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TEPERESEEENNE
BRI A AL AR OB T

1 SEE

ARICAERE T LR E B RS LI R R B E T WRER B A, DLROE TSR T
IRRES RIS VL (X-RBD HITsE

ARSCARR AR T B RN TR SE R B .

KRSCHRGRIER B Ay BT h R g R BREAR B

KRR PEEE N LRSS PR A E . RS,

AR SCAAE FH T PR B A AU A G B R R S TR A E

PA10 mg 10 pg/g DPPHEMARE & (43 TKBrfy A1) 550 uL 300 nM TEMPOVE R (T A i )
RGN A, AT R RIS R 250 10.20 pg/g (1.56x10%sp/mg) « 0.35uM (2.11x10' sp/ul) EE
FR 2> 7N11.40 pg/g (1.17x10™sp/mg) + 0.60 uM (3.61x10'" sp/ul.)

2 MetsIRAxH

B SO R P A e S B RTE A 51 P T A A SO AR AN T 2 B 2R e, VE H IR 51 SO
AZ H IS L A RRAE T A SO AN H IR SISO, oo ieas (BFEprA R see) @& T4
A

ISO/TS 18827 Nanotechnologies-Electron spin resonance (ESR) as a method for measuring reactive
oxygen species (ROS) generated by metal oxide nanomaterials

GB/T 32722 +3EjiEE T3eke IR R 0 R A7 4

GB/T 42363 L) L3es (b o Hrd i 1 ik £

GB/T 603 A= 10] 56: 753 v i F 00 B ol it PO o) %

GB/T 6682 73 1S5 = HI K UM A6 753

JY/T 0579 HL-F MR LR T v

3 ARIBRMEX

THIARIEFNE i T A A
3.1 BFINREEIREIE L electron paramagnetic resonance spectroscopy

BTG SE RS (EPR) , JNFRELT H LRI HE Celectron spin resonance spectroscopy, ESR)
ST A AT HL7 IR o 1) H R 8 v
3.2 BEMHE free radicals

B 15 i B AN O B B0 7 Bk [ AR AR AR R o v AR e B AR TR H . AR
€ HHEEH T 7@ s R e, PEE, TR E A a2 B LR A W, LigdEp

EiRF A H B 2E (environment persistent free radicals, EPFRs) . M35k H HH2EIE W RIVRIEIR, 1EXMN
TR REBRIN AFEAE, PR . W, REEHE (HO- .
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3.3 JEMEHI reactive oxygen species

MWEVIZERIR R, #) Z R EE AR 2R E A R (HO)  BEAET (03°) M
BRASE (10 .

3.4 HENEHEIR spin trapping

F 575 o B E 2RI e, B3R 55 75 ay B B 28 AR oA 0 Asoe K A A B B2E, BRON B e
&, WA AEDMPO (5,5- — H - 1-IE S IE-N-S246Y)) - BMPO (5-FUT S Bk HE-5- FH - 1-IE %
WE-N-Z4k4) . TEMP (2,2,6,6-V0 FFRENRIE ) 25,

3.5 g BEF gfactor

SR T 5r 5 W R ERRESA WIRFAE, SR BRI EAE B M EZE S A R SMOR BOn L7 A
BRHRMERZE, AhESdESEE T, PrEfNPuEs 8 AN EL.

3.6 HBIEMMEEIER hyperfine interaction
BSOS L 55 B R D) B TR TELATE PR g RS AR T A FH
3.7 BIELMLEH hyperfine structure

FHEE A 40 AH ELAE 7= 28 BT e R O R G A 2 A BB A AN 2 o 25 T 1 Hh B ARG A 70 2R A B R
FF5a, MATUREFERBMEKEHARR, BANGEEmMT. i, NOH 2L, EPRIEEIA3KSE
BRI, HDREAHRE A R A b3 20 o oRH 4 N 2R U ) R S

F: 1 mT=10G.

