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For exanple, the reduced, deeply green-colored alkali metal or quaternary
ammoni um cat i on di ffused’ monoani on polyimde is prepared by i mrersion of
the fi'lmin aqueous or nethanol ER 0296088 Bhts. The tine 50 of inmersion
varies froma few seconds up to several hours dependi ng upon the extent of
reaction desired. Al on W|th the reduction of the rﬁgﬂl imde filmis
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the counter cation. This is indicated by a gradual fading of the film color

to lighter shades of green. Pol y| gﬁgreguctlon with [err] is best

acgonpl i shed i n nethanol, although | fwave potentials (E1/2) for the
oxidation of [err] in water or methanol are Sappanrtisidy the sane The
differ enmdcn-_a";ﬂgiuci ng 3 gEF20245 016 Bl maQ@leiddidad N Wat gy, as opposed
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Reduéti on of pol yi m de using aqueous [err] is generally a rmch sI over
reduct i oRy (st Rt Yola producegi gggppgeneous o eyl x Surfactanygs added to
t hese aqueous [errf solutions gave reduced the mhdrmgenel ty.

Alternately, it has been discovered that polyimde filmreduction w thout

t he fornm[iM(otTArg:tyald’surfaceol'asvts)can be tadepmgINTAREd USi g4 conpl exed
vakadi um (V[I'1]) or conplexed cobalt (Co[l]) species in agueous or

met hanol i c based systens as shown |n Table | below. Table |I Supporting
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8.5 a5 V| 88V( 0.5M K Ox

7.7 20 [“J"\?[’t’ EE[F[J e 1 &:5° 78\ Nal/MeOH 571\ oNTAH
9.4 V[11] [err] -1, 40V(r) 0.1M K 25
Co[I] [err] (r) 0. 1K Nal / MeOH 30

(a) bt ai ned pol ar ogr aphi cal ly at dropping nercury electrode (b)
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reversi bj.e Bpy rid X and sent whol e i ntegers
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added to the system m redhc I on continuous. Additionally, no
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Fil s of(e:ppwy .ccu),advt_,dlqghaiay]_- phosphor ous alloy, gold and nickel were
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wer e used. ‘% SSTRITERY Yha Ner s° havi ng el ectroactive sites of the

appropriate standard reduction pot ent ials 50 such as aromatic polyi m des,
pol ysul f ofteseductantc ap ebsjlyregsneafed Steytroehemicatcbyapplying pyuitaile patentia id the polwion.de
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such as aromahc es, po ysdlfones an polymers 0 yrene and vinyl pyridine would provide
favorable results. In view of the increased rates of the redox reaction and platings produced on the aromatic
polyamides and polysuifones, the presence of electron-withdrawing groups are preferred adjacent to the
aromatic ring either in the polymeric backbone or as substituents. Accordingly, suitable polymers include
aromatic polyimides, polyamides, polysulfones, styrene polymers with vinyl pyridine, substituted styrene
s5 polymers with electron-withdrawing groups and other polymers with the above characteristics. The preferred

polymers include the polyimides and polysulfones.
Advantageously, the polymers include electron-withdrawing groups in the backbone or as substituents
on the aromatic groups. Hlustrative of those in the backbone are carbonyl and sulfonyl groups while the
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55 polymers with el ectron-w thdraw ng groups and other polyners with the
above characteristics. The preferéﬁd pol¥ners i ncl ude the polyimdes and
pol ysul f ones. Advant ageously, the p8@§ﬁ@ &Bf ncl ude el ectron-w t hdraw ng
groups in the backbone or as substituents on the aromatic groups.
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i ncl ude ni tAsiis towh, RicaGlcEblyThiides @6s Bb MBstraRd b the foldWide. car bonyl, hal ogen and
simlar groups. As is known, aromatic polyimdes nay be illustrated by the
followsng 5 0 [err] is where [err] and [err] are single or nultiple
aromati c groups. Polysulfones magy be illgstrated by the follow ng: 20
[err] where [err] and [err] repgesent siEZIe and nmultiple aromatic groups
as in 25 [err] In the copol yne st and vinyl pyridine, the general
repeating units are 35 hlﬁSNEELyi Be fil ns, NpaRitcul arly those containing
pykemdllitim de centers are t ef er /§ﬁbstrates in the present

