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Abstract

Infrared spectroscopy using a smart endurance single bounce diamond ATR
cell has been used to study the changes in the spectra of the surfactant
octadecyltrimethylammonium bromide upon intercalation into a sodium
montmorillonite. The wavenumbers of bands attributed to CH stretching and bending
vibrations in general decrease as the concentration of the surfactant measured in terms
of the cation exchange capacity (CEC) up to 1.0 CEC. After this point the bands
increase approaching a value the same as that of the surfactant. Significant changes
occur in the HCH deformation modes of the methyl groups of the surfactant. These
changes are attributed to the methyl groups locking into the siloxane surface of the
montmorillonite. Such a concept is supported by changes in the SiO stretching bands
of the montmorillonite siloxane surface

Key words: infrared spectroscopy, octadecyltrimethylammonium bromide,
montmorillonite, surfactant

Introduction

Organoclays may be synthesised by ion exchange of the mono or divalent
cation Na", Mg”" or Ca®" with a large organic cation such as
octadecyltrimethylammonium bromide. The properties of these materials change
from hydrophilic to hydrophobic/lipophilic. These clays may then have useful
properties for example the removal of oil from water, the removal of toxic chemicals
from water and humic materials from water [1-3]. These modified minerals, organo-
clays, represent a family of materials which have a lot of applications in a range of
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key areas, such as such as adsorbents for organic pollutants [4, 5], rheological control
agents [6], reinforcing fillers for plastics and electric materials [7-9].

The influence of montmorillonite surfaces on the chemical and physical
properties of adsorbed H>O molecules has been the subject of a number of recent
studies using structural, thermodynamic, spectroscopic and computational methods.
Generally, the position of the v, mode of H,O decreases and H,O-sretching band
shifts to higher wavenumber upon lowering the H,O content in cation-exchanged
montmorillonite. At the same time, the cation type is determinative for total water
content retained in clay minerals. However, to the best of our knowledge, there is no
report about the sorbed H,O molecules in organo-clays and it is very important for the
application of organo-clays. Hence, the situation of the sorbed H,O molecules in
organo-clays at different surfactant concentrations is discussed in this paper. Recently
FTIR spectroscopy using ATR and KBr pressed disk techniques has been used to
characterize sorbed water and HDTMA " in organo-clay (Frost et al. Sp Acta in press).
It was found that sorbed water content decreases with the intercalation of HDTMA™.
In this work we extend these studies to the changes in the surfactant upon
intercalation. Attenuated total reflection (ATR) technique has been used to study the
changes in structure of the organo-clay formed between a montmorillonitic clay and
octadecyltrimethylammonium bromide.

Experimental
Materials

The montmorillonite used in this study was supplied by the Clay Minerals
Society as source clay SWy-2-Na-Montmorillonite (Wyoming). This clay originates
from the Newcastle formation, (cretaceous), County of Crook, State of Wyoming,
USA. The cation exchange capacity (CEC) is 76.4 meq/100g (according to the
specification of its producer). The surfactant used in this study is
octadecyltrimethylammonium bromide (C,;H4NBr, FW: 392.52) from Sigma-
Aldrich.

Preparation

The syntheses of surfactant-clay hybrids were undertaken by the following
procedure: 4g of SWy-2-Na-montmorillonite was first dispersed in 400ml of
deionized water then under stirring with a Heidolph magnetic stirrer at about 600rmp
for about 16h. A pre-dissolved stoichiometric amount of
octadecyltrimethylammonium (ODTMA) bromide solution was slowly added to the
clay suspension at 60 °C.

The concentrations of ODTMA " used are 0.2 CEC (Cation Exchange Capacity), 0.4
CEC, 0.6CEC, 0.8CEC, 1.0CEC, 1.5CEC, 2.0CEC, 3.0CEC and 4.0 CEC of the
SWy-2-montmorillonite, respectively. The reaction mixtures were stirred for 30 min
at 60 °C using a Branson Ultrasonics model 250 sonifier with an output of 40 mW.
All organo-clay products were washed free of bromide anions, dried at room
temperature and ground in an agate mortar, stored in a vacuum desiccator for about 7
days.

Infrared Spectroscopy



Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000-525
cm’’ range were obtained by the co-addition of 64 scans with a resolution of 4 cm™
and a mirror velocity of 0.6329 cm/s. Spectral manipulation such as baseline
adjustment, smoothing and normalisation was performed using the GRAMS®
software package (Galactic Industries Corporation, Salem, NH, USA).

