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INTRODUCTION Attenuated total reflectance (ATR) has been used as

sampling technique for IR spectroscopy since it was

Infrared (IR) speciroscopy has a long and Success@’éveloped for dispersive instruments. However, only

h_lstory as an analytical technique and is u_sed e_Xte{Ffe increased sensitivity of FTIR spectrometers makes
sively (McKelvy et al., 1996; Stuart, 1996). It is main-

| | hod X diff .__the ATR method a simple and routine technique (Rin-
y a complementary method to X-ray di raCtlontoul et al., 1998). ATR has been used extensively to

(XED? and_ othelr T'e.thOdS used FO :nves_t(ljgated CIa}fﬁvestigate adsorption of organic substances on min-
and ciay minerais. t1s an economical, rapid an COMLrals. The main advantage in clay-minerals research is
mon technique because a spectrum can be obtaineqyn; TR allows the measurement of the spectra of

a few minutes and the instruments are sufficiently ”Hispersions, gels or pastes (Hunter and Bertsch, 1994;
expensive as to be available in many laboratories. Aé‘newringet al., 1995; Yanet al., 1996a,b).

IR spectrum can serve as a fingerprint for mineral qitr se reflectance infrared Fourier transform
identification, but it can also give unique informatio DRIFT) is widely used in the analysis of solids and
about the mineral structure, including the family Or{jowders and generally requires little sample prepara-
minerals to which the specimen belongs and the dfs, The DRIFT method is a rapid technique for an-
gree of regularity within the structure, the nature ofy,ing samples without interference related to sample
isomorphic substituents, the distinction of moleculagrenaration. Its use is limited somewhat by interfer-
water from constitutional hydroxyl, and the presencgnce effects created by particle size and incident IR
of both crystalline and non-crystalline 'mpur't'eswavelengths, which may appear toward the low-fre-
(Farmer, 1979). _ quency region, normally below 1200 cinfor clays.
The interpretation of the absorption spectra of they minimize such effects, the clay is mixed with KBr
Source Clays in the middle-IR (MIR) region (4000~ optain good DRIFT spectra in the 1200—400-&m
400 cm™) given here follows those of Farmer andegion. The DRIFT technique is most appropriate in
Russell (1964), Farmer (1974a, 1979) and Russell a NIR region, where no dilution of the sample is
Fraser (1994). In addition, reflectance spectra in th@scessary. Thus, DRIFT is suitable for studies of hy-
near-IR (NIR) region (11,000-4000 cf), where groxy| vibrations of clays in both MIR and NIR re-
overtones and combination vibrations occur, are ijions (Frost and Johansson, 1998).
cluded. These spectra provide information on structur- This paper summarizes data from FTIR spectra in
al OH groups and O in clay minerals (Bishogt @,  the NIR and MIR regions (11,000—-400 chof many
1994; Frost and Johansson, 1998; Pettitl., 1999a) of the Source Clay samples, using both transmission
which may not be clearly observed in the MIR spectraand reflectance techniques.
Small changes in stretching and bending band posi-

tions are additive in the combination bands, thereby METHODS
making them more readily differentiated (Post and No- The FTIR spectra were obtained using a Nicolet
ble, 1993). Magna 750 FTIR spectrometer, equipped with an IR