i nvention because of their excelllent theflrmal and dielectric properties as
wel | as their chemical resistanfe and di Hensi onal stability. Also filns
containing pyronellitimde units therein to act as el ectroac- tive centers

are usgf ylere &N )l ontain pyrogsllitimde units thro .
copol 3?713%62%& %H&Pbrﬁ{?%gﬁ%%%% r§rr%latrc iggoé il g‘ﬁ’,’s 'gffr_gﬁ Tay;e‘?%@'lsgﬁif?é’rqyﬁ%ﬁ%ggﬁ'"%r any

of the other known nethods of conbining polymer units. O her polynmer units
whi ch provide el ectroactive centers (wariously known as redox centers and
charge transfer centers) nmay al so_be ?se as the polyneric substrate. An

i mporttant factor in the diffusion andjjfofmation of the netal layer is a
farefable free energy for the reacti of of radical anion polyimde filmand
a particular netal cation. This is clearly the case for nost 55 copper
salts. The reduction potential of the copper salts is dramatically affected
by a chanpe Rimandifle repesisent single andaudtiphi arartaliogrowpplaeine of the ion. Variati on of
the ré&luction potential provides a nmeans of controlling the reaction
between the nmetal ion and the polyimde film In general, the nore negative

the free energy of the reaH, op_hetween a et cattQn and reduced
polyimde film t rCthaIOfi ..@.-. at 5  EP
0245016 Bl which a Ret4 iéhih“ M ted hxs Jonsll deNab)e affect upon the

properties of the deposit. so inportant for the oxidation of the
polyimde filmis the size of the oxidizing species which does not

necessar il cjaﬁé(ﬁnet' B s%nggtt«j ﬁyridiIQ%lglgﬁgrg%Leﬁng 9rI|ts Lrgr f] by [err] can

result in finely dispersed polycrystalline silver netal deep within the
polymes [err] The presence of dispersed netal particles at depths in excess
of 1 [err] 5 (nicroné i medi ately after deposition of the nmetal tends to be
a uni que charact er88yt=68~the process of tTeCPsesElr— nvention. In this
case, the very small aqualed [err] diffuses into thq fiNgat a rate nmuch
greater than the rate g N ge pro ggation out to t i surface.
thYIaWIy, the oxidati ¢ ferr] 35 [err] results i ormation of gold
metal within the pol yng s oxidation is quite sl he reduction
potential of Au- [err] 'sR<600nmv. Alternatively, the o ation of [err] by
[err] is very rapid and results in primarily highly 10 conductive surface
| ayers of gold netal. A third inportant consideration in the netallization

of polyimi g&yi’nﬁe films, particularly those containing pyromellitimide centers are the preferred substrates in the

present invention because of their excellent thermal and dielectric properties as well as their chemical

resistance and dimensional stability. Also films containing pyromellitimide units therein to act as electroac-

tive centers are useful. The polymers may contain pyromellitimide units through copolymerization, block

s0 copolymerization, graft copolymerization or any of the other known methods of combining polymer units.

Other polymer units which provide electroactive centers (variously known as redox centers and charge
transfer centers) may also be used as the polymeric substrate.

An important factor in the diffusion and formation of the metal layer is a favorable free energy for the

reaction of radical anion polyimide film and a particular metal cation. This is clearly the case for most

55 copper salts. The reduction potential of the copper salts is dramatically affected by a change in the solvent

or coordination sphere of the ion. Variation of the reduction potential provides a means of controlling the

reaction between the metal ion and the polyimide film. In general, the more negative the free energy of the

reaction between a metal cation and reduced polyimide film, the faster the metal film is formed. The rate at
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Copper, Shipley Co., Newton, MA) el ectrol ess copper solution held at a
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el ectrol Ya Qqﬁgusamu dnowHs Yore grteg' in PPOAf S0, 26g o té%\qgeti({ Jfrence
el ecgsr Og'aofnﬂ o%?oq Wﬁg ﬁ?te{r érf?grnon ! &(ﬂm &é.ﬁiiﬂ?sol ili tﬁé hm%hel X
cont al Ng ayflstdne>frBPgHo Detwold + OFRALHIEH WvasIMréh -84 B AGHAGH Bsinda bbat et hy!
anmoni UR46 {due BAGIABOT Brefofde’ iidfr&le a4 Becbiflplidh tHb raSoN SEAIVER V(A BREHIMHelix

