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Abstract The article presents the results of X-ray and infra-red spectros-
copic examinations performed on montmorillonite sorption complexes with ammo-
nium organic cations containing one or two aliphatic chains of different length.
In the former case, a bimolecular, in the latter — a monomolecular layer of orga-
nic ions is formed in the interlayer space, the planes of carbon zigzags being per-
pendicular to 001 planes of montmorillonite, Montmorillonite complexes with ca-
tions containing one aliphatic chain are characterized by the values of dpo1 ~181A;
for the cations with two chains, on the other hand, dgy;~13.7 A. The organic sub-
stance does not form hydrogen bonds with montmorillonite network; it causes, ho-
wever, the interlayer water to be removed.

INTRODUCTION

Exchange reactions of montmorillonite with organic ions permit the
regulation of physico—chemical properties of this mineral. This, among
other things, affords the possibility of obtaining hydrophobic and orga-
nophilic compounds which find their application in industry as fillers
and thickeners.

The present authors obtained ion-exchange complexes of montmorillo-
nite with ammonium organic cations, characterized by different num-
bers of atoms in the aliphatic chain. The resulting organo—montmorilloﬂ
nite compounds were subjected to X-ray (diffractometric) and infra-red
spectroscopic examinations in order to determine the manner of packing
of long-chain organic cations in interlayer spaces and to establish the
character of their bonds with montmorillonite.
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PREPARATION OF ION-EXCHANGE COMPLEXES i B [
€ & e aiRSHIBERA
To obtain ion-exchange complexes, montmorillonite from Milowice = it sl da Rl e (TR | HEAR .
(Bolewski et al., 1970) with cation-exchange capacity of 44 mval/100 g £ B ‘ ‘
was used. The mineral was converted into Na-form. To achieve this, 29 g
water suspension of montmorillonite was mixed for two hours with g8 3 | \
ionite Amberlite IR-120 in sodium form. The ionite/montmorillonite vo- £ = g8 1 ] \
lumetric ratio was 1:10. It is necessary to convert montmorillonite S é g % ’ S % el
into sodium form considering the easier exchange of Na* by organic = § @ é \ |‘
cations than is the case with exchangeable Ca2* (Kurylenko, Michaljuk ‘é E & (é \ } j
1959). For Na-montmorillonite the quantity of the sorbed organic sub- b ‘
stance is greater as well; this is connected with greater dispersion by g = ‘ ‘ |
which the sodium form of this mineral is characterized. 2 e e "71 T
Sorption complexes were obtained with five ammonium salts (Tab. 1) § Wb )
of different molecule size. They were prepared in the following way: “ o o ;2 \ ‘
20 g of montmorillonite in sodium form was dispergated in 380 ml of E 5 l TEliea
distilled water containing 2 weight per cent of Na,COjs in relation to the B f m? m” ? m:’: f
solid phase. 1% aqueous solution of an appropriate ammonium salt was § E = il 5
then added, its relation to montmorillonite being 20—25 weight per cent, = < = Sty i
and the suspension was mixed for one hour. This amount of organic = ‘
substance ensures its maximum sorption on montmorillonite (Kurylen- o - 3} ‘ \
ko, Michaljuk 1959). The obtained sorption complexes were filtred on 2 S = ‘ .
the Biichner funnel and washed three times with distilled water. The g g & ol [
samples were dried at 100—110°C. £ & m | o 3 3 3
=) £ 1
= s es! l oo e = =
2 S Bt & @ @
£ £ Zoal iz il 2ol
X-RAY EXAMINATIONS Bl Bl e 2o e TR
o8 460118 e ol
On the basis of X-ray diffractograms, the examined organomontmo- » sl e e s
rillonite complexes may be divided into two groups. The first group 7 | |
comprises montmorillonite compounds with cations of the salts I and IT g 5 g g : 5 .
(MI and MII, Tab. 1). The diffraction patterns of these samples in low- $ = = g g g g
-angle 9 range demonstrate the presence of basal reflections correspon- = Z & = g < =
ding to the values of dy; =2 18.1 A. The second group consists of the & o g g g g 3
compounds 11, IV and V. They form complexes with montmorillonite g Erm A jus 4 = i s
(MIIL, MIV, MV) with the values of dgo; ~ 13.7 A (Fig. 1). ile ZiSar B LB S kS il o
Expansion of the montmorillonite unit cell in ¢ direction depends on 8 :% i % < E 5 P>‘, -
the size of the organic molecule, the amounts of sorbed substance and 2 o % ,”GQJ i ;‘ﬁ ?,,"ﬂé £
the manner of its packing. For the tested Na-montmorillonite, which % " E & E’ El5 8 =8| 8 g
does not contain any interlayer water, dop; == 9.6 A. 3 S fa_’ FE|lAas|AE
Basing on the obtained X-ray data, Ad was calculated. For the MI g PR
and MII complexes these values approximate 8.5 A; for MIII, MIV and o | ‘ <
MV — 41 A (Table 1). The above results suggest that for the cations I 3 b | 2
and II a bimolecular layer of organic cations with the aliphatic chain ] E‘ £ = > [
parallel to the sheet surfaces is sorbed in the interlayer space of mont- E S = = S S E =
morillonite; for the compounds III—V, on the other hand, a monomole- n 3 3
cular layer is built in. The effective thickness of the organic molecules, i 3
calculated on the basis of their models, is the smallest in the direction < %
parallel to the plane of the carbon zigzag of the chain. This effective e T e
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‘hickness ranges from 4.8 to 5.3 A (Tab. 1), whereas the thickness of the
hydrocarbon chain itself, measured in this direction, is equal to 4 A.
If is characteristic that complexes with the values of dgy; = 18.1 A are for-
med with cations containing one aliphatic chain, while for the cations with M 16,1
two chains the distances dgo: equal 13.7 A.

