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Abstract. The adsorptive properiles of Lron oxide
modL fLed with stearle acld and octadecylamlne have been
studled by gas chromatography. Henry's oconstantg of
acetonitlle, alcohols, aromatlce hvdroearbons, ethers,
ketones, n-alkanes and nltromelhane have been determined.
Kovats Lndices and the values of Lnitlal differentlal
adsorptlon heats have been calculated. The modi fleatlon
of v-Lron oxtde surface causes a decrease of adsorptive
actlvlty with respect to the substances molecules of
which are characterlzed by hligh electronle denstty.

INTRODUCTION

The broad study of modl fled Lron oxldes has oeen cauged by whde
aﬁpchatLon of them Ln the productlon of magnetle memory carrlers for
the computers and also of plgments for varnigh-and-paint Lndustry.
Sinece the purpose of v-Lron oxlde modifleatlon Ls the preparation of
materlals with gtable propertles, a modlfler layer Ls need strongly to
pound up wlth the surface. As a results of the chemlcal modlflcatlon
we may obtaln the materlals wlih the specifled propertieg of surface.
The gtructure of modlfylng layer has an essential etffect on the
surface propertiles namely on homogenelty, polarlty and accessibllLty
of a surface for blnder molecules. In thls work we gtudled the
adsorptlon propertles of y-Lron oxlde surface, modliled wlth stearlc
acld ~ (SA) and octadecylamine (ODA).We uged method of  gas
chromatography.  Adsorptlon characterlgiles of  varlous organioc
substances gave a posslbllilty to determine the surface afflnlty to
varLtoug adsgorbates, 1o estlmate the degree of surface heterogenelty
and 1o trace the Lnfluence of chemlcal siructure of adsrptlve
molecules on the Lnteractlon with y-Fe,03 surface.

EXPERIMENTAL

Samples. The commercial y-Lron oxlde sample (F) was characterlzed by
gpeclTlC surface area 20 m2/g. Before the chromatography experlments
[t was heated at 300°C Ln hellum flow during 4 hotrs.The sample SAF
was obtalned by llguid phase adsorptlion of 3A [rom ftoluene solutlon on
F oxide. Maximum adsorption value of 54 was 10 mg/g. The sample ODAF
was prepared Ln result of ODA adsorption from CCly solutlon on F
surface. Adsorptlon amount of 0ODA was consisted 70 mg/g. The
preparatlon and collold propertles of SAF and ODAF samples  were
described Ln /1/.
Apparatus, The experimental study wag carrled by gas chromatograph
~162 (MPO Khlmavtomatlka, Russla) with flame ionlzatlon detector.
The gas-—-carrler (hellum) flow rate was 30 em® /min.We used glass
columng 500x5 mm, gample masses Ln the eolumn were to 0.5 g (fracitons
0.25-0.50 mm). Prelimlnary the samples were heated Ln He fTow at 100°C
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RESULTS AND DISCUSSION

1. Hydrocarbons

The retentlon volumes V of small doses of adsorbates wlth varLous
polar functlonal groups glve & possibLilty to estimate the
completeness of thé modlLflecatlon, and the polarlty of resldual
adsorptlon actlve centres of Lron oxlde surface and the structiure of
modL fylng layer. Chromatographtcal eaks obtalned for all studled
substanceés were narrow and symmetirtcal ones. The table! contalns the
values of retentlon volumes V and LnlLtlal dLfferentlal heats -6U for
adsorptlon of n-alkanes and benzene on modlfled ODAF and SAF samples
and on tnltlal Lron oxlde for comparlson.