Results and discussion
OH and NH stretching region

The infrared spectroscopy of the montmorillonitic clay modified with
octadecyltrimethylammonium bromide (OMMT) may be divided into sections
according to the functional groups. For example the OH stretching region and the CH
stretching region. The hydroxyl stretching region is shown in Figure 1. The results of
the band component analyses are reported in Table 1. Table 1 lists the bands in terms
of a number from the highest wavenumber to the lowest wavenumber. The figure
shows that there are no bands in this region resulting from
octadecyltrimethylammonium bromide. An intense relatively sharp band is observed
at 3629 cm™ with an average bandwidth of around 61.3 cm™. The band is unaffected
by the presence of the octadecyltrimethylammonium bromide and is assigned to the
OH stretching vibration of the montmorillonitic clay (Figure 2). The spectral profile
in the 3000 to 3550 cm™ region changes significantly with the concentration of
surfactant molecules. Bands in this region are ascribed to adsorbed water. A band is
observed at 3573 cm™ the position of which is dependent upon the concentration of
the surfactant intercalated into the montmorillonite as is shown in Figure 2. The
intensity of this band decreases with surfactant concentration and is attributed to water
hydrating the cation in the montmorillonite interlayer. Two bands are observed at
3414 and 3221 cm™ the wavenumber of which decreases, jumps at 1 CEC and then
decreases. These bands may be initially attributed to water stretching modes. At 0.6
CEC, the spectral profile changes and a band at around 3400 cm™ appears to increase
in intensity (Figure 3). This band is assigned to the OH stretching vibration of
adsorbed water. The change in wavenumber is related to the environment of the
water. Up to 1.0 CEC, the water is in the montmorillonite interlayer and is gradually
displaced by the octadecyltrimethylammonium bromide as the concentration
increases. Above 1.0 CEC the surfactant is adsorbed on other
octadecyltrimethylammonium bromide molecules already in the clay interlayer.

CH stretching vibrations.

The spectra of the CH stretching region for the MMT, OMMT at various CEC
concentrations and the pure surfactant are shown in Figure 4. The spectrum of the
octadecyltrimethylammonium bromide shows bands at 3041, 3031, 3017, 3008, 2959,
2950, 2943, 2936, 2922, 2916, 2896, 2871, 2852 and 2848 cm™'. The variation in
wavenumber for bands 11 to 14 is shown in Figure 5. The band at 2936 cm™ (band
11) increases in wavenumber up to the 1.0 CEC; then decreases in wavenumber. A
similar effect is observed for band 12 at 2929 cm™. The wavenumber then increases
towards the value for the surfactant. These two bands are attributed to CH stretching
modes of the methyl groups of the octadecyltrimethylammonium bromide. The



increase in wavenumber with CEC is ascribed to the locking in of the methyl groups
into the siloxane layer. The two bands at 2922 and 2906 cm™ are attributed to CH
vibrations of the octadecyl part of the surfactant molecule. The wavenumber of these
bands decreases with increase of surfactant concentration. The variation in intensity
of these bands is shown in Figure 6.

The variation in the wavenumber for bands 16, 17 and 18 are shown in Figure
7. The position of band 16 shows a slight decrease in wavenumber as the CEC
concentration of surfactant is increased. Bands 17 and 18 show a more pronounced
change in band position with increasing CEC. There is an initial increase in
wavenumber followed by a decrease up to 1.0 CEC followed by an increase. The
intensity of these bands at 2874, 2855 and 2845 cm' increases with increase in CEC
concentration (Figure 8). The intensity of the bands approaches the intensity of the
non-intercalated surfactant.

Previous study proposed that both the frequencies of antisymmetric and
symmetric CH; stretching modes of amine chains are extremely sensitive to the
conformational changes of the chains and their wavenumbers will decrease as the
increase of ordered conformers within clay interlayers, and only when the chains are
highly ordered (all-trans conformation), the narrow absorption bands appear around
2916 (vas(CH,)) and 2848 cm™ (vs (CH,)) in the infrared spectrum [10]. However,
our present study indicates that only the wavenumber of antisymmetric CH; stretching
mode is sensitive to the conformational change of amines within the clay interlayer.
This is similar to our previous study on HDTMA" in organo-clay (Frost et al. Sp Acta
in press) and provides another evidence for our previous proposal that the
antisymmetric CH; stretching mode is more sensitive to the conformational ordering
than the symmetric stretching mode does.

