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Electrochemical cell for in situ x-ray diffraction under ultrapure conditions
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An electrochemical cell has been developedifositu x-ray diffraction from a working electrode
under clean conditions equivalent to ultrahigh vacuum conditionsxaf@ ° mbar. The substrate
crystals can be preparezk situand transferred into the cell under protection of ultrapure water
within a few seconds. The oxygen level in the electrolyte is reduced by continuoflewto less

than 0.2% compared to that of a fresh electrolyte. This can be done while rotating the cell by 360°
about the surface normal. The electrode potential is accurately measured at the position of the
crystal using a Luggin capillary and a standard reference electrode. We demonstrate the
performance of our cell bin situ synchrotron x-ray diffraction measurements on ultrathin Co layers
electrodeposited on @@01) in an aqueous §80,/CoSQ, solution. © 1998 American Institute of
Physics[S0034-67488)00204-4

I. INTRODUCTION (i) the transfer of the substrate, which may have to be pre-
paredex situ(as, e.g., Cy into the cell has to be done fast,
Numerous electrochemical cell designs have been puhinder ultrapure conditions and protected from contact to air
lished in the literature for x-ray diffraction measurementsto avoid contamination and oxidation of the substrate sur-
with synchrotron radiation in transmission and reflectionface;(iii) the potential of the working electrodl&/E, i.e., the
geometry:~ These cells have been usually machined out ofrystal should be measured accurately in a three electrode
Teflon or Kel-F with o-ring sealings. Mylar windows and a configuration using a Luggin capillary and a standard refer-
thin electrolyte layer in front of the substrate surface areence electrode in order to achieve reproducible current—
usually used to achieve low x-ray absorption. However, avoltage characteristicgjv) the cell should be rotatable by
fast sample transfer into these cells with the sample surfacg60° about the surface normal of the crystal to allow a proper
protected from air would be difficult and an situ removal  alignment of the crystal(v) the Mylar window should be
of oxygen from the electrolyte is not possible. Significanteasily and quickly exchangeable without contamination of
changes in the cyclic voltammograms during diffractionthe cell.
measurements have been repeatedly repdtétlis known We present a cell which has been proven to fulfill these
that Cu easily oxidizes in aqueous electrolytes in the presrequirementsFig. 1). We demonstrate its performance by an
ence of oxyged-° We have shown that the reproducible x-ray diffraction study of ultrathin Co films deposited from
electrodeposition anih situ investigation of ultrathin mag- an aqueous p80,/CoSQ solution onto C(001) which
netic films requires oxygen removal from the electrolyte andvould sensitively react to dissolved oxygen in the electro-
clean conditions which are equivalent to ultrahigh vacuumyte.
conditions of 5< 10" ° mbar!! Therefore, x-ray diffraction
at such base metal substrates, at surfaces with a high affinih/
to oxidation, or at overpotential deposited thin filppsirticu- '
larly Co on C001)], requires an electrochemical cell which The cell (Fig. 1) has been made of Duran glass to
fulfills additional requirements compared to the usual cellachieve the cleanest conditions similar to a previous cell for
designs: electrochemical scanning tunneling microscog8TM)
(i) It must be deaerateable by inert gases, like nobleneasurements. The connections to the cell are made by
gases or B to reduce the oxygen content in the electrolyteglass joints to prevent contamination by other materials.
to a minimum, thereby avoiding unwanted reactions at the  The 6 um thick Mylar window is sealed with Apiezon
substrate surface and avoiding unwanted cathodic currents imax on top of a specially machined male joint. It is the
the double layer range. Low base currents in the current-eutermost point at this end of the cékig. 1, right side.
voltage characteristics are required to achieve a charge res®hus, angles of incidence down to 0° can be realized.
lution equivalent of 0.02 ML during thin film depositidn; The substrate is mounted at the end of a glass tube; the
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N; outlet synchrotron N, bubbles are generated by a frit as indicated in Fig. 1.
counter 4 radiation These bubbles are a second reason for using glass as a ma-
electrode electrolyte : terial for the cell, because the bubbles would stick to the

I walls of the cell if they were machined out of Teflon. Inlet

I grazing and outlet to the cell can be closed by valves to apply over-
|

| incidence and underpressure to the interior of the cell.

