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HIGH QUALITY OTTLE CELL WITH SIMPLE CONSTRUCTION FOR
IN SITU FTIR AND UV /VIS SPECTROELECTROCHEMICAL STUDIES

MA Yong-Jun ZHENG Jian-Ming ZHU Shi-Min*
( Department of Chemustry, Nonpng Umversiy, Nangrg  210093)

A novel opticatly transparent thin tayer electrochemicat (OTTLE) cell for uttravioter. visible and
infrared spectroetectrochemistry (SEC) was designed and characterized using ferricyanide in agueous
solutions and ferrocene in MeCI as test systems. The geometry of the ¢elt cavity was carefully de-
signed to minimize the chmic potential drop and edge effect. Good woltammeiric characterization and
high guality spectra were obtained with the cell. The simple construction and inexpensive fabrication

made it easier to obrain a cell suitable for SEC studies.
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0 Introduction

Spectroelectrochemical techniques are vatuable methods in the field of electroanalytical chem-

istry-'?]_ By combining etectrochemicat technigues with various spectral methods, such as UV- Vis,
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IR, ESR, Raman etc. , mor precise and detailed information can be obtained to elucidate the mecha-
nism and kinetics of the electrochemical process’*’). The majority of speciroelectrochemcial (SEC

studies have been performed in the ultraviolet/visible and infrared regions. The design of a cell is very
important in SEC studies. Most of the cell designs can be grouped inlo two categories; transmittance
cell and refleé\t&nce cell, the former being more common for studies of solution species and the latter
motre suitable for elecirode surface studies!®l. UV /Vis SEC cell is often designed as a transmiktance
cell, while IR SEC cell has both kinds of designs!®*!, However the design for a reflectance SEC cell
has some disadvantages compared with that for the transmittance cell. Fist, light throughput of the for-
mer one decreases due 10 reflected losses. Second, alignment of the IR beam is much more difficult if
a reflectance cell is used. Furthermore the transmittance cell can be used ro moniror the changes of the

species in bulk selution without the interference of compounds absorbed on the elecirode surface-*), In

the various transmittance cell designs, there are many factors should be considered such as the mater:-
als of cell body . window, optic path length. Here, we specially considered the geometry of the cell

cavity tq. minimize chmic potential drop and edge effect. Finally the construction of the eell should be

simple so that the cell can be disassembled and reassembled easily.

This paper reports the design and characierization of a novel optically transparent thin laver clec-
trochemical (QOTTLE) cell. Edge effect and ohmic potential drop of the cell are greally minimized.
Good voltammetric characterization and high quality specrra were obtained with the cell. All kinds of
common windows. such as MaCl, KBr, CaF.:, monocrystalline silicon, guartz etc. can be applied and

varied easily aceording to the wavelength range required.

1 Experiment

1.1 Cell construction
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Figure 1 Schematic illustration of the thin layer spectroclectrochemical cell
WE.: Pt mini grid. CE; Pt foil. RE.: Ag/AgCl ot Ag Foil
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An lustration of the SEC c¢ell is given in Figure 1. The SEC cell includes main body . windows.
silicone rubber gaskets. and a commercially available stainless steel sample holder for 1R ligquid sample
measurement. The main body of the cell consists of Teflon-brass clinchers, three Teflon spacers,
plarinum mini grid working electrode. platinum foil counter electrode and silver or AgCl-coated silver

foil “pseudo-reference™ electrode. Three electrodes are arfanged parallelly and closely to minimize

ohmic potential drop. The cell cavity is divided into three chambers. Small pathways between cham-
bers allow electrans to flow from one chamber to the other. Solution is limited in chambers. In this

way ., edge effect 1s eliminated in a large degree with small encugh ohmic potential drop. Compounds

generated in the counter electrode chamber wiil not interfere reactions on the working electrode. Optic

length of the cell is defined by spacers. Because of the low infrared melar absorption ceefficient,

which is about 100~ 1000 L « mol™! » em™’. if the cell is extra thin. the high sample concentration

and the long time to collect FT-IR spectra will be needed to obtain higher sensitivity. 1t also causes

problems such as chmic polarization and inaccurate control of potential. In this study . the eptic length

we designed is (. 2 mm. The cell optic length(b) is calculated by counting the number of IR interfer-
ence stripes (a) in certain region{v-v:, cm~') for empiy cell. The equation is b=ux/2(1-13). For

the cell is assembled with a few screws it can be disassembled and reassembled easily. 1n this design.

the pressure seal manner can ensure no leakage over the normal experimental periocds. The whole cell is
airtight except the twa openings of the grooves. The effect of 1the alr is small encugh 1o ignore,

A three-electrode configuration is utilized in the cell. Working electrode is a sheet of platinum mi-
ni grid {127 wire/inch 0. 93 1. 5 em? dimension and (. 11 mm thickness, 42% transmittance)}. Plat-
inum foil (0. 07 mm thickness) as the counter electrode and silver foil or AgCl- coated silver foil
(0. 07 mm thickness) as the pseudo reference electrode are used.

