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G RTTIE, Z 7] LU RG] LR 7m0 S5 45 1 DL S R A4 (1)
AL, BRI RS, DG H— R 50 & 8 B 1
fEF] (M-SAC) . &5 REREA 3D 451 Ni-SAC 7£ 350 mA cm™?
IR R, COIbJE N CO HIEH SRR 90%. FFAN A E
Je LA Ni-SAC AE R E PR R, KRH SiOx it 77 =& i, %
BTG (TEM) ME MBI A#ES (HAADF-STEM)
JETRGHA, MR A AHFLIR B E% 3D RDIREE M. RIFHE
FIF) HL R 2D BB S5 R A2 7] 2D JEIE 45 H . T HAADF-STEM K%
BEATINE, W5 T SLREAEEE N 5.1+20.5 nm, “THFLAEZH 2.5 nm,
KW SAC A FLES K AT LI 1o A ARAR 4 10 S & 3k A7 K B 2 il AR 2
ReE B X B2k (EDS) #r#T3&HH C. N Ml Ni /£ Ni-SAC £
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WIE A RH X SO FREIER A (XPS) 204 7 Ni Al N 11
FIE, 4GV R X RIS AN AT IS (EXAFS) #L&4;
FKW, XFHrA 3DNi-SAC, H0 Ni 7T 5 KA MUA N JRFRCAT .
IR AR 25 FAT 77 M SCRFREBLAR A 1 T7 1k RE A8 R 1 42 o) AE AL TR PR <
JR R T-IL p 5 TR 52755 8 Ak SR SO 66 R TR AR e o i 5 T 0
SR — DAL T REAR AR 5 VAR G A A B K UKL 1 A [ B SR 1
AL L. 450K, HAFEE BT RN SAC If R EE
AFRUT = A OFFBRTE AR ISR PR R AR E I M-N . @
PR AT BT AR R B I FL A, TR A RSt il e 4 R SR AE
i SRR R G50 . OFERRIZITREF, BT A M 9Kk #R ] LA
W HoSO4 ¥ A, TMARSE I M-N SR I BRI IRAEAE . BJEHTTEN
G ANTE Ni-SAC L H4L 2 CORR PEAEREAT TR, Ni-SAC fEF5
HE = BRI M S S 28 10 mA em? B3R B R B S I CO a1,
TN Ni B 5T B fefE CORR WTETE . 5 2D i i 4 B
HEFRIAHEE, 3D Ni-SAC fEAH A FLA7 T 30 H B8 vy B HL % L, 7£-0.87
V I} HL S B A IE # 350 mA em?, 2 [E ST 2D Ni-SAC [ 3.5
%, HAE 100 mA cm? T CO #5114 98.5%, 7£ 350 mA cm? K
CO L FMEREE 93%, AL T 2D Ni-SAC. /5 A1kl 3D Ni-SAC
) CORR fa e, i / — MR TR A (MEAD , AL
MEA F1{RFF 100 mA cm? ) HLUE S, ELEHAE 40 /N CO.RR HE
fife)a, AR B BE I T T LT 58 R AR RILR
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Q Poiyme izing Pyrolys is
- " . . Etch ng
Or

SO -NPs M-PoPd-SiC,-NPs M SACISiO -NPs

\ ® ’ Polyme zing Pyrolyss

. ﬁ Elcn ing

,.Ii} SBA-15 M-PoPd-SBA-15 M-SAC/SBA-15
Or

‘b & Polymerizing & Pyrolysis J—(’(* Q /
Etching S / _P')

