R 22 1Y
B3GR MRl A B e A 1 1 BE L AE ) 38 K
/N 5 Tk s B S 23 T A e I e A AR 5 R N
A3 N AR A e A Y BB B 22 1Y 1S KT 980N i il
A BEA T I EE AR A3 MBS K o N4y

TR A 5E S A 5 5 B A3 N R AR A S
P /IMEL R BB HE 22 , sl 39 n 11 e 25 1 g O
JEE FEAE Al USE A M T 000 P e 5% A8 AT o iR 2
PE— 25 LI [ e e A2 1t i [l 4k HAT T BER Y
il i L, 20 P R AT RS AR SR R ) T
MR A BERS A/ IME R I BRI 2 AP AE— A T
BIRAEL, 17 11 i 24 1) 0 O BE LU fELAFAE— 4> B FRAE
ARSCBA VIR A A A BEAS 58 7242 IR R 1 il o 28 A 1
JEE FIAH S S B0 J5 12, 14 TR ] LR S AG f
12 T AT 1] B8k B 1 3l ) 2 DL R figp ke

B3k

[1] OHKOSHI S I, IMOTO K, TSUNOBUCHI Y, et al.
Nat Chem,
2011, 3(7): 564-569. DOI: 10.1038/nchem.1067.
NAKAYA M, OHTANI R, LINDOY L F, et al. Light-
induced Excited Spin State Trapping in Iron(lii) Com-
plexes[J]. Inorg Chem Front, 2021, 8(2): 484-498. DOI:
10.1039/D0OQI0O1188F.

Light-induced Spin-crossover Magnet[J].



FHBUSEAE « 4 A R v (el A TR £ 01 8 ) 2

1181

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

EKANAYAKA T K, MAITY K P, DOUDIN B, et al. Dy-
namics of Spin Crossover Molecular Complexes[J].
Nanomaterials, 2022, 12(10): 1742. DOI: 10.3390/
nano12101742.
BAKER W A, BOBONICH H M. Magnetic Properties of
some High-spin Complexes of Iron(I) [J]. Inorg Chem,
1964, 3(8): 1184-1188. DOI: 10.1021/ic50018a027.
FELIX G, NICOLAZZI W, SALMON L, et al. En-
hanced Cooperative Interactions at the Nanoscale in
Spin-crossover Materials with a First-order Phase Transi-
tion[J]. Phys Rev Lett, 2013, 110(23): 235701. DOLI:
10.1103/PhysRevLett.110.235701.
BROOKER 8. Spin Crossover with Thermal Hysteresis:
Practicalities and Lessons Learnt[J]. Chem Soc Rev,
2015, 44(10): 2880-2892. DOI: 10.1039/c4cs00376d.
SATO O. Dynamic Molecular Crystals with Switchable
Physical Properties[J]. Nat Chem, 2016, 8(7): 644-656.
DOI: 10.1038/nchem.2547.
ZHANG X, COSTA P S, HOOPER J, et al. Locking and
Unlocking the Molecular Spin Crossover Transition[J].
Adv Mater, 2017, 29(39): 1702257. DOIL: 10.1002/
adma.201702257.
VALVERDE-MUNOZ F J, SEREDYUK M, MUNOZ M
C, et al. Thermochromic Meltable Materials with Re-
verse Spin Transition Controlled by Chemical Design[J].
Angew Chem Int Ed Engl, 2020, 59(42): 18632-18638.
DOI: 10.1002/anie.202006453.
Jiets, R IR FERE A bl B R Y 1A A R
D1 PRS2 22 4R (A SRR 22 ), 2021, 44(1): 73-79.
DOI: 10.13451/j.sxu.ns.2020044.
KANG T, JIAO H J. Temperature Modulated Spin
Pumping in the Spin-transition Materials[J]. J Shanxi
Univ Nat Sci Ed, 2021, 44(1): 73-79. DOI: 10.13451/j.
sxu.ns.2020044.
GUTLICH P, KSENOFONTOV V, GASPAR A. Pres-
sure Effect Studies on Spin Crossover Systems[J]. Co-
ord Chem Rev, 2005, 249(17/18): 1811-1829. DOI:
10.1016/j.ccr.2005.01.022.
GASPAR A B, MOLNAR G, ROTARU A, et al. Pres-
sure Effect Investigations on Spin-crossover Coordina-
tion Compounds[J]. Comptes Rendus Chim, 2018, 21
(12): 1095-1120. DOI: 10.1016/j.crci.2018.07.010.
LIU Z H, SAKAI Y, YANG ] Y, et al. Sequential Spin
State Transition and Intermetallic Charge Transfer in
PbCoOs[J]. J Am Chem Soc, 2020, 142(12): 5731-
5741. DOI: 10.1021/jacs.9b13508.
RS, FRIRAE . A e A FORL b i Vel il ) A e
T ILPE K2 (A R FFEhR), 2021, 44(6): 1123

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

[25]