el ectr OglRwindd in a sbpafate [ Riltsd CoMgarABht IcBidiingSt hduBoud!  taamRthPIMBArhrRonium

pol yi m éleyidnadiaminctdirbotdid qRTM)IWAS udsa Rt BB cbunfl@stbde) Was | mersed into the
solutd on Brapan aelicebowik fstip olan uomalit Suantitd Gyaila@ernnded thartpton rsdechaiknwawrt er .
The r esimireesad irde ¢l splutioncprapapsdll @oed fop @baut 180 Gecosds; irgmoners anvetingbd inzealerahe n
Exanpl eredultaritdeaplyl groed cdl&redipolyirgide shiswasmhetdllizesiasvimExapplear ed using 0.4 g [err]
plus 1.66 g [err] in 100 m of deionized water. Sufficient KOH was added to
adj ust Bfe@pIB® t 0 approximately 7. This solution was el ectrolyzed at a
nmercéry pool cathode at -1.4 V versus a %g/A Cl reference el ectrode as
e R L B R O b
aromat | ¢ W ' t rea” e for
about 3%2%8?5%3&’ an Wﬁ’vé" ?%ai;ﬁdwaﬁo‘égg‘g‘r’?}?“s ‘Fh’gg Aﬁgggﬁ AR 38(88%8?/5 §88%§§6"0I ored
pol yimi dE 55 LR Sl 8 AR P GEP kBl s Pt
perfor ”Egpabd& lJas‘e B8t $0%decshdy, Yofove ided . The resultant deeply green colored

polyimide strip was metallized as in Example 4, except that it was performed in the absence of oxygen.

Example 10
55
An aqueous solution was prepared using a 0.4 g VOSO, «2H, 0 plus 1.9 g of nitrilotriacetic acid in 100
ml deionized water. Sufficient KOH was added to dissolve the nitrilotriacetic acid and to raise the pH to
approximately 8. This solution was electrolyzed at a starting voltage of -1.4 V and a finishing voltage of -1.9
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55 An, aqueous sol ution was prepared using a 0.4 g [err] plus 1.9 g of
nitrilotriacetic acid in 100 m deionized water. Sufficient KOH was added
to dissol've the nitrilotriacetic ERPZAEBY raise the pH to approximately
8. 'This solution was electrolyzed at a starting voltage of -1.4'V and a
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Exaoapl e 13 A reduced polyimde strip was prepared as in Exanple 1. An

oxi di zi n@xsnpleut3si on of [err] in N, N 25 di nethylformam de (1.30 g/ 100 m)

was prepared. The reduced green col ored polyimde was i mersed for several

~m nut es i n Alefdwed ralyinide stgp wad pieramd as i Bxanpld 1.gntoxidizing salution oflG9CH€8H2001 Ndwy

~ cobal tzs f dimethyieemantiden(l A& d/100TME wasoseptateds Thereduees! aréen¢olipned pelyimide was imaessedi foe nt
when hel &vaR! mipuies i lhisr%’f;l;’g"aﬁﬂm@r‘e’étbﬁ'li%ﬂhlm‘gﬁ'@n@ﬂﬁ,@ﬁqua'ﬂ’aﬁﬁﬁ @btpiped3 Jhen

- el ect r ol &&! figyye thinygirialiy Banspareshwhea feld up tpdbs light) and qlastrigallgcongugtivant  No.

3,138, 479. Tpe1 solution was prepared using 25 g/l [err] 25 g/l [err] 50 g/l

[err] angﬂl’?—gﬁe | [err] Ammoni um hydroxi de was used to adjust the pHto

- r oX! mat ... The h was heat ed t er d th | balt cl ad
oy cg it Sl e R L SR S e
cobal t/ pRARBAGH RitRode! WY u¥R%o JGREHL bR _r&Ena 5 THELAF Lscheﬁf&‘i*’iocéo“bta}{x of
450 oer syRUfin EobaRla8 pbRiniib %W%HSEQQEH'[ 1P QadGEmeERPRA! £ YorUsvEtal Binfted AT 1]

