[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20261014

SE TR & BB LSEEAE CsMnC 5 HIZEH

KAUA 2, FEEWL 2, #7 2, Rahman Saqib!s 2

(1. EFRREUN SR, Wi B 310024;
2. FEFRFEERE RS, JEE 100049)

W E: 2R MMEHT BRI RN AEHERESRAAFER S TEZEEY A M) £4 8 514
54555 CsMnCly Fl & B B F% . B % 7 i A MET %2 XE, RNERIEHIRAR, LHEHE
Wit 5 THRERMATH, ST HAABREGROFAERT MR RERELAGREZEABE .\ KL, XA LN A Ek
BA, FEEERMARTL L. REALE., LE AT, XHFRTHAURE WRESSE, dHELBEIUYE
S8 CsMnCly Bt fn R ¥ W AT T RAM MR . %R KA, ¥ /ET CsMnCRET R3m Z A1 B, #4109
GPa Bt % A 49484, CsMnCly Y R K TR E L E T4 8.4 /5. & 0~320 /GPa WE /LB, ¥ HIREE A
F & A RN 28%, FARBRRAMNEESHKT MR T EREME. FRDETG &4 TH e fRGT 2
WXEEIRRE, ARFETNEETERE MM ERT 125K

XBR: BE; RORHR; SESMHERT; BE

hESES: 05212 XHAFRIRAS: A

SRR 2 KRB ABX; B ARG (- SRR, Hoh AT, BT
WHE T, X NERE T ELENTHED, SR s P 5B s AR5 A AR AR 1
e AR G S T AT TN B3 IR SR N AEAR RIS 2 1 R, B ES AR KR AE I (PSC) -
3. RIGTHE (LED) 31, ShyA ORI PRI RTS8 1T N A8 25 A SR B A IR AR S5 4
AOGEAEIE OO H R T B Ay — Aok B i 0730, AT RMEA SN2 TS
THOL T PR G ME 5 IS AR AN TTTIT TE A% L R S MU AS (B L) . HRT, 35 MO 22 R BGE
IR T 15 e s AR (BA)sAgBiBrol®ly B s A5 AR CsPbBrsl?)y CsyPbBrel 55454k
B RERHG a5 R A e PR, T T L AN M (BA)WAEBIBrs /£ 2.5 GPa I L T 5000, X2
[AgBre]> M [BiBre]>/ IR [F] e F% T BT B ARSI, XN T MWERAH C2/m BRI P2,/c
(IG5 65 28 o/ /Cs4PhBr, ] PL SR EEFEZ] 3.01 GPa I RIRIG SR, FE R HE T 7 R & R LA Gk
Beadmil . 10 CsPbBrs ¥ PL 58 B 5 77 O IN AR @/, X2 IS 7037 2 K g R AL B4R
RGN SRG RN . X EBLRAT S 15 08 s A B R A i i 5 R AT S o A A K
iE

CsMnClg 2 — M A LS [MnCle | **\THAR S ERE AHRE, X0 &5 K0T JEARR (0 L7 ARp I A
BETEAT 9. B T WA TR SWBAN, BA SHcER MU Hefi . 48 7 i B ARRR T34
BiREtk, JFRERE TR A RN, Jehh, HIERE S T A, TR RN AR
Mo FAE R, VFZEIEE O CsMnCly 1 fiR S5 14 BEA M TRUR SR AT T 9 98

ks H . 2026-01-22; & H#1: 2026-03-18
HETH. EXREST ALY (2023YFA1608701); i 44 GE Y FIBL (TD2020002)
WEEE: KFR (2000—), 5, WiEHF7RAE, FEMNESIE TSR GO ESET D7, E-mail:

