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Abstract

Gold disk ultramicroelectrodes of 10 µm and microelectrodes of 60 µm di am e ter were fab ri cated us -
ing gold wires. These ul tra and microelectrodes were char ac ter ized by elec tro chem i cal mea sure ments and 
us ing scan ning elec tron mi cros copy (SEM) for de ter min ing the real shape of the sur face, and ob tain ing in -
for ma tion about the qual ity of the seal at the elec trode ma te rial-in su lat ing ma te rial in ter face.

Key words: Cyclic vol tam metry; gold ul tra mi croe lec tro des; mi croe lec tro des; scan ning elec tron
microscopy.

Fa bri ca ción y ca rac te ri za ción de ul tra
y mi croe lec tro dos de oro

Re su men

Mi croe lec tro dos de oro de 10 y 60 µm de diá me tro fue ron fa bri ca dos uti li zan do alam bres de oro.
Estos mi croe lec tro dos fue ron ca rac te ri za dos elec tro quí mi ca men te y uti li zan do mi cros co pía de ba rri do
elec tró ni co para de ter mi nar la for ma real de la su per fi cie y ob te ner in for ma ción acer ca de la ca li dad del se -
llo en tre la in ter fa se del me tal y el ma te rial aislante utilizado en la construcción del electrodo.

Palabras clave: Voltametría cíclica; ultramicroelectrodos de oro; microelectrodos; microscopía de
barrido electrónico.

In tro duc tion

Gold was se lected as it is rea son ably in ert
and al lows sub strates to be ma nip u lated in air
with less con cern for con tam i na tion. In con tact
with an aque ous elec tro lyte, it is cov ered with an
ox ide film in a broad range of an odic po ten tials.
On the other hands the use of gold sub strates is
im por tant to the mo lec u lar self-as sem bly pro -
cess of thiols since this kind of chem i cal com -
pound pro duces high qual ity films due to the
spon ta ne ous ad sorp tion of thiol units on its sur -
face [1-4]. The ap pli ca tion of highly or ga nized or -
ganic monolayers con sti tutes a prom is ing ap -
proach to elec trode mod i fi ca tion and the gold
sub strate seems to be the best for ob tain ing this
goal. A se ries of fac tors must be con sid ered when
an elec trode is fab ri cated. Pa ram e ters such as

ge om e try, elec trode ma te rial and in su lat ing ma -
te rial, are the main fac tors that con trol the fab ri -
ca tion of these de vices [5-7]. A very good ge om e -
try is re quired to ob tain a well de fined dif fu sion
field around the elec trode sur face. More over the
elec trode ma te rial and the in su lat ing ma te rial
must be sta ble in the elec tro lyte me dia used.

Dif fer ent ma te ri als have been used as in su -
lat ing ma te rial around metal wires. The most
com mon of these ma te ri als is glass. This type of
ma te rial has been suc cess fully used due to its
me chan i cal strength, which pro tects frag ile
metal wires. More over, glass ma te ri als are sta ble
in most elec tro lytes, which is an ad van tage for
main tain ing a very clean elec trode sur face. The
seal be tween the elec trode ma te rial and the glass
is gen er ally ob tained by melt ing the glass around
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the elec trode ma te rial. The meth ods for do ing
this de pends on the melt ing point of the elec trode
ma te rial. The qual ity of the seals be tween the
elec trode ma te ri als and the in su lat ing ma te ri als
de pends on the dif fer ence of the ther mal ex pan -
sion co ef fi cient be tween them, which must be
small or zero, so that the elec trode ma te rial does
not shrink away from the in su lat ing ma te rial as
the as sem bly cools. The for ma tion of air bub bles
around the in ter face, be tween the elec trode ma -
te rial and the in su lat ing ma te rial can af fect the
qual ity of the seal. For that rea son, the pro cess of
seal ing is gen er ally car ried out un der vac uum
when glass ma te ri als are used as in su la tors.

Other in su lat ing ma te ri als such as ep oxy
resin are formed around the elec trode ma te rial
with out the need to use high tem per a tures for ob -
tain ing the seal. This type of in su lat ing ma te rial
is much softer than glass ma te ri als.