I The voltammetry in the cell can be done with the Mylar
micrometer I 6um Mylar window inflated by a slight M overpressure, providing an
screw = window approximately 2 mm thick electrolyte layer between the

i (deflaed) crystal surface and the Mylar window, to avoid diffusion

j+«—inflated limitation of the cell current, as is the case in the thin layer
/ geometry used for the x-ray measurements.
Cu (100) A thin layer geometry during the x-ray diffraction mea-

surements is realized by stopping the flow, closing the
valve at the bottom of the cell, and by applying a small

substrate joint

g:niO_meter K v underpressure to .the interior of thelscell. This provides an
. . electrolyte layer thickness of 10—20m~ and a smooth My-
capillary lar window across the substrate surface.
. * The small N gas reservoir at the top of the cell does not
- N, inlet reference

influence the measurements, since the geometry guarantees
contact of all electrodes to the electrolyte during a 360° ro-
FIG. 1. Electrochemical thin electrolyte layer cell: The cell is mounted tation of the cell. In particular, there is no interference of the
horizontally on the diffractometer which is schematically indicated at thegas bubbles with the electrodes.
left side of the figure. The cell can be rotated about its horizontal axis. All parts of the cell are routinely cleaned in a mixture of
concentrated $60,/H,0, and sterilized in ultrapure water.
electrical contact is made by a Pt wire glued to the back offhus, we achieve the required clean conditions mentioned
the substrate using a silver epoxy glue. All electrically con-above.
ducting areas of the crystal except for the oriented surface
are isolated with a lacquer against the electrolyte. The tub
(and substratecan be adjusted towards the Mylar window fil. VOLTAMMETRY
by means of a micrometer screw which is mounted on the To test the performance of our cell, we investigated ul-
male substrate jointFig. 1, left side. This joint, micrometer trathin Co layers electrodeposited onto a(@i) surface in
screw, substrate holdér.e., glass tube and crystal can be an aqueous electrolyte of 0.1 M,80;+1 mM CoSQ. The
exchanged as a whole, if the corresponding joint of the celbletails of the preparation of the @01) surface by electro-
points upwards, so that the electrolyte cannot flow out. Thichemical polishing in PO, have been published in Ref. 12.
enables particularly a fast insertion of WE into the electro-  The current in the double layer range betweeh00 and
lyte under potential control. Additionally, the crystal can be —600 mV is reduced to less thargdd/cm? if the electrolyte
electrochemically polished or cleanes sity and then trans- is carefully deaerateésolid curve in Fig. 2. This residual
ferred into the cell with the crystal surface protected againsturrent results mainly from the charging of the electrolytical
contamination by a drop of ultrapure wat@villi- Q plus).  double layer during the voltage sweep of 10 mV/s. The typi-
This can be easily repeated if necessary. The crystal surfa@al increase of the cathodic current in the double layer range
is also protected during removal from the cell, since a droparound— 300 mV, related to @reduction'* as seen in the
of electrolyte remains on the crystal surface while the crystatiotted curve in Fig. 2(partially deaerated electrolytas
is pulled out of the liquid. This is essential if surfaces have tocompletely missing. The current variation aroun@00 mV,
be investigated which cannot be cleaneditu (e.g., Coin  which could be attributed to Oreduction, is less than
the electrochemical cell. 0.05uA/cm?. A possible electrochemisorption of oxygen
We use a saturated calomel electrd8€E as reference species[e.g., Cu«OH),4J, as reported for Qd1l) elec-
electrode(RE), since this standard reference provides reprotrodes in aqueous electrolytescannot be observed. The
ducible cell potentials during long measurement times. It idashed curve in Fig. 2 shows the cyclic voltammogram of a
connected to the Luggin capillary in the cell by an approxi-freshly prepared electrolyte. Comparison of the current—
mately 1 m long polyethylene tube to allow the rotation of voltage characteristics of the completely deaerated and of the
the cell. Using a Luggin capillary, we are able to measurdresh electrolyte shows that the oxygen level in the electro-
accurately the WE potential at the substrate position as indiyte is suppressed by more than a factor 500 aiftesitu
cated in Fig. 1. The counter electrod€E) is a Pt wire, bubbling with N,. Oxidation of Cu to CyO or CuO would
separated by a frit from the volume of the cell to avoid pol-be observed around 550 mV (and is expected only in alka-
lution of the electrolyte by reaction products. A large surfaceline solution3.’® The measured anodic charge between
area of CE is not necessary, because of the low cell currents 100 and —50 mV is related to the oxidation of Cu to
which do not exceed significantly 10@A during the film  Cuw?". This anodic charge equals the corresponding cathodic
deposition. charge during the re-deposition of Cu within the accuracy of

