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The experimental considerations ascessary to effect

successful recording of in sity vibrational spectroscopy at the
electrode~solution interfece ave described, In this work, the
Pourier transfors infraved spectrometer is used.

sasensicn For

aF1S  GRAMT

DTIC TAB B :
od u] 9

Justifieation.—

By.
pistridution/

Y e =

Avallability Codes |

“an' and/or
ptat | Specisl

Al |




e b

e A RIS

Although the use of infrared spectroscopy as an in situ

probe for observing interfacial phenomena during electrochemical
experiments has been attempted many times in the last 20 ysacs,
it has only been in the last three years that high quality
reproducible spectra have beean routinely obtained. This has been
because of (a) the successful coupling of electrode modulation
techniques to the optical sigmal (1), (b) the exploitation of the
sultiplez advantage and hiyh t‘hrwghwt of Fourier transtorm
spectrometers (2), and (c) the use of more sophisticated
techniques such as polarisstion modulstion (J). As a result,
investigations such as the study of adsorbea hydrogen on platinum
and chodium (4,5), the str ot § iates in
electrocatalytic oxidstions (6), the study of organic iom radical
intermadistes (7)., the adsorption of atrylomitzile (8), the
platinue intertace in organic electrolytes (2,9), and the

structure of water st various electrode surtaces (1,10) have been
reported.

It is the puctpose of this paper to Jdefine the esperimental
techal and

q by

required to obtain such results by using
Poutier transfors iafrered ssthode. Altkough time rescived

P opy is p ibls uwsing the technigues described harein,
we wili linit sur discussion t0 sear steady-state measuresents.
Thes the basic approach is to apply a potential step to an
olectrode, Wit fer stesdy stste conditions to develop, and take
one or more tapid infraved spectra. The potential is thes
retuzned to & Base potentisl, and the proosdure tepeated. The
entire cycle is repested and the spectra ate sigaal averayed to
the desired signal~to-noise level. Agpropriete gatiocisy ot the 2

.- -

sets of spectta with subsequent subtraction gives the desiced
result. -

EXPERINENTAL

Spectrometer
The instrument used in our recent work has been the Micolet

7199 Pourier transtora infrared spectrometer. %0 perfors these

erperiments, the machine shoulo have the following features:

(1) The abllity to store, and signal

in at least three separate data files. The software should
be flexible enough to specify which file is to be used for »
9iven spectrea.
{2) Aa output trigger pulse (mh'nhly TTL O ONOE coapatible)
designating the beginning of data collection by the A/D
ter of the i
(3) Spectral ratioing and subtraction capability.
(4) Capability to handle wid-IR fast detectors with sinisws b*
values of 1 » 1019, such as y fum-telluride 77 K

on each scan.

solid state units,

{5} Saaple compartment sizes large gh to hold fvely
large cells mounted on adjustadble reflection attachment
optical tables.

(6) Reasonably fast data collection tiwes.

(7) mesolution of 8 ca~! or better.

Dats Presentat
The most convenient fors in which t0 presaant Gpectra is o8 &
ditterence in infrared transmiasion of the cell at each of the
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two electrode polarisation states. This difterence will then te
due to ch in the i se ght about by the differences

in potential, the optical properties of the rest of the cell
remaining constant. In terms of the measured reflectivities at
the two potentials, R) and Ry, this difference in transmission
can be written as lzll;-l.. a quantity which is readily obtained
using software mormally provided with comsercial ITIR
spectrometers. In practice, it is most convenient to calculate
Ry/M1-1 as R3/Ry - Ry/R). This latter quentity is simply the
difference between two single beam spectra, sach of which has
been ratioced to the chosen reference state R,. Presentation of
the spectra in this form is thus equivalent to the ak/R
presentation used ia ENIRS (AR/R is eyuivalent to (M, ~Ry)/R)).

Electrochenical lastrumeatation

The @ ial wee led at the working mirror electrode
by & Ni-Tek 1 DT2ie) P fostat driven by a PPRL

¢ ge « The Nicolet comy supplied a TTL pulse to

a BNC comnector on the rear panel as sach new scen was
initisted. This pulse was uwsed to trigyer the wavelorn gensrastor

'

via a 74199 TTL wp-down . (Nes di 1 )

klectrodes and Cell
£l o {Chemical Elect 4 iates, 333 Houth
County Road, P.O. Bos 3120, Pelm Besch, Fle.) wers comstructed

from & 2 an thick » 7 am diamvter disk of the desired materiel
atfined to the ond of &4 7 mm » 135 am brass rod which had been
hest/press fitted into o Kel-F sleeve (0.d. = 9 m). A loose
titting Kel-F slesve at the rear of the electrodv sssembly vas