In for ma tion about the qual ity of the seal be -
tween the ma te rial used as elec trode and the in -
su lat ing ma te rial and the shape of the disk can
be ob tained by mi cro graphs of the sur faces of the
disk and the bound aries of the in ter face be tween
the elec trode ma te rial and the in su lat ing sub -
strate. Scan ning elec tron mi cros copy (SEM) is
par tic u larly use ful for map ping the mor phol ogy
of the microelectrode sur face. The qual ity of the
seal may also be eval u ated by ca pac i tance mea -
sure ments.

In the pres ent work, some in situ meth ods
(cy clic voltammetry and ca pac i tance mea sure -
ments) and an ex situ method (scan ning elec tron
mi cros copy) were uti lized for the char ac ter iza tion 
of the gold disk fab ri cated.

Ex per i men tal

Con cen trated re agent grade 70% HClO4,
KF, was ob tained from Fluka; this chem i cal was
used as re ceived. A sup port ing elec tro lyte so lu -
tion of HClO4 was treated with pu ri fied ac tive
char coal for gas ad sorp tion (par ti cle size
0.85-1.70 mm) from BDH to elim i nate or ganic
im pu ri ties, which can be ad sorbed on the elec -
trode sur face. Gas eous N2 was passed through
the so lu tion in the cell for 15 min be fore mea -
sure ments were made.

Gold disk elec trodes were fab ri cated with
gold wires of 0.01 mm and 0.06 mm di am e ter,

99.99% (Goodfellow Metal). The fab ri ca tion of
gold ultramicroelectrodes proved to be a dif fi cult
task. Sev eral at tempts were made us ing dif fer ent
types of glass and ep oxy to ob tain a good seal be -
tween the gold and the in su lat ing ma te rial. The
main dif fi culty for re pro duc ing a good seal stems
from the rel a tively large dif fer ence be tween the
ther mal ex pan sion co ef fi cients of the gold and
glass, which pro duces a large gap at the
gold-glass in ter face. A mix of soft glasses was em -
ployed to ob tain a ma te rial with a ther mal ex pan -
sion co ef fi cient near to that of the metal
(14.2×10–6 m/m °C). How ever, this method was
not suc cess ful when gold wires of 0.01 mm were
used. It was found that us ing a com pos ite of
AralditeTM CY1301 + Hard ener HY 1300 from
Ciba-Geigy Plas tic, very good seals be tween the
gold and the com pos ite could be ob tained. The
gold wires were cleaned chem i cally with 1:1 con -
cen trated H2SO4/H2O. This so lu tion re acts vi o -
lently with most or ganic ma te ri als and must be
han dled with ex treme care. The wires were rinsed 
with ultrapure wa ter and dried in an oven for 30
min. Each gold wire was then sol dered to a nickel
wire and threaded through a glass pi pette un til
the gold pro jected out of the pi pette tip by at least
2 mm. The com pos ite was then added to the pi -
pette. The ep oxy was al lowed to harden at room
tem per a ture for 24 hours and then in an oven at
70°C for 5 hours. The glass tube was cut flat to
ob tain the gold ultramicrodisk. The ultramicro -
electrode was pol ished with dif fer ent grades of
alu mi num ox ide sheet (lap ping Film, 3M; 30 and
3  ± m) and with 0,3  ± m alu mina 8Buehler), us ing 
ultrapure wa ter as lu bri cant. Af ter this clean ing
pro ce dure, they were rinsed and sonicated for a
few sec onds in ultrapure wa ter to re move alumna 
from the elec trode sur face. In ad di tion, the gold
ultramicroelectrodes and gold microelectrodes
were treated elec tro chem i cally by cy cling be -
tween 0 and 1.45 V vs. SCE in 0.2 mol dm–3

HClO4. The ultramicroelectrodes were rinsed
with ultrapure wa ter and trans ferred to the cell
where the ex per i ment was car ried out, tak ing
care to leave a drop of wa ter on the elec trode sur -
face dur ing the trans fer.

