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Nanostructures and Capacitive Characteristics of Hydrous
Manganese Oxide Prepared by Electrochemical Deposition

Chi-Chang Hu** and Chen-Ching Wang

Department of Chemical Engineering, National Chung Cheng University, Chia-Yi 621, Taiwan

Amorphous manganese oxide deposits with nanostructdessoted as a-MnOnH,0) were electrochemically deposited onto
graphite substrates from 0.16 M Mn$GH,O with pH 5.6 by means of the potentiostatic, galvanostatic, and potentiodynamic
techniques. The maximum specific capacitance of a-MnB,0 deposits plated in different modes, measured from cyclic
voltammetry at 25 mV !, is about 230 F g' in a potential window of 1.0 V. The high electrochemical reversibility, high-power
characteristics, good stability, and improved frequency responses in 0.1 ,8MIONdor these nanostructured a-Mp@H,O

deposits prepared by electrochemical methods demonstrate their promising potential in the application to electrochemical super-
capacitors. The nanostructure of a-Mn@H,O, clearly observed by means of a scanning electron microscope, was found to
depend strongly on the deposition mode. The similar capacitive performance of all deposits prepared in different modes was
attributable to their nonstoichiometric nature with a very similar oxidation state, demonstrated by XPS spectra.
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Batteries and capacitors are usually the electrical energy storagetoichiometric manganese oxiddenoted as a-MnQ@nH,0) with
devices in many applications. The energy density of the former deexcellent capacitive characteristi¢se., high reversibility, high
vices is usually much higher than that of the latter while the powerpulse power density, acceptable capacity, and good stat;}ﬁifg)‘?
density of the latter devices is several orders of magnitude higherrpys, a-MnQ-nH,O prepared by anodic deposition is expected to
than most primary energy storage units. Since the demand for powege one of the most promising potential candidates in the application
sources delivering significant energy in the high-power or pulse-tg supercapacitors.
power form has increased, the development of capacitors with high |n our previous study, the capacitive behavior as well as the
energy densitiegi.e., supercapacitorsfor these applications has  strycture of a-MnQ-nH,O films was probably affected by the depo-
been an interesting subject of much resedftMoreover, itis now  sjtion variables and the deposition mod&4¢ The purpose of this
reasonable to separate the power and energy delivering devices in &fiork is to show how the electrochemical deposition mode influ-
integrated power system to enhance their respective performanc@nces the nanostructure of a-Mp@H,0 deposits. The ideally ca-
This point of view is supported by the fact that supercapacitors havepacitive performance of this hydrous oxide with an acceptable ca-

been found to significantly improve the service life of some primary pacity in the potential window of ca. 1.0 V is also discussed.
energy storage unifs® further attracting the attention of many

researchers® Exoerimental
The energies stored in supercapacitors mainly come from either Xpermenta
the electrical double-laye(dl) capacitance of the materials with The a-MnQ-nH,O deposits were electroplated directly onto

high specific surface are$® or the faradaic pseudocapacitance of 10 x 10 X 3 mm graphite substrate@Nippon Carbon EG-NPL,
electroactive materials with several oxidation st&®&he former N.C.K., Japan). These substrates were first abraded with ultrafine
devices are also called dl capacitors, usually consisting of highlySiC paper, degreased with acetone and water, then etchedina 0.1 M
porous carbon materiai>>°The latter devices are also called capt- HCI solution at room temperatufea. 26°C) for 10 min, and finally
teries or pseudocapacitors since the mechanism of energy storagiegreased with water in an ultrasonic bath. The exposed geometric
within the electroactive materials is very similar to that of recharge-area of these pretreated graphite supports is 4 while the other

able batteried:>6-8:10 surface areas were insulated with polytetrafluoroethyl¢HEFE)

Due to cost considerations, cheaper candidates with good capactoatings. The plating solutions, consisting of 0.16 M
tive characteristics have attracted much attention. Since pseudoc@nSQ,-5H,0 with pH of 5.6, were stirred on a hot plate during the
pacitance comes mainly from the reversible redox transitions of thedeposition process. The deposition was performed by the potentio-
electroactive materials, transition-metal oxidesy., oxides of Ru,  static method at 0.8 Vdenoted as a-MnQ@nH,O-P), the galvano-