3.8 HEHIEKE spin concentration
B 5T R AR I S R O T RIECE CEIRED BV B R .
3.9 Q[&AF quality factor

RALERME L RE R A REAN RS, JUEE RIS S, 2 B A 2 8] RS EAR . A
AR R RS EERERIEM . QEBOR, sy, REULHMS.

3.10 £&% line width

T H PR TR — AR 2R R AR A R s TR AR IR R V-0 T (1
T . 75 AHpRR, FPANGEmT.

4 FEMREMTLE
IR BREEMRAT . FAL 73| Z IR GB/T 32722 GB/T 42363,
5 FiERE
HL UG e e AR O T PE R RS e AR S, IMIRREURIT Z m RE R B o 24 MR8 1R 400

TR — AN FES R IRIRIRGE, I HIMUR BE S hv 5 R BN FL 7 REZR 2 8] (B BEAE ARUL AT, B
AE = RU = GBH +++rvveeveeenerseeeiiiiii (1)
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e

h — AT EL, 6.62607015%10°34, AL AEHF (J = S) |

v —EAR, BACARZE (Hz)

g —8 Fn

B —H/REL T, 9.2740100783x1024, PAACNMEFARH (I/T) ;

H — R\, BAC & (G) B =4 (mT) .

X (D RETFIRBILIRAEAR K. —REPRE S+ 055, SLEERITE = RIS 5 2 53 R
B AL PR ZR 4 ] A9 B LR — IR 5 2R

6 XFIFIM AL

6.1 FREREmR

1, -TERE2-EEME (DPPH) : 4lE>99%.
$EFR (Mn?Y) &
FBHELEY (BDPA) .
2,2,6,6-TUEREIRIE-1-FEBHRE (TEMPO) : 4iE>99%.

ISAEES AN S o
— — o —

JKNGBIT 6682 FE HI—2K
6.2.1 5,5-ZEE-1-ALIEME-N-F 44 (DMPO) : 4lifE>99%.
2.2 2,2,6,6-FOEAENKIEET FhELEE (TEMP) : 4lfF>99%.
F: VEETEMPIIFERY (B, W) [OVAMRYE K A8 () pHI .
3 2,2,55-PYERE-3-MEMEM-3-FEHELRE (TPC) : 4lE>99%.
4 WIS (FeSOs ¢ TH0) : 4li/5>99.95%.,
5 W&EK (H02, 30%) : gt
6 FEBAELEEMAR (PBS, pH=7.4) : k4.
7
8
9

o

ERMERER (KoS:0s) : 4liE>99%.,
HIMPIEIRT B: 4ifE>80%.

Ffz (CH;0H) : fhifh4l,

.10 ZHRETW (DMSO) : faifad,
3¥1: DMPO. TEMP. TPCHMEYTET-20°CUKAH
2 HAREBOAFIE G 4°CIRAF .

6.3 7§

3.1 AFRE: ¢3~4mm, FK 12cm.

3.2 WHEEME: o1lmm, FK 10 cm.
1 BERENTINHAE S, I BRI, 8kt R T QR AR UK R
E2: KT AR R B Sl PTG A R P B AR S YR & e A AR AR L

o000 000 o
NN NNNNNN

o o

~

R e

HL T SRR TE A, 7RI T B B IRBE AL, R X B SIS i Thae .



T/SSSC XXXX—2025

7.1 {XERHYZERR

EPREZH G R B RS (55 0B DL R sk BT a
7.1.1 HUEAF

EH B Y55 s O 2 i ) A R
7.1.2 iE¥RAE

IR BT B BEAE, feSMERKEIRNSEE T, 7RSS E SR, LIQK
TRBAE, TR RAFEG AE I ROR . A 10 S BCE TR I g i/ BLRE B KAk, WIS 5 0%
FEs R, AR R R
7.1.3 WIRER%

PR, FRIR . PR MUK TR BB . T HERR I T i3 S R e 8], FF HR
FL I LIS HERf 1IR3
7.1.4 ESE5ERET

5T AR AR R R, GG TR . RIS 5 A E0E KA LI R 5T 15 3 HAE 5 1) — kI
IriELk, BIANEPRYE.