pl Us 35 7 cabaptidydheResiNs Wi lefdslidtiithings AfhdhettQobttitity & MoSelslas 00 Nl dei oni zed
wat er. Tet ranet hyl ammonl um hydr oxi de was added in sufficient quantity to

di ssol ve EkdnpleN82EDTA salt and to raise the initial pHto between 8 and 9.
This solution was el ectrolyzed at -1.4 V versus a Ag/ AgCl reference
el ectrode &® adew®oy sohtich was piepaagising 0.4 gTYRS: + 2HaD plubi3. RaSthalowadtamBeteitaaddic peld I |
( et on) dihydraik instOp imp deipnized vaten rfetramsthylaingnipriurel bydrdkidp twas Rjdedvinssufipiam ravandityiteit o
t he sol udiswle HedraFlElh salb avdtofraise tayipitial PH(o Beteesn dnd Petiipseition s alpgolyzadray .
The r esur%hﬁferﬂ’éép‘?@ggﬁ?{%fﬂ"ceeleﬁpéﬂ aﬂ@?‘ﬁ@?‘iﬂ‘ﬁ?‘ﬂ@"’s‘fj Pefinglpt! waseBqUt 9-zed as in
S et BT R SR T SR
16 An ag 9" o %’ f T i?ﬂ‘gﬁ ?’ Wi
et hyl e"?weaﬁg‘é{’mdﬁ greresmealr a%ﬁéc s (oo T eSS Tfrﬁgg%{'i“??ﬂ e ?£f°e§i°ﬁ'gﬂ 0 m
dei oni ze r.. KOH was added until the final pH was approximtely 9 or
greater. g—ﬁ“ﬁhﬁgst 1000 mM net hanol was added to the blue sol ution,
r QSUI ting i/-m ahg%u B iw%npr&;areﬂ uw% E% \iHs%QJdPiLé fu€ 21 a_mhﬁer?egiaHHat%a%t? acid
filterpdaphsbsh amfg{\}d&m&m@c} R dnBedasrokGHe Bas abB& dnkif thd MHaFoHV R apprbdimitayl Of f
by vacuugoeyads &ldastMood MPrHéthkBolvab bitRd Sothé Blue sHBorS RlsiifhgWthe fhridtion Madvhite a -
m ni mum phecipitateh MO bolutib WhLfierbd 2Rl the white precipitate discarded. The filtrate was stripped off by
vacuum’ evaporation, leaving a blue solid. The solid was dissolved in a minimum of methanol, filtered and
the solvent removed.
55 One gram of the dry blue solid was dissolved in 100 m! methanol which was alsc 0.1 M in a supporting
slectrolyte, KI. This solution was electrolyzed at a mercury pool cathode at -1.4 V versus a Ag/AgCl

reference electrode as described in Example 7. The final solution was orange-brown and was used to
reduce a strip of Kapton polyimide film by about a 30 second immersion of the film in the solution.
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the sol vent renoved. 55 One gram of the dry blue solid was dissolved in
100 m nethanol which was also 0.1 Min a supporting electrolyte, KI. This
solufion was el ectrolyzed at aER@r2481046 Bdol cathode at -1.4 V versus a

Ag/ AgCl ref erence eI ectrode as described in Example 7. The final solution

was oran l@ used tg)re uceastrlp of Karo olyimde film by

about | - §'§ ) ’36 1 '§ etfn"“ ‘? 0 weous Kpr. 3be15016

A E m"e T é;%;ce gs el e 3 o
tea od | e's this

solytl on for a few seconds°resul t| ng n the formati on of a conductive gold
film eganigherzpol yner surface. Higher [err] concentrations and neutral pH
condi tTons favor and enhance the rate and depth of gold filmformation. 5
Exanpl e AlothenbRet SR v pFophrid sy 08y AICBPRIERED Bisé 187 §of e BipHaylilsialo g P! US
1..87 Yaldh 280 & efingthisnok] Yhis Bblution 3ad elctidrked A a2Q&icui} pédl catkidbanals v Thkss a

sollut AglhgGlarsfeoh@Célearbyer arlil @riostaof By €akialy hpd bbenCatiltedi® &b Got . oxiddiol ateiss a 10
Ag/ AgSiidenegdehyem mduatibe int the dmounh bl durram Stbwiad tot dpprogimbially tiesk afthn haneperdeadafamel t 0

