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Abstraet 
N-heterocyc1ic compounds. as such or as side chains of water-soluble polymers. are weU -lmown 

Cor Iheir ability to Inhibtt eorrosion on copper. Here it is reported on lhe inhibitory. capacity of 
poly(N -VinyUmidazole). and on how ltús <:apacity in affected by Ihe molecular w ight of lhe carner 
polymer. Three dillerenl polymer samples. DP", 1.170. 6.800. and 17.400 re5petively. were prepared by 
free-radical. vinyl polymertzation. and characterized by viscosity measurem n l5. The tudies. carried out 
by cyclic voltammelIy. showa linear dependence of fue inhibilory capacily on mol cular weighl. wh reby. 
an inlerpr lation 15 dIscussed based on the hydrodynamic volume of Ihe polymer coils in solulion. which 
depend on Ihe 1.5 power of the molecular weight. Thus. during Ihe evaporation of lhe polymer solulions. 
lo forro fue protective films. Ihose Wilh larger m olecular weights will reach Ihe critical concentration. on 
which Ihe molecular coils begin lo impinge on each olher. at an earlier stage of Ihe pro ess. This. in lurn. 
shoÚld lead to a more efficienl interpenetraUon of lhe oils ando eventuaJly. to films wilh belter physical 
stabiUtyand improved inhibitory capacity. 
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Estudio de la influencia del peso molecular 

promedio del Poly(N-vinylimidazole) 


en la protección del cobre en solución 

amortiguadora de a cetato por medio 


de la voltametría ciclíca. 

Resumen 

Los ompueslos N-heterocicUcos. por si mismo o como cadenas laterales de polimeros solubles en 
agua. son bien conocidos por su capacidad de Inhibir la corrosión del cobre. En este trabajo se da a 
conocer la capacidad inhibidora del Poly(N-vinilimidazole) y como esta capacidad es afectada por el peso 
molecular del poltmero transportador. 

Se prepararon tre muestras de polimeros diferentes cuyos pesos moleculares eran de 1170. 6800 
Y J 7400. utilizando una polimerización vinilica de radicales Llbres. y se caracterizaron por medidas de 
viscosidad. Los estudios reallzados por voltametria cíclica. demostraron que hay una lineal de la 
capacidad inhibidora con el peso molecular. por lo cual. se da una interpretación basada en el volumen 
hidrodinámico del polimero en solución. que depende d l peso molecular a la potencia 1.5. Asi. durante 
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la evaporadón de las soluciones poliméricas. para formar peliculas protectoras. aqueUas con mayores 
pesos moleculares alcanzaron una concentración critica. en la cual las cadenas moleculares empiezan 
a chocar entre si desde el inicio del proceso. Esto. en cambio. conduciría a una interpretadón wás efectiva 

de las cadenas y, eventualmente, a pelicuJas con mejor estabilidad fisica y capacidad inhIbidora 
mejorada. 

Palabras Claves: lnhibidor. Poly(N-vinilinidazolel . Corrosión. Cobre. 

lntroduction 

N-heterocycUc compounds have heen used 
as corrosion inhibitors on copper for severaJ 
decades . Azote 'compounds such as 
benzotriazolell -6J. benztmidazole. indazole and 
imidazoles(7-12) were the most widely used In 

corrosion protection of copper and copper based 
aUoys and has been the subJect oC many 
lnvesogations. 

Inlúbitors menUoned aboye are small mo 
lecuJes in nature. RecenUy there has been great 
interest in using water soluble polymers wiili 
heterocyclic side groups as corrosioD inhibitors 
for coppeT in high-tempeTature atmospheric en 
viToments. 