zhangyinglong23(@mails.ucas.ac.cn



[T S/ S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

Kennedy %1218 5 8 AT ST AHALXT CsMnCls () Sa RS54 32E47 T8 55 Lim 55031455 H CsMnCl; 5 4%
Xl BEMR 133Cs B AR RESLIRAT kAT 79t . Kambli 0SB HOEGIE BRI 5T 7 HANA
T e R BRGSO S e i . AR Sl B ARE Y, XA S EHER T X g . X 4k
MW X JLERFE. BRI LED & f . B4 4NREESIRI621, Guan 25005/ T AR
(1) X S A INERMERER CsMnCls FLfh, MITSRHEL T & X 4% . Shui 5 FH CsMnCl; &%
FRMEM & T — P g a i, FERIH TP s i0 7, Liang 55 A#il# 7 — T CsMnCL )2
R X EARIMZS,  F B A AR I PR AN R PR AR 00T, il (BB BT FE 7,  CsMinCl; %
AR B RERIE Y, I BAE HRAEE N WA Bon AR AR AR, X uEsk 1 H S s A i fs e v
(221, CsMnCl, [ 45 1 S kAT 9 2 R ' FE 257 F0 B e FEL 122 SR I ik, BRI
R E T TR A A, RE SRR CsMnCls JRILH BRI 7y, HAEN N T 71 %
PR B S R A D 2 AL AR AR ZR BRI 1 X B BT ()R N B A S AR PR R gk — 25 AR
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AW FIES ENIA X TR H AR, 4568 B IEA X ST 68Uk ) /(Photeluntinescence,
PL) SGi%. 856k, KA W BOGTE LS — MR BT, 1 O AR R A S R
CsMnCL #1T 7 RGBT R . BFFR A, CsMnCly 2B T-Jk & 714 61GPa) N KA 4 /IFHAT,
SEPLT B PL HE5R, RN INELFEF, CsMnCls BG4 Bk /N K 29.08%. 1S5 UH 2,
EFEAEARZ =15 60 GPa K U AR SE R db L, RIL ML R 45 fate e v, & B s fi4E 60
GPa & /IR RE CR¥F A6 AT B4 8 s AL B KA AR . CsMnCILy RIWA () 5% 61 R DL K% & A 285 A £
FEME, RHAEEERT ORFHRE M. LED. b FR Rl 25 S S i A S AL TR T Re e, N JE 8 4
J& AR B ST RE T A AR R YL
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1.1 #mblE

¥ 0.0744 g (0.376 mmol) [¥] MnCl,-4H,0.51.335 g (1.5mL) [IJHfR. 0.405 g (0.5 mL) W%
f79¢g (10mL) 1 1-+)\UFIA 50 mL =30k +, T 120°C BEWA S 708, DABR LRI
SRS, FHAEDDKA SACERRT IR T VM. S, RS FRIERTHE R 140 °C, PUdE
N 0.8 mL. 120 °CI v Ha Bl WA MBI . TE 140 °C FARIE 2 0% Ja, KA E =R, #id 8000
B/ BB 10 23 BISEE CsMAChs it > FEM AT T 5 mL 3k, B LR ClEHEE 1S 2 [E
R R LA S5 S H

RGEIG A IRE S A AL e 15 Bruker Yail A B 4571 D8 Advance 51 X 52647 H11X(Cu
FE, WKL = 1.54 JAYTE R NHEE S 1) CsMnCly FE #7770 i o IEACER I LA L KR 40
kV, TAEHFN 40'mA,
1.2 SEXE

AHIE TR AT ek S0 250 R FRL T B4R N 200 um (4 RIA 6 T0RY o BF 6 R s i it 7 oKk, 3
F Ta BY & W AEIRE 58 6 38 N B 5 =5 )T PR3, SEEe BT T301 AN & Tl Ik b B s
JEFEZIN 40 puode B BOBITALEARER o0 il TH EAZ) 120 pm (I REFLE R SR B &
FIbRE R FMIEL A R, RN TONEEM . &5 % K 8, BIREEZ 10 083 T — 0O8dE
KA, DABPRRR S S5 MR S PR R B A TEAR . SEIGERETE MR, TEHEFERN
)6 57 . U T T8 B