Dispersive IR spectrometers are slowly being resource, KBr beam splitter, and DTGS KBr detector for
placed by quicker and more sensitive Fourier tran§|R measurements, and a white light source, CaF
form (FT) instruments (Rintoukt al., 1998). The peam splitter and PbSe detector for NIR measurements.
greater sensitivity of the FTIR spectrometers is relatgtbr each sample, 128 scans in the 11,000—4006 cm
to the continuous detection of the entire transmittegNIR) and 4000—400 cm (MIR) spectral ranges were
energy simultaneously, using interferometers, and ragecorded with a resolution of 4 crh Fine fractions of
id Fourier transformation of the interferogram into ahe samples were prepared and described by Costanzo
spectrum (Koenig, 1992; Russell and Fraser, 19942001), and these samples were analyzed as received.
The increased sensitivity of FTIR spectrometers led to The KBr pressed-disc technique is most widely used
the development and recent broad application of réar preparing a solid sample for routine scanning of
flectance techniques, such as ATR and DRIFT (Grithe spectra in the MIR region. Samples of 2 and 0.5 mg
fiths and de Haseth, 1986). were dispersed in 200 mg of KBr to record optimal
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spectra in the regions of 4000—3000 and 4000—400,cming region with the 2 mg sample as inserts, are pre-
respectively. The diameter of the pellets, pressed frosented for all Source Clay samples in this paper.
samples, was 13 mm. Discs for the 4000—3000'cm The pressing of KBr with a clay to prepare the KBr
region were heated in a furnace overnight at°’Co@® pellet may alter the spectrum through exchange of K
minimize the water adsorbed on KBr and the clay sanmnto the structured€g. K-NH, exchange, see below).
ple. The self-supporting film technique allows study of
In addition to KBr discs, self-supporting films weresamples without a KBr matrix (Figure 1b). Slight heat-
prepared for selected samples. This technique avoidtg (15 min at 15€C) of the film of SWy-2 completely
any interaction between the clay sample and KBeliminated the band near 3400 chrelated to HO
which may even occur at room temperature (Russedidsorbed on the sample, and a well-resolved band at
1974). A 2% suspension of the sample in water wad629 cm?® assigned to OH-stretching vibrations of
pipetted onto a thin polyethylene sheet and allowed &ructural hydroxyls remained. This technique was also
evaporate to dryness overnight at room temperatutéseful for the 950-800 cr region, where well-re-
The film was peeled from the polyethylene by drawingolved absorption bands are present. In contrast, spec-
it over a sharp edge. A 13 mm diameter circle cut frortial features near 1000 cfwere not obtained because
the film was placed normal to the IR beam in the san®f the total absorption of radiation; it is difficult to
ple holder of a transmission cell, which permitted heagbtain sufficiently thin self-supporting films. Further
ing to 200C. details on transmission IR techniques were discussed
The ATR spectra in the MIR region were obtained®y Russell (1974) and Russell and Fraser (1994).
using MIRacle, the single reflection horizontal ATR Reflectance spectra of SWy-2, obtained by DRIFT
accessory from PIKE Technologies (Madison, wiand ATR techniques, are shown in Figure 2. The
USA). The sampling plate of the device features RRIFT spectra were transformed using the Kubelka-
small round ZnSe crystal, which allows reliable anaMunk algorithm, which allows the intensity of the
ysis of small samples in the spectral range of 20,0dp€asured IR spectrum to be linearly related to the
to 650 cm. The powder sample was placed on thé@mple concentration. The DRIFT spectrum of the
ZnSe crystal and pressed with a micrometer-controlldré SWy-2 sample in the region below 1200 ém
compression clamp. Good contact between the samgihibits the major limitation of this technique, where
and crystal is needed to obtain high-quality spectra.SPectral features unusual for transmission spectra ap-
The DRIFT spectra in the NIR region were obtaine@€ar. The origin of this effect is understood if the dif-
using a diffuse-reflectance accessory ‘Collector’ frorft!Se-reflectance phenomenon is considered. Where IR
Spectra-Tech (Shelton, CT, USA). Samples were anidiation is directed onto the surfacg of a solid sample,
lyzed at room temperature without dilution in KBr.tWO types of reflected energy occire. specular re-
Samples were poured loosely into a sample cup 8gctance and diffuse reflectance. The specular com-
~1 mm depth and 3 mm diameter. The powder wd¥onent is radiation, which reflects directly from the

assumed to have random orientation. Freshly prepare@nPle surface and has no absorptive interaction with
MgO was used for background measurement. the sample. Diffuse reflectance results from penetra-

tion into the sample and interaction with the particles.
Comparison of the sample-preparation methods Thus, this Iatte_r radia_ltion contain; spectral information

on IR absorption. Diffuse reflection and specular re-

To provide adequate characterization of the sampléfsction are mixed and cannot be separated spatially,

