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The electrodeposition of Mo/MoOx from dimethyl sulfoxide has been investigated and influence of bath
wosition was studied. The Mo/MoOx thin films were deposited on copper substrates by the electrochemical
hod from dimethyl solfoxide solution with bath composition citric acid and boric acid. Among the experimental
strodeposition parameters, only the concentration ratio of additional substances to molybdate ions was varied to
iyze its influence on mechanism of induced Mo/MoOx deposition. Voltammetry was one of the main techniques,
ich was used to examine the voltammetric response, revealing that Mo/MoOx deposition depended on the nature
the species in solution. When optimal potential is applied, a colored Mo/MoOx thin film is formed on the
ctrode. Physical - Chemical ICP-OES analysis was used to corroborate the Mo/MoO, thin film almost presence

the substrate. Intermediate Mo/MoOx was characterized using scanning electron microscopy (SEM),

mpositional analysis was determined with X-ray photoelectron spectroscopy.

Introduction. Molybdenum is called refractory metal. About 80% of molybdenum produced is used
metallurgical applications such as alloys. The ability of molybdenum to withstand extreme temperatures
ithout significantly expanding or softening makes it useful in applications that involve intense heat,
cluding the manufacture of armour, aircraft parts, electrical contacts, industrial motors and filaments.
olybdenum is also used in steel alloys for its high corrosion resistance and weldability. Molybdenum
mtributes further corrosion resistance to "chrome-moly" type-300 stainless steels (high-chromium steels
at are corrosion-resistant already due to their chromium content) and especially so in the so-called
Iperaustenitic stainless steels (such as alloy AL-6XN). Molybdenum acts by increasing lattice strain, thus
icreasing the energy required to dissolve out iron atoms from the surface. .

The electrodeposition of molybdenum has been attempted in the past by many investigators with little
r no success. Electrodepositions of metallic molybdenum from non-aqueous baths (i.e., solutions of
1olybdenum salts in organic solvents or in liquid ammonia) have been investigated [1-2]. During the last
gw years, the use of non-aqueous solvent for a variety of applications has been widely investigated. Many
esearchers have succeeded in co-depositing Mo together with iron group metals [3-12]. Previous
avestigations show that it is not possible to electrochemically deposit molybdenum alone from aqueous
ystem, reason being molybdenum metal ions form complexes immediately with OH— [13, 14]. The
wrpose of the present work is to study the feasibility of using DMSO and DMSO/H,;0O mixtures as
tlectrolyte for the electrochemical deposition of molybdenum.

Experimental work. All reagents used were analytical grade. Salts were dried at suitable temperature

o remove humidity. The composition of the electrolytic bath was as follows: ammonium molybdate
(NH4)sM0,0,4), LiCl, boric acid (H;BO3), citric acid C¢HsO5, distilled water (DI H,O) and DMSO.
- In order obtain Mo coating; two different electrolytic baths were studied. The electrochemical
measurements were performed in a conventional three electrode Flat Cell Kit (model K0235) using a
potentiostat/galvanostat, model VersaSTAT 3 from Princeton Applied Research equipment and
VersaStudio software.
- The layers were deposited on a copper (99.9%) foil substrate (working electrode). Which was prepared
by mechanical polishing; with sand paper one side. Geometric surface area of copper plates was 1 cm’. A
platinum mesh (4 cm®) served as anode (counter electrode). The distance between electrodes was
‘approximately 9 cm. A standard calomel electrode was used as a reference. The cell configuration allows
for the contact of the electrode’s silver wire with electrolyte solution by a plastic tube that runs close to the
working electrode.

Electrochemical experiments were performed in quiescent conditions, voltammetric experiments were
‘carried out at 50 mV s, scanning initially towards negative potentials. Only one cycle was run in each
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voltammetric experiment. Recurrent potential pulses experiments were performed a constant potential and
time.

The deposits were examined with Auriga cross-beam scanning electron microscope (SEM) from Carl
Zeiss NTS, the elemental composition was determined an X-ray analyzer incorporated Oxford INCA X-
max 80 SDD EDS system equipment. The efficiency of deposits preparation was calculated by comparing
the deposition charge and the chemical analysis of the films. For chemical analysis, the deposits were
dissolved in 5 ml of a 5% nitric acid solution and the resulting samples were analyzed using a Varian
Vista MPX inductively coupled plasma spectrophotometer with an optic emission detector (ICP-OES).
Certified standard solutions of molybdenum ions containing rhodium as an internal standard were used to
calibrate the instrument.