Fr &k 5 B HEE S E IS Witee /TR Alpha 300 LI £E RAER 261 CREE
KH 532 nm BOBTERBUROEIE, BOLThRARRERL 2 mW, DAIBRKIh 2B 0HE 5 58 5 1)
Mo VB RAE BASGIE AR A 60 s, B IRECH 2 Ik, DMRALGHE 73 #F3 Je (5 Lk . PL Ok
RN RFFSH— 2, (CAEOGIENEVEH . HdRRER, DL SRERFEE (5207 cm™) A4
PRUERSHECTE R0, WARFE MG IE A R T . WOEERL 2 um, FANE ) SRR —
FEa AT E MR, DAORFREE ] 52k
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(I - R0 28 2 5 B OB TR S HOEAT T A AT
1.3 F—HREBHERE
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LR ) Perdew-Burke-Ernzerhof (PBE) 2 BRI ALFEAZ # e AE 24, R IR P $52 s i 4
(PAW) 7715, BhEEHEIWTRER N 450 eV, HFHiR B AR B EIF. A BIH XA 5K H BA
[ RUNHLHT 4 x 4 x 1 Monkhorst-Pack k s ST RFE. FTA R AL B F s, HE
R A7 ik 3] 1 x 105 eV 1 0.02 eV/A B EhritE . 4 17 2518 Mn J5 R Gd 4 TE i) i
HeFVER, R T Dudarev %5 A2 H ) DFT+U J7¥%, Mn B U KIEE BN 85, VeV, B4, KA
1 Becke-Johnson [H/JE HI A HE IE DFT-D3 J5 VK% B K A2 A B4 FEsesl,
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Fig.1 (a) XRD pattern; (b) photoluminescence spectrum of CsMnCl; under ambient conditions.
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JE 1784 . TR, RES I EIREELE 0.9 GPa AR K. ABMINEEREF, FERB7OE
W A7 B 4P 2 ) B e (R KR8 Bl 7E 20.4 GPa ), FEMIIZICIEAT B AEL) 874 nm &b MHIUHETI 2
20.4 GPa, FEMITRICIELIFEL) 212 nm, AT WG BIE RIE LM B, 7R T CsMnCls B K
JEAIEE . B 2()ERT 0.9 GPa JE /) FRIRWOGIE A 8O . Bt ih BTk, FEA R
A%1382 nm BIHEwITALRE, X5 UEATHRIE B R — 8T, FEME S 0.9 GPa B e, #
it )PV BE RS B /N s B3 0.9 GPa B, g SR K. WK 2w, FERMMEMER ERT
CsMnCls & 3 K IE AR LR 281, BELAEL) 20.7 GPa Itf, MOERAAZ &, 45 f4ks T E4) 49.5
GPa Itf, FESE IR E . BEEE D4STHEE 56 GPa i, FEME IR, XEWREM B
R AR, KARA PR, #E)5, CsMnCl; i) PL SR EEFEAAAR, PL WAz B 509 Ik By A
ML RS (B S1) o CsMnCly 789 [ N3 PL 58/ 55, FERNAEFES HE T2, HEHHE
0.9 GPa i, & IE BEWCARIN TR IETE SOF 3 m g v, RIS 358 Mn2* (1) A3z o B, (it E Bk
TR #Id 0.9 GPa J5, kiR 5| K5 AR . SR I B AR S BUIRERGE & 3898, PL &
FEURSY, % 58.6 GPa K.
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Fig.2 (a) In situ PL spectrum of CsMnClj; at different pressures; (b) Evolution of PL peak position (orange star shaped) and
relative PL intensity (green thombus shaped) under high pressures; (c) absorption and PL spectra of CsMnCl; at 0.9 GPa,
showing significant Stokes shift about 382 nm; (d) optical micrographs of CsMnCl; in diamond anvil cell at selected

pressures, showing significant piezochromism.
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T R G BRARRE SR S R R B E R AN BRI AL, MR T CsMnCly & AL IR IO
Kl 3(a)FI ] 3(b)E7 T CsMnCls £ b 7E N o F2 HR RSO 1 . AERRSR 264 T, AR RS A T
2269 nm 4b. BEFEJIMEINEZ) 0.9 GPa, S IRCAR B R AE T RMmER . AR mE
32.2 GPa, FEMFIRCARFSLI EZ) 371 nm 4b. ] Tauc Plot y:4MESRAS CsMnCl; [ 2277 B
BT, WL R B a 5T REEAII R R ARG R R, HAEARN:
(ahv)" = A(hv - E ) QP)
X o A REG hv WASHETRERE: Eg ARERIGEM R n NERERATE .

CsMnCly J9EL A, n B, W 3()im, CsMnCl % TR F MBI, 410946 eV, [

3(d)ER T IS AR R B A . B 3(d) P dE R R TAESLTE 0.3 GPa & 1.2 GPa Z A4 B A2 4L
1£0.9 GPa Z |, PRI BREE RIS, X Ak 2 S8BT, Y% it 0.9 GPa i,
FE G250 BRZ TS, BRI B A U8 B T AR AR R AR DL R F 7 25 40 B 36 AR 25 771k B 32.2
GPa Itf, FESEBRIBR/NEZ) 3.34 eV. HIEJG CsMnCls BT 5 2R 00 i B WRici2 fr B JE A
AR (B S . EEEANINEEFES, CsMnCls BI56257 BRI/ T 29 28%,/ 3 B\ 7 B 14 v ] 1
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Fig.3 (a)and (b) In situ absorption spectrum of CsMnCl; during pressurization; (c) Tauc Plot results of CsMnCl; at

atmospheric pressure, approximately 4.6 e¢V; (d) Band gap evolution of CsMnCl; during pressurization.
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2.3 [E/ITR CsMnC |l ; BUEHRA 5T