both transmission and reflectance techniques were Withough a diffuse-reflectance accessory optimizes dif-
lized. The advantages and disadvantages of methggse-reflected energy and minimizes the specular com-
commonly used to obtain spectra in the MIR regioponent. Specular reflectance can produce derivative-
are discussed briefly for SWy-2 and Syn-1 sampleshaped peaks or apparent absorbance dips, or so-called
Figure 1 shows the transmission spectra of SWy-+Pestrahlen bands’ (Griffiths, 1983). Clay minerals
where two concentrations of the sample were used éhow ‘restrahlen bands’ in the region below 1200-m
prepare the KBr pellet (Figure 1a). The pellet with thgvhere Si—O vibrations absorb most of the radiation
0.5 mg sample was measured immediately after presgid the greatest contribution to signal intensity comes
ing, whereas the disc with the 2 mg sample was heatédm the specular component. However, with modern
overnight at 158C to minimize adsorbed water, there.component analysis techniques, spectra containing a
by providing higher resolution in the OH-stretchingspecular component can be analyzed and various min-
region (3800—3200 cm). More intense bands wereerals in mixtures are differentiated easily (Jadilal.,
observed for the greater concentration of SWy-2.998). Such effects can also be minimized by applying
However, for some samples this greater concentratidmtamers-Kronig relations (Griffths and de Haseth,
may result in total absorption of radiation in the regio1986) or simply by mixing the sample with KBr at
1200-1000 cmt. Complete spectra obtained with theabout the 10% level. The DRIFT spectrum of a diluted
0.5 mg sample in KBr, and spectra of the OH-stretctsample is similar to that of a KBr-pellet sample (com-
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pare Figure 1, KBr and Figure 2, DRIFT). Howeverjs less frequently reported in the literature than the
the advantage of minimal sample preparation is lod¥lIR region.

On the other hand, DRIFT preferentially probes many o _

highly reflecting minerals (non-smectitadg. carbon- KGa-1b, and KGa-2 kaolinites, Georgia

ates, oxides and others, and thus is a useful tool forpr region. Figures 4 to 7 show IR spectra of the

identifying impurities. N KGa-1b and KGa-2 kaolinites; the assignment of the
The ATR spectroscopy utilizes the phenomenon ¢fands given in Table 1. The spectra of both samples

total internal reflection. The internal reflectance elespgywy strong resemblance over the entire MIR region,

ment, which is a prism of IR-transmitting material ofngicating that this technique is not sufficiently sensi-

high refractive index€g. ZnSe), is the main compo- tive to illustrate clearly the different kinds of defects
nent of an ATR cell. The IR radiation entering a crysi, these two kaolinites.

tal undergoes total internal reflection where the angle
of incidence at the interface between the sample andNIR region. The bands present in the NIR region
the crystal is greater than the critical angle. When @&e the result of overtones and combinations of fun-
sample is brought into contact with the surface of thdamental stretching and deformation vibrations. Their
ATR crystal, the evanescent wave will be attenuatdBeoretical positions can be calculated from the wave-
in the regions of the IR spectrum where the sampRrumbers of the bands observed in the MIR region.
absorbs energy. Major NIR spectral features of KGa-1b and KGa-2
Well-resolved and sharp bands are present in ti@olinites are located near 7000 and 4600 ¢where
ATR spectrum of the pure SWy-2 sample (Figure Zhe bands corresponding to the first overtoneq(
ATR). The positions of the bands in the regions ofnd combinationi,, + 8) vibration modes of OH
4000-3000 and 950-600 cknare very similar to groups are observed (Figures 8 and 9). Analogous to
those found in the KBr-pellet spectrum. The observeMIR spectra, the NIR spectra of both kaolinites are very
frequencies of the Si—O stretching vibrations nedyimilar, therefore only the assignment of the bands in
1000 cm* are shifted slightly downward from thoseKGa-1b spectrum is discussed. Two strong bands at
observed in IR transmission spectroscopy as a restik73 and 7065 cnt are assigned to the/g, overtones
of the optical physics of the system (Koenig, 19920f the OH-stretching fundamental modes of inner-sur-
Rintoul et al., 1998). The ATR is a rapid, non-destrucface fon = 3694cm) and inner (o, = 3620 cm?)
tive technique and is a very useful first step to chaflydroxyl groups, respectively (Pett al., 1999a). A
acterize minerals. This technique greatly simplifiel§SS resolved doublet at 7141 and 7113 tis related
sample preparation and, in many cases, makes figeovertones of mne_r—surface OH groups observed at
pressing of KBr pellets unnecessary. Therefore, ATR669 and 3653 cni in the MIR region. The strong
spectra for all Source Clay samples are shown hereP@nd at 4527 cnt and the less intense one at 4624
The importance of the selection of the appropriate™ * correspond to the combination of OH-stretching
technique for a particular problem is illustrated in Fig{3620 and 3694 cm) and deformation (915 and 938
ure 3, where transmission and reflectance spectra fgp ) vibrations of AIAIOH groups. Spectral features
the Syn-1 sample are compared. Syn-1 is a synthefihilar to those near 7000 and 4600 ¢mi.e. a sharp
mica-montmorillonite, containing NH in the interlay- Pand with a smaller component on its high-frequency
er. Although the ATR, DRIFT and Film spectra arede, are also observed near the 9000 and 5506 cm
similar, the KBr and KBr-heated spectra differ in thd©9ions, thus indicating that OH vibrations are proba-
regions of 3400-2800 crh and near 1400 cm, bly involved in these vibration modes. It appears that

where the bands related to stretching and deformatiHhe b.and at 9256 cm arises from the 26, + 3o
vibrations of NH* occur (Chourabi and Fripiat, 1981;V|brat|on mode of OH groups observed at 3694 and 938