1cm electrode
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FIG. 2. Current-voltage characteristics in an aqueous electrolyte of 0.1 M'/G- 3 (@ In-plane[2,—2] diffraction peak of the clean €001 surface.
H,S0, without CoSQ to show the effects of oxygen removal on the volta- (b) In-plane[2,—2] diffraction peak of 12 ML Co/C(001). Both scans are
mmetry. The potentials are measured with respect to the saturated calomil the in-plane[2,—2] direction. The presence of Co is detectable by an
electrode(SCB. The arrows indicate the cycling direction of the voltage a@Symmetric broadening of the peak profile comparedafoGauss fits are
sweep with 10 mV/s. The increase of the cathodic current bet@00 mV drawn as dashed lines, Lorentz fits as dotted lines, and the sum of both as
is caused by blevolution at the substrate. The Cu dissolutiaTcrease of solid lines. The angle of incidence was 0.3° with respect to the surface
anodic current starts around-80 mV. (Dashed curvecyclic voltammo- plane, the photon energy was 8.5 keV.

gram of a fresh electrolytédotted curveincompletely deaerated electrolyte

still showing the increase of cathodic current in the double layer range

around — 300 mV caused by ©Oreduction to HO, or H,O; (solid curve keV below the K edge of Cu. Surface sensitivity was

carefully deaerated electrolyte. The remaining current betwe&d0 and . L o i
—600 mV is mainly caused by the charging of the electrochemical double‘e‘Ch'eved by an angle of incidence of 0.3° with respect to the

layer during the voltage sweep. crystal surface.
The in-plang 2,— 2] diffraction peaks of clean G001

) and 12 ML Co/Cg@001) are shown in Figs. @ and 3b),
the measurement in the case of the completely dea‘?rat?gspectively. The Cu peakFig. 3a)] was fitted using a
electrolyte (solid curve in Fig. 2, whereas it IS approxi- gayssian line shape with a small contributi@% of the

eIectronte_(dashed_curve in Fig.)2 Th_|s str(_)ngly suggests rocal lattice unitqrlus), that of the Lorentzian component is
that there IS OX|_de_1t|on or_electrochemlsorptmn "’!t the Cu SUt.0026 rlu. The origin of this two component line shape is
face evenin acidic solutions mediated by the dissolved OXybasically the diffraction from surfaces showing atomic-scale
gen in the electrolyte. roughness which results in a Bragg and a diffuse scattering
intensity component”*® The electrodeposited &ig. 3(b)]
is detectable by a broadening of the Cu diffraction peak at
2.000 rlu and by an additional peak in the line shape com-
pared to(a). This additional peak is centered at 2.022 rlu,
As an example for the application of our electrochemicalwhich corresponds to an in-plane lattice constant of 3.575 A,
cell, we show x-ray diffraction measurements of the elec-1.1% smaller than the in-plane lattice constant of(8 6147
tropolished C(001) crystal without Co and with 12 ML Co/ A).
Cu(00]1). The experiments were carried out at the BW2  The detailed crystallographic investigation of ultrathin
beamline at HASYLAB, using focused radiation of the 56 electrochemically grown Co/C001) will be published in
pole hybrid Wiggler. The photon energy was 8.5 keV, 0.5Ref. 19.

IV. X-RAY DIFFRACTION
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