Table 1. Values of retentlon volumes V, and differentlal
adsorptlon heats -0U of hydrocarbons on inLttal (F) and
modl fled Y-Fe,03 samples

3 g
v, em /g, 100 C -QU, kd/mole
ADSORBAT

(ODAF SAF F QDAF  SAF F

n-Hexane 1.1 2.8 16.8 31 34 41
n-Heptane 2.9 5.2 0.1 36 40 46
n-0ctane 5.6 11.0 185.0 39 43 49
n-Nonane 11.4 24.2 465.0 4z 51 54
Benzene 1.8 4.4 108.2 33 42 38

It Ls seen from the table, that values V are less for samples of SAF
and ODAF than ones for the initlal one. The modlflcatlon of 7y-Lron
oxlde surface decrease adsorption energy of n-alkanes, whlch are
capable only to dlspersion LUnteractlon wlth both the Llron oxlde
surface and wlth grafted chalns of modlfler. However the -8U values
Lndlcated n Table 1 glve a possibllity o make addiilonal
guppositlions on the modlfying layer siruciure and namely the decrease
of V values Lndlcate a conslderable decrease of adsorptlon centres
wiih the quantity on oxlde surface. Adsorptlon of benzene molecules
which are able to the speclflc Lnteractlon with modlfled samples
remalns hlgher than that of n-hexane. But the modlLflcatlon of y-oxlde
surface with SA and ODA causes the convergence of Henry's constants of
benzene and n-hexane comparlng wlLth the Lnltlal sample, which shows a
decrease the speclflclty of Lron oxlde surface. The decrease of
benzene adsorptlon Ls, probably, related wlth the alteratlons of the
gurface chemlstry wlth the and character of Lnteractlon wlth sample
modl fled wlth SA and ODA.The substitutlon and the screenlng of
accepter centres of surface y-Lron oxide with grafted alkyl radlcals
causes a decrease of contrlbutlon of speclflc Unteractlon Ln case of
benzene adsorption. The sensltlvity tests for resldual Lnhomogenelty
of y-lron oxide surface are the substances wlth polar functlonal
groups Ln molecules namely alcohols, diethylether, Ketones,
nttroalkanes and others. These molecules are capable of  strong
gpeclflec Lnteraction with actlve centres of 7-Fe,0s gurface.

2. Polar compounds

Early Lt was shown /2-5/ for dehydroxylated 7-lron oxlde Lt was
observed activated reverslble chemisorpilon of organic molecules of
which have free electron palrs near heteroatoms of oxygen, nLtrogen,
such and as dlethylether, triethylamine and acetonifrlle. We “can
dl.fference two types of adsorptlion Lnteractlons wlth oxlde surface
modl fled with ODA and SA: speclflc Lnteractlon with resldual accepter

centres on y-Lron oxlde surface and nonspeclflc Lnteractlon wlth
agrattad hvdrarnarhnn r\hains C}f meAl Nar mrﬂapnl @ Tp retentlon values
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Table 2. Values V, I, -0U and &(-8U) for polar molecules on
7-Fezp3, modl fled with ODA and SA.

v, 1009 1, 100%C -8y 5 (-5U)
ADSORBAT

ODAF  SAF ODAF SAF  ODAF SAF OQDAF SAF
Benzene 1.8 4.4 649 690 33 42 5 12
Toluene 4.4 8.3 762 791 37 45 5 8
Ethylbenzene 8.3 18.86 853 891 41 48 5 5§
Dlethylether 0.5 2.8 563 652 24 36 0 24
Acetone 1.3 12.5 612 842 22 37 3 21
MEK 2.1 22.1 666 911 33 43 10 20
NLtrometane 4.3 10.0 759 814 34 42 20 28
NLtropropane 6.6 29.5 823 - 40 52 1721
Methanol 2.9 - 1108 ~ 8 - 6 -
Ethanol 34.8 - 1027 - 30 - 18 -
Acetonlirile 2.5 - 835 - 45 - 19 -

for all test substances for the sample modlfled wlth SA are higher
than those for the sample modlfled with ODA (Table 2 ).