Mn, Mo, V, Cr, W, Re, Ni, Co, et¢.and conducting polymers with  static mode at 3.7 mA ciif (a-MnQ,-nH,O-G) with a total passed
several oxidation states or structures are considered to be promisingharge of 0.3 C cmé, or cyclic voltammetry(CV) at 10 mV st
materials applicable in supercapacitbfs>®'9*?Recently, hydrous  petween 0.4 and 1.0 V for 30 cycles (a-Mp®H,O-CV). After
manganese oxides prepared by the sol-gel-derived, chemical copreteposition, the PTFE films were removed from the electrodes. These
cipitation, or cyclic voltammetric methods were found to possesselectrodes were first rinsed with a flow of pure waterdar30 s and
capacitive-like Characteristi{'%ﬁ although the electrochemical re- then d|pped into a beaker Containing pure Wamrroom tempera-
versibility of the redox transitions within manganese-oxide-basedture) that was stirred by a hot plate for 5 min. After cleaning, these
electrodes, suitable for rechargeable battefiés usually too low to  electrodes were dried in a vacuum oven at room temperature over-
be applicable for supercapacitors. However, the capacity of a venpight.
thin MnO, film (1-4 wg cm 2) prepared by the sol-gel-derived The oxide loading of hydrous oxide-coated electrode is the
method is unacceptable although its specific capacitance is very higlyveight difference of the electrode without PTFE coating before and
(ca. 700 F g 1.3 Moreover, pure a-Mn@nH,O prepared by a  after the application of oxide deposition as obtained with a mi-
chemical coprecipitation method was found to possess poor capactrobalance with an accuracy of 10y (Sartorius BP 211D, Ger-
tive characteristics due to the high resistance of bulkmany). The average Iloading for the a-Mp@H,O-P,
a-MnQ,-nH,0.'* Based on the above points of view, anodic depo- a-MnQ,-nH,0-CV, and a-MnQ-nH,0-G was 0.24, 0.22, and 0.17
sition was successfully developed to prepare an amorphous and nomag cm 2, respectively. The X-ray diffractioiXRD) patterns ob-
tained from XRD analysi¢Rigaku X-ray diffractometer using a Cu
target)at an angle speed of 420) min~! show that all oxide de-
* Electrochemical Society Active Member. posits prepared with the different electrochemical modes are amor-
2 E-mail: chmhcc@ccu.edu.tw phous(not shown here). Surface morphologies of these oxide depos-
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Figure 1. SEM photographs
of (ad) aMnQ-nH,O-P, (b,e)

a-MnQ,-nH,O-CV, and (c,f) a-MnQ,

-nH,O-G.

its were examined by a scanning electron microsd@&M, Hitachi  addition, the electrolytes containing 0.1 M )&0,, used to study
S-3500, Japan). X-ray photoelectron spectroscG$RS) measure-  the capacitive behavior of a-Mn@H,0, were degassed with pu-
ments were performed with an ESCA 2(0MG Scientific Ltd) spec-  yified nitrogen gas before measurements, and a nitrogen blanket was
trometer. XPS spectra employed MgKhv = 1253.6 eVjirradia-  ysed during the measurements. The solution temperature was main-

tion as the photosource, with a primary voltage of 12 kV and antained at 25°C by means of a water thermo$tAAKE DC3 and
emission current 17 mA. The analysis chamber pressure during20).

scans was approximately 18 mbar.

Electrochemical measurements for a-Mn@H,O deposits were Results and Discussion

erformed by means of electrochemical analyzer systems, CHI .

233A (CH Ingtruments, USA The impedance sgectrun{ analyzer,  Nanostructures of aMnO,-nH,0.—Typical SEM photographs
IM6 (ZAHNER, Germany, with Thales software, was employed to fOr a-MnQ-nH,0-P, a-MnQ-nH;0-CV, and
measure and analyze the ac impedance spectra. The potential amp=MnQ;-nH,O-G deposits are shown in Fig. 1a, d, b, e, and ¢, f,
tude of the ac was equal to 10 mV while the frequency range wagespectively. In Fig. 1a, the morphology of a-Mp@H,0-P is rela-
from 100 mHz to 30 kHz. All experiments were carried out in a tively rough, consisting of many large spherical grains under lower
three-compartment cell. An Ag/AgCl electrodérgenthal, 3 M SEM amplification. However, under higher magnification of 50,000
KCI, 0.207 Vvs.saturated hydrogen electrode at 25%@&s used as  times, these large grains are found to be composed of many short
the reference and a piece of platinum gauze with an exposed areldinO, rods with a mean diam afa. 15 nm(see Fig. 1d). Moreover,
equal to 4 crfi was employed as the counter electrode. A Luggin these rods are entangled with each other to form the relatively com-
capillary, whose tip was about 2 mm from the surface of the working pact spherical grains. In Fig. 1b, a-Mp@H,O-CV is highly po-
electrode during voltammetric measurements, was used to minimizeous and uniform. The morphology of this deposit clearly shows a
errors due tdR drop in the electrolyte. nanostructure in a three-dimensioitaD) network. In addition, no