Elec tro chem i cal ex per i ments were car ried
out us ing a sin gle com part ment cell with a two
elec trodes con fig u ra tion. The cell was cleaned by
us ing a so lu tion of H2O/H2SO4 (1/1), and rins ing 
with ul tra pure wa ter to re move re sid ual or ganic.
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A sat u rated Cal o mel elec trode (SCE), model
K4040 from Ra di om e ter Elec trodes, and a plat i -
num quasi-ref er ence elec trode were used as ref -
er ence elec trodes in dif fer ent ex per i ments.

Cy clic voltammetry ex per i ments were car -
ried out us ing a wave form gen er a tor (Hitek In -
stru ments) cou pled to a cur rent am pli fier with a
low pass fil ter (sen si tiv ity of 0.01 µA V–1), built
in-house. The am pli fier and the cell were placed
in an earthed metal Far a day box.

The so lu tions were deoxygenated be fore
each ex per i ment and all the ex per i ments were
car ried out at 20°C.

Re sults and Dis cus sion

The char ac ter iza tion of gold elec trodes was
car ried out us ing phys i cal and elec tro chem i cal
mea sure ments. The qual ity of the seal be tween
the elec trode ma te rial and the in su lat ing ma te -
rial as well as the shape of the microdisk were in -
ves ti gated by scan ning elec tron mi cros copy. Ca -
pac i tance mea sure ments were also used to check 
the qual ity of the seal and an ox y gen ad sorp tion
method from acid so lu tions was used for de ter -
min ing the ef fec tive area of the elec trodes.

Fig ure 1 shows the cy clic voltammogram
re corded us ing a gold disk of 5 µm ra dius (sealed
in ep oxy com pos ite), for a blank so lu tion of 0.2
mol dm–3 HClO4.

The dou ble layer ca pac i tance was de ter -
mined from the re la tion ship:

C
j

dl
dl=
u

(1)

where jdl is the cur rent den sity in the dou ble layer 
re gion. The value of about 50 µF cm–2 is in agree -
ment with the val ues re ported in the lit er a ture
[8]. The val ues of ca pac i tance ob tained us ing
other microelectrodes qual i ta tively show the
qual ity of the seal be tween the gold and the glass
or ep oxy com pos ite. Ac cord ing to these val ues
and the shape of the voltammograms ob tained,
the elec trodes fab ri cated were clas si fied into two
groups. The first group of elec trodes with val ues
of ca pac i tance less than 70 µF cm–2, ex hib ited
very flat voltammograms. The sec ond group, in
which the val ues of ca pac i tance are higher than
1 mF cm–2, gave voltammograms that were tilted
in di cat ing that so lu tion was pen e trat ing be tween 
the gold and the glass or ep oxy com pos ite.

By us ing the ox y gen ad sorp tion method, it
is as sumed that ox y gen is chemisorbed on a
monoatomic layer prior to O2 evo lu tion with a one 
to one cor re spon dence with sur face metal at oms. 
Know ing that gold has well-de vel oped re gions for
ox ide monolayer for ma tion and re duc tion [9],
this method may be used to de ter mine sur face
ar eas. How ever, the clean li ness of the sur face of
the ultramicrodisk and the so lu tion must be en -
sured. Dur ing ad sorp tion (pos i tive po ten tial
sweep), the mea sured an odic charge may in clude 
ox i diz able im pu rity ef fects and some charge as -
so ci ated with ox y gen evo lu tion. On the other
hand, the charge mea sured dur ing ad sorbed ox y -
gen re duc tion may cor re spond to multilayers (ox -
ide film) of un de fined stoichiometry.

The suc cess ful ap pli ca tion of this method
en tails a care ful se lec tion of the lim its of the po -
ten tial range where the charge cor re spond ing to
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Fig ure 1. Cy clic voltammogram at a gold ultramicroelectrode of 5 µm ra dius (sealed in ep oxy

com pos ite), in 0.2 mol dm-3 HClO4; ν = 60 mV s-1.



