AN | NVESTI GATI ON OF THE OXI DATI ON OF ALCOHOLS
USI NG ATTENUATED TOTAL REFLECTANCE
SPECTRO- ELECTROCHEM STRY
by
PAUL SHILLER

Subm tted in parti al ful fill ment of the
requi rements for the
Degree of Master of Science
Department of Chem stry
YOUNGSTOMN STATE UNI VERSI TY
June 1987

Dol 1) Dhersey 12/, /77

Advi sor Dat e

4(‘& Vw{ ﬁl Uﬂj} HE;‘/_; ye, , [L:, /cf 5

Dean of the Graduate School Dat e




YOUNGSTOWN STATE UNI VERSI TY
Gr aduat e School

THESI S

Submitted in Partial Fulfillment of the Requirements

For the Degree of Master of Science

TI TLE " An Investigation of the Oxidation of Alcohols
Usi ng Attenuated Total Reflectance Spectro-

El ectrochem stry™
PRESENTED BY Paul Shiller

ACCEPTED BY THE DEPARTMENT OF CHEM STRY

Do W PPris, J2l/5

Major Pfof?ss r ) f s

-ﬁﬁfm@ﬂz 04, 847/37
. -

\ZQMCM o) '/&1/144:/% /t /""7/;5’7




ABSTRACT

Considerably more information can. be obtained by
simultaneous electrochemical and spectroscopic
observation of a chemical reaction than by either
technique alone. In this work the oxidation of 2-
propanol to acetone has been studied by the combined
technique. The electrochemical reaction, occurring on a
gold' electrode formed near the surface of a ZnSe
circular attenuated total reflectance crystal, has been
monitored by IR spectroscopy. The design of an
electrochemical cell to carry out the reaction of the
solutions near an ATR crystal is given. Results of the
spectroscopy show that acetone can be observed and that
the intensity of the spectroscopic peak is proportional

to the oxidation of 2-propanol.
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| NTRODUCTI ON

The use of electrochemstry to anal yze substances
started with the i nvention  of pol arography by
Heyr ovsky .t This technique used a dropping nercury
el ectrode (DME) inserted in the solution to be tested.
The current was measured as the voltage was changed with
respect to a reference el ectrode.

The use of the dropping nercury el ectrode decreased
with the introduction of other nore accurate non-
el ectrochenmical tests. It was not until the advent of
m croelectronics that interest in electroanalytical
techni ques was revived. Modern el ectronic devices and
techniques allow the neasurenent of smaller currents
nore accurately than ever before. These devices al ong
with newer materials nmake electrochem stry one of the
nost sensitive and versatile analytical techniques.

The cl assical el ectrochem cal techniques include DC
pol ar ography, TAST pol arography, and cyclic voltametry
(C¥) . Newer techniques include nornal pul se,
differential pulse, differential normal pulse, and
squar e wave Voltammetry.2‘3 Al'l of these techniques can
be used with a variety of electrode types. These
el ectrode types include nenbrane (glass), solid state,
| i qui d menbrane, ion-exchange, and enzyne.

Even though el ectroanal ytical techniques are anong
the nost sensitive they all suffer from the sane

dr awback. The techniques are not very chenically or



2
structurally specific so can only be used for detection
of el ectroactive substances. The i deal anal ytic
techni que woul d possess the ability to detect very |ow
| evel s  of a specific substance. This can be
acconplished by combining a highly specific technique
like I'R, UV, or NMR spectronmetry with the low |evel
detectability of electroanalytical nethods. 4

In this thesis | wll present some prelimnary
findings of the conbination of fourier transform
I nfrared spectroscopy (FTIR) with cyclic voltametry and
potential step electrochem cal techniques. Wth this
combination | will study the ability of this technique
to detect intermediates or products generated by the
el ectrochem cal oxidation of 2-propanol. A proposed
mechanism will be presented that may account for the

observed spectra.

