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111, VUSK OF TOURIER TRANSFONY SPECTROSCOPY FPOR

OBSERVING DOUBLE LAYER REORGANIZATION
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ABSTRACTY

Fotential dependent Pourier tranefors infrared epectra recorded in site
Ao shwe
at & polarized platinmum electrode im acetonitrile solutions clesrly show the

P 1le and prefezestially adscrbed enions.

Water in at least two forms is Observed 43 independemt gtructutes iR the

systew.




1n situ infrered spectroscopy of the electrode-solution interface has
recently been used to cheracterise & variety of electrochemical phenomena {1~
4). Basically, three successful techniques exist for obtaining such
opectza: (a) electromodulated specular reflectance (5), (b) Fourier transform
infrared spectroscopy st differentially polarized surfeces (2), and {(c¢)

polarisation modulation specular reflectance {6). In this paper, wa look at

the in the of the double and diffuse layers of a
platinue electrods in acetonitrile sclutions. It is shown that the technique
is sensitive encugh to cbeerve the spectral differences in adsorbed and bulk
acetonitrile, ss well as the differences in the solutlion etructure &s anions
are specifically adsorbed at potentiasls positive to the potential of zaro

charge. Absorbance changes due to water molecules associated with the amon

and acetonitrile are also observed.

EXPERINENTAL

Spectroscopy and Electrochemistry
Spectts were recorded on & Nicolet 7199 FTIR system. Potentisl step

prograss were provided by & WI-TEX Instrument DT210% potentiostat and PPR1
wavefors generstor. The waveform gensrator was triggered by a TTL signal from

the Nicolet computer denoting the beginning of data acquisition. For
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sequential potential steps, various dslay time eequeaces were wsed to record
spectra at the ssss times after the potentisl was changed oo thet signal

averaging could be used to InCresase sighal-to-noiae tatis (7). The spectrs
herein are the difference between 40 averaged spectca st the sample end base

potentisl. The bese potentis) of ~¥.50 V va Ag/Ag’ (5.01 W 1a 0.t N

1 totraf o lithius perchlorats in acstoniteile)
Teference wes chosen because of its proximity to the pac of platinem in the

chosen electrolytes.(®

Chemicals

Acstoanitrile (Caledom, WPLC grede, 0.003% water! wes distilled twice from
calcium hydride, and stored before use in sesled coateiners over ¥orla sluaine
(Super grade I). The calls were dried in & vacuuh oven at 150°C Mefore wse,
and dry azgon admitted to the oven 88 the vacuus vas releesed. Trasster of
solvent/electrolyte to the ¢sll was made in an argom filled glove deg.
Electrolytes were purified (7) and dried similezly ia & vecwes oven befoce

Cells, Mountings, snd Electrodes
The description of the cell construction and the mowatings fer the

Nicolet sample cavity has deen described el (7). T™he e} wsed

-
was & platinus mirror that had been polished with §.05 giumms slumins and
dried in & vacuum oven imsediately before wse. Solutien thickaess in the
optical path wes determined by use of the istegrated estimction cosfficient

method as previously described (7).

7. 8. Pons, T. Davidaon, and A. Bewick, Anal. Chea., in press.
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AESULTS

Differemtial Spectra of 2 0.10 N solution of tetrabutylasmcaive
tetraflvoreborste An snhydrows acetonitrile as a function of applied potestial
ote shown in Pigure 1. The base potentisl of eech apectrus is =0.50 ¥ ve the

ag/ne’ Peshs . cotresp w

absorption of radistien st the sesple potential (less sbsordance at the hese
potentisl of =0.90 V). The converse is trve for peaks extending upwerds.
Pigure 2 shows the SPOCtTa from the Sams systes after it s wade 0.0 X in
wetef. Nost moticadble are mew sbeosrbamnce changes in the region fros about
2200 en”! ta 3700 ', arcund %30 ="V, end broadening in the bend arcund
1070 en"'. spectze f1em the seen experimemt performed on on anhydrous

colution of 0,98 0 ) [ axe p

an Pigure ), and Figure 4
stven the cogresponding spectre sfter sddstien of weter, &8 ia the
tetraf lusechorate System. The selutien thictaees BEtween the window and the
eloctrode of ¢.7% ; was the seme in a1l fewr eapervimssts.

