) 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026) 130410

ET V0,/PS EEHZTHMAR AN Casimir FE ="

AWV m#|AY 2R

BTT?

W+ Hy B HF

1) CHRMBLH 2 e Smtias, KM 450064)
2) (fEBHIRE R 2= H i+ TR2=BE, f5FH  464000)
3) (WHRE T KA 4B, AR 610059)

(2026 4£ 1 7 19 HukE); 2026 48 3 A 27 Bk BHEHH)

KU RGEHR TR P EIF NS 52 A MR Z M0 Casimir M BAEH J1. 252
KO (PS) R I —HALHL (VO,) BRIE TR (VO,/PS B A MM B M. HF VO, EL&RES
45 2% A% 22 8] 1 AE AR 23 ik 3 03RO LR B, VO,/PS &G FH AR 4B F R T R A A7 B P A A AR R R . BT
Lifshitz #5680 BEIE, ASCHR T E SRR | REHE . VO, BUKL Ay 78 40 8055 S 500
Casimir J& 38 i 52 W0 . AT 57 & I07ER5 8 S 78 430 B0 B N, IR ) 2l 48 AT 523 Casimir J7 K TR 5|4 2P i fa
FE Casimir Y- 5 2 8] (4648 . AW 5% A 845 Casimir M 5 324 T — Mo 42, H7E MK RE Casimir 7]

RS 20 ] 4 B A T AR Do (L

KERIA: Casimir AHEAEH, AR, AR B, P s

DOI: 10.7498/aps.75.20260093

1 5 =

RPGKIR (Casimir) R0 & — P 7 0 55+ 21
G 1948 4F | i 22 My B~ 5 PR 5 R PE KR
(Hendrik B. G. Casimir) & T 5 F37igh iy “Has
N RN =R SRR n o T S b e T S AT
SRR T G . P T AR B R AN
G T A 2 0T AN () P LR B AR BR . RO R
L RSN RE A A AE TR, ARSI 1) i RS A
Z BRI S AR A R Y 25 57, S B
] Y BB FE AR AR A1, AT ™ A2 1 AH B W 5 |
Jyl. Rz BHET, Kh R B S E X Casimir I
Bl AT T ZGEAE 2. Casimir 80 18 5 2 B
H—MAE M S ), BE R A HERR Y Casimir J)
MR ARHHT SR AR AR R8O A OG5 C 40 e
TR AR 781 S S A 010 DL K e A S 3R

CSTR: 32037.14.aps.75.20260093

W02 SRR R v A EHETR (9 Casimir J) 7] 4
TR KR B fk ™ A O JEE 4. PR Casimir B500
IR HER 5 KRS EAHEAER, 9l
KPR RS AR AL T AL o221,

— R, PIPIAZ A Casimir 71 5|5k
FHHEF F1, H Casimir F1 09 K/ N 2 18] 1 2
H R 2 AR U R, SR, TR R R
Casimir J7 b5 PIY R EE B i34 K 7T B8 HEF 5528
RG], B . BURT, FERE R B Casimir )
N, BBk Casimir S 5. 2019 4F, Zhao % 23
SEH - W E] T RUE Casimir P £ B4
SRR ] Teflon@Au fE AR, #HAY Casimir
S A RT N BE T R T ) A K SR
B RTINS, IS, 2T ARFEMER R K
Casimir - i 25 14 31 2% W 45 g AH Ak 438, (235 AH
AR AR R AR R AL R (ITO) R 1291
ESCRTRE 201 Ay BRI BT A S TR 2520 AL A

* ER ARRIERES (S 11804288) ANATRIE A AR IS (k'S 252300423002) BB YR

T HEfEEH. E-mail: lixinge@hotmail.com
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

130410-1


http://doi.org/10.7498/aps.75.20260093
https://cstr.cn/32037.14.aps.75.20260093
mailto:lixinge@hotmail.com
mailto:lixinge@hotmail.com
http://wulixb.iphy.ac.cn
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 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026)

130410

K5 ML TR B R B2 T AR ZR ) TR T
JE R Casimir -7 4., I 7T 38 o P55 7K 2 B EE AT
] 1501,

FAFRHE AP R DL B il 2 A
TZIE BB RER A}, AL H i [0 e BRACRA R
SRR R L RS 5 A0 8 S SR R e . AR
K, EAMEHY Casimir 00V % #7152 F 6. 40,
Sun & B G T S ARBRE R & 8- e e G
BRE AR ] Casimir J7; Esteso % B3 iff 5% 7 &
BB N B IF AN Y Casimir A7 A5 AR, Jf
2P RV T KRR I 78 Uk Casimir P £
PIVER B A, 240 AR G AR (n: A bk
SBERE) Bk AT 2 255 Casimir JJ3RFE L 1
WA, Z ARSI Casimir A EAEH$2
W TAERGEER. IR A MBI Z s RS (RE
[ ), HE LI oF SNER RN (A0 Wi | #EY L IR
8F) SEIRN TR ARAR AL AT 38 2o AP ER TR T B
PO TE, 456 2 GB35 FiE, O Casimir
S R YRR R R 1R AR