7.2 XEREIEE

N T ROREE TR, ORGSR O VA S R B SOE IR T AR E

(o]

FRERAE TR AHI &

8.1 IRESIKFIRSIZ

8.1.1 DPPH ¥rEREMA: DL KBr NEHF, Bl 04 104 30 504 75, 100 ng/g RIIHKE .
8.1.2 Mn*'8; BDPA #rERIR: A FHE, AT,
8.1.3 TEMPO frfEiai&: fEAkimd, A 0. 1. 2. 5. 10, 20 uM RFNKFE.
1 BT KBr10~100 pg/g DPPHEE B Y A FCHI M . #6. 4°CHAM T, 1~20 uM TEMPOR I {R174 )4 «
FE2: TEVEFIA SRR R E T 515 SRR A, A A i A
SE3: VAR P 3 R TR 5 SR IR
FE4: TG SE T B AR AERE S
8.1.4 DMPO i&i&: FHEBAUKEME 1M B2 M. SELKE: 20~100 mM.
8.1.5 TEMP &i&k: HMAKEME | M. SHEZKE: 10~100 mM.
FE: JEVATEMPIN , V235 [F) 240 ) 4 At A pHE R«
8.1.6 TPC AR HBA/KKMRE 1 M. ZHLIKE: 10~100 mM.
E: P XIpHNFE R, DMPO. TEMP. TPCEHH 3R 7 v FPBSIA A .
8.1.7 FeSOsimif: LUBA/KEEM, FHIK 1 mM, FFEE 0.1 mM, BIECHIH. SH54KE: 10 uM.
8.1.8 Hy0, iAik: PUHB4 /KR, FCHIE 100mM, FikEE 1mM, BEIH. Z2HEZIKE: 100 uM.
1.9 PBS ZMAER: BG40 1.36 g, 1 0.1 M ASELMNER 79 mL, FH/KFREZE 200 mL BIHA]
3 50 mM ZEpPiAT. TR AT T EE I K
10 KoS:OsiBik: LAHAKARE, BLHIK 1 M, FlEZE 10mM, LA « % 4&KE: 1~10 mM.
N RINKIEKIRLL B R LOEAUKE, BCHK 10 mM. SEZIKE: 1 mM.
12 BERRK: SHELEBASE: =90%.
.13 DMSO iAifk: ZHLEMBE S E: =90%.
S CLBHIRER, SO, IR, IR .

o

© © o ™
— —
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8.2 IMEFFAMBEHE EPFRs BIHI&

IR AT WTEE. A, HF (2100 H) o BRENZI5~500mg CFERAZE0.0001g) T E4E3~4
mmAFEE T, frlle USRS RG], &S B RA.
FE: RN S IR T R I A5 R IR S 1 L PR

8.3 BREBHE HO-M~ENEH&

SRR AL B 2k AU B d2E . 5D R TS A S S Fenton e B AR R H
HEHO», AT M-

EPFRs + HZOZ —> HO o +H20 ............................................ (2)
Fe2+ + H202 N Fe3+ F HO @ FOH -+ -vvrrrrrriieie (3)
HO ¢ +DMPO — DMPO —@ QH - vcccverrrrrrrrmrmmereeeeeeiiiiiiiiiii, (4)

AR DMPO VA WUmH ™ A (2 B 3% HOe, AR dr B HLEL BRI B e n 547
DMPO-+OH. A5 S NiAA 5 il & ], Fodl 2615 12 WP % B
8.4 WBZAR B HESO, By =4 Kbl &

WA BRIR s 7R R W77 A4S0 5 HO., R4 2 N A MG e IR B E T T . Sk el A
N sk, IMAESRE T SR B e R R AE RN, Pk, RIS,
A R B BEEY I BOR Ty SORIE IS B £ . R iR Al e A R R, A S e
H12£S0z " B M AT R Ry

