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HAL1, ) o 1630 em ' (C=C C=0 ),
Y1, 1525 em ! ( c=¢C ), 1450 cm™!
, 0. 5 M NaOH ( C—H ),1400 cm ' ( OH
, , s c—0O ), 1250 cm™!
HAY1, HAL1 HAY1  C¢—0O , O—H ), 1170 cm !
) E4/E6( ( c—0O ), 775 em ™t (
465nm  665nm ) Ag- C—H L .
ilent Technologies Cary series UV-VIS - -
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L2 , ,
L21 ; 3500~2500 cm™' -OH
| mg , 3000 ~2800 cm ™!
160 mg KBr(105°C , ) ) s el
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o Bruker VERTEX HAY1 HAL1 , 1
70 - , 4 em™ ', HAY1 E4/E6 R
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L22 ol
_ ( [13] s
1mg) Bruker VERTEX 70 , 1 HAY1
- ATR s H/C HAL1 ; s
, , , . 1630 cm ',
. 4 cm ', 4000 ~ 400 1525 em ',1170 em™ ' 775 cm ! )
cm ', s HAL1 HAY1 )
2 o 1 C/0
2.1 _ _ [13] 3
2 HAL1 HAY1 - 2.2 - -
- o 3 HAL1 HAY1
:3500~2500 - - o
em ! ( —0 ), 3000 ~ 2800 cm ' .
( C—H )51710 em ' (C=0 ) ; 3000~2800cm ' .
1
Tablel the basic properties of humic acids
(wt0) Atomic Ratio Ash Content ’
E4/E6
C H N H/C C/0 (wt%6)
HAY1 55. 0 6. 1 3.7 . 5 1. 34 2. 06 1. 55 3. 84
HAL1 533 5.9 5. 3 . 6 1. 32 199 2. 99 5. 29




2014
0.25 HAL1
0.20
Lﬁz( 0.15
e
]:':% 0.10
0.05
0.00 - . - +
3900 3400 2900 2400 1900 1400 900 400
Wave numbers (cm™)
025 r HAY1
020 F
#0.15
ES
g 0.10
0.05 F
000 L i i i A i i i
3900 3400 2900 2400 1900 1400 900 400
Wave numbers (cm™)
2
Fig 2 The T-FTIR of HAL1 (up) and HAY1 (down)
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Fig 3 The ATR-FTIR of HAL1 (up) and HAY1 (down)
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Fig 4 The calibrated ATR-FTIR of HAL1 (up) and HAY1 (down)



60

2014

[6]
(7]

L8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
[18]

- ’ 7() H ’ )

Hayes M H B, Maccarthy P, Malcolm R L, et al. Humic Substances II:In Search of Structurel M]. New York: John

Wiley & Sons, 1989.

Stevenson F J. Humus Chemistry: Genesis, composition, reactionsf M]. New York: John Wiley & Sons, 1994.

Fuchs. Die Chemie der Kohlef M]. Berlin: Springer, 1931.

Schnitze M, Khan S U. Humic substances in the environment[ M]. New York: Dekker, 1972.

Stevenson I L, Schnitzer M. Transmission electron-microscopy of extracted Fulvic and Humic acids [J]. Soil Science,

1982, 133(3): 179—185.

Ghosh K, Schnitzer M. Macromolecular structures of Humic substances [J]. Soil Science, 1980, 129(5): 266—276.

Chiou C T, Kile D E, Brinton T I, et al. A comparison of water solubility enhancements of organic solutes by aquatic

Humic materials and commercial Humic acids [J]. Environmental Science & Technology. 1987, 21(12); 1231 —1234.

Kordel W, Dassenakis M, Lintelmann J, et al. The importance of natural organic material for environmental processes in

waters and soils [J]. Pure and Applied Chemistry, 1997, 69(7): 1571—1600.

Post W M, Peng T H, Emanuel W R, et al. The globe carbon-cycle [J]. American Scientist, 1990, 78(4). 310— 326,
Swift R S. Organic matter characterization[ A]. Sparkes D L, Page A L, helmke P A and Sumner M E. Methods of soil
analysis. Part 3. Chemical methods[ M]. Madison, WI; Soil Sci. Soc. Am. 1996, 1018—1020.

Josanaide S R, Sonay S O, Garrigues S, et al. FTIR tentative characterization of humic acids extracted from organic
materials [J]. Spectroscopy Letters, 2001, 34(2): 179—190.
Francioso O, Sanchezcortes S, Tugnoli V, et al. Infrared, Raman, and nuclear magnetic resonance (H-1, C-13, and P-
31) spectroscopy in the study of fractions of peat humic acids [J]. Applied Spectroscopy, 1996, 50(9): 1165—1174.
Li L, Zhao Z Y, Huang W L, et al. Characterization of humic acids fractionated by ultrafiltration [ J]. Organic Geo-
chemistry, 2004, 35(9): 1025—1037.
Schnitzer M, Schuppli P. The extraction of organic-matter from selected soils and particle-size fractions with 0. 5M
NaOH and 0. 1M Na, P, O; solutions [ J]. Canadian Journal of Soil Science, 1989, 69(2): 253—262.
Sparks D L. Methods of soil Analysis: Chemical Methods[ M|. Madison: Soil Science Society of America, 1996.
[D].
, 2003.

[M].

Baes A U, Bloom P R. Diffuse reflectance and transmission Fourier transform infrared (DRIFT) spectroscopy of humic

and fulvic acids [J]. Soil Science Society of America Journal, 1989, 53(3): 695—700.

. 2009,155—163.



1 : — — 61

[19] LiL, Huang W L, Peng P, et al. Chemical and molecular heterogeneity of humic acids repetitively extracted from a
peat [J]. Soil Science Society of America Journal, 2003, 67(3): 740— 746,

[20] Chen Y, Senesi N, Schnitzer M. Information provided on humic substances by E4-E6 ratios [ ]J]. Soil Science Society of
America Journal, 1977, 41(2). 352—358.

Attenuated Total Reflectance-Fourier Transform Infrared-Spectroscopic
Study on Humic Acids in Soil

MA Lian-gang'*, XIAO Bao-hua', Tang Ting'
(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,Chinese Academy of Science,

Guiyang 550002, China; 2. Graduate University of Chinese Academy of Science. Beijing 100049, China)

Abstract; Humic acids (HAs) are important constituents of soil organic matter, whose physicochemical properties and molecu-
lar structures are important to their environmental geochemical behaviors. Fourier-Transform Infrared Spectroscopy is one
powerful tool for characterizing organic functional groups of humic acids, with a classic method of pressing pellets-transmission
mode. This study employed and compared two different Fourier Transform Infrared Spectroscopy methods, Transmission-Fou-
rier Transform Infrared Spectroscopy (T-FTIR) and Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy
(ATR-FTIR), to characterize humic acids extracted from two natural soils, yellow earth and limestone soil. The results ob-
tained from the two methods are identical, that is, humic acids extracted from yellow earth, have high contents of aliphatic car-
bons and low contents of aromatic compositions, whereas, humic acids extracted from the limestone soil contain low contents of
aliphatic carbons and high contents of aromatic compositions. Since the operation procedures of Attenuated Total Reflectance-
Fourier Transform Infrared Spectroscopy are much easier, for example, pellet pressing is not required, it is believed that At-
tenuated Total Reflectance-Fourier Transform Infrared Spectroscopy is a promising experimental method to characterize natural

organic matter.
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