The formation of complexes with mono- or bimolecular layer of
organic cations has been also corroborated by the results of nitrogen
determinations, which were performed with Kjeldahl method for the ‘ Ml 181
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samples MII and MIIL For the former, the content of organic cations
amounts to 41.1, whereas for the latter it is 28.5 mval/100 g. Thus in the

M-Na

MII complex, the exchange positions of montmorillonite are occupied in
93% by ammonium organic ions, whereas in MIII — in 64% only. 1 MI
Ml

INFRA-RED SPECTROSCOPIC EXAMINATIONS
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Infra-red spectroscopic examinations * revealed the lack of hydrogen
bonds between organic cations and montmorillonite crystalline lattice.
This results from the fact that ammonium cations used for the exami-
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nations have no polar groups which are capable of forming such bonds. '
On the obtained spectrograms there occur separate absorption bands of Mt J/ | /
montmorillonite and sorbed organic molecules. The spectra of the sorption F‘«f\,\_ MY i
complexes MI and MII reveal a conspicuous decrease in the intensity \/ N \_//
of the absorption band connected with the stretching vibrations of : Ml 1364
interlayer water molecules in montmorillonite (3430 cm~1!) when compa- ‘ Pl |
red to the intensity of this band on the spectrum of Na-montmorillonite
(Fig. 2). This fact testifies to the decrease in the quantity of interlayer 1600 1800 3000 3200 3400 3600 3800
water, the substantial part of which has been probably removed by My 136 FREQUENCY (cmi”)
large hydrophobic organic cations. The loss of interlayer water in the | : : .
MITL—MY complexes is considerably smaller. . L ey
5 \\/ ganic cations (M-Na — Na-montmorillonite)
CONCLUSIONS
j
1. X-ray examinations have demonstrated the penetration of ammo- I 1385
nium cations into montmorillonite interlayer spaces. In the case of

cations containing one aliphatic chain, complexes with two layers of
organic substance are formed; cations with two aliphatic chains in
a molecule, on the other hand, form complexes with a monomolecular ;
layer of organic substance. They do not form hydrogen bonds with the ‘
oxygens of montmorillonite network. The fact of forming bimolecular
layers in the interlayer space by the cations with one aliphatic chain 1 \\x«.
could be interpreted as follows: only this manner of packing affords ;
2 maximum neutralization of montmorillonite layer negative charge by i
ammonium cations. The surface area of the cross-section of montmorillo- ‘
nite unit cell, parallel to 001, approximates 47.7 A2, Connected with this !
area is —0.7 e (of the elementary negative charge). On the other hand, '