MCM-48 M-PoPd-MCM-48 M-SAC/MCM-48

B 1 SHAREEFRUNARSETEE

ZIT T4 1 — il AR B sk, H T U R
JER - RO 485 ) P PR iR P 4E 7] (SAC) o SAC AT LB AN [F] F AL
SEMEAT RO, MBI EZES (3D A1 2D) FIEY B, X9
BUERAE Tl AL 38 J5 COs [ B (CO.RR) T ZT5 ik 3 FEH,
iWTﬁ%%CO%ﬁMﬁz ﬁﬁﬁ%m&mAﬁﬁ%%%%%
AR Y ST SEBR Tz N B BT @ A . A OSHIT AT RUR R R AE
(]Vature‘SyntheSis» 18,

f}

[eh BB ISR AR L 351]
IR IVESEAE -Bi VO, N IS B 71K PHE SR AR AL £ 7~

JeRA (PEC) N3G i il iR 6 IR SORT rEE AL 25 5 /B R 1Y
JERATF IR, B PR AT 2L K BH AR R A P BUAS I8 F1. AR
AT VTR BOR PR T 4 et B 2 #F A0 3 3 [ ke A Rl 2= s i
IBHANELE

e [ S MF K 2240 5 & Erwin Reisner 0% R BB R . etk
FEM AR R E R G B AA O8) AR AE P28 1 13 i N ik
M. ZBEERES CANESRIREMEE, AR, =i

¥ WuZY,ZhuP, Wang HT, et al. A general synthesis of single atom catalysts with controllable atomic and
mesoporous structures. Nature Synthesis, 2022, DOI: 10.1038/s44160-022-00129-x.
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INTAE A RN RIETETT T AR o B 284 1) 100 cm? 37 A\
T AR (K24 /M) 5 1.7 em? (1338 PEC #84F
FHY, HAZee B fe ST ORISR 2R, A O 5 - A A
TS RN RE ST T R A SR EM AR (GE) WIEME N
BB A8 AR 5 R 1 A1 COy i Ji 8 A0 770 1 18 [ A T T AT M .
Araldite SRR EM ARG S I LL 4:3 B B L 5 A0 SR A LR R R
R, 5 OA AR REM L, B4 A S8 A MR A
WA T ATy A R IR LR . Ak, A SR T
DLE R BBk E (CNTY Fr b, S HBHIlE, K49 500 pm
JEH GE A1 6.67+0.79 QIR L PH. GE Jy CNT Jy 3R
RTHFA 5 F i, e KPR FEE IR D 1 HBHAFE . 7E GE B EEH
—ANNEIEE TR R B, BIRAE 0.1 V NIAE] 20 mA cm?, Xidt—
AIIE T HAE N S HEBFIE . v 7 EERE St PEC #8F =
AU ISP, BASERY AN BiVOs TR E R e 3L | . @it
GE H 38R K BH 8 FE I SRS LS Bk Y AR (fFPVKD o R
A A 4iEid 10 pm B0 ZHR-C IR JZ Kb 22 AU (CVD)
BB, R T MY B HCIRIR U i % 70 . DURRAE S AL SR 5
JE R BN R — W R & I R b ) i A B T O I A £ FH e 4L
FISLIL T 4266 pmol Ha g bt ()iE M, MIAERMOGIE (0.1 AN KPFH 91
&) F, BAMT CO» il B 51 143 b i A0 77 1) ' F B AR S 1
7.2 1715 COHa e 1: o AHRLIER B4 ERH-BiVOs PEC #4 HTCH B
K BHEEREL R 3 5N 0.58%(Ha) A 0.053%(CO). 100 cm? )45 57 A
Tt R AT AT AR g, HMERE AR E I (CRZ) 24 /NI
5 1.7 cm? (1338 PEC #81HH 24 . TRz TR B s < it — A
30-100 mg cm™ (¥ #5 REOE IR, T 4% 20 s S 24 WU Bl T e At 1 1
AN RS S AR . X BRI otk PEC 25 B R A T & G0 K FHRE SRR
Tk (e R EE Sy, HAR b 03 Y AT SOt A B A 1
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Ve

y
1 SEFNBEBHAE -BiVOo, NER MR RERE

2 IO 7030 e SR FH T S 1 R SRS AT B o TR 47 J2 1l Dy i i g H —
BpOtHEAY (PEC) NiGH o BRI Fr 4 500t s M T St
R, RAFMEE R R GBI E I, AR ik 4266
pmol Hy g Th! BE Ik o« XM o 't M Ak S IR AR S8 N S F IR 3
(R ORK BH RE R e — 25T & AT . AHOGHH FL R K RAE ( Nature) 1.
[ R 22 B PO R G R0 2]