All solutions used in this work were prepared with 180Mm obvious grain boundaries can be found on this deposit. In Fig. le,
water produced by a reagent water systiLLI-Q SP, Japan), and  the mean diameter of these Mp@anowires is about 20 nm and the
all reagents not otherwise specified in this work were Merck, GR. Inaverage diameter of the mesopores is about 100 nm. Moreover, sev-
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Figure 2. SEM photographs of
a-MnQ,-nH,O-CV with (a,c) 5 and
(b,d) 10 cycles of CV deposition be-
tween 0.4 and 1.0 V.
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eral mesopores are filled with Mg@ilms. In Fig. 1c, the morphol- ~ changing the deposition modes. In addition, the difference of peak
ogy of a-MnQ-nH,O-G is very similar to that of Separation between Mn. 3p and 2p,, is about 11.5 eV for a]l .
a-MnO,-nH,O-CV while a grain-like morphology under lower SPectra, further supporting the above statement since the binding
SEM magnification is found for the former deposit. Under higher energy difference of Mn 24 and 2p, can be used to indicate the
magnification of 50,000 times in Fig. 1f, a nanostructured morphol-0xidation state of Mrt? On the other hand, the broad peaks of Mn
ogy in a 3-D network is also clearly found while the mean diam of 2p;, and 2, in these spectra indicate that a-Mp@H,0 is a

the MnQ, nanowires isca. 30 nm and the mespores of this deposit
are much larger than those on Mp@H,0O-CV. A comparison of

Fig. 1a-f reveals two facts. First, the morphology of a-Mn@H,0

is strongly dependent upon the deposition mode, which should sig-
nificantly influence the utilization of MnQduring electrochemical
energy storage. Second, through electrochemical deposition, nano-
structured MnQ materials can be prepared easily.

In order to gain more information about the 3-D nanostructured
a-MnQ,-nH,0 film, the morphology of a-Mn@nH,O-CV with 5
and 10 cycles of CV deposition are shown as Fig. 2a, ¢ and 2b, d,
respectively. In Fig. 2a, the rough surface of this a-Mm®,0-CV
electrode is due to the macrorough nature of graphite substrates that
are completely covered with many spherical oxide grains under
lower SEM amplification. These spherical oxide grains, under
higher magnification of 50,000 times, are composed of hundreds of
a-MnQ,-nH,O nanowiregsee Fig. 2c). On the other hand, when 10
cycles of CV deposition are applied, these grains are merged into
larger grains while their grain boundaries become relatively unclear
(Fig. 2b). Moreover, the diameter and length of the a-MmBi,0O
nanowires become larger and longer with increasing numbers of
deposition cyclegFig. 2d). Based on the above results and discus-
sion, a-MnQ-nH,0O nanowires should be easily formed by the CV
deposition technique.

In order to gain constructive information about a-MpeH,O
prepared with different deposition modes, the binding energy of the
oxymanganese species was examined in this work. Typical XPS 635 640 645 650 655 660526 528 530 532 534
spectra of Mn 2, ;/,, and O 1s for various a-MnGnH,O depos- Binding energy / eV
its prepared by different modes are shown in Fig. 3. The broad peak
of Mn 2p,, in Fig. 3a-c is located around 642.0 eV, indicating that Figure 3. XPS spectra in@-c) Mn 2py, 15, (d-f) O 1s region for(a,d),
the mean oxidation state of Mn is not significantly affected by a-MnQ.-nH,0-P, (b,e), a-MnQ-nH,0O-CV, and(c,f) a-MnQ,-nH,0-G.