The Citt stretch Tegien Metwesn 2200 @' and 2000 ' 10 GheerTved to Mo

blue shifted ot patentisle pusitive Lo the Mese putentisal iR 81l ceses. T™he

po . P 3 segian (1902 "'} 18 not ehifeed

ot pesitive semple putentials, But 18 bresde Purther [

soticed (o the presencs of watet. The same is true of the tetref luerelosate

snien asyamptrie otreteh regiam (1088 -"), and seme [ine strecture appears

on the hand. Nermsl ap ot p ! and totsal

onten i ssstenisrile shew ne (im0 Structute in this regiom.

piscussion

The specita oeutaia & coneiderable auebes of comples hends and clearly

thei? isterpretotion will give datailed ton on the in the

Mg Ban s s e

e s et

mumber and the mature of ;-ltm spacies on the slectrode surlece and ia the
double layer. Certain aspects are rsadily emplaineds the incressing

adsorption of trile with

89 positive potentisl Deyond ~9.5 ¥ is
clear from the progressively increasing inteasity of the downwerd entending
band st edout 2350 cm~' which 1s strongly blue shifted by the parterbetion of
the solecule due to adsorption (2) {bulk acetonitrile gives a ~Cpi fundasmentel
st 2220 ™), the increasing amoust of anion in the double layer is showm by
the other dominant dowmward bands st 1102 ca”' ana 1088 ca”? for perchlorate
and tetrafluorcborate respectively. The upwvard emtending fime stfucture em
the =GN band butween 200 cw ® and 2400 cs~' is Gue to decreased sbsorption by
bulk ecetonitrile.

The complen bands betwesn 3100 cu”' and 3000 ™' and s1so mesr We ™!
are particularly intereating ond thay can be ascrided to the stretching Soder
of water in dafferent snvironsents. The brosd band st 3150 &' corresponds
to extensively hydrogen-bonded water, possibly associated with the saion, and
imcressing In intensity as WOTe enions enter the double layer. 7The sharper
bands of opposite igh mear 3623 ca”', 3550 ca”! and %23 ca”' probedly erise
frob wetesr which i3 less perturbed by hydrogen donding. A very Likely

cendsdate ia the symsetrically bonded } tw tle

aolecules and one water solecule. This is & wil u;monu‘ species for
Which the v3, vy 8nd v, vidrotional modes are st the frogvencica given above
(8-11). The intensities of these hends are seen to dRCTEAse a8 the pareatial
is mads mnre pesitive indicating & dacreasing populetion of this comples.

Thess sssignaents lesd to & siaple ek ot the ap in tevms of

the depondence on the elecireds potentisl of the pepuletion of the vericws
species in the optical peth. As & cessequence of making the electrede

potentis] Bors pusitive thers 16 on incressed smouse of sdsorbed scetomitrile

e e e i o e —————— - ——— .
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ond of anions in the double layer. Novesest of anions into the doudle layer
will a2, however, deplete the thin leyer of slectrolyte &5lution im the
aptical path becsuse zation of the 0.1 K electrolyte solution will readaly
fepleaish the layer: thus there will be & met increase in the total number of
anions .\ the IR beas and also of tha water associated with thes, as 18 ghown
by the spuctra. As & result, some scetonitrile, both tree and cosmplexed with
water, will be displaced from the fined volume of the thin layer as is
observed from changes in the acetonitrile bands and in the bands for complexed
water, perticulerly at high potentials. These changes are summarized in
Fagure 5.

There are also contributions from the cation. A bapolar bend is observed
in the regiom 2900 - 3050 c»”! correaponding to the C-# stretch of TBAF. The

®ajor pert of the bend is wpward extending which oor to the

in the amount of the cation in the double layer with increasing positiva
potential. The small lotes of opposite sign indicste aleo that there are
changes in the detailed bamd shape.

It is clear fsom the dste presented here that the method employed will be
of great valus in probing changes in the structure of the electrical doudle

layer.
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(1) Differentisl reflectance FYIR spectra of 0.70 # tetrabutylemsonive %;j > =
. .
tetraf) in cmhy rile. Solution thickness = 0.7% 8 s >
- e
'} Spectra undesy steady state conditions at esch ;‘:— ;;
indiceted potential. Spectrum at the =0.50 V base potenticl was alvays '(:‘ .i- :-‘::
Lot -
subtracted from those obtained st the other potential. 8 e
(2) Same as Pigure ' encept water concentrstion 0.10 n. é
(3} Drfferential reflectance PTIR spectta of 0.0t B lithium perchlorate in ('?, %
anhydrous sceetonitrile. For other notes, s+ Jagure 1. « 8
(4) Same as Frgure 3 escept water concentration © 10 M. f
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