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Abstract: [ Objectives ] Solid-state “C-NMR techniques can be used to qualitatively and quantitatively characterize
organic functional groups. Cross polarization / magic angle spinning / total suppression of sidebands (CP/MAS/
TOSS) technique provides limited information on carbon functional groups. Dipolar dephasing (DD) is a spectral
editing technique of solid "C-NMR, which is used to distinguish protonated and non-protonated carbon or mobile
and rigid components in organic compounds based on “C-'H heteronuclear dipole coupling with specific
dephasing delay time (T,). The objective of this study is to obtain more information on carbon functional groups
in organic fertilizer by DD technique. [ Methods ] The organic fertilizer samples included 3 kinds of straw
(wheat straw, corn straw, rice straw), 3 kinds of manure (chicken manure, cow manure, pig manure) and 3 kinds
of humic acid fertilizer (ammonium humate, sodium humate, potassium humate) samples. The spectra of organic
fertilizer samples from different sources were determined by CP/MAS/TOSS conpined with DD technology, and
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the carbon distribution ratios were compared. [ Results ] O-alkyl C of cellulose origin are dominant in straw and
manure samples, accounting for 55% and 31%—37% of the total organic carbon, respectively, and the proportion
of non-protonated O-alkyl carbon did not exceed 3% in either straw or manure. Manure had more non-protonated
fatty and aromatic carbon than straws, the proportions of non-protonated aromatic carbon in chicken manure and
cow manure were 15% and 11%, respectively, while that in straws and swine manure was as low as 3%—4%. The
percentage of methoxycarbon in manures and straws was lower than the percentage of alkyl nitrogen. Aromatic,
carboxyl and amide carbon were the highest in humic matter samples, with 48% to 72% of aromatic carbon and no
less than 12% of carboxyl or amide carbon, non-protonated aromatic carbons in humic matter samples account for
25% to 37%, indicating that there may be more substitutions of aromatic skeleton in humic matter fertilizers.

[ Conclusions ] The DD combined with CP technique with 40 ps delay time (T,) can be used to identify
protonated and non-protonated carbon or mobile and rigid components in organic fertilizers and to study the
characteristics of carbon functional groups in straw, manure and humic matter fertilizers. It is suggested that the

aromaticity of humic acid fertilizers is much higher than that of manures and straws.

Key words: organic fertilizer; °C NMR; cross-polarization; dipolar dephasing
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Table 1 Nitrogen and carbon content of tested organic
fertilizer samples

Feiil Sample N (%) C (%)
/NEREFE Wheat stalk 0.43 41.99
FKFEFF Corn straw 0.81 41.81
JKAEREFT Rice straw 1.10 39.07
¥42% Chicken manure 2.96 33.91
4% Cow manure 1.72 26.06
¥ Swine manure 1.49 19.81
JE R4 Ammonium humate 429 43.58
JEAERR4M Sodium humate 0.73 38.89
JEAERRAT Potassium humate 0.77 31.30

Ton n n
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o :
dl AQ
#EIR Delay

% $fibis} 7] Contact time

Tl)

e PR
Decoupling

22322 Decoupling

B#% 240 Dipolar Dephasing

1 PC BB AR5
Fig. 1 The pulse sequence for solid >C- NMR experiment

E: AQ—E5R&E; T,—iEiRHE]; d1—JEHLER,
Note: AQ—Acquisition; T,—Delay time; d1—Recycle delay.
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Fig. 2 NMR spectra of wheat straw under different delay time of dipolar dephasing

TE: 20~80 ps HAEIRARRL TER W]
Note: 20—80 us were the delay time.
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Fig. 3 "C NMR spectrum of organic fertilizer
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Note: The black line on the graph shows the CP/MAS/TOSS spectrum of cross polarization magic angle rotation, and the red line displays the dipolar

dephasing pattern.
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Bl A, S ol e R O Ak S IR 0 A S R
B, XHIRATFFELERAFRF . Schnitzer 45527 F [
fAPC-NMR MlZE T HrEEASZERY CP B, Agded DAg
e B i 7 L 87.2%, WIS W E 6.3%. At
SR A FE RO R RG2S | 2R R0 R T T R A
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TR R IR I e Sk 7 EL AR A, D5
SN, BRI R A A, U
WAL it vt I 0 8 1) RS o AS U R B I A 264
dh, AT REAR 28 A I R Ay e IEHE AL JE 2, H XS24
FEMALL, ISR S A B L Y BTk e BR ik
JF A RIC R AR B 10 07 ik 2 43 LU A R AT

SR Y ST REY, a4, &
i A R R 22 TC B FIERAE A 25 BT SR A e, AR
P& Schulten SECIEE HY A FR 2 MBI | 5 75 iR A1 T 3
el & MR Y E 2 H R . MR AR5 &
REEARZERY BT N Z P E e AR L Pk L L TR
e B AL . BRI BRHEAERY, ABFRIERRR 3 4
JEFERRAE S, D5 W RREE M 3 £, 7 T,
HE B 5 07 A i AT AR T —/INER A, X AT g
ST A R LA 5 T A SR AN EE , AR
P g BE w2 S B2, 55 Mao S50 FIBHIT S5EC7 1)
FREE AT o 3 AN AR T AEAE 12%~16% J5 77
edd, KU T HARZ KRB, S5EMHRH
FRLE, o A e PN S A PR B B AT B 2 Y IR e, L
JRITRR LR 78 CH, CH, I3, HEMHIHIA 17
TERRT KAk

4 555

W 45 5 R FE AR AR RS T, B [E) 40 ps T, )
FH DD B3 n] i 1 H A3 HUAEARE b R 5T 7 F P %
PR G REFTFIZENC AR 5 LLZT 4 2K U5 00 b S ik
h A, FEFFH AR 55%, FEAEH S 31%~
37%, AEFTFRYbE AR AN 3%, X 4
FERFEFAE S A AE S 2 B AR BT B Wi TG AL 6 ) Ay
TG, ZENCFNRSFF b WA e 7 LA T e S
Roo J7FRFIR . FRIE b RO Hl 5 e 7 JE AL R AE o v 5
R, DR & 48%~T72%, FRIEEBEIEK 5
AR T 12%, T A8 R B0 R LG T T A 198 e R0 e
MEABZ RN, FERIT R LAATERZN
WURES, R FO5 B o3 o7 S5 B ik Lb ) 50% 22
4. FIH CP/MAS/TOSS+DD AR B s A i 55 A
HUAE R 23 S5 R RAE , v] 3RO HLAE R 5 1B
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