A BRIZSM19. 1% KARESHRT BENKRAY

VTR, B ESERA/RE RS AR/ A AR A (CIGS) B )2 KPHRE
R AR R I, PS4 B Bk B = KPR RE FL (2TPT-SCs) 5l 1
FNFEKREIDEER, E4E 7w (WBG) F5ERA Ti 4 V. HL i
(EG1op=1.6-1.8 eV) FIZE 5 B (NBG) 2540 B #51V. FL It (EG-bottom <1.3
eV) ML . T H xR b s 1w A g 2 d sk CIGS
HL BR300, RN 2TPT KFHAEH I ZL/: (2TPT-SMs) &
AR i T2 BT e KRR R R H

1 ] e R OB L 2 o Ak 45 4 R 9 i o 51 N AT R

19 Virgil A, Ucoski G M, Pornrungroj C, et al. Floating perovskite-BiVO4 devices for scalable solar fuel
production. Nature, 2022, DOI:10.1038/341586-022-04978-6.
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HIR P PR S R AT, HEHE T e A S B R R L
I T A PUR L 2GRN E A E LT R TR, 5K
LT SEES AR B iR PR i A Bk S JE K PHBE HLIE (0.1 cm?, PCE
N 23.5%) B2 EIBALE (1225 em? LA 714 RAE
7 4 By AR K A o AE T AL T 1Y) WBG B D i R ARG R A A K
NBG. A HiEd i 1 R M B0 2R B 2 T2 S8, LA
HEFF (GFF) k3] 94.7%. AW ERE HERZSZE A8

REEHIMITE R (Vo) 258 2.01V 247, TR Voo 5T T
1) 8.0 Vo IXFEIRAE 55 IR Voo BRI /ME, {8 10 mV (AH
X 0.5%) o BeAk, HAHRE T 15% M EEAR T (FF) , RHIIA
(Y 2E A EL AR 2 o] DL RS AN TE o ST LR TR 2.56 em? 176 2
A (ToEAHENR, EMBR TR IED A HIN R EoR H 22.2%
[f)%5 PCE, Voe=8.0 V, JHHHIR [=9.57 mA, FF=75%. {Ei&4:R 1
T, REIEKHA 547 mW i, 23t 15 /N BRI S (MPP)
PREFH M 2RI T 95%IMPILARLE (SPCE) o« A HIHIE R FH &l iR iR
2 (2PACz. WBG 54k . PEDOT:PSS. NBG 54kt 1 PCBM) Al
AU (LiF. Ceo SnOx. Au. BCP Fll MgFy) J7iERIH-& 4T
JRIZHAFAE 20 /NIFNIE F] 19.1%01) PCE (FLARTHIAR N 12.25 em?, &
AN 25T 94.7% ) GFF) F1 18.3%M) MPP JREE (i BT 224 mW),
FXE T BN 7%, CATH R B T 1575 (ToF-SIMS) 1l & J&
TR EEREMBOCE R, DLUBHAR GFF (~94.7%+0.1%) . @it
HL B EFNIEBUR L RUE LSR5 F LS 24t (LBIC) B4,
UEBR 1 BEAN 24T X33 N 1350 50 FRLR WSO AR AR R e 85 B2, X e 1 it
FINER 22 Z A1 Voe F1 FFARIFE (<2%) , LLIATH &R
JERE YRR R A& BEHFE (<5%)
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i Absomption Insses
Archl Reflaction lnsses
= e~ W Cu 1.0 <