Results and discussion. Based in a review of the literature [15-17], boric and citric acid were chosen
as addition species, two kinds of voltammetric responses were observed the citric and boric acid
concentration range. |

For LiCl + molybdate solutions in the presence of citric acid 0.001 and 0.01M, boric acid 0.003 and
0.03M, deposition began slightly after -1V (Fig. 1, 2). The negative scan revealed a double reduction peak
on the both of figures, which might be showed the electrodeposition of Mo/MoOy occurs two steps, first
step should be Mo/MoOy, and second step should be higher valance of molybdenum compound or
reduction of bath composition. But the positive scan revealed no oxidation peak, which was supposed
deposition of molybdenum compound doesn’t get oxidation process.
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Fig. 1. Cyclic scan voltammogram Fig. 2. Cyclic scan voltammogram L
of 1 M LiCl + 0.01 M (NH4)6M07024 xM citric acid of I M LiCl + 0.01 M (NH4)6Mo07024 xM boric acid
in dimethyl sulfoxide solutions, at 50 mV/s scan rate. in dimethyl sulfoxide solutions, at 50 mV/s scan rate.
(a) x =0.001, (b) x=10.01 (a) x =0.003; (d) x = 0.03

Moreover, the charge involved in the first and second reduction processes were decreased
increasing the citric and boric acid concentration (Fig. 1 and 2, curve a, b).

Can be supposed, citric and boric acid was more helpful for decomposition of DMSO, also prevent
deposition of molybdenum compounds. Because both of these acids produce more protons. Table
corroborated this supposition. The films were deposited to sue recurrent potential pluses methods differe
constant potentials and time (20 minutes). Furthermore, ICP-OES analysis revealed that the molybdenu
compound decreased greatly when the presence of acids in the bath solution.

A sample was prepared by potentiostatic electrodeposition at -1.2 V for 20 minutes. It was form
from IM LiCl + 0.01 M (NH4)sMo;0,4 dimethyl sulfoxide solution presence 0.001M boric acid. A green-
yellowish colored film was deposited over the Cu substrate. Figure 3 shows a surface SEM image of the
deposited film. SEM examination revealed that the deposits were homogenous and coherent. Table 3
shows the EDS results for the deposited film at three locations. Every location’s molybdenum percentage
is approximately similar, that was corroborate the film was spread co-ordinate on the substrate.
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Table 1. [IPC-OES analysis of solution obtained after dissolving films in 5 ml of 5% nitric acid. The bath employed
for preparing the films contained 0.01M concentration of molybdate and variable acid concentrations

Cl mol- I i 0.75 -1 -1.2 -1.35 -1.75 -1.90 -2 -2.15
citric 0.001 0 0.0019 | 0.0119 | 0.0254 | 0.0368 0.0429 0.0469 0.0519
0.01 0 0.0005 | 0.0089 | 0.0162 | 0.0222 0.0314 0.0340 0.0402
bodic 0.003 0 0.0061 | 0.0113 0.0246 | 0.0420 0.0490 0.0593 0.0653
0.03 0 0.0017 | 0.0093 0.0154 | 0.0218 0.0315 0.0372 0.0499

e ———
500um Electron Image 1

Fig. 3. SEM micrograph of a deposit obtained recurrent potentially pulses at -1.2V on metallic copper substrate,
IM LiCl + 0.01M molybdate in DMSO solution presence 0.001M boric acid.

Table 2. EDS results micrograph of a deposit obtained recurrent potentially pulses at -1.2 V on metallic copper substrate,
1 M LiCl + 0.01 M molybdate in DMSO solution presence 0.001M boric acid

Spectrum C (0] S Cl Cu Mo Total

Spectrum] 4.35 10.90 0.24 0.13 78.07 6.31 100.00
Spectrum2 5.37 12.44 0.09 0.00 75.74 6.36 100.00
Spectrum3 5.53 15.17 0.06 0.14 71.26 7.85 100.00

The relatively high percentage of oxygen suggests the presence of mixed metallic molybdenum-
olybdenum oxide film. Small amounts of the chloride and sulfide were also detected in supporting
ectrolyte and the DMSO.

Conclusions. Among aprotic dipolar solvents (ADRs), one of the most suitable solvent for the
lectrochemical processes is dimethyl sulfoxide (DMSO) because of its properties such as high dielectric
nstant and solvating power. However, supporting electrolyte is important for ADRs, LiCl was used for
pporting electrolyte and was examined the influence to DMSO electrochemical properties.