The retentlon volumes V of n-alkanes (Tablet ) have shown that the
ODAF sample surface Ls coated with more dense layer of modlfler. In
results of thls the accessibllity of ODAF surface for polar molecules
Ls less than one of SAF surface. In thls case small molecules wiLth
large dlpole moment u (nlirometane-u=3,44, acetonitrile-u=3,96) are
adsorbed speclflcally on <vy-Lron oxlde surface modlfled with ODA and
SA. The comparison of retentlon volumes on SAF sample Lndlcates that
the quantlty of accepter centres on the surface Ls higher, since the
Lnteraction of comparatlvely large molecules of methylethylketone,
benzene, dlethylether, Ls characterlzed by values V and I which was
higher than those for ODAF sample.The contrlbutlon of the speclflc
Lnteraction to the adsorption energy Ls characterlzed by the Kovats
Lndlces calculated from the on the samples of ODAF and SAF. It should
be noted, that the nature of resldual accepter centres of ODAF and 3AF
gurfaces Ls dlfferent what Ls seen from the comparison of retentlon
values. Methylethylketone Lnteracts strongly with he ODAF surface, but
nLtromethane molecules are Ls strongly adsorbed on Lron oxlde surface,
modLfled with SA. The comparison of adsorptlon values for ODAF and SAF
samples Ln relation to the esters shows = that active surface centers
which are able fo were screened by the modlLfler chalns to a various
degree. Thls conslderable dlfference of ether adsorptlon on Lnltlal
g— ron oxlde sample Lndlcates the screentng of ungaturated catlons
e(3+), Lrreversible specLflc adsorption of diethylether Addltlonal
supposLtlons about the Lnteraction of polar molecules wlth Lron
oxtde surface, modLfled with SA and ODA can obtalned from the
di fferentlal of adsorptlon heats, calculated from the temperature
dependence of retentlon volumes. For polar molecules the values -0U on
SAF sample are hlgher, than ones on ODAF sample. Another order of -8U
values Ls observed for ODAF sample ,which Lndlcates the dlfferences of
surface propertles of ODAF and SAF samples. The contrlbutlon of
specLflc Lnteractlon energy to total adscorptlon energy was calculated
as the difference of values -0U of polar meclecules and hypothetle n-
alkane relatlng to the same value polarlzLbLlLty a. It Ls seen from
Table 2 that for dlethylether the value &(-0U) on the ODAF sample
equel to zero. In case of adsorptlon on the sample modlfled wlth SA
ethers molecules penetrate 1o surface of 7-Lron oxlde and Llnteract
gpeclflcally wlth catlon Fe(3+), values &(-8U) are equal to 12 kJ
/mole.Benzene molecules practlcally Lnteract wlth surface of Lron
oxlde modlfled with OAF Ln the accordance with dlsperston mechanlsm
slnce the contributlon of speclfle Lnteractlon energy less than
& kJ /mole probably.
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Molecules acetonlirlle, ethanol and nLtromethane penetrate through a
ODA layer to surface actilve centers of y-Lron oxitde and form strength
adsorptlon complexes wLth summary energy of 45, 40 and 34 kJ/ mole
respectlvely.The contributions of specltlc Lnteractlon energy are 19,
18 and 20 kJ /mole respectlvely.Iron oxlde, modlfled wlthmoleculesSA
shows the ablllty to specLflc Lnteractlon wiLih benzene, ethylbenzene
and toluene molecules with 3(5-U) energy whlich are equal to 12, § and
8 kKJ /mole respectively. Molecules of acetone, dlethylether and
nitromethane Lnteract speclflcally wlth y-Lron oxiLde surface modlfled
with 32AF. The values §(-8U) are to equal 24, 21 and 28 Kkd/mole
respectlvely. The obtalned results give a possibLilty to characterize
quantitatlvely the alteratlon of adsorpilon propertles of Lron oxlde
surface after the modLflcatlon with molecules of SA and ODA.

CONCLUSION

Thus on the basls of the results of chromatoraphlc studles Lt LUs
posslble to say that Ln case of modlLflcatlon of y-Lron oxLde surface
wLth long chaln 0DA and SA molecules the acilve centers wlth strongly
expressed electron-acceptor propertles are screened by the formatlon
of surface modifler layer.The residual centres are conslderably
weakened and almost unaccesslble for the LUnteracilon wlth polar
molecules.In an result on what adsorptlon of dlethylether,
acetonltrile, ketones, nltroalkanes has the reverslble character Ln
the comparlson wLth one on Lnltlal y-Lron oxlLde.
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