1.2 Resgents and instrumentation

Acetonitrile ¢ AR ), with 1A molecular sieves eliminating the residual water in advance. was puri-
fied by distillation. Perchlorate tetrabutylammonium { TBAP) was prepared and purified according to
[10_. Ferrocene{A.R. ) was purified by sublimation. Ferricyanide (A, R. ) and Potassium Chloride
were recrystallized from double distilled water and dried at 120 T for 24 h. Deuterated water is of G.
R. grade. All other chemicals are of A. R. grade. Except the Ferrocene was dissolved in MeCN and
Ferricyanide was dissolved in D.0O for |R-SEC experiments, other solutions were prepared in water
which was twice distilled in quartz distiller.

UV -Vis spectra were recorded with a UV-240 spectrophotometer (Schimadz, Japan). Infrared
spectra were recorded with a Nicolet Model DX FT-1R spectrometer (Micolet, USA). Electrochemical
measurements of thin layer cell were performed with a Model 100B electrochemical analyzer {BAS,
USA ). Quartz plates were used for UV /Vis region and Potassium Bromide windows or monocrystalline
silicon windows which have 58%; transmission were used for infrared region.

1.3 Procedure

Solutions were prepared and thoroughly degassed by bubbling nitrogen prior to being injected into

the SEC cell via hypodermic needle. A BAS- 100B analyzer was emploved to carty out the cvelic

voltammetric experiments and the chronocoulometric experiments. Spectroelectrochemical data were
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recarded by potential-dependent mode. The spectra were recorded after the potential had been main-
tained for 1 min to achieve equilibrium. UV /Vis spectra were recorded corresponding to an empty ret-
erence cell. The infrared spectra were presented in the “potential difference™ mode; reference spec-
trum was recorded at base potential (Base potential means at which species were in initial state). The

difference IR spectrum was obtained by subtracting spectrum at each different potential with the refer-

ence spectrum.

2 Results and discussion

2.1 Electrochemical characterization of OTTLE cell
Figure 2{A) shows the thin layer cyclic voltammograms of ferrocyanide /ferricyanide couple in 1

mol » L~! KCl solution. The cyclic voltammetric curves are symmetrical redox peak. Peak current ra-

o{i,. f1,..) €qual to one. As shown in table 1, with the decreasing of scan rate, the half-peak width

tends to the desired value{90. 6 mV) which has been derived theoretically for reversibfle couples under

T
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Fligure 2 (A) Thin layer cychic voltammograms of 1. & mmot » L= K;Fe(CNs v 1 mol « L™'KClL,
scan rate/ (mV/s), <ad)l, (b2, (c)3, (d)4, (ei5, 26, ()7, (n)J8, ()9, (10 RE; Ag/AgC] foul
(B) Than layer cyclic voltammogram of 0. 5 mmol = L~ ferrocene in MeC'N, (. 1 mol » L~! TBAP. '
scan rate; 5 mV/s RE. Ag/AgCl foil

ideal thin layer cell conditon '), The peak to peak sepatation also tends to zero. Peak shape tends to .
be more symmetrical. The cutrent is near the baseline after the peak value. Since the ohmic polariza-

tion always effects the peak width, peak to peak separation as well as peak shape. and edge effect al-

ways make the current not return to the baseline after peak valuel''], the result of the cyclic voltammo-

gram demaonstrated that the effect of ohmic polarization and edge effects are successfullif restrained in

great degree. The cyclic experiment was also carried out in non-agueous solvent system{ (. 1 mmol -

L ! farrocane in MeCIN . with (. 1 mol « L~! TBAP), which has high soluticn resistance. However,

fairly symmetrical waves and a peak to peak separation of 15 mV at & scan rate of 1 mV /s indicated

that the cell can be applied to non-aguecous systems without serious ghmic polarization effect and edge
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effect. The results show that the cel] design permits accurate control of the potential either in aqueous
of in non-agueous systems. According to the ideal thin layer theory ., the peak currenc(:, ) 15 directly

proportional to the scan race f+). In the cxclic voltammetric experiment of the ferrocvamde/ ferri-
cyarude couple (0. 3 mmal » L7') in 1 mol » L7 KOl solution, it was found from the plat of log 1.

CA) versus log »(V/s) that, {a) when r was less than 4 mV/s. log 1, Wwas proportional to log « with

a slop of 1 and intercept of —2. 93, (b) when » was higher than 15 mV /s. log i, was propoftional to

log © with a slop of 0. 5 and intercept of — 2. 18. The results indicate that {a) is corresponding to the

pure thin Iayer behavior and (b) is corresponding to the pure semiinfinite diffusion controt-'*1. The re-
lation of &, and » for reversibte couples, (1) for {a) and (2} for {(b), were given by [11].

