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The behaviour of saccharin and N-methylsaccharin during Ni electrodeposition in
electrolytes containing different quantities of sulphate, chloride and hydroxycarbo-
xylic acids anions was investigated by determining consumption rates (V) of addi-
tives and accumulation rates (V) of cathodic reaction products. The hydroxycarbo-
xylic acids and/or chloride anions in comparison with anions of Watts electrolyte
increase I, of saccharin and N-methylsaccharin by accelerating either one or both
cathodic reduction reactions of carbonyl group (with and without hydrogenolysis of
endocyclic C-N bond). The mixtures of the cathodic reaction products of both
additives in all-chloride electrolyte differ from that of Watts electrolyte, and only
the corresponding mixture of saccharin differs in the presence of hydroxycarboxylic
acids at concentrations 0.04-0.10 mol dm= used. The increase of V, of o-toluene
sulphonamide, N-methyl-o-toluene sulphonamide and N-methylbenzyl sultame shows
that the adsorbtion of additives by a carbonyl group was increased. A decrease of
V., of corresponding benzamides allows to suggest the opposite influence of inves-
tigated anions on the adsorbtion of additives by a sulphonyl group. The mechanism
of the action of additives under study is performed by their cathodic reactions. The
transformation process of additives on the cathode depends on their nature, elec-
trolyte and electrodeposit properties and on the competition of all compounds and
ions during adsorbtion on the electrode and in it.
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INTRODUCTION

Saccharin (SAC) additive of class I, which decreases
internal stresses caused by additives of class II or
other compounds in electrolytes during metal or al-
loy electrodeposition have been used till now [1-
24]. The articles about SAC in Ni electrodeposition
published earlier are reviewed in [25]. The influen-
ce of N-methylsaccharin (NMS) on electrodeposi-
tion of Ni [26, 27], Ni-TiO, [28] and Ni-Fe [29] are
investigated. The main cathodic reactions of SAC
[25] and NMS [30-32] in Watts-type electrolytes are
the same (desulphuration, reduction of carbonyl
group with and without endocyclic C-N bond hyd-
rogenolysis), but the accumulation rates (V) of the
products formed differ markedly.

The electrodeposition of Ni may be carried out
in electrolytes containing different anions and is
anion-dependent [33-41]. Chloride ions are adsor-
bed on Ni cathode [42] and serve as a bridge for
Ni?* electrodeposition [43]. The activity of Ni** in

ISSN 0235-7216. Chemija (Vilnius). 2001. T. 12, Nr. 1

12

chloride electrolytes is higher than in sulphate ones
[34, 44]. The electrodeposition potential of Ni is
lower in electrolytes containing a high concentration
(c) of CI" [33, 34] or citric acid [37] than in sulp-
hate one. Organic acids (including hydroxycarboxy-
lic) serve as buffers in electrolytes [35, 45]. The
appearance of electrodeposits and their internal stres-
ses (o) show that SAC are more suitable than ben-
zene derivatives containing only a sulpfonyl group
in all-chloride electrolytes [45].

The direct methods of analyzing adsorbed orga-
nic compounds as SERS are not applied for Ni cat-
hodes. The above methods are used for Ag, Cu and
several other cathodes. The adsorption of o-, m-
and p-isomers of nicotinic acid on Ag cathode from
sulphate and chloride solutions may be given as an
example [46]. All three isomers are adsorbed from
a sulphate solution and only p-nicotinic acid from
chloride one. The second example may be the mo-
de of adsorption of 1-octyne-3-ol on Fe electrode
[47]. The measurements of layer thickness show that
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chloride ions exhibit a pronounced effect on the ad-
sorption and reorientation of 1-octyne-3-ol on the
electrode in acidic solutions.

The investigation of consumption rates (V) of
additives and V, of cathodic reaction products in
electrolytes containing different anions may help to
reveal the changes in the mechanism of additive ac-
tion during formation of electrodeposits.