THEORY

The oxidation and reduction of organic conmpounds
has been studied for some time. Al cohols are
particularly interesting because of their use as fuels
in electrochem cal fuel cells. Fuel s are reacted at
el ectrodes to convert chem cal energy directly to
el ectrical energy. Al cohols are good fuel sources
because of their relative non-toxicity, ease of

transportation, and low pollution from the reaction.



The problemw th the use of alcohol fuels is that very
little is known about the reaction mechanism itself.
Because not very nmuch is known about the reaction
mechani sm the current techniques of using alcohols as
el ectrochem cal fuel sources are far from optimum. \What
is known shows that there is a great deal of concern
about the poisoning of electrode surfaces by reaction

intermediates.s'6

Sonme reaction internediates may al so
catal yze t he reaction.’ To optim ze the el ectrochem ca

uses of alcohols as fuels, it is necessary to determ ne
the reaction nechanism Various studies of the

interfaces between an electrolyte solution and an

el ectrode have been carried out using infrared
spectroscopy.8'14 Studies carried out previously
obtained IR spectra by transmission through the
sol uti on. The electrochem stry was performed between

transparent electrodes. This required the use of non-
aqueous solvents since water is opaque to IR radiation
These techniques also suffer from the problem of low
light throughput that requires the use of very thin
sanpl es. Non- aqueous solvents are a problem because
they negate some of the good attributes of alcohols as
fuel sources. They are often toxic and hazardous to the
envi ronment . Water as a solvent in electrochem cal
reactions has sone very inportant qualities. Water's
high dielectric strength and high polarity make it a

very good solvent for the electrochem cal oxidation of



al cohol s. Therefore the study of the reaction
mechani sns of the electrochem cal oxidation of alcohols
shoul d be performed in aqueous solvents because that is
the solvent that would be used in a fuel cell. The
techni ques that have been used in the past to study the
interface have all relied on the transm ssion of the
infrared |ight through the el ectrochem cal solution. |If
water is used as a solvent, very little light wll be
transmtted by the solution because water absorbs
infrared radiation. 1In order to overcone these problens
a new infrared nmethod, <called attenuated total

refl ectance, can be used.
ATTENUATED TOTAL REFLECTANCE

When radiation strikes an interface between two
materials of different refractive index it is either
transmtted or reflected. This is governed by Snell's

| aw

nq Si ng = npsin QZ)

where n; and n, are the refractive indices of the
respective nedia and @ and¢are t he angl es of incidence
and transmttance. If ny<n; then there exists sone
critical angle where ¢ is 90° and no radiation is

transmtted through the interface. For angles greater



than this critical angle all radiation is reflected:
total internal reflectance. This is different from
reflection from a mirror where several percent is
absorbed by the surface in the reflection. No radiation
is propagated accross the interface in total internal
reflectance so a beam of radiation can be reflected
indefinitely. However this does not imply that no
energy passes into the second medium. This energy,

called the evanescent wave, passes a short distance into

the second medium. |f the second medium can absorb the

radiation it will attenuate the beam. This is

attenuated total reflectance. This evanescent wave
15

penetrates the second medium to a depth given by

A

P‘Zﬂ’(sinZG _ nszp)vz

d

where ) is the wavelength in the crystal (A\/nyp, g
is the angle of incidence, and nsp=n2/nl.

The calculation of the penetration depth requires
knowledge of the index of refraction of the solution.

The index of refraction can be calculated by 16

92
n? —1 _ VZ('meuz)N,N
n? +2 €.

where n,. is the refractive index, e- is the charge on an

electron, m, is the mass of the electron, (J is the

frequency of the radiation, N, is the total number of

e



electrons in the molecule,f_ is the permttivity, and¥
is the nol ecul ar nunber density. From this equation the
index of refraction is calculated to be 1.4142 for a
solution of water and 2-propanol at 1500 om L, The
penetration depth is then calculated to be about 3 X 10~
4 cmor approxi mately a hal f-wavel engt h.

