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AsstRAcr

The infrared spectra (4000-1200 cm-') are obtained for several Cu-montmoiil-
lonite-valine complexes that have been prepared at several different pH values.
Analysis of the spectra indicates the presence in the interlamellar spaces of both
a bidentate chelate complex and a monodentate complex in which a Cuh-ion is
coordinated to the N-atom of the amino acid. The relative concentrations of
these adsorbed species in the clays are pH dependent. Possible trace amounts of
valinium cations are detected when the preparation pH is below 8.0.

INrnooucrrox

Infrared spectroscopy can effectively determine the structures of
many compounds adsorbed on clays. Cloos et al. (1956) have inves-
tigated the infrared spectra of various amino acids adsorbed on
sodium-, calcium-, and hydrogen-montmorillonite, and determined
that the protonated cation was the dominant adsorbed species. In
this investigation, we have analyzed the infrared spectra of valine
adsorbed on copper-montmorillonite at several different pH's to de-
termine whether copper-amino acid complexes can be detected in the
interlamellar spaces. The infrared spectra of related complexes in
crystals have been used to identify the adsorbed species, and to make
empirical band assignments.

ExpnnrrurNrer,

A. Preporatinn of Clay Films

The montmorillonite used in this study originated from W'yoming. Cla.y films
were prepared from clay particles whose equivalent diameters were less than two
microns. Cu-montmorillonite was obtained by saturating natural clay with a
lN CUCL solution. The clay had to be washed several times with distilled water
to eliminate free Cu" ions. H-montmorillonite was prepared immediately prior
to use from a 1 percent suspension of natural clay by passing it through a column
of Amberite IR-I2O (H-form).

Equal amounts of the appropriate clay suspension and a 0.05 M aqueous solu-

l Presented in part at the l6lst National Meeting of the American Chemical
Society, Lqs Angeles, California, March, 1971. Submitted by Sung Do Jang ro
the Faculty of the College of Ceramics at Alfred University in partial futfill-
ment of the requirements for the degree of Doctor of Philosophy in Ceramics.
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tion of valine (K & K Laboratories, Inc.) were mixed together. The pH of the
mixture was measured and adjusted to the appropriate value by adding 0.1 N
hydrochloric acid or sodium hydroxide solution. The resulting zuspension was
mechanically sha.ken overnight. The clay-valine complex was separated from the
supernatant by centrifuging at 18,000 rev./min. at 20'C for one hour using a
Sorvell Superspeed RS-2B Automatic R.efrigerated Centrifuge. The supernatant
was decanted ofi, and the clay complex was redisperced in 10 ml of distilled
water by vigorous shaking. The clay complex was again separated from the re-
sulting supernatant by centrifugation and decantation. This clay sample was re-
dispersed in 10 ml of distilled water to be used in the preparation of the films.
Self-supporting thin films (approximately one-inch diameter, 24 mg/cmz) were
prepa.red by evaporating 2 ml of the clay complex-distilled water suspensions on
an aluminum foil supported by a flat glass plate. Since most exchangeable cations
react with aluminum foil, the foil had to be lined with a thin film of collodion
to protect the clay from chemical reactions. T"he specimens were diied over P,Ou
in a slightly evacuated desiccator. The resulting dried film specimens were easily
stripped from the foil by dra,wing the foil over a sharp edge. X-ray difiraction
analysis indicated that valine formed single-layer complexes in the clays. The basal
spacings of the clay-valine complexes (doo : 13.2 A and d* - 3.3 A) are
slightly larger than those of either the glycine or the a-alanine complexes. This
is expected because of the larger number of methyl groups attached to the
methylene carbon atom in valine.

B.Intrared Studi,es

The infra.red adsorption spectra (4000 - 1200 cm-l) 'were obtained for each clay
specimen by placing their corresponding self-supporting thin films in the sample
bea.m of a Perkin-Elmer Model 621 double-beam gra,ting spectrophotometer. The
use of clay films prepa,red from clay pa.rticles whose equivalent diameters were
less than two microns minimized the scattering perturbations on spectra due to
the Christiansen effect. The self-supporting films were sufrciently thin so that
highly resolved spectra could be obtained with slight attenuation of the refer-
ence beam. An air purging unit was employed to eliminate adsorption bands due
to atmospheric water and carbon dioxide. Calibration of the spectrophotometer
was carried out using polystyrene bands and a wavenumber accuracy of -r3

cm-'was obtained.

Rnsur,rs AND DrscussroN

The infrared spectra of H- and Cu'montmorillonite complexes con-

taining intercalated valine that, were prepared at several different

pH's ar€ shown in Figure 1. A strong band at cd. 3630 cm-1 is due to

the lattice hydroxyl stretching mode for montmorillonite. Band as-
signments for the valine-montmorillonite complexes are made by using
the band assignments ob'tained by Nakagaw^ et aI. (1965) for the
valine zwitterion and its copper chelated complex in crystals. The

observed wavenumbers and their band assiqnments are listed in

Table 1.
In the upper region of the spectra, the observed wavenumbers c'o.