EXPERIMENTAL

Investigations were carried out in the electrolytes
containing (mol dm=): 1. NiSO, - 7H,0 - 1, NiCl, -
-6H,0 — 0.19, HBO, - 0.48; 2. NiSO, - 7TH,O0 -
-0.27, NiCl, - 6H,0 - 0.31, H,BO, - 0.48, citric acid
- 0.10; 3. NiCl, - 6H,0 - 1.25, H,BO, — 0.48; 4.
N1 + citric acid — 0.04; 5. N1 + citric acid — 0.04,
gluconic acid — 0.02, glucose — 0.04. Reagents and
solvent chloroform were of analytical pure grade.
Organic compounds with the following melting points
were used as the additives: saccharin (SAC), 225 to
226 °C, and NMS, 130 to 131 °C. The concentra-
tions of the additives were selected according to re-
commendations for electroplating solutions. Ni was
electrodeposited in a two-chamber cell made of ac-
rylic plastic with a porous glass diaphragm. A brass
foil was used as the cathode and Ni of N1 grade
served as the anode.

NMS and cathodic reaction products of both ad-
ditives were analyzed by liquid chromatography af-

ter their extraction with chloroform from electroly-
tes at pH ~ 5 [25, 48]. Determination of SAC was
carried out by UV spectra of dilluted Watts and all-
chloride electrolytes and after extraction at pH 1 of
electrolytes containing hydroxycarboxylic acids [25].

RESULTS AND DISCUSION

The five electrolytes used in the study contain dif-
ferent quantities of sulphate, chloride and hydroxy-
carboxylic acid anions. All electrolytes were propo-
sed for electroplating, and electrodeposits were for-
med in them. The potential of cathode and its pro-
perties depend on electrolyte composition [33—44].

The cathodic reaction of SAC and NMS in Watts
electrolyte (N1) has been investigated earlier (Figs.
1la, 2a) [31, 49]. An increase of chloride anions ¢ ~1.5
time in the presence of citric acid in electrolyte N2
accelerates the consumption of SAC (Fig. 1a, b, cur-
ve 1) and increases V, of o-toluene sulphonamide
(curve 2) and benzyl sultame (curve 4) ~2 times,
but decreases V, of benzamide ~20 % in comparison
with the corresponding data of Watts electrolyte.
Both cathodic reactions of carbonyl group reduction
in SAC with (o-toluene sulphonamide) and without
(benzyl sultame) endocyclic C-N bond hydrogenoly-
sis were accelerated by the composition of electro-
Iyte N2. The above reactions of SAC in all-chloride
(N3) electrolite (Fig. 1c) are less influenced than in
electrolyte N2 (Fig. 1b). Only the V, of o-toluene
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Fig. 1. Dependency of saccharin consumption rate (1) and accumulation rates of o-toluene sulphonamide (2), ben-
zamide (3) and benzyl sultame (4) on j_ of cathode at 20 °C and pH 3 in electrolytes containing (mol dm=):

1) NiSO, - 7H,O - 1, NiCl, - 6H,0 - 0.19, H,BO, - 0,48 (a); 2) NiSO, - 7H,0 - 0.27, NiCl, - 6H,0 - 0.31, H,BO, -
- 0.48, citric acid - 0.10 (b); 3) NiCl, - 6H,0 — 1.25, H,BO, - 0.48 (c)
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sulphonamide is higher than that in Watt’s electro-
lyte (N1) (Fig. 1a), but it is lower than in electro-
lyte N2 (Fig. 1b). The above results show that chlo-
ride and citric acid anions favour the adsorption of
SAC by a carbonyl group.