A typical attenuated total reflectance (ATR) cell
is shown in Figure 1. The infrared radiation passes
into and through a crystai of zinc seienide. The
radiation enters the crystal at a 45° angle, and is
reflected off the sides of the crystal as it travels
down the length of the crystal. The radiation is
reflected ten times for a crystal 0.25 in. in dianeter
and 2.50in. in length. The crystal is supported by a
stainless steel boat that is used to hold the solution

that is being anal yzed

MVECHANI SM OF REACTI ON

Bef ore describing the spectroscopic; theory of this

work it is desirable to discuss the nechanism of the

oxi dation of 2-propanol. The oxidation of some al cohols
has been described in the literature and the ideas
present ed shoul d apply equal |y wel | to 2-

5,6,7,12,17,18
propanol . There are a nunber of alternate

mechani snms that propose different intermediates. There

are, however, three steps to the process of oxidation of
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any substance on the surface of an electrode. These
steps are adsorption, reaction, and desorption.

The process of adsorption is little understood but
can be thought of as a displacement of solvent molecules
at the surface. There are many relationships that
relate the surface coverage of an electrode to the

19 All models used

properties of the bulk solution.
today are empirical and are related to Langmuir's
equation. The surface coverage can also be related to
the solubilities of the materials in the solvent.29

The mechanism of the oxidation of 2-propanol to
acetone is only part of the reaction mechanism that
takes 2-propanol to CO, and Hy,O0. The reaction can be

written as

(CH3) oCHOH —-> (CH3) 5,C=0 + 2e” + 2H"

As the molecule is adsorbed onto the surface It will

6,12,17,18  ynder the conditions of the

lose hydrogen.
experiments carried out here it appears that the alpha

hydrogen is removed in an oxidative addition type

. 25 .
reaction. Once the molecule is.bound to the surface,

the electrode can then remove electrons to oxidize the
bound intermediates to acetone. The acetone then must
desorb from the surface. Very little is known about the
desorption of molecules from the surface. As with

absorption the available equations are for steady. state



not dynam c systenms. |If the acetone does not desorb it
will be oxidized to other intermediates that my al so
desorb or, ultimately, be oxidized to CO, and water.
These other internediates may include CO COH HCO

CoH.0, (H and others,

| NFRARED SPECTRCSCCPY

A description of attenuated total reflectance was
gi ven above., How infrared. (IR) spectroscopy can be used
for analysis is discussed here. The frequencies of IR
are such that only nolecular vibrations have the right
characteristics to be observed. These vibrations are IR
active if the vibration leads to a change in the
el ectric dipole nonent of the nolecule. 21

The absorption of IR radiation can be illustrated
by considering that the nolecules are a series of

charged point sources connected by springs. The force

bet ween two atons is given by Hooke's |aw
F=1/2 k x2

where k is a force constant, x is the displacenent of
the atoms fromequilibrium and mis the reduced nass of
t he system The frequency of such a vibration is given
by

Z/‘—‘21TTV k/m



These equations give acceptable answers for diatomic
molecules. For polyatomic molecules the vibrations of
all the molecules must be accounted for. It is more
convenient in these cases to use internal coordinates
rather than cartesian coordinates.22 The internal
coordinates are bond stretching, bond bending, bond
torsion, and out-of-plane bending. The spectrum of a
system would show these modes of vibration. A
correlation of the observed spectra with the frequencies
of the internal modes of vibration would identify the
species. The adsorption onto a surface as well as
solvent effects may shift the frequencies from their
calculated values.

A spectrum of acetone would show peaks that
correspond to the normal modes of vibration. There are
peaks at about 3000 cm™ 1 from the C-H stretch of the CHj
groups. Around 1400 cm ! are the bending vibrations of
the CHs groups. The C=O stretch yields a peak at about

1730 ecm™t. While the C-C bond stretches at about 1165

cm™1,22 IR spectroscopy allows us to differentiate
between acetone and 2- propanol. 2-propanol would not
have the peak corresponding to the C=0 stretch. It

would have additional peaks for the alcoholic oxygen and

the CH stretch of the alpha hydrogen.