(®)

Intensity
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Table I. The relative amount of Mn(ll), Mn (lll), and Mn(lV) as well as Mn-O-Mn, Mn-O-H, and H-O-H within a-MnO ,-nH,0O-P,

a-MnO,-nH,0O-CV, and a-MnO,-nH,0-G.

Mn 2p O 1s
Mn(l1) Mn(lll) Mn(1V) Mn-O-Mn Mn-O-H H-O-H
a-MnQ,-nH,0-P (2p3) 13.86 29.69 56.45 64.21 25.68 10.11
(2py) 13.91 29.46 56.63
a-MnQ,-nH,0-CV (2p3) 17.98 24.30 57.72 71.74 14.82 13.44
(2py) 16.29 23.34 60.37
a-MnQ,-nH,0-G (2p3) 16.89 27.90 55.21 60.34 23.07 16.59
(2py) 15.18 26.86 57.96

mixture consisting of oxy-/hydroxyl-manganese species in variousgradual increase in cathodic currents occurringaat0.15 V on the

oxidation states. Accordingly, Mn 3pand 2, spectra are decom-
posed into three pairs of constituefitg., for Mn 2, 641.7, 642.4,
and 642.9 eV, respectively The above result reveals that all

negative sweep of curves 1-3 and the presence of an barely de-
tectible anodic peak ata. 0.12 V on the corresponding positive
sweep also suggest the presence of a relatively irreversible redox

a-MnQ,-nH,O deposits electroplated by different modes can becouple. Thus, the lower limit of operational potential window for

considered as an oxide aggregation consisting ofIMnMn(lll),

this electrode material in supercapacitors should be positive of 0 V.

and Mn(IV) species. From a comparison of Fig. 3d-f, the main peakBased on the above results and discussion, the suitable potential
of O 1s is located around 529.8 eV, which is approximately inde-window for the operation of an a-MnH,O supercapacitor in
pendent of the deposition mode. However, the relative amount ofN&,S0O, should be between 0 and 1.0 V.

Mn-O-Mn, Mn-O-H, and H-O-H is a function of deposition modes
when the O 1s spectrum is decomposed into three constit(ients
529.7, 530.9, and 531.8 eV, respectiyély?! Based on the relative
area of the constituent peaks for Mng2p 2p,,», and O 1s spectra,
data corresponding to the relative amount of (Min Mn(lll), and
Mn(lV) as well as that of Mn-O-Mn, Mn-O-H, and H-O-H are
shown in Table I. Note that the relative amounts of (M Mn(lll),
and Mn(lV) calculated from Mn 2§, and 2p,, are approximately

Due to the high power demand in supercapactt®ié®and the
fact that the power property of an electrode material is strongly
dependent upon the electrochemical kinetics of redox
transitions:>71%11the power property of various a-M@H,O
deposits prepared by different electroplating modes is examined by
changing the scan rate of CV. Note that for an ideal capacitor, the
dependence of capacitive curreritspn scan rates, v, of CV obeys
the following equation wher€ is the capacitané®

equal, indicating the good fitting of these XPS spectra. Based on the

data shown in Table |, the mean oxidation of Mn in
a-MnQ,-nH,0-P, a-MnQ-nH,O-CV, and a-MnQ-nH,O-G is
3.43, 3.40, and 3.38, respectively. Accordingly, all a-Mn@,0

i=CXv [1]

Accordingly, voltammetric currents must be directly proportional to

deposits prepared in this work are undoubtedly of a nonstoichiometthe applied scan rate. Hence, Eq. 1 can be used to examine the high
ric structure. In addition, this nonstoichiometric nature is believed topower property of potential materials for supercapacitors, based on
be responsible for the amorphous structure of a-in®,0 plated the deviation of current from linearity at a specified scan rate. Typi-
with different electrochemical modes. Based on the relative area ofal results of capacitive currents against the scan rate of CV for

the three constituents for O 1s, anhydrous Mn oxide., Mn-O-
Mn) should be the main species in a-Mp@®H,O. However, a sig-

a-MnQ,-nH,0-P, a-MnQ-nH,0O-CV, and a-MnQ-nH,O-G de-
posits measured in 0.1 M N&O, are shown in Fig. 5. Note the

nificant amount of Mn-O-H and water species can be found in thesdinear dependence of voltammetric currents on the scan rate from 5
a-MnQ,-nH,O deposits, revealing their hydrous nature. From theto 50 mV s, revealing the high power property of all
above results and discussion, a-Mn@H,O deposits plated with
different modes possess a nonstoichiometric structure with a hy-
drous characteristic. Moreover, the mean oxidation state of Mn is
not significantly affected by changing the deposition methods.