Many researchers have succeeded in co-depositing Mo together with iron group metals and with
ditional species citrate and boric acid [18-21], so this work although test additional species citric and
ric acid, but the results not good for DMSO solutions. Reason is that complexation between molybdate
d citrate is stronger, as demonstrated by the corresponding complex formation constants (HMoO,Cit",
dog K, — 8.08; H,MoO,Cit", log K; - 6.27; H;MoO,Cit*, log K3 — 21.74). The complexation is broken
when the presence of iron group metals in solutions.
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AUMETHIICYJIb@OKCHJL EPITIHIICIHEH MOOyx KABLIPILAYBIH
SJIEKTPOTYH/IBIPY JIA JIMMOH JXXOHE BOP KbILIKbIJIJAPbIHBIH OCEPI

By xymbicta numeTniacyisdokenn epitingicinen Mo/MoOX 2J1eKTPOXHMHSIBIK TYHABIPY KOHE J1EKTPOI
KYpambIHBIH acepi 3epTresuti. MbIc TeceMeciHae KypamblHAA JIMMOH jkoHe GOp KBILIKbUIZAphl Oap AUMETH
cynb(OKCHA EpITIHAINEH 3MEeKTPOXUMHANBIK TOTHIKChI3aHy HoTwkecinze Mo/MoOx jkxyka kabwipmarsl Ty3im
Monub1aT HOHBIHBIH 3/IEKTPOXHMHSIIBIK TOTHIKChI3IaHybIHA JIKMOH JKaHE GOp KbIMIKbULIAPHIHBIH OPTYPIi KaThiHA
Tarbl KOHILEHTpauuachiHaa Mo/MoOx kaOblpiiarbiHBIH Ty3UTy MeXaHu3MiHe acepi KapacTbipbUimbl. Mo/MoC
MEKTPOXMMHAILIK TYHIBIPY €pTiHI TaOWraThlHa Tayeniui ekeHi aHbIKTamael. Dnektpox Gerinae Tycti Mo/MoC
KaOBIPIIAFbIHBIK Ty3UTyiHe THMII norteHuuan (-1,2B) ekeni aHbikranasl. ONTHKa-3MHCCHOHABIK CMEKTPOCKOIM
KYPBUIFBICBIHBIH KeMeriMeH ajiekTpon Oerinze Mo/MoOx kanramaceiHblH Gap ekeHAiri xonenmeHsai. DaeKTp
GeriHze Ty3iireH KaGbIPILIAKTHIH yAKeHTLINeH oToCypeTTepi TyCipiin, peHTreH CNexTpi TalIayIaphl Kacasl.

Ax6ap Jloyneméaii”', Bawunzmon Bpaiioa’, Muxaur Haypwis6aes', Jleina Kyopeesa'

BJIMAHUE JIMMOHHOM X BOPHOM KUCJIOThI
HA TTPOLIECC DJIEKTPOOCAXAEHUS IUTEHKHA MOOy, U3 TUMETUJICYJIbOOKCUIA

Hccnenoansl anektpoocaxkaenne Mo/MoOX U3 pacTBopa IMMETHICYTLOKCHAA W BIMAHHE COCTABA INMEKTPE
nuta. Ha MeIHOM NOUTOKKE M3 PacTBOpa AMMETHICYTb(HOKCHIA B KOTOPOM CONEPKHTCS NUMOHHas M GopHa
KHcioTa o6pasoBasics ToHKas rieHka Mo/MoOx. PaccMOTpeHO BinsiHHE COOTHOIIEHHA KOHLEHTPALMK numonﬂoﬁ\
GOpHOI KHCIOTBI Ha MexaHW3M obpasoBanus mienkn Mo/ MoOx. [lpu norenumane -1,2B popmupyercs ToHKa
Mo/MoOx ruienka Ha anektpone. [To pesynbraTaM pEHTTEHOCNEKTPAIbHOIO AHAMH3A, ONTHKO — 3MHCCHOHHO
CMEKTPOCKONHH H 3/IEKTPOHHOH MHKPOCKOMMH MOXHO NpEINOJIOKHTh, YTO HAIWYHE 3THX BOJH COOTBETCTBYH
00pa3oBaHHIO Ha MOBEPXHOCTH METALTHYECKO# 110/U10KKA Mo/MoOX ruIeHKH.
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