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Study on Method of Environmental Persistent Free Radicals in Soils by Electron

Paramagnetic Resonance Spectroscopy

JIANG Qian, TANG Haoye, LIU Yun, LU Guoxing, NI Jun, TU Yonghui, FAN Qiaojun, GONG Hua, MA Zuohao

(CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China)

Abstract: A method for the determination of environmental persistent free radicals (EPFRs) in soil by electron paramagnetic/spin
resonance spectroscopy (EPR/ESR) was established. In this paper, the central magnetic field, microwave power and modulation
amplitude of the EPR spectrometer (x-band continuous wave) are tested and optimized. Based on the measured microwave
frequency v (9.82 GHz) and the g factor of the EPFRs, the central magnetic field of the spectrometer can be set to about 3 502 G.
The microwave power saturation curve method and the microwave attenuation comparison method are used to optimize the
microwave power. The two methods have their advantages and disadvantages, should be applied complementarily by both.
Compared with 27 dB, microwave attenuation is set to <15 dB, and the peak (g=2.003 0 ~ 2.003 5) is suppressed by more or less
due to power saturation. Therefore, about 27 dB or 25-30 dB is considered to be the optimal microwave attenuation value of this
peak. However, the response of the other peak of higher magnetic field (g=2.000 4) is different, and the peak intensity is stronger
at the higher attenuation value. In addition, the modulation amplitude should be smaller than the least peak-peak width (3.28 G),
and 1 G is suitable if the narrower peak (1 G) is also studied. This method can be applied to the determination of EPFRs in soils
and environmental solid samples, and it can ensure the accuracy of g factor, the resolution and the reliability of superfine splitting
of EPR spectra.
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Wi KA AR H SR, I HAPUT(OM). i
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Table 1 Basic characters of soil samples

Y= R - sesom i i OM Fe,0; ALO; Mn Cu Zn
(%) (%) (%) (ng/g)  (ng/g)  (ng/g)

Sl GBW07391 TR BIPITEER 3.73 4.09 12.99 706 21 59
S2 GBW07387 TR WAL 1.93 5.92 14.85 907 37 104
S3 GBW(E)070041 Fride ST 1.42 4.98 15.06 728 24 67
S4 GBW(E)070042 1 % 1.88 4.49 12.76 596 25 68
S5 GBW(E)070044 KAE L AL A 3.83 6.20 16.21 387 42 93
S6 GBW(E)070046 GiFAR: JUMAE R 1.23 1.34 8.89 116 3 22
S7 TSR W+ ARG 3t 131 3.42 10.80 459 14 43
S8 TR gz TLIRH 2 5.20 4.81 8.40 410 39 112

e B (OM) K S7 H1 S8 A& AR SC B HR S R A SCI e, FEAREIRIR A e BOE 45 .

2 GRS

21 HEmESESRENEE

PRI - AJEA i 179 o ok Pl Lo P e, R e
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FRAE R 20 mm. EPFRs il v, i A0AE 5 0945 5
N7 5 R 5 A A R 1 B R R SN O R R I

PR TR, PRI 1, AEAL ST ~ S6 /il B T
M4 mm BT, HEE MM 10 mm # % 15
mm, 20 mm, A O EHEBHREAL, H T L
6 000 ~ 2 400, RGN R T BEE b
(R BE I T B, 332 b R 3R P9 4 X Blink 1)
A ELPRAEE B o A SR T AR RR AN A v R %
5 A WA i B B AR S (B 1), AR
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Fig. 1 Intensity responses of different heights for samples
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X i B G T RE 2 R s B HLAS R FLAS A RE 5 B A7 7 T
mESMGR . b TIRERIGE R —2, 52
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BRAE i NS B AR A BB R — S aliom ir, RIS
PEFE 100 H .

FERFFRE R ZY 15 mm WA SO, 3
S1 ~ S8 [T Z7E 0.162 9 ~ 0.267 8 g(#% 2). N T #
il 1T v B Y O 2, VB PR A R T AR
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Fig. 2 Intensity responses of various sizes for samples