BCP — 16 PCE = 23.5%
B = w o8
a =
PCBM E |l 24 ﬁ
® FEDOTPSSinIPa £ _ || E os
= 7O of Au %' £ ”’i'i 2
BFw
W 5n0, 3 = g 04
Cu s |°
LiF at | — | g
- 2IF'AGz a % 150 a00 = !
B oH a Time {s) i t
B Glass o o5 10 15 20 400 800 B0 1,000
MgF; Valtage [V) Wavelengih {nrn)
Ilurmansakion
d -
f 50 |’_—:J. — 8
h=)
=3 7 ]
E A Power e (M) G =
E a0 VOlEGE yem (V) =
[ 4 =
% ap | Currant ... (maj g‘
g 5
0o i + : + n U
i 4] 2 4 G 8 10 12 14
Intarconnection :
Tima {h}
e 1w 1 g 1D p— - 1.0
L ] E 0.8 — Power o (Norm.} na E.,
—_ @ !
S (1 L q'lll. y s —— oltage .. (Norm.) i E
= | s 1, . O % !
£ One call II Two calls 4 Threa cells *‘ Four cells * 3 Curran ypp (Norm.) -4
£ 4| FF=75% 1 FR=74 ¢ FF=75% \ FF=75% [ E os {04 &
o | | L Mo=8V € =z @
- I i ¥ l,=85TmA ¢ 0.2 0z £
t ) " PCE = 82.2% 4 | Temperature stress (B5 “C) 2
al | L 1 Fl T " | o L i o
1] 1 2 3 4 5 & T 5} i 1 2 3
Valtage [V} Time [h}

Bl 1 24B5KH B APE AL E b AILE A AOIR T RO Y
A N P i A A R S R K BHRE F A (2TPT-SMs) ¥ H
A R IUTRRER (RIRIREM BT, IHEH 7 —FiiRih 43
62 IR OK BH e I B 22, SEIL T PN i A 5 EK AT S J2 K FH RE FL
(2TPT-SCs) M 0.1 cm? #] 12.25 con® AT B . RIS, 1ZHF 57048
7 B (NBG) K BHRE Hyth 1) 2 RS RH R B B A T gk R, {23k T NBG
JO 08 V. P vt 3 TR LR S I AR R M . AH ORI AL R R R AE ( Nature
Energy) 2%,
[oh R 2 B2 E DUk S TR 0 3540

ERARMREBBRASIEREZESHERET

B TR AT 7e F LA A D A s L N P A A 7R RE S AR A ik

20 Bahram Abdollahi Nejand, David B. Ritzer, Hang Hu, et al. Scalable two-terminal all-perovskite tandem solar
modules with a 19.1% efficiency. Nature Energy, 2022, DOI: 10.1038/s41560-022-01059-w
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RERGZ —. SR, 1 IS T I A2 8 F sl e & B A o A
B, el a0l a2 RV F AR S Ny, 25 51 22 4 i it
WK FS 3 H K 2% Andrew K. Whittaker Z{#2 1R @41 & 1 —Ff
fFF AT 2R (PFPE) [ BLL RWE [ 44 v g o ) e AR e
AR . SCIRg R, PFPE BIIIA$ER T /1Rl
it BEA ;1% PFPE &S5 /5 Na WAH BAEH], Natil# Ho
Na'Hi RN, X FHUE & B IR i o R 30t 35 K
TEIFRE M o A TN BB R A 3L IR v e BE A E 1A SR &
Ve, Bh e Eib s gt TRTRIALE . AERN O T 3G 9% SPE
FOpLIR e AR e PEAT Nar &, W — R BAZHIEENHL
RBALRIIVE Y SPE. (EZHNE T, iF B/E PEO Z5 1438 41 ) Na™7E i
AN BE S TR B4 B R EAT T A AW i2, 1 PEO A1 PFPE Hfdk 2 [A]
MR B, Bl T AU . IR T B AL A0 ST 5 9
K454, PFPE 5] NG5 T PEO HAah %, X [ 4 gk k45
FASRAE T = o BB B8 1AL fnd@ s AR e U e e 1, X T T
5] 74 Pt T2 % R 9 ek 58 1 PN P 7 P SR B B 0 S Bl TR
FLA I AN G Jm At N B A A . A B A R S, BTN D
1T THF T EMEE (SEM) MR IE. Vogel-Fulcher-Tamman 77
WA AR, 70 Ta A . SEM BIEIE 5 5 fi
“H M (PVDF) EE L5844 PFPE U 7S, MR 1
— P RIE TG SPE; WA AR, LB BH B 1A PEPE
REW MBI EAEHGI T, WL “H " iRt TEIMA %
MCUIE B T {4 F PFPE HIARVRRT, AR B RETIN, BA
R4 AL, E 5V ZHTH A IR EBUIS, XRESEZM N EE
A EANASE T, FRORYT FARRAE Sk T Szt — B . e Jany
XFFR Na/Na HL R4 [ 2580 458 Wit (0 14 Re gk AT 1B JL . XFFR Na/Na
HLVB 45 RIESE . PFPE/PVDFE &M BHE 0.5 mAh cm™ ) 5 LI 2 5
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N, 1E 200 G R H AR AR AN/ R 54T, TR B
LR ZEAHMEE 1.0 mAh cm? FIEF 29530 2600 T RIRER
I AR AR e PG RE,  PTEER 400 YR (1000 /NETD , PRAN 4R A
R E L/ M AL R W AE S PEPE [ AR ISR AL 45 B ik 2 1)
TER T A2 1 SEL [FII 2 T ik — 0 e v 9t/ B i AR v & Jm e S
ARk, DA T A [) LR TR B/ L, 2 I PFPE #7345 A\ PEO
FL A DT R AR O AR 7 A A R BRI T B, AN FE SR 4 @ 2 i b= AR
TR2ER SEL HAESE T Ak ik B L B 2 DRe 14 A PFPE FRAR T
Stk AR S R A AL AR A, X AR SRR A R R B
4[5 Na/NVP (NVP = NasVa(PO4)3) H B I AL 22k el ik 45 SR %
B, HLAE &Rl 2 N SR I L R AR e ), HE& T 940 2 IRTE
WG, AR 87.2 BZE 85.0 mAh ¢!, HEHIFE AN 97.5% (F
BIREDURZEN 0.0026%) , “FRIFERKEET 99.9%. 5 Ja M L
3. PFPE & & FUMF I /E 44 8 F it Al Na/Na Fth R I R 4F
M EIREFRETT (940 IEM G I ERTF 97.5%) FlH 75 &4 e
7o