Eng and IshJdal13.J4J employing Founer 

transCormed infrared reflecUon absorpUon spec
troscopy (FfIRRAS) reported that polyvmylimi 
dazoles (PV!sJ are effective new polymertc anU 
oxidant agents for copper . 

ln ilie present study. cyclic voltammetry 
techniques wel'e used to detel'mlne the inf]uence 
ofilie we1ght average molecularweight oC Poly{N 
vtnylimidazoJe), PVI(I). onllie copper Inh1bltion 
in acetate buffered media , and Ule effects of 
pretreatment of copper surlaces wiili ethanolic 
solutions in p.p.m of llie PVI(I)s at room tempe
rarure and willi thermaJ treatmenl in the I'ange 
trom 60° to 2500 e durlng 15 minules. 

Altbough the behaviour of imidazoJe on 
copper has been reported. PVJ(l) bave th imida
zole rtng as their pendant group which wouJd 
lead lo complexes formation with copper. The 
abillty of tbese polymers to bind metals presu
mably shouJd be affecled by tbe conformationaJ 
behaviour of the PV1(l)s(l5J. 

Furthermol'e fue use of bidentate Ugands 
has been known to produce much highel' equili
brtum constants in favor of lhe complexed metal. 
By tying many such ligands together in llie form 

of a polymer. the complexed copper wiU be pre 

vented from leaving the surface. 

Lastly , it is known that polymers can easely 
form thin films of high ducUllly enhancing lhe 
adhesion of tbe films lo tbe substrale. 

Experimental Methods 
and Materlals 

a- Synthesis of Poly(N-Vlnylimidazoles) 
1bree PVI( 1 J were synlhesi.7.ed lo oblain 

diffel'enL molecular weíghls (welghl avera~e) by 
polymerizaUon of lhe purtfied disltlled monomer 
N-vinyUnúdazole (N-VI). 0 . 1067 mol dissolved in 

70 mJ of benzene wilh dlfferenl amounts oC puri
fied Azobis (isobuliro-rlilrtle). (AJBN). obta.1ned by 
recristallizaoon in an i e batb oC crude AIBN 
dlssolved in warm mellianol. (2 .6 x 10-4 mol ~ 
AJBN S 2.2 x 10-3 mol). 

The polymerization times of N-VI and All3N 
In benzene heated at reflux witb stirring under 
rlitrogen. were of 24.48 and 72 hours. The poly
mers precipilated as whHe powdel's w re coUec
ted by filtralion. washed lhree times with benze
ne al mom lemperalure and dJied in a va uum 
oven (20 mm Hg) al 35° C . 

b- lntrinsic viscosity measurements 
'lbe characlerization of PVI(I) in I'egard lo 

molecular weigllt was achieved by viscosi
melry{l6J. NaCI 0.5 M solutions performed as 
60Ivenl media. and tbe measur ments wel'(' ca 
rried out willi tbe help of an OstwaJd capillary 
viscosimeler 0.04 cm in diameler. al a tempera
ture of 25° C. in order to caJcuJale the "i.nlrinsie 
viscosity" from the expertmentally oblained "vis
cosity numbers". lliey were extrapolated lo zero 
concentraUon by means ()f the Schulz-Blaschke 
melliod(17). whereby the necessary vaJue of kT1 = 

0.40 was eslablished by measUJing one of the 
PV1(l) samples at fOUT differenl coneentraoons. 
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Viscosity-average molecular weighls (a1 

most identiaca1 numertcalJy to the corresponding 
welght-average figures). were then derived from 

the lntrinslc viscosities by means of the Mark
Houwink-Sakurada equation 1111 : KMT\-a. whe

reby K: 0.12 and a : 0.5 were obtained from the 

literature(18
) . 