10



ELECTROCHEM STRY

El ectrochem stry requires at least a pair of
el ectrodes in contact wwth a solution. These el ectrodes
are connected to electronic devices to set the
conditions at the. el ectrodes and neasure the conditions
at the electrodes. \Wen the electrode conditions are
set the solution organizes itself in a fundanental way
first proposed by Stern. This nodel consists of an
| nner Helmholtz Plane (IHP), an Quter Helnmholtz Plane
(OHP) , and a Diffusion |ayer. The IHP is that plane
that contains the centers of the ions actually in
contact with the electrode. These ions are usually the
same charge as the electrode. The OHP is that plane
that contains the centers of the ions plus their
hydration | ayer. These ions are of opposite charge as
the electrode. The Diffusion layer is the transition
| ayer between the OHP and the bulk solution. It is a
m xture of ions diffusing into and away from the
el ectrode. These three layers form a capacitor whose
capacitance is proportional to the concentration of the
el ectroactive species in the bulk solution. To mnimze
the effect of the bulk solution on the electrode
capacitance an inert supporting electrolyte is added to
the solution. This electrolyte, usually added in 0.1 M
concentrations, aids the transport of electric current

but is electrochemically inactive. This three -1 ayer

11
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model is shown schematically in Figure 2 23

The ideal case in measuring the potential of a
system is to measure the potential with no current flow.
This is a situation not found in the real world and all
potential measurements require some current flow.
Because of this small current flow there is a voltage
drop through the solution due to its resistance; i.e., IR
drop. There is also a change in potential due to the
electrode itself. One of these effects is the

concentration overpotential (n_.). |t causes a change in

C
potential of an electrode as a redox reaction occurs.
Another effect is a charge- potential overpotential (n.).
It causes a change in potential of an electrode due to
the necessity of accelerating a reaction to the desired
state. Combining all of these effects gives the
expression for the voltage of a cell as

Ecert “Enpic—Erer = E°+(0.059/n) Iog(COX/CRED’+nC +n'+|R}—EREF

where E. is the

indic 1S the measured voltage, E

ref
voltage of the reference cell, E° is the half cell
voltage versus a standard hydrogen electrode (SHE), nis
the numper of moles of electrons involved in the
reaction, and C,, and C,..q4 are the bulk concentrations
of the oxidant and reductant. The variables n,, ny, and

IR are additive corrections to the Nernst equation.

They can be treated as constants if the conditions of
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the cell do not change nuch. This is ensured by the
presence of a supporting electrolyte. Thus the above
equation reduces to an equation that relates the cel

voltage to the ratio of oxi dant and reductant

concentrations.

The el ectrochem cal cel | used her e S a
conventional three- electrode cell. It consists of a
working electrode, an auxilliary electrode, and a

reference electrode. The setup is shown schematically
in Figure 3. The el ectrochem cal reaction of interest
occurs at the working electrode. The reference
el ectrode is used to nonitor the voltage and feedback to
t he controlling el ectronics. The controlling
el ectronics adjust the conditions at the electrodes to
mai ntain the desired voltage or voltage versus tine
rel ati onshi p.

Two' techniques were used in these experinents.
They are.cyclicvoltametry (€¥) and potential step. |In
potential step the voltage is stepped from one voltage
to another. The current response is a decaying curve

with the current given by the Cottrell equation

i = nFa/Da|"?
mrt 0
where i is the current, A is the electrode area, t is
the time, D is the diffusion coefficient of the

o]

oxidizer, C, is the bulk concentration of the oxidizer
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F is the Faraday constant, and n is the number of

electrons involved in the reaction. In «cyclic
voltammetry the voltage is swept linearly between two
voltages while the current is monitored. The cell is

swept continuously between two voltages which set up
both oxidizing and reducing conditions at the working
electrode. A typical current versus voltage response is
shown in Figure 4. In a reversible system two peaks are
seen: a cathodic and an anodic peak. The current of the
peak is given by the Randles and Sevcik equation