Bl

Jds

* AL : ; \‘\. Fig. 1. Diffractometer charts of sorption complexes of
_*) The examinations were performed with C. Zeiss UR-10 spectrophotometer, : montmorillonite with ammonium organic cations
using samples in the form of Nujol mulls and KBr disks. 1}([‘11) 1O RO 5 §° (0—8°% Cu)
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the area of the cross-section of the smallest cation used (I), measured
perpendicularly to the zigzag plane, amounts to 83 A2, To neutralize the
charge connected with montmorillonite unit cell, 0.7 of the charge of the
univalent organic cation is needed. 70 per cent of the molecule area, that
is 58.1 A2, falls to this charge. This area is greater than the one a caticn
has at its disposal, hence the necessity of packing the organic substance
in the interlayer space in the form of two layers. The phenomenon tha}t
cations with two aliphatic chains form only monomolecular layers 1s
due to their considerable size and the presence of branched chains which
hinder the penetration of any greater numbers of cations and their pac-
king in the interlayer spaces. i |

As appears from X-ray data, one layer of ammonium _cations causes
the expansion of montmorillonite interlayer space by 4.1 A, whereas the
smallest thickness of an organic o oleoulelsa sVAR (Dabi I ikishouldihe
therefore assumed that methyl, and maybe phenyl, groups are fitted in
hexagonal holes of the layers. The dimensions of these holes are large
enough for such packing of organic molecules to take place (Barrer,
Reay 1957). ;

9. Sorption complexes of montmorillonite with ammonium organic
cations reveal the loss of interlayer water in comparison with Na-mont-
morillonite. The loss is conspicuous in complexes with cations containing
one aliphatic chain; it is negligible, however, in complexes with cations
with two aliphatic chains. In the latter case the said fact is undoubtedly
connected with the presence of smaller amounts of organic cations at
the exchange positions when compared with the compounds previously

discussed.
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manuscript.
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Adam GUT, Zenon KEAPYTA

KOMPLEKSY SORPCYJNE MONTMORILLONITU Z ORGANICZNYMI
KATIONAMI AMONIOWYMI

Streszczenie
Autorzy otrzymali kompleksy sorpcyjne montmorillonitu z organicz-
nymi kationami amoniowymi zawierajacymi jeden lub dwa tancuchy
alkilowe o roznych ilo$ciach atoméw wegla. Otrzymane polaczenia pod-
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dano badaniom rentgenowskim i spektrofotometryczn zer
wieni. Badan@a rentgenowskie wykazilly, ze kation; am?:)rrrlliovvge %Sfﬁ:}
w przestrzenie miedzypakietowe montmorillonitu. W przypadku katiobj
now zaw1era]q_cych jeden tancuch alkilowy tworza sie kompleksy z dwie-
ma warstwarm, natomiast kationy z dwoma }ancuchami alkilowymi daja
komplgksx z jedna warstwa substancji organicznej. Kationy te ‘nie two-
rza wigzan wodorowych z tlenami sieci montmorillonitu. Fakt tworze-
ma.blmolel«;ularnych warstw w przestrzeniach miedzypakietowych przez
kationy z jednym fancuchem mozna by wytlumaczyé nastepujaco: Na
zobqjetmeme tadunku (=0,7 e) zwigzanego z komoérkg elementarna rr;ont—
morillonitu potrzebne jest 70% !adunku jednowartosciowego kationu or-
ganicznego. Na tadunek ten przypada odpowiednio 70% powierzchni cza-
steczki, czyli w przypadku najmniejszego z uzytych kationéw 58,1 A?
Jest to powierzchnia wieksza niz kation ma do dyspozycji (47,7 Az = po-
wierzchnia przekroju komorki elementarnej montmo‘rillonit{l réwnole-
glego do 001), dlatego konieczne jest upakowanie substancji organicznej
w przestrz.eni miedzypakietowej w postaci dwu warstw. To, iz w przy-
padku kationéw o dwu tancuchach alifatycznych tworzy sie tylko jed;la
Wz_n”stwa substancji organicznej, wynika zapewne z faktu, ze znaczne roz-
miary typh czqstgczek i obecno$¢ w nich tancuchéw rozgalezionych utru-
dma wnikanie wiekszej liczby jonéw i ich upakowanie w przestrzeniach
mlgdzypakietowych. Jak wynika z danych rentgenowskich, jedna warstwa
kationow amoniowych powoduje rozsuniecie pakietow na odleglos¢ 4,1 A.
Natgmlast ‘najmniejsza grubosé czgsteczki organicznej (tab. 1) wynosi
4,8 A. Nalezy zatem przyjac¢, ze grupy metylowe i by¢ moze fenyl (MIT)
tl§w1,a_ w caltosci lub czesciowo w lukach heksagonalnych powierzchni pa-
klfztow. Badania spektrofotometryczne w podczerwieni wykazaty, ze oma-
Wwiane kqmpleksy sorpcyjne zawierajg mniejsze ilosci wody miedzypakie-
towej niz Na-montmorillonit. Ubytek ten jest wyrazny w przypadku
komplekséw z kationami o jednym lancuchu alkilowym, natomiast nie-
znaczny dla komplekséw z kationami o dwoéch tancuchach alkilowych.
W przypadku drugim wiaze sie to zapewne z obecnoscia mniejszej licz-
by' kation6w organicznych na pozycjach wymiennych niz w polaczéniach
opisanych poprzednio. ;

