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Studies by Infrared-Spectroscopy on the Hydrogen Bonding in Clay

' Mineral-Organic Reagent Complex

—Difference based on kind of clay mineral—

Takehiko TaxaHAsHI, Morihiko OTA and Junzo AzuMa
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Clays used

clay

locality

JP bentonite
hojun bentonite
shihoro kaolinite
JP Kkaoline
matsuhiro illite

Akita pref.

Matsuido-cho, Gunma pref.
Kamishihoro-cho, Tokachi, Hokkaido pref.
Okayama pref.

Matsushiro, Ota-city Shimane pref.
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Fig. 1. DTA thermograms of the clays used.
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Fig. 2. Infrared-spectra of clays used.
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Fig. 3. Infrared-spectra of carbonyl compounds
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Fig. 4. Infrared-spectra of JP bentonite, acetic

acid and JP bentonite-acetic acid com-
plex.
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Fig. 5. Infrared-spectra (1800~1600cm™1):

JP bentonite (C.).

carbonyl compound (a.a.: acetic acid,
ace.: acetone, ald.: acetoaldehyde).

JP bentonite-carbonyl compound com-
plex (20, 30, 60: drying temperature
°C).
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Fig. 6. Infrared-spectra (1800~1600 cm™1):
hojun bentonite (C.).
carbonyl compound (a.a.: acetic acid,
ace.: acetone. ald.: acetoaldehyde).
hojun bentonite-carbonyl compound com-
plex (20, 30, 60: drying temp. °C).
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Fig. 7. Infrared-spectra (1800 ~1600 cm™—!):
shihoro kaolinite (C.).
carbonyl compound (a.a.: acetic acid,
ace,: acetone, ald.: acetoaldehyde).
shihoro kaolinite~-carbonyl compound com-
plex (20, 30: drying temp. °C).
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Fig. 8. Infrared-spectra (1800 ~ 1600 cm~!):
JP kaolin (C.).
carbonyl compound (a.a.: acetic acid,
ace.: acetone, ald.: acetoaldehyde).

JP kaolin-carbonyl compound complex
(20, 30: drying Temp. °C).
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Fig. 9. Infrared-spectra (1800 ~1600 cm=1);
matsusiro illite (c.).
carbonyl compound (a.a.: acetic acid,
ace.: acetone, ald.: acetoaldehyde).
matsusiro illite-carbonyl compound com-
plex (20, 30: drying temp. °C).
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Fig. 10. Infrared-spectra (4000~3000cm™') of the clay-carbonyl compound complexes:
c.: clay used. a.a.: acetic acid complex. ace.: acetone complex. ald: aceto-
aldehyde complex. 20, 30, 60: drying temp. °C.
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Summary

As a preliminary research to clarify reactions of clay mineral with organic matter in soil, especially charac-
teristics of bonding, we examined the hydrogen bonding in clay mineral-organic reagent complex on the basis
of infrared-spectra (IR) of clay mineral-organic reagent complex. The clay minerals used (<0.24) were ben-
tonite, kaolinite and illite, and the organic reagents used were carbonyl compounds; acetic acid (99-100%,),

aceton (above 95%) and acetoaldehyde (90%).

1) A new absorption band based on hydrogen bonding between oxgen of the carbonyl compounds and

hydrogen of the clay minerals occured in the IR (1800~

1600cm™) of clay mineral-carbonyl compound complex.

The difference between v (cm™!) for the new absorption band and v (cm™?) for carbonyl group absorption band
was 40-50cm™! (0.14-0.18 ¢2) in bentonite-carbonyl compound complex, and 20-15cm-! (0.07-0.09 p) in kao-
linite-and illite-carbonyl compound complex. This may suggest that the strength of hydrogen bonding in the
kaolinite-and the illite-carbonyl compound complex is at less than half level of that in the bentonite-carbonyl
compound complex. The infrared-analysis seems to be effective also for the study of reaction of kaolinite or

illite with organic matter in soil.

2) In the reaction of bentonite with carbonyl com

pound, the OH group absorption band in the IR (4000~

3000 cm™?) of bentonite was shifted to lower wave number region in the IR (4000-3000cm™!) of bentonite-

carbonyl compound complex. The difference was about 25 cm~! (0.02 ¢). In addition, the fact that the width
and the intensity of the absorption band of the complex increased, is suggestive of a participation of the OH
group of bentonite in hydrogen bonding in bentonite-carbonyl compound complex. However, such a participa-
tion of the OH group of kaolinite or illite could not be defined.