B E: + T o SO7° + HO o + TR - veeeeeeeeeeeee 5)
SO7° + Hy0 = HO @ 48027 rrrerererrreremnnsnnnnnnnnnn (6)
TRRELEL + ‘};{VEE/%% N 504—' d HO @ covovrrrreee 7
HO o 4+ DMPO — DMPO —@ QH v vcvevererrrrerenememmeneeneaeanennn. (®)

SOZ° + DMPO = DMPO — SO, 7" -oerrreersrrremineerniiin 9)

TEIKAR 2, 3R FIDMPOYA W AT AN 1 3RHO. . SO5 *, A2 i e K HLcka & 1 [ e in& ¥/ DMPO-
*OH 5DMPO-S0;°; A /EDMSOZRFF, HTHO#E K, RIIREDMPO-SO; Eilk, LI fifz
Eh IR IR Z ], o 415 B LR C

8.5 BREASETO; B4 K&

FEE AT SHr A RRE A ARIR & SR AR o, R AR TR N0, i se Bl £
b ZEIREE S]] D

TRREREL + WEALT) - 07" + VEALT W v (10)
Fe2t 4+ 0, > 03"+ Fe3® coreeei (11)

03" + DMPO — DMPO — Q5% «:cvvvvereerrrmmmmmmiiiniiiiiiees (12)
DMPO — 05° 4+ Hy0 = DMPO — QOH «:----vveeereremmmiiiiin, (13)

HiFRFIDMPOE R AEDMSO B E H 1A 28 rh il 317 AR R SR B 8 3 B 2R 05, A am s i H
LB 2 I H eI & DMPO-03", AT ER 5T 710 J5 ZE RDMPO-OOH . LG G CAS-NP e B A4 5 4l
wlEhl, Hifl &5 2D,

8.6 BZEE '0,MTEREIE
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JCHOH NP IR LLAE P SS0 n G B T, BT R, RBP4 A RN K
TEALT . B R AR IS A AR R 2 (10 S R 2 rp 2 BLE PED 5 O R SE B G Y HIRIBE . HR ML
B RN

WIRL + JGHE (550nm) — FUBHLL s ovvvvrerrreere, (14)
FUBRLT % +0, = FLBILT 4 10, veoveeveeveeseeseaeeeeeeeeecs (15)
{ﬁ’f’{fﬂ;ﬂj + ﬂﬁ@ﬁﬁ’i N 102 + {ﬁﬂﬁ}iﬂ% ................................... (16)
TEMP + 102 — TEMPO - --ccvrerrrrrme i (17)

TPC + 10, = TPC — 10, orrrrrermerrrnenneti (18)

I TEMPELTPCYE A IR L4102, AR U ALK HLRRR E (1) B ié i & TEMPO.  TPC-'0;.
PLG R B ER #h 5 F i BOR AL s SR 2 IR 225, o 215 B L SR ESF.

1 8.3~8.600, JEWIBIFRMI, IR,

FE2: SRR B LR TR TR SR B AT HEAT R

3 RO ESH, ELIEG.

9 ST

EPRMTFE AR PP EEA LU R LB ER (& 1D .

[%m 9.1

EANE@m 9.2

[%ﬁ/ﬂﬂiﬁ/iﬁﬁﬂ(%%%ﬁ 9.3

)
]
J
J
J
J
J

[#Zﬁ/ﬁi}ﬂ%%l, gregE 9.5

HiERE 9.6

[SGHL 9.7

[l@liﬂé’fﬁ?ﬁl‘—ﬁﬁﬁﬁ 9.8

&1 EPRZMTIN G 1 2P IR
9.1 FFil

ISR ERURE , HRUKFTIT RO B TR R AIUKIEA R0 ARl o S FsthlAi . 4%
AR N E G Al ik e AR