2000
(48 6%, 50) ™
*
* Na,V,(PO,),. NVP
1500 - * NaFePO,, NFP
#* &Na V.0,
This work * NaTi,(PO,)s

(97.5%, 940) NaCu, g Ni, Fe,,O

1000 < P
f@,‘ * Na,MnFe(CN),
':\

500 - *.mn. 300) =
(96 0%, 250)*" -
(B86.0%, 250"

" ot avaladie)
(87 5%, S notav (92 T, 2000) 'S

40"”‘-,&.--- {52.2%, 120" (98.1%, 525) ™ o
0 - - (85.8%, 200) "

Total plating/stripping capacity / mAh cm™
(normalized by area)

z T »
T ~ (81.9%, 1500)®
100} "~ (93.4% 100)™

L]

-

- T

T T
0 150 300 450 600

Total discharge capacity / mAh cm™?
(normalized by area)

1 EO10-PFPE/PVDF B f#R4A % H) Na/NVP £HithEE (LM AR
I BT A & T R T e w R bk im R IAE L6 (PEO) 2
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R B R IR FA S S s @bt (SPEs) , JFRDHN H T %24
FE A [ A4 it . R IREE T (0.5 mA em 2 1 1.0 mAh
cm2, Kk 1000 NS, Hri) SPE FRINWH 5 FE A E B FR LRG3
PERE. 3 RSN E BRI HEn A EREER. KR
TR AR AE PR A 1y A % NaFePO4 1ER I R A1 A, il s A0/ E IR ik
RS AE SET A2 il £ A 25 ] 4 FRL i o 8 — it FH SRS o FH SR AT FE R
RAE (Nature Materials) *'.

[rb I RR 2 B s BRI fR L 1250 SRREHA]

2l Xiaoen Wang, Cheng Zhang, Michal Sawczyk et al. Ultra-stable all-solid-state sodium metal batteries enabled
by perfluoropolyether-based electrolytes. Nature Materials, 2022, DOI: 10.1038/s41563-022-01296-0
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