1/2

3/2A{Dov) Bt

ipK‘—‘(const.} n

where v is the sweep rate in volts per second. The peak

voltage is given by

" 56.5
Epk =Epk/2 T 5= mV

where the plus sign is for the cathodic peak and the
minus sign is for the anodic peak. Epk/2 is the
potential at half peak height. So the anodic and
cathodic peaks are separated by 57/n mV for a reversible
system. Irreversible systems can also show two peaks

but they are usually separated by more than 57/n mV,

16
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EXPERI MENTAL

ELECTROCHEMISTRY

The el ectrochem cal experinments were carried out
usi ng a BAS CV27 nodel el ectrochemcal controller with a
three-electrode cell. The working electrode was a gold
el ectrode. The auxiliary electrode was a platinumwre
el ectrode. The reference electrode was a silver/silver
chloride electrode in a saturated (approximtely 4 M
KC1 sol ution. The potential step experinments were
carried out by applying a voltage step to the working
el ectrode. These voltage steps were fromO V to either
-0.5 Vo -1.0V. The Cv analysis was carried out by
applying a Ilinear voltage sweep to the working
el ectrode. The sweep ran from 1 V to -1 V at a sweep

rate of 100 mv/sec.

SPECTRO- ELECTROCHEM STRY

The spectroscopic studies were carried out on a | BM
IR/32 Fourier TransformInfrared (FTIR) spectrometer. A
circle cell attenuated total reflectance attachnment was
nodified to allow electrochem stry to be performed near
the zinc selenide crystal. The nodifications are shown
in Figure 5. Two types of working electrodes were

tried. The first was a vapor deposited gold coating.
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The ATR crystal was placed in a wvacuum chanber and
coated with gold from a heated target. The gold
t hi ckness was not neasured but was probably 500 to 1000
angstrons. This is based on the tine of gold deposition
and the subjectively observed transm ssion through the
film The second was a gold mni-grid wapped around
the crystal. A mni-gridis an electro-formed screen of
gold. The grid had about 50 holes per inch with 10% gol d
area; i.e.,the holes were 10 tines w der than the gold
wires between the holes. Electrical connection to the
gol d el ectrodes was nmade by attaching a thin copper wire
with silver conductive epoxy. Two types of auxiliary
el ectrodes were also tried. One was a silver foil tube
on the inside of a plastic flowthrough cell. The other
was the stainless steel body of an open sol ution hol der.
The reference electrode was the sanme as used above: a
silver/silver chloride electrode in a saturated
(approximately 4 M KCl1 solution. A voltage was applied
to the electrodes until a noticeable current was seen on
the current nmeter: i.e.,the neter needl e noved at | east

one m nor di vision.

The nodified ATR attachnent was installed in the

FTIR and adjusted according to the nmanufacturer's

24

procedur e. The spectra were obtained at a resol ution

of 4 cm ! wWith 64 scans from 800 cm™! to 4000 cm™l. The

area of interest extended from 1000 em™ 1 to 3200 cm‘l.



SOLUTIONS

The solutions used consisted of 2-propanol in water
with an acid catalyst and supporting electrolyte. The
electrochemical solutions consisited of 2.5, 5, 7.5, and
10 percent by volume of 2-propanol. Sodium or potassium
chloride was added in about 1 M concentrations as a
supporting electrolyte. The spectroscopic solutions
consisted of a 40 percent by volume of 2-propanol
solution. To this was added 1 percent by volume nitric
acid as a catalyst and the solution was made 1 M in KC1.
A spectroscopy standard of 5 percent 2- propanol was also

used to test the ATR setup.

RESULTS

ELECTROCHEMISTRY

Figure 6 shows the voltage versus current plot for
the potential step experiment. This was for 5% 2-
propanol in water at steps from OV to -0.5V and 0 V to
-1.0V. Figure 7 shows a typical output for a CV
experiment. This is a voltage versus current plot for a
10% 2-propanol in water solution. Figure 8 is the
output similar to Figure 7 except only water was tested,
A comparison of these two plots shows a peak at -0.5 V

on the 10% 2- propanol solution that is not there on the

21
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water plot. This is then due to some oxidation reaction
of the 2-propanol. The current (ip) at the voltage peak
Is measured from the plot to be 0.63 x 107% A. Since
this peak corresponds to a 2-propanol reaction and is at
-0.5V, we can use the results from the potential step
experiment, at -0.5 V, to calculate the number of
electrons used in this reaction. Combining the Cottrell
equation with the Randles and Sovcik equation and

solving for n gives

. 2
F|9

E ﬂ1/22_69x105)v1/2(“1/2)

where F is the Faraday constant, v is the sweep voltage
used in the CV experiment (0.1 V¥/s)>. Current times the
square root of time, itl/z, is a calculated constant
from the potential step experiment. From the current
versus time plot the current is measured at various

times. The measured data are as follows:

TIME (s) CURRENT (10=8 A& itl42 (108 asll2)

0.20 2.95 1.31
0.32 2.52 1.41
0.47 2:20 1.54
Q.59 2.01 1.52

The average value for itl/2 is 1.45x107% Asl/2.
Substituting the values into the Cottrell equation and

solving gives a value of n of 0.77. Because electrons



cannot be divided the reaction takes one electron.

This is an unexpected finding since the oxidation
of 2-propanol to acetone is thought to be a two-electron
process. Another reaction must be occurring under these
conditions. The reaction might be the adsorption of the
2-propanol to the surface with the loss of a proton.
This process would use only one electron. The hydrogen
would come off in an oxidative addition step where the
metal would take on a +2 charqe while the intermediate
and the hydrogen would have a formal charqe of -1. The
hydrogen could easily lose an electron to become a
neutral adsorbed atom. Adsorbed hydrogen atoms are

6,18,26 The oxidation

known to exist on metal surfaces.
of this intermediate may occur at a voltage more
negative than -0.5 V and would be lost in the large

water oxidation peak.

SPECTRO- ELECTROCHEM STRY

The ATR setup was first tested for the ability to
observe 2- propanol in water. Following the
manufacturer's procedure the spectrum in Figure 9 was
obtained for 5% 2-propanol in water which agrees with

published spectra.24

Obtaining this spectrum was very
difficult due to the nature of the solution. - Because
wat er absorbs IR radiation strongly, nearly 90% of the

input IR radiation was absorbed by the solution. The

26



next experiment was designed to determine if acetone can
be observed as a minor ingredient in a 5% 2-propanol
solution. Figure 10 is the spectrum obtained for a 5%
2-propanol solution with 0.5% acetone added. A
comparison between Figures 9 and 10 shows that acetone
can be seen by the appearance of peaks at 1200 cm_l,
1400 cm !, and 1700 ecm™}. The ATR cell can be used to
determine acetone as a minor ingredient in a 2-propanol
solution.

The next step was to actually do the
electrochemistry. The vapor deposited gold crystal was
tried first. The ATR cell electrodes were connected to

the electronics and a 5% solution of 2-propanol was

added to the cell. A baseline reading was taken and the
potential was stepped to about -0.9 V. A series of
spectra showed no difference. Examination of the
crystal showed some reasons why this occurred. The

deposited gold was burned off of the crystal at the
point the wire was attached. This gold coating was not
very transparent so, even though light was absorbed by
the solution, not enough light was output to show
anything but noise. A closer inspection of the spectra
showed no peaks, just noise. Because of the Ilow
transparency of the vapor deposited gold films it was
decided to use a gold mini-grid. The transparency of
the crystal did not increase greatly but more IR was

passing into the solution. Again the electrode was
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attached to the electronics and a 5% 2- propanol solution
was added. The potential was stepped to about -0.9 V.
Again the spectra showed no difference from the
baseline. There were no. acetone adsorption bands. The
current meter on the power supply indicated that an
electrochemical reaction was taking place. It was
decided that perhaps the generation of acetone is not
great enough to be detected by the spectrometer. The
remedy would be to increase the concentration of 2-
propanol to 40%. The same procedure was followed as
above but using a 40% 2- propanol solution. Some peaks in
the IR spectrum increased in intensity or appeared over
the baseline spectrum after performing an
electrochemical oxidation. Figure 11 shows the baseline
spectrum for the 40% 2-propanol solution. Figure 12
shows a typical spectrum for a potential step of -0.9 V.
The peaks were verified as being caused by the
electrochemical process because the intensity of the
peaks would grow when the potential was on and the
intensity would decrease when the potential was turned
off. This is as expected because the electrochemistry
increases the concentration of products near the
electrode and in this case near the ATR crystal. This
increase in concentration is because the products do not
diffuse away from the electrode faster than they are
produced. W the potential is turned off the products