9.2 FTAHm

FESFRRE B 3P R MY B E R R e . B, LIERESE T3 IR B, T ORAE S M
RS, S A5 em BT,
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BE6.3 22BN EEIFE T, H&BEN/NT4 em, FURCE T6.3.1FME (3 mm)
Wo JFBCE TR O 5 IR oo B A4k,

9.3 REMNFESH

9.3.1 RURIhE

TR T ZE AR MR, EPRAE 5 3R B ST D 00~ F iR b b . B2, HIhREWMZ 5, EPRES
SRS S5 TRSE R RN IE R, MR as MO R TN {E S E BN, ([F 5 HEl—E
TR BE ) e B

FE: TG D AR, TS E S R T 2R B - DR SIS A T AR
9.3.2 fUEINER

AREZRAR R TR (IR 5 L5 e N i R0 VS R s RO A 8 R R — 350, TR A DR LSRRI IR Ak T rh o f B
9.3.3 AL

VIR AL, B ORI T R B X R
9.3.4 &

A D i Iris, e W BRI SRR B AR W — AR 2z, TR 22 (47 B AT FR R
[T VRN, A A T IR s P IA B B R RS & o LR U EPRIE B S M B0R, 7 [F)— 1 R i il it
Al R R 5 3R
9.3.5 HiHHIL

D5E - HEFE A FFEPFRsERYS e H 3B S NP2 A F22E F HJEHO- . BRERIR [ 113505, DL
AR T05°. BASEI02, FHHIFR NS GHz, M L 02183500 G.

FE: FEMEIRI PIRONAL U HERE IR IS, ARSI N 4 2 20599.4 GHz,  HLHBEZ 78 H#13350 G-

9.3.6 FEEE

I 13 E 100~200 G
9.3.7 FIFEATE

WEZH G SEREOC, v R R . AR S B B 1024, WEFHER R 0] 5 920~60 s,
9.3.8 FAHARHE

BN E N EHRIKE I, HAG S Enfy, SV 5. Bk, ¥R, 5T
PRTHEMEEL (SAND , MRS P4, TG 5 N2 Z 82 .

FE: MR ELORRE S B SR . M DAL I e R M S N R 2 A
9.3.9 FHINERE

BN E N M E RN TS TR 58 . Y ITSKUERE, ROz, H/NTEPRuEIEH
BN — 2K UG (Gauss) o AR/, FEUethbkz, oPim. HAHETR EE2aFH
W TEE, [F5 R
9.3.10 E%IHE

BRINEE 100 KHz. {HZX TR EPRAS 5, BRI () BE A4 il a0 A 165 L R i S e S /N, 4 R
BT e W o0 oK
9.3.11 HKEH

15 SR AHE 5 FBOR R 3L, BB SERUA— O AL, 012 A5 L | 23 HR 38 55 A R,
N SR RS N Y oy NP il R R 9 N O Nt s BN = R w L TR =R

9.4 ME

BB ERESHA, KIERESHENE, Braslut.
E: T IREORSE RTINS UORE i B 1) 2 A0 (S 2 B0 B ™A% PR — B
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9.5 BERES

MRIRIAEG, ZE BRGSO TG R, TR S BRI N B E S HUE RO 512 1E.
9.6 HiRIRTE

SERRE SRR G S B A — AR YR AT S G 50 -
9.7 %Ml

MATER G, AR AT o B ORI I K 130 dB2RAF N, XA iz TR &=
WIRAS, BOBFERHFZ BB E . RE, EREERIURE, @RS MZE0 G. Wi 35 H et
WS, FHRUORHEIE. . 266, RS KIS, 230K,

9.8 BEHEEINS RN

9.8.1 [EiZiEHL

BE P TEA A B I AT, SORT AT R AT ML N P RO EL A PR AT 5 o AU ] 5 1
H I IEPRIE B WA 24 B HERA BT 8, 0B3RS H G B
9.8.2 EiEfRF

XFEPREE HEAT MR 20 4T, AT 3845 38R i P EPFRs . A HLVS R HIEB AR P hRE 5T
PRV Mg 7 EREAEE R B R E .
9.8.3 gHEHTF

A E L N R VR R A
(1) BERENEE

B 5 S BOR B TARAR (D FE, Bl EAR.

o = 714 47735 < L ............................................. (19)

0

e

v —IRI SEBRE, BALNERZZ (GHz)

B—HAIIE, HREG).