3340 and 327A cm-L for Cu-montmorillonite-valine complexes pre-
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pared at pH 5.6 are assigned to NH stretching modes. Cu-clay com-
plexes prepared at pH's less o,r greater than this pH value do not
show sufficiently strong bands in this region because the amount
of amino acid adsorbed on the clay is very low. Howevet, for the
sample prepared at a pH of 5.6, the wavenumbers of the NH stretch-
ing modes indicate that the amino group is coordinated to the Cu2*
ion. For the H-clay complex, the NH stretching modes appear at
3220 and 3180 cm-1 indicating the presence of a NH3. group on the
amino acid adsorbed on the clay. The bands at 1615,1570,1465, and
l4l7 cm-L for the Cu-clay complex (pH 5.6) can be readily assigned
to the carboxyl asymmetric stretching, the NHz bending, the CHg
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Frc. 1. The Infrared spectra of valine,complexes with (1) R-montmorillonite
and (2)-(4) Cu-montmorillonite: Equilibrium pH's (2) 2.9, (3) 5.6, and (4) 8.2.
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Tab le  1  Band Ass ignments  o f  Va l ine-Montmor iUon i te  Complexes
Prepa!ed  a t  Severa l  D i l fe ren t  pH Va lues
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3 t  3 2
2989 29A6
2884 2816

Nakagawa e t  a l  {1965)

Z; i t te r ion  Cu-complex

3250

I  6 2 ?  ( E h )

l s 9 6 ( 6 )  l 5 l 0 ( s )

I  58 3 (Bh)
I  5 ? 2 ( s h )

I  5 0 0

r 4bq  : : 22

l 4 l r  r 3 8 l ( € )
r 3 8 9

1 3 6 4  I  3 7 0 ( s h )
1 3 5 6  t 3 5 Z
t 3 z 4  t 3 2 6
l 3 l ?  1 3 0 9

1 2 6 9  r z 7 7

Cu-clay Complexes

P H  Z  9  5  6  A 2

3345

c a  2 9 5 0 ( b )

1 7 3 0 ( w )

r 6 1 5 ( s ,  b )  I 6 l 5 ( s h )  r 6 3 0 ( s )

l 5 ? 0 ( s h )  l s 7 0 ( s )  1 5 9 0 ( s h )

t465 1465 t465

r 4 1 7 ( m )  l 4 r ? ( m )  r 3 7 6

l 3 ? s ( w )  1 3 7 5 ( w )
t340 I  340
r 3 l 0  1 3 1 0  l 3 l 0

H - c l a y
comilex

2 . 9  A 6 s i s n m e n t s

NHZ aslm str .

NH2 sym. st !
3 2 2 0 ( m ,  b )  - - - - - +
3 l 8 0 ( s h )  

r \ 8 3  s r r '

c a  2 9 7 0 ( w )  C H  s t r

1 7 4 z G )  c o o l l  s t r .
r 6 r 0 ( s )  N H 3  d e g .  d e f

COO asym. str

NH2 bend.

ragzls) NHa sym def.

l a 6 5 ( s h )  C H j  d e g .  d e f
l 4 r 0  C O  s t ! .  p l u s  O H  b e n d

COO- sym st!
CH3 6ym def.

I  3 8 0 { w )
l  ? i d

{coup led  w i th  NH,

wags,  fo r  cu)

degenerate deformation, and the carboxyl symmetric stretching modes.
Comparing the wavenumbers of the asymmetric and the symmetric
carboxyl stretching modes of the intercalated amino acid complexes
prepared at pH 5.6 or lower with those of the zwitterion and the
chelated complex leads to the conclusion that the carboxyl group is
free and ionized similarly to the glycine and a-alanine complexes
prepared at comparable pH values. Therefore, it appears that the
monodendate copper complex,

is the dominant species adsorbed for the clay complexes prepared at
pH of 5,.6 or lower. The wavenumbers observed for these complexes
below 1400 cm-l may be assigned to the CH bending mode.

The observed bands at 1630 and 1376 cm-l in the spectrum for the
Cu-clay complex prepared at pH. 8.2 can be assigned to the carboxyl
asymmetric and symmetric stretching modes. These wavenumbers
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are very close to those
valine in crystals,

JANG AND CONDRATE

observed for the copper chelate complex with

"ro\ \
Cu

,/
Hzo'

indicating that formation of this complex in Cu-montmorillonite is

favored at high preparation pH's. Since the above Cu-complexes have

single charges and the Cu-ion has a double charge, the exchange capac-

ity of the clay must be balanced by the H'- ions liberated from valine.

Band assignments are made in Table I for the valinium cation ad-

sorbed on H-montmorillionite. A strong band at 1742 cm-r is assigned

to the CO stretching mode of the COOH-group. The spectrum of Cu-

clay-valine complex prepared at a pH value of 2.9 shows a weak

shoulder at 1730 cm-1. This band indicated the possible presence of

a trace amount of the cationic species in the clav.
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