have a chance to diffuse away from the electrode and the

30



ABSORBANCE

0.000

-0.010 —

-0.020 -

-0.030 -

-0.040 -

1800

YOUNGSTOWN STATE
CHEMISTRY DEPT.
INSTRUMENTS LAB

T T
1600 1400 1200
WAVENUMBER (cm-1)

SAMPLE NAME 1 PS010601

SAMPLE FORM » BACKGROUND |-PROP
OPERATOR 1 PAUL. SHILLER
APODIZATION 1 BOXCAR

Figure 11. FTIR Baseline Spectrum of 40% 2- Propanol

1000 800

RESOLUTION 1 4 CH -1
' 8CANS 1 64



*A11sTwayo0139971y

"1 @andty

8V SINIHNALSNI
‘1430 AJLSTHINHD
J1VY1S NMOLSONNCA

y9 1 SNVOS 1aze towzdoad-z y0% jo wnaioseds ¥ILd [eordAj
b~ HD ¥V NOLINT0S3Y HVOXO0H ¢ NOILVZIUOJY
OIS NVd ¥ OLVAILO
HIHIOLOINS ¥3L4V ¢t WH0d TidHvs
64901 0Sd 1t 3FUVN FIdHVS
(L-w3) JYIGWNNIAVA
add 000} 00z oori 003} 0osi 0002
1 M M " i M 1 n 1 " N 2 I3 L " " 1 " L s ] 2 " i L

| ¥ ¥ T T ¥ v T T T T T T T T T

1°987 = NJWX

¥ T
XYHX = ¥°690Z

11

i

€£00°0-

000°0

0L0°0

0zo0

0co0°0

0¥0°0

80S0°0

30NYga0ss8yY



ATR crystal so the local concentration is lowered.

The only question remaining is whether the peaks do
correspond to acetone or another intermediate. The peak
that gains intensity in the spectra from the
electrochemical experiments was centered at about 1400
cm 1. This peak was also seen as an acetone peak in the
IR spectra of 5% 2-propanol with 0.5% acetone and is
also seen in published spectra for acetone. This peak
can be due to the deformation vibrations of the methyl

groups.22

CONCLUSI ONS

The ability to detect electrochemical products near
the electrode surface by IR spectroscopy in aqueous
solutions has been shown. We have shown the presence of
acetone from the electrochemical oxidation of propanol.
CV experiments indicated that 2-propanol may be adsorbed
onto the surface through a one-electron process.
Obtaining a useable |R spectra through an ATR device
coated with gold is very difficult. Vapor deposited
gold on the electrode does not seem to provide a
sufficiently transparent surface for the IR radiation to
pass through. The mini-grid solved this problem but the
electrochemically active surface is no longer actually
at the surface of the ATR crystal. This was acceptable

to detect products but adsorbed intermediates probably
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cannot be observed using a mni-grid technique. The
reaction mght, in the future, be carried out on a
conductive ATR crystal. Doped silicon crystals are
avai |l abl e that are conductive. However, the surface of
silicon would be vastly different from that of a netal.
O her equipment mght allow nore sensitive results.
There are spectroneters that have nearly 1000 tines the
i ght throughput of the one used in this study. Thi s
amount of light throughput would allow an increase in

1 Used here. The tinme of

resolution from the 4 cm™
spectrum acquisition would also be shortened, greatly,
with an increase of signal to noise. An increase in
l'ight throughput of this magnitude would also increase
the sensitivity of the system Low concentration
internediates mght then be observed. Wth these
refinements to the technique a greater understandi ng of
the el ectrochem cal oxidation of alcohols nmay be
realized. This understanding may lead to nore efficient

and nmore economcal fuel cells that can take advantage

of al cohols as fuels,

34



REFERENCES

bt

Heyrovsky, J., Rec. Trawv, Lhim., 44, p488, 1925.