THE SRR 2N IR 3 i AT e BRI SR 5 REY IF H 3 58 ¢ (B IITHE
(2) HEBEE

K IR AHERE S DPPH(RRUE) s Efiby (N8 ) 5 155 JIAE i [R) I B EPR 1 B e % Tk &1 b, 5.
FH R UEEARAERT ity 5 22 DEARAERE S 70 0 B2 BRI 5 2R, A (1D AT TR A

_&BBs 8. BB. (20)

h h

e TR s x IR ARAERE . R DURE
SE1: ESHE R W TEPFRs g BT 04T : % g <2.0030, MBI LLRR A rft, Biltn, 55425 A k. #2.0030<
g <2.0040, MK LABRE N 0Bk OS5 8 DIRG Y. g >2.0040, & LLAESE 7oL, filn, PR
B k.
E2: WSEBORL, TR B R G A R nFe E R A B &4 41, DMPO--OH. DMPO-SO;* . DMPO-
03"+ DMPO-OOH. TEMPO, Hg [K-Fili'# £142.005~2.006,
10
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9.8.4 BIFLHLEM

FeE HH%E, WEPFRsZEBIHFEA 72, 2 LKA

XTI A P ) B 2, — AN RO LS — AN REYE AL AR A F g« I REERRTE . 1%
B Am==1 5Am~0f1i% M, hiEE R AERITHIREBAELTH . TR0 1Lk, HAAW
FRRMPE B RasiFH AR AL ShAh, — NIRRT TS 2 AR AE AR, 78 R IRE SR )
— =120 A FRIA R T 12585 GLd AT T VEARIHE S, v &5& 0 54k Rt A7 ) I SF b 1
it

TR B RS EEY R, IDMPO--OH. DMPO-S0;°. DMPO-05°. TEMPO. TPC-'0,Z ! )i
KA 2 IRE, PRI EB~F.

FERE AN RS 2R B H TR S AR SR, AT LA A ELVE A% B e 2R Y B A
TR S, A T00e B b SR R 7 T 45404
9.8.5 BIERE
(A) 1BxtE

AETH AR EDPPHELTEMPO T i) O NA FE (R b th 22, W BEVG I T 2 168.1.1~8.1.3, HADT54 11,
PRI PR AR EPR S LR THIAN S O 0 E FE IR B 2R VDGR, Al H R i I IR o i il 4R PR 2 1A
KRHN>0.999 0 X FRAE I 72 A HIFE iy IR 43 THIAR 5 U ATRRIE S IR TR AR 2R AT bl Ase, AT A 0 b 1
BEEHAT RN, MONA .

(B) #axfi%

EPRIRME SV A DhE . Wl PAMINEIE . Sl (|, S, MORMEEERI0RNDN S, ol
PR RGHEA, e | REGE R EAXPIHMEE (c,0 , HAAME BRGSO, 5
A ESEBRFE M IQME, MIMRMRAXPITASEME, LI ERITH . EEPRIFERE O, i
ANFERE AR BRSSP R O PR BRI R 7 S, AT E BTSRRI E R, T VR AR A )
Pio THH T HIRECSFERRREARR b, R B R .

10 FREdzH

10.1 ZFAKE
F5 B AR [RS8 20 189.1~9.7, X REAN I NAR R FO4 371 25 1 Ront BE S AT F A
10.2 IEHaE

B ARERE M g B 2 RMEE . ZRNORICHURE MR . B ek Z1E9.8.58 77 WA

JE1: DPPHER (A5 AR5 2B, ¢=2.0036+0.0003, £&% N0.1~0.4 mT.