OBJASNIENIA FIGUR
Fig. 1. Dyfraktogramy komplekséw sorpcyjnych montmorillonitu z organicznymi
kationami amoniowymi (0—6°9)

PFig. 2. Spektrogramy w podczerwieni komplekséw sorpcyjnych montmorillonitu
z organicznymi kationami amoniowymi (M-Na — Na-montmorillonit)

Adam I'YT, Senon KJIAITBITA

COPBILMOHHBIE KOMMJAEKCHI MOHTMOPHUJIJIOHHUTA
C OPTAHUYECKUMU AMMOHHUEBBIMH KATHOHAMH

PesmowMme

J\BTO])HMII IOMYy4UeHDI COp()LUI()H}IbIE KOMIIJIEKChl MOHTMOPHJJIOHHTA C OpP-
TaHHYECKHMH aMMOHHEBbIMH KaTHOHaMH, COAepKallUMH OJAHY HJH 1B€ aJKH-
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JIOBBIX IEMH C PasHbIMH KOJHYECTBAMH aTOMOB YIVIEpOJA. [TopyueHuble coe-
MHeHHs] aHAJM3HPOBANHUCH PEHTTEHOBCKHMH cnekTpooTOMeTpHYECKUM
(B MHpPaKpaCHOM) METOJAaMH. PeHTreHOBCKHE aHAIH3bl NoKasaJu, UTo aM-
MOHHeBble KaTHOHBI POHHKAIOT B MEXMAKETHbIC NPOCTPaNCTEa MOHTMOPHJIIO-
HiTa. B cyyae KaTHOHOB, COMEPKAILUX OLHY AJKH/IOBYIO Llelb, 06pasyloTcs
KOMILJIEKCHl ¢ ABYMS CJIOSIMH, @ KaTHOHBI, BKJIOUALIHE 1BE AJIKHJIOBBIX LIEIH,
20T KOMIIEKCH C OAHHM CJIOeM OpraHHYecKOro BELLECTBa. OTH KATHOHbL HE
06pasyioT BOAOPOAHBIX CBsi3eil ¢ aATOMAaMH KHCJIOPO/a B pemérke MOHTMOPHII-
sonnta. OGpasoBaHHe GHMIOEKYJAPHBIX CJIOEB B MeKMNaKeTHbIX NPOCTpaH-
cTBaX KATHOHAMH C OJHOH aJKHJIOBOI LENbI0 MOXKHO 00 BACHUTD CJAEAYIOLIHM
o6pasom. JLisi Hefirpann3alny 3apsiaa (= 0,7e), cBA3AHHOIO C 9/J€MEeHTapPHON
AueiiKoil MOHTMOPHJIJIOHHTA, TPeOyeTes 709% 3apsijia OAHOBAJEHTHOIO OpraHH-
qecKoro KaTHoHa. Ha 3ToT 3apsil MPUXOJAUTCA COOTBETCTBEHHO 70% moBepx-
HOCTH MOJIEKYJIbI, 4TO COCTABJISIET, IPH HAHMEHDbIIEM H3 HCIIOJIb30BAHHBIX Ka-
THOHOB, 58,1 A2. DTa MOBEPXHOCTH GosbILIe TOi TIOLLA/IH, KAKOH pacroJjaraer
katHoH (47,7 A = mJolaAb CeyeHus sJeMeHTapHoil AYaiKH MOHTMOPHIIO-