Petit et al., 1999b). The KBr-pellet spectra indicatecrrrl in the MIR, whereas the band at 9054 ¢€rs re-
that an exchange of NH by K+ from KBr occurs lated to 2¢oy + dop) Of the 3620 and 915 cm bands.
even at room temperature The combination modev{, + 23.,) gives thebands

at 5494 cm?! (voy = 3694 cm?, 3o, = 938 cm?) and
RESULTS AND DISCUSSION at 5421 cm? (voy = 3620 cm?, 3o, = 915 cnY). The
10,335 cm?! band may be attributed to the second
Two sets of spectra in the MIR region, using thevertone (3.,) of OH-stretching fundamental modes
pressed KBr pellet and ATR sampling techniques, arsf Al ,OH groups {o, = 3620 cml). The band at 5238
DRIFT spectra in the NIR region are presented farm ! is caused by a combination of stretching and
each Source Clay studied. The peak positions obending modesy(, + 3,) of adsorbed ED. The bands
served in the MIR spectra and their assignmentbserved between 4300 and 4000 &rare probably
(Farmer 1974a, Russell and Fraser, 1994) are listeddambinations of OH-stretching bands of kaolinite with
Tables 1-7. The band assignment in the NIR region liattice deformation vibrations (Hunt and Salisbury,
discussed in more detail because this spectral regi®@70; Huntet al., 1973).
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In addition to the bands observed in the NIR specti@mparison with SWy-2. A weak band at 792 ¢m
of KGa-1b, the KGa-2 spectrum shows an inflexioindicates traces of poorly crystalline silica.

7015 cmt Il t44 Fig-
near 7015 cm' and a small band a 65 ci(Fig NIR region. The NIR spectrum of SAz-1 is like that

ure 9). These bands, assigned in accordance with sug- . . .
. . . of SWy-2 (Figures 15, 12). However, in comparison
gestions by Delineadt al. (1994) to the first overtone ith Si/Ny; ?he positions)of the bands of stfuctural

and combination modes of stretching and bendin - . .
inadl s ng N9 v H groups are shifted slightly to lower wavenumbers,

brations of AlFeOH groups (at 3598 and 875 ¢ém . . -
respectively; unresolved in the MIR spectra, Figures '8 acc;o_rdatlaceM\I/\élzth the positions of OH bands ob-
and 7), indicate the presence of some structural Feff'ved inthe region.

KGa-2. STx-1, montmorillonite, Texas

SWy-2, montmorillonite, Wyoming MIR region. Figures 16 and 17 show the KBr-pellet
. . and ATR spectra of montmorillonite STx-1. The as-
an';mi_lt;g'gné';?:ri? tlhoea\r;\clj irlnisnhowm?ri::ari_lﬁﬁ::isignments of the bands are given in Table 4. A weak
SWy-2 Thep ositions and aisi nr%ents of the banﬁ?ou'der at 3692 cm indicates traces of kaolinite in
are Iistéd in Tgble 2. In addition ?o the bands common e sample. Kaolinite was detected among impurities
- ) P . . in the separates obtained during purification of mont-
to all dioctahedral montmorillonites, diagnostic bandﬁworillonite for XRD analysis (Chipera and Bish
of quartz, present as an impurity in this sample, ar, . - o o
observed at 798 and 778 cinQuartz admixture was 5001)' The Si—O stretching band at 1089 éris re

. - . ated to crystalline silica admixtures. The relatively
also found by XRD analysis (Chipera and Bish, 2001 trong band at 794 crh together with increased in-