[xe

Osteryoung, J., dnal <Chem., 57, pl01lA, 1985.

3 Borman, S., &nal. fhem., 54, (6), 1982.

4 Heineman, W., arnz2i. ChHewm., 50, (3), 1978.
S Matsui , H., Hisano, T., #&2I Thsm., Ioo. o upp.,
58, 2298-2303, 1985.

6 Adzic, R., Bull. Soc. ChHim. Reograd, 48, (3), 1-
35, 1983.

7 Gilman, S., 4. fhvrs. Jhem. 68, (1), 70-80, 1964.

’

8 Kunimatsu, K., Seki, H., Golden, W., Gorden II,
J., and Philpott, M., Sury. Zcr., 158, 596-608, 1985.

9 Pons, s., <. Eiscércsnzl. inem., 150, 495-504,

10 Beden, B., Bewick, A., Razag, M., and Weber, J.,
Electroanal. Chem,, 139, 203-206, 1982.

1 Kunimatsu, K., lecétroansl. Dhem., 145, 219-

224, 1983.
12 Lamy, C., Eisctrochin. 8cta, 29, (11), 1581-1588,
1984 , :

13 Shepard, V. and Armstrong, N., - Fpef  Dhen.
83, (10>, 1979.

14 Foley, J., Pons, S. and Smith, J., iarngwuir, 1,
697-701, 1985.

15 Smith A, Applied Infrarsd SESCEIrONEREY, (N ew
i Syl 3 ST 2SS ES

York: John Wiley & Sons, 1979').-

16 Atkins, P., Molsculzsr Suantum Mechanics, (Oxford:
Oxford University Press, 1983).

}

CEROCH o

™
17

i)
ih

17 Meyer, T., 7. EI foc., 131, (7), 1984.

Roy, C., Nandi, D., and Rao, K., [73. 7. of
Them. , 24A, 742-744, 1985.



B9 Hush, N., @szsciions of WHolecules at ELlescirodes,
(London: W/l ey-|I nt er sci ence)

20 Bokris, Fusl Cells: Their Electrochemistry

a1 Fl ygare, W , #~i-- Shructure and Pynamics

(New Jearsey: Prentice-Hall, 1978).
22 Colthup, N., Daly, L., and Wberley, S.,

Introduction %o Infrarsd and Hapsen LSpectroscopv) (New

Yor k: Academ c Press,1973).

Vassos B., and Ewing, G., gisctroznsiveical
Chemist (hbm1 York: John Wley & Sons, 1983).
24 7tpe  CIRCLE  Cylindrical Internal  Reflsction
Aoocessory Instructions, IBM Instruments.

25 Atwood.J. D., "lInorganic and Organometallic
Reacti on Mechani sns", (California:Brooks/Cole, 1985).

26 Buschman, H. W, Wlhelm S., and Vielstich, W,
El ectyrochim ca. Acta., 31, 8, 939-942, 1986.

36



	of 001.jpg
	of 002.jpg
	of 003.jpg
	of 004.jpg
	of 005.jpg
	of 006.jpg
	of 007.jpg
	of 008.jpg
	of 009.jpg
	of 010.jpg
	of 011.jpg
	of 012.jpg
	of 013.jpg
	of 014.jpg
	of 015.jpg
	of 016.jpg
	of 017.jpg
	of 018.jpg
	of 019.jpg
	of 020.jpg
	of 021.jpg
	of 022.jpg
	of 023.jpg
	of 024.jpg
	of 025.jpg
	of 026.jpg
	of 027.jpg
	of 028.jpg
	of 029.jpg
	of 030.jpg
	of 031.jpg
	of 032.jpg
	of 033.jpg
	of 034.jpg
	of 035.jpg
	of 036.jpg
	of 037.jpg
	of 038.jpg
	of 039.jpg
	of 040.jpg
	of 041.jpg
	of 042.jpg
	of 043.jpg
	of 044.jpg