HCH bending vibrations.

The HCH deformation region of the octadecyltrimethylammonium bromide
intercalated montmorillonite is shown in Figure 9. This region is a window in which
no bands from the clay are found. Specific conclusions can be made from the spectra
in Figure 9. The spectrum of unreacted octadecyltrimethylammonium bromide is
very different from the octadecyltrimethylammonium bromide in the montmorillonite
interlayer. Major bands in the 1440 to 1520 cm™ spectral region are found for the
surfactant at 1489, 1487, 1480, 1473, 1464, 1462 and 1444 cm’'. The band at 1464
cm’ is not observed in the low CEC surfactant modified montmorillonite. Only after
the 1.0 CEC mark is significant intensity observed. The band at 1480 cm™ is also not
observed until after the 3.0 CEC concentration. These results show significant
changes in the methyl deformation region. The methyl groups are probably linked into
the siloxane surface [11] and hence the free rotation of the methyl groups is lost. The
variation in intensity of these bands is shown in Figures 10 a and 10b. The low
wavenumber region of the surfactant modified clay is shown in Figure 11. The bands
in this region are predominantly attributed to the montmorillonite. Four bands are
observed at 966, 949, 932 and 911 cm™' and are attributed to the
octadecyltrimethylammonium bromide. Two bands are observed at 730 and 719 cm’™
and are attributed to the surfactant.



Bands in the 989 to 1152 cm™ region are attributed to SiO stretching
vibrations. These bands are observed at 1152, 1133, 1116, 1094, 1064, 1031 and 989
cm™. No bands are observed in these positions for the octadecyltrimethylammonium
bromide. The 1152 cm™ band shifts incrementally to 1162 cm™ at the 4.0 CEC. This
is a shift of 10 cm™. As the change in wavenumbers occurs there is a decrease in the
relative intensity of the band as the concentration of the surfactant increases. The
band at 1133 cm™ shifts to 1140 cm™ and the band at 1094 shifts to 1104 cm™. The
infrared bands observed at 1064 and 1031 cm™ for the untreated montmorillonite
show a shift in band position upon immediate contact with the
octadecyltrimethylammonium bromide surfactant. The significance of these results
rests with the interaction between the octadecyltrimethylammonium bromide
molecules and the siloxane surface. These results mean that there is an interaction
between the surfactant molecule and the montmorillonite siloxane layer immediately
upon contact. As the CEC increases the bands shift to higher wavenumbers. This is
proposed as an increase in interaction/bonding between the surfactant molecules and
the siloxane surface.

Conclusions

Infrared ATR techniques have been used to study the changes in the wavenumbers of
octadecyltrimethylammonium bromide upon intercalation into montmorillonite. The
spectra of the ODTMA-intercalated montmorillonite are very different from the pure
octadecyltrimethylammonium bromide. Changes in both the wavenumber and the
intensity of the bands occur as the CEC increases. In general there is a decrease in
wavenumber with increasing CEC concentration up to 1.0 CEC; after this point the
wavenumber increases up to 4.0 CEC the value at which is close to the value for the
pure octadecyltrimethylammonium bromide. Bands which are attributed to water
stretching vibrations decrease in intensity as the ion exchange of the sodium from the
montmorillonite occurs. After 1.0 CEC no intensity remains in these water bands.
Marked changes occur in the surface properties of montmorillonitic clay when the
cation Na' is replaced with an organocation, in this case
octadecyltrimethylammonium bromide. The clay changes from being hydrophilic to
hydrophobic and the clay becomes lipophillic.
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Table 1 Table of the infrared bands for octadecyltrimethylammonium bromide
and octadecyltrimethylammonium bromide-intercalated
montmorillonite