nura mapanieabro 001). Otciona cieayer HeoOXOAMMOCTh YIaKOBKH opra-
HIUECKONO BEIeCTBA B MEKIAKETHOM NMPOCTPAHCTBE B BUAE ABYX PSIOB. Tot
daxr, 4TO B CJAyuyae KaTHOHOB C JIBYMS anndaTHUECKHMH LensaMu 06pas3yercs
JMIIb OJMH CJIOH OpTaHMYeCKOro BellecTBa MOXKHO 00BSACHUTH TEM, UTO 3HA-
ynTeNbHBIE Pa3Mepbl STHX MOJIEKYJ H MPUCYTCTBHE B HUX pasBeTBJEHHDIX I1e-
Meii 3aTPYAHAIOT IPOHHKHOBeHHE GOJLIIOr0 KOJTHIECTEA HOHOD U UX yNaKOB-
Ky B MEXKIAKETHbIX MPOCTPAHCTBAX. 113 peHTreHOBCKHX AaHHDbIX CJIEAYET, YTO
OKHH CJOH AMMOHHMEBBIX KATHOHOB Pa3JiBMraer MaKeTbl Ha paccToshue 4,1 A
ToJIMHA e CaMoil MaJleHbKOi OPraHHYeCKOi MOJEKYJ/Bbl COCTaB/ACT 4,8 A
(taba. 1). Takam o6pasom cielyer npeinonararhb, fUTo METHJ/IOBble IPYIIbL
M, BO3MOXKHO, penna (MII) MomHOCTbIO MK YAaCTUUHO BHELPSIOTCS B rekca-
rOHAJbHBIE TPOMENKYTKH IMOBEPXHOCTH TAKETOB. CrekrpodoToMeTprIeCKue
aHa/au3bl B MHpPaKPACHOM IOKa3aJH, UTO paccMaTpUBAEMBIE copOUHOHHbBIE
KOMILIEKCHI COLEPIKAT Melblilee KOJTHUECTBO MeXKNaKeTHOH BOJBI 110 CPABHEH-
1o ¢ Na-MeHTMOPH/IJIOHUTOM. DTOT YOBITOK MPOSBJSETCS OTYETIHBO Yy KOM-
[7IeKCOB ¢ KATHOHAMH, BKJIIOUAIOUIMMHA OJHY aJKHJIOBYIO Lielb, a Y KOMIICK-
COB C KATHOHAMH, COJepKallMMU ABe a/JKUJOBBIX LleNH, OH HESHAUHTE/ICH. Bo
BTOPOM C/Iyuae 3T0 00YCJIOBJICHO, BEPOATHO, MEHBIIIM KOJHICCTBOM OpraHi-

YyeCKUX KaTHOHOB Ha 0OMEHHBIX MO3UIUAX, 10 CPABHEHHIO C panee ONUCAaHHDBI-
MU CO€/JIMHEeHUAMH.

OBBJICHEHUSA K GPUTYPAM

®ur. 1. Judpakrorpammbl COPOIHOHHLIX KOMIIEKCOB MOHTMOpPHJIOHHTA € OpraHHuecKiMH
amMmmoHueBbiMH KatuoHami (0 — 6° 1)

dur. 2. Vappakpachble CNEKTphl MOrJIOUIeHHs COPOLHOHHBIX KOMILIEKCOB MOHTMOPHJIJIOHHTA
¢ OpraHHyecKkHMH aMMOHHEBBIMH KAaTHOHAMH (M-Na — Na-MOHTMOpI/IJIOHUT)