NIR region. The NIR spectrum of SWy-2 shows atensity of the 626 cnt band suggest a cristobalite-like
complex band near 7080 cfrassigned to the overtonephase impurity. These results are in good agreement
(2voy) of the structural OH-stretching mode and thavith XRD analysis, which confirms opal-CT admix-
overtone of HO (2v,) bound to surface oxygens ofture in this sample (Chipera and Bish, 2001).
the tetrahedral sheets (Figure 12). The shoulder at
6852 cm? is assighed to O molecules involved in
strong hydrogen bonds {g). The small sharp band at
7168 cm! assigned to &, (for voy = 3695 cm?)
indicates traces of kaolinite in this sample. The NI
spectral region can be more useful for detection &f4ca-1, hectorite, California
kaolinite impurity than the MIR region where the mi- . .
nor inflexion near 3695 cm can hardly be distin- MIR region. The KBr-pellet spectra of hect_orlte_ re-
guished from the main OH band at 3632 GngFig- veal the trlgctahedral character o_f this smectite with an
ure 10).Small bands at 9077 and 8680 c¢ntorre- OH-strgtchmg _ba“P' at 3679 ci(Figure 19). The OH-
spond to 6oy + damon) and (2, + 8,) combina- stretching region in the KBr-pellet and ATR spectra

tions. The broad band near 10,530 ¢ris believed to ,ShOWS_ a.pronounced dgcrease in_the 36751mnd

be related to second overtones of variously boup@ H mtens!ty in the latter (F|gqre 20). The particles in th.e
molecules in the sample. The spectral pattern of tﬁ%Br disc are randomly oriented, whereas preferential
clay in this as well as in the 8000—7200 chregion orientation of particles increases owing to compression
is overlapped by adsorption of water vapor present in o t_he sample onto the surface OT _the '_A‘TR crystal. Com-
In the region below 6000 cr, the spectrum of SWy- parison of the OH-band intensities in KBr-pellet and

2 montmorillonite exhibits a strong band owing to théo‘-rR ,SpeCtra can help to identify the ‘octahgqral chgr-
combination of the stretching and bending vibration‘ilCter of smectites because only the absorptivity of vib-

of water at 5255 cri and a band at 4534 crhchar- 'ations of OH groups of trioctahedral layer silicates,
acteristic of the %o, + Samos) COmbination mode V\(hich are _nearly normal to the si!icate I_ay_ers, are sen-
(Figure 12). A slight shoulder near 4470 cicorre- sitive to orientation and show variation in intensity be-
sponds to thewl,, + durer) COMbination mode. The tween the two spectrg. The abS(_)rptl(_)n bands a_t 1798,
spectral features near 4100 chwere assigned to be 1430 and 875 crt (owing to CQ vibrations of calcite)

combinations of structural OH-stretching vibration§nd at 8,00 cmt (silica? indicate common admixtures
with Si—O deformation vibrations (Hunt and Salisbury?resent in hectorite (Figure 19).

1970). NIR region. The NIR spectrum of SHCa-1 hectorite

in Figure 21 shows that the trioctahedral character of

this smectite can also be distinguished in the NIR re-
MIR region. The KBr-pellet and ATR spectra of gion. In the spectra of montmorillonites, the structural

SAz-1 (Figures 13 and 14; Table 3), reflect the loweDH overtone cannot be resolved from theOHband

Fe and higher Mg content of this montmorillonite inbecause they both appear near 7060 cfRigures 12,

NIR region. The NIR spectrum of STx-1 strongly
resembles those of SWy-2 and SAz-1 (compare Figure
18 with Figures 12 and 15). A weak band at 7167 &tm
|5‘.hows the presence of kaolinite in this material.

SAz-1, montmorillonite, Arizona



414 Madejovaand Komadel Clays and Clay Minerals

15, 18). However, in the spectrum of SHCa-1, thepectra of some muscovite samples near 3660'cm
structural overtone (2,,) occurs at 7191 cnt and the (Farmer, 1974b; Besson and Drits, 1997). A combi-
H,O band at 7067 cm, so they can be distinguishednation ¢ + 8¢,) vibration mode appears at 4584 ¢m
from one another. The diagnostic band ofCHs seen In addition to OH bands, the first overtonei(g,) and

at 5251 cmt. The major band at 4329 crhcorre- combination ¢y, + 9y, Vibration modes are ob-
sponds to the combination of OH-stretching (3679 9m served at 6426 and 4735 cimrespectively.

and deformation (656 cm) vibrations of MgOH

groups. The sharp band at 4188 <¢nis tentatively PFl-1, palygorskite, Florida

assigned to avGy, + vyg0) COmbination mode. MIR region. The IR spectra of palygorskite (atta-
o o pulgite) PFI-1 indicate that this sample has quartz (798
Syn-1, synthetic mica-montmorillonite and 776 cmi) and possibly feldspar (720-500 cin