CEC 0 0.2 0.4 0.6 0.8 1.0 1.5 2.0 3.0 40 | ODTMA
1| Center | 3627 | 3628 | 3629 | 3630 | 3629 | 3630 | 3629 | 3629 | 3629 | 3629 *
FWHM | 652 | 625| 609 | 61.0| 61.7| 634 | 613 | 613 | 60.8| 60.5 *
%Area | 123 ] 280| 1.08| 09| 087 | 093 | 091 | 1.00] 0.85]| 0.83 *
2| Center | 3573 | 3566 | 3560 | 3549 | 3532 | 3530 | 3519 | 3519 | 3533 | 3526 *
FWHM | 137.8 | 133.3 | 140.0 | 151.7 | 177.3 | 126.3 | 175.4 | 165.5 | 148.7 | 161.2 *
%Area | 061 ] 1.05| 072] 059| 048 | 046 029 | 047 ] 025| 0.32 *
3| Center | 3414 | 3410 | 3410 | 3404 | 3391 | 3420 | 3397 | 3388 | 3386 | 3382 3372
FWHM | 238.9 | 234.7 | 236.8 | 226.4 | 235.0 | 203.1 | 226.9 | 187.1 | 209.9 | 203.3 218.8
%Area | 520 | 822 | 4.09| 292 | 254 | 179 2.60| 2.64| 286 | 2.77 1.85
4 | Center | 3221 | 3223 | 3227 | 3224 | 3215 | 3243 | 3226 | 3228 | 3203 | 3206 *
FWHM | 181.6 | 189.6 | 185.9 | 185.6 | 159.6 | 219.9 | 227.3 | 212.0 | 158.2 | 147.4 *
%Area | 199 | 366 | 228 | 1.84| 0.73| 1.16| 1.08| 097 | 040 ]| 0.37 *
5| Center | 3076 | 3094 | 3118 | 3121 | 3080 | 3054 | 3054 | 3050 | 3036 | 3034 3041
FWHM | 176.5 | 216.1 | 177.1 | 109.2 | 128.4 | 158.7 | 37.7 | 53.8| 80.1 | 93.9 123.3
%Area | 039| 081 | 052] 0.18| 023 ] 0.18| 0.03| 0.10| 0.24| 0.32 0.96
6 | Center * * * * *1 3050 | 3035 | 3029 | 3031 | 3031 3031
FWHM * * * * *1 312 | 234 226 9.5 93 7.4
%Area * * * * *1 001 | 0.02] 0.04] 0.02] 0.03 0.22
7| Center * * *1 3049 | 3041 | 3030 | 3023 | 3017 | 3018 | 3017 3017
FWHM * * *1 496 | 438 | 150 | 144 | 16.1 | 108 9.8 8.4
%Area * * *]1 004 | 0.02] 000| 0.01| 0.03| 0.05| 0.06 0.56
8 | Center * * * * *1 3021 | 3015 | 3003 | 3008 | 3008 3008
FWHM * * * * * 5.7 951 104 | 11.7| 11.8 11.0
%Area * * * * *]1 0.00| 0.00] 0.00| 0.01] 0.02 0.36
9| Center * 1 2958 | 2958 | 2960 | 2954 | 2953 | 2961 | 2956 | 2959 | 2959 2959
FWHM * 92| 124 9.1 351 120 17.0| 13.7 4.9 4.5 6.8
%Area *]1 000| 0.01| 0.00| 0.00| 0.00| 002] 0.03] 0.01 | 0.01 0.31
10 | Center * 12946 | 2943 | 2942 | 2943 | 2945 | 2944 | 2941 | 2946 | 2946 2950
FWHM *1 396 | 409 | 41.0| 439 | 46.6| 38.0| 46.6 | 39.7| 400 9.3
%Area *]1 015] 024| 032 | 047 ] 062 | 059 ] 0.79| 0.83 | 0.84 1.33
11 | Center | 2939 | 2936 | 2936 | 2938 | 2940 | 2941 | 2936 | 2935 | 2936 | 2941 2943
FWHM | 804 | 10.5| 119| 10.0| 11.8| 124 | 109 | 135| 29.0| 219 7.2
%Area | 0.06 | 002| 0.04| 003 | 0.05]| 008 | 0.07| 0.10| 0.15] 0.17 0.51
12 | Center *1 2929 | 2928 | 2931 | 2932 | 2933 | 2929 | 2928 | 2928 | 2928 2936
FWHM *| 145 145 107 115 11.8| 113 | 114 | 125 116 18.3
%Area *| 0.05| 0.08] 009] 011 ] 0.17] 021 | 026 026 0.24 0.34
13 | Center *102927 | 2926 | 2926 | 2926 | 2926 | 2922 | 2920 | 2921 | 2921 2922
FWHM *| 138 13.0| 129 13.7| 12.1| 13.1| 106 | 10.2 9.7 8.5
%Area *1 0.07| 010] 0.15] 0.18] 024 ] 051 042 036 037 0.52
14 | Center *12922 | 2921 | 2922 | 2921 | 2920 | 2916 | 2915 | 2915 | 2915 2916
FWHM *1 0251 257 199 182 16.1| 119 | 11.8 | 125 | 125 13.7
%Area *1 023 032] 034] 030| 042] 074 140 | 234 | 2.78 24.17
15 | Center *1 2906 | 2902 | 2904 | 2903 | 2902 | 2902 | 2903 | 2899 | 2898 2896
FWHM *1 662 | 986 | 858 | 62.0]| 571 | 679 | 659 | 463 | 46.0 349
%Area *1 025 1.04| 128] 1.10| 149] 260 | 283 | 2.14| 2.63 11.79
16 | Center * | 2874 | 2874 | 2873 | 2874 | 2874 | 2872 | 2872 | 2871 | 2871 2871
FWHM * 6.0 69| 124 17.6| 17.0| 15.0 9.8 7.9 7.0 6.1
%Area *]1 000| 0.00| 0.01 | 0.06| 0.08| 0.07] 0.04| 0.04 | 0.04 0.33
17 | Center * | 2855 | 2855 | 2853 | 2851 | 2851 | 2850 | 2849 | 2849 | 2849 2852
FWHM *| 153 | 163 | 202 | 21.5| 235 127 11.0| 105 | 104 7.2
%Area *1 021 027] 050] 072 1.12] 097 | 140 1.82| 232 0.81