ox i da tion or re duc tion should be de ter mined.
Dif fer ent meth ods for clean ing the elec trodes
were tested and ex treme care was taken when
pre par ing the so lu tion. The gold elec trodes were
repolished with 3 and 0.3 al pha alu mina, fol -
lowed by rins ing and sonication with ul tra pure
wa ter for 1 min. Then they were elec tro chem i -
cally treated by cy cling in acid me dia in the po -
ten tial range where the for ma tion of gold ox ide
and its re duc tion oc cur. In ex per i ments car ried
out in 0.5 mol dm–3 H2SO4, the on set of the for -
ma tion of gold ox ide and its re duc tion are shifted
to more pos i tive po ten tials than in 0.2 mol dm–3

aque ous so lu tions of HClO4. This be hav ior has
also been re ported by Kozlowska et al. [10], and it
has been at trib uted to the sul fate ion which is ad -
sorbed more strongly than the per chlor ate ion.
On the other hand, when the elec trode is cy cled
at a high sweep rate in the po ten tial range where
the for ma tion of gold ox ide and its re duc tion oc -
cur, the voltammogram changes af ter the first cy -
cle, and it was found that the rough ness of the
microsurface in creases with cy cling time.

Fol low ing these re sults, the char ac ter iza -
tion of these elec trodes was per formed us ing
HClO4 as sup port ing elec tro lyte be cause the
range of po ten tial where ox ide for ma tion and its
re duc tion oc cur can be re duced, hence in creased 
sur face rough en ing avoided. Fig ure 2 shows the
voltammogram ob tained at a gold ultramicro -
electrode in HClO4 aque ous so lu tion. The po ten -
tial scan in cludes the dou ble layer re gion (0.1 to
1 V), as well as the re gion of ox ide for ma tion (1 to
1.4 V). In the dou ble layer re gion, an elec trode
pro cess is ob served around 0.65 V. This shoul der 
is at trib uted to the ad sorp tion of the ClO4

- an ion
[10]. In the re gion of ox ide for ma tion, re place -
ment of the ad sorbed an ions by OH- oc curs and
two peaks are ob served. The first peak at 1.25 V
is at trib uted to the for ma tion of the first
sublattice of OH- de pos ited in be tween ad sorbed
an ions [10]:

[ ] [ ]M A M H O M A MOH H ex x
- - + -+ ¾ ®¾¾ + +2 (2)

The sec ond peak at 1.35 V has been at trib -
uted to the de po si tion of OH– ac com pa nied by
desorption of the an ions [11]:

M A H O M MOH A H ex x
-

-
- + -+ Û + + + +2 1 (3)

A peak is ob served on the cath odic side of
the voltammogram be tween 0.85 and 0.9 V,
which cor re sponds to the re duc tion of ad sorbed
ox y gen (ox ide strip ping).

The shape of the voltammogram is sim i lar to
that re ported for polycrystalline gold [9]. The ef fec -
tive area of the gold ultramicroelectrode was cal cu -
lated tak ing into ac count that the cath odic charge
in aque ous so lu tions of HClO4 in creases al most
lin early with the ap plied po ten tial above 1.2 V and
that this charge is in de pend ent of pH [12].

The charge value (QB) used was taken from
the curve cath odic charge vs an od iza tion po ten -
tial re ported by Brummer et al. [12]. This value
and the charge ob tained ex per i men tally by in te -
gra tion of the ox ide strip ping peak (Fig ure 3) were 
used to cal cu late the real area of the microdisc
from the ra tio:

A
Q

Qreal
B

=
exp

(4)

The ap par ent ra dius was cal cu lated by as -
sum ing that the ultramicroelectrode is an ideal
disk:

r
Areal=

p
(5)

For a se ries of ex per i ments car ried out at 60 
mV s–1, us ing gold wires of 10 µm di am e ter, the
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Fig ure 2. Cy clic voltammogram at a gold
ultramicroelectrode of 5 µm ra dius (sealed in

ep oxy com pos ite), in 0.2 mol dm–3 HClO4;
ν = 70 mV s–1.



value of ap par ent ra dius ob tained was 4.80 ±
0.13 µm. This value cor re sponds closely to the
nom i nal value of 5 µm.

Fig ure 4A shows a fam ily of voltammo grams
ob tained on a gold ultra micro electrode of 10 µm
di am e ter, with sweep rates from 10 to 100 mV s–1.
Since the peak heights are lin early de pend ent on
the sweep rate (Fig ure 4B), it was con cluded that
the elec trode pro cesses re spon si ble for the peak
are sur face pro cesses and not dif fu sion of some
electroactive spe cies from the so lu tion.