c- Electrochemlcal measurements 
Experiments were done using a pyrex glass 

convenlionaI three compartments double waU 

electrolysis ceDo The working electrodes were cut 

from OFHC 99.99% pure polycrysbJllne Üu rod 
(00 :0.4 cm). axially embedded in a p.t.f.e holder 

to make a still Cu dise ofan exposed surlace area 
2of 0.2 16 cm • 

Previous lo each TUI1 the swface of lhe 
electrodes were mechanically potished beggl:n ing 
with 600 mesh emery paper to finjsh with a 
mirror surlace uslng 0 .3 11m alumina powder. No 
attempt was made to prevenl fue freshJy poÜshed . 
electrode from contacting atr. previously casting 
them with etbanolic solutions ofthe thre PVl(I) 
(1. 11 and UI) containing 20 ppm ofeach polymeric 
inhibilor. atr drted and heat treated al 1300 C for 
15 minutes . A saturaled calomel electrode (SCE) 
was used as reference. the cOWlter electrode was 
a Pi. s heet. The acetate buffer solution used as 
electrolyte (pH : 6 .0). was prepared wifu sod1um 
acetale 2 .8 M. acetic acid : 0 .05 M. at 300 C 
oxygen freed by bubbling with purifted nitrogen. 
Fresh e1ectrolyte was used in each electrocheml
cal tum. 

Cyclic voltammetiy was perlormed using a 
LYF M-6 voltammeter and voltammograms wece 
recorded using a Pbilips PM 1834 x-y recordec. 
The sean cates (v) wece 0.005 $; v(v s -l) $; 0.50. 
but lhe voltammetI1c sweep rate of 0.20 V S·1 was 
employed and used as a basis for comparison to 
determine fue InhIbition efficiency. 

The voltammelrtc sweep range spanned 
from -0.90 lo + 0.90 V (SCE). 

TIUs pot n tial range includes lhe forrnaUon 
of soluble and Insoluble producls characterized 
by dUIerent peaks apparently associated with 
multiple electrode processes as s uggested by the 
s hape and slructure of the pe,aks. 

Results and Discussion 

Cyelle voltammetry measurements on 
polycrystalline copper 

Figure l shows the voltammogram oblai 

ned from lillcoated polished copper in lhe acelate 
buffer solution With the typical oxidation proces 

ses leading lo the formalion of the soluble species 

Cu(OHh-( 19) (peak A) with a polential negaUve 
lo peak B associated wiili the formation of 
CU20{20.21J• Peak C is gene rally associaled with 

fue formaBon of Culll) spe ies with the produc

lion of CuO and/or Cu(OH)z(22). 

The cathodic peaks O and E. obtained in 
the sweep reversal experiments support the con 
c1usions reported in the li teralure(l9.23) . wilh lhe 
reduction of Cu(ll) lo Cu(l) (CuzO). and cu(i) lo 

Cu respecUvely. 

It is interesting lo noticed the different 
behaviouc between the ficst cycle (a) and the 
succesíve multiple sweeps indicated lo fue fig 
ure. The appearance of an anodic peak at lhe 
potenlial value of peak A. during fue cathodic 
sweeping can be assigned lo the formation oí 
Cu(l) by lhe chemical deprorportionation reac
tion between Cu2+ species and Cu from the par
tial1y uncovered electrode. Anodlc and calhodic 
peak currents inerease capidIy in magnitude du
rtng cycling due lo an inerease in sucface area. 

Cycllc voltammetry measurements on 

coated polycTYstalllne copper with 

PVl(l)S 


'Ole cyclic voLtammogram shown in Figure 
2 ts given as an exampl oí the numerous expe
rtments canied out wilh the coated opper elec 
trodes obtatried by casting with the ethanolic 
solutions of20 ppm ofthe tmee polymers (PVl(1). 
l. O and 10. Table 1) and wlth heat treatment al 
1300 C during 15 minutes. 

The E/I profiles obtained with fue organic 
polymec are quite different in comparison with 
the uncoated eleclr-ode . Even in fue c1as sical 
peaks m enUoned above (Fig. 1). fue peak cu 
rrents decrease in magrutude With continuos 
cycling up lo 20 cycles. lodicating the inhibition 
phenomena. 
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Figure 1: Trtangular sweep voltammogram fol' a polycrystalllne copper electrode 


in acetate buffer solution pH: 6 .00. 30 oC. sweep rate (v) oC 0.20 Vs- l . 


