Characterization of Clays and Clay-organic
Complexes
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INTRODBUCUTION

Clay-minerals investigations have produced strong evidence of some sort,
of reaction between the component parts of clays and organie wmaller,
FFundamental changes 1o the nature of the reactants like, for instance, de-
colorization of oils when in contact with elays, and variation in the optical
properties of the clays, have inspived scientists to curry out further studies
i an aitempl to delermine possible bond mechanisms yesponsible for sueh
changes.

fn the present study an effort was made to determine the nature of
linkages, if any, between blackstrap molasses, distillery slops, and slops
active residue and soil colloids extracted from Livesboro, Whippany, I'e,
and Crudnien soils. ('e is nob an ifron seil; this word means “Taith” in
Iinglish.)

REVIEW OF THE LITERATURE

Hunt (9)? examined 15 different clay minerals using infrared rays and
found that each had absorption bands characteristic of the individual clay
mineral, In all elays o common strong band was found in the 1,100 to
900-cm. ! range. e suggested the use of this tool as an aid in identifying
clay minerals,

In 1957 Holmes and Toth (8) postulated the existence of a 8i-O-C linl
oceurring with kaolin at extremely high concentrations of S-17. They con-
sidered this bond to be of specinl significance sinee the carbon of this
linkage is not. earbonyl carbon,

Michaels and Martin (10), working with montmorillenite and illite,
noted a marked increase in bonded OH and a corvesponding deerease in
free OH bonds. Considering the relatively small number of OH groups in
nmontmorillonite, it is belioved that the detection of lnkages of this type
is rather difficult to ohserve.

Brydon and Sowden (3) have shown that mmino groups sre in many
instanees involved in the reaction between organie matier and soil mineral
constituents. Others (7) have shown that organic cations, such as those
containing the amino group, will be adsorbed at calion-exchange sites by
moantmorillonite. Soil-conditioning chemieals being anionie in nafure, have
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hoen shown to prolect soll aggregaies against dispersive forees, Xoray work
has definitely shown that organic anions do not enter the interlamellav
spaces of expanding Iattice elays, and this has led to the suggestion that
organie anions are adsorbed on, and form bridges hetween the edges of elny
erysials,

Hoftmann and coworkers (7) showed that the C-axis dimension of
montmorillonite varied following (reaiment with aleohol, acetone, and
ether, Ensminger and Geiscking (1) showed that organic ions could he
sorbed oun the basal plane surfaces of montmorillonite. This suggested that
organic compounds with polar-sctive groups could be adsorbed by elay
minerals.

Several organie cations ave known {o contain hasie nnino groups. Tt s
the reaction belween these compounds and the elay minerals that has been
studied in greatest detail, Hendricks (6} found that some of the organic
ions studied were oriented Lolween the montmorillonite layers in such a
way as 1o eause minimurn expansion of the layers. This adsorption between
the layers is known to render the organie eompounds quile resistant (o
microbial degradation. The adsorption of organic ions also changes the
propertics of the clay mineral and, for example, swelling is greatly reduced,

MATERTALS AND METHODS

Infrared absorption analyses were made of selected samples using a
double beam Perkin-Elmer, sclf-recording infrared instrument. Sodium
chloride prisms were generally used, but Trtran was used when the snmples
were dispersed or dissolved in water,

The clays used in these determinations were those isolated from Guénica
clay, Fe clay, Whippany elay, and Ivesboro loamy sand, all poorly drained
soils. Two micron-sized clays were separated by sedimentation.

Complexes were prepared by reacting 9 parts of clay to | part of slops,
or with molasses, or with ¢lay-slops nctive residue. Spectra of the clays and
those of the slops, molasses, and slops active residue complexes were all
examined. NujolP® wus the malerial used to mudl the clays and clay-organie
malerial complexes. Correclion for the peaks due to Nujol were made on
most spectra,

Since montmorillonite was the domimant clay mineral in the clay frac-
tion of both Guinica and Fe soils {figs. 1 and 2}, and sinee both molasses
and slops are known 10 contain amino groups, an effort was made to de-
termine whether a shift in the 004-spacings could result from the adsorp-
{ion of these maferials, Xeray diffraction speetroscopy studies using an
RCA-Leiments erystaltoflex IV Xeoray diffractometer were made on samples

3 Trade name used to provide specific information; this dees not imply endorse-
ment or recommendation,
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mounted as thin lilms ou glass slide, The slides were mounted o sample-
holder and seanned on the diffractometer througlt an angle of 3° (o 99,
sinee it was intended to determine whether o shift oceurred in the 001-
spacing. In order to check the X-ray diffraction studies, different levels of
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slops were brought to equilibrium with a known amount of soil of both
CGuiniea and Fe elay. Cation-exchange capacity was determined in them
by the sodium-acetate method (7).
RESULTS AND DISCUSSION
The specin of the elay fractions of these soils are presented at the top of
figures 3 through 7, All elays except the fraction isolated from the Hveshoro
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soil showed the presence of unbonded OH groups. These bands appeared
in the region of 2.75u. The bonded hydroxyls caused a marked absorption
in the 3 p-region of all four clays studied. The somewhat pronounced peak
at 6.1g has already been assigned to adsorbed water. The peaks at 6.90
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I'ra, 4.—Infrared spectra of the clay fraction of Iiveshoro soil and clay-organic
complexes.