ARSCWFSE T h Kk 52548
AR Z B Casimir AHEAEH. Z &AM B
REM (PS) NIAR, LB (VO,) BRIE ik
HIEFEORL (VO,/PS B A AHAEMEL. VO, &—Fh
5 B VA S AR AS kL, LG SR B T, KR4
340 K. MREMLT T, 0, VO, RIUHALE; IR
EET T, 0, VO, RIUA &R P EFAHMA
JERRL AT T VO,/PS &4 HZ R KLY H
g Ny, A Lifshitz BREXT Casimir J1 #4711
LRGSR EY], G905 E S HAEMEZ
[ /) Casimir F5RAKH T 52 G A MR Y3 2

B (IR R IR ). FERE S A6
A, AT IR VO, AH7E, SEIUA R i K AR
W5 25 B A FRE Casimir A i AR AR, 1E
S, FATHE T AR B CAnH I R fR
L BE) X Casimir P sl P42 1520 . AT
FEXF AL RS (MEMS) H1 1 Casimir £ F &
TE SRR A RS E .

2 HpMA

ARSI LTSS/ ANl 1(a) BT, TR 4
MR S T — 2R L) VO,/PS Z 5 H1AE
PARHEIE, H B 5 o B (R HLIS ) 0 B
W BT —EEN Ly (KX E Ly = 40 nm)
AR, S G AR ] B 2
d. AR TR A AN K R B 1) RO (40 10 pum
ER P KT Jd BT, EHESF
AKTE R FAY Casimir Fi5m n] % FSERGT LT
Y Lifshitz FRSTTE 28], HA] /R X% Matsubara
BRI R AE S 27

kT =, [
Py(d) = - BTZ'/O By Kndkyy
n=0
apaa—2K,d
Tt rbe "
e 1
DD e Lo (1)
a=s,p
Horp kg HYEIRZE 2 W H, TRRNRGIRE, KA

PSS (1) F7 n = 0 TR BRI
HHWT 0.5, k) APATTHREWERE, K, =
VK (i) €3 /2 Ryt I BN, ¢ 2
IR, eiq(i€,) 29 43 B VA L FE JE 0 g 1 1A

(a) (b) 102
<
kv
Gold %

= Z 101 (@
d b
: ‘ g
Separation solution e 5]
L ~
Composite materials

Gold

Bl 1

- VO, (T<340 K) = &
—@- VO, (T'> 340 K)

— Gold
Diiodomethane
PS

100 10!

Frequency £/eV

(a) RGAEM R B, BRSO PR S AREARER T d, A FAEMRHIIE RN L; (b) BOEH A B 5 SO R R 8 1k

Fig. 1. (a) Schematic illustration of the system, the separation distance between the suspended gold nanoplate and the composite

surface is d, and the thickness of the composite film is L; (b) dielectric permittivities of the used materials as functions of imaginary

frequency.
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Fig. 2. The dielectric permittivities of VO,/PS composite materials with different filling fractions calculated using three effective
medium models: (a) The temperature T' < 340 K, where VO, is in the insulating phase; (b) 7' > 340 K, where VO, is in the metal-

lic phase.
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Fig. 3. Casimir pressure of the system as a function of the filling fraction calculated using three different effective medium models: (a),
(d) Maxwell-Garnett model; (b), (e¢) Cuming model; (c), (f) Bruggeman model. The thickness of the VO,/PS composite film is fixed at
L = 150 nm; the temperatures are set to 300 K (upper) and 360 K (lower), respectively; the black solid line represents the position of

Casimir equilibrium, while the green dashed line represents the suspension position of the gold nanoplate when gravity and buoyancy

are taken into account; the black dashed line corresponds to the critical value of ¢ where the Casimir equilibrium exists.
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film is fixed at 150 nm; the gray area indicates that the absolute value of the Casimir pressure is greater than 2 Pa.
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Abstract

The Casimir interaction between a suspended metallic plate and a VO,/PS phase-change composite
nanofilm in a liquid environment is investigated. By exploiting the metal-insulator phase transition of VO,, the
electromagnetic response of the VO,/PS composite nanofilm is systematically described using the
Maxwell-Garnett, Cuming, and Bruggeman effective medium models. Based on these models and Lifshitz
theory, the Casimir pressure is calculated and analyzed as a function of separation distance, filling fraction, film
thickness, and temperature. The results show that the Casimir pressure strongly depends on both the VO,
filling fraction and its phase state. Within a specific range of filling fractions, the temperature-driven phase
transition of VO, enables a reversible transition of the Casimir interaction between long-range attraction and
being a stable equilibrium state. As a result, the system allows for the creation, elimination, and continuous
tuning of Casimir equilibria. This work provides a multi-parameter control of Casimir equilibria using phase-
change composite materials and offers theoretical guides for the precise manipulation of Casimir interactions at

a micro/nanoscale.
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