MIR region. The KBr-pellet and the ATR spectra off€gion) admixtures (Figures 25 and 26). The_structural
the unheated sample show absorption bands near 363g-stretching band at 3615 cintogether with the
and 930 cm! owing to the vibrations of OH groups Well-defined AIAIOH deformation band at 912 cin
coordinated to AIAl pairs (Figures 22 and 23; Table 62nd a slight inflexion near 860 cin(AIMgOH) reflect
The absorption bands at 820 and 757 &nowing to the dominantly dioctahedral character of palygorskite.
tetrahedral Al-O out-of-plane and Al-O-Si in-pland’ronounced changes occurred in the spectra of the

vibrations, respectively, are characteristic of musc&€lf-supporting film, where the OH-stretching band
vite, whereas a band near 620 dnis common for Shifted from 3617 to 3626 crh after heating of PFI-1

montmorillonite. (Figure 27). A typical feature of palygorskite is the

The absorption bands in the 3300-3000 &rand complex nature of absorption bands ofdHmolecules
near 1400 cnt are related to stretching and deforin the 3600—-3000 cm region, which show consider-
mation vibrations of N, respectively (Table 6). The @ble modification on drying (Figures 25, 27).

IR spectra differ significantly for unheated KBr-pellet, R region. The NIR spectrum of PFI-1 shows a sharp
heated KBr-pellet, and ATR spectra. In the unheatgghnq at 7058 cni attributed to the overtone (2on)
sample, a strong band of,@ at 3438 cm* dominates of the structural OH-stretching mode (Figure 28).
the OH-str_etc_hing region and only a shouldgr Negombination modesvfy + Sanon) and bon + damgon)
3119 cm* indicates the presence of NH Overnight  give the bands at 4502 and 4436 ¢nrespectively.

heating at 15 reduced the amount Of. adsorbedil  geyeral stretching vibration modes of® observed
and the ammonium band at 3133 ¢rwith shoulders i, the MIR region are also reflected in the NIR region,

at 3287, 3015 and 2831 cmwas observed in the here the bands at 7002 and 6941 tmre related to
spectrum (Figure 22). In the NHdeformation region, H,O bound to Al or Mg and a band at 6822 cm
two bands at 1434 and 1402 chrare present in the cqrresponds to zeolitic water.

KBr-pellet spectrum. The ATR spectrum shows broad
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Table 1. KGa-1b and KGa-2 kaolinites.

KGa-1b KGa-2
KBr ATR KBr ATR
Position (cm?) Assignment Position (cm)
3694 3689 OH stretching of inner-surface hydroxyl grodps 3696 3691
3669 3669 OH stretching of inner-surface hydroxyl grodps 3668 —
3653 3651 OH stretching of inner-surface hydroxyl grodps 3653 3650
3620 3619 OH stretching of inner hydroxyl groups 3621 3619
3457 — OH stretching of water 3442 —
1635 — OH deformation of water 1630 —
— 1115 Si—O stretching (longitudinal mode) — 1114
1102 — perpendicular Si—O stretching 1105 —
1033 1027 in-plane Si—O stretching 1033 1028
1011 1005 in-plane Si—O stretching 1008 1004
938 937 OH deformation of inner-surface hydroxyl group 937 935
915 912 OH deformation of inner hydroxyl groups 914 912
791 788 Si—O 791 789
755 751 Si—0O, perpendicular 754 750
697 681 Si—0O, perpendicular 698 684
— 645 Si—O — 641
541 — Al-O-Si deformation 540 —
472 — Si—O-Si deformation 470 —
432 — Si—O deformation 430 —

1In-phase vibration with a transition moment nearly perpendicular to the (001) plane.
2 Anti-phase vibration with transition moment lying in the (001) plane (Farmer, 1998).

Table 2. SWy-2 montmorillonite.

SWy-2
KBr ATR
Position (cm?) Assignment
3632 — OH stretching of structural hydroxyl groups
3627 3626 OH stretching of structural hydroxyl groups
3422 3393 OH stretching of water
1634 1632 OH deformation of water
— 1116 Si—O stretching (longitudinal mode)
1041 1003 Si—O stretching
917 916 AIAIOH deformation
885 885 AlFeOH deformation
842 846 AIMgOH deformation
798 797 Si—O stretching of quartz and silica
778 779 Si—O stretching of quartz
687 Si—-O
620 623 Coupled Al-O and Si-O, out-of-plane
524 — Al-O-Si deformation
466 — Si—O-Si deformation

LInsert in Figure 10: 2.0 mg sample/200 mg KBr, disk heated overnight aC150
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Table 3. SAz-1 montmorillonite.