Apparent surlace area 0 .216 cm2
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Figure 2: TlianguJar sweep voltarnmogram íor a po1ycrystalUne copper electrode 


coaled with PVI-m. 20 ppm. heal treated at 130 oC durlng 15 minutes in 


acetale buffer solu'tloD pH: 6.00.30 oC. sweep rate (v) ofO.20 Vs-1
. 


Apparent swface area 0.216 cm 2 . 


Rev. Téc. lng. Uoiv. Zulla. Vol. 16. NO. 2. 1993 



106 Maeehi . PLatti and Podestá 

By further increasing the number of cycles 
the peak currenls slarted growing indicaling fue 

desorption of the organic coating material wifu 

the consequent loss oC copper protection. 

Figure 3 (a) shows the voltammetríc beha
viour orthe polymers coaled copper eleclrodes in 

the stagnant buffer eleetrolyte cathodically swee

ptng the potentlaJ from fue rest potentlal (c.a . 

..0.10 V(SCE1 to -0.g5 V(SCEI ~t V! O.OOt; Vs-1. 
The peak potentlals are practically fue sa

me (c .a. -0.52 V/(SCE)) for fue PVl( 1)s l. 11 and 
ID. and the charges lnvolved near lo 2xIO·3 C are 
relaled lo the reduction of tbe Cu(I) /PVI( l)s com
plexes to Cu/PVl(l)s. controUed by a diffusion 
process verified from fue linear relationship ob
tained belween fue peak currents and sweep 

/ 2 . - 1 
rates vI in the range of 0 .005 to 0 .50 Vs . 

Figure 3(b) shows the peaks obtained wifu 
polycryslalline copper eleclrodes heat trea ted at 
1302C durtng fue different times indicated in the 
figure. which graduaUy Induced the CU20 film 
gTowth . with· the obJect to compare wilh the 
coaled copper eleclrodes menUoned abOYe. The 
pe~ potentiaJs corresponding to the calhodic 
reduction of Cu20 lo Cu are c.a. -0.34 V/(SCE). 
and lb charges involved Increased with the eK

lenl of heat trealment foUowing a typica1 parabo
lic film growth lawl231 . 

In both experiments with the polymer coa
ting and lhe naked copper electrodes no peaks 
corresponding to fue cafuodic reductlon are ob
tained from fue second cycJe on. 'Ibis Is in agree
ment wifu fue facl thal CulO spectes foTDling 
bidenlate complexes with fue vtnylimidazole 
gToups bound lo lhe maJn polymer chain. and 
the Cu(ll of lhe CU20 produced by previous 
chemJcal oxtdation are whoUy reduced to Cu 
during the first cycle. 

Il 15 aJso of Interest to remark the behaviour 
of the PV1( 1)" coated polycrystalline copper lec
trodes previously subjected lo a heat treatmeot 
at 250 0 e for 15 minutes. 

The voJlammograms showed lhe dissap
pearance of the peak corresponding to tbe reduc
tioo oC fue Curo PVl( l)s complexes (Fig. 3a) indi
cative oflhe pyroUtic destructlon ofthe polymeTic 
coatings. The free Cu(l) layer in fue form ofCu20. 

in tum, originates the typical reduction peak al 
-0 .34 V (SCE) . (Fig. 3b). in agreemenl with obser

vations deIived from FTIRRAS(I 3.14) 

Inhibiting efficiency and moleculu 

weight 

The inhibiting efficieney (E %) is defined as 

,% (1- 1!1X 100, with 1, and lo the measured 

currenls Jer 10 cycles wifu and without inhibl
tor respectively of peaks 2 (Fig. 2 and 1) . associa

led with the formation of CU20. choseo a s refer

en ce. 

The results show that (% inereases Unearly 
with m olecular weight (MW) in fue range of de
gree of polimeIi.Zation (D Pw). a s delermined by 
inlrinsic viscosity measurements 0'able 1) . 