18 | Center * | 2845 | 2847 | 2843 | 2840 | 2840 | 2845 | 2847 | 2848 | 2848 2848
FWHM *1 186 | 20.0| 21.1 | 189 | 203 | 258 | 27.0| 246 | 26.6 8.8
%Area *1 0.07| 014] 022 ] 029| 034 | 058 | 057 0.76 | 0.63 14.14

19 | Center | 1672 * * * * * * * * * *

20 | Center | 1647 | 1636 | 1635 | 1637 | 1641 | 1643 | 1644 | 1644 | 1643 | 1642 *
FWHM | 39.1| 572 | 542 | 499 | 441 | 395 | 474 | 540 | 572 | 57.7 *
%Area | 020] 192| 1.07] 079 056 | 042 | 046 | 052| 048 0.50 *

21 | Center | 1628 * * * * * * * * * 1623
FWHM | 3938 * * * * * * * * * 20.0
%Area | 0.53 * * * * * * * * * 0.03

22 | Center *1 1492 | 1490 | 1491 | 1492 | 1493 | 1493 | 1495 | 1495 | 1495 1489
FWHM * 8.0 9.2 9.1 9.7 93] 123 | 141 | 119 | 11.6 1.9
%Area *]1 002 | 0.04| 005| 0.05| 0.06| 008| 0.12] 0.10 | 0.10 0.09

23 | Center *| 1488 | 1487 | 1488 | 1488 | 1488 | 1488 | 1487 | 1487 | 1487 1487
FWHM * 6.1 6.2 6.5 6.7 7.0 96| 118 9.2 8.2 5.6
%Area *]1 003 | 0.04| 006| 0.08| 0.10| 0.19] 030]| 041 | 0.46 2.68

24 | Center * | 1480 | 1479 | 1479 | 1479 | 1481 | 1481 | 1479 | 1480 | 1480 1480
FWHM *1 132 172 153 | 149 | 13.7| 113 8.5 6.4 59 6.5
%Area *]1 001 ] 0.03] 005| 0.06| 0.08| 0.07| 0.12| 0.10| 0.12 1.57

25 | Center * | 1476 | 1476 | 1476 | 1475 | 1475 | 1474 | 1472 | 1472 | 1472 1473
FWHM * 7.5 87 11.7| 132 ] 13.8| 139 | 10.6 8.8 8.5 5.6
%Area *]1 003 ] 0.05] 013 | 0.16 | 022 | 036| 037 | 0.58 | 0.62 3.28

26 | Center * | 1472 | 1473 | 1472 | 1471 | 1470 | 1470 | 1469 | 1467 | 1467 1464
FWHM *1 141 | 142 | 138 | 134| 145 7.2 9.4 59 6.7 3.8
%Area *| 006 011] 0.10] 0.14| 020]| 0.08| 0.09| 0.11 | 0.18 0.05

27 | Center * 1 1468 | 1468 | 1467 | 1467 | 1467 | 1466 | 1466 | 1463 | 1463 1462
FWHM * 6.8 8.9 8.7 7.9 8.9 9.0 9.5 7.2 7.0 6.0
%Area *1 001 | 0.03] 0.06| 007] 0.09| 022] 029] 023 | 0.31 4.13