Different dependencies of SAC and NMS beha-
viour at the cathode on electrolyte composition we-
re noticed. They might be caused by a different be-
haviour of C-N-H (SAC) and C-N-C (NMS) bond
systems of additives in electrolytes (Schemes 1, 2;
Fig. 1, 2). SAC are dissociated in electrolytes at
pH > 2 (Scheme 1) when NMS are stable. The V|
of N-methyl-o-toluene sulphonamide is 4-8 times lo-
wer than the V, of o-toluene sulphonamide, and the
V. of N-methylbenzylsultame is 2-10 times higher
than the V of benzylsultame (Fig. 1, 2). The anions
of electrolyte N2 in comparison with Watts electro-
lyte change the behaviour of SAC on the cathode
(Fig. 1 a, b), but exert no marked influence on NMS
cathodic reactions (Fig. 2 a, b). The opposite beha-
viour of additives was determined in all-chloride elec-
trolyte (Fig. 1, 2 a, c¢). Chloride anions increase the
adsorption of NMS by a carbonyl group. A simple
reduction of it with the formation of N-methylsulta-
me increases >3 times (Fig. 2 a, ¢, curve 4). The
reduction of carbonyl group with hydrogenolysis of
endocyclic C-N bond and formation of N-methyl-o-
toluenesulphonamide increased ~2 times (Fig. 2 a, c,
curve 2). A decrease in V, of N-methylbenzamide
(which is more stable than benzamide in electroly-
tes) in all-chloride electrolyte informs about poor
conditions for adsorption of NMS by sulfonyl group
(Fig. 2, curve 3). The above effect was noticed for
SAC (Fig. 1, curve 3). The decrease of adsorption
of additives under study by a sulphonyl group may
explain the reason for a slight influence on electro-
deposition by benzene derivatives with only one sul-

fonyl group (benzene sulphonamide, benzene sulfo-
nic acid, etc.) in highly chloride electrolytes [45].
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Scheme 1. Schematic representation of saccharin (1) dis-
sociation, electron dislocation and transformation on the
cathode (2 — o-toluene sulphonamide, 3 — benzamide, 4 —
benzyl sultame)
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Scheme 2. Schematic representation of N-methylsaccha-
rin(1) transformation on the cathode (2 — N-methyl-o-
toluene sulphonamide, 3 — N-methylbenzamide, 4 — N-
methylbenzylsultame)
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Fig. 2. Dependency of N-methylsaccharin consumption rate (1) and accumulation rates of N-methyl-o-toluenesulpho-
namide (2), N-methylbenzamide (3) and N-methylbenzylsultame (4) on j, of cathode. Conditions of electrodeposition

and composition of electrolytes are the same as in Fig. 1
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the catalytic activity of
electrodeposits formed de-
pends on the ratio of ad-
sorbed compounds. The
cathodic reaction of o-to-
luene sulphonamide synt-
hesized from SAC is
mostly dependent on Ni
electrodeposit properties
in comparison with other
reactions (Fig. 3 a, c, cur-
ve 2, 2/, 2”). The greatest
3 influence on V, of o-tolu-
ene sulphonamide had the
mixture of glucose, citric
and gluconic in the solu-
tions under study. The
above mixture had no
such a marked influence
arr on the behaviour of NMS
in Watts electrolyte (Fig.

3 b, d) as citric acid in
electrolyte N2 (Fig. 2 a
b). The nature of additive
is of less influence in all-
chloride electrolyte, but,
on the contrary, greater
changes in the cathodic
process were determined
in electrolyte with NMS
than with SAC (Fig. 1, 2
a c).

The differences in V, of
cathodic reaction products
in electrolytes under study

AL
1

Fig. 3. Dependency of consumption rate (1, 1°, 1”) of saccharin (a, ¢) and N-
methylsaccharin (b, d) and accumulation rates of corresponding o-toluene sulphona-
mides (2, 2’, 2”) and benzamides (3, 3’, 3”) on the concentration (c) of additives at
20 °C (a, b) and 55 °C (c, d), pH 4.5 and j, = 2 A dm™ in electrolytes containing
(mol dm=): 1, 2 ,3 - NiSO, - 7TH,0 - 1, NiCl, - 6H,0 - 0.19, H,BO, — 0.48 (N1);
1’2’3 - N1 + citric acid — 0.04 (N4); 17273” - N1 + citric acid — 0.04, gluconic acid

— 0.02, glucose — 0.04 (N5)