F 2 BRI E AN E £ 1% EPFRs
Table 2 EPFRs of soil samples measured by EPR

SHES RE @k Wep O i e
@ (mm) (@ ¢ T AHy  BTHEM g BT AHy T PN

©) (10'%) G) (10"
S1 0.2224 15 36.2 4100 2.003 3 4.59 29.70 2.000 4 1.15 14.40
S2 0.1777 15 354 4200 2.003 1 4.48 22.10 2.000 4 1.45 9.59
S3 0.2110 15 45.1 3000 2.003 2 3.82 46.90 2.000 4 1.10 13.80
S4 0.183 2 15 33.4 3500 2.003 0 6.91 18.20 2.000 4 0.96 44.10
S5 0.176 8 15 14.8 3900 2.003 5 6.91 5.70 2.000 4 0.96 9.16
S6 0.1629 15 15.0 6 000 2.003 1 3.28 2.15 2.000 4 0.90 6.09
S7 0.267 8 15 18.6 2 600 2.0030 4.25 0.16 2.000 4 1.62 0.62
S8 0.2279 15 32.1 1900 2.003 1 4.22 0.85 2.000 4 0.98 0.29

HE: Wpp BilfIETE; A Hy, AIE-IETE; O NI 1.

2.2 HLE. AT ERERE
5 By v. g FRTHRSCRN, art R e
3% By:

B, = 714.47735><§ (1)
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PR, BN k2% (GHz), ®FTHREN S1 ~ S6
K, SEPRITi=EE v 294 9.82 GHz, WA] 344
DREH R 3502 G,

B4 0 5 — M e R 5E 1 2 £% ~ 3
i, B3 IE 58 5 35K EPR ISR 1/2 ~ 1/3 BEONEH,

W AR A O R SEPRTE R TR . 53R 2, ARWFR
FEMIETETE 14.8 ~ 45.1 G i, Ali&EH s,
100 G X R AFES EPR BIEHOrE e g T
L, AT SE LATE UGN OGS R oty IREE R
HICHATHRE, VIS SR, FAUE /NG FE
k4.
23 WUKThERM%RE

H P25 22 55, S Wl HAT A BRAEIR A
Ty, He B e R SRR A AR A HAE B & ER
Al o SUA AU T 3% B R A RIMEL R, EPR {553
JEA IE T R i ik 3+ 0, StEDh 3N %

http://soils.issas.ac.cn



5 2 39

BfE A JET R TIDRE IR IS 1 i) RIS AN 1 ol BE BRI 5 vk 5 383
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MY, TEW ST WP O SRR T E AR, &
BN 0~ 60 dB, KK 1dB, AI3kfS—4l
61 5KRE -T2 4 EPR K35 X 1% 21 R pE A7 k%
WA . IR AE 25w 22 AU G | 2L 5 T D 3 Y pR AR
B, A0 mW s —Z H kS5 R M AHYIE, FIF
S5 RIS i AT

Z IR PR, ARG AR ST ~ S8 1§(g=2.003 3)
B Th A R R I (& 3). MR AT e 2k 5
MR AR S 2 0.473 ~ 1.939 mW, R A%
EI(EZ 21 ~ 26 dB, #EETTE 23 ~ 24 dB [
(R 3). WAR, %05 nTERA b ST B D) 2
¥, (A TR G R (RF 40 min), HJ™
A Z ] TR .

20 $3, 54 52

S1

IR A F- I (mW)
3 11E S1~S8 FUKIThHE Bt F

Fig. 3 Microwave power saturation curves of soils S1~S8

F3 BEWHEN S L TIE EPFRs IR IR ILEL R b
Table 3  Optimization of microwave power for EPFRs in multi-type
soil samples by two methods

SHTS PLET IR XN R O
(mW)  (mW) (dB) (dB) (dB)