Assignment

SAz-1
KBr ATR
Position (cm?)

3622 —
3620 3610
3426 3373
1634 1629
— 1102
1030 992
915 913
842 837
792 798
— 684
620 617

520 —

465 —

OH stretching of structural hydroxyl groups
OH stretching of structural hydroxyl groups
OH stretching of water

OH deformation of water

Si—O stretching (longitudinal mode)

Si—O stretching

AIAIOH deformation

AIMgOH deformation

Si—O of silica

Si—O

Coupled Al-O and Si—O, out-of-plane
Al-O-Si deformation

Si—O-Si deformation

LInsert in Figure 13: 2.0 mg sample/200 mg KBr, disk heated overnight a€150

Table 4. STx-1 montmorillonite.

Assignment

STx-1
KBr ATR
Position (cm?)
3692
3626
3622 3618
3424 3393
1634 1633
— 1113
1089 —
1036 1006
915 914
846 842
794 791
— 687
626 623
521 —
467 —

OH stretching of structural hydroxyl groups of kaolinite
OH stretching of structural hydroxyl groups

OH stretching of structural hydroxyl groups

OH stretching of water

OH deformation of water

Si—O stretching (longitudinal mode)

Si—O stretching of cristobalite

Si—O stretching

AIAIOH deformation

AIMgOH deformation

Si—O stretching of cristobalite

Si-O

Coupled AI-O and Si—O, out-of-plane; Si—O of cristobalite
Al-O-Si deformation

Si—O-Si deformation

LInsert in Figure 16: 2.0 mg sample/200 mg KBr, disk heated overnight a€150
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Table 5. SHCa-1 hectorite.

SHCa-1
KBr KBrt ATR
Position (cm?) Assignment
3678 3679 3675 OH stretching of structural hydroxyl groups
— 3621 3629 OH stretching of bonded water
3438 3440 3402 OH stretching of water
1798 — — combination band of calcite
1630 — 1633 OH deformation of water
1430 — 1421 CO, stretching of calcite
1013 — 989 Si—O stretching
875 — 874 out-of-plane bending of calcite
800 — 795 Si—O of silica
710 — 701 Si—O stretchingt in-plane bending of calcite
656 — 651 Mg;OH deformation
524 — — Mg—O stretching out of plane
468 — — Si—O-Si deformation

Llnsert in Figure 19: 2.0 mg sample/200 mg KBr, disk heated overnight a€150

Table 6. Syn-1 mica-montmorillonite.

Syn-1
KBr Brt ATR
Position (cm?) Assignment

3633 3641 3629 OH stretching of structural hydroxyl groups
3438 — — OH stretching of water

— 3287 3298 NH, stretching of NH-clay
3119 3133 — NH, stretching of NHBr

— 3015 3047 combination band of NH

— 2831 — overtone of NH
1635 — 1635 OH deformation of water
1434 — 1434 NH, deformation of NH-clay
1402 — — NH, deformation of NHBr
1030 — 989 Si—O stretching

929 — 928 AIAIOH deformation

820 — 820 Al-O of muscovite

757 — 753 Al-O-Si of muscovite

702 — 699 Si—O

622 — 616 coupled Al-O and Si—O, out-of-plane

535 — — Al-O-Si deformation

475 — — Si—O-Si deformation

430 — — Si—O

LInsert in Figure 22: 2.0 mg sample/200 mg KBr, disk heated overnight aC150
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Table 7. PFI-1 palygorskite.

419

PFI-1
KBr KBrt ATR
Position (cm?) Assignment

— 3623 — OH stretching of structural hydroxyl groups
3615 3610 3613 OH stretching of structural hydroxyl groups

— 3579 3583 OH stretching of water coordinated to Al, Mg
3545 3541 3545 OH stretching of water coordinated to Al, Mg

— 3521 OH stretching of water coordinated to Al, Mg
3417 — OH stretching of adsorbed and zeolitic water

— 3398 3371 OH stretching of zeolitic water

— — 3273 Overtone of OH deformation of water
1642 — 1653 OH deformation of water
1194 — 1194 Si—O stretching
1028 — 1019 Si—O stretching