Capacitive characteristics of-nO,-nH,O0.—Typical CV dia-
grams of a-MnQ-nH,O-P, a-MnQ-nH,O-CV, and
a-MnQ,-nH,0O-G deposits measured in 0.1 M )&0, at 50 mV s*
are shown in Fig. 4 as curves 1-3, respectively. Note that there are &
no obvious redox peaks betweea. 0.15 and 0.85 V on curves 1-3 g
and the large background currents on these curves are not attribut- i
able to the dl responses. These results reveal the ideality of capaci- g
tive performance for a-Mn@nH,O deposits plated by electro- T
chemical methods. Moreover, all curves show a rectangular-like and
symmetric voltammogram at a high scan rate, demonstrating the
high power property of this electrode material. On the other hand, a
gradual increase in voltammetric currents commencirgaad.85 vV
on the positive sweep of these curves and an poorly defined reduc-
tion peak found ata. 0.9 V on the following negative sweep indi-
cate the presence of a redox pair in this potential region. This redox 0 0.2 0.4 0.6 0.8 1
couple probably catalyzes the oxygen evolution reaciofER) E/(V vs. Ag/AgCl)
since this reaction has been found to be catalyzed by several redox
couples with suitable redox potentidfsHence, the upper limit of Figure 4. Cyclic voltammograms of (1) a-MnQO.-nH,O-P, (2)
the operational potential window for a supercapacitor employinga-mnQ,-nH,0-CV, and(3) a-MnQ,-nH,O-G measured in 0.1 M N8O, at
a-MnQ.-nH,O as the electrode material should k&.0 V. The 50 mV st
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Figure 5. Current(i) vs.scan ratev) plots, where values were obtained at  Figure 7. A Nyquist impedance spectrum of a-Mp@H,0-CV measured
0.5 V from CVs for(1) a-MnQ,-nH,0-P, (2) a-MnQ,-nH,0-CV, and(3) at the OCR~320 mVvs.Ag/AgCl) in 0.1 M N&SO,.
a-MnQ,-nH,O-G in 0.1 M NgSO0,.

shown in Fig. 6. Note that the specific capacitance of all deposits
a-MnQ,-nH,O deposits in NgSO, (e.g., the specific power of gradually decreased to about 95% of the original value after 100
a-MnQ,-nH,O-G can reach 12 kW/RgIn addition, the capacitance cycles of the CV test while a very slow degradation rate is found in
deduced from the slope of lines 1-3da. 35.1, 39.3, and 31.4 mF the following 400 cycles. The total loss in specific capacitance for
cm 2 for a-MnQ:nH,0-P, a-MnQ.nH,0-CV, and aMnQ-nH,0-P, a-MnQ-nH,O-CV, and a-MnQ-nH,0-G de-
a-MnQ,-nH,O-G deposits, respectively, which depends on the ox-Posits was 7.6, 5.8, and 7.5%, respectively, after the 500 cycle CV
ide loading. Moreover, the above capacitance values are smalleiest. The low loss in specific capacitance of these a-MnB,0
than those deduced from the voltammetric charges integrated frondleposits demonstrates their good stability in,8@, and their
their CV curves measured at 25 mVs(i.e., 38.6, 42.7, and 38.4, promising potential in the application to electrochemical superca-
mF cmi 2, respectively), probably due to the contribution of the pacitors.
redox currents at potentials negative of 0.1 V or more positive than Recently, many efforts have focused on increasing the power
0.9 V. On the other hand, the large pseudocapacitance and highensity and improving the frequency response of potential electrode
power characteristics do indicate that a-MaH,O deposits plated ~ materials for supercapacito?$?® The key factor influencing the
with different electrochemical modes are potential candidates for thepower and frequency performance of an electrochemical superca-
application to electrochemical supercapacitors. In addition, their cafacitor is the equivalent series resistatieSR) that is mainly de-
pacitance is approximately constant over a relatively wide potentiatermined by the charge-transfer resistance of the redox reactions
region (i.e., fromca. 0.1 to 0.9 V), revealing the ideally capacitive (especially for electroactive materiglshe electronic conductivity
responses of this material in the test electrolyte. of electrode materials and the ionic conductivity of electrolytes. In
The stability of various a-MnQ@nH,O deposits plated by differ- addition, the freq_uency rgsponses_of an electrode mat_erial_ can be
ent modes was also examined in this work by the application ofclearly characterized by investigating the electrochemical imped-
repeated potential cycling in N8O,. Typical results of ance spectréElS) through means of the equivalent circuit model. A -
a-MnQ,-nH,0-P, a-MnQ-nH,O-CV, and a-MnQ-nH,O-G are typical Nyquist impedance spectrum, measured at the open-circuit
potential (OCP, ~320 mV vs. Ag/AgCI) in 0.1 M NgSQ,, for
a-MnQ,-nH,O-CV is shown in Fig. 7.
250 In Fig. 7, an impedance arc of a one-fourth circle is visible in the
high frequency region; meanwhile a small arc is merged into this