28 | Center * | 1465 | 1462 | 1460 | 1459 | 1459 | 1458 | 1457 | 1457 | 1456 1444
FWHM *1 294 | 189 | 23.1| 232 | 247 195 | 173 | 264 | 33.6 27.2
%Area *| 011 0.10] 0.18] 0.18] 0.19] 023 | 023 | 030] 0.34 0.86

29 | Center | 1439 | 1436 | 1440 | 1437 | 1437 | 1436 | 1438 | 1440 | 1433 | 1431 1431
FWHM | 754 | 232 | 252| 225)| 21.6| 192 | 212 | 234 | 189 | 122 7.6
%Area | 0.08 | 003 ] 0.06 | 006 | 0.07] 0.05| 0.08| 0.12| 0.09 | 0.08 0.88

30 | Center * | 1417 | 1417 | 1417 | 1417 | 1417 | 1417 | 1418 | 1418 | 1418 *
FWHM * 8.3 97| 11.1] 115 101 | 112} 11.0 9.1 9.5 *
%Area *]1 002| 0.03] 0.05| 0.06| 0.05| 0.07| 0.07| 0.05] 0.05 *

31| Center * 1 1410 | 1398 | 1401 | 1399 | 1401 | 1400 | 1407 | 1408 | 1408 1408
FWHM *| 287 | 148 | 149 | 168 | 17.5| 119 9.8 8.3 7.6 6.6
%Area *1 0.02| 001] 001] 002] 0.01] 0.01| 0.01 | 0.04] 0.06 0.88

32 | Center *1 1390 | 1390 | 1390 | 1389 | 1390 | 1392 | 1395 | 1396 | 1396 1396
FWHM *1 124 8.2 95| 102| 10.7| 104 | 13.1 8.7 8.2 8.5
%Area *]1 000| 0.00| 0.01| 0.01] 0.01| 001] 0.03] 0.03| 0.04 0.60

33 | Center * | 1381 | 1380 | 1379 | 1377 | 1377 | 1377 | 1377 | 1379 | 1380 1382
FWHM *| 274 172 222 20.1| 20.6| 260 | 187 | 253 | 24.0 7.3
%Area *]1 002| 0.02] 0.04| 0.04| 006| 0.09| 0.07| 0.12] 0.13 0.68

34| Center | 1152 | 1158 | 1158 | 1159 | 1159 | 1159 | 1159 | 1159 | 1161 | 1162 *
FWHM | 60.8 | 603 | 63.0| 62.1| 61.5| 612 | 575 | 53.1| 539 | 46.8 *
%Area | 203 | 141 | 162| 141 | 130 1.19| 1.13] 1.04| 097 | 0.81 *

35| Center | 1133 | 1141 | 1138 | 1140 | 1140 | 1143 | 1142 | 1136 | 1139 | 1140 *
FWHM | 282 | 17.0| 23.6| 213 | 214 | 182 | 143 | 221 | 18.7| 189 *
%Area | 065] 0.11] 028] 0.18 ] 0.18| 0.13| 0.06 | 039] 0.14| 0.18 *




36 | Center | 1116 | 1122 | 1122 | 1122 | 1120 | 1117 | 1116 | 1117 | 1118 | 1118 *
FWHM | 244 | 274 | 223 | 252 | 252 | 296 306 | 21.7| 26.1| 27.6 *
%Area | 1.04 | 122| 088 ] 1.00| 099 | 1.05| 1.17] 1.16| 1.14| 1.28 *

37 | Center | 1094 | 1111 | 1110 | 1110 | 1109 | 1110 | 1108 | 1097 | 1103 | 1104 *
FWHM | 344 | 341 | 36.5| 356 | 357 | 362 | 36.7| 339 | 36.8| 36.7 *
%Area | 1.65| 182 | 249 | 232 | 222 | 172 | 185] 234 | 228 236 *

38 | Center | 1064 | 1087 | 1085 | 1084 | 1083 | 1083 | 1082 | 1077 | 1080 | 1080 *
FWHM | 158 | 263 | 25.0| 249 | 243 | 264 | 249 | 200 | 239 | 244 *
%Area| 019 ] 1.13| 1.17| 1.12] 081 | 1.01 | 1.02| 063 ] 1.04| 1.15 *