- ———

made to butt » rubber gasket ayainst the tixeod sleeve by a mut at
the und of the assesbly to seal 1Cinto (R cell barrsl. The
brass rod was covered with & thin layer of epoxy betore sealiny
it into the Kel-F sleeve tOo prevent any chance of leakage of
solution between the electrode and the sieeve. Electrodes
prap d in this are very stable mechanically and
chemically in most solvents and el lytes for 1

. For inst

we have used 1 N sulfuric acta, 1 8
perchloric acid, acetonitrile, methyleme chloride,
dimethyltorsamide, dimetbylacetaside, and dichloroethene for
estended periods without degradation of electrode performance.
Slectrodes are typically polished by mounting ia a sturdy
aluninume jig to maintaia pnpondtcuin contact with the polishing

pad, or on a commercial polishing machi Nith ble care,
electrodes flatter then A/2 at 5 =i ware cbtaisable wsing

these L imple techni

tven though the el ace 1y flat, it is
necessary to teke additional care to assure that the fece is
parallel to the optical winaow, so that a uniform solution layer
thickness will exist there. This is accomplished by allowing the
optical wind to be bonded to its ¢ glass sl with both
slesve and electrode in place in the cell and with the window

resting on the face of the 1 de, P being

meintained against the vindow sisultenscusly to kesp it

absolutely flat against tiie electrode face (Figure (1)). The
electrode, window cap, and ceil body weiR.pcribec to saintaia
reproducible realig in sub enpeci When the

window was prepared in this mennsr, typical fluctustions in gap

L
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sizse of #0.U5 microns were cbtained in measutements from side to
side across the electrode face using the integrated extinction
coetticient of the acetonitrile CiN stretch fundasental
absorption band as & msasure of the gap thickness.

The cell (Chemical Electronics Associates, lac.) was similar
to that described by Bewick et al for use in electrochemically
modulated infrared reflectance spectroscopy (ENIRS) {(11). It was
125 mm in overall length without the electrude mounted, and held
50 cmd of solution. Tho optical window was mounted on & T 24
temale ground glass joiut, When in place, the working electrode
disk may be pushed up flush to the window. A Lugyin reference
capillary was mounted with its tip close to the window where the

electrode face rests. The Lujgin is d th gh ag

glass P to the ret 1 A
platinue wire loop was mounted such that the ioop was coaxial
with the mounted working electrode to serve as the secondary
oloctrodo.. Purge gas inlet and outlet conmections were made at
the bottom and top of the main cell body, snd the working
electrode mourting tube was located it the rear,

A smsll pistinum wire o be used as & subsidiacy reference
el de may be d through the Luggin tubs just below the
stopcock to provide a low img path and high
£ When used, it was comnected through &

9 y intert

0.1 pF capacitor to the mormal relerence slectrode,

Bsflectance Mtochwens
The converging beaw of radiation throwgh the sample
compartient of the spectrometer sust be iaterrupted and mede to

- . — e .

veflect trom the electrode surface at a duc red amyle.
Subsequeatly, the bean mwst be mun.c't: its original path as
closely as possible 50 as not to atfect the purposs of the
focussing optics of the output detector sectios of the
spectrometer. Several designs for an apparatus to perfoca this
function are possible. We have used a modified version of an
apparatus described by Marrick (12).

pPolarization of the cadiation was effacted by mouating s KBx

b .

ission polarizer (Cambridge Physical Sciences,

Cambridge, England, Typs IGP228) in the beam either in fromt of

d in a call 9

or behind the cell. The polacrizer vas
housing that could be rotated o uu_t any polacisstion angle
could be conveniently chosen.

Solvents and Chemicals
Due to the extremely high sensitivity of the method, it is

necessary to use vary pure solvents and electrolytes for routime
investigations. We have found that the use of KPLC grade
commercial solvents sre suitable for most orgasic iatermediste
studies (7), wvhile furthes purification of thess solvents is

usually vequired for sensitive ption or double layer
9.
The drying of supporting electrolytes, such as lithivs

um salts 14 be effected with &

perchlorate or tetcaalkyl
vacuuvm oven for at least 24 houts at the mazimum posaible
T £ of electrolytes snd solutices to the

cell should be mede in a dry atmoschere. *




MESULTE AND _DISCUSSION

As an example of a typical expuriment, it was desired to

cd the sp of the P
bun one electron reduction of tensophenons st a platinum
electrode. A 10 s solution of benzaphename in degassed
anhydvous 0.10 N tetrabutylemmonium tetcafluoroborate was used.