M\% N 1 S & semicircle in the middle-frequency region for this EIS spectrum.
200 2 This small impedance arc is also visible for a-Mn@H,O-G while
A A pany pany A it is absent for the a-Mn@nH,O-P deposit. This small arc may be

A, 3 attributable to the mesoporous and 3-D network nanostructures of
150 p the former two a-MnQ-nH,O deposits, which also increase the
utilization of Mn oxide. The high frequency arc is attributable to the
dl process since the response of this process should be much faster
100 f than that of a faradaic reaction. In the low frequency redicm

<70 Hz), an approximately vertical increase in impedance on the
imaginary part is visible with decreasing the ac frequency. This re-

CIF g

50 sult demonstrates that the low frequency impedance responses show
typical capacitive characteristics, which should be mainly governed
0 A N 1 2 1 2 L n by a faradaic process of the electroactive material. In addition, the
0 150 300 450 600 capacitive responses in the low frequency region reveal the

capacitive-like characteristics of the redox transitions within
a-MnQ,-nH,O. Note that the onset frequencies where
Figure 6. Specific capacitance decay fofl) a-MnQ,-nH,O-G, (2) a-MnQ,-nH,0-P, a-MnQ-nH,0-CV, and a-MnQ-nH,0-G begin
a-MnQ,-nH,0-CV, and(3) a-MnQ,-nH,O-P in 0.1 M NaSO, against the 0 behave as a capacitor are equat&o41, 72, and 46 Hz, respec-
cycle number of CV in the stability tests. Cyclic voltammograms were mea-tively, which are much higher than that of an electrode material
sured at 25 mV st in 0.1 M NaSO,. consisting of porous carbon and carbon nanotdh&%This im-

Cycle number
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proved frequency response of a-Mp®H,O may be linked to their
nanostructures, favoring ion exchange during the redox transitions:

From the above results and discussion, supercapacitors composed of

a-MnQ,-nH,0 should have an improved frequency response and a
high power property, consistent with the voltammetric results.

From all the above results and discussion, nanostructured,
a-MnQ,-nH,O deposits fabricated by electrochemical deposition 3.

from MnSQ,-5H,0 with pH of 5.6 exhibit ideally capacitive behav-
ior in Na, SO, for the application to electrochemical supercapacitors.

Conclusions
Nanostructured and amorphous Mp@H,O deposits, fabricated

by potentiostatic, galvanostatic, and potentiodynamic techniqueg?- :
11. C.-C. Hu and C.-Y. Chenglectrochem. Solid-State Leth, A43(2002).

12.
13.

from 0.16 M MnSQ-5H,0 with an initial pH value of 5.6, showed
ideally capacitive characteristicg.e., large specific capacitance,
high reversibility, high power property, and good frequency re-
sponsebetween 0 and 1.0 Vin 0.1 M N8GO, . The specific capaci-
tance of a-MnQ-nH,O was as high asa. 230 F g'* and was found

to strongly depend on the deposition modes, resulting from differ-

ences in the nanostructures. The capacitive performance of all del’: _
18. C.-C. Hu and T.-W. TsolElectrochim. Acta47, 3523(2002).

19. Handbook of X-Ray Photoelectron SpectroscdpyD. Wagner, W. M. Riggs, L. E.

posits plated with different modes was very simitaith the excep-
tion of specific capacitangdecause these deposits showed a very
similar oxidation state with a nonstoichiometric nature, demon-
strated by XPS spectra.
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