t he [ Begining girchat levah Asplatinem helixevitalesdded séparate fritadicompanimentronthiingamethartolico f
cur r ePfe! sPhioRiwag uled 2afsrcoutareleetioge.| ess than ten percent of the beginning

cur r ent Sewaplyfive umdmicranhitlick pieips of ap aremalicrretyimide (Kapiesayers immfersed indbp solwtierar t nent
cort a?'ﬁ?“}'i t?g %‘ frﬁs’Ptf@° Regondsoteneyed P Ansed, indppthanct pgawiprd dry. dpe tepyltant deeply

| SevenF Vot 'dgeﬁt"ﬁsr WRp mefalized 2% Ip E5amRig 1 2P0 2% 1B/RETRE HoPsaPhingEt MRS pt onR)

wer e rrrrertegé'bl Pl A8ET on 15 prepared above for about 60 seconds,

renoveg "@,gd, rinsed in methanol and W ped dry. The resultant deeply green
cohpr e%—pvl—ylmde strips were netallized as in Exanple 1 and as in Exarrple

4, excefkahdii7 iwhs YEpsathe bicot rgﬁgstliufi’ngt %ee?nﬁgﬁ%gnchtra%w&qgtran@ﬁ@%n% ntbih, 20
Exanpbimilié ordi sb@@RwaREl except substituting an equival ent concentration of
tetranmet hyl ammoni um brom de for-the sodiumiodide. Exanple 19 25 Preferred
exanpbempleabhod) for the deposition of copper with good adhesion. A
sokution of 20 millinolar [err] in nethanol was prepared as in Exanple 17.
The sol refeymed exenpree(chethGd) Tor theldaposition ¢f ebppaneithiypbd adhesiani um br omi de and then in
t he abséyrolutiost of @RyrjlimolarcChiepel (NOa). @ methenol Yraskigrare [ae iy Exafmpler7wii® soltierced i n
t hi s %% Trdedd Meler i (Btrarpeiinh aromeniuin biomige andchthenlinithe dbsanhe pligixygeT inrgua@ te Educed
fil m G sNRerdoPRAEr GBavas fedyeadta i sofutionsiopBl segensis apdbthap finsed incpeteasplt et i on of
0. & n§fyred f"'nneanttWF\meem 'bmmw%ﬁer aroble withra enceptplionef AR Mo/'mhdhe fiMsed i n

net hal ;?I:g‘;ﬁm ; d 'ﬁ?' 8 r‘ﬂeﬂ "‘%?d "hf“ﬁ‘hE’l? g@? filn T‘t’ﬁ%& '“'i"?rﬁé'n‘%é‘d’p P
eLeCtﬁ@s p% f@ﬁ t%ls manner stﬁ?‘s quen leﬁ E&’f‘ )’]&1 nesi él I vﬁtqr] gfje'? o
i

35\41\16{, 'ESt]l 5;1"‘” SS, |e tE;rh%u P#é 'Fe B f

C| rcwtry T peel test a val ue of betvveen 0 875 and 1.575 N/mn(5 and 9

| bs/ | ka@gl 265 1 nch) . Exan'pl e 20 Preferred exanple for the deposition of

wel | adhered copper filnms. 40 An aqueous solution 0.02 nmolar in [err]
and 0. 1Ktdfdree blaypRiardhedbptiiioh of wel GBRefodaeppdr 6. Prepared and neutral i zed by
t heo addiab iagueoad sdigibs A0 tridlat AITOSTL LAY DY RN ¥ihglenediddiine wirBdtd BN @aNrbEXed\aS

t hen ¥dewuiralizddebs thel ddditiore dUbeamdtiylavimohipiDiyAfoside. | Tha yanadivlxeompleg vias thdme pH of
t he felephipchemigeltycgdused (e VOREDTAYS exdjnuStamdie \d. (The @Htdidhe finat rednest replutionnwasi um

hy dr o3diugled orithceitere letrpmatidanimeniuin hygroside op sorsanifated r 12503 |tondndieptetilimedesi n t hi s
soI ut egised dy thisosolytienoier 80 serandshasd theniisesd in eigeizadrivaies dThaaediced filfiewascttianc ed

fi Fim Riezed H’e‘f‘t“‘&?q'é??%?“fé‘a°’13ﬁt°d? P %Q?é@b@é'?@tfﬁ?q"‘és wiibihe file "G dizoherged.