1130. DOI: 10.13451/j.sxu.ns.2021024.

SU F Q, JIAO H J. Pressure Modulated Spin Pumping in
the Spin-transition Materials[J]. J Shanxi Univ Nat Sci Ed,
2021, 44(6): 1123-1130. DOTI: 10.13451/j.sxu.ns.2021024.
HALDER G J, KEPERT C J, MOUBARAKI B, et al.
Guest-dependent Spin Crossover in a Nanoporous Mo-
lecular Framework Material[J]. Science, 2002, 298
(5599): 1762-1765. DOI: 10.1126/science.1075948.
BAO X, SHEPHERD H J, SALMON L, ef al. The Ef-
fect of an Active Guest on the Spin Crossover Phenom-
enon[J]. Angew Chem Int Ed, 2013, 52(4): 1198-1202.
DOI: 10.1002/anie.201207218.

LIJY, HE C T, CHEN Y C, et al. Tunable Cooperativity
in a Spin-crossover Hoffman-like Metal - Organic
Framework Material by Aromatic Guests[J]. J Mater Chem
C, 2015, 3(30): 7830-7835. DOI: 10.1039/C5TC00432B.
ZHANG C J, LIAN K T, HUANG G Z, et al. Hysteretic
Four-step Spin-crossover in a 3D Hofmann-type Metal-
organic Framework with Aromatic Guest[J]. Chem
Commun, 2019, 55(74): 11033-11036. DOI: 10.1039/
c9cc06017k.

CAMBI L,SZEGO L. Uber Die Magnetische Suscepti-
bilitat Der KomplexenVerbindungen[J]. Ber Dtsch
Chem Ges, 1931, 64(10): 2591-2598. DOI: 10.1002/
cber.19310641002.

SPIERING H, BOUKHEDDADEN K, LINARES J, et
al. Total Free Energy of a Spin-crossover Molecular
System[J]. Phys Rev B, 2004, 70(18): 184106. DOI:
10.1103/physrevb.70.184106.

NISHINO M, BOUKHEDDADEN K, KONISHI Y, e?
al. Simple Two-dimensional Model for the Elastic Ori-
gin of Cooperativity Among Spin States of Spin-
crossover Complexes[J]. Phys Rev Lett, 2007, 98(24):
247203. DOIL: 10.1103/PhysRevLett.98.247203.
LORENC M, BALDE C, KASZUB W, et al. Cascading
Photoinduced, Elastic, and Thermal Switching of Spin
States Triggered by a Femtosecond Laser Pulse in an Fe
(III) Molecular Crystal[J]. Phys Rev B, 2012, 85(5):
054302. DOI: 10.1103/physrevb.85.054302.
PAEZ-ESPEJO M, SY M, BOUKHEDDADEN K. Elastic
Frustration Causing Two-step and Multistep Transitions in
Spin-crossover Solids: Emergence of Complex Antifer-
roelastic Structures[J]. J Am Chem Soc, 2016, 138(9):
3202-3210. DOI: 10.1021/jacs.6b00049.

CRUDDAS J, POWELL B J. Spin-state Ice in Elastically
Frustrated Spin-crossover Materials[J]. J Am Chem Soc,
2019, 141(50): 19790-19799. DOI: 10.1021/jacs.9b09191.
NDIAYE M, EL ISLAM BELMOURI N, LINARES J,



1182

PR AE2A4R (FARBEARR)

48(6) 2025

[26]

[27]

et al. Elastic Origin of the Unsymmetrical Thermal Hys-
teresis in Spin Crossover Materials: Evidence of Sym-
metry Breaking[J]. Symmetry, 2021, 13(5): 828. DOI:
10.3390/sym13050828.

CRUDDAS J, POWELL B J. Multiple Coulomb Phases
with Temperature-tunable Ice Rules in Pyrochlore Spin-
crossover Materials[J]. Phys Rev B, 2021, 104(2):
024433. DOI: 10.1103/physrevb.104.024433.

AFFES K, SINGH Y, BOUKHEDDADEN K. Electro-
elastic Modeling of Thermal Spin Transition in Diluted
Spin-crossover Single Crystals[J]. Int J Mol Sci, 2022,
23(22): 13854. DOLI: 10.3390/ijms232213854.

[28]

[30]

CHEN Z Y, LIU Q, CHENG Y, et al. Manipulating
Electron-transfer Events in [Fe,Co,] Cubes via a Mixed-
ligand Approach: The Impact of Elastic Frustration[J].
Angew Chem Int Ed Engl, 2023, 62(29): €202301124.
DOI: 10.1002/anie.202301124.

NOSE S. A Unified Formulation of the Constant Tem-
perature Molecular Dynamics Methods[J]. J Chem
Phys, 1984, 81(1): 511-519. DOI: 10.1063/1.447334.
HOOVER W G. Canonical Dynamics: Equilibrium Phase-
space Distributions[J]. Phys Rev A, 1985, 31(3): 1695—
1697. DOI: 10.1103/physreva.31.1695.