and 7.25u resulted from CH vibrations of the mulling material used,
namely, Nujol. Since the silica tetrahedva and aluminum octahedra are
common to all clays, vibrations attributable to these struetwral entities
were found in the four clays examined. These appeared in the region of
0.70x. Only the clay fractions of the Whippany and Iveshoro showed
actahedral OH stretehing vibrations at 10.95u whereas the elay fractions
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of the Fe and Gudniea soils showed them in the region ol 11he. The clay
fractions of Whippany and Iivesboro soils showed rather weak absorption
peaks ab 12.55 and 12.85p. These have not yet been identified.,

The spectra of blackstrap molasses, distillery slops, and slops active
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Fre. 5.-Tufraved spectra of the elay fraction of Whippany soll and clay-organie
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residue arce shown in figure 3. The very strong absorption peak in the
3.05-p region is due to free O The sources of this [unctional group are
water and sugars. The rafther sharp peak at 3.45¢ is believed to be eharae-
Leristie of the CHy group of organie acids present in the molasses. The
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absorption in the region of 6.2x is related to the presenee of wmino groups
characteristie ol amino acids, polypeptides, and proteins. The broad and
strong peak shown in the region of 7.10p is nlso characteristic ol lonized
carboxyl groups. Several investigators (5) have atfrtbuted this peak {o the
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T, 6-Infrarved spectra of the clay fraclion of e ao0il and clay-organic com-

plexes.

presence of methoxy groups (—0O-—CHy). Browne and Phillips (2) re-
ported the presence of these groups in sugareane juices and the blackstrap
molasses. The broad bands between § to 10, with & peak at 9.5y, are
probably caused by CH, COOH, and C==0 ketoaldchyde groups. The peaks
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avising n the regions of 1005 and 10.80x arc probably produced by
OHp==CHy and COOTT groups.,
The speetrun of the slops shows essentially the saie patiern as that of
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complexes.

the blackstrap molasses, exeept that the peaks in the region of 10.05 and
10.80u noted in molasses are absent in the slops spectrum.

The spectrum of the slops active residue (12) is somewhat different from
{he spectrum of the slops, The peak chavacteristic ocewrving af the 3.45-p
region can hardly be detected, The absorption peak ab 7.1p has virtually
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disappenred. Tt s speendative whether some of the groups associnfed with
i were left behind i supernatant hquid alter precipitation with ethyl
aleohol, or whether hydrogen-bonding ocenrred 1o the extent thal only «
siadl absorption hand could be deteeted.

The elay fraction of (he liveshoro soil, fguee 1) showed a shift in the OT1
position from the 3.00 to 3.05u, indicating that the exposed O of (he
erystal edge was bonded o the blackstrap molasses by way of a hydrogen
bond. Auother linkage of the same {ype was observed when the 6.1 vibra-
tion of the elay shifted 0.05u toward o vegion of longer wavelength, There
was no difference between the linkages ocearving in this clay fraction com-
plexed with molasses, slops, and slops active residue.

When the clay fraction of the Whippany soll (lig. 5) was complexed
with the three organic materials, only hydrogen bonding by means of the
free hydroxyls was found in the 2.80p regions, Sarprisingly no Jinkage
could be detected for adsorbed water.

[Figure 6 shows the sume type of bouding oceurring when the elay (rac-
tion of the Fe soil was complexed with the various organic materials. When
the elay fraction of the Guiniea clay was complexed with molasses, slops,
or the slops active residue, no bonding occurred, as shown by the spee-
truam in figure 7. {1 15 worthwhile to point out that the pH ol this soil was
9.0 which should not have favored the formation of a linkage. As pointed
out elsewhere (77), neither blackstrap molasser nor distillery slops were
effective in stimulating aggrogate stability 1o this soil unless< aeid conditions
were ereated by means of sullur applications.

To summarize, it is upparent that only H-bonding, through the exposed
OIT of the elay erystal, is operative hetween the organie materials tested
and clays isolated from the Iivesboro, Whippany, and Fe soils. The linkage
is probably via the carbonyl groups in the organic materials, A shift, how-
ever, in the peals of the COOTE groups was not observed, since the organie
materials could not. be properly mulled with Nujol. The complexes could
not be run in Irtran because the scattering of the infraved rays was such
that practically all the energy was lost.

Whether hydrogen bonding is of any signilicance is primarily dependent
on the number of hydrogen bonds formed. These bonds are known to he
relatively weak in nature, but, if suflicient numbers are present, their sums
will be large.

