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Effects of Low—Molecular—Weight Organic Acids on Adsorption of Quinclorac by Hematite

YANG Li-hua'?, GONG Dao—xin'*, YUAN Ya-jie', ZHOU Jian', XTAO hao!

(1.College of Resource and Environment, Hunan Agricultural University, Changsha 410128 , China; 2.Institute of Agricultural Environmental
Protection, Hunan Agricultural University, Changsha 410128 , China)

Abstract: Adsorption of chemicals in soil greatly influences their bioavailability and environmental fates. Here the effects of six low—molec—
ular —weight organic acids on the adsorption of quinclorac by hematite were studied using batch equilibrium technique. The adsorption
mechanisms were also explored by FTIR spectral analysis method. Freundlich equation fitted well the adsorption isotherms of quinclorac on
hematite under the presence of six low—molecular—weight organic acids at different concentrations( R>>0.749 ). Total sorption capacity(1gK,)
of quinclorac on hematite was in order of acetic acid>oxalic acid> succinic acid> tartaric acid >malic acid >citric acid. All six organic acids
mildly promoted the adsorption of quinclorac on hematite at the concentrations of 0 to 32 mmol * L™, with the strongest promoting effects by
oxalic acid at high concentrations. Results of FTIR showed that the adsorption of quinclorac by hematite was mostly via weak forces such as
H-bond, complexation reaction, charge transfer and so on. The typical peaks of the Fe—O bond in a—Fe,O; did not change before and after
adsorption, suggesting that the adsorption occurred on the surface of hematite.The binding of organic acids with Fe—O bonds facilitated the
formation of Fe—O—quinclorac—acetic acids structure on the surface of hematite.
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Table 1 Properties of low—molecular—weight organic acids used

# HLEEFIZ Organic acid ATt HER FEHE Dissociation constants A3 TR it Relative A HUEH L 1eKy
species Molecular formula  Ligand form pK, pK, pK; molecular mass Complex stability constant

LR Acetic acid CH,COOH HL 476 — — 60.05 1.51
DL-F R DL-malic acid C,HeOs HL 3.40 5.11 — 134.09 5.40
AR Tartaric acid CHOg HL 3.22 4.82 — 150.09 5.62
FLR Oxalic acid C,H,0,°2H,0 H.L 1.23 4.19 — 126.07 6.16
T & Succinic acid ~ HOOC(CH,),COOH H,L 421 5.62 — 118.09 2.15
FEEEIR Citric acid CoHy0,° H,0 HilL 3.14 477 6.39 210.14 7.98
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Table 2 Chemical structure and basic properties of quinclorac

Ab2-4EH Chemical construction

PRI Physicochemical property

73 F 2 Molecular formula CioHsCoNO,
= | “ 53 F1t Molecular weight 242.06
N
l N ‘ pKa 4.35
HO ~0 TR F#BE Water solubility(pH 7.0) 64 mg* L™
SR EL Partition coefficient( pH 7.0) 0.07
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Figure 1 FTIR spectra and XRD patterns of hematite
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Figure 2 SEM micrograph of hematite(left: x 1k, right : x20k )
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Figure 3 Adsorption isotherms of quinclorac by hematite at different concentrations of low—molecular—weight organic acids
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* 3 AERERS FEAVNBFEN —SEMEBTERKT B Freundlich FRRM AT EMMUSSH
Table 3 Parameters for Freundlich adsorption isotherm equation of quinclorac by hematite at different concentrations of

low—molecular-weight organic acids

HHLEEFE 59 Parameter FHLIRHE Organic acid concentrations/mmol 17!
Organic acid species - 0 2 4 8 32

FFBERR Citric acid Lk 223 2.26 2.10 228 223
l/n 1.01 1.10 1.20 1.02 1.13

R 0.993% 0.979%% 0.749% 0.9607 0.947%%
AR Tartaric acid lgk 2.23 2.25 2.19 221 231
lin 1.01 0.99 1.15 1.13 0.95

R 0.993% 0.9807%* 0.9943 0.960% 0.965%*
DL ¥ DL-malic acid Lk 223 2.21 2.13 228 222
lin 1.01 1.19 1.29 1.03 1.17

R 0.993% 0.9727%% 0.9617%% 0.9927 0.976%+
R Oxalic acid lgk, 2.23 228 231 2.39 251
lin 1.01 0.99 1.03 0.94 0.90

R? 0.993% 0.994:# 0.994:* 0.988:** 0.989%*
T & Succinic acid laks 2.23 2.28 2.17 2.22 2.30
1in 1.01 1.03 1.10 1.08 1.00

R 0.993% 0.971%% 0.9817% 0.986% 0.959%%
T Acetic acid 1k 2.23 2.29 2.43 243 2.37
Lin 1.01 1.03 0.96 0.94 0.99

R? 0.993% 0.998%* 0.914%% 0.954% 0.959%

T % FIRARCHEIE 5% K5 % FORARCNEIS 1900 B3 K-
Note: * and ** mean that correlation coefficients are significant at 5% and very significant at 1%, respectively.
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Figure 4 Effects of low—molecular-weight organic acids at different concentrations on adsorption of quinclorac by hematite

T4 FESNE
Table 4 Analysis of variance
I8 Source MASEJ57F Type T sum of squares df Y75 The mean square F Sig.
FEIEASEH] Correction model 174 694.686 12 14 557.891 1.976 0.077
FRHE Intercept 1.403E7 1 1.403E7 1 905.191 0.000
AR Different concentrations 98 933.109 7 14 133.301 1.919 0.113
AFEATHLER Different organic acids 70 005.301 5 14 001.060 1.901 0.133
B2 Error 169 412.589 23 7 365.765
&3t Total 2.870E7 36
FEIERY AT The total of correction 344 107.275 35

T *R?=0.508 (HHE R?=0.251),
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Figure 5 FTIR spectra of quinclorac(a ), hematite(h)
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