Table 1 Thin Layer Cyclic Voltammogram Data for 1 mmol « L~ K,Fe(CN)¢ in 1 mol - L™! KC1 Solution

PIAMY IS mimA e fMA £padimy e oim¥ VEpat Ep el 2/mV 18,/ mV SA) o M 14 s smV
1 15. 8% 16.71 257 245 25t 12 54 94
2 9. 85 40,33 260 249 230 20 5z 4a
3 412, 56 13. 17 263 235 250 27 1oz 1461
4 54. 15 55. 43 2B 234 250 a1 106 108
5 63. 4u BA. 13 2B6 231 49 a5 112 12z
100 415. 4 410. 6 280 Z18 248 B4 - —

(1)6==9. 39 10Fa"rCS . (2)1,=2. 690 10%0 340, 20 |

where a=1, £h=7.6 <107 {cm?/s). 4{cm") is the area of the clectrode., »{V /s) is scan rate,
7 {mol « L.™') is the concentration of the electroactive species. V(L) is the effective volume of the
thin layer cell. According to the equations, we can calculate the apparent area{,,,) of the mini grid
elecirode (3. 18 cm®) and effective volume of the cell (14. 0 pL). The calculated area approximates o
the real area (2. 90 cm?) of the mini grid electrode and the calcutated effective volume approximates
to the result getting from the experiment of chronccoulometry for | mmaol « L™! KsFe(CNY. in 1 mol
+ L7! KCl golution (16. 6 pLY. It indicates that cur proposal is reasonable and the cell has the high
qualiry to cerrificare the theory. The results also demonstrated that at low scan rate the chmic polariza-
tion effect was the main effect that caused the peak to peak separation and at high scan rate the congri-
bution of the diffusion effect became more important. These facts are in good agreement with previous
report-'31,
2.2 Spectroelectrochemical chatacterization of OTTLE cel

UV /Vis spectra for 10 mmal » L™' K;Fe{CNY: in 1 mot » L' KCl aqueous solurion are shown in
Figure 3. The absorbance changes at 418 nm and 300 nm represented the conversion of ferricvanide to
ferrocyanide. The absorbance at either 418 nm or 300 nm was used to get Nernzl;t‘plot, The slop of 60
mV (r=1. 03) and intercept of 0. 228 V{vs ApCl/Ag) are close 1o the expected value. The results in-
dicaried the utility of this cell for UV/Vis region. Figure 4 shows the potential-dependent thin laver
FTIR difference specira for 15 mmel « L' ferrocen in MeCN. 0. 1 mol « L™' TBAP gystem. The re-
versible spectra change of absorbance at 857 em™! and 823 cm ™' can be observed clearly, which
demonstrated the quantitative conversion of the ferrocen /ferrocenium ion couple. The fact is in good a-

greement with the results that have been reported in [ 14].
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Figure 3 UV /Vis spectra of KyFe(CN ), with potential dependeni mode
controlled potential; Volf (vs AgCl/Ag})

Because of the strong absorbance uf warter, it
15 difficult to carry out IR-SEC studies of aquecus
system with OTTLE cell.

applied the cell to agueous system. Figure 5 shows

Here. we successfully
the FT-IR difference spectra for 2. 7 X 107" mol
« L' KiFe(CNJsin 1 mol » L~" KCl sclution.

The caonversion of the ion pair can be observed
clearly and the quality of the spectra is as good as
those obtained by SNIFTIRS (Subtraétivcly nor-
malized interfacial FTIR spectroscopy )™, That
shows the cell is suitable to be applied to aguecus

system in 1R-SEC study.

3 Conclusion

In summary, by comprehensively considering
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Figure 4 FTIR difference spectra of ferracene

(15 mmol « L™'in MeCN, 0. ] mol « L TBAP)
base potential; + 0. 2V (vs Ag pseudoreference
elecirode)

different ratio factor. 1 : |, scan times |0

various factors, such as ohmic polarization., edge effects, sensitivity., capability of acquired spec-

troscopy data, respdnse time. airtight property and so on, we carefully designed the geomerric con-

struction of the OTTLE cell and obtained sartisfactory spectroelecttochemical performance for testing

compounds in aguecus and non-agueous systems with the designed OTTLE cell. The cell has the versa-

tility for the spectral technigues, shert equilibrium time , case of assembly and disassembly. With sim-

ple constructicn and inexpensive fabrication, it will be easier to construet high quality cell for SEC stud-

jes than before.
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Figrure 5 FTIR difference spectra of 27 mmal - L= K;Fe{CNJgmn { mal « L~' KC]
Reference spectrum was tecorded at 0. 13V tws ApCl/Agr. Different factor [ = [. scan times 75
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