katyl species fursed by

The electrode was placed flush againat the cell window, and
alloved to telaxz agaiast the rubber gasket oOn the electrode
assembly. Using the 2220 ca™} acetomitcile band, the solution
thickness wes found to be about 5 mi . .

ned by the

relation

o = 32_gose,

4 is the sciution thickness, A iz - “sorusnce, ¢ is the
extinction coetficient,; C ia the ion of the abeorbing
specien, and ¢ is the angle of incideance st the reflecting

surface. The polariser was set to pass the compoment of light
that had its electric tield vector pscallsl to the incidence
plane, 50 that the tield would have a hoR-serc Eagaitude at the
electrode surface. ’

The ®vegin scan® ¥TL pulse available from the computer of
the PPIR spectrometer was used as input to a 741 binavy up
coeater whose bimary ocutput had initislly been preset to binarcy
cutput 1% (1111). The NS put of the was g to
the ®start® 7L input of the PPR1 waveforas generator so that the

latter d one { on every O + | transition

—— e - -

o e
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trom the counter, i.e. every i¢ scans of the spectromster. The

vaveform genetator was set to qlva-a nctu:gulu pulse £9 s i
duration {(about 1 second longer than the spectroseter requires to
scen 8§ spectra) such that the electrode potential was taken to
~2.50 V (Ag/A9* reference) for 9 s then returned to the base
value of =1,.70 V until the spectrometer initiated the 17th scan
and the Pl q was repeted
A saftware program vas written to perfora eight scans, of

which only the last four were co-added anc saved in a reference
file. This o wration allowed about four seconds (the first four
unused scans) for the cell to come to & steady state. The
progeam then called for aight more scans to be made, again
discarding the first four, but this time storing the co-added
last fowr in & sample filu. This Ooperation was repeated l¢ times
30 that a total of farty co-added spectra resulted in the
retecence file and the same in the sample file. This program was
intecfaced synch 1y to the £ 9 the

*begin scan® pulse and the 764190 counter circuitry. Thus the
spectra were yathersd st the approxisate points indicated in
FPigure (2}, An example of the spectrum computed tcom this data
in the msannet described in the experimental saction is showa in
Pigure (3).

BSasically, the peaks ing upwatde cocrrespond to the
resoval of benzophenone substrate, at the espense of the
formation of ketyl (downward extending peaks). A full
description of this spectrun has been Tepeshed (7).

The spectra in Pigures (&) and (S) were obtajined in a
sinilar mannetr. Deteils are provided in the figure legends.
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Higher sensitivity was needed to obsecrve changes in the
population of species as the double layer structure was changed
at a platinum electrode. A thinner solution layer {0.75 microns)
and 100 averaged spectra at each potential state was utilized.
The electrolyte was 0.10 ¥ tetrabutylammonium
tetrafluoroborate. The resulting difference spectrs are shown in
Figure (6}, The effect Of added water £Or the same experiment is
shown in Figure (7). These aspectra have been interpreted
sisevhere (6).

It is cleaxr from the spactra shown that the technique has
the sensitivity to detect changes approaching 10~ sR/M in
experimer:s collecting data from 100 scans st each potential, the
total esperimentel time being about 1V min. Thus the method
seous wall suited for the cbtaining of vibrational spectra at the
electrode-solution iaterfece in situ, ana should be suitable for

the structursl determination of a variety of catalytic, adsorbed,
and short-lived solution-free intermediates formed at such
tatecfaces.
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FIGURE LEGENDS

(1) Cell cop and el de tip contiy tion.
{2) Tising for spectra scyuisition. Points (d} represent

spectra that are di o ints (s} cep spectra

that are saved and co-sdded. Diagram is for case where wore

absorhing species ace present at high sampling potential.
{3) a) Tranamission spectrum of b h « (b) Lifg

spectrus between -U.75 V and -2.50 V (lv mit benzophenone in
0.10 8 AP in itrile), d extending peaks ace
tor the ketyl anion.

(4) a) Transaission spectrum of anthracene. (b) Difference
spactrus between -1.50 V and -2.50 V.

(5} a) ission sp of y hylens. (b) t
Dite pect & +0.25 and -0.25 V.
{6) Doit p of Y 0.10 N tetrabutylammonium
tetraflvoroborate. ' '

(7) Same as Pigure 6, except 5.0 R N0 includea.
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