0. 005 °f’69°' °25’ e’U'ﬁ‘t"tefse‘E Wee'eFV?'??F\ﬁ%@%( 5 é’d & Fil$at ed
film % 3%1& TL4e s ) ?fee;ﬁ e at
120 o 'E (Ear'ﬂés’m ’E’ swere 'n"dt"ﬁ '°é‘ ﬁ’uaé‘ There B‘T‘eé F‘r %l‘f"e" PSR Ple
m L) copper t 0Hte il nms were then etched
Claims

1. A process for the deposition of metal layers onto at least one polymeric surface having electroactive
sites thersin comprising contacting said at least one polymeric surface with a first solution selected for

55 polymer reducing, thereby reducing the polymer of said at least one polymeric surface without
substantial plating of metal onto said at least one polymeric surface, then contacting said at least one

surface of the reduced polymer with a second solution having reducible metal cations therein so that

the reduced polymer of said at least one polymeric surface reduces the metallic ion to form metal in
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as in Exanple 5 and tested for adhesion by a standard IPC T peel test.
‘Adhesi on val ues in excess of 1.05 N mm (6 | bs/linear inch) were obtained.
50 Claims 1. A process for the ERPE4SP1®B1of netal |ayers onto at | east one
potymeric surface havi ng el ectroacti ve si tes therein conprising contacting

SR € R AL e AJe? I 20WHS oqmgues Ligd ﬁgr 55
| Et& g
Bg| zmarrapove re gblylml Ti g #;bm%rs;ﬁi ;tn sol r% Y{FS few eco%ﬁéé ,§

1
ey .v Rbobdiodtha S e o st
one ig %A rg s | east one surface of t he
h n ] t 0 ti
redug eé yner WI eco% sol ution havi ng reduci bl e netal cations

there| rExthq),gnat t he reduced pol ynmer of said at | east one polyneric surface

reduces—ttemetallic ion to formnmetal in 10 EP 0 245 016 Bl A sol ution

of [err] AmsthitoRdlubsh vl prbp&S®lisiigis bt CBHCIOBHARS 1.87 28 221-digykidyd pllis 84 gqueous

KBr. Thei ial2ov & besotead. Pris Yoliionl &as blsdtply xee Sat iammedugyegbol cathotte 8t -3.0|Witarsos af or a

f ey e @gAgS biamudd bleroden uritih eno$todt et cabait bdd beeo opdiuet tovibe ot dxidatibmstete ashe

pol ynenvidancddaioyea radugiine in the eméunt afmueertt flevingotesapproximately) foss thap kan coereent tof thas

favor &eginninglramanelevdheA platinam heiid cdwigined ind sepeiate flﬁtleﬂ PhReriment iconiaining msthanplice 17 A

met handial slutien vas iugad agdhe countan gleeideisi ng 0. 95 [err] plus 1.87 g of

2, 2" - di pyFaveny-five ms(micray) thickslries 9f 2 gromatic pelyiny (ha&F?BT) Wefming'eféﬁﬂ 'ufﬂeéﬁ'"%as

el ectr @reyzre?jab&ve for phopt G0 spoopdmiemeradiapddnsed in "f“@"' RegiRad dry, Thy {S%‘ ﬁgé

r ef er e§ta8n Epiereq polyjmide strips wprg Lpetafized; 35dn Exinple 1 ﬂ’&%"‘%&&%ﬁ"?”?db EEFPL B S er r ]

oxi dat PBYPMERLP Lo 2Es9BRA HEWO®Y by a reduction in the amount of current

fl ow ng. Lo lea&,orom mately | ess than ten percent of t'he begi nning current

le\éﬂa —A—pﬂ—a H num hel i x contained in a separate fritted conpart nent

coRLal ni ortcBifrafidn U tétfamBth @ einforiem

Sevent )(,,J,n,%a@gghgjsr ,&gpey@& ,)&8 %&%Qgﬁpﬁggegﬁ aromatic pol yI?ﬂ de (KaptonR)

were inmmersed in the solution 15 prepared above for about 60 seconds,

r endvedxahghe 19 Nsed in nethanol and wi ped dry. The resultant deeply green

col osed poryim de strips were netallized as in Exanple 1 and as in Exanple

4, exceptPrbaddd eximpla@Enefred)ifarritvesidposhion dfeoprose@ithageodédhesiopgen. Exanpl e 18