T B BRAR CsMnCly B 6 PR AN MR 0 R, AT T mER AL X SR ATHT L5
Kl 4(a)fE7~ T CsMnCly /E RIS FEH 1) XRD 1%, Hemilk /1% 58 GPao. MEIFFATLLEH, BEFE K7
(RS0, A A RAS AT S V35 B b v o AR B RS By, SR R MR R S A . B R RN,
TSGR I R TSR N IERILR, KA T SIS REN TR, B 4dRART 0.5 GPakf
RSB R K, OORLRRPAEIE, RO BRI AE, WLk 2 seib Bl i s
Bz MM 21, BEMEELE NP A, Ry, MG ZE T, R, MG ZH
Fo FEBERER, E)E771E%) 0.9 GPa #I, FEMMIGZAET R3m =S [A1E (Phase 1) , §iES%a=
b=72328 A, ¢=27.2499 A, SHAKFR V =1234.54 A3, L SEERARARRRE T 7T E AW
96, TEXFEREAT, MmN ESWsmEYE, JETRELEE, R T5ET72MIER 2R
(AR A= B IR, o T 77 1 2 AR R TILA dit b B B3 A o SR B 1) AR A TR 40 8O 0 T e
IR, s T SR SR AR S & At TR T PL SREELE 0.9 7/ GPa il It & & $2 Tt
Ak, SRRSO R TGS AR BAE L, IX 5 SRR G2 B R I 1 R RO A A
7R T TSI B2 B B R I N ) 5 77355 0.9 GPa/l, S\ 5F1 6.9° BT (I
THIfTEE (B S2) , KB CsMnCly &4 THIAS, #ENT — D RiERSEM (Phase 11) , 5
P2 M. 0.9 GPa HI CsMnCls J\THA P EE G f A ARHME LT AR BRIE K. 2k ik 3|
20.5  GPaltf, 5.7° F16.9° PHUTHINTHTIEI G, HBAT U Sy 58 AR Sk \ B8 S0 1) = R AR
(Phase 111D o 7EE 8558 RS, XRD WEK S 2 5] 1) _R3nm 25 M . 7 20.5 GPa % 58 GPa [
JEZJ3E Y, ARIHAT LOSLIE] 5 22 20° 5 FE (0 A AT 56 0 S-SR SR A7 L 1 77 96 L P9 A TH AR R
UF () SRR GG, SRR AR B PR . 7R I VG s\ SR IB AR TH B 0 ) T b AT SR8 1 R
¥, RGN & M ERR SRS .
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Fig.4 (a) The in-situ XRD spectrum of CsMnCl; during the pressurization process; (b) and (c) in-situ Raman spectrum of
CsMnCl; during the pressurization process; (d) Rietveld refinement result of XRD at 0.5 GPa; (¢) Raman peak position
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variation as a function of pressures and (f) comparison of Raman peak positions before and after pressurization of CsMnCl;,
showing that the Raman peak positions of the pressure treated samples are all shifted towards lower wavenumbers.

X CsMnCly #f AT 1w I IR 8O SRYG, #E—PIESE T CsMnCls B i 72 5 i R A A Y
FHAZ . B 4(b)M(c)En T kI FE T CsMnCl IH7 80615, K ifm4a 60 GPa. fEEIEZMT,
CsMnCl; EARATEFE WA v1(109.8 cm™). v2(163.3 cm). v3(206.4 cm™). v4(263.1 cm™)PU/ N7 2 PR
AR v X RRERIRS), HET )RR Cs 5 CIIf&iEs). Cs iR, L £ s
BAK. v2 X Mn-Cl & ii4R3), v3 X R Mn-Cl I fa IR 3R], v4 X5 Mn-Cl IR FRB AR R 3)
320, K ik %) 1.0 GPa i, fE 239.1 e AL T —ANBIAOHL 208 “*7 , FUREMERRILE, 5
XRD 25X, M 207 GPalf, 239.1  cm! WA B EAT B4 2R v3, R
CsMnCly #EA S XFRVE AR = I AGAH, LI CsMnCls [ PL 33 0 Z AR, S HTSCE R
XRL. B 4(e)fn, B RIEIN, SR AR AE R, T R SR R 1) B AR T ) R
e TR v3 EE 239.1 em ! Hy @ BB s ) B ROE AR E AR EADRER 1IN T
J&J5 CsMnCls HIHL 2061 b ER )G, A MR SIS AR B , IR JIESRI A% i 22 0%
IR, AR MR G A PR RE A PTG
2.4 CsNMnCl; BIE—MRIBITELER