Fig ure 5A shows a fam ily of voltammo -
grams with an an odic limit in creas ing in 50 mV
steps from 1.25 to 1.45 V. It is ob served that the
area un der the ox ide strip ping peak in creases
with the in crease in the an odic po ten tial limit.
Fig ure 5B shows the be hav ior of the cath odic
charge cal cu lated, from the area un der the strip -
ping peak. It is seen that the vari a tion of the cath -
odic charge with the po ten tial is al most lin ear.

Scan ning elec tron mi cros copy (SEM) was
em ployed for the char ac ter iza tion of the qual ity,
shape and size of the elec trodes and ultramicro -
electrodes fab ri cated.

Fig ures 6A and 6B show the SEM pho to -
graphs ob tained for a trans verse sec tion of a
10 µm di am e ter gold wire sur rounded by ep oxy.
It is nec es sary to point out that all pho to graphs
were taken with out per form ing the com plete
clean ing pro ce dure re ported above.

Fig ures 7A and 7B, show the SEM pho to -
graphs for a gold ultramicroelectrode (60 µm di -
am e ter) sealed in glass that ex hib ited an an oma -
lously high ca pac i tance value (Fig ure 7B). Again,
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Fig ure 3. Cy clic voltammograms at: A) a gold
ultramicroelectrode of 5 µm ra dius (sealed in
ep oxy com pos ite); B) a gold microelectrode
sealed in glass (60 µm di am e ter) in 0.2 mol

dm–3 HClO4; ν = 60 mV s–1.

 

 

Fig ure 4. A) Cy clic voltammograms re corded at a gold ultramicroelectrode sealed in ep oxy for the
sys tem 0.2 mol dm–3 HClO4; ν = 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mV s–1;

B) Cur rent den sity (strip ping peak) ver sus sweep rate plot from data in A.
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Fig ure 5. A) Cy clic voltammograms re corded at a gold ultramicroelectrode sealed in ep oxy
for the sys tem 0.2 mol dm–3 HClO4; ν = 60 mV s–1; B) Charge vs. po ten tial plot from data in A.

Fig ures 6A and 6B. SEM pho to graph of a gold ultramicroelectrode fab ri cated with gold wire
(10 µm di am e ter) sealed with ep oxy.

Fig ure 7A and 7B. SEM pho to graph of a gold microelectrode fab ri cated with gold wire
(60 µm di am e ter) sealed in soft glass, show ing bub ble for ma tion.
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the SEM showed that the high ca pac i tance arises
from leak age due to an air bub ble trapped at the
gold-glass in ter face, which pro duces a gap at the
in ter face. How ever, it is seen that the bound ary
be tween the ep oxy and gold is very sharply de -
fined, in di cat ing a good qual ity seal. From these
pic tures, it is also ob served that the di am e ter of
each disk is about 10 and 60 µm re spec tively.

Con clu sions

Elec tro chem i cal tech niques for the char ac -
ter iza tion of the real area, and ap par ent ra dius of
elec trodes must be ac com pa nied with scan ning
elec tron mi cros copy mea sure ment, for de ter min -
ing the real shape of the sur face, and for ob tain -
ing com plete in for ma tion about the qual ity of the
seal at the elec trode ma te rial-in su lat ing ma te rial
in ter face.

The re pro duc ible con struc tion of well
sealed gold ultramicroelectrodes us ing glass ma -
te ri als is not an easy task, be cause glass has a
lower ther mal ex pan sion co ef fi cient than gold.
The use of an ep oxy resin, which has a higher
ther mal ex pan sion co ef fi cient than glass, ap -
pears to of fer a sim ple, low cost and highly suc -
cess ful method for pre par ing gold ultramicro -
electrodes.

This kind of in su lat ing ma te rial does not
pro duce changes in the elec tro chem i cal re -
sponse. It is not un sta ble in aque ous elec tro lyte
me dia and for that rea son these in su lat ing ma te -
ri als can not dis solve caus ing con tam i na tion of
the elec tro lyte, and de te ri o ra tion of the seal.
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