The linear dependence between (% and MW 
musl deIive from p roperties of the syslem di
rectly ascribabJe to fueir macromolecular naiure. 

Since on tbe olher band. the specillc che
mica! interacUons between Cu(1) and vtnylimida
zoJe residues have oot reason to depend in MW. 
it Is suggested tbat the inhibitory action derives 
frem an increase 10 fue physicaJ s tability and 
continuity of the polymeric films wilh growing 
molecular weight. 1hus. the weU-known average 
macroconformation of linear polymers in solu 
tion. malhematicaDy described by means of fue 
so-caUed"statisti~ coU" models(24). determine 
lhal lhe hydrodynamic volume of individual mo
lecu1es in solutlon mereases With the 3/2 power 
of the MW. instead of dependtng linearly on n. as 
tt ts the case for coUapsed solid molecules. In 
solutions wlth tbe same mass concentratioo of 
PVI(J )". then. those samples with larger MW will 
reach upon evaporatioo lhe "criticaJ concentra
Uon" condition al an earüer stage of fue process 
rrable 1). 

As evaporaUon of the solvent proceeds. 
then the larger molecules will begin to interpre
nelate which each other and reach a sizable 
degree of intermolecuJar. physical entangtemenl 
before fue smaller ones do. which in lurn should 
account for lhe suggest.ed improvemment. in sta
bility of fue coatlng. In fact. through ''irreversible 
entangJement" tbe molecuJes lose lheir indivi-
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Figure 3: ~otentiodynamic charging curves , sweep reversa! trom ille rest 
potentiaJs 1n aeetale buffer soIuUons pH: 6.00. 30 oC. sweep rate (v) 010.005 VS l . 

(a) Polycryslalline oopper e1ectrodes coated wilh PVI- 1- 1I and m. 20 ppm. heal 
trealed at 130°C for 15 minutes. Apparent surlace area 0.216 cm2 . 

(b) Polycrystalline copper electrodes. heat treated al 130 oC al dlIlerenl 
times (hoUTS) Indlcated in tbe figure. 
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Table 1 

Polymer ITlllml g-l MW X 10-5 DPw X 10-3 C'/g;-l e%±4% 

40.25 1.10 1.17 25 16 

JI 96.53 6.40 6.80 10 42 

m 153.60 16.4 17.40 6 95 

c': the ooncenlratlon at which the individual macromolecular coils begin lo Impinge wh.lch each other. 

duality and become for all practical purposes. a 
continuous two-dimensional molecular layer. 

As the MW decceases . on the other bando 
the C· condJtlon 18 ceaebed al a more advanced 
stage of fue evaporatlon procesa. with tbe conco
mitanl inerease in soluUon viscosity and the 
reduced opportunities fOT the tnlermolecular In
terprenelation oC segments that leads to entan
glement. 

Conclusions 
The polymer film coveTing the surface of the 
copper eJectrode. obtained by casting and 
heal treatment. complactJy acts as a true 
barner to further copper oxidation. 

TIte presence oC CU20 enables the formation 
oC the Cu(l) PV1( 1)8 surface tnhibltoc complex-

None oC the PVl(l}s (1.11 and nI) Is suitable foc 
protectlng copper by simple imIDersion in the 
complexing soluUons. 

Cyclic vollammelIy ls a useful technique to 
sludy inhibiUon effidenty and degradatlon oC 
the polymeric coalings. asit allows to Identlfy 
the complexed and non compJexed nature oC 
Cu(J} by means of the difIerot reduction po
tentlals respectively. 

The lnhIbition effect oC the polymeric coa
tings derives from two basic mechanlsms: j) 
The complexing of CulO by fue pendant 1.m1
dazole side chains. Independent of molecular 
weight. and ll} The entariglemenl oC fue poly
mer colls whose hydrodynamlc volume In 

solution depends on the 1.5 power of the 

molecular weighl. 
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