S1 0.473 0.688 24 ~25 27 ~39 25~30
S2 0.684 0.827 23 ~24 21~33

S3 0.777 0.881 23 ~24 27

S4 0.753 0.867 23 ~24 21~39

S5 1.939 1.392 21 ~22 21~27

S6 1.090 1.044 22~23 21~33

S7 0.352 0.593 25~26 21~33

S8 0.867 0.931 23 ~24 21~39

T OREhFREAMNLD; QMBI EWR 6 dB fF5 1L
Bk

2.3.2 MR R 6 dBfF 5 hiik  LI6dBN
B, MSRPI A ARB IR % & F EPFRs {5
S A AEAE 2 A5 12 MR o il B LA
ANAHEBAE 55 58 B I /N T 4 W I B AS ) i
UI%R, S1 ~ S8 1t EPFRs {70 S5 5 5 ik o
WAIOCRILIE 4. DL S1 kfal, HELER: DM 9 dB
) 27 dB, 2 AR R IAE 5 (A0 27 dBYEI/NFAH
PEIN (21 dB), AL/ N D Z A R Ak T
TR s @2 F5 Sl =0 33 dB {75 2055 T 27 dB,
A DRI A SR ) S FE BE PR AE 27 ~ 39 dB Bl i
2 AT, T IERE S, S2 ~ S8 fYM I 45 A A TE 4
W2E R, (AR E &R T 21 ~ 33 dB JEHE N .
SCHRARRIED 20 e B e 20, 23, 25, 30 dB
VBRI, ASCHR S e A —2. ER I, N
FEF SCBRAE R 5 I T RE R, 55 4 T AR R T
R, HVBRGROE A . (T SRR, e IR
rn N EEIE PR R DR S, e, FE 20 dB A S1 ~
S8(I% S2 IEPFRs H: [ ek B i {E 2332 BN [ RR BE 1Y)
PRI HEL (& 4). HH, mE 4 77%0, 527 dB AH
(B S2 5 21 dB b)), 7EMEE <15 dB i), Frfy
FE it R B0 D SRR R AN R R B o6 (3.5% ~
98.3%), TEMIEEE =45 dB I, BT AR B8/ mf
RE 2 R L T AR B AR ) R 58 4 R T 5 AR 19 (24.0% ~
58.1%). S HAME = T 100 ATl 4R 2 G ek AL, O FL3fE
Jo AR A+ 8, ARFGEHEST 27 dB Z£47(25 ~ 30 dB)
Sh A EAH

St oh R b e, AR R 6 dB R
2 HEFERTR (2 ~ 5 min), BAELRELAS ., B
J&, MTIEFERE 6 dB K, SEILHELE
TS B o SERRI R A rh, I LA R ) S i
ol E, DA w8 6 dB {55 Lhiik th o,
W A A =Rk .
2.3.3  THIETIRAY AVFRERY, HiEhh
BUTL . V4R SA NS T R A EAER, I8
i P AR S RS A AR AE 1 EPFRs!® 2 2, R
o R BR, HHERER S5 W Fey0;3. Cu. Zn %54
SR, HAE AR RT it 2 vk 5 O S R Y R
T e/ MBI, ERAE R v i ) D FR A T
LA A SR S BE— AT H R IS B R
EPFRs I I L (E (R 3), X —MGHAELLE
B2 (R RE SR PR T 2 BIE

H A [R] A BT HL - 56 X it T 23R 0 i)
FEAEANIR] , 45 B0 D)3 e R X 4 A P A
BOOTEZ— N S AN AR ST BRAEAE 2.003 3
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Fig. 4 Effects of different microwave attenuations on spins concentrations of EPFRs in soil S1-S8
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Fig. 5 EPR spectra of EPFRs in soil S1 under different microwave attenuations
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Fig. 6 Intensity responses of various modulation amplitudes for samples

2.4.2  PEHIARR HE 7 SR, A5lEE 10,
20. 50. 100 kHz f il &4 S1 ~ S8 H1 EPFRs, H:
M o7 5 TG B i 2 5, el SCas X B AN RO A 1
BFAE 100 kHz BPAT . (HJE X F4F 34009 EPR 15
S PRI IE N A BES BTA 1 JE  EER 4
ok
2.5 PAHEETE. REMIEE

EPR [l 3414 B RS i i B AE 1 ~ 2 Gfs Y[
W, BIFED KRR EE T, AH R 3 i 4= 4 e ]

DREA REAE ] g PR FIE IR 25 SRV B Y o A SO 4
L E N 100 G, 454 SLhRig SIRA0E, SR
6] AT WG R 2 40 s A2 AT o

X FAF 5555 AORE S, AT 3 I OOk it e
MR . AT o v, WA HORHAR 5 Vi A5 AT
FEH, RHMEMRER AR S3. S5, ST AR
H5ZWAE. 5. 7. 10K), WEIFLHE2ERE ).
A i LA A A5 55 B 5 8 ORI S AP £
FAREH R, 1A,

http://soils.issas.ac.cn



386 + e #$55 %

— 10kHz —20kHz ——50kHz —— 100kHz
S2 S3

7"

I

3440 3460 3480 3500 3520 3540 3560 3440 3460 3480 3500 3520 3540 3560 3440 3460 3480 3500 3520 3540 3560
R (G) REGHRIE (G) RS (G)

T

3440 3460 3480 3500 3520 3540 3560 3440 3460 3480 3500 3520 3540 3560 3440 3460 3480 3500 3520 3540 3560
RAIRIE (G) BRI (G) BRI (G)

S5 S6

i

S8

%

3440 3460 3480 3500 3520 3540 3560 3440 3460 3480 3500 3520 3540 3560
WA (G) Wiz (G)

B 7 B SR B N R

Fig. 7 Intensity responses of various modulation frequencies for samples
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Fig. 8 Intensity responses of various scan times for samples
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Fig. 9 Intensity responses of various receive gains for samples
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