986 — 978 Si—O stretching

912 — 912 AIAIOH deformation

798 — 797 Si—O stretching of quartz

776 — 779 Si—O stretching of quartz

— — 728 Si—O stretching of feldspar

643 — 643 Si—0O stretching of feldspar

512 — — Si—O deformation of feldspar

479 — — Si—O-Si deformation

428 — — Si—O deformation of feldspar

LlInsert in Figure 25: 2.0 mg sample/200 mg KBr, disk heated overnight &€150
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Figure 1. Transmission IR spectra of SWy-2 (montmorillonite) using (a) KBr pellet (0.5 mg sample/200 mg KBr, unheated;

2.0 mg sample/200 mg KBr, heated overnight at°Cjand (b) self-supporting film-sampling techniques.
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Figure 2. Reflectance IR spectra of SWy-2 (montmorillonite) using ATR and DRIFT techniques.
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Figure 3. IR spectra of Syn-1 (mica-montmorillonite).



Vol. 49, No. 5, 2001 Infrared spectra 423

////
KGa-1b
<t
2 g
5] o -3
2 -
3 2 g
[ @ Y —
8 // -
=
«
~
i
b S
€
T T T 7/ T T T
4000 3500 3000 1500

-1
Wavenumbers (cm )

Figure 4. IR spectra of KGa-1b (kaolinite) using 0.5 mg sample/200 mg KBr for 4000-400 krsert: 2.0 mg sample/

200 mg KBr, disk heated overnight at T80
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Figure 5. IR spectrum of KGa-1b (kaolinite) using the ATR technique. Insert: the OH-stretching region.
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Figure 6. IR spectra of KGa-2 (kaolinite) using 0.5 mg sample/200 mg KBr for 4000—400 krsert: 2.0 mg sample/200

mg KBr, disk heated overnight at 15D
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Figure 7. IR spectrum of KGa-2 (kaolinite) using the ATR technique. Insert: the OH-stretching region.
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Figure 8. Diffuse-reflectance NIR spectrum of KGa-1b (kaolinite). Insert: the OH overtone region.
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Figure 9. Diffuse-reflectance NIR spectrum of KGa-2 (kaolinite). Insert: the OH overtone region.
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Figure 10. IR spectra of SWy-2 (montmorillonite) using 0.5 sagmple/200 mg KBr for 4000—400 cf Insert: 2.0 mg

sample/200 mg KBr, disk heated overnight at 150
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Figure 12. Diffuse-reflectance NIR spectrum of SWy-2 (montmorillonite).
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Figure 13. IR spectra of SAz-1 (montmorillonite) using 0.5 nagngle/200 mg KBr for 4000—400 crh Insert: 2.0 mg
sample/200 mg KBr, disk heated overnight at 150
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Figure 14. IR spectrum of SAz-1 (montmorillonite) using the ATR technique.
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Figure 15. Diffuse-reflectance NIR spectrum of SAz-1 (montmorillonite).
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Figure 16. IR spectra of STx-1 (montmorillonite) using 0.5 sagnple/200 mg KBr for 4000—400 cfn Insert: 2.0 mg

sample/200 mg KBr, disk heated overnight at 150
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Figure 18. Diffuse-reflectance NIR spectrum of STx-1 (montmorillonite).
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Figure 19. IR spectra of SHCa-1 (hectorite) using 0.5 mg sample/200 mg KBr for 4000—400lmsert: 2.0 mg sample/
200 mg KBr, disk heated overnight at T80
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Figure 20. IR spectrum of SHCa-1 (hectorite) using the ATR technique. Insert: the OH-stretching region.
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Figure 21. Diffuse-reflectance NIR spectrum of SHCa-1 (hectorite).
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Figure 22. IR spectra of Syn-1 (mica-montmorillonite) using 0.5 mg sample/200 mg KBr for 4000—400lesert: 2.0
mg sample/200 mg KBr, disk heated overnight at°T50
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Figure 23. IR spectrum of Syn-1 (mica-montmorillonite) using the ATR technique.
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Figure 24. Diffuse-reflectance NIR spectrum of Syn-1 (mica-montmorillonite).
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Figure 25. IR spectra of PFI-1 (palygorskite) using 0.5 mg sample/200 mg KBr for 4000—400Ilnsert: 2.0 mg sample/
200 mg KBr, disk heated overnight at T80
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Figure 26. IR spectrum of PFI-1 palygorskite using the ATR technique. Insert: the OH-stretching region.
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Figure 27. IR spectra of self-supporting film of PFI-1 palygorskite: (a) unheated, (b) heated°@t fd8®.5 h; and (c)

heated at 18 for 1 h.
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Figure 28. Diffuse-reflectance NIR spectrum of PFI-1 palygorskite.