Exanpl e 1A solaton oeemlliodiac ologyds (NQs b g0 methanohwasapreracpdiag il BampleddcEetsellidron of

t et r anetehyladedrirowleumtirosthyl @mfoniun hremisie @nd) thet indherbsenes afrpsygen teguced ipPest er 1 ed

exanpl doryieiMolgptdndt filmheasdedvoer intihsaiion: lop Bl pocopde H“Qg%’&i ringad insehpnol,AThe

sol i aeduedd fIrp was [hen ifisnessed iempthanplie GopRoR aFRite Wé'sa %ﬁ"@fd%?é '1'9{"'515 Me 17.

The sol%3t ptaedipsoxidizg dor(® minties afd theq ringad,in Y‘Pfg’g n‘?‘ﬁ"n‘f ?'hen in
(¢}

T e o ol

f A9 Bl i rﬁ?f" an’oa| vaé’eé’o per ace a concentratlon of

0.5 7 /r?‘f'| The filmwas aIIovved to OX|drze for 3 mnutes and then rinsed in

rrethan film now containing a thin copper filmwas inmersed in

el ec tr?éligns“;s@goopper for 1 mnute as in Exanple 4. The filmwas then rinsed

i N wat er . plielréFexRhSPRF M6 abpdsitidhi of wélFdaR&éd copped fifigbsequent |y el ectropl ated to
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| bs/ | i regirocBémicaiiy edtcedEo NMIHERTAZ0 aPrire Eampleds. ebhambl & the final Fﬁﬂ“@ﬁgp@!ﬂpm v of

wel | ackdissted] witlopjder totiametbylanimoriuyu ysinexids oir LronesntratedH2 S0 | taro- jKaptoY filln wasnd

0. 1M i rreduced,inghie @pletion fes G0csepande ardctherciingedyisdejopiaesavaier. Thedredueed Flay ‘f’afe‘B""by t he

addi 5 ovidiaed ip gtiyteaprupers icorrieeiaIae{OIR0MN Q. PAPM) for gD Speendy P'tj'hﬁheﬁ ‘f"’é)&" hen
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SS O
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Claims

1. A process for the deposition of metal layers onto at least one polymeric surface having electroactive
sites therein comprising contacting said at least one polymeric surface with a first solution seloected for

55 polymer reducing, thereby reducing the polymer of said at least one polymeric surface without
substantial plating of metal onto said at least one polymeric surface, then contacting said at least one

surface of the reduced polymer with a second solution having reducible metal cations therein so that

the reduced polymer of said at least one polymeric surface reduces the metallic ion to form metal in
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reduced in this solution for 60 seconds and then rinsed in deionized water.
The reduced filmwas then 45 oxidized in dilute agueous cupric oxal ate
(0.004M = 0.005M for 120 secondEPwR4s|016iBI fil m was di scharged. The copper
coated filmwas then imersed in electrol ess copper (Exarrple 4) for 1

m nut e at Lerr] Films pre ared I n, thls manner were e ctgp&rt‘ctes to

[err] (1 mieyorm lﬁé‘P"f’?ﬂ‘&? b@gw at'P ’SCL 'sa o &1%.., .rw iDsalt
222625821?(1;?")?;{ hs‘ﬁﬁ"e Cth%Tﬂi olar}fe ptlv 2 gcasa nu f% | n

proce SS fo htgrrhe g I%Ee cg I’?re onpatomic gqgw%ﬁa ?&JR %EIQ lon§ d egd

#eScralfdh Antétalatbd ohs ‘BE\ st{&f»‘ Fnbﬁl
surf ace hayl es the el n conprising conta I ng said