$2: =R, HibRMn2th 6EIE, 318 (g=2.0327+£0.0002) 555415 (g=1.9803+0.02) [IIAIKE59.076 mT. 6FE 4>
2RI B = A A BN, 258 thn it

7E3: BDPA, HiE, £=2.00254+0.00032.

4 TEKEE AT, TEMPOR3IE /) FIEE, He=2.0045, a=1.54 mT.

10.3 WBEE

WEER, BCEAPATIESER . R AR (R ZE BN<10 Y.

11 REIRE

11



BEOEEUTAR:
a) SIS

b)  FEAL S
c)

d) JRIGEE
e) kI H M.
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WA UG . IR iR oLy LyaE . FsIEE . S REE R
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M & A
(R
EPFRs B9 EPR [EiE

EPFRsllR G FE i ) 4% . FREX T3 RE F B 50.1580 g, B T W4 mmA Skt 1, PRSI N
1 cm. +I3EHEPFRsHIEPRIEE WLIKFA. 1.

EPFRsHFE AN 754, T H 7 & B JC WA AZ B RS Al A K55, B 7 B IR O I — A Flmg = +1/2,
12 A3 2 18] BRI AH o B2 Y iR 0

r T T T d
3450 3475 3500 3525 3550
Field (G>

KA.l 1+ IEEPFRsZ{H|EPR &

fEMTIE . B, ¢=2.0033

13
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Mi & B
(R
DMPO--OH Jfn&4IR9fZ A% X EPR [EiE

Z30 I SR R ZE 4, DMPO. Fe?'\ HoOo 244K FE 43 71129100 mM. 0.01 mM. 0.1 mM, HDMPO-
“OHIM& Y KIS WL IEB. 1.

DMPOs& — /MRS BT A, 7RISR A AR B, HOeH B R CANAE ECJE T, B
B E TN & DMPO--OH . EPRIEEE, B AR AT T 51NN TASHAZ AR FLAE FH i 7= A= 1 R kG 41
2 A I 9.8.4, NAZ Kt 28 73 N3 (I=1, 2x 1+1=3), Hplf itk — 5 3 2L 24N (1=1/2, 2x1/2+1=2),
HFax~an, EPREGIEEARCAUE R KA T HES, HEHRIEEE, HEEELFA1: 2: 2: 1, W
TH:

T T T T T 1
3450 3470 3490 3510 3530 3550
Field <G>

&B.1 DMPO--OHZEFIEPRIE K

fEMTE R 4HIE, g=2.0053, an=14.98G, ag=14.72G

14
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Mt & C
(ERHE)
DMPO-SO; & IR A2 Ak & EPR [EliE

AT IS FRER A S S 2= B, DMPO. PMSZKE 4514100 mM. 10 mM, HDMPO-S0;*
&P E v WLEIC. 1.

DMPO& —/MIR IS FRAT AV, 7EHER B AL BT, SO5° B B B C =N ERCJ5 -, T
AR E A IDMPO-S0; . EPRIEE, RIAARBON BT 51N IMHph%, A5 F4bifi 5] A—5L
AN SR A BOH, A FLAE T PR A AR AE 4H 2R o 4 IR 9.8.4, NS 26 73 A3 (I=1, 2x1+1=3),
HpW it —20 3 280024 (1=1/2, 2x1/2+1=2) , HFan > au, DMPO-SO "1 i IE L H, 54 6x2=1210%,
HAH 7 2122=24 Hh MR ES, Ao LI18HEIE, Eikun .