The influence of citric acid and a mixture of
glucose, citric and gluconic acids (stabilizer in Ni-
Fe electroplating) on SAC behaviour during Ni
electrodeposition have been investigated earlier in
Watts electrolyte (N1) (Fig. 3 a, c¢) [53, 54]. The
dependency of cathodic reactions on ¢ of additive
informed about more complicated processes on the
cathode than competition of all components of
electrolyte during adsorption. The highest value of
V. o-toluene sulphonamide at ~1,25 mM of SAC
(.= 2 A dm?) in comparison with higher and lo-
wer ¢ of additive makes it possible to suggest that

I c, will be followed by chan-
ges in the influence of ad-
ditives on electrodeposits
formation. The mechanism
of action of SAC and NMS
is performed by cathodic
reactions [50, 51]. Changes
of internal stresses mainly
depend on desulphuration
reaction and sulphur incorporation. The appearance
of electrodeposits is probably more dependent on
carbonyl group reduction reactions (with and wit-
hout C-N bond hydrogenolysis). The above propo-
sals are made in comparison with the data on SAC
cathodic reactions (Figs. 1-3) with the influence of
p-toluene sulphonamide and SAC on the reflectivity
of submicrorough surface of cathode [52]. The four
hydrogen atoms are used in the synthesis of o-tolu-
ene sulphonamide from SAC as in hydrogenation of
levelling additive 2-butyne-1,4-diol to 1,4-butanediol.
The o-toluene sulphonamide synthesis (scheme 1,
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Figs. 1-3) may have a levelling influence on sub-
microroughness of cathode surface and increase the
reflectivity of electrode as has been determined in
[52].

CONCLUSIONS

Hydroxycarboxylic acids and/or chloride anions inc-
rease consumption of SAC and NMS by accelera-
ting only one or both cathodic reactions of carbonyl
group reduction (with and without C-N bond hyd-
rogenolysis). The mixtures of the cathodic reaction
products of both additives in all-chloride electrolyte
differ from that of Watts electrolyte, and only the
corresponding mixture of saccharin differs in the pre-
sence of hydroxycarboxylic acids at used concentra-
tions 0.04-0.10 mol dm>. Increase of V, of o-tolu-
ene sulphonamide, N-methyl-o-toluenesulphonamide
and N-methylbenzylsultame shows that the adsorp-
tion of additives by carbonyl group is increased. The
decrease of V, of the corresponding benzamides
allows to suggest the opposite influence of the an-
ions investigated on the adsorption of additives by
the sulphonyl group. The transformation process of
additives on the cathode depends on their nature,
on the properties of electrolytes and electrodeposits
and on the competition of all compounds and ions
during adsorption on the electrode.
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SACHARINO IR N-METILSACHARINO KATODINES
REAKCIJOS ELEKTROLITISKAI ISSKIRIANT NIKELI
IS ELEKTROLITU SU IVAIRIAIS ANIJONAIS

Santrauka

Sacharino ir N-metilsacharino elgsena elektrolitiSkai iSski-
riant Ni elektrolituose, kuriy sudétyje buvo jvairiis kie-
kiai sulfato, chlorido ir hydroksikarboksirtigs¢iy aniony,
buvo tirta analizuojant priedy iSsekimo (V) ir katodi-
niy reakcijy produkty susikaupimo greicius (V). Priedy
V elektrolituose su hydroksikarboksiriigs¢iy ir/ar chlori-
do anijonais padidéjo pagreitéjus susikaupimui produkty
tik vienos ar dviejy karbonilinés grupés redukcijos re-
akcijy (su ir be C-N jungties skilimu penkianaryje Zie-
de), palyginus su Uotse elektrolitu. Abiejy priedy kato-
diniy reakcijy produkty miSiniai chloridiniame elektroli-
te skiriasi nuo gauto Uotso elektrolite ir tik sacharino
minétas miSinys skiriasi esant tirtiems hydroksikarboksi-
ragiéiy kiekiams (0,04-0,10 mol dm=3). o-Toluolsulfamido,
N-metil-o-toluolsulfamido ir N-metilbenzilsultamo V pa-
didé¢jimas rodo, kad tiriami anijonai palengvina priedy
adsorbcija ant atsinaujinancio katodo karboniline grupe.
Benzamidy V| sumaZ¢jimas rodo apsunkintg priedy ad-
sorbcija sulfoniline grupe. Tiriamy priedy veikimas for-

muojant Ni elektrolitines nuosédas pasireiskia per kato-
dines reakcijas. Priedy kitimo procesa ant katodo saly-
goja jy kilme, elektrolito ir elektrolitiSkai nusodinto Ni
savybés bei konkurencija visy junginiy, esanciy elektro-
lituose adsorbuojantis ant elektrodo.