| east one po ymerlg sur?ace W|th a first solution selected for 55

pol ymer 3 eQUedcagh ackdi@hgatb ViainethieteitOsald onButdnyidtercatbtion ®nslordsaid lceratéxe® Rhsition
pol ymeri c $hskal Asdativel dnihgs! intsreblBdraiohd edmpRbeabt 1843t 60 mdRi pdrcedn bivallS@bigativa ichdrgeas t
ONE_.PQd Y e firiwdicatatiérf io3an sdd TR se@idh.act i ng said at | east one surface of the
reduced polynmer with a second sol ution having reduci ble netal cations
t her ei n S0 A ghatbsst decordigitl cleich oeHeyeinesaidariolas aérchnbis af leastq0 i prid fisglisgintioni ¢ sur f ace
reduces the netallic ion to formnmetal in EP 0 245 016 Bl the form
sel ect eda.f r\amocesst agtording toncleim Swherpinesaid|neaies pereanbis 3l yner surface and net aI
partieses within said at | east one polyner surface characterised in th
the firs$ doresessoascordingsto slaimpie?. 3ras A wherpif s3id oas are spfegted! fiom Jpq igng apd Gl 8‘?“
Zintl ions Vdhemealerenat | east ten ol ar percent of all negative charge
intercalatlon lons within sald | rst tion ar t
charge i fit éY gares 1 ngfdlng Q ay ﬁ'aér'}'iez?ong ypey megel R, ﬁ@d‘épo@.%%?%r'\ég %tion
i oks *Sai d PREHEI R BN PPéV thar'ge T nt er cal at i on ions being transition
metal negaty rgcegshg'(:cgrgn th?%fn? @lvﬁl%rlalggt o2 Some?ot shd R@Q%ﬁﬁls@%g dﬂiﬂﬂﬂ at asgui m 1
wherei n sai PR %a.tg.q\ (icloRit €r cal'ation 1ons or said conpl exed transition

ar

al
net al negatlve c ge intercalation ions conprise at |east 60 nolar percent

of al ls NggaK hrd@sE ERbrBRg Flany ond S cRinta] Bl WdrdirOsuR dolym@edfchaiiial Bast ol polymeric 3.
A process aGi¢aeb Borit@isdsolyimidem 2 Wherein said nolar percent is at least 90 in
said first solution. 4. A process according to claim3 wherein said nolar
percent BsS AlfiBcess Secbrding\ tqelahe @sehesircsaiddiolygret of seidat lagst dne MlynRrigpuriace gepipias n
sai d i ons amigde sle¢teadtiedsitts.om [err] ions, and Co(l) and V(II1) conplexes. 6. A
process according to any one of clains 1 to 5 wherein netal particles are
deposi t ed0-v prhdess adgerding to any opgypiyalains bio Lwherpinaid RolyEer Efrfé'dﬁbpflﬁtr@?el RONESHS ace.
7. A pr ocesyriage eentaiismyromeliitiide eiickoagiya sidsn at | east sone of sai d net al
particles are deposited at a depth great rth I A
process AtcOPETH aﬁed'aﬁg BhEHY °E‘I g’ %‘z (e ?Chai'e ?ZE’J" %} '°df'°e)'ﬁé’°?'§?”sal d
at | edst orf¥idiges Kifhs metalliq Py g dUm o8, Ialsgcon il . % 99T ocess accordi ng
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cont ai ns Il’g"q {rher Yo ﬁllzg ﬁ/th Retafit o oltérM@REE according to any one
of clainms 1 to |n salél( yrrer of said at | east one polyneric

suLbagg ggtgt,@hgﬁu&gronel litim de el ectroactive sites. 11. A process
according to any one of claims 1 to 4 wherein after at |east 25% of the
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mindestens zehn Molprozent aller Negatwladung-lnterkalattonswnen in der ersten L&sung einatomige
Negativliadung-interkalationsionen oder komplex gebundene Negativiadung-interkalationsionen sind und
55 die komplex gebundenen Negativiadung-Interkalationsionen Ubergangsmetall- Negativiadung-interkala-

tionsionen sind.
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" wird, nac

auf der besagten, m ndestens einen polyneren Oberfl Ache reduziert wrd,
‘sodann Kont akt behandl ung” der besagten, mi ndestens einen Coerfliche des
reduzirerten Polyners nit einer BRRi202A1§BEung, die darin reduzierbare
Met al | kationen enthalt, so daB das reduzierte PoI yrrer der besagten
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L6sung |S§et,gg1d frei ist von Zintl-lonen, wobei m ndestens zehn Ml prozent
al I er Negati vl adung-i nterkal ati onsionen in der ersten Losung ei natom ge
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Negat i vl adung-i nt er kal ati onsi onen sind und 55 di e konpl ex gebundenen
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