In a heterogencous system, such as exists in soil colloids, blocking of
exchange sites beeanse of the presence of primary formation will reduee the
number of polential linkage sites available for reaction. This means that
the adsorption of potentially reactive organie substances will be redueced,
and may therefore be subjected to breakdown by micro-organisms.

Since it was shown earlier that montmorillonite was the dominant clay
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mineral i (he elay fraction of hoth Guwinien and Fe zoil and sinee hoth
molasses and slops are known 1o contain amivo groups, an effort was made
to deternsine whether a shift in the 001 spacings could result frony the ad-

sorption of these maderials,
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XNeray studies showed that no changes resulted from adsorption of
molasses or distillery slops between the basal planes ol the elays, figures 8
and 9. Lt scems as if the sige of the molecules found in Lhe slops and molasses
is such that they will not At between the 001 plaves. As shown by the
nfrared absorption-spectrum data, hydrogen-bonding is proposed for the




313

-

CHARAUTERIZATION OF CLAYR ;\.‘U) CLAY-ORGANIC COMPLEXES

reaction between the exposed OH groups b the edges of the clay erystals
and these materials, This implies that the aetive constituents ol these (wo
organie substances are not protecled by the elays to o great extent, and
their lasting effeet in the soil depends entively on their resistanee. Mierobial
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decomposition is preceded, however, by the production of cuzymes which
hydrolyze organic matter, These enzymes have specifie isoclectric points
and can be adsorbed by the clays with expandivg lattices and rendered
inactive. Under these conditions little decomposition of the organic elay
ageregating malerial would ocenr.
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A very slight inerease moeation-exehange eapaeity was found (o oceur
upon complexing the clays of e and Guaniea soils with slops, This is
shown in {able 1. Reductions i eation-exchange enpacity have been usually
fountd 10 oceur when some proteins are adsorbed by the expanding elay
lattice nunerals,

Tapre 1.--Lffeet of distillery slops on calion-cechange copucily of
the Gudaniee and Fo solls

' Catinnsexelbange capacity {meq. /106 gm.)
Treatnient S R SR R A R SRS

! Gdnica clay ; e chay
("uilreatoed i 58.20 46,70
50 ce. stops ; h8 . 84 i 49,60
100 ee. slops : 59.53 f 50.20
200 ee. slops ; 62.62 ' 51.53
! 64,04 : 54,14

400 ce. slops

SUMMARY

Toformation is presented with referenee to the infrared spectroscopy of
blackstrap molasses, rum distillery stops, the active fraction of the slops,
elays of fowr poorly drained soils, and ol the complexes formed between
organie materials and the clays of e, Guiniea, Whippany, and liveshoro
soils. The Xoray spectroscopy of iwo of (he elays of montmorillonitic
nature al of the complexes formed with the organie malerials 15 also
shown,

Characteristic peaks of the orgauie materials include those eaused by
hydroexyl, methyl, amino, methoxy, carbonyl, und kelonic groups,

The speetra of the clays showed peaks whieh ave attributed to hydroxyl,
bonded and unbonded, adsorbed water, silica tetrahedra, and atuminum
octahedra,

Hydrogen-honding oceurved between the exposed hydroxyl groups of
the elay eryetals and The molasses, slops, and ils active residue. There was
no shilt in the 2 ¢ angle ol diffraction of the expanding-lattice clays, indi-
caling (hat there was no adsorption in the interlamellar spaces, The ad-
sorpiion was possible al the edges of the erystal. This finding was strength-
ened by the fact that rather than undergoing o decrease in cation-exchange
capacily there was a slight increase in the expending lattice clays.

RESUMEN

lon este trabajo se informa sobre la expeciroscopia infraroja de la nuiel
lina!, del mosto y su residno aclivo, de las aveillas de cuatro soelos de mal
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desagiie v de lox complejos Tormados entrve fos materiales orginicos y s
arcillas de los suelos I'e, Gudnica, Whippany y Kvesboro. También, se
incluye la espectroscopia, por medio de los rayos X, de dos de las arcillay
de naturalezs montmorillonitica y de los complejos formados con los ma-
tertales orgdnicos.

Los picos earacteristicos de Jos materiales orgdunicos ineluyen los que
corresponden a los grupos de los hidroxitos, Tos mctilicos, mninicos, meloxi-
vos (OQ---CHy) y eetonicos,

K espeetro de lus arcillas reveld picos propios de los hidroxilos, sin enlazar
y enlazados, del agua sdsorbida, de los de tetrahedro de sitice vy de los de
octahedro de aluminio.

Se determing 1o presencia de enlaces de hidrégeno entlre los hidvoxilos
externos del eristal arcilloso y la micl, ¢l mosto y su residuo active. No
hubo cambio en el Angulo 2 ¢ de difraceidn de las aveillas gue se expanden,
mdicando que la adsorcion de los maieriales orgianicos tuvo lugar en ol
exferior del eristal arcillose y no entre las lamelus.
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