39 | Center | 1031 | 1037 | 1040 | 1040 | 1040 | 1036 | 1037 | 1037 | 1039 | 1040 *
FWHM | 57.7| 50.1 | 47.8| 46.1 | 423 | 427 | 405 | 402 | 408 | 41.2 *
%Area | 14.88 | 14.40 | 14.21 | 14.00 | 13.13 | 12.46 | 12.79 | 13.27 | 13.51 | 14.75 *

40 | Center | 989 | 998 | 1000 | 1000 | 1000 | 996 | 998 999 | 1002 | 1003 *
FWHM | 529 | 51.0| 523 | 52.0| 51.6| 489 | 485 | 46.6 | 472 | 48.7 *
%Area | 21.79 | 21.32 | 26.59 | 29.83 | 36.11 | 37.82 | 38.05 | 39.14 | 34.59 | 33.90 *

41| Center | 972 | 969 970 | 969 966 | 965 965 966 | 965 965 966
FWHM | 414 | 425 | 413 | 41.6| 393 | 320 313 | 288 | 27.0| 259 10.2
%Area | 7.14 | 815| 8.10| 827 | 7.57| 3.15| 286 | 2.64| 523 | 559 3.13

42 | Center | 952 | 954 | 955 954 | 952 | 951 951 951 949 | 949 949
FWHM | 296 | 325 | 32.1| 309 | 298| 288 | 29.7| 274 | 242 | 17.6 8.7
%Area | 350 | 386 | 4.02| 370 | 325| 240| 2.10] 2.09] 2.69| 1.62 1.92

43 | Center | 937 | 940 | 942 | 942 943 935 934 | 939 | 923 923 932
FWHM | 28.7| 23.1| 238 | 234 | 184 | 245 | 285| 174 59 6.1 7.7
%Area | 143 | 083 | 086| 0.73| 0.13| 058 | 043 | 022 | 0.04| 0.06 0.11

44 | Center | 921 922 923 922 923 921 921 920 | 921 920 924
FWHM | 559 | 52.7| 528 | 514 | 515 | 508 | 509 | 485 | 549 | 60.2 4.6
%Area | 14.16 | 10.29 | 11.52 [ 10.83 | 10.51 | 1095 | 9.72 | 497 | 836 | 9.17 0.34

45| Center | 910 | 912 912 | 912 912 | 911 910 | 909 | 910 | 910 911
FWHM | 288 | 263 | 254 | 244 | 224 | 223 | 216 | 219 | 179 | 143 10.2
%Area | 379 | 240 | 225| 2.10| 186 | 2.13| 2.05] 256 | 2.04| 139 6.39

46 | Center 875 880 881 881 882 882 882 882 883 883 891
FWHM | 362 | 319 | 313| 31.6| 305 | 314 | 314 | 31.8| 322 | 323 7.7
%Area | 728 | 566 | 594 | 6.16 | 563 | 688 | 6.18 | 6.18 | 5.06 | 2.38 0.45

47 | Center 847 845 844 845 856 856 858 857 857 857 857
FWHM | 20.1 | 243 | 449 | 247 | 137 | 203 | 154 | 189 | 147 | 124 6.1
%Area | 062 ] 025| 256| 0.10| 0.06 | 024 | 0.12] 023] 0.17] 0.16 0.32

48 | Center 838 844 844 844 843 842 843 842 843 843 826
FWHM | 50.1 | 44.7| 202 | 39.6| 318 | 343 | 328 | 320 31.6| 31.0 5.6
%Area | 3.05] 224 | 0.15| 220 | 1.55| 2.01 | 171 | 151 ] 1.15] 1.05 0.15

49 | Center | 797 | 797 797 | 197 798 798 798 798 798 798 801
FWHM | 197 | 19.7| 19.2| 20.0| 205 | 212 | 204 | 196 | 184 | 17.7 6.1
%Area | 223 ] 1.09]| 1.16] 123 ] 1.16 | 140| 121 ] 1.17] 093] 1.71 0.19

50 | Center | 789 | 788 788 788 788 789 | 788 788 789 789 796
FWHM | 133 | 12.7| 125| 143 | 158 | 142 | 149 | 154 | 148 | 152 4.6
%Area | 034 ] 023| 025] 028 032 038| 037] 045| 042 | 0.46 0.08