T T T T 1
3450 3475 3500 3525 3550

Field (G>

KIC.1 DMPO-SO; " ZFIEPRALILLIE &

fEMTAS S 18E %, g=2.0055, ax =13.76 G, anp=10.23 G, any;1=1.38 G, an,>=0.84 G

15
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Mf & D
(ZRHE)
DMPO-0;* &0, A K EPR [EliE

JEIE G K R CAS-NP e S AR R A Z ), 7£90% (v/v) DMSOH', DMPO. CdS-NPZKJE
43514200 mM. 1 g/L, HDMPO-03° X% DMPO-OOH NN &4 1T B M EPR i WL KD.1/D 2.

DMPOs& — /MRS BT AY), 3RO G, ERINEYIDMPO-05". TEMIEE H H5E R H, 03°
H B Co=N U L I CJR T, TR 8 Il & #IDMPO-05 "« FLEPRIEE, BIA AR BT L7 5 1N
VANHAZ A EAE I P2 AR Rk Al 2k . H — IR 09.8.4, NAZAH 2k 73 34 (I=1, 2x1+1=3) , Hp
HE—B 224 (1=1/2, 2x1/2+1=2) , B Tan>au, EPREEIEH6HEIE, SLiGH, DMPO-0;
GH, R Tk, NG 2N, L ADMPO-OOH, EPRIEEIENI12EIE, 4] WL K :

T T T 1
3450 3475 3500 3525 3550

Field (G)

KID.1 DMPO-03" EHIEPRELFLIE

FEMT(S S 6HIE, g=2.0066, ax =12.99 G, au=10.21 G

r T T T 1
3450 3475 3500 3525 3550
Field (G)

KD.2 DMPO-OOH ZEBIEPRAILE ]
fENTIE R 121§, g=2.0066, ax =12.89 G, aug=10.23 G, aH,1=1.44 G

16
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M & E
(R
TEMPO 1i&498972Rk X EPR [EiE

AR E M E R E SRR B A RMRZEFI T, TEMP. Fe@C800. PMSZIKSE 47410 mM.
0.2 g/lL. 10 mM, HTEMPOMEYIIIIE R EPR E i WLIEE.1.

1O C =N EINCJRE T, TR E MG YA A H HETEMPO. EPREE, RIAARMT BT 5
NNAZ A LA T = AR RS A2 . 4 — 00N 9.8.4, NAZKIEZ /-2 N34 (I=1, 2x1+1=3)

T
3450

T T T T 1
3470 3490 3510 3530 3550
Field (GO

KE.1 TEMPOZEFIEPRIE K

fEMTE B 3EIE, ¢=2.0063, an=17.23 G

17
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Mt & F
(ERME)
TPC-'0, INFN4989 2 A K EPR [&i

LA TR B S AR R IR ZE B, TPC. d i EERLr . PBSZUKE 4514100 mM. 5
mM. 12.5mM, HHTPC-10,/JE R EPR E#E WLIEF.1,

103 B Co=NRUEE |- [ CoJi ¥, TR E &% E H HIETPC-'0,2. EPREE, RIAARR TS5
TANNEZ BAH ELAE R = AR A A 2k . 3 DR 9.8.4, NEZHIGE& 2R3 (=1, 2x1+1=3) &

S —

r T T T 1
3450 3475 3500 3525 3550

Field (G>

KF.1 TPC-'O,ZHEPRiE K

fEMTE B 3HIE, g=2.0054 G, an=16.05G
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M & G
(ERME)
EURESH

HL IR E IR S 451 B B S KRG, 1

EEWASH

H %
RE WThE | fThE | AwEE | BRETO WEHE | AR | #AE | 25
(mW) (dB) G) #3(G) (GHz) G) | &H | HEE)
EPFRs 1.589 26 1 3503 9.822 100 1 40
DMPO-*OH 6.325 15 1 3505 9.838 150 1 40
DMPO-S0;* 6.325 15 1 3505 9.837 150 1 40
DMPO-03* 6.325 15 1 3505 9.836 200 1 40
DMPO-OOH 6.325 15 1 3505 9.836 200 1 40
TEMPO 6.325 15 1 3503 9.836 100 1 40
TPC-'0; 20.000 10 1 3504 9.837 100 1 30

19
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