J. Monxkyte, P. Byrkene, I. BepHorene

KATOAHBIE PEAKINOHWHU CAXAPHMHA M N-
METWJICAXAPUHA IIPHU SJIEKTPOOCAXKIEHUN
HUKEJISI B DJIEKTPOJUTAX, COAEPKAININX
PASHBIE AHUOHBI

Peswowme

IloBenenue caxapunHa U N-MeTuicaxapHHa IpU 3IEKTPO-
ocaxkieHU Ni B JJIEKTPOIMTAX, COAEPXKAIUX pPa3HbIE
KOJIMYECTBa CyIb(aTHBIX, XJIOPUAHBIX M OKCHKapOOHOBBIX
KUCJIOT aHUOHOB, HUCCIIEA0BaJacCh OIpEIENsis CKOPOCTU
pacxomoBaHus (Vp) N00aBOK M CKOpPOCTH Hakorienus (V)
HPOJYKTOB KATOIHBIX PEAKIMH AHHOHBI OKCHKapOOHOBBIX
KUCJIOT ¥ XJIOpPUJHbIE 0 CPAaBHEHUIO C aHUOHAMU 3JIEKTPO-
nura YoTTca yBenuunBaeT V- caxapuha u N-MeTHICcaxap-
Ha 3acyeT OJHOM WiaM o00eux peaxkuuil BOCCTAHOBJICHMS
KapOOHWIBHOH Ipynmsl (¢ paspbiBoM U 6e3 paspbiBa C—N
CBSI3M B IATHWICHHOM IWKIIe). CMECH MPOIYKTOB KaTOXHBIX
peakiuii o6enx 100aBOK B XJIOPUIHOM JIEKTPONIUTE OTIU-
YalOTCA OT TakOW CMECH B JIEKTPOIUTE YOTTCA U TOJIBKO
COOTBETCTBYIOI[as CMECh IPOAYKTOB CaxapuHa OTINYaeTCs
B IPUCYTCTBUU HCIHOJIB30BaHHBIX KOHLEeHTpauuil (0,04—
0,10 Montb M) OKCHKapGOHOBBIX KHCIOT. YBenmueHue V,
o-Toyolicyinb(hamuga, N-MeTHI-0-Tonyoncynbhamuna u N-
METHIOCH3WICYAbTaMa [0Ka3aj10, YTO KOIMYECTBO MOJIEKYII
n00aBOK aAcOpOMPOBAaHHBIX KapOOHMIBHON TIpyIION,
YBEJIMYUIOCh. YMEHBUIEHHE V, COOTBETCTBYIOMHUX O€H3a-
MUJI0B II03BOJIAET IPEANONAraTb O HIPOTHBOIOJIOXKHOM
BJIUSIHUU MCCIIETYEMbIX aHUOHOB Ha aacopOIuI0 00aBOK
cyabdoHUNbHOM rpynnoil. BiusHue caxapuna u N-
MeTHJICaxapuHa Ha (OPMHUPOBAHHE 3IIEKTPOOCATKOB B
OCHOBHOM OCYIIECTBISIETCSI C IIOMOIIBIO KAaTOIHBIX peak-
I[MH, CKOPOCTU KOTOPBIX 3aBHUCAT OT HPHPOIBI JOOABKH,
CBOWCTB JICKTPOJIMTOB U KAaTOJIOB, a TAKXKE KOHKYpPCHIINH
MEXy BCEMU COCAMHCHUSIMH, MPHCYTCTBYIOIIUMHU B 3JICK-
TPOIMTE HpHU UX ajcopbuuu Ha oOHoBisAomEeMcs Ni
KaToJe.
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