51| Center | 777 | 778 778 777 778 777 777 777 777 777 776
FWHM | 149 | 137 | 13.1| 125| 121 | 123 | 120 122 | 119 | 115 53
%Area | 098 | 068 | 0.67| 061 | 051 ] 065| 0.55] 0.60| 049 | 0.46 0.08

52 | Center | 765 766 768 767 767 766 | 766 767 766 766 761
FWHM | 245 | 248 | 25.1| 25.8| 228 | 209 | 215 204 | 203 | 195 4.5
%Area | 078 057| 053] 049| 032 | 045| 042 ] 041 | 032] 0.30 0.11

53 | Center | 748 751 750 | 750 | 756 753 755 754 | 754 754 754
FWHM | 228 | 243 | 258 | 252 | 114 | 16.7 9.1] 105 54 53 5.1
%Area| 033 ] 021] 0.17] 0.11] 0.01 | 0.02| 0.01 | 0.04] 0.02] 0.02 0.24




54 | Center | 726 | 728 733 730 | 729 730 | 730 728 730 730 731
FWHM | 239 | 286 | 23.0| 23.0| 175| 178 | 174 | 185 | 103 8.7 5.6
%Area | 056| 079| 035] 034 | 027 | 045| 045] 058 ] 041 | 042 2.20

55| Center | 712 | 714 | 720| 722 723 722 720 720 | 719 719 719
FWHM | 124 | 129 | 238| 25.7| 245 | 190 | 132 | 10.5 9.0 8.4 5.5
%Area | 0.07| 006 | 039]| 044 | 046 | 053 | 051 | 053 | 0.69 | 0.78 1.88

56 | Center | 696 | 694 | 694 | 694 | 0694 695 695 695 695 695 *
FWHM | 265 | 273 | 21.6| 219 193 | 207 | 21.1 | 193 | 199 | 202 *
%Area | 060 | 060 | 042] 041 | 029] 035| 033| 030 | 026 | 0.28 *

57 | Center | 618 623 622 | 623 622 622 623 623 623 624 *
FWHM | 141 | 141 | 17.1| 16.6| 178 | 182 | 185 | 194 | 19.1 | 18.1 *
%Area | 0.19] 028] 054 | 0.60| 093 | 091 | 1.03| 141 ] 1.26| 1.27 *

58 | Center | 604 | 608 607 | 608 606 607 607 605 607 608 *
FWHM | 163 | 228 | 243 | 256 | 214 | 251 | 282 | 292 | 29.7| 288 *
%Area | 0.19]| 053] 035] 046 | 0.76 | 053 | 0.63| 0.71 | 0.73 | 0.72 *
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Figure 1 Infrared spectra of montmorillonite, cation exchanged montmorillonite over
the concentration range 0.2 to 4.0 CEC and octadecyltrimethylammonium
bromide in the 3000 to 4000 cm™ spectral range.

Figure 2 Variation in wavenumber for the bands 1-4 observed at 3627, 3573, 3414
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Figure 3 Variation in intensity for the bands 2-4 observed at 3573, 3414 and 3221
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Figure 4 Infrared spectra of montmorillonite, cation exchanged montmorillonite over
the concentration range 0.2 to 4.0 CEC and octadecyltrimethylammonium
bromide in the 2700 to 3100 cm™ spectral range.

Figure 5 Variation in wavenumber for the bands 11-14 observed at 2943, 2936, 2922,
2916 and 2896 cm™.

Figure 6 Variation in intensity for the bands 11-14 observed at 2943, 2936, 2922,
2916 and 2896 cm™.

Figure 7 Variation in wavenumber for the bands 16-18 observed at 2943, 2936, 2922,
2916 and 2896 cm™.

Figure 8 Variation in intensity for the bands 16-18 observed at 2943, 2936, 2922,
2916 and 2896 cm™.

Figure 9 Infrared spectra of montmorillonite, cation exchanged montmorillonite over
the concentration range 0.2 to 4.0 CEC and octadecyltrimethylammonium
bromide in the 1440 to 1520 cm™ spectral range.

Figure 10a Variation in intensity for the bands 22 and 23 observed at 1492 and 1488
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cm .

Figure 10b Variation in intensity for the bands 22 and 23 observed at 1480 and 1473
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Figure 11 Infrared spectra of montmorillonite, cation exchanged montmorillonite over
the concentration range 0.2 to 4.0 CEC and octadecyltrimethylammonium
bromide in the 520 to 1400 cm™ spectral range.
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