Bl 5 FIE 6 2B T 4tk s S R CsMnCls 7R ) N A bt #2 . B S o T
CsMnCly AR A T RIRe G . Herb 3R 60 55 5 ¢ th 2 70 5 6 B e 1AL L (UP) A E B i) &
(DOWN) HIHL T2, WK 5w, 760 GPalfl, BEHEZREEDB T LI B AR, 5K
ZETTERN 430 oV, NEILWKE, SRR VIE. HF-UP-5 DOWN e A 117 T T 417 IR A7
FERZE I, B el S8l BAE S LT B eSRBE EES R, TR E e AL HL 7454
MIEHTHE 2 GPa ), FWREGHUR/NE 4.12 eV, UPE DOWN RET 1) /> F4RE 5 A FTid SR 4757
BRI, BEBIRIE A P iR e A BUAf . 7E 50 GRS, i Bk % 2.37 eV, UP 5 DOWN fgifr i
THEE, BRSZZHHK. T EE R RREORN LI 45 /A — 2. AR, SRS
CsMnCl 7£% J1 T I 508 4.6 eV, T SAE RGN, 3K AT REE i T R FE AL A

(LDA/GGA) RAEFE 7T H JEHL T RERHNL, ARAGY 7R3, (EIZ RGURZEAEA R K T 2RI AN
A, BRI 22 I E AN S MR AT B A 3

K 6 JEoR 1 CsMnCls FIFEAENE /1 FEIE - &5 (PDOS) . BEE VA T SR RE i RE &
E-E;, PHONEEE (PDOS, A &IeV). 48REY, mLRE4R 75, #5987 Mn-3d
BUES C1-3p FUEZ MM R BUES S AE ], S ERE R S AN B4, 31X 50RO 6 Y
IR @IS . fEHA Py Mnid PUE I SR B g, 37 7 SORRERMTIT I B T3
Cl-p SUETE BRI, 5 Mod PUEH R HS . Cs-p PUEICHMISTTER, Wl CsHENSNERH S
TR FORBE R AT A MA IR . 2K /1 F+ % 2 GPa i, SHUEEATFIRRREX 23], &%HE
e B AT H 0, SO R A s 4 A7) SIS A AL G SR B 3 o Clp BUIE PR BT R 3B 1 RE LT
SGENEIAHAR, SRR AE R RT . (E 50 GPa I, &k Mn-d LB WA NS HoR EEES, RS RS L4
T d PUER IR BOR T A U R R
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Structure and Optical Properties® of Inorganic Metal Halide Perovskite CsMnCl,

under High Pressuré

ZHANG,Yinglong'" 2, JIA Shufan'' 2, DAI Ning!" 2, SAQIB Rahman " 2
(1. Hangzhouw Institute for Advanced Study, Hangzhou 310024, Zhejiang, China;
2¢ Uniiversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Manganese-based metal halide perovskites have attracted significant attention due to their
excellent photoelectric conversion efficiency and low-cost preparation advantages. Among them, cesium
manganese chloride (CsMnCl;) has emerged as a promising candidate for spintronics and magnetic
applications. Understanding the structure-property relationship of CsMnCls, particularly its behavior under
extreme conditions, is crucial for developing stable and efficient manganese-based perovskite materials and
expanding their application scenarios. In this study, we systematically investigated the structural and optical
properties of CsMnCl; using diamond anvil cell (DAC) technology combined with in-situ high-pressure
photoluminescence (PL) spectroscopy, absorption spectroscopy, Raman spectroscopy, X-ray diffraction
(XRD), and first-principles calculations. At ambient pressure, CsMnCl; crystallized in the R3m space group.
During compression, we observed a structural transition at approximately 0.9 GPa, accompanied by a
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significant enhancement about 8.4 times in the photoluminescence intensity of CsMnCl;. Within the

experimental pressure range from 0 to 32.2 GPa, the optical bandgap gradually decreases by about 28% with
increasing pressure. Our findings provide theoretical support and experimental evidence for optimizing the
high-pressure stability of manganese-based perovskite materials and expanding their functional applications
under extreme conditions. Additionally, the fundamental understanding of metal halide perovskites under
high pressure is enriched.

Keywords: high pressure; PL enhancement; Mn-based halide perovskites; phase transition
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