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ABSTRACT

The adsorption of acetic and propionic
acids from carbon tetrachloride solutions by
scolid metal complexes has been studied. For
all the complexes studied, adsorption of acetic
acid cccurs to a greater extent than does that
of propionic acid, the ratic being from 1.7 to
16 depending on the metal complex. In general,
the greater the total number of ions in the
complex, the higher the ratio of acetic to
propionic acid adsorbed. The amount of butanocic
acid adsorbed was found to be negligible in all
cases. Adscrption of acetic acid by K3[Fe (CN)g)
and K4[Fe(CN}6] was found tc obey the Langmuir
isotherm.

INTRODGCTION

Classical adsorption studies have long been a part of
physical chemistry. The theory of adsorption has been
treated extensively (Young and Crowell, 1962;: Adamson, 1960,
and Somorjai, 1971), and will not be reviewed here.
Adsorption of gases by solidsg, including metals, is
important in heterogeneous catalytic processes (Bond, 1962;
Thomas and Thomas, 1967). Also adscrption processes are
of impertance in chromatographiec techniques (Karger, Snyder,
and Herwvath, 1973).

In view of the considerable practical application of
adsorption processes, it is not surprising that a large
body of literature exists on the subject. BAdsorbents
like metals, alumina, quartz, magnesia, titanium dioxide,
silica gel, charcecal, cellulose, and graphite have been
extensively studied, as have been many simple inorganic
salts. It is somewhat surprising that there appears to
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have been no ubilization of seolild transition metal complexes
as adsorbents for organic compounds from solutions. Here we
describe  the resulits of a study of that type.

EXPERIMENTAL

Solutions were prepared uging reagent grade acetic,
vropanoig, and butancic acids in carbon tetrachloride.
Potzssium hexacyvanoferrate (II}, potassium hexacyano-
ferrate (ITI), hexaaguccchalt {(II} chloride, and sodium
trisoxalatoferrate(111) were reagent grade commercial
materials. Other solid complexes used were prepared by
standard procedures. Prior to use, each solid was
screened through a standard sileve to insure that the
particle size was uniformly below 106 microns (0.0041 in.}.

The 1.00 gram sanples of the solid complexes were
allowed tc stand in contact with 100 ml of the carboxylic
acid solutions for 24 hrs. Sclutions were maintained at

25 0C and were agitated to assure eguilibrium. After
standing for the desired time, the solid complex was
remmrved by filtration and the concentration of the acid
remaining in the solution was determined by heterogeneous
phase titration of three 25 mi alicuots of each soluticon
using standard base. Mixing time and speed were uniform
for all titrated samples, The amount of acid adsorbed

by esach sclid complex was thus determined.

RESULTS

Early in this work it became apparent that the amount
of acetic acid adsorbed per gram of complex was dependent
on the concentration of the acetic acid selution. To
study this behavior, adsorption by four of the complexes.
E4{Fe(CN}gl -1I20, K3j[Fe(CN}g], Na3 [Fe (Cp04) 3] - 2H30, and
iCo(NHalel {NO2)3, was studied as a function of the
concentration of the acid solution. Acid solutions
from 0.01 M to §.1 M were used. The results of these
studies are shown in Table 1, This table also shows the
adsorption data for some other complexes which were
studied at only cne initial acid concentration., Two of
the compounds, Naz[Co(NO2)gl and [Co(NHz)(NO2)3), were
dried at 1109 for cne hour and then used directly. The
amourt of acetic acid adsorbed was found to be within
axperimental error of that adsorbed by the original
complex,

Table 2 shows the adsorption date for propionic
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the adsorption process in a certain system, a plot of /N
varsus ¢ should give & straight line.

Figure 1 shows a Langmulr isotherm plot for the
ddaorptlon of acetic acid by K4[Ic(CN)61 and K, [FelCN)g].
The fit of the data to these linear plots iz reasonable,
the correlation coefficients being 0.986 and G. 985,
respectively. Data for Na3TF9(C204}3] and [Co (NI (NG3} 5
do not provide as nearly linear relationships. itgough
the fit is not perfect, it appears that Ky[Fe{CHN)g] and
K3[Fe(CN)6] adscrbing acetic acid are adequately descrihed
by the Langmuir isotherm. Using slopes of the lines
determined by means of a least squares routine, the wvalues
of Ny ohtained for K4[Fe(CN}6] and E,[Fe(CN)g] are
9.9 x 10-5 and 5.3 x 10-5 mole/gram,’ respectlvelv Thus,
at equilibrium the molar ratios of complex to amount of
acetic acid adsorbed are 28 and 59 for Kq[Fe({CN)g] and
K3[Fe (CN})gl, respectively. These values indicate that
Kg[Fe(CN)g) is a better adsorbent than K3 [Fe(CN)g] for
acetic acid.

We are currently investigating the adsorption of
other organic solutes con solid metal complexes. In these
studies, the relationship between number and type of ions
present and the degree of adsorption is being investigated.
We are also attempting to determine heats of adsorption
for some of these systems.
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Figure 1. Langmuir plot for adsorption of acetic acid by
K fFe(CN}gl (&) and Ey[Fe(CK)gl (B).
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